PORTUGALIAE
ELECTROCHIMICA

DOI: 10.4152/pea.200906725 ACTA
ISSN 1647-1571

Portugaliae Electrochimica Acta 2009, 27(6), 72573

Voltammetric Studies on the Role of Additives in Bight Zinc

Electrodeposition from an Alkaline Non-Cyanide Bath

S. Shanmugasigamani,M. Pushpavanant”

! Central Electrochemical Research Institute, Karaiké30 006, TN, India
2A.C. College of Engineering & Technology, Karaiké80 004, TN, India

Received 3 July 2009; accepted 26 October 2009

Abstract

Influence of various carrier additives and brigletemdditives on the voltammetric

behavior of zinc electro deposition from an alkalimon-cyanide bath was studied. Two
different cathodic peaks were observed. Peak | leen attributed to hydrogen

reduction / UPD of zinc and peak Il to reductiortled metal. The extent of polarization
of the zinc deposition to more negative potentald the corresponding peak current
decide the nature of deposits. PVA was found tahge best carrier additive. PVA

chains retain zinc hydroxyl anions and control speed of the rate determining step.
Unsaturated aldehydes bring about 3-dimensionaleation and further increase the
polarization when added with PVA.

Keywords addition agents, alkaline non-cyanide bath, brighic plating, cyclic
voltammetry, potential scan range.

Introduction

Alkaline non-cyanide zinc baths are the outcomthefefforts to produce a non-
toxic cyanide free zinc electrolyte. Formerly, iasvthought that these baths can
produce only dark, spongy or powdery deposits amditian of complexing
agents like EDTA, gluconate, tartrate and triettiamine [1] in relatively large
quantities can improve the deposit quality.

However, this created effluent treatment problenihie modern alkaline non-
cyanide baths make use of organic addition agentsegligible quantities to
produce commercially acceptable bright deposits.

A number of organic additives are reported in therdture, which fall into two
categories — the carrier additive and the brighteBenerally, the carrier additive
would enable grain refinement and the brightenedita® would have a
complementary effect in producing bright depositsSince most of the
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formulations are proprietary in nature, a detaiktddy to explore a viable

combination of the additives becomes essential [2-5

Our earlier communication [3] dealt with the deyetent of a suitable

brightener formulation for an alkaline non-cyanidec bath. A number of

organic compounds have been tested as carrierragttdning additives and the
best composition is reported [3]. In this papee, ¢ffect of these additives on the
voltammetric behavior of zinc deposition from akadihe non-cyanide bath is
reported.

Experimental techniques

An alkaline non-cyanide zinc bath, given in Table laswprepared using
analytical grade reagents. The bath was prepareds&sck solution, purified by
zinc dust treatment, filtered and used for the erpents. Rochelle salt (RS),
nicotinic acid (NA), triethanolamine (TEA), tetréhglene pentammine (TEPA),
polyvinyl alcohol (PVA), and vanillin (VA), were edl as the carrier additives,
and piperonal (PA), veratraldehyde (VER), anisaydieh(ANI), vanillin (VA),
and benzimidazole (BZ) were used as the brightadditives in association with
the best carrier additive identified. Analyticalade additives were prepared as
stock solutions either in water or in ethanol amtleal to the electrolyte in
required amounts.

Table 1 Bath composition used.

Constituents Concentration, g/l
Zinc Oxide 9-12
NaOH 90-120

A conventional H type three necked cell was usedittie cyclic voltammetric
study. A polished mild steel cathode of 0.28cembedded in a Teflon sleeve
was used as the working electrode (WE) with a mplesi counter electrode (CE).
A calomel electrode was used as the reference.

