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MPOIIECCHI OBXKHUTA CBIPLEBBIX CMECEM TOO «KACIIMA IIEMEHT» C
JOBABKAMMU KOMIIVIEKCHbBIX MUHEPAJIU3ATOPOB

AHHOTAUA

BricokoTemiieparypHble Mpoliecchl OOKWTa KIWHKepa SIBISIFOTCS JHeproeMkuMu. Ha oGxkwur 1 T
kinuHKepa pacxomyercsi 110-130 kr ycnoBHoro TorumBa. Jlpyroi mnpoOnemoil siBisieTCsl 3arpsi3HEHHE
OKpYXarollel cpensl BeIOpocaMu yriaekucioTel. [lpu obxkure 1 T knuHKepa B arMocgepy BBLACTSETCS 10
700-800 xr CO2 UzyueHo BiHMsIHHE MHHEPAIM3aTOPOB HA MpOIECCHl OOXKUTa ChIpbeBbIX mMHUXT TOO
«Kacnuiiniement». Ycranorneno, uro CaF; um komiiekcHble MuHepanusatopbl «CaFz + ¢ocdorumcy»
CHIDKAIOT TeMmepaTypy auccormanmn, mena Ha 30 °C. [Iporeccs KMMHKepooOpa3oBaHus 3aBEPIIAOTCS PU
temneparypax 1400 °C wmm Ha 50-100 °C mHmxe. Comepxxanme CaO cBoOomnoit cocrasmser 1,2-2,0 %.
CHmkeHHe TeMIeparypbl oOKUTa KITMHKepa M BBEIECHHE B COCTAaB CHIPbEBOW MMXTHI (OC(HOpPHBIX IIIITAKOB
MO3BOJIUT YMEHBIINTh BHIOPOCHI YITIEKHCIOTH! B aTMOC(epy, CHU3UTh 3arps3HEHHE.

KiaroueBble ciioBa: chipbeBas IMXTa, OOXKMWI, JUCCOIMAIMS KapOoOHaTa, OOXHI KIWHKEpa,
MUuHepanu3aropsl, ceobonHas CaO.

Beenenue

BaxxHelmM npoieccoM B TEXHOJIOTHH MOPTIAHALIEMEHTA SIBIIETCS. 00KUT CBIPHEBOI cMecH
U TIOJlyuyeHUe LIEMEHTHOro KJIMHKepa. B mporecce o0ura B ChIpbEBOM IIMXTE MPOUCXOIUT P
¢u3nveckux U GU3NKO-XUMHUECKUX MPEBpALllCHUH, B pe3yJbTaTe KOTOPHIX 00pa3yeTcs KIMHKED,
MPE/CTaBISIONINI  cOOOM  cHekuimecss TrpaHyidbl 4YepHOro uBera jguamerpom 1...3 oM.
MuHepanoruyeckuif coctaB KIMHKEpa KOPEHHBIM 00pa3oM OTJIMYAeTCs OT MUHEPaJOrMYecKoro
COCTaBa MCXOJHBIX CHIPHEBBIX MaTEpPUANIOB, YTO OOYCIIOBIMBAET NMPUOOPETEHHE UM COBEPLICHHO
HOBBIX, 3a/IaHHBIX HAMU CBOMCTB [1] .

B mporecce o0kura ChIph€BOM IMIUXTHI MPOUCXOAUT XHUMHYECKOE  B3aMMOJICHCTBHUE
ocHOBHOro okcuga CaO ¢ KHCIOTHBIMM OKcHAaMH. BhHauvane peakuuu B3auMOJEHCTBUS
MIPOUCXOJAT B TBEpAOW (asze, 3aTeM MpPH MOBBILIEHUH TEMIIEPATypbl 00KWTa MOSBISETCS KUK
¢da3a u oOpa3oBaHue OOJIbLIEH YACTH KIMHKEPHBIX MHUHEPAIOB MPOMCXOTUT Yepe3 >KUIAKO(a3HbIe
peakuuu. BricokoTemmepaTrypHble Mpolecchl 00Kura KIMHKepa SBISIOTCA 3HeproemMkumu. Ha
o0xur 1 T kImHKeEpa mo cyxomy crnocody pacxoxyercs 110-130 kr ycinoBHoro torumsa. Jpyroi
po0GIeMo SBIISETCS 3arps3HEHNE OKpYyKarollel cpesbl BeIOpocaMu yriiekucnotsl. [Ipu oOxure 1
T KJIIMHKepa B atMoc(epy Boinensercs g0 700-800 xkr CO2 [1,2].

MarepuaJibl 1 METOABI

TeopeTnueckue 0CHOBBI MPOLECCOB 00KUTA KJIMHKEPA U BJIUAHAE MIHEPAJIN3aTOPOB

[Tpu oGkure KIMHKEpa MOCIE Pa3iIoKEeHUS WCXOJHBIX CHIPHEBBIX MATEPHUAIOB HA OT/EIbHBIC
OKCHJIBI TIPOUCXOIAT TBEepAO(A30BbIC peaklud B TPOIECCe KOTOPBIX 00pa3yroTcs OeluT,
TPEXKaJbI[UEBBI ATIOMHUHAT, YeThIPEXKAIBIINEeBbIA amomModepputr u okono 10-15% anwura. [pu
MOBBINICHUH Temreparypsl 10 1250°C mosiBiseTcss xuakas ¢aza B koiaudectBe 15...35% B
pesynbprate pacmnaBieHus oOpasoBaBmuxcs paHee C3A u CsAF. BHemHnMm npu3HAKOM
KHUIKO(A3HOTO CIIEKaHUS SIBISETCS PE3KOE YMEHBIIIEHHE TOPHCTOCTH W yBEIHYEHHE TUIOTHOCTH
KIuHKepa. MHTeHCcn(UImpoBaTh mporece KUAKO(a3HOTO CIIEKaHUS MOXKHO CHUKCHHEM BSI3KOCTH
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paciiaBa ¥ YMEHBIIICHHEM pa3Mepa TBEPIbIX YACTHII, YBEIMUYCHUEM KOJIUYECTBA KUIKOW (a3wl
noBbIIeHHEM Koddurnenta quddysum.

