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I N recent years a number of methods for the isomer- 
ization of vegetable oils have been developed (4, 13, 
14, 21), and some studies have been conducted to 

determine the performance characteristics of isomer- 
i z e d  oils (6, 18). However, comparative evaluations 

of the properties of the polymerized oils or their poly- 
mers prepared from conjugated and non-conjugated 
oils have never been made. 

This investigation was under taken to compare some 
of the propert ies  of the polymers  of heat-bodied con- 
jugated and non-conjugated linseed and soybean oils. 
Such an evaluation of oils, polymerized to the same 
viscosity, should be of value for utilization purposes 
and might provide evidence for or against the gen- 
erally accepted Seheiber Theory of polymerization (1, 
2, 15). This theory postulates that the polymerization 
of non-conjugated fat acid esters proceeds first by 
rearrangement to c o n j u g a t e d  isomers followed by 
polymerization of the conjugated esters. 

Due to the complexity of tile products  formed by 
polymerization of triglyeeri/les it has not been possi- 
|lie to demonstrate  conehlsively lhe lucchanism Ilf the 
polynler'ization reae.tion by isobflil)n of a pr(l(hlct 
whose s t ructure  (;all be deterniined by /'hemical meth- 
oils. Although Pet i t  (12) isolated a small amount  of 
product  containing a six-carbon alom ring f rom a 
I)olynlerizcd linseed oil, it in possible tha t  the com- 
ponnll was only one of ~l great  many  present.  One 
tq'iterion which might  be used in the per formanee  of 
the materials  ill question ; for example, the resistance 
of oil films to water  and dilute alkali might  be com- 
pare/1. If tile Scheiber Theory in correct, fihns of the 
polynlers f rom conjugated and non-conjugatl,d oils 
heat-llodied to tile sam/, viscosity should have silnilar 
properties.  If they do not, douht as to the et/rreet- 
ness (if Seheiber 's  Theory in indicated. 

It has been pointed out that  the advantages  of 
isomerized oils for polymerization are increased rates 
of bodying, h)w decomposition losses, and the forma- 
tion of products  with excellent color and low acid 
mnnber  (6).  The us(, of polymerization catalysts 
such as diphenyl disulfide (11), polynuclear  quinones 
(171, aromatic  hy(lrot~arbons (16), etc., offers the I)OS- 

~Pres'. 'nt add res s :  The (Hidden ('e., (~hi(.ago, Ill. 

T A B L E  1, 

Constants  of Alkal i-Refined Linseed  and Soybean Oils 
P r i o r  to Hea t -Bodying .  

K ind  of Iod ine  
oil va lue  

Alkali-refined 
l inseed a ............ 178.0 

Conjuga ted  
l inseed . . . . . . . . . . . . . . . . . . . . . . .  

Alkali-refined 
soybean ............. 131.9 

Conjug'nted 
8oyl)(,itll . . . . . . . . . . . . . . . . . . . . .  

a S t a r t i n g  mater ia l s  used 
and the p repa ra t ion  of the 
nolyme: ' izat ien catalyst.  

Refrac- 
t ive  

Acid 
va lue  

.23 

.54 

.12 

.38 

u  C onju-  
t ty ~ i o r  gat ion,  

25~ pe r  cent 

5 32.5 b 

3 

C 2-3 26.8 e 

index 
a t  

25~ 

1.4780 

1.4871 

1.4724 

1.4780 

for  the n 'eparat ion of the isomerized oils, 
heat  bodied oils with d iphenyl  disulfide az 

55.0 per  cent t r iene  ( ( n j u g a t  on, 27.5 per  cent  d iene conjuga t ion .  
e2.4 per  cent t r iene conjugat ion,  24.4 per  cent  diene conjugat ion .  

sibility of obtaining the same advantages if the per- 
formanee characteristics of the polymers are similar. 

