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BniauB HasfABHOCTI iOHIB MiJAi Ha XapaKTepPUCTHUKHU
TEPMOOKHUCHIOBAJbHOI JeCTPYKUII MOJTIIJINKAHYPEeTAHIB HA
OCHOBi KCaHTaHy Ta moJiizounianary, 0JJOKOBaHOro

Kalpo/JaKTaMoOM

H.B. Ko3ax, K.C. /[ioenko, I'M. Hecmepenko, B.B. Knenko

[HcTUTYyT XiMii BUCOKOMOITEKYIIsIpHUX crtonyk HAH Ykpainu
48, Xapkisceke moce, Kuis, 02160, Ykpaina. E-mail: katherina2008@ukr.net

s nonienokanypemanie Ha 0CHO8I MIKPOOHO2O eK30N0AICaxapudy KCAHmMamy, 3uumozo Oi10Ko8anum
noaii30YlaHamom, O0CIIONCeHO XapaKkmep 63aeMo0ii 3 IOHamu Mioi, COPOOBAHUMU 3 6OOHUX POZUUHISE,
a maxoxc 6NaUG HASIBHOCMI IOHI8 Memany Ha mepmiuni enacmusocmi. Memooom enexmpouHo20
napamazHimmuoeo pe3oHAHCY 6CMAHOBIEHO, WO YMPUMYSAHHS [OHIE NepexiOHUux memanis
nonieNoKanypemanamu 8i00yeacmvcs 3a605KU YMEOPEHHIO KOMNIEKCI8 xeramnoi 6ydosu. Memooom
MepMocpasiMempuyHo20 aHalizy NOKA3AHO, WO HASIBHICMb [OHI8 MIOT Y NONI2TIOKAHYPEeMAHAX SUKIUKAE
icmomuull nepepo3nodil IHMEHCUBHOCMEU CMAdill po3Kkaady, No8 A3aAHUL K i3 GNIAUBOM
KOMNJIEKCOYMBOPEHHS IOHA MEeMAaiy 8 Mampuyi noaiIIOKaHypemanie, max i 3i 3MiHOI0 XIMIYHUX NPOYeECi
y cucmemi, o MiCmume KAmaiimuyHo aKMUeHi KOMIJIEKCU MiOl.

KuarouoBi ciioBa: noninokanypeTal, AMHaMi4Ha copO1ist, XeJIaTHI KOMIUIEKCH 10HIB MiJli, TEpPMOOKHCHIOBAJIbHA

JECTPYKILisA, CHEPTisl aKTUBAITIT.

OcTaHHIM 9acOM BCe OLITbII aKTyaabHI pO3po0OKa Ta
JIOCITIKSHHSI HOBUX COPOIIIMHUX MaTepialiiB, 31aTHHX JI0
BIJTYYCHHS TOKCUYHUX 3a0py/AHEHb 31 CTIUHUX BoJ. Be-
JUKUH iHTepec, SKUH BUKIUKAIOTh COPOCHTH Ha OCHOBI
Giononimepis, 30kpemMa, MOIU(IKOBAHUX MOTICAXapH/IiB,
3YMOBJICHHH THM, 10 BOHM MarOTh XOPOII cOpOLiiHi
BJIACTHBOCTI, HU3bKY COOIBAPTICTh, EKOJIOTIYHO Oe3MeyHi
Ta BUKOPHCTOBYIOTh BiJHOBJIIOBaHY CUpoBUHY [1]. ¥V
poboTax [2—5] onrcaHo CHHTE3 1 COPOIiiHI BIACTHBOCTI
MOJIypEeTaHOBHX CITOK Ha OCHOBI KCaHTaHy Ta OJIOKOBa-
HOTO MoJjiizonianary — nonirrokanyperanis (I1T'Y), siki
3/IaTHI 10 KUJIBKICHOTO BMWUIYYEeHHS 1 yTpUMaHHS 10HIB
BaXXKHMX METaJIB 1 peHoy 3 IX BOJHUX PO3UHHIB.

Bnaue HasBHOCTI copOary Ha ¢i3uko-ximiuHi,
TEepPMIiYHI Ta iHIII BIACTUBOCTI BUKOPHUCTAHOTO COPOCH-
Ta € MIKaBOIO MPOOJIEMOIO IS SIK YTHIIi3allii OCTaHHBOTO,
TaK i MOXJIMBOCTI HOTO MOAAJIBINOT €KCIUTyaTAllil, 8 TAKOXK
CTBOPEHHSI HOBUX (DYHKIIIOHAJILHUX MaTepiaiis [6, 7].

