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64-68%, thus accounting for about 80% of the start- 
ing material. At  25-30 ° and 115-120 °, yields of the 
above-mentioned products were low. 

A mechanism is proposed which accounts for  the 
formation of trans-9,10-epoxystearie acid from both 
oleic and elaidic acid autoxidized in the absence of 
solvent, and the consequent isolation of high-melting 
9,10-dihydroxystearic  acid when acetic acid is the 
solvent. 
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The Effect of Extended Storage on the Properties of Tung Oil 
RAIFORD L. HOLMES and FRANK C. PACK, U. S. Tung Oil Laboratory, Bogalusa, Louisiana ~ 

T H E  storage of tung oil for  periods in excess of 
one year has been reported (2, 4, 5, 6, 7, 9, 10, 11) 
by several investigators. These reports  are sep- 

arable generally into two categories: a) small samples 
of oil stored under  laboratory conditions with chemi- 
cal and physical characteristics determined af ter  
varying periods of storage (5, 6, 7, 11)  ; b) commer- 
cial quantities of  oil stored under  conditions that  ob- 
tain in the trade, but  with few or none of the char- 
acteristics of the stored oil reported (2, 4, 9, 10). 

Some important  points of agreement are evident in 
these investigations: a) storage containers should be 
either air-tight, or the exposed surface of the oil 
should be blanketed with an inert  gas; b) storage 
containers should have a minimum of head space; 
c) authenticated instances of isomerization (accom- 
panied without exception by extensive polymeriza- 
tion) arc at t r ibutable to contamination of the oil dur- 
ing transportat ion,  transfer,  or storage. The contam- 
iriative material when identified invariably contains 
sulfur  or iodine. 

Because the oil storage problem is perennial  in the 
domestic tung industry,  a controlled storage experi- 
ment was designed with the purpose of gathering 
data that  would support  or negate some of the gener- 
alizations rife, (i.e., stored oil isomerizes spontane- 
ously, tung oil is difficult to store, etc.). 

Experimental 
Oil was stored in 1-gal. containers, tin-coated inside 

and closed with frict ion type (pressed in) lids, which 
for all practical purposes are air-tight. The tung oil 
used in the tests was taken directly af ter  filtration 
at the mill in carefully cleaned and d ry  storage 
containers. 

Three common storage conditions were simulated: 
a) unsheltered tank storage where containers were 
exposed to the direct rays of the sun throughout  the 
day and to the prevailing atmospheric temperature  
the rest of the time; b) sheltered tank storage where 
samples were protected from the direct rays of the 
sun but  exposed to the prevailing atmospheric tem- 
perature  ; e) indoor tank storage with reasonably con- 

1 One of the laborat¢~riee of the B u r e a u  of Agr icul tura l  and  Indus-  
tr ial  Chemistry, Ag~'ieultural Research  Adminis t ra t ion,  U. S. D~part- 
ment  of Agricul ture .  

stant temperature  (20%38°). Containers filled to 
within one-half inch of the top and others half-filled 
were stored under  each condition for the purpose of 
determining the effect of head-space in the container. 
At the unsheltered location two sets of samples were 
stored, one set in containers painted a dull black, the 
other in containers coated with a highly reflective 
paint. 

Examined on the practical basis of reproducibil i ty 
in the hands of different analysts at widely spaced 
intervals of time, such commonly measured and re- 
ported characteristics for  tung oil as iodine value, 
diene value, saponification value, unsaponifiable mat- 
ter, etc., are of doubtful  value. Under the conditions 
imposed by an extended storage experiment, index of 
refraction, gel t ime at  282°C., acid value, and viscos- 
i ty are reliable, measurable with both accuracy and 
precision, and, considered collectively, quite adequate 
to characterize tung  oil from the standpoint of qual- 
ity. These measurements therefore were made at in- 
tervals over a three and one-half year period on the 
samples stored under  various conditions. The official 
methods of the American Oil Chemists' Society (1) 
were used for refractive index (Method Ka 4-47), 
acid value (Method Ka 2-47), and viscosity (Method 
Ka 6-48); and the method of the American Society 
for Testing Materials (3) with modified equipment 
(13) for  the gel time. Each stored sample was opened, 
and a sample of 24-40 ml. was withdrawn at each 
sampling. The refractive indices were determined at 
5890A and 4358• (at 25°C.), but  only the values 
determined at the former wave-length and the differ- 
ences (dispersion) are tabulated. Results are given 
in Tables I and II. 

