%395 #2H K% RFFZRARHAFZRO Vol.39 No.?2
2019 43 A Journal of Chang'an University(Natural Science Edition) Mar. 2019

EHS:1671-8879(2019)02-0019-08

L T T A ) B AN KA K e ik
FRERVEEPIE S Eis

T %t.4 W.RkEW.HREE
(KR MRB2ES TR BRPE i 710061)

i EATNBEARTRKRELSHFFRARE LS KRR @ %A 350 F AR FA, AR W B
Fo Jo 7 M B e o AU AR A R B R R L IR AR E A8 A R AL B A R S KR AR K A 6 R 3 Ak 4 oK
ORI T A AAL S M A 6 3G 3R U A R T A5 A8 AR AR R 4 R R 69 AR S BR) R R - iE e
EEEABAG2FABEARENE S ARRBARFSFTORRALSHH AN LRTT RAS
B9 09 R BT IR LK, SEA) R A2 4 R T 28 (SEMD A B v A xb ek g R B 5 KRR AR R | X
BATTMEM AT, BRENV - RABREBRAREIFBEAREANGRRELSMB A FREFE
KRS AR TR ASILABR R R AN A KGR A I N A W R R AR ERIRET S
A28 d A IEIRE S RN IRF T AT A% Fe 22. 7% AU A N B T B 8 K e 6 K R B A AT
# & T 15.4% 4= 8. 84 % ; SEM Ml X & I Aw AR 3% 7 64 5% 2h R F R E A A A BRI & ALk 2h R
EHRRAMEEL LM E F RN EF XA 2 LA KR TR T AR E AR EANEET &
MARELHKRERB R EEES A FEMRA — AN ERRTZ NIRRT HARET GBS, K
TR AT A KT KRBT £ 40 at, R ERE T KRELSMAG RIS F 4.
KW EB TR RAKRE;KRREALSMHF AFEN HFHR

FESES: U414 XHERARERD A DOI:10. 19721/j. cnki. 1671-8879. 2019. 02. 003

Mechanical performance of carbon nanotubes reinforced cement

composites based on interface modification

HE Rui, YANG Zhe, ZHANG Jia-li, CHEN Hua-xin
(School of Materials Science and Engineering, Chang’an University, Xi’an 710061, Shaanxi, China)

Abstract: Aiming at the technical problems of weak bonding capacity of interface between carbon
nanotubes and cement substrate in carbon nanotubes reinforced cement composites. Polyvinyl
alcohol and polyacrylamide were used as interfacial bridging agents to investigate the effect of
bridging agents on the mechanical properties of carbon nanotube-based cement composites by
strengthening the interface between the carbon nanotubes and the cement matrix, Arabic gum
was used as water-based dispersant for carbon nanotubes. Five kinds of cement-based composites

with different amounts of carbon nanotubes were prepared by using two kinds of carbon
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nanotubes with common and surface carboxyl groups. Different ages compressive, flexural
strength of specimens were tested. The microstructure of the interfacial region of carbon
nanotubes and cement was analyzed by scanning electron microscopy (SEM) at the fracture site.
The results show that the mechanical strength of cement-based composites with carbon nanotubes
and bridging agents is maximized. The 28-day flexural strength and compressive strength of the
carboxy nanotube cement composites added with bridging agent are 47. 4% and 22. 7% higher
than those of the same group without the addition of carbon nanotubes. The 28-day flexural
strength and compressive strength of the carboxy nanotube cement composites are 15. 4% and
8.84% higher than baseline group. The SEM test found that the carbon nanotubes and the
cement matrix are closely connected at the fracture site of the carbon nanotubes cement-matrix
composite material added with the bridging agent, while the carbon nanotubes at the fractures of
the specimens without the bridging agent are completely pulled out. This shows that the bridging
agent improves the bonding between the carbon nanotubes and the cement matrix, so that the two
are approximately subjected to a force. The pull-out effect of carbon nanotubes is enhanced., more
damage can be absorbed by the carbon nanotubes when the cement matrix is broken, and the

macro-mechanical properties of the cement matrix composites are significantly improved. 2 tabs,
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10 figs, 23 refs.
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Tab.1 Multi-walled carbon nanotubes physical parameters
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Fig. 2 Flexural and compressive specimens of carbon

nanotubes cement matrix composites
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Fig. 3 The 7-days flexural strength curves of carbon nanotubes
cement-based composites
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Fig.4 The 28-days flexural strength curves of carbon nanotubes

cement-based composites
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nanotubes cement-based composites
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nanotubes cement-based composites
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common multi-walled carbon nanotubes
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carboxylated multi-walled carbon nanotubes and polyvinyl alcohol

