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Cathodic Electrophoretic Deposition and Thermal Properties of Nano-Al/MnO;
Metastable Intermolecular Composites
DENG Zheng-liang, WANG Ya-jun, HE Peng-fei, LIU Rui-hua, GAN Qiang, FENG Chang-gen
(School of Mechatronical Engineering, Beijing Institute of Technology, Beijing, 100081)

Abstract: In order to apply nano-Al/MnO, metastable intermolecular composite (MIC) films to micro-electro-mechanical
systems(MEMS), MnO:-nanorod and MnO:-nanowire were successfully prepared by a hydrothermal method, and nano-Al/MnO»
MIC films were fabricated by an electrophoretic deposition (EPD) process.The structure, morphology and thermal property of the
nano-Al/MnO; MIC films were characterized and analyzed , and the deposition kinetics of nano-Al/MnO, MIC films were studied
under different deposition voltage or suspension concentration. The results show that the deposited MIC film is uniform and dense
without obvious cracks; Nano-Al is in a surplus state in the as-prepared film; The heat release of Al/MnOz-nanorod MIC film is
higher than that of Al/MnO,-nanowire. With the deposition voltage (or suspension concentration) unchanged, there is a parabolic
relationship between deposition mass and deposition time, and Al/MnO-nanorod has a higher deposition efficiency than
Al/MnO»-nanowire. The study indicates the EPD method is promising for the preparation of nano-Al/MnO, MIC films, and is
applicable to the field of MEMS.
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1.1 25K Mn0, BY & B

il %5 MnOx KB, B2, # 0.15 g KMnO4
#10.27 g MnCL-4H,0 % 40 mL 2Tk, i
PiFE 30 ming 2RSS, FHAREEFS 2 50 mL Teflon NS
FIZKB R EEH, 1E 140 °CHERS R AL RE 12 h, Y fr
BT, B TR ERG 6 K wa, it
JEYITE 60 °C R T8 12 he

MnO, KL B 45 7% 5 MnO2 GHKAEFA
WA IERE R 0.543 4 g KoS:0s. 0.341 5 g MnSO4s-H0
#110.284 1 g NaxSOao KIS WAL 120 °C.
1.2 Eykinflidiz

AWFFEITA H) EPD Rl e, v [ AR ks
HIMRBE [ E R 4 gL' BIFH 50 mL C:HsOH., 0.01
g B BEf] ( PVP, M,=10 000 ). 0.04 g
MgCl, * 6H0 1. AUKIFIZK MnO, HY NS 1
fiiRe HE (TG) 20k, AW 100 nm

(7 ARG PR S8R 67.9%.
#*1 EPD 32t MICHESSE
Tab.1 MIC composition in the EPD process

ﬁﬂﬁﬂ mal MMnO2 skH MMnO? gk &*
/g /g /g
AU/MnO 4K#E  0.058 5 0.1415 2.0 (1.36)
A/MnO K4k 0.090 6 0.109 4 1.0 (0.68)

43T A RIE R ARIEE AR A .
KRG offiid MIC RGHREL (Al) 5%k
) (MnO2) FIHLH, THEARIE (1) s,

b= (F/O)actual ( 1 )
(F/O)stoich

X (1) o F O S ipb A L], &
P actual Fl stoich 73 F/R 2R L FIERSfb2= TR L

HRASFTRAR, fE2H IR R 2%
JE R 20 53 FOREZ 6] (R S8 TR o MIC A H H 78
O>1.0 BRI R AEERE, I, @A BT
IR 53 1 HE R FE il MIC R A 452 A0 2
TR X BHRREREY (EDS ) FAXT AP MIC iR
PIICER B i T oA, APPSR R ERE

EPD s #2rh, F 2 NI ALY 40 mmx30 mm
AOAETZERA (50 mmx30 mmx1 mm ) 7 100 V B
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~(b) PR, HE 1 (a) ~ (b) AL, MnO, KA
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KL HA —YELTE5H, HAEHR 20~40 nm, KN
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OV ERED Pl Pt S i v e s G N € € Y LS L
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L A 50,4 5
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~

AN N A
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Fig.1 SEM images of MnO:-nanorod, MnO:-nanowire,
Al/MnQO:-nanorod film,Al/MnQO:-nanowire film, and EDS
spectrum of AI/MnOz-nanorod film, Al/MnO: nanowire film

YK AL, MnO2 49KHE . MnO2 42KEL . A/MNnO;
YPRFEHIEFN AVMNO KL XRD AN
2 (a) o, M2 (a) ATUL, 40K ALFE 204 38.4,
447, 65.0, 782, 824U HHRAIATHIE, 43HI%F
BT (111), (200), (220), (311), (222) Fhifi.

RAHME] ALOs A, X FIHEREH T ALO; 7% i
8D K TCEFIGERITEL. 2008 28.7, 373, 41.0,
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Fig2 XRD patterns and Raman spectrum

2.2 SARENLE

EPD s FE P R S8 — s SR sl 72 i
FARFEIFRHRE (3, 4, 5g L) S¥miE (50,
75, 100V ) T A/MnO; MIC ERTTESN J12%.

