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ENVIRONMENTAL DISPOSAL OF LARGE-TONNAGE INDUSTRIAL
WASTE FOR THE PRODUCTION OF FIRE EXTINGUISHING POWDERS

Abstract. The given research presents the classification of fire extinguishing and explosion suppression
compositions. Phosphogypsum is a large-scale waste from the production of orthophosphoric acid, obtained by
extraction from phosphorite with sulfuric acid. The presence in phosphogypsum of pollutants in the form of
phosphorus and fluorine compounds, during the preparation of which sludge wastes are emitted into the air,
adversely affecting not only the human body, but also the environment. As a result of studies conducted on the study
of multi-purpose industrial wastes, including phosphogypsum and its use as flame retardants, the study of reactive,
physicochemical, thermal and fire-resistant properties, it is shown for the first time that it is useful as a localization
and extinguishing of combustible solid combustible materials and the use of phosphogypsum in fire extinguishing
powder formulations.

Keywords: Fire extinguishing powders, explosion-suppressing composition, large-scale industrial waste,
powder efficacy, gypsum, phosphogypsum.

Introduction. Currently, in the Republic of Kazakhstan, over 19 billion tons of solid household and
industrial wastes have been accumulated. Municipal solid waste is only partially recycled, which leads to
the deterioration of the sanitary conditions and epidemiological situation in large cities. Thus, disposal of
household industrial waste demands substantive action.

In Zhambyl region, located in the south of Kazakhstan, Kazphosphate LLP is recognized as the
largest environmental polluter. More than 90% of industrial pollution are phosphate production wastes,
such as cast and granulated electrothermophosphoric slag, phosphogypsum.

At present, the rational and integrated use of industrial waste from various sectors of the economy in
the construction industry comprises less than 20% of its annual production. For example, in the
manufacture of building materials for various purposes from phosphate and metallurgy production wastes,
an insignificant part of molten slag and phosphogypsum is used. Mining and chemical industries produce
hundreds of tons of mineral raw materials annually, from which by-products and industrial wastes that are
suitable for obtaining building materials make up about 10% of the rock mass. Significant amounts of
these materials can be used as additives in the manufacture of concrete, reinforced concrete, bricks and
porous aggregates. The use of multi-ton waste phosphoric acid remains insufficiently explored.

Industrial waste can substantially reduce the consumption of materials for the production of building
materials and products, as well as improve quality and reduce production costs in road construction, taking
into account areas of man-made waste or deposits of local natural materials

Foreign and domestic experience confirms that the most promising is the use of ash, fuel slags and
slags of metallurgical industries as aggregates in the preparation of concrete, cements, and porous
aggregates.

It should be noted that when using ash and slag in concrete instead of cement, heat conductivity and
shrinkage deformations of concrete decrease, whereas its water permeability, sulfate resistance and other
indicators, such as frost- and water resistance, increase.
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Chemical and processing industries waste is used for production of composite additives for concrete,
by which various properties of the mixture are regulated. These additives reduce cement costs and increase
the strength of the concrete; regulate the process of setting, hardening and heat generation; reduce the
duration of heat and moisture treatment; increase frost- and water resistance, density, resistance in
different corrosive environments.

The use of additives in the preparation of concrete mixtures significantly improves the quality and
efficiency of concrete and reinforced concrete structures, reduces the energy intensity and complexity of
technological processes. The use of concrete and reinforced concrete in the construction industry
accelerates the pace of reconstruction and leads to the accumulation of substandard products and waste [1].

In the construction industry, one of the main ways to meet the needs for improving the range and
quality of manufactured building materials is the processing of waste from the mining, metallurgical,
energy and chemical industries, associated products from the extraction and enrichment of mineral raw
materials, waste from processing of natural materials, secondary resources.

According to the Environmental Code of the Republic of Kazakhstan [2, Chapters 6 and 32],
environmental protection is defined as a system of state and public measures aimed at preserving and
restoring the environment, preventing the negative impact of economic and other activities on the
environment and eliminating its consequences. However, to solve environmental problems in our country,
it is not enough to have a system of authorized state bodies of environmental safety. This requires the
overall fostering ecological culture among our citizens, the formation of responsibility toward future
generations.

