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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 (PH3, H2S, HF, etc.) and their
sources (CasP2, CaF2 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 m2kg with
Na2CO3 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 Na2CO3 additive or cement (5 % by weight) and
FeO (3 %) and without them to the specific surface of 500 m2/kg; then, the qualitative content of gases was measured
at the mill and in slag.

Itwas 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;

- incase 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:
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- Na2COs3 has higher activating properties than cement-additive; thus, strength and hydration degree of
consolidated ecophosphoslag binding agent with Na2COs 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 9%

- Higher activating capability of Na2COzin 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 (1), resulting in generation of new expanded coordination centers, like MeOs, 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 Fe2+ (Fe3+), 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 (1).

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 (PH3H2S, HF, SiF4 and others.) and
minerals (Cas?2 - highly poisonous, CaF2 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(PO~2 in the form of impurities, which are constant sources of hazardous gases in slags
according to the equation [10]:

CasP2 + 3H20 + 3SiO2=2PH3 + 3 (CaO «Si0O2),
CaF2 + H20 + SiO2 = 2HF + CaO +SiOz2,
CaS + H20 + SiO2 = H2S + CaO «SiO2

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 H2S,
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 H2S
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 (OCI)2] 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, Cré+ , 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 m2 kg with and without Na2COsor 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 N 2COs3
or cement (5%) and FeO (3%) and without them to a specific surface of 500 m2 kg, after which the
gualitative 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 ++++
5 1 Source in the form of granules with additive -+
Y 2 Ground without addiitive bt
with additive ++
Wet 3 Combined with water W'thOUt a(1.d.|t|ve *
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):

Na2CO3 + H2S ™~ Na2S + H2COs3
Ca (OH)2 +2(HF) ~ CaF2+2(~0)
3[Fe(OH) 2] + 3(PH3) ~ 3(FeO) + 9H20

8[F203] + Ca3P2 ~ Ca3(PO4)2 + 16FeO
Glass + N 2CO3 + H20 ™~ xCaO (2Na) *ySiO2-zH20
Glass + Ca(OH)2 ~ xCaO «ySiO2-zH20

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

- N 2COshas a higher activating property than cement and thus the strength and degree of hydration
of hardened binder with Na2CO3 are considerably higher - they reach respectively 79.3 .. 83.5 MPa and
21.7 ... 23.3% and cement - only 28.7 ... 37.9 MPaand 16.8 ... 20.4%.

The increased activating ability of N 2CO3compared 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 MeO6 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,%
- 28,7 16,8
Cement, 5 FeO, 3 379 204
- 79,3 21,7
Na2CO3, 5 FeO, 3 835 233

The reduced activating ability of cement compared with sodium carbonate is due to the lower
reactivity of Ca (OH)2 than Na2CO3.

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 Fe2+(Fe3+) of electron-free orbitals) which
favors iron ions, like an acceptor with neutralizing and activating properties. Ifthis 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.
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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.

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, H2S, HF, etc.) are present in the shells of porous
GFS and their sources (CasP2 CaF2 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 ofthe 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. EctemecoB], A.B. bapBunHoBl b. K. CapceHb6aeB2,
A. A. TynaraHoB3, M.3. EctemecoBl A.M. XaligapoB1

1 «KMCCO3» XXLLUC KypbinbIc MaTeprangapblH cepTUnNKaTTbLL,
CblHaybLL, OpTa/ibLy, 3epTXaHackl, AiMaThl, KasaxcraH;
20KMY Ouwycnk KazaxctaH MeM/IEKETIK YHUBEPCUTETY
3TawCKW TallKeHT cayneT-KypblibIC UHCTUTYThI

TYWIPLWIKTENATEH ®OCPOP LIOXAAPBIH LLAYLLIT1 FA3AAPIAH
3AZTANCBI3AAHABLIPY AbIL, XKALA TOC1/11

AHHoTaumsa. TOK-Hbl Kaywn rasgapgaH (PHs, H2S, HF aHe T.6.) x3He onapgply, KesgepuleH (CasP2, CaF2
aHe CaS) 3anasncbi3faHabIpyabil, XXala AbIMKbI TACiNi YCbIHbIIAAb!, eATKeLL 3anancbi3faHabIpy 60MbIHIWIA Kyprak
Tacingep onapapbly KYPgeniniriHe >XaHe TuWimci3giriHe 6aMnaHbICTbl eMmipluel, emec 60/bIM  LWbIKTbIl, OCbIraH
6aiinaHbicTbl TOK KypbiibicTa (K3He TeK OHAa raHa emec) Ko/faHbiCTarbl HOPMAaTMBTIK KyXKaTTapra Caikec
Tas3apTyCbl3 KoMgaHblnagbl.

