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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BunManue biarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HallPaBJIEHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxa3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa3oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JitoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IleMy —Ipo(eccHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY MIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. J{iis moa/iep KKy TaJaHTIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo momomM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAINWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAHUM OyIyIIMX MOKOJEHHH KazaxcTaHueB. [lpu mognepxkke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO OOy4YEeHUIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BochkMH obnacteil Kazaxcrana, urto
JIOJKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heob6xonumyto momors @oHx «Xalblk» OKa3blBaeT U TeM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. The intensive development of industry at the present stage of human
development, the increase in product quality requirements, the intensification of techno-
logical processes, the transition to resource-saving production is inextricably linked with
the activation of technological processes. Activation involves a decrease in the energy bar-
rier of the reaction caused by a certain effect on the molecules involved in the elementary
act of interaction. The methods of activation of molecules are very diverse, but all existing
methods, first of all, have such an effect on the electron-nuclear structure of the molecule,
as a result of which the molecule is rearranged energetically in the most advantageous way
for further transformation. Research in the field of obtaining import-substituting flotation
reagents, namely, foaming agents, the study of a complex of chemical and physico-chem-
ical properties, their use for flotation enrichment of copper-containing ores are relevant.
The relevance is due to the need for further development of energy- and resource-saving
technologies using activation methods to intensify technological processes. Granulated
blast furnace slags, blast furnace and steelmaking slag were selected as objects of research.
The article discusses waste recycling methods and technologies, as well as analyzes their
potential for use in the production of a clinker-free binder. The authors of the article con-
duct experiments and research to determine the optimal conditions and parameters of the
waste recycling process in order to obtain a high-quality product. As a result of research
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on activation technology in order to obtain a clinker-free binder, compositions based on
blast-furnace granular slags have been developed, which are characterized by strength
grades from M50 to M300. The maximum limit limits of the number of activators are not
more than 26-32 %. Compositions for road construction have been tested using developed
clinker-free binders. The resulting clinker-free binder has the necessary physico-chemical
properties for use in the construction industry. Its use makes it possible to reduce the neg-
ative impact on the environment and reduce dependence on the use of natural resources.
In general, this article represents an important contribution in the field of man-made waste
recycling and the development of environmentally sustainable materials for the construc-
tion industry. The results of the study can be used in further research and development in
this area and are useful for the development of effective waste disposal methods and the
creation of environmentally friendly materials for the construction industry.