A significant part of industrial waste in South Kazakhstan has been produced by the former Shymkent
phosphorus plant, where, until 1995, above 3 million tons had accumulated; by the former Shymkent lead
plant (more than 4 million tons of sludge); from the coal mining industry at the Lenger field (about 6
million tons of waste).

The emerging problems of dumping and storage of wastes from various industries in the Republic of
Kazakhstan require the adoption of a government program for their disposal and the creation of a
regulatory framework, the strengthening of measures to protect the environment and the subsoil of the
earth. In manufacturing plants that produce and dump industrial waste, incentives should be generated for
waste management and recycling. Therefore, to improve the ecological situation in the region, it is
necessary to neutralize, recycle or dispose of industrial waste without harming the environment.

Compositions based on gypsum, as well as products made from them, are widely used as flame
retardant materials. The heat-shielding, sound-insulating properties and fire resistance of gypsum
materials surpass cement-based materials, and they are unparalleled in construction in terms of decorative,
comfortable, and environmental performance.

At the same time, the depletion of the reserves of natural gypsum stone and their uneven distribution
in the territory of Kazakhstan forced us to look at industrial waste in the form of phosphogypsum and
fluorogips. The largest tonnage waste currently is phosphogypsum - a by-product obtained in the
production of orthophosphoric acid and mineral fertilizers. Phosphogypsum is obtained in the form of
sludge waste with humidity up to 50%.

However, the presence in phosphogypsum of pollutants in the form of phosphorus and fluorine
compounds, during the preparation of which sludge wastes are emitted into the air, adversely affecting not
only the human body, but also the environment.

At the same time, in view of the content in the phosphogypsum composition of undesirable
impurities, the processing of phosphogypsum into flame retardant binders requires significant costs
associated with its preparation for the production of flame-retardant gypsum compounds. Analysis of the
existing methods of preparing phosphogypsum for the production of flame-retardant gypsum compositions
showed that, to date, four methods are used to remove impurities:

1. Washing of phosphogypsum with water;

2. Washing in combination with neutralization and sedimentation of impurities in aqueous
suspension;

3. The method of thermal decomposition of impurities;

4. Introduction of neutralizing, mineralizing and crystallization regulating additives before and after
calcination.
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The first and second methods are associated with the formation of significant m* of contaminated
water (2-5 m? per 1 ton of phosphogypsum), and the high costs of their removal and purification.

The third method, due to its energy consumption, was also not widely used, since it is based on the
burning of phosphogypsum before the formation of soluble anhydrite, with its further hydration and re-
burning to hemihydrate.

The fourth method of removing impurities has not yet been widely used, since for the implementation
of this method requires scarce additives and, most importantly, they do not provide the constant properties
of flame-retardant gypsum compounds.

In this regard, in order to prepare phosphogypsum for the production of flame retardant gypsum
compounds, it is proposed to carry out the mechanochemical activation of phosphogypsum together with
dolomitic lime using the universal disintegrator-activator technology (UDA-technology) [3].

Disintegrator is a high-speed impact grinder, which, with conventional grinding, initiates
mechanochemical processes that increase the reactivity of materials, including mineral ones.

The rationale for this proposal can serve as the results of the following works. Y. Hint [3], Boldyrev
V.V. [4] and a number of other researchers, analyzing the processes taking place in mineral materials
during their machining with the UDA-technology, concluded that during such processing shear stresses
and crystal destruction occur, usually accompanied by an increase in temperature and pressure, breaking
of chemical bonds on newly formed surfaces and the formation, as a result, of centers with increased
activity.

