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Abstract

Gas surface hardening methods is widely used in general industries, because of their
processes take a short time, ease control of atmosphere in furnace and, suitable for improving low
alloy steels. Gas surface hardening will increase hardness at the surface and retaining the toughness
at the core of the material, leading to improving strength with acceptable ductility. There are
interested to improving the material properties by gas surface hardening processes. Thin low carbon
steel is one of the most widely used material in various industries due to its low cost. In this study
2 processes were investigated 1) Gas carburizing (CB) and 2) Combined processes between Gas
soft-nitriding and Gas carburizing (SN+CB). Gas carburizing methods is technique that employed
carbon diffusion to increase surface hardness, while the steel structure changing to austenite phase.
Gas soft-nitriding method, both carbon and nitrogen were diffused and formed the hard layer, so
call white layer. This study was aimed to investigate the effect of gas surface hardening processes
on mechanical properties of AISI 1010 thin steel. The specimen was normalized by normalizing
and shot blasting. Then, the specimens were brought through the gas surface hardening, Gas
carburizing (CB) and combined processes between Gas soft-nitriding and Gas carburizing
(SN+CB). After treatment processes, the specimen was tempered at 400 °C, 500°C and 550 °C. The
improved material properties will be applied to design of seat belt anchorage for large vehicle.
Because this part is one of a points of interest and a key point in protecting passengers during
accidents. In the design and analysis processed, Finite Element Method was employed. Test criteria
based on safety requirements of the United Nations Economic Commission for Europe UN/ECE
R-14, Testing standard for the strength of seat belt anchor and passenger seat. It was found that, the
improve properties by combined processes were slightly higher than that by gas carburizing (CB)
process. However, both processed were yielded better strength than original. It could be applied to
design seat belt anchorage. The analysis of the anchorage with using steel sheet thickness of 3 mm.

It could reduce size of seat belt anchorage by 19% with and still conform to the safety standards.
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ABSTRACT

Low carbon steel is material that is widely used in
general industries. Low carbon steel usually has a
relatively low strength compare to other types of steel. The
gas surface hardening process is popular process to
increase the strength of low carbon steel. In these study,
AISI 1010 steel was used to treat by gas soft-nitriding and
gas carburizing. The specimen was normalized by
normalizing and shot blasting. Then, the specimens were
brought through the gas surface hardening which has 2
processes (1) Gas carburizing (CB), (2) combined
processes between Gas soft-nitriding and Gas carb i

Normalizing heat treatment process is heating a steel
above the critical temperature, holding for a period of time
long enough for transformation to occur, and air cooling.
Normalized heat treatment establishes a more uniform
carbide size and distribution which facilitates later heat
treatment operations and produces a more uniform final
product.

Gas soft-nitriding that diffuses nitrogen into the
surface of a metal to create a case-hardened surface. These
processes are most commonly used on low-carbon, low-
alloy steels. This is a heat treatment process, in which steel

(SN+CB). After treatment processes, the specimen was
tempered at 400 °C and 500 °C. From experimental results,
ferrite and pearlite phase were found at the core, on the
other hand, martensite phase was found at the specimen
surface. The yield and ultimate tensile strengths were
increased when the carburizing process time increased.
The tensile strength of specimen treated by combined
process (SN+CB) was higher than that treated by
carburizing process (CB). Moreover, the tensile strength
at tempering of 400 °C was higher than that of tempering
of 500 °C.

KEYWORDS: Gas carburizing, Gas soft-nitriding, Low
carbon steel, AISI 1010 steel, hardness.

1. INTRODUCTION

Low. carbon steel in which the main constituent is
carbon in the less than 0.2%wt. Thin low carbon steel is
one of the most widely used material generation industry
due to low cost and low carbon-steel has ductility but low
strength. Gas surface hardening process, can improve
mechanical properties of low carbon steel ‘such as gas
carburizing and gas soft-nitriding because these processes
can control atmosphere in furnace.

absorbs nitrogen to form a nitride that hardens the surface.
This process diffuses nitrogen in the surface by adding
ammonia gas in a nitrogen atmosphere and maintaining
temperature at 550 to 600 °C. The resulting nitride hardens
the surface.

Carburizing heat treatment is the introduction of
carbon into the surface of steel. The gas carburizing
process is well-known techniques that suitable for low
carbon. Carburizing occurs when the steel is heated above
the critical temperature in a carburizing furnace which
contains more carbon than the steel contains.

Tempering is usually performed after hardening, to
reduce some of the excess hardness, and is done by heating
the metal to some temperature below the critical point for
a certain period of time, then allowing it to cool in still air.

Suwanta, et al. (2013), the effect of combined
processes between gas soft-nitriding and gas carburizing
on mechanical properties of various steel e.g., AISI 1010,
1020, 1040, 4140 and 4340. The results signified that the
combined processes, SN+CB, improve its properties the
ultimate tensile strength and the smoother and lower
variation of section harness, while the toughness was still
acceptable.

