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An examination has been made of the products of
combustion of a chlorinated methyl methacrylate.

Hydrogen chloride, carbon monoxide, and carbon
dioxide ~ere present in dangerous concentrations, and
there were small amounts of phosgene, which vere insignificant
ccmpared with the other gases.

In:troductio~

~he use of newer materials such as plastics has made it necessary
to consider the'possibility tllat they might evolve especially toxic
gases when they became involved in fires.

'l'he combustion of the commoner organic materials such as cellulose
is accomprolied by evolution of carbon dioxide and carbon monoxide•
The products of combustion of materials such as rubber, sil!~, and wool
contain sulphur' and cyanogen compounds, (1) and cyanides and ammonia,
in addition to carbon monoxide(,w~re produced during the combustion of
phenolic ~.a luelamine resins. 2) Other experiments (3) made in U.S.A.
demonstrated that although cyanides stex:e evolved from melamine resins'
and wool~ the toxicity of the combustion products was due almost
entirely to car-bon monoxide.

11lmy of the plastics in common use are chlorinated ccmpounds such
as polyvinyl chloride, and a chlorinated methyl methacrylate plastic
has been introduced with the object of reducing the inflammability of
the methacrylate plastic. reeors wer-e expressed that when heated, as
in a fire, the material wouId evolve sufficient phosgene to make the
combustion products very toxic. Some experiments have therefore been
made to investigate this possitility.

~[aterials

The experiments were made with a ~ecimen of clear, colourless,
chlorinated methyl methacrylate sheet 3/16 in. thiclO1ess from which
specimens wer-e cut VIith a hackaaws :,

Preliminary eXP!~~ts

"ilhen' the mo.terial\1e.s held in a bunsen flame white fumes were
evolved and the combustion products smelt strongly of hydrocllloric
acid.

Some combustions \1ere then carried out in an electrically heated
tube f'urnD.ce with an absorption train, and a re[;ulated air fl=. They
vcxe not successful because a liquid (possibly a mononcr ) was carried
over and interferred with the absorption.
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The final form of the uppar-atua used in the experiments is shown
in Fig. 1. Specimens were' burned in a porcelain boat carried in a
heating coil contai.ned in a 5:1 li.tre f'Lask, whi.ch WD-S sealed. D.lring
the combustion there was c. pr essur-e rise in, the vessef., and a rubber
10.1100n Y~·D.S o.t·cD.,:;~e.j. to act as a pr-easure r e.Lease , and y~t prevent loss
of ga:Jes. C':J:i1b:..:.s~io!ls were made over a r-ange of t emperutur-ea, and the
rc.tio of air to CC~"hl:S'i;ible ';Ias varied by using different weights of
spcccmen, P..f·~I:.~ '~~~e combuat.Lon had f'Lni ahed ·iJt~ .appcr-atue WO.S allowed
to cool, and the products 0:.:" combustion wer-e D.i1t,lysed.

~alyt~co.l methods

Before hurning the specimen a measured volume of s'tandar-d sodium
lwdroxide 801u'~io!1 lias )oured into the f1~.sl: and was after\lards analysed
to esti.-,ID.te chloride and ccr-bonate , Comparison of the results I"lith
the chlorine or car-bon content of the orizinnl material gD.ve a measure
of the extent of the dcccmpos i t i on of' the ~)lD.sticj D.l'\Y" :0hos3ene ,,"'Ould
be decomposed to hydrogen chloride and carbon dioxide, end 'dould be
estima~ed as such.

In order to examine the c~"position of tho eD-SeS, combustions were
made in a. dry apparatus \qith calcium chloride to absorb weter which
would decompose phosgene. TID gases ,"lere then a..,o.lysed, carbon monoxide,
and cerbon dioxide were dctannined by the stnndo.rd m9t~ods of Go.s
analysis, chlorine UD.S detcl~lined using o-tolidinc. ,4)

Some difficulty wes exPerienced'vath the detection and estimation
of' phosgene. In these experiments it Has necessary to det.erndr.e traces
of phosgene in the ~Jresence of heavy concentrations of h:rdrogen chloride
end possibly chlorine. Test papcrs vath p-dimethylaminobenzo.lQ.cQ.yde by
the Depcrtment of Scientific and Indus·~rio.l Resec.rch' s method \5r wer-e
not s!ltisf'o.ctory since the lo.rge amounts of lwdrogen chloride released
iodine from the abaor-bent in the 8uard tube and this o.ffected tg~

paper-a, Some tcds wez-o made using phenylh;ydrazinc cannamat;e \ ). The
method VIas usef'ul, for detection but could not be made <;:.ur.ntito.tive. It
w£'.s then found tho.t the Chemiea.l Defence Reseo.rch Establishment, i,:inistry
of Supp:;'y, had abandoned the sodium thiosulphate/iodide guard t~lbe of'
the Depo.rtment of, 8cierr~ific and Industrial Research's method \~) and
replo.ced it by one corrcrd.ni.ng a mixture of lead acetate and car-bonateo
'l'11.i.s guard tube Wo.R found satisft.ctory, and \7£.S' also used when estimating
phosgene by the sbandard method of precipito.tion from aniline h;ydrochloride.

