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Abstract Ni-diamond composite powders with nickel layer of round-top type on the surface of synthetic dia-
mond (140/170 mesh) were prepared by the electroless plating method (EN) with semi-batch reactor. The effects
of nickel concentration, feeding rates of reductant, temperature, reaction time and stirring speeds on the weight
percentage and morphology of deposited Ni, mean particle size and specific surface area of the composite powders
were investigated by Atomic Adsortion Spectrometer, SEM-EDX, PSA and BET. It was found that nucleated Ni-
P islands, acted as catalytic sites for further deposition and grown into these relatively thick layers with nodule-
type on the surface of diamond by a lateral growth mechanism. The weight percentage of Ni in the composite
powder increased with reaction time, feeding rate of reductant and temperature, but decreased with stirring speed.
The weight percentage of Ni in Ni-diamond composite powder was 55% at 150 min., 200 rpm and 70°C.
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Table 1. Physical properties of synthetic diamond.

Mean particle  weight(g)/  Specific surface
Mesh . h 2
size(lm) a unit area(m’/g)
140/170 125.5 2.874x10° 0.28

Table 2. Compositions of Ni electroless plating solutions.
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Fig. 1. SEM image of synthetic diamonds.
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Solutions Compositions Concentrations Remarks
Ni sulfate 50~100 g/l H
A Na acetate 50~100 g/l Confr alled
Acetic acid 1~10 mi/l
B Sodium hypophosphate 500~1000 g/t
Citric acid 50~100 g/!
Senst. SnCl, 100 g/l
ACT. PdCl, " 1.0gl
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Fig. 2. Apparatus for synthesis of Ni-diamond composite
powders.

1. Rotor 2. Power supply 3. Thermometer

4. Clamp 5. Condenser 6. Reaction bath

7. Thermocouple 8. Impeller

9. Heating mantle 10. Feeding pump
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Fig. 3. Effect of temperature on the nickel wt. % in com-

posite powders (100min., 200 rpm, 140/170 mesh, feeding
rate of reductant : 1.0 ml/min.).
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Fig. 4. SEM images of Ni-diamond composite powders on the variation of temperature.
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Fig. 5. Effect of rotating speed(R.P.M.) on the nickel wt. %
in composite powders (100min., 70°C, 140/170 mesh, feed-
ing rate of reductant : 1.0 ml/min.).
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Fig 6. SEM images of Ni-diamond composite powders at 200 and 800 rpm. (140/170 mesh, 70°C, feeding rate of reductant :
1.0 mV/min.).
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Fig. 7. SEM image of diamond surface after 10 minute.
(140/170 mesh, 70°C, feeding rate of reductant : 1.0 mV/
min., 200 rpm).
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Fig. 8. Ni wt % and SEM images in composite powders on the variation of time.(140/170 mesh, 70°C, feeding rate of reduc-

tant : 1.0 ml/min.).
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Fig. 9. Effect of feeding rate of reductant on the change of Ni wt % and SEM images in composite powders. (140/170 mesh,

70°C, 200 rpm)
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Fig. 10. SEM images with the feeding rate of reductant on the variation of reaction time.(140/170 mesh, 70°C, 200 rpm)
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Vol. 11, No. 3, 2004



232 oFE% - 7183 - Hoang Tri Hai - ©)212] - o] - RalA

A YA Holol2t BRRAE £ Az Al
< 33 A g9 22 AES ddid

W=7} 40°Cell A 80°CR. Z713tel] wel B
FELE YA Sheko] oF 10%004 45%2 F71E%
Ot 2o TR EFo] oA LA sheev'}
FAAFH A

2. BT Fol v R ukAIze] wet &
7Fht, MR 200 rpmollA 800 ipme 2. 7}
ol wieh oF 48%olM 3292 FH4aE e

3. tolel2E o] A EFRE 3lAl 944
57t 57Hel ulet o] o] F HoFoR
3733het.

4. BjrEwe] A9 F@dR =277 oF 1350
pm AER =FF A dgke 73Rt °F 10um
A5 A, v ERHL oF 81% F7FHA

28

[ =

1. C. A. Harper: Handbook of ceramics, glasses, and dia-
monds, 1st ed., Mcgraw-Hill, Newyork (2002) 9.1.

2. 1. G. Sheela and M. Pushpavanam: JOM, January,
(2002), 45-47,

3. M. Okumiya, Y. Tsunekawa, T. Saida and R. Ichino:

Journal of Korean Powder Metallurgy Institute

Surface & Coatings Tech., 169 (2003) 112.

4. J. G. Choi: "Private communication'. Iljin Diamond Co.,
Korea.

5. D. Baudrand and J. Bengston: Metal Finishing, Sep..
(1995) 55.

6. G. Wen, Z. X. Guo and C. K. L. Davies: Scrita Meteria-
lia, 43 (2000) 307

7.9343]4), 2007, 20T, el 3 F3hg3t, 32 (1994) 358.

8. 784, <, A« 3= S5 EUE, 10-2003-
0069807.

9. 744, A TR ET, 23, 53 1E, A2 (1996)
60.

10. R. L. Deuis, C. Subramanian, J. M. Yellup, K. N. Straf-
ford and P. Arora, ‘Study of electroless nickel plating of
ceramic particles’, Scripta Metallurgica et Materialia,
33 (1995) 1217.

11. X. Haowen and Z. Bangwei: Materials Processing Tech-
nology, 124 (2002) 8. )

12. C. Lee and T. Chou: Electrochimica Acta, 40 (1995)
965.

13. T. Homma, K. Naito, M. Takai, T. Osaka, Y. Yamazaki
and T. Namikawa: J. Electrochem. Soc., 138 (1991)
1269.

14. J. P. Marton and M. Schlesinger: J. Electrochem. Soc.,
115 (1968) 16.

15. J. W. Severn and Hokke, H. van der Wel and G. J. de
With: J. Electrochem. Soc., 140 (1993) 682.



