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Abstract: In this study, novel waste wool/polypropylene NFRPs (natural fiber reinforced polymer composites),
which are constituted with waste wool discarded as industrial scrap during manufacturing processes of woven
fabrics and general purpose thermoplastic polypropylene (PP), were fabricated by means of compressionmold-
ing and their mechanical and thermal properties were characterized. The mechanical properties of PP resin
were significantly improved by an introduction of waste wool to PP. In particular, as the loading of waste
wool was 50 vol% in the NFRP, the flexural strength of the NFRP was increased about 20%, the flexural
modulus about 143%, the tensile strength about 76%, and the tensile modulus about 90% in comparison with
each of PP control. In addition, the maximum value of the heat deflection temperature (HDT) obtained with
the NFRP was 138°C at a 50 vol% loading of waste wool. This is 21°C higher than the HDT of PP control.
The result here suggests that waste wool be a potential candidate for a reinforcing material of thermoplastic
matrix resins.

Keywords: waste wool, polypropylene, NFRP, fabrication, properties

el

dAE=T. NFRPE 73 2Z¢ =
(green composite), T34 A] =T

1. A &

S 2REFAR
A HIAHFELA

AAN 773} L EAE-F A S (Natural fiber reinforced
polymer composite: NFRP)&= YRFH O 2 H7FH{Z A
A fr(natural fibers)9} WlEZH 22 A Bl RS T

REe

e BEANEY2E FAAH] e =4S

p—

R

TCorresponding author: e-mail: dcho@kumoh.ac.kr

16

S (natural fiber composite) == A3 7F 7He g A
2 o]Fox Utk sto] nlo] L E-gHA) 5 (biocomposite)
B RETH-4].

71&9] FRPY HAAZE R, dadt
FALEA AF7E S AR s
AME I AREFOIY 8RS

al
= =
K3



AF7F 71 el AREEaL itk a8y o] A/ES
AN GFHeRE HIEHA 7] wiEd] 1
H71EL A9 EE yghdA FFLHoly A&
SHAA & AV Ho gtk AR3s 2 EAEF
AreE =& Ao dAES 7HAe B3R A
frobe] Hadol st A e WEAR § A
S50 g= IRAMMEHAE ZFst AFRHH,
3% AANZE AN, AFAA, 71A AARE, 232

= - HALEE 5 Y B AZEAEAM oAy Foll
A B 9fEA AREE AL AE5]

71E9 frEldf733 FRPO} A A4d/733l NFRPES
Hlwahd o7 2tHe-10]. 1) 431312 2A9 A}
go2 H7|Ed <93 FHHe] EAZF AgEHT.
2) AAMF E MEH2: Fx9 gulE dgd o)
AFER-ES #7717k 2d 2 A Z8o] e &
At 3) FAPFE FEAFRED BHlFo] 4 vo
=z ¥F Ags 9 ds5asy Sl 7193
4) AAHFr= Aol vi-g- FHH ArtelnE ds
H8-S et 5) JAAdfe AudAe A AE
WAEEaL o XbStEtAE ATAZIER AR A
2 Ao HA37] =0l "k 6) NFRP Ax =
Aol FEd+733F FRPY A-5-HTh AR Q1A <} 37
of etHsltt. 7) mEALA L] Aeo] w} AxTH

Al AR RS FEARES I R d¥es
20 Ak s - AW 8) A TRAA| )
AR Ps flete] A4 JAHFe TRl
WHEA E st

HAMFE ©]83 NFRP #3 5= 90dd) &
B ool & ZAHOoR AfE e A= =&
ARPIZREE B8 2 #4s 2l glov, A4 o
I o R B e B L = L

2=A A=A
HAANFE Yo s i Jon[11-15], NFRPS wj
EYaFAZe FEAdR4s 18 AEGA AN E

17

=
54

17

3 BHE Aoik), YR (wool)et e
AFroltH19-21]. A HAdF= oY
o]Fojx Jom, 1 EAFEY AAA
EAE AEE XA AEA JAdFEG 9
=0 gt B AT e 5 AAAAF 5
U (waste wool)E RHANRFE AlEsIdoeH, 1EA}
EY 2 FA2E ZE ZZ A (polypropylene: PP)S
A&t

2235 %E(Scrap wool)o]Z}lE
YU XA AELEG ] FAERE vl %
7t A dod F o, AP Hs 4
4 AL FHAME o] &7V Eoh dEE F
g ARFEE AU do] AfrEAGe] Holvka, 7
FAIeke] BE o] ¢etEE AHEA 28
71E9] FEAFEEANE 2 AEE2A A
FEFAEY dHALAZAY F3d= Z|dEth
z23 I Fe B ThgTIEe] FA
4 FAolth. PP frE]lAdf+ FRP &
now, 53] AFAELANZ
Atk wbA g5 Adgstel =

