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. -. E thYlene. d;ich19~idl;i :i;s .',Jls'edcOi:1r.1erciEl.11y as a .fur;ri.gant for stored ','
~rain Eirid' 1t .is ~su'ailt dilu'ted "Vi th. carbon 'te ~r;6hioTiq.e".to·re4uoe~h~·.
fire hazard. The ros't cormonly used T:u.xture containa 1 part by volume
carbon tet'rachlorim, and.: 3. parts by vol.urm ethylene. dichloride but more
recently mixturf:is cif "the 'pro'portions 1 t1 'and 1-3 carbon tetrachloride to

, ..... " otlJ71 onc di9hlolide have been US~9-. .TIle. aetho9- .or, app~ication i~ to
·poiii.··.-the 'l#iuid \:iitu~! iritc' ,,-a"ilos, qr ~oVe~.··pil~~.~6f'~;iaqk:s~,'whi~tl'a~~''',-:-.. '--';

. th~n she~ted over arid..1eft ,for sone ' diys .,' .'. The vapour from .the,',1·:3; ' .. ;'. ". .
. r#tu.~·. of ,ci'arb01?-·"tetrao~orid,e.and' ethy;J..ene ..dichlori~e·is ,~~ua:I.+'Y: re-;:··.·
':.~~.~~e:c;i.as. a,!i~¢~:,igab1.e.:~iry,,:.i,sk (.1).. ' '".}~ is :p~o.po~e~ ;t<: use ~hi~ ...:'.. ,..,'·";~ '":.. ,~.;
r:uxtu~e ~.o' fur:rl.e~te tl:?1?aoco an. South America,. and ~h~ pres~ll~. m",c.~:-·. 0:- 1
ti8~·tion ,-{as riade .t"o .d,e'ternine the likely .fire 'ha.ZEl.rd'." .. ,,: . "0, :: :'.' ,,,,t· i

", ,',.,": ':~.~'li~S Work ';: .,<;<': :'. ";'~)"?;': i ', I

.... "Co~~~~rah(r J6rie~ (2 y' 'clubtE/aRu~sian sotirc:" (:3! th~t ··4:,~·p~f;:j?~~ri·~:.~.k :,,'
of carbon te traohlonde vapour prevents oombus bon an all nuxturea of I'
ethyl~ne dichlorige. and .air. . .1?0p<?v .anc;l Boezub .(1:) p~e~ the. :t:1an- ·i
ma:ble limits 'of r.u,xtUres of 'carbon tetra.chlorid~f·.and .ethYlene dich~ . - ... "
Lor'Lde , at 50°C, and ~t .2i-23~0,·iri ,n srrall ve'~f3'er"{75rtim+png x 45mm' dia"';'
me ter ) 1 and concluded tha t below'8°:900 ethylene dichloride could' be used'
undi.Luhed, ~, v; At temper-aturea .below. 5000 ,the vapour. fz:t?~¥- <a ..!liqui~· ~tnix.~.~e"
of ethyleiie"'dichl6ride 'and'carbon te.tra·chloride' in the. praport~~ris,.,of 9::1
by volume was not flaru·,iable. Bel0\7 25°0 -and i7i th less' thnn 4- 8" per cent
e.thylen'e dichloride vapour, in ~he.. a;i,r." m,ixtures \dth a vapour, I'R ~i,o. of 86',
i'per' cent~ etlj.yi~l:l~~ ':dichlo:r'i'de, .8n<!l ).4' 'per: (;lent. 9,arbori t~·tr~chioride. wOuld.. .
be"s'afe~"... Th'is ,do~s'p'on~')9' 8; ~,~q~~q:·i:11~t'u~.:.c~~~a:j..n~g ~a.5' .per .qent'.:
othyl'eno' ~chlotide" by' 'voIUnie~'" ';' :'.:: '.; ....- .' ..: ',';',' '. "" " <~ . >' .";"-" ,. ":

. ,4"' ~,; '+10 ••~)': ','~: +,', ,~~'.-:-"~ ~:.. i_' ',: "';- ,'~ ::'. .~. . .. ! ••••• ~ •• ',_.~ I "c''"

.' '-'-',: ..:-,:.'> :., ..~ ,'~" he~~ilt '\York" .,.' ',,',,'. : ".',' ""'{;"., .. ,".. "::<.:.~?:;';,'::~
.. ~ ....•.:.:, .. :: .. '~ ..::'" ~: ... ~.

