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Abstract

Material A573 Grade 70 is one type of material used to manufacture pressure vessel shells or
walls. The thickness of the shell depends on the required pressure design for production. In
a case study on pressure vessel shell manufacturing, a thickness of 36 mm was used near the
manhole. Due to the connection between the shell and the manhole, the material A573 Grade
70 in the shell was subjected to heat influence. The shell near the manhole will be connected
to the rest of the shell using the same material, A573 Grade 70. Consequently, it was
necessary to analyse the heat treatment for this material. The heat treatments used to
determine the microstructure and hardness value were Preheat and Post Weld Heat Treatment
(PWHT). Both types of heat treatments were employed. The preheat temperatures varied at
120°C, 150°C, and 200°C for each joint undergoing PWHT at 650°C with a holding time of
60 minutes, as well as for joints without PWHT. The microstructure of variations with preheat
and PWHT exhibited finer grains compared to variations without PWHT. The highest
recorded hardness value among the variations with PWHT was 209.89 HVN in the weld
metal for the 150°C preheat variation. The highest recorded hardness value among the

variations without PWHT was 235.07 HVN in the weld metal for the 200°C preheat variation.

1. Introduction

The advancement of welding technology is crucial to
accelerate production, such as welding using modern welding
machine technology in the construction. Welding is the
process of joining two or more materials, typically metals,
using heat energy until the materials melt and fuse together,
with or without pressure, and with or without additional filler
material [1][2]. Welding techniques are among the most
widely used because they offer several advantages, such as
lighter machine structures made through welding processes
and simpler manufacturing processes. The quality of welding
results greatly depends on the skill of the welder and the
operator of the welding machine. Flux Core Arc Welding is
an automatic or semi-automatic welding process that uses
tubular electrodes filled with flux to melt metal [3][4][5]. In
FCAW welding, the protective agent used is flux or powder
located in the core of the welding wire [6]. In addition to flux,
FCAW employs a shielding gas to protect the molten metal
during the welding process [7]. The use of additional
shielding gas in FCAW welding ensures better quality
welding results, thereby speeding up the fabrication process.

Heat treatment processes are used to alter the properties
of metals by adjusting the temperature and time [8].
Preheating is a heat treatment process applied to the material
to be welded. The preheating temperature is defined as the
temperature of the base metal before welding begins [9][10],
although in practice it can also be a specific temperature as
desired. PWHT is a part of the heat treatment process aimed
at relieving the residual stresses resulting from the welding
process. This heating is performed to reach a specific
temperature, with a holding time and cooling rate that have
been designed to restore the original properties, to also
discuss the mechanical strength of the material [11].

Preheat is a heat treatment applied to a material prior to
welding. Preheating involves heating a material to the
maximum preheat temperature specified by the material
standard [12][13]. PWHT is a heat treatment applied to
welded materials to reduce residual stresses resulting from
the welding process [14][15]. This treatment is performed
only after the welding process [16]. PWHT also has its own
temperature according to the material specifications or
standards used. The time for holding the material at
temperature was also specified by the standards used. The
cooling rate after the temperature is maintained can also
affect the final outcome of the PWHT.

Hardness is the resistance of a material to compressive
deformation [17]. Hardness testing was performed by
pressing an indenter harder than the test material for several
seconds, and the remaining impression was measured to
determine hardness by dividing the pressing force by the area
of the impression [18] [19]. Microscopic testing is a method
used to analyze the type and microstructure of metals using a
specialized metallographic microscope [20].

Haryadi's research on the " effect of pre- and post-
heating on the GMAW process on the microstructure and
tensile strength of AISI 1045 Carbon Steel” found that these
treatments caused the weld metal and HAZ structure to
become larger and elongated with a random orientation. This
results in a higher tensile strength, with increases of 17.33%
with Preheat, 2.72% with Post Heat, and 7.80% with both
treatments [21]. Research by Bimantara et al. on the "Effect
of Preheating on Rewelding ASTM A36 Steel Using the
FCAW Process" found that preheating causes a minor, non-
significant decrease in hardness and results in the formation
of larger and denser grain sizes [22]. Shrestea studied the
“effect of heat treatment on the microstructural hardness of
Grade 91 steel and found that the hardness of the alloy
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decreased with increasing normalizing and tempering
temperatures and times [23].

