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The effect of  fluoride ions on the corrosion of  aluminium in sulphuric acid and zinc electrolyte has 
been investigated through thermodynamic analysis and corrosion experiments. The solution chemistry 
of  aluminium, zinc, and iron in aqueous solution in the absence and in the presence of  fluoride ions 
was studied with the construction of  the Eh-pH diagrams for the A1-F-H20,  Z n - F - H 2 0  and 
F e - F - H 2 0  systems at 25 ~ C. In the presence of  fluoride ions, aluminium can form a series of  
aluminium-fluoride complexes depending on the fluoride concentration and pH whereas zinc and iron 
can form soluble or insoluble metal-fluoride complex species only at relatively high fluoride concen- 
tration and at higher p H  values. Experimental results show that in the presence of  fluoride ions, the 
corrosion of  pure aluminium in sulphuric acid is due to uniform dissolution and the reaction rate 
depends on the fluoride concentration. In zinc electrolyte containing fluoride ions, zinc deposits onto 
the pure aluminium substrate spontaneously and the amount  of  deposited zinc also depends on the 
fluoride concentration. On the other hand, the presence of  iron in the A1-Fe alloy accelerates the 
corrosion of  aluminium in H2 SO4 and zinc electrolyte significantly and prevents the deposition of  zinc 
on the aluminium surface. The effect o f  fluoride ions on zinc adherence to the aluminium is also 
discussed. 

1. Introduction 

In the extraction of zinc by electrowinning, the metal 
is deposited onto aluminium cathodes followed by 
manual or automatic stripping. Therefore, a low and 
uniform adherence of zinc to the aluminium substrate 
is expected. Sometimes the deposited zinc is bound to 
the aluminium substrate so firmly that the removal of 
the zinc becomes very difficult or even impossible. The 
sticking results in metal loss and degrades the plating 
condition upon reuse of the cathodes. 

Although it is clear that the high zinc adherence to 
the aluminium substrate is related to certain strong 
interactions or bonding betweeen the substrate and 
the electrodeposit, there are only a few papers in the 
literature dealing with the problem of zinc adherence 
[1-7]. According to the previous work, the corrosion 
of the aluminium cathode in the zinc electrolyte con- 
taining fluoride ions is the main reason causing the 
sticking. It has been reported that when the concen- 
tration of fluoride ion increases, the stripping of the 
deposited zinc becomes more and more difficult and 
finally impossible after the fluoride concentration 
reaches about 0.01M (~0 .2g l  -l)  [1, 2, 5, 6]. How- 
ever, a systematic investigation of the corrosion or 
dissolution of aluminium in the zinc electrolyte contain- 
ing fluoride ions as well as the relationship between the 
corroded atuminium cathode and zinc adhesion have 
not been carried out. Moreover, most of the previous 
work did not systematically consider surface prepara- 
tion so that the reported effect of surface roughness of 

the aluminium on the zinc adherence is also in question. 
In [8] it appeared that the oxide film of the aluminium 
as well as the precipitates embedded in the aluminium 
matrix play important roles during the zinc nucleation 
process. The increase in the thickness of the oxide film 
with anodizing inhibits the zinc nucleation while the 
reverse effect was noted when the oxide film was 
thinned or removed with fluoride ions. To understand 
the corrosion behaviour of the aluminium substrate in 
the zinc electrolyte and the sticking phenomenon, it is 
necessary to investigate further the electrochemical 
behaviour of aluminium in solutions containing fluoride 
ions. In the present work, the solution chemistry for 
aluminium, zinc and iron has been analysed by means 
of the relevant Eh-pH diagrams which were developed 
with the aid of t~he computer program DIAGRAM [9]. 
In addition, the corrosion of aluminium as well as the 
deposition of zinc on the aluminium substrate have 
been investigated through surface examination. 

2. Thermodynamic data 

The thermodynamic data for aluminium-fluoride, 
zinc-fluoride and iron-fluoride complexes used in this 
work are listed in Table 1. Additional data can be 
found elsewhere [11-12]. 

