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t ra t ion to 50%. Ex t rac t  both neutra l  oil and nnsa- 
ponifiable with petroleum ether as in the method for  
the delermination of unsaponifiabh~s (see Unified In- 
ternat ional  Methods).  

S U P P L E M E N T  IIl~ 

Determinat ion of Neutral  Fa t ty  Material 
Mixed with  Fa t ty  Acids ~ 

The solution of the f a t ty  nmterial in ethyl ether is 
passed through a column of a luminum oxide. All 
the neutra l  f a t ty  mater ia l  and tim unsal)onifiables 
pass through the (.olumm The f a t ty  acids are ad- 
sorbed. The neutra l  fats  and the unsaponifiables are 
recovered. 

Apparatus: A glass tube, approximate ly  1.8 era. 
in diameter  and 30 to 40 era. long, is drawn at one 
end to a diameter  of 0.6 era. The, tube is mounted 
vertically on a support ,  with the drawn out end at 
tile bottom. Place a small plug of defat ted cotton in 
the neck of the drawn out end to serve as a suppor t  
of the cohunn of almnina.  Fill the column within 
10 cm. of the top of the tube. This upper  portion of 
the tube serves as a reservoir  which is filled by  means 
of a funnel.  The cotton plug can be replaced by  a 
f r i t ted  glass disk. The liquid passing through the 
cohmm is received in a flask. 

Aluminum Oxide: Aluminum oxide suitable for  
adsorption chromatographic  analysis is used. I t  can 
be obtained f rom Savory and Moore Ltd. or f rom the 
British Drug IIouse Lt'il. in England.  The oxide is 
previously ('olored blue with bromothymol  blne in 
order to locate the position of the region of adsorp- 
tion of the fa t ty  acids on 1he column. In  this region 
the blue turns yellow. The prepara t ion  is obtained 
by  impregnat ing  a lmninum oxide with a 3c4, alcoholic 
solution of bromothymol blue. The excess liquid is 

removed by  drainage. The powder is then spread out 
on a hot plate. The dry ing  is ternlinated at  about  
100~ 5fix a sufficient quant i ty  of this s trongly 
eo]ore(t oxide with colorless oxide to obtain a fa int  
but  distinct blue tint. 

Method: Almninum oxide so p repa red  is suspended 
in ethyl ether and poured into the tube with care, 
p re fe rab ly  with the aid of a funnel.  The oxide dis- 
t r ibutes  itself un i formly  and is packed gently. The 
cohmm should be about  20 cm. high. I t  is necessary 
that  it be covered with soh, ent at all times so that  
the upper  surface is not exposc'd to the air. Approxi-  
mately  one g ram of file f a t t y  mater ial  is accurately 
weighed and dissoh'ed in 50 to 80 ml. of ether. When 
the ether which initially covers the a lumina has been 
drained to about  3 cm. above, the free surface of the 
column, the sohltion of f a t t y  mater ial  is added and 
])asses through the alumina.  When the level of the 
solution is not more than 3 era. above the free surface 
of the cohlmn, add in portions, p re fe rab ly  numerous,  
150 c.c. of ether to wash the colmnn. About  5 era. at 
the lower end of the eolumn of a lumina must  not 
have changed color at the end of the washings. 

The ether solution is concentrated by  distilling the 
major  port ion of the solvent and then dry ing  and 
weighing to obtain the weight of neutra l  oil and un- 
saponifiable mat te r  contained in the analytical  sam- 
ple. The a luminum oxide can be react ivated in a 
sat isfaetory manner  a f te r  use bv  evaporat ing the 
solvent with which it is impregna}ed and heat ing at  
500~ for  three hours. Af t e r  several reactivations 
par t  of the a lumina is powdered too fine for  good 
percolation through a cohnnn. ] t  can be separated 
f rom this pa r t  by  screening on a 325-mesh sieve. The 
almnina retained on the sieve can then be re-used. 
Chloroform can be used as a solvent instead of ethyl 
ether. 

Styrenated Drying Oils 
H. M. SCHROEDER and R. L. TERRILL, Spencer Kellogg and Sons inc., Buffalo, N. Y. 