Wl 22 BE IR AN I TR RO T R K
TR R A8 [ A8 T3 K B L S 405 B R 350 7™
L 283 O BIOR A o Xl LATE K R 0 B il R 2
BERR 2 RS 2 THIAY AT R i 45 1 P i 1A 3k 8 3 P
VA A7 AR B 1 B A0 R A 1 S8 7K P B oy i fE A
o 0 R 2 BE B A KA AE K R D

N T 3k — 2P I MBI AN A S i K e O B R
PEREAFTE 22 5 A LR L 00 A e e i ik 4 KA B0 K
TSR As R A&l 9 18 10 s .

B9 NIBA 0. 12008 8 2 BERR AR 28 d ik
SRR AU JE B 5 BRI A R B B AR B
WX AT LA L B 9 () kR EER A 2
Rtk 44 K A5 B SR — R . 18T 9 (b) 7K 8 ik fk vh ) TE itk
UKRAE HAAAE o 3K AT A TIE b SCHY BRAE . 35 Jd Ak
KA B8 A 23 BIGR) 9 20 B R TGk e 7K U8 2
PR RT3 I B 2 BN R A AT 3R A B0) BT i 1
Hh s T T 1A B N K A R AL T 5E A K TR R AR R 4k
IR ZS AT 9 Cad ] 8 W B 2 KA 55 7K Y8 56 1 5 T
L5465 55 HCAE Sy 1 500 AR 7E 7K U8 B 4K 2 g I I i s
A1 IR fE » XoF K PR3 A2 4 B4 RHAY S R CR 22 - X 5 30
BRLISIES B2, BT LA il s A KA K e R &
PR 7,28 d BT i B AR AR E 2 A



%23

T %, F A TFTRAOKEGHEARTKREET SME N PR 25

10 4B A 0. 1206 %58 ¥R ik 2 BE G 9 K i 5
R OIGWER K RIS G AR 28 d I I RAE 1, 3
BB AP —REE X . AT LA B 1 MR8k
EAAET 2 AW 2 18] o EL A7 A6 R 87 9 I 1, 358
W] i 2 R A L5 K 8 R S 1) F) AL T 45 A R O R
ZER RN RIS SR, AT RUGIE B 9 % 790 AT i A e 40 R A
KU FE AR B] 1) B T 45 G BB A oK A 1B 3% T TR
ZLOCHY P T » i T AR R B AR TR BRSO & 7
SHEOKVRW BRI B B 2 BE R 9 K K
A2 LU & [ I A 8 35 e A O ) o i 29 K A 114
VR P () 4G S R O DL — A A i
F13 03 B 1 AR SR I R 32 0 R A R S Btk 44 oK
B PERERF 2 200 T AR B S T T B 4 K B K
JeHE BB 122 TR RE

3 & iE

(1) 38 2 BE M 9 KA 2 AR e & 4k
VSR 58 . A REX 20 70 BT /K R b 3 v B 28 AR Jo
TE 25 MR K e BE 1A 8 S L X K R ik S 5 BT R
R REBUR A B

(2) FTh A B H R HT A fie 40 K A8 78 7K e b
I o B n] U SR TR I i £L A5 . e
PE R 20 R AT 5 7K e S A 1) TG A 2 4 SR 4G 5 58
AT LLAE W7 28 it A /0N ) A B AOR B AR K
PS5 BRI T A M REATI A A2 AR AT

