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BUOJOT'MYECKU AKTUBHBIE CHUHTETUYECKHUE OPI'AHUYECKUE KPACUTEJIN

Hacmosawuii 0630p nocmpoen Ha nyoauKayuax, Hal0eHHbIX ¢ HOMOWbIO 0a3bl OAHHBIX
CAS (Chemical Abstracts Service), oocmynnoii uepes STN (The Scientific and Technical
Information Network) no 6uouuoHviM Kpacumeniam uiu coeOUHeHUIM, KOMOopble MOZYm O0blmb
OMHeceHbl K HUM RO Xumuyeckomy cmpoenutro. Cucmemamusauyus nposedeHa nHo 0coOeHHO-
cmAmM CIpPOeHUs XPOMOGopHOoUl cucmembl Kpacumenn. Ocoboe snumanue yoensaemcs 3a6Ucumo-
cmu «cmpoeHue — ceoiicmeo» 6 pAaody CHMpPYKmMYpPHO NOO00OHBIX coeOuHeHuil. B o63ope ne pac-
cMampuearomces duoyuoHvle ceolicmea Kpacumeineil, 6b10€1eHHBIX U3 RPUPOOHO20 CbIPbA.
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BIOLOGICALLY ACTIVE SYNTHETIC ORGANIC DYES

This review is based on the publications found in CAS (Chemical Abstracts Service) data-
base available from STN (The Scientific and Technical Information Network) with respect to
dyes, and the compounds that can be classified as the dyes molecular variants. The substances
were categorised based on the dyes chromophore properties. Special care was taken to determine
the “composition - property” profile within the range of structurally similar compounds. An ex-
tensive list of literature references is provided to support the review's subject, including the au-
thors’ own studies on the synthesis, properties and applications of coloured biologically active
compounds. The view covers the uses of coloured biologically active compounds as textile dyes
and the uses in other industries such as medical, agricultural etc. The review is substantially fo-
cused on biocidal azo dyes for the reason of the great variety of possible diazo and azo compo-
nents which are used for the synthesis of dyes to create an abundance of biocidal dyes with a wide
scale of colors. Usage of dyes which add expressed biocidal properties to the coloured textile and
other materials and make them resistent to physical and chemical agents is a subject of obvious
practical interest, as this enables the combination of two manufacturing processes in one step:
coloration and special chemical treatment. Moreover, as it appears from the review, biocidal dyes
may be used as additives to the primary dye, without affecting the colour of the object being dyed,
albeit in quantities sufficient to endow the required biocidal properties. As demonstated by the re-
view, streamlined synthesis of textile dyes exhibiting biocidal properties, which are able to make a
material resistent to biodeterioration or add medicinal properties to the material, is hard to ac-
complish due to the lack of profound understanding of the mode of action of such compounds.
However, the available “composition - property” data and the computer-aided screening data of
the biological activity of organic compounds allow us to model and synthesise target products
with a high degree of confidence. The review doesn’t cover the properties of biocidal dyes derived
from natural raw materials.

Key words: dyes, dyed compounds, biological activity, biosidity, textile materials

Emte Ha 3ape 3apokaeHNsT XUMUH, TEXHOJIOTHH
MOJTyYEeHHUS ¥ IPUMEHEHHUST KpacuTelel [l KOJIopUpo-
BaHMSI PAa3IMYHBIX MaTepUaNIOB (TEKCTHIIb, KOXa, MEX,
JIEPEBO U T.11.), ObLIO 00HAPYKEHO, YTO MHOTHE U3 HUX
001aat0T «ICYCOHBIMI» /WM 3allUTHBIMH CBOM-
CTBaMH OT Pa3HOTro poJia 3a00JICBaHUI.

B mocnegyromem 3aciayra moapoOHOTO uc-
CIIeTIOBaHMS COCTaBa (a TaK HA3bIBAEMbIE «IPUPOJI-
HBIC» KpPAaCUTCIN ABJIAIOTCA, KaK IIpaBUJIO, MHOI'O-
KOMIIOHEHTHOW CMECBI0 Pa3JIMYHBIX OPraHUYECKUX
COCIMHEHHI) U CTPOCHUSI OKPAIIEHHBIX COEAMHEHMIN
MIPUHAJUIEKUT MUMEHHO XHMHKaMm-(papmarieBTam, Ko-
TOPBIC BBEJIM MHOI'ME€ U3 H3YYCHHbLIX COC)II/IHeHI/Iﬁ B
apceHan XUMHUKO-(hapMaleBTHIeCKIX Peraparos.

C pazButreM B XIX-XX Bekax XUMHH, TEX-
HOJIOTUM TIOJIYYCHUSA U NPUMCHCHUSA CHHTCTUYCCKUX
KpacuTeneil OonpeneNsioTcsi ¥ OCHOBHBIE HalpaBe-
HUS UCIIOJIb30BaHUS KpacuTeleH, o0JagaroIux Ouo-
JIOTHYECKOH ((DyHTUIIUMIHON, aHTUMUKPOOHOM, OaKTe-
PULMIOHON U T.A.) aKTUBHOCTHIO. DTO, C OJHOW CTO-
POHBI, TOJIYYEHUE OKPAIICHHBIX MaTCPHAJIOB MEIH-
[IUHCKOTO Ha3HAYeHUs, OONANaIoOMMX JeUYeOHBIMHU
WM 3alllUTHBIMU CBOWCTBaMH, C JPYrodl CTOPOHBI —

MOJTyYeHHE TEKCTHJIBHBIX MaTEpUaJIOB, OKpAIEHHBIX
KpacHTeIIsIMU, 00ECIICUNBAIOIIMMHE 3aIIUTy MaTepha-
Jla OT OMOTOBpEXAEHUH. B HEKOTOPBIX citydasx Kpa-
CUTEIlb 00ECTICUNBAET U TOT, U ApyToil 3 PexT.

B TO k€ Bpems BbIAENIWICS psili COEIMHEHU,
KOTOPBIE SIBIISIIOTCS OKPAILICHHBIMH, T.€. UMEIOT XPO-
MO(QOPHYIO CUCTEMY M, BO3MOXHO, NMO3UIHOHUPYIOT-
Csl KaK KpacHuTelld, OJHAKO HCIIONB3YIOTCS B pas3iiny-
HBIX 00JIACTSX YEIIOBEUECKON JeSTEeIbHOCTH, HAIPH-
Mep, MEAMLMHA, MMPOU3BOJACTBO (HOTO-KMHOMAaTEepHa-
JIOB, IPOU3BO/ICTBO CBETOAMO/IOB, JIa3€pOB U Jp., U HE
MPUMEHSIFOTCS ISl KOJIOPUPOBAHUSI KAaKUX-TH0O Ma-
TEPUAJIOB.

[IpucTtynast K HOArOTOBKE HACTOALIETO 0030-
pa, B TIONBITKE 00OOIIEHHS UMEOIIETOCS B JINTEPATy-
pe MaTepuana aBTOPbl CTOJIKHYJIHCh C 0003HAYEHHOM
pobIeMoil Kiaccuukanuy 00CyKIAeMbIX COeIMHE-
HUH 0]l TEPMHUHOM «OHMOJOTMYECKH aKTHBHBIE Kpa-
CUTEIIN».

B cBsi3u ¢ U3I0KEHHBIM OBLIO MPUHSTO pellie-
HHUE 0a3MpOBAThCA Ha ONPEACTICHUH «KPaCUTENbY, AaH-
HoM B kuure b.M. Crenanosa [1] 1 mpuHATOM B HACTO-
Amiee BpeMs. B cooTBeTcTBUM € 3TUM OIpelereHueM
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IJIABHBIM CBOHCTBOM KpAacHUTENs SIBJSICTCS CIIOCO0- ABTtopamu paboThl [4] 0OHAPYKEHO, UTO Kpa-
HOCTh «MHTCHCUBHO MOTJIOIIATh M TPEoOpa3oBbIBaTh  CUTENU 3 U 4, cojepXkailue B CTPYKTYpe HECKOJIBKO
SHEPTUI0 JJIEKTPOMArHUTHBIX W3TYYeHUH (CBETOBYIO  THA30JIbHBIX KOJIEI, MPOSBISIIOT aHTUTEIBMHHTHYIO
SHEPIHUI0) B BUIAUMOUN 1 OMIKHUX (YIbTpaHOIETOBOM  aKTHBHOCTH B OTHOIICHUH ITOCKUX YCPBEH.

¥ MH(ppaAKpPaCHOi) 00IacTIX CIEKTpa U NPHIABATh ATy HsC

CIIOCOOHOCTB APYTUM Tenam». Bonpock! npakTudecko- . >’=\

ro NPUMEHEHMs TaKUX COEAMHEHHH, Liesnecoodpas- /"LN\ S

HOCTb WX TPUMEHEHUsI B KaXIOH 00IacTu dejoBeue- HyC

CKOM JAEATEIbHOCTH SBJISIIOTCS BTOPUYHBIMH. S S S
B npencraBieHHOM MaTepHalne Mo TEKCTY aB- N N

TOpBl CTapaMCh OOPaTHUTh BHUMAaHHWE Ha BOIMPOCHI \ !\1 N /

UCIIOJIb30BaHMsl OKPALICHHBIX OHWONOTHYECKH aKTHB- +Ch, HsC/

HBIX COCJMHEHHH KaK B KadeCTBE «KJIACCHYECKHX) HsC I CH3

KpacuTeneil, Tak U B APYIHX OO0JAcTAX NPOU3BOA- 3

CTBEHHOH U KYJIbTYPHOH JESITEIBHOCTH YEJIOBEKA. S AN X S
1. Ilonumemunosvie kpacumenu \/}A/W
XpomodopHast cucTeMa MOINMMETHHOBBIX Kpa- l\l\ N

cUTeJel XapaKTepu3yeTcs HaJIM4ueM LIETIOYKH COMps- _CHs HsC

JKEHHBIX JBOMHBIX CBSI3€H, COCTOSIIEH M3 CBOOOIHBIX
WIHM 3aMEIIEHHBIX METHHOBBIX (—CH=) rpymm, ¢ amek-
TpoHOMOHOPHBIM (D) M  DIEKTPOHOAKIIEHTOPHBIM
(DA) 3amectutensamu 1o Kouiam men# [ 1, 2].

B kadecTBe mpmmepa MOXXHO TPHUBECTH OC-

[Ipemapar 5, mpencrasisronuii coboit cob
MOJIMMETUHOBOIO Kpacuresisi ¢ OCH30THa30JIbHBIMU
¢parmentamu U 2,4,5-TpuxiopdeHona, aKTUBEH B
OTHOILIEHUH TNTIOCKUX U KPYTJIBIX uepBeii [5].

HOBHBI KpacHTENb JKEITOr0 ILBETa — MNEPXJIopar o-
OuC(AUMETHIIMMU/I)TITYTAKOHOBOTO ajbaeruaa 1. M o
HsC_ N __CHg o ::f
X SN clo, cl
| | 5 cl

CHsg CHs
1

B Monekynax ucronp3yeMbIX TOTUMETHHOBBIX
kpacureneit O/ u DA 3amecTuTeny WM OAWH UX HUX,
a TaKKe YacTh METHHOBBIX I'PYII MOT'YT OBbITh CBS3aHbI
C apoMaTH4YeCKuMH sipamu (OeH3oi, HadTanuH) win
TeTEePOLUKIINUECKIMH CHCTEMaMH, TAKUMH KaK XHHO-
JIMH, WHI0J, OeH30Kca301, OEeH30THa30d U JIp., KOTO-
pBle IOMUMO CBOWCTB CHJIBHBIX XpOoMOQopoB obinania-
0T SIPKO BBIPQ)KEHHOHN OMOJIOTMYECKOI aKTUBHOCTBIO.

Kpacurenun manHo#i rpynmsel obnamaroT Oak-
TEPUOCTATHYECKUMU U XEMOTEpaleBTUUYECKUMH
CBOICTBaMH, B YaCTHOCTH MPOSIBIISIOT BBICOKYIO (pyH-
TUIUAHYIO U aHTUTEITbMHHTHYIO aKTHBHOCTB. X pe-
KOMEHJIOBAaHO TIPUMEHSATH 11 O0pHObI ¢ Mapa3uTaMu.

Tak, HarpuMmep, MOMOAT TTHPBUHUS 2 SIBIISETCSI
3¢ PEeKTUBHBIM JIEKapPCTBEHHBIM TPETIapaToM JJIsl Jiede-
HHsL SHTepoOHo3a (3a00JeBaHUE, BBI3BIBAEMOE KHILEY-
HBIMH TTapa3uTapHBIMK YEPBSIMHU — OCTpULaMy) [3].

B marente, SBISIOMEMCS TPOJOHKEHUEM
BBINICTPUBEICHHBIX KCCIICOBAHUMN, 3asBJICHA CepuUs
n3 300 moNMMMETHHOBBIX KpacuTeneil oomei Gpopmy-
el 6. TIpeioxkeHHbIe COSTMHEHHUS] PEKOMEH TOBAHBI K
HCHOJB30BAHUI0 B KauyeCTBE ITOTEHIHMAIBHBIX OHO-
LUHBIX IPEnapaToB IIMPOKOTO CIEKTpa JICHCTBUS,
0co0eHHO 1Sl 6OpHOBI C HACEKOMBIMH — BPEIUTEINS-
MU CEIIbCKOXO3SHUCTBEHHBIX KYIBTYp, a TaKXke C
TpUOKOBBIMH 3a00JICBAHUSAMHU, MOTYT OBITH HCIOJb-
30BaHbl B BUIC PACTBOPOB HIIM AMYJIbCHE JIJIsl OTPBIC-
KHBaHHUS TOPAKEHHBIX OOBEKTOB, a TaKXKE MOTYT
MIPUMEHSATHCS [Tl COCTABICHHS TTOPOITKOBBIX KOMIIO-
3UIMI B CMECH ¢ MHHEPAITHHBIMA KOMITOHEHTaMU [6].

Ar-(CR=CR?Y),-(CR?=CR?)-(CR*=)Ar?,
6
rae: Ar u Ar! — nmonusameIeHHbIe MHPA30IIbl, N30KCa-
30J1b1, THA30J1bl, IMH/IA30JIbI, TUPUIUHBI WIIK UX COJIH,
R, RY, R? R3 R* - Bomopo, ranoreHsl, ajgkuibl, IHK-
JIOANKWJIBI, THIPOKCHUAIKHUIIBI, aIKOKCH, AJKHITHO,
1IMaHO, 3aMEILIEHHbINA apuJl.

ABTOpaMU MIpUBE/ICHA CPAaBHUTEIbHASI MHCEK-
THLMIHAS aKTUBHOCTH BCEX COCIUHCHUM, B KaYECTBE
TEeCT-00BEKTa HCIIONh30BaHA TabadHas JTHUCTOBEPTKA
(Tobacco Budworm). ITony4yeHHble pe3ynbTaThl CpaB-

N(CH3),
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HUBAJIM C MOKAa3aTeJsIMH KOHTPOJILHOHM MapTuu Tyce-
Hu. VMHrHOupyomee neiicTBie npenapaTa OleHUBaA-
JU TIO0 OTCYTCTBHIO IPHBECA >KUBOM MacChl HACEKO-
MBIX U 110 KOTMYECTBY MOTuOImuX ocodeil. Hampumep,
00paboTKa Taba4HBIX JIUCTHEB, CIYKAIIUX MHTAHUEM
JUTST TYCEHHWI, COeIWHEHUSMH o0merd Qopmymnsl 7
npuBoaut kK ux 100% cmepTHOCTH.

SW/\/\(S

R3 N\Rl R/N R2
7
R, R! — meTun, stun, n-nponun; R?, R® — gpenun; o- u
n-xnophenni; n-proppeHnn

Ecu R u R — H-OYTWII, T R? u R® — Boj10-
pox unu m-xnopdenus, To Hadmoaaetces 100% uHru-
OmpoBaHHE pocTa, HO HE THOEIh TYCEHHWII, 3aMeHa
OJTHOTO OCH30THA30JILHOTO KOJIbI]A Ha XMHOJIWHOBBIN
MIPUBOMT K TEM K€ pe3yJIbTaTaM.

B amepukanckom marenTe [7] peKOMEHI0BaHO
NPUMEHEHHE B KAYeCTBE OAKTEPHUIIUIHBIX MPEMapaToB
JUISL 3aIUThI POCTKOB pHca OT 0OJIC3HETBOPHBIX DaKTe-
pmii:  Xanthormonas orysae, Xanthormonas citri,
Bacterium tobacum, Xanthormonas pruni u ap. mosu-
METHHOBBIX KpaCHTeHeﬁ C a30TUCTBIMU T'€TCPOLUKIIU-
YeCKUMH (pparMeHTaMu, Harpumep, kpacureneii 8, 9:

X =
® _}—cCH

N N
| 1© |

N
/N €] AN
CH3 |

CHsq
9

Kpacurenu B Buje HoauaoB, OpOMUIOB, CYITb-
(oHatoB mnu xyopaToB A(PQEeKTUBHO 3AIMIIAIOT pac-
TeHUs (HA ypPOBHE aHTHOMOTHKA — CTPENTOMUIIMHA),
MOT'YT HPHUMEHSTHCS B TEUECHHE BCErO0 BETETATHBHOI'O
MepHO/Ia, U HE TPEJCTABIISAIOT OMACHOCTH IS JIFOJICH U
JKUBOTHBIX. VICIIBITAHWS TIPOBEJCHBI KaKk Ha TeCT-
KyJIbTypax, TaKk U Ha 4-5-TMCTOBBIX CaXKEHIIAX pHUCa.

Peaknuell koHIeHCAMU XPOMOH-3-KapOOKC-
NBJIETH]Ia C METHJICHAKTHBHBIMU TETEPOIUKIHYE-
CKMMHU KOMIIOHEHTaMU CHHTE3MPOBAHBI IMOJIMMETUHO-
BbIC KPACHTEIH, B KOTOPBIX B KAYECTBE JICKTPOHOI0-
HOPHOTO ()parMeHTa BBICTYyIAeT (pparMeHT XpOMOHA,
a B KayeCTBE JJICKTPOHOAKIICITOPHOTO — Pa3JINIHBIC
NPOU3BOJIHEIE OEH3a30J10B, XWHOJWHA, MHPHIUHA.
ITonydenusie kpacurenu obiier Gpopmyssl 10 uHrH-

oupyrot poct Mmukpobos Bacillus subtilis u Staphylo-
COCCUS aureus, sBJISIFOIIUXCS BO30YAUTEISIMU MHOTUX
CMEPTEIHHO OTACHBIX IS YeJIOBeKa MH(EKITHi [ §].

0

S cloy
/ \ AN

10
R — meTui, 5Tui; A — BOIOpPOJ MITH aHETUPOBAHHOE
OEH30JIbHOE KOJIBIIO

B pabore [9] aBTOpHI mpemararOT MOIUME-
TUHOBBIN Kpacuteib 11 B kauecTBe perynsropa Oak-
TCPUAJIBHOI'O COCTOsIHHA BOAbI JIA BbIpalllUBAHUA
PBIOBI B HCKYCCTBEHHBIX BOJOEMaX.

= A | ©
[

~ 5\C2H5

e N
11

Psan pabot [10-13] mocBsIeH U3y4eHHUIO aH-
THOAKTEPUAIBHON W (YHTHIUTHOW aKTUBHOCTH HE-
KOTOPBIX MPOU3BOIAHBIX MOJTHMMETHHOBBIX KpacUTeei
HECUMMETPUYHON U CUMMETPUYHON CTPYKTYpBI, CO-
JeprKaIuX KOHJACHCHPOBAaHHBIE TETEPOIMKIEL. B pa-
oore [11] ucciaenoBaHO BIMSHUE KBAaTEPHU3AIMU Ha
YPOBEHb OMOJOTUYECKON aKTUBHOCTA B OTHOIIICHUH
6akrepwmii: Staphylococcus aureus, Staphylococcus
albus, Bacillus coagulance u HekOTOpBIX BHUIOB IpH-
6oB: Aspergillus niger, Penicillium cyclopium. Asrto-
paMu MOKa3aHo, YTO HA YPOBEHb OMOJIOTMYECKOH aK-
TUBHOCTU WCCIIEIOBAaHHBIX COEIUHEHH CYIIECTBEH-
HOE BIIMSTHUE OKA3bIBACT COCTOSHHE aTOMOB a30Ta B
CTPYKType reTeponukiia. Tak, B coequHennn 12 kBa-
TepHu3anus atoma aszora N? pe3ko CHuKaeT OGUOIIO0-
TUYECKYI0 aKTHBHOCTh. B TO e BpeMs, KBaTepHH3a-
nus ayx aromoB azora N! m N2 takke cHmxaeT ak-
THUBHOCTH, OJTHAKO B 3HAUUTEIHHO MEHBILEH MepeE.

WNHTepecHo, 4TO B HCXOAHOM JUIsl CHUHTE3a
kpacureins 12 rereponmnkia 13 kBaTepHU3alms aroma

azora N! mpuBOIUT K yCUIIEHNIO (DYHIUIIUMHOCTH.
2

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1 7



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

H

N
J =z X
N: |
/ N N NH,

Ph

13

0]

B Gosiee mo3anei pabote 3TUX aBTOPOB [14]
OIMCaH CUHTE3 COCTUHCHUM, aKTUBHBIX B OTHOLICHUU
HEKOTOpHIX BUIOB Oakrepwmii (Bacillus cereus, Staphy-
lococcus citrus) u 06HapYXKEHO, 9TO aHTUMHUKPOOHAS
AKTUBHOCTb MOHOMETHHOBOTO Kpacutensi 14a HUKe,
4eM y auMmeTtnHoBoro 140, a BBe[eHHE aJKHUIBHOTO
3aMECTHTENII B TIOJMMETHHOBYIO IIETh YBEIHYHBAET
AQHTUMUKPOOHYIO aKTUBHOCTH (Kpacutelb 14B).

14 a-B
14an=0,R=H;146n=1,R=H;148n=1, R=CHs

[lo MHEHHUIO aBTOPOB, STO MOXET OBITH CBSI-
3aHO C JJIGKTPOHOJOHOPHBIM BIHSHHAEM METHIHHON
TPYIIBI Ha COMPsDKEHHYI0 cucteMmy. OTMEYeHO, 4TO
MOJTydYeHHBIE KPACHUTENM YCTYMAIOT ITI0 aKTHBHOCTH
UCXOJIHBIM COEOUHEHUsIM Uil UX noiydenus 15 a,0

[14].
1
HsC o N
3 T \|N
N )\
\rr 0 CHs
X o}

15 a,0

0
H
HaC 0 N _CoHs
+N -
' JENE
N+
CH: \N 0 CHs
0

16
a: X=H; 6: X=Ph

CpaBHUTENBHBIN aHANU3 aKTUBHOCTH COEIH-
HeHui 15 a,0 mokasall, 9To K He3HAYUTEIHLHOMY CHH-
KEHHIO OAKTEPUIIMTHON aKTHBHOCTH MTPUBOJIUT 3aMe-
Ha aTtoMa Bogoponxa y azora (15a) Ha QeHUIbHBIN
¢parmenT (156) wim KBaTepHHU3ALUSI COCEIHETO aToO-
Ma a3ota (coenunenue 16). K monHoit motepe Oakre-
PHULMIHON aKTUBHOCTH NPUBOJUT 3aMEHa METHIILHBIX
rpynn B coequaernu 16 va CH2CH(OC;Hs),.

8

Cepusi TTOMUMETHHOBBIX KpacuTeNed oOmiei
thopmyner 17 obnamaeT aHTUMHKPOOHOH aKTUBHOCTHIO
B OTHOIICHNUH rpamoTpuiarenbubix (Escherichia coli)
U TpamnonoxurenbHbIX  (Staphylococcus aureus)
Oakrepuii. OTMEYEHO, YTO TaAJOTCHIPOU3BOIHBIE
MPOSIBIISIIOT OOJBIYIO AaKTUBHOCTH B OTHOIIEHHE Sta-
phylococcus aureus u Escherichia coli, uem ankun- u
QJIKOKCUIIPOU3BO/IHBIE. YPOBEHb aHTHUMHUKPOOHBIX
CBOMCTB IIPOTECTUPOBAHHBIX COCIUHEHUN HUXKE, YEM
Y U3BECTHBIX aHTHGHOT\I(/IKOB [15].

X
\
NN _
| n
CH,CH3 ot _CHs
N
CHs

17
X =H,Cl, |, Br, Me, OMe; Y = H, NO,, OMe, OEt;
n=0,1
[IpoBeneHB UCIBITAHMS AHTHOAKTEPHATHLHOM
(Bacillus stearothermophillus, Serratia species wu
Pseudomonas species) u (QpyHruuuaHONW aKTHBHOCTH
(Penicillium species u Alternaria species) cepuu mo-
HO-, M- U TETPAMETHHOBBIX I[MAHWHOBBIX KpacHuTe-
nmei 18-20. Kak oka3amoch, COEIUHEHHS AKTUBHBI
MPOTUB BCeX OakTepwuii W HEAKTUBHBI B OTHOIICHUHU
rpuboB. [Ipom3BogHBIC XWHOJMHA OO0Namar0T Oojee
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BBICOKMMU IIOKA3aTEeNIIMU, Y€M IPOU3BOJHBIC KyMa-
puHa. BBeneHne METUIBHON TPYIIBI B 4-TI0JI0KECHUE
TakXe MPUBOJUT K HEKOTOPOMY POCTY OaKTEepHIIUI-
HOIl aKTUBHOCTHU. B psily LMaHMHOBBIX KpacutTenei
18-20 3¢ppeKTUBHOCTL B OTHOIICHUU BCEX UCIIBITaH-
HBIX BHJOB OaKkTepwii TOBBIMACTCS B TMOPSIKE
20>19>18 [16].

HO Z [0} ) _
|

19

X

\ \ \ | \ A

NG~
N

HO Z ]

20
A = 1-3TUImUpuanHUR-2-11, 1-3TUIXUHOTMHUN-2-1J1,
L-stunnupuauanii-4-mr; Z = O, NH; X = CHjs, H;
R =H, Ph, CHs.

AHTHOaKTepHATbHYI0 aKTHBHOCTH BBIIIE 3Ta-
JIoHa (aMITULIWIIMH) TPOSIBIISIIOT coenuuenus 21 u 22 B
OTHOIIICHUN TPaMIIOJIOKUTENbHBIX Oaktepuit (Bacillus
subtilis, Micrococcus luteus, Bacillus megaterium,
Staphylococcus aureus, Streptomyces sp., Bacillus cereus)
U TpaMoTpULaTeNbHBIX Oaktepuii (Serratia Mar, Pseu-
domonas aeruginosa, Escherichia coli, Salmnella sp.,
Pseudomonas sp.). Coemunennst 21 TPOSBHIIN TaKKe
¢byuarunmaHyto aktuBHocTh npotrB Candida albicans u
Aspergillus flﬁvus Ha ypoBHe HHUCTaThHa [17].

P

=
\+
o’|\‘_

Me |

NH,

21 a-c

Me |

22 a-c

a: A = l-metwimupuauauii-2-ui;, b: A = 1-metui-

XUHOMHHAK-2-WT; C: A = 1-MeTnnmupuauHuii-4-nn
HccnenoBanusMu, MPOBEICHHBIMU Ha OHOJIO-
FHYECKUX 00BbeKTax iNn Vitro, mokasaHo, 4To IOJUMe-
THHOBBIE Kpacutenu oOmieid Gopmynbl 23 SBISIOTCS
0ojice MOIIHBIMA AHTArOHUCTAMM arperaiuud Tay-
Oenka, yeM METUIEHOBEIN cuuuii. CoequHEHNS dTOTO
KJIacca aBTOPHl PAacCMATPUBAIOT KaK TepamneBTHYe-
CKH€ MHIICHH B CO3JaHWU TPETapaToB I JICUCHHUS

00Js1e3HU AJTbIreriMepa. 2[ 18].
R

X N X

N N
e Rt
23
X = S, O, CHz; Rl= Csz, C3H7, (CHQ)gSOg'; RZ = H,
CHs3; n=0-3

2. Azoxpacumenu

XpomodopHas cucteMa a3zoKpacuTened xa-
paKTepu3yeTcss HaJIUYUEM LEMOYKU COMNPSKEHHBIX
JIBOWHBIX CBSI3€M, B KOTOPYIO BXOJAT OJHA WJIA He-
CKOJIbKO azorpym [1, 2]:

R N N R?
~ — 2 % ,
N~ Rl N

rae: R, RY, R? — penwibHble, HAQTHILHBIE WU TETE-
POLIMKIINYECKHE PaIuKaIbI

AsocoeuHeHNs — HauOoJee MHOI'OYHCIICH-
HBI KJIACC KpacuTelel, He HMMEIOIINI aHaJloroB B
MPUPOJIC, HA MX JIOJIIO MPUXOAUTCS O0Jiee MOJTOBUHBI
M3BECTHBIX M TPOMBIILICHHO BBIIYCKAEMbBIX MapoK
Kpacuteneil. J{ns kpacurened 3Toro kiacca cyuie-
CTBYeT 3ajJI0’KCHHass B METOJOJIOTMH CHUHTE3a BO3-
MOXXHOCTh IIUPOKOM BapHallMd CTPOCHHS, a, CJIEI0-
BaTENbHO, U IIBETA.

Cpenu a3okpacureneii apoMaTHIecKoro psja
HallIeHbl BEIIECTBA C AKapPHUIIUJIHOW aKTUBHOCTHIO.
Azo0en301 24 u n-xyopa3o0eH3on 25 ABISAI0TCA cpe-
1 HUX HauOosee A((EeKTUBHBIMH, HA UX OCHOBE pas-
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pa6OTaHI)I npemnaparel 4jid 3alliUThbl CEIIbCKOXO035ii-
CTBCHHBIX KYJBTYpP OT KJIeme U JOMAaIlHUX >KHUBOT-

HBIX — OT mapasuTos [19].
N=—N

3o 3Q

24

HoN NH,
N§N I ] -

H,NO,S

26

B npotuBomnonoxuocts emy 1,2,4-rpuamMuHo-
OeH3ou 27 He TOJNBKO HEaKTHBEH MPOTUB MHUKPOOpra-
HU3MOB, HO UM BeChbMa TOKCHYEH JJIs YeJIOBEeKa, I0-
3TOMy, cerofss [I[poHTO3MII MpakTHYEeCKH HE MpUMe-
HseTcs B MeauiuHe [20].

Hexortopeie u3 cynbpaHniaMuIoB SBISIOTCS
OMOJIOTHYECKH YHUBEPCAJIbHBIMH  COEAMHEHUSIMHU,
UMEIONIMMH TPOTHBOPAKOBBIC, MPOTUBOMANIIPUITHBIC
U TIPOTUBOTYOEpKYye3Hble cBoiicTBa. [IpomomkatoTcs
paboOTBl TO0 TOUCKY IEPCIeKTHBHBIX HETOKCHUYHBIX
aHajoroB. Peakuueil azocouetaHusi 4-reTepoLUKIIO-
cyibhaMorIEHUIINA30HUS C CATUIMIIOBOW U THO-

CaJIMIMIOBOM KHCIOTaMH TMOJyYEHbl COCAUHEHHUS
o6eit popmyaasr 29 [21].
os—  NSn  —
HN/ \\N XH'’
\
Het \ /
29 OH

(0]
X =0, S; Het = MeTHII U METOKCH 3aMeIlICHHBIC TTH-

PUMUIMHBL, GypaHbl WK THA3UHBI

HccnenoBana akTUBHOCTb 3TUX COEIUHEHUH,
a TakKe MX KOMIUIEKCOB coctaa 1:1 ¢ Fe¥*, Cu?,
Hg?* B ycnosusx in Vitro B oTHOWEHMH GaKTepwii:
Staphylococcus aureus, Serratia rhodnii, Bacillus
cereus, Pseudomans aruginosa u rputos: Alternaria
alternata, Penicillium chrysogenum u Aspergillus
flovus. barepunnHas m QyHrunuaHas akTUBHOCTb
IMPOAYKTOB COUCTAHUA THOC&HI/IHI/IJ’IOBOﬁ KHCJIOTHI U B
OonblIeH CTENEHH UX XEJIATOB IPEBOCXOIUT IOKa3a-
TEJIN aHATOTUYHBIX MPOU3BOIHBIX CATUIMIOBONW KHC-
JIOTHI, HAWIy4LIHE PE3yJIbTaTbl OTMEYEHBI Uil KOM-
IUIEKCOB C PTYThI0. TeM e aBTOpOM IOJy4YEHbI IH-
NepUANHO-, MOP(OIMHO-8-XUHOMMHONBHBIE [22] U

10

B 1935 r. Tepxapn [lomark coBepuieHHO
HEOXKUIAaHHO OOHAPYKHJI, YTO KpacuTeib [IpoHTO3MII
26, M3BECTHBIN KaK «KPACHBIH CTPENTOLHUI», MOXKET
OKa3bIBaTh MOIIHOE aHTHOAKTEpUAIbHOE IEHCTBHE B
OTHOLICHUU CTPENTOKOKKOB. JIWIIbL mo31HEe cTano
SICHO, YTO B OpraHW3Me NOj AEHCTBHEM (EepPMEHTOB
[IporTO3MI pacmersercs Ha 1,2,4-TpraMuHOOSH301
27 n amua cynb(haHUIOBONW KHUCIOTHI 28, KOTOPBIA U
OKa3bIBACT BBICOKHMI TepaneBTHIECKUH S PEKT.

NH,
H,N NH,
O
N
SO,NH,

27 28
XUHOKCATMHOHOBBIC  (XMHOKCAJTUHTHOHOBEIE) [23]
azonpousBoaHbie 30, 31, YbM KOMILIEKCHI C KEJIE30M,
MeIbl0, a OCOOCHHO C PTYTBHIO TPOSBISIOT 3HAYH-
TCJIBbHYIO aKTUBHOCTD IIPOTHUB ITaMMOB IIECTH BUI0B
OakTepuii: Serratia marcescens, Bacillus cereus, Pseu-
domonas aeruginosa, Micrococcus luteus, Klebsiella
pneumonia u Staphylococcus aureus.

S0,-N
O ~

SO,~N
@ ot -

X =0, CHy; Het METHJI U MeTOKCI/I 3aMEIICHHBIC

MUPUMUAIUHBI, (YpaHbl I THA3HHEI

B anrnuiickom narenrte [24] mpuBeaeHa ce-
pus  a30KpacuTelel, IOJIyYeHHBIX Ha OCHOBE M-
TpUPTOPMETUIAHUINHA, KOTOPBIE MOXXHO HCIIOJIB30-
BaTh B KAY€CTBE aKTHBHOTO KOMIIOHEHTA JIe3MH(UIIHN-
pYIOITNX, OAKTEPUIMIHBIX, (QYHTHITUIHBIX, aHTHCEII-
TUYECKUX U JICKAPCTBEHHBIX MPENapaToB.

H,N N=—N

H,N
2 32
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H,N N=—N

<§ % <; :>—CF3
H,N OCH3

33

H,N N=—=N

<§ é> <; >—CF3
H,N CHj

34

Coemunennst 32-34 CHOCOOHBI OKpaIIUBaTh
areraT IeJUTFJI03b], OIU3(UPHBIC, MEPCTSIHbIC, MIe-
KOBBIC BOJIOKHAa M KOXY B IIBCTa )i(GJITO-OpEIH)KCBOﬁ
TaMMBbI, U o0ecreynBaroT OKpalm€HHbIM MaT€puajlamM
ouonmaHble cBoiictBa ortHocuTensbHo Bacillus Coli,
Staphylococcus aureus, Fomes annosus, Streptococcus
scarlatinae, Aspergillus niger u ap. Tak okpamicHHast
MapJieBasi TKaHb PUMEHAETCA 11 MECTHOM CTepUiIu-
3al[uu NIEpE] XUPYPTUUECKON onepaluei.

%
/N N=—=N
CH3

36a
CHsg
N—N O—CH—CH rl|+ C.H Br
- TCHTCHy " N—CpHapey BF
7 | |
N H
\N
o)

B amepukanckom marente 1958 r. [25] mpu-
BEJIeH IPUMEpP HCIIOJIb30BaHUs (DYHTUIIUIHOTO ITUK-
nnyeckoro gucaszocoenuuenus 35 B Bume 0,08%
cripest 11 00paboTKH s0I0HE. [IpemapaT MmoaHOCTEIO
nojasisieT poct rpuda Venturia inaequalis (s6mounas
Mapina), pa3BUBAOIIErOCs KaK Ha JUCTHIX, TaK U Ha
miogax. OTO K€ COeJAMHEHHE B KayecTBE KPaCHUTEI
CIIOCOOHO KOJIOPUPOBATh TEKCTUIIBHBIC MaTepHalIbl (B
YaCTHOCTH XJIONOK) B Pa3jMYHBIC OTTCHKH JKEITOTO
nBera. O OMONMIHBIX CBOWMCTBAX OKpANMICHHOW TKaHU
HE COOOIIEHO.

cl N=N Cl
PN TN
i
Cl ”\ )—C|
P Z X
Cl N=—/N Cl
35
CHHTE3WpOBaHbI ¥ OTHCAHBI TPU CEPUH KaTH-
OHHBIX MOHOa30KpacuTenel [26] B BUIe YEeTBEPTUY-
HBIX aMMOHHEBBIX COJICH, MUMEIOIIHUX CAMOCTOSTEIhb-
HOE TPHMEHEHHE B Ka4eCcTBE OWOIMIOB, BBHITYCKAIO-

IIUXCSI MPOMBIIIJICHHOCTBIO TI0J] TOPrOBBIMU MapKa-
mu: Bromo Geraminum u Domiphen Bromide.

CHs

+
O—CHzCHz—fl\l—CnHznu Br

CHj

CHj

CH3

366
CHs CHs
N H rl|+ C,H Br
_ 27—N—CpHpp+1 Br
v 7
\ H CH,
N (6]
368
n=3,8, 12.

AHanu3 pe3yibTaToOB HCIBITAHUH B BOJHBIX
pactBopax B orHomenuu Staphylococcus aureus u
Escherichia coli mokazan yMmeHbineHne O0aKTepHIHI-
HOM aKTHMBHOCTH B CICIYIOIIEM pSIy KpacHTelei
36a>3606>36B. DddekT ycunuBaeTcs ¢ pOCTOM JIJIH-
HBI YTJICBOJIOPOJHOTO PaJuKalia MPH YETBEPTHYHOM

aToMe a30Ta, 0OHAPYKEHO MO3UTUBHOE BIHSHHE d(DUp-
HOTO KHWCIIOpOJla HA MHTMOMPOBAaHWE OaKTEpHATHLHOTO
pocra. Bmecte ¢ TeM ciienyeT npu3HaTh, YTO CpaBHEHUE
AHTUMHUKPOOHBIX XapaKTEPUCTHK aMMOHHUEBBIX COJIEH,
HCTIONB30BAaHHBIX B CHHTE3¢ KpacHTesel ¢ Mmokasarens-
MH CaMHX KpacHuTesel He B TI0JIb3Y MOCIIETHHX.
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OTMedeHO, YTO HE3HAUYHUTENBHBIE CTPYKTYp-
HbIC U3MEHEHHUS! B MOJIEKYJIaX BBI3BIBAIOT CEPhE3HBIC
M3MCHEHHS OMONMIHBIX CBOWCTB. [Tokazano [27], 9To
3-MeTOKCH-4-aMHUHO0a300¢H30/1 00j1a1aeT TemaToKap-
UHOTEHHBIMH CBOWCTBAMU M MYyTareéHHOW aKTHBHO-
creio B otHomenun Escherichia coli u Salmonella
typhimurium, B To Bpemst Kak 2-MeTOKCH-4-aMHHOA30-
OCH30JI B TEX XK€ yCIOBUSAX aOCOMIOTHO HE aKTHBEH.

A300eH307b1, Oyarojapss CTPYKTYPHBIM OCO-
OCHHOCTSIM, SBIISIOTCS YPE3BBIYAfHO BAKHBIMHU TIPO-
MBIIUICHHBIMH KoopanTamu. OHE MOTYT OBITH TOJIE3-
HBIMU U B ApYrux obnactsax. OqHako uxX MpUMEHEHHe
TOPMO3HTCS BEPOSTHON KapIMHOTEHHOCTHIO M MyTa-
TeHHOCTBIO WX METa0OIMTOB. ABTOPHI paboThI [28] uc-
TMIOJIB30BAJIM KOMITHIOTEPHBIE BOZMOKHOCTH (ITAKET MPO-
rpamm CODESSA, cosmeriennsiii ¢ AMPAC 5.0) st
pacuera KBaHTOBO-XMMHUYECKHX, TEPMOTUHAMUIECKUX,
JJEKTPOCTATUIECKUX, TEOMETPUUCCKUX M Jp. mapa-
METpoB 43 CTPYKTYPHO IOJOOHBIX a30KpacHuTelen
37a-B ¢ menpr0 TpeAcKa3aHusl MOTEHIINAIBHON KapIm-
HOoreHHOCTH. OnTHMM3aIMs CTPYKTYp IPOBEICHA C
MIPYMEHEHUEM MOy MMM pHUYecKkoi cucteMbl AM1.

oY) .

R™
R

N

\ 7/

S R

37 a-B
37a R =R'=CHjs; R", R"" = CHs;, COOH, COH,
CH20ACc; 376 R=R'=H; R”, R"" = CHzs, OH, OFPr,
OMe, OEt, OCH,CH,0OH; 378 R=H R’ = CHz; R",
R = CHs, OH, COOH, CH,OH.

YpoBeHb MYTareHHOCTH aMHUHOa300€H30JI0B
37a-B 1 uX MeTabOIUTOB aBTOPHI OIIEHUBAIU TIO
UMEIOIIMMCS B JINTEPAType CBEACHUAM 00 UX pacrpe-
JISJICHNN B CHCTEME OKTaHOI-BOoja. bomee miu MeHee
OJIHO3HAYHBIHN BBIBOJI, KaK 0Ka3aJ0Ch, MOXHO C/IeJIaTh
TOJILKO O HEAKTHBHOCTHU JIBYX COSAMHEHHIA: 3-METOKCH-
4'-mryTIiIaMrHO0a300€eH301a U 2-METOKCHaMHUHOAa30-
Oensona. B npyrux cimydasx pacdeTHBI YPOBEHb OBLIT
CUIILHO 3aHIKEH WM He OBLI orpesiesieH Boooe [29].

B oOcyxnaemoMm psiiy a3okpacuresei 0e3-
YCIIOBHO BBIACIISAIOTCS COCIUHCHHMS, MOJyUYECHHBIC Ha
OCHOBE TIPOU3BOJHBIX ()E€HOJIOB, HA(PTOIOB, CAIHIIHU-
JIOBOW KHCJIOTHI M €€ aHAJOroB, T.K. IEPEUYHCICHHBIS
THAPOKCHIICOJICPIKAIIIE  HPOM3BOJIHBIC  SIBJISIOTCS
CWJIBHBIMH OWOIIAIaMH.

CuHTEe3UpOBaHHBIE Ha OCHOBE METWI(IOPO-
[JIIOIMHA a30KpacuTenu ooiei dopmyasl 38 u 39,
MIPOSBISIIOT aKTUBHOCTH B OTHOIIEHHH YacTO BCTpe-
YaIOMIMXCS Ha TEKCTWIBHBIX MaTepualiax MHUKPO-
mureroB (Aspergillus niger, Aspergillus flavus, Ulo-
cladium ilicis, Penicillium chrysogenum).

12

CHg CHa
OH OH OH OH
2NO Ar—N _N
N Ar %N N \Ar
OH OH
38 39
CHs
OH OH
OH
_N
N/
OH
NO
40 2

Ar = QyHKIIMOHAITEHO 3aMeIleHHbIE apUITbHEIE,
Ha()TWIBHBIC U T€TaPHILHBIC PATUKAIBI.

VYcTaHoBIEHO, YTO MOHOAa30coeauHeHus 38
MPOSIBIISIIOT SIPKO BBIPAKEHHYIO (PYHTHIUIHYIO aK-
TUBHOCTb. A a3zokpacurens 40 mis okpammBaHUS
MIEPCTH U KapoHa MOJHOCTHIO TIOJIABISET POCT TPHU-
6a Aspergillus niger u Ulocladium ilicis kak B Buzme
0,1% pacTBOpa, TaK M Ha OKpAIICHHOM MaTepuale.

HNHTEepecHO OTMETUTH, YTO AMCA30COEIMHE-
Hus 39 1o QYHTMIUAHOW aKTUBHOCTH YCTYMAIOT MO-
HoaszocoennueHusaM 38 [29-31].

HawuGonbiiree pacnpocTpaHeHUE Kak aHTHCETI-
TUKM ¥ (DYHTHIUIBI OTYYMIM aHWIH/IBI CAJTUIIAIOBON
kucioThl. CHUITbHOW (DYHTHIIMTHON aKTUBHOCTBHEO OOIIa-
JIAFOT XJIOP- ¥ OPOMCAMITIIAHUITU]IBI, KOTOPBIE HCTIOIh-
3YIOT JJIs1 JICUCHUSI TPHOKOBBIX 3a00JICBaHMI YeslOBeKa U
JKUBOTHBIX, a TAK)KE B KQUECTBE aHTUCENTHKOB [19].

B mucceprammu Kosznosoit C.E. [32] omucan
CHHTE3 HOBBIX aHUINIOB CAIULIMIOBOM KUCIOTEI 41-45,

R3

RZ

0

R

N R?
H

OH

Rl
41-45

41R=R'=R?=R3®=R*=H;42R=R!=R?=R%=H,

R:®=Cl;43R=R!'=R*=H,R?=R*=Cl; 44R=R!=(],

RZ=R*=H,R*=NO,;; 45R=R!'=CI, R?=R*=H,
R3®=NH;

Coenunnenus 41-44 ucrons30BaM Kak a30co-
CTaBISIONIME, a aHWIUA 45 — Kak Jra30COCTaBIISIO-
IIYIO JUISL CHIHTE3a a30Kpacuteseil. Bee oOpasipl mep-
CTSIHOW TKaHH, OKpAIlICHHbIC KUCIOTHBIMU KPacUTEIISI-
MH, TIPOSIBIISIFOT BBICOKYIO aKTHMBHOCTH IO OTHOIICHUIO
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K TUIECHEBBIM TpHOaM, COXPaHSIOUIYIOCS TOCe BOCh-
MHYacOBOH NPOMBIBKH B TPOTOYHOH BOIOMPOBOIHON
BoJie. B HEKOTOPHIX Ciydasx HaOIIOAAeTCsl KOJIMIECT-
BEHHOEC CHIDKCHHE W OaKTepHALHONW 0O0CEMEHEHHOCTH
(na mpumepe Staphylococcus aureus u Escherichia coli).

B a10i1 ke pabote wccienoBaHbl U OHOITHITHBIC
CBOMCTBA a30KpacuTesIeH Iy OCIKOBBIX M IIEJITIONIO3HBIX
BOJIOKOH. B KavecTBe a30coCTaBISIIOLICH aBTOP MpUMeE-
HSUT 8-OKCHXWHOJIMH, MHOI'ME TPOHM3BOAHBIE KOTOPOTO,
KaK W3BECTHO, MPOSBILIIOT OMOJIOTMYECKYI0 aKTHBHOCTh
KaKk QyHrumuasl U Oaxrepurmabl [19]. OkpaiueHHbie
9TUMH KpacUTeNIMH OETKOBBIE U IIEJUTIONIO3HbBIC BOJIOKHA

0O=—=0

Iz

46

SONa
SOaNa
©/ SO4Na
N N
\( cl
Cl Cl
47

B nmatente [34] npuBOAT Ipyrue CTPyKTypHO
MOT0OHBIE a30KPACHUTENH HIMPOKOM IIBETOBOW T'aMMBI
¢ obrrelt hopmyJioii 49 a1 KpalieHus MEPCTH.

A-N=N-B
49

R = H, SOsNa, R! = H, Br;

Br R

00J1a/1af0T BBICOKOW YCTOWYMBOCTBHIO TIPOTHB ILIECHEBBIX
rpubOB, TIPUYEM YPOBEHb OMO3AIUTHI 3aBUCUT OT KOJH-
YecTBa KPACHUTEIS, 3aKPETMBILIETOCS HA BOJIOKHE.

ABTOp OoTMeUaeT, 9YTo OHOIIOTHYEeCKasT aKTHB-
HOCTh CHHTE3MPOBAHHBIX KpacHUTeNIeH ompenenseTcs
CBOWCTBaMHU MCXOAHBIX aHWJINAOB CATHLIMIOBON KHC-
JIOTHI U 8-TUAPOKCUXWUHOMNHA [32].

Corpynanku [IHUUIepctu B 1980 r. 3ama-
TEHTOBAJM psif a3okpacuteneii 46-48 nns mepcTsHo-
r0 M XJIONMKOBOTO BOJIOKHa (OpaH)KeBO-KpacHas ram-
Ma), COACPIKAIINX Pa3INUHbIC aKTUBHBIC (PparMEHTHI:
CaMLIMIaHUINAHBIH (46), MOHOXJIOPTPUA3UHOBBIA H
TpHXﬂop(beHOKcnzLHLIﬁ (47 u 48) [33].

HOD/ * S0,CH,CH,0S0O3Na

OCH;

SO3Na

OH

Cl
HN N (0]
\( \(
N N
\( cl
Cl Cl
48

cl

c| N R -
cl
B = Naoss” i i :so Na  NaOsS I l SO3Na,

H3C

OH, CH3;
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Bce nmpennoxennsie B natentax [33, 34] kpa-
CUTEIH NPHUIAIOT TKAHSIM BBICOKYIO (DYHTHIUAHYIO
AKTUBHOCTh B OTHOLIEHHWU I'pUOOB, pacHpoCTpaHEH-
HBIX Ha TEKCTHIBHBIX MaTepHajax TEXHHUYECKOTIO
Ha3zHaueHHs. BrIKpacku o0JanaroT BBICOKOH YCTOM-
YUBOCTBIO K (PU3NKO-XMMHUYECKUM BO3JEHCTBHSIM.

Cpenn WCTBITAHHBIX B OTHOIICHWH TPHOOB
Aspergillus niger, Aspergillus flavus, Ulocladium ilicis,
Penicillium chrysogenum azocoenunenuii 50-54 xpa-
curens 50, Mony4YeHHbIH Ha OCHOBE 3,5-TWHHUTPOAHU-
JIMHA, TIPOSIBIJI BBICOKHI YPOBEHb OMOJIOTHYECKON aK-
tuBHOCTH (90%). 3aMeHa HUTPOTPYIIHBI B JAHA30KOM-
MOHEHTE HA METOKCU-TPYIITY NPUBOAMUT K CHIKCHUIO
GbyurunmaHon aktuBHoctH Ha 30% (kpacutens 51).
AzocoenuHenusi 52-54 mposiBUIM MEHBIIYIO aKTHB-
HocTh (okono 20%). Bee mpencraBienHsle B pabote
A30COEAMHEHUS] MMEIOT LIMPOKYIO LBETOBYI0 TaMMy
(OT &KENTOro A0 YEpHOro) M MOTYT OBITH HCIONB30Ba-
HBI 17151 KOJIOPUPOBAHUS PA3TUYHBIX TEKCTUIBHBIX Ma-
TEpUAJIOB KaK M3 NPUPOIHBIX, TaK U CHHTETHYECKUX
BOJIOKOH METO/JaMH KpallleHHs U Tmedatd. Beikpacku
HMEIOT BBICOKYIO YCTOMUMBOCTD K JIEHCTBHUIO CyXOTO U
MOKpOT'O TPeHHsI, CTHUPKH 1 moTa [35, 36].
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54

Benenune rerepouluKIMYecKoro ¢gpparMeHTa B
MOJIEKYJTy a30KpacHTels, KaK MPaBHiIO, MPUBOAMUT K
MOBBIILICHUIO OMOJIOTHYECKON AaKTUBHOCTH HJIM yBE-
JIMYEHHIO €€ YPOBHS.

WNunuiickumu aBTopamu [37] cuHTE3UpOBaHA
cepusi a3ocoeIMHeHNH 00mei ¢popmynbl 55 Ha ocHO-
B€ 4-TMIPOKCHUKYMapuHa, MPOSBISIOLINX BBICOKYIO
(YHTHIMIHYIO aKTUBHOCTh B OTHOIIEHWH T'pUOOB
Helminthosporium oryzae u Alternaria tenuis, BbI3bI-
BAaIOLIMX 3200JI€BaHUs PHCA, CHIKAIOIIUX BCXOXKECTh
CEeMsIH, U3PEKUBAHUE BCXOJ0B, YMEHBIIAIOUINX ACCH-
MWISIUOHHYIO TIOBEPXHOCTh JIMCTHEB, @ WHOTJA BbI-
3pIBaoOIEX ToJeranusi moceBoB. [Ipemaraemple s
9TOH LM BELIECTBA U3 CUHTE3UPOBAHHOM CEPHH MPU
kourentparuu 1:1000 momasistror poct Alternaria
tenuis ma 80-88%, Helminthosporium oryzae ma 87-
90%. HanGonplryto akTUBHOCTH MPOSBIISIET COCTUHE-
Hue 55, roe R = 4-Cl.

o) (0]
@EZ“
OH

N

X
55 | JR
F
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CH; N N
56 | TR
F

R=H, NOz, OH, Cl, Br, OCH3, 2,3-(CH3)2.

N3B. By30B. Xumus u xuM. texHosorus. 2017. T. 60. Bemm. 1



W3B. By30B. XuMmus u xuM. TexHojorust. 2017. T. 60. Beim. 1

[Mozauee aBropamu [38] mokasaHo, 4To a3o-
coeauHeHust oOmed Qopmynsl 55 obnagaroT spko
BBEIPOKCHHON aHTHUMHKPOOHOW aKTHBHOCTHIO B OTHO-
menun Staphylococcus aureus, Escherichia coli,
Salmonella typhi, HO He akTHBHBI B OTHOILICHUH
Pseudomonas aeruginosa.

[TokazaHo Takxe, 4To cepus 3-apuia3o-/-
THIPOKCH-4-METUIKYMapuHOB oO0mmel (opmynsl 56

MPOSIBJIIET aKTUBHOCTH B OTHOmIeHHH Agrobacterium
tumefaciens, Azatobacter spp., B. megatherium,, B. sub-
tilis, Rhodococculs rhodochorus [39].
AzocoennHenns oOmei Gopmynsl 57 moryT
0Ka3aThCsl MEPCICKTHBHBIMU JUIsI pa3pabOTKU XUMHO-
TEPaNeBTHICCKUX MPOTHBOPAKOBHIX IperaparoB [40-
46]. Mexaan3M WX IEHCTBHS OCHOBAaH Ha WHTHOWPO-
BaHUM ITUKIMH3aBUCUMBIX KUHA3 (CDK-uHruourtopsr).

