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KoHueHTpupoBaHue
M30TONOB ypaHa
COOCaXKAEHUEM HA
AKTMBMPOBAHHOM Yyr/€e U
rugpokcuge xenesa (lll) 8
noneBbiX YC/I0BUAX

!MarteeeBa W.B.*, Meitnpmat @.C.,
'HypcanuHa H.A., !CaTtbibangues b.C.,
2Tysosa T.B., !LLlana6aes XK.C.,
!IbiHbI6GEK B.A.

1Ka3axcKkuii HaUMOHaNbHbIN yHUBEPCUTET
nmeHun anb-dPapabu, Anmatbl, KazaxctaH
2MHCTUTYT BOAHbIX Npobiem 1
rmaposHepreTMkn HaumoHanbHoM
aKafemMuun Hayk, buwkek, KbiprbiactaH
*E-mail: ilona.matveyeva@kaznu.kz

Mcnonb3oBaHne meTofa HepPaBHOBECHOTO ypaHa B Pas/IMUHbIX OTPACNAX HAaYKWU NMpuUBeNo
K HeobxoaMMOCTW onpejeneHua ero M30TOMHOro coctasa. CopepskaHue M30TOMOB ypaHa
B MPUPOAHBbIX BOAAX 3a4acTyl upe3Bbl4ailHO HU3Koe, NO3TOMy Heobxoaumo oTbupaTb
3HauuTeNbHble 06beMbl NPo6 ANA NONYYEHUA AOCTOBEPHbIX Pe3yNbTaToB aHasiu3a. B paHHOM
paboTe npeanaraeTca KOHLEHTPMPOBATb M30TOMbI YpaHa U3 BOJ, HEMOCPeACTBEHHO Ha MecTe UX
oTbopa. PaccMoTpeHbl ABe anNbTepHaTUBHbIE METOAUKM OCaXKAEHUA YpaHa B NONEBbIX YCNOBUAX:
Ha aKTUBMPOBAHHOM yrne W rugpokcuae kenesa (lll). JecopbupoBaHHble U30TOMbI ypaHa
onpegenatoTca anbda-cnekTpPoMeTpMYEeCKUM METOA0M C NpeABapuUTeIbHON PaANOXMMUYECKON
noAroToBKOW B /NabopaToOpHbIX YCNOBMAX, BK/ALOYAKOWEN 3KCTpakuuio Tpubytundochatom
N 3N1eKTPOOCAXKAEHNe Ha CTaZbHOW AWUCK. YCTAHOB/IEHO, YTO MPU KOHLLEHTPUPOBAHWUM Ha
AKTMBMPOBAHHOM Yrie XMMUYECKNI1 BbIXOA, COCTaBAAN OT 2 A0 32%, a NPU KOHLEHTPUPOBAHUK
Ha ruapokcuae xenesa (Ill) — ot 15 go 62%. A BTOPOro cnyyas XMMUYECKUIA BbIXOA, ABAAETCA
npuemaembiMm ANA PajUOXMMUYECKUX paboT, U npepnaraemblit MeTOL KOHLEHTPUPOBAHMUA
M30TOMNOB ypaHa PeKOMeHAyeTCA K UCMO/Ib30BaHMWIO B MOJIEBbIX YCA0BUAX. Anpobauuna metosa
ocyliecTsneHa B paMKax npoekta PEER454 B 2017 r. B gonuHe peku 3uagbl, Mamupo-Anai,
Pecnybnvka TagKuKuCTaH. PaboTa B NONEBbLIX YCNOBUAX NMOKasasia BbICOKY 3PpdEeKTUBHOCTb
MeToAa U ee MONHYI0 PeanusyemocTb [Jae Mpu OTCYTCTBUM Mpuemaembix NabopaTopHbIX
YCNOBUA.

Kntouesble cnoBa: M30TOMbl ypaHa; KOHLEHTPUPOBAHME; COOCANKAEHME; aKTUBMPOBaHHbI
yronb; ruapokcung, xenesa (I11); anbda-cnekTpomMeTpus; XMMUYECKUIA BbIXOA.

YpaH usotontapbiH
OananblK Xafganaa
6enceHaipinreH kemip meH
Temip (Ill) rugpokcuainge
KOCaTyHAbIPY agicimeH
KOHUEHTpAeYy

MarseeBa WU.B.*, *Meiinpman @.C.,
'HypcanuHa H.A., *Catbibangues b.C.,
Tysosa T.B., lana6aes X.C.,
WbiHbI6eK B.A.

1 on-dapabu aTbiHAaFbl KasaK yATTbIK
yHuBepcuTeTi, Anmatbl, KasakcTaH.
2YATTbIK FblIbIM aKageMUACbIHbIH, Cy
macesiepi XoHe rmaposHepruTuKa
MHCTUTYTbI, Buwkek, KbipFbiscTaH
*E-mail: ilona.matveyeva@kaznu.kz

FbINbIMHBIH, 9pTYpAi cananapbliHAa Tene-TeHCi3AiKTeri ypaH 94iCiH KONAAHY, OHbIH
M30TONTbIK KYPaMbIH aHbIKTAYAblH, KaXKeTTiniriHe anbin Kengi. KentereH afganapaa 1abusn
CynapAablH, KypambiHAa ypaH W30TOMTapbiHbIH, Me/wwepi TbiM a3 6oAfaHAbIKTAH CceHimAai
HOTMXKenepre KON KeTKi3y YWiH Ken meswepae CbiHaMa anyfa Typa Kenepgi. byn »ymbicta
CYAblH, KypamblHAafbl ypaH M30TOMNTapblH CblHAMA afy OPHblIHAA KOHLLEHTpAEey YCbIHbINyAaA.
ymbicTa ypaHAabl TYHAbIPYAbIH 6anamasnbl eki agici KapacTbipbinfaH: 6enceHaipinreH Kemip meH
Temip (IIl) rugpokcnaiHae. ecopbuunsnaHfaH ypaH M30TONTapbl 3epTXaHaNbIK Kafhainaa angbiH-
ana pagnmoxXMMUANBIK AaWbIHAbIKNEH, AFHU TpMbyTUadocdaTneH aKcTpakumanan, bonat guckire
9N1EKTPOOTbIPFbI3bI/bIN, anbda-CNEeKTPOMETPUANDIK SAICNEH aHbiKTanAbl. YpaH M30TOMTapbliH
benceHpipinreH KemipAe KOHUEHTpAey KesiHAe XUMWANbIK WbiFbiM 2%-aaH 32%-fa feliH,
an Temip (lll) ruapokecmaiHae KoHueHTpnereHge 15% 6eH 62%-ablH, apanbiFblHAa 601aTbIHbI
aHbIKTaNAbl. PaAMOXMMUANBIK KYMbICTAP YLWiH eKiHWI Xafaanaarbl XMMUANBIK LWbIFbIM OHTaNbI
6onbin TabblNagbl KaHE Ae YCbIHbI/bIN OTbIPFAH ypaH WM30TOMTapblH KOHUEHTP/ey 3AiciH
Aananblk »Kafaanga KongaHyFa ycbiHbic 6epineai. 9aicTiH anpobaumacsl 2017 xbinbl PEER454
FbINbIMKM KobacbiHbIH, WweHbepiHae Taxikctan Pecnybaukacol, Mamup-Anai, 3uana e3eHiHiH,
aHFapbIHAA Ky3ere acbipbliabl. [lananbiK Kafaanaa iCTeNIHIEH )KYMbICTap 94icTeMEHIH KoFapbl
abdeKkTUBTINIrH KOpPCeTin KaHa KolMal, eWwKaHAalk 3epTXaHablK KaFgannapabliH KemeriHcis ae
OpbIHAANATbIHbIH KOPCETT.

TyliH ce3pep: ypaH M30TONTapbl; KOHLLEHTP/IeY; KOCATyHAbIPY; 6enceHaipinreH kemip;
Temip (IIl) ruapokenai; anbda-cnekTPoOMETPUA; XMMUABIK, LLbIFbIM.

Concentration of uranium
isotopes by in-situ
coprecipitation on activated
coal and iron (l11) hydroxide

!Matveyeva L.V.*, *Meiirman F.S.,
INursapina N.A., 'Satybaldiyev B.S.,
2Tuzova T.V., ‘Shalabayev zh.S.,
'Shynybek B.A.

Al-FarabiKazakh National University,
Almaty, Kazakhstan

2Institute of Water Problem and
Hydropower of National Academy,
Bishkek, Kyrgyzstan

*E-mail: ilona.matveyeva@kaznu.kz

© 2019 Al-Farabi Kazakh National University

The use of the method of nonequilibrium uranium in various branches of science led to the
necessity to determine its isotopic composition. The content of uranium isotopes in natural waters
is often extremely low, therefore, it is necessary to collect significant volumes of samples in order
to obtain reliable results of analysis. In this paper, it is proposed to concentrate uranium isotopes
from water in-situ. Two alternative methods of uranium coprecipitation in field conditions (on
activated carbon and iron (lll) hydroxide) are considered. The desorbed uranium isotopes are
determined by an alpha-spectrometric method with preliminary radiochemical preparation in
laboratory conditions, including extraction with tributyl phosphate and electrodeposition on a
steel disc. It was found that when concentrating on activated carbon the chemical yield was from
2 to 32%, and when concentrating on iron (lll) hydroxide it is from 15 to 62%. For the second
case, the chemical yield is acceptable for radiochemical work, and the proposed method for
concentrating of uranium isotopes is recommended for usage in field conditions. Approbation
of the method was carried out within the framework of the PEER454 project in 2017 in the valley
of the river Ziddy, Pamir-Alay, Republic of Tajikistan. Work in the field conditions showed high
efficiency of the method and its full feasibility even in the absence of acceptable laboratory
conditions.

Keywords: uranium isotopes; concentration; coprecipitation; activated carbon; iron ()
hydroxide; alpha-spectrometry; chemical yield.
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KoHueHTpupoBaHMe N30TONOB ypaHa COOCAXKAEeHUEM Ha
aKTUBMPOBAHHOM yr/ie U ruapokcuae xenesa (lll) B nonesbix

ycnosuax
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1. BBeaeHue

Brnepsble 3¢pdeKT M30TONHOro pasaeneHns NPUPOAHbIX
M30TONOB ypaHa (ypaHa-238 u ypaHa-234) 6bln 0bHapyKeH B
1954 r. B.B.YepabiHuesbim u MN.MU. Yanosbim [1-2]. C Tex nop
OaHHbIN 3ddeKT Hawen cBoe MPUMEHEHME B PasUYHbIX
oTpacnax Hayku [3]: AnAa noOUCKa YpPaHOBbIX MECTOPOXK-
AeHuli [4], ANA OUEHKM TexXHOreHHbIX npoueccos [5-7], ana
nporHosa 3emieTpAceHui [8], AnA peweHus paga 3agad
rmgponorun [9], BKAOYAA BbIABNEHME T[eHe3nca noBepx-
HOCTHbIX U NOA3EMHbIX BOA, U pacyeT NponopL it X cMeLleHns
npv GopMrUpPOBaHMU BOAHbIX PECYPCOB ropHbIX pek [10].

MpMMeHeHne AaHHOrO MeToAa BO3MOMKHO TOJ/IbKO Npw
onpeaenieHNn copepKaHUA U U30TOMHOrO COCTaBa ypaHa B
npupoaHbiX obbekTax. MWM3oTonbl ypaHa MmoryT 6bITb
onpeaeneHbl anbda-cneKTPOMETPUYECKUM METOAO0M C Npea-
BapuTe/IbHOW pPafMOXMMUYECKOM NOArOoTOBKOW. B cBA3M C
HU3KUMWU  COAEPKAHMAMM ypaHa B NPUPOAHLIX BOAAX
TpebytoTca pocTaToyHo 6onbwue obbembl nNpob, Heobxo-
AWMble ANA aHaAu3a € AOCTAaTOYHOM TOYHOCTbIO, NPWU 3TOM
BO3HMKAOT Npobaembl TPAaHCNOPTUMPOBKM Npob oT 06beKTa
uccnefoBaHUA A0 aHanuMTUYeckoin nabopatopuu. B TO ke
BpemMA HeobXoAMMO yuMTbiBaTb, YTO MNPWU XpaHeHWuu npob B
X04Ee  TPaAHCMOPTMPOBKM  MOTyT  MpoOTeKaTb  MpoLeccsl
OCaXAEHUA PAaSMNOHYKINAOB HA CTEHKAX COCYAQ, T.e. AOCTaBKa
npob6 Ao/XKHa ObITb OCyWeCcTB/eHa B MUHUMAabHblIE CPOKM,
YTO, YYMTbIBAA pasmepbl TEPPUTOPUI Halero pervoHa, He
NnpeAcTaBaAAETCA BO3MOXKHbBIM. B CBA3M C BbILLEN3/IOKEHHbIM,
CTAHOBATCA aKTya/ibHbIMX pPaboTbl MO KOHLLEHTPUPOBAHUIO
M30TOMOB YypaHa B MOJIEBbIX YC/NOBUAX, KOrAa BaKHbIMU
baKTOpamm ABNAIOTCA NOSIHOTA OCAXKAEHMA ypaHa, NPOCToTa U

Bpemsa BbINOAHeHUA. PaHee Hamu 6blan 060CHOBaHbI MeToAbl
OCaX/[eHWA ypaHa M3 NPUPOAHbIX BOA Ha aKTUMBMPOBAHHOM
yrne B NofeBbIX YCAOBUAX U Ha rugpokcuae enesa (lll) — 8
nabopaTopHbIx [10-15]. [Ana ocywecTBNeHUs OCaXKAeHUs Ha
aKTUBMPOBAHHOM yrne TpeboBasnca oTbop BoL 60/bLIOTO
obbema (aecATkm nnTpos). OcaxkaeHune ypaHa Ha rMapokcuge
»enesa (Ill) B cTaHAAPTHBIX METOAMKAX PEKOMEHA,0BAN0Ch NPU
BbICOKMX TemnepaTypax [16], 4yTo Henpuemnemo A4na NonesbIx
meTtogoB. Cnepyer OTMeTUTb, 4YTO MNpuM  NpoBedeHUn
CcoOCaXaeHua Ha rugpokcuae kenesa (lll) 8 nabopatopHbIx
ycnosuax (c HarpesaHuem) Ans nNpob C  yAbTPAHU3KUM
COLEp’KaHMEM M30TOMNOB ypaHa (XMmuYeckoe BblgeneHue
KOTOPbIX  3HAYUTENIbHO  C/IOXKHEE) XMMUYECKMI  BbIXOA,
BapbupoBanca B npegenax ot 26 po 80% [17]. B pamkax
HacToslwel paboTbl MNPOBOAMTCA CpPaBHEHME 3TUX ABYX
MeTOA,0B KOHLUEHTPUPOBAHMUA ypaHa B NONEBbIX yca0BUAX bes
HarpeBaHWa npob (Npu CcOOCaXKAEHWM HA TUApoKcuae
»enesa (Ill)) u c npumepHO 0AMHAKOBBIMK UX 06BEMaMU.

