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Abstract: The massive waste carbon fibers in modern industry need to be recycled and reused. In this work, the effect of recycled carbon
fibers (RCF) on the fluidity, mechanical property and electrical conductivity of high-strength cement-based material (HSCBM) was
investigated using waste carbon fibers with the HSCBM. The results indicate that the incorporation of RCF reduces the fluidity of
HSCBM, while the fluidity can be increased by 7.74% if RCF is modified by NaOH solution and HNO; solution. Incorporating
unmodified and modified RCF at different water-to-binder ratios can reduce the compressive strength of HSCBM. However, the flexural
strength of HSCBM after modification of RCF with NaOH solution and HNOj; solution is improved, and the flexural strength of HSCBM
can be increased by 30.61% and 24.46%, respectively. The RCF/HSCBM has no conductivity when the water-binder ratio is rather low
(i.e., 0.20). When the water-binder ratio increases to 0.25, adding RCF can improve the conductivity of HSCBM, but its strength greatly
reduces. After RCF is treated with NaOH solution and HNO; solution, the conductivity of HSCBM is further improved. The 7 d and 28 d
resistivity can be decreased by 81.41%—82.23% and 94.88%—96.15%, respectively, when the RCF amount reaches a percolation
threshold (i.e., 0.6%). The research results can provide a new idea for the functional properties of HSCBM and RCF recycling.
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conductivity

BB ST R TRBARNARIRE, wEE  rrRREY, SHRE R ERE R, miRk R
AT IEBHE SR KR RN A SRS EEMEHSCBM)BLR &K /AR R, RIFH

WeRE H . 2022-08-15, BT H: 2022-08-28. Received date: 2022-08-15.  Revised date: 2022-08-28.
FETH: EXAREE S EITH (52078414); EHRMRFHHFER First author: WANG Yan (1982-), female, Ph.D, Professor.
$£42(52222806); BEFEA A HEHFRFIE4:(20221C-20); Bk E-mail: wangyanwjx@126.com

VU 20H TR0 7RI 20 H (207Y037)
B T OH(1982—), L, it .



5551 &5 5 3 O S [IOERET YRR R K B R ) A R RE S T LR RE A R + 1333 -

TAEMERE M ATERESERr AL, FEMG . KESZEH,
DB B TR P A Bk 32 (1 B T, Rk e
EMBHKIIRAL G SERSE . MRS EMERT
BB, UG RIS, e B
KR ERITEA T BB TR TR — 1k
BRETREE R — P L AU T Re T — R 1
REA R, AT DAST BV e AR I 4 8 S AN 7 2R TE A5
W fAs 20, G K AR S M A ) 5 i IR 6
R AR SRR, FHit, B R N
R G BRI RE R & A e R L K
PEEA R T — AN EE T .

AT R s theR . s, s SR
i JE3 A AR S 1 R, R A T F K YR B AR S AR Y
St R, BTN S, W
KFERE BRI 7 HAE R RETR e 145U 1 8 B
FH o 111 B WCB £F 4E(RCF) B A 5 SR Uk B 21 4 AH AL )
REEOL RALAT LA 30%~40% [ s A, 8
AT DL IR 77 0 4T 4 0 SR BE 175 4%, VA B 2R
BRI o I A SR [ N AR B BB 2 3 TE AR I 7T 1]
AT Ttk £F 4k 76 7K Y 26 44 R i B A - Carvelli 512
(IR 7R, AR FE (3~6 mm) A5 B (K e i &)
0.5%- 1.0%-. 1.5%) RCF . Z T /KIehb 3K
ORGSR . 25 dhom s S W 207 . Nassiri 25578
T RCF XH@E/KIREELRE KR, B, #ripiE &
BERE RIS, S5 RKM: B\ RCF g KiEE 1
(1) 7 d P om B R S B o Sl = T 11%~46%F1
6%~45%, 28 d HUEMESET I 4%~11%. Faneca
2l 4 fgs B JLFD SR B2 1) PAN 2 RCF g 7 S
IKVEFERA R, R B 58 A T [t 24 4 1) 7
B, B A B A R I ) S R A
UESE T R RCF il 4% 5 K Y A BHE AT AT 1
Wang Z0Md ] NaOH 980T [ Wi B £ 4k /4% i 2
HMRLEAT A FE, S5 R W] NaOH ¥4 T I ik
FYERMAIM AR, KHEILH RCF AEIEEI/KIERSS
()40 ik P DB S o B, {HIR B I 13 mol/L)
XK PR P B AR . Wang 26—
S0 T AN Ty, A ASADL VR e R LA TR M SR
Jii A7 9K FL AL B RCF, KRB L3R 2 Pl o4 15
MBI RCF #4851 1 /KRR 2K 28 d bk e 2L
FihismE, BEJ5 X RCE BAZNRE LT, K
RCF iR #E - /) 2= MR 3 THRCR A I 2, BT T
REEL SN, H SR LA ZEE RS KR
szt

