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AHHOTaQIDI: IfayqeH rrpou:ecc r11.upaTaQMM rJIMHO3eMMCTOro u:eMeHTa 6e3 M 

C .uo6aBKOH MeTaKaOJIMHa. IlOKa3aH COCTaB r11.upaTOB npH .umneJioHOM TBep.n:eHMH 

ru; M CMemaHHOro u:eMeHTa. Y CTaHOBJieHO, qTo BbICOKM: .n:11cnepCHOCTb MeTaKao

JIHHa o6ecrre~BaeT 6onee BoICOKYJO cTerreHn r11.upaTaQHM ru;, rrpe,noTBpamaeT 

rrepeKpMCTaJIJIM3au:mo reKCarOHaJibHbIX r11.upoamoMMHaTOB KaJibQIDI B Ky611qe

CKYJO C:POPMY, crroco6CTBYJO IIJiaBHOMY HapaCTaHMIO npOqffOCTM u:eMeHTHOro KaM

IDI npH .UJII1TeJibHOM TBep.n:eHHM. Mccn e,noBaHa M peKOMeH.UOBaHa KOMIIO3JIIU,UI 

rJIMHO3eMI1CTOro u:eMeHTa, n1rrca I1 rropTJiaH.n:QeMeHTa ,[(.IDI IIpOI13BO.UCTBa cyxMX 

CTJ)OMTeJibHbIX CMeceii. 

Abstract: Hydration of alimina cement with kalinite was studied. Hydrate 

compostion of mixed cement was shown. It was fixed, that high dispersity of kao

linite promotes more high degree of alumina cement hydration, prevents recrystal

lization of gexahonal aluminate hydrate into cubic form, leads to fluent increase of 

cement paste increase at prolonget period. Composition ( Portland Cement, alumi

na cement and raolinite) was investigated and recommended for dry mixes produc

tion. 

BBe.r.eeee 

XapaKTepHI,IM CBOHCTBOM rJIMHO3eMMCTOro u:eMeHTa (r[() 51BJUieTC51 6oICT-

poIH pOCT rrpOqffOCTM, oco6eHHO B HaqaJibHble cpoKH TBep,neHIDI u:eMeHTHOro 

KaMIDI, M BbICOKM: cyJib(j:>aTOCTOHKOCTb . .bbICTJ)bIB pocT IIpOqffOCTli COIIpOBO)K)J.a

eTCH BbI.UeJieHI-IeM 6oJiomoro KoJII1qecTBa TeIIJia, IIO3TOMY ero IIpHMeIDIIOT rrpH 

3MMHeM 6eTOHHp0BaHMM. He CMOTJ)51 Ha 6oJiomOe 3Ha1IeHMe I'JII1HO3eMI1CTOro u:e

MeHTa B CO3.UaHI1M BH)KymMX pa3JIWIHOro Ha3Haqemrn, O.UHMM H3 ero He,nocTaTKOB 

HBJUieTCH CHH)KeHMe IIpO1IHOCTH rrpH .UJIHTeJibHOM TBep,neHlll. 3To o6CT051TeJib-



CTB0 IIpHBeJI0 K 3anperu;eHHIO HCII0Jib30BaHIDI ru; IIpH B03Be,n;eHHH )KeJie3o6eTOH

HbIX KOHCTP)'KIJ;HH. B IIOCJie,n;HHe ,n;eC.HTHJieTHe C pa3BHTHeM IIpOH3BO)];CTBa cyx.Hx 

crpOHTeJibHbIX CMeCeH ru; qacTO IIpe,n;JiaraeTC.H HCIIOJib30BaTb B KaqecTBe O)];HOro 

H3 K0MII0HeHT0B CMeCeH. II03TOMY HeMaJI0Ba)KH0 H3yqHTb CTa6HJibHOCTb CBOHCTB 

CMeCeH, co.n;ep)Karu;Hx B CB0eM C0CTaBe ru;. 
IlpHqHHOH IIa,n;eHIDI IIpoqH0CTH u;eMeHTH0ro KaMH.H II0 o6ru;eMy MHeHHIO 