(3 ] 32 700 149 o A8 Bl 44 0K A8 7K e 56 2 4 b R
(19 P8 RE AT 2B R 3R TF - Hoe 40 K A5 15 7K 8 5 1k [ 77
TEAL A5 AL S 7 ) 1) BT 25 A RS 3R R R
AR 20 R AE A R I RS2 1K) L ) R R R R 4R R K
P A BB T 2 VR RE - HL IR £ 0 I 1 1 ) ROR
LT 5 P 0 TG %

(4 AR SO AT 1 5] 13035 7K 8 JE 1R 5 Ttk 44 oK 78 [l
P03 ) o AR R AL BEAIE T R A k. R — 2l
AN 35775 925 o A [ A9 322 70 o AL T 322 4 114 46 5 1 BE
HCE S 20T X 7K U8 3 A 45 R AR 3 R ML A TR
AT

S E 3k

References:

1] RN 24 K A5 1 38K 8 L 52 G B RE D 2 1 AR A 41
[D]. K% . K& T K2%,2011.
WANG De-gang. Mechanical simulation of carbon
nanotube reinforced cement composites[ D]. Dalian:

Dalian University of Technology,2011.

[2]

L3]

[4]

L7]

[8]

[9]

[10]

[11]

WhoOH. BRAVKE I o Bk S HOK e 55 MR D) 2
PERELD]. K% - K% HL TR 7%, 2013,

HAN Yu. Dispersion of carbon nanotubes and the me-
chanical properties of carbon nanotubes reinforced ce-
ment-based composites[ D]. Dalian; Dalian University
of Technology,2013.

K . B 8 K K U R ST 5 ORI g A RE AN BT R
PEREWFFE (1], PR ER W4 . 2015.34(9) :2686-2690.
ZHANG Xi-e. Mechanical and frost resistance per-
formance of multi-walled carbon nanotubes reinforced
cement composites[ J]. Bulletin of the Chinese Ceram-
ic Society,2015,34(9):2686-2690.

TRk WL S 9K R ET A R oK e Sk
EA MR BB LT A 8 5 4, 2013, 27 (1)
144-146.

WANG Bao-min, ZHANG Yuan. HAN Yu, et al.
Probe of carbon nanofibers reinforced cement-based
composite [ J ]. Materials Review, 2013, 27 (1):
144-146.

EAAEL PN 1 X A SE AT BRI AN R R R
K& e B BRI 1 B8R B AR IOLRI L) . B 5 4
FL 2247, 2014,31(3) : 644-652.

LU Sheng-hua, SUN Ting, LIU Jing-jing, et al.
Toughening effect and mechanism of graphene oxide
nanosheets on cement matrix composites [ J ]. Acta
Materia Compositae Sinica,2014,31(3) :644-652.
LIU Z, TABAKMAN S, WELSHER K, et al. Carbon
nanotubes in biology and medicine:In vitro and in vivo
detection, imaging and drug delivery[ J]. Nano Re-
search,2009,2(2) :85-120.

KUZNETZOV A A, LEE S B, ZHANG M, et al.
Electron field emission from transparent multiwalled
carbon nanotube sheets for inverted field emission dis-
plays[J]. Carbon,2010,48(1) ;41-46.

LAHIRI I, SEELABOYINA R,HWANG J Y,et al.
Enhanced field emission from multi-walled carbon
nanotubes grown on pure copper substrate[ J]. Car-
bon,2010,48(5):1531-1538.

YAN J,LIU J, FAN Z, et al. High-performance su-
percapacitor electrodes based on highly corrugated
grapheme sheets[ J]. Carbon,2012,50(6):2179-2188.
JIN H, HELLER D A, KALBACOVA M, et al. De-
tection of single-molecule H, O, signalling from epi-
dermal growth factor receptor using fluorescent sin-
gle-walled carbon nanotubes[ J]. Nature Nanotechnol-
0gy,2010,5(4) :302-309.

KAUFFMAN D R.SORESCU D C,SCHOFIELD D

P,et al. Understanding the sensor response of metal-



26

¥ERXFFROGAAFR

2019 4

[12]

[13]

[14]

[15]

[16]

[17]

decorated carbon nanotubes[ ] ]. Nano Letters, 2010,
10(3):958-963.

