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Effect of Peening on Formation of S-Phase
in Plasma Nitrided 304 Austenitic Stainless Steel
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It is known that S-phase formed on the surface of austenitic stainless steel in plasma
nitriding at 673K has excellent wear and corrosion resistance, and also that the nitriding
reaction is enhanced in gas nitriding at 843K by the mechanical pretreatment such as shot
peening.

In this paper, the effect of peening as pretreatment on the formation of S-phase and
nitriding reaction was investigated in plasma nitriding of SUS304 at 673K. SUS304 was pre-
treated by peening using two types of mediums (SiO2 and SiC) and plasma nitrided in
80%N,-20%H, gas mixture at 673 K for 288ks under a pressure of 6.67 % 102 Pa. Structure of
the plasma nitrided layer was investigated by means of optical microscopy, scanning electron
microscopy (SEM), X-ray diffraction (XRD), and glow discharge spectrometry (GDS).
Corrosion wear resistance in 3%NaCl solution was also examined.

The results were summarized as follows. It was found that the nitriding reaction was
enhanced by peening. S-phase was formed on the surface of SUS304 by peening with SiC,
but not with SiO2. The corrosion wear resistance of SUS304 in 3%NaCl solution was improved

by peening with SiC. It is important to select which medium is suitable.
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Tablel Chemical composition of SUS304. (mass %)

C Si Mn P S Ni Cr Mo Cu
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Table2 Characteristics of medium used in peening.
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Table3 Conditions of peening.

J71(MPa) 0.49

¢l (s) 10

itk — 2 2V R R (mm) 100
awy MEC) 90

il

SHFHE, T A —FIZL D #1000F THEL, =0
BB E A

E— oy FIER L7 o IR E, £ 21258
-y 7iE, LT EREICL > THEET 5RO
HZETHE-T, KIOEHT, HHOMmIZHLT
1oz, REFFETI, AL EELANL D

EHCIM 2 EOL&EMHIE—EL L, ﬁ%ﬁ?\@%«%z’;z C
BIMLZ4T o7z,
(2) 73 AVYE1L

77 AvgEfbid, BEHRY oM ER i 2 7o EE
AL, 80%%% & 20% KFEDEAH A% HV,
T AHES)6.67 % 10%Pa, ‘umﬁﬁ?.?»K HE[] 28 . 8ks D 4=
B TiTo 7. &Efbtk, ABHIEIRIOET S ETHRZET
TiFHIL 7.
(3) ZEZH

X#EEAF (XRD : CuKe, €/ 71 A—F{li[f)
FHWT, FHEBICER SN /IALEWORIEE [%E L
7z, F7:, E(ROLEGHICHVW 70 —ERE
47 (GDS) 2id, B RH 3 System3860 % 3 H
L, 7/—F#4mm, Ariia:200cc/min, i
13.56MHz, FEEIAOWTES HgihxziT-7:.
(4) BRRIET COER - EFAER

3% AP THR=L - F ¥ - 77y FIOEBHL
w O BIEEERBET VT, BEERABRLTo 7.

A ORI, —EWET TR IVAFHEI L
THEMLe ) Bl RV ETZLTHY, K-l
BRERET COU{LEMIZEE R ALO3R (BEE
4.8mm, 1800HV) Z##AX. B, ABIWE
3.92N, FEHLEEE20mm/s, EHEEEA PO -2
S5mm, FEEEERH14.4ks, EROLEGE T - 7.

3. BREER

(1) EERELKREOHEE

I A —ffEEOHK, T A1) —fEZSIO2, SICTE
— oy R L RO, BLUTIARE
bk XEERMASEMBELZR 112, /o, ThEh
ZoWTHOXEH S OMEHEREFRLIITT.
Lo FEEM SRald, — 2 —HEDH&DFHE
7%, Ra0.03mé&fdb/hEmfliz/RL, E—=7
LB ciREebICEmMMESHPRECLRY, H1D
ERHEI(HIELTYS

—7J5, S{tHEoRmMSIE, WIhogabHd %
55, bEDH EMVSIOE—= Y S TIEIROTHT
PR THLE, WTFHIZLTS, F—A7F+4 bR
ATy L AR TT 7 AvELT 5 L EIRDE



