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SUMMARY

This research was carried out of the manufacture of functional
materials from liquefied wood made from waste wooden materials,
Universities of Kangwon and Joongbu have co-operated with researchers
of the Forest Research Institute since 1995. This High Technology
Development Project was funded by the Ministry of Agriculture and

Forestry. The major findings and conclusions were as follows:

Modified woods were dissolved above 95% in a shorter time and
at lower temperatures as compared with untreated wood. However, the
liquefaction method of modified wood wasn’t a good method because of
the use of lots of chemicals and the drying of modified wood before

liquefaction treatment

The effects of temperature, liquid ratio and time in process
control of liquefaction from Pinus koraiensis wood powder by phenol
were evaluated by response surface methodology. Temperature was a
more important factor influencing the liquefaction yield than
reaction time and liquid ratio, Constant coefficients of all static
analysis results showed very high significant levels. On the other
side, temperature, reaction time and liquid ratio had no effect on
residue sugar yields. Constant coefficients of ‘static analysis
results showed low significant levels. The optimal condition for the

liquefaction by phenol was estimated to be 160°C, 30 minutes at the



wood powder and phenol ratio of 1: 2.

In the case of polyhydric alcohols, temperature was an
important factor influencing the liquefaction yield as phenol. The
optimal condition for the liquefaction was estimated to be 170°C, 60
minutes at the wood powder and polyhydric alcohol ratio of 1: 2.5,

In the liquefaction by dioxane and water, it was easy to
collect used solvents because of the low boiling point but necessary
to raise heating fluidity.

We took out two korean patents for the manufacturing of

liquefied wood (korean patent no, 173442, 267751).

In this research, many functional materials, for example poly
urethane foams, polypropylene fiber, wood adhesives, plastics and

films, were made from liquefied wood.

Foams with liquefied wood were manufactured by means of current
manufacture processing of urethane foam, The increaser weights of
liquefied wood, the decreaser density of the foam, If the adding
amounts of liquefied wood were above 20% against total weight of the
foam, the making of foams with liquefied wood was difficult because
of high viscosity. This was an economical and environmental method
because foams were foamed at room temperature and freon gas wasn’t used a
foaming agent, In this way, we took out a korean patent for the
manufacturing of urethane foam used liquefied wood (korean patent no.

239218).



Polypropylene fiber was made from polypropylene adding 5% of
liquefied wood. This fiber could take a second dying ability to

polypropylene that doesn’t take a dying ability after first dyed.

Adhesives made from liquefied wood had enough dry strength

above KS level but hadn’t a good wet strength,

Plastics were marufactured by polyprogylene and liquefied wood,
DSC(Differential Scanning Calorimetry) and TGA (Thermogravimetric analysis)
results of liquefied wood and polypropylene composites were shown that thermal
properties of these composites were similar to those of virgin polypropylene.
Tensile strength and elongation values of liquefied wood and
polypropylene composites with 10wt% liquefied wood were similar to those
of virgin polypropylene. However, these properties were decreased
when liquefied wood contents were more than 10wt%, The combination of
MAPP (Maleic anhydrated polypropylene), as a coupling agent, with
liquefied wood and polypropylene composites had no effect on increasing
physical properties and compatibility of liquefied wood and

polypropylene,

Films with liquefied wood were manufactured by high density polyethylene,
low density polyethylene and liquefied wood, As plastics, tensile strength
and elongation values of liquefied wood and high density polyethylene films
or liquefied wood and low density polyethylene films with 10wt% liquefied wood

were similar to those of virgin high density polyethylene or low



density polyethylene. However, blowing of the film was very difficult
above 30%wt liquefied wood against total weight of the film because

of some remains of liquefied wood,

Liquefied wood was a dark brown color, Many methods were tried
to improve its color. However, there were few effects on improving of
its color. To add some pigment of polypropylene when they were mixing
between liquefied wood and polypropylene was the best method for

improving its color.

15 rotting fungus were selected to be able to grow in the
liquefied wood. From the decay test, Foams with liquefied wood had a
degradable property because a little mycelium grew in the foam and
broken structures were found by SEM(scanning electron microscope).
Then, plastics and films had a little loss in weight 8 weeks after

the decay test.

Liquefactions of the korean pine wood(Pinus Koraiensis sieb, et
zucc, ), carbohydrates, g -cellulose, cellobiose, kraft pulp lignin
from korean pine, lignosulfonate and acetosolv lignin were carried
out in the presence of polyalcohol(ethyleneglycol and polyethylene
glycol), phenol and dioxane using sulfuric acid as a catalyst at
various temperature and time. Liquefied mixture of samples were
extracted with water, chloroform, n-hexane and ethyl acetate and
ethanol, fractionated on silica gel column, The fraction were then

analyzed using GPC, GD, FT-IR, GC-MS, 'H-NMR and ““C-NMR.

_10_.



R T EET)

The results were summarized as follows,
Molecular weight distribution of the carbohydrates in liquefied
wood were 500-1,000 with phenol and dioxane, that of lignin in

liquefied wood were 1, 000.

In the liquefied wood, the liquefied compounds from cellulose
and hemicellulose were a) alcohol compounds such as 1,2-propanediol
(propylene glycol), 2-methyl-1,3-pentadiol and 1,1’ -oxybis-2-propanol,
b) ether compounds such as 2-ethyl-4-methyl-1,3-dioxolane and methyl
tetradcenyl ether, c) hydroxyl ether compounds such as 2-(2-hexoyethoxy)
ethanol, 1-ethoxy-2-propanol, 2-(2-hydroxypropoxy)l-propanol, 1-iso
propanoxy-2-propanol, 1,1°-[(1-methyl-1,2-ethanediyl)bis-(oxy)]bis-2-
propanol,  bis{1-methyl-2-hydroxyerhyl) ether, d) compounds with
some of the functional groups of carbonyl, hydroxyl, ether and C=C
such as 4-methyl -2-furanmethanol, 4-methyl-1, 3-dioxolan-2-one,
3, 4-dimethoxy-2-penten-2-one, 4-methoxy-3-isobutoxy-2-pentanocne,
2, 3-dimethyl-3-methoxy-1-pentene and 10-methyl-9-hydroxy-octadecanoic
acid ethyl ester, e) pyranoglucose derivative 2,3-dihydroxy-5

~-hydroxymethylcyclopentanate.

The liquefied compounds from lignin of the wood such as eugenol,
guaiacyl propane (2-methoxy-4-propylphenol), 3,4-bis(4’-hydroxy-3'-
methoxyvenzy! Jtetrahydrofurane and benzoic acid were identified. The
liquefied compounds from the extractive of the wood such as

(Z)-9-octadecenoic acid  2-hydroxy-1-(hydroxymethyl)ethyl ester,

=11~



dehydroabietic acid 2’-hydroxypropanyl ester were also identified.

Degradation and dehydration reaction occur during liquefaction
of wood carbohydrate under the acid catalyst, glycosidic linkages can
easily be hydrolyzied, a series of further degration products and
condensed compound may be formed hydroxymethylfurfural(HMF) from
hexose sugar, mainly glucose, Further degration, HMF is converted to

levulinc acid and formic acid,

In the liquefied cellulose,?2,2’-methylenebisphenol, 4,4 -methylene
bisphenol, 3-methyl-2-hydroxyphenyl-2’-hydroxyphenylmethane, 1-methoxy
-4-(2-phenylethenyl )-benzene, =~ (E)-2-hydroxyl-4'-methoxy-stilbene, 1,1
-bis(4-hydroxyphenyl )ethanol, 1,1-bis(2’ —hydroxyphenyl )-ethane 2,4'-
ethylenebisphenol, etc. 30 phenol derivative; and 2,4-dimethyl

-5, 7-decadienol-1,4, 4-hydroxy-4-methyl-2-pentanone were identified.

In the liquefied cellobiose with polyalcohol, levulinate
compound may be formed from the condensed compound of solvent and
degraded carbohydrate. In the 1liquefied cellobiose, glucose,

ethanone, acetic acid etc. were identified.

In the liquefied KP lignin, guaiacol was identified as the
largest amount. In the liquefied lignosulfonate, guaiacol, acetic
acid phenyl ether, 3-syringyl-1,3-dibutanocl, 1-phenylethanone

furancarboxylic acid pentanic acid-3-ester, 4-phenyl-1-butanol and

_12_



ethanol were identified.

From the above results, reaction pathways on the ligquefaction
of lignin and cellulose were proposed : The radical reaction pathway
for lignin, the electrophilic substitution reaction for the cellulose
and the acid hydrolysis, dehydration, oxidation reaction for the
wood, Phenol as a solvent did not reacted with any compound in the
lignin liquefaction, but it might react with the reaction

intermediates as well in the cellulose and the wood liquefaction

_13_
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Table 2-1 W 2-2¢} Zt},

Table 2-1, Weight increase of wood powders by the acetylation,

Species Treatment temp.(C) | Weight increase(%)
Pinus rigida 40 10.2
50 14.5
Pinus koraiensis 40 23.6
50 22.9
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Table 2-2. Weight increase of wood powders by the carboxymethylation,

Species Treatment temp, (C) | Weight increase(%)
Pinus rigida 55 20.2
Pinus koraiensis 55 20.9
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el 200-270Coll A 20-15083 X3t RARC) x2 73 g A e
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wol @A Fojh

Bisphenol Ao] 2]¥ olAd 3} 2]7|ti4utRe] 3= 150C, 309
A d3Aeld Ee S HuE ALY Z$ 96.5%7 qEE At
(Table 2-4). 28]\t 100ColME AelAlZtzt Juljo] FaAglol &35
slrh. ol Hl&ElE A9 §30] 150C #2222 w59 41T, #-3 Y
Z29] 12Co] sl &7 wlEo] 100CoHME A&7} otz Pzl
wteld HlasE AR oMY 3 BES JH317] fsiAE 150C o4
2528 Yo v},

p-3EZEo] T Y3 d3tAo| M Ee FAZE AHE-3to] 150 Toll A
3087 AP u] 98.6%7} YHE Ao, 100C 3087 vk o2 T 95%
o] 4te] o317} sHs3tgtHTable 2-5). m-A @ &Eol 23t olNE 3} B
Axtz AL w3 A L 2P0l

Table 2-3. Liquefaction of acetylated Pinus rigida wood powder by phenol.

Treatment Treatment Liquefaction
Catalysts

temp(TC) temp(min. ) (%)
150 60 FeClj 95.8
60 HzS04. 98.9
30 FeClj 94.9
30 HeS04. 99.9
100 60 FeCls 97.9
60 H2S04. 98.9
30 FeCls 96.0
30 H2S04. 98.4

1. Composition of mixture: acetylated wood powder 2g + phenol bg +
catalysts |

2. Liquefaction was measured by remaining weight after filtering by
3G4 glass filter.
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Table 2-4. Liquefaction of acetylated Pinus rigida wood powder

by bisphenol A,

Treatment Treatment Liquefaction
Catalysts
temp(C) temp(min, ) (%)
150 60 FeCls 90.4
60 H2S04, 88.6
30 FeClj 96.5
30 H2S04. 95.0
100 60 FeCls Insoluble
60 HzS04. Insoluble
30 FeCls Insoluble
30 H2S04. Insoluble

Note : Compositions of mixture and liquefaction were same as Table 2-3.

oSt R BE 9 wlmol 23t 93H(Table 2-6)+= otAE 3} €]7]
LR HEel % 3o} A9 Z2 FAYOR 150TAHA FA&uE
ALE3te] 3023 ATl ol &2 97-99%= Ao |3 Al

Table 2-5, Liquefaction of acetylated Pinus rigida wood powder by

m-cresol,
Treatment Treatment Liquefaction
Catalysts

temp( C) temp(min, ) (%)

150 60 FeCl3 96. 4

60 HzS0q4, 98.5

30 FeCl3 98.6

30 H2S04. 97.6

100 60 FeClj 97.8

' 60 ~ HzS04. 94.6

30 FeClj 98.2

30 HeS04. 99.1

Note : Compositions of mixture, catalysts and liquefaction were

same as Table 2-3.
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Table 2-6. Liquefaction of acetylated Pinus koraiensis wood powder by phenol,

Treatment Treatment Liquefaction
Catalysts
temp(C) temp(min. ) (%)
150 60 FeCljs 97.0
60 H2S04, 97.6
30 FeCl3 97.2
30 H2S04, 99.8

Note : Compositions of mixture, catalysts and liquefaction were

same as Table 2-3.

Fig. 2-12 72 A mY3 erjctaus B2 24k Euf stol A
150C, 60%7F WHg A AE 3% v, n-Z8E W bisphenol A2 3}l&
Ztoltt., FTEEA Y} FEL oMY FE 2ol HE r-IYE
o = 90% o] 4Fe] 27} 7Hedtad oL} Bl AN Ao A = 90% o] 4 &}
7t ® ] gttt vlA¥E AL FIEEAWE Y SEENE ] opdE 3}
EE3 ot 2 wEolu n-AY Sl v3] g Zo] HRgc).

Liquefaction(%)

contral Phenol

Fig. 2-1. Effect of solvents on the liquefaction of carboxymethylated
wood powder of Pinus rigida.

Note : Control - None catalyst by phenol.
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FIEHAHEH AUF EE2& F&u, 34t o) £ G3AlE &
o tell A 150C, 6083t SAHE A2t A (Fig. 2-2), FEUZ &
of AAZ A2 12% FEgtell Y= AU Fi FoiE AL
2§ 80-95%2] 43tg& Uehfgict

d Aol E Ful & A& B ol 51-75%8] 317} JHsstddct o
gt FIEEANE Y 522 ol HE23E gl e §%E wol
gon, Ji&u|st Aol d Fujrtl fste] A olglct o]= Jt
EFAWE 3= ofME Hof vl 44710 A[E = EALFO] AAN Fad
Fullo] A7t 2A7t4E3It FE5U A7 BelET VS HWol Ue A
o= gztdr}

acid |

gok” |

B804 Al

Liquefaction()

a0F” |

-Bisphenol & ‘m—Creasol

Fig. 2-2. Effect of catalysts on the liquefaction of carboxymethylated

wood powder of Pinus koraiensis,

ol 3 HE 2] polyprophylenglycol(PPG)ol 2]¥t o322 wHl&F/
of u]s} Wotth(Fig.2-3). PP} ol MW 3} BES 3] 3: 18 T3t
150 Col A 60& WAL B9 FFHuje] Ffole 3o 40xF =
gdon, 3ol FujE PPGF ol th3f 10% H7ist] H-gA RS of
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£ 65% F=71 A=t BALEHulE PP6E ol o3l 10% H7tste] it
SAAEL e 75% B 7] 43 JHsstgrt. ol oMY EES
ol A3 F9 90% o] 3 A== Zof vjEf ujf W2 gHgE U
Az P S

[[=#-Ferric chloride. - Sulturic acid |

80"

il

0

60-

40

Liguefaction(%)

20..

10

Fig. 2-3. Effect of catalyst contents on the liquefaction of
acetylated Pinus koraiensis wood powder by PPG at 150 T
for 60min. .

A 23 FAE 52 HEd 23 4354 A=z Uy

1. BAE

FANBEE FUE, g7 TEUR Q SAA U A4S B
(willey mil1)ZE £a)35}0] 40-60 mesh L 22 BE g 7| A2 23}
of Abgstgth B3 RAURL} 2 tAURS AScividn, WA o
s 2H(EA 0.4mm)& 7] A3t AL&3H4ct.
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2. ARy

FAe B, =iy & A4 JUdgled Y £3FFY s,
PEG(polyethyleneglycol), ZeMR 5& ©&E = ZTLE 73t
150-200Coll A} 10-1202 3t A 2|8t} JsHE2NE A=Z3l%ch

3. AlEZAz

7tA] FA FHE F elade 449332 127-235C, AE
2o dANEL 231-253C, Hu|AEE LA AL 167-21
7C AR A FAe FEY A= Evbssicia oA sk O
g glrictavr et B BEE 9 izl slsF2 200ToA 60%
T rg Al Az} HEtA e FE3} Zo] At steditie A& ¢+
9l githH(Table 2-7, 2-8).

Table 2-7. Liquefaction of Pinus rigida wood powder and wood

shavings by phenol at 200C.

. Treatment Liquefaction

Species temp(min. ) Catalysts (%)
wood powder 60 none 19.5
60 FeCls 92.6

60 HzS04. 98.4

wood shavings 60 HzS04. 91.7
120 FeClj 96.3

180 FeClj 97.2

Note : Compositions of mixture, catalysts and liquefaction were

same as Table 2-3.

27t 528 200T oA FAat&n) stoll A 603 WH-gAI R
= ©f 98% o] 4Jo] E gl on, GHA ol FufslelM = 90xo]Fo]

_37._.



sEgie). sl 2ol s RarEu) stel A 90% o] 4He] W} 7hsst
Ach. 3RS Z9E sckaltRe Angs) Aol 2 FROE 200C
Al d BEuhSIIA 6087 WHSARG AF 12% E who] Az} x] ebgt
A uk e ZA0A ¥ FujL} @Al HujE ALE YO 2 A 86-98%
A%}l Fhseteh

Table 2-8. Liquefaction of Pinus koraiensis wood powder and wood

savings by phenol at 200C.

Treatment Liquefaction
Species ) Catalysts

temp(min. ) (%)
wood powder 60 none 11.6
60 FeCls 86.7
60 H2S04. 98.7
wood shavings 120 FeClj 97.5
180 FeCls 95.6

Note : Compositions of mixture, catalysts and liquefaction were
same as Table 2-3.

Fig. 2-4& ZUF B9 Za&0) stofA] slEfel 3 NejAz
3 2xo uE AHEEE FEAY FHojrl
150 Col A 3087 g A HES wole 703 =7 g3tEglont 907
F HbgA I 95%o] go] Bt JHsstoltt. 2y 180TolA = 30E3
SRS 2T 90%0]de] YTt JHet ATt ole mAEC] AR AHF
R FA42] BES HEE 200CoA 2,543 Aelste] g s
T 4hgAIZHE wWol ©E AL 4 9lolth
Exjo] ol=Bxe] £ES U A= g} JHeTAE dotry|
3] B2 sl FU0E 2ARIE ES BE 5% 28] ER/31HA 3o
At o) & E7L, 180CoA] 603t ¥H-gA) 7l A 2H(Table 2-9), F4t Foj

lo
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o 37hpol Z7hutol uhet Ustgo] F7kstnl, B4t Fuiel Aol 0.8l
wol 90%ol 8] st Fhsstedrt. metd Biol olmP el $io]
#5o] glolx Aol HTIE ol o] Gl ¢ 4 Agrh

100
(=R
g ‘80
g
£
3§ 70
:g‘-:
=

60

B0 _ - 20
Reaction:-time({min;)

Fig. 2-4. Effect of treatment time on the liquefaction of Pinus

koraiensis by phenol,

Table 2-9, Liquefaction of Pinus koraiensis wood powder by means of

mixture composition at 180°C for 60min,.

Mixture composition . .
Liquefaction
wood powder| Phenol H20 HaS04 (%)
(g) (ml) (ml) (ml)
2 2 4 0.2 40.6
2 2 4 0.4 75.4
2 2 4 0.6 82.4
2 2 4 0.8 90.4
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TE, WA E A3e FEEY fadeS FF Y AE Fisg
2-521 okt HAPEF 70% o] 4 RS e ©4EE e Ei3G
=& Aol ZAESF F43] AFHAT €
S5 g3 =R Yt

£Fo] W ABurSe] AN Yoty $lB) BHEHY 214 B
o Y3utgE ZESIY F B2 AgiE vyt A (Fig.
2-6), Bd=iet Bzl Y32 120T-140TColl A e Ajo]
7 AR, AAAA ZE2 2ol 7t At Tl 2AHA A2 F
£ AT = 140T2} 160TH A BE Y o] AEREY gad
TR 52 Zo 2 Yelted, oA dF slEd HE 3 AL
2 QZ4ct

(%)

100 (167 FEﬂResidue amount

after Ilquefactlon

gof

oV

a0y

20F”

‘Reaction time(min.)

Fig. 2-5. Comparasion of lignin contents and residue amounts after -
liquefaction of Pinus koraiensis wood powder by phenol at

180°C.
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)
100¢

Populus tomentiglanduiosa

80F

201

0 0 60
Reaction temperature{’c)

Fig. 2-6. Characteristic of liquefaction with Pinus koraiensis and

Populus tomentiglandulosa by phenol for 60 min,
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A3 Y A B trigd g% 9545 Az Py

1. A=

FAAERE AURE B/ (villey mill)E E25}te] 40-60 mesh
2o BES 713l Azt AEstdct. 2ela Vel FAxER
A ARAERAE 22 9 £3§& EZ= A3t

2. A8y

FAe BE, AE8A R €Z52 44 gl 43 £3F9
PEG(polyethyleneglycol), S M3 5& s B Ego g Hrlsio
150-200 Coll A 10-120& 7 A 2|3l 3 EFAQAE A =3sct.

3. ANEAx

FA e £ tirtgE ol 43 g3 (Table 2-10)& UA wHEol
o3 i} AL o] At FHu 3t PEG A 7Ferol whelA 8.8%-70% B =
8] 937t et

21} Table 2-110] 4 Riuje} o] PEGE} Ze| A3, o A2 F
5& Zol EYst HEAFHE AL 493 golEE ¢ 4 dUrh
B35 PEG, ZElAME, o dZeES T3t F4 FulE -8 4
AB|F Izt whdol 23] 180C, 6027 HE-EAIY AL 76%-87%2] 7}
Hestdon, AL A5 o] 23 A3} PO 180ToA 60
2 A 3std 70-97%8] 43tr} sHestdct. 2ela HEY F3o] o3y
PEGS] 37l Y&4& o] Eor, AHH UL YpgX]o] 2T
A3yt AdtRdze] o3 g3tRct Y3pgo] wokrl

E3 Fo] W WZE B ntAIIR 2 PEG, ZE|AHY, oddAZe
EH89L it Zujslo] Al 180T, 60E 3 M-S A 7] A 90%o] 4ol A3e-g
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Uehigleh Table 2-12). 2 EE chidERol &3t SUzge] At
£ ol 279 Wl &% 3 Hris MUY U BB gL
RES TSt 9N W Asgo] WSS wolRe ¢ £ AUTh

Table 2-10. Liquefaction of Pinus koraiensis wood powder by PEG at 180C

for 60min. .
Mixture composition
wood powder PEG # 400 H2S04 Liquefaction
(g) (ml) (ml) (%)
2 10 0.05 41.4
2 10 0.10 70.6
2 10 0.20 40.8
2 10 1.00 24.5
2 12 1.00 29.1
2 12 1.50 8.8
10 48 1.20 38.7

Table 2-11. Liquefaction of Pinus koraiensis wood powder by polyhydric

alcohols at 180C for 60min, .

Mixture composition
wood PEG GL EG H,S0, |Liquefaction Remark
powder (g)| (ml) | (ml) | (ml) | (ml) (%)
2 7 3 2 0.2 84.6 Liquefaction
under
2 5 3 2 0.2 87.2 atmospheric
pressure
2 3 3 3 0.2 76.4 in glass
2 7 3 2 0.2 92.6
2 5 3 2 0.2 88.2 Liquefaction
in
2 3 3 3 0.2 70.7 stainless
2 7 3 2 0.1 97.4 reactor
2 5 3 2 0.1 93.3

Note : EG=PEG#400, GL=glycerin, EG=ethyleneglycol
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Table 2-12. Liquefaction of paper and pulp by polyhydric alcohols at
180°C for 60min, .

Mixfure composition ) )
Liquefaction
Materials | PEG GL EG | HsSO4 (%) Remark
(g) (m1) | (ml) | (ml) | (ml)
Paper 2| 7 3 2 0.1 9.2 Liquefaction
in
stainless
Pulp 2 5 3 2 0.1 95.0 reactor

Note : EG=PEG#400, GL=glycerin, EG=ethyleneglycol

o] WL JHENE UENRE ALY Z-F XA Axdsd
AR g F2&E AT 5 e 7Hsdol ATk T4 BF 434
AH&H gul(slER)E Hx422 Eelstoiof shu tirtdE Y 43
HE AtA] S 2 AL E FE &S YEUSA o &ol s3] ul el
g5ty Bxjd g EelshA] dotx H FAo] slvh Tt o] W2
AetER L] UXFP(EEA FYHE 4F 944 EYFT) HIH
F o] WE 93IFE F &3t Aol asitia AL

A 43 FA] B Au|Fgule] A A3Ea] A=z Py

1. AR
7h. BAAE ¢ WHE opyy] 5E2( 20~60m4])
1}, Au]d &nf : t]L4AH(Dioxane, CHsOz, H]E-A 101.1T), E(H:0)
th Fuof : b
gt d/54 ol H/MA ¢ - FIZE2YY



2. AE¥d
7h. A3EA] Az
371 B2 tigate 29 Y gui(t]eahE=41) E s
2P vE2 EYse] AHAHL wHEIle] Yil, 4% AL WEAA
el EAE ARG AR g2 EAE SUYLLEE o2 F
ke BAE FAste] A Wit ol JEE FIgch
U 3hEx] gz
2718 WY eE AR AFHEz|o] 50 FARIEFRSRE FII
¥, AN AUYAZTEF7I2 EUE Hosto gEA BUL A=l
th 4 758 2
UdE 62 H8 e-7IZE-YSE o FE9 F3l o3l 10%
EIlste] AXEAE AzsAY, ARY ApF] Edel tidte] -7t
2 106 FPUE H8H € /548E B3z

3. AEd
<E 2-1DollA B viot o] HE 2g3 tISAt e 9 EE8T
15g W B4t 0.IE P31 WHSAE KRR 3T ], g3pg 2
SO WE A3 $8& ZARIATL WHELE 10T A BB 60%
=7l g3Eglon}, 170ToAE 86%, 190TCoME %7t A= Q).
of #&2 &R Et WILERE 43l wo 2 Aol7t gle A
o] glc}.
<E 2-10c SAE 938 o d /58S BEA917] Slste U
29 9RELQ e-IlZatgre J3}sly] Ho| BxFTol tiste] 1045
Htste] ABAE A2 Aot
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Table 2-13. Liquefaction of Pinus koraiensis wood powder by dioxane

Test |wood powder |Dioxane| H:0 |HzSO4| Temp. | Time | Liquefaction
No. (g) (g) | (g) [(me)]| (C) |(min) (%)

1 2 12 3 (0.1 150 60 60

2 2 12 3 |0.1 170 60 86

3 2 12 3 (0.1 190 60 94

Table 2-14. Liquefaction of Pinus koraiensis wood powder by dioxane

and ¢ -caprolactam

w::zr Dioxane| H:0 |HzSO4| & -caprolactam|Temp. | Time |Liquefaction
o | ® | ) (g) (C) |(min)| (%)
20 60 15 1 2 190 60 95

2719 W ES HeFol o8 AzE gHERCTIE e &5
gol BojA|vt FIZ 2 RS HIlsle dREE B £AE NEY +
A& Aoz FZAHTE wbH o] WYL gl &3, &A S
7} TSl Hego] w2 B0l o SEFu tIIUdER] ¥ 43
B2 AzYPEct oyz] dop Fol 27t AZim|e Fo] JHsdla, F

suel 4 B 4 QS RoE AW

A 53 WSHEHEHY 23 HF ARE] HxxA 73

1. A=

£ dFo] AHeE e 3hF pEAE uy] gefelx FuA]
2718 B AHR3}o] 40~60m e FES AR&Sigth A2 43S
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A&ttt

2. N8Eud
7h. 529 93, d3g 9 BT +& &3
27 BES Udg7lel Y2 52 Fel uistel 1~3u19) d=
EE TS 2% B4e 37 Yol A3 2= A 71ste] 43}
Hhg-g AlZich HFe¥ HEAE 164 FYALUEHE 2T F Al ¢
S &F3ste] g3gg g IHY A 4ES 1% FATIEEL
2 F3Y F HARPSFIIE AMSIle Lo A=t
BT FHFL HE-FAHeE FPsHch &, IgHEH ¢
100mg & 0.IN FABNIEFO] &3 F &3 IntE 2381 tab test
tubeo] Y3l 5% SlE-8e 1mée} HFA SwE H7ISte] 15E3 A2olA
kx| st 2 ¥ 25C¢] water bathollAd 2087t wx|3lo cAx|Mog
YA A Fct, ol FH4E Int A3t FUH WP2=2 WHSA|A blank
2 ARttt hexose?] -9t 490nmol A, pentose?] Z-$-+= 480nmol A
W oulg Ested nle] ABE] gt AVHLS ol 83l VALY £
&3 st

U Az dA 2 3 24
AElutee] AL RAB}] 413t  RSM(Response  Surface
Methodology )& ARS31%13 ABAYL F4U3AY(central composite design)
& Fg3lgc]. SPHSE Table 2-159F 7o) ¥Hg25(100~180TC), #H-g-A]
ZH10~50%) HHgn] (1: 1~3)=2 HAslL -a, -1, 01, a? R
TEo8 RI3} stgrch
455U G4 VYUY SYES)Y Qg 2=
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(X1), AZH(Xe), Ful(Xs)ol &J3) Y& woE2 FHUYPAY wel 15
To2 PESlg o, SAS (Statistical Analysis System) programS AM&
3tod HHEME AAsHdct
o] wl M 7N EHS ol Tt 22} HHRPAL v} P}
Y= bo + biXi+ beXz + baXs + buXe® + buXi® + biXiXe + bapX +
byaXiXs + bpsXoXs + baXs®
714 Y FHHS0R X, X, Xk SUHS, bk HAASolTL

