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P34 4 JE By R TE % % 8 98 oK R AR Fe o T 2R
SR LB WA Sy R A T 38 A RORE R R
I il £ Rh Pd . Pt.Ir.Ru,Au.Ag % 5t & & , DL ) Fe.
Co Ni.Cu.Zn %55 4 J8 9 KRy K (B 2 UL 45 3%
R N N U @1 W S B S R NS B i S
SR A LG A R 9K ALK B £ o

S -EA-1-2 36 -3-F SL ek sk (AICL-EMIC) B
TR A B VAR A SR AR - SR TE T SRR E (A
Cl,-BPC)HMI Lt , 1 s B AR (=75 °C vs =50 °C) , HL S
5 (1.21 Sem™ vs 0.41 Sem™") A5 EE K (15.6 mPa-s
vs 36.5 mPa-s) ELif JFLHL (v % [T 95 (4.5 V vs 3.5 V)¢,
FERTTRAIE R rm e ATz . A5 UL
AR K AICL-EMIC 85 5 1 A AR Sy I g A Jo il 28
KRR, IEXE AT A0 K SR 8 AT XA B (XRD) |
G KL B A |37 S H - GO (TEM) RAE L FR5E T4
KRRy 1 A AR DA B B I BIL B, Sk 40 K R R 1 T 4
il £ 2928 LA

1 SCIGE sy

1.1 KF S

KA BEIR LE A 201 f9 AICLL-EMIC , & it 72 W 3C
Bk DIBAL(1.5 mol-L7' = 5 T A A fb 48 1y A6 %
W), b o BALE B AR A R A A K L (99.8%) ,
B 24 45 Ak 22 30 A PR A 7] 5 F R (99.5% ), [ 24 4 A
2R A BR 2 A

& o X 5 & fir 4F L (XRD, Rigaku-D/
MAX-2550) , H A& #2720 w) 49 4l 7 W 38035 (SEM,
SU-70) , H A H 52 28 | 35 3 L+ & B (TEM,
JEM-2100) , H 4 HL 7 24 w5 X 5F £ g 3% {X (EDS,
X-MAX65T) , 8 [ 4= HE A\ 7] 5 44 2K KL 43 #7 AL (Zeta-
sizer Nano-ZS) , 9% [ Malvern 2\ @) ; # 4k 2% T/ uh
(PAR2273) , 3¢ [E B 3E 47 32 A ] o
1.2 HKEBHE

B EE R I R 201 19 AICL-EMIC B Tk 14 (30 mL)
T E 140 °C,#E 1B+, 95+ (C200 20 mmx6 mm)
B3 800 r-min™', [ 100 mL BEFR i i 7 5 5 P
T A DIBAL 2 —E W B, S — B [ 5 B r B T
CE PR A K E OB (45 °CTF B T 5 DIBAL
AR ) 1504 B A B AR . #5054 #9000 remin™',
BB 10 ming KNI AE SR A A T E
AT BN K A A B (w) BN T 1x10°, Bk 2
P R R A FH T 285 T 0 WK b B8 3 d DA B o BT A
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7 BRSNS SRR 1, R, DIBAL LR AR
DIBAL i B 7 A 1 BE R MRS o 7= 42 D0 OK £ T FTH]
A SRR AW U 3 WL B L B A, Z s
HAS TR Y.

R WAL A TR TS 9K B R 77 W B 8 S 6 A OC A5 1

Table 1

uid chemical method and the corresponding experimental

Nano-aluminum powder products obtained by lig-

conditions

concentration of DIBAL reaction time

sample number

/ mol-L"™" / min
A-1 0.25 0.5
A-2 0.25 1
B-1 0.15 0.5
B-2 0.15 1
B-3 0.15 2
C-1 0.05 1
C-2 0.05 15
C-3 0.05 20

