
NRC Publications Archive
Archives des publications du CNRC

Forest fire retardants
Sumi, K.

 
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version  /   Version de l'éditeur: 
https://doi.org/10.4224/20337881
Internal Report (National Research Council Canada. Division of Building
Research); no. DBR-IR-274, 1963-05-01

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=b691cbb1-aeb8-4397-b97d-c4611c0fd4e2
https://publications-cnrc.canada.ca/fra/voir/objet/?id=b691cbb1-aeb8-4397-b97d-c4611c0fd4e2

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://doi.org/10.4224/20337881
https://nrc-publications.canada.ca/eng/view/object/?id=b691cbb1-aeb8-4397-b97d-c4611c0fd4e2
https://publications-cnrc.canada.ca/fra/voir/objet/?id=b691cbb1-aeb8-4397-b97d-c4611c0fd4e2
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


NATIONAL RESEARCIi COUNCIL 

CANADA 

DIVISION O F  BUILDING RESEARCH 

FOREST F I R E  RETARDANTS 

by  

K. Sumi  

ANALYZED 

In ternal  R e p o r t  No. 2 7 4  

of the  

Division of Building R e s e a r c h  

OTTAWA 

May 1963 



PREFACE 

The F i r e  Research  Section of the Division of Building 
Resea rch  in 1959 began studies of the use of re ta rdants  and 
suppressants  for forest  f i re  control. These  studies were  under - 
taken following a request  f rom the Associate Committee on Fores t  
F i r e  Protection on which provincial and federal fo res t ry  agencies 
a r e  represented. 

The  range of possible studies i s  broad. Those made to  
date and now reported have been largely exploratory, involving 
consideration of the gener a1 problem, examination of laboratory 
evaluation procedures  and investigation of one type of retardant .  

The author, a chemical engineer, is a r e s e a r c h  officer 
with the F i r e  Research  Section, having responsibil i ty for  work on 
f i re  extinguishment. 

Ottawa, 
May 1963 

N. B. Hutcheon, 
Assistant Director. 



FOREST F I R E  RETARDANTS 

by 

K. Sumi 

The Division of Building Research  of the National Research  
Council commenced studies in 1959 concerning the development of 
effective retardants  and suppressants  for use  in fores t  f i r e  control. 
These  studies were  undertaken following a request  f rom the Associate 
Committee on Fores t  F i r e  Protect ion of the National Research  Council 
that indicated potential uses  for which new re tardants  and suppressants  
should be  considered: 

(1)  t o  r e t a rd  the progress  of f i r e  by preparing f i re  l ines  a t  some 
distance in advance of a fores t  f i r e ;  

( 2 )  t o  extinguish f i r e  by direct  application on a f i r e  front;  and 

( 3 )  t o  protect "high-value" a r e a s  by making these a r e a s  l e s s  
susceptible to  ignition. 

(1) .  F i r e  retardant  and f i r e  suppressant a r e  defined a s  follows . 

A "retardant1'  i s  used to  t rea t  the fuels at or ahead of the flame front 
s o  that the combustion process  i s  'modified when f i r e  reaches  the t reated 
fuel. 

A "suppressant t t  i s  used to  extinguish the flaming or glowing phases of 
combustion by direct application to  the burning fuel. 

Retardants a r e  required for the preparation of f i r e  l ines and 
t reatment  of high-value a reas ,  and suppressants  a r e  required for direct  
application on a f i r e  front. An agent effective a s  both a retardant  and 
a suppressant would be ideal. 

The initial investigation was limited to retardants .  A review 
of l i te ra ture  on retardants ,  the development of a laboratory tes t ,  and 
experimental work dealing with one type of retardant  for possible use  
in fores t  f i re  control a r e  described. 