RSM 4ol 213 323} BTG 22 B3 &2 contour map

& st EAstgch

Table 2-15, Levels of liquefaction conditions in experimental design

Liquefaction Level
Xi solvent
conditions -a -1 0 1 a
X3 Temperature(C) Phenol 100 120 140 160 180

Polyhydric 16y 195 150 175 200

alcohols
Xo Time(min. ) Phenol 10 20 30 40 50
Polyhydric
alcohols 10 30 50 70 90
X3 Liquid ratio Phenol 1 1.5 2 2.5 3
Polyhydric
alcohols 1 1.5 2 2.5 3
3. AEZAA

7h slgo] 23t HHAHEFA Az 23 74
1) 5&2] 4323 B e
FAUEAH A% s B2 3 2344 433 A
Y& Table 2-163 th YL 2xo] E F¥E Ue ALE UEl
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wrh &, 120ColME hgAIZk ofulo] gaglo] 50%eh o|st= Liehyk
om, 140ToANE BT 60%tl, 160T ool 70% o] 2] A3hgg 1}
ehigith. ot Table 2-17¢] <3423} Bl vyt WS-LES} WA
ZH g Rkgoule] Nk Y FHAMAE o 4 dth F, g2 E(X)d
tht Ao] A4 ko] 18.5962F WEEAIZHX2) 2} WEZAH|(Xz)ofl thEt A
o] A4 U 4.8163 3.797R Tt A Veht 227 HEgA|Zbo|L} Ht
oy Nt g3hgo] Hr} 2 4% FE= Jo® A7k oldy BY
& 09861 uj$ &A Uit

Table 2-16. Liquefaction and Residue sugar yields from the RSM on

Pinus koraiensis liquefaction by phenol

No Temperature| Time Liquid |[Liquefaction|Residue sugar
’ {C) (min. ) ratio yield (%) yield (%)
1 120 (-1) 20 (-1) 1.5 (-1) 42.6 28.7
2 120 (-1) 20 (-1) 2.5 (1) 39.5 28.6
3 120 (-1) 40 (1) 1.5 (-1) 48.2 26,2
4 120 (-1) 40 (1) 25 (1) 52.8 26.6
5 160 (1) 20 (-1) 1.5 (-1) 70.1 27.1
6 160 (1) 20 (-1) 25 (1) 93.2 23.1
7 160 (1) 40 (1) 1.5 (-1) 81.8 21.5
8 160 (1) 40 (1) 2.5 (1) 92.6 24.7
9 140 (0) 30 (0) 2 (0 62.3 22.5
10 100 (-a¢) 30 (0) 2 (0 36.1 28.2
11 180 (a) 30 (0) 2 (0) 95,2 29.8
12 140 (0) 10 (-a) 2 (0) 51.4 25.7
13 140 (0) 5 (a) 2 (0) 69.5 25.2
14 140 (0) 30 (0) 1 (-a) 56. 6 23.7
15 140 (0) 30 (0) 3 (a) 69.5 29.8

( ) : coded variables
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Table 2-17. Regression model for response variable

Response . :
variable Regression model R

LiquefactiolY = 61, 895+18. 597X;+4, 816Xz+3. 797Xa+1. 722X, 0,986
n yield +4, 055X1X2-0. 118%2°-0. 980X1X3-0. 598X:X3+0. 803Xs* |

Residue |Y = 22,757-0.841X;-0, 063Xz+0. 105X3+1. 894X;*

0.4170
sugar yield -0, 069X1X2+0. 636X22+0. 024X;Xa+1. 016XoX3+1 . 097Xs%

Xi= temperature (C), Xz = time(min.), X3 = liquid ratio

BUG F&2 o 20~30%2 VYT +&& Uehigon, EL2E,
SAZE ® hgdujof vistel AFF FYL UshAE gyt & W
SEE(X1)ol izt 28] A4 Fh2 -0.841, WA ZH(Xe) 2} HE-g-u](Xs)ol
i A9 Al 2 -0.063, 0.1052 Ueht 3F Mol iyt & Aol
glgdon, B® YT 0.41702% AYs] Wit

'3

T

2) B9 e} FH9E oS

R 529 sl A gz} BUYEE 3D- Y contour
map2 A5t oF3tgict. Fig. 2-73 2-82 S &Y Frolth
2z} A BAE BA 140T olshlME wHEAIZEE ZA =
70%0] 2] &g vehrlE 278, 170T ool B A=
Bo%olAte] 43lgS vehiE 2L &Y £ AUrh. =9 Yujet] B
AE B, duloe & IS UA] don ©x] 22T FolAsS vl
A Aztgo] 4SS & F Uk F, S xS 27 A=
gu) ok BHIIA 2271 150T o2 HololtE A& 4 glrh AT
3} ujete] TA] Qo 458 ol ol 3A 70% o]t g
< Ueid £ gldlch o] AzMe nyut AEute] el A FAt 7

_50_



g Ushigich th, 93ige aynt ALY wr we AP 2ch
L 27 ARe] A9 tiilol IFAAE 74 WH, EaAlols )
o] 44 Eafste] olzlo] Wkl FUE mlAE Ro= Pzwn,

Fig. 2-7. 3D-map for liquefaction yields from Pinus koraiensis wood

powder by phenol

L , [ \
o [ 1w 100 10 u 150 180 ©
Terperstre Temperatune

Fig. 2-8. Contour map for liquefaction yields from Pinus koraiensis

wood powder by phenol

Fig. 2-92} 2-102 39 £8&L o&3 Zlolvl. 2=} Az oy]
o} 2%, dulel A 7hzte] FAO] glolA LAY AYHL VehlA] o

th TRt WA o] AojW4F mAstA R}l fdFEo] Yol

32

2 Lo

ol
o%

< R4y}

ol32] A FHsl A, slmol T HF gEx] AM22AL
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US2E 160TC, WHEAIZ 308, H5E3 weate] whgdu] 1: 29 7o)
A3tE 80%old AP E 25%0| Y2 Ueht Y3} 2AYUE x5y
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Fig. 2-9. 3D-map for Residue sugar yields from Pinus koraiensis wood
powder by phenol
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Fig. 2-10. Contour map for Residue sugar yields from Pinus koraiensis
wood powder by phenol
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Table 2-18. Liquefaction and Residue sugar yields from the RSM on

Pinus koraiensis liquefaction by Polyhydric alcohols

No Temperature| Time Liquid [Liquefaction|Residue sugar
) (TC) {min. ) ratio yield (%) yield (%)

1 125 (-1) 30 (-1) 1.5 (-1) 24,2 28.7

2 125 (-1) 30 (-1) 2.5 (1) 23.3 27.4

3 125 (-1) 70 (1) 1.5 (-1) 30.7 31.4

4 125 (-1) 70 (1) 2.5 (1) 39.8 32.5

5 175 (1) 30 (-1) 1.5 (-1) 67.4 28.6

6 175 (1) 30 (-1) 2.5 (1) 84.8 34.6

7 175 (1) 70 (1) 1.5 (-1) 60.1 33.9

8 175 (1) 70 (1) 25 (1) 91.9 36.4

9 150 (0) 50 (0) 2 (0) 55.5 29.8
10 100 (-e¢) 50 (0) 2 (0) 10.5 28.6
11 200 (e) 50 (0) 2 (0) 81.5 32.7
12 150 (0) 10(-a) 2 (0) 18.3 31.6
13 150 (0) 9 (a) 2 (0) 55.8 30.9
14 150 (0) 5 (0) 1 (-a) 39.8 37.7
15 150 (0) 5 (0) 3 (a) 49.3 36.4

Table 2-19. Regression model for response variable

Response

variable Regression model R
Liquefaction = 53.393+22.376X1+6.2287X2+5.373X3—0.434X1z
yield -2.900X1§2-3.598X2 +5,125X1X3+3. 050X2X3 0.9224
-0.947X3
Residue = 30.0844+1.4933X1+1.00;17X2+0.4476X3—0.0942X1z
sugar yield - 0.0875X1§2+0.1179X2 +1,0875X1X3-0, 1375X2X3(0. 7707
+ 2.1680X3

Xi= temperature (C), Xz = time(min.), X3 = liquid ratio
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Fig. 2-11. 3D-map for liquefaction yields from Pinus koraiensis wood

powder by Polyhydric alcohols
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Fig. 2-12. Contour map for liquefaction yields from Pinus koraiensis

wood powder by Polyhydric alcohols
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Fig., 2-13. 3D-map for Residue sugar yields from Pinus koraiensis

wood powder by Polyhydric alcohols
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Fig. 2-14. Contour map for Residue sugar yields from Pinus koraiensis

wood powder by Polyhydric alcochols
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Parts Chemicals
Solvent Acetone
Polyol M4701
PEG # 400
Cross linking agents Prophylene oxide
Initialize agent Glycerine
Triethanolamine
Control agent L-6900
L-5614
L-8404
Catalyst DABCO0-33
Foaming agent Dichloromethane
CMDI Isocyanate
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Table 2-21. Manufactural conditions and external properties of urethane
foams with liquefied wood by phenol

Exp. No. mixture ratio of chemicals (g)
chemicals A B C D E F G H
Liquefied Wood 4 4 4 4 4 4 4 4
Acetone 1.27 1.66 1.04 2,49 2,06 2.58 0.86 2.66
Polyol (M) 3.23 3.00 3.06 - - - - -
Polyol(P) - - - 201 2,10 2.26 - -

Crosslingking agents
(Propylene Oxide) 1.50 1.58 2.05 1.63 1.66 1.75 4.17 1.65
Initialize )
(Glycerine) 0.52 0.57 0.54 0.52 0.52 0.57 1,07 -
(Triethanolamine) 0.42 1.08 0.61 1.59 1,52 1.53 1.11 0.72
Control agents

(L-6900) 0.18 0.13 0.11 0.11 0.08 0.14 0.07 -
(L-5614) - 013 - - - - - -
(B-8404) - - 012 - - - 009 0.11
Catalyst
(DABC0-33) 0.12 0.11 0.12 0.11 0.11 0.11 0.07 0.22
Foaming agents
(Dichloromethane) - - - 204 1.14 211 - 2.36
(MD1) 9,67 10.2 11.47 9.75 9.80 9.10 8.17 6.37
External properties
foaming fine fine fine fine fine conmn fine fine
shringkage none none partial none partial none none none
crack none none none inside none inside none none

Note : Polyol(M) : Polyprogylene glycol #1000, Folyol(p) : Polyethylene glycol #400
DBO-3 : 1,4 Diazbicyclo[2, 2, 2)octane, M @ 4,4 Methylendbis(thay] isocyarate),

Table 2-22, Density and strength of urethane foams with liquefied
wood by phenol

Exp. Density Tensile strength Compression Tear strength
No. (g/cd) (kg/cnt) hardness (kg/cnf) (g/cm)

B 0.038 2.23 1.77 21

D 0.114 8.85 13.56 98

G 0.031 0.08 1.34 15
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Table 2-23. Effective mixture condition for foaming and properties of

the foam
Ratio of chemicals(g) ) Compression
Control MDI D(egn/sc;} )y hardnmeﬂss
/
L¥  Polyol agent Catalyst (kg/ o)
0.08 ~
17 83 1.5 1.5 100 0.05 3.5~2.0

Note : LW : Liquefied wood, Polyol : Polypropylene glycol,
Control agent : Siloxane polyoxyalkylene copolymer
Catalyst:DABO0-33(1, 4-Diazabicyclo[2, 2, 2] octane),

MDI:4, 4 'Methylenebis(phenyl isocyanate).

o] W& u 3] Az EES 4EE sto A Az, 7&
o] WUz A=z A] AHIHE ZHRIIAE AR de YHLE, ol:
dE2] HxridolA Az Py BES ods}, oY W s
5 AN F Ay AHERE EUHIA] Q3 80~120TeA
wEsle] W=7} 0.04~0.30¢0 LEE A ReE WHECTE GFEANE HO|
L oAUA AL HollA vjg BAHoln IRVFAA PEd Aoz yHH
th =3 £ b o] e fujE AR Hedlo &5 EAYEUS
Uxze] Y8 AMSIEE B HoAx Fxciete] WhiRT} ¥
Aoz *32%%1!:}.

AR 12 AHEAE o] &3t Fe T UEXAE AZY A REo|

T}.

< AR 2-1> A 2% Eol EA
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Table 2-24. Properties and manufactural conditions of foams with

liquefied waste polyurethane foam by polycarbonate

mixture ratio of chemicals(g) . compression

Polyol | control deni;;y hardness

WPUF 101 agents catalyst | MDI (g/cr) (ke/ cxi)
20 - 0.3 0.3 20 0.056 3.39
22 0.058 2.70
24 0.057 3.29
15 5 0.3 0.3 20 0.059 2.80
22 0. 059 3.36
24 0.063 4,00
10 10 0.3 0.3 20 0.058 3.70
22 0.057 3.40
24 0. 056 2.40
5 15 0.3 0.3 20 0.049 2.20
22 0.052 3.40
24 0.050 3.00

1. WPUF : liquefied waste polyurethane foam

2. MDI : Methylene-diphenyl-diisocyanate
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1 22.8 67.5 55.8 1.264 2115
2 18.6 58.3 60.6 1.537 1735
4 15.3 57.9 59.8 1,490 1742

1) M&/8E = 3/1 ($%), 2) HS0E718 ¢ lmol/lg S&
3) g2 E(FE) ¢ 150TC

(W) slE-BA 933 TEYusI s Wy
S-S 43E3 TRYTsIEee] e

& st7] s Pc-NR
2¥Edle] 3 AES Waldrh WH 5o A7l sfspd Bl

FHEQ AE2oA, suAEEoA ¥ Y Y3 elayd, sinA
g2ox MBS0l $0E AYHH, AANFY AREEL Ao

£29] Aslof o3 2LHcta syt EF, B Ao 4 W
Sol B3siA A=, 2 Fo HAER A0 Azt hE HER
2271 Z3lE o] 5-slo]| EFAFZUS AX FEYitoLL sfujat Fo] A
BE R, AEgmd sl 1HEste ool vehd uiet e HUES
Hastdel, #HAE AL @R 257 HEoY, ol L HE-FA
A3 E (sl &/ F2)=3/1, 150ColA 60%)3} TELUB=E 60T+ 180+
2t RESAIZ HY B NMRAHER S <T7 2-19>0] Liepigict.

EF HZE 23 ZELUB|EL} EATIA] gL HE-EAYHES

Zol vehidch  slie-SAd3E} T =2 MEEde sHE



A3tEol= UehA] e AEL Aldo] 61,92} 66.8ppmol LIELLITE
oA Az o, pHIEE AT SiEY HYULIY AlOEE HAHUCL
olZioE Ry HE-FAYHEL dHEdT EZELUSI=s FI7I8HH,

| = glch

[¢]

FApho] A28 WHEEo] Bk A

e 1 e 2

ciliydea: glycol

A pewsusst = EUHs
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REFEOT, 1ORE

I600H08

PR TP Y S LR R

3% 2-19> HiE-SAYNE 9 9B TEYUBI=NEES UeNR

AsEg]
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ThL HE-SAdE F4 HEde gl TEYUBIE A
of nlx= Q% ATk < 2-2000] YEE Fol slEgEe]
50~60%Q) Sl&-Ex] J3HEz ZEYUI=E 60TolA 30 U 3602 i
SA S o] EELHIE 1E-&E& VRl
g3E 2o HiAigel ¥ 55 ZEYUB=ee] WEEE &k
wleld, BlE-BA JES A&FHo® A5 fsiMe Jhedt ¥ w
E2 Aol &2 AEL ARh= Zlo] gAY Aoz AlRHTL

'

E o

B
HO | w5222 30
goaok - 360

o R »

200}

e
aE

<2y 2-200 FE Fo

(th iE-BA9218 ERYUS=e) W4l nlXE TEYTHE 3
el 4%

<3¥ 2-21>0] QEE F slEZd Yol 55.82 EAGEE He

BEo] Tla &S YIE 1g¢ ZTEYUIE UgFLS Ushiddcl.  EF
dujsle Frige] WE £5 AHE 1g9 ZFYUSIE o] wWalth

EZE yhga|Zto] ZAojAej ulel TFUUIE WSFE SISt 350
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< A3tE 3o AYslEPoltt, g e EPol wiel ZELHP|=
g 2Estojopt & ZoR Almdrh

EEYN(HIS £l

¥ 2-21>

(2} sie-ExidstEst U= We7del niAle uiks e 9%
Exje) siEd UeAA @2 q3PPEL dwe] FALES 2Y

3t HE-BAgeEs) oy sisE P8 gk whebd He-SXY
583 s ZEYU3|E] oy WSAEL AHEL FA|FH me &
23 TAEJ} "k <O 2-22>0] siisA YRl 55.8% Sle-Fx 43
Eof nibg &y gake] o2 A4EY} T dUF| =S LnEES U
el ABEE Fol nlibge siEo] WSS TEUUII=EY £
Hi&EE Zoith  EF oihgd] siize] Ay ZHE] AR UL e
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ExjgztEe] EEUUs| = WEEEE ¥
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Vog (R ‘/ P p bR

WAL T

(g 2-22> A EI} ZEou =9t ar2dof mixlE fEsiEe] 3%
c Az owHs/BE = 3/1, 150T, 60%,
cWrezA ¢ ZTEYYB|E/YE = 0.48(F%)

(o}) AspEz] H2}A 34 2 F2e
(E 229> $x]2] 24, $AET $x9 EFUE € HJeidAHS
Ueplgch slE4x]($A]-7h)s ZEGUE/ME E4] 2.0, $AiH%

UES/HEY 24 0.2 2 ez 22 < (248 sedd 4
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AHFANE &ostr] ] AHE)E EehaIe] Y 2020 ZA 95¢C

7HA 52 F 95TolA 2417 uhZAlA g siolct.

<E 2-29> X2 24, EXUE, pH @ ey

F2] 9] 2 E3UE oH el 2ty
35 ° (%) (kg/ar)
H& : 100 ¥
4=2]- | 37% =gl : 1725 H
7 40% NaOH : 21.3% 32.4 10.2 13.5
HErS : 1004
o &- A 3R] 0 755
23)- HE : 25 ¥ '
u} 37 xEWE : 172.5 §F 38.5 10.4 16.7
40% NaOH : 21.3%
HErS : 1005
Hs-g3E2] ¢ 50
27 HE ¢ 50 F
37% TEwkel @ 172.5 F 44.3 10.3 17.0

H
F 40% NaOH : 21.3%

HElS : 1008
- 3Ea) - 25%
27 He : 75 F

A 37% =l : 172.5 3 36.9 |10.4 14.3

40% NaOH : 21.3%

HErS : 1005
-4 3Ex] ¢ 1005
&x]- | 37% T : 172.5 &

t}h | 40% NaOH : 21.3% 36.9 |10.4 14.3
HgHS : 100F
siE-A3Hez) ¢ 1005
% = Yo =]
2x)-g| 37 X2EY : 832 % 3.4 |10.0 1

40% NaOH : 10.6%
HELS : 1005

kg siEe AAY HE-A5EA £ (47-th s ($7-
He S el slE-45tEAE 8P Fol thEch F, WA sla-
AUFAE T Fo] HTol S F 47k} npAE EEY
H3lE, WrlelE Azt YW 2AoE WAA YAstATh Ty
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Al

B

-r<

7

fr

42 -th= 95TolA] 1417 30204 A3yl 5of B 270" &
Jhsstgitt.  wetd sigol o3 stExjtes 42 A 3 2
2, aAl-tt Brp ZELUI|=(YEE2)] 1005, 37227l 83% )2t o
Frel(4=2]-th 9] 1/2)9] 4& EU22H $A|57} /M3t $4]-3).
EY obE slE] o] wE £AI3 2 HEH 54L& ] 4
2]-af, 4=x]-8} 9 $2]-ALE YA45Ach ol 3% A& $X]-7t8}
Z3Z0] FYsht} A Hs-q3Exe g kg sl S| E
:0.5(A]-1}), 1:1($=]-8}), 0.5:1.5(5F|-A}) & ZAslgch,

filo
bt

3

=
-

tn

|—A

e HE L 11.1~17.0 kg/ad &2 8|23 ¢33 Hde Yepiyg
ol A AYE FHYo] Wol FA3U|7E st ol B UL
o] ¥7] £ ZoE HZHr)

o]38] ZANE 23, wlE-YIEPNLE S FPo] sHsItd
o, FAYe2 kg wHiso] Exsts Zo] tih 43Ut 1y
U AHEAE o]t EFA§ £ AAAE A2 gsiME 29
27, HERA(LE Aol tig Brt AAFHA HEI} Hesir).

P

o

A 4 ANEAE o]8Y SelaY A=z
1. FAE 9 3y
7h. FAAE

2 dFo] AMEH Exl: 34 (Pinus koraiensis) 7HHz|E
ojeby] AejollA FRAZIE FibE RSt AMEstdch. 93 Suje
&g AHEsidct. Ef|Z =2 (Polypropylene, PP)FR&= &84
(Melt Index, MI) 3.5g/10min. Q! E¥ £x]¢} AFAHE (F)3tzlsa]e]
A Zofuol ALgstott EE AExe}l Ze|zeuH AHEAHES &o
7] 213t AH23}A 24 MAPP(Maleic anhydrated polypropylene)q]l Eastman
Co. 2] Epolene E-43& A}&-3}4itt. (Table 2-30)
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Table 2-30. Properties of coupling agent used in this study.

Coupli Avet‘age' Softening Viscosit
ain:g Acid number . Molecular weight point (lmP : )y
g Mn M () ars
400
Eploene E-43 45 3,900 9,100 157 (190C)

U qEEA] A=z
SUF oty 523 Hed 10 39 SN EYstn FaE)
& F&ol tiste] 3~5wtx W7l 2048 EHzltlo]AAEo] Ya 18
0CollA 90EZ WAL F YHEeVIZ S3EY TIAE et ok
2562 SE2UEZ TiA] of2pste] Yite] B EE 3l o] IA
o] AEAE 120~130CeolN HAY AFIRNeEZI|E AME3to] nykg
HEol AAY qE EUL A=zt

o

th g3tEz)e} Fe|Z2 WA TA4R| Y WA 2
AeEQEU PPERE HPH|EE EYU|(HAKKE Rheomix,
Germany)ol 2]3l 200ColA 15%7t #d3Al 3Tt oA EHH
F2= BT tlEetE ) (Stand- alone Extruder, E19/25D, Brabender,

Germany) 2 }&3te] WAL AH=slolct. ¢&=2AL Table 2-313} Zth

Table 2-31. Extrusion conditions in this study.

Heater position Temp, (TC) Speed (rpm)
Barrel 1 170
Barrel 2 180
15~25
Barrel 3 190
Die 200
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AstExfet Felze2Ud THA,X L g3 54
7] wyleg AHzxgt AtE)et PP EH4R]E DSC(Differential
Scanning Calorimetry)2} TGA(Thermogravimetric analysis)

t}h. A& 5~20g2 10C/min. 8] SE2 S$2A7|HA 50To]A 500C7}A]
AFEH Jtae AATIAZR g7 et £9 12~40mt F

2.
2Hg g

zstgen,
stgint,

o

A4z By 43

gtaE FAAER FHS
329} Zom AlEWE2
Zo] 80mmo]F2]

WL

ol dsiEae} Belzzwy
A5 Eafe} PP TSR] NHHE

1
ot
o

&
& AH&71Z Azxsigch AHE2A L Table 2-

m, F7 4m¢l 13 JHFAEHI} = 10m, F7 4m,

HZ=E AEHo g A zFc)

Table 2-32. Injection molding conditions in this study

Device pressure

Injection pressure
(psi)

Heater (C)
(psi)

Front Middle Nozzle

180 190 210 1,000 1,500

QAAA]E 71 (LLOYD LR series testing machine}& A}&3}o] KSM

3006, EtARlS] AR S WU} KSM 3008, FAENLE L] 2/ A
Aol uiel ARFE, AFEY, AZE 4 HYEE FYsidch. I
ANYPA AFEEE 50m/min. 22 dtgen, A= AES AFA AT
71eHe o) 4SS Sm/min. &2 3l HtistEolAY ¥

712lE 50mm,
#EE 2Rolltl. BE Aot 5~63 3ol BIZeE sidrt
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2. Ag4dz
7b. Al Exje Eelzzud Ex|e] Y 54
Fig. 2-233} Fig. 2-24%= A3}Ez]e} PP E¥ 42|29 DSCe} TGA
aZojr}. PPEAIS -, 170C F-ZolA £8=0 450T F2olA &
37t Bl Ao uelyth a2y A3Ex] wiEe] A9, TeA 2o
£ mlestAvEl 200~250C FZolA, E 400~420C F-ZollA FH2
45 YehigiA|gt, DsC T = dstExje df-54E szt
23] oyt SEER) Eug 10, 30, SowtxE H7IRE ETAEL DSC
aRzel T6A T Zo & PPR] ©Ee] 9ot A L Fge= v}
eluigdct. metd sleg Sule ARSY A3tExje] 9, ostEx|e} PP

EP A& PPFA] AAeL FARY €3 548 UshB=R 7|& PP 48

2

22& adE H{AL 5 e Je=
L AsjExjel ZelzeWy Efx|e] EH 5

AstEx] U PPEUI HAY FYPulE TAstz, olwf PP
o tiste] 1wtxd] ¢FAE HEUistdch d&7i=2w Y F ¢,
A3tEx] Eu-g 10wts B FRols d&ol & EAJ Qo 2
AU A5 E4g 30wtx st ¢&y Feoe d&Ild 7
Aol PPEL AFEAELUT] H[Falol2 3] 2E EXYEIE B
ol R3te] AT ulE FUHA Rtdch 2= qER B
Zte] opEd R Eoz ¢EJ] UFEY Fdo]l &olFx Rl U&
718] tlol(die)F-olAe EPFEL YT £4& Rolx| Xl 7=
7t dAdstgch olgA dojd EAFHIAL AqYEFsory vz FT
g gele EEYYE ARY + gk IS EUg s0wts HL
3] A&y ZF-fole old dXAto]l H At dEIIAM Z™o] £
B3tgch olufl ool JEEx U &Y FYFE thA] ¥

guten FdEYetn AR Rala 237 20 BIEHe IY
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B Exes %% E2 4] AR o] e

Fig.2-23.TGA thermograms of Liquefied wood- Polypropylene
composites

Fig.2-24. DSC thermograms of Liquefied wood- Polypropylene
composites
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& Rk &, ©F ¢E0E ARESte] A3Ez|e} PPeAE ZR
g Zfole AEAE 3wtxold FIist EJAF= Aol E7Ms
stel et A zpdct.

ol sAst7] 418le] E-IR ¢&sty] Mol WA PP} o35
A& 200ColA 158 121 TP F, I & V= B4
o o]Z& ¢&VIR 24 EAE ¥ B Pl AEA S Sowex EY
g Bl gl Vst A 2-72 EF7), €&V 2 WA=
Zlolth. 53] Ad&7le £ sH7Is/EAAE $3EA 2E BHEA
o] Ao Foldolx Fa F E} AFI|BAAME Yol o]&L sla A
o] o] Fofo Ao WS Ef&o] Hi glrh

AH 2-T> A 2% ol A

th. 3B} FelzeUd EA4AY 2 4
AHE712 A" A8UL KM 3006, TetaEe] AdRd &
o] o3 £33 A (Table 2-33), A F7} 10wts THAH 73
ol th27Q PPAIAY] Zx=ot A e ARAEE el glch
323 AREGATE AEA HIR 4% Frisigien A S
ti4& F713t9 .

o] AL AEAs} £ HIIHo2M PPl UiY RFHA}E UE}
Ue 2oz A= 28y A3HE7} 30wtwst Sowtx F7HE B¢
ot AFRASI FHAY ZAE Hold, AFREASF] F7et
A AFEE FF3] PAFHAT =Y A3EAg Pl FUIYS
g A44d 9HEA7 £48Q PPeRo] 2EA FAAHA R3]
HEol E40AY Z4E Uehdciz Az"Ech H4/u E=E A

goto] PPO} EAT AolE BEAU BEe @Iol FHYSF A



FRE, AL Zasd QFWASE e F/HEE ushiz

dct. &, EAHF B o] 0~50% F7Ido] mel AFF=

rr

280~120kg/ci 2 ZtA313, AZEHPASE 0.8~1.5%10'ke/ad EE 1.

