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AKTHUBAIISA KOMIIOHEHTIB IEMEHTHO30JIbHUX KOMIIO3UIIINA
JIY)KHUMU BIAXOJAMU I'NIMHO3EMHOI'O BUPOBHUIITBA

AKTUBALIMA KOMMOHEHTOB LEMEHTHO30MbHbIX KOMNO3ULUIA
LWENOYHbIMU OTXOOAMU MUHO3EMHOIO NPOU3BOACTBA

COMPONENT ACTIVATION OF CEMENT-ASH COMPOSITIONS
BY ALUMINA PRODUCTION ALKALINE WASTES
JaHo 3azanbHy xapakmepucmuky memodam riepepobku ma sukopucmaHHs 6idxodie nidnpuemcme mMmema-

JnypeiliHux ma mennoeHep2emuyHuUx 2asny3el. ObupyHmosgaHa akmyarsbHicmb 8uKopucmaHHs 60Kcumogo2o
4epe8oHo20 winnamy Orisi akmueauyii KOMIMIOHEeHMI8 UeMEeHMHO30/IbHUX KOMMO3uyil, 3a paxyHOK (020 @hi3uko-
XimiyHUX enacmueocmel, siKi 00380/510Mb Kepygsamu (hi3UKO-MexaHiHHUMU efiacmueocmsmMu U4eMeHmMHO30-
JIbHUX KoMmro3uuid. EkcniepumeHmarbHO rnidmeepOXeHo no3umueHUl 8rnue 4ep8oHO20 WiiamMy 8 IKOCmi KOM-
rneKcHoOIi akmusHoi 0obasKku 8 UeMEHMHO30/1bHI KOMMO3UUil.

[aHa obwasi xapakmepucmuka Mmemodam riepepabomku U UCroIb308aHUsi omxo008 npednpusmuli Me-
marnnypeudyeckux U meniosHepaemuyeckux ompacnel. O6ocHogsaHa akmyasbHOCMb UCMO0Ib308aHUsT BOK-
CcUMOB020 KpacHo2o wnama O0nsi akmusayuu KOMIOHEHMO8 UEeMEeHMHO30/bHbIX KOMMIo3uyul, 3a cuem e2o
QU3UKO-XUMUYECKUX ceolicms, Komopble 0arom 803MOXHOCMb yrpasnisimb (YU3UKO-MeXaHUYeCKUMU ceol-
cmeamu UeMeHMHO30/TbHbIX KOMMIo3uyul. JKcrepumeHmarnbHO noo0meepXO0eHO MOM0XUMEIbLHOe 8MusiHUe
KpacHoe20 wiiama 8 Kayecmee KOMIMIIeKCHOU akmugHoUl 006asKu 8 UeMEHMHO30/bHbIE KOMITO3UUUU.

The paper suggests general characteristics of processing methods and usage of metallurgical and
heat power industries waste. The actuality of using bauxite red slag for cement-ash compositions acti-
vation due to its physical and mechanical properties which allow to control physical and mechanical
properties of cement-ash compositions has been substantiated. Positive impact of red slag as a com-
plex active admixture to cement-ash composition has been experimentally proved.

Beryn

IlocrifiHe MiIBHINECHHS IiH HA €HEProHOCii B YKpaiHi CIpHUYMHSE TOIIYK HOBUX €HEPTo- i pecypco-
30epeKHUX TEXHOJOTIH Yy BUPOOHUIITBI OETOHHHMX Ta 3ai300€TOHHUX BHpOOiB. UiIbHE MICIEe B ITbOMY
psAMy 3aiMarOTh MEXaHIYHI METOAM aKTHBAIlil MiHEpaTbHUX B’ sDKyUHMX. BHACTIIOK TOAATKOBOT aKTHBAITii
B MJIMHAX IHUCIIEPCHUX BIIXOJIB IMPOMHCIIOBOCTI MOXHA OACPKyBaTH KOHIUITIHHI OyiBeITbHI MaTepian
3 MIHIMAJBHOIO BUTPATOIO IMEMEHTY. SIK mokazamu (pi3udHi JOCHIIKEHHS, BHACTIAOK 3ITKHEHHS IBOX
TBEPAUX TUT B JIOKAJIBbHIN 30HI, BHHUKAE €MiCisl €JICKTPOHIB, pyHHYBaHHSI KPUCTAIIYHUX TPaTOK, IiABH-
IIICHHS TEMIICPATYPH, PO3BUTOK IIACTHYHMX AeopMalliif Ta BAHUKHEHHS MIKpOTpIilKH. B KOMIUIEKCI 11e
MPUBOJNUTH A0 MiABUIICHHS XIMIYHOT aKTUBHOCTI B’SDKYYHX Ta NMPUCKOPEHHS MU(Y3HHUX TPOIIECIB, IO
3YMOBJIIOE SIKICHY 3MiHY CTPYKTYPH Ta ITiIBHIICHHS MTOKAa3HUKIB SIKOCT1 KIHIIEBOTO MPOIYKTY.

MexaHOXiMIYHA aKTHBAIlisI 6€3 YCKITaIHEHb BIUCYETHCSA B ICHYIOYi TEXHOJIOTIYHI CXEMH BUPOOHUIITBA
pPO3YMHOBHX Ta OETOHHHMX cyMirmieil. Lle mo3Boiste TOBHIIE PO3KPUTH MOTEHIIIMHI MOKIMBOCTI MiHEpa-
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JTHHUX B’SDKYYHX 1 BUPINIYBATH 3314l MiIBUIIICHHS SKOCTI MaTepiajiB Ha iX OCHOBI 1 3HHKEHHS €HEPTO- 1
MaTepiaToeMHOCTI.

BcTynneHue

MocTosiHHOE MOBbILLEHWE LEH Ha 3HEeproHocutenu B YKpauHe CNyXUT MPUYMHOW MOMCKa HOBbIX
eHepro- 1 pecypcocteperaroLmx TeXHONOriA Npy NpPov3BOACTBE GETOHHbIX U Xerne306eTOHHbIX u3ae-
nuid. TNaBHOE MECTO B 9TOM psifly 3aHMMAalOT MexaHU4Yeckne mMeTonbl akTUBaLUM MUHEPanbHbIX BSKY-
Wwux. BeneacTteve [ONOMHUTENBHON akTUBaLMU AUCMEPCHBIX OTXOA0B MPOMbILLNEHHOCTU B MENbHULAX
MOXHO MoJSly4aTb KOHOULMOHHbIE CTPOUTENbHbIE MaTepuanbl ¢ MUHUMArbHOW 3aTpaTtol uemeHTa. Kak
nokasanu uan4yeckme UCCrnefoBaHus, BCNeACTBUE CTONKHOBEHUS ABYX TBEPAbIX TeN B NOKanbHOW 30-
He BO3HUKAeT SMUCCUSI SMEKTPOHOB, pa3pyLUeHne KpUCTannM4Yeckoin peLleTku, NoBbilLeHNe TeMnepaTy-
pbl, pa3BuTHe NacTUYecknx aecopmMaumii 1 BO3HUKHOBEHE MUKPOTpPELLMH. B komnnekce aTo BedeT K
NOBbLILLIEHNIO XUMUYECKOW aKTUBHOCTU BSKYLLIMX U YCKOPEHUIO ANGEY3HBIX NPOLECCOB, YTO 06ycnaBnu-
BaeT KaYeCTBEHHOE U3MEHEHWE CTPYKTYPbI M MOBLILLIEHNE NoKa3aTenei kKayecTBa KOHEYHOTO NpoaykKTa.

MexaHoxuMmnyeckas akTmBauusi 6e3 OCNOXHEHWI BNUCLIBAETCS B CYLLECTBYIOLME TEXHOMOrMYEecKkme
CXeMbl MPOM3BOACTBa PaCTBOPHbIX U GETOHHbLIX cMecel. DTo paspellaeT Gonee NOMHO PackpbITb No-
TeHUMarbHble BO3MOXHOCTU MUHEpPArbHbIX BSXKYLUMX W pellaTb 3aJadyu NOBbILEHWS KayecTBa Mare-
pvanoB Ha MX OCHOBE W CHIKEHWS SHEPrO- U MaTEPUanoemMKoCTH.

Introduction

Constant increase in energy resources prices in Ukraine causes the search of new energy re-
courses and energy- saving technologies in concrete and reinforced concrete manufacture. A
significant role is played by methods of mineral binders activation. Due to additional activation of
disperse industrial waste in mills it is possible to obtain conditioned building materials with mini-
mum cement expenditures. As a result of collision of two solid bodies in local zone, as physical
research showed, the electron emission, crystal cells destruction, temperature rise, plastic defor-
mation and development of micro-cracks occur. As a result it leads to the increase of binders
chemical activity and acceleration of diffusion processes which results in qualitative structure
change and increase of end product quality.

Mechanical-chemical activation without any complications is possible within the existing tech-
nological manufacture schemes of solutions and concrete mixtures. This allows to reveal the po-
tential possibilities of mineral binders and to solve the problems dealing with quality improvement,
reduction of energy and material consumption.

AHaJi3 MeTOiB aKTHBALIT Ta XapaKTePUCTUKA CHPOBUHHHUX MaTepiaJiB

IIutaHHSIM paIlioHAIBPHOTO BHKOPHUCTAHHS 1 €KOHOMII IIEMEHTY 3aBXKIH NPHIUIIACH BEIMKA yBara.
Ile B 30-1i poku Oymo AoBeneHO, 1o i3 3amiHO0 TickoM 30 % meMeHTY 1 OJaNbIINM MTOMOJIOM B MITH-
Hax, 3a PaxyHOK JOMeEJICHHS KIIIHKEPHOI CKJIaIOBOI (aKTWBAIIii), MiIBHIYETHCS PIBEHh MIITHOCTI BUXIiJ-
HOTO [IEMEHTY.

Cepen BimoMuX CIoc0o0iB MiABUIIICHHS aKTUBHOCTI 3allOBHIOBAYiB MOXXHA BUAUIMTH TTPOMHBAHHS 3a-
TTOBHIOBAYIB Ta iX MeXaHIYHy 00poOKy; parioHadpHUH MiAdip ckiramy O0eTOHY, a TaKOX CIeIliaabHe Te-
peMilryBaHHs Ta YIIITFHEHHS OETOHHOI CyMIIIli; BUKOPUCTAHHS PEaKIiHHO3JaTHAX 3aIIOBHIOBAYIB, a Ta-
KOX TOApPIOHEHOTO KIIIHKEpYy; OOpoOKYy 3alOBHIOBAYiB KJIESIMH a00 HACHYECHHS HHMH TIOPHUCTHX
3aITOBHIOBAYIB 3 HACTYITHUM OOITyJIPIOBAHHSM JTUCIIEPCHUMH MiHEpAILHUMH PEUYOBHHAMHU; MOTEPETHIO
00poOKy 3alTOBHIOBAYiB TTOBEPXHEBO-aKTUBHUMH pedoBHHAMH [1, 2]. [liqBUIIIEHHS 3UETUIEHHS €JIeMEHTIB
CTPYKTYpH OETOHY MOCATAETHCS 32 PaXyHOK YIIUTPHEHHS IIEMEHTHOTO KaMEHIO CIIeiaThbHIMHA JT00aBKa-
MH, 1[0 BBOJSTH 3 BOJAOIO 3aMilllyBaHHs; BBEJCHHS J00aBOK Oe3rmocepe/lHhO B 30HY KOHTAKTY IUISXOM
TIOTIEPETHHOT'0 HACHYEHHSI TTIOPHUCTUX 3aIIOBHIOBAYIB CIICIIAIbBHIME PEUYOBHHAMH; 00pOOKH 3aIIOBHIOBAaYa
PI3HIMH KHUCJIOTaMH Ta PO30aBICHUMH PO3YHMHAMH EJIEKTPOIIITIB.

