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An electrolyte for the high-rate plating ofaluminium from the tetrahydrofuran solutions ofaluminium 
chloride and lithium aluminium hydride has been developed. A smooth and coherent deposit of 
aluminium has been obtained at the current density of 18 A dm -2 without stirring, whereas the 
conventional diethyl ether solvent bath a/lows good plating up to 5 A dm -2 under the same con- 
dition. The current densities applicable are increased with an increase in the molar fraction of 
aluminium chloride in tetrahydrofuran. The conductivity of the plating solution was measured at 
various molar ratios of aluminium chloride to lithium aluminium hydride. A plateau region of the 
conductivity curve plotted against the molar ratio is consistent with the composition of the plating 
bath giving a good plating. The plateau region is enlarged with an increase in total aluminium 
concentration. 

1. Introduction 

The electrodeposition of aluminium from organ- 
ic electrolyte systems has received considerable 
attention. Commercial applications of aluminium 
electrodeposition have been tried by using the 
NBS bath [1]. Diethyl ether, anhydrous alu- 
minium chloride and lithium aluminium hydride 
are the components in the NBS bath. Schmidt 
and his co-workers [2] at General Electric 
electroformed 76 cm diameter parabolic mirrors. 
The NBS bath was used to electroform solar 
mirrors by the workers [3] at Electro-Optical 
Systems, and also used to clad uranium fuel 
elements by Battelle Memorial Institute [4]. 
High surface area electrodeposited aluminium 
for electrolytic capacitors was obtained by 
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Sprague Electric [5]. Volatility of ethyl ether and 
limited life were among the disadvantages of the 
NBS bath [6]. In order to eliminate the above 
disadvantages, a method was described for 
electrodepositing aluminium from tetrahydro- 
furan [7] or tetrahydrofuran-benzene mixed 
solution [8] of aluminium chloride and lithium 
aluminium hydride. The workers [9] at Nisshin 
Steel Co. scaled up the tetrahydrofuran-benzene 
process to a pilot plant in which they electro- 
deposited aluminium on alloy steel for inte- 
grated circuits. In a working plant, deposition of 
aluminium is carried out continuously by using 
a flow system. 

High-rate plating is desirable from an indus- 
trial viewpoint. Holland [10] developed the 
bath containing formamide-nitrobenzene-ben- 
zoyl chloride solutions of aluminium chloride 
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and operated at 300-325 A if-z, although it was 
reported that the bath is extremely difficult to 
operate [1]. Murphy and Dumas [12] claimed 
the deposition of bright, adherent aluminium 
from solutions of aluminium chloride and an 
amine dissolved in ether, and operated at 
20-120 A f t  -2. Generally, an electrolysis under 
high current densities is possible from the solu- 
tions of a low melting point eutectic. Beach and 
his co-workers [6] developed the Etmac bath 
composed of aluminium chloride-aluminium 
dichlorohydride-2-ethoxyethyl trimethylammo- 
nium chloride-diethyl ether complex, and Hisano 
and his co-workers [13] aluminium bromide-N.N 
dimethyl aniline complex. These baths operated 
at 15.6 and greater than 30 A dm -2, respectively. 

The present paper describes a hydride type 
tetrahydrofuran solvent bath in view of high 
current densities available. Since aluminium 
chloride is one of the constituents of the bath, 
it was thought advisable to investigate the 
behaviour of baths containing higher concentra- 
tions of aluminium. Increasing the aluminium 
chloride content in the bath allowed a satisfactory 
deposit up to a current density of 18 A din-2. 

2. Experimental 

2.1. Preparation of the bath 

The plating solution was prepared by adding a 
tetrahydrofuran solution of lithium aluminium 
hydride to a saturated solution of aluminium 
chloride in the presence of excess undissolved 
aluminium chloride powder. Undissolved alu- 
minium chloride is smoothly dissolved by the 
addition of lithium aluminium hydride solution. 
A tetrahydrofuran solution of lithium aluminium 
hydride was obtained by refluxing for 5-8 h. A 
considerable amount of undissolved residue was 
removed by filtration. The addition ofaluminium 
chloride to tetrahydrofuran must be made 
carefully, otherwise foaming and decomposition 
of the solvent occurs which affect the con- 
ductivity of the plating solution. Cooling by dry 
ice-acetone is necessary. The freshly prepared 
solution of aluminium chloride is colourless, and 
then turns to light yellow with increasing 
temperature. Addition of hydride solution to the 

aluminium chloride solution was made at 
0 to - 20~ 

2.2. Solubility measurements 

The solubility of aluminium chloride is in- 
creased, when the solution is coloured by the 
violent reaction between aluminium chloride and 
tetrahydrofuran. Therefore, benzene (20 vol %)- 
tetrahydrofuran mixed solvent was used as a 
solvent. A slight excess of aluminium chloride 
was put in a benzene solution, and then tetra- 
hydrofuran was added slowly with cooling. The 
solubility of aluminium compounds at the 
various concentrations of lithium aluminium 
hydride was determined by the analysis of 
aluminium in a supernatant portion of the 
solution after the separation of undissolved 
aluminium chloride. 

