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Hokrop Uxenp ToTkuC sABISSTCS MPUIHAHHBIM BBHICOKOKOMIIETEHTHBIM XHMHU-
KOM, (DU3UKOM M TEXHOJOIOM MHPOBOTO YPOBHs B 00JIACTH HOJIYIPOBOJHUKOB C OOraThiM
ONBITOM B COBPEMEHHBIX OOJACTSAX MOJYMPOBOJHUKOBON NPOMBINUICHHOCTH, BKIIHOYAs
MIPOU3BOCTBCHHBINH ONMbIT paboTel Ha MuTear FAB8. Ero obOpasoBaHue BKIIOYACT XH-
MU0, (U3HUKY, MAaTEPHUAIOBEICHUE, XUMUYECKYIO U MOJYIPOBOAHUKOBYIO TEXHOJIOTHH.

. T'otkuc nomydwi crerens Maructpa B 1970r u crenens KaHAMIAaTa HAYK 110 (hH-
N 3pueckoit xumun B 1975r. O6e crenenu nomyyensl B UI'XTY. C 1970no 1989r paboran B
&% WI'XTY B rpynmne npod. K.C. Kpacnosa. B 1981-1984r. paGoran Ha kadeape Gpuznaecko
xumun EBpeiickoro ynusepcurera Mepycanuma (U3pawis). U B 1994r Hauan CBOIO Kapbepy B MPOMBIILIEHHOCTH B KOPIIO-
patn Matens. B 19771 nocrynun Ha paGory B amepukanckyro kommanuio IPEC (o3auee Novellus Corpu sarem Lam
Research Corp.Jiepeexan 8 CIIIA u Hauan paboTaTh B KOMIIAHUSIX [JIABHBIX MTOCTABIIMKOB 00OPYIOBaHHMS MPOU3BOJICTRA
mukpocxem (Lam Research Cormi KLA-Tencor Corp.,CunukoHoBas JloavHa, KanupopHus) B OTIeNe UCCIEI0BAHUN 1
Ppa3paboTOK MPOU3BOACTBA MOJYIIPOBOAHHUKOB.

Hokrop U. Totkuc momyuwmt 6osee 140 mareHToB u ony6nukoBan 6osee 50 craTeid B BeAyIIMX HAYYHBIX M IIPO-
MBIILIEHHBIX XKypHaTax. OH SBISUICS NPUIIIANIEHHBIM JIEKTOPOM Psijia [IIaBHBIX MpodeccroHanbHbIX GopyMoB. SIBisieTcs
obnagareneM TPECTHKHON TOCYnapCTBeHHOMN pemun W3pams 3a HaydHsie gocTmkerns (1993r.), koropas Gblia Bpyde-
Ha emy IIpe3unenrom U3pauns Xaumom I'epriorom.

HEKOTOPBIE ACHHEKTBI IPOU3BOJACTBA ITOJYITPOBOJHUKOBBIX MUKPOCXEM:
3AKOHbBI MYPA, MEXIYHAPOJIHASA TEXHOJIOI'MYECKASA KAPTA VIS ITIOJIYIIPOBO-
HUKOB 1 OCHOBHBIE BBI30BbI B COBPEMEHHOM TEXHOJIOT MU ITPONU3BO/ICTBA
HUHTEI'PAJIBHBIX MUKPOCXEM

B oannom kpamkom 0030pe paccmampusaromca u 00CyxHcoaomces HeKomopule 21aeHble
npooOIEeMBbl HPOU3BOOCEA NOJIYRPOBOOHUKOBHIX MUKPOCXeM, maKue Kak 1-ii u 2-ii 3axonst Mypa,
MeHCOYHAPOOHAA MEXHO02UYECKA KAPma 015 NOYRPOBOOHUKOG, ROCIEOHIEe MPEeHObl MEeXHO-
J102uu RPOU3B00CMEA, UCC/IE008AHUA U PA3GUMUE U MeEKyujue NPOU3600CH6EeHHbIE 8bI308bl MA-
Kue Kax npoonemot gpynoamenmanvuote (Ilyacconosckuii 0pobo6oi wym — cmamucmuieckan
dwoxkmyayus- ona pada wacmuy muna amomos, 3aNOJIHAIOUWUX ITEMEHMAPHbLIL De3pazmepHblil
00beM ), mexHoI02u ecKue nPooIemMbl —yayUUeHHas MEeXHON02UA CIMPYKIMYpbl U Jumozpagus
IKCHPEMAIbHO20 yAbmpaduonema, KOHCmMpPyuposanue 000pyo0sanus 0asa HPOU3600CHEd CO-
6PEMEHHBIX MUKPOCXEM U uMeloujue K Imomy omHouienue ousnec gpaxmoput (Ikcmpemanvno
6bICOKASL CIMOUMOCHLL RPOU3BOOCHIBA U B03MONCHOCHIU UCC/ICO06AHUTL U PAZGUMUSL).

KuaroueBrble c10Ba: MoynpoBOIHUKY, MEKpocxeMa, SOC,3akoHbl Mypa, MexXIyHapoIHAS TEXHOJIOTH-
YyecKast KapTa JUisl MOJIYIPOBOJHUKOB, TEXHOJOTUS TPOU3BOJICTBA MUKPOCXEM, UCCIEAOBAHUE U PA3BUTHE TIO-
JYTIPOBOJHUKOB, TIOJTYITPOBOTHUKOBBIN OM3HEC
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SOME QUICK NOTES ABOUT SEMICONDUCTOR CHIPS FABRICAT ION: MOOR’S LAWS,
INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS (ITRS) AND MAJOR
CHALLENGES IN THE STATE-OF-THE ART INTEGRATED CIRCU IT (IC) FABRICATION

Some general aspects of the semiconductor chipsitation, such as Moor’s law-1 and
Moor’'s law-2, ITRS roadmap, latest trends in theathced product and fabrication technology
R&D, and industry current challenges, like problents fundamental scientific nature (structur-
al: Poisson shot noise (statistical fluctuation) ihe number of species, like atoms, filling a small
est elementary node-sized cube), of technologicalure (advanced patterning technology and
Extreme Ultra-Violet, EUV, Lithography), of advancdechip fabrication equipment engineering
and of associated business factors (extremely hagists of production and R&D facilities) are
presented and discussed in this quick review.

Key words: semiconductors, micro-chip, SoC, Moor's laws, ITR&ro-chip technology, semicon-
ductor R&D, semiconductor business

INTRODUCTION onto a chip, and, as a result, higher number of ad-
The purpose of these quick notes is to shaf@nced functionalities the chip is capable to sappo.
with the readers my views on some hot matters-relat . Due to fierce competition n the SC.Ch'P.
ed to the current state of the semiconductor (&) iPUSINESS space and new technologies, appearire “lik
dustry for which | worked for about 20 years. mus_hrooms after a rain-, an_d droppmg_ R&D and_ pro-
The SC chip fabrication companies live by aducnon“cos"ts f(.)r agiven Ch.'p generation, theepdt
“simple doctrine: smaller, faster, cheaper, over..® N€W "hot” chip can fall within a matter of months
[1]. The benefit of this tetrad is straightforwago- by 50% Or SOAs a result, there is & permanent pres-
ducing chips with more tightly packed tinier andtfa SU'€ 0N chip makers to come up with something bette

er primary functional features (transistors, cajpasj a0 the just a few months old state-of-the-arerkv

connectors etc.) means getting higher number ah thd" & downturn cycle there is no excuse for themtaot
come up with better products to fulfil the custoger
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appetite keen of boosting the capabilities of thetoday everywhere from supporting conventional tech-
computing and electronic devices. Traditionallye thnologies to foreign policy, from booking hotels and
key SC companies (Intel, Samsung, Toshiba, NEC. flights to designing rockets and H-bombs. And cer-
preferring “to keep their cards close to the chestainly, the advanced microchips themselves and thei
tightly control their entire production processniro fabrication technology...
design to manufacture. Yet, foundry companies, like The idea of a technology roadmap (RM) for
TSMC, UMC, Global Foundries, whose sole businesemiconductors (SC) can be traced back to the paper
is manufacturing for customers, have come to the foby Gordon E. Moore, in which he, back in 1965, pro-
recent decades providing great outsourcing optiofexted that the number of components that could be
for fabless companies and small start-ups. In Bdit incorporated per IC would increase exponentially
to the giants, a large number of smaller specidlizever time [3]. Since 1971, the number of functional
designing and chip fabricating and testing companieomponents (transistors, capacitors etc.) per chip
also appeared in the marketplace. deed has exponentially increased (doubled pralstical
As far as the SC product spectrum is corevery two years), and this historical trend waselyid
cerned, broadly speaking, it is made up of fourrmaaccepted by the chip fabrication community, as a

categories: Moor Law (ML) [4].
Memory chips serving as data storages to The doubling period is frequently quoted as

temporarily retain and/or to pass information tal an18 months because of Intel executive David House,
from computer logic devices. The consolidationtaf t who predicted the overall chip performance (a combo
memory producers drove memory prices so low thaffect of more transistors and their increasedasigro-
only a few giants like Samsung, Toshiba, Micromgessing speed). Since that time the clock frequémcy

NEC can afford to stay in the game. creased roughly by 6 orders of magnitude frorhH®
Microprocessors are central processing strute 102 Hz, doubling every 18 months [4].
tures that support the basic logic functionalitjes- Digital electronics has strongly contributed to

forming the tasks. Intel's domination in this segme world economic growth [4]ML greatly stimulated
has forced nearly every other competitor, excephd would still continue assisting chip fabricatian
AMD, out of the mainstream market into smalledustry in reduction of the manufacturing costs, levhi
niches or into different segments altogether. enabling the creation and production of more ad-

Commaodity ICs,sometimes called "standardvanced devices. The macro-economic potential of ML
chips”, are produced in huge batches for routiree prhas been displaying its power upon the world’s econ
cessing purposes. Dominated by large Asian chgmy by creating new jobs and inducing deflation.
manufacturers, this segment offers tiny profit marfhis long-term deflationary effect (when the prpsr
gins, so that only the biggest companies can servia device function is declining, it is considerededla-
in the competition. tionary effect) of SCs has never been fully accednt

Complex Systems on a Chip (SOC) are essefor in statistics and economics. As a deflationnexa
tially IC chips with an entire system's capabibity it. ple, the reduction in computer cost and chip ppee
With the doors to the above mentioned (memory, mibit has been stunningly spectacular. In mid of 1950
croprocessor and commodity IC) markets segmentefore the IC was introduced, the average selling
tightly shut, the SOC segment at this point isahly  price of a transistor was about,$5Fifty years later,
one still left with opportunities for a wide rang¢ the cost per bit of a Dynamic Random Access
companies. Memory (DRAM) chip dropped to an astounding one

MOOR'S LAWS AND THE ITRS nanoqlollar. As the'number of functiqna! components
(transistors, capacitors etc.) per chip increased,

In 1971 Intel, that time not a well-knowntota| chip size was kept within practical and adfor
small company, released its first ever microprowess pje limits agreed by the SC community to be nag-ar
the 4004. The Chip, sized 12 r;hmontained 2300 er than 145 miarfor DRAMs and 310 maxfor micro-
transistors spaced by 10 um gaps. To compare, #@®cessor units (MPUs). As of 2016, the largest-tra
latest Intel IC product, the 10-core Intel® Core™ isjstor count in a commercially available singlegchi
64-bit Extreme Edition processor, being only aboiyrgcessor is over,Z billion - the Intel Broadwell-EP
x10 larger than the 4004, provides unthinkable corxeon [5]. In other types of ICs, such as field-
puting power [1-3], having several billion transist  programmable gate arrafBPGASs), the Alterdtratix

at spacing of just 10-14 nm. Microchips, as comp( has the largest transistor count, containing 80e
nents of consumer and industrial electronics, aeglu pjjjion transistors [4].
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ML is widely considered to be a summariza- In this paper, a quick overview of a handful of
tion of anobservatioror projectionand not an actual most significant complications and bottlenecks know
physicalor natural lawl] It seems to be reasonablyfor advanced SC technological space is presented.
constant, given the point that companies normally As far as the challenging points the SC indus-
invest a planned reproducible percentage of the-re}y faces these days, a corresponding list could be
nues in the future product R&D. Especially the well€ndless. In these short notes | am going to foass |
organized giants like Intel, Samsung, Toshiba @tc. N & Very few of them, those, which, to my opinion,
most probably the prestige to be following for an re among the most stumbling and painful ones, and

. : . hich for this reason are to be in the main foclis o
a_cceptable price the ML_was f_orcmg them to ”.“’m R&D groups dealing with advanced products and
high percentage of their profits as possible ifte t

d ducts. Which for th ll-planni technologies. Some of these challenges are based on
NEw advance products. Ich for the well-planning,q ngamental origins of materials and the otbers

their finances giants became a Year-over-Year (YO anced manufacturing hardware capabilities and
reasona_bly permanent maximum possible percentat%%hnological process snags.

(somethlng close_to semi-intuitive 20-25% of the Generally speaking, ML is about the increas-
profits). Thereby it sounds reasonably natural thg{gly higher density of functional elements (transi
since the early 70’s, the Western SC industry amhprs, capacitors etc.) packed onto a single pidce o
tion, prestige and ability to follow the ML trendtad silicon of a limited predefined size. Even moregen

as the engine and the catalyst of a virtuous cyclafly, though, it means that the current compligagio
through scaling one gets a better performanceffostimpeding the development of an advanced product are
a product inducing some growth of the SC marketesolvable. As they were in the past and as the&yygo
which, in its turn, fuels company’s maximum possiblto be in the future. Sooner or later... dependinghen
investments in the scaling, and, as a result, giogi amount of material and intellectual resources the
to the market the next generation advanced preductompany, or the industry as a whole, is ready to re
which fuels further scaling R&D and so on. The ITRgVest into finding solutions and developing newva
RM effort has assumed the viability and extendipili Ue-added products. This idea is frequently fornealat
of ML and the continuation of its remarkable cyglin @S Continuous Improvement Principle (CIP), which is
Conversely, the RM has helped to sustain this advarpa.sed on a Japanese concept called Ka|zer_1 [7] - the
ing trend by identifying the knowledge gaps to b h'IOSOth of con_stantly Se.ek'”g f_or ways to improv
closed to allow it to continue, helping the R&D ef- e operations. It involves identifying best busses

forts to f h ti ding technol h nd practices and instilling a sense of employee-ow
orts 1o Tocus on theé most Impeding technology €ha rship of the process. The CIP is based on cord&len
lenges. In general, ML should be considered asva dr

) _ _ that any element of product evolution starting from
ing force of t_h(_a World techno!oglcal and social PrOgefining the new goals and design ideas to pilot pr
gressproductivity, andecono-mic growth [4]. duction and final product fabrication can be imgdv
Nowadays the SC industry is facing an inand that the people most closely associated wih th
creasing importance of a new challenge, branded @serations are the bests to identify the existimyrts
“More than Moore” (MtM) [6], when device addedcomings and the necessary improvement changes to
value is provided by incorporating advanced integrabe made. Consequently, it points at the employee as
ed complex functionalities that do not necessarilthe key player of the CIP. Setting the CIP phildsop
scale as per the smallest functional element, #éisein as an integrated part of the corporate culture beag
ML. At this point the MtM ITRS has started with alengthy and in some cases even a painful process. B
Rev0 projection law similar to that of ML, howevar, it is worth going for it. The employee sense of ewn
becomes clear that a new different concept is gmingShip is central to the CIP helping them to consider
be needed to identify and guide the MtM RM effortdhemselves as owners of the process and methogs the
And it is also likely to require involvement of veid US€ and take pride of the high quality of the ity

SC community beyond the ITRS actual members. provide. Especially helpful to implement the CIP is
employee actual participation in the variety of shert

and long term problem solving activities, inspiring

OAlthough, to my opinion, it appears to follow a simple their sense of personal control over their workepac

first order rate exponential equation, and we just need to To provide the reader with a sense of the ad-
understand the nature of the rate constant, which looks to vanced SC R&D lifestyle, | would like to bring up a
me to be associated with the relative portion of business term very popular in the R&D environment, which is

gains available to be invested into the advanced product

R&D a conversion of the term “leading edge of technglog
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to the “bleeding edge...” [8], and which well repreloss starts to show up when the ENSE is filled with
sents the tight and tough, although professionadly the assumed spheres by less than 75% of its volume.
exciting and fruitful, atmosphere of the advanc&DR The Poisson 25% shortage probabilities for a
activities packed with numerous taskforces, worksingle ENSE element (colored curves and data points
shops, problem solving groups, deadlines etc., etc. and related numeric data for the four mentionedesod
As far as the challenges, | planned to discustmgether with probabilities for a 10 km integrated

| selected just a few of them listed below, each bé&ngth interconnect network of the node-sized lines
longing to a specific sector of the SC industrizace. are shown below the graph. The trend illustrates th
Some are based on the fundamental origins of matdhie probability of yield loss, being extremely land
als used in chip design and others on hardwaréeimi not affecting the yield for the 10 nm node lines,
capabilities or on new process development probler@igickly increases potentially becoming a complete
to be resolved: yield killer for the 3 nm node. And even for thenf

- Materials fundamentals based limit; statistical i hode, the yield loss probability, keeping in mithtt
stability of the number of hypothetically indivigb the 25% shortage assumption was in a way made out
(like atoms) species filling the smallest ENSEs. of blue, should be considered as marginally low. In

- Advanced fabrication and process monitorin%eed, if it was 20%, instead of 25%, then the yield
equipment current technical complications based: a@ss probability for the 5 nm node would also jump
vanced patterning (lithography&plasma etch). into the yleld kill zone. So, these estimationserev

- SC business environment. Globalization matter8€ing quite rough, show that the 3 nm and probably
High production and R&D facilities costs. Cyclic-nathe 5 nm nodes seem to be under danger of not meet-

ture of the SC business. ing the HVM Yyield specifications due to the Poisson
_ shot noise. Thereby, motivated by the CIP, the R&D
MATERIALS FUNDAMENTALS BASED LIMIT: teams, moving forward and not foreseeing a more

THE NUMBER OF HYPOTHETICALLY INDIVISIBLE

suitable material with a substantially smaller atom
(LIKE QTS?QEL%RE'\NASELEE(ELEJHEES,\?TSEESBESEFS'L“NG size to replace the assumed one, should consider ex

STATISTICALLY UNSTABLE ploring alternative, but ML shrinkage, venues.

Technologists now believe that new generatior Probabiity
of advanced chips will be created ever slower, lapnd 25
the middle of the next decade the SC technologidcot
hit a hard wall, when the most basic laws of ptysidl | |1 A== 9
not allow the chips of the current basic architegtby
then composed just by a handful of atoms, to fancti
reliably. At this point ML will stop working. Unlessa a3
new conceptual breakthrough occurs...

It is Siméon Denis Poisson [9] “to blame” for
this bottleneck (See the Fig. 1, a copy from [9]d a
explanations in the associated caption.

In the high yield manufacturing, as chip fabri- ,, |
cation is, even common sense “low” probabilitie:
could be still high enough to affect the yield.

Switching to Fig 2. let us assume that industr °
at the moment is running its High Volume Productio s e
(HVP) at 10 nm node and the most stringent materigly 1. poisson distributions for several rateafusrences of some
used in the product stack consists of atomic oegol event,, from 1 to 9. In the cases where this small, the range of
ular spheres of 0.5 nm in diameter, like, for exhanp probabilities will approach and intercept the zecourrence border
metal oxides or nitrides, and let us calculateRbés- (vertical axes) at some “observable” value. Asithecomes high-
son fluctuations for the number of atoms within the " 8ventually, somewhere around 7, zero occurrences get to

some very low (but yet not absolutely zeroed) plodhies
ENSE volume for the current 10 nm node and the fu- p,. 1 Pacripenencrus [Tyaccoma /Ui HECKONBKIX Ta-
ture 7 nm, 5 nm and 3 nm nodes. The assumed atomigor/sepositHocTeii peamisauuu HekoTOPOro (HaGIOAAEMOTO)
size allows to package for each node in average ofo6errus, 2, ot 110 9. [Ipu MabIX A MHTEPBAT BEPOATHOCTEH
8000, 3400, 1000 and 200 atoms per correspondin&’“ﬁma“c” K OCH "HyJeBol peanus3anun” U nepecexkaer eé
ENSE VOIUme. A|SO, |et us assume’ that It was (bunl'lpl/l HEKOTOPOM KOHKPETHOM 3HAYCHUU BEPOSATHOCTH. HpI/I 00JIb-

) . mux A (0KOJIO 7) Hy/IeBBIe peaan3alii CTAHOBATCS BCE MeHEe
during the 10 nm node technology R&D that the yield BEPOSTHBIMH, HO BCE e HE a0COJIIOTHO HYJICBBIMH

0.2 4

I S T SR T Y= S o e T« O e T oV o B ST o N o o B« [
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ [
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Poisson distributions for 8000, 2000, 1000 and 2000 atoms per ENSE
and 75% containing atoms probabilities data points (the data below)

=0=-ENSE 8000 == ENSE 3400 === ENSE 1000 —=—ENSE 200

0.025

Probability
o
N

0.015

A
0.005 I AR

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Atoms per ENSE

Atoms per ENSE 8000 3400 1000 200

20% at. Loss 6000 2550 750 150

Prob. of a corrupted ENSE 5.69E-122 2.19E-53 1.97E-17 3.46E-05

Prob. of a corrupted chip 5.69E-110 3.07E-41 3.93t-05 1.14E+08

Fig. 2. Poisson distributions and ENSE and chip m®babilities for assumed 10 nm (8000 at/ENSEYN{3400 at/ENSE), 5 nm
(1000 at/ENSE), and 3 nm (200 at/ENSE) nodes, eledant 75% atomic content probability values dsdd in the picture
Puc. 2. Pacnpenenenus [Tyaccona st pacCMOTPEHHOTO B TEKCTE 4nciia aToMOB B DiemenTapom KBanpatnom Pazmeprom Diemente
(ENSE ,cM. aGbpeBraTypy B TEKCTE) H BEpOSTHOCTH MOTEPh YUIOB [T nipeanonoxkenHpx 10 nm (8000 at/ENSE), 7 nm (3400 at/ENSE),
5 nm (1000 at/ENSE} 3 nm (200 at/ENSE)exnonoruii, 1 cooTBeTCTBYIOIIHE BEpoATHOCTH 75% @romuoro) ENSE3zamonHeHus

One may say that one day some advanced ate up to 50 times. In the modern advanced deep UV
chitectures could be developed allowing to stayyawgDUV) lithography a special class of photoresists,
of that small ENSEs. Which is almost right. AImostcalled chemically amplified resists (CARs) [12]gar
because there are some structural features, whiglbrmally used. Among other components, CAR resist
within the node definition, cannot be changed. €hegomposition contains so-called acid generator mole-
are the interconnect [10] wires and interlayer aot®.  cules, AGs, which, under the UV irradiation convert
Their network, having quite an extended integrateshrboxylic acids catalyzing resist polymer solupiln
length, roughly in the 10 km range, with equivalery basic developer.
number of ENSEs as hlgh aslgtﬁlements, making As we spoke above, the ML has resulted in
the interconnect Wires to be eSpeCia”y predispmeeddramatic improvements in Computing power over
be affected by the Poisson shot noise, potentiaﬁlﬁumme decades. However, as 1881 immersion
cgusing a variety of yield and reliability issu_da'ke optical lithography (IL) [13] has been running ait
dlsco_nneqts, increased RC delay, local heating: elejteam even being enhanced by multiple patterning
tro migration and so on. (MP) [14], production costs have become the primary
ADVANCED FABRICATION AND PROCESS scaling obstacle. In its simplest approach the ri®3
MONITORING EQUIPMENT COMPLEXITY BASED: DUV lithography started to see problems at nodes of
ADVANCED PATTERNING (LITHOGRAPHY [11]) 45 nm or so, and numerous technological advanses, a
General. One of the most, if not the most, chalMP and IL DUV processing helped to extend its ap-
lenging operation in chip fabrication is patterningPlicability limit down to 14 nm node. However, aid
which is performed by lithography and etch tandenROint .the high operational costs started to push-tg
the lithography being the key critical step. In giex nologists to look towards the Extreme UV (EUV) li-
ICs, awaferwill go through the photolithographic cy- thography [15].
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The EUV lithography, which at some point EUV light source. As of today, the estab-
began to be seen as panacea for key layers patiernlished EUV light source is a Sn laser-pulsed plasma
also has failed to be cost-effective for the 14nude, (LPP) [15],where the source of Bnm light is a dy-
however, still leaving hope it may become a winningamic population of multiple-charged ‘8n Srt3
approach for the 7 nm one. The non-EUV layers a®ns, which, recombining with electrons, emit ligtit
sume conventional MP IL schemes, for examplsgveral wavelengths including,53nm. The satellite
193nm IL based litho-etch-litho-etch (LELE) [16].  photons have to be filtered out, which reduces the

MP is expected anyway to be used even bgfficiency of “useful” light generation. LPP is gan
EUV for random logic patterns at thenh node, the ated by microscopic droplets of molten Sn shattered
5nm node [17}vould almost certainly need to ug®?, by powerful laser pulse. LPP sources outputs (e.g.,
which is already developed and working with IL DUV.ASML's NXE:3300B scanner) exceed 2890 - the

The ability to project a clear image of aminimum requirement for a reasonable throughput.
smallest feature onto the wafer, the resolution pitowever, for the HVM the EUV LPP sources need to
rameter, isimited by thewavelengthA of the light be significantly overpowered, on the order of''10
used and the numerical apertta, the ability of the W/cn? indicating the enormous energy burden im-
lens system to capture enough diffraction ordexefr POS€dAn EUV source driven by a 200V CO; laser
the illuminated mask. The current state-of-the-afONSUMes an electrical power of abou®/, while,
photolithography tools use DUV light from excimer comparison, a conventional 100 W ArF IL laser

lasers with wavelengths of 248 nm or 188, which Cconsumes 20 times less energy, only abowd¥0
allow patterning features down to Bfh. Another complication of the EUV sources is

The minimum feature size that a projectio elated to the mentioned above photons incoherency

system can print is given approximately by formula: _15]' The necessity to convert the as it IS m_cehlar
light to as much monochromatic as possible is assoc

CD = ku(4/NA), ated with satellite photons filtering and additibasa-
whereCD is the minimum feature size (also called theociated energy losses.
critical dimension CD), design node rulek: (com- Nevertheless, after many years of uncertainty

monly calledk; factor) is an integrated coefficient thatregarding the suitability of the EUV source for HYM
encapsulates all process-related factors and nlgrmdithography, it finally started to show some sigfs
equals 0,4 for HVM conditiong, is the wavelength of getting closer to the HVM readiness. Recent in@sas
the light, NA is the numerical aperture of the lens a# the power and availability of LPP sources almost
seen from the wafer. eliminated the uncertainty concerning the lasergrow
According to the above equation, minimunmgnd many of the recent studies turned to searctiéor
feature sizes can be decreased by decreasing EiéV insertion solutions (node and process layers)
wavelength, and increasing the numerical apertore @nd extendibility.
achieve a tighter focused beam and a smaller spot  An alternative free-electron laser (FEL) EUV

size). However, this method runs into a competingPurce concept, introduced some time ago, promising
depth of focusPr, constraint: to be cost effective single-source alternativepfow-

Dr = ke (U(NAY?) ering a manufacturing FAB’s entire EUV lithography
_ ’ o module, is under intense development, as well.
wherek; is another process-related coefficidafdctor). Optics and mask. As it was highlighted
The Dr depth of focus limits the thickness ofapove, the source power still is the dominating-con
the photoresist and the depth of topography on t@grn for HVM, however, significant improvements in
wafer. Chemical Mechanical Planarization (CMP)EUV optics and mask fabrication and supporting in-
[18] is normally used to planarize the surface topograstructure, including blanks, pellicles and irstjmmn

raphy prior to high-resolution lithographic steps. tools, also require close attention and are alsteun
The EUV, having the photon wavelength ofntense R&D at this point.
4 =135 nm, was and still is hopefully considered to Any matter absorb€UV radiation. Hence,

be thenext-generation lithography. It is currently beEUV lithography working conditions require high vac
ing under intense development for possible fututéum. All optical elements, including thehotomask,
planned HVM use in 2020 by IntelGjobal Found- must use defect-fredo/Si multilayer structures re-
ries'and Samsung’g nmnode, TSMC'sSS nm node flecting the light by interlayer interference. Urtfo
and SMIC'sl4 nmnode. However, there is a numbepfately, any of these mirrors absorbs about 30%ef t
of challenges still required to be resolved. incident highly energetic light, which inevitablyduc-
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es chemical and structural transformations witlhie t Since EUV light energy is highly absorbed by
optically active zone, affecting the optics lifeéim any material, the EUV irradiated optical components
Current EUV systems contain at least tware susceptible to photo-ablation damage (pittiAg).
condenser multilayer mirrors, six projection multinumber of researchers reported that a Mo/Si multi-
layer mirrors and a multilayer mask, in sum abswbi |ayer starts showing damage already due to a single
overall about 96% (!!!) of the transmitted EUV ligh pylse of energy as low as 30 mJ#cand the damage
So, the ideal EUV source will need to be muc{'Jhreshold is getting lower with sequential pulses d
brighter than it is formally needed for the resigpo- t5 cumulative effects.
sure. Additionally, the first mirror responsible fool- Optics, mask and wafer defectivity inspection

lecting the light from plasma space is directly@sed 4|5, Significant reduction in the number and size

to the plasma and therefore is mostly affectedn@y tyyirror and mask (including the blanks) for defeists
high-energyionsand plasma debris.

Anoth bl i t of EUV tool . critical due to their directly linked yield and iagbility
the off ax’?g n?e;sﬁrqll ?nmnaa;por?sgi(; ?es itin (;Ossn'ﬁosses. Continuous progress in defectivity reduaciso

-axi ASK Tiumination. uting asy gradually taking place, but improvements in reticle
metry in the dlffractlon pattern causes shadowifig Sfabrication and quality control infrastructure dag-
fects that deteriorate pattern adequacy. AlsoEll¥

short wavelength light increasiare, affecting image ging behind, requiring close focus on related im-

quality and increasing Line Edge Roughness/Lir'r%r.ovem's‘rr[S in optics quality (Ie_nses, masks,_ el
Width Roughness (LER/LWR) [19]. Wl'th blanks), as vyell as tech.n.lques to monitor and
Lithography mask is normally protected, usMitigate the associated defectivity.

ing pellicles(thin film dust cover to protect a photo- _ For_mask and wafer inspection, without
mask), from being contaminated with particles. iPart¥hich the EUV lithography cannot be considered fea-

cle contamination is a critically damaging factér iSible in the HVM environment, development of a
pellicleswill not withstand the harsh Bnm irradia- Suitable EUV source is in focus as well. It alse re
tion at the working conditions [L5Without long- duires an EUV source, with less power but with high
lasting pellicles, mask particle contamination vebul© Prightness and better pulse-to-pulse energy and
drastically impact the mask surface adequacy affatial stability. It was shown that a slightly e
consecutively the yield. The long-lasting pellitip- Plasma source could be also suitable to work fer th
rication is not an issue for the conventional 1®8 inspection tool. However, in order to meet the gper
lithography. The current lack of any suitable médli and spatial stability specifications, it will reqaia
material capable to withstand EUV irradiation 2447, higher stability plasma vapor generator to be devel
preventing the EUV adoption for HVM. oped. Several advanced approaches are currently un-
Heat dissipation. Heating per feature volumder intense development with two of them being the
is way more intense for EUV photons as compased most promising ones: (1) a conventional droplet-gen
DUV photons. In addition, EUV lithography tool iserator using molten tin alloy droplets as a fug); &
prone to slower heat dissipation due to the vacuumew “no debris” approach, based on the usage of liq
conditions in contrast to thBUV one: most of the uid lithium vapor jet as a target, having a self-
EUV LPP-released energy is absorbed by the machicleaning input and output windows [20]. The new
walls and reflecting optics and the mask, and @nlyconcept provides a number of advantages, providing
very small portion, just few %, reaches the wafed a higher EUV dose stability and longer optics lifedim
exposes the resist. Heating is a particularly seriowhich makes this concept to be highly attractive.
issue for the mirro_r optics and the mask, equcial_l Significant progress toward HVM readiness
because the heat is absorbed near the surface, righs peen made in EUV mask fabrication and its guali
where the mask reflection action takes place. Fherg control that enabled the demonstration of EUV
by, if an intense water cooling is decided to bedis nproduction feasibility and good wafer yield, pridte
an e'xpected associated mask micro-, 'actually NanQyith defect free masks. However, to be fully regaty
ibration, may become an extremely serious Concem'high-volume manufacturing, some major improve-
Heating of the EUV maskellicle film, tem- o ic are still needed in mask materials, fabooati
perature_c_)f which may get up to "’.‘bOUI 400-460is processes, defect inspection and distribution rteetro
6."50 a critical concern, due to th_e film thgrmegrwa- gy and mask protection with a pellicle during use.
tion, deformation and transmission deterioratidsi.[1 rﬁ]articular, pellicle and mask inspection are the tw

It also was re'cenFIy fpund f[hat contaminatio ost critical areas of development in the overalvVe
of the multilayer optics is highly influenced byeth .
mask infrastructure.

photoelectron generation and secondary electrdd. yie
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Resist. The transition from laboratory to pilofinked to the AG density (number per ENSE), requir-
line is absolutely necessary for learning aboutatie ing a new resist concept.
tual fabrication issues in order to bring EUV to MV - Understanding the resist transformation mecha-
Substantial improvements in EUV source power armsms and the reasons of the potential differebees
its reliability are still necessary for EUV lithagphy tween the conventional KrF / ArF photoresists photo
to become cost effective as compared to IL MP DU\themistry in and EUV/EB resists radiation chemistry
However, it sounds doable at the source curretg-staespecially as far as the AG mechanisms is concerned
of-the-art and accumulated knowledgebase. Applica- - Improved models of radiation-induced chemis-
bility of the EUV to pitches below 30 nm currentlytry and a resist pattern formation for EUV CARs
appears to be limited by resist capability, so ifign based on a number of experimental and simulation
cant improvement in resist materials is needechto evorks were recently carried out, hopefully, to gliel
sure the EUV suitability for the advanced futur&ome family of EUV suitable resists.
nodes. CARs may not be capable to do the job due to ~ TO_summarize this section. Unfortunately,
too small, and thereby, statistically unstable nedf  given the recurring delays in the HIV readiness, th
the large AG molecules capable to nest within thélue of EUV single exposure has been progressively
ENSE element (the so-called resist AG shot noisdflling with each missed milestone and requirements
The AG Poissonian shot noise problem directly affecfor an increased source power beyond 250 W. Con-
ing the critical LER parameter, given the largee sif sidering future patterning and productivity require
the AG molecules, sounds to be another (this tiene fMeNts at the 5 nm technology node and beyond,
sist associated) fundamental problem, way harsiaer t SOUrces powers of 500-1000 W at a reduced opera-
the already discussed above Poissonian fluctuagbnstional cost per wafer may seemingly be demanded
the number of atoms within the ENSE element. making the implementation of the EUV lithography

The interaction of the EUV radiation with thefo" HVM very problematic.
photoresist is absolutely critical, and these fumefa: _Due to the above discussed obstacles and
tals still remain poorly understood. The 92 ev EuPOMPlications the EUV siill stays far from the HVM.
photons and generated electrons may move via @uiditi ' "€ Ieg_dlng edge mdu_stry and aca_demlc forerl_Jnners,
al pathways different than those by the currentea/4 NOtwaiting for the lagging EUV equipment providers
DUV photons. EUV photons will excite and ionize2'€ Séarching and finding solutions utilizing tre- o
both valence and core electrons, with a high pribbabtions available on the plate in real time. Quiteuan-
ity of inducing undesirable selective fragmentatin Per Of successiul uses of MP IL DUV were demon-
resist molecules containing heavy atoms. Design aﬁ{:fated in cases where EUV had been previously
optimization of EUV suitable photoresists appears £'anned to be used. _
be impossible without fundamental understanding of As far as the Investments Is c_o_ncerned, the
the complex EUV induced resist chemistry. Resistd!dustry has spent stunning $15-20 billion on EUV

incorporating high absorption cross-section elesenfVer the years. Despite this really un-comparaive i

efficiently absorb EUV photons by core electronsvestment, the EUV still does not look as commescial
y viable. Strangely, nevertheless, that the EUtii$

releasing primary and secondary (Auger) Iow-enerd : _
electrons (~80 eV), which are highly efficient iata- Lyon&dered as the primary technology for the future

lyzing uncontrollable chemical transformations dgri 2dvanced nodes and the advanced DUV just as its
the resists EUV exposure. The mechanisms via whi@AcK up.

these electrons interact with resist componentsh&re SC MANUFACTURING EQUIPMENT AND PROCESS

key factors to get the required performance of EUMCONTROL METROLOGY (SC ME&PCM) BUSINESS
resists and EUV lithography as a whole. ASSOCIATED COMPLICATIONS

The EUV source intensity and the resist sensi- SC ME&PCM and Production FAB costs.
tivity are complementary parameters. It is necgssar A typical FAB production line will have sev-

to increase the EUV resist sensitivity to compe®saga| hundred ME&PCM units. Fabrication devices,

for the low intensity of the light source and als0 peing outstandingly accurate and equipped with the

reduce the cost of the development and the mainigscessary quality control tools, are extremely expe

nance of high power EUV exposure systems. HOWe¥jye: the common units are priced up to $5 million
er, improving the resist sensitivity is challengii@e cach with some of them, like the modern lithogsaph
to the following: steppers, over $50 million, and as far as the EQbl t

- Getting a comprehensive balance in resolutiopgst is concerned. it is even scary to guess.
LER, and sensitivity (so-called RLS trade-off), is

12 U3B. By30B. Xumus u xuM. texHosxorus. 2016.T. 59.Beim. 11



W3B. By30B. Xumus 1 xuM. TexHojorus. 2016.T. 59.Bpm. 11

The SC industry is extremely capital-inten-opening this facility and instead upgrade its éxipt
sive, with progressively increasing YoY ME&PCMfacilities to support 14-nm chips [25This is just an
costs. At some point it may start to be constrainezkample that even for companies as advanced and
with the maximum amount of capital that can be maconomically powerful as Intel, the FAB obsoles-
bilized and invested by a single company, or a@ens cence may not always be the best business decision.
tium, in construction of new R&D and fabricationEspecially because the extremely high cost of con-
facilities. Rock's law (RL, named for Arthur Rockstructing a new advanced FAB may not meet the re-
[21], an early investor in major firms includingtdéh  lated estimations of the Return of Investment. Espe
Apple Computer, Scientific Data Systems and Teleially lately for Intel, when the market’'s attentias
dyne) also known as Moor’s second law (ML2), statdecused on mobile products and less on PCs.
that the cost of a SC chip fabrication plant dosble Typically, as it was mentioned above, the
every four years [22]. As of 2015, the associatéckp leading chip-fabrication companies build completely
had already reached about $14 billion. RL can e senew FABs for advanced nodes, which creates an add-
as economically “other side of the coin” as relai®d ed problem, namely, what to do with the old FABs.
ML (ML1 from now on). At some point, ML2 may Some companies adjust older FABs for making less
start interfering with ML1. advanced products, other companies rent it out and

Obsolescence [23]. At this point | would likesome close it entirely, because the upgrading cost
to refer the reader to a trend termed “obsoles¢encenay exceed the cost of a new FAB.
which, in a way, should be considered as beingiin a Wafer size [26] and FAB automation trends.
opposing connotation to ML. Obsolescence [83he There is a lasting trend to use in production déaey-
state of matters, “which occurs when an object; sesrwafers, allowing to process more chips at once
vice, or practice is no longer wanted even though printed on the same wafer, helping to minimize pro-
may still be in good working order. Obsolescenee fr duction costs per chip. Currently, the forth rumner
quently occurs because a replacement has becouse in the production and pilot lines 30én (12inch)
available that has, in sum, more advantages comipateafers, but the industry is already consideringabp
to the disadvantages incurred by maintaining or rebility of transferring to 450nm (177 inch) wafer
pairing the original facility” size some time by 2018-2020.

As technologies rapidly progress, the innova- Besides, there is a drive for full automation of
tion improvements may become disruptive to causBe production lines, which is often referred totfaes
predecessor technologies to be obsoleted partiatlights-out FAB" concept [27], which will certainly
and, frequently, completely. However, in situatiams require a lot of attention to the real time PCS.
which security and survivability of the hardware or Globalization [28]. Growth in consumer and
data to be obsoleted are paramount, rapid obsol@sdustrial electronics global demand (smartphones,
cence may pose obstacles to its straightforward inablets, digital televisions, wireless communicatio
plementation [24]. Also, because toxic materials ainfrastructure, network hardware, computers and-ele
used in the production of modern chips, the obsolego-medical devices) continues its push for evememo
cence, if not properly handled, may lead to harmfildvanced SC chips enriched with advanced function-
environmental impacts. alities. Globalization, in general, has a number of

On the economic side, the obsolescence m@yos but also someons,knowledge on which is very
sometimes be helping companies to profit greathyelpful to prevent and/or cope after undesirable de
from the regular purchase of new equipment instegglopments in the business environment.
of retaining an old device for a longer periodiofd. The US SC industry is the leading provider of

The more advanced technology is used byte SCs to the world. The US SC ME&PCM sector
new FAB, the higher is the probability that the oléiccounts for roughly 50% share of the world market.
FAB will be obsoleted once the advanced productidlowever, over 80% of US SC sales and 84% of
starts. Intel, for example, was known to build nev®C ME&PCM sales take place overseas, so, US com-
FABs to run the advanced technology nodes. Excepanies MUST export. Top markets for US SCs and SC
probably, the recent case. On February 18, 201dl, INME&PCM are China, the EU, Japan, Korea (South),
announced that it would start constructing a new $§ingapore and Taiwan.
billion SC facility (FAB 42) "the most advanced, The newly developing SC business sector, In-
high-volume manufacturing facility in the world#i i ternet of Things (IoT) — otherwise, variety of Imtet
Arizona, to come on line in 2013 manufacturing 1€onnected Devices — is in its early growth stage, b
nm chips [25]. Later Intel has decided to postpor&ready contributes significantly to SC demand in
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long-term, as well as the growth of smart gridsagm Bargaining power — For the large SC compa-
cities and automated smart manufacturing. nies, suppliers have little bargaining power — 8@

In the SC ME&PCM space, the business is asompanies have hundreds of suppliers. This diffusio
usual (SC fabrication devices), expected worldwidef risk over many companies allows the chip giaots
132% growth from 2016 to 2017 (to an estimate#leep the bargaining power of any single suppliea to
$428 billion) driven by equipment for foundries, andminimum. As to the SC ME&PCM suppliers of cut-
for memory and power chip fabrication. For the waling-edge equipment and process, while consolidat-
fer FAB equipment shipments are expected to groWwg, these companies at their turn gain some isea
2,5% YoY starting 2016, however, some pessimistigargaining power. The buyers have little bargaining
business analysts paint a downsize picture for tiR@wer dealing with a small number giant SC chip
ME&PCM market, with a 5% fall in 2016 prior re- mMakers.
turning to the growth in 2017. Thre_at of _Substitutes — The intellectual prop-

SC ME&PCM providers (AMAT, TEL, Lam €rty protection might stop the threat of advanagut s
Research, KLA-Tencor, ATML and others) expecgtitute chips for some time. However, within a $hor
fabrication companies to increase s and 16nm Period of time copy-cat companies start to produce
capacity and start investing in 4n production in Similar advanced products at lower prices. A SC
2016. Samsung expects bothri6/14nm, and 1m  company spends millions, if not billions, on creati
technologies to run in parallel for quite some Iona?n advanced chip, but at some point comes a player
time. China plans to start or complete eight nelfat runs the chip reverse engineering and makes an
FABs in 2015-2016, outstripping planned facilitias markets a similar product for a fraction of price.

Taiwan and Southeast Asia, with 5 new FABs each, =~ Competitive Rivalry. The industry is marked
the US with 4: and Korea (South), Europe and tHy intense competition between companies. There is

Middle East, with 1 each. All of these 25(!1) new!Ways pressure on chip makers to come up with some

facilities, should construction go on, will needhie  thing better, faster and cheaper than the latase-ef-

equipped in the 2016 to 2018 time-period. the-art, which extends to everyone involved in the
R&D costs for SC as well as for SC ME &pPcmbusiness of providing the chips to the marketplace.

technologies are growing significantly for each aﬂ- Cyclic nature of the SC and SC ME&PCM

vanced node, creating tough business conditions iness [30]. | cannot resist but to start thisapa
pushing both fabrication and ME&PCM companies tg§'@Ph with the following citation, which 1 like ver
much: ‘1f SC investors can remember one thing, it

consider consolidation and/or join their effortsunning : . :
the R&D. The uncertain economic environment makesShould be that the SC industry is highly cyclics&8C

difficult to predict (guaranteed) the SC ME&PCM bus sales historically were closely following the.WOSId
ness growth due its derivative dependence fronS@e GDP growth at various reasonably reproducible cycle

fabrication business, resulting in consolidatiornicl times experiencing upturns and downturns. The cycli

already has started in the ME&PCM market: in Oatob al nature 'of.the SC indu;try and periodic overg'apa
2015, Lam Research Corp. agreedatmuire KLA- ty make this mdt_Jstry particularly vuInera_bIe tgrsi-
Tenc'orfor $10.6 billion [29] icant and sometimes prolonged economic downturns.

Notably, historical trends show that the major Sir ggpsrl:sr?aer:;(reer::%iglrrigrz ?g!?tef?g;tgistg rlr?o
SC production companies, not willing to accept th ustry. ! ' u |

risk dealing with small financially not stable d@s, ll’;\es Eiiv?l pgénfglnggr??g:] ?Dnclr;':; rgﬁeguedsﬁgnno
stimulate small companies to give up their busines\g y aep ' P

frequentlv very technically bromising. to the “tieo-  O" Intel, when the world shifted to cloud computing
d " y very tect y promising, P ntel swiftly adopted this concept and gained aresha
thers”, also promoting consolidation.

A couple of marketplace trends: greater than 95% of the data center market.
) ) . The seasonal sales trends for SC services and
New Business Entry — The cost of SC busi-

ness entry is extremely painful or even impossioie products closely follow trends for consumer elettro

all but the bigaest plavers capable to keep u wilﬁs’ communication, and computer sales. These SC
99 play P P up Sales, in their turn, influence the ME&PCM saled an
state-of-the-art operations. It comes as no s phiat

. : new equipment orders. It looks like the associated
established players have a big advantage and e eé?‘iodicity could be modelled and used to prediet t
appearance and success of "fabless" chip maker

) . . b%urns and downturns and build-up preventive
JI_USr»;[ ?jn e:qglence of the power of the big well estakrlneasures. Unfortunately, the history shows, that th
IShed entities. predictability of such models is not highly reliapl
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especially, when strong (political or economic) marand SC ME&PCM and presents a good market for US
ket shake-ups take place. So, companies are niet wilompanies. Many US fabless SC companies directly
ing to accept such a risk and assurance that tnalacbenefit from contracting production of their IC de-
market variations will meet the model-based expectaigns to Taiwan.

tions, because any not anticipated change in the 8% BUSINESS ENVIRONMENT. THE COST EACTOR:
sumed seasonal variations may result in adverse, GfxTREMELY HIGH R&D AND PRODUCTION EAB

even catastrophic eff_ects on company revenuesaoper COSTS

tions and overall businesses. “The trend is ydantt, ) ) )

until the opposite™- as stock market traders say. Production FAB costs. The SC industry is ex-
Summarizing: tremely capital-intensive, with progressively irese

- SC ME&PCM business, following the statdNg YoY ME&PCM costs. At some point the integrat-

of the chip fabrication companies, is strongly aycl ~©d costs may start to be constrained due to thé- max
- The forecasts for the next couple of yeardum amount of capital that can be mobilized and in-
indicates observable growth. vested in advanced production or R&D by a single

- The US SC industry is the leading providefompany, or a consortiurtatistics shows the cost of
of the SCs to the world, US companies also lead Rytting together a new FAB starts at over kllion
the SC ME&PCM. with values as high as $Bbillion being pretty com-
- Intense globalization is spreading over thenon. As an extreme exampl@SMC invested $ 9.3
SC fabrication as well as over the SC ME&PCM sedillion in its mammoth FAB15 fabrication facilityd]l].
tors, strongly influencing the SC business environ- Normally, once the chip-fabrication compa-
ment, imposing itros andconsand triggering con- nies built a completely new FABs for advanced node,
solidations even among the leading SC ME&PCM creates a new associated problem, namely, what t
companies. do with the obsoleted ones. Some companies adjust
Advanced process support, process monitogider FABs process to make less advanced products,
ing _metrology concepts and HW. Just to mentiogther companies rent the FAB out and some close it
quickly a field that naturally is on the SC equipthe entirely, because the poorly controllable upgrading
leading edge and heavy demand — it is the wafer aggst may exceed the cost of building a new FAB. So,
mask quality inspection and assessment. Specificallies, “dead” FABs symptomize a specific new SC in-
the so-calledn situ real-time inspection tools, watch-dustry problem.
ing the processed wafer or mask while they are in Enormous R&D and R&D facilities costs.
process, and capable to detect and communicate abQED is a critical fueling sector of the SC industry
a problem and trigger the necessary correctiv@@&ti enapling many key breakthroughs in both the produc-
immediately once the problem happened, are ontign and business spaces. The SC companies world-
keen demand, specifically thanks to the “lights-oufide spent in 2015 a total of $56.4 billion in R&D
FAB” full automation trend. alone, which makes about 17% of the sales, with In-
Taiwan has consistently been the top globgl|s alone contribution of 22% of it. The advanced
SC ME&PCM market in recent years, representl%chno|ogy R&D costs, as well as, the costs of3fe
over a quarter of the total worldwide market witle t \\e¢pCM technologies are growing significantly for
US as the top importer of SC ME&PCM into Tawana o advanced node (remember the ML2), pushing
Bbth fabrication and SC ME&PCM companies to con-
Yider consolidation and/or joining the efforts umming

timated ital di UMC i ied e h,:}he R&D. As the costs soar, the industry tendsote c
estimated capital spending, IS ranked €ig thorate more than ever before. “We are doing three

There are also a number of smaller SC manufactur(?]r&deS at the same time in our R&D center. How can
'nujﬁ?évsg's%mgﬁg&he memory segment, thabal we make it happen? We need tools, materials aral ope
P Challenaes and éarriers to US SC and relaté%]novation' Also, we cannot do it all by ourselVes.

. g == = Shared his concerns E.S. Jung, executive VP dbthe
equipment exports. There are no significant bagtier

US SC or SC ME&PCM exports to Taiwan. As a parB&D Ce’.“er at S‘?‘mSU”g [32]. A.S It was mentpned N
the previous section, to cope with the economiesstr

ticipant in the WTO Information Technology Agree- e SC industry already goes through a round of mer

ment (WTO ITA) and its recent expansion, Taiwa > ) : .
allows imports of most SCs and related ME&PCM tgers and ach|s!t|ons, and it looks like this trenay
ven accelerate in the nearby future.

enter duty-free. Taiwan is open to deals in botls s€

leaders in SC manufacturing and buy state-of-the-
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The SC ME&PCM market is expected togoal to deal primarily with the SC industry chatien
grow 3.7 % in 2016, followed by 13% in 2017. Taies, |, nevertheless, would like to refer the reader
wan is expected to be a large contributor to thene of the greatest positive aspects of globatimati
growth in 2017, with five semiconductor FABs starthamely, to the effect of balancing the world tensio
ing construction in 2015 to 2016, which are planneoly the multi-national enterprises [36]. Indeed, gov
to be equipped starting 2017. Taiwan, who overtoaknments play a central role at the national level.
South Korea in 2015 to become the world leade€in IHowever, the politicians, realizing the impact efh-
FAB capacity, is forecasted to remain the top markaology on world events, today consider the industry
for semiconductor SC ME. related questions almost at each and every pdlitica

Samsung, TSMC and Intel are forecasted tdiscussion. National interests differ from natian t
spend a combined 45% of the total semiconductoation due to specifics of regulations, procurement
industry outlays in 2016 [33]: Samsung’s full-yeaprotectionist policies, and capabilities to suppie
2016 capex budget is US$11.0 billion, TSMC’s -global R&D. Public opinions also differ and these d
US$10.0 billion and Intel's — US$9.5 billion ferences influence the governmental policy. Each

Just recently TSMC announced it already hacbuntry follows its own way of dealing with globzd-
purchased equipment from U.S. semiconductdion. As a result, countries move forward at defar
ME&PCM companies Applied Materials and Lanrates, sometimes even in different directions causi
Research and KLA for a total of about $8.6 billioninternational imbalances and stress. In this senge,
and ASE (Taiwan), the top-ranked OSAT (outsourcethational corporations and transnational joint tuees
assembly and test) company in the world, announcseerve as buffers promoting vital global balance.
three purchases of semiconductor assembly and test Relevantly to the SC business [37], the glob-
equipment for a total of about $52.6 million fronaK alization helps getting access to less expansiyehhi
licke&Soffa (US), Besi (Netherlands) and Disco Coreducated resources and to wider consumer market,
poration (Japan) [34]. which assists both in mitigating the costs andnin i

Globalizationpros andcons Globalization is a proving the effectiveness of the R&D investments.
tendency of open systems in general, and indusinicl The geography of the current competitive
business systems in particular, to undergo in a fréglobalized” SC world could be depicted as follows:
space an unlimited unimpeded expansion, which can The US - is the main hub for the R&D activi-
be slowed down and even completely stopped whilees in the SC industry; five of the top ten SC pam
running into a barred environment) confined with-banies in the world are US-based. At the end of 2015,
riers due to political or religious or otherwisensimler- the US government passed legislation expanding the
ations) naturally creating economically isolatddnds. R&D tax credit permanently, thus stimulating R&D
Globalization achieves its greatest power whers it spending by companies and crediting the start-ups.
truly global free; when it provides the means toeas Taiwan — with its well established set of ad-
to the information systems and research centesthin vanced foundries and R&D entities, as well as the
er countries and establish arrangements that peomptoven infrastructure of the production supporting

the cooperation and transfer of technology. businesses, Taiwan is considered to be one of the
The essence of the modern economic globaleading centers of the SC industry.
zation is associated with a greater role of thetimai China - to become self-sufficient in the SC

tional enterprises and foreign direct investmeratt thfabrication infrastructure China considers acqgirin
increasingly integrates the world economy. Multinaseveral relevant companies in the US and Taiwan and
tional enterprises engage in worldwide investmentalso invites SC companies to build FABs in the main
(a) to gain access to overseas markets and (lgito gand. Intel and TSMC already announced plans to
access to less expensive labor or to raw matesralsbuild and/or upgrade fabrication facilities in Chin
energy. In the same time, it helps developing econdnfortunately, China’s weak IP protection has long
mies to grow and mature and effectively compete lmeen a cause of long lasting tension with the US,
world markets, which makes this engagement, in itghich affects the SC business between the two.
essence, bi-directional (G&G) — Get and Give. Japan has the world’s largest 200mm wafer

Globalization is an extensively broad andabrication capacity, which makes it a great preduc
multi-faceted theme [35] extending far out of théion base for various SC chips. Unfortunately, dJapa
frame of these quick notes, so | am trying to kitep nese SC business leaders missed the latest smagtpho
directly to the SC point, as it was defined in flee  trend, which led to bankruptcies of several Japanes
per's purpose statement. Remembering the defin&€ companies.
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European Union — theonditions here are tion, even though it is in increasingly tough comitpe
very complicated due to Europe multifaceted econortien with other world locations specializing in hig
ic and political crises. Germany, with its strong- d tech industries [38].

mand by automotive and industrial electronics, is
driving SC growth in Europe. Western Europe has
the cultural tradition and core of excellent reshar
groups to facilitate its leading position in thetirol-

CONCLUSIVE REMARKS

Referring to the purpose definition of these

notes — share with readers my views on some current

ogy arena. Yet, additionally to existing crisedaitks ot matters in the SC industry — | would like tg
the cohesion, which is absolutely necessary toldevlight that the term “current” is very illusive whil

op strategic world initiatives in important sectors

considering the state of the art of this indusfriie

Eastern Europe and Russia — well, not to8C technology is progressing so swiftly that whatev

much yet...

looks as a fresh update, in this extremely conipetit

Rapid changes and especially the high tedhdustrial Multiverse [39] may become an old story
industry expansion can proceed freely globally onlRy the time the report is finalized.

when the globalization supporting systems provide a
real time, or at least quick, access to the comoauni
tion and information systems between the countties.

ACKNOWLEDGEMENTS

And finally 1 would like to acknowledge my

is an absolutely MUST condition, because it alldavs former colieague and my good friend Professor G. Gi
establish timely arrangements, promoting easy afighev, the head of the Dept. of Physics, who cured
fast technology and innovation exchange, to aveid §"d encouraged me to put together these my notes.

quickly to correct conflicting situations. Commuaic
tion and technology exchange resources, timelbesta
lished agreements and regulations are vital fobajlo
technology expansion, which requires absence bf
economic conflicts, surprises and wrongdoings. Un-
fortunately, in spite of availability of superfasiod-
ern communications, this effort is sometimes cors.
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The old temptation of the developed compar,
nies to go overseas just to gain access to inekgens
labor was working distinctly well in the past mainl 11.
in low tech industries. But with the rise of Chiaad 12-
India and other East Asia countries, the US ledilers 14
in sophisticated technological production and the a5
sociated benefits in terms of jobs and wealth @eat 16.
became no longer to be given as granted. Globaliza-
tion causes inevitable diffusion of experience a
knowledge, and together with these matters also dig
sipate the wealth growth rate and employment. Witip,
relevance to the US economy the advantage that in
the past was acquired via US advanced industries?fs
little by little diffusing nowadays. Having Intelnd
Micron, fabless Qualcomm, leading SC ME&PCMs
(AMAT, Lam Research (&KLA) and others) on its21.
sail, the US is not losing the leading edge ardbés 22
not look like it will lose it anytime soon. US ifilka
key center for knowledge creation and its dissemina -
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BJUSIHUE CTEPUYECKOI'O 1 OPBUTAJIBHOI'O B3AUMOJIEMCTBUI HA
MOJIEKYJIAAPHYIO CTPYKTYPY N-IIPOU3BOJHbIX ITMITEPUJIUHA

Kongpopmayuonnwvie ceoiicmea u monekynapuas cmpykmyp Hexkomopuvix N-npou3zeoonsix
nunepuouna, cooepxycamiux zemepoamomst noozpynn Va u Vla, 6viiu uzyuenst memooamu
keanmosoii xumuu (R X-nunepuounvt, R=H unu CHs; n=1: X=O uau S; n=2: X=Nunu P). Imu
COCOUHEHUA MO2YM CYWIECE06AMb 6 GUOE MPeX UM YemblpeX KOHPOpMepos, OMaudaouuxcs
akcuanbHolm ulunu IKGAMOPUANILHOIM NONONHCEHUEM, 4 MAKMCe 20Wl- U MPAHC- UU WUC- U
mpanc- opuenmavueil 3amecmumeinei OMHOCUMENbHO RUNEPUOUHHOZ0 Koabua. 1,30u-
aKcuaibHOoe OMMAIKUGAHUE 6UAEM HA AKCUANbHOE/IKeamopuanbHoe OOMUHUPOBAHUE, 8 MO
8pems KaK opoumanbHoe 63aumMooelicmeue eiusem Ha 2oui-, WHC- U MPAanc- OpueHmayuu 3ame-
cmumenei. I'ow-okeamopuanshusie Konghopmepol 6onee cmaduibhbl, uem opyzue hopmel é ciy-
yasx RoX-nunepuounoe, mozoa kax mpanc-sxeamopuanvras popma 6onee cmadunvha 6 cnyuae
RO-nunepuounos, u yuc-sxeamopuanvnas — ¢ ciyuae RSnunepuounos. Inepzemuveckuii oa-
Ppbep npouecca azomHoll uneepcuu yeeauuugaemces e pady P—»S—N—O.

Kirouessble ciioBa: N-3aMeIlIeHHBIN MUNIEPUINH, KBAHTOBO-XUMUYECKHE pacueThl, KOH(POPMAIIMOHHbBIC
CBOICTBa, OpOUTATBHOE B3aUMO/ICHCTBHE, CTEPUICCKOE OTTAIKHBAHUC
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THE INFLUENCE OF STERIC AND ORBITAL INTEREACTIONS O N MOLECULAR STRUCTURE
IN N-SUBSTITUTED PIPERIDINES

The conformational behavior and molecular structuseof several N-substituted piperi-
dines containing heteroatoms of the Va and Vla subgps were studied by quantum chemical
(QC) calculations (RX-piperidines, R=H or CH; n=1: X=0 or S; n=2: X=N or P). These com-
pounds may exist as three or four conformers diffeg by axial and/or equatorial positions and
gauche and trans or cis and trans orientation ofdlsubstituent relative to the piperidine ring.
The axial/equatorial preference is strongly influeed by the 1,3-diaxial interaction, while mostly
the orbital interaction governs the gauche, cis andhns orientation of the substituent. The
gauche-equatorial conformers are more stable thather forms in case of X-piperidines, but
the trans-equatorial form is most stable in the RGnd cis-equatorial — in the RS-piperidines.
The energy barrier for nitrogen inversion increasasthe series P»S—N—O.

Key words: N-substituted piperidine, quantum chemical caleofatconformational properties, orbital
interaction, steric repulsion

sion of several N-substituents was theoreticalpiaed
INTRODUCTION in [5] at the B3LYP/6-311+G(d,p)//B3LYP/6-31G(d)
The molecular structures and conformationakvel, even though the orientation of the protoiyn
behaviors of saturated six-membered rings contginigiroxypiperidine was not specified.
a heteroatom is an attractive field in chemistigris This paper continues our systematic study of
repulsions and orbital interactions influence theie the molecular structures and conformational proper-
librium between axial and equatorial structures anfes of N-substituted piperidines. In recent puilic
the orientation of substituents relative to theeh@ty- tions, a variety of the conformations and conforma-
cles. The conformational properties of saturatel hejonal preferences were described for alkyl-, ajken
erocyclic six-membered rings were reviewed in [lhlkynyl- and aryl-piperidine derivatives [6-8]. The
The difference in energy between axial and equaltoriN-substituted piperidines were sorted by three gsou
conformations in six-membered saturated ring Syaccording to the preference of the substituentsi-po
tems is mainly caused by steric repulsion caused fign. We concluded that the hyperconjugation be-
1,3-syn-diaxial interactions, which are absent whentween the electron lone pair (Lp) on the nitrogema
substituent is located in equatorial position. it and then-system of the substituents and steric repul-
the anomeric effect stabilizes an axial form [2-4].  sjon influence the orientation of substituents tieéa
Piperidine and its derivatives are ubiquitougo the piperidine ring [6].
building blocks in the synthesis of organic comptsn In this paper, we represent results of detailed
including pharmaceuticals; nevertheless, the camder theoretical calculations performed for N-substitute
tional properties of N-substituted piperidines a@helir  piperidines in which the external substituent cimsta
structures are poorly studied. The nitrogen inte&reo>  an electron lone pair. In this case, the orbitsriac-
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tion between the N atom of the piperidine ring ahd
atom of the substituent is expected to affect e c
formational properties. The following N-substituted

piperidines have been computed in this work
amino- H2NPi), 1-(N,N-dimethyl)amino- Ne-NPi),
1-phosphin- i,PPi), 1-dimethylphosphin-Me-PPi),
1-hydroxy- HOPI), 1-methoxy- MeOPi), 1-thio-
(HSPi) and 1-methylthio-piperidinesMeSPi). The
axial/equatorial equilibrium is shown in Scheme 1.

0 i
N—XR
[T = [T
AE=E p-Egq

R=H, CHj; n=1: X=0, S; n=2: X=N, P

Scheme 1
Cxema 1

COMPUTATIONAL DETAILS

RESULTS AND DISCUSSIONS

Energies
It is well known that the six-membered piper-

* Kdine ring is chair-like in its lowest energy confor-

mations [1, 12]. In these compounds, the substigien
being attached to the nitrogen atom, may be lodated
axial or equatorial positions with reference to fie
peridine ring.

In the PES profiles of the compounidsNPi,
Me2PPi, ROPi andRSPij, four minima were located —
to two axial and two equatorial conformers. Twaahxi
and one equatorial conformer were located for
Me:NPi, and one axial and two equatorial ones for
H.PPi.

