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SYNTHESIS OF ETHERS AND ESTERS OF VICINAL TRIAZOLES

The way for synthesis of bi and poly cyclic triagatontaining systems cross-linking with
ether and ester functional fragments was propos@éée tested the way including the synthesis of
poly nuclear azole-containing ensembles by meanstrahsformation of terminal —-N and —
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C=CH groups into heterocyclic structures. Initial sintdes for such transformation were diazides
or diacetylene esters. The synthesis of ethers asters containing 1,2,3-triazoles and other
hetero cycles was carried out. Ethers and estersensynthesized with the selective reaction of
1,3-bipolar cyclic attachment of organic azides tiiple bond of initial precursors. Esters were
synthesized with nucleophilic substitution of haleg-ion in molecules of appropriate
chloranhydrides of 1,2,3-triazolecarboxylic acids a reaction with various mono and poly atomic
alcohols including heterocyclic compounds. Conceations of initial reagents, synthesis
conditions (time, temperatures etc) and productlggeare given. Composition and structure of
synthesized compounds was confirmed by NMR, IR spscopy and elemental analysis. Data
on characteristic features of MNR (acetonéH, DMSO- **C) and IR spectra for synthesized
compounds are given. The elemental composition agkted on chemical structure and obtained
from elemental analysis agrees well.

Key words: vicinal triazoles, organic and inorganic azidesstglene compounds, ethers and ester,

cycloaddition reaction

[pomomkast uccnenoBaHus B 00JIACTH CHHTE3a
(YHKIMOHAIBFHO 3aMEIIECHHBIX Aa30JICOJEPIKAIINX T10-
ausiiepHbIx cucteM [1-3], Hamu ObUT NMpEAJIoKeH Ba-
pHaHT ToAxoAa K OW- W TOJNUIMKIMYECKUM TpHUa-
30JICOZICPIKAIIM CHUCTEMaM, CIIUTBIM MPOCTHIMH H
CITOKHO3(DUPHBIME (HDYHKIIMOHATEHBIME (hparMeHTaMH.

CuHre3 mpocThiX 3¢upoB a3oinoB [4], B yact-
HOCTH, 1,2,3TpHa30jIoB, B Psjie CIydacB OCYIIECTB-
JSIETCSl TI0 TPATUIIMOHHBIM CXEMaM W3 COOTBETCTBY-
IOIIUX TAJOTCHITPOU3BOAHBIX H aJIKOTOJIATOB CITUPTOB
WIA CIUPTOB B IMPHCYTCTBHH INEIOYHBIX ArCHTOB.
OJ1HaKO JTAaHHBIHA MOJIXO/T OTKPBIBAET JIOCTYIT TOIBKO K
N-3amenieHHBIM a3ommGUpaM, B TO BpeMsl Kak
HAUOOJBIINI MHTEPEC BBI3BIBAIOT A(PUPHI, a30JIbHBIC
IIAKJIBI KOTOPBIX uUMeroT cBobomnyro NH-byaKImo,
OTIPEIEIISIONIYI0 BO3MOYKHOCTh MX JAIbHEHIIETro BO-
BJICUCHUS B pasivuHble peakiuu (Hampumep, 3ame-
IICHHE TIPH aTOME a30Ta MHUPPOIHHOTO THIIA), & TAKIKE
MIPUTAIONIYI0O UM HEKOTOPBIE OCOOCHHOCTH B (pu3Hde-
CKUX cBoiicTBax. Mcxons u3 3Toro, HaMu ObLIa OIpo-
0oOBaHa cXeMa CHHTE3a MONMSJIEPHBIX a30JICoJepkKa-
X ancaMmOJei, KoTopas 3aKiIodaeTcst B Tpancdop-
Marmu TepMuHaIbHbIX —Ns 1 —C=CH rpynn ucxoa-
HBIX 3(QHUPOCOAEPKAIMX COCAMHEHHH B T'€TEPOLMK-
JMYECKUE CTPYKTYPHI.

HcxXomHBIMU CHHTOHAMH JJISI TaKOTO pojia
MPEeBpACHUN TIOCITYKUIIN THA3UIBI MW JHAIlCTHIIC-
HoBBbIe ¢upbl. Tak, nuasun 3-okcuneHrana (1) BeTy-
naer B peakuuio 1,37IMNOISIPHOTO IHKIOMPHCOCH-
HeHHS ¢ (eHWIaneTwieHOM Mo 00euM a3WIHBIM
rpymmnam ¢ oopasoBanueM 1,56uc(4-hennn-1,2,31pu-
a30J11)-3-0KCUTIeHTaHa (2), a peakiys AUIpONapru-
soBoro 3¢upa (3) ¢ densumasumom (4a) IPHUBOAMT K
1,3-6uc(4-6eu3nn-1,2,3Tprua3oiuin)-2-0KCH-TIPOTIaHy
(5) (cxema 1).

CuHTE3 CIOXHBIX J(PUPOB BHUIIMHAILHBIX
TPHA30JIOB, TI0 AHAJIOTUH C MPOCTHIMH 3QUpaMu, ObLI
OCYIIECTBJICH HAa OCHOBE PEAKIMU LUKJIOMPUCOCIH-
HECHHUS OPTaHUYECKHUX a3UJ0B K MOHO- U JIMAIICTHJICH-
colepKallliM CIIOXKHBIM dupaM (cxema 2). DTHHUII-
3aMelIeHHbIe ClIoXHBIE 3¢upsl MoHO- (6, 10 u au-
KapOOHOBBIX (8) KHCIIOT NPHCOCAMHSIOT OpraHuye-
ckue asuasl 4a-d K aleTHIEHOBBIM (pparMeHTaM C
obpazoBanneM 3(QUPOB, HECYIIUX TPHAZOJIHHBIC ITHK-
aet (7, 9a-c, 11h. B mocneaHem ciyyae UCIOIb30Ba-
HHUE HpomaprujioBoro a¢upa 2-benumi-1,2,31puaszol-
4-un xap6ouoBoit kucmothl (10) mo3BoJIsIET MOTyYaTh
CIIOXHBIE d(QUPHI, COACp)KALIME B OJHOH MOJICKYJIe
pas3IuyHbIe 10 NpUpoe (BHI- U CUMM-) TPUA30JIbHBIC
kel (11b) (cxema 2).

PhC= CH P G
N/\/O\/\N _— Ph—-</\’/\l 2 ,\\l/yph
PhMe, - N—
100°C N=N =N
p Ph
_PhCHNj4a
HCX _CH
\\/O\// PhMe, j\/ \/E
3 100°C
Cxema 1
Scheme 1
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Hpyrum crocoboM (OpMHUpPOBAHUS CIIOKHBIX
TPUA30JICOJCPKAIMX I(PHUPOB  SBISICTCS PEaKIUs
XJIOPAHTUJIPHUJIOB TPHA30JIMIKAPOOHOBBIX KHCIIOT C
THIPOKCHMETHIITPHA30JIaMH U TIIMKOJIAMHU (cxeMa 3).
Tak wHarpeBanue xjopaHruapuaa 2-penmn-1,2,3-
Tprason-4-ua kapboHosoi kuciaotel (12) ¢ rerepo-
MUKJIAYeCKAMHU cupTaMu 13a-C B MPUCYTCTBUH TIH-
puaMHA B cpene OeH30ia WM TOJyojia MPUBOIHUT K
00pa30BaHMIO CJIOKHBIX a30JIMI3aMENICHHBIX 3()UpPOB
11a-cC BEIXO0M IIENIEBBIX BEIICCTB B HHTEpBaje S54-
62%. B3aumoneiicTBue 3TOro ke xjopaHruapuaa 12
¢ riukonsMu 14a-d mpHBOOUT K CHMMETPUYHBIM
crpykrypam 15a-d, B korophix 1,2,3Tpua3oibHbIE
[UKJIBI CBSI3aHBI Yepe3 METUIICHOBBIM, STHHIIHHBIN 1
reTePOLUKINYECKHE (PYHKIIMOHATIBHBIE MOCTHKH.

ITepexoq OT TMHEHHBIX TUOJIOB K T€TEPOLIUK-
JUYeCKuM, Hampumep, 4,5auruapoxcumerni-l,2,5-
okcaauazony (14c) wmm  4,5surunpoxcumerni-1-
oen3ui-1,2,3gpuazony (14d) mokasan, 4To BO3MOXK-
HO (opMUpOBaHME CHCTEM, COJIEPXKANIUX TPU pas-
an4HBIX Terepormkia 15c,d BsaummoneiictBue awm-
xyopanrunpuna 1-6ensmn-1,2,31puazon-4,54n kap-
60HO0BOM KHCIOTH! (16) ¢ TMAPOKCHMETHITPHA30IaMU
pasM4HOro cTpoeHus 13a-CB MPHUCYTCTBUH TAPHIH-
Ha MPOTEKAeT C 3aMelIeHHeM 000MX aTOMOB XJIopa U
o0pa3oBaHHEM OKHIAEMBIX CIOXHBIX 3(upoB 17a-C.

Takum 00pazoM, B pe3ysbTaTe MpOBEICHHOM
paboThl OBIT OCYIIECTBIIEH CUHTE3 MPOCTHIX U CIIOXK-
HBIX 3QupoB, comepxammx 1,2,3TpuazonsHble U
JIpPYTHE TETEPOIUKIILI; 1) IPOCTHIE M CIOKHBIE H(PUPHI
OBLIM CHMHTE3MPOBAaHBI peakiued cenekTuBHOro 1,3-
JMIIOJSIPHOTO  IIMKJIOTIPHCOCANHEHUSI OPTraHUYECKHX
a3uJ0B K TPOMHOM CBSI3U HMCXOJHBIX IPEKYPCOPOB;
2) ciokHBIE dPUPHI — HYKICO(QUIBHBIM 3aMEIIEHAEM
raJloreH-MOHa B MOJICKYJIaX COOTBETCTBYIOIIUX XJIO-
pauruapunoB 1,2,31pua3onkapOOHOBBIX KHCIOT B
peakuu ¢ pasHOOOpPa3HBIMH OJIHO- ¥ MHOTOATOM-
HBIMH CIIUPTaMH, B TOM YHCJIC U TETCPOLUKINICCKO-
ro psna.

CocTaB W CTpPOGHHE CHHTE3UPOBAHHBIX
coequHeHUN poka3zaHsl Metonamu AMP n UK-
CIIEKTPOCKOIINY, TTOITBEPKACHBI JaHHBIMH JJIEMCHT-
HOT'O aHAJIH3A.

OKCIIEPUMEHTAJIBHAS YACTD

Crexrpel SIMP H u 3C crarsl ma npubope
Varian VXR-500s (50G1 126 MI'11 cOOTBETCTBEHHO)
(YC—{*H}), c pa3sBs3KOii OT NPOTOHOB, B aneToHe-Os
(*H) mmm IMCO-ds (*3C), ocraTounble CHrHAIBI He-
JeATePUPOBAHHBIX METUIBHBIX TPYIII KOTOPBIX HC-
T0J1b30BANICh B KAUYECTBE BHYTPEHHErO CTAHIApTa: &
29,5u 39,5 g 13C, 2,1u 2,6 m.n. mus *H cooTreT-
crBeHHo. MK crmekTpel momydeHbl Ha TpuOOpe
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Infralum FT-801r Tabnerkax KBr unu B Ba3equHoO-
BOM Maciie. DeMeHTHbIN aHanu3 nposeacH Ha CHN-
amanmmsaTope FLASH EA 1112 SerieKouTtpomas 3a
XOZIOM pEaKIUh OCYIIECTBISIIN Ha IUIACTHHKAX
Silufol UV-254, smoent — stunanerar-rexcan (3:2),
MpOSIBJISUIA B MOJHOM Kamepe. PazneneHue m3oMepoB
MPOBOMIIM C TIOMOIIBIO KOJIOHOYHON XpoMaTorpaduu
Ha OKCHJIC aJJFOMHUHUS 2-01 CTCTICHN aKTUBHOCTH.

[To n3BECTHHIM METOAMKAM MOJTYYEHBI: 5-a3u-
nomerwarerpason (4d) [1], 1-0eusmn-4-runpoxcu-me-
tin-1,2,3qpuason (13a)  3-asumo-1,2,41puazon
(4b), 4,5auxnopanruapun 1-6ensun-1,2,31puaszon-
4,5-mukap6oHOBO# KucioThl (16), qumponapruaoBhii
a¢up (3) [5], munpomnaproBsiii 3¢up TepedTaneBoi
kucnotsl (8), 2-qipununanin-3-0yrunoar (6), nmpomnap-
run-2-henmn-1,2, 3Tpuazon-4-un-xkapookcunar  (10),
xyopanruapun  2-permi-1,2,31puazon-4-uin  kapoo-
HOBoW KHUCHOTHI (12), 6uc(2-a3umoaTuinoBblii) 3¢up
(1), 2-penun-5-azunomerni-1,3,4oxcamuazon (4c),
4,5-mu(ruppoxcumerni)-1,2,5-o0xcagnaszon (14c),
1-6en3un-4,5-(nuruapokcumeTnn)-1,2,3wpuazon
(14d) [6].

Buc[2-(4-penna-1,2,3Tpuazon-1-ua)dTui]
a¢up (2). PactBop 4,11 (27 Mmmosbp) muasuma 1 u 51
(49 mmon) enmnaneTmwiieHa B 25 Mi Toiryosia nepe-
MemmBaroT 5 u npu 95-100 °C, pactBopuTens yua-
JSIFOT, OCTAaTOK KPHCTAUIM3YIOT M3 3TaHONa. Beixon
71 (72%),T. mn. 171-172°C (sranon). UK crektp
(ToHKwmii cnoif), v, emt: 1124 (O-). Crextp AMP *C
(126 MI'u, IMCO-de), &, m. 1. (J *C-'H, I'n): 49,11
(2C, -CHz-tpmasomn, 143), 69,3r (2C, -CH>-0, 140),
119,3 1 (2C, CH Ttpmasoma, 196), 129.c (C, Ph),
125,7, 128,4, 128,% (5C, CH Ph, 162), 144,8 (2C,
tpuazon). Haiimeno, %: C 65,21; 5,85; N 23,97.
Co0H20NgO. Bpruucieno, %: C 66,65; H 5,59:
N 23,32.

Buc[(1-6en3na-1,2,3rpuazon-4-un)meTui]
a¢up (5) monyyaroT aHATOTHYHO COEAMHEHHIO 2 W3
1,88 r (20 mmonb) munpomaprunoBoro 3¢upa 3 u
4,761 (40 Mmmonb) Oensmnasuna 4a B 15 mi Tomyona.
ITo oxonyanuu peakimu (KOHTpoas MetomoM TCX)
pacTBOp ymapuBajiu, OCTATOK PACTBOPSUIH B dGHpe U
AIIOMPOBAIIN Yepe3 KOJOHKY C OKCHIOM aTIOMHUHUS.
Beixox 1,4#30mepa 7 r (98%), T. mn. 119-120°C
(sranon). UK cnektp (ToHkuii cnoii), v, cmt: 1200-
1100 (©-), 1600 (Ph)Cnekrp SIMP *H (500 MTI'L,
aneron-Gg), 8, m. 1. (J ¢H-H), T'm): 5,54 ¢ (&, -CHy),
8,01 ¢ (H, rerepouukin), 7,3 (H, Ph).Haiineno, %:
C 67,00;H 5,85; N 23,08 C20H20NsO. Brruucieno,
%: C 66,65;H 5,59; N 23,32.

Buc[(1-6en3un-1,2,31puason-4-uia)merni)-
tepedranar (9a) nmomyuaror u3 4,68 v (20 Mmonsb)
IUALETHICHOBOTO ClokHOro »dupa 8 u 4,681 (40

7
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MMOJIB) Gersmnasuaa 4axumnsuenrem B 10 M sTaHo-
na B Tedenne 154. Brixon (90%),T. . 183-185°C
(sranon). UK crektp (roHkmii cioii), v, cm-1: 1595
(C=N), 1220 (©-). Cmektp SAMP 13C (126 MI'n,
IMCO-d6), , m. n.: 53,91 (2C, -CH2-Ph), 57,61
(2C, -CH-), 126,31 (2C, CHrpuasona), 144,3 ¢ (£,
tpuasonm), 129,0-133,8 (3Ph), 164,¢ (2C, C=0).
Haiineno, %: C 66,05;H 4,67; N 16,78C23H24N604.
Brruucieno, %: C 66,13;H 4,76; N 16,53.
Buc({1-[(5-pennn-1,3,4-0xcaaua3zo-2-ui)-

metuial-1,2,3rpuazon-4-un}meruni]-repedranar (9b)
MOJYYal0T aHaIoruyHO coeauHenuto 9a u3 1,94r (8
MMOJIB) ciokHOTO 3¢upa 8 u 2 v (16 MMoIIb) a3una
4¢ B 20 M1 sTanona. Beixon 3,41 (56%),T. . 141°C
(oranon). UK cnekrp (tonkmii cnoii), v, cmt: 1720
(CO0), 1595-1585 (C=C, C=N). Cnextp AMP 3C
(126 MTI'1;, IMCO-0g), &, M. 1.: 45,41 (2C, Tpuazon-
CHs-okcamnason), 57,6 T (2C, -O-CHz-tpmazon),
121,6 1 (2C, CH rpuasona), 142,5¢ (2C, tpuason),

4-{[1-(1,2,4xpunazon-3-ua)-1,2,31puazon-4-
wi]merna} 5-{[1-(1,2,41puazona-5-ua)-1,2,31pua-
3001-4-ni|MeTn} 1-6en3na-1,2,31puaszon-4,5-
aukapookcmaar (11b).

1. Pactop 0,68r (3 MMOIIB) CITIOXKHOTO d¢hHupa
10 u 0,33 r (3 mmomnb) asuma 4b B 10 mn Tomyona
HarpepatoT 154 npu 100-105°C. Ocanok oTdhuisTpo-
BBIBAIOT M KPUCTAUTU3YIOT M3 BogHOro crmpra (1:1).
Brixox 0,83r (82%),T. mr. 191-192°C (3TaHon-BozA).
Hatineno, %: C 49,01;H 3,44; N 37,70 C14H11NoO-.
Brruucneno, %: C 49,85:H 3,29; N 37,37.

2. lomyyator ananornyHo coenuHeHnio 1la
u3 0,7 r (34 mmouns) xnmopanruapuna 12, 0,6 r (34
MMOJIB) reTeporkindeckoro cnupra 13bu 0,31 (34
MMmojb) mupuauHa B 30 ma Gensona. Beixoxg 0,7 r
(59%),T. mn. 191°C (sranon). Cuextp AMP 3C (126
MTI', IMCO-dg), 8, m. a.: 160,4¢c u 158,5¢ (2C,
C=0); 53,11 (C, CH20); 52,41 (C, CHPh); 135,7c
(Cipso, Bn); 127,0x1 (Co, Bn); 128,61 (Cm, Bn);

160,5¢ (2C, C=0), 119,6-132,8 (3Ph), 162,3 ¢ (2C,127,3x (Cp, Bn); 131,9¢ u 145,5¢ (2Cipsq 1-Bn-

okcaauazon), 172,5¢ (2C, okcaauszon-Ph). Haiineno,
%: C 61,91;H 3,43; N 21,07C32H24N1006. Brruuc-
neno, %:C 59,63;H 3,75; N 21,73.

Buc{[1-(teTpa3zoa-5-uamernn)-1,2, 3puazo-
d-unlmernn} Tepedranar (9C) momywaror aHamo-
ruuHo coeanuennto 9aus 0,971 (4 MMOITB) CI0KHOTO
a¢upa 8 u 11 (8 mmois) asuna 4d B 10 M sTaHONA.
Bexon (75%), T. mr. 239-240°C (sranon). Crektp
SAMP BC (126MT'u, IMCO-de), d, m. 1.: 42,271 (2C,
tpuazon-CHo-terpaszon), 57,5 1 (2C, -O-CHz-tpu-
ason), 125,3n (2C, CHtpuasona), 129,0x (4C, 2Co
u 2Cm, Ph), 132, 7% (2Cipso, Ph), 141,4& (2C, tpua-
3om), 152,8 ¢ (C, terpazom). UK cmektp (ToHKHI
cioit), v, emt: 1590 (C=N), 1210 (3-). Haiineno, %:
C 44,01;H 3,35; N 40,15C13H16N1404. Brruucneno,
%: C 43,90;H 3,28; N 39,82.

(1-ben3uu-1,2,3Tpnason-4-uia)merns 2-(e-
Huia-1,2, 31puason-4-kapookcuaar (1la). Cycnen-
suro 0,6 r (29 mmons) xmopanruapuna 12, 0,51 (29
MMOJIb) TeTepouukindeckoro cnupra 13aum 0,21 (29
MMOJIb) UpUANHA B 25 M OeH3071a TepeMEIINBAIOT
npy HarpeBaHuu B TeueHue 4 4. PactBoputens yna-
JISFOT, OCTATOK 00pa0aThIBAIOT BOJIOH, 0CAT0K OT(HITB-
tpoBbiBatoT. Beixox 0,6 r (62%), T. mn. 144-146°C
(sranomn). Cnextp AMP 3C (126MTI'u, IMCO-ds), d,
M. 1.: 160,4¢ (C, C=0); 54,51 (C, CH:0); 138,3¢
(Cipso, Ph); 117,2n (2Co, Ph); 129,21 (2Cm, Ph);
128,01 (Cp, Ph); 136,91 u 140,9¢ (CH u Cipso 2-
Ph-1,2,3fpuasona); 140,71 u 145,3¢ (CH u Cipso
1-6ensun-1,2,31puaszona). Haiineno, %: C 62,98;H
4,05; N 23,15C13H16N1404. Brruncineno, %:C 63,32;
H 4,48; N 23,32.

1,2,31puazona); 143,51 u 145,7¢ (CH un Cipso
1,2,A1puazona); 145,5¢ u 125,91 (Cipsou CH, 1-
(1,2,4gpuazon)-1,2,31puazona). Haiineno, %: C
49 ,36:H 3,04; N 37,76C14H11NgO». Brruncneno, %:
C 49,85;H 3,29; N 37,37.

[1-(Terpa3zoa-5-uamerni)-1,2,31pua3zon-4-
wilmerua 2-¢penuii-1,2, 3Tpuazon-4-kapooxcuaar
(11c) momyuaror anamorndHo coemunenmnio 11a m3 0,81
(38 mmone) xmopanruapuna 12, 0,71 (38 mmouns) re-
tepouukindeckoro crmpra 13c u 0,3 r (38 mMmons)
mupuanbaa B 30 ma Gemsona. Beixox 0,7 r (54%),
T. mn. 172°C (sranon). Cnexrp AMP C (126MT'n,
JIMCO-dg), 6, m. 1.: 157,9¢ (C, C=0); 53,41 (C,
CH,0); 153,1c¢ (C, rerpaszona); 136,1 n (CH, 1-
tetpason-1,2,31puaszona); 126,81 (CH, 2-Ph-1,2,3-
tpuazona); 117,4 a1 (2Co, Ph); 125,1x (2Cm, Ph);
128,11 (Cp, Ph); Scunrmera B 0611. 137-139 (€ipsq
Phu 1,2,31puasosos). Haiineno, %: C 47,24;H 3,32;
N 39,89.C14H11NgOs,. Beraucieno, %: C 47,73;H 3,43;
N 39,76.

4-Tuapoxcumermia-1-(1,2, 4rpuazon-3-un)-
1,2,3xpna3zon (13b). PactBop 3,21 (30 MMoIb) a3u-
na 4bu 1,41 (25 MMOIIB) MPOMAPTHIOBOTO CIHPTA B
5 MIT 3TaHOa BBIZICPIKUBAIOT TIPH TEMITEpAType KHIIe-
uust pactoputenss 10 u. PactBopuTens ynansior B
Bakyyme. Beixox 3,24 1 (78%), T. mn. 130-131°C
(sranon). UK cnektp (rabnerka KBr), v, cm™: 3635—
3615 (-O-H).Cnekrp AMP ¥C (126 MI'u, IMCO-
ds), O, M. 1.: 54,8(C, -CH>OH); 114,0 CH, Buil. Tpu-
asona), 148,6 (@pso, Bum. tpuasomna); 145,0 (Gpso
cuM. Tpuaszona); 148,7 (G, cum. Tpuasona). Haiine-
Ho, %: C 36,51;H 3,83; N 50,12CsHsN6O. Brruuc-
neno, %: C 36,15;H 3,64; N 50,58.
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5-TuapokcumeTna-1-(reTpasos-5-uamerunn)-
1,2,31puaszon (13C) monydaroT aHaJIOTMYHO COEIHU-
Henuro 13bwuz 10,51 (84 mmons) asuna 4d u 4,41 (80
MMOJIb) TIPOIapruiIoBoro crupra. Beixox 111 (76%),
T. . 182-184°C (pranom). UK cnektp (Tabmerka
KBr), v, ecmt: 3645-3625 (OH).Cnekrp SAMP *C
(126 MTI'y, IMCO-dg), 8, m. 1.: 42,5 (€H,-); 54,2 (C,
-CH,OH); 122,9 CH, Bum. tpuasona); 147,7 (Qpsa
BuIl. Tpuaszona); 157,8 C, rerpasona). Haitneno, %o:
C 33,71;H 3,47; N 53,92CsH7N-O. Brruucieno, %:
C 33,14;H 3,86; N 54,14.
2-{[(2-®ennn-1,2,3Tpuazon-4-ua)kapoo-
HIWI|okcu}ITHI 2-pennn-1,2,3Tpua3on-4-kapookcen-
aat (15a). Cycnensuio 2 r (96 MMOJIB) XJIOpPaHTHI-
puma 12, 0,31 (48 mmois) auona 14a u 0,761 (96
MMOJTb) mupuanHa B 30 M OeH301a TIepeMEIINBAIOT
npu 80 C B TeueHue 6 4. 3aTeM pacTBOPUTEIb yjia-
JISTIOT, OCTAaTOK 00padaThIBAIOT BOIOW, (HIBTPYIOT.
Beixox 0,81 (42%), T. . 178°C (sranomn). Crextp
SAMP BC (126 MI'u, IMCO-dg), d, m. a.: 158,4c
(2C, C=0); 61,7 n (2C, CHx0); 139,1 ¢ (2Cipsq
1,2,31puazona); 136,1 a1 (2CH, 1,2,3tpuasomna);
137,1 ¢ (2Cipso, Ph); 117,0x (4Co, Ph); 129,1n
(4Cm, Ph); 127,01 (2Cp, Ph).Haiigeno, %: C 59,63;
H 3,56; N 20,89CsH7N-O. Beruucaeno, %: C 59,40;
H 3,99; N 20,78.
4-{[(2-Denna-1,2,3Tpua3zon-4-ui)kapoo-
Hui|oken}-2-0ytuaua  2-penna-1,2,31puazon-4-
kapookcuiat (15b) momydyaroT aHaJIOrM4HO COEmH-
Henuto 15a 3 3 r (145 mmonb) xnmopanruapuaa 12,
0,51 (58 mmoib) mrona 14bwu 11 (116 mmons) mu-
pumuaa B 30 M1 O6enzona. Beixox 2,41 (97%),T. m.
149 °C (vramon). Cnextp SIMP 3C (126 MI,
JOIMCO-dg), 0, m. a.: 160,3c (2C,C=0); 80,2¢ (2C, -
C=C-); 51,6 T (2C, CH»); 157,9¢ (2Cipso, 1,2,3-
tpuasona); 136,31 (2CH, 1,2,31puaszona); 137,9¢
(2Cipsq, Ph); 117,61 (4Co, Ph); 128,51 (4Cm, Ph);
129,2 n (2Cp, Ph). Haiimeno, %: C 61,54;H 3,34,
N 20,03.CsH7N-O. Beruuciaeno, %: C 61,68;H 3,76;
N 19,62.
4-({[(2-Denna-1,2,31puazoa-4-uia)kapoo-
Huoxkcu}mermn)-1,2,5oxkcaanazon-3-ua|MeTna
2-¢penna-1,2,3Tpua3on-4-kapookcuaar (15c) mo-
Jy4aroT aHaJOrM4Ho coemuHenuio 15a m3 1,6 r (76
MMOJIB) Xaopanruapuna 12, 0,51 (38 mmons) auona
1l4cwu 0,6 r (76 mmonp) mupuauaa B 30 Mt GeH30:71a.
Bexox 1,21 (67%), T. . 135°C (sranon). Croextp
SAMP 3C (126 MI'u, IMCO-ds), O, M. .. 160,3¢
(2C,C=0); 54,2t (2C, CHy); 149,1c (2Cipsq, 1,2,5-
okcaauaszona); 138,21 (2CH, 1,2,31puazona); 136,5
¢ (2Cipsq, Ph); 118,4x (4Co, Ph ); 129,21 (4Cm,
Ph); 127,9n1 (2Cp, Ph). Haiineno, %: C 55,56; H
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3,28: N 23,48CsH7N;O. Boruucineno, %: C 55,93:H
3,41; N 23,76.
[1-Ben3ua-4({[(2-pennn-1,2,3Tpua3on-4-
wi)kapoonmi]okcu}merma)-1,2, 3-rpuazon-5-uil-
MeTua 2-penni-1,2,3Tpuazon-4-kapooxcunar (15d)
MOJIyYaroT aHaJIOru4HO coeauHenuro 15a u3 1,3t (62
mmouts) xnopanruapuaa 12, 0,71 (31 mmoins) auona
14d u 0,48r (62 mmons) mupuanta B 30 Mt 6eH301a.
Boexom 1 r (57%), T. . 110 °C (sraron). Crektp
SMP C (126 MI'u, IMCO-ds), 8, m. a.: 158,7c,
158,2¢ (2C, C=0); 50,8T, 56,2t (2C, CH0); 130,6
¢, 141,1¢ (2Cipsq 1-Bn-1,2,3puazon); 53,11 (C,
CH,Ph); 136,6¢ (Cipso, Bn); 117,8a1 (2Co, Bn);
128,21 (2Cm, Bn); 126,4x (Cp, Bn), 129,6x (2CH,
2-Ph-1,2,3rpuazona); 134 ¢ (2Cipso 2-Ph-1,2,3-
tpuasona); 138,4c¢ (2Cipso, Ph); 129,6rn (4Co, Ph);
128,51 (4Cm, Ph); 127,41 (2Cp, Ph ).Haiineno, %:
C 61,87:H 4,36; N 22,12CsH7N7O. Beruucneno, %:
C 62,03;H 4,13; N 22,45.
Buc(1-6en3ni-1,2,31pna3on-4-uia)MeTHII-
1-6en3ma-1,2,31puazon-4,5aukapooxcuiaar (17a)
MOJIy4YaroT aHaJoru4Ho coeauHenuro 15a u3 0,3t (10
mmouts) auxiopanruapuaa 16, 0,35t (20 mmons) re-
Tepormkangeckoro crupra 13awm 0,161 (20 Mmos)
mupuanaa B 20 ma toayona. Beixoxg 0,3 r (53%),
T. mn. 130°C (sranon). Crnexrp AMP C (126MT'n,
JIMCO-dg), 8, M. a.: 158,7¢ u 160,2¢ (2C, C=0);
51,6t (2C,CH20); 131,5¢ u 142,6¢ (2Cipso, 1-Bn-
1,2,31puazon); 53,021 (C, CHPh); 135,6¢ (Cipso,
Bn); 121,61 (Co, Bn); 126,21 (Cm, Bn); 125,61
(Cp, Bn) 119,91 u 145,6c¢ (2CH u 2Cpso 1-Bn-
1,2,31puazon); 139,9¢ (2Cipso, Bn); 118,6x (4Co,
Bn); 127,51 (4Cm, Bn); 128,81 (2Cp, Bn). Haiigeno,
%: C 62,83:H 4,12; N 22,06CsH7N7O. Brruucneno,
%: C 63,15;H 4,62; N 21,38.
Buc{[1-(1,2,4rpnazon-3-nx)-1,2,31puason-
d-un|merna} 1-6emsmi-1,2,3Tpuazon-4,5aukap-
ooxcuaar (17b) momyuaror aHanorndHO CoeTUHEHUIO
15a u3 5,91 (21 mmons) auxnopanruapuga 16, 6,91
(42 mmonb) rerepormkimyeckoro crnmpra 13b u
42 monp mupuanHa B 30 M tonyosa. Beixox 9,11
(80%), T. 1. 90°C (sranon). Cnexrp SIMP 13C (126
MTI'n, IMCO-dg), 6, m. n.: 160,4¢, 158,5¢ (2C,
C=0); 53,11 (2C,CH:0); 52,4t (C, CHPh); 135,7
(Cipso, Bn); 127,0n (2Co, Bn); 128,61 (2Cm, Bn);
127,31 (Cp, Bn); 131,9¢ u 145,5¢ (2Cipso 1-Bn-
1,2,31puazona); 143,51 u 145,7c (CH u Cipso
1,2,4qpuazona); 1455¢ u 125,9 n (Cipso u CH
1,2,31puazona). Haiimeno, %: C 46,74; H 3,47,
N 38,29.CsH7/N7O. Beruucneno, %: C 46,41:H 3,15;
N 38,66.
Buc{[1-(Terpa3oa-5-namerna)-1,2,31pna-
300-4-wn|merua} 1-6ensmun-1,2 31puaszon-4,5-au-
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kapookcmiat (17¢) moday4aroT aHAIOTHYHO COEIH-
Hernto 15a u3 0,6 r (21 MMoIB) IUXIIOpAaHTHAPHIA
16, 0,761 (42 MMOIIB) TETEPOLMKIMYECKOTO CIHPTA
13c n 0,33r (42 Mmmoas) mupuanHa B 25 MIT TOIyOIIa.
Beixoxg 11 (83%), T. mu. 132 °C (stanon). Crektp
SIMP 13C (126 MI'uy, IMCO-ds), O, m. a.: 158,9¢,
159,4 ¢ (2C, C=0); 53,4 1 (2C, CH>0); 153,1 ¢
(2Cips0, rerpasomna); 126,11 u 141,03¢c (CH u Cipsa
l-retpason-1,2,31puazona); 1294 ¢ u 1425 ¢

(2Cipso, 1-Bn-1,2,3tpuaszomna); 134,4c¢ (Cipso, Bn);
128,11 (2Co, Bn); 128,21 (2Cm, Bn); 127,3x (Cp,
Bn); 58,2t (2C,CH>0); 53,7t (C, CHPh); 51,7r (C,
tetpason-CHy-1,2,31puazon). Haiineno, %: C 43,42;
H 3,69; N 41,78CsH7N7O. Beruucneno, %: C 43,98;
H 3,34; N 41,52.

Hccnedosanue evinonneno npu uHancosou

nooodepoicke PODU 6 pamxax HayyHoeo NpoeKkma
Ne 16-33-60073101_a_ok.
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Jlaboparopus npuMeHeHHS TU1a3Mbl, JlenapTaMeHT pa3paboTKK CPEIICTB U METOJIOB KOHTPOJISI, Y HUBEPCUTET
Kopest, 208Ceouanr-/{onr, Younson, 339-800 Pecniyonnka Kopes

CPABHUTEJIBHOE UCCJIEJOBAHUE ITAPAMETPOB U COCTABA I1JIA3MBbI
B CMECSX CF4, Cl M HBr + Ar

B oannoii pabome obcysrcoaromen rnekmpoghuzuueckue napamempsl U Xumus niaazmol 6
cucmemax CFs + Ar, Ch + Ar u HBr + Ar npu oounaxosvlx yciosusax 6030yxcoenus papaoa.
Hccneoosanusa npoeoounuce memooamu OuazZHOCMUKYU naamvl 3onoamu Jlanemiwopa u mooenu-
POGAHUA NAAZMBL 8 YCIA0BUAX NIAHAPHO20 UHOYKUUOHHOZO NAAZMOXUMUYECKOZ0 PeaKkmopa npu
nocmoannom oaenenuu 2aza (10 mTop), exnaovieaemoni mowgnocmu (800 Bm) u mowgnocmu
cmewenusn (300 Bm), no npu eapvupyemoii (0-80%)odone Ar 6 nrazmoobpasyroweit cmecu. Oc-
HOBHOEe GHUMAHUE YOeNAIOC, NAPAMEMPAM, ORPEOETAIOUUM CHAYUOHAPHbIE KOHUEHMPAUUU
AKMUGHBIX uacmuy naasmol (memnepamypa >1eKmMpPOHO8, KOHUESHMPAUUs INEKMPOHO8, KOH-
CIaHmMbL CKOPOCHIEN Peakyuil o0 Oeicmeuem J1eKMpPOHHOZ0 y0apa) U KUHEMUKY 2emepoceH-
HbIX UOHHO-CHUMYJIUPOGAHHBIX XUMUYECKUX peakyuii (HOMOKU amomos 2an02eH08, IHEpus
UOHHOUL 6OMOAPOUPOBKU, HOMOK IHEPZUU UOHOE).

Kirouessie cioBa: CFs, Clp, HBr, mna3sma, koHCTaHTa CKOPOCTH, CKOPOCTh PEaKIMH, ITIOTOK aTOMOB
TaJIOT€HOB, IOTOK YHEPTUH HOHOB
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COMPARATIVE STUDY OF PLASMA PARAMETERS AND COMPOSIT IONS
IN CF4, Cl2 AND HBr + Ar GAS MIXTURES

This work discusses the plasma characteristics ameémistry in CkR + Ar, Cl, + Ar and

HBr + Ar gas systems under one and the same opartationdition. The investigation was carried
out using the combination of plasma diagnostics lbgngmuir probes and 0-dimensional plasma
modeling in the planar inductively coupled plasmaactor at constant gas pressure (10 mTorr),
input power (800 W) and bias power (300 W), buthmitariable (0-80%) Ar fraction in a feed
gas.The main attention was attracted to the paraemstinfluencing the steady-state densities of
plasma active species (electron temperature, etectdensity, electron-impact rate coefficients)
and the kinetics of ion-assisted chemical reacti(ftuxes of halogen atoms, ion bombardment
energy, ion energy flux).

Keywords: CF, Ch, HBr, plasma, rate coefficient, reaction ratepfgah atom flux, ion energy flux

INTRODUCTION plasma parameters in each gas system. However,
Low-temperature plasma in halogenated gas%q@ce one and the_same material can pe etChed’ in al
three (or, at least, in two) gas chemistries, twe ik-

has found wide application in micro- and nano- ~" o K dt derstand the diff :
electronics for the dry etching of semiconductor wgU€ 1S 10 Know and to understan € dierence in

fers and functional layers when the wet technols;)gieg)lasm"’l parameters determining the kinetics of ion-

do not meet the requirements on the purity, resolﬁ-SSiSted chemical reaction. Unfortunately, thetiexjs

tion, and reproducibility of the process [1-3]. &in works cannot provide the direct comparison far F

the most of dry etching processes are driven by tl% an_d Br-based gas chem!stnes because th? corre-
halogen atoms formed in plasma due to the diSSocis&p_ondlng results were obtained under the different

fon of th feed gas molecuis (10}, many types g PrOCeSS condilons andior i e reaclors i
fluorine-, chlorine and bromine-containing gases, i 9 : ' P

: : ._study of F-, Cl- and Br-based gas chemistriesills st
;Llja_cj:lt?(';galilzé Clz and HBr, have been involved Man important task to be solved for the better ogam

: . ﬁion of dry etching technologies.

Unt!l now, there were enough experimenta In this work, we performed the model-based
and TOde“r]]% WOI‘(;(S Ifor QF[7-1hZ], Ch [113-19] and & mparative study o’f GF Ar, ChL + Ar and HBr + Ar
HBr [20-22] based plasmas. These works contain t % ' . "
well-adjusted kinetic schemes for plasma chemic$ asmas under one and the same operating condition.

reactions as well as provide the clear understgnofin h each case, we selected the simplest halogen-

the main kinetic effects determining the stead}%tacontammg gas which can serve as the source O F,

or Br atoms. The main goal was to figure out tHe di

12 W3B. By30B. XuMmus u xuMm. TexHosorus. 2016.T. 59.Beim. 10
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ferences in plasma parameters determining the-kin@these allow one to obtain
ics of the heterogeneous ion-assisted chemical reac kin,?
tion as well as to understand the nature of thése d L

ferences through the formation-decay kinetics %here vda iS the total frequency of dissociative at-

plasma active species. tachmentn. is the density of negative ions, akdis
EXPERIMENTAL AND MODELING DETAILS the rate coefficient for ion-ion recombination. The

Plasma diagnostics experiments were pefi€ady-state densities for neutral ground-statenma
formed in a planar inductively coupled plasma (ICPJomponents were obtained from the system of chemi-
reactor described in our previous works{2g]. The Cal kinetics equations in the general fornRef- R, =
experiments were performed at a fixed total gaw flo=(ks + 1/R)N, where R= and Ro are the volume-
rate (= 40 sccm), gas pressuge< 10 mTorr), input averaged formation and decay rates in bulk plagma f
power (V = 800 W) and bias poweWg: = 300 W). & given type of species is their density ks is the
The CR/Ar, Cl/Ar and HBI/Ar mixing ratios were first-order heterogeneous decay rate coefficiend a
set in the range of 0-80% Ar by adjusting the parti?rR = 7r’lp/q is the residence time.
gas flow rates withimg = const. Accordingly, the frac- The adequacy of the given modeling algo-
tion of Ar in a feed gas wag: = (0a/0). rithm, kinetic schemes and general approaches have

Plasma parameters were measured by doulsieen confirmed in our previous works by an accepta-
Langmuir probe (DLP2000, Plasmart Inc., Koreaple agreement between measured and calculated
The treatment of — V curves aimed at obtaining elec-plasma parameters in €F Ar [7, 12], Cb + Ar [18,
tron temperatureTg) and ion saturated current densityl9, 27] and HBr + Ar [20, 21] ICPs.

Vag T kymy

(+) was carried out using the software.supplied ley th RESULTS AND DISCUSSION
equipment manufacturer. The calculations were based o
on the Johnson & Malter's double probes theory [23] Among the pure halogen-containing gases

with the one-Maxwellian approximation for the elecunder one and the same operating conditions, the
tron energy distribution function (EEDF). The totahighestT. of ~3,3 eV was measured for Cplasma
positive ion density ;) was extracted from the while the lowesfTe of ~2,4 eV is for Gl plasma (Ta-
measured. using the Allen-Boyd-Reynolds (ABR) ble). The reason is that the:@lasma provides the
approximation [24]. highest as well as the widest-range collisionat-ele
In order to obtain the electron density and thigon energy loss compared with other two gases be-
densities of neutral species, we developed a diepli cause the Glmolecules are characterized by lowest
zero-dimensional kinetic model [25-27] with usinghreshold energies;, for both electronic excitation
the | data offe andn. as input parameters. The sets ofs, ~ 2,5 eV) and ionizatione§ ~ 11,5 eV), but by
chemical reactions were taken from our previousighest cross-sections for corresponding processes
works [12, 19, 20]. The model used following asf22, 28, 29]. The transition to Ar-rich plasmasailh
sumptions: 1) The EEDF is close to Maxwellian onghree gas systems results in monotonically incnegsi
This allows one to obtain the rate coefficientstfee T, (3,3-3,5 eV, or by 10% for GF Ar, 2,4-3,2 eV, or
electron-impact processes as function3«gh a form  py 349 for C4 + Ar and 2,8-3,4 eV, or by 21% for
of k = ATe’exp(-C/Te); 2) The heterogeneous chemisyy + Ar at 0-80% Ar). Such situation takes place
try of atoms and radical in all three gas systeams Cpecayse the electronic excitation and ionizatiam pr
be described in terms of the conventional firsteord ~esses for Ar are characterized by highewalues,
recombination kinetics [6, 227]; and 3) The tem- pyt by lower cross-sections and corresponding rate
perature of the neutral ground-state specigg)(is coefficients compared with those for £FClL and
independent on the feed gas compositiince the gy [29, 30]. That is why, as the Ar fraction irfeed
experimental data on gas temperature were NQls jncreases, the energy gap between the lowest ex

available in this study, we 100ks = 600 K as the jiation potentials for halogen-containing compdnen
typical value for the ICP etching reactors with isim en ~ 3-5 eV) and Ar atomeg, ~ 11 eV) becomes to

lar geometry under the close range of experimen “transparent” for electrons. Accordingly, théuei

conditions [19-22]. _ tion of Ck, ClL or HBr by argon lowers electron en-
The electron densitynf) was calculated US- grqy |oss in inelastic collisions, increases thation

ing the simultaneous solution of the steady-stajg «tast” electrons in EEDF and shiffs toward high-
chemical kinetic equation for negative iongne = o yalues

~kin.n. and the quasi-neutrality equation=ne + n..
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Table 1
Measured electron temperature (E) and ion current
density (j+) as functions of Ar fraction in CFs + Ar,
Clz2 + Ar and HBr + Ar gas mixtures
Ta6nuya 1. U3MepeHHbIe TeMIepaTypa 3J1eKTPOHOB
(Te) ¥ NIOTHOCTH HOHHOTO TOKA (j+) B 3aBHCUMOCTH OT
nouu Ar B cmecax CF4 + Ar, Clo + Ar u HBr + Ar
CFs + Ar Cly + Ar HBr + Ar
Yar | Te, J+, Te, J+s Te, J+,
eV | mAlcn? | eV | mA/cn? | eV | mA/cn?
0 | 3,26 1,1 239 1,5 2,8 1,9
0,2| 3,29 1,2 251 1,6 294 2,1
0,5/ 3,32 1,4 288 1,9 3,15/ 25
0,8| 3,47 2,2 3,200 3,2 3,40, 3,8

'—\
%

Reaction rate [cfﬁs'l]

'—\
=%

Fig. 1 illustrates the influence of gas mixing - N
ratios on the kinetics of charged species. In (ke
plasma, the total ionization rate is mainly compbose
by R1: Ch+e=CE" +F + 2ek = 1,8-10°-2,6-10'° — 9
cn?/s for 0-80% Ar) while the contributions of R2: o, ST
Ck+ e =CE" + 2e k = 2,1-16°-2,7-106' cn¥/s for 0,0 0,2 0.4 0,6 0,8
0-80% Ar) and R3: F + e ='F+ 2e k; = 8,3-10 - Ar fraction in CF, Cl, or HBr + Ar
1,1-10 cm¥s for 0-80% Ar) do not exceed 10% and_. o . .
204, respectivelv. The lower rate of R2 is connecte@g' 1'. Klnetlcs of charged (solid lines) and nalfdashed lines)

7 p = Y- pecies in CF+ Ar (1-4), Ck + Ar (5-8) and HBr + Ar (9-12)
with the conditiomces << ncr4 atks = ko, and the low-  plasmas: 1, 5 and 9 — total ionization rate; 23é 0 — total at-
est rate of R3 results fromk = ncrz andks << ky, ko. tachment rate; 3, 7 and 11 — electron and ion siffurate;

The last condition is provided by the higher iotiza 4 — total F atom formation rate; 8 — total Cl atamiation rate;
12 — total Br atom formation rate

threshold for F atomd 17,4 eV) compared with GF  p,c 1 Kuneruka 3apsUKEHHBIX (CIUIONIHBIE JIMHAK) U HEHTPalb-
(15,9 eV) and CE([1L0 eV) species. The dilution of mbix (nynxrupnste aunnm) yactuy B mwiasme CFa + Ar (1 — 4), Ch
CF by An introduces the additional ionization chan# Ar (5 —8)u HBr + Ar (9 — 12): 1, 51 9 cymmapHbie CkopoCTH

nels, such as R4: Ar + e = ‘Ar 2e k = 4,0 1690 — noHm3anuy; 2, 6u 10 —cymmapHbie CKOPOCTH NPUIHIAHHS, 3,7
u 11 -eymmapusie ckopocTy 1udpdy3nOHHOM THOSITH AIEKTPOHOB

5,6-10' cm/s for 0-80% Ar) and R5: Af + e = Ar + 1 OO UTEbHbIX HOHOB,
2e 4@ =9,0- 1@—9,9- 16 cm?/s for 0-80% Ar, where 4 —cymmapHas ckopocTh o6paszoBanus aToMoB F; 8 —cymmapHas
Ar™ = Ar(®Py, 3Py, °P2)) as well as results in increasing cxopocts oGpasosarii atomos Cl;
. 12 —cymmapHas CKOpOCTh 00pa3oBaHus aTOMOB Br

total ionization frequency, = kincr, + Kanar + ksnam as _
2,6-10-1,1-16 s mainly due toks > k.. The maxi- takes place. As a result, the parametgiincreases
mum contribution of R5 toy, is slightly below 15% Monotonically in the range of 5,7409,9-10 s* for
for the 20% Ck + 80% Ar gas mixture. This is be- 0-80% Ar. In pure HBr plasma, the total ionizatiotera
cause the conditioks >> ki, ks is overcompensated IS represented by thrge main summands, such as R8:
by the low density of metastable Ar atoms. In purblBr + e = HBf + 2e withks = 4,7-10°~ 1,210 cnvs
Cl, plasma, the total ionization rate is composed Hgr 0-80% Ar (45%), R9: Bs + e = Bg" + 2e with
74% R6: G} + e = C}* + 2e ks = 4,2-10°-1,6-16° ko = 9,2-10°°-2,1-1¢° cn?¥/s for 0-80% Ar (28%)
cni/s for 0-80% Ar) and 16% R7: Cl + e = C+ 2e  and R10: Br + e = Br+ 2e withkio = 4,8-10°-1,1- 10
(ks = 1,9-10°-9,2- 10" cm?/s for 0-80% Ar). Such cnv/s for 3-80% Ar (27%). The noticeable contribu-
situation reasonably follows fronzi, = nc andks > k. ti(_)ns from_ I_BE and Br are cor_mected with the _quite
The rapid increase df toward Ar-rich plasmas caus-high densities of these species as well as with the
es the same changes for bCl, (by [B,9 times for conditions ofkg > ks andkio = ks. An increase in
0-80% Ar) andk; (by (4,7 times for 880% Ar) and Yar results in increasing ionization rate coefficients
thus, results in the local increase Kenc, + kinci for HBr, Br. and Br species, so that the parameter
(5,7-16-7,5-108 s! for 0-50% Ar) in spite of de- kenwer + konsr2 + Kioner keeps the almost constant val-

o : ue of(6,5-10 st up to 50% Ar. At the same time, the

> ' _ _ ;

creasingier, an.d.nc|. Than, in the range g > >65- total effect of R4 and R5 begins to contributettital
70%, the conditiotkanas + Ksnam > kenci, + ke ionization frequency from, at least, 40% Ar in the

