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Constant current electrodeposition of aluminum from
[EMIM] Br-AlCl;ionic liquid

ZHAO Hai, XU Lian-bin, CHEN Jian-feng, ZHANG Peng-yuan

(Research Center of High Gravity Engineering and Technology, Ministry of Education,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: In order to investigate the factors of aluminum electrodeposition rate, current efficiency and cathode surface
morphology, the [EMIM]Br-AICl; ionic liquid was prepared and the conductivity was measured. Aluminum
electrodeposits were conducted on stainless steel from the ionic liquid with AlCI/[EMIM]Br molar ratio of 2:1 at
constant current under magnetic stirring. The quality and purity of the electrodeposition layer were analyzed by SEM and
EDS. The results show that the conductivity increases with the temperature increasing, which accords with Arrhenius
behavior. Current density, temperature, stirring speed and electrodeposition time are the important factors in aluminum
electrodeposition. The aluminum electrodeposits obtained on electrodes is continuous, dense, well adherent and fine
particle size under the conditions of current density of 20 mA/cm?, electrodeposition time of 60 min, temperature of 40 “C
and stirring speed of 700 r/min. The current efficiency is above 80% and the purity of the deposits achieves 96%, where
the fraction oxygen is from oxide of aluminum.
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Fig. 1 Relationship between conductivity and temperature of
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Fig. 3 SEM images of aluminum electrodeposition layer at different current densities: (a) 15 mA/cm? (b) 20 mA/cm?; (c) 25

mA/em?; (d) 30 mA/cm®
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Fig. 5 SEM images of aluminum electrodeposition layer at different temperatures: (a) 30 'C; (b) 40 'C; (¢) 50 'C; (d) 70 'C



502 B 9 M B, A B TR [EMIMIBr-AICL; HHE B TR 2687

0.70 98
BN = — Electrodeposition rate
'S 065kt Current efficiency lo6
g <
Ex, 0.60} J 194 2
= 0.5} 192 &2
8 e
2 o0s0f g 190 5

]

% ././ 5
£ 045} 188
8 [ ]
= a1 186

0 200 400 600 800 1000
Stirring speed/(r+min™")
Bl 6 HdO R YU AR F AR 52 R
Fig. 6 Effect of stirring speed on electrodeposition rate and

current efficiency

FEEEY 300r/min B, PIRUEAE A 4.35 pm/min; $i#
FEEEN 700 t/min B, PIRUERIAF] 4.75 pm/min.
XS TR RE R I IR, AR R AR,
B RR BT S KE T 14 ) B 1 RERS A3 LU b 7, BR

5 "
¢

5 (4 b
g ¢ g
€0 2IUT0 ﬁ*\;’ .
v”r"r'f'x Ceoml:
& e

IR T WRBEEMRAL, IS TR AR I . I AR A
TEIMIE B, G PEAR G, s s . A
6 TLAFEF, HiFEHEEA 700 r/min i, HRBCRATIA
90%; LK KT 700 r/min B, HLFRBCREHTRN .
pE Gy S e SV S UK N B X LN eI N EQNTT =P
FUER Z [A]R ERAERE RE G 0, URR H IR B AR M 211 oA
K, FURZ SN Z M EsG e, BT
JERMIF A IR EEING, SRR S S
PG, IR RS S — 7T, PR
F RWMIEIN T B FIT MTC P E, FRAR T IR
SPCRILER, S EERI N, B DL IR B
ik,

AN N R YTRE I SEM Bl 7 Fios
SRR L 7(a)), VORISR
2, RIMPREE R . 3K A2 A LA FE (1 F i A 85
R T ) P N S B 7 R NG AP T S oD S N 4
M B AN B R BB IR, A 73 AR B a0 i
HEFRZ, PIRAERIE, DRSS, Pril
RORELLIOR , ANESE . 34 300 r/min( WL 7(b))
B, AEE TR R, ARV, Bkl

Fig. 7 SEM images of aluminum electrodeposition layer at different stirring speeds: (a) 0 r/min; (b) 300 r/min; (c) 700 r/min;

(d) 1 000 r/min



2688 A G EE R

2012 4E9 H

700 r/min(WLIE] 7(c)if, BB REMS 1S BE LB . EH
PG RIROR/N B S A2 . Bk
1 000 r/min( WL B 7(d) e, 402 B3 SRR B 5 PR3 AR
75, IR BB B ER A A IOt T
BRI, B, PO AR, DR
TEHIARR TR HMERR, DIRUZ A A B, &
B AR A K