~ I  ] R L N L ,  first isolated over 100 years ago, has 
now become a readily available in(iustrial chemi- 
cal. The synthetic rubbe r  p rogram made neces- 

sary by  World W a r  I I  involved styrene product ion 
on the order of 400 million pounds per year.  While 
large, quanti t ies will be consumed in the synthetic 
rubber  and plastics industries, it is evident tha t  sty- 
rene will be available for  other purposes.  One inter- 
esting application of the compound has been in the 
product ion of s tyrenated dry ing  oils. 

There are many  references in the l i tera ture  to reac- 
tions of drying oils with unsa tura ted  hydrocarbons,  
inelnding styrene and other vinyl compounds. Some 
of these referem,es are very old, and most of the pro- 
posed methods yiehled heterogenous products.  Abont  
1930 the possible reactions of s tyrene with dry ing  oils 
began to a t t rac t  considerable attention. Polystyrene 
was a l ready well known but  had been demonstrated 
to have serious deficiencies as a coating material ,  
pr incipal ly  poor adhesion, brittleness, and incompati-  
bili ty with other ingredients.  

One of the first methods proposed for reacting sty- 
rent  with a dry ing  oil comprised polymerization of 
an aqueous emulsion of s tyrene and tung oil with 
hydrogen peroxide as a cata lys t  ( 1 ) ,  the products  
were similar to factiee. Tile next development was 
the disclosure of methods for  polymerizing styrene 
with f i lm-forming materials  ( including dry ing  oils) 
in the presence of iner t  solvents (2). This principle 
of reaction in solvents was extended in several Brit- 
ish patents  (3) to include eopolymerization of sty- 
rene with par t ia l ly  polymerized oils, f rost ing drying 
oils ( tung and oiticica), and dehydra ted  castor oil. 
The funct ion of solvents was p resumably  to estab- 
lish reaction control in order  to obtain useful clear 
copolymers. 

When copolymerizing in the presence of solvents, 
the residual styrene odor was found  to be very  pro- 
nounced, and fu r the r  processing of copolymers was 
not possible without  removing the bulk of the solvent. 
The possibili ty of react ing styrene with dry ing  oils 
by  the mass or bulk  polymerizat ion method was in- 
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T A B L E  I 

S t y r e n a t e d  Oil F o r m u l a t i o n s  

I % 
No. [ S ty rene  x 

I 

S-I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 45 
S-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 45  
S-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  45  
S - t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 45  
S-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

I 

s-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 45 
S-7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  
S-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 45  

Oil  

Alka l i  Ref ined  IAnseed 
Alka l i  Ref ined Soybean  
9 0 %  Alk. Ref .  L inseed ,  1 0 %  Tung '  
8 0 %  Alk. Ref .  Soybean,  2 ~ %  T u n g  
D e h y d r a t e d  Cas to r  ( G - t t  Visc . )  
Commerc ia l  Oxidized L inseed  (Z3  u  
Commerc ia l  Oxidized Soybean (Z3  Vise . )  
Oxidized D e h y d r a t e d  Cas tor  (Z2  Vise . )  

Catalyst  Added 
(based  on wt .  

s ty rene )  

3 %  Benzoyl  Pe rox ide  
3 %  Benzoyl  Pe rox ide  
3 %  Benzoyl  Pe rox ide  
3 %  Benzoyl  Pe rox ide  
3 %  Benzoyl  Pe rox ide  
None 
None 
None 

P r o c e d u r e  - l l o l l r s  at.: 

160- 250-  
160~176  250~  300~'C. 300~  

6 5 6 3 1 
6 5 6 3 1 
6 5 6 3 1 
6 5 6 3 i 
6 5 6 1.5 .... 
. . . . . . . . . . . . . . . .  24  hour s  1 2 5 ~  
. . . . . . . . . . . . . . . .  24  h o u r s 1 2 5 ~  
.. . . . . . . . . . . . . . .  24  hours  125~  

Tota l  
l [o t t r s  

21 
21 
21 
21 
18.5 
24  
24 
24 

x Seven p a r t s  s tyren~ and  three parts  a lpha-methyl  s tyrene .  
Styrene. added  over  this  per iod.  
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p- 
ca= $v 

g~ 
> 

T IV IE -  HOURS FIT IZS~ 

FIe,. 1. Per  cent  volat i le  vs. t ime.  

vestigated since it would offer certain advantages.  A 
method has been deseril)ed for preparing a linolcunl 
cement by mass copolymerizat ion of styrene with oxi- 
dized drying oils (4) ; in contrast to coating materials 
the copolylner was characterized as toluene insoluble. 

