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ABSTRACT AISI 304 austenite stainless steel was applied extensively in the modern industry due to
its good properties on mechanics and corrosion resistance. However, there is severe intergranular corro-
sion when the AISI 304 was working at the temperature 420~850 ‘C called sensitizing temperature. This
phenomenon was more obvious with increase of strain. In addition, this effect can not be removed com-
pletely even with the heat treatment subsequently. In present work, the influence of solution treatment
and plastic deformation on the intergranular corrosion property of AlSI 304 was investigated. The speci-
mens subjected to different strain were obtained by the uniaxial tensile tests at room temperature. XRD
was used to measure the fraction of martensitic phase which was induced by deformation. Optical metal-
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lographic microscope was applied to observe the evolution of microstructure. The influence of various de-
formation values, solution temperature and holding time on intergranular corrosion was quantitative ana-
lyzed by electrochemical potentiodynamic reactivation (EPR) method. Experimental results showed that
the degree of the intergranular corrosion increased with the increase of deformation, and with the de-
crease of solution temperature and holding time. It is indicated that since the solubility of carbon in mar-
tensite and austenite is discrepant, the content of carbon in the grains recrystallized is discrepant too.
The more martensite is transformed, the more chromium carbide is formed in the grain boundary after
sensitization. This phenomenon causes poor intergranular corrosion resistance due to the lack of chromi-
um. In addition, the carbon segregation which is caused by plastic deformation will relieve with the rise of
solution temperature and holding time. It is because that the carbon atom is more active at higher temper-
ature, and the distribution of carbon is more homogeneous with the extended holding time. Then the
quantity of chromium carbide will decrease in solution treatment process. Consequently the chromium de-
pletion will be mitigated. From the above, a uniform solution treatment condition is not suitable for austen-
ite stainless steel with the effect of martensitic transformation in cold working. Flexible scheme can be
employed to insure better combination property of products.

KEY WORDS austenite stainless steel, plastic deformation, martensitic transformation,
solution treatment, sensitization, intergranular corrosion

B AR ANEE AN R B A e R AT R L PR ok
PEAN R R A S5 VR 2 00 R PR, AR 00 A
LRGBS B2 2 AR L RETR SO e
WEEAT ML TR 3RAS) 2 IR o T2 BT ARE S 3R A5
e FR) S PR A e B BB 2 R T AE R TR A TR I AR b
AT AR 1y IRARARAR , [R]IT DAY SRAH A G SR
Rl TRIP (transformation induced plasticity) >,
W6 5 T 72 FL iR« b Hs RN e RO 5548 I L%
17 B8 AR RN L R A0 v e L o i &
) Cr oo, (E AN R 1H AR il J2 308 B BlAL i, B 1k
HILARBARIA, (BB RAR AN 420~850 'CHY
A it P2 Y L A A O, B ) C R 2 LR Cr Ak
P AOpT H A3 A5 AN AR AT X Cr & & T
B, T REE Cr X, SN 23 20 Jig o 1 A I, A 2 I
G Bl b A B A AR T e, A R TR) R R AR T, B
F R BB AREIR , A% B Gk 2 g i T JE ke ) JE3 DA
MORERTITAG , U5 5 7 1) PN R 5 A bz 8] F) 25
B e 1RO M 55, T8 523X T ) 350 8 ok i) AN 5 AW £E A1
T LA S RST B IF A B 2 A8 Ak, AEAM AR R L 2R DA
S SR PR AR, P S R 1 AN AN A ol A
A7 o

AR 22 2738 0 I Ak 2 1) 52 DA B A T o0 B
PR A5 A 1) T3 ot 1 e ) S R T e 17 A AT
gk AR T A1 5 B R R R AR S Bl AT B A
(electrochemical potentiodynamic reactivation, EPR)
ST T 950 11050 °C 2l 8] %5 i B2~ 304 A 55 41
1 i [R) B ok A 2 A B ) AR A A T 2 T Y
KA G R KDL 1050 °C [ ¥ 2 AF F 1 AISI 304 )
P et [ J83 Tl PR RE ZE AL T 950 °C F IR . PR

LR FR W VERF AL T 1100 °C L 0.25~2 h i i 7
Z A0 3161 B[R4 AN 45 4 ot 11 3 b 1 8 1 52 il
I 5 BB WL 8% T A [R] #iAd BER A 3161 AN
BN A AU T S AR, NN TE
1100 ‘C T, {REEHF 18] 9 0.5~1 h R FE B G 54 1
giotheE. (HEBRE KD M AN 25 m
BRI J5 AN B89 i it 0 2 1 B, R 2 oK 3 ()
JE vl . 0 BB AR R 1) IR AR &L 4
R0 4y A B A AR T & S A I A8 4L, SR FH R — 1
] 5 Ak 8 ] FEE A e A £ 6 A T B B T AR AR BT 51 K
(20 2R AR Ak, TR MG 5 2 10 BB0Ak AT D S ol
L R ZE R, Garcia BT BAREIE T
AT N6 304 AEEAN it [ 55 T 6 I B2, {HDR SR
FIT K FH I 195 26 At 50 B — , AN AE 1050 °C 26 4F T~
XPRFEHEAT 7 15 min (1[5 95 kb 22, B 8] 45 5, b 2
AT o B ORISR Z 0 B AR I BRI A
AN 4] 5] 3 Ak B 1) FBE T T 5 sk B2 1) 1) R
Gt 9T . PRI, AR T4 DL AISI 304 B2 FG A4 AN 85 4
R, 25 3 AT TS AR T T [ i R R R
I 1) o FL Ak B R 2 i, 33— 20 i) 1 9 ek A T R
[ 7 Ak R ) S B G A AN 75 4000 1 Rl W 4 2 T AR
e [ J65 e 1 i 1 W [0 4 R AL
1 LWHE

