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OCOBEHHOCTHU XUMHWYECKOI'O AHAAHU3A
CBC-MATEPHUAAOB

T.N.UTHATBEBA, kaHf. Xxum. Hayk

Mo cTpykType, cBOMCTBaM, XMMUYECKOW CTONKOCTU
CBC-matepuarbl OTnM4aroTcs OT U3BECTHLIX MaTeprarios,
JaXe UMeLLMX C HUMU OOVNHAKOBLIN XMMUYECKUIA CO-
CTaB, HO MOMyYEeHHbIX APYrMMM crnocobamu.

OpHa 13 OCHOBHbIX 3a[ay B UCCneaoBaHUM crHTe3a
CBC-npoayKToB 3akrnoyaeTcsi B yCTaHOBMNEHUN 3aBUCK-
MOCTEN MeXay XMMMUYECKMM 1 (ha30BbIM COCTaBaMm Npo-
[OYKTOB, C O4HOW CTOPOHbI, 1 COCTABOM LUMXTbI U YCIOBU-
SIMU TOPEHUS — C OPYrOM, YTO HEOOXOAMMO Anst ONTUMM-
3aLuK YCIOBUIA CUHTE3a B LieNsX nony4veHnst ogHodas-
HbIX MPOAYKTOB C MUMHMMAIbHbLIM COAepPKaHNEM Npume-
cel. B utore 6b1r10 BbIIBNIEHO MHOroobpasune cutyauui,
B KOTOPbIX BO3MOXHbI 1 MPOCTPAHCTBEHHAS HEOOHOPOA-
HOCTb, ¥ CUIbHOE HeoropaHue, U MHOroga3HOCTb NPo-
OyKTa, N U3BMEHEHWe NPMMEeCHOro cocTtaBa. [NonyyeHune
Ka4eCTBEHHOro NpoayKTa — TOHKasi uccrnegoBaTenbckas
3apava.

[ns BbIsSIBNEHWS BO3MOXHOCTEN NPaKTUYECKOro UC-
nonb3oBaHus Lenesbix npoayktoB CBC Heobxoanma mx
nosHas aTTectauusi, BKroyaroLwas B cebst XMMMYeCcknin
aHanm3a Ha cogepkaHne He TOJTbKO OCHOBHbLIX KOMMOHEH-
TOB, HO U NPUMECEW, BIMSIOLLMX HA CBOMCTBA CUHTE3U-
poBaHHbIX MaTepuanos. Bax+Hoe otnnune CBC ot Tpagu-
LIMIOHHBIX METOZ0B NMOPOLLKOBOM MeTanslyprim — BO3MOX-
HOCTb CaMOOYUCTKM OT Npumecen. CogepxaHne OCHOB-
Horo BewecTBa B CBC-nopoLukax 06bl4HO COCTaBnsieT
01 99,0 80 99,5% (macc.), 4To 3HAUUTESNbHO BhILLE, YEM
Y VX @aHarnoroe, Nnosy4eHHbIX gpyrumu metogamu. [aH-

HbI cbakT TpebyeT NPUMEHEHUS TOHKMX METOL,0B aHanNM-
3a, NO3BONSAOLLNX ONPeaensaTe MUKPOKONMYEeCTBa Npu-
MECHbIX 31TEMEHTOB, OOSBLLON TLLATENBHOCTA B €0 NPo-
BEeAEHWN.

Bce ckaszaHHOe yKka3bIBaeT Ha BaXHYH porib XMMU-
Yyeckoro aHanmsa B pa3sutun CBC-texHonoruun. bone-
Lo Habop 06LEKTOB aHanm3a (kapbuabl, HUTpUAbI, Kap-
OoHUTPUARI, Goprabl, CUNULMAOLI, KOMNO3UTHLIE MaTepu-
anbl, CNoXHbIE OKCUApI, UHTEPMETaNNMYeckme coegnHe-
HWs1), NOBbILLEHHAs TPeOOBATENBHOCTL K YCTAaHOBIEHMIO
CTEXMOMETPUN OCHOBHbBIX KOMINOHEHTOB, K ONPeaereHnto
cofepXXaHnsa NPUMECHbIX 3NEMEHTOB N COeaMHEHUN
00yCrnoBNMBaOT NPUMEHEHWNE KaK COBPEMEHHbIX (hr3n-
KO-XMIMUYECKMX METOL0B: aTOMHO-abCOPOLIMOHHOM Cnek-
TPOCKOMUU, CNEKTPOOTOMETPUUN, MOTEHLIMOMETPUN, Ky-
NOHOMETPUU, TaK M KITAaCCUYECKUX METOA0B «MOKPOW
XUMUM» : KOMIITEKCOHOMETPUYECKOTO, KUCIOTHO-OCHOB-
HOro, OKUCNNTENbHO-BOCCTAHOBUTESBHOIO TUTPOBAHUS,
rpaBMMETPUN.