The previous work Tachee, et al. (2011), investigated
influence of gas surface hardness process on the corrosion
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of low carbon steel. The AISI 1020 specimen was
normalized by normalizing and shot blasting. Then the
specimen was treated by gas soft-nitriding, gas
carburizing, gas carbonitriding and the combined
processes between gas soft-nitriding and carburizing
process. It was found that the gas carburizing process
yielded the good corrosion resistance compared to other
process.

The present work is focused on the effects of gas
carburizing process and combined processes between gas
soft-nitriding and gas carburizing process on the
mechanical properties of thin low carbon steel.

2. EXPERIMENTAL PROCEDURES

In this study, the materials used thin low carbon steel
AISI 1010 is thicknesses 3 mm. which the chemical
composition of sample shown in Tablel and minimum
requirement of mechanical properties are shown in
Table3. Thin low carbon steel were cut according to
ASTM E8 (Table2), which it has shape shown in Fig. 1.

Tablel. Chemical composition of low carbon steel
AISI 1010 (wt %)

Element in wt %

C 0.0810
Si 0.0190
Mn 0.3800
P 0.0170
S 0.0210
Cr 0.0270
\'% 0.0030
Al 0.0130
Fe Bal.
L 2
t-l — i
L | ™
w7l &sh
- > o4+
! N e, 7 '
T — ~ b L p—

Fig. 1 Dimension for specimen follow
ASTM E8
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Table2. Diamension for spercimen follow ASTM E8

Dimensions, (mm)

G-Gauge length 50.0%0.1
W-Width 12502
T-Thickness, max 16
R-Radius of fillet, mm 13
L-Overall length, mm 200
A-Length of reduced section, min 57
B-Length of grip section, approximate 50
C-Width of grip section, approximate 50
D-Diameter of hole for pin, min 13
E-Edge distance from pin, approximate 40
F-Distance from hole to filet, min 13

Table3. Tensile properties of low carbon steel.

Steel type Tensile Yield Elongation
Stress [MPa] [%]
AISI1010 230 180 49

The specimens were taken into normalizing process
is defined at temperature 930 °C in 1 hour for the steel is
changing as austenite phase and cooling it in the air. After
that, surface of speci was cl d with shot bl; g
by using steel bell type 0.3 mm in 1 hour (ASM v5, 1987).
Gas carburizing process is the addition nitrogen and
carbon into atmosphere. Absorbs carbon time of
carburizing process was varied. The treatment conditions
of gas surface hardening process consist of Gas soft-
nitriding (SN) shown in Fig.2, Gas carburizing condition1
(CB1) shown in Fig.3 and Gas carburizing condition2
(CB2) shown in Fig.4. From Table 4 are shown treatment
conditions and various tempering (tempering was made
after gas surface hardening process) at 400 °C and 500 °C
in 1 hour and then cooled in air,

The specimens were tested tensile tests, it was
carried out by a universal testing machine capability load
100 kN. Metallographic _specimens to reveal the
microstructure followed <sequence the steps include
sectioning, mounting; course grinding, fine grinding,
etching and microscopic examination. In addition, the
hardness measurement from surface to core of specimen
was carried out by using micro-Vickers hardness at
loading of 100 g in 10 seconds time.
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Table 4 Treatment conditions of specimens by gas
surface hardening process.

C‘:’: Treatment conditions Tempering
400
CBI1 Carburizing]
500
400
CB2 Carburizing2
500
400
SN+CBI | Soft-nitriding + Carburizing]
500
400
SN+CB2 | Soft-nitriding + Carburizing2
500
570 °C
Soft-nitriding
3tr.
NH,
Rx gas:NH, Oil quenching
10:10 m*hr 100 °C (30 min)

Fig. 2 Soft-nitriding process (SN)

910°C

Rx gas Oil quenching
18 m¥hr 60 °C (30 min)

Fig. 3 carburizing condition1 (CB1) process

910°C

Rx gas Oil quenching
18 m*r 60 °C (30 min)

Fig. 4 Carburizing conditions2 (CB2) process
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3. RESULTS AND DISCUSSION

Fig.5 show the hardness bar graph of specimens at
different p es are exp d as the hard
versus process. The peak hardness at 400 °C is 488 Hy on
the condition SN+CBI and lowest hardness at 500 °C is
335 Hv on the condition CB2. Higher temperature will
result into high ductility, but low strength and hardness.
Low tempering temperatures will produce low ductility,
but high strength and hardness. While, the time of treated
processes on hardness less than.

The results of micro-hardness profile by cross-
section after carburizing conditionl (CB1) process for 2
hr. 30 min is shown in Fig 6 and carburizing condition1
(CB2) process for 1 hr. is shown in Fig.7 Normally, the
hardness curves are plotted between surface to core.
Moreover, the illustration shows that at the lower
temperature of tempering processes affect hardness
increased. The hardness of CB and SN+CB processes are
very similar at the same temperature. The comparison
between condition] and condition2 found that hardness of
conditionl higher than hardness of condition2 because
absorbs carbon time of carburizing conditionl process
higher than absorbs carbon time of carburizing of
condition2 process which can see total case depth of
specimens (Fig.8).

