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ANALYSIS OF COMBUSTION GASES FROM 
FIRE-RETARDANT-TREATED WOOD

Introduction

In spite of many advances in fire retardation and fire prevention 

technology, little attention has been directed towards the study of the 

gaseous products of combustion. However, since recent revelations that most 

deaths in fires are caused by such toxic gaseous combustion products as CO, 

researchers have commenced to look at this problem seriously (2, 4, 7-10, 

12-14).

Two different aspects of this problem need to be studied: analytical 

determinations of the gases produced on burning, and physiological investi

gations of test animals exposed to these combustion products. Pryor and other 

workers have reported (9, 10, 14) the physiological effects of combustion pro

ducts. Analytical studies on toxic gas products have also been reported (2, 

6-8, 12, 13) . However, except for limited quantitative work on wood (8) , most 
of the research has been confined to the products from synthetic polymers.

This report is concerned with the quantitative chemical analysis of 

CO, CC^, HCN, and CH^ produced during the combustion of wood, and how 

certain fire retardants affect the relative amounts formed. The techniques of 

instrumental analysis are. fairly advanced and highly accurate per se: 

however, difficulties in conducting reproducible, accurate, analyses of 

combustion gases are encountered due to such factors as the method and 

conditions of combustion, sampling techniques used, and, most importantly when 

dealing with naturally occurring materials such as wood, the non-uniformity of 

the substrate from one sample to the next. Unfortunately, little information 

on reproducibility of the analysis of combustion gases has been published,



Summary :

Four major combustion gases evolved from the burning of wood treated 

with fire retardants were analysed. Fire retardants reduced the total amounts 

of CO and C02 produced compared to the amounts produced when burning 

untreated wood. A small amount of HCN was evolved during the combustion of 

wood treated with fire retardants but was absent when untreated wood was 

burned. Increased retention of fire retardants resulted in a decrease in the 

total amounts of CO, <X>2 and CH4 evolved.

Résumé :

Quatre des plus importants gaz de combustion (CO, C02 CH^ et HCN) 
résultant de la décomposition thermique du bois ignifugé ont été analysés. 

Les produits ignifuges réduisent la quantité de CD et C02 comparativement 

aux quantités produites par le bois non ignifugé. De meme, on a mesuré une 

faible quantité de HCN lors de la combustion du bois ignifugé, alors que dans 

le cas du bois non ignifugé ce gaz était absent. Une augmentation de la 

rétention des produits ignifuges diminue la quantité du CO, C02 et CH^.



but Sunil and Tsuchiya (12) indicated a co-efficient of variation of 20 per

cent. The American Society for Testing and Materials (ASTM) committee E-5 has 

recently established a Task Group to develop reproducible methods for the ana

lysis of combustion products. To accomplish our objective, we found it neces

sary to adapt techniques for simple, rapid, and reproducible analysis of com

bustion gases. Thus the purpose of this study is two-fold:

1. To report some techniques for the analysis of combustion gases, 

and to estimate their reproducibility.

2. To show the effect that certain fire retardants have on the rela

tive quantities of individual combustion gases.

In this preliminary work, w?e have concentrated on measuring the ef

fect of two fire retardants - monoammonium phosphate (NH^H^PO^) and

"UDP", a formulation based upon urea, dicyandiamide, and phosphoric acid (5) - 

on the evolution of CD, C02, CH^, and HCN from burning wood. These gases 

were selected for this preliminary study because of their recognized hazards 

and their prevalence in the combustion gases.

