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Abstract

Gas surface hardening methods, for instance, gas carburizing, gas carbonitriding and gas
soft-nitriding are conventional techniques that improve mechanical properties of carbon and alloy
steels, and mostly used for production process in industrials because there processes are low cost,
less pollution and easy to control atmosphere in furnace. Gas carburizing methods is technique
that employed carbon diffusion to increase surface hardness, while the steel structure changing to
austenite phase. Gas carbonitriding method, both carbon and nitrogen were used in furnace
atmosphere. Gas soft-nitriding method is the technique that formed hard and smooth layer, so
called white layer. The previous study has reported that the combined processes between gas soft-
nitriding and gas carburizing yielded the improvement of the steel properties similar to gas
carbonitriding. However, the understanding of the relationship between combined processes and
surface hardness is still unclear. This study was aimed to investigate 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 specimen was normalized by normalizing and
shot blasting. Gas soft-nitriding, gas carburizing, gas carbonitriding and the combined processes
were employed to treat the specimen. Microhardness and optical microscopy were performed to
characterize structure and properties of the steel surfaces. The results signified that the combined
processes, SN+CB, improve its properties compared to other methods especially in the ultimate
tensile strength and the smoother and lower variation of section hardness, while the toughness
was still acceptable. Moreover, the other combined process, CB+SN, yield higher strength with

thinner white layer thickness.
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{ [ I~ i
M31N N1 LAAIND One-way ANOVA: Surface hardness lunguinannainiiveuisu

3 a 9 [ J Aa
ﬂ']i“]g"]_l!!leW’Jﬂ’lﬂllﬂﬁﬂ']iﬂullﬁclﬁ

One-way ANOVA: Carbon-CB versus Sample type

Source DF SS MS F P
Sample type 2 2503 1251 2.55 0.120
Error 12 5895 491
Total 14 8398

S=22.16 R-Sq=29.80% R-Sq(adj)=18.11%

{ 1 <3 4 1
M5NA N2 UHAAIND One-way ANOVA: Surface hardness 14N@uIMANAAIAITUOUNAIU

1 J 2] a o 2] 14 a
ﬂ5$U'Juﬂ'lﬁijlligﬁ'J'NLlﬂﬁclfﬂV‘I?‘ﬂuhlﬂﬁﬂ\iﬂﬂllﬂﬁﬂ15uklicﬁﬂ

One-way ANOVA: Carbon-SN-+CB versus Sample type

Source DF SS MS F P
Sample type 2 1700 850 1.33 0.302
Error 12 7685 640
Total 14 9384

S=2531 R-Sq=18.11% R-Sq(adj) = 4.46%

{ ' < 4 {1
MTNN N3 uaaIwa One-way ANOVA: Surface hardness 1ummwamﬁ’1mmauﬁmu

<l a 9 [94 o a
ﬂ"liif]_ll,!,‘"lNN'Jﬂ'lflllﬂﬁﬂ"liiﬂllullﬁiﬂﬂ

One-way ANOVA: Carbon-CN versus Sample type

Source DF SS MS F P
Sample type 2 746 373 0.90 0.432
Error 12 4972 414
Total 14 5718

S=20.35 R-Sq=13.05% R-Sq(adj)=0.00%
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One-way ANOVA: Alloy-CB versus Sample type

Source DF SS MS F P
Sample type 2 18368 9184 9.57 0.003
Error 12 11518 960
Total 14 29886
S=30.98 R-Sq=61.46% R-Sq(adj) = 55.04%

A1390 1.5 UAAINA One-way ANOVA: Surface hardness Tungumanndinauiiriy
nszuauMITINsEiaRased lu lasastuusamiy lsas

One-way ANOVA: Alloy-SN+CB versus Sample type

Source DF SS MS F P
Sample type 2 3977 1989 1.40 0.285
Error 12 17100 1425
Total 14 21078
S=37.75 R-Sq=18.87% R-Sq(adj)=5.35%

GniN‘ﬁ' 1.6 UAAINE One-way ANOVA: Surface hardness Gl,uﬂa;mwﬁﬂﬂﬁ’wmﬁmu
msyundsmdeunams Tululasa

One-way ANOVA: Alloy-CN versus Sample type

Source DF SS MS F P
Sample type 2 72196 36098 72.28 0.000
Error 12 5993 499
Total 14 78189

