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THE DEFINITION OF THE FIRE-EXTINGUISHING
EFFICIENCY OF PULVERIZED INDUSTRIAL WASTE

Abstract. Currently, the production of chemical foam fire extinguishers has been canceled, and the main
emphasis is on the development of effective powder flame retardant compositions. The standard formulations used
are very expensive, so it is promising to study dust-like waste industry due to their low cost, low cost of finalization
and the possibility of their utilization.

Explosion suppression efficiency of dust waste was determined as follows: the weight of dust fraction < 0.05
mm was weighed on an electronic balance accurate to the fourth digit, and placed in a spray bottle. Further, in the
mixer, in a different ratio, a mixture of propane-butane with air is prepared. Then, through the intermediate cylinder,
with the help of an electromagnetic valve, the air pulse shoved the canopy and carried the air-gas mixture into a pre-
vacuumed reaction tube. Then, with the help of high-voltage inductor an electric discharge voltage of 1,000 to set to
the mixture have been fire.

It was shown the examination of the fire-extinguishing ability of expired standard fire extinguishing powders.

Keywords: flame-extinguishing compounds, effectiveness of explosion, suppression, extinguishing powder,
dolomite, ammophos, gas-air mixture, explosion.

Introduction. In the Republic of Kazakhstan and abroad, powders are becoming more widespread
among the fire extinguishing and explosion suppressing substances. This is due to high fire extinguishing
efficiency and versatility of these compositions, the ability to extinguish fires of different classes and
localize explosions in a wide range of operating temperatures, as well as environmental safety of powders
[1,2].

The fire-extinguishing properties of a powder are mainly due to the amount of absorbed energy in the
processes of decomposition and evaporation of a substance, the intensity and range width of cooling of the
flame zone.

An approximate estimation of the energy capacity of a powder is obtained by theoretical method for
calculating by thermal effects of processes of decomposition and dissociation of the powder

At present, the production of chemical-foam fire extinguishers is canceled, and the main emphasis is
on the development of effective powder flame suppression compounds. The standard compositions used
are very expensive, so it is promising to study dusty industrial waste due to their low cost, inexpensive
final modifications, and the possibility of their recycling.

Flame-suppressing powders have a number of advantages, such as:

- high fire extinguishing efficiency;

- all-weather (they are used and stored in the temperature range from -50 to + 60 ° C);

- ecological compatibility (no toxicity);

- the absence of material damage, as a rule;

- universality of action (extinguishing of electrical installations with voltage up to 1000 V and
quenching even such materials that cannot be extinguished with water or other means).

At the same time, the powder compositions also have some drawbacks, the main ones being their
tendency to caking and pelletizing. At the same time, powders do not possess the ability to be transported
through pipelines and to form a fire-extinguishing cloud.

Even during manufacturing, the powder can absorb up to 5-10% of moisture from the wet air of the
shop, if it is not protected from moisture absorption with special additives. Filled in the tank of a fire
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extinguisher, it is subjected to shaking and vibration during transportation or its service on transport and
equipment. Being in such conditions, the powder should keep the flowability from the tank (good
ejection). When solving such a problem, not only the chemical composition of the powder is significant,
i.e. special additions to the basic substance, but also the technology of its manufacture, thermo and
vibrostability of the powder, its anti-caking and a number of others requirements.

The explosive efficiency of the dusty wastes was determined on an experimental setup, which makes
it possible to determine the volumetric concentration in kg/m’. The experiments were carried out in the
following way: a dust sample of fraction <0.05 mm was weighed on electronic scales to within a fourth
sign, and placed in a nebulizer. Further, mixtures of propane-butane with air in various proportions were
prepared in a mixer. Next, through an intermediate balloon, with a help of a solenoid valve, the sample
was swirled and a gas-dust-air mixture was swept into the previously evacuated reaction tube. Then, with
the help of a high-voltage inductor, mixtures were ignited with an electrical discharge of 1000 V. The
installation scheme and the principle of its operation are described in detail in the second chapter of this
dissertation.

The explosion with the spread of the flame to the top of the reaction vessel, its absence or a flare of
the flame was observed visually. The results of the studies were recorded in the observation log (Table 1).
Explosion is indicated as non-hatched point o, and its absence as a hatched point e.

The following finely dispersed substances were taken as research objects:

- slaked lime;

- a standard extinguishing powder containing ammophos;

- sediment from the chemical block of the workshop of cold rolling of steel sheet containing iron
oxide;

- dolomite dust;

- baking soda (sodium bicarbonate);

- natural gypsum;

- sediment of neutralized acidic sinks.