Experimental

Gas phase chromatography was used for the analysis of CC>2, CO, 

CH 4, 02, and N2 present in the airstream flowing over wood specimens

subjectec to radiant heat in a Lindberg tube furnace. An ion selective elec- 

troce methos was used for the determination of hydrogen cyanide. Specimen

preparations and analytical details are as follows:

Préparâtizn of specimen's

. -uthern yellow pine ( Fin as pc Iua ! ria ni i t, ) lumber cut into blocks



76ran x 25mm x 6mm was used as the substrate. The fire retardants used in this 

study were monoammonium phosphate (technical grade) and UDP resin (5) having a 

molar ratio or urea to dicyandiamide to formaldehyde to phosphoric acid of 

1:3:8:4. Each of these fire retardants was used in aqueous solution at 5 per

cent and 20 percent solids concentration. Specimens were vacuum-treated 

thus: specimens conditioned at 50 percent RH and 21°C were placed under 

vacuum for 0.5 h, after which the treating solution was introduced, the system 

brought to atmospheric pressure, and the samples soaked for 0.5 h. The 

treated specimens were wiped dry, allowed to air-dry overnight and then oven- 

dried at 75°C for 24 h. The resulting fire-retardant retentions are shown in 

Table 1. The treated specimens were ground to pass through a 20-mesh lyler 

screen and reconditioned at 50 percent RH and 21°C prior to combustion.

Combustion of specimen and collection of gases

The combustion tube was constructed of 38mm I.D. quartz tubing Lm 

long with a gas and specimen inlet at one end and a gas outlet at the other 

end. This tube was heated in a Lindterg tube furnace, the temperature at the 

center of the combustion tube was set to 750°C. Accurately weighed specimens 

were introduced to the center of the furnace in a quartz combustion boat. 

Immediately after specimen introduction, the inlet end was capped, allowing 

combustion to occur in air which was passed through the furnace tube at a flow 

rate of approximately .017 litre/s at 35 kPa. The combustion gases from the 

furnace tube were passed through a condensing trap immersed in ice water to 

remove heavy tars and then collected in a 5 litre polyethylene gasbag for 120 

s following combustion.



\nalysis of light gases

A gas chromatographic ' method involving a column switching valve and 

peak parking technique (11) was modified to separate carbon dioxide, oxygen, 

nitrogen, methane, and carbon monoxide from the combustion gas mixture. A 

Hewlett-Parkard Model 700 chromatograph equipped with thermal conductivity 

detectors was used. The column configuration employed is shown in Figure 1. 

Column 1 is a 2m length of 3.18mm O.d! stainless steel packed with 60/80 mesh 

Chromosorb 102. Column 2 is a 2m length of 3.18mm O.D. stainless steel packed 

with 60/80 mesh molecular sieve 5A. A stainless steel, six port, switching 

valve (Valeo Instrument Co.) allows the flow configuration to be switched 

from mode 1, where both columns are in series with the detector, to node 2, 
where column 1 is in series with a needle valve and the detector. The needle 

valve was adjusted so that flow through the detector was the same in both 

modes. This minimized baseline shift on switching modes. The reference 

column consisted of a short length of 3.18mm O.D. stainless steel tubing fit

ted with a needle valve so that flow could be adjusted to match that of the 

analytical column. All columns were operated at ambient temperature while the 

detector block was maintained at 200°C. The detector current was 250mA. 

Helium at a flow rate of 0.2 ml/s was used as carried gas. A 1.0 mV 

Hewlett-Packard strip chart recorder recorded the results.

A 500 ul specimen of combustion gases was transferred from the sam

pling bac to the inlest of the gas chromatograph by a Hamilton Gas Tight 

syringe. At the time of specimen injection, flow configuration of the chro

matograph was in mode .1, and this mode was maintained for 115 s, allowing suf

fi: lent time for the oxygen- nit regen-methane-carbon monoxide composite peak to 

cub..:: the molecular sieve column. Flow was then switched to mode 2, allowing 

car : on dioxide to elute from column 1 and pass directly to the detector. In 

ti. wasy, carbon dioxide was prevented from entering the



molecular sieve colimn, where it would be irreversibly absorbed at ambient 

temperature. At 260 s, flow was switched back to made 1, allowing oxygen, 

nitrogen, methane and finally carbon monoxide to be separated and eluted. 

Total analysis time was about 900 s.

