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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EFFECT OF 3d-METAL SALTS ON THE ACTIVITY
OF ECOPHOSPHATE SLAG BINDING AGENTS

Abstract. It has been established that: 3d-metals of a number of manganese are effective at low doses (2 ... 4%
by weight), over which the strength of slag stone decreases - the higher the dose, the more the strength decreases;
cations 3d”* of which are capable of receiving electrons, effectively activate HFS, while the strength of slag (cement)
stone with an addition of 2 ... 4% reaches 61 ... 97 MPa; moreover, manganese salts possess the highest strength,
characterized by increased electron-acceptor properties (72 ... 97 MPa), the least - nickel salts (60 ... 72 MPa); with
cations of copper (3 d°) and zinc (3d'%) extremely negatively affect the hardening of slag stone (21 ... 40 MPa); with
cations whose hydrates have a spatial octahedral configuration, they effectively activate HFS; if cation hydrates have
a distorted octahedral or tetrahedral configuration, then they adversely affect the hardening of slag (cement) stone.

Considering that the main elements of tobermorite gel and CSH (I) are Ca®", Si0f~ u OH (H,0), ions, we can
assume that: cations of 3d metal salts in the structure of calcium hydrosilicates replace Ca” " ions according to the
scheme Me? * T\.Ca® *; in addition, impurity ions (Me” *) in calcium hydrosilicates can be located outside structural
bonds — in voids; ions SO5~ in hydrated phases can replace silicon-oxygen radicals according to the scheme
SO3™ M Si0f~; the ions SO~ replacing groups SiXOJZ,_ in the structure of calcium hydrosilicates cannot create a
continuous series in them; the ions Cl in the structure of calcium hydrosilicates can occupy three positions: to replace
0%, OH and to be in voids.

Key words: Granulated phosphate slag, chlorides and sulfates of 3d transition metals, cations, electrons,
acceptors, donors, strength, stone, calcium silicate hydrates.

Introduction. Works [1-4] show that the most effective way to neutralize granulated phosphate slag
(hereinafter - GPS) from harmful gases (PH;, H,S, HF, etc.) and their sources are compounds of some
transition 3d metals (Mn, Cu and Fe). Besides, we suggested that: the aforementioned oxides not only
neutralize GPS, but can also activate it; the neutralizing activating ability of Mn, Cu, and Fe oxides is
associated with the presence of electron-free orbitals on the 3d-sublevel of these elements.

Based on the above considerations, we can assume the following: the third-row elements from Cr to
Zn, as well as their salts, can also have both neutralizing and activating GPS properties; the degree of their
activity should be related to the number of electrons in 3d orbitals - the less electrons in them, the greater
their activity as a neutralizer and activator.

It is known that the influence of the electron content in the 3d-sublevel of transition metals on cement
activity was studied in [5-7]. Analyzing the results obtained, it can be stated that metal additives with
electronic configuration d'’ have an adverse effect on the strength of the hardening cement paste, and with
configuration d**, vice versa, they increase the strength of the cement stone compared to the strength of
the control samples.

The adverse effect of d'° elements is due to the fact that their electrons, like donors, stop the
movement of protons and neutralize active centers of the surface of cement particles, therefore its activity
decreases or disappears. Since d*® elements, as acceptors, take electrons to empty orbitals from the surface
of clinker minerals, they help increase the activation of the latter, and thereby increase the strength of the
cement stone.

— 77—
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However, it should be noted that cement itself does not need to increase its activity by injecting such
expensive additives - there are cheaper and more effective methods for this.

To neutralize harmful gases and their sources that are part of GPS, the relevant neutralizer is a vital
measure, since it is associated with the social-environmental and environmental-economic direction of the
southern regions of Kazakhstan, and more.

Research methodology. Chlorides and sulfates of a number of manganese were used as a GPS
neutralizer, since they, as salts of strong acids, dissolve well in water, dissociating according to the
scheme: MeX—>Me* +X", where Me — 3d-metal cation, X"-SO* and CI".

An ecophosphate slag binding agent was prepared with the addition of these salts using the wet
method. GPS grinding with the addition of 2...8 % salts of 3d-metals was carried out in a vibratory mill to
a specific surface of 500 m*/kg without activating alkaline components in order to establish the degree of
activating ability of these salts depending on the number of electrons on the 3d-sublevel. 2x2x2 cm
samples were prepared from the test, which were then autoclaved at 180 °C according to the 2+8+2 hr
mode and tested for compressive strength.

