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INVESTIGATION OF ENDOTHERMIC PROPERTIES 
OF INDUSTRIAL WASTES 

 
Abstract. At the present time the applied fire-extinguishing standard compositions are very expensive and 

therefore are perspective investigation of fire-extinguishing properties of the pulverized industrial waste. This is 

connected with their cheapness, low expenses for initial reworking and possibility of their utilization. 

At the analysis carrying out of patent and scientific-technical literatures on the question of presence the fire-

extinguishing powders it was identified that basic powder components are in non-combustible metallurgic waste. 

The searching of effective flash suppressors with waste using is rational in the direction of complex 

compositions development having low temperatures of endothermic processes of melting, decomposition or 

evaporation with inert gases formation, but for easy-flammable powders are many-component eutectic mixtures. 

There are investigated more than 250 minerals and mountain rocks in order to identify endothermic effects. The 

following ones have endothermic effects in the field of low temperatures: СаСОз • MgCO.3- dolomite; СаСОз - 

calcite, aragonite; MgC03- magnesite; Са (Mg, Fe) (С03) 2 - ankerite; Na2 S04• 10Н2О - mirabolite; А1 (ОН)3 + 

А14[Si40|o] • (ОН)8 –boxite. 

Keywords: investigation of endothermal processes, industrial wastes, fire-extinguishing compositions, fire-

extinguishing powders, endothermic effects, powder compositions, explosion suppressing compounds, ammophos, 

derivatograph, thermograms. 
 
Introduction. Analyzing scientific and technical literature of the authors [1-10], it can be concluded 

that scientists came to a common opinion only in the following: the most effective are substances that are 
capable of heating to endothermic transformations, that is, volatile, or light-boiling, or easily 
decomposable. However, nothing is reported about the indices of this process, although it follows 
logically that the lower the temperature of the beginning of the process and the greater the thermal effect 
of the endothermic reactions, the better the powder is.  

Therefore, for the first time, we propose a technique for the experimental study of the endothermic 
properties of powders, which determines the temperature range and the thermal effect of the powder, 
according to which the relative phlegmatizing ability of the compositions can be estimated and predicted. 

The essence of the method is to study the processes by the thermal effect accompanying them and 
change in relative temperature difference at a linear heating rate of the sample under study and the model 
sample that does not undergo any internal transformations during heating. 

When heated, a sample has a lower temperature in comparison with the temperature of the model 
sample, as a result of endothermic transformations in the region of critical temperatures. During this 
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period of heating, the heat input to the system is less than the heat removal to the environment, so the 
temperature of the sample is significantly reduced, and the occurrence of combustion becomes impossible. 

The moment of a significant decrease in the heating rate and the jump in the differential temperature 
curve is taken as the start of the endothermic process. The temperature taken at this point on the 
thermogram is considered as the cooling start temperature. 

The method allows us to follow other changes in the sample during heating, accompanied by negative 
or positive thermal effects (melting, thermal decomposition, etc.), which is very important in the study of 
multicomponent mixtures.  

Based on the results of the analytical review in forecasting, searching for and developing new 
effective explosion suppressing compounds, the following factors should be taken into account: 

1. Powder compositions intended for effective suppression of ignition and explosion must be made 
from non-deficient domestic raw materials by simple technology. 

2. The search for effective flame arresters using wastes is expedient in the development of complex 
compositions having low temperatures of endothermic processes of melting, decomposition or evaporation 
with the formation of inert gases; as for the production of low-melting powders, the search should be 
сonducted among multicomponent eutectic mixtures. 