Exper imenta l  

Alkali-refined ]iltsced and soybean oils were used 
an s tar t ing materials.  The isomerized oils were pre- 
pared  by means of a nickel-carbon catalyst  (131. The 
analytical  constants of the wn'iOllS oils pr ior  to heat- 
bodying are listed in Table I. 

Twelve hundrel l-grmn samples of the oils were heat- 
bodied at 306 ~ • 2 ~ C. ill a 2-liter, three-necked flask 
fitted with a mechanical s t irrer ,  thermometer ,  iron- 
constantin thermoeonple and inlet and outlet tubes 
for  carbon dioxide. The flask was heated at  a uni- 
fo rm rate by  means of a (|as-Col nmlltle; a f te r  reach- 
ing 306 ~ C. the tenlpera tnre  was controlled within • 
2 ~ C. by  a Wheeleo capacitrol illstrunlent. The oils 
were heated unti l  they had reached a viscosity of 
approximate ly  Z at 25 ~ C. (Garthlcr  Scale). As a 
p o l y m e r i z a t i o n  catalyst  0.5% diphenyl  disulfide 
(Eas tman  C. P. gra(lc) was e]l(/sen as a representa-  
tive example of one class of material .  The constants 
of the polymer|zeal oils are given ill Table I I .  The 
slight viscosity differences of the various oils which 
arise f rom the extreme difliclflty iil heat-bodying oil 
to a prescr ibed viscosity are not consi/lercd significant. 

The polymers of each bodied oil were separated 
f rom the non-polymeric fract ion according to the 
procedure of Kolthoff (9). Approx imate ly  1200 ml. 

TABI,Iq I [ .  

Cons tan l s  ef Alkali- l lefim.d TAnsee(1 and Sey ,at Oils After  I l e a l - B o d y i n g  at  304-308~ 

Oils 

Alkali-refined l inseed .................................................................. 
Alkali-refined l inseed Jr- 0 .5% diphenyl  disulf ide ..................... 
Conjuga ted  l inseed ..................................................................... 

Alkali-refined soybean ................................................................ 

Alkali-refined soybean ~ 0 .5% diphenyl  disulfide ................... 
ConjuGated soybean ................................................................... 

Tim~, 
~,z s '  sity healed at 
at  25~ ' 304~:~08~ (!. 

(hours )  

Z~ 5.5 
Z ~ 4 5  
Z~, 1.0 

Z |  15.0 

I ()dine 
�9 ,q~bl e 

111.9 
9(i.0 
93. I 

83.5 

79.8 
79.2 

I~ef"activ 
index at 

25~  

1.4871 
1.4887 
1.4888 

1.4817 

1.4820 
1.4810 

A(,id 
\ a h l e  

12.8 
8.7 
5.0 

',10.4 

13.8  
11.1 

Color 

4 
6 
4 

6 

5 
4 

Con juga t ion  
per  cent a 

1.5 
2.1 
7.6 

2.1 

:1.6 
4.2 

Percen tage  
polymer 

66.5 
69.4 
68.5 

64.5 

75.7 
76.6 

aAfter polymeriza t ion  of the oils, the con juga t ion  r e m a i n i n g  was prac t ica l ly  all diene. These, va lues  far  per  cent con juga t ion  mus t  be accepted 
wi th  reserva t ion  because general  absorp t ion  of ('yclic s t ruc tu res  known to be present  in bodied oils grea t ly  increases the exper imenta l  e r ror  in deter- 
m i n i n g  smalI amoun t s  of conjugat ion .  
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T A B L E  I I I .  

Cons tan t s  of the  P o l y m e r s  F r o m  I t ea t -Bod ied  L inseed  and  Soybean  OiIs. 

P o l y m e r  

Alkal i - ref ined l inseed ............ 

Alkal i - ref ined l inseed ~ 0 . 5 %  diphenyl  disulfid:v ................... 

C o n j u g a t e d  l inseed 

Alkal i - ref ined soybean ................................... 

