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HAVYHBIE CTATBH I'mapomeTeopo.Iorua H 3K0.I0THS
Ne 4 2017

VIK 544.46:665.75:662.7
I.P. Heicandacsa
K.K. Kyaafioeprenos :
I.O. Typemosa !

E.K. Onrapoacs !
3.A. Mancypos 1.2

IIPHMEHEHHE TEPMOIPA®EHHTA 114 THKBH TATTHH
PA3/THBOB HE®TH

Krwdegsie ¢1o6a: HeTecopOSHT. TepMorpad)eHHT. aacopOnHi., Hedre-
IOTTIOMIEHHE, PeareHTHBIH cocTaB, peppoMarHuT

Paceviompera sozvoxcHocs NPUMEHEHIA mMepMozpageruma e
kavecmee Hegmecopoenma. Bl ucc1edosansl 00oNoz1aiaemMocis,
HACBINHAA NIOMHOCHb, NIAEVHECHb, COPONOHHAA EMKOCHIL U SUOPO-
pooHOoCIb lichoab3Verozo Hegpmecopoerma. Taxxce ovinn onpedeneHsi
UASHUMHBIE ceolicmea mepuozpagenuma.

Beegennme. YHHKATpHOS COYSTaHHE 3IKCIIIYATallHOHHBIX CBOHCTB Tep-
MopacmupeHHoro rpadura (TPIN), TakuX Kak IMHPOKHI IMANa30H PadOUHX
TeMIEpaTyp, BBICOKAA XHMHUECKAA CTOHKOCTD, Upe3BbIYaiiHO HH3KAA HACBIIHAA
II0THOCTD, a4 TAaKKe 007Iee pa3BHTAA NOBEPXHOCTH CIIOCODCTBYIOT HCIIOTB30BA-
HHID 3TOT0 MAaTepHala B KauecTBE COpPOSHTA., B YaCTHOCTH, A1A4 OYHCTIKH IIO-
BEPXHOCTHEIX H CTOYHEIX BOI OT HedTH. OOINEH3BECTHO., UTO 3TO OJHA H3 Kap-
IHHATBHEIX MPOOIEM OXPAHBl OKPY:KAOIeil cpeldsl. MOCKOTBKY HedTh H Hed-
TENpPOIVETEl HAHOCAT KOJIOCCATBHEIN ypoH omocdepe [4]. Kartactpodnueckux
PAa3MepoB IOCTHITIO 3aTPA3HEHHE OKEaHA, B Hero nomagaeT 30 MmH. T HedTH B
roa. Iltomane HedTAHOH NISHKH HA MOBEPXHOCTH COCTAaBNAeT /5 miomann
oxeana. HedTAHAA IIeHKA B TAKHX pazMepax o4eHB omacHA. OHA HApyIIaeT ra-
30- H BIATO0OMEH MexTy atMocdepoil H ruapocdepoil, YyTHETAET Pa3BHTHE
JKM3HH, OCOOCHHO IUIAHKTOHA. HamOonee 3 (SKTHBHBEIC CIOCOOBI OYHCTKH
BETIOUAIOT PABHOMEpHOE HAHECEHHe HA He()TAHOE MATHO COPOHPYIOMIErO Be-
IIeCTBA, BIHTHIBAIOMIETO He(pTh HIH He(TeIPOIYKTEL ¢ MOCISIVEOIINM H3BIE-
yeHHeM NOIy4eHHOIO IITacTa ¢ BOJHOH IIOBEPXHOCTH MEXaHHYSCKHMH CpelcT-

Bamu [1. 3]. HemocTaTkaMu H3BECTHEIX COPOLHMOHHBIX CIIOCO0O0E OUHCTKH BOI-

1 -
KasHY nM. ane-Papaon, Anmatel. Kazaxeran:
2 - ~
“ MucTHTYT npodaem ropernd. Aavarel, Kasaxceran
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HOI MOBEPXHOCTH OT He(PTENPOIYKTOB ABIASTCA: HCIOIB30BAHNE Je(OHIINTHBIX
MaTepHATI0B (IpeBECHHBI, OMHIOK., aKTHBHPOBAHHOIO YIUIA): HEOOXOOHMOCTB
00padoTKH CcOpOCHTOB IHAPOGOOHBIMH PEeareHTAMH; PErCHEPalHd COPOCHTOB
AKTHBHpPOBaHHEIM yraeM [2. 5, 8]. xoTopas ABIAeTCA CHOMHBIM, MHOTOCTAINI-
HBIM H JOPOTOCTOAIIHM TEXHOIOTHYECKHM IPOLECCOM.

Ierpro HacTOAmEro HCCISIOBAHHA ABIASTCA pPa3padOTKa HOBOLO
s derTHBHOrO peareHTa HefiTpaIH3alHH MOCTENCTBHH aBapHil. CBA3AHHEIX ¢
pasTHBaMH He()TH HAa IIOBEPXHOCTH BOIBI M pa3padOTKa HHHOBAIIHOHHOTO
TeXHOIOTHYECKOI 0 IOAX0Ia, O3BOIAIINET0 3HAYHTEIBHO YCOBEPIIEHCTBOBATD
CYIMIECTBYOIIYE TEXHOIOTHE KOHTPOIHPYEMOr0 BEIKHTAHHA He(TH.

