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FRICTION COEFFICIENT OF STEEL SURFACE TREATED BY GAS SOFT-

NITRIDING AND SULFUR-NITRIDING

For the commercial and industrial manufacturing commonly use the cheap and
good formability steel for making product such as low carbon steel, low carbon alloy
steel. Then, the several heat treatment processes are carried on to improve the material
properties after forming process upon a product application. The friction coefficient,
one of important properties, is influenced to assembly processes and also movement
of product parts. Therefore, this research was to study the effect of surface roughness
and friction coefficient of steels, AISI 1010, 1020, 1040, 4140 and 4340, treated by
gas soft-nitriding and gas sulfur-nitriding. The specimen was treated by normalizing
and prepared in 3 case of surface roughness before treated by gas soft-nitriding and
gas sulfur-nitriding. The result was indicated that in case of polished specimen, white
layer was not found on the very smooth surface. On the other hand, the similar
properties of steel hardness and white layer thickness were found on the shot blasted
and ground specimen. For friction coefficient results, the steels which treated by soft-
nitriding were represented the higher coefficient. AISI 4340 was found the lowest

friction coefficient among the specimen of steel in both treatment processes.
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Si
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Cr
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Fe
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Material C Si Mn P S Cr Mo Ni Al Cu A% Fe
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Two-way ANOVA :hardness versus Material,Surface roughness

Source DF SS MS F P
Material 4 217793 54448.2 1003.21 0.000
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Total 9 218138

S=7.367 R-Sq=99.90% R-Sq (adj)=99.78 %
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One-way ANOVA :hardness versus Material

Source DF SS MS F P
Material 2 1609 804 2.83 0.136
Error 6 1703 284
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S=16.85 R-Sq=48.57% R-Sq(adj)=31.43 %
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One-way ANOVA :hardness versus Material

Source DF SS MS F P
Material 2 68327 34163 130.95 0.000
Error 6 1565 261

Total 8 69892

S=16.15 R-Sq=97.76 % R-Sq(adj)=97.01 %
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One-way ANOVA :hardness versus Material

Source DF SS MS F P
Material 2 1551 775 2.58 0.155
Error 6 1803 301

Total 8 3354

S=17.34 R-Sq=46.24% R-Sq(adj)=28.32%
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a d (Y] v d . Y] .
MIUAINCHANRATNNWUS (correlation) i%ﬁ’h\‘l!ﬂ‘%m pin on disc AU gﬂ%'m
Friction Machine)

1Y) v d [y
471 ANNFNWUSFILHIN Pin on disc INYUNY Friction Machine

Correlations: Friction Machine, Pin on disc

Pearson correlation of Friction Machine and Pin on disc = 0.963
P-Value = 0.000

73

Regression Analysis: Pin on disc versus Friction Machine

The regression equation is
Pin on disc =-0.445 + 6.39 Friction Machine

Predictor Coef  SE Coef T P
Constant -0.4449 0.1007 -4.42 0.003
Friction Machine 6.3889  0.6776 943 0.000
S=0.0179926 R-Sq=92.7% R-Sq (adj) =91.7%

Analysis of Variance

Source DF SS MS F P

Regression 1 0.028781 0.028781 88.90 0.000

: - . .
gﬂﬁ 4.13 Han3AUANITIEH Correlation LAY Regression VDUATOINATDY Pin on disc

11AZIAI04 Friction Machine
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Scatterplot of Pin on disc vs Friction Machine
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a d (Y v d a
4.8 MINATZHANUTNNUTAMANNUTIA (surface hardness)

yazmaNlszansaNNaIAMY (Friction Coefficient)

1Y) v d [ a Qd
481 ANNFNNUTSTHIMANNUTRzMFNYsaNTANNTIAMY

o J a
ﬂiZU’Juﬂ'Iillﬂﬁ"lfﬂ‘I/‘lﬂuluﬂi"lﬂﬂQ

Correlations: Friction Machine, Pin on disc

Pearson correlation of Friction Machine and Pin on disc = 0.-892
P-Value = 0.042

Regression Analysis: Pin on disc versus Friction Machine

The regression equation is
Friction Coefficient = 1.65 — 0.00139 Surface hardness

