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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
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NEW METHOD FOR DISPOSAL OF GRANULATED
PHOSPHORIC SLAG FROM HAZARDOUS GASES

Abstract. New wet method of decontamination of GPS from hazardous gases (PHs, H,S, HF, etc.) and their
sources (CazP,, CaF, and CaS) is proposed, since dry methods for decontamination turn out to be inviable due to
their difficulty and non-efficiency; thus, GPS in construction (and not only) is used without cleaning pursuant to the
existing regulatory documents.

The wet method of decontamination of GPS from hazardous gases and their sources is developed based on the
following comparative methods:

First — 2 kg GPS were dried at temperature of about 600°C at the drying furnace within 5 hours; then the air
mixture was measured from the special hole for presence of gases.

Second — Dried slag after cooling was ground at the vibration mill to the specific surface of 500 m*kg with
Na,COj3 additive or cement (5 % by weight) and FeO (3 %) and without such activating and neutralizing additives;
then the qualitative content of gases was measured at the mill and in slag.

Third —2-kg composited sample of GPS was placed in the laboratory vibration mill and was added with water in
ratio 1:6 (slag : water by weight). This mixture was ground with Na,CO3 additive or cement (5 % by weight) and
FeO (3 %) and without them to the specific surface of 500 m*kg; then, the qualitative content of gases was measured
at the mill and in slag.

It was determined that:

- maximum quantity of gas emission from GPS is observed during drying without decontaminating additives;

- in presence of decontaminating additives, gas emission from GPS is reduced by one step — due to
neutralizing properties of additives;

- grinding of dried GPS assists in additional gas emission therefrom — with additive to a lesser extent, without
additive — to a greater extent;

- in case of GPS grinding in water environment, gas emission is maximally reduced, and with additive — gases
are fully neutralized.

It follows from what has been said that irrespective of the GPS treatment method, introduced additives are
capable to neutralize gases; however, the wet method is more efficient in comparison with the dry one, since:

- the wet method does not require drying of GPS; particles are more easily broken to the necessary specific
surface with less time;

- in the closed space like the vibration mill, in water environment, gases may not volatilize by any reasons
and are fully neutralized with additives and activating agents;

- products of interaction of gases with neutralizing and activating additives become the activating components
of ground GPS.

It is shown that during GPS grinding in water environment, the neutralizing and activating additives provide the
chemical, physical-chemical and catalytic reactions in the system (totally they are about 20).

Studies of the phase composition, hydration degree of ground GPS and strength of consolidated slag stone
produced from ecophosphoslag binding agent show the following:

— f —
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- Na,COs has higher activating properties than cement-additive; thus, strength and hydration degree of
consolidated ecophosphoslag binding agent with Na,COs additive are much higher — achieve correspondingly
79.3...83.5 MPa and 21.7...23.3 %, and with cement-additive — only 28.7...37.9 MPa and 16.8...20.4 %;

- Higher activating capability of Na,COs in comparison with cement-additive is explained by the fact that:

- sodium carbonate in the consolidating system creates the increased alkaline medium (pH>12); therefore, glass-
slag is much dissolved; in its turn, assisting in increase in content of hydrate phases in slag stone;

- strengthening of slag stone is positively impacted also by ions Na" included into hydrated calcium silicates —
C-S-H and CSH (I), resulting in generation of new expanded coordination centers, like MeQOg, assisting in increase
and stability of the crystal latitude and hydrate phase, and this is also the positive factor impacting on increase in
strength of slag stone.

It is defined that FeO does not only neutralizes hazardous gases and their sources, but activates ground GPS.
Neutralizing and activating capability of FeO may be related to presence of electron-free orbitals at the 3d-sublevel
of Fe?" (Fe*"), assisting to iron ions as acceptor with neutralizing and activating properties. It may be supposed that
such properties shall be common for the compounds, including the elements of transition metals having electron-free
orbitals at the 3d-sublevel.

It is detected that consolidated ecophosphoslag binding agent contains mainly two types of hydrated calcium
silicates — amorphous tobermorite gel (C-S-H) and submicrocrystalline CSH (I).

Keywords. Granular phosphorus slag, hazardous gases and their sources, iron oxide, soda, cement, strength,
degree of hydration.

Introduction. Among technogenic mineral formations (and there are more than 25 billion tons of
them in Kazakhstan), granular phosphoric slag in terms of importance and technical and economic
efficiency as a raw material in the construction industry and construction is ranked second after granulated
blast-furnace slag, and they are interchangeable.

The field of production of building and silicate materials, products and structures based on these
technogenic materials is very wide, since they are used in all sectors of the construction industry [1-9].

