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SUMMARY

This project was performed to develop the polyurethane manufacturing
technique by introducing the liquefied wood manufacturing technique for
utilizing effectively the low value waste wood resources, and to perform the
manufacture of polymer alloy and the development of molding technique for
the new application of liquefied wood.

University of Kyungbuk has co—operated with researches of Korea
Forest Research Institute since 2002. This High Technology Development
Project was funded by the Ministry of Agriculture and Forestry. The major

findings and conclusions were as follows;

1. Development of polyurethane foam/plastic manufacturing technique by

liquefying low value waste wood

In order to use practically the manufacturing technology of liquefied wood
foam by using the low value waste wood resources, liquefied wood
manufacturing equipment was manufactured and constructed in Hwaseonggun,
Kyeonggido. The capacity of this equipment which is made of stainless was
5ton. Heating is controlled by industrial electricity and temperature increased
up to 250°C. Cooling is controlled by the aircooling of batch type. However,
this equipment is constructed firstly for the manufacture of liquefied wood in
Korea, problems in use will be solved progressively.

By this pilot reactor, the optimal condition for the liquefaction by
polyhydric alcohols was estimated to be 175°C, 2.5hr. at the waste wood

and polyhydric alcohol ratio of 1:2.5. Power consumption was 15kw/hr.

Polyurethane foam for sandwich panel was manufactured by using



polymeric alcohol liquefied material which was produced by pilot reactor.
When As a result of manufacturing the sandwich panel by adding liquefied
wood to the present polyols at 10, 20, and 30%, density, heat conductivity,
compression strength, and water absorption were in the range of KS M 3809.

However, flexural strength and fire resistance were satisfied.

In order to improve these properties, the reactivity of liquefied wood
and isocynate was increased by the manufacture of liquefied wood after the
acetyl substitution of waste wood. In addition, polyurethane foam for
sandwich panel was manufactured by adding loess(pass through 100mesh) at
10, 20 and 30% of total polyol weight to improve the fire resistance.
Therefore, liquefied wood alone can be airformed, due to the high reactivity
between acetylated waste wood and isocynate. On the other hand, shrinkage

rate was high due to the low dimensional stability.

Thus, the addition of liquefied wood using acetylated waste wood was 50
and 70% based on total polyol weight, then foam material was manufactured.
heat conductivity, compression strength, flexural strength, water absorption
and fire resistance of these airformed materials were in the range of KS M

3809. However, dimensional property needed more improvement.

As a result of biodedegradability of liquefied wood using low value waste
wood materials, polyutrethanes wusing acetylated liquefied wood and
non—treated liquefied wood showed the growth of mycelium in 5 species

mixed fungi.

Possibility of manufacture of Novoloc resin and Resol resin by phenol

liquefying waste wood by phenol was examined. Both Novoloc and Resol



are so acidic that they were gelled during the reaction, assuming the effect
of sulfuric acid as a catalyst. In order to improve these properties, weak

acidic catalyst may be used in liquefied wood manufacturing.

Also, liquefied wood plastics were manufactured and mechanical
properties of them were examined after mixing liquefied wood powder by
phenol and LDPE, HDPE and PP. In terms of tensile and flexural strengths
of plastics with 10% liquefied wood, PP showed much higher strength
compared with HDPE and LDPE. On the other hand, in terms of impact
strength, HDPE and LDPE were much higher than PP. As a Creep test,
maximum deflection of HDPE and LDPE was higher at the 40% stress level

than at the 20% stress level of tensile strength.

As a result of TGA thermal analysis of liquefied wood polymer
composite, liquefied wood showed severe weight loss at 200~400°C, HDPE
and LDPE started the thermal degradation at 390 and 425°C, respectively.
The thermal stability of liquefied wood polymer composite decreased as the
addition of liquefied wood increased. As a result of DSC analysis, melting
points of HDPE with 20% liquefied wood and 40% liquefied wood decreased
4.8C and increased 1°C, respectively. PP with liquefied wood and without

liquefied wood showed same melting point as virgin PP.

Hand grenades for field practice were manufactured by injection molding
the liquefied wood polymer mixture. Products for field practice were made
of HDPE(MI=7.5) and liquefied wood of 20%. Tensile strength was little
bit lower than virgin HDPE, and flexural strength was little bit higher.
HDPE with liquefied wood and without liquefied wood showed very high

impact strength, showing no crack.



In order to find new application of low value waste wood, wood plastic
composites using woody materials such as wood flour and old paper were
manufactured and mechanical properties of them were examined. As the
particle size and content of wood flour increase, the MOE and MOR

increase, but the elongation decreased.

Wood plastic composites using plasticized wood flour have hydrophobic
group switched from hydrophilic group of wood flour, showing the good
dispersion of polymer and improving the surface tension. They showed
higher tensile strength, compared with wood plastic composite without
plasticization. As the old paper has relatively high bulk density, the tensile

strength and elongation were low.

2. Manufacture of new polymer alloy and the development of molding

technique using liquefied wood materials

Liquefied wood manufacturing method showed the corrosion problem of
equipment and post—treatment of liquefied materials, due to sulfuric acid as
a catalyst. In order to solve this problem, new solvent and catalyst were

examined.

PG(propylene glycol) instead of PEG(polyethyleneglycol) and
EG(ethylene glycol) as liquefying solvent was used. It was assumed that
PG is a monomer of polypropylene glycol which is used during urethane
airfoming and liquefied materials using PG is effective for urethane foam.
PTS(p—tolunesulfonic acid) instead of sulfuric acid as liquefying catalyst was

used. It is assumed that PTS was less acid than sulfuric acid, corrosion of



liquefying equipment and change of liquefied wood components is less compared

with sulfuric acid.

Liquefaction of waste wood using polymeric alcohol was not possible
for solidification, so usually reacted in liquid state. In order to develop this
problem, solidification method by polymeric alcohol was examined and
solidified liquefied wood was used for the manufacture of alloy. Molding

methods were also examined.

In order to solidify the liquefied materials by polymeric alcohol,
crosslinking agent and catalyst were first used. On the other hand,
acetylation was performed by acetic anhydride, esterification by maleic
anhydride and phthalic anhydride, then modification of Iliquefied wood

materials.

Solidification was performed better with crosslinking agent and catalyst

than crossling agent alone for solidification by polymeric alcohol.

When alloy of liquefied wood materials was performed by maleic acid as
a crosslinking agent compared with Methyl methacrylate, tensile strength and
elongation were much higher. Tensile strength and elongation using benzol

peroxide were much higher than those using 1,4—benzo quinone.
Liquefied wood: Maleic acid(crosslinking agent) : Benzol peroxide
(crosslinking catalyst) of 9:0.2:0.8 showed the highest tensile strength and

elongation.

When liquefied wood polymer alloy was manufactured by mixing



acetylated and esterified liquefied wood and PE, esterified liquefied wood
and maleic anhydride of 1:9(weight ratio) produced the highest tensile MOR
and MOE.
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Yao 5 BA% Ay 2F Anzie ¢
nasg ZAst Qe 2
3009041 400%0]m s Alzre] weh AAEE, HAYEL PP
wj2e] Aol weh oz

& ZIA=d AEnt 7 AL AskE wlelev s EE el FEE TEAls ¢
=]

Busk3al, Yamda 52 &9 EAStA AEme 2o AR #Hle 3o

Sl A Y Fl ol 3 A5k N Sk 3}7g of A celllulose+
5—hydroxymethyl furfural (HMF), oligosaccharides, glucose® 3|7} i o]
2 H=3d HMFS3= 2 540 58S 4% Basdt

g Lin 2 S fle 52 2%olA9] #H=eo EAlstelA lignin® 93}
HAYS, §8¢ B—0—4 Lignin 2ol 3t A8t 225 A7 =
oA Zm] $lo] guaiacylglycerol—B—guajacyl oEH| 2 Ag}slH nf-$ w2 A
M3l7} AP FE2EFS] guaiacol®} diphenylpropenes, phenylcoumaranes}
7o thekdl coniferyl 3L AAHES AMASH, coniferyl alcohol radicals
phenoxy radical¥} WFE3lm Thekdl 313HES WU ALV H Sloll A= o
gk Bkgo] AE S Bt

gy olE Ve AFEH daEA dEsE fstols et RelA
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Al = 50kg/an M4 A7t 7Hs st 35kg/anoll A {FAEA 7 AAg st A
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B A= Tl Hxe dstEA AxHGAZ AR Al 2AFEC] =Edd
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<a¥ 1-2> NaEA] g L AElE
A 2 AW AREA AZFA @ o BAYRe) 47X sz T
|

go] ewelo] Hojglo] HuY £ Fom AREHA Eohn <29 1
—3>o) A5k o] Azaobu i g AW AZAANL Eske] 60~807

<I¥ 1-3> opHd A5y dAsdxd 2 244 A
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7h Ag dE5dAs] 93 Aes 2 FAYdGd & 54
A7 FAl AE 20kgS 0.5ton &2 AFAE AB}EA A Ao @il

SAARS Tl diste] 1~3uje] tridE(ZgdddadzodddadE

=
S48k =, d5EA 100mgs 0.1N
FABIUE o a3 & g3 1S AHF o] tab test tubeo] ¥il 5% |
=49 1t w3 smE FrEete] 1583 A0 Atk 1 F 25T
o] water bathol A 2083+ Wx|ete] @@z Moz WAL, o FFFE

m¢ AHFAF] FLe PHORE WHEAIA blank® AHESFITE hexose®] 7

T 480nmollA] UV H]4 Z7g3te] wg] s o] gl

—

~
©
)
=
8
=2
R
o)
I
=
=1
o
w
@
1o
ot
o

S AMEEIE A AFA S-S AT A S (central composite design)S A-839GTE =9

HybE= <¥ 1-1>3 7o) HRS-2%(100~200C), HFSAIZH(10~90%) HFSoln)

(Xy), Hu](Xz)ell oJaf ke womz ZASAA S wgl 1574082 &3}
Ao SAS (Statistical Analysis System) program= AFg3}e] 3 EAS 2
k=

ol wl Al /e HYPWGol tiet 23 ARG AL o2 2
Y= by + biXi+ boXs + bsXs + buXi® + buXy® + boXiXe + booXy’
+ b13X1Xs + bosXoXs + bssXs®
714 Y& Folal Xy, Xo, Xs® HHWSF, b 3] HAAFolTh
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<E 1-1> trheko] g Ashma) A% 4% =7

Level
X; Aslx
—a -1 0 1 a
Temperature(C
X1 ) 100 125 150 175 200

X2 Time(min.) 10 30 50 70 90

X3 Liquid ratio 1 1.5 2 2.5 3

Aol 35%0)aL MEFEo] 80%o|4el oMH] 2.5:1, WL 175C, WHSAIZE
2.5A17ke] oA}, Tk AE g A H 15kw7F 28 ATH

U, A detEA] Az Aol ogh dslEAle] AQ Y7t ALt
A AstEA] AAGH] ol ot AslEAlY] Az e AL AskEA)
Az 2dn|oF dheZ21e WA HEAdA s SA(GrFEE)e] dnjE 103 o2
EE 200C7H4] & 3 1A A8 A, Sule Stes &
Al Oi¥] 0.2% AHg3ste] F 8AIZE WhE Al T
oluf A&H Az d@rles FALEN| (1], AVA HE)7F 252,500 ©]
Fom ik dstEAe] k T 971~1052¢ AHE oAt} weka A
Nl E o] Fujr}AL oF 1,3219~1,4029 HAEZ =AU o] /1AL &
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A A% Zelee] Mol kgD 10009 Awol MEA 1.3~1.40) A% e 7}
Aotk mebd A4AS Wio) sletelt A ZAAL wWetow Av TN

Al AAN DA A FeT Qi HEA £ A BEF AL A
i

No.| &%= (C) [ARFGEE) | HH] | H3bE (%) | &9 (%)
1 125 (-1) 30 (-D1.5 (-1) 151 28.3
2 125 (=1) 30 (-1)25 (1) 13.8 26.1
3 125 (=1) 70 (1) 15 (=1)  18.6 30.5
4 125 (-1) 70 (1) 25 (1) 30.7 30.9
5 175 (1) 30 (-1)1.5 (=1) 593 27.5
6 175 (1) 30 (=1)25 (1) 75.3 32.1
7 175 (1) 70 (1) 15 (=1) 522 31.7
8 175 (1) 70 (1) 25 (1) 83.8 35.2
9 150 (0) 50 (0) 2 (0) 45.3 27.9
10 100 (—a) 50 (0) 2 (0) 5.9 26.3
11200 () 50 (0) 2 (0) 72.3 30.2
12 150 (0) 10 () 2 (0) 10.6 29.5
13 150 (0) 90 (a) 2 (0) 44.7 29.3
14 150 (0) 50 (0) 1 (—a) 30.5 36.1
15 150 (0) 50 (0) 3 () 41.6 34.5
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A7h BA) AHEE fAE BE AvhosiE P WEe] ErE 7
Qecivl oFEGS dostel AEUNE ARY & A Aolth EF PEGS

EGY A& v &L 7| 3119 EFH|ES 2:11~-25:12 HATOZA A 4V}

S U gekn 9 Aelth oldle) AXe s Bl Alxe] Aaw U7be)

<o g3H> (252,5009)
- 5% 25004
— PEG : 5% x40,0009 = 200,0009
— EG : 2%x25,0009 = 50,000
<kg & A A7F> (971~1052¢)
- % 12~13% AAH
- 1,0529/kg(252,5009)/12'2/20kg) ~971 9 /kg (252,500 /132
/20kg)
<kg @ AA ZF2F $ul7A> (1,3219~1,402%)
—{AEH(971~1,0529/kg) + <11 (100 /kg, 10%)+ 714 &
Bl (1009/kg, 10%)+0l+ (1509 /kg, 15%) }

A3F A5E ARE o83 AFEA AT TEA A=

1 248 H2d A2 =9 HYg A=A SPurLEA Az
7h A EiEe] dstEA Az
A2ge] FAAR T o] A8 4 Q= AT ASLHRE 60~80m4]
o Broz Azslth o URE AAY A=A Azl A EFTIrRL

Z(PEG : EG=3:1)9 9n|E EFHJ ys}e



t'é

7o R Axy AstEAe} (F)SRJAE (A 7] S KADelA 2F F
g2 H7HAE Egutol AstEA) Y e-ded A Ax WHS AT
ZY-de BxA ARAME 829 -0H value’l 7 523k factoro| o}
= AEANE EYSE AFRe7] Asteds AsHEAe] —OH valued] A o] vy
G- F8eth ey AstEAlE o] e ZAAojolA Y|EY] F4EA -3
d WRlo] o3 HAWORE end pointe] FEo] ofEE Hol @kl wEhA
71E E2129 —0H value 5893 HaAsto] pH meterg o83 A =& —OH
value =74 WS 7+t 5, 7159 WHol end point F-tollA pHZF F

wo] pH#k S 57435t —OH valueE SAHT =R 354
ool HoR —OH value® 4ol 7bsatlth <3 1-3>2 2493} pH
meters & W&t 543 FE&9 —OH valueo] T}

MsEAfo] —OH valuet 250~4509] W9 ol9low, Zul& P-PUF:
300~450, R—PUF+= 365~400 H{Sth dAstEA4E P-PUFZ2=3 1:1~1:3
o H&R E¢3l9S "ol —OH value7} 314~365 = & P-PUF9
—OH value H9loll &3t T3k A8 EAE R-PUF E8&3% 1:1~1;39] H]
&2 £35S wo= —OH valueZ} 309~393°0.2 A 9 Z]22] OH value
2 A7t gtk wEbA 2 dATte] BE EE89 —OH valuet® ©] WHOR
#-g-ate] sk

<¥E 1-3> H AW o3 L] —0OH value
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etk —OH#t H] 31
o 3} 52 ) 252~449 e 48
Z2&(P-PUF) 306~450 “
N} A £ 3FE 2] & (LW:P-PUF=1:1) 314~337 “
NS} A= 3E 2] & (LW:P-PUF=1:3) 314~365 “
Z2]%(R-PUF) 365~397 “
Nt A £ 92 2] 2 (LW:R-PUF= 1:1) 365~393 “
NS} = A & 9HE 2] & (LW:R-PUF=1:3) 309~337 “
* P—PUF B8 2, R-PUF : A4} LNG ®38& 27

=
* LW @ ¥ %

Bl

<1¥ 1—-4> P—-PUF &3] <1¥ 1-5> P-PUF:LW=1:1

o =R sfd g NstEAl Y ededEd Az
D A= 3y

Aol AR HEAREE 279 ° ol AR 5 fle A T
BAAEE B A|xste] AMESTH

ot (Eddd g FdgdagF=3:1)9 FTHHE 1:30235}
A NeEAl AZGRAZ 180Tl 90 WHeAIZ § AsleR] ke FALE
e e A EAE du52 ALE8Qlrh T3 &S HEEo= HS-209(4
13}s}), KTF-101(3=¥2]%), RP 510023} E ARS8t}
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M o] —OH value SHE N3}z e] MAato] ztolo]x 7]&e]
Ao oa MAMEE end pointE T-aF7) o= ¢E7re] o]l & Aol gdr). o]

s A7l f1ste @A pH meters ©]&7 M2 WHOR -OH #&

a7

LA Az 7] EGE T de AsEAe $FE 10%,
20%, 30% A7Fsti olAs Fela® sfo] o]imAJohdlo] (MDD et Z=A4vlE
100/1100.2 3}e] 40CA A =3}

al
7h) NSt S A%
Nt A Z 2] Q-G e EA o] AZZALS <F 1-4,1-5>9 £} iz
TE= 71EY FYES ol&ete] AZXE wo] Ao, o7le] o EFe&ol
st ASFEANE 10%, 20%, 30% H7bsta AE]E GEA|, HEA G ofHlA
Zu)2 H71g F o]aAollo]ER MDIE H7bste]l uler IS A %8R
c}.
HS 209¢] N3t2a] 20%S H7leta FAAES H7e x=4u ek KFT 101
¥ RP 5108 &3star NaEAE 20% H7bHsE 2Adnlo A= LxEA e o]