72

AT B EME SN TVA S L L b—K LTV, i3, #950HKCH Y, T A1 —RFHED &0 22{LakE}
E—=y /2L ARHOREN S, REOHE  1CBIT2WE (M00HK) £ 0 bFhcie. Th
Lk oT, ZAY—FIEOARSICY —= > 7 <Si02 X, %ibT5E91C, CINFEREShTWA I EICE
==y 7OEIZE b, ¥—=y FIE—FEETiThbh LHEEZIOLNS,
TWAHDT, KM S IZEAEDILE L BRI L T
Wi klbhs, 1200
o #1000 emery

Z 1000 - a SiO,

3 A SiC

o

- 800 F

1]

o

=l

@ 600 F

[1}]

=

=

S 400}

a

o

o

< 200+

0 1 1

1 1 1
0 10 20 30 40 50 60
Distance from surface (um)

2 ZERiHEBORBMN S DR — TS
Fig.2 Knoop hardness distribution from surface of
pretreated specimens

B 1 #{baiBEUTEEITH T 2R O TIEIE 1200
Fig.1 Surface morphologies of pretreated and o] #:l 000 emery
nitrided specimens Z 1000 80102
< A SiC
o
i o
F4 REH SO B1800
Table4 Values of surface roughness ;
(Ra, gm) @ 600
E—= Uk | &b L g
L (D) 0. 03 0. 10 - P
$i0, 1. 01 1. 03 3
: o
SiC 0. 55 0. 69 E 200
0 1 1 1 1 1
0 10 20 30 40 50 60
(2) BT Distance from surface (um).
B2, EiErmoXm, S50 X — TS
FAERT. BEFHIIE—= 0 7 OBEKIZE > TE X3 ={t@EEOEEN S DX — T X 5
itL, SiO2c Xk A¥—=r 7o aEHT400HK L, o Fig.3 Knoop hardness distribution from surface of
WST, WLLAFEROE Lo TV A, nitrided specimens

X312, S bR S OMEESA 4 R,
E—= 7 L7ctk, S LB oREBLE O s



KB ST RE HERARHE S UF7ERT S No. 15, 2001

FES I, RS sIHI—ET, HLESTAY
R 2 ), 2 OBRBRLPIET LEM O S I2E 5.
COEEIX, XA —FEOALSIOE—=¥ <
SICE—=r7DlaE %, BILRIEHKE—=> 72
Lo TRESND Z LAbDs. hB, BLHIEOMR
e &, REHERaOM L OMIC GBI 20 & Uk
V.

(3) FiEHR

412, BB OMEMEERT. MikEn
M 270D iIZIE, FhkzeHuwi-,
FEORDORF ESICTE—= > 7 LTI,
EEICEBAE L THB Y, FEACH L CERHE
HERLTWA., LAL, SiOeTE—=> 7 Lio#
#FTid, ElEBEELZyFrrEh, EARIHLT
HEMESETLTWS, /2, ¥XTORMT, it
i &R OBIC 1 o mBEEED PUE AR S L7

Wi Iz L DR sz g{bB o siE, M3
CRLETEUROBES &L L —FLTw.

#1000
emery
.’j‘f
: Si0,
. sic

20um
—
B4 Z{ealE o AR
Fig.4 Microstructures of cross sectional area
of nitrided specimens

(4) X#REIF

B 512, Zbaialeto XHnEEE RS, +—
A7+ A4 b (y-Fe) €= 7B ERT
WA, E—=r 7 LB T (BB LZRE
b, ST A (a'-Fe) OE—7HgH
ShTWa, b, BELBLEERORENS <L
Ty 4 rOE—J @B Shiw, LdoT, =

73

AN —#ICE DB L -REHCRO 515 o« -Feld
MIFR~ VT, POERICEEZEZRLTY
B, REBRIZBITAT A —HEICBWVTDH o« -Fe
WERINLZEFREOONI-Z EIX, £k, #ES
NTWEREREL—FTEY, E—=rFLIARED
e ~Fed¥—71%, MLFER<LT 41 MICLS
YDThbH., o' /y E—ViELEEDE, HED
ALSICLSIO2 &4 h, B2I2B1F 58S 54 O
BB IHBLTV A,

SiCTE—s w7 LB TIE, SiCO ¥ —#ath
aEhTbBh, AEoFEMISICHAHDATN TS
SEEFRBEL TS, B, SiCE—-=F Lk
AETE, BEEPIESE DD, Si0D ¥ — 713
& e o7z,

