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Experiments on Exlinctlon of Liquid Hydrocarbon Fires ·V) ) \ by a Particu1ate Minera1 

T. P. SHARMA, R. S. CHIMOTE, B. B. LA},. and JAGBIR SINGH ,{c~, 
Firr Rnnll'C"IJ ubortIrory. CVltrtl/ Sui/dint Rrsrorcll lrutitlltr, RoorAff-14'166" (UP), IfldiQ 

\ 11 '\ , 
A ICOO of e~rimenu 00 ..soh_ lim "-err carried OUI an. 4S-<m-11iah opcn-top mild aeel-.nl. ., Iht ~r 

Rnlt' of :27.~-7~ em in orcin' 10 stud) uperimentall) ~' efficientl) liquid bydrocarl!on Ires ill ~ IIII rW 
C'OUId ~ utillfUished by • particulatt mil>t'T&l. For 30-. 45-. 60-. and 7km-diamntr &ml; Ires. Ihr lniaimum 
chidn«s of Ik firr utinctioo ¥OIume of Ihr edoliated vamKulit~ required for ~ utiJoction of Ires is 16 
em for an 'VCTalt 4.S-mm panKk W.t distribution; further it is a linur ~III fImctioo oflbt minimum lirr 
extinction volume ollhr urolialcd vcnnicuJit~ and the." Uu of firr 10 ~ utilllUishcd 

INTRODUCIlON 

Selection of an cxtirt¥Uiming &!!ent and the appli
cation technique are the IWO UnpoiUnt primary 
chmcteristics of fi re extinctioo. Extinction of a 
bydrocarbon fire is a pheoomeooo of challenging 
magnitude and .cxperienex. Ruent wad by Bil
SCI' U]. Gore &nd Faeth [2. 3]. Jetli and Faeth 
[4], Liew et aI. ISJ. Mit.cbell et at. 16]. Moore et 
al. (7). SaiIO et at. [8]. Sivalhanu et at . (9J. and 
Smyth et al. [J 0] has shown dw there exist state 
relationships (or major ps species in bydrt>Olr
boo/air cliffusioo flames e10ep 8! the Dear' points 
of ftame anachment and extinctioo. Slak ~lation
ships cliffcr for each bydroca.rboo / air rombina tion 
and abeir determination requires Iedious and ctif
ficu.1t measurements. However. radiation emined 
from abe !lame varies wiIh bIDe tva when mean 
pqJerties are ltatistictlly ...owy 8Dd is • di
rect manifestation oI1be lIODliwarities hi cause 
mean radiation levels 10 be biased upward from 
estimates based on mean sca1e:r properties in the 
lames. Tbcse apward-~ lame radiation ft uc
IUIti90s have been IIliliud ill Ibe ~ investi
ptioo 10 carry out the fi re rxtiDct ion expe riment!. 
81 an qat lUge of flame powth and de\'cJop
~ as illustmed in F~ I and 2. 

Tbc foUowing sr.ctioru de:scrjb( ~ experimen
tal anangemen1 and abe expcriment~ carri(j ClUl 

. usm, • paniculate minenl as 1k firr ~).tinfui!.h
iDa ageur. lbe resulu of the uprrim(nh ar~ Ih.r. 
difOKS"d . 

~ () 1992 .., 1K ~io: In,:" . t. 

~..,~ Scinct hbWur.. c.· . I~.. 


THE PARTICULAn: MISEIlAL 

The particulate mineral. used for c:anying out the 
liquid hydrocarbon open-cank fire experiments. 
was exfoliated vermiculite. Vmniculite is a I~ 
logical name given 10 • bydrated laminar minenl 
of chemical ~0Il: 39~~S~ SiOl • 

14~-20% AI10). 6~-11~ Fel0.l-FcO. 
1~-2~ TiOl • lS~-20~ M,o. 11,-21, CaO. 
4~-7~ KlO. O.5~- IS HalO. and S~-9~ 
H 10' The exfoliated ~ used consists of 
accordian-like particulates CXlIJIainins millions of 
minute air spaces. resulting jn • IliIh 1bcrmal 
insuhtioo vatue and iov.' specific paviry; il is a 

" 	 DOocombustible. colorless. ItOOIbrasive. rot 
proof, DOOinitant. ~. moldable. and 
chemically inert .particula1t material. It is avail
able in different putick sizes rib Yar)'iD&.densi
tics. For abc IIppI'OlimaIt panicle Iiz.e < 1.5 
mm. iIs density ftric:s from 121 10 160 kI/m'; 
for < 3 mm, iI is 18-112 k&/m'; tor <-4 .5 
mm, ill is 72-88 kg/m'; and for <6 aun, il is 
64-10 q/m'. It bas a ~ IempCBblTt of 
I2tiO·C and a melting poiDl of 131S·C. 