2.5 UARATE 3R IR A9 N

FEHLIUEE N 20 mA/em?, HEPEHE 4 700 r/min,
WEER 40 CEAAET, BFFCHYTR 30~120 min Ji5BIAK
BRI A AR o ORI T 6 0 3 R o4
MR 8 Frs. tHIE 8 WA, PRI,
(6] 24 30 min B, ARYTRRIE A AT HL SRR . 1K A2 A
HAETTRRILERY B, DIRRANERE ,  Jid I [] Y3 AR FT
FHARBEAG )17 o DORRIST TR] 2R 30~60 min B, RIS
AR, ORGSR, Ak 17E BRI 1) A% A2 15
A, BZRE0, WAL, PrUAiRuE R AL
TR I N . YOI )24 60 min I, JURUHCR AR
TR R APTRRES KT 60 min B, JTRHAEF
HLIRRCR TP AR PR X2 T ORI T K, 3l
PR BERR ARG, BRI 45 2 i i AN e A i A
kb7, VIBUERIRNE . [F, PO AR, &
IR R R A T8tk BB ANRERT 5,
A3 LR RCR PR, A, DB TR K, e
HAL AR R R G 2 BRI BUR AR AE A g I, A4S
HLIAUC PR, AR T i i AT

K 9 FIros AR R A H R S N TR G R

92
2>0.40f \
g
g
£ 0.30 PO
) 2
2 ¥ 5
= [
= 2
% 0.38 1gg é
=1 [
E 'y =
QO% 0.37f g
g 186 ©
o 0.36
ES = — Electrodeposition rate
4 — Current efficiency
0.35 : : : : s
20 40 60 80 100 120 84

Time/min

8 YU THD XA PRI TR AR HLA AR 1R 5% )
Fig. 8 Effect of electrodeposition time on electrodeposition

rate and current efficiency

M9 TTLE H, 7R —HRE BN, BT — IR
HFR AR, FEAR RG] Py, fp o b 21— e
JE BT N R, B RRAS EAE—ANVE RN, BB RN,
HL3iL % B 20 mA/em” B, HLRAE 3 min Py _E 7 £ 3.59
V, SRIEHRFEETFE, 10 min J5EETE 2.96~3.04 V JulH
o XULBHITRIFIEIY B, TR B AR e,
TEBARRGTRA T ZE AR LG S BT H P s e R — A ik i
AReHEAT, T LR v AR AR (0 IS ) Py 2308 21— MR
KAH, B VTR IASE R e FIES B ATt A L R i
Wl TASE . il 9wl A R R H U )
DAL . HI 2 BN, H R AR A Y LR
/N, AEARR RN R] P B A —AMEs L FERROR
W, R AR — B ) ] AR Y RO, L
7 30 mA/em® I, IR 30 min J5 B R A fERA T HRE -

5.5

A— 20 mA/cm?
v— 25 mA/cm?
<«— 30 mA/cm?

= — 10 mA/cm?
5.0F e — 15mA/cm?

4.5f
4.0r

3.5f

Cell voltage/V

3.0r

2.5

2.0r

0 10 20 30 40 50 60
Time/min
R NEEN A A VST PSP
Fig. 9 Relationship between cell voltage and time at different

current densities

ARG I AR TR 2 SEM R ani®l 10 Jir
o ML 10 FTEAEZER], iR 30 min( L&l 10(a)) T,
FRUURR 2 W SV e M3 e 22, a2 PR UAR I
[, DURREI R FARRsiR D, FREE, ARed
SEEREIE A . DU 60 min( WL 10(b))I, FRUTRZE
MBS, BREELE0R Hop Ay s), SRRDIR,
FiAt/No PUAR 90 min( WL EE 10(c))i, ARDTAN 2R AR
AT, BRAR R, ¥5ITERK. TR 120 min(A,
Kl 10(d)I, BRPTRZE R A, ROk, &
HERUIR, BERIBEARYE, JRiB AR IS . X2
BT HLTRART G, BRIk FE R AL O,
PRRRA AR, B AoRL R SR B /N TR, TR



F22EE oM

B, A B TR [EMIMIBr-AICL; HHE B TR

2689

HH A BRAEIE ) R4 AN BV (Rl i » T BHER LIRS s
RIEHRRE, AT PR [, ot
TR, &R st 2, A2 i
kAT S

2.6 AR E ST
N TR ZAR IR &5 i, X AEIRE ) 40 °C,

ViR P 67 kel

B 10 A RPN R ERTORUZ 1 SEM 4

LY 0 20 mA/em?, 1% 700 t/min £64F F,
FLYTAR 60 min [RRIRR A2 (LI 11(a))HE4T T EDS 43
B, S8R 11)Fw. HE 1), HBUiBUZE
AR — AR R R — N g, B Wk
1, 2RI I LEBIAR /N, XA s U e
fESEVERT IR, BRI B
PSR T 1Y, I S0 T JC T )

Fig. 10 SEM images of aluminum electrodeposition layer at different electrodeposition times: (a) 30 min; (b) 60 min; (¢) 90 min;

(d) 120 min
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Fig. 11 SEM image (a) and EDS pattern (b) of aluminum electrodeposition layer
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Table 1 Contents of elements in aluminum electrodeposition

layer
Element Mass fraction/% Mole fraction/%
o 2.12 3.53
Al 97.88 96.47
Total 100.00 100.00
3 #Hit
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