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Minor Component Fatty Acids of Common Vegetable Oils
D. F. KUEMMEL, T h e Procter & Gamble Company, Miami Valley
Laboratories, Cincinnati, Ohio

Abstract
A combination o f gas-liquid chromatography

(GLC) and oxidative cleavage on fractions iso-
la ted by mercury derivative chromatography has
shown the presence o f previously unreported
minor component fa t ty acids in olive, soybean,
cottonseed, corn, peanut, rapeseed a n d safflower
oil. All of the oils examined contain small amt
of saturated acids above arachidic, some as high
as hexacosanoic ac id . Cis-ll-octadecenoic acid
was f o u n d in amt ranging from 0.5-2.0%. Cis-
ll-eicosenoic acid is present in the 0.04-1.4%
range (rapeseed oii excluded). The tetracosenoic
acid present in rapeseed (0.4%) a n d safflower oil
(0.1%) has been identified as the cis-15-tetra-
cosenoie acid. No u n u s u a l polyenoie species were
detected with the exception o f those in rapeseed
oil, which contains 0.6% of both 11,14-eieosadie-
noic a n d 13,16-docosadienoic acid.

Introduction

T HE SUGGESTION THAT the unsaturated acids of con>
men vegetable oils contain isomers o r homologs

of oleic and linoleic acid has appeared sporadically
in the literature (1,4,6,14,19). These reports have
a t t r ac ted little attention, most probably because of
the limited amt of supporting data presented.

A few well-documented reports of unusual fa t ty
acids in common oils have appeared. The eicosenoic
acid ( 1 - 2 % ) present in p e a n u t oil has been identified
as cis-ll-eicosenoic acid (7,8). The presence of 15%
cis-ll-octadecenoie acid and 10% cis-9-hexadecenoic
acid in milkweed seed oil has been shown (3). Al-
though not a common oil, milkweed seed oil is a good
example of an oil whose major unsaturated compo-
nen t s h a d been thought to be oleic a n d linoleic ac id .
Also per t inen t to the present work are the recen t
reports by GLC o f tetracosenoic acid (1%) and eicosa-
dienoie acid (0.5%) in rapeseed oil (13,15) and
eieosenoic acid ( t race) in safflower oil (9).

The abil i ty of present-day separation and analysis

techniques, when used in a co-ordinated analytical
scheme, to detect small amt of geometrical and posi-
t iona l isomers prompted a new look a t common edible
oils whose fa t ty acid composition has been accepted
fo r many years. Olive, soybean, cottonseed, corn,
peanut, rapeseed and safflower oil were analyzed. The
oils were randomly selected as representative of high
qual i ty edible products b u t their exact origin is un-
known.

Experimental
General Analysis Scheme. The methyl esters of

the oils (all refined a n d bleached except olive oil) were
prepared by transesterifieation (10). Mercury der iva-
tives of the methyl esters were prepared and sub-
sequently separated into saturated, monoenoie and
polyenoic fractions by eolmnn chromatography as
previously described (11). The resu l t ing fractions
were analyzed by IR spectroscopy (2), GLC and
oxidative cleavage. In many cases the monoenoic
methyl esters were subjected to fur the r column chro-
matography on s i lver nitrate-silica gel adsorbent, us-
ing a var ia t ion of de Vries ' technique (5), to obtain
enr ichment of a minor component.

GLC Analysis o f Fractions. Three types of columns
were used to analyze the fractions isolated by column
chromatography. Column A was a 24 x 1~ in. stain-
less steel column packed with 20% Dow-Corning 200
silicone fluid (12500 eentistokes) on 60-80 mesh acid-
washed Chromosorb ~V a n d was operated a t temp of
230 o r 280C with a hel ium flow rate of 95-100 m l / m i n
a t STP. Colnmn B was a 72 x ~ 6 in . aluminum col-
umn packed with 15% organosilicone-ethyleneglycol
succinate on 100-200 mesh Gas-Chrom P (Appl ied
Science Laboratories, Inc. E G S S - X ) a n d was operated
a t a temp of 180-190C with a hel ium flow rate of
35-40 m l / m i n a t STP. Column C was a 120 x 1~ in .
stainless steel column packed with 15% stabilized
diethyleneglycol succinate (Analabs, inc . C6) on 60-
70 mesh Anakrom ABS and was operated a t 170C with
a hel ium flow rate o f 34-36 m l / m i n a t STP. All ehro-
matograms were obtained on an F&M Scientific Corp .