{HRH RCF e il 5 H i 5 7K Ve JE A4 6B 52

BEARIE. —J71, R AR KR B
LT RMERARE, S ERINS AR
AU YILR, PR T L g™,
wPEOL G HIERE N 551, RCF RIEOLHE
(RIS A 0 2= > R ORI PR 2T 4 5 SR AR [ B 5 T
BEARZF HEXT K e S A B s A, 5 3 L
fE. [AUE, RCF il 4 1 ik e 2 A1 RHBE 1 3R 150
S sEERE S SRR ES S PR R

ST, K RCF 5Ess/Kie SEA ARG &, BF
FC T KBEEL . RCF BB TRURT R 3 A P )
RCF X} msi /K e A RHR AN TERE . 1 2APEREA T
PEREFIFEMI I, JFRM R B AZLA1
W SE M T BOM g 2 Pk RS LB 5 3 e L B
1T TIRVE, WEFCEs Rn] Ny sa K Je 2B R B AT D g
PEAT RCF 75347 A1 32 8 8 6

1.1 E#

KR BRFESELAN 52.5 K EERR £k KV, Hh
RNy 381 m/kg, HIEEITIE] 115 min, 25k ]
184 min, 3d Hi/EHEE A 32.0MPa, 28d HUIEIRE N
60.4MPa; fEK: SiO, &N 95.60%(FiE 740, ¥
HRiFEA 0.1 um, N 237 gem®, HLREFA
18 730 m7/kg; KAMEAK: KA T ZRIER, Si0, &
N 53.97%, 45 pm T ILIGREN 8%; KiE. KE
TRAR IR A 2 Ry i 1 FiioRs A 9k R H
320 HKEHIA SR BRI HERD; K. RH Bk
7K s IR SR FH SR IR IR w5 UK R 7K 2R 30%
18 FH 0 55 EL B 41 4 (CF) 2 H R R 2 & H 7= 1)
T700SC-12000 /& 1 BE R £F 4k ; RCF J2& £ 360 17 30 1%
Tk 21 24 BB A BR A &) 28 72 i #2 H = 2R I ik 2 TR
kg AR, sy T A #43 5 RCFUY CF
1 RCF PERESHULEK 2.

1.2 RCF REM L2

¥ RCF 2r 5 E E 1 mol/L f¥] NaOH AN
HNO; iR 24 h, U R FHEE PR R E
e 5~6 U MUEJE R RCF N 100 C & X T 1546
M 4h, FEHAHZEEREIH, #TRmES K
PEAEMIA . o A FE HT )5 RCF MERESEn . 3 B,
RCF PN 5 B AR 2 R R ol 06 P e o Uk
AN B 1 N EALFEFT S RCF RES, o LLE H!
RCF & ot A3 5 A1 R T AN Vg BRI B3 22 . T
TR, RIEARTHHURE, I HAE 274 3 H BURCIR 19 )5
WMz,



« 1334 CREFR 3h 4R ) J Chin Ceram Soc, 2023, 51(5): 1332-1343 2023 4E
F1 EMBEIUFER
Table 1 Chemical composition of raw materials w/%
Material SiO, Al O, Fe,04 CaO MgO SO; K,0 Na,O
Cement 20.82 5.90 3.61 56.77 3.50 2.43 0.21 0.52
Silica fume 96.00 0.54 0.65 0.71 0.68 0.18 0.40 0.17
Fly ash 53.97 31.15 4.16 4.01 1.01 0.73 2.04 0.89
W is mass fraction.
k2 BRAHEEOTER
Table 2 Properties of carbon fibers
Fiber Length/mm Diameter/um Density/(g-cm ™) Tensile strength/MPa ~ Tensile modulus/GPa Elongation/%
Carbon fiber (CF) 15.00 7.00 1.80 4900 230 2.10
Recycled CF (RCF) 15.00 6.00 1.76 3530 230 1.50
R3 BIEENRRATYEERES
Table 3 Properties of modified recycled carbon fibers
Property parameters Length/mm Diameter/um Density/(g-cm™) Tensile strength/MPa Tensile modulus/GPa Elongation/%
RCF 15.00 6.00 1.76 3530.00 230 1.50
RCF-NaOH 15.00 5.00. 1.56 3520.00 230 1.50
RCF-HNO3 15.00 5.00 1.64 3500.00 230 1.50
(a) RCF (b) RCF-NaOH (¢) RCF-HNO;

BT e et T 4 2R i 3

Fig. 1
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Surface morphologies of recycled carbon fibers

F 3 MK EE(0.20 0.25 F10.30), PAAfE HSCBM
HA S HAPER KK L s AIKBRI{E . A7 HSCBM (1)
TAEMEANZ T, Bk e it 2= 1) 20% AR KRS -
CF. RCF W EBEN 0~1.2%. BKFIBELN
IR RN 1 2.5% . SR PIRC &tk 4 Fios.