Results and Discussion 
The effects on tung oil of outdoor storage are sur- 

prisingly mild even though the tests we]'e carried out 
m the southern par t  of the United States. 

Storage containers with exterior coatings of a re- 
flective paint  show little, if any, superiori ty to their  
non-reflectively coated counterparts.  

Tung oil in well-filled containers kept well through- 
out the three and one-half year  period regardless of 
storage location and at the termination of the experi- 
ment, and met the A.S.T.M. specifications (3) for  
tung oil. 
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U n s h e l t e r e d  S torage  Unsheltel~ed S torage  She l tered  S t o r a g e  I n d o o r  S torage  
M o n t h s  l~eflect ive Coat ing  Non-ref lec t ive  Coat ing  

s tored Ref .  n i s p .  Ref .  Disp .  Ref .  Disp.  Ref .  n i s p .  
I n d e x  ND ~ 104 I n d e x  ND X 104 i n d e x  ND X 104 I n d e x  ND X 10  "l 

Storage  C o n t a i n e r s  Wel l  Fi l led 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 4  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 8  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 8 0  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 8  
13  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 6  
16  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 8  
22  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 8  
2 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 8 0  
38  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 8 0  
42  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 7 5  

2 8 0  1 . 5 1 7 4  2 8 0  
2 8 0  1 . 5 1 7 7  2 8 1  
2 8 1  1 . 5 1 7 5  2 7 9  
2 7 9  1 . 5 1 7 8  2 7 9  
2 7 8  1 . 5 1 7 3  2 7 9  
2 7 9  1 . 5 1 7 6  2 7 8  
2 7 9  1 . 5 1 7 7  2 7 8  
2 7 7  1 . 5 1 7 7  2 7 7  
2 7 8  1 . 5 1 7 7  2 7 6  
2 7 8  ! 1 . 5 1 7 4  2 '75 

S t o r a g e  Conta iners  H a l f  Fi l led 

1 . 5 1 7 4  2 8 0  
1 . 5 1 7 7  2 8 1  
1 . 5 1 7 9  2 8 0  
1 . 5 1 7 9  2 8 0  
1 . 5 1 7 6  2 8 0  
1 , 5 1 7 9  2 8 0  
1 . 5 1 8 0  2 8 0  
1 . 5 1 8 1  2 8 0  
1 . 5 1 8 2  2 7 8  
1 . 5 1 7 9  2 7 8  

1 . 5 1 7 4  2 8 0  
1 . 5 1 7 7  2 8 1  
1 . 5 1 8 1  2 8 1  
1 . 5 1 7 7  2 8 0  
1 . 5 1 7 7  2 7 9  
1 . 5 1 7 9  2 8 0  
1 . 5 1 8 0  2 8 0  
1 . 5 1 8 1  2 8 0  
1 . 5 1 8 ]  2 7 8  
1 . 5 1 7 8  2 7 8  

F 
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 1 . 5 1 7 4  2 8 0  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ij 1 . 5 1 7 7  2 8 1  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 5 1 7 8  2 7 8  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 1 . 5 1 7 6  2 7 9  
13  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 5 1 7 3  2 7 7  
16  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 5 1 7 4  2 7 6  
2 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 5 1 7 4  2 7 5  
2 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 1 . 5 1 7 4  2 7 4  
38  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 5 1 6 8  2 6 8  
42 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5 1 6 1  2 6 4  