HaiinepcrieKTHBHIIIMME TS BUKOPHCTAHHS Y BHPOOHUITBI Oy/iBETBPHUX MaTepialiB 3 TOYKH 30py
MIHEpAJIOTIYHOTO Ta XiMIYHOTO CKJIJIiB € BIIXOAM TEIJIOCHEPTeTUIHOI TalTy3i, SKi MpeACcTaBIeH] 301010~
BuHOCOM TEC, Ta BiIXxoIu TITMHO3EMHOTO BUPOOHHUIITBA, — YEPBOHHMMA OOKCHTOBHH mijaM MHKOJAiBCh-
KOT'O TIMHO3EMHOTO 3aBOTY.

3011a-BUHOC BUKOPHCTOBYETHCA Y BUPOOHUIITBI [IEMEHTY, HI3APIOBATHX OETOHIB, MOPUCTHX HAITOBHIO-
BauiB, OymiBeNbHOI KepaMiKW Ta iHIIWX MaTepialliB. BukopucTaHHs 307, K aKTHBHUX MiHEPAIbHUX O-
0aBOK, 3yMOBIIEHO X 3maTHicTIO B3aemoxistu 3 Ca(OH), i cTBOproBaTH BOAOCTIHKI TiIpOCHITIKATH 1 Tif-
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pOATFOMIHATH KaJIbITifo. 3 iHMOro 60Ky, HASABHICTh Ha MOBEPXHI YACTHHOK 30JIM-BHHOCY CKJIOTIOIiOHUX
TDTIBOK MOKPAIY€ IIACTHIHICTh CyMIIIIeH, a YaCTUHKH 30J1d BUKOHYIOTh (DYHKITIT IpiOHOMUCIIEPCHUX KY-
JHOK, III0 TTOKPAIIy€e MIKPOCTPYKTYPY KOMIO3UITIHHNX MaTepiaiiB (puc. 1).

lNagpaBmiyHa akTUBHICTh PI3HOMAHITHUX MeTa-
JyPridHAX MIIaKiB, 30JU-BHHOCY 3aJIEKUATH Bifl iX
XIMIYHOTO CKJIamy Ta JUCIEPCHOCTI. Pe3ymbratn
MIKPOCKOITIYHHAX OCTiDKeHb (puc. 1) cBimuaTsh,
0 MIKPOCTPYKTYpa HHU3BKOKAIBITIEBOI  30JH-
BruHOCY (70...80 %) — CcKIOBHIHA aTFOMOCHIIIKAT-
Ha (a3za y BUTIAAI YaCTHHOK KyJemnoAioHoi popmu
po3mipom a0 100 mxm [9]. XiMiuHUH CKIIam 3071H-
BHHOCY 3HaxoauThcs B Mexax (%): SiO, — 55.3;
TiO, — 1,4; Al,O; — 22,34; Fe,0O3 — 5,42; FeO
—2,52; MgO — 0,12; MnO — 5,96; CaO — 5,96;
Na,O — 0,75; K,0 — 2,46; SO; — 0,38; P,Os —

Puc.1. MikpoctpykTypa 30iu-BuHOCY (3011bm1eHa 100 pasis)
Puc.1. MukpocTpykTypa 30nbl-BbliHOCA (YBENUYEHHas 5 3.

100 pas3).

) : ) - Peak1iiHO3MaTHICTE 30JIM-BHHOCY 3a0e3medy-
Fig. 1. Microstructure of fly-ash (100 times magnified)

€TBCSL TY’)KHAM PO3YMHOM 1 3QJICKUTH BiJ[ 10HHOT
CHJIM aJTIOMOCHJTIKATHOI CKJIAJIOBOT Ta XapakTepy JyKHOTO KOMITOHEHTY [3, 4].

CKI10 B 30J1aX MOXKHA PO3TIAIATH SK MaTepial, 1o MICTUTh aMOp(ITH — YTBOPEHHS, OJU3bKI 3a CKJ1a-
JIOM 1 CTPYKTYPOIO BiIIIOBITHUM KPHCTATIUYHUM (azam, aje 3 HaAMIpHO BUCOKOIO IMUTOMOIO TIOBEPXHEIO, 1
HEBITOPSIKOBaHI TIIMHO3EMHUCTO-KPEMHE3EMICTI MPOIIApKH MK HUMH. 31aTHICTh CKIOBUIHOI (ba3w o Tif-
paTtamii Ta TiIpoJi3y MOXKHA TMOSICHUTH ITOPHUCTOI0 MIKPOCTPYKTYPOIO 1 BITHOCHO BHCOKOIO IPOHUKHICTIO
amMopdiTiB, M0 3yMOBIIEHO HASBHICTIO TOPOKHUH MK 10HHUMH yTPYITyBaHHSAMH. AKTHBHICTh TIPOMIKHOT
pEeUOBHHU CKIONOAIOHOT (ha3u BU3HAYAETHCS CIIBBIIHOIICHHSM TIIMHO3EMY 1 KpEMHE3eMY: YUM BOHO OiJTb-
1I1e, THM JIETTIIe Hie MPOIIeC TiapaTailii 30JIbHOTO CKJIA B Ty)KHOMY Ta CyJIb(aTHO-TyKHOMY CEpPEIOBHIII, a ¥
HEUTPaIbHOMY CEpEIOBHII BOHO CTiiike. PO3UunHHICTS TITMHO3EMY 1 KpeMHe3eMy ToKa3aHa Ha puc. 2 [6].

PosrnsayBmm rpadiku a i 6 Ha puc. 2, 9iTKO BHIHO, 110 31 30inmpmensasM pH cucremu no 10,2 3Ha9HO
3pocTae PO3YUHHICTH TIIMHO3EMY Ta KpeMHe3eMy. ToMy, sIK XiMiYHUI peareHT y mporeci akTHBaIlii 30J11-
BHUHOCY, TIPOTIOHY€ETHCSI BUKOPUCTOBYBATH 0araTOTOHaXXKHI BiAXOIM OOKCHTOBOTO IIIAMY, SIKI MICTATH y
co0i (Na,O + K,0) no 6 %. [Ipobrema yTrmizamnii O0KCHTOBHX IUIaMIB MOX€E BUPIIIYBATHCh MUISIXOM X
KOMITJIEKCHOI TTepepOoOKH 3 TOCIIJOBHUM OTPUMAHHSM IIUJIOTO PSAY IIIHHHUX MPOAYKTIB — YaBYHY, TJIH-
HO3eMY, IIEMEHTY Ta JIYTYy.
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Puc. 2. 3aexHicTh pO3YMHHOCTI KOMIIOHEHTIB 30J1-BHHOCY Bix pH:
a) po3unHHicTh Al,O3; 6) po3unnHicTs SiO,
Puc. 2. 3aBMCUMOCTb pacTBOPUMOCTU KOMMOHEHTOB 30Mun-BbiHOCa OT pH: @) pactBopumMocTb AlxOg;
6) pactBopuMocTb SiO;
Fig. 2. Dependence of fly-ash components solubility: a) solubility of Al,O3; b) solubility of SiO2

YepBOHMI LUIAM XapaKTEPHU3YETHCS LIHHUMHU (i3UKO-XIMIYHHUMH BIIACTHUBOCTSIMH, SIKi JO3BOJISIOTH
KepyBaTH BJIIACTHBOCTAMHU OETOHIB. XapaKTEpHUMH OCOOIMBOCTAMH YEPBOHOTO IIJIaMy, SIK JIYXKHOTO Mi-
KpOHANOBHIOBaua, € JIy>kHa peakuis (pH o 12) ta npidHoaucnepcHa 6ynoBa — 90 % yacTUHOK Mae€ pa-
niyc menmre 10 Mxum [7]. BMicT OKCHIiB B CKJIai YePBOHOIO IIAMy 3HAaXOIWThbCA B TAKUX Mexax (Bar.
%): Si0, — 9,5...11,1; TiO, — 4,4...5,6; Al, O; — 17,0...19,0; Fe, O; — 39,0...43,0; CaO — 7,6...9,5;
Na, 0 —6,2...6,9; P,0s—0,2...0,3; V,0s — 0,2 — 0,25; B. . 1 7,9...10,5.
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3 yci€ro OYEBHIHICTIO YHCIICHHI TOCTIKEHHS 1 BUPOOHWYHI JOCBI CBiAYATH, IO Kpalle BUKOPHUCTO-
BYBaTH MIPUPOAHI JOOABKH 1 30JIH, SIKi HE MTOTPEOYIOTH IMTOMOJTY, a00 Ti, Ki JIETKO PO3METIOIOTHCS 1 MAIOTh
TiIpaBIiYHY aKTUBHICTD.

Pe3yabTaTn nociinkeHb

Mertoro maHoi poOOTH € JOCHIKeHHS! BIUTUBY OOKCHMTOBOTO LUIAMY Ha XiMi4HY aKTHBAIIO 30JH-
BUHOCY, a TaKOX Ha (i3MKO-MeXaHIuHi BIACTUBOCTI KOMITO3UIIIMHMX MaTepianiB, OTPUMAaHUX Ha 30JI01Ie-
MEHTHOMY B’SDKYUOMY.

i BUTOTOBIIEHHS IUTYYHUX KOMITO3UIIIMHUX MaTepiajiB Ha 30J10-LIEMEHTHOMY B SDKyYOMY B SKOCTI
AKTUBHOI JI00ABKU B JIOCIIKCHHSIX BUKOpUCTOBYBanacs 30ia-BuHoc Jlagmxuacekoi TEC. Ii aKTUBALlIs
3iIHCHIOBANIaCh JIy>KHUMH BiJIXOAaMHU TJTMHO3EMHOTO BUPOOHUIITBA, OTPUMAHHMHU B PE3yJbTaTi peakiii
BUITY>KEHHSI PO3YMHOM iIKOTO HATPy, TIIMHO3EMY 3 MEJICHUX OOKCHUTIB. XapaKTEpPHOI OCOOIUBICTIO 301U~
BUHOCY € BUCOKHMI BMICT B 1i CKJIa[i aKTUBHHX KOMITOHEHTIB IJIMHO3eMY 1 KpemHe3eMy. J{i1st 301bIeHHs
IIBUJIKOCTI 1 CTYIIEHSI B3a€MOJIii aKTMBHUX KOMITOHEHTIB 30iu-BuHOCY 3 Ca(OH), HeoOXinHe MexaHiuHe
4yl XiMi4HE pyHHYBaHHS a0o0, SK MiHIMyM, MOLIKO/PKEHHS CKJIOMOAIOHOT 0OOJIOHKH 30JIbHUX YaCTHHOK
[8].

