H3IBECTHA

TOMCKOT'0 OPAEHA OKTAEPECKO/ PEBOMXIMM M OPNEHA TPYZOBOI'O
KPACHOT'0 SHAMEHW IIOJUTEXHWYECKOT'0O MHCTUTYTA MM.C.M,KHPOBA

Tom 257 1973

TEPMIYECKOE PASIOXEHHVE TYMMHOBHX KHCIOT TOP®A
C.}.CuoxraaunoB, fl.A.Bexmxmaep, B.M.HrpuH

(OpemcTaBieHAa HAYYHO-METONMISCKEM CeMEHApoM XTP)

H3yyeHHe KHHETHRM H MEXaHASMA NFPOJH3a TBEDIHX TOILMAB SABJLI-
eTCA NepBoCTeNneHHO# safadeft HA NAHHOM dTale PAa3BHTHA NMMPOTEHHHX
mponeccoB. HamnyumwmM oGBEKTOM HMCCIENOBAHMS B STOM CJIyJYae MOXET
apaAThcA Topdp. Caoxuuit, HO NOo3EaBaeMH COCTEB OPraHWYECKOTO Beme-—
cTBa Topha ABAAETCA GOTATHM MCTOYHWKOM HHPODMAITEN O MOBEIEHEW OT-
JeJBPHHX EKJACCOB BEmMECTB B XOfe ImApoamsa., HsydeHme KWEETHUEeCKHEX
SarROHOMEpHOCTe TepMHYECKOT'0 pasJOoXeHEs Topda HOSBOJET BHACHHTH
POJb OTHeJBHHX KAACCOB BemeCTB B OCpA30BAHAR NPOIYKTOB pacmaia,

a BMeCTe C TeM raydxe NDOHMKHYTP B MEXAHH3M TEDMOJIHSA, TAK RAK
TEXHOJOTHYECKOEe HCHOOXHS3OBAHHE TBEDAHX TOIEB TpelyeT THATEABLHOr'O
HSYJYeHHd TeX H3MeHeHMff, KOTODHE HPOHCXOIAT B TOIUMBE IPH €ro ne-
pepadoTre. TepuMEYecKOoe pa3jiOXeHEe BemecTBa Topja CBASAHO C BHEE-
JICHHEM TasSoOoCpasHHX, XHOKEX B TBEDAHX HPOLYKTOB NHPOXE3E, B odpa-
SOBAHME KOTODHX NPHHHMMADT y4YacTHe BCe KIACCH COeNmHeHml, mpHECyTCT-
Bynmee B Topfe. [losTOMy mpencTaBifeT EHTEpeC HIYYECHHE TepMAISCKOTO
PasAOXeHNsT He TOJBKO Topfa, HO H OTHEJPHHX Pyl BemecTB, BXOLA-
muxX B cocTaB Toppa M H3BRIEK2EMHX W3 HEer'o COOTBETCTBYNIMMA 3KCTpa-
TeHTaMHA,

[emsp HACTOAMETO MCCIEROBAHEA SBIAIOCH HSYYeHHE TEDMEIECKOTO
PasJOXeHESI T'yMRHOBHX KHCJIOT, H3BJICYEGHHHX MR IBYX DasSJRYHHX TOpjoB,
XApAKTEDHCTEEKA KOTODHX OpefcTaBleHa B Tadka, I.



Tadmma 1
TexHApgecknit ® 3JeMeHTHHE aHa/M3 TOpHOB H I'YMEHOBHX
xacaor (¥ Bec)

a 4 r r r

Bag TO CreneHp r
poa pasAOEeHRs \X/ ./1 \/, (7 ;{r [7

OCOROBH
HU3HHHH] 35 11,11 |8,70| 68,42 159,27 | 6,10 | 31,89
Oycrym ' ,
BepxoBoit I2-I7 10,70 {3,77{ 72,00 | 55,76 | 5,57 | 37,67
TyMaHOBHE K-TH ’
HASEHHOTO Topha 8,55 |5,80 - 66,50 | 8,39 | 25,11
T'yMuBEOBHE K~TH
BEpXOBOro Topha 7,65 12,2 - 53,90 | 5,26 | 34,80

