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CYJIb®OATTIOMUHATHO — CWIIMKATHBIN (CAC) IEMEHT HA OCHOBE
DPOCPOTI'FIICA

Canoamoa «knuHkepuu ¢pocgoeuncoar, oxakmowoaH 6da KAaoIuH JAOUUOAH OaUWOdeU Kyuoupuus xapopamu
nopmnanoyemenmuy kyioupuut yapoapmuoar 200-300 °C 2a nacm 6ymuwu xypcamunean. Taokuxomaap Hamudcacuoa
Kyuoupuws xapopamu nacm Oynean yemewm apamunean. Onunean yemeuwm, auHuKca OACmiabKu Myo00amaapoa 0Kopu
MyCMaxkamauxkka sea 6yaaou. Iy yemenm ea nopmuanoyemenm acocuda xap Xuil mypodeu Maxcyc YemeHmaap Oauul
MYMKUHAUSU AHUKTAHSAH.

Taanu cyznap: gocgoeunc, 1o, oxakmows, KIUHKep, Yyemenm, Kaibyuli CyIb@OoamioMUuHam, Wuxmd, ceapiap, XaKd,
2PAHYNa, YUKUHOU 2a31ap, XOMAWE apanraumanapy, nopmiaHoOyemeHm.

Toxazano, 4mo 6 NPOMBIULIEHHBIX YCIOBUAX MOJCHO NOIYYAmMb KIUHKED HA OCHO8e (ocgocunca, u3zgecmusKa u
Kaonunumosotl 2nunvt npu memnepamype obxcuzca na 200-300°C nusce memnepamypor obixcuea nopmianoyemenma. B
pe3yibmame UCCIe008aHUTL CO30AH YEMeHM HUKOmMmeMnepamypHozo oboicued. [lonyuennvie yemenmsl HAOUPAIOM GblCOKYIO
HPOUHOCHIb, OCODEHHO 8 HAYANbHbIE CPOKU. YCMAHOBNIEeHO, YUMo HA OCHOGe 3MUX YEMEHMO8 U NOPMIAHOYEMEHMA MONCHO
NOIY4amo pasiuyHble U0l YEMEHMO8 CNEeYUAIbHO20 HAZHAYEHUSL.

Knrwouesvie cnosa: ocgocunc, enuna, uzeecmusx, KIUHKep, YeMeHnm, Cyib@oamnioMuHam Kaibyus, wWuxmad, ceéapbol,
KOIbYA, 2PAHYIIbL, OMXOOAUIUE 2A3bl, CHIPLEBbLE CMECU, NOPMIAAHOYEMEHN.

It is shown that in industrial conditions it is possible to obtain a clinker based on phosphogypsum, limestone and
kaolinite clay at a roasting temperature of 200-300°C below the burning temperature of Portland cement. As a result of the
research was created a low-temperature roasting cement. The obtained cements gain high solidity, especially in the initial
periods. It is established that based on these cements and Portland cement can be obtained various types of cements of special
purpose.

Key words: phosphogypsum, clay, limestone, clinker, cement, calcium sulphoaluminate, burden, swags, rings, granules,
waste gase, raw mixtures, portlandcement.

Llemo wuccrnenoBanust ObUIO HcmoNb30BaHHE Qocdorunca coipbeBoii cMmec He MeHee 30%
¢docorurnca. [TocTaBnenHas 3amauya ObuIAa BHIIOIHEHA CIEAYIOIIUM 00pa3oM: OTOOpaHbl UMEIOIIMECS Ha
3aBojJie CpeqHue MpoObI M3BECTHSKA, KaolHuHA, (ocdorurca M OmpeneiaeHbl UX XUMHUYECKUH COCTaB,
BJI&KHOCTh U 00beMHBIN Bec. [IyTem B3BemmBaHUs KOBIIA rpeiiepHoro kpaHa ObUT OnpeaesieH CpeaHui
BEC KOBIIIA Ka)KJI0T0 KOMITOHeHTa. O6heM KOBINa rpeiiepHoro kpana — 1,8m°.

Hcxons m3 pacdetHoro pacxoma cwipbs 1,4 Kr/Kr 4. KIMHKepa, ObUla paccuuTaHa JO3MPOBKA
CBIPbEBOM CMECH KOBIIIAMU Ipeii(hepHOTo KpaHa Ha CKJIAE CHIPhS: TaK, 5 KOBIICH W3BECTHSAKA, 7/ KOBIICH
docdorurnca u 0OJIMH KAOJIHH COOTBETCTBOBAIIM BBOAY ocdorurnca B komuaectse 30%.

[IInam, MOTy4YEeHHBIN MpU TaKo# 103UPOBKE, 00ecrieurnBal MOMydeHHe 3aJaHHbIX napameTpoB. [Ipu
OTKJIOHEHHH HIJIaMa 110 XUMHYECKOMY COCTaBY KOPPEKTHUPOBKA MPOU3BOIMIACH B OacceiHax.