Ncxopa 13 BbILWEU3NOMKEHHOTO, Lie/Ibio paboTbl ABASNOCH
pa3paboTKka MeTOAMKM MO KOHUEHTPUPOBAHWMIO M30TOMNOB
ypaHa B nosesbix ycaoBuax. AnpobuposaHne meToamnk 6110
npoBeAeHO B pPamKax MoJIeBOM 3KcneauuMn B  AOAMHY
peku 3uaabl.

2. JKCNepumMeHTaNibHaA YacTb

2.1 KoHueHmpuposaHue
aKMuBUPOBAHHOM yase

B nosesbix ycnosBuax npobbl Boabl o6bemom ot 3 Ao 12 n,
B 3aBMCMMOCTM OT NpeAnonaraemMon KOHUEHTpauuu ypaHa
(yawe 4,5-5,0n1) oT6Upannm B HOBble WAW TWATENbHO

usomornos ypaHa Ha

© 2019 Al-Farabi Kazakh National University



6 KOHLEHTPUpPOBaHMEe M30TOMNOB ypaHa COOCaXKAEHMEM HA aKTUBMPOBAHHOM YIne...

[.€3aKTUBUPOBAHHbIE MOIMITUNEHOBbIE EMKOCTU, OTOUAbPO-
BblBaM OT rpybbiXx NpUMecei U B3BELWEHHbIX YacTuu,
NOAKMUCNANN @30THOW KUCNOTOM A0 KUCIOM peakLumn no MeTun-
opaHxesomy (pH=3,1-4,4) U HeWTpanM3oBaAM aMMaKoOM [0
nepexoga WHAMKATOpa B KenTbld uBeT. [nA KOHTpons
XMMUYECKOro Bbixoga (nonHoTbl copbumu ypaHa) B npoby
BBOAMWN CTPOrO A03MPOBAHHbIN M30TOMHBIN Tpaccep — ypaH-
232 (AtnaHTa, [skopaxua, CLUA) c cogepxaHunem 0,282 Br/man.
Mocne TWATENbHOrO NepemelnBaHUA BOAbl C Tpaccepom
£06aBnAnAM 51 MenKopacTepToro akTUBMPOBAHHOIO YrAs,
npepBapuTenbHo obpaboTtaHHoro 10% pacTBOpPOM CONAHOM
KMcnotbl Ana nepesofa B H-dbopmy. [anee pacTsop
bapboTupoBanca BO3gyxoayBKol B TedeHne 30 MWUH W
OTCTaMBaNCA He MeHee 6 Y4 [0 MOJHOrO OCaXKAeHWA yraa.
3aTem pacTBOp OTOpacbiBaAM AEKAaHTUPOBAHWEM, a Yrosb
OTAENANMN OT NINLLHEN KUAKOCTU BaKYYMHbIM GUNBTPOBAHMEM.
MonyYeHHbIR yronb ¢ cOpObUPOBAHHBIM YPaHOM CYWMWAM Ha
bunbTpe 1 ynakosbiBanu ANA AaNbHENWLIEN TPAHCMOPTUBOBKM
B labopaTtoputo.

2.2 KoHyeHmpuposaHue Uu3omoros ypaHa Ha 2udpokcude
wenesa (Ill)

B pamkax faHHOro meTtoAa KOHLEHTPUPOBaHWUA Npobbl
BOAbl TaKXKe OTOMpanM B HOBble WAM  TWATesbHO
[,€3aKTUBUPOBAHHbIE MONNITUIEHOBbIE EeMKOCTW, OTPUb-
poBbiBanu unbtpom «benas neHta» (000 «Menuop XXI»,
Poccua) oT rpybbix npumeceit 1 B3BELWEHHbIX YaCTUL, BHOCUAN
CTPOro A,03MPOBAHHbIN M30TOMHbIN Tpaccep — ypaH-232. Mocne
sToro pobasnanu pacteop 1% xsopHoro kenesa (lll)
(«PeakTuB», Poccua, X.4.) M OCaAanu pPacTBOPOM aMmMaka
(«XmmM3K», Poccusa, u.4.a) npu pH=8-9 (pucyHok 1).

OcafloK OTCTaMBaAM 2 4 U AEeKaHTUPOBAAM NMPO3PaYHbIif
pacTBOp Haj OCagKoM. 3aTem 0CafoK OTMALTPOBbLIBANU
yepes ounbTp dunbtpat oTbpacbiBanm
(pucyHOK 2).

2.3 Anegha-cnekmpomempuyeckoe onpedeseHue ypaHa 8
nabopamopuu

OnpefeneHne CKOHLEHTPUPOBAHHbBIX WM30TOMOB YypaHa
npoBoAMNOCH  anbda-CNeKTPOMETPUYECKMM  MEeToAoM  C
npeaBapuUTENbHOW  PAAMOXMMMUYECKOM noarotoBkon [16].

«benaa neHTar.

OumnCTKa M30TOMOB ypaHa OT OCTa/bHbIX anbda-u3nyyaroLmx
PaAMOHYKNMAOB NPOBOAMANACL IKCTpaKumnen 30% pacTtBopom
TpubytTundpocdata (Kutan, x.u.) B Tonyone («3koc-1», Poccus,
4.4.a.). U3oTonbl ypaHa peaKkcTparnpoBanv AUCTUANIUPOBAHHOM
BOAOM. MosyyeHHbI pacTBop Bbimapueanu, obpabaTtbiBanu
5 MA KOHLEHTPMPOBAHHOM a30THOM KucnoTon (Poccua, x.u.),
pacteopanm B 0,5M asoTHoi kucnote u 1% pacTBope
TpunoHa b («PeakTny», Poccus, x.4.). B KauecTBe aneKkTponuTa
ONA fanbHeNLWero 3N1eKTPOXMMMNYECKOTO OCaXKAEeHNA NUCMONb-
30Ba/in  cmecb 25%-HOro pacteBopa Xx/a0puga  aMMOHMUA
(«PeakTuB», Poccua, x.MH.) M HacblWEHHOro pacTeBopa
LLaBe1eBOKMCAOro ammoHua («PeakTus», Poccus, x.u.).

M3 nonyyeHHoro pacTBOpa MNPOBOAMAN  3NEKTPO-
NIMTUYECKOoe OcaXKaeHne Ha HU3KoOHOBbIN AUCK (d=25 mm) u3
HeprKasetoLwen cTanum B TeyeHme 45 muH npm cune Toka B 1A c
MUCNONb30BaHMEM UCTOYHMKA MUTAHMA MOCTOAHHOIO TOKA
(ZHAOXIN, DC Power supply RXN-305D, Kutait). MonyyeHHbI
cyeTHbIi obpasel, u3Mepann Ha anboda-cnekTpomeTpe
BbICOKOro paspeweHuns Alpha-analyst (Canberra, CLUA),
paboTatouiem Ha nporpammHom obecnedveHnn Genie-2000.

Pacyetr xumuyeckoro BbIxoga Obl1  nposefdeH Ha
OCHOBaHWW pacyeTa NAOWAAM NUKa Tpaccepa U M3BECTHOrO
CcoAepKaHUA BHECEHHOro Tpaccepa ypaHa-232 B npobbl no

dopmyne:

Ny,
RF(%)=—Y—
7-0,3-4

-100 -

2327,

rae: RF — XMMUYecKuii BbIxos B %; Nzsz , — KONMuyecTBo
MMMNYNbCOB B NMUKe Tpaccepa; T — Bpema nsmepenus, c; 0,3 —
30dEeKTMBHOCTb perncTpaunn, CBA3aHHaA C reomeTpuen
AeTekTopa; Axsz, — aKTUBHOCTb pobasneHHoro B npoby
Tpaccepa, bk.

2.4 O6vekmsl uccnedosaHuUA

B KauecTBe BogHbIX 06bEKTOB HbiN BbIGpPaH HacceliH peku
3npabl-Bap3o6. Bbibop obbekTa 06ycnoBaeH caeayowmm.
3T0 cNabounsyyeHHbIN TMAPONOTMYECKM PaoH 30HbI GopmMu-
pOBaHMA CTOKA OLHOTO M3 NPaBbIX NPUTOKOB pekn Amy-apbs.

PucyHok 1 — CoocaxeHune U30TOMNOB ypaHa Ha ruapoKkcuae
»ene3sa (Ill) B nonesbix ycnosumax

PucyHok 2 — Ocagok rugpokcuaa »kenesa (lll), rotosbiit K
TpaHcnopTMpoBKe B N1abopaTopmio
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Tam HaxoAuTCA CTAUMOHAp TreosIorMYecKkUx MNOJIMIOHOB
dunnana MIY B TagxukuctaHe M TagKUKCKOTro HauMOHaNb-
HOro yHMBepcuTeTa, rAe CTYAEeHTbl 3TUX BY30B eXerogHo
NpPoXoAAT NoneByt NpakTUKy. OgHon 13 3agay npoekta USAID
PEER454 6bln0 npoBefeHWEe TPeHWHra co cTyaeHTamu 1-2
KYPCOB MO MPUMEHEHUIO M3O0TOMHbIX MEeTOA0B B TMAPO-
reosorMm. 370 M ObINO OCYWECTBAEHO — CTYAEHTbl MOA
PYKOBOACTBOM  aBTOPOB  CTaTbM  OCBauMBaAn  MeTOAbl
npaBuIbHOrO BoA00T6OpA " MeToAMNKMN
KOHLLeHTpMpOBaHUA ypaHa u3 soz [18].

,U,BOVIHOE Ha3BaHMWe baccelHa CBA3aHO C TeM, 4YTO nocne

nonesble

BMaZleHMA KPYMHbIX MPUTOKOB B TaAKMKUCTAHE PEKU MEHAT
cBoe Ha3BaHue. Peka 3uapgbl HasbiBaeTca Bap3ob nocne
BMaZleHMA B Hee NpaBoro npuTtoka p.Matixypa. CesepHol
rpaHuueinn baccelHa ABnNAeTcA BoAOpasAgesbHas
MMccapckoro xpebTa, OXKHOM — BoAoOpasgen
HaBuwTa, c 3anaga n BOCTOKa, COOTBETCTBEHHO, ropbl OcmaH-
Tana v nepesanbl Jlona-Kynb n Ak6a-Kynb.

Monorve dpopmbl pesnbeda N1aTGOPMEHHBIX OTNOKEHUN B
LEeHTPA/IbHOM YacTU Pe3KO KOHTPACTUPYIOT C OKAUMAAIOLWMMMU
OONWHY  CKaZNUCTbIMU  TPYAHOMPOXOAUMbIMU
CNOMKEHHbIMW MaNeo30MCKUMKU  Toawamu. OTHOCUTESNbHbIE
NnpeBbllUEeHNA BOAOPA3AEN0B Haj AonuHOl Honee 2000 m.
MakcumanbHble oTMeTKu gocturatot 4000 M, MMHMMaNbHblE —
B 3amagHoi 4yactu Tepputopum — 900 m. Peku bacceitHa
CHeroBoO-1elHUKOBOTO MUTAHUA C MaKCMMasibHbIM NaBOAKOM

YyacTb
rop CaHru-

CKNOHamy,

Ta6auua 1 - MNpobbl Bogbl 6acceliHa 3uaabl-Bap3ob

BO BTOPOM MOJIOBMHE WIOHA, KOrga M MPOBOAMAWCL Hawu
nccnegosanua [18]. OnucaHve mect otbopa npuBedeHO B
Tabanue 1.

3. Pe3ynbTaThbl U 06CyKAEHUE

B Tabanuax 2 1 3 npuBeaeHbl pesynbTaTbl onpeaeneHuns
COAeprKaHUA ypaHa U COOTHOLIEHUA ero YeTHbIX M30TOMOB B
onpo6b0oBaHHbIX BOAOUCTOYHMKAX. OHM MOKA3bIBAOT, YTO
cofepskaHue ypaHa B BoAax bacceiHa pas/iMYHO B PasHbIX
WCTOYHMKAX, HO He MpeBblaeT AOMNYCTUMbIX ANA MUTbEBbIX
BOZA KOHUEHTpauuit. Jnwb Bogbl p. OTXKYK (Npoba 4-Z) 3ameTHO
oborauweHbl YypaHOM MO CPaBHEHWIO C BOAAMM OCTaNbHbIX
0onpo60BaHHbIX MCTOYHWMKOB. ITO CBA3AHO C TEM, YTO peKa
npoTekaeT B paliOHe 3aneraHWs nopos C MOBbILEHHbIM
copepskaHnem ypaHa [18]. Mo cooTHOWEHMUO M30TONOB ypaHa
34U/?%8J  onpoboBaHHble BOAOMCTOYHMKM TOME 3aMETHO
oTAMYatoTCA: OT BAM3KMX K paBHoBecutio Ao 20-40%-Horo
n3bbiTka 2**U. ITO cBMAETENbCTBYeT O Pa3HOM reHesuce
onpoboBaHHbIX BOA, 4YTO nNoapobHo onucaHo B [18]. Mo
pesynbTatam anbda-cneKTpoMeTPUYeCcKoro aHasamsa paecop-
H6MPOBAHHbBIX M30TOMOB ypaHa OblM MOJyYEeHbl Pe3ynbTaThl,
npusegeHHble B Tabamuax 2 u 3.

Ha ocHoBaHWM NOy4YeHHbIX AaHHbIX Bblna NMocTpoeHa
3aBMCMMOCTb XMMUYECKOTO BbIXOZa OT MeToZa COOCaXKAEHMA,
npuBeaeHHan Ha pUCyHKe 2.

