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Abstract

Carbon nanotubes have excellent mechanical and electrical properties and are often widely used
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as ideal composite additives to increase material properties such as electrical conductivity,
strength and thermal stability. But the prime carbon nanotubes tend to aggregate into bundles,
which seriously affect the processing performance, therefore, the surface modification and mod-
ification are often required. In this paper, CNTs were firstly treated with dilute nitric acid solution
to oxidize them, and then the treated CNTs were encapsulated with nickel by electroless chemical
deposition, in addition, qualitative analysis on the morphology, the composition, the bond struc-
ture of Ni-MWCNTs materials was carried out. Scanning electron microscope (SEM), X-ray photoe-
lectron spectroscopy (XPS), X-ray diffractometer (XRD) and Fourier transform infrared spectro-
meter (FTIR) all proved that Ni-MWCNTSs composite materials were successfully prepared by the
hydrazine reduction method. The nickel coating obtained has high purity and continuous uniform
distribution, and the presence of functional groups on the surface of the material and the metal
plating layer provides potential advantages for the excellent interface bonding in the subsequent
composite materials.
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1. 518

BRAIKE (CNT)WE i AR KB R, BATRA RN R T HESI G50, AR /NI IR G54 1Bk
B A RS IOHES ], CNTs T <62 B0~ AR TR [1] [2] [3], Bedh CNTSs £ 38 5 5 i 2 5 i 45 1R
R [4] [5], FHVEEAR R A ARSI o

{HAE CNTs KARbm . RIMEEA H Ry, — B RHMRAER FHRIE, RIS Fb 5 B R R 5 &
BUL A RO o BE A5 0] S M 1 3 L BRI LB RE[6] [7] [8] [9] 4 1 M CNTs (AR S 1 g v) AS 35
FHIE ], 7 X CNTs BEAT RIS 1210 A . B e B LUBR T S AR AN AL 22 A e
W A A A B8 SN TP A& T AT RHA0T o Sl I AL 22 B 7 sCAE R AN KA SR 7 9K B2 7T DU 9k
ZUORE 5 — LILAARRLPIAR F T BT e A B, DRI I T4 & . R SR A AR B T4
BRI 2 H,PO;, ARSI JELAF FIAE AT Y S AR, 5 B[R] I A7 e (R A Bk, )R £ BH VD9 k2
PSR S 2 2L B AT, IXANET IR St 2 RO B AR A AEIE IR IR B N R R AN
WEE.

N TR BRI, AR T —AIEIE R AR R 6 T2, i R R D 2%
# T YEREDU R Ni-MWCNTs —Z4EE S 90KRE kL JLBIRGAM KRR, ks i & R
JRAERE R, ANE Py B AEAR, ARE MR HAEREIL T S 2R T2 g 174 o

2. KBRSy
2.1 SEMRIREE

MWCNTs: 1 [ER 2B A WAL ABR AR, 202 98%; WANFR(HNOS): el Ak ik IR
AF); BRE(NHaH0): FEHIIREA A Hofhulsn ook B A RHE (L 2 A PR AR, 20X N0y
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Figure 1. Schematic diagram of electroless nickel plating process for carbon nanotubes
B 1 BRARENFERTIZREE
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2.3. ERBAKE&SMRNHZ

PR UK E VAL — B FRN TE/K SBE T (B 9K B AE TG K CBEFR 2 B 0.15 g/L), 7EZH i
AR AT R PR . TEAL SRR 0T, M BRAKE B T 5.6 M 1) HNO ZKIEWR H AL EE 90 min, g
FEBEE 2 1 B AR AR o B 5 AR IR AE TR B A 20 g/L A5 (SCIL) A 1 g/l I EALAE(PdCI,)
RPN 30 min, FEFFUEIRE R BNELIRGCKE . B R B I PR T AT LA 15
min, BRSPS BRI AOKE, XA R U R 1 TR
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Table 1. The Composition and conditions of electroless nickel plating bath