SCEE IR, YRR R I
FIEL BN EARRL TR A T HRUEARGTR, PG
RURR T A R R SR RGZ E Y, TR
EIFWHINA 0.01 g PVP i1 0.04 g MgClo-6H,0 1EH

s, MeClL-6H.0 F%4 2 MER: Bk, Mg>
CIEieSSEaibE b S van a4 IS i T SN G ENE P S A
2] FARR E i M SE BRIk, MgCl:6H20
A 3 3 AR S FE L Mg(OH), FTE 2 ITRRTE B
e b, DAARIEGAA T2,
HFAIFTAEK Y, Ho0 B &P LA 1
(H"), FERITFEESF (M8 HY) 1Y

EPEABCNEEL . W HSEIRAE RN 2 PR,
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Tab.2 Results of active ion verification test

24y DU T i /g
HH 50 mL C>HsOH+0.04 g PVP+0.2 g Al ~0
50 mL C,HsOH+0.04 g PVP+1 mL
S ~
Sl H,0+0.2 g Al 0

2 AT, H2sAdl (JoK) Mk, SUNmA
HO Jf- B A i PORR o 4 S 238, 3] HO il
CoHsOH [HL G REERAXHEAR, A LN EPD $24t 2
TG F o T MeCl (W HL 25 Bt & F Ha0
CoHsOH, HAEDIRUIRE , FEASRRENS & TR
ERAME, FUEnl LI E Mg £ mTE e T .
MgClo-6H0 HIHLE S FEANEL (3) ~ (5) Rl

MgCl-6H,0 = Mg?*+2Cl+6H,0 (3)
2H,0+2¢ =20H+H; (4)
Mg2+20H = Mg(OH) (5)

ok AR AT B MgClo-6HoO B fIlTE AY
AR EH (3 RELERHEIIME), W 3 FR.
90r

80}
70t

0 60F

£

= s0f

g

¥ 40}

Elé

5 30
20}
10f

0 1 L 1 1 1 S
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MMgCl-6H0/g
3 HeKAIEETIRRES MeCl, - 6HO HMEAIXFR
Fig.3 Relationship between the deposition mass of Al thin
film and the added amount of MgCl ; -6H,O

HIE 3 AT UL, BE%E MgCl- 6H,0 TSN 44 m,
DR RE IS KT N, ZETRIIEE A 0.04 g B AR
Ko X MgCh- 6H0 B/ 0.04 g B, 40K Al
FEIHNT M2 (1 B RE T B A I S g g ok,
W F e B RTTARACE . 2 MeCl-6H O RN
T 0.04 g B, TUBBTRIR TR XFEAT
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RN
VIR A DTS S ORI R] () 56 R AN &L 4 P

1201 . S0V
+75V
100 100V
on
£ 80
@ 60
»?_é 40 "7 0,450 622+13.897 62v-0.255 36 (R=099871)
= y=-0434 S22H12720 24x-11942 86 (R=0998 54)
R y=0237 05227906 85x-6869 64 (R=09110)
0 P
02 4 6 8 10 12 14 16
t /min
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120 3o
us
t’0100 a5g/L
E g0 y=-0.448 9G>+14.017 56r+4.398 21 (R=0.99678)
b
H:% 60 y=-0.450 6x*+13.897 62x-0.2553 6 ( R>=0.99871 }
=
= 40
20 1=-032009:2+8.910 18x+12.182 5 ( R>=0.999 23 |
0 2 4 6 8 10 12 14 16
t/min
(b)  AIMnO, A KA %
60r .50y
*75V
50 +100V
240
i)
EEﬁ y=-0242 11x*+8.151 49x-9.055 36( R*=0.999 53 )
‘g§ 20 1=0250 89x2+788571x-1390357(R=099 49’
10 1=-0215 45217009 39x-20552 43 (R=0998 03)

0 24 6 8 10 121416

t/min
(c) Al/MnO,ZhK&KENE

70 w3gL
w4 g/l

60F  asgL

y=-0.27333x*+9.289 46x-8.675 71 ( R*=0.99961 )

y=-0.242 11x*+8.151 49x-9.055 36 ( R*=0.999 53

=-0.269 94x>+7.888 1x+7.958 93 ( R»=0.99924 )

g 10 12 14 16
¢ /min
(d) A1/MnO, 44K £ %L
4 EPD L& Al/Mn0, SERRANTIFA B B SIARRTEI R &R
Fig.4 Relationship between deposition mass and deposition
time for AI/MnO:; films prepared by EPD
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gmL; o NEE (BORT-BIFRA AR, 55568
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WRREAIG . X F%H 3 FIEER SR (1) BBHZE. B
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°\° - -
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Fig.5 Thermal analysis of AI/MnO:; films at a heating rate of
10 K-min™!
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