SCOPE OF THE PRESENT INVESTIGATION 

The s ize  of a f i r e ,  the density, moisture  content, arrangement  
of available fuel, and wind and weather conditions al l  affect the p rogress  
of a f i re .  In addition, the suppression methods employed, the s ize  of 
the fire-fighting crew and the  equipment available to them a r e  governing 
fac tors ,  



Because the re  a r e  s o  many variables that can influence the 
p r o g r e s s  of a fores t  f i r e  i t  was decided to  l imit  the scope of the 
present  investigation to  the examination of a potential re tardant  for  
a specific fo res t  situation. The conditions under which the new 
re tardants  were  examined a r e  given below. 

The F i r e  

The f i r e  to be considered is a smal l  surface f i re ,  defined 
a s  "a f i r e  that burns surface l i t ter ,  other loose debris of the fores t  

f loor ,  and smal l  vegetation. "(2) The crew available for extinguishing 
the f i r e  or retarding i t s  spread i s  small ,  and la rge  mechanical equipment 
i s  not available. 

The  F o r e s t  Floor 

The depth of fuel on the fores t  floor i s  not great ,  and a 
ground f i re  below the retardant  is not, therefore,  a ser ious  problem. 
Ground f i r e  is defined a s  "a f i r e  that consumes the organic mater ia l  

beneath the surface l i t ter  of the fores t  floor. "(2) This  limitation was 
imposed because the relat ive effectiveness of different types of 
re ta rdants  i s  dependent on the depth of fuel. 

Specific Purpose  of the Agent 

The potential use of an agent a s  a retardant  for the 
preparation of f i r e  l ines should be considered. 

The most  common method of preparing a f i r e  line i s  t o  
remove all fuel in advance of the f i r e  in order  to  break the fuel 
continuity in the forest .  In constructing a f i r e  line a crew will cut 
bushes, smal l  t r e e s  and logs along a given line, and dig or remove 
surface l i t ter  alorig a s t r ip  a foot or more  in width down to mineral  
soil. Water or re ta rdants ,  when available, can be used a s  an 
alternative method of preparing a f i r e  line or in conjunction with the  
method described. Hand tools a r e  widely used for  the preparat ion 
of f i r e  l ines  because la rge  mechanical equipment such a s  plows and 
bulldozers a r e  often not available. It i s  under such circumstances 
that the potential u se  of re ta rdants  offers some promise .  

LITERATURE RE VIEW 

The use  of chemicals to  suppress  or r e t a rd  f i r e s  has  been 



a subject of r e sea rch  for  over 100 years (1) ,  although their  application 
to fo res t  f i r e  control did not receive a great deal of attention until 
relatively recently. 

Since 193 1, however, the U. S. Fores t  Service has  been 
engaged in laboratory and field studies to examine the potential use  of 
various chemicals for f i re  suppression. Chemicals that have been 
examined include potassium carbonate,  calcium chloride, monoammonium 
phosphate, diammonium phosphate, l ime,  talc,  cement,  wetting 
agents, sodium calcium borate and bentonite. 

Use of new agents against actual f i r e s  i s  s t i l l  ve ry  limited. 
There  a r e  various reasons  for this:  

(1)  the cost of chemicals and the expense of transporting them, 

( 2 )  the  difficulties encountered in handling chemicals and using 
new agents with conventional equipment, and 

( 3 )  the relatively sma l l  difference in effectiveness of the  new agents 
a s  compared with water alone. 

Water i s  a good suppressant and a useful re tardant ,  but 
for fores t  f i r e  control i t  has  cer tain limitations; i t s  effect a s  a 
retardant  for the preparation of f i r e  l ines i s  only temporary,  and i t  
is usually needed in l a rge  quantities for extinguishing fores t  f i res .  
This  need for l a rge  quantities of water i s  often a ser ious  problem, 
because water is not always readi ly,  available in many fores t  locations. 
The search ,  therefore ,  for new re tardants  m o r e  pers i s ten t  than water 
and for suppressants  that will put out m o r e  f i r e  per  unit of weight has  
been receiving increasing attention in recent  years .  