S=2235 R-Sq=92.33% R-Sq(adj) =91.06%
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One-way ANOVA: Carbon-CB versus Sample type

Source DF SS MS F P
Sample type 2 0.1526 0.0763 5.05 0.034
Error 9 0.1359 0.0151
Total 11 0.2884

S=0.1229 R-Sq=52.89% R-Sq(adj) =42.42%

{ [ < o Y
M5NA N8 UHAAIND One-way ANOVA: Total case depth TungumannaIn1suounriu

1 1 [ a o ) J a
ﬂi%u’guﬂ1533N§$ﬁ31QlLﬂﬁGﬁ®7‘lﬁﬂluVlﬁiﬂ\iﬂﬂl!ﬂﬁﬂ1ﬁﬂ"vlicﬁ\i

One-way ANOVA: Carbon-SN+CB versus Sample type

Source DF SS MS F P
Sample type 2 0.15558 0.07779 26.02 0.000
Error 9 0.02691 0.00299
Total 11 0.18249

S=0.05468 R-Sq=85.25% R-Sq(adj) =81.98%

{ 1 <3 4 § 1
M35190 N9 LAAINA One-way ANOVA: Total case depth Tungumannaimiueuiiniu

S a 9 [ o a
ﬂ15GIj‘]JLL51NW'Jﬂ?ﬂllﬂﬁﬂWiIU]’lu]’lﬁiﬂﬂ

One-way ANOVA: Carbon-CN versus Sample type

Source DF SS MS F P
Sample type 2 0.05470 0.02735 6.60 0.017
Error 9 0.03727 0.00414
Total 11 0.09197

S=0.06435 R-Sq=59.47% R-Sq(adj) = 50.47%
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One-way ANOVA: Alloy-CB versus Sample type

Source DF SS MS F P
Sample type 2 0.06295 0.03148 4.74 0.039
Error 9 0.05972 0.00664
Total 11 0.12267
S=0.08146 R-Sq=51.32% R-Sq(adj) = 40.50%

15199 N.11 LAAIHA One-way ANOVA: Total case depth Gl,uﬂ’cjmwﬁﬂﬂé'mﬁuﬁmu
nszuauMITINsEiaRased lu lasastuusamiy lsas

One-way ANOVA: Alloy-SN+CB versus Sample type

Source DF SS MS F P
Sample type 2 0.01872 | 0.00936 1.97 0.195
Error 9 0.04267 0.00474
Total 11 0.06139
S=0.06885 R-Sq=30.49% R-Sq(adj)=15.04%

15197 1.12 1EAIHA One-way ANOVA: Total case depth ”l,uﬂa;mwﬁﬂﬂﬁ’mﬁuﬁphu
msyundsmdounans Tululasa

One-way ANOVA: Alloy-CN versus Sample type

Source DF SS MS F P
Sample type 2 0.26473 0.13236 16.65 0.001
Error 9 0.07156 0.00795
Total 11 0.33628

S=0.08917 R-Sq=78.72% R-Sq(adj) = 73.99%
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{ [ I~ N
A15799 N.13 LEAAIHA One-way ANOVA: White layer thickness Tunguinannaimsueuiriu

3 A 2] a
msguuisiaseunaasensd u'lasa

One-way ANOVA: Carbon-SN versus Sample type

Source DF SS MS F P
Sample type 2 0.13 0.07 0.05 0.955
Error 12 17.20 1.43
Total 14 17.33

S=1.197 R-Sq=0.77% R-Sq(adj) = 0.00%

{ ' 3 s A
Gﬂ‘iN‘ﬁ N.14 UHAAIND One-way ANOVA: White layer thickness °1uﬂqmﬁaﬂﬂﬁ'1mﬁuaummu

1 1 ) 4 a o 2] a
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One-way ANOVA: Carbon-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 0.93 0.47 0.12 0.891
Error 12 48.00 4.00
Total 14 48.93

S=2 R-Sq=1.91% R-Sq(adj)=0.00%

A19199 .15 HAAINA One-way ANOVA: White layer thickness lUnguimanndwaudisu

3 A Y a
msguudisianeunaasend u'lasa

One-way ANOVA: Alloy-SN versus Sample type

Source DF SS MS F P
Sample type 2 504.40 252.2 157.63 0.000
Error 12 19.20 1.60
Total 14 523.60

