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x���RY� ��!�x 1 mol/L NaOH*H��, 3∼5 min T�w�dlm&� 2:1:2 k;a�RaLPakeOa�L DY8�Tw[PQ�,
1∼2 min�> P.TEu�,f��kx�H��Tp��*s��J[�[ 20%k;aL*�T[+q
℄;~�a'mm� 1 cm2�wda��, 1∼2 min TxPQ����>\P.T�dx�H��x���s��.CJ�x��ZT�b7����J�dPQ��� 10 min T[�S\H�.!�> P.LC��x��TTp�Jk;�u�Y�8k�J�WÆ2QybJTpxU'^�C� 41.532 g k 99%[bmim]Cl�1- |j -3- ~j12\;
d.{k079
��80 ���3.{ 5 h T�u,`��U,TH����s�&
[bmim]Cl:AlCl3=1:2 C��\ AlCl3 k�J 62.692
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η% =

3 × F × nAl

i × t
× 100%L�, F ��;t<[�nAl ��mYks�J�_�� mol�^x��TTps�7�J}�abÆi��Jd�� 0.1 mg k��o�77i�i �x�V,xU�_� A�t �x�D��_� s�

3 XN�kb
3.1 wQI4Fq.v&Dk AlCl3 ,Dk?)Hl-D [8] .v

n < 1.0 : AlCl3 + (1 + x )RCl →

AlCl−4 + (1 + x )R+ + xCl− (1)

n = 1.0 : AlCl3 + RCl → AlCl−4 + R+ (2)

n > 1.0 : AlCl3 + RCl → AlCl−4 + R+

AlCl3 + AlCl−4 → Al2Cl−7 (3)�� n � AlCl3 falW^;�RCl
ks�&�
Al2Cl−7 OxY3O7z�K2Q��^l�XkFYk?)

4Al2Cl−7 + 3e → Al + 7AlCl−4 (4)

AlCl−4 ���DY�X
4AlCl−4 → 2Al2Cl−7 + Cl2 ↑ +2e− (5)SU AlCl3 f [bmim]Cl ?)Hlks�&Dt[�{^lD Al k Al2Cl−7 k?)t�:Qs�& 2:1 k AlCl3-[bmim]Cl ?)Hl0�x�H�xjV7\"���-K���L Lv�L�Ws�Tp*mkZ �x 1.0∼3.0 V 	�[ 100

mV/s 2n`���.vV7\2n [8]�y 1 �
(45±2) ���s�& 2:1 k AlCl3-[bmim]Cl ?)Hl��QRY��4&xpL$"xp�s��50xp�[Y350� CHI660a 7ik7\"�y�2�kKV7\y�2.J��2x�� 0.037 V�2n�!�*2�Cp� 0.52 V Nk��X's�jl7�mYk*��: Al xCp*��XL+��

Al − 3e + 7AlCl−4 → 4Al2Cl−7 (6)

Tp�� -0.34 V N�XK2^l��̂ dxs�&� 2:1 ka/ AlCl3-[bmim]Cl ?)Hl��Y?)!FQ Al2Cl−7 k,LXx����rr?D
AlCl−4 ?)�:U7\"�y7k -0.34 V Nk^l�� Al2Cl−7 k^l��huD:1i��UfYTp"^lDYÆ�m�<��X�GL+�4
L�
3.2 ~S>^va�>^dB<Lry 2 �s�& 2:1 k AlCl3-[bmim]Cl ?)Hl�r{K~J~#��� (45±2) ���x�D�
30 min�xUk�fTpxU'^<����2��xUk�x 18 mA/cm2∼24 mA/cm2 	�D�xUk�k,(�xU'^kZ .q��xU'^,x 95%Q7�xUk� 20 mA/cm2 D�xU'^0Y 97%�xUk�?D 25 mA/cm2 T�d'xUk�}{�xU'^t)	r�TpxUk��
60 mA/cm2 D�xU'^�� 67%��K�mO^dxUk�D[�Jix�H�kK)���L'�X�QK�m^dxUk�D[D��8*mR,D��$Y8�Y8��xx�L��DG�RWjl7|`�:fi�8Yk�J�:�WÆzDxU'^	r [9]�
3.3 A8PB�>AhT�>^dB<Lry 3a O�H�r{K~J~#T� x
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Fig.1 A cyclic voltammogram recorded on Fe electrode

in 2AlCl3/[bmim]Cl ionic liquid scan rate: 10

mV/s
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Fig.2 Current efficiency of aluminum electrodeposits