15 JA B a8 AX @3 BREl F27 Ht wE Axkel Yol
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AT A% |control LW30% LW20% LW10%
g1 HS—209| 100 70 70 80 80 90 90
982 LW 0 30 30 20 20 10 10
F7HdAAl )| TCPP 0 0 10 0 10 0 10
A Z XA |L-5420| 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1k 37 A 141b 20 8 8 8 8 8 8

Z DMEA 1 1 1 1 1 1 1
33LV 1 1 1 1 1 1 1

5 1.7 0 0 0 0 0 0
o] 2 Alobd|o] E | C—MDI | 110% | 110% | 110% | 110% | 110% | 110% | 110%
HA U5 | 45 | FT | Y3 | ()| 43 | 4=
<% 1-2> A=A HdE AsiEAEesue dxEA 2AH(KFT-101,

RP—-510)
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ZA T A% |Control LW30% LW20% LW10%

B KFT-10
gl 50 40 40 40 40 40 40

RP-510| 50 30 30 40 40 50 50

=982 LW 0 30 30 20 20 10 10

F7HdAAl 5)| TCPP 0 10 0 10 0 10

A EZAFEA |L-5420] 1.5 1.5 1.5 1.5 1.5 1.5 1.5

1k 37 A 141b 20 8 8 8 8 8 8
Z DMEA 1 1 1 1 1 1 1
33LV 1 1 1 1 1 1 1

5 1.7 0 0 0 0 0 0

[

|Z2AJoblo] E | C—MDI | 110% | 110% | 110% | 110% | 110% | 110% | 110%
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) A=A

B8

40.4 kg/m® o]glow,

BR
file)

%

H

e A= dzT¢9
35.2~37.8 kg/m’®

=7

= 10%

CER

oH
oh

dep et

| 23 =& 37~39.7 kg/m’

9]

=

=

o

R

R

301

7R Aol

SENER- S

=

=

=

A
=+ 35~45kg/m

S
=

of

3l

X

2) 4

el

7 A5 olnt

=]
=

Fold) &= 0.01530]90, As}=x)7}

o]

45+

kg/m3

40
354
30

72 0.020°]

LW70+P30
N SHE A - ' A

OLW30% wrod® & 7} COLW20%
[e)

mLW20% whod & & 7F CILW10%
BLW10% tAM o O7 &=
— 37 —

O control

<a¥ 1-7> M= i




Kcal/mh°C

0.02
0.015
0.01
0.005

0

O control LW30%
OLW30% -t | & 7} OLW20%
LW20% =FAH| & 7} O0LW10%
BLW10% HAX & 7} mEES

Fl

<aYP1-8> A=A H9G AHEASUAT LAY SAEE

- FEE Ox2Td 9 g Az
2o s el ey s g 759 1

kgf/cm® o]+ o 2 YEhgth 28y FIAAEE 1.75~2.09 kef/cm’ % 7]l 2.
kgf/em’Brl  GHA vERg dstEAe]  ZE|guw HEAdE gIAE

771 iAo F 8 skl

o,
au)
(2
H
2
lo
s
Ly

N

WA o B]E] AHEA

ARZE

mcontrol mLW30%
OLW30% oA & & 7+ OoLW20%
mLW20% oA A7 mLW10%
mLW10% tAME7F o7 |=

<IAH1I-9> A=A HEE NetEAg-e TEA PF=
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4) F%
AMEL A I N3 A) iﬂﬂﬂﬂ%z Ao FEe 1.8~2.3 g/
A =k 28y 710 3.0g/
=

100cm” o] &t & M= x| dgone

ZFol 7k gl

kgflem?
I control mLW30%
O LW30% Chodm| &7 OLW20%
B LW20% ClodR| &7 | mLW10%
W LW10% x| &7+ ovlE

g4y
O control mLW30%
OLW30% “tod x| & 7} O LW20%
BLW20% “tod x| & 7}t oLW10%
mLW10% “tod x| & 7t aoz|l=
dek Gz F5%

O 1-11> A=A g sh=A49-
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5) At 3 g
AMedfx Hadg AqskEA ZEedEdEAQe  AFdALS
—2.55~—-0.872 tZ79 —0.821t} Bt} =A Yeht 2k o] whogt), mgt
WAA 10% H7bRe T S-S F S 2R B G S Fofstr]

s,

VY%
2
1
0
-1
2
-3
moonird m W%
0 L6 oikED o LWAD%
B L% oD Fa LWIO%
B iR 07 =

<ad 1-12> A=A fd§ AspsA-de SEAS] A5tgA

2. A=A LG A=A SYSABTEA] BY AN
G ER R
1) ohdEst 21 Az

B Aol Agd BaAARE 47 v e A7 ARIARE AL
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EESE
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=
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J=1 Sy
= -

op
TH

H &S ZZH|Z 50:50~70:300. 2 o

o

G
o
)

of

nlln
o

EF 7]Ee] FAA] TCPP(JIAAD 9 F-714 Q1 & (1004 &)

N
all

T
0

fite)
TH
i

=
;ﬂ

bl

2ol 10%, 20%, 30% A7}ake]

A &

=
=

Alr

x
2!
gl

B

el
.Zrl

0

all

7h H=

7S A7t

Ao} FES

ol
ok

<a¥Y 1-13>2 ofAgs) Zio

_41_



o

FAE HEo A BAE o]gd M= g fuerdEA ] 40.4kg/m’

A
=3
—
&
\%
L
X
u,
e
dfa
M
o
12
Lo,
Jfa
2
)
ol
m
i)
N
N
=
It
do
ﬁ
H
{lirg
ofo
it
i)

A 5 A% |control LW70% LW50%

=91 HS-209] 100 30 | 30 | 30 | 30 | 50 | 50 | 50 | 50

8 &2 LW 0 70 | 70 | 70 | 70 | 50 | 50 | 50 | 50
ol A TCPP | 10 0O | 10| 10|10 ] 0 |10 | 10 | 10
A A FE 0 0 | 10 | 20 [ 30| 0 | 10 | 20 | 30
A ZAH¥EA |L-5420 15 | 1.5 |15 15|15 1.5 |15 |15 1.5
1k 37 A 141b 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
= DMEA 1 1 1 1 1 1 1 1 1

33LV 1 1 1 1 1 1 1 1 1

olN

o] ZAJolY|o]E | C—MDI | 148 | 137 | 159|170 | 181 | 137 | 159 | 170 | 181
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al
=L

kg/m3

50
45|
40|

354

30-
oo =+ & LW70+P30

O LW70+P30+TCPP10+&t £10 OO LW70+P30+TCPP10+&t £20
m LW70+P30+TCPP10+& £30 O 7| =

iz}
H

kg/m3

50
45 |
40 |

35+

30-
ocf =+ & LW50+P50
O LW50+P50+TCPP10+&t £10 O LW50+P50+TCPP10+&t £20
m LW50+P50+TCPP10+2t £30 O 7| &

<Y 1-13> opAEs R R e AFEA s} FE 5 S A7k R
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=)

2] 2 (HS-209), TCPP :

2z
=

N gk=A), P

LW:

ato] Al

el opAEsl Bie] siEas FrEg W7}
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Az LEA vl Ao vre grs VRt e obE st it
A5 Al vebwteh, ok opA e s

Bl sliEi)] 50%9 FE 10%S HA71e LEAE 7]F9) 2.5kgf/em’el

M _lZi
il
flo
Ho
—n
=
BN
-
jg

N EA S 70% HIMS -

B m) X = 2.465kef/em’S YEMAQAA W U x] Q5L BF 7|5=S 238
e YER T
kcal/mh°C AMET 8
0.02+
0.015
0.014
0.005-
0,
Ot =+ O LW70+P30

OLW70+P30+TCPP10+2t£10 OLW70+P30+TCPP10+& £20
mLW70+P30+TCPP10+&£30 O7| =

kcal/mh°C
0.02
0.015
0.01
0.005
0-
Ot =+ B LW50+P50

OLW50+P50+TCPP10+2t £10 OQLW50+P50+TCPP10+5t £20
m LW50+P50+TCPP10+3t£30 O 7| &=
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<79 1-14> oAEEE R AsuAg} FE 5 AAE W ASA
ANYe SelenEge] A Ag

LW: A8}l ¥z) P:EZg]L(HS—209), TCPP : Q1A WA

kgf/lcm? of

= |
=HTJ oL

Ol =+ o LW70+P30
OLW70+P30+TCPP10+2t£10 JLW70+P30+TCPP10+2t £20

LW70+P30+TCPP10+& 30 O 7| &

kgflcm? ot

O =+ LW50+P50
OLW50+P50+TCPP10+2t£10 OLW50+P50+TCPP10+5t£20

LW50+P50+TCPP10+& €30 O 7| &

<% 1-15> olAEsERe] AeBA s FE 5 AMAE hE A=A



HEE U EA] FFHF =

LW: A8t P:Ze] S (HS—-209), TCPP : S14HA] i)

kgflcm? ZEdE
4-
31
24
14
0/
Och =+ ELW70+P30
OLW70+P30+TCPP10+2t£10 OQLW70+P30+TCPP10+&t £20
LW70+P30+TCPP10+&£30 O 7| &=

kgf/cm? Zedx
4-
3]
24
14
0!/
o=+ EILW50+P50

OLW50+P50+TCPP10+2t£10 OLW50+P50+TCPP10+2t£20
LW50+P50+TCPP10+&2£30 O 7| &
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<® 1-16> chiEsi e dg =g B 5 AAAE A7 A=A
Hadg bt EAe] FILE

LW: A& P:Ze] L (HS—209), TCPP : S1AHA YA

<Y 1-17>& ohAgst B9 dskuAst FE 5 S A

U] AFAAALE HERA Aoltt. obMd st 52 dstEAc FES
ANMAE H7bste] Axe SHeRxAe] AFes BT - S dEo
FHEAY] dojwth. dxTe] Fol — 1.41%%0d Hlste] opAEst HE

NspE ot FEF H7HAE H7bete] AxF UG LEA = —-2.56%~—-8.79%°]
WAtk ot oA g s} HE o] AstEAE 70% H7FEE Aol 50%3 7FE ARt

501 g o] 53 9ie,

o
o

A

<E 1-7> ohus Bie) AREAG FE 5 AAAE W

AR EA o) S LhEb lolth, Al TCPPE A7behA &he 49t

g A7l 65~68mmAdl Mg ddAe} FEES YU ASe
33~46mmoI AT}, ol ghe: WF /| EAE WEGE golth. = & Feo] LA BR
MelE o] HE BE LEAF Aol W gldloyd FEE HUigomA

Aol s A

_48_



10t
o=+ B LW70+P30
OLW70+P30+TCPP10+2t £10 OLW70+P30+TCPP10+& £20
mLW70+P30+TCPP10+X E30 m7| =

-10’
Ot =+ B LW50+P50

4

OLW5S0+P50+TCPP10+& £10 OLW50+P50+TCPP10+&t£20
mLW50+P50+TCPP10+&£30 @m7|&

<7 1-17> opAERERe] At FE 5 AAE B A=A
SR T PR

LW: H8HEA), P:&e] 2 (HS—209), TCPP : A4HAl A

_49_



E 17> ohEsERe] AstEA FE 5 A/ A A=A Hdg
ALY el

A4
A 24 s} A A+
e 2] (mm)
EEAEHEAH(E)

= 43 1
LW70+P30 65 1
LW70+P30+TCPP10+3E10 45 1
LW70+P30+TCPP10+3E20 40 1
LW70+P30+TCPP10+3%30 33 1
LW50+P50 68 2
LW50+P50+TCPP10+3E10 46 2
LW50+P50+TCPP10+3E20 40 1
LW50+P50+TCPP10+3E30 44 1

W: HgtEA], P& & (HS—209), TCPP @ AAHA A Al
B3 AR 122 FGAA doll Fo &30] AX AH

3. 95 ARE o§% ANEA FYSUG LA Az BN 2R
7 wAY A% Ao AshuAle] Bay A%
BoAge AHEAE olgd FeSuw wxAe AeHE el WA

ZEle2 AREE AstEA AAC e Ll HAS skl

| =
sElEolgddId==3:1)9 THHES 113zt A3 dsEA Al

43 =
180TolA 90 WHeA7l F A3Ex e AE WHPH AL YR AL
Ao wue A BA wRae Fwade PAGE WEe olfae] 37

sheivt.



f
R

2) Al

)

H,

%ol

d A el B
2o 71X

}t
ol fsiol kel A%

g2

<2¥ 1-18>9] oA

NI

2]

Ed

Hgol gl A

9]

i=]
RN

& oviget AsEaE

al

K

ol
A

#A7hs ol

<9 1-18> A3}54¢]

_51_



oA A5 AR AstmA wEAe By 27

71 A4 10 v FAe A5dAgRe dsEAE o] &3 M= o
48 guehd A Za8 A4S dAAEv G ow dFsi 55 Edat
F(Penicillium pinophilum , Chaetomium globosum ,Gliosiadium verens,

Aspergillus niger , Aureobasidium pullulans )< E=Z3 e} Eddejo N3}

A ZxA ] FHFste] wEsHI

< 1-20>04 RRe] FAY AZAE o] §F AeBA AAT ¥
wastel 530 EPRFl BEH] 249 F, AAAVFoR wIG Aot

Not= A7 H7F HA @ o= 7Y FEHE EdE vk e



L NSRS 20% B 30%E AR REAS] EEelX= wAbe] FETE &
Astgleh =3 dA7E 2w 2 FER) £5 due B 535 R

g ATsto]l dAdvES B#EF A, HIF A nlste] #Abe] Aol 44

TS Ay, mek 14719 BHek AspEA) wE A A 7o) Al
A% APH AJvh<ad1-21>. = FAY AHAHE o] &sto] A%

SATTEAL B3} BE BA 5 4SS Fastarh

fzF+271Y) NS AN 20% H7H2ML)

NS A 30% - 7H 2 E) M3 20%H7H1470Y)
<9 1-20> FAHF #E5Ae dAstEAE o] &3 WA SEMGEEE,
vl £-3000H1H)

_53_



A=A 20% HEA (£Y)

da Sl Mg
T F T

N2 30%A7HCAEH)
<I¥ 1-21> A dA5A9 AeEAQS o] &3 dx A SEM(271YE F,

Hl-&-3000H])

_54_



R

<]

kel
S HYO<a¥81-22,1-23>.

g 71 A4

o opAEs el WEA Amel s

Fol Al

S

e

EERIEEER R

e AT

o

2]

JJo

7}

A2 HE5AARE oM

3
23]
~

oH

Az o

RO, obAlE shA] g

3|

=

o, ¥

A

[e)ez)
PR X

P
T

7}

g

Al wkgAel Axsle] FAe

o1 (50%~70%)

ok

=<

A BAYES

S

2 A

I

=1

Aol wA7E 2w

ted A=

S

oy

=]

e
=

ki3

7}

=]
=

stEA FEE 20%

ol
ol

3L
= -

1513

S A FA 55

SRR

_55_

f

e} 7}

=]

5

1

A% b o

-

TC



ACLW70% A7 A% ACLW70%+3E10% Az 1T

ACLW70%+3E20% A7 A= ACLW70%+3E30% A2 1%

<1y 1-22> olAlE A H Ao A& o] &g TxAe] SEM
(ACLW 70%)

_56_



ACLW50%+3E20% A7 A% ACLW50%+3E30% A2 A%

<7¥ 1-23> opxE A2 HEA AsHEAE o] &3 TxA ] SEM
(ACLW 50%)

A4 A=A AR 0T AAEA) Sehag Az
L A=4 AR AE A=A o4 =8F L AF #4 A=Y HE
2 ATE Azl % AnEA FEAW & P

Azl ol o8 ABAE el AE A5 o 7 Buseel Ee

_5’7_



Fith ey o

5|

st S Alx

M

bl o}

=43

28 %79}
o1 3}.5) 7|

blet.

