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Study on Direct Growth of Carbon Nanotubes Induced by Electric Field
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Abstract: In this paper, the electric field is applied in the direct Chemical Vapor Deposition (CVD) growth of CNTs
to obtain vertically arranged multi-walled carbon nanotube (MWNT) films on alloy substrates. The diameter of the MWNT
is about 50 nm and the length is about 2 ~ 3 um. The crystallinities of the MWNTs are better than those grown without elec-
tric field, and the average ratios of Raman spectrum D peak to G peak intensities /,//; are 0.76 and 0.87, respectively. Com-
pared with randomly arranged carbon nanotubes, the vertically aligned carbon nanotubes obtained in this work exhibit
higher field emission current densities under the same electric field, and the turn-on electric fields are 3.0 V/um and 3.8 V/
um, respectively. The aligned MWNT emitters presented good emission stability in low emission level, but the dense
MWNT distribution result in high electric field shielding effect. Therefore, further attempts to adjust the MWNT spaces

will be helpful to increase the emission current density.

Key words:multi-walled carbon nanotube ; chemical vapor deposition; vertical alignment; field emission

0 518

P T b 0 25 AR R AR RN R A R oy S
T, BRAOKAE (CNT) 7E S H & T RE TR L S5 1P 22
SRS R T AR S FN H . CNT /] A i i 2
SAHVTRL(CVD) | HLIUR L 68 ik 45 7 ko 4
1M CVD %] ATE Sl LK R AR K CNT S, 78

1 #5 B HA:2021-04-28
& B : BFXE A AR:3E4: (61620106006 .61871292)

YR S IR B il g Th AR R T2 T . FLgTE CNT A=
KA HA G A, (G ) A KRB E—E A T
ABET I o Zhang FFPAY LR UES , AR A BESL BLE
2SR, ONT 2 BB R U AEAE T VR 2500
GBI L, A3 AN B 52 [ S5 o R FH A5 S 1 A i Al
FAHPUR (PECVD) T LLAS 21 € ) P84 () 3 B

YEHZ B A B0 WA TE A, B DR R SE . E-mail:3532999898@qq.com,
BEEE R, %, EENEGORMEEHFIIE . E-mail:dck@wzu.edu.cn,
SIS ML, #E R, B4k . LR S B AR KR AR A BOR RIS, B S5 1R, 2021,27(5) : 423-429.
LU Q X,DONG CK,ZHU W. Study on direct growth of carbon nanotubes induced by electric field[J]. Vacuum and Cryogenics,

2021,27(5):423-429.



424 A 5GR F21HEE 5

HEFCNT ,{H/Z2 PECVD R4 Z%, e H A K 20 2
ANH IS EOREE AR A5 SR UEA TR I 4
Chhowalla ZPg 5256 & 0, AR KR I i/ & 520 CNT
MEm M. RCVDEARRGEF B ARKLRS T
il , o7 A A AR B AR A R A S R
P EE Y CNTRE M, ARSI % R B T A6 &1L
HA 4L 4R K MWNT A3 CVD R, AT L
Hl A F RE R MWNT FI# . BRI MWNT 5
SLRIEE A Jr5m el BN A R T4 5 3 & 3 77
sl a2 1) HES AT DA G Ml % 4% CNT K AR L A48
PORTH IR T, SRR R G
AT CVD HisA K S5 HIE S S,
WIERAE G &R il BN IL 90K KER
BACK AT B HES MWNT 31537 & 55 B , 42 71

