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Automatizing the separat ion of gum or soap stock 
f rom vegetable oil is an innovation which, when 
combined with the basic control methods described, 
satisfies all the requirements  of precise and vigi lant  
operation of a continuous process. P lants  have oper- 
ated 24 hours  per day, seven days a week, for  periods 
of six months and longer without interrupt ion.  

In  conclusion, we emphasize the advantages of this 
automatic  control system. Increased product ion and 
quali ty control are a t t r ibuted  to elimination of the 
human element. Centralized control and graphic  
presentat ion s impl i fy  supervision of plant  operation. 
The flashing a larm system pinpoints  trouble locations 
immediately,  prevent ing oil loss otherwise unnoticed. 

Automation of this type  eliminates the necessity for 
operators skilled in the ar t  of vegetable oil refining. 
They need only to be given the analysis of the feed 
stock; then they can set the controls and press the 
buttons. 
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n-Deca-2A-Dienal, Its Origin from 
Significance in Fats 

Linoleate and Flavor 
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SERIES of methvl  ketones, characterized as their  
2 , 4 - d i n i t r o p l ~ e n y l h y d r a z o n e s ,  4 recently was 
identified in the deodorization distillate o.f fresh 

milk fa t  at this laboratory  (12). This series was 
composed of the straight-chain members  containing 
odd numbers  of carbons f rom C3 through C15. Whether  
other common fa ts  and oils might  yield the same 
group of ketones under  similar conditions was con- 
sidered wor thy  of investigation. I t  was found diffi- 
cult, if  not impossible, to make the conditions for 
handling other fats  the same as for  milk fat.  Distil- 
lates f rom cottonseed oil, soybean oil, beef tallow, 
and  lard  were evaluated. Since the p re l iminary  proc- 
essing of these fa ts  was beyond our control, the nega- 
tive findings obtained with respect to the series of 
ketones in their  distillates are of questionable value. 
However  the predominance of n-deca  2,4-dienal,  as 
detected through its DNP-  hydrazone, among the car- 
bonyl compounds in distillates f rom all four  fats  was 
impressive and served as the stimulus for  the investi- 
gations described below. Decadienal i s "  f an tas t i ca l ly"  
potent as a flavor compound. I ts  flavor threshold value 
in water  was determined to be 0.5 par ts  per  billion. 
As will be shown, its format ion through action of 
moisture and heat seems predictable f rom any  fa t  
which contains linoleate. 

Experimental 
Decadienal from Commercial Fats. Steam deodori- 

zation of fa ts  and eollectiou of distillates were per- 
formed for us through the kind services of R. J.  Sims 
and associates of Swift  and Company. The fats  em- 
ployed in the s tudy were cottonseed oil, soybean oil, 
beef tallow, and lard, all in good condition and con- 
sidered to be representat ive of the materials  processed 
by  industry.  They were steam-deodorized in amounts 
of 3 liters each at 225~ and 1 ram. H g  for 3 to 5 hr., 
using conventional laboratory  deodorizing equipment  

1 Authorized for publication as Paper  No. 2335 on J a nua ry  5, 1959, 
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Statio.n. 
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2,4-Dinitrophenyl is h e r e i n a f t e r  abbrev iated  DNP. 

(12). The beef tallow, a fresh steam-rendered prod- 
act, was deodorized at this laboratory.  The thawed 
distillates f rom the four  fats  all had very pronounced 
odor reminiscent of fa t  used many  times for  f rying.  
DNPhydrazones  of carbonyl compounds in the dis- 
tillates were p repared  as follows. Each distillate, 
amount ing to about 200-300 ml., was sa turated with 
NaC1 and then extracted four  times with 50-ml. 
volumes of ethyl ether. To the combined ether e~tracts 
was added a DNPhydraz ine  solution p repared  by dis- 
solving 200 rag. of the solid reagent  in 1 ml. of con- 
centrated Hose4,  2 ml. of IIeO, and 5 ml. of ~thanol 
(abs) .  Ex t rac t  and reagent  were mixed with a s t i r rer  
for  1 hr., 25 ml. of HfO were added, and the s t i rr ing 
was continued for an addit ional  15 min. The ether 
layer containing the hydrazones was evaporated 
under  reduced pressure (water  aspi ra tor ) ,  and the 
residue was extracted by  mechanical shaking for  I hr. 
with 50 ml. of n-hexane. Hexane solutions derived 
f rom distillates of the four  fats  were employed as the 
source of samples for  column and paper  chromato- 
graphic separat ion of the DNPhydrazones.  The col- 
umn separat ion used Celite as support ,  n i t romethane 
as immobile phase, and n-hexane as moving phase. 
This method was developed and brought  to our atten- 
tion by Bassette et at. (1) and is very  similar  to that  
of Monty (7).  Use of the method in this investigation 
was precisely as described in reference 12. To follow 
separation of hydrazone bands on the chromatog- 
r aphy  column and to aid identification, the paper  
chromatographic method of Huel in (5) was employed. 
Although there was evidence of numerous hydrazones, 
in both paper  and column separations, one red deriva- 
tive (Rr 0.71, by  the Huel in  method, retention volume 
on a 50-g. [Celite] column 800--+ 20 ml. of hexane) 
predominated in intensi ty f rom all four  fats. 5 