2.3. Conductivity measurements 

The conductivity of the plating solution con- 
taining a high concentration of aluminium gives 
various values whether the aluminium chloride 
solution used is colourless or not, in addition to 
its time dependency. Accordingly, the conduct- 
ivity measurements were carried out on freshly 
prepared solutions each time the molar ratio of 
the solutes was varied, and the measurements 
were made just after preparation. 

3. Results and discussion 

3.1. Increase in the solubility of aluminium chloride 
by addition of lithium aluminium hydride 

Aluminium chloride dissolves in pure tetrahydro- 
furan up to the concentration of 0.8 tool 1-1 at 
20.0~ The solubility is higher than 0.8 mol I-1 
when the solution is coloured by the violent 
dissolution reaction. It has been said that the 
plating solution is best prepared by making 
separate, ethereal solutions of aluminium chlor- 
ide and of lithium aluminium hydride, and 
mixing them [14]. The aluminium content of the 
plating solution prepared by the mixing method 
is, however, lower than that of the NBS bath 
using diethyl ether as solvent. 



Fig. 2. Appearance  of  a lumin ium deposits  (1.5 x 2.0) cm 2 f rom tetra- 
hyd ro fu ran  solut ion of  1.17 mol  1-1 A1CIa_0.23 mol  1- t  LiA1H4 
(a) c.d. = 1 0 A d m  -2 (b) c.d. = 1 5 A d m  -a  
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As shown in Fig. 1, the solubility of aluminium 
chloride is increased by the small addition of 
lithium aluminium hydride. The curve shows 
that two or three moles of aluminium chloride, 
supposedly, react with one mole of lithium 
aluminium hydride to form soluble mixed 
hydrides. But at concentrations of lithium 
aluminium hydride greater than 0.3 tool 1 - 5, the 
measurements cannot be made because of the 
presence of a viscous layer. 
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Fig. 1. Effect of  addi t ion of  l i th ium a lumin ium hy- 
dride on the solubili ty o f  a l u m i n i u m  chloride in tetra- 
hydrofuran (80 vol ~)-benzene (20 vol ~)  mixed 
solution at 20~ 

3.2. Electrodeposition of aluminium at high 
current densities 

A current density less than 5 A dm-2 tends to 
give a smooth aluminium deposit from the 
conventional tetrahydrofuran bath [7, 8], as well 
as from the NBS bath. As the current density is 
increased, the deposits tend to become nodular, 
and at current densities greater than 10 A dm -z 
dendritic growth becomes rapid. Table 1 shows 
the current density ranges applicable. At a molar 
ratio of A1Cla/LiA1H 4 equal to 2, current den- 
sities less than 5 A dm -2 may be used. By further 

Table 1. Effect o f  the bath composition and current density 
on eleetroplating 

Molar ratio Current density, A dm -2 
[A1CI3]/[LiAIH4] 1 3 5 8 10 13 15 18 

1 o o []  []  
2 o o o A [ ]  [ ]  
3 o o o o o o IN [] 
5 O 0 O 0 0 O O O 

[AICla]+[LiA1H4] --- 1'50 mol  1-~,  t e t rahydrofuran  
�9 silver-white coherent  deposit ;  A silver-white deposit  
with dendrites at edges;  [] black deposit. 

increasing the aluminium chloride concentration 
in the bath under the condition of constant total 
aluminium content, the applicable current 
density range is greatly enlarged. Smooth metallic 
deposits were obtained at 18 A dm -2 from the 
high molar ratio ( >  5) bath. Use of stirring made 
an electrolysis using more than 30 A dm -2, 
possible. Most electrolyses were carried out at 
40-50~ because of the ohmic heating of the 
baths. The appearance of the deposited alu- 
minium obtained after 10 rain of electrolysis is 
seen in Fig. 2. The deposits shown in Fig. 2 were 
obtained from a solution containing the mini- 
mum amount of aluminium chloride for a high 
current density operation. The use of a higher 
aluminium chloride concentration, for example 
1.50 mol 1-1 A1C13 and 0.23 tool 1.2 LiA1H4, 
made the deposit glossy. 