@DTOpHUCTBIE COMM  BBI3BIBAIOT 3HAYUTEILHOE YCKOPCHHE PpEaKIHid JUCCOIMAINA U
CIIOCOOCTBYIOT MOHMKEHHIO TeMIeparypsl ee Hadana Ha 30...120°C [1,2]. Comu Na2COs, K,COs,
NaCl, a Taxke Tpunomudocdar Harpus NasP3O10 MHTEHCHPHUUIMPYIOT pEaKIUI0 pas3IoKEHUE
kapboHata Kanpuus. Ilo mpenmonoxkennsm nonsl Na® MoryTt 3amenats Ca’'B kpucrammmdeckoit
pelIeTKe KAJIBIUTA, YTO HMCKAKAET CTPOCHHUE IMOBEPXHOCTHOTO CIIOS KPHUCTAILIOB, MPUBOIUT K
ocnalJICHUIO CBSI3CH MEXIy HMOHAMH. YCKOPSIETCS CKOPOCTh IMEPEMEIICHUsST HMOHOB, M3 KOTOPBIX
CKJIaJIBIBAeTCs mporecc Tepmuueckoro pasioxenus CaCOs.

®dropucteie u xpomucThie conmu 00pa3yroT ¢ CaCO3 mpoMeXyTOUHBIC COCIMHEHUS, TBEPIIbIC
pacTBOpBI, a TaKKe HU3KOTEMIEPaTypPHBIC IBTEKTUYECKUE DPACIIABBI, BOSHHKHOBCHHE KOTOPBIX
o0JieryaeT JUCCOIMAIMI0O KapOOHaTa M COINPOBOXIACTCS CHIDKEHHEM TEMIIEpaTypbl Ha4allo
peakuuii. Cymbdarel u docdarel Takke Karanu3upyroT pasnokeHune CaCOsz HO WX BIHSHHE
He3HaunTenbHoe. Takke auccormanuio yckopstor CaCOsz u MnO, B203, FeS, NaNO3z. MgCOs u
FeCOs o6Opasytor ¢ CaCO3z TBepubie pacTBOpBL. VX pasioXeHHWE MPOXOIUT TPU MOBBIMTICHHBIX
Temreparypax [3,4].

YCTaHOBJICHO, YTO CBUHIIOBBIC IUIAKH, KIMHKED BEJIBIICBAHUS IIMHKOBBIX DY/ a4yUCANCKOTO
METAJUTypPrH4eCKOro 3aBOjIa OKAa3bIBAIOT MHHEPAIU3YHIee JACHCTBUE HA MPOIEcC OOKHUTa
CBIPBEBBIX IIMXT JUIS TOTYYCHHS [IEMEHTHOTO KJIMHKepa. Temreparypa oOxura cHuxaercs Ha 50-
100°C, ymyumaercs cTpyKTypa KITMHKepoB [5-7].

[lenpro mccnenoBaHus SIBISETCS pa3pab0TKa KOMIUIEKCHBIX MHUHEPAIH3aTOPOB JJIsSI CHIDKCHUS
Temneparypel crekanus kimHkepa TOO«KacnuiiiieMeHT», YMEHBIICHHS pacxoia TOIUIMBA,
MTOBBIIICHUS TIPOU3BOIUTEIIBHOCTH TICUU M CHUKCHHSI BBIOPOCOB YITICKHCIIOTHI B aTMochepy.

JKCIePUMEHTAJIbHAA YaCTh

Ha uementrom 3aBome TOO «Kacmmii [ement» mexayHaponHoit pupmer HeidelbergCement
(I'epmanus) ans monmydyeHUs LIEMEHTHOIO KJIMHKEpa MCIosb3yeTcss Mell MectopoxkaeHus «lllerne
HOxHOe», IMHA MECTOPOXKAECHUS KepaM3UTOBBIX INIMH «Aycapckoe» (tabmuua 1). B kadecte
KOPPEKTUPYIOIIMX  J00aBOK HMCIOJB3YIOTCS: IIECOK MECTOPOXAECHMS KBaplEeBOro Iecka
«TakbIpraHckoe» M JKeJIe30COAEPIKAIMA KOMIOHEHT — OTapKH, MPEeACTaBIAIOT COOOW BIaXKHBIN
TOHKHMI TOPOIIOK, OTXOJ XMMHYECKOTO THApoMeTamutyprudeckoro 3aBoga (XI'M3) r. Akray, c.
basuap! [8]. Knuukep o6xuratoT B meuu cyxoro crnocoba pasmepamu ¥4 x 60 m.

B tabnuue 1 npencraBieH XMUMUYECKH COCTaB ChIPhEBBIX MaTepHaoB.