NH,
N R
= C
N
HN— /
NH,
57

I'ze: R = H, CH; F, CI, OH, Br, I, CH,NH,

H3C

g

0
NHE - HNNHJ -

H3C

Hucazoxpacurenu 59a-k nosryueHsl [47] dyepe3 cTaanio 00pa30BaHUsl aMUHOA30MKpa3oia 58 mo cxeme:
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X/_ /NH \
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CHs X\NH;,
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X

‘\\
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NH,—NH,- H,0

_—

N—NH
NH
59 a-k

59a, X = H; 596 X = p-OCHpgs; 598 X = p-Cl; 59r X = p-CHjs; 591 X = m-OCHzs; 59¢ X = m-Cl; 59k, X = m-
CHs; 593 X= 0-OCHpgs; 59u X = 0-Cl; 59k X = 0-CHs.
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HcneiTanuss aHTUMUKPOOHOW aKTHBHOCTH
TIPOBEIEHBI Ha TPYIIIIE MUKPOOPTaHU3MOB BOCHMH BH-
nos: Bacillus subtilis, Staphylococcus aureus, Micro-
coccus luteus, Enterococcus faecium, Escherichia coli,
Proteus vulgaris, Candida albicans, Candida glabrata.
Kpacurenu 59a-B, a, € 001a1al0T HEOKUIAHHO BBICO-
KUMU (DYHTUIMIHBIMH CBOWCTBAMH B OTHOIICHUH
C. Glabrata, xpacurenn 598, 1, € — IPOTHB IIECHEBBIX
rpuboB C. Albicans, ypoBeHb 3aIIUTHI, CPABHUMBIN C
npenapaToM (IIFOKOHA30JI0M, JIOCTUTASTCS MPH MEHb-
IIMX KOHIICHTPAIMSIX aKTUBHOTO BEIIICCTBA.

I'pynna kpacuteneil, Ha OCHOBE a30COCTaB-
msonux 60-63 ¢ 6uodopHBIM (pParMeHTOM XJIOP-
win  auxyop-1,3,5-TpuasuHa, peKoMeHAOBaHA IS
OTHOBPEMEHHOT'O KpamleHWs ¥ OMO3aIHThl XJIOM4a-
ToOyMakHBIX MaTepuanoB [48]. M3BecTHO mmpokoe
MpUMEHEHHe MPOU3BOAHBIX 1,3,5-TpHazuHa B Mpou3-
BOJICTBE (DYHTUIUIOB U TepOumIoB [19].

SO3Na | I NH\( Y

CI
SO3Na ! I \( \( :
OH cl
NH OH
: :COOH

e
o
SRe

OH Cl

T

ogeacl

OH 63 Cl

OTMedeHo, 4TO 3aMellleHHe OJHOTO W3 JIBYX
aTOMOB XJIopa B coequHeHnH 60 Ha OCTaTOK aHWJIMHA
(61) pesko cHmKaeT OMO3aIUTHBIE CBOWCTBA 00pado-
TaHHOH TKaHW, a BBEJICHHE B OCTATOK aHHMJIMHA TPYIIIL,
BXOJSIINX B COCTaB CTPYKTYp OHMOJIOTHYECKH aKTHB-
HBIX coeuHeHu# (62 u 63), MoBbIIIAET OMO3ANUTHBIC
cBoiicTBa. buosiornueckass akTUBHOCTb KpacHUTeleu
3aBHCUT TaKX€ OT CTPOCHHS JHa30COCTABIISIOIICH.
Tak, ecnu 1711 a30COUYETaHMs UCTIONB3YIOT XJIOPUCTHIN
M-OpoMpEeHUIINA30HUE, TO 00pa3yrOIIUHCA Kpacu-
TeNb 00ecreunBaeT OKpalnBaeMoMy MaTtepuany 06o-
Jiee BBICOKUI OMO3aIIUTHBINA 3P PEKT, YeM KpacHTeNb,
B KOTOPOM aTOM OpoMa HaxOAMTCS B O-TIOJIOKEHHUH K

SO;Na

16

azorpymre. OTMedaercs Takke TOT (haKT, 9TO KpacH-
TEITH, CHHTE3UPOBAHHBIE HEMIOCPEICTBEHHO HA BOJIOKHE,
JIydIIe 3alUIIAI0T TKaHb OT OnopaspyiueHus [48].

CuHTE3UpOBaHbl KpacuUTeIH Ha OCHOBE 6-
3aMEemeHHBIX 2,3,5-TPUXIOPIUPUIAHOB U H3yUECHBI
WX CBOWCTBAa. AKTHBHOCTH TaKOTO POJia COCOUHEHUI
npuBena K co3aanuio B 80-x romax cepuu 3h¢hexTHB-
HBIX TIECTHIMIOB IMHPOKOTO crekTpa Acictus [20].
OO0pa3Iel MEePCTIHOW TKaHW, OKPAIIeHHON KpacuTe-
nssvu 64 1 65, mposSBUIIM BBICOKYIO OMOCTOHKOCTH K
JICHCTBHIO IJICCHEBBIX TPpUOOB [49].

OH
N
l
N\O\
SO3Na
/@/@ ﬁ N

B rpynne A30KOMIIOHEHTOB Ha OCHOBE MpO-
M3BOJIHBIX JTUXJIOPIUPUANHA 66 M reTapuiizaMenneH-
voro 1,3,5-tpuazuna (67 u 68) [50] HauBBICIIYIO
(GYHTHIUAHYIO AKTHBHOCTH TMPOSIBISICT COCIUHCHUE
66, a HaMeHee aKTUBHO coeauHeHue 67,

Takast >ke 3aKOHOMEPHOCTh COXpaHsIeTCd U B
pALy a30COCIMHEHUHN, CHHTE3UPOBAHHBIX HA UX OCHO-
Be. [Ipu nccnmenoBanmy oOpa3IioB OKpPaAIICHHOW TKaHU
OKa3aJI0Ch, YTO KHUCIIOTHBIE KPACHTENH, IOTYICHHBIC
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Ha OCHOBE coefuHeHHs 606, 3anuiaT OeIKOBBIE
TKaHU OT OWOMOBPEKICHHIN, B TO BPEMsI KaK aKTHB-
HBbIC KPAaCHTEH, B KOTOPHIX B KQ4eCTBE a30COCTaBJIS-
FOIIMX HCIIOIB30BAIM COEIUHEHNE 67, TaKOM 3aIUTEI
He oOecrnieunBarot. Takum 00pa3oM, BBISBICHA 3aBU-
CUMOCTh MEXJy OHMOJOTHYECKOW AaKTUBHOCTHIO HC-
XOIHBIX TETEPHIICOICPKAIITIX a30KOMITOHEHTOB, a30C0-
€/IMHCHUIA, MOJMyYCHHBIX Ha WX OCHOBE, M 00pasIloB,

T
Y

NH  OH
' ' N=—N—-R
SO3H

OKpAIIEHHBIX C UX UCHOJB30BaHUEM. Y CTAHOBJICHO, YTO
OMOLIM/THBIE CBOMCTBA M3YUCHHBIX KpacUTEICH 3aBHCAT
B OOJIBIIIEH CTETIEHH OT CTPYKTYPbI COSAMHEHNS, YEM OT
crioco0a 3aKpeTuIeHHsT KPacHUTe sl Ha BOJIOKHE.

Agtopamu [51, 52] ¢ uenpr0 npugaHus OHO-
LIUIHBIX CBOWCTB KPACHUTEISIM M MMMUTMEHTaM IIPeyio-
YKEHO TaJIOTEHHPOBATh aMUHOTPYIIITY 10 THITY:

X =Cl, Br; X, Xa=Cl, Br, I, F

Coeaunenus oouier GpopMyisl 69 pekomeH Io-
BaHO HCIIOJB30BaTh B KauecTBe J00aBOK B Kpacsiiye
KOMIIO3UITUH JJIsI KOJIOPUPOBAHUS TIACTUKOB, PE3UHBI,
JepeBa, BOJIOKHUCTHIX MaTEepUaJioB, a TAKKE B COCTaBe
KpacoK M AMaJielt JJisl OpraHM4YecKuX MOKphITHA. OKpa-
[ICHHBIC MaTEpUaJbl MPOSIBISIOT BBICOKYIO YCTONUH-
BOCTb K JICHCTBHIO OaKTepHid, TIIECHEBBIX TPHUOOB.

B mmccepranun Peiounoit WM.M. [53] mpen-
CTaBlieHa cepusi a3okpacureneit odmeit Gpopmynsr 70
u 71, a Takke Kpacurenb 72, conepxamue 3,5-
JUXJIOPIUPUAMIBHBIA (hparMeHT. A30KpacuTeln B
paznuunoiil crenenu (10-70%) moaaBAsIOT POCT MUK-
poopraunusmoB (Aspergillus niger, Aspergillus flavus,
Ulocladium ilicis, Penicillium chrysogenum). B
OOJNBIIMHCTBE CIy4aeB HaOMIoaeTcss TOJaBICHHE
CrIOpoHOIIIeHUs] TpuOHUIl. [logaBieHne CHOPOHOIIe-
HUSI IPUBOJIUT K YMCHBIIICHUIO BEPOSITHOCTH PACIIPO-
CTpaHEeHHUsl TPUOHON WHQEKIMH W K TIOCTCIICHHOMY

OTMHPAHNIO MULICTIHATIBHBIX KJICTOK FpI/I6a.
Ar

/
N—N
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XZYNTXl
N\ N
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Cl Cl
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N/ N // ’
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N=—
CHs
72
R =H, CH3; R? = 0-OH, n- N(CH3)2, n-OH, u-OH; R®

= H, m-CHs, 5-OCHgs, n-NO3; Ar = C¢Hs, n-HOOC-
C5H4, H-HSOs-C5H4; Al

HaC NH,  Naoss
N
v CHs
N
OCHj

HO
Omnucansl A30KPACUTCIIN OPAHKEBO-KPACHOI'O

[[BETA HA OCHOBE JIPYroro OMOJIOIMYECKH aKTHBHOTO
COeMHEHMSI — S-amuHOmHpasoia. Cpemu azocoeau-
HeHuid oOmed ¢opmynsl 73 HaileHbl KpacuTelH,
crocoOHble obecrieunTh 3PQPEeKTUBHYIO OHMO3AIIUTY
TKaHel oT JmeicTBUs miecHeBsIX rpuboB: Aspergillus

rt=

niger, Aspergillus flavus, Ulocladium ilicis,
Penicillium chrysogenum [54].
N—, ~
Rl 720 '/A‘r
/
—=N
N/
R2

| |
¢ = c S,
R—Me, h, \ZI\I, N/ ; —Me, h,

n-Cl-Ph; R® = Ph, 3,4-(CH30),-Ph;
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OH
OH
we (T I

SO3Na

Haunbonbiryro akTUBHOCTD Cpea CUHTE3UPO-
BaHHBIX M M3YYCHHBIX COCAMHEHHH MPOSBISIIOT Kpa-
curenu 74-76, xoropsie nipu koHneHTpanyu 0,1% Ha
90% momaBiIsIIOT POCT MUKPOMHULIETOB.

OH

cl OCH,  OCHs

76

18

NH, OH CHs

O,
HO N/

NaO,S SO;3Na

SO3Na

HpI/I HCCjIeA0BaHUU 3aBHCHUMOCTH AKTHBHO-
CTU B pAAYy aMHUHOIIMPA30JI — a30KpaACUTCIIb aBTOPbI
pa60TI:I CAcjiaJin BbIBOJbBI, YTO MIpHU MNEPEXOAC OT UC-
XOJHBIX aMHHOIIMPA30JIOB K IOJYyYaCMbIM H3 HHUX
A30KpaCUTEIIAM (I)YHFI/II_II/I,Z[HaSI AKTUBHOCTH B IICJIIOM
COXPAHSETCA.

B HenaBHO omyOIMMKOBaHHOM paboTe erumeT-
CKHX Y4YCHBIX Ha OCHOBC 5-aMI/IHOHI/Ipa3OJIa CHHTEC3U-
poBaHa cepusi aKTHBHBIX a3poOKpacuTenieil ¢ oOmei
¢dopmynoit 77, CHOCOOHBIX MPHIAATH XJIOMYATOOY-
Ma’XHbIM TKaHIM aHTI/IMI/IKpO6HYIO AKTUBHOCTH B OT-
momennu Staphylococcus aureus, Serratia marces-
cens, Shigella dysenteriae, Enterobacter cloacae,
Escherichia coli, Candida albicans [55].

DORes
/ ! OH >/N

R
N
NaO;S
SO3Na
77
R =H, Cl, CHs

Azomupazonst popmynsl 79-81 cunTe3MpOBa-
HBI 230COYETaHUEM COJIeH TUa30HUS /8, comeprKaIix
B KauecTBe 3aMECTHTENICH B apuiIbHOM (QparMeHre
TeTEePOIMKINYECKU  (MOpQONMIBHBIA, THPPOIH-
TTBHBIN, THIEPUANITBHBINA, 4-MeTHIUNEPUINITBHBIN)
panukan u QpyHKIMOHAJIbHBIE TPYIIBI (HUTPOIpyIa,
alleTWIbHAs TPYIIa, aToM XJiopa U Ap.), IPOSBISIOT
CpeadHUH ypOBE€Hb MHIMOMPOBAHUs 1O OTHOLICHHUIO K
TEM K€ MUKpomuueram [56, 57]. B cunrese ucnomns-
30BaHbl TAK)K€ aMUHBI, COIEpIKaIIe 3,5-ANXJIOPIIH-
PUIMIIBHBIA (parMeHt, BIMSHHUE KOTOPOTO Ha OWO-
[UJIHbIE CBOMCTBA KpacUTeN sl MOKa3aHo B OoJiee paH-
HUX paborax [58].

AzocoenuHeHne 82 Ha OCHOBE XHHOJIMH-4-
KapOOHOBOH KHCIIOTBI OKPAIIMBAET MIEPCTSHBIE U T10-
JIUKallpoaMU/IHbIE BOJIOKHA. [IpuM KOHIEHTpanuu
0,1% (B Boxe) obecieunBaet 100 %-HOE momaBneHNe
pocra rpubos Aspergillus niger, Aspergillus flavus,
Ulocladium ilicis, Penicillium chrysogenum [58].
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85R= BI‘, Ar = C5H4CH3-4; 86R= NOz, Ar = C6H5
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Nzyuenue GhapMaKoIOrHUeCKUX CBONCTB IPO-
JIYKTOB KOHJICHCAIIMW COJed nua3oHust 83 ¢ mpous-
BOJIHBIMH MHUpa30yioHa 84 moka3ano, 4To COeAUHEHHUS
85 1 86 mposBIAIOT BBHICOKYIO MPOTHBOBOCIATIUTEb-
HYI0 aKTUBHOCTh, 3HAYUTEIBHO MPEBOCXOMAIIYIO aK-
TUBHOCTHh DTallOHOB, a coeanHeHWe 86 mposBiseT
TaKXe 3aMETHYIO TPOTHBOCYAOPOKHYIO aKTHBHOCTb.

Omnucano coenuHenue 87, oOamaroliee BbI-
COKOM NIPOTHUBOOMYXOJIEBOH M aHTWICHUKEMUYECKOM
aKTUBHOCTBIO [58].
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— N
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/ N (0]
N EtO
87
OCHOBBIBasICh Ha WIEE CO3JAHUS BBICOKOA(]-
(hbekTUBHBIX (DYHTHIMIHBIX a30KpacUTENeH Jis 3alllu-
THI PA3TIMYHBIX MATEPHATIOB OT OMOMIOBPEKACHUH, BBI-
3BIBAEMBIX pa3HOOOPAa3HBIMI MUKPOOPTaHM3MaMH, Ha
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90

COONa

MIPOTSHKCHUH MHOTHX JIeT Ha kKadenpe OpraHudeckoit
xumun MI'YAT Bemytcs paGoTel mo pa3paboTke 00-
ero Mmojxoja (aIropurMa) CHHTE3a IMOJU(BYHKIIUO-
HaJBHBIX apui(TeTapuil)a30COeINHEHHH, MO3BOJISIO-
IFX CIIPOEKTHPOBATH CTPYKTYPY COCTMHEHUS C HE00-
XOIMMBIM HaOOpPOM TPAKTHIECKH BaKHBIX CBOWICTB JI0
Hayaja CHHTE3a, a Takke paboThl 1O BBISBICHHIO B3a-
MMOCBSI3H MEXY CTPOCHHEM COCTMHEHUN W ypOBHEM
MIPOSIBIISIEMON MU (DYHTHUITUTHON aKTHBHOCTH [59].

OTnenbHOTO YIIOMUHAHHUS 3aCITyKUBAIOT a30-
KpacHTelll, COCOOHBIE B3aWMOJICHCTBOBATh C MOHA-
MU METaJUIOB.

B pa6orte [60] uccrnenoBanbl CyOCTaHTUBHBIC
(mpsiMBIE) KpacHuTeNu, COpOUPYIOIINE COTM METAILIOB,
HaIrpuMep MEIH M XpoMa, KOTOPBIe CaMH 110 cebe sB-
JISFOTCS aHTUCENTHKAMH. JTO OTHOCHTCS K KpacuTe-
JISIM, UMEIOIIIUM B CTPYKTYpe KOMIUIEKCOOOpa3yronue
rpynmsl. s uzydeHus: ucnoisb3oBanu IIpsmoit TeM-
Ho-3eneHbd 88, Ilpsamoit kopuunessrii KX 89, Ilps-
moii wepHbiid 3 90, [IpsmMoii sxenThiii CBETOMPOYHBIN
3X 91, Mpsmoit cunmii ceeronpounbiii KY 92. Bee
KpacUTEI! XOPOIIIO 3alUIIAl0T TKaHb OT THHEHUS.
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B paGore [61] mpemioKeHO HCIONIB30BATh
JUTSL TPOTUBOTHIIIOCTHOM MPOTMTUTKY JIFHAHBIX TKaHEH
IIpsimotii sxenToiit cBetonpounsiid 3X 91, [psmoit xo-
puuneBsiit KX 89. Kpamennem npu HeOONBIINX KOH-
neHTpauusax kpacurens B mxurrepe (0,006-0,05%) c
TIOCIIEAYIOIINM 3aKpEIICHHEM B BaHHE C MEIHBIM Ky-
MOPOCOM U XPOMIIMKOM yJA€TCsI IOIYYUTh BBIKPACKH C
XOpOUIEN MPOTUBOTHUJIIOCTHONW YCTOMYMBOCTBEO M OT-
TEHKOM, ONW3KAM K OOBIYHOW MPOTHBOTHUIIOCTHON
TPOITUTKE C PUMEHEHUEM JTyOMITBHBIX SKCTPAKTOB.

Ha xadeape XTBM MI'TY um A.H. Kocsi-
ruHa B 1963 1. BeIMONHEHa pabota [62], B KOTOpOH
MPOBEJICHO M3YYeHHE aHTUMHUKPOOHBIX CBOWCTB BHC-
KO3HOW TKaHU U TPUKOTaXKa, OKPAIICHHBIX YETHIPhMSI
AaKTUBHBIMH KPaCUTEISIMU C TOCIEAyIone o0padoT-
KOl comsimMu cepebpa u memnu. llpm ucmons3oBaHUN
coJieli cepeOpa BO Bcex ciydasx HaOmromanock 100%
CHIDKEHHE OakTepuallbHOH OOCEMEHEHHOCTH, a MpH
UCIIOJIb30BaHUU Menu B konuyecTtBe 1,09% ot Macchl
BoJsiokHa — 97-98% cumxenue.

OTMedanock, 4TO MIEPCTSIHbIE TKaHH, OKpa-
IIICHHbIE HEKOTOPHIMH KHUCIOTHBIMH H aKTHBHBIMH
KpacUTEIsIMH, a Takke oO0paboTaHHBIE COJSMH cepe-
Opa ¥ Menu, MPOSIBIIIM BBICOKYI0 aHTHMHUKPOOHYIO
AKTUBHOCTb JJAXKe TI0CJIE MOKPBIX 00paboToK [63].

UccnenoBana Owuonornyeckass aKTUBHOCTh
NPOMBIIIUIEHHBIX XPOMCOIEPKAIIUX KpacuTenen co-
craa 1:1; 1:2, a Tak’ke XpOMOBBIX KpacuTtenei, oopa-
3YIOIIMX KOMIUIEKCHI C METAJIJIOM B IpOIecce Kparie-
Hust [32]. KaxxapiM u3 kpacuteneil ObUTM BBIKpaILleHbI
00pa3ibl YUCTO NIEPCTSHOW TKAHH, TOJBEPTHYTHIC
3areM OMOJOrn4eckuM HcrbplTaHusaM. Kak okazajioch,
XpOMCOJIepXKallie KpacuTelH, NPEACTABISIOMNE CO-
0ol KoMmIuIeKChl coctaBa 1:1, coo0maT TKaHU BHI-
COKHE aHTHOAKTEepHAIbHbIC CBOWCTBA (CHIDKCHHE
OakrepuanbHOil obcemeneHHoctn — 100%). Xpomco-
JepKalmuid  KpacuTellb — KOMIUTIEKC cocTaBa 1:2 u
Kpacutenu, oOpa3yrollue KOMIUIEKCHl B Ipolecce
KpalleH!s, MPOSBIISIOT 3HAYUTENILHO MEHBINYIO OaK-
TEPULIIHYIO aKTUBHOCTH (CHM)KEHUE OaKTepualbHON
00CeMEHEHHOCTH B cpexHeM cocraisger 50-70%).
UccnenoBanHble KpacWTeld HE COOOINAIOT TKAaHU
YCTOMYMBOCTH K JEHCTBUIO IUIECHEBBIX TpPHOOB, 32
UCKJII0YeHHEM KpacuTelss Xpomosoro xenroro K 93,

HO
NH,

/7

SO4H
OCHj

MIPOU3BOJHOTO CATMIIMIOBON KHUCIOThL. OOBSICHEHUS
ATHM 3KCIEPUMEHTAIBHBIM (DaKTaM aBTOPHI PabOTHI
HE MPHUBOJISIT.

HO4S N

COOCH
B paGote [64] BbickazaHO MHpeAIOIOKEHHUE,

YTO OWOIMIHBIE CBOWCTBA KpacUTENEH CBS3aHBI CO
CIOCOOHOCTBIO IMOCTIEIHUX OOPa30BBIBATH XEJIATHBIC
OUKJIBl C METaJUlaMH — aKTUBATOPaMH MHUKPOOHBIX
(hepMEeHTOB, N3BJICUCHHBIMU U3 TPUOHOW MHILIEIIIBI, U
TEM CaMbIM WHTMOWPOBATh UX aKTMBHOCTh. OOBEKTA-
MU HCCIIEJIOBAHUSI CITY>KWJIA BBIITyCKaeMbIe TIPOMBIIII-
JIEHHOCTBIO XPOMOBBIE KPAacHUTEINH, B KOTOPHIX B 0,0'-
MOJIOKEHNUH K a30TpyIIle HaXOAATCsl KOMILIEKCooOpa-
syrotue rpymisl (-OH, -COOH, -NHz) unu kpacute-
T, COJAEpKaIlMe OCTaTOK 8-THIPOKCUXWHOJIMHA.
[Ipumepamu MoryT ciayxuTh XpoMoBbl cuamid K 94
1 XpOMOBBIH IPOYHO-OpaHkeBbIi [ 95.

OH HO
HO
N SO;Na
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Bce wuccrmegyeMbie XpOMOBBIC KpacHUTEINH,
HaHECeHHBIE Ha TEXHUYECKOe CYKHO 06e3 XpOMHpPOBa-
HUS, COOOIIAM YCTOWYMBOCTh K JCWCTBUIO TIJICCHE-
BBIX TPHUOOB. AKTUBHOCTHh YCWJIMBACTCS TPHU BBEJe-
HUU HATPOTPYIIIBI B 0-TIOJIOKEHUE K THIPOKCHUIHHON
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rpymme. [lo-BuauMOMy, B 3TOM Ciydae, BO3MOKHO
o0pa3oBaHKe XeJaTHOrO MUKIA C KOMIUIEKCOOOpasy-
IOIMMH TPYMIaMH B MOJICKYJIaX KPaCHTENs, HalpH-
Mep XpomoBoro kopuuHeBoro K 96 u Xpomosoro
teMHo-3¢e1eHoro C 97.

O,N OH
SO4H
N
A
N NH,
O,N
H,N
96
O,N OH H,N
HO
N SO;Na
N
O,N
NaOsS o7

Kpamenne TeXHUUECKOro CyKHa XPOMOBBIMH
KpPacHUTENsIMH, MPOU3BOAHBIMU CAIMLMIOBOM KHCIIO-
ThI, KaKk 0€3 XpOMHUPOBAHUS, TaK U C MOCIETYIONIAM
XPOMHPOBAaHHEM HOATBEPIMWIO BBICKA3aHHOE IMpen-
MOJIOKEHHUE, T.K. YCTOMUUBOCTH K JEHCTBUIO IUIECHE-
BBIX TpPHOOB TIPOSIBHJIACh Y CYKHA, OKpAalIEHHOTO
VIIOMSIHYTBIMH KpacuTessiMu 0e3 xpomupoBaHus. Ho
y kpacuteneit 98 u 99, pukcupyromuxcs Ha BOJIOKHE
3a cueT KapOOKCHIIBHOW T'PYIIIbI, BXOJISIICH B COCTaB
AKTUBHOTO IIEHTpa, OHMOJIOTUYECKas aKTHBHOCTH HE
nposiBisieTcsa. ABTOp 3TO OOBSICHAET TEM, 4YTO B pe-
3yJIbTaTe 00pa30BaHUs COJIEBOU CBSI3H MEXIY KpacH-
TeJeM M BOJIOKHOM XeJIaToOpa3yroliye IPyHIbl OKa-
3bIBAIOTCA 3a0JJOKMPOBAaHHBIMH.
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99
Takum 06p2130M, ABTOp ACIACT BbBIBOJ, YTO I1O-

SIBJICHUC YCTOﬁqHBOCTH K ﬂeﬁCTBHIO IJICCHECBBIX T'pH-
60B Y OKpPAIICHHOT'O TCKCTHUJIBHOI'O MaTcpuaia MOXCT
OBITH CBS3aHO C 06paBOBaHI/IeM Ha BHCIIHCH MMOBCPX-

22

HOCTH BOJIOKOH «3aCTHJIa» W3 aKTHBHBIX LIEHTPOB,
CIIOCOOHBIX CBSI3bIBATh MOHBI METAJIOB — aKTHBATO-
POB (EpMEHTOB MUKPOOPIaHU3MOB U C OINpEEIeH-
HOH OpHUEHTAIMel MOJNEKYJbl KpacUTENsl Ha MOBEPX-
HOCTH BOJIOKHA.

3. Apunmemanosvie Kpacumenu

XpomodopHast ~cucTeMa  apUIMETaHOBBIX
KpacuTeliell XapakTepu3yeTcs HaluuueM DIIEKTPOHO-
JOHOPHOTO U 3JIEKTPOHOAKIIETITOPHOTO 3aMECTUTEeH
[0 KOHIIAM IICTIOYKH CONPSDKEHHBIX JBOWHBIX CBSI3EH,
BKJTIOYAIOLICH JBa apOMaTU4YeCKUX OCTAaTKa M COeIH-
HSIOLIUI UX HEHTPaIbHBIN YIIIepoJHbIi aToM [1, 2].

Eme B 40-50-x rogax XX Beka OIUCAaHBI aH-
TUMHUKPOOHBIE CBOWCTBA TPU()EHUIMETAHOBBIX, THA-
3WHOBBIX, AaKPHIWHOBBIX Kpacuteneir [65]. bruro
HallIeHO, 4TO MEepeBA30YHbIE MaTepUabl, IPOIUTAH-
Hble pacTBOpamu Kpacurened Kpucrammmyeckoro
¢uonerosoro (C.I. 42555), ManaxuToBoro 3e1eHOTO
(C.I. 42000), Benramsckoro poszosoro (C.I. 45440),
Aypamuna (C.1. 41000), o6namaroT BEICOKUMH OaKTe-
PULUIHBIMA  CBOMCTBAMH IPOTUB  OIPENEIEHHBIX
MHUKpPOOPTraHU3MOB [66].

ManaxuToBblil 3€JEHBI HAXOAMUT MIUPOKOE
MIPUMEHEHUE B MEAMLIMHE B BUJIE CIIUPTOBBIX PacTBO-
POB a7 ne3MH(EKUNN OTKPBITHIX paH, & TAaKXKe B Jie-
YEHUHU OMNOSCBHIBAIOLIETO JIMIIAS, BHI3BIBAEMOTO BUPY-
coMm Varicella zoster [70]. Mexanusm feiicteus Ma-
JIAXUTOBOTO 3€JIEHOI'0 OCHOBAH Ha MPOHUKHOBEHUH B
OUTOILIa3My KJIICTKM W BBITCCHCHUH BOAOpOJa U3
JKU3HEHHO Ba)XHBIX META0O0IIHMTOB KJIICTKH, a TaKXKC
CIOCOOHOCTBIO 00pa3OBBIBATH TPYAHOPACTBOPUMBIE
KOMIIIEKCHI C KUCJIOTHBIMU pajinkanamu [67].

B pabore [68] npuBeneHa cepusi MPOMBIII-
JICHHO BBIMYCKAEMBIX KCAaHTCHOBBIX KpacUTEJCH:
Eosin Y 100, Rhodamine B 101, Phloxime B 102,
Pyronine Y 103, nposBisitomnx (QyHTUIHIHYIO aK-
TUBHOCTb OTHOCHTEJIBHO OOJBLION I'PyMIbl HAaTOreH-
HBIX TprOOB (Ascomycota, Basidiomycota, Oomycpta),
Pa3BHUBAIOINMXCA HAa OBOIIHBIX KYJIbTYypax.

COOH
Br Br
X
HO (0] (6]
Br Br
100
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103

Brnepsrle anTucenTuueckas (OaKTepHITHIHAS)
AKTUBHOCTh COCJUHCHHMI aKPUIWHOBOTO psjia ObLia
ormucana B 1913 r. K. bpaynunrom u B. ['unemypowm,
YTO CTAJIO PEBOIOIMOHHBIM OTKPHITHEM B JICYCHUU
THOWHBIX paH B MEPUO/] MEPBOl MUPOBOI BOWHBI [69].

B nmutepatype onncano 00bIIoe KOJTHYECTBO
JIEKApCTBEHHBIX MperapaToB aKkpuAUHOBOTO psaa [70,
71]. B Hacrosmem 0030pe NpUBEEM MTPUMEP OJITHOTO
takoro kpacuteis 104, npuMeHsIeMOro B MEIUIIMHE B
KaueCTBE AHTHUCEITUYECKOrO0 U MPOTHBOMUKPOOHOTO
npernapara — PuBaHona (JlakTaT 3TaKpUIHHA), B OC-
HOBHOM, B OTHOIIICHHH KOKKOB.

NH,

OC,H
\ ARG
=
N

104

HoN

NH,

105

MexaHn3M JEUCTBUSI pUBAaHOJA OOYCIIOBIICH
CIIOCOOHOCTHIO KaTHOHA KPACHUTEISI BBEITECHATH BOJIO-
PO M3 CTPYKTYPHI MHUKpOOprann3Ma. PuBanon Haxo-
IUT IIUPOKOE TPHUMEHEHHE KaK aHTHCENTHYeCKOe
CPEICTBO TPH MEPBUYHON 00pabOTKe M JIEYCHNH WH-
(umpoBaHHBIX paH, s3B, (hrIerMoH, adbcmeccoB, (y-
PYHKYJIOB, KapOyHKYJIOB B BHJI€ TIPOMBIBaHUH, MPH-
MOYEK U TaMIIOHOB. JIJi1 mPOMBIBaHUS IUIEBPAJIBHOMN
(3MrmemMa) W TIEPUTOHEANBHOHN MONOCTeH (THOWHBIHN
MIEPUTOHUT), TIPX THOWHBIX IUCTHUTAX; JUISI HHBEKIIUH
B TOJIOCTh CYCTaBOB NPW THOMHBIX apTtpuTax. llpm
OCTPOM M XPOHHYECKOM KOKKOBOM KOHBIOHKTHBUTE,
BOCHAIIEHUH CIU3UCTOW OOOJOYKH TMOJIOCTH HOCA,
pTa, 3eBa, JECeH, yXa, a TaKkKe B AepMaToIorud [72].

W3zBecTHBI pabOTHI, B KOTOPBIX MOJIEKYITY PH-
BaHOJIA MMPUBUBAIOT K MAaKPOMOJIEKYJIe IEeJITIONI03EI C
LEeTbI0 TIPUIAHMS €l aHTUMUKPOOHBIX CBOWCTB [73,
74]. IlpucoenvHeHre puBaHoia K IPOU3BOJHBIM LIETI-
JIFOJIO36] MOHHOW HMJTM CPAaBHUTENHHO JIETKO THIIPOJIH-
3yroleiicss kKoBalleHTHOM C=N CBS3pl0 NPUIAET BO-
JIOKHY aHTHOaKTepHaIbHYI0 aKTUBHOCTh. [Ipu oOpa-
30BAHUM YCTONYMBOW HETUIPOJIU3YIOLIEHCS B MATKHAX
ycnoBusix KoBaneHTHOU (C-N) cBs3u Mexy pUBaHO-
JIOM ¥ (YHKIMOHAJIBHBIMH TPYIIaMU MOIUPHUIPO-
BaHHOH IIEJUTIOJI03BI BOJIOKHUCTHIN MaTepuai He Mpo-
SIBJIICT aHTUOAKTEPHAILHOW aKTUBHOCTH. AHaJIOTHY-
HBIC Pe3yNbTaThl OBLUIM TOJYyYEHBI HA MPOW3BOIHBIX
LIEIUTIOJIO3bI, COAEPIKAINX APYTO mpenapaT aKpuIu-
HOBorO psijta — Tpunadaasun 105 [73, 74].

4. Apunamunossvie Kpacumenu

XpoModopHas cUcTeMa apHUIIaMHHOBBIX Kpa-
CUTEJIEW XapaKTepU3YEeTCs HAJUIMEM JJICKTPOHOIIO-
HOPHOTO W 3JIEKTPOHOAKIICITOPHOTO 3aMECTUTENCH
10 KOHIIaM LETOYKH CONMPSKEHHBIX JBOWHBIX CBS3EH,
BKJIFOYAIOIICH IBa apOMaTHYECKUX OCTAaTKa M COEIHU-
HSIOIIMK UX IIEHTPAJIBHEIN aToM a3oTa [1, 2].

ITo xummdgeckoil cTpykType OOIBIINHCTBO U3
HUX SIBJISTFOTCSI Y€TBEPTUIHHIMA aMMOHHEBBIMH OCHO-
BaHISIMHU.

AHTUMHUKPOOHOE TEHCTBUE TAKUX COCTUHEHUIMA
CBSI3aHO CO CITIOCOOHOCTBHIO HAKAIUTUBATHCS HAa TIOBEPX-
HOCTH paszziena (a3, B pe3ynbTare 4ero H3MEHSETCS
MTOBEPXHOCTHOE HATSHKEHUE, MPOHUIIAEMOCTh MEMOpaH
000JIOYKH, HApyIIAeTCs OCMOTHYECKOE PaBHOBECHE,
YTO MPHUBOJAUT K THOEIH KIIeTKH [72].

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1 23


http://www.citopsor.com/index.php?option=com_content&task=view&id=49&Itemid=5
http://www.citopsor.com/index.php?option=com_content&task=view&id=49&Itemid=5
http://www.citopsor.com/index.php?option=com_content&task=view&id=29&Itemid=5

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

ApPUIaMUHOBBIA  KPACHTENb, SBISIOIIUNCS
MIPOM3BOAHBIM (DeHTHAa3MHa — METHIICHOBBIN CHHUMH,
BIIEpBBIE CUHTe3upoBaHHBIN ['eHpuxom Kapo B 1876
rofy, Hallell IMMPOKOe NPUMEHEHHE B MEIUIMHE B
Ka4eCcTBE AHTHUCENTUYCCKOTO CPEJCTBa MPHU OXKOTaXx,
MHOACPMHH, (POITUKYIUTAX, BOCTIATHTEIBHBIX 3a00-
JICBAHUAX MOYEBBIBOJAIINX MyTEH, a Takke B Kade-
CTBE AHTUJIOTA NMPH OTPABJICHUSIX IUAHUIAMH, OKH-
CBIO yTIIEpoAa, CEPOBOAOPOIOM, HUTPUTAMH, aHUIIH-
HOM U €T0 MPOU3BOAHBIMHU [75].

Kpacutenu 106-108 mpeanokeHO MPUMEHSTH
B KadecTBe (POTOCEHCHOMIU3ATOPOB JII MECTHOTO
JICYCHUS MUKPOOHBIX 3a00JICBAHMM, BHI3BAHHBIX I1a-
TOTCHHBIMH JICKAPCTBEHHO YCTOWYMBBIMU OaKTEpHsi-
mu Staphylococcus aureus u Enterococcus faecium
[76, 77].
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R1 = mopdonuno, mustunamuno, N(a-CsH7)z;
R; = N(H-C3H7)2, N(H-C4Hg)2, N(H-C5H11)2, N(Csz)z,
N(H-C6H13)2.

Omnpo6oBano [68] mprMeHeHHEe MPOMBIIIIICH-
HO BBIITYCKaeMbIX THa3MHOBBIX Kpacutened Thionine
109 u Toluidine Blue O 110 mis npoTHBOrpUOKOBOH
00paboTKH OBOIIHBIX KyNnbTyp. HecMoTps Ha Onmskoe
CTPOEHHUE, aKTHBHOCTbH IPOSBIISET TOJBKO COEIMHE-
nue 109. Tak, Hanpumep, npu ero koHueHTparmu 0,2
MOJIB/JI 30Ha TOJABJICHUS pocTa Ui TPyrmbl ASCO-
mycota B cpennem 10-15 MM (MakcumanbHa B cirydyae
Endothia parasitica (Murill) — 25 mm).
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BeisiBiieHa Taxke (pyHrHIMIHAs aKTHBHOCTb
OTHOCHTENHHO TpruOOB ASCOMYCOta B psay MPOMBIIII-
JICHHO BBIMYCKAEMbIX JMA3MHOBBIX KpacHUTEJeH:
Safranine O 111, Neutral Red 112, Janus Green B 113
u okcasunosoro — Nile Blue A 114 [68].
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5. AzomemuHogwvle Kpacumenu
XpoModopHas cucTeMa a30METHHOBBIX Kpa-
CUTEJeN XapaKTepuU3yeTcsl HaJIUYKheM LEMOYKU CO-
NPSYKEHHBIX ABOMHBIX CBSI3€H, B KOTOPYIO B KaueCTBE
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OJTHOTO WJIA HECKOJBKUX 3BEHHEB BXOJSAT a30METHHO-
Bble rpynmnsl [1, 2].
Omucan cuHTe3 JByX akTuBHbBIX 115, 116 u
JIBYX KUCTOTHBIX 117, 118 a30MeTHHOBBIX KpacuTeneH,
B CTPYKTYpPY KOTOPBIX BKJIFOUEH (PparMeHT MOITHOTO
MPOTUBOMHUKPOOHOTO cpenicTBa — hyparvHa 119.
Mexannu3M 0aKTepHOCTATHIECKOTO EHCTBHS

115

117
0
v A
NO;3 CH \_§
0
H
119 ©

Oxpamennas kpacurenimu 115-118 mepcers-
Hasl TKaHb 00JaJIaeT XOPOIIeH yCTOMIUBOCTHIO K (u-
3UKO-XUMHUYECKUM BO3IEHCTBUSIM U aHTHMHKPOOHOI
aKTUBHOCTBIO, KOTOpas BO3PACTaeT C YBEIHMYECHUEM
KOHIICHTpAIIMM KpacHTeNlsi B KpacWJILHOH BaHHE.
Hanpumep, nns kpacutens 116 1%-nas BbIKkpacka
oOpa3ia JJaeT CHIKEeHUe OaKTepHaIbHOH 00CeMEHEH-
HocTu B ciydae Staphylococcus aureus na 51%, B
ciyvae kumeyHoi nanouku — 61,2%. B ciayuae 3%-
HO# BeIKpacku Staphylococcus aureus wa 70%, B
ciayyae kuuieuHod nanodku — 78,3%. Taxke mokasa-
HO, 4YTO 00pas3Ibl, OKpaIIeHHbIE aKTUBHBIMH KpacHTe-
nsimu 115, 116, obmagaror Gonee CHIBHOW aHTUMHUK-
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(¢yparuaa 119 oOyciioBjiieH BIMSHUEM HA SH3UMBI
MI/IKp06HI)IX KJICTOK, MEPCHOCAIINX MOJICKYJIY BOIO-
poaa. [elicTByeT Kak Ha IrpaMOTPHULIATENIbHBIE, TAK U
Ha TPaMITOJOXKHUTENbHBIE MHUKpOOpranu3Mel (Staphy-
lococcus aureus, Staphylococcus faecalis, Entero-
bacteriaceae, Staphylococcus epidermidis, Klebsiella
pneumoniae, Escherichia coli).
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POOHOI AaKTHBHOCTBIO, YEM KHCIIOTHBIE KPAaCHUTEIH
117 n 118 [63].

B paGore [78] cuHTE3MpOBaHBI a30METHHO-
Bble Kpacutenu obmelt ¢popmyibl 120, koTopsle MOX-
HO MPHUMEHSTH B KAYeCTBE JIMCIIEPCHBIX U KATHOHHBIX
KpacuTellel Jisi KpalleHusi TOMHIUPHBIX U TIOJTHAK-
PWIOHUTPWIIBHBIX BOJOKOH COOTBETCTBEHHO. OKpa-
[ICHHBIE 00pa3Ibl IMOKAa3bIBAIOT (DYHTHIMIHYIO aK-
THBHOCTH B OTHOIeHnH rpuba Aspergillus niger.

120
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[TpuBHBKa K MaKpOMOJICKYJie XMTO3aHA a30- MHYECKOH CTPYKTYpe MOXHO pacCMaTpUBAaTh Kak
METHHOBOTO Kpacutens 121 mpupaer eMy HpOTHBO-  a30METHHOBBIE KpacuTenu 122, 123. Bece coennHenus
rpuOKoBbIe CBoiicTBa B oTHomeHuu: Cladosporium — MoOryT CIy>KHTh aKTUBHBIM BELIECTBOM ISl TOTCHIIH-
cucumerinum, Monilinia fructicola, Colletotrichum  anbHBIX JeKapCTBEHHBIX MPENApaToB IS JIEYEHHSA U
lagenarium, Fusarium oxysporum [79]. MpodUIAKTUKH TPAaHCMUCCUBHOW TyOuaToil sHueda-

B marenre [80] mpemnoxen cuaTe3 Oompmor  jomartuu (6one3un Kpehrndensara — Skoba win xo-
IPYIIIBl OPraHUYECKUX COCTUHEHUM, KOTOPBIC M0 XU-  POBBETO OCLICHCTBA).
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6. buoyuonvle kpacumenu Opyeux Kiaccos Oxkpacka TKaHU U3 aKpHJIOBOro BolokHa Op-

B paborax [81, 82] coobmraercst 0 CHHTE3€ JIOH IO CTaHIAPTHOW METOMMKE JJIsi KATHOHHBIX Kpa-
(YHTHIMAHBIX CcOeTUHEHWH oO0mei ¢opmynbl 124, curtenell paccMaTpuBaeTcs Kak COBMEIIEHHUE MpoIiec-
NPOSIBIISIIONIMX BBICOKYIO aKTHBHOCTH B OTHOILICHHWE Ca OKpallMBaHUs ¢ OMouuaHoW (GUHHUIIHON 0OpaboT-
rpamotpuiiarenbHbix (Escherichia coli) u rpammono-  koit. OT™edeHa nydras GUKCaIUs Ha MaTepraie Mo-
xutenpHbIX (Staphylococcus aureus) Oaktepuii mpd  HO3aMEMIEHHOTO MPOM3BOIHOTO 124, crenens (ukca-
HU3KOW KOHLIEHTPAIMU B BOJAHOM PacTBOPE. UM YBEJIWYMBACTCS C POCTOM YIJIEBOAOPOIHOIO pa-

IUKala 3amMecTuTels. BhIcokue 3aluTHBIE XapakTe-

0 ©
)@N "
o] NHCOCH,CI 0 HN \

CH3

N(CH3)2(CH2)”CH3

-

0} R2 0 R3

124
R! - H, NHz; R2 — H, NHCOCH,CI; R® — H, NHCOCH,N*(CHs)2(CH2):CHsCI; n = 3, 7, 11
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PYCTHKU B OTHOILICHUU KWINEYHON MAJIOYKA U 30JI0TH-
CTOTrO CTa(MIIOKOKKA CHIDKAIOTCS Ha TOJIOBHUHY TIOCIE 5
CTUPOK, a Tiociie 10-Tu — MOTHOCTRIO yTpaunBaroTcs [82].
3amaTteHTOBaH METO[| TIONYUSHUST KpacuTene —
MIPOU3BOAHBIX JAHOCH3aHTPOHA U M30MOCH3aHTPOHA
[83], xoTophIe TOTyYanH 3aMEIICHUEM TaloreHa B

CI/<6:>

OO6Hapy>keHbl OaKTepUIMAHbIC, (YHTUIMIHEIC
Y MHCEKTHULMIHbIC CBOMCTBA MHAUTOMIHBIX (THOMHIM-
TOUIHBIX) KPacHTENeH, COAEpIKallUX TaJIOTeHbl WM
(TopupoBaHHbIe ankwibHbe 3amecTuTenn [84]. OHu
UMEIOT IIMPOKYIO IBETOBYI0 TraMMYy M OKpAIIHBAIOT
XJIONIOK TI0 TEXHOJIOTUH KpalleHHus KyOOBBIMH KpacH-
tensmu. Hampumep, kpacutens 126 okpammBaer Xjio-
MOK B 3€JICHOBATO-CHHUI 11BeT, 127 — B KpacHsbIit, 128
— B KpacHO-(hroneToBbIid, 129 — B opaHKeBO-PO30BHIA.

128

(0]

e, \

N N—" (]
) )"

125

TaJIOTEHMETHIILHOW TPYNIUPOBKE HA pa3jIMYHbIC
(dbparmenTsl. Omnrcal W30aUOCH3AaHTPOHOBBIN KpacH-
tenb 125 ¢ 6MohOpHBIM MUPHIAXHOBBIM (HParMEHTOM
JUISE KOTOPOT'O OTMEYaeTCs OAKTEPUIIIHAS, HHCEKTH-
IUaHAs U QYHTHIAIHAS aKTUBHOCTh. DTOT KPACHUTENb
PEKOMEH/IOBAH JJIS IEYATH IO XJIOTIKY.

/

Nmeetcst paboTa, OMHCHIBAIONIAs MCIBITAHUS
in Vitro KaTHOHHOTO CyO(TaIONHAHUHOBOTO KpacH-
tenst 130 B kauecTBe aHTHOAKTEPUATBHOTO (POTOCEH-
CHOMJIM3aTOpa B OTHOIICHWH TI'PaMOTPHIATEIbHBIX
6akrepwuii (Escherichia coli) [85].

31

130

®DTagoMaHNHOBBIE KPACHUTEIU TaKKE MOTYT
OBITh HCIIOJIL30BAHBI KaK IOTEHIMAJIbHBIC (QYHTH-
uuaable npenapatel [86, 87]. Tak, Hampumep, KOM-
wiekcel obmei ¢popmynsl 131 okaspiBaroT MHrHOH-
pytomee neiictBue B oTHomeHun rpuba Aspergillus
niger, npu4emM (YHTUIMIHAS aKTHBHOCTH 3aBHCUT OT
MPUPOABI KOMIUIEKCOOOpa3oBaTessi U H3MEHsETCS B
paay: Ni> Zn > Co> Cu. B paboTte oTMeUYeHO TakxKe,
YTO B MPOLIECCE MHKYOHMPOBaHUS CIIOPHI Tpruba UMEIOT
CBETJIO-KOPUYHEBBII IIBET BMECTO CTAHAAPTHOTO Yep-
HOTO [86]. MI3MeHeHue 11BeTa CITOp MOXKET OBITh CBS-
3aHO c 00pa3oBaHMEM KOMILIEKCa METaJUI-TUTMEHT
rpuba [88].
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131
M = Co(I1), Ni(Il), Cu(ll), Zn(11)

AHanu3 BBHIIENIPUBEICHHOIO MaTepraa mo3-
BOJISIET ClI€TaTh HEKOTOPBIE BEIBOJBI.

Hcnons3zoBaHue JUisi KOJOPUPOBAaHUS TEK-
CTHWJIBHBIX W JPYTHX MaTepUaJOB KpacuTenel, Mpu-
JAIOIMIMX OKpPAalleHHBIM MaTepHualiaM BBIPaKEHHBIE U
YCTOWYMBBIE K (PH3MKO-XUMHYESCKHM BO3ICHCTBHUSIM
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10.

28

OMOLIMIHBIE CBOWCTBA, NPEACTABISCT OUYCBUIHBIN
MPaKTUYECKUI UHTEPEC, T.K. TO3BOJISIET COBMECTHTH JIBE
TEXHOJIOTMYECKHE OTepaIii: KOJIOPUPOBAHUE U CTICIH-
ampHYI0 00paboTKy. Kpome Toro, kak criemyer U3 Tek-
cra 0030pa, KpacuTedd ¢ OMOLMIHBIMH CBOWCTBAMU
MOTYT HCIIONIB30BaThCsl B KadecTBEe JOOABOK K OCHOB-
HOMY KpacHTEJII0, KOTOphIe HE BIMSIOT Ha IBET OKpa-
LIMBAEMOro 00BEKTa, HO B KOJMYECTBAX, JOCTATOUHBIX
JUTSl IPUIaHKS HEOOXOTUMBIX OMOLIMIHBIX CBOWCTB.

OpmHako W3 aHajIM3a MaTepuajoB o030pa cie-
IyeT, 4TO HaNpaBJiICHHBIH CUHTE3 KpacUTeNIeH IS TeK-
CTWIBHBIX MaTepualioB, O00JaJarolX OWOLMIHBIMU
CBOWCTBAMH W CIIOCOOHBIX JIMOO 3aIlIHINATh MaTepHal
0T OMOIOBPEXIEHUH, MO0 MPHUIABaTh €My CBOWCTBA
MEJIMLIUHCKOTO MaTepHala, 3aTPyAHEH BCIIEACTBHE OT-
CYTCTBHS TTTyOOKOTO MOHNMAaHHS MEXaHU3Ma JCHCTBH
mpemnapaTtoB. B To jxe BpeMst umeromasicss nHpopMaIus
M0 B3aUMOCBS3H «CTPOCHHE-CBOWMCTBOY, a TAKKE JaH-
HBIE KOMITBIOTEPHOTO CKPWHHMHTA MO OHOJIOTHYECKOH
AKTUBHOCTH OPTraHWUYECKUX COCTUHEHUN ITO3BOJISIIOT
IUIAHUPOBATh M OCYIICCTBISTH CHHTE3 IEJIEBHIX IPO-
IYKTOB ¢ OOJIbIIIeH CTENIEHBIO BEPOSITHOCTH yCIIeXa.

Hccnedosanue 6vinonneno npu noooepicke
Munucmepcmea obpazosanus u nayku Poccutickoii
Deoepayuu, 3adanue Ne 4.143.2014/K.
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HNCCIEAOBAHHUE SJIEKTPOXUMHNYECKOI'O UHTEPKAJIMPOBAHUSA I'PAD®UTA B
PACTBOPAX HNO; METOOM XPOHOBOJIbTAMIIEPOMETPUHN

Hccneoosanst pusuxo-xumuueckue ceoiicmea cycneH3uil zpaghum-azomuasn Kucioma, no-
000pansl COOMHOUEHUA KOMROHEHMO8 8 CYCREH3UU, 00ecneuusaouue 603M0MCHOCHb UX AHOO-
HO020 oOKucienusa c 00pazoeanuem coeounenuil eéHeopenus zpaguma. Onpeodenenvl 3HAUEHUSA
INEeKMPONOPOBOOHOCHU CYCREH3UIl 2padhum — a3omuan Kucioma ¢ paziuyHsiM COONMHOUWEHUEM
meepooii u 3cuokoi az. Makcumanvhole 3HAUEHUS ITNEKMPONPOBOOHOCHU CYCHEH3UI 00CmUZa-
omca npu maccoeom coomuoutenuu zcpagum : HNO; =~ 1:0,66. Paspabomana KoHCmpyKyus
INEKMPOXUMUUECKOU AYEUKU 011 NPOBEOEHUA XPOHOBONbIMAMNEPOMEMPUYECKUX UIMEPEHUTI HA
CycneH3uoOHHOM zpagumosom rnekmpoode. Hccnedosanvl npupooa u KuHemuka 371€KmpPOOHbIX
npoueccos Ha OucnepcHyIx zpagumossix rnekmpooax 6 60% azomnoii kucnome. Ilokazano, umo
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HpU AHOOHOIU RONAPUZAUUU OUCHEPCHO20 ZPAPUMO06020 INEKMPOOa nPomeKaem KOMNieKc anoo-
HBIX npPOYecco8: OKUCIeHUue NOGEPXHOCHHBIX (YHKYUOHATILHBIX 2PYRN, 00paA308anue coeOuHeH il
G6HeOpeHusa u évloenenue Kuciopooa. Haubonvuan snekmpoxumuueckas oopamumocms aHoOHbIX
npoueccos na cycnerzuax zpagpum-HNOs ommeuaemca npu E,ee < 1,2 B, ckopocmu peaxyuii 06-
Pazoeanus coedunenuii gHeOpenus paguma u peakyuil ¢ yyacmuem no8ePXHOCMHBIX QYHKUUO-
HAIbHBIX ZPYHA HA CYCNEH3UOHHOM IIeKmpooe 803pacmarom 6 ouanazone nomenyuanos 1,2-1,7 B,
npuuem ygenuyenue mokda, 21A6HbIM 00PA3OM, 6bI36AHO IIEKMPOXUMUYECKU 00PaAMUMbBIM RPO-
yeccom UHMEPKAIUPOBanus, maxk KaKk Ha 00pamuom yukie 6 KamooHoil odaacmu makyce pezu-
cmpupyemcsa pocm moKa, 00ycio6ieHHbll peakyuell 0euHmMePKAIuposanus. IneKmpoxumuye-
CKoe OKuclleHue OUCnepcHozo zpagumosozo rnekmpooa ¢ HNOz ciedyem eecmu 6 unmepeaie
nomenyuanoe om 1,2 B 0o 2,1 B, umo obecneuum oopazosanue coeOuHeHuil éHeopenus zpajduma
C MAKCUMATILHOU CKOPOCMbIO U HAUMEHbUIUMU IHEPZO3AMPAMAMU.

KiroueBble cjioBa: COSAMHCHHUS BHEApPEHUs rpadura, XpOHOBOJLTAMIICPOMETPHS, HUTPAT TpaduTa,
ANEKTPOXUMHUYECKOE HHTCPKAIMPOBAHHUE, CYCIICH3MOHHBIN 3JIEKTPOJ]
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STUDY OF ELECTROCHEMICAL INTERCALATION OF GRAPHITE IN SOLUTIONS OF HNO3
WITH METHOD OF CHRONOVOLTAMPEROMETRY

The physico-chemical properties of suspensions of graphite-nitric acid were studied. The
ratios of the components in suspension providing the possibility of their anodic oxidation with the
formation of compounds of the implementation of graphite were determined. The values of electri-
cal conductivity of suspensions of graphite-nitric acid with different ratio of the solid and liquid
phases were determined .The maximum value of the electrical conductivity of suspensions is
achieved at the mass ratio of graphite to HNOs~ 1:0.66. The design of the electrochemical cell for
carrying out chronovoltamperometric measurements on a suspension graphite electrode was devel-
oped. The nature and kinetics of electrode processes on dispersed graphite electrodes in 60% nitric
acid were studied. It is shown that under anodic polarization of dispersion graphite electrode the
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complex of anodic processes occurs: the oxidation of surface of functional groups, the formation of
compounds of implementation and evolution of oxygen. Maximum electrochemical reversibility of
the anodic processes on the suspensions of graphite-HNO; observed at Ee< 1.2 V, the rate of reac-
tions of formation of compounds of the introduction of graphite and reactions involving surface
functional groups on the electrode slurry increases in the range of potentials of 1.2-1.7 V. At that,
the current is increase mainly causes by electrochemically reversible process of intercalation, since
at the reverse cycle in the cathode area also recorded the growth of the current due to the reaction
of deintercalation. An electrochemical oxidation of dispersed graphite electrode in HNO3 should be
in the range of potentials from 1.2 V to 2.1 V, which will provide formation of compounds of intro-
duction of graphite with the maximum rate and minimum power input.

