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ABSTRACT. Elaboration of new types of halogen-free, eco-safe, inexpensive, highly effective fire-
extinguishing composite powders and evaluation of their efficiency are discussed in the article. Such
powders will be made by mechanical blending of local mineral raw materials, which do not require
modification with expensive, halogen-containing hydrofobizative additives. The optimal dispersity were
selected so, that caking capacity to be minimal and homogeneous action of combustion products on the
flame as well as a heterogeneous inhibition of combustion process to take place. Powder efficiency was
evaluated with consideration of both effects. The technology for the production of obtained fire-
extinguishing powders differs from the serial production technology. Such powders, will be made by
mechanical blending of local mineral raw materials: zeolites, perlites and clay shales, which does not
require additional chemical processing and modification with expensive, halogen-containing hydrofobizative
additives, what makes the extinguishing materials far cheaper than imported analogues. Received fire-
extinguishing powders are characterized with high operating characteristics as well as high fire-
extinguishing capacity and values of recombination coefficients of atomic oxygen. Thus, they are non-
halogen, eco-safe, inexpensive, highly effective and universal. © 2015 Bull. Georg. Natl. Acad. Sci.
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At present the most effective fire-extinguishing
matters are powder fire extinguishers, which are char-
acterized by high effectiveness and universality. They
are most widely used in cases when it is not advis-
able to use traditional fire-extinguishing matters. Fire-
extinguishing powders represent the fine dispersed
mineral salts with expensive, halogen containing

hydrophobizative additives. Thus, most of them are
halogen-containing and do not meet the contempo-
rary demands, first of all with the view of effective,
and universal use. Therefore, elaboration of halo-
gen-free, eco-safe fire extinguishing powders is one
of the most important problems in the world [1-3].

The aim of the presented investigation is the
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elaboration of new types of halogen-free, eco-safe,
composite fire-extinguishing powders on the basis
of local mineral raw materials and evaluation of their
efficiency.

The technology for production of these fire-ex-
tinguishing powders differs from the serial produc-
tion technology. Such powders will be made by me-
chanical blending of local mineral raw materials, which
does not require additional chemical processing and
modification with expensive, halogen-containing
hydrofobizative additives, what makes the extinguish-
ing materials far cheaper than imported analogues.

Raw materials: zeolite, clay shale and perlite were
selected according to their high operating properties
and due to the factors indicating the reduction of
burning processes. As it is well known, such raw
materials are mainly of silicate origin and contain al-
kali and alkaline-earth metal carbonates, bicarbonates,
silicates, oxalates, also Fe, Al and alkali metal hydrox-
ides and crystallization water. Therefore, at their in-
tensive heating incombustible gases, water steam and
metal oxides are separated. Released incombustible
gases and water steam in flame zone are functioning
as phlegmatizer and in surface zone cause formation
of swallen layer. Protective film of metal oxides, swallen
and coke layer create “fire-limiting” effect [4].

The effectiveness of powder depends on their
dispersity, inhibition properties and on their operat-
ing characteristics as well. The most important oper-
ating properties are: the tendency to consolidation
and caking, moisture adsorption, powder flow and
storage duration. Experimental researches showed,
that zeolites are characterized by lower caking ability,
but higher moisture capacity compared to perlites
and clay shales, while composite powders produced
for admixture zeolites, perlites and clay shales are
characterized by low moisture capacity as well as
caking ability [5]. This indicates that zeolite in com-
posite powders play the role of hydrophobizators.
Therefore, we can surmise that introduction of
amophos and dolomites, which are hygroscopic but
are characterized by high inhibition properties, in

zeolite containing composite powders of raw materi-
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Fig. 1. The relation of powder caking and specific surface areas

1 — Zeoloite, 2 — Perlite, 3 — Clay shale.

als will not cause significant changes of operating

characteristics, but will considerably increase fire-

extinguishing capacity.

