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Abstract

In this study, the effect of bonding temperature and bonding pressure on deformation and tensile properties
of diffusion bonded joint of STS304 compact heat exchanger was investigated. The diffusion bonds were
prepared at 700, 800 and 900°C for 30, 60 and 90 min in pressure of 3, 5, and 7 MPa under high vacuum
condition. The height deformation of joint decreased and the width deformation of joint increased with
increasing bonding pressure at 900°C. The ratio of non-bonded layer and void observed in the joint decreased

with increasing bonding temperature and bonding pressure.

Three types of the fracture surface were

observed after tensile test. The non-bonded layer was observed in diffusion bonded joint preformed at 700,
the non-bonded layer and void were observed at 800°C. On the other hand, the ductile fracture occurred in
diffusion bonded joint preformed at 900°C. Tensile load of joint bonded at 800C was proportional to
length of bonded layer and tensile load of joint bonded at 900°C was proportional to minimum width of
pattern. The tensile strength of joint was same as base metal.

Key Words :

1. A =

214171 Ao E oquUA] 2 AEA 22 93t
a-sle} /A /EE/AME Y T2 S
~nlES} @7 E B3 gakdle] AS J|A. IT.
A, AR 5o g Role] AWlE
Cé_o—i Llﬂi]—&l]— /\U}-Ei]_ oz %‘B_/\éﬂ 70}5—%‘:]', 0]
o) wal U] SARAe] =g 7 Aklo s oul

AISI 304 stainless steel, Diffusion bonding, Tensile properties, Compact heat exchanger

- HH717}* HH%O] A3 %E%ﬂ =& 7h2E
Hle] aeds Sistelel vl e A8l M F
He 1717} ﬁpﬂrﬂ 1u}1> 42 ogﬁimg 4%

This is an Open-Access arficle distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Welding and Joining, Vol.32 No0.4(2014) pp46-54

http://dx.doi.org/10.5781/JWJ.2014.32.4.46



Ao FAE ATLE 2 AR 9% a7

-
Q
=
o
=
]
ol
=
e
™
ol
[
=)
o
o
i)
i)
il
of
=O£
2,
)
[¢]
ol
R

ip» o
S o
o oy
Eg“'uﬁ
]OHJ;\E&
N
oo 2
N OX
Og:mﬂ_ri%
oﬁﬁm-ﬁoﬁ

flo 1o ofv Ho K 30

>
SN
Hu (g
)
s
il
rO
&
2 RN o
N

1o
rE

rr
ox

2
)
30
%

S

FEEA] Fotoznt o] o
¥ (diffusion bonding) 71&=
Adets At FuF%
o] 7Fedt nAEd dudr)e|
of e HA7IeNE A77F B8si. E=3 STS304
o AAs} AA
sl o
Ae st gy

-
ol -lﬂl
)
0 X
@ rr

)

=
=
o,
2,
it
2
oo i

off !
ol
e
i
£

2N
o]

N
-

tlo rY o
re
-
N
N

el gk Ao, HEge=, FRAZE Wt w
2 2] e g R d8d
o] AABAE AES A} 3t}

B Ao e AEE 2AlE WiAde] 9478k STS304
ARSI L, STS3044A10] F2A42He EEHF
S Edlo] AFelgith. STS3044A419] 3hetxa 9
A4 Table 1o YeRASITE Fig. 1(a)el ek
Z

A3} o] AIAARE Ao W WAo] TYT

-

22 Y3t A=A a5l A &

GAAY. Fd2== 700°C, 800°C, 900°CS
AA17ke 30, 60, 90%, HFUHL 3MPa, 5MPa,
TMPalz WaAZom, A 2971 5 x 107 Torr
o] 3AF E7ldl st

ol rlo mi 1-&1” e o ox
J
i)
i
ok
£
-
o
Ot
=]
=]
X
—
o
Ot
=]
3
=
®
—
[

o o

16.5

|t
e}

16.5

(Unit : mm)

Fig. 1 Schematic diagram of (a) size of etched
plate and (b) 3-layer joint

A
¥

(Unit : mm)

< »
- »|

Fig. 2 Schematic diagram of tensile specimen

A Z2e Anl & HNOs;:HCl = 1:3 ¥]&9
2o A Faletdn, Fedn|d(OM) 2 FARAE
"7 (SEM) o2 #HEaigith A Ee A2 =
2% (Cross—head speed)E Imm/minZ HAIE S
F-ey kit