F4 BRKREEESHMHMHSCBMESLL
Table 4 Mix ratio of high-strength cement-based material (HSCBM)

Material dosage/(kg'm ™)

Sample No. w(Water reducer)/%  w(Carbon fiber)/%  Water-binder ratio
Cement Fly ash Silica fume Quartz powder Sand
0.20-RCF 640 160 280 200 880 2.50 0.0-1.2 0.20
0.25-CF 640 160 280 200 880 2.50 0.0-1.2 0.25
0.25-RCF 640 160 280 200 880 2.50 0.0-1.2 0.25
0.25-RCF-NaOH 640 160 280 200 880 2.50 0.0-1.2 0.25
0.25-RCF-HNO; 640 160 280 200 880 2.50 0.0-1.2 0.25
0.30-RCF 640 160 280 200 880 2.50 0.0-1.2 0.30
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(a) Specimen parameters

(b) Circuit diagram

K2 HSCBM 3 HPE LS B S B e i
Fig. 2 Specimen parameters and circuit diagram of HSCBM conductivity test
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Fig. 3 Effect of recycled carbon fibers on slump flow of
HSCBM

2.2 AR HSCBM hF M EERI S0

AFEKR L K 4T 455~ HSCBM it & 51 fE
BAAFRIE 4 . HHE 4 TRV H, B A RCF
S N[RFE B PRI HSCBM $t 5% %, H HSCBM #it
J 5 i 7K R B3 I B A . KA EESR 0.20 B
# X RCF J5 HSCBM ] 7 d #1 28 d 470 1% 55 7% 43 )31l
B T 4.04%~14.62%F1 2.31%~15.06%; 47K KL
#4KF 0.25 i, HSCBM 1) 7d F1 28 d Pt 1 58 & 4>
BIRBE T 15.63%~23%A1 15%~23.88%. i B4
52, F NaOH A HNOs W B J5 1) RCF
X HSCBM i s 5 B2 1 7 [ 52 e 564 2 2%« B A H
NaOH ¥« HNO; i M1 RCF J5, HSCBM
1) 7d 1 28 d HUESRED MIEIK T 17%~30%-
15.05%~29.51%F1 19.87%~28%- 19.51%~28.16%.
KR EEE— BB N & 0.30 i, HSCBM U5 58 &
AR, Ho 7d A 28d HUERE AP T 11.38%~
15%- 9.27%~17.21%. R¥ECHR[1710F Fo 4 R,
KPR IR B 45 N RCF J& % B 38 8 520 R 5
=, 1M EsRAKJE MR N RCF JG Kyt R 5 E
HELRE R

0.25 /KR L R 45 N\ RCF 1 HSCBM FLER4RE 2
L 5 IR 5. MECTEEMESA, HSCBM H1#EA
RCF B & K &S5 NFEAE, {F HSCBM “Fi4L
12 B LB BT in. #% A\ 1.0% RCF [ HSCBM
FLBEER M 8.94%1E % 9.56%, B A 1.0%[K] NaOH
FA HNO; S RCF J5 HSCBM LER % 4y
AN 8.94%18 N F| 10.58%F1 10.16%, HEFE KT
200 nm FIFLARFABE 1S 2, 11T B HSCBM $it &
REE R 20, 24 HSCBM () RCF #5855 KT,
RCF 7EEER oy B AR 2 H IR R SR, S0
RRESE AR 2, {8 HSCBM 1E 52 [ I B 41 4[4 58 4k
B Ik e 1) - Sl 7L a7l S A O N
BRETF 5 B AR BRI Re R, 45
REHBEE R LB B IGIN, IRAF4E 5 e+ 5
A HETX G L, LK, (ERE )%
PERERRAR . AR TR IEKYe A RL, K e 34
B3 NI KA S 55 G R i H S R 5
PERE I, 2L RCF e LATE K et rh 2 Hidb 51, it
T P KR T B o

et RCF [ EDS Rei & 6 Fros Xt NaOH
Motk RCF ) HSCBM, RCF 42 it b L j £ 4 3¢ 1
5% NaOH( 6b), 2k C-S-H K& H e Kt
FEMN VARG, ARG AT SR AR A F BN . 1X
FlAM TN NaOH £ FHAG C—-S—-H A iy



5551 &5 5 3 O S [IOERET YRR R K B R ) A R RE S T LR RE A R < 1337 -

()7d

(b)284d

B4 [ERE 45T HSCBM 00 58 FE R 5
Fig. 4 Effect of recycled carbon fibers on compressive strength of HSCBM
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(b) Pore size distribution curves
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Fig. 5 Pore structure distribution of HSCBM
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Table 5 Pore size distribution parameters of HSCBM

