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Halloysite Nanotubes-Templated One-Step Preparation for Carbon
Nanotubes/Carbon Nanorods Mixed Carbon Nanomaterials
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Abstract: This work developed a novel approach to prepare the CNTs/CNRs mixed nanomaterials by nanocasting
method with tuning HNTs/PVA proportion, which employed HNTs as template and PVA as carbon source. We
explored the effect of HNTs/PVA proportion on the structure of the mixed carbon nanomaterials. A series of
characterizations, such as XRD, FTIR, Raman, N, adsorption-desorption, TEM, SEM, resistivity and dispersibility,
were used to determine the structure of the CNTs/CNRs mixed nanomaterials. The results found that PVA
nanocasting content in the hollow nanostructure of HNTs affected the increase of CNRs in the CNTs/CNRs mixed
nanomaterials. Upon the mass proportion of PVA/HNTs up to 1:1, the pore volume of the CNTs/CNRs mixed
nanomaterials approached to the maximum of 2.142 ¢cm?+¢™ and the specific surface area was up to 583 m*-g™,
and definitely showed a better conductivity and dispersibility, demonstrating that a lower PVA nanocasting

content in HNTs could fulfilled a higher CNTs content in the CNTs/CNRs mixed nanomaterials.
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Table 1 CNTs/CNRs mixed nanomaterials prepared
by different mass proportions of HNTs and
PVA

Material win /| g wpa | g

CNTs/CNRs-1 1 0.5
CNTs/CNRs-2 1 1
1
1

CNTs/CNRs-3 1.5
CNTs/CNRs-4 2

1.2 RS

Z i X LA (Polycrystalline X-ray diffraction)
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Fig.2  XRD patterns of PVA/HNTs composites (A) and CNTs/CNRs mixed nanomaterials (B)
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Fig.4 N, adsorption-desorption isothermal curves and pore size distribution of CNTs/CNRs mixed nanomaterials
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(A) HNTs, (B) CNTs/CNRs-1 (inset: without HNTs template), (C) CNTs/CNRs-2, (D) CNTs/CNRs-3, (E) CNTs/CNRs-4,
(F) SEM image of CNTs/CNRs-2; HRTEM images of (G) CNTs and (H) CNRs in CNTs/CNRs-2

KI5 HNTs Hl CNTs/CNRs 1R & 29 K8 B TEM Al SEM ]
Fig.5 TEM and SEM images of HNTs and CNTs/CNRs mixed nanomaterials
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Table 2 Physical properties of CNTs/CNRs mixed nanomaterials

Sper® / Vi ! Average pore St / St / Vvtere / Ve !
Sample
(m*-g™) (em’-g™) diameter / nm (m*-g™) (m*-g™) (em’+g™) (em®-g™)
CNTs/CNRs-1 694 1.869 1.196 364 330 0.924 0.945
CNTs/CNRs-2 583 2.142 1.194 302 281 1.017 1.125
CNTs/CNRs-3 221 0.892 1.195 120 101 0.399 0.493
CNTs/CNRs-4 98 0.306 1.192 45 53 0.194 0.112

* Calculated by BET method; " Calculated by t-plot method; © Calculated by DFT method.
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Fig.6  Resistivitys of CNTs/CNRs mixed nanomaterials
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Fig.7 Raman spectra of CNTs/CNRs mixed nanomaterials
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1, CNTs/CNRs-2, CNTs/CNRs-3 and CNTs/CNRs-4, respectively
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Fig.8 Dispersion photos in ethanol with different times of
CNTs/CNRs mixed nanomaterials

X5 4 MRA WA E T CNTs il R EARFTE
CNTs A7) e B i 43 B0RR R MR A4 | T CNRs Fo A7)
A 2 e e] DS e 7 R R o R
H| % CNTs/CNRs-1,CNTs/CNRs-2,CNTs/CNRs-3,
CNTs/CNRs-4 1 1B 48 2K 487 L A9 328 i ek /0> | e 48 oK
L 72 T 48 R SR T A FRAE 44 45 R B R A
1 — Bk,

3 & it

AR 303 1 — 2 i i 4 — AR RR A0 KA (CNTs) IR
YK (CNRs)IR A DKM B, R HNTs H25 9
KEER J AR, I JH AR PVA Bk IR I 70 rh a5 S5 4
) LA | SR — 20 vk il 45 159 2] CNTs/CNRs 1A 48K
Wkt Rk, g — RSN EAEIFIEIR &Y CNTs Ml
CNRs W HIBEE PVA HH 78 52 10 1Y 52 M0 ¢ 2 | BT BE
£ PVA HUR s 350, TR G 9K 654 k) b fie 4 oK
BB E R D | B 4 KA 1) B BB 86 T

SE N,

[1] Dubrovnik L, Naboka O, Ogenko V, et al. J Mater. Sci.,
2014,49(3):1144-1149

[2] Jiang J L, Chen Z G, Duanmu C S, et al. Mater. Lett., 2014,
132(10):425-427

[3] Liu HY, Feng Z B, Wang J, et al. Carbon, 2016,100(1):87-91

[4] Kim K S, Park S J. Electrochim. Acta, 2012,78(9):147-153

[5] Sun L, Yan C J, Chen Y, et al. J Non-Cryst. Solids, 2012,
358(18/19):2723-2726

[6] Yuan D S, Yuan X L, Zhou S L, et al. RSC Adv., 2012,2(21):
8157-8163

[7] Zhang R L, Zhou Z P, Xie A T, et al. J. Taiwan Inst. Chem.
Eng., 2017,80:424-433

[8] Xie A T, Dai J D, Chen X, et al. RSC Adv., 2016,6(56):51014-
51023

[9] Liu Y S, Cai Q, Li H D, et al. J Appl. Polym. Sci., 2013,
128(1):517-522

[10]Cheng Z L, Liu Y Y, Liu Z. Surf. Coat. Technol., 2016,307:
633-638

[11]Liu Z, Cheng Z L, Liu Y Y. IET Micro. Nano. Lett., 2017,
12(4):236-238

[12]LIU Zan (X1 %%), LIU Ying-Ying(X %1 %), CHENG Zhi-Lin
(FEZEAMK). Chinese J. Inorg. Chem.(F"AUAL % 5 3R), 2017,33
(4):679-684

[13]Ye P P, Wu J, Mu L W, et al. J. Appl. Polym. Sci., 2016,133
(20):43236(9 Pages)

[14]Liu M X, Jia Z X, Jia D M, et al. Prog. Polym. Sci., 2014,39



1816 b | R A S S 4 %34 %

(8):1498-1525 284-293
[15]CHENG Zhi-Lin (£ #K), SUN Wei (#84%). Acta Petrol. Sin: [19]Behabtu N, Young C C, Tsentalovich D E, et al. Science,

Pet. Process. Sect.(& ¥ 5 ik (& 4 An 1)) 2016,32(1):150 2013,339(6116):182-186

-155 [20]Cheng Z L, Li W, Wu P R, et al. Ind. Eng. Chem. Res.,
[16]Wang Y W, Zheng M B, Lu H L, et al. Nanoscale Res. Lett., 2017,56:5527-5534

2010,5(6):913-916 [21]Stankovich S, Dikin D A, Piner R D, et al. Carbon, 2007,45
[17]Lee I W, Li J, Chen X, et al. J. Appl. Polym. Sci., 2015,133 (7):1558-1565

(4):42900(11 Pages) [22]Zhou Y, Zhou L, Zhang X H, et al. Microporous Mesoporous

[18]Wu X P, Liu C, Qi H J, et al. Appl. Clay Sci., 2016,119: Mater., 2016,225:488-493



