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O6pa3oBaHue HaHOCUCTEM B NpoLecce ruaparauum
LLISTAKOLLENO0YHOr0 BSXKYLLEro

PaccmoTpeH npolecc 06pa3oBaHns HAHOCUCTEM MPW B3aUMOZEACTBAN NOHOB LLENOYHOr0 aKTMBN3aTOpa C YacTMLaMi JOMEHHOr0 rpaHynpOBaHHOMO
Lunaka B pactsope. [poaHanu3npoBaHo BANSHUE MOHOB LLEN0YHbIX MeTannos K*, Na* Ha CBOMCTBA M CTPYKTYpPY BOAHbIX PacTBOPOB. 10f06paHbI
ONTUManbHbIe KOHLEHTPaLUun pacTBopoB-akTuBu3aTtopos NaOH, KOH ¢ y4eTom CTPYKTYPHbIX N3MEHEHMIA XNOKOCTM 3aTBOPEHMs. MpeacTaBneHsbl
3aBUCUMOCTM NPOYHOCTU LUINAKOLLENOYHOrO KaMHS OT KOHLEHTpaLmMu 1 BUAA akTuem3aTopa. [10Kka3aHo, 4TO aKTMBW3aTOPbI, CoAepXalLme 0TpuLaTensHo
rNapaTUPYIOLLMECS KAaTUOHbI, NO3BONSIOT YBENNYUTb Kak CKOPOCTb HAb0pa, Tak 1 KOHEYHYH0 NPOYHOCTb LUNAKOLLENOYHOr0 KamMHs. NPOYHOCTb 06pasLoB
LULLK, TBEpAeBLUMX B HOPMASbHBIX YCI0BUSX HA 0CHOBe pacTsopa KOH, Ha 27% Bblwue, 4em Ha ocHoBe pacTBopa NaOH.
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Formation of Nanosystems During Slag-Alkaline Binder Hydration

The process of nanosystem forming during interaction alkali activator ions with particles of ground-granulated blast furnance slag have been discussed. The effect of positive and nega-
tive hydration of ions on the properties and structure of water solution has been analyzed. Taking into account structural changes of mixing liquid, optimal concentration of activators
were selected. It was shown that activators having as a part of ions with negative hydration promote to increase as curing rate and 28-age strength of stone. The strength of samples

prepared from GGBFS and KOH solution is 27% higher, then strength of sample on a base of NaOH solution (under normal curing conditions).

Keywords: ground-granulated blast furnance slag, nanosystems, slag structure, slag-alkaline binder, activators, mechanism of hydration.

B Hacrosiiiee Bpemsi B CTpOMTENIbCTBE HAOII01aeTCs TEH-
NIEHIMS K CHUXKEHUIO MaTepuago- U 9HEProeMKOCTH U3Je-
JIMIA, paclIMPEeHMI0 MUHEpPaJIbHO-CHIPhEBOI 0a3bl, co3ma-
HUIO aJlbTEPHATUBHBIX MOPTIAHALEMEHTY BSXKYIIUX Be-
mectB. OCHOBHBIMU MTOOYIUTEIbHBIMA MOTUBAaMU B TTIOMCKE
TaKOU aJIbTEPHATUBBI SIBJISIIOTCS B OOJIBIIEN CTENEHU 9KOJIO-
ruyeckre M SKOoHomuuyeckue Gakropsl. [IponsBoacTBO
MOPTJIAaHILIEeMEHTA, KOTOPbIi HA JaHHBII MOMEHT SIBJISIETCS
OCHOBHBIM TUJPABIMYECKUM BSKYIIMM, CBSI3aHO C BbICO-
KWM NOTpeOIeHUeM NMPUPOAHBIX MUHEPAIbHBIX U SHEPTeTU-
YECKHUX PECYPCOB U COMPOBOXIAETCS BBICOKUMU O0ObEMaMU
BBIOPOCOB B OKpyxXatolnyto cpeny. [losToMmy HeCOMHEHHa
HEOOXOAMMOCTb Pa3pabOTKK U Pa3BUTHSI TPOU3BOICTBA Oec-
KJIMHKEPHBIX TUIPABINYECKUX BSIKYIIUX, MO TEXHUYECKUM
XapaKTepPUCTUKaM He YCTYMaloLIUX MOPTJIaHILIEMEHTY.

OnHOIl U3 pa3sHOBUIAHOCTEH OCCKIMHKEPHBIX T'MApPAB-
JIMYECKUX BSDKYIIUX SIBJISIIOTCS TaK Ha3blBaeéMbl€ TeOlle-
MEHTHI, TTOJlydaeMble HA OCHOBE aJTIlOMOCUJIMKATOB TEXHO-
TEHHOTO U MPUPOJHOTO MPOUCXOXKICHUS MyTEM 3aTBOpE-
HUS UX 1IEJOYHBIMU aKTUBU3aTopamu. Haubosee uccie-
JIOBaHbI IO CBOMCTBAaM, COCTaBaM U CTPYKTYPE U3 T€OTMOJIM -
MEPHBIX MaTepUasoB ILJAKOIIEJOYHbIEe BSIKYIIUE, pa3pa-
o6otanHble B.JI. [myxoBckuM B 1957 r., HO Mo psiAy NpUYUH
HE HallleAlie IMUPOKOro MPUMEHEHUS B CTPOUTEIBCTBE.
Paznuunbie pa3paboTKu M pa3BUTHE MMPOU3BOACTBA TaKUX
BSDXYIIIUX M CTPOUTEbHBIX MaTepuajoB Ha WX OCHOBE —
aKTyajibHag 3ajaya B YCJIOBUSIX COBPEMEHHBIX MUPOBBIX
TEHACHLIMIA, B paMKax KOHUEIMLMWUA YCTOMYMBOIO pa3BHU-
™ [1, 2].