LWndp npobbi MecTto oTbopa [ata otbopa BbicoTa, M H.y.M. KoopauHatbl

#1-Z p. Bap306 HusKe p. XapaHroH 19.06.2017 935 N 38°64’40,1”, E 68°75’35,0”

#2-7 p. XapaHroH, 2 KM Bblle yCTbA 19.06.2017 956 N 36°77°33,0”, E 68°77'35,8"
#3-Z p. Bap3o6 nepeg, p. OTXKYK 19.06.2017 1119 N 38°77’24,3”, E 68°81'76,2"”
#4-7 p. OTXKYK, ycTbe 19.06.2017 1124 N 38°84’95,5”, E 68°81'77,0”
#5-Z p. Taro6 19.06.2017 1255 N 38°77°70,2”, E 68°84'69,8"”
#6-Z p. Bap3o6 nepep p. Tarob 19.06.2017 1251 N 38°76’50,1”, E 68°83’69,0”
#7-2 p. Bap3o6 nocne p. Maiixypa 19.06.2017 1903 N 39°01'44,6", E 68°78°0,2"

#8-Z p. Maiixypa 19.06.2017 1947 N 39°02°71,6”, E 68°78'52,2"
#9-7 p. 3uaabl nepea p. Mavixypa 19.06.2017 1960 N 39°02'93,4”, E 68°79°04,0”
#10-Z PopHuk B narepe punnana Mry 20.06.2017 2001 N 39°04'43,7", E 68°83'48,8"
#11-Z PogHuK y cocenei dpunmana My 20.06.2017 2021 N 39°04'56,8”, E 68°83'67,5”

#12-Z CKBakMHa nonuroHa THY 20.06.2017 2008 N 39°04’50,3”, E 68°83'76,5”
#13-Z Pyyeit HUKe BbIXO4A YrO/IbHOrO MECTOPOXKAEHMUSA 20.06.2017 2135 N 39°23’20,4”, E 68°90’60,3"
#14-2 CepoBOAOPOAHBIN POAHMK 20.06.2017 2442 N 39°06’43,7”, E 68°83'21,1"

#15-Z PoaHuK Xoaxa-CaHrxok 22.06.2017 2950 N 39°39’35,0”, E 68°58’53,0”
#16-Z p. Cnoma 22.06.2017 1747 N 38°96’81,3”, E 68°76'02,1”
#17-2 p. Bap3o6 nepepg, p. Cuoma 22.06.2017 1786 N 38°97°04,9”, E 68°76'12,7"
#18-Z p. Bap3o6 nocne p. Cuoma 22.06.2017 1742 N 38°96’70,3”, E 68°76’37,6”
#19-Z FropAaYnin UCTOYHMK Xoaka-0O6urapm 22.06.2017 1831 N 38°89’50,2", E 68°78’85,9”
#20-2 Pyueli Xoaxka-06burapm, yctobe 22.06.2017 1497 N 38°98’92,27”, E 68°81'42,4"
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M3 paHHbIX Tabauy 2 1 3, a TakXKe PUCYHKa 3 XOpoLlo
BWAHO, YTO XMMUYECKUI BbIXOA, NPU OCaXKAEHUN Ha TMAPOKCUe
»kenesa (Ill) 3HauMTeNbHO BbiWe, Yem MpPU OCAKAEHUM Ha
aKTUBMPOBAHHOM yr/ie, HECMOTPsA Ha OTCyTCTBMe 3Tana
Koarynaumm ruapokcupa kenesa(lll)  kunayeHnem. [Ons
60NbLIMHCTBA NPOB, OCaXKAEHHbIX Ha aKTUBMPOBAHHOM YI/ie,
XMMUYECKUI BbIxoa He npesbiwan 10%, 4to He ABnAeTcA

70 4
60 -
50 -
40 4

30

Xumuueckuii Bbixoa, %

20

10 o

npuemaembIM B PaAUOXMMUYECKOM NPAKTUKE U AlaHHbIN MeTos,
He MOKeT 6bITb pPEKOMEHA,0BaH A1 UCNO/b30BAaHMA B NONEBbIX
ycnosuax. [na coocaxAeHusa Ha ruapokcuge xenesa (1)

XMMUWYECKUIn BbIxoh Bapbuposanca oT 20 pgo 67%, 4TO
NPaKTUYeCcKM  [OCTUraeT  3HAYeHWN,  MOAYYEeHHbIX B
NabopaTopHbIX  YCNOBUAX C  3TaNomM  KUNAYeHUA  Ans

AHANOrM4YHOro TUNa I'Ip06 C YNbTPAHU3KUM CcoLepKaHnuem

[w] Hyrons

xeneso

0 5 10

15 20 25

Lndp npobbi

PMCVHOK 3 — XvMmun4yeckue BbIxoabl, nosly4eHHble NyTeM COOCaxXAeHUA Ha aKTUBUPOBAHHOM yr/ie U TMapOoKCHnae Kesesa (|||) B
nosieBblX yCnoBUAX

TaGnuua 2- Pe3yanaTb| onpegeneHMAa U30Tonos ypaHa C UX COOCaXKAeHNEeM Ha aKTUBUPOBAHHOM yrie

LWndp npobbl 28y, BK/n B4y, BK/n Bay /B8y U, mKr/n Xvmuueckuit Bbixosa, %
#1-2 0,029+0,001 0,033+0,001 1,12+0,03 2,4+0,1 5
#2-7 0,031+0,002 0,036+0,002 1,16+0,05 2,5+0,2 5
#3-Z 0,028+0,001 0,030+0,001 1,06+0,03 2,3+0,1 6
#4-Z 0,162+0,005 0,194+0,005 1,20+0,09 13,1+0,4 5
#5-Z 0,031+0,002 0,034+0,002 1,12+0,03 2,5+0,1 4
#6-Z 0,019+0,001 0,021+0,001 1,07+0,02 1,6+0,1 5
#7-2 0,019+0,001 0,019+0,001 1,00+0,02 1,5+0,1 12
#8-Z 0,019+0,002 0,018+0,002 0,94+0,04 1,5+0,2 2
#9-Z 0,017+0,001 0,017+0,001 0,99+0,03 1,4+0,1 2
#10-Z 0,0051+0,0004 0,0068+0,0004 1,35+0,08 0,41+0,03 15
#11-Z 0,033+0,001 0,045+0,001 1,39+0,03 2,7+0,1 10
#12-Z 0,024+0,001 0,029+0,001 1,22+0,02 1,9+0,1 12
#13-Z 0,013+0,001 0,015+0,001 1,14+0,02 1,0+0,1 7
#14-7 0,022+0,001 0,022+0,001 1,02+0,02 1,8+0,1 9
#15-Z 0,040+0,002 0,044+0,002 1,10+0,04 3,2+0,2 5
#16-Z 0,030+0,001 0,033+0,001 1,08+0,02 2,4+0,1 32
#17-2 0,018+0,001 0,019+0,001 1,05+0,02 1,5:0,1 5
#18-Z 0,017+0,001 0,020+0,001 1,16+0,03 1,4+0,1 3
#19-Z 0,0021+0,0004 0,0019+0,0004 0,91+0,08 0,17+0,03 5
#20-Z 0,021+0,001 0,021+0,001 1,01+0,02 1,740,1 11
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Ta6auua 3 — PesynbTaThl OnpegeneHma M30TONOB ypaHa C UX CoOOCaXKAeHMem Ha rugpokcuge xenesa (l11)

LWndp npobbl 28y, BK/n B4y, BK/n Bay /B8y U, mKr/n Xvmuueckuit Bbixoa, %
#1-Z 0,032+0,001 0,036+0,001 1,12+0,03 2,60,1 40
#2-7 0,034:0,001 0,043+0,002 1,25+0,03 2,8+0,1 38
#3-Z 0,201+0,007 0,237+0,007 1,18+0,09 16,3+0,6 49
#4-7 0,027+0,001 0,029+0,001 1,06+0,03 2,2+0,1 56
#5-Z 0,035+0,001 0,038+0,001 1,06+0,03 2,9+0,1 48
#6-Z 0,022+0,001 0,023+0,001 1,02+0,02 1,8+0,1 47
#7-2 0,019+0,001 0,021+0,001 1,08+0,02 1,6+0,1 34
#8-Z 0,025+0,001 0,025+0,001 1,00+0,02 2,0+0,1 32
#9-Z 0,016+0,001 0,018+0,001 1,07+0,02 1,3+0,1 44
#10-Z 0,0046+0,0005 0,0056+0,0005 1,22+0,09 0,37+0,04 29
#11-Z 0,028+0,001 0,030+0,001 1,05+0,03 2,3+0,1 20
#12-2 0,023+0,001 0,030+0,001 1,28+0,03 1,9+0,1 22
#13-Z 0,014+0,001 0,016+0,001 1,18+0,02 1,1+0,1 46
#14-2 0,026+0,002 0,027+0,001 1,04+0,03 2,1+0,1 30
#15-Z 0,045+0,002 0,047+0,002 1,04+0,04 3,610,2 30
#16-Z 0,025+0,001 0,027+0,001 1,09+0,02 2,0+0,1 43
#17-Z 0,019+0,001 0,021+0,001 1,10+0,02 1,6+0,1 62
#18-Z 0,022+0,001 0,024+0,001 1,06+0,02 1,8+0,1 67
#19-Z 0,0012+0,0002 0,0013+0,0002 1,04+0,04 0,10+0,02 29
#20-Z 0,018+0,001 0,020+0,001 1,07+0,02 1,5+0,1 60

n3otonos ypaHa[17]. Mpu 3TOM creayeT OTMETUTb, YTO
BPeMeHHble 3aTpaTbl ¥ KOIMYECTBO HEOBXOAMMbIX PErEHTOB B
CNyyae € coocaxkaeHnem Ha rugpokeuae xenesa (Ill) meHblue,
Yem TaKoBble MPU COOCAXKAEHMM HA AaKTUBMPOBAHHOM Yr/e.
CoKpalyeHne BpPEeMEeHHbIX 3aTpaT npu  MCNO/Ab30BaHWUM
rmapokcuaa kenesa (lll) obycnosneHo otcytcTeuem Heobxo-
ammoctn b6apboTtuposanua (30 MKH), a TaKKe OTCTauMBaHue
coKpalaeTca ¢ 6 4 40 2 Y, YTO B LLE/IOM COKpaLLaeT MeToAUKY
Ha 4,5 4, YTO B NO/EBbLIX YCNOBUAX ABNAETCA 3HAYUTENbHbBIM
npevmyLLecTBOM.

4. 3aknoyeHue

B xome paboTbl paccmoTpeHbl ABe anbTepHaTUBHble
MeTOAMKM OCaXKAeHWA M30TOMOB ypaHa M3 BOA B MONEBbIX
ycnoeuax. YCTaHOBAEHO, YTO MPW COOCaXKAEHWWU WM30TOMOB
ypaHa Ha ruapokcuge kenesa () XMMrUyeckuii Bbixosa MosKeT
gocturatb 62%, B TO BPEMA KaK MNpW COOCaXKAEHUWU Ha
aKTUBMPOBAHHOM  yre  MaKCMMaibHblA  BbIXO4  6bin

Jlnteparypa

nonyyeH 32%, a ana 6onbwmHcTBa NPob He npesbiwan 10%.
Mpepnaraemas meToAuMKa 3HauYNTEeIbHOMY
COKpALLEHMIO PAaCcXOL0B M TPYLAOBbIX PECYpPCcOB, HEOOXOAUMbIX

cnocobcereyeT

ANA TPaHCNopTUPOBKM Npob B nabopaTtopuio, YTO ABAAETCA
UpesBblYaliHO aKTyaNbHbIM AR TOPHbIX pek LleHTpanbHow

Aznn.

BbnarogapHocTtu

ABTOpPbI BbIPa)KaloT WCKPeHHIo 6narogapHocTb  A.F.-
M.H., npod. M.C. Cangosy, K.r.-m.H. ®.C. Canuxosy, K.r.-M.H.
®.C. faBnatoBy, K..-m.H.  [.3.Ha3upoBoli U  K.L.-M.H.

H.LU. CapabeKoBy 3a NTOMOLLb B OPraHN3aLLMmM IKCNEeANLUOHHbBIX
paboT Ha MFY B
TafKuKncTaHe u TagKMKCKOro HaLMOHaNbHOTO YHUBEPCUTET],

reosorMyecknx nonuroHax ®unuana

a TaKXe CTy4eHTam 3TUX By30B, NOMOraBLWMM B 0T6ope npob
BOAbl M3 TPYAHOLOCTYMHbIX MECT 30H GOPMMPOBAHMA CTOKA
6acceitHa p. 3Maabl ¥ obyyaBLIMMCA METOAAM OCaXKAEHMWA
ypaHa 13 BOZ, B MONEBbIX YCAOBUAX.
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Tpyab! Il ceccumn Komuccnm no onpegeneHunto abcontoTHOro Bo3pacTta reosiorndeckux ¢opmaumini. — M.: Usg-so AH CCCP, 1954. —
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B paboTe npeacTaBneHbl AaHHble aAKTMBHOCTM  pa3paboTaHHOro HaHeceHHoro
KaTasmM3aTopa Ha OCHOBE BaHaAwWA, CNOCOOHOro BECT NPOLECcC OKUCANTEIbHOTO NpeBpaLLeHus
nponaHa B 3TUAEH W BOAOPOA, UCNONb3yA B KadecTse okucautens CO,. Mpu uccneposaHwu
aKTUBHOCTM pa3paboTaHHOro BaHAaAMEBOrO KaTa/iv3atopa B OKUCAUTENIbHOM MpeBpaleHuu
nponaHa ycTaHOB/IEHO, YTO MAaKCUMMa/bHbI BbIXOA 3TU/NEHA cocTaBun 24,5% npu cneayrowmx
ycnosuax: C,H,:CO,=2:1, T=700°C n W=1000 u™. A TaKkKe Nnpu 3TUX YCNOBMAX C MOBbILIEHNEM
Temnepatypbl 8o 800°C Habatoganock obpasosaHue 27,5% sBogopoaa. C nomoubto metogos 63T
1 POA 66110 yCTAaHOBNEHO, YTO pa3paboTaHHbIV KaTannsaTop 5% V/AIZO3 obnapaet yBennyeHHoOM
YZAEeNbHO NOBEPXHOCTHIO U CBA3bIO HOCUTENA C aKTUBHOW Pa3oii, KOTopble, Kak NpeanonaraeTcs,
cnocobeTytoT adpdekTMBHOM paboTe AAaHHOrO KatanM3atopa B OKUCAUTENbHOM MpeBpalLeHnm
npornaHa B 3TUNEH U BOLOPOA.
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KaTanusaTtopa; BaHa,D,MeBbIVI KaTanusaTtop.
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KymbicTa TOTbIKTbIPFbIW peTiHae CO, KONAAHA OTbIPbIN, MPOMAHHbIH, 3TUNEHTE KaHEe
CyTeKKe TOTblfa ailHany YPAiCiHiH KyprisinyiHe KabineTTi mailbiHAanfaH 6enceHai BaHagui
HerisiHAaeri eHrisinreH KatanusaTop/iapAblH, ManiMeTTepi YCbiHbINAbI. 3epTTey HaTuxKeciHae
AaiblHAANFaH BaHaAMI KaTa/nM3aToOp/apbliHbIH, NPOMNaHHbIH, TOTbIFA aliHanybl ypaiciHae Keneci
waptrapga: C,H,:CO,=2:1, T=700°C »aHe W=1000 caf?-Ta 3TUNEHHIH KOFapbl WbIfbiMbl 24,5%
KYPaWTbIHbl aHbIKTaAblHAbI. COHbIMEH KaTap, OcCbl afganpa TemnepaTypaHol 800°C aeliH
KeTepreHae 27,5% CyTeKTiH TysinreHi 6aiikanapl. Macanbinran 5% V/ALO, kaTannsatopaapbiHbiH,
nponaHabl 3TUNEHTE KaHEe CyTeKKe TOTbIKTbIpa alHanAbIpy YPAICiHIH XyprisinyiHe KabineTTi
YKaca/iblHFaH KaTanu3aTopaapablH ypaicke TMimainiri 63T kaHe POT aaicTepiHiH KemerimeH HaKTbl
cunatTamanapsl 3eptTengi, Aanipek auTkaHAa 6eTTiK ayaaHbIHbIH, ©Cyi KaHe TacbiMangarbiw
neH 6enceHai dasa apacbiHAaFbl 6aiaHbIChl aHbIKTANAbI.

Tylin cespep: KaTaNM3AiK TOTLIKTbIPY; 3TW/IEH; CYTeK; KaTanausaTopAblH, aKTUBTINIr;
BaHaAWM KaTanunsartopbl.
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The paper presents the data on activity of the deposited catalyst based on vanadium.
The developed catalyst allows conducting the process of oxidative conversion of propane into
ethylene and hydrogen using CO, as an oxidant. The study of the activity of the developed
vanadium catalyst at the oxidative conversion of propane showed that the maximum ethylene
yield was 24.5% at: C,H,:CO,=2:1, T=700°C and W=1000 h™. The increase of temperature to 800°C
resulted in the in formation of 27.5% hydrogen. By methods of BET and XRD the developed catalyst
5% V/Alzos, is differed by increase of specific surface area and bonding of the carrier with active
phase, contributing to increase of efficiency of the developed catalyst in the oxidative conversion
of propane to ethylene and hydrogen.

