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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
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
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enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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PHYSICAL AND CHEMICAL PROCESSES OCCURRING
IN THE GRANULATED PHOSPHORUS SLAG DUMPS

Abstract. One of the most dangerous man-made mineral formations located in the territory of Kazakhstan is
disposal areas for granulated phosphorus slag, since its shells contain initially the dangerous gases such as PH3, H>S,
HF, etc. Permanent sources of such gases are also CasP, (intrinsically poisonous gas), CaS and CaF,. In the
structures of phosphorous ash disposal areas, the chemical and physical-chemical processes contain initially gases,
which may be in different modifications. For example:

e Phosphene (PHs) in the form: PH3—P,0s—HPO3;—H;3POy;

e Hydrogen sulfide (H»S): HS—H>SO3— H,SOq;

¢ Hydrogen fluoride and silicon tetrafluoride: HF—SiF4—H,SiFs—H,Si0s;

e Carbon oxide (CO): CO—CO,—COCl,.

Such chemical processes intensify greatly the anthropogenic effect of phosphorous ash disposal areas on the
environment — biogeocoenosis.

In addition to the processes related to gas components, in the phosphorous ash disposal areas, the hydration
processes occur as a result of interaction of slag with water. Thereat, sub-microcrystalline CSH(I) and calcium are
generated. Depth of slag hydration reaches 1...3 pm. Such processes form a thin layer on the surface of slag particles
resulting in linking of separate grains into a whole. Therefore, the surface of phosphorous ash disposal areas has the
certain strength with cracks, through which water, air, snow, etc. are penetrating into the disposal area.

It is evident that granulated phosphorus slag in the form of disposal areas has very adverse impact on the
biogeocoenosis, causing the pressing need for their disposal; moreover, such slags are valuable raw material for the
construction industry and agriculture only after their decontamination from dangerous gases.

Keywords. Granular phosphorus slag, dumps, hazardous gases, chemical reactions.

Introduction. One of the most dangerous technogenic mineral formations located on the territory of
Kazakhstan is the granular phosphorus slag dumps (hereinafter referred to as GPS or GPD), (figure 1),
formed as by-products in the production of phosphorus and its compounds [1].

Near Shymkent and Taraz there dumps have more than 20 million tons of granular phosphorus slag
where chemical and physicochemical processes constantly occur, due to which hazardous gases
derivatives in the dump structures such as phosphine (PH3), hydrogen fluoride (HF), hydrogen sulfide
(H»2S) and others, previously occurring during the sublimation of elemental phosphorus from phosphorite
[2.3], are formed.

In addition, under certain conditions, phosphide (poisonous in itself), calcium sulfide and fluoride,
which are part of the slag can serve as these gases sources, which while interacting with water, form a
hydration phase of type CSH (I), generating a crust of certain strength with cracks on the surface of the
dumps [4-6].
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Figure 1 — The dump of granular phosphorus slag near the city of Taraz

Consequently, slag dumps are the same hazardous objects as emissions of the same gases during
production processes. At the same time, emissions are controlled, and phosphate slag dumps are
uncontrolled, constant, and therefore their danger is significantly higher.

The utilized phosphate slag dumps through the neutralization of granular phosphorus slag, which is
environmentally friendly can be an excellent raw material used for construction and agriculture.

The phosphorus and GPS generation technology is the following: in electric furnaces at temperatures
of 1450 ... 1500°C in mixtures consisting of phosphorite (3CaO - P,Os) of the Karatau deposit, quartz sand
(Si0;) and carbon (C), the reaction occurs according to the following formula:

Ca3(POs), + 38510, + 5C — 3 (CaO - SiO) + 2P 1+ 5CO 1 (1)

From this formula it follows that P and CO are released as gases, and CaO - SiO; — as a melt, at rapid
cooling the GPS is generated.

In addition, as a result of complex physical and chemical processes, dangerous gas-dust-like
impurities arise - in the form of phosphine (PHs3), fluoride (HF) and hydrogen sulfide (H,S), slag (and
other) dust that are released into the atmosphere, in production and other premises concentrated in the
GPS shells located in dumps [7.8].