The structures with torsion angie= 0° are
so-calledcis conformers ¢-Eq and c-Ax), torsion
angles ofp = 70-100° are thgaucheconformers ¢
Eq andg-Ax), ande = 170-180° ardrans conform-
ers {r—Eq andtr—Ax). The molecular structures ois
andtrans conformers oX=N or O, H,PPi andHSPi

A recent benchmark study of DFT methodaire of G symmetry equilibrium structure, and the
confirmed the general success of both M06-2X anfhucheconformers of € symmetry. FoiMeSPi, the
B2PLYP-D in calculating the energies of main-grougis conformers have &ymmetry, and th&ans con-
molecules [9]. Moreover, the B3LYP-D results of théormer are & for both axial and equatorial forms. In
monosubstituted cyclohexanes and silacyclohexanhe case ofMe;PPi, the tr-Eq conformer has Cs
where an empirical dispersion correction has be&ymmetry, while thar-Ax form is G. Relative total
added, are in good agreement with the CCSD(T) relectron energies and free Gibbs energies aloriy wit

sults [4]. Thus, in this paper, geometry and vibre!

predicted conformer contributions at 298 K are sum-

calculations were performed with 6-311G** and ccmarized in Tables 1 and 2.

pVTZ basic sets by DFT, with the MO06-2X and

The gauche forms of the compounds with

B3LYP-GD3 functionals, and with the MP2 methodk=N or P are more stable than th&ns ones due to

using the Gaussian 09 program package [10].

the steric repulsion between the two terminal gsoup

The potential energy surface (PES) profilegH or CHs) of substituents and the hydrogen atoms in

were obtained by varying theos€N-X-Y (X = N, P,

Oor S, Y =H or C) dihedral angle with a step 6f 1

the a-positions of piperidine ring.
The strong repulsion leads to the disappear-

using DFT-M062X level and the 6-311G** basis se&nce of thetr-Eq conformer of compound/e;NPi
while optimizing all other geometrical parametersand thetr-Ax conformer of compoundi.PPi. The
For ease of visualization, these PES profiles &t p AE = Eax—Egq values are 2.4-3.1, 4.2-5.4, 0.8-1.5 and
ted as the energy vs. thalihedral angle (Fig. 1). The 0,3-1.0 kcal/mol forH,NPi, Me-NPi, H.PPi and

¢ angle is defined ag = 180°+](Lp—N—X-Y) for X

Me,PPi, respectively, where, Eq and Ax are the most

= 0O and S, and as= Lp—-N-X-Lp for X = N, P. The stable equatorial and axial forms, see Table 1efixc
Lps were placed in the plane bisecting the C—N—or the Me,PPi, the AG values are close to the total
bond angle of the piperidine ring and the R—X-Rlectron energy differences. In the caseMsf,PPi,
bond angles of substituents with X = N or P atonthe AG value is 0.8-1.0 and 1.3 kcal/mol from the
Other PES profile scans, for the nitrogen inversioFT and MP2/6-311G** calculations, respectively.

were obtained by optimizing all geometric paranseter

As follows from the QC calculations for

at fixed G"N-X angle values with a step of 10°, andH,NPi andMe;NPi, these compounds are expected to

calculating at the M06-2X/6-311G** level.

existin form of theg-Eq conformer in gas phase at

The Natural Bond Orbital (NBO) analysesthe room temperature. In the caseRoP-piperidine,
[11] were performed at the MO06-2X/cc-pVTZ levelthe long P—N distance, see Table 3, decreases3he 1
using the Gaussian 09 built-in NBO version 3.1 packliaxial repulsion, which may lead to the existente

age to calculate the orbital interactions.

the g-Ax conformer with a contribution of 12-21%
(DFT) and 5-10%(MP2).
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Fig. 1. Lowest pathway for axial and equatorialfoomers by rotating the substituent around N—X boaldulated at M06-2X/6-
311G** level; see Computational details for thangle definition
Puc. 1.1lyti MUHUMANBHOW SHEPTUH VTSl AKCHATIBHBIX M 9KBATOPUAIBbHBIX KOH(POPMEPOB MPH BPAILIEHUH 3aMECTUTEIIsI BOKPYT cBsizi N—X,
paccuutansbie MetogoM M06-2X/6-311G**; cm. pazzen Jlerain pacyeToB s ONPEACIICHHS YIiia ¢
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Table 1
Relative total electron energy, free Gibbs energyk¢al/mol) of conformers of compounds with N and P tams in the
substituent?
Taoauya 1. OTHOCHTEILHAS TIOJIHASI JIEKTPOHHASI YHepPrHsi, cBOOOIHAsI SHeprus ['né6ca (kkan/Moub) KoHpopme-
POB coenuHeHHii, conep:xkauux aromsl N u P B 3amecTureste 2

AE AG(298K)
Conformer gEq | trEq | gAx | tr-Ax | gEgq ]| tr-Eq | gAx | tr-Ax
H2NPi
B3LYP-GD3 0 3.3-34 2.6-2.7 5.6-5.4 0 2.8-30 2.9-20 5.2-54
M06-2X 0 3.0-3.1 2.4-2.7 5.0-5.5 0 2.9-3.0 2.6-2|8 4.8-5.0
MP2 0 2.4-2.7 2.9-3.1 4.9-5.2 0 2.4 3.1 4.7
Me2NPi
B3LYP-GD3 0 - 42-44] 7374 0 - 43-45 7878
MO06-2X 0 — 45-48] 6.0-6.1 0 — 4548  6.6-6[7
MP2 0 - 5.4 5.1 0 - 5.6 | 5.8
H2PPi
B3LYP-GD3 0 5.2-54 0.9-1.0 - 0 4.9-5.0 1.1-1)2 -
M06-2X 0 4.9-5.1 0.8-0.9 - 0 4.5-4.5 0.8-0.9 -
MP2 0 4.8-5.1 1.2-1.5 - 0 4.6 1.7 -
Me2PPi
B3LYP-GD3 0 3.9-4.0 0.3-0.4 5.6-5.7 0 4.2-42 0.8-0 5.8-5.9
M06-2X 0 3.2-3.2 0.3-0.4 4.9-4.9 0 3.5-3.6 0.8-1]0 4.9-4.9
MP2 0 2.8-2.9 0.8-1.0 4.8-5.1 0 3.0 1.3 5.1
Note:2 The intervals are given for the computations WB#B11G** and cc-pVTZ basis sets
[Tpumeuanue: @ InTepBasl 3Ha4eHUI IPUBEICHBI TS pacyera ¢ 6a3ucHpiMu Habopamu 6-311G** u cc-pVTZ
Table 2

Relative total electron energy, free Gibbs energyk¢al/mol) of conformers of the compounds with O ands atoms in
the substituent
Tabnuya 2. OTHOCUTEIbHAS MOJHAS 3JIEKTPOHHASI JHEPTHs, CB000 HAas YHeprust I'méoca (kkaj/mMoJib) KoHdopme-
poB coez[mleﬂnﬁ, CoACpKaAlIMX aTOMbI O u SB 3amecTHTe]IE

AE AG(298K)
Conformer tr-Eq | cEq | tr-Ax | cAx tr-Eq | cEq | tr-Ax | cAx
HOPI
B3LYP-GD3 0 1.7-1.8| 1.1-1.4 4.6-4.7 0 1.7-19 1.8-1 4.6
MO06-2X 0 1.5-1.8| 0.9-1.4 4.4-4.5 0 1.7-210 1.2-1.5 4.9-5.0
MP2 0 19-21| 1.4-1.6 5.3-5.4 0 2.0-212 1.5-1.8 -hE
MeOPi
B3LYP-GD3 0 5.1-5.6/ 1.1-1.4 10.7-11.9 0 54-58 -183 10.7-10.9
MO06-2X 0 4.6-5.3| 0.9-1.3 10.9-11.4 0 5457 14-1. 11.0-11.2
MP2 0 5.6-6.3| 1.2-1.5 12.8-13.1 0 6.5 1.4 12.6
HSPi
B3LYP-GD3 2,6-2,7 0 3.3-34 1.7-1.9 2.5-2|6 0 3.8-3 2.0-21
MO06-2X 2,4-2,6 0 2.9-3.2 1.8-1.9 2.5-2|7 0 2.8-3.1 2.0-2.2
MP2 2,4-2,6 0 3.4-3.5 2.2-2.7 2.2 0 3.6 2.9
MeSPi
B3LYP-GD3 1,0-1,2 0 1.8-1.9 2.4-25 0.6-0}7 0 1.8-1 2.5-2.7
MO06-2X 1,2-1,3 0 1.7-1.8 3.1-3.2 0.9-1/0 0 2.0-2.1 3.0-3.2
MP2 0,7-,9 0 1.6-1.7 3.6-4.0 0.2 0 1.5 3.9

For the compounds with a P atom substituertthe sophistication of the basis set increases\the
the MP2 method predicts the axial form to be lessEa—Eeqvalues.
favorable when compared with the DFT method. On In the case oD or S heteroatoms in a substit-
the other hand, an opposite tendency was found f@ent, thegaucheform becomes a transition structure
l-alkenyl- and 1-phenylpiperidines [6, 8]. In adutit between thecis andtrans conformers due to interac-
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tion between the Lp on the nitrogen atom of themip andRSPi. In spite of the close R—X bond distances in
dine ring and the two Lps on the heteroatom of tH&:NPi and ROPI, the interaction between the two
substituents. Note that in the case of methoxytyote Lps on the oxygen atom and the Lp on the nitrogen
ane and N-ethylpiperidine, in which such interawio atom of the piperidine ring nevertheless leads to a
are absents, thgaucheform is most stable [2, 3, 6].  higher barrier inROPI. Thus, the donor properties

Because of steric repulsion, tttransforms of and the long R—X bond distance decrease the energy
the compounds with an oxygen atom substituent abparrier, but the Lp-Lp interaction increases thibue.
more stable than theis forms. TheAE = Ean—Eeq

! Table 3

values are from 0.9 to 1'6.kca.l|/m0| for bmpl The energy barriers, kcal/mol, of nitrogen inversia of
compounds, and the contribution of the axial con- compounds calculated at M06-2X/6-311G** level
formers is 3-11%. The calculations show that tH® SU  746,uya 3. Ineprernueckue Gapbepsi, kKan/Moun,
stitution of the hydrogen atom in the hydroxyl giou npouecca a3orHoii nHBepcHu Beex coexmuenuii, pac-

by a methyl group has no influence on the enerfy di cuuTannbie Merogom M06-2X/6-311G**

ference between the tvitans forms, axial and equa-| Compound | H2NPi | Me2NPi | H2PPi | MesPPi
torial, see Fig.1 and Table 2. However, this stipsti | g-Eq—g-Ax 9.8 7.4 2.0 0.6
tion considerably decreases the stability of te Compound | HOPi | MeOPi | HSPi | MeSPi
conformers. Therefore the energy of théx con- C-Eqotr-Ax 13.7 9.3 5.7 4.3
former of MeOPi is less stable, by 11.0-13.3_tr-Eq—Cc-Ax | 16.6 15.2 3.7 2.9

kcal/mol, thantr-Eq. For these compound$]OPI
andMeOPi, the MP2/6-311G** method also predicts
a smaller contribution of the axial conformers, eom,o 4
pared with the DFT/6-311G** results. Changing t
more sophisticated basis sets also increased\Ehe ¢ .« of 4| compounds calculated at the MO6-
andAG values betweetn-Eq andtr-Ax forms. 2X/cc-pVTZ level are given in Table 4.

For 'ghe RSP compqunds the.tendenues are As follows from the calculations, the substitu-
somewhat different comparing wiROPIis. In the case tion of a hydrogen atom by a methyl group slightly

of HSPi, thecis forms are more stable th#mans and 1,5 eghe N—X bond distances and natural charges
the c-Ax is less stable thaoEq AE = 1.7-2.7 and o the nitrogen atom of the piperidine ring. At the
AG = 2.0-2.9 kcal/mol. Note that in the caséi&iPl,  same time, this substitution considerably decreases
increasing the sophistication of the basis sete#®®S e electron density on the X aton@omparing the
theAE value, but increases thé value. molecular parameters of the both conformers of all
For MeSPi, thec-Eq conformer is more stable compounds, except fovie,NPi, H.PPi and MezPPi,
thantr-Eq, but thec-Ax form is less stable thanAx  gne can see that the endocyclie- bond distances
due to strong steric repulsion; both equatoriaf@en- i, 4 Ax are somewhat longer than those in ¢HEq
ers are more stable than axial ones. It is obvimm  ¢onformer, by 0.003-0.006 A. In the caseM,PPi,
the calculations that the substitution of the hgero he endocyclic G-N bond distances ig-Ax are
atom in the SH group by a methyl group considerablforter than those ig-Eq. The difference between
decreases the stability of tbé\x conformer, due to an the two G-N bond distances within the same con-

increased 1,3-diaxial repulsion. At the same tithe, former of compounds with nitrogen or phosphor at-
orbital interaction stabilizesis forms in cases of these yms does not exceed 0.004 A.

Geometry and NBO analysis

Selected geometric parameters, natural charg-
the second-order perturbation energies E(2)

?donor-acceptor) of the most stalitg and Ax con-

compounds, see section NBO anglysis. In H.NPi andH,PPi, the ¢ angle ing-Ax is
The concentration of axial conformers doegyrger than that ig-Eq by 8°. However, irMie.NPi

not exceed 5% in the boRSPi compounds. andMePPi, theg angles in botlyaucheconformers,
Nitrogen inversion axial and equatorial, are almost identical. The N-N

The energy barriers for the nitrogen inversiopong distance in the-Eq form is longer than the one
process from the Eq form to the Ax form via a plangn g-ax, due to steric repulsion between the substitu-
nitrogen bond configuration of qll compqunds calc_:uénts and Chkigroups ina-positions of the piperidine
lated at MO6-2X/6-311G** level increase in the 88ri 1jng. Because of the higher orbital interactionrggie
P—S—N—0, see Table 3. E(2) Lp(N)—~0*(N—Cue), the N-N bonds in thg-Ax

The donor property of the methyl group degom of Me,NPi is shorter than ii:NPi. For H,PPi
creases the energy barrier. Comparing VRNPI,  5n4\e,PPi, the N—P bond in the equatorial conform-

the longer R-P bond distance RuPPi decreases o js yp 10 0.012 A longer than in the axial foffhe
these values. A similar situation was found R®Pi  \go analysis shows that the differencaEyayq
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eq(2) Lp(N)—»Ry*(P) are 0.90 and 1.86 kcal/mol for For HSPi, the orbital interaction energies
H2PPi and Me2PPi, respectively. Thus, the orbital E(2) (Lp(N)—c*(S—-H)) in thecis forms are higher
interaction between the Lp on the nitrogen atom dfan in thetrans forms, which stabilizes thes orien-
the piperidine ring and the Rydberg orbital of the tation. A similar situation was found for the ecprél
atom decreases the energy differeade= Eax-Eeq, conformers ofMeSPi. The 1,3-diaxial repulsion in
and, therefore, stabilizes the axial conformer. axial forms of MeSPi destabilizes the-Ax conform-

For the compounds with an oxygen atom, ther, making it less stable thanAx, despite higher
N-O bond distance in thie-Ax conformer is 0.005- energy E(2) (Lp(N}>0*(S—Cue)) in c-Ax than intr-
0.006 A longer than itr-Eq, while the O-H (or O—&)  Ax. The N-S bond distance in tkeEq conformer of
bonds in both, axial and equatorial forms are idenfvieSPiis 0.02 A shorter than im-Ax. However, due
cal. The orbital interaction energies E(2) (Lp{N) to orbital interaction between Lp on the nitrogéona
0*(O—-H/Cye)) in bothtransforms are equal, so that in theof the piperidine ring and S+ bond inc-Eq, the
ROPi compounds the steric repulsion plays an importalaitter is 0.01 A longer than in-Ax.
role in the axial/equatorial orientation of thestitbents.

Table 4
Theoretical geometric parameters, natural charge ath energy E(2) (donor-acceptor) of the most stabledeand Ax
conformers of all compounds calculated at M06-2X/ecpVTZ level

Tabnuya. 4. TeopeTHuecKre reoMeTpuyeckue napaMeTpbl, HaTypajibHbIe 3apsiibl 1 dHeprusi E(2) (moHop-akuenTop)

Han0oJiee CTA0UJIbHBIX IKBATOPHATBHBIX H AKCHAJIBLHBIX KOH()OPMepPOB BceX COeIMHEeHMIi, pacCYNTAHHbIE MeTOI0M
MO06-2X/cc-pVTZ

Compound H2NPi Me2NPi H2PPi MezPPi
Conformer gEq | gAx | gEq | gAx | gEq | gAx | gEq | g-Ax
Bond distance (A) and dihedral angl¢°)
N-Cu 1.456 | 1.461| 1.454] 1.454 1468 1461 1.4B0  1.456
N-GC2 1.457 | 1.463| 1.459] 1.45¢ 1459 1460 1.4b7  1.455
N—X 1.419 1.422 1.421 1.414 1.713 1.705 1.7115 1.703
X—H/Cwme 1.023 1.018 1.455 1.45¢ 1.43p 1.429 1.855 1.854
10) 80 88 86 87 75 83 86 86
Natural charge
N -0.306| -0.309 -0.330 -0.332 -0.7p4 -0.766 -0.795.797
X -0.657| -0.672] -0.30%5 -0.3d7 0.540 0.581 1.008 07..0
H or Gue 0.346 | 0.347| -0.408 -0.401 -0.081 -0.081 —0.p43 9420,
Energy E(2) (donor-acceptor) (kcal/mol)
Lp(N)—Ry*(X) - — - — 4.42 5.32 3.32 5.18
7.56 7.54 10.10 | 10.45 | 8.09 8.53 8.00 8.38
Lp(N)—0*(X=H/Cue) 236 | 3.15 | 160 | 2.84 | 261 | 436 | 423 | 6.02
Lp(X)—6*(N-C,) 8.41 8.89 10.02| 11.03 6.36 7.47 7.8[7 8.94
Compound HOPI MeOPi HSPi MeSPi
Conformer tr-Eq | tr-Ax | tr-Eq | tr-Ax | cEq | cAx | cEq [ tr-Ax
Bond distance (A) and dihedral angl¢°)
N-GC, 1.459 | 1.464| 1.458] 1.464 146 1465 1.4B1  1.466
N—-X 1.426 | 1.432| 1.422] 1.42] 1696 1693 16P5 1.713
X—H/Cye 0.960 | 0.960| 1.410] 1.41( 1.358 1.357 1817 1.806
[0) 180 180 180 180 0 0 0 180
Natural charge
N -0.179| -0.174 -0.191 -0.1§6 -0.6p7 -0.611 -0.626.626
X -0.608| -0.626) -0.430 -0.447 0.18§4 0.1y8 0.396 44.B8
H or Guve 0.466 | 0.469| -0.207 -0.204 0.063 0.063 -0.y55 40|71
Energy E(2) (donor-acceptor) (kcal/mol)
Lp(N)—Ry*(X) 0.71 0.60 0.96 0.79 4.85 5.85 4.8% 5.1p
Lp(N)—G*(X—H/Cwie) 164 | 163 | - B e Il B o
Lp(X)— o*(N-C,) 3.35 3.56 3.28 3.50 3.02 4.28 4.28 3.83

Note:2— the trans forms diSPi; ? — fortr-Eq; ¢ — for c-Ax
[Mpumeuanue: 2 —tpanc-popmbl HSPI; ® — s tr-Eq; © — s ¢-AX
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CONCLUSION

In this study, the molecular structure and cori-
formational properties of the several N-substituted
piperidines containing heteroatoms X of the Va aryl
Vla subgroups of the type ofsBigN-X-R,, where
R =H or Me, and n =1 or 2, were investigated 6y Q
calculations.

These compounds may exist as three or fogr
conformers differing by axial and/or equatorial ipos
tions and relative (gauche and trans or cis ants}ra
orientation of the piperidine ring and the substitu

The 1,3-diaxial interaction strongly influences™
on axial/equatorial orientations. At the same tithe,
orbital interaction Lp(N}»o*(X-R) influences the
relative gauche, cis and trans orientation of thestt-
uent. For these compounds, the first of the twiofac 5.
Is stronger, making the equatorial forms more stabl

In all cases, except Me2PPi and MeSPi, the
MP2 method predicts highesE andAG values (axial—

eguatorial) compared to the DFT resultireasing the 6.
sophistication of the basis set, from 6-311G** @ ¢
pVTZ, resulted in a lower contribution of the axiadm.
According to the calculationdor the com- 7
pounds containing N or P atoms, the g-Eq conformers
are more stable than the other forms; the torsien a
gles arep = 80-86° for H2NPi, Me2NPi and Me2PPi
ande = 75° for H2PPi. Except for tHe,PPi, the en-
ergy difference between the most staipeicheaxial &
and gaucheequatorial conformers exceeds 2,4
kcal/mol, and, therefore, the contribution of th&q
conformer is ca. 100%. 9.
In the case of compounds containing atoms of

the Vla subgroupthe compounds with heteroatoms;q
O and S demonstrate the opposite tendency: theg tr-E
form is more stable than c-Eq in HOPi and MeOPi,
but is less stable in HSPi and MeSPi. The NBO anal-
ysis shows that the orbital interaction betweenLipe
on the nitrogen atom in the piperidine ring art@S—
R) stabilizes the cis form. The contribution of axi
conformer is 4-11, 1-4, 7-14 and 3-5%, for the HOPI
HSPi, MeOPi and MeSPi, respectively.

The energy barrier for the nitrogen inversion
process from the equatorial to the axial conformer
increases in the series#5—N—O0.
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CALCULATION OF THERMODYNAMIC PARAMETERS OF SYNTHESI S REACTIONS
OF CYCLODI-, CYCLOTRI-AND CYCLOTETRA DIMETHYLSILOXA  NES

Reactions of synthesis of cyclodimethylsiloxanegc{odi-, cyclotri- and cyclotetradime-
thylsiloxanes) from dimethylsiloxane were studieg lthe methods of quantum chemistry and
chemical thermodynamics. The temperature dependeoicthe thermodynamic functions of reac-
tion components (E — internal energy, S — entropy;- enthalpy, G — Gibbs energy, Cp — heat ca-
pacity at constant pressure and (Gz49)/T — reduced Gibbs energy) was established acewrdo
guantum-chemical calculations which were carried bwith the optimization of geometrical pa-
rameters of the molecules and the control of viboatal frequencies using statistical thermody-
namics methods. The data on chemical hardngssf the molecules derived from the calculated
energy of the frontier orbitals, are presented.tas found that only (CH):SiO LUMO energy
En+1 was negative, thus, that molecule was electroghithe other molecules with positive value of
energy were nucleophilic. The value of the chemiterdnessy for all molecules exceeded 1 eV,
that meant they were hard electro-/nucleophiles.€Thtatistical and quantum-chemical methods
of calculation of the thermodynamic functions of ghmolecule [(CH).SiO]s at T = 298.15 K were
compared. It was shown that the results of the eddtions by the statistical method were in good
agreement with the corresponding quantum-chemicaltal The Gibbs energy G of the reactions
considering the electron energy of the componentslde was calculated. The favorable condi-
tions for the reactions proceed were estimated gy value of the Gibbs energy G. It was estab-
lished that the cyclotetradimethylsiloxane formatiavas the most preferable at all the examined
temperatures. The data obtained on the dimethybsilpes structure optimization indicated, that
bond length Si — C varied slightly from molecule teolecule. The lengths of Si — O bonds varied
depending on the geometrical structure of molecul@he paper showed that modern quantum-
chemical methods provided valuable information whits necessary to analyze the geometric and
energy characteristics of the silicon compoundswlas noticed that it was possible to use data on
thermodynamic functions obtained by quantum chenlicalculations for the analysis of silicon
compounds reactions in the absence of publishechdat

Key words: cyclic siloxanes, cyclotetradimethylsiloxane, quemichemical calculations, thermody-
namic parameters

Cpenu coepuHeHHH KpEMHHUSI 0cob0e MecTo
3aHUMAIOT MOJMMEPBl — CUJIOKCAHBI, B KOTOPBIX aTo-
MBI KPEMHUS CBSI3aHBI Yepe3 aTOMBI KUCIIOPO/Ia.

JUId cUHTE3a JMHEHHBIX IMOJUCHWIOKCAHOB —
CHJIOKCAaHOBBIX Kay4yKOB HCIIONB3YIOTCS LUKIHYE-
ckue cuiokcanel. CuilokcaHbl, Omarogapsi CBOMM
YHUKAQJIBHBIM CBOICTBaM, HaXOIAT IIUPOKOE HMpUMe-
HEHHE B IPOMBIIUIEHHOCTH. CHIIOKCAaHOBBIE MOHOME-
pPBl YacTO HCIHOJIB3YIOTCS B Ka4eCTBE KOMIIOHEHTOB
I MOIM(HUKATOPOB OPTaHUYECKHX CMOJ U OCHOB-
HOTO CBSBYIOIIETO KOMIIOHEHTa B PELENTypax IIo-
KpBITHHA. M3-32 HHU3KOrO 3HAYCHHUS MOBEPXHOCTHOTO
HATSDKEHHS TIOJIMCHUIIOKCAHBI OOamaloT BOIOOTTAN-
KUBAIONIMMHU ¥ TPA3€0TTAIKHBAIOIINMH CBOWCTBAMH
Y Ha NPaKTHKE IIMPOKO MPUMEHSIOTCA Npu 00paboT-
K€ Pa3IMyYHBIX MOBEpPXHOCTEH. Takue MOKPBITUS 00-
JaJal0T CTOMKOCTBIO K TOBBIMICHHBIM TEMIIEPATypaMm,
NOTOZHOHM KOppo3uu, OM000pacTaHuIO, HCTUPAHHUIO U
.1 [1, 2].

MoHOMEepHBIE ATKOKCUIJIAHBI, CHIIOKCAHOBBIC
CMOJIBI M )KHIKOCTH C Pa3IMIHBIMU MOJIEKYIAPHBIMH
Maccamd, [UIMHAMHU Ieneil W ¢ pa3HOOOpa3HBIMH
(GYHKIIMOHAIBHBIMEA TPYIIAMH OTKPHIBAIOT BO3MOXK-
HOCTH BBIOOpA ISl CO3/IaHMsI HAa OCHOBE CMOJI TaKMX
CHCTEM, KOTOPbIE OTBEYAIOT KOHKPETHBIM TPeOOBaHHU-
SSM M KA4YeCTBEHHBIM XapaKTEPUCTHKAM ISl COBEp-
[IEHHO pa3HBIX O00JaCTeil MPUMEHEHHs, HarpuMmep,
JUIs1 KOHQOPMHBIX MOKPHITHH B 3JIEKTPOHUKE M JIAKO-
KPaCOYHBIX TIOKPBITHI 1711 aBTOMOOHJICH.

CTpyKTypbl MOJIEKYJT JAMETHICHIOKCaHA |
[UKIHIECKUX TUMETHICHIOKCAHOB MPUBEICHBI HIKE.

IMpomosmkast HMCCIIEAOBAHUS 110  H3YYCHHIO
CBOMCTB CHIJIOKCAHOB, MpPEICTABISCT HHTEPEC Olle-
HHUTh TEPMOJAWHAMHUYCCKH OJIATONPHUATHBIC YCIOBHS
peakinii 00pa3oBaHUs IHUKIMYECKUX CTPYKTYp W3
muMeTriacunokcana [3-5]. OmgHako IS BBITOJHEHUS
TaKOI0 pacyera B JUTEPATypEe OTCYTCTBYIOT 3HAUCHUS
COOTBETCTBYIOIIMX TEPMOANHAMUYUCCKHUX ()YHKITHIA.
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C<3 ‘CHs CHz (‘?Hs CHs ‘CHs
/Si =0 CHs— S‘i — (‘) CHs— ‘Si — 00— ‘Si —CHs  CcH,— ‘Si — O—Si—CHjs
|
CHs / N\ CHy—Si— O—— Si—CHs
CHs CHs ‘
CH3 CHs

,/:[I/IMGTI/IJ'ICI/IHOKcaH L[I/IKJ'IOL[I/I'L[I/IMGTI/IJ'ICI/IJ’IOKC&H L[I/IKJ'IOT]) N-JUMCTUIICUIIOKCaH
Cyclotridimethylsiloxane

Dimethylsiloxane Cyclodidimethylsiloxane

B nmanHol paboTe HaMH, 10 Pe3yJbTaTaM KBaH-
TOBO-XUMHUYECKUX PACUETOB IEKTPOHHON CTPYKTYPHI
NPEACTABICHHBIX MOJEKYJI M METOIOB CTaTUCTHUYE-
CKOM TEepMOAMHAMMKHM, IIPOBEIEH pacyeT TeMIlepa-
TYpPHOH 3aBUCHMOCTHU UX TEPMOAMHAMHUECKUX (DyHK-
nuid [6]. PacdeT 37eKTPOHHON CTPYKTYphI MOJIEKYI
IPOBOJWICS IO MeTOAy (yHKIMOHANA IIOTHOCTH
DFT ¢ dyaxumonasom B3LYP/6-31G (d, p)io mpo-
rpamme GAMESS [7]. AnroputMm pacuera 3akitoya-
eTcs B cienymoomeM. M3 KBaHTOBO-XMMHUYECKHX pac-
94eTOB OINpEeAessIach O0mas CyMMa MO COCTOSHUSM
10 TaHHBIM, paBHas [8]:

Q = Qtr [Qrot [Qvib’
rac Qtr — CyMMa 10 COCTOSAHHUAM TPaHCIAOMOHHOI'O
JIBUKCHUS, Qrot — CyMMa 110 COCTOAHHUAM BpaliaTeiib-
HOT'O JIBUXXCHUS, Qvib — CyMMa 1o COCTOSIHHAM KOJIC-
0aTeILHOr0 JABHMXKCHUA.
CyMMH 10 COCTOSHUAM OIPEACIAINCE II0

¢dhopmymnam

Nlw

Q, = AT
3
2

QI’Ot = B D-

L[I/IKHOTeTpa-LlI/IMeTI/IJ'ICI/IHOKcaH
Cyclotetradimethylsiloxane
1

(1—e‘WT].

, A 1 B — KOHCTaHTHI, KOTO-

Nyip

Quib = I_1I

3nech, T. = hv,

vib1i T

poie onpenensitores npu T = 298,15K., h — nocrosH-
Has [lnanka, vi — 9acTtota i-oro kosjebanus, K — mo-
cTostHHas bosbliMaHa.

Benmunnst Qy, Qrot, Tvib PACCUNTHIBAIUCH IPH
temneparype T = 298,15K.

B Tabn. 1 mpuBeacHBI pe3yiabTaThl pacdeTa
TEMIEepaTypHOH 3aBUCHMOCTH TEPMOTUHAMUYCCKUX
GyHKIMI TpencTaBIeHHBIX MOJeKyl: E — BHyTpeH-
Hel sHepruw, S —suTponmu, H — sHramenum, G —
sHepruu ['m66ca, Gy — TEMIIOEMKOCTH TIPH TTOCTOSH-
HoM naBieHuu U (G-Hoog)/ T — mpuBeieHHOMN dHEPTUN
I'u66ca. B tabi. 2 comocTaBiicHbl pe3yJIbTaThl pacue-
TOB  TEPMOJMHAMHYECKUX  (DYHKIMHA  MOJICKYIIBI
[(CH3)2SiOls npu temnepatype T = 298,15K, mo cra-
THCTHYECKOMY M KBAHTOBO-XMMHYECKOMY METOJIaM.
[IpuBencHHBIC JaHHBIC MOKA3BIBAIOT, YTO PE3yIbTATHI
pacyueToB MO CTATHCTHYECKOMY METO/IY XOpPOIIO CO-
TJIACYIOTCSI ¢ COOTBETCTBYIOIIMMH KBAaHTOBO-XHUMH-
4eCKMMH JaHHbIMH [8].

Tabnuuya 1

TeMnepaTypHaﬂ 3aBUCUMOCTb TEPMOAUHAMHUYECCKUX (l)y]-[](].ll/lﬁ HMUKJJI0-TUMETUICHJIOKCAHOB pacCUuTaHHAasA KBaH-
TOBO-XHMHUYecKkuM MeToxoM B3LYP/6-31G (d, p)
Table 1.The temperature dependence of thermodynamic funatins of cyclo-dimethylsiloxanes calculated
by the quantum - chemical method B3LYP/6-31G (d, p)

T, E, G, H, Cp, S, (G-Hz99)/T
K KKaJ1/MOJIb KKaJI/MOJTb kkan/moss | kan/(MonpK) kau/(monb-K) kaust/(mop-K)
Cunokcan (CHs),SiO
298 52,29 28,32 52,89 22,49 82,45 -82,45
298,15 52,30 28,30 52,89 22,50 82,46 -82,45
300 52,34 28,15 52,93 22,58 82,60 -82,45
400 54,60 19,53 55,40 26,70 89,67 -83,39
500 57,26 10,24 58,25 30,25 96,02 -85,29
600 60,24 0,35 61,43 33,24 101,81 -87,57
700 63,49 -10,10 64,88 35,77 107,13 -89,99
800 66,98 -21,07 68,57 37,95 112,05 -92,44
900 70,68 -32,50 72,47 39,86 116,63 -94,88
1000 74,55 -44,38 76,54 41,53 120,92 -97,27
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Ilpodonxcenue mabauyvl

T, E, G, H, Cp, S, (G-Haog)/ T
K KKaJI/MOJIb KKaJI/MOJIb kkas/moss | kan/(mois'K) kan/(moss'K) | kan/(monsK)
Iuksoau-aumetmicutokcan [(CHs)2SiO]
298 107,18 76,15 107,77 45,67 106,12 -106,12
298,15 107,19 76,13 107,78 45,69 106,14 -106,12
300 107,27 75,94 107,86 45,88 106,43 -106,12
400 112,15 64,55 112,94 55,44 120,98 -108,085
500 117,90 51,78 118,89 63,29 134,22 -111,98
600 124,36 37,75 125,55 69,66 146,34 -116,71
700 131,40 22,55 132,79 74,97 157,49 -121,75
800 138,93 6,28 140,52 79,49 167,80 -126,87
900 146,88 -10,99 148,67 83,41 177,40 -131,96
1000 155,20 -29,18 157,18 86,82 186,37 -136,95
Huknorpu-numermicuiaokcad [(CH3)2SiO];
298 162,10 120,30 162,69 70,00 142,25 -142,25
298,15 162,11 120,28 162,70 70,03 142,29 -142,2b
300 162,24 120,02 162,84 70,31 142,72 -142,25
400 169,81 104,62 170,60 84,66 164,97 -145,20
500 178,69 87,09 179,68 96,46 185,18 -151,20
600 188,63 67,64 189,82 106,10 203,64 -158,48
700 199,46 46,41 200,85 114,12 220,62 -166,12
800 211,02 23,56 212,61 120,95 236,32 -173,92
900 223,22 -0,82 225,01 126,87 250,91 -181,68
1000 235,97 -26,60 237,96 132,02 264,56 -189,29
Huknoterpa-aumermicuiaokcad [(CHs)2SiOls
298 216,29 165,70 216,88 92,91 171,74 -171,74
298,15 216,30 165,67 216,89 92,94 171,79 -171,7b
300 216,47 165,36 217,07 93,32 172,36 -171,74
400 226,58 146,62 227,37 112,23 201,89 -175,65
500 238,41 125,07 239,40 127,87 228,66 -183,62
600 251,66 100,96 252,85 140,68 253,14 -193,19
700 266,08 74,51 267,47 151,37 275,66 -203,39
800 281,48 45,89 283,07 160,50 296,48 -213,74
900 297,74 15,26 299,53 168,39 315,85 -224,02
1000 314,73 -17,24 316,72 175,29 333,95 -234,12
Cornacuo ga"HHeIM Ta0mn.l1, c pocToM TemIe- (CH3),Si — O —— Si(CHy)»
paTypsl BO BCEX PACCMOTPEHHBIX CIIyJasX, BETUIHHA
sHeprun ['nbb6ca cHmkaercs. 4(CHg),Si—0 —> o o (1
Hamu paccMoTpeHBl Tpu peakiuud CHHTE3a
IIAKJIMYECKAX TUMETHIICHIOKCAHOB. (CH3),Si— O—— Si(CHy),
Si(CHa), Ouepruto ['nd6ca G peaxuuit |-l BbrumcIN-
JU C y4eTOM D3JCKTPOHHOM JHEPrUH KOMIIOHEHTOB
2(CH3),Si=—=0 — O o) () Eeiec, mo crenyrommm dopmymnam [7]:
N Eo= Eelect Ezprg,
Si(CHa)2 E = Eo+ Evib+ Erot+ Evans
i H=E + RT,
Si(CHy), G=H-TS.
o ol 3nech, Eelec — dMEKTpOHHAS dHEprus, Ezpg —
3(CHg),Si=—0 —> SHEprus HYJEBBIX KoiebaHuil, Evip — KoneOaTenpHas
_ Si(CHy) (1 sHeprus, Ert — BpamarensHas sHeprusi, Eyans— TpaHc-
(CH3)28I\ / 2 JIAIAOHHAS DHEPTUS MOJEKYNbl, R — yHuUBepcaapHas
@) ra3oBas ITOCTOSTHHASI.
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Taonuya 2 Tabauya 3
ConocraBieHHs pe3yJbTaThbl pacieTOB TePMOANHAMH- TemneparypHas 3aBucumocTb 3Hepruu I'né6ca AG pe-
geckux QyHKumii Mosekyabl [(CH3)2SiO)s mpu Temme- akmmii (I-111)
patype T=298,1%K, no craTucTH4ecKOMY H KBAaHTOBO- Table 3 Temperature dependence of energy of Gibbs
XHMHYECKOMY MeT01aM AG for reactions (I-111)
Table 2.Comparisons of results of calculations of ther- AG, kkan/Mob
modynamic functions of a molecule [(CH)zSiO]s at the T.K Peaxuusa () | Peaxums (1) Peaxuus (111)
temperature of T=298.15K using statistical and quan 208 286,20 161,13 215,09
tum-chemical methods 300 -86,09 -160,95 214,75
E H G S G (G- 400 -80,24 -150,49 -199,01
Metoz Haog)/ T 500 74,43 -140,14 -183,40
- KKaJ1/MOJb kain/(mois-K) 600 268,68 129,93 167,95
TaTu-
crite- 216,30| 216,89| 165,67| 171,79(92,94-171,75 ;88 g;gi Eg?g ig%gg
CK““w 900 51,72 -99,83 -122,25
xnmu- | 216,30( 216,89| 165,68| 171,75(92,92-171,76 1000 -46,15 89,97 107,23
YCCKHIA B Tabn. 4 npuBencHBI dHEPTUU TPAHUYIHBIX

opOuTaneil U BHIYMCICHHbIE Ha MX OCHOBE WHICKCHI
XMMHYECKO# kecTkocTd Monekya 1 [9]. Kak BumHO
u3 TabauIbl, ToIsKo y MoneKyasl (CHs)2SiO sHeprus
HIDKHEH BakaHTHOW opOurtamud Eny1 mMeeT oTpuia-
TENBHBIA 3HAK, CIICIOBATEIBHO OHA SIBJIACTCS JJIEK-
TPOMUIBHBIM, & OCTAJIbHBIE MOJIEKYJIBI C MOJIOKH-
TENBHBIM 3HAKOM — HYKICO(PHIBHBIMU PEarcHTaMH.

B 1abn. 3 mpuBeneHsl TeMrepaTypHbIE 3aBU-
cumoctH dHeprun ['uboca s peakumii I-111 AG(T),
paccuntanHble o gaHHbIM Tabn. 1. Kak cnemyer u3
9TUX NaHHBIX, peakius || mpu Bcex paccMOTpeHHBIX
TeMIieparypax HECKOJBbKO 0ojiee BEpOsITHA, YeM pe-
akuu | u .

@ . P . {®
)N < @ <% ¥ %
¢ © " ®

Puc. 1. MexaTtoMHbIe pacCTOSHUS (A) M BAJICHTHBIC YIJIbI B MOJICKYJIaX JUMCETHIICUIIOKCAHOB
Fig. 1. Interatomic distancega) and valence angles for molecules of dimethylsitees
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Bennunna XWMUYECKOW JKECTKOCTH 1) VIS
BCEX PACCMOTPEHHBIX MOJIeKys Ooibiie 1 3B, ciemo-
BaTENIbHO OHM SIBIISTIOTCS] KECTKUMH DIIEKTpO(HIaMu
Y HyKJICO(pHIaMHU.

Tabnuua 4
3Heprm| BEPXHHUX 3aHATBIX En, HMKHHUX BAKAHTHBIX
En+1 opOuTaeii 1 XMMHYECKOM KeCTKOCTH 1| TUMeTHJI-
CHJIOKCAHOB
Table 4 Energy of the top occupied Eand lower vacant
En+1 orbitals and chemical hardness ofy of dime-

thylsiloxane
Mouiekyiibt En,9B | Envy,9B | n= (Ena- B)/2
(CHz)2SiO -7,00 -0,86 3,07
[(CHa),SiO], | -7,35 0,95 4,15
[(CH3),SiO]s | -7.15 1,50 4,33
[(CH3).SiOl, | -7,12 1,36 4,24
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Ha puc. 1 mpuBeneHbl CTPYKTYPHI C ONTUMHU-
3UPOBAaHHON TeOMETpUEH JUMETHIICHIIOKCaHOB. U3
MIPUBEIECHHBIX JAHHBIX CJEIyeT, YTO OT MOJEKYIBI K
MoJieKyJe pacctosiaue Si—C MeHSIeTCsl He3HAUUTEIb-
Ho. JlnuHb! cBsizelt SI-OMEHSIOTCS B 3aBUCHMOCTH OT
Te€OMETPHYECKOU CTPYKTYPHI MOJIEKYIL.

Takum 00pa3oM, TPOBEACHHBIC HCCICIOBA-
HUS TIOKa3bIBaIOT, YTO COBPEMCHHBIC KBaHTOBO-
XUMHYECKHE METOMBI MO3BOJIAIOT MONYyYUTh LEHHYIO
nH(popMaIuo, HEOOXOMUMYIO IS aHadu3a TeOMET-
PUYECKHX M DHEPIeTHUYCCKUX XAPAKTEPHUCTUK COCIH-
HeHHs KpeMHUsA. OCOOEHHO ClIeTyeT OTMETHTh, YTO
MpH aHAIM3€ WX peakluil MPEeBpaIlIeHUs] METOIaMHU
XUMHYECKON TEPMOJUHAMUKH, €CIH B JIUTEPaType
OTCYTCTBYIOT IIOJIHBIC JTaHHBIC 10 TEPMOJIUHAMHYC-
CKUM (YHKIUSM KOMITOHEHTOB, TO MOXXHO BOCIIOJIb-
30BaThCSl WX 3HAYCHUSMH, MONyYeHHBIMH Ha OCHOBE
KBaHTOBO-XMMHUYECKUX PACUCTOB.
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Hryen Txu Txy Xa

Hryen Txu T xy Xa (D<)

Kadenpa teopetuueckoii u puznyeckor XuMun, XUMHUSCKUN QaKyabTeT, XaHOUCKHUN ITOCY1apCTBEHHBIN I1e-
nmaroruueckuit yausepeutet, 136Cyan Txy, Kay 3pay, Xanoii, BeetHam
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BOCCTAHOBJIEHUE COEJJUHEHU, COIEPXKAIIUNX CBSI3b «A30T-KHCJIOPOI»,
HA CKEJIETHOM HHUKEJIE B BOOHbIX PACTBOPAX 2-IIPOITAHOJIA

JKcnepumenmanbHo YCMAHO6NEHO, YMO KOAUYECHIB0 8000P00d, NOZIOWLEHHO20 RpU
60occmanoeneHuy HUMPOOEeH301a U HUMPO300EeH301a HA CKeJIeMHOM HUKele 8 800HbIX PACHEO-
pax 2-nponaunona, ¢ omaudue om a3okcudeH3ona, He omeevaem cmexuomempuu peaxyuu. llpu
66edeHuU 6 600HbBLIL PACMEOP 2-NPONAHONA 000ABOK KUCIOMBL WU OCHOBAHUS CKOPOCHU 80C-
CMAHO06IeHUA HUMPO-, HUMPO30- U A30KCUDEH301a UZMEHAIOMCA 8 Pa3iuuHoil cmenenu. B xooe
PeaKuuu 803MOMHCHO 0Opamumoe uiu HeoOpamumoe OKUC1eHUe NOBEPXHOCHIU KAMAAU3IAMopa.
Aocopbyus anununa na OKUC1eHHOU noeepxHocmu Kamanuzamopa He npomexkaem. Kak cneoy-
em u3 npueedeHHbIX OAHHBIX, 60 8CEX CAYUAAX KOAUUECHIB0 00PA3yIOULe20Ca AHUIUNG RPesbluia-
em Koauuecmeo 6000pooa, Ho210uWeHHO20 U3 2a3060i (hazvl. Pacxorcoenue 6 Koaruvecmeax 0o-
Pazoeasuiezocs QHUWIUHA U NOZTOWEHH020 8000poda (a=0,5) ona numpo- u Humpozobenszona
bo1bwe, yuem npu 2UOpozeHuU3AUUU a3oKcubdenszona. Imo ceudemenvbcmeyem o pocme oupghysu-
OHHO20 MOPMOXCEHUA RO 60CCHMAHOGUMEI0 NPU hepexode Om HUMPO300eH301a K HUmMpo- u
azokcuben3ony. A0copoyuonnan u peakyuoHHas CHOCOOHOCHIL 6000pP00A, HUMPOOEH301a U
HPOMENHCYMOUHDBIX COCOUHEHUTI MOXHCEM UMEHAMBCA NOO élUAHUEM pacmeopumensn. Peakyuu
2UOPOZEHU3AUUU HUMPO- U HUMPO300€H30]14 HA CKEeIeMHOM HUKeNle 8 600HbIX PACHEopax 2-
HPONAHOA CORPOBOHCOAIOMCA NPOMEKAHUECM NAPAIIEAbHO20 HPOUECCa OKUCIEHUSL NOBEPXHO-
cmu Kamanu3amopa, Ymo npugooOum K HApyuieHUu0 CIeXuomMempuu peaKyul 60 6cex U3y4eH-
HbIX pacmeopumensax. B npucymcmeuu zudpokcuda nampus ciedyem oxcuoams 6ojiee biCOKUX
cmeneHeil OKUC/IeHUsA AKMUGHBIX YEHMPOE8, Uem 8 pacmeopumeine ¢ 000a8Koll YKCyCHOU KUCT10-
mot. Heobpamumoe oxucieHue CKelemHO20 HUKeI OMICYHICHGYeH HpU 2UOPOZEHU3AUUU
azoxcubensona. Ilpu npoeedenuu 0annoii peakyuu He UCKIIOUEHO oOpamumoe OKUcieHue aK-
MUBHOI NOGEPXHOCMU KAMAIU3AMOPA C COXPAHEHUEM CHIEXUOMEmPUU Ol 6ceX COCHAB08
pacmeopumeneil, npu OMCYMCHEUU HEOOPAMUMO20 OKUC/ICHUA HO8EPXHOCHU KAMAIU3amopa
snauenus K, MOXCHO cuumamv 06vEKMUBHOI XAPAKMEPUCMUKOI 0N NPOGEOEHUA CPAGHU-
mMenbHO20 aHANu3a PeaKyuoHHOU CROCOOHOCIU Pa3IUYHbIX ZPYRN. YMeHbuienue Koauiecmea
QHUNUHA NPU ROSIHOU KOHBEPCUU ZUOPUPYEMO20 COCOUHEHUS CBUOCMEIbCHBYent 0 KOHKYpUpy-
ouem xapaxkmepe aocopoyuu.

KaroueBsble c10Ba: HUTPOOCH30J, HUTPO300CH30J1, A30KCUOCH30I1, aHWIIMH, BOJOPO/I, CKEJICTHBIN HH-
KeJb, BOCCTAHOBJICHUE, aJICOPOIIHS, CKOPOCTh THIPOTCHU3AIINHT, BOJHBIC PACTBOPHI 2-TPOTaHoa, YKCYyCHAs
KHCJIOTA, THAPOKCH]T HATPHSI
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A STUDY ON THE REDUCTION OF COMPOUNDS CONTAINING NI TROGEN-OXYGEN BOND
ON SKELETAL NICKEL IN AQUEOUS SOLUTIONS OF 2-PROPAN OL

It was experimentally established that the amoumfshydrogen absorbed from gaseous
phase at the hydrogenation of nitrobenzene and o#obenzene on skeletal nickel in aqueous 2-
propanol do not correspond to the stoichiometrytbé reaction. Acetic acid or sodium hydroxide
additions into the aqueous solutions of 2-proparadit differently on the rate of the nitro-, nitro-
so- and azoxybenzene hydrogenation. During the teactthe reversible or irreversible oxidation
of the catalyst surface can take place. The adsimmptof aniline does not take place on oxidized
catalyst surface.

Key words: nitrobenzene, nitrosobenzene, azoxybenzene, arskedetal nickel, adsorption, hydro-
genation rate, 2-propanol aqueous solutions, aaetit; sodium hydroxide

INTRODUCTION propanol, including solutions with acetic acid odis
The catalytic hydrogenation of nitrobenzen&'™ hydroxide additions.
has been of both theoretical and practical intefi@st MATERIALS AND METHODS

many years. Changing the reaction conditions may
lead to the formation of various compounds. It iﬁ

known that the reduction of nitro group may proceeg‘g
by steps [1, 2]. Sequential addition of hydrogen tl%
nitro group leads to the formation of nitrosobergen . . .
aniline and phenylhydroxylamine. The associativand followed by fractionated in the Gonell air sgpa

interactions on the catalyst surface between reimeb or. The particle-size distribution of the obtained

zene and hvdrogen. resulting in the formation owders was determined by conductometric method
i ydrogen, 9 n «Coultronics» counter. The particle radius afdus
semi-hydrogenated form R-NOH are not exclude

Under hydrogen deficient conditions R-NOH particlesIon 's.?h% att?vtm(':atal <t was orepared by treatin
may combine to form azoxybenzene [3]. It is noteg1e initi y prep y 9

) : o al alloy with 7.5 M aqueous solution ofdso
that particles such as R-NOH have high reactivity a um hydroxide, followed by washing with distilled

actively interact among themselves atpH [4, 5]. ater until pH = 7 [6]. The specific surface ares a
The adsorption and reactivity properties o¥v :

. . . orosity of the obtained catalyst werex20n? /g n
hydrogen, nitrobenzene, nitrosobenzene and mterrr%- 0.06 cri/cr? Ni tively 6
diate compounds may be changed under the influen gi -0 cne I, respectively [6].

of solvents. Therefore, studying of the reactiameki sobenz-(la-::g ngrggggagggjegé wg&bigzrﬁgg’ 0:'??6 a
ics of the reduction of nitrobenzene and its hydreg y

ated intermediates is of interest for the informef:iIoseCI vessel with vigorous agitation of the liquid
choices of solvents phase at atmospheric pressure of hydrogen [6]. The
The purposé of the present work is to Stu?—lgzeotropic_ aqueous solutior_1_s of 2-prop_am@l=_(0.68
the reaction kinetics of hydrogenations of nitrobe _ole :\ra;t'oné W'éhotlr\]/le addition %f acetic acid so-
zene (NB), nitrosobenzene (NZ) and azoxybenzelqéum ydroxi e (0. )W(_are usea.
During the experiment, the amount of ab-

(AZOB) on skeletal nickel in aqueous solutions Ogorbed hydrogen was measured by volumetric meth-

Skeletal nickel, which was used in this work,
d been prepared from nickel — aluminum alloy with
mposition Ni:Al:Fe = 47.5:50.2:0.3 wt%. The
other alloy was firstly pulverized into a disperse
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od. The concentrations of reactants and producte we, _
controlled by HPLC and spectrophotometric method:
Sample analysis was performed on liquic*®*] o : 135
chromatograph «Shimadzu» under the following cor ]
ditions: Column filler — «Lichrosorb RP-18", eluent
acetonitrile — water (30 vol % acetonitrile.), elte ™
flow-rate — 0.9 crfimin, the column thermostat tem- o
perature 30.8 °C. The wavelengths of detector we 120
250 nm (for nitrobenzene and aniline) and 280 ni**] ‘

r(H,)x10> mmol/sxg 40

0.6 2

(for nitrosobenzene). The retention times weros-
690+10s; 800+20s; 310+10s for nitrobenzene, nitr¢ 1 N 1o
sobenzene, and aniline, respectively. 027
Concentrations of azoxybenzene were deteo. . P 105
T,S 1

mined using spectrophotometer «CARY 50 scan UV-V

0.0

sible Spectrophotometers». The thickness of the a"’ 0

T
50

T
100

T
150

T
200

T
250

300

350

sorbing layer was 1 cm, the wavelength — 323 nm.
RESULTS AND DISCUSSIONS

Fig. 2. The kinetic curves of hydrogenation reactid nitro-
sobenzene on skeletal nickel in aqueous solutibAspoopanol:
x2=0.68; Ma=0.500+0.001 g, R:=4.5y, T=303K; C%no =

The obtained kinetics curves during the hy_0.8510.01 mmol, Mactom100 cni: 1— reaction rate, 2—-hydrogen,

drogenations of nitrobenzene, azoxybenzene and nﬂ,—m 2

3-nitrosobenzene, 4—azoxybenzene, 5-aniline
Kunernueckue KpHUBBIC PEAKIINN THAPOHECHU3ALIUU HUT-

trosobenzene on skeletal nickel in aqueous solsjtlorbogo(;emona HA CKEETHOM HHUKEIE B BOJIHOM PACTBOPE 2-T1po-

of 2-propanol X; = 0.68) are presented in Fig. 1-3.

Similar relationships were also obtained for sohai
with acetic acid (0.01 M) or sodium hydroxide (ONJL

nmanona: x2 = 0,68; Mar = 0,500 + 0,001, Rear = 4,5MKM,
T= 303{, nORNO = (0,85 + o,ol)/IMO.]'Ib, VpeaKTop =100 cni:
1 —nabmogaemMas CKOPOCTh, 2 —BOJOPO, 3 - HATPO300CH3011,
4 —a30kcubeH30i1, 5 —aHWINH

; 2 -9
s n“lR, mmol r(Hy)>x10" mmol/sxg]
» a8
1.2 v v |,
10\3 46
1 -
0.8 — 5
o —14
0.6 ]
EE
0.4 1
H2
0.2 N il
4 T, S 1
0.0 e A4 {0
0 50 100 150 200 250 300

Fig. 1. The kinetic curves of hydrogenation reattd nitroben-
zene on skeletal nickel in aqueous solutions ofadpanol:xz =
0.68; mat = 0.500 + 0.001 g, & = 4.5y, T = 303K; n%no2 =
(1.6 £ 0.1) mmol, Weactor= 100 crd: 1 — reaction rate, 2 — hydro-
gen, 3 - nitrobenzene, 4 — phenylhydroxylamine,ahiine
Puc. 1. Kunernueckue KPUBBIC pE€aKIUH TMAPOHECHU3A HUTPO-
OeH30I1a Ha CKEJICTHOM HHUKEJe B BOJHOM PacTBOpE 2-IPOINaHoa:
x2 = 0,68; Mur = 0,500 £ 0,00T, Rer = 4,5mxM, T = 303K;
n%no; = (1.6 £ 0.1)Mmomb, Vpeaxop =100 cnd: 1 —nabmonaemast
CKOPOCTB, 2 —BOAOPOA, 3 -HUTPOOEeH3011, 4 —(EeHIITHIPOKCHUII-
aMuH, 5 —aHunH

2

., mmol r(H,)>x10" mmol/sxg _ 3
1.8 4

] 2
1.6 1 —425
1.4 )

1 —42.0
1.2 4 ¢

q )
1-0_- ;. 1.5
08 =
0.6 - -4 1.0
0.4

] - 0.5
0.2

1 T, S
0.0 L e e e A I A B | 0.0

0 50 100 150 200 250 300 350 400 450

Fig. 3. The kinetic curves of hydrogenation reactid azoxyben-
zene on skeletal nickel in aqueous solvents ofopgumol:x2 =
0.68; nat = 0.500 + 0.001 g, & = 4.5, T = 303K; C%nHOH =
(1.6 £ 0.1) mmol, Veactor= 100 cnd: 1 — reaction rate, 2 — hydro-
gen, 3 - azoxybenzene, 4 — aniline
Puc. 3. Kunernueckue KPUBBIC pCAKIIUU T'MAPOHCHU3aAIUN
a30KCHOEH30J1a HA CKEJICTHOM HUKEIIE B BOJHOM pacTBOpPE
2-npomanona: X2 = 0,68; Mar = 0,500 + 0,00%, Rear = 4,5MKM,
T = 30K; noazoKCMGeHmna = (1,6 + o,l)leOJIL, Vpeaxrop =100 cm:
1 —nabmro1aemMasi CKOpOCTh, 2 —BOAOPO/, 3 - a30KCHOEH3011,
4 —aHWIMH

As can be seen from the data, for all cases, the

amount of formed aniline exceeds the amount of hy-

drogen absorbed from the gas phase.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11

f(r) in the linear coordinates of
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In Table 1, we present the values of the ob-
served reaction rate constant snskcalculated after
treatment withCg =



the first-order reaction. The values & were calcu-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

The observed initial rates of hydrogenation

lated at the moment that the initial reactant coieek reactions i(42) and the effective charge on the reac-

50%, by the formulaAn = = — n4,, where R — the

tion sites of studied compounds) vary in the same

equivalent amount of the hydrogenated compouraider.
(mol), ni, — the equivalent amount of the hydrogen ru,: NB > NS > AZOB;ger: NB > NS > AZOB

absorbed from the gas phase (mol). The adsorptions
of nitro-, nitroso- and azoxybenzene r-vgere calcu-
lated from the material balance conditions. The- st
chiometry coefficient of the

reaction « (H:

The values ofer and the LUMO energy of
NB, NS and AZOB are showed in the Table 2.

o

Table 2

mm0|/mm0| Of reactant) was Ca|CU|ated from the|t0ta The atom Charge on nitrogen (qﬁ) and energy of

quantity of hydrogen absorbed during the reaction.

Table 1

Characteristics of hydrogenation reactions of nitre,

nitroso- and azoxybenzene on skeletal nickel in agous

solutions of 2-propanol with different composition
Tabnuya 1. XapakTepuCTHKH PeaKIMii THAPOTeHU3AIH
HHUTPO-, HATPO30- U a30KCHOEH30JI10B HA CKEJIETHOM HHKeJIe

B BOJHBIX pacTBOpax 2-11p011aH0J1a PAJIHIHOI'0 COCTAaBA
. 1 gR’ ¥s
Solutions| k. s* | An, mmol mmol/kg | mmol/mmol
nitrobenzene
2-propandlry 1 4 50,30 £ 0.03 400 +30| 2.75 + 0.0
water
2-propanolr o , 516,10+ 0.02 30020 | 2.85 = 0.05
waterH
2-propandli ., 316 30+ 0.03 20030 | 2.60 £ 0.0
water-OH
nitrosobenzene
2-propanolr 45, 510 32 +0.04 300 20 | 1.65 +0.02
water
2-propandli og | 310,16+ 0.02 200 £30| 1.70 £ 0.0
waterH
2-propanol 41, 516,40 + 0.05 1400 + 50| 1.60 + 0.02
water-OH
azoxybenzene
2-propanol 4y, 51610+ 0,02 500 +30| 3.00 + 0.02
water
2-propanol ¢, 1 | 01 | 100+10| 3.00+0.0
waterH
2-propancl &), 310 13+ 0,01 1200 + 30| 2.95 + 0.03
water-OH

The difference between the amounts of a
sorbed hydrogen and aniline in the cases of nina+
nitrosobenzene hydrogenation is higher than that §
azoxybenzene hydrogenation. It shows the growth of
inhibited diffusion from the nitrosobenzene to thie

tro- and azoxybenzene.

An characterizes the active participation o
adsorbed hydrogen in the initial reaction phase a
demonstrates the high reactivity of the hydrogemhat
compounds. In all the solutions the valuesAafare

in the order:;

LUMO (E Lumo) calculated at PM3 level for the adducts
of nitro-, nitroso- and azoxybenzene with one 2-panol
molecule [7]

Tabnuua 2. IPpdexTNBHBIE 3apPAIBI HA ATOMAX a30TA
(Cef) M 3HAYEHWUS YIHEPTHH HU3IIMX CBOOOIHBIX MOJIe-
KyJISpHBIX opouTasneii (ELumo ), paccunTaHHBIE MeTO-
aom PM3 niist aniyKToOB HUTPO-, HATPO30- WIIA
a30KCHOEH30J1a ¢ OJHOI MOJIEKYJI0i 2-mponaHoa [7]

Compound| nitrobenzene nitrosobenzamnexybenzene
Qeft 0.105 0.037 -0.029
ELumo, eV -1.24 -0.98 -1.09

The LUMO energies of nitro, nitroso and
azoxybenzene correspond to the followed sequence:
NS > AZOB > NB. Thus, we can conclude that the
hydrogenation reactions of the studied compounds
were affected by the atomic charges more than &y th
orbital energy [8].

It is known that nitroso- and nitrobenzenes

have higher oxidation potentials compared to tlodse
the azoxy compounds [9]. This can lead to the reac-
tion stoichiometry violation due to the surfaceda«i
tion of skeletal nickel. Indeed, according to Table
reaction stoichiometry and the amount of absorbed
hydrogen only coincide in the case of azoxybenzene
hydrogenation. By hydrogenation of nitrosobenzene
and nitrobenzene on Raney nickel in agueous salutio
of 2-propanol added sodium hydroxide, the amounts
of absorbed hydrogen from gaseous phase are 45%
and 13% less than stoichiometry, respectively.dHor
compounds, the stoichiometric coefficient of hydro-
iglen decreases in transition from an agueous sblutio
of 2-propanol consisting of acetic acid to neusal-
ir?n and solution consisting sodium hydroxide.
The adsorption capacities of hydrogenated
compound increase in the order: neutral solution <
solution consisting acid < solution consisting base
Ilncreasing the concentration of reactive oxygen-
ﬁ(?ntaining compounds in the surface layer promotes
dhe catalyst oxidation.

The data shown in Fig. 3 indicate that the
concentration of aniline initially increases, reasha
maximum and then decreases. For the nitro- and ni-

Nitrobenzener nitrosobenzene > azoxybenzene  osophenzene hydrogenation in the aqueous solution

36
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of 2-propanol or solution added sodium hydroxide, Based on the data, presented in the Fig. 1 and
the noticeable decreasing of aniline concentratibn Fig. 2, the hydrogenations of nitrobenzene anditr
ter complete conversion of the hydrogenated comebenzene on skeletal nickel lead to the formation
pound was not observed. It is known that the oxidalifferent intermediates: phenylhydroxylamine and
tion of active site of skeletal nickel leads to #iarp azoxybenzene, respectively. This fact may indicate
decreasing or complete elimination of aniline agsorthe various type of interactions between the hydro-
tion on the catalyst surface [10]. genated compounds and the catalyst active site.

Probably, the absence of the maximum on the In Fig. 4 and Fig. 5 we present the probable
kinetic curves, that characterizes the accumulation mechanisms of active adsorption and transformation
aniline, associates with the irreversible oxidatmn of nitrobenzene and nitrosobenzene on skeletakhick
the catalyst active surface. The presence of marimicatalyst surface, saturated by hydrogen.
was mathematically justified in the work [11]. Ac- The nitro group has three reactive sites, in-
cording to the obtained results [11], the maximum ocluding two oxygen atoms, and nitrogen atom. The
the kinetic curves associates with the differesioap- attacks of hydrogen on adsorbed oxygen and nitrogen
tion capacity of the initial compound and the raatt atoms result in the formation of associative comple
product. As specified by Belonogov and co-authomrss (I)u (II). Followed by the cleavage of water mole-
[10], the adsorption coefficients of nitrophenolated cule from complexes may form nitrosobenzene. Ni-
sodium aminophenolate differ by more than an ordénsobenzene is chemically adsorbed on the active
of magnitude. sites (lll) and oriented parallel to the catalystface.