Pore size distribution/%

Sample No. Average aperture/nm Total pore volume/(mL-g™") Porosity/%
<20 nm 20-50 nm 50-200 nm >200 nm
0.25-RCF-0.0 6.33 0.046 7 8.94 77.01 1.77 2.29 18.93
0.25-RCF-1.0 9.28 0.042 2 9.56 58.11 7.09 6.19 28.60
0.25-RCF-NaOH-1.0 7.22 0.0509 10.58 70.30 2.27 2.38 25.04
0.25-RCF-HNOs-1.0 6.72 0.049 3 10.16 74.60 2.35 3.58 19.47
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iy AMERE Y e &R, HaMRae BRIk &
i HSCBM J72ERE T %

iMix T HNOs ¥4 RCF /) HSCBM,  £f- 4
KWL HNOs(K 6¢), B4 1 HNO; S5 [ 7K

VEHEM BL G R A RBL o A3k S 7T 4 HH B 7K
W RLRIEAT » HNO; 2 57K A B ) Ca(OH),
S N AE BRIV TR IR 5 £, KV REARL pH (B
K. gkimiE oK Je K4 C-S-H 1 AFt KEF
SEVEMT W, AU S N A Al P« TSt Pk
TR 4. Ca®* N C—S—H BRIt 7= 4 S T
AR E RS TR R, BRI K FL B 45
#B0, HSCBM W #57r7 H: K AL, A 450213
Gikn, FEHPULSRZ K.
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(a) 0.25-RCF (b) 0.25-RCF-NaOH

(c) 0.25-RCF-HNO;
6 MERIERET4E EDS fig i
Fig. 6 EDS spectra of modified recycled carbon fibers

(a) 0.25-RCF (b) 0.25-RCF-NaOH

K7 NaOH SfPERIYCERZT4E HSCBM oL 45 1)
Fig. 7 Microstructures of HSCBM with NaOH-modified recycled carbon fibers
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Fig. 8 Effect of recycled carbon fibers on flexure strength of HSCBM

Kl 9 v 0.25 /KL 2t RCF 7 HSCBM H
UL . AT LLE$], RCF £t T8 T HIEE
MR RN, SRS ZE. Kiekkz
718t RCF & 5 @k (K 9a), WA 785 R IEHIEH)
YEF 53 HSCBM Hidf st E 1L 15 B/ M 3 THAS i
2 K RCF %3l | NaOH ¥ F1 HNO; ¥ W S0 Ak
S, FRRA R R 2T 4% 1 20 oo of 2T 44 3% T PR 9k 1)
VERIE 2 | IR 9b AN 9c). ZIpRE A48 A £
YELU R TRV 2« B A Ak IR AN R0 P ik S5 1 5
HAT BT int7, 4550 52w 2T A K Y J 4 114
RiIEVE, KERAEE MR b, 4
ERRR SR 45 M RE Y o . 52 710 RCF BEE H
B IR AR L 4 W S A 185 S 50 A A0 e 21 4 () 4
T FH A PR HIPYH S 4 44 109 J8 1 HSCBM
LT R A B W T
2.3 [EIERREFHERT HSCBM 5% RE B S0

BN AR BR T4 () HSCBM . HiL BH 2 i 7K i
ELANEF 445 B AR 2R an P 10 B . B 10 AT I,
B KL, HSCBM  HLPH# AT PG, 7K
B EE A 0.20 IF, #8 \ RCF [f) HSCBM (] 7d HBHZ
BB BRI B2k, 28 d LR EEBERINA
Wi k. SRR SO E SRR
BHE HLBE R — % AE 1072~10° Q-m, 1 0.20 /KARH TR
#0 RCF () HSCBM Hi AT 10° Qm, £

Z/KBE R 48 RCF 5 HSCBM A~ H 4 5 HL g
KSR 2] 0.25 BF, # A RCF [ HSCBM 1 7d
A28 d HLPH Bl 5 AR LS A R SRR T
FasE s, {3 RCF BEIAF] 1.2% H A R x
MA I, MK mE 030 1, HBA
RCF ff] HSCBM HiBH % % £ 550/ o
FERAR KK EE(0.20)H, # RCF i) HSCBM
588 55 Aty LSRR 2 M A R S, SR AR KA1
H KB, EWRE HSCBM £ KA FE b A ik
AE S A tLpIE K, X425 HSCBM W
SRR T EBRCREEN B, AR H
RCF 7£ HSCBM H:fk 7 i tE i 2 Btk 5 45 141,
RCF NEEH 25 5 B, 53 HSCBM T LT
A2, MR EKIRILE, HSCBM ZA4R 911 H H
KAE %, RCF 1E3AA MR 1) 23 B J108k /N, B4y
Bt 21, SRS M %, i HSCBM
SHYERE . RCF BEEUVNN, iR
HEAME R 11a), #EDE SR k4% S
fEFHY, HSCBM T fa P fig th K Je 2t i), 5
PLK YA FLIE W B S T TR e R k. &
B K % A 5 I8 PR K e BORE F) HL T S e o 21 i
FHe 4B BRI N, RCF A E BN (B 11b),
e LI (A o) A BRI 2 (E 14d),
BT HL 28 R0 & E S AEH s 24 RCF R4k 4:



< 1340 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(5): 1332-1343

2023 4F

WINET, BRAF4E S 4% A K VB SRR P B e 4
TER(E 11e), T LT 58 KSR 4 4E Al 5 L .
VLI F 4k 4248 0 RCF I, 4F4E85 & D&tz
e, HSCBM HiFH AR bR /N Hta FRasE . (2
KM RCF BEIEF] 1.2%0, EmBE N H T4
S 2 THI RS I P 2 e ol JHG A RS ol DL 23 B, 214 ()
R 45 IS LR (B 116), {f HSCBM H
BH 248 K

