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Abstract: In the present study, the effect of alkali treatment of rice straw on the flexural properties and impact
strength of rice straw/recycled polyethylene composite was investigated. Alkali treatments were performed by
means of two different methods at various sodium hydroxide (NaOH) concentrations. One is static soaking
method and the other is dynamic shaking method. The composites were made by compression molding
technique using rice straw/recycled polyethylene pellets produced by twin-screw extrusion process. The result
strongly depends on the alkali treatment method and concentration. The shaking method done with a low
concentration of 1 wt% NaOH exhibits the highest flexural and impact properties whereas the soaking method
done with a high concentration of 10 wt% NaOH exhibits the highest properties, being supported qualitatively
by the fiber-matrix interfacial bonding of the composites. The properties between the two highest property
cases above-described are comparable each other. The study suggests that such a low concentration of 1 wt%
NaOH may be used for alkali treatment of natural fibers to improve the flexural and impact properties of
resulting composites, rather than using high concentrations of NaOH, 10 wt% or higher. Considering of
environmental concerns of alkali treatment, the shaking method is preferable to use.

Keywords: rice straw, recycled polyethylene, composite, alkali treatment, processing, properties

" Corresponding author: Donghwan Cho (dcho@kumoh.ac.kr)

87



88 °]7]

1. A

M

Fejof7kar e 3hA e
Adad 9 &2
1342 Ao gt &
AR Ax=9) AFEAHE-
ofol| A 2 X3 EaHAY
A AN w2 k=g 7
AAd/E HAAE &85t s
129 FodF4 SFAETE AHEE O
e AT 5= s Ao d& ® o

e}, dAvjEd 5 aRE VI 5 Sl

T 6-8].

AAdF BN E= Frkkenaf), FulkGute), ofvt
(flax), o L}+(bamboo), 34| 7l (henequen) 51} 22 2]
=4 AR 9 ARSE AL Qe 9-11], A A
Aol FHI AKA, A, 71 (121 18T o
227 AAdF EAARA A Ee] dvkar weke
ot Ao FetrAgde AEZATE OF 48~59%, B 1d
14-18%, 3|%(ash) 15~20% —L2] 3L 7|E} A Eo] 12-14%
Hra AEzash Bl kol e AeH Sl
Wloh S ToITH13,14], LECE F A rice husk)E 28
g B R g B glo] fEou1s5,16], S
37 RAAQR AFE-H o9+ =&t} Groz- danov
ctal e MY ALY EelZRAAL o] gato] W
of sho] wet QIR HEHFHL ol Satol Bl
AR E Azshn, RYsHFol ol Yol et Qe
o] F7ketotal B gt vb QIoi17].

A &8 (recycling) ¥ I EZ 4R = 4R (virgin resin)
Hop B0l douz, HEE,A 9 4= FEA7
7] 98 FF AR 22 AR EeaE"HE
ZotetATH18,19]. £33 AAM /2 Aot SRR
o] 7IA4 E4e " FA7I7] fs - EE
2 Apol o] AWMAT Y S SV E = B A7 A
o] 2Fch20-22].

H K
N

(o

o o 41

2L
N
A ik ofy B=
It o, I
)

ok

SR
s
_?‘L
oft
z |0

_,d

e
=
S f

o
o
Ho o
i
(0]
o
R 2 jo ok

Al

o 2

o3
4z
fu o
B
2
"e,

==
—

ox Mo
o

ez m

o

2 0

By
N
3o
.

T
L

bu B Ao fu ok v R4RU |

2 2 = 4n oo x0 o |
Y
o
ot
fto
pat)
lo

AAHARFE ol & HAARY S4S FA7I=
g o] e A= W SRtk 11 9]
e Aol dddfet A TEAME A
ko) AAgtE o] ofsto] Bk re] V1A A 540
S27] ggolth. et JAHdFE 8T B2 5
ArolA HAdF HA O gt @ AFEL

7k L eH20]. 1 5 AAdfoll AR EF(NaOH)
= o]&3 gAY Aol HF A= TF HilE o]
£kch23,24]. &Z2] A 2)(alkali treatment = alkali-
zation)+= ™ A| SH(mercerization)2t 11 = S AT ™A S}
gk 213t NaOH §-Hof] HA =S PAIZE JAAIZ] &
eg ol HeT Aol YEE A ol FEE