14 H3B. By30B. Xumust u xum. Texnonorust. 2016.T. 59.Beim. 10
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HBr +Ar gas mixture. That is why the parameter 1,4t las
increases monotonically toward Ar-rich plasmas as
6,5:10-1,0-16 s, L2 1*°
From the above data, it can be understood that 1 o} 135
the total ionization frequencies in pure haloges gai 130
plasmas are rated as(HBr) > viy(Clz) > vii(CFs). T 08f IPYES
However, the model-predicted does not follow this = = | 120 =
rule (Fig. 2). The much lower frequency of the diss £ ™ ’
ciative attachment for GF(kincrs = 4,8-18 s, O g4l 115
where R11: CF+ e = Ck + F) compared with Gl 11,0
(Kiznce = 3,3-10 s, where R12: Gl+ e = Cl + CJ) pro- 0.2r los
vides the lower decay rate for electrons and tfassilts 0.0 . . . 100
in N(CFy) > n{Cly) in spite ofv,(Cly) > vi(CF). At the 00 0,2 0,4 0,6 08
same time, the conditiokinci > kiasnker + KiaNere = Ar fraction in CF,, Cl, or HBr + Ar

=1,9-10 s*, where R13: HBr + e = H + Band R14: £y 5 \easured and model-predicted densitiesiafged spe-
Br. + e = Br + Brdoes not contradict with,(HBr) >  cies in Ck + Ar (1-3), Cb + Ar (4—6) and HBr + Ar (7-9) plas-
>vi(Clz) and providese(HBr) > n¢(Clz). Therefore, mas: 1,4 and 7 — total density of positive ions and 8 — elec-
ander ane and the same operaton condiion, i, 71 (15 3, .18 clatie sty of eons
est n‘? was found for the CFpIgsma, anq the |0.VV.€S'[ LIaCTI/;H 1.3 mrasme CFs + Ar (1 —3), Gt + Ar (4 — 6)u HBr + Ar (7 —
one is for the Gl plasma- An increase in Ar mixing 9): 1, 4u 7 —cymmapHasi KOHLCHTPALHS [TOJIOKUTEIbHBIX HOHOB;
ratio results in monotonically increasim_; in the 2, 51 8 —KOHIEHTpauus SNeKTPoHOB; 3, 61 9 —~oTHOCHTEIbHAS
ranges Of 2,8. :E.e_g’s.leo Cm3 for CF4 + Ar’ KOHICHTpaNus OTPHULATEIIbHBIX HOHOB
2,0-10%9,1-10° cnt® for CL, + Ar and 3,6-18-
1,2-10% cnt® for HBr + Ar at G-80% Ar (Fig. 2). This ) . . )
effect is supported by the simultaneous increasg in tN€ raté of physical etching pathway, includingfbot
and decrease in due to the decreasing fraction ofPhysical sputtering of surface atoms and ion-
the electronegative component in a feed gas. The détimulated desorption of reaction products in ion-
sities of negative ions in pure halogen gas plasmagsisted chemical reaction, is given by Y wherel '
stand agi- = 2,6-16° cnm® < ng- = 5,2-16° cn® < = j+/e is the total flux of positive ions on the etched
<ngr- = 6,3-10° cné, as follows from the Correspond-surface, and Y is the ion-type-averaged sputtering
ing attachment rates (Fig. 1). The higher attachmeyield. For the ion bombardment energy< 500 eV,
rate in HBr plasma, in spite &fs < kiz, is connected one can assumés ~ /M, ¢; [31, 32], whereM; is the
with the lower dissociation degree for HBr molesule effective ion molar mass, amddepends of both nega-
the noticeable[{20%) contribution from R14 and thetjve dc biasUqs and floating potentidls ase; ~ e-Ur-
higher electron density. The last reason lowers thg. Therefore, the relative change of physical etch-
Ner/Ne ratio compared with théic-/ne, so that the jng pathway with variations of input process condi-

highest electronegativity was found for the @las- tion, including gas mixing ratios, can be chardzest
ma. An increase in Ar mixing ratio results in mono;

tonically decreasing attachments rates, absohgte=( tbr? the paraf“ft M"E"r"lj( An (ljncreasemlryA:[w a!
=0.6.10°0.3-16. no- = 5.2-16°-3.0-1° cn® and  T€€ gas mixtures results in decreasidg at Wac =

= =const (Fig. 3) and thus, in decreasing ion bombard
Ne- = 6,3-16°-2,5.18° cni® at 0-80% Ar) and rela- —°O"'° .
five (ne-/me = 0,96-0,13na-/Me = 2,6-0,3 andng-fn.= NNt Nergye(= 395267 eV in CE + Ar, 407-288 eV

=1,8-0,2 at 0-80% Ar) densities of negative ions. Thi¥l Clz + Arand 458-264 eV in HBr + Ar at80% Ar).
measured densities of positive ions in pure, G At the same time, the ion flux follows the behawér

and HBr plasmas are scaled as the corresponding ibn (Table) and increases toward Ar-rich plasmas.
ization rates. The obtained increas@imwith increas- From Fig. 3, it can be seen that, in the range.of 0,5,

ing yar (5,3-10°-8,2-10° cm® for CF, + Ar, 7,2-16°-  the opposite changes gM;s; and/’; compensate one
1,2-10' cm® for Ck + Ar and 9,9-18-1,4-10" cnt®  each other that results ifiM;z,T, = const. However,
for HBr + Ar at 0-80% Ar, see Fig. 2) is provideyl b the furthermore increase in, causes an increase in
both increasing ionization rates and decreasingyleGop, energy flux, so that the overall relative cherg
rates of positive ions through ion-ion recombinatio ML, in the range of 0-80% Ar is by 1,7 times in

in bulk plasma. CFs + Ar, by 1,6 times in Gl+ Ar and by 1,2 times in

From Refs. [31-34], it can be understood that
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HBr + Ar. According to the absolute values of 4
JM;sT,, the most advantageous conditions for the

sputtering of both etched surface atoms and reactio ™
products are in HBr + Ar plasma, and the worse

conditions for the physical etching pathway are in

CFs + Ar plasma.

m’}

— Density [c

%

400} A
@ 125

1—E=-2

=Y
Q.
N
T

Jd 1,5 1 1 1
0,0 0,2 0,4 0,6 0,8

Ar fraction in lel, CI2 or HBr + Ar
— 4 41,0 a

0,0 0,2 0,4 0,6 0,8 12 — ¢l
Ar fraction in Cli, CI2 or HBr + Ar

Fig. 3. Energy and patrticle fluxes of positive i@ssfunctions of

Ar fraction in CR + Ar (1, 4), Cb+ Ar (2, 5) and HBr + Ar (3, 6)
gas mixtures: measured negative dc bias (1 — 3)remutel-

predicted ion energy flux (4 — 6)

Puc. 3. 3HepFI/II/I M IIOTOKH ITOJIOKHUTECIIBHBIX HOHOB B 3aBUCHUMO-

cru ot gosn Ar B cmecsix CRa + Ar (1, 4), Cb + Ar (2, 5)u HBr +

Ar (3, 6): W3MEPEHHBIN OTPULATENbHBIN TOTEHIIMA HA TIOUI0K-

kozepxkarene (1—3)u pacueTHble MOTOKH SHEPIUH HOHOB (4 — 6)

1000 —g

Yge Vi
\
»
lon energy flux, 18 [eVllzcm'zs'l]

[EnN
o
—

Halogen atom flux,
10" [cm'zs'l]

[ ‘Br\
| - F—

0,0 0,2 0,4 0,6 0,8

Among the neutral species in CF Ar, Ch, + Ar fraction in CF,, Cl, or HBr + Ar
+Ar and HBr + Ar plasmas, the halogen atoms (F, Cl b
and Br) are of primary interest for the dry etching Fig. 4. Model-predicted densities (a) and fluxesafbground-
process analysis. In pure Qﬂasma the formation of state neutral species as functions of Ar fractio@k + Ar, Ck +

. inl ided 0 : 0 . Ar and HBr + Ar gas mixtures

F atoms is mainly provided by62% R1,[B0% R15: Puc. 4. PacuerHble KOHUEHTpalumu (a) 1 1oTokH (D)
CF4 +e= CE +F+e k15 = 1,0- 16‘0—1,4- 1010 CI’T’F’/S HEBO30YXICHHBIX HEHTPAIbHBIX YaCTHI] B 3aBUCIMOCTH OT JIOJH
for 0-80% Ar) and10% R16: CE+e=Ck+F + e Ar B cmecsix CRs + Ar, Ck + Aru HBr + Ar

(kis = 6,6-10°-7,7- 10'° cm/s for 0-80% Ar). In pure
Clz plasma, the single source of ¢l atoms is R17:Cl coefficients (due to the change ) andne results in

e =2CI+ekn =77 16-1,2-10° cnv/s for 0-80% _the noticeable increase in the frequencies of ibsod
Ar) while in pure HBr plasma the Br atoms are maingiative collisions for electrons toward Ar-rich pia

ly generated through R18: HBr + e = H + Br + @5 ¢ 4 9n, = 8-28 s, ke = 155-1000 s,
(F19%), R19: Bt + e = 2Br + e(55%) and R20: H + | n, = 247252 ¢ andkione = 388-1640 & for 0-

Br, = HBr + Br (21%). The domination of R19 andggos, Ar. Though this effect is partially aligned the
R20 over R18 is connected with the relatively higlecreasing fractions of the halogen-containing isgec
density of Bs molecules which is supported by fasin the feed gas, the formation rates and densifi€s

Br — Br2 recombination on reactor walls as well a€l and Br atoms change non-linearly and decrease
with kg = 1,1-16-1,4-10° cm¥/s >>kig = 1,3- 16—  much slower than the parameteysl-As can be seen
2,1-1® cmd/s for 0-80% Ar. An increase in Ar frac-from Fig. 3, the twofold dilution of the halogen-
tion in a feed gas shows the similar influence lmn t containing component by argon (i.e. whgn = 0,5)
formation kinetics of F, Cl and Br atoms and thus, lowers the densities of F and Cl atoms only by 1,2

their densities in all three gas systems (Fig.)4(a) ~ tmes, and the density of Br atoms by 1,5 times.
Therefore, the addition of Ar leads to an incremse

O N b O
M L}

The simultaneous increase in dissociation rate
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electron-impact dissociation efficiencies and diss@uantitative ratios as was mentioned fer nc; and
ciation degrees for GFCl, and HBr molecules. An- ng.. Therefore, in the case of high volatile reaction
other remarkable issue is that, under the giveoket products and close reaction probabilities, the ésgh
operating conditions, the stepwise dissociations imate of chemical etching pathway is expected in+Cl
volving metastable A#P, 12 species do not contrib- Ar plasma, and the lowest one — in the,GF Ar

ute the formation of F, Cl or Br atoms in corresppon plasma. In the case of low volatile reaction prdsiuc
ing gas systems. The reason is the low densitystf mwhich can be removed from the etched surface only
astable atoms[{1,2-10' cni® in CF, + Ar plasma, by the ion-stimulated desorptiopr depends on ion

(08,8-10° cm® in Ch, + Ar plasma and]1,0- 18 cnt®

energy flux through the fraction of free surface ac

in HBr + Ar at 80% Ar) due to both quite low exeita ceptable for the adsorption of the etchant spgéigs
tion rate through R21: Ar + e = A e gn ~ 11,6 eV) 34]. In this case, the absolute etching rates theeta

and high decay rate on reactor walls.

their densities in bulk plasma and keep the same

10.

11.

12.

ed by both/x and,/m,s,r,. Since these parameters

According to Refs. [31-33], the rate of theshow the opposite changes ys, one can easily ex-
chemical pathway of ion-assisted chemical readgon pect the non-monotonic changes in the etching rates
yrl x, Wherel'x 0,257 is the flux of atomic species toward Ar-rich plasmas. Really, such effects have
with the volume density afix, andyr is the probabil- been repeatedly mentioned by experiments in €F

ity of chemical reaction. Figure 4(b) shows that thAr, Cl, + Ar and HBr + Ar plasmas [1-4].

fluxes of F, Cl and Br atoms follow the behavior of
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CUHTE3 SHTAPHOM KUCJOTHI M EE 3AMEIIEHHBIX ITPOU3BO/IHBIX B PEAKIIUSX
0-KAPBAHNOHOB AIIMJIATOB C XJIOPALIETATOM HATPUA

B3zaumooeiicmeue o-Kapoanuonoe ayuiamos Jumus, 2eHePUPyemvix Memaiiuposanuem
VKCYCHOU, MACAAHOU, U3OMACTIAHON, 6A/IEPUAHOBOI, U306AIEPUAHOBON U (PEHUTIYKCYCHOU KUC-
JI0M OUU3ONPORULAMUOOM JTUMUA, C RPOMBIUICHHO OOCHYNHBLIM XJ10DAUEMamom HAMmpus 6
mempazuopogyypane ¢ ammocghepe apzona npu HOPMANLHBIX YCLOBUAX NPUCOOUM K 00pA306a-
HUIO COOMGEEMCHEEHHO SHMAPHOU, 2I9MUNAHMAPHOU, 2,20UMEMUIAHMAPHON, 2-nponu-
JAHMAPHOU, 2-U30NPONUIAHMAPHOU U 2-heHUNAHMAPHOIU Kucaom ¢ bixooamu 27-96%.

KiroueBble cjioBa: TukapOOHOBBIC KHCIOTHI, METAIUIMPOBAHKUE, HYKICODHUILHOE 3aMEICHUE, XJIOp-
anerat HaTpus, CH-kucnoTs
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Alexandr V. Zorin X ), Aliya R. Chanysheva, Vladinvt Zorin

Department of Biochemistry and Technology of Migadbgical Production, Ufa State Petroleum
Technological University, Kosmonavtov str. 1, U480062, Russia
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SYNTHESIS OF SUCCINIC ACID AND ITS SUBSTITUTED DERI VATIVES IN REACTIONS
OF ACYLATE a-CARBANIONS WITH SODIUM CHLOROACETATE

Most approaches to the synthesis of dicarboxylitddadead to formation of symmetrically
substituted dicarboxylic acids. Interaction of iodoetic acid salt with metallated cyclopropylacetic
acid at -78 ° C gives asymmetrically substitutedy@lopropylsuccinic acid with high yield (93%).
Industrially available monochloroacetic acid is merattractive precursor for creating preparative
methods of synthesis of asymmetrically substituteerivatives of succinic acid. Thus, it is
expected that the substitution of the chlorine wiliroceed less efficiently than iodine.The
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possibility of synthesis of asymmetrically substéd succinic acids based on sodium
chloroacetate and different metallated carboxylicids have been studied. The conditions in
which sodium chloroacetate effectively reacts wihcarbanions of lithium acylates have been
found. Interaction ofe -carbanions of lithium acylates generated from dice butyric, isobutyric,

valeric, isovaleric and phenylacetic acids with hitm diisopropylamide with sodium

chloroacetate in tetrahydrofurane medium at normebnditions under argon atmosphere during
24 hours, leads to formation of succinic acid (68Yteld), and asymmetrically substituted 2-
ethylsuccinic, 2,2-dimethylsuccinic, 2-propylsuc@n 2-isopropylsuccinic and 2-phenylsuccinic

acids with 58, 27, 46, 38 and 96% yields, respetyiields of dicarboxylic acids depend en-
carbanions structure. Increase in chain size andaoiching of the alkyl substituent ina-
carbanions, as well as the transition from-carbanions with anionic center at the primarg-
carbon atom toa-carbanion with an anionic center at the secondaayd then tertiarya- carbon

atom leads to reduction of dicarboxylic acids yieldReaction with metallated phenylacetic acid

gives most effective yield.

Key words: dicarboxylic acids, metallation, nucleophilic sutgion, sodium chloroacetate, CH-acids

JlnkapOOHOBBIE KUCIIOTHI U UX TPOU3BOIHBIC
HAXOJT INMUPOKOE MpHMEHeHHe. B MemunmHe OHU
WCTIONB3YIOTCS JUIA TIPUTOTOBIIEHUS Pa3IMYHBIX Kpe-
MOB, Ma3ei, rujiporene, cucremMax J0CTaBKH JieKap-
CTBEHHBIX BEIIECTB K YYaCTKy JCHCTBHSA, UX MPOU3-
BOJIHBIC WCTIONB3YIOTCS IS MPOMUIAKTUKHA MHOXKeE-
cTBa 3200JIEBaHUH U SBISIFOTCS CTUMYJISITOPaMH MHO-
rux GyHKIUHA opranm3ma. Kpome Toro, onm oOmama-
10T AHTHOKCUIAHTHBIMH CBOWCTBaMH, aHTHOAKTEpH-
albHOH M (YHTHIMIHON aKTUBHOCTBIO. biaromaps
ctuMmysapyomemy 3hdexty, mukapOOHOBBIE KHCIIO-
ThI YCUJIMBAIOT POCTOBBIE MTPOIECCH BO BCEX OpraHax
[1]. OHu Takke NPUMEHSIOTCS IS MPOU3BOJCTBA
MOJTMAMHUIOB, MTOMUA(HUPOB U TIOJTHMYPETAHOB, YKHUIKAX
KPUCTAJUIOB, OTIYIIEK, MIacTU()UKATOPOB, CUHTETHU-
YECKUX CMA30YHBIX MaTEpPHalOB, KJIEEB, KPacok, Jia-
KOB u Ap. [2, 3].

Bo MHoOrmx ciydasix B OCHOBE CIIOCOOOB IT0O-
JTy4YeHHs] TUKAPOOHOBBIX KUCIIOT JIS)KAT METOBI CHH-
T€3a OTHOOCHOBHBIX KHCIIOT, PUYeM KapOOKCHIILHBIE
TPYHIBI MOTYT BBOJIWUTHCS B MOJIEKYJTY OJHOBPEMEH-
HO W TIOCJeNoBaTelnbHO. Hampumep, oMmbpuieHHE nIu-
HUTPUJIOB, OKHCIEHHUE OKCH- U OKCOKHCIIOT C Tep-
BUYHBIMH THIPOKCHIBHOW WM KapOOHWIBHOW TpyT-
MaM¥ MIPUBOJUT K 00Pa30BaHUIO TUKAPOOHOBBIX KHUC-
a0t [4, 5].

JlnkapOOHOBEIE KHUCIIOTHI, KaKk M1 MOHOKapOo-
HOBBIE, 00pa3yI0TCS B PEAKIUAX OKUCICHUS, UAYIINX
C pacIIeIUICHUEM MOJIEKYJIbI OPTaHUYSCKUX BEIIECTB
[4, 5].

CyImecTByIOT TaKkKe CIIeIHabHbIE CHHTETH-
YECKHE CITOCOOBI MOYYEHHUS BBICIINX TUKAPOOHOBBIX
KHCIIOT W3 HHU3IINX. DJIEKTPOIU3 COJICH KUCIBIX d(u-
POB NIBYXOCHOBHBIX KHCJOT MPHUBOAHUT K CPEIHUM
3¢rpaM BBICIIMX JABYXOCHOBHBIX KHCIOT. DTHM IIy-

20

TEeM M3 MaJOHOBOW KHCIIOTHI MOKHO IOJNydYaTb SH-
TapHYIO KHCJIOTY, U3 SHTAPHOW KHCIOTHI — aJNUIHHO-
BYIO KHCIIOTY ¥ UX TOMOJIOTH, a U3 TIyTapoBOil KHC-
JIOTBI — IPOOKOBYIO | T.1. [4, 5].

OKWHcIeHneM IMKIOreKCaHa a30THOH KHCIO-
TOH, OKHCIIAaMH a30Ta, KUCIOPOJIOM, BO3IYXOM U 030-
HOM TIOJIYYalOT aJUIIMHOBYIO KHCIOTY [4, 5].

IIpu B3anMOACHCTBUU O-KapOaHMOHOB, I'eHe-
pUPYeMBIX METAJUIMPOBAaHHEM COOTBETCTBYIOLIHX
MaJIOHOBOTO U aIleTOYKCYCHOTO 3(UpOB WIN Kapbo-
HOBBIX KHCJIOT, C HOJOM U JPYTUMH OKHCJIUTEIbHBI-
MH peareHTaMu, 00pa3yloTcs MPOAYKThl OKUCIHTEIb-
HOTO COYETaHHWS — CHMMETPHYHO 3aMEICHHBIC SH-
TapHbIE KUCIOTHI U 3GUPH IU- U TETPaKapOOHOBBIX
kucinor [6-11]. pyrue muxapOOHOBBIE KHUCIOTHI 00-
pasyroTcs B pe3ysibTaTe HyKJI€O()HIBHOTO 3aMEICHUS
OpoMa B nuOpoMalikaHax, COACPKAIUX yaaJICHHBIC
TepMHHAJIBHBIE OPOMMETHIIBHBIC TPYHIIBI, IO JeH-
CTBHMEM 0-KapOaHMOHOB arunaTos [12, 13].

M3BecTHBIC TOAXOABI K CHHTE3Y JUKapOOHO-
BBIX KHCIIOT MPUBOAAT B OCHOBHOM K CHMMETPHYHO
3aMEIICHHBIM JUKapOOHOBBIM KHCIIOTaM.

B pabote [14] 6buT0 TIOKa3aHO, YTO TPH B3a-
UMOJICHCTBUH COJIN MOLYKCYCHOW KHCJIOTBI C METal-
JIMPOBAaHHON IHMKJIONPONUIYKCYCHOW KUCJIOTOM MpH -
78 C ¢ BpicokuM BbIxogoM (93%)o0pasyercst 2-IMKI0-
NPONUIITHTApHAS KUCIIOTA.

[IpoMBINITIEHHO AOCTYMHAs MOHOXJIOPYKCYC-
Hasl KHCIIOTa SIBIISIeTCsl OoJiee MPHUBICKATSIBHBIM Chl-
pbeM JUIsl CO3/IaHMs MPETapaTUBHBIX METOIOB CHHTE-
32 HECUMMETPHYHO 3aMEIICHHBIX TPOU3BOIHBIX SH-
TapHO#M KHCIOTHL. [IpH 3TOM clenyeT OKuIath, 4To
3aMeleHne xjopa Oyner mporekats MeHee 3ddek-
THUBHO, Y€M 3aMelIeHUE HOa.
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Hamu wu3ydeHa BO3MOXXHOCTH IIONYYEHHUS
HECHMMETPHUYHO 3aMEIIEHHBIX SHTAPHBIX KHUCIOT Ha
OCHOBE XJIopalleTaTa HaTpHUsl U Pa3IUYHbIX 110 CTpoe-
HUIO METAJUTMPOBAHHBIX KAPOOHOBBIX KHUCIOT.

OKCIIEPUMEHTAJIBHAS YACTD

Terparuapodypan ocymamu LIAIH 4 u miepe-
TOHSUTA TIPH aTMOCc(epHOM JaBiicHud. Vcnonp3oBanu
KOMMEPUYECKUIN JTUM30NPONMIAMU  JTUTUS  (DUPMBI
Merck. ITns co3manust MHEPTHOMH aTMOC(EPHI UCTIOINb-
30BaJId aproH Mapku A. Vcrmon30Baai MPOMBIIUICH-
HBI  XJIOpaleTar Hartpus 0e3 JOMOJHUTEIbHOU
ouucTKH. VcxoaHble KapOOHOBBIE KHCIIOTHI BBIIEP-
sxuBanu Hajx P.Os u meperonsuim.

Cnextpol SIMP 3amucanbsl Ha CIEKTPOMETpE
BrukerAM-300 [300 tH), 75,47MTI'u (*3C)] otnOCH-
tenmsHO TMC, B KadecTBe PaCTBOPUTEIS HCIIOIH30Ba-
o CDCls-t0h+CRCOOH. Xpomaro-Macc-CrieKTpatb-
HBIN aHaau3 npoBoawan Ha nprubope GCMS-QP2010S
Shimadzu Aqmextponnas wonmsamus upu /0 3B).
Ucnonp3oBanu KanwuisipHylo KonoHky HP-1MS
(30mx0,254mx0,25 MKM), TemrepaTypa UCIapUTEIs
280 °C,temmieparypa nonmu3aiponHon kamepsl 200 °C.
AHamM3 TPOBOJWIN B PEKHUME MPOrPAMMHUPOBAHHUS
temmepatrypsl ot 50 no 280 °Cco ckopocThio 10
°C/mun, raz-Hocurens —renuit (1,1 mn/Mun).

R RU LT
271J1A -
H\/LCOOH—H> >—coo Lt v
R2 -2 [(CHa)zCH]zNH R2 ) 2H"
la-e lla-e
2
niv  HOO COOH
2) 2H* R!
Va-¢

R'= H; R= H (la, Va), R= H; CHs (I6, V6), R'= CHg; R?= CHs (Is, Va),
Rl= H; R=CzH- (I, Vi),
R= H; R’=CH(CHy), (11, Vi), R'= H; R%=CgHs (le, Ve).

B3anMopeiicTBe MeTaUTMPOBAaHHBIX KapOo-
HOBBIX KUCJIOT C XJIOPALIETaTOM HATpPHUS OCYLIECTBIIS-
v no ciexyromieit metonuke. K pactBopy auuzonpo-
munamuga autas (0,02 mons) B 30 M teTparuapo-
(dypana, oxnaxaeHHomy 10 0 — 5 °C, B atmocdepe
aprona mnpu nepemMerniuBanuy npudassia 0,01 mosst
kapOoHoBo# kuciothl (la-le), pactBopenHoit B 20 M
abcomoTHOTO  TeTparuapodypana. PeakimmoHHyIO
cmech HarpeBanu 10 35— 40 C u nepememmsamm 30—
40 muH. 3atem xon0y oxnaxnamu no 20— 25 C, no-
Oarysin B peakunonnyio cmech 0,01 mosst xiopartie-
tata Hatpus (V) u mepememnBanu B TeueHue 24 d.
[Mocne 3aBepleHHsT peakUyK B PEaKIMOHHYIO CMECh
no6asysuin 30 — 40 M1 AMCTUILIMPOBAHHOM BobI. Boa-
HBIH cloi 0OpabaThiBayi comstHOM KucnoToit 1o pH 1 u
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OKCTParvpoBajid AUITWIOBEIM ddupom (6X30 mi).
Odupnbie BeITHKKU cymmn MgSQ,. IMocne ymapu-
BaHMsA 3(upa 00pa3OBBIBATUCH KPHCTAJUIBI SIHTAPHOM
(Va), 2otunsarapuoit (VO), 2,2AMMETHISHTAPHOM
(VB), 2qmponmmsarapaoit (Vr), 2-30mpOoNuIsHTap-
Ho#t (V1) u 2-penunsarapHoit (Ve) kucior, cooTBeT-
CTBEHHO.

Slurapnas kuciora (Va). T, = 188— 189 T.
Crextp SIMP H, §, m.a.: 2,40¢ (4H, CH). Cnekrp
SAMP BC, &8¢, m.a.. 28,54 (CH), 179,63 (C=0).
Macc-cnekrp, Mz (lom, %):101 (15), 100 (49), 74
(69), 72 (18), 56 (36), 55 (95), 45 (100), 44 (443,
(15), 42 (13), 40 (15Haiineno, %: C 41,02;H 5,14.
Beruncneno, %: C 40,65;H 5,08.

2-9tnnantapaas kuciaora (Vo). Tn, = 96—
98 C. Cmextp AMP 'H, §, m. a.: 0,91 (3H, CHs),
1,4-1,7m (2H, CHy), 2,4-2,45m (H, CH), 2,4-2,7m
(2H, CH,). Cnektp SIMP °C, §¢, m. n.: 10,56 (C,
CHs), 24,83 (, CHy), 34,79 (C, CHy), 42,54 (C, CH),
179,34 C, C=0), 182,26 C, C=0). Macc-cnexTp,
Mz (lom, %): 101 (6), 97 (9), 88 (100),83 (8), 73 (12),
71 (9), 69 (18),57 (17), 55 (23), 43 (20), 41 (29).
Haiineno, %: C 49,22;H 6,76. Beruucieno, %: C
49,32;H 6,89.

2,2-Tumetuasiurapuas kuciaora (VB). Ty, =
134 - 137 T. Cuextp SIMP H, §, m. 1.: 1,33 ¢ (&1,
CHs), 2,75 ¢ (M, CHy). Cnekrp SIMP *C, &¢, M. n.:
24,63 (2C, CH), 40,23 (C, C), 43,84 (C, CHh),
174,93 C, C=0), 179,17 C, C=0). Macc-cuexrp,
Mz (lom, %): 88 (100), 84 (49), 83 (25), 73 (52), 70
(46), 69 (80), 59 (34), 56 (15), 55 (30), 45 (144,
(46), 43 (43), 42 (19), 41 (88), 40 (28aiineHo, %:
C 48,54:H 6,79.Bsruuciieno, %: C 49,32:H 6,89.

2-Ilponuasiarapuas kuciaora (Vr). Tu =
98 — 101 T. Crmextp SIMP H, §, m. a.: 0,891 (3H,
CHa), 1,14-1,8u (4H, CH), 2,5-2,55m (H, CH), 2,4-
2,75m (2H, CHy). Crextp SIMP °C, 5¢, M. n1.: 12,12
(C, CHy), 19,15 (C,CHy), 33,01 C, CHy), 34,44 (,
CHy), 40,34 (C, CH), 178,56C( C=0), 181,72 C,
C=0). Macc-cnexrp, MVz (lom, %): 118 (23), 114 (19),
101 (43), 100 (100), 97 (10), 83 (25), 73 (46)(¥=2),
70 (21), 69 (21), 60 (15), 55 (80), 45 (29), 44)(43
(28), 42 (40), 41 (55Haiineno, %: C 51,91;H 7,43.
Brruucaeno, %: C 52,49;:H 7,55.

2-MzonponuasurapHasa kuciaora (Va). Ty, =
=98 — 105 T. Crmekrp SIMP H, §, m. 1.: 0,91 (6H,
CHs), 1,9-2,0m (H, CH), 2,45-2,6v (H, CH), 2,7-2,8u
(2H, CHy). Cnektp SIMP *3C, 8¢, m. a.: 15,30 (C,
CHs), 17,73 (C, CH), 30,61 (, CH), 34,64 C, CH>),
46,8 (C, CH), 170,73, C=0), 174,28 C, C=0).
Macc-cnektp, Mz (lom, %): 143 (34), 124 (20), 122
(32), 118 (26), 111 (17), 109 (26), 107 (46), 12Q)(
97 (32), 96 (14), 89 (14), 83 (46), 82 (58), 77)(B®

21
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(39), 57 (14), 56 (74), 55 (100), 53 (16), 43 (98,
(21), 41 (99)Haiineno, %: C 51,62;H 7,41.Berunc-
sneHo, %:C 52,49;H 7,55.
2-Oennnsintapuan kuciaora (Ve). Ty,

162 - 165 T. Cuextp SIMP 'H, 3, m. a.: 2,5-3,2m
(2H, CHy), 3,85 (H, CH), 7,3-7,7wm (5H, CHa).
Cruexrp SIMP 3C, §¢, m. 1.: 36,73 (C, CH), 47,01 (C,
CH), 126,82 (2C,CHa/), 127,54 C, CHa/), 129,01
(2C, CHar), 135,45 (C, &), 178,40 C, C=0), 179,64

(C, C=0). Macc-criextp, NVZ (lom, %): 176 (12), 150
(15), 148 (29), 107 (23), 105 (18), 104 (100), 10
(38), 91 (38), 79 (29), 78 (29), 7 (38), 51 (254, 4

(15). Haitneno, %: C 61,32;H 4,77.Bsraucneno, %:
C 61,8;H 5,15.

PE3VJIbTATBI U X OBCYXJIEHUNE

B pesynbrare TpOBEICHHBIX HCCIICIOBAHUM
ObLTM HailICHBI YCJIOBHS, NMPU KOTOPBIX XJIOpareTaT
HATpHS A0CTATOYHO (P (HEKTUBHO BCTYNACT B PEAKIIHIO
C 0-KapOaHMOHAMHU AIMIIATOB JIMUTHS, TCHEPUPYEMBIMU
U3 MOHOKAapOOHOBBIX KHCJIOT, W IEJIEBBIC MPOMYKTHI
00pasyroTCs C YI0BIETBOPUTEILHBIMH BHIXOIAMH.

VYCTaHOBICHO, YTO NPU B3aUMOJICHCTBHU O-
kapbaunonoB (lla-e) arumaToB JMTHS, ONYYEHHBIX
MeTajumupoBanneM ykcycHo#t (la), macasmoit (16),
u3omacisiHor (IB), BanepuanoBoii (Ir), m3oBanepua-
HoBoW (Im) m denmnykcycnoii (le) kucior ¢ momo-
mpro auusonponmnamuna mutus (JITA — 1), ¢ ximo-
pauerarom Hatpus (IV) B TT'® B armocdepe aprona
npu 20 — 25 C B TeueHue 24 4 nmpu MOJIBHOM COOT-
HomeHun pearentoB (la-e):(Ill):(IV) = 1:2:1 obpa3y-
I0TCS JIUTHEBBIC COJIM COOTBETCTBYIOLIHMX JAUKAPOOHO-
BBIX KHCJIOT, IPU 00pabOTKEe KOTOPHIX COISHOM KHC-
JOTOH BBLAGISIOTCS sHTapHas kuciota (Va) u coot-
BETCTBYIOIIME €€ MPOM3BOIHBIC. 2-3TUISHTapHAas
(V6), 2,2saumernsarapras (VB), 241ponuistHTapHas
(Vr), 2+sonpormisuarapuas (Va) u 2-penmnsu-
tapHas (Ve) Kuciotsl ¢ Beixogamu 27 — 96%.

W3 conocTaBieHus MOTy4YCHHBIX Pe3yIbTaToB
B Tabmuue C¢ JaHHBIMH paboTel [14] cnmemyer, urto
HyKJIe0(DHIIbHOE 3aMeIlIeHHe aTOMa XJIOpa Ha (-OKCH-
KapOOHWIATKWILHBIM OCTaTOK B XJIOPYKCYCHOM KHC-
JOTe MpoTeKaeT MeHee d(PPEKTUBHO, YeM B HOIYK-
CYCHOM KHCJIOTE.
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AmnHanu3 BbIX0JIa JUKAPOOHOBBIX KUCIOT (Tab-
JIMIA) TIOKA3bIBAET, YTO C yBEIMYECHHEM pa3Mepa U
Pa3BETBICHHOCTU ANKHJIBHOTO 3aMECTUTENS B O-Kap-
0aHMOHAX, a TAKXe MPHU TEePEXo/ie OT o-KapOaHHOHOB
C aHHOHHBIM LIEHTPOM IIPH NEPBUYHOM (L-aTOME yT-
nepoaa K o-kKapOaHMOHAM C aHHOHHBIM IIEHTPOM TpH
BTOPUYHOM H TIPHU TPETUYHOM (I-ATOME YTJIEPOJIa BbI-
XOIIbI TUKApOOHOBBIX KHUCIIOT CHIDKAroTCs. HambGomee
3¢ GEKTUBHO peakiys NPOTEKaeT C METANTUPOBAHHON
%eHI/mchyCHOﬁ KHCJIOTOM.

Tabnuua
BbIxoabl TUKAPOOHOBBIX KHCJIOT B PEaKIMH 0-Kap-
0aHMOHOB AMJIATOB JINTHUSI, TeHEPUPYEMbIX NPH Jeii-
creuu JIJIA (Ill) na kapGonosbie kuciothl (la-le) ¢
xsiopanerarom Hatpus (1V)

Table.Yields of dicarboxylic acids in the reaction of
lithium acylate a-carbanions, generated by LDA (l11)
metallation of carboxylic acids(la-1e), with sodium
chloroacetate (1V)

Hcxomnoe IIponykTsl Brixon, %ot
COoeIMHEHHE peakuuu TEOPETHIECKOTO
la Va 68
16 Vo 58
IB VB 27
Ir Vr 46
In V1 38
le Ve 96

IMpumeuanne: T=20 — 25 €, pacrBopurens — TT'®, nneprHas
armocdepa (Ar), mossipHoe cootHomenue (la-le):(11):(1V) =
1:2:1,1=24q

Note: T=20 — 25C, solvent — THF, argon atmosphere, molar

ratio (la-le):(11):(IV) = 1:2:1,1=24 h
BBIBO/IbI

B3anMopeiicTBie MeTaUTMPOBAaHHBIX Kapbo-
HOBBIX KHCJIOT ¢ TPOMBIIUICHHO JOCTYITHBIM XJIOpa-
reraToM HaTpus npu temmeparype 20— 25 C s TT'®
B HWHEPTHOH aTMocdepe NMPUBOAWT K 0OOpPa30BAHHIO
HECHMMETPUYHO 3aMEIEHHBIX STHTAPHBIX KHCIIOT.

Paboma evinonnena npu ¢unancosoi noo-
depoicke Munobpuayxu Poccuu 6 pamkax 6a30801l
yacmu 2ocydapcmeennozo 3aoanus (npoexm Ne49).
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THERMODYNAMIC CHARACTERISTICS OF COMPLEXATION OF NI CKEL (Il) WITH
L-TYROSINE AND SOLVATION OF REAGENTS IN AQUEOUS SOL UTIONS OF ETHANOL

By means of calorimetric titration the enthalpiest aomplex formation of nickel (Il)
with L-tyrosine in solvents containing 0 — 0.6 molf&ractions of ethanol were determined at the
temperature of 273 K and ion force of solution of Gnitial solutions were L-tyrosinate of
sodium and nickel perchlorate of analytical gradelolar enthalpies were calculated taking into
account the fraction distribution of formed comples, their stability constants and dilution
enthalpies of titrant. Stepwise stability constarof complexes of L-tyrosine with nickel (1)
which are necessary to know for enthalpies calcuteis were determined by the method of
potentiometric titration. The probable scheme okptwise reactions of complex formation is
discussed. Changes in entropy of reactions as veallthe transfer enthalpies of all reagents
from water in aqueous ethanol have been calculatétdhas been established, that effect of
solvent on the thermodynamic characteristics of qalexation depends considerably on a
solvation of ligand, i.e. anion of tyrosine.

Key words: L-tyrosine, amino acids, complex compounds, comgtier, enthalpy, calorimetry,

solvation, binary solvents

BnusiHue pacTBOpUTENs Ha KOMILIEKCOOOpa-
30BaHHE HCKJIIOYUTEIBHO BEJIHMKO, ITOCKOJIBKY pac-
TBOPHUTENb SBISACTCS HE TONBKO CPEeNON I MpOTeKa-
HUSI XUMUYECKON peakiy, HO U OJHUM U3 HEIOCpea-
CTBEHHBIX YYaCTHUKOB XHUMMYECKOIO B3aUMOJEH-
ctBusg. OIHUM W3 YCIOBHHA 00pa3oBaHHsA KOMILIEKC-
HOTO COEAMHEHHS B PACTBOpPE SBISCTCS YaCTUYHOE
paspyllIeHUEe COJIbBAaTHBIX O0OJIOYEK, OKPYXKArOIIUX
B3aUMOJICHCTBYIOLINE HOHHO-MOJICKYJISAPHBIE YacTH-
bl DHEPreTHYEeCKHe 3aTpaThl, CBI3aHHBIE C N3MEHE-
HHEM COJIbBAaTallUM PEAarupyloIIUX 4YacTHL, HE00Xo-
JUMO YYMUTBIBAaTh, pACCMATPUBAas IPOLIECCHl KOMILIEK-
c000pazoBaHUs.

L-TUpO3UH OTHOCUTCS K TpYyIIE 3aMEHUMBIX
IPOTEUHOT€HHBIX aMHHOKHCIOT ¥ BXOAUT B COCTaB
MOYTH BceX OENKOB, B YaCTHOCTH TETICUHA U MHCYJIH-
Ha. OH BXOJHT B COCTaB MHOTHX (DEPMEHTOB, B HEKO-
TOPBIX M3 HUX TUPO3UH peryaupyer (pyHKIMOHAIIb-
HYIO aKTHBHOCTb. BakHoll Onoxummyeckoil QpyHKIH-
eil Tupo3uHa SBJSETCS €ro y4acTHe B MPoLeccax CHUH-
Te3a HEWPOTPAaHCMHUTTEPOB (1odamMuHa, aapeHaANNHA,
HOpaJIpeHAINHA), THPEOUIHBIX TOPMOHOB M IIUTMEHTA
MenaHuHa [1].

TepmoauHamMuueckue IaHHbIE 110 KOMILIEK-
c000pa30BaHMIO THPO3MHA C MOHaMH O-METaiioB B
HEBOJHBIX pacTBOpax B JHUTEpaType IMPaKTUIECKU
OTCYTCTBYIOT. B pabote [2] ompeneneHbl SHTaIbIUH
KOMIIJIEKCOOOpa30BaHUsl THPO3MHA C HOHAMHU IIepe-
XOIHBIX METaJUIOB B BOAHOM pactBope mpu 25 T,
| = 0,2 KCI. [Ins peakin 00pa3oBaHUsi MOHOKOMILICK-
ca mukersi(ll) naiineno AlH = -35,%0,5k/lx/moins. st
HAaXOKACHUS DHTAIBIIUN aBTOPHI HCIIOIB30BAIM Me-
TOJIbl KaJJOPUMETPUH U HNOTEHLIUOMETPUH, OIHAKO U3

U3B. By30B. Xumus u xuM. texnosnorus. 2016.T. 59.Bwim. 10

TEKCTa CTAaThU HE SCHO, KaKHUM METOJIOM OBbUIH
HaiIeHbI SHTATBINU 00pa30BaHUs KOMIUIEKCA HHUKE-
ns1. B nacrosmee Bpems |IUPAC He pexoMeHITyeT uc-
MOJIb30BaTh TIOTCHIIMOMETPHUIO ISl HAXOXICHUS Be-
mauH AfH. B ¢BsI3M ¢ 3THM KaTOpUMETPUIECKOE HC-
cnepoBanue komruiekcoodpazosanus Ni(ll) ¢ Tupo-
3MHOM B BOJHBIX W CMECIIAHHBIX PACTBOPUTEISIX
MPECTABISIETCS AKTyaTbHBIM.

OKCITEPUMEHTAJIBHA S YACTb

B skcnepuMeHTe MCHOIB30BANM PacTBOp TH-
po3MHAaTa HATpUs, NPUTOTOBIECHHBIH M3 L-THpo3uHa
KBanupuKanun «oc.4.» («Ajinomoto», Sdnouus) u
pactBopa NaOH, nepxiopat Hukens KBanuUKaLIH
«X.4.». DTaHOJ «PEeKTU(DUKAT» TEPETOHSIH B MIPUCYT-
crBuu Imenoud. OcTaTodyHOE COJEpKAHUE BOIBI B
araHone (4-5%) omnpenensi JICHCHMETPHYCCKUM
METOAOM M YYUTHIBIN IPU IPUTOTOBJIEHUH PacTBO-
poB. DOHOBBIH 3JEKTPOIHUT He AobaBisuics. B ycmo-
BUSIX, KOTJa KOHILEHTpalMs HOHOB B HCCIEIYyEMOM
pacTBOpe SIBISETCS Mol U 3HAYEHHE MOHHOW CHIIbI
HEBEJIMKO, €€ BIMSHUEM Ha TEPMOAMHAMHUYECKHE Ia-
paMeTpbl peaku MOXKHO IpeHeOpeub, MOCKOJbKY
BEJIMYMHA TOT'0 BIMSHUS CONOCTaBUMA C PEaJbHBIMU
HOTPEIIHOCTAMHM  3KCIIEpUMEHTa. J[OMoJHUTENbHBIM
apryMEHTOM B IIOJIb3Y OTKa3a OT (JOHOBOTO JIEKTPO-
JIUTa SIBISIIOTCSI KOHCTaHTBI YCTOHYMBOCTH KOMILICK-
cOB, KoTopble Obutu m3Mepensl mpu |- 0. pyroit
IPUYIMHON SBJISIETCS HU3KAasl PacTBOPHUMOCTH THUPO3U-
Ha, KOTOpas B MPHCYTCTBUH «(pOHa» MOXKET emie 0o-
Jiee yMEHbIIAThCA U3-3a 3 PeKTa BEICATHBAHUS.

Jst ompeneneHuss SHTATBIIMNA KOMIUIEKCO00-
pa3oBaHus ObLI MCIOJIB30BAH MHUKPOKAJIOPUMETP TUT-
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posaruss TAM 1l (TA Instruments USA).Bsicokas
YyBCTBUTEIBHOCTh KaJOpUMETpa TO3BOJISET OINpeie-
JISITh TETUIOBBIC 3(D(MEKThI PEaKINid MPH HU3KHUX KOH-
IIEHTPAITUSIX PEearcHTOB. B peakmmoHHyro s4eiiky 00b-
emoM 20 MJI TIOMEIIAIM BOJHO-3TAaHOJNBHBIA PAaCTBOP
tuposuHara Hatpust ¢ =~ 0,0010,1 mons/n, B mmpwie-
no3atope (1 M) Haxommics pacTBOP MEpXJopaTta HU-
kemsa(ll) xommentpanumeit mopsaka 0,2-0,7 mons/m,
MPUTOTOBJICHHBIA HA OCHOBE PACTBOPHUTEIIS C COOTBET-
CTBYIOIIEH MOJBHOM noned sraHona. B oraensHoM
OIBITE OTPEJENSUTd TEIUIOTHl Pa3BeJICHHUS PacTBOpa
nepxyopara Hukens. Koneunoe cootromienue CilCryr
WU3MEHSIIOCH B pa3HbIX ombiTax ot 1:1 10 1:3.
MouJisipable 3HTaJIbIUU PEAKIUN pacCUUTHI-
BaJIMICh C YYETOM JIOJICBOTO pacIpeliesieHus: o0pasy-
FOIITUXCS KOMIUIEKCOB, HX KOHCTAHT YCTOWYHUBOCTH U
SHTambIui pa3semeHus tutpanrta [3]. IToBepka ka-

Jns KOppeKkTHOro pacuera SHTAIbIUN KOM-
miekcoodpasosanust (ArH1, AiH2) HE0OX0aMMO UMETH
HAJICKHBIC 3HAYEHUs] KOHCTAHT YCTOWYHBOCTH KOM-
mrekcoB [NiHTyr]*, [Ni(HTyr)2] (IgKi, 1gK2), xoro-
pbie ObLIM OMPENCSCHbI paHee METOJOM IOTEHIIHO-
METPUYECKOTO TUTPOBAHUS U TPEICTABICHBI B Ta0J. 1.
IpuBencHHble B TabNWIle 3HAYEHHS KOHCTAHT IS
BOJIHOTO pacTBOpa COTNacyroTcsi ¢ BeiauduHamu 1gKy
u3 pabotTel [6], KOTOpBIC HAXOIATCS B HMHTEpBAjeC
4,90-5,15mpu | = 0,05-0,2u 298K.

Taoauya 1
CTynquaTl,le KOHCTaAHTBI yCTOﬁ‘IHBOCTH KOMILICKCOB
L-Tupo3una ¢ Hukesem (1) B BOXHO-ITAHOJIBHBIX CMe-
cax, 298K, | -0
Table 1.Stepwise stability constants of complexes of
L-tyrosine with nickel (1) in water-ethanol mixtur es,

o 298K, 1 -0
JIOpHMETpa TPOBOAMIACH 1O CTaHIAPTHOM
Metonuke [4] myTem u3MepeHus dHTANbIUK | Koncranta 0 0 2>0(2’ Yox. g(Z](})I EOH 060 070
Komnuiekcoobpasosanua 18xpayn-6 ¢ ba- i 17 9240 105,2320,10 5,8720,10 6,05£0,10 6,16£0.10
puem (Il). Tomyuennoe smawemne AH = ™ok, ™3 4720,15 3,3920,15 3,92%0,15 4,460,15 4,7520,15
=30,%1 x/[x/Momp X0OpomIo corjacyercs ¢
pekoMeHnmoBaHHOW BenmmumHou: AH = 31,%1,2 Io mporpamme, paccMOTpeHHOH B paGote [3],

kJ[>x/MOb.

Heobxonumele anst pacuetoB BenmunH AH
KOHCTaHTbl YCTOWYHMBOCTH THUPO3MHATHBIX KOMILICK-
COB OBUTH ONpEeJeNICHl METOIOM IMOTCHIIOMETpHYe-
CKOTO TUTPOBAHUS, KaK 3TO OIKCaHO B padore [5].

PE3VJIbTATBI U X OBCYXJEHUE

Tupo3vH MOXHO paccMaTpuBaTh KaK MOTCH-
[UAJIbHO TPUAEHTATHBIN JIMTAH]l, UMEIOIIUN JTOHOP-
HBIE aMUHO-, THPOKCO- U KapOOKCHIIATHYIO TPYIIITHI,
OJIHAKO BO3MOXKHOCTH KOOPIWHAIIMH THIPOKCOTPYII-
npl B JIATEpaType He paccMmarpuBaetcs. MOXKHO
TPEIOJIOKUTD, YTO CTEPUYCCKUE 3aTPYIHEHHS Tpe-
MSATCTBYIOT KOOPJAHMHAIMU JTUCCONMUPOBAHHOW TH/I-
pokcorpynmbl. M3BecTHO [6], 4TO THPO3WHAT-AHHOH
HTyr obpasyer C d-meramiamMu KOMILIEKCHI COCTaBa
[MeHTyr]*, [Me(HTyr),]:

Me?*+HTyr S [MeHTyr]* OH%) (D)
Me?*+2HTyr 5 [Me (HTyr)]  (AH%)  (2)

BoaHbIi1 pacTBOp TUpO3MHATA HATPUS UMEET
C1a00IIEeIIOYHYIO0 PEaKINI0; KOMIUIEKCOO0pa3oBaHuE,
KaK U B Cllydae JIPYIMX aMUHOKHCIIOTHBIX KOMILICK-
coB, npoucxout B oonactu pH 6-9. Ilpu sTom 00pa-
30BaHMe THApokcokoMiniekcoB Buma [NIOH]* maio-
BEPOSATHO, T.K. TUIPOIIU3 COU HUKEIS B IPUCYTCTBUH
CPaBHHUTEIBHO BBICOKON KOHIICHTpAIlMd THUPO3HMHAT-
HOTO JIMTaHAa ToAaBleH. HesucconuupoBaHHbIC
AMHHOKUCIIOTBI, TMO-BUJIUMOMY, HE OOpa3ylT KOM-
TUIEKCOB, 10 KpaifHel mepe, B cIaboIIeIoYHbIX pac-
TBOpax.
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OBUTH PACCUMTAHBI MOJISIPHBIC SHTAIBITUU KOMILICK-
co00pa3oBaHMs, KOTOpPbICe IPUBEIACHBI B TaOm. 2.
[IpencraBneHHbIC 3HAYCHUS MOXXHO CUWTATh CTaH-
JAPTHBIMU, TaK KaK OHU OBUIH ITOJYYCHBI TIPU HUZKHUX
3HAYCHUSX MOHHON CHIIBI PacTBOpa, KOTAA €€ BIIHsI-
HUE Ha OMpeJelsieMble TepPMOJMHAMUYECKUE Tapa-
METpPBI PEaKIMU COMOCTABMMO C WHBIMH TMOTPEUTHO-
CTSIMH 3KCIICPUMEHTA.