Unlike the blast-furnace slags the granular slags are ecologically clean mineral raw materials,
granular phosphorus slag (hereinafter GFSH) contain hazardous gases (PH3H.S, HF, SiF4 and others.) and
minerals (CazP, — highly poisonous, CaF, and CaS). Gases occur during production of phosphorus and its
compounds from a mixture of phosphorite, quartz and coal, and minerals are initially present in the
composition of Ca3(POs); in the form of impurities, which are constant sources of hazardous gases in slags
according to the equation [10]:

CazP, + 3H,O + 3Si0, =2PH; + 3 (CaO . SiOz),
CaF, + H,O + Si0; = 2HF + CaO - SiO»,
CaS + H,0 + SiO; = H,S + CaO - SiO;

The presence of these hazardous ingredients in GFS was known from the very beginning (since
1965), but this was not given much importance. Therefore, until 1990 GFS without neutralization was
used as independent binders, mineral additives in the production of Portland cement and components in
the composition of slag Portland cement [1-9]. As a result of this, GOST 3476-74 [11] which is valid at
the present time, was issued. A new standard GOST 31108-2016 [12] allowing the use of GFS without
neutralization which has a major socio-ecological and economic danger to biogeocenosis was added.

With an acute cement deficit in Kazakhstan at the end of the 1980s, a decision at the level of the
Government of the USSR and KazSSR was made to organize the production of cementless binders based
on GFS [13,14]. That time the danger of using them without neutralizing gases was mentioned.

In this regard, Almaty NlIstromproekt, together with the IOCE of the Academy of Sciences of the
Kazakh SSR and the NIIKP of the Ministry of Healthcare began to neutralize GFS from PH3 and H.S,
offering their own formulation [15-17], as a result of which ST RK 2301-2013 was developed [18], where
it is clearly stated that GFS should be neutralized from phosphorous and fluoride compounds by the
introduction of neutralizing additives.

However, in practice, this regulatory document was not viable, because: the * PH3; and H.S
neutralizing methods were very complicated and some processes were questionable. For example, GFS is
simultaneously used for neutralization (since some additives neutralize some gases, others — the rest
gases): calcium hypochlorite [Ca (OCl),;] in an amount of 0.4% by weight, steelmaking slag (5%),
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caprolactam waste (2 %) and ferro-slag of chromium compounds (6%) [19], which should be used for
drying (> 600°C) and grinding the phosphoric slag binders by dry mechanochemical method [20].

The disadvantages of the mechanochemical GFS neutralizing method include the
multicomponentness of neutralizing additives, the dependence of the degree of purification on their
chemical and mineralogical composition which is not always constant, the negative effect of some of them
(for example, calcium hypochlorite, Cr®" | etc.), partial removal harmful impurities with exhaust gases
during GFS drying process.

There is also a patent [21] for a method for phosphorus slag purification from harmful gases using
vanadium-containing converter slag.

Research methods.

Option 1. A certain amount (2 kg) of GFS was dried at a temperature of about 600°C in a drying oven.
Five hours after drying from an opening, the air mixture was measured for the presence of gases.

Option 2. After cooling, the dried slag was ground in a vibratory mill to a specific surface of
500 m*/ kg with and without Na,COjsor cement (5%) and FeO (3%), after which the qualitative gas content
in the mill and slag was measured.

Option 3. We took 2 kg of GFS of the averaged sample and placed in a laboratory vibratory mill, and
poured water in a ratio 1: 6 (slag: water by weight). This mixture was ground with the addition of Na;COs3
or cement (5%) and FeO (3%) and without them to a specific surface of 500 m? kg, after which the
qualitative content of gases in the mill and slag was measured.

Note: the quantitative gas content in the studied systems must be checked in two more independent
accredited laboratories in order to minimize errors in these studies. The presence of gases in the slag was
measured using an ALTAIR gas analyzer.

To define the effect of the type of activators on the strength and degree of hydration of the hardened
ecophosphoslag binder, samples were prepared with a composition of 1: 0 (slag dough) 2x2x2 c¢m in size,
solidified under steaming conditions at 90 ° C based on the 3 + 10 + 34 mode (rise + isotherm + descent) .

The phase composition of neoplasms — cementing agents was established using the X-ray and
derivatographic units DRON-3M and MOM-1500.

Results and discussion. The results are shown in table 1, from which it can be seen that:
- maximum amount of gas evolution from GFS is observed when it is dried without neutralizing
additives;
- in the presence of neutralizing additives, the output of gases from GFS decreases by one step - due
to the neutralizing properties of the additives;
- grinding the dried GFS promotes an additional emission of gases from it - with addition to a lesser
extent and without - to a greater extent;

Table 1 — Qualitative gas content in GFS depending on the method of its processing

Methods and numbers of treatment GFS condition Presence of neutralizing Gas content”
substances
. without additive +H++
1 Source in the form of granules - —
D with additive +++
vy 2 Ground without additive ot
with additive ++
. . ith iti +
Wet 3 Combined with water Wlt. out ad.d.1 tive
with additive -
*4 pluses - maximum gas content, 3 - below maximum, 2 - medium, 1 — small, minus - the absence of gases

- during the GFS grinding in an aqueous medium without additives, the gas yield decreases as much
as possible, and with the additive - the gases are completely neutralized.

