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Polymerisation of Tung Oil, IV. Effects of Various Natural 

        Fatty Oils upon the Gelation of Tung Oil. 

                       By Monzi TATIMORI. 

                        (Received November 28, 1940.) 

    It is well known that the gelation of tung oil on heating may be 
delayed or prevented by the addition of certain substances. Considerable 
amount of works have been done along this line,(1) but as to the quantita-
tive relation between gelation time and the amount of substances added 
to tung oil, only a few informations have been published. 

    There are known various types for curves of the gelation time and 
the amount of added substances, but as for the nature of the curve nothing 
is said. The work described in this article was undertaken for the 
purpose of determining the comparative effects of various fatty oils in 
preventing the gelation of tung oil on heating, with a hope to throw light 
on the explanation of gelation phenomenon of tung oil. 

   Experimentals. The apparatus consists of an oil bath (the diameter 
being 20 cm., height 17 cm.) which was maintained at a required constant 
temperature. The cover of the bath is provided with four openings 
through which the ordinary test tube, whose size was predetermined by 
measuring the height of 5 c.c. of alcohol taken in it (expressed in cm. 
unit), was dipped in bath so that the lower 9 cm. of the test tube was 
immersed in the oil. Five c.c. of a mixture, containing known propor-
tion of tung oil and added substances, was put in a test tube, a glass rod 
(its diameter being 3 mm., length 16 cm.) was inserted in, and the test 

tube was put into the oil bath. The time required for the oil to gelatinize 
was then measured and noted. The determination was repeated for the 
same mixture a few times and the mean value was calculated. 

   The samples used have the following constants (Table 1).

Table 1.

   (1) R. B,irstinbinder, Farben Ztg., 23 (1917), 243; Chem. Umschau Fette, Oele 
Wachse, 36 (1929), 36; Krumbhaar, Chem. Abstrs., 9 (1915), 2155; J. Marcusson, Zt. deut. 
Oele Fetie Ind., 43 (1923), 162; H. Hardert, Farbe and Lack, 1928, 558; H. Brendel, 
ibid., 1932, 145; L. A. Jordan, J. Oil Colour Chem. Assoc., 17 (1934), 47.
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Table 1.-(Concluded)

   From the preliminary experiments it was found that the gelation 
time is affected by the heating temperature, by the size of the test tube 
as well as by the kind of tung oils. 
   One of the examples is shown in Table 2, in which the gelation time
of tung oil (A) were measured at 290℃. in three kinds of test tubes,
widely different in size.

Table 2.

   The absolute value of the gela-
tion time is affected remarkably 
by the size of test tube. The 
relation between the reciprocals of 
the gelation time (t) and percen-
tage of linseed oil (x) are shown 
in Fig. 1. 

   It is a very important new 
fact that in all cases 1/t and x are 
in linear relations and the limiting
value of x at t=∞  (hereafter

denoted as x∞) converge on one

point, in spite of wide differences 
in dimension of test tubes. 

   (1) Gelation time for the 
system of Japanese wood oil and 
tung oil (A). Fig. 1.
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Results at 290℃. in test tubes of 3.7 cm. are given in Table 3.

Table 3.

Fig. 2.

    The relations of t-x and 1/t-x are shown in Fig. 2. x and 1/t 
form a straight line in the whole range of Japanese wood oil. 

   (2) The gelation time of the system of tong oil and linseed oil. 
From the preliminary experiments it was noticed that the amount of

added substance neces-
sary to make the gela-
tion time of tung oil 
be infinitely long, in-
creases a little, when 
the heating tempera-
ture falls from 290 to
280℃.,so the gelation

time of the system of 

tung oil and linseed oil 
was measured in wide 

temperature range. It 
was found that the
temperature of 270℃.

is most suitable to 
determine the relation 
between 1/t and x.

Fig. 3.

   The results are 
shown graphically in 
Fig. 3. 

   From Fie. 3 it was
found that below 280℃.

lines of 1/ t-x converge
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on one point of 67% and above 290℃. they shift gradually to the origin
according as temperature increases: above 310℃. the rectilinear relation-
ship is no more formed. The temperature of 270℃. is the most suitable
for measuring the time of gelation by reason that above this temperature 
relation of 1 /t-x is unstable and below this temperature the gelation 
time becomes too great.