Predictor Coef SE Coef T P
Constant 1.6545 0.3262 5.07 0.015
Surface Hardness -0.0013869  0.0004064 -3.41 0.042
S =0.0230750 R-Sq=79.5% R-Sq (adj) = 72.7%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.0062021 0.0062021 11.65 0.042

{ a J 1 3 A o a £
3‘]Jﬁ4.15 HWAaNIIAUATIZHAIAITULUIND (Surface hardness) wazduilseansanuaon

24 a
VITHﬂiSﬁ‘]J’JHﬂﬁLLﬂﬁ"]S’OV\IGﬂH@318@\1
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Scatterplot of Friction Coefficient vs Surface Hardness
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Correlations: Friction Machine, Pin on disc

Pearson correlation of Friction Machine and Pin on disc = -0.998
P-Value = 0.002

Regression Analysis: Pin on disc versus Friction Machine

The regression equation is
Friction Coefficient = 1.28 — 0.00120 Surface hardness

Predictor Coef SE Coef T P
Constant 1.27565 0.03505 36.40 0.001
Surface Hardness -0.00119783  0.00005411 -22.14 0.002
S=0.014880 R-Sq=99.6% R-Sq (adj) = 99.4%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.10849 0.10849 490.00 0.002
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3ﬂﬁ4.17 HAaNI13AUATIZHAIAITULUIND (Surface hardness) Lla$ﬁ3\lﬂi$ﬁﬂﬁlliﬁlﬁﬂﬂ
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Scatterplot of Friction Coefficient vs Surface hardness
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ASTUDY OF FRICTION COEFFICIENT OF
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TREATMENT ON THE PLAIN CARBON AND ALLOY STEEL
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Institute of Engineering, Suranaree University of Technology.
111 University Avernue, Muang District, Nakhonratchasima 30000, Thailand.
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ABSTRACT

The metallurgy nssocusted with improvement. i
meclanical propertics  tends 1o perform with the
procedure of heat treatment one kind of well-known hest
treatment is gas surface hardemng methed. For imstance
gas soft nitriding and sulfur meriding  which two
technical well developed in fricton and wear. Thas stikdy
was almed o investigaie friction  coefMicient and
influcnce of steel that treated on gas soft mtriding and
gas sulfur nitnding  The friction  coellickent  are
conclucted with Pin an disk under dry sliding condition
whach observed i thes research, Pin of plain carbon and
alloy stel and disk made form D2 steel were used in this
cxperiments. First, the specimen was nommalizwed by
nortmlizing and shot blasting. Then the specimen was
preparcd surface and was treated by gas soft nitriding,
gas sulfur natriding. The resull the nicrostmctares, found
that white laver on sulfur nitnding specimen less than
soft nitnding The wom . surface distnibutions of
specimens are examined after and before fnction 1est
The surface phascs of the treated are desermined by X-
my cdilfmction method. Fey S plase 1s obtwined on the
sulfur nitriding surface.

1. INTRODUCTION

In the recent plain carbon and alloy steel is the use
wildly in many application of construction steel such as
cquipment of crankshafl piston in automotive engine .
machinery, agriculture construction there bave been a
requirenent 10 improve fatigue amd wear resistance

The technical of thermochemical treatment sach as
gas soft-nitnding and gas sulfur- nitriding are
extensively used for the performance modification in
term of friction cocfficient and wear resistance
(Industnal mamml), whach the gas sofl mitriding process

1s nitempered under relatively safe conditions using a
gaseons medium containng nitrogen gas 10 bidld white
layer and improve mechanscal properties of steel. And
pas sulfur-mtnding technical process in an atmosphere
of NH; and H,S in endothermically derived propane
carricr gas. this method suituble for stecl. this has been
ivestifated. (Osamu momose and Sosuke uchida, 1986)

By rescarch of. Wang Lijic. Xing Yazhe, Wang
Hongbo, and Hao Juanmin (2009) have studied of effect
of nitriding sulfurizing composite treatment on Ti alloy
and the result by nitriding sulfurizing composit treatment
wits covered by sumerous spherical bulges while the
modified layer for nitnding sarface was composed of
larger trregular particles, Accarding fo the resulis of
friction and wear tests, the friction cocfficient of alloy
after mtnding-sulfurizing composite treatment nt
different loads is-demonstrated the variows values.