V wi#i po6oTI gOCHiKEHO copOIiiiny 3naTHicTh [1T'Y
CTOCOBHO i0HIB JIBOBAJICHTHOI MiJIi Ta X BIUIMB Ha Xapak-
Tep TSPMOOKHCHIOBAIILHOT IECTPYKILii COpOCHTA.
ExcnepuMeHTaTIBHA YACTHHA.

3muti [II'Y 3 pi3HUM cTyneHeM 3aMileHHs TiIpoK-
CHIIBHHX IpyT nojicaxapuny (40, 60, 801100 —I1I'Y-40,
[ry-60, I1rv-80 i InI"'y-100 BignoBitHO) OTpUMYBaJIH
B32€EMOJII€I0 MIKPOOHOTO €K30M0JIicaxapuy KCaHTaHy
3 6i1okoBaHuM mogiizonianarom (IT1L]) nporsarom 30 xB.

3a remmeparypu 150 °C, mo na 20 °C nepeBullye Tem-
neparypy neonokysanns [111] [8]. lonu HaTpiro, HasABHI
y TpHCaxapuAHMUX 3AJUIIKaX KCAHTaHY, MOKYTh BUCTY-
NaTH aKTHBaTOPaMH MPOLECy MoJliMepr3allii Karposax-
Tamy, 1110 BUBIIbHSEThCS Npy AebnokyBanHi 1111, 3rigno
3 [9], mpu B3aemoxii 6mokoBanoro 111 3 kcanTaHOM yT-
BOPIOIOTHCS MOJIMEPHI CHCTEMH, IO CKIAJAar0ThCs 3
cityactoro nonairmokanyperany (I1II'Y) ta miHiliHOTO
nomiaminy (ITA):

"

] Na~ 150°C j
n

Cxema. YTBOpEHHS NOJIIMEPHHUX CHCTEM, IO
CKJIaIAIOTHCS 3 CiTYACTOrO MONIMTIIOKaHYpeTaHy Ta
JHIAHOTO TOTiaMiTy
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Cop6miitay emHicTs (A) IITI'Y mozo ioHiB TBOBaJICHT-
HOI MiZl BU3HaYamy COpOUiHHO-INHAMIYHIM METOJOM
IUISIXOM JHHAMIYHO1 COPOIIii i0HIB METaTy 3 BOTJHOTO PO3-
YUHY CynbGhaTy Misi.

3pazku nmopomrkonoaioHoro II'Y macoro 0,5 r BHOCH-
JU B KOMIipKY [UIsI TuHaMigHOi copOrii. CriouaTky depes
KOMipKy nporryckanu 60 M muctuinsoBanoi Boan. [Totim
9epe3 copOenT no3oBano nporyckamu 0,1M (C ) Bonnmi
Ppo34HH cynbdary Miai, mopmisMu 1o 20 mit. Yac KOHTaKTy
HaOyXJIOTO Yy BOJIi COPOSHTY 3 pO3UNHOM COJIi METaly CTa-
HOBUB 20 ¢ 17151 KoXKHOT op1Iii. OTprMaHu TiCIIs TPOTTyC-
KaHHS Yepe3 KOMIpKy pO3YdH aHaJli3yBalld 3a JOTIOMO-
TOIO eJIEKTPOHHO] criekTpockotii. KormenTpariiro meray
y KOXKHi# mopii posunny micns B3aemonii 3 II'Y (C)) Bu-
3HAYAJIM 33 IHTEHCUBHICTIO MAKCHMYMY CMYTH ITOTJIMHAH-
HS aKBa-10Ha Mifi B €IEKTPOHHHX CIIEKTPAX 32 JTOBXUHA
xBui 810 HM 3 BUKOPHCTAaHHAM KamiOpyBaabHOT KPHUBOI.
[ToOymoBy kaxiOpyBaIbHOI 3aJIC)KHOCTI IPOBOAMIIH 3 BH-
KOPUCTAHHSAM CIEKTPIB y BUIUMIl 007acTi BOTHUX PO3-
4nHiB cybdary kynpymy (CuSO,-5H,O) pi3Hoi KOHIIEHT-
pauii (8ix 0,04 1o 0,10).

3 OTpUMaHUX JaHUX BH3HAYAIH KUTBKICTh COpOOBaHOT
M ImicTs B3a€MOJIiT 3 KOXKHOTO TIOPITIEI0 PO3UMHY (m‘Cu)
3a popmymoro:

m', [r]=20-10°n - (C -C)[momb/n] -64 [r].