Tabmuua 1 - Xumuueckuii coctaB ceipbeBbIX MarepuanoB TOO «KacnuiiniemeHT»
CoipbeBoit XUMHUECKUN COCTaB ChIPbEBBIX MaTepuaion, Macc. %
marepuan | SiO2 | Al20Os | Fe2O3 | CaO | MgO | SOs | KoO | Na;O | Wet CI | TIITIT

Men 387 | 129 | 048 | 5182 | 045 | 008 | 0,26 | 0,08 | 0,045 | 4111

I'muna 653 | 1401 | 424 | 282 | 1,34 | 043 | 257 | 1,97 0,134 | 5,95

ITecox 844 | 817 | 138 | 044 | 0,16 | 0,09 | 3,34 | 1,56 0,02 0,26

Orapkn 959 | 0,2 |8316 | 206 | 0,83 | 166|014 | 01 0,143 | 181

dochopusr | 42,6
U 1uax 8

074 | 017 | 41,18 | 455 | 04 | - ] ] ]

Men cocTOUT B OCHOBHOM M3 KapOoHara KajbIUs W HEOONBIIHUX MPUMECEH KpeMHe3ema —
3,87% u mMHUCTBIX MUHepasoB. BnaxHocts mena Hebomnbias — 2,34%. I'muna cogepxar 65,3%
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Si02, 14% Al;O3 u 6onee 4% Fe203. Kpapuesbiit nmecok coctout u3z 84,41% SiO2 u 6omnee 8%
Fe2O3. Orapku comepkar 10CTaTOYHO MHOTO *kee3a - 83,16% Fe20s.

Onexrporepmodocdopubiii mtak HoBo-/[xamOynbckoro ¢hochopHOTo 3aBosa MpeacTaBIseT
co0o¥ rpaHyIMpOBAaHHBIN MaTepuai ¢ pazmepoM 3epeH 0,5-2MM. XUMUYECKHI COCTaB MPEICTABIICH
B OCHOBHOM okcuaamu kpeMuus 42,68% u CaO — 41,18%. ITo TOCT 3476-2018 [9] conepxkanue
P20s B nutake He TOMKHO MpeBbIIIaTh 2,5%, Tak Kak okcug ¢pocdopa B MOBBIIIEHHBIX KOINYECTBAX
OTPUIATEIIFHO BIMSET HA MPOIECC OOKHTra KIMHKEpa W ruaparanuio nementa. Coaeprxaiiuiics B
dbochopHoM 1ake (GTOp OKa3bIBAET MUHEPATU3YIOIIEe EHCTBUE Ha Ipoliecc 00XKura KIMHKEpa,
MOHIKAET TEMIIepaTypy CIEKaHUs, CIOCOOCTBYeT CHHKCHHMIO pPAcxXofa TOIUIMBA ¥ IOBBIIICHUIO
MIPOU3BOAUTEILHOCTH TEUH.

CripbeBble MaTepuaibl ObUIM BBICYIICHBI IO MMOCTOSSHHOM MacChl B CYHIMJIBHOM IIKade Mmpu
temmeparype 90-100°C. 3arem B (apdopoBoil cTynmke marepualibl TIIATEIbHO H3MENBUUIHN 10
npoxokaeHust depe3 cuto Ne0O8 w mepenmanmu B saboparopuro «MPJIUID» s BBITOMHEHUS
pacTpoBO-UIEKTPOHHO-MUKpockonuyeckoro  (POM), tepmorpaduueckoro (ATA) u HUK-
CHeKTpocKomuueckoro ananu3on [10,11].

JlepuBaTorpaMMBbl CHIPHEBBIX MaTEPHANIOB MPUBEIACHBI Ha puc. 1,2.
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Puc. 2 - JlepuBarorpamma NIMHBI MECTOPOXKIEHUS «AyCapCKOe»
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Ha nepuBarorpamme mena (puc. 1) umeercs mryookuii sHpotepmudeckuii a3gpdexr npu §90°C
oOycCJIOBNIEHHBIA Jucconuaiueii kapOonara kaibius. llepBoHadanbHas Macca oOpa3na Mmena
cocraBmia 659,38mr, norepu maccsl ipu 900°C cocraBunm 210,49mr. Takum o0pa3om, moTepu npu
npokaiuBanuu Mena mecropoxkaenus «lllerne FOxxnoe» mo manueim JITA cocraBuiu 31,92%, uyto
HECKOJIbKO HUKE, YEM T10 JaHHBIM XUMHUYECKOTO aHaJIU3a.

Ha nepuBarorpamme minHbl (pHC. 2) HUMEIOTCS HECKOJBKO AHAOTepMHUYECKUX 3(h(HEeKToB
CBSI3aHHBIX C JETUJparaieil NIMHUCTBIX MHUHEPAJIOB U OJUH 3HAYUTEIIbHBIA HK30TEPMHUECKUN
addext pu 900°C.

Pe3yabTarhl n 00Cy:KI1eHHe

PacueTsl ChIphEBBIX CMecel BBINOJHWIA C HcHoidb3oBaHueM mnporpammsl PCC-MC.
[IporpaMma paccUMTBHIBAET COCTaB CHIPHEBBIX KOMIIOHEHTOB, YIEJIBHBINH pacxol ChIpbs Ha 1T
KJIMHKEpa, XUMHYECKHI COCTaB CBhIpbEBOM MYKM M KIHWHKEpa, MHUHEPAJIOTMYECKUH COCTaB
KIuHKepa. Kpome 3Toro paccuMThIBalOTCS KOJIUYECTBO JKUIKOW (pa3bl, MHIEKC OOXKHTaeMOCTH,
K09((UIIMEHT CIIEKaeMOCTH IIUXTHI, KPUTEPHUIA TpriIHIiaHus K pyrepoBke u np. [12].