Fi, HA%8, 434,

[

T = s Il oA

YO i R pn B r
},E-{o

O
o

B4 2 884 THHor vy u, B =F
A tFE1 PE HUES PPE FAE NFRP A7)
of 3t o= Wi B et

o]-g3sto] AMEE
Aoz T84 HAE
7RHEE vhdske



18 A4 -

=]

Compression
180T, 1000psi,
15 min

Waste Wool

Waste Wool/PP NFRP
(150 mm>*100 mm)

Waste Wool/PP
Molding Compound

PP Fibers
Figure 2. Fabrication procedure of waste wool/PP molding
compounds and the NFRP.
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Figure 3. A time-temperature-pressure profile for fabricating
waste wool/PP NFRP.
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Figure 5. TGA thermograms measured for PP fiber and PP

pellet (top) and PP matrix, waste wool and the composite

(bottom).

100

H AHelA 2EE AeA7IEA 3H skss 71E
AlHol] B E = HE(deflection)o]] |2 ==

gapaie.

g

e B XN

!

.24 % 0

M

3.1. PP, HYE I HUD/PP SRUME2 S EA
Figure 4= AAFALS A AHESE] PPAFroll o
st EWste wWE Bh3EY ®¥stE HoFoh o
0°C F-Zoll A A& 5= o wkel & <H(endothermic)
AeS B ATl ARSS PPAERVE AYa e A4
TZ 9Yo] o}F WeS vt agla fElHo)
2% (glass transition temperature: To)%= <F 0°C F-oll
A Ydeide Ao R #AdEdnh 28al PPAFY &
FZEE oF 165~170°C Ato]d]l Ao® ZAH T



20 A4 -

aga oA WAE RS W oF 110°C F-ZollA e
= @< (exothermic) ¥+ PPAI-F9 AAHZNLE(T,)
£ Ueuy 2 2PAFE FelskA 13 H Ao
Figure 58] 9] 2H-& Af7dele] ppe} dell e <]
PPol| thgt IoHEAS ALEH 7NN AR ARE
27t welzn, & Qo] AFET PP QukAo
2 AgeAel Abgstal = A dEje) PP Atold
s wlaskeh & ATl AR-RE PP
We ppAdRT ta 2o e Audwn
Az Aole] FABA Fo] WE 2
o2 AlgHTh = Folzx dA Y AJFEA BH
2 Afel BASIIASL EWHo] AujHo
e Fent o A7) wEolth
Figure 5¢] o}z 1¥& PP wjEYAFR| 9} HUR
a8]a #HYR//PP BT deHAHde HoFEth
047]/\1 PP HMEHAE JdAGFe] PPAHFE 5% F
A5 qste] Aozl =Pp A A o
FARE FAsk= PP WlEZ 2 T
Hlg dgEE FEWe A44 1o
2olch, AR o e Figure 5(9))
gk dakel 7 o] =
qoz Afurel =Aeln
HZHE= 100°C o] el A L
TEHEHL7E HERAAE FAHAY. BRI =2
HH4E PP M EHEFA| 8L HGR Ao ] e
el sith ol AEARA AAXNGH3 nE R}
FoA #ZFIH TGA ZAHH19,2019F HIS=SH
BojFE Aol oldd RgAre] Lxd
250°C o]F-oll Mo F&Fae Wt AR/
Hlo] 9&s et

¢

?&

F

=8 ]38

2

=1
T

=2, o

o & ood JToox nl fr M

ol il o2t rd dlo
ru[o

L HYE MRel REZX| U X2 XA

Figure 6& 3 el A2 HERE AR
REZAE 747 25080 &(S)F 200081 &(oFh)oll A &
23t Aol 20008 &2] AKIoA K= Hie} o,

iz JEoF o]Fo]R YR FTHLE JutFyoF
Metgo 2RE AT vsn ge vATE %
4e YT FREDRL o]l $7EE olFL

nom, ot REZ A= EFAE Ax A 18
FA L} FERAF Atole] 7IAA HAAG e =&
o] & Aoz Aoty I FFLE HFHEHol
= ETEol A EA8I 5ol #EE AT 250H]
& AROA & § %ol FFEe HdEe dehd
EESo] ZoQl= bundle FHolH, o]E2 AME twist
Ho e AS AT & AT

Figure 72 <FollA] AF3F NFRP AEFA ol
we} AFH HUYE/PP NFRPY| tidty HUdRE &

20

iaku

X258 188mm KUMOH
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Figure 7. Optical micrograph observed for waste wool/PP
NFRP after mounting and polishing.
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Figure 8. Plots of load as a function of displacement ob-
tained from 3-point flexural tests for waste wool/PP NFRP
with different waste wool fiber loadings.
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Figure 9. Change of the flexural strength (top) and mod-
ulus (bottom) for waste wool/PP NFRP with different
waste wool fiber loadings.
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Figure 10. Plots of load as a function of displacement ob-
tained from tensile tests for waste wool/PP NFRP with dif-
ferent waste wool fiber loadings.
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