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NCCNEAOBAHUVNE KAPBEOHU3ALUMWN OKUCK KAJbLINA*

Mpob6nema CepoOYMCTKM TOMOYHbLIX ra3oB B HACTOALLEe BPeMS 3aHWMAaeT
OAHO Y3 BaXKHEWLUMX MeCT B 06/1aCTU MCCNef0BaHWUIA MO OYUCTKE aTMocdep-
HbIX 3arps3HeHuWidi. TPOMbILLIEHHbIE OMbITbl MO CyXOMY W3BECTKOBOMY Me-
1oAYy [1] OUMCTKM TOMOYHLIX ra3oB OT CEPHWUCTOr0 aHruapvaa fanv yhosie-
TBOpUTENbHble pe3ynbTatbl. OfHako AN 060CHOBaHWS W OMpeAeseHns
ONTUMa/IbHOTO PeXMMa CepoodMUCTKN HeobXoamMbl 6onee rny6okue uccneno-
BaHUA M0 M3YYEHMIO MeXaHW3Ma W KUHETWKN peakuuid, npoTeKalowmx B CU-
creme CaO—C02—-502—H20—02

[aHHaa paboTa nocesiweHa wu3yyeHuto cuctem CaO—C02 n CaO—
C02—H2. 3710 BbI3BAHO TEM, YTO MPOLIECC KapbOHM3aLMK, KOTOPbIA naet
napanfieflbHo ¢ cynbatnsaumeil npyu ynaenvBaHUM CEPHUCTOrO aHruapvia
Mo CYXOMY W3BECTKOBOMY CMoco6y, MPWUBOAWUT K YMEHbLLUEHWIO COAepXKaHus
OKUCWU KaNbLMs W, CefoBaTefibHO, K YMEHbLLEHUIO, 3PMEKTUBHOCTA OUUCTKU
[bIMOBbIX ra30B. JIMTepaTypHble AaHHble M0 B3aVMOLENCTBUIO OKWCK Kafib-
LMA C ABYOKUCBbIO Yr/iepofia MasloUWC/IEHHbI 1 MPOTMBOPeYmMBbl [2—5], a cse-
JeHnii no cucteme CaO—CO02—H2X Hamu He 6bII0 0OHapy>keHo. Llenb pa-
00Tbl — WM3yYeHMe MexaHu3Ma W CKOPOCTM KapbOHM3aLMM OKUCK KaslbLus
B 3aBMCMMOCTW OT €e NpUpOAbl, NpeABapuUTeNbHOW TepMUYECKOoin 06paboTku,
KOHLEHTpaLUmMn [BYOKMCK Yriepoda M HaIMuus NapoB BOAbl B rasax.

OnbITbl NPOBOAWAN C OKMCbIO Ka/ibLnsA, MOMYYEHHOM MpPOKaIMBaHWEM
n3ecTHaka (coctas: CaC03— 85,7, M§C03— 1,3; Ca304— 0,7; KrO3—
0,5; 502 + HepacTBOpUMble — 12,1%); mena (coctaB: CaC03 — 96,5;
M8C03— 0,5; KD 3— 0,15, HepacTBOpUMbIE — 2,7%) U XMMUYECKM YUCTO-
ro npenapara.

Tepmorpagmyecknin aHann3 nNpoBoAuAM Ha ycTaHoBke ®PY-64 c aBTo-
MaTWU4YeCKOl CKOPOCTbKO Harpesa, paBHOW 7—3 rpaf/mviH. Bec uccnegyembix
o6pa3uos coctaenan 1,5—2 r. CHATUe TepMorpaMmM B TOKe (hUIbTPYHOLLErocs
rasa OCyLIECTB/IA/IM N0 U3BECTHOW MeToauKe [6].

KWHeTUYeCKUin 1 TepMOorpaBUMETPUYECKUA aHanu3  OCYLLeCTBASIM Ha
YCTaHOBKe, KOTOpas COCTOsNa M3 [ABYX BEepPTUKa/bHbIX TPybuaTbIX Mevei:
peakLMOHHOM 1 BCroMoratenbHon ans nonydenuss CaO v npeaBapuTesibHON
TepMUYECKO 06paboTkn ee. V3MeHeHMe Beca BeLLecTBa KOHTPOAUPOBaIN C
MOMOLLIbIO TOP3NOHHbLIX BecoB Tuna BT-200 ¢ uyscTBMTE/NbHOCTHIO 01 M.
HaBecky o6pasua nepej OnNbITOM BblAEPXWBAAN MpU TemnepaType onbiTa
BO BCMOMOraTe/IbHOW Meyn B TeyeHue 15 MUH., MOCMe Yero nepeHoCUIM B

4 peakLMOHHYIO Meyb. [peaBapuTeNibHY0 TEPMUYECKYHO 06paboTKy NpoBOAMU
B UHTepBane TemnepaTyp 900—1200° C. TemnepaTtypy B peakLMOHHON Meyun
nogaepxveann B npegenax +5°C. BenuuMHa HaBecku He npesbilana
0,09 r. CKopocTb rasoB B peakuMOHHOM 06beMe cocTaenisna 17—20 cMm/MUH.