One of the main difficulties in mass copolymeri- 
zation of styrene with drying oils is to avoid the 
formation of h e t e r o g e n o u s  products. The use of 
alpha-methylstyrcne in combination with styrene has 
been disclosed to render a successful method for 
obtaining styrcnated drying oils (5) .  In the pub- 
l ication cited several f o r m u l a t i o n s  are given for 
styrenating both raw and oxidized drying oils of 
various types;  the procedures and variables involved 
are discussed at length and need not  be set forth 
here. IIowever,  several of the products have been 
prepared in accordance wittl the suggested methods 
and will be used herein as a basis for indicating the 
general characteristics of styrenated drying oils. In 
Table I the various procedures employed are sum- 

nlarized while Tables II and l l I  give the analytical 
and evaluation data on the products obtained. 

The reaction appears to be rapid in the early stages 
as judged by the disappearance of styrene monomer;  
it proceeds rather slowly after the first 2 or 3 hours. 
Data for runs S-6, S-7, and S-8, in which the styrene 
was added before applying heat, are shown graphi- 
cally in Figure 1. 

Colors of styrene-drying oil copolymers are gener- 
ally very light. The eopolymers and films therefrom 
appear even l ighter than the Gardner color ratings 
would indicate. The products are all highly viscous 
oils or semi-solid resinous materials. Viscosity reduc- 
tion curves are shown in Figure 2 for the soybean 
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and dehydrated (:astor oil eopolymers (S-2 arid S-5) 
and the oxidized linseed copolylncr (S-6). Although 
originally much more viscous, the ordinary soybean 

T A B L E  I I  

P r o d u c t  Data 

No. Oil 

S-1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  I L inseed  
S-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Soybean 
S-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 0 %  Linseed ,  1 0 %  T u n g  
S-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 0 %  Soybean,  2 0 %  T u n g  
s5 ............................ ! DC.O. 
S-6 .. . . . . . . . . . . . . . . . . . . . . . . . . . .  Oxidized L inseed  
S-7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oxidized Soybean 
S-8.....~ . . . . . . . . . . . . . . . . . . . . . .  i Oxidized D. C. 0 .  

Minutes  at 25~  in G a r d n e r - H o l d t  tube,  

% 
Vola t i l e  

3.0 
4 .0  
3 .3  
4 .3 
4.6 
6.7 
3.5 
4.0 

Viscos i ty  

44  rain,  1 
Semi-solid 
48  rain.  1 
Z 9 - -  
100  rain.  1 
108  rain. 1 
Semi-solid 
Semi-solid 

Color 
( G a r d n e r )  

8; 
Opaque  

s - r  
9 - -  
8+ 

1 5 - -  
11 ( s l igh t ly  hazy)  
11 ( s l igh t ly  hazy)  

F i lm  

Clear  
Opaque  
Clear  
Clear  
Clear  
Clear  
Clear  
Clear  

Iod ine  Saponif i-  
Number  cation 

N u m b e r  

65.0  1,1(,I.7 
59.3 102 .0  
68.2  ] 01 .0  
60 .8  103 .0  
67.2  100 .2  
84.8  111 .5  
60 .5  105 .5  
71.0  1 r 

Specific 
Acid Gravity 

N u m b e r  1 5 . 5 /  
15.5~ 

8.7 1 .o22 
8.5 1 .009 
8.4 1 .017  
7.8 1.0()7 
9.3 1 .009  
5.1 1 .029  
4.8 1.02 
3.9 1.02 



T H E  JOURNAL OF T I l E  AMERICAN O I L  C H E M I S T S '  SOCIETY, APRIL ,  1 9 4 9  

TABLE I I I  

:Product Evaluation 

155 

No. 

