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Abstract: Gondorukem as a non-wood product is widely used as an auxiliary material in the paper industry, as a plaster
softener, as a mixture for eyeshadow, batik ink, soap, varnish, electrical equipment insulation and printing ink. Gondorukem
is also used as an adhesive which functions as a tackifier, adhesion promoter or viscosity promoter to improve the properties
of the final product. Gondorukem has unsaturated alkyl tricyclic organic acids derived from natural derivatives that can
dissolve in organic solvents, consisting of 80-90% resin acids and around 10% neutral components. To overcome the
influence of the tricyclic framework structure, the phenanthrene of the rosin and the high viscosity of the reaction mixture,
the esterification of gondorukem carried out for a reaction time of 6 h at 270°C with an acid catalyst. The esterification
reaction was carried out in a three neck flask. The reaction temperatures used were 260°C, 270°C, and 280°C, and the use of
1%, 3%, and 5% catalyst. Data obtained from the research results in the form of acid numbers based on temperature and
catalyst percentage resulted in conversions of 86%, 92% and 94%.
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Introduction mills that use pine wood as raw material (tall oil)
which is referred to as non-modified gondorukem

The forestry sector has forest products in the form (Kirk and Othmer 2007).
of wood products and also has a very diverse Rosin or gondorukem has unsaturated alkyl
range of non-timber forest products (NTFPs). The tricyclic organic acids derived from natural
Indonesian government is reducing wood forest derivatives that can dissolve in organic solvents,
products, with this policy the government is consisting of 80-90% resin acids and around 10%
maximizing non-timber forest products (Daryono,  peutral components. The main compound
2015). components of rosin are abietic acid and pimaric
Gondorukem as a non-wood product is widely  ¢id which have amphipathic properties, namely
used as an auxiliary material in the paper industry, having a carboxyl group which is hydrophilic and
as a plaster softener, as a mixture for eyeshadow, tricyclic molecule which is hydrophobic (Wiyono,
batik, soap, varnish, electrical ~equipment 2009). The types of resin acids included in abietic

insulation and printing ink. Gondorukem is also acid are abietic acid, neoabietic acid, levopimaric
used as an adhesive which functions as a tackifier,

adhesion promoter or viscosity promoter to
improve the properties of the final product

acid, dehydroabietic acid, palustratic acid,
tetraabietic acid. Abietic acid is easily isomerized
by heat and is also easily oxidized by oxygen in the
(Coppen et al,, 1995). Gondorukem can be obtained i1, Jevopimaric acid, which is less in quantity, is
from tapping pine trees (gum rosin), pine wood easily isomerized into other acids by the influence
extraction (wood rosin) and by-products from pulp ¢ heat and is also very reactive. Types of resin
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acids included in pimaric acid include pimaric
acid, isopimaric acid. This type is more stable than
other acids found in gum rosin. The resin acid
contained in gum rosin has the same empirical
formula, namely C20H0: (Kirk, 2007). To
overcome the influence of the tricydlic,
phenanthrene framework structure of the rosin and
the high viscosity of the reaction mixture, the
esterification of gondorukem should usually be
carried out for a long reaction time (1048 h) at
260-300 °C with an acid catalyst, such as: H2SO4 or
ZnO (Zhou, et. al., 2020).

This research aims to determine the results of
esterification of gondorukem with glycerol and
anhydride with the

hypophosphorus acid as catalyst. Gondorukem

maleic acid help of
which is commonly used in industry has a
relatively have high acid number, this is due to the
large amount of acid in gondorukem which can be
used to improve the chemical and physical
properties of gondorukem products by modificate
acid using various methode by reacting the acid
contained in gondorukem with catalyst using
esterification process is expected to improve the
properties of gondorukem (Kugler et al., 2019). It
is hoped that the results of this research can
produce better rosin esters and can be determine
the characteristics results of gondorukem. The
parameters to be tested include the acid number,
quality and physical and chemical properties of the
resulting product in order to obtain a rosin ester
product that meets market demand specifications
and can be applied in a wider field.

Material and Methodes

Material

Gondorukem (at a softening point of 82°C, acid
number of 190), Glycerol, Anhydride Maleic Acid,
and Hypophosphorous Acid was kindly supplied
by PT. Perhutani Pine Chemical Industry
Pemalang, Central Java, Indonesia. The tools used
in this reaserch are a simple distillation tool using a
3 neck flask, a mechanical stirrer, and a simple
titration using a burette.

