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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 3d58 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 d9 and zinc (3d10) 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 () are Ca2+, SiO4- n OH-(H20), ions, we can
assume that: cations of 3d metal salts in the structure of calcium hydrosilicates replace Ca2+ ions according to the
scheme Me2+t ~Ca2+; in addition, impurity ions (Me2+) in calcium hydrosilicates can be located outside structural
bonds — in voids; ions SO\~ in hydrated phases can replace silicon-oxygen radicals according to the scheme
S0 4- Si0% ; the ions SO\~ replacing groups S~O2- in the structure of calcium hydrosilicates cannot create a
continuous series in them; the ions Clin the structure of calcium hydrosilicates can occupy three positions: to replace
02-, 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 (PH3 H2S, 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 ofthese 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.

Itis known that the influence ofthe electron content in the 3d-sublevel oftransition metals on cement
activity was studied in [5-7]. Analyzing the results obtained, it can be stated that metal additives with
electronic configuration dl0have an adverse effect on the strength of the hardening cement paste, and with
configuration d2-8 vice versa, they increase the strength of the cement stone compared to the strength of
the control samples.

The adverse effect of d10 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 d28elements, 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.

177


https://doi.org/10.32014/2020.2518-170X.69
mailto:tselsim@mail.ru

N E WS ofthe Academy ofSciences ofthe Republic o fKazakhstan

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: M eX”M e2++XTI1 where Me - 3d-metal cation, Xn-SO2 and CI".

An ecophosphate slag binding agent was prepared with the addition of these salts using the wet
method. GPS grinding with the addition of2.. .8 % salts of 3d-metals was carried out in a vibratory mill to
a specific surface of 500 m2kg 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 3d58 which are capable of receiving electrons, effectively activate
GPS, while the strength of slag (cement) stone with an additive of 2 .4 9% 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 (3d9 and zinc
(3d10) 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 3d58 cations (elements) compared to 3d10 cations
(elements) is explained by the resulting action of the following three factors:

1. In the presence of cations (elements) of 3d58metals, 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 3d58metals 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 3d58metals 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 (C3S, P-C2S, C3A, 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 (1) 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 (lI) plane than on the (400)
and (040) planes.

Considering that the main elements of tobermorite gel and CSH (l) are Ca2+ Si0 |“ and OH" (H20)
ions, we can assume that: cations of 3d-metal salts in the calcium silicate hydrate structure replace Ca2+
ions according to the Me2+t~Ca2+ scheme; in addition, impurity ions (Me2+) in calcium silicate hydrates
can be located outside structural bonds — in voids; SO I*“ ions in hydrated phases can replace silicon-
oxygen radicals according to the S O \ S i 0\*“scheme; while SOI “ ions replacing SixOy~ groups in the
calcium silicate hydrate structure cannot create a continuous series in them; this is due to the fact that
S ions have an anisodesmic structure, and Si ions have a mesodesmic structure; in addition, in
SO\“ ions, 2/3 of oxygen charge is associated with sulfur, while in SiO4* ions only half of the oxygen
charge is associated with silicon [9]; Cl-ions in the calcium silicate hydrate structure can occupy three
positions: replace O2-, 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 3d58metals with electron-
accepting properties activate mineral binders, while cations (elements) of 3d9-10-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 Ca2+
anions - silicon-oxygen radicals or hydroxide groups.

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

3. A. EcTtemecoB

«Le/TCM» XKLUC - OpTanbLy, KypbiibIC MaTepuaniapbiH cepTudmkarTTay
CblHaKTapbl 3epTXaHackl, AniMatbl, KasakcTaH

3d-METANN T¥3blHbL, 9KO®POCHPOL,OX
T¥TK;blP BENCEHALWIMNWE 3CEP1

AHHOTaumna. 3epTTey 6apbicblHAa MbiHafal YaepicTep allKblHAaN4bl: MapraHew, KatapblHAarbl a3 meniiepaen
(2...4% canwvak) 3d-meTangapbl TMiMai 6onraHAbIKTaH KOX TaCbIHbIL KaTTblbIrbl TEMeHAeNA fo3a Ken 6onraH
cailblH 6epwirw 3anapeit TYcegi; 3d58 KaTMoHAapbl 3MeKTpOHAapAbl Kabbingayra kabwetn, FOK Tuimgi
6enceHpeHaipesi, 6yn pette 2..4%-ra Koca KOX (LleMeHT) TacbIHbIL, 6epxxnn 61...97 MIMa eTefL, COHbIMEH KaTap,
Korapbl 3M1eKTPOHAbI-aKLEeNToOP/bIK KacueTTep Hen3w e cunatTanaTblH MapraHew, Ty3gapbl aca 6epx kenegi (72...
97 MMa), ey asbl - HUKenb Ty3bl (60..72 MIMa); mbic kKaTuoHgapbl (3 d9 >kaHe MbIpbiw (3d10) KOX TacbIHbIL,
KaTaloblHa Tepto acep Gepegi (21...40 MIMa); KewLLCNK OKTaspuKasblK KOH(UIypaumnsacbl 6ap KaTuMoH rugpartrtapsbl
FPK Trimgi 6enceHgeHipesi; erep KaTtuoH ruapaTTapbl OypManaHraH OKTasApuKasblK Hemece TeTpasfpuKasibikK
KOH(urypauumsra ve 6osca, oHAa onap KoxX (LeMeHT) TacTapbliHbIL, KaTTblIbIFbIHA TEPIC acep eTefi.