For quantitative analysis, the thermal conductivity detector was cal

ibrated with a standard gas mixture containing known concentrations of each of 

the gases being determined. The heights of the peaks for each gas were 

measured and the concentration of each component was calculated by comparing 

its peak heigth with the peak height of the same component in the standard 

mixture. The measurement of peak heights rather than areas was chosen because 

it was much more rapid. Preliminary studies indicated that this technique was 

of better reproducibility than peak area determinations, probably due to the 

fact that peaks were sharp, narrow, and well defined, as reported previously 

by Deans (1) .

Weight loss measurement

Immediately following the 120 s gas collection period, samples were 

removed from the furnace and weighed to determine weight loss on combustion.

Analysis of hydrogen cyanide

Hydrogen cyanide in the combustion gas stream was determined as the 

cyanide ion using a specific ion electrode. An accurately weighed and condi

tioned specimen was burned as described previously. The combustion gases were 

led directly from, the furnace tube into a gas trap (Pyrex part number 31770) 

containing 100 mi of 0.1 N NaOil solution. The glass line connecting furnace 

; gas trap was heated to niminize hydrogen cyanide absorption on the glass 

rfaces. Air was oassed through the furnace and' trap for 420 s from



‘-.he start of the combustion to ensure that all- combustion products were swept 

from the furnace. The trap solution was transferred to a beaker and 1.0 ml of 

10 M NaOH was added to ensure that alkaline conditions were maintained to pre

vent escape of hydrogen cyanide gas from the solution. The millivolt poten

tial of the solution was measured using an expanded scale pH meter and the 

cyanide concentration determined from a standard curve established previously 

according to a procedure outlined in the Orion Cyanide Electrode Instruction 

Manual. All measurements were carried out at 25°C.

Results and Discussion 

Reproducibility of the GPC Method

Table 2 gives the results of the analysis of a standard gas mixture 

(Matheson of Canada Ltd.) used for calibration purposes. The average peak 

heights shown are based on the analysis of five separate 500 ul injections of 

the standard mixture. The coefficient of variation indicates that for a sam

ple of constant composition, the repeatability of the method is excellent. 

The small variations that exist between specimens are probably due mainly to 

the difficulties inherent in transferring gas specimens to the chromatograph 

using a syringe. Figures 2 and 3 are typical chromatograms of the calibration 

mixture, and a specimen of combustion gases, respectively.

Table 3 shows the reproducibility of results for the five major gases 

in the combustion furnace atmosphere after complete combustion of both treated 

and untreated samples. The least variation in results for the specimens 

tested was for nitrogen (1.4 to 2.6 percent). This would be expected, since 

ni trop .-a was present as an inert gas in the carrier gas stream and hence its 

con:::-.:.;: ran ion was "subject only to the slight variations in the flow rate of 

to- • • ■ r qas.



Oxygen showed a relatively larger variation in peak height (2.7 to 

4; 9 percent) while peak heights of gases evolved as result of the combustion 

process showed still higher variability - (e.g. 4.4 to 8.8 percent for CC>2, 
3.6 to 13.8 percent for CH4, and 2.6 to 13.9 percent for 00).

The higher variabilities for 02, ÇX>2, CO and Ch'4 over that of 

nitrogen result from the fact that unlike nitrogen, these gases are either 

consumed or generated during the combustion process and hence are subject to 

variations associated with this process, such as differences in incident ra

diant flux over different specimens, and differences in distribution and re

tention levels of fire retardants in different specimens.

It is difficult to compare the reproducibility of our method with 

those reported by others (2,3,7,8,13) since their work lacks relevant statis

tical information. However, our reproducibility is comparable to that indi

cated previously (12).

Effect of fire retardants on combustion gases

Table 4 shows the composition of the combustion gases collected from 

the combustion of untreated and treated specimens. All fire-retardan treat

ments reduced the total quantities of CO,., CH, and CO as a result of the 

various treatments. At the 5 percent levels the N H ^ P C n  treatment ap

peared to be more. effective than the UDP treatment in reducing the quantities 

of CO, C02, and CH4 evolved during combustion. However, these reductions 

should be considered in light of the co-efficients of variation for the indi

vidual gases.