1 . 5 1 7 4  2 8 0  
] . 5 1 7 7  2 8 0  
1 , 5 1 7 6  2 7 9  
1 . 5 1 7 6  2 7 9  
1 . 5 1 7 3  2 7 7  
1 . 5 1 7 4  2 7 6  
1 . 5 1 7 4  2 7 5  
1 . 5 1 7 4  2 7 5  
1 . 5 1 7 1  2 7 1  
1 . 5 1 6 7  2 7 1  

1 . 5 1 7 4  2 8 0  
1 . 5 1 7 7  2 8 1  
1 . 5 1 7 8  2 7 9  
1 . 5 1 7 6  2 8 0  
1 . 5 1 7 6  2 7 8  
1 . 5 1 7 5  2 7 7  
1 . 5 1 7 4  2 7 5  
1 . 5 1 7 5  2 7 3  
1 . 5 1 6 8  2 6 6  
1 . 5 1 6 3  2 6 5  

1 . 5 1 7 4  2 8 0  
1 . 5 1 7 7  2 8 1  
1 . 5 1 7 9  2 8 0  
1 . 5 1 7 6  2 7 9  
1 . 5 1 7 4  2 7 8  
1 . 5 1 7 5  2 7 6  
1 . 5 1 7 4  2 7 2  
1 . 5 1 7 3  2'72 
1 . 5 1 6 6  2 6 2  
1 . 5 1 5 5  2 6 1  

a A l l  re f rac t ive  i n d e x  m e a s u r e m e n t s  m a d e  at 2 5 . 0 ° C ,  
D i s p e r s i o n  is reported  as ( N ' g - - N D )  X 104 t o  s impl i fy  the w o r k  and  because  ( N g -  N D )  is SO g r e a t  in relat ion to the  c h a n g e s  in dens i ty  of the  

oil b e i n g  e x a m i n e d .  

Tung oil in the half-filled containers showed the 
deleterious effects of storage after one year as evi- 
denced by the shortened heat test times, increases in 
viscosity, and small  but probably insignificant de- 
creases in the dispersions. At  the end of 38 months  
some o~ the half-filled containers had a film of gelled 
oil over or around the edges of the oil surface. Par- 
tial polymerization,  catalyzed by atmospheric oxygen 
present in the inordinate amount of head space above 
the oil in the half-filled containers, would  explain all 
these changes as shown by Holmes and Pack (8) .  

Acid values showed a slight, but definite increase 
throughout  the storage tests, but iu no case was the 
maximum value of S.0 allowed b y  the A.S.T.M. speci- 
fications reached. 

Al though color measurements were not made, it 
was evident at the end of the storage experiment that 
the color of the oil in the half-filled CO~ltainers was 
l ighter than that in the full  containers. The color of 

all the stored oil was very good at the time the tests 
were terminated. 

All  the stored oil samples were analyzed for the 
presence of beta  ( isomerized) tung oil by the method 
of O'Connor et el. (12) after storage for two years. 
No  trace of the beta  isomer (solid at room tempera- 
ture when present in any significant quanti ty)  could 
be detected in any of the samples at that time. 

The accidental entry of moisture into, some of the 
unsheltered containers caused a slight cloudiness of 
the stored tung oil. The cloudiness, apparent at the 
second examination period, persisted without  worsen- 
ing to, the end of the experiment. 

Summary  

Tung oil has been stored in clean, well-filled gallon 
containers for more than three years and at the end 
of that time still met A.S.T.M. specifications. 

T A B L E  I I  

A c i d  Va lues ,  B r o w n e  H e a t  Tes t  Va lues ,  a n d  Viscos i t i e s  of S tored  T u n g  Oil 

S torage  Conta iners  Wel l  Fi l led 

A c i d  V a l u e s  B r o w n e  H e a t  Tests ,  m i n u t e s  Viscos i t ies ,  s tokes  at  2 5 ° C .  

U n s h e l t e r e d  Unshe lgered  Unshe l t ered  M o n t h s  
Stored  

0 . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
13  . . . . . . . . . . . . . . . . . . . . . . . . .  
16  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 6  . . . . . . . . . . . . . . . . . . . . . . . . .  
38  . . . . . . . . . . . . . . . . . . . . . . . . .  
4 2  . . . . . . . . . . . . . . . . . . . . . . . . .  