Key words: graphite implementation compound, chronovoltamperometry, graphite nitrate, electro-

chemical intercacclation, suspension electrode

INTRODUCTION

Identifying of the nature of the cathodic and
anodic reactions in solutions of HNOg is a necessary
step in the development of electrochemical technolo-
gies of the synthesis of compounds of implementing
of graphite (CIG). The threshold concentration of the
nitric acid with sufficient potential for spontaneous
intercalation in graphite oxidation (0.995 V) is ~75%
[1,2]. It is known that the formation of nitrate graphite
of the highest levels is possible during anodic interca-
lation of graphite in 60% or more concentrated HNO3
[1-3]. During the electrochemical oxidation, CIG are
formed in solutions of HNOs and with smaller con-
centration to 20% [2]. However, the mechanism of
electrochemical intercalation of graphite and the na-
ture of anode processes at disperse carbon materials
are not fully understood untill the present. The elec-
trochemical behavior of graphite electrodes in con-
centrated nitric acid solutions described only sporadi-
cally in the literature [4-8], and the bulk of information
obtained by using of pyrolytic graphite. To obtain pre-
liminary data with the aim of developing methods of
electrochemical synthesis of protecting thermal ex-
panding graphite compounds in nitrate electrolytes the
potentiometric and chronovoltammetric measurements
on dispersed graphite electrodes were carried out. The
physico-chemical properties of suspensions of graph-
ite-HNOs were studied, the ratio of the components in
suspension providing the possibility of their anodic
oxidation with the formation of compounds of the im-
plementation of graphite was selected.

THE METHOD OF THE EXPERIMENT

The studies performed with dispersed graphite
powders of Chinese origin (standard GB/T 3518-95),
ash content is 0.2%, particle size — 250+300 um. The
study of graphite electrodes was carried out without
prior surface preparation. To obtain suspensions of
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graphite-HNQgs, particulate graphite powder with a
certain mass placed into a glass container and mixed
with the necessary amount of acid of appropriate con-
centration. The obtained suspension was mixed for a
uniform distribution of components and aged under
static conditions. The 60% nitric acid solution of
brand KHCH (TU 701-89E) was used as the electro-
Iyte. All electrochemical studies were carried out us-
ing a potentiostat P-5848, the registration of potential
in time was carried out with a digital DC voltmeter
SCH-1413 with a limit of permissible error of
+0.05+0.02-(10/x-1)%, where x — is the reading, V.
Concurrently with the potential in time recorded self-
recording potentiometer KSP-4 with the basic reduced
error of reading of 0.5%. Under chronovoltam-
perometria measurements the sweep rate of potential
was 10+20 mV/s. The reference electrode served as
silver chloride electrode brand EWLa-1. The electri-
cal conductivity of graphite powders and suspensions
were measured in a glass cell with two flat vertical
platinum electrodes with a working area of 1 cm? and
interelectrode distance of 1.5 cm.

After the graphite powder or graphite-HNO3
suspension was load into the cell, a constant current
from 2.2 to 15 mA with the registration of the ohmic
voltage drop in the cell was passed. The voltage drop
in the cell did not reach settings that allow the flow of
the faraday reactions. This was confirmed by a recti-
linear course of the dependency of voltage variation
on the cell under the current. The injection of acid
into suspension was carried out by microdonation
with a precision of 0.02 ml.

In the current range, where the Ohm law for a
site of a circuit was remain, a specific conductivity
were calculated using the formula:

_ 1
T D
where y — specific conductivity, Ohm™ cm™; | — DC
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current, A; U — voltage, V; S — area of electrode, cm?;
| — the distance between the electrodes, cm.

Fig. 1. Scheme of the cell for measuring conductivity and volume
of the graphite powders. 1 — glass body; 2 — steel punches;
3 — platinum electrodes; 4 — graphite powder
Puc. 1. Cxema s4eliku U1 U3MEPEHUS JIEKTPOIPOBOAHOCTH U
o0BbeMa MopomKoB rpadura. 1 — KOpIycC U3 CTEKIa; 2 — CTAbHBIC
MyaHCOHBI; 3 — INIATHHOBBIE TOKOOTBOBI; 4 — MOPOLIOK Tpaduta

Electrochemical measurements were carried
out in a small electrochemical cell made of glass with
two flat vertical platinum electrodes (Fig. 2), the
cathode was sealed in separator material (polypropyl-
ene filtrate(CN 5636)).

N

Fig. 2. Electrochemical cell for the synthesis of graphite nitrate
suspensions: 1 — electrolyte; 2 - platinum current collector of the
anode; 3-silver-chloride reference electrode; 4 - suspension of
graphite-HNOs; 5 - the body of the cell from organic glass;

6 — titanium cathode for a diaphragm case
Puc. 2. DnextpoxuMudeckas siueiika Juisi CHHTe3a HUTparta rpa-
¢uta u3 cycneHsuii: 1- aNeKTPONUTHIECKUIT KITF0Y; 2- MIIaTHHO-
BBII TOKOOTBOJ aHOZA; 3-XJI0pCcepeOPsIHBINA IIEKTPO] CPABHEHUS;
4- cycnensus rpadgur-HNO3; 5- koprryc sueliku U3 oprerekia; 6-
THTAHOBEIN Karoa B III/Ia(i)paFMeHHOM qexie

The study of the electrochemical behavior of
dispersed graphite is associated with the solution of
the question of the formation of the electrode having

electronic conductivity and uniform distribution of the
electrolyte in their volume. In comparison with com-
pact graphite electrodes, the use of carbon powders
requires a study of the properties of the graphite-acid
suspension, as the ratio of the components in suspen-
sion and the degree of pressing to tocollection will
determine the Kinetics of electrode processes.

For the process of anodic intercalation all par-
ticles of the dispersed graphite needs to be in contact
with each other providing the electronic conductivity.
It is obvious that only pasty mixtures with a predomi-
nant solid phase will have electronic conductivity. At
the same time, during anodic oxidation of graphite-
acid suspensions with the aim of obtaining com-
pounds of introduction of graphite according to the
reaction:

24nC + 3HNO3 = Cosnt*NO3 - 2HNO3 + H* + e, (2)
(n — the number of stages of CIG), it is necessary
enough acid in the mixture for maximally possible
filling of the graphite matrix with intercalation.

As the electrochemical oxidation of graphite
in solutions with water content of more than 20%
produces nitrate graphite of the 2nd and higher level
[7], the mass ratio of graphite and HNOs in the sus-
pension, calculated according to reaction (2) must be
not less than 1:0.33. The excess of liquid phase will
lead to the stratification of the suspension and loss of
electronic contact between the graphite grains, and the
lack of it will lead to uneven distribution of compo-
nents and the formation of electrolytically unbound
particles of graphite, which will lead to the exclusion
of such sites from the electrochemical process. Under
the wetting of graphite powder by acid regardless of
its concentration, the volume of suspension is almost
constant until the achieving the mass ratio of graphite :
HNO;3 = 1:0.5. Then, under the increasing of the vol-
ume of liquid phase the volume of suspension de-
creases accompanied by a sharp increase in its densi-
ty. This is due to the filling the voids with acid in the
volume of graphite powder, which promotes the ag-
glomeration of the graphite grains and the formation
of quasi-crystalline structures [9]. In terms of the dis-
persion stability at the maximum content of the liquid
phase, the electrical conductivity of every studied
suspension (ycyc) iNCreases in 3.2 times in comparison
with the corresponding acid solution (), which indi-
cates the presence of the electronic component of
conductivity. The measurement of electrical conduc-
tivity of suspensions of graphite — HNOs, confirmed
the improving of contact between the particles of the
dispersed graphite under wetting them with solutions
of HNOs. The maximum value of the electrical con-
ductivity of suspensions is achieved when the mass
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ratio of graphite: HNO; ~ 1:0.66. Further dilution of
the suspension with nitric acid leads to decreasing of
conductivity due to the stratification of suspension
and increasing of the proportion of the ionic compo-
nent in the process of charge transfer.

The study of reversibility of the anodic pro-
cess using the method of cyclic chronovoltam-
perometria on suspension graphite electrode is associ-
ated with certain difficulties, due to the poor repro-
ducibility because of the instability of the dispersed
electrodes structure. It is difficult to interpret the re-
sults obtained from the reverse potential in excess of
1.65 V, as a result of intensive gassing of the graphite
particles in the suspension electrode structure is ex-
posed to fluctuations leading to the disruption of the
contact between them, as a consequence of it there is
partial or complete shutdown of a suspension of the
electrochemical process. This is due to the decrease of
the cathodic and anodic current densities with cycling
of the electrodes (curve 5, Fig. 3). Maximum electro-
chemical reversibility of the anodic processes on the
suspensions of graphite-HNO;3; observed in Erey < 1.2 V
(Fig. 4), the speed of reactions of formation of CIG
(2) and reactions with surface functional groups [10]:

~ S + .
=C-OH == (=0+H + ¢ 3)

~ 0 + -
=C-OH + H,0—= _C“OH+2H +2e¢  (4)

=0
b0y ]
“OH

on the suspension electrode increase in the range of
potentials of 1.2+1.7 V, the current increases by elec-
trochemically reversible process of intercalation, since
the reverse cycle, the cathode range also registered the
growth of the current caused by the reaction of deinter-
calation. A further decrease of Q/Qa. due to the irre-
versible reactions with the involvement of oxygen [4]:

+ .,40
—2H ~Cio
o — T

—2¢ -CO
0

Q)

2H,0 5 Oy + 4H' + 4e (6)
C+H0 S CO +2H" + 2¢ (7
C+2H20 S CO2 +4H" + 4e (8)
and peroxidation of nitrate graphite:
C24*NO3-2HNO3 + 3HNO3; —>
— 2C1,*NO3-2HNO3 + HY + ¢ (9)

In this range of potentials the anodic currents
in the suspension electrode is much higher on the first
cycles of potentiometric curves, however, there is a
tendency to equalize the speeds of anodic reactions on
a subsequent cycle.

The more definite conclusion about the influ-
ence of the mode of anodic oxidation of dispersed
graphite electrode on electrochemical processes of
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implementation can be done on the basis of research
of properties of some samples of CIG. The obtained
information provided a focused development of the
methodology of electrochemical synthesis of CIG sam-
ples with nitric acid based on the dispersed graphite.

I, mA/g

107 2

I, mA/g
200 A

150

Fig. 3. Cyclic potentiometric curves (10th cycle) for suspension
graphite electrode in 60% HNOs at different voltages of reverse:
1-1.20; 2-1.30; 3-1.40; 4-1.65; 5-2.2 V
Puc. 3. Lluknuyeckre NOTEHIMOJUHAMUYECKHE KPUBBIE
(10-mukiT) A7Is CYCIIEH3MOHHOTO TPA(UTOBOTO IEKTPO/IA B
60%-it HNO3s npu pasznmmuabIx notennmanax pesepca: 1-1,20;
2-1,30; 3-1,40; 4-1,65; 5-2,2 B

Qk/Qa
1

0,8 A
0,6
04 1

0,2 A

0 T T T T T T
1 12 14 16 18 2 22 FE,.B

Fig. 4. The reversibility of the anodic processes at different volt-
ages of reverse of cyclic potentiometric curves for suspensions of
graphite - 60% HNOs. Qk — quantity of cathode electrons,

Qa — quantity of anodic electrons
Puc. 4. O6paTuMOCTh aHOIHBIX IPOLIECCOB MPH PA3IUUHBIX MO~
TECHIHAJIaX pEeBEPCa HUKINYECKUX MMOTCHIIUOANHAMUYICCKUX KPHU-
BbIX Ha cycnensuu rpadurt - 60%-it HNO3. Qk-koinyecTBo
JJICKTPOHOB KaTo/Ja, Qa —KOJIMYECTBO DJICKTPOHOB aHOAa
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CONCLUSION

The compositions of the graphite — HNOs;
suspensions with the electron component of conduc-
tivity, which make them anodic oxidation without
forced pressing were installed.
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CTEPEOHAIIPABJIEHHBIN CUHTE3 (E)- M (2)-U30OMEPOB 8-XJIOPOKT-7-EH-4-OHA

C ucnonv3oeanuem celeKmueHoz0 meepoodaznozo MOHOAWIKUIUPOBAHUA IMUT-3-0KCO2eKCa-
Hoama unOueudyaIbHbIMu uzomepamu 1,3-ouxnopnponena u nocieoyrouiezo 0eKapoOAIKOKCUIUPO-
GAHUA 0OPA3YIOWUXCA XTIOPGUHUTINPOU3BOOHBIX 6 ONMUMUUPOBAHHBIX ycioeuax Kpanuo paspa-
ooman Ihhexmuenslit memoo cunmesa uzomepno uucmuix (E)- u (7Z)-8-xnopoxkm-7-en-4-onoe.

KiroueBble ci10Ba: BUHWIXJIOPUABL, 1,3-AUXIOPIPOIIEH, STHI-3-0KCOT€KCAHOAT, IeKapOaIKOKCHIINPO-
BaHUe, 8-XJIOPOKT-/-eH-4-0H
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STEREODIRECTED SYNTHESIS OF (E)- AND (Z)-ISOMERS OF 8-CHLOROOCT-7-EN-4-ONE

Reaction of ethyl 3-oxohexanoate with equimolar amounts of (E)- or (Z)-1,3-dichloro-
propene under phase transfer catalysis conditions in the presence of K,COs; afforded the corre-
sponding monosubstituted (E)- or (Z)-isomers of ethyl 2-(3- chloroprop-2-en-1-yl)-3-oxohexa-
noate and considerable amount of disubstituted derivatives (30-40%). In order to increase yields
of monosubstituted derivatives we carried out research to test the known methods of selective
monoalkylation of g-dicarbonyl compounds with respect to test substrates. Alkylation of ethyl 3-
oxohexanoate in the presence of tetrabutylammonium fluoride and cobalt salts have not led to a
significant increase in reaction selectivity, but in the reaction in solid in the absence of solvent the
formation of disubstituted products is not practically observed. In the reaction of ethyl 3-oxo-
hexanoate with (E)- or (Z)-isomers of 1,3-dichloropropene on the surface of Al,O; impregnated
with t-BuOK monosubstituted products are formed with the yields of 81 and 79%, respectively.
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Solid phase alkylation proceeds with high stereoselectivity, isomeric purity of target products are
greater than 99%. Standard methods of monoalkylated ketoesters decarboxylation under acidic or
basic conditions lead to low yields of the corresponding chlorovinyl ketones, best results are ob-
tained at decarboxylation of (E)- or (2)-isomers of ethyl 2-(3-chloroprop-2-en-1-yl)-3-oxohexa-
noate in slightly modified Krapcho conditions. Carrying out the reaction in N-metrhylpirroli-
dinone at a temperature of 130-140 °C in the presence of 3 eq. LiCl leads to (E)- and (Z)-isomers of
8-chlorooctyl-7-ene-4-one with 81 and 77% yields, respectively, and an isomeric purity of ~ 99%.

Key words: vinyl chlorides, 1,3-dichloropropene, ethyl-3-oxohexanoate, decarboxylation, 8-chlorooct-7-en-4-one

Kpocc-couetanue crepeoXMMUYECKH YHCTBIX
BUHHWJITQJIOTCHUIOB C METAJUIOOPTaHMYECKHUMHU CO-
enunenusimMu (peakuu Cysyku, Ctuwte, Herurmm,
Kymana u np.), ankenamu (peaxiust Mu3opoku-Xeka)
n amkuHamu (peaknwst CoHorammipa) OTHOCHUTCS K
HanOosnee d(PQPEKTHBHBIM U HIMPOKO HCIOIB3YEMBIM
METOIaM CTepeOCeNeKTUBHOro cozaanus Csp?-Cspd,
Csp?-Csp? u Csp>-Csp-cBszu [1-4]. B xauecTBe dy1€K-
TPOQUIBHBIX MAPTHEPOB B OCHOBHOM HCIIOJIB3YIOTCS
JOPOTOCTOSIINE BUHWIHOAUIBl U BUHUIOPOMHUIBI [5-
8], B TO BpeMs Kak IpUMeHEeHHe OoJiee ACMIeBhIX BH-
HUJIXJIOPHJIOB B KPOCC-COYETAHHH OTPaHHYCHO OT-
CYTCTBHEM HA/ICKHBIX METOJIOB X CHHTE3a C MPUEM-
IeMOl HM30MEpHOH umcToTOl. PaHee Hamm cooOrra-
J0Ch O pa3pabOTKe HOBBIX MOJXOJIOB K IOJyYEHHIO
n3oMepHo ducThiX (E)- m (Z)-BUHMIXIIOPHIOB M HX
YCIIEIIHOM HCIIOJIb30BaHUH B CHHTE3€ JIEKapCTBEH-
HBIX TpenapaTtoB U hepoMoHOB Hacekombix [9-12]. B
NPOJIOJDKEHUE OTHUX HCCIECOBaHUN HaMHM H3ydeHa
BO3MOXHOCTh TOJYYEHUS HOBBIX TEPCIEKTHBHBIX
BUHWJIXJOPUIOB Ha OCHOBE MOHOAJIKMJIMPOBAHUS
3TUII-3-0KCOr€KCaHOATa WHAWBUAYAIbHBIMH H30MeE-
pamu 1,3-auxnoprnporerHa — JOCTYIHOTO KPYIMHOTOH-
Ha)KHOTO MOOOYHOTO HPOIYKTa XJIOPHUPOBAHUS HPO-
nuwiena. (E)- u (Z)-uzomepsr 1,3-auxmoprporneHa
UMCIOT 3HAYHUTENILHYIO PAa3HHILy B TEMIIeparypax KH-
neHus U 3QQEKTUBHO pas3NeNsoTCs peKTH(PHUKAITUCH.
WunuBunyaneHele crepeousomepsl  1,3-auxsopnpo-
neHa o0J1aal0T BBICOKOH PEaKIMOHHOW CIIOCOOHO-
CTBIO M JIETKO BCTYMAIOT B PEAKIINI0 HYKICOPHILHOTO
3aMernieHus ¢ cuiibHbIMU CH-KHCIOTaMu 1O aiIuiib-
HOMY mosoxeHuto [13].

[Mpu B3amMmojecTBUM ITHII-3-OKCOTEKCAHO-
ara (1) ¢ sxkBUMOIISIpHBIM KonmyecTBOM (E)- win (Z)-
1,3-muxnopnponena (2 uimm 3) B yclIoBUsX Mexdas-
HOTO Kartanmmsa B mpucyrctBuu K>COs [14] obpasy-
10Tcst MoHO3ameneHHbie (E)- wmu (Z)-uzomepst 3THII-
2-(3-xsopnporn-2-en-1-m)-3-okcorekcanoara (4 win
5) U B 3HAUUTEIHHOM KOJIUYECTBE UX JU3aMEIICHHbIC
npousBoanbie (1o 30-40 %). C 1enpio MOBBIIICHUS
BBIX0JIa IIEJICBBIX MPOAYKTOB 4 1 5 HaMu ObLTH ampo-
OMpOBaHBl M3BECTHBIE METOIBl CEJIEKTHBHOTO MO-

HOQIKWINPOBAHUS f-TUKApOOHMIIBHBIX COCTMHCHMI
MPUMEHHUTENBHO K MCCIeyeMbIM cyOcTpaTaM. AJIKH-
JTUpoBaHue ATHI-3-oKcorekcaHoata (1) B mpucyT-
CTBUHM cojeil kobambra [15] m TeTpabyTmimaMmMo-
HupTopuaa [16] HE IpUBENIH K CYIIECTBEHHOMY IIO-
BBIIICHUIO CCJICKTUBHOCTHU PpPCaKIMUMH, OAHAKO IIpH
OCYIIECTBJICHUH PeaKiu B TBepaoil ¢asze [17] B oT-
CYTCTBHE pacTBOPUTEIsI OOpa3oBaHHME IU3aMELICH-
HBIX MPOAYKTOB MPAaKTUYECKU HE HAOII0IaoCh.

(o] (o]
1. t-BUOK/AL,O4 P
/\)j\ /\)i\(\/hc'
2.Cly, ~ Cl
o O/\ AN o O/\
(E)-2 wu (2)-3
1 (E)-4 nn (2)-5

IIpn B3auMOJEMCTBUM STHII-3-OKCOTEKCAHO-
ara (1) ¢ (E)- wmn (Z)-uzomepamu 1,3-auxnoprpo-
reHa (2 wm 3) Ha oBepxHOCTH Al,O3, MUMIpEraupo-
BaHHOM {-BuOK, o0pa3yiorcs MOHO3aMELICHHBIE
npoaykTel 4 u 5 ¢ Bexomamu 81 u 79% cooTBer-
CTBEHHO. TBepaoda3Hoe alKUINPOBAHUE IPOTEKAET C
BBICOKOW CTEPEOCENEKTHBHOCTHIO, M30MEpPHAsl YUCTO-
Ta NpoAyKToB 4 u 5 npesbimaet 99%.

CranmapTHble METOJBI JIeKapOOKCHUIINPOBa-
HUS MOHOAQJIKHIIMPOBAaHHBIX KeTod(hupoB (4 u 5) B
KHUCJIOTHBIX WJIM WIEJIOYHBIX YCIOBHSIX HPUBOIAT K
BEChbMa TMOCPEACTBEHHBIM BBIXOJIaM COOTBETCTBYIO-
[IMX XJIOPBHHUIIOBBIX KETOHOB, JYYIIHE PE3yTbTaThl
MOJTyYeHBl NpU JIeKapOaJKOKCHIMpoBaHuu 4 u 5 B
HE3HAYUTENbHO  MOJICPHU3UPOBAHHBIX  YCIOBHUSX
Kpamuo. ITposenenne peakuuu B NMP npu temnepa-
type 130-140 °C B mpucyrctBuu 3 3kB. LiCl npuso-
aut K (E)- n (Z)-uzomepam 8-x110pokt-7-eH-4-oHa (6
u 7) ¢ Beixogamu 81 u 77 % COOTBETCTBEHHO W H30-

MEpHOH 4ncToTo ~99%.
/\)]\/\/‘ncl

A
P ——————
LiCl, NMP, H,0
S (E)-6 wm (2)-7

0] (0)
(E)-4 wu (2)-5
CtpyKkTypa, H30MEepHass YUCTOTa M KOH(pHTY-
paiusi 3aMecTUTeNIed BUHUJIBLHOM TPYNIUPOBKU TO-
Jy4YeHHBIX COEIWHEHHH ObLIa TOATBEPXKICHA BBICO-
kodpdextuBHbIM [ KX-anamm3om, mamaeiMu MK-,
SIMP-crieKTpocKonuu U Macc-criektpometrpun. Hanex-
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HBIM JIOKa3aTeJILCTBOM MPOCTPAHCTBEHHON KOHQUTY-
pauuu 3aMECTUTENEH INpU IBOWHON CBSI3U CILYXKUT
KCCB BuHUIBHBIX aTOMOB BOJOpoOja, paBHas 13,2
I'n msa (E)-coenuuennii (4, 6) u 7-7,2 T'u ans (Z)-
aHayoroB (5, 7), a Takke CMCUICHHE CUTHAJIOB aJllu-
7apHBIX C-aTOMOB mparc-BUHIIXJIOpUIOB 4 u 6 mpu-
MepHO Ha 4 M.z. B OoJiee citaboe ToJie 10 CpaBHEHHUIO
C Yuc-BUHUIXJIOpUIAMHU 5 11 7.

OKCIIEPUMEHTAJIBHA I YACTDb

Crexrpel SIMP 'H u BC 3anucansr B CDCls
Ha rpubope Bruker AM-300 (pabouas gactota 300 u
75,47 MI'11 COOTBETCTBEHHO), BHYTPEHHHUI CTaHIAPT —
TMC. Xpomarorpagudeckuii 1 Macc-CIeKTPaTbHBIN
aHaJM3 NPOBOAMIM HAa XPOMAaTO-MaccC-CIEKTPOMETpPE
GCMS-QP2010S SHIMADZU (sneKkTpoHHAsT HOHH-
3anus npu 70 3B, nuanazoH getekTupyeMbix Macc 33-
500 Ha). Mcrionp30Bany KanmuIpHYO KOMoHKY HP-
IMS (30 mx0,25 mmx0,25 MKM), TeMIiepaTypa Hcra-
putens 280 °C, temnepaTypa MOHHU3AIIMOHHON Kame-
po1 200 °C. AHanu3 NPOBOIWIN B PEKHUME IPOTrpaM-
MupoBaHus TemrepaTypsl ot 50 1o 280 °C co ckopo-
cteio 10 °C/muH, Taz-HOocHTenb — renwid (1,1 Mi/mMun).

I1ui-2-[(2E)-3-xaopnpon-2-en-1-mil-3-
okcorekcanoar (4). AxruupoBanubiii Al2Os (9,4 1)
nepememmBain ¢ pactBopom 0,561 T (5 MMOiIB)
t-BuOK B 10 M mpem-O0yTHIOBOTO criupta B aTMO-
cdepe aprona B TeueHue 20 MuH. PacTBopuTeNns moi-
HOCTBIO yJalsuid 1oJ] BakyymMoM. K cyxomy ocratky
nobassuin 0,78 T (5 MMOJIB) 3THII-3-0KCOTEeKCaHOATA
(1) u unTeHCHBHO TepemernuBaiu 1 4 B arMocdepe
aprona. 3arem mobasisutu 0,55 r (5 mmons) (E)-1,3-
JUXJIOPIIPOTIeHA (2) U HIHTEHCHBHO NIEpEMENINBAIIH JIO
3aBepmieHns: peakuuu (8-10 9, KOHTPOJIb METOJOM
IKX). TBepayio maccy NpOMBIBAIM 3THIIALETATOM
(150 M) Ha KOPOTKOHM KOJIOHKE, PacCTBOPHUTENH yJa-
75t 1o BakyyMoM. CBIpOi MPOAYKT OYHINAIA Me-
TOJIOM KOJIOHOYHOU Xpomarorpaduu (SiOz, rekcan —
stunanerar, 9:1). Bexon 0,94 r (81%), 6ecuBeTHas
xuakocte. Crextp AMP H, §, m. x.: 0,91 T (3H,
CHs, J 7,3 T'm), 1,27 T (3H, CH3CH:0, J 7,2 T'n), 1,62
k (2H, CHa, J 7,3 Tm), 2,40-2,63 m (4H, CH,
=CHCHy), 3,51 t (1H, CHC=0, J 7,3 T'm), 4,20 x (2H,
CHs;CH:0, J 7,2 T), 5,82 n.t (1H, =CHCH2, Jrpanc
13,2, 7,5 Tu), 6,05 n (1H, =CHCI, Jrpanc 13,2 Tm).
Crnextp AMP BC, §¢, m.a.: 13,43 (CHs), 14,00
(CH3CH:0), 16,79 (CHp), 29,16 (=CHCH,), 44,17
(CH.CO), 58,01 (CHC=0), 61,48 (CHsCH:0),
119,96 (=CHCI), 129,46 (=CHCH>), 168,70 (OC=0),
203,78 (C=0). Macc-criektp, m/z (Lom, %): 163(12),
161(38), 133(19), 81(9), 75(10), 71(100), 53(13),
43(88), 41(23), 39(10).
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Itna-2-[(2Z)-3-xaopnpon-2-en-1-ui|-3-
okcorekcanoar (5). [lonydeH u3 3tmi-3-okcorekca-
moara (1) u (2)-1,3-muxsopmporniena (3) aHATOTHYHO
coequHenno (4). Bexox 0,92 1t (79%), GecuBeTHas
xuakocts. Crexrp SIMP H, 8, m.x.: 0,92 T (3H, CHs,
J 7,2 T), 1,28 T (3H, CHsCH.0, J 7,2 T'n), 1,63
(2H, CHy, J 7,2 T), 2,43-2,64 m (2H, CHy), 2,75 1
(2H, =CHCH,, J 7,3 T'm), 3,57 T (1H, CHC=0, J 7,3
I'm), 4,20 x (2H, CH3:CH20O, J 7,2 '), 5,77 x (1H,
=CHCHa, Jue 7,2 T), 6,11 1 (1H, =CHCI, Jyuc 7,2
I'n). Cnekrp SIMP **C, &8¢, m.a.: 13,43 (CHs), 13,97
(CHsCH20), 16,85 (CH.), 25,47 (=CHCHy), 43,81
(CH.CO), 57,41 (CHC=0), 61,45 (CH3CH:0),
120,50 (=CHCI), 127,57 (=CHCH,), 168,97 (OC=0),
204,17 (C=0). Macc-criextp, m/z (Iom, %): 161(23),
133(11), 127(8), 99(8), 81(8), 71(100), 53(10),
43(83), 41(18), 32(18).

(7TE)-8-xnopokT-7-en-4-ou (6). Cmech 0,233 r
(1 mmomb) 4, 36 mr (2 mmons) H0, 0,127 r (3 Mmonb)
LiCl B 2 M N-mMeTunmuppoiuaoHa MepeMenInBalIn
mpu 140-150 °C no momHo# KoHBepcHuu cybdcrpara (4-
6 4, xoHTpoib MeromoMm [KX). 3arem mobGaBumm
10 M Bomel m 15 M 3THIAneTaTa, OPraHUYECKHIA
CJION OTIEJISIN, BOAHBIN CJIoi 00padaThiBaid ATHIIA-
neratoM (2x10 mur). OObeqUHEHHBIE OpraHUYECKUE
CJIOM TPOMBIBAIM BojoH, cymmnn MgSO4 U KOHLIEH-
TPUpPOBAIM TpH aTrMocepHoM naBiaeHuH. ChIpoi
MPOAYKT OYMIATU METOJOM KOJOHOYHOH XpOMaro-
rpadpun (SiO2, rekcan — atunarerar, 9:1). Bexon
0,130 r (81%), 6ecuBetHas >xunkoctb. Crektp AMP
H, §, m. 1.: 0,91 T (3H, C'Hs, J 7,3 T'm), 1,54-1,67 m
(2H, C?Hy), 2,29-2,41 m (4H, CH,), 2,48-2,52 m (2H,
CH>), 5,68 n.t (1H, C'Hz, Jipanc 13,2, 7 T'm), 6,00 1
(IH, CBHCI, Jipane 13,2 Tm). Cnextp SIMP 3C, &,
m.: 13,64 (CYH, 17,14 (C?), 24,84 (CP), 41,44 (C®),
44,79 (C%), 118,01 (C®), 132,24 (C"), 209,47 (CH.
Macc-criektp, m/Z (lom, %): 160(1) [M]*, 125(41),
117(15), 91(17), 89(50), 75(22), 71(88), 53(38),
43(100), 41(31), 39(27).

(72)-8-xa0pokT-7-en-4-on (7). Tlonyuen u3
5 ananoruuno 6. Beixox 0,124 1 (77%), OGecuiBeTHas
xuakocts. Crexrp SIMP 'H, 8, m. 1.: 0,92 T (3H,
C'Hs, J 7,3 T'm), 1,55-1,67 m (2H, C?Hy), 2,37-2,55 m
(6H, CHy), 5,79 k (1H, C'Hz, Juue 7 T'm), 6,04 1 (1H,
CBHCI, Jue 7 Tm). Crextp AMP BC, 8¢, m.a.: 13,63
(CYH, 17,17 (C?), 21,24 (C°P), 40,90 (C®), 44,55 (C3),
118,91 (C®), 130,12 (C'), 209,93 (C*). Macc-cnekrp,
m/iz (lom, %): 160(1) [M]", 125(42), 117(17), 91(19),
89(58), 75(13), 71(95), 53(45), 43(100), 41(32), 39(28).

Paboma evinonnena npu @uuancosoi noo-
Oepoicke Munobpnayku P® 6 pamxax evinonmenus
bazoeotl yacmu 2oczaoanusi (npoexm Ne49).

N3B. By30B. Xumus u xuM. texHosorus. 2017. T. 60. Bemm. 1



W3B. By30B. XuMmus u xuM. TexHojorust. 2017. T. 60. Beim. 1

10.

11.

12.

13.

14.

15.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

JIUTEPATVYPA

Metal-Catalyzed Cross-Coupling Reactions. Ed. de Meijere
A., Diederich F. N.-Y.: Wiley-VCH. 2004. 916 p.

Jeffery T. Recent Improvements and Developments in
Heck Type Reactions and Their Potential in Organic Syn-
thesis. Advances in Metal-Organic Chemistry. 1996. V. 5.
P. 153-260.

IMMaxmaes P.H., Nmb6aesa A.Y., 3opun B.B. Pd-karamu-
supyemsiii  cunres 1-[(2E,4E)-nonexa-2,4-nuenown]nurne-
punuHa. U36. 6y306. Xumus u xum. mexuonoeus. 2011.
T. 54. Bem. 10. C. 97-99

Mlaxmaes P.H., Cynaratysummaa A.lll., 3opun B.B. Ho-
BBIN MOAX0[ K CHHTE3y Tui-(4E)-ankenoaros. JKOX. 2013.
T. 83. Buim. 11. C. 1819-1821.

Handbook of organopalladium chemistry for organic synthe-
sis. Ed. E. Negishi. N.- Y.: Wiley interscince. 2002. 3424 p.
H3ubaena A.Y., Hlaxmae P.H., Cnupuxun JI.B., 3opun
B.B. Cunre3 mermnosoro s¢upa 2(E),4(E)-nomekanuero-
BOM KHCJIOTHI Ha OCHOBE peakuuu Xeka. bawt. xum. orc.
2009. T. 16. Bem. 1. C. 30-31.

Negishi E., Huang Z., Wang G., Mohan S., Wang C.,
Hattori H. Recent advances in efficient and selective syn-
thesis of di-, tri-, and tetrasubstituted alkenes via Pd-
catalyzed alkenylation—carbonyl olefination synergy. Acc.
Chem. Res. 2008. V. 41. N 11. P. 1474-1485. DOI:
10.1021/ar800038e.

HNmobaeBa A.Y., Cynaratysuimia A.lll., laxmaes P.H.,
3opun B.B. Crepeonanpasnennsiii cuntes 1-[(2E,4E)-
neka-2,4-nueHown \munepuanHa. baw. xum. oc. 2010. T. 17.
Bem. 3. C. 53-55.

TaxaytauHoBa A.Y., Munausiposa J.P., lllaxmaes P.H.,
3opun B.B. Peaxinu (E)- u (Z)-1,3-auxs10pnponeHos ¢ BTo-
puasbIMU amuHamu. JKTIX. 2011. T. 84. Beim. 3. C. 513-515.
Cynaratyiuna A.ll., Hlaxmaes P.H., 3opun B.B.
Cunre3 otun-(4E)-tpunen-4-eu-6-unoara. JKOX. 2013.
T. 83. Brmm. 1. C. 156-157.

Ilaxmaes P.H., Cynararysumna A.Ill., 3opun B.B. Cre-
peoHanpaBiIeHHbIH CHHTE3 a/UIMJIAMHHOB Ha OcHOBe Fe-
KaTaJM3UPyEeMOr0 KpPOCC-COUETaHHA 3-XJIOpHpoI-2-eH-1-
WIaMHHOB C peakTnBamu [puHbspa. CuHTe3 HaQTHOUH.
JKOpX. 2014. T. 50. Bem. 3. C. 334-343.

Ilaxmaes P.H., Cynaratyaauna A.lll., 3opun B.B. Fe-
KaTaIM3upyeMbl cuHTe3 mwmHHapu3mHa. JKOpX. 2015.
T. 51. Bem. 1. C. 98-100.

Cynarartyaiauna A.lll., Illaxmaes P.H., 3opun B.B. An-
KUJIMPOBAaHUE MAJOHOBOTO 3(GHpa UHIUBUIYAIbHBIMU H30-
Mepamu 1,3-quXJI0pHporieHa B yCIOBUSAX MeX(a3HOroO Ka-
Tanuza. baw. xum. oc. 2012. T. 19. Bem. 2. C. 5-7.
Illaxmaes P.H., Cynararymumna A.lll., ®unimnmosa
E.A., 3opun B.B. AnkunupoBaHue aneToykcycHoOro sdupa
WHAUBUYAJIbHBIMA
ycrnoBusax MexpaszHoro karammsza. baws. xum. orc. 2013.
T. 20. Bem. 1. C. 45-47.

Gonzalez A., Guell F., Marquet J., Moreno-Manas M.
Alkylation of B-diketones through their Co(II), Co(IlI) and
Zn(11) complexes. 1-Bromoadamantane as alkylating agent.
Tetrahedron Lett. 1985. V. 26. P. 3735-3738. DOI:
10.1016/S0040-4039(00)89236-9.

uzoMepamu  1,3-n1uxsoprponeHa B

10.

11

12.

13.

14.

REFERENCES

Metal-Catalyzed Cross-Coupling Reactions. Ed. de Meijere
A., Diederich F. N.-Y.: Wiley-VCH. 2004. 916 p.

Jeffery T. Recent Improvements and Developments in
Heck Type Reactions and Their Potential in Organic Syn-
thesis. Advances in Metal-Organic Chemistry. 1996. V. 5.
P. 153-260.

Shakhmaev R.N., Ishbaeva A.U., Zorin V.V. Pd-Cataly-
zed synthesis of 1-[(2E,4E)-dodeca-2,4-dienoyl]piperidine.
Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2011. V. 54.
N 10. P. 97-99 (in Russian).

Shakhmaev R.N., Sunagatullina A.Sh., Zorin V.V. A
new approach to the synthesis of ethyl (4E)-alkenoates.
Zhurn. Obshcheiy Khimii. 2013. V. 83. N 11. P. 2018-2020.
DOI: 10.1134/51070363213110078.

Handbook of organopalladium chemistry for organic synthe-
sis. Ed. E. Negishi. N.- Y.: Wiley interscince. 2002. 3424 p.
Izibaeva A.U., Shakhmaev R.N., Spirikhin L.V., Zorin
V.V. Synthesis of methyl ester 2(E), 4(E)-dodecadienoic ac-
id based on Heck reaction. Bash. Khim. Zhurn. 2009. V. 16.
N 1. P. 30-31 (in Russian).

Negishi E., Huang Z., Wang G., Mohan S., Wang C.,
Hattori H. Recent Advances in Efficient and Selective Syn-
thesis of Di-, Tri-, and Tetrasubstituted Alkenes via Pd-
Catalyzed Alkenylation—Carbonyl Olefination Synergy.
Acc. Chem. Res. 2008. V. 41. N 11. P. 1474-1485. DOI:
10.1021/ar800038e.

Ishbaeva A.U., Sunagatullina A.Sh., Shakhmaev R.N.,
Zorin V.V. Stereoselective synthesis of 1-[(2E,4E)-deca-
2,4-dienoyl]piperidine. Bash. Khim. Zhurn. 2010. V. 17. N 3.
P. 53-55 (in Russian).

Takhautdinova A.U., Mindiyarova E.R., Shakhmaev R.N.,
Zorin V.V. Reactions of (E)- and (2)-1,3-dichloropropenes
with secondary amines. Russ.J.Appl. Chem. 2011. V. 84. N 3.
P. 504-506. DOI: 10.1134/S1070427211030293.
Sunagatullina A.Sh., Shakhmaev R.N., Zorin V.V.
Synthesis of ethyl (4E)-tridec-4-ene-6-ynoate. Russ. J.
Gen. Chem. 2013. V. 83. N 1. P. 148-149. DOI:
10.1134/S1070363213010313.

Shakhmaev R.N., Sunagatullina A.Sh., Zorin V.V. Stere-
oselective synthesis of allylamines by iron-catalyzed cross-
coupling of 3-chloroprop-2-en-1-amines with Grignard rea-
gents. Synthesis of naftifine. Russ. J. Org. Chem. 2014.
V. 50. N 3. P. 322-331. DOI: 10.1134/S1070428014030038.
Shakhmaev R.N., Sunagatullina A.Sh., Zorin V.V. Iron-
catalyzed synthesis of cinnarizine. Russ.J. Org. Chem. 2015.
V.51. N 1. P. 95-97. DOI: 10.1134/S1070428015010169.
Sunagatullina A. Sh., Shakhmaev R.N., Zorin V.V. Al-
kynilation of diethylmalonate by individual isomers of 1,3-
dichloropropene in phase-transfer catalysis conditions.
Bash. khim. zh. 2012. V. 19. N 2. P. 5-7 (in Russian).
Shakhmaev R.N., Sunagatullina A.Sh., Filippova E.A.,
Zorin V.V. Alkylation of ethyl 3-oxobutanoate by individ-
ual isomers of 1,3-dichloropropene in phase-transfer cataly-
sis conditions. Bash. Khim. Zhurn. 2013. V. 20. N 1. P. 45-
47 (in Russian).

43



16.

17.

44

Izv. Vyssh

Clark J. H., Miller J. M. Hydrogen bonding in organic syn-
thesis. Part 6. C-Alkylation of B-dicarbonyl compounds using
tetra-alkylammonium fluorides. J. Chem. Soc., Perkin Trans.
1.1977. P. 1743-1745. DOI: 10.1039/P19770001743.

Ranu B. C., Bhar S. Surface-mediated solid-phase reac-
tion. Part 2. Highly selective mono- and di-C-alkylation of
1,3-dicarbonyl compounds on the surface of alumina. J.
Chem. Soc., Perkin Trans. 1. 1992. P. 365-368. DOlI:
10.1039/P19920000365.

15.

16.

17.

. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

Gonzalez A., Guell F., Marquet J., Moreno-Manas M.
Alkylation of B-diketones through their Co(II), Co(III) and
Zn(11) complexes. 1-Bromoadamantane as alkylating agent
Tetrahedron Lett. 1985. V. 26. P. 3735-3738. DOI:
10.1016/S0040-4039(00)89236-9.

Clark J. H., Miller J. M. Hydrogen bonding in organic
synthesis. Part 6. C-Alkylation of B-dicarbonyl compounds
using tetra-alkylammonium fluorides. J. Chem. Soc., Perkin
Trans. 1. 1977. P. 1743-1745. DOI: 10.1039/P19770001743.

Ranu B. C., Bhar S. Surface-mediated solid-phase reac-
tion. Part 2. Highly selective mono- and di-C-alkylation of
1,3-dicarbonyl compounds on the surface of alumina. J.
Chem. Soc., Perkin Trans. 1. 1992. P. 365-368. DOI:
10.1039/P19920000365.

Iocmynuna ¢ peoaxyuio 21.03.2016
Ipunsama x onybnuxosanuro 18.11.2016

Received 21.03.2016
Accepted 18.11.2016

N3B. By30B. Xumus u xuM. texHosorus. 2017. T. 60. Bemm. 1



W3B. By30B. XuMmus u xuM. TexHojorust. 2017. T. 60. Beim. 1

DOI: 10.6060/tcct.2017601.5483

st ntMTUpOBAHMSA
Byruna 10.B., Jaaunosa E.A., Imutpues M.B., Conomonos A.B. Kpucrammdaeckas ctpykrypa Ouc[(anaMmmHOMeTHI-1-
€H)aMHUHOTHOMETHIIAMMOHHH | cynbdaTa. M38. 8y306. Xumus u xum. mexroaoeus. 2017. T. 60. Bem. 1. C. 45—49.

For citation:
Butina Yu.V., Danilova E.A., Dmitriev M.V., Solomonov A.V. Crystal structure of bis[1-(diaminomethylene)-thiouron-1-
ium] sulfate. lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1. P. 45-49.

VJIK: 548-1

10.B. Bytuna, E.A. /lanusnoBa, M.B. /Imutpues, A.B. CosioMmoHOB

FOnus BanentunoBHa byruna, Enena Anonbdona [lanmnosa (B<)

Kadenpa TexHOIOTHH TOHKOTO OPraHUYECKOI0 CHHTE3a, FIBAHOBCKHIA TOCYIapCTBEHHBIH XMMHKO-
TEXHOJIOTHUECKHI yHUBepcHuTeT, mpocil. lllepemereBckuii, 7, IBanoBo, Poccuiickas @enepamums, 153000
E-mail: danilova@isuct.ru (B)

Makcum BukrtopoBuu JIMutpuen

Kadenpa opranmueckoit xumun, [lepMcknii Tocy1apcTBEHHBIA HAIIMOHAIBHBINA UCCIIEIOBATEIBCKIH YHHBEPCH-
TeT, yi. bykupesa, 15, Ilepmb, Poccutickas @enepanms, 614990
E-mail: maxperm@yandex.ru

Anekceil Bnagumuposuu CoI10MOHOB

Weizmann Institute of Science, Herzl st., 234, Rehovot, 76000, Israel
E-mail: deus-lex@yandex.ru

KPUCTAVIMYECKASA CTPYKTYPA BUC[(AUAMUHOMETUJI-1-EH) AMUHOTHO-
METHUJIAMMOHU] CYJIb®ATA

B oaunoit pabome npedcmasnensvt 0annbvle PEHM2EHOCMPYKIMYPHO20 AHATU3A MOHOKDU-
cmanna oucl(ouamunomemun-1-en)amunomuomemunammonuii] cyrogpama, oopasyrouiezoca Ha
HPOMENCYMOUHOU cmaouu cunmesa 2-umuno-4-muoouypema. Ilonyuennoiii npodykm oxapax-
mepuzoean memooamu UK cnekmpockonuu u nemenmuozo ananusa. Kpome mozo, onucamnul
nomeHyuaIbHble 001ACHMU NPUMEHEHUA CUHME3UPOBAHHO20 coeduHeHus. CmpykmypHble Xa-
PaKmepucmuKku coeOUHeHUs HAXO00AMCA 8 COOMEENICIEUN C MAKOGLIMU Ol MUOMOYEEGUHbL U
ee panee uzyuyeHHvlx coneil. H3secmno, umo npou3so0Hbvle MUOMOUEBUHBL CYUIECHBYIOM 6 He-
CKOJIbKUX MAymomMepHbIX (hopmax, cocmoanue KOmopvlx 6 KpUCMaiiuieckom euoe 4acmo om-
auvaemca om cocmoanua 6 pacmeope. Tak Kax nPomedxcymouHslil nPOOYKmM HA CMAOUU CUHMe-
3a 2-umuno-4-muooduypema évioensnemcsa 6 6ude KpUCMAIAUUECKO20 NOPOUKA, A He OCHAenICA 6
pacmeope, nPeod10Hcena U3SMEHEeHHAsA CXema CUHmesa. JemMeHmapHasn A4eilka coCnmounm u3 08yx
Hen10cKux Kamuonoes 1-(ouamunomemunen)muomouesunsl u cynvhpam-anuona. Ilonusiii navop
PEHm2eHOCMPYKMYPHBIX OAHHBIX OenoHuposan ¢ Kemopuoicckuii 6ank cmpykmypHsix 0anHbIX
(0oenonenm CCDC 1421710) u morcem Ovimb c60000HO ROAYUEeH RO 3ANPOCY HA calime
www.ccdc.cam.ac.uk/data_request/cif.

Kamnouesble ciioBa: Ouc[(InaMuHOMETHII-1-eH)aMUHOTHOMETHIIAMMOHUH | cynb(aT, THOMOUYEBUHA,
PEHTTEHOCTPYKTYPHBINA aHAIIN3
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CRYSTAL STRUCTURE OF BIS[1-(DIAMINOMETHYLENE)-THIOURON-1-l1UM] SULFATE

In this work crystal data of bis[1-(diaminomethylene)-thiouron-1-ium] sulfate is shown.
This compound was characterized by IR spectroscopy and elemental analysis. The monocrystal of
this compound was obtained and the structure was confirmed by single X-ray analysis. Moreover,
the work describes potential application of synthesized compound. Comparative characteristics of
thiourea and its known salts are demonstrated. It is known, that derivatives of thiourea have sev-
eral tautomeric forms, which can be different in crystalline state or in solution. Therefore,
changed scheme of the synthesis of 2-imino-4-thiobiuret is proposed. Elemental cell of crystal
consists of two 1-(diaminomethylene)thiouron-1-ium cations and one sulfat anion. A full set of X-
ray diffraction data was deposited in the Cambridge Structural Database (deposit CCDC
1421710) and it can be gotten from the site www.ccdc.cam.ac.uk/data_request/cif.

Key words: bis[1-(diaminomethylene)-thiouron-1-ium] sulfate, thiourea, X-ray analysis

INTRODUCTION

1-(Diaminomethylene)thiourea (1) and its imino
tautomer, namely 2-imino-4-thiobiuret (2) (Scheme 1),
have several potential coordination modes and can
form complexes with metal ions [1]. Compound 1 is
organic ligand with multiple coordination sites, which
can be used as building units for formation highly
ordered supramolecular compounds with predeter-
mined structure and properties [2].

THZ THZ ﬁH rile
Ca. _C ' C
HNT SN g H,N” \H/ Ns
1 2

Scheme 1. Tautomeric forms of 1-(diaminomethylene)thiourea
Cxema 1. TayromepHbie Gopmbl 1-(IHaMHHOMETHIICH)THO-
MOYCBHUHBI

46

H

|
HoN N NH -
2 /+ 2 _3042

NH, S

3

Fig. 1. Structure of bis[1-(diaminomethy-lene)thiouron-1-ium]
sulfate
Puc. 1. Crpykrypa 6uc[(anamMuHOMeTIII-1-€H)aMIHOTHO-
METHJIAMMOHWUIA| Cynbdara

2

This property is a result of the presence of
donor atoms (N and S) bearing lone pair electrons [3].
It is known, that N,N-coordination is characteristic for
basic solution and S,N-coordination was observed in
neutral and weakly acid media [4]. 1-(Diaminomethy-
lene)thiourea forms salts both with inorganic and with
organic acids. For example, the authors [2] published
X-ray data of bis[1-(diaminomethylene)-thiouron-1-
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ium] tetrachlorozincate. The crystal structures of sev-
eral salts of 1-(diaminomethylene)thiourea are known,
namely chloride, bromide, iodide [5], perchlorate,
hydrogen sulfate, dihydrogen phosphate, dihydrogen
arsenate [6], hydrogen difluoride, hexafluorsilicate
[7], formate and oxalate dehydrate [8]. In this article,

the crystal structure of bis[1-(diaminomethylene)thio-
uron-1-ium] sulfate (3) is described for the first time
(Fig. 1).

The authors [9] proposed new method of syn-
thesis of 2 according to Scheme 2.

HzN—ﬁ—NH—CEN +NayS,0; + H,0 + 2H,S0, ——=— H,N—C—NH—C—NHy HSO; + 2NaHSO,

NH

NH S
4

H,N—C—NH—C—NHy HSO;+ NaOH ——=— H,N— C—NH—C—NH, + NaHSO, + H,0

NH S

NH s
2

Scheme 2. The synthesis of 2-imino-4-thiobiuret
Cxewma 2. CunTe3 2-uMHHO-4-THOOMYypeTa

It is known that substances having tautomeric
transformations can have one state in crystalline form
and other state in solution, so authors [9] expected
that the formation of 2-imino-4-thiobiuret occurs
through obtaining of 1-(diaminomethylene)thiourea
hydrogen sulfate (4). However, we obtained the single
crystal of compound formed on intermediate step of
synthesis of compound 2.

EXPERIMENTAL PART

IR spectra were measured with an AVATAR
360 FT-IR spectrometer. X-Ray analysis were carried
out with the monocrystal automatic diffractometer
Xcalibur R with CCD-detector by standard method.

Crystal of 2C;H;N,S*-SO,* 3 was obtained
from dicyandiamide (8.4 g, 0.1 mol) and sodium thio-
sulfate pentahydrate (27.3 g, 0.11 mol). This mixture
was dissolved in water (50 mL) under heating and
then 25% sulfuric acid (36.6 mL, 0.11 mol) was add-
ed by dropwise. Reaction mixture was heated to 80°C
and stirred at this temperature during 5 hours. Formed
sulphur was removed by the method of hot filtration.
After several days at room temperature, crystals of 3
were obtained. Yield: 14.14 g (86%). Tmer = 190-192 °C.
IR: v (KBr)/cm™: 3394 (NH,, vas), 3309 (NH, vs),
3196, 2809, 1700 (C=N), 1631 (NH, d), 1601, 1513,
1339, 1199 (C-N, aliph), 1109 (C=S), 1085 (S=0),
835, 750, 663, 636, 612, 545, 511, 445, 427. Found, %:
C 1441, H 4.28, N 31.97, S 28.61. C4H14N5O.Ss.
Calc., %: C 14.37, H 4.22, N 33.51, S 28.77.

H atoms were located in difference Fourier
maps and refined with isotropic displacement pa-
rameters. The N-H distances were fixed at 0.86 (2)
A using DFIX restraint. Crystal data was obtained
using of computer programs: CrysAlis PRO [10],
SHELXS97 [11], SHELXL97 [11], Mercury [12],
pubICIF [13]. A full set of X-ray diffraction data was

deposited in the Cambridge Structural Database (de-
posit CCDC 1421710).

RESULTS AND DISCUSSION

X-ray analysis of monocrystal 3 shown that
the elemental cell contains two nonplanar 1-(diamino-
methylene)thiouron-1-ium cations and the sulfate ani-
on linked together via N-H:--O hydrogen bonds,
which were formed by H atom of amino-group 1 and
O atom of sulfate anion (Fig. 2).

s3g— s2

Fig. 2. Fragment of crystal packing of 3
Puc. 2. ®parMeHT KpUCTAUTNYECKOH YIIaKOBKH 3

o1
02
S1
04

H2B
N2 H2A
HEA H5B
03

Fig. 3. The molecular structure of the elemental cell of 3
Puc. 3. MonexyinsipHast CTpyKTypa 3JIeMeHTapHOH sIeiKn 3
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The compound 3 constructed by two crystal-
lographic independent cations and one anion is crys-
tallized in centrosymmetric space group of triclinic
crystal system (Fig. 3).

Sulfate-anion represents slightly distorted tet-
rahedron, which is typical for structures of this type.
As in other salts of 1-(diaminomethylene)thiourea [6],
cations consist of two planar parts twisted about each
other. The dihedral angle between the mean least-
squares planes of fragments N1C2N2N3 and
N3CIN4S2 is 12.0° the angle between fragments
NSC3N6N7 and N7C4NS8S3 is 10.2°. Double bonds
C2=N3 and C3=N7 (Table) are elongated significant-
ly and single bonds C2-N1, C2-N2, C3-N5, C3-N6
are shortened comparing with neutral molecule [1].

The C1=S2, C4=S3 bond lengths in 3 are
comparable to those in thiourea (where the C=S dis-
tance is 1.683 A) [14] and in other salts of 1-
(diaminomethylene)thiourea, such as the perchlorate
and the dihydrogen arsenate [6]. However, these dou-
ble bonds are shortened significantly comparing with

2H;N—C—=—N—C=N+3Na;S$,0; + H,0 + 3H,SO4——=—|H,N—C=—=NH—C—NH,

NH,

HZN—C=l\IH—ﬁ—NH2
S

NH
2 2

SO% + 2NH,O0H ——=— 2H,N—

neutral molecule [1]. Such redistribution bond length
indicates delocalization of the positive charge of cati-
ons between the nitrogen atoms of the amino groups.