5 There were the following numbers  of definitely observable hydra- 
zone bands with mobilities greater  than that of the  ace tone  der ivat ive :  
cottonseed oil--6,  soybean oil--7,  beef tal low--8,  l a rd - -9 .  Since hex- 
ane extraction seems to recover only DNPhydrazones of monofunctionat 
carbonyt compounds with any degree of efficiency, the number  of bands 
observed is considered only a partial  accounting of t h e  earbony l s  in 
th~ distillate. At this point a decision was made to attempt identifica- 
tion of only the prominent red hydrazone and thus d e t e r m i n e  w h e t h e r  
or not the same compound derived from all four fats. 
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Approx imate ly  one-half (25 ml.) of each of the 
original hcxane solutions of the mixed hydrazones 
was separated,  5 ml. per  chromatographic  column, 
and the eluted bands corresponding to the red hydra-  
zone f rom each fa t  were combined and evaporated to 
dryness. The absorption maxima of the crude deriva- 
tives, sui tably diluted with chloroform, were deter- 
mined in the 350 to 400 m~ t e n o n  with a Beckman 
DU spectrophotometer.  The derivatives f rom the 
three fa ts  all showed absorption maxima at 390-+- 1 
m~. They also exhibited the same Rf value (0.71) on 
pape r  ehromatograms. These observations and con- 
siderations f rom the l i tera ture  (2, 16) suggested tha t  
the red hydrazones f rom the three fats  were identical 
and probably  that  of n-deca-2,4-dienal. Through the 
kind generosity of  E. L. Pippen,  Western Utilization 
Research and Development Laboratories,  U.S.D.A., 
authentic samples of both the indicated dienal and 
the most commonly encountered fo rm of its DNP-  
hydrazone were procured. Details of their  p repara-  
tion have been published (13). We were par t icu lar ly  
impressed with the potent  " d e e p - f r i e d "  odor of the 
dienal since it seemed to account substant ia l ly  for  
the odor of the fa t  distillates. 

The crude red hydrazones f rom the four  fats  were 
crystallized twice f rom hexane and then once f rom 
methanol. The resul t ing purified derivatives were 
submit ted to melt ing point  determinat ions (Kofler 
hot-stage),  both alone and mixed with the authentic 
DNPhydrazone  of decadienal. Per t inent  data  show- 
ing the coidenti ty of all these prepara t ions  are given 
in Table I. With  the exception of melt ing-point  data, 
these findings were confirmed for  distillates f rom a 
second set of f a t  samples (beef tallow not included).  

Decadienal from Linoleate. I t  has been postulated 
by  Swift  et al. (16) that  the origin of decadienal f rom 
cottonseed oil is ]inoleic acid. In  a general way the 
quantit ies of decadienal DNPhydrazone  f rom the four  
fats  in this study, as judged by color intensi~y of 
column bands, correlated with linoleic acid content of 
the fats, namely, cottonseed oil most intense, soybean 
oil somewhat less, and beef tallow and lard decidedly 
less intense. The point regarding  origin seemed 
wor thy  of confirmation. The successful line of ex- 
per imentat ion was as follows. Ten grams of methyl  
linoleate (Hormel  Foundat ion)  were placed in a 
50-ml. Claisen flask. The flask then was fitted with a 
thermometer  in the s t ra ight  neck with the mercury  
well in the linoleate. The bent neck was fitted with a 
separa tory  funnel  containing 50 ml. of distilled HfO, 
and the side-arm delivered to a cold-water condenser, 
which in tu rn  delivered to. a 500-ml. distil l ing flask. 
The linoteate was adjusted to 200~ with the aid of 
a heat ing mantle controlled by  a t ransformer .  Wate r  
was added f rom the funnel,  a drop at a time, in a 
manner  to mainta in  the t empera ture  of the linoleate 