3epTTey b6apbiCbiHAA MblHa M3cenieniepfi atan KepceTKeH XeH: a3 Menwepge 6epik Xyliegen 6yn kocnanap 6oc
KYWiHge KanmaymeH KaTap, aep6ec KocbibiC Ta KypMaiigbl (0Cbl XaHe 6acKanapbl LEEMEeHT Tachl, 6eTOH MeH Byiibim
KacueTTepiHe Tepto acep eTeal) xaHe TobepmopuTTi renb (C-S-H) meH cybmukpokpuctan CUW (1) KypbiibiMbIHA
Kipegi; aTasloH YAriciHge naiiga 6onraH To6epMopuTN renbail, TepmMmorpaMmachbliHaa aHA03hdeKT 120°C KesiHae, an
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KOX TacTa 140..260°C 6onraHga 6enrweHegl, atanoHgbl Y nnra™ peHTreHorpammacbiHaa d=3,07 >KasblKapasibIK
KawbIKTbirbl CUH (1) audpakumanblk  MakcuMymHaH Typagbl: 2,8 >kaHe 1,83A, an KOX TacTapbliHbLL,
peHTreHorpammacbiHga A: 3,00.3,12; 2,80.2,82 1 1,80.1,85 ke3wpae ocbl (hasa KepiHicTepi naliga 6onagbl.

Tobepmoputn renb meH CLUW (1) Hen3n anemeHTTepi Ca2+ SiO|- >x3aHe OW- (H20) MOHbI eKeHiH eckepe
OTbIpbIM, Ka/bLMii TMAPOCUIMKAT KypbibIMbIHAArbl 3d-MeTann Ty3blHbIL, KaTUOHbIH Ca2+ noHaapbiHa Me2T/ACa2+
cxemacbl 6oiblHLIA anMacTbipyra 60Mafbl; COHbIMEH KaTap, Ka/ibUMid rMapocTUAMKATbIHAArbl Kocnaabl MoHAap
(Me2) KypbinbIMabIK 6alinaHbICTaH TbiC - 60C Xepge MYMKiH; ruapatTbl dasgarbl SO\- noHgap S SioN-
cbi3backl 60lbIHLIA KPEMHWUIA TOTbIKTbI pagnkaigapibl amMacTbipa anafbl; COHbIMeH Katap SO4- moHfap Kaibuuii
rmapocunnkar KypblibiMblHAarbl SixOy- Tonka oOpHanackaHfa Y3gikcis katap TY3e anmaigbl; Kaibuuid
rmgpocnnnkart KypbuibiMbiHZarbl Cl- noHgap O2- opblH anMacTblpy, OH- »3He 60oc Kany cbiHAbl YL Mo3vums
neneHyi MymKLl

TYWiH cesgep: TYWipwikTenren tochop Koxbl, 3d-eTneni meTann xaopugi MeH cynbtaTbl, KaTUOHAAP,
3NeKTPOHAap, akuenTopnap, JoHopnap, 6epikTiK, Tac, KaibLuii TngpocuaMkKaTTapsb.

3. A. EcTtemecoB

TOO «LeJ/ICUM» - LleHTpanbHasi nabopatopusi cepTUDMKALNOHHbIX UCMbITAHWNIA
CTPOUTENbHBIX MaTepuasnos, Anmarsl, KasaxcTaH