3~3.5X10'kg/eat 2 Z71812, AALL 300~1¥P =2 FZ3| 74AHLL

Y3}E2)-PP TP;A L] Ffole F4RF, FZE o|&3 PP EALAYY

vl AL {ARE B4E& vehia glom, o] Eeloddle] 28%

7HA] AEE Esle] €ES ARY Z A fARE ARA=E e UE
)

2
UL glel, B4RoINE Bl AR EAY 4o HxA) o
Hel.

o

3 Bzdct

Table 2-33. Physical properties of Liquefied wood(LW)-Polypropylene(PP)

composites,

Composition (wt%) Tensile strength Tensile modulus Elongation

PP/LF  MAPP™ (kg/cnt) (x10® kg/cnt) (%)
100/0 300. 00 5.38 98.8
90/10 0 303. 25 5.92 113.8
70/30 240. 80 6. 00 24.4
50/50 174.39 8.25 9.0
70/30 3 232. 40 5.63 22.6
50/50 197.10 4.43 5.0

¥ based on the total weight of LW and PP

Eed S=z2dd B E4& M3 <l F EdT
o AYEE EFJAINE BLHAEAM  MAPP(Maleic  anhydrated
polypropylene)?] H7P7t F3pHoln], AEZ A HR-E WPPE 9 7AAA
E|H MAPP7} ofl2E]|20kg 02 AER 0~ AHGot FRAUS Pl Sz
gazte] A4S SAXZIT) TejuE JstEx|e} PPZIY] AM8AS FAIAA
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298 AUATIA Slel WPPS AR Aol chsl Jwtx WrstRoy & A
Holde BAHe 27138 @8 4 fglu. 2D AEY AgEe U
Ro} REPE 4T 2ot 5 P8 Rysu, o2 Eastman Co.
o) MAPP7} MBI BEARA PPo} TUA BAlR Moz Q% AR}
AolLhe AO2 ATH MPPY} PPS} ABIEZES] A8 TAHAI]
A B} MPPS] M7IE PPax] 23] BAE ASIAZ 4 9l
The 7S Roj&ch MAPPE 3wt 7lste & 2 Aol e ALY
oz qeiEin, wppe febg ZAY BWost Atk EY ANEHEw
of Tgslo] ol guju ¥ E3 P& 3w Bdol YHY AFolA
Fusiol Uy Aol A4Y 4 Qom, ANExle ol BrsA
W Babye] Bael 3 3w B &3 U Agos ZEe} A%
ol Zart Yshhs 202 A7V, AtsiFoNe UAEE )
B, A%Exsl A7l wel AR HuisiEolae WY
ATE Bo|NW, HUREL PPEA] TES] R} E Ho|E Kol

ook} Fig. 2-25).

X
o

cn 380
- 37y
5 380
| O ot
22 ss0]
A=
B 840
£ 330]
© 3201 : o £,
WP Composites
OPpm=10000 BPpAw=BI10.
B ppAve7 V30 BRpAW=EL/E0
a--pmmmapp:vimms;@;ppnwmpgﬁsnfsn@

Fig.2-25. Flexural properties of Liquefied wood(LW)-Polypropylene(PP)
composites. (based on the total weight of LW and PP)
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e

<AHA 2-8, 2-9> A 2% ol ®A

ol’2e] A3E foqstH, YHFANE 10wts 3 o
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Ak, AEANE 30wtwo]d AN
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N
L
B>
il
A
S

Agol o] FAY ZAE Rolt wid, ARz Hild ujE 3=
oMo ZA Hrh 18] MAPPE 3wt HII3 A, A3 R A
BRI £ A3IE AT PPAIAY E4E ASMIIE 4%l o 2

A A Aoz Bzt

A 53 AEAE o] 8§ WE A=
1. EeolEA 3tRa) YEA=2
7l FAANE o Y
1) A=
7b) BE . R ojuly] BE(20~80m2])
) zgof ;o siER, clsal
th Fuj) : Fa
gl) 2] @ Y& ez gl $£x](PP, MI=11), A LEEza o
del  4x](LDPE, MI=3), IUEZoedal x|
(HDPE, MI=0.28)
2) Agd
7}) AFEa Az AEx)] ZeiE AzubHz A5

Azt
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L) ot b A2 A3iEaje] et Azuda v
3tA Azt

th) AstExjel 2] Y : AE] Bu dEE F==
A4 (MI=11), AU=Ze|dddAeAMI=3) ¥ JUEZe|LA¢7]
(MI=0.28)& Agu]gol 23] T 200Co)A 1557 FUsA T34
Zich

gh) A3tEx) Ed W ZEF 54 ¢ JEe EAY £
21 (F) LA T4 EU7IZ 200CoA 1022 4 F, 3
712 thi] Yuste] HES UE ¥ AJEH S Al ARPEE £H3
rt.
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L AEZdy
1) 9352 YEE A A=
HEZ A2y 935 £u4& UE§ PP, LDPE, HDPESt &3}
o AZY FRE G KF50l Aol olE e Edo] I3t
Iy tgate g Az JIEA YL HEE AT IHERC]
g fF5780] thx BoA|7] wfel] E¥go] v Hglrt
2) ApEx) UE B4
E 2-30, <& 2-35 W <H 2-36)2 o]& &
A 1P =] WEE AR ABZEE 53T Ajolrt
WE§ PP, LDPE, HDPES} E-Z F-9, AHEA Hrigpo] wolds
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<E 2-30 A Ee} UEE PPxE T ES 2= 54
%3 JAZ= | A3 | UZE

3| (kg/mi) | (kg/mf) (%)
Sl 3HE(10%) + BE-LPPSA(90%) | 3.21 68.8 11.5
HEL PP4A] (MI=11, tiRF) 3.40 57.3 393.5

<E 2-35 dhs= A2 AEEe} YEE FEFRAE AT UES =4 54

4 AZ A= | Y | AFE
T3] (kg/mf) | (kg/mf) (%)
=32 (10%) + LDPESX] (90%) 0.89 7.2 412.2
szl 3}-E2(30%) + LDPEZ=X](70%) 0.66 10.8 175.6
LDPEZ==] (Tt 2F) 0.99 6.7 465.3
&) 312 (10%) + HDPES=X](90%) 1.70 23.2 110.2
S| &Y 312 (30%) + HDPES=X] (70%) 0.92 29.6 111.1
HDPES=x] (T} ZF) 1.69 18.6 878.6
<X 2-36> USAIo R A3t gstExlo} WEE PETAIE ST U] =4 B4
24 ARR= | ISy | S
22 (kg/mi) | (kg/md) (%)
U] L2t A 5HE(10%) + LDPESX](90%) 0.72 7.5 75.5
v} A3 (30%) + LDPES=%](70%) | 0.37 6.7 17.0
LDPE<=%] (T 27 ) 0.99 6.7 465.3
T} LA 512 (10%) + HDPES=X](90%) 1.26 23.9 64.9
T] Aol 3}2(30%) + HDPEZ=%](70%) | 0.74 18.7 27.8
HDPEZ=x] (T =) 1.69 18.6 878.6

sldstoiof gl 227 fistele WA AHEA Fido] i de FF
Hol2 HA slejof & Zo=E AL of

Henschel mixer?} 2 3|8 o] gslo] PPL} PE4le] Ewlo] ol 3hExjs}

-3 =]
==

T3 E=3Y]

e
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A3tEx) Euz AUzge|dedeAE APuEE UF
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th &EZX AL Barrel 12 170C, Barrel 2= 180C, Barrel 32 190C ¥

n:)

fu

1587 Z-stct. TR Sl ST 5 de7IE "L A

4t

Diex 200CE 3}, £ 25~30rpnl T ¢t&3le] HIAA2I|oA A&
2mn, Zo| 3mZ Hgtstsict.
4) AEHEA] EF 29 43 54
IeiEz] ¥ £x]o] g3 542 ZHuiEaelA DsC ¥ TGA
4 st BMRALS oF 20mgd] & 25TolM 500C7HA] 2%

5T4 $23dth ALs et ¥ 0n0E FYsigch

- 88 —



5) ASHEA 2 BEY Az L P= B4
AnEa) £ 2o WEL (F)hQAYATEolA B2 3
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DSC aefZoflM = AEER A f-54S USH|7F 43| ofHsich
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go 2 ueiyrh  A3pEx) o] EAH 7 Eoj A} 300C
ZolAFE 3 24T AFEAR, 30% 2 ZALol 350ColA F
247t F3o] Uttt 0|2 AxEx)] o] o3 FFoleta A4
th weld slEd e ALEY gsEX] Y Fe, g3Ex] EUE 30%
sl Ag 3l E 7189
S 4 g Aoz AAWch

, TGAL®)

(L
i o

=4 WEAZAY 25 2AE 2TE 3

iz



<O 2-25 AUzEaloeal4x]e] DSC W TCAZ Y

2% 226> WHEAe} AUEEe|oJUA4AE TP 478) DSC @
TGA L= (N 3}E=] 10wt%)

..90_



<a¥ 2-27> JEE|et AUEEelERTAE TAY 39 DSC
TGA el (AE=x) 30wt%)

2) AEAet AUEFAYNSAE TAY $71o) B2 VEAZ

¥

FAATS
A3tEA EA4Ale] WEAZ Aol A3Ex)e P4g weld}

FUY Aol BEQe] T Ju Foth webd AsEAe Yree
Hastals] slsld AREA U AZ ¥ AIUYAZI G GFEBA=

71l A 1042 Azt $4&-E 0.3%0| 32 FHATh

Az" d3EANE AUzEeddArAe] 1% FHuE A7
2%, 4 AHATY E2Y "EY AzJL sbestidch 28y A E
&Bo] EAshks el E2YY ¢¥e AdA X3tz Hejxlx "ol
dAgstgden, ZAE © WE Mifo] FUdA ¢k dFA Kok 2
gu, SAAE Hlste Edz
EAZ7t 7hsstelel BZdcth AHEAE AU=Ee|dddFA] o 30%
FHHE F/RE A, U ECEY Exi% Eabo] EH Yt E2YF



A 43 WEo| Bolx: WAl WASIALL. A 2-100S B Ex|s}

AR 2-10> A 2% Eoll 4

-

E 2-3D2 QEE|e} ALEEFALAFAE AT +4]
B9 YUEY Z=oith. YIEAE 10» HI/IZ "WEL URAUEE
147kgf/af 22 t]23d AU=Zededd +A2 A2 LFL] 206kgf/
ato]] ulsted of 28xF = ZAstHTh AYFES AHEAE 105 Ui U
Y B% 219%E, AUEe|odde=] BEL 296% Erl o FE W

& Zhe vehigc,

lo,

-

CE 23D IBERL AYSFYNINFAE TAY 429 BEY UE

o 84
g 3 ETTR
13 (0
4 = (kgt/ai) | EE)
dzF (AEEEALA4A]) 206 296
A EHEAY (10%) + ALE=F 2] ol A 4=](90%) 147 279
x ABtEx] 30 FIIY Ff, EEY TR F=E FF 27

ol q AT BEQAY BAAE A7) dAste] Yzle 3
212 The A AAS] sistel Thl H FULUEHE iy F
wasle] 93] BUg Qgon, olF AFUYARI 9} dFanA=
NolA dzAZT EY BuHZA F226l chel 0,252 zinc stearate
£ A2Exje} LPERAT} Wil BLold TUIE AMgstel WA Ty
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thg, EAIE Agste] EAsigh ol yle] s mpHAR zinc
stearate7} 5o} LDPEY o] oj=BF = =XETA 4E]7} ojd KTk
LDPE M2 Folof] =XEE o] the JI7IY Ze 2 Koy} ofy g ¢
o] J93Ex)7} LDPESL £elB Jel2 okt & 229 AL A4
ahdzt BUsHA Sto] 2% A, o EAFl AL Uelkdth oA
2 A4&7] ol &89 4EHEel LDPE & AE Ao|7} UF 7] g
d Ao A}zl

2 Ay JAY Z=g FFY) A3 ThAeA ERE A58
3t 1m FAY AEZCER AZF H APAFA 23Fo = Hxltslo
<E2-38>3t Zo] AFZES &S dart

AstEx7} 10% A7HE B¢ cf2o s AALE=E 26%, AL

N

2457} Ztastdont 20%0l 4 AIEY AR} AR GAN thRTo] ]
sl 50x FEAA] ZaTE YL Bk
metd A3EAE o8 BEQ B Azt wWA JEie

5 o3t B2 Y BYS FHE AT o)st HgHel e HA
g +28 RE T WA YAME 2 FUSA ¥ Wert Qg e

CE 2-38) YBERS} LIPESA S EAW 4718 AW NEY B4
QA7 E (kgf/ ) A& ()

t] Z7(LDPE) 130.2 1021.3
LDPE+LW10% 96.8 776.7
LDPE+LW20% 74.8 579.0
LDPE+LW30% 64.6 129.4

% & Sl
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3. 935212} HPESA] Tl 23 829 Y& AR
7t Az 9
) FAAME ¢ sl &3 AzH R AHEA], adzgelod
#l=X](HDPE, MI=0.28), ¥Hir#4, Zinc-Stearate, Glycidyl Methactrylate
2) AEE] B Az
HAzE YEANE SULUHRE ojzfste] Jedg 505 F4tst
UEESE F3¥ ¥, A AAAFTSF7IZ SulE 353t g3E
2 2 Azt
3) AsEzle} nUET eI £l T U WA A=z
dziEx) £, agEEodde], tilds § HUHAHE 3
B2 U ERUIE FdsiA EFAZch - 242 200ToA 6
0~80min™e] $E=2 1587 Edsigt. A £& BT ¥ ¢&7
2 Hag Azt ¢&2AL Barrel 12 170C, Barrel 2= 190T,
Barrel 3& 200C G Die= 190CE 3lo, 2% 25~30rpnl & ¢H&3}o]
Az A 2mm, Zo] 3mZT ATIsigiT],
4) ABE)] EH 2|9 93 54
AHEa] T 2] 943 542 ZEridacl DSC W TA 2
A& sttt EN2AL ¢F 20mge] $x& 25TolA 500C7A] £ 5T

2 &3t Hartas £9 40mE FUSIgT
5) A&l TH HES Az W B=E 54

< &3 o, diedld FIIFYLE A
Z¥ Y%y UL 7 o] =2 ZolEHrh AW E AES UES

Bog Autdle w2 ex|¥ 7] (Hounsfieldr}, H-50K)=
2

_94_



() AlEZ=
1) 935 Ed 429 43 54

YeiEa] TN dH5YS DSC W TGA £4& dtdch <2
2-28> W= Ee|od4=]2] DSC W TGA B4 2ezoln], <18l 2-29>
t IUE oA A3ERe] DSC U TGA E£AILeZolm, <y
2-30>2 AstEajel aU=Felodd W shatdagg Hulsty EHY £
Z]¢] DSC ¥ TGA &4 LejZolrt,

IUEELoYA $£x]2] F-$, 110~120T F2olx E8EH 400C
FZolMRE dEsr He 2oz vehiodch dEEx] 27 10xeh 1Y
EZ o A4R] 90%S HrHE A9, DSC Lo} TGA D Tojde 2y
ZEedAFA &5 Foo A T2 F¥LE Yrtygrh  J3Ex)]

TH10%, IUEFoldA¢70% D kg 30%E Hlste] TAL 7

. TCAZZolA 300C F-IoMFE FF LIt AFEsch. ey
AAHL ERTE0 dojxe S Aolst flo] 7L £29 LEARA

9 27& JUE ALY 4 A& Aoz YAt

12010

100,01

" HestPlow(—)
Imeats]

.. 280

P SO — i L Lt —
G.0 1060 “200.0: 300.0 4D, Q0.0 '600.0;

Temp [2C) .

<Y 2-28> = Eelogdex]e] DSC U TGAL =
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40} o b i e i ) .o 5 ~ 1000

PO PR ¢ B

S20 e e

Ao Lo L i L , » , . . . B - 00
: Q.0 1000 2000 3000 4000 5000 800.0 -

Tetmp 1°C)

<39 2-29> IUEELAFA] 90% + Qx| 10% TA5=]2] DSC Y
TGAL =

80 ' A : s S 1200

- 1000

207 - £0.9.

w0

RLY:ES N B i . L . & N
oo 1000 | 200:0 3004 400.9- 500.0. - . 800.0:

Temp [°C}

<Y 2-30> RUEF o452 70% + HFHEa) 10% +¥kabg 206
4:x]2] DSC @ TGAZLE=
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3

J

2) AnEAl} TUE Belojuy T WEL BE

E 2-39% 4NEAlst TUSBeAUNLAE TAD 479 BE

Q WEe) BAE Urhd olth ABEa 10w} TUEEPN4R
90%E WU7lstele wish AEA) 15%8 LUSHelolYA4A 85 L A4S
Haleh BAE WAL W A$ ERF(LUESeILA4A)ol vl
VYA Sl Ushidth e AsEA) 10s0 TUES I R4R]
govol 483iaot WAl I DAYES Wrslel AzT WEL ARREY
Nggol ciz7e uigeAY BA Ushdth Iy AHEAE 305 of
A sl AL BEeo] Rasigrh. Al 2-11e dxBxel DusEe
AYUFA N BAVET FEUAR Wbslel A2y B2 WE A

Zolct

<E 2-39> A3HEA AUZELAFAE THY 29 B2

g 24

= 4 A=
] F.© (¢
+ A (kgi/at) |2 o E)

27 (U =Ee|oddd4=]) 163 395
ASHER](10%) + TUE=E 2| of e 2l 4x] (90%) 103 408
AEHER(10%) + LU EE 2] ol " Fx] (90%) 158 377
+ Zinc-Stearate(0. %) + Glycidyl Methactrylate(3%)

ABERY(15%) + LU= E oY 22 (85%) 61 90
+ Zinc-Stearate(0, 5%) + Glycidyl Methactrylate(3%)

A FLERY (10%) + LU EE-2]of|d Bl (70%)

+ Zinc-Stearate(0. 5%) + Glycidyl Methactrylate(3%) 170 422
+ CaC0;3 20

¥ FHE] 305 F7IRY BE, B2 SMeE A= FF Ebs

A 2-11> A 2% Eoll #4]
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A 6w AEA 44 A

1. AR

A e G FBolA AZYH T £uAA QE)} £
EUY AREAQE Agstden, d3zAL ok} Zrh

A& @ IAA R, $IE 3hF

€] : Polyethylene glycol(#400)+ethylene glycol (#42)=6+4

gyl : 4,  Fuf: 0.1% At

k27 1 180T, 90%

2. @

7 o4 B AN

1) 4kst B9 W By ®

) s

Jad 5o 4B RS A £ U 87 FAES ©
HAFE o] it Itis FUS JAWZC] 2% Uit e

2.5~2.080712] F7lste] <E 2-4003 2 27AL 2 AA]33ich

F 2-40. HAi1EeL FUZRA

AlgH3 1 2 3 4 5 6
Hz0p (%) 5 10 15 20 30 40
o 5
1EEA 50 50 50 33 33 33
= (%)
NaOH (%) 2.0 2.0 2.0 1.5 1.5 1.5
Naz SiOs 6.25 12.5 18.75 25 37.5 50
MGS04 (%) 0.03 0.0625 | 0.094 0.125 | 0.1875 0.25
= = 50 50 50 50 50 50
27| pH 10.5 10.5 10.5 9 9 9
FWA] ZHbr) 1 1 1 0.5 0.5 0.5
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1}) zpo}d A 2FA(NaCl0)E W (1)

Aol L£AMERS Haz odd FUAE £9] EUF FEl2 g
3 Aol 2atg S ol 83k 1T Bijo] RE EWje] Fiolth. ddd:
o] zlotdaatede] ¥t 1t Fnt 3tgl o, o|FA st A& AWM=
o =L 9lo] WAEE o &ol|7] #3to LA g AT F
7 e adE g FE3 RS HE| dte tItEYE AA3]e
X2 ste YAEE €S 5+ UAT, AHE= JALERA dEHe=
UZFEES AANE + JoBE titES HAAE $ gk wepr &
AEoAE 19 Fnt APy 4 olyet. Eajstd= grjge] wi
o} HgolE 1~372 LZoli 10~30ui7tA] CE 2-41>8) 2AoE 1%
Aot &t G E S HAISISiTt

rN

1o

X 2-41. xolgdAiAtd FYRZA

AEHE 1 2 3 4 5 6
NaC10 (%) 1 2 3 10 20 30
‘:"':E}E =24 50 50 50 50 50 50
& E (C) 40 40 40 40 40 40
Al Zb 3 3 3 3 3 3
%= 7] pH 105 | 105 | 10.5 | 11.0 | 11.0 | 11.0

th) Xpotd 44kl (NaCl0) ZE Y (2)

ztotd £4tE Azl §AEEC] SulRe] AoldLhER +89S
B7H vy A2 4 50TelA 1A A2l o FRTE A7t g
S FEA thy A3, ARAATL AHRALE <F 2-4D¢ Zr}

g}) o} Axt¢d(NaCl0z) A g]

olgasteN e SUstEol Sul B 10w oldaitAsAS
T F A2 9 70CTAAN AFAL Mg L FFTE HIi

< FEAY thE o33t AZRAZh A RA2 <E 2-43>3 Zrh

¥
N
_,d

olo

__99_.



X 2-42. ol AATE (NaClO) A ]2

o u) NaCl0%s % A 2x A 2] A| 2t
AL
50C
Al2
. 50C
1:5 s 1A 2k
50C
Al
50C

1%

X 2-43. o}l A4t (NaCloy) He|=A

FE| 98| HIALRXE [ NaClo H7laH(g) | HAT | AEHE
2 3 I
A | 1:5 AL 2-2 1-2 J
2-2-2 1-1-1 K
AL 4-4 1-2 A
, 70C 4-4 1-2 C
B | 15 g% 144 1-1-1 E
70°C 4-4-4 1-1-1 G
AL 2-2 1-2 B
70C 2-2 1-2 D
, AL 2-2-2 1-1-1 F
¢ 1:10 70C 2-2-2 1-1-1 H
AL 1.4-1.4-1.4 1-1-1 L
70C 1.4-1.4-1.4 1-1-1 M

% A, Ce EEa] 10g2HE, Bx A3EA] 20g A8

* NaCl02 H7H 2-2 W AeA T 1-2+ 2837} 1A WEF 2837}
2A1Z WRE, A7IR 4-4-4 E AR 1-1-12 4g3T) 14]
THA] 4g3 7t 1412 REE&F ThA] 4g37t 1417 REeA1 A .

i
o
T
olo
-+

o) ofgladted AzlAl AHE WA doz Hi FE 4g BF
stof miskgol Fsiel WHABEA H4stdn, YRE oldand A3
F FB4LE Aol The BESH MR FYst] BARS N4
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E 2-44. ol &ty W 7[el B¥HeRA

Ay
o] [NEE| Helk= NeCIO; A ] o Az
° T [ Aeg | & O | TR
Huapa} i 7}
0T )
1:10 5555 | 1-1-1-1
AL 9
I 342) -
Azl
A 44 | 111 n}
l 5 %QIID‘O‘ 70°C 4‘4'4 1"1"1 H}
PAK-3 _ R
= 5-5 111 ) }
0T 555 | 1-1-1 2

nh) stol =2 TlolE Eu

H42RE $2A71A e AL FBtasl MSsh) Lt
zto] 27 Eolx7 slol=RATO|EE BAEYo] ek Yo Thar),
FIEE B AoldAAAL R EHT} §leAl JIARE Eol 3] Abg
st Z1AMZol H g 1xnr} 5~158] AE WIIStoICE 2-455¢] 22

L2 Mgt

¥ 2-45, Slole2Mdulo|ER 27

AEHZ 1 2 3
ZnS 0 (%) 5 10 15
ol B E 2) = (%) 25 25 25
Na PO (%) 5 10 15
2 =(C) 60 60 60

% 7] pH 4 4 4
FEWA| ZH hr) 1 1 1

-101 -



2) 2&Az]

dxgdol dojA T FF3) EUH R Hol AEHL e 2
ESENE G35 HEAAM AE Y] dHHAE AP E
FEo] Mg HERAL o Zr}

L&A AA]: Model No,2000, Jelight Co., U.S.A,

FlatAek 2 LPM

He|x|Zt: 0.5 hr, 1.0 hr, 1.5 hr

A3HE2] AHEE: 10 gn(4 XY, $IHA)

Fel8A : Acetic acid : methanol : H:0 = 16 : 3 : 1 (v/v)
100 ml, 200 ml, 300 ml

3) o] 4t3ElRH(Ti0) A el

HAZHAA olxFEIRtS £ HIIEE 52 YAEE d&F U&=
BAE FHAZA &d3A dch BFFE 28I R g3Ee] olitEE]
Be Azt MM ZAE ZAStgch o] E|RE2 DupontAbe]

Ti-pure R-902& AREStgTE. o]4¥E[Er Ae|RAL <X 2-46>2 It}

& 2-46. JFEx)e] o|aEjElet Az

THAA AEEA FUEY ABEA
DB-1 40.0 4,0 B-1 30.0 3.0
DB-2 40.0 8.0 B-2 30.0 6.0
DB-3 40.0 12.0 B-3 30.0 9.0
DB-4 40.0 16.0 B-4 30.0 12.0
DB-5 40.0 20.0 B-5 30.0 15.0
DB-6 40.0 24.0 B-6 30.0 18.0
DB-7 40.0 28.0 B-7 30.0 21.0
DB-8 40.0 32.0 B-8 30.0 24.0
DB-9 40.0 36.0 B-9 30.0 27.0
DB-10 40.0 40.0 B-10 30.0 30.0
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U dshEa] E(5%) PPERY M4 Al

1) cictEyy

31 Ez]Ee(5%) PPASE Ex|E T} nfiriAlE IA0|BE (X 2-47)
2} o] HEDED 5%t E¥-& AlA|slgit}

E 2-47. 93}ExjZ el (5%)PPTJADBS] HEDED 5%t ¥ =A

A e gpanse | 5 | G| 68 | e
H 10 2 40 3 11
E 2 70 1 11
D 2 70 3 4
E 2 70 1 11
D 2 70 3 4

2) BHpstsam
ChEe] ASIAE WAEs kA 37k ool stEA) Eu
oM 71 E3brh Soe B4 E AHgSlel, HEDED CHIEMT o3t
B EA(PPERE TH CE 2-48>¢) ZA02 Eusisict.