Hecmotpst Ha 601blI0e KOJTMYECTBO UCCIEIOBAaHUHN BIU-
STHUSI COCTaBa U CTPYKTYPhI aKTUBU3ATOPA Ha MPOLECCHI THI -
paTaluuu M TBEPACHMS IUIAKOILIEIOUYHOTO BSIKYILETO, MpPU
BBIOOpE €ro BUAAa U KOJMYECTBA 3a4acCTYIO HCMOJIb3YIOTCS
SMITUPUYECKHE TTOAXOAbI. TpanulIMOHHBINA MOAXOMA K CUHTE-
3y QJIIOMOCUJIMKATHBIX IIJTAKOIIEJIOYHBIX BSKYIIUX CBSI3aH
C BBIOOPOM KOHIIEHTPALMU IIETOYHOIO aKTUBATOPA UCXOIST

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Currently in construction there are a tendency to reduce
material and energy intensity of productions, to extend min-
eral raw material base, to develop Portland cement alterna-
tive binders. The main motivations to find this alternative are
generally environmental and economic factors. Production
of Portland cement, which is the main hydraulic binder cur-
rently, is accompanied by a high volume of emissions into the
environment due to the high consumption of natural mineral
and energy resources. Therefore, the development and ex-
pansion of clinkerless hydraulic binders, which are not come
short of their technical characteristics to Portland cement,
are very actual.

One of the varieties clinkerless hydraulic binders is the so-
called «geocements» obtained on the basis of aluminum sili-
cates anthropogenic and natural origin, by mixing them with
alkaline activator. Slag-alkaline binders (AAS) are the most
investigated variety of geopolymeric materials. They had de-
veloped by Glukhovsky V.D. in 1957, but for various reasons
had not found wide application in construction. Continuation
of design and development of such binders and building ma-
terials based on them is urgent task in up-to-date global trends
within the concept of «sustainable development» [1, 2].

Despite the large number of studies about the effect acti-
vator’s composition and structure on the hydration and hard-
ening processes of slag-alkaline binders, type and quantity of
activator are chose by empirical approaches often. The tradi-
tional approach to the synthesis of aluminosilicate slag-alka-
line binders is related to the choice of concentration of alkali
activator judging from the molar alumina content in the raw
components and the need to reach a sufficiently high pH of
mixing substance for efficient hydrolysis of aluminosili-
cates [3].

The aim of this work is to analyze the impact of the struc-
ture and composition of the mixing liquid for an initial period
of hydration and kinetics of structure formation slag-alkaline
binders.
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Maccosas pons, %
Mass fraction, %

Sio, CaOo MgO | AlL,O; | Fe,03 | MnO SOy

35,7 40,1 5,5 14,4 0,9 1 1,2

13 MOJISIPHOTO COfIEPXXaHUs TIIMHO3eMa B CHIPheBOM KOMIIO-
HEHTE M HEOOXOMUMOCTHU JOCTUKEHHSI TOCTATOUHO BBICOKO-
ro 3HadeHus pH cpenbl 3atBopeHust aiasl 3HGEKTUBHOTO
TUIPOJIN3a aTIOMOCWIMKATOB [3].

Lenbro gaHHOI paboOTHI SIBJSIETCS pACCMOTPEHUE BJIUS -
HUSI CTPYKTYPHI M COCTaBa XXUIKOCTH 3aTBOPEHUs Ha Ha-
YaJIbHBIM TTepUOJ TUAPATALlUM U KHUHETUKY CTPYKTYpooOpa-
30BaHUS UIAKOIIETOUYHOTO BSIKYIIETO.

MexaHu3M 1 KUHETYKa THAPaTooOpa3oBaHus B IIIJIAKO-
IIEJOYHBIX BSDKYIIMX CHUCTEMax OIPEAessIOTCS XUMUYe-
CKHMM COCTaBOM U CTPYKTYpPO#1 1IIaKa, C OMHON CTOPOHBI, U
MpUPONON aKkTMBU3aTOpa — C Apyrod. Ha kaxnom srtame
TBEPACHMS NCKYCCTBEHHOTO KaMHS POJIb aKTUBU3aTOpa He-
OIIHO3HAYHA M OTPEEISIeTCS €T0 BEIIeCTBEHHBIM COCTaBOM
1 KOJIMYECTBEHHBIM COIEPXKAHUEM.