Xapaxrep B3aemomii [1I'Y 3 ioHamu Mmizi aHami3yBam 3a
noriomoroto metory EITP. Cniexrpu EITP 3amicyBanm B Tep-
MOCTAaTOBaHOMY pe30HATOpi 3-CM pagioCIeKTpOMETpa
PE-1306 3a Temmniepatypu 20 °C. Pe3oHaHCHY 4acTOTY BH-
MIpIOBAJIK 3a JIOMTOMOT 00 YacToToMipa U3-54 3 mepeTBo-
proBauem gactoru A3U-87. KanibpyBansHIMH 3pa3KaMu
Oy mudenimmikpunrigpasmt (ADIT) 3 g=2,0036 Ta iorn
JIBOBAJIGHTHOTO MaHTaHy B MaTpuii MgO 3 g=2,0015.
TouHicTh BH3HAUEHHS MapaMeTpa CHEKTPOCKOIIYHOTO
posmieroienHs cranosuna 0,001.

Jis nocmikeHHS BIUTMBY HAasSBHOCTI 10HIB METaJy Ha
TEPMOOKHCHIOBAIBHY NecTpykiiro [1'Y BuKoprcTOBYBa-
JIM METOJI TepMOTpaBiMeTpii. JlnHaMITHUH TepMOrpaBiMeT-
PHYHMIA aHaII3 TIPOBOAWIIH 3 BUKOPHCTAHHSM IEpHBaTOrpa-
¢a Derivatograph Q—1500D system F.Paulik, J.Paulik, L.Erdey,
OCHAIIIEHOT'O CHCTEMOIO aHAJIOTO-II()POBOTO TIEPETBOPEH-
Hi JaHuX, B iHTepBaii Temreparyp Big 20 1o 700 °C B atmoc-
(epi OBITPs TIPH OTHOYACHOMY BHIIAJICHHI T'a301I0TII0HIX
TIPOAYKTIB ecTpykii. [IIBHIKiCTS mmitHIMaHHS TeMITepaTypr
cranoBmia 10 rpaz/xs. Bara 3paskiB mopisHroBaia 50 mr. 3paz-
KU TIOTIEpeTHRO TOAPIOHIOBAIH 32 YMOB, SIKi OOMEXYIOTh

JIOIT
10 .MTJ'I Jemr 10 T Jicou 10 MTH
B ; B_
B-
\’\\/ \N /'/:M
2 g &
Kcanran [Iry-40 TIry-80

Puc. 1. Cnexrpu EINP ioniB 1BOBaNIeHTHOT Mifli Y KCaHTaHi
ta [1I'Y-40 i [II'Y-80 micns eKCIOHYBaHHA y BOTHOMY
po3uuHi cynbdary misi

MexaHOeCTpyKIifo. TemreparypHi iHTepBanu craii po3-
KJIay OLIHIOBAIH 3 TU(EPEHIIIHHUX KPUBUX BTPATH Baru
(ATT), BpaxoBytoun Toii (hakT, 1o miomia mika kpusoi AT
MporopIiiiHa BTpaTi MacH Ha BianoBinuii crazii (ATT), a
CTYIIIHb PO3/IUICHHS cTaiil Ha KpuBKx I TI icTOTHO epeBu-
TITy€ MOYJIMBOCTI iHTerpaibHuX KpuBux Brpaty Baru (T1). Pos-
PaxXyHOK SHepriii akTHBAIIii 7151 J0OpE PO3IIICHUX CTa il
JECTPYKIIi Ta CTafii, 10 TUTbKH YaCTKOBO ITEPEKPHBAIOTh-
cs1, MPOBOAMIIH 3a MeTo10M bpoiino [10].

Pe3ynbTaTn 10CiIi1KeHHS TA iX 00rOBOpPEHHS.

B Tabn. 1 noxpaHo BU3HA4YEHI KOHIIEHTPALl pO3YHHIB
cynbdary Miai miciis B3aeMojil 3 COpOCHTOM, 3HAYCHHS
KUTBKOCT] YTPUMaHOT MiJli Ul KOXKHOT MOPIIiT pO34YHHY i
po3paxoBaHi 3HaUeHHs copOiiitHoi emHocTi [1I'Y momo
10HIB Mii.

