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Abstract

The inhibitive performance of polyphosphate on the corrosion of heat exchanger materials,
I.e., carbon steel A192 and C1015, in ammonia plant was explored. This research analyzed the
inhibitive performance of polyphosphate by comparing the corrosion rates (CR) of heat
exchanger materials treated with polyphosphate and those without polyphosphate. Three
polyphosphate concentrations and three temperatures were used in this experiment: 75 ppm,
100 ppm, 150 ppm, and 32°C, 37°C and 50°C, respectively. This experiment was conducted
using an exposure test at Kujang Ammonium Plant and a laboratory test at Research Center
for Metallurgy and Material. The exposure test specimens were exposed in a corrosion
chamber for 28 days, 56 days, 84 days and 140 days. Visual observations and weight loss
measurements were performed to analyze the results of the exposure test. Furthermore,
electrochemical tests were carried out at the laboratory. Based on the exposure test, carbon
steel A192 has a lower corrosion rate than carbon steel C1015 at each time of exposure. In
addition, the corrosion rates of carbon steel A192 and C1015 decreased since 56 days of the
exposure test due to the formation of thicker corrosion products. The laboratory test indicated
that the corrosion rates of carbon steel A192 and C1015 decreased in the presence of
polyphosphate. This result revealed the effectiveness of polyphosphate for inhibiting corrosion
of heat exchanger materials. The efficiency of polyphosphate boosts with concentration and
diminishes with temperature.
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1. Introduction

A heat exchanger is a vital equipment for heat transfer and gas cooling at an ammonia
plant. However, corrosion of heat exchanger equipment is a particularly important issue in
an ammonia plant. During operation, corrosion products are usually formed on the surfaces
of the heat exchanger. These deposits reduce the heat transfer efficiency and endanger the
lifespan of the heat exchanger [1].

Corrosion occurs on the heat exchanger of ammonia plant as a result of an
electrochemical reaction between the metal and the moisture present in the atmosphere [2].
Moreover, inorganic scaling and fouling form a deposit on the heat exchanger surface that
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induces under-deposit corrosion attack and eventually causes failure of the heat exchanger
material [3—6]. In order to protect the heat exchanger material against corrosion, a
corrosion inhibitor is the best solution due to low cost and ease in injecting.

A corrosion inhibitor is an organic or inorganic compound that suppresses corrosion,
regardless of which electrochemical reaction it affects [7]. Polyphosphate is a corrosion
inhibitor that can slow down the cathodic reaction [8]. Polyphosphates consist of a
phosphorus atom that links to its neighbors through two oxygen atoms. Owing to a higher
phosphate content and also high chelate building potential with multivalent metal cations,
polyphosphates have better inhibitive performance compared to other inhibitors.
Furthermore, it has been found that polyphosphates have sufficient water solubility to
supply corrosion inhibition [9, 10]. Therefore, polyphosphate was chosen as the corrosion
inhibitor for heat exchanger materials in this experiment.

Many research studies have been performed in recent years in relation with the use of
polyphosphates for corrosion inhibition. Nevertheless, in-depth studies of polyphosphates
for inhibiting corrosion of heat exchanger materials have been rarely discussed. The aim of
the present work is to study the performance of polyphosphate for inhibiting corrosion of
A192 and C1015 steels (heat exchanger materials). The concentration and temperature
were also varied to observe their effect on the corrosion rate.

2. Experimental details

2.1. Materials

The materials used in the tests were carbon steels A192 and C1015 whose chemical
compositions are shown in Table 1. According to the heat exchanger environment in
Kujang Ammonia Plant, the shell side of the heat exchanger was exposed to feed water
(corrosive medium) and its contents are displayed in Table 2.

The corrosion inhibitor was prepared using polyphosphate (p.a., Merck). The
concentrations of polyphosphate in this experiment were 75 ppm, 100 ppm and 150 ppm.
The polyphosphate weighed using an analytical scale and dissolved in feed water in a
1000 ml volumetric flask.

Table 1. Chemical composition of heat exchanger materials.