Alkal i - ref ined soybean  -}- 0 . 5 %  diphcnyl  disulfide .................. 

C o n j u g a t e d  soybean  ................................................................... 

Viscos i ty  

Z5 

Z~ 

z: 
z~ 

Z4 

z~ 

I o d i n e  
Valuo 

99.6 

97.2 

98.0 

78.3 

77.7 

75.9 

Re f r a  ct ive 
index  

at  25~ 

1.4892 

1.4910 

1.4891 

1.4850 

1 .4839 

1.4840 

Acid 
va lue  

5.7 

6.9 

2.4 

15.5 

7.0 

5.6 

Color 

4 5  

Set-to- 
Con juga t ion ,  tou ch t i m e  

pe r  cent  a ( h o u r s )  

1.5 la~  

4.6 > 8  

6.9 11~ 

3.8 7 

3.8 ~ 8  

5.3 31s 

a D i e n e  con juga l ion .  These  va lues  for  pe r  cen t  con juga t ion  m u s t  be accepted  wi th  r e se rva t i on  because  gene ra l  ahsorp t ion  of cyclic s t r u c t u r c s  
k n o w n  to he p r e scn t  in 1)edicd oils g rea t ly  inc reases  the expe r imen ta l  e r ro r  in  d e t e r m i n i n g  smal l  a m o u n t s  of con juga t ion ,  

of acetone was addc(1 to 200 grams of polymerized 
oil in a two-liter flask and the mixture heated with 
st irr ing on a steam bath until  complete miscibility 
had been effcctl,ll. The solution was t ransferred to 
a scparatory funnel and allowed to cool to room 
temperature. Two distinct layers were formed. The 
lower layer was drawn off into a tared flask and the 
acetone removed by heating on a steam bath under 
rcduced pressure with a stream of earl)on dioxide 
bubbl ing thrtnlgh the oil for three honrs. After  the 
flask was cooled, it was reweighed and tlle percentage 
of polymer dctcrnfined. The characteristics of the 
polymeric fractions arc shown in Table l I 1. 

h i  this work c/)njugation was determined with a 
B e c k m a n  q u a r t z  spec~trophotometer using I)urified 
Skellsolve F as the solvent. An EWo of 1150 at 2320 I cm. 

A was taken as 100% diene conjugation and an E ~% 1 i ' m .  

of 1850 at 2705 A as 100% triene (S). 
Acid numl)crs were determined by ti tration using 

0.1 N alcoholic~ potassium hydroxide solution. Vis- 
cosities were measured at 25 ~ C. by comparison with 
Gardner bubble viscometers. Colors were obtained by 
matching Gardner color standards. Iodine values 
were determined by the rapid Wijs method (7). 

The polymeric materials were prepared for evalu- 
ation by reducing to a J viscosity with mineral spirits 
and naphthenatc  driers were added. In  all eases 0.3% 
lead and 0.03% manganese was added (per cent metal 
based on non-volatile material).  

The following testing procedures were used: 
Drying Time. Tile drying rates of the polymeric 

materials were determined by the finger method. 
Films (0.003" wet thickness) were cast on glass pan- 

els by  means of a doctor blade and the time for the 
fihn to set-to-touch noted. The results are given in 
Tab le  I I I .  

Cold Water Resistance. Films of the polymers were 
flow-coated on standard tin panels and the coated 
panels were allowed to drain and dry  ill a vertical 
position. For  testing, tile end of the panel which was 
uppermost  dur ing the drying was immersed in dis- 
tilled water. Triplicatc sets of panels were nsed and 
each panel was cxamined visually every 24 hours 
for whitening and cloud formation. The results are 
shown in Table IV. 

Hot Water Resistance. Three sets of panels were 
prepared as for the cold water tests. They were im- 
mersed in boiling distilled water for 15 millUtcs and 
then removed and examined (see Table 1V). 