Pasaoixenue CBC-mamepuaaosB

MepBbIi aTan XMMMYECKOro aHanusa — 310 pasnoxe-
HWe CoeMHEHMS U NepeBefeHe ero B pacTBop 6e3 oc-
TaTka 1 6e3 noTepb 411 AanbHeNLLEro onpeaeneHns co-
AepxaHusi meTannos, 6opa n kpemHus B CBC-npoaykrax
(ocHoBbI U Npumecelt). [laHHas CTagms YacTo ABNAETCs
Hambornee AnMTENbHON B NPOLIECCe aHanmaa 13-3a BbiCo-

Tabrmua 1

Cnocobbi pasznoxeHusi CBC-nopouwkos u nepeeedeHue ux e pacmeop

AHanuaupyemblil maTepuan

YcnoBusi pa3noxeHus

Hutpuaebi:  AIN; SisNs; BN; BN-SiO2; BN-SiC
Kapbuabl: SiC; B4C; WC; MoC; TiC
Bopuabl:  TiBz; ZrB2; (Ti,Cr)B2; BN-TiB2

Cunuumabl: MoSiz; TiSiz

CnnaBneHune co LLenoYblo B NpuUcyTCcTBUAN
okucnutena

(Ti,Mo,W)C - Me; TiC — TiB»; (Ti,Cr)B; - Me

KomnosutHble matepuanst: (Ti,Cr)C - Me; (Ti,Cr)C; (Ti,W)C;

MpepBaputensHasi obpaboTka KucrnoTamu,
3atem cnnasneHne ¢ KOH

CnoxHble okeuabl: (La,Ca,Cr2)Ox; (La,Cr)Oy

Kapbugbl: CrsCz; CrsC2 - Me; (Ti,Cr)C; (Ti,W)C; (Ti,Cr)C - Me

CnnaeneHue ¢ K2S207 unu co cmecbio
K2S207 - Na2S20sg

Wutepmetannuabl: NiAl; NiCr; FeAl; CoAl
CnoxHble okeunabl: CaTiO3z + cMecb OKCuaoB
CaZrTi,O7 + cMecb OKCKaA0B

MpepBapuTensHasi obpaboTka cMechto
KWCIOT, 3aTtemM crnnasrieHne ¢ KxS;07

Kapbuvab!:
Kap6onuabi: TiCN; (Ti,Mo)CN
Cuvnuumabl: MoSiz; TiSiz

TiC; (Ti,Mo)C; (Ti,Mo,W)C; (Ti,Mo,W)C - Me; WC, MoC

PasznoxeHune cmechto kncnot HF - HNO3
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kom ctonkocTn CBC-maTepuanos. [1ng pasnoxeHuns nc-
MOrb3yHoT CriraBreHne C pasnnyHbLIMU NNaBHAMN, PacTBO-
peHne B KUcrnoTax, okucneHue. Mo xmmmyeckum cBom-
ctBam CBC-npoayKTbl MOXHO pa3fennTb Ha criegytoLlme
rpynnbl (Tabn.1).

O CoeavHeHusi, KOTOpble pasnaratoTcs CnnasreHnemM
NpoObI C IMAPOKCUAOM Karnuvs U HaTpuys B MPUCYTCTBUAN
HeborbLLIoro KonmyecTsa okmcrmTens KNO,. B ocHoBHOM
aTo HMTPKAbI (BN, Si,N,, AIN), kapbuae! (SiC, B,C), 6opu-
Abl (TiB,, ZrB,), cunuumnapsl (MoSi,, TiSi,). Mpu pasnoxe-
HMM KOMMO3WTHbIX MaTepranoB Ha OCHOBE Kapbyaos u
6opuaos Tna (Ti, Cr)C, TiC-TiB,, NNak1poBaHHbIX NMOPOLL-
koB (Ti,Cr)C -Me, (Ti,Cr)B, — Me npo6y npeasapuTensHo
0bpabaTbiBatoT CMECHI0 CEPHOM UMM @30THOWM KUCHIOTbI C
dTOpUCTOBOAOPOAHOM KMcroTon. [JobasneHve HF HeoO-
XOAMMO A YCKOPEHUS PasnoXeHs TUTaHcodepaLLmx
MPOAYKTOB BCNEACTBYE 0Opa3oBaHMs (hTOPUAHBIX KOMIT-
NeKcoB, KoTopble NpegoTepaLlatoT rmaponus Ti(1Y). [MNoc-
ne ynapvBaHusi CMecu [0 BIliaXKHbIX COrlen HepacTBopu-
MbI OCTaTOK Takke cnnaenstoT ¢ KOH B npucyTcTBMm
okucnuTens.