1.3 RAFMMWIK

K XRD RAE A-1 77 9 16 W) AH 45 44, A FH 604 % 555
U5 Cu-K,, K 1.5406 A, 2595 0.02°, HLJE 40 kV, H
730 mA, ATH£A BE 30°~80°, R TEM R 1E A-1E
S, L 200 KV, H A Y0k F SEM RAE I
JE 8 kV, A-1 1Y i 40 F EDS EAE , Jin i B JE 20 kv, 3
JEG Ay 8 TR0 T ) R P A K 3 T SRS T ir A 7=
YIRLAR =) F K CBER S 0.5 h JE R, JE K
AN EE 1.071 mPa-s T 1.362, =i b R
1.480 IR 0.1, R A AL TAEZ I E AICI,-EMIC
BT AR I 2k A AR 22 il 2R IR IE AL 22(99.999% )
Xt HL A, Pt££2(99.999% ) A TAE HL Bk , i T B 5 4
H(E 2:1 AICL-EMIC & TR A&, IS &8 Z LB & ) 1
=20 A1 22(99.999%) I Z L, FHH 10 mV-s™,

2 HRER

21 REBEBINGR

WL T DIBAL ¥ & 4 0.25 mol- L7 B Y i 4% i
2,15 8] T AICL-EMIC B F ¥ & K& )2 [ 0.5 min,
T min B9 W& S0 B, a1 TR o AR R
AICL-EMIC & F R #2140 °C, 1k 6 & %
(1), PhEd A DIBAL, 7 A KA. KW 0.5 min
Jei AR A AR AR FE B T (1), R 1T min J5 RS
g (B o), I B A & B s . se
PP A-2 AH B A-T R AR A R ZLAR AL
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2.2 WAKSAMHIRIE T se Wy A, 7F 20 K 38.47°,44.74° ,65.13°
b E A8 72 1) A-1 34T T XRD K, 45 SN &l 2a i 78.23°4F W g B RRAE 04 , 73 B X . ARG (111) .(200) |
Ne HIE 2am] WL, =489 XRD % 8 5 AlFREF A &Y (220) F(311) 54T . & 2a B & 90 H Al 2= 48, 71\

a. AICL-EMIC ionic liquid b. reaction for 0.5 min c. reaction for 1 min

B 1 0.25 mol-L™" DIBAL % il & i i 1A S0
Fig.1 The appearance of the liquid prepared under the condition of 0.25 mol-L™" DIBAL
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5
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a. XRD patterns b. particle size distribution

i23nm (111

e

c. TEM image of sparse product area d. TEM image of concentrated product area e. HRTEM image

element atomic percent / %
( 1 f(’l' mal € 7155
;-‘ E 0 12.82
R Cu 9.31
“ ) Al 6.27
Cl 0.05

f. selected electron diffraction pattern g- EDS testresults

2 A-1HRIES:
Fig.2 Result of characterization of the sample A-1
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Wil & A 2 AR K o ARAE Scherrer A x0T E 7= °F
¥k R 60.2 nm,

Sk A5 B 45 0 AR R AR A A I DL, X A A1
T3k BE R, 25 AN P 2b fT 7R o f B 2b AT UL S5 A kL
B A 7E 40~100 nm, FEH7E 60 nm, 431 i AR 7 .
H e Ghanta %8702k F & Ak 38 J5 75 75 21 1 40 K 57 8
(TEM G HRiA2 43 A 78 50~250 nm, 4 1 7E 100 nm) ,
DA R A B B AR KA o A 1k AR AT B 7 4 (SEM
8¢ it ki 42 4y A 76 80~150 nm, 2 AE 100 nm) , A )7
PARAS B R AR T A1

Kl 2c~2g J =9 A-1 B9 TEM FLEDS 25 45 . th &
2c FE 2d BT 7R 1 7= 4 i B0 X 285 46 X Bl DL, 7
YI# R 60 nm 22 A7 B UKL , K7 A2 48 R H AT K BR R
2 BEA B HE 2d 8 0] LLE PR BB SR 2
BRIE | 5 8 55 75 il 2% I BRIE 90 K A8 8 22 TE AR L. A
&l 2e it 75 1 HRTEM [ vh 1] DL S b 09 i 2R 0
[ 0.23 nm, XFRE AL (111) T . UKL I 40 2 A7
FE 3.2 nm 1) JC 5 BV SE L N Ok 44 K 48 0 2R Y Rk
JBE, A BT iA Sk, 3 02 i AR AR By 5 28 S A, R 1T B 4R
fbo 5%k A 1 9 K AR S AL (R 29 5~6 nm)
A LG, A 5 V55 2 0 A8 A0 R 8 T . pl 1 26 B X
TSI AERE W] LW EE 20 5 0] 8 19 22 SR AT 0 A, e
A3 %R ALE(111) .(200) . (220) F1(311) % &1
5 XRD 45 58— %, & 2g iR () EDS 45 5 nl 1, &%
W E2E C. O Cu Al E ClotE . Hf,C.Cu
H5REZH O NS s AL B O Jg 95 K 458 1%
g1 S CHAE I A 290 K B8 53 182 BRE VA vh 8 i 3, &
ARG, ULV DRI o

