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Method for the Controlled Burning of Combustible
Materials and Analyses of the Combustion Gases'

Alan Schriesheim*

A method is deseribed to burn & given quantity of & combustible materisi In » Rxed
amount of air at & selected initial tempereture.  Analyses of moet of the gassous combustion

products were inade guickly and comprehensively by means of 3 mass apec

trometer. Hydro-

n chloride waa not detected wich the mess sl!.)gct.rumet.er becanss of ite adsorption upon

the walls of the glase combation chamber, T

eoncentration of thiz gas was deiermined

by titrating & water waah of 1he fambuation chamber with a standard ailvar nmitrate solution.
rhon menoxide when present in coocentrationa below LW parta per million was deter-
mined by asn indicator method, snd when present in concentrations above 1,000 parts per

rmillion was determined by the mass spestrometar,

Saveral organle sontitgs of difereot

chemical pomposition were hurned in & combustion apace initielly meintained at three

temperafures.

The lowedt temperature (26(0° C) produced the smallest variety of combustion

gaded, whereas the highest temperature (5507 ) produned the lergest voriety.

1. Introduction

Organic materials ere widely used for various
building purpoges. When thess organic materials
arc expozed in air to eleveted temperstures, pasecus
combustion products are formed. The principal
combustion producis are earhon monoxide, carbon
dioxide, and water. Other geses, such as phosgens,
hydrogen chlomde, etmmonis, cyenogen, and sulfur
compounds, have been found upon the combustion of
i:rh.lorin]asted hydrocarbons, wool, silk, and rubber
1 to 4]

In order to study the gaseous combustion products
of these organic meterinls, several investigaiors
[1, 2, 3] have burned large huilt-up E}]becimens,
incloding actual rooms and buildings. viously,
this procedure is wstlf]':nd time consuming.  Several
laboratory methods have been dev&losed 1, 2, 5]
which, lowever, lacked (83 8 quick and comprehen-
give methad for anslyzing the gases, and (b) a
methoed for sontrelling the amount of air per unit of
waizght of the specimen at any initial temperaiure.

A laloratory procedure designed to burn or decom-
posa & given quantity of material in a fixed volume
of air, at different temperatures, ia described. A
procedure i also deseribed ibat utilizes a mass
apestrometer to increase the speed and extend the
scope of tha gas analyses.

2. Apparatus

Figure 1 i3 a schematic disgram of the entire
apparatus. Figure 2 13 a diagrem of the combustion

ber alone.

The combuztion chamber, figure 2, was construcied
of Pyrex glses, except for the combusiion tube
axtending through its center. This tube was & 12-in.
lengih of silicn combustion tubing, 1 in. iu dismeter,
that had bean ent in half along its axs for approxi-
motely half of ite length. This eombustion tube

1 The &1 iRl work wed supporbed by (he U, 5. A Fore.

1 Predent addvesd: Foer Reddarch & Englneering o, Linden, M, 1.
' Blgures In braaets indlestes (he Hlaratars refsvensee st the end of this paper,

was sealed to the walls of the combustion chamber
through » graded silice-Pyrox seal.

A atrip of mica, 2.5 in. by 1.2 in., was placed on
top of the open part of the silics tube, and 20 ft of
platinum wire, 0,019 in. in diamcter and coiled in a
Y-in.-diameter spiral, was wound around the siliea
tube and over the miea strip (fig. 2).

A thermoeouple was placed below the mica strip,
and both thermocouple and platinum lead-in wires
entered the combustion chamber through openings
that were sealed ges-tight with Wood's metal.

The combustion chamber was attached to 2 vacu-
um manifold thmugh the glass spiral and two ball
joints (fig. 1). The spiral was construeted of 5
turne of 7-mam Pyrex tubing, each turn haring a
dizmeter of 6 in. The combination of spiral snd
kall joint provided encugh movement s¢ that the
combuation chamber eould be inelined.

3. Procedures

Under ordinary conditions, sn accidental fire
sterta at atrnospheric pressurs. This condition was
duplicated in the eombustion chamber by allowi
the drawaff tube to remain ﬂﬂen until the initi
temparaturs was reached, snd then closing it.

