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Abstract: In the present study, coir fiber mat/unsaturated polyester (UPE) composites were produced by compression
molding process and the effect of concentration and temperature of NaOH solution for alkali-treatment of coir fiber mat
on their fiber-matrix interfacial, tensile, flexural, and impact properties was investigated. The properties were we highly
improved by alkali-treatment and the coir fiber surface topography and the interlaminar shear strength depended on the
NaOH concentration. When coir fiber mat was alkali-treated at 25 °C, use of 10 wt% NaOH was most effective to
increase the properties. Alkali-treatment of the mat with 5 wt% NaOH solution at 70 °C exhibited the best mechanical
and impact properties of resulting composites, more contributing to enhancing the composite properties than with 10-15
wt% NaOH solution at 25 °C. The enhancement of the interfacial adhesion between coir fiber and UPE matrix through
the mercerization of coir fibers consisting of the composite played an important role in improving the composite prop-
erties via alkali treatment by NaOH solution.

Keywords: coir fiber mat, natural fiber composite, unsaturated polyester, alkali-treatment, properties.
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A3 Zel~E 9] v]73 = (specific strength)_»} B2
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< B =4 ol 71D 5 vk ok, 42T
Aele 318t2 ZAete] A A HeFEHe AR
(roughness)g], 7ro ‘:"7424 Hiﬁ],é. 01;7] o],o:] xJOJ]/H_ﬁ__uHEFﬂ
2 Aole] AFES Fisken) F23 QT Ik o)
3 A QelAe) S B, L8, A S o

5} O | XeN )\ 17,25,26
s Qake we 2 9ok,

upEbA 2 L:rL-J 2Ao A XE e K] e Folo]
Hene e A 3 Folojd-GulES UPES A
2 o]F0jzl AAAS B ES 717}t oF=AdEuo 2 )
= o529 HAXNFHEY A AHEA, 7AZ EA 2
EPASA ol eIl A1 NoOH B0l
FS HH3E= Aot o Q& 7+ gz A)
2] 27004 Xﬂif?_ sLolol Al ”HE/UPE Babagol thal
short-beam Z‘j‘ﬂ'/\]g n|7 B2 AN, 30 22AE,
Izod =AM Y-S 351, 2 A= v 43k

ME. 2 Aol AREgH FolofdfmExs EvAlofellA
AR ol df= AE AR ARrigEe] FEA e
2 ASHHEE AR vRRIgste] oFzkgt Hof| mjE FH)
2 AxH Zlo|t}, Aol dRmEE & FE= YHl= oF 15
cme)iL, Zol= ¢F 10 m A2 THE AL AR EHo) A
At 7|2 ddste] ARSI TH(Figure 1). €743 WE
g2 X Z AFE-3F UPESA](Polystar UP-GR235, ortho-
type)y= *ﬂ%ﬁ}i‘ff(‘ﬂ@‘ﬂ%)oﬂﬁ Azt Aolt}. FHihe
FA e g ZEjR g OF 35 wi% 2w, s I
AAZ 9F 1 wt%2] methyl ethyl ketone peroxide(MEKP)E
ARE-3FA T

FO|0MRINE FEMHAZ|. Figure 1= FololdfuiES] &
Zex e FHS BT WA, Aol Hd{ulES oF 160
mm x 110 mme] 712 Al & FEE0] JAJE 25°C
o] 4% (shaking bath) WjollA] oF 2A17F F9F A& &1L, A=
H SR ES F71e8H] QEA oF 1247 A%
st YZEIA T dRelM sEE Ms 7= W
Aot Frol 255 WS WHoE F2E AMEE]
7} Aol A 2417 St e 3, oF 1247k sk A
Z3F9 . NaOH == 27} 2, 5, 10, 15 wi%Sl o, ofuf
SEE 25°C0]th B3 NaOH # 2] & %2 25, 50, 70,
90°C2 Z|3l32™, NaOH T+ 5 wt%Z ZAsIth

FO0|0{MRIIE/UPE S&iMz M=, 443 F7|=2 Aot
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Cutting

V4
A roll of coir fiber mat Washing  As-received coir fiber mat (160 mm % 110 mm)