JKcHepHMeHTAAbHAS 9acTb. B KadecTBe peareHTHOIO COCTaBa HC-
OTB30BATH MPHPOIHBIH YeImyHUaThIil IpaduT UeIA0HHCKOTO MECTOPOKICHHA
mapru I'JI-1 xpymaOcTRE0 0.4...0.8 MM (TOCT 5279-74). BCOVUMBAKINHI aTEHT
— mecTHBOIHEIH XTopHT xenesa [FeCls-6H;0] 1 HEHUHHPVEIOINHI areHT — Me-
TAaLTHYeCKHI MarHui. YcpeIHeHHe KOMIIOHEHTOB peareHTHOIO cocTaBa ocCy-
MISCTBIANH HX IepeMENIHBAHHEM ¢ HCIOIb30BaHHEM J1a00paTOPHOIO CMECHTE-
1a MPW-309. [l1a usydenna coponnosHoH cnocooHoeTH TPI T HenmoapsoBann
Kapaxandackyro Hed1b, BMeromyto mioTHoets npu 20 °C 0,937 ¢ or.

CriocodHOCTE aIcOPOIHHE He(TH OBLTA ONPEISIcHA ¢ HCIOIb30BAHHEM
JAETKO BOCIPOH3BOAMMOH H TerK0 NpHMEeHHMOH NOpoueaypel. lr ooOpasma.
MOMEINEHHOIO B YIAKOBKY H3 IOIHIPONHISHOBOH TKaHH TodmmHOH 0.1 M.
OBLT ONyINeH B TAxeTyH HedTs Ha 30 MuH 0e3 mepeMemmnsanud. Pasmep
ynakoBkH cocTaBHa1 70x80 mm. OOBeMHas NIIOTHOCTE TKAHH COCTABHIIA
0.20 rlext’. IHAMETP DOIHNpOnHIeHOBOro BorokHa 20 vy, [Toaunpomienoras
TKAHB ¢ aZCOPOHPOBAHHON He)TBEO 3aTeM OBLTAa moxBemmeHa Ha 10 mun, mug
CTEKAHHA H3OBITOUHON HedTu. BBIT H3MepeH Bec ancopOupoBaHHON HedTH MpH
MIOMOINH MOIHIPOIHISHOBOH TKAHH ¢ H 0€3 00pa3la H Pa3sHOCTE MEXIY IBYMA
BECOBBIMH MAaccaMH OBLTA B3ATA KaK KOIHYECTBO AICOpPOHPOBAaHHOI HedTH Ha
1 r oopasue. Hedremormomenne onpeaearoT 0o GopMyIe:

H=(M,-M,)-1.
rae H — medrenoriomenne copbenta. r HedTw't copdenta: M ; — Macca
HG.IHHPOHIIJEHGBGﬁ TEaHH © DEIPH'SL'[G.\I. r. ﬂffﬂ — Macca HGJIIH]JDIH&JEHDBDﬁ

TKaHH 03 oOpasna. I.
BogonoriomeHnne HedTecopOeHTa — KOMHYSCTBO BOOEI B IPaMMAaX.
COpPOHPYeMOIl OIHHM IPAMMOM He(TecOpOSHTa OBLIO ONpeleIeHO IO CAeIVio-

mel MeTomHke. 1 1 HCCICIVEMOT O HE@TECDP@EHTH CIINTOIMHBIM CITOSM HAHOCHT
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HAa [OBEpPXHOCTH BOIbl. Yepes 20 MuHYT HedTecopOeHT COOHPawT <
MOBEPXHOCTH BOJEI H ONPEIeIAKT BECOBBIM METOIOM MACCY BOIBI, COOpPAaHHOI
1 r HedTecopOeHTa (BOIOMOIIOMICHHS ) IO (hOPMyIIE:

B= (Vﬂ?‘ - VHfm )peﬂé:&.: =M M

X wow | Y hmy e
rae B — BojomoriomeHHe HedTecopOeHTa, I BOIBLT HedTecopdenta: V,, —

HAUATBHBIT 00BEM NPOOEI BOILL MI: V, , — KOHeUHBIH 00beM IPOOEI BOIBL. MI:

Lo — IIOTHOCTD BOOBI O, .. = 1 r/mm: M, — HagadpHaa Macca IIPoOBI Bo-

ael. r: M, , — KoHe4YHaA Macca IPOOBI BOIBL. I.