The authors of [5] found that the processes of drying and grinding can proceed directly in the grinder
of a shock-reflective action without the supply of a high-temperature drying agent from the outside. Their
studies showed that by grinding a polymer material with an initial moisture content of 15 ... 20%, a
product with a final moisture content of 0.02% or less is obtained at the outlet of the shredder. This is
because in such grinders the drying process is intensified by increasing the mass transfer surface, the
turbulence of the air flow, the presence of internal heat sources arising in the gas and solid phases during
the grinding process [4].

The authors of [6] on various systems showed the passage of the following mechanochemical
reactions in substances that are jointly processed in a disintegrator:

1. Recovery of metals from oxides (removal from ZnO to 20% O2);

2. Decomposition of carbonates;

3. Reactions in the solid phase.

Based on the above, it is assumed that when disintegrating the phosphogypsum together with
dolomitic CaMg (CO3) 2 limestone (Satka, chemical composition: CaO - 30.41%; MgO - 21.86%; CO2 -
47.73%), in addition to the removal of chemically bound water and the decomposition of carbonates, it is
possible for a chemical reaction of fluorine to be bound by the reaction:

Mg + F2 = MgF2 (1)
either by reaction:
Ca +F2 = CaF2 @)

At different stages of the technological process, during the preparation of mixtures, harmful
substances affecting the environment are formed. Their types are listed in Table 1 [7].

Table 1-Types of environmental impact in the process of mixtures preparation

Impact types Technological processes and operations
Dust release Preparatory operations
Unloading of raw materials, its storage, crushing, drying, and mixing
Weathering inert materials from storage depots Excessive reserves of sand, crushed stone, technical salt
Soil and water pollution Fire (oxidative) processes
Leakage of fuel, oil, bitumen and untimely elimination
Air pollution by toxic substances Work of the drying drum, oil burners
Non-observance of the regulations for the maintenance of cyclones,
scrubbers, dust precipitation chambers, other cleaning devices
Dust release The presence of open bitumen storage, open ground
Soil pollution by solid waste Solid waste generation and irregular export for recycling and disposal
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According to the Moscow Automobile and Road Construction State Technical University (MADI-
TU), the amount of harmful substances emitted into the atmosphere per 1 ton of asphalt-concrete mixture
is as follows (kg/t): 15.04 of inorganic dust, 0.14 of hydrocarbons, 0.01 of sulfur dioxide, 0.0005 of carbon
monoxide, 0.0004 of phenol, and 0.000045 of nitrogen oxides.

Table 2 provides information on the use of phosphate production wastes, where molten and
granulated electrothermophosphoric slag is used in the production of ready-mixed concrete instead of
building sand and natural crushed stone, with the production of ready-mixed concrete.

Table 2- The volume of formation and accumulation of waste products of yellow phosphorus, mineral fertilizers and coal mining

The accumulated Occupied area of accu\r/rﬁialzz(gas to
Name of industrial waste waste and the annual industrial waste utilization. thousand
release, thousand tons accumulation, ha to;1s
Phosphogypsum produced by the plant of
mineral fertilizers "Kazphosphate" LLP 4.3 annually 34.8 11
Granulated electrothermophosphoric slag
produced by "Kazphosphate" LLP 2:45 annually 12 )
Cast granulated slag of Taraz Metallurgical accumulated 443 34
Plant 8,000 ) )
Internal overburden of coal from the Lenger accumulated 536 )
field 6,000 )

The main measures to reduce the environmental impact at enterprises of processing raw materials and
obtaining energy resources are:

(i) Rational and comprehensive use of material and energy resources in the application of not only
the targeted raw materials, but also secondary materials.

(i1) Prevention of production waste generation and minimum refund of off-test products for
processing.

(iii)) Recycling of waste products in the form of ferrous and non-ferrous slag, plastics and recycled
operating materials, as well as in the production of yellow phosphorus and mineral fertilizers, much of
which is emitted in the form of solid and liquid waste.