# \Washed coir fiber mat (160 mm x 110 mm)

‘Washi 5
ashing at 2 Treating

2 h in a shaking bath

Drying

Alkali-treatment at various concentrations
and temperatures (shaking for 2 h)

NaOH-treated coir fiber mat (150 mm x 100~ 105 mm]

Figure 1. Washing with water and alkali-treatment of coir fiber mat
performed in this work.

sk A E S| %2 Lol ES} XEgh o]
A Eel MEKP7F 1 wt% ¥ UPETA| A %S 2L
E21E o8l FA7F viEd| I 2A] 2HEES S A
Fr/AA] EdHlE FEHIR 40:600102H, AP E S
7F 485 FAG mmyE S T A Aoloj R EE
stainless steel T $IXIG}AL, hot-pressE ©]-8-5}] A3) A
3RS B9l HHow AFE 2= 276 w2t
PSP THES THsIitt EFAIES] dEEFT8L 50°C
oA 20 &<kl 12} slel 70 °CollA 907 FFe] 23 7
3} 7 AR ST A2 6.9 MPa(1000 psi)e] A
o AY3A Tode A2t g fAHES Y
S AlgtY] $£o2 ISRtk Aol gsd ¢ Y
FejolA 58S A F27HA A Was & 93
(demolding)}*] 150 mm x 100 mm x 5 mm =7]2] Fo]o]
FrE/UPE HAEE AU

ATR-FTIR 24. ool dfmlES 748k = Ak
He| stz HekE 415171 9l ATR(MIRacleTM, single
reflection HATR)©] 7%+%¥ ATR-FTIR(attenuated total re-
flectance-Fourier transform infrared) %3332 7] (Jasco 300E
spectrophotometer, Japan)E AR5 TE EA o= &2l A
g 271¢l] we} oloj i ERRE L oF 3em Ao]
o] Folojd 7 ARS-EH AT

80|1d E. A wE Folojidfeo FHH &
dAEe] oS #2sh] 8] FAPIAFA WA (scanning

O

o ot

electron microscope: SEM, JEOL JSM, Japan)S ARSI
ot ZF AlEe] FHd AEAS Fofstr] ekl 2HEHE
(sputtering) WH-S ARE-ste] WE(PHOE oF 38 &<t Al
< YA FHIES 238l secondary electron image
(SEI) modeE Z|-&3to om|X]|& AT}

Short-beam HEHA|E. F10]oJ4d -l E/UPE &§A) 5.9
Z7PA 73 (interlaminar shear strength: ILSS)E =% 3171
S1ell ASTM D2344 4ol wet Al FHlste] REsATY
7] (universal testing machine: UTM, Instron 4467, USA)= A}
4315 short-beam ATHA|E-S =351}, Short-beam FH
AFollM= 38 23A18H AR e R B3Als Al
o] ke A A8, Al FYe 7RIRl FEstaol <)
T4 Holl Fgshs Add e o A EE TSI
AT Aot EE S Alo]E o|gA)7|=d] 83k Hisls
S F2HH A ()= ARE-3t ILSSE T3t

ILSS = 0.75 Py/bd (1)

Lo

o]71A, ILSSE DA ENM?), Pre BJAEE +
kAL e Afrel EE A Alol & olgAyed 28T
HskE(N), b= AHUHI(m), 283 de AFF7(m)E
Uebdth AeA| ol AR8-gF AT €] span-to-depth H] &2
5:10]13L, load celk> 30 kN, crosshead speed= 1.3 mm/min
o|tt. 7} ILSS#kE EAlE SR8 = 1070 AlHe] Htgk
S 2 HE Pt

QIFAIY. H3A=e] 91745/3> DIN 53455 1+40) wet
NS FH)81aL THsAE 7] (Instron 4467, USA)S AR&-3}o]
=431t} Gage length= 100 mm©| 2™, 30 kN2 load
cello] AFEEIT}. Crosshead speed= 10 mm/min®] AT}, Al
HE vibar) 4= Zo] 150 mm, YH] 15 mm, F7
5 mmo|ATH QP S} QTR ES EAE SFEE 10
N AlH] Hagho 2RE FEIATH