Tabauya 2
MouJisipHBbIe JHTAJBLIHHA CTYNEHYATBIX peakuuii o00pa3o-
BaHWUs THPO3MHATHBIX KoMILIekcoB Hukeusi(Il) B Boa-
HO-3TaHOJBHBIX pacTBopuTensax mpu 298 K, 10
Table 2.Molar enthalpies of stepwise reactions of
complex formation of nickel (Il) with tyrosine in
agueous ethanol solvents at 298 K40

Xo, mou. noas EtOH
DHranbnus, KJIx/Moib 0.00 0.20 0.40 0.60
-ArH1+0,50 4,32 16,31 14,36 9,28
-ArH2%+0,50 10,89| 13,09 13,9316,38
IIpu oOpa3zoBaHMM  MOHO-THPO3HHATHOTO

komrurekca (puc. 1, kp. 1), B 061acTH COCTaBOB pac-
tBoputenst 0-0,2 mon. mome#t EtOH nabGnromaercs
POCT 3K30TEPMUYHOCTH mpouecca. [lpu ganpHeimem
YBENUYCHUH KOHIICHTPAIUK 3TaHOJNa HSK30TepMHY-
HOCTh KOMILIEKCOOOpa3oBaHusl ToOHWXKaeTcs. [lpu
00pa3oBaHUN OWC-TUPO3WHATA HHUKENs HaOII0macTCs
MOHOTOHHOE YMeHbIeHue dHTansmmn AH% mo mepe
oboramenus pactBoputens cruprom (puc. 1.,kp. 2).

W3B. By30B. XuMmus u xuMm. TexHosorus. 2016.T. 59.Beim. 10



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 80Y. 59. N 10

AH, KJK/MoJIb

10+

-154
——
-204 3

<
»

-254

-30 T T T T T T T T T
0,0 0,1 0,2 0,3 0,4
X

T T 1
0,5 0,6
eton? MOJL 10J151

Puc. 1. BnusHue cocTaBa BOAHO-3TaHOJIBHOTO PACTBOPUTENS HA
SHTAJBINK CTYNEHYATHIX Peakiuii 00pa3oBaHUs THPO3UHATOB U
riauruaaro Ni(ll): 1- [NiHTyr] *, 2- [Ni(HTyr)2], 3- [NiGly]* [7],
4- [Ni(Gly)2] [7]

Fig. 1. Influence of the water-ethanol solvent cosition on

enthalpy of stepwise reactions of formation of $ynate and
glycinate complexes of Ni (I1): 1 — [NiHTy¥] 2 — [Ni(HTyr)],
3 — [NiGly]* [7], 4 — [Ni(Gly)] [7]

Panee, npu aHanmuse sHTaNbIUI 00pa3oBaHUA
AMHHOKOMIUIEKCOB B BOJIHO-OPTaHUYECKUX PACTBO-
puTensx ObUIO yCTaHOBJICHO [8], 4TO M3MEHEHHs SH-
TalblIMM KOMILIEKcooOpa3oBanuss AH° mpu 3ameHe
pacTBOpUTENsl  BBI3BIBAIOTCS, TJAaBHBIM  00pa3oM,
ocnabieHueM  CONbBATAIMM  DJIIEKTPOHOJOHOPHBIX
aTOMOB JIMTAH[]A, BCTYMAIOIUX B KOOPJHMHAIUIO C
[EHTPAIHLHBIM HOHOM. [Ipu 3TOM CTpOeHHe U paszMmep
YTIIEBOJOPOIHOTO (pparMeHTa JInraHaa cliado BIHUSIOT
Ha u3MeHeHus AH®, BrI3BaHHBIC 3aMEHON PacTBOPH-
tens. [IpupocT 3K30T€pMUYHOCTH PEeakUuu B HEBOJ-
HOW cpejie MPOTOPIUOHANCH YUCITy KOOPIHHAIHMOH-
HBIX CBS3€H, 0Opa3yloUIuxcsi MEXAY JHIaHgoM U
HeHTpabHBIM HoHOM. Ha puc. 1 (kp. 3, 4) mpusene-
uel 3aBucuMoctd AH = f(Xgwon) ams aMuHOKHCTOT-
ueix kKomiiekcoB Hukens (I). Kax mokassiBaeT rpa-
(UK, PHTATBIMH PEaKIuii 00pPa30BaHUS KOMILIEKCOB
[Ni(HTyr)2], [NiGly]*, [Ni(Gly)2] n3menstorcs B 3a-
BUCHMOCTH OT COCTaBa pACTBOPHTENI HPUMEPHO
OJIMHAKOBBIMH TEMITAMH. JTO KOCBEHHO yKa3bIBacT Ha
TO, YTO KOOPJIWHAIIVS KaK THPO3UHATHOTO, TAK W TJIH-
[UHATHOTO JIMTAH/IOB MPOUCXOMIUT MO OJHUM U TEeM
)K€ JOHOPHBIM TPYIIaM: aMHHHOW M KapOOKCHIIAT-
Hoii. [TomoOHBIN BEIBOJ OBLI CAENAH TpPU aHAIH3E
¢dynknuit IgK = f(Xgion) 11 THPO3UHATHEIX M TIIALM-
HaTHBIX KoMIutekcoB HuKemsi(ll).

C wucnonb3oBaHMEM TONYYEHHBIX BEIUYHH
A/H ¥ paccuWTaHHBIX W3 KOHCTAHT YCTOWYHBOCTH
3HayeHnil A/G OBbUTH BBIYKCIICHBI YHTPONHMKHBIE Ma-
pametpsl TA(S peakunu, NpoTeKaromel B ONHAPHBIX
pacTBOpUTENSAX pa3IMYHOTO cocTaBa. VI3MeHEHHS

U3B. By30B. Xumus u xuM. texnosnorus. 2016.T. 59.Bwim. 10

TEPMOJUHAMHYCSCKUX (PYHKIHH KOMILIEKCOOOpa3oBa-
HUS TPEACTaBICHBI Ha puUC. 2.

I'paduku 1OKa3BIBAIOT, YTO B 00JACTH COCTa-
BoB pactBopurenst 0—0,2 mon. nonett EtOH nabmrona-
€TCS POCT JK30TCPMHYHOCTH PEaKIUU 0Opa30BaHUS
MOHOKOMIUIEKCA ¥ YMEHBIIIEHHUE SHTPOIHIHOTO TIa-
pametpa. [lepBslii pakTOp CIOCOOCTBYET KOMILIEKCO-
00pazoBaHMIO, BTOPOH — mperarcTByeT. Jimsa auama-
3oHa 0,2-0,6 mon. noneri EtOH nabmonaercs obpar-
HBII xapaktep 3aBucuMocTeil. Ilpu atom sHTpomms
OJIarOMPHUATCTBYET POCTY YCTOMYUBOCTH KOMILIEKCA.

AY, ko
104
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-204
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1
-201 =
-254 3
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0

Puc. 2.3asucumocts Besmuue ArH (1), -TArS (2)u AG (3) peak-
K 00pa3oBaHKs MOHO-THPO3HHATHOTO (a) 1 GUC-TUPO3H-
HatHoro (6) komruiekcoB Hukeust (I1) ot cocraBa BogHO-
STaHOJIBHOTO PaCTBOPHUTEIS
Fig. 2. Dependence of valuagH (1), -TArS ( 2) andA/G ( 3) for
reaction of formation of mono-tyrosine (a) and tyimsine 6)
complexes of nickel (1) on composition of watehatol solvent
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C pocToM cojiepikaHus 3TaHOJIa MTPOUCXOIUT
SHTaJIBIUIHAS cTaOUIM3anusa OMCKOMIUIEKCa, dHTPO-
NUAHBIA BKJIQJ TPU ITOM OCTACTCS MPAKTHYCCKU
HeM3MeHHBIM. Xapakrep 3aBucumocteit (AH, TA;.Sua
puc. 2a) yKa3blBaeT Ha KOMIIEHCAIIMOHHBIH 3(dekT
SHTAIBITUHAHOTO W 3HTPOMUIHOTO MapaMeTpoB, KOTO-
pBlii OoOecrieunBacT TUIABHOE M3MEHEHHE CBOOOHOU
sueprun [ m60ca mpu 3aMeHe pacTBOPUTEIS.

Jlyis BBISBJICHHST POJIM PACTBOPUTENS B TIPO-
I[ECCe KOMILICKCOOOpa30BaHMs PACCMOTPHUM BIUSHUE
napaMeTpoB COJNBBATAIIMHA PEAreHTOB Ha SHTAJBITUIO
peaknuu. JTOo MOXKHO C/IeaTh, WUCIONB3YS COOTHO-
IICHHE, MOJyYCHHOE HA OCHOBE TEPMOJIMHAMUYECKO-
'O IMKJIA TIepeHOCa.

AH® = AH°(HTyr) + AH°(Ni?") - AH°([NiHTyr] %) (3)

Suranemun neperoca AH(Ni®") npusoxsres
B mreparype [9]. s HaxXxOoKIEHHS 3HAYCHUS
AH(HTyr) HeoOXoauMbl TaHHBIE MO TEIIOTaM pac-
TBOPEHHs THPO3WHA B BOJE M BOJHOM 3TaHoNe. BBu-
Iy HH3KOH pacTBOPUMOCTH aMHUHOKHCIIOTBHI, JKCIIe-
PUMEHTAJILHO HAMTH TaKHe JaHHBIC 3aTPYAHUTEIBHO.
B cBs3u ¢ atum Benmunna AH(HTYr") 6buta onenena
Ha OCHOBE TaK Ha3bIBAEMOTr0 MeToja Kod(duimeHTon
pasnnumnii, mpeIokeHHoro B padore [10].

3nauenne AH s peakiyy KoMIniekcooopa-
30BaHUs OBUIO HAl/ICHO SKCIIEPUMEHTANBHO (Tadi. 2).
Bemmunna AH([NiHTyr])* Bbuncimena mo ypaBHe-
auio  (3). PaccunraHHble SHTAIBIMHHBE (OYHKIIMN
HIEPEHOCA PEareHTOB MPUBEIICHBI HAa PUC. 3.

I'pacduk Ha puc. 3. mOKa3bIBACT, YTO B ITAHO-
J€ THPO3WHATHBIM JIMTAHI COJIbBATUPOBaH ciabee,
yem B Bome (kp. 1). dyHKIMH TepeHOCa JNHTaHIa,
MOHa MeTauia U KomiuiekcHoro noHa AH = f(Xewon)
(xp. 1, 3, 4)uMeeT SHAOTEPMHUUECKUH IKCTPEMYM TIPH
Xeon = 0,20-0,25mo11. 10111, 9TO, BEPOSATHO, CBA3AHO
C M3MEHEHHEM CTPYKTYPbI paCTBOPHTENS B 3TOH 00-
JAaCTH COCTaBa.
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ITpu stoMm 3asucumoctu (3, 4) U3MEHSIOTCS

cumbatHo, npuuem AH([NIHTyr]") = AtH(NiZ"'),
CIICTOBATEIBHO, STH BKJIA bl YACTUYHO B3aHMHO KOM-
nercupyiorcs (yp-e 3). TakuMm 06pa3oM, MOXKHO cre-
JIaTh BBIBOJ, YTO BJIMSHHC PACTBOPUTEIS HA TEPMO-
muHamuueckue Qynaknuun AH®, A,G° peakiuu o0Opa-
soBanmsa komrurekca [NiHTyr]* szaBucur mHambosee
3HAYHUTENILHBIM 00pa3oM OT COJIbBATHOTO COCTOSIHHUS
JIUTaH/Ia, TO €CTh TUPO3UHAT-aHHOHA.
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HO-3TaHONBHBIHA pacTBopuTens 1 —muranga HTyr, 3 —xomriek-
ca [NiHTyr]*, 4 -uona Ni?*, 2 -peaxuuu o6pasosanus [NiHTyr] *
Fig. 3. Change itH for transfer process from water in the water -
ethanol solvent 1 - ligand HTyi3 - complex [NiHTyr], 4 - ion
Ni2*, 2 - reactions of [NiHTyr]formation
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CHANGE IN THERMODYNAMIC PROPERTIES OF CARBON ADSORB ENT AR-V
AT ADSORPTION OF n-HEXANE

In isothermal equilibrium adsorption the deformatio of micro porous carbon adsorbent
at adsorption is characterized by the pro@sssof compression and expansion of the
adsorbent. Bking into account thedeformation of adsorbentsin the adsorption processes
are extremely important at building a ogous theory of the equilibrium adsorption én
for the practical use of adsorbents. For exampthe adsorption deformation can be a factor in
reducing the rate of aging of adsorbents, which éspecially important in swing modes,
adsorption and desorption. fle work presents a@hermodynamic analysisof the adsorption
deformation of theisotropic elastic adsorbenand the calculation of changes in entropy and
internal energy of the adsorbent AR-V at smiption of n - hexane that is a quantitative
fact of variability of micro porous adsorbent in ¢hadsorption process. This work will contribute
to the development of the theory of equilibrium adisorption and thermodynamics of adsorption.

Key words: adsorption, adsorbent, adsorbents adsorptive dafmm dilatometric method for
measuring of adsorptive deformation of adsorbehesmodynamics of adsorptive deformation of adsube

BBEJEHHE CKMX (DYHKITMI ancopOCHTOB HAMHOTO YIIPOIIAETCS,
€CJIM TIOCJICTHUE SIBJISIOTCS OTPaHMYCHHO Halyxaro-
IIMMH WM, TOYHEE, MCTBITHIBAIOT B aJCOPOIIMOHHOM
nporecce ynpyrue aedopmammu. Ilpm amcopOrum
VHAVBUIYATHLHBIX BEIIECTB aJCOPOIMOHHAS CHCTEMA
SIBIIICTCSL JABYXKOMIIOHCHTHOH, M TaKHe XapaKTepH-
CTUKH Kak MofyJsb FOHra (Miim MOy BCECTOPOHHE-
rO PpACIIUPEHHs) M TEMIEPATYPHbIH Kod(duiueHt
pacIIupeHus, CTPOTro TOBOPsI, OTHOCSTCS HE K aacop-
OcHTY, a KO Bcel cucteMe B IesoM. Kak mokaspIiBaoT
IKCIIEPUMEHTAJIbHBIC HCCIIe0BaHus  (OmMpeaesicHne
TEMIIEPATYPHBIX KO3(PPUIMEHTOB paCIIUPEHUS, MO-
IyJield YIPYrocTH YHCTHIX aJICOPOCHTOB M B amcopo-
IIHOHHOM CHCTEME), BIMAHHE ajicopbara Ha CBOMCTBA
ajcopOeHTa BO MHOTHX CHCTEMax ObIBacT HE3HAUH-
TEJIHHO, YTO TMO3BOJISIET pacCMaTPUBaTh afcopOaT Kak
HEKYIO0 BHEIIHIOI CHITY, BEIHYXIAIONIYIO aacopOeHT
nedhopmupoBathesa. Takoe MOBeIEHHUE CHCTEM OBLIO
WCTIONIb30BAHO B pacueTax HM3MEHEHUH TEpMOIMHA-
MHYECKHX (DYHKIHHA ancopOCHTOB IMPH aJCcOpPOIMOH-
HBIX B3aUMOJICHCTBUSX.

Lenpto HacTOsMIEl pabOTHI SBISUIOCH BBISIB-
JIeHWe HEMHEPTHOCTH ancopbenTa AP-B mpu amcop0-
MU TIApOB H-TEKCaHa, BHIPAXEHHOE B HM3MEHEHMSIX
TaKUX TEPMOJWHAMUYCCKHX (YHKIMA KaK BHYTPCH-
HSISL DHEPTHS U SHTPOIIHSI.

BhisiBlIeHHE HEWHEPTHOCTH aJICOPOCHTOB B
aJICOPOIIMOHHBIX TPOIeccax, BRIPAKCHHOE B U3MCHE-
HUSX TEPMOIUHAMHYCCKUX (QYHKIHUH, SBISETCS OfI-
HO# W3 HauboJiee aKTyaJbHBIX 33/1a4 B UCCIICIOBAHH-
X aJCcOpOLMOHHBIX sBIeHMA. HecmoTpst Ha 310, ee
pelIeH e 10 HACTOSIIEr0 BPEMEHH, M0 CYIIECTBY, HE
HPOBOIUIIOCH, XOTSI OUEBHIHO: MHEPTHBIX aJCOPOCH-
TOB (Takke 1 a0COPOSHTOB) B MPHPOE HE CYIIECTBY-
eT. B aToii cBsi3M, mpaBna, ClieyeT OTMETUTh padoTy
[1], rme ObLIM cIeNaHBI ONEHKH M3MEHEHHs BHYTPEH-
Hell SHEPTUH TIMHUCTBIX MUHEPAJIOB MPH aJCOpOLUH
BOJISTHOTO Tapa. JTH OLICHKU BBIIIOJHEHBI HA OCHOBA-
HUH aHaiu3a AudQepeHnaabHbIX TEIIOT aicopOIuu
U CTATHCTHYECKUX PACUeTOB JHEPTHUH B3aUMOJICH-
CTBHUSI MOJICKYJI BOJbI C OOMEHHBIMH KaTHOHAMU TIPH
MallbIX CTeNeHsx 3amonHenus. Jlanee, B [2] ompeme-
JSIOCh M3MEHEHUE XMMHUUYECKOTO MOTEHIIHANA 11COIH-
ta NaCl npu angcopbuun razos. B [3] mo manHbIM
U30TEPM U TEIUIOTaM HaOyXaHHsl ObLIM OLCHEHBI WH-
TerpajbHble U3MEHCHUSI TEPMOJAMHAMUYECKHUX (YHK-
Ui HaOyXaHusl HEKOTOPBIX MOHHUTOB. B [4], ncmosns-
3yst Mmetoq Monrte Kapio, cienana momsiTka onuca-
HHS Ha MOJICKYJSIPHOM YPOBHE THApATAIl¥ KaTHOH-
3aMEICHHOT0 MOHTMOPUJUIOHUTA U KPUTHYECKH TIPO-
aHAJIM3UPOBaHBI MMOJOOHBIE, Ooyiee TPyObIe, PacUeThI
apyrux aBTopoB. Tarke B [5, 6] ObutH paccMOTpEeHBI PE3VJIbTATBI U UX OBCYXXIEHWE
HEKOTOPBIC TEOPETHYECKUE ACICKThI PEIICHHS IPO-
0JIeMbI HEHHEPTHOCTH aJICOPOCHTOB.

[pencraBisiercs, 4To Uil PELICHUs] MOH00-
HOH 3a7a4u, MPEeXIe BCEro, TPEOYIOTCs IKCIIEPUMEH-
TambHBIC JaHHBIC IO medopmarsaM aacopOCHTOB.
Kpome Toro, onucanue M3MEHEHHI TEPMOJMHAMUYC-

Paboter [7—12] mocBsieHbl TepMOANHAMUKE
agcopounonnoi gedopmanuu. B [11, 12] momyueHst
(GOpMyJBI, CBS3BIBAIOIINE BEIUYMHBI YIPYTUX Jie-
(opMaruii H30TPOIHBIX TBEPABIX aJCOPOCHTOB C Be-
TUYuHaMu ajcopOrmu. OpHAKo, JUIsS BBISBICHUS He-
WHEPTHOCTH aJCOPOCHTOB B aICOPOITMOHHBIX TIPO-
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neccax HEO0OXOIUMO UCIIONB30BaTh COOTHOIICHHS,
YCTAaHABIUBAIOIIUE 3aBUCUMOCTH W3MEHEHHH MpU
azcopOIy  TePMOAMHAMUYCCKUX (DYHKIMH U30-
TPOITHOTO TBEPIOTO aiCcOpOeHTa OT aedopMaIiu
MIOCTIETHETO.

Jyis Toro, 4yToOBl TEPMOAWHAMUYCCKH OITH-
caTh CTCNEHb W3MCHCHHS COCTOSHHS aJCcOpOCHTa,
HEOOXOJMMO 3HATh yYpaBHEHHUE COCTOSIHUS TBEPIOTO
Tena. YpaBHEHUE COCTOSHUS B HESIBHOM BUJIC:

P=P(V,T), 1)
MpUYeM BEJIMYMHA P Wrpaer pojb HEKOTOPOTO pe-
3YJIBTHPYIOMIETO MaBJcHHs (3aBHCSAIIETO B OCHOBHOM
OT BHYTPCHHETO JaBJICHHS B CTPYKType aacopOeHTa),
BEIHYKJIAIOIIETO ancopOeHT nedopMupoBaThes. Pac-
yet P mpezacTaBiseT co0OH CaMOCTOSTENbHYIO U J10-
CTaTOYHO TPYIHYIO 3a/1a4y.

CoBepIlieHHO OYEBHUIHO, YTO SBHBIM BHUJ CO-
oruomenus (1) B obnactu 6obmux AedopMarivii 1 B
HIMPOKUX TEMIIEPATYpHBIX WHTEpBallaX CIIOXKEH U
MOXXET OBITh HalIeH TOIBKO dMIuprdecku. OIHAKO B
JIOBOJILHO IIMPOKOM WHTEPBAJIE TEMIIEPATYP, JAICKUX
OT TOYKH TUIABIICHUSA, U B o0JlacTH ympyrux aedop-
Maluii MOXHO BOCIIOJB30BATHCS  KIIACCHUECKIMU
hopmytamMu

P=K[V(T,P)=-V(T0)] /V(T.0) (2)
V(T,0)=V(00)(1+BT) 3)
mpu P = 0.

O6wenuuss Beipaxkenns (2) u (3), MOKHO 10-

JTYYHUTh YPABHEHHUE COCTOSHHS:

P=K[V/(\d+AT)-1], (4)
rae Vo = V(0,0).B (2), (4)K —Momyns BceCcTOpOHHE-
T0 PACTSHKCHHSI U30TPOITHOTO TBEPOIO Tena, ff — KO-
3 punmeHT oO6BEMHOTO TEMIIEPaTypHOTO pacIIupe-
HUSI TeJa.

[Ipu manpHEHIIEM pacCMOTpEHHH OyIeM CUH-
tath K 1 f mocTosHHBIME (Kak OTMEYaoch paHee, B
OOJNIBIIMHCTBE pPEaJbHBIX CIIy4aeB OTH HapamMeTphl
XapaKTepU3yIOT HE CTONBKO a7COPOCHT, CKOJIBKO BCIO
aICOPOIIMOHHYIO CUCTEMY), & TAK)KE Y4TEM, 4TO MPO-
u3BencHUe [T SBISIETCS MalbIM TI0 CPAaBHEHHUIO C
eIMHUIICH BIUIOTH J0 TEMIIEPATyp, OJIM3KUX K TeMIIe-
paType IUIaBICHUS, U B CBS3H C 3TUM IpEeHEOpexkeM
BEIIMYMHAMY BTOPOTO MOPSAKA MAJOCTH 1o fT. D10
no3BoJIsAeT 3amucath Gopmyny (4) cnexyrommm 00-
pazom:

P=K[(V/Vy)1-BT)-1] (5)

Ilepen onpeneneHreM BaXXHEUIIUX TEPMOJIU-
HaMU4YeCKuX (QYyHKIUH nedopmupyromerocs Tena
ceNlaeM HECKOJIBKO MPEIBAPUTEIHHBIX PACUETOB.

32

Pabora, coBepmiaemMass TpH  pacTSHKEHUH
(mabyxanum) Tena, BeIpaxkaeTcs GopMyJIOii:
0A =-PdV . (6)
3nech poab AehOpMHUPYIOIMICH HArpy3KH WT-
paet maBienue P.
OCHOBHOE TEPMOJIMHAMHYECKOE TOXKIECTBO
MOJKHO 3aICaTh B BUJIC

dU (SV ) =TdS+ PdV 7)
HNJIX C ITIOMOIIBHO HK06I/IaHa
9 (TS)/a(PV)=-1. (8)

Takum obpa3oM, yunTsiBas (8), MOXKHO 3aITu-
carthb

(0S70V)t =[o(S W/o(V Bo( V P/o( V I =
=—(0P/9T),.
Or[pe;[eJmM TCHCpB 3HTp0HI/IIO Ha6yxa}omero

Tena. UMmeem
dS=(OS/6'I)V dT+ (0 %0 )Al- dv

(9)

(10)
=(0S/0T), dT-(d P9 T, dV.
Ucnons3ys (5), Haiinem
(9P /AT )\, = —BKV IV
OTKyJa
dS=C, dT /T +BKVdV IV, (11)

Hanee, moapa3ymeBas HE3aBUCHMOCTb MO-
aspHoit TeroemkoctH Cy OoT 00beMa, a Takke ydu-
ThIBas TOT (aKT, YTO JUIS LIEJIOTO psifa Tel NpPU He
CIMIIKOM HM3KUX Temmeparypax Cy moctosiHHa (He
3aBUCHT OT TEMIIEPaTyphl) M cocraBiser ~25,1
JUx/(K-momb) (3axoH [rononra — I[tu) [13], popmymy
(11), uHTerpHpyst, MOXKHO TPEICTABUTH CIICAYIOLUIHM
obpazoM:

s-g'= ¢ (T D+ KF-(NDH 12y (12)

rae V*, T*, S* —napaMeTpbl HEKOTOPOT'O IIPOU3BOJIb-
HOT'O COCTOSTHHSI.
Cornacao (5) u (11) MoxHO 3amcaTh
dU =TdS+ Pdv= G dF (8 KTV y+ P d¥

=Gy dT+ K(V-\p) / ) dV (13)

WK, UHTETPHUPYs, TOJIydaeM BBIpaKEHHE JJIsl BHYT-
penneii sneprun [14]

u-u=g,(T-T)+

(14)
R AR AL VICAVAN

06061m1ast, oTMeTHM, 4TO M0 (opmynam (12)
u (14) MOKHO pacCUMTBHIBATH U3MEHEHHS BayKHEHIITIX
TEPMOJNHAMUYCCKUX XapaKTePUCTHK aJicOPOCHTA KaK
(byHKIMA BeNMYUHBI agcopOrmu. s aToro Heobxo-
IUMO 00JIagaTh HHpOpPMAIMEH O MPOTHKEHHOCTH 00-
JacTH ympyrux JeopMariiii M30TPOMHBIX TBEPIBIX

W3B. By30B. XuMmus u xuMm. TexHosorus. 2016.T. 59.Beim. 10



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 10

agcopbenToB (M, KOHeUHO, 3HaTh S 1 K). Kpome Toro,
JIOJDKHA OBITh DKCIIEPUMEHTANILHO BBISIBIICHA, HATPH-
Mep IUIATOMETPHYECKUM METOJIOM, 3aBUCHMOCTD
neopMaii yKa3aHHBIX BBINIC TUIIOB aJICOPOCHTOB
OT BEJIMYHHBI JICOPOIINH.

Ha puc. 1, 2co0TBETCTBEHHO, MPE/CTaBICHBI
U30TEPMBI a1copOIMU H-TeKCaHa Ha aacopOeHte AP-
B u 3aBEUCHUMOCTH OTHOCHTENHLHOH JIMHEHHOH nedop-
MaluH 3TOTO aJcOpOCHTa OT aAcOopOLMH H-TEKCaHa B
obnactu temmepatyp ot 255 o 353K [15]. B onsl-
TaxX HMCIOJb30BAJICS TPaHYJIMPOBAHHBIN YIIEPOIHBIN
ancopoent AP-B pekyrepalmoHHOTO THITA, W3TOTOB-
JICHHBIH B BUJIC TPaHyJ 3 KAMEHHOYTOJILHOM MBUIHA U
CMOJIBI METOJIOM Tapora3oBoil aktuBanuu. CTpyk-
TYpPHO-9HEPreTHUECKUE XapaKTEPUCTUKU aJicopOeHTa
AP-B (yaensHblii 00beM mMukporiop Wo = 0,26cm¥r,
xXapakTepucTuueckas sHeprust agcopouuu Eo = 15,8
kJIx/MoIb, 5 peKTHBHAS TOIYIIHPHHA MUKPOIIOP Xo =
=0,76 HM) ompeAe/sUTH MO H30TEPME aACOPOLUHU
cTaHfapTHOro napa Oensona npu 293K ¢ MOMOILIBIO
pacyeTHOro armmapara TEOPHH OOBEMHOTO 3aroJiHe-
aust mukpornop (TOM3). KoMmaHus-IpOn3BOANTETD
apcopoenta —OAO «CopOent», T. [lepmb.

Ha puc. 3, B kauecTBe mpumepa, MpUBEICHBI
paccunrtannsie mo Gopmyiaam (12) u (14) u maHHBIM,
NPEICTAaBICHHBIM Ha puc. 1 ¥ 2, 3aBUCUMOCTH H3Me-
HCHUSI DHTPOIIUH M BHYTPCHHEH SHEPIruu ajcopOeHTa
AP-B npu agcopOimu napos H-rexkcana npu 7' = 313K.

1~

A%

0,4 4

B pacuerax GbLIH HCIIONB30BAHbI CIEAYIOIIME XapaK-
tepuctuku: K = 1,00-16" IMa; g = 1,28-16¢ K%
Vo = 2,20- 16 m/xr.
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Puc. 1.130Tepmbl ancopOuuy H-TeKCaHa Ha MUKPOTIOPUCTOM
yriepoanoM aacopbente AP-B npu temneparypax T, K: 1 — 255;
2—-273,3-293; 4 - 313; 5 — 333; 6 — 353icopOrronnbie
JaHHBIC 0003HaY€EHEI CBETJIBIMU CHMBOJIaMH, Z[eCOp6L[I/IOHHLIe -
TCMHBIMH
Fig. 1. Adsorption isotherms of n-hexane on mianecopis carbon
adsorbent AR-V at temperatures T, K: 1 — 255; 73; 3 — 293;
4 —313; 5 - 333; 6 — 353. The adsorption datanalieated with
light symbols, desorption — dark

a,MmMonb/T

04 -

2 2,5

Puc. 2.3aBHCHMOCTD OTHOCHUTENBHOM JMHEHHOH AeopMaLik MUKPOIIOPHCTOrO yriepoaHoro ajacopbenra AP-B ot Bennuunsr ancopo-
LMY MAapOB H-TeKcaHa npu Temneparypax T, K: 1 —255; 2 — 273, 3 — 293; 4 — 313; 5 — 333;353. AcopbunoHHbIe TaHHBIE 0003Ha-
YCHBI CBETJIBIMU CUMBOJIAMH, ,Z[eCOp6L[I/IOHHI>Ie - TeMHbIMH. CIUIONIHBIC TUHUH — AlMPOKCUMAILIMOHHBIE KPUBBIC a/:[cop6u140HH1>1x TOYECK
Fig. 2. The dependence of the relative linear de&bion of micro porous carbon adsorbent AR-V onrttagnitude of adsorption of
vapors of n-hexane at temperatures T, K: 1 — 255223, 3 — 293; 4 — 313; 5 — 333; 6 — 353. Theru®n data are indicated with
light symbols, desorption - dark. Solid line — appmation curves of the adsorption points
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AS,
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Puc. 3. 3menenus yzaenbHbixX oHTponuu AS (1) u BHyTpeHHEiH
sueprun AU (2) ancopbenra AP-B npu ancopOuunH-rekcana,
T=31XK
Fig. 3.The changes in specific entrdy (1) and internal energy
AU (2) of adsorbent AR-V at adsorption of n-hexahe, 313 K

B wu3oTepMuveckux YCIOBHSIX paBHOBECHAS
azcopOIMOHHas JeopManusi MHUKPOIIOPHCTOTO yT-
JICPOIHOTO aJICOPOCHTA MpPU aICOPOIMU XapaKTepH-
3yeTcsl MpOLEeCCaMH CKaThsl U PaCHIUpEHHs aJcop-
o6enta. C pocToM HaBiICHUS W ancoOpOITMU afacopOCeHT
CHavalla CXKUMaeTrcs, KpHBas ajcOpOIIMOHHOW Je-
(dhopMaluu MPOXOIUT Yepe3 MHHHMYM, 3HaK aedop-
Mallii MEHSETCS, HAUMHACTCSl paclIMpeHe, KOTOpoe
B Mpejiene npeBocxoauT cxatue B 5-10pa3. Hauans-
HOE C)KaTUe MHUKPOIOPHCTOrO aacopOeHTa OOBIYHO
CBSI3aHO C B3aMMOJICHCTBHEM aJICOPOUPOBAHHBIX MO-
JIEKYJ C TPOTHBOIIOJIOKHBIMH CTEHKAMH MHUKPOTIOP
Ha MaJbIX paccTosHUsAX. C pOCTOM CTETIeHH 3aIlojHe-
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HUSA 00beMa IMOP YMEHBIIACTCS CPEAHEE PacCTOSHUC
MEXJIy MOJICKYJIaMH ajcopOaTa, HapacTarT CHIIBI
MEXMOJICKYJIIPHOTO OTTAJIKUBAaHUS <«aicopbaT — aj-
copbat» u «ajcopdar — aIcOpOCHT», UTO TPUBOJUT K
pOCTY JaBJICHUS B MOpax H, KaK CJIEICTBUE, PACIIH-
pEeHUo amcopOeHTa.

BBIBO/IbI

B wu3orepMuueckux yCIOBUSX paBHOBECHAs
agcopOumoHHast aedopMarys MHKPOIOPUCTOTO yT-
JIEPOTHOTO aACcOpOeHTa MpH ancopOLUH XapaKTepu-
3yeTcsl MPOLeCCaMH CXKATHs W PACIIUPEHUs aacop-
OeHra.

YueT HEMHEePTHOCTH aJICOPOCHTOB B amcopo-
IIMOHHBIX TpOIleccax KpailHe BaXKECH TP MMOCTPOCHUU
CTPOTOH TEOpUH PaBHOBECHOW aJcOpOLMHU M B Tpak-
TUYECKUX CIIy4asX WCIONb30BaHUS aJCcOPOSHTOB.
Hampumep, ancopOmmonnas nedopMamusi MOXKET
CIy’)KUTh (PaKTOPOM COKpAIIIEHHUSI CKOPOCTH CTAPCHUS
a7IcOpOEHTOB, YTO OCOOEHHO Ba)KHO IPH KOPOTKO-
LUKJIOBBIX PEKUMAX afcopOLMu 1 JecopOLuru.

B pabote mpencraBieH TepMOIMHAMUYECKHUHA
aHanu3 axcopOnoHHON aedopmarnu yrpyromaedop-
MHPYEMBIX H30TPOIHBIX aJCOPOCHTOB M IPOBENEH
pacueTr U3BMEHEHUM SHTPONUU U BHYTPEHHEN SHEpPTUun
aacopbenta AP-B mpu agcopOnum H-TekcaHa, 4TO
SIBIIICTCS. KOJIMYECTBCHHBIM (DAKTOM HEWHEPTHOCTH
(M3MEHYHMBOCTH) MHUKPOIIOPUCTOTO aJCcOpOeHTa B aj-
COpPOITMOHHOM IIpoIIecCe.
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Huxomait Hukonaesnu CeMeHUIINH

OTtaen XUMUM JTaHTaHUJO0B, OU3NKO-XUMHUECKUN HHCTUTYT UM. A.B. boratckoro HAH Yxkpaunsl, yi. Jlroct-
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CUHTE3 Y CBOMICTBA MAKPOTETEPOIIUKJINYECKOI'O COEIUHEHUS ABBB-THUIIA C
®OPATMEHTOM 5-AMUHO-2-JOJAELNWJI-3-UMHNHO-1,2, 4TUAJUA3OJINHA

Jlannan paboma noceaujena ONUCAHUIO CUHIME3A, MEMOO008 OUUCHMKU U (PU3UKO-
XUMUYECKUX XAPAKMEPUCHUK MAKPO2EMEPOYUKIUUEeCK020 coedunenus ABBB-muna, komopoe
cooeprtcum ppazmenm S-amuno-2-0odeyun-3-umuno-1,2 Amuaouazonuna. 3mo coedunenue
ob1adaem mempaazadaKmepuoOXaopuHo-nOO0OHOI CIMPYKMYPOIL U ModHcem Oblmb UCHOIb308AHO
KaK nOMeHUUAIbHbLL CEHCUOUIUZAMOP 8 (POMOOUHAMUYECKOI MEPAnUU OHKOI0ZUYECKUX 3a00-
nesanuii. Kpome mozo, 3,50uamuno-1,2,4muaduazon — 3mo ymanounsvlit. AHMUZUNOKCAHM, U
ueneeoii npoOyKm modxcem npuodpecmu e2o duonozuueckue ceoiicmea. Ucxoonoe coeounenue,
S5-amuno-2-0ooeyun-3-umuno-1,2 4muaouazonun, cuHmeIuposaIu NPAMbIM AIKUAUPOBAHUECM
3,50uamuno-1,2,4muaduazona 1-6pomoooexanom. MaxkpozemepouuKkiuueckoe coeouHenue
ABBB-muna noayuanu xkonoencayuei 1,30uumunouzounoonuna (ppacmenm B) u S-amuno-2-
oooeyun-3-umuno-1,2 Amuaouazonuna (ppacmenm A) ¢ ¢henone. OUuUCmKy HOAYUEHHO20 CO-
COUHEHUS OCYULeCMEIIAIU MEMOOOM KOJIOHOUHOIL XPOMAmozpaduu Ha cunuxazene, uCnOAb3ys 6
kauecmee Imoupyrowieii cmecu CH2C12:MeOH:C6H14. O6a coedunenus oxapaxmepusosanvl
oannvimu macc-cnekmpansnozo ananuza, 1H AMP, HK u snekmponnoii cnekmpockonuu. Ilo-
Ka3zano, 4mo 6 I1eKMpOHHBIX CHEKMPAxX MAKPOLEMEPOUUKIUULECKO20 COeOUHEHUs 8 KUCI0U cpe-
Oe Hab0aemcsa damoxpomustii cosuz maxkcumyma noznouienus om 48000 555 um u nosensn-
tomca Hosvle ungnexcuu npu 692 u 721 um, umo noomeepicoaem nPOMOHUPOSAHUE HOTYUEH-
Ho20 coedunenusn. Kucnomno-ocnoguvie ceoiicmea Imozo coeOuHeHus 0yoym OnUcamsl 8 ciedy-
wuweil pabome.

KiioueBble c10Ba: MakpoOreTepOIMKIMIECKOE COSIMHEHH S, CTPOCHUE TeTpaa3abakTepHOXIOpHHA, ajl-
KHJIUPOBaHHUE, 5-AMUHO-2-101eHI-3-UMHHO-1,2,4THaaua301
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SYNTHESIS AND PROPERTIES OF MACROHETEROCYCLIC COMPO UND OF ABBB-TYPE
WITH FRAGMENT OF 5-AMINO-2-DODECYL-3-IMINO-1,2,4-TH |ADIAZOLINE

This work describes synthesis, methods of purifioat and physical-chemical
characteristics of ABBB-type macroheterocyclic cooymd, which contains fragment of 5-amino-
2-dodecyl-3-imino-1,2,4-thiadiazoline. This compalinhas similar to tetraazabacteriochlorin
structure and it can be used as potentially serrsti for photodynamic therapy of cancer.
Moreover, 3,5-diamino-1,2,4-thiadiazole is standaastinypoxant and its biological properties
can occur in desired macroheterocyclic product. Bat compound, namely 5-amino-2-dodecyl-3-
imino-1,2 4-thiadiazoline, was synthesized by a#itidn of 3,5-diamino-1,2,4-thiadiazole by 1-
bromododecane. Macroheterocyclic compound of ABBR#¢ has been prepared by condensation
1,3-diiminoizoindoline  (fragment B) and 5-amino-2edecyl-3-imino-1,2,4-thiadiazoline
(fragment A) in phenol. Purification of obtained ecopound was carry out by method of column
chromatography on silica gel using eluting mixtut@H>Cl,:MeOH:C¢H14. Both compounds were
characterized by mass-spectrometiyy NMR, UV-vis, IR spectroscopy. It was shown, that
bathochromic shift of absorbtion maximum from 480 655 nm and emergence of new inflection
at 692 and 721 nm are observed in UV-vis spectranmdcroheterocyclic compound in acid
medium, that confirms protonation of obtained comyad. Acid-based behavior of this compound
will be described in the next work.

Key words: macroheterocyclic compound, tetraazabacteriochlstincture, alkylation, 5-amino-2-
dodecyl-3-imino-1,2,4-thiadiazoline

INTRODUCTION derivatives such as chlorins and bacterioclorins,
g_vhich absorb light in long wavelength range of spec

Thiadiazoles and their derivatives reveal
trum [14] and are used as therapeutic agents for ph

wide range of biological activities [1-3]. For iaste, q i th ;
3,5-diamino-1,2,4-thiadiazolel) is well known me- todynamic t eP:apyo cell_ncer [15, 16]. imil

dicinal product Amtizol [4]. Some of its derivative Macrq eterocyclic  structures  similar  to
were used as antimicrobial, antifungal and anﬂgtra.azachlorm- an_d tetraazaba.cterlochlorln'can be
inflammatory agents, dyes, lubricants and analb/ticabta'm;‘_:l d_onlyl using 2N-su_bs_t|tuted 3§'$am'no'
reagents [5]. Diaminoderivatives of thiadiazolest-p _1'2'4’t ladiazoles. Moreover, it Is expecte , thak-
ticularly, 2,5-diamino-1,3,4-thiadiazole and 3,5imum of ab;orptlon of these compognds will ??.h'ft n
diamino-1,2,4-thiadiazole, were successfully used 89" IR rﬁglon of _spe;:ftrum tfhat S'g.r?'f'ca”t'ﬁ it~
starting materials to synthesize macroheterocyclfd€as€ therapeutic effect of sensitizer. These com-

compounds of ABABAB [6-11], ABAB [7, 12] and pounds weren't described in the literature earlier.
ABBB types [7, 13], correspondingly. . 5-Amino-2-imino-3-pentyl-1,3,4-thiadiazo-
In recent times, scientists’ attention is dedill® obtained by direct alkylation of 2,5-diamino-

cated to development of synthetic hydrated porphyrit-3-4-thiadiazole [17, 18] was used for synthesis o
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three-units product [19, 20] and macroheterocyclicd30 mg, 0.9 mmoland 3 (85 mg, 0.3 mmol) in
compound [7]. phenol was stirred for 60 h at temperature 100°CLO
It seems to be very attractive to use alkylate@ihe reaction mixture was washed from phenol by hot
3,5-diamino-1,2,4-thiadiazoles for this purposet Bwvater. The desired product was purified by column
to our knowledge, synthesis of these products was rchromatography (silica gel, CBI.:MeOH:GH14 =
founded in literature. Hence the first step of thiwk 10:1:3). A maroon zone was collected and the sblven
was to find a method to synthesize 5-amino-Awas evaporated. Formed after washing in acetamitril
dodecyl-3-imino-1,2,4-thiadiazoline. and removing solvent a powder was dried under vac-
X-Ray study of protonated forms pfshowed uum. Yield: 7 mg (3.7 %). Calc. EM 653.30. MALDI-
that the nitrogen atom located into the positionf2 TOF (DHB), m/z: 690.6 [M+K-2H]*. v (KBr)/cm™:
1,2,4-thiadiazole ring is to be the most pronounce®R37, 2964, 2925, 2853 (Csk), 1739, 1647, 1556
nucleophilic center of 3,5-diamino-1,2,4-thiadiazol (C=N v), 1461 (C-C v), 1378, 1264, 1091, 875, 713.
[21]. Therefore, it is the most probable that dirgle UV-vis: Ama/nm (CHCl;, ¢ = 1.49-18 mol-L?)
kylation of the last can be directed toward th@at  (Ige): 263 (4.41), 480 (3.60%kma/nm (acetone, ¢ =
1.49-1@ mol-L?Y) (Ige): 457 (2.85);Amadnm (2,2,2-
EXPERIMENTAL PART CRCOOH, ¢ = 1.49-10 mol-L?) (Ige): 555 (3.82),
UV-vis spectra were measured with HITACHI692 (3.39), 721 (3.37)'H NMR: &4 (CDCh, 500

U-2001 spectrophotometer. IR spectra were recordgfHz): 11,18 (s, 2H, N-H), 8.10-7.69 (m, 1Haron),
with an AVATAR 360 FT-IR spectrometer. ESI-MS1.86-0.88 (25kky).

mass-spectra were measured with a Bruker Reflex llI
instrument, MALDI-TOF mass-spectra were regis- RESULTS AND DISCUSSION

trated out with a AXIMA Confidence (SHIMADZU). Compound3 was prepared by alkylation af
'H NMR spectra were measured with a Bruker speby 1-bromdodecane in boiling MeOH (Scheme 1).
trometer in CDQ at 500 MHz. Column chromatog-

raphy was performed on silica gel Merck-60 (230-400 Gzt

mesh, 60 A). TLC was performed on aluminum S—NH S—N

i, ii
sheets precoated with silica gel 6Q:KE. Merck). /4\ /& + CqoH2sBr /4\ X
N NH N NH
1

3,5-Diamino-1,2,4-thiadiazole (1jpnd 1,3- HN _ HoN
diiminoisoindoline (2)The synthesis of compound 1 I: MeOH, NEB, tooi; 3
and 2 was carried out as described in studie<2[ZR, Il H20, troom
5-Amino-2-dodecyl-3-imino-1,2,4- . P P
thiadiazoline 8). Solution of 1-bromododecane (14.5 Scheme 1. The symhetsk:isaﬁ:z;?qgo 4-dodecyl-3aeli2.A
mL, 60.4 mmol) in CKCIz, 1 (2 g, 17.2 mmol) and Cxewma 1.Cunres 5-amuno-2-goxennn-3-umuno-1,2,4-ua-

MeOH (80 mL) was stirred with refluxing for 20 h. auasoia
After triethylamine (4.2 mL, 30.2 mmol) was added '
to the reaction, the mixture was refluxed during.4 The mass spectrum of compoudiés charac-

The solvent was evaporated and the resultant prodigyized by the present of a peak correspondingjeo t
was washed with water. The desired product was g@xolecular ion withm/z= 285 in form [M+HJ. In the
tracted by CHGl The solvent was evaporated and ¥R spectrum oB, a series of bands at 3309, 3142 and
yellow oily was produced, which is soluble in low-1613 cm' can be assigned to asymmetrical, symmet-
polar organic solvents, and not soluble in watat ariical stretching, and deformation vibrations of the
hexane. Yield: 2.4 g (49%). Calc. EM 284.20. ESlamino groups. A series of bands at 2920, 2851 cm
MS, m/z: 285 [M+H]*. IR: v (red glass)/crit 3309, can be characterized as stretching valence C-Havibr
3142 (N-H, v), 2920, 2851 (C-H, alk), 1613 (N-H, d)tions of the alkyl groupH NMR spectrum of com-
1541 (C=N, v), 1463, 1377, 1165, 720, 648, 565. U\pound 3 reveals the signals at 0.88, 1.28-1.57, 1.85
Vis: Ama/nm (CHCl, C = 2.74-10 mol-L?Y) (Ige): and 3.41 ppm, which can be assigned to the protons
252 (2.97).'H NMR: &4 (CDCh, 500 MHz), ppm: of dodecyl group. Two singlets at 5.43 and 7.36 ppm
7.36 (s, H, -NH), 5.43 (s, B, -NHy); 3.41 (tr, 2H, N- characterize the resonance of the protons of amino
CHz-.); 1.85 (m, 2H, N-CHCH,-); 1.57-1.28 (m, and imino groups. Integral intensities of the slgna
18H, -CH); 0.88 (tr, 3H, -CH). confirm these assignments. These results are con-
2-Dodecyl-3,12,19,24-tetraimino-5,10,17,26- Sistent with published for 3-alkyl-5-amino-2-imino-
tetranitrylo-1-thio-28H,30H-tribenzo[f,k,p](1,6,10, 1,3, 4-thiadiazolines [17, 18] and pentylsubstitute
15)-tetraazacyclooctadecer(d). The solution of2 1,2,4-thiadiazoline [24].

38 U3B. By30B. Xumus U xuM. Texnosorus. 2016.T. 59.Beim. 10
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Compound4 was synthesized following the absorbance at 692 and 721 nm was appeared indicat-
scheme 2. ing protonation of compound (Fig. 1) [25]. Beer-

The signal at 690.61/zin the mass-spectrum Lambert-Bouguer law is observed at concentration
of 4 corresponds to [M+K-2H] molecular ion.*H from 5.7710* to 14.910* mol/L that confirms linear
NMR spectrum in CDGIshows the pyrrolic NH pro- dependence of intensive of absorption on the cencen
tons at 11.18 ppm. Strong absorbance at 263 nm damation of solutiord (Fig. 2). In the IR spectrum df
inates in UV-vis spectrum that demonstrates preserthe bands at 2964, 2925 and 2853*a@urrespond to
of thidiazole cycle while the band of lower intdgss  C-H stretching vibrations of alkyl groups. The batd
located at 480 nm. It is similar to that of maciteine- 3237 cmt can be assignetb stretching vibrations of
cyclic compound of ABBB-type with N- isoindole N-H bond. ThéH NMR spectrum oft reveals
alkilsubstituted 1,3,4-thiadiazole moieties refdrie  a signal at 11.18 ppm, which can be assigned trpbs
[13]. Bathochromic shift from 480 to 555 nm wadion of proton of the isoindole N-atom [10, 26, 27]
observed in UV-vis spectrum in acid medium and

/C12H25
S—N
NH N/Q\NAN
. N/C12H25 74 ~
/4 )\ + 3 NH NH HN
HoN \N “SNH A =
NH N /N =N

3 2 4
i: PhOH, = 60 h, t = 100-110 °C

Scheme 2. The synthesis of ABBB-type macroheteracgoimpound
Cxema 2. CuHTe3 MakporeTepoLHKIndecKoro coenunerns ABBB tumna

1,21
A - A 1
1,04 1,0
0,91
0,84
0,81
0,64
692 721 074
0,44
0,6
0,24
0,5
0,0 T T T T T T T T T 1 0.4
300 400 500 600 700 A\, nm 800 L L L L U L LU L L
! 5 6 7 8 9 10 11 12 13 14 15
* 4
Fig. 1. UV-spectra of 4: 1 — GBIz (c = 1.49-1¢ mol- L'Y); Cr10" mol/L
2 — CRCOOH (c = 1.49-16mol- L'Y) Fig. 2. Dependence of absorption intensity on trecentration of
Puc. 1. Y@ cnexrper 4: 1 — CHCI2 (¢ = 1.49- 16 mons-Y); 4 (acetonelmax= 457 nm)
2 — CRCOOH (c = 1.49- 1Omob-ir) Puc. 2.3aBUCHMOCTh HHTEHCHBHOCTH TOTJIOIICHHS OT KOHIICH-
CONCLUS'ONS Tpanuu 4 (aI_IeTOH, Xma><= 457Hm)
The first representative of macroheterocyclic com- ACKNOWLEDGMENT
pound containing three isoindoline and one 2- alkyl This work was carried out by financial sup-
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PEOJIOTHYECKHE XAPAKTEPUCTUKH CYCINEH3UM B MPOIIECCAX KUCJIOTHON
HEPEPABOTKH ®OCP®OPUTA INOJIIMHCKOI'O MECTOPOKIEHU A

Opuenmupysace Ha RPOU3BOOCHBO C/LOHCHBIX YOOOPEHUI A30MHOKUCTIOMHBIM PA3JI0HCe-
HUuem ROINUHCKO20 hochopuma, uccinedosana peonozus CyCReH3uil Ha CMAaoUusx paszioNceHus,
AMMOHU3AUUU U CMEUleHUsl ¢ Kaauucooepiyicauyum Komnonenmom. Ilokazano enusnue ucxoo-
HOUl KOHUEHMPAUUU KUCTIOMbL, MOJIbHO20 OMHOWeHUs ammuak/pocgpopnas kucnroma, coomno-
wenusa KIT, xnopuoa kanus na éaskocms noayuennwvix cycnensuii. Ilonyuensl 3a6ucumocmu
6A3KOCIU UCCNIEOYeMBIX CYCHEH3ULl OM CKOPOCHMU cO8u2a O3 GblUienepequcieHHbIX CIAaouil.
ITokazana mexunonocuueckas yenecoodpasHoOCms a30MHOKUCIOMHOU nepepadomku ghocpopuma
Honnunckozo mecmoposricoenus na NP-u NPK-yooopenus.