Developments in this field include the use of a viscosity 
additive t o  improve the f i r e  fighting charac ter i s t ics  of water ,  and the 
use  of a gel of alginate (extracted f rom seaweed) and calcium chloride 
a s  a retardant.  Interest  in a suppressant that contains a viscosity 
additive resu l t s  largely from studies car r ied  out by Grove and his  

associates  at the Syracuse University Research  I n ~ t i t u t e ' ~ ) .  The use  
of diammonium phosphate solution thickened with a viscosity additive 
is at present  receiving some consideration for potential u se  a s  both 
a retardant  and a suppressant.  Various theories  have been advanced 
in attempts to  explain the behaviour of different types of re ta rdants  

on the  combustion of wood(4); but because of the  lack of experimental 
work to establish properly the validity of these theories ,  the mechanism 
of the influence of re ta rdants ' i s  highly speculative. 



The behaviour of severa l  different types of re ta rdants  i s  
discussed below in the light of present  knowledge: 

1. ) Treatment  with chemicals that melt  at some elevated tempera ture  
and coat the combustible mater ia l  with a liquid or glassy layer .  - The 
mechanism of the effect of this type of retardant  i s  believed to  be  
prevention of the escape of volatile combustion products f rom the wood 
and any access  of oxygen to the wood. Mixtures of borax  and boric  
acid a r e  considered to act in this way. 

2. ) Treatment  with chemicals that intumesce, i. e. form foams stable 
a t  elevated temperatures .  - This  mechanism i s  s imilar  to  the 
preceding example. Materials that intumesce may be m o r e  effective 
than glazes; the foam se rves  a s  a b a r r i e r  to  a i r  and flame and 
provides thermal  insulation. F i r e  retardant  paints that intumesce 
with heat a r e  considered to act in this way. 

3. ) Treatment  with chemicals that decompose or change s tate  to  absorb 
enough heat t o  prevent the combustible mater ia l  f rom reaching ignition 
temperature.  - Water ac ts  in this way. Few substances have endothermic 
heats of transit ion or of decomposition comparable to  the heat of 
vaporization of water.  Protection i s  at  best  temporary,  because 
exhaustion of the supply of water leaves the wood subject to combustion 
a s  before. 

4. ) Treatment  with retardants  that may  dilute the combustible gases  
sufficiently to render  the mixture non -flammable in a i r .  - Gases 
considered effective diluents a r e  water vapour and carbon dioxide. 

5. ) The use  of chain-br eaking inhibitors. - A recent  theory suggests 
that inhibition of flaming of the gaseous products could be  due to the 
influence of a suitable gaseous catalyst  re leased by decomposition 
of the retardant .  T h e  catalysts usually considered a r e  halogens and 
halogenated hydrocarbons. 

6. ) The influence of retardants  that  chemically affect the combustion 
of solid fuels. - Effective f i r e  retardants  a r e  believed t o  al ter  the 
decomposition react ions (or  r a t e s  of reaction) occurring in the 

solid (5) 

7. ) The influence of chemicals on glow retardance. - Various theories  
have been advanced in attempts to  explain this phenomenon. Laboratory 
studies a t  the U. S. Fores t  Products  Laboratories have indicated that 
ammonium phosphates and phosphoric acid a r e  effective against both 
flaming and glowing. 



Discussion 

A review of l i te ra ture  indicated that it would be advisable 
to l imit  the present  investigation to  one of the seven types of retardants  
discussed above. It was decided to examine chemicals that intumesce 
or puff up on exposure to heat or f lame in order  to  c rea te  an insulating 
layer  over the mater ia l  to be protected. Intumescent paints a r e  
known to be effective in retarding surface spread of flame (when 
applied to  building ma te r i a l s ) ,  but the potential use of this type of 
retardant  for  fo res t  f i r e  control does not appear to  have been given 
sufficient consideration. 

Knowledge of formulations of intumescent paints i s  
available in the l i te ra ture ,  but paints a r e  expensive for use solely 
a s  re ta rdants  for fores t  f i r e  control. Additives that produce good 
paint charac ter i s t ics  a r e  not necessa ry  for the purpose under 
consider ation, and this  investigation will be  directed towards developing 
various formulations of chemicals that produce a s imilar  intumescent 
effect and in assess ing  their  potential a s  f i r e  retardants .  

