o2
)
il
s
ofo
r (
R
i)
to
u]
)
=
1o
N
X

X
|
o,

chemhan@sch.ac.kr

The mechanical properties of Rice husk reinforced
Bio-composites

Tae Hwa Kim®, Hye Jin You', Hyun Kak Han” , Ki Woong Lee”,
Deuk Ki Joo™
“Dept. of Chemical Engineering,Soonchunhyang University
“HanyangAdvanced Materials Inc.

k
oF

EL

o
B Aol A NaOH, Acetic acid, Silane * &&= HAA 9 matrixzte] AW Ao S8 A =83
+ wax, lignin, hemicellose < A1 A38I7] g W F9 shufoltt, ot 8}3t% Al w& %A
Hae] VA 54 WHEtE B8t Scaning electron microscopy (SEM) .2 #23k Frde] A e 7}
NaOH, Acetic acid, Silane *] 2 & 5}9}’5 A EHo]l HYE A FUd GA EDET vwF A
x| a1, Aol wAetS selatgrl. 3 A7t |1 el PP 20, 30, 40%<] Wl &= 23g

AME A Z3te] Universal Testing Machme(UTM)Oi AT, =FHE =FBHES A
TS A Jr Alo]=d mEka ofE A W3 H&=X OLOFEO}E}.

1. A& NAA EAS FAst SAS Ato]=9t NaOH,
Acetic acid, SilaneS ©|-&3F 384 AAHE T3}
H A WA AAol £&35] WE HUA of G4A FEe 7AA 54 WIE #ste 3o
A Ao BEE o83k BE3AAd gk @Al o] o}, FAEZDe] NaOH, Acetic acid, Silane # &
F53t2 Arh[l] A AFEE o] g3 nlole EIt 23 549 WHEE #Eer] ¢ SEM(Scanning
ANe 7tAo] AEeta 7hange Az 2 AR o Electorn Microscopy)< ©o]&3 ZTHS
goly FHE A Yrk[2] T-die ¥¢&712 HFAE A2, UTM(Universal
AA Ul A FAE AzZE oF ATk E o]go] Testing Machine) 2.2 7| A4 EAXE =439
Aatal ok GAE SAFY] eSS AR AL
Gt Ao ZAUNE AME F HE|E &85kl 2. Qs B A
RO GAE FAE U TR A TR H
o] qlol Wde] F=eta 7HE Exe FF Y 2.1. A=
of Wojxm EUdS LHdA A 7l doenE #7 2 oAFolA AREE GARES JAAT7E 155,
E FTo® Ay Hed, ek Y e dA= 165, 198um RAoH, (FHME DA ATk
2 o]l Avd 9 A EH, v A5TY 23l NaOH$®F  Acetic  acide ()
T w2 gxel Arh[3] Silane> AldrichA}e] A& T8t AH&3t3d
GA e kA Ae W T gz Aot
Acetic acid #g], Silane A= A& w]&o] A 2.2. NaOH =] &
Sol W Aol wWol o] & Uth[4] =& o]y 47 BES 77 15%, 3%, 9%2 NaOH &9 %
g W AHErt vpole HIAY AW AdEs F of wWRk71E o] &ste] 304, 1A%k, 1/\]7}30 Qr
ZWAZIthE A BRavl Yo% skt A s vk A BES THTE T
2 AT BHE gAE o &3 niole EHA 9 2 AH e A7 F 6045T o] e &olA 1

- 363 —



20123 =2kl

2.3. Acetic acid # 2]

gA BEs 77 15, 3, 9%9 Acetic acid %°“
2o WIS o] &3le] 308, 147k, 1417 30

¢k AgE sl %7 THTE O]%:G}Oq

o I
el AHS A2 F60:3Ce QBelA A
Zct.

=] (e}
s

2.4. Silane #]g]

S B Z+zE 15, 3, 9%9 (3-Aminopropyl)
triethoxysilane &< o WRHZ|E o] &3te] 30
i, LAIZE TAIZE 304 &<t A=lE skt A &
s FTHTE ol&d FAH AHE A F
60+3T 9] el AxzAF T

2.5. 54 B 24

GA EEY AAge] wE FEFFEY F8S
?lal FD-600(Kett Co.)& ©o]&3le] HAHS A s
Atk olw 7+ A5 FAE 25" =4 A 7

2 9] ¢ 2pukS 3 &8}, :LFJ.T’_]SM 6701F(JEOL
Ltd)E o]
9 &

ol-&3 <&l

3.1 TGA A

100

Wolgrt(s)

