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£ A= poly-lactic acid(©]3} PLA)S} H7-2 ©]-8-3F bio-composites #1720l $10] H7HAZ ARE-El AW S=5
(CYP-B)9} iRt~ HCOY} 5 B A|5Pg/30l mAl= Jae AR f18te] 338sict. S4A1E radiata
pine B (RDP)S A}8-510] %3t composites?] 1374 5EE CYP-BY 3RS W] okolt) whd ggigs 2o =i
(MIX)ell CYP-BE composites®] A 5 t] 2.5 wt% 7Fste] Az AlHe] TS S/ o, 5 wit%e]
CYP-BE 37Fsto] Alxest Al & 7asto] 37HAIGle] Azt Az 2ol7t §lSltt. SA4wE T3V AR Al
Z3F Al v w3510] 100 mesh FFUAIE S48 RDP(< 0.150 mm) 2! 60 mesh 3544 $3} HCO(< 0.250 mm)=
Azst AN Fgkom, 71 F7tel mhE 3R ASITE PLASH RDPell CYP-BE H7HAIE ARE-sto] #|3=8t
APEE 70 T 25 4 80 C ovenoll :=E3t o5 S TFT7 S J7HAIRlo] Al Al 2jo|7} glglem, PLA/
MIXeX = H7HA19] 28 2 A7 S7tel i = SlSlth 25 2 32900 :=FA171 PLA/RDPS] F-39]38-8-8-2
FH7HA Al vlwsked CYP-BE H7HAIE ARESE Al A 2o]7} gl o), A2 %2 HCO AR H7d4 91
B PR PLAMIXS] 735, 53] A= A& Y52 CYP-B T78|3 2% AHA= CYP-BS}
AL 30 HCOE 285 AlHolA F7HAZ Azest Al T} n]mste] Fuj=ig-go] Skt PLACY S22 E3k2
composites®] Pl FAZQ1 S T}, HCOS] 8- % 71 HAl-ZepaE HitelA B4 7S $18te]
AREERE SARZIRE 7R ETE ARP/ES A AT AR ZARESITE A3E F8eHA, PLAC #=29)
23to= Qleto] Asla FAUES T7HE Asto] F7HAIS Algo] s, PLA/RDP H7HAIR & =2 CYP-
B T A2 I%°] HCO Aol HA2] composites #|1Z 27107 AJ7tstt), o|glA] A28t composites’} = HAH
Whelof| A WG HAl-ZEhAE B3] FAYE(3.0 KIm?) B FES7-8(<8.0%) 7152 WEsto] thofst &
Eo] A EeaE AR Aol 7FeE ZoE wekdn
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Abstract — This study was conducted to investigate the effect of CYP-B and HCO used as an additive on the
mechanical strength and dimensional stability of bio-composites fabricated with PLA and wood powder. Tensile strength
of the PLA-based composites fabricated with RDP (PLA/RDP), which was used as a filler, was not affected by the
addition of CYP-B. On the other hand, tensile strength of the PLA-based composites made with MIX (PLA/MIX) increased
with the addition of 2.5 wt% CYP-B based on the total weight of the composites. When the content of the CYP-B
increased to 5 wt%, the tensile strength did not differ from one of the PLA/MIX fabricated without any additives. Impact
strengths of the PLA/RDP made with the RDP of < 0.150 mm and the HCO of < 0.250 mm were higher than those
without any additives, but the increases of the RDP and HCO contents did not have an effect on the impact strength. No
significant differences between the water absorption rate(WAR) of the PLA/RDP added with CYP-B as an additive
(PLA/RDP/CYP-B) and PLA/RDP were found after immersed in 70°C water for 2h and exposed in 80 C over for 48h.
The WAR of PLA/MIX was not influenced by the application and content of the additives. The total volumetric swelling rate
(TVS) of the hot water-immersed and high temperature-exposed PLA/RDP was not affected by the addition of CYP-B,
but showed a negative effect in the TVS of the PLA/RDP made with the HCO of < 0.250 mm. For PLA/MIX, TVSs of the hot
water-immersed specimens made with the CYP-B of < 0.150 mm as well as the high temperature-exposed specimens made
with the CYP-B and the HCO of < 0.250 mm were lower than those of the specimens fabricated without any additives. The
addition of wood powder in PLA had a negative effect on the thermal stability of the composites, but the stability was
increased with the application of HCO as a additive compared to that of petroleum-based additives used in conventional
wood-plastic composites for the improvement of various properties. In conclusion, the application of additives in the
fabrication of PLA-wood-based composites is required to compensate the impact strength decreased with the use of wood
powder. It is determined that the applications of CYP-B of > 0.150 mm and HCO of < 0.250 mm in the mixture of PLA
and RDP is an optimal condition. The composites fabricated with the conditions satisfied the minimum requirements of
impact strength (>3.0 KJ/m?) and water absorption rate (<8.0%) designated by the National Institute of Forest Science. It
is thought that the composites have a potential as a raw material for the production of bio-degradable plastics.
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=24 EA-Z2~E B3l (wood-plastic composites, ]} WPC) #|
Zo] Qlo] FHANZ G-&-st A7} FHE AT 13-15]. AWHE o=
Fu) 9} A A28 WPCS] At Hit o ® A3 WPCS} Bl
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7Vge] Tkl 3§ BEE 9 SR SE0] AAaEH T
W ST 16,17]. kA WPC Ao Qo] 558 A
Sige] 53t @ 4915 Arkehe kel i A7 e
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A NS fste] AREE I Qs H7HAIE g sdEE 7]t
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o] AR, Q% 1] an Bl ARgell mE =4 Afste] H st
= 9% HIHA 9 57, 71, 57T composites?] A5, TS

