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Abstract

Austenitic stainless steel (STS304) has been carburized using glow discharge plasma and its microstruc-

ture, wear resistance and corrosion property have been investigated. A repeat boost-diffuse carburizing was used as an
effective plasma carburizing method. The effective case depth of the plasma carburized specimens was increased with

the carbon concentration at the surface area. The specimens prepared by 3 hours plasma carburizing under 600C did
not have the standard hardness for the effective case depth, but the specimen prepared by 11 hours plasma carburizing
at 500°C had nearly the same hardness with the specimen plasma carburized for 3 hours at 800°C. The wear resistance
increased with temperature but the corrosion properties of the specimens prepared over 600°C decreased rapidly due to
the grain boundary sensitization. However, the specimen- plasma carburized for 11 hours at 500C had nearly the same
wear resistance with the specimen plasma carburized for 3 hours at 800°C, without deterioration of corrosion property.
This could be resulted from the fact that the microstructure of the specimen plasma carburized for 11 hours at 500°C’
was composed of martensite and austenite, because a partial martensite transformation was occurred only in the speci-

men plasma carburized for 11 hours at 500C.
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Table 1. Chemical composition of specimen (wt %).

Eepzn Pud exdfoleA 2HAARS otE R 777

Flement C Si Mn P Cr Mo Al Cu Ni
STS304 0.07 0.95 1.75 0.03 0.03 185 - - - 8.11
SCM440 0.409 0.197 0.676 0.013 0.019 0.928 0.155 0.017 0.157 0.076
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Fig. 1. Schematic diagram of the plasma carburizing process.
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Table 2. Condition of wear test
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Fig. 2. Comparison of hardness of plasma carburized steels ac-
cording to carburizing time and ternperature.

600°C 3417t Awgr AL FRAEI FEARI Yl
714z Rots Agtet

7 Atz zie] o B HrtFo] FAEELE I nA2AG
BaErd Es7] did H2 Az (5800°C, 114]
4 A=Al AZRE Auje oS Fetstr] s AstE:
5 (oF 10m £9]) o] v)Mz3] 2 50mrtAje] sasy
FEE Ak
Fig. 3& stz W A|7le)) b v]d22 9] WHilE &
A7) e AW 50% WAk 4-do B A AL 2
AHES BRT Zoldh. AU} 600TCT7AE Huba)
Zhofl FAGle] A A7 AAHYEE ZE 2 2HolE
ZA¢ Jehlgder. &, 500C 1147 AA1EF A)HeAx
500°C 3417k Al=el vlshed gixte] zoishe el o
gkt 700C ojAate] RE A ul2ElA}o)E AME HolT
ATt

AA7EA] Eepzel kA]] 2| Qlelarte] AbdE o
F3 Q7= un|g Aee]n, 531 600C ©lste] A& &
xu} AskA] Wmte A gare] dele vz ale] Wyt
ol w4 o] 3} 3lo) o7 SR sfj4ist et 2} B
Aol = 700C o) x4 Fepzul HJebs A4
3l e wells 2R wEEA ey} 3, 500
3217kl M #EHA] Ygkwl wl2EAle]E Ao] 500C
11A17 el A= Bae] Hck o1 o FEs}A FH517)
A8 XRDE 53 27 A9 s 24390

Fig. 4+ 7zt Agkz 7o gk XRD AHEA ZAxfojt}. o]
Aslol 4 BEo] 700TC o]4e] xoilaf Hekg AlHed=
ul2elibol B peake] FTAEgle 500C 114)7F Fvks
AAE AlBHE eaEHYo|EANS] peakeol -F-AlEHRITH
500°C 3417ty Hebg AAgE A3 2e] vzl e
peake] A e e Yok, =g 500T 34
7+e =gk A)E 500C 11417 Aske Axg 4|59
peak & vlza} By 2 Zo] o F7FESS & F U=l