Zi B L, SR AICL-EMIC B 1 44 1 45 110 94 K
BB JC TR R A 8BRS . R B an R
Yok 4 JE A E 5 B BT LA R 00 R4 Y A )
H, P 1) 5 1 W BT )22 22 T A A o H e A T, AT A 280
il 44 K 4 R A A B K K AICL-EMIC B F )
e A7 AE KA ALCL FILAICH BB 71, X sE
B W B A AL TE T BB B R B IR A 3 Y
YUK IC AR BB AR ¥A) . JFH KRB m &
22 R VR, AT Y BH B W M 2 O K Bk o8 4 R 25 EDS
G5 PR R CI Ul T BB IR 2 A . &
- W B2 AT LA BHL A9 94 oK B R 5 23 A ik, %o 40 K p R
) 80P 2 9 46 1 0 T A 0 K A0 R T 1 AR Ak
2.3 MAREMHKAXIERE

RN R FE KRR R Y K R AR B S R AIT
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DIBAL ¥ JE R I 2 4 oK by AE K i % . g5 Rk,
DIBAL #¢ & 4 0.15 mol-L™" 1 0.05 mol-L™" i, % A4 4k
WA 15 0.25 mol- L7 ¥ B AR AL, HUJR AR R B Y
BF TR AN TR] o PR I 3 28 R AR 1 L322 30 ) 1 1 7= 4 A-2.
B-3.C-3, FIAM W43 K 1b (977 9y B-2.C-2, LA Sz i A
B WA A 7R B-1 C-1 EAT RAE AR A A 5 SR
Bl 3 i, SEM B R (BRARIR LB A0, 35 A Rt
X 3R T 50 W P 4 o

A-2 B S
B-1 VA

Tl o

E|B3 I

© e i "It
C2 i T
C-3 T Thwe

10 100 1000 10000
size/ nm

3 A-2,B-1,B-2,B-3,C-1,C-2,C-3 IPRIAR 43 M1 45 SR
Fig.3 Results of particle size distribution of the samples A-2,
B-1,B-2, B-3, C-1, C-2 and C-3

A P& 3 A9 R4 0 A A I 25 SR eT DL, A-2 (B-3.C-3
f RE A2 T 32 B4R HRAE 400 nm, B-1.B-2.C-1.C-2 [l 47
BAY W E AP 70,90,100,110 nm; i C-1 Al
C-2 WRLAR 73 A 25 SR TP AR 76 1 /N RLAR 7E 400 nm
LA o RLAR 53 A 45 S Uk B AR R A A8 R A 038 22 (] £
MR KR B 100 nm ZE4H R LUF , ARG S
B s R A2 A 3] 400 nm 247 B AR SR B IDIR A . it
A, AT L& B, DIBAL ¥R JE 2 0.25 mol LB, 30 s i
6] P 47 0 R 42 B 60 nm B 5 100 nm (A-1 F1I
A-2), KW 0.5 min 5B AEE W KRGS . M
DIBAL ¥ £ 4 0.15 mol-L™" #10.05 mol-L™" B}, 0 43 51
TE 1 min A 15 min J5 5 8 K K, 78 Z A1, R AR B 7E
100 nm B 3E LA o

i [ 4 49 SEM I8 F T 0, A2 B-3 Fil C-3 #6543 i kL
A RSNE Can i 4 ddi Sk s ), AR SR skE . JfF
H, SEM WL 3| i) 3 B0k R~ B 50k A2 4G ) 245 SR —
o HAN, 4T C-1 R C-2 G C-1 RTC-2 ok
RO ks (B AR /D) (i IX 3R . f &1 4 AT WL, C-1 1 C-2
) R RSHJ50RE S 100 nm JURE () T3 {4, X ni; & 3 rh
C-1F1C-2 /N,