KiroueBble cjI0Ba. KHCIIBIC ITyJIbITbl, aMMOHHN3UPOBAHHBIC ITYJIbIIbI, (1)PI3I/IKO-M€X3HI/I‘16CKI/IC CBOMCTBa
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RHEOLOGICAL PROPERTIES OF SUSPENSIONS AT ACID TREAT MENT OF PHOSPHORITE
OF POLPINSKY DEPOSIT

One can see that there is the global trend all ovlee world of progressive depletion of
industrially significant deposits of phosphate oreBesides, there is reducing containing of the
main’s component, phosphorus pentoxide, and amouimt it at all. It's requires from
manufacturers of mineral fertilizers to pay attewatn on a poor ores and a low grade phosphate
raw materials. The study of its physical, chemicahd technological features is directed on a
search of the effective ways of their processing tim phosphoric acid and phosphate-based
fertilizers. The processing of the poor and low de phosphate to certified products is
complicated by a high content of impurity species it. These species have a close mutual
germination of phosphate minerals that it is necasg to consider at adaptation of the new types
of raw materials to the industrial technological kemes or in case of developing of a new
effective ways of their processing. Focusing on g@duction of complex fertilizers by the nitric
acid decomposition of Polpinsky phosphorite, in theesent work it have been researched one of
the most important properties of reaction slurriesptaining during the acid decomposition of
phosphate raw materials, the rheology of slurries the stape of decomposition, ammonization
and mixing with potassium containing component. Thh&luences of the initial concentration of
acid, the molar relation of ammonia and phosphoicid, the ratio of liquid and solid phases and
influence of potassium chloride adding for the visgity of the obtained suspensions are shown.
For the studied suspensions the dependence of gisg@n shear rate for the all above mentioned
stapes was obtained. The fundamental technologitehsibility of nitric acid processing of
Polpinsky deposit phosphorite to the complex nitebgphosphorus- and nitrogen-phosphorus-
potassium fertilizers is shown. Herewith the highktent of raw material decomposition, about 99
per cents, and convey the phosphorus in digestibken in to the product was achieved.

Key words: acidic pulp, ammonized pulp, physical and mectampooperties

ABOTHOKHCIIOTHAS TepepadoTka ¢docdaTHOTO
CBIPbsI SIBJISIETCS OJHUM W3 D(PQPEKTHBHBIX METOJIOB
MOJYYEHUS CJI0XKHBIX ya00peHuit. [IpuMeHeHne 3Toro
MeToa Haubosee 1eaecoodpasHo it OemHbIX (Co-
nepxanmx MeHee 28% PBOs), TpymHO0OG0raTHMBIX
dhochopuToB, B UYKCIEC KOTOPBIX HAXOOATCSA OTeue-
CTBCHHBIC. BSITCKO-KAMCKHE, ETOPLEBCKHE, TMOJITHH-
ckue u ap. O0palieHre K nepeyrcieHHsM Gochopu-
TaM SIBJISIETCS aKTyaJbHOM 3a/iaueid, MOCKOJbKY 3KC-

42

TUTyaTUpyeMbIe OKOJIO BEKa araTHTOBBIE pyibl Koib-
CKOTO TIOJTyOCTPOBa 3aMETHO HUCTOIIAIOTCS, a TIOTPed-
HOCTh B (pocdopcoiepkamx yaoO0peHUsIX MOCTOSH-
HO Bo3pacTaeT [1].

Hcnonb3oBaHue aabTEPHATHBHBIX HCTOYHU-
KoB (hochaTHOTO CHIPhS B TEXHOJIOTHH ITOJYICHHS
CIIOKHBIX yH0OpeHuil TpeOyeT IiyOOKOTO H3Y4YeHUs
COCTaBa W CBOWMCTB CBIPbS, KUHETUKH KHCIOTHOTO
pa3IoKEHMsI, & TAKIKE PEOJOTHICCKHX XapaKTEPUCTUK
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UCCIIETyeMbIX CHUCTEM Ha OTICNBHBIX CTaJIUSIX MPO-
1ecca; KUCJIOTHOTO pa3ioxeHus (pocdaTHOro CHIphs,
AMMOHU3AIIUY TIOJYYCHHOW KUCIOTHOW BBITSDKKU H
CMCIICHUSI €€ C KaJMHHOW COJNbI0. DTH XapaKTepH-
CTHKH BaXXHBI JUUIsl pacyeTa U 1mojadopa peakinoHHOTO,
TPAaHCIIOPTUPYIOUIETO U KOMMYHHKAIIMOHHOTO 000-
PYAOBaHUS NPU CO3IAHUU MPOMBIIIICHHBIX CXEM I10-
JTydeHUs yIOOpECHHMA.

HcxogaeiM (ocdaTHBIM ChIpbeM ISl HACTO-
SIIIMX UCcclienoBaHuil ciyxmi pochopur [onmunacko-
IO MECTOPOXKICHUS, HHTEPEC K KOTOPOMY OOYCIIOB-
JIEH ero YJOOHBIM reorpauyeckuM MOJOKEHUEM U
JOCTaTOYHBIM JUTS MPOMBIIIICHHON TIepepadoTKu 3a-
macoM [2]. Pasnoxenue ¢ochopura IPOBOIUIH
asornoii kucimoroir (HNO; — «.u.» TOCT 4461-77)
30 u 47% koHUEHTpalMU, HEUTPaIU3aLHUI0 A30THO-
(OCHOPHOKUCIIOTHON BBITSDKKM  OCYILIECTBIISUIA  aM-
muakoM razoobpasusiM (NH; — mapxka B, TOCT
6221-62),B Ka4yecTBE TPETHErO IMHUTATEIHLHOTO KOM-
HIOHEHTA TOJIyYaeMBbIX CIIOXKHBIX yIOOPSHUI MCIIOIb-
soBanu Kamuit xmopucteiii (KCl — «.p.a.» TOCT
4234-77).

TeXHOIOTrHYEeCKUE ONBITHI TPOBOJMIN C HC-

none3oBanueM Ttepmocrata "Julabo F12" (Julabo

GMBH, Tepmanus), comepxanne P.Os B kumkoit
(aze Ha cTaaUsAX Pa3IOKEHHUS U aMMOHH3ALUH OMpe-
Jensu ¢ moMoineio crektpodoromerpa KOK-03-01
(30M3, P®), xourponbs pH ucCIeIyeMBIX CHCTEM
OCYIIECTB/SUIM C IOMOINBI0 HoHOMepa 3dkcrepT-001
(Oxonukc-skcnepr, PD), pusnko-mexanmyeckue wuc-
CJICJIOBAHMSI CHUCTEM, TOJYYEHHBIX Ha OTJCIBHBIX
CTaJIUSIX TPOIIECCa, BBIMOIHSIN C TOMOIIBIO POTAIIH-
onHoro Buckozumerpa «BROOKFIELD DV-III+»
(Brookfield, CILIA).

B Ttabn. 1 mpuBeneH XWMHYECKUHA COCTaB
nonmuackoro Gochopura (oOpaser; 1), KOTopbIit, Kak
U €ro CTPYKTYypa, ObUIM YCTaHOBJICHBI HAMHU paHee [3],
a TarKe JUIS CPaBHEHUSI TIPEJICTABICHBI COCTABBI JPY-
rux o00pasnoB (ochaTHOTO CHIPHSI. ETOPHEBCKOTO
tbochoputa (o6paser; 2) U XHOMHCKOTO AMATHTOBOTO
KoHuenTpara (obpaser 3) [4, 5].

Hccnenyemblit monnuuckuii GocHOpUT OTIH-
YaeTcs CPAaBHUTEIBHO HU3KUM COJICPIKaHUEM TIOITY-

Tabnuuya 1
Xumuuecknii coctaB (pocaTHOro ChIpbsi pa3jIMYHbIX
MeCTOPOKAEeHHN i

Table 1.The chemical composition of various phosphorous

raw deposits

TOPHBIX OKCHIOB U KapOOHATHBIX TpPUMEcCEH u, B TO
’Ke BpeMsi, BBICOKUM COJIep)KaHHEM HEepPacTBOPUMOTO
B KucioTtax ocratka (H.0.) B Bume SiO,. KapGomat-
anmaTUTHBIA T GochaTHOrO MUHEpaIa TPEeIIToIaral
€ro BBICOKYIO PEaKIIHOHHYIO CIOCOOHOCTh B OTHOIIIE-
HUM MUHEPAIBHBIX KHCIIOT, YTO TIO3BOJISUIO MPOBO-
JUTh KHCJIOTHOE Pa3IokKECHUE IMOJITUHCKOro ¢ocdo-
pHTa TIpH TeMIIepaType OKpyKarolieii cpeanr [6-9].

B Hacrosimield paboTe MpHUBOIATCS pe3yiibTa-
TBl HWCCJIEJOBAaHUI PEONIOTHYECKUX XapPaKTEPHCTHK
PEaKIMOHHBIX CYCIICH3UM MPU TIOJIYYEHUH CIIOKHBIX
NP- 1 NPK-ynoOpenuii myrem a30THOKHCIOTHOTO
pasnokeHus moamuHCKoro ¢ocdoputa. [Ipenmymre-
CTBOM BBIOPAHHOT'O METOJIA 110 CPABHEHUIO C CEPHO- U
COJISTHOKUCIIOTHBIM Pa3JIOKEHUEM SIBJISIETCS MEHBIIIAs
pacTBOPUMOCTh TpUMeced JKelle3a W ATIOMUHHS B
oOpasyromeiicss cycnensuu. OOpasyrommecss m0pu
aToM QocdaTel Kene3za U ATIOMHUHHUS OKa3bIBAIOT
HETaTUBHOE BIHMSHHE Ha (DUIBTPYEMOCTh CYCIICH3HH.
B wactHOCTH, BBUAY BBICOKOTO cojaepxkanus F&Osz n
Al;Os (8,5-11,6%BMecto momyctumoro 2,4%), nps-
Masi mepepaboTKa eropbeBCKoro ¢ochopura TEXHO-
JIOTHYECKH Hereraecoodpasua [10].

A30THOKHCIIOTHOE paziokenue (Hochopura
MPOBOJIMIIOCH B CTEKISIHHOM TEPMOCTATHPYEMOM Jia-
OOpaTOpHOM peakTope C MepeMElIMBaHHEM IPU pa-
HEEC YCTAaHOBJICHHBIX ONTHUMAJBHBIX YCIIOBHSAX: TEM-
neparypa 25 C, Hopma azotHoi kucioTel 140% ot
CTEXHOMETPHYECKOTO COOTHOLICHHS, Kod(durmeHTt
Pa3IoXKeHMsI ChIPhs MPpHU 3ToM coctaBisu 99,4%. Am-
MOHH3aLUsl  a30THO()OCHOPHOKHCIOTHON  BBITSKKH
OCYIECTBISIACh Ta3000pa3HBIM aMMHAKOM, B pe-
3yIbTaTe DK30TEPMHUUECKOW PEAKIMU ITPOHCXO M
paszorpes myibibl 70 75-80 °C. Bo uzbexanue perpo-
rpagauun Qgocdopa B mporecce aMMOHH3ALUH, OCY-
MIECTBJISUIM IEPUOJIMUECKUI KOHTPOJIb oka3arens pH
10%-+oro pactBopa cycniensuu [11]. [To noctmxennn
pH 4,58 aMMOHU3UPOBAHHYIO ITYJIBITY BBOIMIH XJIO-
PHI KTHS ¥ IEPEMCIITHBAIIN B TCUCHHUE 5 MUH.

V3mepeHust BI3KOCTH CYCIICH3UI TIPOBOAMIIA B
TEPMOCTAaTUPYEMOM CTEKJISITHHOW s4YeliKke MpH pa3jiny-
HBIX CKOPOCTSIX BpAIlCHHs pOTOpa B MHTEpBAJE OT 5
1o 250 06/muH. CKOPOCTh CIBUTa BapbUPOBAIN B WH-
tepsanie 1,4-71,1c™ . Tlpuauun paboThl BACKO3UMETPA
OCHOBAH Ha M3MEPEHUH CO3/IaBAEMOro TPYKUHOH Kpy-
TAIIETO MOMEHTA, HEOOXOIMMOTO JUIsl IOJICPKaHUS
33JIaHHOTO 3HAUCHUSI CKOPOCTH BPAILCHUS LVIIHHIPU-

Conepsxane, % macc. YECKOro poTopa, HOIPYKEHHOIO B
Obpasen 5 5 CaO FeOs Al,O; CO, H.0. uccnenyemyro myibiy. O6pabot-
1 195-21,5| 305333 1424 12-1F 3,450 REM| KY OKCIEPHMEHTAIBHBIX JIAHHBIX
2 20,4-23,3| 32,6-36,( 4,7-7,0 4,0-4,6 4,1-4,4 18,019 OCYIICCTBIISUTH CICAYIOUIMM 00-
3 39,4 29,2-52,1 1,2-1,7 1,4-2,4 1,6 4,7 pasom.
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CocTosiHiE HEHBIOTOHOBCKOM YKUIKOCTH OITH-
CBIBAETCS CTEIEHHON 3aBUCHUMOCTRI0 OCTBaybIa-Ie

Buns:
=k )"

[MpuHsATO JOMYIIEHWE, YTO HCCIEAyeMbIe
HaMHU CUCTEMBI TPEJICTABISIIOT CO00H HEC)KUMAEMYIO,
MHOT0(ha3HYI0, BHICOKOBA3KYIO CPEy, C TAMHUHAPHBIM
peKUMOM TeueHus. JIJIs TaKMX CUCTEM B CiIydae Mmpo-
CTOro Je(OpMUPOBAHHS CTETICHHOW 3aKOH OcCTBalb-
na-7ie Bumst MOYKHO TIPEICTaBUTh Kak:

T = k- @uloy)",

rae: T — HanpsbkeHue casura, [1a; K — koaddunueHTt
TYCTOTHI TOTOKa, Ila-c"; du/dy — rpagMeHT CKOpOoCTH
BJIOJIb OCH, MIEPIICHIUKYIISIPHON K TIOCKOCTH CIBHTra
CJI0EB KHUIKOCTU (CKOPOCTH caBura), ¢; N —6e3pas-
MEpPHBII TOKa3aTeNb MOBEICHNUS KUIKOCTH (1715 HbIO-
TOHOBCKHX JKHJKOCTEH N = 1, sl TceBJoIuiacTHy-
HBIX < 1, 17151 umaTanTHeIX > 1).

ITo pesynpraTam Tpex MHapajuieldbHBIX H3Me-
pEHUI IS KaKION MCCIIEeAyeMOi CHCTEMBI (KHUCITBIX,
AMMOHH3HPOBAHHBIX CYCIICH3UH M CYCIIEH3HMH TOCIe
BBCJICHUS XJIOPUA Kallksl) CTPOMIUCH Tpaduueckue
3apucumocTH [ = f(y).

Ha puc. 1 npencraBieHbl peoIOrnIecKue xa-
PaKTEpUCTUKU a30THOKHCIOTHBIX CYCIICH3UI Ha cTa-
MU Pa3jIoXKCeHHs pa3IndHbIX 00pa3ioB (ochaTHOro
CBIPBS, IOJyUYeHHBIE ITpH Temieparype 25 C, ucxoa-
HOHM KOHLIeHTpanuu a30THOM kuciotel 30% (acc.) u
ornomennu XK:T = 2,7:1.

%‘ﬁa—'
350 -
300 -
250 -
200 -
150 -
100 -

50 -
0 i DD &

I I T T

Puc. 1.3aBucuMoCTb BA3KOCTH [l a30THOKUCIOTHBIX CYCIIEH3UI
(docdaTHOro ChIpbst OT CKOPOCTH CABHUTa Y IIPU TEMIIEpaType
25 C pnst nonmuackoro ¢ocdoputa (1) 1 XHOMHCKOTO anaturo-
BOT'O KOHIIEHTpara (2).

Fig. 1. The viscosityy() — shear ratey] dependence for pulps
treated by nitric acid at 2%°? 1 — Polpino raw material,
2 — Khibin apatite concentrate
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Kak BungHO U3 pric. 1, KHCIOTHBIE CYCIICH3UH
(hochopHUTOB MONMHUHCKOTO MECTOPOKICHUS SIBIISIOT-
csi Ooyiee CTPYKTYPUPOBAHHBIMH JHCIIEPCHBIMU CH-
CTEMaMHU IO CPaBHEHUIO C KHUCIOTHON CyCIEeH3uen
XUOMHCKOTO alaTUTOBOTO KOHIIEHTpaTa. JTO OOBsiC-
HACTCS HaOyXaHHEM B BOJHBIX PACTBOPAX TIMHUCTHIX
MpUMECeH, BXOIAIINX B cocTaB GpochopuTor. B cBsszu
C 3TUM, JUIS HUX sIpUe BBIPAXKEHA 3aBUCUMOCTD BS3KO-
CTH OT CKOPOCTH CJIBUTA, OCOOCHHO MPH OTHOCHUTEITh-
HO HU3KWX 3HaueHUsX Y. C yBeIMUYCHHEM HaIpsKe-
HUS CJIBUTA MPOUCXOTUT YMEHBIIICHUE JTHHAMHUCCKON
BS3KOCTH HCCIIEAYEMBIX CHCTEM, JI KOTOPBIX MPH Y
> 35 ¢! (120 06/MuH) mOCTUraeTcss MakCMMAaabHOE
paspyliieHue CTPYKTypsl moroka. CiaeayeT OTMETHTD,
YTO B PEakTOpHOM otjaeiieHuu mpowmsBojactBa NPK
yIOOpPEHUH M3 amaTUTOBOTO KOHIIEHTpATa CO3/1aeTcs
WHTEHCUBHOE TIEpEeMEITNBAHNE, KOTOPOE B 3aBUCHMO-
CTH OT BSI3KOCTH CYCTICH3WU BapbUpyeTCS B Jauara-
30He 120-24006/MuH, a KpUTEPHEM TEXHOJIOTHIHO-
CTH CYCIICH3WH yKa3aHHOTO TPOU3BOJICTBA PeriiaMeH-
TUPYETCS MPEAENbHO JOMYCTUMOE 3HAUCHHE BA3KO-
ctH, coctapirsttoniee 1000mlla-c mpu ckopoctu caBu-
ra 10c?, uro coorBercTByeT 35 06/MuH [12].

M, mIla-c
800 -

700 -
600 -
500 -
400 -
300 -
200 - 4
100 -

0 T T T 1

0 20 40 60 80
Y, et

Puc. 2. 3aBHCUMOCTH BSI3KOCTH H a30THOKHMCIIOTHOM CYCHI€H3UH OT
CKOPOCTH c/iBUra Yy Ipu Temnepatype 25 C U pa3anaHON KOH-
LEHTpauuK KACIOTHL. 1 —a3otHas kucnora 47%, 2 — 30%
Fig. 2. The viscosityy) — shear rateyf dependence for pulps
treated by nitric acid at 2%°and various concentration of nitric
acid. 1 — nitric acid 47%, 2 — 30%

Ha puc. 2 nmokazaHo BIHSHHE HCXOIHON KOH-
nerTpanuu a3otHoit kuciaotTel (30 u 47% wmacc.) Ha
BSI3KOCTh MOJIYYEHHBIX cycrnieH3ui. Tak, yBelnueHue
KOHLIEHTpalu KuciaoTel B 1,5 pasza (kp. 1 u 2) mpu-
BOAMT K yMeHbIeHuto otHotneHus JK:T ot 2,7 10 1,9
u  kodpduuueHTa pasnoxkeHus ¢docdopura 0T
99,840,210 99,4+0,2% B pe3ynpTaTe 4ero BSI3KOCTh
CyCIIEH3UH yBenuuBaercs B 3,2pasa u npu y = 10¢?

W3B. By30B. Xumus u xuM. texHosorust. 2016.T. 59.Brm. 10
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cocraBisier 310 mlla-c. TeM He MeHee, yKa3aHHOE
3HAaYCHUE HE MPEBBINIAET JOMYCTHMOTO MpPU pa3iio-
JKEHUU amaTuTa a30THOM KUCIOTON MPOMBIILIEHHOMN
koHuenTparmu (47%).
B mporecce aMMOHM3aIMK CYCHICH3HHU, OIH-
CBIBAEMOM YPaBHEHUSAMHU pEaKIHM:
Ca(NQ)2 + HsPOy + NH; — CaHPQ + NHsNO;s (1)
Ca(HbPQy), + NH; —» CaHPQ + NHHPO,  (2)
NHsHPQw + NHz — (NH.):HPQ, 3
no Mepe yBenudeHus: pH mpoucxoauT KpucTaumsa-
st pocdaToB Kanplus, Tak npu pH Beie 2,5 o00pa-
30BaHME TBEpAOH (a3bl NMPUBOAUT K YBEITHMUYCHUIO
Bsizkoct cucteM [13]. Kpucramisr docdaroB kaib-
nusi, oOyiajas XOpOIIO Pa3BUTOW TOBEPXHOCTEIO,
NpUJaBaii aMMOHM3UPOBAHHON cycneH3uu mnpu pH
Boimie 4,0 TUKCOTPONHBIE CBOMCTBA, KOTOPBIE OCO-
OCHHO 3aMETHO MPOSBIUINCH HA OTHOCUTEIBHO HE-
OOJIBIINX 3HAYEHUAX cKopocTH casura (y < 10c¢?).
VYcpenHeHHbIE 3KCIIEPUMEHTANBHBIC JaHHBIC
OTIpeieIeHHs BSI3KOCTH CYCIICH3MH a30THOKHCIOTHOTO
pas3iIoKeHus MOIMUHCKOro (ocdopura ¢ pasaHdHON
CTETICHBI0 AMMOHH3AIMH TIPEJICTABICHEI B Ta0M. 2.

Taonuya 2
Bsi3K0CTh CycIIeH3uii ¢ pa3JINYHOl CTeneHbI0 AMMOHH-
3anuu npu temneparype 80 C
Table 2.Pulp’s viscosity with various ammonization

degrees at 80 °C
XapakTepucTHKU AMMOHHM3AIHSI CYCTICH3UH [IOCIIe
CYCIICH3UH AK paznoxeHus
[NH3]:[H3POy] 0,5 1,0 1,5 2,0
M, mlla-c 340 680 850 910

B mpouecce aMmoHuzanuu (pu3NKO-MEXaHU-
YecKHe CBOWCTBA a30THOKHCIIOTHBIX BBITSKEK (Qoc-
(haTHOTO CBIPBS PE3KO M3MEHSIOTCS. Tak, MpH yBeIH-
yeHun MonbHoro otHomenus [NHz]:[H3PQy] ot 0,5
10 2,0 oHM MIpeACTaBISIIOT CO00H CTPYKTYpHUPOBAaHHBIC
JIMCTIEPCHBIE CHCTEMBI, BA3KOCTh KOTOPBIX YBEJINUNBa-
ercst B 2,7 paza. [Ipu 3TOM ceayer OTMETUTh, YTO aM-
MoHM3upoBaHHble cycrersun npu [NHs]:[HsPQ] = 2
COXPAHSIOT TEKy4ecThb, IPH KOTOPOH BO3MOXHA HX
TPAHCIIOPTUPOBKA IO TEXHOJIOTMYECKOW CHCTEME U
JanpHeilmas nepepaborka. CycneH3uu, aMMOHH3H-
pOBaHHBIE JI0 MOJBHBIX cooTHomeHui 1,5u 2,0 npu
temneparype 80 C umerot Bnaxaocts 33,2u 32,9 %
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COOTBETCTBEHHO, & HMX JMHAMHYECKas BS3KOCTH CO-
craBisger 860-910 mIIa-c, 4TO cOmOCTaBUMO C BS3-
KOCTBIO TPOMBINIICHHBIX HHUTPATCOIECPIKAIIUX
nyaen B pousBoacTBe NPK-ymoOpenwuit u3 amatu-
ta (630-680mIIa-c).

IIpu mocrneayroiieM BBEJACHHUH B HCCICAye-
MBbI€ CYCIIEH3WHU MOPONIKOOOPA3HOTo XJIOpHIA Kaus
OTMEYaeTCs yMEHbBINCHHE JIHMHAMHYECKON BI3KOCTH
cycnensuii Ha 20-24%pu npu yka3aHHON TeMIiepary-
pe (80 C) ee 3nauenus cocramsn 680-730mIla-c
(puc. 3). O0bsicHeHne 310ro0 P PeKTa CBsI3aHO ¢ 00-
pa3oBaHUEM HOBBIX (Pa3 B X0/i¢ OOMECHHBIX PEaKIHii ¢
XJIOPUIOM Kajust, 0OCCIEUHBAIOIINX OOJBIIYIO ITO-
JIBYDKHOCTb ITYJTBITBI.
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Puc. 3.3aBucuMocTb BA3KOCTH L aMMOHU3HPOBAHHOI CYCIIEH3HU
oT ckopocTu czBura y npu temieparype 80 C 6e3 nobasku (1) u
¢ no6aBKoii (2) xJopuaa Kasus.
Fig. 3. The viscosityy) — shear rateyf dependence for
ammonized pulps at 8@“without addition of potassium chloride
(1) and with addition of potassium chloride (2)
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BJIUSHUE APMUAPOBAHUS HA CBOMCTBA TETEPOT'EHHOM BUTIOJAPHON MEMBPAHBI

Bunonapnvie memopansl ucnonwv3yiomca 6 IN1eKMPOMEMOPAHHBIX MEXHO02UAX, NPU
HOMOWU KOMOPBIX RPOU3BOOAMCA KUCTAOMBL U 2UOPOKCUOBL U3 COOMBEEMCHMEYIOWUX COJIeH.
Ceoiicmea 6unoaApHoil MeMOPARbL CYUWECMEEHHO 6IIUAIOM KAK HA CaM RPOYECC I1eKmpoouanu-
3a, maK u Ha KOHCMPYKYuio rnekmpoouanuzamopa. Llenvio nacmoawiezo ucciedo8anus A6/11-
emcs cpagHeHue mpex munoe ounoaapuslx memopan. Ilepeas memopana ovina nonoiicena 6 oc-
HOo8y 0beux nocnedyroujux. Ona npedcmaennem coo0il IKCMPYOUPOSAHHYIO 2EMEPOZEHHYI0 MEM-
Opany, u3zomoeieHHyI0 HA COIKCMPY3UOHHOU Aunuu. Bmopoii odpazey memopanvt noosepzcs 6
npecce apmMupoeanuIo nPU HOMOUH 08yX NOIUNRPORUIEHO8bIX mekcmuell. Tpemuii obpazey 06-
padamuleanu 6 npecce npu mex yHce CAMbIX YC10GUAX, KAK ONUCAHO 8blUie, 34 UCKTIOUEHUEM MO-
20, YMO ApMUPYIOWUIl Mamepuan He 0bll1 UCHOIb308AH. Y HOO20MO06IEHHBIX MEMOPAH CPaGHU-
8aIUCh pA3MepHblEe U 8eCO8ble UMEHEHUs 6 npouecce HAOYXAHUA, I1eKMpPoXumudecKue ceoil-
CMmea u noJy4yeHHbvle NAPAMEmpPbl MEXHON0ZUUeCKUX UChblmanuil Ha ycmpoiicmee EDBM-Z.
Hcnonvzoeanue apmupyrowieil mKanu 6 GUNOAAPHOI MeMOpane ¢ 3HAYUMENbHOI CHeneHU 6/1u-
sAem Ha HanpaeieHue Hadyxanusa memopanvli. B mo epema Kak Heapmupoeannvle mMemopansl
Oobuie Hadyxaiom no NAOUWLAOU, APMUPOBCAHHBIE MEMOPAHBL HAUDONee HADYXAION 8 MOJIUIUHY.
dmo cywjecmeenno MeHAem ux MpAHCHOPMHbIE CEOICMEd, KOMOpble 61UAIM KAK Ha opmy
KpU6oil 8016MaMNEPHONl XaAPAKMEPUCIMUKY, MAK U HA Pe3YIbmamsl MeXHON02ZUYeCKUX UCNbl-
manuii. Memopansl, apmuposanisle MKAHAMU, HOKA3bI6AIOM NPU UCHBIMAHUAX §0]1ee GbICOKYIO
appexmusnocms u nuswee nompeonenue nepzuu na 23%, uem noodsepzuiuecs nPeccoCAHUIO
Mmemobpansl. Tpancnopmuposka conu Ha eOUHUUY RAOWLAOU MeMOPAHBL 01 0OOUX MUNOE MeM-
Opan 00unaKosas. IKCMpPyoupoeanHas memopana 6e3 nociedyouezo npecco8anus HOKa3vléaem
no écem HAONIO0AEMBbIM HAPAMEMPAM 3HAYUMETbHO XYOUlUe 6eTUYUHbL.

KaroueBrblie cjioBa: OuronsipHas MeMOpaHa, KaATUOHHAS CMOJa, aHUOHHAsI CMOJIa, aHOJl, KaTOJ], HOHBI
COJIEH, MOTUATHIIEH
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INFLUENCE OF REINFORCEMENT ON THE OF HETEROGENEOUS BIPOLAR MEMBRANE
PROPERTIES

Bipolar membranes are used in electromembrane temlogies with the help of which ac-
ids and hydroxides are produced from the correspiorgdsalts. Properties of the bipolar membrane
have significant impact as on electrodialysis prssdtself, so on the structure electrodialysis appa
ratus. The purpose of this study is to compare #rypes of bipolar membranes. The first mem-
brane was the basis for the next two. It represeatbeterogeneous extruded membrane made in
the co-extrusion line. The second sample of the nbeame was exposed to reinforcement in mold-
ing machine with the use of two polypropylene téesi. The third sample was treated in the molding
machine under the same conditions except for usmegnforcing material. We prepared membranes
compared The said prepared membranes were thoroyglimpared in relation of dimentional and
weight changes during swelling, electrochemical peyties and parameters of technological tests
with the use of EDBM-Z device. The use of reinfong fabric in the bipolar membrane greatly af-
fects the direction of the membrane swelling: merabes without reinforcing swell larger in size;
reinforced membranes — grow in thickness. This gifggantly change their transport properties,
which affect both the shape of the current-voltagbaracteristic curve, and the results of techno-
logical tests. Membranes reinforced with fabrics artested show higher efficiency and 23% lower
energy consumption in comparison with the membrarsemhjected to compression. Transporting of
salt per area unit of the membrane for the both ggpof membranes is same. Extruded membrane
without subsequent compaction shows much worse galfor all the observed parameters.

Keywords: bipolar membrane, cationic resin, anionic resimdan cathode, salt ions, polyethylene

INTRODUCTION of proton to cathode and anion exchange bed moves
Jiydroxyl ion to anode. This phenomenon is the basis

layers of ion-exchange material. One layer is @nat of electrodialysis technology with bipolar membrane

exchanger, and the second one an anion exchanéEPBM) in production of acids and bases for the-cor

After application of suitable voltage dissociatealt&r esponding salts. binol b f

concentrates on a boundary line of this two phases q bHeterogeneous _|poa:]r merl? ranes,dmar]LrJ]ac-

(Fig. 1). Cation exchange bed produces transportifif€d by OO0 «MemBrain», have been made without
using of some reinforcing fabric. Prepared in sach

The bipolar membranes (BM) consist of tw

48 W3B. By30B. Xumus u xuM. texHosorust. 2016.T. 59.Brm. 10



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 10

way membranes have several "inappropriate” proper- EXPERIMENTAL
ties. The first is too high brittleness in dry statak-

S I ti
ing handling of the membrane and it's formatting to ample preparation

Bipolar membranes are made of finely re-

A . . %Jround mixture of ion exchange resins and a bound-
significantly affects the mechanical propertiestiod ing agent, as a rule it is polyethylene. Washed and

membranes in their svyollen ;tate. Membranes fied ion exchanger was pulverized in a vibratoiy m
very soft. It causes their bending and extrusion: A ihrom 425» so that at least about 99% of pagicle
. . ; flave a size less than 100 microns. lon-exchangesres
SW?”'Ug- Membranes without remforgement Chang\‘/'K"/ere then blended with the linear polyethyleneow¥ |
therr size (f'rSt. of all parameters of their SL.JEf‘mea_ ~_density at weight ratio of 3:2 in continuous mixtin-
!ength and W'd.th of the_ membrane_). This mamfes@a SJW-45». Manufactured granulated mixture was
itself not only in the primary swelling, but alsé ay,e eyiryded in order to obtain a form of a flamm
changing of the ionic form of the ion exchange ip_art rane of 0.35 mm thick in co-extrusion line. Mem-
cles in th(_a r_nembranc_s. Due_ to the last two d's"?la'ranes were divided into three samples. The fifst o
vantages it is especially difficult to use them ifose (designated as BM1) was not subjected to any
EDBM plants. Membrangs in these plants ber_1d, Clqgrther processing. Two others were treated oberéa
chambers and |n_Iets_. This leads to overflowing b?()ry press «Presshydraulika ZHOT60MT» at 140 °C
tween separate circuits. As a result, reducesfthe-e during 20 min without pressure, the next 10 mithat
tiveness EDBM process decreases. same temperature under the pressure of 50 atminGool
of the sample to a temperature of 50 °C was exdcute
without pressure reducing. The second sample (rdarke
as BM1-P) was only extruded under the conditions
mentioned above. In the third sample (designated as
BM1-T) under the above conditions were pressed-in
two polypropylene fabrics «Sefar IEM-05-195/70» of
70 micron [2], one on each side.

Anion selective Cation selective Membrane
layer layer Salt ions junction

Anode | J‘.i; Cathode BM specifications ' _
Lal]| Pl Changing of the membrane size after swelling
Bipolar membrane were performed on the samples of 10x10 cm size,
F|g 1D|agram of the b|po|ar membrane [1] WhICh Were drled at 105 OC and then SWO”en |n de'
Puc. 1 Cxema Gumnonsaoit Memopansi [1] mineralized water.

Fig. 2. The electrochemical cell for measuring \tHaracteristics. A, B - conical chamber s with sotubf 0.5 M KCI; 1 - membrane
sample; 2a, @- reference electrodes Ag / AgCl; 3a,-3Pt-electrodes; 4ap4 thermometers; 5, 6, 7 - connection of potentip®a, &
- clamping plates
Puc. 2.Jnekrpoxumuyeckas kamepa Juisi usmepenus V-A xapakrepuctuku: A, b — konndeckue kamepsl ¢ pactsopom 0,5M KCI; 1 —
MeMOpaHHbIii o0paser; 2a, 20 —sranonnsie snekrpoasl AG/AGCI; 3a, 36 — Ptanexrpomsr; 4a, 46 —Tepmomerpsr; 5, 6, 7 —
MTOJIKITFOYCHUE MOTEHIMOCTaTa; 8a, 80 — 32)KUMHBIC TUIACTHHBI
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Several electrochemical methods are known BM were tested with the use of EDBM-Z de-
to characterize bipolar membranes. We have useide. Active area of one membrane constituted 64
current-voltage characteristic [3] because of its-s cn?. Membranes swelled in demineralized water prior
plicity and ease of interpretation. Firstly the gé@s to being placed in the device. Block diagram of the
were swollen in deionized water, and then werdevice is stated in Figure 3. The cell was drawghtti
soaked in 0.5 M KCI solution in which the mem-n order to avoid any infiltrations. Before testioger-
branes were measured. Each membrane was clamfleds between the individual chambers at half te
between two electrochemical chambers of conicgdeshahe flow were determined. If overflow were higher
(Fig. 2) and then measured with the use of fouc-elethan 10 mi/min, the cell was folded over and drawn
trodes method in electro-dynamic mode by potemiostight repeatedly. During the test, the desalinaidn
«Biologic SP-300». Sample area constituted 0.74 cnsodium sulfate takes place. In the acid loop Sigfur
The measurements were performed at 25 + 0.5 &cid forms in the acid loop, and the base cirauritris
with the measuring range of-60 mA (potentiostat sodium hydroxide.
limited capacity for a total of 10 V) and current i During testing, voltage, passing current, con-
crease rate of 100 pA/s. The working electrodegweductivity and pH of all the four circuits were con-
platinum, reference electrode — Ag/AgCI (1 M KCI). trolled. The following parameters were determined

, , . _from the data obtained:
Technological tests with the use of EDBM-Z device - weight of the salt flow J (g/@h)) is deter-

. Standardize.d test characterize's th'e membraﬂﬁned in accordance with the equation (1):
during the electrodialysis process taking into acto
standard conditions in the device. The purposéisf t J= Am = Am , (2)
test is to simulate the conditions of the processao A At N[O At
large industrial unit and controlling the behavifr Where Am — weight loss of salt in the product; A —
individual membranes depending on these conditioneffective area of a membrane; N - the number of

>om

— SALT ~— BASE — ACID —— ELECTODE

Fig. 3. Connection scheme of three circuit EDBM
Puc. 3. Cxema noaxirodenus TpexkoHrypaoro EDBM

Table 1.
Conditions of the standard three-circuit test of EIBM
Tabnuya 1.YcaoBus CTAHAAPTHOTO TPEeXKOHTYpHOro Tecta EDBM

Parameter Parameter value
Composition -CM_AM BM CM_AM BM CM_AM BM_ CM+
Salt circuit (S) 0.6  Ng&5O; 10 g/l
Inlet of acid circuit A), base B) 0.3 | of demineralized water
Electrode circuitE) 0.3 1 NaSO, 10 g/l
Stream S, A, B 251/h
StreamE 50 I/h
Voltage 3 V/BM (9 V/ cell without electrodes)
Active area of th@8M 192 cm
Total installed area of membranes 1153.6 cm
Completion of the test 90% demineralization of [8it
Separator thickness 0.8 mm
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membrane pairs; w — the effective width of the mentonfirmed that the selected parameters of pressiag
brane; | — the effective length of the membraiie- sufficient. Definite complications were brought in
time of 95% desalination; with brittleness of the samples without fabric idra
- time t (min) which resulted in decrease oftate. These complications were most pronounced at
the product conductivity d of 90%; the determination of dimensional change upon swell-
- the specific energy consumption E-fWg) ing, when dried membrane should be straighten and
at a ratio forl kg of salt being transferred frome t measured. Dimensions of the membranes are listed in

product: Table 2 and fit in with the expected values. Mdst o
_ulQ ) all increases the area of swollen membranes without
“Am processing by pressing. The use of reinforcingi¢abr

where U — the applied voltage; Q — used electrif the bipolar membrane largely affects the dimrcti
Charge;Am — amount of salt being transferred fronpf the membrane Swelling. While unreinforced mem-
the product; brane swells with increasing its area, reinforced
- current efficiencyy (%) was determined ac- membrane mostly swell in thickness.
cording to the equation: The membrane thickness also affects its elec-
v [z [FIANn trochemical behavior. Current-voltage specificagion
n=—————[1000%: (3) were changed for each sample membrane (Fig. 4).
o N [Q _ _ The diagram shows huge difference between different
where vK — stoichiometric ratio of cations; ZK —tynes of membranes. The slope of the linear part be
valence of cations; F — Faraday constafii — ginning approximately at voltage of about 2 volts
amount of substance transferred salt from the progharacterizes the intensity of water decomposiiion
uct; N — number of bipolar membranes-chambetge pipolar membrane. In this regard, we can say th
(chamber: SM_AM_VM); Q — electric charge havingyater decomposition proceeded most rapidly on the
being used. sample pressed membrane P-BM1. This is probably
RESULTS AND DISCUSSION due to the thickness of the membrane, which affects

both ions transporting out of the membrane, andmat

The samples were prepared in accordan fansporting the water at the phase boundar
with the parameters given above. Sample of the BM1- porting W P ) y:

T fabric was completely laminated, whereby it was

Table 2.
Changes after the swelling of membranes
Tabnuya 2. I3MeHeHUs OCJIe HAOYXaHUSI MeMOpaH
Parameter value in dry and swollen state
Designation (A — percentage increase relative to dry state)
Width s, cm Length d, cm Thicknesshily Weight m, g
BM1 9.85-11.45 9.95-11.55 0.342-0.433 4.456-7.542
(A=16.2%) (A=16.1%) (A=22.0%) (A=69.3%)
BM1P 9.90-11.5 9.85-11.40 0.346-0.428 4.613-7.330
(A=16.2%) (A=15.7%) (A=19.2%) (A=58.9%)
BMA-T 9.95-11.35 9.85-11.15 0.349-0.464 3.839-6.289
(A=14.1%) (A=13.2%) (A=33.1%) (A=63.8%)
J, mA/cm? BMA-T Behavior of membranes at voltage in the
801 BM1-P range from 0.2 to 0.8 V, before starting of inteasi
6 | water splitting depends on the bipolar membranes
B 1 flux. We can see that the bipolar membrane with
10 ] T-VML1 fabric lets pass the least quantity of ions i
this voltage range. This phenomenon is consistent
20 ] with the results of technological tests (Table 3).
All the values of Table 3, were figured out of
0 , . . the changes in salt concentration in salt (prodirat)
0 2 Ewev  © its. Bipolar membranes without press treatment are

used for desalination approximately two times lange

Fig. 4. The current-voltage characteristics
than the other two samples. Lower flow of saltqfl)

Puc. 4. BonpT-amnepHast XapakTepUCTHKA
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the product is consistent to it too. As for therent and bases. This fact leads to limitations in thdope
efficiency and energy consumption, they are roughiyjance of the membrane. The main advantage of bipo-
comparable to the pressed version. The bipolar mefar membranes is the efficient use of energy. Econo
brane with embedded textile achieve the same sadtlly attractive are bipolar membrane technology fo
flow and time of 90% desalting, but with lower pawethe simultaneous concentration of acid and alkali.
consumption.

Table 4.
: . Table 3. Methods for efficient installation of membranes
Results of standardized technologies of testing Ta6nuua 4. CiocoGbt 3dEKTHBHON YCTAHOBKH MEMGDAH
Tabuya 3. PesyIbTaThl CTaHIAPTH3HPOBAHHBIX Membrane location  Purpose of the process | Solrce

TEXHOJOrNH HCHBITAHIH eparation relatively concent

. 1 a-
Sample | dox, min| n, % | E, W-h/kg| J, g/(h-Ms) Three-section ce ed salt solutions to acids and b 1319@
BM1 1214 | 543| 2160.3 165.7 . Disengagement acidic or alkallng
BM1-T | 58.3 70.6 1604.6 335.2 Two-section cell component of the solution [4] 4]
BM1-P | 60.4 56.9 1992.0 332.5 Configuration witf increases the ratio of acid (dr

. two monopolar | alkali) to salt: salt splitting, ag-[6-8]

Membrane methods distinguish by geome membranes d/base restoration [6-8]

rical shape during operation. With a wide range &f
mechanical and electrochemical characteristics of

modern ion-exchange membranes, the choice of te% = ctro dD.a?Iug.lg Czﬁcggncggr.e;egc?oonnﬁ (Tﬁtfgecs's'
nology of their implementation is multi-plane. lalysis) ' u y wi i

The easiest way is membrane electrolysis. /Afct configuration of monopolar membranes. Bipolar
the initial electrolysis diaphragm is replaced oy i n:fdrggrﬁzefo2::2;??f)eLﬁepﬁgig-cbﬁtmifgtﬁgs twmcr)neelec-
exchange membrane [4]. Electrolysis of water or otﬁ ’ ' 182

er redox reactions occur successfully at the eldes esis-electrodialysis is not an equilibrium process,

due to selective ion transporting. In membrane-ele\é’hICh allows to allocate (remove) readily soluble

trolysis, each block may consist of only two COm(_:ontammants. Its disadvantage is relatively lowm-co

partments and the two electrodes. This technique Feer_]tra'glon .Of the pr(_)duct solution, as far as salfs-
quires significant expenditures for specific eledas tallization in the unit can cause damage of _the' mem
and high demands on their chemical resistance]{4, Erane [4]. The concentration of the product is tedi
This method is an effective solution for the bage- s

y the speed of water transporting, and degreeif p
thesis (when only acid disengage from the saliny o fication of limited with selectivity of the membran
a base with a high degree of purity).

and the reverse diffusion [9]. Particular influerete
Electrodialysis is a "transition" technology be

operation shows polymeric binder [11-14].
tween membrane electrolysis and electrodialys]dn[4 CONCLUSIONS
three-section chamber saline solution is injected b
tween the membranes. The cations are transpor
through the cation exchange membrane to the cathoglg
Anions are transported through the anion exchan
towards the anode. The resulting parent solutiateis
salted. The final concentration of the producttnis

There were prepared samples of laminated
erogeneous bipolar membranes were prepared.
%inforcing fabric does did not affect the boundary
ﬂﬁ/er and increases increased the permeabilithef t
bipolar membranes. Textiles BM improved mechani-

ted b 4 chemical resi o cal properties in the dry state. Membranes with-rei
lted by water transport and chemical resistanceie forcing fabric swelled more considerably in thickae

electrodes. Such shortcomings as leakage of ProtQAsn the in square. This is largely affected their

and the rate of ion exchange membranes are SUCCSSisport properties. At voltages, leading to teg-d
fully corppet?seﬁeﬁ byftt;e modernk;perlnbranes.b radation of water, reinforced diaphragm reached the
. n the light of foregoing bipolar membraneg, qr fiows than the extruded pressed membrane
in electrodialysis are the most attractive techgglo without fabric. At lower voltages reinforced mem-

for solutions partitioning. In this work we propojge 506 exhibited very low permeability. The combina-
6-8] options of installation of bipolar membranes 'tion of the last two results arising from the cutre

the cell. The main directions of the membrane a{}bltage characteristics, was demonstrated when tech

rangeme(rj\t_varlgltlozs depending on the separatiin t?‘nological tests. Reinforced membranes were desalted
are stated in taple 4. . approximately at the same time as the compressed

N ITge seldectitvity tcr)1f the bip?lat( me;nb;gge 'Snes without fabric, with the same mass of sal/flo
strongly dependent on the concentration of SAR8Sa o g1t put with a higher current efficiency oétbell.
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BJIUSHUE MHOT'OCJIOMHOM 3ATPY3KHU PASHOPO/IHBIX 3EPHUCTHIX MATEPUAJIOB
B CMECHUTEJIb IEPUOJJUYECKOI'O JEMCTBUS HA KHHETUKY
N ITPOU3BOJAUTEJIBHOCTH CMEIINBAHUA

Llenvio nacmoawieii paGomovl A6AAEMCA OEMOHCMPAUUA HECKOTNbKUX ORMUMUZAUUOH-
HBIX 3a0a4 NEPUOOUYECKO20 CMEWUBAHUA CKIOHHBIX K CezPezauuu CbIRyuux Mamepuaios, Ko-
mopule Mozym 0blinb HOCIMAGIEHbL U PeUienbl HA 0CHOBe MOOeell, OCHOBANHBIX HA MeopUU Yye-
neii Mapkoga. /[ns mozo, umoosl nogblcums A0eK6AMHOCHb MOOEIUPOBAHUS U UCKTIIOUUMD He-
Komopbvle uzuyueckue npomueopeyus, KOMopvle 803HUKAIOM NPU UCHOIb308AHUU JTUHEHHBIX
Mooleneil, npeonoxcena Heaunenunas MapKkosckas Mmooenb NePeMeMUBAHUA CezPezUPyroOuMUx
Komnonenmos. Hecnedosano énusnue HauanibHo20 pacnpeoeneHus KOMROHEHMOo8 nocie ux 3a-
2PY3KU 6 cMecumenb HA ONMUMATIbHOE 8pemMs nepememusanus u kawecmeo cmecu. Ilokasano,
Ymo 00HOKPAmMHAA 3azpPYy3KA KOMHOHEHMO8 KAK 06a 6ePMUKAIbHBIX C/10A 3HAYUMETIbHO Xyice,
Yem ux MHOZ0CN0UHAA KAK HeCKObKO caHdeuyell. IIpunuman 60 enumanue mo, 4mo noaHoe
eépema 00pabomKu cmecu GKIIOUACH 8PEeMA COOCMBEHHO NEPEMEUUGAHUA U 8PeMA 3aAZPY3KU,
Komopoe nponopyuoHaIbHo YUCy CIHO8UYell, Obl0 OnPedesieHo ONMUMAIbHOE YUCA0 CIHOGU-
yeu. Ilpusedensl IKcnepumenmanvuvle CEUOCMENLCMEA MO20, YMO MHOZOCIAOUHAA 3aZPY3KA
ModHcem Oblmp peanu308ana 6 NPAKMUKE CMEUIUBAHUS.