=1 WFERARES MY

THEEE AR oy HERRLAAE
S 164 (NICI,6H,0) 0.05M
% (NzH,-H.0) 0.4M
A I LR (Glycine) 0.3M
TR (Boric acid) 05M
PH {5 KOH/HCL
PH {i 12
KR EE 85~90°C
SR BLH 2 About 3 um/h

3. &R5i1T1ie
3.1. SURPAKRERIE

2 N HNO; AL T J§ MWCNTSs FIZTAMERAE i, AT LLE 2R 4 MWCNTS B 5 7E 1634 cm ' [fHix
FEAERAEIE, X & MWCNTs f 3B 450 1 C=C B MgiiRa IR A6 S 3. &AL 31 1)
MWCNTs WS IR B3 22, 43 I7E 3429 cm ™t F1 1628 cm ™ X I W %25 T -OH 45 M1-COOH Hr C=0 i
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Figure 2. FTIR spectra of MWCNTS before and after HNO;
oxidation

2. HNO; &L BI/E MWCNTSs BYLIShSiite

3.2. FEWRRAKERAE

& 3 iE LR T AR R N =AM ER PR () EDS B3, 4 MR #E MWCNTS, Sn/Pd-MWCNTS
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AINi-MWCNTs (M2 B4 NT), &5 ESCHTid i T 2R 2 B AR R . B 3(a)H R3] C 10 st
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Figure 3. EDS spectrum of (a) As-received; (b) Sn/Pd-MWCNTS; (c) Ni-MWCNTs
3. EDS EliE: (a) As-received; (b) Sn/Pd-MWCNTS; (c) Ni-MWCNTSs

3.3. PERRIPIKERI

3.3.1. HHIRBRAKE SEM RIE

4 JEREMEIR TR MWCNTs FIL 285487 Ni-MWCNTs FIROWTESEEl . v DLBH & 2I7E
MWCNTSs K IH i 73 5ESL RS, AEERER ) MWCNTSs (R AR PTARGURER I Mg K ), X
AT MWCNTS R4 1973 850tk DL S 35 51 B2 DhREPELT 55 kA5 546 MWCNTSs #HEL, Ni-MWCNTSs
ERHENN, BEEEN2m L.

Figure 4. SEM spectra of (a) As-received; (b) Ni-MWCNTSs
[E 4. MWCNTSs #Y SEM [Elif: (a) As-received; (b) Ni-MWCNTs
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3.3.2. HEIRERIKE XPS FIE

5 545 MWCNTSs A1 Ni-MWCNTS (1) XPS St i, XJ J5 45 MWCNTS 1l 5, R fe M %23 Cy (BE = 284.6
eV)IE A Oy (BE = 532.7 eV) I, fRF A MWCNTs # kL, BH RN Ci {55 - MixF T Ni-MWCNTSs,
B2 T Cis F Oy UHh, BB T Niyp (BE = 857.9 eV)I§, 554 MWCNTs AHEL, Coo UESREEFEK, Ol
B, [ 6 M ER TR MWCNTs (R4S La%s, Al LW EEE] Oy/Cy ELERE I,
B O & &fdm, XIAR T2t fE A s N, LESHT & S E Be R [ 14] [15] [16].

Cls
z . o,
) (a) Ly
e A e
z A
g
ERRO)
UL__,JM
T T T T T
1200 1000 800 600 400 200 0
Binding Energy (eV)

Figure 5. XPS spectra: (a) As-received; (b) Ni-MWCNTs
& 5. MWCNTs B9 XPS Eli&: (a) As-received; (b) Ni-MWCNTSs
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Figure 6. Elemental composition of (a) As-received; (b) Ni-MWCNTSs
6. MWCNTs BT ELHRK: () As-received; (b) Ni-MWCNTSs