Table 1
Selected geometric parameters (A) for 3
Taénuya 1. M36pannbie reoMeTpuyeckne napamerpsi (A) 3

bond length bond length
S2-C1 1.667 (2) S3-C4 1.662 (2)
C1-N3 1.375(2) N7-C3 1.358 (3)
C1-N4 1.326 (2) N7-C4 1.383 (2)
N3-C2 1.366 (2) N6-C3 1.305 (2)
C2-N1 1.302 (2) N5-C3 1.314 (2)
C2-N2 1.305 (3) N8-C4 1.318 (2)

CONCLUSIONS

Crystal of bis[1-(diaminomethylene)-thiou-
ron-1-ium] sulfate was obtained and characterized by
X-ray analysis for the first time. Thus, the synthesis
of 2-imino-4-thiobiuret carries out according to
Scheme 3.

SOZ +2NaHSO, + 2Na,S0, + S + SO,

NH, s
2
3
ﬁ—NH—“—NH2 + (NH,),S0, + 2H,0
NH s
2

Scheme 3. The synthesis of 2-imino-4-thiobiuret
Cxema 3. Cunre3 2-uMHHO-4-THOOMYpeTa
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PLASMA PARAMETERS AND COMPOSITION IN CF4/O2/Ar GAS MIXTURE

The effects of O./Ar mixing ratio in CF4/O2/Ar mixture on both plasma parameters and
fluxes of active species determining the dry etching kinetics in this gas system were analyzed. The
investigation combined plasma diagnostics by Langmuir probes and zero-dimensional plasma
modeling. It was found that the substitution of Ar with O, at constant fraction of CF, in a feed
gas does not result in the non-monotonic change in F atom density, as it was repeatedly reported
for the binary CF4/O; gas mixtures. The mechanisms of this phenomenon as well as its possible
impact on the etching/polymerization kinetics were discussed in details.

Key words: CF4 plasma, diagnostics, modeling, reaction kinetics

INTRODUCTION

Fluorocarbon (FC) gases, such as CF. and
other ones, are widely used in the microelectronic
industry for dry patterning of silicon wafers and dielec-
tric (SiO2, SisNg) thin films [1, 2]. From Refs. [2-4], it
can be understood that the FC gases are frequently
combined with O, with the aim of increasing the F
atoms yield and suppressing polymerization on the
surfaces which are in a contact with plasma. Really,
there are many experimental evidences that the addi-
tion of O to the CF4-based gas mixture results in the
non-monotonic behavior of the F atom density which
exhibits a maximum at 20-40% O [5-9]. Most au-
thors reasonably attribute this effect to the stepwise
dissociation of the CF« species due to their interaction
with oxygen atoms [6, 9].

Recently, in order to satisfy the increasingly
demanding requirements concerning device dimen-
sions and performance, many dry etching processes
require optimization through the appropriate choice of
working gas and input process conditions. In this
framework, an understanding of the plasma chemistry
mechanisms involved in various gas systems is im-
portant for future progress. When analyzing the pub-
lished works, one can conclude that the effect of O,
on the plasma parameters and composition has been
well studied only for binary (CF4/O;) or ternary
(CF4/O4/Ar) gas mixtures where an increase in the O
mixing ratio is accompanied by a proportionally de-
creasing CF4 gas fraction. At the same time, the ter-
nary gas systems provide more pathways for the
changes in gas mixing ratios in order to obtain the
optimal process conditions. For example, one can
keep the fraction of CF, gas constant, but change the
ratio between O, and Ar. It is clear that, since the
composition of the feed gas is different compared
with the simple CF4/O; mixture, some principal dif-
ferences in plasma parameters (through the electron
energy distribution function and mean electron ener-

gy) and densities of plasma active species can take
place. This is why the relationships between the
plasma parameters and the composition for of the
three-component CF4/O2/Ar gas mixture with an CF4
gas component of constant magnitude require addi-
tional investigation.

In this work, we performed the model-based
study of CF4/O4/Ar inductively coupled plasma aimed
at understanding how the substitution of Ar for O, at
fixed 50% content of CF4 influences plasma parame-
ters and densities of active species. The main atten-
tion was focused on the parameters directly influenc-
ing dry etching mechanisms: ion energy flux, F atom
flux, polymerizing species (CF. and CF) flux as well
as various flux-to-flux ratios illustrating the changes
in the etching/polymerization balance. We also at-
tempted the analysis of the formation-decay kinetics
for neutral species in order to explain the obtained
phenomena.

EXPERIMENTAL AND MODELING DETAILS

Experimental setup and procedures

The experiments were performed in a planar
inductively coupled plasma (ICP) reactor used in pre-
vious work [10, 11]. The reactor had a cylindrical
chamber (r = 15 cm), made from anodized aluminum.
A 5-turn-copper coil was located on the top of the
chamber, above the 10-mm-thick horizontal quartz
window. The coil was connected to a 13.56 MHz
power supply in order to sustain the plasma. The dis-
tance, I, between the window and the bottom electrode,
which was used as a substrate holder, was 12.8 cm.
The bottom electrode was connected to another
12.56 MHz power supply in order to control the nega-
tive dc bias on the etched wafer.

The experiments were performed at a fixed total
gas flow rate (g = 40 sccm), gas pressure (p = 6 mTorr),
and input power (W = 900 W). The input power den-
sity W' = W/z#?l then became 0.9 W/cm?. In order to
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imitate actual etching conditions, the bottom electrode
was biased by Wy = 200 W. The CF4/O2/Ar gas com-
positions were set by adjusting the partial flow rates.
Particularly, the CF, flow rate was fixed at 20 sccm
while the flow rates of the O, and Ar were variably
set to a combined total of o2 + gar = 20 sccm. There-
fore, the proportion of CF4 (Ycra = (cra/q) in the feed
gas was always 0.5, and the remaining half gas mix-
ture was composed of various amounts of Ar and O

The plasma parameters were determined by a
double Langmuir probe (LP), (DLP2000, Plasmart Inc.).
The probe tip was installed through a hole in the
sidewall of the chamber, 5.7 cm above the bottom
electrode and centered in a radial direction. In order to
ensure that the LP results were not affected by the
formation of the FC polymer film on the tip surface,
we conducted a set of preliminary experiments, where
the current — voltage (I — V) curves were recorded
continuously at fixed-feed gas composition and oper-
ating parameters. Even for the non-oxygenated plas-
mas, the differences between the results of such
measurements did not exceed the standard experi-
mental error for a period of at least 10 min after the
plasma was turned on. Also, throughout the main ex-
perimental procedure, the probe tip was cleaned in
50% Ar + 50% O, plasma before and after each
measurement. The output data were the electron tem-
perature (Te), ion current density (J.), floating poten-
tial (Uf), and total positive ion density (n.). The
treatment of the | — V curves was based on Johnson &
Malter’s double probe theory [12], and the Allen-Boyd-
Reynolds (ABR) approximation for the ion saturation
current density [13]. These assume J: = 0.61en+v, where
v is the ion Bohm velocity. In our previous studies
[10, 11], it was shown that such an approach can be
reasonably applied even for more electronegative
plasmas than those used in this study. The effective
ion mass needed to determine v was evaluated simply
through the mole fractions of the corresponding neu-
tral species.

Plasma modeling

To obtain the densities of the active species,
we developed a simplified zero-dimensional model
operating with the volume-averaged plasma parame-
ters. Similarly, to our previous works [10, 11, 14, 15],
the model was based on the Maxwellian electron en-
ergy distribution function (EEDF), and directly used
the experimental data of 7. and n. as input parame-
ters. Though the real EEDFs are not exactly Maxwel-
lian, such a simplification for CFs-based and low-
pressure (p < 50 mTorr) ICPs provides reasonable
agreement between the diagnostic results and model-
ing [10-12, 16, 27].

52

The general model assumptions as well as the
reaction scheme were the same with our previous
works [14, 15]. The rate coefficients for electron im-
pact reactions were calculated as functions of Te using
the fitting expressions in a form of k = AT.2exp(-C/Te)
[5, 14]. The heterogeneous chemistry of atoms (F, C,
0) and radicals (CFs;, CF,, CF) was described in terms
of the conventional first-order recombination kinetics.
The corresponding ticking probabilities were obtained
from Refs [5, 14, 15]. The electron density (ne) was

calculated using the simultaneous solution of the
steady-state chemical kinetic equation for negative
ions vaane ~ kiin+n. and the quasi-neutrality equation
N+ = ne+n.. These allow one to obtain

kin,®

n, 8 ————
Vag + kymy

where vga = Kincrat+kaonoy is the total frequency of dis-
sociative attachment (R1: CF4 + e — CF3; + F and
R2: O; + e — O + O), n. is the density of negative
ions, and kii = 1-107 cm¥s is the rate coefficient for
ion-ion recombination. The steady-state densities for
neutral ground-state plasma components were ob-
tained from the system of chemical kinetics equations
in the general form of Re-Rp = (kst1/zr)n, where Rr
and Rp are the volume-averaged formation and decay
rates in bulk plasma for a given type of species, n is
their density, ks is the first-order heterogeneous decay
rate coefficient, and == = mr?lp/q is the residence time.

RESULTS AND DISCUSSION

Fig. 1 represents measured and model-predic-
ted plasma parameters as functions of O, fraction in
CF4/O2/Ar gas mixture. It can be seen that the substi-
tution of Ar for O, results in decreasing both T, (3.6-
3.4 eV for 0-50% O, Fig. 1(a)) and J+ (1.45-1.29
mA/cm? for 0-50% O, Fig. 1(a)) that corresponds to
ny = 5.7-10°-4.4-10'° ¢cm3 (Fig. 1(b)). The model-
predicted electron density follows the behavior n. and
changes as 4.4:10%°-2.8-10° ¢cm™ for 0-50% O,. A
decrease in electron temperature toward Oa-rich
plasmas is probably results from an increase in the
electron energy loss due to the low-threshold excita-
tions (vibrational, electronic) for O, and other molec-
ular species, which appear in a gas phase as products
of plasma chemical reactions. The same behavior of
both n.+ and ne also looks quite reasonable and may be
caused by a combination of at least two phenomena.
First, the decreasing Te suppresses ionization through
decreasing the ionization rate coefficients for all types
of neutral species. The high sensitivity of the ioniza-
tion rate coefficients to Te is because &i; = 12-15 eV >
(3/2)Te where &, is the threshold energy for ionization
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[5, 16], and (3/2)T. is the mean electron energy. Sec-
ondly, the substitution of Ar for O, results in an increase
in the densities of electronegative species (n/n. = 0.28-
0.58 for 0-50% O, Fig. 1(b)). This accelerates the
decay rates of the positive ions and electrons through
ion-ion recombination and dissociative attachment,
respectively.
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Fig. 1. Measured (lines + symbols) and model-predicted (lines)
plasma parameters as function of O fraction in CF4 + Oz + Ar gas
mixture: 1—electron temperature, 2—ion current density, 3—total
positive ion density, 4—electron density, 5-relative density of
negative ions, 6-negative dc bias, 7—ion energy flux density
Puc. 1. V3mMepeHHbIe (JIMHUH + CUMBOJIBI) U pacyeTHBIC (JIMHIH)
TmapaMeTphl IU1a3Mbl Kak GyHKIwn gom O2 B m1a3Mo00pasyro-
meit cmecu CF4 + Oz + Ar: 1-temmeparypa >JI€KTpOHOB,
2—TJIOTHOCTH HOHHOT'O TOKa, 3—cyMMapHa;[ KOHIICHTpaNus 1oJIo-
JKHUTCIBbHBIX HOHOB, 47KOHLI€HTpaLII/IH J3JICKTPOHOB, 5—oTHOCH-
TesbHas KOHLIEHTPALUs OTPULATENIbHBIX HOHOB, 6—OTpHLATEIIb-
HO€ CMCIICHHUE Ha IIOUIOKKOACPIKATEIIE, 7-TJI0THOCTH TTOTOKA
OHEPrunu HOHOB

Fig. 2 illustrates the influence of O, content in
the CF4/Ar/O, gas mixture on the densities of neutral
species. In the non-oxygenated 50% CF, + 50% Ar
plasma, the main source of F atoms are the electron-
impact dissociations of CFs (R3: CFs+e — CFz+ F + g,
R4: CFs+e — CFs" + F + 2¢) and CF3 (R5: CFs+e —
CF2+ F + ¢). These processes constitute approximate-
ly 86% of the total F atom formation rate while the
contribution from the CF, and CF radicals through
R6:CF,+e >CF+F+eandR7:.CF+e—>C+F+e
does not exceed 5%. The remaining 9% comes from
R8: F2 + e — 2F + e, which is supported by the high
F — F» recombination rate on the reactor walls. Ac-
cordingly, the decay of F atoms is mainly caused by
their heterogeneous recombination while the rate of
the fastest bulk process R9: CF; + F — CFy4 is about
10 times less.

1014 _

1013 L

Density [cm'3]
=
o,

1011 L

10% L L L A
0.0 0.1 0.2 0.3 0.4 0.5

0, fraction in CF,+O,+Ar
Fig. 2. Model-predicted densities of neutral species as function of
Oz fraction in CF4 + O2 + Ar gas mixture
Puc. 2. PacueTHble KOHLIIEHTPAIUN HEUTPAIbHBIX YACTHUI] KaK
¢yuxunn gonmu O2 B mnazmoobpasyromeit cmecu CFa + O2 + Ar

The substitution of Ar for O, at a constant
fraction of CF4 noticeably reduces the rates of R3-R5,
even under the condition of low-oxygenated (yo. <
yar) plasmas (for example, a two-fold decrease at 12%
0,). This is due to the simultaneous decrease in ne,
Ncra (3.5:10%3-1.9-101 cm™ for 0-12% O,), and ncrs
(5.2:10%%-1.9-10'? cm® for 0-12% O,). The density of
CF;3 radicals decreases because of their decomposition
in R10: CF; + O — CF,0 + F, R11: CF; + O(*D) —
— CF,0 + F, R12: CF; + CFO — CF4; + CO and R13:
CF3; + CFO — CF,0 + CF; with the participation of
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O, O(*D), and CFO. The behavior of nces follows that
of ncrs because the latter represent the main source of
CF4 molecules in the plasma chemical reactions. At
the same time, the addition of O introduces new
channels for the formation of F atoms involving CFO
(R14: CFO + ¢ —» CO + F + ¢) and CF,0O (R15:
CF,0 + e — CFO + F + ¢), while also accelerating
R8. The high formation rate for the CFO species is
provided by R15 and R16: CO + F — CFO, while
CF20 is effectively formed in R13, R17: 2CFO —
CF,0 + CO and R18: CFO + F — CF0. The acceler-
ation of R8 is due to the rapidly increasing F» density
(nk2 = 9.2-10'1-9.0-10'2 cm for 0-12% O), because
of the formation of these species in R19: CF.0 + O(*D) —
— F, + CO, and heterogeneous recombination of
F atoms. As a result, the total F atom formation rate
increases compared with the CF4/Ar plasma, which
causes an increase in F atom density (ne = 5.8-10%2-
2.6:10% cm for 0-12% O,). The further addition of
0O, in the feed gas and the transition to the high-
oxygenated plasmas (Yo2 < yar) maintains all the pre-
viously mentioned tendencies for reaction rates while
also introducing additional mechanisms for the for-
mation of F atoms. Particularly, in the 50% CF4 +
+ 50% O, gas mixture (Yo = 0.5 and yar = 0), the
electron impact dissociation rate of the FO species
(R20: FO + e — F + O + e) reaches the R14 and R15
levels. The high formation rate and density of FO
(8.2:10%-6.3-10*2 cm® for 12-50% O) are provided
mainly by R21: F, + O(*D) — FO + F and the hetero-
geneous interaction between F and O atoms. Simulta-
neously, the total effect of R14, R15 and R20 be-
comes greater than the sum of R3-R5. Apart from
these, the rates of the atom-molecular processes R21,
R22: FO + O — F + Oz, R23: FO + O(*D) — F + Oy,
R24: FO + FO — 2F + Oz and R25: CFO+ 0 — CO + F
increase together with the increasing O, content in the
feed gas and, finally, appear to be comparable with
R14, R15 and R20. Therefore, the substitution of Ar
for O in the CF4/Ar/O, gas mixture under the given
conditions provides a continuous increase in the F
atom formation rate and thus, the F atom density.

The data discussed above allow one to define
clearly the differences between the three-component
CF4/Ar/O, (with constant ycrs) and “classical” two-
component CF4/O; gas systems. In the CF.#/O. gas
mixture, the addition of O, at constant p results in a
proportional decrease of CF4 fraction in a feed gas.
This fact results in a faster decrease in the densities of
both CF4 and CF3; (compared with those mentioned by
Fig. 2) as well as in slower increase in F,, CFO,
CF20, and FO densities. In fact, the formation rates
for these species appear to be strongly limited by the
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lack of fluorine coming with the feed gas. As a result,
the densities of F,, CFO, CF,0, and FO exhibit max-
imums in the range of 30-50 % O; that is directly re-
flected on the behavior of the F atom density through
the non-monotonic rates of R8, R14, R15, R20 and
R22-R24.

Another important issue for the dry etching
process analysis is the efficiency of the ion bombard-
ment which determines the contribution of the physi-
cal etching pathway to the overall process rate. In the
ion-assisted chemical reaction, the role of ion bom-
bardment may include the sputtering of the native
surface atoms, the ion-stimulated desorption of low-
volatility reaction products, and the destruction of the
fluorocarbon film. From Refs. [17, 18], it can be un-
derstood that the rate of the physical etching pathway
is given by YsI'+, where '+ =~ J+/e is the total flux of
the positive ions on the etched surface and Ys is the
ion-type-averaged sputtering yield. For the ion bom-
bardment energy, & < 500 eV, one can assume Ys to
be proportional to the energy transferred by the inci-
dent ion to the surface atom [17]. Therefore, the phys-
ical etching pathway can be characterized by the ion
energy flux &I+, where & = e|-Us-Uq|. From Fig. 1(c),
it can be seen that the parameter -Uy. increases toward
O,-rich plasmas in the range of 137-153 V. The weak-
ly increasing & compensates for the fall of T, so that
the parameter &1+ keeps a near-to-constant value for
0-50% O.. Therefore, the substitution of Ar for O in
CF4/O2/Ar gas mixture has no noticeable influence on
the efficiency of the physical etching pathway.

Finally, we would like to pay the attention to
some relative parameters which characterize the in-
fluence of both chemical and physical effects on the
dry etching kinetics in the given gas system. The op-
posite changes in F and CFx densities mentioned by
Fig. 2 result in the F/CFx flux ratio of 8-13000 for
0-50% O.. Additionally, the ion/CFx and O/CFx flux
ratios also increase toward O»-rich plasma by more
than two orders of magnitude, in the ranges of 0.6-98
and 0-795, respectively. All these mean that the sub-
stitution of Ar for O creates a favorable condition for
etching, but not for polymerization. Therefore, as the
O, fraction in a feed gas increases, one can expect the
higher etching rates together with lower residues of
the FC polymer on the etched surface.
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HK-®YPBE-CIIEKTPOCKOIIMYECKOE UCCJIIEJOBAHUE PACTBOPOB BOJIb®PAMATA
N MOJIMBJIATA HATPUS B LIMPOKOM /IMAITIA3OHE pH

Memooom HK-Dypbe-cnexkmpockonuu usyuenst eoonsie pacmeopovl Na;WO4 u Na:MoOs
¢ konuyenmpauyueii 0,1 monv/n 6 wiupokom unmepeane 3HaueHuil axkmopa xKucromuocmu Z
(pH). Ycmanoeneno, umo 2uoporumuyecKkue u nOJIUKOHOECHCAYUOHHbBIE NPOUECChl NPOMEKAIom
0os1ee 2nyboKo 6 pacmeopax 60abppama Hampusi.

Kuarouesnbie cioBa: K-cniekTpockonus, MOIUOIAT HATPUsL, BOJIb(GpaMaT HATPHsI
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FTIR-SPECTROSCOPIC INVESTIGATION OF SODIUM TUNGSTATE AND SODIUM
MOLYBDATE SOLUTIONS IN WIDE RANGE OF pH

A FTIR spectroscopic study of aqueous solutions of sodium tungstate and molybdate (solu-
tion concentration was 0.1 mol/l) over a wide pH range (factor (level) of acidity Z, Z = C (H")/C
(WO4?) or Z = C (H")/C(Mo0O4*)) was carried out. In solutions of sodium tungstate complex fre-
quency band at 885-865 cm™ correspoding to the stretching vibrations v(W-0-W) was fixed. The fre-
quency bands of 1720-1700 cm™, 990, 985 and 1025 cm™ corresponding to bending vibrations o(W-
OH) were fixed that indicates a significant change in composition of the solution as a result of hy-
drolytic and polycondensation processes. The sodium molybdate solution has not bands correspond-
ing to the stretching vibrations v(Mo-O-Mo). Only the characteristic bands of the deformation vibra-
tions 6(Mo-OH) were recorded. The low intensity complex band in the area of 885-865 cm™ corre-
sponding to the stretching vibrations v(\W-O-W) even for freshly prepared 0.1 mol/l sodium tungstate
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solution was appeared as well as the band at 1720-1700 cm™ attributed to deformation vibrations
o(W-OH) that indicates a fast change in the solution composition. For solutions of sodium molyb-
date bands of stretching vibrations v(Mo-O-Mo) are fixed at a pH less than 6 after standing for sev-
eral days. With Hydra/Medusa program diagrams of distribution of molybdate and tungsten particle
depending on the pH were calculated. In relatively dilute solutions, the diagrams received with Hy-
dra/Medusa program showed the only protonated (monomeric) form of molybdate ions, where as in
the sodium tungstate solution until pH of 9 W02:® and HWs02*> particles exist that agrees with the
results of IR spectroscopy. The results of IR spectroscopy and modeling with Hydra/Medusa pro-
gram will be used to support the pH operating range for molybdate and tungstate-selective elec-
trodes, since they are an important feature of any analytical ion-selective electrodes. For tungstate-
selective electrode it is necessary to maintain the pH less than 9, for molybdate-selective electrode -
less than 8 (with dilute ammonia). Considering the changes in the composition of sodium molybdate
and tungstate solutions, for the design of molybdate and tungstate-selective electrodes the freshly

prepared solutions have to be only used, rather than stored for more than two days.

Key words: IR spectroscopy, sodium molybdate, sodium tungstate, equilibrium, ion-selective electrodes

BBEJAEHUE

Bonbdpam, MOMHOACH U UX COCITUHEHUS IITH-
POKO TIPUMEHSIOTCSI B MPOMBIIIJICHHOCTH, B CBSI3U C
YeM YBEJIMYHMBACTCS MX COJEP)KAaHHE B CTOYHBIX BO-
JlaX M, KaKk CICJCTBHE, B MPUPOIHBIX 00BbekTax. Co-
€MHEHUs MOJMO/ICHa B BBICIICH CTENEHH OKHCIICHUS
(VI) seisrorest TokcuuasiMu (ITAK B Bomoemax 0,5
MT/JT), IO3TOMY € 3TOM TOYKHU 3pEHUSI CBOCBPEMECHHBIN
KOHTpPOJIb 3a cojepkanueM monudaena (VI) B crou-
HBIX BOJIaX W MPUPOIHBIX 00BEKTaX SBISETCS BAKHON
JIKOJOTHMYecKoi 3amaueii. CumMTaeTcs, 4TO COEIuHE-
HUst Bonb(pama (VI) sSBIsIOTCS MEHee TOKCHYHBIMU.
Haubonee gacto asns onpeneneHns Moo IeHa
UCTIONBE3YIOT KOJOPUMETPUYECKUI POJaHUIHBIN Me-
TOJ, UMEIOIINIA BBICOKYIO TOUHOCTh, HO HEPUTOJIHBIN
s ornpeneneHus monubaena (VI) B mpucyrctBum
OKpaIlleHHBbIX HOHOB U Boib(pama (VI), uro mpeamo-
JlaraeT BBEJCHHUE JOMOIHUTEIIBHBIX OIepalui, a 3To, B
CBOIO O4epe/ib, 3aTPYIHSCT U 3aMeJIJIsIeT aHaJIH3.
OU3NKO-XUMHUYECKUE METOJIBI OIPEICIICHUS
monmmbnena (VI) u Boms(pama (VI) ucnosb3yrores
pelko, T.K. MPEIOoJIaraloT HCIOJIb30BaHUE JOPOTO-
CTOSIIETO 000PYIOBaHUS (ATOMHO-3MUCCUOHHBIN WITH
ATOMHO-a0COPOIIMOHHBIN  CHIEKTPOMETPHI), UYTO HE
BCEr/a dKOHOMHYECKH 000cHOBaHHO. W3 6ombmioro
yrcna (PU3NKO-XMMUYECKUX METOJIOB aHajm3a MOHO-
METpHsI OTHOCUTCS K HauOoJiee MPOCTHIM W JOCTYII-
HBIM B armapaTypHoM o(OpMIICHHH METOaM aHaJIH3a.
Opnnako, pa3paboTKa MOHOCEICKTUBHBIX 3JICK-
tpoznos (MCD), obpatumbix kK MoOs> u WO4>, conps-
JKeHa C OTPENIEIEHHOTO Pojia TPYJHOCTSIMH, CBSI3aHHBI-
MH CO CIIO)XKHBIM CTPOEHHEM COEIAWHEHUH Boib(pama 1
MOJHOJICHA B PAaCTBOpE, a TAKKE M3MEHEHHEM 3TOro
CTPOCHUSI, T.K. BO3MOXXHO 00pa30BaHKE pa3INIHBIX U30-

W nofMcoeHeHui [1], B CBsI3M ¢ yeM oka3bIBacTCs 3a-
TPYHUTENBHBIM ONPEJIENeHne KOHIEeHTpamu MoOs>,
WO/ -HOHOB, HAJEKHOE MOIYYECHHE AHATUTHYECKHX
xapaktepucTuk 3tux MCO n [umTenbHOro cpoka K-
wryarauuu UCO.

B coBpemenHbIx paborax [2-4] mo co3ganuro
MoO4* u WO4# -UCD He npusoautcs uH(GOpManum
o cocrostanu moaubOneHa (VI) u Bombdpama (VI) B
pactBope u ero BiusHuM Ha padoty MCD. Kpome To-
ro, MpUBEJcHHBIC B [2-4] paboure nuara3onsl pH mis
takux MCD (5,0-7,0; 6,0-9,0; 5,4-10,5) BbI3BIBaIOT
HEKOTOPBIE COMHEHHMS, TOCKOJIBKY KUCIIasi CpeAa CIIo-
coberByer nomamepusand MoOs> u WO4* -HoHOB.

Bmecre ¢ TeM, HAMU COBMECTHO ¢ Kadeapoi
aHanutudeckor xumun BI'Y (MwuHCK) mpeanpuHsTa
nonbITKa co3gaaus MoOs> u WO42 -UCD Ha ocHOBe
BBICIIINX YE€TBEPTUYHBIX amMMoHHEBBIX coneit (HAC).
Jiist Gonee yCHENrHOTO pa3BUTHSI 3TOTO HAIIPABIICHUS
HEOOXOMMO JIETAIIBHOE U3yueHHe COCTOsHUS MoO4s*~
1 WO4* -HOHOB B BOJHOM pacTBOpPE B 3aBUCHMOCTH
ot pH.

B pab6orax [1, 5-7] mig uccnemoBaHus BOJ-
HbIx pactBopoB Na;WO4 u Na,MoO, yaie Bcero uc-
MOJIb30BAJICSI METOJl KHCIIOTHO-OCHOBHOTO TOTEH-
[UOMETPUYECKOTO THTPOBAHUS, IO PE3YJIbTaTaM KO-
TOPOTO M C TIOMOLIBIO MaTeMaTHYeCKOr0 MOJEITHUPO-
BaHUs TIpe/JIaraliich MHOTOYUCIICHHBIC YpaBHEHHS,
OIMCHIBAIONINE PABHOBECHS B PACTBOPaxX, a TaKKe
BEPOSITHOCTHBIE CTPYKTYPBI Pa3IMYHBIX IOJIHAOHOB.

B pabote [5] metomom pH-moreHmmomerpu-
YECKOI'0 TUTPOBaHMS HU3YyU€HO COCTOSHUE MOJINOIAT-
HOHOB B COJISTHOKHCIIOM pacTBope B Auama3oHe pH
ot 1,9 mo 7,0. O630pHast uHpOpPMAIUSI O COCTOSHUU
MOJIUOAaT-HOHOB B pacTBopax ¢ pH ot 0,2 mo 6,5 B
IIAPOKOM Auarna3oHe KoumeHtparmuii (ot 0,1 mo
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1-10* monw/n), o mnomucoenunenusx Mo(VI) u
W(VI) npuBeznena B [6, 7].

Bonsmioe unciao pabor [8-13] mocesime-
HO W3yYEeHUIO KPUCTAIIHYECKUX Moaubaar-,
BOJIb(hpaMaTconepKauluX COCAMHEHHIH: MOJUO-
maTtoB TepOus, manTaHa, 3pomsa [8, 9]; rerepo-
nonucoenunenuit  NipsH[Ni(OH)sWsO015]-12,5H,0
u Nas[Ni(OH)eWsO015]- 16H,0 [10]; wu3omoauBoib-
dpamatoB kanpius Cas(HW7024)2-16H20 u
Cas[W12040(OH)2]-30H,0 [11]; rerepomoaurexca-
Bonb(pamonukenato (II) eBporus u mortenus [12];
rerepononurekcaBonshpamonukenaros (II) n mapa-
BonbGpamaToB kobamsTa (II) [13] meromamu JIIP,
PEHTTEHOCTPYKTYPHOTO M PEHTTeHO()a30BOTO aHAIIN-
30B, AATA, UK-cnexTpockomuu [14].

HNudopmarms mo MK-crekTpockommaeckomy
WCCIIEIOBAaHUIO BOJHBIX PACTBOPOB MpECTaBIcHa HE
CTOJIb HIMPOKO.

B [15] npuBoasTCS NaHHBIE MO JIEKTPOIUTH-
4yecKuM cBoiicTBaM pacTBopoB Na:Mo0O,, n3yueHHBIM
C TIOMOILBIO 3JICKTPOMEMOpPaHHOW 00pabOTKU pac-
TBOPOB W KOHIYKTOMETpuM B coderanun c¢ HWK-
CIEKTPOCKOMHEH, 4TO TPEAIoyiaraeT HaIn4due OOIb-
mero Habopa mpudopoB u OoJee CI0NKHON ITOATOTOB-
ku nepen MK-criekTpoMeTpruecKUMH OTIpe/IeIICHHsI-
MU, 9TO HE BCET/Ia I1eJIeco00pasHo.

Hannoe HK-crekTpocKonmu4eckoe HuCCieno-
BaHME HEOOXOJMMO JUIsl OmpeseficHus: paboumx Jua-
nasonoB pH mwit MoOs> u WO4*-UICD u ux teope-
THYECKOr0 0OOCHOBAHUS, T.K. OHU SIBIITIOTCS BaXKHOU
AHAJIITUYECKON XapakrepucTukoil mobsix MCO. B
Ka4yecTBE METO/Ia UCcCIIe0BaHus Oblia BHIOpaHa J10cTa-
TOYHO dKcrmpeccHas W mHpopmaruBHas MK-cnexrpo-
ckonms. 3ammceiBanu MK cnextper mist 0,1 monb/n
pacTBOpoB B OUYE€Hb INMUPOKOM JuamazoHe pH 1o
opurHHaNIBbHOM Metoauke [16]. Dta KOHIEHTpaIs
ABJISIETCS BEPXHUM IOPOTOM, IPU KOTOPOM BEAyTCS
pabotel ¢ MoOs* u WO, -UCD u Kotopas mpen-
CTaBIIsIET HAMOONBIINNA MHTEpeC, T.K. corjacHo [1] ¢
yBenuuenueM kouuentpaiun MoOs>” u WO4> B03-
pacTaeT BepOosiTHOCTb 00pa30BaHuUS MIOJIMUOHOB.

METOAUKA SKCITEPUMEHTA

UK cnextpbl BOJHBIX PaCTBOPOB PErUCTPHU-
poBanu Ha uHPpakpacHOM Dypbe-crekTpomMeTpe
UndpalltOM OT-02 B anana3oHe BOJHOBBIX YHCEI
2300-500 ¢cm! m oGpabarbiBamy ¢ MOMOIIBIO TPH-
kianHoi mporpammbl CriektpalllOM (cnekTpanibHOE
paspemenue 1 cM?).

Hns 3anmucu MK crekTpoB HCHOJb30BaIu
JKcTpeccHyIo MeToauKy [16]. CyTh MeTOZ1a COCTOUT B
peructpanuu (OHOBOTO CHEKTpPa MATPHLIBI-HOCHTEIS
(monumepHas ieHka, npospaunas B UK auanaszone),
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perucTpanuu crekTpa oopasia, HAaHECEHHOTO Ha MaT-
PHUIY-HOCUTEINb, U TMOITYYEHHUU CIIEKTpa UCCIIEAYeMO-
ro BEIIECTBA II0 PA3HOCTH [BYX BBILICYKa3aHHbBIX
cnekrpoB. IlneHka momkHa HUMeTh MHKpopenbed ¢
riryOuHOl He Oonee 25 MKM Ha ofHOW cTtopone. s
3anucu MK CHekTpoB BOIHBIX PAacTBOPOB TOHKYIO
IUIEHKY PacTBOpa MOMEINAIN MEXIy JIUCTaMH I10JIH-
MEpPHOM TUIEHKH, KOTOPbIE, B CBOIO OYEPE/Ib, 3aKUMAaIU
MEX]y MJIaCTUHKaMHU-MarHUTaMHu C KPYTJIBIMH OTBEp-
CTHSIMH, ITIOMEIAeMbIMH 110 XOly CBETOBOTO JIyda.
Hcnons3oBanu crnenyroniyue BelecTBa: Mo-
nubaatT HaTpusi 2-BOIHBIA «4.A.a.», BOJb(pamar
HaTpUsl 2-BOIHBIA «X.4.», COJSIHAs KHUCIOTA «X.4.)».
XJTOpUI-UOHBI U3 COJITHOM KHCIOTBHI HE JAOT B HUC-
CJIEyeMOM JHana3oHe YacTOT XapaKTepHUCTHUYECKHUX
nonoc. MK cnekTpbl 3anuchbiBaiv sl CBEKEIPUTO-
TOBIIEHHBIX pacTBOpoB Na WO, 1 NaoM0Oa.

PE3VJIBTATBI U NX OBCYXIEHUE

OTHeceHUE HANNEHHBIX KOJeOaTeIbHBIX Ya-
CTOT MPOBOIMJIHN, UCXOIS U3 M3BECTHBIX MPHUHLMIIOB
[17] ¥ HEKOTOPBIX OKCINEPUMEHTAIBHBIX JIaHHBIX,
MpUBEACHHBIX B paboTtax [5, 8-15, 18, 19]. Ha puc. 1
npencrasiensl UK coektpsl pactBopoB NaWOs,
kpuctamueckoro NaxWO4-2H20 u ux pacmmdpos-
Ka (Tabm. 1).

CrenyeT OTMETHTB, 4TO B cucTemax HY —
MoO4* (WO4*) — H20 KHCIOTHOCTE Cpe/ibl PABHIIb-
Hee XapaKTepHu30BaTh HE BeaUunHON pH, a creneHsio
kucnotHoctn Z (Z=C(H")/C(MeO4*)), T.x. pH sBis-
eTcs (QyHKIMEH He TOJBKO Z, HO U KOHCTAaHT JMCCO-
OUalKdy  [POTOHUPOBAHHBIX (OPM, TeMIEpaTyphl,
KOHIIeHTpauuu u 1p. Hanporus, Z — BeniMuuHa He3a-
BUCHMasi U MOXET ¢ OOJbIIEi TOYHOCTHIO 33]]aBATHCS
HETMOCPEICTBEHHO B XOJI€ 3KcnepuMenTa [1].

W3 nomydeHbIX pe3ynbTaToB BHAHO (puc. 1,
Tabi. 1), uTo gaxe B cBexenpuroToBieHHoM 0,1 Moib/11
pactBope Na:WOs mposBIsIOTCS CIOXKHBIE IMOJIOCHI
HU3KOM MHTEHCUBHOCTHU B obuyiacT 885-865 cm ™!, oT-
HOCSIIHECS K BaJeHTHBIM Konebanusm v(W—0—-W), a
Taxoke mosioca B obmactu 1720-1700 cm!, oTHOCAIIA-
scs K geopmanronasiM konebanusm O(W—OH), aro
yKa3bplBaeT Ha W3MEHEHHE COCTaBa PacTBOpa B pe-
3yJIbTare TUAPOIUTUYECKUX W TOJIMKOHJCHCAIOH-
HBIX MIPOLIECCOB.

B UK cnekrpax (puc. 1 (10, 11)) e 3aduk-
CHPOBAHO I10JI0C B Auana3oHe 865-885 cml, ornocs-
mmxcst K V(W—0) B MOCTHKOBBIX rpynmax W—O—W. B
UK cnekrpe (puc. 1 (9)) monoca 870 cm™ npossnsercs
oueHb ciabo. Cormacuo [1] npu pH menee 4,5 B pac-
TBOpE 00Pa3yrOTCsl YAaCTULIBI CO CIEAYIOIUM CTPOCHH-
eM W(OH)s, a mpu pH menee 2,5 — WO3'nH>0, T.e.
paspymaroTcs NOIMUOHHBIE CTPYKTYPHI.
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Puc. 1. UK crnekrps! kpucrammgeckoro Na2WO4-2H20 (1), 2 — 0,1 mons/n (pH = 9,19) u 0,1 mouns/n pactBopos: 3 —Z = 0,25
(pH=8,96),4-2=0,5(pH =8,80),5-72=0,75(pH=8,26),6 —Z=10(pH=8,13),7-Z2=1,14 (pH=7,89),8 -Z=1,29 (pH =
=7,48),9-2=1,42 (pH=5,97),10-Z=1,67 (pH =4,54), 11— Z=2,0 (pH = 2,20); 0,2 mos/1 pactBopos: 12 —Z =0,5 (pH = 8,86),
13-Z=1,0(pH =8,20), 14 —Z=1,14 (pH = 7,94)

Fig. 1. IR spectra of crystalline Na2WO4-2H20 (1), 2 — 0.1 mol/l (pH = 9.19) and 0.1 mol/l solutions: 3 —Z = 0,25 (pH =8.96), 4 - Z =
=0.5(pH =8.80),5-2=0.75 (pH =8.26),6 —Z2=10(pH =8.13),7-Z2=114 (pH=7.89),8 - Z2=1.29 (pH=7.48),9-2=1.42
(pH =5.97),10 - Z =1.67 (pH =4.54), 11 — Z = 2.0 (pH = 2.20); 0.2 mol/l solutions: 12 —Z = 0.5 (pH = 8.86), 13-Z=1.0
(pH =8.20), 14 — 2 =1.14 (pH = 7.94)

Tabnuya 1 1 885 (meperuo6) v(W-0) B
Xapakrepucruka UK cniekTpoB kpucTa/sin4eckoro 1-9 MOCTHKOBBIX
Na:WO4-2H20 u pactBopoB Na WO, npu pa3auaHbIX 12_1’4 880, 870, 865 cp., ci. rpymax |[1, 6-12]
3HaYeHusx Z* W-O-W
Table 1. Characteristic of IR spectra of crystalline 1,2 854, 847 (reyo) v3(WO4*)
Na;WO4-2H20 and Na;WO4 solutions for various val- v(W-0) B
ues of Z* MOCTHKOBBIX|
Oo6pa3zery Ionocsl, cm™ OtHecenne | JIuT. 1 580 c. rpynmax [8-11]
1-14 1720, 1700, 1690 ou. cun.| (W—OH) | [7, 8] W/O\W
11 1025 (mepern6) [pumeuanue: *Z — paxtop (cTemeHb) KUCIOTHOCTH,
49,13 14 990, 985 ci1., o4. ci., 985 3(W—OH) | [9, 10] Z=C(H")/C(WO4) N
(1eyo) Note: *Z — factor (level) of acidity, Z=C(H*)/C(WO4*")
1-3, 10, 12| 965, 960 cp. miu ou. CII. W(W=0) | [7-11]
1,13 14 950 (treperud) Pe3yibTaThl MOJIEIMPOBAHKS PABHOBECHIA B pac-
1,4-10, | 925 (ou. ci., uevo), , tBope Na,WO. ¢ momoripio nporpammel  «Hydra/Me-
13,14 930, 935 ou. c. vi(WOs™) | [6] dusa» [20] npencrasnenst Ha puc. 2.
1,2 910 cp., ci1.
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Puc. 2. JlnarpamMma pacnpeeneHus BOJIb(ppaMaTcoIepiKaIinx
yactuil B pactBope NazWO4 (C=0,1 mMoJb/11) B KOOpIUHATAX
MouibHas 1ot — pH pactBopa
Fig. 2. The distribution diagram of tungsten-containing particles
in Na2WOu4 solution (C = 0.1 mol/l) in the coordinates of the mole

Juarpamma pacnpezaesnenus (puc. 2) mocTpo-
€Ha MCXOMs M3 MMEIOLINXCsI B 0a3e JaHHBIX MPOTpam-
MBI KOHCTaHT 00pa30BaHMs BOIbGpamMaTCoaepKaITuX
gactunl. Bumgao, uto mpu pH 6Gomnee 9,0 B pactBope
nomunupyoT nousl WO4>", npu pH menee 9,0 B pac-
TBOpE HAKAIUIMBAKOTCS TOMMaHUOHBl Ws021% u mx
nporonupoBanHas Gpopma HWeO,1>, uro B UK crek-
Tpax HaxOJUT OTPaKEHHE B TOSBJICHWHU IIOJIOC, Xa-
paKkTepHBIX AJsl BaleHTHbIX kojebGanuii v(W—O—W),
a Taxke nonoc 990, 985, 1025 cmt, xapakTepHBIX Ist
negopManroHHbIX Konebanuii d(W—OH).

B pab6ore [1] cooOriaercs, 4To CyIIecTBOBaA-
HUE MOHOBOJIb(paMaT-HOHOB BO3MOXHO TOJBKO HpPHU
pH 6oxnee 10, ognako npu pabore ¢ MoOs*™ 1 WO, -
HCD na ocnose Bricmx YAC crnemyer uzderarsh moj-
menaynBanus  (oco0eHHo pactBopamu NaOH  wm
KOH), mockombky 310 criocooctByet moriomieHuo CO».

fraction — pH
< [
]
o)
g | 11
B | 10
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Puc. 3. UK cnekrps! kpucrammdeckoro NazMoO4-2H20 (1) u 0,1 moms/n pactBopos: 2 — pH=9,26, 3 - Z = 0,25 (pH=7,70),4 - Z2=0,5
(pH=7,26), 5 —Z=0,75 (pH=6,93), 6 — Z = 1,0 (pH=6,59), 7 — Z = 1,14 (pH=6,29), 8 — Z = 1,29 (pH=5,80) — crapenue B TeueHue 5
cyToK, 9 —Z =1,42 (pH=5,17), 10 - Z = 1,67 (pH=3,48), 11 — Z =2,0 (pH=2,16)
Fig. 3. IR spectra of crystalline Na2MoO4-2H20 (1) and 0.1 mol/l solutions: 2 — pH=9.26, 3 — Z = 0.25 (pH=7.70),4 - Z=0.5
(pH=7.26), 5 — Z=0.75 (pH=6.93), 6 — Z = 1.0 (pH=6.59), 7 — Z = 1.14 (pH=6.29), 8 — Z = 1.29 (pH=5.80) — the aging for 5 days,
9—-7Z=142 (pH=5.17),10 - Z =1.67 (pH=3.48), 11 = Z =2.0 (pH=2.16)
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KapOoHaThl 0Ka3bIBAIOT CHIBHOE MeEIIAIoIIce
BIIMSHHE Ha oIpeenaeHne HoHoB MoOs> u WO,

Ha puc. 3 npencrasnensr MK-cnexktps! pac-
TBOpoB NapxMoOs, kpuctammuueckoro Na;MoO4:2H>0
1 uX pacmudpoBka (Tadm. 2).

B crektpax kpucrammndeckux Na,WO4-2H-0,
Na:MoO4:2H>0 (puc. 1, 3) He 3apUKCUPOBAHO BHICO-
KOWHTEHCHUBHBIX TIOJIOC AehOpMAaIMOHHBIX KoJieha-
HUAW KpucTammm3annonHow Boabl O(H,O) B obmactu
okoso 1600-1650 cm ™! [17], uTo yKa3bIBaeT Ha CTPYK-
TYPHBII XapakTep BOABI B UCXOIHBIX COJISIX.

Coobmraercst [1], 9T0 B OTHOCHTENBHO pa3-
0aBIICHHBIX PacTBOPax HAOIIOAAIOTCS TOJBKO MPOTO-
HUpOBaHHBIE (MOHOMEpHEIE) popmbl MonrbaeHa (VI),
YTO COTJIACYETCS C JUarpaMMOM pacrpeleliCHUs MO-
mubaaTcoaepKamux 9acTui (puc. 4) U pe3yiabTaTaMu
UK-cnexrpockomnuu (tabdm. 2, puc. 3).

Taonuua 2
Xapakrepucruka UK cnekTpoB KpHCTALIM4€CKOI0
Na:MoO4-2H20 u pactBopoB Na2MoQ4 npu pa3iand-
HBIX 3HAYeHusx Z*
Table 2. Characteristic of IR spectra of crystalline
NazMo04-2H20 and NazMoOs solutions for various
values of Z*

Obpaszen IMosocer, cm™ OtHecenue | Jlurt.
1-11 1700 ou. cun., 1720
CJL., IITHP.
8;1 1;),811 1030 cp., 1025, 1020 c. 5(Mo—OH) [14]
10 11 1000, 985 c11., 990 cp.
10, 11 970 ou.ci.
1,10 950 mymuer
1-11 925, 938, 930 ca., vi(MoO&)**| [6, 15]
04.CJI., IUIEYO
1 904 cui.
8 885 v(Mo—O—Mo)| [14]
1-6 865 cu., cpen., ciL. _
1 853 oql.)cn. v3(MoO4™) |[6, 15]
v(Mo—0)
18 700, 680 HACKaKEHHOTO [17]
TeTpa’apa
MoOs*
635, 600, 586, | »LiOpaumon-
1,8 550 o1 Hble Koneba- | [6]
¢l €p- HHSL BOIBI**¥*

[pumeuanue: *Z — pakrop kucnoraoctd, Z=C(H*)/C(MoO4+*"),
** 950, 938, 930, 925 cm! — BaneHTHBIE KOIEOAHUS UCKAXKEH-
HBIX HOHOB M004%", 904 cm™! — BaneHTHBIE KONeOGaHUs HeKCKa-
JKEHHBIX MOHOB MoO42™ [8], *** Bopa cpsa3aHa BOJIOPOJIHBIMHU
cBsazsaMu ¢ MoO4?

Note: *Z — factor (level) of acidity, Z=C(H*)/C(Mo00Q4>"), ** 950,
938, 930, 925 cm — stretching vibrations of distorted ions of
MoO4? ions, 904 cm™ — stretching vibrations undistorted ions
of MoO4? ions [8], ***Water bonded by hydrogen bonds with
MoO4>~

B 10 xe Bpems aBTOpHI [5] cOOOIIAIOT, YTO B
Mosmbmarcoaepxkamux pacrsopax npu pH ot 7,0 mo
2,0 mpucytcTByOT 4actuibl Mo7024%", HoMo7024*,
MogOz*", HMo0gO2°~, Ho2M0gO26° ", TOr1a Kak aBTOPbI
[9] coobmarot, gTo ipu pH HEe MeHee 6,5 B pacTBope
npeobnanarot nousl MoO4> . O4eBHIHO, YTO PE3yIlb-
TaThI KCIICPUMEHTA CUIIBHO 3aBUCAT OT €T0 YCIOBHIA,

Jmst  cBeXENpUTOTOBIEHHBIX pPAacTBOPOB B
HK-cniekTpax (puc. 3) He 3apUKCHPOBAHO ITOJIOC, Xa-
PaKTEpHBIX I MOCTHKOBBIX KoJiebanuit Mo—O—Mo.
[Ipu CTOSHUM TOJKUCIICHHBIX PACTBOPOB MPOUCXOIUT
yrayOneHne TUAPONUTUIECKUX W KOHICHCAITMOHHBIX
MIPOLIECCOB, UTO 3aMETHO oTpaxaercs Ha MK-crekrpe
(puc. 3, cmexktp 8), B KOTOPOM TMOSBISETCS MOJOCA
BaJICHTHBIX KosieOanuii v(Mo—0O—Mo). YuuTteIBas 310
00CTOATENLCTBO, MPU paspabotke MoOs> u WO4* -
NCD ucnonb3yroTcs TOJNBKO CBEXENPUTOTOBICHHBIE
pacTBOpHBI, XpaHsmuecs He Oomee AByX cyTok. llpwm
pabore ¢ MoO4* -MICD ynaercs mosy4vars Gojee BOC-
HPOU3BOMMBIE PE3YJbTaThl, yeM ¢ WO42 -UCD, on-
HO¥ M3 MPUYUH ITOT'O, MO-BUAUMOMY, MOYXKHO CUMTATh
HE CTOJIb OBICTPOE MPOTEKAaHUE IOJUKOHICHCAI[MOH-
HBIX M THUIPOIUTHYECKHX IpoueccoB. MoOs? u
WO4*-UCD na ocnose Boiciux YAC umeror Gmus-
KU K TEOPETHYECKOMY HAKJIOH 3JIEKTPOAHON (DyHK-
uun 27-28 MB/nmekany, T.e. TOTEHIIMAIOTPENEISIO-
UMK ABISIOTCA ABYX3apsaHble MOHBI MoOs* n
WO4*. B cayuae neobxomumoctu mis WO, -UCD
noanepxuBanu pH He 6onee 9,0, s MoO4*-UCD —
He Oosiee 8 (¢ MOMOINBIO Pa30aBIEHHOIO PacTBOPa
aMMHaKa).

HyMoO4 MoO,>
10 ——
0z |
E 06
=}
iz -
Hoal HMoO4
=
02t
pH
00 . . . . . . . . . |
0 2 4 6 8 10 12 14

Puc. 4. [lnarpamMma pacnpeeneHust MOJHOAaTCOAePIKAIIIX Ya-
ctur B pactBope Naz2MoO4 (C=0,1 Momb/1T) B KOOpAWHATAX MOJIB-
Has noisis — pH pactBopa
Fig. 4. The distribution diagram of tungsten-containig particles in
Na2Mo0O4 solution (C = 0.1 mol/l) in the coordinates of the mole
fraction — pH
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pactBope NaMoQOs OTCYTCTBYIOT MOJIOCHI, COOTBET-
cTBytomme konebanusim v(Mo—O—Mo), 3adukcuposa-
HBI TOJBKO TIOJIOCHI XapaKTepHble Ui aedopMaiuoH-
HbIX Konebanuii 6(Mo—OH). s pactBopoB Na;MoQO4
nosocel vV(Mo—O—Mo) 3adukcupoBansl npu pH mMeHee
6 TocIie CTOSIHUS B TCUYCHUE HECKOJBKHIX CYTOK.
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®A30BBIE PABHOBECHS B CUCTEME YbTe — Yb3Ges

Memooamu guzuko-xumuueckozo ananuza /[JTA, P@A, MCA, a makyce uzmepenuem
muxpomeepoocmu uzyuena cucmema YbTe — YbsGes, komopas aensemcs xeazubunapnovim ce-
yenuem mpoiitnou cucmemst Ge —Te — Yb. Ycmanoeneno, umo ouazpamma cocmoanus cucmemol
ANAEMCA KBAZUOUHAPHOU U OMHOCUMCA K I6MEKMUUEeCKOMY MUny ¢ monomekmukoi. Koopou-
Hamul 36mexkmuku: cocmag 85 mon.% YbsGes, memnepamypa 915 K.

KiroueBble ciioBa: MMOJIYNpOBOAHUK, HeKBaSI/I6I/IHapHOe, KBa3H6I/IHapHOC CCUCHUC, MUKPOTBCPAOCTD,
OBTCKTHKA, (I)aBOBaH AuarpaMma

UDC: 546.668.289.24
Z.M. Mukhtarova

Ziyafat M. Mukhtarova

Institute of Catalysis and Inorganic Chemistry named after acad. M. Nagiyev, Azerbaijan National Academy
of Sciences, Javid Ave., 113, Baku, Az1143, Azerbaijan
E-mail: iradam@rambler.ru

PHASE EQUILIBRIUM IN YbTe-Ybs:Ges SYSTEM

Study of properties of semiconductors developed in close connection with their technical
applications. The present work was devoted to study of phase equilibria and character of interac-
tion in YbTe-YbsGes system. The section of YbTe-YbsGes in ternary system Ge-Te-Yb is not only
scientific, but also practical interest. The section of YbTe-YbsGes was studied by methods of phys-
ical-chemical analysis: differential-thermal (DTA), high temperature differential-thermal
(HTDT), X-ray phase, microstructural analysis (MSA), as well as measurement of density and
micro hardness. DTA was performed with pyrometer HTP-75 in quartz ampoule pimped off till
0.1333 Pa. HTDT was performed with HTDT-8m (Tmelt.>1500+2000K) by analogical method. X-
ray phase analysis was performed by powder method with X-ray diffractometer DRON-2 (CuKa-
radiation with Ni-filter). MSA was performed with microscope MIM 8. Micro hardness of alloys
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was measured with micro hardness tester PMT-3.Density of alloys was determined by pycnometer
test. During investigations of the system we used germanium B—4, tellurium B-3, ytterbium Yb-1.
Alloys were synthesized at 1450-1700 K temperature range and at this temperature ampoule was
kept 5-6 h. Cooling was performed slowly. DTA shows that on thermograms of alloys of the sys-
tem have two effects. Obtained effects are endothermic reversible.For confirming the data of
DTA, microstructural analysis, as well as measurement of micro hardness were performed with
X-ray analysis. As the data show, at the concentration of 15-80 mol% of Ybs;Ges monotectic con-
version occurs which is confirmed with isothermal line at 1025 K. Thus, it was established that
the section of 4YbTe-YhsGes is quasibinary cross-section of ternary system Ge-Te-Yb and its di-
agram is related to eutectic type with monotectics.Eutectic of the system 4YbTe-YbsGes corre-
sponds to composition of 85% mol% of YbsGes and temperature of 915 K.

Key words: semiconductor, non-quasi binary, quasi binary sections, microhardness, eutectic, phase diagram

B mocnennue ronpl TpeOOBaHHS TEXHHKU K
MOTYNIPOBOAHMUKOBBIM MaTepHaiaM 3HAYUTEIBHO BO3-
pocnu. Y4yeHue O CBOMCTBaxX MOJYNPOBOJHUKOB pa3-
BHUBAJIOCH B TECHOU CBSI3U C UX TCXHHYECKHMH IIPH-
MeHeHusMH [ 1, 2].

Bonbmias pons B co3maHUM HEPCIEKTUBHBIX
MaTepHajoB OTBOJIUTCS MOIYIPOBOAHUKOBBIM CHCTE-
MaM C y4acTHEM TEIUTYyPUAOB PEIKO3EMEIbHBIX 3Je-
MEHTOB.

OnHako y30CTh MHTEpBaJla pabouMX TeMmrepa-
TYp, TUIABJICHUSI ¥ MEXaHHMYECKOH NMPOYHOCTH OTPaHH-
YHMBAIOT BO3MOYKHOCTH MX IPAKTHYECKOT0 IPUMEHEHHSI.