It follows from what has been said that, regardless of the processing method of GFS, additives are
able to neutralize gases, however, the wet method is significantly more effective than the dry one,
because:
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- with the wet method, the GFS drying is not required, the particles are easier to grind to the
required specific surface with less time;

- in a confined space in the aquatic environment, gases cannot escape for any reason but are
completely neutralized by additives and activators;

- the products of the interaction of gases with neutralizing and activating additives themselves
become activating components of ground GFS.

GFS-based conglomerate initially consists of the following active components: slag, including
harmful gases, phosphide, fluoride, sulfide: water, activator and detoxifying agents. Because of this,
during the GFS grinding by wet method, the chemical, physico-chemical and catalytic reactions occur in
the system. For example (some of them):

Na,COs + H,S — Na,S + H,CO;
Ca (OH), +2(HF) — CaF, +2(H,0)

3[Fe(OH); ]+ 3(PH3) — 3(FeO) + 9H,0

8[F203] + CasP, — Ca3(PO4)2 + 16FeO
Glass + Na,COs; + H,O — xCaO (2Na) - ySiO,- zH,O
Glass + Ca(OH), — xCaO - ySiO,* zZH,O

Table 2 shows the strength and degree of hydration of slag (cement) stone, which shows that:

- NayCOs has a higher activating property than cement and thus the strength and degree of hydration
of hardened binder with Na,COs are considerably higher - they reach respectively 79.3 ... 83.5 MPa and
21.7 ... 23.3% and cement - only 28.7 ... 37.9 MPa and 16.8 ... 20.4%.

The increased activating ability of Na,COs3; compared with cement is due to the fact that:

- sodium carbonate in the hardening system creates an increased alkaline environment (pH>12), due
to which glass slag dissolves in large quantities; this in turn contributes to an increase in the content of
hydrated phases in the slag stone;

- slag stone hardening is positively affect also by the ions Na" included in the calcium hydrosilicate,
resulting in the formation of new extended focal type MeOs conducive ascending and lattice stability of
the hydrate phase, and this is also a positive effect on increasing slag rock strength in general.

Table 2 — Change in the strength and degree of hydration of hardened ecophosphate slag stone depending
on the type of activator and the presence of a neutralizer

Activator,% Neutralizer,% Compressive strength, MPa Hydration degree,%
Cement, 5 - 28,7 16,8
i FeO, 3 37,9 20,4
- 79,3 21,7
NaC0s, 5 FeO, 3 83,5 23,3

The reduced activating ability of cement compared with sodium carbonate is due to the lower
reactivity of Ca (OH), than Na,COs.

An interesting fact: FeO — not only neutralizes hazardous gases and their sources, but also activates
slag. This is probably due to the presence on the 3d sublevel Fe*'(Fe’") of electron-free orbitals) which
favors iron ions, like an acceptor with neutralizing and activating properties. If this proposition is correct,
then we must assume that these properties should have transition metal ions from manganese to copper
with electron-free orbitals in them.

Figure 1 shows the X-ray and thermograms of the original slag and hardened slag stone with the
addition of soda and cement.

The GFS structure in the X-ray diffraction pattern (1) is not fixed due to its X-ray amorphous state,
however:

- its vitreousness is clearly indicated on the thermogram (6), where two peaks appear: the end effect
at 800°C, showing softening of the glass and exoeffect at 920°C, characteristic of crystallization of
wollastonite;

- ahalo is fixed on it, a characteristic attribute of glass.

— Q —
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On X-ray diffraction patterns of slag stone, regardless of the type of activator, the peaks typical for
CSH (1) are recorded (d/n = 3,03; 2,28 and 1,83 A). On the thermograms of slag stone with soda addition,
endo effects appear at 160°C and at 140°C with the addition of cement, belonging to the tobermorite gel.
In this case, the tobermorite gel which appeared in the slag stone with the addition of soda, is more stable
as a result of the introduction of sodium ions in its structure - because of which the endoeffect is shifted
towards an elevated temperature (160°C).