* CoobuieHne 4 u3 cepum paboT «Cyxoli W3BECTKOBbIE METOA OYUMCTKM TOMOYHBIX
rasos T3L, OT CepHUCTOro aHrugpuaa.
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HacbiweHne napamu Bogbl COr ocyulectsnianm 6apbartaxom rasa 4epes Ha-
rpetyto fo temnepartypbl 70—75°C Bepy. BnakHOCTb rasoB npu 3TOM CO-
cTtasnana 226,5 r/m3

MK-cnekTporpammbl CHUMaIUChL Ha
cnektpomeTpe MKC-HA. O6pasubl roto-
BUIMCb METOAOM pacTUpaHus B Basenu-
HOBOM Mac/ie C NOCMefyloWmyM HaHece-
HUEM Ha MNaCTUHKW.

Ha puc. 1 npuBefeHbl guddepeHLm-
abHble  KpuBble cuctem CaO-*-C02 u
Ca0—C03—H2A. Ha Tepmorpamme Kap-
60HM3aUMn CaO cyxuMm YrnekucnbiM ra-
30M UMeKOTCs ABa sdekTa. IK30TEPMU-
yeckuin ahdpekT npu 560° C obycnosneH
obpasoBaHVeM KapboHaTa KasbLus, 4To
noAreepXaaercsa faHHbIMU WK-cnekTtpo-
CKOMWYECKOro aHann3a Mo XapakTepHbIM
MakCMmymam  TMOT/IOWEHNA AN MOHa
C03~2npn 1440 cm-1 n 820 cm-1 [7].
BTtopoli  aghhekT — aHA0TEPMUYECKUA —
npy 880° C COOTBETCTBYET Pa3NOKEHUIO
CaCO03 Bce gndepeHumancHble KpyBble
obpasoBaHms CaCO03 npu nornoweHun
asyokucu yrnepoga CaO wmen, CaO u3B.
n CaO Xx. u* oaMHAKOBbI U pasnuyaloTcs  Pyc T{;pﬁg?{;ﬂm”zﬁ;”bg;éieal?“%'e
Wb BennYuHamn addektoB npu 560° C. L Ca0C02 2 — CAO—CO02HD: 3

Ha Tepmorpamme cuctembl CaO— CaO—H®D; 4-Ca(HC032

C02—HZA wumeroTCA TpU 3K30TEpMuU-
YECKMX N OAWH 3HAOTEPMUYECKUIA 3deKTbl. TMepBblii 3K30TEPMUYECKNIA 3(-
(hekT npn 105—396°C BbI3BaH 06pa3oBaHVEM TMAPOOKUCK Kanbuus. Ons fo-
KasaTe/ibCTBa 3TOr0 Oblna cHATA Tepmorpamma cuctembl . CaO—H2 —bP
(em. puc. 1) n MNK-cnekTporpamma MpPOAYKTOB peakuun rnocne sddekra
105—396°C, Ha KOTOpOW MaKCUMyMbl mormnolleHns 3570 cm-1 oTHocATes K
KonebaHuaM rpynnbl OH~, BTopon aghdekT npu 530° C 0643aH pasfoxeHuo
Ca(OH)2 a Tpetnii — npu 660° cooTBeTCTBYET 06pa3oBaHMIO GrKapboHaTa
Kanbums. Yrtobbl noaTBepAuTL ero  obpasoBaHue Obl1  CUHTE3MPOBAH
Ca(HCO03)2no nsBecTtHoli MeToamke [8] n cHATbI Tepmorpamma v VK-cnekTp.
CoBnageHne MakcumymoB nornowenns (1420, 1380 cm-1) Ha WIK-cnekTpo-
rpaMMax npoAyKta peakumn npu 660° M CUHTe3MpoBaHHOro 6ukapboHaTa
Kanbuua C iMTepaTypHbIMU faHHbIMK [7, 9] ewle pa3 mogrsepaunu 3to. Ta-
KM 06pa3oM, Ha OCHOBaHWWM W3/I0KEHHOrO MpoLecc KapboHu3aumm B npu-
CYTCTBMWM NapoB BOLbl MOXET OblTb OMUCaH CEeLYHOLMMU PeakLmaMm:

