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ABSTRAK

Avrtikel ini membahas hasil eksperimen baja tahan karat tegangan retak tegangan grade 304 setelah pengelasan
GTAW dengan simulasi korosi lingkungan. Fenomena korosi yang terjadi adalah Stress Corrosion Cracking (SCC).
Metode eksperimen berupa spesimen yang dilas menggunakan arus masing-masing 55, 60, dan 65 Ampere dengan laju
aliran gas pelindung argon 5 L/menit. Beban tarik konstan 2000 N dan 4000 N dalam keadaan benda uji direndam selama 2
X 24 jam dalam larutan HCI + Aquades. Parameter laju alir Ampere dan shielding gas yang berbeda mempengaruhi
fenomena retakan. Kekerasan dan Struktur Mikro Vickers digunakan untuk mengevaluasi area las. Ampere lasan terendah
menghasilkan retakan kasar maksimum dari permukaan dan terlihat di permukaan. Meningkatnya kekerasan benda uji arus
55 Ampere menunjukkan adanya perubahan struktur atau fasa setelah dilakukan pengelasan. Ampere tertinggi
menghasilkan retakan halus di semua permukaan.

Kata kunci: stainless steel 304, korosi, SCC, TIG.

ABSTRACT

This article discusses the experimental results of stress corrosion cracking grade 304 stainless steel after GTAW
welding under environmental corrosion simulation. The corrosion phenomenon that occurs is Stress Corrosion Cracking
(SCC). The experimental method is a specimen welded using a current of 55, 60, and 65 Ampere respectively with a gas
flow rate of 5 L/min argon shielding gas. The constant tensile loads of 2000 N and 4000 N in the state of the test object
immersed for 2 x 24 hours in a solution of HCI + Aquades. Different Ampere and shielding gas flow rate parameters
affected the cracks phenomenon. Vickers Hardness and Microstructure were used to evaluate the weld area. The lowest
ampere of the weld results in maximum rough cracks from the surface and it's visible on the surface. The increased
hardness of the 55 Ampere current specimen indicates a change in structure or phase after welding. The highest ampere
produces fine cracks on all surfaces.

Keywords: stainless steel 304, corrosion, SCC, TIG.
1. INTRODUCTION

Steel is one of the groups of engineering materials that have a reasonably high strength and resistance. One
type of steel is stainless steel which has special properties of resistance to corrosive, so it is often called stainless
steel. The type of stainless steel commonly used in the industrial world is type 304, which is included in the
austenitic Stainless-Steel class. This type of Stainless Steel is widely used in the food industry and structures for
construction and is also needed by factories because it has weldable properties. In the food industry, Stainless
Steel type 304 is widely used to manufacture conveyors, piping, and storage tanks.

Stainless steel material, under certain conditions as a result of the manufacturing process, especially
welding, will change its basic structure. Corrosive environmental loads and conditions trigger material failures
that give rise to cracks. The combination of load and corrosive on the material is called Stress Corrosion
Cracking (SCC). The emergence of cracks on the surface of the material identifies SCC. Then over time, the
cracks spread, failing a material or construction. The emergence of SCC will reduce the life of the structure that
has been made.

The decrease in corrosion resistance of type 316 stainless steel due to the welding process starting from the
grain boundary of the surface section and then into cracked propagation along the grain boundary has been
studied by several researchers [1]-[3]. In addition, residual stress is also the main factor for forming cracks
[4][5]. The residual stress appears after the welding process due to the influence of heat in the material. This will
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increase the material's burden and accelerate the emergence of SCC [6]. Welding parameters, especially
amperes and welding speed, significantly affect penetration so that it impacts the area around welding [7][8].

Other studies have stated that pitting corrosion causes a vulnerability to the occurrence of defects which
become the initiation of cracks or cracks. Pitting corrosion starts from the surface in certain positions due to the
non-uniformity of the protective layer. This phenomenon is known as Redox (Reduction Oxidation) and occurs
in small holes on the surface when metal is immersed in liquid [9]. Several manipulation models are used with
experimental methods [10][11] and simulation models [12][13] to study pitting corrosion behavior on material
surfaces.

This study aims to determine the number and length of cracks that occur in the stainless-steel welding area,
especially type 304. The data are obtained to determine the character of cracks due to the phenomenon of SCC
on stainless steel materials after welding. Thus, manufacturing failures due to stainless steel welding can be
predicted earlier.

