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Abstract. In its application, metal is always in contact with its environment whether air, vapor,
water, and other chemicals. During contact, chemical interactions emerge between metals and
their respective environments such that the metal surface corrodes. This study aims to determine
the corrosion rate of 316L stainless steel sulphuric acid environment (H,SOy) with weight loss
and electrochemical methods. The corrosion rate (CR) is value of 316L stainless steel by weight
loss method with sulfuric acid (H,SO,) with concentration of 0.5 M. The result obtained in
conjunction with the increase of temperature the rate of erosion obtained appears to be larger,
with a consecutive 3 hour the temperature of 50°C is 0.27 mg/cm’h, temperature 70°C 0.38
mg/cm’h, and temperature 90 °C 0.52 mg/em’h. With the electrochemical method, the current
value increases by using a C350 potentiostal tool. The higher the current, the longer the time the
corrosion rate increases, where the current is at 90 °C with a 10-minute treatment time of
0.0014736 A. The 316L stainless steel in surface metal morphology is shown by using a
Scanning Electron Microscope (SEM).

1. Introduction

Metal is generally used as a support tool given its several advantages compared with other
materials [1]. Certain types of metal are used as design/construction materials to create
equipment, such as bipolar stack PEM fuel cells. One type of stainless steel used is 316L stainless
steel the type of steel that is easy to rust. Corrosion is a metal material damage caused by a
reaction between metals and their respective environments, thereby resulting in metal oxide,
metal sulphide, or other reactions, such as calcification. From a chemical point of view, corrosion
is essentially a metal reaction to ions on the metal surface that directly contacts aqueous and
oxygen environments [1]. In its application, metal is always in contact with its environment
whether air, vapour, water, and other chemicals. When metals come in contact with their
respective environments, interactions between them happen. As a result, the metal surfaces
connecting form anode and cathode regions. In the anode region, metals release electrons to the
cathodes captured, thereby forming a hydroxyl group, which then reacts with the metal ions that
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have released the electrons [2].

Stainless steel is a corrosion-resistant alloy steel, which is widely used in chemical,
fertiliser, food and beverage industries and is related to seawater and all industries that require
corrosion resistance [3]. Corrosion is the decline in the quality of metals due to the
electrochemical reaction with their respective environments that are directly related to open air,
which is generally referred to as atmospheric corrosion. Almost all corrosion products are caused
by the atmospheric environment. One reason is that most metals are always associated with open
air where humidity and pollutant contents may affect metal leakages. Factors such as
temperature, humidity and chemical content in the air determine the degree of corrosion,
Meanwhile, metal composition, metallurgical structure, and metallurgical processes also
accelerate corrosion. Corrosion is a difficult metal problem, dangerous and very expensive if not
treated. Generally, corrosion is a metal deterioration due a reaction between metals and the
surrounding environments. The important types of corrosion are uniform, galvanic, crack,
current-assisted, intragranular and high temperature corrosions. Corrosion results from a low pH
effect of water in which H" ions react with electrons in cathodes. The factors that can cause
corrosive metals are, pH, oxygen content, air, metal and temperature [4] [3]. Corrosion
prevention in metal can be done in several ways, such as cathodic protection, coating and can use
also use inhibitor. Inhibitor use green is the new trend in corrosion control [6][8]. Corrosion can
be defined as an electrochemical event between metals or metal alloys and their respective
environments, with the following components as the conditions of occurrence: (1) anode,as the
cover of oxidation reaction., (2) cathode as closed the occurrence of reduction reaction, (3) media
electrolyte as the conductor of electric current and (4) the emergence of electric current between
the anode and the cathode.factors that can affect the corrosion process, among others. (I)
Temperature—The rise in temperature results in an increase in the rate of corrosion reaction. This
scenario happens because the high temperature of the kinetic energy of the reacting particles
increases such that it exceeds the magnitude of the price of activation energy. Consequently, the
rate of reaction corrosion also accelerates, and vice versa. (II) Fluid flow velocity or speed
stirring—The corrosion rate tends to increase as the rate or velocity of fluid flow increases. This
scenario happens because the contact between reactants and metals is significant such that the
number of metal ions increases and Abu-Dalo [7] more loose so that the metal will experience the
fragility (corrosion). (III) Concentration of corrosive material—This activity is related to the pH
or acidity and alkalinity of a solution. The acidic solution is highly corrosive to the metal where
the latter in the acid solution medium will rapidly corrode due to the anode reaction. Meanwhile,
an alkaline solution may cause corrosion in the cathode reaction because such a reaction is
always in conjunction with the anode reaction. (IV) Oxygen—Oxygen in the air can be in contact
with moist metal surfaces. So the chances of becoming more corrosion. In water (open
environment), the presence of oxygen causes corrosion.