G. Nicoletto. A. Tucct, L Esposito was studicd on
friction and the wear resistance of spheroidal and
lamellar cost irons with treated by nitriding and
mtrocatbunzing after treated studied on dry sliding with
pin on disk apparatus the result spheroidal cast tron
almost always presents o lower wear rate than the
lamellar cast iron, independently of the surface
treatment. The results demonstrated that the wear rate of
spheroadal past is lower than the lamellar cast irons

The aims of this study to investigate the influence of
s heat treatment by gas soft-mitnding and gas sulfur-
ntnding that effect on friction coefficient of the plain
carbon steel and alloy stecl
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2. EXPERIMENT PROCEDURES
2.1 Materials and thermochemical treatments

AISI (M Si Mu P S Cu Ni Cr Mo vV AL Fe
1040 | 0429 | 0237 | 0661 | 0.021 | 0013 | 0215 | 0045 | 0.056 | 0011 | 0.001 | D.006 | Bal
4140 | 0417 [ 0222 | 0712 | 0.007 | 0005 | 0.167 | 0.039 | L0 | 0061 | 0,007 | 0,020 | Bal
4340 | 0406 | 0.232 | 0.661 | D008 | 0.006 | 0.025 | 0.021 | 1033 | 0071 | 0.002 | 0036 | Bal

Table | composition of rw masenal (%awt) P specimens
The AIST 1040, AISI 4140, and AIST 4340 which 2.3 Dry shiding (Pin-on-disk) tests

were presented the chemical composition in Table |
(ASM VL, 2005) were tumed with o lathe into o
Cylhidncal shape sizing § mm-diameter and 16,5 mm-
Jength. All the pins were taken to the heal treatment with
K70 °C for I hr. Normalizing process for the sake of
climinate residual stress. Subsequent the heat treatment
Process, the specimens” surface were cleaned with shot
blasting with ball 0.3 diameter for 45 min (ASM V&,
1987). Followed by the surface protreatment. silicon
carbide paper grit 2000 was used for grinding the cross-
section area of pins.

Another vital part, disc maderal AISI D2 {the
chemical comgposition in Tabke 2) was machined ta 30
mm-diameter and 6 mm-thickness. The crucial yarable
of the disc 15 plane gnnding o 0.1 pm-roughness (R,)
(ASTM G99-03)

AlSI| C Si Mn | Cr | Mo vV Fe
D2 | 143 | 0166 | 0226 | 1195 | 0629 | 0.738 | Bal

Table 2 composition of mw material (%ewi) Disc

2.2 Heat treatment
-~
e
-, v &
gty

b qurertmag
LRl LR E LT

Fig | Treatment condstions of soft-mtnding method
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Fig 2 Treatment conditions of sulfur-nitriding method

Upon comgetion of the preparation, all  the
specimens arc scparated into two groups. One for the gas
soft-nitriding for 3 he with 570 °C as shown in Fig 1.
And sccond group for gas sulfur-nitriding shown i Fig.2

Fig 3 Pin on disc apparatus

The expenimental detmls Dry sliding friction were
conducted on o pi-on-isc (ESIer at 2 room empertune
of about 23°C, and relative umidity of about 40% and
disc diameter 30 mm thickness 6 mm and surface
roaghness (R, ) 01 pm were against with the sseel pin
dimmeter § mm The foction test were camed oot of
normal load of S N and shding speed 0.1 mv's

3. Results and discussion
3.1 Surface hardness
1000
. 900
E BOO w1040
% 100 @il
600
500 L ERE
400 +
300
i
2 100
0 4= i KEY
Sulfurnitriding Softnitriding

Fig 4 Surface hardness of specimens
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Fig. 4 shown surface hardness of specimens which
treated by soft-nitnding and  sulfur-nitriding in two
process the trend of alloy steel (AIST 4140, AISI 4340)
have ligher surface hardness than plain carbon sieel
(AIST 10400, It s assumed that the chromimm and
molybdenum contmned 1 the steels increased their
hurdness (Oswme. M., 1986) and from the result may
suggest sulfur-nitnding lave lower than soft-nitriding.
We found from SEM report that the porous layer with
imegularty stape particles was formed on the surface of
gas sulfur-nitnding process. (Somsak Smadamrongpong
and Sinjit Champee. 2015) And found the compound
baver theckness (Fe. N, ) i sulfur-nitriding process less
than soft-nitnding process.