CpenHsas xapakTepHCTHKa IlaMa, IoJaBaeMoro Ha oOur: Bec juTpa nuiama 1500 r/mauTp,
BiaxkHoCcTh — 48,8%, pacrexkaemects — 70%. Xumuueckuit cocta: CaO — 39,52%, SiO, — 16,0%, Al2Os —
3,8%, Fe203 — 0,70%, SOs — 13,43%.
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I'eonornyeckue cBOMCTBA IIaMa ¢ BBOJOM (ochorurica He yXyALIHIUCH; IUIAMOTIPOBO/IBI, HACOCHI
u Oacceiinbl He 3a0uBannck. [1lnam obxuracs Jerko ¢ Xopouieil BAAUMOCTBIO U TpaHyIIsLuel KIMHKEpa;
NBUICHUS B TI€YM HE HaONII0Jalioch; TemmepaTypa (akena Oblia 3HAYUTEIBHO HIDKE, YeM TPU OOXKHUTE
OOBIYHOTO HITaMA.

Otpabotka pexuma oOxkura miama ¢ (Hpochorurcom TaeT BO3MOKHOCTh 3HAUUTEIBHO CHHU3UTH
pacxo ToruBa Ha o0xur kinHkepa. Cpeanuii Bec kiunkepa coctaBui 1450 r. CaO cB. — 0,45%. ®usuko-
TEXHUYECKHE CBOWCTBA MOJYYEHHOTO IIEMEHTa UCIBIThIBaTINCH coriacHo [[OCTos.

3a BpeMsl UCIIBITAHUS BBIBWINCH TPYAHOCTH TO3UPOBKU U TPAHCTIOPTHPOBKHU CHIPHEBOW CMECH U3
NpUeMHOro OyHKepa B MEJBHHILY; CMeCh C (DOC(OTrHIICOM 3aBHCaja M €€ MPHUXOJUIOCH IOCTOSHHO
OOpYIINBATb.

[lomon cwippeBOIl cMecH NPOM3BOAMIM B IPOU3BOJICTBEHHOHN ChIphEBOM MenbHHULE (2,2X12M)
MPOM3BOIUTENBHOCTHIO 20 T/4 10 cyxomy BemecTBy. Ham o cBoiicTBax HOBOro muiama, coaepxaiero 30-
40% d¢ocdorunca He OBUIO W3BECTHBI, IMOITOMY U3 BO U30e)kKaHWE 3a0MBKM NUIAMOACCEHHOB
[IJIAMITPOBOIOB, BIIAYKHOCTh €ro MOJAepXKUBaNIU B npenenax 45-47%; npu 3ToM pacTekaeMOoCTh Ijiama
cocraBisia 70-75 MM, a BIaXXHOCTh IPUMEHSEMOTro Ha 3aBoje 1ntama — 40-43% mipu Tekydect 45 MM, 9TO
yKa3bIBae€T Ha BO3MOXKHOCTb YMEHBIICHHs BJIQXHOCTH LulaMa. Yepes JIOK, 3aTAHYTHIA CETKOM, HuIaM
BBITPY)KaJIM B IPUSIMOK, HAXOISIIUICS 1101 MEJIHUIICH, OTKY/Ia €T0 I0/1aBald HACOCOM B IIITAMOACCElH.

Pa3Mout chIpbeBBIX KOMIIOHEHTOB MTPOU3BOAMIICS B TPYOHOM MenbHUIIE pazMepoM 2,2x12M, 00xur
KIIMHKepa BO Bpamaromuxcs neyax 3x20 m.

ITockonbKy mpolecc MOArOTOBKHM CHIPhEBOM CMecH Ul MPOU3BOACTBA CYIb(OKIMHKEPHOTO
LIEMEHTa MMEEeT MHOro OOLIEero C TEXHOJOTued TOJIYy4eHHs OOBIYHOIO MOPTIAHJLEMEHTa, OH
OCYILLIECTBIISUICS C Y4€TOM KOHKPETHBIX YCIOBHMH MO MOKpOMY crocoOy npousBozcTsa. Ilomyuenue xe
HOBOTO CyJIb(aTcoIeprKamiero KIIMHKEpa B MPUCYTCTBHH OOJIBIIOTO KOJIMYECTBA TUTABHS B IPOMBIIIIIEHHBIX
YCIIOBHUAX TpOTeKao 0e3 ocioxHeHuil. PU3NKo-XuMHUECKUe MPOIECChl, MPOTEKAIOIIe PU HarpeBaHUU
CBIPHEBOI CMECH, OTIMYAIOTCS OT MPUCYIIMX TOPTIAHIIEMEHTY. BMeCTO OOBIYHBIX TIOPTIAHIIIEMEHTHBIX
KJIMHKEPHBIX MHUHEPAJIOB 00pa3yloTcs cylbhaTHbIe — CynbdoaltoMuHat, cyabpocuaukaT kanbius, CsAF,
CaS04 u C2S.

Pe3ynbTaThl XUMHUYECKOTO aHAIN3a ChIPHEBBIX MaTepPHAJIOB MIpUBEEH B Tabmuie 1.