Keywords: slag, activation technology, construction materials, mineral binders,
man-made waste
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AHHOTammusa. Anam3arT JaMybIHbIH  Ka3ipri  KE3CHIHJEeri  ©HEPKICINTIH
KapKbIHJIBI JTAMYbI, OHIM calachblHa KOWBUIATHIH TaJANTAPIBIH apTybl, TEXHOJIOTHSUIBIK
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MPOLIECTEPAIH  KapKbIHABUIBIFBI, PECypcTapAbl YHEMICWUTIH eHAipicTepre Keury
TEXHOJIOTHSITBIK TPOIIECTEPIIH OeNCeH TipiTyiMeH Oipielt OaliaHpICThl eMec. AKTHBAIIUS
e3apa OpEKEeTTECy/iH KapamaiiblM aKTiCiHe KaThICaThblH MOJeKylanapra Oenrim Oip
ocep eTyAeH TYbIHJaFaH PEaKUMSHbIH SHEPreTUKAIBIK TOCKAYbUIBIHBIH TOMEHCYiH
KapacTeIpagsl. Mouekynanapasl OeNCeHIipy oicTepi oTe alyaH Typii, Oipak
OapibIK KOJIJAHBICTaFbl SAICTEp, €H alAbIMEH, MOJICKYJAHbBIH 3JICKTPOHIIBI-SAPOIBIK
KYPBUIBIMBIHA OCBIHJIAM acep eTeli, HOTHXKECIHAEe MOJIEeKyJa OJlaH api TYpJICHAIpY YIIiH
SHEPreTHKAJIBIK TYPFBIIAH €H THIM/I TYpJe KaiTa Kypbuiaabl. IMIOPTTHI amMacThIpaThlH
(droTopeareHTTepAl, aTam alTKaHAa KOOIK TY3TIIITEpJi ally CalachIHIAFBI 3epTTeyIep,
XMMUSUIBIK KOHE (PU3MKa-XUMUSUIBIK KaCHETTEp KEIICHIH 3epTTey, ojlapAbl KYpaMbIHAA
MbIC 0ap KeHJepi (IOTanUsIbIK OalbITy YIIiH MaiifanaHy ©3eKTi OO TaObLIAIBI.
O3eKTiNrT TEXHOIOTHSUIBIK TPOIeCTep/li KapKbIHIATYABIH aKTHBTEHIIPY oJiCTepiH
KOJIJaHa OTBIPBII, 3HEPTHsl, pecypc YHEMACHTIH TEXHOJOTHsUIapAbl OJaH 9pi AaMBITY
KaXETTUIriHe OalIaHbICThl. 3epTTey HbICAaHAAPHI PETiHAe TYHIPIIIKTI JOMHA KOXKAApBhI,
JOMHa Telli oHe 0oiar OanKbITy KOKAAapbl ajblHIbl. Makaiaga KalabIKTapAbl KaiTa
OHJICY o/iCTepl MEH TEXHOJOTUSUIIAPHI, COHBIMEH KaTap OJap/AblH KJIMHKEPCi3 TYTKBIP
OHJIIpicTe TMaimamaHy MYMKIHZIITT KapacThIpbUIaIbl. ABTOpJapMEH camaiibl OHIM aiy
YIIiH KaiiTa eHJeY MPOIECIHIH OHTAMIBI MIAPTTAPhl MEH MapaMeTpiiepiH aHbIKTAy YIIIiH
9KCHEPUMEHTTEP MEH 3epTTeysep JKYPri3iiai. AKTUBTEHAIPY TEXHOJOTHSCHIH 3€pPTTEY
HOTIDKECIHE KITMHKEPCi3 TYTKBIP 3aT airy MakcaTbiHa OepikTiri M50-nen M300-re neitinri
MapKaJlapMEeH CUTATTaJaThlH JOMEHIIK TYHIpIIIiKTI KOXKJIap HEri3iHae KOMIO3HIUsIap
JKacanapl. AKTUBaTOpaap CaHbIHbIH 26—32 % - HaH acmaWTBhIH €H KOFaphl HICKapalbIK
nIeKkTepi Oenrinenai. ©31ipJAeHreH KINMHKEPCi3 0alIaHbICTBIPFBIITAP/bI KOJIIaHa OTHIPBII,
KOJI KYPBUIBICBIHA apHAJIFAH Kypamaap CbIHAJIbl. AJIBIHFaH KIIMHKEPCi3 TYTKBIP MaTepua
KYPBUIBIC MHAYCTPHUSCHIHIA MaiijanaHy YLIH KaXeTTi (U3MKa-XUMHSUIBIK KacHEeTTepre
ne. OHBI NailaaHy KOpIIaraH OpTaFa Tepic acepAl a3alTyFa *oHe TaOuFu pecypcTapibl
naiananyra TOyeIIUTIKTI a3aliTyFa MYMKiHIIK Oepeni. Tyracrail anraHma, Oyl Makana
TEXHOTCHJIIK KaJABIKTap/bl KaiiTa eHJeY jKOHE KYPBUIBIC OHEPKACiOl YIIIH 3KOJIOTHSUIBIK
TYpaKThl MaTepHajiapibl 93ipiey cajlachlHIAFbl MaHBI3ABI yiecTi Ourmipexi. 3eprrey
HOTHXKEJIEpiH OCHlI calajarbl 9pi Kapaifbl 3epTTeyjiep MeH d3ipiemenepe KoJlaHyFa
0oMabl XKOHE KaJJIBIKTap/ bl JKOIOJBIH THIMJI OJICTEPiH JaMbITyFa JXOHE KYPBLIBIC
WHIyCTPUACHI YILIIH SKOJIOTHAJIBIK Ta3a MaTepHajiap jkacayra Mnaijasl.

