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exhaust fumes of the factory plants. Therefore, this research was conducted to analyze the
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cleansed from dirt, scaled, and rubbed with sandpaper to achieve a grid of 600, later
washed with fresh water and rinsed with alcohol, and subsequently exposed to the
environment in PT ASN and PT AKTS palm oil mills for 12 months. Moreover, they were
placed on a measuring tray for exposure and the corrosion rate was recorded once a
month using the mass loss method in line with the ASTM G50. The results showed the
steel construction with a round bar shape was more resistant to atmospheric corrosion
and the remaining samples were also observed to be safe and relatively resistant based on
their classification as being outstanding (< 1 mpy).
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m INTRODUCTION observed in the reduction of strength, mass, or aesthetics

Indonesia was reported to be the highest palm oil- of metal structures which can further cause a gradual

producing country in the world in 2014 with a plantation decrease in the mass of the metal material [8-9].

area of approximately 10.6 million hectares (Mha) [1]. Moreover, thinning of the metal surface caused by
The province of Aceh had 393,270 hectares of palm
plantation area in the year 2016 [2]. The growth of oil

palm plantations in Aceh provided a positive impact on

corrosion is also the main reason for the premature
damage of infrastructures [6,10].

Previous studies have been conducted on the
: . . carbon steel corrosion in recycled sour water of 3.5%
the surrounding environment in the form of employment
NaCl using the Inductively Coupled Plasma-Mass
Spectrometry (ICP-MS) method dipped in different

NaCl solutions [11]. The results showed the corrosion

but also led to environmental pollution due to the
diffusion of exhaust fumes into the atmosphere as a result

of industrial activities. The fumes from the palm oil mill
industry contain approximately 455 mg/Nm® of rate decreased when the carbon steel was soaked in
hydrogen sulfide gas [3-4] that can cause atmospheric recycled sour water due to the passivation effect of the
corrosion corrosion product [12]. Meanwhile, the NaCl
In dlistrial fumes have also been proven to decrease concentration was observed to have a significant effect
the quality of building materials due to the direct and on the corrosion rate in all the variations of the solution
indirect effects of chemical reactions [5-7]. This is [13-14]. Similar research was conducted [15] on
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aluminum matrix composite material AlSil0Mg and
Silicon Carbide (SiC) at different variations. The results
showed the highest corrosion rate was in the materials
dipped in HCI solution with PH 1 while the addition of
Silicon Carbide (SiC) was able to reduce the corrosion rate
in the aluminum material.

The effect of atmospheric corrosion in the palm oil
mill environment was previously researched by
Priyotomo et al., and Zulfri et al. [16-17] by determining
the corrosion rate of five types of construction steel,
classified < 1 mpy [18]. Furthermore, de la Fuente et al.
[19] observed carbon steel corrosion under different types
of atmosphere such as the industrial, urban, rural, and
marine atmosphere [20]. Results showed that marine and
industrial atmospheres had significantly worse conditions
compared to urban and rural atmospheric conditions
[21]. Ridha et al. [22] focused on the atmospheric
corrosion mapping of structural metals in the Tsunami
area of Aceh in the year 2004 and found a relatively fine
resistance for all structural steel exposed in the area which
was classified in the outstanding category (< 1 mpy).
Furthermore, Castafio et al. [23] evaluated corrosion to
determine the effect of the total chloride ion and SO, in
line with the wet period of different types of atmospheric
conditions using X-ray diffraction (XRD) and scanning
electron dispersive

microscopy-energy X-ray

spectroscopy (SEM-EDS) analysis and found the most

o

(c)
el o
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aggressive atmospheric corrosion to be based on the
chloride content in the air.

The content of active substances in the air such as
carbon monoxide (CO), NO,, SO,, and H,S obtained
from the processing of fresh oil palm fruit bunches
through complex chemical reactions has been discovered
to be the cause of atmospheric corrosion in the palm oil
mill industry [24]. This means there is a need to study the
atmospheric corrosion of structural steel infrastructure
at the palm oil mill industry in Aceh province.

This research was, therefore, conducted to assess
the effect of atmospheric corrosion on different shapes
of construction steel that are used in the palm oil mill
industry located on the southwest coast of Aceh
province. The study was focused on two different
locations, PT Agro Sinergi Nusantara (PT ASN), Bates
Puteh, Aceh Jaya, and PT Astra Karya Tanah Subur (PT
AKTS), West Aceh.

m EXPERIMENTAL SECTION
Materials

This research used five types of structural steel
namely strip, I-shape, round bar, plate, and SAPH 610
low carbon steel with a carbon content of 0.18% as
shown in Fig. 1. The mechanical properties and chemical
composition of the samples are presented in Tables 1
and 2.