3. Experimental details 

Analytical grade ZnSO4 ~ 7H20, H2SO 4, and NaF 
from BDH and deionized distilled water were used in 
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Table I. Thermodynamic data for At-F-H20, Zn-F-H20 and Fe-F- 
H20 systems at 25 ~ C 

Reactions log K (I = 0)* References 

H + + F -  = H F  3,17 I0 
A13+ + F -  = A1F 2+ 7.0 10 

A13+ + 2 F -  = A1F + 12.6 10 

A13+ + 3 F -  = A1F3(aq) 16.7 10 

A13+ + 4 F -  = A1Fg 19.1 10 

A13+ + 5 F -  = A1F~ 19,41 10 

A13+ + 6 F -  = A1F~- t9.81 10 

At  3+ -}- 3 F -  = A1F3(s ) 17.7 l l  

Zn  2+ q- F -  = Z n F  + I . I 5  10 

Zn 2+ -- 2 F -  = ZnP2(s  ) 1.5 1I 

Fe 2+ + F -  = F e F  + 0.8 + 10 

Fe 2+ + 2 F -  = FeF2(s ) 4.06 l l  
Fe 3+ + F -  = F e F  2+ 5.181 10 

Fe  3§ + 2 F  = FeF2 ~ 9 .13!  [0 

Fe 3+ + 3 F -  = AIF3(aq)  I1.91 10 

* I = ionic s t rength  
t I =  0.5 
~ t :  1.0 

this work. The zinc electrolyte consisted of 1 M H2804 
and 0.3 M ZnSO4. Superpure aluminium (99.999%) 
and aluminium-iron alloy (0.715% Fe, 0.005% Mg, 
0.004% Cu, 0.006% Mn, 0.040% Si, 0.006% Cr and 
0.004% Zn) sheets supplied by Alcan International 
Ltd. were used. The pure aluminium samples were 
annealed at 310~ for l h while the A1-Fe alloy 
samples were annealed at 400~ for 2h. The alu- 
minium sample was covered by acrylic resin except for 
the working face with a diameter of 1 cm. The connec- 
tion was made with a copper wire through a hole at 
the back of the holder. 

The pure aluminium and A1-Fe alloy samples were 
abraded with emery paper from 200 to 600mesh, 
electropolished in 1 : 4 perchloric acid/ethanol solution 
surrounded with dry CO 2 at 20V for 3-4 min, and 
rinsed with distilled water. 

The corrosion of the aluminium in sulphuric acid 
and zinc electrolyte in the absence and in the presence 
of fluoride ions was carried out by immersion of the 
samples into the related solutions for I h followed by 
surface examination. The zinc electrodeposition was 
conducted in a three-electrode single compartment 
cell. A platinum or graphite electrode was used as the 
counter electrode and the reference was a Ag/AgC1 
microelectrode (Microelectrode, Inc.). An EG & G 
Princeton Model 170 electrochemical system was used 
for the polarization measurements and as a power 
source. The current density used for the zinc electro- 
deposition was 25 mA cm -2 and the process was carried 
out at room temperature. The electrodeposition bath 
was purged with pure N2 before the deposition. 

The SEM and EDS examinations were carried out 
using a JEOL JSM 840 scanning electron microscope. 
A layer of carbon film was deposited on the sample 
surface to prevent charging of the non-conducting 
A 1 2 0  3 film. 
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Fig. 1. E h - p H  d i ag ram for the A i - H 2 0  system; {AI} = 1.0. 

4. Results and discussion 

4.1. Eh-pH Diagrams 

4.1.1. Aluminium. The Eh-pH diagram for the AI-H_,O 
system at 25 ~ C is shown in Fig. 1. In this diagram the 
dashed lines represent the water stability limits. This 
graph is similar to that reported by Pourbaix [13] 
except that boehmite (~-A1OOH or A1203"H20) 
instead of hydragillite (A1203 �9 3H20) is deduced to be 
present using more recent thermodynamic data from 
[12]. 