3vaHabl rasgapgaH kKaHe onapfbiy, KesgepwleH TOK-Hbl 3anancbi3faHiblpydbil, AbIMKbUT TICLLUH 33ipney
Ke3iHAe Kefec ca/bICTblpMasibl 3gicTeMenepai KongaHambIz:

BipiHwici - 2 kr TOK kenTipy newwige wavameH 600°C Temnepatypaga 5 caraT 60ibl KenTipingi, cofaH KeliiH
apHaiibl TECIKTEH aya KOCMacbIH rasfplil, 60/1ybIHa efLles;.

EkKiHLWici - KenTipinreH KoX cyraHHaH KewiH gipingnipmeHge Na2CO3 HeMece LieMeHT (canmarbi 60ibIHLLA 5%6)
*3He FeO (3 %) KocrmacblH KOCbIM >X3He OCbl 6GeficeHfipeTiH XaHe 6eliTapanTaHablpaTblH Kocranapabl Kocnai
500 mM2Kr meHwW LW 6eTke AeliiH ycakTanfbl, cofjaH KellH AvipMeH MeH KoXfarbl rasgapipil canasiblK KypambiH
enwegi.

YwiHwici - 2 kr TOK opTawanaHrad cbliHaMacblH anbIn, 3epTXaHasIbIK AipinguipmeHre cangbl, cojaH KeLlluH
oraH 1:6 apa KaTblHacblHAa (KOX:Cy canmMarbl 60VibIHLWIA) cy Kyliblnabl. Byn kocnaHbl Na2CO3 Hemece LEMEHT
(canmarbI 60ibIHLLA 5%0) 3He FeO (3 %) KocnacbIH KOCbIM XX3He onapabl Kocnai 500 M2Kr MeHLULLIN 6eTLUe AeiiH
ycaKTajbl, CofiaH KelliH ALLPMeH MeH KoXaarbl rasgap/bil, canasiblK KypambIH eflLIeHf.

AHbIKTaTaHbI:

- TPK-gaH 6GenwreH rasgapgpll el Ken Meswepi 3ana/icbi3faHiblpaTblH KOCMaiapebl3 KenTipy KesiHge
6ankanagpl;

- 3anancbi3faHiplpaTblH  kocnanap 6onraH  kesge T®K-gaH rasgapgplly,  WbIrybl  Kocrnaniapably,
GeTapanTaHAbIpaTbIH KacueTrepiHe 6ainaHbICTbl 6ip caTbira asasjpbl;

- kenTipinreH TPK-Hbl yHTaKTay rasfapgpll 0faH KOCbIMLLA WbIryblHA bIKMaa eTedi - KocnasiapmeH a3
[apexefe, Kocnanapcbl3 - Ken fapexese;

- TOK cy opTacblHia yHTakTaraH Kesfe rasfapfbll, LbIrybl 6apblHIL@ a3asfgbl, an KocnameH - rasgap
TOMbIFbIMEH 6eTapanTaHabIpbLIaabl.

