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Effect of Pretreatment Method of Natural Plant Fibers on Properties of
Cement-Based Materials-A Short Review
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Abstract: The use of natural plant fibers to reinforce cement-based materials has attracted recent attention. Compared with synthetic
fibers, natural plant fibers have many advantages, such as green environmental protection, light weight, low cost, renewable, efc., and
are widely used in many fields. However, natural plant fibers cannot be directly applied to cement-based materials since they are easy
to absorb water and swell and have a poor compatibility with cement matrix. Therefore, a proper pretreatment of natural plant fibers is
needed to improve the adverse effects of natural plant fibers on the properties of cement-based composites. This review represented ,
recent work on the development of different pretreatment methods for natural plant fibers (i.e., water treatment, coating treatment,
steam treatment, alkali treatment, acid treatment, silane coupling agent treatment and mixing treatment) based on the structure and
material composition of natural plant fibers, as well as the effect of the pretreatment method on the properties of natural plant fiber
reinforced cement-based composites.
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Table 1 Chemical composition of various natural plant fibers>! w/%
Type of fiber Cellulose Lignin Hemicellulose (or Petosan) Pectin Ash
Fiber flax 71.0 22 18.6-20.6 2.3
Seed flax 43.0-47.0 21.0-23.0 24.0-26.0 5.0
Kenaf 31.0-57.0 15.0-19.0 21.5-23.0 2.0-5.0
Jute 45.0-71.5 12.0-26.0 13.6-21.0 0.2 0.5-2.0
Hemp 57.0-77.0 3.7-13.0 14.0-22.4 0.9 0.8
Ramie 68.6-91.0 0.6-0.7 5.0-16.7 1.9
Kenaf 37.0-49.0 15.0-21.0 18.0-24.0 2.0-4.0
Jute 41.0-48.0 21.0-24.0 18.0-22.0 0.8
Abaca 56.0-63.0 7.0-9.0 15.0-17.0 3.0
Sisal 47.0-78.0 7.0-11.0 10.0-24.0 10.0 0.6-1.0
Henequen 77.6 13.1 4.0-8.0

w is mass fraction.
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Table 2 Mechanical properties of natural plant fibers as compared with conventional reinforcing fibers

Fiber Density/(g-cm ) Elongation/% Tensile strength/MPa Young’s modulus/GPa
Cotton 1.5-1.6 3.0-10.0 287-597 5.5-12.6
Jute 1.3-14 1.5-1.8 393-800 10-30.0
Flax 1.4-1.5 1.2-32 345-1 500 27.6-80.0
Hemp 1.5 1.6 550-900 70.0
Ramile 1.5 2.0-3.8 220-938 44.0-128.0
Sisal 1.3-1.5 2.0-14.0 400-700 9.0-38.0
Cordenka 1.8 13.0 833 20.0
Coir 1.2 15.0-30.0 175-220 4.0-6.0
Lyocell 1.4 11.0 552 23.0
Viscose 1.3 12.0 338 11.0
Softwood Kraft 1.5 1000 40.0
E-glass 2.5 2.5-3.0 2 000-3 500 70.0
S-glass 2.5 2.8 4570 86.0
Aramide(normal) 1.4 3.3-3.7 3 000-3 150 63.0-67.0
Carbon(standard) 1.4 1.4-1.8 4000 230.0-243.0

Basalt 2.7 2.0 2130 93.0
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Table 3 Effect of pretreatment on components of straw!*’! w/%
Processing Wheat stalk Rice stalk Corn straw
method A B C A B C A B C
Untreated 38.9 30.7 13.9 35.7 27.1 12.0 37.7 27.4 14.3
Cold water 38.6 26.8 11.9 353 223 9.9 37.4 232 11.6

A-Cellulose, B-Hemicellulose, C-Lignin.
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Table 4  Effect of different pretreatment on setting time 7 of cement /! t/min
Wheat stalk Rice stalk Corn straw
Processing method
Initial End Initial End Initial End
Untreated 191 233 177 225 184 230
Cold water 181 225 174 218 177 220
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Table 5  Effect of pretreatment on mechanical properties of barley Straw sand concrete!*”!
Treatment Concrete density/(kg-m™) Flexural strength/MPa Compressive strength/MPa Shrinkage at 180days/(mm-m ")
Without treatment 1895 4.00 13.0 0.84
Hot water 1922 5.21 20.6 0.72
&6 LIRRETHEKCRIREY 1R
Table 6 Mechanical properties of kenaf fibre cement boards!*®!