Therefore, in the first place, a qualitative analysis of the endothermic capacity of natural rocks, 
minerals and wastes of production processes should be carried out as the cheapest, non-deficit and not 
requiring sophisticated production technology (mainly grinding). Analytical studies [11,12] of more than 
250 minerals and rocks were carried out by standard albums of thermograms of their diagnostics. As a 
result, it was found that more than half of them have endothermic effects, but many also have exothermic 
effects, or they are rare or toxic. Therefore, thanks to endothermic effects in the low temperature region, 
the following minerals and rocks can be promising: 

1. Dolomite СаСО3 • MgCO3  
2. Calcite, aragonite СаСО3  
3. Magnesite MgC03 
4. Ankerite Са (Mg, Fe) (С03) 2  
5. Mirabilite Na2 S04 • 10 Н2О 
6. Bauxite А1 (ОН)3 + А14[Si4 O10] • (ОН)8 
  
Analytical forecasting of fire-extinguishing ability of minerals and rocks. Taking into account the 

above conditions, a preference can be given to carbonates (due to the range and magnitude of the 
endothermic effect), crystalline hydrates, soda and gypsum (due to low start temperature). Hydroxides 
have less effect. From the pulverized waste, the following can be suitable: 

 powder of iron oxide and sludge of waste streams of rolling shops, containing calcium and iron 
chlorides; 

 dust of dolomite, limestone and lime from limestone burning shops; 
 blast-furnace slag, consisting of calcium, magnesium and aluminum silicates. 
During heating, chemical reactions and physical transformations occur, accompanied by thermal 

effects with the release or absorption of heat. Heats of formation (decomposition) of a wide range of 
compounds are obtained as average values calculated from experimental thermodynamic data for a large 
number of compounds of this series. 

For the purpose of predicting the fire-extinguishing properties of the powder, a technique is proposed 
for calculating the energy of cooling the flame [13] (dissociation energy) ΔH�298 on the basis of the Hess 
thermodynamic law: 

 
 ∆Н�298(reaction) = Ʃ∆Н�298(prod) ₋  Ʃ∆Н�298(initial) (1) 

 



ISSN 2224

where Ʃ∆Н
of the hea
reaction un

The h
calculated 
that the ef
conclusion
there is a 
used on th

Synch
to judge th

The e
effect is u
possible to

 

 
Substan

Soda 
Dolomite 

Lime 
Ammophos 

Carbamide  

 
The m

ammophos
Based

the bindin
compound

As fo
dihydrogen
and 584.85

Therm
endotherm
extinguish

The c
materials c
effects are
second - f
Judging by
the sampl
temperatur
3H2O-165

When
hydroxide 
compound

 
The b

onset of d

4–5227         

Н�298(prod) is 
ats of format
nder standard
heats of the 
decompositi

fficiency of 
n, since the 
need in exp

he derivatogra
hronous auto
he nature and
ndothermic 

upward. The
o record the g

nce 

NaHC
СаСО
MgCO
Са(OН
NH4H
(NH4)
CH3N

main compon
s, consisting 

d on the refer
g energies b

ds of mono- a
ollows from 
nphosphate 
5 kJ is expen

modynamic c
mic process o
hing composi
calculated da
conducted w

e observed on
from 750°C t
y the presenc
e is heated,
res of their d
; Mg (OH) 2 

n lime is he
in the reac

ds: 

beginning of 
dissociation 

                   

the sum of th
tion of initia
d conditions,
formation o

ion reactions
soda is muc
temperature 
erimental stu
aph of the Pa
matic record

d intensity of
effect is the 
 change in t
gasification o

Reaction o

C03= NaOH+CO
О3 = СаО+СO2 
O3= MgO+ СO2

Н)2=СаO+Н2O
H2PO4=NH3+1.5
)2HPO4|=4NH3+

N2OH=CO+N2+

nent of highly
of phosphat

rence thermo
between the N
and diammon
the calculat
and ammoni

nded per 1 kg
calculation o
f decomposi
itions. The ca
ata obtained 
with DTA m
n the thermo
to 920°C. It 
ce in the sam
, the dust c
decompositio
- 200; MgC

eated, the fir
ction (3.2) w

the first end
of magnesiu

                    

he heats of fo
l substances
, kJ/mol. 
of substance
s (Table 1) o
ch less than t

of the begin
udies, for wh
aulik system
ding of chang
f thermal effe

deviation of
the weight o
of the sample

Table 1- Ener

f powder decom

O2 

2 
 
5Н2О+0.5Р2О5 
+3H20+P2O5 

+2H2 

y effective ex
te-ammonium
odynamic da
NH, O-H, P-
nium- phosp
tions, the de
ium hydroge
g of ammoph
f decomposi
ition and des
alculation pr
are in good

method. When
ogram: the fir

can be expl
mple of up to 

ontains carb
on according
O3 - more th
rst endother
with the par

 
dothermic pea
um carbonat

                   

