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Research on Performance of Different Bellows Materials for GIS/GIL
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Abstract: Bellows is an important structure of GIS and GIL and, due to complicated service environment, requires
stable microstructure performance, good formability, small temperature rise in service and meets excellent corrosion
resistance of different regions. In this paper, 304 stainless steel,304L stainless steel, 321 stainless steel ,316L stain-
less steel and Incoloy 825 are selected as the research objects to test their performance as candidate materials for bel-
lows. The microstructure at specific strain levels is observed by optical microscope (OM) and X -ray diffraction
(XRD). It is found that the transformation induced plasticity (TRIP) effect occurs and o’ martensite is observed in
304,304L and 321stainless steel. No phase transformation in 316L stainless steel and 825 alloy are found. The hard-
ness increase magnitude in 304, 304L and 321 stainless steel are bigger than that in 316L and 825 alloy during the
hardness test. The magnetic variation of the material is studied by static magnetic measurement. It is found that both
Br and He increase in varying degrees after deformation, showing that all candidate materials produce different de-
grees of magnetism. The corrosion resistance of different materials is studied by electrochemical test, which shows
that the five test materials have good corrosion resistance in heavy polluted atmospheric environment above C4, with

316L stainless steel in particular. Therefore, 316L stainless steel is recommended in the case of large deformation
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and harsh corrosive environment and 304 stainless steel is recommended in the case of small deformation and slight

corrosion.

Key words: GIS/GIL; bellows; Austenitic stainless steel ; material selection

0 35l

UM 25 4 i S A T S B (GIS) A FEL 2%
B (GIL)J2: LA SFSARAE R 46 2% 4 A 15 25, A 45 17
JEIX BB A R LG, i S vk 22 R OC s
R 28 18, e BRI A FH K, A 41 m] LA S B
St wMEE R ) M2 A I AMEEECEE S O SR RMEE
FHLAME GIS/GIL TR 24 YR Vo PB4k BERITRE
SRR R AL RS, AR AN — R,
A [ R ) B B B ARG R E Y. H
T Lo P A Ao 41 o 4 S e SO I A, e S8
FRIERE , XA e 75 0 (I VR RE A A B2, Oy
1 BRIV PR A DR L A | B ) 9 It A
) 5 B BEARAMSE AR , BB PR IERS B A R EFHY
PITEAR R RE , B SUE — e 11O 7 5 45 H 1Y
AT NS E G EME, BRAREE SRR
AL R T PP R T R (E 5 AT 3R ] SR
40% 38 AT 15 900 MPa (1 JCHES ARG B L,
BRSNS ARG, 4B K 2 5083 R a4
FRSERIAANE] 2696 , HTASE LA /2 350 MPa, KAZTE
I & TF2E0 T ARG 4 T ek 1 -t wfE LU AIAS
SRR LL , PRI TC R B8 TR S SN S il S8 (A
Bz RN

KM 5T F B, 5 A T O 377 (face - centered
cubic, FCC)Z5H4 1) 42 Jm AR AR TE AL FI 2 5 BE 2
PIAHOG . 248 RB RN , 23 & A= S VRS AR A2 AH
A5 175 S ¥ P (transformation induced plasticity, TRIP)
R, FB53 BE PRAAR ot 700 Sy 15 FRAA ) B 2
f97H 15, TRIP R0 2 8w 40 ], A2 T AL 12 e 7
NAEHE T S AP (twinning induced plasticity, TWIP)
RONE , By FQAA AR FR o3 B g sl /b | 28 Bl i 18
Bt B R RE A — 20 T, TWIP R0 s 1%
WA, AL 5 S R R T AR, 2SRRI
B Z T A B R 10 2 A RE SRR, 7 — 24
REAC1F T AT R TRIP 200 A1 TWIP R4 [] e A0
ERSUH PR A, FRAT, 2R
RFEZH G E, CHINISFITR A LR
JREERE, Cr FISi A0 T LARR IS5 RE" . th T
TR KER Crot®R , HA FCC 2516 i B G AN 4N
BABARM 24508, 2R A N gt b2
S A TRIP RN , 843 B RAR 236 708 Sy B [RAK T

il

IR R R VA 2, 25 (el R v I8 7 A 1 i i i 4
OB S, e R AR = R TR, D5l 2R A AR
AR AR D IR DR S0 IR R U R Ao b v R
FRAE A S 6. BR T S IR Z A1, ik &S5 ]
BUR T S m A L RE R R PERE . AN, T
AR P A 2 ey T SR P B AR (R R E PRI I 25 TR AR
T AL 7= HE N AR TR, BRI i ., BT
L PR B G AR B b e (57 AN ], — 38 Z B T
JEC Rt PR AL B P o PRI, R X L
FH B AR PERE , BE S A F Tk 80 il ik
0 AF BE . S 3 2k 304, 3041, 321, 316L,
Incoloy 825 FLAf I A4 4}, 43 B 5 A [ A2 T 7 i
JEREW 52 g SN E AN il A v e Rt G e

A4k
1 RIEEE

1.1 RmeHr#

SR EL 304 3041, 321, 3161, Incoloy 825 %5
S PR B A, SUAMERIAS R d660 .h690 720,780
840 mm Y& B FRAAAE , oV I TR AR R 8 53
5K 8.65% . 14.64% . 18.47% .28.95% . 38.27% , T4~
51T il % 3 4L iR
1.2 XA E