Ca0+H2D =Ca(0H)2
Ca(0H)2+ 2C02=Ca(HC08)2
Ca(HC032=CaC03+ C02+ HD,
CaC03=Ca0+ C02

Ha puc. 2 npeacrasfieHbl 3KCMEPUMEHTa/IbHbIE KMHETUYECKME KpuBble
ansa cuctembl CaO—CO02 Ana cuctembl CaO—C02—HZ) oHWM MMeroT TaKoi

MWH

*3pecb U Hwke CaO men, CaO wu3B. n CaO x. u. OKWCb KasibLuua, nosiyyeHHasa w3
Mena, M3BeCTHAKa U XMMUYECKM YMCTOro npenapara.

4. 3aka3 1657
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Xe BUA W pasnnyatoTcs NINWb BE/IMYMHOWA CTeneHW Kap6oHM3auuMm npu npo-
UMX OAMHAKOBbIX YycnoBuax. W3 puc. 2 BWMAHO, YTO Hambosnbluad CTeneHb
Kap6oHu3auun y CaO wmen, a y CaO m3B. 1 CaO X. Y. BEIMUYMHbLI CTEMEHM
KapboHM3aUMM OTINYAKOTCA HE3HAYUTENbHO.
HabnogaeMoe yMeHbLUEHWE CTemneHu Kap-
60HM3aLum npy 850°C 06bACHAETCA TeM, UTO
npu TemnepaTypax Bbiwe 800°C HayMHaeTcs
npoLecc AekapboHu3auunM, CKOPOCTb KOTO-
pOro JOCTUraeT 3HaunTeNbHbIX BenmuunH [10].
Ha n30TepmMmMyeckmx KpuBbIX KapboHM3aLmu
npu 800° 1 850° HabnogaeTcq MHKYOALMOH-
HbIA Mepuof, Haanyme KOTOPOro Habnwogan
paHee Hwuu [3]. OpHakol5-00pasHbIin Xapak-
Tep 3TUX M30TEPM eLle He roBopuT 06 aBTo-
KaTanm3e npouecca. bonee BepoATHO, YTO
B 9TOM C/y4yae MOBEPXHOCTb TPUrOHA/IbHOM
OKMCM KaNblLMsl MOKPbIBAETCA KyOMYECKON
CTPYKTYPOMN, XUMUYECKU MEHEe aKTUBHOWA,
TakK Kak yxe npu temneparype 800°C Hauu-
HaeTCs Mepexof TPUTOHA/IbHOW CTPYKTYpb!
B Kybuyeckyto [10]. Moka kap6oHM3MpyeTCs
Kybuyeckad cTpykTypa CaO, npouecc Kap-
OG0HM3aUMN HECKONbKO 3afep>kmBaeTcs. Be-
NINYMHA XKe MHKYBaLMOHHOro neproja 3aBu-
CUT OT BPeMeHW MpesBapuTe/ibHOW TepMuye-
CKO 06paboTKW.
3aBMCMMOCTb CKOpPOCTW  KapboHM3aLmm
OT TeMmnepatypbl, NPUPOLbI OKWCMa W Mpu-
CYTCTBMS NapoB BOAbl M3y4yanacb Hamu. U3
MOMYYeHHbIX [aHHbIX BWAHO, 4YTO CKOPOCTb
KapboHu3almm yMeHbllaeTcs B psagy CaO
men , CaO u3B. u CaO X. 4. CHUXeHMe CKO-
pocTu npu Temnepatype 850°C Bbl3BaHO Ha-

Puc. 2. 3aBUCUMOCTb CTEMeHU yaJloM rpotecca AexkapboHusauun. B npu-
KapbOHM3aLMM OKICH KanbLnA CYyTCTBMM NapoB BOfbl HabMofaeTca obLiee
= Z%zﬂog’;‘gm“’;gﬁog')” o YMeHbLLEHME CKOPOCTU. TOMbKO MpW OTHOCU-
mss. (6) u CaO x. u. (B) Te/fIbHO HU3KMX Temnepatypax (550—625°C)

npyu TemnepaType: CKOpPOCTb Kap6OHI/I3aLI,I/II/I npn Haanymn na-
e TFG 2 = @G 8 POB BOAbl B rasax HeCKO/IbKO BbIle, YeM

6 - 800°C; 7 — 850°C. npn kap6oHmsaymm CaO cyxum C02 3T0

HEKOTOPOe YBE/IMYeHME CKOPOCTU BbI3BAHO
06paszoBaHVeM MPOMEXYTOYHOro MpoAyKTa — 6ukapboHaTa Kanbuus, OTHO-
CUTENbHO YCTOMYMBOrO COEAMHEHWS, YTO XOPOLUO COrnacyercsa C AaHHbIMU
Epodeesa [11].