3.2 Xoray difflaction of the specimens

A [ A
FC.N FC;- '.N
A
A

, o 4
O . O

-—JJ“F Y i« AISLA140

‘ l | | \ IAISI LU

Fig 5 Xeray diffction patterns of sulfur
nitriding specimens
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Fig. 6 Xery diflraction potterrs of sulfur-
nitniding specimens

From the fig 3-6 examination of the specimens that
treated by gas soft-nunding which analysis with XRD
showed it Fe,N (v') and Feo )N (£) i the Fig, 6 i the
gas sulfur-nstnding process found the Fe,N (y') and the
Fex N (2) 100 bat we found Fe, S in gas sulfur-mitnding
process,

3.3 Dry shiding friction

Friction Coefficients of gas soft-nitriding
02

|
| Zo1s
i
|
|
i

Friction CoefTicient

Displacement [em]

Fig. 7 Cocfiicients of friction agninst D2 disc of the
sofl-ninding process

The dry shding results of sofi-nitriding as shown in
Fig, 8 was found that the value of p, sort by ascending.
AIST 4340 (D.129). AIST 140 (0.143), AISI 4140
(0.154). Consistent with OM cvidence (hat shows i most
compound kayer (Feg :N) on AISI 4340 massively and X-
ray diffraction indicate the compound lnyer consists €
pliase was found

r
| Friction Coefficients of gas sulfur-nitriding

Fr 8 Coefficients of friction against D2 disc of
the sulfur-nimding process

As well as Solt-nanding the Fig 8 shown that
the lowest py value of AISI 4340 (0.128) is the most
stippery matenial, and then AISI 4140 (0,152} and AISI
1040 (0.161) respectively, The AISI 4340 has most
compound laver (composed of Fe, N and Fe,.,S). For
the trerd of o processes AISE 4340 has most slippery
materigl.  This indicates that the E-phase (Fe, \N)
produced on the AISI 4340 has a sigmficant effect on
stiding friction coefMicient
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4. Conclusion

The spectmens AIST 1040, AISI 4140 and AISI 4340
were chosen in this study and the aimed 10 investigated
influcnce of two process gas sofl-ninding and gas
sulfur-nitriding to riction coefTicient and propertied of
specimens

Surface hordness result found that the slloy steel
(AISE 4140, AIST 4340) has a good trend more tsn plain
carbon steel

XRD (X-Ray dffrction) found that gas sofi-
nitnding  process has FeN (y') and Fe N (£) in
specimen whike gas sulfur-nitriding process s the same
FeN (YY) and FeasN (2) and we found Fe, S m the
specimen

Friction cocfhicient result found that in two processes
AIST 4340 hos lowest friction cocfficiont more than AISI
1040 and AIST 4140

&, Acknowledgements

The suathors would like (o thank Sumnarce Universily
of Technology for firancual support and Thai Tohken
Thermo Co., Ltd

REFERENCES

Osamu Momosc and Sosuke Uchida (1986), Gas
sulphenitriding steels in o CS; and NH, atmosphere
Tokai University, Wear 116 (1987) pp.1%-24

Wang Fijic. Xing Yazhe, Wang bongbo. and Hao
Janmin (2009). Effect of nuriding-sul(urizing
Composite treatment on tnibological behavior of titanium
alloys, Rare materials Vol 129 (2010) p 604

Y. K. Ko, et al (2008) Plasma nitrosulfurizing
techniques for Jow fnction coefficient with H,S and
C Hy gas additton, Journal of surface Coalings
Techmology 202 (2008) $501-5504

