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Pressure effects on the microstructure of Be/Cu/HR-I
stainless steel by hot pressing
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Abstract: Be/Cu/HR-1 stainless steel is bonded at 800°C by hot pressing under different pressure. Optical
microscopy, microhardness tester, scanning electron microscopy (SEM), auger electron spectroscopy
(AES) and X-ray diffraction (XRD)were used to study microstructure and elements distribution of the steel
at the bonded area. The relationship of composition and microstructure with pressure is discussed. The
results show that pressure will lead to dynamic recrystallization and diffusion creep, and also has effect on
the width of diffusion bonding zones, sizes of grain and amounts of intermetallic compound at the diffusion
bonding zones. Texture is formed in matrix or at diffusion bonding zones under uniaxial pressure. The
intermetallic compound formed along grain boundary is a main reason for causing breakdown of the bonding
area. By the reducing holding pressure or time, the intermetallic compound can be reduced and the bonding
strength can be improved.

Key words: beryllium;copper; HR-1 stainless steel; pressure; diffusion bonding; microstructure

Wo#s B #:2009-12-15

EE&TH :HK A RR R E TR Y BLETT B A A= 4 %8 B3 H (10076025)

ER BN 2 (1963-) . 55 T POR S W R A 3 DR i o T3 et A 0 OF 0 B o 2 AR T 2 B2 A S b 4 J 1 9 0%
WSS . (E-maiD lihui@ cqu. edu. cn,

http://gks.cqu.edu.cn



84 TR KFFER

33 %

Wit A RH R 2 1) R T B R B AN W o B A 2
7RI R 22 38 FI T ORE A B ol At A R 1Y
Helm . — ST bR AN — LEREBR 1 5 1 RE G 1R 41 R
F 1 3 o A A TR BE 22 3 BB ) e o A ) A
J& 5 VRS AR A I A R AR SR AR T
5 ARMESE BUAT SR B HE . D TR VX B R R
B AR A 3 4 IR AT B R AR R [ P A
XA 4 BRE  R e FEARL L B/ B/
Wee Wee/M Wee/Mee Mas/Ba
SR/ 9 /B AE B S G TR T BOS ST
THFSE L A P S G R Y B e
IR T P38 o2 eV R AE S of < JaR TR o ) 2o 5 )2 4
HGEH o Hor s 7 HO% He i ] Kl B X T il i
R Sk T S W B B 0T R R B L IR % K g
XY HGE He AT RO e L AR TR T T Y
EIRRERA I A Z

BEHA BB/ 5 L5 B L AR LA R T
U S0 AR L B2 B T RE S MR Tolk. 3
LR IE JEIEZE  WEPE R, S MM A E 2, S
AN L T RO AR O R e R ) A
P BEAR T 4k MR AR BORE B/ HR-1 R B T i
HEHAFE RO IR ME . A I - 28 3 R AR o 1 i 3 )2
R ARG F MR BE DA A T T g X 3 4 Sk 1 R
BT WY HOE S Mo H RS 5 R T
KA BT I I =S SR R T O R R AT B/
B/ HR-1 A & 2200 T 20, DAL e 2 %0 153 51
i TR I Sk

1 KM BRTE

1.1 # #

BORE Ay [ 7 P A AR R A AR 1 TR
HR-1 REEH (SS) 2 W R AR BT A 40 2% it & &
NFO017T% HEEAEETRETRME 2 PR, W
FPAP RSN T AL $10 mm X5 mm AL, R IAS 6
B i Sk 1 3 42 T PR BE DO 50 e JE 1Y 21 2 AE
hy e E])E AR HEA T RIS 4

x1 EFAEHEZERORESH
Be Fe Al Ni Cr Mn Pb Mg O

ng/g

4B 1800 780 32 100 130 10 1200 7 500

#2 HRIFTENEETENRESH %
Fe Cr Ni Mo Mn
RE

17. 20 14. 27 2.19 1. 05

1.2 ¥HEERIZ

V5 RS 5 B0 11 1 12 42 ity T AL AR HT BB O, 5
AN B0 R v Sk 1 1 B AT L AR OB 50 pm JR R 4l
)2 5 15 20 HC %5 9 1R Wk A 3L L 7K nfr e O 0k
K&K T SR G 7E Greeble 1500 #4150 HL_F 4 17
PruE . K T2 280% J1 8 :20,30,40,50 MPa;
M 800 C fRIE 2 h JGREN B EEI .
1.3 ¥FHESHHIE