S=1.265 R-Sq=96.33% R-Sq(adj) =95.72%
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One-way ANOVA: Alloy-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 141.73 70.87 27.26 0.000
Error 12 31.20 2.60
Total 14 172.93

S=1.612 R-Sq=81.96% R-Sq(adj)=78.95%

] 1 < J
A5 199 N.17 LAAINE One-way ANOVA: Ultimate tensile strength Gl,uﬂqumaﬂﬂéﬁmiuau

A S a 9 (24 4 a
‘V]WTL!ﬂ?i“]qﬂJllfU\iW'Jﬂ')flllﬂﬁﬂTiyjhliclf\i

One-way ANOVA: Carbon-CB versus Sample type

Source DF SS MS F P
Sample type 2 14596 7298 23.49 0.000
Error 9 2797 311
Total 11 17392

S=17.63 R-Sq=183.92% R-Sq(adj) =80.35%

{ 1 < 14
A15199 N.18 AAINA One-way ANOVA: Ultimate tensile strength lunguinanndin1iveu

A S a g 24 o a
‘VIN”IuﬂTiGIj‘]JLLGUQW’Jﬂ’)ﬂllﬂﬁﬂ?iji_lhluhlﬁiﬂﬂ

One-way ANOVA: Carbon-CN versus Sample type

Source DF SS MS F P
Sample type 2 3421.2 1710.6 21.37 0.000
Error 9 720.6 80.1
Total 11 4141.8

S=8.948 R-Sq=82.60% R-Sq(adj)=78.74%




v 1 I
A5 N.19 LAAINA One-way ANOVA: Ultimate tensile strength GlUﬂ@Mmaﬂﬂﬁ}ngUﬂu

A U ' 2] a o %) 4 a
‘V]INTIJﬂﬁ3UTL!ﬂ']35'J?Ji3ﬁ31ﬂllﬂﬁ“ﬂ@7\l@lﬂlullﬁﬁﬂﬁﬂﬂLLﬂﬁﬂWi‘]J“llﬁ"]N

97

One-way ANOVA: Carbon-SN-+CB versus Sample type

Source DF SS MS F P
Sample type 2 59045 29523 152.03 0.000
Error 9 1748 194
Total 11 60793

S=13.94 R-Sq=97.13% R-Sq(adj) = 96.49%

] 1 <3 J
A1519% N.20 LEAIK One-way ANOVA: Ultimate tensile strength °luﬂqumaﬂﬂ’5’1mimu

A < a 9 44 a
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One-way ANOVA: Carbon-SN versus Sample type

Source DF SS MS F P
Sample type 2 18627 9314 43.49 0.000
Error 9 1928 214
Total 11 20555

S=14.63 R-Sq=90.62% R-Sq(adj) = 88.54%

{ 1 < 14
M1519% N.21 LAAINA One-way ANOVA: Ultimate tensile strength lunguinanndin1iven

A U J ) 4 a o 2] a
1/]N"Iuﬂ5$1J’Juﬂ"lii’J?JiSW'JNLLﬂﬁﬂ”ITlaljuli‘ﬂNﬂULLﬂﬁ“ﬁ@W@]ﬂluqﬁiﬂﬂ

One-way ANOVA: Carbon-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 16800.6 8400.3 149.29 0.000
Error 9 506.4 56.3
Total 11 17307.0

S=7.501 R-Sq=97.07% R-Sq(adj) = 96.42%
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M13519% N.22 LAAIHA One-way ANOVA: Ultimate tensile strength Tungumannamauinu
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One-way ANOVA: Alloy-CB versus Sample type

Source DF SS MS F P
Sample type 2 27009 13505 45.83 0.000
Error 9 2652 295
Total 11 29661

S=17.17 R-Sq=91.06% R-Sq(adj)=89.07%

{ 1 < {1
M517 N.23 UEAAIND One-way ANOVA: Ultimate tensile strength Tunguinannanauiniu

< a 9 44 o a
ﬂTi“]fULL"lNN?ﬂ?ﬂllﬂﬁﬂWiTUVluqﬁiﬂﬁ

One-way ANOVA: Alloy-CN versus Sample type

Source DF SS MS F P
Sample type 2 62145 31073 34.84 0.000
Error 9 8026 892
Total 11 70171

S=29.86 R-Sq=88.56% R-Sq(adj) = 86.02%

{ 1 < {1
M15199 1.24 LAAINA One-way ANOVA: Ultimate tensile strength lungumanndnauipu