MHorouyncneHHBIE 3KCIEPHMEHTHI NPHMEHEHHA pPeareHTHOIO COCTaBa
MOKA3BIBAFOT. YTO BBIKHTAHHE MOXKHO IPOH3BOIHTER IIPH TOTIIHHE ILICHKH
MeHBIIEH, geM 3 M. IIpH 3ToM CcOpPOSHT OIHHAKOBO PadOTAET KaK B COICHOH.
TaK H OpecHOH BOJe. B YCIOBHAX HH3KHX TeMIepaTyp H BHEINHHX BO3IeHCTBHH.
[TepBOoHAYATBHO HAa BOJHYIO NMOBEPXHOCTH PAa3THBASTCA HedTAHOH cioi Toid-
muHoH 0.5...1.0 MmM. Ha ero nopepxHocTh pacOblIdAeTca HEOOIBIIOE KOIHYSCT-
BO JIETKOBOCIUIAMEHAOINEHCA HHIKOCTH. HANPHMEp. OSH3HH, IIOCTIE Uero Ipo-
H3BOIHTCA Momker. Jalee Ha TopAINHi cIoH HedTH pacchlacTcd HCCISIye-
MBIH peareHTHBIH cOCTaB. Ero MOMKHO PAcCHIIATE H 10 BBLKHIAHHA PAa3IHTOH
HedTH. B nponecce ropeHnA He(TH 00pa3yeTca TePMOpPACIIHPEHHEIH rpaduT 1
Yepe3 HECKOIBKO MHHYT NPOHCXOIHT IIOJHAA AJCOPOUHA HeGTEHPOIVKIA.
Cxema ITaHHOIO Ipollecca IIOKa3saHa Ha pHc. 1. B HenbITaHHAX yYacTBOBATH
2 copoenTa: TPT'-1 (20 % I'padutr + 70 % [FeCly6H,0] + 10 % marmmii) u
TPT-2 (30 % I'padut + 70 % Zn(NO3);'6H20). SxcnepHMeHTH NPOBOIHIHCH
Ha MOBEPXHOCTH peku Celpaapea mod HaomwacHHeM 3kodora TOO «Tumyp
Company». [asHBIH (H3HKO-XHMHUSCKHH CHOCO0 IHKBHIAIHH HE(QTAHBIX
PAa3IHBOB NPOINET AalPOOAIlHE0 H [0 3K0I0IHYecKOH 3KCIIEpTH3E Oe3BpeacH 1A
oKpy:karomeil cpexsl. Kak BHIHO Ha pHc. 1, mocnoe BBITOpaHHA HE(TH OCTAB-
ITHIICA COPOEHT HE TEPAST CBOHX ILTABYYHX CBOHCTB H YISpPXKHBASTCA Ha IO-
BEPXHOCTH BOIBI (38 CUYeT a0COMIOTHONH IHAPodOOHOCTH H OYeHb HH3KOH Ha-
CBINHOMH IITOTHOCTH H BBICOKOH COPOLIHOHHOIN €MKOCTH) IO MOMEHTA €ro coopa
H OTXHMA He(TH.

PesvabTaThl I 0bcYy:AIeHHA. Pe3yIbTaTEl ATCOpOUNH HedTH cOpOcH-
tanmu TPI-1 u TPl -2 opuBeacHs! 5 Ta01. 1.

Cepus 3KCIIEpHMEHTOB MOKa3ana, 4To copoent 1PI-2 menee sdderTu-
BeH. ueM copdeHT TPI-1. Bo-nepBIX, Npolece cOpOUHH HedTENpoIyKTa cop-
ocHETOM [PI-2 Tpedyer OOmbmie BPeMeHH. HOopAnka 35 MuEVI. Bo-BTOpHBIX,
4acThk copoenTa TPl -2 ToHeT, a 3To ImpeanoaaraeT 00IbIIOH pacxod HCXOIHOIO
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ceIpbA. B mponecce uenpiTagua oopasua TPI-1 Ob110 mokasaHo. 9TO €ro HaHe-

CEHHE Ha CIOH Hed)TH MI'HOBCHHO 6FIOKpr€T €€ JaTbHeHImee PacICKaHHC IIO

BOJHOH MOBepXHOCTH. Kpome TOro, mpomecc COpOIHH 3aHHMAET HECKOIBKO

MHHYVT H Ha [IOBE€PXHOCTH BOIbI HC OCTAKOTCA KHPHBIC He(bTﬂHbIC CIICOBbI.

W,

Puc. 1. Hlenoaw3osarie mepasocpagenuma 6 npoMuliIeHHbIX VCI108UAX ONA
AUKEUOAYUU PA3TUEOE HEGMIL.

Taoauna 1

PesyapTathl npoBeaeHNA agcopounu Hed T copoerTamu TPI-1 u TPI-2

. KoauuectBO KomuuectBO

. KoauuectBO & i

CopoenT | Tun HedTH = MIOTIOINEHHOM MIOTIOIICHHOH
COpOeHTA. T
HeDTH. T BOJBL T

TPT-1 Kymxoas 10 560 3
TPT-1 Kamamxkac 10 530 3
TPI-2 Kymxoas 10 512 -
TPT-2 Kamamxkac 10 502 3

Jazee OBLIH NPOBEISHB! PACIIHPEHHBIC HCIIBITAHHA B Ta0OPAaTOPHBIX yC-

JOBHAX C ISIBI0 YCTAHOBICHHA MEXaHHM3Ma aKTHBAIlHH HCCICIYEMOIO pearcHI-
HOT'O COCTaBa Ha IpaHHIIe pa3aena (a3 «TBepaad MOBEPXHOCTD peareHTa — BO3AYX
— Boxa - HedrTAHaA MiIcHKa» [6]. I3BecTHO. UTO mpouece MOIYYSHHA

TepMorpadeHHuTA

IIPOHCXOIHNT

pe3yIpTaTe

TEPMOOOPAOOTKH

HHTEPKATHPOBAHHOTO IpadHTa 3a CUST 00Pa30BAHHA Ia3000Pa3HBIX MIPOIYKTOB.