.Accompanying each decree

cor rep-or.ding increase in oxygen 

cti.';ato.'i that the fire-retardant-

docu. ; o:;.irion. These results ar

! ‘ • ■ C function.

sc in the level of combustion gas, there is a 

present in the carrier gas stream. This in- 

treated material consumed less oxygen during 

consistent with the manner in which fire



By promoting the formation of char to hinder or retard complete com

bustion of the substrate material, there will be corresponding decreases in 

the amounts of combustion gases formed, of oxygen consumed, and of weight loss 

on combustion (Table 6).

When the wieght of the actual fire retardant in each sample is taken 

into account, it is seen that there is an overall weight loss of approximately 

78 percent for the N H ^ P O ^  treated material (at both the 5 qand 20 per

cent levels) and a loss of approximately 85 percent for the UDP treated speci

men. Tne NH4H2P04 treatment appears to be more effective in reducing

both the loss of weight on combustion and also the amounts of combustion gases 

formed.

Analysis of HCN

lable 7 presents data for HCN evolved during the combustion of un

treated and treated specimens. The weight losses for these specimens are 

higner tnan those found for the specimens used in gas chromatographic ana

lysis. This was expected since these specimens were burned for 420 s as 

compared to 120 s for the previous specimens. The combustion cycle was arbi

trarily increased to 420 s from the 120 s used previously for analysis of CO, 

CH4' and C02 to allow sufficient time to collect the maximum amount of 

HCN* The results show that both n h4h2F04 and UDP-treated samples gene

rated HCN during combustion: however, the levels found with the UDP samples

were more than twice those for NH4H2F04 treated samples. For very low 

concentrations of HCN, the variability between sanples is quite high, but this 

is not surprising when dealing with such low concentrations.



Conclusion

Methods were outlined for the quantitative analysis of CO, C02, 

Ci‘4 and HCN gases generated during the combustion of wood. Preliminary re

sults of combustion gas analysis of wood treated with NH.H_PO, and tjdd 

resin indicate that the analytical procedures employed are simple and rapid, 

and yield useful, reproducible data. The methods presented are intended for 

the analysis of total combustion gases generated over a specified length of 

time, but could be modified to obtain data pertaining to the actual rates of 

formation of gases during combustion, and future work will proceed in this 

direction.

Fire-retardant-treated specimens appeared to generate considerably 

less C02, CO, and CH^. Also, the greater the retention of fire retardant, 

the less CO, C02, and CH, generated for either treatment. HCN was evolved 

curing the combustion of fire retardant treated wood but could not be detected 

from untreated wood.
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tab le  1. PERCENT RETENTIONS OF FIRE RETARDANTS IN SPECIMENS OF 
TREATED WOOD

Trea t in g  S o lu t i o n Reten t ion  
(% by O.D. Weight)

Average In d i v id u a l

5% NH4 H2P04 4.69 4.61 ,4 .71 ,4 .74

20%.NH4H2 PO4 19.49 1 9 .13 ,19 .57 ,19 .58

5% UDP 4.70 4 .6 6 , 4 . 6 9 ,4 . 7 6

20% UDP 19.58 18 .36 ,19 .76 ,20 .61



Table 2. ANALYSIS OF STANDARD GAS MIXTURE3

Component Average Peak 
Height mm*3

C o e f f i c i e n t
of

V a r i a t i o n

c o2 90.3 2.91

o2 51.5 1.46

n 2 197.1 2.77

ch4 40.0 0.79

• CO 35.9 1 . 0 2

aThe standard gas mixture provided by Matheson o f  Canada 
Ltd. had one f o l lo w in g  composition expressed as 
volume percent:

C02, 3.07 ± 0 .05;  0 2 , 15.3 ± 0 .3;  CO, 0.53 ± 0 .01;
CH/j, 0.47 =: 0.01; balance n i t rogen.

Average o f  f i v e  determinat ions.