N

1 fu



A%

coli g - o] RA

779

Fig. 3. Optical micrographs on the surface of specimens with plasma carburizing time and temperature.
(a) 500°C 3hr (b) 500°C 11hr (c) 600°C 3hr (d) 700°C 3hr (e) 800°C 3hr (f) 900 3hr

ol EwelA FEAH viZEixbo]ES] APHEHE Q3
straino] Zr}5cty AT 47} oohD u]E e T}
ElAlo|BAS JHANE ©o] o) uet 2 A
Apol7} 711 I wtAE FUbe) W2 AR Fvles &
SEHGo|EA A BH4 9 J8o] M2 Ao HstEg 7
T A%E dehdnhY exEube]EA] 2E)lf2rtel A
nt2ElAbol B AMg Bole & FHRY kA o7
B2 St 7]UF e g Algdr)
Fig. 5= AESE °l43] 5343 golo] B2 ha b= g
velz ok, Agk2 T} F715te) et 29 =
Fhstg ot RHAANTE 10m FHolo] BaFEE 800,

900CellA A=ke A4 A1AE A3t 500C 1142
Alde] 7 w2 w28 2tk 2 A3 e BEojwt
vt2Elabo] B o] FAo] 7HeEtAd Ao R Als "t
3-2. otz §4
Fig. 62 STS3047 9} ul2ARF 47 Izt 23 o}

sh2ate JehiT ok ohEake AR} AE
48 A% BolT oleh T A3 HEAH Qo]
W 800°C 3414H& HAIR A|H7} 500T 114

>

1@ Al”e) Ao FUL mtRg Relw slsich
£ ol vtEge Byt FdeE) BE =

spole] BAE otn7] 915te] Z7el AlHe] A=

o g Ju
& g ool o

2
2o

Do LN
(R



780 A3 1249 A105 (2002)

AT L S A L S L L LA L R S e a
2o l -un.-\.n.«.-\.-\.-.-\.-a.-\.-..-\.\.'«.-.-.q.q..-.-.-_?_,..

7
<

500C3hr.

A Y P a T F S NPT ETex )

£
-,

T R e e
N IR I SN

: ‘ It i
: \v |
© 500C11hr) ' )
4 -
E‘." \\ | \ :
o 1 -
E: ' e’)}' :
E; fellesn R O SN \‘m» E
42 (44 46 48 50 52 i
.?}{.‘-‘!J-.-.- ..... 20 i --.’:fr'l
o Austenite
v Martensite
dD}L A A 500°C 3hr.
@L A An 500°C11hr.
P9 ® ®
: * 600°C 3hr.
J A J A 700°C 3hr.
_J__J\_A_A_J‘ 800°C 3hr.
v
l X oA Y Y 900T3hr

40 60 80 100 120

Fig. 4. X~ray diffraction patterns with plasma carburizing time
and temperature.

—®—  900TC3hr.
1.8 J —e— 800T3hr.
—A—  700C3hr.
1.6 —%— 600C3hr.
1.4 —o— 500C11hr.
41 —<4— 500T3hr.
—_—
S 1.2 4
T 10 ]
Al
8] 0.8
06 Jv
04 4 \:\.-\
_1 2 —— 8T
0.2 \A\'\“\
\! = —
0.0 T T e | T T Tr—r——y—

0 S5 10 15 20 25 30 35 40 45 50 |
Depth from the surface (4m)
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Fig. 7. TEM micrographs on the surface of specimens with plasma carburizing time and temperature.
(&) 500°C 3hr (b) 500°C 11hr (¢) 600°C 3hr (d) 700°C 3hr (e) 800°C 3hr (f) 900 C 3hr
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5

Fig. 8. Optical micrographs on the surface of specimens with plasma carburizing time and temperature.
(a) 500°C 3hr (b) 500°C 11hr (c) 600°C 3hr (d) 700°C 3hr (e) 800°C 3hr (f) 900°C 3hr
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Fig. 9. Anodic polarization curves tested in 5% H.SO. solution.
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