prepared on Fe electrodes from 2AlCl3/[bmim]Cl

ionic liquid at (45±2) � temperature with differ-

ent current densities for 30 min electrolysis
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(45±2) ��xUk� 20 mA/cm2 D�f7i�8R� d fx�D� t k<����y 3b O�H�r{K~J~#Tx (45±2)��x�D� 30 min D�f7i�8R� d fxUk� I k<����Wy 3a 2Q.J�xxUk��vD�d'x�D�k�=��8R���}R��fx�D�E�^��<��xx�D��D�%d 40 min
��8R�fx�D�E
�<��x�D�?D
100 min D�x�D�wz1�=��8R�}{k`^���%�Wy 3b2Q.J�x�D��vD�d'xUk�k}[��8R�.	}R�xUk�%d 35 mA/cm2 D�xUk�f�8R�	�E�^
�<��xUk�[d 35 mA/cm2D��8R�-Kt)�:�̂ y 32Q�Q��K�m2{O^dTp;~a'mm%�xUk�D[D��m`�}[�Tp*m�8R
m,D��$Y8�QK�m^dp�(%�xUk�D[D��8℄�XH�%�J�8Ljl�O.H�:xx�L��DG�RWjl7|`�WÆzD�8R�	r�SU�x�DG�F�giIHk�K~R�k�8X5�OPkx�D�LTpxUk��
3.4 >^dBC_A8WK<�uy 4 ��H�r{K~J~#fi�Y8k*
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Fig.3 Thickness of aluminum electrodeposits on Fe

electrodes from 2AlCl3/[bmim]Cl ionic liquid at

(45±2) � temperature with 20 mA/cm2 cur-

rent density for different time electrolysis (a), and

thickness of aluminum electrodeposits prepared on

Fe electrodes from 2AlCl3/[bmim]Cl ionic liquid

at (45± 2) � temperature with different current

densities for 30 min electrolysis (b)

m,ey�2Q.J�d'xUk�k}[��8*m(i���k�xUk�x 20∼25 mA/cm2 	��8*m4��k���xUk�� 20 mA/cm2D (y 4a,4b)��8*m���k�if�$kY�xUk�� 30 mA/cm2 D (y 4c)��8*mY,$^�$!F$D��xUk�� 35 mA/cm2 D

Fig.4 SEM micrographs of electrodeposited Al on Fe

electrodes from 2AlCl3/[bmim]Cl ionic liquid at

(45±2) � temperature with different current den-

sities for 60 min electrolysis (a) 20 mA/cm2, (b)

25 mA/cm2, (c) 30 mA/cm2, (d) 35 mA/cm2
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Fig.5 SEM micrograph of electrode posited Al on Fe

electrodes from 2AlCl3/[bmim]Cl ionic liquid at

(45±2) � temperature with 20 mA/cm2 current

densities for 60 min electrolysis (a), and EDAX

profile for the area shown in the SEM micrograph

Fig.5a(b)

(y 4d)��8*mYEF$�d'xUk�k}[�if�8Yk�Ft�%�!FO^dK�mxUk�%D�,Kk��H%��L�%,KDk*m{�Y�wM+d�W*m�.�=ÆD�$�xUk�[D�,K��HG[��L�%�Fk*mm�Y�wEF$�= [10]�QK�m2{^dxpmm%Æx�D�=�d'xUk�k}[��m`�{8�YxTp"^lkJGd}�xp*m)-T�O�mYk*mia+�xp*m>XL���Yz1�mdJ�%/
m�$�2�xUk�[%
ÆZ '�8,e�:F�gi�kIHkY�8�X2|HxUk�Lx�D��
3.5 A8:H<Fqy 5�s�& 2:1k AlCl3-[bmim]Cl?)Hl�r{K~J~#�(45±2) �����xUk� 20

mA/cm2 x� 60 min k SEM s{�y�Wy 5b2.J Al k�P��FJP0�v)P~/�2{� O L Cl�~Jk O O^d�W Al &f��x�TE�f3�ÆM"DYf��~Jk Cl O^dE�75Tk?)Hl�k Cl 5TxE�*m�

4 Xb
(1)s�& 2:1k 2AlCl3/[bmim]Cl?)Hl��{,:J~#�5�.vkTpxUk��xs�jl7{9ifV�4����kkY�8�
(2) xUk�� 20 mA/cm2 D�xU'^0Y 97%�xUk�?D 30 mA/cm2 T�dxUk�k}{�xU'^t)	r�xUk�� 60

mA/cm2 D�xU'^�� 67%�fiY�8R�fx�D�E�^��<��xUk�%d 30

mA/cm2�Y�8R�fxUk�E�^
�<��:�8kR��xU'^2QuD{�xUk�Lx�D�<5��7[pt
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