ASME BPVC Section VII Div.1 Appendix R for P-No.
1 materials (Groups 1, 2, and 3) states a preheat temperature
of 175°F (79°C) for materials with a specified maximum
carbon content over 0.30% and joint thickness over 1 inch (25
mm), and 50°F (10°C) for all other materials in this P-
Number. Table UCS-56-1, explained for P-No. One
materials, the heating rate above 800 °F (425°C) should not
exceed 400 °F/h (222°C/h) divided by the maximum metal
thickness in inches, capped at 400 °F/h (222°C/h), with
temperature variation within 250 °F (140°C) over 15 feet (4.6
m). For tube-to-tube welding, the heating rate must be limited
to 250 °F/h (140°C/h). Cooling above 800 °F (425°C) should
be done in a closed furnace or cooling chamber at a rate not
exceeding 500 °F/h (280°C/h) divided by the maximum metal
thickness, capped at 500 °F/h (280°C/h), with temperature
variation during cooling within 250 °F (140°C) over 15 feet
(4.6 m). Vessels can be cooled in still air. For tube-to-tube
sheet welding, the cooling rate above 800°F (425°C) must not
exceed 250°F/hr (140°C/hr), unless post-weld heat treatment
is in the austenitizing range [24].

In this issue, a study will be conducted on the hardness
level that will occur in the material, where one side will
undergo heat treatment (affected by the PWHT process) and
one side will be a non-heat-treated material (not affected by
PWHT). This scenario actually occurs on the shell material
of a tank with a thickness of 36 mm that undergoes PWHT
process, which will later be connected to another shell
material that does not undergo any PWHT or heat treatment.
In the shell-to-shell connection, a preheating process is
conducted according to the specifications of the procedure
used. PWHT treatment is performed to reduce the hardness
value on the side of the material that has undergone previous
welding (joint manhole to shell). If this PWHT treatment is
not performed, there will be differences in hardness at the
joint, as well as experiencing significant residual stresses at
that joint.

The PWHT treatment on one side of the material is
actually carried out owing to the connection of the manhole
to one side of the material (shell), which will be connected to
the other side of the material (shell) that does not undergo the
same treatment. In the Welding Procedure Specification
(WPS) for the connection of shell-to-shell materials, it is
stated that the material must undergo preheating before the
welding process. In this case, research is required on what
happens and what differences occur in the resulting joints
with different treatments by varying the preheating
temperature of the material and comparing it with PWHT and
non-PWHT in each variation. In this study a comparison will
be made on the test results for each variation.

In this research, an analysis will be carried out of the
welding results of A573 Grade 70 material with ER 81T1 K2
welding wire [25] which corresponds to the material used in
the practicum, where the material undergoes different
welding To obtain more data, a comparison will be made on
the preheating temperature, namely preheating the material
using a standard temperature of 150°C compared to
temperatures 5% below it, which is 125°C, and 5% above it,
which is 200°C. Hardness tests and micro etch tests will be
conducted to determine the analysis results of the welding
process. This study aimed to determine the effect of
preheating on the FCAW welding of A573 Grade 70 material

that underwent heat treatment and non-heat treatment on
hardness values and microstructure, as well as the effect of
preheating and PWHT on hardness values and
microstructure. Thus, the fabrication process of the material
can achieve good results; refer to the findings of this research.

2. Research Methods
2.1 Research Outline

This study employed an experimental method in which
conclusions were obtained by conducting actual experiments
with predetermined parameters.