According to Fig. 1 aluminium is very unstable in 
acidic solutions because the dissolution of aluminium 
can be realized at very tow oxidation potentials. How- 
ever, aluminium is found to be stable in most aqueous 
acidic solutions in the absence of complexing agents. 
This is due to the fact that whenever a fresh aluminium 
surface is created and exposed to either air or water, 
a compact surface of aluminium oxide forms at once 
and grows rapidly up to a thickness of about 5-10 nm. 
As a result, the corrosion resistance is determined 
essentially by the behaviour of  its surface oxide film 
[14, 15]. 

In the presence ofcomplexing ligands, the formation 
of related complex species may have a profound effect 
on the electrochemical behaviour of  atuminium in 
aqueous solutions. Eh-pH diagrams for the A1-F-H20 
system at {A1} = 1.0 (where { } represents activity) 
are presented in Fig. 2. Based on the acid-basic 
association reaction for the H F / F -  couple presented 
in Table 1, when the pH is higher than 3.17, F -  is the 
predominant species in the solution while in acidic 
solution or at a pH < 3.17, HF  is the main complex- 
ing ligand. The effects of fluoride concentration and 
the pH value on the formation of A1-F complexes can 
be clearly observed from Fig. 2. At {F} = 10 -6 
(Fig. 2a), A1F 2+ is formed in the pH region between 2 
and 2.8. When the fluoride acti+vity increases to 10 -4 
(Fig. 2b), soluble A1F 2+ , AIF] and solid A1F 3 are 
formed depending on the pH value. A further increase 
in the fluoride activity to 10 -2 leads to solid A1F 3 
which dominates most of the acidic and neutral regions 
as shown in Fig. 2c. Then when the fluoride activity 
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Fig. 2. Eh-pH diagrams for the A1-F-H20 system; {A1} = 1.0; (a) 

reaches 1.0, A1-F complex anions from A1F4 to AlF~- 
appear in the neutral regions (see Fig. 2d). This means 
that a variety of AI(III) fluoride complexes, which 
range from cationic to anionic species, are formed 
with the increase in the fluoride activity Correspond- 
ingly, the related potentials for the A1F}, 3 ~)+/A1 (n 
ranges from 0 to 6) couple shift to more negative 
values as can be seen from Figs 2a to 2d. 

Eh-pH diagrams for the A1-F-H20 system can be 
used to explain the experimental results on the effect 
of fluoride ions on the dissolution or corrosion of 
aluminium in aqueous solutions [4, 16-25]. According 
to the previous work, the dissolution rate of aluminium 
in hydrofluoric acid is much higher than in hydrochloric 
acid. This is attributed to the fact that aluminium can 
form a series of complex species with fluoride ions 
whereas there is no similar complex formation in 
chloride solutions [16-19]. It is generally considered 
that fluoride ions first react with the oxide film. After 
the oxide film is thinned or removed, direct attack on 
the aluminium matrix can be carried out strongly. 
Moreover, Eh-pH diagrams for the AI-F-H20 system 
indicate that the formation of insoluble A1F 3 is usually 
only possible in the neutral solution region. This has 
been confirmed from the related corrosion experiments 
in neutral solutions through X-ray diffraction analysis 
[20, 21]. On the other hand, considering the presence 
of a high H~ SO4 concentration in zinc electrolyte [120- 
t 60 g 1- ~ ), the formation of insoluble A1F3 seems diffi- 
cult. According to Fig. 2, only At-F complexes with a 
tow coordination number [t-3] are stable in zinc elec- 
trolyte in the fluoride activity range 10-4-10 -2 . The 
corrosion or dissolution of aluminium can then be 
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described by the reaction 

A120~ + (2n)HF + (6 - 2n)H + 

= 2A1F(~ 3-n)+ + 3H20 (1) 

for the oxide film, and the reaction 

A1 + nHF + (3 - n)H + = A1F(,; ~-~)+ + 3H2 

(2) 

for the metal. Zaurin et aL [4] reported that, in the 
presence o f  fluoride ions, the corrosion o f  aluminium 
in zinc electrolyte is proportional to the concentration 
of  sulphuric acid. Based on the above equations, the 
increase in acid concentration favours the decompo- 
sition of  the oxide film and hydrogen evolution. 