8 -1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S - 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S -3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 - 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S -~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S - 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 - 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 -8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oil 

Linseed 
Soybean 
90% Linseed, 10% Tung 
80o/~ Soybean, 20% Tung 
D. O. O. 
Oxidized Linseed 
Oxidized Soybean 
Oxidized D. C. 0. 

Set to-  
, o u c h  

i 
2�89 

�89 

�89 

Drying Times (Hrs.) 

Zapon 
Dry Tack-Free 

( 2 0 0  g i n s . )  

2 0  1 0 4  
> 1 week > lweek  

2 0  9 6  
1 0 4  > i w e e k  

8 1 0 2  
5 8 
2 � 8 9  2 ~  
1% 2 

Pencil 
}lardne~s 
(1 week) 

4 B  
< 6 B  

4 B 
6 B  
4 B  
4 B  
6 B 
3B 

Water 
Resistance 
(24 hrs.) 

I I a z y  
O p a q u e  
S1. h a z y  
O p a q u e  
H a z y  
S1. h a z y  
h a z y  
U n a f f e c t e d  

Alkali 
Resistance 
1% NaOU 
(llrs.  fail) 

< 1  
1�89 

< i  
< I  

1 
3 
2 

> 5  

S o l v e n t  
Resistance 

( M i n e r a l  
Spirits) 

5 r a i n .  
1 r a i n .  

4 0  r a i n .  
5 r a i n .  
4 days 

> 1 w e e k  
4 days 

> 1 w e e k  

oil copolymcr breaks rapidly in viscosity when re- 
duced with aromatic mineral spirits. The dehydrated 
castor oil copolymer is intermediate while the oxidized 
oil c o p o l y m e r  breaks least in viscosity with added 
spirits. 

An examination of Table I I I  will show that the 
properties of styrenated oils vary over a wide range, 
in this case with the type of oil employed. The prod- 
ucts are comparable to those of oleoresinous varnishes 
and alkyd resins where the copolymerization is car- 
ried out with oils known to contain relatively large 
amounts of conjugated systems. Very fast set and 
hard-dry times can be obtained, also excellent water 
and alkali resistance. No difficulty is experienced in 
preparing h o m o g e n o u s  products yielding brilliant 
clear films, except with ordinary soybean oil; inclu- 
sion of small amounts of tung oil obviates this diffi- 
culty. Solvent resistance for the products tabulated 

- CH~-I-CFI 0 - - ~  CHi- CH~c-CH~--'CH ~ (~] J• ~v~ 

Fro. 3. Poss ib le  copolymer  of s ty rene  wi th  
non-con juga ted  oil. 

herein ranges from poor to good, again correlating 
with conjugated system content. Styrenated oils have 
in general vcry limited c o m p a t i b i l i t y  with bodied 
oils, etc.; this might be expected from the nature of 
the copolymers, as discussed later. While the data 
presented here can be taken as an indication of the 
characteristics of styrenated oils the whole range of 
properties is by no means encompassed; commercially 
styrenated oils of improved characteristics are now 
available. 

Theoretical 
Present theories as to the reactions involved in the 

copolymerization of styrene with drying oils have 
been neces~rily developed mostly by empirical meth- 
ods. The study of copolymerization, chain transfer 
and propagation, etc., is exceedingly difficult where 
one of the phases is a mixed natural ester such as a 
drying oil. 

Three fundamental mechanisms have been proposed 
for the copolymerization of styrene and drying oils. 
depending on the nature of the drying oil phase of 
the system. It is thought that the mechanisms are 
basically similar for two or three component systems, 
but it must be recognized that important differences 
can arise where conditions are different, i.e., presence 
or absence of solvents and catalysts, temperature, etc. 
With this qualification, the following remarks may be 
takeu as representing the present state of knowledge 
concerning the chemistry of styrenatcd oils. 

Hewitt and Armitage (6) proposed a chain-trans- 
fer mechanism in tile reaction with non-conjugated 
oils, leading to copolymers of the type illustrated in 
Figure 3. In this case the relatively labile hydrogen 
atoms on the ()-8 and C-12 of the fat ty  acid radical 
are considered effective for chain transfer. The proc- 
ess is comparable to but proceeds more readily than 
chain transfer with an inert solvent. It  was further 
suggested that heterogeneity in a two-component sys- 
tem might arise from the possible wide range of 
molecular weights of such products. 

