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Formation of Gloss Al Electroplating in 1-ethyl-3-methylimidazolium chloride-AICl;

Ionic Liquid Containing 1,10-Phenanthroline

Hitomi TAKAHASHI", Chika NAMEKATA™", Tatsuya KIKUCHI’, Hisayoshi MATSUSHIMA® and Mikito UEDA™"

*Faculty of Engineering, Hokkaido University (Kita-13, Nishi-8, Kita-ku, Sapporo-shi, Hokkaido 060-8628)
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To form glossy plating of Al on a Cu substrate, electroplating of Al was conducted in an ionic liquid mixture of 1-ethyl-3-methylimidazo-
lium chloride and aluminum chloride (EMIC-AICI;) containing 1,10-phenanthroline (Phen). The electroplated surface smoothness obtained

using an Al-plate counter electrode was improved by stirring of the electrolyte. The reflectivity at the center of the specimen surface formed by
a stirring rate of 400 rpm was the highest at 74.7% with stirring rates from 0 to 400 rpm and the reflectivity of the specimen was higher at the

edge than at the center. The results suggest that the glossy surface of the substrate was enhanced by uniformity of the electrolyte in contact with

the substrate. When the counter electrode was replaced with the Al mesh, the electroplated surface was glossy throughout the surface without

stirring. Diffusion of the electrolyte through the Al mesh might have produced an effect similar to stirring of the electrolyte.

Keywords : lonic Liquids, Al Electroplating, Glossy Plating, Additive Agent

1. #&

AL, B PICEEICHFEL, Beromiiats Ry
ERTH5B. AL, MOTLHKEDOEEIIC L > THAMS
FEMEZ LS LI ENTEL, DL NS,
ALZHEMREMB LD - S E LTIRELHY SR
TWwb, 7, WmMRICEE S NS AL, TTHEGHEIRICE
WT90% L LD EEZ AT S I L bR S IFICBNT
SHIMEE 72 & DGR LED T4 P ORGSR E LTHIM &
NTETVL, AIZHEE LTEKRT 27-0121F, HZEX
HEDY, HED - 28V, B XRS5, B2
HAEETIE, BREROBIK TR TD 575, BHERIRA
DHPIEE R EDIE AL EETH 5, D > ZIETI,
a2 P CRMBEO THIIHT L TREIZD > EFT LI LN
TEDLN, HELZBRT LA, ZOBEEOHIEAME L
Vo BFD o BT, EBEBESHEE STV, BikER
EROEMIF L THD- ENFMETH Y, BEREICE-T
E DRSS TH 5 EBRD > EFEICL > TR AL D5
& KM ATHHIZ HOZMICTE T E X, Al - ZDH=
ZESIANLZENFHEINS,

BIRD > ZHEIZL o TAID- XEBILT L, AlIIKE
WRPSENTHIEDNTELRVEBRTH L7720, HKRD

il

* E-mail : mikito@eng.hokudai.ac.jp

WK% T ALEIT 2 1Tb 2 % & v, JEACRIUE
WU, TEEOE, AREENE, A 4 VRY D B RIFZETIL,
L DIRIRT ALY o SV HREZR A F ik & F v TGk Al
o & DGR 2T 720

A% YR E R L LG, EAREESI ) RE %
bOA, LYREGZERZHMTELLDEE L, TOE
SUZEE OB L Y ARIWFFETIE, l-ethyl-3-methylimidazolium
chloride (EMIC) & AICI; DA A+ Y HifkZ Al > S HO
W L L CTHW 2 JGIRFEM 2 T 2F%E T3, Licia
Barchi 5 ? 3%, 1-buthyl-3-methylimidazolium heptachloroalumi-
nate [BMIM] [ALCl,] 4 # > k|2 1,10-Phenanthroline % 4
ML 72BIHD S, AN L CHER Al EZ2/HTW D,
Miyake & '”1Z, dimethylsulfone-AICl; ¥ 12 triethylenetetramine
(TETA) 2L, TR AlDo EXFHONL L 2t L
T\ 5%, Qian Wang "V 5 1%, [Bmim] CVAICL i % I\ C,
3-methylpyridine %> nicotinic acid, methylnicotinate % {3 il &
LCAIEMZIT, Al o EDLTYLE 2 DB O Al K
(& (200) (2EE S LIS % 2 & 2t LTV b,

FEHOIZ, Do EOBEBMMNB A — VT v T ENTBITH
FEREBECTOEBRRDPHHRLL T VL) I, AlEHED -
ERMME TR T S L2 HIFL THES L, AICL IREEDS
67 mol% D A F VAR (E WV T EMIC : AICl; = 1 :2) 12xf
L T 1,10-Phenanthroline % 20 mmol L' DEEEIZ 4 5 & 5 12
WML 72 BEA L ) RE Oz E3E5 2 &2 Ml



