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Effect of Fiber Conductivity on Piezoresistive Behaviour of Geopolymer

MA Bin, ZHANG Yong, HUANG Qigin, HUANG Xiaolin'

(School of Architecture and Transportation Engineering, Guilin University of Electronic
Technology, Guilin 541004, China)

Abstract: Carbon fibers and basalt fibers were used to modify geopolymers. The impact of fiber content on the

fluidity , mechanical properties, resistivity and piezoresistive behavior of geopolymers were analyzed. And then, the

influence mechanism of fiber conductivity on the piezoresistive properties of geopolymers was clarified. The results

show that carbon fibers have a greater impact on material fluidity of geopolymers than basalt fibers. When the carbon

fiber content increases, the resistivity of geopolymers decreases significantly and the resistivity curves can be divided

into slow-decreasing, sudden-decreasing and flat stages. With the increase of carbon fiber content, the effect of carbon

fiber on the piezoresistive properties of geopolymers first enhances and then weakens. When the volume fraction of

carbon fiber is 0.4%, the piezoresistive properties of geopolymers is optimal. However, the basalt fiber has a

weakening effect on the piezoresistive properties of geopolymers.
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Table 1 Chemical compositions(by mass) of
steel slag and metakaolin

Unit: %
1.1 Ei Material ~ SiO, ALO, Fe,0, MgO CaO Na0 K0
AR IR I 4 ok B IR X T T 5 K ok R Metakaolin  54.00 43.00  0.90 0.40 0.12 0.20
F}HL@%%%IHB@’A%,Eﬂ:%ﬁéﬂﬁi(ﬁi‘%ﬁj\ Steel slag  16.28 8.72 28.57 6.29 30.62
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Table 2 Basic parameters of CF and BF
. Diameter/ Density/ Tensile strength/  Tensile modulus Resistivity/
Fiber Length/mm e .
pm (grem™?) MPa /GPa (Q-cm)
CF 6 7 1.75 3 500 228.0 1.0-1.6
BF 6 17 2.65 1050 7.6
1.2 REERE fili L7 B B (SEM).
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Fig. 2 Compressive strength and bending strength of geopolymers
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Fig. 3 Electrical resistivity of geopolymers
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Fig.4 Piezoresistive behaviour of CF modified geopolymers
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Fig. 5 Piezoresistive behaviour of BF modified geopolymers

-

\ / 3 " # Air hole, -.
Airhole g . S Bole ; \ Fibre ggglomerates y T
Air hole ®

Air hole

Aigshole .

(d) BF-0.2 (e) BF-0.4 (f) BF-0.6
K6 R4 YR SEM IR
Fig.6 SEM images of geopolymers




228 pi

WM B % W

527 %

B, Moebh LA 2 S YA B RN
0.6 % B, b I A W ik £F 24 I S A SR BR 42, R A AR
AR AT Ae M By 2 e B i, % 45 R 5 ok B I ) A
B0 5 5 Bl 2 2 SO b 3R B A B RO A bk
b R B AR B I Bl M A ol o S e R R R
SIAE A Z IG5 L i A 28 Y 4 3 A W o B
TR A e A R A W LR A A s B X il
LR YEAS R N, R W N AR LA I
Zikas, DS LR AT HBEN0.6% I, R A
Yy R AAT £ e A RIS

3 g

(1) B 21 4 A0 & ok 2 4 i v 3t 2R 5 0 09 T )
B 2T 4k 45 1 ARG AR R B BT BT
2 Xof 3 2R A W i B B BB W B KRR 2T 4R 4R R Y
BN, B £ 2 R IR T A 21 B0 5 R BT AL 5
PR ST m R AR, BRI B N, X 4T 2 2
AW BP0 R B WS T RRET AR AL 5 B AT 4R LA
P, A AR SR R A W R O SR I

(2) 4 B 21 442 BG4 2R 5 9 9 | BH R
SRR B, ELAT 0 O W eI BT G2 B Bl T
AW N TR AR 2T 4 T T L 0 2% (031 R B
R 2R e £ 4 X b 5 G W v B AR AU 5
RN

(3) B Bk 27 4 12 1 9 38 I, Bk 27 4 o o 2R 5 )
JE S0P RE B B2 R S B R S 0SS A gER
0.4 % B, b 55 W e Bk RE e L . &0 A 41 4 X
R s BA HI SR

S & k-

[1] HANIJS,PANJL, CAIJM, etal. A review on carbon-based
self-sensing cementitious composites [J]. Construction and
Building Materials, 2020, 265:120764.

[2] B, e, thde, . 87 Sl #VERg g K =%
MEFELT] EHA R A, 2017, 20(4) :511-516.

ZHAO Ruohong, FANG Daobo, XU An, et al. On the factors
that affect electrical performance of ion-conductive mortar[J].
Journal of Building Materials, 2017, 20(4):511-516.(in Chinese )

[3] LIH, XIAO H G, OU J P. Effect of compressive strain on
electrical resistivity of carbon black-filled cement-based composites
[J]. Cement and Concrete Composites, 2006, 28(9) :824-828.

[ 4] BRGERE, AR, R4, 45 XA i T il 4 s TR O6E
MR B FFTELT]. SR R4, 2005, 8(3):233-238.