AR A B 208 R R 145 i AR T AR &R 40
I W T AS fe KA o 43301 R % w) D27 S sk B i
TP AT, X ST LAT 5 (XRD) A 7 v R /i
YA oy e HLAR Ak, S R 0 (RO 6 28 A
100 of, HNZEHT ] 5 s), F AR 5 55 5 e os 1
ANFIEAE S5 T AR PEREFE S

2 WHBEERKSN

2.1 ALAET

X FIF 396 B G A AS 455 89 (304 . 3041, 3161, 321 ,
825 BUERFEGEAT XRD 2007, VLRI 1, AE 1 R[LL
il RIE R 304 AW R IMAH S B IIK, &
HEIBEASIE Z )5 0 W IR S AR o B (G, Bl
BRI K, o BB E WG £ . 304L A
b e A RO sy |y =KL R T w 3PS by |
304 ANGEAIAH L , 3041 A5 H9 0 e o 2 70 BURAAIR
ARG E & 0 T2 e AT SR, 248 R ik
TCE B FEARIMT RIS, T LA 304L ANERAN TP B 25 %)



+150- 202447 J

Eudz

o0t T

KA TRIP RN, ;=4 K H [, 316L ANEEH
H T AN TS 24 Mo, IR I 2 4 e 5 e , AR TR HL I
PIZE S AT AR T RS o0 3 I o S TG AR T AT H B
F1 304 ANGEANAH EL L 78 321 ANEH il T30 1580
RACYIIE OT R Ti, P IR & [ ot R IE i £k

P2 5500 AN Ti ST R S48 R 28568
I3 —J7 T, BT Bk A 23 B 2 A 0 kR
12 WA Bl 32 07 18 BELAS TRIP 8508 19 &% A4 o R,
LR T B — 53 5 IR (HU2 2R /N T 304
ANEN, 825 HILA 2RI T A A I

PlE e ok, 2Rt 2 B AIK, R T TRIPRONI Y ARZE#
60 000 60 000 \
55000} ; , )
50 000} 50 000} -
45000f \ ! o
40 000k e P s 40 00—~ A
35000} : k
% 30 000 L "‘AM_."._ A ....A'I'-_....."_A.-_ e % 30 000 . . - PP O -~ ) PR—
& 25000} | , r ! \
B 4o R 20 000 e emih I
= %o 000pa—P A A A = ; ‘
5000 A A 10000 :
|
5008- . | : ok .
- L I 1 ) ~10 000 1 1 1 )
30005 60 80 100 40 60 80 100
20/(°) 20/(°)
(a) 304 (b) 304L
65000 50 000
60 000} , | )
ol i\ »
2(5) 888' e O 40 000 p———Aer—en A A
45000} !
DI R0 1010] S — Mo 30 000 M
= 35000} , ' 2 | A
D £ 20000} ————-
£ 25000} o | = ; !
%‘5)888' R — 10 000 p—————H— A A A A
I . |
10 000} =~ -~ ok Ak l‘_
S I Y. B S
~5000 : : : ; ~10 000 : : : -
40 60 80 100 40 60 80 100
20/(°) 20/(°)
(c) 316L (d) 321
65000
60 000}
45 000}
40 000}
" 35000} i
O
% 20 000 e — ' — -
15 000} ! .
10 000~~~ - Ao
6000} | | ]
)] SR ) e
Gk T 60 80 100
20/(°)
(e) 825
Bl AEEHERKERFERIXRD 547
Fig. 1 The XRD results at different strain levels
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Table 1 The hardness at different strain levels
il BE/HV
PR e mm i $660 mm $690 mm $720 mm ¢780 mm $840 mm
304 0.5 166.0 2774 280.9 300.3 326.7 404.8
304L 0.5 149.6 212.8 279.1 319.6 348.7 4152
316L 0.5 149.0 232.0 261.2 275.5 281.8 344.4
321 0.8 153.1 259.3 279.4 2932 370.0 —
825 0.6 163.5 251.3 256.8 265.6 — —
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Fig. 2 Hardness change diagram after deformation
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Table 2 Magnetic characteristic parameter at different strain levels

ARIE 304 304L 316L 321 825
W%  B/T HJA-m™)  B/T  HJA-m")  B/T HJA-m") B/T H/A-m™)  B/T  H/A-m™)
8.65 0.002 5 0.400 0.005 1 0.810 0.004 8 1.460 0.0111 5.090 0.000 1 0.445
14.64 0.0293 14.690 0.006 8 0.480 0.0102 1.670 0.016 1 5.640 0.003 4 0.377
18.47 0.0455 56.550 0.0131 2.720 0.024 2 13.130 0.0230 42.580 0.007 8 2.778
2895 0.1335 173.860  0.1249 67.780 0.044 3 16.300 0.060 9 61.850 — —
38.27 0.1913 278.770 0.1497 142.820 0.116 7 98.580 — — — —
24 Bk 0.02 mol/L. NaHSO- 584 Ji e B A58l S BRI A J

RWFSE C4 K LA b B EREE T CIXHESUE AN
5 B T b M Y B2 e, % B 0.012 mol/L NaCl #l1

TR R R AT AL 2 S, SCIR I Tk AR 2 pH
N 3, i BR O 20 C
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Fig. 3 Electrochemical impedance spectroscopy of five

materials in simulated solution
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Table 3 Polarization curve fitting results

g E../V feond (WA - cm™) EJV  E'WV
304 -0.136 0.163 5 0.311 —
304L  -0.411 0.056 7 — 0.573

316L  0.086 0.017 5 0.422 —
321 -0.223 0.058 3 0.207 —
825  -0.169 0.024 1 — 0.585
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