Keywords: catalytic oxidation; ethylene; hydrogen; activity of catalyst; vanadium catalyst.
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1. BBepgeHue
MpupoaHbii 1 HedTAHble 3TO BaKHeWwwue
aNbTePHATUBHbIE UCTOYHWUKM CbIPbs, CNOCODOHbIE B NepcneKkTnae
KOHKYpupoBaTb € HedTblo. Ocobyto aKkTyanbHOCTb Npobaema
PaLMOHaIbHOTO NCNo/b30BaHMA C -C, aIKaHOB, BXOAALLMX B UX
cocTaB, NnpuobpeTaeT B cTpaHax, 6oraTbix 3TUM BUAOM CbipbA.
B Pecnybnuke KasaxcTaH, HECMOTPA Ha OrpoMHble 3anacbl
YrNeBoA0pOAHOrO CbipbA, OHO B OCHOBHOM pacxoAyeTcs B
BMAe ObITOBOro, NPOMbIWAEHHOIO M MOTOPHOIO TOM/MBA,
OCTaATKM CXKMUratoTca B cOCTaBe BbIOPOCHbIX ra3os, MO0 CHOBA
3aroHATCA B HePTEHOCHbIe NAACTbl. B CBA3KU C 3TUM, OAHOW U3
aKTyaNbHbIX 3KONOrMYecknx npobaem B KasaxctaHe anseTtca
nepepaboTKka askaHOB (OCHOBHbIE KOMMOHEHTbI MPUPOLHOrO
raza v HedTH) C LENbI0 NONYYEHUA MPOMbILIEHHO BAXKHbIX
XUMUYECKUX NPOAYKTOB.

M3BecTHO, YTO BaHaaueBble coeauHeHua [1-4] wupoko
MCNONb3YITCA ANA TOMOFeHHOro W reTeporeHHoro Kataausa,
0COBEHHO NpPU CeNeKTUBHOM OKUCNEHWUWU JIeTKUX aNKaHOB,

rasbl —

ABNAOWMXCA  OAHMMM U3 Hambonee  3dDEKTUBHbIX
KaTa/n3aTopos.
Tak, aBTOopbl paboTbl[l] uMccnefoBanu aAKTUBHOCTb

HAaHEeCEeHHbIX BaHAAMEBbIX KaTa/AM3aTOPOB B  peakuuu
OKMCNeHUs nponaHa. OnpefeneHo, YTO BbIXOA MpoONUIeHa
cocTaBun 10% ¢ KoHBepcuen nponaHa 30%.

B paborte [2] 6b11m nccneposanbl V,0,/SiO, kaTanmsatopsl,
NPOMOTUPOBAHHbIE GTOPUAHBIM AHUOHOM U NONYYEHHbIE NpU
nocnefosatenbHOM A06aBAEHUMN PAa3AUYHbIX KonuyecTs F. Ha
NpPOMn3BOAUTENBHOCTb M CTPYKTYPY KaTanusaTopos bHosbloe

B/IMAHMNE OKa3ann NocnenoBaTteNlbHOCTb NPONUTKU d)TOpMp,OM

N MeTOoAMKa MoJyYyeHWAa KaTanusaTopoB. OKucauTenbHoe

nponaHa npoBOAWAW B peakTope ¢
Cnoem C HenpepbiBHbIM MOTOKOM  NpU
aTmocdepHOMm AaBneHUN, nHTepsane temnepatyp 400-600°C

M COOTHOLWeEHWUKN nofasaembix rasos: 10% C,H.:5% O,:85% Ar.

aermapuposaHue
HenoABUXHbIM

O6bwMmit pacxos peakuMOHHOM ra3oBOM CMecWU COCTaBAAN
50 mn/muH, macca Katanusatopa — 200 mr, 06bemMHas CKOPOCTb
—9000 4. Ha VOC-F katanusatope npu 540°C ceNeKTUBHOCTb
nponeHa coctasuna 64,16% npu KoHsepcuu nponaHa 14,76%.
Mo cpasHeHuto ¢ V-Si-O KaTanusatopom Habawzanocob
nponeHa Ha 9,89%,
06HapyeHo HebonbLoe yBenndeHne koHsepcun CH,.

B paborte [5] 6bin uccnesosarbl Cr/SiO, KaTannsaTopbl
(Cr B8 amanasoHe 0,25-2,0 Bec.%), No/ay4YeHHble MNPAMbIM
rMapoTepMabHbIM BbICOKOW  yAenbHoM
nosepxHocTblo (600-1000 m?/r). PeaKuuio OKUCAUTENLHOTO
AernipupoBaHus nponaHa NnposoAuau B npucytctemn CO, nnu
CO,+0,. Boixoa nponeHa gocturaet 40%. CooTHOLWeHMWE ra3os:

nosblileHne CenekKTMBHOCTU 6bI10

CUMHTE3OM C

C,H,:CO,:N,=15:30:55 (ucnbiTaHMe nposogunock B TedeHune 20
MuH npu 600°C 1 W=200 u?).

B paborte [6] M3yyeHa aKTUBHOCTb CEPUMN KATaNM3aTOPOB
CrOv/AIZO3-ZrOZ, NONYYEHHbIX 30/1b-refib-MeTo40M 7
nocneayowen NponUTKOM NO BAArOEMKOCTU C U3MEHEHMEM
MONSPHOro OoTHoweHua Zr/Al B germapvpoBaHumn nponaHa B
nponuneH. UccneposaHo BansHMe Ao06aBneHUA LUPKOHUA HA
OU3UKO-XMMUYECKME CBOMCTBA U KAaTaIMTUYECKYIO aKTUBHOCTb.
MonyyeHne nponuneHa nytem AernapupoBaHMA MnponaHa
NpPOBOAM/IN B KBapL,EBOM peaKTope C HernpepbiBHbIM MOTOKOM
C HenoaBMKHbIM C/loemM KaTanuzaTtopa npu T=630°C wu

atmochepHom  pgasneHun.  OnpegeneHo, 4Yto  npwu

© 2019 Al-Farabi Kazakh National University
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AerMapupoBaHuM NponaHa B NponuaeH cpeam paspaboTaHHbIX
KaTa/n3aTopos cambiM 3ddeKTUBHbIM oKasanca Cr/AZ-0,10, Ha
KOTOPOM BbIXOA, C3H6 coctasun 36,8%.

Cepwua Y-Al KaTanusaTopos bbina CUHTE3MPOBaAHA NyTem
COBMECTHOrO OCaKAeHus ¢ BOAHbIX
pacTBOPOB HWTPATOB METANNOB WM BOAHOrO ammwuaka [7].
Peakunto  pgermapupoBaHMa  nponaHa NpoOBOAMAWM  Ha
HEenoABUXHOM CNOe KaTa/M3aTopa B KBApLEBOM peakTope.
Hanbonee akTUBHbIM KaTann3aTOPOM C KOHBEPCUEN NponaHa
50% v ceneKTUBHOCTbIO NponuaeHa 97% okasanca PtSnin/0,6
Y-Al kKaTanusaTtop.

MNosbiwenne yposHa CO, B aTmocdepe oOKasbiBaeT
oTpuLaTeNbHOe BO3AENCTBME Ha OKpY)Kawllyio cpeay.
Xumuyeckoe ucnonbszosanne CO,, ABNAOWEECA OAHUM W3
OCHOBHbIX MapHMKOBbIX ra30B, ABNAETCA BaKHbIM LIArom Ha
nyTM K 3eneHo xumuu. OcHOBHasA npobnema, CBA3aHHaA ¢
ucnonbsosaHnem CO, — TepmoaMHamu4eckas yCTONYMBOCTb
3TOM Monekynbl. O4Ha U3 TEXHONOTUIA, KOTOpaa HabupaeT cuny
M 3HAaYMMOCTb B HAy4HOM MUpe — wucnonb3osaHue CO, B
KayecTBe OKUCAUTENA A1A KaTa/IMTUYECKOro OKMCIUTENbHOTO
npeBpaLLeHns B yCN0BUAX BbICOKMX TemnepaTyp [8,9].

MUcnonb3oBaHnem

B pa60Te npegcrtaBnieHbl OaHHble AKTUBHOCTU
paspaﬁoTaHHoro HaHeCeHHOro KaTanansaTopa Ha OocCHoBe
BaHaguAa, cnocobHoro Bectu npouecc OKUCAUTEeNbHOIO

npeBpalleHna nponaHa B 3TWUIEH U BOAOPOA, UCMONbL3yA B
Kadectse okucautens CO,.

2. 3cKnepumeHT
KaTanmsaTopbl rOTOBMAMCH METOAOM  KanuANApHoWM
MPONWUTKM CONM MeTaBaHajaTa aMMOHMA, HaHeCeHHOW Ha
CUHTETUYECKUI OKCWMA aZlOMUHWA, C Nocneaytowelt CyLIKon
npn T=473 K B TeuyeHMe 24 K nocieaywolwen nNpokankomn
06pa3yo. nNpu T=773 K TakKe 2 4 B aTMochepe Bo3ayxa.

AHannM3 WUCXOQHOM CMecu W NPOAYKTOB peakuuu
npoBOAMUAM C UCNO/b30BaHMEM xpomaTorpada «XPOMOC X-
1000» c nporpammHbiM obecnedveHnem «Xpomoc» (XPOMOC
WHKMHUPUHT, Poccua). XpomaTtorpad ocHalleH HacagouHowm 1
KanuanapHoM KoNloHKaMu. Hacao4Han KosIOHKa (3anonHeHHas
OKCMAOM aZtOMUHUA) UCNONb3YeTCA ANA aHaNU3a H, O, N,
CH,, Cszl CH, C3-C4 yrnesogopoaos, CO n CO,. KanunnapHas
KOMOHKa (3anonHeHHaa «CP-Sil5CB», coaepxawaa 100%
OAMMETUN-NONUCUAOKCaHOoBYIO  da3y) uMcnonb3yeTca  ANA
aHaNN3a XUAKUX OPraHMYeCcKMX BEeLLecTB, TaKUX KakK, CNupThbl,
KNUCNOTbI, anbperngpl, KeTOHbI " apomaTtuyeckune
yrnesogopoabl. TemnepaTypa [AeTeKTopa MO TenaonpoBoOA-
HocTn 473 K, Temnepatypa ucnaputena 553 K, temnepatypa
KoM0HKM 313 K. CKopocTb rasa-Hocutens Ar=10 ma/mMuH.

PacyeT xpomaTtorpaduyecknx NMKOB OCYLLECTBAANCA NO
KanMBpPOBOYHBIM  KPMBLIM, MOCTPOEHHbIM [A/NA COOTBET-
CTBYIOLMX MPOAYKTOB MO UYMCTbIM BeL,ecTBam (C MOMOLLbIO
MMKpoLUMNpuMLa B XpomaTorpad BBOAUANUCL TOYHO OTMEPEHHbIE
KO/MYecTBa YMCTOrO KOMMOHEHTa WAM CMecu BellecTB C
M3BECTHbIMM KOHLLEHTpauuMaMn). Ha ocCHOBaHWUM M3MeEPEHHbIX
naowazaeln NMKOB, COOTBETCTBYHOLMX KOMYECTBY BBOAMMOrO

BeLLecTBa, CTPOUICA KannbposouHblin rpaduk V=f(S), roe V -
o6bem npobbl B M, S — NAoOwWaAb NUKa, BbipayeHHas B CM2.
KoHueHTpauMmM nonyyYeHHbIX NPOAYKTOB oOnpenenany Ha
OCHOBE MOJIYYEHHbIX KaIMBPOBOUHbIX rPpadMKOB.

YpgenbHyto nnowanb MNOBEPXHOCTM U U3MepeHue
pacnpegeneHua  nop  pa3paboTaHHbIX  KaTa/M3aTopos
uccnenosanm metogom 63T (BpoHayapa-dmmeTa-Tennepa) Ha
aHanusaTope GAPP V-Sorb 2800 (Kutait). B KauyecTBe rasa
HOCUTeNA UCMONb30BaAsCA a30T C resInem.

PeHTreHOBCKMNI AMPAKLNOHHDIV aHaNN3 BbINONHANM Ha
cnekTpomeTpe Siemens Spellman DF3 c u3nyyeHvem Cu-K,.
[wnanasoH yrnos 26=5°-100.

3. Pe3ynbTaThbl U 06CyKAEHUE

AKTMBHOCTb paspaboTaHHoro 5% V/AIZO3 KaTa/snsatopa B
peakuMn OKUC/NUTENbHOrO MpeBpalleHMAa MnponaHa M3yvyeHa
npu W=5000 u*, 50% C,H, + 50% CO, n TemnepaTypHOMm
nHTepsane 400-900°C. Kak BMAHO M3 AaHHbIX PUCYHKA 1,
peakuMAa OKUCAUTENbHOrO MpeBpalleHMAa nponaHa npu
MCNO/NIb30BaHMM B KayecTBe OKWUC/IUTENA AMOKCMAA yrnepoaa
cnocobcTByeT 06pa3oBaHMI0 BOAOPOAA U STU/IEHA.

25 A
=
<20 1
=
N
215 -
T
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&}
EIO _ ——H,
= C,H;
=
& 5 == C;H,
-]
m

400 450 500 550 600 630 700 730 800 §30 900
TeMmmepatypa, °C

Ycnosua peakumm: W=5000 u?, 50% C,Hy + 50% CO,,
T=400-900°C.

PucyHok 1 — NccnepoBaHue aktnuBHocTU 5% V/AI203
KaTanunsaTopa B peakuuu OKUCUTENbHOTO
npespaLeHna nponaHa

Mpu  400°C obpasoBaHue HebonbLUMX
KO/In4yecTB Csz —2,5%. 3aTem npu nocteneHHOM MOBbIWEHUN
TemnepaTypbl peakuMu KONMYECTBO 3TaHa YMeHbluaeTcA
npeanofioXKMTENIbHO WM3-33 TOrO, 4YTO MNPOAYKT peakuuu

KaTa/IMTUHECKOIro OKUCNEHMNA NPOoNaHa — 3TaH B Xo4e peakunu

Ha4YnHaeTcAa

ycrneBaeT OKUC/AUTbLCA A0 3TUAEHa, TaK Kak BMAHO, YTO Mpwu
Temnepatype 500°C HaumHaeT 06pa3oBbiBaTbCA 3TU/EH B
Hebonbwom Konuyectee — 0,1%, 3aTem KO/MYECTBO €ro
poctom TemnepaTtypbl A0 19,3% npwm
TemnepaType 800°C. Janee BbIXxo4 3TU/AEHA MOHMUXKaeTcsa A0

nosblwaeTca C
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17,9%. OgHoBpemMeHHO 9 npoayKkTamu peakuunmn
AernapuposaHna B peakuun Habnwopaetca obpasosarue H,.
Bbixog, BOAOpOAAa NOBbIWAETCA C POCTOM TemnepaTtypbl U
cTabnaunsnpyetca npu 850°C.