The results of experimental studies using the adopted method are given in Table 1.

Table 1- Results of experimental studies

Name Humidity,% t, °C p, mmHg Gas, % 'Weight of sample] Result of
of substance experience
1 2 3 4 5 6 7

600
5 700
800
Natural gypsum 70 19,5 720 1000
1100
1000
8 2000

3000
600
3 900
1500

3000
1500
3 2000
2000

5 4000
4500

3000
7 4000
4200
2000
9 1500
1000

ojo|jOo[O|O|O|O

o|O|O| O

@]

@|o| ®| O

Baking soda 75 19,5 719

O|le|e|e|@®@|O

—— Y4 ——
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1

Slaked lime

85

20

713

3000

1000

2200

2600

1000

900

500

100

200

2500

2000

1900

1800

1800

1000

500

1

Sediment from
chemical block,
filtered

80

26

714

2000

1000

1500

1300

3000

3500

1100

1200

1700

2000

2500

3000

500

1000

1100

1

Dolomite

715

1500

2000

3000

3500

2000

O]

3000

@]

4000

5000

1500

2000

3000

2500

7,5

1500

2000

3000
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4000 o

4 2000 o

3000 o

4000 o

5000 °

1 2 3 4 5 6 7
Ammophos + 80 26 727 3 400+400 °
dolomite (1:1) 500+500 .
200+200 o

100+100 o

6 600+600 o

1000+1000 o

1100+1100 °

1250+1250 °

7,5 1250+1250 °

1000+1000 J

500+500 °

100+100 o

9 1000+1000 °

500+500 °

100+100 o

1 2 3 4 5 6 7
Ammophos + lime 75 20 720 3 500+500 °
(1:1) 300+300 °
200+200 o

100+100 o

5 800+800 °

1000+1000 °

1200+1200 o

1300+1300 o

7 1250+1250 o

1000+1000 o

500+500 °

300+300 °

100+100 °

9 1250+1250 o

1000+1000 o

800+800 °

500+500 °

100+100 °

The results of more than a hundred experiments showed that the efficiency of a standard powder is
much higher than that of the other samples under study. Its fire extinguishing concentration is 350 g / m?,
while for dolomite - 1280 g / m?, hydrated lime - 1470 g / m®. In the remaining samples with a weight of
test substances up to 2000 g / m?, it was not possible to create a fire-extinguishing concentration in the
most explosive mixtures, but the dynamics of the curves yielded the following series of efficiencies:

FCzO3 < CaSO4 ° ZHQO < Ca(OH) < (Ca, Mg)CO3<NH4H2PO4 +(NH4)2 HPO4
From the data obtained, it follows that dolomite and lime, with an explosion-suppressing capacity of

1.28 and 1.47 kg / m3, respectively, can be accepted for the development of explosion suppressing
46
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compositions. The experimental data correlate with the calculated data, where dolomite, with AH°298
about 140 kJ / mol, is more effective than lime, with AH298 equal to 108 kJ / mol. However, their
effectiveness is 3.7-4.2 times lower than that of ammophos.

To increase their explosion suppressing capacity, it was decided to mix them with expired typical
powders.

Examination of the fire-extinguishing ability of expired standard fire extinguishing powders.
Tests of substandard (overdue) powders of P-2AP, P-4AP, PSB-3, P-2GS grades of various years of issue
have been conducted. The research task was to determine the safety of the operational properties of
powders, and primarily their fire-extinguishing ability. Of all the overdue powders examined, the best
technical and operational requirements have been preserved in fire extinguishing powders based on
ammophos [3,4]. According to specifications, the following requirements are imposed on powders:

- Powders should have the appropriate characteristic (properties);

- Powders of P-2AP and P-4AP grades, according to TU 113-08-597-86, should have the composition
given in Table 2.

Table 2- Composition of the fire extinguishing powders P-2AP and P-4AP

Grade of powder

Component name POAP PAAP
'Ammophos from apatite concentrate of grade A according
to GOST 18918-85 88,2-91,5 92-94,5
Fine-grained chamotte-kaolin powder from electrofilters of 7-10 46
rotating furnaces according to TU-14-8-358-80 ) )
Acrosil of AM-1-300 or AM-1-175 grades according to TU 1,5-1,8 1,5-2,0
6-18-185-79 2,2-2,5 -

The results of studies of overdue powders [5, 6], given in Table 3, showed that, despite their
expiration, the explosion suppressing ability was preserved in all powders.