The least desirable operation property is the ten-
dency to consolidation and caking, which compli-
cates and conclusively cancel the fire-extinguishing
ability of the powder. The main reason causing con-
solidation and caking is humidity and medium tem-
perature. The powder absorbs moisture from air, that
is to say, solid particles are dissolved in condensate
water forming saturated solution of the solid phase.
By further increase of humidity the solution becomes
supersaturated and at the contact surfaces of super-
saturated and saturated particles the crystallization
out of solid phase takes place. Formation of phase
contacts is possible only in the conditions of new
coagulation. An average hardness of elementary con-
tacts of individual particles depends on the hard-
ness of powder structure, which is dependent on
particles dispersity, settling and compaction degree.
It has been established, that the tendency to con-
solidation and caking increases with increasing
dispersity.

By experimental studies it was established that for
different powders even at identical dispersions the
specific surface area sharply differs. Because the pow-
der caking is conditioned of solid phase crystalliza-
tion on the touch surface of the particles, their caking
will be significantly different. Considering all this, we
determined the specific surface area of the powders
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Table 1. Operating properties of raw materials

. Moisture content Tendency to
Powder Specific Powder S
. . . 1 and tendency to consolidation
Materials dispersity, surface areas, fluidity,Q e .
S () S (cm¥ke) (ke/s) humidity, and caking,
& g £ W% C%
#0.1 7270 _ 0.17 50
1 | Clay shale #0.1-0.2 5530 0.17 0.18 7.5
#0.2-0.3 5100 0.17 1.2 2.0
#0.1 5530 _ 3.6 20
2 Zeoloite #0.1-0.2 4640 0.16 4.6 0.6
#0.2-0.3 4280 0.16 4.6 0
#0.1 2540 _ 0.7 18
3 Perlite #0.1-0.2 1295 0.14 0.7 0.1
#0.2-0.3 1093 0.14 0.8 0

with different dispersity and established the depend-
ence of powder caking on specific surface area (Tab. 1
and Fig. 1). In order to define specific surface area air-
penetrating method device ADP -3 is used. The analy-
sis of experimental data shows that the caking capac-
ity of high-dispersive powders sharply increases with
increasing dispersity, while the caking capacity of
lower-dispersive powders insignificantly changes with
changing dispersity. For example, when powder
dispersity < 100 wthe caking capasity is 30—40%; when
dispersity is within 100-200  caking capacity rapidly
decreases to 0.2 —0.4% and when dispersity - 200-300
caking capacity drops to 0%.

Proceeding from it, optimal dispersity (to 200 1)
was selected in such a way that caking capacity to
be minimal, powder feed to be convenient and parti-
cle measures to be suitable for their rapid heating
and destruction, that is to say, a homogeneous ac-
tion of combustion products on the flame as well as a
heterogeneous inhibition of combustion process must
take place. Homogenous effect means heating, evapo-
ration and destruction of powder particles, when there
happens emission of incombustible gases and metal
oxides inhibit the burning processes. But it is known
that if powder particles dimensions exceed 50 xthen
such particles have no time to be heated to ignition
temperature. Therefore, homogeneous mechanism of
extinguishing is less effective and heterogeneous
mechanism has leading role, which means heteroge-
neous removal of reaction active centers on the sur-
face of solid particles of the powder. At the same time
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it should be mentioned that by heterogeneous mecha-
nism powder fire-extinguishing capacity is estimated
not by mass consumption of powder in volume unit
(G), but by the area of powder particles total surface
in unit volume, or by ,,surface* concentration (CneS),
which can be determined by product of mass con-
centration on powder specific surface area [4]. So,
for the complex evaluation of extinguishing effect
special characteristics were selected:

- Reciprocal value of extinguish “surface” con-
centration - 1/Cn'S

- Coefficient of atomic oxygen recombination -

The coefficient of atomic oxygen recombination
(7,) was determined by Electro Paramagnetic Reso-

nance (EPR) methods. In order to determine fire-ex-
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Fig. 2. The relation of fire-extinguishing capacity and
recombination coefficient of atomic oxygen.
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Table 2. Fire-extinguishing ability

Minimum Coefficient
. Minimum u Powder of atomic
Class Time of fire- consumption per mass special oxygen
Material extinguishing, . concentration, 1/Cn-S .
of fire t,, (sec) unit area, Cn (k /m3) surface area, recombi-
o G (kg/mz) & S (sm2/kg) nation,
Yo