For  conjugated drying oils the same. authors sug- 
gested that copolymerization involves propagation of 
st2rene chains across conjugated linkages as in the 
well known styrene-butadiene reaction; in this in- 
stance the conjugated fatty acid radical is considered 
a substituted butadiene (Figure 4). Initiation and 
t e r m i n a t i o n  of chains could, of course, occur by 
means of solvent and c a t a l y s t  f r a g m e n t s  where 
present. When initiation or termination as well as 
propagation occurred by means of conjugated fat ty 
acid radicals, the effect would be to cross-link these 
radicals as shown in Figure 5. Gelation of styrene- 

+ 
CH2=CH 

0 
FIe. 4. P r o p a g a t i o n  

R R 

5H .101  Ot H 

I -- "~ CH 
CH 
II I .c  carc.-l  CH 
'  l@J a' 

, -  - j  

of s ty rene  chain  across a c o n j u g a t e d  diene. 

tung oil systems occurs readily at temperatures far  
below those necessary for reaction between fatty acid 
radicals; cross-linkage to result in three-dimensional 
polymers seems certain where a high degree of con- 
jugation is present. To explain the fact that small 
amounts of diene conjugation are sufficient to insure 
homogenous reaction, it is postulated that ~mder 
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given conditions a styrene chain will be propagated 
across conjugated linkages more readily than chain 
t ransfer  will occur by non-conjugated radicals. I t  
should be kept in mind that  a relatively small amount 
of cross-linking would be sufficient to cause gelation. 
Therefore  the predominant  type of copolymer in this 
case is probably that  consisting of a styrene chain 
propagated across a conjugated fa t ty  acid radical 
but  initiated by a solvent or catalyst fragment.  

F r o .  5 .  P o s s i b l e  c r o s s - l i n k i n g  b y  a 

styrene chain. 

The third m e c h a n i s m  is that  involved for sty- 
rene-oxidized oil eopolymers. The similarity of this 
reaction to that  involving conjugated drying oils was 
pointed out by IIewitt  and Armitage, in view of the 
increase in diene content known to result from the 
oxidation of oils (7).  This would explain the fact 
that homogenous products  are obtainable, as in the 
case of the conjugated oils. IIowever, the analogy 
is not useful in explaining the lo~s of oxidized oil 
character  when such oils are styrenated. Accord- 
ingly, it has been stated that  the mechanisms pre- 
viously proposed do not apply to systems involving 
oxidized oils (8). Rather, it is believed that  peroxide 
and similar linkages are rup tu red  and then serve to 
initiate and terminate styrene chains, resulting in 
oxygen linkages. The disappearance of oxidized oil 
charactcristies could be accounted for by  conversion 
of the unstable oxygen groups (ordinari ly  giving rise 
to color reactions, etc., when oxidized oils are heated) 
to stable ether linkages and similar groupings. Since 
the nature of the oxy-compounds and possible reac- 
tions of oxidized oils is highly complex, determining 
the exact character  of their  s tyrene eopolyme, rs is a 
difficult problem. A cyclic peroxide might initiate 
two styrene chains or propagate a chain across the 
fa t ty  acid radical, resulting in copolymers as shown 
in Figure  6. Copolymerization reactions of this type 
would be similar to those involving natural  conju- 
gated oils in that  some degree of cross-linkage might 
occur;  they are less likely to lead to gelation, but  the 
products  are very  viscous and sometimes rubbery  in 
nature.  

In an at tempt  to draw some conelusions as to the 
nature  of the e o p o l y m e r s  obtained from styrene- 
oxidized oil systems as compared to styrene-raw oil 
systems, the corresponding acids were obtained and 

examined. Data for  the fraetionation of fa t ty  acids 
from S-1 (styrenated linseed) and S-6 (styrenatcd 
oxidized linseed) are shown in Table IV. The acids 
were obtained by saponification and subsequently 
fract ionated by repeated precipitation from benzene 
solution with absolute methanol. In  each case the 

T A B L E  I V  

No. 