The cell was connected to a potentiostat (Wenk@eymany), a scan generator
(Wenking, Germany), and an X-Yt recorder (Rikadertkermany). Potentials
were scanned between — 1200 mV to — 1700 mV aamste of 10 mV Séc

From the voltammograms, the peak potentials anll peaents corresponding to
the reduction of zinc ions were identified. Sirthe paper deals only with the
cathodic reduction of zinc ions, the cathodic swekfhe voltammogram alone is
represented in Figs. 1-6 and the remaining figstesv the full voltammogram
in order to show the cross over exhibited by therhe reverse sweep.
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Figure 1. Effect of addition of RS as carrier additive ¢w tvoltammetric behavior of
zinc deposition from basic electrolyte. Scan rand®00 mV to — 1700 mV; scan rate
of 10 mV set. Plain zinc % ); Plain zinc + RS 5 g/L3 %:); 10 g/L (- - -).
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Figure 2. Effect of addition of NA as carrier additive dmetvoltammetric behavior of
zinc deposition from basic electrolyte. Conditiass in Fig. 1. Plain zinc¥); plain
zinc+ NAS5 g/L & %4); 10 g/L (-- -).
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Figure 3. Effect of addition TEA as carrier additive on theltammetric behavior of
zinc deposition from basic electrolyte. Conditiass in Fig. 1. Plain zinc¥%); plain
zinc+ TEAS mL/L & %4); 10 mL/L (-- -).
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Figure 4. Effect of addition of TEPA as carrier additive the voltammetric behavior
of zinc deposition from basic electrolyte. Condigaoas in Fig. 1. Plain zin€4); plain
zinc + TEPAS5 mL/L % %4); 10 mL/L (-- -).
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Figure 5. Effect of addition of PVA as carrier additive thre voltammetric behavior of
zinc deposition from basic electrolyte. Conditiassin Fig. 1. Plain zinc%); plain
zinc + PVA 1.5 g/L ¥ %); 2.0 g/L (- -).
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Figure 6. Effect of addition of VA as carrier additive time voltammetric behavior of
zinc deposition from basic electrolyte. Conditiass in Fig. 1. Plain zinc¥%); plain
zinc+ VA 0.5 g/L ¢ %4); 1.0 g/L (- -).
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Results and discussion

The cathodic sweep of the voltammograms generalhybéed two cathodic
peaks, one at around — 1.30 V and the other irpthential range of -1.55 to -
1.60 V versus SCE. The formation of two peaks riespnce of additives has
already been reported [6]. The former could be @ased with incipient
hydrogen reduction followed by zinc UPD.

2H,0 + 26 H, + 20H E=-0.828V (i) and

Zit"+OH +€ ® Zn (OH)ags E,=-0.89V (ii)

Previous studies report that the inhibition of HERydrogen Evolution

Reaction) in the presence of zinc ions in alka[inrd0] and acid [11] baths is
due to the formation of a sub-monolayer of Zn orrdigs substrates. It is
proposed that zinc UPD competes with proton redadtl2-13].

The second is clearly associated with the reduaifadn™ to Zrf corresponding

to the reaction

Zn(OHY* + 2e- Zn + 4 OH = -1.214V (iii)

This peak is followed by increase in current dudydrogen evolution reaction
(HER).

Figs. 1 — 6 show the effect of adding differentriesiradditives viz. RS, NA,
TEA, TEPA, PVA and VA at different concentrations ¢he voltammetric
behavior of zinc deposition. The cathodic sweemsegally show three different
regions corresponding to a) hydrogen reductioreplatat &y, b) zinc reduction
at B, with a distinct peak or a plateau merged with shbsequent HER peak
and c) HER reaction. When the sweep was reversadwn only in Figs.7-11)
an oxidation peak was observed at —1.5 V corregpgrd the dissolution of the
deposited zinc.

Ecp1 Occurs at around -1.3 V and in certain casesgiteniadditive concentrations
slight suppression ingJ; values was observed. This might be due to the
adsorption of additives on the electrode surfacppmassing the hydrogen
reduction reaction. Zinc depositionc(g occurs in the potential range of -1.55 to
-1.6 V depending up on the additive used. The wuitetric data are presented in
Table 2.