B Hacrosieii pabore paccMOTpEeHO aKTUBMpYIOILIee
Biusinue pactBopoB KOH u NaOH B HavayibHBIN TTepUo
rupartaly JOMEHHOTO rPaHyIMPOBAHHOTO IILJIaKa C MOy~
JeM ocHoBHocTH M =0,91; Monynem akrusHoct M,=0,4;
koadduirentom kauecrsa K, =1,68. Xumuueckuii cocra
1IU1aKa MPUBEAEH B TaOIUIIE.

[ToMoJ 1IaKa OCYILECTBJSUICS B MEJbHUILIE LIEHTPO-
0GeXXHO-YIAPHOTO NEWCTBUSI OO0 YIAEAbHOW ITOBEPXHOCTH
470 M2/xT.

Kak m3BecTHO, MO XMMUYECKOMY COCTaBY JAOMEHHBII
IpaHyJMPOBAHHBIN 1UIAK OJM30K K MOPTIaHALIEMEHTHOMY
KJIMHKEPY, OHAKO UMEIOTCS 3HAYUTENbHbIE PA3IMUUSI B UX
CTPYKTYpP€E ¥ COOTHOIIIEHUY KOMITOHEHTOB. CTpyKTypa Iia-
Ka TJIaBHBIM 00pa30M CTEKJIOBUIHAS Y TIPEAICTABIISIET COOOM
MIPAaKTUYECKU HETPEPHIBHYIO CETKY KPEMHEKUCIOPOTHBIX
TETPa’pOB C BKIIIOUEHUSIMM PA3JIMIHBIX 3yeMeHTOB: Ca,
Mg, Al, S, Mn. ITpu stom uonsl A" u Mg?* moryr BblcTy-
MaTh He TOJIbKO B KaUeCTBE MOHOB-MOAUGDUKATOPOB, HO U B
KayecTBe ceTKooOpa3oBareieil. bosblas crerneHb CBI3HO-
CTU KPEMHEKHMCIIOPOAHBIX TETPA3APOB B CTPYKTYpeE IILIaKa
10 CPaBHEHUIO C TAKOBBIMU B CTPYKTYpE TOPTIAHIIIEMEHT-
HOTO KJIMHKEpa OOBSICHSETCS TIOHMXKEHHBIM CONEp>KaHUEeM
B HeM MOHOB Ca’", crocoGCTBYIOLIMX JeNoIMMepU3auu
CTPYKTYp®HI [4, 5].

B cTpyKType 11I1aKoB Ipeo61agaloT MOHHO-KOBAJICHTHbBIE
cBs3U —Si—O—Si— 1 HeKoTOpoe KoMnuecTBo cBsizeit O—M*
C BBICOKOH moJieif MOHHOCTU. B cTpyKType K¢ BBICOKO-
OCHOBHBIX KJIMHKepHBIX MUHepanoB C;S u C,S cBa3u no
npeobagaioiieMy xapakrepy uoHHble: —Si—0—Ca—0O—
Ca—0-Si—, —Si—0—Ca—0-—Si—. B Takux cuctemax oTcyT-
CTBYIOT MOCTUKOBBIE KUCIOPOIbI Y COOTBETCTBEHHO CBSI3U
—Si—0—Si—. Ilpu rugparaimu pacTBOpeHUs] KpeMHe3ema
He HabJIonaeTcsl, BO3MOXEH TONBKO Bbixox SiO, U3 perer-
KM MUHepaJa IIpu pa3pbiBe cBsizeit Ca—O.

Honnas cBsa3p Ca—O paspbiBaeTcs 3a CUeT IIPOTOHMU3A-
LIMM OKCUIHOTO MoHa B cBsi3u Si—O—Ca, nmepepacnpenesne-
HUSI B HEll 3JIEKTPOHHOI TIOTHOCTU TaKUM OOpPa3oM, 4TO
sHeprus cBsi3u Si—O yBenuuuBaercs, a cBsizu Ca—O yMeHb-
maetcs. B pesynbrare monsipusytomiero BiusiHuss OH™ mpo-
ucxoaut paspsiB cBsi3u Ca—O.

B nurakax mist o6pa3zoBaHusl TUAPOCUIMKATOB HEOOXO-
NMUMO DPa3pylIuTh Oosiee MPOYHbIE CUJIOKCAHOBBIE CBS3U
Si—O—Si 1 MoHHO-KOBaJeHTHbIE —Si—O0—M*,

Xopolllo HM3BECTHA KjacTepHasi CTPYKTypa BOJIbI.
Hanoxnactepbl Bombl 061agaloT OOJBIIMM 3aItacoM BHep-
MU, OHM aTaKylOT aKTUBHBIC IIEHTPHI Ha TTOBEPXHOCTH Ya-
CTHUII IIJTAKOBOTO CTEeKJIa M OTAAIOT MM YaCTh CBOEI SHEPTUH,
BCJIEICTBYE Yero KojebaHusi aTOMOB YCUJIMBAIOTCSI U TTPO-
HCXOANT Pa3pblB XUMUYECKUX CBsI3eil KaTHMOHOB CTEKJIO-
obpasoBareeil ¢ aToMaMu Kuciiopoaa [6]. OgHako moJsp-

(N POVIEIIBHBIE

The mechanism and kinetics of hydrate formation in
slag-alkaline cementitious systems are determined by the
chemical composition and structure of the slag on the one
hand, and the activator nature on the other hand. At each
hardening stage of artificial stone role of activator is ambigu-
ous and determined by its material composition and quanti-
tative content.