Alkali Resistance. Test tubes were dipped in the 
samples of polymeric material, then removed, in- 
verted and allowed to drain dry. The tubes were 
suspended in a 0.1 N sodium hydroxide solution and 
examined periodically. The results of these tests arc 
summarized in Table V. 

All the films prepared for the resistance tests were 
allowed to air-dry for three weeks in constant tem- 
perature, constant humidity room at 75 • 3 ~ F. and 
60 • 5% relative humidity. 

Discussion 

This s tudy confirms the results, obtained by Brad- 
ley and Richardson (3) and Mitchell and Kraybil l  
(10), that  small amounts of conjugation are formed 
during heat-bodying of non-conjugated linseed oil. 
Furthermore,  we have found this to be true for soy- 

T A B L E  I V .  

Res i s t ance  of P o l y m e r  F i lms  to W a t e r .  

A. Cold W a t e r .  

48 H o u r s  [ 96 H o u r s  24 H o u r s  

P o l y m e r  

Alkal i - ref ined l inseed ........... 
Alkal i - ref ined l inseed -}- 0 . 5 %  d ipheny l  disulf ide ............... 
Co n j u ga t ed  l inseed ...................................... 
Alkal i -ref ined soybean  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alkal i - ref ined soybean  ~ 0 . 5 %  diphenyl  disulf ide.  ............. 
C o n j u g a t e d  soybean  ........................................................... 

Condi t ion  

L i g h t  cloud 
H e a v y  wh i t e  
L i g h t  cloud 
Modera te  w h i t e  
H e a v y  wh i t e  
M o d e r a t e  cloud 

Recovery ,  Recovery ,  ] 
rain.  Condi t ion  rain.  Condi t ion 

12 L i g h t  cloud 18 V e r y  s l ight  whi te  
25 V e r y  h e a v y  wh i t e  35 V e r y  h e a v y  whi te  
]2  L i g h t  cloud :16 V e r y  s l ight  whi t e  
20 H e a v y  whi te  22 H e a v y  whi te  
25 V e r y  h e a v y  wh i t e  38 V e r y  h e a v y  whi te  
14 Sl ight  wh i t e  15 Modera te  wh i t e  

Recovery ,  
min .  

35 
47 
30 
40 
48 
29 

B. Bo i l ing  W a t e r - - 1 5 - m i n u t e  exposure  

P o l y m e r  Condi t ion  

Alkal i - ref ined l inseed ........................................................................................ M o d e r a t e  whi te  
AlkMi-ref ined l inseed -{- 0 . 5 %  d ipheny l  disulf ide ............................................. V e r y  h e a v y  wh i t e  
Con juga t ed  l inseed ........................................................................................... ] S l igh t  whi t e  
Alkal i - ref ined soybean  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ H e a v y  whi te  
Alkal i - ref ined soybean  -t- 0 . 5 %  d ipheny l  disulfide.  .......................................... I H e a v y  whi te  
C o n j u g a t e d  soybean  ........................................................................................ t M o d e r a t e  whi te  

Recovery ,  
m i n .  

6 
27 

4 
20 
18 
20 
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TABLE u  

Resistance of Polymer Films to Dilute Alkali. 

Polymer 5 minutes 10 minutes 15 minutes 25 minutes 30 minutes 40 minutes 11~ hours 

Alkali-refined 
linseed 

Alkali-refined 
linseed -~ 
0.5% diphenyl 
disulfide 

Conjugated 
linseed 

Alkali-refined 
soybean 

Alkali-refined 
soybean -~ 
0.5% diphenyl 
disulfide 

Conjugated 
soybean 

Beginning to 
wr ink le - -  
yellowed 

P u c k e r e d - -  
yellowed 

Beginning to 
w r i n k l e ~  
slight yellow 

Beginning to 
wrinkle, 

Beginning to 
wr ink le - -  
slight :r 

OK 

80% wrinkled 

Film dissolving 

60% wrinkled 

100% wrinkled 

Softening 

Very-slight 
white 

100% wrinkled 
and loosened 

Completely 
dissolved 

100% wrinkled 

Loosened 

Beginning to 
wrinkle 

White 

100% off 

100% off 

100% off 

100% wrinkled 

White-softening 

10o% off 

Beginning to 
wrinkle 

100% off 

bean oil. These results lend evidence for Schreiber's  
Theory of polymerization.  