Results and discussion. It is established that: 3d-metals of a number of manganese are effective at
low doses (2...4 % by weight), over which the slag stone strength decreases - the higher the dose, the
more the strength decreases; cations 3d”™* which are capable of receiving electrons, effectively activate
GPS, while the strength of slag (cement) stone with an additive of 2...4 % reaches 61...97 MPa;
moreover, manganese salts have the highest strength, characterized by increased electron-accepting
properties (72...97 MPa), the least - nickel salts (60...72 MPa); with cations of copper (3d’) and zinc
(3d"") have an extremely adverse effect on slag stone hardening (21...40 MPa); with cations whose
hydrates have a space octahedral configuration, they effectively activate GPS; if cation hydrates have a
distorted octahedral or tetrahedral configuration, then they adversely affect the hardening of slag (cement)
stone.

Moreover, the increased activating ability of 3d>® cations (elements) compared to 3d' cations
(elements) is explained by the resulting action of the following three factors:

1. In the presence of cations (elements) of 3d°®-metals, the basicity of the hardening system increases
to a greater extent as a result of an increase in the content in the liquid phase of hydroxide groups (OH)
accelerating its hydration and hardening;

2. Cations (elements) of 3d°*-metals with electron-accepting properties attract electrons from the
structure (bond) of portland cement and slag, as a result of which these bonds are lengthened (stretched);
this contributes to an increase in the coordination number of silicon and the formation of intermediate
unstable complexes, which favorably affects the hydration and hardening of hardening systems;

3. By creating =Si-O-Me" bonds, cations (elements) of 3d>*-metals interfere with the polymerization
of silicon-oxygen anions to form calcium hydrosilicate nuclei, which increases the activity of the base
portland cement and slag binders.

Thus: any additives that are electron acceptors activate portland cement and slag binders; if they are
electron donors, then such additives can be inhibitors of hydration and hardening of hardening systems;
initially, clinker minerals of portland cement (CsS, B-C,S, C;A, C4AF, etc.) and vitreous components of
granulated slag have electrodonor properties, and the aqueous medium with which they are mixed during
hydration and hardening must have electron-accepting properties in order to pull donor electrons from
these minerals and glass; this is how hydration processes occur, followed by the transformation of the
hardening system into stone.

The results obtained show that: with such a quantity, these additives in the hardening system do not
remain in a free state and do not form independent compounds (both adversely affect the properties of
cement stone, concrete and products), and will be included in the structure of tobermorite gel (C-S-H) and
submicrocrystalline CSH (I); the endoeffect in the thermogram of the tobermorite gel that arose in the
reference sample is recorded at 120 °C [8], and in the slag stone - at 140...260°C; the X-ray pattern of the
reference sample contains CSH (I) diffraction maxima with interplanar spacings d = 3.07; 2.8 and 1.83 A
[8], and on the X-ray pattern of slag stone, reflections of this phase appear at A: 3,00...3,12; 2,80...2,82
and 1,80...1,85.

Moreover: the endoeffect of the tobermorite gel on DTA shifts toward higher temperatures, which is
due to the entry of ions of 3d-metal salts into its structure; in this case, impurity ions positively affect the
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state of tobermorite gel, as a result of which its effect appears at elevated temperatures; the exo-effect of
CSH (I) on XRF shifts toward lower and higher temperatures compared to the exo-effect of the reference
sample; this indicates a weakening of its structure in the first case and strengthening in the second case
when ions of 3d-metal salts enter it; the entry of ions of 3d-metal salts into the CSH (I) structure shows
both the expansion and the narrowing of interplanar spacings in the area of analytical line 3.03 A in the
X-ray pattern; moreover, impurity ions are more localized on the (220) CSH (I) plane than on the (400)
and (040) planes.