AR —IRE2Z, KA 0.25 B A\ NaOH Al
HNO; a4 1¥ RCF J5, HSCBM HLFHRE—P
Bk, SLF4EBREILT] 0.6%N, BAKRKIE RCF

J& HSCBM [ 7d A1 28 d HIBAZ 4 HIFEAK T 60.87%
1 91.80%: ¥ RCF 4 NaOH VAT A HNO; VA i
PEJ5, HSCBM (1) 7 d HLFHZE 4> IR T 81.41%AN
82.23%, 28d HLFHZE 73 HIFFAK T 94.88%F1 96.15%
B ERT 0.6%0, HNO; Wil RCF 1
HSCBM HfHZ L 2L TN CF ) HSCBM Hi[H
., & 12 HAFRT S RCF ) FT-IR %, 7 LLEH,
RCF £ NaOH V&G, 76 3 474 em™ AL BLE
3 (—OH) IR 4E IR S Y%, 1384 cm™' 4b—OH 1)
R R B B B N5, 1 111 em™ 2 C—O HI{
APRBNT M, 25T & R — AMRRIE IR

(a) 0.25-RCF

(b) 0.25-RCF-NaOH

(¢) 0.25-RCF-HNO;

Ko ctEmiier4E 5 HSCBM 45 4R
Fig. 9 Combination of modified recycled carbon fibers and HSCBM



FES51EE S *

i S5 [WORRET R R iRk Ue AR ) 2 R RE S S LR e

800
700
600
500
400
300

Resistivity/(2-m)

200

—=— (0.20-RCF — 0.25-RCF-NaOH
L —— 0.25-RCF —+ 0.25-RCF-HNO,
—— 0.30-RCF

L - 025-CF _ 48 —— 020-RCF

5 ] o 1341 -

800

700

600 ——020-RCF

+(),35-R(‘F

= 500 —oser
S m—
~ L —— 0.25-] - 3,
S, 400
g0 .
7 N
] —=— 0.20-RC
& 200 [ 925.RCF 0.8 10 x 12

(b)284d

Bl 10 [EISBREF4E0T HSCBM Hi BELZ ()50
Fig. 10 Effects of recycled carbon fibers on resistivity of HSCBM

40 1058
dE 35 [ 030Rer
L & 30 f—— 025-CF
= —— 0.25-RCF-NaOH
g %8 +0.25—RCF—H?IO;
: i
- & 8$
i
B _ Do,saé‘e(}%bc 1‘_2
(@)7d
(a) 0.2%
(d) 0.4%

(b) 0.4%

(€) 0.6%

(c) 0.4%

) 1.2%

Bl 11 [Blfhx 44 7E HSCBM H i S B iR

Fig. 11

Intensity

,.,\,\,"}-\_.‘N____L_._,‘V‘/M
S7RG 37 XZ
(o)) 0 on —

0.25-RCF-NaOH

— —

K 12
Fig. 12 FT-IR spectra of modified recycled carbon fibers

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™!

S SR T 4 FT-IR

Conductive pathways of recycled carbon fibers in HSCBM

e, 2 b AR At BE S N s K RCF H HNOs
VMRS, 75 3 450 cm™! Ab e HE—OH. (4R 45 1%
M, HAE 1 750 cm™ AL HIIL T R E(C=0)/
AR ENRUIE . 4k, 1384 cm ' 4b—OH K45
PRENSIERT 1 111 em ™ &b C—O I IR SR
WA hNaE . IXEET: £ NaOH A HNO; 75
ek b S , RCF 210 IR AR 245 2B, 89 7 RCF
FI U BE . IX SRy B A AR 4T 4 R AL 243
P R B BRI S K A R S, B s T
LT SRR TR RS S5, HSCBM S PEAEIG 58
B RS BN N, HSCBM  HFH %6 537 19 Kk
a3, 4 RCF 5 & 7298 B I 3 H B R AR



. 1342 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(5): 1332-1343

2023 4F

NHETRE. HERET: BAERAREL, K
WAWTE FE N B 7K 5, HSCBM F:4K 4 B H1/K 08D,
FEAL A H BB B PR K A K o KR
BT B BARE AN WTEAE, B IRBEA TP
&, SHAE TR, BAh, B KA RS HE
ST, KA 2, HSCBM FLERBEIE 7S,
i SR ZE My N E%, RCF R IEAE KL =2
AR, Ml RCF (8] 462 35 22 i 2 2K,
Lk LU T BE IE RGEYT, 53 HSCBM HLBH %%
Wi K. MBES RCF S p3bin, /K8 N
SHMK IR TE, FHBENZ, Mkl
TR IAXT HSCBM S L MEREI 52

