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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/m3. 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 ○, and its absence as a hatched point ●.  

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 
of substance 

Humidity,% t, °C р, mmHg Gas, % Weight of  sample Result of 
experience 

1 2 3 4 5 6 7 

 
 
 

Natural gypsum 
 
 
 

 
 
 

70 

 
 
 

19,5 

 
 
 

720 

 
5 

600 ○ 
700 ○ 
800 ○ 

1000 ○ 
1100 ○ 

 
8 

1000 ○ 
2000 ○ 

3000 ○ 
 
3 

600 ○ 
900 ○ 

1500 ○ 

3000 ○ 

 
 
 

Baking soda 

 
 
 

75 

 
 
 

19,5 

 
 
 

719 

 
3 

1500 ○ 

2000 ● 

 
5 

2000 ○ 
4000 ◙ 
4500 ● 

 
7 

3000 ○ 
4000 ◙ 
4200 ● 

 
9 

2000 ● 
1500 ● 
1000 ○ 
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1 2 3 4 5 6 7 
Slaked lime  

85 
 
 
 

20 

 
 
 

713 

5 3000 ● 
1000 ○ 

2200 ○ 

2600 ○ 

3 1000 ● 
900 ● 

500 ● 

100 ○ 

200 ○ 

7 2500 ● 
2000 ● 

1900 ○ 

1800 ○ 

9 1800 ● 
1000 ● 

500 ○ 

1 2 3 4 5 6 7 

Sediment from 
chemical block, 

filtered 

80 26 714 3 2000 ● 
1000 ○ 

1500 ● 

1300 ● 

5 3000 ○ 
3500 ○ 

1100 ● 

8 1200 ○ 
1700 ○ 

2000 ○ 

2500 ◙ 

3000 ● 

9 500 ◙ 
1000 ◙ 

1100 ● 

1 2 3 4 5 6 7 
Dolomite 85 25 715 3 1500 ○ 

2000 ○ 

3000 ● 

3500 ● 

6 2000 ◙ 
3000 ○ 

4000 ○ 

5000 ○ 

9 1500 ○ 
2000 ○ 

3000 ● 

2500 ● 

7,5 1500 ○ 
2000 ○ 
3000 ○ 
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4000 ○ 

4 2000 ○ 
3000 ○ 

4000 ○ 

5000 ● 

1 2 3 4 5 6 7 
Ammophos + 
dolomite (1:1) 

80 26 727 3 400+400 ● 
500+500 ● 

200+200 ○ 

100+100 ○ 

6 600+600 ○ 
1000+1000 ○ 

1100+1100 ● 

1250+1250 ● 

7,5 1250+1250 ● 
1000+1000 ● 

500+500 ● 

100+100 ○ 

9 1000+1000 ● 
500+500 ● 

100+100 ○ 

1 2 3 4 5 6 7 
Ammophos + lime 

(1:1) 
75 20 720 3 500+500 ● 

300+300 ● 

200+200 ○ 

100+100 ○ 

5 800+800 ● 
1000+1000 ● 

1200+1200 ○ 

1300+1300 ○ 

7 1250+1250 ○ 
1000+1000 ○ 

500+500 ● 

300+300 ● 

100+100 ● 

9 1250+1250 ○ 
1000+1000 ○ 

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 / m³, 
while for dolomite - 1280 g / m³, hydrated lime - 1470 g / m³. In the remaining samples with a weight of 
test substances up to 2000 g / m³, 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: 

 
Fe2О3 < CaSO4 • 2Н2О < Ca(OH) 2< (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 
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compositions. The experimental data correlate with the calculated data, where dolomite, with ΔH⁰298 
about 140 kJ / mol, is more effective than lime, with ΔH⁰298 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-2АP and P-4АP 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 
 

Component name 
Grade of powder 

P-2AP P-4АP 

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 
rotating furnaces according to TU-14-8-358-80 

7-10 4-6 

Aerosil of AM-1-300 or AM-1-175 grades according to TU 
6-18-185-79 

1,5-1,8 
2,2-2,5 

1,5-2,0 
- 

 
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, 

overdue years 
Basic component of fire extinguishing powder Peak explosion-suppressing 

capacity, Ф=m/v, kg/m³ 

1 PSB-3 
16 years 

Sodium bicarbonate, 87-90%, with the addition of talc and metal 
stearates (iron, aluminum, calcium, zinc) 

0.58 

2 P-2АP 
12 years 

Ammophos, 88.2-91.5%, with the addition of chamotte-koalin powder 
and Aerosil of AM grade 

0.43 

3 P-2АP 
14 years 

Ammophos, 88.2-91.5%, with the addition of chamotte-koalin powder 
and Aerosil of AM grade 

0.45 

4 P-2GS 
11 years 

Chlorides of alkali metals 0.52 

 

The volumetric fire-extinguishing capacity for P-2AP powder is Φ = 0.1 kg / m³; for  PSB-3,  Φ = 0.7-
0.8 kg / m³; and for the powder based on ammonia of Pirant, Φ = 0.8 kg / m³. 