B 248, AAFAETA(HPPURL 4L EY2

GEH Y FE(%) 2%(C) A2t hr) pH
B0, 100
NaOH 5
NAZS10; 100 2 50 3 1
MgS04 5

c}. "Mz A8 M 24
SR ddd7de] Hunterd] AJx}A (HunterLab Model D25,
Hunter Associates Lab. INC, USA)E A}&3lgon, MxHAE) ¥ HE=7tA

E(Yd)2 EEUGAA Pl o7 FHFssrh
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3. a2
b, AEEaje] g4

1) AbstE ol #dwy

7h) st 29

AEUT 02 cf2T2A A3EA) g, SUFEN=Z pHIl 4, 43}
Bajgiol 96.85% glom WYEr G| oolgitt. E IOl 43
o wAUZt W BE ENeES 53T 4 gtk I b 3
AgteaE 1593871 g ol YNET} nFYEE $EE GEE 112
sroll =2 vt HHAEE wol7] #Iste s LE A3FY
L2 &2 @3 Eiko] ¥R FAPHATIE HowA 2ol glojAa A
o2 AYY AHE7 2Ho2 wHste] EHFAAIL GlolZTHE 2-49).
s ool osle] AHE: WAET}F o o} A|A|uh, WM =
57.8% 71 A Zo] IEeLE 1% HIISt] MAR 67.655 A&l |3}
| AgFolzta & 4 gich

rz
do

£

F 2-49. L FEYo] 23 AHE] WAE

AEHS 0 1 2 3 4 5 6
3 = 2=

WA (%) ;’? ;? ;? 11.0 | 12.7 | 13.7 | 15.6
=5 =5 =3

U}) Atota4Ate (NaC10) E(1)
AEAE 2lad HMEEEe] tiReln, E osbyriold cthet
Eajo] Y YYAFES UAY + gol7lol, Rolasarde] 2auzt
S3lod B ekl 22U $&5H Ut & R 2128} ol #

old2ata g 0whA Abslolm MAEe] YL A% JthE 4 dsich

AR 2-12> A| 2% Tof EA

__104._



th) ztotd 44t (NaClo) Eui(2)
*pot g 44t (NaCl0) 2 2 A 2|3t A3 <E 2-5003F th Aoid
artdo] 27t G 2= ATl A=A A B, 2
ZFol= AEA=Eo] dMAHLZ = FAUF Ao Yetulth,

£ 2-50. AB}Exe] xoldaatede] ol WA

ofH] |NaClO% % (A 22| A2 AT & (%) A1t

A 19.5 o
[ L ]-
- 50C 18.6 Eiakla
3 i 18.3 Bz Ya¥

1:5 50C | yqz+ |17.8 Ezdog 2R

R 5. 18.0 )

50 17.3

A2 16.4
o 50C 16.1

g) ot AArd (NaCl0z) X4

AEANE ZIE FE olEAANE(NaCl0) o2 A3 4B
o] xRN Aabe <& 2-5103 Zth
ol a4td ANe|zzo] whE Mol glojMe A|EHZ K, L, M, P ¥ G2
ZZo] "ol Y L3 Mijo] dojHcrt Mijo|ME FAI A Rof
B3] A e|z7o wtet wWol /A Elon 53] A5Ex) 10gE ofgait
doz oyl 1:5 A2o)A 2g%] FTA Aoz 33 {HEA 2|3 K] 2
A7t M= 38.2 ¥ FEAA IR 48 2hoE Ul 3 9o

Au] 1:10, A-20lA olFd4AA Y 1.4g%] A ZHF o2 33 uHEA 2o

-

A £L2 A0S Jeldch AR E K, L, M @ P RALSE A3t A
RolA B3 WA=t A8 AAE Uehia gl 9stERje] A
ol du] 1:5 Ao oldAAEE 2g8 AL pHo= 33 NE
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A7t A2 W oA ZIHA WHe R ekt

£ 251, oldlaatd At AsiEae] Mg

g% El oL a b AE Y1 Yd
A | 14.68 | 4.21 | 3.66 | 49 | 2.24 | -94.8
B | 18.26 | 5.06 | 6.69 | 8.1 | 3.37 | -193.0
C | 34.73 | 6.01 | 13.18 | 25.6 | 12.06 | -948.7
D | 33.40 | 5.18 | 13.01 | 24.3 | 11.16 | -870.4
E | 15.00 | 4.3%8 | 371 | 4.9 | 2.30 | -100.0
F | 12.19 | 1.45 | 2.64 | 57 | 1.49 | -29.6
G | 33.98 | 7.06 | 14.79 | 25.5 | 11.57 | -906.1
H | 31.53 | 5.81 | 12.40 | 22.3 | 9.95 | -765.2
I | 25.99 | 3.92 | 9.58 | 16.3 | 6.76 | -487.8.
T | 36.3¢4 | 4.71 | 14.58 | 27.7 | 13.19 | -1047.0
K | 45.86 | 6.11 | 19.24 | 38.2 | 21.10 | -1734.8
L | 44.35 | 8.37 | 20.17 | 37.2 | 19.67 | -1610.4
M| 38.91 | 9.82 | 18.74 | 31.8 | 15.09 | -1212.2
N | 31.68 | 7.41 | 11.38 | 22.1 | 10.00 | -769.6
P | 44.64 | 6.79 | 15.00 | 35.6 | 19.93 | -1633.0

Ex2 | 10.71 | 6.73 | 4.33 - - -

<A 2-13 > A 2% Tofl FA

<E 2-52>& ThY oldAAtd g whEA eyt g vehd FeogA

A 2| glo)] whel AsERE FATL dolglx] oda $d3] SuEdon, o]
RE w53l nixtgo] AFAW ELE FPHch AEUZ (A 2
(2h 8 2A& Astd Hx} g o)A o}F f431A Uetdttl 2y
ot aatde] Flgko] U gol $2 Yo Z2E AZEA] d=th
53] EA43 34" ajole gao] AMEH oldartde] dFI wut
< FUHBoA BAEE PR YD E3 A B HEI} davt A

% Agsln sltkx AZET

[¢]

ol

-

_1%_



= 2-52. oldaytdzt ByAee dstEe) HaEy
Al B
H 3
7t 46,92 3.55 17.42 38.6 22.02 -1815
1} 58. 35 4.02 17.50 49.5 34,05 -2861
c} 66. 24 0.71 12.86 56.3 43.88 -3716
2} 55.19 4.63 16.50 46.1 30. 46 -2549
o} 36.35 5.21 16.49 28.4 13.22 -1050
H} 42.32 1.07 20.03 35.7 17.94 -1460
A} 43,68 8.63 17.54 35.6 19.08 -1559
2} 33.27 7.43 12.89 24.1 5.84 - 408
S 10.71 6.73 4.33 - 1.15 -

L a b AE Y1 Yd

< AR 2-14 > A 23 Lol FA|

n}) stol=gdviolE Eu
slol=2dulolE 5 10% ENE HunterdME P73 &
T, SlOl=RATOIE 155 Eulo] sl 11,748 WALE g
4 glgirh WAE 67.6%Q) JAWZo| slol=2AMTIO|E 158 H7Istol

YME 71.7%& d= ol uistd d&Folel & 4 ¢thE 2-53).

X 2-53. Slo|=R Ml |EXE N 23 A3 E) YA

AlgHs 1 2 3

o (%) 238% 11.7

2
oX
¥

Ittt StolE2AduielE Y oA WAEE 106 E el
AFEEE Aol RE TIctENE AASHA] e EWETeL Zo] 80%

o] ANEE AUt STt

=107 -



2) 2&A ¢

AR 2-155 @E0F AIEAE YA T AIE LEhd Holth
dutzow 0F 8 whA-ThA 2FAUN 3FAULS /A= A= o
A o3 gladzte] whgAde] kol ALdloAE gade AHEANERER
7HA A BaAlAch BT ASHA £&S At lade] Yol
43 mEE 2oz A glth oY ol RE Qs H= o
Aol NE & Hel7t ZapFd AeHeg wol A= glrh
ApEAE E0F ¥ A A AAT @ FUE

Exto] wietM = "ol Zatvt VehtA] ¢fgitt
ol A& Fai7t AstatFoll A AdEo] olm| AHEAH Hof gla EY WA}
A wAo] ol Q7] wiFoleta 4t I LEAE o8 7
Azt 23] ABEHE, 2EFE, 2EUEH, o, I, 2= ol w
2t WS PR Y] we qEAY F¢ dzofe TE USEANE
Letd4 gl7) wEol Bt AAFA a7t Besiria B4

2

ol wE

AR 2-15) A 23 Lol EA

3) olarBiElEt M| YxHER 24

A Eaje] WAL ANG 915k Y2HBAfel o] WfE| L Aelstel A
= 7id 538 AEsidnl. BAFLE oAlER THE o] H]3
28| B3 WAEI} AYe) 7] PRl £F AAZE § BFEE
ol MAEE dg4 oY) WEol AXNFFANE Folo) BFHE o W
£ ZAZA o}F $4% A= gaA drh

CE 2-54, 255> 4UAA AsHEA D FEY A3FaH2) i
o olxtEfElRhg WM MAEA AAE Uehd Zoltt.

&2 ojatsfElvt HIttE AT B} thFt FAYEY &S
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Uehd 22E Y432 487 HSY % Uehiz it

438 TP ABEA} £UE AAT ABARE T FolE U
H7) egton], £3& AAR 97 4IE BYQ AucE olABE|Y
Aol ME FUT AT} BEAE Ui Ytk P BF g
o) A7kl wheh A4AAA X3 Uehdeh. B olustelwt Aol
432G U $UHA A3HEA BT A3tEo] thal WwFE o] atHE|T
A7 A= Aol YA FOE Uehyith

X 2-54. FIAA AEE] o]iBlE|Rt He|E ] MAEA

A ZHZ |58 (%) L a b AE Y1 Yd
DB-1 16.9 | 42.04 | -0.13 | 1.55 | 29.9 | 17.67 | -1093.9
DB-2 14.3 | 3798 | -1.80 | 2.92 | 26.0 | 14.41 | -873.7
DB-3 17.3 | 55.37 | -0.87 | 5.62 | 43.6 | 30.62 | -1968.9

DB-4 15.4 | 48.42 | -0.35 5,32 | 36.6 | 23.38 | -1479.7
DB-5 15.5 | 47.62 | 0.26 5.69 | 35.9 | 22.67 | -1431.8
DB-6 13.7 | 45.61 0.53 5.78 | 33.9 | 20.79 | -1304.7
DB-7 13.8 | 51.48 | 0.23 5,26 | 39.7 | 26.51 | -1691.2
DB-8 17.7 | 54.23 | -0.09 4.68 | 42.3 | 29.45 | -1889.9
DB-9 17.6 | 53.37 | -0.78 4.99 | 41.5 | 28.49 | -1825.0
DB-10 16.9 | 52.33 | 0.08 5.56 | 40.5 | 27.39 | -1750.7

ERNE - 10.71 | 6.73 4,33 - - -
F 2-55. U EF AHEz] o]atsie|Rt A2 Eo] MaHEA
ANBHZ |$&(%)| L a b AE Y1 Yd

B-1 16,9 | 21.77 | -2.28 | 1.91 | 10.1 4.72 | -218.9
B-2 14.3 | 30,93 | -0.87 | 1.66 | 18.9 9.50 | -541.9
B-3 17.3 | 50.07 | -0.82 | 4.67 | 38.2 | 25.03 |-1591.2
B-4 15.4 | 51.52 | -0.93 | 4.94 | 39.7 | 26.52 |-1691.9
B-5 15.5 | 52.98 | -1.19 | 4.86 | 41.1 | 27.98 |-1790.5
B-6 13.7 | 57.47 | -1.08 | 4.65 | 45.5 | 32.99 |-2129.1
B-7 13.8 | 63.51 | -1.16 | 3.37 | 51.5 | 40.33 |-2625.0
B-8 17.7 | 59.94 | -0.96 | 3.21 | 47.9 | 35.93 |-2327.7
B-9 17.6 | 61.40 | -0.89 | 2.82 | 49.3 | 37.70 |-2447.3
B-10 16.9 | 62.34 | -0.84 | 3.41 | 50.3 | 38.85 |-2525.0

=BV - 10.71 | 6.73 | 4.33 - - -
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AP 2-162 olABjElsto g Aelyt AE UspdR oA AbdA
NE slel Azbe £9siA U oo,

AR 2-16> A 2% ol EA]

L. 93EERA(5%) ez dae Y
) cheta

<E 2-56)3) Zo] EWEL2 B 98xgitl. TIHENSE st £&
ghollA o] Fo] 43 wtA Lol Zo] WHE UL AR 2-170j4
A g whH U 4EEA7l HREW B0l g AL E F Yok

<AHA 2-18>ofl Aot o] BajEZ Nt 10~30uiE AGES Wol AL
st WARE Z7shR] glth. 2 o8& PPARY gl 164~170c
Ao, 70CoM EWSEZ HRe L71x] Eo] HA| 7] PE22 A
Ztgith <ARRL 2-19, 2-20>-2 HEDED STHEWMEH ¥ patslgs Fuig o3}
EAEA(5%)PPEFE EHS Y=oy rheds E95A] 43S ¢

4 glch

F 2-56. 93}Ex] E2](5%)PPd--2) HEDED 5%HEW 4=

FuzA (%)
HEDED 10% 98.8
HEDED 20% 97.6
HEDED 30% 98.1

CAHRL 2-17, 2-18, 2-19,2-20> A 2% Hofl EA|
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R 2-57. 935 EJA(5%)PPAER9 AU

& VL= (Kg)
ol 3} Ba) E 3l (5%)PPA & 3.1
HEDEDS%H 33t ¥ I}pabsbg4 FEwigt 19
=)= (5%) PP B :

AR 2-21> A 2% ol 4]

4 8

olge] AFEFAE ol &Y JeLA AW AF A3,
- AEANE o] Iedd URAE V&Y A 2
2pol7h uglen, AXFHL WIFG] YEAE A=Y + Uk o
B HER AZT J3EAY Fe, WA HE S BAZR qEA]
€ 30xold F7Ist7le st Ty, tldERE Axy 93
ANE o &Y B¥ AHSY tI7tLERI Ee2le YEER syl of
of pE2] A S WXL FSE A + S Zo® A

3
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- o ESdT UEAE AHEAY AZYPOE 2| Al olF
gl eelet W] 482 AMESi UEAE ARY + Udrh o=
BE2d 9 v AU TEH o]&HolAM A JthHch

- ETZ2gY AR AxA] AHEAE ¢ HNHeRA Felz2dd AR
o] FHrl EAEY FEB(BERE)S FoAY 4 dgleny, EI oA 7]
o} FFo] "ol glo] $I1483 B dolx Aozt A3zt

- NBEAE o] &3 FAAY e, FeWHAH2 KS JIEE FFsidevt
U892 3541712 Estalch

- dsiEae} Fe|Z2UALAE TSt EelAlS AR A3, dHE
AE 30% Arsloi= @3 Fgolut E4ddolA 2 Aozt glglrh. 23]

AHENE 106 7K HPols BE BAANT} O A2 W)

- a3lExjel RUEZeUdsA] E NUsEeloldusx|el Esto]
YEg AZY 29, VA VE 4§ 229 UE BF AHEANE 0wo)y

229 WES AZY AT ANEAE
2000]4t F7MeI717h Ratstednh mebd o] FEE A4HA A7} "ea
U Hoz Az,

- osEaly) e 2L R AzE 2 awt gk ©, olak
the Wyl WES AT 4 Agow, AYe AT 4AE Wrisiel

AAG 4 e Ao gL
olE AEA Fwal AL F UTAY AZYS “YHEAE o]

£33 Ze|9gEt UuEe AR (E3 A 239218F, 19999 124 20¢

55) 2= 53 E ST
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A 4d Ag=EA ScHAE - LUFL] B HA

A 1Y A43EA YL 2= ¥4 Y
1. FAA=E 2 W
7h BAE
GeEA) FERF QUE BATE JPdFY BAREAT
AojlA] BEFQl FF Alternaria alternata(Fries) Keissler(FRI 20111)
2] 2309F-FE 1 o= et
5 L E e et
wj=] 2] AL glucose 25g, malt extract 10g, peptone 5g, KHPOs
0.3g, MgSOs - THO 0.2g& FFoll &o] Aol 1,000meo] =A 2338191
om, FujYrlE e vlFed 1,000meo] IHH 20gS FrIsto Algd)
gich
th gEEx] FFdFe] dUAE
AetEa] FFFFY AUAEL tIEERE UE A3HEx)]
S5%E 718 wiAle] Erista, nlE] BRAAE FFE AZ 10me] F
3 E=g FHojuo] ey HEsla 1 RS ZESI FFE AUs)

tl.

=

fais

b AU ANEA $FFFY F2Y BF Sbed 24
}718] WEoR MUY FFE UAHLE slel ABEAlY FEE
1%, 3% 62 A 2B 1 BPBE 33, Blsksde AEsAch

2. AlEZAH

. AstE ) $EFE AU
2300 B¥F2E AHFAo] BHIEE CE 2-585¢] 15
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FFArE olF "AERE LNFFE 153} YARFI 6F0n, 2
= S¥dERY AGE R ZFFH vk AUH g2 oA
Eox} HudEgRes FES ol§3e FoE YA
, BYRAFFF Penicillium 48 F ERYNFo|n EAo
€2 A2 Q& Folvh. 5F3] Phialophora 48] &2 YglelY A&
ol 2oL AFHAL APgFEAolA UAHE T2, CCAX

g BAgFAe] WEEHE At F22 dA grh
A 2-22% AHEA wixelA BT FFolth ke A

F-Eo] F-¥go] AL Aoz gEAY FFisEE & 4 9t

4
fo du

fr

i,

(i

<E 2-58)> d3EA] FFgF Ay

> ® 2 B
23 Lentius lepideus (FRI 20641)
LLECR Rt Ganodema lucidum (FRI20431)

Inonotus cuticularis (FRI 20621)
Schizophyllum commune (FRI 20962)
Panus conchatus (FRI 20721)
Pleurotus cystidiosus (FRI 20863)
Polyporeiius brumalis (FRI 20912)

EAATH Phellinus linteus (FRI 20815)
g Penicillium citrinum (FRI 20751)
2P Tricoderma viride (FRI 21052)

Phialophora atrovirens (FRI 20751)
Phialophora pedrosoi (FRI 20931)
Phialophora hetromorpha (FRI 20832)
Phialophora heteromorpha (FRI 20833)
Phialophora heteromorpha (FRI 20841)

KAHRL 2-22> A27%F Lol EA|
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L A 2 ARY 24}
AL 278 UdLE 3l BEE &3 JHHA 2 QYL 2
Atste] B3 WEA, B AR ¥ FF2 JHed S AESHH
Bokth 2 Azl 3 2-310A <2y 2-39>¢} Zrl

S 2.5 e

O] w—tr=5%
K 2

3 1.9 /\
1 g T -

0.5 "PAT20725

1 2 3 4 5 6 7 8

A
YE 4

< 2-31) ==& de|dt Sl A Phialophora atrovirens?] 23AIeF

9

8

7
~ 6
£
S5
0
RO 4 ool g, [
%0

3 .......

2

1

PEC 20751
0 X
1 2 3 4 5 6 7
4z

W 2-32> 28 g A=A Penicillium citrinum®] ARSF
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——1% |

3% |

—t— 0%

TRVZ21052

6 7

<3d 2-33) 525 gl g EolA Tricoderma viride®] *J33F

E
o
gg - ;/__/—{
30 1 /___/— —.—1%—5—'3% .......
A/ —t—5%
0.5 -
PHT 20841
0 + '
1 2 3 4 8 [ 7 8
Yzus

<2¥ 2-30 =E e A3MEx|ol 4] Phialophora heteromorpha®l A37FaF

-116-



6 — -
] /—f
/ v_4—-—""
4
g —-—1%
:m-fa B e -8 3%
&0 ——5%
D
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1
INC 208621
0 .
1 2 3 4 5

PRI

<O 2-35> HEE 2l Y alolA] Inototus cuticularis®] BA ek

4
3.5
3
T 2.5
L
il 2
KO ——1%
D 1.5 —tgo [
1 ———6% |
0.5
PPD 20931
O . e I A
1 2 3 4 5
MEd s

<3H 2-360 HE& |3t I35z Philalophora pedrosoi?] A3AFaF
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—1%
RN/ 4 malt iy
—t—0 %
1 PHL 20815
: )
1 2 3 4 5 6

RIS

3 2-37> 5E ua|3t AE oA Phellinus linteus®] JAaF

A= (em)
[v]

Ja—— ——1i%
—=—3%
2 —_—5%
1
PHT 20832
0 il 1 i1
1 2 3 4 5 6 8 9 10 11 12 13

sYs

<3 2-38) F=E W23 ASFANoIN Phialophora heteromeophad] A
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——1%
—&—3%
—t—6%

\
N

SCC 20962

3 4 5 6 7 8
R

<3y 2-39 =& da|dt d3tE2) oA Schizophyllum commune?] *§3}ek

Phialophora atrovirens= 1%8} 3%0l|l X ] 27]¢] Azteke anbs}
S5t e} 8 olF o= I AL AJ|Jt 4emoll EulH Aol HF ol
o, 6% YHEAY F=F £US F ol BFol I3 Liwi o]F A
3ol EHSY gEEAe 3= e AR Rolw, Penicillium
citrinum®] AL 6%TVIAE O AAo] o}F wigion, AR R nt
of HlEz|t]4 2] ol FAZE Folrh. o] F59 AHEa|golAe] A2
AztExfe] 3] 23 AR, FL FUELE o3 EHolARt Al
€ d"olrle e o s Hopof stlon} olF, HWEAoIU EUde
2 AEE dEANA wEsl & Pt 2l Tricoderma viridel: 1%2}
ol o] AL -3 Holglon} exolAE I AR FEI} HojA A
A A A 3717 Scm B Eol HWoch. Phialophora heteromorpha
o] FPollXs 1 ABAo] 1%, 3%, 6xollA] BT I3 F3st ol AH
olME EFAFIA UEF 3Tt Inototus cuticularisS 1%8} 3%ol A 2]

AL bon BEOA BELH, exollA= Ao AR 3l I 2

2
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o] ¢JAls|ait}. Phialophora pedrosoi®] 79+ Al Aol 5d6] 4cm
ol3tZ Wio| AxtEAje] F3fo] 43A Rslglrt. 2Lt Phelinus
linteus= FAME% 640 1%, 3% Extojl]e} 6xol = 1 FRo] ofF ¢
$31o] o2 Ao AT AWEY oFoltl. Phialophora hetromeopha=
3 AR et =23, 139 olFols FAle] Eo| wol HolA AE
3o] 7Hs/de] dria & 4 gl fUsHA B2 A EEE B 9y
B& 3 Schizophyllum commune:= 6%0| XM= o}F wlE FAMIA} ¥HS
Hol Bajgdie o] dstEjolM ¥ o|-&7Hs/dol ZithHet.

A 2 3 AspEx) dxAe] JEI AP
1. FAANE 9 WY
7h BARFAE
Aol AL FFE FFY AEE HYA wlG7iel i
4L ul E.O GasE HI3 Zetx
Hurg 23, I 9o AEAs e &EA 17% EYEHA e T
Sde LXAAE Zo| 1.5end] FHHAEZ ALY AEAL AY s
th ZA BFEEZ 60¢o] AU F F¥IY FE=E FHAnF LT

#Estaich

—_—

Ll o] EoF EEAY
QA oll Lol 10~15cn7t HA W& TA 2 Ho
Bz Zg|$gst UExE B 7do] AF ¥ wxxje] FEFH
SEM(JEOL JSM 5410, Z+{ic] 43 o2 sl

s}

ARLEE
. AARFEAY
AU 152504 ARBA7 Bl GBA 173%% TYY &
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d9de YRAE FFATER ARE BUuPuFoT VUYL A,
UxAE FAAZE ST oy, Arutoze FAT AT
®otgdch. 2y FAed R gEadse) BEREs EAsd ¥
28] Aol golxm, FABe FEHE #97 U& FHAA Qe
d4g HATHAR 2-23]. ol A EEWIE P o
R JEo] BARFFol Rulsts Ta B gl sl HE W3}
dojyty] WEO2 23T Bl wxael AL A T3 B3
H gefols] Wi ZA7t Azg w3
st7lole thazt 7] $Fs|de] Way Aoz AR,

<ARR 2-23> whEz]o] BFE At

Ll ofe] EQ FFAIY
AFE] UXAE YAATHE e Bl 7% Eof FF4]
T A, SAFo2E TP 4FU L™ Ao AAAR A
2 3A HER A2 gl ol o] ¥4} ik 2 A
Al Zu]7} mu[ste] e EUg ARY o Fo g dF T &4
of &3t Aoz Azt Iy, o] ¥ A UEAYE SIMeE FAZ
A3b, AP 224 8 BEA Aol AR AL Aol T
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3o UPY BoT FUSHI Uil gou, EaFAY %o o

FHEN YEAL] Fs 2 Gl Yol BAFH g B 4 Yr).

PR AR UTA  EG SEAAF G2 wzx
AR 226> 2B ABA EPRFAL AE SBM AR

A3 Y AREA) FUZ2YASA A FelrEe W W 4
w3l A3

1. FAE 9 3y
7t EgnjdEe] 3 JEH AA
1) AEH : Eez2 U £x)(MI=3.5) U, I3Ex) 10% 3
T2 WE, IHEA 305 EF 2 WE ¢ 9=
2} 50% EF 2 HE
2) B3l - EQnNE
L AUE SRl o3 YEs A
1) Eetay L)
7 AlE9 : Eejmedd 42 WE(MI=3.5), AHEx 10%
T 42 LE, AHEA 30 A 42 WS
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o 3hEx) 50% TF 2] UE
) B3l :  Schizophyllum commune (XupHAl) FRI 20961
2)UE A&
JHANEH - BES EelTm2Ud 4], sz 3HE)(50%)+PP(50%),
T4t B} ( 50%) +PP(50%)
- AT 0 BAEFI(TYP), JHEFF(C0V)
ol AlERy
1) EulgEe] o3 B3 2F : AT o] 4E5E
Zojulz EWeolA 5cne] Zoj2 47 WEES wysiAch 63, 123,
245 Az ¥ ABE Aol F¥RLEHN ARBES T
2) AdE FEIo] o3 AR AR : wMYT] 282 glucose
25g, malt extract 10g, peptone 5g, KH:PO4 0.3g, MgS0s - 7H:0 0.2 &
Faol woi AFfo] 1,000me7t EHA 2PstHen, 1FuYrI= 212 i
@Y 1,000meo] A 20g& FrIste] AHE-SHGiTt
AdE F3e SCC 209618 2P w7 oA 7d T AP T}
&, A=23EBYSE ARY AV Holuo], 500me2] ZEtujdg 7ol 200me
RS 22 FFsidch FAE FE3] A ohe, AHE Y2 A
e F AR To] BT F AUE Aol IS IF
=& &3t

H

o

2. N¥ZEz}
7t EQu gl A AR A3
(E 2-5D+= G352 21§ FeZ2UPFA|(M=3.5)& &
gt A2y Setay g FYRLES Uehd Zoth bgz3d &
gl Zegd ¢x19 F¢, $¥R4LE0] At I ARAE TAY
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2 Al EQolA 65, 125, 245 Fof ARPoM 45 F ST 24

&2] xpol7t A ehA] kokeh.

CE 1-59> AEEa)2} A28 ZZ2YdA4A|(MI=3.5) & UEY] 3%

&g
zaza TR ALE(%)
A |y PP(h 22 o 5| "—'ii}—!jfzﬂ "—‘»‘ﬂ%’ﬁ
10% £ | 30% =3 | 50% 3
EQuAE 65 Ag 0.0 0.4 0.4 0.1
EQURAE 123 Ag 0.0 0.4 0.4 0.0
EQu|RE 243 AT 0.0 0.1 0.6 0.3
e i 0.0 0.4 0.3 0.3

* QB $u) ¢ S

L AEE B ] o3 JES) BA
<(E 2-60>3 AHA 2-25)= SHIERHE
£4 Zel= gL MI=11) 5055 AT A c]Ate Az o3
Ba 50x0t W& E|=Z2HALA] 50xE EHY ZoE UES AT
F 657 AARFII WNREIo] At F FHYRLES AT
ZAztet Apdolch
27 EeZ2 USR] HEE A2 JEAGME T8R4
o] A glgdch 2y} tlgato g 2§ I5tExe] AL ZNEEZ
2} WM FIA AL 20%0] TS FHUAESES VERATH
23 HEE ARY AHEAY B, ARFeM} R uis} o]
Oz FeZ2eAsR|ods Fo Aol A9 gloy sEE A=
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93tEAfe] WEolt Fo) Aol Yt} F¥Hed S Ushigich

FHLA FRLALE(%)

ZdA| ZANRF A (TYP) | ¥ A R-F-F(COV)
HEY3}E 50%+Ze| T2 U A4 50% 0 0
TSt 3HE 50%+Fe| =2 ] 50% 18.7 17.9
2 (E 2 HA4HA]) 0.2 0

AR 2-25) A2 Eoll EA

A4y AEA) AUE @ adE ZeoudsA] Ed Yo A
w3 3

1 FAAE g
7h FAE
1) @5  FFEAYH A (Tyromyces palutris, FRI 21055),
F-EW A (Coriolus versicolor, FRI 20251)
2) 5 ¢ I35} AU=Feodd £ £ UE, AEA
ot a=gedEd Ed UE 9 whibgs AU EE |
Ll ZAEG7 0 agrls s (uletlZE 8~9em, YA 6~Tc
m, ¥°] 15~18cn®] YFF )0l 4 FrH20~30mesh) 100g& Y1 FF32
A(A11F) 2.5%, FE 0.5%, WolFZE 1.0%, YatA24471e] 0.3%,
B 025 R wlgds 28
Z

md
¥ gpRollA 120T(1719h) 2 3087 FE 3t
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o} ¥F23: AEES A2FYE ZFY sl en, EotAE 24
A HAY F FALY 2390l 1, & 2612T, BAFE 70%2]
a Aol A 82 Tl & vlYE 4] wige) 100mE 500me S ol7E
YdFetaTo] Y, 120CoA 3087 BF F A20]A 2447 B X3l
FAFE AEsHdch 2= 2642T, FAGE 70%0lA 120rppo B FE
A wjgste 1~23d ¥ Fgo] YA, vlYdr]e] EHol o 3ImE
AR FEstoch wigrle] o] FFo| {AI] BAEEHE APl AHgs}
Arch

gt 2% : 8371 ZY ANEAE AV RWY FAE ZEE B
ZA35lo] wlojulaL 60+2TolA 48412 RSt ¢F 30E 37 HlAFAIolE o]l
A Bt A ZAY ¥ FHE 3 I g4ALS FIgch =
3 ZEANYEIZ ZEE FFscl

2. NEA}
7} qEE e} A= ey +2] Ed WE BEI 23
<M 2-26>2 g3pEx|el AUE Felojddex] £ HE9
HZ 0= ¥ A (Tyromyces palutris, FRI 21055)0] 2J¥t 2] HE 79 ¥¢]
BAAERE Uehd Zolth tlz7 LDPE ©@58 39 FAL B38|
Zotdeu, IHEANE H/E 5 AV AEE A2 RS A

g ¢ 4 9k

AR 2-26> A2% Boll A

£ 2-61¢ dBEA e} AULFAYY 42 S WS 85
RENE Fo) 2YPL LT BES F3T Zolth. Sollo] BsiA st
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th. AEE7} go] PNRFF FZHLES nlAstAVNL SIS 7
Ex #A4dhe S ek 2eu AHEAE 0% HIISIGS 7
Fole E290 HA Yot E2Y THe FFFHS sk

CGE 261> AiEAi AUSEoIY 44 £ WEe YL W A=

TYP(ZAR-F2) COV( Y E-F-F)
Z%F | Tensile . 28t | Tensile
Elongation Elongation
Zr4 & | Strength %) Z+A & | Strength %)
(%) | (kgf/cri') (%) | (kgf/ad)

LD 0.10 145.0 942.7 0.54 137.1 977.2
LD10 0.18 118.1 349.0 0.45 104.9 412. 4
LD20 0.35 99.47 139.6 0.51 90.21 174.8

LD30 0.63 87.28 80.69 1.31 77.07 88.12
LD F 0.27 156.5 192.9 2.61 166.2 215.9
LD F10 | 0.13 138.6 178.7 1.04 148.1 259. 4

1. ABAEH(FA] Sum)
LD : LDPE, LDIO : LDPE 90%+o43HE) 10%, LD20 : LIPE 80% +43}Ex) 20%,
LIB0 : LDPE 70s+}Ex)] 30%
2. 9§
LD F : LDPE, LD F10 : LDPE 90%+%J3}-==2)] 10%
LDPE 70%+<3HEx030%= WEHPAZ et

u qsEaet adEEeojdd +x] A i 4L 23
O 2-402 435} ausEe|odiSLA] W ehbdES 3
7Vste] A 23 SoolEA WEL ZAM W wMHEIOZ gR7E HEH
eyt Fo FXULEE vehd Zolth delxset Zo] ANFFFRCE
E AT IA the ¥ $¥ALEE UEhglen, dzrd a1
= E0Yd A &L 94 © 24 BFF BF 0.3% 0|3t I
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Fde] ulg Fo3 AR i FEL vk EY AA(FIELT R
of whet AlAl 452 AL & BIet B Ao HAE 7sla ot 3
HEE AH4e] o]g3 BRH HIFHNAN o Eo o= Sl A,
SAHE, =4 WIE Fo AEEAA RUHVIES dAdRRE H
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Ze A7 s HAEESAA XY 1123EE URE oIThY,
HR4eFe] AIREE 39 ¥ 4 vk 2ag v} gich

3] BdA A2 A8 7Hed B ozt BAGES MHAAlelA 4

BEE $EFAAEY AR 7Hssich

M= FAY HEReL, HudEEeL, flad Fof EAsts
B2 FA7IE ol&H 23, JHEFHE FAE i F7EuE g3}t
ol AEANE Z4F £ HEE gAsinz} st 37t IR
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ABZHY 23 UEAQe} SThaE AFART A d77 U=
Ha gk 22y o g FHolAE Zlelde] FHEA] Eolgle
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¢S FA uAA € B ojel BAGEE ARSI AHAAA o]
g3ichd o) ulgA Y ol wEtd EFA sA, dA| € =X 2
7122 BaA A9 dsle ALHOE o] &3] fldl FAY o
ur-ge] Ao o Axpbgy|Fo] BY A& vff FL3IT]

AlBulolomjAQl EaxMEZ QA HlojemA A3} (lignocellulosic
biomass liquefaction)®lF= ukA7] o4kl 71 gALE 71X 3 gt} gl
LAERQAT FAHY B2 93(wood liquefaction)o] HRE viakgt A
B3} 3B o]go B3 AFE R A @ AR & Fe] axH
girh.