Esterification

Esterification of gondorukem is carried out by
making Gum Rosin products from gondorukem
with WW quality, namely by carrying out an
esterification process assisted by maleic acid
anhydride and hypophosphorus acid catalyst at
temperatures up to 280°C. Add 30 grams of
glycerol and add hypophosphorus acid. Then stir
until homogeneous. After the temperature reaches
280°C, maintain this temperature for 2 hours. The
processing of gondorukem glycerol ester take 6
hours. The results of separating gondorukem with
water are distilled to produce gondorukem. After
producing gondorukem glycerol ester or gum
rosin, the product is poured into containers that
have been prepared for quality testing based on its
physical and chemical properties.

OH OH

Figure 1. Esterification reaction of carboxylic acid and glycerol
(Kalberg and Hagvall, 2018).

Analysis Methods
The analysis in this research was carried out at the
PT. Perhutani Pine Chemical Industry Pemalang
and Gadjah Mada University, Yogyakarta, Central
Java. The synthesis was carried out within 6 hours
by maintaining the reaction temperature at 260°C,
270°C, and 280°C. The reaction time is calculated
after the godorukem is completely liquid, where
the godorukem will liquid at temperatures above
100°C. Gondorukem in liquid form is reacted with
glycerol and acid as a catalyst which will be used
in the esterification process, then the temperature
is raised to a specified limit and sampling is carried
out every 30 minutes to determine changes in the
acid number and find out whether the desired
product can react according to initial expectations.
The acid number test based on RSNI3 7636: 2010
is carried out by weighing gondorukem which has
been made into a fine powder of 2 grams in a 300
ml Erlenmeyer flask. In the Erlenmeyer flask, 2,5
ml of toluene and 7.5 ml of propanol were added
which were used to dissolve the sample before
adding the indicator so that the color change could
be seen during the titration to determine the acid
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number of the sample. After the sample has
dissolved, titration is carried out with KOH to
determine the acid number and conversion. The
same analysis was conducted for the blank
solution. The acid number was calculated with
Equation (1):

_VxNx56,1
ms

AN (1)

Where AN is the acid number of the sample. V
is the volume of potassium hydroxide solution to
reach the equivalent point in the sample test (mL),
N is the potassium hydroxide solution normality
(N), and ms is the mass of the sample (g). After
titrating the sample variations that already
obtained, calculations are carried out to find the
conversion of the acid that reacts during the
esterification
calculated with Equation (2):

process. The conversion was

Ga—AN
=——X

C 100% (2)

Where C is conversion by percent, Ga is the acid
number of the raw gondorukem sample obtained
through the same calculation as equation 1 which
is then used in the calculation to determine the
conversion of the product obtained. Esterification
in this research is a reversible reaction, so in this
research the water vapor produced from the
reaction is removed by a distillation process. So
this reaction can be considered a non-reversible
reaction. Rosin esterification at temperatures of
260°C, 270°C, and 280°C can cause rosin
decarboxylation as a side reaction. The reaction of
the resin acid carboxylic group in rosin and the
hydroxyl group produces rosin esters, namely
mono-, di-, tri-, and tetra-esters.

G E_~

Abietic Acid \ Abietic Acid

| + H,0 dan O;

(Maleat (Gliseril

Anhydride Acid) monoabietat)

Figure 1. Reaction of maleic anhydride acid with groups carboxyl
glycerol gondorukem

For color analysis will be carried out later at PT.
Perhutani Industry Pemalang
Central Java.

Pine Chemical

Results and Discussion

Esterification of gondorukem is carried out by
making Gum Rosin products from gondorukem
with WW quality. Esterification process assisted by
maleic acid anhydride and hypophosphorus acid
catalyst at temperatures 260°C to 280°C. Glycerol
used in the esterification process is 30 grams to the
initial weight of gondorukem wused and add
hypophosphorus acid. After the temperature
reaches 260°C, 270°C, and 280°C maintain this
temperature for 6 hours. The processing of
gondorukem glycerol ester take about 6 hours with
a distillation process under vacuum conditions.
carried out under vacuum conditions due to the
nature of gondorukem which is easily oxidized
during the esterification process, so to reduce the
oxidation process and the appearance of excess by-
products it is treated in the esterification process
for 6 hours under vacuum conditions to get bright
color results. The esterification reaction is used to
make the abietic acid chain longer so it is expected
to be more flexible. One of the substances that can
react with the carboxylate group of rosin is
glycerol. Esterification reaction, where interaction
occurs between the hydroxyl group of glycerol and
the carboxylic group of abietic acid. The product of
this reaction is glycerolabietate with the hydroxyl
position of glycerol. The reaction product consists
of primary glycerolabietate and secondary
glycerolabietate. The ratio of primary and
secondary hydroxyl groups
determined by the number of -OH groups in
glycerol.