3.33. HERRANKE XRD FE

it XRD FAE MWCNTSs AR S ARSI ARG, a0 7 s - i 2k a AR S8R MWCNTS (1) XRD
eI, P 20 = 26° AL AT TSR B A FE I AT SRR A HI(002), BRULZAb, SEAFTERIA s A
fIEUE 20 = 43°, 20 = 53°, HIRFE A SEBKLEI(100)F1 C(004) [17]. HiZE b 183 Ni-MWCNTSs ] XRD K
W, M 20 =44.3°, 51.8°H1 76.7° kLI =AMEAL o HIANK SR S A S5 #(111), (200)H1(220), X ERAEIE
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TR UL S ) % R AR AR ORL B A T 0o S 77 (Fee) REAE,  BR T IR 2 4h, EAAE AR (110) (5 5
IEA R b %R, MWCNTS 1) 20 = 26°4b U o J3 80 5, Y Bl AR 5 FLAT S 07 [ FEAR R A, B A%, X ]
RE SRR A I FE P S B MWCNTS 45 5 B AR i R [ 18] [19] [20] [21].
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Figure 7. XRD spectra of (a) As-received; (b) Ni-MWCNTs
7. MWCNTSs B9 XRD [Eli : (a) As-received; (b) Ni-MWCNTSs

34. WEFERTZEHIFR

3.4.1. BIFFIFAILFIERAOTM

P S N R P R R AN, AR SRR, @i SEM RAE TR R T DURA H 1)
Ni-MWCNTs MEMMIXTES, Wil 8 . M AT LLE H DABCEUAE v ik i 75 ) 46 R AR 2 1 51 3% 48,
R, LAl LR RN NaH,PO,w KBH,w DMAB, R B B il JEME AR E A0 22 9
[

P 2 RN 9 TE M R T VY MOAS [RIE B A FH R S Ni-MWCNTS 170 =k . 5454 H,PO, « BH,
WIE AR, RAHBRESE N E R I R ), RN =Y A2 Ni-P. Ni-B HFRAHAE R, W
R R AR N YR A Py BAEILR, BN SES: HAiEE .

Table 2. The mass percentage of each element in Ni-MWCNTSs under different reducing agents
2. FRIEEFITHS Ni-MWCNTSs #& JT R B Lk (wi%)

B NzHsH;0 NaH,PO, DMAB KBH,
c 17.06 7.96 1051 6.98
3.49 4.76 13.05 2853
Ni 69.13 69.77 62.52 51.81
Sn 8.88 13.42 10.04 6.19
Pd 1.44 3.07 1.34 0.86
P 0 1.02 0 0
B 0 0 2.56 5.63
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Figure 8. SEM spectra of Ni-MWCNTSs under different reducing agents: (a) N,H4H,O; (b)
NaH,PO,; (c) DMAB; (d) KBH,
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Figure 9. EDS spectra of Ni-MWCNTSs under different reducing agents:(a) N,H,-H,0; (b) NaH,PO,; (c) DMAB; (d) KBH,
[E 9. FREIEREFITFI{S Ni-MWCNTs B EDS [Eli&: (a) BXE; (b) RILBEER; (o) —FRERRMILT; (d) TAS LR
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TREFE SRR A A, RO R SR, 8 4 7 BB WS T = FiAN R R SR R At
Ni-MWCNTSs FI SR, mllm%moﬁﬁﬁﬁﬁmfmﬂmﬁﬁﬁmT RAF), T LA H 2 S
FERUERET, P8R RRARE, BRGUKRE IR # R RER, R R T /> S8R0 A0 fE R4 oK B
Fo HRAREER A 85°CHY, ERRURDES VAR I A BELERIPKE SMI, TR A5, THERILG. 4
T2 95°CRE, TR AL I iy O RO AR ARAR, IS SR MIPE R R, BRBURL PR IS 34 S AT )5 HEARAE
YA R, PEREEAES, FERE. I WA AR b SN IR FEAE 85°C BRI DAAS B w1
PP E
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Figure 10. SEM spectra of Ni-MWCNTSs at different reaction temperatures
10. RNERRLEE TFRS Ni-MWCNTSs B SEM EliE
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