100 - T 12

90 )'A_‘——‘H 1
- 80 4
® 1
= 70 /I/ 1
Z 60

2 3 4 .5
yac, xB. (BpeMsi, MUH.; time, min)

o -

pH Yl (pH KLLU; pH

of RS)

Po3suvictb YLl
(pacTBOpUMOCTb
KLL; solubility of

g0 N 00 O =

Puc. 3. Po3unHHICTS JIyriB 4epBOHOTO UIAMY Y BOJI
Puc. 3. PacTBOpuMOCTb LLenoYen KpacHoro Lwnama B BoAe
Fig. 3. Red slag alkali solubility in water

VY pe3ynbTarti AOCTiHKeHh BU3HAUCHO TIEP10]] MAKCUMAIHLHOTO PO3YNHEHHS JYTiB YEPBOHOTO MIJIaMy Y
Bozi (puc. 3). Ha puc. 3 BuaHO, 110 4YepBOHUH IIJIaM, PO3YMHEHUH Y BOI, BXKE Uepe3 5 XB. IOCATAE MaK-
cuMansHOTo 3HadeHHs pH = 11,6. Jlochimkeras pH po34uHy mpoBOIMIM 3a AOIIOMOTOIO mpmiany pH-
Mmetp 125.

Jns peamizartii po60doi TirmoTe3n Mmoo TiABUIICHHS e()EKTUBHOCTI T1APaBIIiYHOTO IMOTEHITIATY 30J1-
BHHOCY ITi/T 9ac PO3pOOKH €(HEKTUBHUX 30JIO-IIEMEHTHUX KOMITO3HUIIMHUX MaTepialiB 3 BUKOPUCTAHHSIM
171ei po3aIBHOTO OETOHYBAaHHS aBTOpaMH OyII0 IPHHHATO JEKiTbKa HAYKOBHX MEPETYMOB:

1. TimpaBiidHa aKTUBHICTh 30JIM-BUHOCY MOXE OyTH CYTTEBO 30UIbIICHA 32 PaxXyHOK pYyHHYBaHHS
CKJIONIOIIOHMX TIOKPHTTIB HA ii MOBEpPXHi.

2. PyitHyBaHHS MMOBEPXHEBUX IUTIBOK HA 30Ji-BHHOCY MOXe OyTH 3MIHCHEHO XiMIYHOIO aKTHBAIIi€l0
JTYXHUMHE JOMIIIKAMH, SKi MICTSIThCS B OOKCUTOBOMY IIUTaMi, Ta 332 paXyHOK MeXaHIYHOI akTHBaIii B Oi-
TyHax.

3. ®i3uKo-MexaHiuHI BIIACTUBOCTI KOMIIO3WIIHHUX MarepiamiB, OTPHUMAaHHX Ha 30JI0NEMEHTHOMY
B’SDKY4OMY, TMTOKPAIATHCS 32 paXyHOK BUKOPUCTAHHS YEPBOHOTO IIIJIaMy K MiKpOHAITOBHIOBAYA.

Baakaemo, 1110 3 BBEZIEHHSIM OOKCHTOBOTO IIUIaMY B IIEMEHTHO-30JIbHY CYMIIII CITiJ O9iKyBaTH 3MiHY (ha-
30BOTO CKJIaJy HOBOYTBOPEHb, 32 PaXyHOK B3a€EMO/Iii OKCH/IIB 3aJTi3a Ta AMIOMIHIIO 3 IPOTyKTaMH Tiaparartii
KJIIHKEpHUX MiHEpaTiB.

B poborti [9] 3a pe3ynpraTaMu peHTI€HIBCHKOTO aHAJI3y Ta €JIeKTPOHHOI MIKPOCKOIIii BCTAHOBJIECHO,
10 B TIEPEXiTHINA 30H]1 «METal-IIEeMEHTHE TiCTO» IHTEHCUBHO YTBOPIOETHCS T1APOOKCH KAIBIIIIO.

VY memeHTax, Mo MICTATh MiABHUIIEHY KUTBKICTh 3aTi3a, MOXe OyTH MPUCYTHIM JIBOKAIBIIEBHN QepuT,
KU B pe3yNbTaTi rigparamii nae aokansitieBuii rigpodepur 2Ca0-Fe,0;5-H,0. L4 criomyka B po3unHax
Ca (OH), mepexoauts y 3Ca0O-Fe,03-6H,0, a 3a nesxknmu nannmu — nepexonuts v 4Ca0-Fe,05-13H,0.
IIpu oMy BapTO MAKPECIHUTH, IO TPU- U YOTHPUKAIBINEB] TiApOaTIOMIHATH 1 TiZpoQepuTn THX Ke
CKJIaJIiB TIPH OJHOYACHOMY YTBOPEHHI JAIOTh TBEPIII PO3UMHU 3 3aranbHUMH popmynamu: 3Ca0-(Al,Os,
F6203)'6H20 1 4C30'(A1203, F6203)'13H20.

EdexTuBHICTh akTHBAITii 3aITOBHIOBAYIB ITOB'sI3aHa 31 301UIBIICHHSIM MIITHOCTI 3YETUICHHSI IIEMEHTHOTO
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KaMEHIO 13 3aIIOBHIOBaYEM. 3araJIbHUM € TIBUIICHHS CTYICHS 130TPOMHOCTI (i3MKO-MEXaHITHUX Xapak-
TEPUCTUK B’SDKYYOTO Ha BCiX eTamax TBepaHeHHs. Lli mami migTBepIKeHI pe3yiabTaTaMH BHU3HAYCHHS
EKCIUTyaTal[ifHNX BJIACTUBOCTEH, 3 IKUX BOJIOTIOTIIMHAHHS € BaXKIIMBOIO XapaKTEPUCTUKOIO, IO MOB'sI3aHA
3 TIOPHUCTICTIO OETOHY, WOTO HIIIBHICTIO, a TAKOXK 3 KOPO3iifHO- Ta MOPO30CTIHKICTIO. BogomormnHaHHs
OCTOHIB Ha 3aIIOBHIOBAYaX, aKTHBOBAHUX PO3YMHAMHM KHCIIOT, COJIEH, JIYTiB, 3MEHIIYEThCSI B CEPEIHBOMY
Ha 18...21 %. Criocobu miABUIIEHHS 34EIJICHHS €JIEMEHTIB 30HH KOHTAaKTy OETOHY BpaxOBYIOTh F€OMeET-
pito, Gi3MYHY Ta XiMiYHY TIPHPOAY 3allOBHIOBaUa, crienudiky yTBOPEHHS TiIpaTiB 1 MiHepaIbHOT ITiaKIa-
JIKH, 0COOTMBOCTI (hOpMYBaHHS CTPYKTYPH OETOHY Ha TPHOX 1€pAPXITHHUX PIBHSX.

Jns metanpHOT TIEpeBipKHA poOOYOT TIMOTE3H MO0 TiABUIIECHHS €EKTUBHOCTI TiIPaBIIYHOTO TIOTCH-
IiaTy 30JU-BHHOCY OyII0 BUTOTOBJICHO CIM cepiii 3pa3kiB-0amodok po3mipamu 40 x40 x160 MM 3 pisHEM
BMICTOM YEpBOHOTO IIaMy. BMicT mopTianaiieMenTy, Bono-teepaae (B/T) BigHOIIEHHS Ta yMOBH TBEP-
THEHHS 3anumrany crajauM. CKita] IeMEeHTHO30IbHIX CyMilllei HaBeJeHO B TaOJIHIIL.

CkJ1a1 IeMEeHTHO30/IbHMX cyMilei
Cocmae yeMeHMHoO-30/1bHUX cmecell
Composition of formed mixtures

» BMmicT KOMITOHEHTIB
Ne cepitt (CocTaB KOMMNOHEHTOB
3pasKiB Component content)
(Ne cepuin 06-
Ne ?)??;L;cr)spl e 3011a-BHHOC UepBoHuil nuam IopTnanaueMenT B/T
- series) (3ona-BbIHOC (KpacHbii wunam (MopTnaHauemeHT B/T
Fly-ash) Red slag) Portland cement) W/S)
1 100 0 10 0,2
2 85 15 10 0,2
3 70 30 10 0,2
4 55 45 10 0,2
5 40 60 10 0,2
6 25 75 10 0,2
7 0 100 10 0,2

TexHooTisI MPUTOTYBAaHHS CYMIIlll BKIIFOYae B cebe Taki crazmii. CyMilm, y BiIMOBITHOMY CITiBBiIHO-
IIEHH] 30JIM-BUHOCY, YEPBOHOTO IUIAMy Ta MOPTIAHIIEMEHTY, MEPEMIITyBaId B 3MIITyBadi MPOTITOM
5 xB. ITotiM mo0aBsM Boay Ta GOpMyBalin 3pa3Ku-0aiouku po3MipoM 4x4x16 cMm. Bindopmorasi 3pa-
3KHA BUTpUMYBaIUCh 12—16 roaun nipu temreparypi 20 + 2 °C, miciis 90ro MponaproBaIMCh TIPH TEMITEpa-
Typi 80...85 °C 3a perxumoM «2 + 4 + 2,

IToka3uukm XiMIYHOI pyiHAIlT MOBEPXHI YACTHHOK 30JIM-BUHOCY OOKCHTOBHM IIIJIAMOM OITIHIOBAJIN 32
KOHCHCTCHIIIEIO CyMilllel, sika BU3HAYamacs 3a JOIOMOTOI0 CTPYIIYBaJIbHOTO CTOJIMKA Ta 32 MaKCHMAllb-
HOIO TPAHMIICIO MIITHOCTI B TPOIECI CTUCKAHHS ITOJOBHHOK 0ajodok. Pe3yiapTaTH MpoBEIEeHUX MOCITi-
JUKEHB BiToOpaXkeHi Ha puc. 4.

Ha puc. 4 mpocTexyeTbes, 1Mo po3TIKaHHS 30JI0IIIAMOBUX CyMIiIIeH i3 3aMiHOI0 OOKCUTOBHM IIIJIAaMOM
mo 30 % 3omu mpu moctiiHomy B/T nae nesHaune 30imbIneHHs po3TikaHHS cywmimn Big 17,1 cMm 1o
18,2 cm. Lle moB’s3aHO 3 MIACTU(IKYIOUNMH BIACTUBOCTSIMH OOKCHUTOBOTO Imiamy. [lmactnynicts OOK-
CHUTOBOTO TIUTAMY HaBelleHa B pobotax Paxumbaena, bypaesa, Yaras ta in. [10—12]. 3amintoroun 3011y B
Mexax 45 % OOKCHUTOBUM IIJIAMOM, CIIOCTEPITa€ThCs 3HAUHE 3MEHIIIEHHS PO3TiKaHHS CyMii. 3MiHa po3-
TIKaHHA CyMillli, aKTHBOBAHO] JIY>)KHUM OOKCHTOBUM IIIJIAMOM, 32 IHIINX PIBHUX YMOB, MATBEPIKYE PyH-
HYBaHHS CKJIOTIO/A10HOT OO0JIOHKH 301, IO MPOSIBIAETHCS Y 3MEHIIEHHI TEKyJOCTi CyCITeH31].
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Puc. 4. BrutuB 60KCHTOBOTO IIJIaMy Ha PYyXJIMBICTh KOMIIIEKCHOTO B’SKYYIOT0
Puc. 4. BnusiHne 60KCMTOBOTO LUaMa Ha NOABMXHOCTb KOMMMEKCHOTO BSHKYLLIETO
Fig. 4. Influence of bauxite slag on the complex binder mobility