T A B L E I
A n a l y s i s o f Oi l s b y M e r c u r y D e r i v a t i v e C h r o m a t o g r a p h y

0 i l O l i v e Soybean Co t tonseed Corn P e a n u t P~apeseed Safflower

W e i g h t %
Saturated ac id s 1 4 . 1 1 5 . 9 2 6 . 2 1 3 . 8 1 9 . 4 6.8 1 0 . 3
M o n o e n o i c ac id s 7 8 . 2 2 8 . 3 1 8 . 2 2 7 . 4 5 2 . 4 7 0 . 5 1 5 . 0
P o l y e n o i c a c i d s. . . . . . . . 7 . 7 5 5 . 8 5 5 . 6 5 8 . 8 2 8 . 2 2 2 . 7 7 4 . 7
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C h a i n L e n g t h D i s t r i b u t i o n of S a t u r a t e d A c i d s b y O L C of S a t u r a t e d F r a c t i o n

W e i g h t %
Cm
C14
C15
C ~
(]17
C18 ,
(]19
C2o
Cm
Cfu
C ~
C2~.
C26

O i l O l i v e

< 0 . 1

7 5 . 9

2 0 . 1
< 0 . 1

2 . 7
< 0 . 1

0 . 7
0 . 1
0 . 4

S o y b e a n

0 . 6
< 0 . 1
7 0 . 3

2 5 . 3

1 . 9

1.9

C o t t o n s e e d

0 . 1
2 . 9

8 6 . 9

8 . 2

0.9
< 0 . 1

0 . 5
< 0 . 1

0 . 3
O 2

C o r n

< 0 . 1
0.3

< O . 1
7 9 . 5

0 . 4
1 4 . 6

< 0 . 5
2 . 8
0 . 2
0 . 9

1.2

P e a n u t

0 . 3
0 . 3

< O . 1
5 4 . 8

1 3 . 9

6 . 5

1 5 . 2

7 . 6
1 . 4

R a p e s e e d

0.3
0 . 9

5 3 . 5
0 . 7

2 0 . 1
0 . 2

1 2 . 4

1 0 . 6

1 . 3

Safflower

< 0 . 1
1.2
O.1

6 3 . 4

2 8 . 3

3 . 5

2.1

1 . 4

Model 500 ins t rument using a thermal conductivity
detector.

Columns A and B were used to analyze fractions
containing high mol wt species, such as all the frac-
t i ons from rapeseed and safflower oil and the saturated
f rac t ions from the remaining oils. Column B was
preferred since it gave adequate resolution of the satu-
ra ted and unsaturated methyl esters without requir ing
excessively long retention times. Column C was used
as a n al ternat ive to Column B to analyze many of
the unsaturated fractions where high mol wt (>C2o)
species were not present.

Known mixtures of saturated and unsaturated
methyl esters run u n d e r similar conditions, as well as
plots of logar i thm of retention time vs. chain length,
were used to identify the various components. Area
response was multipled by a fac to r (square root of
the mol wt ) and normalized to obtain wt percentages.
The standard deviation of repl icate analyses a t an
average va lue of 0.10% is 0.05% and a t a n average
va lue of 5.0% is 0.25%.

Oxidative Cleavage. A modified periodate-perman-
ganate oxidat ion method was used to cleave the un-
saturated fractions. Details of the oxidation a n d the
subsequent programmed temp GLC of the products
have been repor ted elsewhere (12). Both mono- and
dica1"boxylic acid cleavage fragments (C4 and u p ) are
recovered and determined quantitatively (as their
methyl esters) by this method.

Results and Discussion
Table I gives the levels o f saturated, monocnoic and

polyenoie acids in the or iginal oils as determined by
mercury derivative chromatography. The pur i ty of
the isolated methyl ester fractions as to the degree
of unsaturation was 98-99% for the saturated frac-
tions, 95-99% for the monoene fractions (see Table
III) and 97-99% for the polyene fractions, as deter-
mined by GLC on polyester columns.

