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PREPRODUCTION TESTING OF EXTINGUISHING EFFICIENCY OF A NOVEL
WATER-BASED FIRE-EXTINGUISHING AGENT ON BASIS OF K;[CuCl;] COMPOUND

The results of laboratory research related to fire-extinguishing action on hydrocarbon flame by
aqueous solutions of potassium tetrachlorocuprate(Il) at different concentrations are presented in the article.
The short-lived influence on front of hydrocarbonaceous flame by aerosol of the aqueous solution (40%) of
complex salt of copper(Il) — K,[CuCly] leads to full extinction of burning. A minimum expense of 40%
aqueous solution of the potassium tetrachlorocuprate(Il) on extinguishing of fire source (B2 class) amounts
to 1.1 L/m?. It is ascertained that in case of extinguishing of the inflammations of the various hydrocarbons
by means of K,[CuCl,] aerosol (40% aqueous solution) consumption of this water-based fire-extinguishing
agent were 4.2 (ethanolamine’s flame) or 3.2 times (hexane’s flame) less than by water aerosol.

Keywords: fire-extinguishing, aerosols, water-based fire-extinguishing agent, burning inhibitors,
complex salts of copper(Il)

Introduction. Search of the novel chemical agents and investigation of hydrocarbons flame
extinguishing efficiency are one of the priority aims of fire-fighting. Nowadays, water is commonly
used as a fire-extinguishing agent due to its cooling and the insulating properties. Those properties
can be substantially improved by water aerosol application [1-3]. Nevertheless, water does not pos-
sess flame inhibiting action [4].

On a global scale for the fire protection of the different objects the application of water spray
techniques of water-based fire-extinguishing agents (WEA) are widely spread. This fully provides the
realization of both unique physical and chemical properties of water and inhibiting action of dissolved
salts [5, 6]. Lately, salts of alkaline metals and ammonia were used flame retarders [7-11].

Analysis of early researches and publications. Previously, the data on elaboration of the
novel fire-extinguishing agents on basis of transition metal salts were published [12—19]. The fire ex-
tinguishing efficiency of aqueous solutions aerosols are determined by special chemical properties of
d-metals as electrons acceptors. This characteristic what in the ensures the high ability to interrupt the
flame spreading. Salts of the d-metals, namely CoCl,, NiCl,, MnCl, and FeCl, efc. were applied as
water-based fire-extinguishing agents. Among inhibitors of burning, the complex salts of iron and po-
tassium deserve special attention [20]. In particular, the concentrated aqueous solutions of potassium
ferricyanide (K4[Fe(CN)s]) and potassium ferrocyanide (Ks;[Fe(CN)g]) are effective fire-extinguishing
agents [21]. Thus, 30% aqueous solution of red blood salt efficiently represses flame.

In this regard, the elaboration of novel water-based fire-extinguishing agent on basis of cop-
per salts is promising since the Cu(Il) atoms evince uncommon ability of bonding with heteroatoms
of various inflammable organic compounds and active particles of flame [22].

The aim of the paper is to study the extinguishing ability of copper(Il) complexes of differ-
ent concentrations applied as aqueous sprays and to determine the quantitative criteria of extin-
guishing of the hydrocarbonaceous inflammation by experimentally.

Experimental results and discussion. The test techniques of the fire-extinguishing ability
of water-based fire-extinguishing agent.. The laboratory tests of WEA were fulfilled in a test cham-
ber installed according to the all-Union State Standard 3789 (Fig.) The installation consisted of test
chamber (Fig., a) with dimensions of 0.7x0.6x0.45 m (useful volume is 170 L), upper hole
(9 10 cm) linked to a ventiduct; a fire source inside, a measuring cylinder for WEA flow measure-
ment, WEA or water spray dispensing device (certificated fire extinguisher BB-5 with centrifugal
sprayer) and a stop-watch.
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The fire source was created by a fire seat of “B” class according to the all-Union State Stan-
dard 3675. A round tin was planted on the place surface of the bottom of test chamber (depth and di-
ameter are 0.1 m and 0.15 m, respectively) with combustible liquid (fuel) — n-hexane (special fire of
“B1” class) and ethanolamine (special fire of “B2” class). The tin is filled with water and fuel with
water to fuel ratio of 2 : 1 (for non-polar hydrocarbons) or pure fuel (for polar hydrocarbons).
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Fig. The overall view of test chamber with glass case (a) and installation diagram for testing the
fire-extinguishing (b): 1 — compressed-air bottle; 2, 4 — manometers, 3 — connecting hose;,
5 — centrifugal sprayer,; 6 — fire source; 7 — device for supply WEA (fire extinguisher BB-5)