QIAN Jueshi, LI Changtai, TANG Zuquan, et al. Experimental
study on electric conductive concrete made from steel slag

quenching with wind[J]. Journal of Building Materials, 2005, 8

[9]

[10]

[11]

[12]

[13]

[14]

[17]

(3):233-238. (in Chinese)

PAYAKANITI P, PINITSOONTHORN S, THONGBAI P,
et al. Effects of carbon fiber on mechanical and electrical properties
of fly ash geopolymer composite [J].
Proceedings, 2018, 5(6):14017-14025.
AW, BEAPRE , AR, 45 . A7 SR K Ve R A bR Y i 2
RELT). dt SRR, 2022, 25(1):8-15.

ZHAO Xin, HUANG Cunwang, FU Jiali, et al. Electrical

Materials Today :

properties of graphene cement based composites[J]. Journal of
Building Materials, 2022, 25(1):8-15. (in Chinese)

FAN XM, FANG D, SUN M Q, et al. Piezoresistivity of carbon
fiber graphite cement-based composites with CCCW [J]. Journal
of Wuhan University of Technology (Materials Science), 2011,
26(2) :340-344.

HAN B G, DING S Q, YU X. Intrinsic sel{-sensing concrete and
structures: A review[J|. Measurement, 2015, 59:110-128.
i/, RUZR, ARG, 45 BB T AR IR X EGC
PrAfPERE R L) ] A SR 242, 2022, 25(4) :401-407.
WANG Xiaomei, LIU Jie, ZHU Yaguang, et al. Influence of fly
ash content and early curing temperature on tensile performance
of EGC[J]. Journal of Building Materials, 2022, 25(4) :401-407.
(in Chinese)

BRR B B — i g 0 L SRS T AL BB AR 1 W B 2 P RE BT
FEID ). bk bk HL TR R, 2022,

HUANG Qiqin. Physical and mechanical properties of steel slag
metakaolin based geopolymer conductive gel[ D]. Guilin: Guilin
University of Electronic Technology, 2022.(in Chinese)
XTLAR, SRCHE, WAPE, %5 GRETUE—IlUR B I BRI MERELT ).
fERR R #2021, 49(7):1510-1518.

LIU Weisen, GUO Yingjian, HU Jie, et al. Self-sensing property
of carbon fiber-alkali activated mortar[ J]. Journal of the Chinese
Ceramic Society, 2021, 49(7):1510-1518. (in Chinese)
DEHGHANI A, ASLANI F. Piezoresistive sensing of
cementitious composites reinforced with shape memory alloy,
steel, and carbon fibres[J]. Construction and Building Materials,
2021, 267:121046.

B AR XK, T, S5 A AT RS BO R e I
SRR [T]. BB TR 224), 2009, 31(7) :5-8.
ZHAO Bihua, LIU Yongsheng, HE Songhua, et al. The effects of
basalt fiber parameter on the fluidity of the cement mortar{J]. Journal
of Wuhan University of Technology, 2009, 31(7):5-8.(in Chinese)
YAKHLAF M, SAFIUDDIN M, SOUDKI K A. Properties of
freshly mixed carbon fibre reinforced self-consolidating concrete
[T]. Construction and Building Materials, 2013, 46:224-231.
PUNURAI W, KROEHONG W, SAPTAMONGKOL A, et
al. Mechanical properties, microstructure and drying shrinkage of
hybrid fly ash-basalt fiber geopolymer paste[ J]. Construction and
Building Materials, 2018, 186:62-70.

LIUT A, YANG Y Z, CHEN Z T, et al. Optimization of fiber
volume fraction to enhance reinforcing efficiency in hybrid fiber
reinforced strain hardening cementitious composite[ J]. Cement
and Concrete Composites, 2020, 113:103704.

BN, B, TRRE, GF L DURSRIMB BB R A Wt K



%533 L

W, 55 < 21 4 5 HL PR b 2R 5 ) T AT S Y S TR 229

P AREBE R IR A B S E R [T ). Bk AR, 2021, 3503 Tl
1):654-661.

LI Kan, WEI Zhigiang, QIAO Hongxia, et al. Research progress
of the influence of four kinds of admixtures on the properties of
polymer cement-based materials[J]. Materials Reports, 2021, 35
(Suppl 1) :654-661. (in Chinese)

WANG L N, ASLANI F. Piezoresistivity performance of
cementitious composites containing activated carbon powder,
nano zinc oxide and carbon fibre[ J]. Construction and Building

Materials, 2021, 278:122375.

[19]

[21]

WEN S H, CHUANG D D L. A comparative study of steel-fibre
and carbon-fibre cement as piezoresistive strain sensors [J].
Advances in Cement Research, 2003, 15(3):119-128.
DEMIRCILIOGLU E, TEOMETE E, OZBULUT O E. Strain
sensitivity of steel-fiber-reinforced industrial smart concrete[J].
Journal of Intelligent Material Systems and Structures, 2020, 31
(1):127-136.
FANG Y,
mechanical-electrical performance of carbon fibre sensing concrete

[7]. Ceramics-Silikaty, 2022, 66(1):28-35.

CHEN K Q, ZHU M. Preparation and