3.1 HEHY 4 Hatol| o|xl= Hetxzdol gt

Fig. 3% A¢2x Wl ne g dsts vfef
a1 el FAARE HadEE 247 90% TMPaz

e Ao HILx=S 700C(Fig. 3(a, b)),
800°C (Fig. 3(c, d)), 900°C (Fig. 3(e, )= Wa}A]
71 Ay v AXNZRFS Yehd Zolw (b), (d),

2|
[e}
sto] VR Aolth, H3ex=rt 700C, 8001
NMe HIEA HEGG(--A)I Ao T
7B, vk Here eyl 900 ZHAME e d
2 Wz #2EYh Fig. 3(g, hE J8e=71 900T
ol 2o HEgEo] ¥ A4 ey Wz} oy
2 getalr] ¢ste] 900C, 90min, 3MPa AL
Asret AlgHe] AxZA (g) 2 Flg. 3(g)oll M4= &
goj(h)ste] JeRA A ol @ Qe

i)

7
H 9o

tlo

Table 1 Chemical composition and tensile properties of STS304

Chemical composition(wt.%)

Tensile properties

c Si Mn Cr Ni Cu Mo N P S | Y.8(MPa) | T.S(MPa) | El(%)
0.05 | 0.369 | 1.036 | 18.21 | 8.05 | 0.219 | 0.0013{0.0394 | 0.0294 | 0.0033 | 303 676 79.1
RS - BRAEEEE 3248 H498, 20144 8H 385
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Fig. 3 Cross-section of diffusion bonded joints: (a,
b) 700C, 90min, 7MPa, (c, d) 800C, 90min,
TMPa, (e, ) 900C, 90min, 7MPa and (g, h)
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fig. 3(b, d, f, h) showing the initial pattern
outline
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Fig. 6 Optical micrograph(a, c, e) and SEM images
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with bonding temperature; (a, b) 700C, (c, d)
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Fig. 10 Fracture surface of A-type (a) Macro SEM
image of plate side; (b) Al region in (a);
(c) A2 region in (b), (d) A3 region in (b)
and (e) A4 region in (c)
Fig. 9 Macro image of tensile specimens(a, c, e)
and schematic diagram of fracture type(b,
d, ) : (a, b) A-type, (c, d) B-type, (e, f)
C-type
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Table 2 Effect of ratio of bonded layer length and minimum pattern width on tensile load

Fracture Type B-Type C-Type
Bonding temperature(C) 800 900
Holding time(min) 30 60 90 30 60 90
Bonding pressure(MPa) 7 7 3 5 7 7 7 3 5 7
Length of bonded layer, BLL(mm) 0.60 1 0.7810.67|0.72 1094 | 1.14 | 1.32 | 1.14 | 1.23 | 1.42
Minimum width of pattern, MPW(mm) 1.06 [ 1.06 {1.04]1.06]1.05|1.11|1.27|1.08]|1.13]|1.32
BLL/MPW 0.5710.74 1064|068 090 |1.03]1.04]1.06]1.09]1.08
Tensile load(kN) 5.60 | 6.03 | 4.63 | 5.25 | 6.67 | 7.96 | 9.29 | 7.73 | 8.14 | 9.62
Tensile strength(MPa) 654 | 649 | 610 | 672 | 647 | 626 | 638 | 625 | 624 | 634
10 STS3044A19] negRPwr} Frash] Hewst
@ e 900°CZZAe A THle] Wao] WS Aow Ao
‘T N h th Ee APl HhA W Hld BHo] He B
Z .| Awrt AEe] o e gEo] 8a ol e
E o] B Z WPo] Yol Ao BT}
2T o 2) AEARE] A% sPgAelE vlg eIt o]
5. "k £ Hol=rh EAEkA, AEews WAl 37t
=] e nlgPre Zolsh Hol=go| Fhasin) =
1 @ AR} 900°CEAoINE Ak Aol
| P RE 204 vg@ ol A agte
W, A3 2ok A Al Aolwdh Frketeck
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o o ZA9AE VAR ol BEAQ) AR Aol
as re=osy F Uehpe, HEeEst 800°C EAdNE AR A
2 ,;P Aol Bz EEH R MRS V1HeR Hol=g
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SL 900°C ZZe|ME shEle] FelR-Roa sehEglomn
ge AP AYFAGIS 7T
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Fig. 14 Relationship between (a) bonded layer Qo= HAdH] 7kl wabd | Ha Fo]
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f C-t N .
¢ pe MPa)< zrer) 3 Hetd Zol(Length of bonded
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