°©

= 7|dd

steteh. o

[e)
Ahg

Al

=

=

55

ol

>4

T

ke)
pul

A A

=

=

FA}

Pz
<F

Al 7] 2

[e)

s

=]
R

Aol k= H = 9
A2 Z 180CA A 60%

gelM A4 wE

T
N
N

71 Al

)4

=
h

)=0.8mol, C(
1~2%W 9 744 3]5)

=
=

SP. VIS

=Z283)/P(H
jow FRkS-S RI(FHEE) 1.5800~1.6000] 2 w7}

S

hyA
s Y

sp: 95~105C= A&

RI=

SO

]_

[e)
. phenol, B : Formaline, C : Oxalic acid

A
« ARARZ ALEA

ABC

BH/P(FE)=1.0 wt=

A
ful

fy
R

) Al

_58_



7PN SF BT A BE Fg 3G (4~5A2F WHSA]) Foll Aztd o] st
Ak ol A2 NstEA A=A FiE FviR ARSI wiitel sk=AvE A
3 (pH 1oleh)emr]Ee] mieae] AzAe 27] pH 2~3 BY £7] wi
of W&ol whe] M oz AzhEch Edk NeEA] AxA] Fimo] HAEE

A2, oA @ AL nAste] @Al Zug WHEeE

<Y 1-25> AFEAES o] 49 wB5A Az

2) &4 4
A7 A AR} dmae] TENE

A ZZAA 2 180TColA 605 ¥HEA7]aL JALS A

3% 3t A E AR
A AEAE ARSI
7H Az =7

izl o3k AstEAE o] & HZFA FAL V&Y HEFAE

s AEsin. 5 F(EEERD)/P(F=)=1.5mol, C(Z1)/P(

bt
o,
ol
-
rr

#=)=4.0wt, Fvl= 48%NaOHE AHEe3lth. T2 W.I(SHF5E H7Hske]
Ao whE & el S (9point) 7k F B wWe] gh)7F 200~300% L vl =
son, 4EE 1000cpsE HEZ 33

W AlEA s

_59_



Aol o)@ AAEAG o] §F B FH AT, F84 FAZ

rr

)
Srteln HE8A FARE FAe BT Ted wie 54 A9

o] 4~5A1%F Al Azt Aol WAEte] T o]t o] ot ol
]

A wB £ AN BA AUW AsBA) AxA Ame] WA (5

e m

~—

A%, WESA /195 Ao AZHY, o7 wy FAst o] Firyel

1 <l
Zo) w3 5 AFEA) A% 20 WsAAk & Ao AZAn,

—_
(-]
(-]
!
=
—

ot ]
(ABC | FETE

f f

<8 1-26> YE54A T4 A mAE

A : phenol, B : Formaline, C : 48%NaOH

<ad 1-27> AEAE o] &3 #EFA Az

_60_



2. 954 ARY S A%=AY W§rA £E Fory A=
P} AgEAEd Zepagel AH A2
D AE 2
RS I ES
AsmA B Teprgel A4 AL 2] st A5EA

i3 AEAA ) A

r

—_

2 FEHE 3R st S s s
2% 7Vske] 180ColA 90EZF WHSA|A dM3tES A xelQc) o] dMES
25G2 FHATEHZE o3t e

o
12
o
g,
il
w
o
—
ﬂ
(@]
|
—
oo
(@]
3
lo
™
o
ol
rd
el

714 wke e sgetel e AStEA FEE sl
) A=

7] detEA EEE 2F9 PP(MI=3.5, 12.5)¢ LDPE(MI=3.0) ¥

HDPE(MI=0.28)°] W-&FA9 T34 1:99] Hl&=2 Fdsto] AUS Axs)
Gt "] AxxL < 1-8>3} 2t

<Table 1—8> Rheomixing conditions in this study.

Heater position Temperature (C) Speed(rpm)
Barrel 1 170 170
Barrel 2 180 180
Barrel 3 190 190

Die 200 200

W) AgE Az
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<Table 1-9> Injection molding conditions in this study.

Heater (C) njection pressure
, Device pressure (psi)
Front Middle Nozzle (psi)
180 190 200 1000 1500

D-790"H o2, FA7EE ASTM D-256Hoes =
gstath dojd 54 A= two—way ANOVA WHe| FAAZE 342

Creep A1EL 14739 20%9 40%9] stress T2 ZF A|PHLE 224

eI At MOESE MORE 8= 218 £ o] o] 4eglo] MI=12.59)
PPol A hEhEtor], A Mg S N5

st Ae 9n| gy,
<X 1-11>9¢ two—way ANOVA9| ¢l NslEx SHZHAEHE 5%
ol A MISF HstEAl= QG ES] MOES MORe fre]/do] o szt

82 3= Ao Yzur
ANFEA EHZglrEle] FAEE <F 1-10>7 <181-29, 1-30>0]

YeERS Y 8% 9] A=} vpE7A 2 gl MOESF MORE 9 3}5-A)
of F-of Adaglo] MI=12.59] PPolA] YERR O™, HAgS LDPECA
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vElstth. HDPES} LDPEE shEAe] H7F o Fof dagle] PPRTE A YEl

10% A71srezx f7%e MOEE S7hstslon

MORE #Adte AdS YeRYIY. <X 1-12>% two—way ANOVAS] <3tk
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AoE e

<Table 1—10> Mechanical properties of liquefied wood—polymer composites.

. . Notched
Polvmer L1q1(11efle Flexural | Flexural Tensile Tensile impact
ty o wood MOE | MOR | MOE | MOR | strength
yp (%) (kgf/cm?) | (kgf/cm?) | (kgf/cm®) | (kgf/cm®) (kgf—gm/cm
PP (3.5") 0 15380 a | 752.6 a | 352.5 a | 10355 a 9.5 a
PP
. 0 17180 b | 813.9 b | 359.5 a | 10797 a 6.2 b
(12.5%)
HDPE 0 6079 ¢ | 331.1 ¢ | 2285 b 4297 b N.B.
LDPE 0 1631 d | 1354 d | 1014 ¢ 1216 ¢ N.B.
PP (3.5) 10 16260 a | 669.7 a | 312.9 a | 10732 a 3.8 a
PP (12.5) 10 20030 b | 775.1 b | 348.0 b | 12388 b 59 b
HDPE 10 7061 ¢ | 350.3 ¢ 192.5 ¢ 5501 ¢ N.B.
LDPE 10 2326 d | 153.5d 96.4 d 1666 d N.B.

1 : indicates melt flow index. Each mean for flexural, tensile, and

notched impact properties represents five replicates of the liquefied

wood—polymer composites. N.B. indicates "not broken". Means within each

column followed by the same letter are not significantly different (ANOVA,

Tukey's Studentized—Range Test,

_63_
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<Figure 1—28> Tensile strength of pure polymer and liquefied wood—polymer
composites.
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T creep?] st #F-o] A= A

<Table 1—11> Results of two—way ANOVA for tensile

tio

_q]

liquefied wood—polymer composites.

ot

1]

.

MOR and MOE of

Sum of Mean F
Source DF Pr>F
Squares Squares Values
Model 5 330570.5 66114.1
29939.4 | <.0001
Polymer 2 319784.6 159892.3
72406.4 | <.0001
MOR LW 1 2236.7 2236.7
1012.9 | <.0001
Polymer*LW | 2 1356.3 678.2
37.1 <.0001
Error 24 52.9 2.2
108497291.
Model 5 |542486459.6 9
4807.7 | <.0001
Polymer 2 |527259667.9/263629834.
11681.9 | <.0001
MOE LW 1 8308355.8 0
368.2 <.0001
Polymer*LW | 2 1848795.1 | 8308355.8
40.96 <.0001
Error 24 541614.9 924397.5
22567.3
Model 3 6487.1 2162.4
613.0 <.0001
MI 1 2228.2 2228.2
631.7 <.0001
MOR LW 1 3269.1 3269.1
926.8 <.0001
MI*LW 1 989.8 989.8
280.6 <.0001
Error 16 56.4 3.5
Model 3 112181131.4 | 3045282.8
62.8 <.0001
MI 1 4011343.9 | 4011343.9
82.7 <.0001
MOE LW 1 5838507.4 | 2919253.7
60.2 <.0001
MI*LW 1 1346510.9 | 1346510.9
27.8 <.0001
Error 16 727406.7 48493.8
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<Figure 1—29> Flexural strength of pure polymer and liquefied wood—
polymer composites. 3.5 and 12.5 indicate the melt index of PP.
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1-30> Flexural modulus of
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<Table 1—12> Results of two—way ANOVA for flexural MOR and MOE

of liquefied wood—polymer composites.
Sum of F
Source DF Mean Squares Pr>F
Squares Values
Model 5 2228548.51445709.7
36216.9| <.0001
Polymer 2 2223044.7(11111522.4
90318.7 | <.0001
MOR LW 1 1.728(1.728
0.14 0.7112
Polymer*L W 2 5502.0{2751.0
223.5 <.0001
Error 24 295.4|12.3
Model 5 11498447501|299689500
2364.1 | <.0001
Polymer 2 11462364264|731182132
5767.8 | <.0001
MOE LW 1 15894529|15894529
125.38 | <.0001
Polymer*LW 2 7370242(3685121
29.1 <.0001
Error 24 3042463(126769
Model 3 55680.7|18560.2
592.3 <.0001
MI 1 34736.1|34763.1
1108.5 | <.0001
MOR LW 1 18513.6{18513.6
590.8 <.0001
MI*LW 1 2431.0|2431.0
77.6 <.0001
Error 16 501.3|31.3
Model 3 63111644(21037214
151.8 <.0001
MI 1 41586414(41586414
112.6 <.0001
MOE LW 1 15614449|15614449
112.6 <.0001
MI*LW 1 5910780/5910780
42.6 <.0001
Error 16 2217824138614
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<Figure 1—31> Notched impact strength of pure polymer and liquefied

wood—polymer composites.

Strain (mm/mm

0 10000 20000 30000 40000 50000
Time (sec)
—O— LDPE—20% SL —A— LDPE-40% SL
—o— HDPE-20% SL —[— HDPE-40% SL

<Figure 1—-32> The creep curves of the LDPE and HDPE controls with
20% and 40% stress levels.
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<Table 1—13> Creep deflection data for each LWPC group.

Instantaneou Instantaneou
LD2 Maximum Permanent
S s
Polymer | LW1 (% ] deflection deflection
deflection recovery
MOR) (mm) (mm)
(mm) (mm)

LDPE 0 20 1.600 2.879 2.389 0.230
0 40 3.900 8.591 7.741 0.590

10 20 1.350 3.062 2.702 0.155

10 40 3.750 8.936 7.111 1.185

HDPE 0 20 1.890 4.574 3.719 0.425
0 40 2.711 8.389 5.499 2.01

10 20 1.100 2.837 1.967 0.540

10 40 2.875 8.053 5.368 1.775

PP3 0 20 0.400 1.351 0.931 0.230
0 40 1.050 4.143 2.287 0.915

10 20 0.639 1.441 1.031 0.200

10 40 1.625 4.145 2.900 0.765

PP4 0 20 0.800 1.907 1.417 0.240
0 40 1.350 4.442 2.497 1.255

10 20 0.625 1.294 0.911 0.100

10 40 0.905 2.869 1.919 0.550

1 : represents the application level of liquefied wood. 2
stress level (20 and 40% of tensile MOR). 3 and 4 :

index of 3.5 and 12.5, respectively.
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<Figure 1—33> The creep curves of the PP controls with different melt

index.
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<Figure 1—34> The creep curves of the PP controls and LWPC.
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<Figure 1—35> The creep curves of the controls and LWPC at 20% of tensile MOR.

_71_



18
16
14
12
10

Strain (mm/mm)

6 33
0 """""',',‘,.,.,.1.1.1.1

4 "i";"ﬁ‘gi“;‘:’ﬁ‘“ﬂu||||||I||||I|||||1|lllllll

2

0 Y

0 10000 20000 30000 40000 50000
Time (sec)

—O— LDPE-LW—20% SL —O— LDPE-LW-40% SL
—A— HDPE-LW-20% SL —A— HDPE-LW-40% SL
—0=—PP35-LW-20% SL —0=—PP35-LW-40% SL
—{—PP125-LW-20% SL —O—PP125-LW-40% SL

<Figure 1—36> The creep curves of the controls and LWPC at 40% of tensile
MOR.
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Zhgeh, 2e]al 200C~410CA 43 TF44AE ol o=
QAR AEROA uAER oA B Fade] IR o3 A
2 AZtEv. LDPESF HDPEE 390°CeF 425CelA z+z QE&|7F A&y
At LDPES] €4 <tAA-e HDPERUT Za W velwtcth. wkdel] ppPe
Fae oF 349°CeF 389ColA A2 =Stk o] 3 PP7F HDPE®F LDPEK
o © <HgsitteE e ovgth. wd AstEAE FH7lek LDPESH
HDPES] €3 <tAA-e el HDPESH LDPE ®ul ¢ =4 velyith
<a¥ 1-39>% AFEAHE 0~40%7H4 H7FEF HDPE E#5#9)
TGARA Zezolnt. AstEA7F S/t A4 bPAS FHAaskqltt. o
AL dspEAe} o] £ o) gy At e] vrelxitteE AE 9
] gk},
<™ 1-40>3 <28 1-41>2 HDPES} A3l27] &7 4249

T2
oo wE dEs] FAHott RE AHLS non—isothermal W e %4
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<Figure 1—37> TGA thermogram of LW, LDPE, and HDPE with/without LW.
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201 | - PP125
PP125-LW
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<Figure 1—38> TGA thermogram of LW, PP3.5 and PP12.5 with/without
LW. 3.5 and 12.5 indicate the melt index of PP.
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<Figure 1—39> TGA results of HDPE with various loading levels of LW

HDPE-LW
120
100 T
—_ 80 T
R
5 60T
(]
= 40 T — ———50C/min
------- 100C/min
20 + 200C/min
— 500 C /min
0 N N N N f

0 100 200 300 400 500 600
Temperature (°C)

<Figure 1—40> TGA results of HDPE with LW at various heating

rates.
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<Figure 1—41> TGA results of PP with LW at various heating rates.

) TGA &4 og dE3l2] active energy
<Y 1-42>+ N3}E2] &£H HDPES} PPQ active energys 4
B}l Aot} HDPEQ| active energyt 223.439KJ/mol® PP2] 55.262KJ/mol
ot FA dest ASEAE H7Eg wel ofsiEA) EHHDPESH PP
Z+7; 8.7~36.4%2] active energy’} ZAHUT o]AL AFEA & HDPE
u PP7} o1 HDPES} PPl wla] Zgtjojut Ag=o] strp= Z& ofvdint.
aeBEg o)RE M fEiA = AFAY A HUbE 288 AR
Azt
t}) DSC &4
<9 1-43>2 N3E4), LDPE, HDPE % ol5<] Ed4Ad o
g DSC 2=z & vekd Zlojth o]59 das BT v daz Yyt w2
T semi—crystalline®] EAS veEhflon, Tduke-S 9t <F 1-16>E
M= #4549 melting point(Tm)3} enthalpyE ZEA|FTE MI=12.59]

PP7}

>N

i

<Table 1—14> Results of TGA analysis of liquefied wood—polymer

composites.
Polymer (g/ll\(;[rlnin) L(;;V (I:IC?;I%:;) TC];:)a Degra(}glation ;Eeg;jdél%
LDPE 3.0 0 10 466.09 28.25 —0.703
3.0 10 10 469.90 36.98 1.006
HDPE 0.28 0 10 471.75 32.98 —-0.774
0.28 10 10 473.68 41.31 3.939
PP 3.5 0 10 458.55 26.58 —3.104
3.5 10 10 451.74 38.59 2.069
12.5 0 10 447.20 27.85 —0.293
12.5 10 10 456.28 39.27 5.869
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HDPE 0.28 0 5 458.23 30.97 —0.640
0.28 0 10 471.75 32.98 -0.774
0.28 0 20 458.99 33.49 —0.022
0.28 0 50 500.68 43.77 0.302
0.28 10 5 462.22 30.97 —0.641
0.28 10 10 470.03 41.31 3.939
0.28 10 20 489.04 34.23 3.877
0.28 10 50 506.05 39.56 3.165
PP 12.5 0 5 426.71 25.65 0.307
12.5 0 10 458.55 27.85 —0.209
12.5 0 20 461.75 35.81 0.921
12.5 0 50 485.24 333.53 0.387
12.5 10 5 442.35 33.52 0.335
12.5 10 10 459.21 39.27 5.883
12.5 10 20 469.94 35.70 3.919
12.5 10 50 494.04 37.15 4.389
a . Indicates the peak temperature of DSC analysis.
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<Figure 1—42> Activation energy of thermal decomposition for PP and
HDPE with/without LW, based on TGA data

7Fd =2 melting point(167.45C)E YERNAI LDPES] melting pointt
107.50C=2 7} kth. MI=3.59] PP MI=12.5¢] PP H|&} melting point
7} Z2F 9@kth. MI=7.59] HDPEx MI=0.289] ZA XU} melting point’} Z+
F%rh st H7lel wE melting point®] W3t IThA] A @il Bl
stlom AMSEAE 10% M7l T-HS 2= 9 A9 H]F melting
point7t °F 0.2~1.3C7} w7 vehwtth  ¥hdHe] <3yl 1-44>4 HH
HDPE(MI=7.5)% H3=A)7F 20% H7Fgo wet melting point 4.8°CyolA
th 2y AEEAE 40% 3 7HeE 7 $-oll= melting point7t ¢F 1T F7Fsk3ith
<1y 1-45>,
HDPE(MI=7.5)2] Ao]2%e|A2] enthalpyi= 165.5]/gC= 7 =3k LDPE

= 74.36)/g0 2 71 Wikth AEEAS 10%H 71 EHFAE AUk 02 enthalpy 7t
olxlon o= 94 HgAde] sirh= Z1E ofujgith. MI=7.59] HDPE®] 4% sk



A7F 40% = ZF7FE ol wel Hol&Eo| A 9] enthalpy: #A3F

22
o

0.0
_05 -
_ -1.0 1
G ]
2 15 1
2 i
o
= -2.0 1
= ] [-——-lorE .
2 55 4 |---—-LoPELW
] |- - - -HoPE ;:
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<Figure 1—43> DSC results of LDPE, HDPE with/without LW

<Table 1-—15> Results of DSC analysis of liquefied wood—polymer

composites.
MI(g/10min.

polymer : LW(%) Tm *(C) Enthalpy(J/g)
LDPE 30 0 107.50 74.36 @ 97.6C
’ 10 106.21 58.63 @ 96.4C
HDPE 0.98 0 127.07 114.2 @ 118.6C
’ 10 126.49 99.92 @ 120.3C
PP 35 0 165.47 77.28 @ 151.2°C
’ 10 165.28 67.82 @ 150.1C
19.5 0 167.45 88.42 @ 157.8C
) 10 166.73 72.18 @ 155.4C
HDPE 0 138.03 165.5 @ 125.4C
10 136.27 163.2 @ 124.6C
7.5 20 133.23 160.3 @ 123.7C
30 137.62 134.0 @ 124.1C
40 139.38 149.6 @ 127.3C
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a . indicates the melting temperature of DSC analysis.
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<Figure 1—44> DSC results of PP with/without LW and with
different.
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<Figure 1—45> DSC results of HDPE with different LW loading.