>Korapblga aiiTbiiraHHaH TOK eHfiey TaciniHe KapamacTaH, eHrisifieTiH Kocrnanap rasgbl 6eiTapantaHgbipyra
KabineTri 6onraHbl Gaikanagbl, anaiiga Kyprak; 3ficreH casbiCTbipraHga AbIMKbUT TaclW TUiMAipeK KepiHeai,
ENTKeHI:

- IbIMKbIN TaCiNgi KongaHraH kesge TOK Kennpy Tanan eTiniMeii, 6e/weKTep a3 yakbITreH KaKeTri MeHLUIKTI
6eTKe AeLUH ouali yHTaKTanagbl;

- gipingnipmeH 60nbin TabblnaTbIH XXabblK KeLiCTiKTe, Cy opTacbiHAa rasgap KaHgai ga 6ip cebentep 60ibIHLLIA
YLUIbIN KeTe afiMaiigbl, XX3He Kocrnanap MeH 6enceHaipriiTep apkblibl TOMNbIK 6eiTapanTaHabIpbliaibl;

- rasgapgply 6eiTapanTaHAbIpyLUbl XX3He 6efceHAipyLli KocrnasiapMeH e3apa 3peKeTTecy eHiMAaepi e3gepi
yHTakTasraH TOK-HbIL, 6e/1ceHaipyLLi KOMMOHEHTTEPLLE aiHanagpl.
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TOK-HbI GeliTapanTaHablpaTblH XX3He OenceHAIpeTiH Kocnanapbl 6ap Cy opTacbiHAa ycaKTay 6apbiCblHAA
XYlVlefie XUMMANBIK, (DU3MKaNbIK-XUMUSTIBIK JKIHE KaTaUTUKa/LIK peakumsnap (Kaimbl anraHaa onapibil, caHbi
LaMaMeH 20) OpbIH anaTbIHbl KEPCETLLIEeH.

dazanblK Kypamipl 3epTTey, yHTakTasraH TPK rugpatauma Aspexkea >KHe 3K0ohochoLliak TYTKbILbIHAH
a/bIHraH KatairaH KoX TacbIHbIL, 6epXX NN TeMeHAerinepai KepceTri:

- Na2CO3 LeMeHTTLL-KOCNaHbIL, HerypsbiM orapbl 6enceHAiprill KacueTrepiHe ue, coHAblkTaH Na2CO3
Kocnacbl 6ap KaTaiiraH aKogocthoLunak TyTKbIPrbIWThIL, GEPIKTiri MeH rmgpaTaums gapexkea aiTap/bIKTal Xorapbl
- Twcwiwe 79,3 ... 83,5 MIMa xaHe 21,7 .. 23,3% >eTely an LeMEHTMeH-KocnamMeH - Tek 28,7...37,9 MIla »3He
16,8...20,4 %>xeTeqi;

- LlemeHT-KocnameH canbicTbipraHga Na2COz3 »orapbl 6e/1ceHaipriw KabineTi MblHasiapra HerisgaenreH:

- HaTpuii KapBoHaTbl KaTasTbIH XYVleae »orapbl CLUTLL opraHbl (PH>12) Kypagbl, COHbIL, apKachiHAa LLbIHbI
KOX Ken Mesiepge epuay, 6yn e3 KeseriHie KOX/bl Tactarbl rmapaTTbiK asanapipil, MenwepiH apTTbipyra biKnan
eTeqi;

- KOX TaCblIHbIL, HbIMbI3gaslyblHa KpUCTau14bl TOP MeH rMapatrbl hasanapipll ecyi MeH OpHbIKTbIIbIrbIHA bIKMas
eTeTws MeO6 TWNTI >Kaua KeugiTinreH YWnecTipy opTa/ibIKTapblHbIL, Maiifja 60Mybl HITVXKECIHAE KaslbLli
rMapoOCUINKATTapbIHbIL - C-S-H x3He CSH (I) KypambiHa KipeTiH Na+ noHgapbl fa ol acep eTefi, 6yn fa Kox
TacbIHbIL, 6ePXXMNMHLL, XOorapbliayblHa oL, 3cep eTesi.