T&, FHBEE v|A = JEFE AR H8te] Faskd

o] & 9jato] ML =u]Ea} A ko 2 thekst Ak Folel

2 AFEH AL Gl FuiAE] AN Sate] A|lZSE Fnix)

2+ (hydrogenated castor oil, ©]3} HCO)YE 37| = A-8-31% T}
o= A A Z3} bio-composites®] B FHXE ET]Z PLAS} &

ol A7HAIR FUE ) /18] 3 HCo?| A8 7 W

HA Az 2305 A f7olnt.

2. M2 Y

2-1. SAME
Composites A| =5 $18t Y 5 Z TotalEnergies Corbion(Gorinchem,
The Netherlands)ol| 4] A48t A& poly lactic acid(©]3F PLAYE
AHESEGATE o] PLAE A8l 4o §g2ket ds 424
150~230 T8} 1.2~1.3 glem®o|3] 0, S5E-2 0%Z S =3I
FAA R @ESHIIAAN F5EE el (Pinus radiata,

o]} RDP)# &35 F5(018F MIX) ¥4 ©]8-8131 0.1, RDPS}
MIX §J% B Fig, 13} 2t}

B3 S A7 = AR 2] A 3)(Chamaecyparis
obtusa, E., cypress bark, ©]3} CYP-B)E A3t CYP-Bi= ¥
LR AlA 3ol e AR 6 - EH A
bl A g gk 5, 15 o] ZIx1sde o] & A TR
lem Aol Heksth 5, 74 7](Fritsch Pulverisette 19, Idar-Oberstein,
Germany)Z 3H|5H1 ). ©] 313122 20 mesh(< 0.85 mm) L7
AZ Adst & H7HA 2 A}%—O}oﬂu} SFH composites®] W4
e flste] gnpalo] FAsNEE-S Fato] Az Edlo)a
F e 9] hydrogenated castor oil(©]3} HCO)E Hebei Guanlang
Biotechnology Co. Ltd. (Shijiazhuang, People's Republic of China)®i| 4]
TuEk o, o] 5 CYP-Bo} T atAl 4 W A Zle 7t

A= ARSI 7] 2HgE S5kl T=H]E CYP-BE HCO9| 1%
WELE Fig 139 2o, 4 gl A S Sete] A 9l
= 2] AAS 135 composites Al Fo H7FHAIR AR
= CYP-B ¥ HCO9] I =& A3} tH(Table 1). $HH HCOY
724 AHEkT 4G G)olA A maleic anhydride(98%,
o]a} MAA)E A3
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Type of raw materials

Fig. 1. Particle distribution of raw materials used for the fabrication
of bio-composites (RDP: radiata pine powder; MIX: hardwood
scrub powder; CYP-B: cypress bark powder; HCO: hydro-
genated castor oil powder).
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2-3. Composites H|Z=