Ha pucyHkax 2 (a,6), 3 (a,6) 1 4 (a,6) npuBeaeHbl AaHHble
AKTUBHOCTU 5% V/AI203 peakuumu
OKUCAUTENbHOTO MpeBpalLeHNA NponaHa Npu BapbUpoOBaHUU

ycnosun  peakuun:  T=500-900°C, W=1000-25004* w

KaTa/in3aTtopa B

C3H8:C02=1:1, 2:1 n 5:1. Kak BMAHO U3 AaHHbIX PUCYHKOB 2-4, B
CNyyae CpaBHEHWMA pe3ynbTaToB NpU O0O6bEMHOM CKOPOCTH
1000 4* c MU3MEHEeHnem COOTHOLLEeHUA C3H8:C02, ONTUMaNbHbIM
ANA NoNyYeHUs 3TUAeHa ABaAeTca cooTHoweHune C,H,:CO,=2:1
n T=700°C, roe Habniogaetcs obpasoBaHue 24,5% 3TuneHa.
Mpw ocTanbHbIx ABYX cooTHoweHuMAx C,H,:CO,=5:1 u 1:1 BbIx0oA,
21,0%,

3TUNeHa coctasun 22,9 n COOTBETCTBEHHO.

30

(a)

Brixon Hz, CzHs, CzHa4, %

T T T T 1
700 500
Tenmiepatypa,°C

ObpasoBaHve BoAoposa BCEX  BapbMpOBaHMAX
NOBbILWANOCL C YBE/SIMYEHMEM TemnepaTypbl, U onpeneneHo,
4TO Npwu cooTHoweHun CH.:CO,=2:1 n T=800°C Habnoganocb
obpasoBaHue 27,5% H,.

Takum 06pasom, YCTAaHOBNEHO, YTO C YBEJUYEHUEM
TemnepaTypbl peakuum Npu BCEX BapbMPOBaHMAX NOBbIWAaeTCA
BbIXxOA, Bogopoga. Yto KacaeTca obpasoBaHMA 3TUEHA, TO
34ecb HabnwaaeTcAa, 4TO MOYTM MPU BCEX BAPbMPOBAHMAX
COXpPaHAEeTCA 3aKOHOMEPHOCTb Mepexofa 4Yepes MAKCMMyM
npu 700°C. OnpegeneHo, 4To Ha paspaboTaHHOM 5% V/AI203
KaTanu3aTope MakCMManbHbIM BbIXoA 3TUAeHa cocTasu 24,5%
npu cnepywoowmx ycnosuax: 66,5% CH, + 33,5% CO,,
C,H,:C0,=2:1, W=1000 41y T=700°C. Mpun 3TUX e YyCAoBUAX C

npu

nosbieHvem Temnepatypbl Ao 800°C Habnwogaetcs
Hanbobwmit Bbixoa H,, paBHbIit 27,5%.
(6)
——Hz
C2ZH6
=——eC2HA
500 600 700 800 900

Tenmepatypa, °C

Yenosua peakumm: a) W=1000 4, 84,0% C,H, + 16,0% CO,, C,H,:CO,=5:1; 6) W=1000 4™, 66,5% C,H, + 33,5% CO,, C,H,:CO,=2:1.

PucyHok 2 — liccnepgoBaHue akTMBHOCTM 5% V/AIZO3 KaTa/sin3atopa B peakLnMm OKUCANTEIbHOTO NpeBpaLleHma nponaHa npu
BapbUPOBaHUN TeMMNepPaTypbl U COOTHOLEHMA PeaKLMOHHbIX ra30B

)
o 25 (a) (6)
i
020
g ——H2
'E, 15
o
o5 CIHG6
E 10 4
é‘ —=(C2H4
e
A

4

T T T T 1 T T T 1

500 500 700 200 500 500 GO0 700 800 900

Tenmepatypa, °C

Tenmrepatypa, °C

Ycnosua peakumu: a) W=1000 4%, 50,0% C,H+ 50,0% CO,, C,H;:CO,=1:1; 6) W=2500u4?, 84,0% C,Hg+ 16,0% CO,, C,H,:CO,=5:1.

PucyHok 3 — UccnepoBaHue akTMBHOCTU 5% V/AI203 KaTanmM3aTopa B peakumnm OKUCAUTENbHOTO NpeBpaLleHna nponaHa npu
BapbUpPOBaHWUM TemnepaTypbl, 06 bEMHON CKOPOCTU U COOTHOLIEHMA PEAKLMOHHbIX ra3oB
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OKucnmTenbHas nepepaboTka nponaHa

B BaXKHble Hed)TEXMMW-IECKME...
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Yenosus peakumm: a) W=2500 4, 66,5% C,H, + 33,5% CO,, C,H,:C0,=2:1; 6) W=2500 4", 50,0% C,H, + 50,0% CO,, C,H,:CO,=1:1.

PucyHok 4 — ViccnepoBaHune akTMBHOCTM 5% V/AI203 KaTa/sin3atopa B peakLMM OKUCAUTEIbHOrO NpespaLleHna nponaHa npu

BapbUpPOBaHNKU TemnepaTypbl U COOTHOLWEHUNA PEAKLMNOHHbIX ra30B

PaspaboTaHHble BaHaAMeBble KaTanusatopbl  Oblan
nccnefoBaHbl B Xope  3apyberkHol
CTaXMPOBKM AOKTOpaHTa 3-ro roga obyyeHus KasHY nm. anb-
dapabu KaymeHoBoW l.H. MeTogamm B3T n
peHTreHodnyopecueHTHOro aHanusza (P®A) B nabopatopum
«Advanced Ceramics and Composites Laboratory» Institute of
Nanoscience and Nanotechnology NCSR “Demokritos” (Athens,

Greece).

CUHTE3NPOBAHbI U

ZE] nposeneHHbIX MCCJ'Ie,CLOBaHVIﬁ no onpeaeneHuo

naowaan nNOBEPXHOCTU pa3pa60TaHHb|x KaTa/sim3aTtopos

YCTQHOB/EHO, YTO C YBE/NMYEHUEM MPOLEHTHOTO COAepKaHUA
BaHaguA Ha HocuTene cMMbaTHO MOBbIWAETCA NJoOWaAb Ha
NOBEPXHOCTM KaTaZIMTUYECKOMN CUCTEMbI (PUCYHOK 5).

M3BecTHO, 4YTO 4Yem bonblue yoenbHAA MAOWAOb

noeepxHocmu Katazan3atopa, Tem 6onbluee Yuca0 aKMUBHbIX

90
80
70
60
5050
40
30
20
10

Sm?

22,4

YeHmpos UVMelTCA Ha MOBEpPXHOCTW, Tem bonbluei
aKTUBHOCTbIO obnagaeT KaTanusaTop. lpepnonaraercs, yTo
OaHHaA 3aBUCMMOCTb CBfA3aHa C aKTUMBHOCTbIO 5% V/AI203
KaTann3atopa B OKWUC/AWUTE/NIbHOM NpeBpalleHMU MnponaHa B
3TUNEH W BOAOPOA NPWU HaMAEHHbIX ONTUMAbHBIX YCA0BUAX
peakumu.

MNepen nposepeHnem peHTreHo$a3oBOro aHaausa
06pasLoB 6bl1 NPOBEAEH aHaIN3 INTEPATYPHbIX UCTOYHUKOB U
onpegeneHbl  MexaHU3MbI pa3noxKeHun
MeTaBaHaZaTa aMMOHMA U BO3MOXHble obpasylowmeca
¢dasbl [10,11].

Mpn peHTtreHodasosom aHanusze 5% V/AI203 KaTann-
3aTopa (pUCyHOK 6) 6binnM obHapyKeHbl cneayowme dasbl:
AIVO, (JSPDS, 11-0130), AL, O, (JSPDS, 42-1468) n V,0, (JSPDS, 41

-1426). Cnepyet OTMETUTb, YTO TO/IbKO HA OAHOKOMMNOHEHTHOM

Tepmunyeckoro

48,5

1%V

3.5%V

4%V 5%V

HPOH&ITHDE; COOEPHaHHE BaHaoHA
E COCTAEE KaTAIH3aTOp 0E HEaHCCEHHEIX Ha Al;O;

PUCYHOK 5 — I3meHeHMe yae/ibHOM NOBEPXHOCTM OT MPOLEHTHOrO COAEPMKaHWUA BaHaAMA B COCTaBe
KaTa/ M3aTOpOB HaHeceHHbIx Ha AL O,
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PucyHOK 6 — PeHTreHoda308BbIV aHanuns 5% V/AI203 KaTasnsatopa
BaHaAMeBOM KaTasusatope 6bina obHapyxeHa ¢dasa AIVO,  noBepxHOCTM M CBA3b HOCMTENA C aKTMBHOM a3oil.

(JSPDS, 11-0130). Mpepnonaraerca, YTo gaHHAA 06HAPYKEHHas
dasa cBA3M  anlOMuMHMA € BaHaguem  cnocobcTeyeT
06pasoBaHMi0 3TW/IEHA M BOAOPOAA MNPU OKUCAUTEIbHOM
npeepaleHm nponaHa.

4. 3akntoyeHue

Takum obpasom, B npeactaBneHHoW paboTe MokasaHo,
YTO Ha paspaboTaHHOM 5% V/AI203 KaTa/snmsaTtope € NoMoLLbio
meTonoB bpoHayspa-dmmerta-Tennepa u  peHTreHodnyo-
pecueHTHOro aHanunsa 6biiM ObBHapyKeHbl onpefesieHHble
yBenuYeHne  yaenbHow

XaPaKTEPUCTUKHN, a UMEHHO,

Nutepartypa

YCTaHOB/IEHO, 4YTO MPOLECC OKUCAUTENbHOTO MpeBpalLeHnn
nponaHa Ha paspabotaHHom 5% V/AI203 KaTasnsatope
npoxoamT ¢ obpasosaHuem 24,5% stuneHa u 27,5% sogoposa
NPy HalAEHHbIX 9KCNEePUMEHTAIbHbIM METOAO0M ONTUMAJIbHbIX
ycnosuax: 66,5% C,H, + 33,5% CO,, T=700-800°C, W=1000 ylnp
C,H,:CO,=2:1.

bnarogapHocTtu
Pabota BbiMoOnHeHa npu noapepxke MwuHUCTepcTBa

obpasoBaHMA M Hayku Pecnybavkm KasaxcTaH (rpaHToBbIN
npoeKkT AP 05133881).
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Bauanue
MeXaHOXMMUYECKOMN
AKTUBALMM U Y-paguaLiMm Ha
rnybuHy KaTanuTUYECKOM
rMaporeH1saumm yras
mecTopoxaeHua Mambit

!Kaupbekos XK.K., 'Cyiimb6aesa C.M.*,
Oxenpbibaesa U.M., 2MypTesaorny K.,
EpmonguHa d.T.
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2YHusepcuTeT Masum, akynbTeT XMMUYECKON
MHXeHepuun, AHKapa, Typuua

*E-mail: saltanat_suimbayeva@mail.ru

BaaHHOM CTaTbe NpMBeeHbl Pe3yNbTaTbl MEXaHOXMMMUYECKOM aKTUBALMM YI/IA B MENbHULLE
YAAPHO-U3MeIbYaloLero Tuna U y-paguaLMoHHOrO BO3AENCTBMA NMOTOKOM 3/1eKTPOHOB Ha
ycKopuTesnie 3N1eKTpoHOoB J1Y-6. YCTAHOBAEHO, YTO MPU TMAPOreHn3aunm AUCNeprupoBaHHoOro
YIS BO3pacTaeT BbIXO4, KaK CYMMAapHbIX MWAKUX NPOAYKTOB, TaK M Yro/ibHbIX AUCTUANATOB
pasniMyHoro ¢GpaKUMOHHOrO cocTaBa. MaKCUMManbHbIA BbIXOA, KUAKWX NpoaykToB (69,2
macc.%), 6eHsuHoBol (13,9 macc.%) n ausenbHoi (18,7 macc.%) dpakumii 6bln oTMmeyeH
npu rMAPOreHnsaumnn yrisa, u3amenbyeHHoro 8 tedeHne 30 muH. MokasaHo, YTo 06/ydYeHune
Yyrnsa MOTOKOM 3/1eKTPOHOB (#4033 06/yyYeHns 150 KMp) TakkKe MOBbIWAET ero peakuUoHHY
CNocobHOCTbL B NpoLecce rMApPoreHnsaLmnm, a Takxke cnocobereyeT ob6pasoBaHmio CBO60OAHbIX
paguKanos M WM3MEHEHMIO COeAMHEHWI >Kenesa, BXOAAUWMX B COCTaB KaTasiusaTopa
TMAPOreHnsaumnm yrna Ha OCHOBe MPUPOAHOro 6oKcuTa TypraicKoro MecTOpOXKAeHWs.
MeToA0M HEeNUHEWHON perpeccum yctaHoBAEHA YHKLMOHANbHAA 3aBUCMMOCTb BbIXOAA
KUAKUX MPOAYKTOB OT A03bl 061yyeHMs, OT BPEMEHM MeXaHOaKTMBALMM M KOHLEHTpaumm
cBO6OAHbIX PALMKANO0B, UMEIOLL X SKCTPEMANbHbIN XapaKTep.

KnoueBble C€/0Ba: rUAPOreHU3aUMA Yras; BbIXOL XMUAKUX MNPOAYKTOB;, BGOKCUT;
MeXaHOaKTUBaLMS; paanaLnoHHoe obayyeHre; MambITCKOE MECTOPOXKAEHME.

MambIT KEH OpHbI
KOMIipiH KaTaIMTUKANDbIK,
rmgporeHaey TepeHairiHe
MEXaHOXUMMUAbIK,
AKTUBTEHAIPY MeH
Y-pagnaumaHbIH acepi
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BepinreH Makanaga LWOK-TericTelTiH  AMipmeHAeri  Kemipai  MexaHOXMMUANbIK,
AKTUBTEHAIPY XaHe JIY-6 3NeKTPOHAbIK YAETKIlTeri 3/1eKTPOH afbiCbiMEH Y-panauuanblK
9CepiHiH, H3TMXenepi KepceTinreH. [lucnepcTi Kemipai rmaporeHnsaumnanay KesiHge »aanbl
CyWbIK OHIMAEepAiH, Typai ¢pakuMAnbIK Kypamaasbl Kemip AUCTUANATTAPbIHbIH, LbIFbIMbI
apTaTbiHAbIFbl  aHbIKTangbl. 30 MMHYT iWiHAe ycaKTanfaH Kemipai ruaporeHvsauusnay
KesiHae cyiblk eHimaepaiH (69,2 canmak.%), 6eH3nH (13,9 canmak.%) skaHe gusenbai (18,7
canmak.%) dpakumanapablH, €H Kofapbl WbIFbIMbl  6aikanabl. INEKTPOHAbIK afblHMeH
Kemipai cayneneHgipy (150 Kr-HiH cayneneHy pgosacbl) ruaporeHusaumsanay KesiHae OHbIH,
peakumara Tycy KabineTiH apTTbipagbl, COHAAM-aK epKiH paaukangapablH nanga 6onybiHa
»KoHe Topfal KeH OPHbIHbIHbIH, TabUFU BOKCUT HerisiHae KaTanu3aTopAblH KypambiHa KipeTiH
Temip KOCbINbICTapAblH, ©3repyiHe biknan eTtedi. Cbi3bIKTbIK emec perpeccus agici 6oibiHWa
3KCTpemangbl CUNATKA Ue CYMbIK BHIMAEPAiH WbIFbIMbl PaAMALMANDLIK A03aFa, MEXaHUKaNbIK
aKTUBTEHZIPY YaKbITbiHA KaHe epKiH paauKanfapiblH, KOHULEHTpauuacbiHa GyHKLMOHaNAb!
Tayennai eKeHi aHbIKTanabl.

