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Characteristics of the Powder Type Ag System Insert Metals
Made by Ball Milling Method and Brazed Joints
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Abstract

Powder type Ag system insert metals were manufactured by ball milling process. The variables of milling process
such as milling media, revolution speed and powder/ball weight ratio were constant except the milling time. The
milling times were selected for 24, 48 and 72 hours. The insert metals made by milling process were evaluated by
performing scanning electron microscope, x-ray and DSC(differential scanning calorimetry) analysis, and further in
terms of wettability test. The selected insert metals that have the good characteristics compared to commercial insert
metals were applied to make the brazed joints of the steel/steel and the steel/WC superhard particles. The
characterizations of those brazed joints were also conducted by microstructural observations, shear tensile tests and
microhardness measurements. The results indicated that milling time of 48 hours for making powder type insert metals
was the best condition showing the small amount of oxides residue, low wetting angle and stable microstructure. The
brazed joints that applied the 48 hours milled insert metal were very sound condition indicating the shear tensile value
of 2.29x102 MPa and the microhardness of 138VHN. Further, the amount of the porosity was appeared to be lower
than that of the commercial insert metals.

(Received August 6, 2001)
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Table 1 Chemical compositions of insert metals

Symbol| Ag | Cu | Zn | Cd |Others|Remarks

Manufac-
tured

insert Mix
metals MB-2 |30.0{27.0|23.0|20.0

Commer- | CB-1 [30.0/38.0{32.0 0.15

cial insert )
metals | CB-2 [30.0/27.0{23.0/20.0| 0.15 | ton

MB-1 {30.0{38.0|32.0

Specifca—
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Table 2 Milling conditions for insert metals

Milling receptacle glass bottle (@60mm)

Milling media zirconia ball (@7mm)

Revolution speed 100rpm
Milling time 24.48,72h
Powder/ball weight 1:2
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Fig. 1 Schematics of wettability test specimen and
its thermal cycle
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Fig. 3 Powder shapes of the MB-1 insert metals after milling (a)24h
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Fig. 4 Powder shapes of the MB-1 insert metals
after milling (a) 48h (b) 72h
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Fig 5 X-Ray diffraction patterns of the MB-1 insert
metals (a)24h (b)48h (¢)72h
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Table 3 Solidus/liquidus temperature range of the insert metals measured by DSC
Types of insert Milling Solidus Liquidus ‘ ) i
metals Time(hr) |temperature|temperature 8/L. range Remark
24 failed
MB-1 48 726 819 93
72 738 841 103
Manufactured
24 failed
48 668 773 105
MB-2 ’
72 0673 784 111
CB-1 702 789 87
Commercial CB-2 634 730 96
AWS BAg20 677 766 89
specification | BAg20a 607 710 103
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Table 4 Wetting angles of the insert metals

Types of Milling Wetting
insert metals conditions(hr) Angle
MB-1 24 32
48 24
72 24
Manufactured
MB-2 24 25
48 13
72 16
CB-1 19
Commercial CB2 6
MB-1 MB-2

Fig. 7 Cross section view of the wetting specimen
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Fig. 8 Microstructures of the insert metals
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Fig. 9 Microstructures of the steel/steel brazed joints
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Table 5 Microhardness values of the insert metals

Types of insert Average microhardness
metals values(VHN)
MB-1 138
MB-2 98
CB-1 136
CB-2 102
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Fig. 10 Macrostructures of the WC particles/steel
brazed joint
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Fig. 11 SEM microstructures of the WC particles/
steel brazed joints

53



54

11

2y vdoly PYFES Axde] 1 5YE 34}

A9 S0l /Y 52 A3 B
2/ WOA 2394/8278% A¥eha, 1 4

$E 24l & st oplsl 2 e A9
1) 2Rgd o ARIFS AZA 484
Mol 4eel vag W A $58 243 v
AZ3 e el 2E Uy
o Zlefeke B FHAY S @S
A9 gsich 2443 WAR ANEEE
A gk, T2ARe 2N E AEkE
ofete} Aol A FEHe] Wolxn

DRLL S

=

54

[N}

-~

10.

11.

12.
13.

14.

15.

16.
17.

2t
ror

a1 F

J. Y Kang et. al. : J. of KWS, vol.10, No.2, (1992)
K. Roya : Processes and Materials of Manufacture,
3rd edition, Lindberg. 496-503

G.M Slaugther : Welding J. 58-10 (1979), 17-28
ASM : Welding, Brazing and Soldering. Vol. 6

C.C. Koch, O.B. Cavin, C.G. Mckamey and J.D.

Scabrough Journal of Apply physics, Letter,
Vol.43 (1983)
H. Fleiter : Proceedings of the 2nd Riso

Symposium, Denmark. (1981)

R. B. Schwartz, R. R. perrich and C. K. Saw: J.
Non-Crst. Solids, Vol. 76 (1985), p281

J. S. Benjamin and J. E. Volin : Metall. Trans.,
Vol. 5 (1974), 1929

J. S. Benjamin @ Metal Powder Report, Vol. 45
(1990), 122

Feng Li, K.N. Ishihara and P. H. Shingu :
Trans, 22A, (1991), 2849

H. Okumura, K. N. Ishihara, P.H. Shingu and S.
Nasu: J. Mat. Sci., Vol. 27 (1992). 153

AWS @ Welding Handbook, 8th Ed.

M. Schwartz : Metal Joining Manual. McGraw-Hill,
New York, N. Y..(1979) 565

C. R. Heiple, S.S. Christiansen, D.L. Keller and et
al., : Welding J. 69-9 (1990) pp41-43

Silver Brazing Alloys-Cadmium Containing, Health
and Safty @ The Sheffield Smeting Co. Ltd., Dec
(1980)

M. Schwartz: Brazing, CHAPMAN&HALL, 87-93
V.R. Miller and A.E. Schwanke : Welding Research
Supplement, Vol. 57 Oct., (1978). 303s-310s

Metal

Journal of KWS, Vol. 20, No. 1, February, 2002



