530 % 54 wOE 5 w i Vol. 30, No. 4

2010 4 7 A EXPLOSION AND SHOCK WAVES Jul. s 2010

XEHS: 1001-1455(2010)04-0445-04

2205 WHEAEIN/16MnR 1BIEE S5
FHEMEWAER

MZK.F E.EER
1T T2 e 5 A0 TR I B a5 3797 D 11 28 185 %2 B A 56 50 % DI 5 643000)

FE: N TS 2205 WA R G540 /16 MnR #8452 A A 50T 00 30 00 45 440, T 4 A S 1ok 4 0 491 4 el
(SEM) WL T 43 & BT (T 30 5 FH S (80Tl B8 313000 s T 8 0 0 5 0 T ) S 49Tl B 5 4 T 77 A A 39 0 Y ARl 3 1Y
S, ST B BE R R A 1 ORI A AR T A TR ) i v AR R B IR 09 S KT PR AT 5 2205 U R 85
WAE 850 ChnA i 8 h J5 9 2l 400 CHlip =R Sl o M.

X8 BRSO 295 4 A0 20 M1 52205 BUFHE AN B4 /16 MnR B VE R S0 AL i 50 A

hESES: 0346 ERFRRM: 130 - 1540 XHkERERG: A

2205 XUAH N85 4K g Bl LA 77 R Y T30 B 00Cr22Ni5Mo3 N, ELAT /& Wk B | B AT A wh o5 490 1 D K% B 47 1 o 445 R R 34
BT IOL ) J8 I e R R B A S B O ik IR 24 O T B A X i AR EATY 16 MnR 2 R R ) 4 4 R 1
M B R P25 HUITE RE P00 95 M BE AR 12 U 45 T 20 Mk Rk, 5 2205 SUMIAS 5 B9k A7 B M A5 1 A Tl ME AL T
i E S AR AR S L,

RER AR — N 2200 B 7 KR 2 MR K R IR 8 T 3k M R A R SR AR L K DX T R IR TR 1R T A e AR
R0 BB Bl IR TE BT U 5 T s 0 G i 5 ik B A AR L BUR TR AB IR R A R rE
& T OWZE R S R W B S SN AR B TR R R A R MO A S B B IR X

1 XWHE

1.1 &% #

AR 2205 SAHAGE W (EH) M 16MnR M (M) B IEE G AR . 2205 SUAHA G5 8 HAM AL 532K : we = 0. 0296 5w,
=22, 41% swni =5. 92 % s wne = 3. 33 %0 »won = 0. 221 %6 sy, = 1. 49 %6 s w0 = 0. 35 % »wp = 0. 023 % , ws = 0. 002 % ; 16 MnR
B - A N s = 0. 159 % s won, = 1. 51 % w5 = 0. 33 % »wwp = 0. 016 % s ws = 0. 007 % . 2205 XUH] A 45 4K 1 5 &
4 mm,16MnR FEE N 20 mm, E AWK 25 mm X 50 mm,

1.2 WA LRI 2R

KL 200 % .320% 400 # .600# 8005 & AR AREE LG R A 1 pm B AL O 56, EEb 300 6 BR 1 K VS W 12
M B R 10 g FeCly « 6H, O T 90 ml ZE BRI WR M, SR & A M RHI 2k 38 1R L BROG  RIBL G R 4 210, AT 2
1445 NIKON EPIPHOT200 . 34 .55 HITACHI S-3000N W4 & 4 FL 1 A9 {21 21,

1.3 E&57HEEMEENK

SR AR 3L BE Y SX-4-10 347 1 B 7 F738 ok, 2 BB B 3 HV-1000 30 320 0 £ AS [w] 98 B8 A A Ji) 5 A1) b o 408 3, 3%