1 Schljlz g g 4.1 8&2 4510 | 0.027-10° | 6.5-107°

2| Zeolite g 185 2.6 i§ 42810° | 0.04510° | 2.7-10°

3| Perlite g 182 ;3 j‘g 1.09-10° | 0.20-10° | 2.6:10°
Zeolite + A 10 1.8 3.6

4 (Clay shale + 1.9-10° | 0.146:10° | 3.3-10°
Perlite B 7 2.0
Zeolite + A 6 1.1 2.2

5 Cl}‘jzrfiltlzlf " 4510° | 0.1-10° | 3.0-10°
Amophos B 5 L1

Zeolite +

Clay A 8 1.4 2.8

6| shale+ 3.9-10° 0.09-10°¢ 2.6:10°

Perlite +

Dolomite B 6 13
A 7 1.5 2.5

7| Standard 41106 | 0.110° | 2510°
powder B 6 13

tinguishing ability the polygon testing methods are
used, which consider extinguishing of different class
standard fires with the help of fire extinguishing con-
structions [6]. The results of experimental researches
are given in Table 2 and Fig. 1.

The analysis of experimental data shows that be-
tween fire-extinguishing capacity (1/Cn-S) of the re-
ceived powders and recombination coefficient of
atomic oxygen (y,) there is symbatic relation (Fig. 2).
The growth of y, rapidly increases the fire-extinguish-
ing ability. The mentioned relation can be expressed
with the following equation:

1/CnS=1262.8¢

The deviation from the average value is detected
for some of them. For ezxample: y, value for perlites
(2.6-107%) is close to zeolites (2.7-107%), while perlite
fire-extinguishing ability (0.20-10°) exceeds that of
zeolites (0.20-10°), which in our opinion, is caused
by the fact that perlites at high temperature are char-
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acterized by blowing-up of particles and with addi-
tional homogeneous effect of powder fine particles
on the flame. The positive correlation shows the pri-
ority of heterogeneous mechanism in fire-extinguish-
ing action. While significant deviation notices for
clay shales. Particularly high value of y,, which 2.0-
2.5 times exceeds the values of recombination coeffi-
cient of zeolites and perlites corresponds to low value
of fire-extinguishing capacity. This is basically con-
ditioned with high specific weight, high dispersion
and specific surface area of clay shales, which re-
sults in the increase of powder mass consumption
and surface concentration. Hence, recombination
coefficient of powder received with introduction of
clay shales in zeolite and perlite composite powders
are somehow increased, while fire-extinguishing ca-
pacity (1/Cn-S) changes insignificantly or approaches
the values of fire-extinguishing capacity of zeolites

and perlites.
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All the above said suggests that composite fire-
extinguishing powders based on zeolites, perlites
and clay shales are characterized with high fire-ex-
tinguishing capacity and values of recombination co-
efficients of atomic oxygen. Thus, such composite

powders are characterized by high fire-extinguish-

ing effect.

It should be noted, that the efficiency of the re-
ceived powders isn’t less than the standard pow-
ders of serial production, but unlike them they are
non-halogen, eco-safe and inexpensive (1.2-2 times

cheaper).

go%adgﬁo jm?od

bb(;\no 603015, ﬂ&bmmaasm, 9 dmmmao-aébQ 'ahbtaﬁmbm
(3:_](359'\"8-5560 gbasog’gaboh Qb%anbb 05 dsoo

ataaﬂéﬁﬁ)mbols 33(3.)]536.)
. Qgﬁ)ﬂ(‘aaamoé,*%. 5‘300'8309'20,* . 50;305)30'3309'20,* L. (&})3385@063“

* 0. X.)(}k) Zﬁoggo'qm Z} Z,".) b. md‘ogm ZJO Z} Z,".) bj@gﬁ’ogﬁ) ;7503[7(6 Z}Oé(y(ﬁ[) Z} (ﬂ JBQ’L)JO Z,‘ Jﬁdmégdé‘g@{? j{)gﬂ() Z}J QL)

J,Q’Jj(% ﬁmjﬂﬂon b 05]}(50(5 30505 méorqm bo
* 0. xagbodgocrol mdogrolol bsbyendffoge mboggcrbodgido, mdocrobo

(%‘aﬁamgaa&)mos \)JQQUBOOOB Ea{}ﬁolﬁ B. 13.)813("760.)15 8036))