Emission of harmful dust and gas substances into the atmosphere and their presence in production
facilities are well studied [7.8]. For example, at slag production and bucket discharge sites, the content of
PH; reaches 0.3 ... 3.5 g / m®, and HF — 1.25 ... 6.9 mg / m’ [8]. At four phosphorus production plants
(before 1990) in Shymkent and Zhambul, the emission of harmful gas-dust-like substances into the
atmosphere reached 150 billion m’, the content of phosphine, hydrogen fluoride and hydrogen sulfide,
dust up to 200 thousand tons per year (currently, “Kazphosphate” LLP pay special attention to labor
protection and safety) . There is no such close attention to phosphate slag dumps.

The above mentioned gases are very dangerous and toxic (table 1).

Table 1 — MPC (in mg/m? gas toxic substances occurring in the composition of phosphorus slag dumps [9]

Substance Hazard Maximum permissible concentration (mg/m?)"
MPCwa MPCwms MPCap
HaS 2 10 0,008 0,008
HF 2 0,5 0,02 0,005
SiFa 2 0,5 0,02 0,005
PH3 2 0,5 0,1 0,1
CO 4 20 3..5 1..3
Dust 3 - 0,3 0,1

*WA - working area, MS — maximum single, AD - average daily

Studies have shown that higher MPC may cause various human diseases (peptic ulcer, chronic
gastritis, cirrhosis of the liver, musculoskeletal disorders) and animals’ skull bones and teeth destruction.
They are especially dangerous for river and marine animals [7.8].

—— 4] ——
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There are known developments of non-fired and composite binders and concrete on the basis of
electrothermophosphorus slags from the Novo-Zhambul phosphoric plant, Kazfosfat LLP with high
strength and durability, also physicochemical processes of the products of hydration and structure
formation of these binders have been studied [10-12].

An analysis of the literature data shows [7.8] that in the phosphorus industry, particular attention is
paid to emissions and production facilities, and phosphorus slag dumps are almost absent. Meanwhile,
these dumps have a significant uncontrolled anthropogenic impact on biogeocenosis, i.e. the environment.
Therefore, the study of physical and chemical processes associated with GFSD is quite urgent — this is
what this work is devoted to.

Research Methodology. The object of the study was granular phosphorus slag from dumps located
on the territory of Kazphosphate LLP (Taraz).

The chemical and phase GPS compositions were identified using a DRON-3M X-ray machine
(Russia), derivatographic unit Q-1500 D (MOM, Hungary), infrared spectrophotometer Specord M 80, a
MIN-8 polarizing microscope, and traditional chemical analysis.

The determination of hazardous gases was done using the ALTAIR PRO gas analyzer (single-channel
explosion-proof portable). Sample preparation with a specific surface of 500 m? kg was carried out for
physicochemical analyzes at a laboratory vibratory mill with a capacity of 2 kg. In this case, the released
gases were measured through holes with a diameter of 2 mm.

The experimental results. The dumps of granular phosphorus slag (GFSD) in Shymkent and Taraz
occupy about 1730 hectares of fertile land with the enclosing territory allocated based on the sanitary
standards. In addition, chemical enterprises engaged in the production of phosphorus-containing products
are located near the rivers Sairam (Shymkent) and Assa (Taraz), which due to location reasons raises
many negative issues.

The GFSD storage period has already reached about 30 ... 50 years. The total amount is more than
20 million tons (moreover, the Shymkent GFSD is constantly decreasing, due to the fact that it is
constantly used in road construction - without any permits, Taraz plant is growing due to the existing new
Zhambul phosphorus plant).

The chemical composition (rounded) GFS, %: SiO; - 41 ... 44; CaO — 44 ... 48; Al,O; — 3.2 ... 3.6;
Fe,O3 — 0.5 ... 0.6; MgO — 2.5 ... 3.2; P,Os — 1.07 ... 2.5; SO; — 0.5 ... 0.8; F — 1.2 ... 2.0; calcium
phosphide (CazP,) — 0.2 ... 0.3; calcium fluoride (CaF,) — 4.0 ... 4.5; calcium sulfide (CaS) —0.2 ... 0.3.