Jlns miaTBepHKEHHS MO3UTHBHUX BIACTHBOCTEH OOKCHTOBOTO MUIAMY, SIK €()eKTHBHOTO MiKPOHAITOB-
HIOBa4va, OyJra BU3HAUCHA CepeaHs MIUTHHICTE 30JI0MIIaMOBOI CyMirri. BIumme 60KCHTOBOTO MIjJaMy Ha Ce-
PEIHIO MIUTHHICTH CYMIIII BiIOOpa’keHO Ha pHC. 5.
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Puc. 5. 3anexHicTs cepeqHbOT NIUTBHOCTI Bifl CKIIay KOMILIEKCHOTO B’ SDKYYOTO
Puc. 5. 3aBncnmocTb cpegHert NNoTHOCTM OT COCTaBa KOMIMIIEKCHOTO BSDKYLLLEro
Fig. 5. Average density dependence on complex binder composition

[IpoanamnizyBaBiiy 3MiHy cepeAHBOI MIITBHOCTI (PUC. 5), BCTAHOBUJIM 3aKOHOMIPHICTbH 3pOCTaHHS Ce-
peaHboi miapHOCTI Ha 3 % B pa3i 3aMiHU 307M OOKCHTOBUM IuiamMoM Ha 15 %. 3aranbHe 30iTbIICHHS
MIUTBHOCTI MiK HEPIIOI0 Ta LIOCTOIO cepisiMu 3paskiB ckinagae 14,7 %. [ligpuiienns cepeaHboi LiibHOC-
Ti CBIAYUTD PO 3MEHIIEHHS IOPUCTOCTI, 110, B CBOIO YEPTY, 3MEHIIIY€ BOJOIOTIIMHAHHS Ta 3011bIIYE BO-
JOCTIMKICTh JJAHOTO 30JI0ILIAMOBOTO B’SKYYOTO 3a HasBHOCTI TipaTHUX HOBOyTBOpeHb. Ha puc. 6 mo-
Ka3aHa 3aJeKHICTh KoeQilieHTa po3M’sIKIIEHHs BiJ CKJIAAy 30JI0LLUIAMOBOTO B’sKydoro. B pesynbrati
aHaJizy wi€l 3aJIe)KHOCTI BCTAHOBJIEHO, IIO BMICT OOKCHTOBOIO IIJIaMy B Mekax a0 45 % MO3UTHBHO
BIUIMBA€E Ha BOJOCTIMKICTh 30JI01ILIAMOBOTO B’spKydoro. [linBuiieHHs Bomoctiikocti Ha 24 %, 3yMoBIie-
HO, Ha HaIly TyMKY, 301IBLIEHHSAM KiIBKOCTI TiJpaTHUX HOBOYTBOPEHb 33 PaXyHOK XIMiYHOI aKTHBaIlii
30JIM-BHHOCY Ta BBEJICHHS aKTUBHOT MiHEpaJIbHOI almtoMo(epuTHOI JOOABKH.

Juis migTBEepAKEeHHS MO3UTUBHOIO BIIMBY OOKCHTOBOTO IIIAMY Ha pyHHAII0 CKIOMOAIOHOI moBepX-
Hi Ta MigBUILEHHA B’SHKYYMX BJIACTUBOCTEH 30JIM-BHHOCY BCTAHOBJICHO 3aJI€XKHICTh MIIIHOCTI 30JI0IILIA-
MOBOTO B’SDKY4YOTO BiJl CHIBBiAHOIIECHHS 30JU-BUHOCY Ta OOKCHUTOBOIO HuTaMy. Pe3ynbraTu mociiaKeHb
noKa3aHi Ha puc. 7.
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Puc. 6. BrutuB 60KCHTOBOTO HIJIaMy Ha BOJOCTIHKICTh KOMILUIEKCHOTO 30JIOMIIAMOBOTO B’SKY4OTO
Puc. 6. BnusHne BokcUTOBOrO LaMa Ha BOAOCTOMKOCTb KOMMIIEKCHOTO 30S10LLIaMOBOrO BSKYLLErO
Fig. 6. Bauxite slag influence on complex ash- slag binder water resistance
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Puc. 7. 3anexHIiCT IpaHNUIi MIHOCTI BiJ{ BMICTy OOKCHTOBOTO IILIAMY:
1 — TpaHUISI MITHOCTI TiJT 9aC CTUCKAHHS; 2 — BMICT OOKCHTOBOTO LIJIAMY
Puc. 7. 3aBMCUMOCTb rpaHULibl IPOYHOCTU OT COAEPKMMOro BOKCUTOBOTO LUMama:
1 — rpaHuLa NPoYHOCTM NpU CXaTuK; 2 — codepkUMoe GOKCUTOBOrO Lnama.
Fig. 7. Dependence of strength limit on bauxite slag content:
1 — Compression strength limit; 2 — bauxite slag content

3a pe3ynbTaTaMu AOCHiKEHb (pHC. 7) BCTAHOBIIEHO, 110 PICT MILTHOCTI CIIOCTEPIraeThCs B pasi 3aMiHi
301 OOKCHTOBHMM IIUIAaMOM B Aiamna3oHi Bix 15 % nmo 45 %. B 3aranpHOMY mpHpicT MIiIHOCTI CKJalae
npubu3Ho 58 %, xoediuieHT po3M’sIKIIeHHS 301bmumBes Ha 14 %, a BOJOMOTIMHAHHS 3MEHIIY€ETHCS Ha
6 % B mopiBHsHI 3 1 cepiero 3pa3kiB. 3aMiHa 30JI1 OOKCUTOBHUM IUIaMOM Ha 65 % 1 OijbIlle IPU3BOIUTH
JO 3HW)KEHHS T'paHHULi MIIHOCTI NMpU CTUCKAHHA. lle MOSCHIOETHCS HEAOCTATHBOI KiJBKICTIO 30JIHd-
BUHOCY Ta BiJICYTHICTIO TipaBiIiuHOi aKTUBHOCTI B OOKCUTOBOMY HLLJIaMi.

[ToBTOpHE 3MEMOBAHHS JISKAIUX LIEMEHTIB JI03BOJISIE 301IBIINTH HOTO AKTUBHICTH NPH MiABUIICHOMY
BMICTi MiHepalbHUX J00aBoK. JlocmimpkenHs, nposejaeHi [lominykom, 3anonschkuM, KymukoBow y po-
0otax [13—15], moka3zaqu MOKJIHBICTh 3aCTOCYBaHHS OOKCHTOBOTO ILIAMY SIK TOOABKH O LEMEHTHOTO
KIIIHKepy Tepel Horo 3MentoBaHHsIM. Tak, o0aBka 5 % nuiamy icTOTHO 301UIbIy€e MOApiOHEHHS 1 Mapo-
YHY MIiLIHICTh HEMEHTY.

BHacnigok mpoBeAeHHS OriisiAy JiTepaTypHUX JKepel Ta MONEepPEeiHiX eKCIIEpUMEHTAIbHUX IOCIHi-
JDKeHb HaMu OyJla BUCYHYTa Taka rinoTe3a: pyHHYBaHHs MOBEPXHEBHX IUTIBOK Ha 30J1i-BUHOCI MOXe OyTH
3IIHCHEHO B Pa3i CHUJILHOTO 3MENIOBAHHS B OIryHax MOPTIaHILEMEHTY, 30JU-BUHOCY Ta OOKCHTOBOTO
nuiaMmy. Y 0pOMY BUNIAAKY OOKCUTOBHH IIJIaM BUCTYIA€ B poii abpa3WBHOrO marepiany I0A0 30Jd-
BUHOCY 1 MOPTIAHALUEMEHTY. 3aBIsKH [IbOMY, MU BBa)KaeMo, IO MiABHINATHCS MEXaHIuHI BIACTHBOCTI
KOMITO3UIITHOTO B’ SDKY40T0, OTPUMAHOTO Ha OCHOBI BiJIXOJIiB IPOMHUCIIOBOCTI.

st mpoBeneHHsI OCTiKeHb BUKOPHCTOBYBAIUCH CKIIAAN B SHDKYUOro, HaBeIeHHI B TaOnui. Pe3ynb-
TaTH 3aJIeKHOCTI IpaHMII MIIJHOCTI BiJ Yacy MEeXaHIYHO1 akTHBalii B OiryHax moka3aHi Ha puc. §.
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Puc. 8. 3ajexHicTh rpaHuili MiHOCTI BiJ BMiCTy OOKCHTOBOTO IIIaMy Ta TIEPiOLy aKTHBAIIii:

1 — BMict GokcutoBoro nutamy 15 %; 2 — Bmict 6okcuToBoro nutamy 30 %; 3 — BmicT GokcuroBoro uuiamy 45 %;
4 — Bmict 6okcutoBoro nutamy 60 %

Puc. 8. 3aBucumocTb rpaHuubl NPOYHOCTU OT COAEPXXMMOro 6OKCUTOBOrO WNama n nepunoaa aktmeauumn:

1 — copepxaHue 6okcutoBoro wnama 15 %; 2 — cogepxumoe 6okcutosoro wnama 30 %; 3 — copgepxaHue Gokeu-
ToBOro wnama 45 %; 4 — cogepxxaHue 6okcutosoro wnama 60 %
Fig. 8. Dependence of the strength limit on bauxite slag content and activation period: 1 — bauxite slag content 15 %;
2 — bauxite slag content 30 %; 3 — bauxite slag content 45 %; 4 — bauxite slag centent 60 %

Takum 4rHOM, Ha IMiICTaBl BCHOTO KOMIUIEKCY MMPOBEACHUX CKCIIEPHUMEHTABHUX JOCIIIKEHD ITiITBE-

pawtack poboda rinmoTe3a. BuBUeHHs] MeXaHi3MIB KOHTAKTHUX B3a€MO/II B HATIOBHCHUX KOMITO3HITIITHIX
Marepianax OIITXoM aKTHBaIlil HAIIOBHIOBAYIB CBIAYUTH MPO 301IBIICHHS aare3ii 10 MiHepaabHOTO
B'SDKYYOTO 1 MIABUINCHHS CTPYKTYpPOYTBOPIOBAIBLHOI POJII caMOro HAaIlOBHIOBada. B pe3ynbrari pyHHY-
BaHHS CKJIONOMIOHMX TUTIBOK Ha MTOBEPXHI 30JIM-BHHOCY 3a0€3MeUyIOThCS KPallli YMOBH BHITyTOBYBaHHS Ti-
JIpaTy TIWHO3EMY 1 CTBOPEHHS BHCOKO- i HU3bKOOCHOBHHX TiAPOCHIIIKATIB KaJBIIO 1 TiApOTpPAHATIB,
o 1 3a0e3nedye MPUPICT MIITHOCTI MaTepiamy.

12

AHanns meToooB akKTMBauUum n XapaKkTepucTtukKa CbipbeBbiX MaTepuanoB

Bonpocam pauvoHanbHOro UCNonb3oBaHMS U 3KOHOMUM LIEMEHTa BCeraa OTBOAWUMNOCH Oornbluoe
BHMMaHue. Ewe B 30-e rogbl 66110 gokasaHo, 4To ¢ 3ameHon neckom 30 % LemeHTa un nocregywmum
NMOMOJSIOM B MENbHULIAX, 33 CHET JOU3MENbYEHUS] KIMHKEPHOM COCTaBNAOLWEN (aKTMBaLMK), NOBbILLAET-
csl npegen NpoYHOCTU NCXOOHOTO LIEMEHTA.