4.1.2. Zinc. Eh-pH diagrams for the Zn-H20 and 
Zn-F-H,O systems are shown in Fig. 3 and 4 respec- 
tively. From Fig. 3, it can be seen that in the absence 
of  fluoride ions, both metallic zinc and zinc oxide are 
readily dissolved in acidic solutions. Usually the zinc 
content o f  the leached electrolyte is about t to 2M 
( ~ 60-120 g I- ~ ). In the addition of  fluoride ions, there 
is no formation of  the related Zn-F complexes under 
the given zinc activity until the fluoride activity 
reaches 0.1 when ZnF + is formed in the pH region 
between ~ 3-6 as shown in Fig. 4a. When the fluoride 
activity is 1.0 (see Fig. 4b), soluble ZnF + and insoluble 
ZnF 2 appear in the neutral region but Zn 2+ still 
dominates the low pH region. This means that the 
Zn-F complexes are stable only at high fluoride con- 
centration in the neutral pH region. It was reported 
that the solubility of  ZnF2 in water is low ( ~  27.5 g 1 4) 
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[26] and neutral zinc fluoride solution has been applied 
in the deposition of zinc on the aluminium substrate to 
improve the corrosion resistance [26]. However, in the 
case of zinc electrowinning (acidic solutions), zinc ions 
are not affected by the presence of  fluoride ions in the 
electrolyte as shown in Fig. 4. 

4.1.3. Iron. Iron is one of the most common impurities 
or alloying elements present in commercially used 
aluminium cathodes. The effect of fluoride ions on 
iron can be seen from the Eh-pH diagrams presented 
in Fig. 5. In the absence of F (Fig. 5a), iron can be 
dissolved in acidic solutions to form Fe 2§ and F e  3+ 

ions depending on the oxidation potentials. At low 
fluoride activity, no ferrous- or ferric-fluoride complex 
species can be observed until {F} = 10 2 at which an 
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Fig. 4. Eh-pH diagrams for the Zn-F-H20 system; {Zn} = 1.0; 
(a) {F} = 0.1, (b) {F} = 1,0, 

insoluble FeF2 and soluble FeF 2+ appear (Fig. 5b). 
With the increase of fluoride activity from 10-:: to 1.0 
(Figs 5b to 5d), the stability areas for FeF2 and for the 
Fe(IlI) fluoride complexes from FeF 2+ to FeF3a q 
increase. However, under the conditions of a zinc 
electrolyte, Fe 2+ is the main stable species in the sol- 
ution and as with zinc, the presence of fluoride ions in 
the electrolyte does not affect the behaviour of" iron. 
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Fig. 5. Eh-pH diagrams for the Fe-F-H20 system; {Fe} = 1.0; (a) {F} = 0.0 (b) {F} = 10 -2, (c) {F} = 0.1, (d) {F} = 1.0. 
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4.2. SEM Examination 

4.2.1. Pure aluminium. When the pure aluminium 
samples were immersed in sutphuric acid solution 
containing fluoride ions, hydrogen evolution was 
observed with the bubble density dependent on the 
fluoride concentration. After immersion for I h in the 
related solutions, the sample surface was examined by 
scanning electron microscopy (SEM). 

The SEM photomicrographs for the pure aluminium 
immersed in 1 M sulphuric acid containing different 
fluoride concentrations are shown in Fig. 6. At a F -  
concentration lower than or equal to 10 -t M, no etch- 
ing or dissolution of the aluminium is evident, even in 
1 h of contact (Fig. 6a). The etching or dissolution, 
however, becomes apparent when the fluoride con- 
centration reaches 0.01M as shown in Fig. 6b. 
According to this figure, although some pits 
developed on the surface during the process, the main 
reaction is due to uniform dissolution. When the 
fluoride concentration is 0.l M (see Fig. 6c), similar 
corrosion topography is observed but corrosion is 
more apparent compared to the results in Fig. 6b. 
Moreover, the EDS examination did not detect a 
fluorine peak from the corroded surface. This con- 
firms that there is no formation of solid A1F3 in sul- 
phuric acid solutions as indicated by Fig. 2. Therefore, 
it can be concluded that when the fluoride concen- 
tration in sulphuric acid solution higher than a certain 
level, the corrosion of pure aluminium proceeds 
through uniform dissolution with the formation of 
soluble A1-F complex species. 