Table 1. Parameter Specification

Electr ~ Shieldi Wire feed Arc CTWD Depositi
ode ng Gas rate, Voltage in. on Rate,
Diame in/mm V) (mm) Ibs/hr
ter (cm/min) (kg/hr)
0.0045 75 Ar/ 174-300 21-25 Y-1/4 3.3-5.8
in. 25C0O; (445-760) (12-20)  (1.5-2.6)
(1.2m 300-425 24-28 5/8-7/8  5.8-8.1
m) (760- (16-22)  (2.6-3.7)
1080)
425-550 27-30 Y-1 (20- 8.1-10.5
(1080- 25) (3.7-4.8)
400)
1/16 75 Ar/  150-225 22-25 ¥%-1 (20- 5.4-8
in. 25C0O; (380-570) 25) (2.5-3.6)
(1.6m 225-300 24-27 7/8-1 8-10.8
m) (570-760) 1/8 (3.8-4.9)
(22-29)
300-375 26-31 1-1 Y 10.8-
(760-950) (25-32) 122
(4.9-5.5)

This research uses FCAW equipment, including an
Oxy-Acetylene Welding (OAW) machine for preheating, an
FCAW welding machine, and ER 81T1 electrodes. The
material was A573 Grade 70 plates, 36 mm thick, with a
furnace for the PWHT process. Welding was performed on
heat-treated and non-heat-treated materials with preheat
variations of 125°C, 150°C, and 200°C, both with and
without PWHT. Parameter specification is shown in Table 1.

2.2 Research Factor

This study used control and constant factors. The control
factors, which can be adjusted according to the research
objectives, include variations in welding between heat-treated
and non-heat-treated materials at preheating temperatures of
125°C, 150°C, and 200°C, both with and without PWHT. The
constant factors, which remain unchanged to avoid
significantly affecting the research results, include the A 573
Grade 70 carbon steel material, voltage, welding speed, type
and diameter of filler metal, type and flow rate of shielding
gas, root face of 2-4 mm and grooves of 60° and 70°.

2.3 Tools and Materials

A573 Grade 70 material with dimensions of 150 x 300
x 36 mm, ER 81T1 K2 filler, and CO; shielding gas were used
as the materials. A welding machine, furnace, hardness
machine, measuring tools (ruler and thermogun), and
auxiliary tools such as a grinder, cutting saw, semi-automatic
flame cutting, marker, chipping hammer, steel brush, and
camera were used as the equipment in this study.
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2.4 Research Procedure

This experimental procedure was initiated by specimen
preparation, including size adjustment, equipment setup,
surface smoothing, and cleaning from impurities. One side of
the specimen was placed in the furnace for heat treatment.
The specimen was mounted on a workbench and welded to a
side that was not preheated. The specimen shape was in
accordance with Fig. 1. The diameter of the electrode wire in
the wire feeder was measured. The FCAW welding machine
was turned on and adjusted according to the specified factors.
Shielding gas was prepared according to the flow rate.
Preheating was performed on the specimen before welding at
temperatures of 120°C, 150°C, 200°C with a holding time of
60 minutes, measured using a thermogun (for preheated
specimens). The welding process used parameters of 150 —
200 A, 24 - 30V, travel speed £ 12.5 mm/min, and heat input
+1.73 — 1.8 kI/mm. PWHT was performed on the specimen
after welding at a temperature of 650°C with a holding time
of 60 minutes (for specimens that undergo PWHT). After
welding was completed, the material was cut into test
specimens with a length of 80 mm and a width of 30 mm,
including the base metal, HAZ, and weld metal areas,
according to the points in Fig. 2.

200
36:17 Ven
Material Material
Non Heat Heat a00
Treatment Treatment
150 3.0000

Fig. 1. Test Speciment

300

DI

Fig. 2. Test Speciment Cutting

2.5 Specimen Test

Testing included hardness testing and metallography
observation to examine the microstructure and hardness
values in the Heat Affected Zone (HAZ), fusion line, and base
metal. The points where hardness testing taken place was
shown in Fig. 3.

Material . : < Material

Non heat treatment Heat treatment

Fig. 3. Point of Hardness Test Taking Taken Place

3. Results and Discussions

3.1. Results of Preheat

Before the welding process, preheating was conducted
on one side of the specimen at a temperature of 650°C with a
holding time of 60 min. The material was preheated in the
furnace with temperature 650°C for 60 minutes and was slow-
cooled inside furnace until the temperature of 55°C, then
unloaded. Preheat process of heat treatment is shown in Table
2 and the time record preheat process is shown in Table 3.
Fig. 4 illustrates the heating and cooling processes of the
specimen.