[ 1-4] .HBJI.HeTC.H IIepeKpHCTaJIJIH3au;IDI o6pa30BaBIIIHXC.H IIpH rH.n;paTaIJ;HH u;eMeHTa 

reKcar0HaJibHhlX rH,n;poaJIIOMHHaT0B B Ky6HqecKyID cpopMy. B TeqeHHe MH0rHX 

JieT HCCJie,n;oBaTeJI.HMH IIpe,n;JiaraIOTC.H pa3JIHqHbie CIIOC06bI npe,n;0TBparu;eHIDI 

CHH)KeHH.H IIpoqH0CTH. O,n;HH [2,5,6] HCCJie,n;oBaTeJIH IIpe,n;JiaraIOT BB0)];HTb B co

CTaB ru; pa3JIHqHbie .n;o6aBKH C u;eJiblO H3MeHeHIDI C0CTaBa IIp0,lJ;)'KT0B rH.n;paTa

IJ;HH, .n;pyrHe [3 ,4] cqHTalOT Heo6xo,n;HMbIM ycTaH0BHTb 0IIpe,n;eJieHHbie TeXH0JI0-

rHqecKHe IIapaMerpaMH npHr0T0BJieHH.H 6eTOHOB: HH3K0e B0,n;o-u;eMeHTH0ro 0T

HOIIIeHHe, OTCYTCTBHe ru;eJioqej;i B 3aIIOJIHHTeJie, TeMIIeparypHbie ycJIOBH.H TBep.n;e

HH.H. 

ll;eJiblO HaIIIHX HCCJie,n;oBaHHH .HBJI.HJI0Cb HCCJie,n;0BHHe BJIIDIHIDI MeTaKa0JIH

Ha Ha IIpou;ecca rH,n;paTaIJ;HH ru; H CBOHCTBa u;eMeHTH0ro KaMH.H. 

MaTepDa.Jibl D MeTO,IJ;bl DCCJie,11;oeaunH 

.[l;JI.H HCCJie,n;oBaHIDI 6hIJIH HCII0Jih30BaHhI: rJIHH03eMHCThIH u;eMeHT OAO 

«IIarnHHCKHH MeTaJIJiyprHqecKo-u;eMeHTHhIH 3aBo,n;» H MeTaKa0JIHH 000 «CHHe

rpo» MapKH BMK-40 , XHMHqecKHH cocTaB K0T0pbIX IIpe,n;cTaBJieH B Ta6JI.1. 

N~NI~ 

1 

2 

Ta6JIHu;a 1 

XHMHqecKHH C0CTaB HCX0)];HbIX MaTepHaJI0B 

HaHMeHoBaHHe KoJIHqeCTBO 0KCH)];0B, % 

AJiO3 CaO SiO2 Fe2O3 II.II.II. 

ru; 40,1 40,5 10,4 2,65 -

BMK-40 41,8 0,7 51,5 2,3 2,8 

npoqHe 

6,35 

0,9 

MHHepanorHqecKHH C0CTaB ru; 6bIJI npe,n;cTaBJieH (% ): M0H0aJIIOMHHaT 

KaJibIJ;IDI CA=40; reJieHHT C 2AS= 38; C 12A 7=10; .n;pyrHe - 12(cM.pHc.l). 
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PHc. l. PeHTI'eHorpaMMa rJIHH03eMHcToro ueMeHTa 

f JIHH03eMHCTblH ueMeHT xapa.KTepH30BaJIC.H TOHKOCTblO IIOMOJia 110 y,IleJII,

HOH II0BepXH0CTH Syl'.I= 3500 c~/r H 0CTaTKy Ha CHTe .N2008, paBH0M)' 6,5%. Me

TaKa0JIHH HMeJI CJieJzyIO:m;He II0K83aTeJIH Sy.II= 16303 c~/r H Roos= 0,95%. 