BJIVAHUE CONEW 3d-METAI10B
HA AKTUBHOCTb 3KO®POCPOLNMAKOBbIX BAXY L WNX

AHHOTaUMA. YCTaHOB/EHO, UYTO 3d-MeTanbl psfa MapraHua aMeKTUBHbI Npu Mabix fosax (2.4 % no
Macce), CBepx KOTOPbIX MPOYHOCTb LLMAKOBOMO KaMHS CHWKaeTcs: Yem 6ofblue f03a, Tem 60/ibLUe CHMKAeTCs
NMPOYHOCTb; KaTWOHbI, 3d58 KOTOPbIX CMOCO6HbI NPUHMMATL 3/1eKTPOHBI, 3MEKTMBHO aKTUBM3NpYT TPLU, npu
3TOM MPOYHOCTb LUIAKOBOr0 (LEMEHTHOr0) KamHs ¢ fob6aBkoi 2.4 9% pocturaeT 61.97 MMa; npudem
HanbonblUei MPOYHOCTLIO 06/M1a4aldT MapraHueBble COMW, XapaKTepu3YHLLMeCs MOBbIWEHHbIMY 31eKTPOHHO-
aKLenTopHbIMKU cBoicTBamu (72.97 MIla), HauMeHbLUel - HUKeneBble conu (60.72 MIa); ¢ KaTMoHaMu Meau
(3 d9 u umHka (3d10) ypesBblHYaliHO OTpPMLATENILHO BAWUSKT Ha TBEPAEHME LWIAKOBOro KamHsA (21.40 MMa); ¢
KaTvoHamu, rugpatbl KOTOPbIX WMEHT MPOCTPAHCTBEHHYIO OKTA3ApPUYECKY KOH(urypauuo, 3pdeKTnBHO
akTuBm3mpyoT IFPLL; ecnu ke rvgpatbl KaTMOHOB 06/124a10T UCKaXKEHHOW OKTa3ApMyecKon unu TeTpasgpuyeckon
KOH(Mrypauwuei, To OHY OTpULLATENIbHO BANAIOT Ha TBepAeHME LLIAKOBOr0 (LLeMEHTHOM0) KaMHs.

MokasaHo, 4TO MpU MasoM KO/IMYecTBe 3TWM J406aBKWM B TBEPAEHLLeli cucTeMe He OCTalTcA B CBOOOLHOM
COCTOSAHUN N He 06pas3yloT CaMOCTOATENbHbIX COeAUHEHW (Te U Apyrve HeraTMBHO [JeACTBYIOT Ha CBOMCTBa
LEMEHTHOI0 KaMHsi, 6eTOoHa W u3gennin), 6yayT BXoAuTb B CTPYKTypy TobepmopuToBoro rens (C-S-H) un
cy6Mukpokpuctanamyeckoro CSH (1); sHAo3h(eKT B TepMorpamme To6epMOPUTOBOr0 refsi, BO3HUKLUErO B
3Ta/IoHHOM o6pasue, dukcmpyetca npu 120°C, a B LWIAKOBOM KamHe - npu 140.260°C; Ha peHTreHorpamme
3Ta/IOHHOro obpasua NPUCYTCTBYIOT ANGpPaKLMOoHHble MakcumyMbl CSH () ¢ MEXMNMIOCKOCTHbIMW PacCTOAHUAMN
d=3,07; 2,8 n 1,83A, a Ha peHTreHorpaMmMe LUMIAKOBOr0 KaMHS MOSBASOTCA OTPadKeHMs 3Toi asbl npu A:
3,00.3,12; 2,80.2,82 n 1,80.1,85.

YuuTbIBas, YTO OCHOBHbIMW 35ieMeHTamMun To6epmopuToBoro rens u CSH (1) asnsaotcsa noHel Ca2+, SiO\- 1 OH-
(H20), MOXHO [OMYCTUTb, YTO KaTWOHbI coseii 3d-meTasiioB B CTPYKTYPE FMAPOCUMINKATOB KasbUnA 3ameLlaroT
noHbl Caz+ no cxeme MeXT/~Ca2+ Kpome TOro, npuMecHble MOHbl (Me2) B rugpocuamMkatax Kasibumsa MoryT
HaxoAMTbCA BHe CTPYKTYPHbIX CBA3el - B MycToTax; WOHbI S B rugpatHbiXx (asax MOryT 3ameLiaTb
KpeMHeKuCnopoaHble pagnkanbl no cxeme SO4 SiO|-; npu atom MoHbl SO\- |, 3amewiasa rpynnbl S"ON- B
CTPYKTYpe TUAPOCUIMKATOB KasbLWs, He MOryT c03faBaTb B HWX HeMpepbiBHbIA psg; MoHbl Cl- B CTpyKType
rMapPoCUNINKATOB Ka/lbLma MOTYT 3aHUMaTb TpU no3uummn: 3amewatb O2, OH-n Haxo4MTbCA B MyCTOTaXx.

KnioueBble €n0Ba: rpaHy/IMPOBaHHbIA (OCHOPHbINA WnakK, X1opuabl U cynbdatbl 3d-NepexofHbIX MeTassios,
KaTWOHbI, 3MIEKTPOHbI, aKLenTopbl, OHOPbI, MPOYHOCTb, KaMeHb, MMAPOCUINKATBI Ka/lbLUS.
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