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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: CaCO3 + MgCO.3- dolomite; CaCO3 -
calcite, aragonite; MgC0,- magnesite; Ca (Mg, Fe) (C0s) , - ankerite; Na, S04+ 10H,O - mirabolite; A1 (OH); +
A14[Si,0]o0] * (OH)s —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
conducted 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 CaCQO; « MgCO;

Calcite, aragonite CaCOs

Magnesite MgCO0;

Ankerite Ca (Mg, Fe) (C05) »

Mirabilite Na, S04+ 10 H,O

Bauxite A1 (OH); + A1,4[Si; O15] * (OH)s

A

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:

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

e dust of dolomite, limestone and lime from limestone burning shops;

e Dblast-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) AHO298 on the basis of the Hess

thermodynamic law:
AHD298(reaction) = Z:AHDZ%(pmd) - Z:AHD298(1'nitial) (1)

where XAH U030 15 the sum of the heats of formation of final products, kJ/mol; XAHUosmiian 1s the sum
— () ——
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of the heats of formation of initial substances, kJ / mol; AH 205 eqcriony 15 the thermal effect of chemical
reaction under standard conditions, kJ/mol.

The heats of the formation of substances are taken from the reference literature [14]. From the
calculated decomposition reactions (Table 1) of standard fire extinguishing powders and wastes, it follows
that the efficiency of soda is much less than that of lime, but it is impossible to make an unambiguous
conclusion, since the temperature of the beginning of the process is not taken into account. Therefore,
there is a need in experimental studies, for which a standard differential-thermogravimetric method was
used on the derivatograph of the Paulik system.

Synchronous automatic recording of changes when the substance is heated on a thermogram allows us
to judge the nature and intensity of thermal effects, and the temperatures at which effects occur.

The endothermic effect is the deviation of the DTA curve down to the abscissa axis, the exothermic
effect is upward. The change in the weight of the sample during heating is recorded, which makes it
possible to record the gasification of the sample.

Table 1- Energies of powders dissociation

Substance Reaction of powder decomposition AHO 505, Temperature ranges of the
kJ/mol cooling effect, °C
Soda INaHC0;= NaOH+CO, 96 190-450, 780-850
[Dolomite CaCO; = CaO+CO, 1774 430-640, 750-920
MgCO,= MgO+ CO, 101,5
Lime Ca(OH),=CaO+H,0 108,2 430-580, 720-830
Ammophos INH,H,PO,=NH,+1.5H,0+0.5P,05 61,2 190-430
(NH,),HPO,|=4NH;+3H,0+P,05 168.8
Carbamide CH,N,OH=CO+N,+2H, 870 120-130

The main component of highly effective extinguishing powders, such as PF, P-2AP, P-4AP, R-P-24 is
ammophos, consisting of phosphate-ammonium salts.

Based on the reference thermodynamic data on the heats of formation of , H;PO,4, HPO;, H,0, P,0s,
the binding energies between the NH, O-H, P-O, P = O atoms and the enthalpy of ammophos containing
compounds of mono- and diammonium- phosphates such as NH;H,PO, and (NH,),HPQ, are calculated.

As follows from the calculations, the decomposition reaction of ammophos including ammonium
dihydrogenphosphate and ammonium hydrogen phosphate proceeds with heat absorption (endothermic);
and 584 .85 kJ is expended per 1 kg of ammophos.

Thermodynamic calculation of decomposition reactions of dolomite and lime dust also comes with an
endothermic process of decomposition and destructuring, which indicates the possibility of their use in fire
extinguishing compositions. The calculation procedure is given in Appendix A.

The calculated data obtained are in good agreement with the thermographic studies of pulverized
materials conducted with DTA method. When the dolomite dust is heated (Fig. 1 a), two endothermic
effects are observed on the thermogram: the first - in the temperature range from 430°C to 640°C and the
second - from 750°C to 920°C. It can be explained by the thermochemical transformations taking place.
Judging by the presence in the sample of up to 45% loss on ignition, i.¢. gasecous substances released when
the sample is heated, the dust contains carbonates and hydroxides of calcium and magnesium. The
temperatures of their decomposition according to the reference data are (°C): for CaCO; - 825; MgCO;
3H,0-165; Mg (OH) , - 200; MgCQ; - more than 350; Ca (OH),- 580.