'f}&

H,0

||5+ _/

- I

HE WO 0% \ 5+ &
: )] —>» Ph—N=D0

& &+
+ B+ 5- /.H 0 (]ID H H
Ph—N =—=-=-Q0 ——>» Ph—N QH 2

Js T !
0 O Ph—NH—0H
H|5+ HEH— % *
m Ho\H
(IV)
l - H,0
Ph—NH,

Fig. 4. The mechanism of nitrobenzene activatedratien process and the steps of transformatianitaf group on the catalyst surface
Puc. 4. Mexann3M aKTUBUPOBAaHHOH ancopOLUK HUTPOOEH30J1a U CTaAUHHOCTD IPEBpAIleHUH HUTPOTPYIIIBI Ha TOBEPXHOCTH KaTaju-

3aTopa
NN szo PhN=NPh
PhN  NPh =
s s —_ . Phhll NPh = »
Q0 H OH 5
PR L ) o
H,O
PRN=NPh —" 5 PON=NPh 5 ph—N—K—Ph — 3 2pn_
* x A\ Ph—NH,
OH H H H H
H
Fig. 5. The mechanism of nitrobenzene activatedradien process and the steps of transformatiamitodso group on the catalyst
surface
Puc. 5. MexaHn3M akTHBUPOBAaHHOM aJJcOPOIMN HUTPO300EH30Ia U CTaIMHHOCTh NIPEBPAICHUH HUTPO30TPYIIIHI Ha HOBEPXHOCTH Ka-
Tajii3aTopa
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The subsequent attachment of hydrogen and azoxybenzene from nitrobenzene and nitrosoben-
oms on nitrogen and oxygen may be accompanied bgne hydrogenation, respectively, are differerdria-
the formation of phenylhydroxylamine (IV). In thetions and different mechanisms of activation ofcrea
presence of adsorbed hydrogen on the surface, pliee groups on the catalyst surface.
r]ylhydr_oxylamlne is exclusively reduced to the ani- CONCLUSION
line. Simultaneous hydrogen attack on all reaction
centers of the nitro group is less probably, softie It can be noted that:
mation of intermediate products may be preceded by ~ — the hydrogenation reactions of nitro- and ni-
the stepwise addition of hydrogen to form assogati trosobenzene on skeletal nickel in agueous sokition
semi-hydrogenated forms. of 2-propanol are accompanied by the occurrence of

Characteristically, during the hydrogenatiorihe parallel oxidation processes on the catalyst su
of nitrobenzene, the presence of nitrosobenzetieein face, resulting in the violation of reaction stoahe-
liquid phase has not been recorded. This may be dii¢ The presence of sodium hydroxide may lead to
to the higher adsorption capacity of nitrosobenzerie sharper oxidation of active sites comparechéo t
compared to nitrobenzene [12, 13]. solutions consisting acetic acid. The irreversite

Chemisorption of nitrosobenzene moleculegation of skeletal nickel during the azoxybenzepe h
will be determined by the distribution afelectron drogenation is not observed;
density along the N=O bond. This bond is strongly - during the azoxybenzene hydrogenation the
polarized, resulting in a high electron densitytha reversible oxidation of the catalyst active surface
oxygen atom, in contrast to the oxygen atoms of tH@t excluded while maintaining the reaction staichi
nitro group. In this regard, nitrosobenzene is eignk ometry in all studied solutions;
to orient vertically rather than parallel to theatpst - in the absence of irreversible catalyst sur-
surface, saturated with hydrogen. It is known that face oxidation the values of.kcan be regarded as an
ygen atom in the N=0O bond is out of the plane, Whicobjective characteristic for the comparative analys
greatly reduces the probability of interaction be¢w Of the reactivity of the different groups.
n-electrons of the benzene ring with the vacanttorbi — on the oxidized catalyst surface the adsorp-
als of the catalyst. In this case, the attackhennitro- tion of aniline does not occur, due to the absesfce
gen atom becomes unlikely (Fig. 5). In Fig. 5 th&he maximum on the kinetic curves;

PhNOH particle is a semi-hydrogenated form of Ritro — the decreasing of aniline concentration after
sobenzene. The interaction of two neighboring PhNOgpmplete conversion of hydrogenated compounds
particles, as mentioned above, is accompanied dy fRdicates the competitive adsorption of the redctan
formation of azoxybenzene. Thus, it is believed tha and the reaction product.

main reasons of the formation of phenylhydroxylanin
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O BOCCTAHOBJIEHUM N-(-LIIUAHITUJI)BEH30MOP®OJIMHA U N-(B-LIUAHITHUI)-
®OEHOTUA3UHA

Cmambps nocesauwena 60npocy 60CCMAHOGICHUS NPOOYKMOG PeaKUUU YUAHIMUTUPOBA-
Hus henomuaszuna u 6en3omopgonuna npu nOMowH 6OP2UOPUOA HAMPUA, ATIOMOZUOPUOA JIU-
mus u 2UOpasul MOHOGopmMuama é paznUiHpIX yCca06UsX.
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ON REDUCTION OF N-(B-CYANOETHYL)BENZOMORPHOLINE
AND N-(B-CYANOETHYL)PHENOTHIAZINE

The article is devoted to the reduction of producfsthe phenothiazine and benzomorpho-
line cyanoethylation reaction by sodium borohydridiéghium aluminum hydride and hydrazine
monoformiate in diverse conditions. Morpholine cyaethylation reaction was studied as a model
one, as well as benzomorpholine and phenothiazime® were studied as well. Special attention
was paid to the reaction of further reduction of éhcorresponding nitriles. The article considers
the solution of several synthetic problems: syntisesf the initial heterocycles; cyanoethylation of
morpholine by acrylonitrile and selection of the wditions for this reaction (temperature, reac-
tion time, concentrations, catalyst, solvents); opethylation of benzomorpholine and phenothia-
zine by acrylonitrile in the selected conditionsduction obtained nitriles by the different reduc-
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tion systems. It was stated, that adherence of kmigrile to morpholine is more effective when
basic phase transfer catalyst was used. Carrying oganoethylation under phase transfer cataly-
sis conditions (acrylonitrile as a one phase andbstrate as a second ones) using tetrabu-
tylammonium hydroxide as a catalyst yielded BHgyanoethyl)benzomorpholine of 69% and
N-(#-cyanoethyl)phenothiazine of 64% vyields. Potassilmydroxide in the polar and nonpolar
solvents and copper (llI) acetate were also testeccatalysts of cyanoethylation by acrylonitrile.
Different reduction systems, such as sodium borotigd / cobalt chloride (II) in methanol, sodi-
um borohydride / cobalt chloride (Il) in tetrahydfaran-water mixture (2:1), lithium aluminum
hydride in diethyl ether, lithium aluminum hydridén tetrahydrofuran, hydrazine monoformiate
on nickel Raney were tested for the reduction reactof the obtained nitriles. It was stated that
N-(#-cyanoethyl)benzomorpholine is reduced well to Ng@inopropyl)benzomorpholine with
70% yield by NaBH/ CoCbk system in methanol. His reduction by the other geats proceeds
worse. Attempts to reduce I¢$-Cyanoethyl)phenothiazine failed in any systemsrigeused. De-
struction of N-{#-cyanoethyl)phenothiazine increases with the grovaththe basic properties of a
reducing system occurred: phenothiazine and diphlemyine were the general products of this
reaction. Phenothiazine formation can be explainbyg reversibility of the reaction of cyanoethyl-
ation and elimination ofg-cyanoethyl-fragment under the bases influence. Tdighenylamine
appearance among reaction products in some casegcates that the substrate reductive desulfu-
rization reaction occurred.

Key words: phenothiazine, benzomorpholine, nitriles reduction

Cpelu  reTepOLMKINYECKHX — COEIAMHCHUIA rm r rmi
BaKHOE MECTO 3aHUMAIOT OEH30KCa3uH, (PEHOKCA3HH, < >—’< ) — ( )
(EHOTHA3MH ¥ MX MPOU3BOIHBIE, YTO CBS3aHO C BBI- NH N N
COKOM MPaKTUIECKOH 3HAYMMOCTBIO, OCOOCHHO BBICO- K/éN K/\

NH,

KOl OMOIOTMYECKON aKTUBHOCTHIO ATH COEIUHEHMHIA.
OHU 0077a1aF0T XOJWHOJIUTHIECKOH, aHTUTUIICPTOHH-
YeCKOM, aHTUIEeJILMHHTHOM M, YTO OCOOCHHO Ba’KHO,
HEHPOJENTUYECKON aKTUBHOCTHIO. VIMEHHO B 3TOM
acmekTe B (papMakKoJIOTHU HCIONB3YETCS LENBIH Psij
POM3BOIHEIX (heHOTHA3MHa [1-3].

OO0 C

0 (I (1)

Cxema. [{luaHaTHAMpOBaHNE TETEPOLUKIOB U UX JaJIbHeHIIee
Boccranosienue, rae ['TL: 6erzomopdorud (1) win dperornazux (11)
Scheme. Cyanoethylation of heterocycles and thetihér reduc-

tion, wherel'TI] — benzomorpholine (1) or phenothiazine (I1)

HUcxonnbie 6erzomopdonud (I) u henornazun

(1) cuHTE3MpOBaHBI IO U3BECTHBIM METOAMKAM [3, 4].

B nemsix ontuMuzanyy ycrnoBuil MUaHATHINPOBAHHUA |

u |l OBIIO POBENIEHO CPaBHUTEIBEHOE U3YyUYEHUE 3TOTO

mpolecca Ha MOJICIBHOM COCIMHEHHH, B KauyecTBE
KoTOporo 6su1 ucronb3oBan Mopdomus (I1).

Tabnuua 1

B xuMuueckoM OTHOIICHUH TH T€TEPOLUKITBI
JTABHO SIBJISIOTCS OOBEKTaMU CHHTETHYECKOW OpraHH-
YECKOW XHMMFH, YTO CBSI3aHO C YHHKAIBHOCTBHIO HX
CTPOCHUSI: T-U30BITOYHOCTHIO, HATMYUEM apoMaTHYe-
CKOH CHCTeMBI W HYKJIeO(WIbHBIX IIEHTPOB Ha TeTe-
poaromax. ITO aeT BO3MOXXHOCTh HIMPOKOTO ITOUCKA
HOBBIX HANPABJICHUA WX XMMUYCCKOW MOTUDUKAIIUY.
Hamme BHUMaHMe MpUBIIEKIAa HEU3yYEHHOCTh BOCCTa-
HOBJICHUS HUTPWJIOB — IPOM3BOAHBEIX OcH30MOp(O-
TuHa ¥ (EHOTHA3HHA, MOJYyYaeMbIX ITHaHATUIINPOBA-
HUEM akprioHHTpwiIoM. [IpukimamHas cTopoHa 3TOM
MpoOJIeMBI MOYKET HAlTH CBOE JallbHEUIIIEE pa3BUTHE
B HOBBIX HANpPaBICHHUSIX XUMHYECKHAX TpEeBpaIieHuit
OcH30KCa3MHA U (PeHOTHA3HHA.

Pe3ysbTaThl HHAHITUIHPOBaHUA MOpdoanHa
Table 1.Results of mopholine cyanoethylation

YcnoBus Bpewms peaximn, u |Beixon, %
Bes karanuzaropa,
bes pactBopurens, 22 77

CooTHorreHre peareHToB 1:1)

Anerar memu (I1),
be3 pactBopurens, 1 70
CooTHorreHre peareHToB 1:1)

I'mapoxkcun kanws,
PactBopuTens: aneroH, 1 60
Us36sTox AH: 45%

I'mapokcun xanus,
PactBopuTens: 6eH301,
N36b1Tox AH: 50%

45 muH 40
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Ycnous mmamdTImpoBanus I m cpaBHE-
TenbHbI BbIXOHN N-(B-manstiim)MopdonuHa npen-
cTaBieHsl B Tabn. 1. BeiOop pasnuuHBIX METOIUK
00yCJIOBJIEH MMEIONIMMHUCS B JUTEPAType YKa3aHHS-
MH T10 TPOBEACHUH PeakiMi Muxasist ¢ pa3IndHbIMH
cyocrparamu [5-7].

Ha ocHOBe Mony4eHHBIX JaHHBIX OBLIH T0JI0-
Opanbl ycrmoBus 1t nrandTiupoBanus | u 1. Kpome
9TOro, JMOMOJHUTEIBHO TPH LUAaHITUIUpoBaHHU |
OBLT HWCITOJIB30BaH THIPOKCHA TETPaOyTHIaMMOHUS,
Kak aHajor kataiu3atopoB PomuvoHoBa u TputoHa b
[8]. D10 mo3Bonmio momyunth N-(B-1maH>THI)OEH30-
mopdomun (IV) ¢ Beixomom mo 69% u N-(B-tman-
stun)enornasun (VI) ¢ Berxomom 64%.

CO O COO
-~ L2

N
V HoN
(V) (V) (Vi)

[omyuennsie IV u VI Obutn MccnenoOBaHbI B
peaKkiMi BOCCTAHOBIICHHS C WCIIONB30BAHUEM pa3-
JIMYHBIX BOCCTAHOBHUTEIBHBIX CHCTEM (TabiI. 2).

Ycranosneno, uto |V xopomo BoccTaHaBIu-
Baetrcs B cucteMe NaBHJ/CoCh B Meranone, ¢ BbIXO-
moM  N-(3-amuuonpormun)oenzomopdomuna (V) 1o
70%. Heckonbko XyXe MPOTEKAeT €ro BOCCTaHOBIIE-
HHE JIPYTMMH pearcHTaMu, a BoccTaHOBUTH VI He
yIANOCh HU B OJHOW W3 TEPEUYHUCICHHBIX CHCTEM.
IIpoucxommma nectpykuus coeawHeHwms VI pazmwd-
HOI1 CcTeneHH.

B xoze paboThl YCTaHOBIIEHO, YTO TPOYKTHI
BoccTaHOBJICHM |V HE oTIMYaroTCs APyT O ApyTa 1o
XUMHYECKOMY cocTaBy (cMech | 1 V) mpu ucmomnn3o-
BaHMM PA3JMYHBIX BOCCTAHOBUTEILHBIX CHCTEM.
Heo0xomuMo OTMETHTH, YTO MaKCHUMAallbHBIA BBIXOJ
amuHa V (1o 70%) HaOmomaeTcs Ipu BOCCTAHOBIIE-
HUU OOPTHAPHIIOM HaTpus B 0€3BOIHOI cpene (mera-
Hoia). B cucreme TI'®-Boma Beixon cHmxkaercs (30-
40%), HO BMECTE C TEM YBEIWIMBAETCS IOJSI HEIPO-
pearupoBasmero |V. Bo3moxHO, 3TO CBSi3aHO ¢
YMEHBIIEHUEM BOCCTAHOBHUTEIBHOW aKTHBHOCTH OOp-
THIIpHUJA B MPUCYTCTBHU BOJBI WIIM YaCTUYHBIM pa3-
JI0’)KEHHEM KOMIUIEKCHOTO THAPHIA BOJIOH.

B ciyuae ucnonb30BaHus B KaueCTBE BOCCTa-
HOBUTEIISI AJTFOMOTHAPHIA JTUTHs Habmromaercss obpa-
30BaHME 3HAYMTEIHLHOTO KoJIM4yecTBa |, TO ecTh
Oonpmiee 3HaueHUe mpuoOperaeT oOpaTHast peakuus
Muxasins.

[Ipu BoccTanornennu VI B cucreme Goprum-
pun Hatpusi/xaopua kobanera (ll) oxumaeMbix mpo-
OYKTOB BOCCTaHOBIJICHUsI OOHapy>keHo He ObL10. Bme-
CTO 3TOTO UICHTHU(QUIIMPOBAH MPOJYKT €r0 pas3iioxke-

aust — |l (mo 90%), uTO CBUIETENBCTBYET O MPEUMY-
IIECTBEHHOM TMPOTEKaHWU TIPOIECCOB JIErpajalivu.
[IpoBenenune aHATOTMYHON peakUUM TMOJ ACUCTBHEM
AMIOMOTHJIPH/IA JINTUS TPUBOAMWT K TOYTH KOJIHYe-
cTBeHHOMY pasnoxkeHuro VI mo Il. Ilpu 3Ttom mpoxyx-
ThI BOCCTAHOBJICHHS TaKXKe HE TPOSBIISIFOTCS.

Tabnuya 2
BoccraHnoBjienue MHAHITUJINPOU3BOIHBIX 6eH30M0p-
¢onuna u penoruazuna
Table 2.Reduction of cyanoethylated derivatives
of benzomorpholilne and phenothiazine

Boccranosutenbuas | VCXOIHBIA HUTPUI, IPOIYKTHI
cucrema (V) (V1)
NaBH/CoCh 70% (V) 909% ()

B MCTAHOJIC
NaBH./CoChk 0
B TI'®-Boga (2:1) 34% (V) B
LiAIH 4 56% (V) _
B IUATHIL. ddupe
LIAIH s 8 TT® — 10 95% (I1)
N2Hs(HCOO) B 60% (Ph)NH,
Ha Ni Penest 30% (1)

[ombiTKa ajganTanud METOIUKH BOCCTAHOB-
JICHUS THApa3uH MOHO(oOpMuaTOM Ha Hukene Penes
[9] mnsa VI Taxke He nana skenaeMoro pesynbrara. B
peaKIMOHHON Macce ObUIM OOHAPYKEHBI M OCTATKH
aurpuna VI (30%), U mpomyKTEI €ro aerpamaliim.
(enotnasun u nudeHmamMuH. Bo3MokHO, 3TO cBs3a-
HO €0 crmoco6om monryuerwus |, m mamsHEHIIUMH ore-
panusMU HaJ] HUM. MHKPOKOJIMYECTBA MPUMECHOM
JIIEMEHTAPHOU Cepbl CIIOCOOHBI OYEeHb CHIIBHO CHHU-
KaTh aKTHBHOCTh KATaJH3aTOPOB TMIPUPOBAHHMS, XO-
TS OOBIYHO CYMTAETCS, YTO HUKENb PeHes Manovys-
crBuTelieH k Hamnuuio cepsl [10]. Kpome storo, ruu-
pasuH MoHo(opMHaT oOpa3yeT pacTBOP JOCTATOYHO
BBICOKOW IIENOYHOCTH, YTO TaK € CIOCOOCTBYET
pa3oKEHUIO HCcliemyeMoro ammHOHUTpmiIa VI Ha
MCXOHBIE KOMITOHEeHThI. OOpa3oBanue audeHUITAMH-
Ha KaK MPOAYKTa JaIbHEUIIETO pa3IoKeHus (eHOTH-
a3uHa, TO-BHJMMOMY, IPOUCXOJUT B pe3yibTare
obeccepruBaHUsl TIOCIEIHETO B X01€ BOCCTAHOBHUTEIb-
HBIX TPOIIECCOB HA CKEJIETHOM METAUTMYSCKOM Kara-
nu3zarope [11].

Takum o6pa3om, BoccranoBieaune VI oxaza-
JI0OCh OE3YCICIIHBIM BBUAY JIETKOCTH pPa3pyIICHUS
CTPYKTYPBI BOCCTAHABIMBAEMOTO HUTPHUIIA.

Heynaunpie monsiTku BocctanoBienus VI B
YCIIOBUSIX, aHAJIOTUYHBIX BOCCTaHOBJIeHHIO |V, MoryT
OBITh OOBSCHEHBI, €CJIM MPUHATH BO BHUMAaHKE BhICO-
KYI0 T-U30BITOUYHOCTH CTPYKTypbl VI. Ha 6 aToMOB
MPUXOIUTCS 8 T-3JIEKTPOHOB. B HEKOTOPBIX UCCIeno-
BaHUAX YOCIUTEILHO MMOKa3aHa BO3MOXHOCTH OJTHO-
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9NIEKTPOHHOTO  OKUCJICHHs TETEPOLMKIOB  TaKoOif
CTPYKTYpBI C 00pa30BaHMEM KaTHOH-paauKaioB. Ta-
KHE PaJMKaJIbl BCE €IIE COXPAHSIOT T-U30BITOYHOCTD,
¥ JICNOKAIN3alUsl <IUIIHEr0o» OJJICKTPOHA MOXKET
HPOJOJDKUTHCS MO PAa3IMYHBIM ITyTSIM, BKIFOYas pas-
pbiB C-N cBsi3m [7].

OKCIIEPUMEHTAJIBHAS YACTD

Macc-cneKTpoMeTpUIeckue  MCCIIeJOBaHUS
npoBomuIKCh Ha xpomartorpade Trace GC Ultra,
OCHaIeHHOM Macc-aeTekropoM DSQ I, xpomatorpa-
(uueckas kooHka — TR-5MS 301x0,25umx0,25qkM,
ra3-HOCHTENb — TeINi, PEeKUM HOHHM3ALMH — dJIeK-
TpoHHass nonmzauusi 70 s3B. Ctpykrypa coeauHeHHI
HOATBEPKIANacCh  COIOCTABICHUEM  MOJTYYCHHBIX
Macc-CIIEKTPOB C HMMEIOUIMMUCS OHOINOTEYHBIMU
CIIEKTpaMH, a TaKkKe IyTeM aHalu3a MOTyYCHHBIX
CIIEKTPOB M YCTQHOBJICHHSI COOTBETCTBHS MEXKIY JKC-
HEePUMEHTAILHO ONPEJCICHHBIME BEJIWYMHAMH M/Z
MOJIEKYJISIPHBIX M OCKOJIOYHBIX MOHOB C TE€OpETHUe-
CKH BO3MOXKHBIMH CTPYKTypamu. YuCTOTa MOIy4eH-
HBIX COEAMHEHUH 1 KOJMYECTBEHHBIE OIICHKH BBIXOJA
HPON3BOJMINCH XPOMATOrpauuecku, METOIOM HOp-
MaJIM3aLyH 110 IUIOIIAISM.

N-(B-yuansmun)mopgonun

1. Be3 ucIoap30BaHUs KaTann3aTopos [5].

K 4,02r (0,046momb) MopdoiarHa go0aBHiIH
2,50r (0,047momnb) akpunonutpuia. CMech HarpeBa-
JIM Ha BOZSHON OaHe npu temmeparype 60 C B Teue-
HHUEe 6 4, Tociie 4ero BBIICPKUBAIN MPH KOMHATHOM
temneparype 16 4. Ilpu ¢paknmoHMpoBaHUM BbLIE-
neno 4,97t npoxaykra Twm = 97-99 €/6. Bexon 77%,
urcrora > 99%, np® 1,4710.JIur. nansbie: Tgm =
123 T/11; np® 1,4724 [5].CTpyKTypa MOATBEPXK/Ie-
Ha COOTBETCTBUEM OHOIMOTEYHOMY MAacCC-CIICKTPY:

m/z(1,%): 140 (5), 100 (100), 82 (3), 56 (14), 4249

28 (14).

2. C ucnone3oBanueM anerata menu (Il) kak
KaTalm3aTopa.

K cmecn 3,97 r (0,045momb) MophoanHa u
0,15r anerata meau (Il) mpu oxnaxaenun 10 0 °C mo-
6aBmwm 3,2 mn (0,045momb) akpunnonutpuna. [lepeme-
mmBany npu 0 °C B Teuenne 1 9, mocsie yero moaHsuIu
TeMIepaTypy 10 komHatHO#. [Tpu dpakimoHupoBaHmN
BbIziesieHO 4,42 r neneBoro coemuHeHusd Twom = 96-99
°C/7.Boixon 70%,4uncrora > 98%,np%° 1,4708.

3. B monspHOW cpene ¢ HCIONIb30BaHUEM
THIPOKCHU/IA KAJTUS KaK KaTainu3aTopa.

K pactBopy, comepxkamemy 2,61 r (0,03
Mojb) Mopdoamraa u 2,31 (0,044 M05B) aKpHIOHHUT-
pwia B 20 mut anietona u oxnaxaeHHoMy 1o -20 C,
no6asuu 0,561 (0,01momb) ruapokcuaa kamus. [le-
pemermuBaiu npu remieparype -10 C B reuenne 1 4,
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MOCJIe Yero MOJHSUITH TeMIIEpaTypy J0 KOMHATHOW H
BBIICJIAIM TPOIYKT aHAIOTHYHO TpeAbayiemy. Ilo-
mydeHo 2,52 r BemiectBa, Bbixox 60%, uuctora >
98%,np?° 1,4709.

4. B HemoJsIpHO# cpele ¢ UCIOIb30BaHUEM
THIPOKCHU/IA KAJTUS KaK KaTanu3atopa.

K pactBopy, comepxamemy 0,87t (0,01mois)
mopdoauna u 0,8 r (0,015 moins) akpuaoHUTPHIA B
8 mut GeH3ona u oxnaxaeHHOMY 110 2-3 T, mobaBunm
0,09t (0,0016moms) ruapokcuaa Kamws. [lepemernn-
Baju mpu Temrneparype okoiio O °C B teuenue 45 MuH,
MOCJIC Yero MOJAHSUIM TeMIepaTypy A0 KOMHATHOW U
BBIICIAIM TPOAYKT AHAIOTHYHO Tpe-IbIAYIIEMY.
IMonygeno 0,56 r N-(B-umamsTim)mop-(oanHa, BbI-
xon 40%,uuncrora >98%,np?° 1,4711.

N-(8-yuansmun)benzomopgponun(IV)

1. C ucmons3oBanuem arerata meau (Il) xax
KaTajim3aTopa

3,93r (0,03mo11b) GerzoMopdonrHa cMermanm
¢ 2,1mn (0,03momp) akpunonutpuia u 0,16r amerara
memu (II) monormmpara (4 Bec. % OT Macchl GeH30-
Mopdonuna). Kunstuimm ¢ 00paTHBIM XOJIOUIBHUKOM
B TeyeHue 3 4. [loaydeHHYI0 TEMHYIO Maccy (paxiu-
ouuposanu. Iomyummu 2,83r 1V (Beixox 50%), po-
3payHoe kenaroe Macio T = 176,5-178,5 C/4, np?°
1,5788. Crpykrypa LeneBOro COeIUHEHHs NOATBEp-
KICHA JTaHHBIMH XPOMATO-MacC-CIIEKTPOMETpUH, M/Z
(1,%): 188 (40), 148 (100), 120 (10), 28 (15).

2. C ucroibp30BaHUEM THAPOKCHIA TeTpaly-
THJIAMMOHHUS KaK KaTaln3aTopa

KaranmzaTop wucmons3oBajics COTJIacHO pe-
komenmammsam  [8]. 5,09 r Genzomopdonmna mnpU
oxnaxaennu 10 0 °CpactBopwin B 5 M1 akpHIIOHUT-
puna, nooaswiu 0,2 M 40% BoaHOrO pacTBOpa ruj-
pokcuaa TterpabyTwiamMmMoHus. [lepementuBany Mmpu
oxnaxaeaun 1 4. Tlocrme mpekpaimieHus BHEIIHETO
OXJIK/ICHHS TIO3BOJIMJIM CMECH CaMOpa3orpeThes,
MoCJIe Yero BHOBh OXJIAJIMIIM JI0 KOMHATHOM TeMIepa-
Typsl. [lepemeninBamy nNpu KOMHATHON TEMITEPaType
1 4. IV — xenroBaroe Bi3koe Macio, Tum=178-
180 C/3-4,maccoit 4,78r. Beixon 69%.

N-(B-yuarsmun)penomuasun(VI)

Peakuus Obita mpoBeneHa coriacHo [12] €
WCTIOJIb30BaHUEM THJPOKCHJA TETPaOyTHIAMMOHUS
Kak Katanu3aropa. Beixon 64%. CtpykTypa HIpomyk-
Ta TONTBEPXKACHA MacC-CIEKTPOMETPUYeCKH, M/zZ

(1,%): 212 (100), 252 (72), 180 (62), 198 (56), 106

(15). JIureparypusie manusie: Tn, = 156-157 °C [12].

N-(3-amunonponun)benzomopgponun (V)

1. Boccranosnenue cucrtemoii NaBH/CoCb
B pactBope TI'd:Bosa

BoccranoBnenne MpoBOJUIIOCE TI0 aHAIOTUH
¢ [13]. [IpoayKkT maeHTUPHUIUPOBAH Macc-CHEKTPO-
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merpruecku: M/z (1,%): 120 (20), 135 (19), 136 (17),0xumaemoro amuna 6buto monydeno 0,17 r (90%)

148 (100), 192 (43). (deHOTHAa3MHA B pe3yjibTaTe pPEaKUUH Jerpajalyy.
2. Boccranosnenue cucremoit NaBH/CoChk  Crpykrypa monaTBepkaeHa AaHHBIMH XPOMaTOMAcC-
B METaHOJIE criektpometprn M/z (1%): 100 (13), 139 (5), 154 (10),
Peaxuus npoBenena ananornyno [14] ¢ 0,47r 167 (53), 199 (100).
(2,5 mmons) V. Tlomydyeno V B Buzie Hemeperosse- 2. Boccranosnenue LIAIH 4 8 TT'®
moro macia maccoir 0,41r, gucroroii 82%. Brixon Peaknust Oblla IpOBEACHA IO AHAJIOTHH C
70%. BoccranomieHueMm |V, B 6e3sogaom TI'®. B moiy-
3. BoccranoBnenne LIAIH 4 B mudTHIOBOM — YEHHOM JKCTpakTe HE OOHAPYKEHO IAPYTHX MPOAYK-
a¢upe. TOB, Kpome mcxomnoro Il. Kpome atoro, B axcTpakTe
Peakmus mpoBeneHa mo meromuke [15]. Be-  comepaiock He3HaYHTENbHOE KOmnuecTBO (10 3%)
xox1 'V mo 56%. Henpopearuposasuiero VI.
Bocecmanosnenue  N-(B-yuansmun)gpenomua- 3. BoccraHoBiieHre THApasMH MOHO(GOPMHU-
suna (V1) atom Ha Ni Penes
1. Boccranosnenne crucremoii NaBH/CoChb IIpoBeeHO B COOTBETCTBHH C METOAUKOM [9)].
B METAHOJIC Hcxomneiii VI mpopearupoBail Ha TPETh, NPH TOM

Peakuns mpoBoxmiach 10 METOJMKE, aHAJO-  OCHOBHBIMH IPOXYKTAaMH PEAKIUU SBISAIOTCA Iude-
THYHOM orucanHoi Boime 11 N-(B-unamstum)oenso-  HumamuH u pernornasun; 60%u 30%B nepecuere Ha
mMopdonuna. 13 0,25t (0,001moip) HUTPHIA BMECTO — MPOPEArupOBaBUIMI HUTPHI, COOTBETCTBEHHO.

JIJUTEPATYPA REFERENCES

1. Morrissey I. Mechanism of differential activities of ofloxa-1. Morrissey I. Mechanism of differential activities of ofloxa-
cin enantiomersAntimicrob. Agents Chemothet996. V. cin enantiomersAntimicrob. Agents Chemothd996. V. 40.
40. N 8.P. 1775-1784. N 8.P. 1775-1784.

2. Mamxkosckuii M. JlekapctBeHHble cpeactBa. 15¢ m3n. 2. Mashkovskiy M.D. Medical compounds. 15-th ed. M.: No-
M.: HoBas Bomna. 2005. 18%; vaya Volna. 2005. 187 p. (in Russian).

3. Coudert G., Guillaumet G., Loubinoux B.A New Synthe- 3. Coudert G., Guillaumet G, Loubinoux B. A New Synthesis
sis of 3,4-Dihydro-2H-1,4-benzoxazines using Saliguid of 3,4-Dihydro-2H-1,4-benzoxazines using Solid-Ldju
Phase-Transfer CatalysiSynthesis.1979. V. 1979. N 7. Phase-Transfer CatalysiSynthesis 1979. V. 1979. N 7.
P 541-543. P 541-543. DOI: 10.1055/s-1979-28754.

4. Tloxkapckuii A.®@., AuucumoBa B.A., llynak E.B. Ilpak- 4. Pozharskiy A.F., Anisimova V.A., Tsupak Ye.B Practical
THYECKHEe PabOThI IO XUMHH TreTepolukioB. Pocro B/ works on heterocyclic chemistry. Rostov-on-Don: IREU.
Wzn-Bo Pocrt. yn-ta 1988. 159 c. 1988. 159 p. (in Russian).

5. [liomaesa W.B. Cunres u CBOHCTBA HUTPHIOB, KOOPIMHU- 5 Dyymaeva I.V. Synthesis and properties of coordinated d-
POBaHHBIX O-)7CMEHTAMH, B PEAKIMSX MPHCOCTHHCHHUS, 33~ elements nitriles in addition and substitution tas and
MeIIeHHs 1 JIUEHOBOTO CHHTE3a. ABTOped. jC. ... JI.X.H. diene synthesis. Extended abstract of dissertdtiomloctor
Mocksa: MockoBckuii roc. TekcTuiabHbI yH-T uM. A.H. Ko- degree on chemical sciences. M.: A.N. Kosygin Masco
CbIl'MHa. 2010. 4&-_ State Textile University. 2010. 45 p. (in Russian).

6. Heininger S. Cupric Acetate Catalyzed Monocyanoethylag  Heininger S. Cupric Acetate Catalyzed Monocyanoethyla-
E)oq;{;\;%n;?tlc AminesJ. Org. Chem1957. V. 22. N 10. tion of Aromatic AminesJ. Org. Chem1957. V. 22. N 10.

7. Jlonatunckuii B.II., Illexupes }O.I1., Cyrsirun B.M. 9- P. 1213-1217. DOI: 10.1021/001361a023.

Bunnn-1,2,3,4verparunpokapbazon. Memoowvr nonyuenus L,Opathkly V.P., Shekhirev Yu.P., Sutyagin V.M. 9'
Xumuueckux peakmusoé u npenapamos. Bpi. 22. M.: Vinyl-1,2,3,4-tetrahydrocarbazol.  Methods  of obiagn
UPEA. 1970.C. 47-49. chemicals and drugdMethods of obtaining chemicals and
8. Tierney M.T., Grinstaff M.W. Synthesis and Stability of drugs.N 22. M.: IREA. 1970. P. 47-49. (in Russian).
Oligodeoxynucleotides ~ Containing  C8-Labeled 2%8. Tierney M.T., Grinstaff M.W. Synthesis and Stability of
Deoxyadenosine: Novel Redox Nucleobase Probes for Oligodeoxynucleotides Containing C8-Labeled 2'-Deaeya

DNA-Mediated Charge-Transfer Studie®rg. Lett. 2000. nosine: Novel Redox Nucleobase Probes for DNA-Mediat

V.2.N 22. P. 3413-3416. Charge-Transfer Studie€Org. Lett. 2000. V. 2. N 22.
9. Gowda S., GowdaD.C. Application of hydrazinium mon- P. 3413-3416. DOI:10.1021/0l006303f.

oformate as new hydrogen donor with Raney nickécde 9. Gowda S., D., GowdaD.C. Application of hydrazinium

reduction of nitro and nitrile moietieJ.etrahedron 2002. monoformate as new hydrogen donor with Raney nickel:

V.58. N 11. P. 2211-2213. facile reduction of nitro and nitrile moietieSetrahedron
10. Hudlicky M. Reduction in Organic Chemistry. New York: ~ 2002. V. 58. N 11. P.2211-2213. DOI: 10.1016/3B04

Willey & Sons. 1984. pp. 5-11. 4020(02)00093-5.

44 U3B. By30B. Xumus u xuM. texHosorus. 2016.T. 59.Beim. 11



N3B. By30B. Xumus u xuM. TexHojyorust. 2016.T. 59.Bpim. 11

11.

12.

13.

14.

15.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11

Mertur JTx. P., Ban Tamenen J. Jecynsdypuzauus mox  10.

neiicreueM Hukenst Penest. Opeanuyeckue peaxyuu. C6. 12.

M.: Mup. 1965.C. 380-545. 11
Godefroi E.F., Wittle E.L. The Preparation of Some Deriv-
atives of B-(10-Phenothiazinyl)propionic Acid ang-(2-

Chloro-10-phenothiazinyl)propionic Acid]. Org. Chem 12.

1956. V. 21. N 10. P. 1163-1168.
Osby J., Heinzman S., Ganem BStudies on the mecha-
nism of transition-metal-assisted sodium borohyelrchd

lithium aluminum hydride reductionsl. Am. Chem. Soc. 13,

1986. V. 108. N 1. P. 67-72.
Satoh T., Suzuki S.Reduction of organic compounds with
sodium borohydride-transition metal salt systeni®educ-

tion of organic nitrile, nitro and amide compourtdgprima- 14,

ry amines.Tetrahedron Letters1969. V. 10. N 52. P. 4555-
4558.

Robert N., Brown W. Reduction of Organic Compounds by
Lithium Aluminum Hydride. lll. Halides, Quinones,istel-

laneous Nitrogen Compounds. Am. Chem. S0d948. V. 15,

70. N 11. P. 3738-3740.

Hudlicky M. Reduction in Organic Chemistry. New York:
Willey & Sons. 1984. P. 5-11.

. Pettit G.R., van Tamelen E.E.Desulfurization with Raney

Nickel. Org. ReactionsM.: Mir. 1965. P. 380-545 (in Rus-
sian).

Godefroi E.F., Wittle E.L. The preparation of some deriva-
tives of B-(10-phenothiazinyl)propionic acid aifid(2-chloro-
10-phenothiazinyl)propionic acid. Org. Chem1956. V. 21.
N 10. P. 1163-1168. DOI: 10.1021/j001116a027.

Osby J., Heinzman S., Ganem BStudies on the mechanism
of transition-metal-assisted sodium borohydride &ifdum
aluminum hydride reductions]. Am. Chem. So0cl1986.
V.108. N 1. P. 67-72. DOI: 10.1021/ja00261a011.

Satoh T., Suzuki S.Reduction of organic compounds with
sodium borohydride-transition metal salt systerReduction
of organic nitrile, nitro and amide compounds tomary
amines.Tetrahedron Letters1969. V. 10. N 52. P. 4555-
4558. DOI: 10.1016/S0040-4039(01)88749-9.

Robert N., Brown W. Reduction of Organic Compounds by
Lithium Aluminum Hydride. Ill. Halides, Quinones, istel-
laneous Nitrogen Compounds. Am. Chem. Socl948.
V. 70. N 11. P. 3738-3740. DOI: 10.1021/ja0119%a05

THocmynuna ¢ pedaxyuio 12.10.2015
Ipunsma x onybauxosanuio 01.08.2016

Received 12.10.2015
Accepted 01.08.2016

45



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

DOI: 10.6060/tcct.20165911.5424

Jlsis1 HUTHpPOBAHUSL:
Bepaues H.H., Omaposa C.M., Anxacos A.b., Maromen6ekos V.I'., Apbyxanosa I1.A., Uckennepor D.I'. Cucrema LiF —
Li; SOy — NaCl.23s. 8yz06. Xumust u xum. mexnonoeus. 2016.T. 59.Bemt. 11.C. 46-49.

For citation:
Verdiev N.N., Omarova S.M., Alkhasov A.B., Magome#lbv U.G., Arbukhanova P.A., Iskenderov E.G. LiEi>SO; —

NaCl systemlzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekizai6. V. 59. N 11. P. 4@9.

YK 543.226.541.123.7
H.H. Bepauesn, C.M. OmapoBa, A.b. Anxacos, ¥Y.I'. Maromenoexos, I1.A. ApdyxanoBa, J.I'. UckengepoB

Hamuu6er Hagun6erosuu Bepnues (B<1), Annbek bacupouu Anxacos, [latumar AGnynaeBHa ApOyxaHoBa,
Ompaap [amxumypanosuy MckeHnepoB

JlaGoparopust akKyMyIHPOBaHUE HU3KOTIOTCHIMAILHOTO TEIUIA ¥ COTHEYHOH dHeprun, Gunmuan o0beAMHEHHOTO
MHCTUTYTa BbicoKuX Temmepatyp PAH, npocm. . lamuis, 39 A, Maxaukana, Poccuiickas ®eneparus, 367015
E-mail: verdievb5@mail.rubd ), alibek alhasov@mail arbuhanova-ivti@mail.ru, elisk13@mail.ru
Cabuna MypanoBaa OmapoBa

Kadenpa tepMoarHaMuKy TEIUTONEpEaYl U YHEProcOepekeHNsT, MOCKOBCKUH MOJIUTEXHUYCCKUN YHUBEPCHU-
teT, yi1. b. CemenoBckast, 38, MockBa, Poccuiickas ®eneparus, 107023

E-mail: sabinom@mail.ru

VYxymaanu ["'amxueBny Marome0exoB

Kadenpa Heoprannueckoit XuMud, JlarecTaHCKUi TOCyAapCTBEHHBIN YHUBEPCUTET, yil. baTeipas, 4, Maxauka-
na, Poccuiickas @eneparus, 367025
E-mail: ukhgmag@mail.ru

CUCTEMA LiF - Li ;2SO — NaCl

Jugppepenuuansno-mepmuueckum ([TA) u penmzenogpazosvim (PMA) memooamu ¢u-
3UKO-XUMUUECKO20 aHau3a ucciedosan cekywui mpeyeonvnuk LiF — LioSQy — NaCluemuwipex-
Komnonenmmuou ezaumnou cucmemst Li, Na /l F, Cl, SQ. Yemanoeneno, umo ¢ cucmeme peanu-
3yemcsa 3emeKmuueckuil cocmae, Kpucmannuzyrowuiica npu 447 C.

KiroueBble ¢jI10Ba. MHOIOKOMIIOHCHTHBIC B3aMHBIC CHUCTCMBI, JIUKBUAYC, SHTAJIbIINA (1);1301301"0 nepe-
X0Ja, O9BTCKTHKA, TCIIJIOHOCUTCIIN, TCIINIOHAKOIINTCIIN

UDC 543.226.541.123.7
N.N. Verdiev, S.M. Omarova, A.B. Alkhasov, U.G. Magmedbekov, P.A. Arbukhanova, E.G. Iskenderov

Nadinbeg N. VerdievB< ), Alibek B. Alkhasov, PatinfatArbukhanova, Eldar G. Iskenderov

Laboratory Accumulation of Low-Grade Heat and S&aergy, Branch of the Joint Institute for High Teen
atures of RAS, I. Shamil ave., 39 A, MakhachkaB/®@L5, Russia

E-mail: verdievb5@mail.rubd ), alibek alhasov@mail arbuhanova-ivt@mail.ru, elisk13@mail.ru

Sabina M. Omarova

Department of Thermodynamics and Heat Energy SaMiogcow Polytechnical University, B. Semenovskaya
ave., 38, 107023, Moscow, Russia

E-mail: sabinom@mail.ru

Ukhumaali G. Magomedbekov

Department of Inorganic Chemistry, Dagestan Statieddsity, Batyrov st., 4, Makhachkala, 367025, &as
E-mail: ukhgmag@mail.ru

46 U3B. By30B. Xumus u xuM. texHosorus. 2016.T. 59.Beim. 11



N3B. By30B. Xumus u xuM. TexHojyorust. 2016.T. 59.Bpim. 11

LiF — Li 2SOs — NaCl SYSTEM

The secant triangle of LiF - LiSQs - NaCl quaternary reciprocal system Li, Na // F|,C
SOy was studied with the differential thermal (DTA) an¥-ray diffraction (XRD) methods of
physical and chemical analysis. It was found thatrfthis system the eutectic composition crystal-
lizing at 447 ° C is realized. DTA was carried auging the STA 449 F3 device for simultaneous
thermal analysis in an inert gas (argon). For XR¢ diffractometer «<Empyreal» was used. Data
were treated applying «PANalytical» ICSD Data ba3ée study of T-x diagram containing alkali
metal ions systems allow to develop new salt contipos which can be used as electrolytes of
molten chemical power sources in electric weldingxes of nonferrous metals, coolants, etc.
Many industries demand the salt eutectic composiio They are used in solar energy, for the
storage medium and high-grade heat as a heat st@ge of the valuable properties of heat store
is the value of the phase transition enthalpy (eggrcontent) of the eutectic composition. Eutectic
compositions, arranged in sections of four-compomenutual systems with three-character, are
the most energy-intensive, that is they possesgjtieatest enthalpies of phase transitions. In this
connection in given work as the research object ttress-section of a stable LiF - $$Q: - NaCl
quaternary reciprocal system Li, Na // F, Cl, S@ere chosen. It should be noted that the heat of
polymorphic transition for lithium sulphate exceedbe heat of fusion. An experiment planning
was carried out according to the general rules bktprojection-thermo graphic detection method
of heterogeneous equilibria for multi component adensed salt systems. It allows carrying out
the experiment with minimum of time to reveal thanameters of invariant compositions. Origi-
nally, one dimensional poly thermal section crosgithe fields of lithium fluoride and sodium
chloride crystallization was studied with DTA. Thetudy of this section allows revealing in the
field of lithium fluoride crystallization the inditdual composition showing the ratio between of
lithium fluoride and sulfate in the ternary eutedatipoint. The content of the third component (so-
dium chloride) in the eutectic and temperature aitectic crystallization was determined with the
study of poly thermal section drowned from crysiadition pole of sodium chloride through the
composition showing the constant ratio of lithiunubride and sulphate up to confluence of
thermo effects of primary and tertiary crystallizahs. The phase composition of the eutectic was
confirmed with XRD. For this purpose the eutectiormposition was initially melted in an inert
atmosphere (argon), and then the composition waptka the same medium at 10 ° C below the
melting point of the eutectic (437 °C) for 10 h.

Key words: multi component reciprocal system, liquidus, phaaesition enthalpy, eutectic, heat
transfer fluids, heat acc umulators

TeruoBoe akKyMyJIHpOBaHHE Ha OCHOBE (ha3o-
BBIX TICPEXOIOB PA3IUMYHBIX MATEPHATIOB SIBJISICTCS OJ1-
HUM U3 HanboJiee MHTCHCUBHO Pa3padaThIBAEMBIX CIIO-
COOOB aKKyMyJIMpOBaHHMS coOlHeyHOW sHepruu [1-3].
HccnenoBanust MpeAnpHHATHL C LENBIO Pa3pabOTKU
SHEPrOEeMKHX TEIUIOAKKYMYIUPYIOIINX MaTepUalioB U3
(hTOPHIOB, XJIIOPUIOB, CYJIbGATOB JIUTHUS U HATPHSL.

B kadecTBe 00BECKTa HCCICIOBAHUIA BHIOPAHO
crabmmsHoe ceuenne LiF — Li:SQ; — NaCl gersipex-
KOMITOHEHTHOM B3anMmHo# cuctemsr Li, Na // F, Cl, SQ

OKCIIEPUMEHTAJIBHA I YACTD

UccnenoBanus mnpoBonmnuch auddepeHiu-
ATbHO-TEPMHUYECKAM M PEHTTEHO(A30BBIM METOJaMHU
(uzuko-xuMudeckoro ananusa. JITA npoBoauics Ha

npubope CHHXPOHHOTO TepMHYecKoro aHanmsa STA
449 F3B atmocepe nHepTHOTO rasza (apron), POA —
Ha mudpakroMmeTpe «Empyreal» MoHOXpoMaTH3aIMs
OCYIIECTBIISUIACh C WCIIOJIb30BAaHUEM HHUKENICBOTO [3-
¢mnbTpa (I = 30MA, U = 40kB), Bpems mara 0,013
rpazg/c, 1t pacipOBKU HUCTIOIB30BATIACh KapTOTe-
ka «PANalytical» ICSD Data baseHlccrenoBanus
MPOBOJMIIUCH B IUIATUHOBBIX THIJISIX C HCIIOJIB30Ba-
HHEM IUIaTHHA-TIATHHOPOAMEBOH Tepmomapbl. Cko-
POCTh HarpeBaHMs M OXJAXKICHUS 00pa3IoB COCTAB-
msma 10 rpag./muH. ToyHOCTH M3MEpEHHs TeMIepa-
Typ *1°C, macca HaBecok 0,2 r. Uumuddepentroe
BEIIECTBO — CBeXenpuroToBiaeHuslid Al,Oz kBamudu-
Kaluu <«4.71.a.». KBanupukanuss HCXOIHBIX COJICH:
LiF, Li>SQy, NaCl —«4.1.a.».

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11 47



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

Bce cocrtaBbl BBIpaKeHBI B JKBHBaJCHTHBIX
MPOIIEHTAX, a TEMIIepaTyphl — B Tpajaycax Llenbcus.

OKCIEPUMEHT TIPOBOJIMIICS B COOTBETCTBHUH C
o0ImyMH TIpaBUJIAMHU TIPOSKIMOHHO-TepMoOTpaduye-
CKOTO METOJIa OTPE/CICHHS IeTePOTCHHBIX PaBHOBE-
cUll B KOH/ICHCUPOBAHHBIX MHOTOKOMIIOHEHTHBIX CH-
cremax [4].

PE3VJIBTATBI 1 X OBCYXJIEHVE

OcHOBaHHEM HCCIEyeMOro CEKYIIEro Tpe-
yronbHuka LiF — Li2SOQy — NaClcemykur aByxxomrio-
HentHas cucrema Li // F, SQ, a 60KOBBIMH CTOpPOHA-
MH sBisroTCs crabminpnable quaroHasn NaCl — LiFu
Li>SQs — NaCl TpexKOMIOHEHTHBIX B3aUMHBIX CH-
creM: Li, Na // F, CI; Li, Na // Cl, SQ B Toukax xoH-
BEpCHUI KOTOPBIX TNPOTEKAIOT PEaKIWU B3aWMHOTO
oOMmeHa:

LiCl + NaF = NaCl + LiF {H®»9s =- 44,89%/[x/ 9kB.;
AG®98 = - 43,72k ]JIx/7kB.)
2LiCl + NaoSOQy = Li»SOy + 2NaCl QH°298=
= -26,9xJIk/9kB.; G298 =-25,07x]x/3KB.)

W3 mpoBefeHHBIX TEPMOANHAMUYCCKUX pac-
YETOB CJIEIYET, uTO 00¢ B3aMHBIC CUCTEMBI OTHOCST-
csl K HeOOPaTUMO-B3aUMHBIM.

Jleyxxomnonenmuvle cucmemvl

1. Li // F, SQ [5]. OBrektrka mpu 532 T u
72,5 3xB.% cynedara autus, uznom npu 806 T u
9,3%cynbdara TUTHS.

2. LiF — NaCl [6]. CrabunpHast guaroHaib
TPEXKOMITOHEHTHOM B3amMHOU cuctemsl Li, Na// F,
Cl. TTepeBansnast sBTekTHUeCcKas Touka nmpu 670 T u
41,55x8.% LiF.

3. Li2SO — NaCl [6].CrabuinbHas quaroHasib
TPEXKOMITOHEHTHOM B3auMmHOM cuctemsl Li, Na // Cl,
SQu. IlepeBanbuas sBTeKTHUECKas Touka nmpu 499 T
u 745kB.% Li>SQ..

Ha croponsr crabunbHo ceuenus LiF —
LioSQs — NaCl nanecenbl qaHHBIC TIO OTPAHSIONAM
cucremam: Li // F, SQu LiF — NaCl; LbSQ: — NaCl
(puc. 1). DxcmepumenransHo ITA wucciaemoBaH of-
HOMEPHBI ToMUTEepMHUYecKuii pazpe3 AB, tme A —

50% NaCl + 50% LiSQy; B — 50% NaCl + 50% LiF

(puc. 1, 2). Ha nmarpamme coctosiHus paspesa AB
BETBU TIEPBUYHON KPHUCTALTU3AIUHN TIEPECEKAIOTCS B
TOYKE M ¢ MOHOBAPUAHTHOM KpUBOii €3 — E*, a BeTBH
BTOPUYHON KPUCTAJUIM3AIMN CIUBAIOTCS C DBTEKTH-
4ecKoil psiMoii B Touke a (puc. 1, 2).

Crnenyer OTMETUTD, YTO TOYKA @ MOKAa3bIBAET
cooTHOMICHUS (TOpUaa U CylbdaTa JIUTUA B TPOHHOM
sBTekTHKE E* M ABNIsIeTCA ee eHTpaIbHOM NpoeKIHei
Ha pa3pe3 AB c momioca KpUCTAJUIM3AIMK XJIOpHUIA
Hartpus (puc. 1, 2).

CocTaB 3BTEKTHKH ONpENETeH H3YYCHHEM Of-
HOMEPHOTO noyTepmMudeckoro paspesa NaCl— a— E-,
10 CIUSIHUS TepMOd(P(EKTOB MEPBUYHON M TPETHYHOM
kpucrammsaiyn (puc. 1-3). BeIsBICHHBIA TakuM 00pa-
30M ABTEKTHYECKUI COCTaB KpHCTaILTi3yeTcs ipu 447 °C
u comeprxur NaCl — 20,55k8.%, LiIF — 19,15kB.%,
Li,.SOQ,— 60,45kB.%.

800°C
2NaCl

6, 670°C
50% NaCl
50% LiF

50% NaCl 50%

849 °C
2LiF

e, 532°C

Puc. 1. lnarpaMmMa coCTaBOB CTaOMIBHOTO CEKYILETO TPEYTrOlb-
nuka LiF — Li2SOy — NaClu pacrionoxeHue nojauTepMUuecKix
paspesos: AB; a— EA
Fig. 1. Diagram of compositions of stable secaantyle of LiF -
Li2SQ: - NaCl and location of poly thermal sectioA®; a — E*

670

600 * + NaCl

*+ NaCl + Li,SO,

*+ NaCl + LiF

Temnepatypa, °C

500
484

447°C

~NaCl + LiF+ Li,SO,

A 50% NaCl 50% NaCl B
50% Li,SO,

CocT. 9kB.%
50% LiF

Puc. 2. Cucrema 2LiF — Li2SQu — 2NaCls paspese AB
Fig. 2. System 2LiF — kBQy — 2NaCl in the section &B

C nenbio moaTBepkAeHUS (a3oBoro cocrasa
IBTEKTHYECKYIO CMECh BbIAEpkHBanu B TedeHne 10 g
npu 437 °C, 3aTeM 3aKaquBaiy IpU TeMIeparype Ta-
fomiero nbaa. Judpakrorpamma POA uccnenyemoit
CMECU IOATBEP)KIAET, YTO B IBTEKTUKE KPHCTAILIM-
syrotcs kommorenTs! LiF, LioSQu u NaCl (puc. 4).
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645
O 600
o
o
=
S
[¢b]
=
lq_E, 500 L+ NaCl + Li,SO,
447°C
NaCl + LiF+ Li.SO,
a a SIS Loy \ EA
50% NaCl ~ COCT. 9kB.% 20,5% NaCl
12% LiF 19.1% LiF

38% Li,SO, 60,4% Li,SO,

Puc. 3. T-x quarpamma rmoJauTepMUdeckoro paspesa a — EA cu-
cremsl 2LIF — Li2SQu — 2NaCl
Fig. 3. T-x diagram of poly thermal cat— E of 2LiF system -
Li2SQu - 2NaCl
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1l

20 30 40 50 60 70 80
2Theta
Puc. 4. ludppaxrorpamMma 3BTEKTHUECKOTO COCTaBa B 9KB.%0
60,4LSCQy + 20,5NaCl + 19,1LiF. (1- kBOy; 2-NaCl; 3- LiF)
Fig. 4. The XRD pattern of the eutectic composifioeq.%
60.4LSQy + 20.5NaCl + 19.1LiF

JaHHble MO auarpaMMamM IUTaBKOCTH HCCIe-
JIOBAaHHOM CHCTEMBI MOTYT OBITh HCIIOJIb30BaHBI KaK
CIPaBOYHBIN MaTepua JJIsl PEIICHUsT PAa3TUIHbIX XHU-
MHUKO-TE€XHOJIOTUYECKUX 3a7a4, B YaCTHOCTU IIpHU
moadope TEIUIOHAKOIUTENICH, TEIUIOHOCHUTEIEH Ter-
JIOBBIX aKKyMYJIITOPOB, PACIUIABICHHBIX JJIEKTPOIIH-
TOB XMMHUYECKUX UICTOYHUKOB TOKA.
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PACYET KPUBBIX IINTABKOCTH MHOI'OKOMIIOHEHTHbBIX CUJIMKATHBIX CUCTEM

Paboma noceawena uccnedoeanuio HEPAGHOBECHHIX NPOUECCOE NIAGTIEHUA CUIUKANHBIX
cucmem ¢ paziuunovim cooeprcanuem okcuoa kpemuus om 5000 99%.IIpousseden pacuem Kpu-
6bIX NIAGKOCMU UCCTIeOYeMbIX MAMEPUAIO8 C YUenOoM (PaKmuuecKkozo Xumuieckozo cocmasa u
onpeodenena ux memnepamypa niaeieHus ¢ UCNOAb306anuem ouazpamm cocmoanus. Ilposeoeno
cpagenenue Kpugblx NAaAGKOCHU 0151 MOOEIbHBIX U PealbHbIX CUCHEM.
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CALCULATION OF MELTING CURVES OF MULTI COMPONENT SI  LICATE SYSTEMS

The work is devoted to the study of non-equilibriypnocesses of melting silicate systems
with varying silica content from 50 to 99%. The calation of the melting curves of materials
based on the actual chemical composition and detieation of their melting temperature using
state diagrams was carried out. Melting curves werenstructed for the analysis of non-
stationary processes investigated raw materialsigsa consistent method of melting eutectics and
their comparison with the melting curves, createg traditional method whereby the conversion
to the ternary system. Principles of the meltingrees for materials taking into account their ac-
tual chemical composition are reduced to considdraptions for the binary and ternary systems
included in the studied multicomponent. Further eadtic arranged to increase the melting tem-
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perature and the amount of liquid phase is determathfor each of them. With increasing temper-
atures the formation of the liquid phase is not dte eutectic melting followed by dissolution re-

fractory components. According to calculations, timeelting point of the raw material increases

with the content of silicon oxide It was confirmdaly experimental research by comparison of the
phase diagrams of equilibrium processes and by fitvenation of a melt of multi-component sys-

tems and their real chemical composition. It wasufa that during slow heating rates both in the

real and in model systems the increase in the lijphase is carried out by melting eutectics and
further by melting the refractory components. Theelting experiments carried out on silicate

systems using the plasma energy (fast blend heatnegealed the melt preparation connects with
the simultaneous melting of all phases.

Key words: silicate raw materials, silicate melt, state diaggamelting curves, melting point

B mporecce miaBneHHs CHIMKATHBIX CHCTEM
MPOUMCXOJUT PST MHOTOOOPA3HBIX (DU3UKO-XHUMHUYC-
CcKkuX © (ha30BBIX MPEBPAIICHUH, WHTCHCHU(PUKAIINS
KOTOPBIX BO3pPACTaeT ¢ yBeIUUeHHEM Temreparyp [1].
HccnenoBanne yka3aHHBIX MPEBpAlCHUN, a TaKke
ompeJeneHrne 0cOOEHHOCTEH MOBEIECHHS CHIIMKATHBIX
CHCTEM C YYETOM HX XMMHYECKOTO COCTaBa IIEIeco-
00pa3HO MPOBOJUTH C HCIOJNB30BAHHEM JIMarpaMMm
COCTOSIHUSI M KPHUBBIX ITABKOCTH, OTPAXKAIOMIUX KO-
JMYECTBO M COCTaB JXKWAKON (a3bl Mmpu HM3MEHEHHWH
Temnepatypbl. JlJisi npeaBapUTeNbHON OIEHKH MpOo-
1ecca TUIaBJICHHUS ChIPhEBBIX KOMITOHEHTOB OBLIH IMO-
CTPOCHBI KPUBBIC TIABKOCTH C UCTIONB30BAHUEM JTHA-
rpammel coctostaus cucteMbl CaO—AbOz—SiO.

B kauecTBe MCXOJHBIX MATEPHUATOB JJIS TO-
JYYCHUS] BBICOKOTEMICPATYPHBIX CHIIMKATHBIX pac-
TUTABOB HCTIOJIb30BANINCH:

- 0azapTOBAs MOPOJIA,;

- IPOAYKTHI CKUTAHUS TOPIOYUX CIIAHIICB;

- KBapIIeBbIi MIECOK.

XUMUYECKUIN COCTaB YKa3aHHBIX ChIPHEBBIX
MaTepHajoB MpeICcTaBleH B Ta0u. 1.

Taonuya 1
XuMHUUYeCKHH cOCTaB HCXOHBIX CBIPbEBbLIX MaTepHua-
JIOB /10 IJIA3BMEHHOI'0 Harpesa
Table 1.Chemical composition of initial raw materials
before plasma heating

CoIpbeBbie ConepxaHue OKCHI0B, Mac. %
matepuanel | SiQ | Al203|Fe03) CaO [MgQ R0 | Am,,
basambtosan | o 40116 17| 7,24| 8,98 3,37(2,14[11,70
ropoja

TIponyxThI

cxuranns | 61,5923,36/ 7,91 1,60|1,27|1,34| 2,93

CJIAHIICB

KBapuesbrit
necox Tyran-l g0 15 5 67| .12 0,070,05/0,01] 0,93
CKOI'O MECTO-

pOXAeHUs

W3 maHHBIX, IpenCTaBiIeHHBIX B Tabm. 1, cie-
JIyeT, YTO BCE HCIOJB3YEMBIE CHIPhEBHIC MATCPUAIIBI
comepxar Oonee 50% SiQ, KoTOphIi sBISETCS OC-
HOBHBIM CTekJIooOpa3oBateneM. [IpenensHoe comep-
JKaHUE OKCHJIAa KPEMHUS TYTaHCKOTO TIECKa COCTABIIS-
er 98,15mac. %, T.e OTCEBBI IIECKA SIBIISIIOTCS BBHICO-
KOKPEMHE3EMHCTBIM MPOAYKTOM C JIOCTATOYHO HH3-
KHM COZEep/KaHUEM TIpuMeceit [2].

Jlns aHanmw3a HECTAIMOHAPHBIX MPOIECCOB
HCCIIETYEMBIX CHIPHEBBIX MATEPUAIIOB OBLTH MOCTPO-
€HBI KPHBBIC IUIABKOCTH C WCIOJIB30BaHHEM METOJa
MOCJICIOBATEILHOTO TUIABJICHHS SBTCKTHK WM CpaBHE-
HHUE WX C KPUBBIMHU IIIABKOCTH, MPOCTPOCHHBIMU Tpa-
JWIIMOHHBIM METOJIOM, IOCPEJICTBOM IepecueTa Ha
TPEXKOMITOHEHTHYIO CHUCTeMy. [IpUHIMITBI MOCTpoe-
HUS KPUBBIX TJIABKOCTH IS MATEPHAJIOB C YYETOM UX
(aKTHUECKOTO XMMHUYECKOTO COCTaBa CBOIATCS K
PacCMOTPEHUIO BCEX BapHAHTOB OMHAPHBIX M TPOU-
HBIX CHCTEM, BXOJSIIUX B UCCICIYEMYH) MHOTOKOM-
MOHEHTHY0. Jlalee 3BTEKTHKH pACIONaraloTcsi Mo
YBEIUYCHUIO TEMIIEPATYPhl TUIABJICHUS, U ONpEes-
eTCs KOJMUYECTBO JKUAKON (hasbl T KaXIOW U3 HUX.
C mMOBBIICHWEM TEMIIEpaTyp OOpa30BaHUE >KHIKOM
(a3bl MPOUCXOTUT HE 32 CUET TUIABJICHUS DBTEKTHK, a
3a CUET pAaCTBOPEHHS TYTOIUIABKUX KOMIIOHEHTOB.

Hwke npuBeneHbl pe3yabTaThl PacueTOB H3-
MEHEHHUSI KOJIMYECTBA paciuiaBa NpHW IUIABICHUM Oa-
3aJIbTa C YUETOM €r0 XUMHUECKOTr0 cocTaBa (Tabi. 2).

AHanu3 TpOIECCOB 00pa3oBaHMs paciliaBa
0azanbTa [3] ¢ yuyeToM (aKTHUECKOTO XMMHYECKOTO
COCTaBa MOKa3aJl, 4TO MePBUYHBIN pacriaB o0pasyer-
cs npu temneparype 1170 € — 35,92%. [lanHbie
MPOIIECCHI SBISIOTCS HEPAaBHOBECHBIMU M OTPAKAIOT
TUTABJICHUE MaTEePHAajOB TPAJUIIMOHHBIM METOJIOM B
BaHHBIX MMEYaX MPU TEXHIUUYECKUX CKOPOCTIX HArpeBa.
[InaBneHue ciaenyromei SBTEKTUKH, UMEIOIIEH B CBO-
em cocraBe 38% SiQ u 62% FeOnpoucxoauT mpu
temmeparype 1178 € ¢ obpazoBanuem 9,99%53BTeK-
THYecKoro pacruiaBa. Jlamee oOpa3oBaHue pacruiaBa
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MPOMCXOAMT 3a cueT cBsasbiBanust MgO, ALOs, SiO,
npu Temmeparype 1355 € cymmapHOoe KOTUUECTBO
pacmnaBa — 60,35%.1Ipu ganpHEWIIEM MOBBIICHUH
TeMIIepaTypsl paciiaB oOpa3yercst He 3a CUeT IUIaB-
JIeHHWS JBTEKTHK, a MYyTeM pacTBOPEHHS OKCHIOB
KpEMHHUSI ¥ alloMUHUSA, U 1ipu Temneparype 1370 €
0a3anbT MOTHOCTHIO PACTUIABUTCA.

Taonuya 2
Pacyer u3MeHeHHUs1 KOJIMYECTBA paciiaBa 6a3ajibTa
METOA0M MOCJIET0BATECJIBHOI0 IIJIABJICHUA IBTCKTUK
Table 2.Calculation of change of melt amount of basalt
by the method of consecutive melting eutectics

VBN 5 P o
5= |8 |BEg8gd
88 |Sol82&ss 8
Cucrema m 2 &y EEE‘Q’E@
cE O |F [S2E55%
o F = 8 oY ¥ 9
SiC; — 60
Ca0O-ALOs-SiO, | Al,03—15|1170| 35,92 | 35,92
CaO — 25
. SiOc; — 38
FeO-SiQ FeO 62 1178| 9,99 | 45,91
MgO - 21
MgO-Al20s-Si0; | AlOz-22 | 1355| 14,44 | 60,35
SiC; — 47
Si0, — 43,6 - -
CaO-MgO-SiQ | MgO -9,2| 1400 - -
CaO — 47,2 - -
. SiC; — 63 - -
CaO-SiQ CaO — 37 1436 B
. Si0; — 65
MgO-SiG, MgO — 35 1543| - -
ITostHOE pacruraBieHue 1370 - 100

AHanu3 KpUBBIX TIABKOCTH 0a3ajIbTOBOW ITO-
ponsl (puc. 1) mokasai, 4to TeMiepaTypa Hadaga 00-
pa3oBaHuUs paciuiaBa Jis MOJCIBHOW M pealbHON CH-
cteM cootrBeTcTByeT Temmeparype 1170 °C. Ilpm
stom 100%#1 pacriae O6a3anbTa oOpa3yercs B mpeje-
nax 1350-1400°C. Ilo kpHBBIM IUTABKOCTH 0a3ajibT
XapaKTePU3yeTCs] OTHOCUTEIBHO OOJBIINM KOJHYE-
CTBOM TIEPBUYHOTO paciuiaBa: 52% — s paBHOBec-
HOro mnporecca, 35,92% —mis HepaBHOBECHOIO IIPO-
necca. 3aBUCUMOCTbD JTaTbHEHINET0 MOBBIMICHHS JKUJI-
KO# (ha3pl ¢ yBEeNMUEHHEM TeMIepaTypbl HE WUMeEeT
NpUHIMTHATEHEX omnunid (kp. 1, 2). Temmeparyp-
HBIH MHTEpBaJ OT 00pa3oBaHMs MEPBUYHOTO pacinia-
Ba 10 mojHoro pacriaeinenusi cocrasisier 200 °C.
OTnuune KpUBBIX TUIABKOCTH, MPHUBEJCHHBIX K TPOW-
HOU crcTeMe, U Ut (aKTHYECKOr0 XUMHIECKOTO CO-
CTaBa 3aKIIOYaeTCs B Pa3IMIHON CKOPOCTH 00pa3o-
BaHUA JKUAKOM (a3pl. g (akTHYecKoro cocraBa
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CKOpPOCTh MEHBIIIEC BBHUJYy HAJHUHs MPUMECHBIX KOM-
moneHToB (F&O:[7% u ap.). OnHaKo ¢ yBeTHUYEHHEM
temneparypsl 6onee 1350°C ckopocTh 00pa3oBaHus
paciiaBa yBeJIMuHBaeTCsl.

CrenyromyM 00BEKTOM HCCIICTOBAHHMIA CTaIH
OTXOJBI MOCJIC CKUTAHHS TOPIOYHMX CIIAHIEB, TEMIIC-
parypa ruiaBieHus kKotopbix okono 1700°C [4]. Pe-
3yIbTATHl XUMUYECKOTO aHAITN3a MPOYKTOB COKUTAHHS
TOPIOYHX CJaHIeB (Tabi. 1) maroT BO3MOKHOCTH IIPE-
MOJIOKUTh, YTO Hapsy ¢ 0a3albTOBBIMH TOPOJIAMU
OHH MOTYT OBITh UCIIOJIE30BAHBI IS TOTyYECHUS BBICO-
KOTEMITEPaTyPHOT0 CHITUKATHOTO paciuiaBa (tadm. 3).