EXPERIMENTAL SYSTEM 

Firure 1 iJJ ustra1eS abe cxperimcotaJ arranaement 
for. c.arryirlf out the liquid bydroarbon open-tank 
fire: u~riments. asm, Ibe paniaalalc mineral as 
lhc fin: extinguishiDJ 1Jt1Il. 1k upmmentaJ 
'ystem consists of an optn-fOp mild 11«1 lank of 

101G-211O/92!l5,(X) 
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OETAILS AT (Z) 

1 ME TAL CONTAINER 7 
2 ElFOlIATEDVERMICUl\TE 8 
3 25MM.X ~MM WIREMESH 9 
, TH E RMOSENSI T IVE POLYETHYLENE SHEET10 
'5 MOVABLE BARRIER FOR PREBUM TIME 

6 	 !i:REW FIXING-CUM-OUIC K RElEASE 11 
ARRANGEMENT. 

27.5 ern diameter and 45 em height, p~ on a 
supporting stand, and filled with water to 80% of 
its toW volume as an ullage to the ft.arnmable 
liquid layer. A superstructure ma£k of Sled rods 
and tat metal sheets provides a holder for ~ 
exfoliated vermiculite. 10 allowing its top Sl1rf~ 
applicatioo onto the burning fbmmable liqUid. 
Tbc bolder consists of ....ire mesh of 2S DUn X 

2.5 mm meshing hole size with a thermos.ensitive 
polyeth)'lene sheet filled along the bonom of the 

. meuI c;ootainer. There is a quick reluse arrange
ment allowing control of the prebum time: it 
consists of a movable metal barrier on the two 
ciiamrttically I~ite superstructurt-supporting 
columns . one- third of the tank dimlekr above 
the lOp of Ihd tank . The height of the ... ire mesh, 
vntial ly above the lOp of the tank, has been 
fi .ed eqlW to the half of the t.ank dWnelcr. 

EXrERIMENTS 

All the t~riments were carried out by lop sur
tact application of ~ exfoliated \'ermiculile, 

which was achieved automatically by the meiliDC 
of a thermoscnsitive polyethylene sheet by !he 
upward rising convected heal currents and flame 
radiation and/or by the direct Harne contact orlhe 
flaming fire itself. This was Ihought 10 be 11\ 

effective method of carrying 0Ul 1be ellinguishina 
uperiments of open-b.Dk liquid hydrocarboo fira 
by cuttin8 off the supply of air and fuel VIpOr 10 

the combustion zone of the fire. five series of 
uperiments were conducted on ,asoline fires . In 
the first four 5Cr1eS, a mild sted IaIlk of 27.5 em 
d iameter and 4S em height was used; for Ibe last 
5Crles of e xperiments. tanks of 30. 4S. 60. and 75 
em diameter ...ere used to study &he elrca of die 
siu of fire on the volume of the exfoliated vermic· 
ulik requ ired for Ihe complete extinction of the 
fi~ . 

RESULTS AND DISCUSSION ' 

TheorX!o of fire suppre!>sion and ulinction in· 
volve two essential varial _-s : .n row'inguishing 
agent and a system or procedure for its appHet· 

T. P. SHARMA ET 
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GASOLINE LAYER 
UllAGE (WATER) 
SUPER-STRUCTURE 
SUPPORTI NG COLUMN 

TANK SUPPORTING '5TAND 

http:open-b.Dk


..\ 

Fl RE EXTIt\CTION BY A PARTICULATE MINERAL 	 HI 

RMA ET AL. 