L= Yol E§H5 g=7o] #|Z% composites B3l T X = FdFS
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Waltham, USA)2] %3 (hopper)E 551 &5 3F31tt. Composites
A 2= it o g AR89 §g-2 k00 gste] A H =t
2 Ao FUEE ARH PLAS] $-8-257F 173~178 T 3

A= wd(barrel) 2 =2 178 CE AAFT). o] FA4S Eafo
ARE AR ERBE ALE B 95 F, ASTM D63s-
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Table 1. Basic ratio of each raw material used for the fabrication of composites in this study (unit: wt%)

Specimen PLA Wood powder (wt%) CYP-B-1 &2 HCO-1&2 MAA
(Wi%o) RDP-1 &2 MIX-1 &2 (Wt%o) (Wt%o) (wt%o)
1 100 - - - - -
2 85 15 - - - -
3 85 - 15 - - -
4 70 30 - - - -
5 70 - 30 - - -
6 675 30 - 2.5 - -
7 675 - 30 2.5 - -
8 65 30 - 5 - -
9 65 - 30 5 - -
10 67.5 30 - - 2.5 -
11 67.5 - 30 - 2.5 -
12 65 30 - - 5 -
13 65 - 30 - 5 -
14 67.5 30 - - - 25
15 67.5 - 30 - - 25
16 65 30 - - - 5
17 65 - 30 - - 5

*PLA: poly-lactic acid; RDP: radiata pine, 0.150 mm < RDP-1 < 0.250 mm; RDP-2 < 0.150 mm; MIX: hardwood scrub, 0.150 mm < MIX-1 < 0.250 mm;
MIX-2 <0.150 mm; CYP-B: cypress bark, 0.150 mm < CYP-B-1 < 0.250 mm; CYP-B-2 <0.150 mm; HCO: hydrogenated castor oil, 0.250 mm < HCO-1 <

0.425 mm; HCO-2 < 0.250 mm; MAA: maleic anhydride (< 0.850 mm).

S48tk AFA == A He 29H7F A8 E 115 mm, gage
lengthE 50 mm, crosshead speedE 50 mm/min .2 4 3}of 30
kN9 load cell2 AF-8-3}0] W52 3 7] (universal testing machine:
UTM, Instron 4467)% =433t}

FTANE Z4E S A e A7)5= Z0] 63.5 mm, L] 102 mm,
83 F7 3.2 mmE AE 90l 2.4 mm 209 VP A E =
2] 7 Bl (notch cutter) Z TH| 3T} ©] 5 ASTM D 256°1 ek
pendulum B E| 2] o}o] = (Izod) EFY) &2 Al 3 71(Tinius Olsen,
Model 892)F AH8-3to] Aol X SA4s3ith. 2H Al H e I s
o} TAZE = 37N AE L Bakat 2afelA] Faksitt.

2-5. XMy

Composite A& 80 T ol A] 24A|17F o4k xS &, dA]
AloT8] oA F-s] W=gsiSitt. o] AlH S S5, 7, &, dolE
7% §, 70 T 2570l 241 FA8ISATh A7) ke
Hrol| EAshE T HolH BEHEE AAT ¥, T, 7, &,
Aol & A5ttt o] 9]efl 80 T o] 48A17F Bk
A48 533t} o1& F38Fe] composited] FH %7 (weight
gain, ©] 3} WEG)¥} 3] % 8- (total volumetric swelling rate, ©]
st TVSye o] Az 20 Xed/d& vl @ 248130t

ot
>
=
1o

2-6. DX EY4o| A

Composites #| 2o A2 A5 2} composite2] E<eH34-S DTA/
TGA F*]4-%]7](Simultaneous DTA/TGA analyzer, SDT 650, TA
Instruments, New Castle, USA)Z ZAFSF T 4] 272 purge
gas® N, & 3¢ Aelelr] 52 255 10 C/min 41314 4
24 FHoj| 500 T7H] E=XHDTA)Y €55 2Hol& S 313
T} o] & o] gate] H/d, d85Fe] Wsle)] gtk Mo, %
Zof w2 THRHSEHTGAYE 575t 4eddS B3kt