W B B0 2 SRR T b 1 RO A AR R
HEAT H Sk DX AL 053 BT o A0 35 430 6 85 o) T 7 i 1)
QAR 3T DK B A P AT B ke ) iR AT
SRR A R S, D A R B O R A I 1T 1
B, XS R AT SO 2 Sk i 47 R 2 WA 43 #T

2 KEERSOW

(a)40 MPa

(b) 50 MPa

B 1 Ry BERELEMAR

2.1 ABEYHEEAEAXALRKORES
PR R Y BOE 2 5 LUV RUN LEF, 77 20 MPa
F1 30 MPa B IRAEZEY %S H2 X W 2L, R J) 40 MPa
50 MPa Byl AE & 500, 8 1 AL & 0%
X R ZRAL ABC A AGENIX P Ry Pt IX, b &
JIHEIN D-O 2P @ g n . & 2-5 W g S a]
U5 4 AR A VIOREBR 1T 11 4 0 (1AL & T A

http://gks.cqu.edu.cn



%5 & LR A4 /4R /HR-1 RFM M R B EMG YR 85

ARG E 1 5 T = HE AR EE M . o 4
O3 e AN A 1 & A R B A . KA R
IR G 1T

(b) B
B4 40 MPaiX#EHT OR 5

(b) e
B2 20 MPa iR #E B O F 55

B 5 50 MPa it #EH OF R

2.2 THEEBELRRSSH
& 6 & 40 MPa 1 50 MPa ##t & J5 Be. Fe.

- Cr Ni Fl Cu 5 Fl T 2 WSl 17 16 47 B IX 9 4% A 40 H
(b) BEvle B 12% ~ 90% X [A] g 4 55 BE L 40 MPa
330 MPa i # T QR 5 50 MPalk /) F I4 858 B 40 319 120 pm, 140 .,

http://dks.cqu.edu.cn



86 TR KFFER

33 %

9071
80
70f -
601 Be
501
o
&) L
= 40
30+
Cu
20t
10} Ni
: ——Cr . : .
0 20 40 60 80 100 120 140
d/ pm
(a)40 MPa

AC/%

0 20 40 60 80 100 120 140
d/ pm
(b)50 MPa

B6 RHFBESTESH
2.3 FHERRMERER
FHEE 7 TR0 AR AN B -5 4 o () 2 R 5 Ak

(Be/Cu 5 Cu/SS) , {5 BE H 3K A BRAZ L J5 4
[ /22 DX AR v B JEE X

Be/Cu Cu/SS

4501
7
400} 6
3501 Be side HR-1 stainless
300} steel side
> 250
o o]
200+
1 2 L \2
150 *— 3 8 10
Sl 12 13_-* =
100} 4; —

50— . . . . . . . .
-300 -200-100 0 100 200 300 400 500 600
d/ pm

(a)20 MPa

LU Be/Cu Cu/SS
700 - =9
600 | Be side HR-1 :stainless
steel side
500 r
(]
> L
= 400 /\
300+ 8
200f 1 6m
RN losll 12 13 14
T anen ——a——
100} T~
1 1 1 5 1 1 1 1
-400 -300 -200 -100 0 100 200 300 400
d/ pm
(b)40 MPa
L Be/Cu  Cu/SS
700 - 17
600
Be side HR-1 stainless
500 steel side
. 400}
=
300
u8
200
l2345 10 1112 13 14
100} \-—-/'_"6' B
9
-400 =200 0 200 400 600
d/ pm
(¢)50 MPa