BrinonHeHb! pacueThl TPEXKOMIIOHEHTHBIX ChIpbeBbIX MUXT «Men «Illerne FOxHoe» + rmuHa
Aycapckoe Mectopoxenue + orapkm». Koapduunent naceimenus (KH) npuanmanu pasasiM 0,9;
0,92 u 0,95. CunukatHblii MOAyNb npuHUMaNu paBHbM 2,0, 2,2 u 2,5. [Ipu cunukatHOM Momyse
paBHOM 1= 2,0 IMHO3eMUCTHIN Moayib 061 0,9-0,91, pu cunukarHom Moayse I = 2,5 3HaYeHUe
P yBenuuuiIoch u coctanisiio 1,48-1,5.

VrenpHBIA pacxol MPHPOTHOTO ChIpbs cocTaBimsut 1,519 — 1,5351/t kimmakepa. CornacHo
BBITIOJTHEHHBIX ~ Pacdye€TOB U3 CHIPbEBBIX IMUXT Noe 1 — 6 MOXHO TONYyYUTh aJUTOBBIC
HU3KOQJIIOMMHATHBIE LIEMEHThI C coaepxkaHueM 57-69% amura u 9-19% Oenura. PacuetHoe
conepxkanne C3A cocrasnser ot 3,84 no 7,88%. C nosbimenueM KH u cunmkatHoro momyns B
KJIMHKEpax BO3pacTaeT CoAepKaHUe ajuTa U CHUXKaeTcs 1ois 6enuTa (Tabmuiel 2 u 3).

CripbeBbie cmecu Nel u No3 MMErOT onTUMaIbHBIA MHIEKC O0KHTaeMOCTH M KOA(D(GUIIUEHT
cnekaemoctu (tabmuna 4). Ilosbimenune BenumuuHbl KH u  cunmkarHoro momyns yxyamiaer
CIeKaeMOCThb ChIpheBOi cMecu. KonndecTBo xuakoit ¢assl coctasnser oT 27 10 31%, uTo sBiseTcst
ONTHMAJIbHBIM.

B pesynbrare pacueToB TPEXKOMIIOHEHTHBIX CHIPbEBBIX IIUXT «Med + gocdopHblie nutaku +
OrapKu» YCTaHOBIIEHO, uTO BBUAY Henoctarka Al203 B QocpopHOM IuTake B KIMHKEpax He
o0pasyeTcss TpexKaJbIMeBblil amromMuHar. [Iporpamma mokassiBaeT MUHYcOBoe copaepkaHue CsA.
[TosToMy Hamu TipenaraeTcsi KOMIUIEKCHas ruHucTas mmxrta «[muHa+docdopusrit nutak (1 : 1)».
Conepxanue (ocpOpHOro mulaka B ChIpbeBOM IMXTe cocTaBiser okoio 10%, T.e. dpochopHbii
[IUIaK HaIlOJIOBUHY 3aMELIaeT MPUPOIHYIO0 INHMHY. YAEIbHBIM pacXod ChIpbsi Ha 1T KIMHKEpa
cocrasisger oT 1,436 no 1,454t1/t ximnHkepa, uro Ha 80 — 100Kr MeHbIIIe, YeM MPU UCIIOJIb30BaHUN
CBIPBEBOM IIMXTHI, COCTABIEHHOW HMX NMPUPOAHBIX MaTepuajoB — MeJla U TIIHHBL. DTO MO3BOJIUT
3HAUUTENIbHO CHU3HUTh PACXOj TOILIMBA Ha OOXKHUI KIMHKepa, Tak Kak 80 - 100kr cHmkaercs macca
MaTepualia, KOTOPbIii HEOOXOAMMO HarpeTh 10 TeMreparypsl crekanus kinakepa 1450°C. Kpome
3Toro (ocOpHBIN MHITaK BHOCHUT B CHIPHEBYIO LIMXTY HEKApOOHATHYIO M3BECTh. JTO MO3BOJUT
CHHU3UTH Pacxojl TeIjla ¥ TOIUIMBA HA SHJOTEPMUUYECKYIO PEaKIMIO Pa3IokKEeHHs KapOoHaTa KaJbIus
B Ipolecce oOxura KIMHKepa. B chIpbeBbIX cMmecsX, copepkamux 1,5 — 1,66% C3A u 59 — 69%
aluTa MOXKHO IOJIyYUTh KaY€CTBEHHbIE CYIb(aTOCTOMKHE IIEMEHTHI, OTBEUaIolue TPeOOBaHUIM
I'OCTa o MUHEpaJIOTHYECKOMY COCTaBY.

CornacHo BBIIOJHEHHBIX PACcYeTOB, HAauOOJIEee ONTUMATIbHBIMU SIBISIOTCS ChIPHEBBIE IIHUXTHI
BKIodarone men mecropoxkaeHus «lllerme HOxHoe» + (mmmHa «Aycapckoe» + (ocdopHbie
nutakn  1:1) + orapkm. OntumansabiM KH sasercs 0,90 — 0,92, onTumanbHas BeauduHa
cUIMKaTHoro moxayns 2,5. dochopHelii 11aK, BBOAUMBIN B KonudyecTBe okoio 10%, 3amenser
YaCTUYHO MPUPOAHBIE MeI U IVIHHY, BHOCUT B CBIPbEBYIO IIUXTYy HEKapOOHATHYIO H3BECTD.
VnenbHbIN pacxon chipbs Ha 1T KiIMHKepa coctasiseT ot 1,436 no 1,4547/T xnuHkepa, uyto Ha 80 —
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100kr MeHbIIe, YeM MpPH HCIOJNB30BAHUM CHIPbEBOM IIUXTHI, COCTABJICHHOM HX MPHUPOAHBIX
MmarepuaioB — Mena u mmHbl. DPochopHbIl nulak Takke OyJeT OKa3bIBaTh MHUHEpPAIU3YIOIIee
JeiicTBUe Ha Tmpouecc oOXWra KIMHKEpa, IMO3BOJUT MOHU3UTH PACXO[ TOIUIMBA, YBEIUYHUTH
IIPOU3BOJUTEIBHOCTh I1€YM M YMEHBIIUTH BEIOpOCH BpeaHbix CO2 B atMocdepy.