 
21 

formation of 
, kJ / mol; ∆

es are taken
of standard fi
that of lime,
nning of the
hich a stand
. 
ges when the
ects, and the 
f the DTA c
of the sampl
e. 

rgies of powder

mposition 

xtinguishing
m salts. 
ata on the he
-O, P = O at

phates such a
ecomposition
en phosphate
hos. 
tion reaction
tructuring, w

rocedure is g
d agreement 
n the dolom
rst - in the te
lained by the
45% loss on

bonates and 
g to the refer
han 350; Ca (
rmic effect i
rticipation o

ak occurs at 
tes, and the 

                    

final produc
∆Н�298(reaction

n from the r
re extinguish
, but it is im
e process is 
dard different

e substance is
temperature
urve down t
le during he

rs dissociation 

∆Н�
kJ/m

96
177
101
108
61,
168
87

g powders, su

eats of forma
toms and the
s NH4H2PO4

n reaction of
e proceeds w

ns of dolomit
which indicat
iven in Appe
with the th

mite dust is h
emperature r
e thermochem
n ignition, i.e

hydroxides 
rence data ar
(OH)2- 580. 
is determine

of decompos

  
a temperatu
second peak

                   

ts, kJ/mol; Ʃ
n) is the ther

reference lite
hing powder

mpossible to 
not taken in
tial-thermogr

s heated on a
es at which ef
to the abscis
eating is rec

�298, 

mol 
Te

6 
7,4 
1,5 
8,2 
,2 
8,8 
0 

uch as PF, P-

ation of , H3P
e enthalpy of
4 and (NH4)2H
f ammophos

with heat abs

te and lime d
tes the possib
endix A. 
hermographic
heated (Fig. 
range from 4
mical transfo

e. gaseous su
of calcium 

re (°C): for C

ed by the d
sition of imp

ure of 430°C 
k occurs at 

                    

Ʃ∆Н�298(initial

rmal effect o

erature [14].
rs and wastes
make an un

nto account. 
ravimetric m

a thermogram
ffects occur. 
sa axis, the 
orded, whic

emperature rang
cooling effec

190-450, 780
430-640, 750

430-580, 720
190-430

120-130

-2AP, P-4AP

PO4, HPO3, 
f ammophos 
HPO4 are cal
s including a
sorption (end

dust also com
bility of their

c studies of 
1 a), two en

430°C to 640
ormations ta

ubstances rele
m and magne

CaCO3 - 825

dissociation 
purities of m

and corresp
720°C disso

      3. 2019 
 

l) is the sum 
of chemical 

. From the 
s, it follows 
nambiguous 

Therefore, 
method was 

m allows us 

exothermic 
h makes it 

ges of the 
ct, °С 

0-850 
0-920 

0-830 
0 

0 

P, R-P-24 is 

Н2O, P2O5, 
containing 

lculated. 
ammonium 
dothermic); 

mes with an 
r use in fire 

pulverized 
ndothermic 

0°C and the 
king place. 
eased when 
esium. The 
5; MgCO3 • 

of calcium 
magnesium 

(2) 
onds to the 
ociation of 



Reports of t
 
calcium ca
is 16%. 

The se
lime: 

 
and decom
due to the 
decomposi

Oxide
Howe

endotherm
chlorides w
about 1.3 
reservoir. T

The e
oxides, is 
reactions, 
retardants.
compositio

To co
Kazakhsta
system. Th
Parallel st
sequence, 
thermogra
Table 2. 