Jnst TOCTIKEHMS YKa3aHHOM Lenu paldoThl
HEOOX0UMO Hu3ydyeHne (a30BBIX PABHOBECHH M Xa-
paktepa B3aumojeiicTrii B cuctemMe YbTe — YbsGes
¢ moctpoeHrueM (ha3o0BOH JUarpaMMBbl, ONpeaeiCHIEM
o0acTeil TOMOT€HHOCTH W HOBBIX TOJYIPOBOJIHUKO-
BBIX (has3.

Paspe3 YbTe — YbsGes B TpoiiHoii cucreme
Ge — Te — Yb npeacTaBisieT He TOJIBKO HaYYHBIH, HO
Y IPAKTUYECKUI UHTEPEC.

YbTe. Dra cuctema u3BecTHa 00pa3oBaHHEM
onHoro coenuHenus: YbTe. Coequnenue YbTe aBto-
psI [3, 4] TOAYYIHIN U3 SIIEMEHTOB aMITyJIbHBIM METO-
noM. Temnepatypa miaBnenust YbTe = 2003 K. YbTe
KpUCTAIUIM3YeTCd B KyOWYECKOH CHHTOHMH THIIA
NaCl, mapamerps! pemetku a = 6,37A [5].

YbsGes. Coenunnenne YbsGes miaBuTcs KOH-
rpysuTHO Tipu 1355 K u npereprieBaetr nonumopdHoe
npespanienne a2 npu 1200 K, cymectByer B Buie
mByx momubukarmii: a—YhbsGes u B-YbsGes. Coenn-
Henue o—YhsGes nMeeT KpUCTAITMYECKYIO CTPYKTYPY
tuna ThsPbs, B—YbsGes oTHOCUTCS K rekcaroHaabHON
CHHTOHWHM C TIapaMeTpaMu pemeTkn a = 6,847;
c = 4,076 A, mpoctpancTBeHHas rpymma (mp.rp.)
P62m. Cunronus YbsGes rekcaroHajibHasl.

st onpenenenus xapakrepa B3auMOICUCTBUS
B TpoiiHoi cucteme Ge — Te — Yb [6] Obutn mccieno-

BaHBI YeThIpe KBa3nOMHaApHBIX paspeza GeTe — YbTe,
GeTe — YbsGes [7], YbsGerTe, — Ge, YbhsGerTe; —
YbTe [8] u nBa HekBasuOuHapHbix Geo7oYbo 21— Te [9]
u [Yb3G65]0,45[GeTE]o,55 — [YbsGe7Tez]o,85[6YbTE]o,15
[10].

Paspe3 YbTe — YbsGes uccnemoBan metoa-
MU (U3UKO-XMMHUYECKOT0 aHalin3a: JudQepeHIuaib-
Ho-TepmuyeckuM  ([ATA), BbICOKOTEMIEpaTypHBIM
muddepennmansHo-TepmudeckuMm  (BJITA), pentre-
HodazoBeiM (PDA), mukpoctpykrypaeim (MCA), a
TaK)Ke U3MEPEHUEM IJIOTHOCTH ¥ MUKPOTBEPIOCTH.

ATA nposoaunu Ha nupomerpe HTP-75 B
otkayaHHbIX 70 0,1333 Ila kBapieBbIX ammysax: 3Ta-
soroM ciyxui Al,Oz. CkopocTh Harpepa JoCTHraia
9 - 10 °C/muH.

BATA npoBoauin Ha TepMOAHAIU3ATOPE
mapku BJITA-8M (T, > 1500-2000 K) no ananorud-
HOM Meronuke. ONBITHI MPOBOAWIN B Cpele Tenus
mapku BY. Uwmcrora raza 99,999. OO6pasmsl mmns
BJTA rotoBwin B BHAE NPECCOBAHHBIX INTAITHKOB
nuamerpoMm 5,7-102-6-10° M u BeicoTO# 0KOMIO 5-10°
¥ M. B kauecTBe 5TaJOHHOr0 06pasia MCIOIb30BaIN
mranuk 13 MonubaeHa. CKOpOCTh HarpeBa M OXJa-
xaenust cocranisiia 80 K/e.

P®A mnopomkooOpa3HbIX 00pa3loB MPOBO-
i Ha pentreHoaudpaxtomerpe JJPOH-2 na CuK,-
u3nydeHur ¢ Ni-QuibTpom.

MCA 1npoBOauIN € TIOMOIIBI0 MHKPOCKOTIA
MHUM-8 Ha npeaBapuUTENIbHO MPUTOTOBIEHHBIX IIUIH-
(hax, momupoBanHbIX mactod ['OU. TpaBurenem ciy-
*uia cmech 1H HNO; + H2O2 B cooTHOmenuu 2:1,
Bpems Tpasienus 10-15 c.

MHUKpPOTBEPIOCTh  CIUIAaBOB M3MEpsUTM  Ha
mukpoTteepaomepe IIMT-3 ¢ marpyskoii 0,15 H.

[InoTHOCTH CIJIAaBOB OMpEACISTA MUKHOMET-
PHUYECKH, HAIOJIHUTEJIEM CITYXKHJI TOJIYOJL.

Ilo pesynpratam, HOJYYEHHBIM METOJaMU
(U3UKO-XMMHUYECKOTO aHaJIN3a, IIOCTPOEHa Auarpam-
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Ma cocTosiHus paspe3a YbTe — YbsGes, kotopas sB-
JsieTcsl KBa3HOMHAPHBIM CEYCHUEM TPOWHOW CUCTEMBI
Ge—-Te—-Ybh.

[lpn npoBexeHHM WCCIEIOBAHUSA CHUCTEMEI
UCIIOJIb30BAJIM TepMaHuii Mapku B-4, temnyp mapku
B-3, urtepOuit mapku MT6-1.

CuHTe3 CIIaBOB MPOBOAWIN IIPU TEMIIEpaTy-
pe 1450-1700 K u mpum »TOi TeMmeparype amiryia
BBIJIEpKUBajach B Te4eHUH 5-6 4. OxmaxaeHue npo-
BOJMJIOCH MemieHHO. CIIaBbl CHCTEMBI CHHTE3HPO-
BaIM B3aMMOJACHCTBHEM CTEXHOMETPUYECKOH cMmecu
Yb, Ge, Te ¢ nmpuMeHeHHeM BHOPAaLMOHHOTO Mepe-
MEIIMBaHMs, NMpPUYEM HCXOIHbIe KoMHoHeHTH (Ge,
Te) MOMONHUTETHLHO OYHIIAIHCH 30HHOH IUTABKOW H
BaKyyMHOU CcyOIuMariuen.

[Tocne cuHTe3a B ammyne He HAOIIOIAIOCH
HHUKAaKHAX CJIEZ0B HEIPOPEarupoBaBIINX AIICMEHTOB.
[Tonmy4eHHbIE CIWUTKU [OJsl TOMOTEHH3AalMU OTKHTa-
mucy B TeueHun 200 u mpu 800 K. OmgHOpomHOCTH
CHHTE3MPOBAHHBIX CIUTKOB MHPOBEPSIIACH METOIAMH
MHKPOCTYPKTYPHOT'O aHanu3a. Bee moyueHHble cra-
BBI CHICTEMBI YCTOHYMBBI IO OTHOIICHUIO K BOJIC.

[Tocre cuHTE3a M OTKUra CIUIaBBI IUIOTHBIC,
KOMITAKTHBIE, C OOJBIIMM COAEPKAHUEM TepMaHUI
Ceporo IBeTra ¢ MeTauinieckuM OneckoM. CruiaBbl
ke, Oorateie UTTepOUeM, IOPHUCThIE U HEYCTOWYHBEIE.
MuHepasibHbIe KUCIIOTHI pa3iararoT UX Ha BO3/IyXe.

B Tabnuiie npuBesieHB! COCTaBBI, PE3yIbTATHI
ATA u usmepeHus: MUKpOTBEPJOCTH CIUIABOB CHCTE-
MbI 4YbTe — YbsGes.

Taonuua
Cocras, pe3yabTathl ITA 1 n3mepeHusi MUKPOTBep/10-
cTu ciiaBoB paspesa 4YbTe —YbzGes
Table. The composition and results of DTA and micro-
hardness of alloys for section 4YbTe -YbsGes

Tepmuueckue | MUKPOTBEPIOCTD,
Ne Cocras, mon.% 3(1)(1)21@51 Harpe- pKF/Ml\liz
YbTe | YbsGes Banus, K YbTe | YbsGes
1] 100 - 2005 190
2| 90 10 |915, 1025, 1600, 190 685
3| 95 15 |915,1025,1160| 190 685
41 80 20 |915,1025,1180| 190 685
5| 70 30 915, 1025 190 685
6| 60 40 915, 1025 190 685
7| 50 50 915, 1025 190 685
8| 40 60 915, 1025 190 685
9| 30 70 915, 1025 190 685
10| 20 80 915, 1025 190 685
111 15 85 915 9IBTEKTHUKA
12| 10 90 910, 1100 - 685
13| 5 95 910, 1250 - 685
14| 0 100 1355 - 685
66

JATA moka3biBaeT, 4TO Ha TepMOrpamMMax
CIJIABOB CUCTEMBI UMEIOT 10 /Ba 3¢ dekTa. [lomyden-
HBIE 3G EKTH YHIOTEPMHUIESCKH 00paTHMEIE.

B unrepBane xonnentparwii 15 mom.%-80 mom.%
YbsGes xumndeckoe B3auMoericTeue Mexay YbTe u
YbsGes orpannyeHo, 9To 00YCIOBICHO OOJBIION 00-
JIACTBIO PaccIanuBaHuUs.

K1 = %2+ YbTe

|
|
iy
i
i

.||||. 3

L | i I | 2
100
60 |
20 i Ll 1
3,0 2,0 10 d A

Puc. 1. OItpuxauarpamma criaBoB paspesa 4YbTe —YbsGes:
1-YbTe, 2 - 80 mo1.% YbTe, 3 — 50 mon.% YbTe,
4 —20 mon.% YbTe, 5 -YbsGes
Fig. 1. Stick-diagramma of alloys of 4YbTe-YbsGes section:
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4-20 mol.% of YbTe, 5 —Yh3Ges
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MHUKPOCTPYKTYpa OTOMOKEHHBIX CIIIABOB T10-
Ka3bIBacT, YTO OHM NByX(asHble. 3HAUCHHUE MHKPO-
TBeprocTh TemHol (pasbr 190 kr/mm? (YbTe), cetoit
685 kr/mm? (YbsGes). B cmaBax, comepKaiiux oOT
15 mon.% nmo 80 mon.% YbsGes, oOHapykeHo JiBa
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cinosi: TeMHbId YbTe u cBernbiit YbsGes, uto xapak-
TEPHO JJIs CTUIABOB M3 00JIaCTH pacCianBaHUA.

Hns nonreepxknenust nanHbix JITA, Mukpo-
CTPYKTYpPHOTO aHalM3a, a TaKkKe U3MEPEHHS MHUKpO-
TBEPJOCTH OBUI MPOBEACH PEHTICHO(A30BbIA aHANH3.
Ilyrem comocTaBieHUsI IMITPUXIUArpaMM YCTaHOBIIE-
HO, 9TO CIUIaBBI CUCTEMBI COJIEPIKAT JIUIIb JINHUH UC-
XOJTHBIX KOMIIOHEHTOB (pHuc. 1).

VYuureiBas pesynstatel JTA, MCA, POA un
W3MEpPEeHHS MHKPOTBEPAOCTH CIIABOB, MOCTpPOEHA
quarpamma coctosHus paspesa 4YbTe — YhbsGes

(puc. 2).
Kak crienyer W3 NMaHHBIX, MPUBEICHHBIX Ha

pHC. 2, B CUCTEME XUMHUYECKOE B3aUMOACUCTBUE MEXK-

JIUTEPATYPA

1. KopxyeB M.A. DiIeKTpOCONPOTHBICHHE W TEPMO 3.1.C.
TeJulypuaa repManus. Onekmponuas mexnuka. Cep. 0.
Mamepuanei. 1983. Ne 6 (179). C. 33-39.

2. Epemenko B.H., MesmmeBuu K.A., Bysnos FO.U. [ua-
rpaMMa COCTOSIHHSI CHCTeMbl HTTepOuii-repmanuii. /JAH
YCCP. Cepus A. 1983. Ne 3. C. 84-89.

3. Spemobam E.U., ExnceeB A.A. XanbKOTCHUIBI PEeIKO3c-
MeNbHBIX 25ieMeHTOB. M.: Hayka. 1975. C. 258.

4. JlmarpaMMbl COCTOSIHUSI JIBOWHBIX METaJUIMYECKUX CHCTEM.
CnpaBounuk. M.: MammHoctpoenue. 2001. T. 3. C. 383-384.

5.  Myxrtaposa 3.M., Kypéanos T.X., Anue O.M. Cucrema
GeTe-YbTe. JKypu. neopean. xumuu.1985. T. 30. Ne 5.
C. 1332-1334.

6. Myxrapoa 3.M., Baxtusapast WU.B., A:xmpapoBa /I.C.
®azoBoe paBHoBecue B cucreme GeTe—YbhsGes. Azepo.
xum. arcypn. 2007. Ne 4. C.155-157.

7. Baxtuapast U.B., Myxrtaposa 3.M., A:xmaposa /1.C.,
MamenoB ®.M. Jluksuayc TpoiiHoit cucrembr Ge—Te— Ybh.
XVIII Menaen. che3n mo oOIIeH ¥ MPUKIAIHOW XUMHUH.
Mockga. 2007. T.1. C. 120.

8. Baxtusapasr U.B., MyxrtapoBa 3.M., AxmapoBa /I.C.,
MakcyaoBa T.®. O XUMHYECKOM B3aHMOJCHCTBHH B CH-
cremax YbsGerTex—Ge, YbsGerTex—YbTe. Xum. npobne-
mor. 2007. Ne 1. C. 92-94.

9. Myxraposa 3.M., Baxtuspast WU.B., A:xnaposa J1.C.
[Monurepmuueckoe ceuenne Geo79Y00,21—Te TpoitHOit cu-
crembl Ge—Yb-Te. Xum. npobremer. 2007. Ne 2. C. 383-
384.

10. Myxrtapoa 3.M., Baxtuspast WU.B., Axnaposa J1.C.
[Monurepmuyeckoe ceuenune [Yb3Ge5]0,45[GeTe]0,55—
[Yb3Ge7Te2]0,85[6YbTe]0,15. Azep6. xum. acypn. 2008.
Ne 2. C. 100-101.

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

JIy UCXOJHBIMH KOMITOHEHTaMH OTCYTCTBYET, YTO OT-
pakaeTcs Ha aUarpaMMe COCTOSHHSA OOoJbIIoi oOina-
cThi0 pacciamBaHus YbTe u YbsGes. B untepsaie
koHreHTpanuu 15-80 mon.% YbsGes mpoucxoaur
MOHOTEKTHYECKOE IMpEeBpalicHrue, KOTOPOE COOTBET-
CTByeT m3oTepMmuueckoit muamm mpu 1025 K.

Takum 00pa3oM, YCTaHOBIEHO, YTO pa3pe3
4YbTe — YbhsGes sBnsiercsi KBa3MOMHAPHBIM CCUCHU-
eM TpoitHol cuctembl Ge — Te — Yb u nuarpamma ero
OTHOCHUTCS K OBTEKTUYECKOMY THITY C MOHOTEKTHKOM.

Ortektuka cucrembl 4YbTe — YhsGes orseua-
et coctaBy 85 Mon.% YbsGes u temmneparype 915 K.
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PA3PABOTKA HOBOM KOMIIO3UIINH C 3®®EKTUBHBIMHA BUOIIUIHBIMHU
W HE®TEBBITECHAIOIIUMU CBOMCTBAMHU

H3yuena rppexmusnocms HepmesvimecHaOWUX U OUOYUOHDBIX CBOIICIE PaA3PaAdOmMaH-
HbIX KOMRO3UUUOHHBIX CMecell 6000pAcmEopumozo noaumepa — noauaxpuiamuoa (INAA) u ne-
KOmMopuIX nogepxnocmuo-akmuenvix eeuecme (ILAB). Ha modenvHblx ycmanoskax, umumupy-
ouux o0pazysl Kepua — Koanekmopa, onpeoenensvt Kodgguuuenmol uzeneuenusn ne¢pmu (KHH)
HpUMEHUMENbHO K KOHKPEMHOMY HEMMAHOMY MECHOPOHCOCHUIO C YUEMOM XUMUUECKOU CO6-
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MeCmuMocmu a2eHmaoe 6blmecHeHusa Hepmu ¢ naacmosvimu garwuoamu. Bovisasnena anmumux-
PobOHas IhhexmueHocms cuHme3uPOBAHHO20 coeOunenus - 1-oymoxcu-3- oKcazonuouHMenox-
cubyman (Biocide B) ¢ cocmase cmazounozo macna M-8 u mynvcuonnoit komnozuyuu Az-5.
H3zyuenvt cocmasnennvie komnosuyuu: Grotan-OX + Biocide B ¢ coomnowenuu 1:1 u 1:3
(macc) u ux aHmumMuKpooOHvle ceolicmea 6 ananouynslx yciosuax. Haonrwoaemcena nexomopuotii
CUHepzu3M Oelicmeus npu 00beOUHEHUU IMUX KOMHOHEHMO8, YMO RPUEOOUmM K YYUUIeHUI)
ouoyuonvix ceoiicme. Iloxazano, umo nanuuue ¢ komnozuyuu peazenma Grotan-0X 6 unoueu-
0yanvbHOul hopme unu 6 KomouHayuu ¢ GuoyUOom 6 Huzkux Konyenmpayusax (0,5% macc) 3una-
YumebHO NOGblULIAEN ee HehmesblmecHAouwue cnocoonocmu (87%) u oonoepemenno npuoaem
ahhexmuenvie GuouuoHbvIe ceoiicmaea.

KuaioueBble ciioBa: BojopacTBopuMmbie monumepsl, [IAB, HedTeBbITeCHSIONINE CBONCTBA, Cynbpat-
BOCCTaHABIMBAIOIINE OAKTEPUH, OMOIIUTHOCTh
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DEVELOPMENT OF NEW COMPOSITION WITH EFFECTIVE BIOCIDAL
AND OIL-DISPLACING PROPERTIES

The efficiency of oil-displacing and biocidal properties of the developed composite mixes
of water-soluble polymer — polyacrylamide and some surface-active agents was studied. On the
model setups, simulating core - collector samples, the oil extrating coefficients were determined
for a particular oil field taking into account the chemical compatibility of oil-displacing agents
with the horizon fluids. Antimicrobial effectiveness of the synthesized compound - 1-butoxy-3-
oxazolidine methoxybutane in the composition of M-8 lubricating oil and Az-5 emulsion was revealed.
The following developed compositions - Grotan-OX + Biocide B in the ratio of 1:1 and 1:3 (wt.). Their
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antimicrobial properties in the similar conditions were studied. Some synergistic action is ob-
served at combination of these components, which leads to improved biocidal properties. It was
shown that the presence in the composition of Grotan-OX reagent both individually or in combi-
nation with biocide at low concentrations (0.5 wt.%) significantly improves its oil-displasing abili-
ties (87%) and at the same time gives effective biocidal properties.

Key words: water-soluble polymers, surface-active agents (surfactant), oil-displacing properties, sul-

fate-reducing bacteria (SRB), biocides

INTRODUCTION

A characteristic feature of the modern oil
production is increasing the share of hardly extracted
reserves and a considerable amount of residual oil.

At present there are a lot of developed and in-
troduced chemical agents and compositions based on
them for enhanced oil recovery (EOR). Chemical
methods of EOR are used for additional extraction of
oil from heavily drown-out, flooded oil-bearing reser-
voirs with scattered, irregular oil-saturation. Efficien-
cy of extraction of oil from oil bearing formations
depends on many factors, one of which is the viscosi-
ty of the reactant injected into a well. To increase the
viscosity, polymers can be used. For example, poly-
acrylamide (PAA) can significantly increase the vis-
cosity of water even at low concentrations, reduce its
mobility and thus raise coverage of bed by water-
flooding [1]. Polymer solutions having a high viscosi-
ty better displace not only oil, and also associated
formation water from the oil medium.

Another way for EOR is the use of surfactant
species. It’s necessary to develop composition of sur-
factants for the specific characteristics of the reservoir
bed: properties of oil and rock, salinity, temperature,
pressure, permeability and porosity of the collector [2].

It should be noted that the reactants — the
components of the compositions may be incompatible
with other reagents in a single technological process.

In the technologies of EOR and preventing
water flooding of oil-bearing beds there are used the
appropriate reagents, often modified with components
which give them various useful properties, including
antimicrobial properties [2].

Among the microorganisms contained in oil-
field waters, the most corrosion — dangerous ones are
SRB. To extend the service life of the basic solutions
and to decontaminate oil itself, in particular, to fight
SRB there are widely used reagents with biocidal
properties [3].

The research goal is developing PAA and sur-
factants based new effective compositions used in the
oil fields as complex action reagents to displace the

70

heavily extracted reserves of oil and providing highly
effective protection of oil-field equipment from bio-
logical corrosion in the oil industry.

DESCRIPTION OF EXPERIMENTAL METHODS

As a research object oil (15 ml) of Balakhani
field of Absheron Peninsula was used.

Antimicrobial properties of the synthesized
additives and studied reagents were investigated in
M-8 oil and Az-5 emulsion composition at a concen-
tration of 0.06-0.5wt.% relative to the major physio-
logical groups of microorganisms (aerobic and anaer-
obic bacteria and fungi), affecting oil. We used the
hole method on the agar medium using suspensions of
different cultures of microorganisms according to
I'OCT 9.052-88 and T'OCT 9.082-77. For the tests
there were used pure cultures which were widely
spread in oil products and non-aggressive destroyers of
the following species of aerobic bacteria and moulds:
bacteria (Mycobacterium lacticolum, Pseudomonas
aeruginosa), fungi (Aspergillus niger, Cladosporium-
resionae, Penicillium chrosegenum, Penicillium cy-
clopium, Torula convolut, Trichoderma viride).

As a culture medium there were used meat-
peptone agar (MPA) for bacteria and wort agar (WA)
for fungi. The antimicrobial effectiveness was evaluated
by diameter of microbial growth inhibition zones
around the wells with and without additive: the more it
is, the more the antimicrobial effectiveness is (Table 1).

Tests for bactericidal activity of the reagents
also were carried out in the laboratory conditions on
cumulative cultures with SRB (Disulfovibrio and De-
sulfotomaculum) in accordance with TOCT 9.085-78.
The culture of bacteria was isolated from produced
water of the well at Balakhani field and grown in
standard Postgate’s medium of the following composi-
tion (g/1): NH4Cl - 1.0; K:HPO4 — 0.5; MgS0O4-7H>0 —
2.0; NaxSO4 — 0.5; CaCl, — 0.1; Calcium lactate — 3.5.
The medium was sterilized for 45 min at a tempera-
ture of 121+1 °C, cooled to 35 °C.

The pure culture of SRB was prepared ac-
cording to the known method [4, 5].
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Table 1
Evaluation of bacterial resistance of the reagents in M-8 oil
Tabnuya 1. OneHka 6aKTEepPHOCTOIKOCTH peareHToB B

maciae M-8
M-8 oil
Addi- |Concentration. Zone of inhibition
tives % of microorganisms, sm
Bacteria. MPA Fungi. WA
0.5 13-14 1.0-1.0
0.25 + + + +
| 0.125 + + + +
0.06 + + + +
0.5 1.8-2.0 14-15
I 0.25 15-15 1.0-1.2
0.125 12-1.2 + +
0.06 + + + +
0.5 22-24 1.9-2.0
i 0.25 2.0-2.0 15-1.6
0.125 16-1.6 + +
0.06 1.0-1.2 + +
0.5 22-23 1.7-1.9
v 0.25 1.8-20 12-14
0.125 + + + +
0.06 + + + +
v 1 1.3 1.4
0.5 09-1.0 08-1.1
Vi - + +
Notes: | — Grotan-OX; Il — Biocide B; III — Grotan-OX/

Biocide B(1:1); IV — Grotan-OX/ Biocide B(1:3); V — 8-
oxyquinoline; VI — M-8 oil without additives

[Mpumeuanne: | — Grotan-OX; Il — Biocide B; III — Grotan-
OX/ Biocide B(1:1); IV — Grotan-OX/ Biocide B(1:3); V — 8-
okcuxunonvH, VI — macio M8 6e3 qodaBok

The nature of the effects of the bactericides
was determined by the presence or absence of black
colonies of SRB [6].

The obtained results showed that Grotan-OX
and (Grotan-OX + Biocide B) reagents in the ratio of
1:3 at concentration of 0.125-0.5% had a bactericidal
effect on bacterial cells. The color of the indicator
agar didn’t change. There was no growth of SRB.

To determine oil-driving ability of the devel-
oped compositions equipment, consisting of the glass
columns with 30 cm diameter and 70 cm long and
simulating reservoir model was used. Glass tubes
were filled with the appropriate deposit sand. The
model was impregnated with formation water and the
excess water was collected and measured in a measur-
ing beaker (V4). Then the saturation of the model with
oil was realized. A certain amount of the crude oil
was passed through the reservoir model (the system
worked under the vacuum). Oil partially displaced
water from the pores, then the pore part was filled
with oil. As a result, the reservoir model had a certain
oil and water saturation. The volume of oil displaced

in the beaker was measured and the oil recovery coef-
ficient (ORC) was determined by the ratio of dis-
placed oil to initial oil.

When developing the compositions for effi-
cient recovery of residual oils studies were focused on
the use of not expensive reagents, for example, large-
tonnage industrial waste. In particular, there were
tested kerosene-alkali waste (KAW) obtained in pro-
cessing kerosene for neutralizing oil acids contained
in the composition of kerosene with an aqueous alka-
line solution. KAW contained 1.0-2.5% of NaOH.

To carry out the experimental work KAW
based alkaline composition of additives conventional-
ly called Az-5 was prepared. It was alkaline composi-
tion of additives based on the waste of oil-producing
(KAW) and fat-producing (Soapstock) industries. Its
working fluid was 2-5% aqueous solution with sur-
face-active properties and protective effect on hydro-
gen sulfide and bacterial corrosion. Grotan-OX (Ger-
many) reagent was also tested as an effective preserv-
ative for technical products.

As a water-soluble polymer PAA was used.

{CHgH?SLn
9:0
NH,

RESULTS AND DISCUSSIONS

Microbiological tests showed high antimicrobial
activity of the test reagents microflora against hitting oil
(aerobic and anaerobic bacteria and fungi), and SRB.

The results showed that the well-known and
widely used preservative for technical products Gro-
tan-OX in the composition obtained from local oil
products of Az-5 emulsion had effective bactericidal
properties against aerobic and anaerobic bacteria, in-
cluding SRB. Biocide B synthesized by us on bacteri-
cidal properties in Az-5 emulsion composition was
slightly worse than Grotan-OX. However, the com-
pound was better than it, particularly on fungicidal
properties in composition with M-8 oil. Further the
following compositions -Grotan-OX + Biocide B in
the ratio 1:1 and 1:3 (wt.) were studied. The combina-
tion of these substances led to improved biocidal
properties, which allowed the use of smaller quanti-
ties of materials to achieve effective biocidal proper-
ties, thereby reducing the material consumption.

It’s known that for EOR there are used meth-
ods of maintaining reservoir pressure and it’s possible
by injecting water or gas. In this situation there is cre-
ated artificial hard water-pressure or gas-pressure
mode, water is often injected into the reservoir
through specific injection wells (water flooding reser-
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voir). However, in these processes in the reservoir
there is a large amount of oil — capillary-retained,
streamline. For efficient extraction of oil various rea-
gents that improve oil washing properties or increase
its viscosity, are added to the injection water.

Table 2
Evaluation of bacterial resistance of the reagents in Az-5
emulsion
Taonuya 2. OueHka 0aKTepUOCTOHKOCTH PeareHTOB B
amyabcun Az-5

Components of compositions were studied as
oil-driving agent, individually or in the form of com-
positions with different ratio of components. The
compositions are shown below (Table 3).

Oil-driving properties of the investigated rea-
gents and compositions were measured on the estab-
lished in vitro reservoir model.

Table 3
The developed oil-displacing compositions
Tabnuya 3. CocTaBbl pa3padoTaHHBIX KOMIO3HIUT

Notes: + - abundant microorganisms growth around the hole,
0 - the color of the indicator agar doesn’t change, indicating
the absence of growth of SRB. Full bacterial resistance, | -
single black colonies are appeared with agar indicator. Satis-
factory bacterial resistance, 1l — on the entire thickness of the
agar indicator the numerous black colonies are formed. No
bacterial resistance, VII - composition Az-5

[Ipumeyanue: + - OOMIBHBIA POCT MUKPOOPTaHH3MOB BOKPYT
.]'lyHKPI, 0 — LOBET MHAUKATOPHOIO arapa HE MCHIACTCA, 4YTO
CBUJIETETIBCTBYET 00 OTCYTCTBHH POCTa CyNIb(haTperynupyro-
mux 6akrepuil. [lonHas GaxTeprocToiikocTs komnosuuuy; I —
NOABJIAIOTCA CAMHUYHBIC YCPHBIC KOJOHHUHW C MHAMKATOPHBIM
arapom. YIIOBHGTBOPI/ITGIII)HaSI 6aKTepHOCTOﬁKOCTL KOMIIO3HU-
tmy; || — o Beeit TonmMHe MHINKATOPHOTO arapa o0pasyroT-
Cs1 MHOTI'OYHCJICHHBIE Y€PHBIC KOJIOHHWH. OTcyTCTBI/Ie OakTe-
puoctoiikoctu kommozunuy; VIl - Az-5

In accordance with the research goal new oil-
driving compositions based on agueous solutions of
various surfactants (KAW, Az-5, sulfanol, Grotan-OX)
and a water-soluble polymer PAA were developed.
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Az-5 emulsion N Compositions, (ml) ORC, %
Addi- | Concen- Zo_ne of inhi_bition Point ! Water (100) 32
tives |tration o6 |Of microorganisms, sm 1 KAW (100) 12
Bacteria. i Anaer 11 Az-5 (5% aqueous solution) — (100) 15
mpa | Funel WA | gpp IV 2,58 APP + water (100) 35
0.5 3.2-3.2 1.0-1.2 0 V | 1.2g APP + 0.5g sulfanol + water (98.3) 38.7
| 0.25 3.0-3.0 + + 0 VI Az-5(5) + 0.5g sulfanol + water (94.5) 52
0.125 28-28 + + 0 VII 1.2g APP + 0.5g sulfanol + KAW (48.3) + 68
0.06 20-2.2 + + 0 + water (50)
0.5 25-25 20-20 0 VI 1.2g APP + 0.5g sulfanol + Az-5 (48.3) + 78
" 0.25 22-23 1.6-1.8 0 + water (50)
0125 | 16-1.6 1.0-1.0 0 1 | 122 APP + Grotan (0.5) + KAW (48.3)+ | o
0.06 1.0-1.0 + + I + water (50)
0.5 3.2-32 22-22 0 . . .
" 0.25 28-30 18-20 0 As it follows from the_ analysis of the experi-
0.125 24-26 1.0-1.2 0 mental data recovery coefficient of crude oil from
0.06 0.8-0.9 + o+ | Balakhani field produced at water displacing oil in
0.5 2.7-29 24-27 0 conditions of the model plant isn’t high (32%). When
v 0.25 23-26 20-22 0 using individual reagents (KAW and Az-5 emulsion
0125 | 18-22 15-15 0 liquid), ORC is characterized by almost same low
006 | 10-12 * ' values (12-15%). Low oil-driving properties of these
V 1 solutions are probably explained by chemical incom-
Vi 0;5 patibility of oil driving agents with bed liquids. When
Vi F— — passing KAW through the sand saturated with for-

mation water there is formed precipitate complicating
its water loss.

The main factor, complicating oil production
by water flooding in many fields, is the high salinity
of formation water. Therefore, one of the main tasks
in determining the most effective driving agent is
studying its compatibility with the formation water.
Qualitative analysis of the formation water samples
indicates that it contains calcium, magnesium, sodi-
um, potassium cations and hydrogen carbonates, sul-
phate, carboxylate, chloride anions (Table 4).

When studying KAW solutions compatibility
with the formation water it has been established that
viscosity of naphthenic acids sodium salts increases
when mixing with the formation water. Interaction of
KAW aqueous solutions with calcium and magnesi-
um cations, as well as carboxylate anions contained in
the formation water, leads to the complication of oil
displacement process. Schematically, the chemism of
this process can be shown by the following equations:

N3B. By30B. Xumus u xuM. texHosorus. 2017. T. 60. Bemm. 1



W3B. By30B. XuMmus u xuM. TexHojorust. 2017. T. 60. Beim. 1

1. Dissociation of naphthenic acids:
CnH2,.1COONa 2 CyH21:COO" + nNa*
2. Interaction of carboxylate anions with calcium
cations, contained in the formation water in quantitites:
2(CH2,-1CO0") + 2nCa?* 2 (ChH201CO0).Ca

Table 4
The chemical composition of water samples from Bala-
khani field
Tabnuya 4. Xumudeckuii coctaB 00pa3uoB Boasl bana-
XaHCKOI'0 MECTOPOKIACHUS

lons in the mix mg/I
1 Ca* 201
2 Mg?* 146
3 Na* + K* 2878
4 HCOz 119
5 HSO4 traces
6 RCOO 135
7 Cl 5670

Reducing the filtration characteristics of sam-
ples of core — collector occurs as a result of partial
adsorption and mechanical trapping the polymer with
porous medium.

The processes of driving non-polar liquids
from porous systems are based on the viscous proper-
ties of relatively concentrated solutions of polymers.

With increasing concentration of PAA solu-
tions there is observed a decrease of oil-driving speed.
The high viscosity allows to implement a piston dis-
placement mechanism for increasing ORC. During
the filtration through model core samples of polyam-
ide solutions it can be seen that a part of the sample
pores undergoes to blocking with polymer particles.
This is caused by the adsorption of the polymer on the
surface of the porous medium, which reduces the size
and change the shape of the filtration channels.

The main reason for the formation of corrosive
environment and accumulation of iron sulfide in the oil
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reservoir is the vital activity of SRB, entering into the
reservoir with water at a perimeter flooding. The par-
ticipation of microorganisms in the corrosion process is
limited with the direct effects of their metabolic prod-
ucts (carbon dioxide, hydrogen sulfide, ammonia, or-
ganic and inorganic acids) on metallic structure, and
also with the intensification of the electrochemical re-
actions on the surface of the corrodible object.

Except bio corrosion, the microorganisms
cause clogging of the oil reservoir with microbial bi-
omass accumulation and metabolic products of bacte-
ria that leads to significant reduction of oil recovery
and decrease in ORC. Vital functions of the bacterial
microflora is responsible for biodegradation of chem-
ical oil-driving agents, as well as changes in the quali-
ty and composition of the oil.

There are various classes of compounds that
inhibit the growth of SRB. However, the most effective
means of protection from SRB are multifunctional ac-
tion reagents, having both properties of bactericides
and corrosion inhibitors, increasing the oil recovery
and having a number of other important properties.

CONCLUSION

Addition of 0.5 g of surfactant (sulfanol) to
compounds (I1) and (IV) promotes raising recovery ratio
values from 12 and 15% to 38 and 52% respectively.

Oil-driving compositions (VIII and IX) are
characterized by high values of ORC (78 and 87%)
respectively, that is probably connected with decreas-
ing concentration of alkaline component (KAW).

By generalization of the experimental data we
can conclude that in conditions of microbiological con-
tamination of oilfield systems the developed new mul-
tifunctional compositions (VI1I-1X) having efficient
oil-driving properties at the same time can significantly
reduce the corrosion activity of oilfield waters.
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ADSORPTION OF IONS OF NICKEL (1) FROM WATER SOLUTIONS
WITH CARBON ADSORBENTS

Adsorption methods of cleaning remains beyond comparison for deep extraction of heavy
metal ions from dilute solutions. Their practical application allows achieving the high efficiency of
wastewater treatment with minimal impact on the environment. It is known that nickel is one of
carcinogenic elements. Thus, free nickel ions (Il) are twice toxic than complex compounds. The
maximum content of nickel ion (I1) at the production of spent electroplating solutions is 50 mg/I, in
washing waters — from 2 to 5 mg/I. In this paper we studied the adsorption capacity of carbon ad-
sorbents IPI-T, synthesized from waste phenol-formaldehyde resin with respect to the nickel ions
(I1). Carbon adsorbents IPI-T are black granules of irregular shape with an average particle size
from 2 to 5 mm, and a surface area of 480 m?/g. Adsorption equilibrium time in static conditions
corresponding to the constancy of the concentration of heavy metal ions in solution was four
hours. A study of the adsorption capacity of carbon adsorbents IPI-T was performed at pH of 9.5.
The adsorption process accompanied by the slight decrease in pH. Isotherms were build according
to the results of research of adsorption at different temperatures. The shape of the isotherms ob-
tained corresponds to poly-molecular adsorption. The resulting isotherms were processed using ad-
sorption models of BET and Dubinin-Radushkevich. It was shown that the adsorption process
model is best described by BET. Model Dubinin-Radushkevich was used to calculate the free ener-
gy of adsorption. The value of the free energy of adsorption indicates that the binding of nickel ion
(11) has a physical nature. It was found that with the temperature increasing the adsorption capaci-
ty of carbon adsorbents IPI-T decreases. The dynamic activity of the adsorbent was characterized
by the time of beginning of pass of the adsorbate till «breakthrough». Maximum protective effect of
the adsorbent was 5 hours, and it was recovered 150 mg of nickel ions (I1). The effectiveness of

wastewater treatment of galvanic production from heavy metal ions was not less than 98%.

Key words: carbon adsorbents, adsorption, wastewater, nickel ions (I1)

Ha ceromusmnuii jeHbp Ooyiee MHILIMApAa
JIOJIe BO BCEM MHpE HE MMEIOT JOCTYNa K YUCTOU
NUTHEBOM BoJE. bonee qByX MUILIMApAIOB YETOBEK HE
pacroiararoT JOCTaTOYHBIM KOJIHMYECTBOM CHCTEM
OYHCTKH BOJBI. DTO SBISAETCS OCHOBHOU TPUYHUHOMN
3a00JIeBaHNH, BBI3BIBAEMBIX YMOTPEOJICHHEM BOJIbI,
KOTOpasi HE COOTBETCTBYET CAaHWUTAPHBIM CTaHIAPTAM
[1, 2]. JauHbiii (akT CBUACTEILCTBYET O CEPhE3HOU
JKOJIOTHYECKOW TpobieMe TI00aNbHOTO KpHU3Hca
BOJHBIX pecypcoB. B nHamield cTpaHe, HeCMOTps Ha
HMMEIOIIMECS 3arachl YUCTON MPECHOW BOJIbI, B Psije
PETHOHOB CYIIECTBYIOT TPYIHOCTH B BOJ0OOEcCIIeUe-
HUH HAaCeJeHUs 0€30MMacHOM MUTHEBOU BOIOM.

B c¢Bsi3u ¢ 3THUM, HAaUOOJIBIIYIO aKTyaJIbHOCTh
MPEJCTaRIsIeT NpoOjeMa OYUCTKA CTOYHBIX BOZ OT
HOHOB TSDKEIbIX MeTa/uioB. OOHUMH M3 3HAYMMEIX
AHTPOIIOTCHHBIX HMCTOYHHKOB TIOCTYIUICHUS WOHOB
TSOKETTBIX METAUIOB B OKPYKAIONTYIO CPEIY SIBIISFOTCS
CTOYHBIE BOJBI MPEANPUATUN LBETHON METAILTypruu,
prOOPOCTPOCHUS, MAITUHOCTPOCHUS U Psa JPYTUX
oTpaciei.

W3BecTHO, UTO HUKEIh OTHOCUTCS K UYHUCITY
KaHIICPOTCHHBIX 3JIeMeHTOB. [Ipu 3TOM CBOOOIHEIC
nonbl HuKeNs (1) BMBoe TOKCHYHEE €ro KOMITICKCHBIX
coelMHeHN. MakcuMallbHOE COjiep>KaHie MOHOB HH-
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kens (II) B oTpaboTaHHBIX MPOM3BOACTBEHHBIX pac-
TBOpaxX TaJhbBAHUYECKOTO IPOU3BOJICTBA COCTABIISAET
50 mr/mM3, B MPOMBIBHBIX BOAAX — OT 2 10 5 Mr/ame
[3]. CormacHo AaHHBIM HOPMATHBHOTO JIOKyMEHTa [4]
K nonoB nukens (II) B Bomoemax ppiOOX03siiCTBEH-
HOT'O Ha3HaYeHHUs He AOJDKHO npeBbimats 0,01 Mr/aMe.

Jnst rmy6Gokoro M3BI€YEHHS HOHOB HHKEINS
(II) u3 pazbaBieHHBIX PACTBOPOB BHE KOHKYPEHIIMU
OCTalOTCA aJCOPOLMOHHBIE METOAbl OYHMCTKU. AJ-
COpOLIMOHHBIE METO/IbI OUUCTKH CTOYHBIX BOJ HapsAy
C BBICOKOW 3(P(PEKTUBHOCTHIO OTHOCSATCSI K 3KOJIOTHU-
YeCcKH YHUCTBIM MeToxaM. Hambonee yacto ucmnonb3y-
E€MBIMH TIPOMBINIJICHHBIMU a7COPOSHTAMH SBIISIFOTCS
aKTUBHBIE yIIIM. VI3BECTHO, YTO pa3HbIe MAPKU aKTUB-
HBIX YTJIEH aacopOMpyIOT HOHBI TSKEIBIX METAIJIOB,
NpOSIBIIAA TNPU 3TOM PA3JIUYHYIO TOTJIOTHTENBHYIO
CHoCcoOHOCTh [5, 6]. OcHOBHBIM (hakTOpOM, Ormpese-
sstrorM 3()HEKTHBHOCTD afCcopOLIHH, SBISETCS BEJIH-
yuHa pH. Yame Bcero MakcuMyMm aacopOLyy JoCTUra-
etcs nipu pH 4, 1. e. mporecc mpoxouT 10 0Opa3oBa-
HUS TIPOIYKTOB THAPOIH3a [7].

Lens paboThl: uccnenoBaTh aacopOLMOHHBIC
CBOHCTBa Mo oTHoUIeHUIo K noHam Hukens (II) yrie-
poaroro agcopbenta UIIN-T, momydeHHOTO U3 OTXO-
JIOB TIPOH3BOICTBA (PEHONPOPMAITBIETUIHON CMOJBI.
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OKCIIEPUMEHTAJIBHA I YACTD

B xauecTBe 00BEKTOB HCCIIEAOBAHHS HCIIOIb-
30Banu yrieponuble ancopoentst UIINU-T, cunTesn-
poBaHHbIE B IpKyTCKOM TOCYIapCTBEHHOM TEXHHYE-
ckom yauBepcutere (UpI'TVY) [8, 9]. Yrmeponusie
aacopoentsr UIIU-T mpencraBistor coOoil uyepHBIC
TrpaHylbl HEPaBWIBHON (DOPMBI CO CPEIHHM pa3Me-
pPOM HacTHIl OT 2 0 5 MM, TeKCTypHBIE XapaKTepu-
CTHKHU KOTOPBIX MIPEJCTAaBICHBI B Ta0. 1.

Tabnuua 1
TekcTypHble cBoiicTBa aacopdenta UIIU-T
Table 1. Textural properties of the adsorbent IPI-T

XapakTepucTuKa Bennunna
Pasmep 3epen, MM 2-5
VY nenpHAs NOBEPXHOCTH, M2/t 480
OO61as cyMMapHas MOPUCTOCTb, CM/T 0,65
O6beM MUKPOIIOP, CM°/T 0,28
O0BeM IepexoaHbIX 0P, eM3/T 0,06
HaceInHas mioTHOCTb, I/aM° 420

Uzyuenne aacopOLMOHHBIX CBOWCTB YyTJe-
POIHBIX aCOPOCHTOB OCYIIECTBISIIM Ha MOJIEIBHBIX
pacTBopax, IUIsi MIPUTOTOBICHUSI KOTOPBIX HCIIONB30-
Bamn ceMuBOAHBIA cynbdar Hukens NiSOs 7H.0
KBaTM(PUKALIUK «X.4.» W JUCTUILIMPOBAHHYIO BOJY.
Ucxonnas xonnentpanus voHo Hukens (II) B mo-
JIEBHBIX PacTBOpPaxX COOTBETCTBOBAJA PEANbHBIM CO-
CTaBaM CTOYHBIX BOJI TAJIbBAHMUYECKHUX IIEXOB. 3HAYe-
HUE BOJIOPOJIHOTO TIOKa3aTelsi MOJEIhHBIX PACTBOPOB
MOJIEPKUBAIA C TIOMOIIBI0 aMMHAYHO-AIeTaTHBIX
oydepnsix pactBopos ¢ pH 9-10. B kauecTBe 00beK-
TOB MCCJICZIOBAHUS UCIIONB30BAIN TaKXKe CTOYHBIE BO-
IIBI 11eXa TalbBAaHOMOKPHITHNA. KOHIIEHTpanio HOHOB
aukens (II) ompenensiu GOTOMETPUIECKUM METOIOM
aHaJIM3a C TIOMOIIBI0 TuMeThirnokcrma [10, 11].

Ancop6rmro nonoB aukens (II) nccnemosanu B
CTaTUYECKUX W JTUHAMUYECKUX YCIOBUsX. M3ydeHue
aJICOPOIIMOHHON CITOCOOHOCTH B CTAaTHUYECKHX YCIIOBHU-
SIX TIPOBOIMIIM C TIOMOIIBIO M30TepM. B pabote wmc-
MOJIb30BaH METOJ TepeMeHHbIX HaBecok (2,0; 1,0;
0,75; 0,5 n 0,25 1) ¥ HEM3MECHHBIX KOHIICHTpAIHi (HC-
XO/Hast KOHIeHTpanust noHoB Hukens (11) — 80 mr/mvd).
KuneTndeckuMu ONbITAMU B CTATHYECKHUX YCIOBHUSIX
OTIpEIeISIA BpEMsI YCTAaHOBIIEHUS DPaBHOBECUS B
CHUCTEME YTIEPOIHBIA aJICOPOEHT — PacTBOP COJH
MeTaa.

Benuunny amcopOium B CTaTUYECKUX YCIIO-

BUsX (A, MI/T) BBIYUCIISIN 110 POPMYIIE:
— “~ paen. 'V, (1)
m

rae Co ¥ Cpeen. — UICXOJTHASL U PABHOBECHASI KOHLICHTPA-
LIMM MOHOB TSKEJOTO METalla B PacTBOPE, MI/IMS,

A=—2

V — 00beM pacTBopa, IM3; M — HaBeCKa aicOpPOEHTa, T.
OObeM CTOYHOW BOABI MPH MPOBEICHUU OIBITOB CO-
craisn 0,1 a3,

Ancop6uys B AMHAMUYECKHUX YCIIOBHSX HUMe-
€T TEXHOJOTMYECKHE, SKCIUTyaTalliOHHBIE U 3KOHO-
MHYECKHE MPEUMYLIECTBA [0 CPaBHEHHUIO C aacopo-
nuel B crarnmdeckux ycnosusix. llporece agcopOuum
B IMHAMUYECKUX YCIIOBHAX MPOBOAMIIM B KOJOHKE C
BHYTpeHHUM auamMeTpoM 16 mm. KomoHKy 3anonHsiiu
aacopoenToM B konmmdectBe 20 1. CKOPOCTH mpoIryc-
KaHus ancopbaTa yepe3 clol aacopOeHTa cocTaBUIa
7 cM®/MuH. JIMHAMMYECKYIO aKTUBHOCTh aACOPOEHTa
XapaKTepU30BaIM BPEMEHEM OT Hayaja MPOIyCKaHHs
agcopbara 10 «IIPOCKOKa», T. €. 10 MOSBJICHUS HOHOB
nukens (1) 3a cnoem agcopOenra.

Bennunny azcopbuMm B IUHAMHUYECKUX
ycnoBusix (A, MT/T) pacCUMTBIBAIH 110 (OpMyIIe
_VpCo @

m
rae Vp — o0beM uncToro amcopbata, BBIMIEANIETO U3
KOJIOHKH OT HayaJla OMbITa 10 MOSIBJICHUS PacTBOPEH-
HOro BemiecTa, AM°; Co — MCXOIHAsh KOHLEHTPAIHs
MOHOB TSDKEJIOr0 MeTaluIoB, MI/aM’; M — macca aj-
copOeHTa B KOJIOHKE, T.

O¢pdextuBHOCTs OuMCTKH (D, %) CTOUYHBIX
BOJI 1I€Xa TaJIbBaHOMOKPHITHII OT nMoHOB Hukens (II)
paccuuThIBajIM Mo hopmyIie:

9 — (CO _ Cocm )
0

rae Co U Coer — UCXOJHASI U OCTATOYHAS KOHIIEHTpA-
MM MOHOB TSKEJION0 METaJlla B PACTBOPE, MI/IMS,

PE3VJIbTATBI U X OBCYXIEHUE

A()

-100% » 3)

W3BectHo, uto mpu pH>9,5 mpoucxoaur 3Ha-
YUTENbHOE YBEIMYEHHE aJCcOpPOLMH HOHOB HUKEJS
(IT) [12, 13], 4TO CBSI3BIBAIOT C U3MEHEHHEM CBOICTB
MOBEPXHOCTH aJIcOpOeHTa, a TaKKe C M3MEHEHHEM
CBOWMCTB cOCTOsIHUSI afcopOara B pacTBope. B nHTepBa-
ne pH 9,0-10,5 npeobnanatomieit Gpopmoii cyriecTBoBa-
unst nouoB uukens (II) B pactBope sienstercst [Ni(OH)]*
[13]. C ygerom cocrtaBa pacTBOpOB, 3HaueHMs pH u
COJIbBaTallid MOHOB PacTBOpUTENEM, (OpMY HaXoxKIe-
uust Hukend (II) B pacTBope MOXKHO MPEATIONOXKHUTH KaK
[Ni(NH3)s(OH)]* [14]. Tlostomy wuccienoBaHue aj-
COpPOLIMOHHOM CITIOCOOHOCTH YITIEPOIHBIX aJcOpOSHTOB
UIIN-T Benmu mpu pH 9,5. B mponecce ancopOuum
HaOJTFo/IT He3HAYNUTEIFHOE CHIDKEHUE BeJTMIMHbI pH.

Bpemsi ycraHOBneHHs aJCOPOLMOHHOTO PpaB-
HOBECHs, OTBEYAIOILIee IOCTOSHCTBY KOHLIEHTPALHH
HOHOB TSDKEJIBIX METAJUIOB B PAcTBOPE, COCTABUIIO 4 .
[osyueHHble M30TE€PMBI IIPH PA3IUYHBIX TEMIIEpaTyp-
HBIX PeXXHMMax IMIpeACTaBICHbI Ha puc. 1.
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Puc. 1. U3otepmsl ancopbumu nonos Hukens (11) mpu temmepa-
Type, K: 1 —298, 2 — 318, 3 -338
Fig. 1. The adsorption isotherms of nickel (I1) ions at T, K:
1-298,2- 318,3-338

Kak BUIHO W3 TNpenCTaBIEHHBIX MAaHHBIX, C
YBEITMUEHUEM TeMIepaTyphl aJcopOLMOHHAs CIIOCO0-
HOCTB yriiepoanbix ajgcopoentoB UITN-T cumxkaercs,
YTO CBUETENBCTBYET 00 AK30TEPMUIHOCTH HCCIEIY-
emoro mporiecca. opma U30TEpPM COOTBETCTBYET IIO-
JIUMOJICKYJIIPHOHN aJIcOpOIMH, TIPOUCXOIAIICH Ha ajl-
copOeHTax, He WMEIONINX Y3KUX IOp WM KaruIs-
POB, TIO3TOMY SIBJICHHWE KANWIISPHON KOHJEHCAIUU
MOXKHO HMCKIIIOUUTh. [Ipu 3TOM MONEKyJIBI ajcopbaTa
B3aMMOJICHCTBYIOT MEXIYy COOOW Topa3io CHIIbHEE,
YeM C MTOBEPXHOCTHIO aJIcOpOeHTA.

Jlyis omucaHus MOJUMOJICKYJISIPHOM aacopo-
MU Ucoib3oBainu Teoputo bOT. YpaBHeHue uzorep-
MBI IOJTUMOJIEKYIIsIpHOH anicopOiu BT umeer Bu:

_ A, -c-(CICy) , (4)
(1-CIC,)-[1+(c—-1)(CICy)]

rne A — BelWuYMHA anCcoOpOIUH, MMOIB/T; A, — TIpe-
JIeNIbHast aJICOPOIIMOHHAS eMKOCTh MOHOCIIOS, MMOJIB/T;
C - MOCTOSIHHAS JUIS JaHHOW aJICOPOITMOHHON CHCTe-
MBI, HETIOCPEACTBEHHO CBSI3aHHAsl C TEIUIOTOM W 3H-
Tpomueit ancopommu; C, Co — paBHOBECHAS ¥ HCXOTHAS

KOHIEHTPALHS HOHOB TSKEJIOr0 METAJIIa, MMOJIL/IM .
VYpasuenue afgcopouuu bOT B nuHeitHol opme:
e, _ 1 e g (5)

A(l-C/IC,) A,-c A, -c

C wucCmosp30BaHUEM YpaBHEHUS ajacopOnuu
BOT B nuneliHOW (opMe MOCTPOEHBI U30TEPMBI aJI-
copOumu nonos Hukens (1) (puc. 2).

W3 nuHEeiHBIX 3aBUCUMOCTEM, IMpPUBEICHHBIX
Ha pHC. 2, MO0 TAHTEHCY yIja HAKJIOHA ITOJYYCHHBIX
MOPSMBIX U BEIMYMHE OTPE3KOB, OTCEKAEMBIX HA OCH
OpJMHAT, ONPEACIISUTH NPEACIBHYI0 aJICOPOIMOHHYIO
€MKOCTh MOHOCITOSI (Ax) ¥ KOHCTAHTY (C) (Tabi. 2).

Kak BuOHO M3 TmpencTaBICHHBIX NaHHBIX,
MaKCUMaJIbHAs BEIIMYMHA TPEICILHON aJCOPOIMOH-

78

HOW eMKoCcTH MOHOCIos MoHOB Hukend (1) momydena
npu temmneparype 298 K — 0,033 mmons/r (1,95 Mr/r).
W3BectHO, uTOo KOHCTaHTa (¢) B ypaBHeHHMH bOT
IpencTaBisier coOOi OTHOIIEHHE JABYX KOHCTAaHT
paBHoBecus ¢ = Ki1/K; [15], 1 MoXkeT ObITh HCIIOJIB30-
BaHa IS pacueTa cTaHmapTHoH sHeprun [ mboca:

AG® = —R-T'Inc = —R-T'InK1/K, (6)

30 4

(C/CP/A(1-C/CY
s & 8 &
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w
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C/Cy
Puc. 2. U3otepmsl ancopOiiy B KOOpAUHATAX JIUHEHHON (OPMBL
ypasrenust BOT. Temneparypa, K: 1298, 2 — 318, 3 - 338
Fig. 2. The adsorption isotherms in coordinates of linear form of
the BET equation. Temperature, K: 1 — 298, 2 — 318, 3338

Tabnuuya 2
apamerpst mogenu BIT npu agcopoumnu
Table 2. Parameters of the BET model for adsorption

T,K | A, vmons/r | ¢-1078 AG”, R
kJ[>x/MOJTB

298 0,033 0,850 -16,712 0,98

318 0,004 0,218 -13,340 0,98

338 0,003 0,201 -13,139 0,97

[TonydenHsle 3HAYEHUs CTAHAAPTHOW BHEP-
run I'n66ca (Tabin. 2), CBUIETENBCTBYIOT O TOM, YTO
BEPOSITHOCTD MPOTEKAHUs aJcOPOIIMOHHOTO Mpoliecca
OoJbIe ipy 60JIee HU3KKUX TeMITepaTypax.