ZE 4 0.25,0.15 mol-L™" i1 0.05 mol-L™" DIBAL
S5z 7 AN [] BsF ] i 6 7 65 14 B2 4% 43 A1 i SEM 45 28
AT DL IR R K KR - T AR B AR R PR O A% TR,
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e. C-1 f.
B4 A-2,B-1,B-2,B-3,C-1,C-2,C-3 ) SEM I
Fig.4 SEM image of the samples A-2, B-1, B-2, B-3, C-1, C-2 and C-3

FARGERFTE 100 nm B iE & LLR B R BROE ; — Bt
B 18] J5 40 4 57 3 4 K, R 8 D B8 100 nm, [R] B 42
RSN E . 3F H L BE DIBAL #e B AR , 534 K R IT
Ly A BSF [R) R E Js o AT DA R R A B T S 2 B
B S — B BEN TR IR IOV B SR R 2 A R
RO 50 B B R R S A R B B i R g e
WS s, FATHEN , AICL-EMIC B 1 W AR v fin A
DIBAL J& , i W R 1 ¥ 51 B 4%, 7 A 9ok Al B . 2
Jei W6 SN HEAT T A 0 ALTE AR AL 3% A
Koo BN AT AT A B B A KL L 9% B Bk AR 4
/0N, dily THT BB XT3 THI BB 52 M) AS O, Lh 2 AR R M) 32 22 A
R AN E T BRAR Y 7R URL gk B2 4 K it
T TR — I T AR ), B AR KT 19 Ok # T K
K ER/NT r B BORLE s fg 70 . JIF HL r B 6
Yyl BT R R R U AR R R 1 B
JE 8, BN T FE S B R B A KR AT
B AR KA /IN Ty BB R I A, 18 RSO 1 55 A DRl AR
Koo RJE B Ostwald 2 ik HLHT #8280k & 24

E
<€

SR K FEIZY B R R BEAK L HTRE
e A K, HE TR B AR SMNE o S 5 4 KT IR 5[]
Z Fr LB DIBAL ¥ B B AR M AE J , H 5 92 - DIBAL
R B AR, AR BICRE Wl /D | 0 0 T S R e 1, T LA
r 18 R BT A (B[R]
24 REMEBRR

J T 4 AICH-EMIC B 7 Y14 1l 45 99 K 465 8 19
J R AILER  F 5% F 2k A AR 2k (LSV) Y il AT T 4R
PRSI R 22 M2 0 A2 o LSV 245 i el A Hl B A A
TR AR A [ B0 A e A O A R T 2 R DU
FEMNZ RN iz 2 B O M R 2 il 2o LSV nT
FH B 5% H A2 B L U R A el e 1 ]l A
T VW A A8 AL 4 L AICT-EMIC B T iR P iy
ALCL™ by B 3 o 85 724l ok LSV AT D3k 0 vk
4k

Pl 6 Ry ) A5 30 B 2 PR AR 22 il £, L il 4R
i i iii 4 AR AICL-EMIC B 731K, E it A DIBAL
(SIS A =S R NI D N8 ) I R R N

first stage

inject DIBAL
I . PS °
(N J

nucleation growth

Hefrfefrf

critical radius (r,)

5 ZURE R R R B A

Fig.5 Diagram of growth process of nano-aluminum powder
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10 i : AICL-EMIC ionic liquid
ii : ionic liquid added DIBAL
0 —iii: ionic liquid after reaction
£ 107
E
= 201
30
40 T

40 08 06 04 02 0.0
Evs. Al/V

B 6 AICI-EMIC & W & 5 i & 52N AT IS 19 28 P 4 H AR 22
ith £&
Fig.6 Linear sweep voltammetry curves of AICI,-EMIC ionic