Tyiiin ce3aep: Ko, aKTUBTCHIPY TEXHOJOTHsIIAPHI, KYPBUIBIC MaTepHaliaphbl,
MUHEpaJAbl OaliJIaHbICTRIPFBILITADP, TEXHOTCHAIK KaJIBIKTap
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AnHOTauMs. VHTEHCHUBHOE pa3BUTHE MPOMBIILICHHOCTH HA COBPEMEHHOM
JTarie pa3BUTHUSl YEJIOBEUSCTBA, IIOBBINICHHE TPEOOBaHHWN K KadeCTBY MPOJYKIIHIA,
WHTCHCU(UKAIIUS TEXHOJOTUYECKHX IPOIIECCOB, MEPEeX0J] Ha pecypcocOeperaroime
MPOU3BOJACTBA HEPA3PBHIBHO CBS3aHBI C AKTUBAIMECH TEXHOJOTUYECKUX MPOILIECCOB.
AKTHBaIUs IPEAyCMaTPUBAET CHUKCHUE YHEPIETHUECKOT0 Oaphepa peakiluu, BEI3BAHHOE
ONpECICHHBIM BO3JICHCTBUEM Ha MOJICKYJIbI, YYaCTBYIOIIHE B JJICMEHTAPHOM aKTe
B3auMoielicTBusl. CrocoObl aKTHBAallUM MOJICKYJl BeChbMa pa3HOOOpa3Hbl, HO BCE
CyIIECTBYIOIINE METOMBI, MPEKAE BCErO, OKA3bIBAIOT TAKOC BIHUSHUE HA DJIEKTPOHHO-
SIICPHYIO CTPYKTYpPY MOJICKYJBI, B pe3yJbTaTe KOTOPOTO MOJEKyJa MepecTpanBacTCs
SHEPreTHYECKH HauOoJiee BBITOAHBIM 00pa3oM il  JAJIbHEHIIIEr0 IPEBPAILICHHUS.
HccnenoBanus B 00JacTH NOAYYCHHSI UMIIOPTO3aMENIAOIINX (DIIOTOPEAreHTOB, 8 UMEHHO
NeHO0Opa3oBareiell, N3y4eHHe KOMIUICKCa XUMHUSCKUAX U (PU3UKO-XUMUYECKHUX CBOWCTB,
WCTIOJIh30BaHUE WX I (PIOTAIMOHHOTO OOOTAICHHS MEIbCOJCPIKAIIUX DY/ SBISFOTCS
aKTyaJbHBIMU. AKTYaJIbHOCTh OOYCJIOBJICHAa HEOOXOIAMMOCTHIO JIaJbHEHIIETO Pa3BHTHUS
3HEPro-, pecypcocOeperaroix TEXHOJIOTHH ¢ HUCIOIb30BAHHEM AKTUBAI[MOHHBIX CIIO-
cO00OB MHTCHCU(UKAIIMU TEXHOJOTHYECKHUX IMporeccoB. OObEKTaMU HCCIICIOBAHUN BhI-
OpaHbl T'paHYIHPOBAHHBIC JOMEHHbBIC IIIJIAKH, JIOMEHHBIH W CTAJICTUIABHIIBHBINA ILIAK.
