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Abstract 
The corrosion of reinforcement-steel due to the presence of water is commonly prevented by coating process. In this work, 
the potential of Sumatran Pine rosin (gondorukem) as a natural and environmentally-friendy resource to coat reinforcement-
steel, and an initial assessment on its capability to prevent the corrosion in wet environment were investigated. The 
experiments were performed using two types of commercially available gondorukem, namely type T and U. The coated 
reinforcement-steel samples were immersed in collected rainwater and their physical changes were observed periodically 
for 60 days. The results showed that gondorukem improve the durability of the reinforcement-steel from corrosion in a 
severe rainwater contact.  
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INTRODUCTION 

Corrosion is a serious problem for countries 
whose geographic conditions are surrounded by 
seawater with long coastlines and wet tropical 
climates such as Indonesia. Corrosion can 
deteriorate reinforcement-steel inside a concrete 
and it is hardly detected at initial stage. The loss due 
to the corrosion of concrete reinforcement-bar is 
enormous from the perspective of safety, cost, and 
environmental pollution. The economy impact is 
widely spread in the various sectors such as 
transportation, infrastructure, industrial, and 
residence [1]. 

The corrosion of reinforcement-steel in a 
concrete structure can be caused by water seepage 
and the aeration conditions inside the concrete. 
The prevention control is commonly done by 
coating the steel surface. This method has been 
done since 1970 using epoxy-coating, zinc coating, 
and cathodic protection. A new direction on the 
utilization of natural and environmentally friendly 
materials on steel protection against corrosion has 
been carried out [1-2]. Several natural and 
environmentally friendly materials for corrosion 
control have been reported, such as the tobacco 
extract for inhibitor corrosion in sea water [4], 
Phyllanthus muellerianus for reducing corrosion in 
concrete steel reinforcement in industrial and 
microbial environment [5], the extract of gingko 
biloba as a corrosion inhibitor for J55 steel [6], 
natural honey as a corrosion inhibitor on bronze by 
a weak acid [7], and biomolecules from bacteria 
cells [8]. 
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The residual product of distillation process of 
Sumatran Pine (Pinus merkussi) sap is known as 
pine rosin, and locally termed as Gondorukem in 
Indonesia. The distillation process commonly yields 
15-25% of turpentine oil, which is the main 
commercial interest, and left 70-80% of rosin. The 
study of rosin and its derivative [9] as a functional 
coating material is widely reported, from the civil 
engineering interest such as to improve asphalt-
concrete durability and as a component in porous 
asphalt pavement [2], to pharmaceutical interest 
such as drug coating [10-11]. In Indonesia, 
gondorukem is widely used as an additive to the 
industrial products, such as adhesives, batik 
printing, soap, wax, vernish, and paper [12].  

Gondorukem mainly consists of abietic acid 
and pimaric acid with 80-90% composition. Abietic 
acid and pimaric acid are hydrophobic or water-
resistant [2]. In this work, the potential of 
gondorukem as a natural and environmental-
friendly coating material for reinforcement-steel 
was investigated, and an early qualitative 
evaluation to its capability in strengthening 
reinforcement-steel to withstand corrosion 
damage in wet environment was carried out. 
 
MATERIALS AND METHODS 
Materials 

Commercial gondorukem of type T and U 
(Indonesian National Standard, SNI No. 7636:2011) 
was used in this study. Type T shows a dark 
brownish color and type U shows a clear yellowish 
color. Standard concrete reinforcement-steel (SNI 
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AISI 1020) with 7 mm in diameter and 60 mm in 
length was used as the corrosion subject.  

 

  
 Figure 1. Physical appearance of gondorukem type T 

(left) and type U (right). 

 
Steel coating process 

Solid gondorukem was ground to powder and 
then dissolved in xylene 99% solution with 1:1 mass 
ratio to produce liquid resin. The coating was done 
by immersing reinforcement steel into liquid resin 
for 10 s, and  dried in room temperature for 6 h. The 
process was repeated to obtain multiple coatings. 
The average coating thickness was calculated by 
measuring the difference in mass and diameter of 
the steel, before and after the coating process. 
 
Corrosion test 

A sample of rain water was collected and used 
as an environment water for corrosion test. The 
test was carried out by immersing the coated steels 
in the rain water, and the surface condition was 
recorded periodically for 60 days.  Uncoated 
reinforcement steel was used as a control, and a 
standard ASTM G1 test were carried out to 
calculate the corrosion rate of the uncoated 
reinforcement-steel sample.  
 