T T
L]
“
-1 o
Y
- ] .a L]
z | e
P 1 !
o 1 ™
4 HE { #1000
- \_\ A emery
:._. it Al - e ] b o —
]
3 M ;
= Si0z
Q [L
7] \ SiC
AR i T L s S
35 40 45 50 55
20 (deg)

5 Z bniatelo X HRET EE
Fig.5 XRD patterns of pre-treated specimens

Intensity (Arb. Unit)
L___ s1
¥7'-FedNT? . —
T
o'-Fe,
[N S—
P
o
%o
t w O

20 (deg)
6 =ciEilE o X &REHr
Fig.6 XRD patterns of nitrided specimens



74

6, BLERAEOXHEFREERT. T2
J-EOADREIZBNT, SH (H6FnDS1,
S2) ty-Fen¥—HRiishTwb, y-Feldit
MICHRETADT, COBLRBIEISHEMDPL LS
tEZLNE., —F, E—=r 7 Lz##TiE, CrN
PR S TS, 673KEEDKBTCINATES
A S Tl v, SEafcmIFe~r s~
A FHPFELTVLIEIZHEBRLTEEEZ LN
5.

SICTY— = 7 L7z TId SHOAEBAHRR S
nzA, SiO2c k2B T SHOE -7 T &
Nadorz, SICICLBHAB T, ELLAKLSIC
D=7 AR sh, REICEDATRTVSSICH
RO RMMCHEEL TWAB I EMFER SN 2B,
SiO20FREHI BT, EEBIRR4ISRLALIIC
ERIZBESHICBRESATEY, SHAERIS T AR
L ENDHBEVWZ B, SiIO2TE—=V 7 LK
FIBWT, SHMERSIRZWI EIZDWTIE,
SRR T LB DB,

(5) GDSH#h

K712, #tEABOGDSIZL 5S], C, OBLV
NOES FaaMHERT.

SiICickh¥—=v LB TIE, SieCLO2*
KEFEmrOMB Eh, SiOeTE—=r 7 LARE
TSIk OB e hi-. 2oz ki, SiICLSiOa2
KEFMIBORATINATVAEILEZHRL TS,

F/:, NORSFTMOSHIIBESHMICR—HK
LTwih, 72721, SiOeTE¥—=r 7 LAE#TIE,
NOGHREE I AN EZ R L T 5.

5.00 250
Si [ SiC C
Feot g~
Es.w- Sic %tso.\i #1000
i i SiC

VQOOA/ SIOZ ) \\ 8'02
M . \ m 1.00 b \
& \ #1000 & \ l

1.60 .\é/ 0.50 I l"._\ /"\\

0.00 'S 1 1 1 0.00 ""“; } T i

00 1000 2000 3000 400.0 500.0 00 1000 2000 3000 400.0 500.0
B (s) 8 (s)
6.00 1.00
. 0 N

s sof ___— $i0, an L]OUU
g 4.00 sic g
& sof #1000 e
o 5

1.00

0.00 1 1 L 0.00 1 T

0.0 1000 2000 3000  400.0 0.0 1000 2000 3000 400.0 500.0
B (s) B (s)

H7 Z{ERBDOGDSEIHMAH
Fig.7 GDS depth profiles of nitrided specimens

B, H4oHABBRECALN, LR
BHOBOARIE, COFH»SREBREDOEVH
BEMEBELTWS, Zhi, REDO CBREFFHD
FREDDENEZRLTVAE I EHNS, BLOMET
WKONTEREDCHFER SN TRBEN LD EER
Lihs.

(6) BREFAR

234k L 7= B0 SRERIE [ (3 4 B BEBMR RO L %
B8 ICRY. EREOEBERBOEIIZIZIZFALT,
BRI O EIIN0.5% R L. T OBEBREOMIE,
BULTVEVREATHIFIZFLETH 7. LHT
5T, AFEDOFEMTIX, ¥—=r 7 L SN
BB EALREESA RV I LK DYS.

B9, 3%REAPTCOERRMUETHERERT.
LB, BEREIIEFREETR>OEWM L.

LRI OB E, #1000 2 ) —HEOADBAIC
HELT, SiChBWVIESIO2TE—= v 7 LA,
BRIV R LB ILFBOONG, B, ZOu
B —= 7 DEEIC b S TREOMEERT.

o.8f e S

BESER u

0.2 F

40(;0‘ I 80.00
BEREHE (o)
B8 S{HRNORRIMICH T 2BBRIOEL

Fig.8 Variations of friction coefficient as a function
of testing time for nitrided specimens

0.07
006 [
005
004
003 [
002 f
001 r
0 L !
#1000 SiO, SiC

K9 Z{albIUZ{LEEBORERDLLE

Fig.9 Comparison of corrosion wear loss of
pretreated and nitrided specimens

0O =1ta
B 2%

FEFER (mm?)