N o n -  
R e f l e c .  reflec.  

coat.  coat.  

Shel t .  
I n d o o r  

1 . 6 3  1 . 6 3  
1 . 6 3  1 . 6 3  
1 . 7 5  1 . 9 2  
2 . 0 4  1 . 8 6  
1 . 9 8  2 . 1 5  
2 . 2 7  2 . 3 3  
2 . 7 4  3 . 1 4  
2 . 4 7  2 . 9 6  
3 . 2 2  3 . 8 8  
3 . 4 2  4 . 1 5  

1 . 6 3  1 , 6 3  
1 . 6 3  1 . 6 3  
1 . 7 5  1 . 7 5  
1 . 9 2  1 , 9 2  
1 . 9 2  2 . 0 0  
2 . 0 4  2 . 1 0  
2 . 3 8  2 . 5 0  
2 . 3 3  2 . 4 7  
2 . 4 6  2 . 5 5  
2,211 2 . 3 9  

Non - 
Reflec.  reflec. 
coat .  coat. 

] 1 . 5 0  1 1 . 5 0  
1 1 . 5 0  1 1 . 5 0  
1 1 . 4 2  1 1 . 0 0  
1 1 . 0 0  1 1 . 6 7  
1 1 . 4 2  1 1 . 1 7  
1 1 . 2 5  1 1 . 0 0  
1 1 . 0 0  1 0 . 8 3  
l l . 1 7  1 0 . 6 7  
] 1 . 1 7  1 1 . 0 0  
11~50  1 1 . 0 8  

Shelt .  
I n d o o r  

1 1 . 5 0  1 1 . 5 0  
1 1 . 5 0  1 1 . 5 0  
1 1 . 5 0  1 1 . 5 0  
1 2 . 0 0  1 1 , 8 3  
11 .92  11 .83  
1 1 . 7 5  1 1 . 7 5  
l ] .42 11 .42  
1 1 . 3 3  ] ! . 2 5  
1 1 . 5 0  1 1 . 1 7  
] 1 . 9 0  1 1 , 5 7  

R e f l e c .  N o n -  
r e f l e c .  

coat.  coat.  

2 . 0 0  2 . 0 0  
2 . 0 0  2 , 0 0  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 .5O 2 . 5 0  
2 . 5 0  2 .5O 
2 . 2 5  2 , 5 0  
2 . 2 5  2 . 5 0  
2 . 7 5  2 . 7 5  

Shelt .  
I n d o o r  

2 . 0 0  2 . 0 0  
2 . 0 0  2 . 0 0  
2 . 0 0  2 . 0 0  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 2 5  2 . 2 5  
2 . 5 0  2 . 7 5  

Storage  Conta iners  H a l f  Ful l  

0 . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 6 3  1 , 6 3  1 , 6 3  1 . 6 3  1 1 . 5 0  1 1 . 5 0  1 1 . 5 0  1 1 . 5 0  2 . 0 0  2 . 0 0  2 . 0 0  2 . 0 0  
4 . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 6 3  1 . 6 3  1 . 6 3  1 . 6 3  1 1 . 2 5  1 1 . 0 0  1 1 . 5 0  1 1 . 5 0  2 . 0 0  2 . 0 0  2 . 0 0  2 . 0 0  
7 . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 7 5  1 . 9 2  1 . 7 5  1 . 7 5  1 0 . 8 3  1 0 . 8 3  1 1 . 0 0  1 0 . 7 5  2 . 5 0  2 . 5 0  2 . 2 5  2 . 2 5  