Pretreatments MOR/MPa MOE/MPa IB/MPa

Hot water 6.94+2.14 163 6.30+131.54 0.17+0.01

Control 0.45+0.15 10.30+5.29 0.02+0.01

MOR-Modulus of rupture; MOE-Modulus of elasticity; IB—Internal bond strength.
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Table 7 Mechanical properties of Raw fibers (RF), Boiled-treated fibers BF)"

Fibers Diameters/um Young’s modulus/GPa Ultimate strain/% Tensile strength/MPa
RF 22.7546 44421 1.78+0.6 849+482
BF 20.5+4 40+25 1.6+0.7 810+167
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Table 8 Effect of Na,SiO; treatment on Properties of cementitious material with straw fibre (CSF)!®!

Flexural strength/MPa Compressive strength/MPa

Dry apparent density Water absorption Thermal conductivity

Processing method

7d  14d 28d 7d 144 28d /(g-em™) % W/(m-K)
Na,SiOs+FA50% 0 0.50 1.60 0.6 1.50 243 1.14 28 0.170
Untreated 0 0.45 1.51 0.55 1.46 2.05 1.09 30 0.165
®9 BSMESHHIRITEES
Table 9  Flexural strength o of the various composites'*! o/MPa
Time/d M S SE SV SP SPU
7 4.03 12.39 10.88 9.5 14.35
14 5.78 18.66 17.9 14.48 19.68
28 6.03 6.09 16.47 19.39 14.51 19.8

M=Mortar, S=Sisal, SE=Epoxy coated S, SV=Vinylester coated S, SP=Polyester coated S, SPU=Polyurethane coated S.



25055 2

MR & RIRAEAD AT AL 31 7 0a0d 7K e ik 524 DRI BE ¥ 5 i iF 7 i Je .« 527

23 FERALE

RTRNE R AT ER AR PRI AR
LRYEMFLBR R, JRTE SR (R PR J7, (E T4
S IR AN IES S NN E A N[ Ea 7 s e ol <]
S, WAL 4R,

Velasquez %51V FH 2% V3 A 5 1% b 0 25 B 41
Y, e o AL P I RN TRV RE 0 4T 4E AR M
PIsem . AR, ZRVBRMAC I S R AF g R
KRR KERR, /A THERSE, NmiEs T
TR ERERISE . SERRW], MERE N
196~236 ‘C, ALHLRFIAIA 16 min i, B ISPER &
ik 607 0 MPa, Wi =ik 48 MPa, W HTR4S
J1EIE 2.9 MPa, 544 2T EK . Quintana £
X BT AEEAT ZRVR RO AR B, T OB AT Y o
WRIGPERE . 45 RERW], FELFYEN R REIA S A
B[] RS N pRAE b, AL EESREE N 3.55, . K
F150 518 200 ‘CHI 14 MPa i, £F4EtR A3 )2
VEREIE B . Xie MBFIT T VR BAL B ARG
HYERG SR K e B SR 45 RRW], 2R
T I PR AT R SR 2 4 S T (1) e 21 4 31 AU o3 B ' (R
10), WER T 2 WA AR, BN T A4S
&, MRS TR E T, BE T KIRRIK
fho Das SN 2 7 1 A0 HE 0 35 BRET 4 FH T-AR 1)
HlfE, SEREW, FALH ST 4R A RIH
i e il M A

F 10 [EIATRENE S IRIRFEE A4 A0 R

Table 10 Components of Pristine rice straw (RF1), Steam

exploded rice straw fiber (RF2) 18! Wwi%
Degree of o . .
Sample L Cellulose Lignin Hemicellulose Ash Moisture
polymerization
RF1 35.6 16.8 20.5 152 12.1
RF2 295 50.6 20.5 7.9 125 85

24 FBETIRAE

S5 1 T A AR B R — ORI P A AR T SR AT
SR (A ERALFR VU, ) P 4k v YRR Ak B
AAEIEAR . B AR RS TR,
CF Y B TS5 B TR EAEE AT R AT oF
Y20 S AL B R T B e IR e A R S
AR T AR A TERE -

Page %50 4 T U S B T AR AL B I T RR£F
YERVERb I, ISR YIS B TR AL B 2% 1 2 4k
FIRIAOKBE ST, (B RIREH B R RKRE . T
REFAERI B N BN TRV FLE R, BL5E
TP HLG, LYK JeRD AL R 2NN

W, PRACHRLF4ERD I 320 d FidramEE b 90 d A BT
SR, RPN AR ) 2 e S
TeH TR . Barra S5 & 1 B B A S B iR b
() S PR AT 434 55 R K e FEM R, A4 BT 3 B
BEA S B TR T AR I AR R, Bk
ARG LT 4R SRk MR B T B, Pt
s T A 4ERIE M KR B AR 2 I A, AN
T4 4 4 52 T IR A A B R A8 T P 4IR3%5 1T % 25 Rk Bt
7o KRR AGAEED TGS, 4R
B A B b, FERNARBRERSLFERNSE
AR R T FEK.