SFAE. S3AES] 27592 ASTM D790-86 1+l
w2} AJHS FH| 6L YHEA S 7] (Instron 4467, USAYS AF
B3] 31 HAIFHOE SASISITE Al span-to-depth
HIE-S 16012027, 30 kN2] load celle] AF&-ESIT}. Crosshead
speed= 0.85 mm/min®|ATH S| ARE-E A]HE ul A+
o2 Zo] 100 mm, UH] 12mm, T4 5 mmo|t}. =7
ot FRTHES EIAE SHERE 10719 AlHe] H+t
Ho=HE ot

EZANY. 2372 47 =E ASTM D256 7+40l o}
2} A|HS FH|8F2 52 A1 7] (Tinius Olsen, Model 892,
USA)E AH&-3tA] Izod TAATRHORE AF2ollA S48
t}. FZJd YA E 216, A8 E 610 mme| o1,
346 m/se] £5E2 F7 F(pendulum)’} A|Hol| 7RsiFth &
733 MEY AR o]Foxl BAELIS Eiste] Al
notchE THEA] 3L AlES 83190t} Izod 4 EE &
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2 dE| g o AelE IololdfriEs iES 748t
SR 2HEl s Adgo] AlAEEA A2ekA] sk WET
FhEes e gefo] Bo2RE oF 6%0] g5o] LA
staA wiE Xjarel] W37t dofittt. ok Wes] 4 A
F 7HGES A5 BXO0E AMES gfEl et W B
o] h-2 AA=TAN EHAY e FA= 7%/
ST},

Figure 2= ]| Aglol] uh2 oo wwe] Hals
2AKs7] flaf ool ERRE Solol i & 7iee
st PEEE SEM ARIS BolErt LA E 1A
e Aol Zolojdf dHdl g AEoly Beol &
Ak o] FEEUT. FolXl o] G r A
glE A-role o] dEEe] AAEHA NaOH &=

AC)

5

whE} A FElgh HelrF UEhsith sojojd e &
HA o] AR L, FH AZZ7F S7FsPAA Afride] EX)
sh= mAEE pitse] HE T ol g vlA pite] A=
kenaf, jute, henequen 53 7 AEE Q2] HAHFoIA
= A e AR E Folodfrele dEEEETt
715 pivt S FEHAA YERETE e Folo]
AFE At &2 Aol A-fel 2732 W+t A7 ol
100-120 pm BE=HE Zlo] A $o= A E2HA
A @kt AfraEre] A-R|AL vAR pitse] EAE =
A s AZ2FTAH Al UPEFA7F 3Lo]oj4dfoll 33 (impre-
gnation)=| A A EZ] 2 Alolol] 7]A1F 43 A< (mech-
anical interlocking)S E7| 3o, Z7¥ o2 FolojdFE
/UPE B 5o AHZATY el 719T AR o
At

Figure 3 e Ae] A3} Fof] FLolojidf FHolA o
ojit 3}sHd WMEE ATR-FTIR £41& S3lo] AR A3}
ojth. WA, 2931 emol] WERE A ) FF ¥ A= CH
stretchingel] €]3F Zolt}, 1733 cm? F-2ollA Yehd 33
e EE EZ AAHS dAZR = ERIENeY, &2
2l o8l AliT) ol A/ TR Al 3llv
AEZ 2 AEo] AAEHIY] wZelth. 28 1600 cm™
oA Yehd 33 3= gladel ot Aoz dzE|A e
Fol= gRIFQITE 1733 em™ F2ollA] YRt 3937}
Al E @43 @, 1263 em?! 0] 39 a e AR

>

Figure 2. SEM images of coir fiber surfaces: (a) untreated and alkali-treated with (b) 2 wt%; (c) 5 wt%; (d) 10 wt% NaOH for 2 h.
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Figure 3. ATR-FTIR spectra observed from coir fiber surfaces: (a)
untreated; (b) water-washed, and alkali-treated with (c) 5 wt%
NaOH; (d) 10 wt% NaOH.

S & e, ol e sl dEElA g o o]
3 ol EAIsks SnAER A i) AAREE
Mgt @ W F o2 AT ATR-FTIR #44 2h=
A x )7} Folol el o] EAlshs 3leh WIS
g &alA BolFi).