3 JaHuX, HaBeJEHUX B TaOJ. 1, BUAHO, IO KiTBKICTh
(mMaca) Mizi, sika copOyeThCsl 3 KOXKHOI HACTYITHOI TOp-
il GinbTpary, 3MeHIIy€eThCst JUIs BCix qociipkenux [1I'Y
(m'>m*>m?). Ha ehexTUBHICTH TUHAMIYHOT COPOIIii i0HIB
nBoBasieHTHOI Miai [1I'Y pi3HOrO CKIIasy BIUTMBAE CTYIIHb
3aMilIeHHs T1IPOKCHIBHUX Ipy1 KcanTtany. st I mopuii
¢inpTparty 3i 301IBIICHHSIM CTYIICHS 3aMilIEHHS Maca Cop-
6oBanoi Mini cianae. st I mopuii pineTpary Maca cop-
6oBanoi Mifi ogHakosa s [1IY-80 1 IIT'Y-100. st 111
mopiii GinkTpary Maca copOOBaHOI MiJli CIIBIIAJA€E TS
[ry-40, Iry-601I11y-80.

VY 3arajgbHOMY BHI Ky MOKHA 3pOOHTH BUCHOBOK, 1110
31 301IBILICHHSIM CTYICHS 3aMillleHHsI COpOLiliHa EMHICTh
III'Y 3meHmIy€eThCs.

B niTeparypi HaBeZieHO jaHi, 1110 BKa3yIOTh Ha MEXaHI3M
YTPUMAaHHS 10HIB JTyXHHX 1 JTy’>KHO3EMEJIbHIUX METAIB KCaH-
TaHOM 3aBJISKH YTBOPEHHIO KOMIUIEKCIB XelIaTHOI Oy/o-
Bu [11]. Meton EITP nae 3mMory nociiKyBaTH B3a€MOJIIIO

Tabnuu 1. KonnenTpaii po3unHiB cynbgary Miji, KUTbKICTh yTpUMaHoi Miji Ta copOriiina emuicts [1I'Y

T 7 3
ry Cl: MOJIB/JI m cu, C27 m Cu, C3a m Cu, A,
MT MOJIb/JI MT MOJIB/JI MT MI/T

II'y-40 0,061 49,90 0,092 10,24 0,096 5,12 130,52
MI'Y-60 0,066 43,52 0,086 17,92 0,096 5,12 133,12
II'Y-80 0,069 39,58 0,094 7,68 0,096 5,12 104,76
II'y-100 0,088 15,36 0,094 7,68 0,100 0 46,08

m' ., m’. ,m’ . —KiIbKiCTh Mifli, yTpuMaHoi copbentom micis B3aemonii 3 I, 111 11l mopuismu posunny cymnboary misi

BiAIIOBITHO.
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Tabmums 2. g, Ta A IS CHCTEM kcanTai—Cu®' i

ry-Cu?

CucreMu i An
Kcantan—Cu’" 2,3513 154
MI'V-40-Cu”" 2,3406 154

| A 23516 154
[ry-80-Cu b 2,3228 176

kcantany Ta [1I'Y 3 mapaMarHiTHUMHU i0HaMH, 30KpemMa
iOHaMH IBOBAJICHTHOT Mi/Ii.

3rigHo 3 nanumu metony EINP, yrpumanus ioHiB nepe-
X1THMX METaJliB KCAHTaHOM TaKOX Bi/10YBa€THCS 3aBSIKH
YTBOPEHHIO KOMILIEKCIB XenaTHoi Oynosu [2, 12]. Ha ne
BKazye Gopma criektpis EITP ioHIB NBOBaNEHTHOI Mifi y
kcanrtaHi Ta I[1I'Y (puc. 1) micis B3aeMoii 3 BOJHUM po3-
YHHOM cyib]aTy Mii. BoHM XapakTepHu3yroTbcs aHi30T-
porti€ro g-paxkropa Ta HasIBHICTIO BUPAXKEHOT HaITOHKOT
cTpykTypH B o0nacti g, . Takuit Burnsaz cnexrpis EITP xa-
PaKTepHHUH JUIS TETParoHaJLHUX XeJaTHUX KOMIUIEKCIB
JIBOBAJICHTHOI Mifi. Po3paxoBaHi mapameTpu CreKTpiB

HaBeJICHO y TaluI. 2.