DEVELOPMENT OF TEST PROCEDURE 

Ear ly  in the investigation i t  became obvious that a laboratory 
t e s t  would be desirable  for s c r  eenin.g possible f i r e  re ta rdants ,  
although field experiments would be  necessary  for final assessment .  
Such factors  a s  uniformity of fuel bed, moisture  content of fuel and 
direction and speed of wind a r e  best  controlled in the labor ator y. 

The ideal t e s t  would be simple,  would yield reliable r e su l t s ,  
differentiate the relative effectiveness of various re ta rdants  and, if 
possible,  simulate the manner in which a retardant  could be used 
under fores t  conditions. 

Tes t  Using Pine  Needles 

The f i r s t  method used pine needles to  simulate the fores t  
floor. About 1, 500 gm of needles were  placed on asbestos  cement board 
1 ft by 3 ft. T h r e e  different variations of this tes t  were  examined in 
order  to establish conditions that would ensure spread of f i r e  f rom one 
end of the bed to  the other. F i r s t ,  the bed was inclined approximately 
5 to  20 deg and the needles were  ignited a t  the bottom of the inclined 
plane. This technique was used to  simulate the effect of wind. 
Second, the bed of needles was placed horizontally and a i r  was blown 
over it f r o m  one end. The f i r e  was ignited a t  the leeward end so  that 



the  movement of a i r  (about 1, 000 ft pe r  min)  would spread  the f i r e  

to  the  opposite end. Third ,  the bed of needles was left horizontal  

and a given quantity of heptane was burned in a tank adjacent to one 
end of the  bed of needles.  T h e  f i r e  spread  f rom the end adjacent 
to the tank of heptane to  the opposite end. 

A measu red  amount of re ta rdan t  was placed on 1 s q  ft of 

the bed of needles equidistant f rom the ends in o rde r  to  examine the 
suitability of the t e s t  p rocedure  with the var ia t ions  repor ted  above. 
Suitability was judged on the b a s i s  of reproducibil i ty of duplicate 
t e s t s  and the  abil i ty of the method to a s s e s s  the effectiveness of 
di f ferent  r e t a rdan t s  in reducing the  spread  of f i re .  The  t i m e  requi red  

for  f i r e  to advance t o  different posit ions of the bed of needles  was  
recorded  for u s e  in a s se s s ing  effectiveness. The r e t a rdan t s  used 
to examine the suitabil i ty of the  t e s t  method included wate r ,  a wetting 

agent solution and bentonite s l u r ry .  

Reliabil i ty of duplicate t e s t s  was poor.  In general ,  f i r e  
spread  by burning the  needles beneath a re ta rdan t ,  indicating that 
the degree  of compaction of the  needles  influenced the  r e s u l t s  much 
m o r e  than the na ture  of the  re tardant .  Thus,  the  use  of pine needles  
to  s imulate  the fo re s t  floor was re jected.  

Tes t  Using Wood Fibreboard  

A second method for  a s se s s ing  the re la t ive  effect iveness  
of r e t a rdan t s  was devised. A combustible m a t e r i a l  with s m a l l  var ia t ions  
in density was covered with r e t a rdan t  p r io r  to  a tes t .  This  change 
was made  in o r d e r  t o  overcome the problem resul t ing f rom var ia t ions  
in compaction of pine needles.  Wood fibreboard was selected and 
placed in a horizontal  position s o  that the re ta rdan t  would be uniform 
during the tes t .  A given quantity of heptane was burned adjacent to  
the subs t r a t e  m a t e r i a l  to ensure  spread  of f lame in the absence of a 

re ta rdan t .  Th i s  technique i s  s impler  than the  a l ternat ive  technique 
of blowing a i r  over the subs t ra te  ma te r i a l  during a t es t .  