Considering that the main elements of tobermorite gel and CSH (I) are Ca®", Si0f~ and OH (H,0)
ions, we can assume that: cations of 3d-metal salts in the calcium silicate hydrate structure replace Ca*"
ions according to the Me*"TN.Ca®" scheme; in addition, impurity ions (Me?") in calcium silicate hydrates
can be located outside structural bonds — in voids; SO3™ ions in hydrated phases can replace silicon-
oxygen radicals according to the SO3~ T4 Si0f~scheme; while SO3™ ions replacing Siin,_ groups in the
calcium silicate hydrate structure cannot create a continuous series in them; this is due to the fact that
SOﬁ_ ions have an anisodesmic structure, and SiOf‘ions have a mesodesmic structure; in addition, in
SO3™ ions, 2/3 of oxygen charge is associated with sulfur, while in Si0;~ ions only half of the oxygen
charge is associated with silicon [9]; CI ions in the calcium silicate hydrate structure can occupy three
positions: replace O*, OH and be in voids.

Summary. 1.Sulphates and chlorides of 3d-metals of a number of manganese (metals themselves and
their other compounds) used as neutralizing additives from harmful gases and their sources, that present in
the composition of granulated phosphate slag, can simultaneously activate this slag.

1. The activating ability of 3d-metal compounds (including metals themselves) depends on the
amount of electron-free 3d-orbitals. It is shown that cations (elements) of 3d”®-metals with electron-
accepting properties activate mineral binders, while cations (elements) of 3d”'°-metals, which have
predominantly electron-donating properties, can be inhibitors of hydration of hardening systems.

2. With a small amount (2...4 %) neutralizing additives do not remain in a free state and do not form
independent compounds, but enter into the structure of hydrated phases of hardening systems. At the same
time, cations of neutralizing additives in the structure of calcium hydrosilicates can mainly replace Ca*’,
anions - silicon-oxygen radicals or hydroxide groups.

Confirmation. Scientific results were obtained within self-financing of TseLSIM LLP.

3. A. EcremecoB

«eJICUM» XKIIIC — OpTanslk KYpbUTBIC MaTepHaIIaphIH CEPTUHUKATTAY
ChIHAKTaphbl 3epTXxaHacsl, Anmatel, Kazakcran

3d-METAJLJI T¥3bIHBIH O KO®OCPOKOK
TY¥TKBIP BEJICEHIJIITTHE OCEPI

AHHoTanusi. 3epTTey OaphIChIHIA MBIHAIAN yAepiCTep alKbIHIAIAbI: MapraHel] KaTapblHAaFbl a3 MeJIIIep/eri
(2...4% cammak) 3d-meranmapsl THIMAI OOJFAHIBIKTaH KOXK TACHIHBIH KATTBUIBIFBI TOMEHACWII, 103a Kem OoJFaH
caifbin  Gepiktiri oncipeit Tycemi; 3d® katmommapel JnexTpoHmapabl Kabeuimayra KaGinerti, I'®K Tmimai
oencennenaipeni, oy perre 2...4%-ra Koca Kox (IleMEHT) TachIHbIH OepikTiri 61...97 MIla xereni; COHBIMEH KaTap,
JKOFapbl 3JICKTPOHIBI-AKIICTITOPJIBIK KACHETTEep HETI3IHAE CUIATTaJIaThIH MapraHell Ty3aapbl aca oepik keneni (72...
97 MIla), eH a3sl — HuKenb Ty3bl (60...72 MIla); mbic katmonmapsl (3 d°) xone mbipsim (3d'’) KoX TachHEIH
KaTtaroblHa Tepic acep Oepemi (21...40 MIla); KeHICTIK OKTadIpHUKAIBIK KOHPHUTYpAIHsCH Oap KaTHOH THAPATTAPhI
I'®K tuimai GenceHmeHmipeni; erep KaTHOH THApATTapbl OYpMajaHFaH OKTadIPHKAIBIK HEMECe TeTPadIpHKAIIBIK
KOH(UTypalusra ue 6oica, oHaa onap Kox (IIEMEHT) TaCTapbIHBIH KaTTBUIBIFBIHA TEPIC 9CEp eTe.