G. Nicoletto, A. Tucer, L. Esposito (1995). Sliding
weir behavior of nitride and nitocarburized cast iron.
Wear 197 (1996) pp. 38-44

Wang lijic, Xing Yazhe, Wang bongbo, and Hao
Jianmin (2009). Effect of muniding-sullurizing
Composite treatment on tnbological bebavior of titamium
alloys. Rare matenials \ol 129 (2010) p6od

B. Scleuk, R.Ipek. M.B. Karmis, V.Kuzucu (1999)
An investigation on surface properties of treated Jow
carbon und alloyed steels (horiding and carbunizing).
Journal of Materials Processing Technology 103 (20040)
310-317

ASM Handbook.. Heat Treating.. Material Park
Ol ASM Intermational, Vol 4, (1987)

ASM Handbook.. Surface engineering . Meterial Park
Ol ASM Infermational, Vol. 5, (1987)

ASM Handbook.. Properties and Selection: Irons,
Steels. and High Performance Alloys . Mctenal Park
Olio ASM Intervational, Vol, 5. (1987)

Somsak Siwsdamrongpong. Sirijit Champee (2015)
Effect of gas sulfur-nitriding processes and gas sof1-
nitndugg on the alloy and plain carbon sseel.

B Selcuk. R Ipek, M.B. Karamis: A study on Friction
and wear behavior of carburized, carbonitrided and
borided AISI 1020 and 51ES, Journal of Materials
Processing Technology 141 (2003) 189-196

Somsuk Siwadamrongpong received the
B.E (1995) degree in Mechanical
Engincering from Chulalongkorn
University, M_E, (2001) degree in
Environmental System from Nagaoka
University of Technology, and D.E. (2004)
degree in Energy and Environment from
Nagaokn University of Techmology.

He is a Prolessor, Department of
Manufacturing Engincering. Suranarce
University of Technology

Sirijit Champee recenved the BLE (2012)
degree in Manufactuning Engineering for
Suranarce Univessity of Technology. She
15 a 2" vears of master degree in
Manafactunng Engincering.




ana 4

o A a d‘ U -d' d‘ o = (% v

UNANIATIAT 911 1NAueIUN 28 Aa1AN WA, 2531 NOUNDLUBDI IIHIA

a = g = d' - v y & o = v ~

A3 ﬁﬂ]%l'lGlfuﬂﬁgﬂNﬁﬂﬂWﬂIﬁQ!iﬂUUWNWNWﬂLLﬂN FUNTIUANEINOUAULAZABUY A N
a o @ @ o < @ a

Tﬁ\il%ﬂuq@ﬁw%ﬂ'lqua ?]']Lﬂfllﬁ@\i ﬂﬁﬁ?ﬂq@ﬁ‘ﬁ”lﬁ !Lagﬁ']LSﬂﬂWiﬁﬂB']ﬁgﬂUﬂﬁﬂJuiy"I

A o

a Jd o a a a a a 1%
AINTIUANTATTUNA T191IFIIAINTINATHAA IANHIINGId8MA TUTaggIUTT 6 1no
A [T (% ) A A 1 = [ ~ 9 a =K
e Bandauasswdu el w.a.2555 TusgniumsAniszaulSyanas Inavndny o
o w o ] [ a <

Finn maTulad (Uszmalne) $10a dwmisdaedenns [Hunar 4 hou

= 9 =K 1 [ a 14 o a a

U A 2555 AnyIde luszau sy In Ienssumaaiuriuds a1v13aINssy

= o v Aa a 4 a [ = =) Yo =

nInaa d11inImIsnssuenani vianedomaluladgsuis Taglasunumsany “nu

@ U

WHNINURAINUNBUON”
A= 1 o s a B Y P 3 Y a o &
yuzignyne luszavuitadaaniy latlszaumsal laodludaoulusieimasil
a A a d’
1) Ufiamsianssuasena 1
2) AgiamsIeInssumInaa 1,2,3
a oa a o
3) URUAMIININTTUOUBUA 2
4) MIAGULLVIINTTH 1
TuszraemsAnulsyanInldaduauenanunicdsnms 2 uvnany awild

Huavoaaaaslunanuan n