KiaroueBnle ciaoBa: CBIHy‘lI/If/’I Matcpualli, CMCUIMBAHUEC, CCrperauus, MHOTOCIIOMHAS 3arpyska, LICIb
MapKOBa, OINTUMH3anus, Ka4€CTBO CMCCHU, BpEMs CMCIINBAHUA
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INFLUENCE OF MULTILAYER LOADING OF DISSIMILAR PARTI  CULATE SOLIDS
INTO A BATCH MIXER ON MIXING KINETICS AND CAPACITY

The objective of the study is to show several optation problems in batch mixing of
segregating particulate solids that can be set updasolved using the Markov chain models. A
non-linear Markov chain model for mixing of segregfag components is proposed to improve the
model adequacy and to exclude some physical cornttamhs that arise in linear models. The in-
fluence of initial components distribution after #ir loading into a mixer on the optimum mixing
time and mixture quality is examined. It is showhdt the one-time loading of the components as
two vertical layers is much worse than the multiEryloading of them as several sandwiches. The
optimum number of layers, or sandwiches, is fouraking into account that the total time of mix-
ture treatment includes the time of mixing itselhd the loading time that is proportional to the
number of sandwiches. Some experimental evidenbes the multilayer loading can be realized
in the practice of mixing are also presented.

Key words: particulate solids, mixing, segregation, multilayeading, Markov chain, optimization,
mixing quality, mixing time

INTRODUCTION sible to achieve the state of homogeneous mixture i

Mixing of powders and granular materials i§egr§gation occurs. First, th_e hompgeneity of & mix
of central importance for the quality and perforg®n ture increases, then passes Its maximum and desreas
of a wide range of products. It is emphasized 2|1 again. There are a lot of StUd'e.S’ mostly expertqien
that the design and operation of the mixing procegg' |_nfluence_ of the segregation effect on mixture
are very difficult, being largely based on judgnsentdudlity (for instance, the papers [3-5] and others)
rather than science. The next stage of developieenﬁowe(;’,e:j’ the (;fflect of segregation on mixing kiceti
to build on the emerging knowledge and methods £Studie Z‘ulc ess. hematically hel
that the basics for such design can be laid dowenT q Mode_z 'Eg the prgcess mathimat;]ca y e_gs to
this design can become predictable with operatidH1 et;stgn I e(;teilan to search for t ewaysrl] ow
giving effective control of performance. One of th&3n D€ IMproveda. howev_er,llt |s||rnportﬁmt to choose
key problems in mixing of dissimilar granular mater 3" appropriate mathematical tool that allows touget
als is their segregation into each other. The ggegre the optimization problems clear and to get °p“’."a'
tion occurs due to differences in physical propsrtf SOIlr.t'on.S that are not too far from possible prat
the components, such as particle size, densityesha €/1zation. g he authors' vi . H tool
etc. Action of gravity that is always present irkmg . h F}Accor Ifnlg/l tokt € ahut' ors \;]lgvr\]/90|nt f]uq t0o
is different on different sorts of particles andscal 'S th€ theory of Markov chains, which Is rathenveat

leads to their segregation. At no segregation tH@ the process of mixing because both are related t

achievement of homogeneous mixture is the probleli€ €volution of the state of a stochastic systene

of mixing time alone. Very often it is virtually jpos- basic idea of the Markov chain approach consists in
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separating the operating volume of the mixer intanalogue of time. In this case, the evolution efkhy
small but finite zones (cells) and then observing t component state (i.e., mixing kinetics) can be de-
evolution of the key component concentration in thgcribed by the recurrent matrix equation:
zones at discrete moments of time after a small but st =PS, (2)
finite time step between them. Application of the a whereP is the matrix of transition probabilities that
proach to describe the state of mixture after pgsai distributes Sover the cells at each time step, or tran-
static mixer was published in [6]. However, in thisition. The j-th column of it belongs to the j-tklic
work, the approach missed the evolution of processd contains the transition probabilities to gathte
parameters and did not present the physical festureeighboring cells and to stay within this cell. $he
of the mixing zone. In further works by the authgts probabilities have the symmetrical part d thateist
8], the model, in which transitions only to theglei ed to the pure quasi-diffusion, which always letmls
boring cells were allowed, was developed. flattening of the component distribution, and tloan
The general strategy of application of the thesymmetrical part v that is related to segregation,
ory of Markov chains to model different processes iwhich leads to non-homogeneity. The values of d and
powder technology was described in our previous pa-can be calculated as: d =ABAX?, v = VAt/Ax
pers [9-11]. However, these and all other works usghere D is the dispersion coefficient, V is theeraf
the theory namely tdescribethe process and practi-segregationAx is the cell height. Thus, the matifx
cally never use the theory eptimizeit. is a tri-diagonal matrix. In the linear models, tha-
Presented below, the results of the theory aprix is kept constant from one transition to anothe
plication to modeling the kinetic of the binary mike  However, it is a very rough assumption to keep the
formation are mainly based on the approach destribgalue of v constsnt. It can lead not only to guatitie
in [12] where it was used to model and optimize therrors but also to qualitative contradictions. lediea
mixing of two dissimilar components of particulatesegregating component cannot segregate insidé itsel
solids. It was mentioned in this work that the stru and, if the (j+1)-th cell is filled with it fully dontains
tured loading of dissimilar components into a batcB.. of it), the value of v should be equal to zero. On
mixer can give a considerable gain in comparison the contrary, if the (j+1)-th cell does not contéimt
the common loading of them as two separated layeest, the value of v should be maximal. It is natum
one component to the bottom of a mixer, and anothietroduce the assumption that the dependence be-
(segregating downward) one to its top. The detailedleen v and S is linear:

study of the approach to improve mixing quality and ) S )
capacity is the objective of the paper. Vi =Vol-g—)
THEORY where ¥ is the rate of segregation into the pure basic

8mponent and.@x can be supposed to be equal to 1.

Thus, the model becomes non-linear because
ng matrixP depends on the current state vedbr
and varies at each time transition. Under thisragsu
éion the entries of the matrix P can be calculasd

Suppose that a batch mixing zone is presentg
as a one-dimensional array of m perfectly mixetkcel
The key segregating component distribution over t
cells can be described by the column state vettor
{Sj} of the size mx1. As far as the objective of th

study is a binary mixture of particulate solidse th Pliu =% (1-§,)+0 )=1...m-1 ©)
downward segregation of a key component always P =d j=1,...m-1 (4)
goes together with the upward segregation of acbasi m .

component in accordance with the continuity equa- Py =1-2 B =1,...m. )

i=1i%]

tion. In each cell, the relative content of theibas . S ..
. . : The technological objective of mixing of sol-
component is equal to one minus the relative cdmtelaS is t

of the key component. Thus, in order to estimag th ™ . ° obtain the mlxtur.e, in which a key compon
: LT is distributed over the mixture volume as homogene-
mixture quality, it is enough to know how the key

component is distributed over the operating volarine ously as pOSS|b.Ie' or meets technol_oglcal require
. SRR . . ments on the mixture non-homogeneity. If the non-

a mixer. Namely this distribution and its charaister o . .

: . S . L homogeneity is characterized by the standard devia-

tics will be the objective function of optimization

Also suppose that we observe the state of trtllé)n of a key component distributian this condition

. . can be formulated as—omin, Or 6 < o.. If the pa-
process gt dlscrete' mome”ts. of tirge= t(.k — At rameters of the mixture agitation in a mixer anegi
whereAt is the transition duration, and Kk is the transi .

1€ the values of d and are defined), the only way

tion number that can be interpreted as the discrel( e : . . L
0 optimize the process is to find the optimal mgxi
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time, at whicho = omin. Under these conditions, thereponents into the mixing volume layer by layer like
is no ways to influence on the matfut it is possi- sandwiches, in which the number layers of the com-
ble to influence on the initial state vect8t that is ponents keep the same proportion as in the toted mi
being formed during the loading of components atoture. In this case, the process of loading becomes
mixer. sort of pre-mixing, and only short time post-mixiisg
The common way to begin the mixing proceseequired after that in order to reach the necedsary
is to place a segregating key component to theotopmogeneity.
a mixing zone above a basic component and to min th In order to estimate the efficiency of multi-
mixer, i.e., to introduce agitation of the mixtuog layer loading the numerical experiments were cdrrie
mechanical action (vibration, blades, etc.). Howgveout with the model described above. The results of
such one-time loading does not allow reaching thteem are shown in Fig.1. The number of cells was
homogeneous mixture, and the minimum standatdken equal to 48, i.e., one cell was the scalthef
deviation very often is higher than it is necesshug probe to measure the content of the key component,
to technological requirements. Formally, there tsxiswhich total content in the mixture was 1:5. Thecoal
the theoretical way to reach the homogeneous naxtuations were done forew= 0.2 and d = 0.3. The initial
of segregating components. It is necessary to ta#estributions of the key component are shown at the
from the components particle by particle and to pwop of the graph, the mixing kinetics — in the nield
them into the mixing volume in the proper orderand the distributions of the key component aftex-mi
However, the capacity of such mixing process is&loing during the optimal mixing time are shown at the
to zero. A compromise settlement is to load the-corbottom of it.

| Initial digtribution |

iy

S S

T
40 ]

1

05

o
o

o

il |

40

20
Fig.1. Influence of initial distribution on mixinginetics and component distribution at maximum hgereity of the mixture
Puc. 1. Binsnue HadajibHOTO panpeaciiCHUs Ha KWHETUKY CMCIICHUS U PACIIPEICIICHUE KOMIIOHEHTOB IIpH MaKCHMaJIbHOM

20 20 40 20 40 J

OJHOPOJAHOCTHU CMECHU
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The case 1 is related to the one time loadingnixing homogeneityomin = 0.0824, which can be
The best mixing quality is being reached after 16@ached at one-time loading, meets the technolbgica
time transitions whewmin = 0.0824. The cases 2, 3requirement, and the only objective of multilayer
and 4 are related to the multilayer loading as @nd loading is to increase the mixing capacity. The re-
8 sandwiches respectively. It can be seen that theired mixing times for different multilayer loadjn
growth of the sandwiches number leads to the censithn be easily found for each case from the kinetic
erable decrease @nwn (the increase of the mixture curves in Fig. 1.
quality) and optimum mixing timeo (the increase of Fig. 2 illustrates how the total mixing time K
mixing capacity). If we compare the key componentaries with the number of sandwiched at different
distribution at the optimum mixing time for the onevalue off.
time loading (Case 1) and the same for the loadsg It can be seen from the graphs that at very fast
8 sandwiches (Case 4) we can see a big differéice.loading =1) the best case is to have 8 sandwiches
one time loading the best mixture that can be obthi while at slow loadingf{ = 20) 2 sandwiches are pref-
remains rather non-homogeneous, while it is close ¢rable. The optimum number of sandwiches exists
the perfect one at loading as 8 sandwiches. Itsis adepending off.

important that this mixture can be reached more tha EXPERIMENTAL
10 times faster. Thus, the more layers we havaen t o ' o
mixer load, the better. Despite of the fact thas th The objective of this section is not to present

conclusion is more or less obvious, it gets thentjua the results of detailed experimental study of aemix
tative estimation on the basis of the proposed modeith multilayer loading but just to demonstrate an
of mixing. example that the multilayer loading can be realired
However, the process of multilayer loadingPractice. One of possible technical solutions oftimu
take more and more time with the growing number d&yer loading is presented schematically in Fig. 3.
layers, or sandwiches that obviously influenceshen A movable cylindrical basket separated by
total capacity of mixing. Let us suppose that thedl  Vertical partitions into two sections proportioyatb
ing time (measured in the number of time transition the volume of components to be mixed is insertéal in
durationAt) is directly proportional to the number ofthe cylindrical mixing chamber of a vibration mixer
sandwiches J. In this case, the duration of théngix The basket has a perforated bottom but also can be

cycle “loading plus mixing” K can be calculated as: Without the bottom at all. The basket has the dssi

K=Kmix+BJ, (6) ity to rotate around the vertical axis and to mopen
where ki is the mixing time propef is the propor- the vertical direction. Actually, the partitionsaglthe
tional coefficient. key role, and they can be adjusted to the versiaft

even without the basket. The components are loaded
K into the sections formed by the partitions up te th

200

identical level. After that the basket is broughimo-
tion. It rotates and, at the same time, moves ap-le
ing the components layer by layer on the bottom of
the mixing chamber. After all the material lefteth
basket, we get as many sandwiches as many turns the
basket does during its motion to the upper poiher
the basket should be moved out, and the formed mul-
tilayer mixture should get a short time vibratiaita-
tion to finish mixing.

In order to check such loading process in
practice, the experimental set-up was made. Its pho

150

100 f---

50

E— % 5 % & 0 ¢ tograph is shown in Fig. 4a. The mixing chamber was
Fig. 2. Influence of the number of sandwiches anttital mixing lmltat_ed by the transpar_ent glass, _and the parttio
time at different value df were mstallgd at the vert_lcal shaft without b_aslfdzte
Puc. 2. Biusnue KoiM4ecTBa CaHABAYEH Ha 00IIee BpeMs shaft was driven by two mdependent electrical m®to
CMEIICHHS IPH Pa3THIHOM 3HAUCHHH B with regulated frequency of rotation placed on the

In order to compare the different cases

loading shown in Fig. 1, let us also suppose that

frame. The fine ground salt and buckwheat in equal
?;{roportion were used as the test materials.
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Fig.3. Schematic presentation of loading deviceraitilayer
loading

Puc. 3. Cxema 3arpy304HOro ycTpoHCTBa IPH MHOTOCIOWHOI
3arpysKe

Fig. 4. The experimental set-up (a) and fragmerboiponents
distribution (b) at multilayer loading
Puc. 4.3kcniepuMeHTalbHas ycTaHoBKa (@) 1 pparMeHT pacmpe-
JIeJICHUsI KOMIIOHEHTOB IIPH MHOTOCJIONHHOI 3arpyske (b)

U3B. By30B. Xumus u xuM. texnonorus. 2016.T. 59.Bwin. 10

Fig. 4b gives an example of the layers for-
mation. It can be seen that the proposed device for
multilayer loading runs the process rather wellteAf
placing the mixing glass on a vibration table apd a
plying a short time vibration action the mixture- be
comes very close to the homogeneous one (like for
the case 3 or 4 in Fig. 1).

6. CONCLUSIONS AND PERSPECTIVES

It is shown that transition from one-time load-
ing of dissimilar particulate solids in a batchration
mixer to multilayer loading of them is a considdeab
reserve of improving the mixing quality and produc-
tivity. It is also shown that if the loading timench
mixing time are taken into account together, the-op
mum number of layers exists that provide the maxi-
mum productivity under mixing quality being equal.
The technical possibility to realize the multilayer
loading is demonstrated experimentally that ophas t
ways to improve the design of vibration mixers. Ac-
cording to our viewpoint, the further developmeht o
the approach lies in transition to ternary and more
components mixtures in modeling and to complete
experimental validation of such process at a pilot
scale mixer.

ACKNOWLEDGEMENT

This work is supported by the Russian Foun-
dation for Basic Research (project 15-08-01684).

REFERENCES

1. Bridgwater J. Mixing of particles and powders: Where
next? Particuology 2010. V. 8. P. 565%67. DOI:10.1016/
j-partic.2010.07.001.

2. Bridgwater J.Mixing of powders and granular materials by
mechanical means- A perspective.Particuology. 2012.
V. 10. P. 397427. DOI:10.1016/j.partic.2012.06.002.

3. Jha AK., Gill J.S., Puri V.M. Percolation segregation
in binary size mixtures of spherical and angulaajsdd
particles of different densitief®articulate Science and
Technology 2008. V. 26. P. 482-493. DOI:10.1080/
02726350802367902.

4. Tang P., Puri V.M. Segregation quantification of two-
component particulate mixtures: effect of partisiee,
density, shape, and surface textuRarticulate Sci-
ence and Technology2007. V. 25. P. 571-588.
DOI:10.1080/02726350701783977.

5. Puri V.M., Jha A.K. Percolation segregation of mul-
ti-size and multi-component particulate materials.
Powder Technology2010. V. 197. P. 274-282.
DOI:10.1016/j.powtec.2009.10.004.

Wang R.H., Fan L.T. Axial mixing of grains in a motion-
less Sulzer (Koch) mixemd. Eng. Chem. Process Des. Dev.
1976. V. 15. P. 384388. DOI:10.1021/i260059a005.

59



10.

60

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 10

Wang R.H., Fan L.T. Stochastic modeling of segregation
in a motionless mixerChem. Eng. Scil977. V. 32.
P. 695701. DOI:10.1016/0009-2509(77)80116-4.

Fan L.T., Lai R.S. Numerical and experimental simula-
tion studies on the mixing of particulate solidsdathe
synthesis of a mixing systen€omputers and Chemical
Engineering. 1978. V. 2. P. 19-32. DOI:10.1016/0098-
1354(78)80003-9.

Berthiaux H., Mizonov V. Applications of Markov

Chains in Particulate Process Engineering: A Review

Canad. J. Chem. Eng2004. V. 85. P. 1143168.
DOI:10.1002/cjce.5450820602.

Berthiaux H., Mizonov V., Zhukov V. Application of
the theory of Markov chains to model different pgeses

in particle technologyPowder Technology2005. V. 157.
P. 128-137. DOI:10.1016/j.powtec.2005.05.019.

. Berthiaux H., Marikh K., Mizonov V., Ponomarev D.,

Barantzeva E. Modelling Continuous Powder Mixing
by Means of the Theory of Markov ChainRarticulate

Science and Technology2004. V. 22. P. 373889.

DOI:10.1080/02726350490516037.

. Mizonov V., Berthiaux H., Gatumel C. Theoretical search

for solutions to minimize negative influence of mEgation
in mixing of particulate solidsParticuology.2016. V. 25.
P. 36-41. DOI:10.1016/j.partic.2015.05.002.

Tlocmynuna 6 pedaxyuro 12.04.2016
Ipunsma x onybauxosanuio 18.05.2016

Received 12.04.2016
Accepted 18.05.2016

W3B. By30B. Xumus u xuM. texHosorust. 2016.T. 59.Brm. 10



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. B0Y. 59. N 10

DOI: 10.6060/tcct.20165910.5368

JJis1 HUTHPOBAHUSL:
Kab6nos E.H., Cemenona JI.B., [Terposa I'.H., Jlapuonos C.A., [Tepdunosa JI.H. [TomumepHble KOMIO3UIIHOHHBIC MaTEPH-
aJIbpl Ha TEPMOIUIACTHYHON MaTpHIie. 38. 8y308. Xumus u xum. mexuoaoeuss. 2016.T. 59.Bem. 10.C. 61-71.

For citation:
Kablov E.N., Semenova L.V., Petrova G.N., Larioi®¥., Perfilova D.N. Polymer composite materialstioermoplastic
matrix. I1zv. Vyssh. Uchebn. Zaved. Khim. Khim. Teki2@16. V. 59. N 10. P. 671.

VIIK 678.8

E.H. Ka6aos, JI1.B. CemenoBa, I'.H. IlerpoBa, C.A. Jlapuonos, /I.H. [leppuiona

Esrenwniit Hukomnaesuu Kabnos, Jlrommuina Bukropona CemeHoBa

Bcepoccuiickuii HayYHO-HCCIEI0BATEILCKAN HHCTUTYT aBUAIIMOHHBIX MatepuanoB [ HI[ P®, yn. Pagwo, 17,
Mocksa, Poccuiickas ®eaeparus, 105005
E-mail: admin@viam.ru

I'anuna Hukonaesna [letposa (D<), Cepreit Anexcanaposud Jlapuonos, lunapa Hypumanosna ITepdunosa

JlaGopaTtopus «llomumepHBIe MaTEpPHAIIBI CO CIICITUATBHBIMA CBOHCTBaMM», BcepoccHiicKuilt HayIHO-
UCCJICIOBATEIBCKUI HHCTUTYT aBHallMOHHBIX MaTepuanoB ' HI[ P®, yn. Pangno, 17,Mocksa, Poccutickas de-
nepanus, 105005

E-mail: petrovagn@viam.rixd )

MOJIMMEPHBIE KOMITO3UIIMOHHBIE MATEPHUAJIBI HA TEPMOILUIACTUYHOMN MATPHUIIE

B cmamuve npueedenst ceoiicmea pazpadomaHHbIX HA OMeEYEeCMEEHHOM CbIpbe noaUMep-
HbIX KOMRO3UYUOHHBIX MAMEPUATIO8 HA MEPMONNACIUYHOU MAMPUYE —IUNbEEO20 Mamepuana
mapku BTII-7 na ocnose nonuapuicynvghona u aucmoeozo mamepuana mapku BKY-44 na oc-
Hoge noauapucyibhona u yeinepoonoi oononanpasientoil aeumot J1YP 0,091A4. Paccmom-
PeHbl CnOCO0bl MOOUPUKAUUN MAMPULHBIX MEPMONTIACMUYHBIX HOTUMEPOE C Uelbl0 RPUOAHUA
dynukyuonanvnoix ceoiicme u mexanuimol ux oeiicmeus. llokazano, umo pazpadomannvie ma-
mepuansl He UMEIOM AHAJI0208 8 OMmeuecmeennoi npomviuinennocmu. Ilo ypoenio usuxo-
MEXAHUYECKUX XAPAKMEPUCIMUK, RONHCAPOONACHBIX CEOTICHIE U MEPMOCHOUKOCMU Pa3padoman-
Hole IIKM noamnocmolo coomeemcmeyionm mpedosaHusm, npedvasiaiemviM K CO8PEMEHHbIM
mepmonnacmuunvim IIKM, u ne ycmynarom 3apyoexcusim ananiozam.

KiroueBbie cj1oBa: TepMOILIaCT, HATIOJIHUTENh, MOJU(HUKAILNSA, KOMIIO3UT, TEPMOCTOHKOCTh, PEOIIo-
THsl, MUKPOCTPYKTYpPa, MOJICKYJISIPHASI Macca, JIUThE MO/ IAaBJICHUEM, TIPECCOBAHNE
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POLYMER COMPOSITE MATERIALS ON THERMOPLASTIC MATRIX

The article presents the properties of thermoplastpolymer composite materials
developed from Russian components. VTP-7 is a mateteveloped for injection molding. VKU-
44 is a carbon plastic based on polyarylsulfone. thteds of modification of thermoplastic
polymers to give them functional properties are repented. It is shown that the developed
materials have not analogues in the domestic indystThe level of physical and mechanical
properties, fire properties and thermal stabilityf the developed materials fully comply with the
requirements of the modern polymer composite matksi These materials are not inferior to
foreign analogues.

This work was completed within the integrated resgfaareas 13.2. "Structural polymeric
composite materials” and 15.3. "Materials and coatjs for protection against electromagnetic
emission, shock, vibration, acoustic and electricafffects” («Strategic directions of the
development of materials and technologies of thgiocessing for the period until 2030»).

Key words: thermoplastic, filler, modification, composite raasl, thermal stability, rheology,
microstructure, molecular weight, injection moldipgessing

BBEJIEHUE JIEHHBIMU U3 MeTallia, y3i1amMu U jnetansaMu. Ilpu nz-
rotoByiieHun aetaieit uz IIKM ympoiaeTcss TeXHOJO-
THs WX M3TOTOBJIEHHSA M COOPKHM, CHIDKAeTCsl Macca,
COKpAIlaeTcsi CTOMMOCTh M PacxXojbl Ha JKCILUTyara-
IIUI0 TOTOBBIX M3/CIHH, OCOOCHHO JIETaTeNbHBIX aIl-
MapaToB, Ha KOTOPBIX OHM YCTaHOBIIEHHI [3-9].

Bonee 40 ner B kayecTBe MOJMMEPHON Mart-
PHILIBI MCHOJB30BATHCH TEPMOPEAKTUBHBIC MaTepHa-
ab1. OHaKO MHOTOKOMIIOHEHTHOCTh TE€PMOpPEAKTHB-
HBIX CBS3YIOIINX, MX OTPaHMYCHHAs XH3HECIIOCO0-
HOCTb, JUIMTEIBHOCTh MpOLIECCAa OTBEPIKICHHS, MHO-
rOONepanuoHHOCTh TIpoliecca mepepaboTKy, HeaocTa-
TOYHAsi BOCHPOW3BOJMMOCTh CBOMCTB MaTepHaloB,
CIIOKHOCTH yTHJIM3alMK Opaka W OTXOIOB Iepepa-
OOTKM W cO37aHue OE30MaCHBIX Ui OKPYKAIOIICH
Cpenbl yCIOBHH CTHMYJIHPOBAIH IOWCKH HCIOJIB30-
BaHMS B KaUeCTBE aJbTCPHATUBHI CBA3YIOMINX B BHIE
TepMoIuIacTUUHbIX Matpuil [3, 5, 6, 10-13].

OnmHO#l W3 aKkTyaJbHBIX M BaXHBIX 3ajad,
BXOJMIINX B NpHOpUTETHbIE «CTpaTernyecknue Ham-
paBJIECHUST PA3BUTHA MATEpHAJIOB M TEXHOJOTHH HX
nepepaboTku Ha nepuon 10 2030r», siBnsercs paspa-
00TKa KOHCTPYKIJHOHHBIX MOJHMMEPHBIX KOMITO3HIH-
onubix MaTepuanoB (ITIKM) co crenuanrbHBEIMH CBOM-
CTBaMH Ha OCHOBE TEPMOPEAKTHBHBIX WA TEPMO-
IUIACTUYHBIX MaTpHll (B TOM YHUCIEC HaHOMOAU(UIIN-
POBAHHBIX), YIJICPOAHBIX, CTEKISHHBIX WM OpPraHu-
YEeCKUX HAIOJHUTENCH, a TakKe TEXHOJIOTHH H3ro-
TOBJICHUS NOTy(paOpHKaTOB 1 U3AeNuil u3 Hux [1, 2].

[IKM KOHCTPpYKIHOHHOTO M (DYHKIIHOHAH-
HOTO Ha3HAYCHUS SABJIAIOTCS OJHUMH U3 CAMBIX MHO-
TOYHCIICHHBIX M Pa3HOOOPa3HBIX BHUIOB MaTEpPHAJIOB.
VX npuMeHeHHe B Pa3IHYHBIX OOJNACTAX TEXHUKU
o0ecreYnBaeT 3HAYUTEIBHBIA SKOHOMUYECKHM 3-
(exT Mo CpaBHEHUIO C TPAAULIUOHHBIMH, H3TOTOB-
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[IpumeHeHne TEpPMOIUTACTUYHBIX MAaTpHUI] B
COCTaBe KOMIIO3UIIMOHHBIX TEPMOIUIACTHYHBIX MaTe-
puanoB (KTM) obecnieunBaeT psij MpeUMyIIECTB!

— IPUCYTCTBUE CBA3YIOMIETO C 3alaHHOW MO-
JIEKYJIApHOW MaccoM M 3aBEPUIEHHONW XHWMHYECKOMH
CTPYKTYpOH;

— HEOrpaHMYCHHBIH CPOK XpaHEHUs MOidy-
(abpukara (mperpera, JIMCTa);

— OTCYTCTBHE JUIMTEIBHOIO MpoLecca OTBEp-
KICHHUS,;

— CTIOCOOHOCTH K peNaKcariiy HampsHKEHHH;

— BO3MOXXHOCTh BTOPHYHOM NepepaboTKy;

— OTCYTCTBHUE PacTBOPHUTEICH;

— B3pBIBOOE30MACHOCTh W HETOKCHYHOCTH
MPOIIECCOB U3TOTOBJIEHUS U iepepabotku [3, 7, 8.

[To ypoBHIO IPOYHOCTHEIX M YOPYTUX XapaK-
TEPUCTHK TEPMOILIACTHI HE YCTYMAIOT OTBEPKICHHBIM
MOJINMEpPaM, a IO XMMHYECKOW CTOMKOCTH, TEIUIO- U
JNEKTPOU3OJSILIMOHHBIM ~ XapaKTepUCTUKAM, TepMe-
TUYHOCTH B PsIIIE CIy4aeB NPEBOCXOAAT MOCIEIHUE.

I[IpumMeHeHne TEepMOIUIACTUYHOW MATPHIIbI
He TpeOyeT IIMTENbHOTO HarpeBa 3aroTOBOK B IIPO-
necce popmosanus aeranedt u3 KTM, 4to cHMkaeT
TPYAOEMKOCTb, OCOOEHHO ISl KPYITHOMACIITaOHOTO
MPOU3BOJCTBA. DTO YIPOIIAeT MOJy4YeHHE NeTalieit
CIIO)KHOW KOH(UTypauuH, TOBBIIIACT MPOU3BOAM-
TEJIBHOCTb.

Martpuneit st KITM MoryT ciiyX uTh MOpak-
TUYECKH BCE IMPOMBINIJICHHO BBITYCKAEMBIE TEPMO-
wiactel [5-9]. B mocnennee 15+1etne TenaeHuuei B
pazButun KTM dBisieTcs HMCHOJIB30BAHUE TEPMO-
CTOWKHX KOHCTPYKIIMOHHBIX TEPMOIUIACTOB, XapaKTe-
PU3YIOUIMXCS  BBICOKUMH  YIPYTOMPOYHOCTHBIMH
CBOWCTBAMHU: MOJUAPHICYIb()OHOB, MOMUIPHUPCYITb-
(hoHOB, TOTUIPUPUMHUIOB, MOTUIPUPKETOHOB, MOJIHU-
UMHJIOB, MOTU(PEHWICHCYTb()UAOB, BBITYCK KOTOPBIX
OCBOEH 32 pyOe:KOM.

B kadecTBe HamojgHUTEIEH KOHCTPYKIIMOH-
HbIX [IKM MOryT OBITH HCIIOIH30BaHEI HEMIPEPHIBHEIC
CTEKJIIHHBIE, YTICPOJHbIE, OPTaHNYECKUE CHHTETHYE-
ckue, OOpHbIe, KepaMHUYECKHE U APyTHe BOJIOKHA.

B Poccun pa3paGoTKoil W BBITYCKOM TIOJIH-
MEpPHBIX KOMITO3MLIMOHHBIX MAaTepHajioB Ha TEPMO-
IUTACTUYHON MaTpHLE 3aHUMaroTcsa Tonbko Bo OI'VII
«BUAM>», oqHaKO MX MapOYHBIA aCCOPTUMEHT U 00-
JAaCTH NPUMEHEHUsI orpaHuyeHs! [5, 9, 14].

B Hactosiiee BpeMsi akTUBHO BeayTcs pabo-
THl 10 CO3JAHHUIO MOJUMEPHBIX KOMITO3UITMOHHBIX
MaTepuaioB ¢ TpeOyeMBbIM yPOBHEM CBOMCTB IyTeM
X MOAU(UKALUN: XUMUYECKOM — BBEJACHUEM OIIpE-
JENIEHHBIX TPYNN TMPH CUHTE3e WIN (U3NUECKOU —
BBEJICHHNEM AHTUIIMPEHOB, HAIIOJHUTENEH, CIEIHalb-
HBIX 100aBOK u 1p. [1, 2, 5, 13-20].
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B naHHOM cTaThe MpeacTaBiIeHbl PE3ybTaThl
UCCIEOBaHUI 1O pa3paboTKe 2-X MapoK pa3Mepo-
cTaOMIpHBIX TepMorutacTHyHbiX [IKM ¢ moBeimieH-
HOHM TEpPMOCTOUKOCTBIO M TEXHOJIOTHH HX TepepadboT-
KU B JICTAJIH U JIEMEHTbI CUCTEMbI KOHAULIMOHUPOBA-
HUS BO3ayxa: nuTbeBoro — Mapku BTII-7 u nmucTtoBo-
ro —mapku BKY-44.

CucremMa  KOHIUIIMOHHMPOBaHMA  BO3AyXa
(CKB) sBnsieTcst OHOW U3 OOPTOBBIX CUCTEM JKHU3HE-
oOecrieyeHus] B COBpeMEHHBIX camoiieTax. OHa mpea-
HaszHaueHa I oOorpeBa (OXNIAXKICHMSA) M BEHTHIIS-
UMM KaOWHBI SKHMaKa U MACCAXUPCKOrO CaloOHa, a
TaKKe Ul TOJAACPKaHUS B TepMoKaOuHe (HamyBae-
MBIl 00BeM (ro3emspka camonera, B KOTOPOM IOJ-
Jep>KUBacTca M30BITOYHOE, T.€. MOBBIIICHHOE IO OT-
HOLICHUIO K BHEIIHEH atmocdepe, U peryaupyeMoe
IO ONpE/CTICHHON IporpaMMe IaBICHHE BO3IyXa)
3aJJaHHOTO JaBJICHHS M COCTaBa BO3AyXa.

METOJAUKA SKCIIEPUMEHTA

IIpn pa3paboTke TUTHEBOTO KOMIO3HUIIMOH-
HOTO TEPMOIUTACTHYHOTO MaTepralia B KaueCTBE Mart-
PUYHOTO TONHMepa OBIT MCHONB30BaH MOPOLIKOBBIH
nonuapuicyinbdon mapku [ICOD-30 ¢ ynciaom Bs3-
koctn 37-45 M/t u TeMIepaTypoil CTEKIIOBaHUS
210 €, Tak xak oH oOsagaeT HauOOJIEE ONTHMAalb-
HBIM COOTHOIICHHEM TEIUIOCTOMKOCTH M BS3KOCTH,
YTO MMEET OOJIBIITOE 3HAUCHHE MPHU MepepadoTKe Me-
TOJIOM JIMThsl MOJ AaBieHHWEM. BpIOOp MOpOMIKOBOM
(dhopMBI 00YCITOBIIEH BO3MOXHOCTBIO TIOJNyYCHUS 00-
Jiee paBHOMEPHOTO DPAaCIpe/le]IeHHs] HATIOJTHHUTENEeH B
kommosuiwu [6, 11, 21].

OTIMYUTEeThHOW OCOOCHHOCTBIO yKa3aHHOU
MapKH SIBJISIETCS HAJM4YKeE B €€ perenTtype Moaupuka-
Topa — (eHondTansenHa ¢ KapJOBHIMU (hparMeHTaMH
(0ObeMHBIMH OOKOBBIMH IMKIHYECKUMH TPYIIIAMH B
MTOBTOPSIFOIIEMCS 3BEHE MaKpPOMOJIEKYJBI TOJHCYITb-
(oHa), O3BOJISFOLIETO MOBBICUTH TEMIIEPATYPy CTEK-
noBanus matepuaia 10 10% u mpowHOCTH TpH pac-
TsDKeHnu 10 35%.

Jns CHATHS CTAaTUYECKOTO DIEKTPHYECTBA,
KOTOpOE BO3HUKAET B MPOLECCE IKCIUTyaTalllH U37e-
JUH U3 TOJIMMEPHBIX MaTePHAIOB Ha WX MIOBEPXHOCTH
M3-32 HU3KOH DJIEKTPOMPOBOIHOCTH M MOXKET OBITh
HUCTOYHUKOM II0KApOB, MOJIHAPHICYIb(OH, SBISIO-
IIAICS TUANIEKTPUKOM, MOIU(DHUIMPOBATU C LETHIO
W3MEHEHUS eT0 3JIEKTPOIPOBOIHOCTH.

B cBs3u ¢ Tem, YTO OJHMM U3 METOMAOB Ipe-
00pa30BaHMs M3ONHPYIOMIETO TOIMMEpPa B MPOBOIS-
U SBIISIETCS €r0 HAIOJHEHHE MPOBOISAIINMHU Ha-
CTHLIAMH, TaKUMH KaK TEXHHUYECKHH YTiepoJ, yrie-
POIHOE BOJIOKHO, METAJUIMYECKOe BOJIOKHO (M3 He-
PrKaBEIONIeH CTaln), a TAKKe YriIepo/HbIe HAHOTPYO-
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KH, TO, ONHUPAsCh HA UCCIICIOBAHUS, MMPOBOJIUMBIEC 32
pyOe:KOM, B KauecTBE HAIMOJIHUTENCH OBUIM HCITOJb-
30BaHbl KOAKCHAJLHBIC MHOTOCIONHBIC YIIIEPOIHBIC
HaHOTPYOKH Mapku «TayHUT-M» U TEXHHUYECKUH yT-
aepox mapku I1 803 [15, 16, 20, 22-29¥ rineponnbie
HAaHOTPYOKM MMENM HapyKHbIH nuamerp 8-15HM un
JUTHHY Oo0Jiee 2 MKM, YHCIIO HAaHOCJIOEB OJIHOM TPYOKH
cocrapimsuio 6-10, ynmenbHas TreoMeTpuyeckas Io-
BepxHOCTh — 300-320M7/T.

BBenenue  HamosIHUTENEH — OCYLIECTBISUIM
croco6oM ¢u3nuecKkord MoAU(HUKALUKN, KOTOpas M03-
BOJISICT TIOJYYUTH MOJTUMEPBl MATPUIHON CTPYKTYPHI,
OCHOBHBIC CBOHCTBa KOTOPBIX OIpEIeNsieT MaTpHIla
(monmuapuicyapon). MoanbuKaIMio OCYIIECTBIISIN
MyTEM COBMEIICHHS KOMIIOHCHTOB B PacIUiaBe Ha Ja-
0OpaTOPHOM JIBYXITHEKOBOM JKCTpPYAEpE C MpPUCTaB-
kot RHEOSKAM (. «SKAMEX>», ®panrwus) mupu
temneparype 290-325 T.

IepepaboTka MOAM(PUITUPOBAHHBIX TEPMO-
IUIACTUYHBIX KOMIIO3UIIMI OCYIIECTBIISUIACH CIIOCO-
0OM JIMTBS O] JABJICHHEM Ha TepMOIIacTaBTOMATe
co MmHEeKOBOH Iuiactukaiuei Mapku «<ARBURG 32@
500-170» ¢upmsr «ARBURG ALLROUNDER»,
I'epmanus) mpu Temmeparypax 300-350 C.

[TapaMeTpsl TUThs MO AaBlieHHEeM (IaBiie-
HUE U CKOPOCTh BIIPBICKA) IS KAKIOW KOMIIO3H-
WU OTpENEeIsIi Ha OCHOBAaHUW KPHUBBIX TCUCHUS
KOMITO3HUITMH ¢ Pa3IUYHBIM COJACPKAHUEM HAIOJI-
HUTENCH, MOJyYEeHHBIM Ha KAMWIISPHOM BHCKO3HU-
metpe CEAST Rheo 2000 Singlemnamerpom 1 mm
u pnuHoi 20 MM (ISO 11443) fuc. 1).

HccnenoBanuss MUKPOCTPYKTYPBI JTUTHEBOTO
nojmapuicyibdona [ICOD-30 u komMIo3uLuii Ha €ro
OCHOBE OCYIIECTBISUIA METOJIOM CKaHHPYIOIIeH
9NEKTPOHHON MHUKPOCKONIMM Ha MHUKpockorne JSM-
35CF (pupma "JEOL") B pesxnMe BTOPHYHBIX DJIEK-
TpOHOB 1o Metoanke MM 1.595-12-243-2007.

HccnenoBanust mpoBOAWIIM Ha 0Opasuax, u3-
TOTOBJICHHBIX TIOCNIC OXJIAXK/CHUS B KHIKOM a30T¢ B
BUJIC CKOJIOB (HAmpaBjeHHE CKOJIOB — IEPIICHIUKY-
JISIPHO HAMPAaBJICHUIO JINTHS), MOBEPXHOCTH KOTOPHIX
TPAaBUJIM B KUCIOPOIHOM MIa3Me ¥ METATM3UPOBAIN
B BaKyyMe ITyTeM HaHeceHus TOHKoro (~10mwm) cios
30J10Ta.

XapakTep pa3pylleHus: 00pa3loB H3ydalics B
30HE IICHKH B CBSI3H C TE€M, YTO OHU pa3pyLIaHCh
NpY UCTIBITAHUSX HA PACTsDKEHHE ¢ oOpa3oBaHHMEM
HIeHKU.

[Tpu paspaboTke cocraBa JIMCTOBOTO TEPMO-
wiactuyHoro ITKM B KauecTBe HAMONHUTENS WC-
HOJIB30BAJIM  OTEYECTBEHHYIO YTIICPOJHYIO OIHOHA-
npasneHHyto seaty JJIYP 0,081A, crpykrypa koto-
pO# TMO3BOJISIET 00ECIEYHTh MaKCHMAaJIbHOE IPOHHK-
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HOBEHHE BS3KOT'O TEPMOIIACTUYHOTO CBS3YIOIIETO B
MEXBOJIOKOHHBIE TTPOCTPAHCTBA HATIOJIHUTEI.

B kauecTBe TEpMOIIACTHYHOTO CBS3YIOIIETO
ObUla HKCTONB30BaHA TUICHKA TOJMHAPUICYIb(GOHA
Mapku [ICD-T2 ¢ Temneparypoii crekinoBaHust Ter =
=210-215 <.
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Puc. 1. BausHue cKOpoCTH CIBUra KOMIO3UIMNA Ha OCHOBE IIOJIU-
apwicynbdona [ICOD -30Ha ux Bszkocts (T=315 T) (ISO
11443) 1 —icx.; 2 — 3%YHT; 3 — 5%VYHT,; 4 — 7%VYHT,;
5 — 3%YHT+7%caxa; 6 — 5%YHT+ 5%-caxa; 7 — 10%caxa,;
8 — 20%caxa; 9 — 30%caxa
Fig. 1. Impact shear rate of compositions based on
polyarylsulphone PSFF-30 on their viscosity at (315 ° C)
(ISO 11443) 1 —initial.; 2 — 3% of the nanotube; 3% of CNTSs;
4 — 7% of CNT; 5 — 3% CNT + 7% black; 6 — 5% CNT + 5%
black; 7 — 10% soot; 8 — 20% soot; 9 — 30% cardaokb

Peonornyeckue cBONWCTBa TEPMOILIACTUYHBIX
CBSI3YIOIIMX OICHUBAIHM IO IMOKA3aTeII0 TEKYYeCTH
pacmiasa (ITTP) ua npubope MUPT 1 1o M3MEHEHHIO
BSI3KOCTH PACIlIaBa, OMpPEACICHHbBIX Ha KAHUISIPHOM
Buckosumerpe CEAST Rheo 2000 Single.

CoBMeIIeHHE TJICHOYHOTO CBS3YIOMIETO ¢
BOJIOKOHHBIM HAIMOJHHUTEIEM OCYIIECTBISUIA HA THI-
paBIMYECKUX Tpeccax ¢ 000rpeBaeMbIMH M MPUHY-
JMTEBHO OXJIaXKIACMbIMU TUTUTaMHU. Temrmeparypa
npeccoanus — (310+10) €, ynensHoe maBiaeHHE —
or 1,010 2,0MIIa.

OtrieHKY (HU3UKO-MEXaHUYECKHX W TEXHOJIO-
ITMYECKUX CBOMCTB MarephajoB OCYIICCTBISUTH 10
CTaHIAPTHBIM METOIMKAM.

PE3VJIBTATBI 1 UX OBCYXJIEHUE

Pa3zpabotannslii B pe3ynbpTare MpoBECHHBIX HC-
CIIENOBAHUNA JINTBEBOM KOMITO3UIIMOHHBIA TepMOILIa-
criyHblii Matepuan mapku BTII-7 conmepskut B cBOEM
coctaBe 93-97%mnonmuapricynsdona [ICOD-30u 3-7%
MHOT'OCJIOMHBIX YTIICPOIHBIX HAHOTPYOOK «TayHUT-M>».
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Bua u xonuuecTBO HANONHHTENST OBUTH BBI-
OpaHbl HA OCHOBAHWH PE3yJIbTATOB UCTIBITAHUM QU3H-
KO-MEXaHHUUECKUX (TIOTHOCTh, MPOYHOCTh U MOJYJIb
YIOPYrOCTH TIPH  PACTSHKEHHH), TEXHOJOTHYECKUX
(ycanka), QyHKuMOHANBHBIX (yAeNbHOE O0BEMHOE
ANIEKTPUYECKOE COTPOTHUBIICHHE, TOPIOYECTh) CBOMCTB
U MHUKPOCTPYKTYPHBIX HCCIIETOBaHUN MOAHMUIIPO-
BaHHBIX TEPMOIIACTHYHBIX KOMITO3HMIIUI TONHAPUI-
cynspona [ICOD-30, conepxkantux 3, 5, 7macc. %
yraepoanbix HaHoTpyOok; 10, 20, 30uacc. % TexHu-
YeCKOro yriiepoJa 1 KOMOMHAILIMH YIIIEPOIHbIC HAHO-
TpyOKu — caxka 3—7 macc. Y%ou 5-30macc. %.

WcnbITanus moKa3aid, 4TO BBEACHUE OOJIBILO-
ro xomuuectBa (20, 30macc. %) TeXHUUECKOTO yTIiIe-
pOJia IPUBOJUT K CHIXKEHHUIO TIPOYHOCTHBIX XapaKTe-
PUCTHK W 3HAYUTEILHOMY YBEIUYCHHIO TUIOTHOCTH
KOMIO3UIMA. B TO ke Bpems, IpU HM3yYCHUH DIICK-
TPOMU3MUECKUX XaPAKTEPUCTHK OBLIO YCTaHOBJICHO,
YTO TPU BBEACHHH B MOJHAPWICYIb(OH JIFOOOTr0 U3
YIIOMSIHYTBIX HATIOJHUTENICH HAOMI0aeTCs CHIDKCHHE
€ro yJAENbHOT0 O00BEMHOTO 3JEKTPHUECKOTO COMPO-
THBJICHUS, T. €. TOBBIMIACTCS JIICKTPOIPOBOTHOCTS,
YTO TOATBEPKIACT TMOSBICHHE AaAHTHUCTATHUCCKUX
CBOICTB y MaTepuaia.

MHEKpOCTPYKTYpHBIE HCCIIEIOBAaHHS 00pa3LIoB
nonuapuicyinbdona [ICOD-30, monuduiupoBaHHBIX
YIJIEPONHBIME HaHOTpyOKamMHu «TayHuT-M>», (dccie-
JIOBaHUS TIPOBOMJIIVMCH IOJ] PYKOBOACTBOM TJIABHOTO
HAay4YHOTO COTpyaHHMKa, K.T.H. [leea W.C.) mokazanmu,
YTO YTIEPOJHBIC HAHOTPYOKM AKTHBHO BIUSIOT Ha
NpOIIeCC CTPYKTYpPOOOpa3oBaHUS W XapakTep pas3py-
mieHus: JutbeBoro mnoiuapuicyinbdona INCOD-30.
Bo Bcex ciyuasix, HE3aBUCHMO OT COJCp)KaHHS B TO-
JHApUICYIb(POHE HAHOTPYOOK, 0Opa3yeTcs OIuH
oYar paspyuieHusi, BOKPYT KOTOPOT'O XOPOIIO BHIHBI
3epKaNbHas M IIepOXoBaTas 30HbI, MPUYEM B ITHUX
30HaX YETKO MPOSIBISETCS BOIHOBOHM XapakTep pas-
pyuIeHus.

BBesieHre HaHOTPYOOK B MOJMMEP TPHBOIUT
K yBenuueHno Ha mopsmok (¢ 0,1 mo 1,0Mxm) pasme-
POB YaCTHUI] MUKPOJIUCIIEPCHON (Pa3bl U YMEHBIICHHIO
TUIOTHOCTH WX YHakoBkH (puc. 2, 3),0HAKO KOHIICH-
Tpalusi HAaHOTPYOOK HE BIIMSCT HA yKa3aHHBIC Mapa-
METPBHI.

C yBenMYeHHEM COJICpKaHUS HAHOTPYOOK
BO3pacTaeT HEOJHOPOIHOCTh HX pACIpEICICHUS B
mukpoctpykrype ICDPD-30, uto cBs3aHO, CKOpee
BCETO, C AKTUBHOCTBIO TIOBEPXHOCTU MPUMEHSIEMBIX
HAHOTPYOOK, KOTOpas TPUBOJIUT K 3HAYUTEIHHOU
COpOIMU KOJUTOUIHO-IUCTICPCHBIX YaCTHIl MOJIHMEpa
Ha WX MOBEPXHOCTH W YBEIUYCHHUIO pa3MepoB o0Opa-
3YIOLUXCS CTPYKTYDP.
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Puc. 2. MukpocTtpykTypa ckojia 00pa3na HCXOTHOTO MTOJIHAPHII-
cynsdona [ICOD-30, x2000:y4yacTku B 3epKanbHOi 30HE
Fig. 2. Microstructure of sample cleavage of initialyaryl-
sulphone PSFF-30, magnification - 2000: areas imomgone

Puc. 3. MukpocTpykTypa ckoiia 00pasia IoJHapuiIcyIbpoHa
TICDD-30, momudurmposanuoro 5% YHT «Taynutr-M», x2000:
Y4acTKH B 3€pKajbHON 30HE

Fig. 3. The microstructure of the sample cleavége o
polyarylsulphone PSFF-30, 5% modified with CNTsUfié:-M»,
magnification - 2000: areas in mirror zone

IIpu BBenenuu B nonuapwicyiabpon 10% ca-
KM, B OTJIMYHE OT HAHOTPYOOK, MPOIIECC CTPYKTYpPO-
00pa3oBaHMs NPOXOJUT MEHEe aKTHBHO, YTO CBSI3aHO
C ee MPaKTUYECKH TIOJHBIM HECOBMEIICHHEM, B pe-
3yJlbTaTe Yero caka BBIIENSIETCS B BHIE OKPYTIIBIX
YacTHIl B OTACIBHYIO a3y ¢ pasmepamu A0 1 M.

Amnanu3 o0pa3yromuxcs Mpy pacTsHKEHUH 110-
BepxHOCTel paspymieHus obOpasiop I[ICOD-30, mo-
IUGHUUMPOBAaHHBIX BBeJeHHEM S%  yriaepoIHbIX
HaHOTPYOOK, MOKa3aj, YTO B AAHHOM Cllyyac TaKKe
HaOroMaeTcss OJTHOOYATOBBIN XapaKTep pa3pylIeHUs
¢ o0pa3oBaHHEM 3epKaJbHONW M IIEPOXOBATOH 30H U
MOSABIICHHEM B HMX CTPYKType UYETKO HaOIomaeMoin
BOJIHCTOH KapTHUHEI.