In this paper activating effect of KOH and NaOH solu-
tions in the initial period of hydration of granulated blast
furnace slag was considered. Granulated blast furnace slag
with the following features was used: lime factor 0,91, Al,O5/
Si0,=0,4, quality coefficient = 1,68. The chemical composi-
tion of the slag is shown in Table.

Slag grinding was carried out in a centrifugal impact mill
to the specific surface area of 470 m?/kg.

As you know, in their chemical composition granulated
blast furnace slag is close to Portland cement clinker, but
there are significant differences in their structure and compo-
nents ratio. Structure of slag is primarily glassy and represents
almost a continuous network of silicon-oxygen tetrahedrons
with inclusions of different elements: Ca, Mg, Al, S, Mn. The
oxide of Al and Mg can act not only as a modifiers, but also
as network-forming oxides. A large degree of connectivity of
silicon tetrahedrons in the structure of slag, as compared with
those of Portland cement clinker structure, is explained by
reduced content of ions Ca?*, promoting depolymerization
of structure [4, 5].

In the structure of slag ion-covalent bonds —Si—O—Si—
and some O—M™* bonds with a high degree of ionicity. In the
structure of the highly basic clinker minerals such C;S and
C,S the bonds have predominantly ionic character: —Si—O—
Ca—0—-Ca—0-Si—, —Si—0—Ca—0-—Si—. In such systems,
bridging oxygen’s are absent and respectively bonds —Si—O—
Si— are absent too. During the hydration silica dissolution is
not observed, only emission of SiO, is possible when bonds
Ca—O0 are broken.

Ionic Ca—O bond is broken due to the protonation of an
oxide ion in Si—O—Ca bond, redistribution of electron den-
sity in it so that the binding energy of Si—O increases, and the
binding energy of Ca—O decreases. In response to the polar-
izing influence of OH" the break of the Ca—O occurs.

In the slag for the formation of hydrosilicates it is neces-
sary to destroy strong siloxane bonds Si—O—Si and ion-cova-
lent —Si—O—M™.

Well-known cluster structure of water. Water nanoclus-
ters have a large amount of energy, they attack the active sites
on the slag glass surface and give them some of their energy,
so that vibrations of the atoms amplify and break of chemical
bonds between glass-forming cations and oxygen atoms oc-
cur [6]. However, the polarity of water molecules in this case
is insufficient to break said bonds.

Therefore, the mechanism of dissolution of the slag is
somewhat different from that of the clinker minerals. Decisive
role in the process of destruction is played by OH™ anions.
The hydroxyl groups of the activator have great polarizing
effect, they form a donor-acceptor bond with glass-forming
atoms — Si*",AI’*, Mg?* and break their links with the oxy-
gen of the scheme:

°r
=Si—0-Si=+OH - -[=Si—0—Si=]- -Si—OH'+ Si—O,

Bonds Si—O—Si are broke due to complexation with OH-
ions and increasing coordination number Si** to 5—6 at a
higher pH [7].

In turn, the alkali metal cations inhibit the reverse silox-
ane bond formation reaction and contribute to the removal of
the reaction products in a solid phase [8]:

=Si—-O"+Na"- -=+4+Si—0O—Na.
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HOCTHU MOJIEKYJI BOJIbI B 3TOM CJIydae HEOCTaTOYHO IS pas3-
pbiBa YKA3aHHBIX CBI3EH.

CrenoBatebHO, MEXaHU3M PAacTBOPEHHUS IIIaka He-
CKOJIBKO OTJIMYAeTCsl OT TAKOBOTO JUTSI KIMHKEPHBIX MUHE-
panoB. Omnpenessiiollylo pojib B IMpolecce AeCTPYKUIUU
3nech urpailoT aHnoHbl OH™. TMApOKCUIBHBIE TPYIITHI
akTUBaTtopa o0JIamaloT OOJBIIMM IOJSIPU3YIOIIUM OCii-
CTBHUEM, 00pa3yloT JOHOPHO-aKIIENTOPHYIO CBSI3b C aTOMa-
MM cTekoo6pasoBareneit Sit", AT, Mg?" u paspeIBatot ux
CBSI3U C KUCJIOPO/IOM 10 CXEMe:

°r
=Si—0-Si=+OH - -[=Si—0—Si=]- -Si—OH'+ Si—O",

Css3u Si—O—Si pByTCS B pe3yabTaTe KOMILIEKCOo0pa-
3oBaHusa ¢ OH™ MoHaMM 1 MTOBBILIEHUST KOOPAUHALIMOHHOTO
yucia Si 10 5—6 nipu 6osee BbicokoMm 3HayeHun pH [7].

B cBolo ovepenb, KaTMOHBI IIETOYHBIX METAJUIOB TIpe-
MSITCTBYIOT IIPOTEKAHUIO OOpaTHOM peaklnyd oOpa30BaHMUS
CUJIOKCAHOBOM CBSI3U U CITOCOOCTBYIOT BBIBOIY ITPOAYKTOB
peakiuuu B TBepayio ¢asy [8]:

=Si—0O +Na'--=+Si—0—Na.

