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The individual and combined effects of  antimony and glue on zinc deposition current efficiency and 
polarization and on the morphology and orientation of  6 h zinc deposits electrowon at 500 A m -2 and 
38 ~ C from Kidd Creek zinc electrolyte were determined. Glue increased zinc deposition polarization, 
reduced the deposit grain size, changed the preferred deposit orientation from basal to intermediate, 
but decreased the current efficiency. At concentrations above 0 .02mgl  -I,  ant imony had a strong 
depolarizing effect on zinc deposition resulting in a basal deposit  orientation and very low current 
efficiency. Certain combinations of  antimony and glue, however, optimized zinc deposition current 
efficiency and consistently gave an intermediate (114)  (112)  (103)  (102)  (101)  preferred deposit 
orientation. A correlation was observed between the current efficiency (CE) and the nucleation 
overpotential (NOP) for zinc deposition such that the CE was a maximum when the N O P  of the initial 
cell electrolyte was 120-130 mV and when the N O P  of  the final cell electrolyte was 100-110 mV. 

1. Introduction 

Organic reagents such as animal glue are often added 
to zinc electrolyte at low concentrations ( < 30 mg 1-1 ) 
to produce a smooth, compact zinc deposit. In spite of 
its beneficial levelling effect on the zinc deposit, 
increasing additions of animal glue to purified zinc 
electrolyte usually result in a decrease in the current 
efficiency (CE) for zinc deposition [l, 2]. Glue, how- 
ever, also interacts in a beneficial way with certain 
impurities or additives in the electrolyte; for example, 
antimony, to optimize zinc deposition CE and modify 
the zinc deposit morphology and preferred orientation 
[1-6]- 

Antimony (at concentrations > 0.02mgl -~) has 
long been recognized as one of the most detrimental 
impurities with respect to zinc deposition CE [7-10], 
and its effects have most recently been studied by Ault 
and Frazer [11]. In spite of its detrimental effect on 
CE, a small concentration of antimony is usually 
added to the zinc electrolyte because it is thought 
to reduce zinc deposit adherence to the aluminum 
cathode blank and because of its beneficial interaction 
with glue. 

In addition to optimizing CE and modifying the 
zinc deposit morphology, glue and antimony also 
have a significant effect on the zinc deposition over- 
potential [3, 12]. The addition of glue to the electrolyte 
increases the overpotential; that is, it polarizes zinc 
deposition whereas increasing concentrations of anti- 
mony decrease the overpotential. Balanced additions 

of glue and antimony produce a zinc deposition over- 
potential (nucleation overpotential, NOP) that results 
in an optimum value for the CE [13]. 

In the Kidd Creek zinc tankhouse, current operat- 
ing practice includes the addition of antimony and 
sodium silicate to control the growth of the zinc 
deposit, of Dowfroth, a frothing agent, to form a 
layer of foam on the surface of the electrolyte to 
minimize acid mist formation and of SrCO3 to control 
the level of lead in the zinc deposit. Dowfroth, how- 
ever, in addition to controlling acid mist, also acts 
as a strong polarizer and thus affects zinc deposition 
CE and zinc deposit morphology. Because of its 
strong polarizing effect, which is counteracted to some 
extent by the antimony added to the electrolyte, the 
Dowfroth concentrations must be carefully controlled 
to avoid detrimental effects on the CE and deposit 
quality. Thus, the use of other foaming agents that do 
not strongly affect zinc deposition polarization is 
being considered, The use of non-polarizing foaming 
agents would obviate the close control necessary with 
Dowfroth but probably would require the presence of 
a polarizing additive such as animal glue to control the 
zinc deposit growth. As mentioned above, animal glue 
is a common addition agent in most zinc plants but is 
not presently added to the Kidd Creek electrolyte. 

Thus, the present study was undertaken to assess 
the effects of glue, antimony, and glue + antimony 
on the CE and NOP for zinc deposition and on the 
morphology and orientation of zinc deposits elec- 
trowon from Kidd Creek zinc electrolyte 
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2.  E x p e r i m e n t a l  d e t a i l s  

2.1. Electrolysis cell 

The electrolysis cells were constructed from 5 m m  
thick potycarbonate and had the approximate outside 
dimensions: 8.8 x 8.8 x t0.7cm. A tight fitting 
cover (5 mm polycarbonate) was modified with holes 
to accommodate  a central aluminium cathode, two 
anodes spaced ~ 6 . 3 c m  centre to centre, feed and 
spent electrolyte tubing and a thermometer.  The alu- 
minium cathodes (supplied by Kidd Creek) were 
masked with electroplating tape to give a 2in 2 
(12.9 x 10 -4 m 2) surface area. The cell held approxi- 
mately 400 ml of  electrolyte at 2/3 volume. For  the 6 h 
electrolysis tests, Pt anodes were used to avoid lead 
contamination of the zinc deposits [14]. 