Exjoisl= B2} B3 (pulping)tt 28 RARY IFER ol FA)
FHY gy 2P HAAHE U8 Pads vl A2 AL
gltt, wlo]emjAE wighg oLt oRte 5] ANAR WA I 3 %
M AAF = EAHQY A EFU. oY R A 1940
ol AHE-® MElrl&e] EF/ol 7128 £ Zolch. IFF I HAE
2L 3¢t slollA 43 Bl JNARE ARl WHE WA,
o] W& F2F A/St 43 Eusle AR dEI £AVE UF
st Yo sldEASIE Ykl AT FIubgol dojrt,
B3}yl FAEE Zo] Y gzle] FHE AFEHIL gt njF FAH
(Bureau of Mines)olld 73t W& ME2 oxd R7IM7IES CO% &
7 L&, 23t A Azstn, o] Wy USHEEYE 07t HY ¥ €
At A A=} €0, B Ho| YEALE HAHALL

Appel 152 A ESX| o] Y7t e}t Ul detatdS HrbstaL, 250~45
0Cold ¥HgAlA EIZ 24 43%71x] vt FEREL o3 71X o)
o} H, & 7}5te] 220~400Coll A S48 A3} Na, CO; 2t NiOFUj7} &
2}Folx, WA 7,000Kcal/gell E3he FRE AT
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S B2g AM83le] thea 2 2h22 I3yt
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2) ®l&(phenol) 3) tlo]&4t(dioxane)
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& o B 0.1/ EIgY) o ¥ 4 1(SHlES 3:1)
PEGS} EGE 3§ Bzl felofar|2 ofAste d3es Fsla, &
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Azl B2 El3LE EX3S gel chromatographyE o]&3le] &3
stoich. H4E AIAE(ELY Ex 9)E 0.IN NaOHo| -&3jAHA
Shepadex G50 medium(lX100cm)ol] FUI F LEAZcl L5992 Tme¥
& fraction collector (Gilson Co,, FC205)& o]-&3}e] E23to] ZF £3]
fraction38 #|JZE wHE-3FrbPes F&sigch W, EFEIL
Blue dextran(My 1000)3} Cellobiose(M, 348)2 A}-&3}4it).

3) WEBE 5%

UG R 4 AHES 0.2V NaOH §dof &3JA]7A WE AHE
3lo] 200-400mo| A FHEE ZA3todct. B4 Kontron Instrument A}
£} UVIKON 930 double beam spectrophotometer& AM&-3t4gicl,

4) 2g1lade] EAGERE &%

H4d ABARE 0.IN NaOHo| 8-3JA]# Shepadex G50 medium(1X
100cm)ol] 13 ¥ £&A]3ct. {292 7wl%E fraction collector
(Gilson Co., FC205)& o]&3}o] £3]3te] U detecor(Eyela Co, 280m)ZE
Z&stgdct. 8, FZEAL Blue dextran(My 1000)Z} Cellobiose(Ms
348)& AHgstddct.

5) FT- IREA

EULLE 35H AHEL KBr AFHLE, A9 AlE& NaCl %

& o] &3} Mattson InstrumentA}®] Galaxy 7020 FT-IRS A}R3le] £

staict.

FT-IR 24278 thest gt

Model : Mattson Instruments inc. Galaxy 7020A

Range : 400 ~ 4000 cm™ Beam splitter : Galated on KBr
Detector : DTGS Resolution : 0.25 cm™
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3. 423

7). A Eaje] 24
1) Bajel dxe @ B
Table 3-1& PEGS} EGEHEAl, i T tlolgite 7tz §A2 3
o syt Baje) ojsgolct

Table 3-1. Liquefaction rate of korean pine with PEG+EG, phenol, dioxane.

Condition Liquefaction rate(%)
Temperature(C) | Time(min. ) PEG+EG Phenol Dioxane
30 - 80.6 - -
130 60 . 87.4 -
140 30 39.6 87.5 46, 3
60 47.4 93.9 73.2
150 30 48.7 92.3 59.0
60 67.9 98.5 86. 2
160 30 69.3 98.1 80.0
60 87.4 99,3 98.1
170 30 89.7 98. 4 94.4
60 91,1 98.6 98.5
30 91.2 - -
180 60 9.8 . :

PEGS} EGE §H| & A&l 3t BEE 433 23} 93g2 A
39.6%0ll A Z 3L 98.8%F LIE}WICTE 140C¢} 150ColA &= d3elr] Rl
glade] gyl stestEe] &It A 7heEElE Uol §&F L 5F =
£ PG E Wil 160T, 602 ol oA 87% o]4ke] d3gol
dolzict.

HEE 3RS 933t F9 130T E 80% o]4te] 432-& Uehyd
th. PEGS} EGE &AHE AH8Y FSRrh 3hgo] ul-¢ wA ueiych
160C, 60 oj4te] dEtzZod AEge & xloj7t qUorh. Hxl of
slol = wizo| mi¢ ZHA EAUE & 4 dUch
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tlol it AURE 3y B¢ dxge ztzZo] el utzt
S713tgiTh 150T, 60 o4 YstzAcME 80xol4te] 43gL e}
Wit

Fig.3-1~3¢li= PEGS} EG, Sz, clo]&i& £A2 3 AUE 938
o] VLS FFY AE vehd o),

WWreducing sugars yield

Reducing sugw peidx) .

it S O
30 60 30 60 30 80 30 50 30 60 (min.)
T40 150 180 Trg 180 (t ]
Reaction conditon

Fig.3-1. Reducing sugar of korean pine liquefied with PEG and EG.
AT £ A3} 160C, 602olA Hrle) BAY +82 Urhiy 1
olel dztzAdAE BuYel 343 Zaste Aue Urhich ol
T Azke %e dnzNE 95zl FoUe] e weztEe] 4t
o ela) slsRalsle] BUYL 48] F7tsl 160C, 0Eo|H Hrhg
Uehis 1 ooz dskzde] ol wiet BT 4go| Zas)
£ 2ol A3tzpgolN w421Ee 2313 W] dolyitia ojAaHT)

pe A B ¥ @B g (%)
S0 |- 4|

Contents of reducing sugar(%) .

130 140 S 2ABO ' 160 170 (C)

Fig,3-2. Reducing sugar of korean pine liquefied with phenol.
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HEE TS JERE 3¢ BdY $82 140T, 30& stz oA
#ao] BLdT £&& ekt I ol zAoME YUY £8&°] F
3] ZA&sgTh 9A] 140C, 302038 oM ol dA3) WU
< ¢ 5 orh tE &lo] vls] 140T, 302 A3t AA|FHoz &
47 &0l A Uetyltt

Fig.3-32 tlo|$4tE SAE FE 433t dxE9 #dd
I Aol

BYY =4 23 160T, 302004 Huje LG &S UElba
o]F2] JdEtzoMs o]l ALk FVS UElWCL ol A
© W2 R d3txe] Fale wtet Fo] Ate] 23] I
siElo] B|UPe £8&o] F71314] 160T, 30&o]A & Uehiz 1 o
BoE gztzzio] sl uwiel VUG 8] sl G 2313
Hdo] dolutEE AHY + drh

o

g

fijo
35
4

50.0
45 0
40.0F
35.0F

30.0F
25.0
20.0F
16.0F

Reducing sugar yield (%) .

10.0F

5.0F

0.0 %0-30  140-60  150-30  150-60  160-30 . 160-60  170-30  170-560

liquefied condition{(T -min.)

Fig.3-3. Reducing sugar of korean pine liquefied with dioxane,

2) 5|2 ZAFEE
Fig. 3-4t S=E 3% q3EAF el SATEXE UEl

d Bolt}
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1
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07 + § "-~.,~__ 140%¢ . 38min.
o6 k I ------- 160T . 60min

UV{Abs)
o
P

1 2 3 4 B 6 7 8 [ 10 11 12 13 14 15 16 17 18 19 20
Tube No.(tunit/7Tm )

Fig. 3-4. Molecular weight distibution of carbohydrate obtained
from korean pine liquefied with phenol.

Ad-E 160T, 608 3}, HMLS 140T, 302 43t Zolch. 140T,
302 A3 B¢ VLY £E0| 78 A UEhd 160T, 602 A3zt A
e ©EEe EAFE Hlwdte] uehdch ©3ELS oFapyelA
FASA Jte-galE ] AR Hax dFE2 Zeam P2 &
e & 5 Atk A%zl A met EAF EXIF AEAG LR
UEIL S350 dojutaE AL 4 Aot

Fig. 3-5& 180T, 602014 &3} tio]g4te s A3yt 3i&a)3
BEE e EXYEEE vlaste] yehd Folrt

1000 348 180
»

6.5 i '
c.4
Phenot
o3 L/ T e Dioxane
0.2 b
.t F
0 i 1L i v‘-—"'-. Amoc ol Ly — L e .
1 2 3 4 § 6 7 8 9 10 11 te 13 14 5 16 17 18 19 20

Tube NO .(tunit/7m1)

Fig. 3-b5. Molecular weight distibution of carbohydrate obtained
from korean pine liquefied with phenol and dioxane.
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T ogAZels MRY BAY RS UshIAD, slEd 397
dioxane BT} o}t TEAIF Y BAY BEE Ushl Yol edt g2
g FUSS oY ¥ 4+ Atk

. 43} Falg @ad 24

1) 43} 2 gadel 3

Table 3-2& &&Ef2] A&4&3} Klason ligning] &4 Zfejr}

Table 3-2. Klason lignin and liquefaction rate of liquefied wood.

Content Dioxane PEG:EG Phenol
Klason Lignin(%) 25.9 52.4 -
Liguefaction 71.3 81.5 121.0
yield(%)

Klason lignin : based on liquefied wood
Liquefied yield : based on wood

ARl &L 3o AMEH Fafo] thste] 71.3wolA 121.0%%
Letton, o7jole &4 W A Fujd Fate ZE] gl EAFel
AE sleo]l 4ol 71 A UEhkICh Klason lignin a2 o3}
Eof oyl vj2 E2|YgI e SAE AT B9 M gt o] A
oM FejPdIE&FA PEGR EG LA W rlo] At 2 o3t o3tEe]

£ 4Ee dad EAetn U3 ol Yeld U FehE fA%a
Uee ¥ 4+ Atk

2) dFE=} g 32] nitrobenzene oxidation
Table 3-3& 3}Ex] 2]2d2] nitrobenzene oxidation &4 72z}

ojr}.
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Table 3-3. Nitrobenzene oxidation of liquefied wood lignin{%).

Syri Vallinic Syringic
Liquid |Vanillin| > "8 _ yring Total
aldehyde acid acid
Dioxane 2.7 - 0.6 - 3.3
Phenol 2.1 - 0.1 - 2.2

aFLEA] g]ayl?] nitrobenzene oxidation £ A3} vanillin® +&
o] s U tlo| Al AFEA 2.1% W 2,732 AnrEQ HxajojA e}
Uhe 25% Aol guTh WA Ueht Blade] Wadel skl vshdg o
s

T gleu 2lade] 2 4L fAIsla 9

&g ¢ 4 ook

3 W FE= %
Fig.3- 62 A3E2jolA < 2|ade] wiE3

+2.58A

Dioxane(Pinus Koraiensis)-residued

+a.080n
200 .0
S,rz21 ‘99

SO .BCNMDIV. >
[ a68 .anNm

13:28

Fig.3-6. UV-spectrum of lignin obtained from korean pine
liquefied with dioxane

RUFE tholsuen gzl Hew guy dHE

Klason
ligninl 08 FaF & Tt

Uehd ot

280nm $-2olN FHEES Uthy @ldo] Hele 2ladel ¥ejg g%

& o 4 gtk

—-155-



Fig.3-72 43EolA 4 2gadF S4de] WEHEE e}
d Zlocrh

250
Phenis o Diorane{Pinus Koraiensis)
A . §.348
o Y it
[ N
\ /
~ \\ N
L] - 0
- » N
[ RERSE wE — ]
- 2.8 BB s
iy - TR TR T

Fig.3-7. UV-specrta of soluble lignin obtained from liquefied
korean pine,

RS PEGSL EC 384, dl&, TiolS$its &2 7zt o3tsie
4 EUd AES Klason lignind 22 FaF 34 Fol E2)3}
t A7 LE EAste JHEEAEA BladY] FHEEE Uehd Zlo]
th. 9A] 7MY o® Ex3h= A EA} fractiondAE 280nm F-ZolA F
FEE U] zlade] Y 2ade] FelE RS ¢ + orh
Nitrobenzene oxidation A3} 5& A#H3MH 2ladd A3 oA AE
A2 F3lE, 49y HEo] dojdd ¢ F o3, I3 dF= A
d¥ el AHEA glad BIAAEES PPk BAdch, a8y
Klason lignin¥3 e} At7Fg-Fe] W EZZAAE FIsHd &

gl adS AEAF e Hol geut glad WEYS s A glad F
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Fig. 3-8. Molecular weight distibution of lignin obtained from
korean pine liquefied with phenol.

ARz 2lade] Ex18Re 140T,308 93Hg A9 1,000 o)sle] £
zlgy EXE Uepd 4bA. 160T, 608 9313 A= 1,00082 3} 40082
oA JFulExE et A gtz o] Zaje ulet glode HE
215171 doj g & 4 qlrh
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Fig. 3-9. Molecular weight distibution of lignin obtained from
korean pine liquefied with phenol and dioxane,
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Fig.3-10. FT-IR of korean pine liquefied with phenol, dioxane.
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M U o] Ao E 180TollA 603t HRE H3HE=) 2] FT-IREN
A3 sEe] Z9 1010 co B2 BN fests ¥AT A y
ERA] olo} iAol n|s) gt3tEo] A3 WA HIUZES ¢ + dUrh
EY HgolA fedte Feuizt bt dF glade] st Aysta
UAL HAF| AAHA] U2 lwol A3 FajFol EAjPri At

Thol Akl 79 1124cm™ 22| BEHBolA fefsl ¥A7F Uelylct
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A 2% EQUAE A3EAY B4

1. ZAAE
LD ATHollA AF% WP Pinus koraiensis) Hio-& AH3I3ich

D
(54

9
7} &9 oz
Gy bR 5EE Suie ERUERE AHESie] 180TelA
30-90F *J&A2] sigich
uh A3tEajel A F2e] £l

gaiRafe] FETHE A%t £ Fo HLEE el sh=dl

Fig.3-113} 22 Wi s £& £2| saich

Liquefied Wood
< Benzene

i I
Benzene solubles Benzene insoluble
- acetic acid—water
benzene 9: 1
ether —> |<— acetone water —>»
| |
oether e Water—insolubles  Water-solubles,
oy Agnins Polysacchari

(Lignins) LW-3(10.5625)

LW-1(47.86%5) LW-2(0.56%)

aceticacid-water
aQ:np

acetone -

| ) |
Sotubles Insolubles
{Sugars 1) (Sngarsﬂ )
LW-4(22.079) LW-5(0.7296)
<+ acetylation -

ILW—-4~Ac IL.W-5-Ac

Fig. 3-11. Fractionation of liquefied wood with polyalcohol.
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oh. Azt ¥4

1) AtEaje] A7t 4 477 &%
71 At7}

AR 1g& TG4/ E(6:4)ZHEN L2 1000] M, 0.1 N
AL E 48 E AYSPEA pHY MEHE §FSl o] Fgo] H o]
o #4138 AEY HFY §Es vhe Mol A AEE AT

~}7HAcid value, mg KOH/g = 56,1 XVXN / ¥
Vi 3gol E uie] #atd ZF 44 ()
N : ZHAZA AHEE =413 AFY] 5%
W AEY FA()
L) 44717t
A3} Faf 1,53 FHEeAl/v 2wl (42g/300me) 98¢ 25meE
Z}71 7} 49 FetiIol Y 98:2C8 F2FRoAM JHE 80 FEA
2212 HEgAlZich ol AFEo] Gl FAIHE tIRFE o] WHEAIR

th whgo] Bt FeAIE A7 WA ¥AA F, gRT HEZ
1

4802 HYse] B2l Uehd thE FHOE st olwl piE &
Ashoich. GBS tZTY pi Fol Y WA 0.5 N FAPUEES
9g HPstach. $4717ks thedl Aol g7 aEstact.

4=41717HOH nalue, mg KOH/g) = [ { 56.1%X(B-C)Xf} / ¥] + A

. 2AR HPo] AT 0.5 N +USHIEEE A H(t)
© RS ARol 281F 0.5 N FUBEEEele] oH(at)
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2) FT-IR £4
Zt 235 LW-1~LW-59] A Ed-2 BIO-RADA} FT-IR Spectrometer
& AH83tda, F3Y EY £¥EY FfE KBr I3He
2, syrupd SHEY F-E NaClHg o] &3t FF 3Tt
3) “C-NMR ¥4
A3}Ez)e] EYE LW-1~LW-58 CDCla-d £ DMSO &ujjof £3)A]

(SPC-3200)

# Varianabe] H(C)-NMR(Gemini 200MHz) Spectrometer® &3 3}¢ic},
4) GC-MS £A
Zty BZEE LW-1~L¥W-58 VG Analyltical A}e] - GC-Mass

Spectrometer(VG 70-VSEQ)E AF&3lo] AakE FAs}olct.

3. dFA
o 3lExje] HEERE Fig 3-113 o] Eesle g EHE
LW-1~5 fractiono] thgt H(¥*C)-\MR A Ez}, IR AMEg}, GC-MS 2

A3 2o I3 E

7 ABEA A W $4717h &3
ST UEA Az A AR EALY AW L ST ok
Aohdol 28 HA o] o}F Fasith £ AHIM AZY A3}Ee)
A7} 44717k & 3-49 gk

Table 3-4. Acid and hydroxyl value of liquefied wood

contents Acid value, Hydroxyl value
(mg KOH/g) ( mg KOH/g)
after concentration 48, 32 279
beforeconcentration 40.11 153
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AES st =] d2 WA AR B (HFH),
A7 47171 ghol AEHES &l A UNFE AAY FeR
T 22} 2 A Uelkith ole &AE AREH ol W Z ] (HOCHLHLH) &
o] A7 & A7t &l A3l I gho] o€ ZAoE AZHn =
3t o] T2 YaoTo] AR} S AES EYsle FeloddZe
g, EYZREAIeE T Ay A3EY F4717t ol 300~400
el wiste] 3 gro]l 2F Y2 Holth ol& 54 FE ©HEU F9Y

#3717 ghol 4009 BE 73 & W 44 Ao FYY Rsirh

Ll 2HE9] IR &M Ez}

Fig.3-113} Zo] Ea|3t EHE L¥-1~52 IR 2¥Eglo] tis) &
kst AL ¥ 3-50] UElAYch Fig. 3-12% L¥-12] IRE 3366cm o)
hydroxyl 7] 2} NHp7], 2872cm'e] 743} methyl, methylene”], 1734-1718cm™
ol carbonyl”], 1108cm™ojlA] uj-$ 738t ether EL: alcohol”]e] F4:7}
L= 3

Fig. 3-13& L¥-2¢] IRE 3385- 3587cm’of N-H AZAE,
3200-3500cm o] hydroxyl”], 0-H Z¥AI=A%, 3630, 3587cm’o] O-H
free A1&2 52 37} Koo, 2872cm o] uj-$ 73} methyl, methylene
71, 1732-1721cn™ ol ul-¢ 78 carbonyl7], 1108cm™of ether7]®] F<:7}
Helrt,

Fig. 3-14% L¥-32] EAFYU R AFELFEA  3400cm’of
hydroxyl 7], 2873cm™ o] methyl, methylene”], 1735-1703cm™¢j carbonyl?]
1251cu™ o] m-¢- 73} carboxylZlel 47t HAoltk.

Fig. 3-15& LW-48] 533l IR A% Eal2A 3369cn”o hydroxyl”),
2873cm o] methyl, methylene?], 1736cn'e] ©j-$ ¢}t carbonyl”],

1100cn™of] uj-® 73t ether, alcohol7]e] H<47} Ralt},
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Fig. 3-162 LW-58] IR ZA 3360cm™oj ©i-$- 73t hydroxyl”],
1100cn™of] uj-$ 7%} ether, alcohol”]] &F47} UER}Z 9t}

Az}, R gEEA] Fo] Loy v ER| Yol wiIH
o] ola] £/ A|WrFether,carboxyl,alcohol S22 HHH AL o 4
2ich.

Table 3-5. Assignment of Infrared Absorption Bands in Liquefied Wood

Position in cm™ .

L¥-1 | L¥-2 | L¥-3 | L¥-4 | L¥-5 Hond Origin

3400
3366 | 3384, 3384 3369 | 3360 | 0-H stretching( H-bonded)

3587 2873 N-H stretching
2872 | 2872 17351 2873 methyl, methylene groups
1734 |1732-1 703 1736 carbonyl stretching

721 1251 carboxyl group

1108 1109 1100 | 1100 | ether, alcohol, carboxyl group

1108

100

85~

80—

1248.0, 87,82

801

NODA BRI~ MW

3966.2. 84, 16—

751

w2, vm

70

. T T v T T Bk T. U T T H 1
4000 3000 2000 1800 1600 1400 1200 1000 800 600 400
uavenamlbers

L -

Fig. 3-12. IR Spectrum of LW-1
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th £YE2 'Hel “C-NR 2¥Eg}
7} BYE L¥-1~LW-52] 'H-NMRz} “C-NMR Z} 3]3¢] #]4& Table
3-6, Table 3-70] fo¥s}gict,
Table 3-6. 'H-NMR Assighment of LW-1, LW-2, LW-3, L¥-4, and LW-5 Fractions

Signals{ppm) ]
L¥-1 LW-2 L¥W-3 LW-4 V-5 Assignment
3.66 3.60
4,17-4.25 3.55
3.74 3 44 0,
3.72 339 HG-0
5 &8 358 1320419 -0
362 3.54-3.77 . . . 3 06-4. 21
2.74-2.77
2.58-2. 64
2.18 2.07 CH3-C=
H-C-CO
2.09-2.20 2.10 2.01-2.10 HoC-CO
HsC-CO
1.70-1,87 thylene,
1.26 1.14 mlen etgy?ne

Table 3-7. 3c-NMR Assighment of LW-1, LW-2, LW-3, LVW-4,
and LW-5 Fractions

Signals(ppm) .
L¥-1 L¥-2 LW-3 LW-4 V-5 Assignment
%8 8 carbonyl
107.0 | c=C

72.9 72.8 79.4

: 72.8 . 79.7 | HC-0
72.5 72°5 20
70.6 70.6
70.2 70.5
.4 70.0 69.9 1.4 HC-0, HiC-0
70.1 69°8
69.1 69°7
66. 3
g.’li g 61.8 61.6 methoxyl
61.5
398 34.5 30.5 methylene
%g: 3 methyl (acetyl)
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Fig. 3-178] L¥-12] 'H-NMR 2% EglolA 2,09-2.20ppne] methylene7]2]
T4, 2.74-2. T7ppne] methyl7]2] 44, 3.62, 3.66, 3.70ppme] 73t 3|3
= methoxyl, O-methylene, O-methyne?] =Zojt}, E3FL 4, 18-4, 26ppm
0-methyl7]¢] &3 Hojc}.

PC-NR A Eglof A= 27, 95ppmoll A methyl7]2] B4, 29.890)A &
C=0-CHz®] ¥t47}, 37.9-38.0ppmd =C-CH-C=2} ®t& F4uFojct E
3} 61.56ppnS methoxyl7], 70.42, 70.24, 70.57ppm2 methylene,
0-methyne?] §t4A F<71, 162.9, 173.0ppme ketone”|2] €4 F471 B
ct.