1,10-Phenanthroline % ¥/l L 72 1-ethyl-3-methylimidazolium

Vol. 68, No4, 2017

LC&7 LA L, B EEAORILIER TE TR d o
727, ZoOHHY, THEEIIBV TEBESRE 1%
70D L DERIIE ST, KX CREMBEMIETL L
(2 & B FHERIEAT I BT 2 BRI 03—t & ki & A 2
SRy YV aMIZEET B I L TOBRMBEOI—LIZONTHR
L7 ZLTHLN AlD o X REO KO IEIRIE
EFTRELRBERICOWTHANZ, ZOMSE, IR
M OREET X > TREL DL WHPH T Al D o & DGR
FEWRTE72OT, ZOFFICOWTHIET %,

2. REBRIE

BIRWAICIZEMIC & AICL Y E V12 TRAE S
EMIC-AICI; £ A ¥R (R L L) 2 v/, /2, &
gl e LT 20 mmol L™! & 72 % X 9 12 1,10-Phenanthroline (FlI
RS T3, 99.9%) % EMIC-AICL; £ F »ifkicmmL, #
YT CHMiSg, BRI Y S 28R (P 50 X 60 x
120 mm) ® b D% Hv, ZOHIZ 180 mL O FEME 2 W57 L7z
Al o ZHEFIE, TRTArFARKTOZ7u0—7Ky 7 2D
T CHEME O % 60 CIZPREF L TIT o 720 BRI ORI
Wi, X7 AF v 7 AT =T =% iz, REEBIZIE, Cu
M (Nilaco, 99.96%, 0.4x20x50mm) % vy, H-o& &N b
WA A 12em® & % A X 9 12 PTFE (polytetrafluoroethylene)
F=TICE DB L T2, WEBBoORLE L LT, itk
MRS & 5 8% % No. 400~800 DINETIT - 72, Tv F
VMRS 5 e Ty F v ZLENZIE, 0.1 mol L' H,SO,
& 0.1 wt% H,0, DIRAWZ v 60 iZiE S 72, TDf,
B S EIFAEWET o208, 7T by EHOTES
WPk 24T > 720 AHBICIE, AR (A ARES)E, 99.99%, 05
x30x30mm) & A v ¥ 2 IRD Al OKF4#E, 0.5%30% 30 mm)
EHWze Ay ¥ 2 Ro Al O FKTH 1 No. 800 O i A % ¢
WX AHHER, TR YEHWOBERESEETo 72, AR
it & A0 TA] S & TR O FULICECE L7z, BB & k)
& OEMMEEEEL 5 mm TH 5,

20V R BIRED G AL P EL F=0.83 Hz (Duty 1t 0.83), /%
VABREIE 25 mAcm 2 & LT, o XBEA20 um & 7%
% X ) ISR 56 Cem * ZFIIN L 720 - & OB HIHIC
FARF T a 2%y b(HZ5000, dLHET) E MW

o ERMOGIRMEE BRI 2720, 77475~
KRG 7 e —7 (e s Y HEOGIR - HL-2000+, 568 ¢

chloride-AICl; £ & ¥ AT BT 2GR Al D - & DI

o

209

USB2000 +, Ocean Optics, USA) % v CTREFHZHI%E L7z,
SRR L L CTH W2 ALFIR 3 7 — (B3R 90%, TEAN-
30C05-1, Sigma Koki Co., Ltd.) D E I b K& ftie % %
EI)CARREETEL-0L, ©o I L ColllE
BATo 720

WATEKMOBIEICIE, EENEFHEMELT, SEM,
JSM-6010PLUS, JEOL) % >, Al % & O & 2121,
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Fig. 1 Photographs of the Al electroplating on Cu plate using Al plate counter electrode in EMIC-AICI; ionic liquid containing 20 mmol L™"
Phen at 60 C with stirring condition of (a) 0 rpm, (b) 100 rpm, (c) 200 rpm, (d) 300 rpm, (e) 400 rpm, (f) 500 rpm, and (g) 600 rpm.
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Fig.2 Reflectance of Al electroplated samples formed stirring
condition from 0 to 400 rpm.
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Table 1 Texture Coefficient (TC (hkl)) of the Al electroplat-
ing with dull surface and glossy surface calculated by
intensity of XRD measurement.

7C (hkl) dull surface glossy surface
7C (111) 1.56 0.79
TC (200) 1.36 2.84
7C (220) 0.74 0.35
7C (311) 0.33 0.025
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Fig.3 XRD patterns of the Al electroplated surface, (upper)
glossy surface and (bottom) dull surface.
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3. 4 Al®H->EXRMED SEM HEH LU AFM AlIE

Do FRMOBHMIELFHL CRAET L7290, LR 1
F U725 (0~400 rpm) 122V T, Al - & KD SEM
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Fig. 4 SEM images of the center parts of Al electroplated surface
formed stirring condition of (a) 0 rpm, (b) 100 rpm, (c)
200 rpm, (d) 300 rpm, and (e) 400 rpm.
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Fig. 6 Average arithmetic roughness (Ra) of the Al electroplated
surface at stirring rate from 0 to 400 rpm.

Fig. 5 AFM images of the center parts of Al electroplated surface formed stirring condition of
(a) 0 rpm, (b) 100 rpm, (¢) 200 rpm, (d) 300 rpm, and (e) 400 rpm.
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Fig. 7 Photograph of the Al electroplating on Cu plate using Al
mesh countor electrode in EMIC-AICI; ionic liquid con-
taining 20 mmol L' Phen at 60 C with no stirring.
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