IK 

the melting 
I by Ihe 

and fbme 
lI~ oflhe 

IO bc an 
~ishing 
artaon Iires 
II vapor 10 

series of 
e fires. In 
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>r Ihc Ia.sa 
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lion. llIc fOClhod Idopced in this investifalion 
""ith a paniculile mi~raJ is &he physical isolation 
of tbc Rducin~ a~ent (futl) in the ":xy: pla~ of 
fud vapor-m.idizinf agent (air) as illustrated in 
Filut:t 2. This plane consists of I ,aseous mass 
or fWnmabk mixture. forminl the cracking lone 
for the hifh-temperature pyrolysis that sustains 
thr diffusion flame of such firell. This zont' is 
cril iOiI because if it is physically replaced or 
manipulated. \he fire will be utinEuis~d. The 
physical isolation of &he IlKI in ~ "'xyz plane 
was accomplished automatically by the top sur
f~ application of the exfoliated venniculite. This 
application h initiated by ~ flaming fire itself by 
Ihr upward heat convection and flame radiation 
aM/or the direct flame contact causing the meh- . 
in!' of ~ polyethylene ~t. As soon as the 
poIycthyle~ sheet melts, the exfoliated vermic 
ulite falls freel) onto the bumin!! flammable liq· 
uid surface through the wire mesh on which the 
poIyeth)'le~ sheel had been placed . As the ufo
listed vwniculite falls. it pa~s throuEh the ther
rmI column, combustion zone, and ~ cracking 
zone of the fire, finally occupying the space of ~ 
fuel vapor-()xidi.z.ing agent plane, thus isolating 
the fuel surfa~ by covering it physically. For 
cxtinction, physical covcring of the cxfoliated 
venniculite h critically peccssary to create a 
liEfltweight. noncombustible, chemically incn 

paniculilc b1lnletinf dJecl W a~ to CUI off the 
fttd of the IlKI vapor I nd air to thc combustiori 
lOOC of the fire. as illustrated in Fi~ . 2b. Whercl 
the phcool1l(oon of mo~nllrily stable residual 
flartlCs near or It the tank wall side tales place. il 
ha~ been defined as the partial extinction of fire . 

'The crilical conditions for the cdolilled 
"ermiculite were 51udied npcrimcntally by ~ . 
lectinr. ~ Pha~-I variables . The Phase- I , ·.ri 
abies consist of: 

(i) For Fire: Ikpth of flammable liquid layer. 
Prebum time:. Ikplh of water (Ullage) and 
Siu of fire; 

(ii) For Exfoliated vermiculite: 	Panicle size and 
Volume: . 

1be Phase II variables consisting of burning TlII C ~ 

of liquids, the role played by thermal radiati on . 
and the efferu of the tank walls . will be described 
in I fonhcoming paper. The results of the u peri 
ments (I I] carried out on the Phase 1 variables 
are rraphically represented ip Figures 3- 7_ 

Figure 3 sho.....s the variation of the required 
\'oluITlt: for extinction versus the panicle size of 
the exfoliated venniculile . At point II, partial 
utinction of fire occurs for 11,000 em) volume 
of exfoliated vermiculite; belo..... the scgment IIC , 

DO utinction of fire was observed for the "01
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233 FlRE EX'TINCTION BY A PARTlCLJLATE MINERAL 

U~~ ranring from I,CXXl 10 I I ,()(x) cm' f0r the 
panicle 5..i.zc range of 1.5-3.0 nun. AI 12,()X) 
em', • ~p1cte utioction of tire was obsen·c-d. 
th~ the line Kpncnts Ib and 1m linear!) definc 
W minimum and critical fire ntinction volumes 

(If the exfoliated vermiculite, resJX'ctiHl~. fen 

lhi~ siu ranF Similarl), for the panicle suo 
3.0-4.5 mm and 4.5-6.0 mm, the line ~q:mcnt~ 

md and mnand of and op define the Imc<lr 

rrlation~ip for the minimum and critical fire 

extin.:1ion volumes of the exfoliated vermiculite 
Fo: the .,·erage particle sizes, 2.25, 3.75, and 

5.2.'i mm, the critical tire extinction volwncs of 
~ exfoliated vermiculite required for the rom· 
pk;~ o.tinction are II,~, IO,5CXl, and 750CJ 

em', resp6.lively. The points n and 0 depict the 

ffi2,lmUm and eritiuJ volumes required for th~ 

c.'~; .,;. ('.i. C ~:: pf tl.: C,r Guri;'[ ii' H,~ir;~r..:-; 

s.:qc fo: tk 4.5-60-mm pdnicle siLe ranfc 
Th:lS fo. a 1.5-rrun shin in particle size range 