Fig.3-182] L¥-2 £¥E2] 'I-N\MR 2 Eg}o]A 1,26ppne C-methyl”],
1.69-1. 87ppnS C-methylene”], 3.54-3.77ppme methoxyl7]8] 47} R
Qlrh, Yc-NR AHE glo A& 7.00ppmoll A C-09] F<4=7} Rk

Fig.3-192] LW-38] 'H-NMR ASEzlojlA] 2.10ppne YT/ acetoxyl
7], 3.44ppmd ul$ 743t methoxylZ]®] F47h, C-NMR AW EalolA
30. 46ppmE acetyl 7], 69. 59ppmoll A= H-C-0 = HC-02] &7} Bl

Fig.3-209] L¥-48] 'H-NMR A EgloliA 3. 66ppme] ul-$- 7%t methoxyl
71¢] ®A7t Holw, 4.19ppme O-methylener]e] A7} Btk “C-NMR
oAM= 61.64ppne methoxyl”Z]] ¥|3o|m, 70.04~72.83ppnd] T IAEL
0-methylene, O-methyne”]8] ¥|ZEo|t},

Fig 3-219] LW-59] 'H-MR A®Esg}oA] 1.14ppne C-methyl7],
2.07ppnS =C-CHs7}, 3.60ppm2  H-C-07], 3.01~4.21ppmS HC-CHs7],
HC-02] T A Eolth. “C-NMRolA  30.45ppm& =C-CH;, 78.01, 79.74,

79. 41ppnS =CH-0 Sojm, 107.00ppm& =CH:2] F<o|t}.
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Fig. 3-17. "H-NMR and C-NMR spectrum of L¥-1
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Fig. 3-18. 'H-NMR and “C-NMR spectrum of LW-2
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Fig. 3-19. 'H-NR and “C-NMR spectrum of LW-3

=171 -



CITTITTT Trl'n'n'n':[':’n'rr'rm‘{ TTTOTTTTIY
] " i

N

"y "
;Irr( T’rrrﬂI‘.’rl'r]'r T('IIT'I"I'rT rTrTJTanTrr‘rIrm*:’TnT‘r TV 'ﬂ'Irrrr‘rr n'XI! ‘!‘H‘rn‘rrg'rn' i 111‘!1]‘;:\’71’1‘”1’;‘1

Fig. 3-20. 'H-NMR and “3C-NMR spectrum of LW-4
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Fig. 3-21. 'H-NMR and “C-NMR spectrum of L¥-5
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) Y E2] GC-MS &4
7}) L¥-1 fraction?] &4

GC-MS &4 ZE Table 3-8

of Felstdedl, 2

g% 282 JFEHE EIEELS  3-cyclohexenylmethylketone,
3-methyl-4- hydroxybutylaldehyde, methoxyethoxyacetamide, methyl
4-ozo-pentanoate Hojr, m|x]EZl.2 M+ 218, 253, 239, 267, 281,
Solc}
Table 3-8. GC-Mass data of LW-1 fraction of 11quef1ed
wood from Pine koraiensis
(mfg_) Area Assignment Mass list(m/z %)
13.295 | 5155312 | 3-eyciohexenyl 124, 96, 81, 53, 43
15.153 | 370765 | 3 ety dehyde 102, 86, 73, 57, 39
15.494 | 1189707 | methoxyethoxypropane 118, 87, 75, 58, 43
17.350 | 736541 | 2-hydroxyethoxyacetamide éé? 4%?:13002)39, 75,
18. 080 |22574291| 2-hydroxyethoxyacetamide %SIJ? 4%(():130()?9’ 75,
18.388 | 851233 %élfggzggi;gzhyl)acetamide 1153,74%(()‘;'002);9 72
18. 852 |13842616] methyl 4-oxopentanoate ég?«ls%?bos)’g 87, 71,
15,083 131155 | s o] | 15 107 0T 89
22.705 |12342175 unknown B ot 140,
22.092 |11684151 | unknown a8 12 5L 18,
22.118 |36590434| unknown 3% 205 8 4 0t00)
28.712 136348738| unknown %gg %8; }335 4é€(5:1300)
31.423127454635| unknown %gg %gg %89 4%'(7?(,)0)
25. 654 |40040565| unknown oL 2 o)
34.297 (14116235| unknown R L. AT Goo)
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L}) LW-2 fraction®] ¥4
Table 3-9& LW-28] E&4AzRIdl, 94| glad F2Eo] A3A 7|
dfl AoeZ o3l &, coniferylalcoholE H|ZE3}o] hydroxymethyl -
2-methoxyethoxyacetate, 1, 3-propandioyl -2’ -metyoxylethoxyacetate, 1,2, 4-
butantrioyl-4-(2'-methoxyethoxy)acetate Sojm, M+ 2810] u]|zx]&&o|ic},

Table 3-9, GC-Mass data of LW-2 fraction of liquefied
wood from Pine koraiensis

(m§g_) Area Assignment Mass list(m/z %)

18.004 [15407248| 2 (2-hydroxyethoxy) 119, Lo, 89, 87, 75,
22.361 | 2923046 | coniferyl alcohol }gg: 9:1,5269, 16?’;(15)5)),
22. 049 |18931823 gﬁggggt‘ﬁxymtm »Zligfi'75%335’8 | 14159(.10 01)02
25. 600 |21755635 Lﬁnmgge 2 %8?'ssfsis (110303), 103,
T e P N
29.000 110429243| unknown 58%106%?743 165, 143,

t}) L¥-3 fraction?] £4]
LW-32] B AZIE Table 3-100] £k Ae|stgdsd], g4 oy
3} BAEE BAolU U4sHED VAN PEEs TUAY Bem
ol &Hr} &, 1-acetyloxy-2-propanone, 2-isopropoxyethyl acetate,
monoethyl malonate, malonatic acid derivative, 2,2’-bi-1,4-dioxane
derivative FoJt},
2}) L¥-4 fractiong] #4
LW-42] EMZAIE Table 3-110] Fe|dtgd=tl, sH31Ee] fAE
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= gz, &,

2,4,4°, 6,6 -pentadeuterocyclohexa-2-en-1-ol, 2-(2-vinyloxyethoxy)

=

Hajlglo] A" [7)4tEo] wen, D, L-aspartic acide}

ethanol,

2, 6-dimethyl-5-hepten-1-o0l, 1,3-dimethoxy-2-propanol, 2, -methyl-1,3- dioxolane

-2-propanoic

acid,

methyl ester,

1,2,4-tri

methoxybutane,

2-methoxyethoxyacetic acid, 2,4,6,8- tetramethyl- 1,3,5,7 -tetroxocane’s°]

o, BAEE2 M+ 117, 139, 147, 149, 207, 281, 221 o] Helth

Table 3-10. GC-Mass data of LW-3 fraction of liquefied

wood from Pine koraiensis

R?;;;I;-il;'e Area Assignment Mass list(m/z %)

12.800 |1403184 1-acetyloxy-2-propanone ‘11:1;?,1001)03, 86, 73, 61,
18.225 [2647440 2-isopropoxyethyl acetate (13111?213(111(;76) 102, 87, 73,
22.192 |2761539] monoethyl malonate ,1732 701,175'8, 923 87(100),
25.536 [2695530| monoethy! malonate 132, 17, 101, 87(100),
27.066 |1933502| malonatic acid derivative ?1;3 8177(71’00),1 637’3, .
29 855 11890814 malonatic acid derivative .'lig?: 872(81%0)’2‘(15; 163,
32 519 |1501105 malonatic acid derivative Iligg: 13236,5’87(%8(1)3, 42509,
28.412 [s522723| 2 oy L drionane a0, 4
o o G| o B
33.626 (3573457| 5,2 bicl 4rdioxene 19 13 G (100}, 43
e e P i e
o o G| ), &
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Table 3-11. GC-Mass data of LW-4 fractions of liquefied
wood from Pine koraiensis
R?:];E.i[;‘e Area Assignment Mass list(m/z %)
.52z [azasssae| 204000 peniadentero | 33 8 B 70 €2
6.760 [327332665| DL-aspartic acid 133, 88(100). %8,
7.153 | 6942537 | unknown }3{"-45%?3&,) 8. 1,
13.459 |17325195| unknown 213?,721'2%9’ ligl,(lo%%’
13618 |12427387 | 2;{2-vinyloxyethoxy) %22 591,151’5(11853 %
14.392 |11425678 | %% climethyl-5-hepten tlsgl,l'ml,zgs's, Iigilo%%'
15.092 |16556935] 1, 3-dimethoxy-2-propanol ég?’%%?gb) 8. 7,
15.986 14720853 unknown §$7 751,225'3, liggw%‘"’)‘
18.103 | 5349065 | 2oty L e o o e | 870100 55, 45,
18.780 (66753869 | 1,2, 4-trinethoxybutane | gad 124 115 103
19.211 | 6111191 | 2-methoxyethoxyacetic acid }/g?'581,254’5(118(§3 8,
20.456 | 7906733 | unknown éé?'751,335’,8,11475;( 1})%2)
20.435 | 8129081 | unknown 287 55,5145(11303(5) 1or.
22.753 |26521352 | unknown %8;; §397314745(11%%
23538 | 10450898 ig,tgé)s(;ggamethyl—l,B,Sj %(7)?: égss 81,334,5117,
26.064 | 8904407 | unknown %35; 7232,3'43(71760)133'
26.302 | 5136357 | unknown %3}’451?11(30)133' .
26.890 | 7856355 | unknown %3}'757745(‘3&5) H
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m}) LV-5 fraction?] &4
L¥-5% (Table 3-12) 22 El3lEE2] EHELo|g AzEHE A

L 24|, 1-indanol- 4- propenyl phenol& H]&E3}o] oligosaccharide®}
adeninyloligosaccharide Ho] [o] &z|3l= Zo] EAolgl 3}Zct 1)

ABHELS M+ 207, 281 So] B},

Table 3-12. GC-Mass data of LW-5 fraction of liquefied
wood from Pine koraiensis

(m?g, y| Area Assignment Mass list(m/z %)

7.882 |6412017 ;;uiagg‘i‘“‘ﬂ“i'r’fopenyl ;31,1(10%: 551;?7215 103, 89,
12.018 | 868833 | unknown %gg(lfl)% 11037,, 7;%4 152,
12.732 |1106534| unknown fgéflgg,),4522411%0)193. 133,
15.691 | 648112 | oligosaccharide ?gi’ 5%1,73%%6)223, 193,
18.573 [ 203012 | oligosaccharide ‘ﬁg 133:131’. 72%?60)251’ 207,
25,085 | 229041 | oligosaccharide ?g}x 921533(71700% 195, 158,
26.210| 420504 { oligosaccharide ‘1183 135%3 913,277(5100)» 253,
27.676 | 348707 | adeninyloligosaccharide gg 143}57('108§?'7§67- 251,
29,295 | 369247 | adeninyloligosaccharide g.} 1430§'108§}v732821 208,
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Exje] ozl FUR BRI HES L3WHHEE Bueidz,
EUlE Bare AMSSIATh ABUAE st W2 FRsIA 180T A
6027 ABAATL AZY AREL To]gAloL} OIHELE Hasto

164 Z2lAWE R FQ, ojisielct.

2. A7uky
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_.E
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2
2

BEEY Zoln, 4 E8%E ¥FEH gady 2EAEY e
ekt

Liquefied Wood
(100.30g)

l«— H:0(50C) ‘
! !

Hot water insoluble

Hot water soluble

! «— Hexane <+« Chloroform
{ | i ' |

Hexane insoluble Hexane soluble Chloroform soluble Water soluble
(LW'-~3, 0.81g) (LW’'-2, 22.30g) (LW’'~1, 23.87g)

’ ' «  EtOAc

| 1
EtOAc insoluble EtOAc soluble
(LW'-5, 10.20g) (LW’~4, 24.05g)

Fig, 3-22. Fractionation of liquefied wood with phenol,
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U, o3 2uge 2y
1) FT-IR 24
7} B¥E LV-1~LW-52] AMEHL2 BIO-RADA} FT-IR Spectrometer
(SPC-3200)8 AHE3RT, AN BY 2YBY A9E KB AP
2, syruptt BHEY 29E NCIDS ol 831 3Ftc,
2) PC-NR 4
A2tEA)e] BHE LF-1~L8-58 OOCls-d & DMSO gufol §3iA
# VarianAle] 'H(*C)- NMR(Gemlm 200MHz) Spectrometer® &3 3}lc}.
3) GC-MS &4
Z} BIE LW-1~L¥-58 VG Analyltical A}2] GC-Mass

Spectrometer(VG 70-VSEQ)E A}L35}o] &g A5ttt

3. A3

7}, IR %7

Fig. 3-23~273} Zo] £ EYE LW'-1~59 FHAEZEA
AW EHo| B3l THIPA, Fig 3-23 LW -1 IR AMEREYN Az
2, 3500-3200cm™ ol hydroxylrl7], 2950-2850cm’o] Z+gr =AW= C-HZ
%} 1720, 1635cm™ ol carbonyl”], 1460cm™¢] methylene”], 1260- 1020cm™
ofl A uj-$ AR C-0712] FSF AHEZo] Bt}

Fig.3-24% L¥W'-22] IR AMEHEAN AIZA, 3500~3200cn o
0-H A% VEWUFe A7} Roln, 2880-2860cm ol AWE C-HAY,
1775cm el cyclic C=0, 1715-1710cm "o} carbonyl”], 1460cm™ 2} 1380cm™oj]
~CHz, -CHa7], 1140cm™, 1075cm™, 1040cn™o] C-0Z &S] F47} Bt

Fig.3-25= LW -38] IR AMEIEM AzLZA 3500- 3300cm™ ol
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hydroxyl7], 2940, 2900, 2830cm™ o =|*%& C-HZA%¥,1730, 1720, 1710cm™
o]l carvonyl”]8] C-0&47} & o|t}].

Fig.3-26& LW -42] IR AMEZEN ASA, 3025cm o W5ks C-H
A%, 2950-2840cm’ol]l X|WE C-HAZ, 1700, 1670cm”o carboxyl”],
1620, 1460cn™ o] wWeksle] c=CZANE, 1380cm o -CHs7], 1310cmof
C-0Z3}, 995, 970, 840cmof C=C&] 00PF<=7} VJER} gith

Fig.3-272 LW'-42] IR A EHEAN ZE 3025cm o W& C-HA
3} 2980, 2830, 2725cmofl A= C-HAY, 1700cm™ ol carvonyl”], 1670,
1475-1455cm™o]] Wapale] c=CZAAE, 1380,1370cm o -CHs7], 1320cm™
o] C-0Z3%, 1000, 980, 850cm™o C=C] O0PF4=7} LIelLtaL 2t}

ol &9 A, T A FAY ZJEZ d TETONL BEH
o] YX 3T g E7F2 A|WE ether, carboxyl, alcohol?] T o2
HHE AL & 4 2t F Li'-1~32 B4IEERY {AdEE 7150

ol Roln, L'WA~5& Wgdo] dolgle 2 & + sldrh

[ IS AT

109.9
hd

PV ST  p

I
i

Fig. 3-23. IR spectrum of fraction LW-1 from the liquefied wood
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Fig. 3-25. IR spectrum of fraction LW-3 from the liquefied wood
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Fig. 3-26. IR spectrum of fraction LW-4 from the liquefied wood

-5 from the ligquefied wood

Fig. 3-27. IR spectrum of fraction LW
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1}, GC-MSE-A
olRty] FLR AstEx|e] ztzt E¥EQ GC-MSE HPARY] 589011

GC, 5988 Mass Spectrometer& AlE3}o] EA3}git}

1)

[y

HE LW'-
785U EYHEF LV -19] GC-MS AHEHL Fig. 3-287 Zon
O F ok 61xql 7] YIRS AWMEYS ZAsle] F 3-130] Loksteic)

M

Table 3-13. GC—_MS data of fraction LW'-1 from the liquefied wood,

RT Area Probable compound Mass fragment

(min) (%) (m/2)
226 810 12-propanediol 76, 61, 45, 31
236 1590 2-ethyl-4-methyl-1,3-dioxolane 2%115' 87, 72, 59,
243 579 2-ethyl-4-methyl-1-3-dioxolane ii?’silf” 87, 72, 59,
285 238 2-methyl-1,3-pentadiol 116, 98, 83, 69, 55,
291 085 2-methyl-13-pentadiol 116 98, 83, 6. %5,
646 463 1-1'-oxybis-2-propanol 134, 89, 59, 45, 31

766 1671 2-(2-hydroxypropoxy)-l-propancl 135, 103, 59, 45, 31
112, 98, 81, 69, 53,

856 4.08 4-methyl-2-furanmethanol

41, 31
1471 049 1,1'-[(1-methyl-1.2-ethanediylbis 192, 161, 117, 103,
i ' (oxy)]bis~2~propanol 59, 45, 31

RT 2.26mino]l el = 3}3ES 1,2-panediol, RT 2.36- 2,43min.2
2-ethyl-4-methyl-1, 3-dioxolane, RT 2.85-2.91 min.& 2-methyl-1,3
-pentadiol, RT 6.46min. 2] ¥}3}5-L 1-1-oxybis-2-propanol, RT 7.66min.
2 2-(2hydroxypropoxy)-1-propanol, RT 8.65min. & 4-methyl-2-furan
-methanol, RT 14.7lmin. & 3}ES 1,1°-[(1-methyl-1,2-ethanediyl)

bis(oxy)- 2-propanol®] 22 ZARstHch
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Fig. 3-28. GC-MS spectrum of fraction LW'-1

2) SHE LV'-2
BEYE L¥'-22] GC-MS AHERL Fig. 3-299} Zom O F of 61%¢
7 Y= 2HEYE S S| E 3-140 23isich

Table 3-14. GC-MS data of fraction LW'-2 from the liquefied wood.

RT Mass fragment

(min.) Probable compound (m/z)
20, 1,2-propanediol 76, 61, 57, 45, 31
586 4-methyl-1,3-dioxolan-2-one 102, 87, 57, 43, 30
836 2-(2~-Hydroxypropoxy)-1-propanol 135, 103, 59, 45, 31
14.39 1,1’ -[(1-Methyl~1,2—ethanediyDbis(oxy)] 192, 161, 117, 103,
) bis—2-propanol 59, 45, 31
15.46 3,4-dimethoxy-3-penten-2-one A ‘11;4’3}14' 99, 71, 59,

187, 157, 114, 99, 87,

27.05 4-methoxy-3~isobutoxy-2-pentanone 71. 59, 43, 31
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Fig. 3-29. GC-MS spectrum of fraction LW'-2
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3) ¥
¥
B9 29
Table 3-15. GC-MS data of fraction LW'-3 from the liquefied wood,

Hm
(i

LW’
LW'-32] GC-MS ABE-L Fig.3-303 g2 1 F 57 33
HE ZA3to] E 3-150] gofstalrt.

Ao
lm i

RT Mass fragment
(min) Probable compound (m/2)

. 128, 127, 113, 97, 83, 70,
1331 2,3-dimethyl-3-methoxy-1-pentene 69, 55, 41. 31

164, 149, 137, 131, 121,

1483 eugenol 103, 91, 77, 65, 55, 39
. 166, 137, 122, 107, 101, 94,
15,08 guaiacyl propane 77
191, 159, 129, 113, 107, 99,
1560 2-(2-hexoxyethoxy)ethanol 8. 75, 69, 57, 43, 31

) 340, 296, 279, 264, 221,
10-methyl-9-hydroxyoctadecanoic 165, 151, 111, 98, 81, 69,

32.29 . \
acid ethyl ester 55, 41
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Fig. 3-30. GC-MS spectrum of fraction LW’'-3

4) Y= LV 4
TEI72H-E EtoAcE F2% LW'-4 fraction?] GC-MS spectrum2
Fig. 3-313} Zt}l. 22 9 7] E3l3131E2] mass spectrun &3}y 7,
T3} o] siAslgen, Table 3-160] £.oF AHelslaich
5) £4& V-5
23 E L¥'-58] GC-MS spectrum Fig.3-32¢} zZvl, O 4 RT 2.80~
4.90min, o] Z&H 3R}FE] YA mass £ ¥ 4 ¢k o] ¥&
< A" 1ER gEeleta gk ©x] AEA HFES] mass

spectrung £A13}3 Table 3-17¢] &9k A3tk
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Table 3-16. GC-MS data of fraction LW'-4 from the liquefied wood.

RT " Probable compound Mass fragment

(min.) (m/z)

2.00 propylene glycol 76, 61, 45, 43

5.33 4-methyl-1,3-dioxolan—-2-one : 102, 87, 57, 43, 30

6.08 1,1’-oxybis-2-propanol :1;1)9 101, 89, 71, 59, 45,
6.50 1—-ethoxy—2—~propanol 104, 103, 59, 45, 31

7.34 bis(l-methyl-2~hydroxyethyDether 127, 103, 59, 45, 41, 31

13.88 2,3-~dihydroxy~5~-hydroxymethyl— 161, 130, 114, 99, 83, 87,
" cyclopentanate 71, 59, 43, 31

356, 265, 264, 221, 165,
151, 112, 98, 83, 69, 55,
41, :
358, 254, 239, 225, 197,
173, 155, 141, 129, 117,
105, g1, 79, 59, 45, 43

32.23 (Z)~-9-~octadecanocic acid 2-hydroxy
- —1—(hydroxymethyl)ethyl ester

33.43 dehydroabietic acid 2'-hydroxy-
) propanyl ester

34.39 (3R,4R)-3,4~-bis(4’ ~hydroxy~3’ - 344, 137, 122, 106, 94,
. methoxybenzybDtetrahydrofurane 77, 65,
.............. e e
L
R
soccnss we
AOUERR]
AR L X 1]
Rl T
- \"\-—.».-np".. P oS ~

MY s xSl ks T A T A IR e
waer . 3507 300 200 €% SRS 4R R ROR. WNR_ILEP SA0P YRCO. 1200 1000.MR_ITIR SR IOROP B0, .91.00..30W0 N,

Fig. 3-31. GC-MS spectrum of fraction LW'-4
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Table 3-17. GC-MS data of fraction LW'-_S f_r‘_om the liquefied wood,

R-T Molecular
(min.) compound Weight
1.32 methyl tetradcenyl ether 226, 45, 45, 31

1.37 polyl-l-isopropanoxy-2-propanol 91, 74, 59, 58, 45, 43, 31

153 acetic acid ethyl ester 88, 70, 61, 45, 43

9.98 benzoic acid 122, 105, 77, 66, 51

Wiy T S e i e 5

257 ' ais b mbe  10m . 1200 . WR. AR I0W X002 . M3 ME_. WM. R0 BN :R .. ]

Fig. 3-32. GC-MS spectrum of fraction LW'-5

t}. 'H- @ BC-NMR 47
1) 'H-NMR A EH

2|

e
d

AFE BEYE LF-1~559 'H-NWR AHEHL Fig 3-33~
3-370]n, 1 ¥4 dolel&& thd3} Hrh

Fig.3-332 L¥'-12] H-NMR A=E>¢eln], 1.02, 1.49ppnS methyl,
3.71, 3.29 4.70ppme CHi0-, CH;0-, CHO-7]¢] ®| o]t}

Fig.3-34= LW'-2 2 E H-MR AMEFAY], 0.74-1.12ppn
methyl7], 1.43ppn& methylene7]?] | 3olm, 2.17, 2.25, 2.77ppm
CH3-C=0, CHp-C=0, CH-C=0r12] 3|3, 3.49, 3.95, 4.82ppm2 CHi0-,
CHz0-, CHO-7]2] ¥} =o|t}.
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Fig.3-35%= L¥'-3 BYES 'H-MR A®EHAY], 0.74-1.12ppne
methyl”], 1.43ppn& methylene?]8] ¥|Fo]li, 1.89ppnd CHs-C=C7]&] 3]
H, 2.04-2,44ppm2 CH3C=0, CJsC=07]¢] ¥ A, 3.49ppmE methoxyl 7]
¥|3, 3.71-4.01ppm2 CH:0-, CHO-7]¢] x|=o]x, 5.18-5.28ppm, 6.56-
6. 68ppmS C=CH$} C=CH;7]2] <¥§t m]=o]lt].

Fig.3-362 L¥’'-42] 'H-NMR(CDCls) A==, 0.84-1.18ppm
methyl7]¢] ¥]Fo|3 3,40-3, 60ppme methoxyl”Z], 4.05, 4.09ppme B-0-4
A%, 6.77ppnd YWY £40] mIolt). olF I AFAHU Tl
T4 A EHo|T]

Fig.3-37& Fig.3-363 $A}3 I 3E B L¥'-59 'H-NR AHE
Held), 1.01, 1.09ppnd methylrje] 3| 3Foj: 3.53ppme methoxyl”],
6.72ppnS guaiacyl®), 8.86, 8.69ppme phenol’d F4t7] F2] $£429] ¥
Folth LW -5 LW-42] 'H-NMRY} Hlseshy o] &2 glade® AzHr)

olE dlolele ZHE, L¥'-1~32 ©¥HEe] gz} WW-4~5=
ol Wl AR AdHold 21Ee Ve, diHz, dRgE

Fig.3-33. 'H-NMR spectrum of the fraction LW’-1
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Fig.3-34. 'H-NMR spectrum of the fraction LW'-2
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Fig. 3-35. 'H-NMR spectrum of the fraction LW'-3
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Fig.3-37. 'H-NMR spectrum of the fraction LW'-5
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2) "C-NR 2HEH

Fig.3-38~429} o] $& EIT I3 £YE LV-1~5 &
BC-NMR (De0) 2 Eo| Tk

Fig.3-382 L¥'-1¢] PcWR AMEHZAN,  17.79-20.99ppne
methyl, methylene®] ¥ 3, 36.93ppme CHz-C=0, CH-C=0rl1®] I Fo|3l,
62.99- 80.02ppm -2 CHs0-, CH0-, CHO-7]¢] =3, 118.41, 118.42ppm
o]ZZA%te] ¥3ast vehta glch

Fig.3-39% LW'-2 E¥E2] BC-NMR(CDCl3) AMEZOTA 13.68-
17.87ppnS methyl, methyleneZ]2] ¥|3o]W, 25,52, 2587, 27.20,
35. 42ppn CH3-C=0, CHp-C=0, CH-C=07]¢] 33, 62.14-76.65ppn CH:0-,
CH0-, CHO-7)9] ®3, 103.6, 126.68ppme ©]ZZA%re] ¥ 3, 153.23ppn
C=C-0CH;7]2] %], 205.46ppnS C0071¢] = =27} & Yepuba gl

Fig. 3-402 LW'-3 £¥E9] “C-NMR(CDCl3) AMEHOZ A, INJ|¢]
T Fo|3, 127.92, 128.14, 128.31-& C=C 7)&] 37} & Vet et

3 o]  guaiacy”]® mAEe] 110.1(C-2), 110.3(C-2),
115.1(C-5), 115.2(C-5),120.1(C-6), 142. 1(C-3), 143.1(C-3), 145, 0(C-4), 148
.1 (C-4)ppm B <F31A Vehta glch

Fig.3-41 LW'-42] *C-N\MR(CDCl3) AMEHZA glad ghae] &
HEHL & 4 9l 12.4-16. 78ppme methyl”], 26.20, 27.38,27.97ppm
& CHiC=02] ¥]3o|m, 20.18, 32.44ppme C B (Ar-CHeCH,CH:0H)2] ¥]3o]
31, 36.15ppme Ca (Ar-CH:CH.CH:0H)2] x| 3olt}. 54.23ppme methoxyl”]
64.27ppm = B-0-4 Cy, 68.06, 69.24, 70.11, 71.91ppm Caolch.
109.56-157. 2ppm-> W33 ®hA o] 3| Fojm, 112 75ppme Cp-G,127. 20,
128.54ppme Cs-G, Cs, Cs-phenol, 144, 92ppmE& C4-GoJT}. 171.50,

203. 20ppne C=07]ojt}. gladzl #AYE A Ee] el Yeh} Qlct
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Fig.3-42& LW'-52] “C-N\MR A% E o], 13.01-19.69ppn2] methyl”]
9] ¥]3, 54.52-58.73ppnd methoxyl”], 62.89-63.89ppm B-0-42] Cvy,
104, 7ppne W] C;, Cs, 144.46-146.30ppm 3F¥, 169, 38,
180.19ppmS carbonyl, acetyl7]So] Ho|il gloi} I &4 of-¢ FHL #H

ojth.

3 - fp—

-
-
Y
3
»
]
°
b:4

Fig.3-38. “*C-NMR spectrum of the fraction L¥'-1

Fig.3-39. “C-\MR spectrum of the fraction LW'-2

_194_



T T T T T T T T i v : 2 T T
‘80 180 140 et 100 a0 80 <0

Fig.3-40. "“C-N\MR spectrum of the fraction LW’-3

Fig.3-41. “C-NMR spectrum of the fraction LW'-4
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Fig.3-42. “C-NMR spectrum of the fraction L¥’'-5
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1. g3tExe] 24 Z3} PEG EC EH-EAZ 23 F-¢ 160TC, 60E
o] Jgsizdol Y-S 87.4%, HES SAE 43I F¢ 140T, 02
o] dztzolM &L 87.5% Clo|{irE AT B¢ 160T, 3022
gzt Aol NEhg 80.0%, FUTF TFol /MY ¥ 2ALE Yehylth

A3hEe] EAg EXE w3 o] $atd §A% Z¢ A3E Fo ¥
+3HEZ  500-1,0008 =& uetdlen, gxtzzio] el wet £
| 282} 4922 veht S350l dofHsS ¢ + dddrh
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H AR gade] E3atEe st gy lad2 Wi
743 Ex}jgk 1,000 52 AR} gladoes &xstn glgich. o] a3}
z7o] 3o wet LEAFYLE Urht &R¢ = FESET

350l doiktrial =t

2. ZEjYAE AHE] EHA}E 2o4shd, I FEE 7
st WA Eo] Adsle] AUFHPESE WHP 3, FHEFH
TAsE g BEE AGH] AYS HPYIol AYSF HHEEE W
gl 2& o + U
3. slE gExe] E4Z3 R AE2FE 2400 HYEY P2
43t bR A3E Fo YE2eA 9 HuldElAE FH

Els EXE0] W oz mivixlglct, 3 pyranoglucose F2A)

M

2, 3-dihydroxy-5-hydroxy methyl cyclopentanate® #AE|git}. o] Az}:=
Ex) QEapgols MEZ Q29 HudEZ AT A Fulidd Batel o3
7t2dlEle] C-0ZA Y] MEE F HErHihig @ S S o A
Loz Azpdct

glade s Bel izl EAE eugenol, 2-methoxt-4-propylphenol |,
3, 4-bis(4’-hydroxy-3'-methoxybenzene)tetrahydrofurane, benzoic acid %
< E43tdrl. ol&2 #2d F2| guaiacyl propane, 4-hydroxyphenyl
propane, phenylpopane72%te]e] SajZAgte] F3lEUSE ¢ 5 Tt

Hz] BaHo] aFE3 Wlgste] AAAH EAZA, (Z)-9-octadecenoic
acid 2-hydroxy-1-{hydroxymethyl)ethyl ester, dehydroabietic acid

3’-hydroxtpropanyl ester 5& ¥AJ3}4ic}.
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A3 A BasiEe QAR

A1 % A3} Bp3iEe] AAEY
1. ZAz=
AlB = ¢9WF= Arabinose, Xylose, Mannose, Galactose, Glucose
&, Oligo®W Cellobiose, T}HH 2 g-CelluloseE AFME3}9it}.
2. 744
7t BeEEe] 93
WEEe] dse Zze WRE 2 A8 ZIuIge
polyethylene glycolZ} ethylene glycol EFH LT HEHF= H&E AMS
st} oststol o) Zzte] o 2AL keI Arh
1) EUREFE AT Br3Ee o
23] : Polyethylene glycol(#400)+ethylene glycol(#42)=6+4
oAu] ¢ 4, Fuj : FAL0.1me
AT : 180C~198C,
A3}A 7 ¢ 3071208
A3}pAl F BB 262 Glass filter2A ofzjsje] dsigs 7
S, AzVAet i ANEE PFEl 247 BAG sarh
2) MEFE AL Balo Az
E I Tt R e BT
A3t2= : 180T~198°C,  ABA|ZE ¢ 30™M120%
ASAIZ) F ABEE 263 Glass filter2A o3}sle] A3} +&&
F31Ea, AE S FABNEE $8902 pH 6.52 F33 ohS et
BE3] BULY ARE Qo] ol& B4 A&l
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L g3} RpEEe] £4
A3 BEHES B2 4484, 349 2 IR
1) 93} Al P28
REEIES 3Rt ¥ oy E ZEUda FFAEESAHA
2] g]3}o] Carlo Erba EA1108 f44EA7|2 EA431gic]
2) qEY &
REEES Fsle] dHES Ay FIE FEY b o

e 7% P T J4Ba SRS FEan, s oz siais)

]

stgith.