Table 1. Mechanical properties of the samples [14]

Yield Strength ~ Tensile Strength ~ Elongation Young Modulus
(MPa) (MPa) (%) (GPa)
356 496.5 22.68 187.8
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Table 2. Chemical composition of the samples [14]

Si Mn p

S Ni Al Fe

0.18 0.19 0.44 0.005

0.017 0.037 0.023 Balance

Procedure

Sample preparation and exposure

A total of 30 samples were used, divided into 2
groups of treatment, and each was exposed to an
atmospheric environment near PT Agro Sinergi
Nusantara (PT ASN) and Astra Karya Tanah Subur (PT
AKTS). Each of the specimens of the materials in the
research area had 6 coupons and their sizes were in line
with the ASTM G 50 standard [25] as shown in Table 3.

The
sequentially using silicon carbide abrasive paper with grit
from 180 to 600. They were washed, cleansed with ethyl
alcohol, and dried before initially weighed to a precision

samples were sectioned and subtracted

of 3 decimal places after which an immersion test was
conducted to assess the weight loss. The samples were
exposed in two locations, PT ASN and PT AKTS, and
measurements were obtained monthly for a total of 12
months. In addition to the previous objectives, the
corrosion rate of the samples due to weight loss during the
immersion test was also analyzed. The test rack for the
sample exposure is shown in Fig. 2.

Weight loss measurement

A quantitative analysis method was applied to
determine weight loss and calculate the corrosion rate of
the samples. This involved the total exposure of the
coupon samples to the atmospheric conditions of PT
Agro Sinergi Nusantara (PT ASN) and Astra Karya Tanah
Subur (PT AKTS) after which the weight loss was
measured as a function of exposure time during and after

cleaning from 1 to 12 months according to ASTM G50
[25]. The cumulative weight loss data were arranged in
the form of a matrix while the logarithmic form of the
graph was constructed to elaborate the relationship
between weight loss and immersion time for the
designed location. Consequently, the corrosion rate was
calculated using Eq. (1) [6-7].
w

(Axtxp)
where K is the conversion constant for corrosion rate

Corrosion Rate(CR) =K (1)

unit, W is the mass loss in grams, A is the surface area in
cm?, t is the exposure period in an hour, and p is the
density in g/cm’. Meanwhile, the cross-sectional area
was calculated using the following Eq. (2).

A=2[(lxw)+(wxh)+(hxl)] (2)

Fig 2. Test specimens on a test rack with samples
exposure

Table 3. Numbers and dimensions of specimens used

. Size (mm) Number of
No. Specimens
L A T D samples

1 Strip 150 50 4 - 6

2 L-shape 150 100 3 - 6

3  Round bar 150 - - 22 6

4 Plate 150 100 4 - 6

5  Sheet 150 100 4 - 6
Total samples 30
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The relative corrosion resistance was determined in
Table 4 through the use of the corrosion rate obtained
from Eq. (1).

m  RESULTS AND DISCUSSION

The results of the measurements of the 5 types of
construction steel metals used as the atmospheric
corrosion test specimens are presented in the form of
graphs of corrosion rates and morphological tests with
the
formation of corrosion based on the experiments that

Scanning Electron Microscope to determine

were conducted for 12 months.
Corrosion Rate

The corrosion rate chart was constructed on 5 types
of construction metal steel in the oil palm industry.
Regarding PT ASN, after exposure during 12 months of
investigation, the results show that the chart had a
fluctuating trend regarding corrosion and also tended to
be influenced by rainfall around the area. The highest
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corrosion rate was found at 0.56 mpy by the strip
construction metal steel in the sixth month of exposure,
while the lowest corrosion rate was obtained by the
round bar steel at about 0.05 mpy.

The strip steel was observed to have the highest
average corrosion rate except in the twelfth month
where it was surpassed by the plate steel with a corrosion
rate of 0.18 mpy as presented in Fig. 3. It was also
discovered that the round bar shape and low carbon steel
from SAPH 610 were more resistant to atmospheric
corrosion than the strip, 1-shape, or plate shape steel in
PT ASN palm oil mill. which was associated with the
higher Cu content compared to the carbon element [14].