U J ) a o 4] 4 a
ﬂ531J'JLlﬂ155'JiJig‘Vi'JNLLﬂﬁ“])’?JV\IGﬂullﬁiﬂ\iﬂllllﬂﬁﬂ?ilnllliclﬁ

One-way ANOVA: Alloy-SN+CB versus Sample type

Source DF SS MS F P
Sample type 2 498.6 249.3 4.02 0.057
Error 9 558.5 62.1
Total 11 1057.1

S=7.878 R-Sq=47.17% R-Sq(adj) = 35.43%
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{ 1 I~3 N
M135199 1.25 LAAINA One-way ANOVA: Ultimate tensile strength lungumanndinauiisu

<) [4) a
msyuuisiameunasond lulasas

One-way ANOVA: Alloy-SN versus Sample type

Source DF SS MS F P
Sample type 2 60964.7 30482.4 680.80 0.000
Error 9 403.0 44.8
Total 11 61367.7

S=6.691 R-Sq=99.34% R-Sq(adj) =99.20%

{ 1 < $
M3517 N.26 LEAAINA One-way ANOVA: Ultimate tensile strength Tungumannawauiiniu

1 1 [2J 4 a o 23 a
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One-way ANOVA: Alloy-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 18170.0 9085.0 148.42 0.000
Error 9 550.9 61.2
Total 11 18720.9

S=7.824 R-Sq=97.06% R-Sq(adj) = 96.40%

{ J < {1
M54 N.27 LEAAIHA One-way ANOVA: Yield strength lungumanndiamiiveuiiniu

3 A Y a
msguudisianeunaasend u'lasa

One-way ANOVA: Carbon-SN versus Sample type

Source DF SS MS F P
Sample type 2 4666.2 2333.1 91.03 0.000
Error 7 179.4 25.6
Total 9 4845.7

S=5.063 R-Sq=96.30% R-Sq(adj) = 95.24%
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One-way ANOVA: Carbon-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 22141.5 11070.7 389.55 0.000
Error 9 255.8 28.4
Total 11 22397.2
S=5.331 R-Sq=98.86% R-Sq(adj)=98.60%

A15199 N.29 11AAINA One-way ANOVA: Yield strength 1uﬂéugw§ﬂﬂé’1wﬁuﬁd1u
msyuudaimdeunaseid lulasae

One-way ANOVA: Alloy-SN versus Sample type

Source DF SS MS F P
Sample type 2 118992 .4 59496.2 992.30 0.000
Error 9 539.6 60.0
Total 11 119532.1
S=7.743 R-Sq=99.55% R-Sq(adj) =99.45%

151971 1.30 UFAIHA One-way ANOVA: Yield strength Gluﬂ@:mwﬁﬂﬂﬁ’manﬁw'm
ﬂizmumﬁ"mixw'iNLLﬁ”ﬁﬂ1§y15«T1Qﬁ’uggﬁaWQWWﬂu1msﬁq

One-way ANOVA: Alloy-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 21572.5 10786.3 363.86 0.000
Error 9 266.8 29.6
Total 11 21839.3

S=5.445 R-Sq=98.78% R-Sq(adj)=98.51%




101

{ ] I~ 4 N
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One-way ANOVA: Carbon-CB versus Sample type

Source DF SS MS F P
Sample type 2 0.3504 0.1752 5.99 0.022
Error 9 0.2632 0.0292
Total 11 0.6136

S=0.1710 R-Sq=57.11% R-Sq(adj) =47.58%

{ ' 3 s A
Gﬂ‘iN‘ﬁ .32 LEAINA One-way ANOVA: %Elongation sluﬂqmwaﬂﬂﬁﬁmiuaummu

S a 9 (9 4 a
miimmmmmmmﬁmﬂuhlu"lﬁ'im

One-way ANOVA: Carbon-CN versus Sample type

Source DF SS MS F P
Sample type 2 0.39102 0.19551 28.06 0.000
Error 9 0.06271 0.00697
Total 11 0.45372
S=0.08347 R-Sq=186.18% R-Sq(adj)=83.11%

15197 1.33 UEAIHA One-way ANOVA: %Elongation Gluﬂﬁjmwﬁﬂﬂﬁ’mﬁuauﬁvim
nszuauMsTNsynanayeild lulasderundaandylsd