Because the combustion chamber was allowed to
remain open to the stinosphere, diferent amounts of
mir were loft in the system at eech initial $emperas-
ture. In omder to mainiain & constant ratio of the
weight of the specimen to the amount of sir at each
initial tempersture, the weights of the sperimens
were adjusied to compensate for the decrease in the
amownt of air in the system at tbe higher temper-
atyres,

The ratio of the weight of the specimen to the
amount, of air in the system at room temperatura was
chosen as & reference point. The weighta of the
apecimens to be uzed at the hi.%her temperatures were
calculated by means of the relationship
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where
A, =the weight of the sample at room temperature,
Xy=the weight of the samiple at the initial temper-

ature,

;= the number of moles of nir in the system af
room temperature.

ne=the nomber of moles of air in the system at
the initial temperature,

The quantity n can be derived from the perfect-gas
equation,
P.V.=nRT, (2)

becavse the volume of the system, V,, iz known
(2,230 ml), and P, and T, refer to the stmospherie
prasspre and room temperature, respectively,

The caleulation of #., however, posed some diffi-
calties, Although the initial tamperature in the
vicinity of the platinum coil was known, the tem-

erature, T, of the entire system, encompassing the

eeted platinum enil, the gir ingida the system, and
the cocled walls of the combustion chamber, was
unknown, Hence, the following indirect method of
caleulating »; was employed. )

Applying the perfect-gas equation to tha open
system raided to 4 higher temperature, Ty, the follow-
ing relation is cbtained:

P]_Lﬂ"—_ﬂgRTg: {3}

where

Py=the atmospheric pressure.

V,=the volume of the system.

np=the number of maoles of air left in the system
at system temperature T

If the system is closed at room temperature and
pressure, ond the platimum coil theo tod aypfhi-
ciently to raise the syatem temperature to 73, the
situsation is described by

P;F-|='i"i-1RT2, {"‘:}

where

P:=the prezgsure at syslem temperature T,

¥i=the volume of the syatem, )

a,=Ihe origingl number of moles of air in the
aystem {room temperature and atmospherie

pressure],
Dividing eq (3} by eq (4),
Py _m
oy )]

and w; may be caloulated from an experimentsl
mensurement of the pressurse developed when the
closed system is heated to temperature T,

For the purpeses of this investigation it was un-
necessary to know the actual value of the system
temperature at ‘which the determinations were made.
Henes, it was zufficient to measure the pressure
developed in the closed system when a selected

| tura.

heating-coil temperature had been reached, and to
caleulate the valee of #, produced by those eonditions
without further defining them. In turn, X, can be
caleulated from me by means of eq (13, To avoid
0 separate measurement af this pressure at the begin-
ning of each run, & calibration curve of presaure
versue heating-coil temperaturs was made, snd the
closed-aystem pressure for the run temperature
gelectedd was read from the curve. In practice,
tharefore, to avoid pressure buildup before combus-
tion, the drawoff tube could be left open during the
initial period of heating the aquipment.

This method of avoiding & preliminary pressura
buildup was conaidered preferable to ooe that had
been uzed by other workers, which utilized a balloon
mto which the geses expanded [1]. A balloon
introduces errers arising from (2) the diffieulty of
washing adeorbed gases, sz hydrogen chloride, irom
the febric; thL the possible introduction of orgenic
vapors into the samples; and (e} the diffusion of
pasea through the fabric.

At the beginning of each run the apecimen was
placed in & porcelain combustion boat, which was
placed in the silica tube a8 far from the platinum
coil as posaible. Then the 2-liter plass bulb was
placed in position snd the two springs attached. The
combistion chamber was cooled by the air coming
from the jets shown in figura 1.

The combustion chamber was evacuated by
opening the stopeock {o the vacuum manifold. This
evaciation removed any orgonic vapors that might
have beon present from a preceding run. After
evacuation, the vacuum stopeock waa closed and the
drawoff velve openad to the stmosphere. Current
was then applied to the platinum coml.

When the initial combustion temperature, as
indicated by the thermocouple, was attained, the
drawoft tube was closed. Then the combustion
chamber was inelined, eausing the combuation bont
mutaininf the specimen to slide down the silica tube
imto the hot platinum coil, which ignited the speci-
men.

Tha input to the heating coil was ineintained
conetant for 12 min, the current was turmed off, and
the apparatus was allowed to cool to room tempers-
bur Tha gesez wern then collected ss described

elow.