MonyyeHHbIN NNaB pacTBOPSAIOT B pa3baBrieHHOM KMC-

note (CepHOM Unu CONsIHOW) NV B BOAE B 3aBUCUMOCTU
OT JanbHeNnLIero xoga aHanunaa.
O TlNony4aemble C NpUMEHEHNEM arntoMOTEPMMUN CTOVKME
kapbuabl xpoma (Cr,C,), cMeLwwaHHble kapbuapl (Ti,Cr)C,
(Ti,W)C, KOMNO3UTHbIE MaTepuarsibl Ha UX OCHOBE, CIOX-
Hble OKCKAbI Pa3nMYHOro cocTasa pasnararoT crnasre-
Huem npm 700 - 750 °C ¢ nupocynbdatom kanusa K S O,
NN CO CMECHI0 NMPOCYrbgaTa Kanus ¢ nepcynbgaTom
HaTpusA Na_S O,, nposenstoLLen 6oree CurbHbIe OKACTN-
TenbHble cBoMCTBA. [pyn 3TOM BCe MeTan bl NepexoasT B
cynbaTtbl. UHTepmeTannuapl NiAl, NiCr, FeAl n apyrue,
MMHepanonoao6HbIe kKepamMnyeckme MaTepumarbl, Takve,
kak nepoBckuT CaTiO,, umpkoHonut CaZrTi,0,, conepxa-
LLMe, KpoMe TOro, CMECb OKCUA0B Pa3rnyHbIX ANIEMEH-
TOB, BHa4ane obpabatbiBatoT cMechto Kucrnot H,SO,-HF
unu HCI-HNO,, 3aTem ynapusatoT [0 BMaXHbIX COnen v
CrnaBnsAoT ¢ MpocynbdaTom kanus. Nnas pacteopsitoT
B pa3baBneHHol (1:1) cepHoM kucnoTe.

O Kapbuabl n kapboHntpurapl, cogepxkaiyme tutaH (TiC,
TiCN, TiMoC, TiWC 1 gp.), cunuumapl metannos (MoSi,,
TiSi, ), kapbuab! Bonbgpama v MonvbaeHa pasnararoT Tak-
Xe PTOpUCTOBOOOPOAHOM KMCNOTON B CMECU C APYrMMU
KMcrnoTamu, Yyalle BCcero asoTHOW, B3ATOM B COOTHOLLIE-
H HEF:HNO, - 1:3 — 1:4. YT06bl MCKINIOUNTL MeLLatoLLee
AencTaue OTopua-1MoHOB NpW AarbHerLweM aHanuse, nx
yAansoT U3 pacTeBopa BbiNaprBaHWEM C KOHLIEHTPUPOBaH-
HOW CepHOM KNCOTOMN A0 nosiBreHns napos SO,.

HekoTopble coeanHeHns (Hanpumep, CrNoXHbIe kapou-
bl TUTaHa-XpoMma, coaepKaLLme X KOMMO3UTHbIE MaTe-
pvarnbl, CUNMLUMABI) pasraratoT No-pasHoOMy B 3aBUCUMO-
€TV OT cnocoba 1x Nory4eHns 1 OT NPUMEHSEMOrO MeTO-
[Oa onpeaerneHns oreMeHTOoB.

CnepyeTt oTMeTUTb, 4TO B Tabn. 1 npvBeaeHa B Kade-
CTBe npumMepa HesHaumTensHas Yactbe CBC-npoayKTos.
Ha camom gene cnvcok aHanuanpyeMbix Mateprarnos
HamHoro obLmpHee. Kpome Toro, B HEKOTOPbIX Cryyasx
NPUXOOUTCA coMeTaTh pasHble MPUEMbI Pas3noXeHus, YTo-
6bl [O6UTECA NonHoro nepeseaeHust CBC-coeanHeHns B
pacTBop. Tem He MeHee, cAernaHHasi Ha OCHOBE HaKor-
TNEHHOTO 3KCMepUMEHTarnbHOro MaTepuarna knaccudguvka-
Lins NO3BOSIAET 3apaHee ornpeaenvTs MeToz, PasroXeHns
aHanuavpyemoro obpasLa, a Takke npeackasarb XMMU-
YecKue CBONCTBA U, COOTBETCTBEHHO, CNOCOObLI NepeBe-
OEeHNs B pacTBOp eLLe He N3y4eHHbIX B XUMNUYECKOM OT-
HOLLEHWW COEANHEHNI.

OnpedeAseHue codepiKaHUA MmemaaAuvye-
ckux cocmasaaouiux CBC-coedunenuu

Tak kak npouecc pasnoxeHuss CBC-npogyKkTos Anu-
TenbHbIN (3aHMMaET MHOTrAa HECKOMNbKO AHEN), Ans COo-
KpaLLeHVs BpeMeHV aHanm3aa 1cnorb3yoT Habop aHanu-
TUYECKMX METOL0B, YTO NO3BOIAET ONPeaensTs Makpo- 1
MUKPOKONMYECTBA Pa3nnYHbIX 31IEMEHTOB U3 OOHOMO U
TOro e pacTeopa (Tabn. 2).