Pa3paboraHHbIii TUTHEBOH KOMITO3UIIUOHHBIH
TepMoriactTuuHbeid MaTepuan BTII-7 obmagaer kom-
IUIEKCOM YHHMKaJbHBIX CBOWCTB. TPU TeMIEpaType
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ucneitanuii 20 C TemmepaTypa CTCKIOBaHUSA paBHa
Ter. = 202,5-218 T; motHOCTH cocTaBisieT 1265kr/mS;
MPOYHOCTh IpH pacTshkeHuu paBHa 86,4 MIla; xa-
pakTepusyercs CTaOWIBHOCTBIO pa3MepoB (koieba-
uust ycaaku — 0,05%); TKJIP B nquanazone temmepa-
Typ or -60 no 180 T pasen or 47,0-1¢ K no
51,3-1¢ K, kareropus roproyects — camo3aTyxa-
IONIMIH, MaTepHan 0018 aeT MOBBIIIICHHBIMU aHTHUCTA-
THUeckuMu cBoiictBamu [30].
PazpaboTanHblii MaTepral IPEBOCXOIHT:

— poccuiickuii aHanor — nonucyiabgon [1CD-150 —
M0 TEMIIEPAType CTEKIOBAHUS, MPOYHOCTH TPHU pac-
TsDKeHUH, paboueit Temnepatype, TKJIP B quanazone
temmeparyp ot -60 1o 180 T;

— 3apyOeXKHBIF aHaNor MOJUCYIb(HOH MapKH

TOCTH TIPH pacTsHKEHHH) mpu Temueparype g0 180 T
Ha ypoBHe 50,9-66,0 % (OOTBETCTBEHHO) OT WC-
xoxroro 3Hauenus (mpu 20 C), pazmepocTabmiIbHO-
CTH — HU3KAMHU 3HAYCHUSIMU KOJCOAHUS YCaaKH U
TKJIP, aHTHCTaTHYECKUX CBOMCTB — 3HAYCHHUIMH
YAETHHOTO0 O0OBEMHOTO JIIEKTPHYECKOTO COMPOTHB-
nenus (2,2- 16 Omldm).

BTII-7 cToex K MHKOJOTHYECKOMY BO3ICH-
cTBHIO, Oamun oOpactanus rpubamu pasen 0. Pesyinb-
TaThl WCIBITAHUS OOpA3lOB MaTepwaia JIEMOHCTPH-
pyroT HH3KOe 3HadeHne Bomomormomenus (30 cyr. —
0,85%),4T0 MOMOKHUTEITBHO CKA3bIBACTCS HA €ro Me-
XaHUYECKUX CBOUCTBAX.

Beicokuii ypoBEHb TEXHOJOTMYECKUX U IKC-
TUTyaTal[MOHHBIX ~ XapaKTepUCTUK  pa3pabdOTaHHOTO

Udel P-1700¢upmer «Solvay Advanced Polymers», nutbeBoro KoMHO3MIMOHHOIO —TEPMOILIACTUYHOTO

CHIA, — no temmepaType CTEKIOBAaHUSA, MPOYHOCTH
npu pactsokennd, TKJIP u pabouelt temmepaType
(rabm. 1).

Tabnuuya 1
CpaBHHUTe/IbHBIE CBOIICTBA MOJIUCYIb(OHOB
Table 1.Comparative properties of polysulphones

Marepuana mapku BTII-7 oOycioBieH cocTaBOM HC-
XOJHBIX KOMIIOHEHTOB M TEXHOJIOTHEH MX COBMEIIEe-
Hus. Marepuan nepepabaThiBacTCs Ha CTaHIAPTHBIX
TEpMOIIJIaCTaBTOMATaxX CO IMIHEKOBOH IJIaCTUKAIUEH.
JIvcToBOM KOMIO3UIIMOHHBIN TEPMOILIACTUY-
HeI Matepuan mapkun BKVY-44 gnsercs ogHum u3

HCMHOTI'UX TCPMOIUIACTUYHBIX YTJICTIIACTHU-

[Momucynsdon
KOB, B TOM YHCJIE HA OTEYECTBEHHOM CBIPbHE,
Udel P-1700 6 P
IToka3arenu cBOHCTB BTII-7 Tomacyméon («Solvay B o o S
IC®-150 | Advanced 3a pyOeoM YIJIEIUIaCTUKH Ha Tep-
Polymers» | MOIUIACTHYHOM Matpuie, 00ianas KOMIUICK-
CLIA) COM LEHHBIX CBOWCTB, TaKMX KaK HHU3Kas
TpoyHOCTB 1pH IUIOTHOCTh, BBICOKMII MOIYyNb YHPYTOCTH,
pactsokernu, MIla 86,4 56 72 MPOYHOCTH, TEPMOCTONKOCTD, BBICOKAsI U3HO-
(20 %C) cocToitkocTs, Hu3kuit KJITP, HaxoAsT mmpo-
IIpounocTs mpn KO€ MPUMEHEHUE B aBUAKOCMHUYECKON TEXHU-
pamfggﬂ% MIla 44,0 - - ke [6, 8, 9, 14, 15, 19, 20, 32 -3%)rpanu-
( ) YEeHHOCTh NMPHUMEHEHHsS TaKWX MaTepHajioB B
Monayns ynpyroctu
Poccun obycnoBieHa HEJOCTATOUYHBIM accop-
MIPH PACTSKEHUH, 3,3 2,5 2,4
Ila (20 C) TUMEHTOM M KauyeCTBOM TEpPMOIUIACTOB U yT-
Kateropus Covonzron. | Covoszrvn. | Coona JIEPOAHBIX BOJIOKOH, KOTOpPBIE MOXKHO OBLIO
rOpIOUeCTH yX. yX. TyX. OBl KCIIOJB30BATH B KA4ECTBE MATPHLLI U
[In0THOCTD, KI/M3 1265 1220 1240 HanonHuTenst KTM cooTBETCTBEHHO, a Takxke
KosneGanus ycaaxy, 0.05 _ _ CIIOKHOCTBIO ~ OOecHedYeHus: HeoOXoauMoin
% ' aAre3ud Ha TPAHUIE YTIIEPOJHOE BOJIOKHO
Pabouas YB) —nonumepHas MaTpuia.
. -60-180 150 150 (VB) p Tprh
temmeparypa, °C Anres3ust Ha TpaHUIE pa3fjena yrie-
Temneparypa - -
p YPOC 202,5-218 190 192 ponnoe BojokHO (YB) — monmmepHast Mat
CTCKIIOBAHUA, pulla ompenesieTcsl HaJludueM MeXaHHde-
Monyne ynpyroetu | 2,3 coxpanenne CKHX CBSI3ell BCIICICTBHE NPOHHKHOBEHUS
IpH pacTAKECHNUU IPU | OT UCXOAHOI'O — - -
MOJIUMEPA B IIEPOXOBATOCTH MOBEPXHOCTH
T =180 €, ITla 66% P P P

VB, XUMHUYECKUMU CBS3SIMU MEXK]y MOBEpX-

HOCTBIO YB 1 monuMmepHoil MaTtpuie u B3auMoAeH-
CTBHEM, OOYCIIOBJICHHBIM JAeHCTBHEM cuin Ban-nep-
Baansca [19, 34].

Heobxomumoe mist oOecriedeHUs XOPOIIei
aAre3un BO3HUKHOBEHUE XMMHUYECKUX CBSI3e€H B CH-

PaboTocnocoGHOCTh JTMTHEBOIO KOMIIO3MLIU-
OHHOTO TEPMOIUTACTHYHOIO MaTepuaia 10 TeMIepa-
Typel 180 T moarBepikmaeTcsi COXpaHEHHEM €ro
IPOYHOCTHBIX CBOMCTB (IIPOYHOCTH M MOAYJS YIpPY-
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creMe YB — nonuMep MoxkeT ObITh obecreueHo ¢op-
MHUPOBAaHUEM Ha MOBEPXHOCTH Y B XMMHUECKH aKTUB-
HBIX (PYHKIMOHAIBHBIX TPYIII, CIIOCOOHBIX pearupo-
BaTh C aTOMaMH W TPyNIaMH B LEMOYKaX MOJIMMEpa.
Jnsg  ynydiienuss cmayuBaHus YB  ToJMMEpHBIMHU
CBSI3YIOIIMMH U TIOBBIIICHUS TTPOYHOCTH COCITUHEHUS
YB moxBepraroT MOBEPXHOCTHOW BO3IYIIHOW 00Opa-
00TKe WM dIIEKTPpOOKucIeHuo [19].

[Ipu mpousBoacTBe u3 YB neHT, XryTos,
TKaHel TpeOyeTcs NMpUMEHEHHWE 3aMaciiuBaTeled, B
KauecTBe KOTOPBIX OOBIYHO HCIONB3YIOT BOIOpAc-
TBOPUMBIE TTOJIMMEPHI WX OJUroMepsl. M3-3a Tpyn-
HOCTEH yJaneHus 3aMaciauBaTelsl ¢ moBepxHocTu Y B,
OH OCTaeTcsi Ha BOJIOKHAX MpPH MPOU3BOJACTBE YT-
JIETNIACTUKOB W BBITIOHSET POJIb alpeTa.

B kadectBe MaTpuIil B pa3pabOTaHHOM JTH-
CTOBOM KOMITO3UIIIOHHOM MaTepHalie HCIOJIb30BaH
MOJHAPUICYIb(POH — €IUHCTBEHHBIH JKECTKOICITHON
TEPMOILIIaCT, KOTOPBIA BhIMyckaercst B Poccuu. Uc-
MOJIb30BAaHUE B KAaYeCTBE MATPHIIBI CBS3YIONIMX Ha
OCHOBE THOKOIICTIHBIX TEPMOIUIACTOB HE MO3BOJISET
pearn3oBaTh CBOWCTBA BOJIOKHHCTBIX BBICOKOTIPOU-
HBIX BBICOKOMOIYJIEHBIX aPMHPYIOIIUX HAIOIHUTE-
JIe# U3-3a HU3KUX YIPYTOMPOYHOCTHBIX CBOWCTB THO-
KOIEMHBIX TEPMOIUIACTUYHBIX MaTpHI], HE OTBEYalo-
X TPeOOBaHUSAM O00ECICYCHUS MOHOJUTHOCTH, a
TaKXKe MU3-3a UX HU3KOH TperuHocToikoctu [36].

B TO e Bpews, BBICOKHE YHPyTrOMpOYHOCT-
HbIE CBOMCTBA, TPEUIMHOCTOMKOCTH, OTHECTOWKOCTH,
XUMOCTOHKOCTh, paJualliOHHasl CTOHKOCTH JKECTKO-
HENHBIX TOJHAPUICHOB U TIOJIUTETEPOaAPHIICHOB 0bec-
MEYMBAIOT BBICOKOTPOU3BOAUTEIBHBIMH CIIOCOOAMHU,
0e3 MPOBEACHUS XUMHYCCKUX PEAKIIHiA, MIPH HCIIOINb-
30BaHUM MX B KAYECTBE CBS3YIONINX, IMOJIYYCHUE TEP-
MOYCTOWYHMBBIX KOHCTPYKIIMOHHBIX M (YHKIHOHAb-
HBIX MAaTEPUAOB, CBONCTBA KOTOPBIX MPEBOCXOIST
CBOICTBA MaTEPUANIOB C TPAIUIIHOHHBIMU TEPMOpPEaK-
TUBHBIMH CBs3yromumi [6, 7, 14, 32, 35, 37].

IMonuapuiacynbhousl o mpouroctr (o5 > 70
MIla) u monymto ympyroctu (£, = 2200 MIla) ne
yerynawrt, a no aedopmaruBHocTH (O, = 7-8%) u
croiikoctn K yaapy (ax > 10Q]Ik/M?) 3HAUMTETHHO
NPEBBIMIAIOT CBOWCTBA SIOKCHIHBIX H (EHOIBHO-
(hopMaITbIETHIILHOTO CBS3YIOIINX.

HenocraTkoM monmapuincyiab(hOHOB SBISCTCS
WX BBICOKas BSI3KOCTH paciiiaBa, KOTOpas py TeMIie-
patype nepepabotku, Hanpumep npu 260 T, paBHa
n = 10 Iald (s cpaBHEHMS — BA3KOCTh PacTBOpa
(pacmaBa) SmOKCHAHBIX U (HEHOIBHO-(hOpMAIThIe-
rugHeIX cMoit pasHa N = 10-1C° ITald). Oxnaxko, pe-
TYJIUpPYsl MOJICSKYJISIPHYIO Maccy MoJuMepa, OT KOTO-
pO¥i 3aBHUCHUT €ro BS3KOCTh pacIuiaBa, MOKHO 3HA4H-
TEJHHO MOBBICUTH CTETICHb COBMEIICHHUS CBSI3YIOIIET0
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C HANOJHHTEJIEM, YTO WIPAET BAXHYIO POJIb MPH H3-
rotopieHun KTM. Ilnoxoe Kka4ecTBO MNPONMUTKHU
HAIIOJIHUTENSL BBHICOKOBSI3KUM PACIIaBOM CBS3YIOIE-
r0 TPUBOAWT K CHIDKEHUIO MEXaHHYECKHX CBOWCTB
[TKM.

DIEeKTPOHHO-MUKPOCKOMTUYECKUE HCCIeI0Ba-
HUSA CTPYKTYphl TpaHUIBl pa3jena yrieruiacTuka
MOATBEPAWIHN IUIOXYI0O CMadHBa€MOCTh PACIUIaBOM
MOJUCYNb(OHA YTIIEPOIHBIX BOJIOKOH (puc. 4).

Puc. 4. MuKpOCTpYKTypa yIJIeIJIaCTUKA Ha OCHOBE MOJIHApHII-
cynbdona u yraepoanoit aentst DJIVP 0.081A — Topiibl BOJIOKOH
(x10 000)

Fig. 4. The microstructure of carbon fiber basedarbon tape
and polyarylsulphone Eloor 0.08PA - fiber ends (nification -
10 000)

Ucnonp3oBanue monuapwicyibpoHa B BUIAC
TJICHKHU TIO3BOJIMIIO MCTIONIB30BaTh B pa0boTe Hanbolee
TIePCIICKTUBHBIA M YKOJIOTHUECKH YHCTHIN CIIoco0 ero
COBMEIICHUS C apMHUPYROIUM HamonauteneM. Oc-
HOBHBIM JIOCTOMHCTBOM IUIGHOYHOTO METOJIa COBME-
IIEeHUsT KOMITOHEHTOB SIBIISIETCS BO3MOXHOCTh TOYHO
3aJlaBaTh COOTHOIICHUE KOMIIOHEHTOB M JIIOOBIE CXe-
MbI apmupoBanus. lllupokoe mpuMeHeHHEe B OTeue-
CTBEHHOH MPOMBIIUICHHOCTH 3TOT METOJ| HalleN s
M3TOTOBJICHUS TUIOCKHX Tony(hadpukaToB (mperpe-
T'OB) TEPMOILIACTUYHBIX CTEKIIOIUIACTUKOB U yIJIeTIIa-
ctukoB. [IpennoureHue, OTHaBaeMOE H3TOTOBIICHHIO
TUTOCKUX W3AENHN, OOBSICHIETCS CIOXKHOCTBIO PaBHO-
MEpPHOW YKJIaJIKA TEPMOIUIACTUYHBIX TUICHOK TI0 KpH-
BOJIMHEMHBIM TIOBEPXHOCTSIM Majiol KpuBU3HBIL. st
3¢ GEKTUBHOTO 3aIMOJHEHUS MEKBOJOKOHHOTO IIPO-
CTPaHCTBA YBEIUYMBAIOT TOJIIMHY MATPUYHOMN IICHKH
1 MOBBIMIAOT HaBieHne Gopmosanus 10 10MIla [38].

Hcnonb3yemblii B COCTaBE JINCTOBOTO KOMIIO-
3WIMOHHOTO TEPMOIUIACTUYHOTO MaTepualia MapKu
BKY-44 nonuapuicyns(oH J0KEH UMETh 3HAYCHUS
MoJekyaspaoii mMaccel (MM) ot 28300 mo 34000
r/MOJb, KOTOpBIC BHIOPAaHBI HA OCHOBAaHHHU PE3yJIbTa-
TOB UCCJIEIOBaHUN 10 BIUsHUI0O MM monuapuincyinb-
(oHa Ha ero MexXaHW4YecKHe CBOWCTBA M NPUBEICH-
HYI0 Bsi3KOCTh (1)) (Tabui. 2).
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Taonuya 2
Bausinue MoJIeKYJISIPHO#T Macchl MOJUAPHIICYIb(oHA
IIC®-T2 na MexaHHYeCKHE CBOCTBA MJIEHOK
Table 2.The influence of molecular weight of polyaryl-

sulphone PSF-T2 on mechanical properties of films
IIpuBeneHHas BA3KOCTh 0,38 0,43 0.50
(m), an/r
MM, r/mons 28300 | 32400 39100
TonmuHa NICHKH, MKM 50 100 100
IIpenen Texydyectu npu 74.4 74.0 69.3
pactsbxenun, MIIn
OTHOCUTENBHOE ymmHeHI(;[e 7.45 549 3.9
IIpu npegaene Tekyuectd, %
IIpounocts npu 69.5 69,5 65,0
pactsokenun, Mlla
OTHOCUTENBHOE yﬂn;/IHeHMe 49,0 17,2 19.0
npu paspsise, %
IToxa3zaTens TekyuecTu
pacimiasa, 1/10 mun 9,8 - 9,2
(T=325 C, P = 5,0kr)

B usyuennom amanaszone toimmH (ot 50 10
100 mxM) u 3HayeHwit MM (npuBeneHHasi BSI3KOCTh
or 0,38 10 0,5 m/r) mpouHoCcTHBIE U Ae()OPMAIIMOH-
HBbIC CBOMCTBA OJNHM3KH K UX CPEIHUM 3HadeHUsM. O-
HaKO ¢ pocToM mnpuBeneHHo Bsizkoct (MM) ¢ 0,38
1o 0,5 an/r TekydecTp paciuiaBa moJMMepa CHUKaeT-
cst o 10%. (rabim. 3).

OcoOCHHO 3aMETHO CHIDKCHHE TEXHOJIOTHY-
HOCTH TOJHAPWICYIb(OHA TPH HCCICAOBAHUH PEO-
JIOTHYECKHUX CBOMCTB 1o cranaapty 1SO 11443:mo
JAHHOMY METOJIy CKOPOCTh MPHIIOKCHUSI HATPY3KU H
YCJIOBHS MCHBITAHUS OJHM3KH K PEalbHBIM YCIOBHSIM
nepepaboTku monumepa (puc. 5). (ICD-T1 — mo-
TUapWwICyIbHOH C TeMIepaTypoil CTEeKIOBaHUS
Ter. = 180-190 T, [ICD-T2 — nonuapuicyabhoH ¢
Temriepatypoi crekinoBanus Ter = 216-215 C).

T=320°C
. 2

L—_~
2,8 b L

3,3 1
3,2 A
2 3,1 1

T=310°C

26 2,77 29 3

log vy, 1/c

Puc. 5.3aBucuMocTh BA3KOCTH paciuiaBa MOJHAPUICYIb(POHA C

Pa3IMuHON MIPUBEACHHOMN BS3KOCTBIO OT CKOPOCTHU ClIBUTra:

1 -TIC®-T2 ¢ n = 0,38m/r, 2 —[ICD-T2 ¢ n = 0,50m1/r;

3 —TIC®-T1 ¢ 1 = 0,4510/r; 4 —TICD-T1 ¢ n = 0,39m/r
Fig. 5. The dependence of polyarylsulfone viscosiglt with
different reduced viscosity on shear speed: 1 —PBWithn =
0.38 dl/g, 2 — PSH2 withn = 0.50 dl/g; 3 — PSH1 withn =

0.45 dl/g; 4 — PSH4 withn = 0.39 dl/g
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Hcnonb30BaHue MoJapuiCcyIb(PpOHOBON IJICH-
ku T[ICD-T2 ¢ MM=28300-34000 r/mons (mpuBe-
neHHoi Bsiskocteio 1 = 0,38-0,42 1a/r) v yanuHeHu-
eM Tipu paspbiBe >40% obecrneursio BO3MOXKHOCTh €€
COBMEIICHHS C BOJIOKOHHBIM HaroJHUTENeM (yriie-
poxnoii nentoit DJIYP 0,081A) u popmoBaHus 1mo-
JUMEPHBIX KOMITO3UIIMOHHBIX MaTepHaoB, obOnaa-
IONIMX CBOWCTBAMU HAa YPOBHE 3apyOCIKHBIX aHAJIO-
roB. COBMEIICHHUE MOJIMAPUIICYTH(POHOBBIX TUICHOK C
BOJIOKOHHBIM HAITOJIHUTENIEM OCYIICCTBIISUTA Ha THI-
PaBIIMYECKUX Mpeccax ¢ 000rpeBaeMbIMK U MPUHYTU-
TENBHO OXJIAXKJACMBIMH TUINTaMU. [Ipy MpeccoBaHUM
BapbHUPOBAINCE. TEMIIEpaTypa MPOMHUTKA — B UHTEp-
Baje oT 30010 320 C, yaenbHoe aapinenue — ot 1,0
no 2,0MITa.

Taoauya 3
CgoiicrBa JIKTM mapku BKY-44 B cpaBHeHHUH ¢ aHa-
JIOraMH
Properties of LKTM of VKU-44 trade mark in compa-
rison with analogs

KTM
(yrnena-
[IKTM  |nmosHuTEND
Ioxa3zarenu cBoiictB | BKY — 44| wmapku AS-4n
KTMVY-1 | nomucyns-
¢dou Udel
P-1700)
IInoTHOCTS, KI/M® 1370 |1450-14801320-145(Q
IIpounocTs npu pac-
TSDKeHUH (MCXOMHAS) 1114 1000 1200
npu 20°C, MIla
1064 850-950
IIpoyHOCTB TIPH pac- (coxpane-
TsoxeHuu nmpu 150C, (COXp%He_ Hue 85- -
MIla e 95 A)E)T 95%ot
HCXOJ/THOM) N
HCXOJTHOM)
IIpouHocTh npu M3rU-
6e, MIla, mpu 20°C 1095 B 1300
JIuneiinas yca;[Kaoan 0.28 _ 2-3
npeccoBannu, %
TKJIP ot -60 o 12,6
180, .10kt | LAL8 | 025 o0 1)
YaensHOE 00BEMHOE
SIEKTPUYECKOE CO- | 2,97103 - -
npotuBieHue, OMdm

PazpaboranHblii B pe3ynpTaTe MPOBEICHHBIX
HCCICAOBAHUM JINCTOBOM KOMIIO3UIIMOHHBIM TEpMO-
IJIaCTUYHBIA MaTepuan mapku BKY-44 mmeer cre-
OYIOIIMKA KOMIIEKC OJKCIUTyaTallMOHHBIX CBOMCTB!
w10THOCTH — 1370kr/M3, IPOYHOCTE NIPH PaCTSHKEHUH
mpu 20 C — 1114MIla, npoYHOCTh MPH PACTHKEHUN
mpu 150 T — 1064MIla, npoyHOCTh MPpH M3TUOE MPH
20 °C — 1095MlI1a, nuHeiHas ycaaka Mpy MpeccoBa-
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aun — 0,28 % TKJIP ot -60 mo 180 T, -1F Kt —or
1,4 no 1,8, yaenbHoe 00BEMHOE 3JICKTPHUECKOE CO-
npotusienne — 2,910° Omldm.

Marepuan mapku BKY-44 npeBocxoaur:

— poccwuiickuit ananor KTMVY-1 —mo mioTHO-
CTH, IIPOYHOCTH IIPU PACTKEHUHY,;

— 3apyOexHblii ananor — nonumepueiii KTM
Ha OCHOBE yriieHamonHurens AS-4 u noiucynbpoHa
mapku Udel P-1700 —10 mpoYHOCTH TIpH pacTsike-
HUHW, JUHEHHOW ycamke. Pa3pabGoTaHHBII MaTepuan
o0ajaeT MOBBIIIEHHBIMH AHTHCTATUYECKUMHU CBOM-
crBamu (Tadm. 3).

BBIBO/IbI

Pa3paboranHple Ha OTEYECTBEHHOM CHIPHE
NOJMMEPHBIE KOMIIO3UIIMOHHBIE MaTepHajibl Ha Tep-
MOIUTACTUYHONH MAaTpHIle — JHUTHEBOW CaMO3aTyXaro-
IMHA KOMITO3UIITMOHHBIN TEPMOIIJIACTUYHBIA MaTepuail
mapku BTII-7 Ha ocHOBe monuapuicyiabpoHa U JH-
CTOBOW KOMITO3MLIMOHHBIA TEPMOIUIACTUYHBIA MaTe-
puan mapku BKVY-44 Ha ocHOBe yriepomaHOW OXHO-
HanpasieHHor JieHTel DJIYP 0.081A u nmonuapwui-
Cyiab(oHa, HE HMMEIOT aHaJOroB B OTEYECTBEHHOU

OOBaHHSM, TPEABIBIIEMBIM K COBPEMEHHBIM TEPMO-
miactuaaeiM [IKM, m He ycTymaroT 3apyOeKHBIM
aHaJIoraM.

Marepuanbl peKOMEH/IOBAaHbI Il TPHUMEHE-
HUS B Pa3IMYHBIX OTPACIAX HAPOJHOTO XO3SHCTBA:
ABUAIIMOHHOW W aBTOMOOWJIBHON TPOMBIIILICHHOCTH,
CYAOCTPOCHUH, KEJIE3HOAOPOKHOM TPAHCHOPTE U T.1I.

PazpaboTanHblif B IpoItecce BBIMOTHEHHS pa-
0oThl anmroput™ co3ganus [IKM Ha Tepmormiactuy-
HOW MatTpuIle ¢ TpeOyeMbIM YPOBHEM (PYHKIIMOHAIh-
HBIX CBOHCTB IO3BOJHUT PACHIMPUTH HOMEHKIIATYPY
I[IKM nyreM Moaw(uKalMu CEPUIHO BBITYCKAEMBIX
OTCUYECTBCHHON NPOMBIIUICHHOCTHIO MaTepHalioB, a
TaKXKe CHOCOOCTBYET pealu3alyl MpOTrpaMMBbl  TIO
«CTparernieckuM HaNpaBICHUSIM Pa3BUTHs MaTepH-
QJIOB M TEXHOJIOTMH WX MepepadOTKU Ha MEpPHoj 0
2030rozga», paspaboranHoit Bo OI'YIT «BUAM».

Paboma ewvinoanena 6 pamxax peanuzayuu
KOMNJIEKCHbIX Hayunblx Hanpasienuu 13.2. Kon-
cmpyxyuonnvie [IKM» u 15.3. Mamepuanvt u no-
Kkpoimust 0 3auumer om DMHU, yoapmueix, eubpayu-
OHHbIX, AKYCMUYECKUX U IAEKMPUUECKUX 8030eli-
cmeuti» («Cmpameeuyeckue HaAnpasieHus pa3gumusl

MIPOMBIIIUIEHHOCTH.

ITo ypoBHIO (hM3HKO-MEXaHUYECKHUX XapaKTe-
PHUCTHUK, OXapOONAaCHBIX CBOMCTB U TEPMOCTOMKOCTHU
JIaHHBIE MaTepUaibl MOTHOCTHIO COOTBETCTBYIOT Tpe-

Mamepuanos u mexHoio2uil ux nepepabomrku Ha ne-
puod 0o 20302.»).
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INFLUENCE OF DIAMINOMALEODINITRIL ON QUALITY OF GAL  VANIC NICKEL PLATING
Influence of diaminomaleodinitrii on quality of galanic nickel coverage was
investigated. Structure and physical-chemical pevpes of nickel coverages were studied. It was
established that diaminomaleodinitril introduced &tandard electrolyte of nickel-plating (10 — 50
mg/l) is the effective brightener. The light-reflfting ability of the nickel-plating reaches of 82 %
The roughness of nickel coverage is reduced by etda of 2.5. The electrolyte scater ability is

increased by a factor of 2.

Key words: electrochemical nickel-plating, electrolyte, brighér addition

HukeneBrie MOKpHITHS B Ka4ecTBE OOBHEKTOB
ucciaenoBanus ObUTH BBIOpaHBI He ciydaiiHo. [Ipo-
I[ECC HHUKEIIMPOBaHUS IIUPOKO TPEJCTABICH B Tallb-
BaHOTeXHMKe. [lomynsipHOCTh MOKPBITUI HUKEIEM
00yCIoBIIeHa IE€KOPATUBHBIMHA KaueCTBaMH, BBICOKOM
KOPPO3UOHHON CTOMKOCTBIO M 3allUTHBIMH CBOM-
crBamu [1, 2).

[[Iupokoe pacrpocTpaHeHHE MOIYIHIH TIPO-
IECCHI OJIECTSINEr0 HUKEIUPOBaHUA. [ TOTydeHUs
OJIECTAIIMX HUKEICBBIX MOKPBITHIA, HCKIIOYas omepa-
U0 MEXaHHYECKOTO TOJHPOBAHMS, B COCTaB dJIEK-
TPOJIMTa BBOJSATCS CIIENMANbHBIE 100aBKH, 00iama-
IOII[UE CBOMCTBAMU CTIIXXMBAHUS MHKPOHEPOBHOCTEH
HIOKPBIBa€MO¥ OBEPXHOCTH [3-6].

Jia momydeHust OIECTAMNX OCAIKOB HUKEIS
U3 CEPHOKHCIIOTO 3JICKTPOJINTA Ha TIPAKTHKE B OCHOB-
HOM wucHoib3dyercs 1,40yTHHAMON B COYCTAHUU C
caxapuHoM. M3BeCTHBI Takke pazHOOOpa3HbIe 1O XH-
MUYECKOW MPHUPOJE COEAMHEHHs, pa3pabOoTaHHBIE 3a
nocneadee Bpems [1, 7-18]. O0muM cBoOCTBOM Jist
OOJBIIMHCTBA U3 ATHX COCTWHEHHH SIBIISIETCS MOTEH-
[IUAJTbHAS BBICOKAs aICOPOIIMOHHAS aKTHBHOCTD.

HN - C=N

I
/C\
H,N~ 'C=N

Junamunomaneoauuutpun (JJAMH)

B paborax [17, 18]ycranoBieHo, uTo 3 dek-
TUBHBIMH OJIECKOOOPA30BaTEIISIMU SIBJISIOTCS TOphH-
pyHBL U QTanonuaHuHEL. B CBSA3M ¢ 3TUM mpencTaBis-
eT MHTepec M3ydeHue OjeckooOpa3yromieii aKTHBHO-
CTH TTONYIIPOAYKTOB CHHTE3a COCJMHEHHI YKa3aHHBIX
KJlaccoB. B paHHOI paboTe HCCIeNOBaHO BIMSHUC
nmobaBok nuamuHOManeonuuuTpuiaa (IJAMH) k cran-
JApTHOMY CYJb()aTHOMY 3JEKTPOIHUTY HUKEINPOBa-
HUS Ha CBOHCTBA M KAauyeCTBO TaJlbBAHUYECKHUX TIIO-
kpoiTHii. Beibop JJAMH B kadectBe no6aBku 00y-
CIIOBJIEH MOJIEKYJISIPHON CTPYKTYpOM 3TOr0 COEIUHE-
HUSI, COYETAIONIEH JBE aMHUHOTPYIIIBI M COMPSIKEH-
Heie nBoitHyt0o C—C u aBe Tpotinbie cBsizu C—N, 9ro

U3B. By30B. Xumus u xuM. texnonorus. 2016.T. 59.Bwin. 10

Ha HAaI B3TJIS, JIOJDKHO 00ECTIeYMBAThH BBICOKYIO ajI-
COpOITMOHHYI0 aKTUBHOCTH JJAMH.

OKCITEPUMEHTAJIBHAS YACTb

B kadecTBe nnekTponuTa BHIOpaH CTaHAAPT-
HBI CyNb(aTHBIA 3JIEKTPOJIUT HHUKEIMPOBAHUS Ha
OcHOBe cynb(darta HUKels, OOPHOIH KHCIOTHI, PeryJu-
pyromeii BenmmunHy PH u xmopuaa Hatpus, obecre-
yuBaroniero 3(pQekTuBHOE pacTBOpEHHE HUKEIEBBIX
aHoqoB. MccnenoBanus BeimosHeHsl mpu 20 C.

JIJ1st IPUTOTOBIICHUS 3JCKTPOJINTA HUKEITUPO-
BaHUS WCIIOJIb30BaM HUKEIb CEPHOKHUCIBIA 7-BOJI-
HBIN «X.4.», KHCIIOTY OOPHYIO «X.d.», HATPUH XJIOPH-
CTBHIN «X.4.» U JUCTWIJIMPOBAHHYIO BOJy. B KauecTBe
N00aBKH MCTOIB30BAIA 0€3 TOTIOTHUTEIBHON OYHCT-
ku 98 %HbIH OUAMHHOMAICOIUHUTPUI TPOM3BO/I-
crea Aldrich B kommuectse ot 1010 50 mr/.

Pacuetnoe xonnuectso JIAMH pactBopsuin B
5 Mn craHmapTHOrO pacTBOpa HUKEIUPOBAHHS IPH
HarpeBanuu g0 70-80 °C, u mocne ocThIBaHHS pac-
TBOD MPHJIUBAIH K SIEKTPOITUTY.

[onapuzanmoHHbIe H3MEPEHUS TIPOBOIMIHICH
B TIOTCHIIMOJUHAMHYECKOM DPEXKHUME TPU CKOPOCTH
pasBepTKH moTeHIrana 5 MB/c.

Iomapuzamuro  pabodero dJeKTpoAa oOcCy-
mecTBIsuM oT noreHuuoctara [1M-50-1. B xauectBe
3aJlaT4YMKa MOTSHIIMAIA HCIIOIB30BAIH IPOTPaMMAaTOP
I1P-8. Tekyiue 3HaYCHMsI TOKA K MMOTCHIIMANIA PETH-
CTPUPOBAJIN  CAMONHIIYIIUM JIBYXKOOPJAUHATHBIM
noreHuuomerpom [1JA-1. DnexTpomoM cpaBHEHUS
CIIYXXHWJI HACBIIEHHBIN XJIOpUIACEPEOPSHHBIA JIICeK-
Tpoa. M3MepeHHble 3HAYEHUS MMOTEHIMANOB 3aTeM
MEPECYUTHIBATH OTHOCUTEIIEHO HOPMAaJIbHOTO BOJIO-
POJTHOTO 3IEKTPOJIA.

Jlns yMEHBITICHUS OMHUYECKON OIMMOKHU I10-
TEHI[MAJIa aHOJA T0J] TOKOM HCTOIh30BAIUA KATTHWILISAP
JlyrruHa, KOTOpBIH MOABOIIIN K pabodeMy DIIEKTPO-
Iy Ha pacCTOSHUE, PaBHOE BHEIIHEMY AHMaMETPy Ka-
munripa (50 Mmxm). KOHTpOIIE pacCTOSHUS MEXIY Ka-
MWDTBIPOM M UCCIIEAYEMON TMOBEPXHOCTBIO OCYIIECTB-
JISUTH ¢ TIOMOIIBIO OTCYETHOr0 MUKpockomna MITb-2.
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Tabnuua 1

3aBucumocthb mepoxoBatocTu (Ra) M 0TpakaTe IbHOIM

cnocoonocTu (OC) HHUKeIEBBIX MOKPBITHIA OT X TOJI-
el (I) ¥ cocTaBa 3JeKTpoJHuTa

Table 1.Dependence of roughnes$R§) and brightener

ability (OC) of the nickel coatings on its thicknes ()

and electrolyte composition

OTpakaTeTbHyI0 CIIOCOOHOCTh TIOBEPXHOCTH
HHUKEJIEBOTO MOKPBITUS U3MEPSAIM C IIOMOLIBbIO OJiec-
komepa Mapku Db-2. DranoHoM ciayXuio cepedps-
HOE 3€pKajlo, OTpakaTeJIbHyI0 CIIOCOOHOCTh KOTOPOIO

npuHuManu pasHor 100%.

JIJis OIICHKM KadecTBa PAaCCEUBAIONICH CITO-
COOHOCTH  DJIEKTPOJINTA UCIOIB30BAIN  YIIIOBYIO CoCTas SneKTponuTa | vxv | R, v | OC. %
sueiiky Xyiuia. 3 280 39

CTpyKTypy MOBEPXHOCTH HHUKEJICBBIX TTOKPHI- 5 6 330 28
THH HMCCIIEI0BAIM METOJOM aTOMHO-CHIOBOM MHKPO- Crannapublit 9 350 16
ckonuu Ha MEKpockonie Solver 47 Prahupmbr NT. 12 380 5

PE3YJIbTATBI M UX OBCY K JIEHUE 2 gg ?g
Hns ouenku Bnusuus JJAMH nHa snexktpoxu- Hobaska IAMH, 10mr/n 9 140 75
MUYECKOE OCKJICHUE HUKEIIS OBLITH CHSITHI KATOIHBIC 12 160 76
MOJIAPU3ALMOHHBIE KPUBBIE, MNPEACTAaBICHHBIE Ha 3 75 70
puc. 1. 6 90 73
| i Jo6aska JJAMH, 25wmr/n 9 135 76
J» A/mm 12 150 78
08| 3 60 72
i Jo6aska JJAMH, 50 mr/n g 18200 ;g
06| 12 145 82
i2
- W3 naHHBIX TaOJUIBI CICAYET BBIBOI, YTO
BBEJICHHE B COCTAaB JJICKTPOJUTA HEOONBIIOrO KOJIHU-
0.4 7 YecTBa JTMAMUHOMAJICOJAMHUTPUIA TIO3BOJISICT CHU-
- 3UTh YPOBEHb IIEPOXOBATOCTH MOKPHITUH B 1,5-2pa-
3a. CyIlIeCTBEHHO, YTO C YBEIIMYCHHEM TOJIIUHBI 10-
0.2 KPBITHS, TIOYYCHHOTO W3 CTaHAApPTHOTO 3JICKTPOJIU-
. Ta, OTpaKaTelbHAS CIIOCOOHOCTh PE3KO YMCHBIIACT-
cs, ot 35%mpu 3 MM 10 5% npu 12 mxMm. Torma kak
0r MOKPBITHS, TMOJYYeHHbIE H3 MOAM(DHUIIMPOBAHHBIX
- Ly AJIEKTPOJIUTOB, HE3aBUCHMO OT KOJHYECTBA J[00aB-
neaHoro JIAMH # TONIIWHBI MOKPHITHS HUMEIOT TO-

CTOSIHHYIO OTpakaTeibHyto criocooHocTh 70-80%.
CTpykTypa D3IEKTPOOCAXKICHHOTO MeTaslia:
pasMep KPHCTAIMTOB, X (OopMa U OPUCHTAIUS SIB-
JISIOTCS BaKHEUIIMMU TTOKa3aTesIMH KadecTBa 3JICK-
TPONUTHUECKOTO MOKphITH. Ha puc. 2-4 mpencras-
JICHBI PE3yJbTAThl MCCIICAOBAHUS CTPYKTYPhI MOKPHI-
THH, TIOJYYEHHBIX M3 CTAHIAPTHOTO JIEKTPOJIUTA HU-
KEJIMPOBAHUS U dJIEKTposnTa ¢ fodaBkamu JJAMH.
W3 maHHBIX 3THX PUCYHKOB CIIEAYET, YTO BBE-
JICHUE B COCTAaB CTAHJAPTHOTO JJICKTPOJIUTA HUKEIIH-
poBauus 10 mr/n JIAMH ymeHbIIaeT MaKCHMaJIbHBIE
pasmepsl kpuctamautoB oT 70 qo 20 uM (TosmuHa

400 500 600 700 -E,mB

Puc. 1. Karoxusie norennuoauuamudeckue (5 mB/c) mossipusa-
HHUOHHBIC KPUBLIC HAa HUKEJICBOM JJICKTPOJAC B CTAHAAPTHOM JJICK-
Tposnute HuKenupoBanust (1) v B aJ1eKTpoauTe ¢ 100aBKOMH
50 mr/n JAMH (2),T =20 C
Fig. 1. Cathodic potentiodynamical (5 mV/sec) paiation
curves on nickel electrode in standard electrdiyjeand in
electrolyte containing 50 mg/l of DAMN (2), T = 2C

Kak CICOAYCT U3 IMOJAPHU3AlIMOHHBIX KPHUBBIX,
BBCJICHUC B COCTAaB CTAHAAPTHOI'O JJICKTPOJINTA HUKE-
JIMPOBaHUA, MO3BOJIAIOMICTIO ITOJIYYUTH MATOBBIC I10-
KpbITUA, JUAMUHOMAJICOAUHUTPpUIIA BCACT K YBCIIHU-

YEHUIO KaToHOU nonspusanuu Ha 70-100mB.
3aTpyaHEeHHE Tpoliecca pas3psiaa HOHOB HUKE-
75, OYEBHIIHO BcieacTBue aacoporuu JJAMH Ha ak-
TUBHBIX IICHTPaX TOBEPXHOCTU 3JEKTPOJa, CHOCO0-
(HhOpPMHUPOBAHUIO  MEIKOKPHUCTAUIMYECKOrO

CTByeT
00Jazaromero BBICOKOW — OTpa)kaTeIbHON

ocajKa,
crnocoOHOCTHIO (Tadm. 1).
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HOKpBITUST 3 MKM). [IpHdeM MOKpBITHE CTaHOBHTCS
OJTHOPOJHBIM TI0 pa3MepaM KpPHUCTAIIUTOB. AHANO-
TUYHBIE PEe3yNbTaThl MOJMYYEHB! IS MOKPBITHHA TOI-

myHOH 6, 9u 12 MkMm.
B 1abn. 2 cyMMupoBaHbI JaHHBIC O BIUSHHH

TOJIIMHBI HHKCIICBBIX HOKpLITPIﬁ, IMOJIYYCHHBIX U3

W3B. By30B. Xumus u xuM. texHosorust. 2016.T. 59.Brm. 10
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CTaHIAPTHOTO DJIEKTPOIUTA W MOAH(PHUIIMPOBAHHOTO
10 mr/n JIAMH, Ha MakcUMaJbHBIA pa3Mep KPHCTAJ-
JTUTOB. M3 3TUX NaHHBIX CIEAYET, YTO MO/ BIUSHUEM
JAMH pa3smep KpuCTaJUIMTOB yMeHbIaercs B 3,5-6
pa3. AHaAJIOTUYHBIE PE3YJIBTATHI MOTYUEHBI JUIS AJICK-
TPOJIUTOB, coaepxkamux 25u 50mr/n JJAMH.

OMBITH ¢ IPUMEHEHHEM sTueiikn XyJsura mokKa-
3aJld, YTO PacCEMBArOINasi CHOCOOHOCTh CTAaHAAPTHOTO
anekTpoyimta coctaBiser 25%, a A AIEKTPOIUTOB
HUKepoBaHus ¢ nodaskamu JJAMH — 55%.

[lo nmawHBIM MeTOJa HaJOXKEHHS (QUIBTPO-
BaJIbHOW Oymaru ycTaHOBJIEHO, 4To npu TonmuHe 20
MKM HUKEJIEBBIE TOKPBHITHS Ha CTalH, MOJyYCHHBIE
OCXKICHUEM W3 CTAHJAPTHOTO AJICKTPOIUTA, UMEIOT
18 nop Ha cM2, a U3 3NIEKTpOSIUTa ¢ J00aBkoi 10 mr/n
JAMH — 3mopsl Ha cM2.

pm 50

3,5
2,530

1520

0’51,0

Puc. 2. Penbeq) TNOBEPXHOCTU HUKEJICBOI'O MOKPBITHSA, ITOJTYUCH-

HOT'O U3 CTAaHAAPTHOI'O JJICKTPOJIMTA HUKCIIUPOBAHUS, IIPU TOJI-
HIUHC NOKPBITUA 3 MKM
Fig. 2. Surface relief of nickel-plate forming frastandard
nickeling electrolyte at thickness of nickel-platiaof 3um

Puc. 3. Penbe(b TOBEPXHOCTU HUKEJICBOI'O MOKPBITHSA, ITOJTYUCH-
HOTO 13 3JeKTposuTa ¢ 1o6askoit 10 mr/n JJAMH, npu Tosiine
TIOKPBITUS 3 MKM
Fig. 3. Surface relief of nickel-plate forming frastandard
nickeling electrolyte containing 10 mg/l of DAMN titickness of
nickel-plating of 3um
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800

600 |

400 | )

200

KOJTMYE€CTBO KPUCTAJUIUTOB, T

0 40 80 120 160 um
Puc. 4. YcpennenHoe pacnpe/eneHue 1o pazMepaM KpHCTaIH-
TOB Ha IMMOBEPXHOCTHU HUKEJIIEBOT'O ITOKPLITUA, TOJIYy4YE€HHOTO 13
cranapTHOro anekTposuta (1) u snekrponura ¢ 106aBKoi
10 mr/n JAMH (2), mpu TOJIIMHE TOKPBITHS 3 MKM
Fig. 4. Average crystallites size distribution amface of nickel
coat forming from standard nickeling electrolyt¢ &hd from
electrolyte containing 10 mg/l of DAMN (2) at thio&ss of
nickel-plating of 3um

Tabnuya 2
3aBHCHMOCTB MAKCHMAJIbHBIX PA3MePOB KPUCTAJLIN-
TOB, IMOJYYCHHBIX U3 CTAHAAPTHOIO 3JIEKTPOJIUTA HU-

KeJIMPOBAHMS U YJIEKTPOIHTA ¢ Jo6aBKoii 10 Mr/n
JAMH, oT TOJIMHBI NOKPBITHS
Table 2.Dependence of crystallite maximum size
obtained from standard nickel-plate electrolyte and
from electrolyte with addition of 10 mg/l of DAMN on
coverage thickness

Tonmmua |MakcHManbHbIH pa3Mep KPUCTAIIIUTOB, MKM
MOKPBITHUS, CrangapTHBIN Mo mummmposanmbiii
MKM INEKTPOJIUT
3 70 20
6 120 17
9 125 25
12 150 30

[Tpu onpeneneHHr MUKPOTBEPAOCTH HCTIONb-
30BaJIM TIOKPBITHS Tonuuod 10 MxM. U3 cTanmgapT-
HOTO DJIEKTPOJIMTA MONy4eHO 3HadeHne 519,8kr/mm?,
u3 Moguduuuposannoro (10 mr/n) — 572,0kr/mMm2.

Paboma ewvinonnena npu nodoepoicke Poc-
culicko20 Hayuno2o ¢onoa, coenautenue Ne 14-23-
00204 Gnexmpoxumuneckue ucciedo8anus) u 6 pam-
kax evinonnenus I ocyoapcmeennoco 3aoanus Munu-
cmepcemea obpasosanust u nayku P® eyzom (uccneoo-
8aHue Mopghono2uu NOKpeimuil).
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INVESTIGATION OF INTERACTION OF COMPONENTS FIRE-RET ARDANT SYSTEM

WITH POLYACRYLNITRILE FIBRE

The interaction of acrylic fibres with the componenof the fire-retardant system was
studied by the use of complex of methods. Formatminchemical linkages was found between
carbonyl groups of the fibre and hydroxyl and metbl groups of flame-retardants. It was
confirmed by infrared spectroscopy. In spectra betmodified fibres bands of vibrations of the
carbonyl group are greatly reduced. Band corresporgl to the stretching vibrations of the
absorption bands of phosphorus-oxygen-carbon boadppeared. Bands of absorption of groups
belonging to flame retardants are observed. Furtt@rdence of the chemical interaction between
acrylic fibres and components of the fire-retardasystem is the presence of peaks of stretching
vibrations of the previously mentioned groups inetmodified fibres subjected to wet treatments.
Direct involvement of the carbonyl groups in theaetion with the formation of the phosphorus-
oxygen-carbon bond is proved by the decrease quyamti the carbonyl groups on the relation to
the methylene group by comparing the ratio of opticensities corresponding to the absorption
bands of these groups. Possibility of increase lo¢ fire resistance of the fibre was revealed at
introduction in the bath modifying of starch, perfming the role of a fixing agent. Starch
possesses the ability to form difficult soluble cplexes in water. It is creating a protective layer
on the surface of acrylic fibre, that prevents dideof the flame retardants from surface of
modified fibre during its wet treatments. The in@se in efficiency of interaction of the flame re-
tardants with acrylic fibre was shown in the moditition of newly formed fibre having unformed
structure and a large number of open pores. Newbyrhed acrylic fibre has better sorption
capacity compared with conditioned fibre, and itaapable to better interaction with components
of the fire-retardant system. As a result it waststd that fibres obtained belong to the class of
flame-retardant

Key words: acrylic fibre, modification, flame retardants, firetardant system, interaction mecha-

nisms, flammability indicators

BBEJIEHUE

[Mommakpunonutpwishisie  (ITAH) BonokHa
UMEIOT IIMPOKOE MPUMEHEHUE B TEKCTHJIBHOU Mpo-
MBIIIUIEHHOCTH, B TIPOM3BOJICTBE MAaTE€pPHAJIOB TEXHU-
YECKOTO0 Ha3HAYCHUS, YTICPOJHBIX BOJIOKOH, UX HC-
MOJIE3YIOT KaK apMHPYIOIIUE CUCTEMBI MPH MONyYe-
HUU TOTMMEPHBIX KOMITO3UIIMOHHBIX MaTEePHAJIOB.

Ocob6ennoctssmu [TAH BoJOKOH, MOITyYeH-
HBIX U3 YHCTOTO IMOJIMAKPUIOHUTPUIIA, SBIISIOTCS BBI-
COKasi CTENCHb OPUCHTAIIMU U IDIOTHOCTh CTPYKTYPHI,
ruapooOHOCTh U BBICOKAS DHEPTHS MEKMOJIEKYIISIP-
HOTO B3aUMOJICHCTBHSI 3a CUET OOpa30BaHUS BOJO-
poaHbIx cBsizei U cun Ban-nep-Baanbca. Takue Bo-
JIOKHa B BOJHBIX PAacTBOpPax MPAKTUYECKH HE Haly-
XaloT, ¥ UX MoauduKanus 3arpygaserca. B cBs3u c

78

3THM B MPOMBILIIICHHOM Maciitade BoimyckaioT [IAH
BOJIOKHA U3 COTOJNKMMEpA, KOTOPBIH COACPIKUT aKpH-
mouutpun (93% macc.), metunmerakpunar (5,7%) u
uTakoHoByIo kucioty (1,3%) [1].

CymectBenHbIM HenocTaTtkoMm [TAH Bomokon
SBJISETCS X JIETKasi BOCIUIAMEHSAEMOCTh U TOPIOYECTh
(remmeparypa Bocmamenenus cocrasiser 250 C, a
kucnopoansiit uaaeke (KU) pasen 18%06.) [2]. dus
orHezamutel [IAH cononmuMepa ciemyeT ocymiecTs-
JSTh WHULUMPOBAHUE IMPOLECCOB IUKIN3ALUH, TPH-
BOJIIINX K TOBBIIICHUIO BBIXOAA KapOOHW30BAHHOTO
OCTaTKa W YMEHBIICHHIO BBIXOJA TOPIOYUX JIETYYHX
HNPOAYKTOB TepMmonm3a monuMepa. C 3Tol I1embro
HauOosee 3p¢pexkTuBHO npuMeHeHue Gocdop-, a3oT-
coxepxanmx 3ameureneii ropenus (31) [3].
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OrHe3amuTa MOTHAKPUIOHUTPYIIEHBIX BOJIO-
KOH JIOCTaTOYHO CJIO’KHA BCIIEJICTBHE OCOOEHHOCTEH
UX CTPYKTYpHL. [lo3TOMY, HCIIONB3Ysl OTHEIHHBIC BU-
a6l 30, BBICOKYIO CTENeHb OTHE3alIUThl BOJIOKHA
MO>XHO 00€CIednuTh TOMhKO TpH BBeacHHW B ITAH
BOJIOKHO 3HAYUTENLHBIX KomuiecTB 31 .