C nomompto JITA u3yueHo BIMsIHHE MUHEpPAIN3aTOPOB HA MPOILECC TUCCOIUAINU KapOoHaTa
KaJbLUS CHIPbEBBIX IIUXT. TepMOrpaMMBI CBHIPBEBBIX IIUXT 0€3 J0OAaBKM W ¢ MUHEpaU3aTopamu
npuBeneHbl Ha puc. 3. Kak BuaHO u3 TepMorpamMmsl 6e3100aBounoi ceipreBoit cmecu ¢ KH = 0,90
(puc. 3a) makcumyMm nmka gucconuanuu CaCOsz mpoucxogutr npu 900°C. Ilpu BBeneHuM B
CBIPbEBYIO CMeCh KOMIUIeKCHOW nobaBku 1% CaFz u 0,5% docdorunca makcumym mnuka
JMccolMaly KapOoHaTa KanbliMsl cMeliaercs BieBo 10 Temneparypsl 870°C (puc. 36), To ecTb
camwkaercs Ha 30°C. B Ge3zgobaBouHol chipbeBoii cMecu ¢ KH = 0,92 makcumym mporecca
mucconuanuu CaCOs npoucxoaut npu 910°C. Ilpu BBeieHHH B 3Ty CBIPbEBYIO cMech 100aBkH 1%
CaF; u xommnekcuoit nob6asku 1% CaFz u 0,5% docdorunca MakcCuMyMm NHHKa IUCCOIUAINAN
kapOoHaTa KaybLus cHIKaeTcs 10 teMneparypbl 880°C (puc. 3B, 3r u 311). TO CBUAETENBCTBYET O
TOM, 9TO Kak (IIOOpUT, TaK M KOMIUIEKCHas noOaBka (urooputa ¢ (ocdorumcom oka3wpIBaroOT
paspyluatoniee JeiicTBUe Ha KPUCTAIMYECKHUE PEIIeTKH KajbIUTa, CHUXKAIOT TEMIepaTrypy ero
mucconuanuy Ha 20 — 30 rpamycoB, 4TO B TadbHEHIIEM IPUBEIET K YCKOPEHUIO 00XKHUTa KITMHKEPA.
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Puc. 3. TepmorpamMma ChIpbEBBIX IIUXT
a — ChIpbeBas cMech 0e3 mob6aBok MuHepanusaropa ¢ KH = 0,90;
0 - ceipreBas cmech ¢ KH = 0,90 ¢ no6aBkoii komruiekcHoro muHepanusaropa 1% CaFzu 0,5%
dhocdorumnca,;
B — CBIpbEBasi cMech 0e3 100aBok muHepanusaropa ¢ KH = 0,92;
T - ceipbeBas cMech ¢ KH = 0,92 ¢ no6askoit 1% CaF: ; 1 — ceipseBas cmech ¢ KH = 0,92 ¢
n00aBKoil KoMIIeKcHOro MuHepanusaropa 1% CaFz2u 0,5% docdorumca

UccnenoBanbl mporeccsl oOkura 3-x KOMIOHEHTHBIX cmeced «men «lllerne FOxxnoe» +
minHa «Aycapckoe» + orapku) ¢ nobaBkamu CaF; u komrmiekcHoit 1o6aBkoit «CaF2 + docdorumcy.
[lo pe3ynbraram pacdeToB ObUIM NPUTOTOBJIEHBI CHIPEBBIE HIMXTHI, TIIATEIBHO MEPEMELIaHbl C
no0aBKaMM MHUHEpaIn3aTopoB. MuHepaan3aropsl BBOAWIM B MKXTH cBepX 100%. 3aTem coipbeBas
cMmech yBnaxHsack 10 W = 11% u dopmoBanucek Tabnetku nuamerpom 30MM U BBICOTOM 25-30MM
noz aasnerueM 20MIla [10]. O6xur tabiaetok mpoBoauau mpu temneparypax 1350 u 1400°C ¢
BBIIEPKKOM IIpU MakcuMaibHOU Temneparype 30 munyT. [locne pe3koro oxiyaxaeHus Ha BO3AyXe
onpenaensuu conepxkanne CaO cBOOOIHBIN B KIMHKEpaX dTHUIOBO-IIUIIEpaTHBIM MeToaoM [11].

Kax BugHO U3 MaHHBIX TaOMHIIBI 5, KOHTPOJIbHBIE 0€3100aBOYHBIEC ChIpbeBbIe cMecH Nel, 6 u
10 nocne o6xkura npu temneparype 1400°C uMeroT NMOBbIIEHHOE KOJIMYECTBO HecBsizaHHOM CaO
cooTBeTcTBeHHO 3,2; 5,1 1 7,03%. IIpu temneparype obxkura 1350°C conepxanue CaO cBoOOAHOM
eme Belme. /i moay4yeHHus KaueCTBEHHOIO KJIMHKEpa ¢ copepikaHueM cBobonHoit CaO He Oonee
1,5 - 2,5% neobxomumMo 00kurath 3TH 0€3700aBOYHBIC KIMHKEpa Ipu Temneparypax 1450 u Gornee
IpagycoB.