B crathe paccMaTpHBarOTCS METOJBI U TEXHOJOTHH TEpepabOTKH OTXOJIOB, a TaKXKe
AHAJIM3UPYETCS WX IMOTCHIUAN JIJISl UCIOJB30BAHUS B TPOM3BOJICTBE OE3KIMHKEPHOTO
BSDKYIIET0. ABTOPBI CTAThH MMPOBOJISIT SKCIIEPUMEHTBI U HCCIICIOBAHHUSI, YTOOBI OIIPE/ICIIUTh
ONTHUMAJIBHBIC YCJOBHS M IapaMeTphl IMpolecca NepepabOTKH OTXOJO0B C IEIbI0
MOJIyYCHHs] KaueCTBEHHOT'O NpOAykTa. B pesynbrare uccieqoBaHUil aKTHUBAIMOHHON
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TEXHOJIOTHH C LEJbI0 IOJMY4YEeHUS! OC3KIMHKEPHOTO BSIKYILEIO pa3paboTaHbl COCTABBI
Ha OCHOBE JOMEHHBIX TI'DaHYJIMPOBAaHHBIX IUIAKOB, KOTOpPBIE XapaKTEpU3YIOTCS
Mapkamu 1o npoqHoct oT M50 mo M300. YcraHOBIEHB! MakCHMallbHbIE TPaHUUYHBIC
npezesnsl KOJMYecTBa akTUBU3aTOpoB He Oosee 26—32 %. OnpoOupoBaHbl COCTABbI IS
JOPOXKHOTO CTPOUTEIBCTBA C IPUMEHEHUEM Pa3pabOTaHHBIX OC3KIMHKEPHBIX BSIKYIIHX.
[Tomy4yeHHbIN OE3KIMHKEPHBIA BSOKYIIMH MaTepuan o0jagaeT HeoOXOIUMBIMH (PHU3HKO-
XMMUYECKUMH CBOMCTBAMH Ul WCIHOJB30BAaHHS B CTPOUTEIBHOW IPOMBIIIJICHHOCTH.
Ero wncnonb3oBaHMe TO3BOJISICT CHU3UTH HETaTHBHOE BO3JCHCTBHE HA OKPYXKAIOLIYIO
Cpeay M YMEHBUINTH 3aBUCHMOCTh OT HCIIOJB30BAHUSI NPUPOJIHBIX pecypcoB. B memom,
JlaHHAsl CcTaThi NPEACTAaBIISCT BAXKHBIM BKJIAaZ B 00JacTu mepepabOTKH TEXHOTEHHBIX
OTXO/I0B U Pa3pabOTKH 3KOJOIMYECKH YCTOMUMBBIX MAaTEpHUANOB Uil CTPOMTEIbHON
MPOMBIIIIEHHOCTH. Pe3ynbTaThl nccie10BaHus MOTYT OBITh HCIIOIb30BaHbI B JaIbHEHIINX
HCCIIeIOBaHUAX 1 pa3pabOTKax B JaHHOHM 00J1acTH U IOJIC3HBI 17151 pa3BUTHUS 3()(HEKTUBHBIX
METOAOB YTWJIM3ALMH OTXOZOB M CO3JaHUSl HKOJOTMYECKH YHMCTBIX MaTepHasioB JUIs
CTPOUTENLHON OTpaciy.