3 £

1) # A RCF £1{# HSCBM iz N %, RCF
2 NaOH A HNOs IR EL f5, $2T+ T -6
WahtE, PRFHIEEE R TIE 7.74%, XA
AbFRFE R T RCF 7ERAR IR I A K

2) KRR 45 N\ RCF #2f#{% HSCBM
UG, RCF 4 NaOH ¥ 70F1 HNO; ¥ i Ab
S, 4R ) NaOH F1 HNO; 25 7K e
IKTF= TS0 S B I FLEE 74, %F HSCBM Hi s 9 B2
M E AR % . (H RCF [ ZAEH &1
HSCBM $it#fr 5 & A BRI T, % RCF 43 1l FH NaOH
RN HNO; IR AL 5, REfE HSCBM $HidT %
B NBE(0.2%) N RIATHE T 10.94%~15.79%.

3) KA 0.20 B N\ RCF f#] HSCBM A 1A
FSHAET), KRN ZE 0.25 Bf 45 N\ RCF R
$eFt HSCBM F:HiPE, FLHBH AR5 3 0 2um B
K, BEIEFNSIERE0.6%) 7 d A1 28 d HLPH
KRBT 60.87%A1 91.80%. £ NaOH ¥ A
HNO; ek G i RCF R4k 24 et o,
HSCBM S —242H, BEN 0.6%M H 7d.
28 d HIPHZ 4> HIFEK T 81.41%A1 82.23%. 94.88%
M1 96.15%; BEKT 0.6%)5 T /KIBREEN S
e R I G MK LN, SRR TRE
HIUPEAZ B 52 o

Sk

[1] B, XUF, B3 & Bkt mom 5 % SR g i s v ae
RSB PERISEIR ). ZRF RS (B AR RERR), 2022, 52(2): 263-
272.
LV Chen, LIU Jiaping, TIAN Yi, et al. J Southeast Univ: Nat Sci Ed
(in Chinese) , 2022, 52(2): 263-272.

[2] CAETANO H, FERREIRA G, RODRIGUES J P C, et al. Effect of the

high temperatures on the microstructure and compressive strength of

high strength fibre concretes[J]. Constr Build Mater, 2019, 199:
717-736.

[3] bk, AETNI, PR, & AT R-HE G IHUH 0 E R IR R
RIS HTRALLT]. WAZRIR Tl K 444R, 2022, 54(11): 78-87.

ZU Kun, XIONG Ergang, LUO Bin, et al. J Harbin Inst Technol (in
Chinese), 2022, 54(11): 78-87.

[4] SATH, THL, 1RV, . BEEAF RS LI /AR G L
1Bt RI]. MR, 2021, 35(19): 19081-19090.

MA Yanxuan, YU Xia, XU Yagqian, et al. Mater Rev (in Chinese),
2021, 35(19): 19081-19090.

[5] CHEN M, GAO P, GENG F, et al. Mechanical and smart properties of
carbon fiber and graphite conductive concrete for internal damage
monitoring of structure[J]. Constr Build Mater, 2017, 142: 320-327.

[6] TR, #wE, BN, A A BRERE L &R ] T
& 712, 2022, 39(3): 1-10.

DING Siqi, HAN Baoguo, OU Jinping. Eng Mech (in Chinese), 2022,
39(3): 1-10.

(7] BB, BAFD, TR, 55 BRAFHKIEHEE GHEL Seebeck RN 7T
BUR). #EHTR, 2017, 31(1): 84-89.

WETI Jian, ZHAO Lili, ZHANG Qian, et al. Mater Rev (in Chinese),
2017, 31(1): 84-89.

[8] SUN H, GUO G, MEMON S A, et al. Recycling of carbon fibers from
carbon fiber reinforced polymer using electrochemical method[J].
Composites Part A: Appl Sci Manuf, 2015, 78: 10-17.

[91 JAGADISH P R, KHALID M, LI L P, et al. Cost effective
thermoelectric composites from recycled carbon fibre: From waste to
energy[J]. J Cleaner Prod, 2018, 195: 1015-1025.

[10] ZHANG J, CHEVALI V S, WANG H, et al. Current status of carbon
fibre and carbon fibre composites recycling[J]. Composites Part B:
Engineering, 2020, 193: 108053.

[11] FANECA G, SEGURA I, TORRENTS J M, et al. Development of
conductive cementitious materials using recycled carbon fibres[J].
Cem Concr Compos, 2018, 92: 135-144.

[12] NGUYEN H, CARVELLI V, FUJII T, et al. Cement mortar reinforced
with reclaimed carbon fibres, CFRP waste or prepreg carbon waste[J].
Constr Build Mater, 2016, 126: 321-331.

[13] ANGELOV M, NASSIRI S, HASELBACH L, et al. Using carbon
fiber composites for reinforcing pervious concrete[J]. Constr Build
Mater, 2016, 126: 875-885.

[14] FANECA G, SEGURA I, TORRENTS J M, et al. Development of
conductive cementitious materials using recycled carbon fibres[J].
Cem Concr Compos, 2018, 92: 135-144.