The composition of the high-rate plating bath 
is as follows: 

LiAIH 4 at least 0.2 tool 1-1 
A1CI3/LiA1H 4 over 5 

solvent tetrahydrofuran 

Higher current density electrolyses are possible, 
the higher the concentration of the total alu- 
minium and the higher the molar ratio of alu- 
minium chloride to lithium aluminium hydride. 
However, it is difficult to prepare a bath solution 
containing more aluminium chloride than 2.5 
tool 1- 2. 

According to Brenner [15], many addition 
agents have been added to the bath in an attempt 
to obtain thick deposits. From a tetrahydrofuran 
solvent bath, thick deposits were easily obtained 
without addition agents by controlling the bath 
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composition. For example, deposited aluminium 
of 2-3 mm thickness on average and about 5 mm 
at edges, was obtained from the bath of molar 
ratio 3, whereas it was difficult to deposit 
aluminium of 1 mm thickness from molar ratio 1 
baths under a constant concentration of alu- 
minium of 1.30 mol 1-1. The bath containing 
the higher concentration of aluminium chloride 
is desirable to obtain a good deposit ofaluminium 
on substrates with complicated shapes. 

3.3. Specific conductivity of the bath 
Fig. 3 shows the conductivity of the bath at 
various molar ratios of aluminium chloride to 
lithium aluminium hydride. The conductivity 
curves exhibit a plateau, in which range good 
deposits are obtained, The plateau is enlarged by 
increasing the total aluminium concentration. 

Since the conductivity varies with time, the 
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Fig. 3. Specific conductivity of a tetrahydrofuran 
(tetrahydrofuran-benzene mixed) solution of alu- 
minium chloride and lithium aluminium hydride as a 
function of the molar ratio of aluminium chloride to 
lithium aluminium hydride at 20~ 
(�9 [AIC13]+ [LiAIH4] = 1"25 mol 1-1, tetrahydro- 
furan. 
(tD) 1-00 mol 1- t, tetrahydrofuran (55 vol ~/o)- 
benzene. 
(o) 0-80 tool 1 - t, tetrahydrofuran. 

conductivity is measured just-after the prepara- 
tion, and the coloured aluminium chloride 
solution is not used for the conductivity measure- 
ments. However, the electroplating bath pre- 
pared from coloured aluminium chloride solu- 
tion and lithium aluminium :hydride solution has 
a larger conductivity, about 1.5 times, than that 
of the bath made from colourless aluminium 
chloride solution, and has no plateau range in 
the conductivity curve. Use of slightly coloured 
solution may be profitable because of its high 
conductivity. 

3.4. Complex species in the bath 

The aluminium dissolved from the anode does 
not deposit at the cathode from the NBS bath 
[15]. Life tests of the tetrahydrofuran solvent 
bath showed, however, that operations were not 
limited to consuming only the initial aluminium 
content. For example, 10.8 g of deposited 
aluminium were obtained from 170 ml of the 
bath consisting of tetrahydrofuran solutions of 
0.95 tool 1-1 A1C13 and 0.30 tool 1-1 LiA1H4, 
and further electrolysis was possible. The amount 
of aluminium deposited was about 2.5 times that 
of the aluminium chloride used in the preparation 
of the bath. 

The solution prepared from various molar 
ratios of aluminium chloride to lithium alu- 
minium hydride contain the following chemical 
species [16]: 

A1C13 ~ A1HC12 ~-,-~-AIH2 C1 
Li + A1HC13- ~-~Li + A1HzC12 - ~ L i  + A1H4- 

LiC1 

and the principal current-carrying ions are 
Li+A1HC13 - and Li+A1HzC12 - in tetrahydro- 
furan. Lithium chloride is insoluble in diethyl 
ether which is the solvent of the NBS bath, 
although it is dissolved in tetrahydrofuran up to 
1.5 mol 1-1 at 25~ Accordingly, the main 
species at the higher molar ratio than 3 are 
A1C13, A1HC12 and Li+A1HC13 - in diethyl 
ether, and A1C13, A1HCI/, LiCI and Li + A1HC13 - 
in tetrahydrofuran, respectively. Furthermore, 
in diethyl ether solution the species Li + A1HzClz- 
cannot exist at the lower molar ratio than 3 
because of the formation of lithium chloride 
precipitate. The absence of Li+A1HzC12 - and 
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LiC1 species seems to explain  the different 

anodic  dissolut ion behav iour  o f  A1 in the te t ra-  

hydro fu ran  and  NBS baths.  The exact  na ture  o f  
the species present  in the p la t ing solut ion is 
complex.  Aggregates  such as t r iplet  could  be 
fo rmed  in the  solut ions conta in ing  large con- 
cent ra t ions  o f  a luminium,  LizA1HC13 +, Li- 

(A1HC13)2-, LizA1H2CI~-, Li(A1HzCl2)z.  
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