Cpeaun n3BecTHbIX Crnocob0B NMOBLILLEHUS aKTUBHOCTM 3anofHUTENEN MOXHO BblAENUTbL NPOMbIBaHME
3anonHuTenen N nx MexaHuyeckyto obpaboTky; paunoHanbHbIi nogbop coctaBa 6eToHa, a Takke cne-
unanbHoe nepemeluBaHve U yNrnoTHEHNE GETOHHOW CMEeCH; UCMONb30BaHWE PeakLUMOHHOCMOCOOHBLIX
3anonHUTEnNewn, a Takke U3MeNbYeHHOro KrMHKepa; 06paboTKy 3anonHUTENEeN KNesmMn Unm HacbleHne
HUMW NOPMUCTLIX 3aMONHUTENEN C NOCNeAyWNM onyapuBaHMEM AUCMEPCHBIMU MUHEPanbHLIMU BeLLe-
cTBamu; npegpapuTenbHyto 06paboTKy 3anonHuMTenen NnoBepXHOCTHO-aKTMBHbIMKM BelwecTBamu [1, 2].
MoBbIEHNE CLENNEHNS] 3NEMEHTOB CTPYKTYpbl 6eTOHa OOCTUraeTcsl 3a CYET YNSIOTHEHUS LLEMEHTHOro
KaMHs1 cneumanbHbIMU ob6aBkamu, KOTopble BBOAAT C BOAOW NpU CMeLLMBaHMK, BBeAeHWe A00aBOK He-
NMoCpeACTBEHHO B 30HY KOHTaKkTa MyTeM Mpeablaylero HacbIWeHUs1 NOPUCTbIX 3arnofHMTENen chneuu-
anbHbIMK BeLLlecTBamMu; 0bpaboTKkn 3aNONHUTENS pasHbIMK KUCIIOTamMKn U pa3baBneHHbIMK pacTBoOpamm
3NEKTPONUTOB.

Haunbonee nepcnekTMBHLIMU AN UCMOMb30BaHUS NpY NPOM3BOACTBE CTPOUTENbHBLIX MaTepuanos ¢
TOYKN 3PEHUSI MUHEPANOrMYECKOro U XMMUYECKOr0 COCTaBOB SIBMSIKOTCS OTXOAbl TEMMO3HEPreTUYeCcKon
oTpacnum — 3ona-BbiHOC TOC 1 oTxoA4bl MMUHO3EMHOI0 NPOM3BOACTBA — KpacHbI GOKCUTOBBIN LUam
HukonaeBckoro rmmMHO3eMHOro 3aBsoaa.

3ona-BbIHOC UCMOMb3yeTcs B MPOU3BOACTBE LiEMEHTa, S4EeUCTbIX BETOHOB, MOPUCTbLIX HanofHUTe-
nen, CTPOMTENbHONM KepaMUKK U apyrMx MaTepuanoB. Micnonb3oBaHue 3071, Kak akTUBHbIX MUHEpParbHbIX
nobasok, obycrnoBneHo mx cnocobHocTblo B3ammogenctsoBaTb ¢ Ca(OH), n co3gaBaTb BOLOCTOMKME
rMOPOCUIMKATBI M TMAPOAanioMUHaThl Kanbums. C Apyroi CTOPOHbLI, HanMyMe Ha MOBEPXHOCTM YacTUYeK
30/1bl-BbIHOCA CTEKMOBUAHbIX MIEHOK YrydllaeT NnacTUYHOCTb CMECEW, a YaCTUYKM 30S1bl BbIMOSHSIIOT
YHKLUUN MENKOAMUCMNEPCHBIX LUAPUKOB, KOTOPbIE YIyYLAlOT MakKpOCTPYKTYPY KOMMO3ULMOHHbLIX MaTte-
puanos (puc. 1).

'vopaBnmyeckas akTMBHOCTb Pa3HOOOpPasHbIX MEeTarnnypruyeckux LUMakoB, 30Mbl-BbIHOCA 3aBUCUT OT
MX XMMUYECKOrO COCTaBa U AMCNEPCHOCTN. Pe3ynbTaTbl MMKPOCKONMYECKMX UccnenoBaHui (puc. 1) cenae-
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TENbCTBYIOT, YTO MUKPOCTPYKTYpa HU3KOKarbLmeBow 3ombl-BbiHOca (70—80 %) — creknoobpasHas arnto-
MocunukaTHas pasa B Buae vacTtmyek LwapoobpasHor dopmbl paamepom Ao 100 mkm [9]. XnuMudeckuin co-
CTaB 30nbl-BbliHOCa HaxoauTca B npegenax (%): SiO, — 55,3; Ti, — 1,4; Al,O; — 22,34; Fe,0; — 5,42; Fe
—2,52; Mg — 0,12; Mn — 5,96; Ca — 5,96; Na,0O — 0,75; K,0 — 2,46; SO; — 0,38; P,Os — 0,33.

PeakunoHHOCNoCcoBHOCTL 30Mbl-BbiHOCA 0becnevmBaeTca LWenoYHbIM pacTBOPOM M 3aBUCUT OT UOH-
HOW CUNbl arntMOCUITMKaTHOW COCTaBMSIOLWEN U XapaKTepa LWenoYHoro KoMnoHeHTa [3, 4].

Crekno B 30max MOXHO paccMaTpuBaTth Kak mMartepuar, KOTOpbI coaepXut amopdutsl — obpaso-
BaHus, 6rnmskrne No CocTaBy U CTPYKType COOTBETCTBYIOLLUMM KpUCTannmM4yeckum dasam, HO C OYeHb Bbl-
COKOW yaenbHON NOBEPXHOCTbIO, N HEYNOPSAAOYEHHbIE MMNHO3EMUCTO-KPEMHE3EMUCTLIE NPOCIIONKN Me-
Xay HumMu. CnocobHOCTb cTeknoobpasHow pasbl K ruapaTaumnm U rMAPONN3Y MOXHO OOBACHUTH
NOPUCTON MUKPOCTPYKTYPOM N OTHOCUTENBbHO BbICOKOW NMPOHMULIAEMOCTLI0O aMOpdUTOB, YTO 0BYCIOBEHO
HanMyMem nonocTen Mexay WMOHHbLIMWU FPYNNMpOBKaMu. AKTUBHOCTb MPOMEXYTOYHOIO BELLeCcTBa CTeK-
noobpasHon ¢asbl onpeaensieTcs COOTHOLLEHWEM TMIMHO3EMA M KPEMHe3eMa: YeM OHO Gorblue, TeM
nerye vget npouecc ruapaTtaumy 30MbHOMO CTeKna B LWENoYHOM U cynbdaTHO-LWEeNoYHOM cpeae, a B
HeWTpanbHON cpeae OHO CToNkoe. PacTBOPUMOCTL rMMHO3eMa 1 KpeMHe3eMa nokasaHa Ha (puc. 2) [6].

PaccmoTtpeB rpacdmkn a 1 6 Ha puc. 2 YeTKO BWOHO, YTO MpuU yBenuyeHHble pH cuctembl Oo
10,2 3HaunTenbHO BO3pacTaeT pacTBOPMMOCTb FMMHO3eMa U KpemHesema. [1o3ToMy, Kak XMMUYECKUi
peareHT Ha Mpouecc akTMBauuu 30Mbl-BbIHOCA, NPEAIoXKEHO NCMNOMNb30BaTb MHOFOTOHHAXHbIE OTXOAbI
— BokcnToBOrO LWama, kotopble cogepxat B cede (Na,O + K,O) go 6 %. Npobnema ytunmsauum 60k-
CUTOBbIX LUNAMOB MOXET peluaTbCs NyTeM MX KOMMNMEKCHON nepepaboTku ¢ nocnegoBaTernbHbIM MOsy-
YeHMeM Lernoro psaa LeHHbIX NPOAYKTOB — YyryHa, rmMHo3ema, LleMeHTa U LWENOYN.

KpacHbl WnaMm xapakrepusyeTcs LeHHbIMU (U3NKO-XMMUYECKUMIN CBOWCTBaMU, KOTOpbIe OalT BO3-
MOXXHOCTb perynMpoBaTb CBOWCTBa GETOHOB. XapaKTepHbIMU OCOBEHHOCTAMM KpacHOro Linama Kak Lie-
FNIOYHOro MMKPOHANOMHUTENS eCTb LWenovHas peakuus (pH o 12) n menkogucnepcHoe ctpoerve — 90 %
YyacTnyek nmeet paamyc meHbiie 10 Mkm [7]. CoaepXMmMoe OKCMOOB B COCTaBe KPaCHOrO LUfama HaxoauT-
cs B Takmx npepgenax (BecoB. %): SiO, — 9,5...11,1; TiO, — 4,4..5,6; Al,O; — 17,0...19,0; Fe, O3 —
39,0...43,0; CaO — 7,6...9,5; Na, O — 6,2...6,9; P, Os — 0,2...0,3; V,05s — 0,2...0,25; n. n. n 7,9...10,5.

Co Bcel 04eBUOHOCTBLIO YMCMEHHbIE UCCReaoBaHNUA 1 NPOU3BOACTBEHHbIN OMbIT CBUAETENbCTBYIOT,
YTO fydLle MCNOMb30BaTb ECTECTBEHHbIE 06ABKM 1 30rbl, KOTOpbIE He TPebyT nomorna, unn Te, KoTo-
pble Nnerko pasMarnblBaTCs U UMET rMApPaBNYECKY0 aKTUBHOCTb.

Pe3ynbTaTtbl nccnepoBaHuni

Llenbto aaHHOM paboThl ABNSAOTCA UCCregoBaHNA BAUSHUS BOKCUTOBOIO LUflamMa Ha XMMUYECKYH aK-
TMBaUMIO 30Mbl-BblHOCA, @ TakkKe Ha (PU3MKO-MEXaHUYeCcKne CBOMCTBA KOMMO3WLMOHHLIX MaTtepuanos,
NOMy4YEeHHbIX HA OCHOBE 30S10LLEMEHTHOIO BSXYLLErO.

[na n3rotoBneHnUs MCKYCCTBEHHbIX KOMMO3ULMOHHBIX MaTtepuanoB Ha 30S1I0LEMEHTHOM BSXKYLLEM B
KayecTBe aKTUBHOV O0DaBKM B MCCriedoBaHMAX Mcnonb3oBanack 3ona-sbiHOC JlagbbkuHckon TAC. Ee
aKTMBauusa ocylecTBnsanach WernoYHbiIMM OTXO4aMu MMNHO3EMHOIO NPOM3BOACTBA, NOSyYEeHHbIMU B pe-
3ynbTaTe peakuuun BbilenaynBaHus pacTBOPOM €4KOro HaTpus, rMMHo3emMa U3 MONoTbIX BOKCUTOB. Xa-
pakTepHOW 0COBEHHOCTbIO 30Mbl-BbIHOCA €CTb BbICOKOE COAEepXaHue B €€ COCTaBe aKTUBHbIX KOMIMO-
HEHTOB rMMHO3eMa U KpemHesema. [Ina yBenuyeHns CKopocTu U CTeneHuW B3anMOoLenCTBUS aKTUBHbIX
KOMMNOHEHTOB 30rbl-BbiHOCa ¢ Ca (OH), Heo6x0auMo MexaHU4ecKkoe 1M XMMM4eckoe paspyLUeHue.

B pesynbTate nccnegoBaHuii yCTaHOBIEH Nepros MakCUMarbHOro pacTBOPEHMS LWENOYEN KpacHOro
wnama B Boge (puc. 3). Ha puc. 3 BUOHO, YTO KpaCHbIW LWNam, pacTBOPEHHbLIV B BOAE YXe Yepe3 5 MUH.
pocTturaeTt MakcumansHoro dHaveHuns pH = 11,6. iccnegosaHme pH pactsopa nposogunu npy noMoLum
npubopa pH-meTp 125.