The chain-length distribution of the saturated acids
is g iven in Table II. Palmitic and stearic acids were
the m a j o r components, as expected. The fa t ty acids
above arachidic are noteworthy. The odd-numbered
species a n d some of the tetracosanoic and hexacosanoie

acid components have not been repor ted previously.
(Data presented b y Iverson and Firestone a t the
October 1963 AOAC Meeting, Washington, indicated
t h a t odd-numbered saturated acids are present in
olive oil.) Peanu t oil has recently been shown (8)
to contain hexacosanoic acid (0.4%) and t race amt
(0.002-0.03%) of odd-numbered saturated acids from
13-27 carbon atoms. These la t te r acids were not de-
tected in the present sample. The tetracosanoic acid
content of rapeseed oil f o u n d here is low compared
to previous reports. The presence of behenic acid in
safflower oil confirms a n earl ier report (4) based on
boiling po in t and saponification va lue of a distillation
cut.

Table III summarizes GLC data obtained on the
monoene fractions. In most instances the minor high
mol wt components listed in Table III were concn 4-20
times by column chromatography on s i lver n i t ra te -
silica gel. The f i r s t material eluted from this adsorbent
was r icher in methyl eicosenoate and h ighe r monoenoic
esters than the sample placed on the column. GLC
of this f i r s t eluate confirmed the presence of the minor
components seen in the gas chromatograms of the
or iginal monoenoic esters.

The fragments produced upon oxidative cleavage
of the monoene fractions are listed in Table IV. A
typ ica l methyl oleate cleavage pat tern is included fo r
comparison. These GLC results were obtained by a
single programmed temp run on a di lute methanol
solution of the oxidation products (af ter esterifica-
t ion) . A gas chromatogram typ ica l o f the cleavage
patterns given by the monoene fractions has been
published (12).

The isomer distribution of monoenoic acids given
in Table V was obtained by a combination of the
data o f Tables III and IV. All the monoene fractions
gave significant amt of heptanoic a n d undecanedioic
acid upon oxidative cleavage. In calculating the level
of ll-octadecenoic ac id , corrections fo r 9-hexadecenoic
and ll-eicosenoic acid were necessary since they give
common fragments. All the species repor ted in Table
V are cis isomers, since no trans bonds were detected
by the quantitative IR method.

The composition of rapeseed oil monoenoic acids is

T A B L E I I I

G L C o f M o n o e n e F r a c t i o n s f r o m M e r c u r y D e r i v a t i v e C h r o m a t o g r a p h y

O i l S o y b e a n C o t t o n s e e d C o r n P e a n u t R a p e s e e d Safflower

W e i g h t %
C16 M e e s t e r . .
C16x= M e e s t e r
Cx7x= M e e s t e r
C l s M e e s t e r
C1sx= M e e s t e r
Cxs 2= M e e s t e r ..,
C~o1= M e e s t e r
C,~z I- ~ e e s t e r
C:~ 1= M e e s t e r . . . .
U n i d e n t i f i e d

O l i v e

.. 0 . 2
1 . 1

., 0 . 2

9 8 . 2

0 . 3 a

0 . 6
0 . 4
0 . 2
0 . 3

9 6 . 4
1 . 1
0 . 8 a

0 . 2

0 . 8
2 . 0
0 . 3

9 4 . 9
1.3
0.2

0 . 5

0 . 4
0 . 4
0.1

9 6 . 7
1 . 4
1.0

0 . 2
0 . 2
0 . 1

9 6 . 4
0 . 5
2 . 6 a

0 . 1
0 . 3

2 2 . 1

1 4 . 0
6 2 . 7

0 . 6
0 . 2

0 . 4
0 . 4

9 2 . 2
4 . 3
1 . 8 a
0.2 a
0 . 7 a

a I d e n t i t y c o n f i r m e d b y c o l u m n c h r o m a t o g r a p h y of m o n o e n o i c e s t e r s o n s i l v e r n i t r a t e - s i l i c a gel w i t h s u b s e q u e n t G L C of f i r s t m a t e r i a l e l u t e d .
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T A B L E I V

G L C o f F r a g m e n t s f r o m O x i d a t i v e C l e a v a g e o f M o n o e n e F r a c t i o n s

O i l O l i v e S o y b e a n C o t t o n s e e d C o r n P e a n u t R a p e s e e d Safflower M e o l e a t e

W e i g h t %
CB m e M e e s t e r a
C7 m c M e e s t e r
C s m c M e e s t e r
C9 m c M e e s t e r
Cs d c M e e s t e r
Co d e Me e s t e r b . . . . . . .
C1, d c M e e s t e r ~
C ~ d c M e e s t e r
Cla d e M e e s t e r
Cls d c M e e s t e r
U n i d e n t i f i e d

