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Abstract

We have studied the influence of alkaline treatment on the friction and wear properties of hemp fiber (HF)
reinforced plant-derived polyamide 1010 (PA1010) biomass composites. Hemp fibers were surface-
treated by four types of surface treatment methods: (a) alkaline treatment by sodium hydroxide (NaOH)
solution, (b) alkaline treatment by sodium chlorite (NaClO,), (c¢) surface treatment by ureidosilane
coupling agent (A-1160) after NaOH alkaline treatment, and (d) surface treatment by A-1160 after alkali
treatment by NaClO». These HF/PA1010 biomass composites were prepared by melt-mixing using a twin-
screw extruder, and subsequently, samples of various shapes were injection-molded using an injection-
molding machine. The friction and wear properties under two types of testing using a ring-on-plate type
sliding wear tester were evaluated for these biomass composites. Friction and wear properties of NaClO;
alkaline treated HF/PA1010 biomass composites were better than those of NaOH alkaline treated
HF/PA1010 biomass composites. This may be attributed to the change in the mode of friction and wear
mechanism by the interfacial adhesion between fiber and matrix polymer according to the type of alkaline
treatment and silane coupling agent used. In particular, the combining NaClO, and A-1160 showed the

best improvement effect for the friction and wear properties of these biomass composites in this study.
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Table 1 Code, composition, alkaline treatment and silane coupling agent of various surface-treated

HF/PA1010 biomass composites used in this study.

Code

PA1010 Hemp Fiber

Alkaline treatment

Alkaline treatment

Silane coupling

(vol.%) (vol.%) by NaOH by NaClO, agent by A-1160
PA1010 100 - - -
NaOH 80 20 O - -
NaClO> 80 20 - O -
NaOH+A-1160 80 20 O - O
NaClO,+A-1160 80 20 - @)

LC5 mm (ZFHYUIWF L FRHE (~2 7,
Hemp Fiber: HF, ¢50~100 pm) Z V>, ke
FeHaE VeiX 20 vol. % CHEE L. WRilkfED £
mLEE & LI, ISR 4 fE - (1) Kb
F R U w2 (NaOH) /KBRS K277 v 0 ) JLE,
(2) WiEFHEEET F U 72 (NaCl0,) KEHRIZ &
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B2 LA R T hy 7Y 7Al (A-1160)
\Z KD FRmEAPZ b L 7= R, B3O (4)
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e 7213 NaCl0, AKIRHEIZ HF 2308 L= b D%
4 hiBFR L7214, #IA T 24 h B X ONEZERA
T80 CX5 hDippaiTolz. —4, vibA
N T o dy 7Y o THEND XA RmLBE, AL
ik LTy LA REEHETSD - LA K
2E/LRY A RFTT (A-1160, LA R
T, AT AT R T AT
TNR) B, ALPRARREE X 1 wt. %2 EE L
2. 72771, A-1160 @ 1 wt. %/KIAHKIL, pH %
3.5 ICFHEET 272012 0.5 wthDFEEE A Iz T
I LT, 2D A-1160 KA Z 15 min FEFR L
T LN BRICATIR D 7 v F U ALEE 3 7
FRIGHEZ XA LT 60 min BERLAN ST
PR AN L7z, # D%, RRROT V7 U ALEE &
FRED SN T S B2, 2O ARl mLEL
e L7z HF Kk i % & A8 5 1 BRI SR
(SEM, HAFET (#K), JSM-6380LA) (T XV #l
BTz, Fie, 77—V SRRV R R
(FT-IR, FT/IR-6100, HA M (BF)) ZHw
T HF RECREDLFAEEZ o4 Lz, JIER

32

A YT RV X 0% FNVT-28 5 (ATR) 15
IR D ME L7z, JE SRR R 64 15,
IYPRAES cm!, P ALELFH 4000~400 cm ' Th .

KFEHF/PA1010 /3 A A~ ZAEAELO BRI,
HhFR S (TEX-30HSS, (BR) AR %
W= IRmERE (220 °C, 85 rpm) %, /INRUEY
iR (NS20-2A, HFERIIE TE ) =M
W BTHARRE (U 2R 220 °C, &RNERE
60 C, FHHFE 13 cn’/s) 1T L0 KRR A %
B LT,

FER I IMER 38 K OV R EEFERBR I
KB 2MHED T A R u D—EME AR L 7.
BEMPOMEE & LTl SRV R, i
L v TFfET Ay MERRBR A M L
2. BIER K OWEBAOMEE o FEILaTEH 12 1CEE
LWOT, ZZTIIEKRTS.