BCICOCTBHC UCTO MCEXKIY Fpa(bPITOBbI.\IH CJI0AMH BO3HHKAacT BHYTPHCIOCBOC
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IaBICHHE H rasolapoBad (asa BBIXOOHT H3 rpadHToBoil Marpume! [7]. TaxmM
00pa3oM, NPOHCXOIHT PAa3phlB H MOIBIKKA I'PAa(HTOBBIX CIOEB BILIOTE IO
00pa30BaHHA NICHONONOOHOH CIPYKTYphl. B JasdHOM HecleJoBaHHH TepMoIpa-
GeHHT MOTYYATH IIYTeM MEXAHHYSCKOTO CMEINHBAHHA IIOPOMIKA HCXOIHOTO
rpauTa O BCICHHBAOIINM areHTOM — KPHCTATLTIOTHAPATOM XIOPHIA keaesa. B
pPe3yIETaTe BO3IOCHCTBHA TepMOYIApoM Ha MOTYUSHHBIH PEarcHTHBIH COCTAB
IMPOHCXOIHT MPOLEce PasIOKCHHA KPHCTALIOTHAPATa XIOPHIA XKelIe3a, ¢ odpa-
30BaHHEM AKTHBHBEIX YAaCTHII, BCTYIAIINX B XHMHUeCKHE PEaKIIHH ¢ IpadHTOM.
VrasaHHBIE AKTHBHBEIE YACTHIB! BBICTYIIAIOT B POTH OKHCIHTETA MATPHIIEI
rpaHTa M IOCTABIIHKA YACTHII — HHTEPKAIAHTOB. Jlanee HHTePKATHPOBAHHEIN
rpadut npu ropesnn Hedtu (800...1200 °C) B TeucHue 5...10 MuHYT BeneHuEa-
eTcA. Beck nponece axtuBanmy saguMacT oT 10 1o 20 ymuayT. OgHOBpeMeHHO O
BCIICHHBAaHHEM PEarcHTHOIO ¢OCTAaBa IPOHCXOIHT BBLISISHHE YacTHI a3po30idA
OKCHIA METATIA, YACTh H3 KOTOPOr0O YHOCHTCA OTXOIANIHMH raszaMu. OcTasman-
¢A HacTh OKCHIA METalla PABHOMEPHO PAcHpelcIASTCA 10 MOBSPXHOCTH HAaCTHII
BCIIEHEHHOIO IpadHTa, 3a CUYeT Yero OO0SCIEYHBAKOTCA €I0 (eppOMarHHTHBIE
ceofictBa (pme. 2). MHEKpPOCTPYKTIYpa H MHKPOAHATH3 OOpa3sLOB OBLIH
HCCIEI0BAHB! HA CKAHHPYIOIEM ISKTPoHHOM MHEpockone (C3M) Quanta 3D
2001 (CILIA) 8 yexopenHoM HanpmzeHud 20 kB u zaszenmmnn 0,003 ITa. Ti=
HCCISIOBAHHE 00paslel 3akpelIAIH Ha MEIHOM JSp:kaTlelle ¢ [TOMOINBIO
NPOBOIAIIET0 KIed HIH CKOTUA. DHEINHHI BHI 00pa3slNoB H3YYAICA TaKKe
onTHYeCKHM UHGpPoBEIM MHEpockomoM Leica DM 6000 M ¢ apyma pemmMaMu
OCBEIIICHHA — «HA NPOCBET» H «Ha OTpaKeHHe». B peXHMe «Ha OTpaKeHHE»

HCIIOIB3OBAJIHCE METOIHEM CECT/IIONO H TSMHOIO IIOJIA.

Puic. 2. C3M enumru mepimozpagenuma NOTVHEHHO20 U3 PeaseHMH o0
cocmaea 20 % zpagpum + 70 % [FeCl; 6H-0] + 10 % smazruil.
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B paboTe OBLTH OmpeIeTeHBI MATHHTHBIE CBOHCTBA TepMOTpadeHHTA.
II3BecTHO. YTO MATHHTHBIC CBOHCTBA BEINECTBA XapaKTCPH3YIOTCA MarHHTHOM
npoHunaeMocTsio. [[14 ee ompedelcHHA HCMoab3oBadcad Qeppomerp P-5063.
Pe3yapTaThl Hecne10BAHHA NMPeacTaBIcHB! Ha pHuc. 3. OcHOBHBIE MPOIECCHl 00-
pazoBaHHA TepMorpadeHHTa B o00paslle HAYHHAKICA IIPH TeMIepaTypax
600...850 °C. Haunnaa ¢ ompelelcHHOH KPHTHYSCKOH TEMIEpPATypel H IPH
cootHomeHnu C:FeClz6H;0 = 20:80 HaunnHaeTcA mepexon xeaesa u3 deppH-
MarHHTHOTO COCTOAHHA B MNapaMarHHTHOe. B IHamasoHe TeMIOepaTyp
600...700 °C marHHTHAA OPOHHIAEMOCTH OOpasla IalacT, a B IHANA30HE
700...850 °C ocTaeTcA MNOCTOAHHOH, HTO MOXKHO OOBACHHTBD IOCTATOHHOI
KOHICHTpAaIHeH eppHMarHHTHEIX YACTHII B 00Pa30BaHHOM TepMorpadeHHTe.
II3BecTHO, 4TO WeM BBINIE MATHHTHAA BOCIHPHHMYHBOCTB., TEM BBIIIE KOHIICH-

TPAaUHA CBOOOIHBIX PAIHKAIOB, COISPIKAIIHXCA B 00pasIIe.