659¢»d3do .)Qvaﬁ)ogoa oono ®030'|.s, U&)Qmaasm, admgmao'aﬁ)o;\o ';_']'ls.)o‘rjﬁ)m'bm, 0330 (@S
aogbgagaﬂéméo Gaebgabﬂﬁo 135350Q33015 Qo%og\uaaoha Q5 dsoo 3(332]&3607601) '331331536015
3%360. 13535093360 %bgggabo aosaﬁ)égﬂﬁm GSQQ:]':]QOB 3350506'35)0 '3363300) [l 36 150305)003615
d3oﬁbggoﬁabﬂg{)o, 30(20’)335‘333(333;:)0 QOQﬁm%macﬁso&mﬁa&ok Qaaoéab.ﬂs, ol 3&30’)0 30@3&3Q0
13‘535093360 6°G°Q33°°) 05g309 033005)&'393 osémmaabms '33;265)3600). 30535)69‘3‘3(‘)0 53‘3933'391’0:
mo‘botaoﬂo;:)o, Ggmodo, 33651{)0@0 '33653-3;20.5 dsoo BQQQQO 351&3({)0’).&&.&003&0 m30153336015
'831;.»3.)801»;\0 Qo od (3.5{]&00635015 aomyQoBVoﬁaaom, (‘)maqaboe 30‘:]0)0003335 93015 3(‘)0')031)3601&
'333006360%3. m3®oaogﬂt¢)o Qolﬁaﬁﬂsmp{)mbo (200 d 63—3;33) '33653-3;20.5 olsa, A od ‘BBSBOQOB
dm'aéipg\ombo oaml& aosoaoggﬁo, Qo .)3.)33 Qﬁ)ml} 900 3;](*)5;231& (‘)mamﬁe anl} 36”‘2‘35&3601’
QQ‘B{] 3(')3(')635'36 ‘BaamﬂaaQaa.ﬂs .515333 V3ols 35)070315015 33@3607635"39{7 053060633.51). oﬂaQaG

aoamaQos.)ﬁ)a, m&)oaa 3033{]&015 a.)m3.)Qo’lsVosabom, Gaebgaoﬂﬁ)o o&bz}ﬁoga&o’b ao‘rjaﬂé'ﬂﬁmboh
33(3.)1533015.50)301) 336533;{)0.& 3.51').5150.50)33Q360: ﬂ&)mbo]s “%3&0630&*3;{)0” dmseasééoeook
Habﬁﬂsa&aqo lson\mga — 1/CnS (O] o&ma'ﬂﬁm ﬂosaonols 6»33:»360530001; dmagoooaséo - W
'3315663;:)0;:)00 53 305&B000{]3Q33B dmcol Qaam doga&agabo, ﬁmagoh Boggdwg‘hae 30@3&3Q0
13‘5350933601)00)3015 Qo;\oaasoqob {]60')501) 33{].)50%30.

Bull. Georg. Natl. Acad. Sci., vol. 9, no. 2, 2015



70 Lali Gurchumelia, Zoia Khutsishvili, Liana Nadareishvili ...

REFERENCES

1. Takahashi F., Linteris G.T, Katta V.R. (2005) 15" International Conference Fire Suppression Technology
Program, May 24-26, Albuquerque, NM, pp. 1-10

2. Fire Extinguishing Powders of General Purpose. Testing methods// Normative Documents (1998) Russia: HITb 170-98.

3. Baratov A.N., Kopylov N.P, and Timofeev E.V. (2002) Ozone-Depleting Agents for Fire Extinguishing. 12"
International Conference, Gaithersburg, MD, pp. 1-12

4. Gurchumelia L., Baliashvili G, Bezhanov F.,, Sarjveladze N. (2008) Modelling, monitoring and management of
Forest Fires. Wit Press publishes leading books in Science and Technology, Toledo, Spain. pp. 65-72

5. Gurchumelia L., Bezarashvili G.,, Chikhradze M., Chudakova O. (2009) Materials Characterisation. Wit Press
publishes leading books in Science and Technology, New Forest, UK. pp. 337-347

6. Petviashvili D., Sulaberidze K., Bezarashvili G, Gurchumelia L., Abashidze G (2009) Series Chemistry, Tbilisi: 35, 4

Received May, 2015

Bull. Georg. Natl. Acad. Sci., vol. 9, no. 2, 2015