3epTTey OaphIChIHIa MbIHA MOCENIEIICP Il aTal KOPCETKEH JKOH: a3 MeJepae Oepik yiieaeri Oy kocnanap 60c
KYHiHIE KaaMayMeH KaTap, aepOec KOCBUIBIC Ta KYpMan bl (OChI )KoHE 0acKaaaphl IIEMEHT Tachl, 0ETOH MeH OYIbIM
KacueTTepine Tepic acep ereni) xoHe Todepmopurti rems (C-S-H) men cyomukpokpucran CHH (I) xypsuibIMBIHA
Kipesi; 3TaloH yaTiciHae maiina 6oiaFraH TOOEpPMOPHTTI TelbAiH TepMorpaMMackiHaa 103G ekt 120°C ke3inae, an
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Kok Tacta 140...260°C Gonrannma OenrinieHelni; STalOHAB! YITiHIH peHTreHorpaMMachkiHaa d=3,07 jxa3bpIKapalbik,
kamblkTeiFbl CHH  (I) mudpakuusuiblk MakCHMyMHAH —Typanmbl: 2,8  KoHE 1,83A, all KOX TacTapblHbIH
penTrenorpammacsigga A: 3,00...3,12; 2,80...2,82 u 1,80...1,85 ke3inze ocsl (hasa kepinicTepi naiina 6onamsl.

ToGepmopurri rens men CHH (I) merisri snementrepi Ca®', Si0f~ xone OH (H,O) HOHBI eKeHiH eckepe
OTBIPBIN, KAIBIHMl THAPOCHIMKAT KYPBUTBIMBIHAAFEI 3d-MeTam Ty3bIHbIH KaTHoHbH Ca2+ monnapsina Me* TN Ca®*
cxeMachsl OOHMBIHIIA amMacThIpyFa OOJNaabl, COHBIMEH KaTap, KalbIMi THAPOCTHIMKATHIHIAFEl KOCIHAJIBl HMOHAAP
(Me*") KypBUIBIMIBIK GaiiIaHBICTaH THIC — GOC JKepiae MYMKiH; ruaparTsl dasmarsl SO~ monmap SO~ T Siof~
cb3Gachl GOMBIHIA KPEMHHI TOTBIKTHI PAMKAIIAPIbl ATMACTBIPA aajbl; COHBIMEH KaTap SO; HOHIAp KambIiHii
THUAPOCUIIUKAT KYPBUIBIMBIHIAFbI SiXOJZ,_ TONKA OpHAJACKaHAa Y3IIKCi3 Karap Ty3e aaMaipl; Kalblui
rugpocuiiukar KypbuibiMbiHIarel Cl” nonnap O2- opbiH anmactbipy, OH jxoHe 60C Kajdy CBHIHABI YII ITO3ULIUS
HeleHyi MYMKIH.

Tyiiin ce3mep: Tyiipmikrenrer ¢ochop Koxbl, 3d-eTmeni MeTalur XJIOpuAli MeH cynb(daTel, KaTHOHIAP,
ANIEKTPOHAAP, aKIENTOpIap, TOHOPIApP, OEPIKTIK, TaC, KAIBIIUI THIPOCHIHKATTAPHL.

3. A. EcremecoB

TOO «eJICUM» — LlenTpanpHas 1adopaTtopus cepTu(HUKATNOHHBIX UCIIBITAHUH
CTpOUTENBHBIX MaTepuanoB, AnmaTsl, Kazaxcran

BJUSTHUE COJIEA 3d-METAJLJIOB
HA AKTUBHOCTB OKOPOCPOIJIAKOBBIX BSIKYIIIUX

AHHOTanusi. YcTaHOBNEHO, uTo 3d-MeTamisl psaa mapranua 3(dexkTuBHB npu Manblx nos3ax (2...4 % mo
Macce), CBepX KOTOPBIX NPOYHOCTh IIITAKOBOTO KAaMHS CHIDKAETCS: 4eM OoJblle 11033, TeM OOJbIIEe CHIXKACTCS
POYHOCTH; KaTHOHBI, 3d°" KOTOPBIX CHOCOGHBI IPUHHMATH IEKTPOHBI, dhpekTuBHO akTuBU3Mpy0T ['DII, mpu
3TOM MPOYHOCTh MUIAKOBOTO (IIEMEHTHOrO) KaMmHs ¢ gobaBkod 2...4 % pocturaer 61...97 Mlla; npuuem
HauOONbIIeH NPOYHOCTHIO O00JIANAIOT MapraHlEeBble COJIM, XapaKTePHU3YHOLIHeCs IOBBIIICHHBIMH 3JEKTPOHHO-
aKIenTopHbIMK cBoWcTBamu (72...97 Mlla), HauMeHbIe — HukeneBble comu (60...72 MIla); ¢ kaTnoHaMu Menu
(3 d’) u mmnka (3d'’) upesBbIUAlHO OTPHLATENHHO BIMAIOT HA TBEpACHHE IUIakoBOro kKamus (21...40 MIla); ¢
KaTHOHaMM, THAPATHl KOTOPBIX HMEIOT TPOCTPAHCTBEHHYIO OKTa’IPHUYECKYI0 KOH(UTypanuio, 3(¢HEeKTHBHO
aktuBn3upyor '®@I; ecian ke ruapaThl KATHOHOB 00JIAAIOT MCKAXEHHOM OKTadIpUUECKOM WIIM TeTpasipuvecKoi
KOH(UTypalyen, TO OHM OTPULATENILHO BIHSIOT Ha TBEPACHHE IIUIAKOBOTO (LIEMEHTHOT0) KaMHSL.