2.2. Electrolyte composition 

Both feed and cell electrolytes were prepared from 
Kidd Creek purified neutral and cold spent solutions. 
The analyses are presented in Table 1. The electrolytes 
were prepared by diluting the as-received purified 
neutral solution with distilled water and reagent grade 
H2SO4. Some tests were also performed using the 
as-received cold spent solution as the cell electrolyte. 
The feed electrolyte contained ~ 100g1-1 Zn and 
~ 1 3 0 g l  ~ H z S O  4. The cell electrolytes contained 
55 g 1- ~ Zn and 200 g t ~ H2 SO4. The rate of  addition 
of feed electrolyte to the cell was adjusted so that the 
cell zinc/acid concentration remained constant 
throughout the electrolysis. 

The various additions (pearl glue and potassium 
antimony tartrate) were also supplied by Kidd Creek. 
These agents were added to both the feed and cell 

Table 1. Analyses of neutral and cold spent solutions received from 
Kidd Creek 

Analyte Neutral solution Cold spent solution Mg} Mn 
Na 
S (gl ~) 
Zn 
H2 SO4 
Ag 
AI 
As 
Sb 
Se 
Sn 
Ba 
Ca 
Cd (mg 1- J ) 
Co 
Cr 
Cu 
Fe 
Ga 
In 
Ni 
Pb 
Si 

2.3- 2.5 2.5- 2.8 
9.7- 10.4 9.5- 10.5 
2.8- 3.0 2.7- 2.9 

I00.7-107.9 105.9-116.9 
186.5-200.6 57.9- 64.0 

- 196.0-208.0 
1 1 

16- 20 28 
<0.01 0.03 
<0.01 <0.01 
<0.05 <0.05 
<0.2 <0.2 

0.6 I 
305-350 309-313 

0.6 <0.1 
0.2 0.3 

<0.1 <0.I 
0.1- 0.3 0.1 

16- 20 15 
<t <1 
<i <1 
<1 <l 

1 1 
225-240 88- 94 

electrolytes at the desired concentrations as aliquots 
from stock solutions containing 1000 mgl  ~ glue and 
30mgl  -1 Sb. 

2.3. Experimental procedure 

The 6 h electrowinning tests were performed four at a 
time using cells immersed in a temperature controlled 
water bath. Feed and spent electrolytes were pumped 
into and out of  the cells by an eight-channel peristaltic 
pump. The flow rate was set to a selected value and the 
composition of  the feed was adjusted to maintain zinc 
and acid balances during electrolysis. The electrolytes 
were analyzed for zinc by atomic absorption spectro- 
photometry and for free H2SO4 by a 1,2-diamino- 
cyclohexanetetraacetic acid (DCTA) modified base 
titration [15]. 

The water bath was controlled at 38 ~ C and current 
was supplied at a constant 500 A m -2 current density 
to the cells by a regulated DC power supply. 

At the end of the electrolysis period, the cathodes 
were pulled from the cells and the zinc deposits were 
rinsed with water, stripped, dried and weighed. The 
current efficiency was calculated from the weight of  
the zinc deposited and the charge passed. A portion of 
the final cell electrolyte was analyzed for Zn and free 
H2SO4, and the remainder was used to determine the 
polarization characteristics using cyclic voltammetry.  

2.4. Deposit examination 

Sections of  the deposits were examined by X-ray 
diffraction (XRD) to determine their preferred orien- 
tation relative to the ASTM standard for zinc powder 
and by scanning electron microscopy (SEM) with a 
secondary electron detector (SED) to determine the 
deposit morphology. 