Such a chemical composition of GFS is obtained as a result of physicochemical processes occurring at
a temperature of about 1450°C in electrothermal furnaces in mixtures consisting of phosphate [Ca3(POa):]
from the Karatau deposit, quartz sand (SiO) and carbon (C) based on the following formula (1).

When molten slag comes into contact (t = 1450 ... 1500°C) with water vapor and in case of water
granulation the chemical pyrohydroline reactions occur (schematically) [13] as follows:

CaF, + H,O + Si0O; = 2HF + CaO - SiO,,
CasP; + 3H;0 + 3Si0, = 2PH; + 3 (Ca0SiO), @)
CaS + H,O + Si0;, = H,S + CaO - Si0,.

Elemental phosphorus, interacting with atmospheric oxygen, forms phosphoric anhydrite based on the

following formula:
4P + 50, — 2P,0s ®)

With rapid water cooling, the melt does not have time to crystallize and by retaining some of the
internal energy, passes into the vitreous state. This state gives GFS a certain astringent property which
increased when grinded and activated by various additives. The average GFS density is about 1100 ...
1200 kg / m?, its soft shell material is easily destroyed by external influences.

The formation of the halo in the X-ray diffraction pattern and the diffusivity of the main maxima of
the absorption bands of the IRS confirm its amorphism. The endoeffect in its thermogram at 800 ‘C shows
softening of the glass, and the exoeffect at 920 'C — the crystallization of pseudo-(CaO - SiO,) (figure 2).
From this physical analysis it can be seen that GFS is an excellent material for use in silicate and building
materials and products, including road construction and agriculture. However, only if it is neutralized from
hazardous impurity gases.
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Figure 2 — X-ray diffraction pattern (1), thermogram (2) and a fragment of the infrared spectrum (3) of the GFS

It should be emphasized that the components of the GFS are not inactive but actively interact with the
environmental ingredients and themselves, by significantly increasing its anthropogenic impact on
biogeocenosis. Gas-dust emissions of the existing phosphorus plant settling on the surface of GFSD will
make their negative contribution.

In GFSD structures the main interdependent parallel physical and chemical processes may occur as
follows:

e chemicals associated with harmful gases;

e physical and chemical, associated with the hydration of slag and its dust.

a) Chemical reactions associated with gases in GFS shells, for example, with PHz:

PH;+H,O—PHA++0OH,,
PHA++H,0—->PH,OH+H,
or

PH4++H>O—PH3+H;0",

PH4++OH — PH;3;+HO",

2 PH;+40,—>P>,05+3H,0, (4)
P>05+H;0—2HPO;,
HPO;+HO—>H3;PO;,

Therefore, depending on the environment, a phosphine in the ecosystem can exist in the form of
compounds as follows: PH;— P,Os—>NRA3;— H3PO..

The same chemical reactions occur with H,S, HF + SiF4 and CO, respectively, with the formation
(schematically):

H>S—H>S0; %HzSO4,'
HF%HFz,’ SiF4ﬁHzSiO3ﬁHzSiF6 (5)
CO—CO;—>COClI;

Furthermore:

e calcium phosphide is poisonous gas — it may under certain conditions be a constant source of
formation of a new portion of PH3;

e calcium sulfide turns into H,S based on the following formula:

0 .. . . .
CaS + 2H,O L)Ca(OH)er H,ST(under conditions of phosphoric slag binders steaming);

CaS + CO»+ H; O —»CaCOs+ H,ST; (6)

calcium fluoride - during autoclaving of phosphoric slag binders it can give HF based on the following
formula:
.200°
CaFst+ HyS0,— 2% 5 as04+ 2HFT %
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As can be seen from the table 2 the content of CasP,, CaF,and CaS in the composition of GFSD in the
amount of 20 million tons of solids: 69.3; 2700 and 69.3 respectively, t.