The  t e s t  was se t  up a s  shown in F igure  1. One and a half 
gallons of heptane were  floated on water in a f i r e  tank measur ing  
2 by 2 by 1 ft deep. A measu red  quantity of f i r e  re ta rdan t ,  generally 
in  the f o r m  of an aqueous solution or  suspension,  was applied a s  evenly 
a s  possible  on the wood f ibreboard.  Heptane was ignited and allowed 
to burn. As soon a s  i t  had been completely consumed the f i r e  on the 
wood f ib reboard  was extinguished with water .  The  r e t a rdan t  was then 
s c r aped  off the  wood f ibreboard,  i f  n eces sa ry ,  t o  de te rmine  the  length 

of char  f r o m  the edge n e a r e s t  the f i r e  tank. Length of char  was used 



a s  an index of the re la t ive  effect iveness  of a re ta rdan t  and was 
used to  examine whether it  provides  a means  for a s se s s ing  re la t ive  
effect iveness  of r e t a rdan t s  and yields consistent  r e su l t s  in repeated 
t e s t s .  

Re ta rdan ts  used to examine the suitability of the t e s t  p rocedure  
included wate r ,  bentonite s l u r r y ,  sodium calcium bora te  s l u r r y ,  a 
wetting agent solution, a viscosity additive in wate r ,  ammonium 
phosphate solutions, "ABC" type d ry  chemical  extinguishing agents and 
a f i r e  re ta rdan t  paint of the intumescent  type. 

The r e s u l t s  indicated that th is  t e s t  method i s  not sufficiently 
refined for classifying f i r e  re ta rdan t  formulations in  their  o rder  of 
effectiveness. It i s  of a qualitative na ture  and appears  useful ,  however, 
in distinguishing ve ry  good and ve ry  poor re ta rdan ts ,  a s  these  
ex t r emes  yield good repeatabil i ty.  In view of the re l iabi l i ty  of 
r e s u l t s  for  effect ive  r e t a rdan t s ,  the t e s t  shows some  p r o m i s e  for  
examining sma l l  differences in  effectiveness of these  re ta rdan ts .  It 
was,  there fore ,  decided to  conduct a s e r i e s  of l abora tory  t e s t s  on 
r e t a rdan t s  after  minor modifications t o  the t e s t  method. 

DEVELOPMENT O F  FLRE RETARDANT FORMULATIONS 

Studies di rected towards  the development of f i r e  r e t a rdan t s  
of the int-umescent type w e r e  undertaken. A labora tory  t e s t ,  essent ia l ly  
the s a m e  a s  that  developed and repor ted  in the previous section,  
was selected for sc reen ing  out p romis ing  r e t a rdan t s  and examining the 
effect of modifying the  formulations.  In corljunction with this  work 
a number  of m a t e r i a l s  o r  formulations that have been considered a s  
r e t a rdan t s  or suppressan ts  for fo r e s t  f i r e  control  w e r e  examined, 
using the s a m e  technique in  o rde r  to  obtain some  idea of the re la t ive  
effect iveness  of t he  new formulations.  

A typical  intumescent f i r e  r e t a rdan t  mix ture  contains 

1. ) a blowing agent, e. g. u r ea ,  

2. ) a f i r e  r e t a rdan t  sa l t ,  e. g. diammonium phosphate, and 

3. ) a ma te r i a l  affected by blowing agent and in tumesces ,  e. g. glucose. 

Two types of in tumescent  formulations w e r e  considered for 
the  presen t  investigation: a water solution and a d r y  powder. It was  
thought that for the  water solution type the  consti tuents of the 
intumescent formulat ions ,  should, if possible ,  be soluble in  water .  
The  application problem in  the field would be s imple ,  because 



equipment commonly used for  application of water could be used. 
In addition, by attempting to  develop formulations that a r e  relatively 
dilute the coat of mater ia l s  could be  reduced. One of the requirements  
of the dry  powder type appears  to  be an anti-caking property,  which 
i s  important for  the handling of the mater ia l  in the field r ega rd le s s  
of the method of application. 