KERAF LR SRR #E  No. 15, 2001

ZELADOBETOMBREREMEICHT2E—=
YITDRHREZ, RSPOTIROBEEDS y-Fek o'~
Feh bl ENTwA I L2EEB LT, RI20Y
SV EARMABENOBE S LRICERTA2LDT
brrEZOND. $/, R2OKREEFEOHS LR
TSIO2ASICICHERTREVOICERENFARETD
5. Zhig, SICE—=Y 7/ TRESIRLALIIC
BH P ICEEEOSICRFIZOLNE I LIS, K
FHEORAFN - EPFERATHE LHESNS.

—%, BLHOERERIE, #1000 2 1) —HFEE
DH, BLUSICE—= v FIZBWTEEROEDHS
ELL, RERFG T CIIMMAELSICHEL TE{L
DHRIVBFETHH0ICHL, SiO¥—=r7its
W, BERER I LRI & ZIZRISDEERLTED,
WEEEFRMEICHT 2R BLOMBREI LN LIIE
5.

F3256, #1000 2 —FFEEDHA, SiO28 LU
SICE—=r7DwFhoRE L b, RELEEOES
BELCERT S, 72, M9 THI000T Y —HF
BDADH B VIFSICE —= > V2BV TERRORD
MAELNE, L IZSICE—= v 7k, Bk
ThHorhD, RRADEEVEOhbDEEZ L, —
%, SiO¥—=r 7Tk, SHFEREhZVWI L
WL DEREOMME, WME LAIZLAHEOHEBED
BE, WEEEREEICHENAON LYo RS
(W

4. %&

o

AKFEDER T T LDAEUTOEBN TH A,
(1) SUS304IZIRIBTT 5 X=8{L% 1T 127,
E—o 7L B0MIEKT o &icsh, gEL8o
BEahmLi. ¥/, 79 X<E{LTHAY, W
HMELETHSHEERTIHA, fiMTor—=
YRR OBRRYFEECTH L Z LA TE .
(2) bLAREKAIL, SICTE—=r 7 LAR
FTUESHAER S Nz2%, SiO T SHldER S
Lol £/, MRABLD, CrNPEK SN,

75

(3) ¥==rr Ltk BETTIA~&ELLL
BE, BROL) tHEMHOLLEIRD LT,
3 ERIERPCOERRIIKE (HA LA, &I,
SiCicdka¥—=r 7k, WERERELZZL(MEL
BB EHbhot.

EAfS

FECERET A LTIHHE AKX EE LAED
ATHASHICEHILELETET.

SEXE

1. KICHIL K. FUJIMURA and T. TAKASE, NETSU SHORI,
25, 191-195 (1985)

2. K ICHII, K. FUJIMURA and T. TAKASE, Tech. Rep.
Kansai Univ,, 27, 135-143 (1986)

3. K. HAMAISHI, H. SUEYOSHI, J. KIYOFUJI and Y.
NAKAMURA, J. Japan Inst. Metals, 59, 133-139
(1995)

4. K ICHIL K FUJIMURA, T. NAGAYAMA and T. TAKASE,
NETSU SHORI, 32, 99-105 (1992)

5. M. MENTHE, K-T. REE, J. W. SCHULTZE and S SIMSON,
Surf. Coat. Tech. , 74-75, 412-416 (1995)

6. K—T.RIE and E BROSZEIT, Surf. Coat. Tech., 76-
77, 425-436 (1995)

7. Y. SUN, T. BELL, Z. KOLOSVARY and ]J. FLIS, Heat.
Treat. Met., 1, 9-16 (1999)

8. Y.SUN and T.BELL, Wear 218, 34-42 (1998)

9. T.SONE and K. YAMANAKA, J. Japan Inst. Metals,
40, 908-914 (1976)

10. N. YASUMARU, Materials Transactions, JIM, 39,
1046-1052 (1998)

11. A. LEYLAND, D. B. LEWIS, P. R. STEVENSON and A.
MATTHEWS, Surf. Coat. Tech. , 62, 608-617 (1993)