Table 2 — The total content of gas-forming substances in GFSD, the amount of which is 20 million tons

Name of gas-forming substances Chemical formula Content of gas-forming substances
% t
Calcium phosphide CasP2 0,3 69,3
Calcium fluoride CaF» 4,0 2700
Sulfide calcium CaS 0,3 69,3

b) Physical and chemical processes associated with slag hydration:

A neoplasm is formed on the surface of the slag grains as a result of interaction with water. A
physicochemical study showed (figure 3) that this neoplasm consists of a gel- and crystalline CSH (I) and
calcite. As can be seen from this figure, peaks appear on the radiograph at d/n = 3.03; 2.84 and 1.82 A,

typical for crystalline CSH (I). Five effects are recorded on the thermogram — three endo and two —
exoeffects.

3,03

2,84

420G 180°C

Figure 3 — X-ray diffraction pattern (2) and thermogram (1) of GFSD grains

The endoeffect at 130 °C indicates the presence of gel-like phases in the neoplasm and the endoeffect
at 180 °C is apparently a submicrocrystalline part of the hydrosilicate phases.
These processes proceed according to the following schemes:

C,SH, 120-180°c¢ , C,SyH,+ CH.

The endoeffect at 820°C shows the calcite decarbonization according to the scheme:
CaCO; 13¢°¢ 5 CaO + COs, ®)

which confirms carbonization of previously formed hydrosilicate phases that arose during the surface
interaction of slag grains with water.

The exoeffect at 840°C indicates the transition of CSH (I) at elevated temperature to wollastonite by
the reaction:

CSH ¢, B-CS. )

The exoeffect at 910 °C confirms crystallization of the initial glassy slag with the formation of
f—Ca0-SiO..

Petrographic studies show that the gel-like silicate mass has light refraction in the range n = 1.51 ...

1.53; CSH (I) —n = 1.54 ... 1.56, and CaCO3 — np= 1,658; ns= 1.485. In this case, CSH (I) has a fibrous

structure, and calcite crystals are formed as a rhombohedron and a prism. The depth of hydration of the
slag grains is 0.1 ... 0.3 microns.
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Thus, in dumps, granular phosphorus slag is hydrated in the presence of water, which leads to its
transformation into stone with a certain strength, as a result of which individual grains are crosslinked into
a single whole, which is denser than slag, therefore it envelops the slag grains in a dense layer, which
prevents further hydration of the slag itself. However, this dense layer in the form of a crust occurs with
cracks through which water, gas, snow, etc. penetrate into the dump.

Phosphate slag dumps are a constant source of pollution of the region’s ecosystem. In fact, as long as
these phosphorus slag dumps exist nearby, there can be no improvement of the environmental situation in
the southern region of Kazakhstan.

In preventing environmental pollution caused by phosphorus slag and waste disposal facilities, there
are four main options:

— cover them with a thick layer of earth or with a special polymer or concrete mixture;

— liquidate by laying them in mine and other man-made spaces;

— use as fertilizer for agricultural farming and material for land reclamation purposes;

— produce various building materials on their basis.

It is possible, of course, to leave everything as it is. However, this is counterproductive, as discussed
above.

Let’s briefly consider all the pros and cons of implementing the above in terms of environmental and
economic efficiency.

1. The closure of phosphate slag dumps with a total area of 50 hectares with a thick layer of land is
unproductive, because:

— removal of this land causes additional anthropogenic environmental pollution and the alienation and
desolation of lands;

— huge financial, human and technical costs;

— earth filling of phosphate storage facilities with a height of 50 m each is not so simple based on the
technical capabilities of existing machines and mechanisms;

— the main low productivity of this venture is that this work will need to be repeated periodically,
since the thickness of the backfill may decrease due to erosion reason;

— when closing the dumps with concrete mix it can be considered that the environmental problem will
be solved, however, such work will be more expensive than backfilling option (for example, the cost of
1 ton of land is 2500 tg, cement — 14500 ... 15000 tg) therefore, from an economic point of view such an
event is extremely ineffective;

— closing the dumps with a special polymer mixture is the most promising among others, however,
the life of the polymer film is relatively short (1-1.5 years), such an expensive mixture will need to be
exported, since it is not produced in Kazakhstan, in addition, under certain conditions (for example, in its
interaction with acids toxic substances) it creates an environmental problem.