Phosphogypsum and its physic-chemical properties. Phosphogypsum is a large-scale waste from
the production of orthophosphoric acid, obtained by extraction from phosphorite with sulfuric acid. About
430 thousand tons of phosphogypsum are produced annually. In the Republic of Kazakhstan, extraction
orthophosphoric acid is used as a raw material for the production of phosphate, concentrated simple and
complex fertilizers, such as amorphous, double superphosphate, notophs, nitrophos, etc. [8, p. 32-38], [9,
p- 27-30].

Today, the main way to dispose phosphogypsum in the Republic of Kazakhstan is storage in dumps,
which has a negative impact on the environment. The appearance of phosphogypsum formed during the
production of extraction phosphoric acid is shown in Figure 1.

Figure 1 - The appearance of phosphogypsum
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As a result of leaching of harmful substances by atmospheric precipitation and their dusting in dry
weather, the air, groundwater and surface water, the soil and vegetation layer are polluted [10].

The average granulometric composition of phosphogypsum is shown in Table 3.

Table 3-The average granulometric composition of phosphogypsum.

Size of fractions, mm 2-5 1-2 1-0.5 0.1-0.5 less than 0.1
Content, in % 0.3 21.8 63.6 10.1 4.2

The angle of repose of phosphogypsum obtained in the Taraz branch of Kazphosphate LLP, is
determined using a plexiglass box and is within 330.

The bulk density of phosphogypsum varies between 1300 kg / m® depending on the size of the
product.

In the production of phosphoric acid, about 6 tons of washed phosphogypsum with a specific surface
area of 0.18 to 0.25 m?/t per 1 ton of finished product is formed, the humidity of which is about 40%. In
terms of dry matter, phosphogypsum contains on average (in %): 36.2 of SO3, 39.8 of CaO, about 1 of
P205, 0.1 of Fe203, 0.03 of MgO3, 0.03 of K, and 0.1 of Na.

The average chemical composition of phosphogypsum obtained in the Taraz branch of Kazphosphate
LLP contains (%): P20S5 total - 0.74, P205 water - 0.21, MgO — traces, N20O - 0.3789, Al203 - 0.087, F
- 0.081, insoluble residue — 19.67, Fe203 - 0.093, CaO - 31.80, SO42 - 54.5. Table 12 shows the chemical
composition of phosphogypsum.

The phosphogypsum general view enlarged 100 times and its chemical composition was established
using a JSM-5610 LVc scanning electron microscope with the EDXJED-2201 chemical analysis system
(JEOL, Japan) and is shown in Figure 2 [8, p. 32-38, 5, p. 27-30].
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Figure 2 - General view of phosphogypsum enlarged 100 times

Hydrodynamic-active polymer compositions for increasing the efficiency of fire extinguishing using
three types of gypsum: phosphogypsum, slag gypsum and class A gypsum have been applied in the
author’s work [11], showed that the normal density of the test is achieved with a “gypsum-water” ratio of
7:3.

The time intervals characterizing the beginning and end of the setting of gypsum from the moment it
was mixed in water and in aqueous solutions of polyethylene oxide were determined on the Vicat device,
the mass of the movable part of which together with the needle is (120 = 1) g. At the same time, the
beginning of the setting of gypsum was taken of its solution, when the needle does not begin to reach the
bottom of the container into which it is poured, and the gypsum stone is considered formed (end of
setting) if the needle enters the test specimen by no more than 0.5 mm.
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Table 4- The chemical composition of phosphogypsum

Element (keV)mass% Error% At% Compound mass% K

OK * 0,525 46,53 0,59 65,20 28,8456
MgK * 1,253 0,72 0,13 0,66 0,5028
AlK * 1,486 0,59 0,11 0,49 0,5135
SiK 1,739 8,08 0,10 6,45 8,6563
PK 2,013 3,49 0,12 2,53 47441
SK 2,307 14,09 0,09 9,85 19,0820
CaK 3,690 26,49 0,15 14,82 37,6557
Total 100,00 100,00

0*0,000 46,45 0,00 0,00 0,00 0,0000
Mg K*1,253 0,72 0,21 1,99MgO 1,19 0,7066
AlK *1,486 0,59 0,21 0,74A1,0; 1,12 0,7217
SiK 1,739 8,09 0,21 19,38Si0, 17,31 12,1655
PK 2,013 3,50 0,28 3,80P,0; 8,02 6,6674
SK 2,307 14,11 0,23 29,59S80; 35,24 26,8177
CaK 3,690 26,53 0,20 44,51Ca0 37,12 52,9212
Total 100,00 100,00 100,00

The determination of the tensile strength of the formed gypsum stone was carried out according to the
following scheme. Initially, three specimens in the form of cubes with dimensions of 7.07x7.07x7.07 cm
were made from the studied gypsum with various closing liquids.