=

g2 24

2-7. Composites2|
Fourier transform infrared spectroscopy(®|8} FT-IR)i= =49
1A 55 o] galo] Bl nA|gk xjol & AP ek = gl o
, A8 At Aol 7ol 7he s BAIE compositeE T
He /3 Aol ARSSIATE WA composites AlA T o] & Al x5
o) sto] Al-e¥ Y2 = FTIRIFS 66V/S, Bruker Optik GmbH,
Leipzig, Germany) 2. w43k 2., ¥4 2712 %= 007 em™,
TN (@FET 1= 4,000~400 cm' 2 Fd51] ST

b

30 ¢
T

i

O

do ox

2-8. AMEMA ¥ SH 2M

B AqolM Ak AE Qlaks FAAQ] HE(RDP, MIX)2]
AMEEE Q1 2lol] H7FAI 2] F5F(CYP-B, HCO), Y%=, A7
(2.5 wt%, 5 wt%)] AE3FEIR 0w, 7 QAL AT, T AT,
2|ebg g el vA = JES ZARBIITE kA 2 x 2 x 2 THl
& 2% (factorial design)el] wet A& AL Hlo|HE 4
ST 7] Q1A - Minitab 3 £ 13 (Minitab LLC, Anyang,
South Korea)©] ANOVA '8 % o] & ©]-8-3}0] 95% 212 W 9]olA
AR S eIt BAISHA 0 & p<0.05 oA fr2lidol
Qlthar B % Aol thste] Fisher's LSD(least significant different:
FHAafo2h) APE A thsla W Foll 71 Wol ARg-E=
Student t-testol] 2J51o] 7} B3k 7k 2jolof] gt f-21/9-8 Sk

B3I
3. 23 3 aE

3-1. QIFLE

Fig. 2= & Aol #| %3} bio-composites A|H 2] AFFEE
573 A3fo|t}. Poly-lactic acid(®]3} PLA)* RDP B MIXE
E3sfo] A Z3E compositesS] AT = 743 THRDP:
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Fig. 2. Effect of (a) weight ratio of poly-lactic acid (PLA) to wood powder and (b) size of the powder on the tensile strength of bio-composites
fabricated with PLA and radiata pine (RDP) or hardwood scrub (MIX) powder. Different capital letters over columns indicate signif-

icant difference at p=0.05 (least significance difference test).

p<0.01; MIX: p=0.02). ©]i= composites U] 4] 11543 o] =53}
457739 PLA 7F Al AR 2] Asfel|A 7118H A 7o) rh[33].
SHH composites A Zl 2101 RDP Hi= MIX $F-S- 15 wt%oll 4]
30 wi%= F7HFE W, QU EE 2lo)7F $ISITHRDP: p=0.77;
MIX: p=0.23). ©] A3}-Z Et)Z A A composites =5 thH] Z2]
TS 30 wi%= 13 A ElellA PLAC CYP-B B HCO9 &

W ae
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2] composites®] AFFEE
FE AT

5 2717 QIR A= S FAs A7) 0.150 mm
< RDP < 0.250 mm] RDP(©]3} RDP-1)1.} < 0.150 mm®] RDP
(13} RDP-2)Z A3} compositeol| A 3k CHp=0.04). ©13= 100~120
mesh(0.150~0.125 mm) ¥ °. 2 A|Z3F composites®] AT+

]

grato] Therat SA0l vA L o

L

Fig. 3. Images of (a) 0.150 mm < radiata pine (RDP-1) < 0.250 mm, (b) 0.150 mm > radiata pine (RDP-2), (c) 0.150 mm < hardwood scrub
(MIX-1) < 0.250 mm, (d) 0.150 mm > hardwood scrub (MIX-2), (¢) 0.150 mm < cypress bark (CYP-B-1) < 0.250 mm and (f) 0.250 mm
< hydrogenated castor oil (HCO-1) < 0.425 mm used in the fabrication of bio-composites (white scale bar = 1 mm).
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Fig. 5. Effect of additive content on the tensile strength of bio-composites fabricated with PLA and (a) radiata pine or (b) hardwood scrub