Brenenne 1 u 2% d¢ropucroro kampmus yckopser mporecc odxura. Comepxanue CaO
cBOOOIHO B po0ax yMeHbIIAeTCs, 0COOCHHO B CMECSX C HU3KUM CHIIMKATHBIM MOJYJIEM, PaBHBIM
2 (xmuaKep Ne3 — 1,68% CaOcgos).

Beenenue xommiekcHoro munepanuzaropa 1 — 2% CaFz + 0,5 — 1% ¢ocdorurnca npuoaur k
JTanbHEHIIIeMy YIIYYIIeHUIO Tporiecca ookura. M3 ceipheBbix cMeceit N4 u S5, Takke ChIpheBOM
cmecu NelO npu temneparype 1400°C MOXXHO MOTYyYUTh KauyeCTBEHHBIE KIMHKEpa C JOCTATOUHOU
creneHpl0 CcBsA3bIBaHUs CaO B KIMHKEpHbIE MHUHEpaibl. B 3Tux kimHKepax coxepxkanue CaO
cBOOO/IHOI He npeBbiaet 2,3%.

CymectBeHHOe BiIMsiHME Ha mporecc ycBoeHHs CaO oxa3pIBaeT BEIMYMHA CHIIMKATHOTO
moxyinsi. C noBsiieHneM N 10 2,2 u ocobenHo a0 N = 2,5 npouecc ycBoeHuss CaO B KIMHKEPHBIE
MUHEpabl 3arpyfaHsercsa, komndectBo CaO cBoOomHON Bo3pacTaeT. DTOPUCTHIA KaNbIUH H
docdorurc, B KOTOPOM COIEPKUTCS (HTOP, OKA3bIBAIOT CUIBHOE MHUHEpAJIH3yIollee ACWCTBUE Ha
oOxur kmuHKepa. [Ipm 1400°C mnpu HEBBHICOKMX CHJIMKAaTHBIX MOIYJISX MOXKHO TIONYyYHTh
KaueCTBEHHbIN KimHKep. Temmeparypa oGxura cHmkaercss Ha 50-100°C. Oto o0ycioBieHo TeMm,
yTo (TOp OKa3bIBaeT pas3pyllaroliee AeCcTBHE HAa KPHUCTAUIMYECKHE PEHIETKH ChIPhEBBIX
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KOMIIOHEHTOB,

cHmkaercs Temmeparypa auccouuanuun CaCOgsz, mNoHWXKaercs Temieparypa

NOSABICHUS JKUAKOM (a3l KIMHKepa, KOJIMYECTBO JKUAKOM (ha3bl BO3pacTaeT a €€ KayecTBO
YIy4IIaeTcs, CHIDKAETCsl €€ BSI3KOCTb, BO3PACTaeT CKOPOCTh AU(P(y3ur HMOHOB M KaTHOHOB,

BCJICAICTBUH ATOTO yCKopsieTcs oOpa3oBanue anura [10].

Tabnuna 2 - Pe3ynbraTel pacyeToB TPEXKOMIIOHEHTHBIX ChIPBEBBIX IIUXT M YCJIBHBIA PACXO]] ChIPbs
(Men «llletnie KOxxHOe» + mmuHa «Aycapckoe» + Orapku)

Cme | CocraB IIMXTHI, VYnenpHbII K | Monyn XUMHYECKHUH COCTaB HINXTHI, %o
Chb % Pacxof ChIphs, H u
T/T KJIMHKEpa

Me | mim | orap | Me | mm | orap n|p| Si |AL|Fe| Ca|Mg| S | mx | mpo
1 Ha KH 11 Ha K1 0O, | 03| O3| O O |[Os| o e

1 80,16, 3161202 (0040, (2|0, |14, | 33|37 |42, |06/ 0, | 34, 171
5 31 23 | 48 8 9 10| 9|07 3 1 25 1 (19| 13 '

2 81, |17, (145|112 |102 (0020, (2, |1, |14,| 34|23 |42, |06/ 0, | 34, 175
54 0 46 6 2 9 | 5|48 | 4 4 2 77 1 |16 | 56 '

3 80, 15, (310|121 02(004 |0, (2,|0,]13, |32 36|42, |06/ 0, | 34, 169
91 | 99 31 | 43 7 92 (0| 9 | 87 9 5 44 | 0 | 18 | 27 '

4 81,16, (142|121 021|002 0, (2, |1, 1]114,|133|22|42 |06/ 0, | 34, 173
92 | 66 54 | 55 2 92 | 549 ]| 19 9 8 95 | 0 |16 | 69 '

5 81, |15, (30212102 (004|0, (2,110,113, |32 |35(42, |06/ 0, | 34, 167
45 | 53 43 | 37 6 95 (0 |91 ] 58 3 6 71 0 |18 | 46 '

6 82,116, (13712020020 (2,|1,1]113, |33 22|43, |06/ 0, | 34, 171
45 | 18 66 | 48 1 %5 (5| 5| 89 3 2 21 0O |16 | 88 '