2. Even more inefficient in environmental and economic terms is the liquidation of phosphate slag
dumps by laying down mine and other man-made spaces. For example, the cost of one 60-ton wagon
reaches 320 thousand tenge. For 20 million tons of phosphorus slag, 333,333 wagons are needed. It is easy
to calculate - the transportation of slag dumps by wagons will amount to 106 billion tenge. But in addition
to transportation, there are other operations such as loading and unloading, filling, etc. These are
additional costs — their cost is equal to 20-30 % of the transportation cost.

3. If slag dumps are used as fertilizer for agricultural farming and as material for land reclamation,
then, first of all, a technological line cleaning gaseous substances, especially phosphine, hydrogen fluoride
and hydrogen sulfide will be needed. In addition, the technical and economic efficiency of slag dumps as
fertilizer used for land reclamation shall be defined since there are conflicting data on this [14].

4. What if to produce various effective building materials on the basis of slag dumps? However, we
note the following: with some certainty, it can be argued that there is simply no alternative to processing
these dumps into building and silicate materials. In our opinion, this direction is the most promising and
environmentally and economically effective, since in this case the problem associated with the slag dumps
utilization is solved comprehensively.

The specificity and nature of the phosphate dumps in which the prehistory of their occurrence is
associated with the production of phosphate-containing products, determines the increased degree of their
anthropogenic impact on the ecosystem, namely, as already mentioned on biogeocenosis.
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Summary. 1. In the phosphorus industry, environmental, technological and sanitary safety usually
means the measures and technical requirements related to the emission of harmful substances into the
atmosphere and hydrosphere, as well as their level of concentration in production facilities without giving
the required attention to the granular phosphorus slag dumps.

Meanwhile, the granular phosphorus slag dumps in the amount of 20 million tons have a significant
anthropogenic impact on biogeocenosis, i.e. the environment, since hazardous gas-dusty ingredients are
accumulated in its structures.

2. Chemical and physico-chemical processes constantly occur in the structures of dumps, as a result of
which:

e phosphine (PH3) can be in the form: PH3 <> P,0s <> HPO3 <> H3POy;

e hydrogen sulfide (H2S) — H,S <> H,SO3 <> H>SOq;

¢ hydrogen fluoride and silicon tetrafluoride - HF <> SiF4 <> H,SiF¢ <> H,SiOs3;
e carbon monoxide (CO) — CO — CO, — COCly;

e slag — CSH ().

3. The potential amount of 20 million tons of phosphate and calcium sulfide sludge can reach
69.3 tons, and calcium fluoride — up to 2700 tons, which under certain conditions can be sources of the
above-mentioned dangerous gases.

4. Finding granular phosphorus slag in the form of dumps is extremely dangerous for biogeocenosis
and the urgent need for their disposal suggests itself, especially since these slags are valuable raw
materials for the construction industry and agriculture.

Confirmations. Scientific results were obtained within the framework of TSELSIM LLP work.

3.A. Ecremecos, II.1. CanbikoB, A.B. bapBunos,
H. b. Capcenbaes, M.3. EcremecoB, A.Y. YpanxanoBa, A.A. Tynaranos

«eJICUM» KIIC OpTanbslk KyphUIBIC MaTEpPHAIIAPEIH CEPTUPUKATTAY CRIHAKTAPHI 3epTXaHAaCHI,
Anmarsl K., Kazakctan