 

 
 
 

Sample

Powder  
P-2AP 
Dolomite 

Lime 

Powder  
P-2AP 

Dolomite 

Lime 

Powder  
P-2AP 
Dolomite 

Lime 

 
The st

soda and a

the National A

arbonates. D

econd peak i

mposition of 
decompositi

ition of calci
es act upon h
ever, the effe
mic melting p
with tempera
million cubi
The resulting

effect of carb
due to the ch
water vapor 
. This indic
ons. 
ompare and 
an State Univ
he heating r
tudies on th
but they hav

avimetric ana

T

 

 
 

Ratio
% 

100 

100 

100 

100 

100 

100 

100 

100 

 

tudy of stand
ammophos ar

Academy of sc
 

ecompositio

in reaction (3

calcium hyd
ion of magn
ium carbonat

heating as ine
ect of phlegm
processes [15
atures of 700
ic meters pe
g calcium ch
bonates and 
hemical cool
and carbon 
ates the pos

evaluate th
versity (SKS
rate was 10 
he derivatogr
ve smoother
alysis of pu

Table 2- Results

o 

Тb 

200

510, 8

500,7

180

480,8

490,7

190

500,7

500,7

dard extingu
re much grea

ciences of the R

n temperatur

3.3) is explai

 
droxide. Wh
esium carbon
te. 
erts and their
matization by
5]. They inclu
0°C to 800°C
er year, neut
hloride is wid
hydroxides, 
ling of the re
dioxide are r
ssibility of 

he reliability
U), the simil
deg / min, 
raph gave s
r peaks shift
lverized ind

s of thermograv

Installation

Tempera

Т

0 48

800 680,

80 590,

0 45

00 680,

80 580,

0 45

80 690,

70 590,

uishing powd
ater than that

Republic of K

   
22  

res are close

ined by the d

hen the dolom
nate, the sec

r antipyrogen
y inert substa
ude the comm
C. Hydrochlo
tralized with
dely known a
in addition 

eaction zone,
released into
using dolom

y of the ind
lar samples w
pure alumin

similar resul
ed to the low

dustrial wast

vimetric analysi

n of SKSU 

ature,0 С 

Тe m
Д

80 4

,960 52

,880 59

50 4

,960 50

,870 58

50 4

,950 52

,890 58

ders (see Fig
t of gypsum a

Kazakhstan 

e to the refer

dissociation o

  
mite samples
cond endoeff

nic properties
ances increas
monly used m
oric acid effl

h a 5% solut
as an effectiv
to physical a
, i.e. endothe

o the atmosph
mite dust an

ications obt
were studied
num oxide w
lts, thermal 
wer tempera
e and fire e

s of industrial p

max 
ДТА 

430 

0,900 4

0,830 4

400 

0,890 4

0,820 4

420 

0,890 4

0,830 4

gures 1) show
and sodium c

rence data. L

of the incomp

s are heated
fect is explai

s are weak. 
ses with the 
magnesium, 

fluent of the 
tion of lime,
ve antipyroge
absorption o
ermic effect. 
here, which s
nd lime dust

ained at the
d on the deriv
was used as 

effects are 
atures zone. 
extinguishing

pulverized wast

Der

Tem

Тb 

190 

430,750 

430,720 

150 

420,780 

420,730 

180 

430,720 

420,720 

wed that the 
chloride. 

Loss on igniti

pletely burne

, the first en
ined by the o

use of subst
potassium, a
plant with a
 is discharg
en. 

of heat by an
Moreover, u

serve as effe
t in fire ext

e installation
vatograph of
a reference 
observed in
Comparative
g powder ar

tes 

rivatograph 

mperature,0 С 

Тe 

430 

640,920 

580,830 

440 

640,900 

570,820 

430 

630,920 

580,820 

endothermic

ion of lime 

ed calcined 

(3) 
ndoeffect is 
onset of the 

tances with 
and sodium 
a volume of 
ed into the 

nalogy with 
under these 
ctive flame 
tinguishing 

n of South 
f the Paulik 

substance. 
n the same 
e results of 
re given in 

max 
ДТА 

350 

490,880 

500,780 

390 

500,890 

490,780 

420 

490,890 

500,760 

c effects of 



ISSN 2224

 
In the

significant
dioxide. T
iron oxide 

Weigh
1'- lim
DTA 
1 - lim
 

4–5227         

ermograms o
t, which indi

This is confir
are minimal

ht loss curve
me; 2'- dolom
curves: 

me; 2 - dolom

                   