Table 2. Preheat Process of Heat Treatment

Description Value
Loading Temperature 27°C
Heating Rate 100°C/hours
Holding Temperature 650°C
Holding Time 60 minutes
Cooling Rate 60°C/hours
Unloading Temperature 55°C
Table 3. Time Record Preheat Process
Time Temperature
0-60 27 - 650
60 - 120 650
120 - 1440 650 - 55
Preheat
700

T 500

5 500

Z 400

€ 300

g 200

g 100

62
80
98

1

B

)

7
474
570
666
762
as8
954
1050
1146
1242
1338

time (minutes)

Fig. 4 Chart of Preheat Process

3.2 Welding Data

The welding process referred to the WPS with the
welding process data. The reference code was ASME, and the
P number of the material was P-NO.1. The thickness of the
material was 36 mm with Heat Treatment (HT) and non-heat
treatment (NHT), using FCAW welding and E81T1-K2 filler
metal in the 3G welding position for the Butt Joint Double V
Groove. The preheating temperatures were 120, 150, and
200°C with material code 1 for the PWHT specimens and
material code 2 for the non-PWHT specimens. The actual
current of the welding process is shown in Table 4. Welding
specimens and terminology are shown in Fig.s 5-10.
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Table 4. The Actual Current of Welding Process

Current (A) of PWHT’s Temperature

Layer 120°C 150°C 200°C

1 2 1 2 1 2
Root 175 165 177 179 179 176
Hotpassl 178 176 188 187 184 187
Fill 1 185 179 188 187 184 187

Cappingl 210 190 212 218 223 213
Hotpass2 168 178 189 186 184 179
Fill 2 174 188 189 186 194 194
Capping2 215 222 232 223 204 217

Welding direction

Weld metal

Fig. 5. (a) top view and (b) bottom view specimen with
PWHT of 120°C (1).

’\N'I‘HT IZ'O( Welding direction
TR v Weld metal
HAZ

)

Fig. 6. (a) top view and (b) bottom view specimen with
PWHT of 120°C (2).

b= \g Welding direction
2%V

I TGRS . Weld metal

‘.O HAZ

o

(b)

Fig. 7. (a) top view and (b) bottom view specimen with
PWHT 150°C (1).

Welding direction

Weld metal

HAZ

(b)

Fig. 8. (a) top view and (b) bottom view specimen with
PWHT of 150°C (2).

A Welding direction
A
V7 TR | Weld metal
3 A
HAZ
1 LH Gy

@ (b)

Fig. 9. (a) top view and (b) bottom view specimen with
PWHT of 200°C (1).

Welding direction

T AR )

Weld metal

HAZ

(b)

Fig. 10. (a) top view and (b) bottom view specimen with
PWHT of 200°C (2).

3.3 Results of Post Weld Heat Treatment

The PWHT was performed after the welding process at
temperature of 650°C with holding 60 minutes as shown in
Table 5-6. Fig. 11 illustrates the heating and cooling
processes for the specimens. This process involved heating to
650°C and holding for 60 min, followed by slow cooling for
one day inside the furnace with a gradual decrease in
temperature. The specimens were A573 Grade 70 with
dimensions of 150 x 300 x 36 mm, which was welded by
FCAW process with ER 81T1 K2 filler metal and CO;
shielding gas, and the various currents and heat treatments.

Table 5. PWHT Process

Description Value
Loading Temperature 27°C
Heating Rate 100°C/hours
Holding Temperature 650°C
Holding Time 60 minutes
Cooling Rate 60°C/hours
Unloading Temperature 55°C

Tabel 6. Time Record PWHT Process of Specimens
Time (Minute) Temperature ('C)

0-60 27 - 650
60 - 120 650
120 - 1440 650 - 55
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Fig. 11. Chart of PWHT Process
3.4 Results and Analysis of Microstructure

Microstructure testing was conducted to determine the
microstructure’s changes which occurred after varying
preheat conditions in each specimen and between PWHT and
Non-PWHT. The microstructure testing employed an optical
microscope with magnifications of 200X and 500X. The
microstructure image capture points were taken at the mid-
point of the material thickness. Before conducting
microstructure testing, specimens were etched using a 2%
Nital solution which composition of 2 ml HNO; + 98 ml
alcohol. In this study, microstructure testing was performed
on the base metal, HAZ, fusion line, and weld metal. The
micro testing results relatively showed bright ferrite and dark
perlite, indicating a change in mechanical properties which
was indicated by the dark pearlite and the increase of
hardness. The locations of the microstructure were captured
could show in the Fig. 12.