KnoueBble cjoBa: [UIaK, aKTUBAllMOHHBIE TEXHOJIOTUHM, CTPOUTEIIbHbIC
MaTepHajbl, MUHEPAIbHbBIC BSKYIINE, TEXHOTCHHBIE OTXO/IbI

Introduction

High quality construction materials production and its energy consumption reduc-
tion nowadays are not possible without special intentional processing and forcing natural
and man-made raw materials characteristics to meet technology requirements. This is es-
pecially important in the presence of quality raw materials deposits reduction and increas-
ing anthropogenic impact on environment while forming man-made deposits of newly
appearing waste materials.

Contemporary construction materials production requires deeper and deeper min-
eral raw materials processing and more complete and efficient use. In order to achieve
these goals, developed countries use activation technologies which create prospects for
better complex and rational use of mineral resources, stockpiled mineral raw materials
recycling and reduction of industrial waste negative impact on the environment.

Activation by grinding is now widely used for solving issues of mineral resources’
complex use and reduction of industrial waste negative impact on the environment. In this
regard, its use is promising in terms of industrial waste disposal and elimination while
obtaining materials with required properties (Soliman, 2020: 10235-10253; Rybak, 2021:
739-741; Marco, 2022: 20-26; Sathya, 2022: 1-27; Matindel, 2018: 215-222).

This article provides results of studies on rational use of metallurgical slags from
JSC Qarmet Temirtau as materials for producing clinker-free binders using activation tech-
nologies.

Methods

Granulated blast furnace slags, blast furnace and steelmaking slag were chosen to
be study objects.

International standards establish three main standards for slag cements:

- slag portland cement containing portland cement clinker and granulated blast
furnace slag;

- sulphate-slag cement mainly consisting of 75 % blast furnace slag with calcium
sulphate and maximum 5 % lime, portland cement clinker or portland cement;

- lime-slag binders consisting of 70-90 % blast furnace slag and 10-30 % lime.
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Slag portland cements are divided into three groups depending on slag content
(Table 1).

Table 1
Slag portland cement groups depending on slag content

Slag portland cement groups depending on slag content, %
Group 1 (<35) Group 2 (35-80) Group 3 (>85)
Slag content 35 36-80 85

Fine ground granulated slag does not always stiffen after mixing it with water, so
special additives - activators - are necessary to reveal its binding hydraulic properties.

Slag suitability for obtaining binder depends primarily on its reactive ability as
well as grinding fineness, water content and unwanted components, especially chlorides.

Reactive ability depends on bulk chemical composition, glass content and grinding
fineness, although content and glass percentage mutual connection is a complicated issue.

Multiple attempts were made to evaluate slags according to modules calculated
based on bulk chemical composition. The module (CaO+MgO+AlL 0,)/Si0, is one of the
easiest and most widely used of them. Minimal value of this ratio (for example, ratio
equals to 1) is added to national standards in many countries. This module and some oth-
ers reflect the fact that hydraulic activity is favored by main composition, but none of the
suggested modules allows to compare slags in details, except for the slags relatively close
in their composition and produced at the same facility.

Authors of studies (Mugahed, 2021: 121-125; Mica, 2023: 1-15; Andres, 2023:
1854—-1861) considered different criteria suggested for slag evaluation. One of them (pre-
viously used in German standards) was used by Parker and Nurse to calculate activity of
slag for usig in slag portland cement production in advance:

Slag portland cements

M= CaO + MgO+1/3 ALO, / Si0,+2/3A1L,0,>1.0 (1)

Chemical components in this formula are expressed in percentage by weight, and
for CaO there is correction for Ca present in form of CS.

Slag activity is defined by its chemical composition including up to 30 element
(primary of those being CaO, MgO, SiO,, Al,O,, FeO, MnO) and their mineralogical com-
position (Bullard, 2011: 1208-1223; Sato, 2011: 33-43; Richardson, 2010: 223-248).
Slags with sufficient hydraulic activity characterized by basicity module Mo and activity
module Ma, containing enough glass of helenite-melilite, wollastonite and aluminosilicate
compositions are the most applicable in binding materials production. Chemical composi-
tion of active slags is given in Table Tabmute 2.

Table 2
Chemical composition of active slags

CaO S MnO ALO MgO

273

over | no more than under no less than | no less than
40 % 4-5% 2% 9% 4-10 %
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Basic slags (basicity module over 1) show hydraulic activity at high alumina con-
tent and manganese oxide not higher than 5 %. Acidic slags (basicity module under 1)
show enough activity at basicity module at least 0.65 and activity module at least 0.33 and
manganese oxide not higher than 4 %.