FeO kayLwin rasgap MeH onapfbiy, Ke3gepiH 6eiTapanTaHabIpbin KaHa KoliMai, COHbIMEH KaTap YHTaKTanraH
TDK-HbI 6enceHpipeTiHi aHblkTangbl. FeO GeliTapanTaHablpaTbIH XX3He OenceHAipeTiH KabineTi Fe2+ (Fe3t) 3D-
TEMEHTI geureiinge aneKTpoHaapaaH 60c opbuTanbaapapbil, 601ybIMeH 6aiinaHbICTbl 601ybl MYMKIH, Oy, akuenTop
peTiHae, GeliTapanTaHAblpaTblH XX3He 6eficeHAIPeTIiH KacueTrepi 6ap Temip MOHAapblHa biknNan etedi. MyHgan
KacueTrepre KocbibICTap, COHbIL, iwiHge 3D-TemeHri geureiife anekKTpoHaapaaH 60c opbuTanbaepi 6ap aybicnasbi
MeTasigap 3/1eMeHTTepPIHIL, e3fepi 4e e 60Mybl T gen 6omkayra 6onagpl.

KataliraH 3KohochoKoXabl TYTKbIpaa HerisiHeH KalbUuiA FMApOCUAMKATTapbiHbIL, el TYPi - amopgiTbl
To6epmopuTn resb (C-S-H) x3He cyommkpokpuctangbl CSH (1) nailga 601aTbIHbI aHbIKT/TAH.

TywH cesgep: TYWMiplikTenreH thocdop Koxbl, Kaylun rasfap aHe onapApll, Kesgepi, Temipaily, Lwana
TOTbIMbI, COAA, LeMeHT, 6epLUNK, ryapaTaums 43pexeci.

3.A. EctemecoBl, A.B. bapBuHoBl b. K. CapceHb6aeB2,
A. A. TynaraHoB3, M.3. EctemecoBl, A.M. XaiifapoB1

ITOO «Le/ICM» LleHTpasibHas nabopaTopurs cepTUHNKALIMOHHBIX UCMbITaHWI
CTPOUTE/bHBbIX MaTepuanos, AnmMaTbl, KasaxcraH;
2OKIY HOxHo-KasaxcTaHCKuii MocyqapCTBEHHbIN YHUBEPCUTET;
3TawACW TalLKEHTCKUIA apXUTEKTYPHO-CTROUTENbHBIA UHCTUTYT

HOBbI CMOCOB OBE3BPEXUBAHUA TPAHYTMIPOBAHHOIO
POCPOPHOI O LLUJTAKA OT OIMNACHbIX TA30B

AHHoTaums. MpegnaraeTcsa HOBbI MOKPbI cnocob 06e3BpexknBaHus IT®LL oT onacHbIX rasos (PH3, H2S, HF
n ap.) n mx uctodHmkos (Ca”2, CaF2 m CaS), MOCKO/IbKY Cyxue crnocobbl Nno 06e3BpeXMBaHMI0 OKasaCb
HEXM3HECMOCOBHBLIMI B BULY UX CNOXHOCTU U He3(D(PEKTMBHOCTHN, 13-3a Yero M PLL B cTpomTenscTBe (M He TOMbKO)
NPUMEHAIOT 6€3 0YMCTKU COrlacHo CyLLEeCTBYIOLLMM HOPMATVBHbLIM AOKYMEHTaM.

Mpu pa3paboTKe MOKPOro crocoba obe3BpexmnsaHus ML 0T BpeHbIX rasoB Y UX UCTOUHVKOB MPUMEHSIEM
cnefytoLLme cpaBHUTESIbHbIE METOANKN:

MepBasi - 2 kr F®PLL noaBepr/M cyLLKe Npu TemnepaType 0Kos1o 600°C B CyLUWILHON Neyn B TedeHMe 5 4acos,
Nocsie Yero 13 cneLmaibHoro 0TBEPCTUA N3MEPSSIN BO3AYLUHYIO CMECh Ha MpeaMeT NpUCYTCTBUSA ra3os.

BTopas - BbICYLLEHHbIA LAk MOCMe OCTbIBAHUS M3MeSbYanv B BUGPOMENbHULE [0 YAE/IbHON MOBEPXHOCTU
500 mM2kr ¢ pgob6aBkoii Na2COs3 mnm uemeHTa (5 % no macce) n FeO (3 %) 1 6e3 3TUX aKTUBUINPYHOLLUX W
HeMTpanmn3ytoLLmx o6aBOK, NOC/e Yero U3Mepsiv Ka4yeCTBEHHOE COfiePXKaHWe ra3oB B MeNbHULE U LLTaKe.