Separately, the operating solution of WEA (aqueous solution of the potassium tetrachlorocu-
prate(Il) of various concentrations) was prepared and the fire dispensing was filled (fire extinguisher BB-
5). The pressure of 6 bar was set in the body of fire extinguisher, using compressed-air cylinder. Disper-
sion of WEA was performed by means of centrifugal sprayer with nozzle of 1 mm in diameter. The WEA
supply productivity was 0.0045 L/s (for comparison, the water supply productivity is 0.0054 L/s).

The fuel in a round tin was set fire manually by torch. On condition of the test chamber door
ajar (on 5 cm) and after of free burning (over of 60+5 s), WEA was added directly into the flame by
fire extinguisher through the hole from side. Extinguishing, duration which was time interval from
WEA introduction into flame to absolute stop of the burning.

Hydrocarbonaceous flame was extinguished by means of K,[CuCls] aqueous solution at dif-
ferent concentrations and tap water. Three quantitative experiments for each test were carried out.
The results were regarded as positive if time intervals were within 120 s. If three positive results
were received for three consecutive experiments, the fourth experiment was not performed.

Table
The results of the preproduction testing of aqueous solutions of the potassium
tetrachlorocuprate(ll) fire-extinguishing effect

n-Hexane (B1 class) Ethanolamine (B2 class)
WEA Puea, ml | A% | k| Pygg,ml | Atng,s | K
40% aqueous solution K;[CuCly] 9 7 3,2 6 5 4,2
20% aqueous solution K;[CuCly] 11 9 2,7 10 8 2.4
10% aqueous solution K;[CuCly] 21 12 1,4 16 11 1,6
Water 29 17 1 25 15 1
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The tests were realized in a closed area under the air flow nearby the fire source les than
0.1 m/s (natural air draught), air temperature 10-25°C, temperature of working solution and fuel was
17,5+2,5°C.

The results of the preproduction testing are presented in Table. A coefficient of fire-
extinguishing efficiency increase for WEA (K) relatively to water was calculated by formula:

Ki = Vyater/ Vwea,

where Vyater O Vwea are the volumes of water or WEA applied for extinguishing the fire source.

The results of the laboratory research revealed that time intervals of fire source extinguishing
(special fire of “B2” class) by 40% aqueous solution of the potassium tetrachlorocuprate(Il) were equal
to 5 s. It was proved that the fire-extinguishing efficiency of 40 % K;[CuCl] aqueous solution in com-
parison with water increased by 4.2 times (ethanolamine flame) and 3.2 times (n-hexane flame), taking
into consideration the time interval and flow rate for extinguishing of hydrocarbonaceous flame.

Therefore, the laboratory results of the fire-extinguishing testing demonstrate high perfor-
mance of hydrocarbonaceous flame suppression by of 40% K,[CuCls] aqueous solution. It was as-
certained that minimum flow rate of WEA was 1.8 L/m’ (BI class) and 1.1 L/m* (B2 class).

Conclusions. The experimental investigations illustrated that short-lived influence upon
front of hydrocarbonaceous flame by aerosol of the aqueous solution (40%) of the complex salt of
copper(Il) — K,[CuCly] led to full extinction of burning. It is ascertained that of the experiment the
time interval of flame extinguishing by WEA spray was 5 s. WEA efficiency was 4.2 times (etha-
nolamine flame) and 3.2 times (n-hexane flame), comparing to water. The minimum WEA flow rate
(40% K,[CuCL] aqueous solution) was 1.8 L/m* (B1 class) and 1.1 L/m” (B2 class).
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O. b. Muxaniuxo, H. M. I'odoeaneus, O. M. lllepouna, b. M. Muxaniuko

JABOPATOPHI BUITPOBYBAHHSI BOTHEI'ACHOI 3JIATHOCTI HOBOI BOJJHOI
BOTHET'ACHOI PEUOBUHHU HA OCHOBI KOMILIEKCHOI COJII K;[CuCly]