MonyyeHHble KMHETUYECKME AaHHble YLOBNETBOPUTE/IbHO OMMCLIBAKOTCA
ypaBHeHneM AppeHuyca. [ns pacyeta KaKyLleincs sHeprum aktmsauuy npo-
Llecca KapboHM3aLMM OKUCKU KanbUMsi pas/IMYyHON Npupofsl UCMO/b30BasICs
MEeTO[ HauMeHbLUMX KBagpaToB [12]. Kaxyliascs 3Heprus aktmBauum Ans
CaO x. 4. paBHa 9,55 kkan./monb, ansd CaO um3B. — 12,2 KKkan/mMonb U ans
CaO men — 14,0 kkan/mofb.

Kak BMAHO M3 AaHHbIX TepMorpamyeckoro U KMHETUYECKOro aHanusa,
CKOPOCTb M CTeneHb KapboHM3aLumMm 3aBUCAT OT MPUPOLbI OKUCK KanbLS.

B T1abn. 1 npueefeHbl pe3ynbTaTbl TEPMOrpaBUMETPUYECKUX WCCNeLo-



KAPBEOHU3ALMA OKWUCK KANbUNA 51

BaHWUIA 3aBMCUMMOCTU MaKcMMyMa CTerneHn kap6oHmsaumm CaO OT ee npupo-
[bl 1 NpeBapuUTE/IbHON TepMmnyeckoli 06paboTku. HanbonbLuell akTUBHOCTbIO
obnagaet CaO men, 4YTo 06BACHSETCS .ee GonbLUeli 0ObEMHON Maccoli K Mo-
puctocTbto [10] no cpasHeHuto ¢ CaO wm3B. n CaO x. u. lNpefBapuTenibHas
Tepmuyeckas 06paboTka Mano BamsieT Ha CaO X. 4. u CaO u3B. Ans 060ux

Tabnuua 1

3aBUCUMOCTb MaKCUMa/IbHOW CTeMeHN KapboHM3aLuuM OKUCKU Kanbuusi OT ee MpUpOfbl
N TemnepaTypbl TepPMMYecKol 006paboTKM (MPOAOMKUTENBHOCTL TepMoo6paboTkm 30 MUH.)

CTeneHb KapboHM3ayum npu Temnepatype, %
Bupg okucna, cuctema

900°C 1000°C noo°c 1200°C
CaO men—CO02 54 64,4 62,6 7,0
CaO men—C02—H2 43 52,8' 49,5 2,5
CaO u3B.—CO- 16 16,4 15,5 1,2
CaO n3B.—C02—1b0 10 10,5 9,6 0,9
CaO x. 4,—COa 13 13,2 12,5 0,9
Ca0 x. 4.—C02—HD 7,3 7,6 6,8 0,5

cuctem. Tak, Mpu TemnepaType Tepmuueckoir 06paboTkm CaO wu3B. 900°—
1100°C cTeneHb KapboHM3aLMKM M3MeHsieTcs oT 16 go 155%. B cnydae
npeaBapuTeNIbHOM TemnepaTypHoli 06paboTku npu 1200°C u Bbille Kap60o-
HM3aUMA NpakTUYecKW He HabnoJaeTcs, TaK Kak YXXe npu Temnepatype
Bbilwe 1100°C HaumHaeTca cnekaHve CaO [10]. Mpu kap6oHuzauun CaO men
C npeaBapuTeNbHON TepMUUeCKoil 06pabOTKO B MHTepBasie Temnepatyp
900°—1000°C NpOUCXOAMT YBe/MYeHMe CTeneHW KapboHM3auuMu, TaK KakK B
3TOM WHTepBasie TemnepaTyp BO3HWMKaeT KpynHonopuctas cTpyktypa CaO
men [10]. BO3HMKHOBEHVE KPYMHbLIX MOp 06/1eryaeT NPOHWKHOBEHUE MOJEKY/
COr BHYTpb 4acTuL, TBepAoW (asbl, U HECMOTPS Ha HEKOTOPOEe YMeHbLUeHne
YAENbHOW MOBEPXHOCTN HabntofaeTcsl YBENMYeHMe CTeneHn KapboHM3aumm
BCNEACTBME MeHbLUEro  ANGdY3MOHHOrO CONPOTUB/EHNA  KPYMHOMOPUCTON
CTPYKTYpbl M0 CpaBHEHWIO C MESIKOMOpPUCTON. Bce BbllleyKasaHHble 3aKo-
HOMepHOCTU XapaktepHbl U ansa cucteMbl CaO—COr—HrO. OnbITHbIE AaH-
Hble MO 3aBUCMMOCTMW CTeneHW KapboHW3auum OT npeABapuTenbHOW Temmepa-
TYpHOIN 06paboTKM XOPOLLUO COrfiacytoTcs Co B3rnsgamu MaentoyveHko, Mvne-
B4 1 MNpogaHa [13] Ha peakuUMOHHYH CMOCOGHOCTL TBEPAOrO Tena.
3KcnepyMeHTaslbHble pe3ynbTaTbl 3aBUCUMMOCTU CTemneHW KapboHu3aumnm
B nepsble 5 MuH. npy Temnepatype 700°C OT KOHUEHTpauun ABYOKUCU Yr/ie-