K. %
100
90
80
70
60
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40
30
20
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170 C

0

1150 1250 1350 1450 1550 tc

Puc. 1.Kpusble miaBkocTu 6azanbra: 1 —paBHOBECHAS 3aBHCH-

moctsb B cucteme Ca0-AbOs-SiOz; 2 —epaBHOBECHAS 3aBUCH-
MOCTB IJIs1 PaKTHIECKOTO XUMHIECKOTO COCTaBa

Fig. 1. Curves of basalt melting: 1 — equilibriuepéndence in

the CaO-At0s3-SiO; system; 2 — non-equilibrium dependence for

the actual chemical composition

AHanmu3 mporeccoB 00pa3oBaHHs paciiaBa
MPOAYKTOB CXKUTAHUs CIAHIEB C Y4eTOM (paKTHye-
CKOTO XHMHYECKOTO COCTaBa TOKa3al, YTO OTHOCH-
TEJBHO HEOOJBINOE KOTMUYECTBO MEPBUYHOTO pacIlia-
Ba oOpasyercsa mpu Temmepatype 1170 °C — 6,4%.
I1naBnenue cneayromend 3BTEKTUKHA, UMEIOIIEN B CBO-
em cocraBe 38% SiQ u 62% FeOnpoucxoaut Ipu
temneparype 1178 °C ¢ oOpazoBanuem 10,92% 3B-
TEKTUYECKOro paciuiaBa. Jlamee oOpa3zoBaHue pac-
I1aBa MPOMCXOINT 3a cueT cBsasbiBanus MgO u SiO;,
npu temmeparype 1355 °C cymmapHOe KOJIM4ecTBO
paciuiaBa — 22,76%.I1pu nanpHEHIIEM MOBBIICHUN
TEMIIepaTypbl MPOHUCXOJUT YBEIUYCHHE KOJIUYECTBA
pacruiaBa, u npu Temneparype 1600°C npogykT cxu-
TaHUsI TOPIOYMX CIIAHIIEB MOJTHOCTHIO PACTUIABUTCS.
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Taonuya 3
Pacyer u3MeHeHHUA KOJIHYECTBA pacijiaBa NIpoayKToB
CKUI'aHud CJIAHIIEB METOA0M IMOCJIET0OBATEC/IBHOTO
IIABJICHUA IBTEKTHK
Table 3.Calculation of change of melt amount of prod-
ucts combustion of slates by the method of conseote
melting eutectics

o 2 ! C>\o o
55 | B |2Eg82d
m = o O A <
o D < o F Slg8 9
Cucrema g A =5 2 EEZEE
SE | E |58g:25%
S E S 7 % o Oz g
SiO; — 60
CaO-ALOs-SiO; | Al;03—-15| 1170 6,4 6,4
CaO - 25
. SiO, — 38 4
FeO-SiQ FeO — 62 1178 | 10,92| 17,32
MgO - 21
MgO-Al;03-Si0, | Al,Os-22 | 1355 | 5,44 | 22,76
Sio; — 47
SiO; — 43,6
Ca0O-MgO-SiQ | MgO —-9,2| 1400 - -
CaO — 47,2
. SiO; — 63
CaO-SiQ CaO — 37 1436 - -
OO6pa3oBaHue pacriaBa 3a cueT
pactBopenust Al,Osu SiO; 1500 43
: SiO; — 65
MgO-SiG, MgO — 35 1543 - -
OO6pa3oBaHue pacriaBa 3a cueT
pactBopenust Al,Osu SiO; 1550 62
TTonHOE paciuiaBieHne 1600 — 100
K. %
100
90
30
70
o—
60
50
40
30
20
0 < g fc

1200 1300 1400 1500 1600 1700

Puc. 2. KpuBble II1aBKOCTH MPOIYKTOB C)KUTAHUS CIIAHLICB!
1 —paBHOBecHas 3aBUCHMOCTH B cucTeMe CaO-AbOs-SiOy;

2 —HEpPaBHOBECHAA 3aBUCUMOCTD IJISA (baKTPIHCCKOFO XAMHUYECCKOTO

cocCTaBa

Fig. 2. Melting curves of products of slates contimms 1 — equi-
librium dependence in the CaO28k-SiOz system; 2 — non-
equilibrium dependence for the actual chemical aositjpn

AHanM3 KpHMBBIX IIaBKOCTH (pHc. 2) moKasai,
4TO TeMIepaTypa Havaia oOpa3oBaHMs paciuiaBa Ipo-
IyKTa CKuraHus ciaHieB He mpesbimaer 1350 °C.
[Ipu 5TOM KOIMYECTBO MEPBUYHOTO paciiaBa 6,4%B
peanbHO# cucteme obpasyercs npu 1170 €, a B Mo-
nenpHoit mpu 1350 € oOpasyercs 66% pacmasa.
Ob6pazoBanne 100%fo0 pacmnaBa MpOIyKTa CHKUTa-
HHS CJIAHIICB B MOJICJIILHON CHCTEME TPOUCXOIMUT PU
temmeparype 1700 €, ogHako ¢ yuyeToM peaabHOIro
XMMHYECKOTO COCTaBa TNPOAYKT CHKUTAHHS CIAHICB
MOJTHOCTBIO paciutaButcs mpu temmeparype 1600 €.
Pa3nmuume B ckopocTn 00pa3oBaHHs pacIulaBa i
KpHUBBIX MIaBkocTh (1, 2) CBSA3aHO C y4ETOM IIIaBiie-
HHUS TIPUMECHBIX KOMIIOHEHTOB, XapaKTePHBIX IS
(aKTHYeCKOro XMMHYECKOTO COCTaBa MPOIYKTOB
COKUTaHUS CIIAHIIEB, X HAIMYHE YCIOXKHSIET Mpolece
obpazoBanus 100%+to pacrnnasa.

Ha cnemyromiem starne ObLIM TOTYYCHBI IaHHBIC
0 TIpolieccax IUIaBIEHMs KBApIIEBOTO Iecka [5], pe3yiis-
TaThl KOTOPBIX MpeCTaBlIeHbI B Ta0M. 41 Ha puc. 3.

AHanu3 mpoueccoB 00pa3oBaHUs paciuiaBa
KBapIEBOTO MECKa ¢ Y4eTOM (PaKTHIECKOI0 XUMHUe-
CKOT'0 COCTaBa MOKa3aJ, YTO HEOOJIBIIOE KOJINIECTBO

Taonuua 4
Pacuyer m3MeHeHHsI KOJIMYECTBA paciiiaBa KBapueBoro
nmecCKa METo0M MOCJICA0BATEIBHOIO INIABJICHUS 3BTEKTHK
Table 4.Calculation of change of melt amount of quartz
sand by the method of consecutive melting eutectics

o

1 - [
2 X g 2 2°. X
g g 2 =g g c 8 J
o 9 s grclgg e
Cucrema = a0 | 755|882
S< | 2° |EE5(2EE
2E |2 |SEEl5E¢
SF | & e oY R g
SiO; — 60
Ca0-ALOs-SiO, |Al203— 15 1170 1,8 1,8
CaO - 25
. SiO; — 38
FeO-SiQ FeO 62 1178 0,17 1,97
MgO - 21
MgO-Al;03-SiO; | Alo0s - 22| 1355 0,23 2,2
Si0 - 47
Si0; — 43,6
Ca0O-MgO-SiQ |[MgO —9,2 1400 - -
CaO -47,2
. SiO; — 63
CaO-SiQ CaO =37 1436 - -
O06pa3oBanue pacmiasa 3a cueT| ;o _ 12
pactBopenus SiO,
. SiO; — 65
MgO-SiG, MgO — 35 1543 - -
O06pa3oBanue pacmiaBa 3a cueT| 4 o _ 77
pactBopenus SiO,
[TostHOE pacruraBieHue 1610 — 100
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1200 1300 1400 1500 1600 1700 !C
PI/IC. 3 KpI/IBbIe IIIABKOCTHU KBapHeBOI‘O TIIEeCKa. l —paBHOBeCHaSI

3aBucuMocTh B cucteMe CaO-AbOs-SiOp; 2 —HepaBHOBECHAs
3aBHCHMOCTb JUIsl (PAKTHYECKOTO XMMHYECKOTO COCTaBa

Fig. 3. Melting curves of quartz sand: 1 — equilibr dependence

npeebiaer 12%. Jlajgee ¢ MOBBIIIICHUEM TeMIIEpaTy-
pBl TIPOMCXOAUT PE3KOe BO3pACTaHHE CYMMAapHOTO
KonuvecTBa paciuiaa a0 /7% npu 1600 €, u npu
1610 €T xBapiieBblii IECOK MOJHOCTHIO PACIIABUTCS.
Amnanu3 KpuBBIX miaBkoctH (pric. 3) mokasain,
4TO TEMIlEpaTypa Hadajga oOpa3oBaHWs pacIuiaBa
kBapuesoro necka 1170 €. IIpu 3ToM 1Mo MoaEIbHOMR
crcTeMe KOJIMUYECTBO TIEPBUYHOTO paciuiaBa 8%, a 1o
peanbHO# cucteme 1,8%. JlanbHeiimee yBenndeHue
KUIKOHM (ha3pl MPOXOANUT aHAJTIOTUYHO JJIST MOAEITBEHOMN
u peanbHol cucteM. Oopazopanne 100%+fo pacmiaBa
KBapLEBOT'0 MECKa B MOJICIIBHOM CHCTEME TIPOUCXOIUT
npu temneparype 1700 €, ognako ¢ yyetoMm peanbHO-
TO XHMHYECKOTO COCTaBa KBapICBBIM TECOK MOJIHO-
CTBIO pacIuiaBuTCs mpu Temmeparype 1610 € [6].
Takum 00pa3oM, HA OCHOBAHUH TPOJCITAHHO-
ro aHajmu3a ObUIM TIOJyYeHBI pacueTHhIC JaHHBIE, OT-

in the CaO-AI0s-SiO system; 2 — non-equilibrium dependence PA7KAIOIIIE  OCOOCHHOCTH MOIYYCHUS pacruiaBa M3

for the actual chemical composition

MEPBUYHOTO pacijiaBa o0pasyeTcs MpH TeMIepaTrype
1170 € — 1,8%.I1naBneHue cieayroleil SBTEKTUKH,
UMerole B ¢cBoeM coctaBe 38% SiQ u 62% FeO,
nporcxoaut mpu temneparype 1178 € ¢ obpazosa-
nuem 0,17%osBTekTryeckoro pacmiaea. Jlamee oOpa-
30BaHME pACIUIaBa MPOMCXOIUT 32 CYET CBS3BIBAHUS
MgO, Al;Os, SiG, mpu Temmneparype 1355 € cywm-
MapHOe KoJInW4ecTBO paciuiaBa — 2,2%. [Ipu nans-
HeWIeM MOBBICHUN TeMIIepaTyphl PaciuiaB oopasy-
€TCs HE 3a CYCT IUIABJICHUS DBTCKTHK, a MyTEeM pac-
TBOpEHHS OKcuaa KpemHuus. [Ipu Temmeparype [0
1500 € cymmapHOe KOJUYECTBO KMIKOH (a3bl HE
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HCCIEAYEMBIX MaTEpPUAIOB C YUYETOM HX PEaJbHOTO
XUMUYECKOTO COCTaBa MNPU MEJICHHBIX CKOPOCTSIX
HarpeBa. CorilacHO pacderam, TeMIepaTypa IIaBiie-
HUSA CHIPbsl YBEITUYUBACTCS C YBEIUUCHUEM COZCpKa-
HUA B UX COCTaBE OKCHJA KPEeMHUS, YTO U MOJTBEp-
XKIACHO PE3yIbTaTaMU HKCHEPUMEHTAIBHBIX HCCIIEHO0-
BaHuil. [IpoBesieHO CpaBHEHHE MO AMarpaMmaM co-
CTOSIHUSI PAaBHOBECHBIX MPOIIECCOB 00pa3oBaHUs pac-
IJIaBa W MHOTOKOMIIOHEHTHBIX CHCTEM pEeabHOTO
XIUMHYECKOTO COCTaBa. YCTAHOBIECHO, YTO TPU MeJ-
JIGHHBIX CKOPOCTAX HarpeBa Kak B peajbHOMU, TaK U B
MOJICTTFHOW CHCTEMax yBEIWYCHUE KHUAKOH (hasbl
OCYIIECTBIISIETCA 32 CYET IUIABJICHHUS 3BTEKTHK U Ja-
Jiee 3a CYET pACTBOPEHUS TYTOIUIaBKUX KOMIIOHCHTOB.
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E-mail: pechenyuk@chemy.kolasc.netXI( ), semughicteemy.kolasc.net.ru, domon-
ov@chemy.kolasc.net.ru

lanusibany M3mannosHa Kagsiposa

Jlaboparopust GU3NKO-XUMHUECKUX METOJIOB aHanu3a, IHCTUTYT XUMHUY U TEXHOJIOTUU PEIAKUX IEMECHTOB U
MUHEPaIbHOro chipbs Koabckoro Hayunoro nentpa PAH, Akagemroposaok, 26a, r. Anatutsl, Poccuiickas ®e-
nepanust, 184209

E-mail: zalkind@chemy.kolasc.net.ru

TEPMHUYECKOE PA3JIO’)KEHUE 'EKCAIIUJIOKOBAJIbTATOB 'EKCAYPEAXPOMA (1)

Ilpogedeno cpasnumenvnoe uszyyenue mepmoau3zad O6OUHBIX KOMRIEKCOE
[Cr(ur)e][ Co(L)s]-NH20 (L = 1/2G0O4*, CN) ¢ ammoceepe 6030yxa, apzona u sodopooa. Ipous-
6e0eH ananuz 2a3000pasHblX U MEEPObIX HPOOYKHIOE8 MEPMOIUZA KOMNAEKCO8 0151 OMOETbHbIX
memnepamypnvix unmepeanos. Haiioeno, umo 2a3000pasnvimu npoOyKmamu mepmoausa A6s-
tomcs NHs, CO, CQ,, HCN u HCNO. ITpu mepmonusze komnaexca ¢ L = 1/2GO4* ene 3asucu-
mocmu om cpedvt okono 300 T obpaszyemca unmepmeouam cocmasa Cr(ur)Co(CG0q)s. Ilpu
mepmonuse 6 unepmnoi cpeoe komniexc ¢ L = CN yoeprcusaem 6 meepoom ocmamke oo 1/3
UCXO0HO020 y2nepooa.

KioueBnle ciioBa: Z[BOI>’IHOI>’I KOMIUJICKC, CUHTC3, TCPMOJIN3, aHAJIN3, MOUCBUHA, UHTCPpMCIUAT
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THERMAL DECOMPOSITION OF HEXACIANOCOBALTATES OF HEX AUREACHROME (IlI)

Double complex compounds having the [Cr(uf)Co(C.0.)3] ZH.O (I) and
[Cr(ur)¢][Co(CN)s] BH20 (I1) compositions were synthesized and characted using the IR spec-
troscopy, elemental analysis, X-ray diffraction,ystal optical and thermal analyses. The com-
pound | is anisotropic turquoise crystals with a edle and needle-fiber shape and a length of 5 —
15 pm. The refractive indixes are N= 1.53; Ny = 1.56. The compound Il is anisotropic lamellar
pale-green crystals with refractive indixes of \= 1.55; Ny = 1.64. According to thermal analysis
curves, the crystallization water is removed thesti The dehydrated products are resistant up to
170-1807C. There is a fast weight loss from 200 to 3@) which is almost the same in both cases
(about 37%). The residue of the complex | after @alation is 20.9% in air and 16.1% in argon.
For complex I, they are 23.6% and 26.4%, respeetiv A comparative study of the thermolysis
for these complexes in air, argon, and hydrogen veasried out. The gaseous and solid thermoly-
sis products of the complexes for different tempera ranges were analyzed. It was determined
that the gaseous thermolysis products are €0, CGO,, HCN, and HCNO. Regardless of the
medium, the thermolysis of complex | gives an intexdiate with a composition of
Cr(ur)Co(C04)3 at the temperature of about 300 °C. The amountcafbon released as CO and
C(O; and remaining in the solid residue at all tempeuagés is close to 70%, so at least 30% is the
urea released in the invariable form and as isocy@aacid and others. This also applies to com-
plex 1. The urea behaves identically in both cases thermolysis of complex I, no intermedi-
ate is formed and in the inert environment, the aomd of original carbon, remaining in the
solid residue, is much greater than for I, due t@cbmposition of cyano groups with nitrogen
emission. As a result of thermolysis in atmosphedir and in hydrogen, both the compounds
give products with similar carbon contents. Subatihg of iron on cobalt in the composition of
the complex anion has no appreciable effect on twurse of the thermolysis of either the oxa-
late or cyanide complex.

Key words: double complex, synthesis, thermolysis, analysiauntermediate

BBEJEHUE gTo mpu Tepmonmse 3ThX JIKC 9acth KoopauHUpO-
BaHHBIX [UAHOTPYIIN BBIJCISAETCS B BHJE ra3000pas-

TepMuueckoe TOBEJICHUE JBOWMHBIX KOM-
wiekcHex coequnennit (JIKC), comepkammx aHHOHBI
[Fe(CN)Y]*®-, ucnonb3yeMbIX sl HOJTyYeHUs OHMe-
TJIMYECKUX HAHOIOPOIIKOB B Pa3IMYHBIX Ta30BbIX
cpefax, MMpoKo uccaemosano [1-4]. YcranosieHo,

Horo HCN, a yacte pasmaraeTrcst B TBepAoH ¢ase ¢
BeienienueM Nz u amopdHoro yriepoxaa. [lokazaHo
[5-8], uTo TepMOIHM3 OKCAIaTOB METAJIOB M OKCajar-
HBIX KOMIUIEKCOB TaK)Ke MPEACTABNISCT OOBINION WH-
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Tepec, TaK KaK HU3KHE TEMIIEPATYphl Pa3JIOKCHHUS
OKCaJIaTOB MO3BOJISIOT MOJY4YaTh YJIbTPAJUCIICPCHBIC
HOPOIIKK METAJUIOB M OKCHJIOB, HE 3arpsi3HCHHBIC
IPOJYKTaAMH TEPMOJIH3a, MOCKOJIBKY MPOIAYKTHI pas-
JIOKEHHSI OKCA-JIATOTPYIII JIETKO YAAISIOTCS U3 TBEp-
noit ¢asel [8]. Panee Hamu ObUT U3YYEH CHUHTE3 M TEP-
monms coequnenust [Cr(ur)s][Fe(Ox)s]- 3H0O (ur —mo-
gyepuaa CO(NH2)z, Ox - C204%) [9, 10] u rpynms
JKC cocraBa [Co(A)e][M(Ox)3]- NH20, roe A = NHs,
1/2GHgN2, M = Fe, Cr, [11]s armochepe Bo3myxa,
aproHa u BOJ0po/a.

B Hacrositueii paboTe MbI IIPOBEIH CPaBHUTENb-
HOE M3YYCHHE TEPMOJIH3a aHAJIOTOB PaHEe HCCIICOBaH-
HBIX KomimtekcoB coctaBa [Cr(uns][ Co(C204)3)- 4H0 u
[Cr(ung][ Co(CN)g]- 3H20 B atmochepe Bo3myxa, Ar u
Hp, 94TOOBI BBISIBUTH pa3iuyMs B XOJ€ TEPMUUECKOTO
pa3noXKeH s, CBSI3aHHbBIC C MPHPOIOH JUraHaa U Me-
Tama B annoHHou Jactu JJKC.

OKCIIEPUMEHTAJIBHA I YACTDH

Nzyuaemsle JIKC nmomyuanu myTeM cmelmBa-
HUSl paCTBOPOB SKBUBAJIECHTHBIX KOJIMUECTB KAaTHOHHO-
ro ¥ aHuoHHOro MoHokomiurekcoB [Cr(ur)s]Cls- 3HO,
K3[Co(CN)]: 3H0 u K3[C0o(C:04)3]- 3H0, cunresu-
POBaHHBIX COTJIACHO HCTOYHUKY [12].

Hns [Cr(ur)e][CO(C204)3] +4H,0 (| )

(C12H32N1202CrCo) maiineno, %: C 17,9; Cr 6,4; Co 7,0,

BhIumcIieHo, %: C 17,8; Cr 6,4; Co 7,31¢n.m. 806,9).
HOuns  [Cr(ur)s][Co(CN)s]-3H20 (I1)

(C12H30N180oCrCo) matineno, %: C 22,4; Cr 7,6; Co 8,3,

BerumncieHo, %: C 21,2; Cr 7,6; Co 8,61¢n.m. 680,7).
AHanmm3 Ha MeTauibl BBITIOJIHSUIA HAa CIEK-
tpomerpe AAnalyst 4008 pactsopax JIKC B consHoM
KHCIOTE. AHAN3 Ha YTJIEPOT BBIMOIHSIIA HA aBTOMa-
tuaeckoM ananuzatope ELTRA CS-2000/KC oxa-
paktepusoBanu MetogamMu POA, UK-criekTpockoniu
U KPUCTANIOONTHYECKOro aHanm3a. udpakrorpam-

Mbl cHUManu Ha audppakromerpe Shimadzu XRD

6000 (CuK,-uznyuenune, TpauTOBBI MOHOXpOMa-
Top). Hanbosee nHTEHCHBHEBIE pe(IEKCH ¢ MEKILIOC-
koctHbIMU pacctostHusvu (d/n, mm)/1: | — 0,65/100,
0,60/79, 0,85/59, 0,53/44, 0,45/389; — 0,74/100,
0,30/40, 0,36/31, 0,59/24, 0,28/23.

HK crexkTpsl CHUMAIU Ha CHEKTpOMETpe
Nicolet 6700 FT-IRs o6nactu 4000-400cm™ B Tab-
netkax KBr. Hns wnentudukamuu JIKC meromom
HK-CrIeKTpOCKONNH MCIOIh30BaIN UCTOUHHK [13].

UK-cnektp | (v, cm?): 3463, 3346, 3232

v(NH,); 1708, 1671v.{C=0); 16325.{NH,); 1558
v(C=0); 1500, 1385(C-N); 1243v4(C-O) +5(0-C=0);
1156 pw(NH2); 1034 v{(C-N); 900 v{(C-O); 849
p(OHy); 822, 8045(0-C=0) +v(M-O); 770w (C-O);
630p(OH2); 559v(M-O) +v(C-C); 444v(M-O) + Syuucr.
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UK cnextp Il (v, em?): 3450v(OHy), 3350,
3220 v(NHz); 2140 (C=N); 1640 3.{OH2); 1560
dadNH3); 1500v(C-0); 1140pw(NHz); 1030vs(C-N);
7608 (NCO); 5305(NCN); 400v(M-C).

Kpucramnoontuueckuii aHain3 ¢ MOMOIIBIO
mukpockorma Leica DM 2500u cranmapraoro Habopa
UMMEPCUOHHBIX KHIKOCTEH IMOATBEPIMI OJHOPOJI-
HOCTh coeAMHEHHWH. | mpeacraBnser coOoil aHH30-
TPOIHBIE KPUCTAIIIBI OUPIO30BOTO IIBETA UTOJILYATOTO
Y UT0JIbYaTO-BOJIOKHUCTOTO OOJIMKA, IIIMHON OT S 10
15 mxm. IMokazarenu npenomierus: Ny = 1,53; Ng =
=1,56.11 - aHM30TpOMHBIC MIACTUHYATHIE KPUCTAILIIBI
onenno-3eneHoro msera, N = 1,55; Ng = 1,64.

Tepmuueckuii aHamu3 B atMocdepe BO3Iyxa
u aproHa BeimonHsuu Ha npuoope NETZSCH STA 409
PC/PGe xopyHIOBOM THTIIE ¢ KPBIIIKOH, HaBecka 6-10
mr, ckopocth HarpeBa 10 rpam/mun. TepmorpamMmbl
KOMIUIEKCOB TpUBe/IeHBI Ha puc. 1a u 2 a. Conepxanue
CO u COz2 ; B Ta3000pa3HbIX MPOAYKTax TepMmonusa |
OmpeIessIA C TIOMOIIBI0 TazoaHamusaropa MAI (mpo-
msBozictBo OOO Monwuto-punr, Cankt-IletepGypr)-
s skcnepumenTta HaBecky JIKC 0,2-0,3r B kBapiie-
BOM JIOJIOUKE HArpeBalld B TOKE BO3yXa WIHM aproHa B
MNPOTOYHOM TPyOYaTOM KBapLIEBOM pPEAaKTOpE, BCTaB-
JIeHHOM B TpyOuaryto neur Nabertherm RT 50-250/11.
Cxopocth Harpea meun — 10 Tpan/MuH, CKOPOCTH Ia30-
Boro moroka — 1 n/mun. ITo TUIOMIaaM BBIXOIHBIX KPH-
BeIX (puc. 16 u 20) B koopauHarax C, Mons/n ot V, 7,
HAXOJIWTU BBIXOJI KOMIIOHEHTOB Ta30BOr0 TIOTOKA B MO-
msix. [1oma s KpUBBIX PACCUMTHIBAIM TI0 MPOrpaMme
QtiPlot s UNIX cucrem. OtHOCHTENbHAS ITOTPEIII-
HOCTB onpenienieHuit 5%.

YacTh KOOPAWHHUPOBAHHOW MOYCBHHBI OT-
MIETUISIETCs], YIETYYNBAeTCS U KOHJCHCUPYETCS B XO-
JIOJJTHOM KOHIIE PEaKTOPHOH TPYOKHM M B COCIAHMHU-
TENbHBIX MUIaHrax. [y aHamu3a Jpyrux razooodpas-
HBIX TIPOJIYKTOB TepMmonn3a || ux ynaBnmvuBaim morio-
TUTENLHBIMA PACTBOPAMH B IOCIICIOBATEIBHO MOI-
KIIFOUeHHBIX cKIsiHKax [[pekcens ¢ 0,15M pactBopom
HCI (pactBop A) u ¢ HarpeBaemsiM 10 80 °C pacTBo-
pom cmecu H2O, ¢ NaOH (0,25+0,19 Mpacteop B).
B 00oux pacTBOpax Ompenesnsuid CoAepiKaHue a3oTra
no Kbenpamo B BiJle aMMUaKa U HUTPAT-HOHOB, U B
pactBope b - comepxanue kapOboHaT-moHOB pH-
METPUUCCKUM THUTPOBAHHEM. AHAIM3MPOBATIH Ta30-
BBIC MPOAYKTHI Il JABYX TEMIICPATYpPHBIX HHTEPBaA-
JIOB — Ha4YaJIBHOTO U KOHeuHoro (tabim. 1). [lmst cormo-
CTaBJICHUS Takymo ke padory mposenu u ¢ JIKC |
(tabm. 1). B cooTBeTcTBHE ¢ paHee MONYyYCHHBIMU

UBpmomauTs 310 7151 || HEBO3MOYXKHO, TaK KAk
BeiAerstontuiicss HCN pearupyeT ¢ AU-TIOKpBITHEM
JaTdvka mpubopa
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naHHbIMHE [5, 11], cauraem, yto yriepon B ciaydae |l
MoxkeT BeiaenaTecsa B Buae CO, CO2, HCNu HCNO,
a azot —B Buge NHz, HCN, HCNO,okucioB a3ora u
B cBoOomHOM BHe. IIpm maHHOM crmocoOe aHamm3a
ra3zoo0pa3sHeix npoaykroB Tepmonmza CO u Nz He
MoryT ObITh Haiinensl. B ciryuae | HCN otcyTcrByer,
Ho gomkHa ObiTh HCNO, a B atmMocdepe Bo3ayxa -
OKHCTIBI a30Ta. HekoTopyro 4acTh KOHAEHCaTa MoYe-
BUHBI yANOCh COOpaTh M y4ecTb COZAEp)Kalluecs B
HEeW yriiepoJ u azor.

ACK,

MKB/mr
T, %

100 1

|
80 :
70 :
60 :
5]
0]
30 :

20 A

s Cratmueckux (TOUEUHBIX) DKCIIEPHMEH-
ToB HaBecku JIKC HarpeBamau 10 ONpeneneHHON TeM-
nepaTypbl 0e3 BBIIEPKKU B TOKE BO3IyXa, BOAOPOIA
WM aproHa B BBHIIICYIIOMSHYTOM KBapIiieBOM TpyOua-
TOM PEaKTope M OXJIKAAIM B TOH ke arMocdepe.
TBepaple MPOLYKTHl TEPMOJIM3a aHATU3UPOBATIM Ha Me-
T U yriepon u nomeepram PDA. Tepmideckuit
aHaIM3 B atMocepe BoJI0po/ia He NMEITH BO3MOXKHOCTH
BBIITOTHUTH. [ WASHTU(UKAIUKM KPUCTANTHICCKUX
MPOAYKTOB MCIIOIB30BAIN MCTOYHHUK [14]. Pesymaprars
TOYEYHBIX IKCIIEPUMEHTOB ITPUBECHBI B Ta0JI. 2.

C (CO,)-10%, C (CO)104,
MOnb/N NI
10 1
r25
8 |
1 F2
61 H1,5
2
4 I"‘ b1
< \
2 H ro05
/o
0 — T " Y y 0
150 200 250 300 350 400 450
T, °C
0

Puc. 1.Kpussie Tepmudeckoro ananusa | u Il B atmocdepe Bosnyxa (a), 1 —TI' |, 2 =TT I, 3 =JICK |, 4 —[ICK Il, kpuBbIe BblCICHHS
okcuoB yriepoaa st | (6), 1 —CO2, 2 —CO
Fig. 1. Thermal analysis curvesloandll in the air atmosphera)( 1 —TI" I, 2 =TT Il, 3 — double complex compound, 4 — double
complex compound I, curves of carbon oxides evwotutor | (6), 1 —CO2, 2 —-CO

Taoauya 1
IIpuMepsI KOTNYECTBEHHOT0 AHAIN3A TA3000Pa3HBIX NPOAYKTOB TEPMOJIN3a
Table 1.The examples of quantitative analysis of the therolysis gaseous products
B nornorurenbHbIX pacTBopax, | OcraTtok
Hcxonnoe konuye- T o Conepxanue
CTBO, MMOJIb CMICPATYPHEIM ATMOcdepa, VMOTD OTTPOKAT & cratke SC, %> N, %
’ unrepsai, °C N B pac- | CBpac- | N B pac- | msanns, |~ ° " » 792 1N, 70
JKC | C | N tBope A | TBope b | TBOope b | macc.% ’
[CI’(U r)e] [ CO(C204)3] 4H,0
20-300 11 1,6 0,6 202 | 215
0.66] 7.91 79 ™ 350500 | Bowwx 3,0 4,9 19| %00 0.3 62,0 62
20-300 0,3 1,0 1,2 116 | 174
0.72] 86 8,6 300-850 Al 4,6 3,7 0,8 18,1 7.0 43,0 62
20-300 0,5 1,6 15 18,0 | 22,5
0.74] 89 8.9 300-700 H 54 3,5 0,8 17.9 0.4 39,8 69
[Cr(un)e][ Co(CN)e] 3H0
20-280 0,6 1,2 11 13,0 | 12,2
0,77 92| 139 580-500 Boszayx 32 51 12 22,2 0,1 554 31
20-280 0,6 ~1 11 21,1 100 ] 114
0.83| 10,0/ 14.9 280-750 Al 1,8 0,9 0,6 28,3 (2,8 MmmoIB) 9,0 16,
20-280 0,2 1,6 0,6 158 | 53
0.84] 101} 151 280-900 H 7,4 2,6 2,0 19.7 0.2 25,y 62
58 U3B. By30B. Xumus u xuM. texHosorus. 2016.T. 59.Beim. 11



Taonuya 2
Pe3yJ’l]>TaT]>I TOYCYHbIX OKCIIEPUMEHTOB B aTMOC(])epe BO3/yxa, aproHa v Boaopojaa
Table 2.The results of point experiments in the air atmoskpere, argon and hydrogen

< © | Ocrarok or C Kommuectso C,
Q0 O,Z[ep)l(aHI/Ie DJICMCHTOB, KOHI/I‘IQCTBO
5 °< | MpokanuBa- o % OT HCX,
g g 0 . macc, % N, B % ot
Bbpyrro-coctaB/ | 8 & Hust, % ®a3oBbIi BBIJICJIMBIIIC-
JIKC 8o HCX, BbIJIE- .
MOJICKyJIsIpHas Macca) 5 T coCTaB Co C rocsi B BHJE:
5 5|okem. pacu. 0 or| IBIHETOCH B
= g OKCIL pac. |9Kem. | pacd. | | BiIe NHs | CO2 | CO
BO3IYX
|| CoeNsH101sCOCr /1 5 | g3 1| 7,4 Penmreno- 144511081177/ 18,6|7500 225 89| 05
547 amopdHbII
Cos0sCoCr /161 | 550 21,6 201, COCPO% l368/366| 10| 15| 22 504 63,0/ 6,8
f ) 1 (CI’zOgXCOO) 1 ) ) 1 1 [} [} 3
| CaaN1sH2406COCT /| 415 | gg 7| gp q Hoxommwiit | g 4\ g 41 5395301100  mer Her | mer
626,7 0e3BOIHBII
CoCnQOq,
Co10sCoCr/160| 300| 23,4 230 Co,CrOs, 36,2/36,8/ 1,0 1,0| 0,8 - - -
aprox
| |CoNioH1801sCOCT | 5, | g6 4| 70,4 Penrreno- | g 951 174181767 206 59| 09
619 amopdHbIi
CoNsH01COCT /1 54 | 57 9| 63,4 Permreno- |44 511150181 18,8(66,7] 28,0 69| 1.4
511 aMop(HBIH

C1,601,6CoCr/160| 720 | 18,3] 19,7 GOs Co | 37,036,8/12,0) 12,0/13,3 91,4 32,1 9.3
Co4OCoCr/134| 850 18,1 173 43, Co |444443 36| 36| 3,3 76,6 34,7 19,

| CosNizH1d0s5COCH 51 | gg 5 g POHTICHO- |45 51155193 0| 242(750 7.1 50| -
/470 amMopbHbII

CaaN4OCOCr / 284 400 | 39,8 41,7 Pemmrene-

20,4|20,7|18,3| 18,6 (36,7 20,1 - -

aMmop(HBIH

C:0,,CoCr/170| 620 24,9 251 45 Co |34,334,614,4[141[16,7] 222 - |-

Bopopox

|| CooNoHisO1eCOCT /) 5g | 778 789 Pemmenc | g 71 9ol 176188(833 32 - |-
637 aMop(HBIH

0,/CoCr/154 | 700[ 164 191 & Co |37,6382[ 04| - [114 653 — -

" | csNsOsCoCr 1305| 300 | 45,4 44, PO 11541193105 19,7(417 50 170| -
aMopdHBIH

OLsCoCr/134,9| 900 197 19)8 s Co | - | - | 02] - | - 632 | 58§ -

PE3VIJIbTATBI U X OBCYXXJIEHUE 300-430°C, mo maHHBIM ra3080ro aHaausa (puc. 20), B

Buge CO u CO: Boigensercs ~51% Bcero coxmepixa-

Ha puc. 1 npuBeneHbl KpuBBIE TEPMUIECKOTO
mierocs B KOMILIEKce yriepona (1o JaHHbIM Taou. 1,

ananmm3a | u Il B atmocdepe Bo3ayxa, COBMEIICHHEIE ) o
C KPHBBIMH BHIIC/TEHHS OKCHIOB yrepoxa s |, ma 0270 C m 62% N),.e. oxono 6-7C u N u3 12, uro

pHC. 2 —aHAJOTHYHbIE KpUBbIE B aTMoc(epe aprona. ~ CONPOBOMKIACTCA PESKHM JIBOHHBIM OK3ONMKOM OT
Ha puc. la OTYCTIMBO BHAHA CTAZMs NOTEPU BOJBI 320 1o 500°C. OcHoBHoit nuk Beiaenenus CO2 cop-
st o6oux JIKC, M BUAHO, YTO 00e3BOKEHHble mpo-  NAMACT ¢ TepBbIM dk3omuKoM Ha kpusoi JICK (puc.
KTl yeToiumBsl o 170-180°C. Ot 20010 300°C 1a). Pacxoxaenue Mexay naHHbIME MAT@a u ta6n. 1
NPOUCXOMMT GBICTPAs TOTEPS MAcChl, KOTopas mpak-  MOKHO OOBSCHUTH TEM, YTO B IIPOMBIBHBIC PACTBOPEI
THYECKH OJIMHAKOBA B 00OMX ciydasx (okoio 379%). NOTAZIAET HEKOTOPOE KOIMYECTBO MOYEBHHBI. CoBo-
Ilo nansmt MATa, st | B 5ToM unTepBaie temme-  KYMTHOCTh STHX NAHHBIX TO3BOJIACT JYMaTh, YTO MO-

paTyp Ha BO31yXe IOTeps yIiepoja B BUIE COuCO; YCBHHA OTHICILUIACTCA W KOHACHCUPYETCH, a 3aTeM
HE IIPEBBIIIAET 0,2 aroma C u3 12, YTO TIO3BOJSET IMOCTCIICHHO YHOCHUTCA T'a30BbBIM ITOTOKOM. DeMen-

TIPAKTUYECKU BCIO 3Ty HOTEPI0 MAcChl OTHECTH K Mo- ~ [aPHOTO a30Ta (N2), mo-Bunumomy, He obpasyercs,
ueBHHeE (cC OBIIEe COZIepIKaNMe MOCTeHEH B kom-  T-K- © YUCTOM KOHJICHCATA MOYCBMHBI HAM YJaloCk
miexce coctapser 44,6%,10 37%cootserctayer ~5 ©00path 98% N. Henocrarox C  cnenyer, mo-
MOJIEKy/aM MoueBHHBI). 1o jaHHbIM Ta6n. 1, B mo- BHAUMOMY, OTHECTH 3a CHCT obpasosanust CO. Kap-
IIIOTHTENBHBIX pacTBopax g0 300°C okaspiBaercsa go L hd, MOIYHCHHAL JULd Il' B atmocgepe Bosnyxa
20% C u 22% N.B arMocepe BO3IyXa B HHTEpBATE (tabm. 1), B oOImem, aHaJIOTHYHA, HO a30Ta Jaxe C

59 U3B. By30B. Xumus u xuM. texHonorust. 2016.T. 59.Bpim. 11
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YUETOM KOHJIEHCAaTa MOYEBHHBI YIAIOCh coOpaTh
numb okosto 60%. OTo ykaspiBaeT Ha 0oOpa3oBaHHE
cBobogHoro N, 4To corjacyercsi ¢ paHee TMOJy4YeH-
HBIMH JTaHHBIME [4] 0 TOM, YTO B Cilydae IHAHUIHBIX
JKC B obnactu BeICOKHX Temmeparyp obpasyercs N
(cm. ax3omuk mpu 373°C Ha puc. 1a).

Ocrarok ot npokaiauBanus | mpu 500 °C co-
craBui, corimacHo Tepmorpamme, 20,9%. CocraBy
CrCoOs cootBerctByer 19,7%,a CoO+1/2Ch0O3 —
18,7%.PDA peructpupyer B octatke CoO u CrOs,
s 11, cootBeTcTBeHHO, 23,6% pacyeTHOE 3HAUCHHE
23,4%); cormacHo P®A, ocTaTOK MpEACTaBIsSICT
cmech COCROs u CoCrOs. Xopoliiee cOOTBETCTBUE
BEJIMYMHBI OCTATKOB PACYETHOMY 3HAYCHHIO ITOKA3bI-
BAeT, YTO YIJIEPOJ M a30T MOJHOCTHIO MEPEXOAAT B
ra3oByio (pazy.

B atmocdepe aprona ans | Ha MAT'e Hatbife-
HO 26% yriepona B Buge CO u 34% B Buge CO2. B
9TOl arMmocdepe cienyeT OXHAATh O00pa3oBaHMUS
HCNO, a ne okucnop azora. Torma KOIMYECTBO BBI-
nmemusirerocss CO2 B pactBope b (3a Boiuetom C B
HCNO) cocraBusier 33,6%,4T0 X0OpOILIO COracyercs
¢ mauaeIMA MATa. 3nech oueHb 3aMETHO BBIACIIEHUE
HEpa3JI0KUBLIEHCS MOYEBUHBI. MOUYEeBUHA KOHJEHCH-
pyercs B Buie O€TbIX KPUCTAIJIOB B XOJIOAHOM KOHIIE
PEaKTOPHOW TPYOKH U B COCTUHHTENBHBIX IIJIAHTAX.
B armocdepe aprona octatok | Ha kpusoit TI" moctu-
raeT MuHHUMaibHOro 3Hauenus 16,1% mpu 700 T,
4T0 cOOTBETCTBYeT 0OpasoBanuio Co+1/2CrOs (pac-
yetHslii 16,7%).OnHako IpH HCIONB30BAHUK OOJIh-
IOl HABECKM OCTATOK OT MPOKAJMBAHUS BHINIE, U B
HEM COJCPXKUTCS OCTAaTOYHBIA yriepos (tadm. 1).
Haxe c yuetom yriepona B TBepAol (aze u uactu
MOYEBHHBI HaM YJalloCh COOpaTh 3/I€Ch BCETO OKOJIO
65% C. lcxons U3 5TOro, MOXKHO CUMTATh, YTO OKOJIO
MOJIOBUHBI MOYEBUHBI BBIZICTSCTCA B HEH3MCHEHHOM
BUJIC M B BUJIC TBEPJBIX WIH BBICOKOKHUIISAIIUX TPO-
JYKTOB €€ JIECTPYKIINH.

Pesynprater gois IKC |l B atmocdepe aprona
CUIIbHEE OTIMYAIOTCS OT Pe3yNibTaToB s |, dem B
atMocepe Bo3ayxa. MUHHMAJIbHBIM OCTaTOK IPH
630 °C cocraBister 26,4%,49T0 3HAYUTEIBHO IPEBbI-
raeT Kak CyMMY OKCHIOB, Tak u cymmy Co+1/2
Cr.,0s, onpenensemyto POA B stom octatke. Ilpu
Gonpiieir HaBecke (Tabm. 1) ocraTok erne OobIle —
28,3%u conepxut 21,1%C, T0 ecTh 28% HCX0IHOTO
yriepona. B Buae COz HaiineHo Bcero okono 3% C.
17,6% C Brraensercsa B Bune cMecu HCN u HCNO.
CrnenmoBaresibHO, 3HAYHUTENBHASI YacTh MOYCBUHBI
3/1eCh BBIIENSETCSI B HEM3MECHEHHOM BHJE M B BUJC
TBEP/BIX IMPOIYKTOB €€ NECTPYKLIUH, B TOM YHCIIE
CO. B npoaykTax pa3IoKeHHS yAaloCh YCTAHOBHTH
tonbko 34% Bcero comepikamierocs B JJKC asora,

YacTh €ro BBIJIENACTCS 37IeCh B CBOOOHOM BHJC MPH
600-670°C (puc. 2a). Pe3ynbTaTsl OIpeaeIeHUs KO-
JINYECTBA Ta3000pa3HbIX MPOAYKTOB B Ta0i.1l u 2 mo-
BOJIBHO XOPOIIIO COBIA/IAIOT.

ACK,
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Puc. 2. Kpusie Tepmuueckoro ananusa | u Il B atmocdepe apro-
Ha (a), KpUBbIC BBIICICHUS OKCHAOB yriepoaa s | (6)
Fig. 2. Thermal analysis curves of | and Il in #rgon atmos-
phere §), curves of carbon oxides evolution fo) (

150 250

Haxownen, B atmocdepe Bomopoaa TBEpAbIMU
(tabm. 2) mpoxykramu Tepmoimza obonx JIKC sBis-
ercs Co+1/2Ck0s ¢ HesHaunTenbHoM npumeckio C. B
000MX clydasx B YHCIE Ta3000pa3HBIX MPOIYKTOB
ects CO2, 00s3aHHBIA CBOUM IPOWCXOXKICHUEM B
cinydae || moueBuHe, a st | — MOYEBHHE M OKcajaTy.
U3 obmero konmuectBa coOpanHOro yriepoaa amus |
OKOJIO TIOJIOBUHBI CBSI3aHO C a30TOM B COCTaBe
HCNO, a mns Il — okono 2/3 8 Buge cmecu HCN u
HCNO (ra6un. 1). B Bune CO2 Haitneno npumepHo 30
n 16% yraepona. s | ynanock cobpats 6onee 92%
N, B ToM uncie 66%B BuJie aMMHaKa, COOTBETCTBEH-
Ho st Il — 67,5u 50%. B aHamusupyemoii cMmecu
ra3oB C TIOMOLIBID XPOMATO-MacC-CIIEKTPOMETpa
GCMS QP2010 SHIMADZb6HapysxeH cBOOOIHBIH

60 U3B. By30B. Xumus u xuM. texHosorus. 2016.T. 59.Beim. 11



N3B. By30B. Xumus u xuM. TexHojyorust. 2016.T. 59.Bpim. 11

a30T. DTH Pe3yNbTAaThl HENIb3s1 OOBSICHUTE TOIBKO I10-
tepeir C B BuJie MOYeBHHKI. Kak OBLIIO YyCTaHOBJICHO
panee [15], kak I1MAHOTPYMITBI, TAK ¥ OKCATATOTPYII-
el B atMocdepe BOJOpoJia IMOJBEPrarOTCsl 4acTH-
HOMY THPHPOBAHUIO, U MOTEPS yIriiepoaa 37eCh MO-
JKET TPOUCXOIUTh B BHUJC YIIIEBOAOPOAOB. BuiHO,
4T0 3Ta moTeps st || Beime, yem mist |, a BEIXO aM-
Muaka Boitie s | . KobamsT mpu 3ToM BoccTaHaBIH-
BaeTCs JI0 METalIa.

CocraB ocrtatka | OT TpoKalWBaHWs TIpU
300 € Bo Bcex Tpex armochepax OJIM30K K
Cr(ur)Co(GO4)3 (53,9%), KOTOpBIII MOXKHO CUHTATh
WHTEPMEANATOM B IIPOLIECCE PA3I0KCHHS N3yIaeMOT0
JKC. bamanc no yriepomy, KOTOPBI MOXHO COCTa-
BUTH Ha OcHOBe Tabu. 1 st | B atMocepe Bo3myxa U
aprona, TOKa3bIBaeT, YTO CyMMa YTJIepoia, BhIJe-
musmierocs B Bune CO u CO2 u ocTaBmierocs B TBep-
JIOM OCTaTKe, IIpU BceX TeMieparypax omuska k 70%,

JIUTEPATYPA

cienoBatenbHo, He MeHee 30% OTHOCATCS K ModYe-
BUHE, BBIACTSIONICICS B HCM3MEHECHHOM BHUJIC U B BH-
JIe U30IIMAHOBOW KHUCIIOTHI U Jp. DTO OTHOCHUTCA H K
Il . CnemoBarenbHO, MOYEBHHA B O0OMX CITydasx Be-
net cebs oguaakoBo. JIKC |l mpu tepmonuse He 00-
pasyer WHTEepMenuaTa, a B MHEPTHOH cpelie ropaszo
Ooyiee 3HAUUTENbHAS YacTh HCXOJHOTO KOJMYECTBA
yraepona, ueM mist |, (mo 1/3) ocraercs B TBepmoM
OCTaTKe BCICACTBHE Pa3NOKEHHS HAHOTPYII C BBI-
JIeTICHHEeM a30Ta. JTOT TPOoIece, XOTS U B MEHBIIEH
CTETIeHH, POUCXOUT U B cpezie Bogopoaa. [Ipu tep-
MoJn3e B aTMocdepe BO3Iyxa W BOAOpoAa oda co-
CIMHEHUS AIOT MPOIYKTHI C MPUMEPHO OJJUHAKOBBIM
colepkaHUEM yriepoaa. 3aMeHa jkese3a Ha KoOalnbT
B cocraBe anmoHa JIKC He OKa3bIBacT 3aMETHOr'O
BIIMSIHUSL HA XOJI TEPMOJIM3a KaK OKCAJIATHOTO, TaK U
nuaaugHoro JIKC.
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KATOJHOE BBIJIEJIEHUE BOJJOPOJA HA MOHOCUJINIIUJIE KOBAJIBTA B PACTBOPAX
CEPHOM KUCJIOTBI

Memooamu noaapuz3ayuUOHHBIX U UMHEOAHCHBLIX U3MEPEHUIl UCC1e008aHbl KUHemuye-
CKUe 3aKOHOMEPHOCMU PeaKyUuu 8bl0e1eHUA 8000P00aA HA MOHOCUNUYUOE KODAlbma 8 PACmEo-
pax HzSQ. Ilokazano, umo xamoonoe evioenenue 6000pooa ha COSie cepHOKUCTIOM INEKMPO-
aume npomexKaem HO MAPUIPymy paspao — 31eKmpoXumuieckan 0ecopoyus npu jieHzmiopos-
CKOll uzomepme aocopouuu 600opooa. Peaxyus npomexaem c ough@hyy3uoHnbviM KOHMPONEM, HO-
ckobKy 0na COSixopouio evinonnsemcsa IKGUGANIEHMHAA IJIEKIMPUUECKAS CXeMA, YUUMbIEAIO-
wasn peaxkyuio adbcopoyuu 600opooa.

KiroueBble cj10Ba: peakiius BbIICICHHS BOJOPOA, CHIHIN KoOambTa COSI,CepHOKUCIBIN dJICKTPO-
JINT, UMIIEJAHC
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CATHODE HYDROGEN EVOLUTION ON COBALT MONOSILICIDE I N SULFURIC
ACID SOLUTIONS

The kinetics of hydrogen evolution reaction on cdbeonosilicide CoSi in sulfuric acid
solutions was studied using methods of polarizatemd impedance measurements. Electrochem-
ical impedance of CoSi was studied in solutions®@% M H,SQ:, and 0.05 M HSOs + 0.45 M
Na:SQ; at 20 °C in the range of potentials of hydrogenoftion. Solutions were prepared from
high-purity reagents and de-ionized water (Milli-QYhe working solutions were de-aerated with
hydrogen (purity 99.999 %). Cobalt silicide was paged from silicon (99.99 % purity) and elec-
trolytic cobalt (99.98 % purity) by Czochralski nmetd (pulling from the melt at speed of 0.4
mm/min). Electrodes were cut using electric-sparletinod. The working electrode surface was
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0.4 — 0.6 crA Before measurements, the working electrode suefagas abraded with emery pa-
pers of 1000 and 2000, cleaned with ethanol and mesin the working solution. Electrochemi-
cal measurements were carried out in three-elecegaglectrochemical cell with cathode and an-
ode compartments separated with a porous glasslaiagm. PotentialsE were changed from low
to high cathode polarizations. Before recording ampedance spectrum at each potential value,
the electrode was polarized under potentiostatio@itions until constant value of current was
reached. The electrode potentials are given witlspect to the SHE. Impedance measurements
were carried out using FRA Solartron 1255 and pote&rstat Solartron 1287 (Solartron Analyti-
cal) at frequency range from 10 kHz to 0.01 Hz (pOints per decade). The alternating signal
amplitude was 10 mV. The CorrWare2, ZPlot2 and ZWi software (Scribner Associates, Inc.)
was used for measuring and processing the impedadat. In 0.5M H,SQ, polarization curve
for CoSi-electrode has Tafel plot with the slope=l.088 V. In 0.05 M HSO; + 0.45 M NaSOQy
the slope of polarization curve is equal to 0.139The constant a in Tafel equation (E = a + blgi)
for CoSi was equal to 0.52 V in 08 H>SQ; and 0.71 V in 0.05 M bSO, + 0.45 M NaSQu. It
means that cobalt monosilicide belongs to the groofpmaterials with the average overvoltage.
Nyquist diagrams consist of two semicircles in capive high-frequency and low-frequency re-
gion. Impedance spectra of cobalt silicide can rmm accurately described by a simple equivalent
circuit consisting of parallel-connected charge mafer resistance and the double layer capaci-
tance. In order to describe the behavior of CoStlectrode in 0.5 M HSQ; solution at the range
of investigated potentials the equivalent circuibg/used which allows taking into consideration
the penetration of atomic hydrogen into the cathoshaterial and diffusion processes. In order to
analyze impedance data we used the diagnostic aiteor hydrogen evolution reaction mecha-
nisms in acidic solutions based on the dependentequivalent circuit elements on the overvolt-
age and H+ ion concentration, which were previouglyoposed. Determination of the kinetic pa-
rameters (rate constants and transfer coefficientd)hydrogen evolution reaction steps on the ba-
sis of the impedance data was considered. Hydrogeolution reaction on CoSi electrode in acid-
ic solutions is discussed using the proposed ci#eHydrogen evolution reaction on CoSi in sul-
furic acid solution was shown to proceed throughethdischarge — electrochemical desorption
route with the Langmuir isotherm for hydrogen adgmiion. The reaction proceeds with the diffu-
sion control because for CoSi the equivalent circtaking into account the hydrogen absorption
works well.

Key words: hydrogen evolution reaction, cobalt silicide Casilfuric acid solution, impedance

IMportecchl 3IEKTPOXUMUIECKOTO OKHCICHUS
U BBIICIICHUS BOAOPOJa Ha MEPEXOAHBIX MeTaylax
UMEIOT (pyHIaMEHTAIbHOE W MPHKIAIHOEC 3HAYCHHE.
VX u3ydeHue C MO3MIUIA IIEKTPOKATAIM3a aKTyaIbHO
B CBSI3U C Pa3sBUTHEM JKOJOTMYECKH YHUCTHIX HCTOY-
HUKOB DHEPTUM, HYXKIAIOIIUXCS B pa3paboTKe Kara-
JIMTHYECKH aKTUBHBIX MAaTEPHUAIIOB.

HccrenoBannsi KHHETHKH M MEXaHM3Ma peak-
uK BeIIEIeHnsT Bomopona (PBB) ma cummmmmax rme-
PEXOHBIX METAIIIOB HEMHOTOUKCIIEHHBI [1-8], X0Ts B
psize paboT Moka3aHa WX MEPCIEKTHBHOCTh B Kade-
CTBE DJICKTPOIHBIX MAaTEPUAIOB IS SJIEKTPOKATATN3a
PBB [2,3,6-8]. Tak B pabote [2] moka3aHo, 4TO JJIeK-
TPOKaTAIUTHYECKass aKTHBHOCTh CHIIHIIHIOB BO MHO-
TOM KOPPEJIUPYET C aKTHBHOCTHIO COOTBETCTBYFOIIHX
METAILIOB.

B pa6ote [1] umeroTcsi JaHHBIE O KUHETHKE
PBB Hna NiSi B mepxnoparusix pactsopax ¢ pH 0,04u
10,8. B kxucioM pactBope IUNIOTHOCTH TOKa Ha MOHO-

CWJIMIIMIIC HUKENs BBIINIE TJIOTHOCTeH Toka Ha Ni-
anextpone; kodpduuuenr b B ypaBuenmn Tadens
pasen 113wMB; numurtupyromei cragueii PBB cumnra-
eTCs cTaams pa3psjia HOHOB Bojopoaa. B pacTeope ¢
pH 10,8xo0adhdurment b cocrasnser 145mB [1]. Bo-
Jiee MoApoOHBIE cBeneHus 0 kuHetuke PBB Ha cunm-
IUIaX METAJUIOB TPYIIIBI JKelie3a B KUCIBIX PacTBO-
pax MO)KHO HaiiTi B paborax [3, 4]. Ycranosneno [3],
uyro Ha CoSiu CoSiB 0,5M H,SOQ: mioTHOCTH Ka-
TOMHOTO TOKa BBINIE IJIOTHOCTEH TOoKa Ha CO-
AIEKTPOJIe. AKTUBHOCTh CHITMIHIOB KoOanmsTa B PBB
B PACTBOpPE CEPHOW KHUCIOTHI MOXHO CYIIECTBEHHO
MOBBICUTh aHOJIHOW O0pa0OTKOI ITHX MaTepuaioB B
0,5M H.SOQy mm 8 1 M NaOH [4].

Hekotopble wuccremoBaHus YKa3blBalOT Ha
MEPCICKTUBHOCTL CHJIMITUIOB KaK DJICKTPOTHBIX Ma-
TepuanoB ausl dnekTpokaranuza PBB B mienounsix
pactBopax [7]. ABropsl paboTsI [7] mokasanu, 4To me-
peHanpskeHue BbieneHus Bogopoaa mpu 200 mA/cm?
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Ha NiSi; B 15% NaOH + 17% NaGtpu 95 °Cumeer
OJTHO M3 CaMbIX HU3KUX 3Ha4YeHWi cpean ~60 uccre-
JIOBaHHBIX MAaTepHaaoB. XOTS BBICOKHE 3HAUYCHUS
ckopoctd PBB Ha cunmuuugax HUKENS B yYKa3aHHOM
ANIEKTPOJIUTE, OYEBUIHO, OOYCIIOBIICHBI, TIPEKIE BCe-
r0, BBICOKOW TUIOIIAJbI0 TMOBEPXHOCTH, CO3/IaBaEMOM
BeimenaunBanreM Siu3 NiSi u NiSiz, pesymsrats! [7]
TOBOPAT O MEPCIEKTHBHOCTU CHIIHIIAIOB KaK 3JIeK-
TpokaranusatopoB PBB.

Panee [5, 6, 9]uccienoBanbl KHHETHKA U Me-
xanm3M PBB Ha cunmummnmax koOanmpTa ¢ HHU3KHUM U
BeICOKUM cozaepxkanueM kpemuus (CoSiu CoSh) ¢
UCIIOJIb30BAaHUEM TIOJISIPU3ALMOHHBIX W3MEPCHUH H
CIEKTPOCKOINUH 3JIEKTPOXHMHYECKOr0 MMIeaanca. B
JaHHo# paboTe m3yueHa PBB Ha mMoHOCWmmmmme Ko-
6anbra (CoSi) B pactBopax H2SQu.

MATEPHAJIbI U METOMKA 3KCIIEPUMEHTA

Uccnemyemble 31eKTpobl OBUTH H3TOTOBIIE-
HBI M3 MOHOCHIHIKAa KobamsTa COSI, Moay4eHHOrO
u3 kpemuus KI13-1 (99,99macc.% Si)u snexrponu-
tuaeckoro kobamsra K-0 (99,98macc.% Co) B meun
«Penmer-8» BBITSATMBAHHEM W3 paciuiaBa CoO CKOPO-
cteio 0,4 mM/MuH. Pabovas mioriaap MOBEPXHOCTH
snekTponoB cocrapisana 0,4-0,6 cm? IloBepxHOCTH
3JIEKTPOMIOB TIOCIEAOBATEILHO O0OpadaTeBAIM Ha
ToHKON mummpoBanbHOil Oymare mapku P1000 un
P2000, ounmanu STHIOBBIM CIHPTOM, NPOMBIBAIN
paboduM pacTBOPOM.

Pactsoper 0,5 M BSQiu 0,05 M HSO, + 0,45 M
N&SQy mpuroraBnuBaiu U3 peakTUBOB KBaitH(uka-
LUU <«X.Y.» U ICHOHU30BAaHHOHN BOJbI, IOTYYEHHOU HA
ycranoBke Milli-Q (ymensHoe compoTuBieHre BOIBI —
18,2MOmldm, comeprkaHue OpraHMYECKOro yriepoja —
4 mkr/im). PacTBOpHI [easpupoBaiyd BOIOPOAOM (Um-
crora 99,999%),mony4eHHBIM DJICKTPOJUTUYCCKH B
reHepatope Bogopoma <«KymoH-16». Temmeparypa
pactBopos 20 C.

Wsmepenust umnenanca mpoBOIWINCH B JHa-
ma3one yactotT oT 20kI'1 1o 0,011’1 B moTeHIMocTa-
TUYECKOM PEKUME TOJISPU3AIUA C MTOMOIIBIO yCTa-
HoBku Solartron 1280C (Solartron Analyticalim-
mwutyaa nepemenHoro curHaiga 10 mB. Ilorenuuan E
ANIEKTPOJia M3MEHSIIN OT 0OoJiee HU3KHX KATOIHBIX TO-
JSApU3aIiA K 60ree BRICOKAM. [loTeHIMAIBI IPHUBOIST-
Csl B LIKaJIe CTAaHIAPTHOTO BOAOPOAHOTO 3JIEKTPOAA.

[Tpu 5IEeKTPOXUMHUYECKUX U3MEPEHHIX U 00-
paboTKe MOJyYeHHBIX JaHHBIX HUCIIOJIE30BAU MPO-

30BamM mapamerp x° (XM-KBapar, BBIYUCISAETCS B
Z\/iew2); HKBHBaJCHTHAsl CXEMa CUMTAJIaCh YIOBIIC-
TBOpHUTENbHONH Tpu ¥2 < 10° (upu wmcnosnb3oBaHUM
BECOBBIX KOA(D(PHUITMEHTOB, pacCUNTAHHBIX IO DKCITE-
PHMEHTAIILHBIM 3HAYCHUSM MOJYJISl UMITCAAHCa).

PE3VJIbTATBHI 1 X OBCYXJEHUE

Katonnsie momnsipuzanyionnsie kpusbie COSi-
anekTpozaa B pacteopax 0,5M H,SOQuu 0,05 M HSQ, +
0,45 M NaSQ; npusenens! Ha puc. 1.

0.40 [-E, B (1.8.3.)
0,38+
0,36
0,34+
0,32+
0,30+
0,28

0,26

0,24 . . . . . s
-3,6 -3,4 -3,2 -3,0 2,8 2,6
lg i (i, Alem?)
Puc. 1.KaronHsle nonspu3anioHHbIe KPUBBIE IS COSi3neKTp0-
Jia B pacTBopax cepHoii kucnoter: 1 — 0,5M H2SOy; 2 — 0,05 M
H2SOQy + 0,45 M NaSOy

Fig. 1. Cathodic polarization curves for CoSi in suipc acid

solutions: 1 — 0, H2SQy; 2 — 0,05 M HSQOs + 0,45 M NaSOQs

-2,4

B 0,5 M H>SOy nonsipuzanmonHasi KpuBast
CoSianektpoga umeer TapeneBCKUH y4acTOK ¢
nakioHom b = 0,088B. IIpn u3MeHeHNN KOHIIEHTPaA-
uu pactopa (0,05 M BSQy + 0,45 M NaSQy), mo-
JISIPU3AIHOHHAS KPUBAss UMEET CXOXHH BUI U Tade-
neBckuii HakinoH cocraristeT 0,139B. [TocrosHHas a
B ypaBHenun Tadens (E = a + blgi)ams CoSipasna
0,528 0,5M H.SQim 0,7B 8 0,05 M HSOQw + 0,45 M
N&SQu. DT0 3HAYUT, YTO MOHOCWIHIIHJ KOOalbTa
MOMAAaeT B IPYIITy MAaTEPUAIIOB CO CPEIHHUM TepeHa-
MPSHKCHUEM BBIICTICHUS BOJOPOIA.

IIpu yMEHBIIIEHUM KOHICHTPAIUH HOHOB BO-
JI0po/ia B pacTBOPE Ha MOPSIOK BEIHYUHBI TOTCHIIH-
aJl CIBUTacTCs B OTPUIIATEIILHOM HAIPABICHUH Me-
Hee, yeM Ha 100MB, a TuIOTHOCTH TOKa YMEHBIIIAETCS
Ha ~1,0mopsiaKa BeTHYNHEL.

Crextpnl ummenanca CoSi-aiekrpona B pac-
tBope 0,5M H>SQy B katomHO# o0nacTu moTeHIMa-

rpammel CorrWare2, ZPlot2, ZView?2 (Scribner Asso-10B npuBerens! Ha puc. 2. I'paduku Haiiksucra co-

ciates, Inc.).

B kauectBe KPUTEPpHUA OLCHKHN OKBUBAJICHT-
HBIX CXEM Ha HX IMPUTOAHOCTH HJIsI MOIACIHMPOBAHUA
OKCICPUMCHTAJIBHBIX CICKTPOB HUMIICAAaHCA HCIIOJIb-

CTOAT U3 ABYX €MKOCTHBIX TOJYOKPYKHOCTEH B BBI-
COKOYACTOTHOW M HM3KOYacTOTHOW oOmactu. Ha rpa-
¢uke 3aBucuMoOCTH (Ha3z0BOro yriia oT Jorapupma
gacToTsl mepeMenHoro toka (¢ — Igf) umeercs cum-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11 65



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

METPUYHBI MakCUMyM. [Ipu MOBBIIIIEHNH MTOTEHIINA-
Jla UMIeJaHC YMeHblaeTcs. Hu3KkouacToTHyI0 Momy-
OKPY’KHOCTh HENb3 OOBSCHUTH HECTAI[MOHAPHOCTHIO
CHUCTEMBI, T.K. TOK JTOCTHATAJ IOCTOSTHHOTO 3HAYCHUS U
c1a00 U3MEHSIJICS CO BPEMEHEM.

1oc 1E=-0.26B

2 E=-0.288
801 3E=-0.30B
4E=-0.32B

[ -Z, OM'CM2

60 |
40 ¢

20+

40 60 80 100 120 140 160
Z',OM'CM2
a
2,5 lg 2| (|12),0mcM?)

1
2
3
4

0,0

Ig f (f, Tu)

-2 -1 0 1 2 3 4 5
g f (f, ')

Puc. 2.T'padpuku Haiiksucra (a) u Boze (6) mis CoSianexrpona
B 0,5 M SOy ipu norernnmane E, B: 1- -0,26; 2 — -0,28;
3--0,30;4--0,32
Fig. 2. Nyquist (a) and Bodé)(plots for CoSi in 0.5 M 5O at
E, V: 1--0.26; 2 - -0.28; 3 --0.30; 4 — -0.32

CHexTppl HWMIIEIaHCA CHJIUITUAOB KOOaJIbTa
HE MOTYT OBITh JJOCTATOYHO TOYHO OIHCAHBI POCTOMN
SKBHUBAJICHTHON CXEMOM, COCTOAIICH W3 MapaieIbHO
COCIMHCHHBIX CONPOTHBIICHUS IIEpEeHOCa 3apsaa M
€MKOCTH JBOMHOTO ciost (b0 3JeMeHTa IIOCTOSH-
Ho#t haser CPE) [6].