However,  the results shown in Tables IV and V 
indicate that polynlers from heat-bodied, conjugated 
linseed and soybean oils are superior  to polymers  
f rom the non-conjugated oils, bodied without  a cata- 
lyst  or with diphenyl  disulfide as a polymerizat ion 
catalyst,  in resistance to water or dilute alkali. This 
fact  is important  because it cannot be readily ac- 
counted for o]1 the basis of S c h e i b e r ' s  theory of 
polynlerization. Therefore,  doubt  as to the correct- 
ness of this theory is indicated. 

I t  should be noted that  the acid number  of the 
polymer  f rom the heat-bodied soybean oil is consid- 
e r a b l y  higher than  those of the other two polymers  
in tile same series. This is a factor  to be considered 
because the p()ln' resistance of materials  with high 
acid number  of alkaline solutions is well known. 
IIowever,  the aci(l nnmber  of the soybean polymer  
obtailled f rom the bodied oil using the diphenyl  disul- 
fide catalyst  is about  the same as the acid number  of 
the polymer f rom bodied conjugated soybeau oil, yet  
the lat ter  is fa r  superior  in performance.  

As fa r  as we have been able to deternline, nil ex- 
planat ion for the activity of polymerizat ion catalysts 
in general has ever been given, l lowever,  Terri l l  (1.9) 
and (!annegieter (5) proposed that  certain of these 
materials  act to isomerize catalyt ical ly some of the 
polyunsa tura ted  fa t  acid radicals to conjugated con- 
figurations pr ior  to polymerizat ion and do not have 
a catalytic effect on the actual  polymerization mech- 
anism. This viewpoint was exper imental ly  substan- 
t iated for the catalytic act ivi ty of sulfur  dioxide by  
the work of Wa te rman  and co-workers (20, 22, 2'3). 
These investigators found tha t  sulfur  dioxide can be 
nsed as a polymerization catalyst  for linseed and soy- 
bean oils under  certain conditions and as a conjuga- 
tion catalyst  under  other conditions. 

I t  is interesting to note tha t  Wa te rman  and Van 
Vlodrop state tha t  linseed oil polymerized with sulfur  
dioxide is of be t ter  qual i ty than  the oil polymerized 
without the catalyst  (20) .  

On the other hand, according to our ew~luation 
tests the polymers  produced using 0.5% diphenyl  
disulfide as a polymerizat ion catalyst  were inferior  
in perfornIanee to the polymers  obtained f rom heat- 
bodied conjugated oils. This appa ren t ly  indicates 
that the polyunsaturated fat  acid radicals were not 

isomerized to conjugated configurations prior to their 
polymerizat ion when using this catalyst.  

Therefore,  it appears  tha t  in the heat-bodying of 
vegetable oils, polymerizat ion takes place through 
more than one mechanism, depending on the kind of 
material ,  conjugated or non-conjugated,  and on the 
type of catalyst,  if one is present.  

S u m m a r y  
Fi lms f rom polymers  of heat-bodied, catalyt ical ly  

conjugated linseett and soybean oils have been shown 
to be snperior, ill their  resistarLce to water  and dilute 
alkali solution, to fihns f rom polymers  of non-conju- 
gated oils that  were heat-bodied alone and with 0.5% 
diphellyl disnlfide as a polymerizat ion catalyst.  These 
results are not acconntet/ for on the basis of the 
Scheiber theory of polynlerization. 
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