TyiiiH ce3gep: Kemipai ruaporeHaey; CyMblK ©HIMAEpAiH WbIFbiMbl;  BOKCUT;
MEXaHOAKTUBTEHAIPY; paanaumanbiK cayneneHaipy; MambIT KeH OpHbI.
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This article presents the results of the mechanochemical activation of coal in a shock-
grinding-type mill and the y-radiation effect of a stream of electrons at the LU-6 electron
accelerator. It was established that during the hydrogenation of dispersed coal, the yield of
both total liquid products and coal distillates of various fractional composition increases.
The maximum yield of liquid products (69.2 wt.%), gasoline (13.9 wt.%) and diesel (18.7 wt.%)
fractions was observed during the hydrogenation of crushed coal for 30 min. It has been shown
that the irradiation of coal with an electron flow (an irradiation dose of 150 kGy) also increases
its reactivity in the process of hydrogenation, and also promotes the formation of free radicals
and changes in iron compounds that make up the coal hydrogenation catalyst based on natural
bauxite from the Turgai deposit. The non-linear regression method established the functional
dependence of the yield of liquid products on the radiation dose, on the time of mechanical
activation and on the concentration of free radicals, which are of an extreme nature.

Keywords: coal hydrogenation; release of liquid products; bauxite; mechanical activation;
radiation exposure; Mamyt deposit.
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1. BBepeHue

MexaHOXMMWUYECKasA aKTMBaLMA BELLECTB NPUBOAUT K
WHTEHCUMBHOMY OUCNeprupoBaHuio obpabaTbiBaemoro
maTepuana. MpunatomHabatofaeTcs Kak ero AMcnepruposaHme,
TaK U HakonaeHue 3Heprum gedopmaumnn (aktusauma). Mpu
MEXaHOXMMMYECKOMN aKTUBAL MM YIOIbHOTO BELLLECTBA, KOTopas
Hambonee 3OPEKTUBHO  HaAuMHAET MNPOABAATLCA  MpuU
AMCNeprMpoBaHMM YaCTUL, 4,0 PA3MEPOB B HECKOJIbKO AeCATKOB
MWKPOMETPOB, HApAAY CyBEeINYEHNEM YAEe1bHON MOBEPXHOCTH
MMET MEeCTO 3HauyuTe/ibHble CTPYKTYpPHble W3MEHeHUs
COEAMHEHWNI, BXOAALWMX B COCTAaB OPraHUMYEeCcKOM macchbl
yrna (OMY), a TaKKe CyWecTBeHHO W3MeHATCA ¢GU3NKO-
XMMUYECKMe CBOMCTBA Yro/IbHOrO BeLwecTsa B Liesom. Mpouecc
MEXaHOXMMMYECKON aKTMBAL MM YIel MOXKHO paccMaTpuBaTh
KaK M3MenbyeHue, NPUBOAALLEE K YBENUYEHWUIO yAeNbHOU
NoOBEPXHOCTU 33 CYET YMEHbLUEHWUA FTEOMETPUYECKUX Pa3MepoB
YacTUL, U BCKPLITUA HEeAOCTYNHbIX paHee nop. Heobxogmmo
TaK)Xe Y4YuTbIBaTb, YTO MPU WMHTEHCMBHOM MeEXaHWYeCKom
BO3ENCTBMM Ha YW Hapsgy C AucneprupoBaHuem
NPOUCXOANT UXAKTUBALMA, CONPOBOMXKAAIOLWAA3HAYNTENbHBIMMU
CTPYKTYPHbIMU U3MEHEHUAMM OpPraHMYeckomn maccbl yraa [1-2].

B nocnepHue roabl BO3POC/0 BHUMAHWE UccaesoBaTenen
K U3yYeHuto BO34enCcTBuA Ha
MHTEHCUDUKALNIO npoLueccos.
PaboTbl No paanonunsy yrnei npoBOANAUCH ANA UCCNef0BaHUA
B/IMAHWUA PA3IMYHbIX BULOB M .03 MOHU3UPYIOLLETro 061yYeHns
Ha M3MeHeHne GU3NYECKUX U XMMUYECKUX CBOMCTB NPUPOLHbIX
yrnew npakTMyeckun scero metamopouyeckoro paaa [3-7].

Mpu nccnenoBaHuM BAUAHMA Y-06/1y4eHUA Ha Bypble m
rasoBble yram M UX CMeCU C TAXKeNAbIMU HedTAHbIMU

Y-pagnaymMoHHOro
XUMUKO-TEXHO/TOTUHECKUX

ocTaTkamu [3] ycTaHOBAEHO, YTO NPU HU3KKX A03aX paguaLunu
npu TepmoobpaboTKke yKasaHHOro cbipbA npeobnagatoT
[JeCTPYKTUBHble npouecchl; npu 6onee BbICOKMX [03ax
yCUAMBAeTcA  pofib  MOJIMKOHAEHCALMOHHbBIX — MPOLLEeCCOoB.
OTmeuaeTtca, 4YTO pajMauuoHHOe ob6nyyeHue BAWAET HA
YCTONYMBOCTb BYypbIX yraen K TepMUYecKomMy BO3LENCTBUIO U
Ha npupody MnapamarHuTHbIXx UeHTpos (MMLU). B [4-7]
npuBeseHbl AaHHble MO M3yyeHWto npoueccoB obpa3oBaHuUA
MMLU, B yraax npu nx o6ay4eHUn meaneHHbIMU U BbICTPbIMU
HEeMTPOHAMM, Y-KBAHTaMM U 3NEKTPOHAMMU.

AHanu3 nuTepaTypHbIX AaHHbIX M03BOAAET cAenaTb
BbIBOA, O TOM, 4TO MpU BO3AEWCTBUM MOHU3UPYIOLLETO
obnyyeHus Ha rymycosble yrauM Habnogaetca cmelleHue
061aCTM MaKCMMaNbHOro PasNoXKeHUs yrnei B CTOPoHy 6onee
HWU3KUX TemnepaTyp, yBeAudYeHWe A0NM NeTyuYux BeLlecTs,
BbIAENUBLUMXCA A0 TemnepaTypbl MaKCUMymMa OCHOBHOTO
pas3noXeHusn, a TakKe NoBbILWEHNE PeakLMOHHOM CNOCOBHOCTH

06nyyeHHbIX 06pasyoB MO  CPaBHEHWIO C  WUCXOAHbIM
yrnem [8-10].
B [AaHHOW paboTe nccneoBaHo BAVAHUE

MEXaHOXMMMUYECKOM aKTMBauun ny-pagunayum anAa nosbilleHNA
peaKLLMOHHOf/'I cnocobHocTn yrna MmecTtopoxaeHua MambIT B
npouecce rmaporeHunsaumnu.

2. KCnepumeHT

[Ona 3KcnepMMeHTaNbHbIX WUCCAef0BaHUI MPUMEHANN
B6ypblit yronb MambITCKOTO MECTOPONKAEHWUA, KOTOPbIN MMmen
cefylolmne XxapakTepucTnkm (mace.%): W2 —3,03; A*-11,31;
Vet — 34, 82; Cf — 73,06; H®f — 4,71; Sdt - 0,34; 0%f - 29,2;

© 2019 Al-Farabi Kazakh National University



22 BAMsAHME MEeXaHOXMMUYECKOW aKTMBALLMM U Y-pagmaLMmn Ha rybuHy...

copepraHue (06.%): Vt —90; L—1; Sm—2; F 7. OTpakaTtenbHas
cnocobHocTb BuTpuHuTa (R ) 6biNa pasHa 0,51%.

B XMmMUyeckoM coCTaBe MWHEepanbHOW YacTu yraa
YCTAHOBNEHO coAepskaHue (macc.%): Sio, —59,9; AI203— 18,3;
Fe,0,—12,3;Ca0-0,9; TiO, - 1,0; P,0, — 0,14; SO, — 1,7, MgO —
1,7. Npu ruaporeHMsaumm B KadecTse nactoobpasoBaTens
NPUMEHANN BbICOKOKMNAWME GpaKkLmum HepTU MeCTOPOXKAEeHUA
Kaparkambac ¢ Bblwe 500°C co cneaywowmmm
XapaKTepMUCTUKaMM: NAOTHOCTb npu 20°C — 943,1 Kr/m3; KuHe-

T.KMM.

maTtuyeckasa BsaskocTb npu 30°C — 5,4 CcT; KOKcyemocTb 7,2%;
copeprkaHue: C— 85,2 macc.%; H—11,8 macc.%; S — 2,6 macc.%;
N —0,9 macc.%; acdanbteHoB 4,9 macc.%; cmon 24,2 macc.%.

B KauyecTBe KaTa/smMsaTopa MCMO/Ib30BaAu MNPUPOLHbLIN
6okeut (Si0,-Al,0,-Fe,0,-TiO,-X, 3aecb X — noTepsa macchl
oTXKUra b6oKkcuTa)  TypraliCKoro - MecTOpPOXAeHua ¢
cogepxaHuem (macc.%): Si0, — 19,8; AI203 —23,9; Fe,0, - 24,2;
TiO, — 0,6; X — 31,5. TuaporeHnsaumio yrns npoBoAUAM Ha
NabopaTopHOI YCTaHOBKE BbLICOKOrO [aB/NEeHUA B pexume
NOCTOAHHOTO MepemellnBaHMa npu Temnepatype 400°C u
paboyem aasneHuun Bogopoaa 3-3,5 MMa. B akcnepumeHTax
NPUMEHANN INEKTPOANTMYECKMIA Bogopoa (TY 6-20-00209585-
26-97) unctoton 99,98 06.% (ocTanbHOE — a30T C MPUMECHIO
KMcnopoga v aproxa). P cnekTpbl MeXaHOAKTUBUPOBAHHOIO
N 0bay4yeHHOro yrnein 6blanM cHATbI Ha npubope ESP 300 E
Bruker Spectrometer ¢ uyactoton 9,47 Ty nNpu KOMHATHOM
TemnepaType.

3. Pe3synbTaThbl M 06CyXKAEHUE

3.1 MexaHoxumu4ecKkas akmueayus yansa

MMKPOHHbIN yrna  (6e3 Katanusartopa) B
nabopatopHoit ygapHoi menbHuue Polymix PX-MFC90
MoKasas, YTo C yBeNNYEHUEM BPeMeHU U3menbyeHnsa ot 15 ao

nomon

60 MUH yronb Ha 71-73% cocTouT 13 dpakunii < 15 mkm. 3710
obecneynBaeT noayyeHve CTabunbHol yrneHedTAHOM NacTbl
W, KaK 3To byaeT BUAHO Aanee, — rybokoe npespalleHune yras
npuv ruaporeHmsaymn.

ToHKOE M3MesnbYyeHWe yrnei Ha BO3AyXe B MesibHuLe
y4apHoro  Tuna PX-MFC 90

Polymix conpoBoXaeTca

40

npeobpasoBaHMeM WX MUCXOLHOMN CTPYKTYpbl: paspyluiatoTcs
MaKponopbl, yBeAMYMBAETCA 0B6bEM MWKPO- U NEepexosHblX
nop, BO3pacTaeT yae/bHas NOBEPXHOCTb. YBennyeHne obbema
MUKPOMOp NPOUCXOAUT, BEPOATHO, 3@ CYET PACKPbLITUA paHee
HeAOoCTYNHbIX NOP U 06Pa30BaHUA HOBbIX MUKPOTPELLMH. Tak,
06beM MUKPOMOP A8 UcxoaHoro yraa coctasnan 0,01 cm/r, a
nocne 30-MUHYTHOrO M3mesibieHuns — 0,08 cm3/r, T.e. Bo3pacTan
bonee, yem B 8 pa3. YaenbHaa MOBEPXHOCTb MNPU 3TOM
yBenuumsanack ¢ 5,7 4o 30,6 m?/r.

Pe3ynbTaTbl NpoBeAeHHbIX UCCAeAO0BaHUM MOKa3biBAOT
(tabnunua 1, pucyHok 1), 4To Npu rMAporeHnsaLmm aucnepru-
POBaHHbIX yrnen Bo3pacTaeT BbIXOA KaK CYMMAPHbIX KUAKUX
NPOAYKTOB, TaK W Yro/bHbIX AUCTUANATOB Pa3/INYHOIO
dpaKkUMOHHOro coctaBa. MaKCcUManbHbIA BbIXOA, KUAKUX
npoaykTos (oT 62,5 no 69,2 macc.%), a UMeHHO, 6eH3MHOBOM
(o1 10,0 go 13,9 macc.%) u gusenvHol (o1 17,8 go 18,7 macc.%)
dpakunin  6bIN OTMEYeH nNpW  TUAPOreHusauum  yras,
U3MenbyeHHoro B TedyeHne 30 MUH. [lanbHelwee yBennyeHune
BpeMeHu gucnepruposaHuna yrna ao 45-60 muH npmBOoauUT K
CHUKEHUIO BbIXOAA XUAKMX NpoayKToB A0 63,8 un 61,9 macc.%,
COOTBETCTBEHHO. OANTENbHOM
MEXaHMYeCKOM BO34EWCTBUM HA Yro/b YycTaHaB/AMBaeTcA
OWHamn4yeckoe o6bpasoBaHus
cBOBOAHbIX PagMKaN0oB3a cyeT MEXaHOAECTPYKL MM CTAHOBUTCA

MNo-sngmumomy, npu
paBHOBecue:  CKOPOCTb

COM3MEPUMOWA CO CKOPOCTAMMU UX pekombuHauuu. 06 3aTom

CBUAETEeNbCTBYIOT AaHHble nccnenoBsaHmA meTogom
3/1IEKTPOHHOrO napamarHUTHOro pe30HaHCa napamar-
HUTHbIX CBOWCTB ncxoaHoro n AncneprmpoBaHHOro

yrnewn (tabaunua 1).

Tak Kak npu npoBeaeHuu onbiToB paboyee paBneHue
rMAPOreHn3aLmm U3MeHAN0Cb He3HauuTenbHo (ot 2,8 MMa fo
3,4 MNa, Tabnanua 1), To BbIXOA CYMMapPHbIX XXUAKUX NPOAYKTOB
B MPOLLECCe OXKUKEHUA YINA MOXKHO NPeACcTaBUTb Kak GYHKLMIO
BXM (t, n) oT A4BYX NepeMeHHbIX: BpeMEHU MEXaHOXUMMUYECKOM
06paboTku yras (t ) u CPC (n). B pesynbTaTe maTemaTU4ecKomn
06paboTku
perpeccun bbiia NosyyeHa cieayowan 3aBUCUMOCTb t OT N:

OaHHbIX Tabnauubll MeToAOM  He/IMHENHOM

BN (¢, n) = 1,542t + 24,071:n — 0,57641-t- n. 1)

35— —

30

25

20

== 10 180 °C;
——180-250 °C;

250-320 °C.