T A B L E  I 

I d e n t i f i c a t i o n  D a t a  f o r  n - D e c a - 2 , 4 - D i e n a l  a s  I t s  2 , 4 - D i n i t r o p h e n y l -  
h y d r a z o n e ,  i n  t h e  S t e a m  D i s t i l l a t e s  of  S e v e r a l  F a t s  

P r o p e r t i e s  of  t he  hydrazOaem.; ( o 0 . )  

]~ax. 

R f a  (m/~ i n  C i n C h )  S i n g l e  _ M i x e d  

L ~ r d  ........................... [ 0 .71  [ 389  1 4 2 - 3  1 4 2 - 4  
B e e f  t a l l o w  ................. / 0 .71  I 391  1 4 3 . 5 - 5  1 4 3 . 5 - 5  
S o y b e a n . .  .................... / 0 .71  I 391  1 4 3 - 4 . 5  1 4 3 - 5  
C o t t o n s e e d  .................. 0 .71  I 390  1 4 2 - 3  1 4 2 - 5  
D e c a d i e n a l  ................. / 0 .71  I 391  1 4 3 . 5 - 5  ... 

a 3s  o f  H u e l i n  ( 5 ) .  

between 200 and 250~ In  all, 33 ml. of HfO were 
added dur ing a period of 2 hr. (air  present  through- 
out) .  

Considerable spat ter ing and ent ra inment  of linole- 
ate in the distillate occurred. The residue in the 
Claisen flask and  mater ial  in the condenser were 
washed into the receiving flask with 150 ml. of warm 
H~O. The receiving flask then was connected to a 
clean condenser, and 100 ml, were distilled f rom it 
into a 500-ml. glass-stoppered flask. This distillate 
had a s t rong odor o.f decadienal, in contrast  to the 
near ly  odorless, fresh linoteate. To the distil late were 
added 200 rag. os DNPhydraz ine  and 25 ml. of  con- 
centrated HC1. The mixture  was mechanically shaken 
2 hr. and held over-night. The next  morning the reac- 
tion mix ture  was shaken for  2 hr. with 50 ml. of 
n-hexane to recover the DNPhydrazones.  The hex- 
ane solution was evaporated to dryness. The residue 
was dissoived in 2 ml. of hexane, which solution was 
t r ans fe r red  to a chromatography  column as described 
above. Development  of the column revealed three 
bands. The first band in the order of elutiou was 
re la t ively fa int  and appeared  to be elongating by  the 
time it reached the bottom of the column. Rechroma- 
tographing  of this band on a small column (5 g. of 
Celite) confirmed the presence of two. components. 
These were designated I A  and IB  in that  order  of 
elution. Band 2 was the most intense and corre- 
sponded in color and retention volume to the deriva- 
tive of deeadienal. All three bands were collected and 
evaporated under  reduced pressure. The residues 
were suitably diluted with chloroform for  the meas- 
urement  of absorption maxima and optical densities. 

On the basis of the data so obtained, the band com- 
ponents  were paper-chromatographed in comparison 
with appropr ia te  authentic  DNPhydrazones.  Com- 
ponents of band I A  and IB  were not recovered in 
quanti t ies to yield crystalline products  for  identifi- 
cation. However  bands 2 and 3 could be so manipu-  
late& Band 2 produced red plates f rom methanol 
a f te r  crystallization f rom hexane and band 3 pro- 
duced orange-red needles f rom hexane. Data, includ- 
ing single and mixed melt ing points, on the established 
(bands 2 and 3) and postulated (bands I A  and !B)  
identities of the compounds involved in this experi- 
ment  are presented in Table I I .  All significant as- 
pects of the data  in this table were confirmed by the 
results of a second, essentially identical experiment.  
The compounds thus arising f rom linoleate were 
main ly  n-deea-2,4-dienM and n-hept-2-enal with much 
lesser amounts of presumably  n-dee-2-enal and n-non- 
2-enal. 