'l'he effect of temperr.ture on decomposition vras measur-ed by burning
o· 5 gm samples at different tempera.tures. The results are given in
Table 1 a:nd have been nlotted in ~~g. 2.. -

Decomposition COITmlenCeS at lOll temperatures and'is well adv~,ced

at 300oC. At this temperature about one third of the chlorine of the
original sample is present in the crnnbustion gases. The decomposition
becomes ra.pid lit o.bout 600oc. ' At r.ocoso the chlorine Dnd carbon in
the gcaes coz-respond to 85 per cent and 90 per cent of the constituents
of the original meterial,. indicc.ting tlk'\t the mo.terinl. is practically
completely ~~rned. The effect of ratio of combustible to air was
measur-ed by bur-nang O· 25, o· 5 and 1.0 gm (approximo.tely) samples at
5;OuC and 950°C.. 1'he gas onc.lyses are tabulated in Table 2.

:

~.

•

•



With all tl'.ree ratios of air to plustic the carbon dioxide content
of the combustion gas0s ~as increased by raising the ignition ten~erature;

and both at 550°C und 9.'30oc \7aS reduced by reducing the air. The carbon
monoxide content increased vith rising ignition ten~eratur~, except for
the Im7est ratio of air to plastic viz. 1 gm in 5'5 litrcs, and ~as

Lower at 950°C then at 550°C. Vorying the ratio of air to plastic
produced less' change in the content of carbon monoxide than of carbon
dioxide. The ratio of carbon monoxide to carbon dioxide was affected
by both the tenr:)eratu,:,e and the proportion of combustible to air. The
ratio was !9.'ec.ter at 550°0 than at 950°0, and at each temperature was
the same for beth the O·25 gm and O·5 BJ11 samples. '1111en the, sample
weight was i~creased to 1 @n the ratio of the tno gases nas increased
at 550°0 but reduced at 950°0. The amount of hydrogen chloride nas
Lucz-eased by increasing the ignition temperature, but Var-fing the vleight
of glastic ha~ only a negligible effect. Phosgene ~as dete~ned at
350 0 erid 550('0. In Table 3 the gus concelft~at:j.ol,ls at 35000 and 550°C
ore compared HUh z-ecogruaed safe limits. ,7), ,8)

The concentrations of phosgene are above the safe, tolerable limit,
for prolonged exoosure but they are beLow the one hour li!nit, wher-eas
the concentro.tions of the other gases are much greater then those
considered dangerous for short exposures; the omount of phosgene
produced therefore is relatively insignificant.
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Table 1._-,_--....

Tot~l ch~0r~ne and carbon in combustion gases_-._. .....__~_.__,_ u __

:··_~~~::~~~:-~·__·I···--·~~~rin-:---l-1--~:bO~·~esi~ue

r"s c1~";~~~T:- 1I. ~l A:::.rbon· As o~ ;,
t °c I (') rlt. 1/gm ;-J wt, :ijgm I wt,
I I
r-·_·_-~·__···_·-r·_··- .._. __._-- ~----~- -_....-
I 295 I 8·5 0·059 3·1 0-063 49·8
I 375 C·5 0-059 4·4 0·090 37-3

I
637 9·.9 0·069 7-6 0·15516-3
768 12·8 0.009 10-9 0·2211- 10.0

I 882 18·5 0-128 22·0 0·451 1·6
! 950 21·9 0·152 3501 0·719 r nil
~ 1,000 22·5 0-156 40-0 .0·820, 11

• • • : I_........~...,._, .... .. ..._... _.._._ ... .__ •._, .'_._*__. ..' .__ ._..-'_.'_ .'.-.., ..__-.....-_... __~__._ '.r __•

Total ch'Lord.ne in or'Lgi.nal, sample 26·4 per cent ,
II carbon n II 11 411-· 7 per -cent ,

The influen~e of swnple size and i?~ition tffL~perature on combustion products.__, __..__..~_c__,_..,__._ _ _ _..;,).~ _ .__ .___ _

nil
0·011
0·006II

11

niln.d.
n.d.
n, d.

0'7l~ 0·166
o· 681 O' -162
0·672 0·108II

950 -
It

0·236
o•.';O~.J
O·~r17

C·158
0-1/0

1 CJ· 169
I

I ' n. d. = not determined .
1 • I ' !
~ ;. ._, _ .....__...__1....__ ..........._._.........--__• .__!..-_•._.• ,....1,_......__.. •__,•• ...... .--1.

Conc:.el~t.F~tion..Ef~~j.c8.as~~

. LData from Table 2 calculated f or a r-oom ·10 ft. x 12 ft. 6 in. x 3 f'b ,
(1,OaO.Cil. ft.) wiJchout ventilaticq

Temperature
0 0

--_.--r..._.N'._._.__.~--~_..~-_._---_._'-~
'iieight Concentration (p_p_m.)

lb. .._..._.____ ___--l.. _.__.......__------.T
Hyc1rogen
chloride

Phosgene Carbon
dioxide

Carbon
monoxide

_ .._. •••.•• ...._ ...__._ .•~~__,_... .•_...__ ·_n'" . __._.' ......__ .......... _ .•.__ .__.__

350
5SG

6,300
6,300

n.d.
23,500

n.d.
8,000

100

15,00 - 2,000
000 '14,

. i

5,000(8)

25
50

S8.f'e ':''Jnc8r.1~!.~&t~ons for) 10
sovcrar. hour-s , )
Danger-ous at 1 hour 'I 50 - 100

11 short exposur~ 1jXJJ - 2,000
• I-...- •. . .--..L.-._... ....__~_~ .,l.__
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FIG. I. PLAN VIEW OF COMBUSTION CHAMBER.
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FIG.2. CHLORINE AND CARBON CONTENT OF COMBUSTION GASES,.




