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PREFARATION OF OIL-SOLUBLE RESIN FROM POLYHYDRIC
ALCOHOL AND POLYBASIC ACID. II.

JEN-CHUAN WEE (F#4$5HE)

In the previous contribution on the same topic in the Report 1935,
the preparation of an oil-soluble resin was reported. It is principally
the introduction of fatty acid into the alkyd molecule to produce a re-
sinous matter soluble in oil. It seems possible to prepare a great num-
ber of oil-soluble resins by varying the nature of oils, alcohols and fatty
acids. Since the fatty acids and alcohols have their own special strue-
tures and properties, any one fatty acid radical or alcoholate radical in
alkyd resin would impart to the resin some properties characteristic to
itself. The combination of the peculiarities of both fatty acid and
alcohol radicals in one single resin would cause much complexity in its
properties and variation in its preparation. With a view of performing
some scientific work along this direction, several resins are prepared
and studied in detail.

As some fatty acids of the non-drying type have close relation in
structure to thoese of drying type, it is possible to convert some non-dry-
ing fatty acid into drying type by proper treatments, that is, non-dry-
ing oil may be converted to drying oil and utilized in resin manufacture.
The author carried out a series of experiments with this aim in view
and prepared successfully one kind of such resins. This result might
throw light on the field of research for new methods in resin manufacture
by using non-drying oils.

In the present work, two polyhydric alcohols, glycerol and penta-
erythrite, are used to prepare two series of resins. The resins contain-
ing glyceride residue are prepared by the methods, which, following the
same principle as mentioned in the previous contribution, are the com-
binations of alcoholysis and esterification. The resins containing the
pentaerythride residue are prepared by the other methods, which simply
compose of the esterification of pentaerythrite in one stage or two
stages, though similar to Scheiber’s process (3) in genearal, but are
different from it in detail.
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Experimental
PREPARATION OF DIFFERENT TYPES OF RESINS

1. Pyro-casto-phthalo-glycero-resin

The raw materials used to prepare this resin are glycerine,
phthalic anhydride, caustic soda and castor oil. Glycerine has to be
dehydrated at 250-260°C. As the raw castor oil can not be used directly
in this case, it is heated in carbon dioxide atmosphere on a sand-bath to
295-300°C with constant stirring by means of a continuous stream of
carbon dioxide gas. The heating is continued for four hours. The
castor oil undergoes transformation and decomposition, and a drying oil
is obtained, which has higher iodine value and saponification value, but
lower acetyl value than the raw castor oil. The oil thus obtained is call-
ed pyro-castor oil.

136 parts of dehydrated glycerine, 660 parts of pyro-castor oil
and 2.4 parts of caustic soda are mixed in a vessel, which is fitted with
a stirrer, an outlet for vapor and an inlet for leading in carbon dioxide
gas to the bottom of the vessel. The caustic soda is dissolved in a little
water or alcohol before use, in order to make it completely miscible with
glycerine and pyro-castor oil. The mixture is stirred energetically under
an atmosphere of carbon dioxide and heated in an oil-bath. The tem-
perature is kept at 250-260°C. for one and half hours, and a slow cur-
rent of carbon dioxide is passed in for stirring. The caustic soda acts
both as a promoter for the dissolving of glycerine and ‘pyro-castor oil,
and as a catalyst for alcoholysis and esterification. Then, the mixture

is allowed to cool down to room temperature under carbon dioxide
atmosphere.

271 parts of phthalic anhydride is added and carbon dioxide at-
mosphere is restored. The temperature is raised gradually, and the
efficient stirring is applied to make thorough mixing of molten phthalic
anhydride and the pyro-casto-glyceride, because the former is lighter and
may cause gelatinization at surface when the reaction takes place and
no uniform product can be obtained. Oil-bath is preferred in this process
in order to get even heating and at no time is its temperature allowed
to go higher than 10°C. above reacting mixture. The reacting mixture
is constantly stirred by a slow current of carbon dioxide which serves as
well to carry out the water vapor. When the temperature of reacting
mixture reaches 200°C., the heating is cautiously controlled to keep the
temperature at 200-210°C. for two hours. Drying the last twenty
minutes, the temperature may be preferrably raised to 210-220°C. to
improve the quality of resin, and quicker stirring is necessarily applied



PREPARATION OF OIL-SOLUBLE RESIN 9

to prevent any possible local over hesting. When the heating process
reaches the final stage, the fire is removed and the resin thus obtained
in quickly cooled by replacing the hot oil in bath with cold oil; this quick
cooling is essentially, otherwise the resin would polymerize or have
poorer solubility in oils and solvents. Stirring is continued until the
temperature drops near 100°C. and the resin is rapidly taken out before
it gets very viscous in the container at room temperature.