The formation of wollastonite during thermal reactions occurring in samples with activators occurs at
low temperatures (800°C and 850°C) in comparison with its occurrence from the initial slag only. This is
due to the additional appearance of wollastonite from calcium hydrosilicates, which have low resistance at
high temperatures.
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Figure 1 - X-ray diffraction patterns (1-3) and thermograms (4-6) of the initial GFS (1 and 6)
and hardened binder with the addition of Na2CO3 (2 and 4) and cement (3 and 5)

Finally, it should be noted that both activators and neutralizers do not create independent compounds
and do not remain in a free state (doses taken by us), but are included in the structure of calcium
hydrosilicates.

Conclusions. It is known that dangerous gases (PH3, H»S, HF, etc.) are present in the shells of porous
GFS and their sources (CasP,, CaF, and CaS), which makes it undesirable to use it in construction,
including road, and in agriculture.

1. However, GFS, according to GOST 3476-74 and 31108-2016, is actively used without
neutralization in the production of Portland cement and slag Portland cement, respectively, as a mineral
additive and component, which is not acceptable.

2. Meanwhile, there is another regulatory document - ST RK 2301-2013, which clearly states that
GFS should be neutralized from phosphorous and fluoride compounds by introducing neutralizing
additives by the dry method in the production of cements.

However, this standard is not used in practice by cement producers and not only by them, since
methods GFS neutralizing are very complex and some processes are doubtful.
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3. In this regard, we proposed (started) a new GFS neutralization trend - the wet method, where
hazardous gases and their sources are not only completely neutralized but also become activators, turning
into new compounds.

4. It is shown that the hydrated phase of the slag stone consists of calcium hydrosilicates - tobermorite
gel and CSH (1), the structure of which includes the components of activators and a neutralizer.

5. It has been suggested that the compound of transition metals of the manganese series to copper,
where on the 3d sublevel there are electron-free orbitals capable of neutralizing the dangerous ingredients
of GFS.

3.A. Ecremecos!, A.B. Bapsunos!, b. K. Capcentaes?,

A. A. Tynaranos’, M.3. Ecremecor!, A.M. Xaiinapos!

' «KMCCO3» XKIIC Kypbuibic MaTepHaIApbIH CEPTU(GHUKATTHIK
CBIHAY/IBIH OPTaJIBIK 3epTXaHackl, AiaMaTsl, Kazakcran;
20KMY Onrycrik Kazakcran MEMJIEKETTIK YHUBEPCHUTETI;
3TamCKU TaIKeHT coyIeT-KyPhUIBIC HHCTUTYTHI

TYUAIPIIIKTEJTEH ®OCP®OP KOXKIAPBIH KAVIIITI TA3JTAPJIAH
SAJTAJICBIBJAHABIPY IbIH "KAHA TOCLII

Annoranusi. TOK-ub1 kayinri razgapnan (PHs, HoS, HF xone 1.6.) sxone onapasiy ke3aepinet (CasP,, CaF,
xoHe CaS) 3ananceI3iaHAbIPyAbIH JKaHa JbIMKBLUT TOCUT YCHIHBIIA bI, OUTKEHI 3aJ1aJIChI3IaHIbIpy OOMbBIHIIA KYPFaK
TOCUTACP OJIAPMABIH KYPACIUIITiHE JKOHE THIMCI3MIriHe OaillaHBICTBI OMIpIICH eMecC OOJBIN IIBIKTHI, OCHIFAH
baitnanpicTel TOK KyppUIbicTa (KOHE TEK OHIA FaHAa €MeC) KOJIAHBICTAFbI HOPMATHBTIK Ky)KaTTapra CoHKec
Ta3apTyChl3 KOJIJAHBLIA/IbI.

3usHABl Ta3laplaH jkoHe ojapAblH KeszaepineH TOK-HbI 3amalchi3NaHABIPYIBIH JBIMKBUT TOCUIIH 93ipiey
Ke3iHJIe KelleCi CalbICTRIPMAITBI diCTEMENIep i KOJTaHAMbI3:

Bipixmrici - 2 kr TOK kenripy nemriage mamamer 600°C temnepatypana 5 carat 60iBI KENTipiiai, conaH Kein
apHafBI TECIKTEH aya KOCIACHIH ra3blH OOTYbIHA OJIIIEI].

Exinmrici - kenTipinaren Ko cyranHaH Keifin aipinauipmenne Na,CO3 Hemece nieMeHT (canMmarsl 6oiibiama 5%)
xoHe FeO (3 %) KocmachlH KOCBIN KOHE OChI OENICEHIIpETiH jKoHe OeiTapanTaHAbIpaThlH KOCHAlapAbl KOCHan
500 M%/kT MeHIIKTI GeTKe AEHiH ycaKTauabl, COJaH KeHiH IMipMEH MEH KOKIAaFbl ra3fapAblH CanaiblK KypaMbIH
OJIILIe .