Taomuma 1
XHMHYECKHH COCTAB ChIPHEBBIX MATECPUAJIOB
l]jlt_)l KomnoseHTHI SiOz A|203 Fe,O CaO MgO SOs3 Na,O K>,0 P>Os F, [1ITH
1. | V3BecTHsK 4,59 1,02 0,33 52,06 0,50 0,33 - - - - 41,17
2. | KaomunoBas 66,74 | 18,76 2,70 0,44 0,34 0,43 - - - - 10,59

TJIMHa

3. | ®ocdorunc 13,26 | 1,08 040 | 26,13 | 0,12 | 37,08 | 0,23 0,15 1,94 0,42 | 19,19

[Imam 06xuTany BO Bpamiaromieics nevn ¢ auametpom 3 MM 1 aymmHou 80 M. Bpems npoxoxaeHus
MmaTtepuana B mneuyu 2,5-3,0 4. IIpou3BOAUTENBHOCTH Meur Mo OenoMy mopmiananeMeHty 8 1/4. Illmam
nmojaBajdd B TIeyb W3 pacuera moiydeHus 10 1/a xnmHKepa. [lo cpaBHEHHIO C TPOU3BOACTBOM
TNIOpTIaH/IIEMEHTa TeMIIEpaTypa 00kKHura KIMHKepa cHikaeTcs Ha 200-250°C, yMeHbIIaeTcs coepKanue
U3BECTHSKA, CIIEI0BATEIbHO, NPOM3BOAMUTENBHOCTh II€UM JIOJDKHA IOBBINIATHCS. B KauecTBe TomnBa
npUMeHsII Ma3zyT. HecMOTps Ha 3HAYMTENIbHOE yBEIMUCHHE MUTAHHS M€Y, OOKUT ChIPbEBOI cMmecu
IIPOXO/IUI HOPMAJIBHO IIPH IOJHOM CBS3BIBAHMM H3BECTU: 00pa30BaHMsI KOJEL U KPYIMHBIX KIMHKEPHBIX
KOMbEB He Ha0mo1anock. TeMmepaTypy B eUH peryJinpoBaid BO3TyXoM U MazyToM. Temmnepartypy daxena
U 00’KUTraeMoro MaTepuala 3aMepsuld ONTHYECKUM MUpoMeTpoM. Jliist oTOenBaHus KIMHKepa NPUMEHSIIH
pe3Koe BOJSHOE OXJIKICHHE, ITPU 3TOM TPaHyJbl KIWHKEpa HE PACCHINAINCh, HECMOTPSl HECIaboe ero
CIIEKaHHUE.
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IlInam o6xwuranu npu Temneparype daxena 1350-1370°C. TemmnepaTypa 06KHraeMoro MaTepuana
1200-1300°C, orxomsumx razos 350-400°C. Bec 1 1 monmydeHHOro KIMHKEpa B cpeaHeM cocTaBm 1300-
1450 r. Cnabo crnekmuecst KITMHKEPBl ObUTHA OJIbIMU ¢ KpEMOBAThIM OTTEHKOM. [ paHyInbl He oOKaTaHHBIE,
HETIPaBHIIBHON (opMbl. IIpn TIOBBIIICHNH TeMIepaTypsl B 30He criekanns Boime 1350°C B meun 3aMeTHO
MeHsieTcss (a30BBI COCTaB ONTHUMANBHOW Cynb(arconepskalieil IUXTHI; MOSBISIACH KUIKas ¢asa,
KOTOpasi BIUsiIa Ha 00pa30BaHKE CBAPOB U KOJIEl B 30HE criekaHusl. CHUKEHHE TeMITepaTypbl 00)KUTa OYeHb
JIETKO YCTpaHsIET TAKOTO POAa KPYIHBIE KOMbS U KOJIBIIA.

[Ipouecc GopmupoBaHuUsl TaKMX KIMHKEPOB OCYIIECTBISUICS B 3HAYUTENHLHOW CTETIEHH B CTAIUU
TBepaO — (a30BBIX peaKInii.

OTMedeHO 3HAUMTENbHOE YMEHBILICHUE IMbUIE YHOCA MaTepHaia ¢ OTXOASIIMMHU M3 IMeYH razaMu
BCJICJICTBHE IMOBBIIICHUS! IPOYHOCTH I'PAHYJ CHIPHEBOW CMECH 3a CUET CHIHLHOTO CHIDKEHHS COJEpKaHUS
U3BECTHAKOBOI'O KOMIIOHEHTa M TMOBBIIICHUS TJIMHUCTOTO KOMIIOHEHTa (KaOJMHOBOM TJHMHBI U
docdorumnca).

[locne cymku kimuHKepa mpoObl oTOupanu udepe3 kaxkasle 60 mMunyT. Kak mokaszanu gaHHbBIE
XUMHAYECKHX aHAIN30B P00 MPOU3BOJICTBEHHBIX KIIMHKEPOB MPH ONITUMAIBHON TeMIieparype okoio 1250-
1300°C, mpomecc pasnmoxkeHus cynb(ara KaliblUs — He3HAYHTENbHBIH. Tak, eciu 0OXKHT 0esoro
nopTIaHaIeMeHTHOr0 Kiuakepa ¢ KH = 0,92-0,95 npowmsBoxmics mpu Temmepatype 1450-1550°C, To
normwkenue KH no 0,667 u BBenenue Gomnpiioro konudectna miaaBHs (CaSOs) nenan BO3MOXKHBIM 00KHUT
mpu 1250-1300°C.

XapakTepHoi 0cO0eHHOCTBIO (hocdorurca Kak KOMIIOHEHTA CyIb(hOMUHEPaIbHON CHIPEBOM cMecH
SBIISICTCSI HAJIMYME B HEM HEKOTOPOTO KOJHYECTBA JIETHPYIONIMX W MUHEPATH3HPYIOUINX IMpPHMecei
(oxucnoB ¢ocdopa U PTOPUCTHIX COEAMHEHUI), YTO OKA3bIBACT OIpPEJCICHHOE BIMSHHME Ha MPOIECcC
(dbopMHIpOBaHNUS KIMHKEPHBIX MUHEPAJIOB.

