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The Application of Plasma Nitrocarburizing and Plasma Post Oxidation
Technology to the Automobile Engine Parts Shafts
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Abstract

Plasma nitrecarburizing and plasma post oxidation were performed to improve the wear and

oorToeion Teskstance of S45C and SCAMAA0 steel by a plasma ion nitriding gystem, Plasma nitrocarburizing was
eonducted for 3hoat 5709C . the nitrogen. hdogen and methane atmogphere to proeducs the sFa N, O
phase, Plasma post osddation was performed on the nitwecarbwrized saniples with various egrgenhydregen
ratio at eongtant temperatune of S00°C for 1 hour. The very thin magnetite (Fa0 ) Iager 1-2 tm1 m thicknesss
on top of the 15425 pm £-Fa N, O compound layer was obtamed by plasma post oxidation. A zalt spray test
and electrochamical testing revealad that mn the teted 5% NaCl sohation. the corrosion characteriztics of the
nitreeartarized compoind Iayer could be further inproved by the application of the superficial mametite Iayer.
Throttle valve shafls were treated under optimum plasma processing oonditions, Accelerated life time test
regults. using threttle body assembled with shaft treated by plasma nitrecarburizing and post caddation.
ghowed that plasma nitreeprbarizing and plasma post osddation processss could be a viable technology in the

very near future which con replace O plating,

Key words plazmg post oadation. plasma nitrocarburising. £-Few N, C compound Iayer. wear meziztance.
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Table 1. Chemical composition of S45C steel.

C M P 5 Si

04305 0.6-00 0dmax  005max 0 30imax

Table 2. Chemical composition of SCu440 steel

C Vo Cr Mn P 5 Si

0.3% 010 0% 0060 003 003 005
43 030 1.2 085 o3k ola 035
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Fig. 1. Microhardness distribution over the cross-sections of
the Nitrocarburized and Post-Oxidized Layer : (a) S45C Steel,
(b) SCM440 Steel.
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Fig. 2. SEM Micrographs of the cross-sections of the Plasma Post Oxidized Layer of Nitrocarburized steel : (a) S45C steel, (b)

SCM440 steel.
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Fig. 3. XRD patterns of oxide layer on steel for various gas Current Density (log/cm®)

ratio (Oy/H,): (a) S45C steel and (b) SCM440 steel.

7Hsot Hy 2 0, £F gas?] §-%F2 200 scemlZ H
At & e} 4bao] VIS WS AVIEA R
np SAksEA 2] E S45C 7F B SCM440 7o) FH XA
31 B Ao}, akazide) 20% ool Hw Ak}
Z9] dzto] v $- oFsle], XA ALY A AAS
A|HAA Y] T2 7] 7] 98t AR-Sle 27| H o]
o= AkslEo] EElEoAE Zlo] #AE T Ak
15%0l14 vldjete|E9] o] Huj7b s gioll pd
o2 HeE Havt ATk

H2lds 7kl flste] 254189 G589 S &
Aol AAsIaT). EFAEEAE Fig. 401 e &
= FAof|A FHAA S (Beorry’t 12, F4) AFEE(Icorr)
7b GEE W do] st & 5 itk BEEAIE
A3} S45C 7 2 SCM440 ZFollA miA el Aol v
8 ZE}=vl Aeks) Hal® Alfe] AFEEsF v,
2)7 0] olA, alde] 453 NS & F
Ao, Fepxnl Aeksiel $Aksl Held AR &
Zul Aeks) Ae|g Al Hgte] g Wlde] o &
FEE AT 5 Uk

5% NaCIE-9]71014 X398 w9
AeE AF F AE gEARReRE & e

£

Fig. 4. Anodic potentiodynamic polarization curves of steel:
(a) S45C steel and (b) SCM440 steel.

Fig. 5. Photographs of samples after treating 5% NaCl salt
spray test for 144 hours: (a) S45C steel Nitrocarburizing, (b)
S45C steel Nitrocarburizing + Post oxidation, (¢) SCM440
steel Nitrocarburizing and (d) SCM440 steel Nitrocarburizing
+ Post oxidation.
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Fig. 6. Photographs of Throttle body assembled with shaft
treated by plasma nitrocarburising and post oxidation.
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Fig. 7. Optical Micrographs of the Cross-Section of the Shaft for accelerated life test : (a) Frictionless part on S45C steel, (b)
Frictional part on S45C steel, (c) Frictionless part on SCM440 steel and (d) Frictionless part on SCM440 steel.
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