[IpuMmeHeHne  OTHE3aMEUISIOIIUX  CUCTEM
(013QC), comepxkamux cmecu 3I°, 0OmamarOMUX CH-
HepreTudeckuM 3¢ (HeKToM, CrocoOCTBYET KaK yMEHbB-
IICHUIO OOIIEro KOJIMYECTBA BBOJMMOTO B BOJIOKHO
3I', Tak W TOBBIMICHUIO OTHE3AIMUTHOTO d(ddeKrTa Ha
BOJIOKHE.

OddexrurHocTh netictus OI'3C Bo MHOTOM
3aBHCHUT OT CIIOCOOHOCTH OTJAEIBHBIX COCTABIISFOIIUX
CMECH BCTYIATh BO B3aUMOJICHCTBUE C 3alHUIIAEMbIM
BOJIOKHOM.

Jlannast paboTa TMOCBSIICHA U3yYCHUIO B3au-
MojeicTBus  monuakpuwionuTpuiasHoro (ITAH) Bo-
nokHa ¢ kommoHeHTamu OI'3C, B cocTtaB KOTOpoOit
BXOAWIM: JTHAMMOHUUXJIOPUAHAS COJb JHAMHUIOME-
tandochonoBoit  kucmorel (Hodman (T-2)), N-ve-
tanon (O,0-aumeTrndochonpornuonamMu), Tak Ha-
3piBaeMblil iupoBatekc ([IBT), moueBuna (MO). dns
¢ukcupoBanus kommoneHToB OI'3C B cTpykType
ITAH BonokHa W COXpaHEHHS OTHE3alTUTHOTO 3(-
(hexTa ncnosnp3oBancs nonucaxapu — kpaxmain (KP).

METOAUKA SKCIIEPUMEHTA

Orneszanuty IIAH BosokHa npoBoauId Opu
06paboTKE KOHAMIIMOHHOTO (TOTOBOTO) BOJIOKHA
BoAHBIM pacTBopoM OI'3C, a Takke MHKIIOIUPOBA-
Huem komrioHeHTOB OI'3C B cBexkechopMoBaHHOE
ITIAH BOJIOKHO, B35ITO€ C TEXHOJOTMYECKON JIUHUHU
npoussozactBa OO0 «Kommosur-Bonokuo» (r. Capa-
TOB), TIOCJIe CTaauii popMOBaHUS U MPOMBIBKH. [Ipo-
1ecC MOAM(HUKAIMKM OCYIIECTBISUICS IO CTaIusIM:
TIPOTIMTKA BOJIOKHA BOAHBIMH pacTBopamu OI'3C, co-
nepxkanmx 20%wmacc. 3T, mpu Mozynie BaHHBI S U TEM-
nepatype 2015 T; repmoobpaborka B TeueHne 10 muH,
npu temnepatype 150+2 T; npomsika npu 40+2 C;
CYIIKa J0 MOCTOSHHOM MAacchl MPU TEMIIEpaType OKpy-
JKaromeil cpeapl, YTOOBl HE MOJBEpPrarh YK€ TepMO-
0bpaboTaHHOE MTOCIe MOAM(PUKAIINA BOJIOKHO TOTION-
HUTEIbHOMY TEPMHUYECKOMY BO3ACHCTBHUIO.

Jnst u3ydeHusT B3aWMOJECHCTBHUSI KOMITOHEH-
TOB KOMIO3WULUHI NMPUMEHSIN METOI HWH(paKpacHOU
(MK) CreKTpOCKOIINK ¢ HCIIOIB30BAHUEM OHOJIyYE-
Boro oteuectBeHHoro MK-Oypnre crnekTpomeTpa
OCM 1201.

ITokazarenb roproYecTd — KUCIOPOIHBIA WH-
nexc onpeneisui mo [OCT 12.1.044-89.

Koa¢dPpuuuent sdextuBHOCTH COPOLIMOHHO-
ro Bzaumopeticteus (Js) ITAH Bonokon ¢ 3T, xapak-
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Tepusyromuii coxpanenue 37 Ha BOJIOKHE TOCTE
MOKpO# 00pabOTKH, PAaCCUUTHIBATIN IO OTHOIICHHIO
konmuecTBa 3[, ocraBiierocs Ha BOJOKHE IOCIE
CTHPKH, K KonudecTBy 31, yaep>KaHHOTO BOJOKHOM
mocJjie mponuTKu [4].

PE3VJIbTATBHI 1 X OBCYXJEHUE

B cononaumeprom ITAH BonokHe peakuuos-
HOCTIOCOOHBIMHU  SIBIISTIOTCSI KapOOKCHIIbHBIE W HHT-
PWIBHBIC TPYIIIBI, CIIOCOOHBIE OOpa30BHIBATHL Kap-
OOKcHIaT-UOHKI. J[JI HEro XapakTepHO HAIUYHC B
UK cmoekrpe mojoc TMOTNOIIEHWS Ha YacToTax:
2242 cml, coorserctByromeii konebanmsam C=N
rpynnsl; 1736c¢m™, otHocsmelica k konebanusam CO
rpynm; 2923 u 2852 cm, xapakrepusyrommx Koje-
6anus ceszert C-H B rpymmax CH u CHa.

3amemurenu ropenuss T-2 u TIBT B UK
CIEKTPE MMEIOT XapaKTEPUCTUYHBIC IOJIOCHI, COOT-
BETCTBYIOIIMC BaJICHTHBIM KoJieOaHUsM cBsizeit P=O
(1250cmY). B cniektpe T-2 IPHCYTCTBYIOT TAKKe MOJIO-
Chbl BaIEHTHBIX Konebanuii rpymmsl P-CHsz (1300¢m?);
BaJICHTHBIX ¥ JAc(QOpPMAIMOHHBIX KOJICOaHMIA CBsI3CH
NH; rpynmn (3400u 1650cm™). g IIBT xapakrepu-
CTHYHBIMH SIBJISIFOTCS TIOJIOCHI TOTJIONICHHS, HaOII0-
naemble npy yactorax: 1731cm™ — BaneHTHbIE KoE-
6anus rpymmsl C=0; 3272cm™ — BanenTHEBIE KOJTEOa-
aus rpynn -OH, -NH; 1550cm™ — neopmanmonssie
konebanus -NH u Banentusie konedanust C-N rpym.

Bzaumoneiicteue BonokHa ¢ [IBT u T-2, oue-
BUJIHO, OCYIIECTBISCTCS [0 BHYTPHUMOJEKYISPHOU
peakuu 1o kapOoHWwIbHEIM rpynmnam [TAH comonu-
Mepa C PacKPBITHEM JIBOMHOW CBSI3M C PEaKIIMOHHO-
CIOCOOHBIMH TPYIIAMH 3aMeIUTHTENICH TOpeHHus —
THJIPOKCHIIBHBIME  TPYIMIaMH  TUaMUAAMETHII(oChHO-
HOBOU KUCHOTHI (mpoaykra runponusa T-2) (cxema 1)
M METHIIONBHBIME IPYIIIIAMH TIHpOBaTeKca (cxema 2).

=

C
| =~ ONa
—(CHy ?H)ﬁ (CHy CH); (CHy C Y~ + X(OH)— lp— CHy—>
0 _0
CN cZ CH~CZ NH,
~OCH; < ONa
-0 =°
[ ~ONa [~ ONa

—>—(CHy ,CH)ﬁ (CHr CH)R(CHz |C Fzm —(CHy O

o |
CN cZ ocr, S < “Ho—C—ONa
ONa
O=P—CHs
I
NH,
Cxema 1
Scheme 1
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|
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O6pasyrommecs mpu ruppoause [IBT merano-
naMuH, GocPUHOBAS U MPOMMOHOBAsI KUCIIOTH, a MPU
rugponmse T-2 — aMMOHMIHHAs COJIb aMuAa METHII-
($hochoHOBOM KHCIOTHI TaKKe€ MOTYT BCTYNaTh B XH-
MHYECKYIO PEAKIHIO C MOJU(DUIMPYEMbIM BOJIOKHOM.

Bzanmoneiicteue 31" ¢ ITAH BoslokHOM 110
NPE/ICTABICHHBIM CXeMaM TOATBEPIKIACTCS Pe3yIib-
tatamu UK crexTpockormu (puc. 1, 2).B cmekrpax
MOJU(QHUINPOBAHHBIX BOJIOKOH 3HAYUTEIBHO CHMXKA-
rorcst nosiockl konebanuit C=0 cs3u (1736 cm™Y) u
NOSABIIAETCA 110J10ca B MHTEpBaie yactor 995-915cm7?,
COOTBETCTBYIOIIAsT BAJICHTHBIM KoJieOaHUsIM CBsI3U P-
O-C. B UK cnekrpax Moan(UIHPOBaHHBIX BOJIOKOH
TaKkXe UMEIOTCS OTCYTCTBYIONIHE Y HEMOIU(PHIIUPO-
BAHHOrO BONOKHA cBssu P=0 (1252 cm?), P-CHs
(~1320cm?), P-C (=795 cem?), >NH, -NH. (~3400-
3420c¢m?), C-N, -NH (~1540cm?, ~1580cm?), npu-
Haexare 31

CroekTporpaMmma HMCXOJIHOTO BOJIOKHa CO-
JOEPKUT WHTEHCHBHYIO TOJIOCY C MAaKCHMyMOM TpHU
3422 cml, oueBnaHO, OTHOCANIYIOCS K KOJECOAHUSAM
cBoOomuoit NH cBs3u minm accommmpoBanHor -OH
rpymmsl. B UK cnekrpax mogudunupoBannoro [TAH
BOJIOKHA HAOJII0J]aeTCsl YIMUPEHHE 3TOW TOJNOCHl U
CMEII[eHHE €€ B 00J1acTh MEHBIIUX BOJHOBBIX YHCEI,

80

9TO OOYCIIOBJICHO TIOSIBJICHHEM CBSI3aHHOW THAPOK-
CHJIBHOM TPYIIIHI, KOTOpas 00pa3oBajiach MPU XHMH-
yeckoM B3ammojaercTtBuu 317 ¢ ITAH BojiokHOM MO
MIPEIIOKCHHBIM CXeMaM.

X

g

5 2
S CH,-©

= -OH accor. -NH T A

= -NH cBo6. -CH.- -OH accorr. )

=1

4000 3500 3000 2500 2000 1500 1000 v, cm’

Puc.1. UK cnexrpst cmecu 31" u ITAH Bosokna: 1 —cmecs 3T, %
macc.: 20(T-2+H1BT)+2,5MO; 2 —TTAH BosokHO HeMOJUBHIH-
posannoe; 3,4 —[TAH BosokHO, MOIU(HUIIMPOBAHHOE M3 BaHHBI,
cocrasa % macc. 20(T-2+I1BT)+2,5MO nocne craauii: 3 —mpo-
TIUTKU, 4 —IHPOMBIBKH
Fig.1. IR spectra of the mixture of the fire-retamts and PAN
fibres: 1 - a mixture of the fire-retardants, %:wt.
20(T-2+I1BT)+2.5MO; 2 - unmodified PAN fibre; 3.4 - PAN
fiber, modified in the bath of the composition %\bgight.
20(T-2+I1BT)+2.5MO after the steps of: 3 - impregnation;
4 — washing

JIOTIOMTHUTENIEHBIM  TOKA3aTeIbCTBOM  XHMHU-
geckoro B3ammojencTBusi kommnoneHToB OI3C ¢
ITAH BOJOKHOM SBJISETCS HANIWYWE IMHKOB BAJICHT-
HBIX KOJCOAHMH yKa3aHHBIX paHee TPYI B MOJBEPT-
HYTOM TIPOMBIBKE MOJU(PHUIIUPOBAHHOM BOJIOKHE
(puc. 1,xp. 4).

JIis KONMMYECTBEHHOM XapaKTEPUCTHKH TIpe-
BpalllcHUs KapOOHWIBHBIX TPYIMI MPH BHYTPUMOJIC-
KyJsIpHOU peaknuu ¢ oOpazoBanueM P-O-C cBs3m
MOJET HCIONB30BaThCS COOTHOIICHHE OINTHYECKUX
IJIOTHOCTEH COOTBETCTBYIOIIUX IIOJOC TOTJIOIIECHUS
[5]. TIpu TOM onTHYECKAs IIOTHOCTD IOJIOCH METH-
nenoBeIx rpynn npu ~2930cm?t me usmensercs. Uc-
X0/l W3 3TOr0, M3MCHCHUS WHTCHCUBHOCTEH IIOJIOC
noromieranss C=0 Tpymnmnsl B pe3ysbTaTe peakiuu
1es1eco00pa3Ho COOTHOCUTHh ¢ WHTCHCUBHOCTBIO I10-
JIOCHI METWJICHOBBIX Tpymin. B ta6n. 1 mpencraBieHs
BEITMYMHBI ONTHYECKUX IUIOTHOCTEH MOJIoC KapOo-

W3B. By30B. Xumus u xuM. texHosorust. 2016.T. 59.Brm. 10
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HWJIBHON W METWIJICHOBBIX TPYIII, MOJYYEHHBIX IPH
uccienoBannu MK criekTpoB MCXOMHOTO M MOAHM(U-
UPOBAHHOI'O BOJIOKHHCTOT'O MaTepHaja M YCTaHOB-
JIEHO CYIIECTBEHHOE yMEHbIIeHHe KommdecTBa C=0
TPYHI MO0 OTHOIICHUIO K METUJICHOBBIM, YTO JOKa3bI-
BaeT HEMOCPEJCTBEHHOE Y4YacTHe KapOOHHMIIBHBIX
TpyMIl B X0Jie peakuuu ¢ oopazoBanueM P-O-C cBszu
MIPH MPUHATHIX HAMH YCIOBHUIX IKCIIEPUMEHTA.

[Iponyckanue, %

-NH, .oH

4000 3500 3000 2500 2000 1500 1000 v, cm’

Puc. 2. UK cnexrpsr [TAH Bonokon: 1 —ITAH BonokHO HemMoIu-
¢unmposannoe; 2,3 —[1AH BonokHO, MOAUGUIIMPOBAHHOE U3
BaHH cocTaBa, % macc.: 2 — 20-2+2,KP+2,5MO;

3 — 20IBT+2,5MO+2,5KP
Fig. 2. IR spectra of PAN fibres: 1 - unmodified IR Aibre;
2.3 - PAN fibre modified in the baths of the comiioa ,% wt .:
2 — 20r-2+2.5KP+2.5M0; 3 — 20[IBT+2.5MO+2.5KP

Taonuya 1
Onrtuueckne miorHoctu (J) rpynn ITAH BosiokHa
Table 1.Optical densities (J) of groups of PAN fibre

Ontuueckas | CooTHO-

CocTaB npONHUTOYHOW BaHHEI, MIOTHOCTD ICHHE,
% Macc. rpym, yci. en. | J(C=0)

C=0 CH; J(CHz)

- 0,076 | 0,109 0,697
20T-2+2,5MO+2,5KP 0,046 | 0,333 0,137
201IBT+2,5M0O+2,5KP 0,032| 0,135 0,233

20(T-2+1BT)+2,5MO+2 5KP| 0,019 | 0,079] 0,243
Hanumume  XMMHUYECKOrO0  B3aUMOJICHCTBUS

komnoHeHToB OI'3C ¢ ITAH BonokHOM, ycTaHOBIIEH-
Hoe MetonoMm UK crnekrpockomuu, MOATBEPKIAETCS
TakkKe pacyeroM KoddduiueHta 3PpGEeKTUBHOCTH
cop6umonHoro B3aumoseiictBus (Js) [TAH BosokHa ¢
3T, xapakrepusyrouero coxpanenue 3I° Ha BOJIOKHE
MoCJIe MOKpO# 00paOOTKH, MpHUYeM BBEICHHUE B MO-
TUIMPYIONIYI0 BaHHY Kpaxmaia B KadecTBe (huk-
CHPYIOIIETO arcHTa IMOBBIAET 3TOT MOKa3aTelb 0

U3B. By30B. Xumus u xuM. texnonorus. 2016.T. 59.Bwin. 10

80% (rabm. 2). Kpaxman o06mamaer CIiocOOHOCTBIO
00pa3zoBEIBaTh TPYAHOPACTBOPUMEIE B BOJE KOM-
mwiekcel. Kpome toro, KP sBnsiercs oOBomakuBaro-
MM CPEACTBOM M MOYKET CO3/]aBaTh 3aIlIUTHBIN CIOM
Ha moBepxHOCTH IIAH BoJIOKHA, KOTOpEI Takxke Oy-
JeT TpeAoTBpamaTh yaaneHue 37 u3 cTpyKTypsl BO-
JIOKHA TPHU BOIHBIX 00paboTKaxX.

OO6pa3iel MOAU(PUITUPOBAHHBIX BOJIOKOH HE
3aroparoTcsl MpY MOPKUTAaHWH WX Ha BO3IyXE U MPHU
BO3/ICHCTBHHM TIaMeHU 00yriuBaroTcs. Kuciaopoaasrit
WHJIEKC MOTA(UITMPOBAHHBIX BOJIOKOH TIOBBIIIIACTCS C
19,0 mo 25,0-32,0%06. (rabi. 2), a mociae BOIHBIX
00pabOTOK BOJIOKOH, MOAU(MUIIMPOBAHHBIX M3 BaHH
cocrasa 20 (I-2+1BT)+2,5 KP+2,5MO, KU coxpa-
asteTcst 1 cocrasirgeT 27,0%00.

Taoauya 2
BansiHue cocTaBa BaHHBI HA 3 (PeKTHBHOCTHL COPOLH-
onHoro Bzanmozaeiicteus 31" ¢ IIAH BosiokHOM
Table 2.Effect of composition of the bath on the
efficiency of sorption interaction of fire-retardants with
the PAN fibre

B KU, % 00.
CocTaB IpONMUTOYHON BaHHBI, 0
o s, %| mpo- po-
0 MaccC.
IIUTKa MBbIBKa
- ) 19,0

66 | 26,5 | 23.0
20 (T-2+IBT)+2,5KP 70 | 31,5 | 25,0
66 | 27,5 | 26,5
20 (I-2+I1BT)+2,5MO 89 | 36,0 | 28,0
80 | 32,0 | 27,0
20 (T-2+IIBT)+2,5MO+2,5KP | oo 405 | 285

[Mpumeuanue: 3Ha4YeHUs MOKa3arened s MOIU(UIKMPOBAH-
HeIX ITAH BOJIOKOH: B 4HCIUTEIIC — JUIE KOHIUIMOHHBIX; B
3HaAMCHATCJIC — IJId CBe)KeC(i)OpMOBaHHLIX BOJIOKOH

Note: the values of the indicators for the modifiBN
fibres: in the numerator - for fibres undergoingditioning;
the denominator - for newly formed fibres

CeexxechopmoBannoe I[TAH BojokHO, HMErO-
mee Hec(hOPMHUPOBABIIYIOCS CTPYKTYPY M BBICOKYIO
MOPUCTOCTH, 00JIaJaeT JIy4leil COpOLMOHHOM CIIOco0-
HOCTBIO IO CPaBHEHHUIO C KOHIUIIMOHHBIM BOJIOKHOM U
crocobHo K OoJiee TIyOOKOMY B3aWMMOJEHUCTBHIO C
kommoneHTamu OI'3C ¢ obpa3oBaHneM BOOPOAHBIX U
xumudeckux cBsizeit [5]. Ananus UK criektpoB mopau-
(UIMPOBAaHHBIX CBEXEC(OPMOBAHHBIX BOJIOKOH ITOKA-
3aJ 3HAYMTENIFHOE YMEHBIIeHHE WHTEHCHUBHOCTH TIO-
Jockl moryomieHust cesizu C=0, a Takke HaTUdue B
CHEKTpOrpaMMe BOJIOKHA NMHUKOB KoJeOaHWH, OTHOCS-
mmxcs K konebanwsiM rpymil 3I° 1 UX COXPaHHOCTH B
BOJIOKHE, TPOIIE/IIIEM CTa U0 IPOMBIBKH.

XumusM B3aumojeiicTBust komnoHeHntoB OI'3C
co cmexxechopmoBaHHEIM [TAH BojOKHOM aHamoru-
YeH UX B3auMoielcTBUIO ¢ TOTOBEIM [TAH BonokHOM.
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Hus ctpyktypsl cBeskechopmoBaHHbix [TAH
BOJIOKOH XapaKTEepHBI pa3BUTasi BHYTPEHHSS MTOBEPX-
HOCTB, OOJIBIIIOE KOJHMYECTBO OTKPBITHIX TOpP, 3aHU-
maromux 50-60%o00bema. Cyliika BOJIOKHA MPUBOIUAT
K ycaake TOJMMEpPHOro Kapkaca, MPHU 3TOM IOpPHI
KOJUTATICUPYIOTCSI, U MoJiekynbl 3I° coxpaHsroTcs B
CTPYKTYpE BOJOKHUCTOTO MaTepualia, 4TO, B CBOIO
ouepesb, TMOBBIIACT APPEKTUBHOCTH B3aUMOJICH-
ctBug 3I' ¢ IIAH BOJOKHOM M CHHXAET TOPIOYECTh
BOJIOKOH, JTa)Ke TIOJIBEPTHYTHIX MOKPBIM 00paboTKam
(tabm. 2).

Pazpaborannsie oruezamumieaasie [TAH Bo-
JIOKHA, UMEIOT ociie mpoMeiBok KU > 27,0%006., uto
COOTBETCTBYET TPYJHOCTOPAEMBIM MaTepHajiaMm.

BBIBO/IbI

VCTaHOBICHO XMMHYECKOE B3aMMOJCHCTBHE
MOJIMAKPUIIOHUTPIIILHOTO BOJIOKHA C KOMITOHCHTAMHU
OTHE3aMEIJINTEILHOM CHUCTEMBI. B CIIEKTpax MOJIH-
(DUIIUPOBAaHHBIX BOJOKOH OOHAPYXEHBI IOJIOCHI, CO-
OTBETCTBYIOIIME TPYIIaM CaMHUX 3aMEIIUTENeH To-
peHUs; 3HAYUTEITHLHO YMEHBIIAIOTCS MOJIOCH! KoJyieha-
auit ceasu C=0 (1736 cmY) m mossnsercs mosnoca
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npu ~940 cm?, cooTBeTCTBYIOMIAs BAICHTHBIM KOJIE-
Oanusm cBs3u P-O-C, 94TO CBUAETEITHCTBYET O XHMH-
YEeCKOM B3aHMOJICHCTBHM MEXIy KapOOHHIbHBIMU
rpyImnaM MOJUAKPUIOHUTPUIBHOTO COMOIUMEpa H
PEaKIMOHHOCIIOCOOHBIMU TPYIIAMU  3aMeJITUTEIICH
TOPEHHSI.

Pacuetom koadduumenta s¢ddexruBHOCTH
COpOITMOHHOTO B3aWMOJICHCTBHS TIOJATBEPIKICHO XHU-
MHYECKOE B3aMMOJCHCTBUE KOMIIOHEHTOB OTHE3a-
MEIUIUTEIBHBIX CHCTEM C ITOJUAKPHIOHHTPUIEHBIM
BOJIOKHOM M TIOKa3aHa 3((EeKTUBHOCTh HCIIOJIE30Ba-
HUS Kpaxmalia B KadecTBe (DMKCHUPYIOIIET0 areHTra
IpU MOIM(UKAIIMU BOJIOKOH.

YCTaHOBNICHO BIMSHUE KOMIIOHEHTOB OTHE-
3aMeTUTEIBHBIX CUCTEM Ha TOKa3aTeNd TOPIYECTH
MOAM(UIMPOBAHHBIX BOJIOKOH. KUCIOpOIHBINH HH-
JeKC BO3pacTaeT Al MOAU(HUIMPOBAHHBIX KOHIUIIN-
OHHBIX BOJIOKOH 110 32,0%00. 1 MOAU(PUIIUPOBAHHBIX
cBexxecopMoBaHHBIX BoJIOKOH 110 40,5% 06. ¢ co-
XpaHEHHEM OTHE3AIUTHBIX CBOWCTB IOCIE MPOMBIB-
KH BOJIOKHA.
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METHODS OF CALCULATING AND RATIONAL DESIGN OF REINF ORCING CARCASSES
OF TENSION FIREHOSES ON BASIS OF SYNTHETIC FIBERS

The method of calculation and rational design ofindorcing carcasses of pressure fire
hoses (PFH) on the basis of a mathematical expressiinking discontinuous internal hydraulic
pressure in the tension firehoses with breaking tban the weft and a number of other parameters
was proposed. The necessity of the developmerttisfrhethod, which provides a minimum flow in
the manufacture of synthetic fibers at the produmti of reinforcing carcass, was substantiated. The
proposed method of calculation and rational desigh the hoses comprises the following steps:
selection and definition of the initial data for # calculation of the strength of the reinforcing
carcass of hose at the hydraulic impact; calculati@f the internal rupture hydraulic pressure in
the hose at the several variants of initial data the mathematical expression; selection of the most
rational variant of the calculation of the reinforing carcass of hose in terms of minimization of
costs of material fibers with mandatory complianoéthe State Standard R 51049-97 requirements
on the breaking pressure. On the base of the depetbmethod patents were received for use in the
hoses instead of polyester fibers, fibers of ultigih molecular weight polyethylene (UHMWPE
fibers), different from conventional fibers exceptially with high strength and abrasion resistance.
The use of the pressure fire hoses shows that thEmreason for break at their exploitation is
abrasive wear of the reinforcing carcass. In thisgard, the use of UHMWPE fibers and fibers of
polyamide 66 having a high resistance to abrasi@ande considered as one of the most promising
directions for the production of pressure fire haseApplication of the developed method of
calculation of strength and rational design of réiorcing carcass of hoses along with the use
instead of traditional fibers, fibers of ultrahighmolecular weight polyethylene will lead to the
creation of new competitive high-technical pressune hoses.

Key words: tension firehose, fabric reinforcing carcass, pibigefiber, calculation and rational design
method
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B [1] paccMoTpeHbl (H3UKO-XUMHYECKHE,

HOBOC MATCMATHYCCKOC BBLIPAXKCHUC, CBA3BIBAIOIICC

(GU3UKO-MEXaHUYECKHE CBOMCTBA CHHTETHYECKAX  PaspbIBHOC BHYTPEHHEE TI'HAPABIMYECKOE IaBICHHE
HUTEH Pa3IMIHOTO COCTaBa IS N, L

apMUpYIOIIEro Kapkaca Hamop- P, = L , @)
HBIX MOXapHbIX pykaBos (HIIP), 10219 /7, +d/z, §
Ha3HAYeHHE M YCTPOHCTBO TIO- R L(2L-4d)+1, 2(';+(ql703+ %)2)2"’ - 3 B4

CIIE[IHUX, IIPOBEIEH KpaTKUi
aHAIN3 MyOIUKAMH 10 UX MPOY-
HOCTHOMY pacueTy MpH TUAPABIAYECKOM BO3EH-
CTBUH M 0003HAUYCHBI JOCTI)KEHHS B 00JIACTH pacdeTra
U MPOEKTUPOBAHUS apPMUPYIOIINX KapKacOB PYKaBOB.
Tam xe ymomuHaeTcsa O pa3pabdOTaHHOW METOAWKE
IPOYHOCTHOI'O pacyera U PalMOHAIBHOIO IIPOEKTH-
poBaHus apMmupyromux kapkacos HIIP mpu runppas-
IyeckoM BozgeiicTBun. HeoOxoaumocTs pazpaboTku
METOAMKH pacdyeTa U palMOHaJIbHOTO MPOEKTHUPOBA-
Hus HIIP, obecrieunBaromeii MUHUMAaIbHBIA Pacxo
CHUHTETHYECKMX HHUTEH MPH W3rOTOBJICHUU apMHUPYIO-
LIero KapKaca, 3aKJII04aeTcsl B CICAYIOIIEM.

Jlrst Bcex HIIP BBOAsITCS MUHMMAaJIbHBIE 3HA-
YeHHs 110 Pa3pbIBHBIM AaBieHusM [2]. Hamu npoana-
JU3UPOBaHBl TPeOOBAaHUS 1O MUHHMMAIBHBIM 3Haue-
HUSIM Pa3pbIBHBIX JABJICHUI B pyKaBax, pacCcuUUTaH-
HBIX Ha pabouce mamieHue 1,6 MIla [2], u dakTuye-
CKHE JKCIIEPUMEHTANbHBIE Pa3pbIBHBIC AABICHUS IO
JaHHBIM Bcepoccuiickoro Hay4YHO-HCCIEA0BaTENb-
CKOrO HMHCTHTYTa IPOTHBOIOXAPHOH  OOOPOHBI
(BHUUIIO) MYC P®D (r. banammuxa) B JaTeKCHPO-
BaHHbIX HIIP npoussoactea 110 «BEPEI», paccun-
TaHHBIX Ha TaKoe )K€ pa3pbIBHOE JaBiieHHe. [IpeBbI-
IIEHUE SKCIEPUMEHTAIbHBIX 3HAUYEHUM Hajg MUHU-
ManbHbIMH TpeboBanusiMu [2] coctaBuser 8,3%);
14,3%; 20,0%; 22,9%; 48,6%00TBETCTBEHHO A
pykaBoB nuamerpoB 150 mm; 89 mm; 77 MMm; 66 Mm;
51 mM. C onmHOW CTOpPOHBI, MPEBBILICHUE DKCIIEPH-
MEHTAJbHBIX 3HAUYEHWH pPa3pBIBHBIX [aBJICHUHA Hal
MHHUMAJIbHBIME TpeOoBanussMu [2] obecrieunBaeT
JOTIOTHUTENBHBIN 3amac npoynoctd HIIP mpum run-
paBIMYEeCKOM BO3AECUCTBHH, YTO CaMo Mo cede ToIo-
xwutenbHo. C Ipyroil CTOPOHBI, 3TH AaHHbIe (0COOCH-
HO I PyKaBOB auametpoM 77 MM, 66 mm, 51 mm)
CBUJICTENILCTBYIOT O CYILECTBEHHOM Iepepacxoe
CHUHTETHYECKUX HUTEH, U3 KOTOPBIX U3TOTOBJIIECH ap-
MUPYIOLIUM KapKac, YTO CKa3bIBAETCs Ha CYIIECTBEH-
HOM ynopoxanuu HIIP u yBenmuyeHHH ero Macchl.
[locnennee monTBepkaaeT HEOOXOOUMOCTH paspa-
OOTKM METOIUKU PpALMOHAJIBHOIO IPOEKTUPOBAHUS
HIIP, obecnieunBaromeii MUHUMAIBHBINA PacXoj] CHH-
TETHYECKUX HUTEH MPU MPOU3BOJCTBE aPMHUPYIOLIETO
Kapkaca ¢ 00s3aTeJIbHBIM COOII0ICHUEM TpeOOBaHHIN
[2] Mo pa3pbIBHOMY JaBJICHHIO.

B ocHOBY pa3pa0oTaHHOH METOAMKH pacueTa
1 paunoHanbHOro mpoektupoBanusi HIIP 3amosxeHo

W3B. By30B. Xumus u xum. texHonorus. 2016.T. 59.Bem. 10
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Prasp. B TIOKAPHOM PYKaBE C Pa3pblBHOM Harpy3Kou
Npasp B YTOUHOM HUTH U PSAIOM APYTHUX HAPaMeTPOB:
rae R —pannyc noxapnoro pykasa; Lo, Ly — reomer-
pHUYecKre IUIOTHOCTH COOTBETCTBEHHO IO OCHOBE
yTKy apmupyfomiero kapkaca HITP; do, dy, nos, Ny —
COOTBETCTBCHHO IHAaMETPbl HHUTEH OCHOBBI M YTKa
apmupymomero kapkaca HITP u xos¢¢unuenTs! Bep-
THUKAIBHOTO CMSITUSL HUTEH; Po, fv — KOIDDUIIHEHTEHI,
XapaKTepU3YIOIUe UTMHBI 30H KOHTAKTa MEXIy HH-
TAMH B Kapkace pyKaBa B JOJISIX JAMAMETPOB HUTEH
OCHOBBI 1 yTKa.

10 62.30Pa - |

Puc. 1. ®ororpaduu 30H KOHTAKTa MEXK/Y JTaBCAHOBBIMU HUTSIMHU B
apMHPYIOILEM KapKace HAallOPHOIO MOKapHOIo pyKasa JuameTpa
66 MM TIpH pa3pese BAOJb: a — OCHOBHOM HUTH Ipu 40 -KpaTHOM
yBenudeHny; 6 — yTouHoi HUTH 1pu 50 -KpaTHOM yBeIMYEeHHI

Fig. 1. Photos of contact zones between dacronsfibethe
reinforcing carcass of tension firehose with diaanef 66 mm
and a section along:-athe main fiber at magnification of 40;

6 — the wetft fiber at magnification of 50

Js pacdera 1o npeacTaBIeHHOMY MaTeMaTu-
YECKOMY BBIPOKEHHIO PAa3pbIBHOIO BHYTPEHHEIO I'MI-
PaBIMYECKOr0 JAABJICHUS B JlaTeKcUpoBaHHbIX HIIP
pas3auuHBIX auameTpoB npousBonacTsa [10 «bBEPEI™
[0 pa3pbIBHOW HAarpy3Kke yTOYHON HHUTH, a TAKXKe JJA
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MOJTBEPXKICHUSL €0 JIOCTOBEPHOCTH, HaMU ObUIH
ompezaeNieHsl HEOOXOIUMBIE HCXOHBIE MaHHBE. B
HIIP »Toro mpou3BOAUTENS HUCHOJB3YIOTCS Kak IO
OCHOBE, TaK U IO yTKY MOJUI(PHUPHBIC HUTU pa3iind-
HOM JTUHEHHOM IIOTHOCTH.

Puc. 2. ®otorpaduu 30H KOHTAKTa MEXKIY JTaBCAHOBBIMH HUTSIMU
B apPMHUPYIOILLIEM KapKace HallopHOI O MOXapHOTO pyKaBa AUMaMeT-
pa 77mm npu 50 -KkpaTHOM yBEJIMUCHUH IIPH Pa3pese BIOJb!

a — OCHOBHOM HUTH; 6 — YTOUHOI HUTH
Fig. 2. Photos of contact zones between dacronsfibehe
reinforcing carcass of tension firehose with diaanef 77 mm
and magnification of 50 at section along: the main fiber;
6 — the wetft fiber

Juametpbl OCHOBHBIX Oo M yTOYHBIX O, HUTEH
NPUHAMAINCh Ha OCHOBE MaHHBIX IPOM3BOAUTENS
PYKaBOB, FT€OMETPUYECKHE TNIOTHOCTH 110 OCHOBE Lo 1
yTKy Ly ompenenmsumch ImyTeM 3aMepoB B pyKaBax,
3HAYEHUS Pa3PBIBHBIX YCUIMH YTOYHBIX HUTEH Npasp
apMHPYIOIIUX KapKacoB PYKaBOB OBLIM ONpPEEIICHBI
M0 pe3yJbTaTaM HCIBITAaHWH Ha pa3pblB Ha pa3pbiB-
Hoit Mmammae PMI-250.

JUTMHBL TyT KOHTAaKTa MEXIy HUTSMH, BEJIH-
YUHBI KOY(PPHUIUCHTOB BEPTHKAIBHOTO CMSATHS HUTEH
OCHOBBI 7o U YTKa #,3 ONPEACISINCH HA OCHOBE HC-
CIICIOBAHMS 30H KOHTAKTa MEXIy HUTSIMHU B pyKaBax
pa3IUuHBIX JIHaMETPOB NpH HX paspese. [Ipu sTOoM
HCTIONTb30BAJICS. PACTPOBBII IEKTPOHHBIH MHKPOCKOI
JSM-6490LV, mo3BonsIOmNil HCCIIENOBaTh MHUKPO-
CTPYKTYpY H NPOBECTH aHAJM3 IMOBEPXHOCTH pa3iy-
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HBIX MarepuanioB. O0paboTka 3KCHEPUMEHTATBHBIX
JaHHBIX TIPOBOJIMIACH C HCIIOJIb30BAaHHEM METOJIOB
MaremMatuueckoil craructuku. Ha puc. 1, 2B kadecTBe
npuMepa IpeACTaBlIeHsl (oTorpaguu 30H KOHTAKTa
Mexay HUTssMu ipu 40 u 50«paTHOM yBEITMYCHHH.

Pacxoxxaenrne Mexay SKCHEpUMEHTaTbHBIMU
3HAYEHUSIMH Pa3pbIBHBIX JAaBJICHUN B JIATEKCHUPOBAH-
HBIX HAINOPHBIX IOKAPHBIX PyKaBaX IPOU3BOICTBA
N0 «bEPEI», mony4ennsix B nabopatopuu Beepoc-
CHIICKOTO HAy4YHO-HCCIICAOBATEIbCKOIO HMHCTHTYTA
npoTuBonoxapuoii odopoust (BHUUIIO) MUC PO
(r. bamarmmxa, MockoBckasi 0071.) ¥ pacyeTHBIMHU 3Ha-
YCHUSIMH Pa3pBIBHBIX JABJICHUM B TEX e pyKaBax Mo
MaTtematideckoMy Boipakenuto (1) e npesbimaer 3%,
9TO TOATBEP)KIAET JOCTOBEPHOCTH MPEACTABICHHOTO
MaTeMaTHYECKOTO BBIPAXKEHUSI ISl TPOYHOCTHOTO pac-
yeta HIIP npu ruapaBinyeckoM BO3ACHCTBUN.

Pa3paboTanHas MeToAMKa pacdyera W panmo-
HanbHOrO npoektupoBanuss HIIP Bkmouaer cnepyto-
e sransl (puc. 3).

Beibop um ompezneneHHe HMCXOIHBIX
JAHHBIX Ul NPOYHOCTHOIO pacyera apMupy-
romero kapkaca HIIP mpu ruapasBmmueckoM
BO3JECHCTBUH

Pacyer mo MaTeMaTH4YECKOMY BBIpa)Ke-
HHo (1) pa3pbIBHOIO BHYTPEHHETO THIPABIIH-
YECKOI'0 AABJICHHUS Ppasp. B HIIP mpu Heckonb-
KUX BapUaHTaX UCXO/HBIX JAHHBIX

Bri6op Hambonee pannoHaIBHOTO Ba-
puaHTa pacuera apMmupymouero kapkaca HIIP ¢
TOYKH 3pEHHsS MUHHMH3ALMK 3aTpaT Ha MaTe-
puan HUTEeWd mpu 00sA3aTEIHHOM COONIOJICHUN
tpedoBanust [OCTa P 51049-97no pa3psiBHO-
MY JIaBJICHHIO

Puc. 3. OcHoBHBIE STAIBI METOAUKHU pacucTa U palluOHAJILHOT'O
IIPOCKTUPOBAHUS HAIIOPHOI'O ITOXKAPHOTO pyKaBa
Fig. 3. The main steps of calculation and ratiatesign of
tension firehose

Ha ocHoBe MeTomuku pacueTa M paldoHab-
Horo mnpoektupoBanus HIIP momydeHbl maTeHTH Ha
WCTIOJIb30BAaHNE B HAMOPHBIX IMOXKAPHBIX PyKaBax
BMECTO MONUI(QUPHBIX HUTEH M3 CBEPXBHICOKOMOJIE-
KyssipHoro monmdTiwieHa (CBMIID-uuteit), ominya-
IOIUXCS OT TPATUIIMOHHBIX HMCKIFOUUTEIHLHO BHICO-
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KOH MPOYHOCTHIO M COMPOTHBIISIEMOCTHIO a0pa3uBHO-
My wuctupanuio [3, 4]. TIpakTHKa HCIIONB30BAHUS
HIIP nokassIBaeT, 4YTO OCHOBHOW NMPUYMHOM MX pa3z-
pBIBa MPH JKCIUTyaTalliul SIBISIETCA aOpa3swBHBINA W3-
HOC apMHPYIOIIETO Kapkaca. MBI CYMTaeM HCIIONIB30-
Banue CBMIID-HuTell 1 HuTed u3 noivamuna 66,
00JalatoMX BBICOKOW COIMPOTUBISEMOCThIO adpa-
3UBHOMY W3HOCY, OHUM M3 MEPCIEKTUBHBIX HAIPaB-
nenuit anga usrorosnenus HITP.
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IIpodHOCTHOM pacdeT W MOA0Op paroHANh-
HBIX TIApaMEeTPOB apMHUPYIOMIETO KapKaca HOBBIX
HIIP u3 5TuX HUTEH MOXKET OBITh BBIOJIHEH Ha OCHO-
B€ pa3pabOTaHHON METOIUKH.

Takum oOpa3oMm, pa3paboTaHa METOIUKA,
MO3BOJISAIONIAsT BBIMOJIHATh TPOYHOCTHOM pacder u
nmoo0paTh palMoHAIBHBIC TapaMeTPhl apMUPYFOIIe-
ro kapkaca HIIP u3 cuHTeTUYeCKHUX HUTEH.
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SPATIO-TEMPORAL DYNAMICS OF CONTENT OF PETROLEUM PR ODUCTS
HYDROCARBONS IN SOILS OF URBAN LANDSCAPE OF ARKHANG ELSK

Petroleum hydrocarbons occupy a special place amnigrity pollutants. The pollution
of urban soils by petroleum hydrocarbons is the witable result of the use of auto transport and
heat-and-power enterprises activity. Contact withet soil petroleum hydrocarbons causes a
change in their physical, chemical and biologicalrgperties, disrupting the flow of natural
biochemical processes. The article analyzes the tisp@mporal dynamics petroleum
hydrocarbons content in soils of urban zone of toéty of Arkhangelsk. As the object of study
different types of soil (replantozem, urbanozem akdlturozem) in urban zone of the city of
Arkhangelsk were chosen. Soil samples were seleotethe 15 sampling areas in spring, summer
and autumn of 2014. Petroleum hydrocarbons contémtselected soil samples was evaluated by
fluorimetric method on the analyzer "Fluorat-02". Tie evaluation of the degree of contamination
of soils by petroleum hydrocarbons has been assgs$avas found that soils in urban zone of the
city of Arkhangelsk have a high pollution degree bgtroleum hydrocarbons. Average content of
petroleum hydrocarbons in the soils of the city Afkhangelsk ranges from 466.20 to 1342.2 mg /
kg and depends on the time of year.The analysigxierimental data showed the highest content
of petroleum hydrocarbons in the soils is observedcsummer and autumn, the smallest - in the
spring. This seasonal dynamics maybe cause withseeal climatic changes, washing water
regime of investigated soils, fractional compoundfpetroleum hydrocarbons. At the same time,
Arkhangelsk’'s soils are characterized surface andofde contaminations by petroleum
hydrocarbons, but the accumulation of the NP occurginly in the surface layer. Accumulation
capacity of the different types of soils decreasesthe series: replantozem-urbanozem—
kulturozem.

Key words: petroleum products hydrocarbons, soil, urban laaypksc

BBEJAEHHE SHepreTuku. IIpogyKTel HEMOJHOTO CropaHus TON-
JIMBa a’pOTCHHBIM IIyTEM BO3JEHCTBYIOT Ha KOMIIO-

JKaromieil Cpesl yrieBozoponamu Hedrenpoayktop  HEHTHI ypOOIKOCUCTEMBI: TPHU3EMHBIA CJIOH aTMO-

aKTyaTbHA He TONBKO Juis HedTenobsBaronmx paitfo-  CPEPBI —Ue0BeK, pactenue —nousa. [lponcxonut u
woB Poccu, HO 1 uist Topoios [1, 2, 3]. TOYEUHOE 3arpsA3HEHHME I10YBEHHO-PACTHTENLHOIO

3arpszaenue roponckux nouys HII seisiercs  1TOKpPOBa  yIIICBONOpPOdaMHU OcH3MHA, [U3CIBHOIO
HEH30€)KHBIM IOCIEICTBHEM HCIIONB30BaHUs apro-  TOIJIMBA, MOTOPHOTO Macja BCJICACTBHE TEXHUYC-
TpaHCIOpTa U AEATCABHOCTH MPEANpUATHH Teruro-  CKMX HEHCIPABHOCTEM aBTOTPAHCIIOPTA, BEAYIIHX K

Hp06neMa 3arpA3HCHUA KOMIIOHCHTOB OKpY-
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yTEUKe TOPIOYe-CMa30YHBIX MAaTEPHAIOB. 3arps3He-
HUE TOPOJICKOH cpeabl HePTeNpOayKTaAMH HOCHUT
JIOJITOBPEMEHHBIN XapakTep U MOXKET BBINTH 32 pam-
KM JIOKQILHOTO BO3JICUCTBUS, YTO MEPBOHAYAIHHO
MPUBOUT K U3MEHCHHUIO CTPYKTYPHBIX U (DYHKI[HO-
HaJIbHBIX 0COOEHHOCTEH ypOOdKOCHCTEM, a B JaJIb-
HeifieM kK ux HeycToiunBocTH [4]. OcobeHHo omac-
HO XMMHUYECKOe 3arps3HeHHe MOYBEHHOTO MOKPOBa,
B TOM YHCJIe He)TENPOAYKTaMH, B yCiIoBusix Kpaii-
Hero CeBepa B CBSI3M C HU3KOW aCCHUMUJISIIMOHHOMN
CIIOCOOHOCTBIO DKOCHCTEMEI [5, 6].

OcHoBHEIME ncTouHMKamu HIT B cenureOHOM
nanmmadTe T. ApXaHrelbcKa SBISIOTCS aBTOMOOHIIh-
HBI  TPAHCTOPT, aBTOMOOWJIBHBIC 3aNpaBOYHBIC
CTaHIUH, JIOPOXKHBIE MMOKPHITHS, HECAHKIIMOHUPOBAH-
HBIC aBTOCTOSTHKH, MECTa JJIs1 MOMKH ¥ PEMOHTA aBTO-
TpaHcmopra. 3a maTwietanii mepuox (2009-2013r.)
BKJIaJl aBTOTPAHCIIOPTa B CyMMapHbBIE BBIOPOCHI 3a-
PSI3HSIONIMX BelnecTB yBenudwics ¢ 35,4%g 20009r.
1o 64,9%s 2013r. [7]. Kpome Toro, exeroaHo B
r. ApXaHreiabCKke HaOMIOMAeTCs pPOCT IapkKa aBTo-
tpancnoprta. [lo manaeim YI'UBJIJI YMBJI Poccuu
no Apxanrenbckoi oonactu Ha 01 suBapst 2014r. B T.
ApxaHreinbcke  3apeructpupoBano 116166 mir.
TPaHCIOPTHBIX cpenacTs, yro Ha 16902mr. (17,0%)
OoJbllie, YeM B mpeapiayiieM roagy u Ha 38498 miT.
(33,1%)060mbme, uem B 2009r. [8].

ABTOTpPaHCIIOPT SIBIISICTCS NCTOYHUKOM OKCH-
noB yriepona (COy), azora (NOy), cepsr (SQOy), yrie-
BOJIOPOJIOB, ANbIETHI0B, OcH3(a)IMpeHa U Caxu. 3a-
TPSA3HSIONIME BEIIECTBA BBIXJIOMHBIX Ta30B, B TOM
yricie HeTeNPOAYKTH, UMEIOT TEHACHIUIO K acCH-
MUISAIUA B ra3o00pasHoii ¢asze mous. Tak nerkue
(bpakuu KUIKUX HEPTSIHBIX YTIIEBOJIOPOJOB OCH3H-
Ha, JU3EIBHOTO TOIUIMBA M MOTOPHOTO Macia Mpu
(DU3UKO-XUMHUYECKOM Pa3pylICHHH, Iera3ainud U Yiib-
TpadUONeTOBONH JECTPYKIMHA AaCCUMIJIHPYIOTCS, a
TSOKETbIC (PpaKIK — aKKyMyJTUPYIOTCs B ouse [9].

Hcrounnkom yrieogopoaos HII sensercsa u
acanpt. B pesynbraTe HarpeBa, HCTUpaHUs achaibra
MPOUCXOJIUT 3arps3HEHHE aTMOC(EPhI U TIPHIIETAFOIIE-
ro K aBTOJOPOraM MOYBCHHO-PACTUTENHLHOTO MOKPOBA
YIJIEBOZIOPOJIAMH HEPTSIHOTO MTPOUCXOKIACHHS.

B c¢Bsi3u ¢ 3THM, 3arpsA3HCHHUE MOYBCHHOTO
mokpoBa ropona HII sBisercs memszOexusM. [loma-
JaHWE HE(TEMPOMYKTOB B MOYBHI BHI3BIBACT M3MECHE-
HUE HX (QUINYECKUX, XUMHUECKUX U OHOJIIOTHUECKUX
CBOWCTB, Hapyllas NMPOTEKaHHE E€CTECTBEHHBIX OWO-
XUMHUYECKHX MPOIECCOB.

BpemeHHast W mpoCTpaHCTBEHHAS JIHHAMHKA
aKKyMyJIsiuu W murparuu Hedrenpoaykros (HIT)

90

OTIpPEEISACTCS KaK UX XUMHYECKHM COCTaBOM, TaK U
(PM3UKO-XUMUYECKIMH OCOOCHHOCTSIMH CaMUX TIOYB.

Jlerkue dpakmum HIT obnagaroT HanOombIei
MPOHMKAIOUIEH CIMOCOOHOCTBIO M CIOCOOHOCTBIO K
WCTIAPCHUIO; 3aTSITUBAIOTCS KAMWUIIPHBIMU CHIIAMHA
Ha riryouny no 1,0m. Tsoxensie ¢pakiuun HIT npoxu-
KaroT He riyoke 12 cm. [Ipu HOpMalbHOM TeMIiepa-
Type 3TO TBepIble aMOp(HBIC BEIIECTBA, KOTOPHIC
COpOUPYIOTCS W3 PAacTBOpa MOYBEHHBIMU YaCTHUIIAMH
BepxHero ciosi. OHU CKJIEWBAIOTCS, 3aCTHIBAIOT U 00-
pPa3yoT TBEPAYIO KOPKY, KOTOpas HE MOXET OBITh
JIUKBUIUPOBAHA €CTECTBECHHBIM ITyTEM.