Table 3- Experimental data on the explosion suppressing ability of expired powders by the method of phlegmatization

No Powder grade, Basic component of fire extinguishing powder Peak explosion-suppressing
overdue years capacity, ®=m/v, kg/m?
1 PSB-3 Sodium bicarbonate, 87-90%, with the addition of talc and metal 0.58
16 years stearates (iron, aluminum, calcium, zinc)
2 P-2AP Ammophos, 88.2-91.5%, with the addition of chamotte-koalin powder 0.43
12 years and Aerosil of AM grade
3 P-2AP Ammophos, 88.2-91.5%, with the addition of chamotte-koalin powder 0.45
14 years and Aerosil of AM grade
4 P-2GS Chlorides of alkali metals 0.52
11 years

The volumetric fire-extinguishing capacity for P-2AP powder is ® = 0.1 kg / m?; for PSB-3, ® =0.7-
0.8 kg / m?; and for the powder based on ammonia of Pirant, ® = 0.8 kg / m>.

The properties of 4 kinds of powders with different periods of expiration are investigated (see Table
4). Their fluidity and flowability appeared to be worse than normative; there were lumps of various
solidity.

The investigated explosion-suppressing ability of the pre-crushed overdue powders was max 0.43-
0.58 kg / m?, against 0.35 kg / m® of the valid ammophos, and is in the interval specified by regulatory
documents. So, according to the specifications, the explosion suppressing (volumetric) capacity of
standard powders is in the range of 0.1-0.8 kg / m>.

Thus, it can be seen from experiments that the overdue powders have not lost their fire-extinguishing
ability, and can be used as extinguishing agents. When used, it is possible to mix the conditioned and
expired powders in various proportions. The expired fire extinguishing powder needs to be grinded before
use, which occurs when the components of the extinguishing agent are mixed [17-20].
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Table 4- Experimental quality indicators of expired fire extinguishing powders

Powder Appearance Fluidit | Flowability Destruction of TU 113-08-597-86
grade, Y, when lumps when Grading of particles, %
overdue kg/sec poured by falling from a Particles | Particles larger Particles
years hand height of 20 cm larger than 0.1 mm smaller
than 0.2 than 0,05
mm, not mm, not
more less than
than 2 70
P-2AP White fine powder 0.34 Does not Lumps are 1.8-2.0 Not controlled 60-68
14 years with lumps up to 100 stick destroyed in dust
mm together,
flows
P-2AP White fine powder 0.30 Does not Lumpse are 1.8-2.0 Not controlled 68-70
12 years with lumps up to 100 stick destroyed in dust
mm together,
flows
PSB-3 Gray disperse powder | 0.40 Does not The lumps donot | 2.5-2.8 10-20 60-65
16 years | with lumps up to 100- flow destroy, they
150 mm crumble into
smaller ones
P-2GS Beige fine powder 0.36 Does not - 2.2-2.5 5-10 60-68
11 years without lumps, thick flow

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 [20-22].

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).

Conclusions. 1.It is experimentally established, that the fire-extinguishing capacity of powders
increases in the following sequence:

Fe203 < CaSO4 » 2H20 < Ca(OH) 2< (Ca, Mg)CO3<NH4H2PO4 +(NH4)2 HPO4

2. Theoretically determined values of endothermic effects for decomposition reactions of the base
components of extinguishing powders are correlated with the relative fire-extinguishing ability in the
established series.

—— 48 ——
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3. The consistency of the relative fire-extinguishing efficiency of powders with the values of
endoeffects calculated according to thermograms is shown.

4. An insignificant decrease in the fire-extinguishing capacity of overdue powders has been
established. Their re-grinding after additional grinding and sieving is proposed, as well as the development
of complex compositions with dispersed wastes.

5. The next stage of the work is supposed to explore the physical mechanical properties of gypsum
stone based on the prepared phosphogypsum and dolomitic limestone, as well as its flame retardant
properties.
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IIAHJbI OHEPKOCINTIK KAJJIBIKTAPIBIH OPT COHIIPY TUIMJILTITTH AHBIKTAY