Ao
fifo

£

3t ¥ alditol-acetate FEAF glEo] Shimadzu Gas Chromatograph
6C-14A8 A}g3lo] EAjsisich

4242 vt Zrl

Column : 400X0,4cm glass column

Packing materials :PEGA(0. 2%)+PEGS(0. 2%)+Silicone GE XF-1150(0. 4%)

Detector : Flame ion detector(FID)

Column temp. : 190C, Injec. temp. : 220°C, Detec. temp. : 250C

Carrier gas : N2 , 1.2kg/cnf,

3) 3HE| FT-IREA

ABfRI4IHES Bzt BT TEol] ABTAE KBr W2

o8, 3L NaclZHE o]-& Mattson InstrumentA}e] Galaxy 7020 FT-IR
& A48ste] BHstdTt FI-IR 24ZAL cheat 2t

Model : Mattson Instruments inc, Galaxy 7020A

Range : 400 ~ 4000 cm™

Beam splitter : Galated on KBr

Detector : DIGS

Resolution : 0.25 cm™
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3. 94343

7. Belgag 93t wastEe 24
1) 94329 A3tg

Se)UTLE V4HE QU cellulose® A3 AL thet P}

Table 3-18. Liquefied rate of carbohydrate with EG and PEG,

Liquor ratio Tem, Time [Carbohydrate t:::e faction

Arabinose 38.7

Xylose 39.7

Mannose 87.0

4:1 190C | 60% Galactose 81.5
Glucose 81.5

Cellobiose 80.0

Cellulose 79.5

Table 3-19. Liquefaction rate of cellulose with EG and PEG,

. . Liquefied condition Liquefaction
Liquor ratio

Temperature Time(Min. ) rate
30 76.0
60 79.5

180°C
90 75.3
120 78.9

4:1

30 79.9
60 78.6

190C
90 79.2
120 78.3




BhesEe] A5ge ¥hesEZlele Xlolzb vehtA] otth 53] 5%
2o A9 Astgo] ygkm, 68IYR wA Uelwith oyt FEeo| dztg
8o%o]goll vItA WA Uelydth o2& At B B¢ Hio ¥iH

Astdo] W HxjF9 slade] Ystol KelstA 2g317] wjEolet B
ztH}.

AEZ o A0 Asloll e 32 r gl AJ7he] Hilo] BAIglo] IE2
2 zjol7} glalom, 180TCe 2EoA 308 Ax2 dszjzw Z2H3cin
Azigct. a2y sipsEe] dstzpgold AR B3tEe vt oS
o, 2% o] UElylth o] Fule Hrigt Fato] ¥ AHI 4t
kg, W4, &3ke U iRt Sl ol whe3tEo] s WA
7] wjZolet Bzt

2) 3 ©TeEHE Y4aEY
B4EE 3tziale] d4AEA A v Zrh

Table 3-20. Elements analysis of liquefied carbohydrate with EG+PEG,

Elements
C H 0 S

Carbohydrate

Wood meal 48.52 6.36 45,12 0
Korean pine

Ligufied 64. 20 6.85 28.33 0.62

Original 40. 45 7.18 52,37 0
Xylose

Liquefied 65.75 4,65 29.60 0

Original 40.55 7.20 52.25 0
Glucose

Liquefied 64.18 4.70 31.22 0

Original 42.36 6.55 51.06 0
Cellulose

Liquefied 49.78 4,28 45.94 0
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o3t g3l 4w A A3l AT WARS dLECt
AtS] RBEEA ZQollH T2 Hlgo] FUISIAL 4 W At42 H]go] &
Ao Zasiych 918 AIE Hop RN HE U ©eEIHES F
2 AREEE FAatol] 2J3) 180T o]/Fe] 2ol ' FIEZo] dojkt
At B 472 T3 alFo] EXshe Rl A5 ¥ it
2 kRt o 2<le] 27t A= FH] Ysty] ojFHglch vl
BF NMRE2] 4 5olA Furfural 7271 UEhd & B ©4, S3i-gol
ol e o + SUth ¢ Aol Aol iyt gA2 nj&3} Fujz

¥

ALEY Fate] MRS =Y Ler) drin kTt

3) FEjdiE A3 ©HEL] i

43 et3tEe] BN Zae e 2l
£AE olMHE ¥ F E4F A JHAZ IS 13&chllA, EelodE
A FS Mol w37} HAR Y Aol AHE EE HSHES
olAldz} 3t F FA% Az} 18&tfollA arabinose, 25FthoA] xylose,
472 cjo) A mannose, 558tTlollA galactose?] ¥ A7t HlxE|glz, AR
BEES JEAT A7) 64200l A glucose, J0RTiolA WEEZEAER A}
£ inositol®] ¥ A7} FHAFATL

YFHEe] A A &AM J]AT ATt iRl ©
3tEolM 71T FaE &R UEht tF-Ee] Ygdleo] gty
A B4 58S A, 9F O3 B B JiE T dAE] HAYE ¥
HE Exjgicia AzEc), A3ES ozt ¥ zAle] BN Az v
B 3L 4% AT AL vsht gt 3} 3o G2 FAF] W
AY Fel2 SAPLS & 4 Ak 2 g3} eexEe] JENE}E

YSEELE Aol7t Qo] vis¥ AE Uetulrh
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Fig.3-43. Gas chromatography of EG+PEG,standard sugar and wood meal.
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) EeldA L 43 wEES] FT-IREY

Et4-312¢] IR ¥4 3L aldopyranoseold Hsh= ¥ A7} 66
7~1000cm™ o] LEL}H, mannopyranose?] Z-$-= 876cm” 9} 893cm™ oA |
869 ~865cm™ E-Zo]A& gluco-, manno-, galactopyrase®] F4-tir} Lie}
el Xylopyranoses 976cm™, 963cm”, 898cm™” ol F4uhrl Ve
i, arabinoses ‘7630m’1, 843cn™, 846cm™ oA F4u A7} e,
glucose= 917cm™, 890cm™, 770cn™ B-ZolA F4¥IE uehdrt 42
AHgRE EeloAAZEE 2 oFAIUFT % Fuid Fate] EHEAY
IR F5uls 3375 F3olME Sxlold FHH $avie) 33zt
2883cn ' 2o A= oeHy] QL Y|l Fefske F4uizl, 1087cn
B2 ZeEF C-oHolA Felishe F3 Foulzt vetkith

NEZQOA IRY AL 3200-3600cm™ o] 27| Kelshs F
4t)7}, 1100-1200cm = gHEEolA Falishe &7t 137}t Yehtd,
ztEe] A9 3200-3600cn” oA ¥ FHTist Uelden ol
g2 41710l Rt P, Azpale] Z$ 1710 F22
F4 T3 WWESe] Bt AAY Fda&d G € PEGY} FESlE
g Eelatof A=lQl 2-hydroxyethyllevulinateo] 7]Q1%t T A8 AL

1640cn” 2o = 2R 7ol §elish= &4 w37l 1251cw’of

nj-$- 743} caboxyl7]2] ® 37t 1100cm™ o= u]$ 73t ether, alcohol7|
o] F47 Uehdtl. 918 AAE Ro} gzlapyFol ¥heIEL EafE o]
s HAY Pel2 Sxsid, GEAME &A%Y A d E A
Ao FYET BT AYES ¥ 4AH
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Fig. 3-46. FT-IR of liquefied cellulose with EG and PEG,

. SEds} gestEel YRy

1) szt g3tEe] 93e
He2 Yisd AT Q&S xylose 94.3mo)x HI
arabinose 98,842 CtiF-22] ¥3tEo] dHEgler, 7z ©HED o
& Aol IR stk WS Hiol g3 R EEL HeR
1S0CE 33t FPolx AL 308 WhEolA= 70%, 90 iHolx=
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Table 3-21. Liquefaction rate of carbohydrate with phenol.

Liquefied condition Liquefaction
Carbohydrates .
Liquorratio Temp. Time(Min. ) ratio(%)

Arabinose 98.8

Xylose 94.3

Galactose 98.2

Mannose 99.0

4 :1 180°C 60

Glucose 95.7

Xylan 94.5

Cellobiose 97.3

Cellulose 96.2

RS &S AHEY A3folA 200C, 60&0lA 89xP=e] Y3tg
B3 53 ulastd, sies AR Exo Od3s ZeldIs 9 39
S AT ZETE 52 g3ES Urhia gt 5xj¢] e H9
HEo] $2 Azt BZE AF/NEAA SHolM = 7 gAnict &
‘8ol glvia Azt 53] Ful2 ARH A2 AR STl iz 843
=] g2 o] AGEI] wiEel dhitg2 slmel A7t JHEujEs 2

Th 4F Fh4Es) whgol ofsl 27 AuiHtia AzHEc,

2
2
iy
2
Mo
@
Y
o
tin
lo,
ol
A
I

P ARE 1SR £ GRS @ 202N Quhos A7l g
& B4 Aol 189 ¥2E uehdch et 9 ge 2 A
Y3E ehdou Qi Yol 24 dakeke @A) thEch asne
RS Wol Usiabgeld wAs WANUSS ¥ 4 YTk TE Ve

HEME vl ZA2E Ueich Q3o E uedEd #tE A

-207-



2 129 RhgoA ', S3o] doju} B F¥Ee] BEEHY, dF=
furfural 522 W3l 20 Z d#HA gt 588t]e mas YERESE
272 AH3F inositold] ¥ Fo|t}
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*158.567

Fig.3-47. Gas chromography of liquefied xylose with phenol,

3) slE A3} ©e

7} a5t ghe3tEe] IR Fule AY vsd B¥E Uehdch 4
EZASE AER0 A S 3375cn = AFFA MY F5uE Ue}
Yz e, 2900 cn's C-H E4oE Jehm, 1033cn™ ¢} 1163cn™
Alololle AFAA C-0H FFtiE veR) L QT

A3 AET oA AL 3034cn ol Wek¥e] c-H Ay, 1454cn
'~1595cn™ Alojolle WAL C=C ZHZFo|, 2950-2840cm” x]PF2
C-H ZA%,1705cm™, 1695cm o carbonyl”], 1172cm’$} 1228cm ol uj$
743t c-0 A¥te] F471 831, 769cn ol ks wHeHZAAEY] &4
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Fig.3-48. FT-IR of cellulose and liquefied cellulose with phenol.
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A 23 dHE 93} cellulosed] FA4EH

1. FAAE
A3 MEZ QA AFEE a-cellulose(Sigma chemicals, C-8002,
47H0383)E A}-&3tgicl.

2. A7y
HAEZ QA U3 g-cellulosedt H&S 1: 6.2(WV)8]&E =313}
g3, Fuj2 Farg 2RSSt AR 9)ste] AL J]F3lolA 180T
ofl A 6027t AEtA Tt A 2H AEL tio]FaltoL} ol ELE 343}
o 164 ZetAUE 2 FQl, o33t

7k ARl FEY £l

AEZ L Y3Eo] +878 Uil A4H = I wio) ¢
2 25 ves AAY 5 glemg I A3gag AsHAA oA
=3 4dF slee AANYIL, Fig. 32 Zo] ZPIABnEINYE F3lA

el stglct.

e
1

Liquefied Cellulose
A ...} Si. gel CC

. .. ... "l (n-Hexane-acetone/1:5)

! b i ]

LC-1 LC-2 LC-3 1LC-4 LC-5
Si. gel CC :
. : _ (n-Hexane-EtOAc/2:1)
[ l I I I

LC-3-1 LC-3-2 LC-3-3 LC-3-4 LC-3-5 LC-3-6

Fig.3-49. Fractionation of liquefied cellulose.
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S Adejgbd Zda2etEaqu(n-gat-oAE/1:5, 32X 300mm)of
ot 2YE LC-1"58 otk 1F HE LC-3& thA] AestE #¥
AZntE 5] (n-Yi-oHolAMElo] E/2:1,32 X 321mm) B 22|35l EHE
LC-3-1~3-62.8 EYs3}gch

3. a4z
7} IR £4

a-celluloseE o3} A 2|3t F 164 Ze}ALWEHE AzAA B4
AAEZ L] P& RASHY] $18te] Fig 3-502F Zo] FHedEdE
HAHEHS EMslgon, I uo|ElE Table 3-220] L0 %a]s}ﬁc},
a-AE2A9 3 AERAL] AYHNEREY AYEHS HAsPE
3020-3500cn™o) 4=417]¢] 4% %, 1350-1450cn '] methinez} methylene
71,1000-1260cn™ o]l C-0ZAEe] A& Fo] & Vel glrh et o3}

Table 3-22 . Assignment of the infrared absorption bands of the
l_iquefied cellulose

Absorption frequency (cm™)

Band origin

a-cellulose . liquefied cellulose
3200-3500(s) - 3175-3500(s) ' O-H stretching, (H-bonded)
2810~2890(m) " | aliphatic C-H
1735, 1720(w) carbonyl C=0

1690, 1688, 1670(m) | ester carbonyl CO(OR)

1640-1580(s) . aromatic C=C, stretching

1532(s) aromatic C=C, stretching
1430-1440, 1345(W) 1450, 1360(s) methine, methylene

1200~-1260(s) C-0 stretching
950-1140(S) 1150, 1080, 1000(w) | C-O

825, 750(S) . aromatic =C-H, OOP bending
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Fig.3-50. IR-spectrum of a-cellulose and liquefied cellulose.

NEZ QAL 1670-1735cm o)) carbonyl7]2] AXAZE 750, 825cm™ ol
ulakalo] W HZt L] F4Ut vehta glth o] A3z HE HERS
22 AFME-g2 =xt7]e] AHEMEE} HES-F7HA| 9} HlEo] ANAYSHE A

1}, GC-MSEN
) ABAEZ oA FIEL] GC-MS £4
A5ty MEZA EUEFS 2 gHEY RJER} T2 4
£ F2E ZABI ¢l3te] o] AHES GC-MSE EAstgct olAzte
Fig. 3-513} Zr2 gas chromatography spectrumoflA] 113712 3 =L 4
& slgden, 1 29 54%Q 117 3}3E 2] Ms specreung ZA3lith 2
tlolEl & Table 3-23¢] f9oF Be| stgith
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Table 3-23. GC-MS data of the chemical compounds from the

liquefied cellulose

Fig. 3-51.

—214-

RT Area Mass fi ment
iy 5% Probable compound gy as
4.28 13.61  phenol ‘ 54, 79, 66, 55, 39
605 061  2,4-dimethyl phenol ' ;22 107, B4, 91, 77, 65, 51,
e7s 1.57 o oyl pb ol .. :3326; 121, 103, 91, ’l?. 65, 51,
763 112 1-cthyl-3.5-dimethyl be ;24 119, 108, 91, 77, 65, 51,
15.6~ . - N 200, 181, 165, 152, 128, 107,
16.0 17.23 2,2’ -methylene bisphenol 04, 77, 63, 51
16.49 2.33 (E)~-2-hydroxyl—4* -~methoxy— 224, 212, 183, 165, 152, 118,
~ " stilbene 107, 89, 77?, 63, 51, 39
200, 183, 181, 165, 152, 141,
16.88 5.67 4, 4’'-methylene bisphenol 128, 115, 107, 94, 77, €63, 51,
39
3-methyl-2~ hydroxyphenyl—Z'—h 214, 107, 181, 91, 77, €3, 51,
17.16 5.00 ydroxyphenylmethane 39 : .
17.34 1.19 o-i oyl p 1 ;9%. 121, 107, 91, 77, 65, 51,
1-methoxy—-4~{2-phenylethenyl)-— 210, 181, 165, 152, 105, 90,
1787 325  erizene 76, 63, 51, 39
P . 212, 183, 165, 152, 118, 107,
20.12 1.16 (E)-2.4" ~dibydroxystilbene 77. 63, 51, 39
2231 1.37 1-phenyl--1-(4’~hydroxyphenyl) 200, 181, 165, 152, 121, 107,
"~ - methanol 77, 63, 51, 39-
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GC-MS spectrum of liquefied cellulose.



GC -MS A7}, ARAERL Fof 1:6.28 FUHE M URT
L 13%nt Qloin, RE A3tE9] T Ro|A phenol ringo]l} benzen ring
o] Qoitt, I Z AFEFHQ FRE= 17.23%3 2,2 '-methylene bisphenol,
56.75%¢1 4,4’ -methylene bisphenol 5%Q1 3-methyl-2-hydroxyphenyl- 2’
-hydroxyphenylmethaned ©]git}. o]} Zo] MEZ A2 A3} 2o ¥
L2 guje] S 3iHA HEZT oA Bt BAStE Z2eE A
Ztgch, gl HE3 ZarY Exfste] dEE2 el AIHEHRES
methyl, methylene, ethylZ|7}A] £3l& 4 &= A 4 + )
2) B E9 6C-Ms &4
AERL IHES THYIA] U2 HElZ C-MSE FP3lo, e
T Azt 22 o 54xol T HUYES EHT £ UL, UE 9
5 FZRE 7] Hste] 2 g3 EYES Fig. 3-499 ol AHestA #
HIZoEO 2 2%t F vhA] 7 3 &9] GC-MSE FAsialrt
7hH ¥¥& LC-1
ANEZQA AE EHYE LC-1 o GC-MSollA HF 71,24%Q0 RT
22.34 min. o]l Uehte ¥3E g3 MEZ A2 GC-MS oAl 22,31 min,

o NG Viorezs3H o
scoooco]
OO0y
so00000) n»
S000000 |
‘soonooo
4000000
WONEOO|
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oo 343 !
o 45’ P 1074 21.2043 44
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Fig,3-52. GC-MS spectrum of the fraction LC-1 from liquefied
cellulose.
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of uehti e ¥ Fdsich 2R FHES FE 1-phenyl

-1-(4’-hydroxyphenyl )methanol & ZAA3}4t}.

) 29 LC-2
AEZ oA I3E £YE LC-29 GC-MSE Fig 3-53% Zth I 39

oF 50%%] 217) 3¥ES] MS spectrund ZA31E 3, 23S Table 3-240]
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Fig.3-53. GC-MS spectrum of the fraction LC-2 from liquefied
cellulose,
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Table,3-24. GC-MS data of the chemical compounds from fraction LC-2.

RT Area Mass fragment
(min) (%6) Probable compounq (m/iﬁ
515 024 2-ethylphenol 122, 107, 91, 77, 65, 51, 39 ,.
580 064 p-isopropylphenol 136, 121, 103, 91, 77, 65,
6.38 053 1,4-benzenediol 110, 81, 65, 53, 39
667 . 062 1-ethyl-3,5-dimethylbenzene 134, 119, 105, 91, 77, 65,
54 1-(4’~hydroxyphenyl)-3-~ 208, 165, 152, 135, 107, 77,
11.66 057 ;.\ 4roxyl2-hexanone 57, 41, 31
13.14 086 9H-xanthen-9-one 196. 168, 139, 114, 84, 63,
1-(4-hydroxylphenyl})-2-phenyl~ 210, 181, 163, 152, 105, 93,
1456 413 o 7 76, 63
1510 1446 2,2'-methylenebisphenol 20 Bl 65, 15, 128, 107,
1540 257 2,2’-isopropylidenediphenol % a3 Wy pnls s,
- o _ 224, 212, 195, 183, 181, 165,
1553 o058 (E)-2-hydroxy-4’-methoxy 152, 128,118, 89, 77, 63, 51,
stilbene 29
1698 551 44’'-methylenebisphenol 290. 183, 181, 152, 107, 94,
3-methyl-2-hydroxyphenyl-2'~
1621 451 oo vpheny] methane 214, 107, 91, 77, €5, 51
16.41 114 o-isopropylphenol 136, 121, 107, 103, 91, 77,
1655 14 LZ-bist4"-hydroxyphenyD-etha 51, 199 3g1, 91, 77
1-methoxy~4-(2-phenylethenyl) 210, 181. 165. 152, 105, 90,
1654 279 benzene 76
3-methyl-2-hydroxyphenyl-2'-
1705 264 3 e henyimethane 214, 107, 91, 77, 65, 51, 39
- 4-p-hydroxyphenyl-2,2,4-tri— 268, 263, 211, 197, 159, 121,
1712 041 o hvichroman 106, 91, 75, 65,
1738 046 44 —(1-methylethylidene)bis~ 228, 213, 197, 183, 181, 135,
. - phenol 119, 91, 77, 28
1742 062 4-—(1-methylpro:¥yl)phenol 150, 121, 107, 103, 91, 77
19.15 049 (B)-2, 4'-dihydroxystilbene 212, 183, 165, 152, 118, .
1,2-bis(2’' -hydroxyphenyl)- 200, 199, 181, 165, 152, 107,
2786 452  hane 91, 77

th) £¥& LC-3

AEZT o~ AFEY EHYE LC-3& A2 dYA=ntEDH T (n-
ik oHolAE0]E/2:1)E AM&3te EYE LC-3-1~3-60% E3319]
th ZtZt EEEES] GC-MS spectrum Fig 3-54~599} Zonj, Az}
£ Table 3-25~290]] 2o AHe|soic).
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H¥E Lc-3-1
EYE LC-3-1% GC-MS spectrumollA] <F 42%0] Wd}=
33192

871 3=
3 doJHE thE3t ol 43t

mass spectrum<

Table. 3-25. GC- MS data of the fraction LC-3-1,

RT Area Mass fragment
Gmin.) (363 Probable compound (rn/z%
5.17 1.41 2-ethylphenol :" 122, 107, 91, 77, 65, 51, 39
5.83 2.89 p—isopropylphenocl ;?6'39121’ 103, 91, 77, 65,
14.61 7.81 1—-(4—hydroxyphenyl)-2‘-phenyl~ 210, 181, 163, 152, 105, 76,
} - propene 63
: 200, 181, 165, 152, 128,
14.87 16.77 2.2'—methy}ene’b1sphenol 107, 94, 77, 51, 39, 28
16.42 1.83 o~isopropyiphenol -17?' 121, 107, 103, 91,
1-methoxy~4~(2’ -phenylethenyl)~ 210, 181. 165. 152. 10S, 90,
17.00 7.36 t e 76
17.16 1.60 “"hyd"""yphe“ﬂ"224’ 268, 253, 211, 197, 150,
- - trismethylchroman 121, 107, 91, 77, 65,
22.57 1.92 9-hydroxy -9-n—-butyifiuorene 239, 181, 165, 152, 107, 77
Sum 41.59
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Fig.3-54. GC-MS spectrum of the fraction LC-3-1 from liquefied

cellulose,
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® £YE 10-3-2
Fig.3-54= EYE 10-3-2¢] GC-Msolw 147) ihEg A&tk 1
Zo] 77} A3EE MSEAsIlon HIHE Table 3-260] £of BeIsact.

Table, 3-26. GC-MS data of the fraction LC-3-2.

(Su-’rl:_) ‘?‘9‘?)8 Probable compound Mass(xf)rzgment

413 116 phenol = - . 84,79, 66, 55, 29, 27

760 039 1-ethyl-35-dimethyl benzens ;:;,4,39119. 105, 91, 77, 65,

815 058 2,6-dimethoxyphenol ok 199 1L 96, 83, T8,
. 1053 054 ethyl 4-hydroxyphenyl acetate 180, 107, 77, 51, 39

200, 181, 165, 152, 128,
107, 94, 77, 63, 51, 39

214, 200, 181, 165, 152,
128, 107, 94, 77, 63, 51, 39
228, 213, 197, 181, 165,
152, 135, 121, 107, 91, 77,

1549 3.23. 2,2’ ~methylenebisphenol

1668 50.15 1,1-bis(2’-hydroxyphenyl)methane

1904 707 4 ~(1-methylethylidene)bis-

phenol €5, 51, 39
Wiindence TIC: HBHTIS 1 D
el
13047
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12007
19060
110407 el
o
teac
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8000000f o
7000000
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8000000} 18 m
4000000}
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3000000 . Ay
N A L.L‘JL 2 A.kM -
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Fig.3-55. GC-MS spectrum of the fraction LC-3-2 from liquefied
cellulose,
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@ Y& LC-3-3
TYEF LC-3-39] GC-MS spectrum o]m, 1 2] 7 7] A3} Az}
& Table 3-270] Q.o Fa|stgr}.

Table. 3-27. GC-MS data of the fraction LC-3-3.

RT Area Mass ment
(min) (96 Probable compound (nﬁ)-/azg
733 031 1, 4-benzenediol : 110, 94, 81, 63, 53, 39,

761 039 l-ethyl-35-dimethyl benzehe 134, 119, 105, 91, 77, 65,
200, 181, 165, 152, 128, 107,

1875 161 .2,2'-methylenebisphenol . . . 94, 77, 63, 51, 39 .
' , . i RE: 200, 183, 181, 165, 152, 128,
16.77 1141 4,4'-methylenebisphenol. 107, 94, 77. 63, 51
o tief A7 214, 199, 181, 169, 152, 128
1739 124 1,2-bis(4’-hydroxyphenylethane 115, 107, 91, 77, 65,
1815 137 4,4’ -(1-methylethylidene)- 228, 213, 181, 165, 152, 135,
) : bisphenol 119, 107, 99, 91, 77,

29.12 260 1,2-bis(2’'-hydroxyphenylethane 199, 181, 152, 128, 107, 77

TG HHTIEAD T T ) ’ """""'"'T

Fig.3-56. GC-MS spectrum of the fraction LC-3-3 from liquefied
cellulose,
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@ =95 LC-3-4
THE 1C-3-48] MEZO A A3EY GC-MSOJNE 9 7| IHytEe)

mass spectrumg-

S3sldon, A3} F 3-280] 29 Fastyc)

Table. 3-28. GC-MS data of the fraction 1C-3-4,

RT Area Mass fragment
(min) (96 Probable compound (mv'2)
346 369 phenol 39 66
200, 181, 165, 152, 128, 107,
1491 790 22'-methylenebisphenol 94, 77. 63, 51
, 183, 181, 165, 152, 128,
1590 1361 4,4’-methylenebisphenol ?())‘07 94, 77, 63, 51, 39
. 214, 199, 181, 152, 1 103,
1652 3.02 1,2-bis(4-hydroxyphenyl)ethane 9}477 2
3-methyl-4-hydroxyphenyl-2’'-
17.01 5.15 ‘hydroxyphenyl methane 214, 107, 181, 91, 77, 65, 53
228, 213, 197, 181, 165, 152,
1730 452 4,4’-(1-methylethylidene)bisphenol 135, 119, 105. 91. 76. 65. 51
. 136, 121, 107, 103, 91, 77,
1734 079 o-isopropylphenol 63 53, 39
214, 199, 181, 165, 152, 128,
2638 2.73 1,2-bis(2'~-hydroxyphenyl)ethane 107. 91, 77, 63, 51, 39
214, 199, 181, 165, 152, 131,
20.37 257 2,4'-ethylenebisphencl 115, 99, 77. 63, 51, 39
andaice . TIC. HBHE26-7.0
12ae07) T‘
1.10407]
10:407|
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8000000}
1e00UnD]
mnn* 1w 1890
S000000] I
K00
feriil
9
20000001
. 20
Ta0o]
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SV T ST ey e AN ,
ST R RS e gt s pgprs g L T e 2w ﬂw:’_g“"f'”."l
Fig.3-57. GC-MS spectrum of the fraction LC-3-4 from liquefied

cellulose.
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® ¥ E LC-3-5
£HE LC-3-59] GC-MS spectrunolm, 1 3] 670 3B thew
Zol MsEHston, 23HE Table 3-2901 29 Fe|shaict.

Table. 3-29. GC-MS data of the fraction LC-3-5.