[15] WANG Y, ZHANG S, LI G, et al. Effects of alkali-treated recycled
carbon fiber on the strength and free drying shrinkage of cementitious
mortar[J]. J Cleaner Prod, 2019, 228: 1187-1195.

[16] WANG Y, ZHANG S, LUO D, et al. Effect of chemically modified
recycled carbon fiber composite on the mechanical properties of
cementitious mortar[J]. Compos Part B: Eng, 2019, 173: 106853.

[17] E4, RIBUT, #okiK, . BUERF AR LS EMED]. S6M
BEEEIR, 2022, 39(6): 2833-2841.

WANG Yan, ZHANG Tongxin, GUO Bingbing, et al. Act Mater
Compos Sin (in Chinese), 2022, 39(6): 2833-2841.

[18] EHA, T, KP4, 5. KRS EMES BIER R E R

FOHEIE[T]. TR#EEL, 2021, 384(10): 52-56.

WANG Xinjie, NING Tao, ZHU Pinghua, et al. J Concr (in Chinese),

2021, 384 (10): 52-56.

SR, OB, WOHRL. BRI RS i S R AR K

ST MRV S5 T2, 2006, 14(1): 1-4.

HAN Baoguo, GUAN Xinchun, OU Jinping. Mater Sci Technol (in

Chinese), 2006, 14(1): 1-4.

[20] HANB G, YU X, KWON E, et al. Effects of CNT concentration level

[19



FES51EE S

+

55 (OB EFAEXT = s K Y AR ) 2V BE S T LR RE X 52 .

1343 -

[21

[22

[23

[24

[25

[26

[27

[28

[29

[30]

[31]

[32]

133

[34]

[35]

and water/cement ratio on the piezoresistivity of CNT/cement
composites[J]. ] Compos Mater, 2012, 46(1): 19-25.

SASSANI A, CEYLAN H, KIM S, et al. Development of carbon
fiber-modified electrically conductive concrete for implementation in
Des Moines International Airport[J]. Case Studies Constr Mater, 2018,
8:277-291.

PR A RIS T KRS AR B — AT LB 75 (D). 79
W BRI EHTRKEE, 2018,

CHEN Min. Electrothermal and Sensitive Properties of Multiphase
Conductive Cement-based Materials with Graphene (in Chinese,
dissertation). and
Astronautics, 2018.

ESPINOZA-MORENO C A, RODRIGUEZ-RODRIGUEZ M,
Pellegrini-Cervantes M J, et al. Electrical percolation and fluidity of

Nanjing: Nanjing University of Aeronautics

conductive recycled mortar cement: graphite powder: Recycled sand
with addition of industrial waste carbon fiber[J]. Carbon Lett, 2021,
31(4): 707-720.

FRAESE, E30, B BREF 4RGSR K TR E -G M RHI 71 A M e
FORERE(T]. I T A A LRS54, 2021, 41(3): 34-42.

CHENG Jiangiang, WANG Wenguang, HAN Jie. J Liaoning
Petrochem Univ (in Chinese), 2021, 41(3): 34-42.

SAEER, i, XEUAE. TR 4EXT 5 R e L M R R LA M I B
ma[]. EEER 2hiE IR, 2017, 36(10): 3531-3535.

GUO Chuanhui, TANG Wan, LIU Shuhua. Bull Chin Ceram Soc (in
Chinese), 2017, 36(10): 3531-3535.

BN, XA, R4S IR ERT AU R ()], RERRERE IR,
2019, 38(8): 2442-2447, 2463.

GE Yuchuan, LIU Shuhua. Bull Chin Ceram Soc (in Chinese), 2019,
38(8): 2442-2447, 2463.

SV, BT YRR 20 A 0 K e B R R g 23 A F S A D). 4
JH: MK, 2006.

ZHANG Haitao. Influence of carbon fiber gradient distribution on
thermal stress distribution of cement-based material (in Chinese,
dissertation). Zhengzhou: Zhengzhou University, 2006.

BT, Ele, FAM, & R YRR ERHREE L 7 2 v R IR AT
FE[T]. ERSLEH, 2021, 51(11): 108112, 46.

YANG Hong, WANG Hailong, WANG Hongshan, et al. Build Struct
(in Chinese), 2021, 51(11): 108-112, 46.

NELSON E B, KALOUSEK G L. Effects of Na,O on calcium silicate
hydrates at elevated temperatures[J]. Cem Concr Res, 1977, 7(6):
687-694.

XI 'Y, GLASSER L S D. Hydrothermal study in the system
Na,0-Ca0-SiO0-H,O at 300 C[J]. Cem Concr Res, 1984, 14(5):
741-748.

NocuO-Wezelik W. Effect of Na and Al on the phase composition and
morphology of autoclaved calcium silicate hydrates[J]. Cem Concr Res,
1999, 29(11): 1759-1767.