To reveal and strengthen slags hydraulic abilities, alkaline-containing solidifica-
tion activators should be added to them; their working principle is to saturate water solu-
tion during slag hydration with Ca**, OH", SO,* ions, creating conditions for alkaline and
sulphate activation of slag glass. Thus, low-basic calcium hydrosilicates are formed, which
are the main product of granulated slag hydration and hydrolisys in presence of alkaline
activator. Low-basic calcium hydrosilicates after complete compacting have strength pa-
rameters close to those of crystalhydrate new formations obtained after cements hydration
and hydrolysis, and even exceed them in terms of deformation parameters as strength
of bonds formed through compaction is lower than strength of crystallization contacts
through coalescence.

Another important parameter of slags influencing their usability as construction
materials is their disintegration property. There are lime, silicate and sulphide disintegra-
tion. Slag structure is considered to be resistant to lime disintegration if its calcium oxide
is equal or below critical value defined according to the formula:

Ca0 <0.92 SiO, + ALO, + 0.2 MgO, )

Silicate disintegration occurs due to the fact that during crystallization slag oxides
form dicalcium silicate 2Ca0Si0,. It depends, firstly, on lime amount and, secondly, on
initial slag temperature when it is quickly cooled down. Even though there is no straight
interconnection between these two factors and disintegration, for practical purposes it is
considered that slags with over 45 % lime are prone to disintegration and those with under
45 % lime are resistant. However, positive impact of alumina presence on stability should
be considered. At alumina percentage about 18 % slag is resistant to disintegration even if
it has over 50 % CaO. Magnesia presence also increases slag resistance. When MgO rises
from 5 to 15 %, resistance rises. Structure resistance increase in presence of alumina and
magnesia is explained by chemical reactions causing formation of helenite — 2CaOAl O-
,510, and okermanite — 2CaOMgO,Si0,, which include large amount of calcium oxide.
This, in its turn, creates conditions for reduction of dicalcium silicate. It should be noted
that these reactions promote increase of slag resistance against lime disintegration as well.

Sulphide disintegration is seen in slags containing significant amount of iron sul-
phides or manganese sulphides. During sulphides’ interaction with water the substance
volume increases by up to 38 %, which leads to slag cracking and destruction. At iron or
manganese content over 2 % (calculated into FeO or MnO) slag is considered unstable.

To estimate possibilities of using metallurgical slags from JSC Qarmet in clin-
ker-free binder obtaining technology, their chemical and mineralogical composition were
studied.

Provided results of converter slag chemical-mineralogical composition defining
characterize it as basic ferriferous slag Mo=4,21; FeO>5 % with minor activity module
Ma=0.13, high manganese oxide 3.98 % unstable throughout production years — variation
coefficient 33.27 % and low content of Al,O, 1.39 %, which classifies it as a slag without
prominent hydraulic activity; this is also suggested by mineralogical composition, where
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active minerals are absent. According to mineralogical composition, converter slag most-
ly consists of periclase, manganosite. It was studied that the best applicable for binders’
production are the slags containing significant amount of glass of helenite-melilite, wol-
lastonite and aluminosilicate compositions.

Chemical composition of converter slag shows its tendency to various disintegra-
tions. Slag estimative ability for lime disintegration for converter slag is expressed in the
following values:

CaO = 42.56
0.92 Si0, +ALO, +0.2 MgO, = 12.53 3)

Thus, calcium oxide content largely exceeds total amount of other main compo-
nents.

Presence of iron oxide 19.33 % and manganese oxide 3.98 % in converter slag
significantly exceed appropriate value of 2 % providing slag resistance against sulphide
disintegration, and low share of alumina — 1.39 % - at relatively high share of CaO - 42
% - shows its tendency to silicate disintegration as well.

Table 3 shows contents of chemical elements in blast furnace slag providing its
resistance against various sorts of disintegration.