IIocJie TW:aTem,Horo 11epeMeiilllBa.HIDI HCXO,IlHbIX KOMIIOHeHTOB C p83JIHtl

HbIM HX COOTHOIIICHHeM 6bIJIH IIOJiyqeHbl CMeCH f1.J; C ,Il06aBKOH MeTaKaOJIHHa B 

rrpe,IleJiax 5 - 20%. ,l(JuI H3yqeHH.H BJIH.HHH.H MeTaKaoJIHHa Ha rrpouecc m,IlpaTaUHH 

fl( 6bIJIH IIpHroTOBJICHbl o6p83Ubl - xy61:,1 p83MepOM 2x2x2 CM IIpH 80)];0-

UeMeHTH0M 0TH0meHHH, paBH0M 0,4. IIocJie B0,IlH0ro TBep;::i;eHH.H B TeqeHHe 1-90 

CYT o6pa3Ubl HCllbITbIBaJIH Ha IIp0qtt0CTb. O6JIOMKH o6pa3UOB II0CJie HX o6pa6oT

KH CIIH_PTOM C 3q>H_POM H3)'11aJIH C IIpHMeHeHHeM q>H3HKO-XHMHqecmx MeTO,IlOB. 

Orrpe,IleJI.HJIH C0CTaB 11UlPRTHbIX q>a3, CTelleHL m,IlpaTamrn, II0pHCT0CTb o6pa31lOB. 

~ cpaBHeHH.H aHaJI0:rlfllHble HCCJie,ll;0Ba.HIDI IIp0B0,IlHJIH o6p83U:aMH H3 6e3,Il06a

BOqHoro rJIHH03eMHCToro n;eMeHTa. 

3KcnepHMeHTLI e ,IJ;HCicyCCHJI 

Pe3yJILTRTbl HCllbITaHHH o6pa3UOB Ha IIp0qtt0CTb IIpHBe,IleHLI B Ta6JI.2. 

11CllbITaHH.H II0K83aJIH, q'fQ BBe,ll;eHHe ,ll;IDI<e He6oJILIIIOro KQJiffqeCTBa MeTaKa0JIH

Ha (5 Mac.%) 06ec11eqHBaeT IIJiaBH0e HapaCTaHHe rrpoqHQCTH o6pa3UOB 110 Mepe 

yeeJIHqeHH.H epeMeHH HX mep;:i;eHH.H. 11:CIIldTaHH.H II0Ka3aJIH, qTo BBe;:i;eHHe ,ll;IDKe 

He6om,moro K0JIHqecma MeTaxaoJIHHa ( 5 Mac.% ) o6ecneqHBaeT rmaBHoe 

HapaCTaHHe npoqHQCTH o6pa3UOB no Mepe yeeJIHqeHH.H epeMeHH HX TBep,IleHH.H. 



Ta6Jiuu;a 2 

IIpoqHOCTb rJIHH03eMHCTOro :u;eMeHTa C .n;o6aBKOH 

MeTaKaOJIHHa 
KoJI-BO Me- IIpoqHoCTh rrpH C)KaTHH, MIIa, qepe3 cyr 
TaKaOJIHHa B Bil( 

CMeCH, % 1 cyr 3 cyr 7 cyr 28 cyr 60cyr 90 cyr 

5 0,40 29 42 42 50 67 70 

10 0,40 27 38 45 60 67 76 

20 0,40 25 37 40 55 70 80 

ru; 6e3 .n;o-
0,40 32 43 32 48 60 56 

6aBKH 

Ha6mo.n;aeTCj_[ HeKOTOp~ 3a,n;ep)KKa B pocTe rrpoqHOCTH :u;eMeHTHOro KaMffj_[ 

B nepHO)]; 3-7 cyr, HO npH )];aJihHeiimeM TBep,n;eHHH BIIJIOTb .n;o 90 cyr CHH)KeHHj_[ 

npoqHOCTH B cpaBHeHHH C )];OCTHrHyroii qepe3 7 cyroK He Ha6mo.n;aeTCj[. O,n;Ha

KO npHpOCT npoqHOCTH B nepHO)]; TBep,n;eHHj_[ OT 60 .n;o 90 cyr He3HaqHTeJieH. BH

)];HMO B CTIJ)'I<Type :u;eMeHTHOro KaMffj_[ H)];)'T napaJIJieJihHO )'BeJIHqeHHe CTeneHH 

rH.n;paTa:QHH, COIIpOBO)K)];aIO:ru;eecj_[ IIOBbIIDeHHeM rrpoqHOCTH, H qacTHqH~ nepe

KpHCTaJIJIH3a:QHj_[ rH.n;paTHbIX coe,n;HHeHHH. Pe3)'JibTaTOM 3THX ,n;Byx rrpo:u;eccoB H 

j_[BJij_[eTCj_[ He60JibIDOe H3MeHeHHe rrpoqHOCTH o6pa3:QOB. 