oo AsEAEY FehsEel B4 A
) olstsa) Easeage] B4 AN A5l soritol 2 @l
T4(CaCoNTE H7hstel BAS AT

D AR R P

_ln
il

o>

L,

AAEZNEA(LDPE) FA= &34 #318H(F) 9 melt flow index

7} 0.30]3 LE7} 0.920g/cm’e]2l AL FYste] AFE-3HITH

NsHEA) S LDPE Sl tieto] zhzt 1:9, 2:8, & 3:79] nl&= 20
W EQ 200CA A thE H7HEE(sorbitol, CaCOs)# 37 Hakke Rheomixol 4]
£#3% $ Brabender extruder® HS A|x3ATE o] WS Brabender
PL2000 extrudero]A 150~170CeolA T—dieE E3|A mini WE ZAH|o]o] 9
2 FE5S AR

A&7 AFFEE ASTM standard Wil 98t FAskqdct. F
Imme &S AR o R Adsto] RbedEAd7|2 &9 500mme] &%
2 sy, EFA%EE  DSC(Differential  Scanning Calorimetry) <F
TGA(Thermogravimetric analysis)® #4394t TGA+= A& 5-10mgs &9
10C9 Sz F2A71HA Aa A3 50TAA 600C7HA SA3A S
1, DSCE 30CelA 200C7HA] A3

2) Ax 9 uF

7h) 71AA 44

(1) &
WA 10%9] st e gt HbEol A% ZuaE dE3 o

Z721 LDPES} vluwsjE uw] Z£Wsk(Machine Direction, MD)ol| A virgin LDPE
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T 726%9 AAlE&S HQow, 10%9 ASEAI HIEHAS w 368%= A
stttk o371l 5%9] sorbitole] H7MEAS W 119%= oS #HAEJL, 10%
CaCO37} A71=ESS w 200%=2 742 RAtE. CaCOs, sorbitol, ZL&] a1 H3}E-x)
7} A7EE u 285% % #AEATE. 3FW3E(Cross Direction, CD)ollA =
virgin LDPE= 549%9] A21&S WElWla, 10%°] A3tEA7F A7t As o
52% % ZFAEATE o7 5% sorbitolo] H7MHAS wf 23% = TS 7HAst
AL, 10%9 CaCO:7F A71EAS vl 54% % 745}k CaCOs, sorbitol, L]
a NsEAZE AN W 40% 2 AAEAT FNES FHak] vkl o)
AHo R vk AXNES HolFA

THFAA 20%9 AsHEA L} HIbEo] A9l EEhE HEH gz
9l LDPE®} Hlu3lSle wf dA3] W dal&s BT 20%9] HAsEAE A
TIRAE W 16%°] A2&S YERR, 7] 5%9] sorbitols H7MAIAS
A% T3] e 5%9 AAES BT 10%2 CaCO:E H/MNAS 4% 18%
o] AAES YERNATE A3EA] sorbitol, L] CaCO:E FH7IAAS 45

7%9 ANES welFEeh FFNA 20%9] AHBAS BANAL A5 F

Zuleko| A virgin LDPEE 72kg/cme] QAAHWEE Ho|Frh A3l=

A 10%E HZMANZES W A9 A9 Hd A E=sE et 5%

sorbitol& H7MAIRAE W tixok HuElS B9 18%8%E FAHoH,

10%°] CaCOs7F H7HA& 45 12.5% #HAHAvh AWFOR 10%9] Hshs
ol

10%9] Ast=A7F A8H RS Wre 4 @2 A EE ATl oA
Azt e ko] FrtH = o B A (Modulus of elasticity)d =7}

oz 7]AZ
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Elorgation (%)

LDPE LDPE- LDPE- LDPE- LDPE-

o = Elonggtion (%)
—0— Tear Strength (kglom)

10%d.W 10%dW- 10%W-  10%CaCO3- 51/0;/“.\,:1 13,%‘1;3 13:// Sabita-
5%Sorbitd  10%CaC03  5%Sorbito- 10w
10%d.W
Type of Film Type of Film
<2Y1-46> EWFA] tfx2ret 10% <21Eh1-47>. ko] ojzte}
= Z o [e] = e o) [e]
10% st=As 71 o Aile3t AstEAE HUHE W AdE
S g A=
800 800
MD E==3Elongation (%) fos) E==3Elongation (%)
700 =0 Tear Strength (kg/cm) 700 ==Om== Tear Strength (kg/cm)
600 600
500 500
400 400
300 300
200 200
100 100
0 T = 0
LDPE LDPE-20%LW LDPE-20%LW- LDPE-20%LW-  LDPE- LDPE LDPE-20%LW LDPE-20%LW- LDPE-20%LW-  LDPE-
5%Sorbitol  10%CaC03  10%CaCO3- 5%Sorbitol  10%CaC03  10%CaCO3-
5%Sorbitol- 5%Sorbitol-
20%LW 20%LW
Type of Film Type of Film
<IH1-48> T txTok 20% <1H1-49> FLEFelM dixz+-¢

20%

NeEAE H7HE o A&
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(1) TGA #4
M) o] TGA EA oA 200°C7}HA]
200014 400°C7HA|= AZEREQ A FHuAZSEQ

FHas MM A
, 29ar gadel w9l
sto] TFol AAEAT. 400°Col el = F= 2lade) Fei= Aste] tarst
3te] zhojgol AF R Qlete] TEHAES HAaEAT. AEEA ) =

=
ToF THEAAE A 300014 450°CTHA FHTAES
%_

W O{N

=k BakdEe A

e A et olA2 Frleel 54 del did w2

|
ol uwlFo|t}. sorbitole] HA7E UL A9 250°CH-E =o] FAF}

_85_



120
100 0 L A X *
80 T
—
X 60 T
N>
-
=
2
2 40t
20 T x*
- [ @i
U ARAAAAAAAA
M BRI
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+ LDPE10%CaC0320%LW - LDPE10%LW 5%sorbitol
- LDPE20%LW 5%sorbitol LDPES5%sorbitol10%CaC0O310%LW
LDPE5%sorbitol10%CaC0320%LW LW
e | DP E LDPE5%sorbitol

<9y 1-50> TGA ¥4
(2) DSC 4]
HETe] =R 108°Colth. HspEA] H7bAjol He=ie ot 7
skt CaCOs%t sorbitolo] H7FMHAE A5 554 =53] vlAsH S7HE A
o}, &%=A9] enthalpy:= LDPE$} CaCO37} 7}
Aol gk bAAPS ofugitt. A7t HIb
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2 enthalpyE HojFt)

-
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o] ool MstEA = 180TolA 3H2 AFAAEFH71E AHEste] mRkg-<]
HzE A AstEA] Eds
(}) dAspEA) EgAe] HE Az

71l wo g AlzyE AsEAES HDPE(MI=7.5)°] ZF%F U

10%E  #7}ste] £H7](HAKKE Rheomix, Germany)® 170ColA 2083+ +

o

2

EXE

=

dstA Edelh olgA Tdd A= AT 95¢E7](Stand—  alone

ol

Extruder, E19/25D, Brabender, Germany)® ¢&3sle] AL A Z3A0. 4=

278 <% 1-16>3 2t}

<3 1-16> N5 a] = Zg2E F49 =27
Heater position 2= (C) 4% (rpm)
Barrel 1 170
Barrel 2 180
15~25
Barrel 3 190
Die 200

(th) Ast=A sdFAe] 7IA484

AT A EAGFAS APAE 7OF
P

speh(rv] Aol E2ksE

TANGE F3S AT AEVIR 34k, AR, SAdE € Aldds

[y
o

’

<T 1-17> THFH AYA AR A=27.

Heater (C) Injection pressure Device pressure
Front Middle Nozzle (psi) (psi)
180 190 210 1,000 1,500
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A 7] (LLOYD LR series testing machine)Z A3l KSM 3006,

Zat~go] a4 Ay KSM 3008, AAZetrg el ZF34 AFdyo

Te s ek
(2H) A3EA dFA] AH5E FRE AME
%9 HDPE(MI=7.5)22& AboFk3}

gt ZledTaddA Basta e A58 FReel EudlAM AMEste] dskEA)

2) A3 ¥

b AghEA) £ Fehage AAH 4

sk ey, IR ES A w9

<¥ 1-18> dsl&5x] T Fgx~g o A=
A7} = ANAA = AgEAd &
7 Tensile Strength Elongation Tensile Modulus
(kgf/cm) (%) (kgf/cm)
HDPE(MI=7.5) 228.5 29.2 4297
LWHDPE(10%) 192.5 16.8 5501
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§1 71—}_ %iz\]l,:_ z‘g %/\é%
R Flexural Strength YLD. DIS Flexural Modulus
(kgf/cm) (mm) (kgf/cm)
HDPE(MI=7.5) 331.1 10.4 6079
LWHDPE(10%) 350.3 9.8 7061

(th) A3tz £ Zeago AT 54
Aol o Zefxge AT 542 <x 1-20>3 v}l HDPE

oF NEHEA) E-ELDPE:= Alg#e] FAAA & 5L 44 EE UEhslth

<E 1-20> 45EA £ Fehrade FAYE

TALE
=7 Impact Strength
(kg*cm/cm)
HDPE(MI=7.5) 45.4(NB)
LWHDPE(10%) 45.4(NB)

* NB @ not break
(2}) A3pEA EdFA 9 AFE FRE A
NS S HDPE (MI=7.5)¢ =%H] 20wthsE EHI FAZ o]
g3t <Y 1-52>9 Fo] FHE FRHEY AFES Aotk AEd 2
oM ol EA7l ¢t = 71Ee W85 A AIEV| R AlEsle] gl )

2 20% H7IslE AbEol= A7) 9l Ao ® AztH)
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3. FEAEY composite A= 7|& MY

HEAARe] g &% JHHS st WA JAset &5 2 AAE
ANF st ZehsE Fxete] ™ 9§ composite AFE Ve ALY 1 B
s THEslth
FoA

1) 34 A=

N
!

2 ey
7} E& (WF, wood flour)

a2 composited] FstA2 AU (Pinus Koraiensis)? 2~

(Pinus densiflora) Z18]al W= (Salix koreensis)E%-S ALg3liomn =1

£ 20 mesh®]3}, 20—-40 mesh, 40—60 mesh, 60—80 mesh % 80 mesho]A9]

AR A7EZ B35t ALEshlt).
) A (WP, waste paper)

A= AEHA  (ONP, old newspaper), =## % (0OCC, old

corrugated containers), AFFA-8 #H%x (MOW, mixed office waste)ZS FZH9
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2 A vg 35 AAA [ VIE AbEste] dAsE] dZE Alx6
AH-8-8F 3l T,
t}) Polymer
Composite®] RAZ A% thermoplastice 20 g/10 min® melt
flow index®} 0.924 g/ni® H]|F5S 7FAE Liner low—density Polyethylene
(LLDPE, SK chemical co.)S A3}t

o

Z}) Coupling agent
Coupling agentt 0.85 wt% maleic anhydrideE  SF3F
polyethylene— graft—maleic anhydride (MAPE, Aldrich chemical co.)S A}&
st

(1) grmfolel] o5t B2 e
eshol 49l B 5 g% §710] §e F milopre] Ya 34
WS sl dwilo} shnel ARE w=EAAA 1

=
Suek Helg stuch AF gdEdel AYARE B/ Fol 1243 wEAA
w 4

o)
)
=

ﬂl

il
fu
>
o
QL
38
=

80 mesho|Ae] EEE o ~H 2Z3}A]7]7] 93] Maleic anhydride (MA)
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Y= Phtalic anhydride (PA)E oMAlES &vl2 AR&Ste] &aetith. kol
thale] zhzhe] MASH PAE 10, 20, 30, 40, 50%2 E@sla A& Fo| &Es}
= B &ulE A v 4F3] sk st F7] Fol 1A%
< stainless steel bombol] &3 A|RE T3t HES d=HE3 A
stk HES-2 oil bathE AM&3alon wkg % 2
Atk WkE & zHe] MA9F PAE Soxhlet 5715 A&l ofHECR 4AZHE
SZAA AASI, B7]) Fo] 12A7F WA T 105 C 7dz7)oA] ko] =
WA Ax F AlgR ARSI

:

¢
off
o
s
=

{

1}) Composite sheete] Az L EXFH%
Composite®] E¢x713 TFH|= <Table 1-21>¢] YERNRTE
Composites Table 29 Z3x A3} &3v|2 233 v} g% 130 ColA
BrabenderE ARE3Fo] A|x38Fglth. A x23$ composite= hot—pressE A8-34¢]

130 CollA 3% 30% B9 50 kgffer ¢HES 718t 0.5 mm FAY

O_L;

composites sheetE A|Z3Att. EASHL composite sheetE 7}Z 15 mm,
A2 150 mmz 23 & HOUNSFILD H500M (ENGLAND)S AFg&3te] <13

HESH AFES HRSAY. FAYEE dAsATad s S

ON

t}) FT-IR spectrum 4
o, dRYol A HiE ol Est A HaE, o ~EH 23 A HiE 9
das AFsl7] Y8 KBre &3, AAES A|ZF3e] FT—IR spectrometer

(Galaxy 7020A, USA)EA1S A d sttt

>

2}) Composite sheeto] &J3 2 &n|7

Composite sheet®] ¥HI} AFFEE Z43 F composite sheet] <l

4 shewS x1007 x5009] wj& =2 DIGITAL COLOR CAMERA SDC—411
(SAMSUNG)& AR&-8te] 23l

]

il
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<Table 1—-21> Components and their Ratio of lignocellulosic biomass
polymer composites

Components lignocellulosic Weight ratio of
Materials
biomass polymer composites the components
Control PE 100
20—40, 40—60, 60—80, over 80 mesh
30/70
WF/PE
80 mesh WEF/PE 10/90
” 20/80
” 30/70
” 40/60
” 50/50
1, 2, 3 (day) ammonia treated WF/PE 30/70
Wood flour 12, 24, 36, 48, 60, 72, 84, 96 (hr) 20/70
(WF) acetylated WE/PE
MA 10, 20, 30, 40, 50 (%) esterified
30/70
WE/PE
PA 10, 20, 30, 40, 50 (%) esterified
30/70
WF/PE
80 mesh WF/MAPE/PE 30/2/68
” 30/4/66
” 30/6/64
” 30/8/62
” 30/10/60
Waste paper
ONP, OCC, MOW/PE 30/70
(WP)
Liquefied LW/PE 10/90
wood
PALW, ACLW/PE 10/90
(LW)

L L T
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1) Composite sheet?] EA
7F) Wood flour polymer composite sheetd] &4
(1) BEo 4= =719} composites] EA

<Fig. 1-53>< wood flour polymer composite sheetol] A &

4R A7 Q3B = v Gl dis) vetdiith AT EE e
AzL A717F A &4 Fvkehe B3-S JeEhen 4z A717F 80 mesh ©
g

5.57 MpaZ 7} =7 UElRi 40 mesh o|AHE 4T3 S7tke

ol A A7 AeaE E YAERT polymer
2}9] blendingol A Y53 mixing®} U3 x| g 439k Bk AlH A=
ol JWAHAY wEel, H&o AR A7 EF @2 AT EE wood
flour polymer composite sheet®] WH H-Eo|x HF2 F2 3 H

s
Yo qstel 7 okt ARl AR shalv} wAsR7] GEolr,

4 A
3
2
1
0
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[$)]
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Tensile strength (MPa)

Size of wood flour (mesh)

<Fig. 1-53> Tensile strength of wood flour polymer composite on WF

size.
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<Fig. 1-55>Breaking elongation of wood flour polymer composite on WF
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<Fig. 1-56> Impact strength of wood flour polymer composite on WF
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Component(mesh)

<Fig. 1-57> Impact strength of wood flour polymer composite on WF

size(Salix koreensis)

<Table 1-22>% ZAstAE ARESHA] &2 PES H&9 dAtarld we
wood flour polymer composite sheet®] &S H]ueAT) AL EE HiE9
YAA717F 20—-40 mesh ¢ o PEol tis] °F 39% ztAsilov 4x=7]7F
Zlol A 45 B8y PEO U3 BEZ Qg 453k Hiko] o8] 80 mesh o]
A= oF 19% #Hashslth. 8715 7 Mpadl PEel ISl 80 mesh o] el Al
T 182 MpazZ A3 F7hstsion 21dE9 49 105%<1 PEel Hl& 80
mesh o]Foll A= 3.06%% s #AAsHSIT).

<Table 1-23>2 AUF¢ HEUF9 EES 20 mesho|dlolA 80 mesho]
Aoz BF38e] wood flour polymer composite sheetd] Z=AZREE =A% A

oty AT Avpyet HEUR 53] 4A=17]7F 60 mesh W 7bA

AN

Z7h
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<Table 1—-22> Comparison of physical properties of wood flour polymer

composite on WF size and PE

Physical properties

C ¢ Weight
omponen ratio Tensile Breaking Young's
strength (Mpa) elongation (%) modulus (Mpa)
PE 6.91 105 7
20—40 mesh
WF/PE 4.25 3.79 112
40—60 mesh
WF/PE 5.14 3.52 146
60—50 N 30/70
—80 mes
WF/PE 5.29 3.15 168
Over 80 mesh
WF/PE 5.57 3.06 182

<Table 1—23> Comparison of Impact strength of wood flour polymer

composite on WF size and PE with species
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species component Impact strength (N—m/m)
Under 20 43.410
20 — 40 44.730
Pinus densiflora 40 — 60 45.554
60 — 80 43.342
Over 80 36.320
Under 20 36.927
20 — 40 37.728
Salix koreensis 40 — 60 39.271
60 — 80 36.717
Over 80 34.209

(2) HE9] =39 composited] EA4

ol AL A= Gl Wl dEbSlT

S wood flour polymer composite sheetol]l Al Z-+-9]

B3o) gapel b

AL Fasga R gl 20% ANE AgRme Favt

30% °olF2+v & FavE YErwth 1g]a HiEe] ghekol
HXo| o|gtali Aol BHE YL o] PES EE Alo)

HA AT
<Fig. 1-59>%<Fig. 1-60>2 H&
UERSITE. o] ehiko] S E S
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<Fig. 1-60> Breaking elongation of wood flour polymer composite on WF
content.