Table 3
Chemical elements in BF slag providing its disintegration resistance

Type of .dlsmte- Main conditions of disintegration Chemical element‘s in slallg providing disin-
gration tegration resistance
Lime Ca0 <0.928i0, + AL,O, + 0.2 MgO, 39.3 % <49.24 %

Silicate CaO > 45 %); resistance appears at Ca0=393%
ALO, under 18 % and MgO =5 - 15 % ALO,=13.9%
MgO =9.63 %
Sulphide FeO>2% FeO=10.46 %
MnO >2 % MnO = 0.48 %

BF slag according to its chemical composition can be considered as acidic magne-
sial slag M0=0.97 %; with Mg0=9.63 %, activity module Ma=0.38, and Al,O, and MgO
within limits corresponding to slags with latent potential hydraulic activity, which is also
suggested by its mineralogical composition including minerals prone to hydrolysis and hy-
dration with formation of hydralically active compounds: helenite-melilite glass, helenite,
wollastonite.

Chemical composition of BF slag characterizes it as material not prone to various
sorts of disintegration.

Results and discussion

This part studies mineral binder’s composition based on BF production waste
materials. Mineralogical and chemical composition of granulated BF slag insignificantly
differs from portland cement clinker, i.e., difference between its component ratio and re-
quirements to clinker composition is minor.

It has now been established that portland cement clinker composition is character-
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ized by a specific ratio of CaO, SiO,, Al O,, Fe O,. In the fourth system C-A-S-F content
of these components varies within: CaO 60-67 %; SiO, 17-25 %; Al,O, 3-8 %; Fe O,
0.2-0.6 %. Such raw mixture after clinkering provides obtaining clinker of a certain miner-
alogical composition with prevalence of high-basicity calcium silicates C3S 40-75 % and
C2S 5-25 %, calcium aluminates and alumoferrites C3A 2—15 % and C4AF 5-20 %. It is
generally considered that beyond these limits some technological parameters decrease, for
example, solidification speed. This parameter is the main one for civil engineering, where
quick cement solidification is necessary for its further loading as well for providing form
reuse.

Road construction, unlike general civil engineering, has its own peculiarities in
both technological procedures of production and operative conditions, which gives a possi-
bility to change some properties of portland cement products. In particular, such condition
as relatively fast portland cement setting (2—4 hours), which reduces material workability,
especially at large amounts of construction work of establishing cast-in-situ cement con-
crete pavements. Fast cement concrete solidification with significant heat emission creates
conditions for internal tension appearing. This reduces concrete plate’s cracking resistance,
so in order to reduce tension, joint sawing in the plate is required. Temperature joints are
usually made every 4-6-line meters of the plate, and this, in its turn, reduces surface resis-
tance against dynamic pressure from moving vehicles.

Construction process parameters are mainly set by properties of used mineral
binders, including portland cements. Properties and speed of clinker minerals hydration
are defined by C3S, C2S, C3A and C4AF contents, meanwhile hydration speeds of these
minerals are different. Prevalence of fast-solidified high-basicity silicates C3S, aluminates
C3A and alumoferrites C4AF in portland cement clinker (total 75-85 %) causes fast solid-
ification of ready-mixed portland cement. C2S hydration reaches 50 % only in 180 days,
which suggests slow solidification, but as its share in the mixture is low - 5-25 %, C2S
have almost no impact on portland cement solidification processes.

Slag binders (cements) which have granulated slag and activators as main com-
ponents, on the contrary, consist of slowly solidifying low-basicity silicates C2S (75-85
%), which causes their slow solidification, so they are classified as slowly solidifying in
regulatory documentation.

This way, roasting free slowly solidifying binders comply with technological and
technical requirements of road construction in terms of solidification speed. Road materials
based on them obtain high workability due to slow binder setting in 2—3 days in standard
conditions, which defines longer presence of thixotropic properties. This allows to process
material on 2—-3 km sections without quality decrease, which significantly increases road
construction efficiency.