Jnst onucanust noBeaenust CoSi — anexTpona
B pactBope 0,5 M HSQy B nannoit obnactu morteH-
[IMAJOB HCIHOJNb30BaHA CXEMa, IPEACTaBICHHAs Ha
puc. 3, KOTOpasi yYUTHIBACT NPOHUKHOBEHUE aTOMap-
HOTO BOJIOpOJIa B MaTepuan Kkaroja 1 1udpy3noHHbIE
HPOLIECCHI.

Rs R1 R2

Puc. 3. DkBuBasieHTHas dNeKTpryeckas cxema st COSi-
anekrpoza B 0,5 M HbSCQu B o6nactu norenuuanos ot -0,26
1o -0,32B
Fig. 3. Equivalent circuit for CoSi electrode ih 04 H2SOy
atAE =-0.26... -0.32V

B monemu: Rs — conporuBneHue pactopa, Ry —
COTIPOTHUBJICHHS TIEPEHOCA 3apsiia, CONPOTHBIIEHHE Ro
n eMkocTh Cp OMUCHIBAIOT aJICOPOIIMIO aTOMApHOTO
BOJIOPOJIa Ha TIOBEPXHOCTH JIEKTPO/IA.

YuuteiBas HEOIHOPOIHOCTh  3JICKTPOIHOM
TTOBEPXHOCTH, TBOMHOCTIOWHAS €MKOCTh ObllIa 3ame-
HEeHa 3JIeMeHTOM roctossHHON (pa3sl CPEL, umnenanc
KOTOPOTO PaBeH:

Zepe=Qjo) P,
npu p = 16 — neuneansHas emkocts. CPE1 — ane-
MEHT TIOCTOSIHHOHM (ha3bl, UCIONB3YeMbIl it Ooliee
TOYHOI'O OINHCAHUA 3JEKTPUUYECKUX CBOMCTB ABOMHO-
TO CJIOS Ha HEOMHOPOJHBIX MOBEPXHOCTSX TBEPIBIX
3JIEKTPOOB.

B aroii cxeme compotuBieHHE Raps — 3TO co-
TIpoTHBIICHHE Tiepexoaa Hads M3 amcopOupoBaHHOTO CO-
cTosiHMSL B abcopOupoBanHoe, Zg — uMnenanc auddy-
3WM BOZIOpO/Ia B 00beMe CrTuIHIa KobdamsTa. [1ockob-
Ky TOJIIHHA 3ekTpoaa (~ 5MM) HAMHOTO TIPEBBIIIAET
rmyouny muddys3uu Bomopoaa B TBepAoi (dase, B Kaue-
CTBE Z4 WCIIONB30BATM KOPOTKO3AMKHYTHIN KOHCUHBIMN
umnenane BapOypra, Za = Rth(jorg)Y(jorg)Y? Ry —
¢ Gy3UOHHOE COMPOTHBIICHUE, Td — XapaKTEPUCTHU-
geckoe Bpems Tudhy3un.

DKCIIepUMEHTANbHBIA M pacdeTHBIN (cormac-
HO cxeMe Ha puc. 3) cmektpbl umMmmnenanca CoSi-
anekrpona B 0,5 M HbSQu ipu E = -0,28B mpusene-
HEl Ha puc. 4. O0 ymOBIETBOPUTEIHLHOM OIHCAHUHU
SKCIIEPUMEHTABHBIX CIICKTPOB HMMIIE/IJAHCA DKBUBA-
JIEHTHOU cXeMo#l (puc. 3) TOBOPST 3HAueHWs CraTu-
CTHKH 2 KoTopble cocTasmwm (3-7)- 1CP.

Pe3ynbraTthl 00pabOTKHU CIIEKTPOB UMIIEIAHCA
mis CoSi-anextpoma B 0,5M HSQy mmst mccnenye-
MO¥ 00JIaCTH IMOTEHITHAIOB TPUBEACHBI B Ta0I. 1.
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I f (f, Tw)

Puc. 4.3KkcrniepruMeHTaIbHBINH (TOUKH) U PaCUCTHBIN (JIMHHUS)
criektpsl ummnenanca CoSisnexkrpoaa 8 0,5 M HSQy ipu
E =-0,28B
Fig. 4. Experimental (points) and simulated (limepedance
spectra for CoSi electrode in 0.5 M$O; at E = -0.28 V
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Puc. 5.T'paduku Haiiksucra (a) u boxe (6, B) st CoSi-

anekrpoza B 0,05 M HSQy + 0,45 M NaSQy nipu notennuane E,

B: 1--0,32; 2 --0,34; 3--0,36; 4 —-0,38

Fig. 5. Nyquist (a) and Bodé,(s) plots for CoSi electrode in
0.05 M SGy + 0.45 M NaSOs at E, V: 1--0.32; 2 — -0.34;
3--0.36;4--0.38
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Crextpsl umienanca CoSi-anekrposa B pac-
tBope 0,05M HSO:+0,45 M NaSQ; B karoaHo# 00-
nactd (puc. 5) UMEIOT CXOKHH BHJI CO CIHEKTpaMu
umrnenanca B 0,5 M HSQy, HO BX HU3KOYACTOTHBIC
MOJTYOKPYKHOCTU UMEIOT 3aMETHO OOJIBIIIUN PaTUyC.

Pesynbrarel 00pabOTKHM CIIEKTPOB MMITEaHCA
it CoSi-onexrpoma 8 0,05 M HSQ, + 0,45 M
NaeSQy mns uccnemyemoil 007acTd HOTEHLIMAIOB
NpUBEACHBI B Ta0I. 2.

B pa6ore [9] 6buIM TpeAIOKEHBI JHATHOCTH-
YEeCKHME KPUTEPUH MEXAHU3MOB PEAKIIUU BBIZCICHUS
Bojopona (PBB), mpuMeHuMble B paMKax MeTona
3NEKTPOXUMHUYECKON HMIIEIaHCHOW CHEKTPOCKOIHH.
OTH KpPUTEpUU TPEACTABIIOT COOO0# TPOW3BOIHEIC
OT BEJIMYWH 3JIEMEHTOB (apajiceBCKOr0 UMIIEIaHCa B
SKBUBAJICHTHOM 3JIEKTPUYECKON cXeMe IO MOTEHLHa-
ny seKkTpona (WU MepeHanpsKeHNI0) W KOHIIEHTpa-
UM HOHOB BOJOpoAa (B KHCIBIX pacTBOpax) WU
THIPOKCHII-MOHOB (B IIETOYHBIX PACTBOpax).

Jlorapudmudeckue 3aBUCHUMOCTH TpeX Iapa-
METPOB, XapaKTEPU3YIOLIMX PEakuio adcopOIru BO-

nopona (Raps Ry, T) ot morennuana E CoSianexrpona
MOTYT OBITh OIUCAHBI YpaBHEHUSMHU IpsiMoit. Hakio-
uel 3aBucuMocTeil |g Ras E u 1g Ry, E mokasbiBaror
YMEHBIIICHUE JIAaHHBIX TIAPaMETPOB C YMEHBIICHUEM
MOTEHIHANA. 3aMETHO YBEIMYCHUE 3HAUCHHS T TIPU
YMEHBIIICHUH KOHIICHTPAIIUU PacTBOPA.

AHaIOTUYHBIC 3aBUCHUMOCTH TS TTApaMeTpPOB,
xapakrepmsytomux PBB (R1, R, Cz), mokasbiBaror,
YTO C yMEHBIIEHHEM KOHIICHTPAllMh pPacTBoOpa
HaOmrofaeTcs yBeaumdeHne nmapameTpoB Ry n Ro. 3a-
BUCHUMOCTH TapaMeTpoB OT E Moryt ObITh OmUcCaHbI
ypaBHEHUSAMHU Tpsmoit Jimann. CompoTusieHusI Ri u
R> ymenpmaroTcs npu cHmwKeHHH E, HO ¢ pasHOi
CKOPOCTBIO; HakJIOHbI 3aBucuMocteii IgRy, E u IgRy,
E B 0,5 M HSQO; cocrasmsiror -8,22 u -15,00, uto
6onbre, yem B 0,05 M HSO+0,45 M NaSQ, (-6,30
u -9,38 coorBercTBeHHO). 3HayeHus mapamerpa Ca
6mu3ku. Co CHIKEHHEM MOTeHIIMala 3HaYeHHEe eMKO-
cru C, yBenMuMBaeTcs1, HaKJIOHBI kKpuBoi IgR, Cs co-
craBisaoT 8,67u 8,79.

Taonuya 1

3HaveHHUs MapaMeTPoOB IKBUBaJeHTHOI cxembl (puc. 3) miast CoSianexkrpoaa B 0,5 M H2SOs B 06s1acTH noTeHIMAa-
JgoB ot -0,24B g0 -0,32B
Table 1 The values of the equivalent circuit parametersn Fig. 3 for CoSiin 0.5 M HSO4, A E = -0.24B ... -0.32B

E, B |R1, OM-cM?|R2, OM-cM?|CLl108, d/cm? Rabs OM-cM? [Rg, OM-cM?| Tg, ¢ | Pa |Q-1F, ®/em?cP V| p

-0,26 5,43 140,60 5,03 732,5 8717 36{00713 42,897 0,872

-0,28 2,39 64,34 8,04 446,3 5181 1498834 52,682 0,873

-0,30 1,58 32,84 11,61 204,5 1025 7,51 0,39 52,582 0,87%

-0,32 1,61 17,59 16,77 209,4 1652 5,45 0,840 53,457 0,886
Taonuya 2

3HaveHHsI NapaMeTpoB IKBUBAJeHTHOI cxembl (puc. 3) s CoSianekrpoaa B 0,05 M H:SO4 +0,45 M N&SOs B
o0JacTu norenunuaJos ot -0,32B mo -0,38B
Table 2.The values of the equivalent circuit parameters ifrig. 3 for CoSi in 0.05 M BSO4 +0.45 M NaSOs,
AE =-0.32B ... -0.38B

E, B |R1, OM-cM?| Rz, Om-cm? %/;?Z Rabs OM-cM? |Rg, OM-cM?| Tg, ¢ | Pa |Q-1C, dlem?cPD| p

-0,32| 65,18 131,80 11,70 81,41 299,6 44,2 0,661 59,235 0,934
-0,34| 47,88 97,95 16,31 63,44 227,7 495 0,p63 56,291 0,947
-0,36| 44,32 49,76 26,30 43,91 228,7 37,9 0,f09 54,638 0,955
-0,38| 29,93 36,19 26,28 38,59 231,0 36,5 0,699 54,567 0,958

W3 pabotsr [9] cneayert, uro eciu Ry, R u Cs
CYILIECTBEHHO M3MEHSIOTCS C IOTEHIMAIOM DJIEKTPO-
Jla WJIH, eCIi TpH mnoctosiHHoM Co compotuBieHne Ry
CYIIECTBEHHO 3aBUCHT OT E, TO MOXHO c/ienarh BbI-
BOJI, 4TO aJCOPOIHS AaTOMApHOTO BOJIOPOJIa ONKCHIBA-
eTCsl ypaBHEHHEM H30TepMbl JIeHrMIopa.

Panee B pabore [5] cmemaH BBIBOJ, YTO Ha
Co;Si-snexrpone PBB mpoTekaer mo mMapipyTy pas-
pAIl — DIEKTpOXUMHYECKas aecopOuus (MappyT
donpmepa-I'elipoBcKOT0) HpH JICHIMIOPOBCKOM H30-

TepMe ancopbimu Bogopoaa. s CoSp-anexTpona B
obomactu E > -0,3 B BepositHbiM Mapumipytom PBB
SBJISICTCS paspsa — pekomOuHarws (Mapuipyt Posb-
Mmepa-Tadens); npu E < -0,3B 3ameTHO BiIusHIE pe-
aKkmuy adcopOITMU BOJAOPOIA Ha CIICKTPHI UMITEaHCa.

W3 mnonyd4eHHBIX 3HAYCHUU 3aBUCUMOCTEH
SIIEMEHTOB (hapajieeBckoro umieaanca ot E (tadim. 1,
2) u mocie ux 00pabOTKK B MONYIOTapUPMHUECKUX
KOOpJHMHAaTaxX (C y4eToM pe3yiabTaToB padoTel [9])
MOXHO C/IeNaTh BBIBOJ O BbinoiHeHUH Ha COSI u30-
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TepMbl ancopOrum Jlenrmropa mist Haxe. Okcmepu-
MmeHTanbHble 3HadeHnst O0lgX/0E (X = Ry, Ry, C2) ne
MOTYT OBITH OIUCAHBI C TIOMOIIBIO MexaHn3Ma DoJb-
Mmepa-Tadensa. JlaHHple ONM3KM K TEOPETHYECKUM
3HA4YEHUSIM HAaKJIOHOB Juid MexaHu3Ma Poibmepa —
I'eiipoBckoro, rae peakus ['eipoBCKOro — CKOpOCThb-
ompeeNsionas cragus, Kod(pQUIMEHTH IepeHoca
peakuuii ®onpMmepa u I'elfipoBckoro 01 = 0. IloHu-
eHue 3HaueHuil HakioHoB 0IgR1/0E u 0lgC,/0E mo
CPaBHEHHIO C TEOPETHYECKUMHU IPU BHICOKMX 3Haye-
HUSX HNOTEHLUAIOB MOXKET ObITh OOBSICHEHO IIpOTE-

KaHueM peakimu abcopbiuu Bomopoaa [9]. CormacHo
[6, 9] Ha moBepxHOocTH COSiuMeeTCs] TOHKHI OKCHII-
HBIA CIIOHM, KOTOPHIA BOCCTaHABIMBAETCS IMPH IMOBBI-
IIEHUH KaTOMHOM TOJIAPU3AlNH; TIPH 3TOM CKOPOCTb
obpazoBanus H> yBennunBaetcs, a peakuusi abcopo-
IIMM BOJIOPOJAA MHTEHCH(HULIHUPYETCS U MPOTEKAeT CO
CMeIIaHHBIM () (Hy3MOHHO-KMHETHYECKHUM KOHTPO-
aem. Ilpu stom mnst COSiXopomIo BBHITIONHIETCS K-
BUBAJICHTHAs CXEMa, YYMTHIBAIOIIAs peakluio ao-
COpOITMH BOIOPO/IA.
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CHUHTE3 I'PAHYJIUPOBAHHbBIX HU3KOMOAYJBbHBIX HEOJUTOB N3 METAKAOJINHA
C ICIIOJIb30OBAHUEM YJIbTPA3BYKOBOM OBPABOTKHA

Hccneoosanvl npoueccol cunmesa HU3KOMOOYJIbHBIX ZPAHYAUPOSAHHBIX UEOIUMO8 U3
emeceii 6ALSIHO7:12NaOH u 6ALSIO7:12NaOH:12SIQ ¢ ucnonvzosanuem yiompazeyKkoeoi
00padomKu 600HbIX cycnen3uii. /[na KOHMPONA nPOUeccos CUHME3A UCNOJIb306AU PEHMZEHO-
dazosvit ananu3z, cCKaHuUpyOWYI0 31eKMPOHHYI0 MUKPOCKONUIO U UHMPAKPACHYIO CHEKMPOCKO-
nuio. Ilokazano, umo nocie mepmuueckou oopadomku cmecu 6ALSHO7:12NaOH npu 650 °C
cunmesupyiomea COJ yeonum (|Na&|[AleSicO24]) u amomocunuxam nampus(NagAlsSisOrsg).
Ipokanxa cmecu 6ALSHO7:12NaOH:12SIQ ne npusooum k o6pazosanuio HOGLIX KPUCHANIU-
yeckux ¢paz. Ilocne zuopomepmanvhnon kpucmannuzayuu cmecu 6A1LSiHO7:12NaOH ¢ 2M pac-
meope NaOH cunmesupyemcs JITA ueonum (|Nauw|[Al12Si1:04g]). Bvino ycmamnosneno, umo
NagAlsSisO1s sensemcen npexypcopom JITA yeonuma. I'uopomepmanvuas Kpucmaniusayus
cmecu ¢ usovtmrom SiO; ¢ 2M pacmeope NaOH npueooum k oopazosanuro IIXH yeonuma
[Nae|[Al6Si100s2. Bvlio nokazano, umo nocie Kpucmannuzayuu obeux cmeceii 6 6M pacmeope
NaOH moavko CO/ ueonum obpazyemcs Kax KOHeUHbLIL RPOOYKML.

KuarueBsle cioBa: cunres, COJl neonur, JITA neonut, [IXU neonut
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SYNTHESIS OF GRANULATED LOW-MODULUS ZEOLITES FROM M ETAKAOLIN USING
ULTRASONIC TREATMENT

The synthesis processes of the low-modulus graredatzeolites from mixtures of
6AI>Si,07:12NaOH and 6A}Si07:12NaOH:12SiQ were studied using ultrasonic treatment of
the aqueous suspensions. To control the synthesie@sses, X-ray diffraction, scanning electron
microscopy and infrared spectroscopy were usedvds shown that after thermal treatment of the
mixture of 6AbSi,07:12NaOH at 650 °C, SOD zeolite (|bBAleSisO24]) and sodium aluminosili-
cate (NaAl4SisO1g) are synthesized. The calcination of the mixturEGAIl.Si,O7:12NaOH: 12SiQ
does not result in a formation of new crystallindhgses. After the hydrothermal crystallization of
the mixture of 6A}SiO7:12NaOH in 2M NaOH solution LTA zeolite ([N@|[Al12Si1204¢]) is synthe-
sized. It was established that Md4SisO15 is a precursor of LTA zeolite. Hydrothermal crydiaa-
tion of the mixture with SiQ excess in 2M NaOH solution results in a formatiaf zeolite PHI
(INas|[AleSi10032]). It has been shown that after crystallization dfe both mixtures in 6M NaOH
solution, only SOD zeolite is the final product tife synthesis.

Key words: synthesis, SOD zeolite, LTA zeolite, PHI zeolite

INTRODUCTION treatment of the suspension of metakaolin and alumi
num oxide allows synthesizing the granulated LTA
zeolites. In this case, the hydrothermal crystafion

is carried out in one step. The zeolite type walde-
rtgrmined by the concentration of NaOH solution.

The zeolite type is also determined by the
composition of the starting ingredients. In Re®- |
10] for the synthesis of the LTA zeolite, the,@d
excess over the stoichiometry has been used. The
purpose of this work is a study the synthesis ahgr
lated low-modulus zeolites from the suspension of
metakaolin with a Si@excess. To intensify the pro-
gsses of synthesis, ultrasonic treatment willds=iu

Zeolites are the porous framework alumino
silicates which have the regular cavities [1]. Ag t
starting material for the synthesis of zeoliteds smd
gels of Si and Al compounds as well as kaolin a
used [1-3]. The sol-gel synthesis allows obtairtimeg
crystals of zeolites with a high degree of crystdi},
but only in the form of powders. For industrial &pp
cations, it is necessary to have pellets. Forrgason,
a metakaolin is widely used in industry as a sigrti
material [3, 4]. The disadvantage of these meth®ds
the multistage hydrothermal crystallization.

To intensify the heterogeneous processes, tfi
ultrasonic treatment may be used [5, 6]. In theerev EXPERIMENT
[7], it was shown that ultrasound allows reducihg t
hydrothermal crystallization time of the zeolités.
Ref. [8], we established that a preliminary ultrasd

For metakaolin producing, the perfume kaolin
was used. Kaolin was calcined at 700 °C for 4 ke Th
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silica gel and the solid aluminum hydroxide wersoal RESULTS AND DISCUSSION

used. Two mixtures were prepared for the study:
(i) 6AISi,O7: 12NaOH; After UST of the mixture (i) on the XRD pat-
(i) 6AI2Si,07: 12NaOH: 12SiQ terns, the halo and the reflex of quartz were detec

Composition of the mixture (i) corresponds tdFig. 1,a). After UST of the mixture (i), an analo-
the stoichiometry of the synthesis reaction ofltfid  gous pattern is observed (Fig.a2, This type of XRD

zeolite (|Nay|[Al 12Si1204g]). patterns is characteristic for metakaolin.
The ultrasonic treatment (UST) was carried ‘ ‘ ‘ ‘
out in an ultrasonic dispergator UD-20 with an bsci \a : : : Q

lation frequency of 22 kHz and an amplitude at the
end of the concentrator of 8 microns for 10 mine Th
suspension was then evaporated to a residual mmistu

content of about 20 wt%. The pellets with diameter ; ;
3 mm was molded from the received paste. The pel- s

lets were dried at 100-110 °C. The thermal treatmen : ! : :
(TT) of dried pellets was carried out at 650 °C4dr. ‘ ‘ ‘ L
Hydrothermal crystallization (HTC) was carried atit 1 1 % ? ?
100 °C for 4 h in an agueous solution with NaOH L = ¢
concentration of 2 and 6 mol/l. Conditions of TTdan \.{MJ_ i
HTC were chosen based on the results of our earlier : c
studies [10, 11]. After HTC, the pellets were wakhe ‘ ‘
with distilled water and were dried.

The reliable identification and characteriza-
tion of the zeolite micro crystals requires the idiar
neous use of various testing methods [12]. In this
work, the following testing procedures were used:

» The powder X-ray diffraction (XRD) pat-
terns were recorded on DRON-3M X-ray diffractome-
ter. The Cu[@ radiation (k = 0,15496 nm, Ni-filter) 5 10 15 20 25 3'0 35 40 45
was used with a power supply settings of 40 kV and Difraction angle, 20, deg
20 mA. The scan rate was 1 niinand the scanning Fig. 1. XRD patterns of mixtures (i) 688i207: 12NaOH. a) after
step was 0,01°. UST; b) after UST and TT; c) after UST, TT and HFGsblution

» The Fourier transformed infrared (IR) spec- with a concentration of 2 mol/l; d) after UST, TAcaHTC in
tra were measured by Avatar 360 FT-IR ESP Specsql_ution with acpncentra}tion of 6 m(_)I/I. A is sodhi a_Iuminum
trometer in the range of 4000-400 €niThe samples silicate (NaAl4SisOzs); L is LTA zeolite (|Na2|[Al 12Si1204g]);

. Q is quartz (Sie); S is SOD zeolite (|NHAI6SisO24])
were prepared by the KBr method with the Sample'tol’m. 1. Penrrenorpammsl cmeceii (i) 6Al2Siz07: 12NaOH.a) mo-

KBr ratio of 1:100. cie ynpTpasBykoBoii o6padorku (YO); b) mocne ynbrpassykoBoit
* The scanning electron microscopy (SEM) u tepmuueckoii o6paborku (TO); ¢) mocie yibTpasBykoBoii 1

measurements were taken Wlth the JSM_6460 LV mi']:CpMPI‘ICCKOI\/'I 06pa6OTKI/I u FHHpOTepMaHLHOI\/’I KpUCTAITU3alluA
croscope (T'TK) B pactBOpe ¢ KoHIEeHTpauuei 2 Moib/i1; d) mocne ynpTpa-

. . 3BYKOBOH M TepMHUECKOH 00pabOTKU U TUIPOTEPMATEHOM KpH-
The crystalline phases in the XRD patterns CTAJUTM3AllUK B PACTBOpE C KOHIIEHTpauueil 6 Mo/

were identified by the comparison of the calculated

interplanar spacingsd(= 1/2sin®, where 1 is the On the SEM images of the mixture (i), the

wavelength, and@ is the diffraction angle) with those particles with a size of 0.1-0;8n were detected (Fig.

taken from the ASTM databases. 3, a). These particles are combined into the aggre-
Since the LTA, SOD and PHI belongs to thgjates with a size of 0.242n. There are also the parti-

cubic syngony, the lattice parameter was calculatetbs with a size of 16m and the needle-shaped parti-

from the equation of [13] cles with a length of 2-@m. In the mixture (ii) after
1d? = (0* + K2 + %) @2, UST, there are the irregularly shaped particlesciwh
whereh, k, andl are the Miller indexes. are combined into aggregates with a size of b

To identify the absorption bands on the IRFig. 4,a).
spectra, data of Ref [1, 14] were used.
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v Q

Difraction angle, 20, deg

Fig. 2. XRD patterns of mixtures (ii)
6Al2Si2O7: 12NaOH: 12Si@ a) after UST; b) after UST and TT;
c) after UST, TT and HTC in solution with a concatitn of 2
mol/l; d) after UST, TT and HTC in solution with arncentration
of 6 mol/l. P is PHI zeolite (|NRAI6Si100s2]); Q is quartz (SiG);
S is SOD zeolite (INHAIl6Sis024])
Puc. 2. Pentrenorpammsi cmeceii (ii) Fig. 3. SEM images of mixtures (i) 68i2:07: 12NaOH. a) after

6Al.Si - 12NaOH: 12Si VO: b VO u TO; UST; b) after UST and TT; C) after UST, TT and HTGsplution
250 '@ a) nocze ) niocze " with a concentration of 2 mol/l; d) after UST, TRdHTC in

¢) mociie YO, TO u T'JIK B pacTBope ¢ KOHLEHTpALmend 2 MOJIb/I; solution with a concentration of 6 mol/l

d) mocne YO, TO u TJIK 8 PacTBOpe ¢ KOHUCHTpaLeii 6 MOJIB/1. Puc. 3.COM wuszobpaxenns cmeceii (i) 6Al2Si:07: 12NaOH. a)
P —IIXA neomut(|Nas|[Al6Siz00s2]); Q —ksapu (SiQ); S —COJ nocne YO; b) nocie VO u TO; ¢) mocne YO, TO u I'TK B pac-
teosut(|Nas|[Al 6SisO24]) TBOpe ¢ KoHnentpamueii 2 mous/i; d) mocie YO, TO u IT'TK B

pacTBope ¢ KOHLEHTparuel 6 Momb/i

cd
Fig. 4. SEM images of mixtures (ii) 648i,07: 12NaOH: 12Si@ a) after UST,; b) after UST and TT; c) after UST,and HTC in
solution with a concentration of 2 mol/l; d) aftéT, TT and HTC in solution with a concentratiorbafnol/l
Puc. 4.COM wuzo6paxenust cmeceit (i) 6Al2SizO7: 12NaOH: 12Si@ a)nocne YO; b) mocie YO u TO; ¢) mocne YO, TO u I'TK B pac-
TBOpE ¢ KoHueHTpanueit 2 mos/i; d) mocne YO, TO u I'TK B pactBope ¢ KOHIEHTpauen 6 Mouib/i
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On the IR spectrum of the mixture (i), the(NasAl,SisO18). Thus, the main reactions of solid
p
band at 1000-900 crhis attributed to the bending phase synthesis can be represented as
vibrations of Si-O and Al-O(H), and bands at 757, 3A|,S,0; + 6NaOH— |Nas|[Al6SisO24] + 3H:0, (1)
698 and in the range 1200-1000¢troorrespond to 2A1,Si,0; + 8NaOH— NasAl4SisO1s + 4H0. (I1)
the stretching vibrations of Si-O and Al-O (Figap, :
~ . The presence of the halo and the small inten-

Iirl;?aggrqgsofattheli%?fair:edoll—? S?Oﬁmsrear?(;tgg%?gg& ities of the reflexes suggest that the solid pheae-

group égn doesn't proceed completely. TT of the mixture

I

cnt?! is ascribed to condensed molecular water. A s . ; X
of bands in the range 3700-2800-¢mesponds to the phads‘;e(sﬁ”g‘“zrssu't in the formation of new crytte

external and internal vibrations of OH groups. Ga t
IR spectrum of the mixture (ii), a similar set dj-a
sorption bands was detected (Figa®, but there are
differences. Firstly, there is the band at 540cm
which corresponds to the deformation vibrations of
Si—O. Second, all absorption bands have a higher in
tensities.

All above differences are explained by the b
presence of a SiK&xcess in the mixture (ii).

a

Absorption

Absorption

| DNLENL AL L LA BN LR LN LA BN L DL AL IR
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber, v, cm™
Fig. 6. IR spectra of mixtures (ii) 648i207: 12NaOH: 12Si@
a) after UST; b) after UST and TT,; c) after UST, ddd HTC in
solution with a concentration of 2 mol/l; d) aftésT, TT and
HTC in solution with a concentration of 6 mol/l
Puc. 6. K crekrpst cmeceit (i) 6Al2Siz07: 12NaOH: 12Si@
a) nmocne YO; b) nocne YO u TO; ¢) nocie YO, TO u I'TK B pac-
TBOpe ¢ KoHIeHTpatueii 2 mons/it; d) mociae YO, TO u I'TK B
pacTBoOpe ¢ KOHIEHTpanueil 6 Mo/

| L BN L LA L LI B B L B
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber, v, cm™ On the SEM images of the mixture (i) after
UgiTg- b5)- li?t SpSgt;a Ofd”#tur;es f(ti) 6@?07#2'\]30&3 Iatf:?r TT, the particles with a size of 0.1-Oun were dis-
; arter an , C) arter ) an olution H H
with a concentration of 2 mol/l; d) after UST, TiicaHTC in covered (Fig. 3b). It Shou'.d be nptgd that Fhe parti-
solution with a concentration of 6 mol/| cles hgve a clear-cut facetmg: This is explaingthle _
Puc. 5. MK crextpsl cmeceii (i) 6Al2Siz07: 12NaOH. ayiocie formation of the new crystalline phases. In the -mix
YO; b) mocie YO u TO; ¢) mocne YO, TO u I'TK B pactsope ¢ ture (i) after TT, the essential changes were det
KOHIeHTpanueit 2 moJs/i; d) noce VO, TOuI'TK B pacteope ¢ tacted (Fig. 4b).
Kouuenpaiue 6 mos/ On the IR spectrum of the mixture (i) after
TT, an increase in intensity of all absorption baixl
observed (Fig. 9). It should be noted the appearance
RJ the new band in the range of 500-435¢mwhich
corresponds to the asymmetric and bending vibrstion

After TT of the mixture (i), the new reflexes
were detected on the XRD pattern (Figb), These
reflexes have been identified as the SOD zeoli
(IN&s|[Al6SisO24]) and the sodium aluminum silicate
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in the TQ tetrahedron (where T is Si or Al). A similar HTC in 6M NaOH solution results in the
pattern is observed on the infrared spectrum of tiiermation of SOD zeolite only in both mixtures (i)
mixture (i) (Fig. 6,b). These phenomena confirmand (ii) (Fig. 1,d and 2d). On the diffraction patterns
proceed of solid state reactions (I) and (I1). of the mixtures, there are reflexes of quartz. &M
HTC of the mixture (i) in 2M NaOH solution images of mixtures (i) and (ii) are also similaig(F3,
leads to an increase in the content of SOD zealitt d and 4,d). In both cases, there are particles with a
to the formation of a new phase of the LTA zeolitsize of 0.1-0.2um, that are combined into larger ag-
(INa2[Al12Si204g]) (Fig 1,c). The parametes of the gregates with the size up to jiBn. IR spectra of mix-
crystal lattice of the SOD zeolite is 9.042 A, @hd tures (i) and (ii) are typical for the SOD zeolfg.
parameter of LTA zeolite is 24.763 A (Table). The 5, d and 6,d). In the range of 820-620 chthere are
experimental values slightly exceed ASTM databadmnds that are attributed to the symmetric and asym
data (8.848 and 24.555 A, respectively). After HIfC metric stretching vibrations of simple 4-membered
the mixture (ii) in 2M NaOH solution, the phase ofings. The band at 534 cton the spectrum of the
PHI zeolite (|Ng[AlsSiinOs7]) is formed (Fig. 2,c). mixture (ii) corresponds to the bending vibratiaris
The lattice parameterof PHI zeolite is 10.078 A (10 A SiO,, which has been introduced into the mixture in
is ASTM data). On XRD pattern, there are also thexcess. Thus, the result of the HTC in 6M NaOH so-
reflexes of quartz. lution is not dependent on the composition of the
The SEM images (Fig. ) demonstrate that starting mixture and the final product is a SOD-zeo
the mixture (i) after HTC in 2M NaOH solution con-lite, that is formed by the reaction of (l). It shd be
sists of particles with a size of 0.1-Qufn, that are noted that the lattice parameters of the SOD z=olit
combined into aggregates with a size of 0.5 tquin5 are close to ASTM data (Table).
HTC of the mixture (ii) in 2M NaOH solution gives
the formation of the clearly faceted crystals wéth Table

size of 0.2-0.5um, which constitute the solid agglom- The lattice parameters for the crystalline phasesfeer HTC
erates with a size from 1 tan (Fig. 4,c) Tabnuya. IlapaMeTphl pelmIeTOK A/l KPUCTAJIHYECKUX

On the IR spectrum of a mix ($a3 mocyie ruAPOTEPMANIBHON KPHCTAJLIM3ALNU

; ; _The composition of the The concentra-
wre (i), Eh.e bar_ld in the range of 609 starting mixture tion of NaOH . The lattice pa
500 cm' is shifted to the high fre- . ) Crystalline phase

. CocraB ucxonHoii cmecu | solution, mol/l rametera, A

qguency region from 543 to 560 ch KoHuenTpars Kpucrannmueckas Iapaverp pe-
(Fig. 5, ¢). This indicates the for- pacteopa NaOH, tasa werku, a, A,
mation of double 4-membered rings MOIB/
which are the structural units of the ) LTA 24.763
LTA zeolite framework. On the IR 6(Al,Os-2Si%):12NaOH SOD 9.042
spectrum of the mixture (ii), the ap- 6 SOD 8.925
pearance of new bands in the range@(Al.0z- 2Si%):12NaOH 2 PHI 10.078
630-570 cm' is detected (Fig. ). 12SiQ 6 SOD 8.899
These bands corr_espond to the bending _vibrations of CONCLUSIONS
the 8-membered rings, which are the basis of the PH _
zeolite framework. The synthesis processes of the low-modulus

Thus, in the HTC process of the mixture (i) iZ€olite from mixtures 6ABi,07:12NaOH  and
2M NaOH solution, the formation reaction of SODPAI2S07:12NaOH:12SiQ using of ultrasonic treat-
zeolite is continued. At the same time in alkaline- Ment was investigated by X-ray diffraction, scagnin
dium, the zeolitization reaction of the sodium atum €lectron microscopy and infrared spectroscopy.

nosilicate and the metakaolin occurs. This procass ~ It was shown that ultrasonic treatment of sus-
be described by the gross reaction: pensions does not result in a formation of newtatys
- - line phases.
Zﬁ%mészlllei;igff%g a%;'jo - () It was found that the thermal treatment of the

; - ) mixture 6ALSIO7: 12NaOH at 650 °C results in the
, In the mixture (ii), HTC in 2M NaOH solu- gynthesis of SOD zeolite (|§BAsSis024]) and sodi-
tion leads to the formation of the PHI zeolltg. The&m aluminosilicate (N ,SisO16). The calcination of
process can be represented by the gross reaction: he mixture 6AISLO;; 12NaOH: 12Si® does not

3AlzSiO; + 4SiQ + 6NaOH = give the formation of new phases.
=|Na3|[A|6SI10032] + 3H,0. (|V)
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It was shown that the hydrothermal crystalli4-.
zation of the mixture 6AEiLO7; 12NaOH in 2M
NaOH solution results in the synthesis of LTA z&pli
(INaw2|[Al12Si1204g]). It was established that the sodi.
um aluminosilicate is a precursor for the synthesis
LTA zeolite. Crystallization of the mixture with%iO, -
excess results in the formation of the PHI zeolite.

It was shown that in the process of the hydro-
thermal crystallization in a 6M NaOH solution intbo
mixtures, only SOD zeolite is formed. 9.
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BOCCTAHOBJIEHUE JUXPOMATA HATPUSA B IPUCYTCTBUU PACTUTEJIBHBIX
KOMIIOHEHTOB

H3yuenwl ycnoeus 60cCmaHol1eHUA OUXPOMAMA HAMPUA 8 KUCAO0U cpede 6 Npucym-
cmeuu pacmumebHbslX Komnowenmos. lloxkazano, umo memnepamypuuiii I¢pghpexm peaxyuu
60CCIMAHOGNEHUA 3A8UCUM OM GUOA PACMUMENLHO20 KOMNOHEHMA U YCA06UIl €20 88€0€HUs
peakyuonnyio cmecs. OnmumanbHbIM AGIAEMCA NOPUUOHHOE 66€0eHIe KUCTOMbL 6 PEAKYUOH-
Hyl0 cucmemy. YCmaHo6/1eHO IUAHUE 6UOA PACHUMETIbHOZ0 KOMHOHEHmMA HA OCHOBHblE Xa-
PaKkmepucmuku npooyKkmoe cunmesqa — XpOMpAaAcmumenvnovix oyoumeneil. IKcnepumenmanbHo
HOKA3aHO omcymcmeue COeOUHEHUll uWeCmuaieHmnoz0 Xpoma é Koxyce, 00padomannoil Cun-
me3uposanHviMu 0youmeniamu.

KioueBnble ciioBa: AUXpOMAT HATpUA, CUHTE3, BOCCTAHOBJICHUEC, PACTUTCIIbHBIC KOMIIOHCHTHI, ,Z[Y61/I-
TE€JIb, OCHOBHOCTD, PACTUTCIIbHBIC OKCTPAKTEI
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REDUCTION OF SODIUM DICHROMATE IN PRESENCE OF VEGET ABLE COMPONENTS

The conditions for the reduction of sodium dichrort@in an acidic medium in the pres-
ence of vegetabile components were studied. As ceduagents it was suggested to use extracts
of fir, oak and maltodextrin. The effect of flow ta and process of sulfuric acid dosing to the re-
action mixture on the temperature in a reactor wassestigated. It was shown that the effect of
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reducing reaction temperature depends on the typgeagetable components and conditions for its
introduction into the reaction mixture. It was edbished that the main influence on temperature
effect of the reduction reaction of sodium dichrontgahas a pH value of vegetable extracts solu-
tion. The portioned introduction of acid to the retion system provided the optimal conditions.
The influence of the type of vegetable componenttbe main characteristics of synthesis prod-
ucts — chromium vegetable tanning agents - was klshed. It was shown that by the reduction
of sodium dichromate in the presence of vegetabktracts the chromium tanning agent with
higher leather-processing properties and resistartoeoxidation can be prepared. Plant extracts
are oxidized to organic acids which are ligands emdbling in the inner sphere of the chromium
complexes. It provides their masking properties.e€Thest results on the content in the tanning
agent of chromium oxide were obtained at the redantof dichromate spruce extract. It was es-
tablished that the cause of lowering the pH tanniagents in the course of dissolution is chromi-
um complexes hydration. The high stability of thgrghetic tanning agents to the action of alka-
line reagents used in tanning technology to increathe basicity and stability of chromium com-
plexes is connected with protein. The results okatical analysis combined tannins derived at the
reduction of sodium dichromate vegetable extra@s,compared to manufactured on an industri-
al scale dry chrome tanning agent are given. It wasperimentally shown the absence of hexava-
lent chromium compounds in the skin treated withntsing agents.

Key words: sodium dichromate, synthesis, reduction, vegeiagledients, tanning agent, vegetable extracts

PactutenbHble SKCTpakThl, TOTy4YacMble U3
Pa3TUYHBIX YacTel pacTeHUH M MPOJYKTOB MX IEpe-
pabOTKH, SBISIOTCS MEPCIEKTUBHBIMA XUMUYCCKUMU
NPOJYKTaMH OJlaroaps ux JelIeBU3HE, JOCTYITHOCTH
1 BBICOKOH peaknnoHHOU cmocobHocTr. K Hambonee
pacrpoCTpaHEeHHBIM OTEYECTBEHHBIM DKCTPAKTaM OT-
HOCSITCSI DKCTPAKThI MBBI, Jy0a, €l U JIMCTBEHHUIIBI
[1], 3a pyGesxom HamOoOINbIEE pacIpPOCTPaHEHHE IIO-
JYYIHUIA DKCTPAKTHI MUMO3bI, KalliTtaHa, kBedpaxo [2].
ITo mpOMBINIUIEHHOW TEXHOJOTHH XPOMOBBIE AyOUTE-
JIM TIOJTY4al0T BOCCTAaHOBJIEHHUEM COEIMHEHUH LIECTH-
BAJICHTHOTO XpOMa B KHCJIOH Cpeie C MCIONb30BaHH-
€M B KayeCTBE BOCCTAHOBUTEJS JUOKCUAA cephl [3].
Takue XpOMOBBIE JYOHUTENN B TEXHOJIOTHYECKHX TIPO-
neccax KOXEBEHHOT'O MPOM3BOJCTBA, HANPUMED, MPU
00paboTKe JKUPYIONTUMHU COCTaBaMH HIIA B IPOIIeCcCe
KpallleHus: TPU JIOCTATOYHO BBICOKHUX TEMIIepaTrypax
(60-65 T), crmocoOHBI OKHCIATHCS IO COEITMHEHUI
xpoma (+6), 4TO HE COOTBETCTBYEeT TpeOOBaHHSIM,
MPEIBABISIEMBIM K 0€30MacHOCTH U3ACTUI U3 KOXKU.
HopmaruBamu EC ycTaHoBieHBI kecTkue TpeOoBa-
HUS K COJICPIKAHUIO BOJOBBIMBbIBAEGMOro xpoma (+6) B
KOXKax il ONekbl i 00yBU. I10CKOIBKY TONHOIICH-
HOUM 3aMEHBI JTyOSIIUM COSITUHEHHSM XPOMa HET, ajb-
TEPHATHBOM SIBISIETCSI MAKCHMATLHOE COKpAIIIEHHE €T
pacxoma B Impoiiecce AyOJieHus, 00eCTIeUeHIE TTOTHON
OoTpabOTKH IyOAIIETro pacTBOpa, UCKIFOUYECHUE MPOITeC-
ca XpOMOBOTIO JOMyOnvBaHWA. Takas BO3MOXKHOCTh
MIPEICTABIISCTCS TIPU UCIIOJIb30BAaHUN KOMOWHHPOBAH-
HBIX XPOMPACTUTENLHBIX TyouTenei [4].

Hamu ObLIO MMOKA3aHO, YTO IPH BOCCTAHOB-
JICHUM IUXpOMara HaTpus B IPHUCYTCTBUU JIMTHO-
CYIb(OHOBBIX KHCIIOT MOYHO IIOJYYHTh XPOMOBBIM
IyouTeNb ¢ 6oee BHICOKUMHU KOYKEBEHHO-TEXHOJIOTH-
YECKUMH XapaKTEPUCTHKAMH K YCTOHYHMBOCTBIO K
OKHCIICHUIO. B TO ke BpeMs, IPUCYTCTBUE B COCTAaBE
JIUTHOCYJIH(OHATOB OOJIBIIIOTO KOJIWYECTBA CYIb(O-
IPYIII HE IO3BOJSAET MONYyYaTh AYOHTEIH CO CTele-
HBIO OcHOBHOCTH Ooibmre 33-35 %,a Kok KOMOH-
HUPOBAHHOTO AYOJICHUS XapaKTePHU3YIOTCS HHU3KOH
BOJIOCTOMKOCTBIO [4].

Ilenpro HacTosmIeH pPabOTHI SBHIOCH HCCIIE-
JIOBaHHWE BOCCTAaHABJIMBAIOIIEH CIOCOOHOCTH PacTH-
TENBHBIX DKCTPAKTOB U OMpPEC/ICHUE ONMTUMAIbHBIX
YCIOBUH TONyYEHHs] KOMOMHHUPOBAHHOTO XPOMOBOTO
nyourens. MI3BecTHO, 9TO OMXpOMAaT HATPHUS B KHCIIOH
cpele ABISCTCS CHIbHBIM OKHCIUTEIEM U B MPHUCYT-
CTBMU BOCCTAHOBHUTEJISI MIEPEXOJUT B COCTUHEHUE CO
crenenpio okucienus +3 [3]. CxemMa BOCCTaHOBJICHUS
OuxpomMaTa HaTpUsA B HPUCYTCTBUU CEPHOH KHMCIIOTHI
(R —BOCCTaHOBUTENE) MPEACTABICHA HIKE!

NaCr,O; + 3H2S04 + R =2 CrOHS®+ NaSQ, + RG; + 2H,0

B kagecTtBe BOCCTaHOBHTEIICH MOXKHO HC-
M0JIb30BaTh KaK OpPraHUYecKHe, TaKk U MUHEpPaIbHBIC
coeauHenus. [Ipu 3TOM clieyeT IpUHUMATh BO BHU-
MaHue, YTO JUIsi BOCCTAHOBICHHUS IMXPOMATa HATPHUS
pacxoayeTcsl HeOPraHWIECKUX COSIUHEHUH B 2-4 pa-
3a Ooubllle, yeM opraHuyeckux [5]. JlaHHBIX O TpH-
MCHCHHH B Ka4eCTBE BOCCTAHOBHUTEICH PACTUTEIb-
HBIX SKCTPAKTOB B JIMTEpATypPe HAMH HE OOHAPYKEHO.
[Ipu BBIOOpPE PACTUTEIBHBIX KOMIIOHCHTOB MBI IIPH-
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HUMaJM BO BHHMaHHE, YTO OJHA W3 HHUX OTHOCATCS K
KJTacCy THAPONU3YeMbIX (MaJbTOAECKCTPHH), a APYTHe —
K KJIacCy KOHICHCHPOBAaHHBIX (e1b, MUMO3a). PacTu-
TEJIbHBIC YKCTPAKTHI, HAPSJY ¢ BOCCTAHABIHMBAIOIICH
CIOCOOHOCTBIO, B XOJIC PEaKIUA MOTYT OKHCISTHCS
JI0 OPTaHUYECKHUX KHCIIOT, KOTOPBIE, BCTPAaUBasCh BO
BHYTPEHHIOIO c(hepy XPOMOBBIX KOMILIEKCOB, oOec-
MIEYNBAIOT UX MACKHPOBAHUE.

METOAUKA SKCIIEPUMEHTA

B kauecTBe MCXOIHBIX COCIMHCHUI HCIIONb-
3oBaim Guxpomar Hatpust NaeCrO7 (Mapku «a»), pac-
THTEJIbHBIC SKCTPAKTHl MUMO3BI, €11, U IPOAYKT Iepe-
paboOTKM Kpaxmaya — MaJbTOJCKCTPHH C JIEKCTPUHO-
BBIM JKBHBaneHTOM 17% [6]. Temmneparypy peakuu-
OHHOW CMeCH KOHTPOJIMPOBAJIH € MOMOIIBIO IU(POBO-
ro TepMOMETpa C BBIHOCHBIM jartunkoM Hi 98509
Checktemp 1¢upmer Hanna Instrumentsllonnory
BOCCTAHOBJICHHS XpOMa OIIEHHBAIIU IO CIIEKTpaM II0-
[JIOIICHUA, CHATBIM Ha crnekrpodoromerpe T 80
¢upmer PG InstrumentsBoccranaBnuBaronyio cro-
COOHOCTh PACTHTENBHBIX OSKCTPAKTOB ONPEICISIIH
(heppoIMaHuIHbBIM METOAOM [7], OCHOBaHHBIM Ha
CIIOCOOHOCTH PEAYLHMPYIOIIUX CaXapOB OKUCISTHCS H
BOCCTAHABJIMBaTh B ILNECIOYHOW Cpele TeKcalMaHo-
deppar (Ill) xamus B rexcammanodeppar (Il) xamms.
OCHOBHOCTh KOMITO3HIIMOHHBIX JTyOWUTEJCH, CTCICHb
onu(UKaUY U COIEepKaHUE OKCHIA XpoMma Oompene-
JISUTH TI0 CTAaHIAPTHBEIM MeToauKam [3].

PE3VJIBTATBI 1 X OBCYX/IEHVE

W3BecTHO, YTO peakuusi BOCCTAHOBICHHSA
xpoma (+6) B xpom (+3) mpoTekaeT O4eHb IHEPTHYHO
U TpeOyeT COOMIOACHUS OCOOBIX YCIOBHUN W IPaBHII
0e30IacHOCTH MPU CHHTE3€¢ XPOMOBOTO ayouTes. Ha
NpPaKkTUKE peau3yloTcsl JBa CHoco0a BOCCTAHOBIIE-
HUST XpoMma (+6) OpraHMYECKMMHU COCIMHCHHUSIMU.
IlepBrIii IpeaycMaTpuBaeT n00aBIICHHE BOCCTAHOBU-
TeJIs B CMECh AMXPOMAaTa HaTPHUsl U CEPHOM KUCIIOTHI,
BTOPOH — BBEACHUE KHUCIOTHI B CMECh OUXpoMara
HaTpus ¥ BoccraHoBuTenst [5]. Ha Hamr B3rmsim, BTO-
poit croco0 6oree MPEATNOYTHTENEH, TOCKOIBKY B
pe3yabTaTe YaCTUYHOTO OKHUCICHHS BOCCTAHOBHUTEIS
00pa3yroTcsi OPraHNYECKHE KHCJIOTHI, CIIOCOOCTBYIO-
[IMe TMONYYCHUI0 MACKHPOBAaHHBIX XPOMOBBIX KOM-
IUIEKCOB, KOTOpbIE Mpu AyOjeHun OynyT oOecredu-
BaTh PABHOMEPHOE pacIpeelieHHe COeIUHEHNUH Xpo-
Ma I10 CJI0siM JaepMbl. Takoit 3¢ dekt ObuT 3adhUKCHpO-
BaH B [4, 8].

Ha mepBom stane paOoTel ucciemnoBaiu BIU-
SHUE KOJHMYECTBA W CIOCO0a JO3WPOBAHHS CEPHOU
KHCJIOTH B PEAKIIMOHHYIO CMECh, MPUTOTOBICHHYIO
pacTBopeHHEM B BOJIEe JUXpOMara HaTpHsl U BOcCTa-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11

HoBHTENSA (PAaCTUTENBHOIO DOKCTpakTa). PacuerHoe
KOJIMYECTBO CEPHON KHCIOTHI BBOJIMIN MO TPEM Ba-
puaHTaM: paBHbIMH oObemamu B TeueHue 20 MuH,
MOPIHAMH 110 3 MJT Yepe3 Kaxable S5 MUH, MOPIUSIMU
mo 5 mn uvepe3 kaxkzapie 5 muH. KuneTuky mporecca
u3yyanu mo TerioBomy 3¢ ¢exty peakuuu. B xome
peakiuyd IBET pacTBOpa H3MEHSUICS C TEMHO-
OpaHXXEBOTO Ha 3CJICHBI, UTO SIBISETCS CBUICTEIb-
crBoM BoccranoBnenusi Cr (+6)B Cr (+3). Pesynbra-
ThI SKCTICPUMEHTA MPUBEACHBI Ha puc. 1.

110
100

90

30

20 ] e e N N N s
0 8 16 24 32 40 48 56 64 72
T, MUH

Puc. 1. Biusune BUJa U peKrMa BBCACHUS BOCCTAHOBUTEIIA Ha
TeMIIepaTypy peakIHMoHHO cMecH: 1-okcTpakT e 1; 2-3kc-
TpaKT MEUMO3HI 1; 39KCTpaKT enu 2; 4-3KCTPaKT MUMO3HI 2
Fig. 1. Influence of a kind and a mode of introduttof reducer
on temperature of reactionary mixture:1- fur-tregtraect 1;
2- mimosa extract 1; 3- fur-tree extract 2; 4- msmextract 2

CpaBHEHHE KHHETHKH HM3MCHEHHS TeMIlepa-
TypBI peaknoHHOM cMecu (puc. 1) mpu cHHTE3e KOM-
OMHUPOBAHHOTO IyomTens mo 1 BapuaHTy mokasao,
4TO B CJIydac MCIIOJIBb30BAHUS €IIOBOTO IKCTPAKTa pe-
aKIUsl BOCCTAHOBIICHHS OUXpoMarta HATPHsI IIPOXOIAHT
3a 0oyiee KOPOTKUI MPOMEKYTOK BPEMEHHU. TeMIlepa-
Typa cmecu gocturaet 99 C B Teuenue 20 mus. [Ipu
BOCCTAHOBJICHHH KCTPAKTOM MUMO3bl MaKCUMaJIbHAS
TeMieparypa cmecu coctapisieT 97 C u ycraHaBiIu-
Baercs yepe3 30 MUH OT Havasa CHHTE3a.

[Ipu npoOHOM BBENEHHMH CEPHOIl KUCIOTHI B
PEaKIMOHHYIO CMECh TOBBIIICHUE TEMITEPATYPHI MPO-
HCXomuT cryneHdaro. Oco0eHHO SPKO 3TOT IPheKT
NPOSIBIISIETCS TPU KCIIOJB30BAaHUM B KadyecTBE BOC-
CTaHOBHTEJIS DKCTpaKTa MEUMO3bI. J[Jsl cHHTe3a ¢ y4a-
CTHEM DKCTpaKTa el OTMedaeTcs Ooyiee BBICOKas
TeMIiepaTypa pEeakUMOHHOW CMECH Ha HadalbHOM
craauu npouecca (96 C 3a 10 mumn).

Beenenne 00JIBIIOT0 KOJIMYECTBA KUCIOTHI 32
TaKOW K€ TMPOMEKYTOK BPEMEHH Ha KHHETHYECKOM
3aBUCHMOCTH TMPOSIBISICTCST B 0o0Jiee 3HAYMTEILHOM
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MOBBIIICHAN TEMIIepaTypbl BO BpeMeHU. B paHHOM
BapHaHTE CHHTE3a TeMIIEpaTypHBIH 3(PQeKT OT BBe-
JICHUS TIPEABIAYIIEeH TOPIMA KHUCIOTHI HAOIIOIACS
Oosee 5 MuH, a BBIIETICHHE TEIUIA IPH BBEJICHHUH Clie-
JOYIOIIeH TOpPIUH KHUCIOTH HAKJIAJbIBAcTCS Ha
npensirynmil 3¢ dexr. B pesynbrate 3TOro Temmepa-
Typa peakiuoHHoH cMecu qocturaet 101-102 €, uro
MOYET MPHUBECTH K IOTEPE OCHOBHOTO BEIIECTBA W3-
3a meperpeBa cMecu. Mcxons w3 MONyYeHHBIX JaH-
HBIX, B Ka4eCTBE ONTHMAaJbHOTO BapUAHTa BBEJCHUS
CEpHOW KHUCIOTHI TPEJIOKEH PEXKHUM, MPeTyCMaTpH-
BaIOIUIl MOPIIMOHHOE JIO3UPOBaHUE B 00BbeMe 2 M
Kaxaple 5 MuH.

BriOpannsii pexkuM OBUT MCTIBITAH TIPU CHH-
Te3¢ KOMOMHHPOBAHHOTO XPOMOBOTO IYOWTENS C HC-
MOJIb30BAHUEM B KaueCTBE BOCCTAHOBHUTENCH JKC-
TPakTOB eid, ayba W MambTofiekcTpuHa. KuHeTHka
HM3MEHEHHUS TEMIIEPATYPhl PEAKIIMOHHON CMECH B 3TOU
CepUHU IKCIICPUMEHTOB Ipe/cTaBlieHa Ha puc. 2. Cre-
JyeT TIOAYEPKHYTh, YTO ¥ B JJAHHOM BapHAHTE CHHTE-
3a JyOuTens MpH WCIONB30BAHUU DKCTPAKTa €U
HaOmronaeTcss OONMpIIMK SK30TepMHUUYECKHH 3PdeKT,
OJTHAKO MaKCHUMaJbHas TeMIepaTypa CHHTe3a, 3a(uk-
CHUpPOBaHHAas MOCTIE BBEJCHUSI BTOPOU MOPIIMU KUCIIO-
ThI, He TpeBbimaeT 93 C.

100 +

200 ———————— T
0 4 8 12 16 20 24 28

T. MHH
Puc. 2. VI3meHeHHe TeMIiepaTypsl peakIMOHHOI CMECH IIPH BOC-

CTAaHOBJICHUHN JUXpOoMaTa HAaTpUs B IIPUCYTCTBUU PACTUTEIIBHBIX
KOMIIOHEHTOB: 1-3KCTpaKT eJiu, 2-9KCTPakT ayoa,
3-ManbTOIeKCTPUH
Fig. 2. Change in a temperature of reactionaryuméxat dichro-

mate sodium reduction in the presence of vegetativeponents:

1- fur-tree extract, 2- oac extract, 3- maltodextri

Paznuums B sk30TepMuueckux 3¢ dhekrax mpu
BOCCTAHOBJICHUM XpOMa B MPUCYTCTBUU PACTUTEIb-
HBIX SKCTPAKTOB MOTYT OBITh O0YCIOBIEHBI X XUMHU-
YECKUM CTpoeHHEM. Tak, BRICOKHI TEIUTOBOU 3¢ deKT,
XapaKTEPHBIN IJIS1 CUCTEM, COACPIKAIINX €IOBBIM AKC-
TPaKT, BEPOSATHO, CBSI3aH ¢ 00Jee HU3KUM 3HAYCHHUEM

pH pactBOopa sToro mybwrens. pyrodl mpuYUHOMN
MOJKET OBITh BBICOKOE COJEpKaHHUE B EJIOBOM DKC-
TpakTe HeTaHuaoB (mopsimka 57%), 3HAUMTENBHYIO
YacTh KOTOPBIX COCTaBJSIFOT caxapa, oO0Jajaroliie
OoJiee BBICOKOH peayUpyOmeil CHoCOOHOCTBIO.

IMo mauubM [1], comepikaHHE CaxapUCTBIX
BEIIECTB B BOJHBIX BBITSDKKAX KOPBI M JPEBECHHBI
nyba B 2 paza MeHbIIIe, 4eM B Kope enu. OgHako, pe-
3yJIBTAThl HMCCIEAOBAaHUS PACTUTEIILHBIX KOMITOHCH-
TOB TIOKa3aJIi, YTO HAUOOJIbIIIee KOITUIECTBO PEIYIIHU-
PYIOIIMX BEHIECTB B IepecyeTe Ha caxapo3y Cojep-
xuTCs B 1y0oBOM sKcTpakte (54,5%).B enoBom skc-
TpakTe ux coaepxurcs 37,5,a B MambTOJCKCTPUHE —
34,3%. Takum 00pa3oM, OCHOBHOE BJIMSIHHE Ha TEM-
nepaTypHblii 3PGEKT peakiud BOCCTAHOBJICHUS JIH-
Xpomara HaTpusi OKa3blBaeT 3HaueHue pH pactBopa
9KCTPAKTOB.

Taonuua 1

CpolicTBa KOMOMHHPOBAHHBIX JyOUTe/1ell B 3aBHCHMO-
CTH OT BHJAA PACTUTEJIBHOT0 JKCTPAaKTa

Table 1.Properties of combined tannins depending on a

kind of a vegetative extract

v3e| Elenf [.g| S

S Q 23S -

eS| B |53 = S «| &5

Bun RR5| 2 |R2Ce|EE| B3

oketpakta | &2 5 | 9 (&g I |2 E| 2 E

g Ew© e g = E o Q| O &=

OSSR | T |ogz |OFR &

2 =3 ° 3

Enb 4511 | 3,21 26,60 | 52,38 28

6 4594 | 3,34 20,26 | 43,15 31

Mamsto- | 0 35 | 302 2460 | 47,37 35
JIEKCTPUH

CXII - 277 250 | 404 -

[Tockonbky B MPOMBIIIICHHOCTH HCIONB3Y-
I0TCsI AyOUTENU B BUJE IOPOIIKA, PEaKLUOHHYIO Mac-
Cy IocJie OKOHYaHMs CUHTE3a CYLIWIU IIpU TeMIlepa-
type 105-110 €. B pesyinbraTe ObUT MOJYYEH MO-
poikooOpa3Hblii KOMOMHUPOBAHHBIM AyOUTEINb 3elie-
HOoro 1Beta. B Tabnm. 1 mpeacTaBieHBI pe3ysIbTAaThHI
XUMHYECKOTO aHaIM3a KOMOWHHPOBAaHHBIX IyOWTe-
JIeH, TIOyYeHHBIX B pe3ybTaTe BOCCTAHOBJICHUS ITU-
XpoMaTa HaTpUsl PACTUTEIbHBIMH 3KCTPAKTaMH, B
CPaBHEHMU C BBIIYCKAa€MbIM B IIPOMBIIUIEHHOM Mac-
mrabe cyxuM XpoMoBbIM ayourenem (CX/I).

Kak cnemyer w3 pe3yiabTaToB XMMHYECKOTO
aHajM3a JyOuTesel, IOIy4eHHBIX IIPU BOCCTAHOBJIE-
HUHM JUXpOMAara HaTpUsl pPacTUTENBHBIMH SKCTpPaKTa-
MH, OHU OTJIMYAIOTCSI OT BBIIYCKAEMBIX IPOMBIIICH-
HOCTBIO TIOPOITKOOOPa3HBIX XPOMOBBIX TyOWTENeH
Oosiee BBICOKMMH 3Ha4YeHusIMH pH pacTBOpoB u noka-
3aTeJIIMH OCHOBHOCTH. Hawmmydmime pesynbTatbl MO
COJIEp)KaHUIO B AyOUTeNle OKCUA XpoMa U IoKa3aTe-
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JIF0 OCHOBHOCTH TOJYYEHBI TP BOCCTAHOBJICHUH JTU-
XpOMaTa dKCTPAKTOM CJTH.

HccnenoBana KHHETHKA PACTBOPCHUS KOM-
OMHUPOBAHHBIX TOPOIIKOOOPA3HBIX AYOUTENEH B BO-
JIe ¥ TOKa3aHo, YTO 3TOT MPOIECC COMPOBOKIAACTCS
TUAPOIU30M, B pe3yjbTare KOTOpOro 3HaueHue pH
pacTtBopa nyoutens camwkaercs ¢ 3,8 1o 3,2. CHmxke-
aue pH myburtenei B mporecce pacTBOpEHUs OOBsC-
HSCTCSA AaKBaTAallMEH XPOMOBBIX KOMILJICKCOB, YTO
NPUBOJIUT K YaCTHYHOMY BBIXOJY CYJIb(aT-HOHOB U3
BHYTPEHHEH KOOPIUHAIHOHHOM cdepsr [9].

CrnenyeT OTMETHTh BBICOKYHO) YCTOWYHBOCTH
CUHTE3UPOBAHHBIX IyOWTENeld K ICHCTBUIO MIEIOY-
HBIX PEareHTOB, UCIOIB3YEMbBIX B TEXHOJOTHU HyO-
JICHUs ISl TIOBBIIIEHUSI OCHOBHOCTH U aJCTPHHTEHT-
HOCTH XPOMOBBIX KOMITJICKCOB 110 OTHOIICHHUIO K Oell-
Ky. 13 pe3ynbTaToB SKCIEpUMEHTa, TPEICTABICHHBIX
Ha puC. 3, CIIEAYET, UTO MOSBICHUE 0CcaiKa, QUKCHPY-
€MOT0 BU3YalIbHO TI0 TIOMYTHEHHUIO pacTBOpa JayouTe-
ns1, xapakrepHo it pH 3,7-4,2,c00TBETCTBEHHO st
MajbToAeKCTpuHa — 3,75,14 sKkcTpakTa nyda — 3,82,
IUTS 9KCTpakTa endd — 4,2. MUHUMaIbHOH yCTOHYNBO-
CThIO K TOIICTAUYNBAHUIO XapaKTEPU3yeTCs IyOu-
TEeNb, TMOJNYYCHHBIH BOCCTAHOBJICHUEM JUXpOMAaTa
HATpHsI B MPUCYTCTBHU MAalIbTOJCKCTPHHA. Bbicokas
YCTOWYMBOCTh K TMOJIICIAYABAHUIO OTMEUCHA IS
JyOWTeNs, CHHTE3UPOBAaHHOTO B MIPUCYTCTBHUHU €JI0BO-
ro skctpakrta. B nemnom obdnacte pH 3,7-4,3sBnsercs
TEXHOJIOTHYECKU PETIIAMEHTHPYEMOH U COOTBETCTBY-
eT TpeOOBaHMSAM, U3NOKCHHBIM B METOJMKE MPOU3-
BOJICTBA KOK XPOMOBOTO JTyOJICHUS.