PaBHOBecHBIE TaHHBIE aACOPOLIMOHHOTO MPO-
necca Obun 00pabOTaHBI C IMOMOIIBI0 MOJETH H30-
tepMmbl JlyOuHuna-Pagymkesuua 4 = Am-exp(-k-sz),
e K — koncranTa (Monb?/kJ[x?), CBS3aHHAs C SHEPTHU-
eit ajcopOimm; € — moreHuuan [omstau (kJK/MOIB),
OTPaXKAIOIIUH W30TEPMUYECKYI0O pPadoTy MepeHoca
OJTHOTO MOJII MOHOB TSDKENIBIX METaJUIOB U3 00beMa
PaBHOBECHOT'O PAacTBOpa K NMOBEPXHOCTH aJICOPOCHTA, U
onpenessiemMblii u3 Beipaxkerus € = RTIN(1+1/C), rae
R — yHuBepcanpHas ra3oBast noctosiHHas, k/x/mMons-K;
T — aOcomroTHas Temneparypa, K; C —paBHOBecHOE
coJiep>KaHUE HOHOB TSDKEJBIX METAIJIOB B PacTBOPE.

Hcnionp3ys ypaBHeHue amcopOrmu JyOomnm-
Ha-PanymikeBnda B nuHeiHOW Qopme INA= InAyn —
k-¢2, moctpoens! 3aBucuMoct Ind= f () (puc. 3).
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Puc. 3. M3oTepmbl ancopOImu B KOOpAWHATAX JIMHEHHOH GOPMBI
ypaBuenusi [lyoununa-Pagymikesuua. Temmnepatypa, K: 1 — 298,
2— 318,3-338
Fig. 3. Adsorption isotherms in coordinates of the linear form of
Dubinin-Radushkevich equation. Temperature, K: 1 — 298,
2— 318,3-338

o HakmOHY TpeICTaBIeHHBIX IPSAMEBIX (pHC. 3)
U OTpe3Ky, OTCEKaeMOMY Ha OCH OpAMHAT, ONpeaes-
a1 KOHCTaHThl K U Am. Momens JlyOununa-Pay-
KeBHMYa YKa3bIBaeT Ha MPUPOIY ancopOormm agcopbdara
Ha aJCOpOCHTE W MOXKET OBITh KCIIOJIb30BaHA IS
pacueTa cBo6OIHOM 3Hepruu agcopbuun E = (-2k)05,
[Mony4yeHHbIE pe3ynbTaThl MPECTABICHBI B Ta0I. 3.

Taonuua 3
MMapametpsl Moaenu younunna-PaaymkeBuua
Table 3. Parameters of Dubinin-Radushkevich model

Am, K, E,
LK MMOITB/T | Monb/KJK? | kJIKk/Monb R
298 0,268 0,055 3,02 0,97
318 0,204 0,041 3,49 0,96
338 0,163 0,038 3,63 0,96

UzBecTHO, uYTO ecnu 3HavYeHHE CBOOOIHON
SHEPTUH aIcopOIHH JIeKHUT Mexay 8 u 16 kJ[x/Mob,
TO aJcCOPOIMOHHBIN MPOIIECC MPOTEKaeT 0 HOHOO00-
MEHHOMY MEXaHU3MYy; €CIIM )K€ 3HadeHne E MeHbIe
8 k/[x/Monb, TO Tporiecc aacopOIMyU HOCHUT (hu3uUe-
CKHli XapakTtep. B Hamem ciryuae, 3HaueHHe CBOOOJHON
SHEPTUH aICOPOIMN YKA3bIBAET HA TO, YTO 3aKPETUICHHE
WOHOB TSDKEJIOTO MeTalia MMeeT (BH3UYECKYI0 TIPHPO-
noy. V3 ananmza 3HaueHWid KO3((HULMEHTOB KOppes-
1y, R, (tabm. 2 u 3), npencraBneHHpx Mmojeieit BT n
Jyounnna-PagymkeBrya, clieayer, 9TO  aJCOPOITHIO
HaWIIy4IIuM 00pa3oM onuceiBaeT Mozens bOT.

JUTEPATYPA

1. ®omun I'.C. Bona. Konrposns xumudeckoid, 6akrepuaib-
HOH M pajgnanMoHHOH OE30IaCHOCTH 10 MEXyHAapOIHBIM
crangaptam. M.: IIporexrop. 2010. 1080 c.

Ha puc. 4 npencraBieHa 3aBUCUMOCTD, Xa-
pakTepusylomas JUHAMHYECKYI0O aKTHBHOCTH aj-
copOeHTa BpeMEHEM OT Hadaja MPOMYyCKaHWs aj-
copbara 0 IMPOCKOKA, T. €. IO IOSBICHUS HOHOB
nukens (I1) 3a cnmoem agcopbenTa.
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Puc. 4. Bpemst 3ammTHOTO IEUCTBUS CII0s acopOeHTa
Fig. 4. Time of protective action of the adsorbent layer

/e,

W3 mpencraBneHHBIX AaHHBIX (pric. 4) BUAHO,
YTO MAaKCUMAaJbHOE BpEeMs 3aIlUTHOrO ISHCTBUA aj-
copOeHTa cocTaBisieT 5 4, 00beM MPOIYIIEHHON BOJIBI
cocrasui 2,1 nmM3, npu 3ToM 6bLIO U3BIEUEHO 150 Mr
nonoB Hukens (II). Ilpu uccnenoBanum aacopOUNOH-
HOW CIIOCOOHOCTH YrJIeponHbIX ajcopoentos WUITU-T
Ha CTOYHBIX BOJax TalbBaHHYECKOT'O MPOU3BOJCTBA
YCTAHOBJICHO, 4TO 3(P(PEKTUBHOCTH OUUCTKH CTOYHBIX
BoJ1 oT noHoB Hukes (II) cocraBuna e menee 98%.

BBIBO/JbI

UccnenoBana ancopbums moHoB Hukens (II)
yriepoaabivu agcopoentamu UITU-T, cuaTe3upoBan-
HBIMH W3 OTXOJOB (eHoI(POopMaIbIETUIHON CMOJIBI.
dopma MOIY4YEHHBIX H30TEPM COOTBETCTBYET IOJIH-
MOJIEKYJISIPHON azcopOmu. AncopOIMOHHBIN TpoIIecce
HaWTy4InmuM oOpa3oM ommchkiBaeT mozaens bOT. 3na-
YeHre CBOOOHOW 3HEPTHH acopOLuH, HAWIEHHOE U3
ypaBHenusi JlyOununa-PamymikeBuda, yKas3pIBaeT Ha
TO, YTO 3aKpEIUICHHE HOHOB TDKEIIOTO MeTaljia UMEeT
¢usnyeckyo npupoay. C yBeluueHUEM TeMIepaTypbl
aJICOpOIIMOHHAs CIIOCOOHOCTh YIIIEPOAHBIX aJICOPOCH-
toB UITNU-T cHmkaeTcs, 4TO CBUIETEILCTBYET 00 SK-
30TEPMHUYHOCTH HCCIeayeMoro mpouecca. JpPeKTuB-
HOCTb OYHCTKM CTOYHBIX BOJ] TAJIbBAHUYECKOTO TPOU3-
BOJICTBa cOCTaBmiIa He MeHee 98%.
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HOBBIIIEHAE KOPPO3MOHHON CTOMKOCTH 1 U3HOCOCTOMKOCTU CTAJIA 45
C IOMOIBIO AHOJHOI'O JVIEKTPOJIUTHO-IIVIASBMEHHOI'O ASOTUPOBAHUS

Ilokazana 603M0IHCHOCHb ROGBIULEHUS CORPOMUBTICHUSL KOPPO3UU U U3HOCY C HOMOWIbIO
AHOOHO20 A30MUPOGAHUS 6 AMMUAYHBIX U HUMPAMHBIX INEKMPOAUMAX. YCmanoeienvl pexcu-
Mbl 00padomKu, n0360aa10UUE CHUZUMb NIOMHOCHb MOKA Koppo3uu 6 16 pa3, koIghuyuenmot
mpenus u maccoswtii uzsnoc ¢ 1,7 paza. Kopposuounas cmoiikocms a3omupoeanHoil CIaiu ces-
3aHa ¢ 00pazosanuem 3aUUMHO20 OKCUOHO20 C10A U HUMPUOHOI 30Hbl, A NOBbLUIEHUE UZHOCO-
CMOUIKOCIU GbI36AHO RPUPAOAMBIEAEMOCHIbIO OKCUOHO20 C1051 U MEEPOOCHIbI0O HUMPUOHO-
MAPMEHCUMHO20 ROOCIIOA.
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IMPROVEMENT OF CORROSION AND WEAR RESISTANCE OF 45 STEEL WITH ANODE

PLASMA ELECTROLYTE NITRIDING

The wear and corrosion resistance was studied after anode plasma electrolytic nitriding
(PEN) the carbon steel in electrolyte containing ammonium chloride and ammonia or ammoni-
um nitrate. Tribological properties of nitrided samples were evaluated using a pin-on-disk and
ball-on-disk tribometers under lubricated testing conditions and dry sliding. The effect of pro-
cessing temperature on corrosion resistance of the PEN samples was examined by means of po-
tentiodynamic polarization in a solution of sodium sulfate (0.1 N). The anode PEN at 750 <C dur-
ing 5 min in electrolyte containing ammonium chloride (15%) and ammonium nitrate (5%) re-
sults in a decrease in a corrosion current density by a factor of 16. The anode PEN at 750 <C dur-
ing 10 min in electrolyte containing ammonium chloride (10%) and ammonia (5%) results in the
decrease in a corrosion current density by a factor of 6. Improving the corrosion resistance of
steel takes place due to the formation of the surface oxide layer and the nitride-martensite zone.
Results of wear tests under lubricated testing conditions with the speed of 0.49 m/s and load of
208.6 N against hardened steel (50 HRC) disk show that friction coefficient of nitrided samples
decreases at all PEN temperatures. The anode PEN at 750 < during 10 min in electrolyte con-
taining ammonium chloride and ammonia results in the decrease in wear rate more than 9 times
and friction coefficient from 0.17 to 0.12. Nitriding in electrolyte with ammonium chloride and
nitrate also results in minimum of the wear rate after the PEN at 750 <C during 10 min but it
gives lesser result due to the lower hardness of the nitride-martensite sublayer. Wear tests during
dry sliding with the speed of 0.2 m/s and load of 5 N against bearing steel ball show that friction
coefficient of nitrided samples decreases from 0.41 to 0.28. The increasing the load reduces the
friction coefficient that means saving mode of elastic contact and a good running-in ability of ox-
ide layer in the studied range. Linear wear decreases from 35 to 21 um at load of 10 N and sliding

speed of 0.4 m/s.

Keywords: corrosion current density, corrosion potential, nitriding, friction coefficient, wear, anode

plasma electrolyte treatment

BBEJJEHUE

Huddy3noHHOEe HACHIIIEHUE CTalld a30TOM
CYIIIECTBEHHO IOBBIIIAET TBEPJOCTH ITOBEPXHOCTHOTO
CJIOSl, €r0 M3HOCOCTOWKOCTh M KOPPO3HOHHYIO CTOM-
KOCTb B aTMoc(epe, mapax BoIsl U JIp. A30TUPOBaHNE
NPOBOZST B ra3oBBIX CpeAax, COAEPKAIIMX aMMHUAK,
paciuiaBax coJjel, mia3Me Tierllero paspsaa. Heko-
TOpBIE TPEUMYIIECTBa (CKOPOCTh 00PaOOTKH, HU3KAs
CTOUMOCTh, BO3MOYKHOCTH JIOKQJIBHOTO HACBIIEHUS,
COBMEIIIEHHUE C 3aKAJTKOW) UMEET HIIEKTPOIUTHO-TIIa3-
MeHHoe azotupoBanue (DI1A). Karogaoe DIIA nurtoit
ctann S0050A wnum uyryna G3500 B pacTtBOpe Kap-
Oammuia MPUBOANT K OOPa30BaHUIO HUTPHUIHOW 30HBI
TOJIIMHON 45 MKM U auddysrnonHoro nojacnos 100
MKM 32 8 MHH OOpa0OTKH, YTO IO3BOJIIET CHHU3UTH
MHTEHCUBHOCTh wu3HamuBaHus [1]. [loxasana BO3-
MOXXHOCTh KaTomHoro OIIA HepskaBeromer craaud B
pactBope kapOoHata aMMOHHs [2], OBICTpOpEKyLIeH
cramu POMS B pactBope kapbamuia u kapOoHarta
Hatpus [3], ctasmm SCM420 B pacTBope KapOaMua u
ruapokcuna kamws [4]. dis xkarogaoro DITA xapak-
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TEPHO yXYJIICHUE MEPOXOBATOCTH MOBEPXHOCTH IO/
JEHCTBHEM DIIEKTPUYECKUX Pa3psIiOB.

Anomnoe DIIA numeHo omacHOCTH Teperpe-
Ba W OIUIABIICHUS IOBEPXHOCTH, a TaKXke ITO3BOJIAET
CHU3UTH IIEPOXOBATOCTH MOBEPXHOCTH U3-32 aHOJIHO-
ro pacteopenus [5]. [lns ero peanuzanuu pazpadora-
HBI COCTaBBI JJEKTPOIUTOB M PEXUMBI 00pabOTKH,
MOBBIIIAIONINE TBEPAOCTh MOBEPXHOCTU M YCTAIOCT-
HYIO0 MPOYHOCTEL [6]. U3ydeHa cTpyKTypa a3oTHpO-
BAHHOTO CJIOS, €€ JJEMEHTHBIA M (Pa3oBBI COCTaB,
MUKPOTBEPAOCTh U HMIEPOXOBATOCTH MOBEPXHOCTHU MIPU
0o0paboTke B amMMHadHOM [7] win B HUTpaTHOM [8]
JNEKTPOJIUTE.

NmeroTcst HEKOTOpBIE CBENEHUS O IMOBBIIIE-
HUU U3HOCOCTOMKOCTHU CTasied mocnie anoanoro OITA
B YCJIOBHUSX CYXOT'O TPEHHSI C KOHTPTEJIOM U3 CIIEYEH-
HOTO KapOuma TuTaHa [6] WM CHIDKEHHUS CKOPOCTH
kopposuu craned 304 u 403 B pacTBOpe OyphI U OOp-
HOM KHUCIOTHI [9]. IlomydeHHBIC Pe3yabTaTHl HMEIOT
OTpaHMYEHHBI XapakTep, HE YUYHUTHIBAIOT BIUSHHSI
YCIIOBUH a30THPOBAHUS HAa XapaKTEPUCTHUKH KOPPO3UU
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wiy Tpenust. [103ToMy 1enbio JaHHOM paboTHI SBIISET-
Csl U3Y4YEHHE B3aHMOCBSI3H MEXAYy pEKHMaMH a30TH-
POBaHHUsA, MOJIy4a€MOW CTPYKTYpPOH U pe3ysibTaTaMHu
KOPPO3MOHHBIX HJIN TPUOOJIOIMYECKUX UCTIBITAHUH.

METOIUKA SKCIIEPUMEHTA

Anonnomy OIIA moasepraiuch LHUIMHIPH-
geckre 00pasbl U3 cTamu 45 BRICOTOHW 15 MM M mua-
MeTrpoMm 8-10 MM. A30THpOBaHWE TMPOBOAWIOCH B
HutpatHoM (15% xmopunga ammonust u 5% HuTparta
amMmonnsa) u ammuadaoMm (10% xmopuma aMMOHHA |
5% ammmaKa) >IeKTPONIHUTaX. 37ech U Aajiee yKa3aHbl
MaccoBble TmporeHThl. OO0paboTka 00pa3IoB oOCy-
LIECTBIISUIACH B LIMWJIMHAPUYECKON OCECUMMETPUYHOMN
pabodeil kKamepe ¢ MPOJOIBHBIM OOTEKaHHEM 00pas-
OB-aHO/OB dnekTponuToM. [locne Hackimenus o6-
pasupl OXJIAXIAIUCH B DIIEKTPONUTE (3aKayka), a 3a-
TEM IIPOMBIBAIKCH BOAOH U CYIININCE.

[onsipuzanioHHble KPUBBIE a30THPOBAHHBIX
00pa31oB MOJY4YEeHbl C TOMOILNBIO IMOTEHIIMOCTATa-
ranmpBaHocTata |CP-Pro B TpexaneKkTpomHo# suetike mpu
ckopocTu ckaHupoBanus | MB/c. B xadectBe mpoTtuBo-
ANIEKTPOJa HCIIONB30BANICS TPa(UTOBBIH, B KauecTBe
ANIEKTpOJa CpaBHEHUS — XyopcepeOpsHbiid. [lnomans
KOHTaKTa oOpasiia ¢ koppo3noHHo# cpemoit (0,1 H. pac-
TBOp CyJbdara Hatpus) cocrasisia 0,312 cm?. Heno-
CPEJICTBEHHO Tepesl KOPPO3UOHHBIMH HCTBITAaHUSIMHU
00pa3ubl BBIAEP)KUBAINCH B JIEKTPOJIUTE B TCUCHHE
2,5 9 1751 yCTaHOBIIEHUS TIOCTOSIHHOTO 3HaYeHHS KOp-
PO3HOHHOTO NOTEHLIUATIA.

Koaddpuument TpeHHss u MaccoBBId H3HOC
(+0,0001 T) olEHHMBAIKCH HA TPHOOMETPE MO CXEME
«manen-mo-Iucky» co cmaskoi «Jluron-24». Hop-
MaibHasg Harpy3ka coctapisia 208,6 H, ckopocThb
ckonbxxeHus 0,47 M/c ¢ TUCKOM-KOHTPTEIOM U3 3aKa-
nenHo# cramu 45 (50 HRC). Jluneitnsrii u3Hoc 00-
pas3loB M3MEPSUICAd TPU TOH K€ CXEME B YCIOBHUSAX
CyXOro TpeHusi ¢ KoHTpTesnoM u3 cranu LIX1S5 npu
Harpy3kax 5 wiau 10 H u ckopoctsix ckonbxenus 0,2
nin 0,4 m/c.

PE3VJIbTATBI 1 NX OBCYXJIEHNE

A30THpOBaHHBIE 00PA3IIEI UMEIN CTaHIAPT-
HBIA COCTaB MOAM(HUIMPOBAHHOIO CIIOS, COJEpKa-
[IETO OKCHUJIBI XKejle3a Ha MOBEPXHOCTH, HUTPUIHO-
MapTEHCHTHYIO 30HY U MapTEHCHTHO-(EPPUTHYIO I10-
clle 3aKaJIku B anekTponuTe. [1moTHOCTE TOKa KOppo-
3 TIPH BCEX TeMIIepaTypax oOpaboTku Habironanach
HIDKE, 4eM y HeoOpaboTaHHOTO 00pasiia M JOCTHransa
MUHHMaJbHOrO 3HaueHus npu 750 °C (tabm. 1). Us-
BECTHO, YTO IMOBEPXHOCTHBIM OKCHAHBIA CIIOH, oOpa-
3YIOIIMHACS TPH OAHOBPEMEHHOM BBICOKOTEMIIEpa-
TYPHOM W 3JEKTPOXMMHYECKOM OKHCJICHUH, CYILe-

CTBEHHO BJIMSCT Ha AU((y3Ur0 HACHIIAIONIMX KOMIIO-
HentoB [10, 11]. Panee ycranoBneHo, uro mpu 750 °C
HaAOJIOAAI0TCS] HAMOOIBLINE 3HAYCHUST KOHIICHTPAINN
azoTa (5,7%) ¥ TOMMHHBI MOTUGUITUPOBAHHOTO CIIOS
(60 MKM) TOCiIe a30THPOBAHMS B HUTPATHOM 3JICK-
tponute [8]. [Ipu Temmeparype obpabotkm 750 °C
o0pasyeTcsi HUTPUIHBINA CIIOM MaKCHUMAaIbHOW TOJIIIIN-
HBI ¢ OOJIbINCH KOHIIEHTPANUEH HUTPHUIOB, YTO TIPUBO-
IUT K CHIYKEHHUIO TIOTHOCTH TOKa KOPPO3WH IO MH-
HUMAaJIbHOTO 3HaueHUs. CIBUT TIOTEHIIHAla KOPPO3HUH
B TIOJIOKUTEILHOM HAIpPAaBICHUU HAOIIOMaeTCS TpU
omu3koit Temriepatype azorupoBanus 800 °C (puc. 1).

Tabnuya 1
Koppo3noHHbIe XapaKTepUCTHKH cTaIH 45, a30THPO-
BAHHOH B HUTPATHOM 3JIeKTPOJINTE
Table 1. Corrosion characteristics of steel 45 nitrided in
a electrolyte with ammonium nitrate

T,°C t, MHH j, MKA/cM? Exopp, MB
650 5 10,0 —644
700 5 20,0 —725
750 2 12,0 -579
750 5 3,8 —615
750 10 6,0 —660
800 5 13,0 -539
850 5 18,0 —676

K 61,0 -590

IIpumeuanus: T — temnepaTypa a30THpOBaHMA, t — MPOAOJI-
KUTECJIBHOCTb a30THPOBaHUA, _] — IUIOTHOCTh TOKa KOPPO3UH,
Exopp — notenmuan kopposuu, K — KoHTpoIIBHEII 00pasert
Notes: T is nitriding temperature, t is processing time, j is cor-
rosion current density, Ecorr is corrosion potential, K is refer-
ence (untreated) sample

OTMeTHM, 4YTO OOpA30BABIIMKCS OKCHIHBIN
cior tommmHOM 18 MkM [8] obmamaeT 3amUTHBIMH
CBOWCTBaM M MOXET CIIOCOOCTBOBAThH IIOBBIIICHHIO
KOPPO3UOHHOW CTOMKOCTH CTajieil. JloMOJHUTEIBHOE
OKCHIMPOBaHMUE TIOCTIE a30TUPOBAHUS PEKOMEHTyeTCS
JUISL TIOBBIIIEHUS KOPPO3UOHHOW CTOMKOCTU BITYCK-
HBIX U BBIIYCKHBIX KJIallaHOB aBTOMOOHMJIbHBIX JIBUTa-
TeNel U3 TepPMOCTOIKOM cTanm [12].

B Tabn. 2 nmpuBOAsATCS MaHHBIE IS a30THPO-
BaHUsI B aMMHAYHOM DIIEKTPOIUTE, KOTOPHIH 00aa-
eT OOJIBIIMM a30THBIM IOTEHIIHAIIOM, HO MEHBIIEH
OKHUCIIUTEIbHOM CITOCOOHOCTBHIO TI0 CpPAaBHEHHWIO C
HUTPATHBIM pacTBOpoM [6, 7]. s OLleHKH oM OK-
CHJIHOTO CIIOSl OH YJIAJISIICS MEXaHUYECKOH 3a4HCTKOM
JI0 OCBETJICHHS TIOBEPXHOCTH M OOHAKCHUS HUTPH/I-
HOW 30HBI. M3 TNOJIy4EHHBIX pE3yJbTAaTOB CIEIYET,
YTO IJIOTHOCTH TOKa KOPPO3UH MOYTH BO BCEX CITyda-
SIX OKazajach HIKe HabIronaeMoi y HeoOpaOoTaHHOM
ctanu. HanGonpiee cHIKEHNE MIIOTHOCTH TOKa KOp-
po3un B 6 pa3 mocTUTAETCs TaKXKe MOciie a30THPOBa-
Hus npu 750 °C, mpudeM ynmaaeHUE OKCHUIHOTO CIIOS
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HE3HAUUTEIBHO YXYIIAeT 3allUTHBIE cBolicTBa. Cre-
JIOBAaTeIbHO, TIPH 00pabOTKE B aMMHUAYHOM DIICKTPO-
JIUTE TIOBBIIIEHUE KOPPO3UOHHON CTOMKOCTH JOCTH-
raetcs Omarojaps poiu HATpuaHOTO cios. [loBprmre-
HUEC TEMIEpaTyphl a30TUPOBAHUS HE CIIOCOOCTBYET
POCTY KOPPO3MOHHOM CTOMKOCTH, BEpOATHO, H3-3a
W3BECTHOTO ocnabnenus muddys3nn azora [6] U yxya-
IICHUS Ka4eCTBa OKCUAHOTO ciios. Tem He MeHee, oue-
BUJIHO, YTO 00pabOTKa B HUTPATHOM DJICKTPOJIUTE AaCT
0oJtee BEICOKYIO KOPPO3HOHHYIO CTOHKOCTB, Ye€M B aM-
MHAYHOM pacTBOPE, U3-3a PA3BUTOI0 OKCHUIHOTO CIIOS.

E, MB
-300

-400-
-500-
-600-
-700-
-800-
-900-
1E-5 1E-4 1E-3 001 01 1

E, MB
-200-

-300
-4001
-500
-600- 2
-700
-800

1E-5 1E-4 1E-3 001 01 1 10
j,MA/CM2

0

Puc. 1. [lonspuzaioHHble KpuBble CTaH 45, a30TUPOBAHHON B
JNEKTposUTe, conepxkanieM 15% xmopuna aMMoHus U 5% HUTpaTa
aMMOHHUSL: a) TipH TeMrepatype obpabdotku 650 °C (1), 700 °C (2),

750 °C (3), 800 °C (4) u 850 °C (5) B Teuenue 5 MuH; 6) Ipu
IPOAOIDKUTENBEHOCTH 00paboTku 2 muH (1), 5 mun (2) u 10 Mun

(3) mpu 750 °C. 0 — HeoOpaboTaHHbIH 00pa3err

Fig. 1. Potentiodynamic polarization curves of steel 45 nitrided in
solutions containing 15% ammonium chloride and 5% ammonia.
a) treatment temperatures are 650 °C (1), 700 °C (2), 750 °C (3),

800 °C (4), 850 °C (5) for 5 min; 6) processing times are 2 min

(1), 5 min (2), and 10 min (3) for 750 °C. 0 — untreated sample

Pesynprartel TpHOOIOrMYECKHX HCIIBITAHUNA
MOKa3aly, 4YTo K03()(OUIUEHT TPEHUST a30THPOBAHHBIX
00pas3IoB cO CMa3KOH BO BCEX CIydasX HHWXKE, YeM Y
KOHTpOJIBHOTO oOpasua (tadu. 3). meercs TeHaeHIMs
YBEJIMYEHHUSI MACCOBOTO M3HOCA MPU POCTE TEMIIEPaTy-
pBI, HO OoJtee BayKHBIM (DAaKTOPOM OKa3bIBAETCS MPO-
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Tabnuya 2
Koppo3noHHbIie XapaKTepUCTHKH CTAIH 45, a30THPO-
BaHHOH B aMMHaYHOM JJICKTPOJINTE
Table 2. Corrosion characteristics of steel 45 nitrided in
the electrolyte with ammonia

T,°C [ t, mum j, MKA/cM? Exopp, MB

Oxcunneii ciaor | Ecth Her Ectp Her
650 5 11,8 10,4 —600 -610
700 5 13,6 17,2 —707 —770
750 2 16,2 19,6 —643 —651
750 5 15,7 26,0 —628 —646
750 10 10,1 10,6 —686 —647
800 5 97,7 34,6 —700 -721
850 5 22,9 42,5 -810 —738

K 61,0 -590

IIpumeuanus: T — TeMneparypa a30THpOBaHMs, t — MPOJOI-
KUATCJIBHOCTh a30TUPOBAHUA, ] — INIOTHOCTH TOKAa KOPPO3WUH,
Exopp — norenuan kopposuu, K — KoHTposHBII 00pasern
Nomenclature: T is nitriding temperature, t is processing time,
j is corrosion current densityu, Ecorr is corrosion potential, K
is reference sample
Tabnuua 3
XapakTepucTuKky TPeHHUsI A30THPOBAHHOM cTasu 45.
Cmaska «JIuroa-24»
Table 3. Results of wear testing of the nitrided steel 45
under lubricated conditions (engine oil “LITOL-24")

T,°C | t, MMH | Am, Mmr | o
AMMMaYHBIN JIEKTPOJIUT
650 5 0,30 0,120
700 5 0,50 0,145
750 2 0,65 0,143
750 5 0,50 0,153
750 10 0,10 0,139
800 5 0,70 0,148
850 5 1,50 0,134
HuTpatHsblil 31€KTpoauT
650 5 0,80 0,135
700 5 1,20 0,133
750 2 1,90 0,167
750 5 0,95 0,156
750 10 0,40 0,133
800 5 3,65 0,153
850 5 1,85 0,153
K 0,95 0,170

[Ipumevanus: T — Temneparypa a3oTupoBaHus, t — MpoJOJI-
JKUTCJIIBHOCTh a30TUPOBAHUS, AM — MacCOBBIi H3HOC, O — KO-
s dumment tpeuns, K — xoHTponbHbIil 0o6pasew. Ilyts Tpe-
uust 500 m

Notes: T is nitriding temperature, t is processing time, Am is
weight loss, a is friction coefficient, K is reference sample.
Sliding distance is 500 m

JOJDKUTENBHOCTE 00paboTKu. MUHHMMAaNBHBIA Macco-
BB M3HOC OOHAPY)KEH I0CJIE A30TUPOBAaHUSA B aMMHU-
agHoM anekTponute npu 750 °C B tedenue 10 muH.
Tort e pexxuM a30TUPOBaHUSA B HUTPATHOM 3JIEKTPO-
JUTE MPUBOAUT K OONBLIEH MOTEpe Macchl, YTO KOp-
peNupyeT ¢ MEHbIIEH TBEPJOCThI0 HUTPUAHO-MapTEH-
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cutHoro mozcnosi. CoriacHo paHee TMOTyYECHHBIM
JTAaHHBIM 3Ta TBep0CTh cocTaBisieT 1150 HV B ammu-
agaoM dektpoiute [7] u 930 HV B HuTpaTHOM [8].

200
LM
Puc. 2. Biusiaue nyTH CKOJIbXeHHS Ha KO3DOUIIMEHT CyX0ro
TPCHU 06pa3u013, A30TUPOBAHHLIX B aMMHUAYHOM 3JICKTPOJIUTE
(750 °C, 5 muH). 1, 5— koHTpOIBHBIC 00pa3ibl. Harpyska 10 H
(1,2,4) w5 H (3, 5, 6). Ckopocts ckonbkenust 0,4 m/c (1-3)
i 0,2 m/c (4-6)

Fig. 2. Effect of the sliding distance on the dry friction coefficient
of samples nitrided in the ammonia-based electrolyte (750 °C,
5 min). 1, 5 are untreated samples. Normal load is 10 N (1, 2, 4)
or 5N (3, 5, 6). Sliding speed is 0.4 m/s (1-3) or 0.2 m/s (4-6)
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Puc. 3. BausHue myTH CKONBbKEHHS Ha TMHEHHBIA H3HOC 00pa3-
II0B TIPH CyXOM TpeHuH. 1, 5 — KoHTposbHbIe 00pa3iel. Harpyska

10H (1,3,4) mmu S H (2, 5, 6). Cxopoctb cronbxenus 0,4 m/c

(1,2,4) wmu 0,2 M/c (3, 5, 6)
Fig. 3. Effect of the sliding distance on the line wear rate of sam-
ples under dry condition. 1, 5 are untreated samples. Normal load
iS1I0N(1,3,4)or5N (2,5, 6). Sliding speed is 0.4 m/s (1, 2, 4)
or 0.2 m/s (3, 5, 6)

Wcnbrtanust cramum 45 B yCIOBHSX CyXOTO
TpeHus ¢ mapukoM u3 ctanu IX15 B kauecTBe KOH-
TpTENa MOoKa3aJd, 9YTO KO3(PPUIMEHT TPEeHUS CHUXKa-
ercs ot 0,41 y koHTpOBHOTO 0Opasma 1o 0,28 y azo-
TUPOBAHHOTO Ha MYTHU CKOJIBXEHUs 175 M Ipu Harpys-
ke 5 H u ckopoctu ckonbxkenus 0,2 m/c (puc. 2). YBe-
JIMYCHUE CKOPOCTH CKojbxeHus ot 0,2 mo 0,4 m/c

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

MIPUBOJIUT K POCTY KOA((UIMECHTa TPEHUS MPH BCEX
Harpy3kax. [loBBIIIICHWE HArpy3Kd TpPU CKOPOCTH
ckobkeHus 0,4 M/C BBI3BIBACT YMEHBIICHHE KO3 HH-
[MeHTa TPEHHUS, YTO TOBOPUT O COXPAaHEHHH pPEKHMa
yOpyroro KoHTakTa. JIMHEMHBIA W3HOC a30THUPOBaH-
HBIX 00pa3IoB CHIDKAeTCs OT 32 MKM y HeoOpaboTaH-
HO# ctamu o 16 mxm mpu Harpy3ke 10 H u ckopocTu
ckommkenus 0,4 M/c Ha mytu Tperust 150 m (puc. 3).
Menee BoipakeH 3((HEKT YIPOYHCHUS TPU HArpy3Ke
5 H u ckopoctu 0,2 m/c. Ilpu ckombxennu mo0 100 m
U3HOC B OOJBILEH Mepe onpeaesseT Harpy3Ka, HO 1ocye
3TOT0 3aMETHYIO POJIb HTPAET CKOPOCTH CKOMBKEHHUSI.

BBIBOJbI

IloxazaHa BO3MOXKHOCTH CHIDKEHUS TIIOTHO-
CTH TOKa Koppo3uu ctamu 45 B cpexe cyibdara
Hatpusa (0,1 H.) B 16 pa3 mocie aHOJHOTO 3JIEKTPO-
JIUTHO-TIA3MEHHOTO a30THPOBAHUS B PacTBOPE XJIO-
puna ammonus (15%) n autpara ammonus (5%) npu
750 °C B TeueHue 5 MuH. A30THpPOBaHUE B PacTBOPE
xmopuna ammonus (10%) u ammuaxka (5%) mpu 750 °C
B TeueHHe 10 MHH MO3BOJSET CHU3UTH IUIOTHOCTh
TOKa Koppo3uu ctainu 45 B 6 pa3. [loBsienue Koppo-
3MOHHOW CTOMKOCTH CTaJM CBS3aHO C OOpa30BaHHUEM
MTOBEPXHOCTHOTO OKCHIHOTO CIIOSI U HUTPUIHO-Map-
TEHCUTHOM 30HBI.

HcnprTanus 00pa3ioB Ha TPEHUE CO CMa3KOM
MOKa3aju, 4To KOA(pUIMEHT TpeHus: 00pa3IoB, a3o-
TUPOBAaHHBIX TIPU BCEX YCIOBHSX, CHIDKAETCS II0
CpPaBHEHHUIO C KOHTPOJBHBIM 0Opa3ioM. MaccoBBIif
U3HOC cTanu 45, a30TUPOBAHHON B aMMHUAYHOM BJIEK-
tposure mpu 750 °C B Teuenue 10 MUH yMeHbIIAETCS
Oojee yeM B 9 pa3 MO CpPaBHEHUIO C KOHTPOIJIbHBIM
00pa3ioM MpH CHWKEHUH KOd(PUIMEHTa TPEHUS OT
0,17 mo 0,12. A3zoTupoBaHre B HUTPATHOM DJICKTPO-
JIUTE TaKXKe JaeT HauMeHblmid uznoc npu 750 °C 3a
10 MuH, HO OH yCTymaeT pe3yabTaTy aMMHadyHOTO
3JIEKTPOJINTA M3-32 MEHBUIEW TBEPAOCTH HUTPHUIHO-
MapTEHCUTHOTO TIOJICITOSI.

Ucnbrtanus cramm 45 Takke MOKa3ald CHU-
xeHue Kodpduimenta cyxoro Tpenus ot 0,41 y xoH-
TposbHOTO 00pasiia 1o 0,28 y azotuposansoro (750 °C,
5 MuH) Ha myTH cKonbxkeHHs 175 M. [loBeimenue
HArpy3KH TPUBOJHUT K YMEHBIICHUIO Koddduimenrta
TPEHHSA, YTO TOBOPUT O COXPAHEHHH PEXHUMa YIIPYTO-
ro KOHTAaKTa U XOpOoIled NpupadaThiBaéMOCTH OKCH/-
HOT'O CJIOSl B U3YYEHHBIX Npezenax. JIMHeHHbIA n3H0C
00pa3ioB cHmkaeTcs ot 35 1o 21 MKM mpu Harpyske
10 H u cxopoctu ckomnbxkenus 0,4 m/c Ha mytu 150 M.

Paboma evinonnena npu ¢unancosoii noo-
Oepoicke Poccuiickoeo Hayunozo @ownoa (konmpaxm
No 15-13-10018) Kocmpomckoeo 2ocydapcmeentozo
VHU8epcumema.

85



10.

11.

12.

86

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

JIUTEPATVYPA

Nie X., Wang L., Yao Z.C., Zhang L., Cheng F. Sliding wear
behaviour of electrolytic plasma nitrided cast iron and steel.
Surf. Coat. Technol. 2005. V. 200. N 5-6. P. 1745-1750.

Roy A., Tewari R.K,, Sharma R.C., Sherhar R. Feasibil-
ity study of aqueous electrolyte plasma nitriding. Surface
engineering. 2007. V. 23. N 4. P. 243-246.

Skakov M., Rakhadilov B., Scheffner M., Karipbaeva
G., Rakhadilov M. Electrolyte plasma nitriding of high-
speed steel. Applied Mechanics and Materials. 2013.
V. 379. P. 161-166.

Kong J. H., Takeda T., Okumiya M., Tsunekawa Y.,
Yoshida M., Kim S.G. The Study about Surface Modifica-
tion of Steel by Water Plasma. 13th International Confer-
ence on Plasma Surface Engineering. Garmisch-
Partenkirchen. 2012. P. 157-160.

Benxun IL.H. AHOnHAs 31€KTpOXUMHKO-TEpMUYECKas MOJIH-
(uKarys MaTepHaioB Ha OCHOBE JKelle3a U TUTaHa. M36. 6Y3086.
Xumust u xum. mexrnonoeuss. 2009. T. 52. Beim. 2. C. 65-69.
Belkin P.N., Pasinkovskij E.A. Heat treatment and case
hardening of steels subjected to heat in electrolytic solution.
Metal Science and Heat Treatment. 1989. V. 31. N 5-6.
P. 331-337.

Kusmanov S.A., Belkin P.N., D’yakov 1.G., Zhirov A.V.,
Mukhacheva T.L., Naumov A.R. Influence of oxide layer
on carbon diffusion during anode plasma electrolytic carbu-
rizing. Prot. Met. Phys. Chem. Surf. 2014. V. 50. N 2.
P. 223-229.

Kusmanov S.A., Smirnov A.A., Kusmanova Yu.V., Bel-
kin P.N. Anode plasma electrolytic nitrohardening of medi-
um carbon steel. Surf. Coat. Technol. 2015. V. 269. P. 308—
313.

Andrei V., Vlaicu Gh., Fulger M., Ducu C., Diaconu C.,
Oncioiu Gh., Andrei E., Bahrim M., Gheboianu A.
Chemical and structural modifications induced in structural
materials by electrochemical processes. Romanian Reports
in Physics. 2009. V. 61. N 1. P. 95-104.

Beakun I1.H., ’Kupos A B., IbsixoB U I'. PacTBopenue u
OKHUCJIEHUE YITIePOAMCTHIX CTajel MpH aHOIHOM Harpese B
BOJHBIX JJICKTPOJIMTAX. V£ 6)3086. Xumus u xum. mexuono-
eus. 2010. T. 53. Boim. 2. C. 89-93.

Kycmanosa 10.B., Kycmanos C.A., Haymos A.P., bBea-
kuH II.LH. AHOnHas 37IEKTPOIUTHO-IUIA3MEHHAsi HUTpOLEe-
MCEHTaluA CTajld B BOJAHOM JJICKTPOJMTE HAa OCHOBE al€TO-
HUTpUIA. M38. 6y306. Xumus u xum. mexwonocus. 2015.
T. 58. Beim. 1. C. 40-45.

Fuji S., Fushimi S., Hashimoto M. Analysis of the surface
of the heat-resistant steel subjected oxynitriding. J. Jap.
Soc. Heat. Treat. 1982. V. 22. N 2. P. 105.

10.

11.

12.

JUTEPATVYPA

Nie X., Wang L., Yao Z.C., Zhang L., Cheng F. Sliding
wear behaviour of electrolytic plasma nitrided cast iron and
steel. Surf. Coat. Technol. 2005. V. 200. N 5-6. P. 1745-
1750. DOI: 10.1016/j.surfcoat.2005.08.046.

Roy A., Tewari R.K,, Sharma R.C., Sherhar R. Feasibil-
ity study of aqueous electrolyte plasma nitriding. Surface
engineering. 2007. V. 23. N 4. P. 243-246. DOI: 10.1179/
174329407X215285.

Skakov M., Rakhadilov B., Scheffner M., Karipbaeva G.,
Rakhadilov M. Electrolyte plasma nitriding of high-speed
steel. Applied Mechanics and Materials. 2013. V. 379.
P. 161-166. DOI: 10.4028/www.scientific.net/ AMM.379.161.
Kong J. H., Takeda T., Okumiya M., Tsunekawa Y.,
Yoshida M., Kim S.G. The Study about Surface Modifica-
tion of Steel by Water Plasma. 13th International Confer-
ence on Plasma Surface Engineering. Garmisch-Partenk-
irchen. 2012. P. 157-160.

Belkin P.N. Anode electrochemical and heat modification of
iron and titanium alloys. Izv. Vyssh. Uchebn. Zaved. Khim.
Khim. Tekhnol. 2009. V. 52. N 2. P. 65-69 (in Russian).
Belkin P.N., Pasinkovskij E.A. Heat treatment and case
hardening of steels subjected to heat in electrolytic solution.
Metal Science and Heat Treatment. 1989. V. 31. N 5-6.
P. 331-337. DOI: 10.1007/BF00801655.

Kusmanov S.A., Belkin P.N., D’yakov 1.G., Zhirov A.V.,
Mukhacheva T.L., Naumov A.R. Influence of oxide layer
on carbon diffusion during anode plasma electrolytic carbu-
rizing. Prot. Met. Phys. Chem. Surf. 2014. V. 50. N 2.
P. 223-229. DOI: 10.1134/S2070205114020099.
Kusmanov S.A., Smirnov A.A., Kusmanova Yu.V., Bel-
kin P.N. Anode plasma electrolytic nitrohardening of medi-
um carbon steel. Surf. Coat. Technol. 2015. V. 269. P. 308—
313. DOI: 10.1016/j.surfcoat.2014.12.033.

Andrei V., Vlaicu Gh., Fulger M., Ducu C., Diaconu C.,
Oncioiu Gh., Andrei E., Bahrim M., Gheboianu A.
Chemical and structural modifications induced in structural
materials by electrochemical processes. Romanian Reports
in Physics. 2009. V. 61. N 1. P. 95-104.

Belkin P.N., Zhirov A.V., Dyakov 1.G. Dissolution and
oxidation of carbon steels at anode heating in agues solu-
tion. lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.
2010. V. 53. N 2. P. 89-93 (in Russian).

Kusmanova Yu.V., Kusmanov S.A., Naumov A.R., Bel-
kin P.N. Anode plasma electrolytic nitrocarburising of steel
in acetonitrile-based aguoes solution. lzv. Vyssh. Uchebn.
Zaved. Khim. Khim. Tekhnol. 2015. V. 58. N 1. P. 4045 (in
Russian).

Fuji S., Fushimi S., Hashimoto M. Analysis of the surface
of the heat-resistant steel subjected oxynitriding. J. Jap.
Soc. Heat. Treat. 1982. V. 22. N 2. P. 105.

Iocmynuna 6 peoaxyuro 24.08.2016
Ipunsima k ony6nuxosanuro 01.12.2016

Received 24.08.2016
Accepted 01.12.2016

N3B. By30B. Xumus u xuM. texHosorus. 2017. T. 60. Bemm. 1


https://doi.org/10.1016/j.surfcoat.2005.08.046
https://doi.org/10.1179/174329407X215285
https://doi.org/10.1179/174329407X215285
https://doi.org/10.4028/www.scientific.net/AMM.379.161
https://doi.org/10.1007/BF00801655
https://doi.org/10.1134/S2070205114020099
https://doi.org/10.1016/j.surfcoat.2014.12.033

W3B. By30B. XuMmus u xuM. TexHojorust. 2017. T. 60. Beim. 1

DOI: 10.6060/tcct.2017601.5468

st ntMTUpOBAHMSA
[TmatoroB M.M., Ilerposa I".H., Jlapuonos C.A., Bap6oTtsko C.JI. OnTumMu3amms coctaBa MOJIMMEPHONH KOMITO3UIHH C
MOHIKEHHOH MOKapHO# OIacCHOCTHIO Ha OCHOBE MOJIMKapOOHaTa Juisi TeXxHojaoruu 3D neyatn pacriiaBieHHO# mojaumep-
HOU HUTHIO. H36. 8)308. Xumus u xum. mexronocus. 2017. T. 60. Bem. 1. C. 87-94.

For citation:
Platonov M.M., Petrova G.N., Larionov S.A., Barbotko S.L. Optimization of low flammable polycarbonate based on pol-
ymeric composition for molten thread 3D-printing technology. lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60.
N1.P.87-94.

VJIK: 678.073

M.M. Ilnaronos, I'.H. IlerpoBa, C.A. Jlapuonos, C.JI. bap6oTbko

Makcum Muxaiinosud [Tnaronos (X), 'anmuna Hukomaesua ITetposa, Cepreii Asnekcanapoud JlapuoHoB

Jlaboparopus «[lomumepHbie MaTepuaibl CO CICIUAIBHBIMU CBOMCTBAMIY», Becepoccuiickuii HayqHO-
UCCIEeI0BAaTEIbCKUM HHCTUTYT aBUALIMOHHBIX MaTepualioB, yi. Paauo, 17, Mocksa, Poccuiickas @enepanus,
105005

E-mail: admin@viam.ru, pimm@bk.ru, petrovagn@viam.ru (IX)

Cepreii JIbBoBud bapOoThKO

Jlaboparopus «KnumaTndeckue, MUKPOOHOIIOTUIECKUE UCCIIEIOBAHNUS M UCTIBITAHUS Ha MOXKapobe3onac-
HOCTB», Bcepoccuiickuit HayuyHO-HCCIe0BaTENIbCKUI MHCTUTYT aBUALMOHHBIX MaTepuaios, yi. Panuo, 17,
Mocksa, Poccuiickas ®enepauus, 105005

E-mail: slbarbotko@yandex.ru

OINTUMM3BALIUSA COCTABA MMOJIMMEPHOM KOMITIO3UIIUHU C MIOHUKEHHOM MMOKAPHOMN
OITACHOCTBIO HA OCHOBE ITOJIMKAPBOHATA JJISI TEXHOJIOT UM 3D ITIEYATH
PACILUTIABJEHHOM MOJIUMEPHOMW HUTBIO

B cmamuve npedcmagiiensl pe3yiomamovl ORMUMUZAUUL COCHABA MEPMORIACMUYHOIL
ROJIUMEPHOU KOMRO3UUUU C UENbI0 CO30AHUA HO6020 MAMEPUANA C NOHUNCEHHOU NOMHCAPHOU
onacnocmuio 011 mexnonozuu 3D newamu pacnnagnennoii nonumepnoii Humoio. Ha ocnosanuu
NPOBEOCHHBIX UCCIe008aHUIl NOKAZAHO, YO KOMRO3UUUA HA OCHOGE NOIUKaphoHama, cooep-
Hcawyasn 6 ceoem cocmaese MOOUPUKAmMOp peonozun u AHMURUpPer, 0oaaoaem 64A3K0CHbI0, CONO-
Cmagumoill ¢ ucnoaviyemvimu 0asa 3D newamu mamepuanamu, makumu Kax ABS-naacmuk u
Nylon-618, a maxace ynyumennvimu xapaxmepucmuxamu noxcapuou onachocmu. Ilonayuennsie
pe3yibmamsl MO2ym HAlmMu npUMeHeHUue nPU CO30aHUU GYHKUUOHATLHBIX U30EAUl 071 UHmMe-
pvepa asuauuoHHoi mexnuxku memooamu 3D neuamu, omeeuarouwiux mpeodosanuam AII-25 no
XaAPaKmepucmuKam noHcapHoi OnAcHOCMU.

KuroueBsble ciioBa: nmonukapOoHart, noanoytumientepedranar, 3D nedats, fused deposition modeling
(FDM), xapakTepuCTHKH TOKapHON OMaCHOCTH
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OPTIMIZATION OF LOW FLAMMABLE POLYCARBONATE BASED ON POLYMERIC
COMPOSITION FOR MOLTEN THREAD 3D-PRINTING TECHNOLOGY

This article contains results of composition optimization of thermoplastic polymeric mix-
ture for the development of new low flammable material for molten thread 3D-printing technolo-
gy. In order to receive qualitive polycarbonate - main material for aviation purpose functional
products- a couple of tasks were solved — namely decreasing of polycarbonate melt viscosity and
flammability characteristics. On the first step polybutylene terephthalate (PBT) and ABS-plastic
were used for decreasing in polymeric melt viscosity. Both PBT and ABS have low viscosity melts.
Incorporation of these substances into polycarbonate leads to decreasing in effective viscosity and
consequently in processing temperature. On a second step the influence of halogenated fire re-
tardant decabrombiphenyl oxide (DBDFQ) in amount of 3-10% on flammability characteristics
(combustibility, smoke generation, oxygen index, heat release intensity) of researched mixtures
was investigated. Fire retardant incorporation allows decreasing the duration of residual burning
from 22 to 1-3 s and thus, transfering material from burning to self-extinguishing type. Investiga-
tion of smoke generation shows that all mixtures belong to 111 group of medium fumed materials
with smoke generation properties not exceeding upper level (for this group) — 200 units. Besides,
it has been shown that incorporation of DBDFO permits to decrease maximum velocity of heat
liberation, 18-40% reduce total amount of liberated heat during first two minutes and 26-40% in-
crease in the time of maximum reaching. It has been figured out that increasing in fire retardant
amount leads to insignificant increasing in strength properties, decreasing in tensile strength and
deformation characteristics. This may be explained by the presence of fire retardant fractions
having lower level strength and deformation properties. In this way basing on the conducted stud-
ies it has been shown that polycarbonate mixture comprising rheology modifier and fire retardant
possesses viscosity similar as 3D-printing suitable materials (ABS, Nylon-618) and advanced
flammability characteristics. Investigation results may be used for creating of aviation interior
functional products satisfying to Aviation Rules standards for fire hazard and capable for recy-
cling by 3D-printing technology.

Key words: polycarbonate, polybutylene terephthalate, 3D-printing, fused deposition modeling, flam-
mability characteristics

BBEJIEHUE 3/1aHUS] HOBBIX TE€PMOIUIACTUYHBIX IOJIMMEPHBIX Ma-
TEPUAIOB C TOHWKEHHOW MOYKapHOW OMACHOCTHIO,
0€ecCIIOpHO, SABIACTCS aKTyalbHON B CBSI3M C aKTUB-
HBIM BHEJPEHHEM HOJIMMEPHBIX MaTepUajIoB BO MHO-
rue cdepsl AeSTCILHOCTH YENOBeKa, B TOM YHCIC B
obmactu, THe TpeOOBaHHMS K IOXKapOOE30MacHOCTH

Paborta BhImOJHEHa B paMKax peaTn3allH
KOMIUIEKCHOTO Hay4yHoro HampasieHus 13.2.: Komn-
crpykmuonnabie [IKM («CrpaTternueckne Harmpabie-
HUSI Pa3BUTHUS MaTepPHaOB U TEXHOJIOTHH UX mepepa-
oorku Ha mepuoxa g0 2030 ) [1-4]. [Ipobnema co-
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SIBIIIIOTCSL ONPENEISIFOIUMU  (HAIIPUMEp, aBUACTPOC-
HHE, PAaKEeTHO-KOCMHUYECKas TEXHUKA, aBTOMOOMJIC-
ctpoenue) [5-12]. C apyro#t CTOPOHBI, IOMHMO KITac-
CHYECKUX METO/IOB TepepaboTKh TepMOILIacTOB, Ta-
KHX KakK JIUThE MOJ AaBJICHUEM U SKCTPY3Hs, B IIO-
ClleflHee BpeMs aKTUBHO DPAa3BHBAIOTCS aINTHBHEIC
TexHonoruu mepepadbotku [13-14]. Hampumep, TexHO-
JIOTHUS TIOCTIOMHON YKIIQJAKU PacIUIaBICHHON TOIUMEp-
HOM HUTH [15-16], UMerommas B aHIJIOSA3BIYHON U OTe-
YecTBEHHOH mnmreparype adbbOpeBuatypy FDM (fused
deposition modeling).

Paseutne nanpasnenust FDM 3D nevaru cBsi-
3BIBAIOT HE TOJBKO C ONTHUMH3AIMEH MapaMeTpoB
CHHTE3a: PACIOJIOKEHHE JIETaIH, TOJIIIHHA MOHOCIIOS,
CKOPOCTb M€YaTH U Tak Jajiee, HO U C PelIeHUueM psaa
MaTepUAOBEAYECKAX 3ajad: CO3JaHHe MaTepHalioB
CO CHEeNUaTbHBIMA CBOWCTBAMH, CHI)KCHHE YCAJIKH,
ONTUMHM3ALINSl PEOJIOTHH paciuiaBa M Terodusnde-
CKUX CBOHCTB C YYe€TOM CHEIHM(HUKH ITOCIOMHOTO
dbopmupoBanus 00bexTOB [17-23].

Ha ceromusmuuii nespr FDM TexHonorus c
YCIIEXOM HCIIONIB3YETCs JUIsl CO3AaHMs TU3aiHePCKUX
MPOTOTHUIIOB, MAacTep MOZENeH aJIs METAUTHYECKOTO
TUTHS ¥ (HYHKITMOHATBHBIX MU3ICITHH.

SKCITEPUMEHTAJIBHAS YACTb

B pabote ObUTH HCIIONB30BAHBI CICMYIONIHE TEP-
MOILTACTHYHBIE TIOMMEPHBIE MATEPHAIIBI: MOIMKapOOHAT
(ITK) mapku PC-007 (TY 2226-173-00203335-2007,)
npousBoactBa OAO «Kazansoprecunres» (r. Kazansp),
nonubytuwientepedranar (I1I6T), cononumep akpusio-
HUTpUI-OyTaaneH-ctupona (ABC-mnactuk). B kage-
CTBE aHTHIIMPEHA HWCIONb30BaH JexabpomaneHu-
nokcun (AbJD0O).

[lomyuenue MONMMMEPHBIX KOMITOUIIMHA IS
MIPOBEJICHHUS MCIIBITAHUN OCYIIECTBISIIOCH C HCIOIb-
30BaHHEM J1TaOOPATOPHOTO JBYXITHEKOBOTO 3KCTPY-
nepa ¢upmbl Scamex (@pannus). O0pasibl 11t TPo-
BEJCHUS MEXaHMYECKUX MWCIBITAHUH HW3rOTaBIUBa-
JUCHh KaK METOJIOM JIMThS IO/ JABICHWEM Ha TepPMO-
mractatomare ARBURG ALLROUNDER 320C,
tak 1 Ha FDM npunrepe Magnum Creative 2 PRO.
[lomumepras auth (cTpenra) s FDM neuatn ama-
Metpom 1,7+0,1 MM ObIIa oTydeHa PKCTPY3HUEH pac-
IUIaBa KOMITO3MLIMU 4epe3 (HIbEpYy COOTBETCTBYIO-
IIero JuaMeTpa.