When lime is heated, the first endothermic effect is determined by the dissociation of calcium
hydroxide in the reaction (3.2) with the participation of decomposition of impurities of magnesium
compounds:

Ca(OH)Q = CaO+ I‘IQO (2)

The beginning of the first endothermic peak occurs at a temperature of 430°C and corresponds to the
onset of dissociation of magnesium carbonates, and the second peak occurs at 720°C dissociation of
calcium carbonates. Decomposition temperatures are close to the reference data. Loss on ignition of lime
is 16%.
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The second peak in reaction (3.3) is explained by the dissociation of the incompletely burned calcined
lime:

CaCO; =Ca0O + CO, 3)
and decomposition of calcium hydroxide. When the dolomite samples are heated, the first endoeffect is
due to the decomposition of magnesium carbonate, the second endoeffect is explained by the onset of the
decomposition of calcium carbonate.

Oxides act upon heating as inerts and their antipyrogenic properties are weak.

However, the effect of phlegmatization by inert substances increases with the use of substances with
endothermic melting processes [15]. They include the commonly used magnesium, potassium, and sodium
chlorides with temperatures of 700°C to 800°C. Hydrochloric acid effluent of the plant with a volume of
about 1.3 million cubic meters per year, neutralized with a 5% solution of lime, is discharged into the
reservoir. The resulting calcium chloride is widely known as an effective antipyrogen.

The effect of carbonates and hydroxides, in addition to physical absorption of heat by analogy with
oxides, is due to the chemical cooling of the reaction zone, i.¢. endothermic effect. Moreover, under these
reactions, water vapor and carbon dioxide are released into the atmosphere, which serve as effective flame
retardants. This indicates the possibility of using dolomite dust and lime dust in fire extinguishing
compositions.

To compare and evaluate the reliability of the indications obtained at the installation of South
Kazakhstan State University (SKSU), the similar samples were studied on the derivatograph of the Paulik
system. The heating rate was 10 deg / min, pure aluminum oxide was used as a reference substance.
Parallel studies on the derivatograph gave similar results, thermal effects are observed in the same
sequence, but they have smoother peaks shifted to the lower temperatures zone. Comparative results of
thermogravimetric analysis of pulverized industrial waste and fire extinguishing powder are given in
Table 2.

Table 2- Results of thermogravimetric analysis of industrial pulverized wastes

Installation of SKSU Derivatograph
Sample R;a/zio Temperature,’ C Temperature,’ C

Ty T, max Ty T, max

ITA JITA

g_oz“f;r 100 200 480 430 190 430 350
Dolomite 100 510, 800 680,960 520,900 430,750 640,920 490.880
Lime 100 500,780 590,880 590,830 430,720 580,830 500,780

g_oz‘f;r 100 180 450 400 150 440 390
Dolomite 100 480,800 680,960 500,890 420,780 640,900 500,890
Lime 100 490,780 580,870 580,820 420,730 570.820 490,780

g_oz‘f}fr 100 190 450 420 180 430 420
Dolomite 100 500,780 690,950 520,890 430,720 630,920 490.890
Lime 500,770 590,890 580,830 420,720 580,820 500,760

The study of standard extinguishing powders (see Figures 1) showed that the endothermic effects of
soda and ammophos are much greater than that of gypsum and sodium chloride.
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Figure 1 - The thermogram of soda decomposition

In thermograms of pulverized wastes (see Figures 2), endothermic effects of lime and dolomite are
significant, which indicates their decomposition with the formation of oxides and the release of carbon
dioxide. This is confirmed by the loss of their weight. The endothermic effects of blast furnace slag and
iron oxide are minimal. By the way, all thermograms are similar to standard curves.