<Table 1-24>% ASIAE AHESHA] &S PESL Hi 3ol ©WE wood

flour polymer composite sheet®] EAS v w3}

o}
10, 20% 71etlS wl PEel wiale] Z42h oF 7%s 9% AL HAE e
=
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<Table 1—24> Comparison of physical properties of wood flour polymer

composite on WF content and PE

Physical properties

Componen _ )
. Weight ratio Tensile Breaking Young's modulus
strength (Mpa)  elongation (%) (Mpa)
PE 6.91 105 7
10/90 6.4 10.1 63
20/80 6.27 5.55 113
WEF/PE
30/70 5.57 3.06 182
40/60 4.6 1.97 233
50/50 3.24 1.33 244

(3) H&e] txyeol A2 ¢ composited] =74

<Fig. 1-61>2 <4EYol A HEES AFE3H wood flour polymer
composite sheetd] UAFAEE YEMAT. A== dEYol Al AlTto]
Aagkel wet Frtshe AEdE UERl o hRuol A Ajgte] 29 o] 34
B WH37E A AL dhEYel A AlRte] 39 < W 5.84 Mpa® 7H %
Al UrEFS -

Fig. 1-62>%<Fig. 1-63>2 ©AAF A5 vAe d=
ol gkl s yEtlido. Al PR Yol A AlRto] A 3ghel] wh

e Frhetglon NgEe gaseh
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<Fig. 1-63> Breaking elongation of wood flour polymer composite on WF

treated with ammonia.
<Table 1-25>% ZAlE AF&3FA] @82 PESF Yol A Agte uph&

wood flour polymer composite sheet®] 45 H 3T}, AFLE+= dRY

of A AJ7ko]

dobel olsf AelE BAL w9 Ag glol ¥, 4Y, HE 52 @ 5

ATkaL A A QU
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<Table 1—25> Comparison of physical properties of wood flour

polymer
composite on ammonia treated WF and PE
Physical properties
Weight : Young's
Component Tensile Breaking
ratio strength (%) modulus
elongation (%
(Mpa) (Mpa)
PE 6.91 105 7
1 (day)
ammonia 5.68 4.6 124
treated WF/PE
2 (day)
ammonia 30/70 5.8 3.89 149
treated WEF/PE
3 (day)
ammonia 5.84 3.55 165

treated WEF/PE

el obAE st g9k composite] &4

T2 obAEst Age FA7E oMEr|R A Sste dH =3 wkE
omA B AFAAVE st A7|aL AEH F4E ofAH ol ES WEE
ol o9& At E Fojsts WP oRA FR FEZAlY 93 Hho] o
SHh 2gal obAd st Agd HES W30 XA el A SHE
thar Al

<Fig. 1-63>2 ofAlEsl Ay HiES AFES wood flour polymer
composite sheet?] ANFHAEE YeEAY. A= ofMEst Al AlTto]
daetel wel Frhekelom Al Ajghe] 72A3F o] Fw AL WshstA] ergko
o g Al7bo]l 96A17F A W] 6.12 Mpa® 7F4 A YEut)h o= EE 4
A1 AHEIE opAE TR A gk o] 48t Fo =M polymerehe] AW A A E o]

=
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<Fig. 1-63> Tensile strength of wood flour polymer composite on acetylated

WE.
<Fig. 1-64>¢%} <Fig. 1-65>% ol €3} gl ZRo] eAdAF¢ A%

=
A= Gl el e @Al obAE s Ael Azto] Frtd =
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<Fig. 1—-64> Young's modulus of wood flour polymer composite on acetylated

WE.
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<Fig. 1-65> Breaking elongation of wood flour polymer composite on acetylated
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<Table 1-26>2 Z3AE AH&shA &2 PESH obAldsr A2l A|ztel
£ wood flour polymer composite sheet®] EA-S W3} AAH == o}
AEst Ae] Algko] 96A1%F A wf PEC] thsl] °F 12% #HAsti o v AG =
S7hstal AES A3l 53], Table 39 H2 FFS 30% 7S
wjel wlastel QA wEel vHAAIFE Zh2E 1241%F, 60A1%E
ek o AES 72413 Ae SRE WA YEre
(5) 229 o2eH 23t A& 9 composited] =4

<Fig. 1-66>2 MAd 93] dx=H=Z3 AHu® ZES X883 wood

f
AC)
o
-z
i}
=it
X,

flour polymer composite sheeto] QAAFE=E YVElRITE AZAFE=E MASY A
g g&Fo] TS ZolA= AES YEIA A MAS Al el 40% o]

AREE WS} o}F A9,

PN
-
AA A FFa7h Dol PES FEd BAbd AW Fee] offolyrha

A7k,
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<Table 1—-26> Comparison of physical properties of wood flour polymer

composite on acetylated WF and PE

Physical properties

Weight
Component ; Tensile Breaking Young's modulus
ratio
strength (Mpa)  elongation (%) (Mpa)
PE 6.91 105 7
12 acetylated
5.66 3.65 155
WF/PE
24 acetylated
5.74 3.5 164
WF/PE
36 acetylated
5.91 3.45 171
WF/PE
48 acetylated
y 5.95 3.33 179
WE/PE
60 acetylated 30/70
6 3.12 192
WF/PE
72 acetylated
6.08 3.05 199
WF/PE
84 acetylated
6.10 3.07 199
WF/PE
96 acetylated
6.12 2.95 207
WF/PE

<Fig. 1-67>3 <Fig. 1-68>2 MA°] o3 o=dH =3} Azd Hio]
S AGet AE wA= G yetdSdth. @8 AITE MAS] A e §hekol
S7Hgel wet =A Frrek Rl om AES A4Skl

<Table 1-27>2 35 AMEaHA] 22 PESH MAS] A ghafol wat
d~E|23 A g]¥ wood flour polymer composite sheet®] EAS v &},
A= MAS A FHFo]l 10%% W PECl s oF 11% #Hastdow A

2] $HEFo]l 50%Y w PEA didl ¢F 6% AR ol A2 7

B~
il
i
o
=
32
iv
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<Fig. 1-69>% PAol <3| <

polymer composite sheet®] AN E=E YEMNATE PAS A7 g&Fo] S7kE
6.31 Mpa= 7}d =4 YelRa 1 o] My sk e A= wsrt gl

<Fig. 1-70>3} <Fig. 1-71>< PAc] 93] o223} Agd il
At AE WX el YEtddt. © A= PAS AegtEe] &
7hetel whe} =A kel on AgES HAasA

<Table 1-28>& Z3}AE AH&atA &2 PES PAS A FaFol] uhet
d~"H 23 28 ¥ wood flour polymer composite sheet®] =4S vt}
1473w PAY A o] 10%Y w PEol ths] oF 12% 7HAstgon A
kol 50% w PECl thal] of 9% #HAE AL FAE YAt &8s

uu?

Fgol 3099 W Bk A vekdon] e el 30% olPREHE Hid
Faol 20%9 Wuch ¥ ek

E3, MASH PAS) ol3) ol 2E|=at HeE HEe el AR, oY
A Bl el we APPESE SAFE Vo B¥el stag A
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<Fig. 1-68> Breaking elongation of wood flour polymer composite on esterified WE with
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<Fig. 1-69> Tensile strength of wood flour polymer composite on
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<Fig. 1-70> Young's modulus of wood flour polymer composite on esterified WEF with
PA.

Breaking elongation (%)
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<Fig. 1—-71> Breaking elongation of wood flour polymer composite on esterified WE with
PA.
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<Table 1—28> Comparison of physical properties of wood flour polymer

composite on esterified WF with PA and PE
Physical properties

Component Weight : : ;
ratio Tensile Breaking Young's
strength (Mpa) elongation (%) modulus (Mpa)
PE 6.91 105 7
PA 10 (%)
esterified 6.06 2.96 205
WF/PE
PA 20 (%)
esterified 6.17 2.87 215
WF/PE
PA 30 (%)
esterified 30/70 6.31 2.85 221
WF/PE
PA 40 (%)
esterified 6.31 2.81 225
WF/PE
PA 50 (%)
esterified 6.29 2.79 225
WEF/PE

(6) Coupling agent®} composited] E4

<Fig. 1-72>= 523} PE Aol 2d& 7HAdst7] f1s) A8 MAPE
ko wWE wood flour polymer composite sheet®] A&7} =Z e
A} == MAPES] o] S7Hea% wokAle 43S dekhiidt. MAPES
ol 2%, 4%d W A2 F7HE BoY 6%l3HH w435 S
MAPE®] &&e] 10%9 w 11.37 Mpa=® 7Hg =4 vebgth ol Ha9l
coupling agent AlololAe] oAEH|E3 HELo] o3 £ Adte] A
coupling agent®} polymer Ato]ell X 8] ZgHak-gol gk A Azfe] osf =4
o] = A7] o]t

<Fig. 1-73>3 <Fig. 1-74>% MAPES] o] v AG9 AEl

2= GEgS UERY B A= MAPES] 3ol S7bgkel wet =4 5
7hatglom AES 7HAsHITh

<Table 1-29>+ 73S AFE3HA %S PESF MAPES] &hgko] ubz}

lo
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21 2] % wood flour polymer composite sheet®] EAL Hu3YPT. AIF A==
MAPE®] o] 2%d wf PEC| ths] °oF 11.76% < 7istsion eFo] 10%<Y
ol PEoll th3l] °F 66% =7 tatth. &A= MAPE®S] =Fo] 10%Y w 566
MpaZ 493 S7hetsion AdES 2.01%=2 AEs] a8t 539,
<Table 1-22>°] =& ol W& =43 vweglS o ¢4 == MAPE9

AN
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<Fig. 1-72> Tensile strength of wood flour polymer composite on MAPE

content.
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<Table 1—29> Comparison of physical properties of wood flour polymer

composite on MAPE content and PE

Physical properties

Weight

Component Fatio Tensile Breaking Young's modulus

strength (Mpa)  elongation (%) (Mpa)
PE 6.91 105 7

30/2/68 7.72 2.57 300
30/4/66 7.85 2.6 302

WEF/MAPE/PE
30/6/64 9.8 2.43 403
30/8/62 10.68 2.15 497
30/10/60 11.37 2.01 566

1}) Waste paper polymer composite sheet®] &4
(1) A1 F74 composite®] =4
<Fig. 1-75>% ONP, OCC, MOW?] #HA|& Ahgsto] Al%3 waste
paper polymer composite sheet?] AFAWE=E vlelgigith A% == ONP7}
4.89 Mpa, OCC7} 4.44 Mpa, MOW7} 5.11 MpaZ Yexton #x] & MOWE
AREE S W 7MY =2 A EE YERRH ol MOWZE dii-iE &
stetd 25 ARgSto] Aabstal ARFARA] Az Fok JAAAd FE H N
= e fs A4F S0l ol H7HHY] witel™, ONP= Al 70%°l %
A1eF MIIEZ} 30%E @S Aow wHzo ALgo g <l OCCol Hlsj
NA7GE=7 =A YeEbstar 0CCol 45 Zd/A|#H Aol 20-30%4 =] A&
tol Ao 2 S o] WAl vebwthar Az
<Fig. 1-76>%} <Fig. 1-77>& #HAA Y FH/H7F e AT} AlAEol
MA = QS Uik A =S vElstel MOW, ONP, OCC

-0,

rlot
Olt

=%
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o2 FA Yelgen, 435S 0CC, ONP, MOW =22 =7 uElst
<Table 1-30>2 Z3tAE AF&HA @42 PESF #HA| 9] FFel what
2] ¥l waste paper polymer composite sheet®] EAS v|wstich AAHE
+ #A7F ONP wf PEel thafl oF 29% #Adkalal OCCx= oF 3
°F 26% #rAstdth. ¥ AISE PEl Bls) ONPE 289 Mpa, OCCE 208 Mpa,
MOW=<= 323 Mpa® 7493 F7tstdlem AdES ONP7F 1.69%, OCC7t
2.14%, MOW7} 1.58% = 73] 7raetqlvh. 53], <Table 1-22>9] H3F& &
Foll wE 243 vastgls W AFAE} AFES BE AATHIE FiE
ko] 30%Y W Hrth WA yERa AT E B9 o] 50% Y wHh
= YElsth 53], dAX]7F Sl vlE €4 dErt S 224 composited] =

] oﬂ

o

Jes Fx oz Az

[5

Tensile strength (MPa)

ONP occC MOW

Types of waste paper
<Fig. 1-75> Tensile strength of waste paper polymer composite on WP

types.
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types.

<Table 1—-30> Comparison of physical properties of waste paper
polymer composite on WP types and PE

Physical properties

Weight T
Component Tensile Breaki Young's
ratio reaking
strength (%) modulus
elongation (%
(Mpa) (Mpa)
PE 6.91 105 7
ONP/PE 4.89 1.69 289
OCC/PE 30/70 4.44 2.14 208
MOW/PE 5.11 1.58 323
2) FT—IR spectrum 4
<Fig. 1-78>2 Z#3 743t A 529 FT-IR spectrums YER
3 9l BE FT—IR spectrume 3395 cm ! H-2o A A A F2b7] &5
e Jetdz ok, 283 1059 em ' B AE 2R o A9 FnASEe
2o 93 APH C-OHEFHE UERHR S 1426 cm ' oM glads)
1268 cm™' oM AF5e AgH gad
%%

=3O L]—E}lﬂ Il
oA FuAEZQ A

grstE(CH) Y 32
¢ GuaiacylS HolFil 9Jt}h. ®3F 1700 cm™ '
d Aow A= CO Fdi7E vebdar ik
LHo] FT—IR spectrum< EE9] FT—-IR spectrum
w ol Fu7t vEd As

3U7E dEYol Azd
= g 1659 cm | H [T ASE

ATt

2ol A b o

=

o
%0

P
4
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96A17F ofME st Hel® R o] FT—IR spectrum< 1737 cm ' 2ol Al o}
A7 Szt A E obAEE HASS & F ATh

5o diste] MASF PAS] AT &S 747} 50%= ol ~H 238} Ae S
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<Fig. 1-78> FT—IR spectrum of WF and plasticization treated WF.

3) Composite sheet9] 218 % &Anj7 #z-

7}) Wood flour polymer composite sheet®] 918 2 dn7F

s
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<Fig. 1-79>% 59 4= A7]d wE 9FdS Yeda o) &
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& <Fig. 1-79>°14 &<l & < Utk opAdst A=A,
MA, PA°] 93t o 2~H 23 AH#EAt MAPEE AFg&3ste] A %3+ composite
sheeto] 2§ BT e Mgz o8 7Hxoy, dRYol A HAE AL
L39S o= ool Hk2o 9&] composite sheet®] MAto] AAMo = ¥

sk RS gel3t 4= 99t} <Figs. 1-80, 1-81, 1-82, 1-83, 1-84>
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<Fig. 1-79> Appearance of wood flour polymer composite on WF size.
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<Fig. 1—80> Appearance of wood flour polymer composite on WF content.
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<Fig. 1—-81> Appearance of wood flour polymer composite on WF treated

with ammonia.
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<Fig. 1—82> Appearance of wood flour polymer composite on acetylated

WF.
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<Fig. 1-83> Appearance of wood flour polymer composite on esterified WF

with MA.

i ™ k1] di i

<Fig. 1-84> Appearance of wood flour polymer composite on esterified WF

with PA.
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<Fig. 1—85> Appearance of wood flour polymer composite on MAPE

content.

<Fig. 1-86>2 o] sleko] uwle} A %% composite sheetES Hj& X100
o= A #FS ¥ FWS Uehda vk B2 Fo]l AS5E diH e
& PEC] 3ol F7] wjitol #Ate] & HAow, Hie] 3ol Aes VX
o Aol Aol AL FREE FEFo] SR VX LAl F
g 4 gt 7k2st Ae HEY MAPEE ARg3e] Ax%E composite
sheetS & x100°.2 @v|7 w23 A3 PESHE] ko] Fzsiglon, 7ha
st Ay HE Ae 71ES o] dAAs =ole AS e & 5 AU

MAPES AH&E 49 71E9] Aol yetupA] F9kth<Figs. 1-87, 1-88,
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40-60 mesh

60-80 mesh Over 80 mesh

<Fig. 1—-86> Micrograph (X 100) of the surface of wood flour polymer

composite on WF size.
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30% 40%

50%

<Fig. 1—87> Micrograph (X 100) of the surface of wood flour polymer

composite on WF content.
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<Fig. 1—88> Micrograph (X 100) of the surface of wood flour polymer

composite on WF treated with 3 day ammonia.

<Fig. 1—89> Micrograph (X 100) of the surface of wood flour polymer

composite on 96 hr acetylated WF.
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<Fig. 1-90> Micrograph (X 100) of the surface of wood flour polymer
composite on esterified WF with MA 50%.