Method 

The f i r e  retardant  tes t  was set  up a s  shown in F igure  1. 
Two gallons of heptane were  floated on 2 in. of water in a f i r e  tank 
measuring 2 by 2 by 1 ft deep. A piece of wood fibreboard, 24 by 15 
by 1/2 in. thick, was positioned horizontally adjacent to  one of the 
s ides  of the  tank in such a manner that i t s  upper surface was a t  the 
level of the  top of the tank. 

The  f i r e  retardant ,  generally in the form of an aqueous 
solution or  suspension, was applied a s  evenly a s  possible over an 
a r e a  24 by 12 in. , leaving an unprotected s t r ip  24 by 3 in. along the 
edge of the wood fibreboard far thest  f rom the tank. The heptane 
was then ignited and allowed to burn until completely consumed. 
One observation was made to determine whether the retardant  prevented 
ignition of the unprotected s t r ip  of wood fibreboard. If i t  did not 
ignite a further examination was made, a s  follows: the f i r e  on the 
substrate  mater ia l  was extinguished with water a s  soon a s  the heptane 
was completely consumed. The retardant  was then scraped off and 
the mean distance of char on the wood fibreboard, measured  from 
the edge of the f i r e  tank, was determined. The mean distance of char 
was used a s  the index for assess ing  the effectiveness of a retardant .  

Retardants  
..- 

The chemicals were  mixed with 100 m l  of water in the 
proportions given, except in the case  of two brands of dry  chemical 
and one brand of f i r e  retardant  paint. 

Non -intum escent formulations 

1) Bentonite (5  per  cent) 
2) Alkanol WXN (1  per  cent) - a wetting agent 
3)  Sodium calcium borate  (30 per  cent) 
4) Diammonium phosphate (12 per  cent) + Alkanol WXN 

( 1  per  cent) 
5) Monoammonium phosphate (18 per  cent) + Alkanol WXN 

(1  per  cent) 
6)  A commerc ia l  ABC type powder 
7 )  Another commercial  ABC type powder 



Intumescent fo rmula t ions  

T h e  in tumescen t  fo rmula t ions  w e r e  developed b y  t r i a l  
and e r r o r ,  and the  quantity of chemica l s  used  was  kept  sl ightly above 
t he  min imum requ i r ed  t o  e n s u r e  good in tumescence  in the  p r e s e n t  

t e s t .  

1) A c o m m e r c i a l  f i r e  r e t a rdan t  paint  (100 gm)  
2) U r e a  (10 gm)  + diammonium phosphate (30 gm)  

t co rn  sy rup  (50 gm)  
3) U r e a  (10 gm) t diammonium phosphate  (30 gm) 

+ suga r  (60 gm)  
4) U r e a  (10 gm)  t diammonium phosphate (30 gm)  

t sugar  (60 gm)  + carboxymethylcel lu lose  (2  gm)  
5) U r e a  (10 gm) + diammonium phosphate (30 gm) 

t sugar  (60 gm)  + Keltex FF ( 2  gm)  
6)  U r e a  (10 gm)  t diammonium phosphate (30 gm)  

t sugar  (60 gm)  + Alkanol WXN 
7)  Dicyandiamide (10 gm)  t diammonium phosphate (30 gm) 

t sugar  (60 gm)  
8 )  Glycine (10 gm)  + diammonium phosphate (30 gm)  

t sugar  (60 gm)  

Formula t ion  number s  7 and 8 w e r e  examined both in t he  
d r y  s t a t e  and with 100 gm of wa te r .  

Formula t ion  n u m b e r s  2, 3, 4, 5 and 6 w e r e  of the  wate r  
solution type. 

RESULTS AND DISCUSSION 

Intumescent formulat ions ,  in genera l ,  appeared  t o  b e  m o r e  
effective than t he  other fo rmula t ions  examined on the  b a s i s  of the  
p r e sen t  t e s t s .  T h e  m o s t  effective in tumescent  fo rmula t ions  appeared  
t o  b e  n u m b e r s  1 and 4 of the  wate r  solution type and n u m b e r s  7 and 8 
of the  d r y  powder type. 