EaIxj2e| SZIMoZE=(ILSS) O|Xl= NaOH sE9
3k Figure 4= 42| 5L E Gelsly] oo FuES
A2etaS wl, olo)dF E/UPE B&A| 52 ILSSe] ¥
3l mXE GS HolEr) B3 Ee] ILSSE-S 10 wt%
7] G EETt o aE HAHoZ FUlsIGI o=
dZE A Al WES AL e ool e F
Ao R A&l AT e 27t A AAA FAA A
AL AR AFEo] o|kEHA Wde] UPEFAI7F H
< AA HE W ARE Alelrtele] 2mMEe] ST A
B AEEA BIAEE A de Zolojdfotk
UPE W EZ 2 Alole] AjteS JAIF7] wfolh, St

g

i

2 o
~

Figure 4. Variation of the interlaminar shear strength (ILSS) mea-
sured for coir fiber mat/UPE composites with untreated (0 wt%) and
alkali-treated coir fiber mats at various NaOH concentrations.

V=R EsEeolzE BaAEe] 7148 54 mRE 9% 505

A SEM ARRlo|A] Bl o], Szl o) fs) 310]
oJAdf7F MAstEEA gl EAlsta W v AER e
2, o2~ 2 Bago] AAEHA AgR e RS E
o2 IUNEINS AoE AEdn). oy A EHe] ¢
S ARAXHA A o] F7HE AL wAE pitso] EH
Tevhs @] sl AEE A olest s 9
3l HAFAA FLo|oJ4df--UPE Wi ER] 2 Afo]o] AlAZARt
Hol AL, Ao g BRse] ILSS#S IA 5
7S & 7 Utk EAIES] ILSSAES 10 wt% NaOH
2 AYeAE A F 55%7HA F7HstA o, 15 wt%
NaOH9] 7d-9-oll= tha 7Hashes 43S Yeplloh. ILSSH
o] ZHagt ol 15 wi%et 7ol FthHe R & e I
2] NaOH F=ollA] FLolofdfroll mAishrt sw=atA Yo
LAl 2818 Adfardo] 24452 3EH S| undulation®] 7HA~E}
WA A Eg 2 Alo]e] AHAT o] Tha A3 7]
oz A 4 Qlth

Saixizo| QIASM0| O|Xl= NaOH sTo| &k Figure
5= oloidfrlEe] e Aol ARS-g NaOH F=7F 3L
o]oJ Rl E/UPE B3A159] AIEA miX= TS B

ot SEYAEE & ReARe] IS0l SR

Figure 5. Variations of the (a) tensile strength; (b) modulus mea-
sured for coir fiber mat/UPE composites with untreated (0 wt%) and
alkali-treated coir fiber mats at various NaOH concentrations.
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£ A &2 AEn o 78
ERTh NaOH s=rs}e] whE 17w g
k= Mgt e HoFlth NaOH s%7F 5718kl
2t BEAIES QSRS HAH R FTRI o, 15 wit%
NaOHollA] 713 =2 7S Holm A g)slA] e E3ixg
o] =TT F 40%7F S718IAAL, QIR E
7} S7FIATE ol UPEE Fo|oidf= Ztslgto = &
dAEL] 7AA o] A F7HERNeH, FolodFiE
o] A A & FAMAER .2, &2 gl Fol A
AR AEZ Q2 AFo] FH o2 FolAHA] BAas)
7FH AR Rl 71913t} oM B LSS Ao} g,
AANE AFAME 15 wt% NaOHE #2810 wjol]
A7y} A E 7ho] 10 wt% NaOHE *2]eh Z-¢-H.
o} 27k FFEIQILE o)E 15%2] HlwE =& FE2] NaOH
o oJair] A7t £AE T AR AES s
Eatal, 1gskso] 7lliA e Wkl = wadEe de=
oo Ul AEZ 2 vgo] gde|A ol 2l =okA
N7gstaol gk sl AFEE S7MF7] wEd A
o= Auysh 4 gl