Corrosion velocity can be calculated by weight gain union time unity can also be calculated
by the thickness of oxidation formed time unity. Corrosion designation is generally made by
adding or removing the weight graph as a function of time. The calculation of the corrosion rate
(CR) uses the equation below for Abu-Dalo [7]:

ml —m2

CR = 3

(5]




ICEAMM 2017 ,OP Publishing
IOP Conf. Series: Materials Science and Engineering 343 (2018) 012016 doi:10.1088/1757-899X/343/1/012016

where m1 and m2 are the weight losses (mg) before and after the immersions in the test solutions,
o . . 2 ] %
respectively, A is the surface area of the specimens (cm™) and t is the exposure time (hour).

2. Methods

In this study, SS 316L metal, with 1 x 1 cm’ metal size in 0.5 M sulfuric acid environment, was
tested at room temperature, 50 °C, 70 °C and 90 °C using immersion times 1, 2 and 3 hours.
Before the metal test was cleaned using sandpaper from grade 800 to grade 1200, the metal was
then cleaned with aquades DM and alcohol. For testing, the corrosion rate was determined in
this study using weight loss and electrochemical methods with potentiostate. The morphology
and surface of 316L stainless steel specimens were examined after polishing and after expore to
0.5 M sulphuric acid using scaning electron microscopy (SEM).

3. Results and Discussion

To see the corrosion rate was carried out by preparation of 316L stainless steel cutting with size 1
x 1 c¢cm?, then immersion with sulfuric acid (H.SO,4) with 0.5. Figure 1 shows that the 316L
stainless steel metal in the sulfuric acid environment (H,SOy) with a concentration of 0.5 M at a
temperature of 50°C, 70°C, and 90°C, at a temperature of 50°C at a resistance of lhour 0.24mg,
while in the immersion for 3 hours there was a reduction of 0.66. With the rise in a temperature
rate of 70 °C in 1 hour, a weight loss of 0.66 mg and M concentration for 1, 2 and 3 hours with
the variation of temperatures 50 °C, 70 °C and 90°C occurs. The weight loss (1.14 mg) in the 3-
hour immersion was significant. If the temperature rate increased to 90 °C in a 1-hour immersion
with a weight loss of 0.88 mg, then int 3 hours, a high weight loss of 1.14 emerged. From the
data obtained it can be concluded that the longer time and temperature the higher the heavy metal
316L stainless steel means that the metal is clearly corrosive.
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Figure 1. Graph of 316L stainless steel weight loss by immersion in acid sulphate (H,SO4) at
concentration 0.5 M in 1, 2 and 3 hours with temperature variations of 50 °C, 70 °C and 90 °C.

From the data of corrosion rate calculation to immersion with sulfuric acid 0.5 M for 1
hour at temperature 50°C, is 0.24 mg/cm’h. Figure 2 illustrates the highly detailed CR for 2-
and 3-hour smearing. Evidently, the temperature increased, and the length of immersion times
reduced the corrosion rate. After calculating a rust rate of 0.5 M in a 3-hour immersion at 90
°C, 316L stainless steel has a 0.52 mg/cm*h rust CR content. From the data of corrosion rate
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calculation to immersion with sulfuric acid 0.5 M for 1 hour at temperature 50°C is 0.24
mgfcmzh. Figure 2 exhibits the highly detailed CR for 2- and 3-hour smearing. Apparently, the
temperature increased, and the length of immersion times reduced the corrosion rate. 316L
stainless steel after calculating corrosion rate (CR) content of 0.5 M in a 3 hour immersion at
90°C has a 0.52 mg/cm?h corrosion. Corrosion rate decreases with increasing time. The higher
the temperature and the soaking time the corrosion rate decreases. With temperature rise and
immersion period in the yield at 50°C by immersing the corrosion rate of 3 hours 0.18 mg/ecm’h,
at 70°C temperature with 3 hours immersion 0.38 mg/cm’h, at 90°C with 3 hours immersion of
0. 52 mg/em’h.
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Figure 2. Graph of the average corrosion rate calculation of each 316L stainless steel test sample

