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Preparation and Electromagnetic Properties of Ni-Coated Multi-Wall Carbon Nanotubes

Qin Yunchuan Qi Shuhua Qiu Hua He Zheng
(Department of Applied Chemistry, School of Science, Northwestern Polytechnical University, Xi’an 710129)

Abstract After purification, sensitization, activation of multi-wall carbon nanotubes ( CNTs) , Ni-coated CNTs
were produced by electroless plating. By DSC analysis, suitable heat treatment temperature is excavated ,then Ni-coa-
ted CNTs were annealed under inert gas atmosphere. The products were characterized by transmission electron micros-
copy (TEM) ,energy chromatog raphy (EDS) ,X-ray diffraction ( XRD). The results show that CNTs surface is suc-
cessfully coated with a layer of nickel-phosphorus alloys, and Ni-coated CNTs after heat treatment is smoother and
crystallization reaction is occurred, thereby electromagnetic performance is greatly enhanced. The test of electrical
properties show that the conductivity of Ni-coated CNTs is 450 S/m, and is improved to 1 400 S/m after the heat
treatment. The test of magnetic properties show Ni-coated CNTs before and after the heat treatment are soft magnetic
material, the saturation magnetization is 2. 753 emu/g before the heat treatment ,and is improved to 11.254 emu/g af-
ter the heat treatment.

Key words Multi-wall carbon nanotubes, Electroless nickel plating, Heat treatment
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Fig.2 FTIR spectra of CNTs and p—CNTs
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Fig.4 EDS spectrum of Ni/CNTs and Ni/CNTs-h
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Tab.1 Each element mass fraction of
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YR C 0 p Ni P/Ni+P
Ni/CNTs 32.35 5.31 5.08 57.26 8.14
Ni/CNTs=h  33.08 5.06 5.34 56.52 8.63

2.4 &SR CNTs #ALIE B ER)ERE
& 5 M4EEE CNTs 19 DSC-TG <k, & =4 3%
I . 108 287 °C [ W #Rue ; 389°C Lk

: 100
04l ﬁkﬁ‘z&l
198
03} DSCHliZk
Tao 96
= 02} é
3 94
2 01}t
192
TGHhZ
ol it £k
90
100 200 300 400 500

temperature/ “C

K5 BEEL CNTs (1 DSC-TG ik
Fig.5 DSC-TG curves of Ni/CNTs

5 DSC ML AHRT R, TG #HZE7E 108 ,287°C [ff i/t
HAB U BB R T B, BIIASHY 108°C B Ni/
CNTs R 1H W K78 %, W e i Jog it B3 17 287C
Qb 1R VI R U R BT T R R T AR SR AR A AL
(AR = OR B R B FN AE A TR ) I I iR AR R
389°C AL ISt T4 2 Ni P fb& A2 18 Ni, P
G AR 2 AR AR RS NI A o 45 i S

GRS T BB CNTs 1 $RAb BRIE BE R 3% K
TEEE T 400°C , B #Epab 21 T 20 M fi P SR DR
T 500°CiR 2k 2 h,

&l 6 A4 CNTs (19 XRD 3%, Ni/CNTs 7E 26 =
26.3°Fl1 20 = 44. 48° HA B g (9 A7 4 0, Hirp 20 =
26. 3° Kb A AT ST N Y & CNTs, Fi T CNTs 26 il
5T K NI, R CNTs AT B

20 30 40 S50 60 70 80 90
20/ )
K6 #ALHEFTFHEER CNTSXRD i
Fig. 6 XRD patterns of Ni/CNTs and Ni/CNTs-h

20=44. 48°4b (AT ST FARER B Ni(111)
TGS, (R S e B S sk v Ak, ELAR X 2 55 1 N
(200) 1 Ni (220 ) fir -3 A B, X Ul 4% 2 Ak
A, B KJEHEER CNTs Y XRD HFREIGIE 2 158 H
H120=26. 394K SR N CNTs (AT 5T G, 5 b 3R AH
FLam AR 2, T 20 =44. 48° 51.57°F176. 18°4b K Ni
(111) ,(200) F1(220) T FAT HH06, W] DL & 5 Pk 2
HUAH I s, 53 AN R bR % AR R I
2012 4F 55 6 M

TR T L http : //www. yhelgy. com



KZ R Ni, P AT S0, 3 Ui B SR ik 3L 9% )22 &2
J5 1 SR —J5 T P 5 Ni e R OB AR NPy 5
—HTHZARM Ni &4 LR VA B2 Ni, fskn]
UL, BRI B T 2 B TE Y
2.5 $#E$R CNTs HIFEREERE