fror., 3.0-4.5 to 4.5-6.0 mm, there is found to 

be. drastic decreas.c in the required volume fro IT, 

11.(0) to 8{X)J em J as comp2red with the first 

I.5-mm sh..i n in the particl e s iLe rang f fr 0 IT, 

1.5-3.0 to 3.0-4.5 IDm. Thus the edoli.ated 

vermiculite of average panicle size range of 

3.75-5.25 mm is the mOSl effertive. For this 

rus.on, an Bverage particle size of 4.5 mm was 

chosen for the ex.foli.ated vermiculite used in the 
C'OGSeq ue n \ se rie s of fi re npe rime n ts TIle triaJ1
f.b Ibrr., mdn, and ofp arc the regions of 

rornplett: tire extinction volumes for the panicle 
~ in the range of 1.5-3.0, 3.0-4_5, and 
4.5-6.0 mm, respectively. 

F&prre 4 shows the vari.atioo of the e xperimeD 

tal vol uroe of the exfoliated ve rmicui i te versus 
the dcpch 0 f gasol ine laye r. In the fi rst insuncc. a 

O.I-cm depth of gasoline layer was used as the 
initial dcptl1 over the column of v.~ter ullage "'ith 

a preburn time of 45 1 for fire development 

follov.-ed b) utioction using different vol~ of 
the nfoliated vermiculite. For volu~ of 4ro:l, 
50)), and 6COJ em J, the fi re ..as ~n 10 be 
completely extinguished, "'ith utinction times of 

4, 3. and 2 I, respectively. 1nc extinction of a 

O.2<rr, dcpth-of-gasoline-byer fire occurred at 

8COJ em J, and this volume of exfoliated vermic

uI it.c 1J;U found e xpe rimcnu.ll y 10 be the cri tioJ 
amount fOf all depths of ,a.s.ol ine laye r BJli ini 
from 0.2 \0 1.0 em; below this volu~ the pa.ni.aJ 
extinction of fire OOXU~ crilica.11y up \0 7(0) em J 

. 

Thus the C\lrvc 'n ~ the C\lrve of critical ~ 

tire utinrlion volumc~ and lunl"x is a critical 
tire utinction volume curve. The 1)";'0 rq:ion 
rcpres.cnt5 the conditiom of No fire eatinction 

Fifure 5 6hows the variation of the upcrirncn· 
Lal volume of exfoliated vermiculite versu5 PIT
bum lime. For prebum times up to 55 s. the 
volume of nfoliatw vermiculil~ required f0r the 
complete utinction of fire iocrc.ascs up dr.a51I

cally from 4000 to 1O,<XXl cm~. Tbc most eritiul 

fire utinction volume for the edoliatcd vermic
ulite was 800CJ cm) because at this volume the 

partial eatinction of fire was observed 10 be vel) 
close 10 the "00 utinction" volu~; this was the 

reason to select 8 45-s prebum time as an aprm
priale prebum time for the series of CJl.perim( ~lS 

where this parameter was constant For the pre
bum times above 55 s, the critical fire ntinclion 
\()lum: \lZ' fOJnd tel be consu.n:. anj fC1~ Ll-j~ 

prebum times ranginf from 55 10 120 s. it ..,.orks 
out to be 10,<XXl cm J 

, 1bc segment fg thus 

shows graphically 8 least squares srraight line of 

the critical fire extinction volume required for the 

complete extinction of 8 fire. 'Jbc docted line ijk! 
depicts the critical partial fire extinction vol urnes. 

It is critical because, below this ijk! C\lrve, there 

ex.ists a region ijklm of "00 extinction" of fire. 

Figure 6 shows the effect of the depth of water 

(ullage) on the volwne of exfoli.ated vermiculite 

1nc gasol i ne fi re expe rime.nts ..err cirried ou\ 

,.ith a ronst.ant volume of gasoline by var)·inf the 

~pth of water (ullage) from 35 to 5 em. The 

maximum depth of 35 em ",-as selected on the 

bas is 0 f the consideration aha t in any fiamm.ab Ie 
liqu id I>torag e tanl, the maximum penniss ib Ie 
volume of fWnmable liqu.;d 10 be ~ is SOc{ 
of its Iotal storage capacity. wtUch is 35 em for a 
45-cm-high experimental tanl. This ~ves a ]-em 

..or ling space for different depdts of the lasolinc 
Layer from 0.] em. With • 3km depth of "~ter 

ull<lge, the partial extinction of fire occurs at 7(QJ 

em J. and the extinction at I(XX) anJ, Ute r, a 

decreasing trend in abe volume of the exfol~led 

vermiculite was observed for ever)" p-adual de

crc.ase in the depth of ..·atcr ~e. ~ line 

.cFments nop and qrs define Ihc C\lrvcs of Criti

cal and partial fire extinction volumes for all th.' 

depths of water ullagc; and the rcrion Qf5fl1 i, 
the region of "00 firr extinction" Thu<. 5(. ~ r 

em J can be taken as the mininYJl1l'fuc C'(lm:ll,I:. 