Havnbonee achdeKTBHBIM METOLOM SBMAETCA aTOMHO-
abcopbLmoHHasi cnekTpockonus. YTobbl MCKMNoYnTL B3a-
MMHOE BMNMSIHNE 3NEMEHTOB 1 MeLLatoLLiee BO3AeNCTB/E

Tabnumua 2
OnpedeneHue Memasnnu4yeckux cocmasnsirouiux CBC-mamepuanoe
UHTtepBan onpeaeneHus,
MeTopabl aHanu3a OnpepensiemMmble 3NeMeHTbI % (macc.)
ATOMHO-abcopOuUMOHHast CMEKTPOCKOMNNS Mg, Ca, Ba, Fe, Ni, Co, Cu, Zn, Cr, 0,01 - 50,0
Mn, Cd, Pb, Sn, Si, Al
ATOMHO-3MNCCUMOHHbBIN METOS, K, Na, Li, Cs, Sr 0,001 -10,0
CnekTpodoTomMeTpusi Ti, Mo, W, Al, Si, Y 0,001 - 20,0
MeToabl «MOKPON XUMUN» Al, Mg, Ca, Zn, Ni, Y, Zr, Mn, Cr, V, 5,0-80,0
(komnrekcoHOMeTpUS, pefoKCMeTpus, Nb, Si, Fe, La
rpaBUMeTpPUS)
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MaTpuLbl NPy onpeaeneHun NnpuMecen, K anmkBoTHON
YacTW NCXOOHOro aHanM3npyemoro pacTeopa Jobasns-
IOT COMb NTAaHTaHa MUIU KarbLmMs Kak CNeKTPOXMMNYECKNI
Oydep. YpaBHMBaIOT KUCIOTHOCTU pacTBopa, NPUroToB-
NEeHHOro 4118 aHanusa, U cTaHAapTHbIX PacTBOPOB U On-
peaensioT Makpo- U MUMKPOCOAEPXaHNS MeTarnm4yeckmx
coctaBnstowmx CBC-coeanHenuii: Fe, Mg, Ni, Cu, Co,
Cr, Mn, Zn v Ap., perynupys cogepxaHme MCKOMOro arne-
MEeHTa B aHan13vpyemMoMm pacTtBope pasbaBneHmem nc-
XO[IHOro pacTBoOpa U N3MeHeHeM HaBecku 0bpasua.
[Mpv onpeaeneHnm cogepXaHns MUKponpuMecei npume-
HSII0T MeTop, 4,00aBOK, NO3BOMNSAOLMIA YMEHBLLUWNTL BMNS-
HVe MaTpuLbl Ha pesyrsTaTt aHanuaa.

ATOMHO-9MMUCCMOHHBLIM METOL0M HaX0o4AT CoAepXxa-
HMe LWeNoYHbIX MeTanmoB 1 CTpoHuMs. MNpun nogrotoske
pPacTBOPOB K aHanNM3y UCMOb3YTCA Te Xe NPpUeMbI, YTO
1 NSt aTOMHO-abCOPOLIMOHHOM CNEKTPOCKOMUM.

[ns onpeneneHnst cooep>xaHnst TYronnaBKyX drieMeH-
ToB Ti, Al, Si, W, Mo, Y 6onee apdeKT1BHbIM OKasancs
CneKkTpooTOMETPUYECKUN MeTOL,. ANMKBOTHYHO YacTb MUC-
XO[HOro pacTBopa 06pabaTbiBaoT pacTBOPOM LLEMOYMU,
yTobbI OTAENUTL OT Al, Si, Mo, W MeLuatoLLme anemMeHThbl
B BME HepacTBOPUMBIX rnapokcmaos. C MOMOLLBLO CO-
OTBETCTBYHOLLMX OyhepHbIX paCTBOPOB yCTaHaBMNMBAOT
KMCMOTHOCTb, HEODXOANMYIO NS NPOBEAEHNSI peaKLn
Al ¢ xpomasyponom C; Mo n W — ¢ pogaHugom ammo-
HMs. KpemHWI onpegensoT ¢ MonnbgaTtomM aMMOHKS B
BME CMHEro KpemMHeMonnbaeHoBoro Kommnekea, Y — ¢
apceHaaso . na onpegeneHns TutaHa UCronb3yoT YyB-
CTBUTENbHYIO PeakumIo C UaHTUMMPUITMETAHOM B CUTb-

MCMAH

HOKMCon cpefe. B 3aB1UCMMOCTY OT cogepKaHnst TutaHa
NPUMEHSIFOT NPAMON U AndpdepeHumanbHbI METOA.