5,52
T 2.02
a

4,52

4,02

3,52

3’02 2 I L I L I I L I I |
0 04081216 2 24283236 4
V, Mn
Puc. 3. HOTeHL[I/IOMeTpI/I‘IeCKoe TUTPOBAHUE PAaCTBOPOB KOMOU-
HHUPOBAHHOTO IIy6I/ITeJI$[, CHUHTE3MPOBAHHOTO B IIPUCYTCTBUU pac-
TUTENBHBIX 9KCTpakToB, pactBopoM 0,11 NaOH: 1- skcTpakr
enu, 2-9KCTPaKT 1yda, 3- MalbTOAEKCTPUH
Fig. 3.Potentiometric titration of solutions of combinedhién
synthesized in the presence of vegetative extraithissolution of
0.1 N Na(H: 1- fur-tree extract, 2xcrpakr ny6a, 3- maltodextrin

Bonee neranpHyro uH(pOpMaIUio O MpoIec-
cax, MPOUCXOASAIIUX MPH ACHCTBUM LICIOYH HA KOM-
OMHUPOBAHHBINA TyOWTETh, MOXKHO IIONYYHTH, HC-
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HOJIb3Ys METOJ KOHIYKTOMETPUYECKOro TECTHUPOBa-
Hus. Kak BugHO u3 puc. 4, Ha 3aBUCUMOCTH DIIEKTPO-
MPOBOJHOCTH pacTBopa IOyOHTENs OT KOJIMYecTBa
BBEJICHHOTO IIIEJIOYHOIO PEAareHTa MOXKHO BBIACIHUTH
TpH NpPSIMOJNMHEHHBIX ydacTka. [lepBblil ydacTok xa-
paKTepeH A HeUTpanu3aluu THIPOKCUIOM HaTpHA
CBOOOIHBIX CYILGOTPYNI B KOMOMHHUPOBAHHOM ITy-
outene. IlockompKy comepkaHwe WX B AyOHTENe
OTIpeneNsieTcs KOJINYECTBOM CEPHOM KHUCIOTBI, HC-
[IOJIb30BAHHON [UI1 CHHTE3a, a PacXoj KHUCIOThHI BO
BCEX OJKCIIEPUMEHTaX ObUI OJMHAKOB, KOJIMYECTBO
LIEJIOYH, 3aTpayeHHOe Ha TUTPOBaHHUE CYNb(Orpym,
MpUMEpPHO paBHO U cooTBeTcTBYyeT 1,0-1,3Mmi1.
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Puc. 4. KoHgyKTOMETpHYECKOE THTPOBAHHUE PACTBOPOB KOMOU-
HUPOBAHHOT'O Z[y6I/ITeII$I, CHUHTE3UPOBAHHOTO B IIPUCYTCTBUHU pac-
TUTEIbHBIX KOMIIOHEHTOB: 1- OKCTPAKT €]y, 2{9KCTpaKT ny6a,
3- MaTbTOCKCTPHH
Fig. 4.Condwtometric titration of solutions of combined tannin
synthesized in the presence of vegetative compengnfur-tree
extract, 2- oak extract, 3- maltodextrin

Bropoii yyacTok Ha 3aBUCHMOCTH, TIPEICTaB-
JIEHHOH Ha puc. 4, 00yCIOBIICH HEUTpanm3aIuei op-
TaHWMYECKUX KHCIIOT, OOpa3ylommxcsi B IpoIecce
CUHTE3a JyOUTEINs 3a CUET OKHCICHHUS OpPraHUYeCKUX
BEIIIECTB, COJCPKAIIMXCSA B PACTUTEIHLHBIX JTyOHTE-
nsx. [IpuHIMast Bo BHIMaHWE XapakTep 3THUX ydacT-
KOB, MOXXHO yTBEpKJaTh, YTO HAMOOJBIIEE KOJTHYC-
CTBO OPTraHUYECKUX KUCIIOT MPUCYTCTBYET B COCTABE
IyOuTeNs, MOTy4eHHOTO PH UCIIOIF30BAaHUH B Kade-
CTBE BOCCTAaHOBWTENS MajbTOAeKCTpuHA. [l ny6u-
TEeJIeH, MOITyYSHHBIX MPU BOCCTAHOBIICHUH OUXpomara
PaCTUTETHHBIMHU SKCTPAKTaMH, COAECPKaHUE KUCIIOT B
2-4 paza meHblle. MUHUMAaIBbHOE KOJTHUYECTBO KUCIOT
COJICPXKUTCS B KOMOWHUPOBAaHHOM JyOWTEINEe, IMOITY-
YCHHOM B MPUCYTCTBUH €II0BOTO IKCTPAKTA.

IIpuamHON 3TOTO MOXKET OBITH BHICOKAS TEM-
nepatypa, 3adUKCUpOBaHHAS TIPH BOCCTAHOBICHHU
IUXpoMaTa HaTpus B TPUCYTCTBHH PACTUTEIBHBIX
nyoureneit, 0coOOEHHO B MPHUCYTCTBHUU €JIOBOTO DKC-

81



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

TpakTa, 4TO CHOCOOCTBYeT Oojiee IOJHOMY OKHCIIe-
HUIO OPTaHUYECKUX COCTUHEHUH.

OCHOBBIBasICh Ha Pe3yibTaTax MPEIABIIYIIIX
WCCJICJIOBAHNH, MOXXHO TNPEANOJIIOKHUTh, YTO B MpPO-
I[ECCe OKHCIICHHS PACTHTEIBHBIX IyOuTeNed Ouxpo-
MaTOM HaTpUs MPOUCXOAUT ACCTPYKIUs monude-
HOJIHBIX MaKpPOMOJICKYJ, TMPU 3TOM HHU3KOMOJICKY-
JSpHbIE TIPOXYKTHI OKHWCIIEHUS BCTPAaWBaIOTCA BO
BHYTPEHHIOIO chepy XpOMOBOTO KOMITJICKCA.

Takum 00pa3om, Ha OCHOBAaHWH MPOBEIEHHBIX
HCCIIEAOBAHUN MOYKHO CZAEJIaTh BBIBOJ, YTO CBOMCTBA
KOMOMHHMPOBAHHBIX AyOUTENEH IpH MOCTOSHCTBE CO-
CTaBa M COOTHOIICHHS MCXOJHBIX PEarcHTOB OMpejie-
JISFOTCS BUJIOM PAaCTUTEIBHOTO KOMIIOHEHTA, WCIIOJNb-
3yeMOTr0 B Ka4€CTBE BOCCTAHOBUTEIIS.

Pe3ynbraThl mpakTHYECKOTO WCIONH30BAHUS

YAIUHEHUIO. JKCIIEPUMEHTANbHO YCTaHOBJIEHO OT-
CYTCTBHE B KOXE COECTUHEHHWH BOIOBBIMBIBAEMOTO
IIECTUBAJICHTHOTO XpoMa. TakuM oOpa3oM, KOMOu-
HUPOBaHHBIC JYOWTEIH, CHUHTC3UPOBAHHBIC IIyTEM
BOCCTAHOBJICHHS JUXpPOMaTa HATPHs B MPUCYTCTBUH
PaCTUTEIHHBIX KOMIIOHCHTOB, OOCCIICUUBAIOT MOJY-
YeHHE KOX ¢ TPeOyeMBIM KOMITJICKCOM ITOKa3aTesield U
MOTYT OBITH PEKOMEHIOBAHBI JIJIS1 IPOU3BOJCTBA KOXK
Pa3IMYHOTO Ha3HAYCHHUS.

Tabauya 2
PesyanaTu (l)l/l3l/lK0-MeX2lHl/l‘{eCKHX HCNIBITAHUA U XU-
MH4Y€CKOro aHajanu3a oﬁpazuon KOKH, MOJYYEHHBIX C
HCII0Jb30BAHHEM KOMOMHMPOBAHHBIX 1yOuTeaeil
Table 2 Results of physic-mechanical tests and the
chemical analysis of samples of the leather receiye
with use of combined tannins

KOMOWHHPOBaHHBIX TyOUTENeH B MPOHU3BO-

. Ipenen npou- | Y nuuenue, %

CTBE KOXXK XpOMOBOT'O JyOJieHus moarBepau- |Kombuuuposauusiii| Comepixa-

0 %1 Tak, Mak- JyOuTeNnb HUE OKCHUJIa noctH npu pac-| - Tlpu Tpu
JU OCOOEHHOCTH B MX CBOMCTBAX. , 8| sicern, MITa |sarpysie paspaise
CHMAaJIbHOE TIOBBIIIEHUE TEMIIEPATyphl CBa- Ha OCHOBE xpoma, % (MPa) 9 8 MIla
pUBaHUA KOXHU OOCTHUIa€TCA B IIPOLECCE DKCTpaKTa eln 3,21 24,82 35,3 54,9
RyOneHns: KOMOMHUPOBAHHBIM JyOUTENEeM C | Skcrpakta ny6a 2,98 26,29 38,8 58,3
skcrpakToM emu (mpupoct 10 C). Hampo- | Mansrogexcrpuna 3,02 28,57 39,1 60,3
THB, TIpH AYOJICHHH KOMOHWHHPOBAHHBIM JTy-

pH Ay p Y BBIBOJIbI

OureneM Ha OCHOBE MaJbTONEKCTPUHA OCHOBHOMU
OPUPOCT TEMIIEPaTypbl CBAapUBaHHUA JOCTUTACTCS B
nporecce MPOJIEKKU. ITO SBISIETCS CIEICTBUEM HH-
TEHCHBHOTO MACKHUPOBAHUS XPOMOBOTO KOMILICKCa
OpPraHUYECKUMH KHCIOTaMH, OOpa3yOIUMHCS MpU
OKHCIICHUH MAIbTOJCKCTPHHA B TIPOIIECCE CHHTE3a
IyouTens, 9To OBIIO YCTAHOBJICHO B pe3yibTaTe KOH-
JMYKTOMETPUYIECKOTO THTPOBAHUS ATOTO Jayourens. B
LEJIOM, HE3aBUCHMO OT BHJa KOMOWHUPOBAHHOTO Iy-
Ourens, Temmeparypa CBapuBaHUsS OYOJIEHOTO TOIY-
(abpukara mociue nponexku coctasinsier 103-108 €,
YTO COOTBETCTBYET TPeOOBAHUSAM, MPEABABISIEMBIM K
KOXaM JUIs BepXxa 00yBH.

AHanu3 JaHHBIX, IPEACTAaBICHHBIX B Ta0d. 2,
MOKAa3bIBACT, YTO BCE MCCIICJOBAHHBIE 0OpasIlbl yJI0-
BIIeTBOPSIOT TpeboBauusM 'OCT 1o mpogHOCTH H

[Ipu mcnonp30BaHUM PACTUTEIBHBIX KOMIIO-
HEHTOB ]I BOCCTAHOBJIICHUS JUXpOMaTa HATpHs B
nporecce MoIyuYeHUss KOMOWMHUPOBAaHHBIX TyOuTenen
CBOMCTBA dTUX IyOWTENEH ONpPEeIOTCS BHIOM pac-
TUTENBHOTO KOoMmoHeHTa. Hanbonee BhICOKHE mMOKa-
3aTenu AyOUTENs M0 CONEPKAaHUI0 OKCHAA XpoMa IIo-
Jy4eHbl TPH BOCCTAHOBJICHHH IUXpPOMaTa eIOBBIM
JKCTPAKTOM.

[IpenmyinecTBa CHHTE3UPOBAHHBIX KOMOU-
HUPOBAHHBIX JyOWTENeld mepen CyHIeCTBYIOUIMMU
CYXUMH XPOMOBBIMU TyOWUTENSIMUA TPOSBISIOTCS B
Oonee BBICOKOI crerneHn ocHoBHOCTU (Oonee 40%),
YCTOMYMBOCTH K ACUCTBHIO MICJIOYHBIX PEAareHTOB,
MacCKHUPYIOIIEH CITOCOOHOCTH, YTO 00eCIIeYnBaeT Tpe-
OyeMmbIe KO)KEBEHHO-TEXHOJIOTHYECKUE CBOMCTBA.
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MOJIYUEHUE U CBOMCTBA KOMBUHUPOBAHHBIX IIOJIMMEPHBIX MATEPUAJIOB HA
OCHOBE 3,7,13,17TETPAMETNJI-2,8,12,18TETPADTHUJI-5,15bUC(4-HUTPOP®EHNI)-
HHOP®UPUHA U ETO MEJJHOI'O KOMIIVIEKCA

Ilonyuenst KOMOUHUPOBARHbIE MAMEPUATIbl HA OCHOBE XUMUYECKU AKMUGUDOBAHHBIX
nonumepoes, 3,7,13,1Tmempamemun-2,8,12 18memparmun-5,15-6uc(4-numpopenun)nopgu-
puna u e20 meOHo20 komniaekca. Memooamu rnexkmponnoii, UK cnekmpogomomempuu u
AMOMHO-CUTI0801l MUKPOCKONUU UCCTIE008AHBI HOBEPXHOCHHBIE CEOUCIEA MOOUDUUUPOSAHHBIX
MaAmepuanos u onpeoeieHa ux aHmuodaKmepuaibHas aKmueHOCMs N0 OMHOUWLEHUIO K ZDAMONI-
PUUAMETbHBIM U ZDAMAOTONHCUMETIbHBIM MUKDOOPZAHUIMAM.

KiioueBnle ciioBa: KOM6I/IHI/Ip0BaHHI>Ie MaTcpualibl, MOJIUMCPBI, XUMHUYCCKAA aKTHBAIlH, HOp(l)I/IpI/IHBI,
OHOJIOTHYECKH aKTHBHBIC MaTepualbl
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OBTAINING AND PROPERTIES OF COMBINED POLYMERIC MATE RIALS BASED
ON THE 3,7,13,17-TETRAMETHYL-2,8,12,18-TETRAETHYL-5,15-BIS(4-NITROPHENYL)-
PORPHYRIN AND ITS COPPER COMPLEX

The experimental results showing a possibility dftaining the combined materials on the
basis of polymers with chemically activated surfaa@nd 3,7,13,17-tetramethyl-2,8,12,18-
tetraethyl-5,15-bis(4nitrophenyl)porphyrine and its copper complex apgesented. The chemi-
cal activation of polymers was shown to result irchange in topography and chemical structure
of a near-surface layer. By means of the new furcial groups formed on a surface of polymeric
matrixes the immobilization of 3,7,13,17-tetramel®;8,12,18-tetraethyl-5,15-bis(hitrophenyl)-
porphyrine and its copper complex was carried oatd the number of the immobilized com-
pounds was determined. It is shown that conditiomispreliminary activation of polymeric ma-
trixes, and conditions of immobilized porphyrine dnts copper complex strongly affect efficiency
of their binding with a polymeric surface. Researdf anti-microbe activity of the modified mate-
rials in relation to gram-negative and gram-posiévmicroorganisms was conducted. As the re-
sults of the conducted microbiological researchiiis established that the received materials pos-
sess the expressed anti-microbe activity. And, shenples modified by a copper complex show
twice greater bactericidal activity than modified tigands.

Key words: composite (combined) materials, polymers, chenacalation, porphyrines, biologically
active materials

B mocnennee Bpemst 3HAYUTEIBHO BO3POC HH-
Tepec K CHHTCTUYECKMM MOJIMMEPHBIM MaTepHajaMm,
NPUMEHEHHE KOTOPBIX CBSA3aHO C JKU3HEICSTENHLHO-
CTBIO YEJIOBEKAa — MEIMIMHA, OHOTEXHOJOTHS, MHK-
pOOHOIOTHs, KOCMETOJIOTHSI, Pa3IHYHBIC OTPACIH
CEITbCKOTO X03stiicTBa U T. 1. [1-7]. Kpyr Takux mate-
pHAIIOB JOCTATOYHO LIMPOK, U OJJHO M3 BaYKHBIX MECT
CpeIy HUX 3aHUMAIOT TOJIHUIPOITICH [8] u moausITH-
nenrepedranar [9]. OgHako camu 1o cebe 3TH MTOJIH-
Mephl ABIsIOTCA Omo- [7] m xemomueptasiMu [10],
MI0O3TOMY CTAHOBHUTCSI HEOOXOIMMBIM TPEABAPUTEIIb-
Hasl aKTHBAIMs WX TIOBEPXHOCTHU JJIsi H3MCHEHHS XH-
MHYECKOH CTPYKTYPbI B MOP(OIOTHH TOBEPXHOCTHO-
ro cnosi. HanGonee >pQeKkTUBHBI B JaHHOM cIydae
XUMHYECKHE METOJIbI, MPUBOAAIINE K 00pa3OBaHUIO

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y

Ha MOBEpPXHOCTU MOJspHBIX rpynn tuna -COOH, -
OH, -NHs" u ap., KOTOpBIE MOTYT GBITH MCITOIB30BA-
HBI JUIs1 JanbHeime moqudukammu [11].

C 1enplo NoNMyYeHUs] KOMOMHUPOBAHHBIX TI0-
JUMEPHBIX MAaTepPHANOB ¢ AHTHOAKTePHATHHBIMU
CBOWCTBAaMH HAMH HCCIIEIOBAaH Mporiecc Moauduka-
oy nonuMepoB nopdupunamu. Ilopdupuner obmna-
Jal0T COOCTBEHHOW OHMOJIOTMYECKOW aKTHBHOCTHIO
[12], 1 ux obxacT IpUMEHEHHS BECbMa Pa3HOOOpas-
uel [13, 14].brarogapst HATHYHIO B MOJIEKYIAX IOP-
(MPHHOB pEaKIMOHHBIX LEHTPOB KaK MPOTOHO-, TaK
AJIEKTPOHOJOHOPHOTO W AaKIIENITOPHOTO XapakTepa,
BO3HHMKAET BO3MOXKHOCTh HMX CICIU(PHUCCKHX B3au-
MOJCHCTBUI ¢ XUMHUYCCKH AKTUBHBIMH (DYHKIIHO-
HAJILHBIMH TPYIIIIAMU TOJIMMEPOB-HOcHuTenei [15].
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OKCIIEPUMEHTAJIbHAS YACTD

B kadecTBe moIMMepOB-HOCHUTENECH B padoTe
UCIIOJIb30BAHbL TUICHKA W3 M30TaKTHYECKOTO TIOJIH-
npormiena (ITI1) aByXocHOOpHETHPOBAHHAS TOJIIH-
HOM 20 MKM, HETKaHBIH MMOJUIIPOIMICHOBBIH MaTepH-
an “Cnanbonn” (HIIII) tonmmuoi 1 MM 1 ynenbHOM
mwiotHocTei0 70 r/M% naBcanoBas ienka (JIB) Ton-
muHON 20 MKM M HETKaHBIN JIaBCAHOBBI MarepHai
(HJIB) Tonmuuoi 3 MM U yenbHOH m1oTHOCThIO 203
r/m2. Jlns moBepxHocTHON Momudukaumu I u JIB
o0OpasioB ObulM HcCHOJB30BaHbl 3,7,13,17reTpame-
thn-2,8,12,18retpastun-5,1506uc(4' -aurpodennn)-
nopdupun (P) u ero meansiii komrmieke (CuP) [16].

NO>
Me @ Me
Et Et
Et Et
Me @ Me
|
NO,

3,7,13,17rerpamernn-2,8,12,18rerpasrtun-5,15-
ouc(4' -aurpodennn)-moppupud (P)
3,7,13,17-tetramethyl-2,8,12,18-tetraethyl-5,15-
bis(4-nitrophenyl)porphyrine (P)

NO,
Me @ Me
Et Et
Et Et
Me O Me
|
NO,

3,7,13,17rerpamernn-2,8,12,18rerpasrtuin-5,15-
ouc(4' -aurpodennn)-mopdupunar meau (CuP)
3,7,13,17-tetramethyl-2,8,12,18-tetraethyl-5,15-
bis(4-nitrophenyl)porphyrinate of copper (CuP)

[TpenBapuTEIbHYI0 XUMUYECKYIO AKTHBALIUIO
HOBEPXHOCTH TOJIMIPOIMICHOBBIX MaTepHajOB IIPO-
BOJMJIM METOJIOM OpomupoBanus (Meroauka 1) u
OpOMHPOBaHHUS € TOCIEIYIOMNM IIETOYHBIM TpaBiIe-
aueM (Meromuka 2) [17], HOBEPXHOCTH JaBCaHOBHIX
MaTepHuajoB akTuBupoBain 1,25M BoxHeIM pacTBO-
pom NaOH npu temmneparype 20-80 T B TeueHue
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0,5-44 (onrrumanbHbIe yemoBus aktuBauu; 60 T, 34)
(meromuka 3).

DJEKTPOHHBIEC CIEKTPHI TMOTJIOIICHHS 3aIlu-
CBIBAIM Ha CKaHUpyOIEeM crekrpodoromerpe Shi-
madzu UV-180@ To4YHOCTh YCTAHOBKU JUTHHBI BOJI-
Hel +0,1 M. V3MepeHus TPOBOAWIM B JHANA30HE
il BostH 300-9004M.

CocTaB TOBEPXHOCTHOTO CIIOS MAaTepHajoB
HCCIIEIOBAIA METOJIOM HH(PAKPACHOHN CHEKTPOCKO-
MUY MHOTOKPATHO HApPYIICHHOTO IOJHOTO BHYTPEH-
uero orpaxkenus (MK MHIIBO). U3mepenus mpoBo-
i Ha UK-@ypee ciekrpodoromerpe “Avatar 360"
FT-IR ESPs quamna3one BonHOBBIX umcen 400-4000m™.
CHekTpbl perHCTPUPOBAINCH C HAKOIJICHHMEM CHUTHANa
o pe3ysibTataM 32 CKaHUPOBAHUM Ui IUICHOK U 64
CKaHUPOBAHUH [Tl HETKAHBIX MATCPHUAJIOB.

CrpykTypy u Tomorpaduto MOIUGUITIPOBAH-
HBIX TUICHOK KCCIIENOBANIN MO0 MHKPOQOTOrpadusM
MOBEPXHOCTH, TMOJYYCHHBIM HA ATOMHO-CHIIOBOM
mukpockorie Solver P-47 ProOGpasiubl ckaHupoBa-
JIUCH B TIOJIYKOHTAaKTHOM PEKUME C MCIOIh30BAHUEM
kantuneBepoB NSG 11.

HccnenoBanus 0aKTePHOCTOMKOCTH MOAUGU-
IUPOBAHHBIX 00pPa3lOB MPOBOIIIKCE IN VItro ¢ mc-
MOJIb30BAHUEM BOTHOW CYCIICH3WM arap-arapa, WH-
(UIMPOBAHHOTO B OTHOIICHHH CICAYIOIIUX KYIbTYP:
Staphylococcus aureu8oa0THCTEIN CTAPHIOKOKK);
Escherichia coli(kumeunas manouka); Bacillus sub-
tilis (cemnas OGamwmwra); Pseudomonas aeruginosa
(cuHerHoiiHas majoYka) TMpPH MHKPOOHOM Harpyske
10° ka/mn. OGpasubl BBIAEPKUBAIM B YCIOBHUSX, OII-
TUMAJTBHBIX JUISI POCTA W PA3BUTHS OaKTEPUATBHBIX
KYJIBTYp, YYET Pe3yJIbTaTOB MPOBOIIHN Yepe3 244 [18].

PE3VJIBTATBI 1 UX OBCYXXJIEHUE

XuMmuuecKkas akTHBALUS IMOJUMEPHBIX MaT-
PHII TIPUBOJUT K U3MEHEHUIO KaK XMMHUYECKOM, TaK U
(U3UYECKOW CTPYKTYPHI MX MOBEPXHOCTH, KOTOPBIE
MOYKHO OXapaKTEepPHU30BaTh, MPUMEHSIS UCCIIEIOBAHUS
metomamu MK MHIIBO u ACM.

Tak, metogom UK cnektpockonuu onpexaene-
HO, YTO aKTHBAIIUS JIABCAHOBBIX MAaTEPUAIIOB [0 METO-
JHKe 3 MPUBOUT K 00Pa30BaHMIO TIOJIOC MOTJIONICHUS B
obmacti 3680-359Qcm™ (BasieHTHBIE KOJIEOAHHS TPYIIIT
O...H B acconmmpoBanHbIX coenuHeHHsX). OOpa3yroT-
cs JIBE TOJIOCHI MOromenus B obmactn 1560 cm?
(cumm. u acumm. BaeHTHbIe KoseOanust B RCOO)
Kpome Toro, oOpa3yrorcsi monocsl MOTJOMIEHHs B 00-
nactu 1450-1250cm? (medopmarmonnsie KoneGaHus
rpymmt OH B H-cBoGoausix RC(O)-CH), momocs! 1mo-
romenus B oomactu 1050cm™ u 920cm? (BanenTHbIE
kosebanus rpymn COC, nedopmanmoHHbIe KOIeOaHMst
rpyrn OH u BanenTheie CO?) [19, 20].

U3B. By30B. Xumus u xuM. texHosorus. 2016.T. 59.Beim. 11
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AXTHUBAIIUS MOBEPXHOCTH TOJUTIPOIHIICHA T10
MeToJuKe 1 MpUBOAUT K 0Opa30BaHMIO TOJIOCHI T10-
raomenus B obmactu 600 cM?, cooTBercTByMOIIEH
BajieHTHBIM Konebanusim C—Br [21]. TTocnenyrormmii
IIEJIOYHOM TUIPOITU3 CBsI3eH yriiepoa-rajoreH (MeTo-
QKA 2) MPUBOAUT K TOMY, UTO MOJIOCA B CIIEKTPE MPU
600 cM! MOMTHOCTEIO MCYe3aeT M TOABISIOTCS IHPO-
Kasg W MHTEHCHBHas nojoca B obmactu 3400cm?, co-
OTBETCTBYIOILAsl BaJCHTHBIM Konebanusim OH-rpymn
(BHyTpHMONIEKYIsipHBIE H-CBS3M B monmMmepax), U
nonoca B oomactu 1600-1680cm?, cooTBeTcTBYIOMmAs
nedopManroHHeM KonebannsiM OH-rpynm. A Takke B
pe3ynbTare 00pabOTKH PACTBOPOM ILEIOYH ITPOUCXO-
JIMT 3HAYUTEIBHOE YBEJIMYCHUE KOHIICHTPAIMU KHUC-
JIOPOICOIEPHKAIUX TPYIII B IOBEPXHOCTHOM CJIOE Ma-

1308

tepuana. Tak, monoca B o6mactu 2900cM™, BepoaTHO
xapaktepusyer O-H BanentHeie konebanust B H-
csizanHbIX RC(O)O-Hcoeaunenusx, a moioca B 00-
nmacti 1740 cm? cooTBETCTBYET BalleHTHBIM KojieOa-
HUSM KapOoHWIbHBIX rpymm [20, 21].

UccnenoBanue CTPYKTYphl aKTHBUPOBAaHHOM
TTOBEPXHOCTH MTOJIMMEPOB TIpoBeneHo MeTogoM ACM.
Tak Kak MOTUMPONHICHOBbIE W JIABCAHOBBIE TJICHKH
UMEIOT TOHWKEHHYIO TOBEPXHOCTHYIO >KECTKOCTB,
TIPUMEHSITH PEXUM TIpephIBUCTOr0 KoHTakTa ACM,
KOTOPBII MO3BOJSET 3HAYMTENHHO YMEHBIIHUTD JiaTe-
paJIbHBIE CHJIBI MEXY 30HIOM M 00pa3IoM.

Ha puc. 1 npuBenens! rpaduku pacmpenene-
HUSl arperaToB MO pa3MepaM Ha TOJMMEpPHOW Io-
BepxHOCTH (110 maHHBIM ACM).
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Puc. 1.Pacnpenenenue no pa3Mepam arperatoB Ha noBepxHocts (o gauusiM ACM): a — ITI1 ucxoausiii; 6 — I1I1 akTHBHPOBAHHBIIA 110
meroauke 1; B — JIB ucxonuslii; r —JIB akTuBUpOBaHHBII 110 MeTOUKE 3
Fig. 1. The distribution on the sizes of aggregateshe surface (according to AFM): a — the origmalypropylenef — polypropylene
activated bypy method 1p — original Dacron; r — Dacron activated by the methdd

Tak u3 puc. 1 BUAHO, YTO XMMHYECKasT aKTH-
BaIysi 00pa3loB TMPUBOJUT K W3MEHEHUIO penbeda
MOBEPXHOCTH ¥ TPAHYJIIOMETPUIEcKoro cocrapa. [o-
BEPXHOCTh HeakTuBUpoBaHHBIX [ mieHoK xapakre-
pu3yeTcs HaMYMeM KPYIHBIX MUKOB W BIIAJIUH, BbI-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y
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COTa OTJENBHBIX arperaToB gocturaet 10-45mkm npu
muametpe 0,8-2,0mxm (puc. la). B pesynbrare Xu-
MHYECKOW aKTHBAIMM IOJHUMEpa MPOMCXOIUT Criia-
KUBaHHUE pelibe()a TTOBEPXHOCTH, KOTOPOE OTUETIUBO
BUHO Ha pHc. 10, TJe BBICOTA OT/ACIBHBIX arperaTton
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nocturaer 1,0-2,5mxkm npu guamerpe 0,5-1,0 M.
Jlns oOpasiioB, aKTUBUPOBAHHBIX 10 METOAHMKE 2,
HAOJIFOIaeTCs aHATIOTHYHAS KapTHHA, BHICOTA OTACIb-
HBIX arperaroB gocturaet 1,5-2,5MkM mpu quamerpe
0,1-0,3MKM.

JInist MaBCaHOBBIX TUICHOK HAOJIOJAeTCs aHa-
joruuHbii 3¢dekr. BbicoTa OTHEIBHBIX arperaTtoB
nocturaer 18,0-60,0mxm mpu auamerpe 0,3-2,0MkM
(puc. 1B) u 4,0-15,0mk™m mpu guametpe 1,0-5,0mxm
(puc. 1Ir). Kak BHIHO, XUMHYECKM AKTHBHPOBAHHBIE
00pasmpl 001amaoT Oojiee POBHOHM CTPYKTYpOH ITO-
BEPXHOCTH KakK B ClIyda¢ MHUKPOTCOMETPUH, TaK U B
ClIy4ae pacrpeneiacHus TII00YISIPHBIX CTPYKTYP.

N3 puc. 1 BugHO, 9TO TTOMOOHBIN aHATN3 OCO-
OCHHO TIOJIE3CH TIPH HUCCIICIOBAHUN 00Pa3IoB C HEO-
HOPOJIHBIMH CBOMCTBaMH. Takxke HCCICIOBaHHS I10-
Ka3ajgh, 4To 00pa3oBaHHE TIOOYISAPHBIX CTPYKTYD
P KUAKOPA3HOM TPABICHUH ITOJIMMEPOB O0YCIIOB-
JICHO HaJMYUEM B MaTepuaie o0JiacTeil ¢ MOBBIIICH-
HBIM COJICP)KAaHUEM IOTIEPEUHBIX CBS3€H, UYTO BIIOJHE
COTJIaCyeTCs ¢ JINTepaTypHBIMA AaHHBIMH [22]. On-
HAKO CEPbE3HBIX U3MCHCHMU MPOYHOCTHBIX XapaKTe-
PUCTHK MaTEpHUaloB B XOJE¢ XUMHUYECKOW 00pabOTKH
He TpoucxoauT (MOoTeps Macchl TMOJUMEpa He mpe-
BoImaer 2%).

KoHeuHBIM pe3ynbTaToM Takoro mporecca
OyzneT JNoKajbHAas aKTUBAIMS OTACIBHBIX YYaCTKOB
MOBEPXHOCTH TOJIMMEPHBIX MAaTpHUI] ¢ 00pa3oBaHHEM
XUMHYECKHA aKTHUBHBIX HEOHOPOJHO THIPOKCHIHPO-
BaHHBIX ()PArMEHTOB, CHCIHU(PHUCCKH CBA3BIBAIOIIUX
MOJIEKYJIbI TOP(GUPHHA U €TO METAJITOKOMILIEKCA.

INocpencTBoM HOBBIX (DYHKIIMOHATIBHBIX TPYIIIL,
00pa3oBaBIIMXCS HAa TIOBEPXHOCTH TOJUMEPHBIX Mart-
puti, P u CUP u3 ux pactBopoB B xyopodopme. Onpe-
JIeJICHHE KOJIMYECTBA IMMOOWITI30BAHHBIX COCIIMHCHIN
MPOBOJIAIIOCH TI0 3JICKTPOHHBIM CIICKTPaM TTOTJIONICHUS
Ha nonocax: P (A = 417um, £ = 9,77- 1011/(Monb-cm)) 1
CuP A = 407um, € = 8,76- 1611/(Monb-cMm)).

Mo nmannaeM, momyueHHbIM w3 OCII, ObLIO
paccyrTaHoO KOJIUYECTBO UMMOOMITM30BAHHBIX YaCTHI
P u CUuP Ha MOBEPXHOCTH MOJIMMEPHOW MAaTPHIIBI
(cM. Tabmwiry). PacdyeT mMOBepXHOCTHOW KOHIICHTpA-
[IUU TETPANUPPOIHHBIX MAaKpPOTETEPOIMKIIOB IMPOBO-
JIAITH 110 METOMKE, TIPUBEICHHOM B [23].

Kak mokaszanu uccienoBanusi, MpOMBIBKa 00-
pasuoB B xj0po)opMe YMEHBIIACT WHTCHCUBHOCTH
MOJIOC TIOTJIONICHHUSI 33 CUET yJAlCHHUS MOJIEKYI, CBSI-
3aHHBIX C TOJIMMEPHON MOBEPXHOCTHIO CIAOBIMU CH-
namu pusmdeckoit afacopOiuu. COOTHOIIEHUE ONTH-
YECKUX TUIOTHOCTEH IMOJIOC TOTJIONICHUS B CIIEKTPax
00pasmoB mociie copOIuy U TOCIe MPOMBIBKH H3MeE-
usercs B npenenax 0,01-0,3B 3aBucuMocTH OT ycio-
BUH TIpeJBapUTENbHON aKTHBaUWM monuMepoB. Ha

OCHOBAHHH TOJTyYE€HHBIX TAHHBIX CJIEIYET BBIBOI, UTO
nMMoOmm3anyst P mpoucxoaut B OCHOBHOM 3a CUET
¢u3nyeckoii ancopouuu. B ciyyae MeTamioKOMITIEK-
ca HaOmomaercs npyras kapTuHa. Tak kak Hawmbosee
AKTUBHBIM B PEaKIMOHHOM IUIaHe IieHTpom B CuP
SIBIIIETCS. METAJUI, TO B TIEPBYIO OYEpPEIb CTOUT OXKH-
JaTh PeaKIy C ero y4JacTueM. BeposTHo, nMMoOH-
mm3anmi CUP Ha XMMHYECKW aKTHBHUPOBAHHYIO II0-
BEPXHOCTh IIOJIMMEPHON MAaTPHIBI TPOUCXOTUT T10
THITy dKCTpakoopauHaiwu [24]. B ¢cBoro odepens, 910
npenmnonaraer opueHtanuio CUP mapasmiensHo Mmo-
BEPXHOCTH MOJUMEPHON MATPHUIIBI.

MonuduiupoBaHHble MaTepUaNIbl ObLTH TIPO-
TECTUPOBAHBI HA OAKTEPUOCTOUKOCTH 110 OTHOIICHHUIO
K IaTOreHHON Mukpodiope. Pe3ynbraThl JaHHBIX HC-
CJICTOBaHMIA TIPUBEJICHBI B TA0OJIHIIE.

U3 Tabauiel BUAHO, YTO MOTU(DUIIMPOBAHHEIC
MaTepHuaibl 00JIanaloT 0aKTePUITHIHEIMA CBOMCTBAMHU
M0 OTHOIIIEHUIO KO BCEM BHJIaM HCIIOJIb3YEMBIX MaTO-
TCHHBIX MUKPOOPTaHU3MOB.

Kak u oxxmpanoch, ycioBHS MpenBapUTEIh-
HOW aKTHWBAIlMU MOJUMEPHBIX MATpPUIl, W YCIOBUSI
MMMOOMIHM3AIMA CUJIBHO CKa3bIBAIOTCS Ha JQdek-
TUBHOCTH CBSI3bIBAHHS MOP(UPHUHOB C HX TOBEPXHO-
cThi0. VI3 MONMy4YeHHBIX MAaHHBIX BUAHO, YTO MOBEPX-
HOCTHAasT KOHIICHTpAIMsl TPUBUTOIO MEIHOTO KOM-
iekca Bo3zpacraeT B 10 pa3 OTHOCHTENLHO TOBEPX-
HOCTHOM KOHIICHTpAIMK JHTraHna. Takke Habmoma-
€TCS 3aBUCHUMOCTh TIOBEPXHOCTHOW KOHIIEHTPAIIUH
MPUBUTOTO MAKpPOIUKJIA OT CTPYKTYPBI TOJIUMEpa-
HocuTens (IUIEHKa WM HETKaHbIi Marepuain). O6pas-
IIbI, MOJAU(UIIMPOBAHHBIC MEIHBIM KOMILIEKCOM, TIO-
Ka3bIBAIOT BJIBOC OOJBINYHO OaKTCPUITUIHYIO aKTHB-
HOCTB, YeM MoauduIupoBanHbie urangoM. OHaKo
MOKHO OTMETHTBH, YTO CYIIECTBEHHas 3aBUCHUMOCTH
OaKTEPUITUIHBIX CBONCTB MOJIYYCHHBIX MAaTEPHAJIOB
OT MOBEPXHOCTHOM KOHLEHTpauuu npuButoro MI'T]
Habmonaercs 10 ~7- 10" wactun/cm?,

Takum 00pa3oM, B KOJIWYECTBEHHOM OTHO-
IICHAH aHTUOAKTEPUAIBHOTO BEIIECTBA MOXET OKa-
3aTbCA HACTOJBKO Majo, 9TO €ro OTIIEIUIEHHE HHUKaK
HE CKaXeTCd Ha CBOMCTBaX NOJMMEpa-HOCHUTEIS,
MEXJIy TEM €ro BIOJHE JOCTATOYHO JJIS TOTO, YTOOBI
MOpaXkaTh MAaTOTC€HHBIE MUKPOOPTaHU3MBI.

BBIBO/IbI

Merogom MK MHIIBO ycraHoBieHO, YTO
XUMUYECKasi aKTUBAIUs O0pa3IoB MPUBOJHUT K W3-
MEHEHHIO XHMUYECKOU CTPYKTYPBI TPUIIOBEPXHOCT-
HOTO CIIoSI ¥ OOpa30BaHUIO XWMHUYECKH AaKTHBHBIX
(OYHKIMOHANBHBIX TPYII, MOCPEICTBOM KOTOPBIX
BO3MOYKHO TNPHUCOCIWHCHUE MOp(HpHUHA U €ro Me-
TaJUTOKOMILIIEKCA.
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Tabauua

CpolicTBa NOBEPXHOCTHO MOAU(UIHMPOBAHHBIX NOJHMEPHBIX MATEPHATOB™
Table.Properties of surface-modified polymeric material$

IMoBepxHocTHas | JluameTp** 30HBI HOAABICHUS PO-
Mertoanka VYcaoBus YcaoBus
Marepuan AKTHBALLHH | IMMOGHTH3ALIH| HCTTBITARMT KOHIIEHTpAI¥s, 9a- CTa TECT-KYJIBTYPHI, MM
crur/em® C-10* | Stau. | E.c.| Bacd. Ps.ae.
3,7,13,17¥erpamernin-2,8,12,18rerpastin-5,15-6uc(4 -aurpodhennn)nopdhuna
A 2,87 12 13 12 12
HIB 3 20T, 124 B 0,06 10 10| 10| 11
o A 1,05 12 11 11 11
I ) 20°C, 124 B 0,04 10 10 10 10
50°C. 4 A 0,87 12 12 12 11
o B 0,09 10 11 10 10
B 3 20T, 124 A 1,10 11 12 12 12
b 0 Poct o o6pasiom
20°C. 124 A 1,46 12 | 1] 1] 12
1 b 0 Poct o o6pasiom
o A 1,35 12 11 11 11
i 50°C, 44 B 0,06 10 10| 10| 10
A 1,25 11 12 11 11
2 50T, 4u B 0,04 10 10 10 10
3,7,13,17¥etpamernn-2,8,12,18rerpastuin-5,15-6uc(4' -aurpodeHmn) mophuprHaT MEau
o A 8,68 21 22 22 21
- 3 20°C, 124 B 5,81 19 18 18 18
50°C. 4 A 17,97 24 24 22 22
o B 6,16 20 19 19 19
o A 2,52 18 18 18 17
I ) 20°C, 124 B 2,10 18 18 17 17
50°C. 4 A 2,86 19 19 18 18
o B 2,51 18 18 18 18
o A 1,75 17 16 17 16
L 20°C, 124 B 0,15 14 12 14 14
o A 1,80 17 17 17 16
o 50°C, 44 B 0,90 16 16 16 15
20°C. 12 A 1,53 17 17 16 16
) » et B 0,14 14 12 14 14
o A 2,52 18 18 18 18
50°C, 44 B 0,68 15 15 15 15

[Tpumeuanus: * YcpeqHeHHbIe JaHHbBIE O 4 OMbITaM, A — HETIOCPEACTBEHHO MOCIe MMMOOMIM3ANK MaKporeTepouukia, b —mocne

OTMBIBKH 00pa3LioB xjiopodopmom. **

(~10mm)

3peck ykas3bIBaeTCsl B TOM YHCIE W JUAMETP 30HBI, 3aHUMAaeMOH MOJIMMEPHBIM 00pa3LioM

Notes: * the average data on 4 experiements, fectlafter immobilization of macroheterocydbe; after cleaning by chloroform.
** Here diameter of the zone occupied by the polysanple (~10 mm) is also indicated

Merogom ACM yCTaHOBIIEHO, YTO MPOHUCXO-
JIUT CTJIAXUBAHUE penbeda MOBEPXHOCTH XUMHUECKU
aKTHBHPOBAaHHBIX IIOJIMMEPOB, BBICOTA AarperaTtoB
camkaercs [1B 10pa3.

Hccnemoan mporecc uMmoOmnmu3anuu 3,7,
13,17xerpamernn-2,8,12,18rerpastui-5,15-6mc(4 -
HUTpOdeHmT)oppUprUHa U €ro MEIHOTO KOMILIEKCA
HA XUMHUYCCKH aKTUBUPOBAHHYIO TTOBEPXHOCTH IMOJIH-
MIPOMIICHOBBIX U JIABCAHOBBIX MaTepHajoB. BrisBie-
Ha 3aBHCHMOCTH IIOBEPXHOCTHOW KOHIIEHTPALMU WUM-
MOOMJIM30BAHHBIX COCMHCHHUN OT YCJIOBHUH TIpeBa-
PHUTEIBHOM aKTUBAIIUU TIOJIMMEPOB.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11

ITo pesynpTataM MPOBEICHHOTO MUKPOOHO-
JIOTHYECKOTO MCCIIE0BAHMS YCTAHOBJICHO, YTO TIONY-
YCHHBIC MaTepHalibl O0JAaJar0T BBHIPAKCHHOW aHTH-
MHUKPOOHOH aKTHUBHOCTBIO.

Paboma evinonnena npu noooepoicke Poccuii-
CK020 HayuHo2o ¢honoa, coenauenue Ne 14-23-00204
(uccneoosanue pervegha axmusuposaHHvIX NOIUMEPOE
U XUMUYECKOU Npupoobl aKmuupo8aHHOU NOBEPXHO-
cmu) u 6 pamkax evinonnenus: Iocydapemeennozo 3a-
Odanus Munucmepcmsa odpaszosanus u nHayku PD ey-
30m (MUKpobuonocUUecKUe UCCTIeO0B8AHUSL).
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TEOPETUYECKOE NCCJIEAOBAHUE NEPUOJUYECKOI'O HUPKYJIALUOHHOI'O
HCEBJAOOXHWKXEHUSA

Ilenvto uccnedosanusn ovina paspadoomka nPoOCmoil, HO UHGOPMAMUBGHOU MOOeU, HO3-
60J1AI0MW€CIl OUeHUmb pacnpedesienie KOHUEeHMpauuu 4acmuy U ux nomoKu 8 nepuoouiecKkom
UUDKYTIAUUOHHOM NCEBO00MCUNCEHHOM caoe. [na Imoil yeau ucnonb3oeandacs A4eeyHas mo-
dens, oazupyrwuianca na meopuu yeneii Mapkoea. Iloovemnan u onycknasa yacmu annapama c
UUPKYTIAUUOHHBIM HCEBO00NCUNCEHHBIM C/I0EM OblU NPEOCmAasienbl 0OHOMEPHLIMU UEenAMU
AYeeK U0eanbHo20 nepemeutuéanusn. I80aI0UUA CO0EPIHCARUA YACMUY, 6 AYEUKAX ONUCAHA MA-
PuHaMU nepexooHbIX 8ePOAMHOCHIEN, PAZHBLIX 0714 NOOBLEMHOU U OnYCKHOU 30H. Cuumanocs,
YUMo IMU HEPEXOOHbIe EPOAMHOCHU 3AGUCAM OM MEKYULe20 CO0EPHCANUA YACMUY, 8 AYCUKaX.
Bepxnue aueiiku yeneii céazansl uepes cenapamop, OmMoOeAAIWUHI Yacmuysbl om 2azda, KOmopbulil
MO2 ObImb UOEATbHBIM UIU HEUOeabHbIM, A HUMCHUE AYEIKU — Yepe3 KAanaH, KOHmpOoaupyio-
WUIl ROMOK uacmuy U3 ONYCKHOU uacmu 6 noovemuyto. OCHO8HOI Uelblo YUCIEHHbIX IKCHEPU-
MEHmMO8 C MOOEIbI0 ObLIO OUEHUMb NEPexoOHble U YCHIAHOBUBUIUECA HPOUECCHL C YUemoM 63a-
UMHO20 GIUAHUA NCEGOOONCUINCEHUA UYACMUY 8 NOODEMHOU 4acmu U Uux OBUINCEHUA 6HU3 6
onyckuoui wacmu. Iloxazano, umo ¢ HeKOMOPHIX UHMEPEANIAX USMEHEHUA NAPAMEMPOE npoyec-
ca YUPKyIAYUOHHBLI KOHMYD 04eHb YyecHeumesen K HUM, @ 8 HeKOMOpPbIX UHMEPEAIax — Hem.
Taxkoice uccnedosan cayuail u3mMeHeHUs CKOPOCMU CEOUMEHMAYUN YACUY C INeueHuem epeme-
HU, U NOKA3AHO, YMO IMO U3MEHEHUE OKA3bl6Aem CUNbHOE GUAHUE HA IEOTIIOUUIO RAPAMEMPOE
npouecca.

KuroueBble ¢jI0Ba: MCEBIOOKIKEHUE, ITUPKYIISIUOHHBINA MICEBIO0KMKEHHBIN CII0HU, 1lens MapkoBa,
CKOPOCTB Ta3a B CBOOOTHOM 00BEME CJIOS, CKOPOCTh CETMMEHTAIIMH YaCTHI], BEKTOP COCTOSIHHS, MaTpHIIA TIe-
PEXOIIHBIX BEPOSTHOCTEN, KPATHOCTD LIUPKYIISILIUHI
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THEORETICAL STUDY OF THE BATCH CIRCULATING FLUIDIZA  TION

The objective of the study is to develop a simpleibformative model to estimate the par-
ticle concentration distribution and their flows im batch circulating fluidized bed. A cell model
based on the theory of Markov chains is used foathThe riser and downer of the circulating
fluidized bed apparatus are presented as 1D arrafyperfectly mixed cells. The evolution of par-
ticle content in the cells is controlled by the miaes of transition probabilities, which are differ
ent for the riser and downer. It is supposed thhaese transition probabilities depend on the parti-
cle content in the cells. The upper cells of theagis are connected through a gas-solid separator,
which can be perfect or not, and the bottom celle @onnected through a valve that controls the
particle flow from the downer to the riser. The kepjective of the numerical experiments with
the model was to estimate the transient and stestdye processes in such apparatus taking into
account the interference of the processes of paetituidization in the riser and their downward
motion in the downer. In some intervals of the pexss parameters variation the circulation loop
was shown to be very sensitive to them, and in simervals it is not. The case of time-varying
settling velocity of particles was examined toodaihwas shown that this variation had the large
influence on the process parameters evolution.

Key words: fluidization, circulating fluidized bed, Markov'sain, superficial velocity, particle set-
tling velocity, state vector, transition probali@# matrix, circulation ratio

INTRODUCTION transition probabilities, which is the main operatd
this theory, can be compared to a mathematicalémag

Fluidized bed reactors are widely used in th ¢ I hi h o
chemical and other industries. Development of conP' @ real process. This approach was successfsdigl u

puter technologies gave an impulse to modeling th [2,3] and b'y.sor'ne other authors 1o describe t'he
process for engineering practice. However, the cojfocess of f_IU|d|zat_|on but the broa(_jest rangetsf !
plexity of the process brought about a broad waoét application in part|cl_e technology is _presente_d n
approaches to modeling it. The comparative analysll%S]' However, th.e cited yvorks'dealt .W.'th the $ing
of different approaches is presented in our papr [stage feaCtOTS vv_h|Ie th‘? C|_rcu|at|ng fluidized beac-
This paper gives preference to the approach based'g'S are of h'gh 'r.]dl.JSt”al Importance too. Suchcre
the theory of Markov chains. It particularly empiaas tors allow mtensn‘ylng the .|nterpha.se' exchange by
es the fact that the theory of Markov chains isveat means O_f .hlgher gas velocity that is |mpos§|ble for
to many processes in particle technology. The ;heoﬁsugll fluidized fbed r(ra]actt())rz beca_usel all pafrltlc_:(lji_ars q
of Markov chains investigates the evolution of @ob bed own out from t 61‘: he f ’ﬁ‘ circulating u'm!ée
bilities distribution in a sample space, and a prat € rea(r:]torflc%r}3|s(;sbodt elo megl marl]n pare t
cess with particulate solids investigates the eiaiu rf]user (the flui 'rZ]e e rtlaactorhltsef]z, the ng.

of particles distribution over operating volume, ofhat separates the particulate phase from a uigliz
over any other property of the particles. The maifi gas and directs the phase to the downer, the downer
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in which particles move down, and the valve that-co Analysis of the mentioned above and many oth-
trols the particle flow from the downer to the loott er publications allow making the conclusion that th
of the riser. Thus, the particles can circulateha circulating fluidized bed is the objective of marer
apparatus and stay inside it as long as necessarysearch works. However, these works are mostly ddvot
matter how high the gas velocity in the riser is. to experimental (more seldom theoretical) investga
The constantly developing fluidized combusef the process in separate parts of a fluidizedeactor,
tion technology has become competitive with the-comand practically never to investigation the cirdalgt
ventional pulverized coal combustion. Circulatitigr f loop itself (in particular, to the degree of cietion).
idized bed boilers can be a good alternative toguul Thus, the interference of the process in the rset
ized coal boilers due to their robustness and I@gar downer remains not examined. On the other hansl, it
sitivity to the fuel quality. However, appropriad@gi- known that in a closed milling circuit this intedace
neering tools that can be used to model and omimizan lead to principal changed in the circuit furtig
the construction and operating parameters of alatrc [10]. It particular, the stability of circulatioran be lost,
ing fluidized bed reactor still require developmi@)t  and blockage of the mill can happen. Therefore the
The paper [7] focuses on developing a newstudy of circulating fluidized bed from this viewpbis
comprehensive correlation for better predictionth&f an actual scientific and technical problem.

solids concentration in the fully developed regain
. A .o THEORY
co-current upward gas-solid flow in circulatingidiu _ _ o _
ized bed risers. It is shown that the correlatiarks The circulating fluidized bed reactor is pre-

well for a wide range of operating conditions, judet Sented schematically in Fig.1, left. It consistste
properties and riser diameters. However, the interc fluidized bed reactor proper 1 with a gas distobut
nection between the riser and downer, the partieuldhe bottom (the riser), the gas-solid separatothe,
phase circulates in which, and the efficiency gha- tube, in which particles move downward (the downer)
solid separator were not examined. 3, and the valve 4 that controls the particulatefto

A relatively novel hybrid Euler—Lagrange ap-the riser bottom. The gas flow fluidizes the paitftate
proach to model the dense gas—solid flow combing@lids, and if its velocity is high enough, pagikeach
with a combustion process in a large-scale indalstrithe top of the riser. The separator separates ttem
circulating fluidized bed boiler is presented iri.[6 the gas and directs them to the top of the dowiherev
Despite of the fact that calculated results argdnd they, after falling down, move through the valvette
correlation with the industrial experimental datae riser bottom forming the circulation loop.
circulation itself and its influence on the hydrodyn-
ic state of the apparatus were not objectives ef th
study in this work.

The experimental study of drying solid mate-
rials in the riser of circulating fluidized bed @ing
a wide range of operating parameters is described i
[8]. The effects of initial moisture content, temge
ture and flow rate of the heating medium, and solid
circulation rate on rate of drying was criticallyaen-
ined. It has been observed that the solid materials
used in this studt exhibits a falling rate periddiny-
ing, and the rate of drying is influenced by the+te
perature and flow rate of the heating medium, solid
circulation rate and initial moisture content. Tre-
cess of circulation was really taken into accoumt i
this work but it was a pure experimental study with
out an attempt to involve any theory.

The interesting experimental work is de-
scribed in [9] where a phase Doppler particle arealy
was used to measure particle concentration distribfig. 1. Schematic presentation of a circulatingfized bed (left)
tion in the riser of circulating fluidized bed. The- . p ;l‘;}'}i;:gﬂgg}iégimeHHom crtos (e
sults help to understand better the local strucaire = Ba) W ero AuceuHas MOJCITh (cripasa)
fluidization but, again, only the riser was invgatied.
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The structure of the cell model of the process ) 1 VK
is shown in Fig. 1, right. The riser and downer are Vi = Ws(—sk'w—s) (5)
presented as two one-dimensional arrays of m perfec 1-g-31 0
ly mixed cells. The particle content distributioveo a Shrax
chain can be described by the column state vé&tor However, this velocity coincides with the cor-

{Sj} of the size mx1. The state of the process is obesponding transition probability only if the patti
served at discrete moments of time=t(k — 1At late outflow from the cell j occurs into an empty
whereAt is the transition duration, and k is the transireighboring cell. If the neighboring cell is fillagith
tion number that can be interpreted as the discreiarticles the transition occurs only into the veial-
analogue of time. In this case, the evolution & thume in the cell. This factor is taken into accobpt
particle content distribution can be described oy t the multiplier in the parenthesis in Egs. (2, 3)the
recurrent matrix equation: neighboring cell is completely filled with particle
st = pg (1) the transition into it becomes forbidden. Thus, the
whereP is the matrix of transition probabilities that€volution of the state vector in the closed chairttie
distributes Sover the cells at each time transitionfiser after the k-th time transition is describedthe
The j-th column of it belongs to the j-th cell apoh- recurrent matrix equation
tains the transition probabilities to go to theghdior- S*"=RAS)S, (6)
ing cells and to stay within this cell. These ptiiba \yhere the transition matrix is state dependent, the
ties have the symmetrical part d that is relateth®® model is non-linear.
pure quasi-diffusion and the non-symmetrical part v The outflow from the upper cell m of the riser

caused by particle transportation by the gas frblv:a (i.e., the part of particles that leaves it durémg time
values of d and v can be calculated as: dAY/AX®, transition) is to be calculated separately:

v = VAt/Ax where D is the dispersion coefficient, V is gt = S
the velocity of particle motionAx is the cell height. ! e
Thus, the matri® is a tri-diagonal matrix. The matrix After that, the staters*" becomes
for the riser differs from the one for the downand So=Sn - d*, (7)
the processes are to be examined separately. where := is the assignment operator.
The process in the riser This flow ¢! goes to the separator, in which

It transforms the state vect& of the riser. its part(p leaves the apparatus, and the pa[p)(gges
The basic form of the matrix for the riser belongs to the upper cell of the downep € 0 for the perfect
to the closed ergodic chain. Its elements can lmeica separator).
lated as follows: The process in the downer
L ;i1 . It transforms the state vect8 of the down-
P =Y (1'3 Je+cj=l..m-1  (2) e The basic form of the matrix for the rigey be-
Sk'“ax longs to the closed ergodic chain. The only diffiese
g . between the processes is that there is no upsgaam
S J2-e)+¢j=l.m1 o (3) flow in the downer, and particles move down with
maxm their settling velocities. The elements of the &y
=1- z |:rkij i=1,...,m, (4) can be calculated as follows:
i=Li#] Pdk,j,j+1 =d, j=1,...,m-1 (8)
where e = 1 if >0 and e = 0 if §i<0.
Here,  is the rate of particles motion in the Pl =\ (1-i) +d,j=1,...,m-1 9)
j-th cell. This is the difference between the upvar e
gas velocity and particle settling velocity ¥Howev- m
er, if the gas superficial velocity is equal tq (the Pi,, =1-> K. . i=1,..m (10)
gas velocity in the empty riser), the velocity @w i=1,i#]
around particles in higher tham \due to smaller hy- The bottom cell of the downer is connected

draulic section because of the presence of pastiole With the bottom cell of the riser through the reged
the cell. valve. This valve takes the z-th part of partictethe

Suppose that each cell can contain the maxgell 1 of the downer and directs it into the cetifthe
mum volume Sax of dense packed particles and theifiser. Thus, we get:
porosity in this state is equal ¢oIn this case the val- oyt =9z (11)
ue of \ can be calculates as:

P =[V] @-

Pk

riJ
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Sit=st - gt (12) Fig. 2 illustrates the evolution of particle con-
Sk;l il e 13) tent distribution in the riser and downer at closed
_ “wL T L ' (13) partly open valve.
where = is the assignment operator. The calculations were done for m=6 cells. Ini-

Egs. (11)-(13) close the circulation loop andially, the particles occupy 3 cells at the bottofithe
allow calculating the particle content distribution riser. After beginning of gas supply the bed in tise
the entire system. er expands, reaches the top cell 6, and beginstés e

RESULTS AND DISCUSSION to the top of the downer, in which the particlesveo
down to its bottom. If the valve is closed (the epp
graphs) the bed should transit to the bottom of the
riser little by little. It can be seen at the grapthe
. Riser riser is actually empty but the bottom of the domise

[ almost fully filled with particles; only small padf
them had no enough time to settle.

If the valve is partly or fully open (the lower
z=0 graphs), the circulation begins, and the steadg-sta
distribution comes asymptotically. The kineticstiod
process can be seen at the graph. The steadydtate
100 tribution is being reached when the flowsand g
become practically equal. The graph of these flows
variation with time is shown in Fig. 3.

The objective of the section is to show in nu
merical experiments how the model works.

0.1 T : ! 1 3 s
0.08

. 0.06
100

1 L
- 0 20 40 60 80 100 120
7z=0.4 k

Fig. 3. Stabilization of outflows from the risercadowner:
ws=0,4;,%=0,3;d=0,1;z=0,4
Puc. 3. Crabmnmm3aius BEIXOASIIMX IIOTOKOB B KUIISAIIEM CIIOE U

5 Bo3Bpare: Ws= 0,4;4=0,3;d=0,1;z=0,4

It can be seen that stabilization of outflows
from the riser and downer goes like damped oscilla-
tions with time delay of one graph with respecain
other. The process is practically stabilized aftd0
time transitions.

The steady-state hold-up in the riser apd
downer Q can be calculated as follows:

m

Q=25 and Q=25 (14)
=1

=1
and the ratio

Fig. 2. Particle content distribution at closedQyand partly K = % (15)
open (z=0.4) valve: w0.4; w=0.3; d=0.1 ¢ Q

Puc. 2. Pacnipenenenune cofep aHust 9acTHIl pH 3akpbiroM (2=0) . .
1 sacTIAHO OTKpEITOM Kpae (2=0,4): w=0.4: =0.3; d=0,1  Can be called as the degree of circulation.

96 U3B. By30B. Xumus u xuM. texHosxorus. 2016.T. 59.Beim. 11



N3B. By30B. Xumus u xuM. TexHojyorust. 2016.T. 59.Bpim. 11

Fig. 4 shows how the degree varies with the n(l1
gas flow velocity at various position of the valide : : : :
fluidization begins at w= 0.122; at lower velocity the 0.08
particles remain in the dense packed state. Until
ws = 0.212 the bed expands but still remains within 0.06
the riser. At higher velocity the circulation begin
and at partly or fully open valve the system reache 0.04

the steady state. It is clear physically that therem
valve is closed the higher degree of circulatiorFsr
instance, at z = 0.1 andsw 0.45 the degree of circu-
lation K. = 1, i.e., the riser and downer contain equal
amount of particles. On the other hand, the degfee

Y1 N o SRR SRR NURRRIE SE—

. . . . . a
circulation grows with the growing gas flow velacit 8.1
It is also clear because at high gas velocity tueip q
cles pass the riser quickly but they are settlimghie 0.08
downer with the same settling velocity, i.e., thterof
their settling does not grow with the growth of w 006
K, 0.04
1 T T T 1 T T
08F1{8 p------ R e
S | 2 z=0.1:0.2:0.4;0.8 ; .
= = : : :
081 [ B [T S ‘
20 g | : / / 0.1
B E fosseod B hodersseniosgflplgfeiansess q : i . .
2 b SRRy S 0.08}------- . R S— S—
D ' H A H H
: o v Z : i9=0.3 :
0.2--1--- P o vl pomees e k 0.06------- R RERRCEt EESEEEES CERSEEES
0 . a H H H H 0.04
01 015 02 025 03 035 04 045
W 0.02 lf-
Fig. 4. Influence of the gas flow velocity on thegdee of circula-
tion at various z: &0.3; d=0 0
Puc. 4. Biusune CKOPOCTH Ira30BOro I1oToKa Ha CTCHEHb HUPKY-
JSILMH TIpH pasnngHbixX Z: =0,3; d=0 c

If the separator is imperfect, the bed looses  Q:
particles. Fig. 5a-c illustrates how the flowsand g 25
vary with time at different value af. Fig. 5a repeats
the graph in Fig. 3 becauge= 0 in this case, and the
system reaches the steady-state circulation. Hayeve 15}--
if ¢ # 0, the both flows gradually decrease with time
tending to zero asymptotically (Fig. 5b,c). It mean

that asymptotically the bed looses all particleat th e
were loaded into it, the higher the faster at that. At
last, Fig. 5d how the hold-up in the riser decrsase 05 = o5 5 = 56
with time at different value af. k
The particle settling velocity can vary with o d ) )

time due to thermal or chemical treatment of phasic Fig. 5. Variation of outflows from the riser andvater at differ-
F | . | icl P Cb ent values ob (a-c) and variation of the hold-up in the rise). (d

or example, wet mineral porous particles can chang We=0.4: «=0.3: d=0.1: z=0.4

their mass during drying practically without cham@i  Puc. 5. U3menenue BbIX0aHBIX TOTOKOB B KHITAIIEM CJIOE U BO3-

their diameter. It means that their effective dgnsi Bpare npu pasndnbix snaucHisX ¢ (&-C)u HIMCHCHUH 33/ICPXKKH
B BeprukainsaoM TpyGomnposose (d): w=0,4; \&=0,3; d=0,1; z=0,4

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 11 97



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 11

0.01
q
IS4 1]: ) Ao

0.006 | -=---==----4-

0.004

S (SR VAR OSSR

0 200 200 600 0 200 200 600
k k

Fig. 6. Process with variable settling velocitysajtling velocity versus time; b) outflows fronethiser and downer; c) evolution of
particle content distribution in the riser; d) avidn of particle content distribution in the downes=0.1; d=0.1; z=0.01
Puc. 6.TIporecc ¢ mepeMeHHON CKOPOCTBIO OCAK/ICHHS: a) CKOPOCTh OCAKICHHUS Kak (QYHKIHMs BpeMeHH; D) BBIXOISIIHE TOTOKH U3
KHUITIALICTO CJI0s U BO3Bpara C) OBOJIIOIUS pacpeACIICHUS COACPIKaHNS YaCTHUL B KUIIAIIEM cJI0€,; d) OBOJIIOIUS pacpeaCiICHUA COAEP-
JKaHus 4acTuil B Bo3Bpare: Ws=0,1; d=0,1; z=0,01

changes during drying that leads to decreasingedf t this moment of time the bed reaches the upperotell
settling velocity. Suppose that the settling veloci the riser and the circulation begins. After that fys-
varies with time according to the following formula tem gradually transits to the steady-state thateeor

V'; =V, +(V -V Sge'b("'l), (16) sponds to _the.asymptotical settling velocity equoal
0.1. Stabilization of outflows from the riser and
downer is shown in Fig. 6b.

Thus, the proposed Markov chain model of
circulating fluidized bed allows describing praatig
all characteristics of the process that are nedded
industrial application both for the transient anehgy-
state conditions.

where ¥ and \; is the initial and asymptotical set-
tling velocity, b is the proportional coefficient.

An example of modeling of such process ki
netics is shown in Fig. 6 where the following paeam
ters of the process were usedi ¥ 0.3, % = 0.1,
b=0.01,d=0.1, z=0.0%,= 0 and w= 0.1 that was
taken small enough to demonstrate all specifiaufeat
of the process. Fig.6a simply illustrates how the s CONCLUSIONS AND PERSPECTIVES
tIi'ng velocity varies with _timg. It can be seennfro The Markov chain model proposed earlier for
Fig.6¢ that the bed remains in the dense packee stg gjrect flow fluidized bed reactor [1] is genezeli
during 40 time transitions because the settlingaiel 5 the case of circulating fluidized bed reactohjch
ty is much higher than the local gas flow velocitycan pe found in many industries. This model deals
After 40 time transitions fluidization begins, &he bed \yith the reactor as a system with distributed param
expands gradually without circulation until k = 2¥8 (a1 and allows describing the transient and steady
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state processes in the bed for particulate sofidsm-
stant and variable properties. The apparent adgant::}1
of such cell models is low computational time.
takes several minutes to calculate a tranS|ente|ss)c

until it reaches a steady-state (if exists). ltropéhe 5.

way of fast comparison of various variants of tihe-p
cess at different regime and design parameteligdo f

the most appropriate ones for industrial desigre Tl

prospective of the model development is its general
zation to the case of polydispersed particulatésol
and different conditions of particle settling vetgc
variation in the riser and downer.
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EFFECT OF ELECTROLYTE COMPOSITION ON SURFACE PROPER TIES OF
a- AND B-TITANIUM ALLOY AFTER ITS PLASMA ELECTROLYTIC CARBU  RIZING

This study is devoted to enhance of wear and canpgesistance of titanium alloy using
plasma electrolytic carburizing in different eledlytes. An X-ray diffractometer and an optical
microscope were used to characterize the phase amitipn of the modified layer and its surface
morphology. The hardness of the treated and untezhtsamples was measured using a micro-
hardness tester. The wear of the samples was messusing ball-disk friction under lubricated
and dry testing conditions. The effects of elecyt®l composition on corrosion resistance of the
PEC samples were examined by means of potentiodyoaularization in a solution of sodium
sulfate. Anode carburizing of VT6 titanium alloy ielectrolytes containing ammonium chloride,
acetone, glycerol, sucrose, and ethylene glycolutssin formation of surface layer with Ti@(ru-
tile) and solid solution of carbon in titanium. Theolid solution formation is confirmed by in-
crease in the micro hardness of diffusion layer. Menal micro hardness of carburized titanium
alloy (450 HV) is reached in the glycerol-basedalelyte after treatment at 900C’ during 5 min.
Similar value of micro hardness is observed for tharburizing in acetone-based electrolyte, the
lower one for electrolyte containing sucrose. Thanimal micro hardness is obtained using the
ethylene glycol-based solution. This series of &lelytes are corresponded to their saturation
ability. The positive effect of the oxide layer dine corrosion resistance of the material in Ring-
er's solution is shown. The most decrease in thergsion current density (2.5 times) and shift of
corrosion potential to positive direction from -2 V to —0.118 V were established for carburiz-
ing in the acetone-based electrolyte owing to potitee action of oxide layer. The shift of corro-
sion potential and reduction of corrosion currentedsity are observed after carburizing in elec-
trolytes containing glycerol or ethylene glycol i lesser degree. The use of sucrose-based elec-
trolyte leads to increase in the corrosion curredéensity. The results of wear lubricant testing
show that wear resistance of titanium samples enbes after carburizing in all electrolytes. The
most diminishment of weight loss after testing frad8 mg to 0.3 mg is measured for treatment in
electrolyte containing ethylene glycol. Similar wad of weight loss is obtained for the carburizing i
sucrose-based electrolyte (0.5 mg) and electrolg@m#aining glycerol (0.9 mg) or acetone (0.7 mg).
No correlation between the wear rate and surfacecroi hardness was found. We can suppose
that increase in the wear resistance is associatetlonly with hardness of diffusive sub-layer but
also with good running-in of external layer enriclaeby titanium oxide.