In the  ? r e sen t  exper iments  the  quantity of r e t a r d a n t  applied 
over  a given a r e a  w a s  intentionally kept  t o  a s m a l l  amount in o rde r  t o  
exaggera te  the  di f ferences  in the  ef fect iveness  of r e t a rdan t s .  Hence,  
the  exper imenta l  r e s u l t s  should not  b e  const rued a s  a posi t ive  method 
f o r  s c r een ing  other  p romi s ing  r e t a rdan t s .  They  a r e  probably  applied 
in g r e a t e r  quanti ty over  a given a r e a  in the  f ield than was  used  i n  the  
p r  esen t  exper iments ,  



The water solution type of intumescent formulation d i d  not 
appear to  be a s  effective a s  the d ry  powder type, presumably because 
of the choice of wood fibreboard a s  the substrate  mater ial .  Some 
of the solution tended to penetrate the wood fibreboard, with the resu l t  
that intumescence was not a s  pronounced a s  with the powder type. 
Substitution of sugar for  corn syrup in a formulation appeared advantageous 
because sugar i s  more  readi ly soluble. The addition of 0. 5 per  cent 

of sodium carboxymethylcellulose (CMC) seemed to  improve the 
retardant ,  while a s imilar  addition of another viscosity additive, 
Keltex F F ,  did not show such improvement. The addition of the 

wetting agent, Alkanol WXN, seemed to  hinder intumescence. 

In order  to  determine the ability of a water solution type 
of retardant  to intumesce on loosely packed mater ia l s  a simple experiment 
was devised. The  retardant  was applied on a bed of pine needles and 
f lame f rom a Bunsen burner  was directed on the retardant  -treated 
fuel. The  resu l t s  indicated that the water solution type does not intumesce 
sufficiently, presumably because the loss  of solute into the fuel bed 
i s  too great. Solution type re ta rdants  in which increasing amounts of a 
viscosity additive were  present  were  examined, but again the resu l t s  
were  not very encouraging. The use,  therefore,  of this type of 
retardant  for preparing f i re  l ines does not seem very  suitable on fuel 
beds such a s  pine needles,  although there  m a y  be other fores t  situations 
where i t  would be successful. 

A dry  powder type of intumescent formulation was m o r e  
effective when applied to  a bed of pine needles. Its main disadvantage 
i s  the probable high cost of mater ia l s ,  because a relatively l a rge  
quantity of powder i s  required. Again, it may  have potential u ses  under 
cer tain fores t  conditions of which the author i s  not aware.  

The formulation of u rea ,  diammonium ~ h o s ~ h a t e  and sugar 
\ produced a powder that seemed to  be hygroscopic. Laboratory 

examinations were  ca r r i ed  out after grinding the chemicals to  a par t ic le  
s i ze  range comparable to that of d r y  chemical extinguishing agents 
on the market .  The caking tendency could not be controlled by m e r e  
addition of small  quantities of a water repellant mater ia l  such a s  
zinc s tearate .  The  powder also caked when subjected to  p r e s s u r e  in a 
commercial  s tored p r e s s u r e  -type d ry  chemical f i r e  extinguisher 
s o  that a f te r  s torage the discharge charac ter i s t ics  were  ve ry  poor. 

Attempts were  made to  reduce the problem created by the 
caking tendency of the chemicals in the formulations. Other chemicals 
were  considered a s  alternatives for both sugar and urea.  None of the 
alternatives for sugar was considered satisfactory, although both 



dicyandiamide and glycine showed p romise  a s  substi tute ma te r i a l s  
fo r  the blowing agent, u rea .  Both seemed to  be l e s s  hygroscopic than 

urea .  

The  cost  of a re ta rdan t  or a suppressant  mus t  be  considered 
with re la t ion t o  i t s  effect iveness  be fo re  new agents can find support  
fo r  wide u se  in f o r e s t  f i r e  control. An attempt will be  made,  there fore ,  
to give some  idea of the cost  of the  ma te r i a l s  involved. 