YBeJIHqeHHe KOJIHqecTBa MeTaKaOJIHHa B CMeCH cnoco6cTB)'eT CTa6HJIH3a

:QHH TBep.n;eroru;ero :u;eMeHTHOro KaMffj[. IlpH 3TOM OTMeqaeTCj[, qTo rrpH BBe,n;eHHH 

20 % MeTaKaOJIHHa rrpoqHOCTb :u;eMeHTHOro KaMffj_[ )];OCTHraeT 6oJiee BbICOKHX 

3HaqeHHH IIpH )];JIHTeJihHOM TBep,n;eHHH B cpaBHeHHH C :u;eMeHTaMH, co.n;ep)Kal:QHMH 

5-10 %, H 6e3 cna.n;a rrpoqHOCTH, xapaKTepH»IX )];Jlj_[ 6e3,n;o6aBoqHoro :u;eMeHTa. 

PeHTreHocpa30BhIH aHaJIH3 (P<l>A) rH,n;paTHpoBaHHhIX o6pa3:QOB noKa3aJI, 

qTo COCTaB rH.n;paTOB B 3HaqHTeJibHOH CTeneHH OTJIHqaeTCj_[ OT COCTaBa rH.n;paTOB 

6e3.n;o6aBoqHoro ru; H 3aBHCHT OT KOJIHqecTBa BBe,n;eHHOro MeTaKaOJIHHa. IlpH 

rH.n;paTa:QHH 6e3.n;o6aBoqHoro ru; B nepB»Ie cyrKH 06pa3yeTcj_[ reKcaroHaJihHhIH 

rH.n;poaJIIOMHHaT KaJih:QHj[ C2AH8, KOTop1,1ii B )];aJihHeiimeM nepeKpHCTaJIJIH30Bhl-



BaeTc.s.c B Ky611qecKyro q>OPMY C 3AH6, qTo corrpoB0)K)];aeTc.s.c CHH)KeHHeM rrpoqHo

CTH u;eMeHTH0ro KaMH.SI. IIo Mepe ,ll;JIHTeJibH0CTH rrpou;ecca rH,n;paTaQHH IIp0HCX0-

,ll;HT o6pa30BaHHe H0BbIX rropQHH reKcar0HaJibH0ro rH,n;poaJIIOMHHaTa H rrepeKpH

CTaJIJIH3aQH B Ky611qecKyro q>OPMY, qTo 0TP~aeTc.s.c H3MeHeHHe BeJI11q11HbI rrpoq

H0CTH (pocT H rra,n;eHHe ). 

,lJ;o6aBKa MeTaKa0JIHHa K ru: crroco6cTBYeT o6pa30BaHHIO CTPaTJIHHrHTa 

C 2ASH8 B pe3yJihTaTe peaKQHH H0H0B Ca
2
+ H AI3+ c aMopq>HbIM KpeMHe3eM0M Me

TaKa0JIHHa. r11,n;paTHh1e coe,n;HHeHH.SI rrpe,n;cTaBJieHa B BH,n;e C 2AH8, C 2ASH8 11 

rH,n;porpaHaTa KaJibQH.SI. Ha peHTreHorpaMMax o6pa3QOB ,ll;H<ppaKQHOHHbie MaKCH

MYMbI JIHHHH C 2ASH8 ( d = 12,58; 6,3 A) rro.s.cBJI.SIIOTC.SI ~e qepe3 7 CYT0K, a JIHHHH 

c d = 2,80, 2,72 A, xapaKTepHbIX ,n;JI.SI rH,n;porpaHaTa cocTaBa C 3ASH4 o6Hapy)KH

BaIOTC.SI qepe3 28 CYT0K. 