In i t ia l  experimentat ion in this area, which had 
proved fruit less with respect to the product ion of 
decadienal, involved shaking lino~eate-water mix- 
tures and holding a t  room tempera ture  for  several 
days to induce oxidation. The mixture  then was 
steam-distilled, and individual  carbonyl DNPhydra -  
zones were obtained as described above. When sev- 
eral such experiments  yielded no encouraging evi- 
dence of decadienal, the line of investigation was 
changed. However  it subsequently became evident 
that  some difference existed in the number  and  iden- 
t i ty  of carbonyl  componnds produced under  the two 
sets of conditions. I n  addition to the absence of 
deeadienal in the room-temperature- induced deterio- 
ration, the production, under  such conditions, of 
n-hexanal was conclusively established by the types 
of data  given in Tables I and I I .  This p roduc t  and 
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T A B L E  I I  

Iden t i f i ca t ion  D a t a  for  Carbonyl  Compounds,  as 2 ,4 -Din i t ropheny lhyd razones ,  in  the  S team Dis t i l l a t e  f rom 1YIethyt L ino[ea te  

B a n 4  Opt ica l  P o s t u l a t e d  Rf  b X Max.  ( r ag  in  (~ttCla) m.p. (~  

No. dens i ty  a i den t i ty  U n k n o w n  K n o w n  U n k n o w n  K n o w n  U n k n o w n  K n o w n  Mixed 

1A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n-dee-2-enal  0 .84  0 .84  378 3 7 7  . . . . . . . . . . . . . . . . . .  
1B  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .108  n-non-2-enal  0 .80  0 .80  378  377  . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.~ n -deca-2 ,4 -d iena l  0 .71  0 .71  391  391  145  143 .5=5  1 4 3 . 5 - 5  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .303  n-hept-2-enal  0 .64  0 .64  377  377  1 3 0 - 1  1 3 1 - 2  1 3 0 - 2  

a Va lues  d e t e r m i n e d  a t  w a v e l e n g t h  max ima  for  the bands .  
UMethod of H u e l i n  ( 5 ) .  

n-oct-2-enal, which have been reported (16) in fa t  
distillates, were not found among the carbonyls pro- 
duced by 200~ of linoleate. 

Flavor Properties of Decadienal. The interesting 
odor propert ies  of authentic deeadienal and the prob- 
abil i ty that  its generation is commonplace in the 
cooking of various foods suggested tha t  some effort 
should be made to measure the compound 's  flavor 
potency. I ts  flavor threshold in water  was. determined 
by the method of Pat ton  and Josephson (8). Con- 
centrations of decadienal ranging  f rom 0.1 p.p.m, to 
0.1 p.p.b, in distilled water  were p repared  by serial 
dilution f rom 1 ml. of a stock solution containing 
1 mg./ml,  of the compound in ethanol (abs.). Five  
taste observers evaluated each concentrat ion five 
times. Recognition at the various concentrations by 
the observers is shown in Table I I I .  A graphic plot 

T A B L E  I I I  

F l a v o r  Thresho ld  D a t a  for  n - n e c a - 2 , 4 - D i e n M  in  W a t e r  a 

100  Concen t r a t i on  (p .p .b . )  

25 5 1 0.1 0 

R e c o g n i t i o n  ( % ) ............. / 100 100  96 68 40  12 
Pos i t i ve  responses  ... . . . . . . . . .  l 25  25 24 17 10 3 

�9 i0~ive observers  e v a l u a t i n g  each  concen t r a t i on  five t imes.  

of the data indicated tha t  the flavor threshold was 
approximate ly  0.5 p.p.b, when the threshold is defined 
as that  concentration which elicits a positive response 
50% of the times it is presented. This finding was 
confirmed by fu r the r  observations on a second set of 
samples, which were made f rom a freshly p repared  
stock solution. The taste observers were requested to 
describe the qualitative flavor character  of decadienal 
above threshold. Common te rms  used were "deep-  
f r i ed , "  "restaurant-like," and "oi ly ."  