B7 AHyBRNERMTEESS

2.4 FREEZRNYEST

F 3B T B ASTM M X 56 B2 {6 . 552 55 0
JE A A TR B Y X IR 2 AT S AR X 5 R (R A T
Je WA By 1 1] 5 R 25 ORI 2 Y XA R AT B A
XFSRBEME I/ 1. 1 8 2K J1°h 50 MPa iR i 8l
TIN5 40 000 7 T ) XSk 2 A7 S A 20

3 i i

3.1 FHEEXMNYHEAR

Kl 8 th 50 MPa #4# He i A W B 4 A0 43 B U
B, 4 08 [ Ab & 9 B TE R 43 A 5 Be-Cu —J0 A &
—3, Be-Cu —JCHI M F 1,800 CF . Be Jfi
OB, BeCu Ml Be, Cu MK 42 1. A 2-5
WBIF 1 TR 55 R 20 A 0 DBE 11 ARG M 8 o Be b 3L B M
i) 4 J@ 8] 1L &%) Be, Cu F1 Be, Fe ¥ fib AL 43 1 s R4

http://gks.cqu.edu.cn



% 5 FOMLF RN/ AR/HRD R R R H R MR a 87
K3 WXHFRITHEEXRE 1/
HKL
HZ W/ pm
100 002 101 102 110 103 200 112 201 004 202 104
0 27 78 100 35 25 65 5 50 24 18 11 27
30 16 47 71 16 11 100 10 94 52 33 23 54
55 7 22 34 8 5 98 8 100 59 33 26 52
75 33 100 93 26 14 44 2 27 16 9 5
ASTM + 28 25 100 11 12 10 2 14 10 2
AR I R 1 70 100 20 14 29 5 22 14 9 7 14
1 000 . 305 T /MR S8 50 MPa i BeCu i
ol o T . BT/ 5L 65— e 46 40 B S,
ol enore | . I 455 SR D A o 7 I RS 23 9
£ o A I A 30— I L5 IRF 3 U K. U 1 3
wol s o] LT LT T e MRREGA KU . B E 40 MPa i
e Lol T MR R B IR R, R4 R 1 )
% TR e TR 10 10 140 AP P AN (USR5 1 194 422 fh 1o AR i 47K
LT e A IR e 7 TR R 8 T A
A O . [R5 I ] ] 4 3
10007 AR RN 4R e SR TR RE
2001 ABeCu 4 Va-Be *BeJFe @Be,Cu 3.3 Eﬁiﬁ%*ﬁﬂll’ﬂﬁ‘]%ﬂ[’ﬁ]
wol & % M 3 BT 26 4R TR R L I 1 9 (103) i
Eald T . (L2 5t T 177 S5 22580 52 00 388 ) 2 DA 12 A 398
1 Llx s 25 33 48 24340 22 #) 55 pum B 3 % 0K B (D)
W e T e 100%. L RIEA (101 1 C002) 6 4R
Oyt g 0 T R o B BT 1 55 o 15
20/) WA (103, 0112) 280, M2 E 75 pm
(b) RGBS AT

8 50 MPa i H i O 5

A0 BT 1 DL G R B BeCu 3 Jif PE 42 8 1Al 1k & 4
Be,Cu il Be, Fe # f A 501 . 42 )@ A1 4k 5 9 AH [A] {4
AR AL I 77 A2 R ) s 3 B 7 4R o i 1) 2R 4
UL S B AG 3k M BB 1) 4 AH AR 2 I M AR K 1Y) o« Be
48 AL 5 % BeCu,Be,Cu il Be,Fe, U15HiE Y
A0 S B) BRI E ) B2 4 D8 TR AR A i TR
TG s B AT INE 7 6 32, DT ] BR 8 8  He ME
3.2 EAMELRKEIREZNT