liquid before and after preparation

Kl 6 1] LLE H, % T AICL-EMIC B Tk (i ki) , 78
L E W A B P, —0.1 V2SI R R T
o X TR T -0 VEALE, ALCLTEFI#L F
5 30 H T A R AL R
4ALCI; + 3e” — Al + 7AICI, (1)
FEMN A 25— SO TR N, RO B R T
ALCL e BER 0 i 6 il LB 5, B F AR o A
DIBAL Ji7 , HL ¥ % B (|l £k ii) WS AIK T K A DIBAL i
B WA (£ D, B0 ALCL W BE ISR B . X J2: ih
T A DIBAL Ji5 , & W R AR BUBE I 20% 72 4+, 1
ALCL B R 28 BT L ALCL R . #£-0.6 V£
A LU R A, 1R 2 DIBAL 7 H B 3 1 A I B T
o BRSO R R R TRl £ i e] A, R A
=0.1~=0.4 V3E [ W, )R 1 o o 25 5 B A+ =
R, AR R, RN S ALCL YR EEW B R, TR
VL5 A R R AR R AR | A I i R i b R B T
W, Je B TR R ALCL SRR AT s, b ah, M2k i
AH EE R i 28 A8 AL IE B8 A DU DY ALCL R R B
DIBAL B 7= 49wl P s 8 B 7 PR Bl 2 1 o
LRGSR R B TR T ALCL S5 T RO,
BEIRTE A AL BB F AR A AR SR A I, 2 AL
1M 0AH fb 2 25 b, RO A BT AL 2 2 F
i, o0 R A WL R & AL EHLE A AL &9 .
T 55— 2R 44 DIBAL, 454 Nobuyuki 4 fb 2% 55 #1301
AP BRSEINCH L TE AICLL-EMIC B F il ik v, 5 5258 it
F 72 (2) 75 B 99 K 48 0 o BB A B v 0 g% B i R
U, B RN A R
4ALCl; + 3(CH,), - CH - CH, — AIH - CH, -
CH - (CH,), — 3(CH,), - CH - CH, — Al +
—~CH, = CH = (CH,), + Al + 7AICI; + 3/2H, 1
(2)
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(1) FR 8 — ol & 0 22 4 11 40 K R 98 i 25 58 7 52
K H AICI-EMIC B F W& & 7£ 0.25 mol-L™" DIBAL. %
JZ 0.5 min % 4 B 2 il 25 T 2 R ok 8, R
1 40~100 nm, HoR AR 5], RIEERIE .

(2) 4K 58 7E A [A] DIBAL #e B R 947 16 59 K
RIG R AP 100 nm, IF 2 30— 2 19 5 A b
¥, 5 5N 5 TR #% A K AL % 22 ol Ostwald 26 HL
il A &, [ i & BRI DIBAL ¥ B, ¥E A 52 B s 3] it
[ 42E 5

(3) 2P 47 4 AR 2 ity £ b vl O % B2 T B, R ] AL
Cl,-EMIC B+ W AR AR A JoT, [ Bsf A J2 94 0K
A9 AR

2% 30
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Preparation of Nano-aluminum Powder in AICI,-EMIC lonic Liquid

WANG Lu-chao, LI Wen-chuan, LING Guo-ping
(School of Materials Science and Engineering ; Zhejiang University , Hangzhou 310030, China)

Abstract: In order to solve the problems of high energy consumption, difficulty in particle size control and serious pollution in
the preparation of nano-aluminum powder. green and safe preparation of nano-aluminum powder is fulfilled by liquid chemical
method through adding diisobutyl aluminum hydride (DIBAL) to aluminum chloride-1-ethyl-3-methylimidazole chloride
(AICIL-EMIC) ionic liquid with the molar ratio of 2: 1. By means of X-ray diffraction (XRD), nano-particle size detection, trans-
mission electron microscopy (TEM), scanning electron microscopy (SEM), energy dispersive spectrum of X-ray (EDS) and lin-
ear scanning voltammetry (LSV), the nano-aluminum powder was characterized and its growth process and reaction mechanism
were explored The results show that when DIBAL concentration is 0.25 mol-L" and reaction time is 0.5 min, the
non-agglomerated aluminum powder with uniform particle size of 40-100 nm is obtained, which is more uniform than the one
obtained by other liquid chemical methods. The abnormal growth of aluminum powder is observed at different DIBAL concentra-
tions, which is related to the Ostwald ripening. In addition, the AICI,-EMIC ionic liquid is not only the reaction medium, but al-
so the Al source of the nano-aluminum powder.

Key words: ionic liquid;nano-aluminum powder;preparation;safety and environmental protection;abnormal growth
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