Yurinmrici - 2 kr TOK opramnananrad CbIHAMACBHIH aJIbIl, 3€PTXAHAIBIK TIPUIAAIPMEHIE CaJIbl, COAAaH KCHiH
oraH 1:6 apa kaThIHachiHIA (KOXK:Cy cajaMmarbl OoWbIHINA) ¢y Kyibuiael. byn kocmanbel Na,COs; HeMece I[EMEHT
(canmars! 6oiibHIIa 5%) sxone FeO (3 %) KocnachlH KOCKII %oHe oj1ap sl Kocnaii 500 M%/Kr MeHIIiKTi 6eTiHe neilin
YCaKTaJIbl, COAAH KeHiH qUipMEH MEH KOXKIaFbl ra3apAblH CalalbIK KYPaMbIH OJIIICHII.

AHBIKTaIFaHbI:

- TOK-man OesiHreH TrazmapAblH €H KO MeIIIepi 3alajChI3JaHIbIPaThIH KOCIATAPChI3 KENTipy Ke3iHae
OaliKaa bl

- 3aJaNChI3JAHNBIPATHIH  Kocmamap Oomran ke3ge TOK-man ra3mapablH — MIBFYBl  KOCHAJIAP.IBIH
OeiiTapanTaHIBIPATHIH KACHETTEpiHE OAIaHBICTHI Oip CaThIFa a3asbl;

- kenripinren TOK-Hbl yHTaKkTay ra3iapAblH OJ@aH KOCHIMIIA IIBIFYbIHA BIKIANT €Teql — KocHajapMmeH a3
Jopexeie, KOCIIaJapchl3 - KOl I9pekKee;

- TOK cy opracelHma YHTaKTaraH Ke3[e Ta3laplblH IIBIFYbl OapblHIIA a3asfgsl, al KOCIaMeH — Taszap
TOJIBIFBIMCH 6eﬁTapaHTaHﬂprbIﬂaﬂbl.

XKorapoiia aliteuiranHan TOK enney TociiHe KapamacTaH, €HII3UIeTIH Kocrnaiap rasisl Oeiftapantanabipyra
KabinerTi Oosranbl Oaiikanansl, anaiiia Kyprak oJiCIIEH CalbICTBIpFaHIA JBIMKBUI TACUT THIMIIpEK KepiHeni,
OUTKEHI:

- IBIMKBUT Tociai Konanras ke3ne TOK kentipy Tanan etinMmeli, OemmeKTep a3 YaKbITICH KaXKETTI MEHIITIKTI
OeTke JeiiiH OHAll YHTAaKTaJalbl;

- mipinauipMeH OOJBIN TaOBIIATHIH XKa0BIK KEHICTIKTE, CYy OPTAachIHIA ra3aap KaHaai maa Oip cebenrtep OoiibIHIIIA
YIIBIT KeTe aJMai[Ibl, )KoHE Kocaiap MeH OeJICeHIIpTiITep apKbUTBI TOJBIK OeHTapanTaHIbIPhLIA B

- ra3gapiblH OelTapanTaHIbIpyLIbl JKOHE OEJCEeHAIpYIll KochmajJapMeH e3apa opeKeTTecy eHiMmaepi eszepi
yHrakranrad TOK-HbIH OenceHaipyi KOMIIOHEHTTepiHe aifHAIA/IbL.
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TOK-ubl OeiiTapantaHIbIpaThiH JKOHE O€JICEHIIPETIH Kocmanapbl 0ap Cy OpTachiHIA ycakTay OapbIChIHIA
Kyllene XUMUSIBIK, (U3MKANBIK-XUMISUIBIK JKOHE KaTaJWTHKAIBIK peakuusuiap (Kaumbl alnfaHia OJIapIbIH CaHbI
mamameH 20) OpbIH alaThiHBI KOPCETUIreH.

dazanpik Kypamabl 3eprrey, yHrakranraH TOK rugparanms nopexeci sxoHe skodocdonuiak TYTKBIIIBIHAH
aJIbIHFaH KaTalFaH KOXK TAChIHBIH OEPIKTIr TOMEHIETUIepIi KOPCeTTi:

— NayCO; neMeHTTIH-KOCIIaHbIH HEFYpJIBIM JKOFapbl OeJICeHAIprinl KacuerTepiHe ue, coHablkTaH Na,COs
Kocrachkl 0ap Karaitran 9koQocdoIuiak TYTKbIPFBIIITEIH OEPIKTIrT MEH THApATALHs IOpEKeci alTapIbIKTai KOFapbl
— tuicinme 79,3 ... 83,5 MIla sxone 21,7 ... 23,3% xereni, al LEMEHTIEH-KOCIIaMeH - Tek 28,7...37,9 MIla xone
16,8...20,4 % xereni,