Hy P& 2-5 W7 I 5 n] DL L 4 b R T R A R G 1 ke
Mo HLARAR A M W7 11 A R KNSR AR ). 78
20 MPa R R B AS G5 430 0 7 101 5L 4k BeCu 1) #f L
WA 3 595 KN bR BT a8 i) L 45 — s 7E
30 MPathf , AN fiy R K K i HL 22 $0H0 2 K &b kL
1E 40 MPa B, @oRi it — 25 KK i HA /9K d kL o

Bf, (103) L (112) B A3 59 58 B 2 28 B T I B (002)
B AH X 3R BE R 100% . (101) (9 A XF 38 B F I+ &=
93% . B ULHS B T [002 222045, 22, i BH 44
R X 45 )25 A L B ) 2 A8 Ak 1Y 3 AR AE B
2 Hs 3 U BE RS2 R Ak ik 5 4 T2 B R 2H SR 43 A1 LA
FOH BB K RENIER R AKX,
3.4 EAXY BRI

ML 6 FAFKE G 5 JCE Ul 78 B 43 A
S5 AT N B R T 1 T mOEE g . (R s A o)
AR HBHAS T Cr Ni G4 0K [ Be 14 1, 18>
T Z R ek 4 )R RS P AR B BHL I T 4 R TRk
4% Beyy Nis Bey, Cr #l NiBe ) 25 75 4 3 4k 4 1 4
B AR TP R . ARIEY HOE IR R )
T G AR A 3 e e T RO o R S A3 7 A 9 A
TE o H 02 il T AR PR R R PRI R B
Ko BT ahFA 502 25 00 0 U5 FH B S b1 RE 32 Fe i
SIVRAE AN TR L A R VA DI &

http://gks.cqu.edu.cn



88 TR K FFER

33 %

A7) & BLZ PR 2 T s A BRTE B A TR
A S LR AT O Bl s 8 BT ) AR 4 e R 1
Bl BRI 25 R SR 2 1 I 46 D5 1]
MR X SR AR R AR . F R e L B O A
BOR . IR A ) R A R A R AR BT
B H. S A T HON F 2 5 R
(B Ao Bl 7 38 4 T 8] A6 5 9 38 sl 5 T
AR O . B A R T R .
3.5 EAxEREELEYR KNI
Be/Cu/HR-1 A 85 40 A T X 35 2 ok i 32 22 5
R I IR B AR Ak AT R E P Y B B A B
o R AR B AR OIS B LA e AT R AR B . TR
O R L BT R YT HGE & 75 5 T AL R
WY 1) 43 T TR K A 1 A I DX 3 4R o A i AR X B i
B . FEEY BT BN Y BOE &
D BEE R 2 BT RGNS . R
THCRSE 43 A7 (&) 7 A 40, 30 MPa b RE ) S (o0 RS 3 04 (i
(423 HV) Ak T 40 MPa #1 50 MPa it #E 1Y 2 fi i
JEWE(E (714 HV) , HAH B2 W (R 0 43 51y 70 (125,
125 pm. s Mr s R UCHE . BEE 5 0 B3 . 97 HOZ
Vi 5 R 4 a8 A) Ak 0y b 0 s o A v A PR K

4 & it

D)4 Ja 18] 46 & W 00 S i i 5 A B8 TE e 4
(] AH 3 BNE ) 4 P AN S JE AR Be/Cu/HR-1
AN Sk TR A B

2) Cu AE 2w (6] JZ B A RO L 1T AN 45 0
F a0 R NiLCr 4 ] SRR B 97 8l 3802 17 e ok o
[B]AH 9 2 B £ T Sk PR RE

3) WA R 7 B3 0 5 B R RO B e
Ko 4w B A& W0 . U 2R 5 5 46 2 4 B
Vi) 8¢ e ARG s 3 o AT 0 M P 6 e T A 5 0 9O i 2
o VERE

4) 7 9/ R 3R 7 A Bl 2500 A8 PR 4G A Ry
IOV 55722t RE B2 47 IO 3% DX R R /N . LAl )
FTIVERR » Jbf sl B 45 X B

CE e ¢

C1] WL, £, ZEF. AR EEAR KN TIMI. 2 ).
JEHT MU Tl H Rk 5 2008 :133-179.