0 . 1
1 . 5
0 , 4

4 7 . 3
0 . 2

4 8 . 6
1 . 6

0 . 3

0 . 3
1 . 7
0 . 3

4 3 . 5
0 . 5

4 9 . 8
3 . 1

0 . 8

0 . 8
3 . 1
0 , 5

4 3 , 7
0 , 7

4 7 , 9
2 . 7

0 . 6

1.0
1 . 0
0.3

4 4 . 7
0 . 2

4 9 . 9
1 . 4

1 . 5

0 . 6
0 . 3
0 . 3

4 1 . 4
0 . 5

5 0 . 6
1 . 9

4 . 4

0 . 1
1 . 8
0 . 4

3 9 . 7
0 . 1

1 2 . 0
8 . 3
0 1

3 4 . 2
1 . 1
2 . 2

1 . 2
2.1
0.3

42.1
0 . 3

4 8 . 5
3 . 4

0 . 1
0.3
1 . 7

0 . 2
0.2

4 6 . 7
0 . 2

5 1 . 8
O.1

0 . B

a m c ~ ~¢Ionocarboxylic a c i d , d c ~ dicarboxylic a c i d .
b M e t h y l p a l m i t a t e c o - e l u t e s w i t h t h i s s p e c i e s u n d e r t h e c o n d i t i o n s u s e d f o r the a n a l y s e s .
e M e t h y l s t e a r a t e c o - e l u t e s w i t h t h i s s p e c i e s u n d e r the c o n d i t i o n s u s e d f o r t h e a n a l y s e s .

not as well substantiated as that of the o t h e r oils.
The tetraeosenoic acid was assumed to be the 15-
isomer and the remainder o f the pentadecanedioic acid
fragment produced by oxidative cleavage was calcu-
la ted as 15-docosenoic ac id . There a p p e a r to be two
o t h e r isomers contributing a heptanoic acid cleavage
fragment , 11-octadecenoic and 13-eicosenoic ac id . The
composition given in Table V is consistent with the
GI~C and oxidative cleavage da t a on the fraction, but
fu r the r confirmation of the minor components would
be desirable.

The monoene compositions of Table V confirm sev-
eral previous literature reports and introduce some
new components o f vegetable oils. The widespread oc-
currence o f eicosenoic acid as well as the presence of
h ighe r monoenoic acids in safflower oil do not a p p e a r
to be common knowledge. This is one o f the f i r s t re -
ports of 11-octadecenoic acid in common edible oils.
[Data presented by Bha t ty and Craig a t the October
1963 AOCS Meeting, Minneapolis (Paper No. 25),
indicated t h a t ll-octadeeenoic acid is present in olive
oil.] The present study supports the recent data of
Tultoch and Craig (20) who f o u n d that undecanedioic
acid was produced in minor amt upon oxidative cleav-
age of various (unfraetionated) oils. In fac t , the data
suggest t h a t the m a j o r monoenoic acids in vegetable
oils always have a n isomer associated with them hav-
ing the double bond two carbons fur the r away from
the earboxyl group. Additional evidence in support
o f this suggestion is available. A commercial sample
of azelaic acid, which is usual ly made by ozonolysis of
oleic acid, was f o u n d to contain ca. 4% undecanedioie
acid. Samples of highly purif ied methyl 9-hexadece-
noate and methyl ll-eicosenoate contain 0.5-1.0% 11-
hexadecenoate and 13-eicosenoate, respectively. It
should also be mentioned that several lots of oleic and
elaidic acid and their esters, some der ived from olive
oil, have not shown the ll-octadecenoic acid isomer.
It is not known in these cases whether the purifications
removed the isomer or whether the or iginal oils were
free of the isomer.

With the exception of rapeseed oil only linoleic and

linolenie acid were f o u n d in the polyenoic fractions.
Soybean and rapeseed oil contained large amt of l ino-
lenic acid as expected. All the o t h e r oils gave indica-
tions of small amt of linolenic acid. However, since
conjugated dienes are frequent ly co-eluted with
methyl linolenate in GLC on polyester columns, the
presence o f linolenic acid cannot be proven by GLC
alone.

The polyene fract ion from rapeseed oil contained
2.8% of both a n eicosadienoie a n d a doeosadienoic
acid. These were identified as the ll,14-isomer and
the 13,16-isomer, respectively, from the cleavage frag-
ments obtained from oxidat ion of the polyenoic frac-
tion. The eicosadienoic acid is not mentioned in com-
mon texts b u t has recent ly been detected by GLC
(13,15).