40

20 -

T T T T T T
1100 200 300 400 500 800

Temperatme{"C)
(13 2] A& & 97 L2<] TGA 424

a9 2+ AAYE A @2 47 £¢3 NaOH,
Acetic acid, Silane A2 & 3 %A FE TGA &
4 g X o]t} 4AE hemicellulose, cellulose,
lignin, ©] Al 7ie] o] F& o]ZTh[5] hemicellulose,
cellulose, lignin® 9#3] == 99L& 717t =
th[6] hemicellulose™ 7Hd S =% 9l 150750

e = T gl 2757350 C ol A
3y oW Foad AS 2507500TC 9] W
FAlA diEs) dAoh AAYE s ¥
100C ol A Gzt A2 s o

s
0C o)A cellulose= HF< =
o}

Moo @
i HE

Mo 12 M

rLI Si

[¢}
B o)
=

E LA E T hemicellulosed] G271 A=+ Q‘}i
oha gaEnh Ee BE A el 300TH

oAl M HS HolA H=t, o]A2 hemicellulose
o a7t AlFFg o] % cellulose®] &al7F A
Adeow WA Aapeta AZEn[7] 2ela 350T
o]F 2= didlel o FA AT A =g A

#=3= 2] 13 holocellulose
(hemicellulose®}cellulose) 2] EE3 WS = AA

S &% chardll ol gtolet Azte T

3.2 FHSH 24

(d)
: (a) untreated
(b) silane treate (c) NaOH treated (d) Aetic acid treated

(c) |
[ 3] 4AETe] SEM AR

;lal 3o §].6L;<40§ Hﬂg].;q
Silane, NaOH, Acetic acid # 23 %
AApAu 7 ARlel tiste]l UrER A
oNA AHetA e FARES FIYR
o] FFo] o]Fo|A Urh[8] ¥ %
wHEEHA. ol T E@E ¢l 5o
vho]l @ BobA Azl 71 A Apeke] A
go] oAl ARE 7HA A €rh[9]
3=(b), (o), (DolIM= Agd FAZZe] FHo] v
ZFo] olEdo] AR S B F UL 13- (b))
A= cracke]l BEF AT o] # 7 crack> EH A €]
71 A A A 8t} delel &+ 2l
o}.[10]

)
M
rj [e}
=)
o,
=N

< ol=He]

[e) o
= U=

3.3 71AI4 54
3.3.1 Volume Fraction®l] W& 7144 A

aY 4= 97 B2 Alol= 198me] 4AE T3
e 71AH 54 Atol

Volume Fraction?]| A

- 364 —



20124 G2V %t

P 53Ae] ®HAA 9 w2
A2 %7 Volume Fraction©]
e A

P #e dER AT

ol

g

Tensile Strength (Kgficn)

Samples
(a)
5 —_—
- == ]
2 30000
£ ] i
1 2 s.}u 4 5 1 2 s‘r‘;“ 3 1
(b) (c)
(29 4] 9749 Volume Fractionol] W& 7]A4 EA v :

(a) IFA=

(b) E34% (¢) =594

(b)= F7/PP H&A 9] =34 Adaz A7) v
7‘47}2]2 271 Volume Fraction®] 40% Y4 ), 7} =
2 ANE BAh B (o= 4A/PP HA] =g

Aee] ARE Qe H =705 Ae) nrhA|
2 97 Volume Fraction©] 40% & =, 7F¢ =2 23}
T4 o2 947+ Volume Fraction©] 40%
545 gl

Btk HF
ol =] 7]AH

Tioil

3.3.2 Afol =9 u&

Tensile Strength (Kgfcr)
2

~
|
I
o

H

8

Flexural Strengih (Kgfle)
H

3

—~

c)

b
[Z19 5] &AY A EA WA

(a) &2

Particle Sizedl W& 714
= (b) =34 % (¢) =38

ox
o

3]

&= 3
54
o
7

o

= 4R Particle Sized] W& 7] A A

=2 G AZLY Volume Fraction©] 40% ¢
2 54 23E EUE A E, =
L, F9EAES S48, (a)olA B vket
Particle Size”} 198um & w] 7} & AAH=
B3It (b)= Particle Sizeol| W& #3725 et
Az AFAREe vl E Particle SizeZ} 198um
oA W 7 w2 =2 AR FE Btk (A% mhgt
7}A & Particle Size7} 198m< o, =48 gho] 7}
=S ARE BT

=
N

[e]

