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Effect of Na* content on electrodeposition of
aluminum from AICl;-BMIC ionic liquid
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Abstract: The electrical conductivities of AlCl;-BMIC (mole ratio of AICl; to BMIC being 2:1) ionic liquids were
measured as a function of the Na™ content. The effect of Na” content on electrochemical characteristics of ionic liquid was
investigated by the cyclic voltammetry. Constant current deposition experiments were used to study the effect of Na”
content on the cell voltage, current efficiency, surface morphology and purity of aluminum electrodeposits. The results
show that the electrical conductivities of ionic liquid and the cathodic peak current density decrease, the exchange current
density increases, and the transfer coefficient basically remains unchanged with the increase of Na* content in the ionic
liquid. Constant current deposition experiments show that the current efficiency decreases and the energy consumption
increases with the increase of Na" content. The presence of Na" only has minimal effect on the surface morphology of the
aluminum deposits when Na™ content is below 0.2 g/L. Aluminum deposits become more compact, and the grain size
decreases as the Na” content increases up to 0.5 g/L, but further increasing Na* content, aluminum deposits are still
compact, but the grain size increases. The purity of aluminum deposits is not virtually affected by Na" content in ionic
liquid electrolytes. The Na content of the aluminum deposits is very low even though the Na* content is up to 2 g/L.

Key words: ionic liquid; Al; Na"; electrodeposition; conductivity

EE&MB: EFARBFILEE M IH (50864009)
WisEH: 2011-10-26; EITHHA: 2012-03-28
BIEER: B0, #¥Z; Hif: 0871-5162008; E-mail: huayixin@gmail.com



3230 A G R

2012 4F 11 H

Do G AU, AN T Rl S 2
RAEPERE, Tz TR, ke, @I, B, W
T BURFIRA S ST 5. BEe G
B SRR, WA T OR . AR, RS
JERHA 1oy 522, b Sk . Bk, BE.
FVIEER T, X B8 RIS AR AERR 25 . BRG &K
BHH AT R B2 N T A iE i A4, KR &) T
PRI N VG . 1 A28 VG S 1 4 8 iR
Al E T i maidn, I HRE IR RER, ¥
Pl B $RallJLNBIRE Gtk = 2 filhs
Ml SRR MR 2 BT, R B LA R
P b TR R A A, AEL [ B A A A R L 7R (800~
1000 ‘C). AEFERI(15~18 kW-h/kg(“Er= 1 kg Al)F1#%
2 8 b s N WER — MR R AR R AR,
BHEMNEGE R R PR m R B, T
(PG AE R B BB, Bk A R
1) F AR A R B AL T — R A P R

WA TR EA ARG D%, R, 1]
FIRERAE . AR/ NI BTG Yt i P ARk,
2 Bl BT IARTE 5 N - L OBUR R A A1,
REEDY 41! T T AICL-BMIC & 1k
FHLARORS S B S IF I, E R [l P DU & R T
SH0 N 79.7T%HIER £ 4 A360 VEBH R , 4l F 1 B A%,
PO AR s e v BH AR R 4 ) ok v e 2 i At
NHURIT, A4 oCE B AE IR, (R 3k 45 24l
H 99.89% [ FLEAE, AE 75~125 °C LML Y L N
MR AR 98%, REFEI N 3.0 kW-h/kg, HiAL4E—
JEH LR MR T REFEZAIRAS 2, Al R e T
W=t

TR AR AT T I NaCl ¥ Jnsxes
AICL-BMIC B -1 A H AR RS R Ea )5, 45 R,
VNI NaCl v] A3 i 3 PR HL 3%, NaClIREE N
3.6 mol/L I, YIAZiElf. KCI Al NaCl 345
SR, EATIN B IR A L R A IR R Y AL,
B2 25 USR5 R B, AICL-BMIC B 1WA I H 5
A KCl WM IEH AR, 5 SRRl
PFESE B 45 WA . ABBOTT 25U FSL T LiCl %)
AICL-BMIC(BE/R HEhy 2:1) B Tl AR AE Pt 34k k-
HLTRR I s, A3 BE R B A s I LiCL &k
0.5 mol, AFM il REW], ¥shn LiCl J5 &1k
SRV O EEE T AN S (e R NS R (S DN

ARIANEBALLARTHIBE 0 B, I KC 23 F#AI%
BT S5, HRIEAWIS KC SR TR 5%
L P P e N Eia] 7 2 Rl T A R N SR 51
P 1) NaCl Fl LiCl ¥4 syt BRa e . e

ARG SR AR —, A RRE.
B RS e AR AR, PR G A I ok &
HL ik Na' 5% B 70 35 AR, Na'76 & i AR e
SRR SRR R, AR — 2 =R AR
DR A58 m0 o AR SCAE# A Na Jo 2 AE 0 BHAR A5
AT /DH Na' it AICL-BMIC B 1WA Ak 2k
GEASEEL VIR AN ap- A