All the polyenoie fractions showed IR absorption in
the isolated t r a n s bond region equivalent to 1-2%
methyl elaidate. Part o f this appa ren t t r a n s acids con-
tent is believed due to a difference in background ab-
sorption given by c/s dienes in comparison to the cis
monoene (methyl oleate) used fo r calibration. Since
highly purif ied methyl linoleate frequent ly gives this
same appa ren t trams content, there is no reason to
interpre t the data as indicat ing the presence of t r a n s
dienes in common vegetable oils.

The cottonseed oil analyzed in the present work
gave a positive Halphen test, indicative of cyclopro-
penoid fa t ty acids. The level of these acids (malvalic
a n d stereulic) in freshly extracted, unrefined cotton-
seed oil has been repor ted to be in the 1-2% range
(17). The acids are heat sensitNe (16,18) and are
decomposed by boil ing acetic acid (18). Considering
the refluxing methano l used to prepare methyl esters,
the acetic acid l iberated dur ing formation of the
mercury derivatives a n d the acidic methanol used
to decompose the mercury derivatives a f te r chroma-
tography, it is qu i te likely t h a t malvalic a n d sterculic
acids would be degraded in the present separation
scheme. M e t h y l malvalate a n d sterculate were not
detected in the gas chromatograms of the unsaturated
fractions, nor were any o f the diketo-acids produced

T A B L E V

I s o m e r D i s t r i b u t i o n o f M o n o e n o i c A c i d s

O i l O l i v e S o y b e a n C o t t o n s e e d C o r n P e a n u t R a p e s e e d Safflower

W e i g h t % a
C ~ A~b .......
C17 5 9 b . . . . . . . . . . . . . . . .
C~s A9 . . . . . . . . . .
C l s ~11 . . . . . . . . . . . . . .
C ~ A ~ d . . . . . . . . . . . . . . . . . . . . .

Cso A~a . . .
C ~ ATM . . . . . .
022 h ~ . . . . . . . . . . . . . . .
C~4 ATM . . . . . . . . . . . . . . .

1 . 1
0 . 2

9 5 . 9
2 . 5
0.3

0 . 4
0 . 2

9 4 . 3
4 . 3
0 , 8

2 . 0
0,3

9 2 . 8
4 . 7
0 . 2

0 . 4
0 . 1

9 6 . 9
1 . 6
1 . 0

0 . 2
0 . 1

9 6 . 2
0 . 9
2 . 6

0 . B

2 0 . 7
1 . 5 e

1 3 . 0
1 . 0 ~

6 1 . 5
1 . 4 e
0 . 6

0 . 4

9 2 . 6
4 . 3
1.8

0 . 2

0 . 7
a B y c o m b i n a t i o n of G L C a n d o x i d a t i v e c l e a v a g e o n m o n o e n e f r a c t i o n s .
b A s s u m e d to b e A% I n m o s t c a s e s the i s o m e r w a s p r e s e n t a t t o o l o w a l e v e l f o r a d e q u a t e c o n f i r m a t i o n b y o x i d a t i v e c l e a v a g e .
e T h e p r e s e n c e o f t h e s e i s o m e r s a t t h e i n d i c a t e d l e v e l s i s c o n s i s t e n t w i t h t h e G L C a n d c l e a v a g e d a t a . S e e d i s c u s s i o n .
d A s s u m e d to b e A n i n the c a s e o f c o t t o n s e e d oil.



670 T H E J O U R N A L O F T H E A M E R I C A N O I L C H E M I S T S ' S O C I E T Y VOL. 41

by periodate-permanganate oxidation of the cyclopro-
pene ring (18) seen in the cleavage products. It is
concluded t h a t little o r no malvalic and sterculic acid
are present in the unsaturated fractions isolated from
cottonseed oil by mercury derivative chromatography.
Fur thermore , because of the 10 p p m lower limit of
the Halphen test (16), there is some doubt in this au-
thor ' s mind whe the r refined cottonseed oil, even before
methyl ester preparation, etc., contains more than a
few tenths p e r cent of these acids.