2.5. Polarization studies 

Cyclic vol tammetry (CV) experiments were conducted 
to determine the polarization characteristics of  zinc 
deposition for both the initial and final cell electrolytes 
for all the tests. The CV tests were executed in dupli- 
cate using 150 ml of  electrolyte at room temperature. 
An aluminium disc cathode (2.8 cm2), a Pt foil anode 
and a mercury/mercurous sulphate reference electrode 
(MSE) were used. The potential was cycled between 
- 1.1 and - 1.7V with respect to MSE at a rate of  
4 mV s 1 using a potentiostat driven by a voltage scan 
generator. The vol tammograms were recorded as i 
against E plots using an X - Y  recorder. 

3.  R e s u l t s  and  d i s c u s s i o n  

3.1. Glue effect 

The effect of  glue additions, 0 -60mgl  -~, on the CE 
for 6h zinc deposits electrowon at 5 0 0 A m  2 and 
38~ is summarized in Table 2 and a plot of  CE 
against glue concentration is shown in Fig. 1. These 
results indicate that the CE decreases with increasing 
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Fig. 1. Plot of current eficiency against glue concentration for 6h 
zinc deposits electrowon at 500Am -2 and 38~ 

glue addition; viz,  from 91% at 0mgl  1 glue to 85.9% 
at 60 mg1-1 glue. The incremental decrease in CE is 
0.09% for each mg 1-1 of added glue. Similar decreases 
in CE were reported by Robinson and O'Keefe [1] for 
glue additions to Cominco electrolyte. 

The morphology of the 6 h zinc deposits electrowon 
from electrolyte containing various glue concentrations 
is shown in a series of SEM photographs, Fig. 2, and 
the deposit orientation results are summarized in 
Table 2. 

In the absence of glue the zinc deposit consisted of 
closely packed nodules of varying grain size, Fig. 2a. 
Higher magnification indicated that these nodules 
consist of hexagonal zinc platelets aligned at low 
angles ( < 30 ~ to the A1 cathode, Fig. 2b. This results 
in a <002), <103) preferred deposit orientation, 
Table 2. 

At 30 mg 1-~ glue, the zinc deposit consists of closely 
packed nodules of reduced grain size compared to the 
glue-free case, cf. Figs 2a and 2c. In this case, the 
hexagonal zinc platelets, Fig. 2d, are aligned at > 30 ~ 
angles to the A1 cathode, resulting in a <114), <103), 
<112), <102), <101) preferred orientation, Table 2. 
At 45mg1-1 glue, a substantial grain refinement 

occurs although a few larger nodules are growing out 
of relief on the surface, Fig. 2e. As indicated in Fig. 2f, 
the hexagonal zinc platelets are now aligned at 30-60 ~ 
angles to the A1 cathode resulting in a <112), <101), 
< 114) preferred orientation, Table 2. Thus, increasing 
glue additions to the electrolyte result in a more com- 
pact, grain refined zinc deposit with zinc platelets 
aligned at intermediate angles to the A1 cathode. 
These results are generally in agreement with those 
obtained by Robinson and O'Keefe [1] who found 
that glue additions to Cominco electrolyte reduced 
the deposit grain size and at high concentrations 
(50mgl ~) caused the rotation of the platelet angle 
relative to the A1 cathode from about 45 ~ to 90 ~ so 
that only the <110) type orientation was present. 

The above results suggest that glue additions to zinc 
electrolyte increase zinc deposition polarization. The 
polarization was measured using cyclic voltammetry 
and a typical CV for addition-free electrolyte is shown 
in Fig. 3a. A scan is initiated at point A, - 1.1 V with 
respect to MSE at a scan rate of 4 mV s -~ . An appre- 
ciable current begins to flow at point B (zinc decom- 
position potential) and the scan is reversed at point C; 
that is when the current is approximately 30 mA. At 
point D, the so-called crossover potential, the current 
is zero. After crossing point D, the current becomes 
anodic and zinc dissolves from the cathode; the anodic 
current reaches a maximum at point E and upon 
return to point A, zinc dissolution is complete. 

The region B-D is termed nucleation overpotentiat 
(NOP) and it is the difference between the crossover 
potential D and the point B at which zinc begins to 
deposit. In the present work the point B was arbitrarily 
chosen to be the value of the potential when a current 
of 2.5mA was reached in the forward scan. 

