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' Ethylene d:.chlor:n.de 15 used comnercla.lly as a furugan'b for stored

. ;_-'.

THE FPLAMMABILITY OF MIXTURES OF ETH.YL&NE DICHIORIDE
AND CARBON TETRACHIORD]E USED AS FIE:EIGANTS §

H Colelnn‘ a.nd G H. J’ Elklns

"'f3¥5.ﬁ‘

Wt

- E‘w b

Introduct:l.on ‘
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* grain and it is usually diluted with carbon tetr'mehlor:.de to reduce the .
The rost cormonly used mixture contains 1 part by wvolunme
carbon tetrachloride and. 3 .parts by volune ethylene dichloride but more
recently mixtures of ‘thé proportions 1#1 &nd 1+3 carbon tetrachloride to

fire hazard,

othylom dichloride have been used. .
pour ‘the liqu:,d 11xture intc .silos, or over plles of sacks 5 Wh:l.ch are’
-then sheeted over: anid left for sone- days..

.The vapour from the, 1.3,

‘The. method .of, appllcatlon is to

' m.xture of Garbon: tetraohloride and ethylene dichloride is usually re-::l'

:pardéd as & neglipable fire risk (1).

It is proposed to uge thig - '~

ixture to- funiga.te tobacco in South Aneriea, and the’ present :mves- N "‘;\-

tigat:.on was' nade | to detemlne the, llkely fire hazard. G
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Cox‘rard ahd Jones (2) c:uote a Russian éource (5) that 4-5 per .cent

. of oarbon tetrachloride vapour prevents oombustion in all mixtures of

_ Popov and Boezub_ (4) examined the flam- i
mable limits of nixtures of” carbon tetrachlor:.de and ethylene dich- T
loride, at 50°C and at 21-23°C, in & stall vesseél™ (75rm long x 45rm dia~
meter), and concluded that below 80-99C ethylene dichléride could be used

. At temperatures belov.50°C the vapour from a liquid mixture.

undlluted.

ethylene dichloride and air.

of ethylene dlchlor:.de and carbon tetrachlor:r.de in the proportlons of & 1
Below 25°C -and with 1éss than 4-8° per cent
ethylene dichloride vapour, in the. air, mixtures with a vapour ratio of 86 -
“per cent’ ethylene ‘dichloride ahd 14 per: oent earbon . tetrachlomde would .

by volume was not flarmable,

be! safei” g

othyleno d:xchloride by volume.

in a standard. flammable limits tube(s) ‘at 28« 50 Ce .

This eorresponds to a llgun.d n:thure contalnlnr: 98~5 per oent

PreSent Nork

. !

The flmmble 1m1ts of carbon tetraohloride/ethylene d::.chlor:.de )
mixturés in air have been measured at the Joint Flre Research Organization

SRV S

-

‘The properties of the

two constituents are given in’ ‘Table 1, &nd" the flarmable limits curve -ob~ -

tained is shown in Flpure 1. together w:Lth the curve obtan.ned by Popov and

Beezub.
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']HE PdYSICAi: PPOERTI"S OF "‘THYILN“ DICHLOPIIE AND CARBON TEEERAGHLORIIE _
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TABIE 1.
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The peak value fron the curve obtamcd with the present work, ococurs
with a mixture of 10. 2 psr cent ethylene dichloride and -3*5 per ocent
carbon tetrachloricde vapours in air, .. This oorresponds to a h.quld A
mixture of carbon tetrachloride and etqylene dichloride oontaining 85¢5
per cont ‘ethylene dichloride by volune.. These fipures are somewhat . -.
lower tha n those of Popov and Beezub, and the difference may be acooun—
ted for by .the effect of diffusion wmth the very snall vessel used by
those authors. , Fron the graph 1t scems: certain that _vapour ‘mixtures
lori de are not flarmble._ ‘The Russ:um curve . o:.ves a rathey lower figum
of 25 per oent.. : . : e -

Applloatlon bo fumgatmg cond:Lt:Lons

T

There are two vapour m.xtures poss:.ble frm a 11qu1<1 mxture con-:
teining carbon tetrachlorld'. ‘and ethylene d:.chlonde ~’hen all .the .
Liquid uf'\bomtes fran @ mixture dn the papdrdicns of U 3 bYVOfMJ”E’ tac ratio
of carbon tetrachloride . -vapour £o. ethylcne dlchlor:.de vapour is constan‘b
a% 1365, and the porcentage of othylene dichloride- vapour -in the at-
mogphere de pends on the amount evaporated into a given volume of: airs:

If the terperature is. too low to \pernlt complete evaporation of both .
liquids, .the vapour: concentration will be different and can be cal=
culated from Raoultl!s law, - At 20°C the .concentration above the surface’
of a 1:3: kiquid mlxture of oarbon tetmohlorldc and ethylene dichloridc o

T

Carbon tztrachlor:.de ‘,? 2-5 per cent by v01ume ‘
Bthylene dlchlorlde R Ty S T A TR A
A:Lr R '. 5 91 0 '“1'_":- LI ',!‘_-.'
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The. I‘atlo of' carbon tetrachlorlde to ethylene dlchlorida in this at-— :
~nosphere is 128 6. St L S ey et

i

) ;j The ethylene d:l.chlorlde/carbon tetrachlonde nixtums are applied ‘l:p.
gra:l.n at the ratec of 1 gallon-of mixture per 5 tons of gmin..\ The usual
nixture Jcontains 1 part by: volune “¢arbon tetrachlor:.de to 3 parts by -’
volume of ethylene dichloride; The volume" of-air voids:in grain was -
calowlated from the followin,g dato., (Table 2) supplied by the Pest