The acid number is obtained to determine how
influential the wuse of maleic anhydride and
hypophosphorous acid is in the esterification
process. The results show a decrease in the acid
number before and after esterification. The results
of esterification are analyzed by titration using
KOH to determine the acid number. Samples were
taken consistently at certain times to determine the
characterization produced by analyzing the

in glycerol is
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hydroxyl group in glycerol and the carboxylate
group in gondorukem which reacts with the ester

group.
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Figure 2. Acid number by Maleic variable.
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Figure 3. Conversion after esterification.

The glycerol used in esterification is 30% of the
weight of the gondorukem sample used, variations
in the research used are maleic anhydride of 1%,
3% and 5% of the weight of the sample used. and
the temperatures used are 260°C, 270°C, and 280°C,
using temperatures that are too high can cause side
reactions and failure of the esterification process
because at temperatures above 280°C, the catalyst
in the form of hypophosphorus acid will react to
produce black soot which results in an increase in
acid groups in gondorukem which results in The
resulting product cannot solidify so it cannot be
analyzed and used as a by-product. The optimum

point for the results obtained is when using acid of
5% of the sample weight and using a temperature
of 270°C. The graph obtained shows that the higher
the reaction temperature, the lower the abietic acid
number. This results in the higher the reaction
temperature used, the greater the number of
carboxylic groups Increasing the
temperature of the reaction causes the carboxylic
group in abietic acid and the increased reaction
rate of the hydroxyl group in glycerol to be
activated —intermolecular interactions.

consumed.
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Figure 4. Conversion by temperature.
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Figure 5. Acid number by temperature.

Determination of the acid number aims to
determine the amount of free fatty acids contained
in the material and is used to determine the level of
damage to the material caused by the hydrolysis
process. It is known that gondorukem is an acidic
material, the gondorukem very
dependent on its acid function, a high acid number
is an indication of the quality of gondorukem.

industry is
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Modified gondorukem has varying soft points and
acid numbers, so it can improve its function in the
quality of gondorukem. each Variations in the
gondorukem modification process aim to obtain
the desired product properties generated depends
on the goals to be achieved.

By using variations in the percentage of maleic
acid, the acid number increases. This is thought to
be because the greater the amount of acidic
material added during the esterification process,
the more acid groups produced in the acid reaction
in gondorukem and maleate react, resulting in a
lower acid number of the gondorukem derivative
product. In gondorukem, maleic acid anhydride
will react with glycerol which binds abietic acid in
gondorukem. The modification of gondorukem
into maleic gondorukem is carried out after the
pine sap distillation process, namely processing the
sap from pine trees into gondorukem. The
resulting gondorukem is further processed into
maleic gondorukem by the process of making
gondorukem with glycerol ester and maleic acid,
the -OH bond in Abietic acid in the sap is released
and reacts with the carboxylate group in glycerol,
binding maleic acid anhydride and abietic acid.
This reaction continues until all the abietic acid has
reacted with glycerol and this acid reacts with
maleic acid anhydride to form the final product in
the form of glycerol maleic rosin ester which can be
used for polymer synthesis.

Conclusion

In this study, the optimum time used was 6 hours
while maintaining a constant temperature of 270°C.
The results of the research show that the use of
Maleic Anhydride has an optimal point at 3% of
the weight of the Gondorukem material, and
temperature greatly influences the results of the
esterification product. Using a temperature that is
too low causes the Gondorukem esterification
process to not be optimal so that
temperatures up to 270°C can increase the
conversion of abietic acid. However, using too high
a temperature will damage the product yield and
esterification reaction. This results in the higher the
reaction temperature used, the greater the number

using

of carboxylic groups consumed. Increasing the
temperature of the reaction causes the carboxylic
group in abietic acid and the increased reaction
rate of the hydroxyl group in glycerol to be
activated —intermolecular interactions.
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