Sgixlze| 23540l 0lXl= NaOH =T Y&tk Figure
62 FoloJdFuEL] NaOH 557} ZolojA-Ru|E/UPE &
RS S 2Fe Bl MR ¢S BT
A E 3 HEFAES] AFEAo] sHA] &2 AET
o gt 35S YRl 1A el BojE g
I FARH, 22745 2R E S NaOH /sl
2} H=3E AsS HoAFdnh dEAEE oA &2 73
o} vlwshd, dAAEE g 5ol HEFAES] =27t
£ NaOH =7 10 wt%d w] 7 =& kS HolwA]
130%2] SFE-S BTt} Figure 5014 HolsE Q1gEX
H3le} Figure 6914 HoFE 2235749 WS HlwsH,
Zejxgd] e F3we) G Ee] S AU U
2 AE & F Utk 2 olfie 5L skl Tl
A= EAE Al Wkl T2 S IRk = Fo]
oot ARl SAlshs vAl ATl o8l 2 dF
Ly < 33 FAIR Al FEekeol 7R
PR E AlH] FGFNA] A & FE-8
o]

Lt B

—~ oL

mO

FZ s AR 8}
Al Aoako 2 Qo] EAfgitt. ol vjES
AT Y ZololiFEol ARl FANTOR T
SHA wiEkEe] U3, o] At 7HEE°] UPE WiEZ 29 4
A= dor= B3] A Bt $A 42
A2l oJgt Af-mER X Afole] A Fthadrt <l
AER R Z35AA B A YER7] "ot =,
ASZ O E 7o R sk AANFASE EAIFAA B
a1E npe} 7ol 1012 ol A gle]] ofs) Fojofid-frell A9
s}sh4 Wshrt 154 Wk ofYEt 235 A4 9
&S AL & 7 Uk of2d, s18HA ¥iste| g 54
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Figure 6. Variations of the (a) flexural strength; (b) modulus mea-
sured for coir fiber mat/UPE composites with untreated (0 wt%) and
alkali-treated coir fiber mats at various NaOH concentrations.

3t A Aol fal ol ExlskaL U &
AERQ A0} b Ato] AAHHA Af3Edo] o & HE
x5l FHA o] F7lske FAlol Fololadfrell s AR
pit ol o] UPETA|7F &mEo] 7HHA Af-mEY
2 Atolol]l EElE] AE9S STMIHE AR ATt o
213k A Bl Al o] A o] Al E FAM
Fo g 7RIAE 2=kl ek SR AYEE =
FRAES} R ES] ST oloX] AoE B 4 ik
ol21gk A2 10 wt% NaOHeIA 7H¢ F=2 <Al vhebst
, 15 wt% NaOH2| 79l ZF=7be 3k 03]8 71431
. o] 272X E NaOH 15 wt%e Zolold#5 a7z o
2 Asplele Hlwd g F=qvia & Qi) o] 73
¢ FLo]od o] MAEE AUAAl K& E o] HF7F L5
o, AR om B g FANge] EAlske Ao
=3sksol tigh A3 gsts ZsilE Ao AAXIH
Sgii=e| 54540l 0|Xl= NaOH ==2| A&k Figure
& Folold -l E/UPE HAl 5] 47 e rA= =
olojAlfrul E 9] zE]x|E]ol] AHE-3F NaOH T=°] IS
HoZth 10 wt% NaOHE #2818 w), A2)sA] ke 7
HT B3PS A= oF 95%7F ST skt 12
U 15 wi% NaOH= A28l s 450l 44 =e Hast
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Figure 7. Variation of the Izod impact strength measured for coir
fiber mat/UPE composites with untreated (0 wt%) and alkali-treated
coir fiber mats at various NaOH concentrations.
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Figure 8. Variations of the (a) tensile strength; (b) modulus mea-
sured for coir fiber mat/UPE composites with untreated and alkali-
treated coir fiber mats at different treatment temperatures. The
NaOH concentration was fixed to 5 wt%.
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Figure 9. Variations of the (a) flexural strength; (b) modulus mea-
sured for coir fiber mat/UPE composites with untreated and alkali-
treated coir fiber mats at different treatment temperatures. The
NaOH concentration was fixed to 5 wt%.
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Figure 10. Variations of the Izod impact strength measured for coir
fiber mat/UPE composites with untreated and alkali-treated coir
fiber mats at different treatment temperatures. The NaOH concen-
tration was fixed to 5 wt%.
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Figure 11. Fracture surfaces of coir fiber mat/UPE composites for
(a) untreated and alkali-treated with (b) 10 wt% NaOH at 25 °C; (c)
5 wt% NaOH at 70 °C.
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