The corrosion rate chart in PT AKTS had a similar
trend with PT ASN but an increment was observed in
line with an increment in the rainfall. The highest value
of approximately 0.58 mpy was recorded for strip steel
in the fourth month, September, with the rainfall
estimated to be 105 mm, while the lowest corrosion rate
of 0.04 mpy, was obtained by the round bar steel in the

Table 4. Relative corrosion resistance based on corrosion rate [18]

Relative Corrosion

Approximate Metric Equivalent

Resistance mpy mm/year pum/year nm/year pm/sec
Outstanding <1 <0.02 <25 <2 <1
Excellent 1-5 0.02-0.1 25-100 2-10 1-5
Good 5-20 0.1-0.5 100-500 10-50 5-20
Fair 20-50 0.5-1 500-1000 50-100 20-50
Poor 50-200 1-5 1000-5000 150-500 50-200
Unacceptable 200+ 5+ 5000+ 500+ 200+
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Fig 3. The corrosion rate of construction steel at PT ASN
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twelfth month, May, in which the rainfall was recorded to
have reduced drastically to 31 mm.

The lowest corrosion rate in PT AKTS was found for
the round bar steel followed by the plate steel as illustrated
in Fig. 4. This was attributed to the higher proportion of
Cu in the round bar and a low percentage of carbon in the
plate.

Morphology of the Corrosion Product

The shape of each of the 5 specimens used was
evaluated through pre to post sterilization of the products
to determine the metal defects or damages due to
atmospheric corrosion.

905

Strip steel

The results of the morphological test conducted on
the steel with the strip profile from different locations of
the palm oil mill are presented in Fig. 5. The pre and post
sterilization conditions of the test specimens from the
corrosion products were measured at 200 pm
magnification. The samples from the PT ASN area
showed the degradation of pitting corrosion in the form
of a black color ferrite and pearlite or a black profile on
the steel surface. The changes also occurred in the
texture of the steel due to the oxidation process during
corrosion. The samples in PT AKTS had finer texture on
the strip steel shape compared to those in PT ASN with
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Fig 4. The corrosion rate of construction steel at PT AKTS
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Fig 5. Morphology test for strip steel at PT ASN and PT AKTS using SEM: (a) Pre sterilization, (b) Post sterilization
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a similar shape.

The texture of the strip steel specimens in PT ASN
showed significant damages and cracks after post-
sterilization, thereby, indicating the physical defects due
to the atmospheric corrosion while the damage in the
specimen from PT AKTS was not too severe, however the
surface center was observed to have pitting corrosion.

In conclusion, the strip steel in PT AKTS did not
have significant damage on the texture of the surface,
however potentially damaging pitting corrosion was
observed particularly in the center area of the steel.

L-shape steel

The corrosion degradation of the L-shape steel after
the sterilization process was observed to be significantly
different in the two locations. The corrosion in PT ASN
was in the form of white ferrite granules while the sample
in PT AKTS had a black color. The damages caused to the
samples are shown in Fig. 6. The samples in PT ASN were
partially damaged due to pitting corrosion with cavities
texture or sweet or general corrosion which is usually in
the form of holes with no sediment [26]. The corrosion
was caused by aggressive chemical elements such as
chloride with damaging effects on the passive layer or
oxide as well as the presence of CO,, followed by the
formation of carbonic acid which lowers the pH. These
chemical reactions are presented as CO, + H,O < H,CO;

019027 1545 FL DAT !‘.!{I! ¥ Lifry

HIH-W-‘!I? 1061 F

(carbonic acid) and Fe + H,CO; > FeCO; + H, [20]. The
corrosion formed in PTAKTS tended to be uniform due

to the
electrochemistry on the metal steel surface, which

distribution of the chemical reactions or

caused thinning and formation of fine grains as shown
in Fig. 6 (b) for the post-sterilization of test specimens
from the corrosion products [27].

Round bhar steel

The corrosion degradation in the cylindrical steel
before the products were cleaned is presented in Fig. 7
and the results showed that it is similar to the cases of
the L-shape steel as indicated in Fig. 6. The corrosion
profile in PT ASN was ferrite granules while PT AKTS
had perlite granules captured at 20 um by the
morphology test as shown in Fig. 7.

The corrosion products were cleaned after the test
and the results showed that the metal damages in the two
locations were caused by pitting corrosion with the
damage in PT ASN being more severe than PT AKTS. It
was concluded that the round bar steel was more
resistant towards corrosion in comparison with the
previous two types of steel.

Plate steel

The corrosion products from the plate steel were
indicated by the presence of lumps on the surface of the
metal for the samples at PT ASN and PT AKTS, as shown

J0N9H00T 0927 F ME :lclﬁ 30

Fig 6. Morphology test for L-shape steel at PT ASN and PT AKTS using SEM: (a) Pre sterilization (b) Post sterilization
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in Fig. 8. The corrosion was observed to be uniform due
to the electrochemical reaction from the surrounding
atmosphere of the oil palm industry as well as the reaction
of the CO; content.