Kak u3BecTHo [1], mpu Bceit MHOrOrpaHHOCTH U CJI0KHOCTH MPOLIECCOB MPOUCXOASIINX MTPHU 00KUTE
KJIMHKEepa BO BPANIAIOIIUXCS MMEYax, HanOojee BaKHBIMHU (haKTOPaMH, OKA3bIBAIOIIMMH BIIMSHUE KaK Ha
TEXHOJIOTHYECKHE CBOMCTBA 00KUTraeMOro MaTepuasa, Tak 1 Ha BETMUMHY CTETIEHU KIIMHKepOoOOpa3oBaHUs,
SBIIAIOTCSI KOJIMYECTBO M CBOMCTBA >KUAKON (ha3pl. [Ipy OBICTPOM M 3HAUMTETHLHOM MOSBICHUHU KUAKOU
¢a3bl mporiecc MUHEPaI000pa30BaHMs 3HAUUTENIbHO 00JIeryaercsl.

Takum o00pa3om, oOpazoBaHHME JOCTATOYHOTO KOJIMYECTBA JIETKOMOJBI)KHOW JKUIKOW (a3bl B
CBIDbEBOIl  cMecM Ha  OcHOBe  (Qocdorumnca CrnocoOCTBOBYETh  3aBEpIICHUIO  IMPOLECCOB
MHHEpaToo0pa3oBaHMsl B KIMHKEpEe IPH OTHOCHUTENBHO HHM3KMX Temmeparypax (1250-1300°C) wu
00pa30BaHUI0 OOMAa3KH BO BPALIAIOIIEHCS MEYH.

PeHtrenorpaMmmbl 00pa3iioB MOKa3bIBAKOT, YTO B ITUX KIMHKEpax mpeodnaaaet coaepkanue CaS (a
=2,75 A) 1 CaSO4 (a.= 3,49 A). B 06pa3uax e KIHHKEPOB, OTydeHHEIX TP Temmepatype okono 1250°C,
HaxozsaTca B Gombmom kommdectBe CsS2S (o = 2,82 A), C2S (a0 = 2,75 A) u CaAsS (o = 3,75 A).
Conepxxanne HecBsizaHHOro CaSQOs mMOBBIIAETCS — B pe3yilbTaTe CHIDKCHHS CTENEHH pa3iioKeHUs
aHTUJpPUTa M BO3pacTaHHs OOIIEr0 coepXkaHus mociaeAHero B KiuHKepe. [locrmemnue mnokazanu
BO3MOYKHOCTh M II€J€CO00Pa3HOCTh HCIOJIBb30BaHUS (hocdorumnca B KayecTBE KOMIIOHEHTA CBHIPHEBOM
CMECH, YTO UMEET PsiJ MOJIOKUTENbHBIX CTOPOH [2]. Tak, pocdorurc B onbitax 10 50% 3aMeHsT U3BECTHSIK
— TIPUPOJHBIA MaTepuall, Ha J0OBIYY KOTOPOTO 3aTpayMBAIOTCS 3HAUMTENbHBIE cpeacTBa. CHIKEHUE
YAETBHOTO pacxoja u3BecTHsKa Ha 1 T kimHkepa B 1,6-2,1 pa3za npuBOIUT, KpOME YMEHBIICHHS 3aTpaT Ha
009y M IpoOsieHHE M3BECTHSIKA, K YMEHBIICHHIO pacxoja Teruia Ha oOxwur (mpumepHo Ha 180-350
KKaJI/KT KJIMHKepa) 1 00beMa BbIOpaChIBAEMBIX B aTMOC(EPY YIICKUCIBIX Ta30B, YTO 00JIETYaeT UX OUUCTKY
MIPH POMEHBIINX 3aTpaTaX U CIIOCOOCTBYET 03JOPOBIICHUIO aTMOC(EPHI.

Pa3manbiBaeMoCTh — BecbMa Ba)kHasi XapaKTEPUCTHKA KIMHKEpa, IPEICTaBISIeT HHTEPEC CPABHUTh
B 9ToM oTHOImeHnn CAC u aHTpeHCKuil Oenblii MopTIaHALEMEHTHBIH KInHKep. Kpome TOro, TOHKOCTh
MOMOJIa IIEMEHTOB — OJIMH U3 BAKHEHIINUX (PaKTOPOB MOBBIIIEHUS U3 aKTUBHOCTH U CKOPOCTHU TBEPICHUSI.
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Pa3zmonocnocoOHOCTh  KIIMHKEpa W3ydalndn B JaOOpPaTOpPHBIX yCIOBHSX. B nBymMepHyrO
1a060paTOPHYI0 MEJIBHUILY MOTPY>Kalu OJJHOBPEMEHHO JIBE pa3Hble MPOOBI KIMHKepa U ypanuta. Uepes 60
1 90 MHHYT ONpeJIeNIsAI KOITHIECTBO 0CTaTKoB Ha cutax 900 u 4900 oT/cM2.