Sx BugHO 3 puc. 1 1 maHux TabI. 2, mpu JUHAMITHIH
cop6buii ioHiB Mini kcanTanoM Ta [1I'Y-40 yTBOproroThCS
KOMIUTEKCH TiepeBaxkHo ogHoro tumy. Y [1I'Y-80 3i ciekt-
pa EIIP moxHa BUIITUTH CUTHAIIN KITBKOX KOMIUTEKCIB. Y
criekrpax EI1P ioHIB [BOBaIEHTHOI MifIi, yTPUMaHHX y KCaH-
taHi Ta [1I'Y pizHOTO CKIIa/Ty, HASIBHUI CUTHAJ KOMIUICKCY,
SKOMY BiJITOBITAt0OTh ONM3BKi 3HAYEHHS JIEKTPOHHO-CITIHO-
BUX [TAPAMETPIB, XapaKTEPHUX IS IECTU-KOOPIMHOBAHUX
10HIB MiJli 3 KHCHEBUM Ta/a00 a30THIUM OTOYCHHSM 1 BU-
TATHYTOIO OKTaeIpHIHOIO OyZOBOIO aamykTiB [12].
[omiGHicTh hopMH CIIEKTPIB i TapaMeTpiB X KOMITIEKCIB
y kcanTani Ta [II'Y Ha #oro oCHOBI BKa3zye Ha KHCHEBE
OTOYCHHS 10Ha MeTally B TAKOMY KOMIIIEKCi, yTBOPEHHS
SKOTO MOXe OyTH HACIiAKOM O1NBIIOI IIPOCTOPOBOI I0-
CTYIHOCTI KHCHeBMicHUX IeHTpiB y I1I'Y Ha 0cHOBI KcaH-
tany. s [1TY-80 3i 3HauHMM cTyneneM 3amimeHHs OH-
TPYII, IO MiCTUTB BEJIMKY KUTBKICTh a30TOBMICHHX IIEHTIB,
TOSIBA CUTHAITY Bijl KOMILIEKCY 3 TapaMeTpamu g, =2,322
Ta A, =176 3yMOBJIEHa y4aCTIO TaKOXK YPETAHOBHX i

Iry-80
0. Iy-40 5.
404 atr 40 arr
30+ ] T
= T =
= L =
LT L:‘ 20 1
—~ 20 (sl
OTA
104
10+ OTA \
0
04
T T T T T T -1 O T T T T T T
0 200 400 600 800 0 200 400 600 800
T,°C r°C
Puc. 2. Kpusi TT, ATT" i ITA 6e3metansuux [II'Y-ITA 3 pi3HAM CTyIIEHEM 3aMilIeHHS TiPOKCHIBHAX TPYIT
504 Iry-40 504 Iry-80
aTr aTr
40 - 40
. 30 : 30
S [_:‘
b 20 = 204
10 1 101
m T
0- OTA 0+ AOTA
0 200 400 600 800 0 200 400 600 800
T,°C T,°C

Puc. 3. Kpusi TT, ATT" i ITA meranosmicaux I1I'Y-ITA 3 pi3HIUM cTyTIeHeM 3aMillleHHS T1IPOKCHIBHUX TPYTI
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Tabnuus 3. XapakTepuCcTHKH TEPMOOKHCHIOBANBHOT necTpykiii [1I'Y 10 B3aemoii 3 BOMTHUM pO34MHOM cyibdary

M1l
Cragii BeH:‘TM;iaﬁZH‘ T, Ty Tyares °C Am, % Eqyy KkQI1/MOTS
I 40 30-130 80 2,02 14,7
80 30-130 80 2,04 15,0
I 40 130-235 190 12,46 80,7
80 130-250 190 16,12 62,9
I 40 235-310 250 23,94 54,5
80 160-310 250 35,50 36,3
Tabmus 4. XapakTeprucTHKA TEPMOOKHCHIOBANBHOT necTpykiii [1I'Y micist B3aeMoii 3 BOJHAM pO3UHMHOM CYITB(aTy
Mifi
Cramii M;E?g(i?[&cm To— Ty Thaxe, °C Am, % E, v, KKQI/MOJIB
I 40 30-130 70 18,44 17,00
80 30-115 70 3,82 16,11
1 40 150-220 190 26,30 33,35
80 140-210 185 21,32 56,20

aMiJIHUX TPyH Y KOMIIJIEKCOyTBOPEHHI 3 10HAMHU METaly.

3riHO 3 OTPUMAHUMU PE3yIIETaTaMHt, XapaKTep KOMII-
JICKCOYTBOPEHHSI 10HIB TBOBAJICHTHOT MiJli Y KCAHTaHi Ta
[I'Y npu quHaMivHIKA copOIiT BiAPI3HAETHCS Bl KOMILIEK-
COYTBOPEHHSI B IIUX CHCTEMax 32 YMOB CTaTUYHOT COpOIIii
(ToOTO IpH X TPUBAIOMY EKCIIOHYBaHHI Y BOJHOMY PO3-
YHHI COJII METaIy), e CIOCTEPIraoch yTBOPEHHS KOMII-
JIEKCIB MeTaIly XeJIaTHOI OyJJOBH 3 ITapaMeTpaMH CIIEKTPIB
EIIP, xapakTepHUMU Uil T’ SITH-KOOPJIMHOBAHUX 10HIB
mimi [13].