L OTH.2J
25
20
15 | N N i
- -1 & - -3
10 1 1 1 1 1 1 1 1
400 500 600 700 800 900 1000 1100 1200 T*C

Pue. 3. 3asucuriocns MasHUMAOL NPOHUIAEMOCTIN PEASeHINHOZ0 COCINASA OM
MeMNEPanypbl 20PeHA Ha ZpaHiile pazoena gas meepoai NHoeepxXHOCHb pea-
2eHma — 8030VX — Hepmanaa niesxa — eoda. 1 — C:FeCl;6H>0 = 20:80; 2 —
C:FeCl;6H,0 = 30:70; 3 — C:FeCl;6H,0 = 40:60.

Taxum 0bpa3oM. MATHHTHBIE HCCTIEI0BAHHA BBIABHIH, HTO MIPOLIECC 0O-
pazoBaHHA TepMorpadeHHTa He NPHBOIHT K MOTEPE MArHHTHBIX CBOHCTB 00-
pasloB H 0Opaslbl, COAEPXKAIINE TPpaQHT H KPHCTATIOTHIPAT MPH COOTHOIIE-
muH (30:70 n 40:60). sBo3MoxHO. 0071aJaF0T OTHOCHTETBHO BBICOKHMH 3HaUe-
HHAMH yICIbHOH HAaMAarHHICHHOCTH.

[TommMo 3TOro. OBLTH HCCIENOBAHBI TAKHE CBOHCTIBA CHHTS3HPOBAHHO-
ro TepMmorpadeHHTa Kak THIpO(OOHOCTE H COPOLHOHHAA €MKOCTB. lak, Ha
puc. 4 cpaBruBaeTcAa miaByuecte 1P cocrasa 20% rpajmur +
70 % [FeCl3-6H;0] + 10 % marsus W miaBy4ecTs IPHPOIHOTO IPadHTa MapKH
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['JI-1 mocae copounn Hedtu. [Tnasyuects TPIT coctaBager 90 % mocae copo-
nuu HedtH. ITocae 4-x aHell HenbITaHHE cHHTe3HpoBaHHOro TPIT Ha aHO cTa-
KaHa ¢ Bojoii omyctunock 10 % rpaxya ¢ copoupoBanHoil HedThIO (pHC. 40). B
TO BpeMA KaK I'PaHyIbl IPHPOIHBIT IpadhHTa ¢ COPOHPOBAHHON He(DTHIO MOTHO-
CTBIO ONMYCTHIHCH Ha JHO cTakaHa (pHc. 4a). CTOIp BBICOKAA CTEICHD IITaByYe-
ctu TPI” cBA3aHA ¢ BBICOKOI rHAPOGOOHOCTBIO €I0 IOBEPXHOCTH H CTPYKTYPOIl
(Bo3xyxX. comep:xamuiica B NOpaxX TePMOPACIIHPEHHOIO rpadHTa, HE BBITSCHA-
eTcA BOZoiT). B mpomecce ouHCTKH BOOBI COPOHPOBAHHBIE HE(PTEIPOIYKTHI IIO-
BBIMIAIOT THIAPO(OOHOCTh IOBEPXHOCTH, BCICACTBHE UEro ILIABYYECTh ITHX
COpOSHTOB €Ille BO3pacTaeT.

Puc. 4. CpasHenuie niagyuecmi npupoorozo cpagpuma sapxu I71-1 (a) u TPI (o).

Coop HacBIINEHHOIO COPOSHTA ¢ IOBEPXHOCTH BOIBI NMPOH3BOIHICA C
IIOMOIIBIO KOHCTPYKTHBHO HECIOXHOIO OOODPYIOBAHHA. OCHAINEHHOIO 3IEK-
TPOMArHHTOM HIH IOCTOAHHBIM MarHHTOM.

C mensio yIyulISHHA COPONHOHHBIX XapakTepHcTHK TPI. cmHTe3Hpo-
BaHHOIO B IITAMEHH (TIpH TOpeHHH He(TH). OBLTH HCIIOIB30BAHBI ONTHMH3HPO-
BaHHBIE MTHPOTEXHHYECKUE cocTaBhl. C 3TOM IeIpi0 ObLIA HCIIOIb30BaHA OHMHAp-
Hafz cMech npHpoaHoro rpadurta Mapku [JI-1 (Uea1AO0HHCKOTO MECTOPOKICHHA.
T'OCT 5279-74) u KpHUCTALTOTHIPATOB KeI€3a H IHHKA IPH Pa3HBIX COOTHOIIE-
HHAX HCXOIHBIX KOMIIOHESHTOB. IIepBOHAYATBHO A4 MOIYUCHHBIX IIPH TOPEHHH
He(TH BCICHHBAINHXCA TPAQUICOISPKAIINX CMECEH OBLIH PacCUHTAHBI KO3(-

¢bumuenTs! Benenusanna (K ). xoTopsle coctaBuH 5.1...71.2 o Te mslr
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o ~ 3
rpad)HTIa BO BeIeHHBaeMOil cMecH oopasyered oT 5.1 mo 71.2 cM BCIeHeHHOIO

. 3
rpadnTa. [ToTyueHHSIT IPOIYKT HMeeT HachmHyto mw1oTHoeTh 0.01...0.28 ricar.