—

BLom I

£ o

3.3.3 83t9 @A 2 (NaOH)ell w2 7] A4 54

250

—=—NaOH 3% 30min|
—e— NaOH 6% 30min
4 NaOH 9% 30min

LY

Spec Standard

R R

i

777772282200

§

Tensile Strength (Kgffcr)
g

Samples
(a)

5 3 Spoc

= N

g \\M\\\\\\\\\\\\\q\\\\tt\\&&\\\\\\\\\\\\

i

Y
JH
a0
ox
o

32“?_} 7‘47413] Z71%1 NaOH 1.5%, 3%, 9% &=l
s 7HA AL ZA AT (ol A K
I AFto| A= NaOH 1.5%, 3% &
o] 25 %} Material Standard

b A E 23S YERATE el A= wE
NaOH 1.5%, 3% &=olA dAed AL D
o] A=} Material Standardel] ¥HEdlE FLUEE
oA %= NaOH 1.5%, 3% F&ollA A«
o] 252} Material Standardel] WHE8hs =
= Btk webA, shebA dAee] mE 7] AA
A W3sl= NaOH 1.5%, 3% u 7| A4 E40] A&
2} Material Standardol] Wsl= A4S 2921513

o =

e} NaOH 3% W= Fujshd #4 A#7} tha

/TR

— 365 —



2012\ F=te)Eeks] £ Sk ey

weby stz HA¥ sohy AAY 2Ae NaOH
15%9] FEolA 3087 Aelf AR, o] F o]
B9 vlole BYAE ALSE Aol MY F& BHA

T
o
g ds F Utk

4. 4 2

AT = PPo AR S AW ARS FAY
7] 91&te] AR 2o Silane, NaOH, Acetic acid # ]
g 3 5 old mE VAA 5A4S LolEUth $A &
3} ppe] WS 7Zb7h 28, 37, 469 W2 d9S uwl, %
A =T 40%, PP 60%°1A 71 =& EAAE 94& F
AT GA B2 NaOHS o438 AA7t 71 &
FHE YW, ol= 7IAH EAAE dde] vk we
A, NaOH A& ® 97 £&S o] &3 537t 7H =
2 BEAAE A9t 44 EHY Y& Alo]=2E 198mY
g 7Hg =S EAAE A%led, ol 9A EEe] AA
Y& Tl AdAgo] molA|HA F Apo]ze] Tl
PP H53Al &ollA &4 d&s 37|17t o +437] da
ojgtal Azto] Fr},

wba], 9 B Alol= 198m, NaOH 15% £9&
ol-g3te] 307t AAEE Al d F T-Die h=7|=

%l
*E.%LZHE WEA HS A4S AEA Material Standard
AY Aes o

o
S T UL

[1] Gauthier R, C.Joly,A.C.Coupas, H.Gauthier,and
M.Escoubes.”Interface  in  polyolefin/cellosic
fiber composites; Chemical coupling, morphology,
correlation with adhesion and aging in
moisture.”, Polymer Composites,2377300 (1998)

[2] Bledzki AK and J.Gassan, "Composites reinforced
with cellulose based fibres.”Progess in polymer
sience, 2217274 (1999)

[3] S.JPark "Element Composition of Rice Husk
and Rice Husk Ash in Korea”

[4] Vera A.A and A.Vazquez,'Influence of fiber
chemical modification procedure on the
mechanical properties and water absorption of
MaterBi-Y/ sisal fiber
Composites Part A (2006)

[5] M. PATEL, A. KARERA, P. PRASANNA, "Effect

of thermal and chemical treatments on carbon

composites.”,

and silica contents in rice husk”, JOUNAL OF
MATERIALS SCIENCE (1987)

[6] K. Raveendran, A. Ganesh, and K. C. Khilar,
Fuel, 75, 987 (1996)

[7] Dong Kyoo Park, Myung Won Seo, Jeong Hoi
Goo,etc "Pyrolysis Characteristics of Sawdust
and Rice Husk”, Korean Ind. Eng. Chem.,
4157423 (2007)

[8]1 M. PATEL, X-ray Spectrometry 10 (2) (1981)

[9] Rong M.Z, M.Q.Zhang, Y.Liu,etc.”The effect of
fiber treatment on the mechanical properties of
unidiretional sisal-reinforced epoxy

Composites Sicence and

Technology,143771447 (2001)

[10] Dong Kyoo Park, Myung Won Seo, Jeong

composites.”,

Hoi Gooetc "Pyrolysis Characteristics  of
Sawdust and Rice Husk”, Korean Ind. Eng.
Chem., 4157423 (2007)

— 366 —