MWNT B (4 4 555 3756 AR A 2 P BE L A 22 1D
T HEAEAE R CNT 893 K AR R

1 SRR

il £5 76 ELHES MWNT BFRR 9 S50 2% B n i 1 fr
/N lIE BTN Si b (BT B T 4O p AL LA S,
1 B %824 0.001~0.009 Q- em, JEFE 525 um) HLH)L
i I L Y B G A IS CE T R O Si R e i
Lok, ER S AR 1 mm, 25 X UL fi
KEHN 4 PaJ5 IR NI, 40 min 5l A Ar S, &
750 °C Ji i A Z B (Ar 3 i 34.3 mL/min, & R
(C,H,) i 141 mL/min) , [7] 5 FF 5 L3 A U5 (HRL
JEFEFE A 0~5 000 V), A= K45 R 37 B e b H P
LW ARSI Ar, RS A R E IR B

R

Si\[z,

EEAE

1 AR TEEHES MWNT /) SE 5048 &R E

Fig. 1 Schematic diagram of experimental device for growing vertically aligned carbon nanotubes
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Fig. 2 Influences of electric field and growth time on the morphologies of MWNT
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Fig. 3 SEM morphologies of MWNT grown under different electric field intensity
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Fig. 4 High resolution TEM micrograph of MWNT

ST & F CNT 894 KHLH 24515 F
G, A SO PR HEF 00 £ B R AT AR
Liu 238 T MWNT A9 R @yyne K 4.7~4.9 eV,
AR AVRE R B X B B B 52N . Masashi 250
B MWNT B D RECK 4.95 eV ARAFFER T
BERMNIFEE oy 4.6 eV. MWNT A T A4 K
R, BIZE A 42 R LAY ™k (HEAR D) b A

20mm AL

MWNT A KRR, T @y o <@ (£ B AL 1)
PKAEHE,, .75 T MWNT B9 3 K BEDL E ) » HEAL
FIeh TR SR MWNT o 8 5(b) s, PR,
MW NT T5s AL 5 I L, MWNT A i, i
ERITESM AV ERT T 547 IE & 4 i A EHER |
ZE A m B ECHR I FORE A SR R
TR A7 G MWNT 5] EA K W 5(e) R .

Prwnt a
o ‘&f; fi A R

BRAAKE

(a) MWNT W16 7]
BRI E

) HTHEBERER

X (o) KU ER

K5 sl N MWNT A KL E
Fig. 5 Growth mechanism of MWNT with electric field



i FRE NI 25 < W 30175 & B A R BR AR A BRI 427

XoF T EE, 37 5 R e 3 MWNTT RE S A 5 A4 e ok
FHIPLE M an & 6 frs . MWNT [ D g5 G k43
S THEEERERY 1360 em™ F11 584 em Ak, G
S SR IR R B AR SN, D XTI MWNT (1)
Faahik . DS G s B 1Y L AE 1/, o] DL Bt
MWNT R SEREFERE . 28 1 P45 DU R S 2

I/ W AE, AT LAt PR 25 MWNTRE i i) A
PERRON R, 1/ UERNT 1 o g K
1) MWNT (I/1, - 2118 K 0.76) 1Y Sy A4 B T
I A K B MWNT (/1749164 0.87) o X AT RE
HFAERGER T, L2 5 TE B iR 25 HE
AN T, T T MWNT (4 A

*1 RSEXL

Tab.1 Raman comparison

SR A

?j% [n/lc ﬁ{ﬁ-

(1):0.72
(5):0.89

100 V/mm, 5 min
0 V/mm,5 min

(2):0.76
(6):0.91

(4):0.79
(8):0.88

(3):0.78
(7):0.81

200
180"
160
140

NS
=

|
/\
Zgé»«w”ww |

3500 3000

b S5REE /eps
s~ N 0 E o
222

2500

"Wt

2 000

it il

1500 1000 500

WEM fem?
(a) XTNER 1 INFgmFes (1D

260
240

I 100 |

40!

00 3000 2500

"ot / T —

2 000
P Jem?

1500 1000 500

(b) XK 1 R IMEIGHFESS (5)

K6 el 5 A MWNT (47 2 3% K 1
Fig. 6 Raman spectra comparisons for MWNT with/without electric field
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Fig. 7 Comparison of field emission performance
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