SRR, EYIERACEE i, i R K AR B R
SRAE AT AE D0 SR AN TR A AL 27 24 S sk BE 9% 2
BEARAE A1 4 R R A 4 25 IS FIRE R I & =55,
AR K E SRR g e a], i s Sk
Ve TR ] RS 25 R B R R s B A AR T 22 MR
— MR LT B KR, XL R . IR
T TR 3 T A O BH K oy AR A, PRI 2R 4 1
KR, FEEMERIVERE . SRR KR
A RIS RG 25 ) 72 m] AR T - 4 3R i —
SE IRHRERE, $Em AR 4E 5 AR R RG 51, (A
IXFIORG S5 R BF ARV, ST AR 4K B T 2R EAE
FERE T SRR KBS . RERREN S L AV )y
AT BHAS A4 R A E R, SEEL TR AR 4
AL el Rt a s bAh, X T 21 4 % F SRR v T Ak
H, FEEMVENERA—, 82 RRIIEL 4
IR RANE . VRIS 5 5 TR AL B BR800
BAAgE R LM R AR =R, SRkt
P AR R L A R S R B R R S

3 F TS

DB VAR R e AR I 77 Dy 32 A0 27 B g3 R 4K
SFTRALER 5 i T DO A 4 2 b (R SR B S N R
G H U BT R A, (8214 5 4 b 5 7K e 2 ot
FHELE -

3.1 Ak

BAL R X RRe2 St ab B, 2 B AT A& BN
BRI A F Y %5 R K AT 4R
TOAEBRR IR b — I 8] % BR AP eSS M b AR LR 4E 3
By, IR Lt SR i SRR, AT A £ 4E 3 1 AR
RS, T LR AT 4 5K Ve IR 1 s AT,
otk LR n R U,

Fiber-OH + NaOH — Fiber-O-Na + H,O )

Azevedo 25U H] NaOH VA WAL acai (— FhAZ A



+ 528 CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(2): 522-532

2022 4

W BRSO A 4E, FHHTT T A48 B0 Kb K 1
REMISEm . 45 IRRW], B HERR T 448 & 7 FIH
M, BRACT P4k R, SaMEHIN 12
SRR EE, HL4EBEN 3%N, PiirmE
T 71%(H 1.03 MPa #2555 1.76 MPa). Le 251"
WEFE T BRAL LT KRR T4 R 1 St KR A KIS A
MBS R R . 25 R, SR EE AT LA AL
FRBRAF e A gERMBRI o, (E1FA
Ja AT 4 F TH ¥ S ELRDRE , 30 T 27 4k 5257 2 5]
WAL A . SEEEA KDL, BInREk
B LT4E, RPN B mH 3.5 5, 1
25 NaOH VAN EE 5 i 27 48 5 A PRI T 2 3K B
J13RE T 6 £%. Bonnet-Masimbert 25752 F 1%F0
10% ) EACAN T TR ) ek e A 2T o 1 A7 2 T e
FVPAl T 4R 4k 5K R MAHZ . SEM 45 R,
Bt A B A (R R, A4 SR T 1 FLIR B AR K,
DR 2 Bk A 3 T2 ok e A 1 4 R THI 1 — S A R 2
J5R, TSR SRR M S 2 11T T A
AEHRAE SRR T IR AT 4 S A A A, S5 1%
NaOH L, 10% NaOH V& 06 41 4k 5 AR A0 25 1
MBS MR ARE, Fk 1% NaOH SN
AR AL PRI . Reis™ HF 7T 1 B Ah B0} 81 R 2T
Y 1B A B W R RE IS . B 10% 1)
NaOH & ALER 5 181 BRET 2 1) 4 1 2 A 4 R BT 5
P B AN T 2440 1 L R AL FE B A MM 41% A1
29%, R R v R VAR R PR AR AR TR 1
[ 40356 1 SR AP iR T S5 4, WIS T SRR M4 & .
Fiore 252 M 41 R 4T 412 M 7E 6% NaOH AL 48 h
Fl 144 h, fATTFEH, HARAEAL, 48 h kb3 F:Fk
T AR A AL SR, SR UM AR
BN, T 144 h KCBRAES LT 4EVR Bl 2R 7 1) H IR AL,
BEAK 7 HeRiAR SR . Symington 5 T i B
HIBRALEE SR« SRR« Z0 PRS2 4k 2 S BT 4 2,
It H Sy VB A AN . Ozerkan 254 il
BRI TR AL FRAG R 2T 4, WE9T T ARSI LT 4Ext
HEMEHR AMERERIR . BFRRE, KR4S
Ca(OH), ¥ ¥ &b B2 Ji5 (1 47 e 558 B A0 W FE AR+ A
NaOH VAR ACE I [ R £F4E, H4 Ca(OH), HJfi &
TN 0.173%M), AR 4ER ) AR #h 4 fe g « XRD
AT REIR, &SR, WRHEE M
= an i BIUA LA BE55, BTN g o
FEIZ TR, 22O AL )5 i £F 4 B 58 4 O e
MR ERIZIRAE ST Wei LR NayCO; it 81l R 2T 4k
BT, BFFL T TRAEIR T S BRET 4E7E TR+