TIAIPIIIKTEJITEH ®OC®OP KOXKIAPHI YATHILJIEPIHJE BOJIATBIH
OU3UKAJBIK-XUMUAJIBIK TIPOHECTEP

Annoranus. KazakctaH aymMarbIHIaFbl €H KayilTi TEXHOTEHIIK MUHEPAIIBIK TY3UTIMIACPAiH Oipi — TYHipImiK-
tesreH (ocdop KOXKBIHBIH YHiHAIIEP], OWTKEeHI OHBIH KaObIkTapeiHaa Oacrankeiia PHs, HoS, HF skoHe T.0. cuskTh
KayinTi razgap 6ap. byn razmapasiy typaktel ke3nepi — CasP, (e3imen e3i yiubl ra3), CaS xone CaF, ne. ®ochop
KOKbl YHIHIIIEpiHIH KYpBUIBIMAAPBIHAA YHEMI XHMHSUIBIK JKOHE (HM3HMKaIbIK-XMMUSUIBIK ITIPOLECTEP OPBIH JIBII
TYpaJbl, HOTIDKECiHe OacTamKpina O0IaTHIH ra3aap opTypili Mogudukanusuiapaa 60Iysl MyMKiH. MBICabL:

(] (I)OC(i)I/IH (PH3) PH3—>P205—>HPO3—>H3PO4 TYpiH,Ile;

e Kyxkipr cyreri (H»2S): H,>S—H,SO3— H,SO4 Typinze;

e Oropis! cyTeri xoHe kpemunit Terpadropuai: HF—SiF4—H,SiFs—H,Si103;

¢ Kemipreri okcuai (CO): CO—CO,—COCl.

MyHnait xuMusUIBIK miponectep Qocdop KOXKbl YHIHIUIEPIHIH KOpLIaraH OpTara aHTPOIOIEHJIK JCepiH —
OMOreoIeHO3 1kl A TapIIBIKTAl KyIIeiTe i,

I"a3nel KypamaacTapra OaiiaHBICTHI TIpOIeCTepcH 0acka, pochop KOXKbI YHIHIUIEPIHAS KOKIBIH CYMEH ©3apa
9peKeTTecyi HOTHXKECIH/E THAPATAlMSUIIBIK MponecTep OpbiH anansl. byn perre cyomukpokpucranasl CSH(I) xone
Kanpiui Ty3iteni. KoxkapiH ruzaparanmst tepenpiri 1..3 MkM-re skereni. Ockl mpolecTepAiH HOTHXKECIHIE KOX
OenmiekTepiHiH OeTiHAe XyKa Kadar maiina Ooiampl, COHBIH cajlapblHAH JKEKeJereH TYHipIIKTepliH OipTyTac
Goxprn Oipiryi opeiH anagel. CoHOpIKTaH (Gocdop KoKl YHIHAUIEPiHIH OeTi YHIHAIHIH imIiHe cy, aya, Kap jkKoHe T.0.
KipeTiH XapbIKTapMeH Oenriii O0ip OepikTiKke He.

Tyitipuikrenred dochop KoXKIapbIHBIH YHiHIUIEp TypiHae OoJybl OHMOreoLeHO3Fa ©Te Tepic dcep eTeTiHi
Oedrini, ochiFaH OaiJIaHBICTBI OJIAP/IbI KJIETe JKapaTy/IblH aca YJIKeH KaKeTTUIIr TybIHIalabl, acipece, Oy KoxKaap,
oJapAbl KayinTi rasmapiaH 3apapchl3JaHAbIpFaHHaH KeiiH FaHa KYPBUIBIC HHAYCTPHACH MEH aybUl LIapyallblIbIFbI
YIIIH Oarajbl HIHMKi3aT OOJIbIN CaHaabl.

Tyiiin ce3nep. Tyitipiikrenred Gocdop KoXbI, YHiHIUIED, KAYINTI ra3aap, XMMHSUIBIK peakuusiiap.
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3.A. Ectemecos, II.1. CaabixoB, A.B. bapBuHos,
H. b. Capcenbaes, M.3. EcremecoB, A.Y. YpanxanoBa, A. A. Tyaaranos

TOO «1eJICUM» LlenTpanbhas 1aboparopust cepTH(OUKAIMOHHBIX UCIIBITAHUI CTPOUTEIBHBIX MATEPHUAIIOB,
r. Anmatsl, Kazaxcran

