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LOW CARBON STEEL/GAS SOFT NITRIDING/GAS CARBURIZING/GAS

CARBONITRIDING/CORROSION RESISTANCE

Low carbon steel is widely used in industries due to its low cost and easy to
recycle. Especially sheet steel is widely used as boiler plate, construction steel,
automotive and auto body parts. However, the low carbon steel is also known that be
easily attacked by environment and has low strength compared with other kinds of
steel. Those lead to many problems, regarding to service life and maintenance cost.
Sometimes the damage is excessive expenses such as designed for over size than its
necessary. Therefore, the several surface coating and treatment techniques are
employed to improve its properties. This study was aimed to investigate influence of
gas surface hardening method on the corrosion 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 method. It was found that the gas
carburizing method yielded the good corrosion resistance compared to other methods.
The most advantage of the carburized method could be considered to be very small
variation of corrosion. Moreover, it was found that the combined method results the

best uniform of hardness among treated method.
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Technical Specification GW-10
Wheel projecttion capacity 40 kg / min.
Power of wheel turbine 22kW2P
Apron dimension dia. 500 x 600 mm.
Rubber belt drive 04kwW4P
Bucket elevator capacity 60 kg / min.
Power of bucket elevator 04kwW4P
Capacity of bag filter 600 m3 / hr
Power of dust collector 0.75kW 2P
Loading weight capacity 60 kgs. (0.10 m3)
Overall dimensions (W x D x H) 850 x 710 x 2460 mm.
Overall weight 850 kgs.
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Temp Time Diffusion Soaking Oil
Condition Gas Process Atmosphere
(°C) (min) 0.8%C.P 0.8%C.P Quenching
SN1 Soft-nitriding1 570 180 C:NH3(10:10)m3/hr - - 100°C,30m
SN2 Soft-nitriding2 550 240 C:NH3(6:15)m3/hr - - 100°C,30m
SN3 Soft-nitriding3 560 120 C:NH3(12:15)m3/hr - - 100°C,30m
CBI Carburizing] 930 150 C.P (1.2%) 930°C,1hr 870°C,30m | 60°C,30m
CB2 Carburizing2 930 120 C.P (1.2%) 930°C,1hr 870°C,30m | 60°C,30m
CB3 Carburizing3 930 150 C.P (1.2%) 930°C,1hr 850°C,30m | 60°C,30m
CN1 Carbonitriding 840 205 C.P-NH, (1.1-1%) - - 70°C,30m
CN2 Carbonitriding2 890 180 C.P-NH, (1-0.75%) - - 60°C,30m
CN3 Carbonitriding3 870 180 C.P-NH, (1-0.75%) - - 60°C,30m
SN1CBI1 Soft-Nitriding 1 +Carburizing1
SN2CB2 Soft-Nitriding2+Carburizing2
SN3CB3 Soft-Nitriding3+Carburizing3
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CN1 0.8810 | 0.7619 | 0.2451 | 0.0104 | 0.0166 | 0.0048 | 0.0196 | 0.0071 | 0.0013