FoA R MBI EMEN O E
HETICBIT TR AR, BLUORAT v
7a— NEIZ K DRF py ERBRO 2 FEEEIC X
DR L7z, 0 EEREREBRIE, JIS K 7218-A
TEICHEIL L, BHHEIEAC L0 AR U= SRkt
Bl (30X30X3mm) ZHW, V77
— MR BRI () AV =T v 7,
EFM-TI-E) (2X Y, =E - K&H - BEHE T
THIE L, EERERCRHus X OVLEERE & 1, % 3
U7z FHFR & U ClImisis FH AR SR 8 S45C
Vo7 (W 20 mmXAMEP 25.6 mm, AT
OPEfRERE 4, = 2 on®) ZHV, FEIRAEZ —
iE (Ra = 0.4 um) & T570, TORBRAB
F OHFH 2 % 800 FHAFESARIC & 0 AFEE L 7=
ARSI, TRVEE v = 0.2 w/s, E P
= 50 N (BT OMEE pai% 0.25 MPa) L
TR PEEE L = 600 m & L7z, FEARIC V72
BARE U I BRI 2 E LT B R IRREIZ 72 o



720 gk L = 400 ~ 600 m|ZH51F D )
EIZEVEH L, - EREE VI ﬁ%ﬁﬁﬁ?ﬁ@
HEEALVEHLELOTHD. &b, T3
0 EERERR L O M R, R L OVERE
By SEMIZ X 0 BlEZZ L7,

—7, A7 v 7 a— RECLDHER pr ER
BRI T EERBREFECY 7T —
MY BRI 2 VY, 3 BEO TR
HWE vy = 0.3, 0.4BXV0.5 n/slizBWT,
—EDOKHMRECHMELY LA X227 v 7
12— RYEIC K D RIE LT, SRERBAAAEE O FRER faf
HAZL0NEL, 3nmin Z&I1225 N2 kL&
SHETHELE. =720, RBRADNEEE 721
WELT2GE 32 OmETRRE K T8, O
EOTRIO AT v T E % RITE Py & TEFR
L7z, BRFURTEL P & AT OIRSmE p %
R, FIUTT N HE v Z2F U C, B pril
R L.

3. ERBERLER

3.1 flfERIE ST

AREC IR A PR 2 ) LB A fith U 7= e (HP)
FHAREIZOW TR LD, KEE(LTRID A
(NaOH) E7- 13 #i M FE 2T R A (NaClO,) 7K
IR Z LD T )V VAV Jifi U 7=~ 7 Ik (HF)
K4 SEM BIZIL7-f 2% Fig. 1 \RT. 7=
721, Fig. 1(a) ZFRmARLE, Fig. 1(b)ix
NaOH, 31O Fig. 1(c)iZ NaClO, TH5. FKh
RALFE (Fig. 1(a)) TIL HF EHIIN 7 =000y
I A2 E DRI DT B S THNDHDITRL,
NaOH (Fig. 1(b)) 33X T* NaClO, (Fig. 1(c)) Tl
ZNOEIR Y 3 RESIL, HE Oy THD
Tarr—ZANKVE@E NI TS, £z, NaOH
(2T NaClO, DOZ i ClE M b3 LD e

Fig. 1 SEM images of untreated and alkaline-
treated hemp fibers: (a) Untreated, (b)

NaOH, (c) NaClO:..
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Fig.2 Fourier-transform infrared (FT-IR)
spectra of various surface-treated hemp
fibers.
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Table 2 Mechanical properties of various surface-treated HF/PA1010 biomass composites used in

this study.

Tensile Modulus
E: (GPa)

Tensile strength

Code o (MPa)

Elongation at break
& (%)

Bending strength
on (MPa)

Bending modulus  Izod impact strength
E3 (GPa) aw (kJ/m?)

PA1010 43 14

NaOH 50

54

24
NaClO2 24
NaOH+A-1160 56

57

2.7

NaClO2+A-1160 28

42

= e\
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Fig.3 SEM images of fracture surface of
surface-treated ~ HF/PA1010
(a) NaOH, (b)
NaClO,, (c) NaOH+A-1160, and (d)
NaClO,+A-1160.

various
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Fig.4 Relationship between specific wear
rate and frictional coefficient of various
surface-treated HF/PA1010  biomass
composites.
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Fig.5 SEM images of worn surface after
sliding wear tests of various surface-
treated HF/PA1010 biomass composites:
(a) NaOH, (b) NaClO,, (c) NaOH+A-
1160, and (d) NaClO2+A-1160.
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Fig.6 SEM images of wear debris after sliding

wear tests of various surface-treated
HF/PA1010 biomass composites: (a)
NaOH, (b) NaClO,, (¢) NaOH+A-1160,
and (d) NaClO,+A-1160.
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Fig.7 Apparent contact pressure as a function
of sliding velocity for various surface-
treated HF/PA1010 biomass composites.
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Fig.8 Limiting pv values as a function of
sliding velocity for various surface-treated
HF/PA1010 biomass composites.
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