Pure aluminium samples were immersed in zinc 
electrolyte ( tM H2SO 4 + 0.3M ZnSO4) in the 
absence or in the presence of fluoride ions for 1 h. The 
results of the surface examination are shown in Fig. 7. 
In the absence of fluoride ion, neither corrosion nor 
zinc deposition can be observed from Fig. 7a. with the 

Fig. 6. SEM micrographs showing of the effect of fluoride ion on the 
corrosion of pure aluminium. The samples were immersed in 1 M 
H2SO 4 solution for 1 hour. (a) 10-3M NaF, (b) 10-2M NaF, 
(c) 0.1 M NaF. x 500 

addition of fluoride ions form 10 3 to 0.1 M (see Figs 
7b to 7d), however, zinc deposits on to the aluminium 
surface spontaneously and the amount of zinc deposited 
increases with the increase in F -  concentration. 
According to Fig. 7, it is clear that such an electroless 
deposition of zinc onto the atuminium can be realized 
only after the oxide film on the aluminium surface is 
decomposed through the formation of the related 
A1-F complexes. Based on the Eh-pH diagrams, the 
potential for the Zn 2+/Zn couple ( -  0.76 V) (Fig. 4) is 
more positive than the A13+/AI potential (<  - 1.5 V) 
(Fig. 5) so that the following redox reaction takes 
place: 

3Zn 2+ + 2A1 = 2A13+ + 3Zn (3) 

Higher fluoride concentration will promote the 
decomposition of the oxide film so that more zinc 
deposits on to the aluminium. 

Electroless deposition of zinc onto the aluminium 
surface has been widely used in practice to improve the 
corrosion resistance of aluminium. In the 'zincating' 
process, however, the oxide film is removed by 
alkaline solutions before the zinc deposition [27, 281. 

In previous work, it was found that zinc nuclea- 
tion on the pure aluminium cathode was greatly 
improved after the cathode was immersed in zinc 
electrolyte containing 0.1 M NaF for 10 rain before the 
electrodeposition [8]. Combining this finding with the 
present work, it is suggested that the effects of the 
fluoride ions are: (1) to create more available zinc 
nucleation sites through the removal of oxide film and 
(2) to allow the later zinc deposition to develop directly 
on the initial spontaneously formed zinc particles. 

4.2.2. Al-Fe alloy. High purity aluminium has the best 
resistance to corrosion because it is less likely to have 
defects in the protective oxide film due to heterogen- 
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Fig. 7. SEM micrographs showing the effect of fluoride ion on zinc deposition on pure aluminium. The samples were immersed in 
1M H2SO 4 + 0.3M ZnSO. I solution for I h. (a) no NaF, (b) 10 -3 M NaF, (c) 10 -2 M NaF, (d) 0.l M NaF. x 200 

cities in the microstructure [29]. However,  commercia l  
a luminum alloys always contain  certain amounts  o f  
impurities or  alloying elements which usually decrease 
the corrosion resistance. In the present work,  the 
observed hydrogen  bubble density on the A1-Fe 
sample surface in the related solutions was much 
greater than on the pure aluminium. 

The SEM pho tomic rographs  for  the A1-Fe alloy 
samples immersed for 1 h in 1 M sulphuric acid sol- 
utions containing different fluoride concentrat ions are 

shown in Fig. 8. In the absence o f  F -  ions, a few smal! 
pits can be observed after immersion for I h. With the 
addit ion o f  fluoride ions, the corrosion becomes more  
and more  obvious  as shown f rom Figs 8b to 8d. When  
F -  concentra t ion reaches 10 -2 M, corrosion is detect- 
able as uni form dissolution and pitting (Fig. 8c). More  
serious corros ion o f  the AI-Fe alloy occurs when the 
fluoride concentra t ion is 0.1 M (Fig. 8d) at  which level 
a porous  surface microstructure develops in contact  
for  1 h. However ,  as in the case o f  pure aluminium, no 

