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Polymerisation of Tung Oil. VIII. Effects of Various Bitumens 

       and Resins upon the Gelation of Tung Oil.

  By Monzi TATIMORI. 

(Received November 28, 1940.)

   The insulating varnishes are made by cooking the mixture of drying 
oils, bitumens and resins, and their properties are affected eminently by 
the cooking process. As drying oils, tung oil is one of the most preferable. 
This paper deals with the results of the effects of various bitumens and 
resins upon the gelation of tung oil.

   (I) Effects of Bitumens. The samples used have the following 
constants (Tables 1, 2).

        Table 1. 

Constants of petroleum asphalts.

S: Straight asphalt 

B: Blown asphalt

       Table 2. 

Softening point of bitumens.

The measuring methods were the same as those described in the

previous reports, the determinations being carried out at 270℃. The

relation between gelation time and percentage of petroleum asphalt added 
to tung oil is shown in Table 3. 
   Fig. 1 and Fig. 2 show the relation between reciprocals of gelation 
times (1/t) and percentages (x) of straight and blown asphalts added to 
tung oil. 
   As shown in these figures, the gelation of tung oil is promoted, when 
petroleum asphalt is added in an amount less than 10 percent.; but an 
addition of a larger amount of asphalt tends to prevent the gelation. This 
sort of inversion is a newly recognized fact. It seems that petroleum 
asphalt which has a lower softening point has somewhat greater retard-
ing effect on the gelation. 
   Results with various bitumens are shown in the following. 

   The inversion was observed at 10% with samples containing gilsonite, 
mineral rubber, tar pitch, petroleum pitch, and at 25% with those con-
taining stearin pitch.
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Table 3. Gelation time of tung oil containing petroleum asphalts.

Fig. 1. Fig. 2.
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Table 4. Gelation time of tung oil containing bitumens.

   The relation between components of asphalt and the inversion. As 

shown above, every bitumen added in small amount to tung oil promotes 

the gelation, where when the added amount increases the effect is re-

versed, and it retards the gelation. This is a phenomenon which is not 

found in cases of fatty oils, fatty acids, hydrocarbons, etc. 

   In order to study the relation between components of asphalt and 

the inversion, following two experiments were undertaken.

(1) The measurements were made with 15°-blown asphalt, which

was separated into two parts, 

soluble and insoluble in hot 

alcohol. For the purpose of 

separation, asphalt was heated 

with 94% alcohol for 5 hours

at 120-130° under 7 atmos-

pheric pressure, followed with 
renewal of alcohol, and heated 

again under the same condi-

tions. By repeating this treat-

ment four times, the asphalt 

was separated into soluble and 

insoluble parts.

Fig.3.

   Results obtained with 

soluble and insoluble parts are 

shown in Table 5.
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Table 5. Gelation time of tung oil containing 15°-blown asphalt.

   The inversion occurs at 10% with tung oil containing alcohol-insolu-
ble part of blown asphalt and at 15% with that containing alcohol-soluble 

part. 
    (2) The components of asphalt are not well known at present, but 

it is generally accepted that asphalt is composed of petrolen and asphalten.
A solution of 5g. of 5°-blown asphalt in 25 c.c. benzene was poured into

200 c.c. benzine. The precipitate thus obtained was collected and dried 
to give asphalten, and the filtrate was evaporated to an oily substance, 

petrolen. 
   Effects of the petrolen and asphalten upon gelation of tung oil were 

studied. Results with petrolen are given in Table 6.

Table 6. Gelation time of

  petrolen of 5°-blown

        asphalt.

Fig.4.

The inversion was not found in the experiments with petrolen. As

in the case of fatty oils,1/t and x were in a linear relatio.n, and x∞ was

38.0%.



86 M.Tatimori. [Vol.16, No.3,

Fig. 5.

Table 7. Gelation time of 

tung oil containing asphalt-
en of 5°-blown asphalt.

   Results with asphalten are shown in Table 7. In this case the inver-
sion occurred at 15%.

Of the substances reported only α-naphthol indicated the inversion.

It can be anticipated that asphalten contains some substances giving a 

peculiar effect on tung oil. 

   (II) Effects of Various Resins. Next the effect of various natural 
and synthetic resins on gelation time of tung oil were examined. Acid 
values and iodine values of these resins are shown in Table 8.

Table 8.
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   Each of these resins was pulverized, weighed, and put into test tubes 

and suitable quantities of tung oil were added; measurement was carried
out at 270℃. in every case.

The gelation times in second were shown in Table 9.

Table 9.
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Table 9.-(Concluded)

(14) Rosin: 
   In order to find the gelation-retarding effect of rosin the following 

experiments were carried out.

Table 10. Gelation time at 250℃.
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Table 11. Gelation time at 260℃.

Table 12. Gelation time at 270℃.

Table 13. Gelation time at 290℃.

Table 14. Gelation time at 300℃.
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Fig. 6. Relation between Gelation-time and 

             Temperature

Fig. 7.

   The relations between 

gelation time and tempera-
ture are shown in Fig. 6. 
   The general tendency 
is the same as that of 
fatty acid.

The relations between

and x are

shown in Fig. 7. 
   From Fig. 7 it is 
noticed that the recipro-
cals of gelation time (1/t) 
may be expressed by the 
quadratic equation of x.

      Summary. 

   (1) Studies on the 
effects of straight as-

phalts, blown asphalts, 
gilsonite, petroleum pitch, 
stearin pitch, mineral rub-
ber, coaltar pitch, etc. on 
the gelation time of tung 
oil lead to the conclusions 
that the gelation is pro-
moted with bitumen added 
in an amount less than 
10-15 percent., but is pre-
vented with an addition 
of larger amount of bitu-
men. The inversion was 
noticed as the amount of 
substances added increase. 

    (2) Petroleum as-
phalt with a lower soften-
ing point has a somewhat 
greater gelation prevent-
ing effect.

(3) 15° blown as-

phalt was separated into 
alcohol soluble and insolu-
ble parts. As in the case 

of the original asphalt, the 
inversion was found in 

the experiments with the 
soluble and insoluble 

parts.
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(4) 5°blown asphalt was separated into asphalten and petrolen,

and effects on gelation were studied. As in the case of ordinary neutral 
substances, the linear relation of 1/t and x was observed in the experi-
ments with petrolen, but as in the case with original asphalt, the inversion 
was noticed when asphalten was used. 

   (5) The gelation-retarding effects of various natural and synthetic 
resins were observed. Among them copal, dammar, amber, coumarone 
resin have retarding effects, and 1/t and x bear a linear relation. 
   The relation 1/t and x for mastic, leuchtol, phthalate resin, ester 
rosin, sandarac, tamanol are not linear. 
   Generally speaking, the relations of 1/t and x for neutral and soluble 
resins are linear, but those of the less soluble resins are not linear. 
   About the effect of rosin upon gelation of tung oil, many measure-
ments were carried out and the relation of 1/t and x are shown to be 
expressed by a quadratic equation. The influence of temperature on the 
gelation times of tung oil mixed with rosin is similar to that of fatty acid. 

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