— LemenT-kocmamer canbicTeipranaa NaCOj3 sxoraphl OesceHIipriin KadieTi MbIHaJIapFa HeTi3eNreH:

- HaTpHWii KapOOHATHI KATasTHIH KYHeIe >KOorapbl cinTini opransl (pH>12) Kypamsl, COHBIH apKachlHIA IIBIHBI
KOX KOIl MeJIepe epui; OyJ1 3 Ke3eTriHae KOXK/Ibl TacTarbl THIPATTHIK (a3ajapAblH MeJIIIEPiH apTThIpyFa bIKIal
erel;

- KOX TachIHBIH HBIFBI3AATYBIHA KPHCTAJIABI TOP MEH THAPATTH (ha3ajapAblH 6Cyl MEH OPHBIKTBIIBIFBIHA BIKIAT
ererii MeQOs THNTI XaHA KEHEHTUITeH YWIECTIpy OpPTaJbIKTAapBIHBIH IMaiifa OOJyBl HOTIDKECIHIAC KabIUi
rugpocunukarrapsiably — C-S-H sxone CSH (I) xypambina kiperin Na® noHZapbel 1a OH ocep ereii, Oyl Ja KOk
TaChIHBIH OEPIKTITiHIH XKOFapblUIayblHa OH 9Cep eTEeI.

FeO xayinri ra3gap MeH oJaplblH Ke3lepiH OedrapanTaHIbpIpbill KaHa KOiMai, COHBIMEH Katap YHTAaKTaJFaH
TOK-ubl GencenipeTini anpikTanasl. FeO OeliTapantanibpaThid skoHe GesceHipeTin xabineri Fe? (Fe’') 3D-
TOMEHT'1 JICHTeHiH/Ie IEKTPOHAapIaH 00C OpOUTAIBAAPIBIH OOTYbIMEH OAMTAHBICTI 0OIYBI MYMKIH, OYJI, aKIIETITOP
perinze, OeiTapantaHblpaThIH oHE OeJCeHAIpeTiH Kacuerrepi Oap Temip HOHIApblHA BIKMaN eredi. MyHpjaii
KacHeTTepre KOChIIbICTap, COHBIH imiHae 3D-TemMeHri neHreliae anekTpoHaapaan 6oc opouransaepi 6ap aybicraisl
MeTanjap 3IEeMEeHTTEPiHIH e37epi 1e ue O0Iybl THiC aen OorrKayra 0oabl.

Karaiiran 3k0(oc(OKOXIBI TYTKBIpAA HETI3IHEH KalbIHMH T'MIPOCHIIMKATTapbIHBIH €Ki Typi — amMop(dThl
tobepmopuTti rens (C-S-H) sxone cyomukpoxpuctanasl CSH (1) matiga 601aTeIHEI aHBIKTAIFaH.

Tyiiin ce3mep: TyifipmmikrenreH ¢ocdop KOXBI, KayinTi ra3map XOHE ONAPIABIH Ke3[epi, TeMIpHiH maia
TOTHIFBL, COJIa, IIEMEHT, OCPIKTIK, THApATAIINS JIPEIKECI.

3.A. Ecremecos!, A.B. Bapsunos!, b. K. Capcentaes?,

A. A. Tynaranos’, M.3. Ecremecor!, A.M. Xaiinapos!

ITOO «l1eJICUM» llenTpanbHas 1abopatopust cepTHQUKAIMOHHBIX HCTIBLITAHH
CTPOMTENBHBIX MaTepuanoB, Anmarsl, Kazaxcran;
2IOKT'Y I0xn0-Kazaxcranckuii ['0cy1apCTBEHHBIN YHUBEPCHTET;
3TamACH TamKeHTCKHI apXUTEKTYPHO-CTPOUTEIBHEIA HHCTHTYT

HOBBII1 CIIOCOB OBE3BPEKUBAHUS T'PAHYJIUPOBAHHOI'O
OOCPOPHOI'O HIJTAKA OT OITACHBIX 'A30B

Annortanus. [Ipemiaraercs HOBbIH MOKpBIX crtocod ooe3pexuBanus [' @I ot omacueix rasos (PHs, H,S, HF
u ap.) u ux ucrounukoB (CaszP,, CaF, u CaS), mockoiibKy cyxue CrocoObl 1Mo 00e3BpEKHMBAaHHIO OKa3aJIHCh
HE>KU3HECIIOCOOHBIMHU B BUJY UX CIIOXHOCTH M Hed((deKTHBHOCTH, U3-3a yero ['®IL B crpourenseTBe (M HE TOJIBKO)
MPUMEHSIOT 0€3 OUYUCTKHU COIJIACHO CYLIECTBYIOIINM HOPMATHBHBIM TOKYMEHTaM.