TakuM 06pa3oM, I MOBBITIIEHUS TUAPABITNICCKON aK-
TUBHOCTH 1IJIaKa HEOOXOIMMO BBEIEHHE JOTTOTHUTEILHOTO
koiunuectBa OH™, cmocoOCTBYIOIIMX AUCHIEPraly TBEpAOK
da3zml.

OIHUMU U3 TPAOIULIMOHHBIX aKTMBU3aTOPOB B CiIydyae
LB sBasitorest pactBopsl KOH 1 NaOH. bosbiiast yactb
HCCeMOBAaHMIT HallpaBjieHa Ha BBHISIBJICHUE ONMTUMAaTbHOMN
pH cpenpr 3atBOpeHus [9, 10]. TIpu onuHaKOBOI KOHLIEH-
tpauuu noHoB K™ u Na™ B pactBope ero pH u uoHHas cuia
HMMEIOT OJMHAKOBOE 3HAUCHUE.

OmHaKO 3TH MOHBI MO-Pa3HOMY BIIUSIIOT Ha CTPYKTYPY
BOJIBI M COOTBETCTBEHHO €€ peaKIMOHHbIE CBOWCTBA.
CornacHo [11] Bce xxunkodasHbie peaklinu CleayeT TpaK-
TOBaTh KaK peaklMd B HaHOpeaKTopax. boiee Toro, cama
XUMUYecKas peakiys ¢ yJdacTMeM BOJbI MJIM BOIHBIX pac-
TBOPOB MOXET CTUMYJMPOBATb OPraHU3allMl0 MOJIEKYJT B
HaopeakTopbl. B cuibHOIIIEI0UHOI cpelie KpeMHUeBast KKc-
JIOTa CYIIeCTBYeT B BUAEC aKBaruapoOKCUOHOB THIIA
[H,0-Si(OH);], [Si(OH)s], [Si(OH)G]z‘. DTO CYIIECTBEHHO
MOBHIIIAET CKOPOCTh 00pa30BaHUS TUAPATHHIX (a3.

Bo-nepBbIX, JaHHBIE MOHBI UMEIOT Pa3HbIe YKMCJIA COJIb-
BaTalluu, 4YTO CBSI3aHO ¢ pa3inyueM ux paanycos. [1o naH-
HeiM [12], st Na* unciio MosieKys Bofsl B IepBoii ruapar-
HOi1 o6ostouke cocTasser 6, 111 KT — 8. Yucio conbBara-
muu anmona OH", mo manusM [13], paBHo 3. Takum obpa-
30M, CYILECTBYET TaKasl KOHIIEHTpAIIMSI MOHOB, TIPU KOTO-
pOIi CTPYKTYpa 3JEKTPOJIUTA OYIET COCTOSITh TOJIBKO U3 OfI-
HOCJIOMHO TUAPATUPOBAHHBIX KATUOHOB M aHUOHOB, HEIO-
CpPEICTBEHHO COMPUKACAIOMIUXCSA CBOMMHU TUAPATHBIMU
000J10YKaMK. DTU XapaKTepHble KOHIIEHTPAllUU ObLTN Ha-
3panbl K.I1. Mumenko n A.M. CyXOoTMHBIM TpaHUIIAMA
nonHo#t ruapartamuu (I'TIT) [14]. T'TI cayxuTt nepexon-
HOI TOYKOI OT pa30aBIeHHBIX pACTBOPOB K HACBIIIIEHHBIM.
IIpu yBesMueHMM KOHLIEHTPALUU JIEKTPOIMTA BbILLE JaH-
HOI KOHLIEHTpAILIMK CTPYKTYPY pacTBOpa yxke paccMaTpu-
BalOT KaK CTPYKTYPY KPUCTAJUIOTUApATa, BUIOU3MEHSIE-
MYI0 HUTMYUEeM U30BITOYHBIX MOJIEKYJT BOIbI. Takum o6pa-
30M, YBeJIMYEeHUE KOHIIEHTPAllMM pacTBOpa aKTHBU3aTopa
BBIIIE KOHIEHTpauuu, cooTBeTcTBylomeid I'TIIT, Heuene-
coobpa3Ho.

Hcxonst u3 BIIEU3TIOXKEHHOTO OB PACCUUTAHbBI KOH-
HeHTpauu pactBopoB 3iekTpointoB NaOH u KOH, coot-
BerctBytomue ['TIT. Hns pactBopa NaOH Takasi KoH1ieH-
Tpauusi coctanisier 3,94M, nnsg KOH — 4,94M.

Ha puc. 1 npuBeneHa 3aBUCUMOCTb IIPOYHOCTU 00Opa3-
noB I K oT KoHLIeHTpaluy pacTBOpa aKTUBMU3aTOpa.

IIpuBeneHHbIE JaHHbIE YKa3bIBAIOT Ha TO, YTO MPH yBe-
JIMYEHUM KOHIIEHTPALIMM aKTUBU3aTOpa B PacTBOpE BEIIIIE

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Thus, to increase the hydraulic activity of slag is necessary
to introduce an additional quantity of OH™ promoting disper-
sion of the solid phase.

One of the traditional activator in case AAS is water solu-
tion of KOH and NaOH. Much of the research is aimed at
identifying the optimum pH of the medium mixing [9, 10]. At
equal concentrations of K* and Na* in solution its pH and
ionic strength have the same value.