MeTto1oM TepMOrpaBiMETpii TOCHIHKEHO BIUTUB HasIB-
HocTi ioHiB Miai y [1I'Y Ha TepMOOKHCHIOBAJILHY IECTPYK-
LI1I0 CUCTEMH.

Ha puc. 2 1 3 naBeneni xpusi TT, JITT i JITA 6e3me-
TanbHUX Ta MigsBMicHuX [TV BiamoBigHO.

B tabn. 3. HaBeseHi TeMIiepaTypHi iHTEpBaJH CTaIii
PO3KJIajy, BTpara MacH 3pa3ka Ha MOMEHT JIOCSATHEHHS
TEMIIEPaTypPH, IO BiAMOBIa€ MAKCUMATBbHINA MIBUIKOCTI
PO3KIIay Ha cTail, Ta BiIOBIIHI M pO3paxoBaHi 3HaUEH-
Hs1 eHeprii aktuBauii 1ist 6e3meransHux [1T'Y. B Tadn. 4
HaBEJICHO Ti K XapaKTEePUCTHKH 11t MeTanoBMicHuX [1T7Y.

Puc. 4 intoctpye 3minn B kpuBux JJTT [1I'Y-40, Buknu-
KaHi HassBHICTIO 10HIB M.

3 HaBeneHux Ha puc. 2 kpusux TTA ms Buxipaux [T'Y
PI3HOTO CKJIa1y BUIHO, IO JUISl TEPMOOKHCHIOBAJIBHOI J1e-
ctpykiii [TT'Y MOoXkHA BUUTHTH YOTHPH CTaIIl:

[Mepia, HU3BKOTEMIIEPATYpPHA CTA/1isl B IHTEpBAIl TEM-
nepatyp 30—100 °C 3 MaKCHMATEHORO IIBUKICTIO PO3KJIA-
ny 3a 70 °C B enioTepMiuHii ooacti Ha kpusiii JI TA, Bifmo-
BiJIa€ BUJICHHIO COPOOBAHOT BOJIOTH.

Jpyra cranis B iHTepBani Temnepatyp 140-210 °C 3
MaKCHMaJIbHOIO IBUJIKICTIO po3kiiany 3a 190 °C, i, sk npa-
BUWJIO, BITHOCSITH JI0 IEPETBOPEHHS 3 yPETaHOBUMHU TpyIIa-
Mu. Ha 1iit cranii Takoxx Moxe Bi1OyBaTHCS pO3KIIa] O10-
koBanoro 1111, 1o y3romkyeThses 3 miABUIIEHHSM iHTEH-
CUBHOCTI w1i€l crazii 31 30inbmennsm Kinbkocti ITI1] y

cuctemi. Brpara macu Ha 11ili cTa1iif KOPEIIO€ 3 YACTKOIO
i3011iaHaTy B CHCTEMI.

Tpers cranis B inTepaii temneparyp 210-300 °C 3 max-
CHMAaJTFHOIO IIBUJIKICTIO po3kitamy 3a 250 °C Moxe cBimun-
TH TIPO MPOIIECH JIeTiIpaTartii IIFOKOIipaHO3HIX KiJIeIb 1
TePMOOKHCHIOBAIbHY NECTPYKIiI0 aMigHuUX rpym. 3i
301TBIIIEHHSIM YaCTKH OJIOKYIOYOTO areHTa B CHCTEMI TeM-
nmepaTypHUll iHTepBai 1i€i cramii po3muproeTses (1o,
srigao 3 maHumu [TIX, Moke BiIMOBiIaTH 3pOCTAHHIO
KUTbKOCTI roMosioris [TA).

YeTBepTy BUCOKOTEMIIEPATYPHY CTAIiI0 B IUPOKOMY
irTepBaini Temneparyp 300-700 °C, ska CynpoBOKY€ETHCS
IHTEHCHBHIM TETUIOBUILICHHAM, Hal9acTiIlIe OB’ SI3YIOTh
3 BUTOPaHHSM BYIJICLIEBOTO CKEJeTa Ta CKIIaJHUMH IIPO-
[[eCaMH ACCTPYKIIii IoJricaxapuIHOi YaCTHHH.

Sx BuzaHO 3 puc. 2 i 3 Ta narux Tadum. 3 i 4, xapaktep
TePMOOKHCHIOBANBHOI HecTpykiii IV, mo mMicTaTh ioHn

48 1
40
—
=
=
324 27 1
T T T 1
0 300 600 900
I,°C
Puc. 4. Kpusi ATI Oe3smeransHoro (/) i

metanioBMmicHoro [11'Y-40 (2)
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KyTpyMY, iICTOTHO BiZIpi3HSETHCS Bl TEPMOOKHCHIOBAIIb-
HOT tectpykuii 6e3meTanphux [1I'Y.