In presence of RS, NA, TEA and VA (Figs.1-3 andtBg voltammetric curves
do not show appreciable polarization. In the cas®®, Na and VA the),
values showed an increase with a marginal chand&inwhereaswith TEA,
slight polarization with marginal increase in theag current value is observed.
PVA and TEPA showed shift in the voltammetric cunes well as considerable
reduction in },, values (Table 2) which is more with PVA than witBPA. It is
clear that PVA forms a stronger complex with zimns which can lead to
smooth deposition. Hence, PVA was chosen as thaecaadditive for the
subsequent studies on brightener additives.
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Figure 7. Effect of addition of PIP as brightener additve the cyclic voltammetric
behavior of zinc deposition from basic electrolgtentaining PVA (1.5 g/L). Scan
range — 1200 mV to — 1700 mV; scan rate of 10 md#sBlain zinc + PVA ¥4); plain
zinc + PVA + PIP 1.0 /L34 %); 1.5 g/L (- ).

Zinc deposition from zincate baths without any &ddicould yield only mossy
dark deposits. The following four step reactionhplaas been proposed [14] for
the deposition of zinc from zincate solution:

Zn(OHY> Zn(OH)Y + OH (iv)
Zn(OHy + € ®  Zn(OHY + OH (v)
Zn(OH), ZnOH + OH (vi)
ZnOH + é ®  Zn + OH (vii)

with reaction (v) as the rate determining stepnc&iZi* prefers to exist as a
tetra or hexa-coordinate species, the coordinaté®H);" is more likely to exist
as Zn(OH)(H,0), thus step (v) becomes

Zn(OH)(H0) + e ® Zn(OH)Y + HLO + OH  (viii)

Since the rate of reaction (viii) is faster thaa thte of transport of electro active
species to the site of discharge, powdery non-adiateposits result. Thus, in
order to achieve bright, useful deposits the rateaction (viii) must be reduced.
This can be achieved with organic additives, wlatther modify step (v/viii) or

bring about selective deposition [14-17]. The addg should (a) form a stable
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complex with zinc to delay the above reaction ahyl e reducible with a
moderate polarization to form an acceptable depwosélectrolysis.

Figure 8. Effect of addition of VER as brightener additise the cyclic voltammetric
behavior of zinc deposition from basic electrolg@ntaining PVA. Conditions as in
Fig. 1. Plain zinc + PVA3); plain zinc + PVA + VER 0.4 g/L34 %); 0.6 g/L ¢--- ).

-1.1 ~1.J2 -1?3 -1.‘4 -1Ai5 -1.[6 —1.‘7 -1.|8 -1.9
E (v) Vs SCE

Figure 9. Effect of addition of ANI as brightener additiea the cyclic voltammetric

behavior of zinc deposition from basic electrolgntaining PVA. Conditions as in

Fig. 1. Plain zinc + PVA3); plain zinc + PVA + ANI 0.4 g/L¥a %); 0.6 g/L (- ).
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RS, NA, TEA and VA do not contribute anything tolade reaction (viii) as
indicated by an increase in,d values. PVA shows lowestp} than TEPA,
indicating its better complexing ability. It hasdmeshown in our previous study
[3] that TEPA gives only streaky deposits whichlddoe due to its less efficient
control of reaction (v/viii).

Owing to the polarity of the carbon-oxygen bond,APi¢ present in significant
amounts in the cathode film, forming a weak physEarier that hinders zinc
deposition. It is also possible that PVA replattesH,O present in the complex
Zn(OHXH,0, i.e.,

PVA + Zn(OH}(H:0) ®  PVA—Zn(OHY (ix)

In this way the PVA chains can retain zinc hydroaglons and control the speed
of the rate determining step which would then bezom

PVA - Zn(OH} + € ® PVA + Zn(OH)Y + OH (X)

Assuming reaction (x) as being much slower thanh@gause of the energy
needed to break the PVA complex, would explaingitan refining properties of
PVA [18].

Figure 10. Effect of addition of VA as brightener additiea the cyclic voltammetric
behavior of zinc deposition from basic electrolg@ntaining PVA. Conditions as in
Fig. 1. Plain zinc + PVA3); plain zinc + PVA+ VA 1.0 g/L¥s %); 1.5 g/L ¢--- ).