S-1 Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-I  Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-1 Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S- t  Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-6 Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-6 Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8-6 Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-6 Acids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yrac-  I ~,Vt. Acid Equ iva -  
t ion _ _  % _ _  No. l e n t W t .  

1 20 .1  11.7 5250  
2 "l ") 2 16.0 "1510 

i~i9 I :)o.̀ ) 186o 
~5.8 ss.o 637 

,~ I 32.s I ')56 2195 
12.0  ;17.2 1510  

1:17.0 410  

high moleeular weight acids are bri t t le  resins and 
range downward to viscous liquids for  the last (low 
molecular weight) fractions. The fa t ty  acids in the 
high molecular weight fract ion (No. 1) from styren- 
ated linseed oil are opaque and somewhat crystalline 
on cooling whereas those from the styrenated oxidized 
linseed are clear. Cryoscopic molecular weights (in 
camphor)  indicate that  the equivalent weight of the 
s t y r c n a t e d  oxidized linseed fa t ty  acids gives ap- 
proximately the true average molecular weight; for  
example, the cryoscopic M. W. is 2,450 as against an 
equivalent weight of 2,195 for the high molecular 
weight fraction of S-6. l iowcver, for  the styrenated 
raw linseed the cryoscopic hi. W. is only 1,930 as 
against an equivalent weight of 5,250 for the high 
molecular weight fraction. 

P, K 
I 

CH HC--O H~ 

. , o  

~g 

PIG.  6.  P o s s i b l e  c o p o l y m e r  o f  s t y r e n e  a n d  c y c l i c  p e r o x i d e .  

This lat ter  discrepancy is believed to indicate that 
s tyrenated non-conjugated oils contain l?olystyrene 
to a considerable degree, but  all at tempts to separate 
it from either the oils or the corresponding acids 
have been fruitless. A fur ther  indication of the 
probable presence of polystyrene may be found in 
the fact  that s tyrenated raw linseed will develop 
incompatibili ty on continued heating, about 300~ 
whereas styrenated oxidized oils do not. This would 
mean that true copolymers of the type shown in 
Figure  "/ may form only a minor par t  of styrenatcd 
raw oils and that they represent mixtures of poly- 
styrene, t rue e o p o l y m e r s ,  and unrcaeted triglyccr- 
ides. The fact that equivalent weights are confirmed 
by eryoseopie molecular wcights for  the fa t ty  acids 
from styre, nated conjugated and oxidized oils indi- 
cates their  homogeneity. 

S t y r c n a t e d  drying oils of various types offer a 
new (;lass of coating materials. Outstanding among 
the properties of certain of this class are fast set 
time, hard  and impervious flhns, and excellent water 
and alkali r e s i s t a n c e .  The variance in properties 
among the types of s tyrenated oils can to some ex- 
tent be explained in the light of present  knowledge 
concerning the possible reactions and the nature of 
their products. 
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Drying Oils From 2,2,6,6-Tetramethylolcyclohexanol and 
Linseed Fatty Acids 
HAROLD WITTCOFF, General Mills inc., Minneapolis, Minn. 

T I l E  value of employing polyhydr ic  alcohols with 
a funct ional i ty  higher than tha t  of glycerol for  
the p repara t ion  of reconst i tuted dry ing  oils has 

been demonstrated by  several investigators.  Thus 
Burrell  (2, 3) has described dry ing  oil f a t t y  acid 
esters of pentaery thr i to l  and the polypcntaeryth-  
ritols, whereas Brandner  and co-workers  (1) have 
described similar esters of sorbitol. This pape r  de- 
scribes a) a s tudy  of the esterifieation of 2,2,6,6- 
tetramethylolcyelohexanol (TMC) with linseed f a t t y  
acids, and b) the propert ies  of the reconsti tuted oils. 

TMC is a pentahydr ic  alcohol with four  hydroxyl  
groups which are p r i m a ry  and one which is second- 
ary. I t  was first described in 1923 by  Mannich and 
Brose (6), who p repared  it by  the condensation of 
the cyclic ketone, eyelohexanone, with formaldehyde 
in the presence of lime. 

.2 "2 , ~cHo ca(om2 > ~~ I " c , ~ .  