T 1,96 N, 3CH B2 (B 3 S ot S 0T A D B

2 XBEREHLHHN

2.1 HMALRSH
2.1.1 E4H6RawvsdMmbsan
1A BT SR T L B A LT R R A KR IR X2 R A T T LA S Ak 1K R 0

« YR EE: 2009-06-05; 1B BHHEE: 2009-11-01
TEE® A M2 960— ., ¥ BHE,



146 DS 1 5 i i 30 %

X o I EDS G387 AE KA DRI X N AT A 5 W7 A AT S A 7 X TR B R AR TR & ISR

P 2 2 2205 XA 8549 /16 MnR #5552 A Al 52 & 50 T AL DX RO B AL 21, oy 8 0 5 ot e 7 AR i Sy ok 1) P9
S8 B o L T 7 A G PR B AR DR e S A BT R A IR T S5k 2 DR B B I, 2205 XURH RS 5 B9/ 16 MinR R M A2 A B T
JEA L ROR R A DR (L BUZ BUA SO IR A S, BRI o C T 4 — My Bumas R . Za R mz B85
100 pm,2205 XX*ET%%aaf%‘ﬁ(’&lﬂ%k’ﬁ#‘%ﬁﬁ%Efkﬁ/ﬁkiﬁﬁﬂkéﬂmuJ“)b 5~8 pm, AT B R I8 AR Y fE
1o RS R Ak S5 ) Ry B B AN AR Y I R S 4

S ST A A A0 2 AU -9 U 0 T AR '?E?MB’JQ*A JE B2 R AR K L I AR T A9 BUR 580 T2 B
MRF.

2205Eue+16MnR RRAIBYB) DN

ocal meltmg zonet"' b

Fo
SE 21-Apx-07
&1 Z& R Mg [ 2 52 & S & A 4
Fig. 1 SEM microgragh of explosively Fig. 2 Microstructure of explosively
cladded plates interface cladded plates interface

2.1.2 2205 RAGREE4 T80 o #7 A8

2205 UM AR 85 40 JE —Fp & Cr.Mo Y B FC AN 2 2 AL DU 55 80 . 247 600 °C ~950 °C Y Jin#A i £ vh , 7
o M. o #HZE—FhE & Cr.Mo i Fe-Cr(-Mo) 4 J& [ 4k &9 , J& — B i P AR , tH B8 A 3 BE 5 B4 600 °C ~900 C L 7E B [
MR 2 A A P A%, B 2 S U R S A R AT S B A B T AR L 7 T S A A T ] ok R R I A o s
PR, s HHINT I ST G ST R S EAA B YR TS A 5 4K 47 78 K 10 426 3 M- B IR AR 5 o AH IO AT
FRUET R 25 o o MR T H — B R SR 3 - R AR LA T A I 1 4 AR — D T 4R R Rk X U AN 45 0 1
b FE U B B o A Y BT R T RN 3R i Y TR

& 3 E#AE 850 CHNHLRIE 8 h J5J1¥8 5] 400 “CH Y258 19 SEM K. 2205 XA N 45 89X A9 41 21 8 [C AR gk =
e, Zead 850 CHNAARIR Sh G, M1 o A (B B9 /N D, 43 A 76 B AH =22 8] sl gk 3 A,

& 4 2l 2205 WAHAEE /16 MnR B 4EE Sk & A )E M E A F H Y SEM B b BUIR S 700 C# AR 8 h
JEPA R 400 CH A E . BEEEE ARGS9 I5 L2 R AP BUZ 58 R 2 50 pm, TR A AR E] o AH

< 2205SampleFule+16MnR. - 850C/4h/LuLens
: 2205+16MnR  700C/4h/LuLen
v

SE 21-Rpr-07, WD15:0mm 20:-0kV:ix400" 100um

P 3 2205 XSRS 85 8aR R #2441 4 EE MR SEM
Fig. 3 Microstructure of 2205 DSS Fig. 4 SEM micrograph of interface of
after Annealing at 850 °C for 8 h 2205 DSS/16MnR