Chemical composition, (%)

Sample
C Si Mn P S Ni Cr Mo Al Cu

A192 0.17989 0.23616 0.51519 0.00092 0.0203 0.07239 0.20573 0.04174 0.06928 0.07178
C1015 0.17298 0.24139 0.51664 0.00092 0.0382 0.16836 0.05453 0.05280 0.03555 0.23134
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Table 2. Chemical analysis of feed water.

Item Unit Feed water
pH - 8.27
Turbidity NTU 0.37
Colour (Pt/Co) - 0
Conductivity umhos 260
Dissolved solid ppm 158
Calcium hardness ppm, CaCOs3 47.84
Total hardness ppm, CaCOs 64.48
Total alkalinity ppm, CaCOs3 77.04
Bicarbonate ppm 93.99
Total chlorine, Cl» ppm 0
Chloride, CI~ ppm 13.35
Sulphate, SO; ppm 26.98
Sodium, Na ppm 77.84
Potassium, K ppm 18.46
Total Iron, Fe ppm 0.21
Silica, SiO2 ppm 14.10

2.2. Exposure test

The exposure test was carried out using carbon steel A192 and C1015 coupons
(7 cmx=4 cm) in a corrosion chamber installed on the heat exchanger of Kujang Ammonia
Plant. The position of the corrosion chamber is shown in Figure 1. Figure 2 displays the
installation of the corrosion chamber in Kujang Ammonia Plant. There were five durations
of the exposure test: 28 days, 56 days, 84 days, 112 days and 140 days. All the samples
intended for 28 and 56 days of exposure were located at the bottom of the corrosion
chamber while the samples for 84, 112 and 140 days lied on the top of the corrosion
chamber.

Prior to the test, the surface of samples was degreased with acetone and rinsed with
absolute ethanol, then weighted to within 0.0001 g. Subsequent to the test, the specimens
were descaled, rinsed with water and absolute alcohol, dried in natural state, and weighted
again [11]. The corrosion rate (v) was calculated according to Equation 1.

v=[(weight loss (mg))/(area (cm?)xtime (s))] (1)
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Figure 2. Installation of corrosion chamber.
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2.3. Electrochemical test

A Gamry instruments Series G750 device was used for the electrochemical test. Carbon
steel A192 and C1015 were cut into size (1 cmx1cm) to make samples for the
electrochemical tests. In this corrosion measurement system, the samples were utilized as
the working electrodes, a saturated calomel electrode (SCE) as the reference electrode, and
Pt electrodes as counter electrodes. Feed water was used as a solution in this test. The
temperature of the solution was varied at 32°C, 37°C and 50°C. The electrochemical test
was performed twice, in feed water solution without polyphosphate inhibitor and with
addition of polyphosphate inhibitor.

3. Result and discussion

3.1. Visual and weight loss analysis

Visual observations were performed for corrosion monitoring in the exposure test.
Figure 3—Figure 7 show visual observations of A192 and C1015 metal samples after the
exposure test for 28,56,84,112 and 140 days, respectively. Based on the visual
observation, the corrosion product is accumulated with time of exposure. There is more
corrosion product on the C1015 surface than on the A192 surface according to visual
observation results after the exposure test.

AFTER EXPOSURE 28 DAYS AFTER CLEANING

 AFTER EXPOSURE 28 DAYS |

AFTER EXPOSURE 56 DAYS

o

Figure 4. Corrosion coupons of (a) A192 and (b) C1015 steels after exposure for 56 days.
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Figure 7. Corrosion coupons of (a) A192 and (b) C1015 steels after exposure for 140 days.

Table 3 lists the results of weight loss measurements. According to Table 3, the
weight loss increases from 28 days to 56 days of exposure test, but from 84 days to
140 days, the weight loss decreases. The decrease in weight loss after exposure tests for
more than 56 days is due to the thickness of the corrosion product. The corrosion product
covers the metal surface and prevents contact between the metal and environment hence
the corrosion rate decreases.
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Table 3. Weight loss measurements.