Fig

of pulverized
icates their d
rmed by the 
l. By the way

es TG: 
mite; 3'- blast 

mite; 3 - blast

                    

gure 1 - The the

d wastes (see
decompositio
loss of their

y, all thermo

furnace slag

t furnace slag

                   

 
23 

 
ermogram of so

e Figures 2),
on with the 
r weight. The
grams are sim

g; 4'- iron ox

g; 4 - iron ox

                    

oda decomposit

, endothermi
formation o
e endotherm
milar to stan

ide 

xide 

                   

tion 

ic effects of 
of oxides and
mic effects of
ndard curves.

                    

f lime and do
d the release
f blast furnac
 

      3. 2019 
 

 

olomite are 
e of carbon 
ce slag and 



Reports of t
 

 
 
It can 

to 180°C. 
monoamm
phosphate
effect at 24
550 and 71
on the sm
ammophos

Based
safety of 
powder are

 
 

the National A

be seen that
The endothe

monium phos
. After 200°
40 ° C at wh
15 ° C indica

moldering sur
s mass is mo

d on the expe
raw materia
e promising 

Academy of sc
 

Figu

t the first los
ermic effect a
sphate and 
C, the polym

hich further l
ate further po
rface that hi

ore than 70%
eriments resu
als, we can c
for further re

 

ciences of the R

ure 2 - Thermo

sses of water
at 190°C refe
the formati

merization of
loss of ammo
olymerizatio
inder the ac

% [16-18]. 
ults and takin
conclude tha
esearch. 

Republic of K

   
24  

grams of disper

r and ammon
ers to the pro
ion of amm
f monomeric
onia and wat
n and the pre

ccess of oxy

ng into accou
at dolomite, 

Kazakhstan 

rsed metallurgic

nia are observ
ocess of tran

monium pyro
c phosphates
ter occurs. T
eparation of 

ygen to the 

unt the cheap
hydrated li

cal wastes 

ved at the va
sition of diam
ophosphate 
s begins in th
The changes 

compounds 
burning surf

pness, disper
me and exp

alues of temp
mmonium ph
from monoa
he melt with
at temperatu
that form vis
face. The to

rsity and env
pired fire ext

 

perature up 
hosphate to 
ammonium 
h the endo-
ures of 440, 
scous films 
otal loss of 

vironmental 
tinguishing 



ISSN 2224–5227                                                                                                                                    3. 2019 
 

 
25 

Conclusions. It is shown that the basis for mass-produced fire extinguishing powders, i.e. the most 
effective flame arresters currently used are salts: phosphates, carbonates and chlorides of ammonium and 
alkaline earth metals.  

The effectiveness of these powders is due to the endothermic processes of decomposition and 
destruction that occur during heating, which are cooling the combustion zone, which is confirmed by 
differential-thermographic analysis of minerals and rocks. A similar forecast is also promising for hydrates 
and hydroxides. 

It is established that among metallurgical wastes the basis for the production of effective fire 
extinguishing powders can be: dust and dispersed waste of dolomite and hydrated lime of limestone 
burning shops containing calcium and magnesium carbonates, and calcium hydroxide. 

It has been established that the efficiency of powders can be quantitatively determined by complex 
consideration of the endothermic effect (the area of the endoeffect on the thermogram), the initial 
temperature and the decomposition rate of the substance. 