. ~. ..... ..
" The flar.n'l:\ble limits of .carbon tetraohloride/e'thylene ·diqhloride. ... . ..
mxtures in' air ha"vebeen measured a:t· the Joint Fire Research O'rganization
in a standard ,fl~qle 1¥:1~,t~ ttibe(5).·~t..2.8.:<3Q~C•. ' ·.The properties of the
tVIO constituents are' given i?,' Table '1, 'and' the, 'flamnable limits c~rve 'ob":,, .
.tained is shoyV11 in Fieure.J. together with the. curve obtained by Popov and;,' ..:
Berzub•.'., ., : .: ". __ : . "':"' ::. . .,'.;. . . ': . '':;' .' ': :' . . - ; ;. ,'. ' i;....,;: . ":

.; ".:, r:- .:'. :," ~·TABJ:E 1 '. ":' .' ''-:':.'' ;. 1- 1
'; _ '. •• ..... _. ~. '. -:-:i ~ .., . .' • i '

THE .·:piffSICArl' PROPERTIES OF Em:rr:NE· DICHLORlIE AND CARBON TETRACHLO~IIE ,'. I
','",..''' .••.• '''. ',' .. ..".,.".. :.:>c_.~,.., . "'. 'j I 1

.. I :.'
: • , I

Vap.· Press ~LlI!1~ Hp'
~..' 1 1 '. !...,;.

I ': .. I.. ., ' .".
Compoun4 i 'Mol.' "'T~quid,~ .Boiling Fl~~h Point Fl8.r:irnable"

r.Vlt. '1·'J);),nsit,Y Point9C (Close.d) L'imits per
: . . rt/r:l1'~' ; 00 OF"cent· , ·00010.oC 200 0 300~

.. .t_,. " "" " J{'Upper liniit measured at lOQUC
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i"~"'-'i . 'J,~.I;.;~:~j.~. ~ ,t-Q1.l\.:l~'""·".·, l •• ·~tHl\o
The peak value ':1'1-98 the ;6~rve obtained .with the present work, ooours

wi th a mixture of lO;·2.'·'per cen';t, e thyl.ene 'dic~or.i~e and·3'.5 per oent
carbon te trnchloric.e· vapourS 'iIi ai;r•. '" Th;s o9rresponds·, toa liquid
mixture of carbon tetraohloride and .ethylene dichloride oontaining 85- 5
per cent 'ethylene dichloride by volume ..· These fieures are sonewha t '
lowor tha n those of Popov and Bcezub, and. the differenoe T:1ay be acooun-
ted,for.py.~h.~,at-feot of 4iffusiqnwith th~vory SLBll vessel used by
those .authoru, ,F~oq the.. e:r:ap,h it' s.c~n:Fo:~rta~n that vapour 'Bi.xtures '.
containing moze . than 27 'per .oerrt of' .carbon tetrachloride in ethylene dich
loridrLal:-0 'not flammable •.. , The Russian, curve ,gives, a .rather lower ,fieure
of 25 '+p~r cent •. ', .. ~. ,'~:.~. ',: ~ .' J. :~•••:,~... ~•• \ .' ". •• ..' ......

.+: . .i;- \ ~ " ", ... l~ : \' ." .': • 1... • 't ...,

:.' , Ap·pliC;-a.tion 'bo" rumeatirig.corialtions '. . .'.- ".. .' . ~. -.' . .
I '.. • -' '. , •• -,. • • • ~ .' ~ " • • . ,- ,.' • ., •

.There , are'. two vapour mix'tiures pass ible fran a .liquid nuxturo :con...:,.....
i;2.1ninp:"carbon :tetrU:chlorid0 'and ethylene dichloride. »hcn nJ..l the' "
:lio,jid ·Gv.~6~~te·s.;r6J.l·.a :'Uxttirc 'in' the ~tic~ ·af,:j.:3J~/.mlIr(.'· t:1o'rat1o
of ~arbo;).' tetrachloride :vapour .to .'ethylene. <Uchloride 'vapour. is corista.n~
o:~ 1. :3 ..65,. and 't~e po~enta'ge of' ot~ylen~.dichloride' vapo~r'.i~ t!le at
nosp::tere depends .on the amount e:vaporated into a given'volUB3 of, air';:
If the tel:i.perature' is', to'o low to ,permit. complete evapcra t'ion Qf· 'both ,: .. ".
liquids.; .·the vapour; conoenrra tion ,Vil~1;>e. Cliffe'rent and can be cal
culated ·trom Raoul tt,s law•. ,At20oC.the ·.ooncentration above tho surface'
of .1.\ 1.~,'{ liqUid mixture of carbon tetraohlorido Md ethylene dichloride':' .
wi11,.· .b~ ::~': . 1:'-:',' :. '::: . . ,'.. ', -:<':: ":.:. .... . '., ' .. ,:' >. :".' ',) .:

. '. '. .~,. \~~r.~.~~: ~·~~~~~·W:~~id~·. :' 2·5 \~~>~ 'c~ht ·bj.<~oitll~'~··'\;~···':'.,' .< ":.: ',,~' .
..: :.:.,; ..... ; Ethylene:,d.~cihJ,..in~~de.: .',' 6·5 :~~ .... tI:...!~...' .11. ~ .. ' ':.. ',., '.":..