Decadie~lal in Certain Fat O~idation Tests. The 
earlier work at this laboratory (9, 10) established 
that  malonic dialdehyde gives the characteristic p ink 
colors (maxima at 543 and 532 m~, respectively) 
which oxidized lipides produce in the Kreis  6 and thio- 
barbi tur ic  acid (TBA)  tests. More recently 2-enals 
were evaluated in the TBA test (11), and it was 
observed that  freshly p repared  compounds do not 
give the p ink  color in the test but  tha t  on s tanding 
exposed to air or in the presence of cupric ions they 
do give a positive test. I t  was of interest  to s tudy 
decadienal in this connection. This compound ap- 
peared to behave in much the same manner  as the 
2-enals. I t  gave a muddy  yellow color in the TBA 
test when analyzed fresh (stored in the dark under  
ni t rogen) .  On exposure to air (48 hr.)  or when tested 
in the presence of 40 p.p.m, of copper (as CuS04),  it 

+ P u r e  e p i h y d r i n a l d e h y d e  (g iyc ida ldehyde)  has  r ecen t ly  been r e p o r t e d  
as n e g a t i v e  in  th i s  t es t  (C and  E News, A p r i l  20,  1959 ,  and  Payne ,  
G. B.,  J .  Am. Chem. Soc., in p r e s s ) .  

gave the typical  p ink color. Likewise it was  negative 
(yellow green) to the Kreis  test when fresh but  gave 
the characteristic pink color af ter  exposure to air  or 
when the test solution was t reated with I ml. of 3% 
H202. These color tests were conducted in the con- 
ventional manner  (for example 9, 10) on a solution 
of decadienal in ethanol, 1 mg. /ml .  

Control Experiments. In  addit ion to the control 
measures described above, an effort was made to eval- 
uate the solvents employed (ethanol, ethyl ether, and 
n-hexane) as a source of earbonyls. I t  was found, 
under  the experimental  conditions used, tha t  acetal- 
dehyde and acetone were the only problematical  con- 
taminants  that  could not be eliminated f rom the sol- 
vents for  a pract ical  period of time. Consequently no 
par t icular  significance was at tached to the DNPhydra -  
zones of these two compounds when eneotmtered in 
this investigation. 

I t  was desirable at t imes to regenerate  decadienal 
f rom its DNPhydrazone  as fu r the r  confirming evi- 
dence of ident i ty  by odor. A procedure, brought  to 
our at tention by Bassette et al. (1) which works very  
effectively, is to dissolve one or two small crystals of 
the derivat ive in 1 ml. of concentrated H2S04 and 
then add slowly, with shaking, 2 ml. of H+O. 

Discussion 

Decadienal has been demonstrated in the distillates 
f rom cottonseed oil (16), soybean oil (15), peanut  oil 
(6), and chicken fa t  (14). I t  has also been detected 
among numerous other mono- and dienals produced 
in the copper-induced flavor deterioration of skimmed 
milk (4), The present  s tudy  has confirmed derivation 
of the compound f rom cottonseed and soybean oils 
and has added beef tallow and lard  to the list of 
origins. Thus it is evident tha t  decadienal i s  derived 
f rom most, i f  not all, the common edible fats. Evi- 
dence f rom the l i terature,  as well as f rom this study, 
indicates that  high tempera tures  (200-250~ favor  
format ion of the compound. The postulat ion of Swift  
et al. (16) that  decadienal may  crone via decomposi- 
tion of linoleate is clearly confirmed herein. They 
have proposed tha t  the mechanism of format ion  in- 
volves shift  of the 9 double bond in linoleate to the 
10 position and  hydroperoxidic at tack of the 9 carbon 
followed by chain cleavage at the 8 position. The es- 
sence of this mechanism, which seems plausible, may  
be represented as follows: 

12 11 10 9 8 
- - C  = C - - C - - C  = C - - C - -  

1 $ + 
- - C  = C - - C  = C - - C - - - C - -  

0 
0 
H 
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In contrast to the finding of Swift  et al. of n-hexa- 
nal and n-oet-2-enal as additional products from 
cottonseed oil, we found n-hept-2-enal and much 
smaller amounts of C9 and Clo 2-enals as additional 
products f rom methyl linoleate. Autoxidation of the 
cottonseed oil pr ior  to deodorization may have some 
bearing on this difference. The probabili ty of differ~ 
enees in products between room- and elevated-tem- 
perature  decomposition of linoleate warrants  fu r the r  
investigation. 