Jlis cpaBHEHUS B 9TUX K€ YCJIOBUAX M3MEIbYalu KIMHKEp Oesoro MopTIaHAIleMeHTa, Ha TTIOMOJI
KoToporo o ocraTtka Ha cute Ne 008-11% (mo macce) TpebyeTcs aABa yaca. Pe3ynbraTsl CpaBHUTEIBHBIX
OTBITOB IO H3MEJbYCHHIO KIMHKEPOB IOKa3bIBAIOT BBICOKYIO pa3zmoniocriocodHocts CAC knuHKepa,
nomygaemoro npu 1250°C, 4TO CBHAETENBCTBYET O Manoil TBEPAOCTH M JIETKOH Pa3MaibIBAEMOCTH
MOCIIETHETO.

Kontpons 3a cogepxanunem ¢docdorunca B mutamMe MNpou3BOoAMWICS 1o coaepxanuto SOs
(ompenenenne xuMuyeckuM mytem). [lanee u3yyanach pacTeKaeMOCTh HPUTOTOBICHHOTO IUIaMa C
Pa3IMYHBIM COJIEpKAHUEM BJIard. Y CTAHOBJICHO, UTO TIpH BiakHocTu nutama 40, 43, 44, 45, 47, 50 u 52%
pacTtekaeMocTh coctaBuia cooTBercTBeHHO 50, 60, 66, 72, 80 u 82 mMm. Kak BUIIHO, BIaXKHOCTh IIIamMa
MOHO CHU3UTH 10 40%.

CrnenyeT OTMETHUTbh, YTO CBOMCTBA IILJIaMOB, cojepkamux (Hochorumc, 3aMeTHO JIydlle CBOHCTB
CBIPBEBBIX ITUXT O€JI0T0 MopTianaeMenTa, mpu oguHakoBbix KH (0,8), mockonbky B cynbdarcoaepxanieit
CBIPBEBOM CMECH 3HAYUTEIILHO MEHbBIIIE aKTUBHOTO KOMIIOHEHTA, YeM B IIUIaMe 0eJIoro MOopTiIaHAIleMeHTa.
[Ipu ymenbmienun 3HaveHuss KH po 0,667 mna cyabdaTcoaepikaliux MIKMXT CBOWCTBA IIJIaMOB
MPUPABHUBAIOTCS K CBOMCTBY nutama Oenoro moprianaunementa ¢ KH, paBaem 0,8. TTosTomy mutamsl,
cynbdarconepxkamue muxty ¢ KH= 0,667, roTOBUIH ¢ BIaXKHOCTHIO, paBHOM 3aBOJICKOH I10 MTPOU3BOJICTBY
0enoro MopTiaaHAIIEMEHTa, TEM HE MEHee U B 3TOM Cllydae Opajii HEKOTOPYIO MOBBIIIEHHYIO BIaKHOCTD U3
MPEA0CTOPOKHOCTH, MOCKOJIBKY JI0 3TOTO B MIPaKTUKE HE CyIIecTBOBaO npou3BoacTea CAC KiIuHKeEpa.

[Mnam ¢ BnaxHocThio 50% 00KUTAIM TIO OMMCAHHON BBINIE TEXHOJIOTHS BO BpallAIONICIics Meun
nuaMeTpoM 3 M 1 amHO#H 80 M ipu Temmeparype 1250-1350°C. 3a BpeMst HCIIBITAHNS BPAMIAIONIASCS MEdb
paboTana HOpMaIbHO, 0€3 HapylIeHUs pexuma u 06e3 oO0pa3oBaHUs KOJICIl M CBAPOB B 30HE CIIEKAHUSI.
Knunkep u3 nedn BBIXOAWI B BUJIE MEITKUX TPaHyI.

3a nepuoj UCTIBITAaHUS YACIBHBIM pacXo]] TEXHOJIOTUYECKOTO TOTUIMBA HA O0XKHUT yMeHbIIeH Ha 30-
35%, a MpOW3BOAUTEIHLHOCTH TICUX TOBBICHITACh Ha 25-30%.

B uenom, BBemenue ¢ocdorurnca B MUXTY B KAa4eCTBE CHIPHEBOI'O KOMIIOHEHTA MOBBIIIACT
PEaKIIMOHHYIO CITOCOOHOCTh CMECH BO BpAIIArOIIEHCs TMEeYH, YCKOPSET MPOTEKaHUE PEaKIMH B TBEPAOU
¢aze 1 cocoOCTBYET 3aBEPIICHHUIO KIMHKEPOOOpa3oBaHHs B 00JIaCTH O0Jiee HU3KUX TeMIEepaTyp, YeM MpH
MIPOM3BOJCTBE OENOro MOPTIAAHALIEMEHTAa U3 TPAJAULMOHHBIX CHIPHEBBIX MaTepHaAOB Ha AHIPEHCKOM
LIEMEHTHOM 3aBO/JIE.

DTO0 00CTOATENBCTBO MOKHO OOBICHATH HA ocHOBaHnM Ha”HHbIX B.B.Tumantesa u O.I1.Muemiosa-
[lerpocsina [3], U3 KOTOPBIX BBITEKAET, YTO MHUHEpalbl Haumboiee PEaKUUOHHO CHOCOOHBI TpPHU
OTIpeIeNIeHHBIX TEeMIIepaTypax, HampuMep, kKaoqmaHT mpu 700-800°C, rumpocmomsr mpu 700-900°C,
MOHTMOPWIIOHUT mpu 900-1000°C, mostomy cleiyeT COBMEIIaTh TEeMIEpPATYpHBI HMHTEpBAl HX
AKTUBHOTO COCTOSIHUSI C UHTEHCUBHBIM MEPUOJIOM AUCCOLUAIMN KapOOHATOB KalblUS M B3aUMOACHCTBUS
OKHCJIOB. B 3TOM cityuae peakiyu mpoTeKaroT ropasao ObICTpee, YeM IPH MPeIBaAPUTEILHOM 00pa30BaHUN
OKCH/JIOB.