AnHoranus. Kazipri yakpITTa XUMHASIIBIK KOOIKTI ©pT COHAIPTIIITEPiH MIBIFapy TOKTATBUIBII, HETi3iHEeH
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[layg Topi3mec KANIBIKTAPIBIH JKAPBUIFBIITHEIKTEL 0acy THIMIUTTT TOMEHIETINeH aHBIKTAIIbL IIAHIBI
(paxmmsaceHBH <0,05 MM YATICI TOPT TaHOAHBIH MANIITiMEH 3JEKTPOHIBIK Tapasblia eJIIeHIN, OYPIKKIII ammapaTka
opHanacTeIpbUIAbl. ComaH KeiiH TYpJli apaliblK caliMakTa MpoNaH-OyTaHHBIH ayaMeH Kocmachl a3ipieHsi. COHpIMEH
Oipre 2JI€KTPOMArHUTTI KIIAaH apKbUIbl apaliblK OAJIOHFA dye MMITYJIbChl apKbUIbI KOCHAHbI KYWBIHAATHIM, OFaH
rasJpl-lIaH/bl-aya KOCHAchl ajJ(blH ajla BaKyyMJAJIFaH PeaKklHsUIbIK TpyOKara TachIMaJ[aHBbII, JKXOFapbl BOJBTTHI
uHAyKTOpAbIH KemeriMmeH 1000 B anexTp paspsa kepHEyiHIe KOCHa KbI3AbIPBUIIBL.

Tyi#liH ce3mep: OT CeHIIPrilI Kocmajiap, XApBUIFBILTH 0acy THIMIUIT, ©pT COHIIPY YHTArbl, JOJOMHUT,
aMMO(bOC, Tra3 KOCIacChbl, )XapbUIFbIIITBIK.

1. IlTananos!, b. Canapranuesa’, A. Haykenona', X. P. Wiaappu?

"HOXHO-Ka3aXCTaHCKUI TOCYAapCTBEHHBIN YyHUBepcuTeT M. M.Aya30Ba, llIsivkent, Kazaxcran;
TlonmuTexHuueckuii yaupepcuteT Banencuu, Banencus, Vcrnanus

OINPEJIEJIEHUE OTHETYIIAIIENA Y®®EKTUBHOCTH
HOBUIEBUIHBIX ITPOMBIINJIEHHBIX OTXO/J10B

AHHoTanus. B HacTosee BpeMs BBIIYCK XMMHUYECKU-TIEHHBIX OTHETYLIMTEJIeH OTMEHEH, 1 OCHOBHOI ymop
JiesiaeTes Ha pa3paboTKy 3 (PEeKTUBHBIX MOPOIIKOBBIX IIAMEIOABIISIFOIINX COCTaBOB. [IprMeHsieMble CTaHIapTHBIC
COCTaBbl OYCHb AOPOIr'U, IMOSTOMY IMEPCICKTUBHO U3YUCHUC MBUICBUAHBIX OTXOJ0B IMPOMBIIIIICHHOCTH B CBA3U C UX
JICIIEBU3HOM, MAJIBIMHU 3aTPAaTAMU HA OKOHYATEIBLHYIO JJOPAOOTKY M BO3MOXKHOCTBIO MX YTHJIN3AIIHH.

B3peiBonoaBisiony0 3GpGEeKTUBHOCTD MBUIEBUAHBIX OTXOJOB OMPEACISIN CIEAYIOIUM 00pa3oM: HABECKY
meutd ppaknuu < 0,05 MM B3BEHIMBAIN HA DJIEKTPOHHBIX BECaX ¢ TOYHOCTBHIO JI0 YETBEPTOrO 3HAKA, U MOMEIIAIH B
pacmbuinTenb. Janee B cMecuTese, B pa3iMYHOM COOTHOILICHUHU, TOTOBHJIM CMECH TPOMaH - OyTaHa ¢ BO3IYXOM.
3arem uepe3 MPOMEKYTOUHBINH OAJUIOH, C MOMOIIBIO 3JEKTPOMATHUTHOTO KIIAalaHa, UMITYJIbCOM BO3/yXa B3BHXPSUIN
HABECKy U YBJICKAIM Ta30MbLJICBO3AYIIHYI0 CMECh B MPEIBAPUTEIBHO BaKyyMHUPOBAHHYIO PEAKIIMOHHYIO TPYOKY.
ITorom, ¢ TOMOIIBIO BEICOKOBOJIBTHOTO MHAYKTOPA, SJIEKTPUIECKAM pa3psioM HampspkeHreM B 1000 B momxuranu
cMecH.

KaroueBble ciioBa: miaMsracsiie cocTaBbl, B3pbIBOIOAABISIONIAS 3PPEKTUBHOCTh, OTHETYIIAIINE TTOPOLIOK,
JIOJIOMHT, aMMO(OC, Ta30BO3/yIlIHAS. CMECh, B3PHIBAEMOCTb.
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