The addition of glue to the electrolyte resulted in a 
significant change in the CV, most notably in the B-D 
portion (NOP region) of the curve, Fig. 3b. The NOP 
values for initial and final electrolytes were obtained 
for glue additions from 0 to 60mgl -~. These values 
are listed in Table 2 and shown as plots of NOP 
against glue concentration in Fig. 4. These data indi- 

Table 2. The effect qf  glue on ~he current ef~ciency~ ~rientati~n and nucleati~n ~verp~tential ( N ~ P  )f~r 6 h zinc dep~sits eleetr~w~n at 5 ~  A m 2 
and 38 ~ C 

Glue CE Orientation* NOP (m V against MSE)  
(mgl l) (%) 

Initial Final 

0 91.0 002, 103 140 125 
5 90.1 002, 103, 101 130 140 

10 88.8 I03, 112, II4, I02 I55 140 
15 86.8 114, 103, 112, 102 I57 155 
15 91.5 103, 101 150 115 
20 88.3 103, 114, 112, 102 155 145 
20 91.2 - 145 I20 
30 86.8 103, 112, 114, 102 165 155 
30 87.2 114, 103, 112, I02, 101 157 115 
45 86.4 112, 103, 114, 102 170 143 
45 87.8 112, 101, 114 173 150 
60 85.9 114, 112, 103, 201, 101 175 117 

* Relative to ASTM Standard for zinc powder. 
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Fig. 2. SE micrographs showing the morphology of 6 h zinc deposits electrowon at 500A m -2 and 38~ from electrolytes containing: 
(a) and (b) 0, (c) and (d) 30, and (e) and (f) 45 mg 1- l of glue. 

care that there is a gradual proportional increase in 
NOP with glue addition. After 6h of electrolysis, 
however, the NOP remains essentially constant regard- 
less of the glue concentration, Fig. 4. 

3.2. A n t i m o n y  effect  

The effect of  antimony additions (0-0.08mgl  1) o n  
the CE for 6 h zinc deposits electrowon at 500 A m -2 
and 38~ is summarized in Table 3 and a plot of  CE 
against antimony concentration is presented in Fig. 5. 
For Sb > 0.02 mg 1 -~, there is a significant decrease in 
CE; for Sb > 0.06 mg 1 1, the decrease in CE becomes 
disastrous and at 0.08 mg 1-~ Sb, the CE is only 29.0%, 
Table 4. 

The addition of 0.005mgl 1 Sb to the electrolyte 
changed the deposit orientation from (002),  < 103) to 
<114), <112), (103),  (102),  (101)  which persisted 

for Sb concentrations up to 0.02 mg 1 -~, Table 3. This 
is reflected in the deposit morphology, Fig. 6b, which 
shows sharply defined hexagonal zinc platelets aligned 
at intermediate angles to the A1 cathode. The low 
magnification SE micrograph, Fig. 6a, however, 
shows that at 0 .02mgl 1 Sb ,  the deposit surface 
consists of  numerous circular depressions. 

At 0.04 mgl - J  Sb, the circular depressions are more 
developed and appear as large circular holes in the 
surface, suggesting resolution of the deposit, Fig. 6c. 
The hexagonal zinc platelets are now aligned at low 
angles ( <  30 ~ to the A1 cathode, Fig. 6d, and this 
results in a (105),  (103) ,  (114)  deposit orientation, 
Table 3. This trend persists for Sb = 0.06mg1-1 as 
reflected in the low CE, 77.9% and the (105),  (103),  
<114), (102),  <112) preferred orientation, Table 3. 
At 0 .08mgl -~ Sb, the entire center of  the deposit 
redissolved (see Fig. 9). 

Table 3. The effect of antimony on the current efficiency, orientation and nucleation overpotential (NOP) for 6 h zinc deposits eleetrowon at 
500Am 2and38 ~ C 

Sb CE Orientation* NOP (m V against MSE) 
(mgl -I) (%) 

Initial Final 

0 91.0 002, 103 140 125 
0.005 90.8 114, 112, 103, 102, 101 105 150 
0.010 88.7 114, 103, 112, 102, 101 70 125 
0.015 90.4 - 105 120 
0.015 93.3 101,201 85 135 
0.020 86.7 103, 114, 112, 102, 101 65 120 
0.020 90.8 114, 112, 103, 102, 101 60 90 
0.025 85.3 114, 103, 112, 102, 101 65 120 
0.040 85.6 105, 103, 114 50 92 
0.060 77.9 105, 103, 114, 102, 112 60 87 
0.080 29.0 - 55 85 

* Relative to ASTM Standard for zinc powder. 
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A typical CV for Sb-containing electrolyte is shown 
in Fig. 7. As indicated, there is a significant decrease 
in the NOP for zinc deposition, and this reflects the 
strong depolarizing effect of Sb. The NOP values 
obtained for both the initial and final cell electrolytes 
as a function of Sb concentration are listed in Table 3. 
Between 0 and 0.02 mg 1-~ Sb there is a large decrease 
in NOP, but thereafter, it remains fairly constant. The 
NOP values obtained in the presence of Sb in the 
initial cell electrolyte are significantly less than those 
for the final cell electrolyte; that is the reverse of 
the trend observed for the glue systems, Fig. 4. The 
average NOP values were 72 mV with respect to MSE 
for the initial electrolyte and 97 for the final cell 
electrolyte. 