OcCHOBHbIe COCTaBNSLNE B UHTEPMETaNNMYECKMX
coeamnHeHusax (NiAl, FeAl, NiCr n gpyrunx), B KOMNo3uT-
HbIx MaTepmanax Tmna (Ti,Cr)C - Me, B CITOXHbIX OKCK-
Jax onpenensioT KNaccu4eckMn MeTogamm «MOKPOWN Xu-
MUW» NOCHe OTAENEHNs aHanU3npyemMoro aremMeHTa ot
conytctBytowmx. Cogepxanue Al, Ni, Fe, Zn, Y, La, Zr
HaxoAAT KOMMIIEKCOHOMETPUYECKUM TUTPOBAHWEM C On-
HaTPVEBOW COMbIO STUNEHANAMUHTETPAYKCYCHOM KMUCITO-
7ol (QOTA), Cr, Mn, V — oOKMCNNTENBHO-BOCCTAHOBUTESb-
HbIM TUTpOBaHMeM ¢ conbio Mopa Fe(NH,),(SO,),. Tou-
HOCTb aHanm3a npu 3ToM BO3pacTaerT.

Bonblune copepaHusa KpeMHUS!, HUOOUSI, HUKeNS
onpeaernsioT rpaBUMETPUHECKM METOLOM.

4)2

Onpedesenue oburezo codeprxanuna
HememaaAuueckux cocmasaaAlOWIUX
CBC-npodykmos

[Mpv onpeaeneHnn HemeTanMMYeCKNX COCTaBIIAOLLIMX
CBC-nopoLukv BHa4arne pasraratoT, 3aTem 60op, yrnepog,
asor, Knucnopop nepeBoasT B hOpMbl, MO3BONSAOLLMNE 3a-
KaH41BaTb aHanM3 NoTEHLMOMETPUHECKM, KyNIOHOMETPU-
YECKUM, KMCMOTHO-OCHOBHBIM TUTpOBaHMeM (Tabn. 3).
Bo3MOoXHbI M Apyrie crnocobbl OKOHYaHUS aHanunsa.

OnpepeneHune yrnepoaa. CTonkue kapbuabl xpoma,
CMeLlLaHHble kapbyapl TUTaHa-xpoma, KOMMO3UTHbIE Ma-
Tepuarsbl Ha ux ocHose Tuna Cr,C, —Me, (Ti,Cr)C — Me,
kapbuabl 6opa 1 KpeMHWSI CMELLMBAIOT C NOAXOASALLMM

Tabnmua 3
OnpedeneHue Hememarsnnu4yeckux cocmasssiroujux CBC-mamepuasnoe
UHTepBan onpeaeneHus,
AnemeHT MeTop onpepneneHus
% (macc.)
KynoHomeTpuyeckoe TUTpoBaHue. 0,01 -60,0
¢ VIK-cnekTpockonus 0,0001 - 90,0
[NoTeHumnomeTpuryeckoe TUTPOBaHUE 0,05-90,0
B MaHHUTOOPHOWM KUCIOThI
MeToa Keenbaans. OkoH4YaHMe aHanm3a — KUCIOTHO-OCHOBHOE 0,02 - 60,0
TUTPOBaHNE.
N MeTopq BoCcCTaHOBUTENBHOIO NiaBfeHus. 0,01 -20,0
OkoHYaHve aHanm3a — rasoBasi xpomarorpadus
MeToq BOCCTaHOBUTENBHOIO NfiaBfieHNs B TOKE MHEPTHOrO ra3a.
OkoHYaHve aHanusa:
© KyITOHOMETpUYEecKoe TUTpoBaHue, 0,05-30,0
rasoBasi Xxpomarorpagpus 0,02 -20,0
HedenomeTtpus. 0,01-1,0
c MepkypomeTpuyeckoe TUTpoBaHue 1,0-10,0
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Tabnvua 4

OnpedeneHue Hecesi3aHHbIX («C80600HbLIX») arleMeHmoe 8 KoHe4YHbIx CBC-npodykmax

AnemeHT

MeToa otaeneHus u onpeaeneHus «CBOGOAHOro» 3afieMeHTa

(o Kap6uab! 1 kap6oHuTpuabl, cogepxawme Ti, Mo, W, obpabaTbiBatoT cmechto kucrnot HF — HNOs,

Temnepatype 1000 — 1200 °C.

HepacTBOPVBLLMIACS YrIepo OTAENsoT OT pacTBopa M CXKUralT B aTMocdepe Kucropoaa npu

Kap6uab! Cr, Si, B, MX KOMNO3UTbLI CKMraloT B aTMocdepe K1cropoaa npu TeMnepaTtype HUXe, Yem
HeoGX0AUMO AJS ONpefeneHrst OCHOBHOTO MPOAyKTa.

OkoHYaH1e aHanuaa: KyrioHOMeTpuyYeckoe TUTpoBaHue obpasoBasLuerocsi CO;

B B4C. BN 1 npon3BoaHble HAa UX OCHOBE: 3NeMeHTapHbIN 6op BMecTe ¢ okcruaoM 6opa 13BnekarT
cmeckto H202 - HNOs. Okeunp 60opa akcTparnpytoT 13 obpasiua Bogom.
OkOHYaHVe aHanm3a: NoTeHLMOMETPUYECKOE TUTPOBAHNE MaHHUTGOPHON KUCMOTbI LLENOoYbHO.