Seversl sample bulbs having volumea of 50 ml and
2,000 ml ware congtructed by sealing vacuum stop-
cocks and 19/38 pround-zlasz femals joints to bul
of appropriate size. The 50-ml bulbs were used
for the mass-spectrometer analyses, and the 2,000-mi
bulba were used for the carbon monoxide determina-
tions. Before & run, the sample bulb used waa
avacuated by atiaching it to the vacuum manifeld.
The apparatus was cooldd to room tem ture,
snd then the evacusted sample bulb was placed on
the drawoif grm and the drawoff stopeock opened.
Approximatoly one-fourth of the air was immedistely
transferred out of the drawoff srm by expansion of
the air from 1 atol to roughly % atm. Assuming

1rible =ul uent mixing, the ahove procedure

wonild lead o0 dilution of the comnbustion geses with
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about 8 percent of air.  In order to allow subsequent
diffusive mixing, the sgmple stopeork wes not opened
until 1) min after the drawofl srm was opened.
Thus, the actual contaminetion, althowgh unknown,
wis probably somewhat less then 8 percent. For
the colorimetric carbon monozide determinations
the error introduced by this method was negligible.
Both stopeocks wera then closed, and the sample
bulk was attached either to the mass spectrometer
or to the carbon monoxide apparatus,

After the combustion chamber cooled to room
temperature, s partial vacuum was invariably present
within the apparatus. In those cases where hydro-
gen chloride wae expecied, the drawoff arm was
attnched, by means of a piece of plastic tubing, to
a benker conteiming dilute (pH=MV) sodium hy-
drozide. This golution was drawn inte the ecom-
bustion chamber and allowed to stand for 15 min.
Dnc to the high affinity of hydrogen chloride gas
for water, any of this gas not adsorbed upon the
veseel walls was expected to dissolve in the base.
After 15 min the springs were removed, and the
golution was poured into & beaker. The combustion
chamher was then washed eeveral times with dis-
tilled water, and these water washings were com-
bined and analyzed by the method deseribed below.

4. Analyses

The 50-ml sample bull containing combustion
gascs was placed on the inlet system of the mass
spectrometer. An analysis was carried out for
pased having a mase number of 1 t¢ 100. The
analytical results are recorded in table 1.

Carbon monoxide was detormined by two methods,
When it was present in concentraticns gbove 1,000
ppm, the mass spectrometer was used. When present
i eoncentrations below 1,000 ppm, the mass =pee-
trometer was not sensitive ancigh (o giva an Rocurate
analvsis. It was, therefore, necessary to uvse the
indiestor technique 8], The2,000-tl sample bulb waa
filled with combustion pases, and the pressure reading
on the merometer was recorded. The bulk was
attachad to & sourca of ecarbon monoxide-free air
under pressurs, and this air wes allowed to enter the
bulb until tlhe pressure was slightly above 1 ato,
Then the bulb was stéached to an indieator tube [6],
and the gases passed through the indicator st a
constant rate, ag determined by a2 Howmeter. At
the end of & given time period, the color of the indi-
cator was compared with a color chart, and the con-
centration of earbon monoxide in the sample bulb
was determined.
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Hydrogen chloride was adsorbed upon the walls
of the combustion chamber, along with weier prodoced
during the course of combustion. Because of this
adsarption, it was not ible to detertmine hy e
chloride by means uf tha mase spectrometer. In-
stead, the water washings used in the procedure
autlined previously were adjugted to & of 6.0 to
7.0 and titrated with standsrd 0.1 & silver nitrate,

ueing fluorescein se an indicater [7].

5. Materials

To illustrate the utility of this method, sevrral
samples of organic wall and ceiling coatings were
burnied, and an analyeis of their gaseous combustion

roducts was carried out, These materials are listed
in table 1.

In order to duplicate field conditions, the volume
of n structure in Aeld use was calenlated, as was the
ares of the walls and ceiling of thiz structure. The
area of each specimen was then adjusted so that the
ratio of the specimen area to the wolume of the
combustion chember was equal to the ratio of the
ceiling and wall area to the volume of the structure.

6. Results and Discussion

The resulie of the anslyses of the combustion
gases are recorded in table 1.