Tabnuua 3 — XUMUKO-MUHEPATOTHYECKUN COCTAaB KIMHKEPOB M3 TPEXKOMIIOHEHTHBIX CHIPHEBBIX
Xt (Men «lllernie FOxHOe» + muHa «Aycapckoe» + orapku)

Kntkep XUMUYECKUi cocTaB KIMHKepa, %o . Mogynu MHHeCI;iJ;z;I:ILl/fCKHﬁ
BI Si0, A|320 FeSzO Ca0 I\él)g 830 Hpgqn N p | Cs | CS CA3 CI4:A
1 22([5,3 5,06 | 563 64é,1 0,92 OéZ 2.60 0(,)9 % 0,9 52,8 1%,3 348 12,1
2 220 | 5.25 | 355 63;,3 0,93 0é2 2,67 069 % 1é4 5&;,5 ;8,9 7é8 1%,7
3 22([),1 501 | 5,55 64%,5 0,92 OéZ 2,58 0é9 % 0,9 6%,9 14;,5 348 16(33,8
4 213,7 5,20 | 3,49 65(;3,7 0,92 052 2,65 Oé9 25 1é4 Gi,Y 14;9 74,{8 1(;,6
5 203,7 493 | 543 657,1 0,92 OéZ 2,55 0é9 % 0i9 63,9 8,01 3418 1(:5l,5
6 212,3 512 | 341 6%3 0,92 0212 2,62 0é9 25 1,5 6%,8 9,17 767 1(;,3

Tabnuua 4 — Ilokazarenu nHAEKca 00)KUTaeMOCTH, K03(ppHIeHTa ClieKaHus, COAEPKaHUS HKUIKON
(a3bl B TPEXKOMIIOHEHTHBIX ChIPHEBBIX IIMXTaX

Cmec | KH | Mogymu | Unanmekc | n*p Koao. I'mppas | Kpurepuit | Tennoso | Kommuecr
u 00XKH- CIIEKaeMOCT | -NTMYe- | NPWINIAHH i -BO JKUJI-
rae- u CKHH 1K KaJIoMeT- | KO (a3sbl,
n p MOCTH (omT. MOIyNb | (yTepoBKe puuec- L, %
(omr.2,5 0,5-0,6) (omr. KUU
-3) 1,7-2,4) MOIYITh
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(orr.0,3-
1,8)

1 069 % 0é9 271 | 18 051 2,0 4,22 1,71 31,19
2 0(,)9 25, 1é4 3,13 3,7 0,61 2,12 4,19 2,23 27,24
1029 20 |18 | 085 2,04 4,21 2,06 30,84
4 0,9 2; 114 377

A I 34 5 0,66 2,16 4,18 2,76 26,93
5 (092709 18

e 1ol 1 3,3 ) 0,62 2,1 4,20 2,78 30,33
6 oég % 15| 3g 3&,7 0,74 2,22 4,17 3,92 26,48

Tabnuua 5 - BausiHue MHAMBUIYaIbHBIX U KOMIUIEKCHBIX MUHEPAJIU3aTOPOB Ha MPOLIECC YCBOEHUS

CaO B crIpbeBbIX muxtax TOO «KacouiiieMeHT».
No cMecH CocraB muxThl, % KH Monynu KOHI/:;%T‘:;OOA)C30
Men | mmHa | orapku | CaF; | docdorunc n p 1350 1400
1 80,91 | 15,99 3,1 - - 0,92 20 | 0,9 6,21 3,2
2 80,91 | 15,99 3,1 1,0 - 0,92 20 | 0,9 473 2,8
3 80,91 | 15,99 3,1 2,0 - 0,92 20 | 0,9 - 1,68
4 80,91 | 15,99 3,1 1,0 0,5 0,92 20 | 0,9 3,51 2,3
5 80,91 | 15,99 3,1 2,0 1,0 0,92 20 | 0,9 - 1,21
6 81,36 | 16,29 | 2,35 - - 0,92 2,2 1,1 7,5 51
7 81,36 | 16,29 | 2,35 1,0 - 0,92 2,2 1,1 5,94 3,96
8 81,36 | 16,29 | 2,35 2,0 - 0,92 2,2 11 - 2,54
9 81,36 | 16,29 | 2,35 1,0 0,5 0,92 2,2 1,1 5,04 3,05
10 81,36 | 16,29 | 2,35 2,0 1,0 0,92 2,2 1,1 - 2,04
11 81,92 | 16,66 | 1,42 - - 0,92 25 |149 8,78 7,03
12 81,92 | 16,66 | 1,42 1,0 - 0,92 25 |149 7,16 5,13
13 81,92 | 16,66 | 1,42 2,0 - 0,92 25 | 1,49 - 3,4
14 81,92 | 16,66 | 1,42 1,0 0,5 0,92 25 |149 6,48 3,8
15 81,92 | 16,66 | 1,42 2,0 1,0 0,92 25 |149 - 2,97
BoiBoabI

1. H3ydeH XMMHMKO-MHHEpAJOTMYECKHMH  COCTaB  ChIpbeBbIX  MarepuasioB  TOO
«KacnmiinemenT». ConepikaHne BpPEIHBIX M HEXEIaTeIbHBIX NPUMECEH CEpBl, IIEI0YEN M XJIopa
HAXOJIUTCS B IOIYCTUMBIX IIpeeax.