powder.
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Fig. 7. Effect of the type (CYP-B: cypress bark; HCO: hydrogenated castor oil; MAA: maleic anhydride) and size (0.150 mm < CYP-B-1 < 0.250
mm; CYP-B-2 < 0.150 mm; 0.250 mm < HCO-1 < 0.425 mm; HCO-2 < 0.250 mm) of the additives on the impact strength of bio-com-
posites fabricated with poly-lactic acid of 65 wt% and (a) 30 wt% radiata pine or (b) hardwood scrub powder. Different capital letters
in columns indicate significant difference at p=0.05 (least significance difference test).
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Fig. 10. Effect of the type (CYP-B: cypress bark; HCO: hydrogenated castor oil; MAA: maleic anhydride) and size (0.150 mm < CYP-B-1 < 0.250
mm; CYP-B-2 < 0.150 mm; 0.250 mm < HCO-1 < 0.425 mm; HCO-2 < 0.250 mm) of additives on the total volumetric swelling (TVS) of bio-
composites, which were (a) immersed in 70 °C water for 2h and (b) exposed at the oven of 80 °C for 48h, The bio-composites were fab-
ricated with poly-lactic acid of 65 wt% and 30 wt% radiata pine (RDP) or hardwood scrub (MIX) powder. Different capital letters in
columns indicate significant difference at p=0.05 (least significance difference test).

Korean Chem. Eng. Res., Vol. 63, No. 2, May, 2025



PLA/=--7|4} bio-composites &

=/l 7R viAE 9% 235

() —PLA —RDP —MIX —CYP-B HCO —MAA
100 -
~————
80 |
£ 60}
=
T 40 | o —
=
—_—
20 | _—
0 L 1 1 J
0 100 200 300 400 500

—70 wt% PLA+30 wt% RDP

— 65 wt% PLA+30 wt% RDP+5 wt% MAA

— 65 wt% PLA+30 wt% RDP+5 wt% CYP-B

(b) 100

80 |-
g 60}
=
$ af
3

20

0 1 1 1 1 J

0 100 200 300 400 500
——70 wt% PLA+30 wt% RDP ——65Wt% PLA+30 wt% RDP+5wt% CYP-B
——65Wt% PLA+30 wt% RDP+5 wt% MAA

(c) 100

80 |
S ef
=
=
@ -
2 40

20 -

0 1 1 1 1 J

0 100 200

300 400 500

Temperature (°C)

Fig. 11. Thermogravimetric analysis curves of (a) raw materials (PLA: poly-lactic acid; RDP: radiata pine; MX: hardwood scrub; CYP-B:
cypress bark; HCO: hydrogenated castor oil; MAA: maleic anhydride) used in this study, (b) PLA+RDP- and (c) PLA+MIX-based bio-

composites fabricated with CYP-B or MAA as an additive.
[Esks
ET &4

.

o
ol
ol

o

oZ‘rjg
_|_‘OIO(I
IS

T

!
)
32

!
ul
4y e

o2
ols

o e

3-5. FLIRS 0|88t 71X £M

Fig. 12i= PLA, RDP, MIX 2]l 3714 = A-§-¥ CYP-B, HCO,
MAAS} o] & o]-&-3}o] #| 223t composites®] A+ 755 FT-IRE
23 Aalolr}, 1,700 cm™ F-2T} 1,250~1,150 em™ Lol
EP= peakst= 22} ester 23] -C=07]9} C-07]E 714 carboxyl”|

2] AE 21 PLAS] 725 YERIITE. 3HH RDPS} MIXS] line
FAFBFR 21 | 3,650~3,200 cm™', 2,900 cm!, 78] I 1,250~1,150
em oA ZFaA YER RS peakst 2H2F O-H71, -C-H7] 2 C-07]
A BAE sk TR 2ste] wdH ek 548 Ko
a1 QUTH45).

CYP-BE Ujefst Ao ?Mg% BAZ v EA4A Q) peak=
vERGA] koot 1,640 em™! F-Zo 4] —OH deformation®l] 2|3t
peak, 1,028 cm™! F-ZolA C-0O-C stretchmgoﬂ oIt peak”} LIERL}
Zad e vl 7325 E3ehe YRR Y As g

Korean Chem. Eng. Res., Vol. 63, No. 2, May, 2025



236

o2
=

—PLA —RDP —MIX

Absorbance i)
N’

S

- - [

0 oa S

e
o
&

oo 'M\
P

0.00

—CYP-B

L M
— T AAMM ]