CH 2 

+ HCOOH 

The pui'e mater ia l  which melts at 131~ is a white, 
beaut i ful ly  crystall ine solid with a hydroxyl  content 
of 38.6%. The product  used in the following investi- 
gations was p repa red  in the laboratory.  I t  was tech- 
nical in nature,  possessing a hydroxyl  content of 
36.0 4- 0.5%. The pentaerythr i to l  employed for  com- 
para t ive  Imrposes was a commercial  p roduc t  known 
as " P e n t e k , "  which has a hydroxyl  content of 47.0 
4- 0.5% as compared to the theoretical value of 
50.0%. The glycerol used was a redistilled U.S .P .  
reagent  with a theoretical hydroxyl  content of 55.3%. 
The linseed acids used were a commercial grade of 
distilled f a t t y  acids. 

The metallic stearates employed as esterifieation 
catalysts were p repa red  by  the following procedure:  
a hot solution of pure  stearic acid (6 g.) in alcohol 
(75 ca., 95%) was neutral ized to phenolphthalein 
with aleoholie sodium hydroxide (0.2 N).  The solu- 
tion was diluted with hot water  to a volume of 450 
co., and this was added with vigorous s t i r r ing to a 
10% excess of the requisite metall ic acetate in water  
(90 ca.). The precipi tate  was allowed to s tand for  
one hour and then was filtered b y  grav i ty  and 

1 Paper  No. 96, Journal  Series, Research Laboratories, General Mills, 
Inc.  

' Presented at 22nd annual  fall meeting, American Oil Chemists' So- 
ciety, New York City, Nov. 15-17, 1948. 

washed with water  (500 ca.). The pape r  containing 
the precipi tate  was then placed on a Biichner funnel, 
suction was applied, and the p roduc t  was washed 
with small quanti t ies of alcohol and ether. The soaps 
were finally dried i n  vacuo  at 70~ 

Esterification of TMC 

All reactions were carr ied out azeotropically in a 
one-liter, three-necked, round bot tom flask, equipped 
with s tandard  t aper  joints and modified to include 
a thermonmter  well. Tile flask was heated by  a 
" G l a s - C o l "  heat ing mantle.  One neck of tile flask 
was equipped with a s t i r rer  whereas a second neck 
contained a water  t r ap  of the Dean and Stark (4) 
type,  in which was inserted a Claisen-type tube. In 
one neck of the Claisen head was placed a condenser 
and in the other a small d ropping  funnel.  The thi rd  
neck contained a s t andard  taper  joint, into which was 
sealed a U-shaped tube  with an outside diameter  of 
about  one-fourth inch. One end of the tube reached 
below the surface of the reaction mixture  and the 
other contained a stopcock. This tube  provided a 
convenient means of sampling, for  the applicat ion of 
a positive pressure of ni t rogen in a balloon at  the 
condenser outlet forced a sample of the reaction mix- 
ture  out of the open stopcock of the U-tube. 

A xylene azeotrope was found  to facil i tate the 
esterification, the water  of reaction separat ing in the 
Dean and Stark  t rap ,  whereas the xylene flowed back 
into the reaction vessel. The t empera tu re  depended 
upon three factors :  the t empera tu re  of the "Glas -  
Co l "  heating mantle,  the ra te  of st irring, and  the 
amount  of xylene in the reaction mixture.  By keep- 
ing the first two factors  constant, the t empera ture  
of the reaction was relat ively easily controlled by  
the th i rd  means. The regulat ion of t empera tu re  b y  
control of the amount  of solvent has been described 
in some detail by  E a r h a r t  and Rabin  (5). Xylene 
could be added to the reaction mix ture  through the 
above-mentioned dropping  funnel,  whereas it could 
be removed through the water  t rap.  By this means 
it was possible, with some degree of experience, to 
main ta in  a t empera tu re  constant  within • 1% The 
xylene had an added advantage  in tha t  it provided 
an inert  a tmosphere for  the reaction. Ordinar i ly  50 
cc. of xylene was used at  the  start ,  a port ion of 
which was allowed to fill the t rap.  The amount  of 
xylene was adjus ted  by  the above-indicated method 
as the reaction progressed. 