T a b l e  3. REPRODUCIBILITY OF ANALYSIS FOR VARIOUS SAMPLES1

C02 02 n2 ch4 CO

Av;;. Peak 
Ht., mm

Coeff. of 
Var iat ion

Avg. Peak 
H t . , mm

Coeff. of 
Var ia t ion

Avg. Peak 
H t . , mm

Coeff. of 
Var iat ion

Avg. Peak 
H t . , mm

Coeff. of 
Var iat ion

Avg. Peak 
H t ., mm

CrV’ff. o 
Va r ia t io

Untreated 109.8 5.7 42.6 3.8 177.9 2.2 45.6 3.6 177.7 2.6

5% n:;4h2p04 91.3 8.8 45.6 2.7 184.1 2.2 16.8 9.5 192.5 7.5

20% NH4H2P04 81.1 6.9 50.5 4.9 196.2 2.6 7.4 18.8 142.2 5.9

5i, unp 109.5 5.3 46.5 4.3 193.2 2.3 24.0 3.6 117.8 13.9

20% OOP 99.0 4.4 47.7 4.0 192.0 1.4 10.5 6.7 125.7 11.6

1Pea : heights shewn are an average of  at lea st  f i ve  determinations.



Table 4. GASES PRESENT IN COMBUSTION FURNACE ATMOSPHERES OF TREATED AND 
UNTREATED SAMPLES1

Treatment
By volume, %

co2 o2 n2 ch4 CO T o t a l 2

Untreated 7.5 13.5 71.9 0.5 3.4 96.8

5% NH4 H2 PO4 t reated 6 . 2 14.4 74.4 0 . 2 2 . 8 98.0

20% NH4 H2 PO4 t reated 5.5 16.0 79.2 0 . 1 2 . 0 1 0 2 . 8

5% UDP 7.5 14.7 78.0 0.3 3.4 103.9

20% UDP 6.7 15.1 77.5 0 . 1 1 . 8 1 0 1 . 2

A v e r a g e s  o f  at  l e a s t  f i v e  determ inat ions .

2Two-sided to le rance  l im i t s  f o r  the to t a l  at  951- conf idence level  were 
found to  be 91.3 - 109.6.
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Table 5. DECREASES Iii COMBUSTION GAS LEVELS OF TREATED SAMPLES 
OVER UNTREATED MATERIAL.

Treatment % Decrease Over Untreated1 Level
c o2 h4 CO

5% NH4 H2PO4 1 6 .9 ( 8 .8 ) 1 63.0 (9.5 ) 1 8 . 1( 7.5)

5% UDP 0 .3 (5 .3 ) 48 .2 (3 .6 ) 0 (13.9)

20% NH4H2P04 26 .1 (6 .9 ) 85 .2 (7 .4 ) 3 9 . 8 ( 5.9)

20% UDP 9 .8 (4 .4 ) 75.9(6.7 ) 46 .6 (11 .6 )

f i g u r e s  in  brae kets  ind ica te the c o e f f i c i e n t  c f v a r i a t i  on .

Table 6. WEIGHT LOSS ON C0M3USTION OF VARIOUS SAMPLES

Treatment Average % Weight Loss

Untreated 92.9

5% NH4H2P04 74.0

20% NH4H2P04 62.2

5% UDP 80.0

20% UDP 6 8 . 8

^Averages of  three samples



Table 7. CONCENTRATION OF CYANIDE PRODUCED BY COMBUSTION OF VARIOUS 
SPECIMENS

Sample Specimen
weight
grams

Percent
weight

l o s s

Concentra t ion 1 
o f  Cyanide 

ion 
(%)

Untreated 0.5000 99.4

5% NH4 H2 PO4 
treated

0.4991
0.5016

89.9
92.1

2 . 1  x 10"J  
1.7  x 10“ •

20% NH4 H2PO4 
treatea

0.5008
0.5008

80e5
80.3

6 . 6  x 10“J 
8 . 0  x 10 r

5% UDP 
treated

0.5003
0.5004

95.. 3 
95.7

3.2  x 10“J 
4 .6  x 10" 4

20% UDP 
treated

0.5015
0.5018

85.2
82.3

1 . 8  x 1 0“:*
1 . 8  x 1 0 ~J

1Conc. o f  cyanide ion per 100 ml of  0.1 N NaOH trap  s o l u t i o n .