The main  consti tuents of one of the powder formulations w e r e  
d i ~ ~ a n d i a m i d e ,  diammonium phosphate and icing sugar .  The  cos t s  

of chemicals  w e r e :  

Dic yandiamide 15 cents/lb 

Diammonium phosphate 15 cents/lb 

Icing sugar  12 - 1/2 cents/ lb 

F o r  a powder formulation containing dicyandiamide: 
diammonium phosphate:  icing sugar  in a weight proport ion of 1 : 3 : 6  
t he  cost  pe r  pound of mix ture  would be about 15 cents.  In the  f i r e  
re ta rdan t  t e s t s  c a r r i e d  out in the presen t  investigation, approximately 
100 gm of this formulation produced a reasonably effective intumescent 
re ta rdan t  for protect ing 2 s q  ft. Thus ,  the  cost  of chemica ls  would 
be approximately 1.6 cents p e r  s q  ft o r  $1.60 pe r  100 s q  ft. Actual 
cost  for u s e  in the fores t  would be considerably g rea t e r ,  because the 
above calculation was based on labora tory  exper iments  for which the  
powder was applied uniformly on a flat horizontal  surface.  Neither 
the cost  of producing the  powder mix ture  nor the possible  inclusion of 
anti-caking and free-flowing agents were  considered.  P r i c e s  of chemicals  
used in the  calculation m a y  riot have been the  lowest possible ,  but 
th i s  di f ference m a y  be s m a l l  in re la t ion to  production cost .  

In t h e  p re sen t  l abora tory  studies glycine appeared to  be  the 
mos t  promising of the blowing agents  examined. The  formulat ion in 
which glycine i s  one of the consti tuents was not used in the calculation,  
however ,  because  t h e  p r i c e  of technical  grade glycine was not available 
t o  the  author.  

Two brands  of ABC t w e  d r y  chemical  extinguishing agents,  
which have been on the  marke t  fo r  the past  few yea r s ,  w e r e  examined 
fo r  potential u s e  a s  re tardants .  Th i s  type of powder i s  a recognized 
useful  suppressant  fo r  extinguishing sma l l  Class  A f i r e s ,  defined a s  
f i r e s  involving ord inary  combustible ma te r i a l s  such a s  wood and paper .  
The  ABC type of d r y  chemical  which was examined did not s eem to  
depend on the p rope r ty  of in tumescence for i t s  effect iveness .  The  powder 



formulat ions  that  w e r e  developed appeared to  be super ior  a s  r e t a rdan t s  
to  the ABC type powders ,  according to the t e s t s  c a r r i e d  out in the  
presen t  investigation. It i s  believed that  efforts  t o  develop an intumescent 
type d r y  chemical  fo r  u s e  a s  a suppressan t  de se rves  s e r ious  consideration.  

CONCLUSIONS AND RECOMMENDAT IONS 

Labora tory  s tudies  t o  date indicate that  r e t a rdan t s  that  
in tumesce when subjected t o  f i r e  show p romise  of potential  u se  in  fo re s t  
f i r e  control. TWO types  of such formulations suggested for consideration 
a r e :  

(a)  A water  solution type, e. g . ,  a r e t a rdan t  consist ing of u r e a ,  
diammonium phosphate, sugar  and water .  A thickening agent such 
a s  sodium carboxymethylcellulose could be  added to  this  solution. 

(b)  A powder type, e .  g . ,  a r e t a rdan t  consist ing of glycine, diammonium 
phosphate and sugar .  Anti -caking and f r e e  -flowing agents  could be  
added t o  facil i tate both handling and application. 

The two types of formulat ions  suggested for consideration 
were  found to  be  m o r e  effective a s  r e t a rdan t s  under the  conditions of 
t e s t  descr ibed in  t h i s  r epo r t  than the  ABC type of d r y  chemical  at  
p resen t  on the  marke t .  The  powder type of formulation,  i f  developed 
a s  a suppressan t ,  might a l so  have potential  u se  for si tuations other 
than fo re s t  f i r e  control. 
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