2. Tungo-phthalo-glycero-resin.

832 parts of Tung oil, 170 parts of glycerine and 4.2 parts of
caustic soda are mixed under carbon dioxide. The air in the vessel must
be displaced completely to prevent the oxidation of Tung oil during heat-
ing. The gcolid caustic soda has to be dissolved in small amount of
alcohol before mixing. The reacting vessel used is the same as in the
pyro-casto-phthalo-resin preparation. An evenly heated sand-bath may
be used here. The mixture is vigorously stirred and quickly heated up
to 2560°C., and the temperature is kept at 250-260°C. for forty minutes.
A current of carbon dioxide is continuously passed through the reacting
mixture to carry off the vapor, and glycerine is refluxed down by a
reflux condenser. Then, the temperature is rapidly raised to 280°C.
while efficient stirring is maintained. The reacting mixture is kept at
280-290°C. for 10-15 minutes; longer heating would cause trouble in the
next step in the process. The mixture is cooled immediately to room
temperature under carbon dioxide, then transferred into another vessel,
which is immersed in an oil-bath.

394 parts of phthalic anhydride is added to the cold Tungoglyceride
obtained above. The air in vessel is displaced completely with carbon
dioxide, then a slow current is maintained until the experiment is finished.
The mixture is heated up rapidly; the temperature should rise to 190°C.
in the least possible time, (within half an hour) even when large batch
of material is handled. It is worth while to notice that the bath oil
must not be heated over 210°C. in order to avoid any over heating of the
reacting materials. When the temperature reaches about 100°C., the
stirring is started with moderate speed in order to make thorough mix-
ing of the ingredients. The temperature of the oil-bath and of the
mixture is carefully controlled. A sudden rising or dropping in tem-
perature may cause the reaction to be uncontrollable. When 190°C. is
reached, the temperature is so adjusted as to raise to 200°C. gradually
in a course of half an hour. In the next twenty minutes, it is steadily
raised to 210°C. and finally to 215°C. The resin prepared is cooled and
transferred in the same manner as in the case of pyro-casto-phthalo-
glycero-resin.
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3. Lino-phthalo-giycero-resin.

Raw linseed oil and glycerine are taken in the ratio of 778 to
167, and heated under an atmosphere of carbon dioxide above 250°C.
for five and half hours. A slow current of carbon dioxide gas is passed
in to stir the mixture and carry off any volatile matter. A great deal
of albuminous matter in linseed oil is precipitated in the presence of
glycerine. After heating has lasted two and half hours, the tempera-
ture is raised to 300°C. Finally the lino-glyceride is cooled under an
atmosphere of carbon dioxide. The precipitate at bottom is removed to
make the product clear.

31 parts of the clear lino-glyceride and 11 parts of phthalic an-
hydride are mixed in a vessel under carbon dioxide atmosphere. When
the solid anhydride melts during heating, stirring is started. The tem-
perature is kept at 240-250°C. for three and half hours. The water
vapor resulting from the reaction condenses in the outlet and decreases
in amount as the reaction goes to completion. The speed of the current
of carbon dioxide is faster than that uszed in other similar preparations
in order to prevent the darkening of the resin. The resin does not
polymerize or gelatinize with ease, hence a longer time of heating is
allowable. The resin is cooled with stirring under carbon dioxide just
as in the case of other similar resins. It may be transferred when
cooled on account of its high fluidity at room temperature.

4. Eleostearo-phthalo-pentaerythro-resin

The raw materials used are phthalic anhydride, a-eleostearic acid
and pentaerythritol. The latter two compounds are prepared in the
following manner. o-Eleostearic acid is prepared according to the pro-
cedure of Wang and Yang (4), with some modifications. 200 grams
of high-grade Tung oil is refluxed with alcoholic potash consisting of
42 grams potassium dissolved in 400 ml. of 97% alcohol. The mixture
is gently boiled on water bath for one hour. The clear hot solution is
poured into 1500 ml. of 3% dilute sulfuric acid, and the mixture is
stirred to make thorough acidification. On cooling, the cake of
a-eleostearic acid above the aqueous layer is taken out, pulverized,
washed, and then sucked dry. The crude a-eleostearic acid is purfied by
recrystallization in 130 ml. of 97% alcohol, the alcohol being maintained
at 35-40°C. and the acid is dissolved with stirring until saturation is
reached. This solution is occasionally stirred to promote the crystalli-
zation when cooled. The crystalline a-eleostearic acid is filtered off,
washed with small portions of alcohol, and then sucked dry. It is in
the form of white shiny plates. The pure o-eleostearic acid is pre-
served under vacuum or under carbon dioxide in a dark and cold place,
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because it is readily oxidized in contact with air. It is advisable to
store this acid in small portions in separate containers when it is pre-
pared in large amount.