[Ipu pazpaboTtke Mokporo criocoba ode3pexxuBanust DI oT BpenHBIX T'a30B U X NCTOYHHKOB IPHMEHIEM
CJIEYIOIINE CPAaBHUTEIIbHBIE METOIUKH:

Iepsas — 2 kr I'®II moaBeprim cymke mpu Temreparype okono 600°C B CyIIMIBHON ITe4YH B TSYEHUE 5 4acoB,
MOCTIe YeTO U3 CIEeNHAIBHOTO OTBEPCTHS N3MEPSUIH BO3AYIIHYIO CMECh Ha MPEAMET MPUCYTCTBUS Ta30B.

Bropast — BBICYIIIEHHBIN [UIAK TIOCIIE OCTHIBAaHHUSA M3MENbYald B BHOPOMENBHHIIC 0 YICIEHOW ITOBEPXHOCTH
500 m*xr ¢ no6askoit NayCOs; wim mementa (5 % mo macce) nu FeO (3 %) m Ge3 3TUX aKTUBU3HMPYIOIUX H
HEUTpaNM3yIomuX J00aBOK, IOCIIE Yero H3MEPSIIH Ka9YeCTBEHHOE CO/IepKaHMe T'a30B B MEIBHHUIIE U [IUIAKE.

Tpetbst — B3sin 2 kr ['®L ycpeaneHHO# MpoObl M MOMECTWIIN B JIAOOPATOPHYIO BUOPOMENBHHUILY, a 3aTE€M Tyia
e HAIWIM BOAY B COOTHOImIeHHMH 1:6 (nuiak: Boma mo Becy). M3Menbuanu 3Ty cMech ¢ nobaBkoit Na;COs wmiu
nemenTa (5 % mo macce) u FeO (3 %) u 6e3 HuX 10 yAeldbHOH mosepxHocTH 500 MZ/Kr, HOCIE 4ero U3MepUIn
Ka4eCTBEHHOE COJIEp)KaHHE Ta30B B MEJIbHUIIE U IIJIaKe.

YcTaHOBIIEHO, YTO:

- MakCHUMaJbHOE KOJMYECTBO BblaeieHus ra3zoB u3 [ DI nabaromaercs mpu cymke 6e3 00e3BpEKUBAIONINX
100aBOK;
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- B IIPUCYTCTBUH 00€3BPEKMBAIOIINX 100aBOK BbIX0A ra3oB u3 I'®IIl ymeHbIIaeTCs HA ONHY CTYNEHBbKY — U3-
32 HEHTPaAIN3YIOMNX CBOMCTB 100aBOK;

- pa3mon BeicymeHHoro ['®II crmocoOCTBYeT MOMOJHHEIPHOMY BBIXOAY Ta30B W3 HEro — ¢ J00aBKOi B
MEHbIIIEH cTeneHu, 0e3 — B OOJNbIICH CTENeHN;

- npu pa3manbiBanuu [' DI B BogHOI cpeie BBIXOJ] Ta30B MAKCHMAIBHO YMEHbBIIAETCS, a C 100aBKOM — ra3bl
MOJTHOCTBIO HEHTPAIM3YIOTCS.

W3 ckazaHHOro ciemyer, 4ro He3aBUCHMO OT crocoba oOpaborku ['®IIl BBoanmble m100aBKH CIIOCOOHBI
HEWTpann30BaTh ra3bl, 0THAKO MOKPBIH c110co0 3¢ PEeKTUBHEE 0 CPABHEHHUIO C CYXHUM, TOCKOJIbKY:

- 1pu MokpoM crocobe cymka ['®II me TpeOyercs, WacTHIBI Jierde pa3MalbIBAlOTCS OO HEOOXOIUMOHN
YZeNBHOH MMOBEPXHOCTH C MEHBIIUM BPEMEHEM;

- B 3aMKHYTOM NIPOCTPaHCTBE, KaKUM SBISIETCS BHOPOMENBHWIIA, B BOJHOH cpene ra3sl HE MOTYT
YJIETY4UBATHCS 110 TEM HIIM WHBIM NPUYMHAM, a TIOJIHOCTHIO0 HEUTPATU3YIOTCS J0OaBKaMH M aKTHBH3aTOPaAMU;

- TPORYKTHl B3aMMOJEWCTBHS Ta30B C HEHTPAIM3YIOUIMMH W aKTHBU3UPYIOUIMMH [00aBKaMU CaMH
CTaHOBATCS aKTUBU3UPYIOIIMMHU KOMIIOHEHTaMH Mojiotoro I'®III.