The values of x at
1/

t=0(x∞)
obtained from graphs are shown in

Table 4.

Table 4.
   (3) Effects of temperature 

upon the gelation tinge. The gela-
tion time of tung oil is prolonged 
by lowering the heating tempera-
ture. L. A. Jordan and W. E. 
Wornum(2) measured the gelation 
time of many kinds of tung oils. 
F. T. Walker(3) treated their results 
and stated that the relation of the 
gelation time and temperature can 
be expressed by a hyperbola. whose
equation is(T-m)×t=k, where na

and k denote constants, T the tem-

perature, t the gelation time.

    If the above be true, 1/t and
T  should  be in  linear relation.
From Fig.4. neither from the case

of tung oil only, nor from that added by 20% linseed oil straight lines 
.can be obtained.

Fig. 4. Upper curve : 80% Tung oil+20% linseed oil. 
       Lower curve : Tung oil.

   The relation between gelation time and temperature is shown in 

Fig. 5. It is seen that the gelation time of tung oil decreases according

(2) J. Soc. Chem. Ind., 53 (1934), 1. 
(3) Ibid., 53 (1934), 104.
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to increasing degree of 
temperature, but at 
temperature higher
than 300℃. the de-

creasing amounts be-
come less and less, and 
at last the gelation time 
of the system contain-
ing 20% linseed oil 
reaches a minimum
value at 330℃., then

  again it increases. 
      It is known that 

  the acidic substance 
  prevents the gelation 
  and also that when the 
  fatty oil is heated at 
  high temperature the 
  cracking of glycerine 

  radical occurs,(4) so it 
  is reasonable that at 

  high temperature the 
  gelation of tung oil is 
  prolonged. 

     (4) Effects of 
  various fatty oils. The 
  gelation time of various 
  fatty oils mixed in tung 

  oil (C) was measured
at 270 and 280℃. and

the results are shown 

in Table 5. Fig. 5.

Table 5.

   (4) R. Sandig, Dissertation, Leipzig (1934), 26; Kurz, Zt. angew. Chew., 49 (1936), 
235.
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Table 5.-(Concluded)

For any oil 1/t and x are in linear relation and the lines of 270 and
280℃. converge on one point.

   Discussion of Results. The gelation time of tung oil within the 
limit of experiments is prolonged by the addition of other fatty oil with-
out exception. The retarding nature of any fatty oils are similar to that 
of Japanese wood oil (Fig. 2). For any kind of added oils 1/t and x 
show linear relation when measured in test tubes of the same dimension. 
This relation is expressed by

(1)

where a denotes a constant, to the gelation time of tung oil. a and b vary 

widely according to experimental conditions, but the value of x when t
=∞ , i.e. the amount of added substance necessary to make the gaelation
time of the mixture to be infinitely great, is fixed, not affected by the

dimension of test tubes. It is therefore considered that x∞ is a specific

property of the substance in gelatioii phenomenon of tung oil.
x∞ of various oils at 270 and 280℃, are shown in Table 6.

   From the above table it is concluded that drying oils such as perilla, 
linseed, hempseed are less effective and for the perfect prevention of 

gelation the amount of more than 67% of them should be added, while 
semi- and non-drying oils are more effective. This is expected from the 
fact that at high temperature the drying oils have themselves the 
tendency of polymerisation and gel-formation.
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Table 6-x∞(%).

As a general idea x∞ of common fatty oils increases according to
increase of iodine values. The effects of castor oil, hardened fish oil and 
liquid paraffin were measured for the purpose of comparison, they have 
specific effects respectively.

Summary.

(1) The gelation time of the system of tung oil and linseed oil was
measured at 240-310℃. In the range of 240-280℃. the lines of 1/t-x

converge on one point. 

   (2) The relation between gelation time and the amount of addition
of any fatty oil is expressed by 1/t=1/t0-ax, and the value of x -at t=∞

is considered as a characteristic constant of added fatty oil. 

   (3) Gelation preventing effects of various natural fatty oils were
measured at 270 and 280℃. Drying oils are less effective than non-

drying oils due to their tendency of polymerisation. 

    (4) The temperature dependance of gelation time was discussed. 

    In conclusion, the author wishes to express his sincere thanks to 
Dr. K. Baba, Dr. T. Yosioka, and Mr. K. Yokota for their kind guidance. 
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