#3 paHee HSBeCTHHX pacqT [I—?] MH WMeeM ODEfCTABJEHEE O
OHpOJA3e I'YMEHOBHX KHACJOT TOopja JEmMb B Y3KOM TeMmieparypHOM HHTED-
Bane, Ko 500°C, Tar, no [AHHHM 3THX ABTOPOB, PASJOXEHHE T'YMEHO-
BHX KHACJOT HaYMHaeTcCd yXe npH I00°C ¢ BHAeNCHHEM BOJH H YTIEKHC-
JoTH. HamGosmee Xe HHTEHCHBHOE T'a30BHAeNeHHe DO KIEMOBY [7] Ha-
¢momanocs npE 225-275°C, mpmaem mo 300°C BHpesADTCA IMIABHEM OGpa-
3S0M OKHCJIH yIJlepoia B NapH BOZH. C pocTOM TeMnepaTypH IEpOJE3a
XapakrTep PA3JIOXSHHS MeHAeTCA, CHHEAETCA HOJA YTJEKHCJHOTH H BOJH
pasJOXeHEA B T'as000pasHHX MPOAYKTAX M HOABJAETCH BOJODON, OKECL
yraepol u MeraH, Taxoff HepaBHOMEDHH# XapaKTep mpomecca pasloxe-
HEA, 0 MHEHED DpAAa HccaenoBaregel [4,5,7] , YKasHBaeT Ha TO, 4TO
B COCTAB TYMHHOBHX KHCJOT BXOJNMT HECKOJBKO BEMeCTB, pacHafaAmgAX-—
©s IpE Da3JMYHEX TemmepaTypax..(OOpasoBaHde HNerTd, Havalo KOTOPOrO
opEXommTea 1m0 HeaHoBy [I] Ha 225°C, IPOMCXOMNT B He3HAUHTENHHOM
roJmaecTBe, K TArKOMy Xe BHBOJY HNPEXOXNAT H JIpPYyTHE HCCJISHOBATENH
[2,3,6] . OCHOBHEM X€ NpOAYKTOM IHpPOJA38 IyMEHOBHX KHCJOT ABJSI~
eTcd TBepIui OCTATOK, :

' 3KCHEpEMEHTANBHAA 9acTh.

TepmpaecKE# aHaIM3 TYMEHOBHX KHCJIOT OPOBOIMWICHA HA KOMILICKCHOM
yCcTaHOBKRe, CcopMemapmeRl HepmBaTorpadmdecrumil m xpomarorpajmaecxmit
METONH AHAUA3S B YCJAOBHAX JEHefHOro Harpepa cO CKODOCTED 5 TI'pan/muH.
CymHOCTh METOMEKE AHAJME3& 3aKINYaeTCHs B clegynumeM. Han THrJIeM C
HCOHTYeMHM O0pa3[ioM B PEearIMOHHOX 30He NeYR HOMemaeTCA 30HHN, HO-
CpencTBOM ROTOPOTO HPOHM3BOIMTCA OTBOJ HPONYKTOB Imposm3a., g cos-

JaEmA WHepTHOY aTMocfepH B mpemOTBpAMEHHs HOXCOCA BOSAYXAa H3BHE
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B peaKNEOHHOE HPOCTPAHCTBO HEYE HOHJAETCH a30T. SOHN IOCJEeNOBa-—
TEJNBHO Uepe3 HOTVIOTHTEJE XAIKWX NPOXYKTOB COSNEHAETCH C HSMEDH-—
TeJLHHME GJOKaMH IBYX XxpomarorpafoB. CropocTs oOpasoBammsa CO, sa-
MACHBAaeTCSA HENPEPHBHO, A 4Yero OprMeHeHa NAffepeHmMaNLHAsd CXeMa
BRIDYEHAS xpoMmarorpaba ¢ JeTeKropam¥ IPOTOYHOI'O THHA, AHAIM3 ra-
3a Ha COJepXaHuWe Hz, COm CH4 IpOM3BOAAJICA Ha Xpomarorpabe XT-2M
DEepROMYECKY Yepes RaxmHe 4 MHEHYTH.

Kax BHEHO ES J8HHHX pPe3yXhTATOB TepMOI'paBEMETPHYECKOI'0 M Xpo-
MaTorpafingecroOro aEaJM3a OPOJAYKTOB TEPMHYECROT0 DAa3JIOXSHHA, Opel-
craBileHHHX Ha puc. I B 2, HamdoJiee MHTEHCHBHOE DASJIOXEHHE HPOHCXO-

IAT B HHTEpBaJe TeMIeparTyp 150-500°cC.
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Prc. I. JluEaMBEa H3MOHOHMS CEKOpOCTO# DA3AOXGHHA I'yMHHOBHX
KECHOT B O0OpasSOBaHMS yIASKACIOTH MDA OADONE3E.