[MomoOHBIE pe3ybTATHI, MO-BUAMMOMY, IOCTHTAIOTCS ITyTEM BBEICHHUsS OOJBIIOrO KOJMYECTBA
cynbdaTa KanblKs B CHIPbEBYIO CMECh M 32 CUET PE3KOr0 CHIKEHUS COJepKaHus KapOoHaTa KallbLus.

CpaBHUTENBHBIN aHANINU3 CHIPHEBBIX CMEcei OETUTOBBIX M QJIHUTOBBIX MMOPTIAHIIIEMEHTHBIX
KIIMHKEPOB, COCTOSIIINX U3 U3BECTHIKA, KAOJIMHOBOW TJIMHBI U MECKa ¢ CyIb(0oaTtOMIHATHO -CUIIMKATHBIMU
KIIMHKEPaMHU, C pa3HbIM Ns, COCTOSIIIIMMHU U3 U3BECTHSKA, KAOJIMHOBOW TJIMHBI U ocorurca, moka3pIBaioT,
910 (hocoruncocoaepKaive ChIpbeBble CMECH O0NAaroT PSIOM CIEAYIONIMX MPEUMYIIECTB MeEpen
MOPTIAHIIEMEHTHBIMU:

— pacxoj cHukaeTcs ToruiBa B 1,2-1,3 pasa;
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— CBIpbEBOM MTOTOK cokpamaercs B 1,1-1,22 paza;

— BBIXOJI Ta30BbIX MIPOJIYKTOB peakiuii ymenbinaercs B 1,25-1,5 pa3sa;

— TIpoIiecc KIMHKepooOpa3oBanust HHTeHCUpuiupyercs B 1,2-1,4 paza.

VY nenapHbIM pacxo CBIPhEBOM CMECH, COJIeprKaIel aMallbIkcKuit (pocdorurc, B 8 onbITax MeHsIETCS
ot 1,2 no 1,4 Kr/kr KIHHKEpa, 4TO 00ECTICUNBACT MOBHIIMICHNE BBIXOa KIIMHKEpa COOTBETCTBEHHO Ha 12-
15% — no cpaBHEHHIO C OEJIBIM MOPTIAHAIEMEHTOM.

Takum 00pa3oM, HM3KHUM COJIEpP’)KAaHHEM B CMECU M3BECTHSKAa M 3HAYUTEIBHBIM YBEIUYECHUEM
BBIX0/1a KJIMHKEpa JOCTUTAETCs SKOHOMUS ToIunBa. M3BecTHO [3], yTo Kaxkaplii mpoueHT yMeHbleHust CO2
CHIDKAeT yIelbHbIM pacxon Teruia Ha 18-25 kkaw/kr kinuHKepa (wiu 1-1,5%) U COOTBETCTBEHHO MOXKET
OBITh MOBBILIECHA TPOU3BOIUTEIILHOCTD IEYH MTPU OCTOSTHHON TETJIOBOM MOIITHOCTH. Eciu yuecTs, 4To mpu
MIPOBE/ICHUH OIBITOB MHUTAaHUE TIeUM OBUIO yBeIHYeHO Ha 25%, TO MPOU3BOAUTEILHOCTh BPAIIAIOIICHCS
Me4yu JIJIsl BCEX OIBITOB cOOTBETCTBEHHO cocTaBmia 30-40%. Bo Bcex m3yueHHBIX mpobax cBOOOHAs
W3BECTh HE OOHAPYKCHA.

Onpenesienne GU3NKO-MeXaHUUYECKHX CBOMCTB CYJIb(OKINHKEPHOI 0 IIEMEHTA ¢ BBeJleHUEeM
(pocoanruapura

N3ydenne (U3HKO-MEXaHMUYECKUX CBOWCTB CYIb(OKIMHKEpA, IMOJYYCHHOTO HAa AHTPEHCKOM
KOMOWHATE CTPOUTEIBHBIX MAaTEPHAIIOB HA OCHOBE KAOJIMHUTOBOM TJIMHBI, U3BECTHIKA U Pocdorurca (15-
35%), oTnu4aercs Apyr OT Apyra MUHEPAJIOTHUYECKUM COCTaBOM, TEMIIEpATypoi 00KHUra U coJepKaHUEM
droparruaputa oboxskerHoro mpu 800°C.

[lemMeHThl OBLTM HM3TOTOBJIEHBI MyTEM IOMOJa CYIb(QOKIMHKEPOB B IIAPOBOM IabopaTopHOU
MeIBHUIIE C BBEIECHHEM Pa3HOTO CoepKaHus (hTopaHruapuTa, obosxokenaoro mpu 800°C. Jlns cpaBHeHuS
pE3yNbTAaTOB aHANM3UPOBAJICA TaKKe PAAOBOM TOPTIAHIIEMEHTHBIH KIMHKEP, OTOOPAaHHBIN /10
ucnbiTanus. [Ipu momone psmoBoro kiawHKepa nodasmsuics rurc (3% B mepecuere B SO3). PesymbraTh
MOKa3alid, 4YTO CYAb(OKIMHKEPHl CPAaBHUTEIBHO JIETKO pPa3MallbIBAINCh, Ye€M MOPTIAHIIEMEHTHBIN
KIIMHKEP.

