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An Investigation of Preferred Orientation and Microhardness of

Nickel —Tin and Tin—Zinc Alloy Electrodeposits on Mild Steel
Deog —Su Ahn, Su-Il1 Pyun

Department of Materials Science,Korea Advanced Institute of Science

ABSTRACT

The effects of various electrodeposition conditions (deposition temperature and cathode current density)
on preferred orientation and microhardness of electrodeposited Ni-Sn and Sn-Zn alloys were studied. At
deposition temperatures from 25° to 95°C and constant cathode current density of 270 and 530 A/m?
Ni-Sn and Sn-Zn were codeposited in chloride-fluoride acid and stannate-cyanide alkaline electrolyte bath
respectively.

Ni-Sn alloy deposited at temperatures from 25° to 35°C was composed of single phase of NizSng with 73
wt.% Sn and the one deposited at temperatures from 45° to 95°C was made of multiphase mixture of NiSn,
Ni3Sn, and Ni;Sn4 with nearly equiatomic composition (65.5 wt.% Sn). The random orientation of thermody-
namically metastable NiSn phase (hexagonal structure) predominated at deposition temperature range 25°%
45°C, and the strong (110) preferred orientation was found at 65°-85°C and then disappeared again at 95°C.
The microhardness of Ni-Sn deposits increased with deposifion temperature up to 85°C, and then decreased at
constant cathode current density. The preferred orientation and the maximum microhardness were discussed
in terms of lattice contractile stress which results from desorption of hydrogen atom absorbed in deposit
lattice.

The Sn content of Sn-Zn alloy deposits increased with deposition temperature up to 75°C, and *hen decreas-
ed at constant cathode current density of 530 A/m2. It also decreased with cathode current density up
to 530 A/m?, and then increased at constant deposition temperature of 25°C. Sn-Zn alloy deposits were
composed of two-phase mixture of -Sn and Zn. The preferred orientations of §-Sn (tetragonal'structure)
changed with deposition temperature. The microhardness of Sn-Zn deposits decreased with deposition tem-
perature. It also increased with cathode current density up to 530 A/m2, and then decreased at constant de-

position temperature of 23"¢.. The microhardness of Sn-Zn deposits was observed to be determinded more by
the Sn content than by the preferred orientation.
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Table 1, X~ray diffraction data and te-
xture coefficient on NiSn phase
{(hexagonal siructurejof Ni~Sn
alloy deposited at temperatures
of 65° and 75T, and constant ¢
athode current density of 530

A /b
I/Im I/Im texture
hki| 24 Xdeposit| (powder |coefficient
ASTM)
161 {30.60 4 80 0.17
002 {34,35 4] i0 0,00
102 {43.30 i2 100 0,41
110 {44.60 100 100 3.42

{a) X 100

Photo, 1. Optical micrograph of Ni-Sn
alloy surface deposited at
cathode current density of
530 /% and

( 120 Yol ®Astal 24 Sudzgrs
Bbl R ook F (1120) we oF 869 (4 o
o A g e Tl gt (1i20)9y S
A NG F o WYL ) o FAYYBo] L4 ap
T Bolm gek B4 F4WEE dede
A4 2L o F P54 a4 wed
ek ol e PAMEE Ubgde AxiEe
o 10#me $YR ulbe] XAsyude 2
2 Addpgpel TR MG R w RN NiSn
Axk ob% o 8o NiySn, 9 NizSng o g4
A2 Heogod S AU, 95°C of 4l4= NiSn
e g A6 Fe] ehdx] wgteh

EFHF UL 270 Anlel A Sel4 ane
Sl R FAuM e B 530 A ml A9
Hestge F 25°-35C9 "4 4
go] jehdal edgtem 65°~385C 9 g4

{b} X 100

(a} deposition tempersture of
75 T(X 100}

(b} deposition temperature of
95 C (X 100)
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Fig, 4, Vickers hardness of Ni—-Sn alloy
deposited at constant cathode cur-
rent density of 270 Ay’ vs depo-
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Table 2. X-ray diffraction data and tex-
ture cofficient on f-Sn phase
(tetragonal structure)of Sn—-Zn
alloy deposited at constant cur-
rent density of 530 A m2and

(a) deposition temperature of 25C

1/Im I/Im texture

hkl| 26 |(deposit)) (powder |cofficient
ASTM)

200 [30.66 65 100 0,69
101 (32.30 100 90 1,18
220 {43.90 19 34 0,59
211 |44.90 19 74 0,27
301 |55.35 18 17 1,13
112 (62.60 55 23 2,54
400 |63.85 11 13 0.90
321 164.65 13 20 0,69

(b) deposition temperature of 75°C

I/lm I/Im texture

hkl| 29 i(deposit)| ( powder |coefficient
ASTM)

200 {30 .66 100 100 1.45
101 |32,30 22 90 0,35
220 [43.90 o | 34 0.00
211 |44_90 18 74 0.35
301 /55,35 35 17 2.99
112 (62,60 16 23 1,00
400 {63 .85 0 13 0,00
321 [64.65 0 20 0.00
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