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Catdytic Hfect of O~ on Hectrodepogtion of
Binary Zinc Alloys With lron-group Metas

YIN Ren-he” ,FANG Zheng-hua ,CAO Wei-min, A. ZA KARIA ,ZHOU Rong-ming
(Shanghai Univ., Shanghai Bao shan, 200436, China)

Abstract : Zinciron-group meta aloys were deposited under coulostatic (10C. cm” %) at 40

chloride baths. The deposted aloys were quantitatively analyzed by Atomic Absrption Sec-
trometry. The current efficiency , percent content and partia polarization curves were obtained by
the results. The morphology of the depodts was observed by means of Scanning Hectron Mi-
crosoopy (SEM) . We observe that the eectrodeposdtion of zinciron-group meta aloys is one of
the best known examples of anomaous codepostion. We found the cataytic effect of C~ on the
electrodepodtion behavior of iron-group metal. Overpotentid of iron-group meta droped abruptly
at high "~ concentration, while trangtion current densty of Zn increased gradualy.

Key words: Zinciron-group meta aloys,Anomaous codeposition, Cataytic efect , Trans-
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1 Introduction

It is known that the protective vaue of zincispartialy aresult of itsability to form aprotec
tive film when plated on a base metal , such as sted. Although pure zinc coating provides ome de-
gree of protection for the substrate, zinc is consumed rgpidly in a severe corroson environment.
Consequently , we develop zinc adloys, such aszinc nickle!!! zinccobat!? and zinciront®! |, which
provide better protection than pure zinc coating. These aloy systems offer superior corroson re-
sstance and mechanica properties, weldability , paintability and thinner coating. The corroson
red stance of zinc-iron-group aloysis related to the iron-group metal content. Because thereislit-
tle attention being paid on the cataytic effect of CI~ on the eectrodepostion of zinc-iron-group
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metal adloys, we decide to examine the eectrodepostion behavior of zinciror-group meta aloys
from chloride baths.

2 Experimental

The electrodeposdtion of zinc-iror-group metal alloys wasobtained on a copper cathode of 1 x
1cm? under coulostatic (10C. cm™ 2) , galvanostatic and unagitated conditions. Plating baths con
dgted of chloride of each metal (). In Zn-Fe plating bath contained a small amount (1g.17) of
dium citrate to prevent ferric formation. Inluble platinum anode was used for the codepos-
tion. The reference eectrode was Hg/ Hg,SO,4. The current dendty was widely varied from 0. 01
to 200A/ dm® at 40 . The deposited aloys were disolved from the cathode with nitric acid.
Each meta was quantitatively anayzed by Atomic Aborption Sectrometry. The morphology of
the deposts was observed by means of Scanning Electron Microsoopy (SEM) .

3 Results and Discusson

Fig. 1 gives experimenta results showing the efect of current dendty on content of irorr
group meta and cathode current eficiency at pH =3 from chloride baths. The broken linein the
figure indicates the compostion reference line (CRL) , which shows when the weight-percentage
compostion of the alloy just equals the meta-percentage in the bath. In the case in which iron-
group meta content of the aloy lies above the CRL , aloy deposition of norma type occurs, be-
cause the aloys contain a large ratio of more noble iron-group meta to Zn, indicating the prefer-
entia depostion of more noble metal. On the other hand, iron-group metal contents below the
CRL rejpresent anomaous type alloy depostion, in which the preferentia depodtion of less noble
Zn. Infig.1, When O~ concentration increases, region which lies below CRL becomes smal. It
indicates that the preferentia depostion of less noble Zn tends to be hard with increase of -
concentration and iron-group meta content of the aloy in the anomalous codepostion region keeps
high. Fig. 2 showspartia polarization curve of Ni ,Co ,Fe. From partia polarization curve of iron
group metal , overpotentia of iron-group metas drops abruptly at high C~ concentration. Thus
its content of the dloy increases. Figures! and 2 revea the catdytic effect of CI ™ on the electrode
postion of iron-group metals.

Partial polarization curves of Ni, Co and Fe in the lution containing their corregponding
metal ions at different CI~ concentrations, turn to be smilar to those of Ni, Co and Fe in zinc-
iron-group metal dloy deposdtion. Taking Ni as an example to discuss catalytic mechanism of
Cl~ . Equations (1) (3) were explained by Bockris*! mechanism. Equation (2) which produces
(NiOH) a9 (adorbent) is the rate-determined step. Thus, electrochemical polarization carries on
during electrodepostion process. Depodtion of iron-group metal needs large overpotentia and
anomalous codepodtion that preferential depostion of Zn occurs.

Ni®" + H,0 - NiOH* +H" (1)
NiOH* +e — (NiOH) (2)
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Fig.1 HEfect of current dendty on content of iron-
group meta and current eficiency
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While O~ exiged in the solution, Equations(4) (6) described the depostion of Ni report-
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ed by Yashudaet a!®. Equation(5) isthe rate- 100
determined step and (Nidl) i is the adsorbent ,
which makes depostion of Ni easy and Zn corr
tent of the aloy depodtion decreases. We will
get the amilar resultsfrom the experiment of Co
and Fe. Our results correponded to these

—a— (] free

mechani sms discussed above. . )
Fig. 3 shows polarization curves of H, in 0.8 LOE!VEAZ Hg!lASO 1)-6 1.8
the olution without any meta ions. Hydrogen vs- He/Hee 30,

overpotentia rises with increase of CI° concen Fig.3 Partid Polarization Curvesof Hy in the ol
tration , which inhabits hydrogen discharge. Be- tion without any metal ions at Ni dectrode
cause of inhabition of hydrogen discharge, the

pH near the cathode doesn’ t reach acritical valuefor theformation of azinc hydroxidefilm. Thus
depostion of iron-group metal iseasy to be carried out. We can know cataytic effect of Cl~ on the
iron-group metd depogtion indirectly.

Fig. 4(a<c) are typica surface morphologies taken by SEM. With an increase of Cl~ concen-
tration , an extremely compact and homogrneous surface from picture(a) to (c) wasevident. The
interna stress occurred on the surface seen in picture(c) . These photos are in accordance with
Fischer’ s mechanism. Fischer®! reported that with addition of Cl~ , activation energy for crystal-
lization decreased , the grain sze of the deposts compacted and even the interna stressoccurred in
the end. Theinterna stresscaused by the volume contraction and close packing of atoms. Thus
cataytic effect of Cl~ will be seen indirectly from these photos taken by SEM.

I

(a) (b) ()

Fg.4 SEM microgrgphsfor Zn-Ni coating at different G~ concentration
(@) d” free (b) A" =2mol/L (c) A” =6 mol/L

In concluson, at higher current eficiency, alloy depodtion of anomaous type occus.
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Catalytic effect of G~ on depodtion of iron-group metas will be found in our experiments.
Catalytic effect of G~ isdiscussed that in caseof increaseof Cl~ concentration, depodtion of irornr
group meta is much easer to occur.
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