FAS . B R E KV B ORI 2 5P B 1
WF5E[D]. I IR I /R I Tl K%, 2013,

WANG Meng-bo. Research on mechanism and imper-
vious behavious of cement based composites with car-
bon nanotube[ D]. Harbin: Harbin Institute of Tech-
nology,2013.

XI5 K W R OK e B 2 A bR 2 RO Mg
PLERRIFFE LD, B 50« AR B K%, 2015,

LIU Qiao-ling. Multi-scale properties and mechanism
of carbon nanotubes/cement nanocomposites [ D ].
Nanjing : Southeast University.2015.

AR BB IR, TR 9 K A8 B 23 B B HC 8 ik K T A
B R LT ] #5045 4 2% i, 2008, 29 (1) .
246-250.

LUO Jian-lin, DUAN Zhong-dong. Dispersivity of
multi-walled carbon nanotubes (MWCNT) and me-
chanical properties of MWCNT reinforced cement-
based composite[ J]. Journal of Building Structures,
2008,29(S) :246-250.

FEAG 22,8 R, HE R BRGNK B 4 HokE S K e ik
EAMBL % M Re i I e o LT, D Rg L, 2017,
48(6) :6042-6049.

TANG Qian-lan, HUANG Jun, TIAN Guo-xin. Dis-
persion of carbon nanotubes and research progress on
mechanical properties of carbon nanotubes cement-
based composites| ] ]. Journal of Functional Materials ,
2017,48(6) :6042-6049.

NASIBULINA L I, ANOSHKIN I V,NASIBULIN A
G, et al. Effect of carbon nanotube aqueous dispersion
quality on mechanical properties of cement composite
[J]. Journal of Nanomaterials,2012(2012) ;1-6.

HAN B G.YU X,0OU J P. Multifunctional and smart
carbon nanotube reinforced cement-based materials

[ M]//GOPALAKRISHNAN K, BIRGISSON B,

[18]

[19]

[20]

[21]

[22]

(23]

TAYLOR P, et al. Nanotechnology in Civil Infra-
structure. Berlin: Springer,2011.:1-47.

SUN G, LIANG R, LU Z, et al. Mechanism of ce-
ment/carbon nanotube composites with enhanced me-
chanical properties achieved by interfacial strengthe-
ning[ JJ]. Construction & Building Materials, 2016,
115:87-92.

EKINCIOGLU O, OZKUL M H, STRUBLE L ],
et al. Optimization of material characteristics of mac-
ro-defect free cement[J]. Cement & Concrete Com-
posites,2012,34(4) :556-565.

ZOKME T BRI R LR RN BEG 5 L B
Y ZR 0k b R RE A R ma [T ] OB LR AR A R
2012,34(7) . 28-31.

LI Yong-peng, HE Rui, CHEN Shuan-fa, et al. Effect
of polyacrylamide and hydroxyethyl cellulose ether on
the performance of the cement mortar[ ] |. Journal of
Wuhan University of Technology,2012,34(7) :28-31.
PR, E R AR B R YE 2 B R B ) 2 1
BB S O &5 4 [T ], fiE B #h 2% #it, 2005, 33 (1)
105-108.

LI Geng-ying. WANG Pei-ming. Microstructure and
mechanical properties of carbon nanotubes-cement
matrix composites| J |. Journal of the Chinese Ceramic
Society,2005,33(1) :105-108.

X B A KA I o3 WO S HOK P8 2k B2 5 AR A
PERELD]. JO% - K B L2, 2015,

LIU Shuai. Dispersion of carbon nanotubes and the
durability of carbon nanotubes reinforced cement-
based composites [ D]. Dalian: Dalian University of
Technology,2015.

ZEAE.PVA L3 oK Je e B & k) 2= PEfg il
B AFgE D1, B WL Tl K%, 2011,

LI Su-hua. Experimental research on the mechanical
properties of PVA fiber reinforced cementitious compos-

itel D]. Wuhan: Hubei University of Technology .2011.