B po6oTi noaroTecs pe3yabTaT 1abopaTOpPHUX BUIPOOYBaHb BOIHETACHOT JIii BOJHUX PO3-
yiHIB Kajiil Terpaxiopokynpaty(ll) pi3Hoi KoHLIeHTpallii Ha ByryieBoiHEBe MoxyM’s. byno noka3za-
HO, 10 HeTpuBaia Aig aeposoieM 40% BOAHOrO po3yMHY KOMILIEKCHOI cousii Kympymy(Il) —
K,[CuCly] Ha PpoOHT BYraeBOTHEBOTO TOJYM S 3yMOBIIIOE HOTO €(hEeKTHBHE MPUIYIICHHS, aX JI0
MOBHOTO raciHHsA. MiHiManbauil 00’em BuTpar 40% BOJHOTO PO3YMHY Kajliid TETPaxJIOPOKYIpa-
ty(Il) Ha raciHHs ocepeaKy 3aiimManHs (BormmIIa Kiacy B2) cramosuts (1,1 1/m%). Beramosieo,
110 y pa3i raciHHs 3aiiMaHb PI3HUX BYTJIEBOJAHIB 3a JONOMOTror0 BoAHOTO aepo3oto 40% Ki[CuCly]
BUTpATH LI€] BOAHOI BOTHETaCHOT peyoBUHU y 4,2 pa3u (Uisi MOHOETAaHOJAMIHOBOI'O MOJIyM’sl) Ta y
3,2 pa3u (U1 TeKCaHOBOIO MOJIyM 51) MEHIII1 32 HOPMATHUBHI BUTPATH BOJHUM aepO30JIEM.

Knrouogi cnoea: BorHeracinHs, aepo30.ii, BOJIHI BOTHEraCHI peYOBUHH, 1HT10ITOPU TOPIHHSA,
KoMILIeKcH1 coii kynpymy(Il)

O. b. Mvixanuuko, H. H. I'ooosaney, O. H. lllepouna, b. M. Meixanuuko

JABOPATOPHBIE UCIIBITAHUS OTHETYIHAIIEN CIIOCOBHOCTH
HOBOI'O BOJHOT'O OrHETYIHAIIEI'O BEHIECTBA
HA OCHOBE KOMIIVIEKCHOMU COJIH K;[CuCly]

B pabote mpencraBieHsl pe3ynbTaThl JIAOOPATOPHBIX UCCIICAOBAHUI OTHETYIIAIIETO JICHCT-
BUSI BOJHBIX PacTBOpPOB Kanuil Terpaxiiopokynpata(ll) pasnnyHol KOHIIEHTpAaluu Ha YriieBOJI0pPo-
JHOE TIaMs. bplTo mokazaHo, 4YTO HEMPOAOJIKUTEIBHOE BO3IeHCTBHE adpo3oiieM 40% BogHOTO pa-
ctBopa komriuiekcHou cosm Meau(Il) — Ky[CuCly] Ha GpoHT yrieBogopoaAHOTO MiIaMeHu 00YCIIOB-
nuBaeT ero 3(h(EeKTUBHOE MM0IaBICHHE, BIUIOTH JI0 TIOJHOTO PUOCTAHOBIICHH. MUHIUMAaIBHBIN 00-
beM pacxoaa 40% BoIHOTO pacTBopa Kanuii Terpaxiopokymnpata(ll) Ha Tymienne odara Bocmiame-
Henust (ouar kiacca B2) cocrasmser 1,1 /M. YCTaHOBIEGHO, 9TO MPH TYLICHHH BOCILIAMEHCHHS
Pa3IMYHbIX YIJIEBOJOPOJIOB MpHU rmomouy BoaHoro aspo3soiisi 40% K,[CuCly] pacxoa aToro BoaHO-
ro OTHETyLIallero Bemectsa B 4,2 pas3a (Uisi MOHO3TaHOJIAMUHOBOTO IJIaMeHH) U B 3,2 pasa (s
TeKCaHOBOTO TUIAMEHH ) MEHbBIIIE HOPMAaTUBHOTO Pacxo/ia BOJIHOTO a3pPO30JIsl.

Knrwoueevie cnoea: orneryuienue, adpo30Jiv, BOJHBIE OTHETYIIAINNE BEIECTBA, HHTHOUTOPEI
ropeHusi, koMmriekcHele cou Meau(Il).
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