%2 FH T 4lifk CNTs 764k CNTs BE8 CNTs 2
BAJEBEE CNTs M S %, WK 2 kA k)E
CNTs f9H S2M 800 S/m FIEF] 230 S/m, 3% A g
SR AR TP AL AE CNTs 22 Y Sn (OH) C1 iRk
MELL P T, BEERIS L SR EEE 450 S/m, X F
BRI NiP G 4 SR, AR R R
KRR, B AJEPEEL CNTs 1 SR 4253 1 400 S/
m, P25 T 3 %5, X FEIE TR AL FLAE NiP A 4
mnfl, P LA Ni, P BT sl 17X Ni e
BEIR ; I HLAS 30 Sl PR g ) S 25 N, il 15 Pl SR A
IR AKHE R

F2 BRWBSELR

Tab.2 Comparison of conductivity of sample

i HLSA/S em™! b HLS4/S m™!
p—CNTs 800 Ni/CNTs 450
a-CNTs 230 Ni/CNTs-h 1400

K7 PR CNTs 5iR K J5 98 CNTs 19/ s [2]
2RI, 4lifk CNTs FIIGfb CNTs &8 3% A 1k, %8
CNTs FIMFREALSRBE (M) N 2. 753 emu/g; #4b B
Ja EFEEI11.254 emu/g, $205 T 3 4, AL IRATE
PERR CNTs MBI R REALTREE (M) Fmi J (H, ) #RAR
AN BN BORE . AL B 2 BT LB % 4 R B AR
CNTs [WREMERE , tJE i TR KA NiP &4 ik,
15 EIREPERE L R Al A Ni

Ni/CNTs-h

Ni/CNTs

5000 10000 15000
H /Oe

K7 BEERE CNTs 5B KR HEEE CNTs [T 712k
Fig.7 M-H curve for Ni/CNTs and Ni/CNTs-h

TFHIM B T2 http ://www. yhclgy. com 2012 4F e

3 it

(1) 25 SRR TR GE BT 20, ORI
P28 7 il a8 MR CNTs 32 B 0 R
30 nm,

(2) A A PR 2 0 A S S AR B 5 4,
DSC 4347 th A 3 B FA AL B T 20 R 1 SRR B N
500°C3E K 2 h, BAbHR BER AR OEH  F B AR
B NP & 442 A Ni FlNiy P

(3) HEHR CNTs BHL T304 450 S/m, H A AL 5%
JEH 2,753 emu/g, AL B G B T R4 R 1400 S/
m, MR T B4R 5 11. 254 emu/g, T $Ab 2E
X PR CNTs RO HLBEVEREARA R B,

SEZ 3k

(1] P25 BB, AR 82 55 RN 2 BER AN KRB
BAEHSE STERERT [ J]. BORHRAR, 2010, 24(1) .33~
37

[2] WaHP, WuX]J, Ge MY, et al. Properties investiga-
tion on isotropical conductive adhe-sives filled with silver coated
carbon nanotubes [ J].
2007, 67 1182-1186

[3] Kong F Z, Zhang X B, Xiong W Q. Continuous Ni-layer
on multiwall carbon nanotubes by an electroless plating method
[J]. Surface and Coatings Technology, 2002,155; 33-36

(4] B/e, EAlhE, XSHE0, 55, BROUKRA I BB
WEFELI]. BIBLHREL, 2000, 15(4) : 39-43

(5] BAHR, FHRIT, TEW RS, B Ni-P HIl Ni-N & &k
WA I REERE S ILE S AR B W ERE (T ]. BBt
B, 2004, 21(3) : 54-58

(6] Ty, skifyfe, smbite, 5. PEERIRAY 94 F S gk
RERFR (1], oLl S8, 2006, 25(11) ; 18-20

[7] Spitalsky Zdenko, Tasis Dimitrios, Papagelis Konstanti-

Composites Science and Technology,

nos, et al. Carbon nanotube-polymer composites: Chemistry, pro-
cessing, mechanical and electrical properties [ J ].
Polymer Science, 2010, 35, 357-401

[8] sk, 28 (L rBMimKIs A AKE [T]. A
Tl K& (FAERBHER) , 2010, 32(3) @ 99-104

[9] #h:&in, By, 5. @ s B v i M), B
Wl mE R EOR R, 1998 54-56

[10] Zhang Yi, Qi Shuhua, Zhang Fan, et al. Preparation

Progress in

and magnetic properties of polymer magnetic composites based on
acrylate resin filled with nickel plating graphite nanosheets[ J].
Applied Surface Science, 2011, 258 . 732-737

(R FHR)



	2012年第6期大样