TpeTbs - B35 2 kr T PLL ycpefHeHHO Npobbl 1 MOMEeCTUIN B NabopaTopHY0 BUOPOMESIbHULLY, a 3aTeM Tyaa
)K€ Ha/nmnv BOLY B COOTHOLUeHMW 1:6 (Wiak: Boga no Becy). V3menbyanu 3Ty cmecb ¢ gob6aBkoit Na2CO3 mnu
uemeHTa (5 % no macce) n FeO (3 %) 1 6e3 HUX 40 YAeNbHOM NoBepxHOCTU 500 M2/Kr, MOCMe Yero WU3MepuIun
Ka4yeCTBEHHOE CofiepXKaHue rasoB B MeSIbHULE U LLTAKe.

YCTaHOB/EHO, YTO:

- MaKCUMasiIbHOe KOSIMYeCTBO BblaesieHns rasoB n3 I PLL HabnaogaeTca npu cyluke 6e3 06e3BpeXxnmBaroLmnx
[06aBOK;
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- B MPUCYTCTBMM 06e3BpEXMBaIOLLMX J06aBOK BbIX0g ra3oB 13 ML ymeHbLIAeTCA Ha O4HY CTYMeHbKY - U3-
3a HeMTpanM3yoLMX CBONCTB 406aBOK;

- pasmon BblicylleHHOro ®LL cnoco6cTBYeT AOMOMHMENIBHOMY BbIXOAY rasoB U3 Hero - C [06aBKOlM B
MeHbLLEN cTeneHn, 6e3 - B 6oNbLUEN CTENEHU;

- npw pasmanbiBaHuy F'PLL B BOAHOW cpefie BbIXOA Fa3oB MaKCcMMaslbHO YMEHbLLAETCS, a ¢ 406aBKoM - rasbl
NOTHOCTbIO HEATPaNIN3YHOTCS.

M3 cKasaHHOro criefyeT, 4TO He3aBMCUMO OT crnocoba 06paboTku FdLL BBOgMMbIE [06aBKM CMOCOGHbI
HelTpann30BaTh rasbl, 0AHAKO MOKPbIA cNoco6 3thheKTUBHEE MO CPABHEHMIO C CYXMM, NMOCKO/bKY:

- npy MOKpoM crocobe cywka M®LL He TpebyeTcs, 4YacTuubl Nerye pasmanblBaloTcs 40 Heo6X04MMON
yeNbHO NOBEPXHOCTU C MEHBLLUNM BPEMEHEM;

- B 3aMKHYTOM TMPOCTPAaHCTBE, KaKMM SBNSETCA BMOPOMENbHMLUA, B BOAHOM Ccpefe rasbl He MOryT
yNeTyumBaTbCs Mo TEM WIN MHbIM NPUYMHAM, a MoTHOCTBLHO HeTpanm3yoTesa gobaBKaMm 1 aKkTUBM3aToOpaMu;

- NPOAYKTbl B3aUMOAEACTBUSI Ta30B C HEATPa/IM3YOLWMMU U aKTUBM3VPYIOWMMK [o6aBKaMu caMu
CTaHOBATCSA aKTUBU3UPYIOLLMMU KOMMOHEHTaMu Mof1oToro M dLLL

MokasaHo, 4TO B Xofe u3menbuyeHUss TPLL B BOAHOW cpefe C HEMTPaM3YIOWMMU U aKTUBU3UPYHOLLMMN
[Jo6aBKaMM B CUCTEME MPOMCXOAAT XMMMUYUECKME, (PU3NKO-XMMUYECKME N KaTa/IMTMUECKME peakuun (B O6LLIEH
CNOXHOCTWN MX OKOJI0 20).