OCHOBHHME HOPORYETAME DPASNOXeHAS B NAHHHA HEpHOR ABIALTCA
OKHCJIH YTJepoja, Boja H JBEeroTh, HpHIEM OKHCJHH YTAepoja Hpeodra-
IADT HAN EWFKEME DPONYKTAME B Jimb B OGJacTE TeMmeparyp 340-500°C



KOJMYECTBO XMIKAX OPOLYKTOB BOSpACTaeT, a CO z CO cHmxaeTcs.
Bonopos ®m MeTaH NOSBIANTCA BHIe 300°C Maxcnuvuu cropocreit oGpa-
30BAHMA KOTOPHX IPOSBAADTCA NMpH 500 ® 720°C cooTBeTCTBEHHO. IIpen~
noxarad, 4TO B YCJHOBHAX HHEDTHOR CpefH ¥ GHCTPOTO OTBOJIA HPOLYKTOB
Pas/ioxeHudA MANOBEDOATHH BTODHYHHE NPONECCH pacmals JeTydYmX Mmpo-
JYKTOB, MOXHO COCTABHTPH LIpENCTaBICHHE O COOTHONEHHAX DaSIMYHEX
(YHKUMOHANBHHX I'PYyNN, NPOAYKTAMHA KOTODHX ABJANTCSH €o,, €O, Ho &
CH4. OCOGEHHO X8pPAKTEPHO TO, YTO I'yMMHOBHE KHCJIOTH COBEDHEHHO
PasHEX TOpPPOB OAMHAKOBO BEIYT CeGA B Npomecce IHMpOJM3a, HMed HIeH-
THIHHE MDOAYKTH pacnaza M TEMOEePATYPH MAKCEMYMOB CROpPOCTel#f oGpa-~
SOBaHNA COOTBETCTBYDNHMX KOMIOHEHTOB rasa. JTO MOXeT OHTH IOJNTBEpXE~-
Ufennem OIMHAKOBOTO MeXaHWsMa nmposmsa. Caexypmell 0COGEHHOCTEHD
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Puc. 2. JInHammKa RBMOHEHMA CKOpOCTelt 06p3BoBAHMA KOMIO-
HOHTOB rasa NpH NMAPOIM3¢ I'yMHHOBHX KACHOT.

TEPMAIECROT'0 pasJIOXeHHd I'YMHHOBHX KHMCJOT DA3HHX TOPJOB SBAGETCH
Goxpmas CKOPOCTH DasJIOXEHHS I CKODOCTH 06pasoBaHUA CO, mna ry-

MAHOBHX KHCJOT HESHHHOI'O TOpda, B TO BpeMf Kak CKODOCTH pasoxe-
HuA camoro roppa doJsme I BepXoBoro ropfa. ITo, BEpOSTHO, CBA~
38HO C TE€M, YTO B COCTAB I'YMEHOBHX KHCJOT HHSHHHOT'O TOpja BXOIHAT
GoJlee peaKIEOHHOCIOCOOHAA DAasHOBHNHOCTH KHCJOT, CTeNneHbh apOMATH-

Sadd KOTOPHX HECKOJAbKO MGHI:!IIé, WK Xe KavYeCTBeHHHI coCTaB OXMHAKOB,
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a ROJFYECTBEHHOE COOTHOMEHMe pasJM4YHO. CleNCTBHEM STOro H SABAAET-
c HEeOJMHAKOBOE EOJHMYECTBO NPOAYKTOB pasJOXeHHS, YTO BHEHO HS
HAHHHX Tald. <.

Tadmama 2
Buxox NPOAYETOB NEPOJM3a TYMEHOBHX KHCJIOT

__Ipopyrre, Z Bec. l;‘as JE3a ., % o0neMH.

Odpasen TBe - | raso-
P .nnep_ Kme |olpas+q CO, |CO H2 CH 4
HHe |
.TH HEA3WHHOT'O s '
ropha 41,4 2,0 33,6 |70,0}114,6}16,2]5,2
I'ymaroBHe EKmcjao- | 55,8 24,0 20,2 |8I1,0|13,2/0,3!|5,5
TH BEPXOBOI'O e
ropha 47,0 26,8 |26,2 |65,9|16,6(11,416,I

YHCJATENb - BHXOJN NPOJAYKTOB MHEPOJM3a MO 550°C,
SHaAMEHaTeJNb~ BHXOJ OPONYKTOB NHUPOJHE3A A0 850°c.