The flavor potency of decadienal is quite remark- 
able. With a flavor threshold of approximately 0.5 
p.p.b, it ranks with very  powerful  sulfur compounds 
(8). Forss (3) independently has confirmed that  
several other n-alkyl-2,4-dienals have flavor strengths 
of the same order observed in this work for  deea- 
dienal. The intense flavor properties of the compound 
coupled with its potential of formation from the 
major edible fats, or more generally f rom any fat  
containing linoleate, suggest that  it is a very  common- 
place component in food odors and flavors. More 
part icularly,  it is postulated that  decadienal con- 
tributes to the flavor and aroma of foods in which 
the fa t  comes in contact with moisture at relatively 
high temperatures.  The classic example is deep-fat 
frying,  but  broiling', frying,  and baking also fit the 
definition under  certain conditions. The baking of 
pie-crust probably is a good example. 

Summary 
n-Deea-2,4-dienal was identified as a major  com- 

ponent of the earbonyl compounds in deodorization 
distillates f rom cottonseed oil, soybean oil, beef tal- 
low, and lard. This compo~und also was demonstrated 
as a principal earbonyl component in the heat decom- 
position of methyl  linoleate in the presence of reels- 

ture. n-Hept-2-enal and ClO and C9 2-enals also were 
detected in the lat ter  system. The flavor threshold of 
decadienal in water was found to be approximately 
0.5 par ts  per billion. Flavor  and odor qualities of the 
dienal perhaps are described best by the term "deep-  
f r i ed . "  The compound's significance in fr ied and 
baked foods and its performance in the Kreis and 
2-thiobarbituric acid tests for  fa t  oxidation are 
discussed. 
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Epoxy Resins from Fats. I. Epoxidized Glycerides 
Cured with Phthalic Anhydride' 
LEONARD L. GELB, 2 WALDO C. AULT, WILLIAM E. PALM, LEE P. WITNAUER, and 
WILLIAM S. PORT, Eastern Regional Research Laboratory, 3 Philadelphia, Pennsylvania 

LARGE potential market exists for f a t ty  acid de- 
rivatives in the rapidly expanding epoxy resin 
industry.  Predictions have been made that  by 

1960, 82 million pounds of epoxy resins will be pro- 
duced annually (5). Thermosetting resins of this type 
are very hard and have good impact resistance, excel- 
lent chemical resistance, and excellent electrical prop- 
erties. They are finding widespread use as casting 
and pott ing resins, for  adhesives and laminates, and 
for use in protective coatings of all kinds. 

Chemically epoxy resins are cross-linked polymers 
obtained by curing glycidyl ethers of polyfunctional  
phenols with a polyfunctional  chemical, such as di- 
ethylenetriamine or phthalic anhydride.  The most 
common glycidyl ethers used commercially are ob- 
tained from the reaction of bisphenol A and epiehlo- 
rohydrin.  The intermediate condensation product  may 

1Presented at  the  fall meeting, America~ Oil Chemists' Society, 
Chieag'o, Ill., October 20-22, 1958. 
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be the simple s t ructure  A (Figure  1) or, more usually, 
it contains fu r the r  condensation products B where n 
is a low integer. Curing results from the reaction of 
the epoxide group with the curing agent. When an- 
hydrides are used as curing agents, the hydroxyl  
groups also may react. The nature  of the reactive 
groups present in B suggests that  epoxy resin inter- 
mediates may be modified by reaction with fa t ty  acid 
derivatives. 

To a degree such fa t ty  derivatives have already 
been investigated, and some are in commercial use. 
For  example: a) epoxidized soybean oil has been used 
to modify epoxy resins, to impar t  flexibility, and to 
prolong the working pot life (3, 4 ) ;  b) polyamides 
(9, 10), which are condensation polymers of dimer- 
ized (or tr imerized) unsaturated fa t ty  aeids and poly- 
amines, have found similar uses; c) f a t ty  diamines, 
such as Duomeen S, 4 have been used as flexibilizers in 
epoxy systems to impart  physical characteristics simi- 
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