Key words: alpha- and beta-titanium alloy, plasma electrolyrgatment, micro hardness, wear and
corrosion resistance

BBEJIEHUE 3ynbTaThl MOJYyYEHBl NpPHU KaTOJHOW IEMEHTALUU
cwiaBa Ti—48Al-2Cr—2Nbc npumeHeHHneM npsMo-
YTOJBHBIX UMITYJILCOB Pa3HBIX 4acToT M Koddduiu-
€HTOB 3aII0JIHCHHS B TJIHIIEPHHOBOM 3jIeKTposmTe [3].
[T10THOCTE TOKAa KOPPO3WH IIEMEHTOBAaHHBIX 00pa3-
moB coctaBmwia 0,1 MA/cM? mpu yactore 100011 u
koab¢uiuente 3amonnenus 10%, 4ro HmKe, YeM
0,68MA/cM? y HeoOpaboTaHHOTO 0Opasia.

AHO/MHAsT LEMEHTalMs THTAaHOBOTO CIUIaBa
BT2-0 B caxapo3HOM 3JICKTPOJIMTE MPUBOIUT K 00pa-
3oBarnio okcuauoro ciost (TiO2 — pyTui), BhIsSBIIsE-
MOTO PEHTTCHOBCKHUM aHAJIM30M, U pacTBOPa yriepo-
Jla B TUTaHEe, TOATBEPKAAEMOT0 U3MEHEHHUEM pa3Me-
pa kpucrammmyeckoil pemerku [4]. B asrom cioydae
MOBEPXHOCTHAsE MUKPOTBEPAOCTh OOPa3LOB, IIEMEH-

B nHacrosiiee BpeMs umeeTcs 3HAUUTEIBHBIH
WHTEpPEC K METOJ[aM XUMHKO-TEPMUYECKOH 00padoT-
KA TUTAHOBBIX CIIABOB, TIOBEPXHOCTHBIC CBOMCTBA
KOTOPBIX MOTYT OBITh YIYYIIEHBl OKCHIHPOBAHUCM,
[EMEHTaIuedl U a3oTupoBanueM [1]. DAeKTpOIUTHO-
TUTa3MEHHAs IIEMEHTAIMsI MMEET CBOW IperuMyliie-
CTBa, TIPEXKIE BCETO, BRICOKYIO CKOPOCTH 00pabOTKH U
HU3KYIO CTOUMOCTb.

[TokazaHo, 4TO KaTOHAS IIEMECHTAIUS TUTaHA
C TIOMOIIBI0O MMITYJIBCHOTO TOKa MPHBOJUT K TIOBBI-
IICHUIO KOPPO3UOHHOM cToikocTH. LlemeHTarus BbI-
NOJHSJAch B dJeKTponute, comepxkariem 1100 r/n
rmmnepura upu 600 B (koadduipeHT 3amomHeHms
40%) B teuenne 10-60 muu [2]. AHanOTHYHBIE pe-
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toBaHHBIX Tipu 800 °C B TeueHne S5 MUH U 3aKalvBa-
eMbIX B anekrpoaute, pocruraet 280 HV. Kosbdu-
LUEHT TpeHUs 00pa3ioB, oOpadotanusix npu 750 °C,
cumwkaercs ot 0,46y HeoOpaboTaHHOTO OOpasiia 10
0,15 y neMeHTOBaHHOTO NpPH HAJIWYMU CMa3kd. H-
TCHCUBHOCTh W3HAIIMBAHUS IIEMEHTOBAaHHOTO THUTA-
HOBOTO CIUIaBa yMEHbIIAeTcss Ha 2 mopsaka. Kpome
TOTO, aHOHAS IIEMEHTALIUS CIIOCOOCTBYET CHIKCHUIO
HOBEPXHOCTHOW MIEPOXOBATOCTH 3a CYET aHOJHOTO
pactBopeHus. [loBbllIeHHe TemIiepaTypsl LEMEHTa-
i 10 800-900 € ¢ mocnenyromuM oXJaxIcHUEM B
ANIEKTPOJIHUTE CIOCOOCTBYET CHIDKCHHUIO IUIOTHOCTH
TOKa KOpPpO3WHM B pacTBope PuHrepa mo MuHMMAaIb-
HBIX 3HA4YEHHWH, XapaKTepHbIX I 00pasoB, OXJa-
KIIaeMBIX Ha Bo3xyxe [5].

B OGonpmmHCTBEe mMyOnuKanuil uis LeMeHTa-
[IUM THTaHA ¥ €ro CIUIABOB HCIIOIB3YETCS TIINIEPHH.
Mexny TeM, M3BECTHBI JpPYrHe HEIOpOTHe KOMIIO-
HEHTBI, TIO3BOJISIONIME TPOBOJAUTH dPPEKTUBHYIO 1ie-
MEHTAIMI0 MaJIOyTIIEPOAUCTHIX cTaieit [6]. TTosTomy
IeTIbI0 TAaHHOW pabOoTHI SABISCTCS M3Y4YEHHE BO3MOXK-
HOCTH aHOJIHOM IIEMECHTALMH THUTaHA B AJICKTPOJIHUTAX,
COZIepIKAIIMX AI[eTOH, Caxapo3y U STUICHTIIUKOIb.

METOJIMKA OKCIIEPUMEHTA

Anognoi JIII moxBepraaucy IUIUHApPUUE-
ckre o0pasnbl U3 TUTaHOBoro cruiaBa BT6 BwicoTOM
15 MM u muamerpom 10 mm. Llemenrtanust mpoBoau-
Jach B BOJHOM DIIEKTPOIIUTE Ha OCHOBE XJIOPHIA aM-
MoHus (10 mac.%) ¢ nobGaBieHHEM OIHOTO U3 Opra-
HUYECKUX KOMITIOHEHTOB. alleTOH, MIIMLEPHUH, caxapo-
3a Wik dTHiIeHrTuKoIb (Bce mo 10 mac.%). O6paboT-
Ka 00pa3loB OCYyNIeCTBISUIACh B IMJIMHAPUYECKON
O0CECUMMETPUYHON pabouell kaMepe ¢ MPOAOIbHBIM
o0TekaHueM 00pa3IOB-aHOAOB AJIEKTPOIUTOM. [Ipo-
JIOJDKATETHFHOCT 00pabOTKM cocTaBisia S5 MUH, TEM-
neparypa — 900 T. [locrme HachlmeHuss 00pasibl
OXJIAXJIANUCh B OJeKTponuTe (3akaika), a 3aTeM
MPOMBIBAITUCH BOJIOW W CYIIWIINCH.

MeTtaorpaduyecKuii aHaIu3 OCYIICCTBIISI-
Csl C TIOMOULIBIO ONTHYECKOTO METaIorpapuuecKoro
mukpockona METAM PB-21 mnocne numdoBaHus,
TIOJIMPOBAHUSI M TPaBJIeHHsI 00pa3lloB B PAacTBOpE Iia-
BHKOBOH KUCIIOTHI (5%) B rinieprHe B TeueHue 1 muH.

PentrenoBckuii ananm3 ¢a3zoBoro cocrasa
MOBEPXHOCTH BBITIOJNHSIICS HA PEHTTCHOBCKOM JIH-
¢pakromerpe ARL X'tra (u3nmyuenne Cu-Ka).

MHUKpPOTBEPIOCTh H3MEPSIaCh C IMOMOLIBIO
MukpotBepaomepa IIMT-3M npu Harpy3ke 50r.

KopposnoHHbIE HCIBITAHUS TUTAHOBBIX 00-
pasloB MPOBOAWIM C MOMOIIBIO IMOTEHIHOCTATa-
ranbBanocrata ICP-Proe tpexamexkrpogHoi suciike
npu CKOpocTH ckanupoBanms 1 mB/c. B kauectBe
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MPOTHBORJICKTPOJIAa HCIIONB30BAJICS TpadUTOBLIA, B
Ka4yeCcTBE JJICKTPOAA CPABHECHHUS — XJIOPCEPEOPSHBIM.
[Tmomans KOHTaKTa 00pasiia ¢ KOPPOIMOHHOM cpemoit
(0,11 pactBop cynbdara Hatpus) cocrapisiia 0,312cm2
HenocpencteeHHo mepen KOPpPO3UOHHBIMH HCIBITA-
HUSIMH 00pa3ilbl BBIICPKUBAIKNCH B DICKTPOIUTE B
TedeHue 2,54 s ycTaHOBJIEGHUS TOCTOSHHOTO 3Ha-
YCHUS KOPPO3UOHHOTO MOTEHIHATA.

MaccoBbIif H3HOC OIICHUBAJICA Ha TPHOOMET-
pe Mo cXeMe «IapuK-To-AUCKYy» CO cMa3Kou «JIuTol-
24»u nipu ee oTcyrcTBUM (cyxoe Tpenue). Hopmas-
Has Harpy3ka cocraBisuia 105 H, ckopocTs ckonbke-
aus 0,144 m/c, nyte Tperms 100 M ¢ mapukom-
KoHTpTenoM u3 ctanu LIX15 nuamerpom 9 M.

PE3VJIbTATBHI 1 X OBCYXJEHUE

B nporecce aHomgHON 00pabOTKM B BOIHBIX
AIIEKTPOJIUTAX MPOUCXOJUT OKUCICHUE TTOBEPXHOCTU
obpasia u 06pazoBaHue OKCUIHOTO CIIos. [1o maHHBIM
PEHTICHOBCKOTO aHalu3a MOCie IEMEHTAIlMH BO BCEX
HCCIIEYEMBIX DIICKTPOJIUTAX Ha MOBEPXHOCTH THTA-
HOBOTO CIuiaBa obpasyercs pyrun (puc. 1). Coemyer
OTMETHTh HanboJjee BHICOKYI0 HHTCHCUBHOCTh ITUKOB
pyTiina Ha JudpaxTorpaMMe Imocie 0O0pabOTKH B
AIIEKTPOJIUTAX C AllETOHOM U TJIMIIEPUHOM, YTO TOBO-
PHUT 00 MHTEHCUBHOM OKHCJICHHH MaTepHana aHo/a.

O0pa3zoBaHue OKCHAHOTO CJIOS MOKET TIIPOUC-
XOJMTh KaK XUMHUYECKHM, TaK U DIIEKTPOXUMHUYCCKIM
MyTEeM:

Ti + 2H,0 — TiO, + 2H,
Ti + 2H,0 — TiO; + 4H" + 4e
.

1200 . eTi o Ti02
1000 ° .
.o Mo oo . o *e 5
800- 513
3)
E WJ &JW
s 600
=~
. o 3
~ 400 4 JL..JL M
2
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0
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20, rpax

Puc. 1. ludppakrorpaMma OBEpXHOCTHOTO CJI0S1 THTAHOBOTO
cmtaBa BT6 10 (1) u nociie aHOJHOM 3JIEKTPOIUTHO-IIIA3MEHHOM
LEMEHTAIUH B 3JICKTPOJIUTAX C alleTOHOM (2), riuuepuHoMm (3),
caxapo3oii (4) u srunenraukonem (5)

Fig. 1. X-ray diffraction pattern of surface lay#rtitanium alloy

VT6 before () and after anode plasma electrolytic carburizmg i

electrolytes with aceton@), glycerol @), sucrose4), and eth-
ylene glycol b)
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PesynbraTtel MeTamiorpaduueckoro aHaamsa
mokaszanu obpasoBanue Au y3HOHHOTO CJI0S HA TO-
BepXHOCTH 00pa3uoB (puc. 2). Bumy otcyrcTBHs
apyrux (a3, kpome pyTwia, AU(GPY3HOHHBIA CIOH
mpeacTaBisieT co0oi TBEpIBI pacTBOp yriepoia B
HCXOIHOW CTPYKTYpE.

100 MmxkM

Puc. 2. MuKpOCTpYyKTypa MOBEPXHOCTHOTO CJI0SI THTAHOBOTO
crwiaBa BT6 mocie aHoAHOM 271eKTPOIUTHO-TIIA3MEHHOM LIeMeH-
Talu{ B IJIMIEPHHOBOM 3JIEKTpouTe. 1 —UcXoaHas CTPYKTypa,

2 — nuddy3roHHbIH CrOK
Fig. 2. Typical cross-sectional morphology of titan alloy VT6
after anode plasma electrolytic carburizing in ghpt-based elec-
trolyte: 1 — initial structure, 2 — diffusion layer

5001

450+

400

350+

300 -

250 T T T T T 1
100 150 200 250
h, MKM
Puc. 3. Pacnipenenenne MEKpOTBEPJOCTH B TIOBEPXHOCTHOM CII0€
TUTaHOBOTO crTaBa BT6 mociie aHOAHOM JIeKTPOITUTHO-
IUIa3MEHHOM LIEMEHTALUU B 3JIEKTPOJIUTAX C IIIMLEPUHOM (1),
areToHoM (2), caxapo3oit (3) u aruneHrKoeM (4)
Fig. 3. Micro hardness distribution in the surféeger after anode
plasma electrolytic carburizing of titanium alloy® in electrolytes

with glycerol (), acetoned), sucroseJ), and ethylene glycoh

Tabnuua 1
Koppomm—mme XaPAKTEPUCTUKHA TUTAHOBOI'O CIlJIaBa
BT6 nocsie aHOHOIH 3J1eKTPOJIMTHO-TIJIA3MEeHHOH 11e-
MEHTAINH
Table 1.Corrosion parameters of titanium alloy BT6

OO0pasoBanue TBEPIOTO pacTBOpa CIIOCOO-

CTBYCT YIUIOTHCHHUIO KpHCTaHJ'IH‘ICCKOfI CTPYKTYpPhBL U

TNOBBIMICHUIO MUKPOTBEPAOCTH B IIOBEPXHOCTHOM CJIOC

(puc. 3). MukpotBepmocts AU(MDHYIHOHHOTO CIIOS B

after electrolyte-plasma cementation
KoMnoHeHT 31ekTpoiuTa | Exopp, MB | jropp, MKA/CM?
ArtetoH -118 0,21
Imanepun -182 0,38
Caxapo3sa -234 0,93
DTHUIIEHTTUKOIb -220 0,32
K -277 0,54

OTIPEJICIICHHO! CTETIeH! KOPPEIUpPYyeT ¢ HHTEHCUBHO-
cteio auddysun yriepona, Kotopas OIpenenseTcs
HACBIIIAIOIMM TIOTEHIIHAIOM Tapora3oBoi 000J04-
ki. HauGonbliee ynpovyHeHHWE MPOUCXOJMT TPHU Iie-
MEHTALUHN B TJIHLEPUHOBOM BIIEKTPONIUTE, Aajee MO
Mepe CHWKEHHsI HACBHIMAIOIEH CIOCOOHOCTH HIYT
alleTOHOBBIM, Caxapo3HBIM W ATWICHTJIUKOJIEBBIN
JNIEKTPOJIUTHL. AHAJIOTHYHBIC JAHHBIE O HACHIIIA0-
el crmocoOHOCTH 3JIEKTPOJIUTOB OBUIM paHee TOIy-
YEeHBI IS [EMEHTAIMH CTaau [7], YTO CBUIETEIh-
CTBYeT 00 OOLIMX 3aKOHOMEPHOCTSIX TpaHCIOpTa yT-
JiepoJa U3 HACBIMIAIONIEH Cpebl B CTPYKTYPY CTalH U
TUTAHOBOTO CIIJIaBa.

Pe3ynbrartel KOPPO3HOHHBIX HCIBITAHUN 00-
pas3iuoB B pacTBope cyinbdaTa HATpUs TOKa3aid CMe-
LIeHHE TOTEeHLHMAlla KOPPO3UH B O0Jiee TONOKUTEIb-
HYI0 00J1aCcTh TIOCIIE [IEMEHTAIIMN BO BCEX DJICKTPOIIH-
Tax (Tabn. 1), 4To yKa3pIBaeT Ha HEKOTOPYIO TCHICH-
LU0 K TOBBIIICHUIO KOPPO3MOHHOW CTOMKOCTH 3a
c4eT 00pa3oBaHUsl OKCHIHOTO CJOsl, KaK 3TO OBLIO
YCTaHOBJICHO U aHOJAHOM IIEMEHTAllnH TEXHUIECKO-
ro TuTaHa [5].
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IMpumedaHus: jxopp — INIOTHOCTH TOKA KOPPO3uH, Exopp — HO-
TeHIuan Koppo3un, K — KoHTponbHbIN 00paszen

Notes: jorr is corrosion current densitycds is corrosion po-
tential,K is untreated sample

HawnGonbiee conmpoTuBieHne KOppo3uu Hao-
JIOJAeTCa TMOCIe IIEMEHTAIlMH B aIlleTOHOBOM OJJIEK-
TPOJHUTE, Aajiee 10 Mepe CHIDKEHUS COMpPOTHBIICHUS
KOpPpO3uHu HIyT 00pa3ilbl, ICMCHTOBAHHEIC B TIIHIIC-
PUHOBOM, STHJICHTIUKOJIIEBOM W CaxapO3HOM 3IIEK-
TPOJUTAaX. 3HAUCHHE I[UIOTHOCTH TOKa KOPPO3UHU
MPAKTUYECKU KOPPEIUPYET C MOTEHIIUATIOM KOPPO3UHU
U CHIKAETCS TOCNE LEMEHTALUMU B 3JCKTPOJIUTE C
aIleTOHOM, TJIMIEPUHOM W STHJICHTIUKOJIEM, a TOCie
LIEMEHTALIUA B CaXapO3HOM 3JICKTPOJIUTE OHA MOBHI-
LIACTCS, YTO HE MO3BOJIIET PEKOMEH0BATh AJIEKTPO-
JIUT HA OCHOBE Caxapo3bl ISl MOBBIIIEHUS COMPOTHB-
JICHUS] KOPPO3HUH.

Tpubonoruveckne HCIBITAHUS BO BCEX CITY-
yasx MOKaszaly CHUKEHHUE MacCOBOTO M3HOCA Ha JiBa
MOpsJKa BETUYMHBI NP TPEHWH CO CMAa3Koil U ero
MOBBIIICHHUE TIPU CYXOM TpeHuH (Tabdi. 2).
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Taonuya 2
MaccoBblii H3HOC TUTAHOBOIO ciiaBa BT6 mociie
AHOJHOM 3JIEKTPOJMTHO-IJIA3MEHHOMH IleMeHTAlu1
Table 2.Weight loss of carburized titanium alloy VT6
after its wear testing

KommnoneHT snekTponura Amg,, T AMyy, T
ArneToH 0,0007 0,0162
['muuepun 0,0009 0,0169
Caxapo3za 0,0005 0,0153
OTHJIEHTINKOIb 0,0003 0,0124
K 0,0280 0,0123

ITpumeuanusi: AMey — yOBIIB Macchl 00pasua Mpu TPEHUH CO
cMa3Koi, AMeyx — yOBUIL Macchl 00pasia Mpu CyXOM TPEHUH,
K —xouTponsHbIii 06pasery

Notes:Am. is weight loss of sample for lubricant frictideyx
is weight loss of sample for dry frictioK,is untreated sample

Mo03KHO TPEANONIOKUTh, YTO 3aIIOJHEHHUE TOP
OKCHIHOTO CJIOSI CMa3KoH, KOTopoe oOecreynBaeT
npupabaThIBAEMOCTh TOBEPXHOCTH MPHU KOHTAKTE C
KOHTPTEJIOM, COBMECTHO C BO3ICHCTBHEM IOJCIOA C
TIOBBIIIICHHON TBEPJOCTHIO CHOCOOCTBYIOT IOBBIIIE-
HUIO M3HOCOCTOMKOCTH TPU TPEHHUU CO cMa3koil. B
Cllydae WCIBITAHUM MPU CYyXOM TPEHHH BO3EHCTBHE
IapuKa-KOHTPTENa MPUBOAUT K Pa3pyLICHUIO OKCU-
HOTO cjos. B maHHOM ciyyae yObUIh Macchl oOpasia
MpU TPEHHH MPOIMOPIIMOHATPHA HWHTECHCHBHOCTH
OKHUCJICHUS, COTJIACHO JAHHBIM PEHTTEHOBCKOI'O aHa-
nu3a (puc. 1), ¥, COOTBETCTBEHHO, TOJIMUHE OKCH/I-
HOTO CJIOA.
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BBIBO/IbI

AHOMHAs TIEMEHTAlUs THTAHOBOTO CIUIaBa
BT6 B anekTponuTax Ha OCHOBE XJIOpHIa aMMOHHUS C
NOOaBJICHUEM alleTOHA, TIHIEPUHA, CaXapo3bl HIIH
STUJICHTIIMKONSI TPUBOJAUT K OOPa30BaHUIO MOBEPX-
HOCTHOTO CJIOsI, BKJIFOYAIOIIECTO JHOKCHI THTaHa (py-
TWJ) W TBEpAbI pacTBOp yraepoaa. OOpaszoBaHue
TBEPAOTrO PacTBOpa MOATBEPKIACTCS YBEIHYCHUCM
MHUKPOTBEPIOCTH TUPPY3UOHHOTO ci1osl. Makcumalb-
Hasi MUKPOTBEPAOCTh [IEMEHTOBAaHHOTO THUTAaHA JIOCTHU-
raeTcs B 3JIEKTPOIIUTE C TIUIEPUHOM, TIPUMEPHO TaKast
e C alleTOHOM, MEHbIIIAs ¢ CaXxapo30i M HAaMMEHBIIIas
C OTHJICHTIIMKOJIEM. YKa3aHHBIA PsJ COOTBETCTBYET
HACBIIAONICH CITOCOOHOCTH JIEKTPOJIUTOB.

[NokazaHo MONOXKUTENTFHOE BITUSHIE OKCHTHOTO
CIIOST Ha COTPOTHBJICHHME Marepuaiia KOppO3WH B pac-
TBOpe PuHrepa. HamOomnbliee CHWXKEHHWE IUIOTHOCTH
ToKa Kopposuu (B 2,5 pasa) u cMmeleHre MoTeHIHaIa
KOPPO3HHU B TIOJIOKUTEIBHYIO 00JIaCTh OBUIO YCTAHOB-
JICHO TIOCJIE TIEMEHTAIIMY B allCTOHOBOM 3JICKTPOJIHTE.

Tpubonornieckue HCIIBITAHUS TIOKa3aId CHH-
JKEHHE MacCOBOTO HM3HOCAa O0pasloB TPU TPEHUH CO
cmaskoii ot 0,028r y koHTponsHOro odpasua go 0,0003-
0,0009r mocrne neMeHTauK B UCCIESTYEMBIX ICKTPOJIH-
Tax, BBI3BAHHOE COBMECTHBIM JICHCTBHEM OKCHIIHOTO
CIIOSI Y1 TIOZICITOS C TIOBBIITICHHOM TBEPIOCTHIO.

Hcmounuxu ¢unancuposanus. paboma 6vi-
noMena npu Quuancosoli nodoepoicke Poccuiickozo
Hayunozo ®omnoa (kommpaxm Ne 15-19-20027)Ko-
CMPOMCKO20 20CYOAPCMBEHHO20 YHUBEPCUTHEMA UM.
H.A. Hexpacosa.
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HAYUHO-000CHOBAHHOI NPONOPUUU C MUNOGLIMU HEOP2AHUYECKUMU HAROTHUMENAMU U KAOIU-
HOM 68 NUZMEHMHOU Yacmu, HPU KOMOPHIX 00eCHeuUu6aemcs HOBLIUIEHHOE 8PeMA UX MHCU3HU
(= 120cyr.). BersaBreno, 9ro BBeqenne B kommosunnu g0 20 macc. % dymaoueHn-cmupoibHozo
JlameKca u 6 cCOCmag NUZMeHmHou yacmu, Oonoanumenvro kK meay, 15-30macc. % kaonuna é3amen
OUOKCUOA MUMAHA NO380I51€M ROTYYAMDb IKOHOMUYHbIE U CIAOUTbHbIE NPU XPAHEHUU MAmepU-
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PHYSICO-MECHANICAL PROPERTIES OF COMPOSITIONS FROM MODIFIED SODIUM
LIQUID GLASS AND KAOLIN

The physic-mechanical properties of the compositidsesed on inorganic polymer — sodium
liquid glass modified with carbamigland mixed in a scientific proportions with typicahorganic ad-
ditives and kaolin in the pigment part providing ¢hincrease in their lifetimeX 120 days) was stud-
ied. It was revealed that the introduction to themposition of 20 wt. % of styrene-butadiene latex
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and introduction to composition of the pigment paatiditionly of chalk of 15-30 wt. % of kaolin in-
stead of the titanium dioxide allows obtaining cesffective, storage-stable materials suitable for
the protection and decoration of facades of builgsmand structures. Rheological characteristics of
sustainable materials were the following: full powef flowing is 1.5-2.3 MW/rfj power to the de-
struction of coagulation structure is 0.45-0.80 MW#; consistency constant is 20—36 Baflow index

is 0.30-0.50. The talc should be used as secotet fit the preparation of light-colored compositien
Iron minium (Fe20s) is one of the best components for a colored pigmmixture additionally in-
cluding kaolin (30 wt. %). Recommended weight catif iron minium: kaolin is 2: 1. This protective
material is characterized by the following paramesefull power of flowing is 1.8-2.1 MW/ power
for the destruction of coagulation structure is @MW/ and the flow index is 0.50.

Key words: modified sodium silicate, styrene-butadiene lakeqlin, rheological characteristics, phys-

ico-mechanical properties

BBEJIEHHE

KaonuH 0TeuecTBEHHBIX MECTOPOXKIACHUN SB-
JsieTcss OOHUM W3 HamboJiee JOCTYMHBIX M MEpPCIeK-
TUBHBIX HAMOJHUTENCH MUTMEHTHON YacTH CHIIMKAT-
HBIX KOMTO3UIHiH. CTOUMOCTh KaOJIMHA TOCIe OTMY-
YUBAHUS U MPOKATMBAHUS, KaK MPABIIO, HE MPEBbI-
maet 15000py0./1. C npyroii CTOpPOHBI, UCTIOIH30BA-
HHE B KadyecTBE CBS3YIOLIETO PAcTBOPOB CHIIMKATA
HaTpust (HATPHEBOTO JKUIAKOTO CTEKIIA) TAKXKe SIBIISET-
Csl BECbMa MEPCHEKTUBHBIM, IMMOCKOJIBKY MOTy4YaeMble
COCTaBBl XapaKTEPU3YIOTCS HETOKCHYHOCTBIO U, MpPHU
YCIIOBUU TPAMOTHOTO HX MOJUGMDHUIIPOBAHUS C [IENBIO
HOBBIIICHHS KHU3HECTIOCOOHOCTH [1], BBICOKMUM cpo-
KOM cIyXObl. B kauecTBe 706aBOK-MOIN(PUKATOPOB K
HEOPraHUYECKOMY TOJIMMEPY — HATPUEBOMY SKHIKO-
My crekny B [1-3] mpemnararorcs kapbamum u Oyra-
nueH-ctuponsHblid narekc (JIBC), coBmecTHoe mpu-
MEHEHHE KOTOpPbhIX obOecredrnBaeT HE TOJNBKO CTaOu-
JIM3aIMI0 CBOMCTB KOMIIO3UIIMK MPU XPAHEHUH, HO U
MOJIOKHUTENIBHO CKa3bIBA€TCS Ha BOAOYCTOWYMBOCTU
TaKOBBIX TIOCJIE HAHECEHUS Ha MHHEPAJbHYIO IIO-
BEPXHOCTh. YCTOMYMBOCTh K BO3JICHCTBUIO BJaru
HAIOJIHCHHBIX KAOJIMHOM KOMITO3MIMH, TOJy4EeHHBIX
13 MOAU(UIIMPOBAHHOTO HATPUEBOTO JKUAKOTO CTEKJIA
U HCTIOJIE3YEeMBIX JIJISl 3aIUThI (hacajoB 3aHHN U CO-
OpyKEHUI1, UMEET TIEPBOCTEIICHHOE 3HaUeHue. B cBsi3u
C BBIIIECH3IIOKEHHBIM, TOMOJHUTENIBHO K PEOJIOTruYe-
CKHM XapaKTEePUCTHKaM KHUIKUX CTEKOJ, oOpaboTaH-
HBEIX KapObamuznoM [4], Heo6X0ANMO | I1IeIeCO00pa3HO
OpeiCcTaBUTh  (PU3UKO-MEXaHUYECKHE  CBOMCTBA
YCIIOXKHEHHBIX CHCTEM IpPU KPUTHYECKOH KOHIEHTpa-
MM B HUX TBEPIOH (has3bl (KaojaHMHa U Ap.), IO aHAIIO-
THH C NIPEJICTaBICHHBIMU paHee pabdotamu [5, 6].

OKCIIEPUMEHTAJIBHA I YACTD

Kommozutwn (KM) 17151 3aIIUThI H ICKOPATHB-
HOU OTHeiKU (acaloB 3[aHUKH U COOPYKECHHH IMPUTO-
TaBJIMBANY CIEeAyOmuM oopa3oM. Hatpuesoe xunkoe

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y
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CTEKJIO C CHJIMKATHBIM MoayjieMm 2,7-3,2 1 IUIOTHO-
cteri0 1,36-1,41 r/em® oOpabaTeiBany KapOaMumIoM
npu 70 C [2]. K noxyueHHOMY MOAM(DUIUPOBAHHO-
my npoaykry (CHK) moGapimsin GyTamneH-CTHPOIIb-
weiid matekc CKC-65-TTI B xomuuectBe 18 macc. %
[1, 3], mocrne vero cMenMBagl U TIePeTUPATH C HEOP-
TAHUYCCKUMH HATIOHUTEISIMA U MMUTMEHTAMU — Kao-
JIUHOM, MenoM, TabkoM, Ti0,, FeOs. JlucnepcHocTsh
KM 11 3amimrthl U ICKOpAaTUBHOU OTACIKH (hacamoB
3MaHUN U COOPYKCHHMU IoMmycKaeTcs B mpeaenax 60-
150 mMxMm mo mpubopy «KimH»; OOJBIIMHCTBO OIBIT-
HBIX 00pa3loB UMEJO CTeneHb rneperupa < 60-80MKM.
Peosnornyeckre xapakTEpUCTUKU KOMIO3UIUN TOJIY-
YajM ¢ WCIONb30BaHMeM mpubdopa «Peotect-2» ([Cep-
MaHus); UX (PU3NKO-MEXaHUUECKHE CBOWCTBA M3yJaiu
IO METOAMKAM, TIPHBEAEHHEIM B [1].

PE3VJIbTATBHI 1 X OBCYXJEHUE

Kak moka3pIBalOT ONBITHBIC JAHHbBIC, THCIIEp-
CHOHHBIC CHIMKaTHble KM, I/ie KaolMH SBIsSeTCS
CIMHCTBCHHBIM KOMITIOHEHTOM IMT'MEHTHOW 4YacTh
(ITY) (tabu. 1,Km Ne 1), o6nmagaroT 1OCTaTOYHO MPOY-
HOM KoarynsuuonHoi crpykrypoii (N = 1,34MB1/m°)
U XapaKTepU3YIOTCS BHICOKMM 3HAYEHHEM KOHCTAHTHI
koHcucteHuuu (No = 183,2[1ac), a Takke UHIECKCOM
teuenus 0,15 (abi. 2).IIpu xpanennn KM B TeueHme
24 4 nHabmromaeTcs YNPOYHEHHE CTPYKTYPHI, B TO
BpeMsl Kak MHACKC TeUeHHs yBeiaumdyuBaercs B 1,6 pa-
3a. O BO3MOXHOCTH Pa3KIKEHHS CHUCTEM THIa Kao-
JUH — BOJOPACTBOPUMBINA CHJIMKAT B MEPBBIC Yachl
XpaHEHHsI UMEIOTCS CBE/ICHHS B TaBHO OIyOJIMKOBaH-
HBIX OTE€YECTBEHHBIX TpyAax [7], a Takke OTHOCH-
TENBHO CBEXMX 3apybexubix [8] paborax. OmHako B
npucytctBun JIBC atot 3¢dekt B sBHOU opme He
BBIDAXKEH, C YYETOM BO3MOXKHOCTH €TI0 YacTUYHOM
copOLMK Ha MOBEPXHOCTH KaoJHMHA (EMKOCTh MOHO-
ciost 0,36 MMOINB/T TIpE pacdeTHOM KOd(pQHITHEHTE
maddysun = 0,41-10° cm?/c). Ilonormii ywactok
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peostormueckoit kpuor st Km Ne 1 HaGiromaetcs
npu Hanpsokenun casura 10 400—4200a (puc. 1, a).
XoTs (pU3MKO-MEXaHUYECKHE XapaKTCPUCTUKUA MaTe-
punana «CHK-JIBC-kaonuH» MO3BOJIAIOT HAaHOCHTh
€ro Ha ITOBEPXHOCTH 0€3 pacTekanus [1], OH sBIseTCS
HEYCTONUYUBBIM K BO3JEHCTBHUIO BiIary (tadm. 3).
Brenenue B coctaB TBepAor yactu Takoil Km
TPAIUIMOHHBIX MIUTMEHTOB M HAMOJIHUTENCH — Mena,
tanbka TiO2 u F&Os; — n3MeHseT X0a KOaryIsaIHoH-
HBIX MIPOIIECCOB B CUCTEME M CBOWCTBA KPHCTAILIHM3a-
IUOHHOW CTPYKTYpPHI TOCIE yaalneHwsl Biard. Tak,
JOTIoNTHATENbHOE mpucyTcTBre B [1U Mena u xkenes-
Horo cypuka (xaommu 50 macc. %, men 35 macc. %,
xeJe3Hsld cypuk 15 macc. %), mpu HeOOIBIIOM yBe-
mueHnd Biaaru (Tabm. 1, Km Ne 2), mpuBoaur kK ToMy,
YTO KOHCTAHTAa KOHCUCTCHIIMM YMEHbINaeTrcs B 2-3
pasa, a MHIEKC TeueHHs CHkaeTcs Ha 21% (radi. 2).
Opnuaxko, B ommmure or Km Ne 1, o ucreuenuun 24 9
xapaktepuctuku N u AN mis Km Ne 2 Bospacraror
b Ha 15-20 %.910 00BsICHAETCS TEM, 4TO B CMe-
CH KAaOJIMH — MeJI MOCIeHUH, 001aas UHBIM THTIOM
YIaKOBKHU YaCTHI], OCJIA0JISIeT KOAryJISIIMOHHBIC CBI3U
B JMCIIEPCUOHHOHN cpene. DTO CKa3bIBAaeTCs U Ha MO-
BEJICHUM PEOJIOTHYECKUX KPHBBIX, IMOJIOTHH YYacTOK
KOTOPBIX 1O ocu abcumcc cooTBercTByeT ~ 180 Ila
(puc. 1, 6). IlpounoctHbie XapakTepucTUk KM No 2

Boimie, ueM y Km Ne 1 (ra6m. 3); Takske yMeHBIIAETCS
BBIMEJIMBaHUE U B 3,2 pa3a CMbIBAEMOCTh MJICHKH TIPU
Harpyske.

Hanuuue B NUrMEHTHOM 4acTH CHUIIMKAaTHOMN
Kwm kaonuna (30 macc. %) u Tanbka (20 macc. %) B
orcyrctBue Fe&Os (tabm. 1, Km Ne 3), mpu conepika-
Huu Meia 50 macc. %, COCOOCTBYET YBEIMYCHHIO
MPOYHOCTH KOATYJISIIIMOHHOW CTPYKTYpPHI MO CpaBHE-
a0 ¢ Km Ne 2 npuGnusurensHo B 1,5pasa (tada. 2).
[Tpu 3TOM KOHCTaHTa KOHCUCTCHIIMU CHUXKACTCS, UH-
JICKC TEUCHHS BO3PACTAET BJBOE; MOJIOTAs YaCTh PEo-
JIOTHYECKOH KpUBOH mposBisieTcss B Auanazone 300-
400T1a (puc. 1B). Takum 0Opa3oM, yMEHBLICHUE CO-
IeprkaHusl KaojauHa B TBepaoi yactu Km ¢ 50 no 30
Macc. % 3a cuet BBenmenus 20 macc. % TanbKa, qaer
cHHepreTHyeckuii A3pdexT B OTHOUICHUH NMPOYHOCTH
KOAryJIsIIIMOHHON CTPYKTYpHI, IMO3BOJISIET IOBBICHTH
menode- u BogoyctronanBocTh KM, Ha 15 % —TBep-
JnocTh ToiyyaeMod TuieHku W Ha 20% cHUM3WTH ee
CMBIBa€MOCTh NPU MEXaHHYECKOM BO3ICHCTBUH 10
marpyskoit 20 H (ta6n. 3). ITo wucreuenmn 24 q
HaOJI0aeTCss HEKOTOpoe TOoBbIeHHE 3HaYeHUH N u
AN s Km Ne 3 (1abi. 2), 9ro ykassIBaeT Ha CTabu-
JHM3aLHI0 KOATYJISIIMOHHBIX CBS3CH MEXIy AMCIepc-
HBIMHU YaCTUIAMH.

Tabnuuya 1

CocraBbl KOMl‘IOSl/l].[l/lﬁ u3 CHK, 5yTaI[l/leH-CTHpOJ'l]>HOFO JaTeKkca ¢ BKJIIYCHUEM Pa3InYHbIX HANoOJIHUTeEJEell B
NMUTMEHTHYI0 YaCTb
Table 1.Compositions of the modified sodium silicate styrenbutadiene latex with the inclusion of various addives
in the pigment part

Ne CHK, Bona, JIBC, Heopranuueckue HaNOJHUTENH B IUTMEHTHOW 4acTH, Mac. % H
Kv | wmac.% Mac.% Mac. % Kaonun Men Tanbk TiO; FeOs P
1 30,0 12 18 40,0 - - - — 9,p
2 27,0 14 18 20,5 14,4 — - 6,1 9|2
3 27,0 14 18 12,3 20,5 8,2 — - 9|1
4 27,0 14 18 6,1 22,5 - — 12,3 9|3
5 27,0 14 18 — 20,5 8,2 12,8 - 9|2
Taonuya 2

Peonornueckue xapakrepuctuku komnosuuuii u3 CHK, Briawuyaoumux pa3iuyHble HeOpraHuieckue HaAnoJHuTe-
JIM B IUTMEHTHOM YacTu

Table 2 Rheological characteristics of the compositiongdm styrene-butadiene latex including different inaganic
fillers in the pigment part

MormurHocTs Ha pa3pyuie-
ITonnas MOIIHOCTH Ha N Koncranra xoHCTH-
reuerme. N. kBr/v® HHUE KOaryJIAIHOHHON crer, 1o, INald Wupekc TeueHus, N
Ne Km 7 crpykrypsl, AN, kBt/m3 T

CBeXe- yepes CBeXe- yepes CBeXe- yepes CBeXe- gepes

TIPUTOT. 24y TIPUTOT. 244 TIPUTOT. 24y TIPUTOT. 244
1 1341 1968 584 764 183,2 120,0 0,15 0,24
2 956 1133 432 496 60,5 66,1 0,14 0,17
3 1517 2234 452 770 26,8 21,2 0,41 0,48
4 1769 2120 510 691 35,7 21,8 0,31 0,50
5 972 2068 332 801 26,4 56,1 0,27 0,27
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Puc. 1. Kpussie Teuenus npu 20 C KoMIo3uuii U3 HATPUEBOTO
KHUAKOTI'O CTCKIIA, MOIII/I(i)I/IL[I/IpOBaHHOFO Kap6aMI/IIIOM, 6yTaIII/IeH-
CTHUPOJIbHBIM JIATEKCOM U PA3JIMYHBIX HCOPIraHNUYCCKNUX HAIlOJIHU-
Telei: a — KaoluH, 6 — kaoaud —men — FeOz; B — KaoauH — Mell
— TaJbK;, 1 — CBEXXEIPUTOTOBIECHHAS] KOMITO3UILINS, 2 — KOMIIO3U-
s nocie 249 XpaHeHus
Fig. 1. Flow curves at 20 °C of the compositionsrfiauid so-
dium glass modified with carbamide styrene-butagliatex and
various inorganic additives.— kaolin;6 — kaolin — chalk — oxide
ferric; B — kaolin — chalk — talc; 1 — freshly prepared cosifion;
2 — composition after 24 h

C npyroit croposnsl, IIY, rae Tampk oTCyT-
CTBYET M COZEpKaHHe KaolWHa CHIXEHO a0 15 macc.
%, a B cucreme mpeBanupyroT men (55 macc. %) u
FeOs; (30 macc. %, Tabn. 1, Km Ne 4), obecnieunBaeT
peosoruyeckue cBoicTsa mo cpaBHeHuio ¢ Km Ne 3

(puc. 2a). B mpomecce XpaHeHHs TaKOH KOMITO3HITHH
Ha 35% Bo3pacTaeT MPOYHOCTH KOATyJISLUOHHON
crpykrypsl (AN), a mojoruii y4acToK Ha KPHBOM Te-
yenust (puc. 2a) HabmomaeTcs NpPH HANPSKECHWH
capura 500-600[1a. DTo cBUIETENBECTBYET 00 yIIpPOY-
HEHUHU BO BpeMeHH cTPYKTypsl KM Ne 4 3a cuet obpa-
30BaHHs OOJBIIETO YHUCIAa KOAryJSIIMOHHBIX CBS3CH
MEX/y YaCTHIIAMH, YTO CJICIYeT, Ha HAIl B3IV, OT-
HecTd Ha cueT aeictBus FeOs. Takas koMmmo3urus,
kak © Km Ne 3, BomoycroiiumBa M JaeT TBEpIAbIC
ienkn (0,34 y.exn.) ¢ Manoit cmeiBaeMocThio (7,2%)
npu Bo3neiicTBuM Ha HuUX Harpy3ku 20 H (tabm. 3),
OJTHAKO MEHEe SKOHOMHYHA.

50001 D, ¢’

400 " 600
T, Ma

0

Puc. 2. Kpussie Teuenus npu 20 C KoMIO3HIHiA U3 HATPUEBOTO
KHUIKOTO CTeKJIa, MoanuIrpoBaHHoro kapbamuaom u JIBC ¢
MOBBILICHHBIM cofepxanneM FeOs (a) u 3ameHol KaoHa Ha

TiO2 (6). Cocras ITU: a —kaosun —Men — FeOs; 6 —Men — Tajbk —

TiO2. 1 — CBEe)KENPUTOTOBICHHAS KOMITO3ULHS; 2 — KOMITO3HLIHS

nociie 244 XpaHeHUs

Fig. 2. Flow curves at 20°C of the compositions@fiild sodium

glass modified with carbamide and styrene-butadiatex witha
higher content of E©s (a) and kaolin replasemean titanium

dioxide ©). Components of the pigment part: a — kaolin — chalk —
FexOs; 6 — chalk — talc — titanium dioxide; 1 — freshly paged
composition; 2 — composition after 24 h

Hcnonp3oBaHue B3aMEH KaoJIHMHA ITUOKCHIA
tutana (30 macc. %), mo cpaBuenno ¢ Km Ne 3, us-
HavyaJbHO JJaeT CHCTEMBI C MeHee MpouHoii (B 1,5pa3)
KOAryJsIHOHHOW CTpyKTypou (tadn. 2, Km Ne 5).
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OnHako Hpy XpaHEHUH B TeYeHHE 24 4 MOIIHOCTh Ha
paspymenne ux Take gocruraer 0,8 MBt/m3, Cre-
JIOBaTeIbHO, KaK W B ciiydae BBeaeHus FeOs, s
CTAOWIHM3AIIMN CTPYKTYPHl KOMIIO3UITUH TpeOyeTcst
omnpeneneHHoe Bpems. Tak, 1 cyT. 0CTaTOuHO, YTOOBI
MOJIOTasl 4acTh PEOJIOTMYECKOW KPHUBOW CIIBUHYJACH
o ocH abcruce ot 100-12510 250-300ITa (puc. 26,
Kp. 1 u 2). OU3NKO-MeXaHNIECKHUE CBOMCTBA OIU3KU
K TakoBbIM Jjist Kommosurmii NeNe 3, 4 (ra6n. 3), ox-
HAKO CJIeJlyeT UMETh B BHJY, YTO THTAHCOJCpIKAIIHE
cocrassl ropaszno gopoxke (~40000py6./1), yem KOM-
no3unuy, BKiIoyaronme kaonuH (< 15000 py6/t).
[ToydeHHbIe MaHHBIE COTJIACYIOTCS C Pe3yIbTaTaMu
ucciaenoBannii [9], MOIYEPKUBAIOIIAMH, YTO CMECH
KaoJMHA C TalIbKOM (COCIUHEHHS aTIOMHHUS W Mar-
HUSI) B pacTBOpax JAaTEKCOB TaK e, MO-BHIAMOMY,

Kak U B PacTBOpax CHJIMKaTa HATpHs, JalT Oojee
MPOYHYIO KOATYJSIUOHHYIO CTPYKTYPY, Y€M CMECH
KaoJIMHA C MEJIOM WJIH KAOJHH KaK WHIMBUIYaATbHBIN
HarnonauTens. JaBHo msBectHo [10, 11], uro BO3-
MOYKHOCTh TMOJYYCHHST CTPYKTYpbl Metamn (Me) —
kuciopon (O) ¢ MUHHUMATBHBIMH PACCTOSHUSIMU BbI-
COKa, €CJIM B KayecTBE Me B CHJIOKCAHOBOM LIENIOYKE
npucyrcteytor NiZ*, Zré*, Mg?, AlI**, Feé* u Ga".
[Ipu >TOM amOMUHUHI, BXOASIINN B COCTaB KaOJIHHA B
3HAYUTEILHOM KOJIMYECTBE (COAEp)KaHUE TIIMHO3EeMa
39,5 macc. %), 3anmmMaeT ocoboe MecTo B psamy p-
anementoB ||l rpynmel. B Buay HeOonbimoro paanyca
¥ c1aboii TOJNIAPU3YEMOCTH JIEKTPOHHOro ocToBa 2
OH o0ecreynBacT HAMOOJee BBICOKYIO IIPOYHOCTH
cBs30k [12].

Taonuya 3

Pdu3uko-MexaHHUYecKHe CBoiicTBa OTBEPKIACHHBIX CUWINMKATHBIX KOMHO3H[1PI[7[, BKJIIYAKIIUX KA0JHH
B NUTMEHTHOM YacTH
Table 3.Physico-mechanical properties of the cured silicatcompositions including kaolin in the pigment part

Boemst or- Moou- TBepmocTh Mo Booveroii- CMBIBaEMOCTh
p p MasTHUKOBO- | Illenouecroii- s wieHky npu | Bpems xusz-
Ne Ku BCPHICHITA, 1, HOCTR Ha My 1pubo KOCTb, uepe3 244 HMBOCTD, 9CPE3 Harpyske 20H,| uu Kwm, ¢
He Ooyiee  |M3ru0O, MM Y 1pHoopY; » P 244 Py o ! P OYT
y.ex. %
0
1 (100%ot 8 15 0.27 CUJIBHO CUJIBHO 32,0 120
maccer [T4) BBEIMEJIUBAET BBIMEIIMBAET
2 (50%o0t 8 10 0.29 ciabo cinabo 10.2 120
maccer [T4) ’ BBIMEJIMBAET BBIMEJINBAET '
0
3 (30%or 8 10 0,33 0e3 u3MeHeHnuii | 0e3 U3MeHEHU 8,3 120
maccsl [T4)
0
4 (15%or 8 10 0,34 | Ges nsmencnuii | 6e3 nsmencnmii 7,2 120
macchl [T9)
0
5 (0%or 8 10 0,34 0e3 m3MeHeHn | 0e3 N3MEHEHNIT 6,7 120
macchl [T9)

TakuMm 00pazoM, yCTaHOBIIEHO, YTO BBEICHHE
B KOMIIO3UIIMH HA OCHOBE MOJU(PHUIIMPOBAHHBIX Kap-
O6amunom pactBopoB cuimkara Hatpus (CHK) Oyra-
JMEH-CTUPOJIBHOTO JtaTekca (1o 20 macc. %), a B co-
CTaB MUTMEHTHOW YaCTH, JOIOJIHUTEIEHO K MEIy,
15-30macc. % HamonHuTeNs KaojuHa B3ameH TiO;
TO3BOJIIET TIOy4aTh 3KOHOMHYHBIE W KH3HECIOCO0-
Hble (>120cyT.) MaTepHasIbl, KOTOPBIE MOXKHO HCIIOJIb-
30BaTh Ui 3aIIUTHl MHUHEPATBHBIX MOBEPXHOCTEH.
OnpeeneHbl PEOJIOTHUECKUE XapAKTEPUCTHKH TaKHX
JKU3HECTTOCOOHBIX MAaTEPUANIOB: TIOJHAS MOIIHOCTh Ha
teuenue 1,5-2,3MB1/M% MoOIHOCTS Ha pa3pylleHHe
Koary/suonHoi ctpyktypsl 0,45-0,80MB1/Mm3; KoH-
cranra koHcucrenuun 20-36I1ald; nHnekc TeueHus
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0,30-0,50.B xadecTBe BTOPOro HAIOJHHUTES MPH I10-
JY9eHUM KOMIIO3UIIMIA CBETJBIX TOHOB IEJIECO00Pa3HO
HCTIONTB30BaTh TAbK, & JKEIE3HbINH CYpHK (OCHOBHOE CO-
emuuenne — Fe20s) sABIISCTCS OHAM U3 JIYUIIHMX KOMIIO-
HEHTOB JJIsI I[BETHBIX NHMTMEHTHBIX CMECEH, IOIOIHH-
TenpHO conepkanmx kaoiuH (30 macc. %). PekomeHy-
€MO€ MAacCOBOE OTHOIICHHE >KENe3HBI CYpPHK: KaOJIWH
cocrapisteT 2:1.TIpu 3TOM 3alUTHBINA MaTepuall, coriiac-
HO Monenu Maxkcsemna-IlIsenoa n KensBuna, onucan-
Ho#t B [13], XxapakTepu3yeTcsi CICAYIOIIUMU PEOIOTHYC-
CKHMH CBOMCTBAMU: TIOJIHAS MOIIHOCTh Ha TeyeHue 1,8-
2,1 MB1/M3 MOIIHOCTh Ha pa3pylICHUE KOAryJISIMOH-
Hoit ctpyktypsl 0,5-0,7MBT/M® KOHCTaHTa KOHCUCTEH-
mun 22-36I1ald; nnnexc treuenns 0,31-0,50.
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MOJIEJIMPOBAHUE IMPOIIECCA ABCOPBIIMM AMMMAKA U3 ITIAPOT'A30BOM CMECH

Ilpeonosicena mamemamuyeckan mooeip npouecca abGCOpoOUUN aMMUAKA U3 NAPO2A30-
60ll cmecu 6 mpyouamom abcopbdepe, nO360aAI0ULAA NPOZHOZUPOBCAMD RAPAMEMPbL NPOUECCA,
obecneyusalouiue noayyeHue AMMUAUHOL 600bl MPEOYEeMOil KOHUEHMPAUUU.

KuaroueBsble ciioBa: abcopOius, aMMHaK, Mapbl BOJIbI, MOJCIIMPOBaHUE, TPYOUaThIi abcopoep
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MATHEMATICAL SIMULATION OF AMMONIA ABSORPTION FROM A GAS-VAPOR MIXTURE

Frequently, low concentration ammonia solutions afermed in a number of industries.
Obtaining of marketable ammonia water with conceation of 25% from the ammonia solutions
is possible by a consecutive carrying out desonptaind absorption processes. A desorption of
ammonia takes place by an interaction between timenaonia solution flowing on a plates and a
steam flow and we obtain steam-gas mixture with centration higher than in a source solution.
And a condensation of water vapor and absorptionashmonia with forming marketable ammao-
nia water takes place into a tubular absorber. Tipgocess of ammonia desorption from the
steam-gas mixture is took up in this article. A nh@imatical model of process allowing predicting
process parameters for providing ammonia water witquired concentration was proposed. At
the simulation, the following physical model wasad The steam-gas mixture consisting of water
and ammonia vapors enters into a tube bank. Cool@mater) circulates outside of tubes. The wa-
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ter vapors are condensed by a contact with an inserface and then the ammonia absorption
occurs by a film of condensate. As the result thearaonia water is accumulated into a cell
formed by a tube plate and an absorber bottom anid iexported from apparatus by a condensate
extractor. At the simulation we supposed that tHewis of water and of gas into the tubes and
freezing flow into the outside of tubes move counteder perfect replacement mode. A heat ex-
change with environment doesn’t take place. A marfeapparatus is stationary. The mathemati-
cal model consists of equations of material andtafat balance for a surface element, equations
of equilibrium pressures of mixture components, edions for calculation of mole fractions of
solution components and of partial pressures ofastegas vapor components. The solution of
system of equations was realized in the mathematagaplication Mathcad by finite-difference
method. An ammonia concentration into the soluti@md the vapor, flow rate of liquid phase and
flow rate of ammonia into it, the temperatures dfd steam-gas mixture, of the coolant and of the
film of solution along the apparatus height was calated. The dependence of solution tempera-
ture at the apparatus output and ammonia concenioat into it on flow rate of coolant was de-
termined. The experiments showed the increase iolant flow rate at the constant initial tem-
perature leads to the decrease in the temperaturéhe solution and a little increase in ammonia

concentration into it at the apparatus output.

Key words: absorption, ammonia, vapor water, mathematic sitiamatubular absorber

B npowmbinuieHHOCTH B psfe TPOU3BOJCTB
00pa3yroTcs pacTBOphI aMMHAaKa HU3KOH KOHIIEHTpa-
muu. Hampumep, 3To mmeeT Mecto mpu oOpaboTke
ra3oB KOKCOBBIX TII€Uei, NpU CAHUTAPHON OYHCTKE
ra3oBbIX BBIOPOCOB B MPOU3BOJCTBAX MHHEPAIHHBIX
yAOOpEeHHH, MpU pa3leICHHH PacTBOPOB aMMOHHMA-
HBIX COJICH B 2JIeKTpoMeMOpaHHBIX anmapaTax [1-3].

ITonydyenne TOBapHOW aMMHUAYHOW BOJABI C
KOHIICHTpaIiei aMmuaka 25% 13 pacTBOPOB MajIbIx
KOHILIEHTpAIMK BO3MOXKHO ITyTE€M IOCIEI0BATEILHOTO
MIPOBEJICHHUS TPOIIECCOB JecopOumu u abcopOumu. B
pe3yibTaTe B3aWMOJICHCTBHSI aMMHAYHOTO PacTBOpA,
CTEKAIOIIETO BHHU3 TI0 TapeiIKaM KOJIOHHBI, C ITAPOBBIM
MOTOKOM TPOUCXOANT ACCOPOIMSI aMMHUAKa U3 JKHJI-
kol ¢a3pl. Ha BeIXOge u3 aecopbepa MMeeM CMeCh
ra3zo00pa3HOT0 aMMHuaka W BoJsHOTO mapa. KoHieH-
Tpamus aMMHaKa B 3TOH apora3oBoil cMecH OOJbIIle,
YeM B UCXOJHOM pacTBope. B TpyOuarom abcopOepe
MIPOUCXOINUT KOHJIEHCAITUS BOASHOTO Tapa u abcopo-
musT aMMHaka ¢ oOpa30BaHHMEM aMMHUAYHON BOJBI
MPOAYKIIMOHHON KOHIICHTPAIUY.

[lpu MoaenMpoBaHWUM MPUHUMAJACH CIIETY-
fomas (u3udeckas Mojenb Iporecca. B TpyOHBII
MYYOK MOCTYIMAaeT Mapora3oBas CMECh, COCTOAIIAs U3
NapoB BOJBI M aMMHaka. B MeXTpyOHOM MpOCTpaH-
CTBE NIUPKYJIHMPYeT XiamareHt (Boma). Compukacasch
C BHYTPEHHEH TOBEPXHOCTBI0 OXJIAXTAEMBIX TPYO,
mapbl BOJIBI KOHJICHCHPYIOTCS, U Jajiee MPOUCXOIUT
abcopOIus aMMHaka TUICHKOW KOHIeHcaTa. B pesyib-
TaTe B Kamepe, oOpa30BaHHON HMXHEW TpyOHOH pe-
IICTKOW W JTHHINEM, HAKAIUTUBACTCS aMMHUaYHast BOJA,
KOTOpasi ¢ TIOMOIIBIO KOHJCHCATOOTBOIYHKA OTBO-
JIUTCS W3 ammapara. Eciu HavanbHas KOHIIEHTpAIUs
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aMMHaKa B mapora3oBoii cmecu Ooiee 25%, B TpyO-
HBIA MYYOK IMOJIAETCS BOJA JJISl CHUKCHUSI KOHIICH-
TpaLWy aMMHAavyHON BOABI 10 TpeOyeMOro 3HaYCHUSI.

OmnpenesneHne peXUMHO-TEXHOIOTHYECKUX H
KOHCTPYKITMOHHBIX TapamMeTpoB abcopOepa, obecre-
YHBAIONIVMX TOJIHOE TIOTJIONICHUE aMMHaKa U3 HCXOJ-
HOM Mapora3oBoil CMECH U 3aJaHHYI0 KOHLIEHTPAIHIO
aMMHAYHOW BOJIBI Ha BBIXOJIC U3 allapara, sBIsIeTCS
aKTyaJIbHOM 3a7a4eil.

[Ipu cocraBieHUH MaTeMaTHYecKOH MOIETH
npolecca NpUHUMAIOCh, YTO MOTOKH Ta3a W KHUIKO-
CTH B TPYOHOM ITPOCTPAHCTBE M TIOTOK OXJIaXIAIOIIeH
KHUIKOCTH B MEXTPYOHOM TNPOCTPAHCTBE IBMXKYTCS
MPOTHBOTOKOM B PEXHME HACAIHHOTO BBITECHEHHS.
TermmooOMeH ¢ OKpy)KaroOImIeH Cpemoil OTCYTCTBYET.
PaccmarpuBaercs craniioOHapHBIH peKUM pabOTHI arl-
napara.

Ilotoku maporazoBoii cmecu u abcopOeHTa
JBIDKYTCSI CBEPXY BHH3 BHYTpH TpyO. XJIaJareHT JIBU-
KETCsl B MEKTPYOHOM NPOCTPAHCTBE CHH3Y- BBEPX.
BeprukanpHas och KOOpAWHAT Z HAlpaBicHa BHU3.
Hagamo otcuera — ypoBeHb BepxHel TpyOHOU permrer-
kd. TpaguIrMoHHO TIPH MaTeMaTHIECKOM MOJICTIPOBa-
HUM abcopOnmu B ammaparax ¢ (UKCHPOBAHHOH II0-
BEPXHOCThIO KOHTaKTa (pa3 3ammChIBAIOT ypaBHEHUH,
OTIPE/ICNSAIONIAE M3MEHEHHE KOHIICHTPAIMd KOMIIO-
HEeHTOB B (pazax 1o BbICOTE ammapaTta. B manHoMm ciy-
qae Oosee yIOOHO OTCIIEKHUBATh U3MEHEHNE MACCOBBIX
ITOTOKOB KOMITOHEHTOB B XHJIKOW W Tapora3oBoi (a-
3aX, a 3aTe€M PAaCCUUTHIBATH MX KOHIICHTPALIUH.

[lyrem coctaBneHusi ypaBHEHHH MaTepHalib-
HOTO M TETJIOBOTO 0aJaHCOB JJisi 3JIEMEHTa TOBEpPX-
Hoctu dF = 7dn,,dz mony4ens nuddepenmansHbie
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ypaBHEHHsI, TIO3BOJISIOLIME TIPOTHO3UPOBATH M3MEHE-
HHe pacxooB ammuaka (1) u Boasl (2) B sxunkoi ¢a-
3e ¥ TeMIeparypsl xyajaarenra (3):

dG,, _ .
- =k, (P, - P )T, 1)
dG,, _ .
- =k,s(P, - P ), @)
dt dG dG
T — AL B,L . 3
dZ ( dZ qaﬁc + dZ rBj/(Gman) ( )

B stux ypaBHenusx: Gar, GsL — MaccoBble
pacxo/ipl aMMHUaKa M BOJBI B JKUJAKOH (ase, kr/c; Z —
HposobHAS KoopauHaTa, M; [1 = 7dn,, — nepumerp
HONIEPEYHOT0 CEYCHUs TPyOHOTO mydka, M; Koa, Kps —
KO3 GUIMEHTHI Maccollepeaadn Jjisi aMMHUaKka U BO-
1e1, kr/(c-M?I1a); Pa, Ps — naBnenus aMmuaka 1 apoB
BOZIBI B maporasoBoii cmecw, ITa; P'a, P's — paBHo-
BCCHBIC 3HAYCHUS JIABJICHUS TTAPOB aMMHAaKa U BOJIBI
HaJl INIEHKOM pacTBopa, I1a; t, — Temneparypa xiaga-
reara, °C; Qe — AuddepeHnuanbHas TemiaoTa aod-
copO1my; g — yAeibHas TEIIoTa MapooOpa3oBaHus,
Jix/xr; G,, — pacxoj XJnajaresra, Kr/c; Cy, — TEIIo-
emkocts xmamarenta, JLx/(kr K); d — BHyTpeHHMI
IuaMeTp TpyO, M; Ny —YUCIO TPYO.

®opmyner (1) u (2) xapakrepusyoT yObUIb
aMMHaKa ¥ IapoB BOJBI B TApOra30BOH CMECH BCIE-
CTBHUE TIepexo/ia uX B KUKy (dazy. [Ipu monydeHnn
ypaBHeHHs1 (3) Ha 0a3e COOTHOIICHHMS TEIUIOBOTO 0a-
JIaHCa TIPEIIoNaragoch, YTO BRIACISIONINECS TEIUIOTa
abcopOLuy U TEIIoTa KOHJCHCALUK IOJIHOCTBIO OT-
BOJISITCS K XJIAJIareHTY.

KpaeBbie ycmoeus mus ypasaenuit (1)-(3):
GaL=0,GL=0mnpu z = 0; t; =t ipu Z = Lyp. B
9THUX COOTHOWEHUsIX L — pacxon abcopOenTta (BojbI),
kr/c; L — anuHa TpyO, M.

PaBHOBecHOE [naBlIeHHME aMMHaka HajJ pac-
TBOPOM PacCUMTBIBAIIOCH 110 3aKOHY [ eHpH:

P'aA= paXa 4)
rae 4 —KoHctaHTa ['enpu, Ia.
W, = 13310 (@56 0806x, -1922/(t+2739 (5)

CootHotenue (5) moaydeHo myTeM 00pabOTKH
ONBITHBIX JIAHHBIX TI0 PABHOBECHIO B CHCTEME aMMHaK-
Boza [4] ¥ XOpOIIIO OMMCHIBAIOT IKCIIEPUMEHTAIBHBIE
nannble B nuana3oHe 0 <X, < 0,25u 10<t<100.

PaBHOBECHOE JaBJCHHE BOISHBIX MApOB HAJI
PacTBOPOM OIPEIENISAETCS 110 3aKOHY Payiist

P B = Puac')@- (6)
3aBUCHMOCTh HAAaBJICHHUA HACBINICHHBIX IMTapOB

BOJIBI P, OT Temmepatypsl B nuamazone 10<t < 100
aIpoOKCUMHUPOBaHa GopMyITOit:

Puac = 61461725/(“'238). (7)
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B 5THX BBIp@KEHHSIX. Xa, Xg — MOJIbHBIE JOJIH
aMMHaKka ¥ BOJbI B pacTBoOpe; t — Temmeparypa xui-
koit ¢asepr, °C.

MonbHble J0AM KOMIIOHEHTOB B YKUIKOCTH
PacCUUTHIBAIOTCS Y€Pe3 MX MOJIBHBIE PACXO/IbI

%G /SA’LIZA/M ! ®)
AL A B,L B
X, =1-X,, 9)
rae Ma, Mg — MoOJeKyJIsipHBIE MacChl KOMIIOHEHTOB,
KI/KMOJIb.

IMaprpansHele AaBJIEHAS KOMIIOHEHTOB B IIa-
pOrasoBoif cMecH MPOMOPIHOHATIBHBI UX MOJBHBIM
J0JISIM YA U VB!

Pa=P-y, P =P, (20)
rae P —naBnenue B abcopbepe, [a.
y, = Gps /M, ’ (11)
Gpag /M, +Ggs /My
yB = 1_ yA ! (12)

rae Gac, Gg,g —MaccoBble pacXo/Isl aMMHaKa U BOJIbI
B Ta30BOI (hase, Kr/c.
Pacxo/1bl KOMIIOHEHTOB B [IAPOra30BOH CMECH
HAaXOJUM M3 COOTHOIIEHUIH MaTepHaIbHOrO OajtaHca;
G (2 =GlY,, -G, (2). (13)
G.,o(9=Gl(-Y,.)-G..d. (14

rae G —pacxo mapora3oBoii cMecH Ha BXoje B a0-
copbep, kr/c; Y, —MaccoBas J0Jis aMMHakKa B 11apo-

ra30BOM CMecH, IOCTymaromieii B abcopoep.