One-way ANOVA: Carbon-SN-+CB versus Sample type

Source DF SS MS F P
Sample type 2 0.0928 0.0464 0.90 0.442
Error 9 0.4667 0.0519
Total 11 0.5596

S=0.2277 R-Sq=16.59% R-Sq(adj)=0.00%
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One-way ANOVA: Carbon-SN versus Sample type

Source DF SS MS F P
Sample type 2 94.655 47.327 64.21 0.000
Error 9 6.633 0.737
Total 11 101.288
S=0.8585 R-Sq=93.45% R-Sq(adj) = 92.00%

A15197 1.35 UEAIHA One-way ANOVA: %Elongation °1uﬂ’cj11m§ﬂﬂﬁmﬁuauﬁshu
nszuaumMITsznanan iy lsdanuunayed lulasas

One-way ANOVA: Carbon-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 24.552 12.276 50.82 0.000
Error 9 2.174 0.242
Total 11 26.725
S=0.4915 R-Sq=91.87% R-Sq(adj) = 90.06%

15197 1.36 LLEAIHA One-way ANOVA: %Elongation ”lumjnmé‘mé’mﬁuﬁvhu
msyuudsiadounansylsd

One-way ANOVA: Alloy-CB versus Sample type

Source DF SS MS F P
Sample type 2 0.5051 0.2525 15.92 0.001
Error 9 0.1428 0.0159
Total 11 0.6479

S=10.1260 R-Sq=77.96% R-Sq(adj)=73.06%
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One-way ANOVA: Alloy-CN versus Sample type

Source DF SS MS F P
Sample type 2 1.6934 0.8467 59.73 0.000
Error 9 0.1276 0.0142
Total 11 1.8210
S=0.1191 R-Sq=92.99% R-Sq(adj) = 91.44%

15197 1.38 LLAAIHA One-way ANOVA: %Elongation “l,uﬂ’cjumﬁﬂﬂéﬁwauﬁvhu
nszuaUMsNsEnManayedld ulasdarusaasylsde

One-way ANOVA: Alloy-SN+CB versus Sample type

Source DF SS MS F P
Sample type 2 0.1004 0.0502 3.20 0.089
Error 9 0.1412 0.0157
Total 11 0.2416
S=0.1252 R-Sq=41.56% R-Sq(adj) = 28.57%

151971 1.39 HEAIHA One-way ANOVA: %Elongation Gluﬂ@:mwﬁﬂﬂﬁ'mfmﬁrhu
msyundsmdsunasond lulasae

One-way ANOVA: Alloy-SN versus Sample type

Source DF SS MS F P
Sample type 2 121.707 | 60.854 125.26 0.000
Error 9 4.372 0.486
Total 11 126.08

S=0.6970 R-Sq=96.53% R-Sq(adj)=95.76%
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One-way ANOVA: Alloy-CB+SN versus Sample type

Source DF SS MS F P
Sample type 2 0.084 0.042 0.14 0.873
Error 9 2.739 0.304
Total 11 2.823

S=0.5517 R-Sq=2.98% R-Sq(adj)=0.00%
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ABSTRACT

Gas surface hardening methods, for instance, gas
carburizing, gas carbonitriding and gas soft-nitriding are
conventional techniques that improve mechanical
properties of carbon and alloy steels. Although the
combined processes between gas soft-nitriding and gas
carburizing are reported to improve the properties similar
to gas carbonitriding. However, the understanding of the
relationship between combined processes and surface
hardness is still unclear. This study was aimed to
investigate the effect of combined processes between gas
soft-nitriding and gas carburizing on mechanical

properties of various steel e.g., AISI 1040, 4140 and 4340.

The specimen was normalized by normalizing and shot
blasting. Gas soft-nitriding, gas carburizing, gas
carbonitriding and the combined processes were
employed to treat the specimen. Microhardness and
optical microscopy were performed to characterize
structure and properties of the steel surfaces. The results
signified that the combined processes, SN+CB, improve
its properties compared to other methods especially in the
surface hardness, the smoother and lower variation of
section hardness. Moreover, the other combined process,
CB+8N, showed the same level of surface hardness with
thinner white layer thickness.