Ilpoueccrl akkymynauuu u murpanuun HIT
CBSI3aHBI TAKXKE C MMPOHUIIAEMOCTHIO TPYHTA, €ro Tpa-
HYJIOMETPUYECKUM U BEIIECTBEHHBIM COCTABAMU, THU-
MaM# TI0YB M TOPOJICKOTO JaHamadTa, MoJI0KeHHEM
3epKajia TPYHTOBBIX BOJI, BOJHBIM PEKUMOM IOYB U
abuotnueckuMu (akropamu cpenbl. Uem kpymHee
YaCcTHIBI TTOYBKI, TeM Jierdye HedTh u HII mpoxonsar B
ee HIKHHE cion. OT CTPYKTYpBHI TOYBBI 3aBUCHT U
CTEIICHb a’palliyl TOYBHI, a, CJICJOBATEIBHO, MHTCH-
CUBHOCTh WCHapeHus, okucieHus Heptn wu HIL.
BnakHast mouBa OTTaJIKUBaeT ruApopoOHbIe HEPTH U
HIT, mpemnsitctByst ux BruThiBanmio [10, 11].

Ienbto JaHHOTO WCCIEOBAHUS SBISICTCS U3Y-
YeHHe MPOCTPAHCTBEHHO-BPEMEHHON JUHAMHUKH CO-
JICpIKaHUs YTIIEBOJIOPOJIOB HE(PTENPOIYKTOB B TIOUBAX
cenmuTeOHOTO NaHamadTa r. ApXaHreabcKa.

MATEPHAJIBI U METO/1bI

[ns u3ydeHusi ce30HHOW OUHAMUKHU B Kaye-
CTBE 00BEKTA MCCIIEIOBAHUS OBLTH BEIOPAHEI pasind-
HBIC THIMBI TMOYB (PETUIAHTO3EMbI, ypOAHO3EMBbI U
KyJIBTYpPO3eMBI) cenuTeOHoro nanamadra r. Apxan-
relbcKa. B CBSI3W ¢ TeM, YTO ONECUYaHEHHOCTH SIBJISI-
eTCsl XapaKTepHO# uepToii mouB ropona [12)], mis uc-
cliefioBaHus OBLIM BBHIOPAHBI TOYBKI JIETKOro (mecua-
HbIE) TPaHYJIOMETPUYECKOro cocrtaBa. [IpoObl MoYB
0TOUpAaIUCh BECHOM, jJeToM U oceHbto 2014 roma u3
cioeB 0-10cm u 10-20cm (Tabmuma). Mx onmcanue
MPOBOJMIIN COTJIACHO OOIIENPUHSITHIX METOJUK C
YYETOM PEKOMEHJAIMKA M0 HM3YYECHHIO TOPOJICKUX
nous [13, 14].

Ha Tepputopun cenuteOHOro maHmmadgTa
T. ApxaHrenbscKka ObUIo 3a7iokeHo 15 mpoOHBIX ImIoIa-
neit (ITIT). OT16op, XpaHeHHe W TPAHCIIOPTHPOBKA TIPOO
moyB mnpoBogwanch cormacHo ['OCT 17.4.3.01-83.
Onpenenenne maccoBoit goim HIT B mouBax mpoBOAHIIH
(ITyOpHMETPUUECKUM METOJIOM Ha aHaJM3aTope MKHJ-
koctH «Dmoopar-02»cornacuo [THA @ 16.1.21 — 98.

B cBs3u ¢ tem, uro IIJIK vedtu u HII B nou-
Be He yctaHoBjeHa, a OJIK HedTu u HII B mouBe He
MOXET OBITh €IUHBIM ]IS BCEX THUIIOB MOYB U TIPH-
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POAHBIX 30H, OIEHKY CTENCHH 3arps3HEHHS I0YB
r. Apxanrenscka HIT npoBoawmmm mo mxkaie paspadbo-
TaHHOM JuIs T. ApxaHrenbcka [11, 15]:

< 5 Mr/Kkr — He3arpsI3HEHHBIC TIOYBHI;

5 — 100wmr/kr — crrabo3arpsi3HEHHBIE TOYBHI;

101 — 50Qur/kr — cpenaHe3arps3HEeHHBIC TTIOYBHI;

> 500Mr/Kkr — CHIIBHO3arpsI3HEHHBIC TIOYBHI.

Pe3ynbraThl XUMHYECKOTO aHaIN3a IOYB Ce-

auteOHOro NaHamadTa r. ApXaHTenbCKa MPHUBEICHBI
B Ta0nuie.

PE3VJIBTATBI 1 UX OBCYXJIEHUE

Cpennee coneprkaHue YIiIeBOJOPOIOB Hedre-
MPOAYKTOB B IMOYBaX I'. ApXaHIreIbCKa B 3aBUCIMOCTH
OT BpeMeHH Tojaa kojebiercs ot 466,20m0 1342,2
Mr/kr. MakcumainsHOe cpennee comepkanne HIT B
noyBax HaOOAaeTcsl B JIETHUH, MHHUMAJIbHOE — B
BeceHHUI nepuon. Hakomnenue yrnesogoponos HII
B I0YBaX ropoja B JIETHUM NEPHOA, CKOpEEe BCETO,
CBSI3aHO C YBEJIMYEHUEM TPAHCIOPTHOW Harpy3ku U
u3Hoca acanpra.

Tabauua

Conep:xanue HII B pa3anyHbIX THNIAX MOYB CEJTUTEOHOI 30HBI I'. ApXaHIeJbCcKa
TableThe contents of the NP in different types of soilsf urban zone of the city of Arkhangelsk

I'ny6una Conepxanue HIT, mr/kr
Ne i/ THI TOYBEI
otbopa, cM Becna Jleto OceHb
1 PeranToseM 0-10 5704200 2356+825 1656+580
10-20 4724165 445+156 1033+361
2 | KynbTypo3eMm peKOHCTPYHUPOBAHHBIH 0-10 67+30 179481 18464
10-20 53+24 23+10 80+36
3 PeranToseM 0-10 640+224 1663+582 1700+595
10-20 555+194 1191+417 1594+558
4 PeranTosaM 0-10 670+235 318+111 2531+886
10-20 625+219 3584125 2100+735
5 PerarTOseM 0-10 460161 221499 4804168
10-20 3144110 4384153 613+214
6 PerarTOseM 0-10 670+235 340041190 21561755
10-20 4124144 2956+1035 28131984
7 VpBaHo3eM peKoHCTpyHpOBAHHBL 0-10 670+235 2313+809 911+319
10-20 499+175 940+329 888+310
8 PeranToseM 0-10 343+120 379441328 265+93
10-20 209+94 4788+1676 623+218
9 PeranToseM 0-10 3154110 1163+407 1663+582
10-20 496+174 823+288 172+604
10 PernaHTOo3eM 0-10 5904207 1944+680 785+275
10-20 540+189 810+284 765+268
11 PerarTOseM 0-10 5154180 1088+381 906+317
10-20 5104179 815+285 4194147
12 YpbaHo3eM peKOHCTPYUPOBAHHBII 0-10 3304116 S05+177 3454121
10-20 312+109 505+177 4851170
13 PerIanToseM 0-10 560+196 340041190 3113+1089
10-20 730+256 1175+411 1819+637
14 PeranToseM 0-10 545+191 1016+356 936+328
10-20 595+208 865+303 605+212
15 PeranToseM 0-10 5754201 615+215 17679
10-20 145+65 164+74 102+46

B cBsi3u ¢ TeM, YTO TOYBBI UMECIOT JIETKHIA
TPaHyJIOMETPUICCKUN COCTaB, HE CIIOCOOCTBYIOITHI
akKymynupoBanuio yriaeBonopono HII, ocensio, c
MIPUXOJIOM JOXIEW, BCIEACTBHE BBIMBIBAHUS IPOWC-
XOIUT HE3HAYUTEIbHOE YMEHBIICHUE CPEIHEro COo-
nepxannst HIT B mousax (1115,6 mr/kr). Becnoit ¢
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TaJbIMU BOJAMH CHETa TPOMCXOIUT WX JaJIbHEHIIIee
MPOCAYMBAaHNE B HIKHHE CIIOH, B CBSI3U C 3THUM B Be-
CEeHHUX Mpobax HaOJromaeTcs camoe HU3KOE Conep-
skanne HII. Uckmouenue cocrapisitor uderbipe [T
(Ne 2, 3, 12, 15),;rne oOHapyE€HO OTKJIOHEHHE OT
JAHHOW 3aKOHOMEpPHOCTH: OT BECHBI K OCEHH B TOY-
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Bax 3TuX IIIl NpoHCXOIUT MOCTENEHHOE HAKOIJICHUE
yraeBogoponoB HII, m mMakcumanbHbIE MX KOHIICH-
TpaIuu HaONIOMAOTCS B OCEHHHUU meproia. Jlins 00b-
SCHEHUS JaHHON 3aKOHOMEPHOCTH, KpOMeE TpaHyJIo-
METPUYECKOT0 COCTaBa, TpeOyercs MHpOpMAIuUs o
JIPYTHM arpOXUMHUYECKUM TOKa3aTesIM OYB.

[Ipu 3TOM Ha M0N0 CHIIBHO3Arps3HEHHBIX
mouB npuxoautcst 60% IIIT (Becuoit) u 73% (reTom,
oceHbio), Torna kak 33% III1 (Becuoit) u 27% (ie-
TOM, OCEHBIO) UMCIOT CPEIHIOI0 CTETCHb 3arps3He-
HUS HeQTenpoayKTamu, u Jumb % —cimabyio B Be-
ceHHuH nepuoa. To ecTh cTeneHpb 3arpsi3HeHUs M0Y-
BeHHOro nokposa HII oT BeCHBI K OCEHU YBEIUYHBa-
eTcs. Beicokas cTeneHp 3arpsi3HeHUs TI0YB CEJIUTE0-
Horo naHmamadTa o0bsIcHAeTCS pacnonoxenueM [111
B HEIMOCPEICTBEHHON OJIM30CTH OT aBTOJOPOKHBIX
MOJIOTEH C IOCTOSHHOM TPAHCIOPTHOM Harpyskoil.
Bribpocer yrimeBogopomnoB HII, yreuka HII mpu He-
UCIIPaBHOCTSIX aBTOTPAHCIIOPTA, IMOMaJaHUe TBEp-
IBIX YaCTHI], TUBHEBBIX BOJ, COJEPKaIIUX YIIIEBO-
nopoxabl HII, ¢ acanbra, 3aMacieHHON TBLIN C pac-
TUTEIHHOCTH M C €€ OIMaJloM 00eCIeUUBAIOT MOJ00-
HYIO CTETIeHb 3arpsi3HEHUA MIOYB CEIUTEOHOTO JIAaHA-
madTa HIT.

W3 mpoaHanm3upoBaHHBIX ITOYB TOJIBKO OFHA
MOXET OBITh OTHECCHAa K KATErOpHU 3arps3HEHUS
«ciabo3arps3HeHHas» — nousa ¢ I1I1 2, oroOpanHas B
BeceHHMH meproj. Ckopee BCEro, 3TO CBSI3aHO C €€
otnuuHbIM OT npyrux [II1 mecromonokeHueM, oHa
HaXOAWTCA B Mapke. J[peBecHass pacTUTENBHOCTH BBI-
TIOJTHSET 3alIUTHYIO (PYHKIUIO, MPEHATCTBYS 3arpss-
HEHHIO TTOYBEHHOTO TIOKPOBa HE(TENPOAYKTAMH.

Cpennee coaepxkanue yriaeopoponoB HII B
Pa3HBIX TUNAaX IOYB cenuTeOHOro naHmmadra Ap-
XaHrelIbCcKa, a 3HAYUT U aKKyMYJSIIHOHHAs CIOC00-
HOCTB 3TUX TOYB, YMCHBIIAETCS B PSAy: PEILIaHTO3e-
MBI — ypOaHO3eMBI — KyIbTYpO3eMbI (puc. 1).

[TomyueHHass 3aKOHOMEPHOCTh COTJIACYETCS C
MaHHBIMH Jpyrux aBropoB [11, 16]. IToBbimeHHas
crenens 3arpssHeHHoctd HIIT pennantozemoB, B OT-
JUYME OT KyJIbTYPO3eMOB U ypOaHO3eMOB, OOBSCHS-
eTCsl TOJABJICHHOCTHIO MHKPOOHOJOTHYECKHUX TPO-
IIECCOB B JIECTPYKIMH HE(DTIHBIX YTICBOIOPOIOB M3-
32 Hec(OPMHPOBABIIETOCS arpOXUMHUYECKOTO KOM-
wiekca. Kpome Toro, OmaronpusTHBIA BOJHO-BO3-
IYIIHBIA PEXUM KYJIbTYPO3EMOB H ypOaHO3EMOB
CIoCOOCTBYET Pa3BUTHIO MHUKPOOPTAaHU3MOB, I KO-
TOPBIX HE(TSHBIC YTICBOAOPOJBI SIBJISIOTCS ITHTA-
TEJIBHBIM CYOCTPaTOM, YTO M YMEHBIIAET COACPIKaHNE
HII B mouse [11].

Jns 2KONOrnyecko OIEHKH 3arpsi3HEHUS
MOYB BaKHO HMCCJIENOBAaHUE HE TOJIBKO aKKyMYJISIIUH
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HII, HO m MuTpanuu WX MO TMOYBEHHOMY IMPOQHIIIO.
[TouBel JIETKOTO TPaHYJIOMETPUYECKOTO COCTaBa
MMEIOT BBICOKYIO 3()(PEKTHBHYIO MTOPHUCTOCTH. ITO
JOJDKHO CIIOCOOCTBOBATH MUTPAINH IOJITIOTAHTOB B
BEePTUKAIBHOM Tipoduie mouB. OHAKO B OTHOIICHUH
HII storo He HpoOUCXOAUT, OHH HAKAIUIMBAIOTCA B
BEpXHEM MOYBEHHOM clioe (puc. 2).
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Puc. 1.3aBucumocts cpeanero conepxanust HII B pasnuunbix
THIIAX (I:] — KYyJIbTYPO3€M, — ypbaHosem, =- pemIanTo-
3eM) 1O4B OT BpEMCHHU roaa
Fig. 1. The dependence of the average NP conteatfitf@arent
types of [-] - culturesZ#] — urbanozemBE= - replantozem)

soils on the season

DTO mpexae BCEro OOYCIOBICHO WX HEIO-
CPEICTBEHHBIM IMOCTYIUICHUEM OT YTEUeK Toproye-
CMa304YHBIX MaTEPHAJIOB, TBEPIBIX YACTHI] U JINBHE-
BBIX BOJA C acdanbTa, ComepKaIluX YTIICBOAOPOIbI
HII, ¢ 3amacneHHoi#l MBUTBIO C PACTUTENBHOCTH U C €€
OMazioM; MPHU a’3pOTEXHOTCHHOM MOCTYIUICHUU YTJie-
BozopoaoB HII oT BEIOPOCOB aBTOTpaHCIIOPTA M CBSI-
3BIBAHUHU WX C TYMYCOBBIMHU BEIlIECTBaMH mouB [11].
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Puc. 2. Vamenenue cpennero coaepxatnust HII B Touie mo4Bel
( — cnoit 0-10cem, B - croii 10-20c¢m) r. ApxaHresbcka B
pasnu4uHOE BpeMs rofa
Fig. 2. Change in the average content of NP irsthiethickness
(#A - a layer of 0-10 cnB== - 10-20 cm layer) in Arkhangelsk
at different seasons
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OpHako €O BpEMEHEM MOXKET MPOUCXOAUT
murpanus yriesojiopojioB HII u3 BepxHUX opraHo-
TeHHBIX B HIDKEJIEXKaIIe MUHEpaTbHble TOPU3OHTHI U
3arpsi3HEHNE Ooyiee TIyOOKHX ClIoeB mouBhl. Ha He-
KOTOpbIX mcciaemyeMbix ITIT (mampumep, Ne 9 u 13
BecHOW) KoHueHTpaims HIT B Hmkenexamem cioe
MIPEBBICHIIA MIX KOHLIEHTPAIMIO B MOBEPXHOCTHOM. B
BEPXHUX TYMYCHPOBAHHBIX CIIOSIX aKKyMYJIHPYIOTCS
BBICOKOMOJIEKYJISIpHBIE cOoeAnHEHH. Jlerkue yriieBo-
JIOPOIIBI TIPOHHUKAIOT B HIDKENEKAIUe CIIOH, TAEe MO-
YT HaxXOAWTHCS B HEM3MEHHOM BHJE IJIHUTEIBHOE
BpeMs. B pesynprare MuUrpangu B TOYBE MOXKET
HAOJI0aThCS MOCIIONHOE (PpaKIIMOHUPOBaHKE HEDTH
— «xpomatorpapuaeckuii 3¢ppexr» [10].
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ABTO3aNPaBKU W  JKEJIE3HOJOPOXKHBIA  TPaHCIOPT,
MPENPUITUS TEIUIO3HEPTETHKH, HCIOIB3YIONIHE YT-
JICBOJIOPOIHOE TOILTMBO (Ma3yT, yroJjb).

ITo otHomenuto k HIT akkymysnsiTuBHas CIio-
COOHOCTh Pa3IMYHBIX THIIOB TIOYB YMCHBIIIACTCS B
PSLY: PEIUIaHTO3EMbI — YPOaHO3EMBI — KYJIBTYPO3EMBI.

[Ipu BobLIBIEHUH OCOOCHHOCTEH MPOCTpaH-
CTBEHHOW aKKyMYJISIIMA M MUTPALUK YTIEBOIOPOIOB
HIT B moyBeHHOM IMOKpOBE ceNMTeOHOro JaHmmadTa
r. ApXaHTeJbCKa YCTAaHOBJICHA 3aBHCUMOCTHh BPEMECH-
HOM (CE30HHOI) TMHAMHUKY JaHHBIX MPOLECCOB B MOY-
Be oT abmotmyeckux ¢axropos (puc. 2). ComeprkaHre
HIT MuHuManbsHO B BeCEHHUM MEepHol, MaKCUMAIIbHO B
JeTHU# (YBEIMYMBACTCS TPAHCIOPTHAs HArpy3ka M
M3HOC JOPOKHOTO 1Moj10THA). CO BpEeMEHEM MPOUCXO-
JUT TIpocayrBanue yriaeBojopoaoB HII BHu3 mo mou-
BEHHOMY MpPOQUII0, YTO TMPHUBOAUT K YMEHBIICHHUIO
conepxanusi HII B mouBeHHOM IOKPOBE B OCEHHUM
TIEPUO/] TI0 CPABHEHUIO C JIETOM. DTO MOXKET OBITH CBSI-
3aHO C TIPOMBIBHBIM BOJHBIM PEKAMOM HCCIICITYEMbIX
1o4B (U1 OCEHH XapaKTEPHO YBEIHYCHHE KOJIMIECTBA
OCaJIKOB) M (PPAKIIHOHHBIM COCTABOM YTJICBOIOPOJIOB
HIT. OmHako maHHOE TPEATIONOKEHHE TPEOYET TOTOI-
HUTEJBHBIX HCCIICIOBAHUIA.
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PHYTOEXTRACTION OF HEAVY METALS FROM OIL CONTAMINAT  ED SOILS
OF THE APSHERON PENINSULA

A method for remediation of soils contaminated withil and heavy metals has been
described. It involves phytoextraction of heavy alstfrom soils by growing on them specifically
selected species of higher terrestrial plants. 8t of agricultural plants which are resistant to
oil influence and can accumulate a wide range of tals has been implemented.

Keywords: oil-contaminated soils, phytoremediation, heavyaisetphytotoxicity

Despite the fact that oil production and transtributed between the individual components of the
portation technology has been recently improved, aenvironment.
the damage caused to the environment is reduced, th In the world practice there are used different
problem of pollution of the environment with oildhn methods for cleaning up oil contaminated soilghia
heavy metals and other pollutants accompanying theecent years microbiological methods that differ by
still remains the most acute ecological problem iacological safety and low cost have been more widel
many oil-producing countries. The history of theised. The method using combined metabolic potential
world oil industry began in Azerbaijan. At the begi of microorganisms and plants is accepted as perspec
ning of the 20th century 50% of all world's oil protive one. Owing to mutually beneficial co-existence
duction accounted for Azerbaijan, the majority oplant-microbe associations (symbiosis) have a big
which was mined in the Apsheron Peninsula. Su@dvantages at surviving in unfavorable environnmenta
prolonged and intensive production of oil and gas rconditions.
sulted in environmental contamination both by the It is possible to accelerate the process of deg-
petroleum hydrocarbon compounds and salts of heangdation of soil contamination not only by sowing o
metals such as As, Cd, Cr, Cu, Hg, Mo, Ni, Pb, W, Zspecially selected plants, but also creation ofdeon
[1]. Unlike the hydrocarbons, heavy metals pollatiotions for their rapid growth and increasing the anet
is not subject to degradation processes, but @diss bolic activity of their rhizosphere micro biocermsi
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Plants that are used for the extraction of heavialme germinated seeds, as well as the lengths of sgedlin
from contaminated soils must meet some requirand roots. The duration of the experiment was 38.da
ments: to be tolerant to high concentrations ofatset
to be able to absorb and accumulate several negtals RESULTS AND DISCUSSION
the same time, to effectively transform them frdma t Pollution of soils with oil and heavy metals
root system to the ground part, to have a deepbauses profound changes in the physicochemical and
spreading root system. microbiological properties, soils disturbance, capn
The research objective was developing af them from agricultural use. In developing ratibn
method of cleaning up and detoxifying oil and heavgnethods of cleaning up contaminated soil zonal-
metal contaminated soils with hydrocarbon-oxidizinglimatic characteristics, landscape and geo-morpho-
microorganisms in association with plants abledo alogical conditions, joint negative influence of oil
cumulate metal ions. products and accompanying pollutants (soluble ,salts
EXPERIMENTAL PART heavy metals and other xenobiotics) should be con-
. sidered [5]. The research objects were samples of
In order to select plants promising for phytontaminated soils with different content of oibgs
toremediation some crops (oats, beans, sunflowbts selected from the surface layers of the sil,
corn) havmg different sensitivity to .unfavorabiwe well as the root zone (rhizosphere) of wild plants
ronmental Impact factors were St.Ud'ed' . .. (Juncaginaceae), typical for the area of Buzoviha oi
At the inifial stage _sr?lmpl_lng of soil from dif- field and resistant to oil pollution. This plantadbar-
{ﬁ;i?; a(;?f?;riﬁgBbuyz?j\g;;rle?elglilfdolirll Lhoeil Lﬁﬁ)snh(xggfe acterized b_y a strong root system and can toIergte
ried OL’H flooded soil. The samples of uncontaminated soils
: : . ithin the same area were used as a control.
To conduct a comparative analysis samples Of : o
oil contaminated soils from root zone (rhizosphere) . The selepted soil samples were laid in the ap-
plants typical for territories of the oilfield ar¢dun- proprl_ate containers (wooden boxes). S ome physpo-
caginaceae) were selected too. c_hemlcal parameters. (Table 1) were initially identi
The samples of uncontaminated soils withified for all types of soil. , -
the same area was used as a control. Some physico- | 7O the further research soil containing 6,7%
chemical and microbiological analyzes of the sampl@f Ol products was used. Plants affect the number,
were conducted. The content of oil products inssoifiVersity and activity of microorganisms at the ex-
was determined by gravimetric method after extraf€nse of biologically active root exudates [6].tte
tion of hydrocarbons from soil sample with hot hexthizosphere there are often actively developed anicr
ane or methylene chloride in the Soxhlet extrai@pr Organisms having enzymes required for the degrada-
The concentration of heavy metals was ddion of pollutants. To isolate groups of microorgan
termined by EPA 6020 A method on the Agilentsms from soil and to count them special methods an
Technologies 7500 Series ICP-MS Hardware (serialtrient mediums were used. They differ depending
JP82802622). The number of heterotrophic microo@n the biological characteristics of the isolatedroy
ganisms in the soil was determined by 10-fold diluerganisms. The results of microbiological studies a
tion of the soil suspension [3], by the followingesl- shown in Table 2. It can be concluded from theetabl
ing on the surface agar media: meat-peptone adhat in these soils the number of bacteria exceeds
(MPA) for bacteria and wort agar (WA) for the fungigreatly amount of fungi and yeasts. The number of
and yeasts at a temperature of-28 °C. Bacterial hydrocarbon-oxidizing microorganisms in contami-
colonies were counted after 3 days, fungi and geastated soil samples is more than in the controlitisd
in 5 days, spore microorganisms by#day, actino- explained by the presence of organic food in the
mycetes by 7-10days. The number of hydrocarbon-sphere.
oxidizing microorganisms was determined by 10-fold In general, as can be seen from the analysis of
dilution in liquid Raymond’s medium with 1% of oil Table 2 the number of microorganisms in the rhizo-
as a carbon source [4]. Culturing of microorganismsphere is more than in the rest soil mass. Thibvs
was carried out in Erlenmeyer flasks containing @00 ously related to the fact that in the secretionshef
of liquid medium on a rotary shaker (180 rev/mih) aoots there are organic compounds which have high
24 °C for 10 days. physiological activity and plays a big role in thea-
Soil phytotoxicity was evaluated by biotest tionship of plants with microorganisms.
wheat, the ratio of the number of germinated and un
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Quantitative count of microorganisms in the studiedsoils
Tabnuya 2. KoJuvecTBEeHHBIH c4eT MUKPOOPTaHU3MOB B H3yYE€HHBIX MOYBAX

Number of microorganisms in 1 g pf - S.Oll samples
. Surface layer, of oil Rhizosphere under .
absolutely dry soil . X . Pure soll
contaminated soil Juncaginaccae
Bacteria 27-19 53-10 97-10
Fungi 17-18 42-16 15-16
Yeasts 42-10 57-16 67-16
Actinomycetes 15-f0 32.10 42-10
Spores 16- 10 42-16 71-16
Hydrocarbonoxidizing 21-10 63-10 51-16
Humidity, % 16 12 21
Oil content, % 6.7 5.6 7.0

Table 1
Characteristics of the soil samples
Tabnuya 1. XapakTepuCTHKU 00Pa3I0B MOYBBI
Samples of oil contaminated soils
. Version 1 Version 2 Pure soil
Characteristics Surface layer Surface layer,| (control)
Rhizosphere, % % yer Rhizosphere, % % yen
Qil content, % 5.6 6.7 8.7 11.3 -
T . 14.7 16.3 17.6 19.2 20.0
Humidity: field hygroscopic 17 51 51 17 18
pH 7.6 7.3 7.8 8.2 7.2
Table 2

On these soils there were planted variousom the root zone of the plants, in particulahr-
crops: corn, sunflower, beans. To monitor the phyaginaceag germinating in the studied soils.
toremediation process in the laboratory conditions
some samples of oil contaminated soils under tsie téheavy metals contained in the studied oil contatnina
plants were additionally inoculated with suspensiored soils has been investigated (Table 3).
of cultures of hydrocarbon microorganisms isolated

The ability of these plants to accumulate

Table 3
Content of heavy metals
Tabauya 3.CQ£epmaHn§ TSUKeJIbIX METAII0B o _
g | 88|E |38 S 138 |5 | & |38 |=_|8_9

2 ¢ |Ec 8|84 5a | EBSET e | 80 284 5T 5E 8| o

S| 3 | ER|8T |28 T | 22|22 ¢£ | 59 |258 wo|2a g B

2| 8 | §0 | EE|f8E cc|ss|f8 52|88 529 28|85 o

2| = | €8 |55|F5g 5g|2a|fen 28| s8|fsg §8(=8¢8| S

s | 2 |8Z|gN|ngN N | 2T n L 5208 l0gd SE|E55] &

“| g 880 |32 |7 |G®BLe |8 85 |° |= &

Cr | 0.0008| 0.031| 0.00990.0173|0.0160{0.0147 0.0135| 0.0052| 0.0143| 0.0168| 0.0037| 0.0042 | 0.0501

Mn 0 0.8001j0.11453 0.1808| 0.3611| 0.023| 0.0231| 0.587 | 0.03110.0326| 0.0669| 0.01514| 0.6907

Fe | 0.0500 18.166|3.0296 4.4707|10.0933 2.371| 2.9310| 0.2736| 2.699 | 2.8064 1.5627| 2.0323 | 24.90

Co | 0.0021§ 0.0065|0.0021 0.0027|0.0039| 0.008| 0.006 | 0.0042 0.0025| 0.0008| 0.0009| 0.0008 | 0.0098

Ni [0.0179| 0.020 | 0.01900.0176|0.0054| O 0.0165| 0.0025| 0.0431{ 0.0432| O 0 0.0182

Cu 0 0.02320.0386 0.0452|0.0152| 0.021| 0.0375| 0.0127| 0.020| 0.0170 0.0206| 0.0195| 0.0203

Zn 0 0.08450.186Q 0.1911] O 0.05100.0336] O 0 0 0 0 0.301¢

As | 0.0006| 0.0122|0.0014 0.0021{0.0205{0.0007 0.0010] 0.003 | 0.00310.0021| 0.0012] 0.0037 | 0.009C

Cd 0 0.00020.0003 0.0002|0.0001/0.0001 0.0003| 0.0001] O 0 0.0001 0.0001 | 0.0002

Ba | 0.003| 0.26520.039Q 0.0432|0.0425| 0.030| 0.0246| 0.077 | 0.116] 0.012p0.032| 0.4015| 0.217%

Pb 0 0.01360.0182 0.0223| 0.0059| 0.003| 0.0019| 0.001 0 0 0.005 0.007| 0.0133

Hg | 0.001| 0.000%0.0031 0.0058(0.0016| 0.012| 0.0065| 0.0031| 0.0101| 0.0040| 0.0027| 0.0015 | 0.0007
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Table 4
Comparative data on reducing amount (times) of heavmetals in oil contaminated soils during the procss of phy-
toextraction (2 months)
Ta6ﬂuua 4, CpaBHl/lTeJ'lebIe JAHHBbIC IT0 BOCCTAHOBJICHUIO KOJIHYECTBA (BpeMe}m) THKeEJbIX METAJJIOB B ITOYBAX,
3arpsi3HeHHbIX He()ThI0, B mpouecce puTodkcTpakuuu (2 Mecsina)

Cr Mn Fe Co Ni| Cu| Zn| As| Cd Ba Pb | Hg
1 Corn 3.19| 28.478.47| 11.6 | 8.31/ 1.26| 2.16| 9.0 | 2.5| 20.56| 3.3 | 0.8
2 Corn + mixed bacteria 3.38 13{7 7p#H6.75| 2.25/0.91|1.92| 7.7 | 0.5| 13.7 | 4.04| 0.1
3 Sunflower 297 30.9 7.3210.12| O |1.11}{1.21|12.0|/5.0f 75 | 48| 0.1
4 | Sunflower + mixed bacterja3.53 | 27.69 8.64| 11.57| 0 | 0.82|2.12|9.81| 3.3| 14.9 | 4.48/ 0.05
5 Beans 3.01320.24| 8.46| 8.1 | 3.65/0.76| 0O |2.11| O | 184 0 0.1
6 Beans + mixed bacterial 2.62 19/]16.74| 9.0 | 3.54/0.88| 0O |6.00/] 0 | 16.7 0 0.2

Cr Mn Fe Co Ni| Cu|l Zn| As| Cd Ba Pb | Hg
1 Corn 3.19| 28.478.47| 11.6 | 8.31/ 1.26| 2.16| 9.0 | 2.5| 20.56| 3.3 | 0.8
2 Corn + mixed bacteria 3.38 13{7 7p#46.75| 2.25/0.91|1.92| 7.7 | 0.5| 13.7 | 4.04| 0.1
3 Sunflower 297 30.9 7.3210.12| O |1.11}{1.21|12.0|/5.0| 75 | 48| 0.1
4 | Sunflower + mixed bacterja3.53 | 27.69 8.64| 11.57| 0 | 0.82|2.12|9.81| 3.3| 14.9 | 4.48/ 0.05
5 Beans 3.01320.24| 8.46| 8.1 | 3.65/0.76| O |2.11| O | 184 0 0.1
6 Beans + mixed bacterial 2.62 19/]16.74| 9.0 | 3.54/0.88| 0 |6.00/] 0 | 16.7 0 0.2

The effectiveness of phytoextraction was. Zvyagintsev D.G.Methods of soil microbiology and bio-
evaluated by the number of heavy metals removed chemistryM.: MGU. 1980. P. 224 (in Russian).
from the contaminated areas. It can be seen frem th Raymond R.L. Developments in Industrial Microbiology
data (Tables 3 and 4) that crops selected for xthe e  1961.V. 2. P.23-32.
periments can accumulate heavy metals in the stUd- Shoba SA., Trofimov C.Ya., Avitov N.A., Dorofeyewa
ied contaminated soils. Obtained results show that E.l., Kojevin P.A., StepanovA.A. Ecological standardizing

these p|ants can be used to recover heavy metal po| of ail content in soils of taiga zone of West Sihefrudi
luted soils. mejdunarodnoy konferentsii «Noviye tekhnologii dlya
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OCHOBHBIE ITIPABUJIA O®OPMJIEHUSA CTATEM

B xypnane "V3BecTrs BBICIINX YUeOHBIX 3aBEeHUH cepuu "XUMUSI U XUMHUYECKasi TEXHOJIOTHsI TeYaTaroTCs pa-
0OTHI COTPYAHHUKOB BBICIINX y4eOHBIX 3aBegeHnid PO u PAH, a takxe crpan CHI™ 1 Apyrux HHOCTPaHHBIX aBTOPOB.

OCHOBHBIE PYOPUKH KypHaa:

1. Xumus HeopraHU4eCcKasi, OpraHu4YecKasi, aHATUTHICCKAsI, (PU3MICCKAsI, KOJUIOUTHAS, BRICOKOMOJICKYIIIPHBIX COCAMHCHHH.
2. XuMudeckasi TEXHOJIOTHSI HEOPTaHUUECKUX U OPTaHHMYCCKUX BEIECTB, TCOPETUICCKUAEC OCHOBHI.
3. DKostoruyeckue npooJIeMbl XUMUHU M XUMUYECKOM TCXHOIOTHH.
4. O030pHBIC CTaTHH.
5. Kpatkue cooOrieHus.
6. Hay4HbIe U METOJTUYCCKHUE POOIICMBI.
7. TluceMa B pelakiuio.
8. XpoHuka.
CraTbH, HanpaBJisieMble B ’KypHaJ, 10JLKHBI YAOBJIETBOPATH CJEAYIOIIMM TPeOOBAHUAM:

1. PaGora moipKHA OTBEYaTh MPOQIITIO KypHaa, 001a1aTh HECOMHEHHOW HOBU3HOHM, OTHOCHUTHLCS K BOTIPOCY IMPO-
OJIEMHOTO 3HAYCHHS, UMETh NMPHKIIAIHOC 3HAUCHUE H/IIH TEOPeTHIeCKOe 000CcHOBaHKEe. Bompoc 00 omy0inKoBaHUN CTa-
TBH, €€ OTKJIOHCHHH peIIaeT peAaKIIHNOHHAS KOJUIETHS )KypHaJa, M €€ pelIeHue ABISeTCS OKOHYATCITEHBIM.

2. CraTbH JOJDKHBI MIPEJCTABIATH CKATOE, YETKOE M3JI0KEHUE MOTyYCHHBIX aBTOPOM PE3yJIbTaTOB, 0€3 MOBTOPCHUS
OJTHUX ¥ TEX K€ JaHHBIX B TEKCTE CTAThH, TAOIHIAX U PUCYHKAX.

3. Bce mpejicTaBiieHHBIE CTAThH JIOJDKHBI ObITh MOArotoBiieHsl 14 kersiem mpudra "Times New Roman”, un-
TepBaa —1,5. Iloas: BepxHee-2 cM, JeBoe-3 CM, HIKHEe-2 cM, mpaBoe-1,5 cM. O0beM cTaThi HE JOJDKSH MpeBbIaTh 12
CTpaHHMI] TEKCTa, BKIIIOYAs CIIUCOK JIUTEPATyphl, Tabnuipl (He 6osnee 4, mupuHa - 8,4 cM) u pucyHkd (luapuHa — 8 cm),
YHCII0 KOTOPBIX - He Oosee 4, BKIIoYask pUCYHKH, TIOMEUYCHHBIC OykBamH, a, O U T.1. PHCYHKH, TaGJMIIBI, a TAKKE MTOITUCH
MOJ] PUCYHKAMH, 3arOJIOBKM W MpPUMEYaHUS K TAOJUI[AM Ha PYCCKOM W AHTJIMHCKOM SI3BIKAX JIOJDKHBI Pa3MEIIAThCS B
TekcTe craThu. B pasznmen "Kpatkue cooOmmenns” MpUHAMAIOTCS CTaThl 00beMOM He OoJiee 4-X cTpaHuIl Tekcra, 1 Tabmu-
Bl M 2-X pUCYHKOB. B pazgen "O0630pHbIe cTaThu'" MpUHUMAETCS MaTepual, oobemMoM He 6onee 3041 cTpanuil. B paznene
"ITucbma B pemaknuio” myOJUKYIOTCS CTaThH, COAEpIKAIUe MPUHITUITHAILHO HOBBIE PE3yNIbTAThl 3aIBOYHOTO XapakTepa.
B 3aroJi0BOK CTAaThbH M AHHOTALMIO He cjedyeT BBOAMTH (pOPMYJbI U COKpallleHHs, Jake oOumeynoTpeOnTeIbHEIE.
Crnenyer n3beraTh ymnoTpeOJieHUsT HEOOIMEPUHATHIX COKpalieHuid. [Ipyu mepBoM YIIOMHUHAHMH COKpPAIEHHOTO TEPMHHA
00s13aTeTFHO MPHUBOAUTCS €r0 pacmu(poBKa B IIOIHOM BHJE. PyKOMMCHBIE BCTaBKX HE JOITYCKAIOTCS.

4. CTpykTypa cTaThu. B BepxHEeM IpaBoM yIiay HEOOXOIUMO MPOCTABUTh WHICKC MO YHUBEPCATBHOW JCCITUYHOU
wiaccudukarmu (YJIK). CraTbsi 10/KHA HAYMHATLCS ¢ MHUIUATIOB U (pammiuu aBropa (He Oojiee 6 vel.), 3aTeM Ha3BaHHE
CTaThH, PACIIMPEHHAS aHHOTAIUS MOJYKHPHBIM KYPCHBOM (AHHOTAIMS He H0JIKHA MOJHOCTHI0 Ty0JIMPOBATH BHIBOIbI
CTaTbH), OTPAXKAOLIAS OCHOBHOE COJIEPIKAHUE CTAThH, KIIOYEBBIC CJIOBA CTaThu. Jlajee yKa3plBAETCS BCS MPEIbLAYIIAs WH-
¢dopmanust (PHO aBropa, Ha3BaHHUE, PACIIUPEHHAS AHHOTAIMS, KJIFOUYEBbIE CJI0BA) HA AHTJIMICKOM sI3bIKe. AHHOTALUS He
I0JKHA ObITh MeHbIie 300¢10B! 3aTeM ciieayeT TeKCT CTaThH, B KOTOPOM JOJIKHBI OBITh BBIACICHBI CIICIYIOIIME PA3ICIbl:
BBEJICHHE, METO/IMKA YKCIIEPUMEHTA, Pe3yJIbTaThl U X 00CYXICHNE, BHIBOIBI. 3aKaHUINBACTCS CTAThS CIFICKOM ITUTHPOBAH-
HOHM JIUTEpaTyphl B 2 BapuaHTax: 1 BapuaHT BKIIIOYAeT PyCcCKUE M aHTIMHCKHE MCTOYHWKH B OPUTWHAJIHHOM HAIMCAHUH, 2
BapHaHT — BCE MCTOYHUKH JOJDKHBI OBITh YKa3aHBl Ha aHTIIMIICKOM sI3bIKe. 1101 CITHCKOM IHUTEpaTyphl CIpaBa yKa3bIBAaIOTCS
cioBa: "lloctynuina B pepakiuio”. Pykonuch TomkHa OBITH MOIITHUCAHA BCEMH aBTOPAMH C YKa3aHUEM JIaThl OTIIPABKH.

5. B penmakiuio mpeacTaBIsSIOTCS AIIEKTPOHHBIN HOCHUTENs ¢ MaTepHalaMi CTaThH U JBa HK3EMIUIIpa MX pacredar-
ku. Colep)KaHHe AJICKTPOHHOT'O HOCUTEINS U PACICUATKH JOJDKHO OBITh MICHTHYHBIM. B ciiyyae oOHapyKEeHUS HCHIICH-
TUYHOCTU MEKAY OYMa)KHBIM M SJEKTPOHHBIM HOCUTEISIMH BEPHBIM CUMTACTCS JJICKTPOHHAS BEPCHS CTATBhU. DJICKTPOH-
HBIA HOCHUTEJb JJOJDKEH OBITH BIOXKEH B OTNCIIBHBIA KOHBEPT, HA KOTOPOM YKa3bIBAIOTCS aBTOPBI U HA3BAHUC CTATHH.

K cTraTbe 10/1:KHBI ObITH NPHJIOKEHDI!
1. Pasperenre (HanpaBieHUe) BBICIIETO YIeOHOTO 3aBe/ICHHS HITH HHCTUTYTA AKajeMun Hayk PD Ha onmyOIMKOBaHHUE.
2. JlokyMeHTaIus, MOATBEPIKAAI0Iast BO3MOKHOCTh OTKPBITOTO OIYOJIMKOBAHUS MaTepHaia CTaThbH.
3. JloroBop o mepenave aBTOPCKHUX MPAB.
4. Ceenenus 00 aBTopax (moaHocThi0 @.J.0., yueHast CTeIeHb, 3BaHKe, JOJKHOCTD, Ha3BaHUE OPraHU3aI[MK U IOApa3iae-
JICHHH, TTOJIHOW aJipec OPraHu3alliK C YKa3aHuEeM HHIEKCa, TeaedoH, e-mail) Ha pyccKOM M aHTIMICKOM si3bikax. Heobxo-
MO YKa3aTh aBTOpa IS IEPETHCKH.

CTATBbU HA AHTJIMHCKOM SI3BIKE PACCMATPUBAIOTCS BHE OUEPEIA

OdopMmiieHHE JINTEPATYPHBIX CCHLIOK

Bce PYCCKOA3BIYHBIC JINTEPATYPHBIC HCTOYHUKH T10J7KHbI ObIThH VKa3aHbI HA PYCCKOM M (OTI[EJII)H])IM CHI/ICKOM)
HA AHTJIMHCKOM fI3bIKAX. I/ISJ‘IaHI/lﬂ, KOTOpPHbIC HE NIepeBOAATCH, HeOﬁXOIlHMO YKa3aThb TpaﬂcnnTepauneﬁ B COOTBET-
CTBHHU C OﬁmeﬂDﬂHﬂTLIMﬂ MEKIAVYHAPOJAHBIMHU NPABUWJIAMH, B KOHIIC KAJKI0I'0 TAKOI'0 MCTOYHHMKA J0JKHA CTOATH
noMerka (in Russian).
(cMm. http://www.cas.org/expertise/cascontent/caplugjonirnals.html).
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OBSA3ATEJIBHO ykazanue DOI 1Jisi HCTOYHMKOB JIUTEPATYpPbI

e Jlnst )KypHaJIbHOW CTAaThH JOJDKHBI OBITh YKa3aHbl ()aMWJIMK M MHUIAAIBI BCEX aBTOPOB, HA3BaHHUE CTaTbU, COKPAUEH-
HOe HA36aHUe JCYPHAIA, TO, HOMEp TOMa, HOMep WM BbIyck, crpanuupsl 1 DOI: 10.6060/2012.01.01.

Hanpumep: MaptsinoB M.M. MeTox onpezeneHuss XHMHUYECKOTO COCTaBa. #36. 8y308. Xumus u xum. mexrnoaoeust. 2010.
T. 53.Bsm. 5.C. 123-125Martynov M.M. Method for determining of chemical compositidzv. Vyssh. Uchebn. Zaved.
Khim. Khim. TekhnoR010. V. 53. N 5. P. 123-125 (in Russian).

e Jl14 KHUT JOJDKHBI OBITh yKa3aHb! ()aMHIMM M MHUIMAIBI BCEX aBTOPOB, HA3BaHHE KHUTH, MECTO U HANMECHOBAHHE U3-
JaTeNbCTBA, T'OJ] W3JaHWS, KOINMYECTBO CTPAaHHL. B aHrIMICKOW TpaHCKPWIIMM Ha3BaHHE KHUTU IIEPEBOIUTCS, BCE
OCTaJIbHBIC BBIXOJHBIC JaHHBIC HEOOXOMUMO YKa3bIBaTh TpaHcauTepanuei. Hampumep: MaptbiHoB M.M. Pentrenorpa-
¢ust mosmumepos. J1.: Xumust. 1972, 9. Martynov M.M. Radiography of polymeraépesooumcs). L.: Khimiya. 1972. 93 p.
* Te3ucsl JOKJIANOB U bl KoH(Mepenuuil: Hanpumep: MapreinoB M.M. Ha3sanue noknaga. Tes. noxn. VII Hayun.
KoH(}. (momHoe Ha3BaHue). M.: U3n-Bo. 2006.C. 259-262 MapreinoB M.M. Hassanue noknazga. C6. tp. Hazeanue koH-
¢epennun. T. 5. M. 2000.C. 5-7.

e ABTOpCKHME cBHJETENbCTBA M nateHThl: Hanpumep: MapreinoB M.M. A.C. 652487P®. b.11. 2000.Ne 20. C. 12-14.
MaptbmoB M.M. [Tarent P® Ne 2168541. 2005.

» [enonuposanue: Hanpumep: MapteinoB M.M. Hazsanue. M. 1. [len. 8 BUHUTU 12.05.98 Ne 1235.

* Ha auccepranum u aBTopedeparsl cChIIATHCS 3aIPELIACTCS.

Ilpu oghopmnenuu unocmpannoii 1umepamypusl HeoOX00UMO RPUOEPIHCUBAMBCA MeX Hce NPAGUTL, YN0 U 015 PYCCKO-
AZBIYHBIX UCHOYHUKOB. Bmecmo cumeona «Nox» ¢ anznuiickom sazvike cmasumcs oykea «N»

Hanpumep: Martynov M.M. Method for determining of chemical compositidieterocycles2003. V. 7. N 11. P. 1603-
1609. DOI: 10.6060/2012.01.01.

ABTOpLI JOJIKHBI, 110 BO3MOKHOCTH, n3berarb CCLUIOK Ha TPYAHOOOCTYITHBIC U3AaHUA. He AOMYCKAKTCH CCBIJIKH HA HE-
ony0.1uKOBaHHBIE Pa0OTHI.

ABTOpaM He00X0AUMO c00JII0IATH CJIeAyIole MPaBHJa;

1. Cratps moywkHa OBITH MOATOTOBNICHA HA KoMITbioTepe B popmate MS Word for Windows. HaGop Tekcta HaunHaeTcs ¢
JICBOTO Kpas, ad3ar - 15mm.
2. HE JOITYCKAETCH: npumeHenue ctuiei npu GOpMUPOBAHUH TEKCTA; BHOCHTh U3MEHEHMS B IIA0JIOH WJIM CO3/1aBaTh
CBO#1 17151 (POPMHUPOBAHKS TEKCTA; PA3PsAKU CIOB; UCIIONB30BAHKE MPOOEIIOB Mepe 3HaKaMH (B TOM YHCIIE - BHYTPH CKOOOK)
TIPETTMHAHMS, TIOCIIE HUX CTABUTCS OJIUH MPoOe; MpUMEHEHHe orepanyy "BcTaBUTh KOHEI CTpaHHIB'; GOPMHPOBAaHUE PH-
cyHka cpencreamu MS Word.
3. CnoBa BHyTpH ab3alna pa3iensaTh OJHUM IpoOeIoM; HaOUpaTh TEKCT 0e3 MPUHYIUTENBHBIX TepeHocoB. [Ipocrba: n3bde-
raTh MEePETPy3KU CTATEH OOJBIITMM KOJTUIECTBOM (HOPMYII, PUCYHKOB, TpaduKoB; 11 Habopa CHMBOJIOB B (hOpMYyJIax pe-
makTopoB MS Equation (MS Wordjcrions3osats ycranoBku (Ctuiu/PasmMepsi) TONBKO 110 YMOIYAHHIO.
4. T'paduyeckue MaTepualibl BHINOJHIAWTCA YepHo-OenbiMu! I'padmkm npunumaroTcs B peaakropax MS Excel,
Origin, crpykrypHsbie dopmyabl 8 ChemWind. [Ipyrue ¢hopmarsl IpUHAMAKOTCS TOJALKO ¢ JHCTPUOYTHBAMH PelaK-
TopoB. doTorpaduu npurumarTcs B hopmare jpg, tif, paspemenunem nis yepno-6eanix 300 dpi, cepoix 450 dpi.

Pucynku u ¢popmysibl o mUpHUHE He AOJMKHBI MPeBBIATH 8 €M, IIPU 3TOM HX WPUQT JOIHKEH COOTBETCTBOBATh
11 mpudry MS Word.VY pucyHKoB He TODKHO ObITh paMKH U ceTKH. O003HaYeHHE MEPEMEHHBIX Ha 0CSAX (MCTIOIB3YHOTCS
TOJIBKO CHMBOJIBI M Yepe3 3aIsATYI0 U Mpo0es — pa3MEpHOCTD) CIIEAyeT pa3MellaTh ¢ BHEIIHEH CTOPOHBI pUCYHKA (Takxke
KaK uudpsl), a HE B MOJE PUCYHKA, B KPYIJIBIX CKOOKax HEOOXOMUMO yKa3aTh Pa3MEpPHOCTh HA AHIJIMHCKOM SI3bIKE.
Hanpumep: ochk cienyer o6o3nauats t, Mun (Min) (a e Bpems, MuH). DKcIiepUMEHTAIBHBIE KPUBBIE JOJKHBI OBITH IIPO-
HyMepoBaHbl (He OykBamu) Kypcughuim mpudroM. Bee nosicHeHuss HEOOXOAUMO JaTh TOJBKO B MOJPUCYHOUHOU MOAIMUCH.
Hukakne nereHipl 1 KOMMEHTapuH B 1oJie rpaduka He OMyCKAoTCA. PUCYHKH TOJDKHBI OBITH BHITIOJNHEHEI C TOJIIIMHOM
Juuani He menee 0,75nr.

Cmamou, noozomogJieHnvle 6e3 co01100eHuUs YKA3AHHLIX MPe0o6anuil U IMUKU HAVYHLIX NYOIUKAUUIl, pedaKyuell
He PAcCMampuealomcs u_He 8036pauaronmcs

Uudopmanus 06 omyOIMKOBAHHEIX HOMEPAX pa3Mernaetes Ha opuiransHoM caiite skyphana: CTJ.isuct.ru
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