However, these ions have different effects on the struc-
ture of water and, accordingly, its reactive properties.
According to [11] all liquid-phase reactions should be inter-
preted as a reaction in nanoreactors. Moreover, the chemi-
cal reaction with water or water solution can stimulate orga-
nization of the molecules in naoreactors. In a strongly alka-
line environment, silicic acid exists as a type hydrated ions
such as [(H,0-Si(OH)s], [Si(OH)s]", [Si(OH)]*. This sig-
nificantly increases the speed of formation of hydrated
phases.

Firstly, these ions have different solvation number that is
associated with the difference between their radii. According
to [12] the number of water molecules in the first hydration
shell of Na* is equal to 6 is, for K™ it is 8. The solvation num-
ber of OH™ anion according to [13] is equal to 3. Thus, there
is a concentration of the ions wherein electrolyte structure
consist of monolayer-hydrated cations and anions which are
in direct contact with each other. These distinctive concen-
trations were called complete-solvation limit [14]. Complete-
solvation limit is transition point from dilute solutions to
saturated solutions. When the concentration of the electro-
lyte is above complete-solvation limit solution structure can
be considered as crystalline structure modifed by excess water
molecules. Thus, increasing of activisator solution concen-
tration concentration above complete-solvation limit is not
advisable.

Based on the foregoing, concentration of NaOH and
KOH corresponding complete-solvation limit solution were
calculated. For NaOH solution such a concentration is equal
to 3,94M for KOH — 4,94M.

Fig. 1 shows the strength of the AAS samples as a function
of activator type and solution concentration.

These data indicate that increasing of activator solution
concentration above the corresponding complete-solvation
limit is lead to considerable strength reduction of AAS stone.
The optimum concentration for sodium activator is 2,5 mol/l,
for the potassium activator is — 1,76 mol/l. Moreover,
strength of the patterns based on the solution with optimum
concentration of KOH is 27% higher than patterns based on
the NaOH solution.

This difference may be cause by different effects of K*
and Na™ on the structure of water. Sodium ion has a strong
orienting influence on the molecules of water, i. e. it has a
positive hydration. Potassium has a minimal effect on the first
sphere of water molecules as compared with sodium, which is

N
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T T T
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o
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Bpewms TBepaeHus, cyt
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Puc. 1. MNpoYHOCTb LUNAKOLLENOYHOrO KaMHsl B 3aBUCMMOCTU OT BMAa u
KonunyecTea aktuemaatopa: 7 — NaOH; 2 - KOH

Fig. 1. Compressive strength of the AAS samples as a function of activator
type and solution concentration: 7 — NaOH; 2 — KOH
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I'PaHMIIBLI TIOJTHOM TUAPATAIIMY IIPOYHOCTD IITAKOIIEIOUHO-
IO KaMH$I 3HAUUTEIbHO YMEHbIIIAETCSI.

OnTuMaabHas KOHLUEHTpalus 1Sl HATPUEeBOTO aKTUBH-
3aTopa COCTaBjsieT 2,5 MOJb/1, [Js1 KaJueBOro —
1,76 monb/n. [TpndyeM IpOYHOCTH 0Opa3IIOB HAa OCHOBE pac-
tBopa KOH mpy onTtumanibpHOM KOHIIeHTpauuu Ha 27%
BBIIIIE, YeM Ha ocHOBe pacTtBopa NaOH.

Takoe paznnure MOXeT ObITh BBI3BAHO Pa3IUYHbBIM B~
auueM K* u Na* Ha ctpykTypy Bonsl. MoH HaTpus obnaga-
€T CWIbHBIM OPUEHTUPYIOIIUM JEHCTBUEM Ha MOJEKYJIbI
BOJIbI, T. €. 00JIaaeT MOJIOXUTEIbHOI TuapaTauueit. Kanuit
OKa3bIBaeT MEHbIIIee OPUEHTHUPYIOIee NeiCTBUE Ha MOJIe-
KYJIBI BOZBI TIEPBOI Chephl IO CPAaBHEHMIO C HATPHUEM, YTO
00YCJIOBJIEHO yIalleHHeM BOAbI OT KaTMoHa. boJiblioil noH
K" BbI3bIBaeT yBeIMYEHHUE MTOABHKHOCTH MOJIEKYJT BOABI IO
CPaBHEHMUIO C YMCTOM BOMOM. DTO SIBJIECHME HA3bIBAE€TCS OT-
punaTenbHO# ruaparauueit. B atom ciyyae KOH no ompe-
JIeJICHHON KOHIICHTPALIMU UTPaeT IO OTHOIIEHMIO K «CBO-
0omHOI» BOAE KaK ObI pOJIb IOBBIIIEHHON TeMIIEpaTyphl,
«IIpeapaspyliiasi» ee CTPYKTypy.