—PLA-1/RDP ——PLA-1/RDP/CYP-B ——PLA-1/RDP/MAA

i

—PLA-1/MIX —PLA-1/MIX/CYP-B ——PLA-1/MIX/MAA

—HCO —MAA

(b) 080

Absorbance
o o
- a
= =}

e
i
S

e
1=
S

(e) 020

Absorbance
4 =4 e e
[—3 =3 - -
- ® N~ a

e
o
S

(d) 020
016 |

012

Absorbance

0.08

0.04

0.00 MA

4000 3500 3000 2500 2000 1500

1000 500
Wavenumber (cm™)

Fig. 12. FT-IR spectrum of (a) poly-lactic acid (PLA), radiata pine (RDP),
hardwood scrub (MIX), (b) cypress bark (CYP-B), hydroge-
nated castor oil (HCO), maleic anhydride (MAA) and (c) bio-
composites of 70 wt% PLA+30 wt% RDP, 65 wt% PLA+30 wt%
RDP+5 wt% CYP-B, 65 wt% PLA+30 wt% RDP+5 wt% MAA
and (d) 70 wt% PLA+30 wt% MIX, 65 wt% PLA+30 wt%
MIX+5 wt% CYP-B, 65 wt% PLA+30 wt% MIX+5 wt% MAA.

A%tk HCOQ -9, 2,900 em! F-Loll A L= 271 9]
peakst= A|WAke] T E Q1 peaks® T} v| T 2153 A=
—CH,71& Yeb=, 1,700 cm™, 1,250~1,150 cm™, 700 cm™ ]| 4]
LRt peakst ester 252 -C=071%} C-07], Mz E3 C-HY|
FA HCOO| EA8hH= B #6715 5420w g18 5 3%
TF MAA= 2709 carboxylic acid® 7% =2 2 ester 232
—C=071(1,700 em™)2} C-071(1,250~1,150 cm™), C-H7](700 cm™)
S 2] carboxyl”] 9} TAE 5 AR peaksE HEsHAl FRlgh
T UM

7] Y5 E A Z38E composites®] FT-IR &4 A3-& F31sh4,
T/33221 PLA, RDP, MIX®] 5% 4]Q] peaksE &<13t 4= S1%12.

Korean Chem. Eng. Res., Vol. 63, No. 2, May, 2025

SolBA - HAIA o)t - WA - HEA - HEY - oA

U, H71A19] AREEo] composites A F5 thH] 5 wt%® AlSHE
FHAIZ CYP-B Hi= MAACA] YERK= peaksi= 5424 0.2 e}
A Sdsiet.
4.4 £

Fa)/d Zeh~ElQl PLAE ©]8-3F bio-composites #3201 2101
9] £3to)| oJato] AT 4= Qe A= 2 A5bg/d A8t
Mg fl8ke] CYP-B & HCOE H7HAIZ #8383 0w,
composites®] 5=, 2|9, A4 540l thst 2ARE F8hd
A7 F5, Y5, A8%0] vX= J3E ARSIt A4

3% Bz gelst 4% ofeg) 1.

J
L o
o

(1) 7 952 Y= 4] Aol whe} 60 mesh EF4A] FIHE
(< 0.250 mm) 9]¢l 100 mesh FF4A S F3}3H< 0.150 mm) &
% H7HAE PLAC £33t] compositesE A|Z=5F3AT

(2) Composites®] NI E= Eat-0] ARET) 3] 7445191 O L,
MIXX.C} RDPZ A| %3}t compositesol|A] AREE © 2 &9kt), 2k
U =9] RDPS} Bl w3te] & % 2] RDPE Az composites <]
A7} vk ot MIXS] Qe J&FS nIAA] gt A7t
Ao Wb Q1A= & 2] CYP-B(CYP-B-1)olA 7F4 =9k
o1, HCO, tlZ=7-2 AMH-E MAA 0.2 Sttt 371 = A
23} composites @} H] W 3}0] CYP-B-12 3 7}3ko] Al 23k PLA/
RDP ¥ PLAMIXS] Q1873 2o) 7} A =9hc).