Beixon ¢paxnuit, mac.%

0 15 30

45 60

Bpewms usmenbuenus yris, MUH

PucyHok 1 — BanaHne BpemeHU nusmenbyeHma yrasa Ha BbIXOA YroNbHbIX AUCTUNNATOB
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Tabnuua 1 —BanaHWe mexaHuueckoi 06paboTkM yrns MambITCKOro MECTOPOXKAEHUA HAa OCHOBHbIE NOKa3aTe v rMAporeHm3aunmm
(400°C; yronb : nactoobpasosatenb = 1:1,5; 1=20 MMH; KaTann3aTop NPUPOLAHbII BOKCUT)

Bpems p BbixoA, YTONbHbIX . Bbixog, Wnam + NoTenn CPC*,
nsMenbyeHns Mpla_f; ANCTUNIATOB C T.kMN. °C, % CYMMapHbIX KUAKMUX ras+ %p ’ N-10%
yraa, MUH 10 180 180-250 250-320 npoaykToB, % BoAa, % cnuH/r

0 2,8 10,0 17,8 34,7 62,5 33,7 7,6 2,5

15 3,0 12,2 17,2 35,5 64,9 35,0 1,5 2,7

30 3,2 13,9 18,7 36,6 69,2 29,1 1,7 3,4

45 3,3 10,3 17,9 35,6 63,8 33,6 2,6 3,1

60 3,4 9,8 16,4 35,7 61,9 33,7 4,4 2,9

*CPC — KOHLeHTpauma cBoO6OAHbIX paAnKanos.

Ta6nm.|,a 2 —CpaBHeHme 3KCNepuMeHTaNbHbIX U PaCYeTHbIX AaHHbIX MO BbIXOAY XUAKUX NPOAYKTOB B 3aBUCUMOCTU OT BpEeMEHU

U3MesibdeHnA yrna

Bpema namenvyeHua yras,

BbIX0A4, CyMMapHBbIX XUAKWX MPOAYKTOB, %

A = (aKken. — pacy.) 100-A/3ken., %

MUH IKCNepUMEHT pacyet
0 62,5 62,585 -0,085 -0,13600
15 64,9 64,777 0,123 0,18952
30 69,2 69,306 -0,106 -0,15318
45 63,8 63,601 0,199 0,31191
60 61,9 62,03 -0,13 -0,21002
B Tabnuue2 npuBefeHbl pOaHHble, MOKasblBalowWwme Takum o06pasom, nNo/y4YeHHble [aHHble MO3BONAT

YA0BNETBOPUTENIbHYIO BOCNPOMU3BOAMMOCTb dyHKUMKM BN (t,
a Ha puUCyHKe 2
npeacTasneH ee rpaduk, OTpakaloLWMi U3MEHeHWe BbIXoAa
CYMMapHbIX XWAKUX NPOAYKTOB MpU  TrMAPOreHu3aumm
MeXaHOaKTMBUPOBAHHOIO YA OT BpemeHu 06paboTku w

n) OT 3KCNEPMMEHTA/IbHbIX AOadHHbIX,

KOHLLeHTpaL MM cBO604HbIX paAnKaios.

BT, macc.%

PUCYHOK 2 — BAvAHMeE BpeMeHM U3mesibuyeHua yras (t) n
KOHUEeHTpaunmn ceoboaHbix paaukanos (CPC) Ha Bbixog,
KUOKUX NPOAYKTOB rMAporeHnsaumnm

ISSN 1563-0331
elSSN 2312-7554

peKkomeHA0BaTb AAA MPaKTUYECKOro WUCMONb30BaHWUA MNpU
yra  MambITCKOro  MecTOpoXAeHusa K
rmaporeHnsanmm y4apHo-u3mMesnbyaloLme annaparsl.
MpurotoBneHne yrneHedpTaHoMW nacTbl  LenecoobpasHoO
COBMELLATh C onepawueit TOHKOro M3MeslbYeHuUs yrasa u ero
MexaHOXMMMUYecKon akTuBaumein. [loBTopHasa 06paboTKa
nacTbl B annaparax yA4apHoOro Tmna He wesecoobpasHa, Tak Kak
YNYUWeHWIO OCHOBHbIX MOKa3aTenen

noaroTtoske

He npuBOAMT K
rmaporeHusaumm [8].

3.2 BausHue paduayoHHo20 06sy4YeHuUsA

C ueNbio MOBbIWEHUA PeaKLMOHHOM CNOCOBHOCTU yrns
MaMbITCKOro MecTopOXKAeHUA B Npouecce rmaporeHnsaumnm
nos, HeBbICOKMM [JaB/iieHMem BoAOpoAa Oblain nNpoBeaeHbl
NUCcCNefoBaHMa No OBAYyYEHUIO YINA U Kenes3ocodeprKallero
KaTanus3atopa MNOTOKOM  3/1EeKTPOHOB HAa  yckopuTene
3NeKTPoHOB J1Y-6. MNOTHOCTb NOTOKA 31EKTPOHOB HblNa paBHa
2 MKA/cm?, no3a BapbupoBanack ot 50 go 500 KIp.

YcTaHoBNeHO (Tabnuua 3), YTo NpU yBeNUYEHUU [03bl
06nyyeHuna yraa ot 50 4o 150 Klp BbIXOA, KUAKUX NPOAYKTOB
ruaporeHusaumnm ygenmumnsaetca ¢ 63,5 go 71,1 macc.%, 4To Ha
12,4% Bbiwe NO CPaBHEHWUIO C HEObAYUYeHHbIM yraem u Ha 1,9%
Bbllle 3HaYeHMA MAaKCMMa/IbHOrO BbIXO42A XUAKUX NPOAYKTOB,
NONIYYEHHbIX NpU TUMAPOreHusaumm yraa, mexaHoobpabo-
TaHHoro B TeyeHue 30 muH (Tabanua 1).

[anbHelilee nosblweHMe [03bl 06/AyYeHWA yras Ao
500 Klp He OKa3blBaeT CYyL,eCTBEHHOro BAMAHWA Ha npouecc
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8- 180-250°C;

v ———— N N
0 4_,0/’f * A—250-320°C.

Beixon dhpaxumii, %

T T T 1

0 100 200 300 400 500 600
Jlo3a o6myuenust, KI'p

PMCYHOK 3 — BanAHue o3bl OG/’Iy‘-lEHMﬂ YrnAa Ha BbIXo4, YroaibHbIX AUCTUNNATOB

OXmeHua vyraa. [pun pgosax paguaumm  Bbiwe 150 kMp
YCUNMBAETCA Pa3pblB CONPSAXKEHHbIX CBA3EN B yr/ie, 4TO Be4eT K
3HAUUTE/IBHOMY YMEHbLIEHUIO KOHLEHTpaLuun napamarHut-
HbIX LeHTpos (MML). Mo-BuaMmomMy, MakCMMabHbIA Pa3pbiB
XMMUYECKUX CBA3EN B HOKOBBIX LLenaxX yrasa npu go3e obayyeHnn

150 klp nNpMBOAMT K YBE/MYEHUIO BbIXOAA KEpPOCUHO- a0
rasonesow Gppakumum Tonamsa Ha 3-4% (pUcyHoK 3). 50
Kpome TOro, npu pose obayyeHua yraa 150 KMp EXRTI, mace %

70

KOHLEHTpauuMsa CcBOGOAHbIX paAuKanoB Haubosbwasa u
cocrtasndet 2,9'10Y cnuH/r (Tabavua 3). PyHKLMA, onucbiBato-
Wan 3aBUCMMOCTb BbIXOAa CYMMAapPHbIX WAKUX MPOAYKTOB
BXM (x, y) oT fo3bl 06ayyYeHua yraa (x) M oT KOHUEeHTpauum
cBOBOAHbIX PagmMKanos (y), UMeeT cnefytowmnii BUA,:

G (x, y) = 0,09479-x + 24,91y — 0,03418-xy. ()

Bocnpon3soamMmocTb GyHKUMM NpuBeseHa B Tabaunue 4, a PUCYHOK 4 — BanaHue 403bl 061y4eHuns yras (x) n
ee rpaduK B TPEXMEPHON CMCTEeMe KOOPAMHAT NPeACcTaB/ieH Ha KOHLLeHTpaLmMmM cBO604HbIX PaAnKanos (y) Ha BbIXOA, MUAKUX
pucyHKe 4. NPOAYKTOB rMApPOreHM3anmm
Tabnuua 3 - BavAHMe paaMauMoHHOro o06/y4eHMs Ha OCHOBHble MOKasaTenu ruaporeHusauun yras MambITCKOro

mecTopoxaeHusa (T=400°C, m =0,67 r, t=15 mMuH, Kr-60kcuT 094 (0obnydeHHbii npu 150 KIp), CcOOTHOWeHMe
yronb:nactoobpasosatenb=1:2)

[Lo3a obnyyeHuns P Bbixoa K,% Bbixog, rasa+ MoTepwm, CPC N-10¥
yraa, KIp MnMa £0180°C 180-250 °C 250-320 °C 3 dp- wnama, % % cnuH/r

0 2,8 10,0 17,8 34,7 62,5 33,7 7,6 2,5

50 3,1 11,2 17,9 36,0 63,5 32,6 3,9 2,6
100 3,2 13,9 18,3 34,7 66,9 25,7 8,1 2,7
150 3,5 14,5 19,4 37,8 71,7 27,0 1,9 2,9
300 3,6 12,6 18,7 35,8 67,1 27,3 5,2 2,6
500 3,7 12,1 16,5 35,7 64,3 26,9 8,8 2,2
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Tabnuua 4 — CpaBHeHME IKCMEPUMEHTAJIbHBIX M PACYeTHbIX AAHHbIX MO BbIXOAY XWMAKUX MPOAYKTOB B 3aBUCMMOCTM OT A03bl
U3yYeHus yran

0,
Bpems U3MenbueHus yras, BbIX0A4, CyMMapHBbIX MUAKMX NMPOAYKTOB, %

v A = (3Ken. — pacy.) 100-A/3kcen., %
3KCNepnmeHT pacyet
0 62,5 62,28 0,22 0,3520
50 65,1 65,07 0,03 0,04608
100 66,9 67,51 -0,61 -0,9118
150 71,7 71,59 0,11 0,1534
300 67,1 66,55 0,55 0,8197
500 64,3 64,60 -0,30 -0,4666
4. 3aKknoueHue BbICOKOTO BbIXO4AQ WUAKWUX npoayktoB po 71,7 macc.%.

Kpome TOro, metoLomM He/NWHEeNHOW perpeccun Hbinu
Takum  06pasom, Ha  OCHOBAHUM  Pe3yNbTaTOB  yCTaHOBAEHbl QYHKUMM 33aBUCUMMOCTM  BbIXOAA MKMUIAKMX
npoBefeHHbIX UCCNeA0BaHUIN MOXHO CAenaTb BbIBOA4 O TOM,  NPOAYKTOB OT BPEMEHM MeXaHOaKTMBauuMM U [03bl
YTO MexaHOXMMMUYecKas aKTMBauua W  pagvauuMoHHoe  06/ydYeHMs OT  KOHUEHTpauuit cBOBOAHbIX paguvKanos.
obnyyeHuMe yraA  INEKTPOHHbIM  My4YKOM NPWMBOAMT K  PaccuMTaHa BocnpowusBoAMmocTb  oyHkuun (1) u  (2),
MOBLIWEHUIO €ro peakLuMOHHOW CnocobHOCTM B npouecce  NOCTPOEeHbl rpaduKku (PUCYHKM 2, 4) B TpeXmepHoi cucteme
rMApPOreHnsauun, a Takxe cnocobcTeyeT 06pa3oBaHWMI0  KOOPAMHAT.
cBOBOAHbIX PaAMKanoB U U3MEHEHUIO COeAUHEHUI Xenesa,

BXOAALWMX B COCTaB KaTa/aM3atopa rMAporeHusauuu yras Ha BnarogapHocTu
ocHoBe MpUpoaHoro 6okcuTa Typraickoro MecTopoXAeHUs.
Y70 B CBOIO oUepesb MPUBOAMUT K YBEIUYEHUIO BbIXOAA KUAKMUX Pabota  BbiNONHEHA N0  MNPOEKTYy  rpPaHTOBOro

npoayktoB B o06oux cayyaax. B cnydyae mexaHuyeckol ¢duHaHcnposaHHoro KH MOH PK no Tteme: AP05131787
akTMBaumm yrna B TedyeHne 30 muH BXKI yBennumsaetca Ha «Pa3paboTKka TEXHONOTUM  MOJNYYEHUA  HU3KOCEPHMUCTOro
6,7%, BepHee ¢ 62,5 po 69,2 macc.%, a npu paguaLMOHHOM OU3eNbHOr0  TOMNAMBA M3 YrOMbHbIX  AUCTUANATOB  C
obnyyeHun yrna poson 150 KMp MOKHO p[oOCTUYL bonee npYMMeHeHMem rmaporeHN3aLMOoHHbIX NPOLECCOB».
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The study of fly ash

filler behaviour in the
polymer matrix of
polyethyleneterephthalate
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The purpose of the investigation was to study the behavior of mechanically activated fly ash
filler containing carbon in a polymer matrix of polyethylene terephthalate (PET). By means of the
methods of optical and electron microscopy the change of physical and chemical properties of
fly ash after intensive grinding in planetary mills of centrifugal type was considered. The research
showed that mechanically activated filler, in contrast to its non-activated analog, structures the
polymer matrix and provides improving the characteristics of the composite material.