Pentaerythrite is prepared by a modification of the procedure
described in Organic Synthesis (I). One liter of ice-cooled water is
mixed with 71 grams of acetaldehyde and 560 grams of 40% formalin
with stirring. Sixty grams of freshly hydrated pure lime is added to
the solution in large portions with efficient stirring "in order to
bring up quickly the necessary alkalinity. The mixture is then heated
in a water-bath to 60-65°C. with energetic stirring for two hours.
When the suspended solids settle to the bottom, the clear lemon-yellow
solution is decanted off and then filtered. A sufficient quantity of 50%
sulfuric acid is added to precipitate the calcium in filtrate as calcium
sulfate, but no excess of sulfuric acid should be present. The mixture
is warmed, and the solid calcium sulfate is filtered off after settling.
A saturated solution of oxalic acid is cautiously added to the hot
filtrate, until a filtered sample no longer gives test for calcium salts.
The liquor is concentrated under reduced pressure to 350 ml. and de-
colorized with active carbon; the filtrate is left over night. Crystals
of pentaerythrite separated out on standing, this product is washed
with cold alcohol, and recrystallized from water. The yield is about 114
grams.

377 parts of a-eleostearic acid, 154 parts of pentaerythrite and
226 parts of phthalic anhydride are mixed by grinding and placed in
an autoclave. The air in the autoclave is displaced completely by car-
bon dioxide gas. The oil-bath is then heated up and the mixture is
agitated gently. The slow current of carbon dioxide gas is temporarily
stopped until the temperature of the mixture reaches 150°C., at which
temperature all the solid melts and the frothing no longer occurs. The
temperature of the reacting mixture is kept at 165-170°C. for one and
one quarter hours, and then raised gradually to 180°C. in one and half
hours. During the heating the temperature of the bath-oil has to be
cautiously controlled to avoid any sudden rising; stirring is restlessly
applied. The increase of viscosity, which is an indication of the stage
of reaction, may be observed from the appearance and color of the foams
on the surface. If the foam at the outer edge of the reacting mixture
does not subside, but gradually increases in amount and turns deeper
in color, heating should be immediately stopped even when the usual
requisite time of heating has not reached. This resin is very viscous
and sticky when cold. Therefore it must be transferred under carbon
dioxide when hot. If air leaks into the autoclave, the yellow color of
resin will change to brown or dark red.
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5. Ricino-phthalo-pentaerythro-resin.

The ricinoleic acid is prepared from the ricinolein, which is
isolated in pure state from castor oil. A mixture of 90% petroleum
ether and 10% benzene is used instead of the Kransnodar benzine in
Panjutin and Rapoport’s method (2). Castor oil is extracted with a
sufficient quantity of this mixture four times, and the solvent in castor
oil is distilled off, the pure glyceride of ricinoleic acid being thus left
behind. This glyceride is saponified with alcoholic potash, the alcohol
is distilled off after two hours’ boiling, much water is added and the
mixture is distilled to drive out all the alcohol. The residual solution
is acidified with hydrochloric acid and extracted with ether. The
ethereal solution is washed and dehydrated. Pure ricinoleic acid is left
in flask after distilling off ether.

475 parts of ricinoleic acid, 4.5 parts of litharge and 153 parts
of pentaerythrite are mixed together; the litharge is finely ground and
mixed with pentaerythrite, then ricinoleic acid is added. This mixture
is heated under carbon dioxide on oil-bath, with constant stirring, the
temperature being kept at 190-200°C. for one hour. Then the temper-
ature is raised to 250-260°C. and maintained at this temperature for
half an hour. The product is cooled down to room temperature under
an atmosphere of carbon dioxide. ’

198 parts of phthalic anhydride iz added to the ricinoleic pen-
taerythride and a carbon dioxide atmosphere is established. The mix-
ture is heated to 190°C. with stirring, the temperature is kept at 190-
200°C. for one hour and then raised to 200-210°C. in the course of half
an hour. The resin is freed from the white suspension by dissolving
it in toluene and distilling the solution after warming and filtration.
Carbon dioxide is passed in to promote distillation and to prevent the
resin from oxidation.

The properties of the resins prepared are shown in Table T.

Table I. Properties and Analysis of the Resins.

