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Abstract

A method to quantitatively analyze the defects formed by the hydrogen evolution during electroplating
was suggested based on the theoretical approach of the small angle neutron scattering technique. In case of
trivalent chrome layers, an isolated defect size due to the hydrogen evolution was about 40 nm. Direct and pulse
plating conditions gave the average defect size of about 4.9 and 4.5 wm with rod or calabash shape, respectively.
Current density change of the pulse plating from 1.5 A/dm*to 2.0 A/dm* enlarged the average defect size
from 3.3 to 7.8 um. The defect morphology like rod or calabash was originated by inter-connecting the
isolated defects. Small angle neutron scattering was useful to quantitatively evaluate defect morphology of

the deposit.

Keywords : Electroplating, Trivalent chrome, Small angle neutfron scattering, Defects, Non-desfructive analy-

sis method
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Fig. 1. Photos of hydrogen gas evolution with time at
the tip of platinum electrode during trivalent chromium
plating in a modified sulfate solution at 25°C, 0.4 A/
cm?, 9V : (left-right) 0, 14.70, 20.02 sec.

Fig. 2. Cross sectional view of the microstructure of the
hexavalent chrome layers electroplated in a modified
Surgent bath at 0.4 A/lcm?, 9V, 20 minutes observed by
: (a) optical microscopy (b) scanning electron micro-
scopy.
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Table 1. Form factor with scattering medium shape
(P(Q))

i 2
sphere radius (Rp) {3 sin(QRp)—ORpcos( QRP)}

3
ORp

2 Jl _ TI(ZQRP)}
(OR)’ OR»

disc radius (Rp)

25(QL) sin*(QL/2)
oL OL/2

rod length (L)
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Fig. 3. Initial surface (left) and the cross sectional view
(middle) and surface of the chrome layers after 4-hours
neutral salt fog spray test rust.
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100 \ & |R1-DCO1 100 W R4-2.0A-07
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Fig. 4. Small angle neutron spectra of the trivalen
chrome layers with different pulse shape and batt
condition : (a) 1R1-DC-01 : direct current (b) 1R3-1.5A-
04 : pulse, 1.5A, in first cycle (c) 1R4-1.5A-04 : pulse
1.5A, in 4-th cycle.
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Fig. 5. Small angle neutron spectra of the ftrivalent
chrome layers with pulse voltage: (a) R4-2.0A-07 :
pulse, 2A, 7-th cycle (b) R4-2.0A-08 : pulse, 2A, 8-th
cycle (c) R4-2.0A-07 : pulse, 2A, 9-th cycle with
additional solution.
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Table 2. Quantitative analysis of the defects of trivalent chrome layers by Porod plot

sample # L Kp o §}D2 . SV Radius Diameter
[107 x em™A™] [1072 x A™] [10° x cm™] [um] [um]
R1-DC-01 3.46737 9.10 6.07 4.9 9.9
R3-1.5A-04 5.12861 9.10 8.98 33 6.7
R4-1.5A-04 3.80189 9.10 6.66 4.5 9.0
R4-2.0A-07 3.38844 9.10 5.93 5.1 10.1
R4-2.0A-08 2.18776 9.10 3.83 7.8 15.7
R4-2.0A-09 3.71535 9.10 6.50 4.6 9.2
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Fig. 6. Cross sectional view of a trivalent chrome layel
observed by field emission scanning electron micro-
scopy.
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