CN2 0.7111 | 0.6826 | 0.2391 | 0.0223 | 0.0104 | 0.0067 | 0.0553 | 0.0140 | 0.0116

CN3 0.8416 | 0.6623 | 0.2389 | 0.0056 | 0.0091 | 0.0064 | 0.0533 | 0.0145 | 0.0113

SNICB1 | 0.8294 | 0.7526 | 0.2657 | 0.0033 | 0.0109 | 0.0071 | 0.0591 | 0.0130 | 0.0110

SN2CB2 | 0.7808 | 0.7762 | 0.2606 | 0.0066 | 0.0172 | 0.0106 | 0.0302 | 0.0072 | 0.0031

SN3CB3 | 0.8402 | 0.9872 | 0.3497 | 0.0126 | 0.0079 | 0.0069 | 0.0802 | 0.0176 | 0.0118
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Abstract. Low carbon steel is widely used in industries due to its low cost and easy to recycle.
However, the low carbon steel is also known that easily attacked by environment and low strength
compared with other kinds of steel. Therefore, several surface coating and treatment techniques are
employed to improve its properties. This study was aimed to investigate influence of combined
processes between gas soft nitriding and gas carburizing on the hardness of low carbon steel. The
specimen was normalized by normalizing and shot blasting. Then the specimen was treated by gas
cartburizing. gas carbonitriding and combined processes between gas soft nitriding and gas
carburizing. It was found that the combined processes yielded the good surface hardness and total
case depth compared to other conditions. The most advantage of the combined processes could be
considered to be very small variation of hardness.

Introduction

Plain carbon steel is the most popular steel that used in industries due to its low cost and easy to
recycle. However, it is also known that plain carbon steel. especially low carbon steel. is quite
weak among their kind and highly rate of rust. Several surface treatment methods are selected to
protect its surface from environment. Surface hardening fechniques are employed fo improve its
mechanical properties such as carburizing, carbonitridin and soft nitriding.

Gas carburizing is well-known techniques that suitable with low carbon alloy steel. Carbon can
be diffused into the steel surface leading to its higher surface hardness. Gas carbonitriding is the
technique that suitable for low carbon steel. Nitrogen and-carbon potential in the controlled
atmosphere is the key different from carburizing. The advantage of carbonitriding is reported that
diffusion of carbon atom is greater due to the effect from large size of nifrogen atom [1]. Gas soft-
nitriding is quite different technique from-the 2 described techniques above. The additional hard and
smooth layer. so call White Layer. will be formed cover the surface by this technique. Due to the
piece part has not to be heated above eutectic temperature; it is appropriated to all kind of steels. All
surface hardening techniques mentioned above will improve surface hardness and also other
properties such as fatigue and corrosion resistance. This study aims to investigate the influence of
combined processes between gas soft nitriding and gas carburizing to hardness of low carbon steel.

Experimental Procedures

Low carbon steel ATST 1020 was used in this study. The composition of sample was tested and
indicated in Table 1. The raw material was cut into specimen size of 25 mm. in diameter and
thickness 10 mm. The specimen was brought into normalizing process at 850 C for 1 hr. Then the
specimen was shot blasting by steel ball 0.3 mm. for surface cleaning. 3 gas surface hardening
techniques with various conditions were employed to improve specimen properties as shown in
Table 2. Hardness and case depth of treated specimen were investigated, 6 sampling points for each
condition.

Table 1 Compositions of low carbon steel AIST 1020 (wt %)

AISI C Mn Si S P Ni Cr Al Cu Te

1020 0.2040 0.7756 0.2348 0.0113 0.0195 0.0056 0.0152 0.0078 0.00l1 Bal

All rights reserved. No part of contents of thisd}aper may be reproduced ar transmitted in any form or by any means without the written permission of TTP,
www ttponet. (ID: 203.158.4.227-07/12/11,11:08:12)
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Table 2 Treatment conditions of specimen by various gas surface hardening methods

Condition Gas Process Tleﬂn?p ?m.le Atmosphere Diffl'lsi‘on S oalt'ing oil .

(°C) (min) 0.8%C.P 0.8%C.P Quenching
SN1 Soft-Nitriding1 570 180 C:NH;(10: 10y’ /Ml - - 100°C.30m
CB1 Carburizingl 930 150 C.P(1.2%) 930°C,1hr 870°C.30m  60°C.30m
CB2 Carburizing?2 930 120 C.P (1.2%) 930°C.1hr 870°C.,30m  60°C.30m
CB3 Carburizing3 930 150 C.P(1.2%) 930°C,1hr  850°C.30m  60°C.30m
CN1 Carbonitridingl 340 205 C.P-NH; (1.1-1%) - - 70°C.30m
CN2 Carbonitriding2 890 180 C.P-NH; (1-0.75%) - - 60°C.30m
CN3 Carbonitriding3 8§70 180 C.P-NH; (1-0.75%) - - 60°C.30m
SN1CB1 Soft-Nitridingl +Carburizing1