It is shown that from the point of view of low cost of raw materials, ecological safety and simplicity 
of technology, disperse waste (dust) of dolomite and slaked lime of limestone burning shops is promising 
for the development of complex powder compositions. 
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ӨНДІРІСТІК ҚАЛДЫҚТАРДЫҢ ЭДОТЕРМИЯЛЫҚ ҚАСИЕТТЕРІН ЗЕРТТЕУ 
 
Аннотация. Қазіргі уақытта өрт сөндіруде қолданылатын стандартты қоспалар өте қымбат келеді. Сондықтан 

ұсақталған өнеркəсіптік қалдықтардың өрт сөндіру қасиеттерін зерттеудің болашағы зор. Бұл олардың құнының төмен 
боуымен, сондай-ақ бастапқы өңдеуге жұмсалатын шығындардың аздығы мен оларды кəдеге жаратып пайдалану 
мүмкіндіктерімен байланысты. 

Өрт сөндіру ұнтақтарының құрамы туралы патенттік жəне ғылыми əдебиеттерді талдау кезінде негізгі ұнтақ 
компоненттері жанбайтын металлургиялық қалдықтардан тұратындығы анықталды. 

Қалдықтарды пайдалану арқылы жарылыстарды болдырмаудың тиімді құралдарын іздестіру инертті газдардың 
қалыптасуымен эндотермиялық процестердің балқу, ыдырау немесе булану үрдістерінің төмен температуралы, алайда 
тез тұтанатын ұнтақтар үшін көп компонентті эвтектикалық қоспалар болып табылатын кешенді қоспаларды дамыту 
бағытында ұтымды. 

Эндотермиялық əсерлерді анықтау үшін 250-ден астам минералдар мен тау жыныстары зерттелген. Төмен 
температурадағы эндотермиялық əсерлер мыналардан тұрады: СаСОз • MgCO.3- доломит; СаСОз - кальцит, арагонит; 
MgCO3-магнезит; Са (Mg, Fe) (С03) 2 - анкерит; Na2S04 • 10Н2О - мираболит; А1 (ОН) 3 + А14 [Si40 | o] • (ОН) 8 – 
боксит. 

Түйін сөздер: эндотермиялық процестерді зерттеу, өнеркəсіптік қалдықтар, өрт сөндіру құрамы, өрт сөндіргіш 
ұнтақтары, эндотермиялық əсерлер, ұнтақ құрамы, жарылғыштықты басатын құрамдар, амофос, дериватограф, 
термограммалар. 
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ИССЛЕДОВАНИЕ ЭНДОТЕРМИЧЕСКИХ СВОЙСТВ ПРОМЫШЛЕННЫХ ОТХОДОВ 
 
Аннотация. В настоящее время применяемые стандартные композиции для пожаротушения очень дороги и 

поэтому являются перспективным исследованием свойств пожаротушения измельченных промышленных отходов. Это 
связано с их дешевизной, низкими затратами на первичную переработку и возможностью их утилизации. 

При проведении анализа патентной и научно-технической литературы по вопросу о наличии огнетушащих 
порошков было выявлено, что основные порошковые компоненты находятся в негорючих металлургических отходах. 

Поиск эффективных средств подавления взрывов с использованием отходов является рациональным в направлении 
разработки сложных композиций, имеющих низкие температуры эндотермических процессов плавления, разложения или 
испарения с образованием инертных газов, но для легковоспламеняющихся порошков представляют собой многоком-
понентные эвтектические смеси.  

Для выявления эндотермических эффектов исследовано более 250 минералов и горных пород. Эндотермические 
эффекты в области низких температур имеют следующие: СаСОз • MgCO.3- доломит; СаСОз - кальцит, арагонит; 
MgCO3-магнезит; Са (Mg, Fe) (С03) 2 - анкерит; Na2S04 • 10Н2О - мираболит; А1 (ОН) 3 + А14 [Si40 | o] • (ОН) 8 –
боксит. 
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Ключевые слова: исследование эндотермических процессов, промышленные отходы, огнетушащие составы, 
огнетушащие порошки, эндотермические эффекты, порошковые составы, взрывоподавляющие составы, аммофос, 
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