10  . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 9 2  1 . 8 6  1 . 9 2  1 , 9 2  1 0 . 5 8  1 0 . 7 5  1 1 . 0 0  1 1 . 2 5  2 . 5 0  2 . 2 5  2 . 2 5  2 . 2 5  
13  . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 4  2 . 0 4  1 . 9 2  1 , 9 2  1 0 . 2 5  1 0 , 5 0  1 0 . 6 7  1 0 . 5 0  2 . 5 0  2 . 5 0  2 . 5 0  2 , 5 0  
16  . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 1 0  2 . 2 1  1 , 8 6  1 , 9 2  1 0 . 0 0  1 0 . 2 5  1 0 . 0 0  1 0 . 0 0  2 , 7 5  2 . 7 5  2 . 5 0  2 . 7 5  
22  . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 8  2 . 8 6  2 . 2 2  2 , 3 2  9 . 5 0  1 O . 0 0  9 . 0 0  9 . 0 0  3 . 2 0  2 . 7 5  3 . 0 0  3 . 2 0  
2 6  . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 4 7  2 . 8 6  2 . 2 8  2 , 3 7  9 . 3 3  9 . 5 0  8 . 7 5  8 . 5 0  3 . 0 0  3 . 0 0  3 . 0 0  3 . 4 0  
38  . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 2 6  3 , 7 4  2 . ] 8  2 . 3 6  7 . 6 7  9 . 2 5  7 . 4 2  6 . 8 3  3 . 0 0  3 . 0 0  3 . 0 0  3 . 4 0  
4 2 -  . . : - , . :  . . . . . . .  :.., 3 . 6 7  ....... 4.0_1 ..... 2 . ! ( !  ............. 2 , : !7  ............... 7 :5 ( )  . . . . . . . .  9.1_0 . . . . . .  _7_.. 1 7  . . . . . . . . .  6..2 _0_ . . . . . . . .  6 : 2 7  . . . . . . .  - 4 . 3 ~  ,. 8 . 8 4  ...... 1 2 , 7 0  . . . .  
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Storage locale (indoor, outdoor, sheltered, or un- 
sheltered containers) and the exterior coating on the 
containers in exposed locations were found to be of 
less importance than protection of the stored oil from 
atmospheric oxygen. 

The most pronounced effect of prolonged storage on 
tung oil is a shortening of the heat test (gel time at 
282°C.). 

Uncontaminated tung oil does not spontaneously 
isomerize during storage. 
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A Quick Dilatometric Method for ,Control and 
.Study of Plastic Fats 
N. D. FULTON, E. S. LUTTON, and R. L. WILLE, Procter and Gamble Company, Ivorydale, Ohio 

ILAIOME l R has been wideh" used for study- 
ing phase change. Its use on fats was apparently 
first reported by Normann, 1 and a detailed study 

of many fats and fat mixtures has been described by 
Hofgaard. ~ Varions types of equipment and modes of 
application have been reconmmnded. Bailey:; has 
(,ontributed to design and (tse of the method aud has 
reviewed dcveh)pments in some detail) A I)articu- 
larly interesting discussion of dilatometry as applied 
lo margarine is that of Andersen) 

For several years dilatolnetry has been employed 
in our research laboratories for fundamental study of 
fat phase behavior and in our factory control labora- 
tories for plant hydrogenation control. An apparatus 
of considerable convenience, and its method of appli- 
cation to control procedures are described here. With 
the equipment here described, results of good repro- 
dueibility are obtained within two hours. 

The dilatonleters used in this work are of the volu- 
metric type, in which the fat sample in a glass bulb 
expands against a confining liquid (mercury), free to 
move in a glass capillary. By measuring the changes 
in length of the nlereury column, the volume changes 
can be calculated for the fat sample. I t  is necessary 
only to know the fat weight and the capillary calibra- 
tion for the instrument. No stem correction for ex- 
posed capillary is necessary. The effects of mercury 
and glass expansion are eliminated by the process of 
taking "liquid" readings. The final determined value 
is put in terms of "solid content" as deduced from 
the rather general principle that complete solidifica- 
tion of most fats involves a change of 10% in specific 
volume upon total solidification--or 0.1% change 
upon 1% solidifieation. Details are presented later. 

Apparatus 
A picture of the dilatometer is given in Figure 1. 

The glass capillary as shown in the picture was of 
:PIG. 1. Picture of unassembled and assembled filled dila- 

tometers. 