3 5

HT —— 20 < NHT
1 2 '--,,_____4 _}6 7

Fig. 12. Location of Microstructure Testing

a. Microstructure of Base Metal with Heat Treatment Non
PWHT

Fig. 13, this study utilized A573 Grade 70 material
where heat treatment was applied to one side of the base metal
prior to welding, at a temperature of 650°C with a holding
time of 60 minutes. The microstructure was obtained in this
material consists of bright ferrite and relatively dark pearlite.

Fig. 13. Microstructure of Base Metal with Heat Treatment of 120°C
(2) Magnification of 200x (a) and 500x (b); 150°C (2) Magnification
of 200x (c) and 500x (d); 200°C (2) Magnification of 200x (e) and
500x ().

b. Microstructure Base Metal with Non Heat Treatment and
Non PWHT

Fig. 14, this study employed A573 Grade 70 material,
where no heat treatment was applied to one side of the base
metal. The microstructure obtained in this material consisted
of bright ferrite and relatively dark pearlite.

® o ne

'y i e
T
ol b

e

X
LY
B L

earlites
ST T
v i 4

Fig. 14. Microstructure of Base Metal with Non Heat Treatment of
120°C (2) Magnification of 200x (a) and 500x (b); 150°C (2)
Magnification of 200x (c) and 500x (d); and 200°C (2)
Magnification of 200x (e) and 500x (f).
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c. Microstructure Test of Base Metal with Heat Treatment
and PWHT

Fig. 15. Microstructure of Base Metal with Heat Treatment and
PWHT of 120°C (1) Magnification of 200x (a) and 500x (b); 150°C
(1) Magnification of 200x (c) and 500x (d); and 200°C (1)
Magnification of 200x (e) and 500x (f)

Fig. 15 shows the A573 Grade 70 material that
underwent heat treatment before and after welding at 650°C
with a holding time of 60 min. The microstructure of this
material consists of bright ferrite and dark pearlite.

d. Microstructure Test of Base Metal with Non Heat
Treatment and PWHT

Fig. 16. Microstructure of Base Metal with Non Heat Treatment and
PWHT of 120°C (1) Magnification of 200x (a) and 500x (b); 150 °C
(1) Magnification of 200x (c) and 500x (d); and 200°C (1)
Magnification of 200x (e) and 500x (f).

Fig. 16, this study utilized A573 Grade 70 material, in
which no heat treatment was applied to one side of the base
metal, but PWHT was performed after welding. The
microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite.

e. Microstructure of HAZ with Heat Treatment and Non
PWHT

Fig. 17. Microstructure of HAZ with Heat Treatment of 120°C (2)
Magnification of 200x (a) and 500x (b); 150°C (2) Magnification of
200x (c) and 500x (d); and 200°C (2) Magnification of 200x(e) and
500x (f)

Fig. 17, this study utilized A573 Grade 70 material, in
which the HAZ was located on the side of the base metal that
received heat treatment before the welding process at a
temperature of 650°C with a holding time of 60 minutes. The
microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite. The microstructure in the
HAZ was finer compared to the base metal.

f.  Microstructure of HAZ with Non Heat Treatment and
Non PWHT

Lol a<hl =i

Fig. 18. Microstructure of HAZ with Non Heat Treatment of 120°C
(2) Magnification of 200x (a) and 500x (b); 150°C (2) Magnification
of 200x (c) and 500x (d); and 200°C (2) Magnification of 200x (e)
and 500x (f).