Fig. 8. SEM micrographs showing the effect of fluoride ion on the corrosion of A1-Fe alloy. The samples were immersed in t M H2SO 4 
solution for I h. (a) no NaF, (b) 10 -3 M NaF, (c) 10 2 M NaF, (d) 0.1M NaF. x 500 
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Fig. 9. SEM micrographs sho,Mng the effect of fluoride ion on the corrosion of AI-Fe attoy in zinc electrolyte. The samples were immersed 
in I M H2SO ~ + 0.3 M ZnSQ solutio~ for I h. (a) no NaF, (b) 10 "~ M NaF, (c) 10 2 M NaF, (d) 0.1M NaF. x 500 

fluorine can be detected in the surface by the EDS 
analysis. 

Compared with pure aluminium, the presence of  
iron in the alloy appears to accelerate the Numinium 
corrosion significantly [29-32]. It was reported that 
the electrochemical behaviour of  the atuminium is 
strongly affected by the contained impurities or alloy- 
ing elements [29-30]. In the case of A1-Fe, the tow iron 
solubility produces precipitation of FeA13 [33]. Since 
the formation of an oxide film on the Fe-rich particles 
is difficult, more flaws are introduced in the film and 
the conduction through the surface is much improved 
[8, 34]. According to the Eh-pH diagrams for the 
A1-F-H20 and Fe-F-H20 systems presented in Figs 1 
and 5 respectively, it can be seen that iron is electro- 
chemically more noble than the surrounding alu- 
minium matrix. On the other hand, the hydrogen 
overpotential on the iron is low [35]. As a result, the 
Fe-rich intermetaUic particles Nay a local cathode role 
during the immersion process and the corrosimt of  
aluminimn is accelerated significantly, 

The AI-Fe alloy samples were immersed in zinc 
electrolyte containing different fluoride concentrations 
for 1 h .  The corresponding SEM photomicrographs 
for the surface examination are showa~ in Fig. 9. In 
contrast to the pure aluminium, no zinc deposition is 
observed upon the addition of fluoride ions whereas 
similar corrosion topographs are obtained (F i~  9a-  
9d). Obviously, the corrosion behaviour of the AI-Fe 
in the zinc electrolyte containing fluoride ions is 
almost the same as in the corresponding sulphuric 
acid. The lack of zinc deposition is again attributable 
to the presence of iron particles, According to 
previous solution chemistry analysis, both zinc and 
iron in acid solutions are not affected by the presence 

of fluoride ions. However, since iron is more noble 
than zinc (see Figs 4 and 5), the spontaneous zinc 
deposition on the pm'e atuminium surface is counter- 
acted by the Fe-rich particles present in the A1-Fe 
alloy surface which act as local cathodes causing 
dissolution of the newly formed zinc deposits. 

In previous work, it was reported that the depo- 
sition of a zinc film onto a commercial aluminium 
alloy containing iron can be realized using zinc 
fluoride solution in the neutral region (pH 4-6) [26]. 
According to Fig. 5, this probably results in the 
formation of insoluble FeF2 in the neutral region so 
that the cathodic effect of iron on the zinc deposition 
is eliminated. 

4.2.3. Zinc electrodeposition. As mentioned earlier, 
the strong adherence of zinc to the aluminium cathode 
encountered during zinc etectrowinning is due to the 
presence of fluoride ions. Since sticking can now be 
attributed to oxide removal, zinc electrodeposition on 
a corroded atuminium surface requires further study. 
For this purpose, the At-Fe alloy samples were used 
because their properties are more closely related to the 
cornmerciat atuminimn cathode material. 