o MeToxy, mpefuoxeHHoMy HesoCumnM E AjnacBeM [8] , Hamu opo-
BelleHA KHHeTHYeCKas OLeHKa Opoiecca pasﬁoxeﬂna TYMAHOBHX KHCJOT.
B pesynpTaTe KMHETHYECKOT'O SHANM32 JCTBHOBJIEHO, YTO IPONECCH 06—
Pa30BAHAA OTHEGIBHHX KOMIOHEHTOB I'asa MNPeICTABIANT CO0O# CJIOXHHE
napaJIeIbHO-NOCAENOBATeAbHHE PeaKIBM OTHEILICHNAS (YHKIAOHAJIBHEHX
rpyno. Kax m3BeCTHO, KaxXiiad CBA3L EMeeT ONpeleJIeHHYD ITPOYHOCTE,
CJNENOBATENBHO OTPHB (YHKIMOHANBFHHX T'DPYIN HOJXeH HPOXOARETH B OIpe-
IeJIeHHO# NoCJeNOBATENBHOCTH IO mépe IIOBHNEHUA TEMIepaTypH. Bosmox-
HOe IpPOTEKaHWe NapalLNeNbHO-NOCACHOBATENBHHX Dearumi raszoodpaso-
BaHMA OCYCJIOBIMBAETCH, BEPOATHO, HalEdYEeM GOJBEOI'0 YMCJAA I'pyIN,
9HEPTHA CBASE KOTOPHX ONUHAKOBA. B me#CTBHETENRHOCTHM, KAK BHACHH-
JIOCh, OTE €IEHWYHHE NMpOINEeCCH ra3000pa30BaHMA NPOABIANTCH HA CyM—
MapHEO# KpHBO# pasisoxeHHs, BHpieseHMe B ONEHKYy HX MOXHO IPOBECTH
N0 MeTONy COBMEmEHWA JWHEAHOr'0 HarpeBa C HM30TepMEIECKON BHIEpXKO#
OpH NOCTERSHHH 3aIaHHOA TeMueparypH. IIOHATH MeXaHE3M mpolecca Ho-
MoraeT mpemoJioxende [ 8] o6 yaroM pacupelielieHMM SHEPTHH HO CRA3AM,
coodmaeMoli NpH H-TpeBaHEM. Ha OCHOBaHMM 3TOI'0 MOXHO CKa3aTh, UTO
[IONOXEHAE I'DYOIH M XapaKTep BAMAHUA COCENHMX I'DyIN HE CHABHO BIWA-
OT HA NPOYHOCTHL CBASH B TAKOR CJIOXHO! MAKDOMOJEKyJe, KAK 3TO po-
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HCXOI¥T B OoJee MeJKHX MOJEKyJax.

OnpelneseHHNe SHEPI'ME AKRTEBALMHA HPONECCA Ias000pasoBAHEA Je-—
xar B mpefienax: mad C05-20-30 xxan/moxe, CO - 20-80 Kras/MoJB,
Hy - 50-60 rran/moxs, CH, - 30-60 ®ran/Moib. XapakrepHo, 9T0 SHEp-
THM aKTHBaIME OpOIecca OCPASOBAHMA ONHOTO M TOTO Xe COCTABIANIETO
OPONYKTOB DASNORCHWS MAJO OTIHYADTCA XDYyI' OT Ipyra.

BuBogagHn

I. WsyvyeHa muHaMEKa OCDA30BAHEA HPOIYKTOB TEDMHYECKOr'O0 pas—
JOXEHASA T'YMAHOBHX KHCJIOT HH3HMHHOT'O B BepXOBOTO TOpJoOB.

2. CHOpDOCTH OCpa3sOBAHHMA KOMIOHEHTOB I'asa HMENT MAKCEMANLHHE
SHEYeHEA IpE Temeparypax: CO, - 200-250°C, CO - 250, 400-450,
700°C, H, - 700-750°C, CH, - 500°C.

3. CymMapHad CKOPOCTH Da3JIOXCHES I'yMAHOBHX KHCJOT HHM3EHHOI'O
TOpfa mpeBHmAeT TAKOBYD Yy BepXoBOr0 Topda B HAYANELHHI HEDHOZ X0
250°C B 1,5 pasa, B moceiymumlt NEpHOJ, OHM BHPABHEBADTOA.

4, HalieHHHe SHepr#M AaKTHBALWE OPOLNECCOB OCPA30BAHES FHIMEBHE-
AyaJibHHX KOMIOHEHTOB rasa HeXO#ATCA B yHOBIETBODETENLHOM COOTBET-
CTEBHEM C JIMTEPATYPHHMM JAHHHMK VI TEPMEYECKOI'0 PASJOXECEHA MOLE/Ib-
HHX BEmeCTB.
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