Y CTaH0BJieH0, qTo CTerreHb rH,n;paTaQHH ru: c ,n;o6aBKOH MeTaKa0JIHHa YBe

JIHqHBaeTC.SI B cpaBHeHHH C 6e3,n;o6aBoqHbIM u;eMeHT0M. BH,ll;HMO 3T0MY crroco6-

CTByeT II0BbiilleHHa.SI ,ll;HCrrepCH0CTb MeTaKa0JIHHa. BbICOKa.SI CTerreHb rH,n;paTaQHH 

u;eMeHTa o6ycJiaBJIHBaeT HH3KYJO rropHCT0CTb u;eMeHTH0ro KaMH.SI H C00TBeT

CTBeHH0 6oJiee BbIC0KYJO ero rrpoqH0CTb BO Bee cp0KH TBep,n;eHH.SI (Ta6JI. 3). 

N~N~ 

rrpo6h1 

1 

2 

Ta6JI11u;a 3 

CTerreHb rH,n;paTaQHH H rropHCT0CTb u;eMeHTH0ro KaMH.SI 

H3 ru: C ,n;o6aBKOH MeTaKa0JIHHa 

KoJI11qecTBO 
O6IQa.SI KoJI11qecTBO rrop, % 

CTerreHh 
rrop11-

MeTaK0JIHHa, 
CTOCTb, % 

rH,n;paTaQHH, %, 

% MeJIKHX KpyrrHbIX qepe3 90 CYT 

- 16,2 79 12 72 

20 8,3 97 3,0 90 

OTCYTCTBHe rrepeKpHCTaJIJIH3aQHH rH,D;p0aJIIOMHHaT0B KaJibQH.SI rrpH TBep,n;e

HHH ru: c ,n;o6aBKOH MeTaKa0JIHHa rrpe,n;orrpe,n;eJIHJia HamH II0CJie,n;yroIQHe HCCJie

,ll;OBaHH.SI. 



E1,ma rrplffOTOBJieHa CMeCh, COCTO.SIIIl;ruI 113 rropTJiaH,[l;Il;eMeHTa, rJIIIH03eMH

CTOro ri;eMeHTa, MeTaKaOJIIIHa II r11rrca. IIpori;eHTHOe COOTHOmeH11e KOMIIOHeHTOB 

COCTaBJUIJIO COOTBeTCBeHHO: rropTJiaH,z:i;ri;eMeHT - 68; ru:- 15; MeTaKaOJIIIH - 10; 

r11rrc - 5. K CMeCII 61,IJI ,z:i;o6aBJieH HaIIOJIHIITeJih B BH,[l;e KBapri;eBoro rrecKa rrp11 co

OTHOmeHIIII CMemaHHOro ri;eMeHTa II HaIIOJIHIITeJUI , paBHOro 1: 1. liCIIbITaHIDI IIO

Ka3aJIII, qTo CMeCh 6hICTPO CXBaThIBaeTCjJ: HaqaJio CXBaThIBaHIDI COCTaBJUieT 7 MIIH 

11 KOHeri; - qepe3 12 MIIH. IIpoqHoCTh qepe3 3 cyr ,z:i;ocT11raeT 40 MIIa, 28 cyr- 50 

MIIa, qepe3 90 cyr 68 MIIa. 

BbIBO,ll;bl 

MeTaKaOJIIIH o6Jia,z:i;aeT BhICOKOH peaKri;110HHOH crroco6HOCThIO. B3a11Mo,z:i;eii

CTBYj{ C rJIIIHO3eMIICTbIC ri;eMeHTOM, rrpe,n;OTBpaII1;aeT rrepeKpllCTaJIJill3ail;IIIO reKca

rOHaJibHbIX r11,z:i;pOaJIIOMIIHaTOB KaJibil;IDI B Ky611qecKyIO cpopMy, crroco6CTByeT 

yrrJIOTHeHIIIO ri;eMeHTHOro KaMffj{ II IIJiaBHOMY pocry rrpoqHOCTII BO BpeMeHII. OH 

MO)KeT 6hITb peKOMeH,[l;OBaH B KaqecTBe O,[l;HOro 113 KOMIIOHeHTOB cyx11x crpo11-

TeJihHbIX CMeceii. 
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