Al192 C1015
Days Weight loss, Corrosion rate, Weight loss, Corrosion rate,
(mg) (mpy) (mg) (mpy)
28 472.5 10.84 610.7 13.97
56 930.9 10.67 1323.7 15.15
84 910.8 6.91 1536.4 11.63
112 812.4 4.62 1908 10.83
140 1002.9 4.56 1800.9 8.59

3.2. Influence of temperature on the corrosion rate of carbon steels A192 and C1015

The influence of temperature on the corrosion rates (CR) of A192 and C1015 steels was
observed using an electrochemical test. Figures 8—10 present the test results of A192 and
C1015 steels at temperatures of 32°C, 35°C and 50°C, respectively. Based on Table 4,
C1015 steel has a higher CR than A192 steel at each temperature. This result agrees with
the visual and weight loss evidence. According to Table 1, the corrosion rate of A192 is
smaller than that of C1015 because A192 has a higher chromium content.

The corrosion rates of A192 and C1015 increase with temperature. Higher
temperatures can increase the CR because the metals react faster at higher temperatures.
Therefore, the highest corrosion rates of A192 and C1015 are observed at 50°C.
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Figure 8. Electrochemical curves of (a) A192 and (b) C1015 at 32°C.
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Figure 10. Electrochemical curves of (a) A192 and (b) C1015 at 50°C.
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Table 4. Corrosion rates based on electrochemical tests.

Corrosion rate (mpy)

Material
32°C 37°C 50°C
A192 6.777 8.744 11.069
C1015 8.071 11.554 13.949

3.3. Polyphosphate inhibitor efficiency

The inhibitive performance of polyphosphate was analyzed using the difference in
corrosion rates (CR) obtained without and with polyphosphate addition. Polyphosphate
was added at various concentrations to feed water to investigate the effect of concentration
on the corrosion rate. The corrosion rate with polyphosphate addition was also obtained
using the electrochemical test, along with the corrosion rate without polyphosphate
addition. Figure 11(a) and 11(b) depict the corrosion rates of carbon steel A192 and
C1015, respectively, with polyphosphate addition at various concentrations. Based on
Figure 11, the corrosion rate increases with temperature and decreases with increasing

polyphosphate concentration.
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Figure 11. Corrosion rates of (a) A192 and (b) C1015 at various polyphosphate
concentrations.
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Table 5. Polyphosphate efficiency.

Temperature (°C)

Polyphosphate
Material concentration 32 37 50
(ppm)
CR (mpy) Eff(%) CR (mpy) Eff(%) CR (mpy) Eff(%)
0 6.770 — 8.744 — 11.067 -
AL92 75 5.653 16.50 7.561 13.53 9.962 9.98
100 4582 32.32 6.666 23.76 8.671 21.65
150 4.108 39.32 5.786 33.83 7.825 29.29
0 8.071 — 11.554 — 13.949 -
1015 75 5.489 32.00 8.464 26.57 11.067 20.66
100 4.598 43.03 6.991 39.49 9.583 31.30
150 4172 48.31 6.501 43.73 9.100 34.76

Table 5 presents the efficiency of the polyphosphate inhibitor. The inhibitor efficiency
was calculated by Equation 2 [12]. The percentage of polyphosphate efficiency boosts with
concentration. This result indicates that polyphosphate has an ideal performance for
inhibiting corrosion of heat exchanger materials (carbon steels A192 and C1015).
Polyphosphate inhibits corrosion by dissolving in water and adsorbing on the metal
surface, thereby hindering the access of hydrogen ions. The decrease in the flow of
hydrogen ions to the metal surface will interfere with the hydrogen evolution reaction.
Therefore, polyphosphate is classified as a cathodic inhibitor that interferes with the
cathodic site of the electrochemical corrosion cell formation.

Inhibitor EfflClency(%) — CRWithout inhibitor _CRWith inhibitor 100 (2)

CRwithout inhibitor

Conclusion

The corrosion rate of heat exchanger materials in the ammonia plant was determined by
exposure and electrochemical tests. Based on the exposure and electrochemical tests, the
corrosion rate of carbon steel A192 was lower than that of carbon steel C1015. Carbon
steel A192 was found to be superior in corrosion resistance compared to carbon steel
C1015 due to a higher chromium content. Polyphosphate inhibitor has good performance
for inhibiting the corrosion of carbon steels A192 and C1015. Polyphosphate was able to
reduce the corrosion rate by up to 40% at a concentration of 150 ppm at 32°C. The
efficiency of polyphosphate boosts with concentration and diminishes with temperature.
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