3.3. Antimony + glue effects 

The effect of various antimony 4- glue combinations 
on the CE for 6h zinc deposits electrowon at 
500Am 2 and 38~ is summarized in Table 4 and 
is shown in Fig. 8 as a series of plots of CE against 

Table 4. The effect o f  various antimony-glue combinations on the 
current efficiency of  6 h zinc deposits electrowon at 500 A m 2 and 38 ~ C 

Current efficiency (%)  

Sb (mgl  1) 0 0.02 0.04 0.06 0.08 

Glue (mgl -a ) 
0 91.0 90.8 85.6 77.9 29.0 
5 90.1 92.4 85.5 80.7 68.4 

I0 88.8 92.4 86.9 85.6 75.7 
15 89.2 92.0 88.7 86.8 81.4 
20 89.4 92.2 92.1 87.7 - 
30 86.8 92.0 90.2 88.8 85.8 
40 - - 91.3 88.1 85.4 
45 87.8 92.4 91.0 91.0 90.5 
60 85.9 91.9 90.6 87.5 91.3 

glue concentration for each level of Sb. As the data 
indicate, for each Sb concentration there is an opti- 
mum glue value at which the CE is a maximum. A 
similar trend was reported by Robinson and O'Keefe 
[1] in their study of antimony-glue effects in Cominco 
electrolyte. In the present study it was observed that at 
0.02 mgl ~ Sb, the CE reached a maximum of 92.4% 
with the addition of 5 mg 1- ~ glue, Fig. 8 and Table 4. 
This CE is greater than the average value of 91% 
obtained for the addition-free electrolyte. In fact, at 
0.02mgl ~ Sb, the CE remains >91% for all glue 
concentrations up to 60 mgl 1. 

The preferred deposit orientations obtained for 
all antimony-glue combinations for which the CE 
was a maximum are presented in Table 5. In each 
case the preferred orientation was (114>, (112>, 
(103 >, ( 102>, ( 101 ). This preferred orientation also 
persisted for other antimony-glue combinations close 
to the optimum values. Variations from the preferred 
orientation occurred only when one additive was 
present in excess; for example, at high glue-low anti- 
mony, the preferred orientation was more glue-like; 
i.e. (112), (101). At low glue-high antimony, the 
preferred orientation became more basal; i.e. (103), 
(002>. 

The deposits obtained for some of the antimony + 
glue combinations are shown in Fig. 9. At 0 mg I 1 Sb, 
the deposit surface becomes smoother as the glue 
concentration in the electrolyte is increased; however, 

Table 5. Zinc deposit preferred orientation at optimum antimony- 
glue levels for  6 h zinc deposits electrowon at 500 A m -2 and 38~ 

Sb Glue Orwntation 
(mgl  -I ) (mg1-1 ) 

0.02 5 114, 112, 103, 102, 101 
0.04 20 114, 112, 103, 102, 101 
0.06 45 114, 112, 103, 102, 101 
0.08 60 114, 112, 103, 102, 101 
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Fig. 4. Plots of nucleation overpotentials against glue concentration 
for initial (o) and final ( I )  cell electrolytes. 

at 60mgl -~ glue, fine crystalline nodules form on 
an initially smooth surface. At 0.04mgl 1 S b ,  the 
light circular area at the centre of the deposit indicates 
zinc re-solution; increasing the Sb concentration to 
0.08mgl 1 results in the re-solution of the entire 
centre of the zinc deposit. At 60mgl -~ glue, the 
addition of 0.04mgl -~ Sb removed the secondary 
growth from the surface of the deposit and increased 
the CE; at 0.08 mg 1- ~ Sb, the deposit surface was very 
smooth and the CE was a maximum, Table 4. 
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Fig. 5. Plot of current efficiency against antimony concentration for 
6h zinc deposits electrowon at 500Am -2 and 38~ 

The deposit morphology obained at optimum 
antimony + glue additions; i.e. associated with the 
(114), (112), (103), (102), (101)preferred orien- 
tation, is shown in the SE micrographs in Fig. 10. The 
deposit surface consists of even rows of uniform, 
closely packed nodules, Fig. 10a, which in turn con- 
sists of sharply defined hexagonal zinc platelets aligned 
at intermediate angles to the A1 cathode, Fig. 10b. 