Fig. 18, this study utilized A573 Grade 70 material,
where the HAZ was located on the base metal that did not
undergo heat treatment. The microstructure obtained in this
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material consists of bright ferrite and relatively dark pearlite.
The microstructure in the HAZ was finer compared to the
base metal.

g. Microstructure of HAZ with Heat Treatment and PWHT

n : . o 2
0 X o

Fig. 19. Microstructure of HAZ with Heat Treatment and PWHT of
120°C (1) Magnification of 200x (a) and 500x (b); 150°C (1)
Magnification of 200x (c) and 500x (d); and 200°C (1)
Magnification of 200x (e) and 500x (f)

Fig. 19, this study utilized A573 Grade 70 material
where the HAZ was located on the side of the base metal that
received heat treatment before the welding process at a
temperature of 650°C with a holding time of 60 minutes.
Additionally, P?WHT was conducted on this base metal after
welding. The microstructure obtained in this material consists
of bright ferrite and relatively dark pearlite. The
microstructure in the HAZ was finer compared to the base
metal.

h. Microstructure of HAZ with Non Heat Treatment and
PWHT

A :

Fig. 20. Microstructure of HAZ with Non Heat Treatment at
Welding Current of 120 A (1) Magnification of 200x (a) and 500x
(b); Welding Current of 150 A (1) Magnification of 200x (c) and
500x (d); and Welding Current of 200 A (1) Magnification of 200x
(e) and 500x (f)

Fig. 20, this study utilized A573 Grade 70 material,
where the HAZ was located on the base metal that did not
undergo heat treatment, but underwent PWHT after welding.
The microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite. The microstructure in the
HAZ was finer compared to the base metal.

i. Microstructure of Fusion Line with Heat Treatment and
Non PWHT

Fig. 21. Microstructure of Fusion Line with Heat Treatment of
120°C (2) Magnification of 200x (a) and 500x (b); 150°C (2)
Magnification of 200x (c) and 500x (d); and 200°C (2)
Magnification of 200x (e) and 500x (f)

Fig. 21, this study utilized A573 Grade 70 material
which the fusion line is located on the base metal side that
underwent heat treatment before the welding process at a
temperature of 650°C with a holding time of 60 minutes. The
microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite. In the fusion line, the
microstructure mostly exhibited grain boundary ferrite, with
acicular ferrite surrounding it.

j. Microstructure of Fusion Line with Non Heat Treatment
and Non PWHT

Fig. 22, this study utilized A573 Grade 70 material
which the fusion line is located on the base metal side that did
not undergo heat treatment. The microstructure obtained in
this material consists of bright ferrite and relatively dark
pearlite. In the fusion line, the microstructure mostly exhibits
grain boundary ferrite, with acicular ferrite surrounding it.
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Fig. 22. Microstructure of Fusion Line with Non Heat Treatment
and PWHT of 120°C (2) Magnification of 200x (a) and 500x (b);
150°C (2) Magnification of 200x (c) and 500x (d); and 200°C (2)
Magnification of 200x (e) and 500x (f)

k. Microstructure of Fusion Line with Heat Treatment and
PWHT

Fig. 23, this study utilized A573 Grade 70 material
which the fusion line was located on the base metal side that
underwent heat treatment before the welding process at a
temperature of 650°C with a holding time of 60 minutes.
Additionally, PWHT was conducted on this base metal after
welding. The microstructure obtained in this material consists
of bright ferrite and relatively dark pearlite. In the fusion line,
the microstructure mostly exhibits grain boundary ferrite,
with acicular ferrite surrounding it.

Fig. 23. Microstructure of Fusion Line with Heat Treatment and
PWHT of 120°C (1) Magnification of 200x (a) and 500x (b); 150°C
(1) Magnification of 200x (c) and 500x (d); and 200°C (1)
Magnification of 200x (e) and 500x (f)

I.  Microstructure of Fusion Line with Non Heat Treatment
and PWHT

Fig. 24. Microstructure of Fusion Line with Non Heat Treatment and
PWHT of 120°C (1) Magnification of 200x (a) and 500x (b); 150°C
(1) Magnification of 200x (c) and 500x (d); and 200°C (1)
Magnification of 200x(e) and 500x (f)