<Fig. 1-91> Micrograph (X 100) of the surface of wood flour polymer

composite on esterified WF with PA 50%.
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<Fig. 1-92>9} <Fig. 1-93>2 H&9] sk} Qlx=7]d wal A%

¥l composite sheetE H|S-Xx5000.% &n]
AT}

Composite sheetol] A H-R-o] 4=Ado]al PE7} AAlo]7] wj&o] HFo] PE

oAl olgddat Hitel PEZF ¢hds] v EHux] ofL elw o] #EEA

o,
<)
e
o o
ot
r [*]
o
i
2
e
o
T
o
=
k

o] AL Aok polymer Atolol A o] oFgh AgE ovgth. e]al i) P
S5 old@ o] v ol #F HY. oA 3] A¥s AHde AL
= A

f+E°] polymere} 7 EHLsHA A AS n|shy, Hds &3>
Q

A<t polymer AEE Abolo| Ao &g sl A Fagh Jahs 7pxIT),

<Fig. 1—92> Micrograph (X 100) of the surface of wood flour polymer
composite on MAPE 10%.

7hast A EiE2 MAPEE AR&3to] A|Z% composite sheetE HI& X500
o= dny #E A stas Ae HiEe A Algte] Al uE HE
o] olg@Ao] AAEUL Bl PES FEo] AHHE AL FAT F U

. ol Atast A s mAle A4l AR a2

= =
AdEon, ol qsl B4 Aol e F Aow wrtaA,
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MAPEE AHESIRS o H7bFo]l 4%old e RE A4 d=tEe] PEl 93]
3] v EH o] Thuy ol &

w9 wj11e]e FHS coupling agentS AFEEHA] S A H]wE}o]
FE Atk o] Aol Wik o] -+ o}t 1 coupling agent®] Aol A<t PE

Atole] A g Asteila A FHE 7FaAZY] dEd Aotk <Fig.
1

o

;’-9—4
o

r 2|
Y

60-80 mesh Over 80 mesh

<Fig. 1-93> Micrograph (X 500) of the tensile fracture surface of wood
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flour polymer composite on WF size.

30% 40%

50%

<Fig. 1-94> Micrograph (X 500) of the tensile fracture surface of wood
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flour polymer composite on WF content.

<Fig. 1-95> Micrograph (X 500) of the tensile fracture surface of wood

flour polymer composite on WF treated with 3 day ammonia.

<Fig. 1-96> Micrograph (X 500) of the tensile fracture surface of wood
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flour polymer composite on 96 hr acetylated WF.

<Fig. 1-97> Micrograph (X 500) of the tensile fracture surface of wood

flour polymer composite on esterified WF with MA 50%.

<Fig. 1-98> Micrograph (X 500) of the tensile fracture surface of wood
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flour polymer composite on esterified WF with PA 50%.

10%

<Fig. 1-99> Micrograph (X 500) of the tensile fracture surface of wood
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flour polymer composite on MAPE content.
1}) Waste paper polymer composite sheet®] €& 2 w7z
<Fig. 1-100>< #H A9 FE5Fo| W2 composite sheetd] S e}
Wi dvk #JAE AxE F oA GG dojdomn HHd
composite sheet®] Aol E7lF slom #HX|o] ML HX| zpA|e] Ao
71218} th <Fig. 1-101>2 #HA¢ ZF wa} AXF composite sheetZ
& <1002 du7d #2S 3 1S Yela gl
1A= Ao A5 np AR 7|2 wge] AR, BAf JAE T
7t Fo8 Qlete] PESHS] E3to] dmahA] ol 4 FiolA Jid
dolxttl o]i= coupling agentE AFEgto 22X A2 4 S Folt)
<Fig. 1-102>+= #HX 9 ZFo| wz} A)ZFH composite sheetZS
x5000.2 dv|d #FS o A FaHS vERda gt
HA ] 17 e Hx8} PEZFRe] Z¥ o] FEskA|l ol #HA re] JA
|

¢}

ofo
2 &
tlo

0%
o

o

Fo] gHgozy gt 3y AW o] 4 uf e wjize]
SRR Rt
' ¥ r
T_.l
- L% 5
el
g

& Dl i LI

<Fig. 1-100> Appearance of waste paper polymer composite on WP types.
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MOW 0OCC

ONP

<Fig. 1-101> Micrograph (X 100) of the surface of waste paper polymer

composite on WP types.
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<Fig. 1-102> Micrograph (X 500) of the tensile fracture surface of waste

paper polymer composite on WP types.
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— A% 1 140C~180TC  AspAIZE 1 30~60%
o 5~ 6
- & Al : Ethylene glycol(EG), Propylene glycol(PPG)
Acetic Anhydride(AA), Phenol,
- = w} :  p—toluene sulfonic acid(PTS), Maleic
anhydride(MAn)
Lactic acid(LA),  Sebacic acid(SeA), Phathalic
acid(PhA), Maleic acid(MA), Sulfuric acid(SA),
Phosphoric acid(PA). Oxalic acid, Li—OH, NaOH
2) A&
M3h&2 oh5 Ao ofste] sttt
N3H&(%) = (Rw — Ra)/Rw X 100
Rw @ §h3-ol] AMEH Hx)e T

Ra @ g F Ax® Aspbdre] 53
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# PTS : p—toluene sulfonic acid , MA : Maleic Acid , LA : Lactic
acid

MAn : Maleic anhydride, SeA : Sebacic acid(SeA), PhA : Phathalic
acid

SA : Sulfuric acid, AA : Acetic anhydride
W) zzddgg

A

=

© <FE 2-4>¢9 #v.  =ZRIY YIS AR AR 8k Ff= o

A7t sy, A4 Atz
180C¢] 30% Whgo = velyt} o AuZe|Zy ZehaZe e &A=
Mstgo] Ao vzl A YEla Qo] Ax 8A] 7HAe] AHS FHo| {2 s)

= &A= AREE N3}
Aes SA= ke dskdy = ol B Hogln V&9 dAEgAs

FAE o)z ALgstel dshEel FA BAZ wath gl < 2-5>

o2 w@rbete] dste Aol A PAnchs etERddEe 3
Ao BAo FANANN fElen derAT i A 51 17
Arbsdol Erha Bow FulzAl BelERddE] oe 74X W

Fha Az
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<¥ 2-4> Z2IAZFYFE SiE AL A
No}2 | ASAIZE| N
S-A = A
C) (& (%)
Propylene glycol
(PPG) PTS 0.15g 4 170 30 63.9
" " 4 170 60 64.8
" " 5 180 30 91.1
" 5 180 60 93.2
" PTS 0.15g 5 180 90 94.5
" PTS 0.045¢ 5 180 60 ol 3}otx
" PTS 0.045¢ 6 180 60 64.5
” PTS 0.045¢
+SeA 0.154 6 180 60 57.6
" PTS 0.15g 6 180 60 81.8
” PTS 0.15g
+SeA 0.15g 6 180 60 82.9
" MA 0.15g 6 180 60 ol s}ot+
" PhA 0.15¢ 6 180 60 ol 5}o1 =]
" SeA 0.15g 6 180 60 ol 3}otx
" LA 1.5m 6 180 60 o s}tk
" PTS 0.15¢
LA 1m0 6 180 60 96.5
+MAn 0.15g 6 180 60 95.7
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# PTS . p—toluene sulfonic acid, MA : Maleic Acid, LA : Lactic
acid

MAn : Maleic anhydride, SeA : Sebacic acid(SeA), PhA : Phathalic
acid

SA © Sulfuric acid, AA : Acetic anhydride

<} 2-5> H=& A= 3 A}

Ager | AaAzt | AshE
87 ) o]

(C) | () (%)

Phenol(9m{) PTS 0.15¢g 6 140 60 74.0
PTS 0.15¢g

Phenol(9m¢) +MAn 0.15g 6 140 60 93.2
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+MAn 0.45¢ 6 140 60 89.7
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: Maleic anhydride,

MAn

# PTS © p—toluene sulfonic acid ,

AA : Acetic anhydride
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WA} ol bstekaE BalH 7] Wi AstAglAE of HAS
e Akl o9k So) &3 AGRAR AV Sejucs &vsh dofdl
o, w8 agabgel ] 48 Aol olg gAe Ao BAl7t frtn 47

Avh. SHAe o3 Fujzit AFstd @ Jo Azar.

Al
2
ofl

<F 2-7> =&l Qs FvlE AE-EE s}

=
L) (Phosphoric N H] HSHEE] SstAd) st pH
(C) (& (%)
acid)

Phenol 0.5ml 6 140 30 34.0 1.72
” ” ” ” 60 50.4 1.22
” ” ” 150 30 83.4 3.06
” ” ” ” 60 91.5 2.84
” 0.75ml ” 140 30 39.2 1.54
» ” ” ” 60 49.2 1.45
” ” ” 150 30 93.4 2.91
» ” ” ” 60 96.8 2.78
" 1.0mé ” 140 30 89.7 1.26
» ” ” ” 60 94 .4 1.25
” ” " 150 30 91.9 1.13
y ” ” ” 60 97.5 1.20
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<E 2-8> i gulol SHNS )R ST s

% NFEE | ASARE | AEE
& ol o]
(Oxaic acid) (C) () (%)
Phenol 0.075g 6 150 30 20.1
” ” ” ” 60 28.2
” 0.150g ” 150 30 26.7
” ” ” ” 60 49.8
Y 0.300g ” 150 30 35.4
” ” ” ” 60 60.5

(3) &2z S

<HE 2-9>9 <F2-10>2 FA=gvlol 7= NaOH9 LiOHE Fvi

2 A1g3 A5 Axtolt,
o) 755

7ro

NaOHE LiIOHE Fvl=2 H71sk 9 3fe
| sl B G o3k

<¥ 2-9> ¥HEguo] NaOHE Zw|= AL-&3 N3}

2] Z o a Aster [ ospia [ olstd
(NaOH) () () (%)
Phenol 0.15¢g 6 150 30 -
” ” ” ” 60 —
” 0.30g ” 150 30 -
” ” ” ” 60 —
” 0.15¢g ” 170 30 15.6
” ” ” ” 60 20.6
” 0.30g 4 170 30 33.2
” ” ” ” 60 36.1

<% 2-10> #A=&ujd LIOHE Znj= A}&3s A3}
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oo 2 o AfeE [ AR [ s
(LiOH) (C) ) (%)
Phenol 0.15¢g 6 150 30 9.4
” ” 60 13.2
" 0.30g ” 150 30 12.5
” ” 60 15.5
” 0.15¢g ” 170 30 18.9
” ” 60 32.7
” 0.30g ” 170 30 20.1
” ” 60 31.9
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Z=u
o SERV R o3&
2 (Phosphoric N HJ
, (C) » (%)
acid)
Propylene
1.5ml 4 170 30 61.4
glycol(PPG)
» 60 63.3
0.5ml 5 180 30 47.0
” ” ” ” 60 52.4
” 1.0ml 5 180 30 55.3
” ” ” ” 60 61.9
” 1.0ml 6 180 30 48.8
” ” ” ” 60 61.5
” 1.5ml 6 180 30 65.6
” ” ” ” 60 68.1
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o =7 o | SHEE [ NS [ shE
(PTS) (C) () (%)
glfzyrfo??;g) 0.15g 4 170 30 63.9
60 62.8
! ! 4 180 30 86.9
60 89.5
7 ” 5 180 30 91.1
60 94.9
d " 6 180 30 87.4
60 81.8
(5) &3 =)
<X 2-14>% 7% o] EoHA] EFEE AREste Azt AdE
Ueld Aol Z1E gA4d 4F EwE 2714 AR Eosle] A3st A3Es
uY AN R T2 NI D s BT AGELALERE 5 o)
2 Agste AEY Lactic aciddh T2 A 2 Fa2A 58 o] UL
she] ZHul 3 AS} Aslgo] 15~20% A% A Uegrh. AyHon o
3 FulEAE o) 4% abs RS EFSvE 2l 22 HlE YEw
t} Az dEES AR 2 OB SEAE o] &3 A o5 gz
A gk AstEo] ALgS HES 7HX7F lvkar Azt dshEo] ALE &wo
upe} oheFt EEule] AEvh mupbAelata AJzbE
<X 2-14> Z}F Sujo] EEmE ALESE A3
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g?;f(ilfgg) PTS 0.15g 6 180 60 72.2
v PLTAS f;@g 6 180 60 93.9

v ;&i (())1155i 6 180 60 94.8
gf;rco(iﬁfgg) PTS 0.15g 6 180 60 81.8
y PLT;%S O? ‘1155gg 6 180 60 96.5

| wmonsg | : 60 9.7

” &Ao%ii 6 180 60 99.0

! ?ﬁ nozﬁll ’ ’ 60 95.5

y P@é“ O?glg 6 180 60 88.6

” gﬁno%;i? 4 170 60 94.7

y &Ag‘fﬁl 4 180 60 91.3

” &Ag'fﬁl 4 180 60 93.9
Phenol PTS 0.15¢g 6 140 60 74.0
Phenol +P1\E§nobl.f5g>g 6 140 60 93.2

” +Ph;[r§n0£)1.ifg)g 6 140 60 89.7

*PTS : p—toluene sulfonic acid , MA : Maleic Acid, LA : Lactic acid
MAn : Maleic anhydride , SA : Sulfuric acid . AA : Acetic anhydride
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<® 2-15> o= SA% @ wABEe] A3}

o é‘“ﬂ . o @14%%5 N PA|ZF RS cy
(Phosphoric acid) (C) () (%)
0.75m¢ 6 140 30 37.9
” ” ” 60 39.3
1.0 m¢ 6 140 30 24.3
” ” ” 60 39.0
0.5m¢ 6 150 30 27.3
” ” ” 60 27.9
0.75m¢ 6 150 30 31.6
Phenol B , . 60 47 0
1.0me 6 150 30 72.1
” ” ” 60 90.4
0.75m¢ 6 160 30 61.0
” ” ” 60 74.5
1.0mé 6 160 30 76.0
60 90.1
olglgt At HAE AERE St AFE Ag-ole o]e} wd AdFo] e

v ok 22 fstrziol A At Hie] dstE Rt HA o] ofstgo] v 1

o Azl g §Al
o e daEs ¥
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240w ASE A5 vAREE e 1 gol
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o
shol A= 140C9] 2&olA 1Ak sXE E7 3= o] AFst dsgzxiio
2 Uetgn AEEe Astxde 140C, JAEE 1.0mlolA 308 E& 609
Nslrp A3ker Aow Azt

A fufo] &abitoly &2 (NaOH 9 LiOH)T9 Zvis A &2 A
© =2 et

E2IAZYF(PPG) &l QMAbES Fuj2 AR&S A9 A& WEdon
Notzo] AHFFoRE Yeh} dA3ES AR AAGToRE o] &8 Afol= <l
AznE dstxHow AES Aot Jria Bz

E2IAFYF(PPG) el kS Fuj2 A& dsfolx] AstES e
vl EA UEeRsth
7+E Gvo] EHwlE DEERAEENPTS)S 4oz AYsts 495

o5 7

th  Lactic acidtt @A 2 Fo2ibss HFAoRE FZulE HIbshe
A7 Astgo] 15~20% A% A e

Al SRS A3kgE B9 dhERES A5kt Ae-Ho) ostgo] dA ] wgkoe
o, BAEEY] Aste] Fg-ol= Fujol] wE AstE o] xfolrt @Wolx FHujo] MAA
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st [ oAz | ojshe
87 =2 =l
(T) () (%)
4 170 30 78.1
170 60 85.3
SA 0.15md
6 170 30 84.0
170 60 85.7
PA 0.75 ml 6 180 60 48.7
PA 1.0 m¢ 6 180 30 56.5
” 60 58.7
PTS 0.15g 6 180 60 95.7
LA 0.15mf 6 180 60 86.3
Propylene glycol PTS 0.15
.10g
(PPG) MAn 0.15¢ 6 180 60 65.3
MA 0.15g
SA 0.2 ml 6 180 60 48.1
AAn 1.5md
SA 0.2 ml 6 180 60 81.9
PTS 0.15g
LA 0.15m 6 180 60 55.1
PTS 0.15g
MAn 0.15m¢ 6 180 60 51.1
MA 0.15g
SA 1.5m 6 180 60 68.1
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Phenol(PTS+MAR)

=S @ 2140 ml), Hx(Zn: 9252 A E2 0.15g
oAH] 6, 140C, 60+ Ty 14 0.15¢) 9 H]6,140C 605

PPG + PTS

A

A= F(EF 0 34F 0.15g) z2dAZZ(S - ggEFA
ohH] 4, 170°C, 30 A ZEAF 0.156g) 9H]5, 180T, 60+

<a9 2-1> =22

g
9
Lo
gl:
2
N
it
12
oy
it
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ZrIdd S (Eu2d 4t 05g Zrdd gy F (T4 1.5ml
4H0.2ml) 24H16, 180°C, 60+ Z2F 0.2ml) <4H] 6, 180°C, 60+

o 3}

<39 2-2> A2 Wyl od Axd A5E
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A28 EA ASE polymer alloyd] AR L AFH 7|eqg

T«

AFEAALL 0§48

e

AMggo] e &% MEe 9ste] 5d o
sH& polymer alloy® AlZstal A &5 S dstEo] dAg
Skl &¢I blending® B AlZ alloye] 245 7Hsion 7ty A=
A FAE Axsta q5Ed FA9 AYThE VeSS NRetar 4P beEe
=4S B3 EAIE polymerdt blendingste] @A7bA 4eA des
o] S Besta 87 WA 2AR] WE 7|8y flste] AT
S AR Abgetn Fule S ARSSte] &5t ARE WY
of Aste] Lo SAstES AUk aeal vgsdd HsetA] g2 Al