KuHeTnka Habopa MPOYHOCTH BSIKYIIETO MpeacTaBIeHa
Ha puC. 2, OTKY/a CJIEyeT, UTO B TEYEHUE MEePBBIX 7 CYT CKO-
pocTh Habopa MPOYHOCTH OOPa3IIOB Ha KAJIMEBOM aKTHUBU-
3aTope 3HAYMTENbHO BhIlIE, YeM Ha HaTpueBOM. BeposiTHO,
5TO BBI3BAHO 00Jiee BBICOKON TMOIBMKHOCTBIO MOJIEKYJT
Boabl B pactBope KOH 1 cOOTBETCTBEHHO CKOPOCTHIO ITepe-
MemieHuss noHos K¥ u OH’, urpamomux onpeiensionyio
pOJIb Ha paHHUX 3Tallax ruapartaluu [8], rue uCKIoYnuTeIb-
HO BaXKHO€ 3HaY€HKEe UMeeT 00pa30BaHUe HAHOAUCTIEPCHOM
cucteMbl. IMEHHO Ha 3TOM 3Talle THApaTallii 00pa3yroTCst
YacTMIBl HAaAMOJIEKYJSIPHOTO YPOBHSI JTHMCIIEPCHOCTHU
(1—5 HM), cocTosILIME HE MEHEe YeM 13 TPeX dJIEMEHTapHbIX
s;yeek M obnamaiolye CBoWcTBaMM ha3bl, KOTOpbIE BIO-
CJIEICTBUY TIPEBPAIIAIOTCSI B MAKPOCTPYKTYPHBIC.

Jns monyyeHus: BBICOKOIPOYHOTO IUIAKOIIEJIOYHOTO
KaMHsI HEOOXOAMMO, YTOObI B HaYaJIbHOW CTaJuW B3aMO-
NIEMCTBUSI ¢ MIOHAMU KaJIbLIMSI KPEMHHUEBasl KUCI0Ta Haxo-
JIWJIach B AMCCOLIMMPOBAHHOM COCTOSIHUM, a TTOJIMMEpU3a-
LIMS1 KPEMHEKMCJIOPOAHBIX aHUOHOB MIPOMCXOANIIA MTO3THEE
— B NepuojA OObEOIUHEHUS 3apOAbIIIell THIPOCUIUKATOB
kaneuus. [Tocnemytomiast Hu3KoTeMreparypHas oJuMepu-
3aums B cucteme MeO—(Al—-Si)O, npuBoouT K obpa3zoBa-
HUIO IIEOJUTOBBIX (a3 ¢ HAHOPA3MEPHON BEIUUYMHON KpPH-
CTAJJTUTOB, @ HaHOpa3MepHblEe YACTUIIbI TMAPOCUIMKATOB
KaJIbLIMST UTPAIOT POJIb IEHTPOB KpUCTAJUIM3aLUH [ 3].

Bojiee BbIcOKasi KOHEYHasi TPOYHOCTh 00pa31oB, 3aTBO-
peHHbix pactBopoM KOH, ckopee Bcero siBisieTcst ciiefi-
CTBUEM CTPYKTYPHBIX Pa3u4vii B 3aTBepICBIIEM KaMHE.
Kaxnprii n3 menoynsix KatnoHOB (Na, K) 1erko pacrBopsi-
€TCsl B BOoJie M 0e3 TpyJda BHeIpsieTCsl B TPOJAYKTHI IMapara-
uu 1aka. [Ipu aToM u3MeHsieTcst MopdoJIOTHs TeJist TUI-
pocunrkara Kanblus (C—S—H) ¢ 6ecriopsinouHoii Ha 1ia-
cruHYaryto. [lracTuHYaThie MPOAYKTHI IMApATALIN OJIOKH-
PYIOT KalnwuISIpHbIE MOPbI TTPY 3HAYUTETbHO O0Jiee HU3KOMH
CTETICHU TUIpaTalvi, YeM 3TO HabJogaeTcs Uil TMPOAyK-
TOB T'MApaTallly IpU 0€CIIOPSI0YHOI MOP(HOJIOTUU, UYTO CO-
MPOBOXIAETCSI POCTOM MPOYHOCTU. [1py 3TOM MPOAYKT TH-
JpaTallii C MEHbIIUM MOJISIPHBIM OOBEMOM MOXET O0Y-
CJIOBJIMBAaTh MEHBIIYIO MPOYHOCTb, YTO HAOJIOMAETCS JUIS
CHUCTeM, TIOJIyUeHHBIX ¢ ucroib3oBaHueM NaOH [15].

Ha ocHoBaHMM M3JI0XXEHHOTO MOXHO 3aKJIIOUYMTh, YTO
omnpenesioniee 3HaYeHUE JIsT IeCTPYKIIUH aJTIOMOCUINKAT-
HOW CTPYKTYPHI 1IlJIJaKa UMEeT pa3pblB KOBAJIEHTHBIX CBSI3ei
—Si—0—-Si—, —Si—0—Al—, —Al-O—Al- 3a c4eT KOMIUIEK-
coobpazoBanus ¢ OH™. CTpyKTypHbIe pa3jInuus XXUIKOCTH
3aTBOpeHMs, BhI3BaHHBIe MoHamMu K™ u Na®, sausior Ha
CKOPOCTb BBIBOJIA TTPOJAYKTOB AECTPYKIIUN M3 PEaKIIMU U CO-
OTBETCTBEHHO Ha KMHETHMKY IMapaTaiuu nuiaka. [Ipyu atom
HCMOJIb30BaHWE KaJIMEBbIX aKTUBU3AaTOPOB IMO3BOJISIET IMO-
BBICUTh KaK CKOPOCTh Ha0Opa, TaK U KOHEYHYIO ITPOYHOCTh
LUTAKOUIEJIOYHOTO KaMHSI.