For the manufacture of samples took a sample of gypsum, equal to 1.2 kg. Gypsum for 30 sec. poured
into a cup of water or polymer solution, taken in an amount that corresponds to the normal density of the
dough, and stirred for 1 minute. until a homogeneous mass, which is then poured into metal molds, lightly
lubricated with engine oil. All forms are filled at the same time. Samples were removed from the forms
after 1 hour and tested after 1.5 hours from the start of mixing. The edges of the specimen adjacent to the
press plates should be parallel and not deviate from the plane by more than 0.5 mm. Samples with defects
were not tested [14-16].

The load when tested on the press should increase evenly at a speed of 2-3 kg / cm? per second until
the sample is destroyed. The compressive strength of an individual sample was calculated in kg/cm?, as
the quotient of dividing the breaking load in kg by the size of the working edge of the sample in cm?. The
compressive strength of the tested gypsum stone was calculated as the arithmetic average of the test results
of three samples.

Conclusion

As a result the classification of fire extinguishing and explosion suppression compositions was
investigated. The presence in phosphogypsum of pollutants in the form of phosphorus and fluorine
compounds, during the preparation of wastes are emitted into the air, adversely affecting not only the
human body, but also the environment. The study of reactive, physicochemical, thermal and fire-resistant
properties, it is shown that it is useful as localization and extinguishing of combustible solid combustible
materials and the use of phosphogypsum in fire extinguishing powder formulations.

b. Canapraauena’, A. Haykenosa', I1l. lllananos', b.Anunosa?, X. P. Unnapu®

'M. AyesoB arsiHnarsl OHTYCTiK Kasakcran memiekertik yHuBepcurerti, LllsiMkent, Kasaxcran;
2XanpIKapaJbIK aKIapaTThIK TEXHOJIOTHsIap YHUBEpcuTeTi, Anmarsl, Kasaxcran;
*Banencus [lonurexHukanblk yHUBEpcUTeT, Banencus, Mcnanus

OPT COHIIPETIH YHTAKTAP/BI OHJIIPYTE APHAJIFAH IPI OHEPKOCIITIK
KAJJIBIKTAPIBI DKOJIOTUSLIBIK JKAFBIHAH KAITA OHJIEY

Annotanusi. Byn 3eprreyne epT ceHuipy KOHE KapbUIBICTHI OacaThlH KOCHAIAPABIH KIacCH(DUKAIMACH
oepinrer. ®ochorunc — GochOPUTTEH KYKIPT KBIMIKBUIBI aPKBUIBI 3KCTPAKIMSIAY JKOJBIMEH —alIbIHATHIH
opTohoCchOp KBILIKBIIBIHBIH KEHAYKBIMIBI KAIIBIKTapbl 00k Tabbutaabl. Pochop MeH GTop TypiHIET] JacTayuibl
3aTTapablH (ocdorumncine 0omysl, oapabl NaibiHAay Ke3iHae nakaa 0ojaThiH J1all KIABIKTaphl ayara €HIIl ajam
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ar3achlHa FaHa eMec, KOpIIaFraH opTara Ja Kepi ocepiH turizeni. KemmakcaTTsl eHAIpiC KANIBIKTAPhIH, OHBIH IMIiHIE
(hochorumncTi xoHe OHBIH AHTHIUPEH PETIHAE MalJaNaHyblH 3€pPTTey, OJap/blH PEaKTUBTIK, (QU3UKA-XUMHSIIBIK,
TEPMUSIIBIK JKOHE OTKa TO3IMJI KAaCHETTEpiH 3epTTey OOMbIHIIA JKYPri3UIreH 3epTTeyjiep HOTHXKECIHIE ajFall per
OHBIH KaTThI XaHFBILI MaTepHaap/ibl OKIIAYJIay )KOHE COHIPY OapbhIChIH/A Maiaibl eKeHAIrl koHe HOChOrHuICTiH
OpT COHIIPY YHTAKTapbIHBIH KypaMbIH/a NaijajJaHy MyYMKIHJIITT KOpPCETLUIreH.