In this study, the hardness of specimens treated by
gas carburizing (CB) and combined processes was tested
statistically and resulted that no significant different
between such hardness with significant level of 0.05.

® Tempering400
Hardness (HV)
500 " —
450
400
P —
300

Tempering500

CBI1 CB2 SN+CBI  SN+CB2

Fig. 5 Surface hardness of specimens AISI 1010
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sy CB1-Temper500
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300
250
U0 s e e N
150
100
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Fig. 6 Hardness of specimens AISI1010 on
conditions]

= — — ==
e CB2-Temper 400
i SN+CB2-Temper400
sty CB2-TemperS00
Hardness (Hv) === SN+CB2-Temper500
500 — - =

450

400

005 0.1 02 03 04 05 06 07 08 09 1 Core |

Depth (mm) |

L - e L 4

Fig. 7 Hardness of specimens AISI 1010 on
conditions2

Fig 9 and 10 show the optical microstructure of
thin low carbon steel after gas surface hardening
process effect on temperature tempering.
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® Tempering400

Total case depth (mm) Tempering500

1
09
08
0.7
0.6
05
04
03
02
0.1

0 .

CBI CB2 SN+CBI  SN+CB2

Fig. 8 Total case depth of specimens AISI 1010

The microstructure of CB1 for 400 °C and 500 °C
show in Fig 9 (a) and (b), respectively. The microstructure
of CB1 at surface consists of martensite and some retained
austenite while sub-surface consist of fine pearlite (dark)
and martensite with lower carbon than surface and core
consist of pro-eutectoid ferrite (white) and low carbon
martensite. The microstructure of tempering process at
500 °C had grain sized is smaller than the tempering
process at 400 °C. And the microstructure of SN+CBI1 for
400°C and 500 °C shown in Fig 9 (c) and (d) respectively.
The microstructure of tempering process at 400 °C and
500 °C is composed of carbide, retain austenite and lath
martensite.

The specimens CB2 of tempering process at 500 °C
show in Fig. 10 (a) microstructure consist of ferrite and
retain austenite but the microstructure at 400 °C show in
Fig. 10 (b) included martensite and retain austenite.

The microstructure of SN+CB show in Fig. 9 (c, d)
and Fig. 10 (c, d)depict the surface layer which has thicker
of martensite case white layer and core is retain austenite
for 400 °C the microstructure indicate resided of austenite
and ferrite and grain boundary regions is cementite.

Table. 5 Mechanical properties of the specimens AISI1010 after surface hardening process

Tempering 400 °C Tempering 500 °C
CB1 ~ SN+CBI  CB2 SN+CB2 CBI SN+CBI CB2 SN+CB2
Yield strength (MPa) 640 750 550 640 460 600 460 540
Ultimate Tensile (MPa) 749 866 680 730 552 686 560 610

%Elongation 3.28 4.16 5.70

4.10 12.12 5.54 14.50 5.40
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(a) CBI process in section at Tempering 400 °C

(c) SN+CBI process in section at Tempering 400 °C (d) SN+CBI process in section at Tempering 500 °C

Fig. 9 Microstructure of (CB1) and (SN+CBI) Condition]

(a) CB2 process in section at Tempering 400 °C

3

< St

(c) SN+CB2 process in section at Tempering 400 °C (d) SN+CB2 process in section at Tempering 500 °C

Fig. 10 Microstructure of (CB2) and (SN+CB2) Condition2
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The tensile properties of thin low carbon steel with
CBI1, CB2, SN+CB1 and SN+CB2 are shown in Table 5.
The tensile strength and yield strengths of SN+CB
specimens are significantly higher than specimens of CB.
The higher strength and lower elongation were affected by
the formation of martensite, retain austenite, ferrite and
pearlite within cases of SN+CB specimens.

® Yield strength

|
Ultimate Tensile ‘l
[

Tensile strength (MPa)

CB1 SN+CBI CB2 SN+CB2

_ Fig. 11 Tensile test at Tempering 400°C____

® Vield strength
Tensile strength (MPa) “ Ultimate Tensile
700 —— — ——— N .
600

500
400

100 —
0 — - p Process
CBI SN+CBI CB2  SN2+CB2
Fig. 12 Tensile test at Tempering 500 °C
%Elogation u Tempering 400
16 - ' “Tempering 500
14 ——— |
-— g
10— — — —_—
1Y _ - — -

CBI SN+CBI CB2 SN+CB2

Fig. 13 The %Elongation of AISI 1010 after surface
hardening process
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4. CONCLUSIONS

The gas surface hardening process has effects on
mechanical properties of thin low carbon steel AISI 1010
such as the increasing of hardness and tensile strength but
remaining ductility. The carburizing (CB2) process
yielded high strength, good ductility and shorter time than
other gas surface hardening processes.
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