The SEM photomicrographs for zinc deposition on 
the uncorroded and corroded At-FE altoy cathodes 
are shown in Figs 10a and 10b respectively. It can be 
seen that for the uncorroded sample (Fig. 10a}, 
although new zinc nuclei (small particles') are formed 
during the process, the crystal growth is mainly 
developed on those initially formed nuclei, As pointed 
out in the authors' previous paper, the A1-Fe inter- 
metallic phase in the oxide film gives rise to available 
zinc nucleation sites so that the initial nucleation may 
start just around these spots [81. After the AI-Fe 
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Fig. t0. SEM micrographs of zinc deposited on etectropolished AI-Fe alloy. The samples were immersed in ~ M H2SO ~ + 0.3 M ZnSO~ 
solution for t h before electrodeposition for t rain. (a) no NaF, (b) I0 -2 M NaF. x t000 

cathode was corroded by immersion in zinc electrolyte 
containing 10 -2 M NaF for 1 h, a different nucleation 
pattern was observed as shown in Fig. 10b. Many fine 
zinc nuclei appear and almost cover the whole electrode 
surface. According to the previous description, the 
corrosion of the Ai-Fe sample in t0 -2 M NaF solution 
includes unitbrm dissolution and pitting. The removal 
of  the oxide film, therefore, results in the entire elec- 
trode surl~ace being available for zinc nucleation so 
that many small nuclei are developed, tt  is deduced 
that the significant increase in the area of contact 
between the zinc and aluminium is an important step 
in promoting strong adhesion of zinc to the aluminium 
substrate. According to the phase diagram, the sol- 
ubility of zinc in atuminium is large at room tempera- 
ture [33] so that a strong interaction is present between 
the deposited zinc and the aluminium substrate if an 
oxide interfacial layer is absent. Therefore, the role of  
fluoride ions during zinc etectrowinning is closely 
related to the removal of the oxide film from the 
atuminium surface [/, 2, 36]. The degree of this 
removal manifests itself as the propensity for sticking. 

Zinc electrodeposition for 5 min on the precorroded 
cathode is shown in Fig. 11. Due to the porous micro- 
structure caused by severe corrosion in this medium 
(Fig, 9d), the zinc deposition and growth follow the 
corrosion topograph as shown in Fig. t la. Higher 
magnification reveals that the growth layer is formed 

with hexagonal ptatelets which are hearty paralte! to 
the etched substrate surface, Similar results were 
observed in previous stripping experiments where it 
was Ibund that, in tow adherence zones, zinc deposits 
show some needle-like crystals and platelets perpen- 
dicular to the substrate, whereas in high adherence 
zones the growth layer is parallel to the sabstrate [6]. 

5. Conclusions 

The effect of  fluoride ions on the corrosion of  alu- 
minium in H2SO4 and zinc electrolyte as welt as on the 
adherence of zinc to the aluminium substrate can be 
summarized as follows: 

1. In the presence of  fluoride ions, a series of A1-F 
complex species can be formed depending on the 
fluoride concentration and pH. 

2. In acid solutions and zinc electrolyte, the 
presence of  fluoride ions does not affect the chemical 
behaviour of  zinc and iron. 

3. Corrosion of pure aluminium in H~SO4 solutimt 
containing fluoride ions gives rise to uniform dissol- 
ution with the reaction rate depending on the ttuoride 
concentration. 

4. In zinc electrolyte containing fluoride ions, zinc 
deposits onto the pure atuminium spontaneously after 
the oxide film has been removed by the fluoride ions. 

5. The corrosion behaviour of  Al-Fe alloy in H 2 S O  4 

Fig, ! 1. SEM micrographs of zinc deposited on Ai-Fe aIIoy. The samples were immersed in 0.! M NaF + I M H2SO, ~ + 0.3M ZnSO 4 
solution for 1 h before eleetrodeposition for 5 rain. (a) x 2500, (b) • 8000. 
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solutions and in zinc electrolyte containing fluoride 
ions is similar. The presence of iron precipitates 
increases the corrosion rate significantly and prevents 
the spontaneous deposition of zinc onto the aluminium 
surface by counteractive anodic dissolution process. 

6. The high adherence of  electrodeposited zinc to 
the aluminium substrate is due mainly to the removal 
of the oxide film by fluoride ions so that the deposited 
zinc is in direct contact with aluminium to produce a 
strong bond at the interface. 
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