Results and Discussion
Normalizing and Shot Blasting

Hardness profile of specimen as normalizing and shot blasting was illustrated in Fig. 1. It was
found that, the shot blasting yields about 40 HV increasing in surface hardness. The effect of shot
blasting was disappeared at deeper than around 0.2 mm. from surface. The increasing of surface
hardness can be discussed as the transforming of retained austenite at the surface to martensite
phase which is reported by other works [2, 3].

Carburizing

Hardness profile of specimen treated by gas carburizing was shown in Fig. 2. It was found that
the surface hardness was increased to 772-824 HV. with total case depth about 0.85-1.0 mm. as
shown in Table 3. Pleaseniote that the total case depth was examined by core hardness + 50 HV
criteria. It could be discussed that the large numbers of carbon atom diffuse into specimen surface
during treatment time. Afterthat, the carbon atom might diffuse back during soaking period for its
equilibrium [1. 4]. Therefore. the lowest soaking temperature, condition CB3, will lead to the
highest surface hardness.

Carbonitriding

Hardness profile of specimen treated by carbonitriding was indicated in Fig. 3. It was found that
the surface hardness is in a range of 843-871 HV which are obviously higher than specimen treated
by carburizing. The case depth of specimen. 1.0-1.5 mm., were also deeper than that of carburizing,
as shown in Table 3. It may be discussed that it is due to the effect of large atom of nitrogen as also
found in other studies [1. 5].

Combined processes (gas soft nitriding - gas carburizing)

Fig. 4 illustrates photo from microscope of white layer which was generated by gas soft nitriding
processes. The white layer was approximately 23 pjun thick covered the specimen surface. From
soft nitriding processes, only small amount of carbon atom could diffuse into the specimen surface
due fo its low treated temperature. The layer of nitrogen and carbon compound was formed on the
specimen surface instead [6]. After treatment by carburizing, the white layer was disappearing.
The hardness profile of specimen treated by gas soft nitriding and carburizing, SN1CBI1. was
indicated in Fig. 5. Although the CB1specimen showed the lowest surface hardness in this study.
the specimen of SN1CB1 has the highest surface hardness. The case depth of the SN1CBI is about
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1.3 mm., in the same level of specimen treated by carbonitriding. Moreover, the variations of
hardness data from 6 sampling points were found that very small compared other conditions. The
very small variation of hardness could be observed at every distance from surface, as shown in Fig.
2. 3 and 5. This result could be the most advantage of the combined processes between gas soft
nitriding and carburizing. It could be discussed that the combined processes taking longer treated
time compared to other conditions. It might lead to the great diffusion and homogenous of carbon

atom in specimen surface and its structure.
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Table 3 Total case depth of specimen treated with various conditions

Condition Gas Process Total case depth (mm)
CB1 Carburizingl 0.85
CB2 Carburizing2 0.90
CB3 Carburizing3 1.00
CN1 Carbonitriding| 1.50
CN2 Carbonitriding2 1.30
CN3 Carbonitriding3 1.00
SNI1CBI Soft-nitriding1 +Carburizing?2 1.30
nclusion

This study was aimed to investigate influence of combined processes between gas soft
riding and gas carburizing on the harduness of low carbon steel. The specimen was normalized by
rmalizing and shot blasting. Then the specimen was treated by gas carburizing, gas
'bonitriding and combined processes between gas soft nitriding and gas carburizing. It was found
t the combined processes vielded the good surface hardness and total case depth compared to
ler conditions in this study. The most advantage of the combined processes could be considered
be very small variation of hardness.

These results may help related indusiries to improve manufacturing process design and part
ecification tolerancing.
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