Pyro- Tungo- Lino- Eleo- Ricino-
casto- phthalo- phthalo- stearo- phthalo-
phthalo- glycero- glycero- phthalo- pentaery-
glycero- resin, resin. pentaery-  thro-resin.
regin. thro-resin.
Density 1.0764 1.1093 1.0566 1.1182 1.0873
Color (Gardner color
standard) 11 12 15 11 12
Acid value 37.1 59.8 21.4 91.3 54.2
Saponification value 327.8 340.1 332.0 345.6 319.5

Ester value 290.7 280.4 310.6 254.3 265.2
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Iodine value

(Hanus) 89.5 99.0 105.1 166.0 65.7
Drying rate in

room (hours) 6% 46 21% 5/6 8 days
Drying rate in sun .

light (hours) 5 2 3 2/6 14
Gloss (Ingersoll

glarimeter) 99.8 99.8 99.8 99.8 99.4-99.8

By studying Table I, we can ncte the following points:

(1). Among the phthalo-glycero-resins, Tungo-phthalo-glycero-
resin has the highest density, largest acid value and smallest ester value.
And, in the phthalo-pentaerythro-resins, the eleostearo-phthalo-pen-
taerythro-resin has the greater density, larger acid value and smaller
ester value. These two relationships are similar, and may be attributed
to the presence of Tung oil acid radical in molecule. Because the
eleostearo-phthalo-pentaerythro-resin is prepared from pure o -eleostearic
acid, the variations in density, acid value and ester value are more
significant. Since the Tung oil acid in the Tungo-phthalo-glycero-resin
consists only partly of o-eleostearic acid, the variations in density, acid
value and ester value from other resins are smaller than those of
eleostearo-phthalo-pentaerythro-resins.

(2). Among the phthalo-glycero-resins, lino-phthalo-glycero-
resin has the smallest density, least acid value and highest ester value.
These characteristics are just opposite to those of the Tungo-phthalo-
glycero-resin. The corresponding figures of pyro-casto-phthalo-glycero-
resin have intermediate values, though approaching those of lino-
phthalo-glycero-resin.

(3). The difference between the drying rate of pyro-casto-
phthalo-glycero-resin in a room (diffused light) and its drying rate in
direct sunlight is comparatively slight, while the corresponding difference
tor the other resin amounts to a considerable value. This shows that
the fatty acid in pyro-casto-phthale-glycero-resin has special character-
istics and the cause of drying of such resin is somewhat different from
others. The pyro-castor oil has been subjected to corresponding tests,
and the results is similar to those of the pyro-casto-glycero-resin.

» (4). From these results, the conclusion may be drawn that the
nature of the fatty acid radical and alcoholate residue contributes to
the corresponding resins certain characteristic properties.

Miscibility of Resins with Oils.

Lino-phthalo-glycero-resin is ntiscible with all oils and can be
blended in any proportion. The other resins, when mixed with oil and
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heated at the proper temperature, produce the blendings which can stand
dilution with two to four times of petroleum solvent. It is noticeable
that the resins may be very easily blended with the oils containing the
same fatty acid radical. The tolerance to dilution of the resins pre-
pared are shown in Table II.

Table II Tolerance to Dilution of the Resins.

Pyro- Tungo- Lino- Eleo- Ricino-
casto- phthalo- phthalo- stearo- phthalo-
phthalo- glycero- glycero- phthalo- pentaery-
glycero- resin. resin. pentaery-  thro-resin.
resin. thro-resin.
Alcohol 0.4 0.64 0.27 2.2 15
Ether 2.5 1.45 o0 10 [}
Mineral turpentine 4.5 0.8 - 0.5 .
Petroleum ether 0.5 0 . 0.25 0.33
Vegetable turpentine oo 16.5 5 6 15
Toluene 34 3.2 55 3.3 30

From Table 1T we can see:

(1) All the resins are very soluble in vegetable turpentine, but
less so in toluene.

(2) Phthalo-pentaerythro-resin is miscible with both ether and
alcohcl, and in this respect is quite distinct from phthalo-glycero-resin.

(3) Pyro-casto-phthalo-glycero-resin is similar to Tungo-phthalo-
glycero-resin and different from lino-phthalo-glycero—resir_1 with regard
to its solubility in ether, petroleum ether, toluene and mineral turpen-
tine.

(4) Lino-phthalo-glycero-resin is a peculiar member among the
resins prepared in showing extremely low solubility in alcohol and ex-
tremely high solubility in other solvents.

Summary

(1) Three oil-soluble resins containing glyceride residue are pre-
pared by alcoholysis of pyro-castor oil, Tung oil, and linseed oil res-
pectively, with glycerine at 250-260C. with or without catalyst, and by
esterification of the product with phthalic anhydride at different tem-
peratures in the range of 190-250°C.

(2) Two oil-soluble resins containing pentaerythride residue are
prepared respectively by (a) esterification of pentaerythrite with mix-