" '.' ..,.'Air. ,.'.;, ; '~ 91.0 11,.' It. II. II·' . " .•,: : ,..'"

~/~~iO'.b(··~~r~'Q~'. t~':ir~c'iuo~'i~e~'t:!,·.·~.th~i~ne.·ili.ch~~ri& ~"t~~~~a~t;; ':::'.:.,:,-, .
·mosph~re is f~2_.6. ..,', ..:,.. " .', , . . . . : .....' : ,':'-:-:- ;...
.:.':." " .' ..: :' : '.' :: .,.; .. , '.'. , . ., .. ' ..,. . .

":'. '::. ~~ ~'thyi~ne dichloride/carb'on tetrachlo~i4e.clxture~· .a:re·:.I1Pp~ie4'.'t9.
gram at .tho ro:l;c of 1 gal;ton·· of. mixture per' 5 .tons of groin. "The usual
mix'tU~ .·cortnin·s 1 part by ::I(0.luma.'· carbon t~~rnCh.foride.:to·,3 ~rts,:·by.:· , :
volume' of' e~hyle'ne dichloride. The volume ·.of· air voids·,·m grain ,was ..
oalcuJrlted from, the fol~oYl:lngdatn:, (Table,. 2-) .'supplied b~' 'thePes t
In~es tv..t~onIa.bora tory, . :: . ' ;'. i;; ~ .... ., .. ' ;'
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VoLUlJiE ,:oc6tii?i:ED .IJ'[. DIFFERENT GRAINs

.1'". ,"
'. -' ' .. ~ ',.1 • • • •

'~ ;' "..' .. ' ....
. '.

....

o.

f '

• I ":, 'r '.... ~ :

. " :"",

"j ' ••

. . ' ..

... I •• :'·: '; •••• "

.~ :. . ~ .

• • I. • ~

.\
·'.1 ,".

- .,

.. ~ ~ : \ :

Grain
..

Volume OccUpied Ton Air Voidsper.. . ' '. .. ... ·cu ~~'.. .. '.

'cent~'
.. ,,' "

~er

'.
" .:- .;.

: " . !....
,",j "

" ; " . .... .. .
~l~ah wheat ..

! 48 .. ·Approx~ t.ely·,
Jl'lanni tOba vmea t

..
·· ...·4.3' ..... · 4S. 'f.o·r, "ail' ... ' .'. , '0 .'

'Oats
, .. " 72 gra.i~.· .'.'. .r

"
"

;

Barl~y 57 .'
,;

~. ,. , ." ..
"

,
Yellow tniz's : 48"

.. ,,' ·i.'
.. . '. .., ..

" . ..
.... • ., .' \, · , ..

,. .''. , t
'. ..

0' • .'
,,/ . 1·1·· .. :..

..,
' ..,,'

~ i' .
:1
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"if .:

, '. '. '. ::l~·itoqa:*hea·t,o~~pies·'the Ile'as't ~~~e and.at 2000· thd ~id:spa.ceis··' 0 • l.
;', ,92'·45cu•.rt. "(~618 ~." andO~ls: OoQupies' ;.the :.nJr;>~'t. a:p8:c~ .arid' 'at 2o'0C-the' vOid.: :'.. :: -'.:

!:. ~pace is 154~8 cu·.ft, (4360 1).. If total evaporation of the appliod liqu·1a:.- . '. I

took place the ooncentration.ot: vapour:in air .present,would be o.s iri·Tnble;3.~·:: .. '
. _.' ' .. :'.. " . . ';' .." .. ' ': ..- :;:':':~ '.". ' .-.,':.' .. ~ ......~:.. . .- ' .. ~. ~ .. ~.'. -. '," '"......
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, CONCENTR4.TION OF"CARBmr mTRACHLORIDE "MID ETHYIENE DICHLORIDE: VAP0URS:~·,,·

,," .';, LBOvE·fj 'FONS GRllli:IF ",'TOTAL .:P.VAPORATION OCCURS, ;", , I~:',:, .",~:,:,,;,{.:: i
• I. •• .'. ".:. ., I ' • ". - ; .~ , •• - ~ -.' .... ;i' . ~.;:

.: -: ., r· . ~ :

.~ ...
~ J •

.. ,,'

: • 'J ".~ •.