1.1 BFREBEK

IO AT N-HEBR M, SARIE TR H2R. &
MR O ToK =S SR 1IR3 T
SIRTARF . AR AL FH AT 75 A8 gl

SR Al b BRI (R SUAIE T e N-FIEmRme, 4%
FEIREE 1.2:1 4, 2R RER], T 80 C KGR
PR FHEPERIE 48 he [RNVIERE, PG IR
NIRRT B B, EZE
TR 1R W, 193 209 o R Ik i Uk 1-
A3 HIEL K M (BMIC) W14

T ERPZ RN 2:1 IR BIFREL AICK
HIBMIC, # BMIC & =T, (i R
A R UM TSR AICL FEARBIBERE, = EE A
VORI NV SERE, 13580 T BER L 2:1
) AICL-BMIC Bk, &AM FH 2 Ji e e iR
IR LU B R PR 24 h LARR 25 JEURE s A i 2

Ao

1.2 BEEE

76 80 Cal LRI AU T, K H DDS-307 (Lt
R B RFAER AT PR 2 7] 2 7= ) Ha A 5 s I NaCl aT
J5 BRI LS . LY DIS-10 B4R
(AR ECh 10.03).

1.3 EIMAR 2

TER TR AT  K M CHIT60D 2 Hifh 2% T4F
sl E PEHR e M e, LB (GC) AR (d=4 mm)fE N
TAEHAM, HIPOHEARE=1 mm)E KBk, el
ER£2(99.99%)idi N E K EE ok 2:1 1) AICL-BMIC 51
HES AR, 360 2 LU0 IR B 3 55 T i e
MZ LM RS . SR, TAEERE AP ART B
SEEL, RIS 0.5 pm ) ALOs By S8, HAE
gl K RN E G VE. Pt AR HIOOERHT B, R
Ji B Al K RN I 7R s e 2 AR 2 K I AR AR B



22 1L

/3K, 2% AICL-BMIC &1l AAH Na' ¢ A B iR ) 5 3231

K HySO4 HNO; FIl HP;0, 7R A (V(H,SO4): V(HNO3):
V(H;PO,)=3:3:4). #B4li/K. ETHE S, 5k
F1 i Na" A NaCl iR .

1.4 EUFASRIE

A AR E a1 B . R H CHI760D 24 Hifh
2 TARRS VI A D BEHEA T TE HL i L S G, RIS
WP P I ORFF I E B RS, 80 'C MY 4 he
KO BHAR He e, TAEH AR 1.5 em X2 em (194§
R (99.99%)EBHH:, TAEHMIIAN }y 2 X (1.5 em X2
em)=6 cm® [ 24 F A IR (PSS TAETD, ARlalEE oy 1
cm, LU 60 mA. HIALSE TR A8 id Ak,
T H g o R v P )P AR L R . H TR,
BH AR A 56 FH D ARAT B 2O B RIIR, RS E T
A, AIRTFH . Siseke, BRI 5%
WO R DTRZ R IR B ik, Z&MKiE s, +
PEFRE . 205 XL30ESEM—TMP A 413 i1 i ik
BI(SEM)AI XRF-1800 ! X Hf 25 e eilt 3 (XRF)ll
S8R i IR R T TE ST 853 o

1 AR E R

Fig. 1 Schematic diagram of self-made electrolysis set
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Fig. 2 Effect of Na' content on electrical conductivity of
AlCI3-BMIC ionic liquid
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Fig. 3 Cyclic voltammograms of AICI;-BMIC ionic liquid at

different Na* contents
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Table 1 Effect of Na' content on kinetic parameters of
electrode
Exchange
p(Na')/ Tafel slope/ C(E;l:f; . current o
(gL") (mV-decade ") un | density,Jo/ (mA-cm ?)
(mA-cm ?)

Blank 227 0.31 2.71 31.96
0.1 230 0.30 2.76 31.54
0.2 225 0.31 2.68 30.97
0.5 229 0.30 2.80 29.98
1.0 231 0.30 2.85 29.84
2.0 239 0.29 3.11 28.02
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Fig. 4 Relationship between Na* content and cell voltage of

aluminum electrodeposition from AICl;-BMIC ionic liquid
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Fig. 5 Effect of Na' content on current efficiency and energy

consumption of aluminum electrodeposition from AICI;-BMIC

ionic liquid
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Fig. 7 XRF spectrum of aluminum electrodeposit from

AIC13-BMIC ionic liquid with 2.0 g/L Na*
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Fig. 6 SEM images showing effect of Na*
content on surface morphology of aluminum
electrodeposits: (a) Blank; (b) 0.2 g/L; (¢) 0.5
g/L; (d) 1.0 g/L; (e) 2.0 g/L
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