Ons peanu3aummn paboyen rmnoTesbl OTHOCUTENBHO NOBbIWEHUS 3D(EKTUBHOCTY rMAPaBINYECKOro
noTeHuUMana 3onbl-BblHOCa BO BpeMs pa3paboTku ahheKTUBHbBIX 3051I0LEMEHTHUX KOMMO3ULIMOHHBLIX Ma-
TepuanoB C UCMonb3oBaHVeM uaeu pasfernbHoro 6eToHMpoBaHMsa HaMu GblNo MPUHATO HECKOSMbKO Ha-
YYHbIX NPeAnoOChINOK:

1. T'nopaBnuyeckasi akTUBHOCTb 301bl-BbIHOCA MOXET ObITb CyLLECTBEHHO yBENuYeHHa 3a cuyeT pas-
pYLUEHMS CTEKNOBUOHbIX NMOKPLITUIA HA €€ NOBEPXHOCTU.

2. PaspylueHne noBepXHOCTHbIX MMAEHOK Ha 305e-BbIHOCE MOXET ObiTb OCYLLECTBNEHO XMMUYECKON
aKTMBaLMel LLEeNOYHbIMU NPUMECSMU, KOTOpble coaepXKaTcs B GOKCUTOBOM Luname, 1 3a CYeT MexaHu-
YecKoW akTMBaumu B GeryHax.

3. PuU3nko-mexaHn4eckne CBOMCTBA KOMMO3ULMOHHBLIX MaTepuanos, MOMyYEeHHbIX Ha 30510LeMeHT-
HOM BSDKYLLIEM YBENU4YaTcs 3a CHET UCNONb30BaHMA KPaCHOro LWama Kak MMKpOHanonHUTens.

CunTtaem, 4Tto Npu BBEAEHUN BOKCMTOBOrO LUMama B LIEMEHTHO-30MbHY0 CMEeCb crnefyeT oxuaaTb U3-
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MeHeHue (ha3oBOro coctaBa HOBOOOGpPa3oBaHWIA, 3a CHET B3aUMOENCTBMSA OKCUMOOB Xernesa 1 antoMUHKS C
NpPOAYyKTaMun ruapaTtauum KIMHKEPHbIX MUHEParioB.

B pabote [9] no pe3ynbTaTtam peHTreHoa3oBOro aHanmsa u 3MeKTPOHHON MWKPOCKOMNUW YyCTaHOB-
fNieHo, YTO B NEpexofHon 30He «MeTann-ueMeHTHOe TeCTO» MHTEHCMBHO 0bpa3oBbiBaeTCA rMapookcug
KanbLums.

B uemeHTax, cogepxallmx MOBbLILIEHHOE KOMMYECTBO Xene3a, MOXeT 00pa3oBblBaTbCS ABYXKalb-
umneBbIn heppuT, KOTOPLIA NpW rgpaTaumm gaeTt AByxKanbumesbin rugpodepput 2Ca-Fe,03-H,0O. 310
coeguHeHune B pacteopax Ca (OH), nepexoaut B 3CaO-Fe,05:6H,0, a no HekoTopbIM AaHHbIM — B
4Ca0-Fe,03-13H,0. CTOMT NOQYEPKHYTb, UTO TPEX- U YeTblpexKanbumneBble rmapoantoMmHaTbl U rmgpo-
deppuTbl TEX XXEe COCTaBOB NPW OAHOBPEMEHHOM 06pa3oBaHWWM AalT TBEPAblE pacTBOpbLlI C OO MMM
dopmynamm: 3Ca0-(Al,Os, Fe,05)-6H,0 i 4Ca0-(Al,03, Fe,03)-13H,0.

O heKTMBHOCTL aKTMBaUMWU 3aMNONHUTENEN CBSA3aHa C YyBESIMYEHWEM MNMPOYHOCTU CUENNEHns Lue-
MEHTHOrO KaMHsi C 3anonHutenem. OOWMM ecTb MOBbILWEHNE CTEeNneHn W30TPOMHOCTM (PU3UNKO-
MEeXaHMYEeCKMX XapaKTEPUCTUK BSXKYLLErO Ha BCEX aTanax TBepAeHusl. DTN AaHHble, NOATBEPXKOEHHbIE
pesynbTaTamu onpegeneHus 3KChryaTtauMoHHbIX CBOWCTB, M3 KOTOPbIX BOAOMOIIOLWEHUEe SABMSETCS
Ba)XHOW XapaKTepUCTMKOW, KOTopasi CBA3aHa C NOPUCTOCTbIO BETOHA, ero NNOTHOCTbLIO, a Takke C MOpo-
30- M KOPPO3NIAHOW CTOMKOCTbIO. BogonornoweHne 6eTOHOB Ha 3anofHUTENsX, akTUBUMPOBaHHbIX pac-
TBOPaAMW KUCIOT, COMEN, WENOYEN, ymeHbLuaeTcsl B cpeaHem Ha 18...21 %. Cnocobbl NoBbILWEHUS CLe-
NNeHUs 3NemMeHTOB 30Hbl KOHTakTa 6eTOoHa Yy4YMTbIBAOT reomeTputo, (U3NYECKYHD U XUMWUYECKYIO
npvpoay 3anonHuTens, cneunduky o6pasoBaHns rmapaToB U MUHEpanbHOW NoAknaaku, 0COBEHHOCTH
hopMMpOBaHMSA CTPYKTYpbl BETOHA Ha TPEX NepapXmYECKMX YPOBHSIX.

[ns petanbHOM NpoBepkn paboyert rMnoTesbl OTHOCUTENBHO MOBbILLEHMS 3MEKTUBHOCTM rMapaBInye-
CKOrO MoTeHuuana 30mbl-BblHOCA ObINO M3rOTOBMEHO CeMb cepui 06pas3uoB-0anoyek pasmepamu
40x40x160 MM C pa3HbIM COAepXaHMeM KpacHoro Lwinama. KonmuecTBo noptnaHauemeHTa, B/T oTHoweHne
1 YCNOBUS TBEPAEHUSI OCTaBMNANM NOCTOSIHHLIMW. COCTaBbl LEMEHTHO-305bHbIX CMECeW NpUBeAeHb! B Tabn.

TexHonorns u3roToBneHus cMmecu BkNtoyaeT B cebsa cnegyowme cragun. Cmecb, B COOTBETCTBYHO-
LLileM COOTHOLLEHUW 3051bI-BbIHOCA, KPacHOro LWnama v nopTraHguemMeHTa nepemMeLusanu B cmecuTene
Ha npoTtsbkeHun 5 muH. lMotom pobaBnanu Bogy M chopmmpoBanm obpasubl-6anoykn pasmepom
4x4x16 cm. OTchopmoBaHHbIe 0bpasLbl BuaepxmnBanuck 12...16 yacos npu temnepatype 20+2°C, nocne
yero nponapusanuck npu Temnepatype 80...85 °C no pexvmy «2 + 4 + 2».

MokasaTenu XMMmMYeckoro paspyLUueHnsi MOBEPXHOCTM YaCTUYEK 30rbl-BbIHOCA BOKCMTOBBIM LLFTAMOM
oLeHMBanu no KOHCUCTEHUMM CMeCel, KoTopas onpeaensnach nNpu NoMOLLWM BCTPSXMBAIOLEro CTONMKa
1 N0 MakcumanbHOMY npeaeny NPOYHOCTM NPU CXKaTum NONOBUHOK Ganodek. Pe3ynbTaThl NpoBeAEeHHbIX
uccrnenoBaHuii 0To6paXkeHHb! Ha puc. 2.

Ha puc. 4 npocnexuBaeTcs, YTO pacTekaHWe 30J10LLIaMOBUX CMECEN C 3aMeHON BOKCUTOBBLIM Lua-
MoM 10 30 % 30mbl Npu nocTosiHHoM B/T, gaeT He3HaunTenbHOe yBenuueHue pactekaHue CMecu OT
17,1 cm go 18,2 cm. JT0 cBSI3aHO € NNacTUMUUpyLLMMK CBOMCTBaMM BOKCMTOBOrO Wwnama. lNnacrtmy-
HOCTb GOKCMTOBOrO LWNama npuBegeHa B pabotax PaxumbaeBa, bypaesa, Yarasa n gp. [10—12]. MNpn
3ameHe 30nbl B npeaenax 45 % GOKCMTOBBIM LUaMoOM HabnogaeTca 3HauYUTENbHOE YMEHbLLEHME pac-
TeKaHuss cmecu. MiameHeHue pacTekaHusi CMecu, aKTMBMPOBAHHOM LLENOYHbIM GOKCMTOBBIM LUMAMOM,
npv Opyrmx paBHbIX YCIOBUSX, NOATBEPXKAAET pa3pyLUeHne CTEKNOBUAHON 060M0YKM 3051bl, NPOSBISIHO-
Leecs B YMEHbLUEHUN TEKYHECTU CYCrNeH3nun.

[ns noaTBepXXaeHUs NOMOXUTENbHBLIX CBOWCTB OOKCMTOBOrO LWnama, kak 3eKTMBHOrO MUKpPOHa-
nonHutens, Gbina onpegeneHa cpegHss MMAOTHOCTb 3050LNIaMOBOA cMmeck. BnuvsiHue GokcuToBOro
LramMa Ha CpeaHIor MIOTHOCTb CMecK 0TOBpaXkeHo Ha (puc. 5).

lMpoaHanuanpoBaB M3MEHEHWE cpeaHeln NNOoTHoCTU (pUc. 5), yCTaHOBUNM 3aKOHOMEPHOCTb pocTa
cpenHen nnotHocTn Ha 3 % npu 3ameHe 30Mbl GOKCUTOBLIM LWNamMoM Ha 15 %. Obwee yBenuyeHue
NMOTHOCTM MeXay NepBO Cepuen 1 WecTomn cepmen obpasuoB coctaBnseT 14,7 %. MNoBbiweHne cpea-
Hel NNOTHOCTM CBMOETENbCTBYET 06 YMEHbLUEHUM MOPUCTOCTU, KOTOPAsi, B CBOIO ovepedb, YMEHbLUAET
BOJOMOITOLWEHVE U yBeNMYMBaeT BOAOCTOMKOCTb OAHHOMO 30M0LUNaMOBOro BSXKYLLEro Npu Hanmyuu
rmapaTHbIX HoBOOGpasoBaHuii. Ha puc. 6 npuBegeHa 3aBMCMMOCTb KO3hdULIMEHTa pa3Msir4eHnst OT co-
CcTaBa 3050LWWIaMoBOro BsXyllero. B pesynbTtate aHanusa 3TOM 3aBMCMMOCTW YCTaHOBIIEHO, YTO CO-
aepxxaHve GOKCUTOBOrO LWnama B npegenax Ao 45 % nonoXxutensHo BNMSET Ha BOAOCTOMKOCTb 30510LU-
namoBoro Bspkyllero. [loBbilleHNMe BOOOCTOMKOCTM Ha 24 %, OOYCNOBMEHO MO HAlEeMy MHEHUIO,
yBENMYEHMEM KONMMYECTBA rMApaTHbIX HOBOOOPA30BaHUM, 3a CYET XMMWYECKOW akTMBauuu 305bl-
BbIHOCA M 3a CYET BBEAEHMS aKTUBHON MUHEParnbHOM antoModeppuTHoOn Ao6aBku.