: "
" "

'Grain Oarbon Tetrachloride Ethylene.Dichloride
.., ~. -., , , , .pervcerrs voluc1e cent VOIUElO'per '.. .'

.. " ,,
"

, .' " '. , , {
,.

" r

ilhnni toba ' .', -S·1·
. ,

40-0 : ..
:

, - ,

J
:rrhe~,t . , ," , ,- .

t ..
4·75 "Oats. : .,

24-1 "I,

'; .;

-
"

,

, .

;: , ••- , ~;. J'~, • ~. ~ ,~J ....,

!',' ..: ,.' Because of its low vapour preasure , thi's concentration of, ethylene
di<':',lori1e could not be attained except cit temperatures above',50oC and J

CO:(~8~q... ently over, the, usual range of a tnOs pheric temperatures" liquid , :
wl'~:l6. s'~ill be present, The concerrhm tions' of the' tv/O vapcurs will ;
thea~e different f'zom those eiven in Table .'3 'and they, Hill 'vary with :
th::- tempera ture. TIhen the liquid mixture is' poured over the gra:i,n,

I some yrill be absorbed .by tlie Brain as liquid and one constituent may
. be absorbed nero than ano ther-, _ The conposi tion of tho liquid mixture, ~

will thus be affected and in turn the oonposition of the vapour will be
affected. The' 'relative liquid 'absorptions have not been measured and
the calculations have been based on the assumption that the liquid 'is of
the ~:.'3' oompoaf Hon at 20 00' which is outside the f'LarnnabLe mixtures area
of Figure 1.' In Table 4, an .es tiJ:n tion has been made of the aJriountsof
ethylene .dichloride and carbon tetrachloride evaporated, based on" the',,; .'.
caJ.eUlations frO!,l Moult's 'law. " " . I ." ,:,.'~.. ,

• t' • ~. r"

$ '.

j'lillill 4.

lllIOTINTS OF Cl.RBON TGTRt.OHLORIDE: i.ND ETI-ll"T.illm DICHLORnE
E"Ill.PORt.TED '

J' e,

" -

~~CTrr:Lnl. j,
I

.~ • ~ ~ "; I' '. ~

:.. . .:f ":i.".

, "
:.

.'..:'.-

Ethylene.
dichloride

Percen tage
~rain. carbon

, , .. ',~etr,~~h1C?ride, . ~' CarbOn' . ,Et~ylene:"" 'I

totrnchloridc dichloride Air
~-~~---+-------+------:--t"';;"::'~==='='1

Manni toba
wheac

51, ,

18

29

. '.
, .

2· 5.' 6-5 91.
,

2·5 , 6;5 ,:,91
"

I 'lhe compos Ltdon of, the: liquid phase will thus' be different from the'
.origil'lal 1:,3 mi.xbure , . If' air raovemerrts remove the vapour, -fhe .coro--'-' '
pos Ltion of the a tmos phere :in the void spaces Ylill be changed, and over
a period of time there will' be' a tendancy towards an increase' in· the coil
centration 'of'ethylene dichloride vapour;', It is apparent that the prosent
trend of mcreaatng the .carbon Eetrachloride proportion of the .mdxtures' is
justified since it a.ILows for the loss': of a considerable proportion 'of -the
carbon ~{;l'(;rach1oride in thenrdxtuze , ' ",,",,: ..

• ,I.

.....
~

Conclusions •

~ .. ;

.. ' ..,

~.-r-rL.£

From the results obtained there' appears to be .. likelihood,of a
f'Lanmab'Le mixture being f'orrned when liquid rrix tures of carbon tetrachloride .
and ethylene dichloride containing at .Leas t 25 per Gent of carbon tet~achloride
by volume are used as fur:d.gants. In all caseaia considerable arJl.Ount!of the
liqUid fur:ri.gant added' will be absorbed by the solids being' fumiga tedr: arid',
this -ran mean' a'· subatantdaL reduction in the ,totalvapoui.jaU''' mixture's -'pro";:'
duced, ,', '; !'"
, " ..... ~_·~.•~ ..~._c", :;~ .. J.
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o

Russla.n pcr riol burns a.l- SO°c-.

J..1:". R.O. Curve ~\- '2B - 30'" C ..

J. F Ro. p,?rho\ burns or 2.~u_ 30° c.. ..
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FIG,' . FLAMMABILITY LIMITS OF ETH'YLENE DICHLORIDE IN CARBON TETRACHLORIDE
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