Bermm ONpeIcICHBl 3aBHCHMOCTII CEOICTE BCOSHSHHOTO l'l]EIEi)HIEI OT OITHMAIbE-

HOTO COOTHOMICHHA PCalcHTHOIO COCTaba, OT TeMIOCpPATypPhl H ITHTCIBHOCTI

BCIIEHHBAHHA (TA01. 2. 3). IKCOepHMeHTHl NPOBOIHIHCE ¢ PEareHTHBIM COCTAa-

BOM 0€3 J00ABTSHHA METALTHUSCKOT O MAarHHA,

Taomumoa 2

3aBHCHMOCTE CBONCTB BCICHEHHOIO rPadHIa OT COCTAaBa cMecH (0e3
100ABNEHHA MATHHA)

Coctas cMecH, Mac. % | Haceinmnas ) . Copounonnas
[l FeCly-6H,0 H.IGIHogIB. K, .ov'r CIIOCOOHOCTE II0
r/eM HedTH. T/T

90 10 0.311 2.1 1.3

80 20 0,280 5.1 2.9

70 30 0.158 8.1 44

60 40 0.079 14.8 7.2

50 50 0.055 25.6 14

40 60 0,026 40.9 24

30 70 0,013 70.0 41

20 80 0.011 71.2 42

10 90 0.050 69.0 43

Taomuoa 3

JABHCHMOCTE CBOHCTE BCIISHEHHOTO Ipa:imm OT TeMIICPATYPRI H ITHTCIBEHOCTH

BCIICHHBAHHA (0e3 T00ABISHHA MATHHA )

Y ¢c10BHA BCISHHBAHHA Haceimaaa Copounon=Has

TEMIIEPATYPa.| LIHTEIBHOCTE. | ILIOTHOCTS. K, . ou CIIOCOOHOCTE

“C MHH r/ex Mo He(TH. I/'T
300 5.00 0.091 15.2 7.2
400 5.00 0.063 26.9 15.1
500 5.00 0.066 25.1 14.7
600 1.00 0.073 234 13.0
700 0.50 0.069 22,9 11.5
800 0.30 0.075 18.2 10.1
900 0.20 0.085 17.1 0.2
800 0.10 0.178 12,5 5.0
800 0.05 0.602 3.2 2.1
500 10.00 0.065 24.1 14.0
500 15.00 0.068 25,5 14.5
800 20.00 0.082 17.5 0.2

B 1a01. 4 nmoxaszaHel pe3yIbTaThl HCCISIOBAHHI COPOLUHOHHBIX CBOHCTB

peareHTHBIX COCTABOB C J00aBIeHHEM H 0€3 100aBIeHHA Mar#HHi. Kak BHIHO,

129



TPT. cHHTe3MPOBAHHEIH NPH TOPeHHH He(TH H3 THPOTSXHHYECKOTO COCTABA
«20 % rpadur + 70 %[FeCl;6H,0] + 10 % wmarHuiln. 001agaeT BBICOKOI
AZICOPOLHOHHON €MKOCTBIO MO He(PTH H HE(PTEMPOIYKTAM. [ITABYYECTHEO, HH3-
KHM BoJonoriomeHHeM. Tak. m1aBydecTts [Pl coctaBmaet 90 %.

Taomuna 4

OcHoBHEIE COPOLNOHHEBIE CBOHCTEA TepMOrpa(eHHTA IPH PA3HBIX YCIOBHAX
TOpeHHA He()TH H COOTHOIIESHHA COCTABA

Bpeya pacnslierne
PEareHTHOIO COCTABa

I

[TnpoTexHHYecKHI cOCTAB

[Trapyuects, %

Boronoriomenie,

Hedreemrocrn, /v

20 % rpadur + 70 % [FeCl3-6H,0] +

10 % marmni mpu ropesnd HedTn 58 0.1 90
20 % rpadur + 80 % [FeCl;6HO]  mpuropesnn medtn 53 0.3 85
30 % rpadur + 70 % Zn(NO3)6H,O npu ropennn vebtn 50 0.2 86
20 % rpadur + 70 % [FeCl;-6H,O] +

10 % maruami 10 ropeHud He)TH 45 0.2 91
20 % rpadwur + 80 % [FeCl;-6H,0] 1o ropesni Heptn 40 0.1 92
30 % rpadurt + 70 % Zn(NO3),6H,O0  noropermamedrn 38 0.4 84

PesyapTatel 3kcOepHMEHTa IIOKAa3alH, YT0 NHPOTEXHHYSCKHI COCTaB
«rpadur + [FeCls6H)O]» ¢ modaB1eHHeM Maraua agcopoupyeT 58 r/r Taxenoi
HedTn u 0.1 ©/r BodsL