25
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Puc. 2. KuHeTuka Habopa NPOYHOCTU BSIXKYLLErOo Mpuv TBEPAEHUU B
HOPMasIbHO-BNAXHOCTHbIX ycnosusix: 1 — NaOH; 2 — KOH

Fig. 2. Kinetics of curing the binder hardening in normal humidity conditions:
1 - NaOH; 2 - KOH

caused by the removal of water from the cation. Big K* ion
causes an increase in the mobility of water molecules in com-
parison to pure water. This phenomenon is called negative
hydration. In this case, relative to «free» water , KOH until
defined concentration plays role of elevated temperature and
prefractures its structure.

Kinetics of curing the binder is shown in Fig. 2. It can
be seen that during the first 7 days strength development
rate of the samples on potassium activator is significantly
higher than on the sodium activator. Probably this is cause
the higher mobility of water molecules in a solution of
KOH and thus, the speed of movement of ions K* and
OH’, which play a crucial role in the early stages of hydra-
tion [8], when formation of nanosystem is very important.
At this stage the particles of supramolecular hydration
level of dispersion (1—5 nm) consisting of at least three
unit cells and having the properties of the phase are
formed. These particles will be convert subsequently in
macrostructural.

For obtaining of high-strength AAS stone it is necessary
to being of'silicic acid in a dissociated state during initial stage
of'its interaction with calcium, and polymerization of silicon-
oxygen anions occurs later during the association of hydro-
silicates calcium nucleus. Follow low-temperature polymer-
ization in system MeO—(Al—Si)O, leads to the formation of
zeolite phase with nanoscale size of the crystallites, and na-
no-sized particles of calcium hydrosilicates play the role of
nucleation [3].

Higher final strength of the patterns on a base of KOH
solution is likely a consequence of the structural differences
in the hardened stone. Each of the alkaline cations (Na, K) is
readily-soluble in water and easily introduced into the slag
hydration products. With that morphology of calcium silicate
gel (CSH) is change from disordered to laminar. Laminar
hydration products block the capillary pores at a substantially
lower degree of hydration than that observed if structure is
disordered. It contributes to strength increasing. At that hy-
dration products with a smaller molar volume can be respon-
sible for smaller strength that is observed for the systems ob-
tained using NaOH [15].

Based on the above facts it can be concluded that break-
ing covalent bonds —Si—O—Si—, —Si—O—Al—, —Al-O—Al—
by complexing with OH" is crucial for destruction of the alu-
minosilicate slag structure. Structural differences of mixing
luquid caused by ions K* and Na* affect the output speed of
the destruction products of the reaction and kinetics of slag
hydration. The use of potassium as an activator increases the
rate of set and final strength AAS stone.
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O6opynoBanme Komnanuu «Bcenyr» ycnewHo paéoraet npu npoussopctee GGG 'K KHAYD

B 2014 r. Ha 3aBoge «KHAY® runc Kanyaraii» (KasaxcTtaH)
npoBoaunach MoaepHU3aums NPOU3BOACTBEHHOW FMHUWM MO
BbIMYCKY CYXMX CTPOUTENbHLIX CMECeM Ha OCHOBE rumnca.
OCHOBHbIM NOCTaBLUMKOM 060pyAoBaHMs 6bina BeibpaHa poc-
cuiickaa MaluMHoCTpouTesibHas koMmnanus «Bcenyr». Ha 3a-
Boge 'K KHAY® B r. Kanyaran yctaHOBEH KOMMSIEKC 060-
PyOOBaHMWS, KOTOPbIN MO3BOMUI YBENNYUTL NMPOU3BOLACTBEH-
HY0 MOLLHOCTb NpegnpusaTus ¢ 15 go 20 1/4 runcosbix CCC.
CmeluvBaHMe KOMMOHEHTOB MPOM3BOAUTCA B CMecuTene
TopHano KK 300 o6bemom 3 M2, MonyasToMaTnieckas InHUS

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

YMaKOBKM CMeCel 3aMeHeHa Ha NMoSTHOCTLI0 aBTOMaTUHECKYHO
C 3anavBaHWEM KJanaHoB MeLLKOB. Takxe yCTaHOBMeHa aB-
TOMaTn4eckas NMHUSA KoMnaHum «Bcenyr» gna yknagku npo-
OYKUMM B MeLLKax Ha NOOAOHbI.

my6okas MmoaepHM3aLmMs Takxke 3aTpOoHyna CaHUTapHO-
rMrMeHNYeckKne BOMPOCHI: Ha 3aBOAE 3aMeHeHa cucTema
obecnbiMBaHus, KoTopas no3sonset 6onee 3(pHeKTUBHO
ynaenvBatb BbicokoancnepcHble Yactuubl CCC n3 Bo3gyxa.

lo marepnanam MK «Bcenyr»

(CNPOVIEIIBHBIE

14

deepans 2015 WLATERUATIL)°