Figure 3 depicts the analysis results and the usage of the potentiostat tool to determine the relationship of
wear (1) vs time (s) for 30 seconds. Evidently, at a temperature rate of 50 °C, the current decreased from
0.0012675 A to 0.0012453 A; at temperature rate 70 °C, the current decreased from 0.0011972 A to
0.0011744 A and at a temperature rate of 90 °C, the current decreased from 0.0014458 A to 0.0014114.
Hence, within 30 seconds, the 3 16L stainless steel metal environment sulphuric acid at a concentration of
0.5 M visible current decreased, meaning on the surface of this 316L stainless steel formed a passive layer
means the surface of the metal has not been corroded. (For additional details, see the figure graph below.)
Based on Figure 3, the current current graph with regard to the third time temperature variation is 50°C,
70°C, 90°C can be seen that at 50°C the starting point of the current value is 0.0012675 A, at 70°C
temperature of the starting point of the current value is 0.0011792 A, and at point temperature 90°C initial
value current is 0.0014458 A. Therefore, the higher the temperature, the higher the current value, which
leads to the onset of corrosion. This test was carried out for 30 seconds, and on the graph shows that
graphic upwards and downwards unstable on the surface of the 316L stainless steel metal begins to
damage the pitting corrosion in certain areas that have been oxidised.
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Figure 3. Graphic potential relationship (V) with time (s); 316L stainless steel in medium sulphuric acid
(H2S04) with temperature variations of 50 °C, 70 °C and 90 °C.

To view the surface morphology of AISI 316L stainless steel test material before immersion and
after immersion is done using SEM photo. From the pictures shown, the immersion test material shown in
Figure 4 does not suffer from smoother corrosion damage from the test material after immersion in photo
Figure 5 of the metal surface seen in some locals experiencing damage to the passive layers in the form of
pitting (corrosion pitting ) in certain areas that have undergone previous oxidation may occur as the locals
are initiated by metal defects or defects, so that the first region is subject to damage due to corrosive
sulphuric acid environment, while in certain local local passive properties 316L stainless steel metal still
protects wells metal.

i =1 Vv r, § I
UKI ENG 2017/06/23 14:41 N

Figure 4. Photo SEM magnification 5000x, 316L stainless steel metal without immersion
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Figure 5. Photos of SEM magnification 5000x, 316L stainless steel metal corrosion pitting with the
immersion 0.5 H2SO4 result for 3 hours and a temperature rate of 90 °C

4. Conclusion

Corrosion analysis using the weight loss method of 316L stainless steel metal after immersion with
sulphuric acid (H,SOy) 0.5 M concentration with variation of temperature 50°C, 70°C, and 90°C having
the largest weight loss was at 90°C with immersion for 3 hours with a decrease weight of 1.56 mg. while
the least weight loss occurs at 50°C by immersing for 1 hour with an average weight loss of 0.24 mg. This
means that higher temperatures and duration of immersion will be found to lower the weight of the higher
the start of corrosion. The corrosion analysis using the electrochemical method of 316L stainless steel
metal for 30 seconds corroborated that an increase in current at 50 °C temperature of 0.00108762 A, at 70
°C temperature of 0.00115587 A and at 90°C temperature of 0.00141139 A emerged. Using the tool SEM
with 5000x magnification can see the surface morphology of AISI 316L The stainless steel test material
before soaking appears to be smooth surface while after 3 hours of absorption is seen on the surface of
metal pitting corrosion.
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