C moBRIIEHHEM TEMIEPATyPhl HA0IIOJACTCA ILIABICHHE BCIICHHBAROIIETO
peareHIa ¢ 00pa3oBaHHEM OIHOPOIHOH pPAcILIABICHHOH NY3BIpAINEHCA MAacchl B
BHIe TepMOrpa(eHHTa, Pe3yIbTATEl HCCISIOBAHHA I[IOKA3aHBl B Tadl 5 u 6.
MakcHmanTpHOE BCIyUHBAaHHE HAOTIOOATOCE IPH MOTBHOM COOTHOINESHHH
KOMIIOHSHTOB ¢MecH 0.4 Modp yTaepoda Ha 1 moap comn. TemmepaTypa. mpH
KOTOPOH JOCTHTaeTcd MAKCHMATBHBIN Ko3(Q(QHINEHT BCIyUHBAHHA, 3aBHCHT OT
cocTaBa peareHTa. MakcHMaTbHEIE 3HAUSHHA II0KAasaTeld  BCIydIHBAHMA
cocTaBTAROT 86.2 0M/T 118 peareHTHOro coctasa u3 FeCly6HO u 73.1 eMT a1
Zn(NO3)»6H,O.

Heooxoguyoe KOIHYECTBO BCIEHHBAWONIEIO areHTa IIA OOpPaOOTKH
HexoaHoro rpagmura coctaBaaer 70 % FeCly6H,O + 10 % metamaugeckoro
MarguA (1aom. 5). lcmonp3oBaHHE KPHCTALIOTHIpPATa XIOPHIA KEIe3a B
roaHuecTee MeHee 20 % npuBoant k moxyuennro [Pl ¢ moeemmennoll
HACBIMHOH IITTOTHOCTBIO H ILTOXOI ImpeccyeMocThio. a boaee 80 %, npHBOIHT K

HH3KOMY BBIXOIy TP .
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H3BecTHO, 9TO IpPH TEPMOJSCTPYKIHH PEATSHTHOIO COCTAaBa BO3MOMKHO
00pa30oBaHHE AKTHBHBIX YacTHII, KOTOPBIE MOIYT ABIATBCA NOTESHUHAIBHBIMH
OKHCIHTEAMH H HHTEPKATAHTAMH KPHCTATLIHYSCKOH pemeTkH rpaduta. Ilpn
3TOM BaXXHO. YTOOBI TEMIIEPATYPHBIH IHANA30H T€HEPAHH aKTHBHBIX YacTHII B
OPHCYTCTBHH  rpadura mepekpelBalcd ¢ 00macTeio 3 eKTHBHOrO

BCOVYHBAHHA MOTYVYSHHOIO COSIHHSHHEM HHTSPKATHPOBAHHOIO rpaduTa.
Taomaumoa 5
3aBHCHMOCTE KO3(D(QHIINEHTA BCIEHHBAHHA OT TEMIIEPATYPEI IPH PA3HBIX

COOTHOIIEHHAX CHCTEMEI IIpHpoaHelii rpadgut — FeCl;-6H,0 ¢
J00aBICHHEM MarHHA

20/80, % 30/70. % 40/60, %
T°C K, err T°C K,.or T°C K,. o'
300 41.7 300 31.7 300 228
400 42.8 400 36.8 400 25,6
500 46.7 500 41.7 500 37.7
600 50.8 600 45 600 37.2
700 56.2 700 48 700 48.1
800 75.5 800 69.5 800 48.9
900 80.8 900 79.7 900 69.7
1000 86.2 1000 80 1000 72.5
1100 86.1 1100 80.9 1100 73

Taoauma 6

33aBHCHMOCTE KO3(DHIINESHTA BCISHHBAHHA OT TEMIISPATYPEI IIPH PA3HEIX CO-
OTHOINEHHAX CHCTEMBI IPHPOIHEIH rpadut — Zn(NO3)2-6H20

20/80, % 30/70. % 40/60. %
T°C K, . er’/T T°C K, .or T°C K,. eM/T
300 15.8 300 17.1 300 154
400 25.2 400 21.6 400 19.2
500 38,5 500 27.2 500 21.2
600 43.2 600 38.5 600 26.3
700 56.1 700 39.3 700 35.2
800 58.8 800 59.3 800 39.9
900 61.7 900 72.4 200 49.5
1000 62.1 1000 72.5 1000 56.9
1100 63.1 1100 73.1 1100 63.1

JelicTEBHTEIBHO. OOHAPY:XEHO, YIO TEPMOIH3 cMeceH rpadura o
[FeCly6H20] u [Zn(NO3)2»6H0] 8 oonactn temnepatyp 800...1100 °C mpu-
BOOIHT K oOpasoeaHHro [PI. Temmeparypa, npH KoTopoll IJOCTHraeTca
MAKCHMATBHBIH KO3 HINeHT BCIIYUHBAHUA. 3aBHCHT OT NpHpoIs! cotu. ns
FeCly6H,0 ona coctapmaer 1000 °C. xna Zn(NO;z),-6H,0 — 1100 °C (tadn. 5 u
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6). IloBplmeHHe TeMIOepaTyphl NPHBOIHT K [IOBBINCHHOMY OKHCISHHEO
rpaduTta u Beiropanue €ro 1o CO m CO,. IlpH DOHMKEHHH TeMIOSpaTyph
MOKA3aTe/Ib BCIIYYHBAHHA YMEHBINASTCA, a HIKE HEKOTOPOro IIOPOTOBOTO
spauennd (250 °C oaa Zn(NQs)»6H)O u 280 °C ana FeCls-6H)O) oopasopanue
TPl He durcHpyeTeA.

