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A study on brazing - joint properties of Plasma

electrode for thick plate cutting

Bong-Hoon Park
Department of Metallurgical Engineering, Graduate School

Pukyong National University

Abstract

We got brazing-joint to the Hf and Cu that used to the electrode for thick
plate cutting. Difference of the coefficient of thermal expansion between Hf
and Cu make the brazing-joint unactable in order to improve the defect, we
deposited activity metal Ti on the Hf and that we compared analyzed the
properties of whether Ti is deposited or not Hafnium, Ti coated by RF
magnetron was brazed to Copper in a high vacuum using 72Ag-28Cu wt%
filler metal. The bonding was performed in a vacuum heating furnace under
pressure of 10 Storr with varying the conditions such as temperatures(820°C ~
860C), coating thickness of Ti 3gm. With use of EPMA observation of
microstructure for a bonded interface and analyses for existing element and
phases were carried out to investigate influence of interface products on the
bonding strength.

As a results, When substrate was coated with Ti, cracks were decreased
which occurring at brazing connection by means of the hardness and when
hardness interface was measured, hardness of alloy layer which created on

interface was high. With temperature was going up, thickness of interface



layer and diffusion layer of interface increased at the same time



1. A &

2Qxu A4 del ASE T e Sdze dwrls e dw ol
ulste] o} 2 T A7 ARAAE 2ed FH A GAgd doE F gl
= olhel Qo 1 2E7F A FUHn glon 53 2AAAA gdeldE ol
Ne 4" g o8 A% =Tl

Ae) A7 Fug Tzel BAE AR h2E g EFaze £
Aol A YA znee] FepzuE stas @A =28 Fike] 2nko
2 gtEAe 27 Azd AW BAARCEA AABAE &§, Vs
ol WA AHE Er A3 AHEBS BAL AEEA AARE AtEAe d

gate FA2A 4 =%, Wow FAHC] vk med Fehxeh ofa Wy

ih)

o Aol Ak ol BLE olFFE YT
2 st WUl wAYEL eFeE APRorlME FARYY, AolAP Y,

Beo] gV e HYPriEel ME F&HT AT © glo] e A

ofy
T

A7k vxe 43

o

AR, AEE ¥LE

52
rze FAsE BHe AN A 22 v gl APkl 1 ALgEATL o
o



B AFdAE o d42 /X EARE A2stnd ngHe) ATLE ¥
§ AATET VABEY BA PES S8 1P HIGZ®FH Cu(F
g)e] 12 Baold A 71&d Baed 2Ab AT

Hamond$t David’ 5& Aztgs &9 2dolyd A JEge=g 7

AFSEE Fol71A8 Azt Bl HYr)ES ol&si. 1 dF we &

A
i
o

£9 Z=33l7] 93 WHog o2 Zdo|¥(ion plating), "I EE &3
(magnetron sputtering), ¥ ©o]2¥ B3x ZFA(ion beam assisted deposition)

Sol 0§53 9

@ Hf} Cusl F 249 #H3 AW #xv Bdold A A& AdaH
(filler metal)®] 72 =9} ZA Eofof i},

@ Hfg Cudl AHE Adoe F&A9 A o vA x4 FFAM HIY
220 A% 7| Fol} Fho| UehtA] eFotof i

@ Hf-Cu9 A AddM ngd 2 HfY 1 A=4 4 Cud 83 54



A ABH Aol Aolo] @ AF AR FAVYo AF WrIATe
Foi7t QoluAE ¢ gtk

Jem B ATAE ReAY B4 983 ASel B 2R 4B
234A717] 18l Hiol B34 TiE FHstd Cust mealold Fusge u
o APARG 9B MAE 54 ¥ aPsad



2. o] &4 Hj7A

2-1. Cu¢}t Hf®] 574

i1t
o
K
>
>
oo
p‘g
K
by
_?.(L
rir
il
& i
IN
A,
2y
Ju
1o
)
1l
fru
_{
ri
om
tjo
>
ol
_?L
32
i
offt

2-2. Bgold J¥HA AY/T

2-2-1. B o] A9

vaolge ¥ mAAeld AYFES B3 AUITES FEANA YEsE 2
Moz Awdel Age) HEBNAL HAFHl HAEWA Fe F, olgrel



£ Aoz mA dael N f9He] ol FeiA Bl FAME ANHL
242 $EAA @AY, AARoZE BAH § HAFEAe] RSl
AH AEE A”ANN FFFY A4 T =AY Y 57 ge 2y

r\r

Lo

>
L)
o,
aj
ap

e mART A§PE Ak sl AYFTH $H we} v FAA
gHol 427Coly, JIS 2 FAZFIH7ITUISO)AE 450Told HdsH
A4 452 veoldole s, g4l o o LEF A4T W W