ZFE AL83o] polymer blendingsS 2 A8kt

il

D 54 &5tz
ZA gN3+5 (LW, Liquefaction Wood)2 #HEAZS A-&-35Fo] A F319
o Nex7-> PEG (polyethylene glycol)9t EG (ethylene glycol) 3845
AR Ao, SPAHAGIORTEH NFow AUt A §osEe

DazgLe <Table 2—17>9 YJER T

<Table 2—17> Elementary analysis of LW (%)

Element N C H S
Content 0.26 46.31 8.07 0.69
2) Ploymer

Alloy®d] EAZ AFEE PolymerZ% 20g/10min® melt flow index2}
0.924g/cm3¢] ¥]F<S 7}A|+= Liner Low—Density Polyethylene(SK chemical

co.) o2 (F)FAAMZAN EEFem Agd AS AHES3lTH
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3) Coupling Agent & Co—coupling Agent
7}l A 2 Maleic Acid(MA), Methyl Methacrylate(MM)S AFE319 1 7HulZ
Peroxide(BP)9} 1,4—BenzoQuinone(Q), Jelight Company

wj A 2= Benzoyl
o
4) Acetyl3} & Esterdt
2 FzAl

A5tme] 554 WsE w7 9

Inc.2] Ozone Generator Model No. 2000914 A ¥ 05 AF-&3F3lt}
&tof (AC)¥} Maleic Acid(MA)

s
Patalic Acid(PA)S A3t

2

1=}
=4 &
Bt e

A
g
MASE MMz} 2& shaAlsh BPS Q, 052
<Table 2—-18>% %
SEE

e
1) Polymer alloy9] #|z %
o]
=

i)

W A3
QG AsBe A T
©H3to]  hot plate(180~200C)elA 7+ Alg3stSlth
C o
8%

M-S A %3] 105£3CS Dry Oven)ell 3
QIR o . 74}——%1

WHoR 1Yy

e
% & Aol Tl 19 Bt Aedx AzAY
AR 59] Hot—press7]ol Ad#(5~6g)S Yo 130£3CoA 3& 30x%
3

rlo

=
99] H]E& R 150£5C2 Brabenderol Al polymer alloyE Al
2 Az

>~
>
2

qHz A
LLDPE¢} 1
50kgf/cm®e] ¢+&l S 718l 0.5mm 5719 polymer alloy sheetZ A
7} 1.5cm, AlE 15cmE A3
=} 7

>
U ok
W2 ot
au
o,

=9}

@ ¥
]_
[e]

il
polymer alloy sheet

St
] O
2—62] HOUNSFILD H500M(ENGLAD)S A}83to] 1%

DAeR 1, 2, 39 Fek A
Ast7] Y&l 105+£3C Dry—Ovenoll Al 244
B4 81sE3} Maleic Anhydride (MA), Phtalic Anhydride (PA)E

) o ~H 23}
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e 28A1717] {8 EA st sk Z7te] MASH PAE FHH|E
2-33F o] 1 : 994 9 : 1 (w/w)E uukgk & WhgLx 80 T, wHs AJZH
o2 hot plateolA] & &A1 F 105+£3C Dry OvenollA] 48A17F 7 FA]
747kl MALWSF PALWE A 2331t
<Table 2—18> HA&Ns}=2] whg =71 (9] 2)
O3
LW:MA LW:MM LW:MA:BP LW:MA:Q b LW:MM:Q A&t
' LW:MA

1:9 1:9  9:0.1:0.9 9:0.1:0.9 9:0.1:0.9 9:0.1:0.9 .

2:8 2.8 9:0.2:0.8 9:0.2:0.8 9:0.2:0.8 9:0.2:0.8

3:7 37 9:0.3:0.7  9:0.3:0.7 9:0.3:0.7 9:0.3:0.7

4:6 416 9:0.4:0.6  9:0.4:0.6 9:0.4:0.6 9:0.4:0.6 60

5:5 55 9:0.5:0.5 9:0.5:0.5 9:0.5:0.5 9:0.5:0.5 = 91

6:4 6:4  9:0.6:0.4 9:0.6:0.4 9:0.6:0.4 9:0.6:0.4

7:3 7:3  9:0.7:0.3  9:0.7:0.3 9:0.7:0.3 9:0.7:0.3 00

8:2 8:2  9:0.8:0.2 9:0.8:0.2 9:0.8:0.2 9:0.8:0.2

9:1 9:1  9:0.9:0.1 9:0.9:0.1 9:0.9:0.1 9:0.9:0.1
¥ BE M ZAL 10gS VFo w2 F3
<Table 2-19> o ~H 23815 9J3 574 &shEo] vk =3

L

=
=

>
=

g
o=

QDOOQ@O‘I»-&OJL\D»—‘Q

=N W OO 30 O

O 00O 0k W+~
=N WA OO 30 ©
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t}) FT—IR spectrum % &4 #2
A &AstE, d=HE=3t AY A &4stE, opAldE Ay HA &
Mtz s BEE Sl&E KBre EF, AAE Axs FT-IR
spectrometer (Galaxy 7020A, USA)#A1S 25tk Alloye R A%
HEE 543 T composite sheet?] AF IIdtH-S X100 x5009 HWj&=
DIGITAL COLOR CAMERA SDC-411 (SAMSUNG)& AHg-3te] #2aqle),
2}) Composite sheete] €] 2 &Hwu]7 Az
Composite sheet®] HFWHI} AALFEE =AH3I & composite sheetd

A vdAS X100 <5009 wl& & DIGITAL COLOR CAMERA SDC—411

Nl

(SAMSUNG) S AF8-3ko] #2239t}

2. 4% 4 uz
7h Ay AstEe] Ax

<Table 2—18>3} o] 11y MNIES AZIPXT LW : MALH LW : MM
2 <Oy 2-3>A9H A7} FHA &Adt}d I o]FE coupling agentd] Fs 7+
Hhg-Ado] LW3He] Fdhib-SA Bt} o} coupling agent #4718 23S 317] uj
ol AsHEe] syt Auke] o] FojxA| Fe Aom Azteit

9 ooy 7A@ st whg Ay, <ad 2-4, 2-5, 2-6>0A4 = 7]e]

T 22U gy sy & ol FojAnt vie] 03 Agd LWMACA = i1
37 dojyx] gkt o] 037} Benzoyl PeroxideYt 1,4—BenzoQuinoned}
22l 07} HA NFE o sE 25} 2A(MA)GS] FFaeg Sish] e
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<Z¥ 2-3> LW : MA(9 : D& ol=d=23} A7 HstEo] 73 Azl

<1¥ 2-4>% LW @ MA BP9 aAstE ApxIEelelth 9 @ 0.1 @ 0.9~9
0.9 0 0.1 AANA A e 183U 2 ATl o] Benzoyl Peroxide
7F S ufA 2A] FEmE Ak gAstE AlelE AASHAE AZdae 9F
S ZEFTa B 5 ok olFelA 9 1 0.1 1 0.9~9 1 04 ¢ 0.6°] 7FF 11
Azp7E 2 gk whde] 9 1 0.9 1 013 9 : 0.8 1 0.2 B FHoA nig
OF ZAFF 3t FErt & o]FoAAA] FUrh. o= T FZujA¢l BP] ol

=<}
YT Ao MAZH 15 222 WS sl nFsh] Assigitia ¥ 5 qlvh

<% 2-5>% LW : MA @ Q& £33 EZE9] ARKlo|t} o 7| A% A}
273 #Zol 91011 0.9~9 1 0.9 1 01744 BE Z3eA uPdstrt giAH 2
2 FFSAIR 9 1 0.8 0.2, 909 0.1 229 FHIA ZFH vgo =R
NAko 2 FEAt ARTE 2822 1,4—BenzoQuinone SA] BPA
H dAFo] =4 uvt nPAJE)rt Hu A vvke| A= coupling agent2]
T WA ol st o] FojA A Fsktkar B Q)

<13 2-6>2 LW 9gol Methyl Methacrylate®} Benzoyl PeroxideZ
0.1 : 0.9~0.9 ~ 0.19] B &2 &3 Zoltf. o7]A= D 0.9914 0.6 :
0.47MA1= A= 2y3hrt & Hgov »yxel 0.7 @ 0.3~0.9 : 0.19A4=
o] qdolnt nygslrt dojwktl o] <belA ek Ay o] Benzoyl

Peroxide®] <o] WX Zojx Methyl MethacrylateE FrolF=x ZEaix A7 24

i
2
1N
N
Ju

[¢]
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9:1
(¢, 7194 B &S LW 9g9 %<& #9)3F MASF BPe &3t v &9l)

<I1¥ 2-4> MA : BP9 7} v]&=E Wbkg A7 1y 3t A&
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1:9 2:8 3:7 4:6

© o0

5:5 6:4 7:3 8:2

9:1

<I¥ 2-5> LW:MA:Q9 7} Rl& & wka A7l ags} ke
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9:1

<% 2-6> LW:MM:BPY Z} v &= 95 A7l 13} A5t
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<3y 2-7>2 LW 9go] Methyl Methacrylate®} 1,4—BenzoQuinone2]
HE 0.1 @ 09914 0.9 : 0.12 3} Axe Flojtf, A7|AE HR7]| = A
Hog nyst et st FolrE™ skl gekxith 0.1 ¢ 0.9904 0.5 :
0.57k4 = HERE ofe} &olie uy sty Hlw A # o] Fojxl ot 0.6 ¢ 0.4
¥ 0.9 : 0.1914%= 1,4—BenzoQuinone?] <o) HojHo ulg} NAato] Abe)7}
A WolAl= s B + Adrh

<1¥ 2-8>& LW Maleic AcidE 9 : 12 A< 719 Ozone
GeneratorE &3] 035 AIFHE=E AHglste]l u¥st Al AapEolrt. o 7]A
LW @ MAS 9 : 12 dd3 off= o] ddolA H= LW @ MA, LW @ MM
o] 1YstE ol F %= LW @ MA®] BI7F 9 ¢ 1olA 7P o d
stoll ZHgAl o] Fo 7] wliEoltt. o] ¥hg FloA = A A|Rre] Hojdgs
LRG3} GE7E FobAl oy AAHow B wf WA £H7kA] g5t H
2 FEsdn, oA Oy7F ZhuFvwiAlzA e &4 (Benzyl Peroxide,
1,4—BenzoQuinone) Bt} coupling agentE HolF+= T Ho] "Wolx|7] wj&Eolz}t
=g AUk

g a9E2 747t Wkg 2Hes ¥y AIEAS e F EE dd
sto] YEbd 2" Eolth <9 2-9>% Skl B LW
0.9°14 0.9 : 0.19 H&=2 Axd uFdstzs dos] F2 Zolth. oA
At 713 o] LW @ MA : BP9 =
DS T AAT AR op ] uFs L # Holke Eom AR wHAW Eo =

E g glth 2= v AHe 3 74H 9

A3 waste] A= LW 0 MA @ BP7F 7Hd £& 133}
AR T Mg 1@l 2 | A2 1 9~4 6otk ¥vhE 81 294 9 1 1
g sl el st d=r sty <9 2-10>2 919 293 o
=

o1} 7 EujA|E BP Al QE WA Axd A5 du #Fogsh

Y
flo
s

Aoltt. o] aPelA wi A} o] <y 2-8>F fAMEHA AAH o 1Y
st7h & ol FolA Stk 1 FAAE

1:9, 2:8, 3:7° 183} A=} 7v3
FER T 8 12, 00 1 de A9 o] A9 oz A v
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9:1

<y 2-7> LW:MM:Q
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#ARZL Sroll 20l HIE2 LWE A 97 Zhaaoh ZbazAe] &

<71¥ 2-9> LW:MA:BPS ng3ld Auk Alx
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*ARZL Srol] 20| WIS 2 LWE A9’ 7kl of ZhuzAe] Hl& ¢

<9 2-10> LW:MA:Q9 ug3d Ao Az

<3 2-11>& LWE 9ge® uAHAZl & Methyl Methacrylate}
Benzoyl Peroxide®] H]& 0.1 : 0.9~0.9 : 0.12 &g st A x3 3& Aot
Aotk 7)1 E 1 9914 6 @ 47A = dAA o8 13} % 7
3HE|E= Hido] bl o EAste] wwel AR AFHSle] FFg slojrh

AL e ol

2
AGspL FE AE T P F2 A2 1099 21 89 Wgx

AP o] o] M S-S LWE A9 stuAleh pazA| o] HE-ol

<71¥ 2—-11> LW:MM:BP¢ 11383tg A Az
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<% 2-12>% LW 9go] Methyl Methacrylate®} 1,4—BenzoQuinone2]
HE 10 904 9 : 12 geste] Axd AL AuS vHe Aot} o] Algd
A BEE 199 5 57 E vl ugslyl FEshy 6 0 4R EE RUS
AoQet v Fio] Ao EAF alloyE AXT 4 gl AEHZE HUACH
w1 99} 2 1 89 Whe AL 1YL & Ho alloy AFZE 3T 5 r)

*ALZ Gof] 22 B[S LWE A9t 7FuA| e} 7tuzA e vl&<
<1¥ 2-12> LW:MM:Q

t}. Liquefied wood polymer alloy®] &4
1) ZFaAlel 7tal SulAlE 9-SAIZ LW alloy =4

Zhzhe] whgzgol A 7Hd sl 2 @ AlEQl 9 1 0.1 ¢ 0.99 0 ¢
0.2 1 0.89 F ZFAE hot—press’| = o] &3} liquefied wood polymer alloy
£ sheetd o= A|xdto] Z}zbe] QA= AAES SAAY. 1 A3
<Table 2—20>% Zt}l <Table 2—20>°A HW HA|H o2 LW PEE 419
S wEt MA @ BPE 2 : 82 &3 AlgolA QA E7} 1.07MPa°] ¢ =4
e oy 7HE w3 MM @ QE 33 EdolA = A o2 wA YERRTH
AFES AAHeZ LW : PE alloy®th W& 25 et
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<Table 2—20> Comparison of physical properties of liquefied wood polymer

alloy prepared with MA, MM, BP and Q

Weig Physical properties
Component ht
_ Tensile strength (MPa) Breaking elongation (%)
Ratio
PE . 6.91 105
LW : PE . 6.43 22.68
1:9 79 12.1
MA : BP
2:8 85 13.2
1:9 6.4 11.2
MA : Q
2:8 7.1 11.6
LW : PE
1:9 6.2 9.4
MM : BP
2:8 6.9 9.8
1:9 5.0 7.9
MM : Q
2.8 5.7 85

<2¥ 2-13>2 LW PECl 7FuAlZ MAE AR&Stal 7huEviAls @
gate] AFBEE FA Aotk AFAEE JtaFvAR BPE AL HS
7b Qe AHEAS wET P 1.45MPa A% © A Uehkth a3 sbasA
% 93 0.65MPa 1§ =4 veEbgd. 71 =
:8Y w7} 8.5MPa® gkt
<a¥ 2-14>% LWe PEol 7FaAl2 MMS Abgsta 7laZvjz) s

Lo
S
N
N
aul
o
d
2]
o
S
¥
fu
[e]
%
N
Y
1

kel
T

[-'O
o
ox
k1
il
i
ul
=
rlr
Sl
flo
vy,
av)
il
fat)
N
oL
Ol
Do

=5 EE <a¥ 2-13>3 wpzrpAE
BPE A&3dS w7t QE AFEAS wjrt it 1.2MPae] © vgkth &= 7FuA
o

Q
ol A7rel Sk w5 JAAAEE SUFs=H Ft 0.7MPa otk 17

ofy
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3 7V =8 AR EE Hole Zo] BPE HIKg 2 ¢ 8Y wjr} 6.9MPa®E 1}

A
H

# 2-16>2 LWe} PEol| 7tuEuAR Q5 AME3sta 7tuAls 223}
of AFHEE AT Aojtt. JFFEE MAE AHEAS W7k MMS A IS
mE Tl P 1.4MPaol B Al UEsk

olie] AR AFAEE FAARE MAE AHEAS W7t MMS AME S
Yrch o £ 432 JEY i tuEeAE QE BPE AMEYS W o =
A Ugts A& & 5 Ak o3 MAZE MMET t £& W34S HolY]

moleby 2 4 9 BP7F Qurt AwAE o # BolErh: A% @ 5 9

Tensile strength(Mpa)

MA:BP 1:9 MA:BP 2:8 MA:Q 1:9 MA:Q 2:8

<71% 2—-13> Tensile strength of liquefied wood polymer alloy prepared

with MA : BP and MA : Q
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Tensile strength(MPa)

Tensile strength(MPa)

1]

MM:BP 1:9 MM:BP 2:8 MM:Q 1:9 MM:Q 2:8

Tensile strength of liquefied wood polymer alloy prepared

with MM : BP and MM : Q

]

MABP 1:9 MABP 2:8 MM:BP 1:9 MM:BP 2:8

Tensile strength of liquefied wood polymer alloy prepared

with MA : BP and MM : BP

- 176 -



N W b~ 01 OO N 00 ©

Tensile strength(MPa)

MAQ1:9 MAQ 2:8 MMQ 1:9 MVQ 2:8

<71% 2-16> Tensile strength of liquefied wood polymer alloy prepared
with MA : Q and MM : Q

<Y 2-17>L LW PEo| 7JuAlZ MAS AM&3la 7fuEvjA4E gy

ol AFES AT Aok AFEL 7huEvjAlz BPE AHERS W7 QS
&

Aese Wue B 1.25% 4% § %A Geh Le)w hade] W7hekl
Bold4E NGEE FF 0.75% o B vehdth b B 438 teny

= AL BPE #H7sk 2 0 8Y wirh 13.2% %2 gkt
<1 2-18>S LW¢ PEd 7FuAl& MME Agstal 7tuEmjA4s &
g3l NFES SAHT Aoty AFEL tuFujAE BPE AMEIS w7 Q
& AHEES Ry He 1.4% A% O FA UEteth 28 a sbaA o] Hrtg
= AFER F 0.5% 9 =4 veieth 7P 58 A ES e