HasBHicts ioniB mini y I1I'Y nposiBisieTbest B iCTOTHO-
MY Mepepo3oili iIHTEHCUBHOCTEH CTa/lil, OB’ 13aHOMY
SIK 13 BIUINBOM KOMIIJICKCOYTBOPEHHSI i0Ha METay B Mar-
puwi [I'Y, Tak i 31 3MiHOIO XIMIYHHUX ITPOIIECIB Y CUCTEMI,
110 MICTHTh KaTaJIITHYHO aKTUBHI KOMIUIEKCH MiJi.

Bruus MeTtaity Ha cTa/1ifo BUTAJICHHS BOJIOTH 3aJIEKHTh
Bz ckiaamy [1T'Y. B GutbIiocTi BUMaKiB E_ BuianeHns oy
JUTSI METAJIOBMICHHMX CHCTEM 3pOCTa€ B MOPIBHSHHI 3 BUXiJI-
HHUMU 1 CIIOCTEPIracThecsl SMEHIIICHHS BTPATH MacH Ha I
crajii. Take yTpyaHEHHS BUIaJICHHS BOJIOTH MOXe OyTH
HACJTIJIKOM YTBOPEHHS aKBaiOHIB KyIIpyMy 3a y4acTi BOJIH,
10 MICTHTBCS y nonmicaxapuanii komroneHti I1I'Y. Lle
NPUITYIEHHS Y3TOKYEThCS 3 JaHUMH JJOCIIIJDKEHHS B3a€-
MOJIi1 KCaHTaHy 3 BOJAHUMH PO3YMHAMHM COJICH METaliB
METO/IOM KBa3iNpYKHOTO PO3CIIOBaHHS TETJIOBUX HEWT-
powis [13].

[Ticast copOii i0HIB MeTaay 3HAYHO 3POCTAE IHTCH-
CHBHICTB Apyroi cTafii po3kiany [1I'Y 3 makcuManbHOO
NIBUJIKICTIO BTPaTH MacH 3a temmeparypu 180-195 °C,
BHACIIIIOK KaTaJIITHYHOT aKTUBAIlii ypETaHOBHX 3B’ SI3KiB
KoMIIIeKkcamMu Mifi. [{[boMy BiqmoBinae 3Ha4HE 3MEHIICH-
Ha E__ po3kiafy Ha il crazii (Tadm. 4).

3 maBeneHux kpuBux TTA mns migeemicaux [TV
BUJHO Takox, 1o III cramis po3knany, xapakrepHa JUist
6e3meranpuux [1I'Y, BincyTHs. TemneparypHuii iHTepBan
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BucHoBku.

Orxe, IOCITPKEHHSI BIUTMBY HasIBHOCTI 10HIB JIBOBAJICHT-
HOI MiJli Ha XapaKTEePUCTUKU TEPMOOKHCHIOBAJILHOT JIeCT-
pykuii I1I'Y Ha ocHOBI MIKpoOHOTO eK30Ioicaxapuay
KCaHTaHy Ta OJIOKOBAHOTO IOJIii301iaHaTy 3 pi3HUM PO3-
PaxyHKOBUM CTYIEHEM 3aMilIeHHS TIPOKCHIBHUX TPy
noJricaxapuy moKasajo, 10 HasBHICTh 10HIB METaJliB y
[I'Y BUKIIMKAE ICTOTHUH TIEPEPO3ITOILT IHTEHCUBHOCTEH
CTaJiil, OB’ I3aHUH 5K 3 BIUIMBOM KOMILIEKCOYTBOPEHHS
ioHa metaity B Matpui [1I'Y, Tax i 31 3MiHOIO XiIMIYHHX IPO-
I[ECIB Y CHCTEMI, [0 MICTUTh KaTAJIITHYHO aKTUBHI KOMII-
JIEKCH MiJi.

3MCHIIICHHS MIBUIKOCTI BTPATH MaCH Ta BIAMOBITHE
3pOCTaHHS BEJIMYMHU CHEpPrii akThBaIlii Ha | cTajii MoxkHa
TIOB’sI3aTH 3 BILTUBOM YTBOPEHHS aKBalOHIB MiJli Ha yTpH-
MYBaHHSI BOJIOTY TIOJTiCaXapHIOM.