A typical cyclic voltammogram for antimony + 
glue-containing electrolytes is shown in Fig. 11. The 

Fig. 6. SE micrographs showing the morphology of 6h zinc deposits electrowon at 500Am -2 and 38~ from electrolytes containing 
(a) and (b) 0.02 and (c) and (d) 0.04 mg]-I Sb. 
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N O P  values obtained for the initial and final cell 
electrolytes containing various an t imony + glue 
combinat ions  are summarized in Table 6. Both the 
initial and final N O P  values obtained for the various 
an t imony-g lue  combinat ions  were always less than 
those obtained for glue alone, thus indicating the 
depolarizing effect o f  ant imony.  At a fixed ant imony 
concentrat ion,  both the initial and final N O P  values 
increase with increasing glue concentrat ion,  Fig. 12 
and Table 6. For  glue concentrat ions > 10 mg I ~, the 
final N O P  value is always significantly less than the 
initial N O P  value, Fig. 12. 

The CE values obtained for all an t imony-g lue  
combinat ions  were plotted against the corresponding 
initial and final N O P  values and the results are 
presented in Figs 13 and 14. Al though there is some 
scatter in the data  points, these plots indicate that a 
max imum CE occurs at 120-130mV with respect to 
MSE for the initial electrolyte and at 100-110 mV with 
respect to MSE for the final electrolyte. A similar 
C E - N O P  correlation was observed for ant imony-glue 
additions to Cominco  electrolyte [13]. 
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Fig. 9. Photograph showing the surface of 6 h zinc deposits elec- 
trowon at 500 A m -2 and 38 ~ C from electrolytes containing various 
antimony-glue combinations. 

4. Conclusions 

Both the individual and combined effects o f  glue and 
ant imony on zinc deposit ion current efficiency and 
polarization and on the morpho logy  and orientation 
of  6h  deposits electrowon a t  5 0 0 A m  -2 and 38~ 
from Kidd Creek electrolyte were determined. Both 

Fig. 10. SE micrographs showing the morphology of the 6h zinc 
deposit electrowon at 500 A m -2 and 38 ~ C from electrolyte contain- 
ing optimum antimony-glue concentrations. 
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Fig. 12. Plots of nucleation overpotentials against glue concen- 
tration for initial (o) and final (e) cell electrolytes containing 
0.04 mg 1- ~ antimony. 
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Fig. 13. Plot of current efficiency against initial nucleation over- 
potential obtained for electrolytes containing various concentrations 
of antimony and glue. 
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Fig. 14. Plot of current efficiency against final nucleation overpoten- 
tial obtained for electrolytes containing various concentrations of 
antimony and glue. 

glue and antimony decreased zinc deposition CE, and 
Sb was the more detrimental. Glue increased zinc 
deposition polarization, refined the deposit grain size 
and changed the preferred deposit orientation from 
(002) ,  <103) to (112) ,  (101) ,  (114) ;  in other 
words, f rom basal to intermediate. Ant imony,  at 
< 0.02mg1-1,  changed the deposit or ientat ion to 
(114) ,  (112) ,  (103) ,  (102) ,  (101) ;  at higher con- 
centrations Sb was a strong depolarizer and changed 
the preferred deposit orientation to (105) ,  (103) ,  
(114) ;  that  is, basal. At a Sb concentra t ion o f  
0.08 mg 1-1, severe re-solution o f  the 6 h zinc deposit  
occurred. 

Certain combinat ions  o f  an t imony + glue were 
found to optimize the CE and consistently gave a 
(114) ,  (112) ,  (103) ,  (102) ,  (101)  preferred deposit  
orientation. A correlation was also observed between 
the CE and N O P  for zinc deposit ion such that the CE 
was a maximum when the N O P  o f  the initial cell 
electrolyte was 120-130mV with respect to MSE or 
when the N O P  of  the final cell electrolyte was 100- 
110mV with respect to MSE. 
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