ITpu pacueTe paBHOBECHBIX COCTABOB MApOBO
U KHIKOH (a3 3a ONpeIeNsioNly0 TeMIepaTypy mnpu-
HUMAETCSl CPEIHSSI 10 TOJIIIMHE TeMIIepaTypa TICHKH
pacTBOpa B MPOU3BOJIBHOM CCUCHUH armapara

tm = 0,5¢2 + tcm) (15)

CyMMapHBIi mepenaj TeMnepaTypsl B CTEHKE
TpyOBI ¥ IOTPAHUYHOM CJIOC ITOTOKA XJIAJareHTa PaBeH

o)
t —t :qﬂ+i, (16)
cm X
cm X

rae ( — yJCibHbIA TEIIOBOW MOTOK OT IJICHKH pac-
TBOpA K XJanarenty, Br/M? dom, Aow — TOMUMHA (M) 1
TEIUIONPOBOIHOCT MaTeprana cTeHku Tpyost, Br/(MK);
Oxz — KOOQOHUIIMEHT TEIUIOOTAaYH OT HApYKHOH I0-
BEPXHOCTH TPYOBI K Xnanarenty, Br/(m? K).

q= dGBL ri+ dGA,L Mase
dz 11 dz I
Takum 00pazoM, Temmeparypa CTeHKH TpyObI
CO CTOPOHBI INIEHKHA pacTBOpa:

(17)

o) 1
tcm :tf + q = +
' a

cm X

(18)
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B coctaB maTemMaTn4ecKkoro OnvMcaHus BKIIO-
YaroTCs TaKKe ypaBHEHHs 0OLIero MaTepHaIbHOTO U
TEIUIOBOTO OallaHCOB ammapara. MaTepuaibHbI 0a-
naHc abcopOepa, PH YCIOBUU TIOTHOTO ITOTIIOICHIS
aMMUaKa, BBITIISIUT CICTYOIAM 00pa3oM:

Gly, =(L+G)Ix,,. (19)
rae G —pacxo/1 mapora3oBoii CMecH, Kr/c; X4 — KOHIICH-
Tparusl aMMHAYHOM BONBI Ha BBIXOAE W3 abcopbepa,
MoJbHBIE 101H; L —pacxon abcopOenTa (Bozpl), Kr/c.

Otcroga HaX0IUM TpeOyeMBbIil pacxo] BOABI

L=G(y,/x, —1)- (20)

YunuThiBas, 4YTO TEIUIOTa NEPEOXITAKIACHUS
KOHJIeHCaTa BOASHOTO Mapa 3HAYUTEIHHO HIXKE CyM-
MapHOTO 3HAYCHHSI TEIIOTHI a0COPOITMU M KOHJCHCA-
1AW, YIPOIIEHHBIM TEIJIOBOW OalaHC MOMKHO 3aIlu-
caTh Tak:

GY, 0w +G(L-¥,)re =Gc, (L, —t,).  (21)
JlaHHOE COOTHOIICHUE TO3BOJIECT OIICHUTH
TpeOyeMBIii pacxoj Xiagarenra (BOIbI)
G = G[Y,u. + (=¥, )16]
¢t -t.)
Vpasuenus (1) — (15) Bmecte ¢ popmynamu
(17), (18), (20), (22)p6pasyoT cucTeMy ypaBHEHHIt
MaTEeMaTHYECKOTO OMHCAHMS TIpoIiecca adcopOITu
aMMHaKa M3 Mapora3’oBOi CMeCH B TpyO4YaToM arma-
pate. Perienne cuctemsl audepeHIUaTbHBIX ypaB-
mennii (1) — (3) mpoBOAMIOCH KOHEYHO-PA3HOCTHBIM
MetoaoM. [Ipu 3TOM 3amaBaioch HEKOTOPOE OIEHOY-
HOE 3HAUCHHE TEMIepaTyphbl OXJIAXIAIOIIEH BOIBI Ha
BbIXOJe M3 ammapara. ty, = tux npu z = 0.B utore
MPOTHO3HUPYIOTCSI COCTaB pacTBOpa Ha BBIXOJIE M3 a0-
copbepa u Temreparypa OXJaxIarolieil BOIbI Ha
BXoji¢ B ammapaTt. [IpoBepsieTcsi COOTBETCTBUE 3a/1aH-
HOTO tyy,u ¥ PacCUUTAHHOTO tys(L1p) 3HAUCHHI HAYAID-
HOM TemmepaTyphl oxJaxnaromend Boabl. Eciau
[txrw — tw(Lap)| > &, TOC € — 3a7aHHAS TOTPEHTHOCTD
BBIYMCIICHUH, TO W3MEHSETCS MPHHATOE 3HAYCHHE
TEMIIepaTypbl OXJKIAIONICH BOJBI HA BBIXOJE W3
ammnapaTa ¥ BBIYHUCIICHHS TOBTOPSIOTCSA. B mpoTHBHOM
clly4yae pacueT 3aKaHduBaetcs. [ yTouHeHus 3Hade-
HUS tyqx UCTIONB3YETCS] METOJT TIOJIOBUHHOTO JICJICHHSI.
W3noxeHHas MaTeMaTHUecKash MOJENb TpH-
MEHEHa Il pacdeTa CTATHUYCCKUX XapaKTCPUCTHUK
abcopOepa. AJITOPUTM peIICHUS CHCTEMBI YpaBHEHUH
MaTeMaTHYECKOTO OMMCAHUS PEANU30BaH CPEeICTBAMU
nakera MathCAD. Hekotopsle pe3yinbTaThl YHCIICH-
HOTO DKCIIEpUMEHTA IpUBeACHBI Ha puc. 1— 4. Pacue-
THI TIPOBEJICHBI JUUIsI ammapara JiabopaTOPHOTO Mac-
mraba ¢ auametpom kopmyca 0,15 wm, umeromero 13
TpyO ¢ BHyTpeHHUM nauameTpoM 0,021m. Inuna Tpyo
1 m. daBnenue B anmapare 0,22 MIla. IIpu gaHHBIX
napameTrpax MPOU3BOAUTEIBHOCTh TpyOYaToro ao-

(22)
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copbepa cocraBister 10,5 kr/u amMMuadHON BOABI C
KoHIeHTpareit 25 macc.%. Pacxox oxmaxmaromei
BobI 0,56 M/ 4.
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o 4
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E 3
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»204 1

o

~ 1

5;0‘2 i /
0¥ . . r . .

0 0,2 0,4 0,6 0,8 1

zZ,M
Puc. 1./I3MeHeHHE KOHLICHTPALMK aMMuaka B pactsope (1), B
ra3oBoii (asze (2) u paBHOBeCHOI KoHIeHTpauuu (3) 10 BBICOTE
anmapara
Fig. 1. Change in ammonia concentration in a soiugl), in a
gas phase (2) and change in equilibrium concealtrd8) along
the apparatus height

3 -
1
g
('5\
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/
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zZ,M
Puc. 2. 3menenue pacxozaa xuakoi ¢asel (1) u ammuaka B Heil
(2) mo BeIcOTE anmapara
Fig. 2. Change in liquid phase consumption (1) amdnonia
consumption within liquid phase (2) along the appas height
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zZ,M
Puc. 3. 3MeHeHue TeMIeparypsl maporaszosoii ¢assr (1), xnasa-
renra (2), iieHku pactBopa (3) o BeICOTE anmapara
Fig. 3. Change in temperature of a gas-vapor nextl), of cool-
ant (2), and a solution film (3) along the appasdtaight
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Puc. 4.3aBucuMocTH TEMIIEpaTyphl pacTBOPa HA BEIXO/E U3 all-
napata (1) 1 KOHIIEHTpaLK aMMHAYHOM BOJIbI (2) OT pacxo/a
XJlagarcHra
Fig. 4. Temperature dependences of solution aapparatus
output (1) and concentration dependence of ammeaiar (2) at
the apparatus output on coolant consumption

I'paduxu puc. 1 xapakTepusyroT U3MCHCHHE
COCTaBOB Ta30BOW M KHUIKOH (a3, a Takke paBHOBEC-
HOM KOHIICHTpAIlMK B ra30BOM (a3e 1Mo BBHICOTE arla-
pata. llonoxurensHOe HalpaBlieHHE KOOPAMHATHI Z
COBIMAJIaeT C HAIpPABICHUEM JBUKCHHS XUAKOU (ha-
3bl. YBEIMUYCHUE KOHIICHTPAIlMA aMMHaKa B Ta30BOU
(aze o0OBsCHICTCS YMECHBIIICHUEM COJICPKAHUS BOJIS-
HOTO Tapa B Mapora3oBOM CMECHU BCJIECACTBHE €TO
KOH/ICHCAITUU Ha TIOBEPXHOCTH OXJIKIACMBIX TPYO.

PaBHOBecHast KOHIEHTpalusi aMMHaKa B Ta-
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30BOH (haze cHavala BO3pacTaeT Mo Mepe yBEIHMUCHHUS
ero coJep)kaHus B )KUAKOU (ase, a 3aTeM HECKOJIBKO
YMEHBIIAETCSI BCIEACTBUE CYILIECTBEHHOT'O CHIDKCHHS
TemIeparypsl pactsopa (puc. 3).

OOmwmii pacxon *Kuakoi ¢asel o AIUHE TPYO
pacTeT MOYTH 1O JIMHEHHOH 3aBucHMMOCTH (puc. 2).
N3menenune pacxona MOTIOMIEHHOTO aMMHaKa Xapak-
TepU3yeTcsi KpUBOU C BO3pacTarolieil KpyTusHoil. Ta-
KOI HEeNWHEHHBI XapakTep 3aBUCHMOCTH OO0YCIIOB-
JIeH YBEJIMYMBAIOMIEICS CKOPOCTHIO Maccollepenadn
BCJIE/ICTBHE POCTa BEIMYMHBI ABIDKYIIEH CHIIBI TIPO-
uecca. [locnenusiss HarIAOHO MHTEPIPETHPYETCs Tpa-
(MYeCKH KaK pacCTOSHHE MEXIY KpHUBBIMU 2 1 3 puc. 1
IO BEPTHKAIIH.

VYBenuueHue pacxojia OXJaxAaroled BOJbI
NP HEM3MEHHOM ee HayallbHOM TeMIiepaTrype MpuBO-
IUT K CHIDKEHHUIO TeMIIepaTypbl M HEOOBIIIOMY YBe-
JTUYEHUIO KOHIICHTPAIlNM aMMHAAYHON BOJBI Ha BBIXO-
ne u3 abcopdepa (puc. 4).

[IpencraBineHHas MaTeMaTHYecKas MOJCNb H
pa3paboraHHas Ha ee 0a3e MeTOAMKA pacdeTa TPyO-
garoro abcopOepa MO3BOJSIOT MPOTHO3MPOBAThH pa-
UUOHAIBHBIE PEXHUMHO-TEXHOJIOTHYECKHE W  KOH-
CTPYKIIMOHHBIE TapaMeTphl ammapara, oOecTednBa-
IOIIHE TIOyYeHNE aMMHUAYHON BOJBI TpeOyemMoi KOH-
LEHTPAallud U MOTYT OBITh MCIOJIB30BAHbI AJISI MIPEA-
MIPOEKTHOTO pacyeTa TpyduaToro adbcopodepa.
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OIITUMM3BALIUA IKOJTOTNIYECKUX U SKOHOMUNYECKHUX 3AJAY ITPU IEPEPABOTKE
CbIPbSI, TOJTYYEHHOI'O U3 PEAKITMOHHBIX MACC JIIOU3HUTA,
B OKCUJ MBIIIIBAKA MAPKHU «TEXHUYECKHU»

B cmamuve npedcmaenensvt pe3yabmamsl N0 MeXHUYECKUM PeuleHUAM npoyecca nepepa-
0OmKuU Colpbsi, HOIYUEHHO20 U3 NPOOYKMO8 demoKcukauuu aouzuma ¢ oxcuo motuvsaxa (I11).
Onmumusayusn onepayuii 6b1600a u3 cocmaga cucmemst coeounenut mouumvaka (V) u ouucmka
X10puda Hampusi Om nPUMecell CoOeOUHEeHUN MbIIUbAKA NO360IAI0M YIYUUUMb IKOHOMUYECKUE
U IKOI02UYeCKUEe NOKA3AMEU 6Ce20 NPOUeccd nepepadomKu apceHuma Hampus 2UOPOIUIHOZ0
(4HT) ¢ oxcuo mouusnsxa (111). Cosepuwencmeosanue paoa mexnoa02ZuuecKux onepayuil n0360-
JIUTI0 ORMUMU3UPOGAMb 0OULYIO CXeMY npoyeccd.

KaioueBble ciioBa: TEXHOJIOTHH NEpepabOTKH, ApCCHUT HATPUS THIPOIH3HBINA, okcu Mbltbsika (111),
XJIOpHUJ HATpUsA
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OPTIMIZATION OF ECOLOGICAL AND ECONOMICAL TASKS AT PROCESSING RAW
MATERIALS OBTAINED FROM LEWISITE REACTION MASSES IN TO COMMERCIAL
ARSENIC OXIDE

The paper presents original technical solutions fprocessing the raw materials obtained
from the lewisite detoxication products into arsenflll) oxide. Our optimization of arsenic (V)
compounds removal from the system and sodium cherpurification from impurities of arsenic
compounds allow improving the economical and ecotal parameters of the whole process of
hydrolyzed sodium arsenite (HSA) conversion intcsanic (lll) oxide. Our improvement of cer-
tain technological operations has made possibleptimize the general process scheme.

Key words: processing technologies, hydrolyzed sodium arseaigenic (I1I) oxide, sodium chloride

In Russia, lewisite is neutralized by means dfon. Moreover, the actual content of the major eom
high-temperature alkaline hydrolysis to form liquidoonents is frequently beyond the technical spewific
reaction masses. The main lewisite stock was at then (see Table 1). The most complete examinatfon o
storage facility in the Kambarka town (Udmurt Rethe HSA properties is presented in [1].
public). In the process of lewisite detoxicatio,%D0 The above factors and the wide variation
tons of such liquid reaction masses have been alange of the major component contents in various
tained. Prior to transporting that amount to ther@o HSA batches make hydrolyzed sodium arsenite a var-
settlement (Saratov Region), the masses were evale-composition raw material. Thus, HSA pro-
rated to obtain 12,500 tons of dry salts with @idli cessing requires universal technical solutions loigpa
name of hydrolyzed sodium arsenite (HSA). Thisf considering all the above factors.
evaporated product was manufactured according to The idea of using the lewisite reaction masses
Russian Technical Specification 2622-159-048720Zboth liquid and HSA) as a new type of arsenic-
2005. This is a complex multi-component systeroontaining raw material to get commercial products
containing a number of major components, namelgeems to be evident. Nevertheless, hitherto alhmai
sodium arsenites and arsenates, sodium chloride, wigvelopments (except for those by Federal Institéite
ter-insoluble substances (mainly bentonite clapy a General Chemical Technology, Moscow [2]) were
other compounds in substantially smaller amountgincipally aimed at utilization and subsequentiddur
(organic arsenic compounds, heavy metal oxides akldwever, the electrolysis method of producing ele-
hydroxides, etc.). The product’'s technical speaific mental arsenic, proposed by the said institutesdoe
tion does not fully reflect such a complex composhot fully solve the problem of processing relatwel
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small volumes of the liquid reaction masses (LRMHSA. This confirms that the complex composition of
The developers have failed to puzzle out the compléhese reaction masses makes the problem of their pr
LRM composition, which has hindered their electroleessing non-trivial.
ysis facility to reach its designed capacity wititan- Analysis of the arsenic-compound market
ing a product of intended quality. shows arsenic (Ill) oxide and elemental arsenibdo
the most demandable products. That is why most of
Table1 the methods developed for processing the lewisite

Properties of industrial HSA batches reaction masses were directed to obtaining these
Tabnuya 1. CBoiicTBa npoMblIlJIeHHBIX napTuii AHI products.
: Quantit The above facts and the wide area of arsenic
Batch :odm_rtn Sodium| ., lWalteg] Total Akali  (l1) oxide application highlight those technologief
No |~'S€M€ arsenate] oo | S0P as NaOH)  HSA processing which are aimed at obtaining this
as AsOs, wt,% |substanc-

% wt,% es. Wt,% wt, % product [678]. No tech_nical arseni(_: oxide is cutken

10 | 13.2¢41.3 14.5+1.942.9:2.1 0.5+0.1| 27.8x3.3 Produced in the Russian Federation, not to speak of
22 | 18.1+1.4 13.3+1.4148.4+2 4 0.7+0.1| 259+3.1] any refined products which were manufactured in the
32 | 24.0+2.4 6.4+0.8 | 47.142/43.5+0.7| 24.7+3.0 USSR in amounts of up to 2,000 tons per year.

38 | 19.4+1.910.3+1.3[49.5+2.% 6.7+0.7| 21.9+2.6 The manufacturing capabilities of the Gorny

1 [29.9+1.3 2.4+0.3|45.4+2]82.4+0.3| 23.1+3.7] enterprise can satisfy the entire country’s neechin
228 | 23.5+2.910.9+1.4/44.0+2.6 1.8+0.2| 26.2+2.6 materials for its glass industry, particularly, foek-

548 | 26.6+2.7 8.8+1.3 | 46.7+3/02.3+0.3| 24.0+2.8 ing special optical glasses and fiber-glass praduct
1266|24.3+2.5/10.7+1.943.2+2.6 1.9+0.2 | 27.1+2.3 We have developed various schemes for HSA
1603|24.942.5| 8.3+1.0|44.3+2,32.5+0.4| 26.7+3.1 processing to obtain commercial arsenic oxide [4, 8
2130]23.3+2.1] 7.1+0.948.242[72.2+0.2] 26.8+2.9 9], as well as methods and equipment for its maifi

tion [10-11].
The complex HSA composition required the Among those, let us highlight the process
development of physical-chemical grounds for thfom Ref. 4, which allows:
separation processes of the major components, simpl - performing principal operations in solution
methods of their isolation from HAS, and subsequenhder mild conditions:;
transformation into arsenic (lll) oxide and arsdi3ic - providing the block principle of constructing

Besides, the problem of transforming large amounfigies of the technical process, with operationsatch
of sodium chloride contained in HSA into a commermode;

cial product should be solved. This would eliminate - providing independent operation of each
the need of burying it in disposal areas. block of the technical process;

The technical solutions developed by the au- - providing the closed-cycle principle for tox-
thors have made it possible to design diverse psocec reagents; and
schemes to produce arsenic oxide and elemental arse - minimizing the amounts of solid waste and
nic [4-5]. They allow processing both HSA and theewage by designing efficient purification systems.
initial substance (LRM). The present paper deals with more rational

We propose a more efficient, practically zerooperations of arsenic (V) compound removal when
cost method for LRM processing, namely: LRM ar@rsenic (Ill) compounds are presented in the system
used at the first stage of HSA processing (disBoilit and those of cleaning sodium chloride solutionsnfro
as a solvent, instead of water. As the LRM possesgsenic impurities; this will improve the economic
the same salt composition as HSA (except unwantgdrformance and increase the environmental safety o
bentonite clay), their usage increases the condéntthe process developed.

arsenic compounds, thus improving the performance Fig. 1 presents the block scheme of the devel-
of the process. oped process of HSA processing into arsenic (ige
It should be noted that attempts were made to It should be noted that our technology is

implement the electrolysis method only due to theased on the block-module approach. It is obvious
enormous expenditures already spent for its desigrom the block scheme that the process of separatin
hardware support, and starting attempts duringesaxs. the complex initial mixture (HSA) into its major
After six years of attempting to run an eleccomponents is based on simple, industrially well-
trolysis line, the plant was suspended and the LRNtoven processes, namely: dissolution, filtration,
were transported to Kambarka and transformed ingwaporation, pumping, etc. It is even most impdrtan
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that the process is based on the closed-cycleiplénc arsenic oxide of commercial grade, as well as sodiu
by arsenic compounds, which almost excludes liquithloride of industrial grade-highly requested ire th

waste. The implementation of our technical proposabetroleum and chlorine industries.

for purification of sodium chloride solutions from Now consider more thoroughly the operations
arsenic compounds makes it possible to manufactureeach module presented in Fig. 1.

Filtrates, washings, condensates

Module assembly
for Solubilization and
filtration of HSA

revivification

Reagent of puriﬁcatior] o into As,O,

rF-m—————=———————- L e i ¥ -—-—9-- -
| X |
I |
i | | HSA water| 1| Ha ) HCI 4| water |1 1 4 |
] 1
! Y ¥ Y : | Y |
I BLOCK 1 1 BLOCK 3 BLOCK 4 BLOCK 5 BLOCK 6 BLOCK 7|
! I filtratel  pigrate  [AIYate Ado N |
| Solubilization of P g NaCl "l  boil out *|[Extraction off 7] As,0, || As, O, 1
! HSA in water I 1| [_separation C(As")>20-30% As,0.,pH=6,0 repulping drying |!
1 I 1
I [ |
: Nacl | | NaCl (As impurities) Y |
| s:;lll;tl;on 1 BLOCK 8 As,0, |
1 ° I -
| . l_ ! : Module assembly for As,O, AS(V? tech :
: : | Technical grade production]| _Separation |
! BLOCK2 | fiygrpee |- 2 - 22222 -7 22II2IIIZIIIfIIIIIIT
1 |Filtration of system| 1 |
! HSA -H,0 : : |
\ 4 |
1 o
: Lo BLOCK 9 BLOCK 10 BLOCK 11 :
1
: : 1A Reagent purification "] Adsorption purification > Boil out, drying, |
: : ! of NaCl solution of NaCl packing NaCl :
1
I 1 1
1
| . ! HS
I Waste solids P! aa - :
: : 1 ) 4 NaCl |
1 .
| I ., BLOCK 12 As,S;, As,S, grade Industrial] |
! ! | LM .| For oxidation CAs)<10° | |
1 [ !
I [ ]
| [

Fig. 1. A general scheme of HSA processing interics(l11) oxide
Puc. 1.06wmas cxema nporiecca nepepaborkn AHI™ B okcua Mbibsika (1)

Dissolution and filtration module Sacn, MAcc.%

Because of its hydroscopicity and tendency to /(I)
caking, the starting material (HSA) is grinded to 25
achieve more thorough extraction of arsenic com- (I
pounds. Further on, specified amounts of HSA anc,,
water in a 1:1 ratio are introduced into the dissoh (1)
reactor; at the ambient temperature and underrconti 18 (V)
uous stirring for about three hours, a heterogesmeou
system is formed, containing a mixture of the dis- t,°C
solved arsenic compounds (sodium arsenite and ars: 0 '”2'0.' 30 4'0. 56 1_6'0. '”7'0. g
nate), sodium chioride, and alkall. The componentd, 2 SSUeItIhes o s e o it
ratios are chosen on the basis of our preliminary e (Il) - batch 10; (IIl) - batch 1266; (IV) - batch 1
periments to estimate the sodium chloride solybilit Puc. 2. O6mactn mumHuit pacTBOPUMOCTH XJIOPH/IA HATPHS, HAXO-

i ; i ; ; Jsuerocs B papHoBecuu ¢ Boxoit () u GuinbTpaToM, nosydeHHBIM
in solutions with arsenic compounds (Fig. 2). u3 pasmuunsix naptuit AHI: (11)-10 napras; (111)-1266 naprus;

(IV)-1 maptus
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The solid phase consists of bentonite clagd solution of sodium dihydroarsenite allows arseni
with the specified absorbed components of the diqu{lll) oxide to be isolated almost instantly:
phase. When equilibrium is attained, the system is NaHAsO; + HCl — As;03)+ NaCl + HO,
transported into a subjacent settler tank for prieli contrary to the traditional operations of its sysis
nary separation. The liquid phase is filtered satiae from more diluted salt solutions, when this oxide-p
ly through two Nutch filters with filtering panelsf cipitates in 5-40 h after acid addition.
different ratings, which provides a slightly coldrbut The heterogeneous system formed in block 5
transparent filtrate to be directed to the next uhed comprises a mixed precipitate of arsenic (Ill) axid

After consolidation, the solid phase is transand sodium chloride; its liquid phase contains wodi
ferred from the settler to a separate Nutch filtedihydroarsenate, dissolved arsenic (lll) oxide, and
squeezed out, rinsed with 20% sodium chloride solgedium chloride.
tion (to remove residual amounts of arsenic com- The precipitate is separated on a filter, dried
pounds), rinsed once again, and transferred taialbuafter repulping (to wash out sodium chloride), ana-
area. The rinsing waters are directed to the HS8adi lyzed for the basic matter content, and directed fo
lution reactor and, starting from the second cyale, further cleaning or packaging. Quality characterst
used to dissolve a new HSA portion instead of water of the manufactured technical arsenic (lll) oxide a

Module for manufacturing technical arse- presented in Table 2.
nic oxide

Table 2

The hlghly alka“n? filrate is t_ransferred to a Quiality characteristics of arsenic (lll) oxide obtaned
reactor for sodium chloride separation. Under con- from several commercial product batches

stant stirring, concentrated hydrochloric acid (36rggmuya 2. Xapakrepucruka kauecrsa okenna MpiL-
wt.%) is added in single portions. Sequential r@tr  gxa (11l), mosydaeMoro U3 pasIMYHBLIX IPOMBILLIEH-

zation of sodium arsenites and arsenates thus occur HBIX NAPTHI NPOAYKIMHA

to form dihydro compounds. The course of the pro- Content of

cesses is controlled by the pH of the liquid phase | g .| AS20s | the residue| As;Ss | Water |Content 9

ing formed down to 8.0). No contenf dissolved in| content| content|chlorides
NagAsOs + 2HCI— NaHAsOs; + 2NaCl wt, % aqugous a;n- wt,% | wt,% wt, %
NasASO, + 2HCI = NaFASO, + 2NaCl 10 93.5 monlf;éNt, : 0.15 0.6 1.0

This provides universality of the approach ir

. . . . 22 94.7 1.5 0.1 0.5 0.7
respective of the filtrate salt concentrationsijrtpeo- 32 | 951 50 018 07 16
portions and composition variations in HSA batches 38 93:0 3:0 0:15 0:6 1:8

The generated heterogeneous system is trafis=; 945 50 0.13 05 08
ported from the reactor to a subjacent filter foasate 555 960 09 0.09 08 1.2
precipitated sodium chloride and a new filtrate. 548 | 957 1.2 012 06 13

The sodium chloride on the filter is rinse
with 20% NaCl solution and transported to a reactan Our mass-spectral analysis of the products

puriﬁcation reactor to prepare a 20-23% solutibime has revealed minor metal impurities: V — 79.6; Cr —
rinsing water is directed to the HSA dissolutioaade 4.7; Mn —2.1; Fe — 227.3; Co — 4.1; Ni — 15.4;€u
tor to dissolve new amounts of the raw materiake TH.1; and Zn — 17.9g/kg. This confirms the value of
filtrate with mixed sodium dihydroarsenites andydih HSA as a new arsenic-containing raw material aed th
droarsenates, sodium chloride and hydroxide isstrargfficiency of the operations underlying the process
ported to an evaporating apparatus and evaporatecgfsenic (lll) oxide production.
obtain a solution with a sodium dihydroarsenite-con The filtrate contains a mixture of arsenic (Il
centration above 25 wt.% and a solid phase of soditand V) compounds to be separated by means of an
chloride. The resulting heterogeneous system istra €conomically expedient way. Because of the presence
ported to the very filter already used to separa€l Of various forms of arsenic compounds (arsenig (Il
during the previous operation; Operations simikar tin the molecular and anionic fOfmS, and arsenici(IV)
those performed in block 3 are carried out there.  the anionic one), this operation is carried outhwét
The Separated filtrate is transported to the réanthanum chloride solution to precipitate the amo
actor in block 5. Under stirring, hydrochloric adil form; this results in the formation of poorly soleib
added thereto to achieve a pH of 6.0 + 0.2 (irrespdanthanum arsenite and arsenate.
tive of the liquid phase variable composition). The The precipitate is separated on a filter and
formation (by means of evaporation) of a concentraifansported to block 12 for recycling.
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The filtrate contains arsenic (Ill) oxide, sodi- NaHAsOs; + LaCk — LaAsG;| + NaCl + 2HCI
um chloride, and water. To design a closed cycle by NaH,AsOs + LaCk — LaAsQi| + NaCl + 2HCI
the toxicant (to eliminate any waste-water problems (hydrogen chloride is bound with ammonium
the filtrate is transported to the block 4 evagamat hydroxide to produce ammonium chloride).
unity and, upon removal of a desired water amount, The purified solution of sodium chloride is
joins the filtrate proceeding from block 3 for flna subsequently passed through a column with a special
reduction by evaporation. ly prepared sorbent (iron glydroxide) to be finally

Purification module for sodium chloride cleaned from arsenic compounds. Due to toxicant
solution minimum amounts in the sodium chloride solution,

The sodium-chloride purification reactor isone portion of the sorbent is enough to clean sumbst
filled with precipitated sodium chloride and a retial amounts of the HSA to be processed.
quired water amount. Specified amounts of lanthanum Then, the purified NaCl solution is either de-
chloride and sodium hydroxide solutions are added livered to the customers as 20-23% solution or sub-
the solution under stirring; sodium hydroxide isled jected to vacuum evaporation to obtain a commercial
to maintain the pH within 7.0-7.5. The precipitatin product (Table 3).
agent removes arsenic compounds as insoluble salts:

Table 3
Quality characteristics of our manufactured sodiumchloride
Tabnuya 3. XapaKkTepUCTHKA KAYeCTBa MOJIYyYaeMoro XJopuaa HaTpus

Batoh Index NaCl content] Water con—\r/gzitglz?iglﬁtzlﬁ Content of suly Iron content, |Arsenic conten
wt,% tent, wt,% phates, wt,% wt,% wt,%
No wt,%
10 98.1+1.2 0.6+0.1 0.3+0.05 0.040+0.006 0.10+0.010.0030+0.0003
22 98.4+1.1 0.4+0.1 0.1+0.02 0.030+0.005 0.06+0.020.0020+0.0002
32 96.8+1.3 0.8+0.1 0.2+0.03 0.040+0.006 0.05+0.(010.0040+0.0004
38 97.311.2 0.7+£0.1 0.2+0.03 0.020+0.003 0.07+0.010.0040+0.0004

The data presented here confirms that the reaCls; solutionis directed to blocks 8 and 9 to be used
sulting product corresponds to the grade “Sodiuin new precipitation cycles.
chloride (cooking salt) for industrial consumption” The excessive amount of hydrogen sulfide is
(Russian Technical Standard 18-11-3-85). It can ladsorbed by any absorbents available. In our taise,
efficiently used in the chlorine industry (due teet is the sulfurous acid solution obtained during subs
low content of sulfates) or in the petroleum indyst quent annealing of arsenic sulfide.

for making drilling muds. But what is even more im-
portant is that technical solutions have been @evis
to eliminate the problem of burying contaminated so
dium chloride by means of transforming it into a
commercial product.

The precipitator regeneration block is a sepa-

AS:;S; + 2S + Q— As03 + SQ
SO + HO — H,SOs
2H.,S0O; +H,S — 3S + 3HO

Sulfur is separated on a filter as it accumu-

lates in the hydrogen-sulfide absorbing reactor.

rate block in the module.

The technology developed by us has the fol-

lowing advantages:

The lanthanum arsenate from block 8 and the - the technological process can be realized
mixture of lanthanum arsenites and arsenates framith any plant capacity and, due to the simplieityd
block 9 enter the regeneration reactor (hermeticallefficiency of our technical solutions, allows one t
sealed, acid-resistant); and an estimated amount afiftain materials at a low prime cost;
concentrated (36 wt.%) hydrochloric acid is added t - it is important that the technology is highly
the precipitate. The precipitate dissolves: universal, which provides the possibility of pro-
LaAsQ, +6HCH— LaCk+ [H3AsO, + AsCE] + 3H,O  cessing almost any industrial HSA batches, however

Hydrogen sulfide is then bubbled through thevide the range of composition variations could be;
solution (or an estimated amount of ammonium sul- - the technology developed has almost no
fate, (NH)2S, can be added): analogues in terms of environmentally friendly and

2H3ASO4 +5H,S— As;S3| +2S+ 8HO technically secure processes;

2AsCk + 3H,S— As,Ss| + 6HCI - in the long view, in the case of conversion

The precipitates of arsenic sulfide and sulfuof the chemical stockpile disposal facilities, th®-
are filtered out on a Nutch filter, and the remani cess can be used (with the same equipment) fdar trea
122
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ing the dust-like waste (tailings) from metallumic portant that, beside environmental problems, major
plants. This circumstance can be used for solvingegonomic problems can be solved, extraction of fer-
global problem, namely, toxic arsenic-containingous and non-ferrous metal concentrates (alloysih fr
waste utilization, with the current accumulatedailings.

amount at a level of hundreds million tons. Itns i
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M3BECTHSA BBICIIMX YUYEBHBIX 3ABEJIEHUI. L

T 59 (11) Cepus «XUMUA U XUMHUYECKAS TEXHOJIOTI'US» 2016
IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY
V 59 (11) KHIMIYA KHIMICHESKAYA TEKHNOLOGIYA 2016

MAMSATH [IPOGECCOPA
MUTPODAHOBA AJIEKCAH/IPA IMUTPUEBHYA
(1946 — 200%T.)

IN MEMORY OF PROFESSOR
MITROFANOV ALEKSANDR DMITRIEVICH
(1946 — 2001)

21 Hos6ps 20161 ucnomammamwiock 70 et co
IHS POXJCHHS TAJAHTIMBOTO YYEHOTrO AJeKcaHpa
Jmurpuesnua MutpodaHnoa.

Best xm3Hb Anekcannpa JIMuTpueBnva Obuia
HEepa3pbIBHO CBs3aHa ¢ BraguMHUpCKUM MOTUTEXHUYE-
CKUM WHCTUTYTOM (HbIHC BIaIUMUpPCKUM rocymaap-
CTBEHHBIM YHHMBEPCHTETOM), KyJa OH IOCTYIHJI MOCI]IEe
OKOHYAHHS IIKOJEI W T/I€ TPOMIET BCE CTYNCHH CBOEH
TPYIOBOH M HAy4YHOH NESTEIBHOCTH OT CTYICHTa U ac-
mUpaHTa J0 3aBenyroniero kadeapoit «TexHomorus me-
pepaboTku 1IacTMace» BiraguMupckoro rocynapCcTBeH-
HOT'O YHUBEPCHUTETA, KOTOPYIO Bo3rIaBisul ¢ 1981r u mo
KOHIIA JKU3HH.

Hayunas pabora, kotopoit A.JI. Mutpodanor
3aHUMAJCS BCIO CBOIO HEJIONTYIO, HO SPKYIO M HACHI-
IICHHYIO JKH3Hb ObLIa TOCBSIIEHA CO3MaHUIO TEPMO-
CTOWKHX TIOPUCTHIX MaTepUAIIOB TEPMOOOPaOOTKOH TO-
mumepoB. B 1978r 8 MXTU um. [I.1. Menneneesa o
3alIMTHI KaHAUIATCKYIO nuccepranuio, a B 1999r cran
JOKTOPOM TEXHHYECKHX HayK, uepe3 ABa rofa MOyl
3Banue npodeccopa. A.J]. MutpodaHOBEIM U €ro yueHH-
KaMH MPOBEICHBI Pa3pabOTKU NUOHEPCKO20 Xapakmepd B
o0JacTH ToTydeHusi KapOOHW30BaHHBIX IEHOILIACTOB. Ha
OCHOBE Pa3IMYHBIX COIOJMMEPOB IOJIHAKPUIOHUTPIUIA,
HNOJMBUHWIGOPMAITS, CHHTAKTHBIX TEHOIUIACTOB HA OC-
HOBE (hCHOTO(POPMATBICTHUIHBIX, YIIEPOTHBIX MHKPO-
chep ¢ pa3HOOOpa3HBIMH CBSI3YIONIMMH OBUIA CO3JIaHBI
BBICOKOTEPMOCTOMKHE (DUIIBTPYIOLIHE U COpOUpYIOIINe
MaTepuaibl ¥ BBICOKOTEMIICPATYpHAs TEILTON3OJISIIUS
JIeTaTeNbHBIX arnmnaparoB. Pa3paboTaHbl eHOKApOWIHbIC
MaTepuajbl Ha OCHOBE KPEMHUS U TUTAHA.

B cBoeii npaktuueckoit paboTte AlekcaHap
JMuTpreBNY MOANCP)KUBANI TECHYIO CBSI3b C IPOMBIIII-
JICHHOCTBIO, C OTPACICBBIMU M aKaJeMUIECKUMH HHCTH-
Tyramu. TeMaTuka MpOBOAMMBIX UM UCCIICIOBAHHIA ObI-
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na BkimoueHa B wian [ KHT CCCP, Ypansckoro dunua-
na AH CCCP. Emy npunamiexur 6oxee 100 HaydHBIX
crareit, 10 aBTOPCKUX CBUACTENBCTB, 4 MATCHTA, B COAB-
TOPCTBE HAMMCaH yIeOHUK «Du3nKa MOJTUMEPOBY.

Nwms npodeccopa A.Jl. MutpodanoBa u3BeCTHO
CHelnualucTaM He TONbKO y Hac B crtpaHe. OH ocy-
IIECTBIISUT TBOPUYECKOE COAPYKECTBO C BEIYIIMMHU Hayd-
HBIMU IICHTPAaMH, By3aMH U IPOMBIIUICHHBIMH Hpea-
MPUATHSIMH MHOTUX 3apyOeKHBIX TrocyaapcTB. PaboTer
A.JI. MurpodaHoBa MOTyYWIH NATBHEHIIEE pa3BUTHE
BO MHOTHX HCCIICIOBAHUSIX ISl CO3MAHHS BBICOKOI(D-
(EKTHBHBIX METOMOB IOJyYCHUS TEPMOCTOWKHX IEHO-
TUTACTOB HAa OCHOBE KapOUAM3UPYIOIIUXCS CHCTEM.

IIpodeccop A.Jd. MutpodaHoBa pPyKOBOIHII
aCMUpPaHTYpOl W BENl aKTUBHYIO HAYYHO-TICAroruye-
CKYIO IeATENBHOCTh. ETo 3aciyru B BOCIIUTAHUM U TIOJI-
TOTOBKE HH)XEHEPHO-HAYYHBIX KaIpOB HEOCHOPHUMBL.
Anekcannp [JmutpueBnu moaroroun 10 kaHIuaaTtoB
HayK W 2 JOKTOPOB TEXHHYCCKHX HayK. B umcie ero
yueHukoB 6osiee 1000uH)eHEpOB.

A.JI. MutpodaHoB ObUI TAIAHTIMBBIM 4YEIOBE-
KoM. [Ipy3bsl M KOJUIETH 3HAIH, YTO €0 CHOCOOHOCTU HE
OTPAaHUYMBAINCE TPO(ECCHOHANBEHON IESTENFHOCTBIO!
OH IUCAJI CTUXH, U3ydall ¢puocoGpun HApoa0B MHUpPa, ObLT
IIMPOKO PYAUPOBAHHBIM YeIOBeKOM. Beerna mpocToit B
00IIIeHrN — OH OBLT U3 TEX JFOJIEH, KOTOPHIE IOCTOSTHHEI U
HE MEHSIOTCS [IPU CMEHE COLHAIBHOTO CTaTyca.

A.JI. Murpodanos ckornuvancs 19Hos6ps 2001r.
Bcem, kto 3Han Anekcanapa [murpueBuda, paboran u
IPYKHII C HAM, OYE€Hb HE XBaTaeT ATOTO YEJIOBEKa, €ro
u3HeHHo# sHepruu. K coxanenuto, Anexkcanap JAmut-
pueBnd MutpodaHOB paHO YIIEN U3 KU3HH, U MHOTHE
CBOM WU OH HE ycmen peann3oBats. Ho cozmannoe um
Hay4YHOE HAIIPaBJICHUE MPOIOJDKACT Pa3BUBATHCSA B pa-
00Tax ero yUeHHKOB U [IOCIEI0BATEICH.

Konnexmue  xagedpvr  xumuueckux
mexHono2ull Braoumupckoeo 2ocyoap-
CMBEHHO20 YHUBEepCcUumema
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OCHOBHBIE ITIPABUJIA O®OPMJIEHUSA CTATEM

B xypnane "V3BecTus BeICIINX YUeOHBIX 3aBeeHUH cepuu "XUMUSI U XUMHUYECKasi TEXHOJIOTHsI TeYaTaroTCs pa-
0O0TbI COTPYIHUKOB BhICIINX yueOHbIX 3aBeneHnii PO u PAH, a Takxe crpan CHI™ 1 1ipyrux HHOCTpaHHBIX aBTOPOB.

OcHoBHBIE pyOpUKH KypHana!

1. Xumus HeopraHH4eCcKasi, OpraHu4YecKasi, aHATUTHICCKAsI, (PU3MICCKAsI, KOJUIOUTHAS, BRICOKOMOJICKYIISIPHBIX COCAMHCHHH.
2. XuMudecKasi TEXHOJIOTHSI HEOPTaHUYECKUX U OPTaHMYCCKUX BEIECTB, TCOPETUICCKUEC OCHOBHI.
3. OKkostoruveckue npooJIeMbl XUMUU H XUMUYECKOM TCXHOJIOTHH.
4. O030pHBIC CTaTHH.
5. Kpatkue cooOieHusl.
6. Hayunsie n MmeToguieckue mpoOaeMbl.
7. IluceMa B pelakiuio.
8. XpoHuka.
CTraTbH, HanpaBJsieMble B ’KypHaJ, J0JLKHBI YAOBJIETBOPATH CJEAYIOIIHMM TPeOOBAHUAM:

1. PaGora moipKHA OTBEYaTh MPOQIITIO )KypHaa, 001a1aTh HECOMHEHHOW HOBU3HOM, OTHOCHUTHLCS K BOTIPOCY IMPO-
GJIEMHOTO 3HAYCHHUS, UMETh MPHUKIIAJHOE 3HAUCHHUE U/UiK TeopeTuueckoe 000cHOBanue. Bonpoc 006 omyOiuKoBaHHU CTa-
ThH, €€ OTKJIOHCHHUH PEIIAeT PEAaKIMOHHAS KOJUICTHS KYPHAJa, ¥ €€ PEIICHUC SIBISICTCS OKOHYATCIIEHBIM.

2. CraTbH JOJDKHBI IPEJCTABIATh CKATOE, YETKOE M3JI0KEHUE MOTyYCHHBIX aBTOPOM PE3YJIbTaTOB, 0€3 MOBTOPCHUS
OJTHUX M TEX K€ JaHHBIX B TEKCTE CTAThH, TAOIHIAX U PUCYHKAX.

3. Bce mpejicraBiieHHbIE CTaThH JO/DKHBI OBbITH MOAroTOBNIEHB 14 Keraem mpudra "Times New Roman", un-
TepBaa —1,5. Iloas: BepxHee-2 cM, JeBoe-3 CM, HIKHEe-2 cM, mpaBoe-1,5 cM. O0beM cTaThi HEe JOJDKSH MpeBbIaTh 12
CTpaHUI[ TEKCTA, BKIIIOYAsi CIIUCOK JIUTEpaTyphbl, Tabuuibl (He Gosee 4, mupuHa - 8,4 ¢cM) u pucyHkd (mmpuHa — 8 cm),
YHUCIIO KOTOPBIX - He OoJiee 4, BKITIOYas pUCYHKH, TIOMEUYEHHbIE OyKBamH, a, 0 U T.1. PUCYHKH, TAGJMIIbI, 8 TAaKXKe TIOITUCH
M0l PUCYHKAaMH, 3aTOJIOBKH W MpPHUMEYaHUs K TaOJUIIaM Ha PYCCKOM M AHIVIMHCKOM SI3bIKAX JOJDKHBI Pa3MEIIaThCs B
TekcTe craThu. B pasznmen "KpaTkue cooOmenns” MpUHAMAIOTCS CTaThl 00beMOM He OoJiee 4-X cTpaHuIl Tekcra, 1 Tabmu-
Bl M 2-X pUCYHKOB. B pazgen "O030pHbIe cTaThu'" MpUHUMAETCS MaTepual, oobemMoM He 6osee 3041 cTpanutl. B paznene
"[Tucbma B pemaknuio” myOJUKYIOTCS CTaThH, COAEpIKAIUe MPUHITUITHAILHO HOBBIE PE3yNIbTAThl 3aIBOYHOTO XapakTepa.
B 3aroJi0BOK CTaThbH M AaHHOTALMIO He cjedyeT BBOAMTH (pOPpMYJbl U COKpallleHHs, Jake oOmeynoTpeOnTeIbHEIE.
Crnenyer u30erath ynorpeOJIeHUs HEOOIICPUHATHIX COKpalieHuil. [Ipu mepBoM yHOMUHAHHUU COKPALICHHOTO TEPMUHA
00513aTeNILHO MPUBOUTCS €ro paciin(ppoBKa B IOJHOM BHJE. PyKOIUCHBIC BCTABKU HE JOMTYCKAIOTCS.

4. CTpykTypa cTaThu. B BepxHEeM IpaBoM yIiay HEOOXOIUMO MPOCTABUTh WHICKC MO YHUBEPCATBHOW JCCITUYHOU
wiaccudukarmu (YJIK). CraTbs 10/KHA HAYMHATLCS ¢ MHUIKATIOB U (pammiuu aBropa (He Oojee 6 vell.), 3aTeM Ha3BaHHE
CTaTbH, PACIIMPEHHAS aHHOTAIUS MOJYKHPHBIM KYPCHBOM (AHHOTAIMS HE A0JIKHA MOJHOCTHIO Ty0JIMPOBATH BHIBObI
CTaTbH), OTPAXKAIOLIAS OCHOBHOE COJCPIKAHUE CTAThH, KIIIOYEBbIE CJIOBa cTaThi. [lajee yka3plBaeTCs BCS MPEIbIAYLIas WH-
tdopmarust (PHO aBropa, Ha3BaHWE, PACIIUPCHHAS aHHOTALWS, KJIIOUCBBIC CJIOBA) HA aHTJIMHUCKOM SI3BIKC. AHHOTAIIUS He
10J:kHa 0bITh MeHblnle 300¢i0B! 3aTeM clienyeT TEKCT CTaThH, B KOTOPOM JOJKHBI OBITH BBIZCIICHBI CIIEAYIOIINE Pa3 IeIIbl:
BBEJICHHE, METO/IMKA YKCIIEPUMEHTA, Pe3yJIbTaThl U X 00CYXICHNE, BHIBOIBI. 3aKaHUNBACTCS CTAThS CIFICKOM ITUTHPOBAH-
HOHM JIUTEpaTyphl B 2 BapuaHTax: 1 BapHaHT BKIIIOYAeT PyCcCKUE W aHTIMHCKHE UCTOYHWKH B OPUTWHAJIHHOM HAIMCAHUH, 2
BapHaHT — BCE MCTOYHUKH JOJDKHBI OBITh YKa3aHBl Ha aHTIIMIICKOM sI3bIKe. 11071 CITHCKOM IHUTEpaTyphl CIpaBa yKa3bIBAaIOTCS
ciopa: "TlocTynmia B penakiuo”. Pykonuch JomKHa OBITH MOIIMCAaHa BCEMU aBTOPAMU C YKa3aHUEM JaThl OTIIPABKH.

5. B penakiuio mpeacTaBisSOTCS IICKTPOHHBIN HOCUTENh C MaTepUAaMU CTaThH ¥ JBa dK3EMILTIpa UX pacredar-
ku. CollepiKaHHe AJICKTPOHHOI'O HOCUTEIS U PACICUATKH JOJDKHO OBITh MICHTHYHBIM. B ciiyyae oOHapyKECHUS HCHIICH-
TUYHOCTH MEKAY OYMa)KHBIM M AJEKTPOHHBIM HOCUTEISIMH BEPHBIM CUMTACTCS AJICKTPOHHAS BEPCHS CTATBU. DJICKTPOH-
HBIA HOCHUTEJb JJOJDKEH OBITH BIOXKEH B OTHCIIBHBIA KOHBEPT, HA KOTOPOM YKa3bIBAIOTCSI aBTOPBI U HA3BAHUC CTATHH.

K cTraTbe 10/1:KHBI OBITH NPHJIOKEHDI !
1. Paspenrenue (HampaBiiCHHE) BBICIIECTO Y4€OHOTO 3aBEACHNUS MM HHCTUTYTa AKageMuu HayK PD Ha omyOJIuMKOBaHHE.
2. JlokyMeHTaIus, MOATBEPKAAIOIast BO3MOKHOCTh OTKPBITOTO OIYOJIIMKOBAHMS MaTepHaja CTaTbH.
3. JloroBop o mepenave aBTOPCKHUX MPAB.
4. Ceenenus 00 aBTopax (moiaHocThi0 @.J.0., yueHast CTeIeHb, 3BaHKE, TOJKHOCTD, Ha3BaHME OPraHU3aIMH U IOApa3ie-
JICHHH, TTOJIHOW aJpec OPraHu3alliK C YKa3aHuEeM HHIEKCa, TeaedoH, e-mail) Ha pyccKOM M aHTIMICKOM si3bikax. HeoOxo-
MO YKa3aTh aBTOpa IS IEPETHCKH.

CTATbU HA AHI'JIMACKOM SI3bIKE PACCMATPUBAIOTCS BHE OUEPEIA

OdopMmiieHHE JINTEPATYPHBIX CCHLIOK

Bce pycckosi3bIUHbIE JIUTEPATYPHbIE MCTOUHUKH JT0JKHbBI OBbITH YKa3aHbI HA PYCCKOM U (OTZ[EJII»H])IM CHI/ICKOM)
HA aHIJIMiiCKOM si3blkax. M3naHusi, KOTOpbIe He MepeBOAsATCS, HeOﬁXOIll/IMO YKa3aTh TPaHCJIUTepaIueil B COOTBET-
CTBHMU C OﬁmeHDHHﬂTLIMH MCKAVHAPOAHBIMHU NMPABUJIAMMU, B KOHIIC KAKAOI'0 TAKOIo MCTOYHHKA T0JKHA CTOATH
nomerka (in Russian).
(cm. http://www.cas.org/expertise/cascontent/caplugfoairnals.html).
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OBA3ATEJIBHO yka3zanue DOI 1151 HCTOYHHUKOB JIMTEPATYPbHI

e Jlnst )KypHaJIbHOW CTAaThH JOJDKHBI OBITh YKa3aHbl ()aMWJIMK ¥ MHUIAAIIBI BCEX aBTOPOB, HA3BaHHUE CTaTbU, COKPAUEH-
HOe Ha36aHue JCYPHALA, TOd, HOMEP TOMa, HOMEp WM BhITycK, crpanuipl 1 DOI: 10.6060/2012.01.01.

Hampumep: MaptbeinoB M.M. MeTtoa onpe/esieHnst XUMHIECKOTO cocTaBa. M36. 8y306. Xumus u xum. mexnonoeus. 2010.
T. 53.Bsm. 5.C. 123-125Martynov M.M. Method for determining of chemical compositidzv. Vyssh. Uchebn. Zaved.
Khim. Khim. TekhnoR010. V. 53. N 5. P. 123-125 (in Russian).

e Jl14 KHUT JOJDKHBI OBITh yKa3aHb! ()aMHIIMU U MHUIMAIBI BCEX aBTOPOB, HA3BaHHE KHUTH, MECTO U HAMMECHOBAHHE U3-
JaTeNbCTBA, TOJ] W3JAaHWS, KOJNMYECTBO CTPAaHHL. B aHrIMIiCKOW TpaHCKPWIIMK HAa3BAaHHE KHUTU IIEPEBOIUTCS, BCE
OCTallbHbIE BBIXOJHBIC JIaHHBIE HEOOXOAMMO yKa3blBaTh TpaHciaurepanueid. Hanpumep: MapreinoB M.M. Penrrenorpa-
¢us nommmepos. JI.: Xumust. 1972. 93, Martynov M.M. Radiography of polymeraépesooumcs). L.: Khimiya. 1972. 93 p.
e Tesucel nokaa70B U Tpyabl koHdepenumii: Hanpumep: MapreinoB M.M. Hazsanue noxnazna. Tes. noki. VII Hay4s.
KoH(}. (momHoe Ha3BaHue). M.: U3n-Bo. 2006.C. 259-262 MapteinoB M.M. Hassanue noknazga. C6. tp. Hazeanue koH-
¢epennun. T. 5.M. 2000.C. 5-7.

e ABTOpCKHME cBHJETENbCTBA M nareHThl: Hanpumep: MapreinoB M.M. A.C. 652487P®. b.11. 2000.Ne 20. C. 12-14.
MaptbinoB M.M. [Tateatr P® Ne 2168541, 2005.

e Jlemonuposanue: Hanpumep: MapteinoB M.M. Hazpanue. M. 1. Jlen. B BUHUTU 12.05.98 Ne 1235.

* Ha auccepranuu u aBTopedeparsl CChIIATHCS 3aIPELIACTCS.

Ilpu oghopmnenuu unocmpannoii 1umepamypusl HeoOX00UMO RPUOEPIHCUBAMBCA MeEX Hce NPAGUTL, YIMO U Ol PYCCKO-
AZBIYHBIX UCHOYHUKOB. Bmecmo cumeona «Nox» ¢ anznuiickom sazvike cmasumcs oykea «N»

Hanpumep: Martynov M.M. Method for determining of chemical compositidteterocycles2003. V. 7. N 11. P. 1603-
1609. DOI: 10.6060/2012.01.01.

ABTOpLI JOJIKHBI, 110 BO3MOKHOCTH, n3beratb CChLUIOK Ha TPYAHOOOCTYITHBIC U3aHUA. He AOMYCKAKTCH CCBIJIKH HA HE-
ony0.1MKOBaHHBIE PA0OTHI.

ABTOpaM He00X0AUMO c00JII0IATH CJIeAyIolHe MPaBHJa;

1. Cratps moymkHa OBITH MOATOTOBNICHA HA KoMITbioTepe B popmate MS Word for Windows. HaGop Tekcta HaunHaeTcs ¢
JIEBOTO Kpas, ad3ar - 15mmM.
2. HE JOITYCKAETCH: npumenenue cTuiiei mpu (GOpMUPOBAHUN TEKCTa; BHOCUTH N3MEHEHHS B IIA0JIOH WM CO371aBaTh
CBOI#1 1711 POPMHUPOBAHKS TEKCTA; PA3PsAKU CJIOB; UCIIONB30BaHKE MPOOEIIOB Hepe 3HaKaMH (B TOM YHCIIE - BHYTPH CKOOOK)
TIPETTMHAHMS, TTIOCIIE HUX CTAaBUTCS OJIUH MPoOe; MpUMEHEHHe orepanyy "BcTaBUTh KOHEI CTpaHHIIB'; GOPMHUPOBAHUE PH-
cyHka cpencreamu MS Word.
3. CnoBa BHyTpH ab3alia pa3iensTh OJHUM IPoOeIoM; HaOMUpaTh TEKCT 0e3 MPUHYIUTENbHBIX TepeHocoB. [Ipocrba: n3bde-
rathb eperpy3ku crateil 0OJIbIINM KOJIMYeCTBOM (pOopMyI1, pUCYHKOB, TpaduKOB; It HA00pa CUMBOJIOB B (hOpMyJiax pe-
nakropoe MS Equation (MS Wordjcnons3oBats ycranoBku (Ctunn/PasMeps) TOIBKO MO0 YMOITYAHHIO.
4. I'paduyeckue MaTepualibl BHINOJHAWTCA YepHo-OenbiMu! I'padmkn npunumaroTcs B peaakropax MS Excel,
Origin, crpykrypHsbie dopmyabl 8 ChemWind. [Ipyrue ¢hopMarsl IpUHAMAKOTCS TOJALKO ¢ JHCTPUOYTHBAMH PelaK-
TopoB. doTorpaduu npurumarTcs B hopmare jpg, tif, paspemennem nis yepno-6eanix 300 dpi, cepsix 450 dpi.

Pucynku u ¢popmysibl o mMpHUHE He AOJTKHBI MPEBBIATH 8 €M, IIPU 3TOM MX WPUQT JOIKEH COOTBETCTBOBATh
11 mpudgry MS Word.VY pucyHKOB HE JOJDKHO ObITh paMKH U ceTkr. O003HaYCHHUE IEPEMEHHBIX Ha OCAX (HCIIOIB3YIOTCS
TOJIBKO CHMBOJIBI U Yepe3 3aliTyI0 U IpoOes — pa3MEpHOCTh) CIIeAyeT pa3MeIlaTh ¢ BHELIHEH CTOPOHBI PHCYHKA (Takxke
Kak 1udpbl), a HE B MOJIe PUCYHKA, B KPYIJIBIX CKOOKaX HEOOXOAMMO yKa3aTh Pa3MEpHOCTh HAa aHTJIHMUCKOM S3bIKE.
Hanpumep: ock cieayer o6o3nauars t, Mud (mMin) (a He Bpemst, MuH). DKCIIEpUMEHTAIBHBIC KPUBBIC JODKHBI OBITH ITPO-
HyMepoBaHbl (He OykBamu) Kypcughsim mpudrom. Bee nosicHeHuss HEOOXOAUMO aTh TOJBKO B MOJPUCYHOUHOU MOAMUCH.
Hukakne nereHipl 1 KOMMEHTapuH B 1oJie rpaduka He OMyCKAaoTCA. PUCYHKH TOJDKHBI OBITH BHITIOJNHEHEI C TOJIIIMHOIM
Junauii He menee 0,75nT.

Cmambou, noozomogsieHuble 6e3 cod1100eHUs. YKA3AHHLIX MPedo8aHUil U IMUKU HAVUHLIX RYOAUKAYUIL, pedaKuuell
He pacCMampueaomcs U He 6036pauiaomcs

Uudopmanus 06 omyOIHKOBAHHEIX HOMEPAX pa3MellaeTes Ha opuiransHOM caiite xypHana: CTJ.isuct.ru

PeaakuMoHHAasi KOJUIErHsl M PEJAKIUA KYPHAIA B CBOEH AeSITeJbHOCTH PYKOBOACTBYIOTCS MEKIYHAPOTHBIMM ITH-
YeCKHMMHU MPABHJIAMH HAYYHBIX MYGJIHKANUI, BKIIOYAKIHUMH MPABUIA MOPSI0YHOCTH, KOHQUIEHIIMATHHOCTH,
HA/30pa 32 MyOIMKANUSIMH, Y4eT BO3MOKHBIX KOH()IHMKTOB HHTEPECOB U JP., caeays pekomenaanuam Komurera

1o ITHKe Hay4YHbIX nmyomukanuii (Committee on Publication Ethicy
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MAIN REQUIREMENTS FOR MANUSCRIPT SUBMISSION

Journal “lzvestiya Vysshikh Uchebnykh Zavedeniyrigge “Khimiya | Khimicheskaya Tekhnologiya” publieh
the studies of employees of Institutes and Unitiessof RF, RAS, and CIS and other foreign authors.

The main Journal headings:

Inorganic, organic, analytical, physical, and cioléd chemistry and chemistry of high-molecular caupds;
Chemical technology of inorganic and organic sutxsta, theoretical foundations;

Ecological problems of chemistry and chemical tetbgy;

Reviews;

Short communications;

Scientific and methodological problems;

Letters to editorial board,;

News.

ONoOORWNE

Manuscripts which are submitted to Journal must saisfy the following requirements:

1. The study has to correspond to Journal speciadizato have the certain novelty, to have probleramirgg,
to have applied value and theoretical foundatiaditdfial board solves the question on publicatiomejection of article.
That decision is final one.

2. The articles have to present the condensed and désaription of results obtained without repetitithe
same data in the article text, Tables and Figures.

3. Atthe beginning of article (under a title) in thpper right corner it is necessary to print theeidf univer-
sal decimal classification (UDC). The article mstgtrt with initial and family of authors (not maottgan 5 persons). After
that the organization name where study was camigcénd E-mail is pointed out. Before main text shert annotation is
printed with the bold italic. The annotation hasréflect the basic content of article. Under antiotait is necessary to
write the article key words. The text should beluded introduction, description of experimental huets, results and
their discussion, and conclusions. The articlénisified by the list of references. Under the listaferences on the left the
department title is written. On the right it is eesary to write “Received to editorial office”. Thenuscript should be
signed by all authors.

4. All submitted papers should be printed with thefdrt of "Times New Roman". The line space is 1.8i-A
cle volume cannot be more than 10 pages of tekidimg references, tables (amount is not more thah4 cm of width)
and figures (8 cm of width). The amount of figuoasinot be more than 4 including figures marked,bg &tc. Margins
are the following: upper — 2 cm, left — 3 cm, lowef cm, right — 1.5 cm. The volume of short comioations is not
more than 3 pages of text, 1 table and 2 figurés. iolume of Reviews cannot be more than 30 pdgdstters to edito-
rial board the articles containing newest resutts ublished. The article title and annotation edrinclude formulae,
abbreviations even in general use. It is necessagvoid abbreviations which are not in general égethe first use of
abbreviation it is obligatory to decipher it in cplete form. Handwritten inserts are not allowed.

5. Authors send the electron carrier with the materidlpaper and two printed copies. The contentesfteon-
ic version and printed one should be identicala lcase of discrepancy of both versions the electession of the article
will not be considered. The electron version wél donsidered as the right in a case of slight disncy of both versions.
The electron carrier should be inserted in a sépa@ver. Authors and article title are indicatedtloe cover.

To manuscript the following materials should be suplemented:
- Author’s families, article title, annotation, fige captions, headlines, and notes for Tables twale prepared using Eng-
lish and Russian languages! (It is necessary tpguecthe separate file on electron carrier andgutioopy!)
- Permission of organization for publishing
- Documents confirming the possibility of open paation of article materials
- Recommendation of appropriate department in ia fof certified extract from the minutes of depantine
- Data on authors (Surname, first name, patronystigntific degree, title, position, home addrdgsne phone, office
phone, E-mail).

Submission of references. It is necessary to subntvto versions of references. One of them is Russiamd another —
English. In Russian version the English and Russiaarticles are written as is. For English version te Russian pub-
lications which are not translated are written with transliteration according to generally accepted iternational
rules. In the end of every such publication it is acessary to write (in Russian)

(seehttp://www.cas.org/expertise/cascontent/caplusjoaraals.htm)
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*For Journal paper surname, initials for all authors and artictéetshould be pointed as well as abbreviated Jburna
name, year, volume number or issue, pages and BsDlexampleMartynov V.V. Radiography of polymersHigh
Energy Chemisty2010. V. 52. N 5. P. 123-125 (in Russian). DOI:6080/2012.01.01. Instead &% symbol it is
necessary to use symbol N for English version.

In some cases the Journal has English versiomufuge this version it is necessary to write thipuwiudata and Journal
name as in English version. In this case (in Rudsg@anot written.
 For booksit is necessary to write surname, initials foralthors, book title, place and publisher hamer,yaad
amount of pages. For examphlartynov M.M. Radiography of polymers. L.: Khimiya. 1972. 93ip. Russian). (in
Russian) is not written if the book was printeddreign language (not Russian).
* Theses of presentations and proceedings of Corder€or example, Martynov M.M. Title of presentatidrheses
of presentations of VII Scient. Conference (Fulhm@d. M.: Publisher. 2006. P. 259-262 (in Russidtrtynov
M.M. Title of presentation. Proceedings of Name of @ogrfice. V. 5. M. 2000. P. 5-7 (in Russian). (in $tas) is
not written if the Theses or Proceedings were pdrih foreign language (not Russian).
« Inventors certificate and PatentSor exampleMartynov M.M. RF Inventors certificate 652487. B.I. 2000. N 20.
P. 12-14Martynov M.M. RF Patent N 2168541. 2005.
 Deposit manuscriptFor exampleMartynov M.M. Title. M.: Dep. VINITI. 12.05.98. N 1235;

At submission of foreign literature it is necesstaryollow the rules as for Russian literature

Authors should be avoided the references on difficaccessible publications something like extendbsdtracts
of dissertations, Proceedings of local conferemteslt is not allowed to use the references orubhighed works and on
extended abstracts of dissertations and disseartaiiself.

Authors should be used the following regulations:

1. The article has to be submitted applying MS WomMbtindows. Text starts from left border. Indentisrl5 mm.

2. It is not allowed: style application at text forrginintroducing the changes in template or creatigown template;
word spacing; application of gaps in front of pwatton marks (including inside of brackets); aftenctuation marks
the one space is done; application of operatios€into the end of page”; making the figures bysad MS Word.

3. The words inside paragraph necessary to separaiaédgpace. The text should be written withoutddrhyphens. We
ask: do not overload the article with the large amaoof formulae, figures, and curves. Apply forrfarla making in
MS Equation (MS Word) the sets (Styles/Sizes) dawléeonly.

4. The graphic materials have to be made as blackadmid. Figures are accepted at applying of MS Ex©Oeigin only.
For making of chemical formulae it is necessaryse ChemWind. Other systems are allowed togethiér avithor’s
distribution disk. Photos are accepted in tif fotmResolution for black and white photos is 300, dpi color one —
450 dpi.

The width of figures and formulae cannot be moentB cm. Their font has to correspond to 10 fori¥1&f Word. For
figures the frames and nets are not allowed. Desigm of axis variables (the symbols are used othlgn comma,
then 1 space, and dimension. For example, t,[@ated at outer side of figure as well as the numbeis not allowed
to make these designations into figure field. Thpegimental curves have to nhumbered with italictfaxl explana-

tions are given in figure capture only. No legeads comments are allowed in figure field. The fegihave to make
using line thickness of not less than 0.75.

The editorial office does not consider the articdebmitted without observance of the requirememtstioned above. In
this case the manuscripts are not returned.

The information on published issues is placed amnkl official site:CTJ.isuct.ru

The Journal operates in accordance with the internabnal publication ethics principles, including butnot limited to privacy
policy, vigilance over the publications, considerabn of possible conflict of interests, etc. The editial board follows the recom-
mendations of the Committee on Publication Ethics
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