CKOpOCTh CXBaThIBaHUS CYJIb(MOKIUHKEPHOTO IIEMEHTA ONpEeAesI M3BECTHBIM METOJIOM C
nomoue wuriael Buka. IlpoBeneHHble ONBITHI MOKa3ald, 4YTO CYIb(QOKIUHKEPHBIM IEMEHT —
obicTpocxBatbiBaromuii. Hauano cxsareiBaB 10-15, koner 25-30 MuHyT. B 3aBUCHMOCTH OT coziepKaHUs
SO3 B cynbhOKIMHKEpE BBEJICHHOE NMPH MOMOJIE CPOKH CXBATBHIBAHHS MEHSIOTCS. Pe3ynbTaThl BIUSHHUS
TUICa Ha CPOKH CXBATHIBAHUS MIPUBENICHBI B TAOIHUIIE 2.

TaOmuma 2
Buinsinue rumca Ha CPOKH CXBAThIBAHMSA CYJIb(OUEMEHTOB
Ne Coneprxanue CaSQOy Hauaiio cxBaTeIiBaHus Kowner cxBaTblBaHus
poOBI B KJIIMHKEpe

1 - 13 muH. 26 MuH.

2 - 15 muH. 30 mMuH.

3 3 31 muH. 1 1. 05 MuH.

4 5 1u. 55 mun. 2 4. 45 MuH.

5 7 2 4. 10 MuH. 3 49, 20 MuH.

HopmanpHast ryctora ieMeHTHOro tecta — 24-25%. Jlenemku u3 IeMeHTHOTO TeCTa, IIOMEICHHbIC B
KUIISIIIYI0 BOAY, B IApbl KUIAIIEH BOJABI U Ha 27 CyTOK B XOJIOJHYIO BOJY, BBLIEpKaIU WCIBITAHUE HA
PaBHOMEPHOCTh HM3MEHEHUs oObeMa. Pe3ynbTaThl MOKa3and, YTO C BBEJIECHHEM B KJIMHKEp THIICA WIIH
dbocdoanrunpuTa HopMalbHas ryctota yBenuuubaerca. Hampumep, npu Hanmyuu B nemeHte 5% rurmca
HOpMaJlbHasi rycToTta coctasisieT 28-30%.

Jls u3ydenus npoiiecca TBEPICHUS CYIb(POKINHKEPHBIX [IEMEHTOB, MTOJYYEHHBIX B POMBIIIICHHBIX
yCIIOBUSX, 3roTaBimuBain kKyouku 1,41x1,41x1,41 cm u3 momenTHoro tecra. Ilpu popmoBke oOpa3ioB
B/I1 65110 0,3. OOGpa3iipl Mocjae CyTOYHOTO XpaHEHHUS BO BJIAKHOU CpeJie MEPEHOCHIIN B BOLY JJISI XpaHCHHS.
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YacTtps 00pa310oB XpaHWIH BO BIIAXKHOM Cpezie, MEPEHOCHIIN B BOAY AJIsl XpaHeHus. YacTh 00pa3ioB XpaHUIIH
BO BI@XHOW cpene. Pe3ymprarhl (pU3MKO-MEXaHMUECKUX HCHBITAHUN CYIb()OKIMHKEPHBIX LEMEHTOB
NIPUBEJCHBI B TaOuIe 3.

13 3ToM TabauIbl BUHO, YTO BBEACHUE TUIICA IIPU MIOMOJIE CYIb(POKINHKEPA MOT0KUTEIBHO BIUAET
Ha (PU3UKO-MEXaHUYECKHE CBOWCTBA CYIh(OKINHKEPHOTO [IeMeHTa. B mporiecce nccieoBanus BbISIBICHO,
YTO C MOBBIIIEHUEM COJEpXkKaHUsA runca win ¢pochoanruaputa 10 7% aKTUBHOCTb LIEMEHTOB BO3pPAacTaET.
[lonoxxuTenbHOE BIMSHHE HA NPOYHOCTb OKA3bIBAET U peXHUM XpaHeHHs. OTmedaercs HEKOTOpoe
YBEJIMYEHHUE MPOYHOCTH LIEMEHTOB, HAXOAALIMXCS B HauaJlbHbIe CPOKU TBEPJCHHS BO BIa)KHO-BO3AYIIHOM
cpeze.

VYCcTaHOBIEHO, YTO MpHU MOBBILEHUM conep:kaHusa rurca or 0 1o 7% HMHTEHCHBHOE YBEINYCHHE
IPOYHOCTH IIEMEHTA HA0JIIOAAETCs BO BCE CPOKHU TBEPCHHUS.

IIpu mnpoBeneHMM NPOMBIIUIEHHBIX HWCIBITAHUM HaMM ObUIM OTOOpaHBl CpelHUE MPOObI
cynbpokaraKepoB. DHU3MKO-MEXaHMUECKHUE CBOIMCTBAa CpeAHHX MpoO CyIb()OKIMHKEPOB H3yYalId B
71a00paTOPHBIX YCIOBUSIX.