2. METHODOLOGY
2.1 Materials and Specimen Preparation

The material used is type 304 stainless steel with a thickness of 3 mm. Welding uses Tungsten Inert Gas
(TIG) with ER308L filler with a diameter of 2.4 mm and Argon (Ar) as a shielding gas at a speed of 5 L/minute.
Variations in welding currents of 55, 60, and 65 Amperes are used to differentiate the amount of heat energy
during welding. The microstructure test used HNO3; 20 ml, HCI 10 ml, and Aquades 30 ml to determine the
morphology of the welding results. The Vickers hardness test with a load of 0.98 N starts from the weld metal to
the base metal to determine the hardness distribution in the welding area. Specimens were shaped according to
ASTM ES8 standards for tensile strength and SCC testing. Specimen labeling according to Amperage is 55 A
5Ar, 60 A 5Ar, and 65 A 5Ar respectively.

-
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Figure 1. Specimen conditions during SCC testing

2.2 SCC Test

The SCC load value is below the average maximum tensile loading result of 23.086 N. Before the SCC test,
a tensile test is carried out to get the maximum load. Tensile testing of 3 specimens for each parameter was then
averaged, as shown in Table 1.

Table 1. Average tensile testing

Current  Gases Flow to Bo Ao Fmax Gmax

(Ampere) (L/min) (mm)  (mm) (mm?) (N) (N/mm?)
55 5 3 12.3 36.9 23.067 620.23
60 5 3 12.2 36.6 21.630 570.96
65 5 3 12.7 38.1 24.560 647.97

Average 23.086 613.05

Specimens were immersed, as shown in Figure 1. in a mixture of 5 ml HCI solution and 20 ml distilled
water for 24 hours. During immersion, the specimens were given a constant load for two tests using 2000 N and
4000 N loads, as shown in Figure 2. So, the total SCC testing time was 2 x 24 hours. After the SCC test, the
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specimen in the welding area as shown in Figure 3. The top (caping) and bottom (root) crack character was
observed.

Figure 2. Equipment of SCC test

caping

4! root
Figure 3. Target area of SCC analysis

3. RESULTS AND DISCUSSION
3.1 Hardness Test

Hardness testing uses the Vickers test method to know hardness distribution, especially in welding. The
highest hardness is found in the 55A 5Ar specimen in the area between HAZ and Weldmetal, as shown in Figure
3. This is due to the carbon element bonding with the chromium during the cooling process. Chromium and
carbon are bonded to form chromium carbide, which has a higher hardness than the base material. This causes
chromium to experience a decrease in its function as a corrosion resistant agent because the film layer is not
formed. Violence can also trigger cracks due to its brittle nature. The hardness of the weld metal region has a
low value because this area experiences high heat and rapid cooling, so there was not enough time for the carbon
to bond with the chromium.
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Figure 4. The Hardness value of the welding area
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3.2 Morphology of SCC

SCC specimen test results were taken using a microstructure magnification of 50X in several unified parts.

(b)

Figure 5. Corrosion surface form of specimen 55A 5Ar caping (a) and root (b) region

The 55A 5Ar specimen was corroded in both parts of the target area, as shown in Figures 5(a) and 5(b). It can be seen
that the corrosion that occurs is extreme because the film layer in this area is susceptible. Corrosion occurs throughout the
surface. This strengthens the analysis of hardness where there is an increase in hardness due to the formation of chromium
carbides were chromium.

(b)

Figure 6. Corrosion surface form of 60A 5Ar caping (a) and root (b) region
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(b)

Figure 7. Corrosion surface form of 65A 5Ar caping (a) and root (b) region

Resistance to corrosion is noticeable by the addition of the magnitude of the welding ampere value. Specimens of
60A 5Ar caping parts such as Figure 5(a) corrosion occur very little. Surface corrosion does not have a significant impact
because this part is film protected. However, the area between weld metal and HAZ corrosion occurs due to large voltages
occurring in the grain binding in this area. The root surface of specimen 60A 5A looks very corrosive as Figure 6(b). The
same phenomenon occurs in 65A 5Ar specimens where corrosion resistance looks good as Figure 7(a). The interesting
thing about the root of the 65A 5Ar specimen is that the cracks that occur are so smooth. This indicates a longer corrosion
hold of the surface part so that the surface reduction is only a little bit.

4. CONCLUSION

The results of the study can be concluded about the effect of SCC on stainless steel 304 material:
1. Ampere affects corrosive resistance, where heat energy can change chromium to chrome carbide. The results of the
study can be concluded about the effect of SCC on stainless steel 304 material;
2. The hardness value can be used as a reference for changes in the structure of the welding areg;
3. The heat energy will affect the root, where the part undergoes structural changes due to welding.
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