Weight loss curves TG:

I'- lime; 2'- dolomite; 3'- blast furnace slag; 4'- iron oxide
DTA curves:

1 - lime; 2 - dolomite; 3 - blast furnace slag; 4 - iron oxide
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Figure 2 - Thermograms of dispersed metallurgical wastes

It can be seen that the first losses of water and ammonia are observed at the values of temperature up
to 180°C. The endothermic effect at 190°C refers to the process of transition of diammonium phosphate to
monoammonium phosphate and the formation of ammonium pyrophosphate from monoammonium
phosphate. After 200°C, the polymerization of monomeric phosphates begins in the melt with the endo-
effect at 240 ° C at which further loss of ammonia and water occurs. The changes at temperatures of 440,
550 and 715 ° C indicate further polymerization and the preparation of compounds that form viscous films
on the smoldering surface that hinder the access of oxygen to the burning surface. The total loss of
ammophos mass is more than 70% [16-18].

Based on the experiments results and taking into account the cheapness, dispersity and environmental
safety of raw materials, we can conclude that dolomite, hydrated lime and expired fire extinguishing
powder are promising for further research.

— ] ——
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Conclusions. It is shown that the basis for mass-produced fire extinguishing powders, i.¢. 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
buming 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 arca 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 buming shops is promising
for the development of complex powder compositions.

'A. HaykeHosa, 'B. Canapraimesa, 2X. P. Hnappu, 'IILK. lanamnos, '3. KepumGexosa, 'T. Kemkaninea

M. Aye3oB atemiarsl OHTYCTIK KazakeTan MeMitekeTTiK yHuBepcuTeTi, [ TsivkenT, Kazaxcram,
*Banencus [lonmurexHukanslk yHUBepcuTeT, BateHcust, Mcnanus

OHJIIPICTIK KAJIABIKTAPABIH Y10 TEPMUSLIBIK KACUETTEPIH 3EPTTEY

AnnHoTanust. Kasipri yakpITra epT ceHAIpyJe KOJIJAHBUIATBIH CTaHAApPTTHI Koclialtap eTe KbMOaT keneni. CoOHJBIKTaH
yCaKTalFaH eHEPKICINTIK KaJABIKTapbIH 6pT COHIPY KacHeTTepiH 3epTrey Iy Oonamarkl 30p. byl omapiblH KYHBIHBIH TOMEH
GoyBIMEH, COHflal-aK OacTalKpl eHJeyre >KyMcalaTblH INBIFBIHAAPABIH a3[AbEBl MEH OJapipl KoJiere >KapaThlll IaianaHy
MYMKIHIKTepiMeH GalTaHbICTHL.

OpT coHJipy VHTAKTAPBIHBIH KYpaMbl TYpalbl MATEHTTIK KOHE FRUILIMU SfeCHETTepl Taljay Ke3iH[e HeTi3ri YHTaK
KOMIIOHEHTTEPI KaHOaNTHIH MeTaLTy PIUSUIBIK KalIbIKTap/iaH TYPAThIH/BIEB] aHBIKTATTbL.

KanapikTapap!l naiianaHy apKbUIbl KapbUIbICTapbl OONIBIpMAyIbIH THIML KYpalJapblH 13/IeCTIpy HHEPTTI rasapiblH
KaJIBIITACYBIMEH SH/OTEPMISUIBIK IIpOIecTep/IiH OalKy, bIIbIpay Hemece OyiaHy YPJICTEPIHIH TeMEH TeMIlepaTypaibl, alaiiia
Te3 TyTaHATHIH YHTAaKTap YIIH KeIl KOMIIOHEHTTI SBTEKTHKAIBIK Koclanap OOJBII TaObUIAThIH KeIeH i KocTialap/ bl JaMbITy
OarbITHIH/A YTHIMJIBL.

OHIOTEPMISUIBIK  dcepiiep/i aHpIKTay YhnH 250-7eH acTaM MMHepallap MEH Tay JKbIHBICTAphl 3epTTenreH. TemMeH
TeMIlepaTy pajiaFbl SHAOTEPMIBUIBIK, dcepiep MbHanapaad Typajpl: CaCO3 « MgCO.3- ponomur, CaCO3 - KaIbIMT, aparoHuT,
MgCO3-marnesur, Ca (Mg, Fe) (C03) 2 - anxeput, Na2S04 « 10H20 - mupatommt, Al (OH) 3 + Al4 [Si40 | o] » (OH) 8 —
OOKCHT.