[ 2] KHEDER A R I, AKBAR A A, JUBEH N M.
Diffusion welding of OFHC
stainless steel 316L [ J]. International Journal for the
Joining of Materials,2004,16(4) :97-102.

[ 31 RYBIN V V.GREENBERG B A,ANTONOVA O Vet
al. Examining the bimetallic joint of orthorhombic

( diffusion

copper to austenitic

titanium aluminide and titanium alloy

welding)[J]. Welding Journal,2007,86(7) :205-210.

[ 47 ARIK H,AYDIN M, KURT A. Weldability of Al4C3-
Al composites via diffusion welding technique [ ] .
Materials and Design,2005,26(6) :555-560.

[5]LIUS Y. Joints performance of diffusion bonding
between pure Cu and stainless steel and dynamic
analysis of atomic diffusion [ J]. Transactions of the
China Welding Institution,2009,30(9):101-104.

[ 6 ] KARFOUL M K, TATLOCK G J,. MUNARY R T.
The behavior of iron and aluminium during the diffusion
welding of carbon steel to aluminum [ J]. Journal of
Materials Science,2007,42(14) :5692-5699.

[7] M3, BB IR, 1420 B A &Y BT 2 R

o] 2 bE R X B2 Sk AR Y R ma [T . R A 4R, 2005,
26(10):101-104.
CHENG WEN-HUA, QIN ZHAN-YAN, SHEN YI-FU.
Effect of process parameters interlayer on properties of
1420Al-Li alloy diffusion bonded joint [J]. Transactions of
the China Welding Institution, 2005,26(10):101-104.

[ 8] WANG X S, ZHANG P C, XIAN X B. Interface
characterization of Be/CuCrZr joints by hot isostatic
pressing bonding [ ] ]. Rare Metal
Engineering,2008,37(12) :2161-2164.

[9] TORUN O, CELIKYUREK 1.
strength of diffusion-bonded joint
aluminide Ni75A125 and AISI 316 L stainless steel
using a nickel interlayer [ ] ].
Metallic Materials,2009,47(4) :263-267.

[10] QIN B, SHENG G M, HUANG J W,et al. Application

of nickel nano-particles in the diffusion bonding of

Materials and

Microstructure and

between nickel

Kovove Materialy-

titanium alloy and stainless steel [ J ]. Nuclear Power
Engineering,2004,25(5) :457-462.

C11] B, XU B0 2R R IE. 5. A & 5B A 8Nk 2y

RO FE [T ] IR 422574, 2007, 28(10) : 9-12.
Zhao LI-MIN, Liu LI-MING, XU RONG-ZHENG, et
al. Diffusion bonding of Mg/Al alloy with Zn interlayer
metal[ J ]. Transactions of the China Welding Institution,
2007,28(10) :9-12.

L12] Wi, G Wb, /N E L 55 7K Sl Sk s 9 3R

(] J2 A0 o) 4 3k 1 i 9 3 e R e L) . Al R AR A A
2008,30(5) :152-154.
YANG XIONG, YI SONG-LING ,RAN XIAO-FENG,
et al. Effect of interlayer on properties of vacuum
diffusion welding joint [ J]. Journal of Oil and Gas
Technology,2008,30(5) :152-154.

(18] fla 2. B/ RGN Bk S A5 [D]. |EPS . WK K
27, 2002.

(147 [H K =, P A E. oA SREE LM X%
AL AEET 1B 4 Dol A, 2004,

[15] SCHWARZ S M,KEMPSHALL B W,GIANNUZZI L
A. Effects of diffusion induced recrystallization on
volume diffusion in the copper-nickel system [J]. Acta
Materialia,2003,51 (10) :2765-2766.

[16] SOFFAA W A.LAUGHLINB D E. High strength age
hardening copper-titanium alloys redivivus[J]. Progress
in Materials Science,2004,49 (3/4).347-366.

(4 Z4H)

http://gks.cqu.edu.cn