2. PaccunraHbl COCTaBbl TPEXKOMIIOHEHTHBIX CBIPBEBBIX CMECEH M IOIy4YEHHS
nopriananemMesTHoro kiauHkepa ¢ KH=0,9 m 0,92 npu pasnuuHbIX BEIMYMHAX CHUJIMKATHOTO
MOJyJIsl. BennunHbl NIMHO3EMUCTOrO MOJYJISl HAXOAATCS B NPUEMIIEMBIX INPEENax. YCTaHOBIEHBI
ONTHMAaJIbHbIE COCTABBI CHIPHEBBIX MIMXT JIISl MOJYYEHUS IEMEHTHBIX KIMHKEPOB.

3. Beenenue 1 u 2% ¢Topucroro xamplus yckopsier nporecc odxkura. Conepxanue CaO
CBOOOAHOW B MpoOaxX YMEHBIIAETCS, OCOOCHHO B CMECSIX C HHU3KHM CHJIMKATHBIM MOJYJIEM.
BBenenue xommiekcHoro muHepanusaropa 1-2% CaFz + 0,5-1% docdorunca npuBogur K
JTanpHEHIIEMy YIIYYIICHUIO Tporiecca ookura. M3 ceipheBbix cMeceit N4 u 5, Takke ChIpheBOM
cmecu Nel(O mpu Temneparype 1400°C MOXKHO MONYyYUTh Ka4€CTBEHHBIE KIMHKEpa C JOCTAaTOYHOMN
creneHsblo cBs3biBaHus CaO B KIIMHKEPHbIE MUHEPAJIBL.

4. CyuecTBeHHOE BIusiHME Ha mpolecc ycBoeHus CaO oka3bIBaeT BEJIMYMHA CUIMKATHOTO
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Moxyis. C moBblieHueM N a0 2,2 u ocodeHHo 1o N=2,5 mporecc ycBoeHus CaO B KIMHKEpHBIE
MUHEpajbl 3arpymaHsercs, kommuectBo CaO cBoOomHOW Bo3pactaeT. DTOPUCTBIA KalblMid U
docdoruric, B KOTOPOM COIEPKUTCS (PTOp, OKA3HIBAIOT CHIILHOC MHUHEPAM3YIOIIEE JICUCTBHE HA OOXKHT
kmHKepa. [Tpu 1400°C mpy HEBBICOKHMX CHITMKATHBIX MOMYJIIX MOMKHO TIOJYYMTh KaYeCTBEHHBINA KIIMHKEP.
Temneparypa ooxura camkaercst Ha 50-100°C.
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KEINEHJII MUHEPAJIM3ATOPTAP KOCITAJIAPBIMEH "KACTIMII HEMEHT" JKIIC
IIMKIBAT KOCHAJAPBIH KYIIIPY MPOIECTEPI

Tyiiin

LleMeHT KIMHKEPIH KYWIIpy NPOLECTEPiHIH JKbUIY CHIMBIMIBUIBIFEI >KOFaphl. bip TOHHa KJINMHKEp
kyinaipyre 110-130 kr mapTThl OTHIH >KyMcanajbl. ExiHmi mpoOiema on KopuiaraH opTara TacTalaThblH
susaabpl CO; rasel.  Bip ToHHa knmuHKep —Kyi#niprenae armocdepara  700-800 kr CO. Oemineni.
Munepanuzaropnapasiy «Kacnuituement» XIIC mmkizar KocmajgapbslHBIH KYHAIpY mpouecTepiHe ocepi
seprrenai. CaF, sxoHe koMmiutekeTsl Kocraiap «CaF, + docdorumncy OGOpablH IUCCOIUSIIAHY MPOLECIHIH
temneparypacbid 30°C — ra Temenzerti. lllukizar Kocnangapaa kiuHkeprnakgadony nporuecrep 1400°C-ta
askranael, Hemece 50-100°C — ka Temenzaeni. baitnmanwsicaran 6oc CaO wmemmepi 1,2-2,0% Oonpsl.
Knuakepaiy KyHaipy NpoLeciHiH TemmepaTypacklH TOMEHIETY >OHE INHKi3aT KOCHaHbIH KypaMmblHa
Ty#ipiekTenred (Gocopibl NIIaKThl €HTi3y aTMocdepara TacTanaThlH KeMip KbIIIKbUIIBI TOMEHJIETYTE
MYMKIHJIK TYFbI3a/lbl, JJACTAHY/bI a3alTalbl.

Kinrrik ce3aep: 1mmki3ar, KyHIOipy, KapOOHATTBIH JAMCCOLMALMACKH], KIMHKEPII KYHAIpY,
MuHepaauzatopiap, boc CaO.
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FIRING PROCESSES OF RAW MATERIALS MIXTURES OF "KASPIY CEMENT" LLP
WITH ADDITIVES OF COMPLEX MINERALIZERS

Abstract

High-temperature clinker firing processes are energy-intensive. The production of 1 ton of clinker
requires 110-130 kg of conventional fuel. Another issue is environmental pollution due to carbon dioxide
emissions. During the firing of 1 ton of clinker, up to 700-800 kg of CO:s is released into the atmosphere.

The influence of mineralizers on the firing processes of raw mixes at LLP "CaspiyCement" has been
studied. It has been established that CaF. and complex mineralizers based on "CaF. + phosphogypsum"
reduce the decomposition temperature of chalk by 30 °C. Clinker formation processes are completed at
1400 °C or at temperatures 50—100 °C lower. The free CaO content is 1.2-2.0%. Lowering the clinker firing
temperature and introducing granulated phosphorus slags into the raw mix will reduce CO: emissions into
the atmosphere and mitigate environmental pollution.

Keywords: raw charge, roasting, carbonate dissociation, clinker roasting, mineralizers, free CaO.
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