= A2 BPE 7 2 @ 8Y W7t 9.8%% gt

<19 2-19>% LW PEO| 7MuEvjA|2 BPE Algsla 7tuAlE

gto] AFES FA43 ot AFES MAS AMEIES w7t MMS A1&3E

B} Hd 1.05%7F o =4 g
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MABP 1:9 MABP 2:8 MAQ 1:9 MAQ 2:8

<13 2-17>. Breaking elongation of liquefied wood polymer alloy prepared

with MA : BP and MA @ Q
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MM:BP 1:9 MM:BP 2:8 MM:Q 1:9 MM:Q 2:8

<1¥] 2-18> Breaking elongation of liquefied wood polymer alloy prepared

with MM : BP and MM : Q
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MABP 1:9 MABP 2:8 MM:BP 1:9 MM:BP 2:8

<% 2-19> Breaking elongation of liquefied wood polymer alloy prepared

with MA : BP and MM : BP
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MA:Q 1:9 MA:Q 2:8 MM:Q 1:9 MM:Q 2:8

<713 2-20> Breaking elongation of liquefied wood polymer alloy prepared

with MA : Q and MA : Q

2) ZhaAlel 7kl SulAlE WHSAIZ LW alloy &4
< 2-21>2 AgAgte] wE} AlZzE ACLWE ACLW : PE (10 :
90)% &335te] A 23 liquefied wood polymer alloy?] AAF =S YeEAL.
AFAEE ACLWE AHgAzto] F7M45 ol E A¢S Yehldlen A
] 39 o uf 5.06 Mpa® 7F& %A vetgr 19
= R A9 gl @Al Agalite]l SR AE FUkska Al

FES Aavs AS <29 2-22>9F <Y 2-23>°4 & 5 SAATh

A4AEE ACLWS] A2l Agbe] 271845 Hopdom Az Azl 39 o
273 Mpa® 714 %7 Yegt @4ASE AgAze] 2AE5RE 45 27
S NS prdThe A <19 2-25>9F <19 2-26>4 % & 9

oAtk Zrejuh ACLWE AHglAgto] Z7hstd et ACLW : PE (30 : 70)& &%
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16

14

12 H

10 H

Breaking elongation (%)

0 T T
1 2 3

Time (day)
<% 2-23> Breaking elongation of liquefied wood polymer alloy prepared

with ACLW : PE (10 : 90)

Tensile strength (MPa)

0 1 2 3

Time (day)
<1¥ 2-24> Tensile strength of liquefied wood polymer alloy prepared

with ACLW : PE (30 : 70)
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<Table 2-21>& Z3AE AF&sA 22 PE, LW : PE (10 : 90)¢}
ACLW : PE (10 : 90, 30 : 70)= &3sto] A|%3 liquefied wood polymer
alloy?] A4S vtk LW @ PE (10 : 90) o]Atoll A= thake] 8 ubago
2 95t alloye] Ax7F % &kgtem LW : PE (10 : 90)9 <174 %=
6.43 Mpa® PE°l Whall o 7% zAstdlon vHd7A4= 28 Mpa® A e
3 AFES 22.68%2 WA UENRT ol AEAIE ALEsHA] 22 PEQ B4
7 v st om Az Ao A diF-e] LW ks W oZA alloye] E4
of 9SS Fx E3 How FZHHErh ACLW : PE (10 : 90)9] AFF=E=
gA|Zko] 39 A uw PEo| W3l &F 27% FAstSG o eBAASG = 46 Mpa® 5
Zhebolal AFES 11%E Askelvh. ACLW @ PE (30 @ 70)9] 134 =E
HEAzkel 39 A wl PESl tisl oF 60% #HAdom @S E 40 Mpa®
SV A FES 6.9%% AT

iy

5T

tlo

_NL',

0;

<Table 2—21> Comparison of physical properties of liquefied wood
polymer alloy prepared with LW, ACLW and PE

Physical properties

Weight
Component Tensile strength Breaking elongation Young’s modulus
ratio
(Mpa) (%) (Mpa)
PE 6.91 105 7
LW/PE 10/90 6.43 22.68 28
1 (day)
ACLW/PE 4.94 14 35
2 (day)
ACLW/PE 10/90 498 135 37
3 (day)
ACLW/PE 5.06 11 46
1 (day)
ACLW/PE 2.63 7.65 34
2 (day)
ACLW/PE 30/70 2.68 7.63 35
3 (day)
ACLW/PE 2.73 6.9 40
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3) MALW¢} alloy®] &4
<Y 2-27>2 MA : LWE 1 : 994 9 : 12 AZ3 MALWE MALW

: PE (10 : 90)=2 &3%sto] A %3t liquefied wood polymer alloyd QA7 %=
YERH A 1 =s MAS A $Fo] S7H8E ol 43S YEhd
qom MA : LW7F 9 @ 19 w 6.35 Mpa® 7F& =4 YE% MA @ LW7}
7 3ol AR Wty A gl o= MAS A el wE
olzdHEste] Fro] wel LW Aol A3t gomm A3 =rt S7tst

&

#ol 3185 A5 F7l

m1m

s
o

a4l
g

e grsgom, QPR vhAAR MA § LW/ 7 130157 EE e

b gtk A <a¥ 2-28>7 <19 2-20>004 & 4 AT

6 -
5
4
1
0
19 2:8 3:7 4:6 5:5 6:4 7:3 8:2

MA : LW

E

Tensile strength (MPa)

N

<1¥ 2—-27> Tensile strength of liquefied wood polymer alloy prepared

with MALW : PE (10 : 90)
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1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1

MA : LW

<1% 2-28> Young's modulus of liquefied wood polymer alloy prepared

MALW : PE (10 : 90).

with

©
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<
—

N o © © <

— —

(%) uonebuoja Bunjeaig

N

MA : LW

<1¥ 2-29> Breaking elongation of liquefied wood polymer alloy prepared

with MALW : PE (10 : 90).
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<19 2-30>2 MALWE MALW : PE (30 : 70)= Z33sto] A%

liquefied wood polymer alloy®] AZAAFEE UelATH AT EE MAS * g
ol 7SS oo, MA 1 LW7F 9 @ 1Y w 3.46 Mpa= 71 =7
UEFSE MA @ LW7F 7 @ 30|13 R« G ES] W7 Ao gl ed A

G MAS ARl FAASE AE Fredn AFES 3

E
e B R MA © LW7F 7 130 S REl A9 Malrh drke A <2

g 2-31>7 <13 2-32>9A] o 4 AT}

<Table 2—22>% Z3AE AFESA] &2 PE, LW : PE (10 : 90)<}

MALW : PE (10 : 90, 30 : 70)% &3}t3slo] A %3 liquefied wood polymer
alloy9] &A1& vl MALW @ PE (10 : 90)9] <¢1&7=3= MA @ LW7t

9 :

19 o} PEY sl ¢k 8% 7Asgow B ASE 54 Mpaz Z71slar

NAEL 11.7%2 74239, MALW : PE (30 : 70)9] QAR EE= MA : LW

7 9 1 19 o) PRl whal oF 50% #astdow ©AASE 44 MpaZ S7ts)

A ANAES 78%=E 7FAasHTh

Tensile strength (MPa)

3_
2_ | | | |
1_
0
1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2

MA : LW

<71% 2-30> Tensile strength of liquefied wood polymer alloy prepared

with MALW : PE (30 : 70).
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MA : LW

<1¥ 2-31> Young's modulus of liquefied wood polymer alloy prepared

MALW : PE (30 : 70).

with

T T T T T T T T
1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2

© © < N

(2%) uonebuoja Bunjeaig

1

9

MA : LW

32> Breaking elongation of liquefied wood polymer alloy prepared

<13 2-

with MALW : PE (30 : 70).
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<Table 2—22> Comparison of physical properties of liquefied wood
polymer alloy prepared with LW, MALW and PE

Physical properties

Component VZZ;gélt Tensile Bregking Young's
strength (Mpa) elongation (%) modulus (Mpa)

PE 6.91 105 7
LW/PE 10/90 6.43 22.68 28
(EAS;XE’VE 5.61 14.15 40
(1;/125\513 5.68 13.9 41
(1:\))/[?;\;;: 5.83 13.1 44
(11\1/[2;\5]3 5.96 12.7 47
(1;/[?5\;2 10/90 6.08 12.5 49
(1(\5/[2;\513 6.18 12.2 51
(1;/[?%}\;;: 6.29 11.9 53
(15\3425\513 6.32 11.9 53
ALY o35 " y
_— a0 w
(EAQ;\;VE 2.81 8.95 31
(1;/[?;\513 2.85 8.44 34
(11\1/[2;\1—;) 2.9 8.05 36
(?é;\}]’vE 30/70 3.07 8.05 38
(?i;/}i’vE 3.31 8.01 41
(1;425\513 3.42 7.9 43
(??%}\;VE 3.48 7.9 44
(g/[?;\gE 3.46 7.8 44
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4) PALWS} alloyd] &4
<% 2-33>2 PA : LWE 1 :994 9 : 12 A|Z3 PALWS PALW :

PE (10 : 90)% &33}e] A|Z3F liquefied wood polymer alloye AFHE=E

T oo

CehRgich Q3R EE PASl A el FABSE wobdt AT veh)

O ©

Ao, PA : LW7F 6 @ 49 o] 6.21 Mpa= 7}¢ =4 YElSI PA @ LW7} 6
D40l FREE AP ek A giRleh ol PAY el FFol mE o
sHEste] YR mel LWel £AIh gadoRA Fsga F5En. @

AAFE PAS] AEdel Srbstdeie WE7E Ao gljlen AFE

HA A —

flo

i

I~

zZ

]ji

e
i)
rir

RS <8 2-34>9 <29 2-35>94 & 4 AT}

0

PA: LW

w L (¢} »
1 1 1 1

Tensile strength(MPa)

<1% 2-33> Tensile strength of liquefied wood polymer alloy prepared

with PALW : PE (10 : 90).
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1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1

PA : LW

<18 2-34> Young's modulus of liquefied wood polymer alloy prepared

PALW : PE (10 : 90).

with

T T T T T T T T
1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2

(%) uonebuoja Bupjeaig

w

1

9

PA : LW

<1¥] 2-35> Breaking elongation of liquefied wood polymer alloy prepared

with PALW : PE (10 : 90).
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<Table 2-23>& Z3AE AHEA &> PE, LW : PE (10 : 90)¢}
PALW : PE (10 : 90)& ZE3%3&te] #A|%3 liquefied wood polymer alloyd] =
A& vt PALW @ PE (10 @ 90) o]4ellA&= LW @ PES} viz7kA| = o
ol R oz 913l alloye] Azt HA ekgkoh
PALW : PE (10 : 90)¢] 91&7 =% PA : LW7} 6 : 49 uwl PEo] diaf <F
10% 7238kl om, B A5E PA @ LWL 4 © 6 o] 22 Mpa=® Z713tQ1 o

(/);]\
ool FRE WML AL AFELS PA LWL 9 1 19 W 27.8%% H4aed

filo

<Table 2—23> Comparison of physical properties of liquefied wood
polymer alloy prepared with LW, PALW and PE

Physical properties

Weight

Component Fatio S”It‘reen;;; Brea}king Young's

(Mpa) elongation (%) modulus (Mpa)
PE 6.91 105 7
LW/PE 10/90 6.43 29 68 98
(EA91)J/VFYE 6.01 29 21
(E:AS%/V}ZE 6.04 28.8 21
(:I;:A%/VIZE 6.05 28.2 21
(AILD:%%/VgE 6.06 28.1 29
(gé%/ng 10/90 6.10 28.3 99
(gﬁ%/v}\)fE 6.21 28 22
(5:[;%/\;]13 6.15 27.9 29
(glAZI;/\}gE 6.19 27.9 29
(9P:A1%/VgE 6.18 27.8 929
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oh, HA &998=3 ACLW, MALW, PALW] FT-IR
<18 2-36>L EA] 93559 FT-IR spectrums YEFY
A gAN5E 2] FT-IR spectrum 3379 cm ' F-ol A 3]
e Yehz gon, |AQl PEGS EGeOlA  freishe
cellulose, hemicellulose%-¥ @) 3t}
3 AYE ohAdEst Aed EA &
cm ol A 7t
oA FEu7h S7bske] obAE st &

LW : MAE 5 : 52 o= 23 g

MA Ha =x golslzel 7

Zr2aklal 1727 em b FEoll Al carbonyl

o] cellulose 52 &AF9 FA717F 43

4 Ak LW @ PAE 5 52 oz 23F Ad Hx

spectrume 3441 cm™ ! F-2o A o 2B 23} ]S
on 1728 cm b o)A carbonyl &4t} YERRETE

1

R

o]

L
=

ol 3
b

E9°] FT-IR spectrume 3452

- o] 77-5\_0]_ 3

=]

A}k H

o o

A7 1737 cm™', 1236 cm™!

=
A

mlo

o
=

233

<% 2-36> FT-IR spectrum of LW, ACLW, MALW and PALW.
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2}. Liquefied wood polymer alloy9] 918 2 dn7F
<% 2-37>2 MA : LWE F2H] 7 @ 322 A|xg MALWY <3&
el ok B4 £93E5 MAS A3 49 Ax F 9kgEo] ufe
FARE Ao gAdAE FAEHA oY PALWE PASl H7bske] Frlsivaie
MASH 22 g A7E A=A skt Tk, B4 fA3ES ofAE s At
B BA &93tES 1¥@3 AL F dden ole. Al &93tE9] 547
& oz=H =3, opdsA o2 Agdor ASEAT] wiEolrt.

LW, ACLW, MALW®} PALWE AF&3ste] Ax3 alloye] <@olA LW : PE
(10 : 90)& LW9] #2 HFA o lte] PESL o E3fo] o]Fo|xA] &to
w MALW : PE (10 : 90)& MALW®] a3 slol] o] YA o = PES| A7ty
o] 9 18 4= 9ldth. 3 PALW : PE (10 @ 90)& &Aooz LW

il Ae] Az o] FUtETE
2 s Lweke] &3te] o= AHm JfAEATE 2SS &4 F AT ACLW,
MALW : PE (30 : 70)°] -9 LWe] Ao o] daks wgtom ACLWO

A% Mg 2 ERAUAGE AL L 5 dUTh<Figs. 2-38, 2-39, 2-40,

r

7]

rir
tlo

g
e5)
=
o
©
o
b
e
N
o
o
A%
o
T
g

2—41>.

*
(]

LW : PE (10 : 90)& A}&3te] Ax3 alloyS v]& x1000.2 w7 3
S 3 EWS PR Ego] HA ¢rol PES LW7F EEHo Ade A&
g 4 9llen, ACLW, MALW, PALWE AR&3te] A= alloye PESHO] &

1o
=S

ol 7hsstthe S &% & AATI<Figs. 2—-42, 2-43, 2-44, 2-45,

d

A

LW : PE (10 : 90)Z A}F&38lo] A %3 alloyES W& x50002 &Av]7% 2
S & <1 gdHe PEY] LWrF 3o} 9% &kgkon], ACLWe MALWE=
st o] PE F-itell Adom EFHEol Sle AL 1T 4 Ak 2y
PALWE= LW mhb7iA 2 x3he]o] QA &+ A
2—47, 2—48, 2—49, 2—50, 2—51, 2052>.

o =l .
S 1T F ATE<Figs.

&O
r
M
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Front Back

<7193 2-37> Appearance of MALW treated with MA : LW (7 : 3).

<1¥ 2-38> Appearance of liquefied wood polymer alloy prepared with

LW : PE (10 : 90) and ACLW : PE (30 : 70).
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<1¥ 2-39> Appearance of liquefied wood polymer alloy prepared with

MALW : PE (10 : 90).

i . s i:F E = | - . |

<1¥ 2—-40> Appearance of liquefied wood polymer alloy prepared with
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MALW : PE (30 : 70).

o W

<713 2—-41> Appearance of liquefied wood polymer alloy prepared with

PALW : PE (10 : 90).

<1¥ 2-42> Micrograph (X 100) of the surface of liquefied wood polymer
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composite prepared with LW : PE (10 : 90).

<71% 2-43>. Micrograph (X 100) of the surface of liquefied wood

polymer alloy prepared with ACLW : PE (30 : 70).

<1¥ 2—-44> Micrograph (X 100) of the surface of liquefied wood polymer
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alloy prepared with MALW : PE (10 : 90).

<13 2—-45> Micrograph (X 100) of the surface of liquefied wood polymer

alloy prepared with MALW : PE (30 : 70).

<% 2-46> Micrograph (X 100) of the surface of liquefied wood polymer
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alloy prepared with PALW : PE (10 : 90).

<71% 2—-47> Micrograph (X 500) of the tensile fracture surface of

liquefied wood polymer alloy prepared with LW : PE (10 : 90).

<% 2-48> Micrograph (X 500) of the tensile fracture surface of
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liquefied wood polymer alloy prepared with ACLW : PE (10 : 90).

<71% 2-49> Micrograph (X 500) of the tensile fracture surface of

liquefied wood polymer alloy prepared with ACLW : PE (30 : 70).

<% 2-50> Micrograph (X 500) of the tensile fracture surface of
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liquefied wood polymer alloy prepared with MALW : PE (10 : 90).

<713 2-51> Micrograph (X 500) of the tensile fracture surface of

liquefied wood polymer alloy prepared with MALW : PE (30 : 70).

<I1¥ 2-52> Micrograph (X 500) of the tensile fracture surface of
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liquefied wood polymer composite prepared with PALW : PE (10 : 90).
ool A,
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