Infes tation Iaboratory. . SR
- TABIE 2. R
VOLIDE - OCCUPEED BY DIFFERENT GRAINS R e i

~'Gra.in : Volune Occupn.ed per 'J.‘on ' Air Voidg_{ T
I e . CU Ft. :. ) . -nper deﬁté”"”' I AR
el Engllsh whaat B "“f". S, 48 L ,lApprox:Lmately S
|- Mannitoba wheat . Lo Taas T LY 48 for all T UL
k Oats LT . = ek 92  . . l_.‘grains‘<’ R ‘ RN :
" Barley i ‘ e .. 57 DT PUE A - i
Yollow radze - [ i = friicoage - v rnhi Ty Do e e
b Mdnnitoba wheat OCOUpleS the 1least space e.nd at 2000 the void, spaca is ..

" g2e45 cu. £t. (2618 l) and.Oats. oooupies .the:most space -and at 200C the void - i

I gpace is 154¢8 su.ft, (4360 1), If total evaporation of the applicd liquid = '

tock place tha concentration of vapour in &lr present would be ag in Table:Sy:: ;



:—6_

4

' TABIE 3,

- CQNGENTRATION OF CARBON' TBTRAGﬁibRﬁ&??hH)EIHYLENE DICHIORIHE VAPOURS
P S r_Bovn fj TONS GR/IN IF “TOTAL. FVAPORATION occups o
A e . e
o N S i
- | ‘6rain . | Cerbon Tetrachloride 7| . Bthylene.Dichloride.
' EEA . .per-cent volume- " . per cent volumeg ::,
ﬂanﬁitoﬁa"a'- gy _ ol Y 4000 .t X ::1;;sﬁ¢;:
. | wheat . . p o T R T TR S
. Oa.ts, ‘-‘ . .- ) 4.75 A | . 24.1 . :. ‘_.- 1‘ 1. ’~“ .'

P D N S iD T VN TN A R ‘_'-TJM
i*' " Because of its low va ur pressure, thls concentration of ethylene
dJ"Jorlie could not be attained except at temperaturcs above 500C and |
} cocsgguently over the usual range of atnospherlc temperatures, liquid
. wewld still be present.  The concentmtions of the- two vaprurs will
i then “e different from those given in Table 3 ‘and they. will ‘vary with
thz temperature. Then the liquid mixture is poured over the grain,
' some will be absorbed by the grain as liquid and one constituent may .
. be absorbed more than another. . The composition of the liquid mixture.:
will thus be affected and in turn the composition of the vapour will be
affected. The relative liquid absorptions have not been measured and
the calculations have been based on the agssunption that the liquid-is of
the 1:3 composition at 20°C which is outside the flermable mixtures aréa
of Figure 1,/ In Table 4, an estimtion has been rmade of the amounts of
ethylene dichloride and carbon tetrwchlorlde evaporated based on the gt

calculatlons fron Raoult's Iav, _ » v R
; : T R

S ST T T T TABIE 4, ) T
. - - AMOUNTS OF CARBON TL;TRACHIORIDE J.ND ETHYIEND DICHLORIDE .uCTU' LII!
x5 B R EVLPOR‘TED L A ...f
| . L ‘ -, . ) o ‘ . ; -i,,
, “[Percentage Tiquid Evaporated] Composition of Atnosphere" | BERGER
Grain, . |7 Tarbon 1 Ethylene | ~ ‘per cent vol, | ‘' e
; - tetrachloride] dlchlorlde . Carbon = " [Ethylene T -,
' - ' totrachloride dlchlorlde Adr | 57
Manaitoba | .. 317 . - 18 Y 7. 2*5.: - 6+5 3‘ ‘ 91:
whead’ ! Co . S,
Oats, | R SRR 29 2+ 5 . b ogis - |lar

! The composition of. the: liquid phase will thus'be different from the
.original 1°3 mixture.. If air novements remove the vapour, -the .com—-
position of the atmosphere in the wvoid spaces will be changed, and over

a period of time there will be a tendancy towards an increase in-the con-
centration of ethylene dichloride vapour, It is apparent that the prosent
trend of 1ncreasing the .carbon tetrachloride proportion of the mixtures is
Justified since it allows for the loss-of a conslderable proportlon of the
carbon 4Utrachlor1de in the mixture. - . . : ATt

. i

e Concluslons. _ ?_ ) -_' ; - ) 'ei.‘ o
" ' LTTLE ’
From the results obtained there appears to be wm likelihood: of a’
N flammable nixture being formed when liquid nixturés of carbon tetraohlor&de

and ethylene dlchlorlde containing at . least 25 per gsent of carbon tetrachlorlde
by volume are used as furdgants. In all cases a considerable amount 'of the
liquid furdgant added will be absorbed by the solids being fumigated;: ahd~
this vill rean a- substantial reduction in the total vapour/hlr mixtures pro-
duced, - - . - SR '
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CARBON TETRACHLORDE — Yo of atmospnere
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27 “lo CCI, JF.RO,
25 % CCl, Russion.

Rusgion Courve
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ETHYLENE DICHLORIDE — 0/0 of atmosphere bﬂ volume, .

X - Russian Curve ar S50° C.

® - Russian parkial burns ar 50°¢.
- JFR.QO. Curve aF 28 -30°C.

© - J.F.RO. portiol burns ar 28™30°C.
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