OcoOSHHOCTBIO YKA3AHHBIX CMeceH ABIACTCA TO. UTO IIPH HOPMATBHBIX
YCI0BHAXK HX KOMIIOHEHTBI HE B3aHMOISHCTBYIOT APYyT ¢ ApyroM. HeobdxoamMem
YCI0BHEM IIPOTEKAHHA PEaKUHH fABIASTCA TEPMOHHHIMHPYEMBI pacnan
HCXOIHOTO PeareHTa-OKHCIHTEIA.

B0 H3yUeHO BTHAHHE BpPEMEHH KOHTAKTA HA COPOIHOHHBIE CIIOCOO-
HocTH TPIT momyuennoro u3s 20 % rpadur + 70 % [FeCl;-6H,0] + 10 % mar-
HHil. B 1a01. 7 BUOHO, YTO ¢ YBeIHUYEHHEM NPOIOTKHTEIPHOCTH KOHTAKTa OT 1
10 5 wmuH copouus HedTH nosBeimaercAd oT 48 mo 58 r/r. JdaneHeiimee
YBETHUYSHHE MPOIOTKHTIETBHOCTH KOHTAKTIA HE NMPHBOJHT K 3aMETHOMY POCTY
s(pderTHBHOCTH copOunu HedTH. OTcIoda BHIHO. YTO ONTHMATBHOE BpeMA
KOHTAKTA COPOeHTa ¢ He(DTEIO COCTABIAST 5 MUH.

Tabauma 7
3aBHCHMOCTB TepMOrpadeHHTa OT IPOIOKHTEIBHOCTH €0 KOHTAKTA ¢
He() TEIPOIYKTAMH

Bpema CopOHpPOBAHHOE KOIHYECTBO, T
COpPOLHH, MHH | He]Thb IPIHJ}'CT]JPIH.IBHGE MAclIO | IH3EIBHOE TOILTHBO

1 48,0 32,1 24.7

5 58.0 37.3 27.8

10 58.1 425 27.3

15 58.0 48,4 32,2
20 58.5 58,2 33.6
25 58.4 62,9 34.5

CopOuma. B 0CHOBHOM, COCTOHT H3 IBYX (pa3: OBICTPOH H MeITIeHHO.
bBonpmas gacTh DOTTTOMEHAA He)TH NPOHCXOIHT B OBICTpol (ase, a Ha BTopoM
3Tane — OTHOCHTETBHO HeOOMBINNE MOITIOIEHHA He(hTH 10 TOCTHKEHHA PABHO-
BecHA ancopomuH. [lepBoHAYATEHO BEICOKHII YPOBEHb HE(DTEIOTTOMISHHA MOKET
OBITE CEA3AH ¢ HATHUHEM B OOIBIIOM KOTHYSCTBE MAKPOIOP B COPOSHTE, OJHAKO.
¢ JaTbHEHINHM NIPOTEeKAHHEM MIpollecca, MPOHCXOIHT IIOTOMEHHe HeOOIBIIOTO
KOIHYecTBA He(pTH. ITOT 3 (PeKT MOXET OBITE CBA3AH ¢ ancopoOnued HeTH HA
MOBEPXHOCTH, KOTOPAA HAYHHAST IPOHHKATE BO BHYTPEHHHE MHKPOIIOPEL.

3ararouenne, TaxuM 00pasoM, CHHTE3HPOBAHHBIE TepMOrpadeHHTEI, 00-
TAJAROIIHE BBICOKHMH MArHHTHBIMH. COPOLHOHHBIMH H THIPO(QOOHBIMH CBOHCT-



BaMH. MOTYT OBITh PEKOMEHIOBAHBI B KaueCcTBE copOeHTa yraepoaopotos. Hampu-

Mep, IPH THKBHIAINH IOCTEICTEHI Pa3THBOB He()TH H He TeIPOIVETOB.

| ]
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Tepatocpagpummi myHalicopoeHm peminde KoldaHy MyMxindizi
xapacmeipslicad. Mywatineicopoenminiy ¢V CIHIPVI,  MACCACBIHBIA
MblebI30bIE],  KAILIKINBLILIZE, — COPOYUATHLIK  CIlIBIMOBLIBIZH  HCIHE
2UopoghoomBIZL! 3epmimenor. Condaii-ar, mepsocpagummiy
peppoMasHuMMIK Kacuemmepi aHeIxmaios.

Nyssanbayeva G.R.. Kudaibergenov K.K.. Tureshova G.O.. Ongarbayev Ye K.,
Mansurov Z.A.

APPLICATION OF THERMALGRAPHITE FOR LIQUIDATION OF
OIL SPILL RESPONSES

Keywords: oil sorbent. thermal graphite. adsorption. oil absorption.
reagent composition. ferromagnetic

The possibility of using thermal graphite as oil sorbent is consid-
ered. It was investigated water absorption, bulk density, buoyancy, sorp-
tion capacity and hydrophobicity of oil sorbent. Also were determined the
ferromagnetic properties of thermal graphite.