Peosiornueckue cBoiicTBa U3ydalid B COOTBET-
cteun ¢ 'OCT 11645 (mokasarenb TEKy4ecTH pac-
mwiaBa — [ITP) u ¢ ucnonp3oBaHWEeM BUCKO3UMETpa
CEAST Rheo 2000 Single. Temneparypy pa3msrue-
aus o BMKa onpexnensiu B coorBercTBun ¢ ['OCT
15065, mexannueckue cBoiictBa — 1mo I'OCT 11262.
[InoTHOCTH OmNpenensiu METOJOM THIPOCTATUIECKO-

ro B3BemuBanus mo 'OCT 15139-69, npounocTs npu
pactsokenun - B cootBerctBuu ¢ ['OCT 11262-80,
MOJYJb YIPYrocTu mpu pactsvkeHun — mo ['OCT
9550-81.

HcnpITanus o ONpeesieHHI0 XapaKTePUCTHK
TOPIOYECTH TEPMOIUIACTUYHBIX KOMIIO3MLUI IIPOBO-
v B kamepe AAQ7 B COOTBETCTBUH ¢ TpeOOBaHUS-
mu Al 25 Ilpunoxenue F Yacte I, OCT1 90094.
CyIHOCTh METO/Ia 3aKJIIOYaeTCsl B BO3ACHCTBUN IJ1a-
MEHHM TOpEJIKKA Ha 00pa3el B TeUEHUE 3a1aHHOTO Bpe-
MEHH U YCTAaHOBJICHUH HOPMHUPYEMBIX XapaKTePUCTUK
mocJe yaleHusl ICTOYHUKA BOCTIIAMEHEHHS.

HcnpITanus 1o ONpenesieHUI0 XapaKTepUCTUK
O6IMOOOPa30BaHMsl MPOBOAWINM B ABIMOBOW Kamepe
SD 1C (pupma «GOVMARK», CIIIA) B cooTBeT-
ctBum ¢ TpeboBanusamu All 25 Tlpunoxenne F gactp
V, T'OCT 24632. Metoa OCHOBaH Ha ONpEICICHUU
YAEJIBHON ONTHYECKON IUIOTHOCTH JIbIMa IIPU TEPMHU-
YECKOM pa3IoKeHuM oOpaslia MaTepuana Ha OCHOBa-
HUM M3MEPEHHS WHTEHCUBHOCTH CBETOBOI'O IOTOKA,
MIPOXOJAIIEro Yepe3 3aJbIMIEHHOE IMPOCTPAHCTBO B
HCIIBITAaTENILHON Kamepe. McnbITaHus MpOoBOIUIN IIPU
TEIUIOBOM TOTOKE Ha oOpasel, paBHOM 25 kB1/M2.
Kontponupyemsle mnapaMeTpsl: ONTHYECKasl IJIOT-
HOCTb JbIMa 32 2, 4 MUH ¥ MaKCHMAaJlbHO JOCTUTae-
Mas B IIpoIiecce HKCIEpPUMEHTA.

KucnoponHslii nHAEKC onpeaessiid Ha ycTa-
noeke FTT 100 OI ¢upmer —Fire Testing Techno-
logy Limited, BenmukoOpurtanus. CymHOCTh MeToza
3aKJII0YaeTCsl B ONPEAETICHUH MUHUMAIbHOW KOHLICH-
TpaLUH KUCIOPOAA B IOTOKE CMECH KHCIOPOAA C a30-
TOM, HEOOXOIUMOH ISl MOJIZICpIKaHusI TIPoIiecca CBe-
4eo0pa3HOro TopeHus o0pasia.

HcnpITanus 1o onpenesieHuo XapaKTepUCTUK
TETUIOBBIICTICHUS] TIPOBOJIMIIA B TMPOTOYHOM KaJIOpH-
merpe Thma OSU Ha ycranoBke HRR-3 cormacuo
tpeboBanusiM All 25 Ipunoxenue F gacts IV, CTII
1-595-20-341. Meton ocHOBaH Ha OIpeJeNIEHNH KO-
JIUYECTBA BBIJICIUBIIETOCS Teljia MPHU TOpEeHHH 00-
pasina mox BO3ACHCTBHEM BHELIHETO TEIJIOBOIO IO-
ToKa. VicipITaHns! MPOBOAMIIM MPH MAJAIOIIEM TEILIO-
BOM IIOTOKE Ha o6pasel, paBHOM 35 KBT/M?,

PE3VIJIBTATBI 1 UX OBCYXJEHUE

C uesbio NoJy4YeHUs: KaYeCTBEHHOT0 MaTepH-
aJia Ha OCHOBE IOJIMKapOOoHaTa JUIs PYHKIIMOHATBLHBIX
HM3JIeJINM aBHAI[MOHHOIO Ha3HAYCHMS, OTBEYAOIIUX
HopMaM AIlI-25 mo moapHO# omacHOCTH M mepepa-
OateiBaeMbIX FDM TexHOIOruil agguTUBHOTO CUHTE-
3a, OBUIN PEIICHBI CIICAYIONINE 3a1a4u:

- CHIDKCHHE BSI3KOCTH paciiiaBa MmoJiMKapOoHaTa;
- CHIDKEHHE XapaKTEPUCTUK MOKApHOM OMacHO-
CTH TOJIUKapOOHATA.
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ITpu Temneparype 240-260 °C momukapOoHaAT
MMEET BBICOKYIO BSI3KOCTh DPAacCIUIaBa, MOITOMY €ro
nepepaboTtka Ha FDM npuHTepe BO3MOXKHA TPU TEM-
nieparype Boime 280 °C, mpu 3TOM IECTPYKITUS MOTH-
Mepa CTaHOBUTCS 3HAYUTENbHOU. [10CKONIBKY, OAHUM
U3 TPOOYKTOB JeCTpyKUuH siBisiercsi bucdenon A,
koTopblid B 2010 T ObI1 oUIMAaTBEHO NPU3HAH BpEa-
HBIM JJIS1 3710pOBbsI, IPUMEHEHHUE MOJIMKapOOHaTa pu
MOBBIIIICHHBIX Temreparypax Oonee 270 °C B Ha-
cronbHbiX FDM npuHTEepax MOXET OKa3aThb OTpHIla-
TEJIbHOE BO3JICHCTBUE HA 370POBbHE.

Ha IIEPBOM ITanC s CHUIKCHUSA BA3KOCTHU
pacmiaBa mojuMepa ObUTH OTMPOOOBAHBI MOJIHOYTH-
nenrepedranar (IIBT) u comonumep aKpUIOHUT-
pui/Oyramuen/ctupon (ABC) mmactuk. W IIBT, u
ABC uMeroT HU3KYIO0 BSI3KOCTh paciuiaBa. [Ipu BBene-
HUM YKa3aHHBIX TEXHOJOIWYECKHUX AOOAaBOK B IOJIH-
kapOoHaT cHMXatoTcs d(D(EeKTUBHAS BA3KOCTh U, KaK
CIIEZICTBUE, TeMIlepaTypa mnepepaboTku. Pe3yibraThl
UCCIICIOBAHUS BIUSHUS MOIUPHUIUPYIOIIUX J0OaBOK
Ha ToKa3aTeiab TeKydecTu paciviaBa npu 280 °C u
Harpy3ske 2,16 Kr u roproyecTb KOMIIO3ULUNA Ha OCHO-
BE MoJIMKapOOHaTa MpecTaBICHBI B Ta0. 1

Tabauua 1
Bausinue Moauguuupyommux 100aBOK Ha rOpOYecTb U
peojJoruyecKkue CBOMCTBA KOMIO3UIIMI HA OCHOBE IO~
JukapOoHaTa
Table 1. The modifiers influence on flammability and
rheological properties of polycarbonate based mixtures

IIK + TexHonoruye- |{[Ipomomxurensaocts| [ITP, r/10Mun
ckas 1o0aBKa B KO- OCTaTOYHOTO (T =280 °C,
nyectse, %o ropeHusi, ¢ P=2,16xr)
Ucxonnsiii I[TIK| 0 >28 11,1
10 21 19,8
ABC 15 18 22,8
10 22 18,3
BT 15 19 22,1

brino ycraHoOBi€HO, YTO HpU BBEACHUU MO-
TUGUIUPYIOIIUX J00ABOK HE MPOUCXOIUT YJIydIle-
HUS T0Kapo0E30MaCHBIX CBONCTB: BCE HCCJICIOBaH-
HbIE KOMITO3MIINH, KaK M McxonHbeli IIK, sBisrorcs
croparoiiuMu. B To ke BpeMsi, BB€eHUE JAHHBIX JI0-
6aBok (ABC, IIbT) oka3piBaeT 3HAYUTEIHLHOE BIIHSI-
HUE HAa TEKy4e€CThb KOMIIO3ULUH, MPUUYEM C IOBBIIIE-
HUEM CcoJiepaHus 100aBok B komnosunuu (¢ 10 mo
15%) TeKky4ecTh KOMIIO3HWIMHA YBEIMYHBACTCS, UTO
MMO3BOJIUT CHU3HUTH TEMIIEPATypy MepepaboTKH KOM-
no3utwmii 10 240-260 °C. Ilpu coaepxaHuu 100aBOK B
KonuuectBe 25% TeKydecTh oOKa3ajlach HACTOJBKO
BBICOKOM, UTO MPU YKa3aHHBIX YCIOBUSAX UCIBITAHUMA
HU3MEPHUTH €€ He yIaIoCh.

Ha BTOpoM 3Tamne ObUTO W3y4YeHO BIUSHHE Ta-
JIOTEHCO/IEpKAIeTr0 aHTUIUPEHa — JieKabpoMaudeHu-
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nokcuga (JAbJAPO) Ha xapaKTepUCTUKU MOXKAPHOU
OIMacCHOCTH (TOPIOYECTh, ABIMOOOPA30BaHHE, KHCIIO-
POIHBIN WHAEKC, WHTEHCHBHOCTH TETIOBBIICICHUS)
HCCIETyeMbIX KOMIIO3ULM. Pe3ynbTaThl ucciaenoBa-
Hus BausHUA KoHUeHTpauuu JB/IPO B coctaBe KoM-
mo3ummu [1IK + 10% I[1BT Ha xapakTepucTHKH mMOKap-
HOM OIIACHOCTH TIPEICTaBJICHO Ha puc. 1-3 1 Tadm. 2

25

tocrar. TOpe HHA, ©
=R N
Q %] ()

U

8 10 12
Crpneo, %
Puc. 1. 3aBucumocts roprouectu komrnosuimii cocrasa (90-X)%
TIK+10% IIBT+ X% ABAPO 0T KOHIEHTpaIK aHTUIIHPEHa
Fig. 1. Dependence of flammability of [(90-X)% PC+10% PBT+
X% DBDFO] mixture compositions on fire retardant concentration
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8
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25 A
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Puc. 2. 3aBucUMOCTb KUCIOPOIHOTO UHAEKCA KOMIIO3UIUH CO-
craBa (90-X)% ITK+10% IIBT+ X% JABJIPO oT KOHIEHTpaIHK
AHTHUIIUPEHA
Fig. 2. Dependence of oxygen index of [(90-X)% PC+10% PBT+ X%
DBDFQO] mixture compositions on fire retardant concentration

Qi 38 MepREIe 2 MHH ,
kBT Muu/m2
= = [l [l
8 & 8 8

[%a
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Crmneo, %
Puc. 3. 3aBUCHMOCTB TETUTOBBIIEIICHHST KOMITO3HIU# cocTapa (90-
X)% ITK+10% II6T+ X% AbA®O oT KOHIEHTpary aHTHITHPEHa

Fig. 3. Dependence of heat release of [(90-X)% PC+10% PBT+ X%
DBDFQ] mixture compositions on fire retardant concentration
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Ha puc. 1 noka3aHo, 4To B UCXOJTHOM COCTO-
SHUM KOMIIO3MLUS SIBIISIETCS cropatoiieid. Beenenue
AHTHUIIUPEHA [T03BOJISIET CHU3UTh MPOJOIDKUTEIBHOCTh
0CTaTOYHOTO TopeHus ¢ 22 mo 1-3 ¢ U oCymecTBUTH
MePexo]] U3 Kilacca CroparolIuX MaTepHalloB B CaMo-
3aTyXarollue.

HccnenoBanme mpiMooOpa3oBanus (Tadir. 2)
MOKa3bIBAET, YTO BCce KoMMo3uiuu Bxoadar B 111 rpyn-
Ny — TPYIIY CPeIHEeIbIMAIINX MaTepHUaloB: MOKa3a-
TeJIN IbIMOOOpAa30BaHUs HE MPEBBIIAIOT MAKCUMAIIb-
HOro 3HadeHMs Aias naHHod rpymmnsl - 200 ex. Ho
yKa3aHHbIE TOKA3aTed HECKOJNBKO YBEIHMYUBAIOTCS
IpU BBEJCHWU AHTHIHMPEHA, YTO SIBJISETCS OXHIae-
MBIM (pakTOM — OpoMcCojepKalue aHTHITHPEHBI T0-
BBIIIAIOT COZICPKaHMe bIMa B KoMro3uiuu. OHaKo,
BBeneHue Jb/I®O B KOMIO3HIMIO B KOJUYECTBE IO
10 % He oTpaxkaeTcs Ha KaTeropuu (Tpymnre) mo Jbl-
MOOOPa30BaHUIO.

Tabauua 2
3aBucUMOCTD ILIMOOOPA30BAHUSI KOMIIO3ULIUH OT CO-
aepxkanus AP0
Table 2. Dependence of mixture smoke generation on
DBDFO content

ITokazarenu
Hcxonneie Pexum
JIBIMOOOpa30BaHUs, CPe/l.
KOMITOHCHTBI | UCIIBITAHUSL
ﬂz I[4 Hmaxc
90% IIK + TOpCHUE 11-21 | 29-41 90-98
0
10% 6T bes | s | 25 | 10-14 | 5365
AHTHITUPEHA
87% IIK + TOpEeHUE 29-35 | 79-89 | 171-180
10% IIBT +
3% JIBJIPO TTUPOITU3 4-7 12-16 73-85
85% IIK + TOpCHUE 43-72 | 87-134 | 193-194
10% IIBT +
5% JIBIDO MTUPOITU3 5-8 16-23 | 100-103
80% IIK + TOpeHHUe 75-90 | 95-150 | 200-205
10% IIBT +
10% JIBJIDO MTHUPOJTU3 10-15 | 18-30 | 120-134

W3 monmy4eHHbIX pe3ynsTaToB (puc. 2) BHIHO,
YTO ONTHMAJHHBIM KOJMYECTBOM AHTHIHpEHA IS
KOMIIO3UIIMM Ha OCHOBE IOJMKapOOHaTa SBISETCS
5-10%, tak kak sl OOECTICYeHHS CaMO3aTyXaHHS
MaTepuraia 3Ha4eHHe KHCIOPOIHOTO MHIEKCa JOKHO
npeBbImars 27%.

XapaKTepuCTHKa TETJIOBBIACIICHHS SBIISETCS
HanboJiee KECTKUM JUIsl JIOyCcKa MaTepHajoB K HC-
MOJIb30BAaHUIO B OT/AEIKE CAJIOHA U SIBJIAETCS OJHHUM
13 OCHOBHBIX TPEOOBaHHM, MPEABABISEMBIX K JHCTO-
BbIM IIOJIUMEPHBIM KOMIIO3ULIMOHHBIM MaTepHaiaM.
JUis INTHEBBIX MAaTEPUANIOB, K KOTOPBIM TaKKe MOXK-
HO OTHECTH JAETalH, BBIPALCHHBIE IO TEXHOJOTUHU
FDM, tpeOoBaHus 1O TEIIOBBIIEICHUIO HE TPEIbSIB-
JSIFOTCA, HO B JaHHOM paboTe Takue HCCIEeNOBaHUS

OBbUIN MPOBEJCHHI C LIENBIO OLIEHKU 3P (EKTUBHOCTH BITU-
siHUA aHTUIMpeHa. [losTroMy mnpuBeneHHBIE Ha puc. 3
JaHHBIE HOCSIT OTHOCHUTENBHBIN Xapakrep. VcnbITanus
rmokasaiy, 9ro BBeaeHue antunmpena JbJADO B co-
CTaB KOMIIO3MIIMHA IO3BONSET CHU3UTh MAaKCHUMAaJlb-
HYIO CKOPOCTH BBIJICJIEHHSI TeIUla M 00llee Koiaude-
CTBO BBIJEJIMBIIErOCS TEIUIA 33 MEPBbIE 1BE MUHYTHI
Ha 18-40% 1 TOBBICUTH BpeMs TOCTHKEHHSI MaKCH-
MyMma Ha 26-40%.

Tabnuua 3
Bausinue KOHl.le]-lTpal.ll/ll/l aHTmmpeHa Ha HpO‘ll—[OCTl—[Lle
u I[e(l)opMaIIHOHHbIe XapaKTEPUCTUKHU TEPMOILJTIACTUI-
HBIX KoMno3unuii Ha ocHoBe IIK U IIBT
Table 3. The fire retardant concentration influence on
strength and deformation characteristics of thermo-
plastic PC and PBT based mixtures

=S | 9§ ©
E S &° 8
s> |EZgl 2|8z
So | E23| B2 |EER
Hcxomubie §21¢85% 7| 2 £ |82 9
KOMIIOHEHTBI 2| 55| 8E |3 = Z
JEIEES) EREESR
) =] T R B
a, = o = o A ®) =
SE|C2E| =
0, 0
90% IIK + 10% IIBT 531 9.1 48,3 98,2
0e3 aHTUIHPEeHa
88,5% IIK + 10%
TIBT + 1,5% JIB®O 53,5 10,8 47,6 | 86,7
87% IIK + 10% IIBT +
3% JIBI®O 54,3 11,0 455 | 78,8
85% IIK + 10% IIBT +
5% JIBIDO 56,8 11,0 43,3 | 71,2
80% ITK + 10% IIBT +
10% JIBJDO 57,9 11,3 41,2 35
3 -
L2815
22,6
: s
=244 1
&02,2
=
2 .
1’8 T T T T T
2,65 2,85 3,05 3,25 345 3,65
Lg(y), 1/e

Puc. 4. CpaBHHTENbHAS IMarpaMMa BSI3KOCTEH MaTepHaioB PN
T=240 °C: 1-ABS; 2- Nylon 618; 3- IIK+mnonmusdup+5% ABAPO
Fig. 4. Comparative viscosity chart of materials at 240 °C:1-ABS;

2- Ny-lon 618; 3- PC+polyester+5% DBDFO

BnusiHne KOHIIGHTpalyu aHTUIIMPEHAa Ha Me-
XaHUUYECKHE XapaKTEPUCTHKA KOMITO3UIIMY Ha OCHOBE
IIK u monmmadupa npencrariensl B Tadi. 3. [lokazano,
YTO C TIOBBIIICHUEM COJCPIKaHUS aHTUIHPECHA MPOY-
HOCTHBIC CBOWCTBA TNPH TEKYyYECTH KOMIIO3UIIMU He-
3HAYUTENBHO MOBBIIIAIOTCS, MPOYHOCTH IIPU pacTsiKe-
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Taonuua 4
CpaBHuUTe/IbHBIE CBOICTB 00pa3L0B U3 MaTepuaJja
Nylon-618 (CIIIA) 1 KoMIo3uIUK
85%IK+10%IBT+5%AbAPO, noay4yeHHBIX 10 TeX-
HOJIOTHM JIUThsI o/ xaBjaenuem (JIIIJI), m meTromom mo-
cJioitHoro cunTe3a mo FDM texHosioruu

Table 4. Comparative properties of Nylon-618 (USA)
and [85% PC + 10%PBT + 5% DBDFO] mixture com-

position, prepared according to injection molding and

fused deposition modeling techniques

= < 1 ! <
2 s | EE &g
= 5 s .+ | E —~
= IMokazarenu S%| B E A
g CBOMCTB Egl g5 2 =
ﬁ = g 5 g = g
= = & 5 S 28R
|:‘ g, 2 o Sl
Nylon 618
Jlutee nox nasnenuem (JIJAIT) | 1100 | 39,6 1,0
3anonnenue 100 % | 1020 | 28,1 0,5
Texutozo- COXpaHEeHHe CBOMCTB
FDM
i B cpasHennu ¢ JITTJT, % 9 & S0
85%IIK+10%I1BT+5%AB1D0O
Jlutee mox masnenmem (JIAIT) | 1270 | 53,5 2,1
sanosaenue 100 % | 1070 | 31,7 14
Textiono- COXpaHEHHE CBOWCTB B
rust FDM cpasserm ¢ JITJL % 84 59 67

HHUU U J1e(OPMALOHHBIE XapaKTEPHUCTHKU CHUKAIOT-
Cs1, 9TO MOKHO OOBSICHUTh HANTM4MeM (pakiyii aH-
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TUMHPEHAa, o0Jafaronux 0oJiee HU3KUM YPOBHEM
MIPOYHOCTHBIX U JIe(OPMALIMOHHBIX XapaKTePUCTHK.

Ha Buckoszumerpe CEAST Rheo 2000 Single
OBUIM HMCCIICIOBAHBI PEOJIOTUYSCKUE CBOWCTBA paspa-
OaTeiBacMoro matepuaina. Ha puc. 4 mokazaHo, 9TO
KOMITO3UIIMM HAa OCHOBE MOJUKapOoHaTa, Oiaromaps
MIPOBEEHHOW MOJU(UKAINK, IO PEOJIOTHUECKUM
CBOMCTBAaM COITOCTaBUMBI C 0a30BHIMH UMIOPTHBIMH
matepuanamu i1 FDM (ABS, Nylon 618).

B nanbHelinieM OBUIO TIPOBEACHO HM3YYCHUC
BIIMSIHUS TEXHOJIOTHH TIepepaOd0TKH MaTepHaoB (JIv-
The moxa AaBiieHueM U FDM) Ha oCHOBHBIC (M3UKO-
MEXaHWYECKUE XapaKTepuCcTuku (Tadm. 4).

BBIBO/IbI

Ha ocHoBaHuMM IpOBENEHHBIX HCCICAOBAHUI
MpeaoXKeHa HOBas TEePMOIUIACTHYHAs KOMIIO3ULIHA,
OTBeUaromiasi TpeOOBaHUAM MMOKAPHOW OTMACHOCTH IO
nopmaM Al 25 mpunoxxenue F gacts [V. [lo peonoru-
YeCKHM XapaKTEePUCTHKAM MAaTepHall COMOCTaBHM CO
CTaHAApTHBIMU Matepuasiamu aias FDM agautuBHOM
texHonoruu Tara ABS u Nylon 618, mo mpodHOCTHRIM
XapaKTEpPUCTUKAM HOBBIH MaTepuall PEBOCXOIUT
KOHCTPYKUMOHHBIA Marepuan Nylon 618 (CLIA) s
FDM rtexnonoruu (tadu. 4) Ha 11,0%.

Paboma evinonnena npu ¢unancosoi noo-
oepoicke epanma PODU Ne 14-29-10186.
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H3yuena cepOuyuonas aKmMu@HOCHMb pPAOA 3AMEU|EHHBLIX WUKAUYECKUX Kemaineil, Uux
HPOU3B00HBIX U AIKEHUIMAOHAmMO08. Pe3ynomamul ckpununza noxkazanu, 4mo aKmueHoOCHb HO
OMHOWIEHUIO K RUieHUYe OU01d ¢ AIIUN0KCU-2Pynnoil 6au3zka k amanony. Ha zopoxe zepouyuo-
HAA AKMUGHOCMb Kemaneil U uUX nPou3eo0HbIX IPheKmuena moabko 6 niane UHZUOUPOBAHUA
Mmaccwl nodeza. AnKeRuamanonamsl NOKA3any ayuuiee UHZUOUPOBAHUE MACCHL NODe2a NULEHUNbL,
uem 2opoxa. Ilonyuennvie pe3yiomanosl 00KA3b18ai0N NEPCREKMUBHOCHb CO30AHUA 2epOUUUO-
HbIX NPEnapamog Ha OCHOGE AIKEHUIMAIOHAMOG, 3AMEW,eHHBIX OUO0I06 U alemaell.
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PLANT GROWTH REGULATORS BASED ON CYCLIC KETALS AND THEIR DERIVATIVES

Low toxicity of polyfunctional 1,3-dioxocyclicalkanes to soil bacteria allows to consider
the compounds of this class as perspective herbicides. In this regard, we studied the herbicidal ac-
tivity of a series of substituted cyclic ketals, their derivatives and alkenylmalonates. On the basis
of commercially available triols the corresponding cyclic ketals were obtained with a yield more
than 90%. O-alkylation of alcohol according to the methods led to the corresponding ethers and
esters. The glycerol monoethers were obtained quantitatively by acid hydrolysis of ketals. Growth-
regulatory activity of the synthesized compounds was determined in vitro on wheat and pea seed-
lings according to a known procedure (aromatic solvent - nefras A 150/330, surfactant - oxyeth-
ylated izononilfenol neonol AF-9-12). Evaluation of herbicidal activity of preparations was car-
ried out in the laboratory. During 3 days length (L, mm) and weight (m, g) seedlings in compari-
son with the control option was measured. Without herbicide on seedlings the monocotyledonous
and dicotyledonous plants are placed in Petri dishes containing water emulsion of active sub-
stances with a concentration of 5 mg /| and 10 mg / | for peas and 50 mg / | and 100 mg / | for
wheat. As a reference well-known herbicide, Oktapon Extra, was used. The diol with allyloxy-
diol group showed the best results towards wheat. This compound successfully inhibits the in-
crease in the length and weight of escape and gives close results to the standard. For peas, ketals
and derivatives thereof are effective only in terms of inhibition of the shoot masses. Heterocyclic
alcohol and glycols are superior to the standard, and a ketal at a concentration of 10 mg / | prac-
tically corresponds to it. Alkenylmalonates were more effective in inhibiting the escape weight
wheat than peas. In particular, at a concentration of 100mg / | effectiveness of methallyl deriva-
tives of trans-1,3-dichloropropene coincides to the standard. Physical and chemical characteris-
tics of the compounds were proved by NMR and mass spectra. Screening results showed that ac-
tivity of diol with allyloxy group is close to the ideal attitude to wheat. Ketals and their derivatives
show the herbicidal activity only at inhibition of the mass escape of peas. Results of alkenylmalo-
nates were better at inhibition of the mass escape of wheat than peas. The obtained results prove
prospectivity of producing of herbicidal drugs based on the alkenylmalonates substituted diols
and acetals, as a new generation of herbicides.

Key words: herbicides, cyclic ketals, diols, ethers, alkenylmalonates, biological activity
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BBEJJEHUE

W3BecTHO, UTO B CTPYKType MOJEKYT XUMH-
YECKUX CPEACTB 3alIUTHl PACTEHHH YacTO MPUCYT-
CTBYIOT KHCIIOPOJCOAEPKAINE TeTEPOLUKINICCKIE
(hparmenTsl [1]. Panee Hamu ObUIO TIOKA3aHO, YTO PSi
MUKIMYECKUX ameTaleil oOiiajaer CcrnocoOHOCTBHIO
BJIMATH HA Pa3BUTHE OJHO- M JABYAOJBHBIX CEIILCKO-
XO35ICTBEHHBIX KyAbTYp [2, 3]. Huskast TokcH4HOCTh
oMU yHKIIMOHANBHBIX 1,3-AMOKCAIINKIIOATIKAHOB 10
OTHONICHWIO K HAXOAIMIMMCS B TIOYBE OaKTepHsIM
MO3BOJIIET pacCMaTpUBaTh COSAMHEHHS ATOTO Kiacca
B Ka4eCTBE MEPCIIEKTUBHEIX Treponnuaos [4].

Lempro HacTosmmel paOOTHI SBISETCS OLEHKA
CIOCOOHOCTY 3aMEIEHHBIX [IMKJIMYECKHX KeTalei 1 ux
MPOU3BOIHBIX PETYIHPOBATH POCT TOPOXA U MILICHUIIBL.

METOAUKA SKCIIEPUMEHTA

XpoMartorpayecKkuii aHaTU3 MPOIYKTOB
peakuuu BeInoaHsuM Ha xpomatorpadgpe HRGS 5300
Mega Series “Carlo Erba” ¢ miamMeHHO-MOHU3AI[UOH-
HBIM JETEKTOPOM, ra3-HOCHTENb — TI€IHH, Pacxon
30 muI/MHH, KOJIOHKAa JUIMHOW 25 M, TeMmImeparypa
anammza 50-280 °C ¢ mporpamMMHpOBaHHBIM Harpe-
BoM 8 °C/muH., Temmeparypa nerekropa 250 °C,
temneparypa ucnapurens 300 °C. Xpomaromacc-
CHEKTPHI 3alMChIBAIN Ha npubopax «Fisons» (kamwmi-
nspHas kBapuesas kosonka DB 560 50 m) u «Focus»
C Macc-CIIeKTpOMeTpHYecKUM JeTekTopoM Finingan
DSQ II (temnepatypa nonnoro uctoyauka 200 °C,
Temrmeparypa mpsmoro Beojma 50-270 °C, ckopocTb
Harpesa 10 °C/mun, xojoHka Thermo TR-5MS
50%2,5-10*m, pacxon remus 0,7 mu/mun). s moy-
YEHUS MAacC-CHEKTPOB COEAMHEHHH HCIOIb30BAIN
METO/ MOHM3ALUHU DIIEKTPOHHBIM yaapoM. CHeKTpsl
SAMP perucrpupoBaiim Ha crnekrpomerpe «Bruker
AVANCE-300» (*H 400,13 MI') B CDCls.

Obwas memoouka cunmesa YUKIUYECKUX Ke-
maneu 3-4

Cwmech 0,49 MOJIb COOTBETCTBYIOIIETO TPHOJIA
(rmunepuna 1, mu6o 1,2,4-06yrantpuona 2), 4,3 Monb
arieroHa 1 0,22 T n-TONyoNCYIb()OHOBON KUCIOTHI Tie-
pEMEITUBAJIH TIPH KOMHATHOM TeMIlepaType B TeUeHHE
18 4. 3arem mobGaemsuiu 3 T (6e3BomHOrO) KoCO3 M
NpoJIOJDKaIM TmepeMemuBarh B TeueHue lu. Ilocne
9TOTO PEaKUOHHYI0 CMeCh (UIBTPOBAIH, KOHIICH-
TPUPOBAIIH, OCTATOK MEPETOHSIIN B BAKyyMe.

4-[(oxcn)metun]-2,2-numeTtii-1,3-nuokcomnad (3)

Crextp AMP H (CgDs, 8, m.a., J/Tn): 1,21
(¢, 3H, C*"Hs), 1.30 (¢, 3H, C*Has), 1,52 (¢, -OH),
3,22 (m, 1H, C®H,), 3,33(m, 1H, C®H,), 3,50-3,62 (M,
2H, C°H,, C°Hp), 3,82 (m, 1H, C*H). Cnektp SIMP
13C (CeDe, 8, m.1.): 25,42 (C*), 26,85 (C*), 63,21

(C, 66,26 (C®, 76,76 (C*, 109.33 (C?. Macc-
crektp M/Z (lom, %): 131(Her), 117 (45), 101 (22), 85 (2),
72 (12), 57 (20), 43 (100), 41 (15), 30 (10).

5-oTun-5-[(okcu)mernn|-2,2-numernn-1,3-1u-
okcan (4)

Crextp SIMP 'H (CeDs, 8, m.a., J/Tm): 0,62
(c., 3H, C°Hs), 1,13 (m., 2H, C*Hy), 1,25 (c., 3H,
C*"Hs), 1,40 (c., 3H, C*Ha), 3,40 (1., 2H, C¥'Hy), 3,55
(c., 2H, C®Hy), 3,65 (c., 2H, C*Hy). Cnektp SIMP *C
(CéDs, 8, m.1.): 0,86 (C*), 20,18 (C*"), 23,59 (C%),
27,03 (C%), 36,81 (C®), 62,15 (C>7), 64,96 (C* + C°),
98,01 (C?). Macc-ciektp M/Z (lom, %): 131 (met), 117
(45), 101 (22), 85 (2), 72 (12), 57 (20), 43 (100), 41
(15), 30 (10).

Obwas memoouxka cuHmesa NPOCMbIX 3Pu-
po8 5, 6

K cmecu 0,06 wmombp 4-oxcumeruia-2,2-
mumetnin-1,3-nuokconana 3, 60 mi Tonyona u 0,22 v
MexdazHoro karanmzaropa Katamua-Ab npu nHTEH-
cuBHOM rniepemernuBanuy pu 30 °C (wmu 100 °C mst
xyopucroro 6ensuina) npudasmsm 100 r 50%-Horo
pactBopa NaOH. 3arem, uepe3 2 4, mpuKarbIBaJId
0,30 monp xnopuctoro ammia uin 0,30 Mob x10pu-
cToro OeH3WiIa W mepeMemuBany B TeueHue 6 4. Ilo
OKOHYaHUH PEaKIMi CMECh MPOMBIBAIN BOJOH, JKC-
TParupoBaiv JUATHIOBBIM 3pupoM (3x30 mi), cy-
IIMIM HaJ CBEXKEMPOKAICHHBIM CYIb(aTOM MarHus.
[ocne ymapuBaHusI pacTBOPUTENS] OCTATOK IEpPEro-
HSUTA B BaKyyMe.

4-[ (anmmumoKcH )MeTHIT -2, 2-muMe -1, 3-1u-
okcomnad (5)

Brixox 94%, OecuBetHast KHAKOCTE, Tim =
=74 °C (5 mm. pr. ct1.). Cnexrp AMP *H (C¢Ds, 5, m.11.,
JTw): 1,28 (c., 3H, C*'Hs), 1,40 (c., 3H, C*Hs), 3,18-
3,21 (1., 1H, C®H,, 4 2,5, 3J 3,9), 3,31-3,35 (r., 1H,
C%Hp, 2J 2,0, 3J 3,9), 3,63-3,72 (m., 3H, C°H,, C°H,),
3,77-3,82 (m., 1H, C°Hp), 4,07-4,13 (1., 1H, C*H, &
2,4,314,6), 4,95-4,98 (n., 1H, C*°H,), 5,11-5,16 (m.x.,
1H, C¥*Hy), 5,65-5,78 (m., 1H, C°H). Cnekrp SAMP
13C (CeDe, 8, m.1.): 26,18 (C*), 27,04 (C*), 67,25
(C%), 71,41 (C5), 72,27 (C?¥), 75,09 (C*), 109,22 (C?),
116,22 (C*0), 135,24 (C®). Macc-ciekrp M/Z (lom, %):
172 (mer), 157 (100), 101(81), 73 (9), 55 (16), 43 (45).

4-[(6en3unokcu)MeTmi|-2,2-numetnn-1,3-mu-
okconad (6)

Brixon 90%, OecuBeTHast KHAKOCTb, Twm =
= 138 °C (5 mm. pr. ct1.). Cnexkrp AMP *H (CeDs, 8,
m.a., J/Tn): 1.28 (c., 3H, C*'Hs), 1.40 (c., 3H, C*Hs),
3,25-3,70 (1., 1H, C®H,, 2J 2,4, 3J 3.9), 3,34-3,39 (r.,
1H, C®Hp, 2J 2.0, % 3.9), 3,64-3,68 (1., 1H, C°H,, 2
2,5, % 3,3), 3,76-3,81 (t., 1H, C°Hy, 2 2,6, 3J 3,2),
4,09-4,14 (m., 1H, C*H), 4,26 (c., 2H, C'Hy), 7,40-
7,50 (M., 5H, Ph-). Cnekrp SIMP BC (CgDs, 8, m.11.):
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25,50 (C*), 26,54 (C?), 66,68 (C°), 69,15 (C®), 73,55
(C®), 75,30 (C*), 109,53 (C?), 128,07, 128,19, 128,49,
128,81, 129,33, 137,40 (Ph-). Macc-criektp M/Z (lom,
%): 222 (mer), 207 (27), 164 (34), 101 (41), 91 (100),
43 (23).

Memoouka cunmesa crosxcrnozo s¢gpupa 1

K cmecu 0,03 mMonb 4-OKCHMMETHI-2,2-IAMeE-
tnn-1,3-muokcanana 3 u 0,03 MoNp NMUpUAMHA TPU
nepememnBannn npubasmsn 0,034 Moy xsopas-
ruapuaa OSH30MHOM KHUCIOTH. PeaknmoHHyI0 cMech
c1abo TOAOTpeBaiy MPH MOCTOSHHOM IepeMelInBa-
HUM B TeueHue lu. OOpasyromiascs MaclsTHUCTas
Macca TpHU OXJIAKISHUHN 3aKPHCTAILTU30BBIBANIACh B
TEYCHHU CYTOK. 3aTeM PEakIMOHHYIO MacCy BBLIMBA-
i B cMech u3 30 r apaa u 60 i 1M HCI u nepeme-
MIFBAJIA IO TE€X MOp, MOoKa He 00pa30BBIBANIACH MEIl-
KOKpHUCTayuInuecKasi cycrnensus. Cblpoil MPOIyKT OT-
(unbTpoBBIBANIM Ha BOPOHKE bloxHepa, MpoMBIBAIN
JIEASHOM BOJION M MepeKpUCTALTU30BEIBATN U3 80%-
HOT'O STHIJIOBOTO CITHPTA.

(2,2-MumeTrin-1,3-1MOKCOMAH-4- 1T )METHIT
oensoar (7)

Crnextp SIMP H (C¢De, 8, m.a., J/Tn): 1,.28
(c., 3H, C*'Hs), 1,46 (c., 3H, C*Hs), 3,70 (m.x., 2H,
C°H,), 4,14 (m., 1H, C*H), 4,30 (u., 2H, C°Hy), 8,15
(M., 5H, Ph-). Cniektp SIMP C (CgDs, 8, m.11.): 25,48
(C?), 26,29 (C%), 64,12 (C®), 65,88 (C®), 74,45 (CH,
108,02 (C?), 128,34, 128,56, 128,86, 129,18, 129,57,
133,54 (Ph-), 165,79 (C®). Macc-ciekrp M/Z (lom, %):
M* = 221 (2), 165 (13), 136 (6), 123 (21), 105 (100),
92 (5), 77 (37), 51 (9).

Obwas memoouxa cunmesa NOAUPYHKYUO-
HabHBIX 0uonos 8, 9

Cmecp 0,028 ™momp 4-[(ayIMIOKCH)METHI |-
2,2-qumerni-1,3-quokcomana 5, au6o 0,028 moib
4-[(OeH3mwIOKCH)METII -2, 2-TuMeTHII- 1,3- THOKCoIaHa
6 u 25 mn 2%-Hol cepHON KUCIIOTHI MPH MHTEHCHUB-
HOM TepEeMEIINBAaHIH HAIPEBAIN B TeueHue 4-6 1 mpu
60 °C. [Nocne oxnaxaeHus cMech pasoasisui S0 M BO-
Il ¥ OKCTPAarupoBaIN AUSTHIOBBIM 3upoM (2x30 mi).
O¢upHsie cion 00bEAUHSIN, TPOMBIBATH 5%-M pac-
tBopoM NaHCO3 110 cinaboiienoqHoi cpepl, CyIIIn
cBeXenpokaleHHBIM MgSOs, KOHUEHTPUPOBAIH U
OCTaTOK IIEPETOHSIIN B BaKyyMe.

3-(ammunokcu)npoman-1,2-xuoi (8)

Crnexrp SIMP H (C¢Ds, 6, m.x., J/T): 3,42-
3,53 (M., 2H, C'H,, C3H,), 3,70-3,90 (m., 3H, C3Hy,
C2H, C'Hp), 4,02 (., 2H, C°Hy), 4,35 (c., 2-OH), 5,13
(n.x., 1H, C'H,), 5,23 (a.x., 1H, C'Hy), 5,82-5,94 (M.,
1H, C°H). Cnextp SIMP 3C (CeDs, 8, m.1.): 64,04
(CY), 71,07 (C? + C°), 72,06 (C3), 116,48 (C"), 134,87
(C%. Macc-criektp M/Z (low, %): 132 (uet), 101 (6),
84 (8), 71 (19), 61 (35), 43 (48), 41 (100).
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3-(6ensunokcn)nponan-1,2-guon (9)

Cuextp SIMP 'H (CeDs, 8, m.a., J/Tw): 3,27
(c., 2-OH), 3,35-3,62 (m., 3H, C'H,, C3*H,, C*Hp), 3,75
(M., 1H, C'Hp), 4,20 (m., 1H, C°H), 4,31 (m., 2H,
C%Hy), 7,00-7,21 (m., 5H, Ph-). Cnextp SIMP 3C
(CéDs, 8, m.1.): 63,69 (CY), 70,89 (C3), 71,52 (C%),
72,82 (C?), 127,24, 127,36, 127,66, 128,00, 128,54,
138,09 (Ph-). Macc-criektp M/z (lom, %): 182 (6), 107
(38), 79 (7), 65 (9), 43 (2).

Memoouka uccredosanue Ha 2epOUYUOHYIO
AKMUBHOCTb

Jlyis mpuroToBNCHUS MpenapaTUBHON (QOPMBI
00pa3LoB HOBBIX NPOAYKTOB OPraHUYECKOr0 CHHTE3a
B 1a00PaTOPHH TIPETapaTUBHBIX (POPM HCIIOTB30BAIIHICH
apoMaTH4ecKHii pacTBoputeib Hedpac A 150/330, a B
Ka4eCTBE ITOBEPXHOCTHO-aKTUBHOIO BEIIECTBA — OKCH-
STHIMPOBaHHBIN w30HOHMWI(peHon-Heonon AD 9-12.
Bce 00pasibl XUMUUECKHUX COSTUHEHUN XOPOIIIO pac-
TBOPHUMEI B Hedpace U ObUTH PUTOTOBJICHBI B opMe
SMYJBIUPYIOLINXCS] KOHLIEHTPATOB.

OneHky repOMIUIHON aKTHBHOCTH Ipernapa-
TOB TIPOBOAMJIM B Ja0OpAaTOPHBIX YCIOBUSIX HA TPO-
pPOCTKaxX ropoxa W MIUCHMIBI, KOTOPbIE MOMELIald B
yamku Iletpu, conepkaiye BOIHBIE 3MYJIBCHH IIPE-
[apaToB C KOHIIEHTpalMed JEHCTBYIOIIMX BEILECTB
5 mr/nm u 10 mr/n ans ropoxa u 50 mr/nm u 100 mr/n
JUISL TIILICHULIBL.

B kadecTBe 3TajoHa WUCIOJB30BAIM H3BECT-
HbIH Tepounina OxranoHn DkcTpa (repOuIM Ha OCHO-
Be Manoneryuux s¢upos 2,4-J1 (C8) ans OoprObI ©
OJHOJETHUMH M HEKOTOPHIMH MHOTOJIETHUMH IBY-
JOJBHBIMU COPHSIKAMH B IOCEBaX 3PHOBBIX M JAPYTHX
KyneTyp) [5].

Yamkwu [letpu BeIAEp)KUBAIN B TEPMOCTATE B
TeueHue 3 cyT mpu temmeparype 24-25 °C, mocie
Yero M3MEpSiIM JUIMHY W OINpPENesUId BEC MPOPOCT-
koB. CTerneHb MHIMOMPOBAaHUS pOCcTa M Macchl O0e-
TOB OMpeNeNsu B % 10 OTHOIIEHHIO K KOHTPOJIIO —
BapHaHTy 0e3 XWMHYecKuxX ImpemnaparoB. [loBrop-
HOCTB OIIBITOB — TPEXKpaTHAsI.

Obwan memoouxka cunmesa AIAKeHUIMANO0-
namog 10-12

Cwmech 0,06 moas auaTHiIManoHata, 0,13 mMoib
XJIONPOU3BOAHOrO, 35 M aneronutpuia, 0,006 Moib
mexdaznoro karammzatopa (TOBAX) u 0,245 mons
K2CO3 nepememmBanu npu temneparype 70 °C B
TedeHue 7 4. 3aTeM BBUIMBAJIM B BOLY, SKCTparupoBa-
1 rexcanoM, cytmn Hax NaxSOs. [locne ynapusa-
HUSI paCTBOPUTENISI OCTATOK IIEPErOHSUIN B BaKyyMe.

Jurtnn-2-anmunmanonar (10)

Bexon 87%, Twm = 85 °C (5 MM pr. cT.).
Crnextp SIMP H (CDCls, 8, m.a., J/Tn): 0,85 m (6H,
C°Hs, C'Hs), 2,60 m (2H, C®Ha, CBHb), 3,30 M (1H,
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C?H), 3,90 M (4H, C*Ha, C*Hy, C®H,, CHb), 4,89 1
(1H, C¥H,, 2 1.6, ) 17.1), 5,00 a.n (1H, C°H®, J
10.2), 5,71 m (1H, C°H). Cnexp AMP 3C (CDCls, §,
m.1.): 13,89 (C°Hs, C'Hs), 32,21 (C®Hy), 51,34 (C?H),
61,08 (C*H., C°H), 116,42 (C¥H,), 137,90 (C°H),
168,26 (C=0, C3=0). Macc-cnektp m/e, (lom, %):
200 (3), 169 (21), 141 (100), 123 (72), 112 (28), 95
(78), 55 (42), 41 (18).

Juai-2- (2-MCTI/UI1'IpOH -2-eH-1-mn)manonar (11)

Beixon 82%, Tum = 89 °C (5 MM pr. cT.).
Crnextp SIMP H (CDCls, 8, m.x., J/T): 0,89 m (6H,
CSHs, C7Ha), 1,50 ¢ (3H. C1Hs), 2,70 1 (2H, C®Ha,
C8Hy, 3 7,6), 3,60 T (1H, C?H), 3.88 M (4H, C*H,,
C*Hp, C®H,, C®Hp), 4,74 1 (2H, C¥®H,, C¥°Hy, 2] 19,5).
Cnextp SIMP B°C (CDCls, 8, m.1.): 14,35 (C°Hs,C'Hs),
22,56 (CMHs), 37,23 (CPHp), 51,21 (C?H), 61,53
(C*H, C®Hy), 112,76 (C'°H,), 142,56 (C°H), 169,25
(C=0, C3*=0). Macc-ciekrp m/e, (lom, %): 214 (<1)
[M], 169 (13), 141 (100), 123 (61), 112 (34), 95
(82), 55 (15), 41 (10).

Huatnn-2-[(2E)-3-xmopriporn-2-eHw |Maio-
mar (12)

Bexon 70%, Twnm = 101 °C (8 mm.pr.cr).
Cruextp AMP H (CDCls, 8, m.xa., J/T): 0,90 (c., 6H,
CSHa, C7H), 2,80 (m., 2H C'Hy), 3.30 (w., 1H, C?Hy),
4,00 (M,4H, C*Hz, C®Hy), 5,50 (m., 2H, C?H; C3Hy).
Cnextp IMP BC (CDCls, 8, m.a.): 13,92 (C+C7),
26,66 (C*), 51,44 (C?), 61,30 (C*-C"), 120,55 (C*+C*),
168,43 (C+C3). Macc-cnexktp m/e, (lom, %): 243M*
(12), 199 (30), 160 (32), 125 (100), 97 (62), 75 (20),
53 (10).

PE3VJIbTATBI U NX OBCYXJIEHNE

Ha ocHOBe TpOMBINIIIEHHO AOCTYIHBIX TPHO-
noB — rimnepura 1 u 1,1,1-TprokcuMermmpornana 2
10 METOJUKE [6] ObUIM MOJYYEeHbI COOTBETCTBYIOIIHE
LHUKJInYecKue Keranu 3 U 4 ¢ BeixogoM dosiee 90%.

—
(CH,OH),CHOH d Y

o >

CHs CHj C,H5C(CH,0OH)3

Hs” CHs
3
XOH
O><O
CH;z CHs
4
O-ankunupoBaHue cnupra 3 Mo MeTo-

JukaM [7] TpHBETO K COOTBETCTBYIOIIUM o
MPOCTBIM 5, 6 U ClToKHOMY 7 dhHUpaM. R? f

+ C|ﬁ/\ 2
0 R?
_/ o)

KucnorHeiM rugponusom keraneit 5, 6 mo me-

Toxy [8] OBUIM KOJMYECTBEHHO IOJNYyYEHBI MPOCTHIC
MOHO3GUPHI TuIepuHa 8, 9.

—
H+

R = C3H;5 (5, 8), CH,CgHs (6, 9)

Poctperynupyiomyro akTUBHOCTb CHHTE3H-
poBaHHBIX coeuHeHni 3-9 (Tabnuua) ompenensuiu B
1ab0paTOPHBIX YCIOBHSIX Ha MPOPOCTKAX MIIECHHUIIBI H
ropoxa o u3BecTHoil metoguke [9].

Jlis nIIeHunpl JTydiye pe3ysibTaThl MoKa3al
JIUOJ C autiwiokcu-rpynmoi 8. JlaHHBI peareHt
YCIIEIIHO MHTHOMPYET YBEJIMYEHUE JUIMHBI U MAacChl
mobera u ycTymaeT 3TaioHy Bcero B 1,5 pasza. Jlus
ropoxa KeTaqu W HX NpOu3BOAHBIE 3(deKkTHBHBI
TOJILKO B IJIaHE MHTHOMpOBaHMS Macchl odera. Tak,
reTepoLHKINIecKuil cniupt 3 U raukoiu 8, 9 mpeBoc-
XOJIAT 3TAJIOH, a KeTalb 5 B KoHIeHTparuu 10 mr/in
MPAKTUIECKH €My COOTBETCTBYET.

OCHOBHBIM cITOCOOOM TIOJIydeHHs 2-3aMe-
LICHHBIX 1,3-1MONIOB ABJSIETCS. BOCCTaHOBJICHHE CO-
OTBETCTBYIOIKX MajoHaToB [10]. B 3T0il cBA3M MBI
OCYIIECTBMIIM CHUHTE3 alkeHwIManoHatoB 10-12 mo
u3BecTHOMY MetoAy [11] M Takke OLEHHUIU UX PO-
CTPETYJIMPYIOIIYI0 aKTUBHOCTH (Ta0JIHIIA).

(10, 12); CHz (11)
H (10, 11); CI (12)
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Tabnuua
IepOunuaHasi AKTHBHOCTH Mpenaparos 3-12
(t = 24-25 °C, 3rajon «OKTanoH JKCTpa»)
Table. The herbicidal activity of preparations 3-12
(t = 24-25 °C, the standard «Oktapon Extra»)

JmHa mobera Macca nmobera
KonreH- |cpenHsiss,| ”Hruou- |CpemHsis,| HHTHOH-
[Ipemapat| Tpamus, MM |pOBaHmHe, r poBaHmue,
M/ % %
ITmenuna
KonTtpons
(6e3 repOUITUIOB) 101 i 0,20 i
3 50 93 8 0,20 0
100 83 18 0,16 20
4 50 80 21 0,20 0
100 72 28 0,17 15
5 50 76 25 0,18 10
100 65 36 0,17 15
6 50 80,4 21 0,16 20
100 88,4 13 0,17 15
7 50 93 8 0,17 15
100 99 2 0,15 25
8 50 94 7 0,17 15
100 67 33 0,14 30
9 50 93 9 0,21 +5
100 90 11 0,19 5
10 50 67 45 0,13 35
100 27 78 0,07 65
11 50 96 21 0,17 15
100 61 50 0,11 45
12 50 93 23 0,20 0
100 57 53 0,11 45
Sr0m 50 47 53 0,13 35
100 33 65 0,11 45
I'opox
Koutpoins 42 - 0,58 -
3 5 34 18 0,60 +3
10 45 +9 0,53 9
4 5 38 8 0,50 14
10 34 19 0,48 17
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100

5 5 44 +6 0,62 +7
10 40 3 0,51 12

6 5 36 14 0,46 21
10 33 21 0,45 23

7 5 41 2 0,54 7
10 39 7 0,49 16
8 5 40 5 0,52 10
10 38 10 0,47 19

9 5 40 4 0,55 5
10 37 12 0,48 17
10 5 33 21 0,50 14
11 5 33 21 0,52 10

12 5 40 3 0,57 2
Srason 5 15 63 0,51 12
10 12 72 0,50 14

Pearentst 10-12 oxazanuck Gonee sddexTus-
HBIMH TIPH MHTHOMPOBAaHMM Macchl MoOera IMIeHUIIb,
yeM ropoxa. B wactaocTy, ipu korueHTparpm 100 mr/in
3¢ (HEeKTUBHOCTh JCUCTBUS MPOU3BOTHBIX METAJLIHII-
xnopuna 11 u tpanc-1,3-guxnopnponena 12 cosma-
JIaeT C STAJIOHOM.

BBIBO/IbI

[Tony4yeHHble NaHHBIE MOKA3BIBAIOT, YTO 3a-
MEIICHHBIE JUOJIbl M AJIKCHHJIMAJIOHATHl IpE/ICTaB-
JSIFOT MHTEpPEC B IUIAHE CO3JaHUs TepOUIHI0B HOBOTO
MTOKOJICHUSI.

Paboma evinonnena 6 pamkax zocyoapcmee-
HO20 3a0aHusi npu UHAHCOBOU NOOJEPICKe CO CHIO-
ponvl Munobpuayxu Poccuu ¢ pamkax 6azosoil ee ya-
cmu no meme «Paspabomka u cosoanue uHHO8aYUOH-
HBIX BbICOKOIDPDEKMUBHBIX MeMO008 NONYUEeHUs 2e-
MEPOAHAN0208 AKAHO8, YUKIOAIKAHO8 U CUHME3bL HA
UX OCHOBEY, a4 MaKdice Npu UHAHCOBOU NOOOEPIICKe
Munobprayxu Poccuu no KouKypcy HayuHwlX npoex-
MO8 MOJL_a, BbINOHAEMbIX MOIOObIMU YueHbimu («Moil
nepewiii 2parmy, Ne npoexma 16-33-00474).
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HCIOJb30BAHUE MEXAHOXUMHYECKOW AKTUBAIIAM JIJISI PETYJIMPOBAHUS
PEOJIOTMYECKHX CBOMCTB ®OPMOBOYHBIX MACC JIJIsSI SKCTPY3UHN
KATAJIM3ATOPOB 1 COPBEHTOB

B0 uccnedosano enuanue 1aiCHOCHIU, USMETbYCHUSA U MEXAHOXUMUYECKOU AKMUBA-
yuu meepooil hazvl Ha peonozuueckue ceoUcmea PopmoGoOUHBIX RACH O IKCHPY3UU Kamaau-
3amopoe u copoenmos. bvinu npoananuzuposanst maxue napamempol HOPMOBOUHBIX NACH, KAK
RPOUHOCMYb KOAZYIAYUOHHOU CHPYKMYDbl, UHOEKC MeueHUs, Hauboabuias niacmuidecKas 13-
Kocmy, npedenvHoe Hanpsacenue co8uza, HaACmMU4YnoOCHb, NEPUOO PeNaKcayuu, cOOMHoOuleHIe
Odehopmayuii. /Ina xapakmepucmuku cmeneHu MexaHOXUMU4eCcKolli aKmusayuu Ovliu ucnoib-
306aHbl pazmep 001ACMU KO2EPEHMHO20 PACCEAHUA U GeNUYUHA MUKpoOedhopmayuil. Bvino no-
Kazano, 4mo ygeauieHue CmeneHu MexaHoXumuiecKol aKkmusayuu meepooil ghazvt no3eonsem
pezynuposams ceoiicmea (opmoeounvix nacm 6 6onee wiupokom ouanazone. B mexnonozuu
IKCMPYOUPOSAHHBIX KAMAIUZAMOPOE U COPOEHMOE RPEOSIONHCEHO UCHONb306aMb METbHUNbL-
AKmMueamopuvl ¢ yOApHO-COBUL08bIM XAPAKMeEPoMm Hazpyycenus. bvinu pexomenoosanvt menvnu-
Ubl CO CPEOHUM 3HAUEHUEM IHEP2OHAnPANCeHHocmU (00 6 kBm/kz2).

