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Dissolution mechanism of solid nickel in liquid zinc

KONG Gang, LU Jin-tang, XU Qiao~yu
(School of Materials Science and Engineering,

South China University of Technology, Guangzhou 510640, China)

Abstract: The dissolution behavior of solid nickel in static liquid zinc was studied and a natural convection model
considering intermetallic compound layers formation was established to determine the rate-determining step of disso-
lution rate of solid nickel in liquid zinc. The results show that the dissolution process is governed by a mixed control
mechanism involving diffusion of nickel atom in NrZn alloy layers and the chemical reaction between solid nickel and
liquid zinc at 450 'C. At above 550 C, the dissolution rates are controlled by diffusion of nickel atom across a con-
centration boundary layer in liquid zine, and the dissolution process seems to be accelerated as Y phase peeled off at

650 C.
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Fig. 1 Variation of reacted nickel
diameter as function of reaction time in

liquid zinc under different temperatures
(BP —Bottom part; MP —Middle part)
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Table 1 Values of physical properties

Density in

Diffusion

Saturated ; ; Density of Density of Density Viscosity of coefficient
- . Density of Ni, . melt saturated o .
I'emperature/ concentration 0/ 6 phase, Y phase, in melt, nickel liquid zine, of nickel
(& of Niin melt, K .S =3 Ps/ P/ B/ pl // d 3% in melt,
wsl % (kg*m™) e m 3 (kgem ) (kg mY) o moyy  (Nosom™?) D/
( g m ) (mZ o g l)
450 0.32 8 900 7 060 7 800 6522 6528 3.42%x 1073 1.82x 1077
550 1.49 8900 7 060 7 800 6428 6 455 2.64x 1073 2.90x 107 °
650 3.83 8 900 7 060 7 800 6333 6 404 2.16x 1073 3.86x 107 °
Reference [ 7] [ 8] [9] [10] [7, 11] [7, 12] [ 13] [ 14]
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Table 2 Buoyancy coefficient ( AP for
dissolution of Ni in liquid Zn

Temperature/ 'C AP
450 9.20x 10*
550 4.20x% 10°
650 1. 12x 10?
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Fig. 3 Schematic illustration of nickel
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Table 3 Dissolution rate contant( k4) and mass transfer coefficient( kn)

of solid nickel into liquid zinc at different temperatures

= (dr/dt t dy/de ke km
O C  ts r/Hm x/Bm  y/Hm (nfn ./Sd,)l; (ildnfli)/‘) (imf/ S,)/l) (o ,I/S,l) (nm,/s,l)
180 0.495 2 10. 10 4.31 2150
300 0.492 3 7.75 3.03 2230
600 0.488 4 5.44 .88 2310
450 5.85 5700
1200 0.479 11 6 3.82 116 2370
1800 0.466 14 6 311 0.88 2400
3600 0.447 24 8 2.18 0.55 2440
180 0.477 4 2 2.90 5.96 12100
300 0.468 5 3 0.70 4.62 12100
550 600 0.409 8 4 133.0 8.27 3.27 12200 12300
1200 0.343 15 6 5.51 1.89 12300
1800 0.258 25 10 4.26 1.33 12 500
60 0.467 3 7.20 23.80 38 200
180 0.385 9 5 42.10 14. 40 38 500
650 829.0 20 200
300 0.328 14 6 36. 40 11.40 38 700
600 0252 27 10 30.00 8.26 39200
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