Keywords: fly ash; mechanical activation; filler; a polymer composition.
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3epTTey MakcaTbl — MOAUITUAEHTepedTanaTTbl MOAUMEPAI MaTPULLACbIHAA KemipTeri
6ap, MexaHWKanblK bGenceHAipinreH ywna Kyn TOATbIPFbIWbIHLIH, KacueTiH 3epTTey.
ONTUKaNbIK aHe 3N1eKTPOHAbl MUKPOCKOMWUA 3AicTepi KemerimeH UeHTpAeH Tenkiw KyLw
TUNTeC NAaHeTapnbl AWipMeHAepAe KapKblHAbl ycakTayAaH KeWliHri ywna KynaiH ¢usuka-
XUMUANBIK KacueTTepi 3epTTeniHai. COHbIMEH KaTap, YLWKbIW KYAAIH OCbIHAAN MeXaHWUKanbIK,
eHAeyAeH KeliH nonnmatuneHtepedTanaTTbl NOAMMEPIi ManTepuangapfa TONTbIPFbIW peTiHAe
KONAaHbIly MYMKIHAIM KapacTbipblngbl. MexaHUKanblK ©HAENreH XoHe eHAeNMereH Kynai
TONTbIPFbIWTAPbl 6ap noaumepni matepuangapAblH MexaHUKanblK 6epikTiri, cyabl ciHipy
KabineTi KaHe KbIWKbIAFA TO3IMAINIr 3epTTeniHin, CcanbiCTbipManbl Tanzay KacanblHAbl.
3epTTeynep  HITUXKECIHO4E MeXaHWKANbIK benceHpipinreH TONTbipFbiw 6GenceHgipinmereH
aHaNorbIMeH canbICTbipFaHAa NOMMeEPi MaTPULLAHbIHbIH, KYPbI/IbIMbIH TY3iM, KOMNO3ULMOHAbI
maTepuanAbliH cunaTTamanapbiH }KaKkCapTKaHbIH KOPCEeTTi.
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Llenblo nccnefoBaHUA 6bl10 M3yYeHMe NOBEAEHUA MEeXaHUYeCKM aKTUBUPOBAHHOTO
Hanmo/sHUTENA  30/bl-yHOCa, COAep)Kallero yriepoa, B MNOJUMEPHOW  maTpuue w13
nonuatuneHtepedtanata (NITP). C nomowbild MeTOAOB ONTUYECKON W 3INEKTPOHHOMN
MUKPOCKOMUM PaccMaTpMBaNOCh U3MeHeHWe (UINKO-XMMUYECKUX CBOMCTB 30Jbl-yHOCA
nocsie WMHTEHCMBHOTO MW3MesbYeHWA Ha MAaHeTapHbIX MesibHULAX LeHTpobexkHoro Tuna,
a TaKXXe BO3MOMHOCTb WCMONb30BAaHUA JeTydyel 30/bl NOCAEe TaKOM MexaHU4YecKomn
06paboTkM B KauyecTBe HAMOAHWUTENA AAA NOAMMEPHOro MaTepuasna, npefCcTaBAeHHOro
nonvaTuneHtTepedTanaTom. bbiAu M3yyeHbl U COMOCTABAEHbl MexaHU4Yeckas MPOYHOCTb,
BOZOMNOMIOLWEHNE U KUCAOTOCTOMKOCTb NOAMMEPHbIX MaTePManoB, HaMoJHEHHbIX MeXaHUYeCKu
06paboTaHHbIM M HeobpaboTaHHbIM 30/IbHbIMU HAMOAHUTENAMU. MccnenoBaHUA NMOKasanw,
YTO MEeXaHW4YeCKW aKTUBMPOBAHHbIM HaMONHUTENb, B OTWYME OT €ro HeakTUBMPOBAHHOTO
aHasnora, CTPYKTypupyeT NMoAvMepHyo mMatpuuy v obecneymBaeT yaydlleHWe XapakTepucTuk
KOMMO3MLMOHHOro MaTepuana.

Kniouesble €/10Ba: 30/1a YHOCA; MeXaHWYECKasn akTUBALMA; HANONHUTENb; NONMMEPHbIe
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1. Introduction

In recent years, polymer-based compositions have found
wide application in various branches of industrial and civil
construction; it makes high demands on both the performance
characteristics and the decorative properties of the polymer
material. Generally, the properties of polymers depend not only
on the properties of the polymer matrix but also on the
properties of the filler. Nowadays, there are lots of fillers that
provide the required properties of the composite. In addition to
well-known various minerals such as gypsum, talc and
carbonates [1, 2] for a long time the household waste, such as
eggshells [3-6], rice husks [7], coconut husks [8]) and as well the
industrial wastes, ash and slag of energy enterprises [9-13],
sawdust and wastes from pulp mills [14, 15, 16], etc. are used as
fillers. In this case application of fly ash as filler is beneficial not
only from the economic site but also from the environmental
perspective due to the
environmental load [17].

However, the amount of the utilized ash is much less than
the number of its producers, which is associated with high
content of harmful compounds including unburned carbonin fly
ash composition. This fact limits the applications of fly ash in a
high-capacity production of building materials, including
cement, concrete, bricks, etc. Due to this reason there is a

reduction of the man-caused

necessity to develop alternative research technologies where
can fly ash will be also used. The purpose of this work is studying

the applicability of ash and slag wastes of Kazakhstan thermal
power plants as filler for polymer matrix based on polyethylene
terephthalate (PET).

2. Experiment

Coal energy is predominating in the Republic of Kazakhstan
with the share of about 70% in the general energy balance of
the country [18]. Power plants in Kazakhstan work with the
coals of different deposits but one of the most common is the
coal from the Ekibastuz deposit [18]. It was noted that the
technological scheme of coal combustion at thermal power
plants in Kazakhstan is based on the traditional scheme of joint
slag removal when combustion products, ash and slag,
discharged by water through common channels and stored in
one slag dump.

The description of fly ash from Ekibastuz coals are given in
monographs [19, 20] but the absence of references to later
literature sources was served as the basis for further carrying
out chemical and grain size analysis of the ash composition. The
results of the analysis are presented in Table 1 [21].

The fly ash (up to 95%) consists of oxides of silicon,
aluminum, and iron (Table 1) represented by quartz, mullite,
and hematite. The content of oxides of alkali and alkaline earth
metals in total is 2,3%, and the amount of carbon is more than
3%. In accordance with the standard [22], the ash material with
low carbon content (less than 1%) is classified in class F and

Table 1 — Data of the phase composition of fly ash from Ekibastuz deposit coal

sio, ALO, Fe,0, cao Mgo TiO,

K,0 Na,0 P,O, MnO so Lol

2 3

61,5 27,4 5,65 1,17 0,49 1,49

0,42 0,32 0,52 0,17 0,57 51
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recommended as filler for concretes which are resistant to the
impact of sulfate solutions and groundwater [23]. From the
results of the grain sizes’ analysis of the initial material, it
follows that the largest number of particles (more than 60%)
belongs to the class 0.25-0.1 mm. The total amount of other
particle sizes is about 40% or about 10% of each class
(Figure 1), which indicates the possibility of direct ash
processing in the mills-activators without the stage of
preliminary crushing.
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The content of fractions, %

10
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>2 2,0..1,0 1,0.05 05.025 025.01 <01
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Figure 1 — The diagram of granulometric composition of ash
from Ekibastuz deposit coal

Mechanical treatment of ash was carried out in centrifugal
mill “Activator 2SL” (Russia) with the closest modes of obtaining
the fillers at industrial conditions (in contrast to [24]): the
activation time were 5, 10 and 15 min; the ratio of the material
mass to the grinding bodies mass was 1:2 and 1:4; rotated
speed of the drums mill was 400 rpm. Measurement of the
specific surface area before and after mechanical activation
was performed by BET method at the analyzer Sorbtometr-M
(Russia). The scanning electron microscopy (SEM) was carried
out in order to investigate the morphology of the samples
surface before and after mechanical treatment using the
scanning  electron microscope Quanta 3D 200i
Dual system, FEI.

Determination of carbon in fly ash material was carried
out by means of Raman spectroscopy using Solver Spectrum
device with 473 nm wavelength. Differential thermal analysis of
samples was carried out in order to study the phase
transformations using analyzer NEITZSCH STA 449 F3Jupiter, in
the temperature intervals up 20 to 1000°C, with a heating rate
of 20°C per a min. Polarizing microscopy was carried out in
order to study the behavior of fly ash filler in the polymer matrix
using the microscope Axio VERT1 with optical magnification
x100 and x200. In addition, a series of tests for obtaining the
composite material of the following composition were
conducted: PET, hardener (Butanox) and fly ash filler. The mass
ratio of mixture M (PET): M (fly ash) was 1:1. The polymer

material was poured into special forms of 2x2x2 c¢m size, with
subsequent vibratory compaction of the mixture. The drying
process of the samples was implemented at room temperature
for 10-12 h.

3. Results and Discussion

Nowadays, targeted improvement of the tribological
properties of polymers that combine excellent mechanical and
chemical resistant properties remains a major problem.
Effective management of these properties is achieved by
introducing into a polymer matrix of micro- and nanometer
sized fillers. However, expensive methods of synthesis of nano-
disperse-sizedfillers require asearch of alternative technological
solutions. The most acceptable from a technical and economic
point of view is the technology of mechanical activation.
Therefore, for averaging of particle size and increasing their
reaction activity, mechanical treatment of the fly-ash in a ball
mill of planetary type was conducted, which allows providing
uniform distribution of filler particles in the volume of the
binding agent.

After mechanical fly ash processing a large part of the
studied samples had the particle size of 5-15 microns. Larger
particles have almost never occurred. The decrease in particle
size accompanied by an increase in the specific surface area
from 1.3 m?/g to 3.6 m?/g.

The sizes of particles first influence the bulk density of fly
ash, and, therefore, the bulk density of mixture which contains
the ash. After mechanical treatment with different mass ratios
of the milled materials to the grinding bodies, the dispersity of
the particles increases and bulk density decreases for 15%. The
values of the bulk density of the fly-ash before and after
mechanical activation are shown in Table 2.

Table 2 — Specific bulk density of fly ash

Fly ash Bulk density g/cm?

Activated (1:2, 5 min) 0.593
Activated (1:2, 10 min) 0.581
Activated (1:2, 15 min) 0.573
Activated (1:4, 5 min) 0.568
Activated (1:4, 10 min) 0.561
Activated (1:4, 15 min) 0.557

Non-activated 0.657

It was found that the best characteristics
demonstrated by the samples of polymers with filler obtained
at the 15-minute mode of mechanical treatment when the mass
ratio of ash to the mass of balls was equal to 1:4. We used this
activation mode in our subsequent experiments.

The studied fly ash contained a large number of the
microspheres’ inclusions (Figure 2). However, after grinding the

were
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(b)

Figure 2 — SEM-analysis of fly ash: a) before mechanical activation; b) after mechanical activation
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Figure 3 — Raman spectroscopy of fly ash before (a) and after mechanical activation (b)

particles of microspheres got a fragmentary rough particle form
with a loose structure of surface due to covering the surface
with carbon in the mechanical activation process.

The structure of pointed duplet peaks of the Raman
spectra is shown at Figure 3 (a, b). It demonstrates the
characteristic peaks of crystalline carbon at D 1360 cm® and G
1583 cm™ wavelengths that correspond to graphite. However,
in a greater degree the peak at 1360 cm™ can be associated with
a defect of the carbon structure resulting from temperature
drop during ash cooling. The results of Raman spectroscopy of
crushed filler demonstrated the shift of peaks G and D carbon in
the low-frequency area with broadening the peaks indicating
uniform distribution of carbon. Sloping peaks D 1372.8 cm* and
for G 1581.8 cm™ (Figure 3 b) indicate the distribution of carbon
across the surface of the sample.

The carbon presence on the sample surfaces after
mechanical treatment was proved by the change of the contact
angle of wetting in aqueous solutions; the definition of which
was carried out by the method described in [24]. It is seen from

ISSN 1563-0331
elSSN 2312-7554

the results of measurements that before mechanical activation
the contact angle was ©=41°, and after mechanical treatment it
became ©=29°. The change in contact angle downward indicates
increase in hydrophilicity of the powder material, which can be
explained only by the presence of carbon on the surface of the
particles.

The view of curves of differential thermal analysis for non-
activated and activated samples (Figure 4 a, and b) has a
complex form characterized by the occurrence of parallel
processes. In the low-temperature area up to 200°C competing
reactions are taking place: the losses of adsorbed water from
the ash particles, and the start of carbon oxidation. For
non-activated fly ash sample, the mass loss was about 2.2%. At
the same time for the samples subjected to mechanical impact
mass loss in this temperature interval was negligible. It was due
to the fact that the process of mechanical reduction of particle
size was accompanied by increase of temperature of
particles over than 100°C that led to the loss of
adsorbed water.

Chemical Bulletin of Kazakh National University 2019, Issue 1(92)
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Figure 4 — DTA analysis of fly-ash: a) before mechanical activation; b) after mechanical activation

On the DTA curve of the mechanically activated samples
Figure 4 b is noted intensive process of oxidation of the coal
part of fly ash from 400°C, while for non-activated sample the
peak was shifted to 430°C with the end of the process of
oxidation for both simples at temperatures above 500°C.
Exothermic effects in the temperature interval 735-750°C can
be associated with the transformation of quartzite into
tridymite and the inevitable changes that occur in the glass
phase of the ash under the heat. In addition, the sintering
process can result to additional broadening the lines of the
curve of differential thermal analysis.

Generally, the use of fly ash as filler for composite materials
based on cement is limited by the presence of unburned carbon
in the composition of the fly ash. However, for polymer
compositions carbon presence is not a critical feature. It is
known that under mechanical mixing the polymer with the filler
(carbon black) polymer radicals interact with the active sites of
the filler particles forming the chemical bond ‘polymer-filler’.
When elastomers are mixed with carbon black there is formed
a gel-like structure where the elastomer is chemically associated
with the filler [25-29]. The phenomena of hardening the
elastomers by carbon black were discovered as far back as 1912
and are actively explored to this day. In general, the mechanism
of the phenomenon of strengthening the polymer durability is

determined by a set of geometrical, physical and chemical
properties of carbon [27, 28]. In fact, it occurs as a result of
ordering the macromolecules that related to each other.

Therefore, with the aim of establishing the interaction
between the fly ash filler and binding agent polarizing
microscopy at optical magnification x100 and x200 was carried
out. As it is seen from Figure 5 (a and b), the sample from the
non-activated material presents a heterogeneous system of
solid and liquid phases with an accurately defined interface. The
samples filled with a mechanical activated fly ash material
(Figure 5 ¢, d) with carbon on its surface represents a
homogeneous system, indicating the interaction between the
polymer matrix and carbon.

Measurement of properties of the polymer composition
was carried out in accordance with the standards [30-33] and
the results are presented in Table 3.

According to the obtained data (Table 3) it was found that
the strength of polymer compositions was collected within 14
days and then remained almost unchanged. For samples with
mechanically activated filler the maximum value of the strength
in compression was 1.1 MPa; for non-activated ash powders the
strength value was 0.4 MPa.

Thus, polymer materials based on mechanically activated
fillers demonstrated better strength values that can be
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(b)

(d)

Figure 5 — Polarizing microscopy of polymer composite material filled with ash material: a) non-activated (x100); b) non-activated
(x200); c) activated (x100); d) activated (x200)

Table 3 — Measured properties of the polymer composition

Strength characteristics

Non-activated filler

Mechanical activated filler

Strength in compression at 14" day, MPa"
Water absorption, %™

Acid resistance, %"

0.4 1.1
0.5 0.1
96 97

*The strength in compression of the samples was determined on a hydraulic press Cyber-Plus Evolution Mod YIMC109NC.

**When determining the water absorption of the samples, the exposition time was conventionally equal to 24 h.

*** When determining the acid resistance of the samples, the exposition time was conventionally equal to 24 h. Two acids were used: sulfuric and

nitric acid, with concentration of 34%.

associated not only with the better distribution of the filler in
the polymer matrix but with the additional interaction of the
components of the composite mixture.

Water absorption of all samples regardless of the type of
filler was almost always equal to zero. The reason was because
most polyesters are resistant to water.

Acid resistance of all samples was 96-97%, which
corresponds to the established norms of standards.

Conclusions

During this research the effect of preliminary mechanical

ISSN 1563-0331
elSSN 2312-7554

activation on fly ash properties of Almaty Thermal power
plant-2, as well as the possibility of its use as fillers for polymers,
was studied.

The role of carbon in the formation of the ordered
structure of a polymer composite material was shown, and it
resulted to the greater mechanical strength of samples with
mechanically activated fly ash filler.
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