Tabnuua 3
PDu3HuKo-MeXaHHYeCKHe CBOHCTBA CyJIb()OKJINHKEPOB 0TOOPAHHBIX BO BpeMsl MPOMBIILICHHBIX HCIBITAHUI
Howmep IIpenen npounoctu npu cxxaruu MlIla
poOBI 1 cyr. 3 cyT. 7 CyT. 28 cyr.
1 7 8 10 14
2 12 12 19 25
3 10 14 16 20
4 10 12 16 24
5 20 24 26 30
6 10 15 18 23
7 7 10 12 17
8 8 11 17 23
9 7 10 14 18
10 15 20 24 28
11 8 14 18 23
12 10 12 16 22
Tabnuua 4
Bansnue 5% runca Ha pU3UKO-MeXaHHYeCKHE CBOMCTBA CY/Ib()OKIHHKEPHOr0 IIeMeHTa
Howmep IIpenen npounocTu npu cxxaruu Mlla
IpOOBI 1 cyT. 3 cyT. 7 cyT. 28 cyT.
1 12 13 14 16
2 13 16 28 32
3 16 16 22 25
4 18 20 31 34
5 22 24 29 33
6 13 15 16 19
7 16 19 20 24
8 13 21 25 29
9 12 13 18 22
10 17 33 37 39
11 14 22 28 31
12 9 13 23 26

Pe3ynbrarel ucneiTanus npuBeneHbl B Tabnune 3. C uenbio onpeneieHus BIMSHHUS THUIcCa Ha
CBOMCTBA ATHX MPOO, P U3METBUYCHUN KIMHKEPOB JT00aBIISIIN THUIIC B KonndecTBe 5%. BnusHue rumnca Ha
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($u3nKO-MeXaHNYEeCKHE CBOMCTBA KIMHKEPOB MOKa3aHO B Tabmuie 4. Kak BUIHO U3 TaOIHMIIBI BBEICHHEM
TUIICA TTPOYHOCTHBIC MTOKA3aTeNH CYJIb(POKINHKEPOB yBenuuuBarotcs Ha 15-20%.

Takum 00pa3oM, YCTAHOBIEHO, YTO INPH IOMOJE CYIb(POKIMHKEPOB HaI0 100aBUTh THUIC B
KoauuecTse 5%.

[Tpon3BOICTBEHHBIE OMBITHI IO BBHIMYCKY CYJIb(QOKIMHKEPHOTO HEMEHTa IMOKa3ald MX XOPOIIYIO
TEXHOJOTUYHOCTh. LIIUXTHI XOpPOIIO CHEeKalTCs, Jal0T CTOWKYI0 oOMa3Ky Ha (yTepoBKe, HE 00pa3yioT
CBapoB U KoJjel. [Ipon3BoANTENBHOCT TIeUeii MPH BBITYCKE CYIb(POKINHKEPHOTO [IEMEHTA YBEINYHIIACH
Ha 20-30%, a pacxoJ TOIUIMBA COKpaIlaics MPUMEPHO Ha Takyro ke BenunuuHy. Kosdduuent 6enusHb
ero cocrasisier 67-74%.

H.I1. ByaAHUKOB U COTPYIHUKH OTMEYAJIH, YTO CPOK CIY>KOBI OTHEYIOPHOM MarHe3uTO-XpOMHUTOBOM
(GyTepoBKM B 30HE CIEKaHHs NPH HATUYWU B ChIpheBOW HemeHTHOW mmxte CaSOs mmm docdorumca
YAJTUHSETCS, 4eMY CIIOCOOCTBYET Xopoliee 0OpazoBaHre 00Ma3Ku.

TakuM o00pa3oM, NHPOMBILUIEHHbIE HCIBITAHUS IIOKAa3ajdd, 4YTO MpPHU IOJYYEHUU KIUMHKEpa U3
docdorunca-rmMHIHO-U3BECTKOBOM CBHIPHEBOM CMECH TMOPTIAHAIIEMEHTa HAa OCHOBE W3BECTHSKA,
KaoJMHOBBIX TNuH U neckoB ¢ KH=0,90-0,95. B pe3ynbrare npoBeeHHBIX MPOMBIIIIEHHBIX HUCIIBITAHUN
CO3J1aH LIEMEHT HU3KOTEMIIEPaTypHOT0 00XKHUTa.

[Ipou3BoaCcTBO CyIbMOKIMHKEPHOTO IEMEHTAa MOKHO OCYILIECTBIISAThH IO MOKPOMY U CYXOMY CIOCO0Y.
BbIroiHpIM sIBIIIETCS. MOKpPBIH CIIOCOO MPOM3BOJACTBA, KOTOPBIM IMO3BOJISIET OBICTpee M KaueCTBEHHEE
YCPEIHUTh, KOPPEKTUPOBATh W TOMOTEHH3UPOBATh MUIAM, B OCOOCHHOCTH TIPH MPUMEHEHHS
MEJIKOJMCTIEPCHOTO BIIAXKHOTO (ocoruncoBoro miama. I[Ipu 3Tom criocoGe BbIIEIEHUsS] CEPHUCTOTO Ta3a
C OTXOJSIIMMHM ra3aMu He HaOIro1aeTcs.
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