RAMACHANDRAN V S, BEAUDOIN J J, SARKAR S L, et al.
Physico-chemical and microstructural investigations of the effect of
NaOH on the hydration of 3Ca0O-SiO,[J]. Cement, 1993, 90: 73.
RICHARDSON I G. Tobermorite/jennite-and tobermorite/calcium
hydroxide-based models for the structure of CSH: Applicability to
hardened pastes of tricalcium silicate, B-dicalcium silicate, Portland
cement, and blends of Portland cement with blast-furnace slag,
metakaolin, or silica fume[J]. Cem Concr Res, 2004, 34(9): 1733-1777.
T8, &, f—0, & RS KERES C-S-H BRE MR
W], ARSI, 2011, 14(3): 293-298.

HE Zhen, WANG Lei, SHAO Yixin, et al. J Build Mater (in Chinese),
2011, 14(3): 293-298.

ERUE, APV, THE, 55 FHERR DR BROE AL IR AR WU R

(36

[37

[38

[39

[40

[41

[42

[43

[44

[45

[46

[47

]

]

]

]

]

]

]

]

gLt APERE(ID——pH {8 NOy# #[J]. LATHIR, 2019,
5207): 1-12.

WANG Jiabin, NIU Ditao, HE Hui, et al. J Civ Eng (in Chinese), 2019,
52(7): 1-12.

HRY, Waes, TEME % RETZEREME B F R
WA BEFU[T]. R3S ek, 2017, 36(14): 126-132.

NIE Liangxue, XU Jinyu, WANG Hongwei, et al. J Vib Shock (in
Chinese), 2017, 36(14): 126-132.

xMafE, £3, Elg. AR RN BRA K eI 5 & FRHE RE 15
WA[C]. /7557 it 4 B R AR it L R (o P B VR 1 2 ) S0 2 B
T E AR TR R LR TV ZE A2 2015 FHESIRIUE, )R
NI, Wi, 2015: 257-262.

LIU Bowei, WANG Qin, WANG Jian. Effect of Oxidation Time on
Properties of Carbon Fiber Cement Matrix Composites[C]. //
Proceedings of the 6th National Special Concrete Technology (High
Performance Concrete) Exchange Conference and the 2015 Annual
Conference of the Concrete Quality Professional Committee of the
Chinese Society of Civil Engineering, Yinchuan, China, 2015:
257-262.

B, ek, BRY, & il s FYURERE R B LB
IR 1] APRFTAR, 2021, 35(22): 22063-22071.

XIA Wei, XU Jinyu, NIE Yuliang, et al. Mater Rev (in Chinese), 2021,
35(22): 22063-22071.

R, HEE. KRS SRR SR, MEERES
TAEAR, 1995(02): 62-65.

YE Qing, HU Guojun. J Mater Sci Eng (in Chinese), 1995(02): 62-65.
MRiz, kAR, WBOKUe R S FORHORT A5 R[], B e 5k,
2000(4): 28-30.

CHEN Bing, ZHANG Dong. New Build Mater (in Chinese), 2000(4):
28-30.

M52, B BE B 4 oK B R B 2T 4 3o 3 B D S A 1 e B A BT S [ D).
JUIM: AR R R EE, 2020.

CHEN Shengyu. Study on the performance of conductive mortar with
single-wall carbon nanotube and carbon fiber (in Chinese, dissertation).
Guangzhou: Guangdong University of Technology, 2020.

JASCHE, WOCUR, IR, . BRAF4EIREE LS A K R
ROHTI]. MG KRR RS TR, 2012, 25(1): 65-69.
ZHOU Wenjian, LAN Wenjian, ZUO Xiaoyu, et al. J Yantai Univ (Nat
Sci Eng Ed) (in Chinese), 2012, 25(1): 65-69.

R, AR, kg, & TR kA 4K R b 5 m i FA
AE[D). SRR, 2006, 9(5): 593-597.

HAI Ran, YANG Jiujun, ZHANG Haitao, et al. J Build Mater (in
Chinese), 2006, 9(5): 593-597.

T, R, FRE, & ORAENSHBIES CFRC &M
L. ThAEREL 2007, 38(10): 1641-1644.

WANG Chuang, LI Kezhi, LI Hejun, et al. Funct Mater (in Chinese),
2007, 38(10): 1641-1644.

TRES, TR LDPE/EVA/MWCNTS/CF & &M RH B2 K i 48
PERE[]. W2 TAPERRLY: 5 TR, 2017, 33(3): 53-58.

XU Xingchi, WANG Tinwei. J Polym Mater Sci Eng (in Chinese),
2017, 33(3): 53-58.

D, THE, HER. BHREKIEIRA RS SRR T IR ).
ThEEM kL 2016, 47(12): 12124-12128.

YI Feng, DING Zhu, XIA Yuying. J Funct Mater (in Chinese), 2016,
47(12): 12124-12128.

TIPSR, K FREE N Bk AR 4 IR L 2@ MR S LR 6 (D). 1
AR AR KA, 2010.

WEN Xiaowei. The permeability and the performance of the electric
conduction of the carbon fiber reinforced cement composite under

water (in Chinese, dissertation). Shandong: Shandong University, 2010.