Fig. 24, this study utilized A573 Grade 70 material, in
which the fusion line was located on the base metal side that
did not undergo heat treatment, but PWHT was conducted
after welding. The microstructure obtained in this material
consists of bright ferrite and relatively dark pearlite. In the
fusion line, the microstructure mostly exhibits grain boundary
ferrite, with acicular ferrite surrounding it.

m. Microstructure of Weld Metal with Non PWHT

Fig. 25, this study utilized A573 Grade 70 material
which the image capture was conducted on the weld metal.
The microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite. The microstructure in the

“ 5

] &

Fig. 25. Microstructure of Weld Metal with Heat Treatment and Non
PWHT of 120°C (2) Magnification of 200x (a) and 500x (b); 150°C
(2) Magnification of 200x (c) and 500x (d); and 200°C (2)
Magnification of 200x (e) and 500x (f)
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£

Fig. 26. Microstructure of Weld Metal with PWHT of 120°C (1)
Magnification of 200x (a) and 500x (b); 150°C (1) Magnification of
200x (c) and 500x (d); and 200°C (1) Magnification of 200x (e) and
500x (f)

Fig. 26, this study utilized A573 Grade 70 material
which the image capture is conducted on the weld metal. This
weld metal undergoes PWHT after welding. The
microstructure obtained in this material consists of bright
ferrite and relatively dark pearlite. The microstructure in the
weld metal experiences fine pearlite and also contains ferrite
islands.

3.5 Results and Analysis of Hardness Test

This hardness test was used to compare the hardness
results that occur after various preheat temperature variations
with PWHT and non-PWHT processes. Using a diamond
pyramid indenter, with an automatic hardness machine, and a
load of 10 kgf applied, the results will be in HVN units. The
hardness test points could show in Fig. 27.

2

Fig. 27. Location of Hardness Testing

Taking point for hardness test
1. Base metal HT 3. Weld Metal
2. HAZ HT 4. HAZ NHT

5. Base metal NHT

Before conducting the test, there were several
fundamentals to determine whether the test results were
appropriate or not, namely, the test results of specimens that
did not receive any treatment or base specimens could show
in Table 7.

Table 7. Hardness Value Before Variation

Hardness Value

Area (HVN)

160

Base metal 162
157

161

HAZ 163
167

214

Weld Metal 219
210

Bar Charts Hardness Value

300
250
200
150
> 100
z 50

0

ardness Value
™

= 120-1 120-2 130-1 1302 200-1 200-2
EEMHT 14646 | 16321 | 13484 | 16742 1411 134,66

WHAZHT | 163,82 | 18243 | 17709 | 20152 | 1624 | 18444
= WM 24334 | 22581 | 20089 | 23262 | 19428 | 23507
=mHAZNHT| 18034 | 18401 | 17738 | 205,52 | 173,16 | 205,99
sBMNHT | 16094 | 1855 | 15452 | 17195 | 16627 | 159,08

Fig. 28. Diagram of The Average of Hardness Results for All
Specimens

From all the experimental heat treatment, it could show
that the hardness values in the base metal area differ between
the base metal which received preheat and the base metal
which did not receive preheat due to the different changing of
grain size. In the HAZ area, the hardness tends to decrease in
the HAZ area that underwent preheat before welding and
received PWHT after welding. Similarly, the hardness value
of the weld metal decreased due to the PWHT process. If
correlated with the phases which found in the microstructure,
it could be inferred that the hardness increased with the
dominance of the pearlite phase. From this analysis, it could
be said that the hardness value could be increased due to the
pearlite phase was more dominant than the ferrite phase. The
order of phases becoming more brittle were ferrite, perlite,
bainite, and martensite.

4, Conclusions

Based on the analysis of the welding material A573 Grade 70
with PWHT at 650°C and holding time of 60 minutes and
without PWHT with preheat variations of 120°C, 150°C, and
200°C, that microstructure of ferrite and pearlite phases were
obtained by heat treatment of preheat without PWHT. The
variations of PWHT do not significantly affect the hardness
of the Heat Affected Zone (HAZ) or weld metal. The highest
hardness was obtained from the preheat variation of 150°C
with PWHT at 209.89 HVN in the weld metal. The highest
hardness from the preheat variation of 200°C without PWHT
was 235.07 HVN in the weld metal.
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