SEI6FA L A3 [E Goodfellow Cambridge #2 £
AISI 304 B [RAAANGMW, B S N FLIR KA, BE
90.7 mmo R (& 3 31 %) A= C 0.05, Cr
18,Ni 8.07,Mn 1.12,Si 0.05,P 0.02, S 0.01,N 0.043,
Fe R . TEREATHH G SL 58 1 9 PR AIE 5258 F A 45 4



b

3 4] TR 5% 85 55 « SR AR T e 7] 8 AL IR B G A A5 0 e ) JE8 e A e £ [0 £ I 49F 9 337

A BLECAARH, XHAFEREAT 1100 °C 1 h 1 ey L[]
AbFE,

For A S 56 % 4% % MTS 5105 RLUARHL 4% il L 1
Ji e IR AL, B A KR 4% HE GBT228-2002 3 47 1l
2, SEIGIR N 20 °CL, BB E N 107 57, BT &5
A0 CRAETE)30%F150%

B RSN R 5 IRAE & & 190 22 7E D8 ad-
vance X & A7 B (XRD) L #E 4T, 1 I 2 H0CN Cu
K40 kV.300 mA, & K% th D% 9 18 kW, X 4¢
VS 58 2279 5 mm, AT A FE R 26=40°~100°", X
SR NI EAE KT 5 ) () 455 5 Ad 8 A (1) 7 17 °F
1T o EREAT SLESHT T 4 W UMR T R A 5] NlAE R
THD 107 27 22 3 ok R A 4 s 25 e, FL AR B Y 36 T 10%
(1) HCIOL PSR, R 292835 V, - N 1 mA.

BRI 5 B AR R 1T AT Bt 2, BURE T
AN 10 mmx 10 mm, X5 A4 RF R AT A [ 5, B A ]
) ] 5 A B [ 9 3L B 49 5310 2 9504 1000+ 1050 1100
FI1150 °C, LRI 18] 43590 29 0.5 A1 1 hs 7K ¥ J5 Pk
ITRBA AL B, BUALTE N 650 °C, I A A 2 h, SR )5 25
Ao BT ZE R,

i [ b U ) 4D 1 ¥R P 102 LA 2 B
57 P ¥ 16 7% (electrochemical potentiodynamic reacti-
vation, EPR). S5 %% £ 4 PATSTAT4000 HL 4k % T.
YRSl o FLAL 22 5250 R F = A i b A &%,
b, AR L A 5256 T ATST 304 ANER AR FEL AR, 4l B F,
WM Pt 2t A M AT H 7R FR AR (SCE). 2t
F B3 A AN KCLIR R b 50T 704k R AHE. H
SRRV PN ER AT ST FAR R T . A S8 BT FH Y H
fift J5 % W v 0.01 mol/L ) KSCN A1 0.5 mol/L [
H.SO, I -

N T BEAT AN O L LRI, SRR AT
AR HUMRIE G | AR, T 10% R R IR 1 Wk
AT WL MR B il SR 5 K ] Axovert 200 MAT £ 4> 41 &
TBE(OM)X A S AR ZH 2L AT W52 .

1h (0.5 h)
————— 1150°C

1100 °C
1050 °C
1000 °C

950 °C

650°C,2h

Temperature

AC

Time

B #AE T2RE
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Table 1 Atomic scattering factors (f) of AISI 304 under X-Ray

y (fec) a' (bee) & (hep)
[hkl] (sin@)/A f [hkD] (sin@)/A f [AkD] (sin@)/A f
[111] 2.4099 17.55 [110] 2.4571 17.39 [100] 2.2726 18.00
[200] 2.7681 16.37 [200] 3.4724 14.51 [101] 2.5772 17.00
[220] 3.9324 13.46 [211] 4.2574 12.86 [102] 3.3325 14.84
[311] 4.6086 12.27 [220] 4.8263 11.90

Note: 0—diffraction angle of a special crystal plane; A—wave length of the X-ray which is used, 2=0.20 nm

3R 2 AISI 304 AEA T A 2 EAE D T
Table 2 Multiplicity factors (P) for the phases present in AISI 304

y (fec) a' (bee) € (hep)
[AkI P [AkI P [hkI P
[111] 8 [110] 12 [100] 6
[200] 6 [200] 6 [101] 12
[220] 12 [211] 24 [102] 12
[311] 24 [220] 12

<3 AISI 304 154N 1) Debye-Waller KT
Table 3 Debye-Waller factors (DWF) of AISI 304

y (fce) a' (bee) & (hep)
[k 20/ (°) DWF [1kD) 20/ (°) DWF [RkD] 20/(°) DWF
[111] 43.6 0.963 [110] 445 0.961 [100] 41.0 0.967
[200] 50.5 0.951 [200] 64.7 0.925 [101] 46.8 0.958
[220] 74.6 0.904 [211] 82.0 0.889 [102] 61.8 0.930
[311] 90.5 0.871 [220] 96.1 0.860
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(a) 0 deformation, 1000 C for I h
(¢) 50% deformation, 1000 C for 1 h
(e) 30% deformation, 1150 C for 1 h

(b) 30% deformation, 1000 C for 1 h
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Fig.7 OM images of samples under 0 (a), 30% (b) and 50% (c) deformations at solution treatment tempera-
ture 1000 “C for 0.5 h, then sensitization at 650 ‘C for 2 h
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