According to study results, construction mineral binder compounds based on gran-
ulated BF slags were suggested. They are characterized by their strength grades from M50
to M300, reached at 90 days’ exposure. Depending on binder production method, max-
imum limits of used activators amounts were established. This way, at granulated slag
mixing with lime or lime-containing waste material maximum number of activators is no
more than 26 % or 32 %, respectively.

During mixing ground granulated slag with cement dust, lime, lime-containing
waste material and soda-alkaline fusion, maximum number of activators is no more than
28 %, 22 %, 26 % and 12 %, respectively.
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In binders obtaining by simultaneous grinding of granulated BF slag and activa-
tors, maximum amount of the latter is: for cement dust - no more than 22 %, for lime - no
more than 20 %, for lime-containing waste material - no more than 24 %. It was defined
based on comparing increase of binder strength and amount of used activator. If given
activators are used in amounts exceeding these limits, at first there is strength value stabi-
lization, and then it falls.

As a result, mineral binder compounds with Portland cement, corresponding to
strength grades from M100 to M350, and ones with cement clinker, corresponding to
strength grades from M200 to M300, were suggested for road construction. Activators
share in these binders does not exceed 50 %.

Also, clinker-free binder compounds obtained by simultaneous grinding of granu-
lated BF slag and cement clinker at higher share of the latter were developed. Study results
are given in Table 4.

Table 4
Binder compounds based on granulated BF slag and cement clinker (simultaneous grinding)

Simultaneous grinding of
components Binder activity, | Binder grade at
Granulated BF Cement MPa, 28 days 28 days

slag, % clinker, %
40-45 55-60 25-27 250
25-35 65-75 30-35 300
20-25 75-80 35-40 350
15-20 80-85 40-41 400

Data in Table 4 suggest that in case of cement clinker share increase, binder activ-
ity increases from 25 to 41 MPa and binder grade increases respectively from 250 to 400
at the age of 28 days.

Research of binder making methods was caused by necessity of mineral binders
technological parameters improvement with lowest costs. Results of studying binder mak-
ing method impact (mixing method or simultaneous grinding of components) are given as
graphic dependencies in Figures 1-3.

Figure 2 shows dependency of clinker-free binder with portland cement activator
depending on granulated slag specific surface area. At the same share of portland cement
binders with larger specific surface area 3000 cm?/g show higher activity. Binder activity
values at portland cement share of 40 % are 38 MPa (1) and 25 MPa (2). This dependency
remains while using lime (Figure 1) and cement dust (Figure 2) as activators.
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Figure 3 - Change of binder activity with cement dust as activator depending on binder making method

Shown data suggest that without strength change, activator share in binder can
be reduced by 30 % for the account of granulated slag specific surface area increase by
grinding to level of ready-mixed mineral binders and by 40 % for the account of binder
components’ simultaneous grinding instead of preparing them by mechanical mixing. With
the same activators share in the binder, BF slag specific surface area increase and simul-
taneous components’ grinding provide binder activity increase by 30-35 % respectively.

Conclusion

This way, optimal technology of making binders based on granulated BF slag is si-
multaneous grinding of components, which allows to minimize use of activator additives,
maximize use of slag hydraulic properties and obtain mineral binders for road construction
with high strength parameters.

Developed mineral binder compounds based on granulated BF slag are character-
ized by wide range of strength parameters provided by both used activators and methods
of binder making. This allows to use clinker-free binder for establishing all the layers
of pavement. Besides, granulated slag can be used as a raw material for making mineral
powder used in asphalt mix making for improvement of grain composition and increase of
bitumen-concrete physical-mechanical properties.

Use of granulated slag in these areas requires its application as a powder, which
makes its grinding a necessity. Granulated slag grinding can be done at any grinding equip-
ment, providing slag powder with specific surface area of at least 3000 cm?/g at minimal
expenses. The most common are ball mills used at cement plants for cement clinker grind-
ing in cement production.
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