[lokazaHo, 4TO MpU MaJlOM KOJHMYECTBE 3TH J100aBKH B TBEpPJCIOLIEH CHCTEME HE OCTalTCsS B CBOOOIHOM
COCTOSIHUM M HE 00pa3yl0T CaMOCTOSTEIbHBIX COEAWHEHMH (Te M Jpyrue HEraTuBHO MEICTBYIOT Ha CBOICTBa
[EMEHTHOTO KaMHs, OeToHa W wm3nmenuil), OyAyT BXOAWTH B CTPYKTypy ToOepmopuroBoro rens (C-S-H) u
cyomukpokpucraimmaeckoro CSH (I); armosddexr B Tepmorpamme TOOEpPMOPUTOBOTO Teisl, BO3HUKIIETO B
3TaJIOHHOM oOpasue, ¢ukcupyercs npu 120°C, a B nutakoBom kamHe — npu 140...260°C; Ha peHTreHorpamme
STAJIOHHOTO 00pasna MPUCYTCTBYIOT audpakimonHbie MakcuMyMbl CSH (I) ¢ MEKIUTOCKOCTHBIMH PacCTOSHUSMH
d=3,07; 2,8 u 1,83A, a Ha peHIreHOrpaMMe ILIAKOBOTO KaMHS MOSBIAIOTCS OTPAXKEHMS 3TOH (asbl mpu A:
3,00...3,12;2,80...2,82 n 1,80...1,85.

VUHTHIBAS, 4TO OCHOBHBIMH 3JIeMeHTaMi ToGepMopuToBoro rens u CSH (I) spmsores nonst Ca®’, Si0f~ nu OH
(H,0), MOXHO JOITyCTUTh, YTO KATHOHBI coiell 3d-MeTaluioB B CTPYKTYpe THAPOCHIMKATOB KANBIUS 3aMEIA0T
nousl Ca”" mo cxeme Me” TV Ca®"; kpome Toro, mpumecubie mons (Me®") B rHAPOCHIMKATAX KANbIUS MOTYT
HaxOJUTbCSl BHE CTPYKTYPHBIX CBsI3€l — B IIyCTOTax; HOHBI SOi_ B THIpaTHBIX (hazax MOTYT 3amellarhb
KPEMHEKUCIIOPOJHbIE PaJUKaibl IO CXEME SOZ_'N« SiOf™; mpu STOM HOHBI SOﬁ_ , 3aMelasl TpyIIbl SiXOf,_ B
CTPYKType THIAPOCWIMKATOB KalbLUs, HE MOTYT CO3JaBaThb B HHUX HENpephIBHBINA psa; umoHbl Cl° B cTpyKType
THJPOCHITHKATOB KAl MOTYT 3aHUMATh TPU MO3uIuH: 3aMemmnath OF, OH 1 HaxoaUThCs B ITyCTOTAX.

KiroueBble cjI0Ba: TpaHyIUPOBAaHHBIN (OCHOPHBIN MUTAK, XJIOPHIH U CyiIb(aTel 3d-TepexoIHBIX METAIIOB,
KaTHOHBI, SJIEKTPOHBI, aKIETITOPbI, JOHOPHI, IPOYHOCTH, KAMEHb, THAPOCHIMKATHI KaJIbIIUI.
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