2ee HoHog AT Holu, 5HE &7

s
o}

2 b
9
)
o
o
=
M
At
L
S
3
@)
5;

o)

voly 7lee B 2 A7 BEFH deo] A Fd Vles TAS

T e FF $FAAI, RGNS BFR s, 74377, AR, 4R
& ol 027174 ol Aokt oBRoplA GaHe AT Az

=
=
Qo BaB7HAP 71&2 Hojgleh
5w FHAZA WY BE 59 Ag Bee]q L Cu meolF, F

g Engziy v Al BHold FEF7] AdolA A 2 uj e

okl M 8=

oA Hol o] Fo]X]

ojg} o] BolHel 93t HF 71go]l F53] 7 A

= Ade test 2ok 2AE A 5474 g2 A

fo o2

A AR & Aok 2An AGYE 2840 91, 1B
sz el Azd datel $A9 Agel At 1dn A5t golstuz
g 2R 1e2A AWl $8% & Ak ol ol B AEL Bl
qe Hyow & % sl



2-2-2. A&AARF A=

AEH A =(wetting)

) B
- 5

o] AdlA

PG, daFse Qark 24 oz

S

o2 §F
Zolth. o] Ao oA AdAA EA W] dF &F

E-ey
=

A

3

& ARA Al o) FolHlrh

dolek?. A 7}
Axbe Wre) A

s

of, A FEH EA

B Q42 s 4 X gonE,

A2 "} olZAe] EHAUAZA 2§
T3 (Driving Force)?l FAlol] 4a 340 A

=
=

o o] 79

)

2~ 0
T AR

Q)
=

b, gel A48 BofE

3

jlN

a8y, FdAs T

B
!

ruze]

el

LA

!

=3

—_

;O.._

gl X7t Eakstsl slo 1 ¥

2

(o]
e

22

4=
=

geby 2

g ol gstAu

¥ 4171

2k

i1

1}

|

el

o] &3t Hd, BAE A%

a7F Ao

177} &

2
s

of ola) gow Azrel AFs o] i

o]
o

of ol HH Aol M=

Ar

yj

el

oo

o}
Ar

A

[*)

Aol &§ el Ak 2 F FAF] et

g

m

4r

K

ol

sho] 3

4o @i

o] zol| uwzt



° 'Y Flux
? e o O AEH

o
i
A

o .
 Flux | @ ....’.. NEE

oo
of

24

Fig. 1. Schematic diagrams of brazing process
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Table 1 Chemical composition of Ag filler metal for brazing (JIS Z 3261)

3} s A & (wth) 2 3 oA

o Ag Cu Zn cd igﬁc ) igfdc ) %—e;]t(ﬂg
BAg-1 44.0-46.0 | 140-160 | 140-180 | 23.0-250 | 605 620 620-760
BAg-1A | 49.0-51.0 | 145-165 | 145-185 | 17.0-190 | 625 635 635-760
BAg-2 34.0-360 | 250-27.0 | 19.0-230 | 170-190 | 605 700 700-845
BAg-3 490-510 | 145-165 | 135-175 | 150-170 | 630 690 690-815
BAg-4 39.0-41.0 | 29.0-31.0 | 26.0-30.0 - 670 780 780-900
BAg-5 44.0-460 | 29.0-31.0 | 23.0-27.0 - 665 745 745-845
BAg-6 49.0-51.0 | 33.0-350 | 14.0-180 - 690 775 775-870
BAg-7 55.0-57.0 | 21.0-230 | 15.0-19.0 - 620 630 650-760
BAg-7A | 44.0-460 | 260-280 | 23.0-27.0 - 640 680 680-770
BAg-7B | 33.0-35.0 | 350-37.0 | 25.0-29.0 - 630 730 730-820
BAg-8 71.0-730 |  Bal - - 780 780 780-900
BAg-8A | 71.0-730 | Bal - - 770 770 770-870
BAg-18 | 590-610 | Bal - - 600 720 720-840
BAg-20 | 29.0-31.0 | 37.0-39.0 | 30.0-34.0 - 675 765 765-870
BAg-20A | 24.0-260 | 40.0-42.0 | 33.0-35.0 - 700 800 800-890
BAg-21 | 620-640 | 275-295 - - 690 800 800-900
BAg-24 | 49.0-51.0 | 19.0-21.0 | 26.0-30.0 - 660 705 705-800
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Fig. 2 Comparison of wettabiility of liquid phase on solid phase
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Atomic

Vacancy

Before

Fig. 3 Atomic migration occurs by a mechanism of vacancy

migration.
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Fig. 4 Geometry.of Fick’s first law
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Photo. 3 Ti coated micro structure of joint - part interface
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Photo. 4 Ti non coated microstructure of joint - part interface
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(a) Hf

(c) Ag (d) Ti

Photo. 3. EPMA images, line profile and element mapping in interface of Ti
coated Hf and Cu, brazed with 72Ag28Cu wt% filler metal at 840T
for 20min
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(b) Cu

Photo. 4. EPMA images, line profile and element mapping in interface of Ti non
coated Hf and Cu, brazed with 72Ag-28Cu wt% filler metal at 840T
for 20min
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