[ns noaTBepXXaeHUst NONOXUTENBHOrO BNUSIHUSA GOKCMTOBOrO LUNlamMa Ha paspyLleHue CTEKNoBUA-
HOW MOBEPXHOCTU M MOBbILUEHMS BSXYLLMX CBOWCTB 30/bl-BblIHOCA YCTAHOBMEHA 3aBUCUMOCTb MPOYHO-
CTM 30510LLIIaMOBOr0 BSDKYLLEro OT COOTHOLLEHMS 30Mbl-BblHOCA 1 BOKCUTOBOrO wWinama. PesynbtaThl uc-
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cnefoBaHu oTobpaxeHbl Ha (puc. 7)

Mo pesynbTaTam mccnegoBaHui (pyc. 7) YyCTaHOBIIEHO, YTO POCT MPOYHOCTM HabnpaeTcs npu 3a-
MeHe 30J51bl OOKCMTOBLIM LUNIAaMOM Ha npomexxyTke oT 15 % o 45 %. B obLiem npupocT NpoYHOCTH CO-
cTaBnseT npnbnuautensHo 58 %, koahduuMeHT pasmsryeHns ysenuuunca Ha 14 %, a Bogonormnotle-
HWe yMeHbluaeT Ha 6 % no cpaBHeHuto ¢ 1 cepuert obpa3uyoB. 3ameHa 305bl OOKCUTOBBLIM LLNAMOM Ha
65 % n Gonblue NPUBOONUT K CHUXKEHUIO FpaHuLbl MPOYHOCTM Npu cxkaTun. ITo 06bsACHsAeTCa HedocTa-
TOYHbIM KONMYECTBOM 30S1bl-BbIHOCA U OTCYTCTBUEM MMAPaABNMYECKON aKTUBHOCTU BOKCUTOBOrO LUniama.

[MOBTOPHEIN NOMON NexarnbIX LeMEHTOB pa3pellaeT YBENMYUTb €ro akTUBHOCTb MPU MNOBLILEHHOM
COLEPXNMOM MUHepanbHbIX Ao6aBok. ViccnegosaHus, npoBeaeHHble Monuwykom, 3anonsckum, Kynu-
koBoln B paboTtax [13—15], nokasanu BO3MOXHOCTb MpUMEHEeHNs1 BOKCUTOBOrO LWama kKak nobaeBku K
LeMEHTHOMY KIMHKepy nepepn ero nomonoM. Tak, gobaska 5 % wwnama cylectBeHHbIM obpa3om yBe-
nnyMBaeT U3MEeNbYEHNE N MapPOYHY0 NPOYHOCTb LIEMEHTA.

Bcnencrteue npoBeneHunst 063opa nuTepaTypHbIX UCTOYHMKOB U NpeablayLnx 3KCrnepuMeHTanbHbIX
uccnenoBaHui Hamm Obina BbIABUHYTASA cneaylollasi rmnoTesa: pa3pyLleHne NoBEPXHOCTHLIX MMEHOK Ha
30M€e-BbIHOCE MOXET ObITb OCYLLECTBMEHO NPM COBMECTHOM NMomore B BeryHax noprtrnaHgaueMeHTa, 30-
nbl-BbIHOCA U BOKCUTOBOrO Wnama. B aTom cnyvyae 60KCMTOBBIN LINam BbICTynaeT B ponun abpasmBHO-
ro Marepuana no OTHOLLEHUIO K 3051e-BblHOCY M NopTnaHauemMeHTy. bnarogaps aTtoMy, Mbl cyMTaeM,
4YTO MOBLICATCA MEeXaHW4YecKMe CBOMCTBA KOMMO3MLMOHHOIMO BSPKYLLEro, MOSTyYEeHHOro Ha OCHOBE OTXO-
[O0B MPOMBbILUIIEHHOCTMU.

[ns npoBegeHMs nccneaoBaHUn NCMNONb30BaNUCh COCTaBbl BAXKYLLEro yka3aHHble B Tabn. Pesynb-
TaTbl 3aBUCUMOCTU FpaHMLbl NPOYHOCTU OT BPEMEHN MEXaHUYeCKON akTuBauum B BeryHax npuBeneHbl
Ha puc. 8.

Takum 06pa3om, Ha OCHOBAHMKU BCErO KOMMIEKCa MPOBEAEHHbIX AKCMEPUMEHTArbHbLIX UCCNeaoBaHWUA
noaTBepaunachb pabodas runoresa. MsyyeHne MexaHM3MOB KOHTaKTHbIX B3aMMOZENCTBUIA B HAMOMHEHHbIX
KOMMO3WLMOHHBIX MaTtepuanax nyTeM akTvBauuy HanorHuTenemn ceuaeTenscTeyeT 06 yBenuueHun agre-
311 K MUHEPAarnbHOMY BSKYLLEMY W MOBbILLEHUM CTPYKTYPOOOpa3ytoLLen ponu camoro HanonHutens. B pe-
3ynbTaTe paspyLUeHUs CTEKNOBUAHbLIX MIEHOK Ha MOBEPXHOCTM 30Mbl-BbIHOCA 0BecneyMBaroTcsa ny4iume
YCNOBUS BbILENaYMBaHMs ruaparta rnvHo3emMa U co3faHue BbICOKO- U HU3KOOCHOBHBIX MMOPOCUIMKATOB
KanbLusi U rmaporpaHaToB, obecneunBaroLLmx yBENMYeHe NpoYHOCTM MaTepuana.

Activation Methods Analysis and Raw Materials Characteristics

Problems of rational and efficient usage of concrete have always been of prime importance.
As far back as in 30-s it was proved that in case of 30 % sand substitution and further grinding in
mills due to additional grinding of clinker component (activation) the limiting strength of the ce-
ment is increased.

Among the known methods aimed at the improvement of aggregate activity it is possible to
point out the aggregate washing and their mechanical processing, rational concrete components
choice, and special mixing and compaction of concrete mixture, use of reactive aggregates, the
choice of proper clinker, aggregate processing with glue or porous aggregate saturation with fur-
ther powdering by disperse mineral substances; pretreatment of aggregates with surface active
substances [1, 2]. The increase of concrete structure cohesion is achieved by cement stone
compaction with special admixtures introduced with water in the process of mixing; introduction of
admixtures directly into the contact zone by means of porous aggregates presaturation with spe-
cial substances; aggregate treatment with different acids and diluted electrolytes.

The most promising for using in building materials manufacture from the point of view of min-
eralogical and chemical composition are the waste of heat power industry, presented by fly-ash of
power plants, and the waste of alumina production, presented by red bauxite slag of Mykolayiv
alumina plant.

Fly-ash is used in the production of cement, porous concretes, porous aggregates, building ce-
ramics and other materials. The use of ash as active mineral admixture is based on its ability to in-
teract with Ca (OH), and to form waterproof hydro silicates and calcium hydro aluminates. On the
other hand the presence of glass-like fly-ash particles on the surface improves plasticity of the mix-
tures, and ash particles act as micro disperse spheres, which improve the microstructure (Fig. 1) of
composite materials.

Hydraulic activity of different metallurgical slags, fly-ash depends on their chemical struc-
ture and dispersivity. The results of microscope research (Fig. 1) show that the microstruc-
ture of low calcium fly-ash (70—80 %) — glass-like aluminum silicate phase in the form of
ball like particles sized to 100 um [9]. The chemical structure of fly-ash within SiO, — 55.3;
TiO, — 1.4; AlL,O; — 22.34; Fe,O3 — 5.42; FeO — 2.52; MgO — 0.12; MnO — 5.96; CaO — 5.96;
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Na,O — 0.75; K,0 — 2.46; SO; — 0.38; P,O5 — 0.33.

Reaction ability of fly-ash is provided by alkaline solution and is dependent on ion power of
aluminum silicate component, and the character of alkaline component [3, 4].

Glass in fly-ash can be considered as the material containing amorphous matter- substance
being close by composition and structure to corresponding crystal phases, but having high spe-
cific surface, and chaotic alumina layers among them. The ability of glass-like phase to hydration
and hydrolysis can be explained by its porous microstructure and comparatively high amorphous
matter permeability, due to the presence of cavities between ion groups. The activity of interme-
diate matter of glass-like phase is determined by the correlation between alumina and silica, the
high it is the faster ash glass hydration process takes place in alkali and sulphur alkali environ-
ment, in neutral environment it is stable. The solubility of alumina and silica is shown in Fig. 2 [6].

Having analyzed graphs a and b in Fig. 2 it is obvious that increasing of system pH to 10,2 leads
to solubility of alumina and silica increases. That is why as the chemical agent in the fly-ash activa-
tion process we propose to use multi tonnage waste- bauxite slag containing (Na,O + K,0) to 6 %.
The problem of bauxite slag utilization can be solved by means of their complex recycling with fur-
ther obtaining a number of valuable products- cast- iron, silica, cement and alkaline.

Red slag is characterized by valuable physical and chemical properties, which allow to control
the properties of concrete. The characteristic feature of red slag, being alkali micro aggregate is
alkali reaction (pH to 12) and micro dispersive structure — 90 % of particles have the radius less
then 10 um [7]. The oxide content in red slag is within the following limits (%): SiO, — 9.5...11.1;
TiO, — 4.4..5.6; Al,03 — 17.0...19.0; Fe, O3 — 39.0...43.0; CaO — 7.6...9.5; Na,O — 6.2...6.9;
P,05—0.2..0.3; V,05—0.2—0.25;n.n.n 7.9...10.5.

Numerous research and industrial experience prove that it is better to use natural admixtures
and ashes which do not need grinding or those which are easily ground and have hydraulic activity.

Research Results

The aim of the given paper is the study of bauxite slag influence on fly- ash chemical activa-
tion and on physical- mechanical properties of composite materials obtained on the basis of ash-
cement binder.

For fabrication of artificial composite materials on the basis of ash- cement binder fly-ash from
Ladyzhyn power plant was used as active admixture in the research work. The activation was
performed by the waste of alkali production, obtained in the reaction of caustic soda alkalization,
alumina from ground bauxites. A characteristic feature of fly-ash is high content of alumina and
silica active components. For intensifying the speed and interaction of fly-ash components with
Ca (OH), it is necessary to provide mechanical or chemical destruction or, at least, damaging the
glass-like shell of ash particles.

As a result of the research carried out the period of maximum red slag alkali dissolution in wa-
ter was determined (Fig. 3). Fig. 3 shows that red slag dissolved in water in 5 minutes already
reaches the maximum level of pH = 11,6. The research of pH solution was performed with the
help of the device pH-meter 125.

For the realization of the work hypothesis regarding the efficiency increase of fly ash hydraulic
potential during development of effective ash-cement composite materials applying the ideas of
separate concrete laying, we assumed several scientific conditions:

Hydraulic activity of fly-ash can be substantially raised due to destruction of glass-like cover-
ing on its surface.

Destruction of the surface films on fly-ash can be performed by chemical activation applying
alkali admixtures, found in bauxite slag, and due to mechanical activation in runners.

Physical- mechanical properties of composite materials obtained on ash- cement binder are
being improved due to using of red slag as a micro aggregate.

We consider that by bauxite slag introduction into cement-ash mixture the change of new matter
phase composition due to interaction of iron oxides and aluminum with the products of clinker min-
erals hydration should be expected.

In the paper [9] by the results of X-ray analysis and electronic microscopy it has been esti-
mated that in the transition zone metal- cement mixture calcium hydro-oxide is being intensively
formed.