Ilokazano, uto B xone usmenpueHus ['OII B BOIHOHU cpene ¢ HEUTPAIM3YIOIUMU U aKTUBU3UPYIOLIUMU
J00aBKaMU B CHCTEME IPOMCXOJT XMMHUUECKHE, (PM3MKO-XMMHYECKHE W KaTaJuTHueckue peakuuu (B oOmiein
CJIO)KHOCTHU uX 0K0JIo 20).

UccnenoBanus ¢azoBoro cocrasa, crermeHb rupparanui mosiororo I'®IIl m mpodHOCTH 3aTBEpAEBLIErO
IIJIAKOBOT'O KaMHSI, OJIYYE€HHOTO U3 3K0(oCc]OIUIaKOBOro BIKYILETO, ITOKa3alIH ClIeayolIee:

- Na,COs; obmagaer Ooyiee TOBBIIICHHBIMHA AaKTHBH3UPYIOUIMMH CBOWCTBAMH I[EMEHT-I00aBKa, ITO3TOMY
MPOYHOCTh ¥ CTENEeHb THApATallii 3aTBepleBIIero 3KodocdomiakoBoro BsoKymiero ¢ mobaBkoil NarCOs
CYIIECTBEHHO BBINIE — JOCTHTAIOT COOTBETCTBeHHO 79,3...83,5 MIla m 21,7...23,3 %, a ¢ eMeHTOM-T00aBKOH —
ToabKO 28,7...37,9 MIla u 16,8...20,4 %,;

- TloBsieHnas aktuBu3upyomas cnocodHocts Na;CO3 0 CpaBHEHHIO C IIEMEHTOM-100aBKOi 00yclioBIeHa
TEM, 4TO:

- kapOOHAT HATpHUs B TBEPICIOIICH CHUCTEME CO3/acT MOBBINICHHYIO MICT04YHYIO cpeny (pH>12), OGnaromaps
4eMy CTEKJIOLUIAK pPAcTBOPSAETCS B OONBIIOM KOJMYECTBE; TO B CBOIO OYepelb CIIOCOOCTBYET YBENMYCHUIO
COJICpIKaHMs THIPATHBIX (a3 B IIJIAKOBOM KaMHE;

- Ha YOPOYHCHHC MIJIAKOBOI'O0 KaMHA TIO3UTUBHO BJIMAIOT TaKKE HOHBI Na*, BXOOsg1IM€ B COCTaB
rugpocuinkaros kanbuust — C-S-H u CSH (I), B pe3ynbrare 00pa3oBaHusi HOBBIX PACIIMPEHHBIX KOOPANHALMOHHBIX
1eHTpoB, Thna MeQOs, CIOCOOCTBYIONIMX BO3PACTAHUIO M YCTOWYMBOCTH KPHCTAJUIMYECKON PEIETKH M THUIPATHBIX
(a3, a 3TO TOXKE MOJIOKHUTEIHHO BIIMSIET HA MTOBHIIICHNE TPOYHOCTH IIUIAKOBOTO KaMHS.

Omnpeneneno, uto FeO He ToNbKO HEHTpaIU3yeT omacHbIe ra3bl ¥ MX NCTOYHUKH, HO ¥ aKTUBH3UPYET MOJIOTHII
I'®II. Hetitpanusytomnas 1 akTHBH3UpYomas crmocooHocts FeO, BO3MOXKHO, CBs3aHa ¢ HANWYHeM Ha 3d-1oaypoBHE
Fe** (Fe*") cBOGOIHBIX OT OJJIEKTPOHOB OpOMTalei, 4TO CIIOCOOCTBYET MOHAM JKENE3a, KaK aKIENTop, ¢
HEUTPaIN3yIONMMU ¥ aKTUBH3HUPYIOIIUMH CBONHCTBaMH. MOXKHO IpeArosararb, 4TO TAKUMH CBOMCTBAMH IOJDKHBI
o0nanaTh COCIUHEHHSA, U B TOM UHUCIE, CaMH 3JIEMEHTHl NEPEXOIHBIX METAJUIOB, MMEIOMMX B 3d-momaypoBHE
MYCTYIOIIUE OT 3JIEKTPOHOB OpOUTAIH.

VYcraHoBIEHO, YTO B 3arBepieBlieM 3KO(OC(HOLIAKOBOM BSDKYLIEM BO3HHMKAIOT B OCHOBHOM JIBa BHJA
THJPOCUIIMKATOB KalbLusl — aMopdHBII ToOepMopuToBbIii renb (C-S-H) u cyomukpokpucramyeckuit CSH (I).

KoaioueBble ciioBa: rpaHyJIMpoBaHHbBIH (OCHOpPHBIN IIJIaK, ONAaCHbIE Ta3bl M MX WCTOYHHMKH, 3aKHUCh IKeje3a,
co/la, IIEMEHT, IPOYHOCTb, CTENEHb THpaTalHy.
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