Tyiiin ce3aep: SHIOTEPMIUSUTHIK IIPOIECTEP/l 3€PTTEY, OHEPKACINTIK KAIIBIKTAP, OPT COHJIPY KYPaMbl, OpT COHJIIPTIIT
YHTAKTaphl, SHIOTEPMISUIBIK ocepiiep, YHTaK Kypambl, >KapbUIFBIITHIKTHI OacaThlH Kypamjap, amodoc, jgepuBaTorpad,
TepMoTpamMmaap.

'A. HaykeHoa, 'B. Canapraimesa, “X. P. Hnappu, 'IILK. Ilanamos, '3. KepumGexosa, 'T. Kemkaninena

"OsKHO-Ka3aXCTAHCKYI TOCY JIAPCTBEHHBIN YHUBEpCUTET UM. M. Ay»30Ba, ITTbIMKeHT, KazaxcraH,
[onurexHuyeckuii yauBepcuTeT Banercny, Baercns, McraHus

HUCCJIETOBAHUE SHIOTEPMHUYECKHUX CBOMCTB IIPOMBIIUIEHHBIX OTXOH10B

AnHoTaius. B Hactosimiee BpeMms IpUMEHSEMble CTaHAApTHBIE KOMIIO3WIIMM IS IIOKapOTYIIEHHS OYeHb JOPOTH U
TIOSTOMY SIBIISIFOTCS IIEPCIIEKTHBHBIM HCCIIEI0BAHUEM CBOMCTB IIOKapOTYIIEHHUS M3METBUCHHBIX IIPOMBIITUIEHHBIX OTXO0JI0B. OTO
CBSI3aHO C UX JIEMIEBU3HOH, HU3KUMHY 3aTpaTaMHy Ha IIEPBUYHYIO IIepepaboTKy U BO3MOKHOCTBIO UX Y THIH3AIH.

IIpr mpoBejncHMM aHamM3a IIATCHTHOM M HAayUYHO-TEXHUUYECKOW IMTEpaTyphl II0 BOIPOCY O HAIMUMU OTHETYIIAIINX
TIOPOITIKOB OBLIIO BBIIBIEHO, YTO OCHOBHBIE TIOPOIIKOBBIE KOMIIOHEHTHI HAXOIATCS B HETOPIOUMX METAILTY PIHYECKUX 0TXO01ax.

Touck ek THBHBIX CpeICTB II0/IaBICHIS B3PHIBOB C UCIIONB30BAHUEM OTXOIOB SIBILIETCS PAIOHATHHBIM B HAITPABICHUN
Pa3pabOoTKU CIOKHBIX KOMIIO3UIIHI, NMEIONMX HU3KHUE TeMIIEPaTy Phl SHAOTEPMUUECKUX IIPOLIECCOB IUIABIICHUS, PA3IIOKEHUS WIH
HCIIapeHus ¢ o0pa30BaHUEM MHEPTHBIX I'a30B, HO JULI JIETKOBOCILIAMEHSIOIXCS TIOPOIIKOB IIPEICTABIIOT cOO0H MHOTOKOM-
TIOHEHTHBIE SBTEKTUUECKIE CMECH.

Jlnst BeIIBIICHUMS SHAOTEpMITIecKUX 3(dekToB uccnepoBano Goiee 250 MUHEPAIOB W TOPHBIX MOPOJ. DHIOTEPMIUECKUE
3¢dexTsl B o6IacT HU3KUX TeMmeparyp umeioT cienyionme: CaCO3 ¢« MgCO.3- monomut, CaCO3 - KalbIUT, aparoHWT,
MgCO3-marnesur, Ca (Mg, Fe) (C03) 2 - anxeput, Na2S04 « 10H20 - mupatommt, Al (OH) 3 + Al4 [Si40 | o] » (OH) 8 —
OOKCHT.
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KitoueBble «10Ba: HcCIe0BaHUE SHAOTEPMUYECKUX IIPOIECCOB, IPOMBIINIEHHBIE OTXOJBI, OTHETYIIAIME COCTaBBI,
OTHETYINIAIME TOPOIIKY, SHAOTepMHIYeckHue SQEKTHI, IOPOIIKOBBIE COCTABBI, B3PBHIBOIOJABILIIONE COCTaBhL, ammodoc,
JepuBaTorpad, TepMorpaMMbl.
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