Each material wras ur_gnnjc, and gave rige to carbon
monoxide and carbon dioxide upon combustion. ‘The
Plywood apparently contained only carbon, hydro-
pen, end oxygen, and only gases composad of these
elements were detected.

The plastic coatings contmined chlorine as well
as carbon, hydrogen, snd exygen, and guve rise {o
hydrogen cldoride and chlorinated hydrocarbons,
in ad(ﬁtiun to carbon monoxide and carbon dioxade.
Hy 1 chloride baz been found in the combustion
gases of aeveral types of chlorinaied plastica, although
there appears to be little information on the presence
of chlorinated hydrocarbone [17, ‘

The sulfur diexide from the eombusiion of the
asphalt aluminum ]:I'aint probably came from the
asphalt-resin base. It is known that the sulfur con-
tent of asphalt can be a= hlifgh aa § percent, depending
upon its souree [8]. Nosu ur dioxide was found when

e plywood material surfaced with the asphalt
glumimum paint waz burned {specimen 5. This
was probably due to the adsorption of the sulfur
diexide, by the water formed upon combustion of the
plywood, on the walls of the combustion ehamber,

ar every material the greatost varety of gases
ocenrted at the highest initial temperature (550% C.).
At this temperaturs, cracking end decomposition
occurred, and small molecular fragments, =och as
methana and hydrogen, were formed from many of
the specimens.

The chlorinated plastica libersted chlorinated
hydrocarbons at the higher temperaturcs, whereas
the only chlorinated materisl produced at the lowest

temperature was hydrogen chloride. In ecach case
the amount of hydrogen ehlorids inercased as the
temperature increased,

The assemblics and the polyvinyl chloride plastic
coating ara the heaviest materiale listed in tabla 1,
The quantities used were sufficient to consuyme sll
the oxygen if they were to burn entirely to carbon
dizzide nnd water. As might he sxpected, these
materigls produced the largest concentrations of
combustion goses, and caused the greatest decrease
in the oxygen roncentration.

For these materials, the combustion gases had
oxygen concentrations of 0.3 to 3 percent at the
highest. initial ternperaturc. This low oxygen con-
centration iz tg]pir:al not only of the clossd sysiem
used here, but also of larpe, open, ventilated systems.

For example, Kingman [5] and Olsen [lE] report very
low oxygen coticentrations as the resylt of analyses
of the combustion gases of ventilated and unventi.
lated hurning rooms.  In peneral, the gases prodoced
in most fireg are the productz of combustion and
destructive distillation on decomposition [2].  Ip the
method dezeribed in this paper, the above condition
was approximated by forced heating of the specimen,
after the oxygen concentration had dropped to a
tewel below which flamiea could be sustained.

The {oregoing procedure, while not capsble of
extreme aceurecy, will give a quantitative estimata
of the roncentrations of combustion gases produced
from commercially available o ic coatings. Such
information is of importance when desipning & dwell-
ing for use under certain conditions, a.ng?:l producing
organic ‘coabings with special thermal-breakdewn
properties.
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for the mass-apectrometer analyses aod the carbon
monoxide determinetions, and J. Loftus for the
hydrogen chloride determinations.

7. Belerences

m E'{Hgi Colernan end ©. H. Thomas, J. Appl. Cham. 4, 179
1154},

[2] 1. C. Qlzen, G. E. Ferguaco, and L. Bcheflan, Ind, Eng.
Chem. 38, 509 (L1933).

[¥] L. B. Berger, I1. A, Schrenk, 1. A. Gale, R, W. Stewart,
ahd L. E. Bieffart, U. 8. Durean of Mines Rept. R. I.
4134 {Oot, 1047),

[4] Fire Eng ¥, 145 [1048)

[5] ¥. E. T. Kingman, E. H. Coleman, ahd D, 8. Rashash,
J. Appl. Chem. 3, 483 (1953).

[6] M. Bhepherd, Anal Chen. 18, 77 {18473

I7] I. M. Kolthofl and E. B, Bandell, Textbook of guantitative
analyses, I:E! 475, 572 {The Maomillan T, New York,

M. Y., 1949).
[8] H. Abraham, Aaphnlta and allied aubatances, p. 73 (. Van
Nostrand Co., New York, N, Y., 1945),

Wasaiwaron, May 17, 1956.

249

If. 7. SCTCENWENT FRINTING OFF|LE. ENER