Tabnuua 2

3aBUCUMOCTb CTeMeHN Kap6oHusaumm (1%) OT KOHUEHTpauun [BYOKMCK Yriepofa
B rasooii chase (Temnepatypa 700°C).

KoHueHTpayusa, «

Bug okucna, 10 15 50 100
cucrtema MUHY TSI
3 5 3 5 3 . 5 3 5 3 5
CaO men—CO02 75 106 16,0 223 20 246 30,4 348 38,0 442
CaOmen—C02—H20 7 16,9 8,8 200 10,2 21,3 158 24,2 16,0 243
CaO n3s.—C02 3 6,2 89 115 11,8 135 132 152 138 16,0
CaOunse._C02—HXD 35 8,5 6,8 118 7,6 13,0 79 155 8,1 158
CaO x. 4.—CO02 0,9 1,0 3,9 5,5 6,0 7,2 7,6 9,0 8,0 9,1
CaOx. 4,—C02HD 1,3 3,0 2,9 6,0 3,2 7,0 5,0 8,2 5,2 8,4

4*
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poja cBedeHbl B Tabn. 2. OTW [aHHble MOKa3blBatoT, UYTO CTENeHb KapObOHU-
saumm gna cuctem CaO—C02um CaO—CO02—HZA) 3aBMCUT OT KOHLEHTpa-
um CO2 nuwb B MHTEpBane KOHUeHTpauuin 5—15%. Ons CaO men npu
KapboHM3aLMM CyXMM YINIEKUCIbIM Ta3oM W ero KOHLEeHTpauuii B rasax
5—100% HabnogaeTcs 06WMIA POCT CcTeneHW KapboHuzaumm OT 7,5 1o
44,2%. B npucyTcTBMM NapoB BOAbl B rase npy KoHueHTpaumn CO02 10—
15% 3aMeyeHO CHWDKEHWE CTeneHW KapboHM3auMum B nepBble 5 MUH. 31O
[O/MKHO NONOXWUTENIbHO OTPA3UTbCA Ha YBE/IMYEHWUU CTEMEHW CEpPOOYUCTKU
Mpu CyXOM M3BECTKOBOM CMOCOGe 3a CYeT YBEe/IMYEeHWsi KO/nMyecTBa CBOOOS-
HO OKMCK KanbLus.

BbiBOAb!

1 Okucb KanbLms X. Y. U NOMyYeHHas M3 M3BECTHAKA U Mena HauumHaeT
B3anmogeicteoBatb ¢ C02 npu TemnepaTtype 560°C, a B NpuUCYTCTBMM NapoB
BofAbl — npu 540°C. CyluecTBEHHYIO ponib Npu Kap6oHmsaumm CaO Bnax-
Hbim CO2 urpaeT crtagns obpasoBaHusA OukapboHaTa KalbLus.

2. MpucyTcTBUEe NapoB BOAbI B rase CHWKAET CKOPOCTb WM CTeMeHb Kap-
6GOHM3aUMN.

3. [NpeaBapuTenbHas TepMmunyeckass o6paboTka npu Temnepatype 900—
1100°C okucK KanbLMa He OKa3blBaeT 3aMEeTHOro B/IMAHWUA Ha CTeneHb U CKO-
POCTb KapboHM3aLMK 3a ucknodeHnem CaO wmen.

4. Peakuusa Bsammogeicteua CaO ¢ C02 ¢ napamu Bogbl U 6€3 HKX
npoTeKaeT 6e3 aBTOKaTaM3a.

5. Hambonblumnii poCcT cTemneHW Kapb6oHM3auuMW Npu yBENMYeHUU comep-
XaHuna CO02 B rasax HabntofaeTcsd B UHTepBase KOHUeHTpaumin 5—15%.
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