CopepxaHne cesobogHoro B 1 B>Os HaxogsaT U3 pa3HOCTY ABYX onpeaeneHnn

paspyLLatoLLMX OCHOBHOW NPOAYKT.

KOMIMIeKca; aTOMHO-abCcopOLIMOHHBIN METOS

Si KpemHurcooepxxallume NpoayKTbl: HECBA3aHHbIA KpEMHUIA aKCTparnpytoT pactBopom KOH B ycnosusix, He

OKOH4YaHve aHanuaa: cneKTpocbOTomeTqueCKoe onpepeneHne KpemHua B Buae erMHeMOJ'II/I6,D,eHOBOFO

METOAOM.

paspyLLatoLLMX OCHOBHOW NPOAYKT.

Al Nopouwiok AIN obpabatbiBatoT pa3basneHHon HCI (1:1).

KonuyecTtBo BblaenmBLIErocs B pe3ynbTarte peakumm Bogopoaa onpenendroT BoONIFtoMOMEeTpU4eCkum

WHTepmeTannuabl U KOMNO3UTbI: CBOGOAHbIN Al akcTparmpytoT pactBopom KOH B ycrioBusix, He

OkoHYaHVe aHanm3aa: crnekTpooToMeTpuYeckoe onpeaerneHve Al B Buae Komnekca ¢ xpomasyposiom C;

aTOMHO-abcopbLUMOHHBIN MeTod; TuTpoBaHue ¢ OATA (ansa 6onbLimx konmyecTs Al)

NraBHEM M CXUratoT B Toke kucrnopoga npu 1300 °C. Kap-
6uabl n kapboHuTpuael Ti, Mo, W 1 nx cmecu cxuratot B
Tex xe ycrnoBusx, Ho 6e3 nnaeHs. Konuyectso obpaso-
BaBLLIErocs AVoKCcMAa yrrepoaa onpeaensitoT KyrioHOMeT-
PUYECKUM TUTPOBAHMEM U N3MEPSIA CTEMNEHb MOrToLLe-
Hus VIK-n3nyyeHns ra3oBon cMecu nocne CxxuraHunsi 06-
pasLa Nno CpaBHEHMIO C YMCTbIM KUCITOPOAOM.
OnpeaeneHne 6opa. bopcoaepxallume nNpoayKTbl
pasnaratoT, kak ykazaHo B Tabn. 1. [naB, nonyyeHHbIn
npu pasnoxeHuu nNpob, conepxatumx B,C nnn BN B pas-
NINYHBIX COYETaHUAX, PaCTBOPSIOT B BoAe, YTOObI OTAe-
NUTb HepacTBopuUMble ruapokeuabl. MNpy pasnoxeHnn
npo6, cogepxallumx TUTaH, NfaB pacTBOPSIOT B pa3bas-
TNIEHHOW COMSIHOM KUCIOTE, 3aTEM rMOPOKCUAbI TUTaHa n
COMYTCTBYHOLLMX 31IEMEHTOB BbICaXXMBAIOT U3 HArpeToro
pacTBOpa rpaHynMpoBaHHbIM MIMAPOKCUAOM Karnusl, Y4To-
Obl n36exaTb 06pa3oBaHUs KONMIOMAHOIO 0caka TUTaHo-
BOW KUCMOTbI U NOMYYNTb MENTKOKPUCTAmNIMYECK1In oca-
OOK rmapokcnaos. Pacteop oTdounstpoBbisatoT. Coaep-
»aHue 6opa onpeaensoT NOTEHLMOMETPUYECKMM TUTPO-
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BaHWEM KOMMIIEKCHOM MaHHUTOOPHOM KUCTOTbI CTaHAapT-
HbIM PACTBOPOM LLIESTOYMN.

OnpepeneHue asoTta. CogepxaHue azoTa B HUTPU-
Aax 1 kapboHUTpuaax onpenensoT no metoady Keenbaa-
ng. Mopowok AIN pasnaratoT KOHLEHTPUPOBAHHbIM pa-
CcTBOpOM Lenoyn. Hutpuapsl n kapbonntpuapl Ti, Mo, W
NnepeBOAAT B paCTBOP «MOKPLIM CririaBreHmemM» obpasua
B cmecun H,SO, — K,SO,. O6pa3zosasLLyocs aMMOHWIA-
HYHO COfb pa3pyLLatoT KOHLIEHTPPOBaHHbLIM PacTBOPOM
Lenoun. Beigenstowmiica B npoLecce peakumm ammmak
OTTOHSIOT MApOM B pacTBOp GOpHOM kcnoTkl. bopaTt am-
MOHUS TUTPYIOT CTaHAAPTHbBIM PAaCTBOPOM CEPHOW KUCTIOTHI.