RESULT AND DISCUSSION 

The reinforcement-steel coating process with 
gondorukem was found to be relatively simple. The 
immersion and drying process of steel samples (n = 
3) yields to a relatively uniform coating thickness 

with no sign of physical deterioration. The process 
can be repeated to obtain multiple coatings, and 
Figure 2 shows the calculated coating thickness, 
based on the difference in sample mass and 
diameter before and after the coating. The 
thickness was found to be linearly increased with 
each coating process, at least up to three layers in 
this study. Further coating to extend the number of 
layer is considered possible. Figure 2 also shows 
that, in general, gondorukem of type T yields to a 
thicker layer compared to gondorukem of type U. 
The liquid resin of gondorukem T was observed to 
be more viscous than gondorukem U; thus led to a 
thicker layer.  

The hydrophobic property of gondorukem 
coating is expected to hinder the contact between 
steel and environmental water that may seep 
through a concrete, and thus prevent the corrosion 
from taking place. An early evaluation to this 
capability was done qualitatively by immersing the 
coated gondorukem inside collected rain water 
samples and observe the occurence of corrosion. 
Uncoated steel samples were imposed to the same 
treatment as a control variable. The results are 
summarized in Table 1. Heavy corrosion was 
observed on the uncoated steel samples that were 
immersed in rain water within the first 10 days 
(Figure 3, left). The standard ASTM G1 test indicates 
that the corrosion of uncoated steel sample 
reduces the life of the concrete with a corrosion 
rate of 0.832 mm / year. On the other hand, 
gondorukem-coated steel-samples were observed 
to withstand corrosion within the same 10 days. It 
is worth to be noted that the immersion of steel in 
collected rainwater is considered to be a more 
severe situation compared to the actual steel 
condition inside a concrete during rainy season. 
Table 2 also shows that the number of coating 
layers significantly improve the durability of the 
steel sample in general. With the possibility to 

 

Figure 2. The thickness of gondorukem coating layers on reinforcement-steel sample 
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extend the coating process to yield further beyond 
three layers, a better protection can be expected. 
Interestingly, while Figure 2 shows that 
gondorukem T coating is thicker than gondorukem 
U coating in general, Table 1 shows that 
gondorukem U has a better corrosion prevention. 
Within 60 days, no corrosion was observed in 
sample with double and triple gondorukem U 
coating (Figure 3, right). Gondorukem T is evaluated 
as a residue with higher contaminants compared 
gondorukem U, thus two factors can be argued to 
correspond this observation, i.e. either the 
microscopical structure of gondorukem T layer 
enable rainwater to seep, or the the layer is prone 
to deterioration during long contact with rainwater. 
 
 

  

Figure 3. The physical appearance of steel samples after 
immersion in the collected rainwater.  
LEFT: uncoated steel after 10 days;  
RIGHT: gondorukem U coated samples after 60 
days. 

 

Table 1. The observation of corrosion occurence in the steel samples that are immersed in collected rain 
water. Samples coated with gondorukem T is labeled as GT, and gondorukem U is labeled as 
GU. The number that immediately follows the code indicates the number of coating layers. 

Samples 
(n = 3) 

Observation days 

10 20 30 40 50 60 

GT1 a b c d e f 

GT2 a b b c d d 

GT3 a b b b c c 

GU1 a b b b c d 

GU2 a b b b b b 

GU3 a b b b b b 

no coating g g g g g g 

 

 

a coating color did not change and no corrosion is observed 

b coating color changed to grey  and no corrosion is observed 

c corrosion cover less than 5% of area 

d corrosion cover around 5-10% of area 

e corrosion cover around 10-15% of area 

f corrosion cover around 15-20% of area 

g corrosion cover more than 20% of area 
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CONCLUSION 
The potential of gondorukem as a coating 

material to strenghten the durability of 
reinforcement-steel in wet environment had been 
investigated. The simple coating process was able 
to yield a relatively uniform coating thickness, 
without any sign of physical deterioration, and the 
process can be repeated to obtain multiple coating 
layers. All gondorukem-coated steel samples 
showed better durability against corrosion when 
immersed in a collected rain samples. The durability 
was shown to be proportional to the number of 
coating layers. Gondorukem type U showed better 
protection compared to gondorukem type T in all 
tests, regardless the fact that gondorukem type T 
yielded to a thicker coating. Gondorukem type U 
with two and three coating layers, did not show any 
sign of corrosion within 60 days immersion in the 
collected rainwater, a condition which is more 
severe than the actual reinforcement-steel inside a 
concrete during rainy season. 
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