(3) 287 PLATEO 2 A 2% composites2} PLAY 15 wt%2]
RDPE &3}5lo] Azt Al Zhof| Z}o]7F f19l o), RDPS] &5t
(30 wi%) L U E(>0.150 mm)2] 7ok A AstE et whd
MIXE] A5, 23 Y Y50 S7h= AR 93 vAA
AT} A7 9] Tl Wt AU EE Bludt A, A s
2] HCO(HCO-2)Z A %3t compositesoll 4] 7178 59401, MAA,
CYP-B-2, CYP-B-1, FH7HA| &0 2 gt} 2+ A7 9 A 7)es
S/ T A7 FEE m)RA] it

(4) HCOS} 37 A %3+ PLA/RDPY] & A ] o] % =743
WEGE H7H| glo] AlFek A]H KT 901, 80 T ovenoll 48
AlZrell AA wEAZ AE 2] WEGE 2Fo]7F §1iTh. vk PLA/
MIX®] WEG H7H1€] &5, 9= 2 H7Fga Aaglo] =
9l 3.2 eFol| S WA ogith

(5) 2570 =23 A|H 2] TVSE PLA/RDPol| HCOZ #7)8}o]
Az Al oA igkom, 77 2] ] Al Thofli= xfo] 7} GlATh.
PLA/MIXS] 7%, CYP-B-1 W MAAS 3 7}3Fo] A 23k A|H 9]
TVS7} RSket. 129 ovenollA] %23 A|H 2] TVS= PLA/RDP
oA H7HAIS] FEFE A ehgkot, PLAMIXS] 75 F-37HA|
AE T} CYP-B-1, CYP-B-2 & HCO-1& #7181 A 238 Al
oA okt

(6) PLA®] He] E3h A by del] #7411 ks A,
H7HA12] 483} 37 =t 53] HCOS] 44> CYP-B ¥
MAARTE HePIAE FA AT BLO0FE AR SITE

PLA®] H353} 3 H7HAIE 2-8-8to] A|Z=3F composites®] &
doll gt Ak Foehd, o] o R Qlete] Ak A
S7He Slste] H71A18] ARgol & Q381, PLA/RDPO] H7HAI=



PLA/=--7|4} bio-composites &

At k] CYP-B-1 2= HCO-2 AF-8-0] # 2 2] composites A
A A0 2 ZAE T o] Ao A] A| 23 compositest
HAF sk ol A T s BAl-ZepaE B3R A E
(>3.0 KI/m?) B 8-58(<8.0%) 7|58 w5310 thofst 859
AR FHAE AR Dol 7l E Zlo R AdHn =
2 =7} vf§- W2 CYP-BE composites A| =4 H7 A2 A3
oy A7I=S] AR W olF F3 'hA wjEe] 1HA) 7
el wat # AFE F3to] JE Vsl Aeshd A9 &
Q1 SHeA vkt HelS AlFe 0= oA

HEORN
kN
AL
(o]

—o‘

34
#? A

1 ATE AR “BALAL 2RI

| el 2ate] S8 F] a1 9151 TH2023492A00-2325-AA02).

A o|-87]% /N A
S| =

2 ?i:rLOﬂ/ﬂ composites A|H ] A F I A& S TS FAI
3]

T4l Hlo] @ 3kt AlEl o Y Eg AT L A

ﬁ%@_?%% EF3o] of e AT ¥ m%m@ i1 AkgiApel et
SRS ZALE L,
N5l
PLA : Poly-lactic acid
RDP : Radiata pine powder
RDP-1 : 0.150 mm < Radiata pine powder < 0.250 mm
RDP-2 : Radiata pine powder < 0.150 mm
MIX : Hardwood scrub powder
MIX-1 : 0.150 mm < Hardwood scrub powder < 0.250 mm
MIX-2 : Hardwood scrub powder < 0.150 mm
CYP-B : Cypress bark powder
CYP-B-1 :0.150 mm < Cypress bark powder < 0.250 mm
CYP-B-2 : Cypress bark powder < 0.150 mm
HCO : Hydrogenated castor oil powder
HCO-1 : 0.250 mm < Hydrogenated castor oil powder < 0.425 mm
HCO-2 : Hydrogenated castor oil powder < 0.250 mm
MAA : Maleic anhydride < 0.850 mm
WPC : Wood-plastic composites
WEG : Weight gain
TVS : Total volumetric swelling rate
ASTM : American Society for Testing and Materials
DTA : Differential Thermal analysis
TGA : Thermogravimetric Analyzer
FT-IR : Fourier transform infrared spectroscopy
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