RS = A X i 7 2 i B b S T TN
PEfE. AbHE 7 d B, ZF4ERTHCH RARL, (HEHE
T LU i £ 24 B8 350 s B BE S AL K 3, &F
YE O B RE rp e AT Y R R A BRI, RAFYEIRAL T N
HURE R ™ LR 4 Jp ke gk 1287pr
e JEIE AL, AR 4R IR R A A R FR B
B0, AHALHE 10 d B, 25 2 (4 i i B 55 3 PR AR (%
KT 36%); H—J5i, SMERAIAERG L 48R
15 10 B STy o B RN e I iR B A IR R BRI
H 3N R PR, HS AR ERR 18] 7 d B,
HEEME ST R Bl R, Rk, 444
Na,CO; Ab 3 7 d FIRCRAL T 10 do 386 K e Rk
TSR I 5387, B FE T TR G X 81 bR 21 4 e A
(P50, SEM 255 IR, S bR 2F 4 2 i i [ 3
TE A — E BRI, X PP TR TE R 247 4
P 8 B 52 R (1 2 — 2542 1 [R5 T BN
DR R AR BB I B e TR e E P AR fE S, Rm T B
A PRI TR A o

F 11 L@BEBEKR 52.5R B FHESE

Table 11 Chemical compatibility of ordinary Portland
cement I 52.5R"”’!
No 1% 10% 1% NaOH 10% NaOH
Sample
Treatment NaOH NaOH  +0.25%SP +0.25%SP
X’ 9.4 91.5 93.2 86.4 89.9

CX’-Compatibility index'®!
R 12 Na,CO, RLIZRYfE S AR ET4E A0 1 FHERED
Table 12 Mechanical properties of sisal fiber with and
without Na,CO; treatment!®!

Properties Untreated N7 NI10
Tensile strength/MPa 214.7 217.6 137.6
Young’s modulus/GPa 20.0 27.4 22.4

N7/N10: Sisal fibers treated in Na,COs saturated solution for 7 days or 10 days.

3.2 EEkEBETIAbE

T SE AR TR AT DAY D A 4 AR S T 4F 4R 2
A . TR IAEAE T, AT ZKAR ) e SE 2 A il
TelE o SR G RS 5 4T 4 (1R R A S N 5 4 g e T
FRRESE L, TSR s T e T B 5 A1
EANE R AR RN, &
KR g B IR AT,

Blankenhorn 25OVt i il b LR AL B A £F 4k
WEFRIN, REREACER PR T A 4R 4R 4 3R
KIRE, & 10%1HE L b BLAE A £F 24 7K Je 1l 44 1)
28 d PLE R RO EAIE R T 10.6%. ILAh, #%
Tt 58 F6 H AR 44K B X T A #4144 B 1 52 M A R B
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BRI 7 XIS RE 0855, AT B AA EHISS T
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33 HEZawE

RARTEY T de A T e IR %
Wit AL S AT EARRRET AL EE . Wik, WAL
DL S R . Ho, W T KIEERE A M
B 32 A TR AL BRIV

Reis™ SR 2R VA AL B G RR LT 4, FEA T %
Eoikse . 5 RZAE SRR 4EAHLL, KA 20%
T TR V5 R AL 3 11 801 AR 41 4 A N IR SR B D 2 11
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WEFL 7 DAAR Ok 2F 4 2 He A R 3 TN 0 R P IR
(CMC-g-PMMA) 78 58 I R TH AL EE 7, il %% 7 FE 5%
RYEIBRKEE BB S5 R, SR
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(VT4 25 ik R 38 P A R T R o Sl B T+ T 2.27
A 2.71 5.

AT LA, A E i, Ak B E
MR B () LB 45, mT DU B IRE  4F 4
AR R RETH Iy, REHEZMLTYE
0T, AR EmEA R IAREFERE, i
R BT o S KR IR (B T A5 A Re I B 1.
A8 FH ek Joe A BEG 7) A 2B R L5 4 A R R A S T 19 58
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AL AP B A Bk SR A B B 20 44
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e i
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