The uniform corrosion had both ferrite and perlite
granules formed around the surface of the plate steel in
both areas, however, the sample at PT ASN had smaller
structures compared to the sample at PT AKTS. In
addition, ferrite particles were observed to be partially
formed by the granules in PT AKTS. Moreover, post
sterilization results showed more severe damages and

_LPTASN

Ky s
RO VL

IIWIDOT  ORET F

Fig 7. Morphology test for round bar steel at PT ASN & PT AKTS using SEM: (a) Pre sterilization (b) Post sterilization

massive structural cracks in the entire surface of the
metal in PT AKTS, while to the metal in PT ASN had
finer textural damage with an outside rift.

Sheet steel
The sheet-shaped steel also had uniform corrosion
as shown in Fig. 9 which is common with sheet steel due

to its massive surface. Moreover, the corrosion products
in PT ASN tended to be perlite granules with high
uniformity while those in PT AKTS had more equal
ferrite and perlite granules.

Fig 8. Morphology test for plate steel at PT ASN & PT AKTS using SEM: (a) Pre sterilization (b) Post sterilization
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Fig 9. Morphology images of sheet steel at PT ASN & PT AKTS using SEM (a) Pre sterlhzatlon (b) Post sterilization

The morphology test was also conducted after post
sterilization to evaluate the surface structure and the
cracks on low carbon steel. The results show that the
metals in PT ASN were found to be in poorer conditions
compared to those in PT AKTS, which was majorly due to
the higher rainfall recorded in PT ASN. The scientific
cases are shown in Fig. 4 and 5.

X-Ray Diffraction Analysis

The morphological test on the pre-and post-

sterilized samples using SEM was not able to

comprehensively explain the corrosion products in the 5
specimens at the two research locations. Therefore, XRD

(X-Ray Diffraction) analysis was conducted to see the
compound formed by the corrosion process.

The data were collected when the x-ray tube was
measured using a voltage of 40 kA and a current of 30 mA
and the results were in the form of a spectrum which
states the intensity or counts as a function of the
diffraction angle 26 (°), as shown in Fig. 10.

The results for PT ASN showed that the low carbon
and plate steel metals had higher peaks compared to the
others as shown in Fig. 10(a). The highest intensity of the
low carbon steel was 650 at an angle of 42° while the plate
steel reached 646 at an angle of 37.5°. These peaks
indicate the occurrence of corrosion in the test specimens.

= Frip ——— L-Shape =+ + Round bar — Strip L-Shape — .. Round bar
----- Fiate == === Low carbon stesl wmmus Flate ==mma Low carbon steel
€50 €50
()
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L33 _ 550
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2807

28[7

Fig 10. The XRD results of the five types of construction steel metals in the two research locations (a) PT ASN (b) PT

AKTS
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Fig 11. Proving the formation of magnetite (Fe,0;) for strip steel with 37.8%

Further analysis was also conducted using JCPDS
software and the findings showed a solid corrosion
compound of iron oxide including magnetite and Fe,Os at
an angle of 20 = 32.5° 42°, and 67.8° for carbon steel and
20 = 23.5° and 37.5° for strip steel. Meanwhile, the
intensity of the other types of steel was reported to be
smaller and less striking when compared to the low
carbon and strip steel [16]. For PT AKTS, the highest peak
was recorded by the cylindrical steel as shown in Fig.
10(b) with the intensity recorded to have reached 598 at
37.9° followed by the low carbon steel with 566 at 41.9°
and strip steel with 364 at 40.1°. An example of the
magnetite (Fe,O;) formed on the strip shape steel is
presented in Fig. 11.

The high peaks at PT ASN are due to the reaction of
the corrosion products such as iron oxide (FeO, Fe,Os,
and Fe;O,), goethite (a-FeOOH), and lepidocrocite (y-
FeOOH) [28-30].

CONCLUSION

The analysis of five different construction steel
metals in two research locations showed that strip plate
steel had the highest corrosion rates of 0.56 on the sixth
month and 0.57 mpy on the fourth month of evaluation
after the samples were exposed to the atmospheric
conditions of PT ASN and PT AKTS areas, respectively.
Meanwhile, the lowest corrosion rate was recorded for the
round bar steel at a value of 0.04 mpy in PT AKTS and
0.05 mpy in the PT ASN area during the twelfth month.

Moreover, both pitting and uniform corrosions were
discovered in the products and the variations of the steel
metal forms were found to be most affected by the speed
of corrosion rate which tended to be higher for the strip
plate steel and conventional plate. The results after 1
(one) year of exposure showed that the cylindrical steel
was more resistant to atmospheric corrosion and
damage while the others tended to be safe, relatively
resistant, and classified to be outstanding materials since
their corrosion rates were < 1 mpy.
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