Figs. 7-11 show the combined effect of brightendditaves at different
concentrations in presence of the carrier addi(R€A) on the voltammetric
behavior. Table 3 shows the CV data obtained mesgmce of carrier and
brightener additives in alkaline zinc electrolyitecould be seen that VA and BZ
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show higher 4,, than that observed in presence of PVA alone. Epldrization
caused by them offsets the effect of PVA in modifyithe nature of deposits.
These additives do not show cross over in the sevecan indicating the absence
of three dimensional nucleation which is requirem producing coherent,
compact deposits unlike the other three brightewtstitives viz. PIP,VER and
ANI.

Figure 11 Effect of addition of BZ as brightener additive the cyclic voltammetric
behavior of zinc deposition from basic electrolgntaining PVA. Conditions as in
Fig. 1. Plain zinc + PVA34); plain zinc + PVA + BZ 10 g/L36 %4); 15 g/L (- ).

With increase in concentration, PIP increases jmaaon of the cathodic
reduction and significantly reduces thg, land does not appreciably change the
Ecp2- ANI shows a higher polarization than the otheo,tas indicated by the
more negative &, value and leastJ, compared to the other two. This is in
agreement with our earlier report saying that ANieg least current efficiency
of all the three aldehydes [3]. VER showed anrm&zliate behavior. Since, PIP
does not appreciably alter thg,EFvalue obtained in presence of PVA alone and
the Ly, values are also higher than those observed wittother two aldehydes,
PIP (1.0 g/L) was selected as the best brightetditiae to work with PVA.

The roll of brightener additives is to further redi the structure by specific
adsorption on the electrode surface increasingottarization and reducing the
peak currents. An increase in polarization is galheobserved in the presence
of additives [19 — 27]. These properties and tlesssover observed, make PIP,
VER and ANI as good brightening additives. Howev&N| and VER show a
reduction in peak currents to a higher extent than with PIP, making the latter
as a better choice as a brightener additive to waitk PVA.
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Table 2. Cyclic voltammetric data for zinc deposition irepence of carrier additives.

Electrolyte Additive conc.| Ecp, lep1 lep2 lep2
g/L Total (Iepz— lep1)
Plain zinc bath - 1.501 3.64 24.45 20.81
Zinc bath + RS 5 155 | 3.64 31 27.36
10 1.55 45 31.5 27.5
Zinc bath + NA 5 1.55 3.5 27.0 235
10 1.55 2.0 25.0 23.0
Zinc bath +TEA 5 mL/L 1.55 3.5 245 21.0
10 mL/L 1.58 2.5 24.0 21.5
Zinc bath +TEPA 5 mL/L 155 | 2.50 21.1 18.6
10 mL/L 1.55 | 1.50 14.4 13
Zinc bath +PVA 1.5 1.55 4.0 14 10
2.0 1.55 3.0 13 10
Zinc bath + VA 0.5 1.58 4 33 29
1.0 1.55 4 27.5 23.5

Table 3. Cyclic voltammetric data for zinc deposition irepence of carrier additive and
brightener additives.

Electrolyte Additive conc. | Ecpo | lep1 lep2 lep2
g/L Total | (Iep2— lepa)
Zinc bath + PVA 15 155 4.0 14 10
1.0 155| 25 | 9.0 65
Bath + PVA+ PIP 15 156| 2.0 | 8.0 6.0
0.4 155| 25| 8.0 55
Bath + PVA + VER 0.6 155| 20| 7.0 5.0
0.4 170| 25| 7.0 45
Bath + PVA + ANI 0.6 170| 20| 5.0 3.0
1.0 155| 3.0 | 18.0 15.0
Bath + PVA + VA 15 155| 2.5 | 20.0 17.5
10.0 156| 25 | 220 195
Bath + PVA + BZ 15.0 155| 2.0 | 145 12,5

Conclusion

The polarization behaviors, the extent of complexatpeak potential and peak
currents and potential cross over etc. observetiancyclic voltammograms of
zinc deposition from an alkaline non-cyanide batlpiesence of various carrier
and brightener additives help understanding thece®f additives in the zincate
bath.
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