54 Iy 22 YL 2E . 2205 B EE4N /16 MnR 48 45 5 4 4 5 T #Y IoWi 20 21 447
2.2 BREELSH 4501 3507
. . 400} 300} e
2.2.1 HRAEAWEHEHH /\ i Flyer plate
. i R— 350} 250}
WS I A Bt i B R RE 4 A DL . Flyerplm
P 5 KL B B BE B (A M 173, erm S 300) < 200(
R 320, B B B (B IR AR 330, B 2501 Base plate 150F Base plate
r—inl 420, 9 a] BT RE R (R e 1Y 200'/./' 100§, —=—n
o AT 650 CHMAR DRI 8 bR He 050200 0 200 400 000200 0200 400
@J 400 “C Hy W25 v 1y P b B 1 i E d/pm d/pm
A0 VLT 6. BL b (0 B (A 45 100 72 5 A A2 A B ) R 4y A K 6 Fhhb 3 5 BT Y BE R 4 A

LM IR B FE 300 224, 5%
JE A EL s A A B TS SRR 1Y) S AR
E T B, U0 B AL BRI BR T AR A
M1 77
2.2.2
18] 4G A%

TE 650 Chn#k, &t 2~12 h R[H
A% SR B R) 35 A R A Y S AR T
AR LI 7, FEAE B BE A N B Y
89.2 MEF T AR B 75. 7 B A B I
{H M\ IR =i 1Y 386 P BN T IR AIKAY 311. 6,
3 U BA DR e ] R, 25 R ) Y R
AR L IR Y B A% N T R RE A ST B
2.2.3 ARERETHME KRN
8] 44 AE

TE 500 °C ~650 °C A [&] IR B T A4

i 12 h B EE Sy B4 R LI 8, 45 2R

%%,Fﬁﬁﬁwﬂmf;ﬂ@ﬂﬁ'}»%ﬁﬁ
BE{E A B & B 90. 5 [ E T R K B9
76. 955 1 I (H A1 398. 6 FEF]
T ARy 302, 8, 3 1 B IR R R 25
FIRCR B 5% A N ST bR A AR TR 4

Rl — 32 T R AR

578 AH [E) AR R R 8] R, A A B IR BE = A9 A 1 aRE A R R T A . 3k M AT
3K, A5 T 76.8,.7E 650 ‘C N 87.8,

600 “CHFHY 75. 78R JG7E 620 °C i A J&F

3 &

Fig.

5 Microhardness profile of

cladded plate (explosive state)

Fig. 6 Microhardness of cladded plate

after heat treating

(b) Base plate
90f .,
T
86
< 82
78
-\\-
74

5 4 6 8 10 12
t/h

JEE i P I P L 1 18] A9 742 £k

Fig. 7 The variation of microhardness-time
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Fig. 8 The variation of microhardness-temperature
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Microstructure of the bonding interface in an explosively cladded 2205
duplex stainless steel-16MnR steel combination ”

YU Lan-ying, LUO Hong, ZENG Xian-guang
(Key Laboratory of Material Corrosion and Protection of Sichuan Colleges and Universities ,
College of Materials and Chemistry Engineering » Sichuan Universty of Science and Engineering ,
Zigong 643000, Sichuan, China)

Abstract: The experimental sample with the dimensions of 25 mm X 50 mm was formed with a 4-mm-
thickness 2205 duplex stainless steel (DSS) plate as the flyer base and a 20-mm-thichness 16MnR steel
plate as the base plate by explosive combination. The flyer plate and base plate were treated with dif-
ferent methods, respectively. The bonding interface morphology was observed with a Nikon Epiphot
200 inverted microscope and a Hitachi S-3000N scanning electron microscope (SEM). The whole
bonding interface is made of straight and vortical bond zones and can be divided into melt and plastic
deformation zones. And Energy dispersive spectroscopy analysis displays that the bonding interface
takes on a satisfactory metallurgical bond. The experimental samples were annealed in an electric re-
sistance furnace SX-4-10 and the microhardness was measured by an HV-1000 cleraometer. After the
sample was heat-treated at 850 ‘C for 8 h and cooled until 400 °C, and cooled in air, in the 2205 DSS
plate there was o-phase precipitated in the austenite-ferrite interspace or in ferrite. And after the sam-
ple was heat-treated at 700 °C for 8 h and cooled until 400 °C, and cooled in air, there was not s-phase
observed in the bonding interface. Analysis of heat treatment influences on the microhardness indi-
cates that the microhardness of the base and flyer plates decreases with the increasing of temperature
and time of heat treatment.
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