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 / m³, against 0.35 kg / m³ 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 / m³.  

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 
grade, 

overdue 
years 

Appearance Fluidit
y, 

kg/sec 

Flowability 
when 

poured by 
hand 

Destruction of 
lumps when 

falling from a 
height of 20 cm 

TU 113-08-597-86 
Grading of particles, % 

Particles 
larger 

than 0.2 
mm, not 

more 
than 2 

Particles larger 
than 0.1 mm 

Particles 
smaller 

than 0,05 
mm, not 
less than 

70 
P-2АP 

14 years 
White fine powder 

with lumps up to 100 
mm 

0.34 Does not 
stick 

together, 
flows 

Lumps are 
destroyed in dust 

1.8-2.0 Not controlled 60-68 

P-2АP 
12 years 

White fine powder 
with lumps up to 100 

mm 

0.30 Does not 
stick 

together, 
flows 

Lumpse are 
destroyed in dust 

1.8-2.0 Not controlled 68-70 

PSB-3 
16 years 

Gray disperse powder 
with lumps up to 100-

150 mm 

0.40 Does not 
flow 

The lumps do not 
destroy, they 
crumble into 
smaller ones 

2.5-2.8 10-20 60-65 

P-2GS 
11 years 

Beige fine powder 
without lumps, thick 

0.36 Does not 
flow 

- 2.2-2.5 5-10 60-68 

 
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: 

 

Fe2О3 < CaSO4 • 2Н2О < 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. 
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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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ШАҢДЫ ОНЕРКƏСІПТІК ҚАЛДЫҚТАРДЫҢ ӨРТ СӨНДІРУ ТИІМДІЛІГІН АНЫҚТАУ 
 
Аннотация. Қазіргі уақытта химиялық көбікті өрт сөндіргіштерін шығару тоқтатылып, негізінен 

ұнтақты өрт сөндіргіш қоспаларды əзірлеуге баса назар аударылуда. Қолданылатын стандартты құрамдар өте 
қымбат, сондықтан аса қымбат емес, жəне де олардың түпкілікті жетілдіру шығындары төмен болуына 
байланысты шаң тəріздес өнеркəсіптік қалдықтарды зерттеу жəне оларды пайдалану мүмкіндіктерін зерттеу 
перспективті болып табылады. 

Шаң тəріздес қалдықтардың жарылғыштықты басу тиімділігі төмендегідей анықталды: шаңды 
фракциясының <0,05 мм үлгісі төрт таңбаның дəлдігімен электрондық таразыда өлшеніп, бүріккіш аппаратқа 
орналастырылды. Содан кейін түрлі аралық салмақта пропан-бутанның ауамен қоспасы əзірленді. Сонымен 
бірге электромагнитті клапан арқылы аралық баллонға əуе импульсы арқылы қоспаны құйындатып, одан 
газды-шаңды-ауа қоспасы алдын ала вакуумдалған реакциялық трубкаға тасымалданып, жоғары вольтты 
индуктордың көмегімен 1000 В электр разряд кернеуінде қоспа қыздырылды. 

Түйін сөздер: от сөндіргіш қоспалар, жарылғышты басу тиімділігі, өрт сөндіру ұнтағы, доломит, 
аммофос, газ қоспасы, жарылғыштық. 
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ОПРЕДЕЛЕНИЕ ОГНЕТУШАЩЕЙ ЭФФЕКТИВНОСТИ  

ПЫЛЕВИДНЫХ ПРОМЫШЛЕННЫХ ОТХОДОВ 
 

Аннотация. В настоящее время выпуск химически-пенных огнетушителей отменен, и основной упор 
делается на разработку эффективных порошковых пламеподавляющих составов. Применяемые стандартные 
составы очень дороги, поэтому перспективно изучение пылевидных отходов промышленности в связи с их 
дешевизной, малыми затратами на окончательную доработку и возможностью их утилизации. 

Взрывоподавляющую эффективность пылевидных отходов определяли следующим образом: навеску 
пыли фракции < 0,05 мм взвешивали на электронных весах с точностью до четвертого знака, и помещали в 
распылитель. Далее в смесителе, в различном соотношении, готовили смеси пропан - бутана с воздухом. 
Затем через промежуточный баллон, с помощью электромагнитного клапана, импульсом воздуха взвихряли 
навеску и увлекали газопылевоздушную смесь в предварительно вакуумированную реакционную трубку. 
Потом, с помощью высоковольтного индуктора, электрическим разрядом напряжением в 1000 В поджигали 
смеси. 

Ключевые слова: пламягасящие составы, взрывоподавляющая эффективность, огнетушащий порошок, 
доломит, аммофос, газовоздушная смесь, взрываемость. 
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