Tyiiin ce3mep: epT CoHAIpY YHTaKTaphl, >KapbUIFBIUTBHIKTHl OacaThlH KypaM, ipi TOHHaXAbl ©HEPKACINTIK
KaJIBIKTap, YHTAKThIH THIMIIUTITI, THIIC, (OChHOTHIIC.

B. Canapraamena’, A. Haykenosa’, I1I. Illananos', b. Aaunosa?, X. P. Unaapu®

"HOxHO-Ka3aXCTaHCKHAN TOCYAapCTBEHHBIN YHUBepcuTeT M. M.Ay330Ba, llIsmvkenT, Ka3zaxcras;
2MexIyHapOoaHbIH YHHBEPCHTET HH(GOPMAIMOHHBIX TEXHOJIOI Ui, AnMatsl, KazaxcraH;
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SKOJIOTUYHASA YTUIN3ALUSA MHOI'OTOHHAKHbBIX
OTXOJOB ITPOMBIIIJIEHHOCTH
VIS TPOU3BOJACTBA OTHETYINAIIUX ITIOPOILIKOB

AnHOTanus. B 1aHHOM HcClieIoBaHNM TIPECTaBIICHa KJIACCU(HUKALIUS OTHETYIIAIINX U B3PBIBOIIOIABIISIOIINX
coctaBoB. Pocdoruric npencrapisgeT codoil KpynmHoMacTaOHble 0TXO0IbI IPOU3BOJICTBA OPTOHOCHOPHON KHUCIIOTHI,
MOJy4YeHHBIE dKCTpakmued m3 docdopura cepHoil kucmotoil. Hammame B docdorumce 3arpsA3HAIONMX BEHIIECTB B
BUlle coequHeHui dochopa U GTopa, NPU NPHTOTOBICHHH KOTOPBIX MJIOBBIE OTXOABI BHIOPACHIBAIOTCS B BO3IYX,
OTpULIATENEHO BJIMSET HE TOJNBKO Ha OpraHM3M 4YeJOBeKa, HO W Ha OKpYXKawIlyw cpemy. B pesynbrare
HCCIIEIOBAHMH, TPOBEICHHBIX 110 U3Y4YEHHIO MHOTOLIEIEBBIX IPOMBIIIIEHHBIX OTXOAO0B, BKIIoYas (ocorumc u ero
UCIIOJNBb30BaHUE B KAa4yeCTBE AHTUIIUPEHOB, [0 HM3YYCHUIO DPEAKTUBHBIX, (PU3MKO-XHUMHYECKHX, TEPMHYECKHX U
OTHECTOMKHMX CBOMCTB, BIEpBBIE ITOKA3aHO, YTO OH IIOJIE3eH KaK JIOKAIM3aLUs U TYIICHHE TOPIOYMX TBEPHBIX
TOPIOYHX MaTEepPUAIOB U UCIIOJIb30BaHUE (POCHOrHICa B OTHETYIIAIIMX TOPOIIKOBBIX COCTABaX.

KaloueBble cioBa: OrHETylIallMe TOPOLIKH, B3PHIBOMOAABISIONIAS  KOMIIO3HLIMS, MHOTOTOHR)KHBIE
MPOMBIIICHHBIE OTX0bI, 3P ()EeKTHBHOCTH MOPOIIIKa, THUIIc, Gocdorurc.
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