INTRODUCTION

Gas surface hardening such as gas carburizing, gas
carbonitriding and gas soft-nitriding are well-known
techniques that improve mechanical properties of carbon
and alloy steels. These methods are used because of low
cost and easy to control atmosphere in furnace. Gas
soft-nitriding method is suitable for all steels type. The
steel was heated with lower temperature than others and
white layer structure, hard and smooth, was formed on
steel surface. Gas carburizing is the method that carbon
atom was diffused into the surface with higher
temperature to improve surface hardness (Asi, 0., 2009).
Gas carbonitriding method is the method that nitrogen

and carbon atmosphere was applied at high temperature.
The nitrogen atom was believed to help carbon atom to
diffuse into steel surface easier than usual (ASM v.d4,
1987). The previous study has been reported that the
combined processes between gas soft-nitriding and gas
carburizing yielded the properties of low carbon steel
similar to gas carbonitriding with narrower variation of
hardness (Siwadamrongpong, 5., 2012). However the
understanding of the relationship between the processes
on other type of steel is still unclear. This research was
aimed to investigate the effect of combined processes
between gas soft-nitriding and gas carburizing on
properties of wvarious steel types with same carbon
content.

EXPERIMENTAL PROCEDURES

The steel graded AISI 1040, AISI 4140 and AISI
4340 were investigated. The composition was analyzed
and indicated in Table | (ASM wv.1, 2005). The raw
materials were machined into specimen shape with 12
mm diameter and 10 mm thickness for hardness testing.
The specimens were treated by normalizing process with
870 *C for 1 hour to reform microstructure and eliminate
residual stress.  The surface cleaning was carried out by
shot blasting with 0.3 mm grit type steel for 1 hour (ASM
v.5, 1987). The temperature patterns of gas surface
hardening techniques were shown in Fig 1-3. The
specimens were treated with wvarious techniques,
soft-nitriding (SN}, carburizing (CB), carbonitriding
(CN) and combined processes between soft-nitriding and
carburizing. The combined processes were done both
SN+CB and CB+SN. The 6 samples of each condition
were prepared for reproducibility. The surface hardness
and total case depth were measured by Future-Tech
FM-700 hardness tester, white layer thickness and micro
structure were determined by Nikon MM-400 optical
microscope, and surface carbon content were investigated
by ARL 3460 Metals Analyzer optical
spectrometer.

emission
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Table 1 Compositions of raw materials (wt %)

Materials c Si Mn P s Cu Ni cr Mo v Al Fe
AISI1040 | 0.4198 02112 06344 00186 00148 0.1555 00658 0.0568 00109 00016 00052 Bal
AISI4140 | 0.3942 02186 06946 0.0267 00043 0.0691 0.0457 08599 0.1526 0.0075 0.0245 Bal.
AISI4340 | 0.3818 02689 0.7064 00175 0.0340 0.1721 1.7194 08926 02618 0.0067 0.0146 Bal.
570°C r
Q9000 1040
Soft-nitriding - ::m
3hr 0.7900
NH 0 6000
s asec
Rx gas:NH, Oil quenching AR
10:10 m’hr 100 °C (30 min) 230 ]
0.2000 N
Fig. 1 Treatment conditions of soft-nitriding method sl
@00 = . Process
910 vc Pae RRNewtny  Catunang Luhu\"u-‘ el CReIn
850 °C 2 %
Fig. 4 Carbon content on surfaces of specimens
Preheat Caburzing Ditusion Souakng
45 min 2 he, 30 min 45 min 30 min P 1
ks ¢ 04140
*e 1200 —>te 0.80% " 84340
300
Rx gas Oil quenching 00
18 m’/hr 60 °C (30 min) $o
500
Fig. 2 Treatment conditions of carburizing method -
920 °C 200
870°C 0%
o

Preheat| Carbonitndng

Rx gas:NH,
18:0.75 m*/hr

Oil quenching
60 °C (30 min)
Fig. 3 Treatment conditions of carbonitriding

method

RESULTS AND DISCUSSIONS

Figure 4 presents the carbon content on surfaces.
It was found that, the AISI 1040 seem to have less
carbon content than others except soft-nitriding. It
was implied that the diffusion of carbon atom into the
surface of AISI 1040 was lower. It could be
considered that there are the influence of alloy
content in the AIS| 4140 and 4340. The surface
hardness of specimens treated by carburizing were
about 769-950 HV and by the combined process
(SN+CB) about 762-913 HV, shown in Fig. 5. It was
found that the carburizing and combined process
(SN+CB) have same level of surface hardness. It
was implied that the high nitrogen content of the
specimen (SN+CB) had no effect on surface
hardness in the carburizing process. But surface
hardness of the carbonitriding on alloy steel was less

soh nmm:vq (anumn‘

White leyer {jum}
©w

Carbonitriding  SNeCB

Fig. 5 Surface hardness of specimens

01040
©4140
4340

scrovidng

Fig. 6 White layer thickness of specimens

Tty core eepn fre)