O6pasubl, conepxatume BN nnm Si,N,, cmelumsatot ¢
6e3B0aHBIM rMapOKCHMaoM NUTKA 1 oxuratoT npu 900 °C B
TOKe aproHa. ObpasyoLuiicst ammmuak nornoLaT uk-
CHpOBaHHbLIM 06beMoM cTaHaapTHoro pacteopa H,SO,.
M30bITOK KUCNOTbI TUTPYKOT CTaHAAPTHBIM PacTBOPOM
LLenoym.

OnpepeneHue kucnopopa. [pu aHanuse Npoayk-
ToB CBC 0co60e BHUMaHWe yaernsieTcs onpeaeneHmio KUc-
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nopogaa, kak razoobpasytoLLen npumecu. Micnonbayetcs
MeTOZ BOCCTaHOBUTENBHOIO NnaBneHys obpasLa B aTMoc-
depe nHepTHOro rasa (renusa nnm aproHa). Metog ocHo-
BaH Ha peaKLun B3aMMOAENCTBUS KUCIopoaa aHanman-
pyemor Npobbl ¢ yrnepoaom rpacUToBOM Kancy bl npu
Temnepatype Bbiwe 3000 °C. PasnoxeHne NpoBOAAT B
MMMYSIbCHOW NeYn CONPOTUBIEHNS CO CMEHHbIMU rpacu-
TOBbIMW Kancyrnammu, U3roTOBNEHHON B 3KCNepUMeHTarb-
Hou mactepckon MICMAH.

W3 pacrninaeneHHoro obpasLia knucrnopop Bblaensiercs
B rasoByto a3y B Buae okcuaa yrnepopa. Konmyectso
obpasosasLueroca CO B kapbuaax, bopnaax, MHTEpMe-
Tannuaax onpeaensitoT rasoxpomMaTorpadmnyeckn ¢ nc-
Nnornb30oBaHMEM renns kak rasa-Hocutens. OqHoBpeMeH-
HO BO3MOXHO OnpeferneHne a3oTta, Haxo4sALLEerocs B yka-
3aHHbIX COeQNHEHMSAX B BUAE NPUMECH.

Mpv aHanmn3e HUTPUAOB, KAPOOHNTPUAOB U UX MPOU3-
BOHbIX OornbLUOe coaepxaHve a3oTa 3aTpyaHsIeT pas-
JeneHuve NMKoOB Ha XxpoMaTorpaMmMe 1 MeLLaeT onpege-
neHuto kncnopopaa. Noatomy o6pasoBaBLUMIACS B pe3yrib-
Tate peakuun CO npeasaputenbHo okucnsaoTt go CO,,
KONMYECTBO KOTOPOIo ONpeaernstoT METOAOM KylTIOHOMET-
pyYecKoro TUTpoBaHus. MonyyeHHble pesynbTaTbl nepe-
CUYMTLIBAIOT Ha CoAePXaHme KUcropoaa.

Xrop 06bl4HO NpucyTcTBYET B NpoaykTtax CBC B MoOH-
HOM Bue Kak npuMecs. [loaTomy ero npeaBapuTensHO
OTAENSAT IKCTPaKLUMeEn 13 aHanmanpyemoro obpasua,
3aTeM onpeaernstoT CnekTPoOTOMETPUHECKUM METOAOM,
n3mMepss NOMyTHEHUE pacTBopa B pe3ynbraTe peakumm
MOHOB XI1opa C a30THOKUCTbIM cepebpoM. Npu 6onbLLom
COAEepXXaHMU XITopa UCTMONb3YHT MEPKYPOMETPUYECKOE
TUTPOBaHWE SKCTPaKTOB B NPUCYTCTBUM AncbeHMnKapba-
30Ha.

OnpedeAeHue HECBA3AHHDIX
(«cB0GOdNBLIX») 23AEeMEeHMOB

MonHoTy npoTekaHus npouecca CBC MOXHO oLeHUTb
Mo COOEPXaHMI0 B KOHEYHOM MPOAYKTE HECBA3aHHbIX
(«cBOBOAHBIX») 3NIEMEHTOB, B3ATbIX AJ151 MOSy4EHUS Lie-
NeBoro coeavHeHus (Tabn. 4).

MeTopaumka onpeaeneHus ceobogHoro yrnepoaa B
kapbuaax xpoma, KpemHusi, 6opa, KOMMNO3UTHbIX MaTepu-
anax Ha X OCHOBE CBOAMTCS K CUraHUIo HaBECKN aHa-
nmsmpyemoro obpasua 6e3 nnasHs B TOKe Kucriopoaa npuy
TemnepaType 600 - 900 °C B 3aBUCMMOCTU OT aHanMaunpy-
eMOoro npoaykTa, T.e. bonee H13KOW, YeM TemnepaTypa,
HeobxoamMMas ong onpeaeneHns obLLero coaepxaHums
yrnepopna B kapbuvae.