The monoenoic acids f o u n d in abundance in nature
can be considered rela ted to oleic acid in that two-
carbon uni ts have been consecutively a d d e d to the
earboxyl end o f the molecule. Rapeseed oil is a good
example of this series, since it contains major amt of
9-octadecenoic (oleie), ll-eieosenoic and 13-docosenoic
(erucic) acid a n d a small amt of 15-tetracosenoic
acid. Cis-9-hexadeeenoic (palmitoleic) ac id , f o u n d in
most vegetable a n d animal f a t s , is a n obvious excep-
tion to this rule . The present finding of addi t iona l
monoenoic acid isomers in vegetable oils indicates a
new series, which can be considered rela ted to palmit-
oleic by the same two-carbon addition rule (i.e., 9-
hexadecenoic, ll-octadeeenoic, 13-eicosenoie and 15-
docosenoic acid). The fa t ty acid composition of milk-
weed seed oil lends supports to the existence of this

new series, since in this oil a high palmitoleie acid
content was accompanied b y a high ll-octadecenoie
acid level. O the r materials rich in palmitoleie acid
(such as animal fats and marine oils) would be ex-
pected to contain significant amt of the related h ighe r
mol wt isomers.
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Water-Resistant, Oil-Based, Intumescing Fire-Retardant
Coatings. I. Developmental FormulationsI
G. B. V E R B U R G , E. T. R A Y N E R , D. A. Y E A D O N , L L HOPPER, JR.,2 L. A. GOLDBLATT,
F. G. D O L L E A R and H. P. D U P U Y , Southern Regional Research Laboratory~, N e w Orleans, Louisiana, and
EMIL Y O R K , U.S. Army Engineer Research and Development Laboratories, Fort Belvoir, Virginia

Abstract
Water - re s i s t an t , in tumesc ing fire-retardant

pa in ts have been formulated from different types
o f chemically modified oil-based vehicles, carbonific
polyurethanes, spumific melamine phosphates,
spumific organohalophosphorus compounds, ad-
ditives, pigments, driers and solvent. The syn-
thesis of their th ree major components--the ve-
hicle itself, the spumific melamine phosphates and
the carbonific polyurethanes--is described. As
a resul t of evaluation in the standard fire-test
cabinet and in the Underwri ters ' Laboratories'
25-ft t u n n e l fu rnace , the formulat ion whose ve-
hicle has a h ighe r content o f tung oil and whose
carbonific components are less thermoplastic ap-
p e a r t o be most promising. Itowever, these re-
search results have again manifested the import-
ance of the contribution of each component in
achieving effective fire retardance.

Introduction

S I N C E T t t E R E H A S B E E N A significant increase in fire
losses, the development a n d p r o p e r application of

good fire-retardant coatings have been strongly recom-
mended by coating technologists, fire marshals and

1 Presented i n par t a t t h e 6 t h A n n u a l S y m p o s i u m o n New C o a t i n g s
a n d New C o a t i n g s R a w Mate r i a l s , F a r g o , N.D, 1 9 6 4 ; a n d presented
a t t h e AOCS ~ ¢ I e e t i n g i n C h i c a g o , 1 9 6 4 .

~ F e l l o w o f t h e Pan A m e r i c a n T u n g R e s e a r c h a n d D e v e l o p m e n t
L e a g u e .

a S o . Ut i l . R e s . & Dev . D i v . , ARS, U S D A .

indus t r ia l and government officials to reduce loss of
life a n d proper ty (1,3,4,13,21,22,26,30,31). In fac t ,
the Nat iona l Fire Protective Assoc. reported t h a t
11,800 lives and $1,590,000,000 wor th of p roper ty were
lost through fires in the U.S. in 1962 (5).

However, there have been misconceptions about the
purposes of fire-retardant coatings. Although they do
not prevent fires, they do tenlporari ly suppress the
spreading of flames. By permit t ing fire fighters to
arrive at the scene before the building is engulfed by
flames, this temporary de lay could help save many
lives and buildings. Since there are millions of non-
fire-retardant buildings throughout the country (1,
13,22,26,31), effective fire-retardant coatings would
have unlimited military and indus t r ia l potential.

In addition to being fire-retardant, these coatings
should have the serviceable, protective and esthetic
properties of conventional coatings: can stability,
spreadability, d ry ing and bonding characteristics,
color and t in t retention, serviceability, and wate r and
weather resistance (4,13,15,17,24,25,31). However,
none of the fire-retardant coatings presently available
possess all of these desired characteristics (2,19,24).

Fire-retardant coatings vary in performance; but,
generally speaking, there are two types: intumescing
and nonintumescing. The former are more common
and a p p e a r to be more effective, since their foamy ex-
pansion insulates the substrate from the effects o f
heat and flames and reduces their spread (1,3,4,19,