KaroueBble cjJ10Ba: MEXaHOXUMUYECKas aKTHUBalusd, pC€OJIOrus, SKCTPY3Us
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USE OF MECHANOCHEMICAL ACTIVATION TO CONTROL RHEOLOGICAL PROPERTIES
OF MOULDING PASTES FOR CATALYSTS AND SORBENTS EXTRUSION

The influence humidity, grinding and mechanical activation of the solid phase on the rheo-
logical properties of the molding paste for extrusion of catalysts and sorbents was studied. The fol-
lowing parameters of the molding pastes were investigated, namely the coagulation structure
strength, the flow index, the maximum plastic viscosity, the critical shear stress, plasticity, the r
(stuelaxation period), the ratio of deformations. In order to characterize the degree of mechano-
chemical activation, the dimension of the coherent scattering region and the microdeformations
value were used. Increasing the degree of mechanochemical activation of the solid phase was
shown to allow controlling the properties of molding pastes in a more wide range. In the technolo-
gy of extruded catalysts and sorbents, the mills-activators with the impact-shear loading are pro-
posed to use. The mills with an average value of power density (up to 6 kW/kg) were recommended.

Key words: mechanochemical activation, rheology, extrusion

Mechanochemistry has received quite a rapid
development in recent years. The basic amount of
research is aimed at obtaining the new materials [1,
2]. However, mechanochemistry is also a powerful
tool with which it is possible to control the properties
of the systems on the subsequent grinding stage. In
particular, activation of the solid phase enables signif-
icantly affect rheological properties of pastes for ex-
trusion of bulk products from the powders [3].

The obtained by extrusion molding the prod-
ucts occupy a significant place in the nomenclature of
manufactured catalysts and sorbents [4]. For the suc-
cess of the extrusion molding, the rigid requirements
are imposed on rheological properties of molding
pastes [5, 6]. To control the properties of molding
pastes, it can be employed such methods as dispersion
change of solid, humidity change, as well as the
change of physicochemical properties of the surface,
the introduction of electrolyte additives, surfactants
and materials with other structural and mechanical
properties of [5, 7]. Methods for measuring the rheo-
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logical properties of disperse systems were developed
[6, 7-12]. Tests on the rheometers with parallel-
shifting plates (maximum plastic viscosity 7., critical
shear stress Py, plasticity Ps, relaxation period @, the
deformation relationship, etc.) [5, 7-11], as well as the
rotational and capillary viscometry (power to the de-
struction of the coagulation structure AN, the flow
index n and others) [5-12] have become widespread.
The detailed description of the equipment and meth-
ods of investigation are given in Refs [5, 9].

Thus, the comparison of mechanochemical
activation (MCA) with traditional methods of control-
ling the properties of molding pastes is of interest.

The simplest way to control the rheological
properties of the pastes is a change in humidity. Thus,
the increase in the content of the liquid phase in the
dispersion increases the proportion of plastic defor-
mation &y (Fig. 1), plasticity increase Ps and reducing
the critical shear stress P« (Fig. 2). But the possibili-
ties of this method are limited. It was demonstrated
that there is a relatively narrow range corresponding
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to optimal humidity with fixing solids particles in the
near potential minimum [5]. This is such a state of a
disperse system in which all particles are covered a
layer of a solvate and the free liquid is absent. In Fig-
ure 2 for this state, the humidity range 25-27 wt.% is
responsible, where there is an inflection at the depend-
ences P vs Ps. The disadvantage of the liquid phase
results in brittle failure of molded pellets, but excess
leads to excessive flowability that causes severe de-
formation of the extrudate under its own weight.

A Increasing the degree of MCA o Decreasing the particle
(with PVA) size

= |ncreasing the power density 8p, 4 Decreasing the humidity

(with PVA) | ® Increasing the degree
o Increasing the power density of MCA (without PVA)
(with HNO,)
v, \%
[ I1
&
f.el I gs.el

Fig. 1. Diagram of development of the deformations in the mold-
ing pastes [3, 21, 22] (etel, &sel, epl are 100% fast elastic, slow elas-
tic and plastic deformations, respectively; Roman numerals are
the number of structural and mechanical type). Ingredients of
molding pastes: solid phase is alumina (60 wt.% a-Al203 and 40
wt.% y-Al203), the liquid phase is the 5 wt.% aqueous solution of
polyvinyl alcohol (PVA), or the 20 wt.% solution of nitric acid
Puc. 1. [lnarpamma pazsurus nedopmanuii B GOpMOBOYHBIX TTac-
Tax [3, 21, 22] (&tel, &sel, pl — 100% OBICTPBIX DMACTHIECKHX,
MEJICHHBIX DJIACTUYECKUX U IUIaCTHYECKUX edopManuii, cooT-
BETCTBEHHO; PUMCKHE IIM(PPBI — HOMEP CTPYKTYpPHO-MEXaHH4e-
ckoro tumna). KommnoHneHTs! GOpMOBOYHBIX MAcT: TBepaas hasza —
riHo3eM (60 mMac.% o-Al203 u 40 mac.% y-Al203), xunkas dasza —
5 % BoaHslit pacTBop nonuBuHUIOBoOro cnupra (IIBC) nnu 20 %
pacTBOp a30THOW KHCIIOTHI

Initial raw material for the preparation of cat-
alysts and sorbents is the polydisperse powders. Neg-
ligible fine fraction content determines the low ductil-
ity [13-16], and as a result, the pastes have poor
moldability. For dispersing a powders, the various
designs of the grinding devices are used, which are
classified according to the transfer method of a me-
chanical impulse from the grinding body to the mate-
rial [1, 2, 17]. The shape of grinded particles depends
on the method of mechanical energy loading. When
using mills with impact-shear loading (balls, vibrato-
ry, planetary, and the like) the particles have a shape
close to the bowl. In mills with impact loading, the
particles have an irregular shape with sharp corners
and cleavages. In Refs. [5, 16], it was shown that the
particles must have to have a spherical shape to pro-
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duce pastes which are suitable for extrusion, i.e. it is
preferred to use the impact-shear milling device.
When the molding paste is prepared from the powder
with the spherical particles, its rheological properties
are isotropic and the unpredictable character does not
occur in the extrusion flow [6].

N )
g 71 »
o °
5 °] ¢
) >
® 54 S
5 B
o} i)
5 4 o
®
S
2 3
o

2 T T T

22 24 26 28 30

Humidity, ¢, wt.%

Fig. 2. Dependences of the critical shear stress and the plasticity
of pastes based on ZnO on humidity [23]. Ingredients of molding
pastes: solid phase is zinc oxide; the liquid phase is the 5 wt%
aqueous solution of polyvinyl alcohol (PVA). 1 — Pk, 2 — Ps
Puc. 2. 3aBucumoctu NpEaACIbHOIO HAIIPSHKEHUA CABUIa U I1J1a-
CTHYHOCTH TacT Ha ocHoBe ZNO ot BnaxkHocTH [23]. Kommonen-
Tl (HOPMOBOYHEBIX ITaCT: TBEpAAs (a3a — OKCHI IIMHKA, KHUIKAs
¢a3za — 5 % BoaHBII pacTBOp noiuBUHMIOBOTO criupTa (IIBC).
1—Pki, 2-Ps

Mills are differed both by method of a me-
chanical impulse loading, and by its power, which is
characterized by the value of energy intensity
(amount of energy which is loaded into unit mass of
the material per unit time) [18]. If the mills have high
energy intensity, apart from the actual grinding, the
mechanochemical activation (MCA) processes of sol-
id phase occur [1, 2, 17]. The stress fields which arise
in the particle may relax on multiple channels, includ-
ing chemical reactions [1, 2, 19]. During the prepara-
tion of molding pastes, a higher chemical activity of
the solid phase in contact with the dispersion medium
makes possible to obtain a more amount of bonds
thereby significantly change the rheological proper-
ties of pastes [1, 2, 5].

A demonstration example of the influence
change of the particle size of solid phase is the grind-
ing of alumina in a laboratory ball mill. The effect of
MCA in this mill is insignificant [20], so that all phe-
nomena in the rheological behavior of molding pastes
can be attributed only with a decrease in particle size.
So, at the initial stage of grinding a substantial de-
crease of alumina particle size is observed (Fig. 3). In
this case, the molding pastes show a sharp decrease in
the critical shear stress Py and growth of the maxi-
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mum plastic viscosity #:. However, the deformation
relationship changes little (Fig. 1). A further grinding
in the ball mill leads to increased aggregation rate,
resulting in dynamic equilibrium is established, and
particle size substantially does not change. The rheo-
logical properties of the pastes are also not signifi-
cantly changed (Fig. 3). Thus the particle size reduc-
tion during dispersion in the mills does not enable to
vary the properties of molding pastes in a wide range.

Critical shear stress, P, kPa
g
Maximum plastic viscosity,»,, GPa-s

1
100

0 20 40 60 80
Grinding time, 7, h

Fig. 3. Dependences of the average size of the alumina particles,
the critical shear stress and maximum plastic viscosity for the
pastes on its basis on the grinding time in the laboratory ball mill
[21, 22]. Ingredients of molding pastes: solid phase is alumina
(60 wt.% a-Al203 and 40 wt.% y-Al203), the liquid phase is the
5 wt.% aqueous solution of polyvinyl alcohol (PVA). 1 — P,
2 —1InDso, 3—m1
Puc. 3. 3aBucuMocTH cpeHEro pa3mMepa 4acTHII TIIMHO3EeMa, a
TaKXKE MPEACIbHOTI0 HAIPSKCHUA CABUIa U MaKCHMaJIbHOM ITjia-
CTHYECKOM BSI3KOCTH IMACT HA €r0 OCHOBE OT BPEMCHU U3MEIIbYC-
HUS B 1a0OpaToOpHOii mapoBoi MenbHuUIE [21, 22]. KoMIOHEHTHI
(hOpMOBOYHBIX MAaCT: TBepAas ¢aza — rimHo3eM (60 mac.%
a-Al203 1 40 mac.% y-Al203). XKunkas pasza — 5% BogHsIil pac-
TBOp NONUBHHIIOBOTO crimpta 1 — Pki, 2 — InDso, 3 — 1

The use of energy-intensive mills allows to
transfer the grinding process of the raw material to
another qualitative level, namely, mechanochemical
activation [1, 2, 17, 20]. So, the Al.Oz hydration de-
gree increases after treatment into vibratory roller-
ring mill during MCA (Fig. 4, a). In Refs. [5, 20], it
was shown that the solid particles size and the coordi-
nation number are changed only during 10-15 minutes
of grinding, and then remains constant. This means
that increasing the amount of hydrated aluminum ox-
ide cannot be explained only by increasing the specif-
ic surface area. Te reactivity growth was caused by an
increase in defects in the crystallites. Greater amount
of aluminum hydroxide on the surface of the particles
allows the formation a sufficiently strong and de-
formable coagulation bonds. This has a positive influ-
ence on the rheological properties of the pastes. An
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increase in MCA time of alumina allows to signifi-
cantly increasing the proportion of plastic defor-
mation &y to yield optimum ratio (Fig. 1). This is ac-
companied by the increase of plasticity Ps, the in-
crease strength of coagulation structure of disperse
systems AN and the reduction of the flow index val-
ues n (Fig. 4b). Note that all rheological parameters
after MCA increases in several times, and these
changes are correlated with the degree of alumina
hydration.
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Fig. 4. Dependences of the parameters of mechanically activated
alumina (a) (1, 3¢, 2,4 —a, 1,2 — addition PVA, 3, 4 — addition-
free PVA) and the rheological properties paste on its basis (b) (1,
4 -Ps,2,5-AN, 3,6 —n, 1-3 — addition PVA, 4-6 — addition-
free PVA) on the time of mechanochemical activation [3]. Ingre-
dients of molding pastes: solid phase is alumina (60 wt.% a-Al203
and 40 wt.% y-Al203), the liquid phase is the 20 wt.% solution of
nitric acid
Puc. 4. 3aBucumoctn napaMeTpoB MEXaHUYCCKN aKTUBUPOBAH-
noro rmuao3ema (a) (1,3 —¢, 2,4 —a, 1, 2 — addition PVA, 3, 4 —
addition-free PVA) u peosioruueckux cBoicTB Ha ero ocHose (b)
(1,4-Ps,2,5- AN, 3, 6 —n, 1-3 — addition PVA, 4-6 — addition-
free PVA) ot BpeMenn MexaHOXHUMH4YeCKO# akTuBanuy [3]. Kom-
MOHEHTHI (POPMOBOYHBIX MACT: TBepaas ¢asa — riuHo3eM (60 Mac.%
a-Al203 1 40 mac.% y-Al203), xxunkas dasa — 20 % pactBop
a30THOI KHCIIOTEI

As was mentioned above, the mill-activators
are differed in the power density magnitude which
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determines largely the MCA effect [1, 2]. In Ref [20]
it was shown that there is an optimal MCA time
which is proportional to the supplied energy. Exceed-
ing this time does not lead to a significant change in
the MCA degree into the given mill, and the MCA
effect is determined by the power of the supplied me-
chanical pulse in the mill. The increase in power den-
sity of a mill (ball < vibratory < planetary) gives a
gradual decrease in the dimension of the coherent
scattering region (CSR) (Fig. 5, a), while the size of
the secondary aggregates does not change [20].
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Fig. 5. Dependences of parameters of fine crystal structure of
alumina (a) (1, 3 — Dcsr, 2, 4 — ¢, 1, 2 — addition of PVA, 3,4 —
addition of paraffin) and the rheological properties of the paste on
its basis (b) 1, 4 — Px1, 2, 5—n3, 3, 6 — ©, 1-3 — addition PVA, 4-6 —
addition Paraffin) on the power density of mills with the impact-
shear loading [3, 21, 23]. Ingredients of molding pastes: solid phase
is alumina (60 wt.% a-Al203 and 40 wt.% y-Al203) and 5wt.%
paraffin, the liquid phase is the 20 wt.% solution of nitric acid
Puc. 5. 3aBucuMocTH TapaMeTpOB TOHKOH KPUCTAJUTHYECKOH
crpykrypsl rarHo3ema (8) (1, 3 — Dcsr, 2, 4 —¢, 1, 2 — no6aBka
MIOJIMBUHHUIIOBOTO CIHPTA, , 3, 4 — no6aBKa napaiHa) H Peoyo-
rHYeCcKuX CBOMCTB Ha ero ocHose (b) 1, 4 —Px1, 2,5-11, 3,6 - O,
1-3 — nobGaBKka MOJMBHUHUIIOBOTO CIIHPTa, 4-6 — mobaBka napadu-
Ha) OT YHEPTOHANPSKEHHOCTH MEJBHHII C YapHO-C/IBUTOBBIM
XapaxTepoM HarpyxxeHus [3, 21, 23]. Kommnonents popmMoBoy-
HBIX [acT: TBepaas (asa — rimHo3eM (60 mac.% a-Al203 u
40 mac.% y-Al203) u 5 mac.% napaduna, xunkas paza — 20 %
pacTBOp a30THOM KHUCIIOTHI
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Significant growth in the microdeformations
value is observed only up to the power density value
of the mill of the order of 4-6 kW/kg. Character
changes defectiveness of alumina particles is correlat-
ed with a change in the rheological properties of
molding pastes based on it. Maximal changes in the
ratio of deformation (Fig. 1), P«, 71 and @ (Fig. 5b)
are observed using the mill with power density of
about 6 kW/kg. Should be noted that all the changes
in the rheological behavior of the pastes have a posi-
tive effect on their moldability. Moreover, using acti-
vators with different power of the applied mechanical
pulse, it is possible to vary the rheological properties
within a wide range. Thus, changes in the rheological
properties is directly related with MCA effect of the
solid phase in the mills-activators, which allows to
increase the amount of binder, that is produced in the
process of preparing paste with stirring powder in a
liquid phase, [3, 5].

It should be noted that the MCA degree
which is required for the effective control by proper-
ties of the pastes can be obtained in the industrial
mills [1, 2].

Fig. 6 shows how the pastes humidity de-
crease, particle size decrease and increase of MCA
degree of solids influence rheological properties of
the molding pastes.

Decrease Increase

Flow index, n

" Power for destruction of the
coagulation structure, AN

Plastic deformation, &
Relaxation period, @
Plasticity, Ps

Maximum plastic viscosity, »,

Critical shear stress, P,

E=S Decreasing the humidity VZZ Reducing the particle size

R Increasing the degree of mechanical activation

Fig. 6. Diagram showing the relative degree of influence of con-
trol modes on the rheological properties of molding pastes
Puc. 6. Jlnarpamma, noxaspIBaromasi OTHOCUTEIbHYIO CTETIEHb
BJIMSIHUSL CIIOCOOOB YIpaBJICHUA HAa PEOJIOTUYECKUE CBOMCTBA
(hopMOBOYHBIX TTACT

CONCLUSIONS

The increase in the dispersion and the MCA
degree of solids particles result in analogous qualita-
tive changes in the rheological properties. Mechano-
chemical activation in the mills allows expanding the
range of variation the pastes properties as compared
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with the grinding. Maximum control effect by the mills does not give the substantial changes in the rhe-
molding properties is achieved when use of mills- ological behavior of the molding pastes. For carrying
activators with an average value of the power density ~MCA of the solid phase, the mills with impact-shear

3-7 kW/kg. A further increase in power density of

loading are recommended to use.
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M3BECTHSA BBICIIIMX YUEBHBIX 3ABEJEHUM.

T 60 (1) Cepus «XUMHUA U XUMHNYECKASA TEXHOJIOI'USA» 2017
[ZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY
V 60 (1) KHIMIYA KHIMICHESKAYA TEKHNOLOGIYA 2017

AJIEKCAHJIP ITABJIOBNY WJIBUH
(x 70-1€THIO CO THA POKICHUS)

6 Aunsaps 2016 r. ucmon-
Huioch 70 JeT 3aBeAyroleMy Ka-
(dhenpoit «TexHOIOrHsI HEOpPTaHH-
YeCKUX BeIecTB», Npod. Anex-
cannpy IlaBnosuuy Unbuny.

Bonpmias yacte XU3HH U
JISATEIILHOCTH, ke Oonee 53 ner,
Anekcannpa IlaBioBuua cBs3aHa
¢ HBaHOBCKMM TroOCyIapCTBEH-
HBbIM XHUMHUKO-TEXHOJIOTHYCCKUM
YHUBEPCUTETOM. 3JIeCh PacKpbLI-
Csl €r0 TAJIAaHT OpraHU3aTopa, yde-
HOT0 U mejarora. 3a 3TO BpeMsl OH
BHeC OOJIBIIION BKIJIAJ B pa3paboT-
Ky TPUOPHUTETHBIX HAIPaBICHUI
HayKd W TEXHHUKH, B CO3JIaHUE U
CTAaHOBJICHMC HAY4YHBLIX HallpaB-
HCHI/Iﬁ, B BOCIIMTaHHUC U TIOAIO-
TOBKY HAay4HBIX KaJ[pOB, B COBEp-
HICHCTBOBAaHHE W pa3BUTHE OOpPa30BATENBHOW Mes-
TCJIBHOCTU YHUBCPCHUTETA. 3T10 BbIpa’XXac€TCsAd B pa3BU-
THW HayYHBIX HAIpaBJICHWH «l eTepoTeHHBIe U TeTe-
POTEHHO-KaTAIMTUIECKHE MPOIIECCHl HA OCHOBE JIHC-
NEPCHBIX METAUIOOKCHIIHBIX cUCcTeM», «Pa3paboTka
TEOPETHYECKUX OCHOB NPUTOTOBIICHUS KaTallN3aTo-
POB C UCIIOJIB30BAaHUEM METO/I0B MEXaHOXHUMUYECKOH
aKTHUBaIlUuH»), «O4YHCTKA TEXHOJOITMYECKUX Ta30B H
HEOPraHWYECKUX KUCIOT», «MeXaHOXUMUYECKUI
CHHTE3 HEOpPTaHUUYECKHX coequHeHMit». [lox ero py-
KOBOJCTBOM U IIPpHU HENOCPEACTBCHHOM Yy4YaCTUH BbI-
TIOJTHEH KOMIUIEKC MCCIIeIOBAaHUI TI0 MEXaHOXHUMUYe-
CKOM aKTHBAallUM OKCHUAOB M THAPOKCHIOB METAILJIOB,
MEXaHOXMMHUYECKOMY CHHTE3Y TBEPIBIX PacTBOPOB U
CIIOXKHBIX OKCHIOB, HWCCIEJOBAaHHI0O M pa3padoTKe
TEOPETUYECKUX OCHOB AKCTPY3MOHHOTO (POPMOBAHUS
KaTaJIM3aTOPHBIX MAacC, CO3JaHHWI0 HAyYHBIX OCHOB
IIPUTOTOBJICHUA KaTaJlU3aTOpOB CMCHIAHHOI'0 THIIA
JUTSL TIPOW3BOJICTBA (OopMaibJieTnaa, aMMHaKa, MeTa-
HOJIa, CEpHOM KHUCIIOTBI, OYHCTKE TEXHOJIOTHUYECKHX
razoB OT MpUMeceH.

UM omnyOnaukoBano Oonee 350 HaydHBIX W
HaY4YHO-METOANYECKUX PaboT, B TOM YHCIE 8 MOHO-
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rpadpun U okoyio 40 aBTOPCKUX
CBUJICTENIECTB U MAaTeHTOB. B pa-
oorax A.Il. UnbuHa chopmynu-
pOBaHbl OCHOBHBIE  MPUHIIUIIBI
WHTeHCH(HUKAIMY ~ MaccoOOMEH-
HBIX MPOLIECCOB HAa PAaHHUX CTa-
WX TIPUTOTOBJICHMS KaTalu3a-
TOPOB, BIEPBbIE B ILIMPOKOM
IUIAaHE MCCIIeIOBAaHbl CTPYKTYpPHO-
MEeXaHW4YeCcKHe CBOMCTBa pa3iuy-
HBIX KaTaJU3aTOPHBIX Macc U
pa3paboTaHbl cHOCOOBI yIIpaBiie-
HUSl PEOJOrMYECKHMHU CBOICTBa-
MU CHCTEM, OTHOCSIIMMCA K pa3-
JUYHBIM  CTPYKTYypHO-MEXaHHUYe-
CKUM THIIaM, HPEAJIOKEH METOX
MEXaHOXMMHUYECKOTO CHHTE3a Ka-
TaJU3aTOpPOB B AaKTHBHBIX TIa30-
JKUJIKOCTHBIX cpenax, paspabora-
HAa ¥ mpouuia anpoOaluio TEXHOJOTHS TITyOOKOU
OYUCTKH JKCTPAKIMOHHOW (OCHOPHON KHUCIOTHI Ha
YIOJBHBIX COpOEHTaX B YCJIOBUSX HHTEHCHBHOTO
MaccooOMeHa.

PaboThl, BEIOTHEHHBIE 10T PYKOBOJCTBOM U
npu HenocpeacTBeHHoOM yuactuu A.Il. Wnbuna, cno-
COOCTBYIOT pa3BUTHIO HAayYHBIX OCHOB IPHUTOTOBJIE-
HUS KaTaJIn3aTOPOB U COPOEHTOB I MPOM3BOJICTBA
aMMHaKa, METaHOJIa, CEPHON KHCIIOTHI, OUUCTKH IKC-
TPaKIMOHHOW (POCHOPHON KUCIOTHI M TEXHOJOIHYE-
CKHMX Ta30B OT BPEAHBIX NpuMeced. Pe3ynbrarsl Hc-
CIEIOBAaHUM BHEAPEHbl Ha pslAe NPEANPHUATHH IO
MIPOM3BOJCTBY MHHEpAIbHBIX yJOOpEHH, aMMHUaKa,
KHCIIOT, KaTaJIn3aTOpPOB.

A.I1. InbnH NOCTOSIHHBIN YYaCTHUK HAYYHBIX
W HAYYHO-TEXHUYECKUX KOoH(epeHmui. Tak 3a rmo-
CIIETHHUE 5 JIET B COABTOPCTBE C COTPYIHUKAMH Ipe-
cTaBlieHo Ooliee 45 MOKIIAIOB HA Pa3NIUUHbIE (POPYMBI,
onyonmmkoBaHo okono 40 crareit, momydeno 11 ma-
TeHTOB P®.

A.Il. nbuH BHEC 3aMETHBIA BKIAJ B pa3BU-
THE XUMHUYECKON HayKU U TEXHOJIOI'MU HE TOJIBKO KaK
YYEHBIH M MEJaror, Ho U Kak pyKoBoAuTelb. B Tede-
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Hue 19 ner oH sBIseTCS 3aBenyrOIMM Kadeapoit
TEXHOJIOTHH HEOPraHWYECKUX BEUIECTB, MOAr0TO-
BHBIIICH 3a 3TOT mepuox okono 1500 crenuamucTos
JUTST XUMHYECKOW MPOMBIIUIEHHOCTH, MHOTHE H3 KO-
TOPBIX PabOTAIOT HA TAKUX KPYIMHEHIIINX XUMUIECKUX
npeanpuaTuiax kak AkpoH, EBpoXum, ®OCAIPO,
VYpanXum u Ipyrux.

A.Il. Unsun gersipexast B 2003, 2008, 2013
u 2016 rr. Obut moOemutenem koHkypca MI'XTY
«JIroOMMBIIi TIpeTIoIaBaTeb.

C 2001 r. mo 2006 r. A.Il. Uneun pabotan
HAYaIbHUKOM Y4eOHO-METOJIUYECKOTO YIPaBICHHUS
UI'XTY, 3amecTturenemM mnpenceaarens y1e0HO-METO-
JMUYIECKOTO COBETa YHHBEPCHUTETa W aKTHBHO 3aHU-
MaJICSl MCCIIENOBAHUSAMH B OOJIACTH BBICIIETO TIPO-
(heccuonanpHOrO OOpazoBanwms. llpu ero Hemocpen-
CTBEHHOM YYacCTHUH Pa3pabOTaHBI M YCIIEIIHO peal-
30BaHbl MPOrpaMMa COBEPIICHCTBOBAHUSI 00pa3oBa-
tenpHON nestenbHOocTH UIXTY, paboune yueOHbIC
TUTaHBI CTICIHATBHOCTH, PEUTHHTOBAs CHCTEMA OIICH-
KH JICATEIIBHOCTH, MPOrPaMMBbl €KETOJAHBIX HAay4YHO-
MeToauueckux koHdepenmit UT'XTY.

A.Il. UnpuH aBTOp OoO)lee 25 y4eOHO-METO-
TUYECKUX M3/IaHnH, 1Ba U3 KOTOPHIX ¢ Tpudom YMO.

A.Il. npuH sBIISETCS 3aMECTHUTENEM IIPEI-
ce/aTelsi COBETA M0 3alluTe JJOKTOPCKUX M KaHIAHIAT-
ckux aucceprauuil [ 212.063.02 u uneHoM nuccep-
tannoHHBIX coeToB I 212.063.06, /1 212.063.05. B
WBaHOBCKOM TOCYJapCTBEHHOM XHMHKO-TEXHOJO-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2017. V. 60. N 1

rudeckoM yHuBepcutere. Ilog ero pykoBoacTBOM
MOATOTOBIECHO 4 NOKTOpa U 13 KaHIUAATOB TEXHHUYE-
CKUX HayK.

A.Il. InpuH HA TIPOTSHKEHUH MHOTHUX JIET SIB-
JIITCSl WIEHOM pEJaKIMOHHOW KOJUIETHMH XypHaja
«3BecTrst By30B. XHMHSI M XUMUYECKas TEXHOJIO-
TUs», €r0 MOCTOSHHO INPHUIJIAIIAIOT B KadeCTBE pe-
LIEH3E€HTa peJaKIM1 BBHICOKOPEUTHHIOBBIX MEKIyHa-
poaHbIX KypHanoB, ¢ 2012 r. Anekcanap IlaBrnoBuy
sIBIIsIeTCSl WieHoM skcrieptHoro copeta UI'XTY mo
TEXHOJIOTMH HEOPTaHUYECKHUX BEILECTB.

HayuHno-nmpakTtuueckas aesTeNbHOCTh AJek-
canapa IlaBnoBuua ormeuena IloueTHoil rpamoTOit
MunucrepcTBa 00m1ero u npodeccnoHaaIbsHOro 00pa-
3oBanus Poccuiickoit ®@enepaunu 1998 r., Harpyn-
HbIM 3HaKoM «llodeTHbIl PaOOTHUK BBICLIETO MPO-
(heccuonanpHOTO 0OpazoBanms Poccum» 1999 r., [lo-
YeTHOW rpamMoToli rydbepHaTopa MBaHOBCKO# oOnacTu
2005 r. 3a JOCTUTHYThIE TPYAOBBIE yCIIEXH U MHOIO-
JIETHIOKO TUIOAOTBOPHYIO AesiTenbHOoCTh A Il MnbuH B
2014 r. HarpaxaeH O0JIarOJapHOCTHIO MPE3UICHTA
Poccuiickoit @enepannu B.B. [Iytuna.

Komnextus kademper «TexHomoruss Heopra-
HUYECKUX BELIECTBY» U pelaKLMOHHAs KOJUIETUS XKyp-
Hana «M3Bectus By30B. Cepust «XUMHUS U XUMHUe-
CKasg TEXHOJOTHSD CEpJIEeYHO MO3APABISIOT I00MIIpa
U JKENAIOT €My 3J0POBbSl M AaJbHEHIINX TBOPUECKHX
yCcTexoB!
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OCHOBHBIE ITIPABHJIA O®OPMJIEHUS CTATEN

B xypnane "M3BecTus BeICIINX yueOHBIX 3aBefeHUH" cepun "XuUMHS 0 XUMHUYECKask TEXHOJOTHs" IIe4aTaloTcsl pa-
0OTbI COTPYTHUKOB BbICHIMX yueOHbIX 3aBeenuit PO u PAH, a takxke crpan CHI u qpyriux HHOCTpaHHBIX aBTOPOB.

OcHOBHBIE pYOpPHKH KypHaa:

. X¥MHs HeOpraHUYeCKast, OpraHNIecKast, aHATUTHIECKasl, pru3ndeckasi, KOJUIOHIHAsI, BHICOKOMOJICKYJISIPHBIX COSIMHEHHH.
. XuMHUUecKas TEXHOJIOTHS HEOPTaHUIECKNX M OPTaHUIECKUX BEIIECTB, TEOPETHIECKUE OCHOBEL.
. DKOJIOTHYIECKHE MPOOJIEMbI XUMUH U XUMUYECKON TEXHOIOTHH.
. O630pHEIE CTaTHU.
. Kpatkue coobmienus.
. Hayunsle n MeToandeckue mpoOIeMsl.
. [luceMa B penakuuto.
. XpOoHHUKa.
CraTbu, HanpagJseMble B )KYPHAJI, 10JKHbBI Y10BJIETBOPATH CJleIyIONIUM TPeOOBaAHUAM:

1. PaGora nomkHa oTBe4aTh MpoduIIto XypHaia, 001aaaTh HECOMHEHHOW HOBU3HOM, OTHOCUTBCS K BOIPOCY IIPO-
OJIEMHOTO 3HaueHHUs, UIMETh MPHUKJIAIHOE 3HAYCHUE W/MJIM TeopeTHYeckoe o0ocHoBaHue. Bonpoc 00 omyOnuKoBaHUU CTa-
ThH, €€ OTKJIOHEHUH pelllaeT pelaKIMOHHAas KOJIIETUS )KypHaJla, U ee pellIcHHUE SBISIEeTCS OKOHYATEIbHbIM.

2. CtaTh¥ OJDKHBI MPEJCTABIATh CKATOE, YETKOE U3JIOKEHUE MOJYYEHHBIX aBTOPOM PE3yJIbTaToOB, O3 MOBTOPEHUS
OJTHMX M TE€X )K€ JaHHBIX B TEKCTE CTaThH, TAOJIUIAX U PUCYHKaX.

3. Bce mpencraBieHHBIC CTaThH JOJDKHBI OBITH OATOTOBICHH 14 Kersgem mpudra "Times New Roman', un-
TepBax —1,5. [Mosst: BepxHee-2 cM, jieBoe-3 cM, HUKHEe-2 cM, mpaBoe-1,5 cM. OObeM cTaTbu He JOJDKEH MPEeBbINIaTh 12
CTpaHMII TEKCTa, BKIFOYAsl CIIHCOK JUTEPaTyphl, TAOMUIEI (He 6osee 4, mupuHa - 8,4 cM) U pucyHkd (mpuHa — 8 cm),
YHCIIO KOTOPBIX - He OoJee 4, BKIIOYAsi PUCYHKH, ITIOMEYEHHbIC OyKBaMu, a, O 1 T.1. PHCyHKH, TaGJIMIbI, a TakKe HOAITUCH
MOJI PUCYHKaMH, 3arOJIOBKH W NPUMEYAHUs K TaOJMIaM HAa PYCCKOM M aHIVIMICKOM SI3bIKAX JOJDKHBI pa3MeIaThesl B
Tekcre craThi. B paznen "KpaTkue cooOmeHns" MpUHAMAIOTCS CTaTh 00BeMOM He Oolee 4-X CTpaHHUI] TeKCTa, | Tadmu-
bl ¥ 2-X pUCYHKOB. B pazzien "O0630pHbIe cTaThy" MpUHUMAETCS Marepual, oobeMoM He Oonee 30-u ctpanul. B pasnene
"[TuceMa B pepakiuo” myOIMKYIOTCS CTaThH, COAEPIKAIINE MPHHIMITHAIBHO HOBBIC PE3yJIbTaThl 3aSBOYHOTO XapakTepa.
B 3aro10BOK cTaTbU M aHHOTALMIO He cJeAyeT BBOAUTH (POPMYJIbI M COKPALIEHHUs, TaXKe 0OUIeynoTpeOHTEIbHbIE.
Crnenyer n30erate ynorpeOJieHHs] HEOOIENPUHATHIX COKpaleHuil. IIpun mepBoM yHOMHHAHHUM COKpAIEHHOTO TEpMHHA
00s13aTeNIbHO TIPUBOJIUTCS €T0 paciI(poBKa B MOJIHOM BHJIE. PyKONMCHBIE BCTaBKU HE JIOMYCKAIOTCS.

4. CTpykTypa cTaThu. B BepxHeM IpaBoM YTy HEOOXOIUMO NMPOCTABUTh MHIECKC MO YHHUBEPCATbHON JECITUYHON
kinaccudukanym (YK). Crates 1opKHA HAYMHATHCSA ¢ MHAIMAIOB U (aMIIIMH aBTopa (He Oosee 6 ded.), 3aTeM Ha3BaHHE
CTaTbH, PACIIMPEHHAs] aHHOTAalUs MOJY>KHUPHBIM KYPCHBOM (AHHOTAIMS He AO0JI)KHA NMOJHOCTBHIO Ty0,IMPOBATH BBHIBOABI
CTaThbH), OTPAXKAIOIIasl OCHOBHOE COJEpKaHUe CTAThH, KIIOUYEBBIC CJIOBa CTaThH. [lajee yka3bpIBaeTCs BCS MPEIbIAYIIAs WH-
¢dopmanust (PUO aBropa, Ha3BaHME, PACIIMPEHHAsT aHHOTALMS, KIIIOUEBbIC CJI0BA) Ha aHIIMICKOM s3bIKe. AHHOTALUS He
J0JKHA 0bITh MeHbie 200 c10B! 3aTteM cleayeT TeKCT CTaThH, B KOTOPOM JOJDKHBI OBITH BBIJIETICHBI CIIEAYIOLINE Pa3/eibl:
BBE/ICHHE, METO/IMKA YKCIIEPUMEHTA, Pe3yIbTaThl U X 00CYXKICHUE, BBIBOJBI. 3aKaHUMBACTCS CTAThs! CIIMCKOM ITUTHPOBAH-
HOHM JIUTEpaTyphl B 2 BapHaHTax: | BapHaHT BKIIOYAET PYCCKHE M aHTIMHCKHE UCTOYHHUKH B OPUTHHAJIBHOM HAITUCAHUH, 2
BapUaHT — BCE MCTOYHUKH JOJKHBI OBITh yKa3aHBl Ha aHIIMIICKOM si3bIKe. 11071 CITMCKOM JIMTEpaTyphl CpaBa yKa3bIBalOTCS
cioa: "Iloctynuia B penakimio”. Pykonuce nomkHa OBITH OJIIMICaHa BCEMH aBTOPAMH € YKa3aHHUEM JaThl OTIIPABKH.

5. B penmakiuro mpeacTaBisIIOTCS 3NEKTPOHHBIM HOCUTENh C MaTeprallaMi CTaThU M JIBa SK3eMIUISIpa UX pacredar-
ku. ConepkaHue SIIEKTPOHHOTO HOCHTENS M pacHedyaTKH JOJDKHO OBITh MACHTUYHBIM. B ciywyae oOHapy)KeHHUS HEWICH-
TUYHOCTH MEXJy OyMaKHBIM M 3JICKTPOHHBIM HOCHUTEIISIMH BEPHBIM CUHMTACTCS JJIEKTPOHHAsI BEPCHSI CTAThbH. DIJICKTPOH-
HBII HOCUTEIIb I0JDKEH OBITH BIIOKEH B OTJICJILHBIN KOHBEPT, HA KOTOPOM YKa3bIBAlOTCS aBTOPHI M Ha3BaHUE CTAaThH.

K craTtbe 101HBI OBITH NPHJIOKEHBI:
1. Pa3pemienue (HanpasiieHHE) BBICIIEr0 y4eOHOTO 3aBeieHHs WIIM HHCTUTYTa AKajeMun Hayk P® Ha onmyOirkoBaHue.
2. JlokyMeHTanusl, NOATBEPXKIAtoNasi BO3SMOXKHOCTb OTKPBITOTO OITYyOJIMKOBAaHHS MaTepuala CTaThH.
3. JloroBop o nepenade aBTOPCKUX MIPaB.
4. Ceegenust 00 aBTopax (momHOCTHI0 @.M.0., yUeHas cTeneHs, 3BaHue, T0JDKHOCTh, HA3BaHWE OPTaHU3AINH U TIOIpa3ie-
JISHUH, MTOJTHOM aapec opraHu3aIy ¢ YKa3aHueM UHeKca, TenedoH, e-mail) Ha pycCKoM M aHTIUHCKOM si3bikax. Heo0xo-
MO yKa3aTh aBTOpa JJIS IEPETHCKH.

CTATBH HA AHTJIMMCKOM SI3BIKE PACCMATPUBAIOTCS BHE OUEPEJIA

OdopmieHue JUTEPATYPHBIX CCHLITOK

O N A~ W

Bce pycckosi3blUHbBIE JUTEPATYPHbIE HCTOYHUKH J10JKHBI ObITh YKa3aHbI HA PYcCKOM U (OTJIEJBHBIM CIIMCKOM)
HA aHTJIHIicKOM si3bikax. U3naHusi, KOTOpbIe He ePeBOAATCS, HE00X0UMO YKA3aTh TPAHCAUTEePalell B COOTBET-
CTBHMH C 00IIENPHHATHIMHA MEKIYHAPOAHBIMH NPABHJIAMHE, B KOHIIE KAKI0I0 TAKOr0 HCTOYHHKA J0JKHA CTOSATh
noMeTka (in Russian).

(cm. http://www.cas.org/expertise/cascontent/caplus/corejournals.html).
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OBA3ATEJIBHO yka3zanne DOI 1151 HCTOYHMKOB JTUTEPATyPBhI

» Jlnd KypHaJbHOU CTAaThM JOJDKHBI OBITh yKa3aHBI (DaMHIMK M MHHUIMAJIBI BCEX aBTOPOB, HAa3BAaHUE CTATbU, COKPAUEH-
HOe HA36aHUe HCYPHALA, TOMT, HOMEP TOMa, HOMEp WITH BBIYCK, ctpanuisl 1 DOIL: 10.6060/2012.01.01.

Hanpumep: MapTtbeinoB M.M. MeTo onpenencHns XUMHIECKOTO cocTaBa. HM36. 8y308. Xumus u xum. mexronozus. 2010.
T. 53. Bem. 5. C. 123-125. Martynov M.M. Method for determining of chemical composition. Izv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2010. V. 53. N 5. P. 123-125 (in Russian).

» JIns KHUT JOJDKHBI OBITH YKa3aHbl ()aMWJIMU ¥ MHULKAIBI BCEX aBTOPOB, Ha3BaHWE KHUTH, MECTO M HAaMMEHOBAHUE H3-
JaTenbcTBa, TOA W3JaHMA, KOJIWYECTBO CTpaHull. B aHrnuiickod TpaHCKpPUNLUHU Ha3BaHWE KHUTHU IEPEBOAUTCS, BCE
OCTaJIbHbIE BBIXO/IHBIE JJaHHbIE HEOOXOMMUMO YKa3blBaTh TpaHciaurepanueil. Hanpumep: MapteinoB M.M. PenrreHorpa-
¢ust momumepos. J1.: Xumus. 1972. 93 ¢. Martynov M.M. Radiography of polymers (nepesooumcs). L.: Khimiya. 1972. 93 p.

» Tesucsl noknanoB u Tpyasl koHbepennuit: Hanpumep: Mapreinos M.M. Ha3zanue noxnana. Tes. goxn. VII Hayun.
koH(. (momHOe Ha3BaHme). M.: M3n-Bo. 2006. C. 259-262. MaptrinoB M.M. Hazpanue noxmana. Co. tp. HazBanue xoH-
¢epenmum. T. 5. M. 2000. C. 5-7.

* ABTOpCKHE CBHAETENbCTBA M MaTeHTH: Hampumep: MapteiHoB M.M. A.C. 652487 P®. B.1. 2000. Ne 20. C. 12-14.
MaptbinoB M.M. I1atent P® Ne 2168541. 2005.

» Jlenonuposanue: Hanpumep: Maprbeinos M.M. Hazpanue. M. 12¢. len. B BUHUTU 12.05.98. Ne 1235.

* Ha guccepraunuu u apropedepaTsl CChUIATHCS 3AMPENIACTCS.

Ilpu oghopmnenuu unocmpannoi 1umepamypst HEOOXOOUMO RPUOEPIHCUBAMBCA MEX IHee NPABUIL, YO U O PYCCKO-
AZBIYHBIX UCHOYHUKOS. BMecmo cumeona «Ney ¢ anznuiickom azvike cmagumcsa 6ykea « Ny

Hanpumep: Martynov M.M. Method for determining of chemical composition. Heterocycles. 2003. V. 7. N 11. P. 1603-
1609. DOI: 10.6060/2012.01.01.

ABTOpI)I JOJIDKHBI, II0 BO3MO>XHOCTH, n30eraTh CCHUIOK Ha TPYAHOOOCTYITHBIC U3OaHUS. He AOIMYCKAITCHA CCBIJIKM HA HE-
ony0JIMKOBaHHbIe PadoOTHI.

ABTOpaM He00X0AUMO cO0JIIIATH CJIeAYIOLIHe IPAaBUJIA:

1. Crathst gomkHA OBITH MOrOTOBICHA HA KoMIIbIoTepe B hopmare MS Word for Windows. Habop Tekcra HaunHaeTcst ¢
JIEBOTO Kpast, abzarl - 15 M.
2. HE JOITYCKAETCHI: npuMeHeHne CTHIICH Ipu GOpMUPOBAaHUU TEKCTa; BHOCHTh N3MCHEHHS B MAOIOH WK CO3/IaBaTh
CBOM 1711 JOPMHUPOBAHUS TEKCTA; PA3PsAKU CIIOB; UCIOJIB30BAHNE MPOOEIIOB TIepes 3HaKaMH (B TOM YHCIIE - BHYTPH CKOOOK)
NpEeTMHAHMS, TI0CIIe HUX CTaBUTCS OJIMH Mpolest; npuMeHeHue onepanun "BeraButh koHel crpaHuipl”; dopMupoBanue pu-
cyHKa cpeacrBamu MS Word.
3. CrioBa BHYTpH ab3a1ia pa3aessiTh OJHUM [IPOOEIOM; HAOUPATh TEKCT 0€3 MPUHYIUTEIbHBIX IepeHOCOB. IIpockba: n3be-
raTth Neperpy3Ku crareil OOJbIINM KOJIMUYeCTBOM (hOPMYJI, PUCYHKOB, rpadMKOB; sl HAOOpa CUMBOJIOB B (hopMyJiax pe-
nakropoB MS Equation (MS Word) ucrniosnb3oBars ycranoBku (Ctuiin/Pa3Mepbl) TOJNBKO O YMOIYAHUIO.
4. Tpaduyeckue MaTepualibl BBINOJHIOTCA 4epHo-Oesnbimu! I'paduxu mpunumaroTcs B perakropax MS Excel,
Origin, crpykrypubie ¢popmyast B ChemWind. dpyrue dopmarsl IPHHAMAIOTCS TOJABKO € TUCTPUOYTHBAMH PeIaK-
TOpoB. @oTorpadun npurrMarotcs B Gopmate jpg, tif, pazpemennem aist yepHo-o6eabix 300 dpi, cepnix 450 dpi.

Pucynku u ¢popMyIibl o mHpHHE He AOTKHBI MPEBbIIATH 8 CM, ITPU 3TOM HX MIPUQPT JOIHKEH COOTBETCTBOBATH
11 mpudpty MS Word. YV pucyHKOB He TOIKHO OBITh paMKH U ceTkd. O003HaYCHHE TIEPEMEHHBIX Ha OCAX (MCTIONB3YIOTCS
TOJIBKO CHMBOJIBI U Yepe3 3alATyI0 M Ipo0er — pa3MepHOCTh) CIIEAYeT Pa3MeNaTh ¢ BHEIITHEH CTOPOHBI pHUCYHKA (TaKke
Kak [uQpsl), a HE B IOJie PUCYHKA, B KPYIJIBIX CKOOKax HEOOXOIMMO yKazaTh pa3MEpPHOCTh Ha aHIJIMHCKOM S3BIKE.
Hanpumep: ocb cienyer obo3HauaTs t, MuH (min) (a He Bpemst, MuH). DKcriepuMeHTaIbHBIE KPUBBIE JTOJDKHBI OBITB ITPO-
HyMepOBaHbI (He OyKBaMu) KypcusHsim TpupToM. Bee mosicHeHnst He00X0ANMO JaTh TOIBKO B MTOIPUCYHOUHON MOJIIHCH.
Hukakne nereHipl 1 KOMMEHTapuH B 1oJie Tpaduka He JOIMTyCKaroTCsA. PUCYHKH MOIDKHBI OBITH BBIIIOJIHEHBI C TOJIMHOM
JuHUi He menee 0,75 nT.

Cmambu, nO020N08]1eHHbLE De3 COOI00eH U YKA3aHHbLX mpe606anuﬁ U IMUKU HAYUHbBILX nv6ﬂul<auuﬁ, peoaxuueil
Heé paccmampuearomca U He 6o3epaniaromci

Hudopmanus 06 onyOIHMKOBaHHEIX HOMEpaX pa3MelaeTcs Ha opuimanbHoM caiite xypHana: CTJ.isuct.ru

PenakuuoHHas KoJJIETHS U PelaKLMs KyPHAJIa B cBoel 1eITeJIbHOCTH PYKOBOJACTBYIOTCS MeKAYHAPOIHBIMH 3TH-
YeCKMMH NMPaBUJIaMH HAYYHBIX MyOJUKANHU, BKJIIOYAONINMH MPABUJIA MOPSA0YHOCTH, KOH(PpHIeHINAILHOCTH,
HaJ30pa 32 MyOJIMKANUSIMH, Y4eT BO3MOKHbIX KOH()JUKTOB HHTEPecoB H Ap., ciieays pekoMenganusmM Komurera

MO0 3THKe Hay4YHbIX nyOaukanuii (Committee on Publication Ethics)
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MAIN REQUIREMENTS FOR MANUSCRIPT SUBMISSION

Journal “Izvestiya Vysshikh Uchebnykh Zavedeniy. Seriya “Khimiya I Khimicheskaya Tekhnologiya” publishes
the studies of employees of Institutes and Universities of RF, RAS, and CIS and other foreign authors.

The main Journal headings:

Inorganic, organic, analytical, physical, and colloidal chemistry and chemistry of high-molecular compounds;
Chemical technology of inorganic and organic substances, theoretical foundations;

Ecological problems of chemistry and chemical technology;

Reviews;

Short communications;

Scientific and methodological problems;

Letters to editorial board,;

News.

N~ WM E

Manuscripts which are submitted to Journal must satisfy the following requirements:

1. The study has to correspond to Journal specialization, to have the certain novelty, to have problem meaning,
to have applied value and theoretical foundation. Editorial board solves the question on publication or rejection of article.
That decision is final one.

2. The articles have to present the condensed and clear description of results obtained without repetition the
same data in the article text, Tables and Figures.

3. At the beginning of article (under a title) in the upper right corner it is necessary to print the index of univer-
sal decimal classification (UDC). The article must start with initial and family of authors (not more than 5 persons). After
that the organization name where study was carried out and E-mail is pointed out. Before main text the short annotation is
printed with the bold italic. The annotation has to reflect the basic content of article. Under annotation it is necessary to
write the article key words. The text should be included introduction, description of experimental methods, results and
their discussion, and conclusions. The article is finished by the list of references. Under the list of references on the left the
department title is written. On the right it is necessary to write “Received to editorial office”. The manuscript should be
signed by all authors.

4.  All submitted papers should be printed with the 14 font of "Times New Roman". The line space is 1.5. Arti-
cle volume cannot be more than 10 pages of text including references, tables (amount is not more than 4, 8.4 cm of width)
and figures (8 cm of width). The amount of figures cannot be more than 4 including figures marked as a,b,c etc. Margins
are the following: upper — 2 cm, left — 3 cm, lower — 2 c¢m, right — 1.5 cm. The volume of short communications is not
more than 3 pages of text, 1 table and 2 figures. The volume of Reviews cannot be more than 30 pages. In Letters to edito-
rial board the articles containing newest results are published. The article title and annotation cannot include formulae,
abbreviations even in general use. It is necessary to avoid abbreviations which are not in general use. At the first use of
abbreviation it is obligatory to decipher it in complete form. Handwritten inserts are not allowed.

5. Authors send the electron carrier with the materials of paper and two printed copies. The content of electron-
ic version and printed one should be identical. In a case of discrepancy of both versions the electron version of the article
will not be considered. The electron version will be considered as the right in a case of slight discrepancy of both versions.
The electron carrier should be inserted in a separate cover. Authors and article title are indicated on the cover.

To manuscript the following materials should be supplemented:
- Author’s families, article title, annotation, figure captions, headlines, and notes for Tables have to be prepared using Eng-
lish and Russian languages! (It is necessary to prepare the separate file on electron carrier and printed copy!)
- Permission of organization for publishing
- Documents confirming the possibility of open publication of article materials
- Recommendation of appropriate department in a form of certified extract from the minutes of department
- Data on authors (Surname, first name, patronymic, scientific degree, title, position, home address, home phone, office
phone, E-mail).

Submission of references. It is necessary to submit two versions of references. One of them is Russian and another —
English. In Russian version the English and Russian articles are written as is. For English version the Russian pub-
lications which are not translated are written with transliteration according to generally accepted international
rules. In the end of every such publication it is necessary to write (in Russian)

(see http://www.cas.org/expertise/cascontent/caplus/corejournals.html)
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*For Journal paper - surname, initials for all authors and article title should be pointed as well as abbreviated Journal
name, year, volume number or issue, pages and DOI. For example, Martynov V.V. Radiography of polymers. High
Energy Chemisty. 2010. V. 52. N 5. P. 123-125 (in Russian). DOI: 10.6060/2012.01.01. Instead of Ne symbol it is
necessary to use symbol N for English version.

In some cases the Journal has English version. If you use this version it is necessary to write the output data and Journal
name as in English version. In this case (in Russian) is not written.

» For books it is necessary to write surname, initials for all authors, book title, place and publisher name, year, and
amount of pages. For example, Martynov M.M. Radiography of polymers. L.: Khimiya. 1972. 93 p. (in Russian). (in
Russian) is not written if the book was printed in foreign language (not Russian).
* Theses of presentations and proceedings of Conference. For example, Martynov M.M. Title of presentation. Theses
of presentations of VII Scient. Conference (Full name). M.: Publisher. 2006. P. 259-262 (in Russian). Martynov
M.M. Title of presentation. Proceedings of Name of Conference. V. 5. M. 2000. P. 5-7 (in Russian). (in Russian) is
not written if the Theses or Proceedings were printed in foreign language (not Russian).
* Inventors certificate and Patents. For example, Martynov M.M. RF Inventors certificate 652487. B.I. 2000. N 20.
P. 12-14; Martynov M.M. RF Patent N 2168541. 2005.
* Deposit manuscript. For example, Martynov M.M. Title. M.: Dep. VINITI. 12.05.98. N 1235;

At submission of foreign literature it is necessary to follow the rules as for Russian literature

Authors should be avoided the references on difficulty accessible publications something like extended abstracts

of dissertations, Proceedings of local conferences etc. It is not allowed to use the references on unpublished works and on
extended abstracts of dissertations and dissertations itself.

1.
2.

Authors should be used the following regulations:
The article has to be submitted applying MS Word for Windows. Text starts from left border. Indention is 15 mm.
It is not allowed: style application at text forming; introducing the changes in template or creating the own template;
word spacing; application of gaps in front of punctuation marks (including inside of brackets); after punctuation marks
the one space is done; application of operation “Insert to the end of page”; making the figures by tools of MS Word.
The words inside paragraph necessary to separate by one space. The text should be written without forced hyphens. We
ask: do not overload the article with the large amount of formulae, figures, and curves. Apply for formula making in
MS Equation (MS Word) the sets (Styles/Sizes) on default only.

. The graphic materials have to be made as black-and-white. Figures are accepted at applying of MS Excel, Origin only.

For making of chemical formulae it is necessary to use ChemWind. Other systems are allowed together with author’s
distribution disk. Photos are accepted in tif format. Resolution for black and white photos is 300 dpi, for color one —
450 dpi.

The width of figures and formulae cannot be more than 8 cm. Their font has to correspond to 10 font of MS Word. For
figures the frames and nets are not allowed. Designation of axis variables (the symbols are used only, then comma,
then 1 space, and dimension. For example, t, s) is placed at outer side of figure as well as the numbers. It is not allowed
to make these designations into figure field. The experimental curves have to numbered with italic font. All explana-
tions are given in figure capture only. No legends and comments are allowed in figure field. The figures have to make
using line thickness of not less than 0.75.

The editorial office does not consider the articles submitted without observance of the requirements mentioned above. In

this case the manuscripts are not returned.

The information on published issues is placed on Journal official site: CTJ.isuct.ru

The Journal operates in accordance with the international publication ethics principles, including but not limited to privacy

policy, vigilance over the publications, consideration of possible conflict of interests, etc. The editorial board follows the recom-

mendations of the Committee on Publication Ethics
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