~olu~ of th r doliatw vermiculitc' f(l~ ., h~': 

fI11ed fasolinc I\orage lam.~' sue :!7 ~ en d;~' 
e:tcr and 4S em height. For the '-4)n,C .. ;7, \", .. 
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~I!"J IIH'[,' than half and up to the ma"imum 
r),,:nni~,ihk flJmmabk liquid storage k"e1 limit, 
~\)(),.) (nl; (In be taken a.s the minimum firr 
l"tiriltion 'oiumr of the edoliated vermiculite. 

Flfurr 7 sh(lws "analion of the c:r.perimental 
\olumes required 10 c:r.tinguish the different size 
of fires . For 30·, 45·, 60-, and 75-cm-<llametn 
tank fires of size 707. 1~9L 282g. and 4418 cm~. 
complete c:r.tinction of fire occurs at IO.COJ. 
25.000. 4S.COJ. and 70.CXX> em)" volumes of the 
c:r.foliate-d vermicul ite. res~tiye I). TIle segment 
n.· thus represents the critical fire ntinction 
volume curve for the different sizes of fire; and 
the slope of the curve defines the minimum thick
ness required for the C'Omplete cxti~'"1ion of the 
fire by physical covering Further. it is a lin~r 
lanfent function of the critical fire extin.::tion 
\ O'c:71C 0' t'".~ fl:f(":::::~ ': \"~rr.;;~"I;IC 2..'1:: tk sin' 
of fHt' to be completei) extinguished The ,alue 
tan¢ of the curve worls out to be 16. which. as a 
maner of fact, is the minimum thickness of the 
volume of exfoliated venniculite required for the 
complete extinction of fire . If this tan¢ value 
satisfies further linearly. then for any flammable 
liquid storage tank of diameter D m, the mini
mum fire extinction volume of the exfoliated ver
miculite required for the complete ex.tinction of a 

3Eawline fire could be O.125D1 m . Further ex
periments are in progress for the validation of 
this mathematical relation . Analysis of data 10 

determine whether these results can be scaI~ up 
to tanks large enough to be of practical signifi
cancc is presented in another paper. 

CO~CLUSIO~S 

An experimental study with a particulate mineral 
has experimentally demonstrated the suitabilit), of 
the ufoliated vermiculite as a particulate fire 
extinguishing agent for flammable hquid tank 
fires. lbc important conclusions of the study arc 
a.s follows: lbc tire extinguishing cffecti vc TlCS5 of 
the exfoliated vermiC\Jlite is a maximum for an 
average particle size range of 3.75-5.25 mm . 
For the extinction of I completel) fill~ (Wi of 

T. P_ SHARMA El AL 

its total ,oi umc) l1aw] inc I1!nl fire of about 600 
cm~ sizc with a prebum tiTTl( of 45 ~. the critical 
volume of exfoliated vermiculite is 8000 em). 

Further. th , depth of water (ullafe) below 70~ 
does n(lt halC In)' ~ifnificant effC<'t on the volume 
rcquiremen : of the exfoliated vermiculite for the 
CJ.tin({i()~ (J the fire. For up to 4500 cm' SilC of 
flammat>;( I.quid lank fire. a minimum 16 cm 
thiclnes~ (I~ the exfoliated vermiculite is requir~d 
for the cotnrkte extinction of the fire. 

The auth or'S are gralefulto Dr. S. K Mivo, 
Director, Cenlral Building Research Institulf, 
RoorAee (india) for his encouragement and 
accordinr permission for Ihc publication of 
this articlf The aUlhors also IhanA Miss Dapli 
Gupto fa: hcr untiring efforts in (Jpin~ Ir.i.. 
man.lJ5(rir: on.d oil th05( )4'hn nplrvri (i,rFr{/1' 

and ir.dlreCl/l dunn[ Ihe experlmenta! ....wl: . 
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