WcenegoBaHma (asoBOro coctasa, CTereHb rugpatauum monotoro MPLL M nNpoyHOCTL 3aTBEpAEBLUErO
LLNAKOBOr0 KaMHs1, NOMYyYEHHOI0 13 3KO(OCHOLLIaKOBOro BSXKYLLEro, NOKasam CrefytoLLiee:

- Na2CO3 o6bnagaet 60/iee MNOBbILUEHHLIMU aKTUBU3MPYIOLLMMK CBOWCTBaMM LieMeHT-406aBka, Mo3Tomy
NMPOYHOCTL W CTeMeHb rugpataumMyM 3aTBEPAEBLLEr0 3KO(OCHOLLNAKOBOro BsbKyllero ¢ pobaBkoi Na2CO3
CYLLECTBEHHO BbIlLE - AOCTUrat0T COOTBETCTBEHHO 79,3...83,5 MIMa n 21,7...23,3 %, a Cc LeMeHTOM-[006aBKOiA -
Tonbko 28,7.37,9 MIMawn 16,8.20,4 %

- MoBblleHHasA aKTMBM3MpYtoLas cnocobHocTb Na2CO3 No cpaBHEHMIO C LIEMEHTOM-A06aBKOW 00YyCnoB/ieHa
TeM, YTO:

- KapboHaT HaTpus B TBEPLEOLLE crCTeMe CO3LaeT MOBbILLIEHHYO LLenoyHyto cpegy (pH>12), 6narogaps
YeMy CTEK/OLNAaK pacTBOpsieTcs B 060/bLUOM KOMMYECTBE, 3TO B CBOK 04epedb CMNOCOGCTBYET YBENYEHMHO
COfiEPXXaHUS TNapaTHbIX ha3 B LLNAKOBOM KaMHE;

- Ha YNPO4YHEHWe LLUMAaKOBOIO KaMHSl TMO3UTMBHO BAMSIOT Takke WOHbI Nat, BXxogswwme B COCTaB
rMapocUMNNKaToB Kasbuus - C-S-H 1 CSH (1), B pesynbTaTe 06pasoBaHNs HOBbIX pacLLUMpPeHHbIX KOOPAUHALMOHHBbIX
ueHTpoB, Tnna MeOse, CNOCOGCTBYIOLLNX BO3PACTAHUIO U YCTONYMBOCTU KPUCTA/I/IMYECKOW PELUETKN U rnapaTHbIX
(a3, a 370 TOXKe MOMOXKMNTENBHO B/IMSIET HA MOBbILLEHME NPOYHOCTU LLIAKOBOIO KaMHS.

OnpegeneHo, 4to FeO He TO/IbKO HEMTPaNM3yeT OMnacHble rasbl U UX UCTOYHUKU, HO U aKTUBU3NPYET MOJIOTbIN
FOLL. HeliTpanuaytowwas n aKTMBM3NPYHoLLAs CNocobHOCTb FeO, BO3MOXHO, CBSi3aHa C Ha/IMYMeM Ha 3”*NoaypOBHe
Fe2+ (Fe3t) cBOGOAHbIX OT 3/EKTPOHOB Opb6WTaneil, 4TO CMOCOGCTBYET MOHaM >Kefes3a, Kak akuenTop, C
HEATPaNM3yLWUMN 1 aKTUBM3MPYOLMMMK CBOMCTBaMM. MOXHO npegnonaratb, YTO TaKUMK CBOACTBaMW AO/DKHbI
obnagatb COeAVMHEHWs, U B TOM 4uUC/e, CaMU 3/1EMEHTbl MepexofHbIX METaN/I0B, MMelLUX B 3 MoAypOoBHE
NycTyHoLLMe OT 3/1eKTPOHOB 0pbUTanu.

YCTaHOBMEHO, YTO B 3aTBepAeBLUEM 3KO(OCHOLL/IAKOBOM BSHKYLLEM BO3HMKAOT B OCHOBHOM [JBa Buja
rMAPOCUNINKATOB Ka/bLs - aMOPgHbI To6epMOpPUTOBBII refb (C-S-H) n cybMukpokpucTaninyeckumin CSH (1).

KnoueBble crioBa: rpaHy/IMpPOBaHHbIN (POCHOPHBIA LaK, onacHble rasbl U UX UCTOYHUKMK, 3aKUCb XKENesa,
€Ofa, LEMEHT, MPOYHOCTb, CTEMNEHb rnapaTaLmu.
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