OU3UKO-XUMHNYECKHUE TPOHECCHI, TIPOUCXOJAIIUE
B OTBAJIAX TPAHYJIUPOBAHHBIX ®OCP®OPHBIX IIIJIAKOB

AnHoTanusi. OgHMM W3 Hambolee OMAaCHBIX TEXHOTCHHBIX MHHEPAIbHBIX 00pa30BaHMH, HAXOMAIIMXCSA Ha
Tepputopun KazaxcraHa, sIBISIOTCS OTBaJbl TPAHYJIMPOBAHHOTO (OCHOPHOTO MUIAKA, TOCKOJIBKY B €T0 CKOPIIyIax
M3HAYaJIbHO MPHCYTCTBYIOT Takue omacHble ra3sl Kak PH3, H,S, HF u mp. IlocTOSHHBIME HCTOYHHKAMHU 3THX Ta30B
sBisiroTes Taoke CazPy (cam mo cebe spmoButhiit ra3), CaS u CaF,. B crpykrypax dochouuiakooTBasioB HOCTOSIHHO
HPOUCXOAAT XUMUUECKUE M (HU3UKO-XMMHYECKUE TIPOLIECCH], B PE3yJIbTaTe KOTOPBIX M3HAYAIBEHO IIPUCYTCTBYIOIINE
ra3bl MOT'YT HAXOJUTHCA B PA3JIMIHBIX MO[[I/l(l)I/lKaIJ,l/ISIX. HaanMep:

e ®ochun (PH3) B Bune: PH3—P,0s—HPO3;—H;3POy;

e Ceposomopon (H,S): HS—H,SO3— H,SOy;

e dropuctselii Bogopox u terpadpropun kpemuus: HF—SiF4—H,SiFg—H,Si103;

e Oxcun yriepoaa (CO):CO—CO,—COClL.

Takne XuMHUYECKHE TPOIECCH CYIIECTBEHHO YCHJIMBAIOT aHTPOIOTCHHOE BIMsAHHE (hOC(HONIIaKOOTBAJIOB Ha
OKPY’KaroIIyIo cpeny — OHOreoneHos.

Kpome mporeccoB, CBA3aHHBIX C Ta30BBIMH COCTaBIIIOIIMMH, B (OCQOILIAKOOTBATIAX IMPOUCXOASAT
THAPATALIOHHBIE TIPOLIECCHl B pe3yJibTaTe B3aUMOJCHCTBHS camMoro nuiaka ¢ Bojoi. Ilpm stom oOpasyrorcs
cyomukpokpuctammaeckine CSH(I) n kanpumit. I'mybnna ruapatannu noiaka gocturaet 1...3 MkMm. B pesynbrate
9THX MPOLIECCOB HA MOBEPXHOCTH YaCTHUI] IITAKA BO3HUKAET TOHKUH CJIOH, BCIEACTBHE YET0 MPOUCXOIUT CLINBAaHHE
OTIEJBbHBIX 3epeH B eauHoe uenoe. [loaTromy mnoBepxHocTh (ocdonuiakooTBanoB o0nagaeT onpeneeHHON
IMPOYHOCTHIO C TPCIIUHAMU, YEPE3 KOTOPLIC BHYTPb OTBaJIa IPOHUKAIOT BOJA, BO3YX, CHET U Jp.

OueBUIHO, YTO HAX0XKJCHUE TPAHYJIMPOBAHHBIX (POCHOPHBIX IIUIAKOB B BUJE OTBAIOB YPE3BBIYAHO HETATUBHO
BJIMSICT HAa OMOTEOIICHO3, B CBSA3M C 3TUM BO3HHMKAET HACTOSTENbHAsE HEOOXOJUMOCTh MX YTHIIM3aLUH, TeM Oojee 3TH
IIJJAKH SIBJISIIOTCS. LIEHHBIM CHIPBEM ISl CTPOWUTENBHOM WHIYCTPHUHM W CEJIBbCKOTO XO3SMCTBA, TOJNBKO IOCIE HX
00€3BpeXKNBaHMS OT OMACHBIX Ta30B.

KuroueBsle ciioBa. ['panymupoBanHbIi HocOpHBIN IITaK, OTBAJIBI, ONMACHBIE T'a3bl, XUMHYECKIE PEAKIINH.
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