14

12

1

01040
Q4140
n4340

Carburismg Carsoniaridng

Fig. 7 Total case depth of specimens
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than plain carbon steel. Furthermore, the surface
hardness of the soft-nitriding process was slightly
more than the combined process (CB+SN) for alloy
steels (AISI 4140 and AISI 4340). It could be
considered that white layer forming of on the
specimen (CB+SN) surface was prevented by effect
of alloy composition. The white layer thickness was
shown in figure 6, it was obvious that AISI 4340
showed excellence properties to form the white layer

Hardnens (V)
1000

ce o o

2 3 9 % T e YR RN £
Fig. 8 Section hardness of specimens on

carburizing process

e o o

e ° °
5 B % % ¢ % 2

for both soft-nitriding and combined process
(CB+SN). It might be discussed as the effect of
nickel (Ni) composition in the alloy steel (ASM v.4,
1987). The steel grade AISI 1040 and AISI 4140
showed the white layer thickness approximately 21
pm (soft-nitriding process) and 15 um (CB+SN)
respectively (Nolan, D., 2006). Considering the
influence of the combined process (CB+SN), the

white layer thickness were thinner than the
Hardeess (WV)

100

%0 o

o vy = “4140

0 - G — . 430

%00 . * ~&

o a R N

™0 ) e ¢

050 \ oy = S o k|

000 ¢ s

50

il o o o o L) © ) ’ Oupths frmen)

25 % % 5 % BT 2 & % 9 5 %

Fig. 9 Section hardness of specimens on

carbonitriding process

Fig. 10 Section hardness of specimens on

combined process (SN+CB)

(d) CB+SN process on AlS| 1040

(e) CB+SN process on AlS1 4140 (f) CB+SN process on AlSI 4340

Fig. 11 Microstructure picture of soft-nitriding and combined process between carburizing and soft-nitriding
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soft-nitriding specimen. It could be the effect of
high carbon content on the pre-treated by
carburizing and lead to blocking of nitrogen atom
diffusion into the surface. The total case depth was
shown on Fig. 7, the results showed that the
specimen of carbonitriding process was the highest
total case depth, especially on the steel grade AlSI
1040 and AIS1 4340. The total case depth could be
estimated from the section hardness of the
specimen shown in Fig. 8-10. On these results, it
was obvious to exhibit special advantage of the
combined process (SN+CB). Although the total
case depth of the specimen treated by combined
process (SN+CB) show lower case depth than
cabonitriding process, the hardness of the specimen
was seem to be maintained for approximately 0.3
mm from the surface without decreasing. This
effect was clearer for alloy steels. It was also found
that, the section hardness of the specimen treated
by combined process (SN+CB) was smoother and
lower variation. Figure 11 presented the
microstructure picture of white layer thickness with
magnification was 400X, It was found the white layer
on AlSI 4340 steels illustrated the highest thickness
for both the soft-nitriding and combined process
(CB+SN).

CONCLUSION

This study was aimed to investigate the effect of
combined processes between gas soft-nitriding and
gas carburizing, both SN+CB and CB+SN, on
mechanical properties of various steel types. The
specimen was normalized by normalizing and shot
blasting. Gas soft-nitriding, gas carburizing, gas
carbonitriding and the combined processes were
employed to treat the specimen. Microhardness and
optical microscopy were performed to characterize
structure and properties of the steel surfaces. From
the results, although, the total case depth of the
specimen treated by combined process (SN+CB)
show lower case depth than cabonitriding process,
the hardness of the specimen was seem to be
maintained for approximately 0.3 mm from the
surface without decreasing. This effect was clearer
for alloy steels. The results signified that the
combined processes, SN+CB, improve its properties
compared to other methods especially in the surface
hardness, the smoother and lower variation of
section hardness.

Moreover, the other combined process, CB+SN,
showed the same level of surface hardness with
thinner white layer thickness. The results considered
that white layer forming of on the specimen (CB+SN)
surface was prevented by effect of alloy composition.
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