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Introduction

Recently we developed an alkaline
electrodeposition process to deposit good qualityNe
Cd deposits with high Ni and Zn conteft§ he resultant
Zn-Ni-Cd deposits have excellent corrosion and ibarr
properties. In this work, we compare the corrosiom
hydrogen permeation inhibition properties of Zn@-
deposits obtained using the alkaline process witkNZ
and Cd deposits obtained using commercial eledicoly
baths. The permeation and Kkinetic parameters for
hydrogen permeation such as the absorption-adearpti
constant, the recombination reaction constant, the
modified exchange current density and hydrogenaserf
coverage were determined using the Igtel.° model or
its modified model. The mechanism of preventing
hydrogen permeation for each coating will be coragar
and explained using the kinetic parameters obtalmed
fitting data to the models.
Experimental

Zn-Ni-Cd, Zn-Ni and Cd thin films were
electrodeposited on low-carbon steel foils witlckiiess
of 0.lmm and area of 3ém Zn-Ni-Cd was
electrodeposited from the alkaline sulfate bathettyed
by us at USC? zZn-Ni and Cd depositions were carried
out using a commercial bath obtained from SIECThe
other side of the steel membrane was electrodegbsit
with the thin layer (0.15~0.2m) of palladium to avoid
corrosion reactions on steel. The rate of hydrogen
permeation through the membranes was measured
continuously as a function of time using the Dethaa-
Stachurski permeation céfl.This cell-setup consists of
two working compartments, cathodic and anodic
chamber, and the membrane is placed between two
chambers. The anodic compartment was filled wigtivD.
of NaOH solution and potential was kept at —0.3V vs
Hg/HgO reference electrode until the backgrounderr
was reduced to belowp®/cm® Then, the cathodic
compartment was filled with a supporting electrelyt
containing 0.5M Ng50, and 0.5M HBO; buffer solution
with pH=7. Nitrogen was purged on both sides tgiou
out the experiment in order to remove dissolvedgexy
from the electrolytes. The membrane on the cathsidie
of the cell was polarized potentiostatically, chegt
conditions for hydrogen evolution. Hydrogen genedat
on the cathodic side permeates through the memlanzshe
gets oxidized on the anodic surface of the membraéhe
steady state currents associated with anodic (iome
current) and cathodic (charging current) reactiorse
monitored continuously with changing the overpdsnt
of hydrogen evolution reaction at the cathode side.
Results and Discussion

Fig. 1 shows the hydrogen permeation current of
the Cd deposited steel membrane as a function ef th
applied cathodic potential. The cathodic side oé th
membrane was polarized in the negative direction to
provide conditions for hydrogen evolution. Hydrogbat
comes out of the anodic side is oxidized poteraitisilly
in order to obtain the permeation current. Afteapgiing
the potential a few times, the applied potentialswa
switched off, and the decay curve was recordechdJsie

same process, the permeation current and hydrogen
evolution current of the Zn-Ni and Zn-Ni-Cd coated
membranes were measured for each values of theedppl
overpotential.

In order to gain better understanding about the
permeation inhibition properties of different cogs, it is
important to evaluate the various kinetics paramete
governing hydrogen permeation. As can be seenén th
table 1, Zn-Ni coated steel shows the highest
recombination constant {k High recombination constant
is beneficial in preventing the hydrogen permeation
However, it has a high value of modified exchange

current densityj('), explaining the preference of hydrogen

evolution reaction when compared to those of ZrcCHi-
and Cd coated steel. The adsorption-absorption

coefficient, K, was the largest for Cd coated steel
followed by Zn-Ni and Zn-Ni-Cd. Therefore, the poss
effect of the decrease in the hydrogen evolutiattien

of Cd is diminished by the increased adsorption-
absorption rate constant and the decreased recatitrin
rate constant. With addition of Cd into the Zn-Mie Zn
content in the alloy is suppressed and the comosio
potential shifts to positive values (-0.62V vs. SEEThis
causes the observed decrease in the exchange tcurren
density resulting in a slower discharge kinetics of
hydrogen evolution. Also, there is a large increiasthe

value of recombination rate constar,, for Zn-Ni-Cd

alloy when compared to Cd and plain steel. ThusNEn

Cd possesses excellent sacrificial protection ptagse

and also inhibits the hydrogen permeation through t
substrate.
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Table 1 The kinetic parameters characterizing the
hydrogen evolution and permeation through various
coatings

Deposit (wt%) lo k 3 K
(Acm? (molcm®)  (mol cni®s?)
Zn-Ni-Cd 7 6 6
(s0/28/22) 917107 11210 0.38<10
Zn-Ni (86/14) 6.30x10° 2.10x10° 5.73x10°
Cd 6.22%10° 7.310° 1.66x10°
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Fig. 1 The hydrogen permeation transients through C
deposited iron membrane as a function of time for
different applied cathodic potentials