IMpwv onpegeneHnm cBoboAHOrO yriepoaa B kapbuaax
1 kKapOOHWTPUAAX, COAePKaLLMX TUTaH, BONbdpam, Mo-
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nmbaeH, Npoby NpeaBapuUTENbLHO pasraratoT B CMECH KUC-
not HF - HNO,. Cssi3aHHbIV yrnepoa yaansercs B Buae
neTy4rx NPodyKTOB, @ OCTaBLUMINCS CBOOOAHbIV yrnepos
OTAENSAT N CKUraloT B TOKe kucrnopoaa. Konnyectso
obpasytouieroca CO, ycTaHaBnMBaroT KyrioHOMeTpuYe-
CK/M TUTPOBaHMEM.

Bop cBo6oaHbIM U okcug 6opa B BN, B,C 1 nx
NPOWU3BOAHbIX OTAENSAIOT OT OCHOBHOIO NpoayKTa obpa-
GoTkow aHarmaupyemon npobbl 10%-HbiM pacteopoM H,O,
B NMPUCYTCTBUM HEOOTMbBLLOTO KONMYEeCTBa a30THOW KUCHO-
Tbl. Okeng 6opa akcTparnpytoT U3 npoaykTa sogoin. Co-
AepxxaHue 6opa B pacTBopax B 000mx crnyyasix onpege-
NS0T NOTEHUMOMETPUHECKMM TUTPOBAHMEM KOMIIEKCHOW
MaHHUTOOPHOW KNCIOTbI CTAaHAAPTHLIM PACTBOPOM LLIENO-
un. CopepxxaHue ceobopaHoro 6opa u B,O, HaxoaaT n3
pas3HOCTM ABYX OnpeaeneHunii.

[ns onpegeneHns cBO60OHOIO KPEMHUS B KpEM-
HUNCcoaepXaLLMX CoeaMHEHNSIX 1 CBOGOAHOro antoMu-
HUS B UHTEPMETaINIMYECKNX U KOMIMO3UTHLIX MaTepuanax
Hanbornee BbICTPLIM SBMSETCSA BOIFOMOMETPUYECKUIA Me-
TOA onpeaeneHnst BO4Opoaa, BblaensioLLerocs npm o06-
paboTKe KPEMHUICOAEPKALLMX COEAMHEHNIA PACTBOPOM
Luernoyu, a npob, coaepkaLLmx antoMUHNIA, — PaCTBOPOM
congHow kncnoTbl. OgHaKo 3TOT MeToA ABNSIeTCs Heo-
CTaTO4HO NPELM3NOHHBIM Arst OGHapYKeHNS HEBONbLUMX
KONMYECTB yKa3aHHbIX 311eMeHTOB. [1oaToMy aHanmaumpy-
emble 06pa3upbl 06pabaTbiBalOT PacTBOPOM LLENOYM B
YCMOBUSIX, HE pa3pyLUatoLLMX OCHOBHOW NPOAYKT, 1 OT-
[OEensoT pacTBOPUBLLNIACA KPEMHUIA MW artOMUHWA OT He-
pactsopumoro octatka. CogepxxaHue onpeaensiemoro
3reMeHTa HaxoaaT aTOMHO-abCOPOLIMOHHBIM METOAOM UIi
cnekTpooToMeTpryeckn no peakumm Al ¢ xpomasypo-
nom C, a Si— ¢ MonmbaaTtom aMmMOHUSI.

Bcnepncrtere HeyCTOMYMBOCTM HUTPUAA antoMUHKS B
pacTBopax KUCMOT U LwenoYven cBoboaHbIN antoMUHUIA
onpegenstoT B AIN BontoMomeTpuyeckum metofom. [Npu
06paboTke oOpasLia pacTBOPOM COSSIHOM KUCMOTbI ra3o-
06pa3HbIM NPOAYKTOM SIBMSETCS TONbKO BOAOPOA.

Taknm 06pa3om, UCnonb3ys pa3Hble NpUeMbl pasno-
*eHnst CBC-npoayKToB, pasHble crnocobbl onpeaeneHms
3remMeHTa B 3aBUCMMOCTU OT Npupoabl obpasua, pesyrb-
TaTbl onpeaeneHnsi cBo60aHbIX ANIEMEHTOB, a Takke He-
npopearnpoBaBLUNX UCXOOHbIX KOMMOHEHTOB LUNXTHI,
MOXXHO NMPOBECTU XMMUYECKMIN (Da30BbI aHan13 Leneso-
ro npogykTa. B pesynsrate MOXHO OTKOPPEKTUPOBATb
YCITOBUSI TOPEHUS U COCTAB LUNXTbI, KONIMYECTBEHHO Or-
penennTb COOTHOLLEHUSI a3 B CIIOXKHbIX KOMMO3UTHbIX
MaTepuanax, Hanmdve NpoMeXXyTOYHOrO COeAMHEHUS B
KOHEYHOM NpoayKTe, yCTaHOBUTbL CNOCcob AONONHUTENb-
HOW OYUCTKN COEQUHEHWNI NS MONTyYEHMs BbICOKOKaYe-
CTBEHHOro MaTepuana ¢ 3aJaHHbIM1 CBOMCTBaMM.
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