3HayHe 30UIbIICHHS iHTeHCUBHOCTI 11 cTamil BTpaTu
MacH Ta BijicyTHicTh nposiy 111 cTazii MoxxHa oB’s13aTH 3
AKTHBAIII€I0 3B’ I3KIB YPETAaHOBHX I'PYI XEJIATHUMH KOMII-
JIEKCaMH MiJli Ta 3MIHOIO XiMIYHOT'O CKJIa/Ty TIPOJTYKTiB JIeCT-
PpyKuii Ha i crapii. [{poMy BinoBinae 3MeHIIIEHHS eHepril
aKTHBAlii po3kiany B iHTepBaii temmneparyp 140-230 °C,
XapaxkTepHoMy AJis gecTpykuii yperanosux rpyn (II cra-
JTisT) 32 HASIBHOCTI 10HIB METAUTY.
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H.B. Kozax, K.C. lizerko, ['M. Hectepenko, B.B. Kirernko

Biausinue MOHOB MeaM Ha XapaKTECPUCTUKHU TepMOOKHCJIHTeJILHOﬁ ACCTPYKIINH
NOJUTITHKAHYPETAHOB Ha OCHOBE€ KCaHTaHa W MNOJUHU3O0IMHaHATA
6JIOKI/IpOBaHHOFO KanpoJjJdaKkraMoM

H.B. Ko3zak, K.C. /Jludoenxo, .M. Hecmepenko, B.B. Knenko

WHCTUTYT XUMHIH BEICOKOMONEKYIISIpHBIX coequHenuit HAH Vipaunst
48, XapbkoBckoe 1mocce, Kues, 02160, Ykpanna

ﬂ]l}l NnoJaUSNIOKAHYpemaHoe Ha OCHO6e MMKpO6H020 3K30n0ﬂucaxapu0a KcaHnmawua, cuiunmozco
6]ZOK1/lpO6aHHbZM noauuzoyuananiom, uccnedo8ano xapakmep 683aUMOO0CUCMBUST C UOHAMU Medu,
cop6up06anbmu U3 80OHBIX pacmeopoes, a mdakxkodce e6iuslHue npucymcmeusl UoOHoe memaila Ha
mepmuveckue ceoticmea. Memooom INEKMPOHHO20 napamacHumHnoco pe3oHanca ycnmaHoe61€eHo, 4mo
ydepofcueaﬁue UOHOB nepexodﬂbzx memanios nojaucirtoKanypemanamu npoucxodum ecredcmeue
06pa306anuﬂ KOMNJIEKCO8 XenamHoco CmpoeHusl. Memooom mepmoezpasumempuiecKkoeo avaiusa
noKasawvo, 4mo npucymcmeue UOHO6 meou 6 noauenioKkaHypemanax npu@odum K cywyecmeernHomy
nepepacnpedeﬂenwo UHMEHCUBHOCMEU CMaoull Pas3lodcerus, Komopoe Ce65A3aH0 KAK C 6IUSIHUeM
KOMI’UZeKCOO6pa3’OGaHM}Z UOHa memajiia 6 mampuye noaucjiroKanypemanos, maKk U ¢ U3MeHeHuem
XUMUYECKUX npoYeccos 6 cucmeme, komopas COO@prCMm Kamanumuyecku akmugHble KOMNIEKCbl MeOuU.

KiawuyeBble ciioBa: MOJIUTJIIOKAaHYpE€TaHbl, TUHaAMUYCCKasd COp6HI/I$I, XCJIAaTHBIC KOMIIJIICKCBI MOHOB MC/IHU,
TCPMOOKUCIUTECIIbHAA NCCTPYKIUA, SHCPT U aKTUBAIIUU.

The influence of copper ion on thermooxidative destruction characteristics of
polyglucaneurethane based on xanthan and caprolactame blocked
polyisocyanate

N. Kozak, K. Didenko, H. Nesterenko, B. Klepko

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

The character of polyglucaneurethane interaction with copper ions sorbed from water solution as
well as metal ion influence on thermal properties were investigated for polyglucaneurethane based on
microbial exopolysaccharide xanthan crosslinked with blocked polyisocyanate. In obedience to
electronic paramagnetic resonance method, it was established that, polyglucaneurethane retention
of heavy metal ion occurs due to the formation of chelate complexes. According to the results of
thermogravimetric analysis, it was shown, that the introduction of copper ions into the system leads to
the significant redistribution of the decomposition stage, what is related both to the influence of metal
ion complex formation in polyglucaneurethane matrix and to chemical processes changes in the
system with catalytically active copper ion complexes.

Key words: polyglucaneurethane, dynamic sorption, copper ion chelates, thermooxydative destruction, activation

energy.
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