In cement containing higher rate of iron double calcium ferrite can be formed, which during
hydration gives double-calcium hydro-ferrite 2CaO-Fe,03-H,O. This compound in solutions
Ca(OH), is transferred into 3CaO-Fe,O;6H,0, and according to certain data — to
4Ca0-Fe,053:13H,0. It should be emphasized that three and four calcium hydro-aluminates and
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hydro-ferrites of the same composition with simultaneous formation give the solid solutions with
common formula3CaO-(Al,Os, Fe,03)-6H,0 i 4Ca0-(Al,Os, Fe,03)-13H,0.

The activation effectiveness of aggregates is connected with the increase of cohesion
strength of cement stone and the aggregate. The common point is the increase of isotropy level
of physical-mechanical characteristics of the binder on all stages of hardening. The data are
proved by the results of service properties study, among which water absorption is an important
characteristic, being connected with concrete porosity, density, frost- and corrosion resistance.
Water absorption of concrete on aggregates, activated by acid solutions, alkaline is reduced on
average by 18—21 %. The means of raising element binding in the contact zone take into con-
sideration the geometry, physical and chemical nature of the aggregate, the peculiarities of hy-
drate formation and mineral sub-layer, the peculiarities of concrete structure formation on three
hierarchy levels.

For detailed proving of the working hypothesis regarding the effectiveness increase of fly-ash
hydraulic potential seven series of samples of beams sized 40x40x160 mm were made with dif-
ferent red slag content. The quantity of Portland cement, W/S correlation and hardening condi-
tions remained constant. The compositions of mixtures formed are presented in the Table.

The mixture preparation technology includes the following stages. The mixture with corre-
sponding fly-ash, red slag, and Portland cement content was mixed during 5 min. Then water was
added and the beams sized «4x4x16 cm were formed. The obtained samples were cured for
12...16 hours within the temperature range 20+2°C, then they were steamed at the temperature
80...85 °C applying «2 + 4 + 2» mode.

The indices of chemical destruction of fly-ash surface particles by bauxite slag were estimated
by the mixture consistency, which was determined with the help of jolting-table and the maximum
strength limit by compression the halves of the beam. The results of the research are shown in
Fig. 2.

Fig. 4 shows that ash-slag spreading with bauxite slag substitution to 30 % of ash at constant
W/T gives a slight increase of mixture spreading from 17,1 cm to 18,2 cm. It is connected with
bauxite slag plasticization properties. Bauxite ductility is presented in the works of.
M. Rakhimbayev, M. I. Burayev, V. P. Chgay and others [10—12]. While substituting ash in the
range of 45 % by bauxite slag considerable reduction of mixture spreading is observed. The
change of mixture spreading, activated by alkali bauxite slag if other conditions are equal proves
the destruction of the glass-like ash shell which results in reduction of suspension spreading.

To prove the positive properties of bauxite slag, as an effective micro aggregate the average
ash-slag density was estimated. The influence of bauxite slag on average density of the mixture
is shown in Fig. 5

Having analyzed the average density change (Fig. 5) we established the correspondence of
average density increase by 2,8 % in case of ash substitution by bauxite slag at 15 %. The gen-
eral density increase between the first 1 series and 6 series of samples is 14,7 %. The average
density increase shows the porosity reduction that in its turn leads to water absorption reduction
and waterproof increase of the given ash-slag binder in the presence of new hydrate matters.
Fig. 6 shows the dependence of the softening coefficient on ash-slag binder composition. It has
been estimated that the bauxite slag content in the range of 45 % has positive influence on ash-
slag binder water resistance. The water resistance increase by 24 % is caused in our opinion by
the increase of hydrate matter volume due to chemical activation of fly-ash and the introduction of
active mineral alumina-ferrite admixture.

To prove the positive influence of bauxite slag on destruction of glass-like surface and binding
properties increase of fly-ash we established the dependence of ash-slag binder strength on the
correlation between fly-ash and bauxite slag. The results of research are shown in Fig. 7.

According to the research results (Fig. 7) it was estimated that the strength increase was ob-
served in case of substitution of ash by bauxite slag in the range from 15 % to 45 %. In general in-
crease of strength constitutes about 58 %, the softening coefficient was improved by 14 %, and wa-
ter absorption was reduced by 6 % as compared with the 1-st series of samples. The substitution of
ash by bauxite slag by 65 % and more leads to the strength border decrease while compression. It is
explained by insufficient fly-ash content and lack of hydraulic activity in bauxite slag.

The re-grinding of stale cement allows to increase its activity in case of increased mineral ad-
mixtures content. The research carried out by Polycshuk, Zapolskiy, Kulykovoyu in [13—15]
showed the possibility of using bauxite slag as an admixture while cement clinker grinding. Thus,
adding 5 % of slag sufficiently increases grinding and brand strength of cement.

Having reviewed publications on the given problem and results of previous experimental re-
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search we suggested the following hypothesis: the destruction of surface films on fly-ash can be
performed with simultaneous grinding in runners of Portland cement, fly-ash and bauxite slag. In
this case bauxite slag acts as the abrasive material relatively fly-ash and Portland cement. Due to
this we consider that the mechanical properties of composite binder, obtained on the basis of in-
dustrial waste will be improved.

To carry out such research the following binder compositions were used (see Table). The re-
sults of the dependence of the strength limit on time of mechanical activation in runners are given
in Fig. 8.

Thus, on the basis of the whole complex of research and experimental activity the working hy-
pothesis has been proved. The study of contact interaction mechanisms in the filled composite ma-
terials by means of aggregate activation proves the increase of adhesion to mineral binder and in-
crease structure forming role of the aggregate itself. As a result of destruction of glass-like films on
the surface of fly-ash, better conditions for alkalization of alumina hydrate and creation of high- and
low-based calcium hydro-silicates and hydro-grants, that improve material strength are provided.

BucHoBknu

1. IIpoBeneHi 1OCHiKEHHS CBiAYaTh PO e(EeKTUBHICTh MEXaHO-XiMiuHOI aKTHUBALii 30JM-BHHOCY 1
BUKOPUCTAaHHS OCHOBHHUX €JIE€MEHTIB PO3/AiJIbHOIO OETOHYBAaHHS B MPOLIEC BUTOTOBJICHHS IpiOHOMITYY-
HUX CTIHOBHX MaTepiaiB.

2. Iarencudikanis B3aeMoaii Jyry i 30JU-BUHOCY 3a0e3nedyeThcs HAasIBHICTIO piiMHHOI (a3u Ta
MEXaHIYHUM TEepeMilllyBaHHsIM, B MPOLEC] SKOTO BasKJIMBY POJIb TAKOXK BiJirpae TPUBANiCTh TEXHOJOT1Y-
HUX €TarliB BUTOTOBJICHHS B’ SKYUOTO.

3. BripoBaikeHHS pO3ALTEHOT OSTAITHOT TEXHOJIOT1] BUPOOHHUIITBA 30JIOLIEMEHTHUX MaTepiajiB 3 morepea-
HBOIO aKTUBAIIIEIO 30JIU-BHHOCY Ta MOAAIBIINM BBEJCHHIM J00aBKH LieMeHTY (B KibkocTi 10 % Bijx Macu cy-
Mi) 3a0e3rneyye OTpIMaHHS KOMIIO3HULIIHOTO MaTepiainy 3 TAKUMU BIACTUBOCTSAMHU: TPAaHHULSI MILTHOCTI TIPH
cruckanHi Re, > 92 kre/em?, KoedirieHT po3m’sikiernHs 0,87, miinpHICTh B Mexkax 1980...2080 KI/M’, BOJIO-
nornmHaHHA 19 %.

4. 30510-11eMEHTHI KOMITO3HUIIiIi{HI MaTepiajdu NpUAaTHI Ui BUKOPHCTAHHA B MAJIOTIOBEPXOBOMY Oyi-
BHUIITBI a TAKOX Y 3BEJICHHI CAMOHECYYHMX 3aXMCHUX KOHCTpyKiiid. Bonu Ha 90...95 % cknanatotbes 3
BiZIXO/liB BUPOOHUIITBA Ta MalOTh HU3bKY BapTicTh. [Ipu 1bOMYy BUKOpPHCTaHHS 3alPOIIOHOBAHOI TEXHO-
JIOT11 BUPIILIy€ TaKOXK €KOJIOTi4HI po0IeMHu.

BbiBOAbI

1. MpoBeaeHHbIE MCCNEeaoBaHUS CBUAETENBLCTBYIOT 00 3P(PEeKTUBHOCTU MEXaHOXMMUYECKON aKTu-
BaLMM 30IbI-BbIHOCA M UCMOMb30BaHNSI OCHOBHbLIX 3N1IEMEHTOB pa3fdenbHoro 6eToHMpoBaHUs B npolecce
N3roTOBMNEHNS] Mano-KINMHKEPHbIX CTEHOBbLIX MaTepMarnoB.

2. NHTeHcudumkaumsa B3aMMoaencTBms WENOYM U 305bl-BbIHOC 06ecnevynBaeTcs Hanuymem xma-
KOCTHOM hba3sbl 1 MEXAHNYECKOro NepemMeLlnBaHus, B NPoLEecce KOTOPOro BaXKHYI0 POSib TaKXe Cbir-
paeT NPOSOMKNTENBHOCTb TEXHOMOIMYECKMX 3TAnoB M3roTOBNEHUS BSXKYLLETO.

3. BHegpeHve pasgenbHol NoaTanHoW TEXHOMOMMU NPOM3BOACTBA 30I0LEMEHTHUX MaTepuarnoB c npe-
AblayLLen akTvBaumen 30Mbl-BbIHOCA U danbHenwnm BeedeHvem gobasku uemeHTa (B konmdectse 10 % ot
Maccbl cmecK) obecreuvBaeT MoJlyYeHVe KOMMO3MUMOHHOIO MaTtepuana C TakuMu CBOWCTBaMW: npegen
MPOYHOCTV MpU okaTum Ry > 92 kre/em?, koadhduLmMeHT pasmsirieHust 0,87, MIoTHOCTb B npeaenax
1980...2080 KF/M3, BogonornoweHue 19 %.

4. 3onoueMeHTHbIe KOMNO3NLMOHHbIE MaTepuanbl NPUroAHbLI ANs UCMOMb30BaHUSA B ManoaTaXHoOM
CTPOMTENBCTBE a Takke Npu BO3BeAEHUVM CaMOHECYLUUX OrpaxKaaroLmx KOHCTpykumn. OHum Ha 90...95 %
COCTOSIT U3 OTXOAOB NPOM3BOACTBA M UMEKT HU3KYKD CTOMMOCTb. [py 3TOM MCnonb3oBaHWE NpPeano-
YKEHHOW TEXHOMNOMMM peLlaeT TaKkke 3Konornyeckmne npodnemsi.

Conclusions

1. The research carried out prove the efficiency of mechanical-chemical activation of fly ash and
using basic elements of separate concrete setting in the process of small-clinker wall materials.

2. The intensification of alkali interaction with fly-ash is provided by the presence of liquid
phase and mechanical mixing, in the process of which an important role is played by the duration
of technological stages of binder fabrication.

3. The introduction of separate staged technology of ash-cement materials fabrication with
preliminary fly-ash activation and further usage of cement admixture — 10 % of the total mix-
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ture mass, provides obtaining of the new composite material with the following characteristics:
Rct > 92 kgficm?, the softening coefficient 0.87, density within the range of 1980...2080 kg/m?,
water absorption 19 %.

4. Ash-cement composite materials are suitable in low-storied construction and self-bearing
protection constructions. They consist of industrial waste by 90...95 % and they are cost efficient.
Using the proposed technology also helps to solve ecological problems.
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