N

N

N

o =

T

ﬂjjﬂ

b X

I e

f =

iy, Mo °
g =
ﬁ;érghoﬁ
° ox
o I o
Homo{%j
oﬁrﬂoirl;é
2 o ok &2,
%Mo
- _\;rlr
e
RO
< rgrﬂg
o oL mx
i 11&:[0TYL
2 2 o

gs

7F 7Hsd AERAA AAHFe H A (rice straw)
BANE AMgsta fggEeoddl fEYAR

)
)
by
i)
oo
il
o
2
ud
i
i

ok
2

il
il
E_?.,
i
of
oX

ro I oo & 1 o 2

2.1. M=Z

2 Aol AREE B
24 Fesgoziy Tdsdn. WAL I
o Fsl Azsgon, AR,
model: KM105HK1)E ©]-835}o] B39 H o7} oF
5 mmzh w2 2Hskel ALESHT

SRS EYLeA R AHEH AEEEDE
l(recycled polyethylene)>  3+=Z}-FAHENVICO,
Korea)o Al FH2 A= of 80%2] LU=
= (high density polyethylene)®} ¢F 20%<2] AU &
2ol 2 dl(low density polyethylene) &= o]F o] it}
AggZeoddel vF 094303 EFITEA S
(melt flow index: MFI)+= 0.290|t}. FUjofl A AFEE 1L
Ue BFFY EYoEd d52 817 & 54 A
of ¥Ad A9, v iAol AstE L EdE 2
AlA Fde3d& Asfiste wA7E oF71 = A ek &2
Atoll AHES AEEELEAS Hr|EH HFo=2
FE A9 girtol 3 A4S AA HEl FHE A
ZH Aol

=

2.2. R ¢&e(X T

Il

Fig. 1 989 Ad, B4 delx agexelo]
3 dwo] gHE MojETh WAL dTe A Ao
AHs 3 Azstdh ddelAels ole 44 o2
2§09 wof upeb vhEslel $wsteth WIS
WA SR AAT T 471,35, 10 wieo] 92
280l Agstel WAL Hestdnt g Ae
Si o o] BuE ERATES vt ARstert
[12,13.23,24]. 2he] £912 NaOHE F 54l 8)4]
A Zelshaa, 2uE Solo] MAS AolA 147

HE " AH Ap0H A3, 2019



% NaOH Treatment
0,1,3,5,10 wt%)

1| % Soaking or Shaking
at ambient temperature
for1h

Rice Straws

Shaking bath

| % Drying then funy
drying in an oven
at90C for 12 h

¥ Pulverized rice
straw fiber length
5 mm in average

Pulverizer

Figure 1. Cutting, washing, alkalization and chopping processes
of rice straw.
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Figure 2. (A) Twin-screw extrusion process for producing rice
straw/recycled polyethylene pellets and (B) the screw
configuration and the processing conditions.
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Figure 3. Digital images showing the appearance of (A)
‘as-received’ and (B) chopped rice straws exposed to
different temperatures.
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Table 1. Color and weight changes of ‘as-received’ rice
straws exposed to different temperatures

Temperature 25°¢ 100°C | 120% | 140°C | 150°c | 170°C | 180°C | 200°C

Light Light Light Light Dark Dark
Color BErown | Brown
brown brown | brown | browm browvn | brown

Weight Loss (%) | 0(Control) | 0 03 10 23 33 36 116

Table 2. Color and weight changes of chopped rice straws
exposed to different temperatures

Temperature 25%C 100°C | 120%C | 140°C | 150°C | 170°C | 180°C | 200°C

Light Light Light Light Dark Dark
Color Brown | Browm
brown brown | brown | brown brown | brown

Weight Loss (%) | 0(Control) | 3.7 18 8.7 9.3 102 120 155
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Figure 4. DSC and TGA curves measured with rates of 10 and
20C/min for recycled polyethylene, respectively.
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Figure 6. Variations of (A) flexural strength and (B)
modulus for rice straw/recycled polyethylene composites
with rice straw treated by the soaking method at different
NaOH concentrations.
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Figure 9. Fracture surfaces of rice straw/recycled poly-
ethylene composites (A) untreated and (B-E) alkali-treated
by the soaking method at different NaOH concentrations
(x500): (B) 1 wt%, (C) 3 wt%, (D) 5 wt%, (E) 10 wt%.
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Figure 10. Fracture surfaces of rice straw/recycled poly-
ethylene composites (A) untreated and (B-E) alkali-treated
by the shaking method at different NaOH concentrations
(x500): (B) 1 wt%, (C) 3 wt%, (D) 5 wt%, (E) 10 wt%.
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