RT :Area - Mass fragment
in) 6) Probable compound (m/aj
414 077 phenol -. - - - 4, 77, 66, 55, 39

134, 119, 105, 9l. T, 65, 51,

761 235 1-ethyl-35-dimethyl benzene 39

200, 181, 165, 152, 128, 107,
94, 77, 63, 51, 39

224, 212, 195, 183, 165, 152,
141, 128, 118, 107, 89, T7,
63, 51, 39 ) :

2629 118 2,4-dimethyl-5,7-decadienol-2,4 198, 126, 112, 97, 83, 72, 59,

230, 199, 181, 166, 152, 128,
107, 77, 55, 39 '

1544 462 '22-'méthylenebisphenol

.(E)-Z*hydroxg.jd“-methoxy— '

1632 165 stilbene

31.13 1833 1,1-bis(4-hydroxyphenyl)ethanol

s . ;

Y T PP e e e S HEVMRED

Fig.3-58. GC-MS spectrum of the fraction LC-3-5 from liquefied
cellulose.
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® £9E LC-3-6
Fig. 3-59= E¥E LC-3-64 GC-MS spectrumo]m, RT 6.66min. o} 1}
Ella 9= 33 E MSEASt4ct mass spectrumof Al H-2}o}22} baseo]
2L wz 134(100%)ojn, o] HYEL EHE LC-3-3 & GC-MS RT
7.61min. o] YEeEh}= EH3YEZ ZL  fragmentationd, 1-ethyl-3,5-
dimethyl benzene?] FZX&E ZHA3s}gcl.

e T : T T e D

g et XM 1400 8o

Fig.3-59. GC-MS spectrum of the fraction LC-3-6 from liquefied
cellulose,

2h) £Y& LCH4
Fig.3-60L E3E LC-42] GC-MS spectrumo]ny, 2. £2] 37} Y3 E
& thew ol Ms EAsiden, FnE Table 3-3000 2 Felsiaich,

Table, 3-30. GC-MS data of the fraction LC-4

(min) ‘Ge) . Probable compound . M
1075 416 9H-xanthene ‘ e 126, 115, 91, 76, &3,
1444 1661 22'-methylenebisphenol 200, 181, 165, 152, 128, 107,

94, 77, 63, 51, 39

1476 1176 2-l(a-hydroxyphenyDmethyll- 200, 183, 181, 165, 152, 128,
’ ) phenol 107, 94, 77. 63, 51, 39
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Fig.3-60. GC-MS spectrum of the fraction LC-4

o) £¥E LC-5
Fig.3-612 &£¥& LC-52] GC-MS spectrum ©Jt}, RT 15.13} 23.1min.
o Uehth= HPEL fujF2 E4£EQ 1,2-benzenedicarboxylic acid
dibutyl ester(butylphthalate)?] 722 ZAA3}gdct. RT 2.8%2] 3UE

& 4-hydroxy-4-methyl-2-pentaone?| 322 ZAAsteic).

A FEaR)

- 48 e we T e WS We . AN DB Wa. wE RS EE Ha

. GC-MS spectrum of the fraction LC-4 .,
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3) 'H- 2 Bc-NR 27
NEgoAr dFE IR GC-MSE EM3IYn a5 M-

¥

BC-NWR spectrun®] 53 7] 3l 4¥ EYES H- L C-NRES

g stolch

e

7h) B2¥E LC-3-59] 'H- ¥ “C-NvR
BHE LC-3-58 'H-NMR spectrum(400MHz, acetone-dg)& Fig.3-62~
632} 2l o] E¥EL GC-MS spectrumol] 2|3l 1 Feof TF-RIFo| 18%E
A ure 3IHE 1,1-bis(4-hydroxyphenyl )ethanol®] A]24de 12] 'H-
2 PC-NMR AMEHo)A Hrides & E 4 gk
Z 'H-NMRE & : 2.92(3H, s, CHs), 6.57, 6.85(4H, d, J=8.5,
H-2, 6,2°, 6’), 6.93, 6.95(4H, d, J=8.5, H-3, 5, 3’, 5’)olch
BC-NMRE  §:31.22(CHs), 51.21(C-OH), 114.07, 114.36(C-2, 6, 2, 6'),
128.27(C-3, 5,3°, 5'), 135.87(C-4, 4’), 154.902(C-1, 1')o]gt}.
1,1-bis(4-hydroxyphenyl Jethanol®] 72X 'H-NWR 2. 92ppmoll A
singret 22 UER}= 339} “C-WR 31.22ppmoll A UERE 3o 23}
F47 ¢E w4 AUsIE TV EAFL ¢ 4 otk Zx
BC-NWR 51.22ppmoll & At} AW gra] 33 A UehA Uelhy
&= p-hydroxyphenol &] 2}3}ao] 449} Btal= "H-NMR & :6.57, 6.58(4H,
d, J=8.5, H-2, 6, 2, 6'), 6.93, 6.95(4H, d, J=8.5, H-3, 5,3’, 5'),
BCc-NMR 6:114.07, 114.36(C-2, 6, 2', 6’), 128.27(C-3, 5, 3’, 5'),
135.87(C-4, 47), 154.902(C-1, 1")& & Yehyz gloemg o] 3YER
1, 1-bis(4-hydroxy-phenyl)ethanol 2] 12X & ZAA3}Lc]
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Fig.3-62. 'H-NMR spectrum of the fraction LC-3-5.
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Fig.3-63. “C-NMR spectrum of the fraction LC-3-5,
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) AEZ 20 AEEA

a-celluloses #& W 342} 1 : 6.2 : 0.05(g/g/ml) B} E&EE E3¥
st} AR slollA 180ColA 60F2] Y3tAe|dt ¥ HIH HEZOA
o] FEEME IR, MR, GC-MSol &j3tod MA|g Aab= vhd2} gl

AEZ Q20 o3lgo] 98.8%2 2 ZOE Hol i3] A&Exiy
H AL & 4 Ut HAEZQA AE £ 13.6x¢ SRS
2 7P sjsd JHtl ofg A2y ol 3 B4 HYEY 7

%o A& hydroxy phenylZ|t} phenylZ]7} Ex317] wj o] AEZQ A

WAl 4F FHujo] &3led C-C, C-0 AYY AF AT FAl d=
S o - ddoh

Fig.3-649} 22 <f 80%2l 337} MEZ QA A3tEe & EA43ld
313 Fo "ol ZA&Y EFL phenol¥o] FFZ o[F& 2,2 -methylene

P op

fir

A

bisphenol, 1,1-bis{4-hydroxyphenyl)ethanol, 4,4 -methylene bisphenol,
3-methyl-4-hydroxyphenyl-2‘-hydroxyphenyl-methane, 1-methoxy-4-(2-
phenylethenyl )benzene, (E)-2,4’-dihydroxystilbene, 1-phenyl-1-(4'-
hydroxyphenylmethanol, 1, 2-bis(2’-hydroxy-phenyl )ethanol, p-isopropyl
phenol 5o] Z&FUrt ol APPolA HAEZ 2T} 4 Fujjof 23}
of ®A "4 F dIHsiaa, AU methyl hydrogen sulfate,
Fodon, o] £7tA+= phenol?] 2
M3} 48 NS BASIA AAA APPGo] o] Foj o= AT 4

sl

ox,

ethyl hydrogen sulfate 5-o] c}4 A3
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H CH
OH o ‘3

CHa
©/ CHa i oH OH
CH-CHy CH CH @ c“’@
CH3 EH 3 3
34 35 386 37
2,4-dimethyl p-isopropyl 1-ethyl-3,5- 2,2 methylene
phenol phenol dimethylphenol bisphenol
oH OH. CHs
. @c:é—@—mﬂa HO'Q—CHz L@—OH @’CH; ~©—OH
¥
H N
: 40
(E)-2-hydroxy-4"- 4,4'-methylenebisphenol 3-methyl-4-hydroxyphenyl-
methoxystilbene 2-hydroxyphenyl methane
CH-CHy ch—@—CH:CH—@ 9=C—©—0H
CH3 . H
41 42 L ,
o-isopropyl phenol I-methoxy-4- (E)-2 4'dihydroxystilbene
(2-phenylethenyl)benzene
oH P
o CHa-C~CH-CHyCHaCH3
?H CHZCH3
HOCH—@-
OH
44 47 a8 H
1-phenyl-1(4"hydroxy 2-ethylpheno! 1,4-benzenediol 1-(4"-hydroxyphenyl)-3-
phenyl)methanol hydroxyl-2-hexanone
CH3
OoED = Qo
CH;
50 51 53

9H-Xanthen-9-one  1-(4-hydroxyphenyl)- 2,2"150PTDPY11@¢ 1,2-bis(4"-hydroxyphenyl)ethane
2-phenylpropene diphenol

Fig.3-64. Structure of the compounds from the liquefied cellulose,
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OH
O OH
CHy
O CHs HO—@—CH:&—@—OH
o

CHj CH-CH2CH3
CHy (I:H3
54 55 56
4-p-hydroxyphenyl- 4,4'-(1-methylethylidene)bisphenol 4-(1-methylpropyl)phenol

2,2,4-trimethylchroman

OH oH OH
©~cHz-CHz© CeHa__OH CH3°\©z°CH3

57 64
1,2-bis(2'-hydroxyphenyl)ethanc 9-hydroxy-9-n-butylfluorenc 2,6-dimethoxyphenol

o
CHy~C—~0C2Hs
OH
OH oy, OH
@éHG HO-@-CH;—CH:@
m -
66 67 68
ethyl 4-hydroxyphenyl 1,1-bis(2"-bydroxy 2,4"cthylenebisphenol
acetate phenyl)ethane
OH
or on on oH
1
CHy-C—CHz—~C~CH=CH-CH:CH-CHy-CHy @‘?‘@
CHy  CHa X~ CH3 , o
69 70 ”
2 4-dimethyl-5,7-decadienol-1,4 1,1-bis(4-hydroxyp 9H-xanthene
henyl)ethanol
(1]
Ho—©—cnz© cu,—c—cug—fz-cna ' @—cnz—(j—cus
CHj N v
73 ' 75 77
2-[(4-hydroxyphenyl) 4-hydroxy-4-methyl-2- 3-methyl-2-hydroxyphenyl-
methyllphenol pentandne. 2"-hydroxyphenyl methane.

Fig.3-64. Structure of the compounds from the liquefied cellulose,
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A 3 3. A3} cellobiose?] 3/

1 A&
FAANRE ElpEEL] 3= cellulose?} cellobiose(Aldrich Co. )&
N ads1=8

2. a3
7 Age o3

ErrEEe] 3t AR AR AAM M F2 2AE Sy
AEZT oA Y AR AE A3slych Y322 PEGY EC EYEAE
160C,60% B 180C,602 2=, wH&2 140TC,30F % 160C,6022%,
tlo] 4k 160°C, 308 % 180,602 02 dzgon FujE FAH 0.1m¢
/A EIgR)E Htglen, dulE 4 1(HE 3 1)E stk 93 F
ABES 263 FreElodarlR ojIsle] Q&S FF3 YES 43
o The WoE ¥, ctesigict

L AEEe] £F
1) PEGS} EG Z3H-&A 32 &9

E2¢I&¢ PEGEL EG LAY sl U tlo]FAtE AME3te] o
3 g oA AN AR ThE RAES Zo] £H3}dc).
Y 3}E-E NaOHS} Ba(OH): €Yo F3Y ¥ FEXFoT F &Il FE2
EXE 7F2%(fraction B)¢} SERXE H49 T FESYT S2EXE
EETE 530F oetgo] FYste HAEL d& st AAzn
Z9Hs%&3}o] fraction CE At}
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2) sl W ctlo| gt AES 29
HE AES Q¥ EE X FE3A FEAE T oE,
Tlo] S4t AEELS AEE FHAI F 5H3t] HEtEo] £ B48H
d& AAY thE go] AAY JS SREXFEOR F&E3] FEEEF
7b&%-(fraction B)2t 222X F BNV 2 FE1L S2EXF E8F
t EUF ool FUsY FAEA ES A3t AASL AUds

&3to] BEdal A)E&A] fraction C& G

O

[ Liquefied cellulose ]

[ 80% Dioxane Sol. |
(dioxane removal) | (water add)

Neutxl‘alization
[ |
| Water Sol. | | Water Insol. |
[(Chloroform ext.) | Frac. A
[ Chloroform Lay ] | Water Lay ]
Frac. B Et-OH add. | (Water removal)
| ]
[ EtOH Sol. | [_EtOH Insol. |
Frac. C Frac. D

Fig.3-64. Fractionation of liquefied cellulose and cellobiose.

) A EN F7H8ES &

Cellobiose FEL Y2 FET F IR o|2aIFx

EEEDEE
7}) FT-IREH

g3t FIES KBr AFULE, AP AEE NaCl T& o]-§3}o
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Mattson InstrumentA}®] Galaxy 7020 FT-IRS A}&5}o] £43519c}.
FT-IR #4222 k&3t 2t
Model : Mattson Instruments inc, Galaxy 7020A
Range : 400 ~ 4000 co™ Beam splitter : Galated on KBr
Detector : DIGS Resolution : 0,25 cm’
W) estEel o-NREH
2 ES DMSOo &3Jx]# VarionAl®] Varion Unity Plus 300
(300MHz) NMR Spectrometer® #43}9 3, EAZRAL g} Ut}
Mamet : 300 MHz, Spectrum width : 100 KHz
Sample con, : 100mg/2.0mé
th) 42hE2] GC-MSEA
A3t FHES GC-MSEAS EYHH AHES ofMEE AU F BE
o FIEAEAsAA st 4L st 2M2AL g Zrh
Model : Shimadzu GC-MS QP-1000A
Column : CBP5-M25-0.25 Injector Tem, : 250TC
Column Tem, : 200°C Detector Tem. : 250
180CoA 587 SA & ¥ 270°CHHA] 5C/min. & 3ttt
gh) de3a q3Ee] 24
ZZ& AA% A8 Eo] Shimadzu Gas Chromatograph GC-14AE A}&-3}o)
24sigion, £42AL e gt
Column : 400 X0, 4cm glass column
Packing materials @ Porapak Q
Detector : Flame ion detector(FID)
Column temp. :160°C, Injec.temp.:180°C, Detec. temp, :220°C

Carrier gas : N2 , 1.2kg/ol,
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3. 323
7}. PEG2} EGE &2 3 Y3tEe] £4
AEE2] £ Fig. 3-65004 £ ¥ fraction CE thdo2 3ich
) 93} By REY
Fig. 3-66-& PEG®} EGE ¢5}3} cellobiose 93}E2] FT-IR ¥4 Az}
olt}. Cellulose?d} B¥Eo 2 Azlze Z2 A vlepyic],

-] 1 | 1 . | i A L i H L 1

By 7%
1 Iy

Trangmi ftance [%}

r:3
L

13730
2906.0
719.4

<

T T i 1L T T L) L |"
4002 2750 3500 3250 000 2753 500 20503 2000 1758
’ Haverumber ¢o’l

Fig.3-66. IR-spectrum of liquefied cellobiose with EG and PEG.

Cellobiose?] F4tl: 1030-1170cm” A Foj A T82] F4 mas

i

Vel =] gt oz} BEEo] AL o] oA cellobiosed] Frjsl= x|
ol& uehiz glem, 4719 IAJt A vehhs A2 &A1 PEG
ot EGolld frefshs $A7E Ay EZALL ¢ 4 gtk 3373cn’o]
hydroxyl”7], 2906cm™ ol CHxem™, 1455cm™ o= OH7) 1352cm™ojl&= CHZA
3, 1249cn” ol CHy A1&3%1106,1030, 952cn” ol (HRAIZAS ©
o, C-CHje] 718k 337t Rtk B3] IUESS 1720cm” H22
Frtls d3tagolA EG 9 PEGR} G ER] dEYAte] o2 AYY
3131EQl 2-hydroxyethyl levuinateor] 7]Q13t: m|a=z B33l 9o

o, AFZAM 1719 F4¥ A7 Vet glo] IWESe 2l dx]



5} glth Cellobiosed] Ee|dI & YIA] vt3lEe] A3 = /HdH

dedleE 4 7 2slEt A AUY HYEL BHYE ¢ 4 ok

)

2) A3} B¥Ee “c-NR EH
Fig. 3-672 PEGS} EGE oY3}3} cellobiose?3}HE2] “c-NvR B4 23}
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Fig.3-67. He-NVR spectrum of liquefied cellobiose with EG and PEG.



207ppm, 173-4ppm 3 161ppmtho] BHZH peaks #EI4tolA 71
3= B3E AAE . deHEA 7ldsts w3e deidA okt
%3} glycoside Aol Tt BAE WAH=A] g L& 2HHE of
PEG2} EG Z-EAIE AT 2% ¥rHES d3tabgelr gAY HA L
tow glod Meyt ZAY APl E6 @ PEC FEMEY HE

ol BFY Bel2E S5k o] wjEoleta Azt

duitzog MER QAL 4H4351e] hydrolysistide ©RFZA &
Y F Eatzt snjadegstx] B3EHE ASS vehie, Seld
5 93z AL acidolysisBA HEIAL o ARZA BHEEHE
o2 4A drh. & AzxAL &
of 9% ©, FIEgolM A4 E hydroxymethylfurfural (HMF)o] 7
2aliEo] dlEglatzt Jujaizt] FaEE gt Al &AHU FedF

ot FEIANEHNY dIEAtela™ HiHEC] AP Hrta B
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No. RT[min) Area Area% Height Height% Widthlsec]} INTEG
1 6.67 231056.81 50.78 9358.91 15.79 23.18 BB
2 7.55 40738.82 8.95 6858.80 11.57 5$.58 BB
3 8.06 103032.66 22,64 10546.47 17.79 9.17 BB
4 9.2 18538.58 3.42 8486.310 14.32 1.72 BB
5 11.43 20226.65 4.45 8257.96 13.93 2,30 BB
6 12.99 20902.54 4.59 6830.8% 11.52 2.87 BB
7 16.16 19568.54 4.30 7934.20 13.33 2.32 BB
8 22.17 3544.86 0.87 999.79 1.69 3.70 BB

Fig.3-68. GC-MS spectrum of liquefied cellobiose with EG and PEG.
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Fig.3-69. GC spectrum of water extracts with liquefied cellobiose.
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Fig.3-70. IR-spectrum of liquefied cellobiose with phenol,

A3} 1455cm” ~1595cm Alojolls  wWEde] (= THIFO,
1705cm™, 1695cm™of carbonyl”], 1172cm™¢} 1206cmofl= mi$ 748t C-0
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Fig.3-71. Be-NvR spectrum of liquefied cellobiose with phenol,
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GC-MS spectrum of liquefied cellobiose with phenol.

RT 14.07min. o) Uel}= 33MEL 2-acetyl-5-methylfuran?] 72

2, RT 14, 73nin. o] Vel 33ME-2 4-methoxy-2',5 -dimethylbiphenyl

22, RT 15.63min. 2] 33EL 4-methoxymethyl-4'-methylbiphenyl -
RT 16.14min. 8] IYES

22.17min, & 3}FHEL 1, 2-benzenedicarboxylic acid®] FZ = L}e}utc)

Zz=,

1) 2532 A3 o 24

£ € EMAAE Uehd Zojrt.
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Fig.3-73. GC spectrum of water extracts with liquefied cellobiose.

42 4.2828¢lo] Uehd mak sjojato g

BollA slEN in]iirtA] EEHE AL o

A
T A=

_’_O]

AA

Th Tlolgitg SAT ¥ spEe) Y
1) 43} 292 REA

R

=2

Fig.3-74= tlo| At E 433t cellobiose®3}E2] FT-IR B4 2

& UEhd Rolct.

s l na l ] ] 13 L H t -
&4 ; =

—
g
g
&
o
B8
B \\/

= - N ey Qg

(=3 (sl N s v -~

1 j I 1 t 1 ¥ ¥ 1 J‘ i ‘vt i
A0 ¥R E0 m0 X0 7R mO uM AN B0 a0 w0 7

Havenumber  ca™ .

Fig.3-74. IR-spectrum of liquefied cellobiose with dioxane.
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Fig.3-75. “C-NMR spectrum of liquefied cellobiose with dioxane

423 AP A glucose?] F432E Vel dirt. 103. Oppmat
102, 2ppmd glucose Ci-ZA¥E LIEho], 61.6 ppmE gucose?] a, 8-Cs,
70.4 ppmE gucose?] a-Ci, 74.9 ppme gucose?] a-C;, 76.5ppme
gucose?] a-Cs, 76.7 ppm& gucose?] @-Cs, 96.7 ppm2 gucose?] a-CE
vehds, 72.3 ppn B-C2,Cs, 73.6 ppmZ B-Ci, 92.8 ppmd B-Ci,

70.4 ppmE B-CiE LIERZ 9lo] a, B-D-glucosed-& & 4= glch
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& B ia 12 14 131 ‘18- 8 22 24 26 28
Time (min.

No. RT{min] Area Area% Height Height% Width[sec] INTEG

1 6.76 72604.18 61.87 4617.69 29.01 14.76 BB
2 16.14 3856.58 3.32 1742.99 10.95 2.10 BB
3 24.49 5595.67 4.77 1284.30 8.07 4.09 BB
4 25.46 35252.89 30.04 8272.20 51.97 4.00 BB

Fig. 3-76. GC-MS spectrum of liquefied cellobiose with dioxane.

RT 6.76 min, ol UEh}E HFYEL acetic acid®] FLRE, RT
16.14min. o] VEfL}E= 33E-L ethanone?] 2R &, RT 24.49 min. of L}E}
U 33t B2 «, B-D-glucosed] FTRF, RT 25.46 min. o UER}:= 3}

3+EL2 sorbitold] FRE AABIATY,

1) W3S A2 oC 2

Fig. 3-772 t}o]&xto g 53} cellobiose QI EoJA WHF53
471889 6 £42AAE YR ook

423 4.27880h0] Vel M3k JNjao s Y4nEE A

Aol A dEaatz} Anjaziz] BagH= AL o 2=
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Fig.3-77. GC spectrum of water extracts with liquefied cellobiose.
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Condensation products
H0H I
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furfural
on 0N cange R
Ho [_’LC Condensation products
. 0 HO
H
Xylose Furfural

Fig.3-78. Proboble pathway of the formation of degradation products
during liquefaction of carbohydrates,
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U a3 gads] 24

BEuxo g 349 22U 0.2N NaOH $=&d0) £3]A]A WE A}
/3] 200-400moll A EUEE ZAstgcrt EAL Kontron Instrument

AF2] UVIKON 930 double beam spectrophotometerE A}-&314it}).

2) Nitro-benzene oxidation
NtEol A el B2 2N KOH 4mee} Nitro-benzene 0.3mee}
E3ste} bombol FI8F THE, 160T2) oil bathol A 241 7HEQF WHgA1Z
th,  ¥FeF BZbAjZIThS 0.IN KOH 20meE MiA & stgch. o zpedzt A3
Ag F3le] BYAFE A3l cholroform 0méE 23] F&2& stz A
oS IN HCIZ pH 2-328 2A8stelth olA& chloroform 30mE 23]
F&Y ohE, 10w FFFE H7ISIAL NaSOE H7ISHY s o
4 AZith.  ©o]Z& thA| chloroform 30mE AH ¥ ozl g &
st} G.CE EA3talrt. G6.Co] E42AL oot Ul
Model : Shimadzu Co. GC-14A.
Column : QF-1/Gaschrom Q
Packing material : 0OV101
Detector : Flame Ionization Detector(FID)
Column temperature : 150-240C 2°C/min.
Injection temperature : 220TC
Detector temperature :@: 250TC
Carrier gas : Nitrogen, 1.5kgf/cnf

Inner standard : 40ug acetoguaiacon
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Fig. 3-79. UV-spectra of water soluble lignin obtained from
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Foll A Ext Fel2 Z3)slo] EAshe 2l adM = 280molA F+E U
R 2lade] W] AEEA g EXUE & 5 ook Ad=Y 4
T Aol A3tof o3 2] WAFo] APty Bustn glont
2 A 93P ade dFs UYL AdFe] dgEL
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1}. Nitrobenzene oxidation

Table 3-312 X4t 2]adS 7} A2 q¥sie |2 A3} 2ade

g2
Nitrobenzene oxidation ¥#4& ¥t ZAzlo|r}.

Table 3-31. Nitrobenzene oxidation of liquefied Ac-OH lignin(%).

sovene i i | Maid | e | T
Ac-OH 22.2 - - _ 29 2
Dioxane 6.9 - 0.9 - 7.8
PEG:EG 3.9 - 0.9 - 4.8
Phenol 6.3 - - _ 6.3

zate)ade] wls] Astgt gade] ZF9 AR Eo] Xate]ade
B3] #A 3] ZASATE. o] AL Ao gladY FY, F2 Yo
EAuRE 3} B-arylether Z¥e] sido &3] PP AEA 2ade )
533 22 e W) dojwr] wiiolel A€ot glade WRE
A 9SS ¢ + vk 53] PEGS E6 EHEAVL ¢l &4 EHrl g
ade] Wagdo] HIA dolWt3 e ¢ 4 drh
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Fig.3-80. Molecular weight distribution of liquefied lignin,
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Fig.3-81. FT-IR of acetosolv lignin and liquefied acetosolv lignin
with PEG and EG
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Fig.3-82. FT-IR of liquefied acetosolve lignin with phenol
and dioxane.
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Fig.3-83. 'H-NMR of acetosolv lignin and liquefied acetosolv lignin
with PEG and EG.
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Fig.3-84. 'H-NMR of liquefied acetosolv lignin with phenol
and dioxane.
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Q) Table 3-328} o] AEAZTL AHEL Tio]SAkolL} SHHELE 3
Holol 164 ZeAUHE FU, A4stAoH | Daje] FAE S} o

}eS Fstolch

Table 3-32. Treatment condition and yield of liquefied lignins

(Ege) T(eeﬂép)' Solvent Yield Remark
phenol 99 4% (LSA)
60 180 . 1G4
(Nz gas) 99.9% (KP lignin)
U, 717184

Ao A EFEA 2HMEH2 KBr M (pellet) & A ZStAL NaCl 22
ZAslgl o, 7]7]= BIO-RADA}2] FT-IR Spectrometer(SPC-300)£} JASCO
At2] IR-Report-100& A}2-3tgit}. 1H- & 13C-NMRE4]-2 Varian Gemini 200
2} Bruker 400MHz NMR-SpectrometerZ& A}&3}e] A5}l GC-MS(Gas
Chromatography-Mass Spectrometer) A% E#l 2 Hewlett-PackardA}2] 589011
GC, 5898 Mass SpectrometerE Alg-3dlo] zt E¥E Q] kS EAM3|ct

th dztelad

dEgt F2E gad HaxdRVolE JFdg Ay FFT
¢t S2EXxE2E Fsle 2 FYEE E¥sidrh

1) 3e2E 2ayd Qg2 £

AUF FetzEe|ad 2,43z A3 F AHEL Fig. 3-859 Z
o] #& &t stdrh B AF &S AAS Hsld FFRTE A
st} 8452t £ESHE Uit 88T Fo ¥ESI= HES AA
3l7] ¢13le] EEEXES Y3 UL SFT(NaOH, pH=8) F-E3] AlHA|

7 484 HE K-1(0.068) SESTELY BFE KL-2(2.21g)8 E4cl.
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Liquefied KP lignin

«H0
Water layer Organic layer
<NaOH, pH=8, “Eﬁg”‘ﬂzo'
CHCl3 s,
CHCI13
Water layer  CHCls solubles sglilﬁll)ies Water layer
KL-1 KL-2

Fig 3-85. The extraction of liquefied kraft lignin from Koriean pine

2) PRl E 3tEe) Le|

A1 MEYOlE 6.01gF AR ¥ JEEL Fig.3-863} Yol 3%
Lesiolth. B4 SEEEFOE AHES Y F L3} NaHO; 8
o2 FE5 ANYLEN JU YASE £33} FTEIFZOE £
stelch. Shbe RS £35S 25% HOL-KOZ pH=67H F3A713 22
EEES §UIE Slo] FEEIE $YLE Ls-1(0.362)& FE3HAch B
B BRE AAY A2}Bo] QE ZREEBEE Mg AAs s
NaoH4-8& < (pH=8) 2.2 F&3] M ¥3le] STEEF L F& LS-2(5.40g)

€ dgch

r'l'
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Liquefied lignin sulfonic acid
<«Saturated NaHCO; aq.

CHC13
NaHCO3-H20 layer CHC13 layer
| <25%HCI, pH=6, CHCls | <NaOH-H,0
VWater layer CHCls solubles so(lz?xgllz s Water layer

|
LS-3

LS-1 LS-2

Fig.3-86. The extraction of liquefied lignosulfonic acid

3. 4373

7b. % glade] £4

glade g 223le g EYE KL-1, KL-2, LS-1, LS-2, Ls-3
B3 B0 ]3] IR A®EH, 'H-WR ¥ PC-WR AHEH, GC-MS EME
sistedet, E3 2lade] o ¥ 32 HIE AV Al AE A
B E glauz} g axATYolEE R} MR AHEHE FAsle Hlz
2astct H-NRAHEY ] 314 Sarkanen(1971), “C-WR 2HEF 2
o] B|AML HE(1979), Mass AHMEH? ¥ EXMy|Ze FH
Library search®}Silverstien(1991)2} Wiley(1998)¢] tlo|El& 7]|XE 3}

o E4stgch
1) IR &#r
Fig.3-85~863} Zo] £zt Ig=ZE g|ad ] E3E KL-1, KL-2¢}

daxdEol=e] BUE LS-1, L5258 2Asb slste] J9d B3E
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A AWEHL 2435193, Table 3-330] ¢k Aza|stslich

Table 3-33. Assignment of infrared absorption band in liquefied lignin.

Position in cm™

Band Origin

KP
lignin KL-1 KL-2 LSA. LS-1 LS-2
3200- 3180- 3200- 3200- 3200~ 3100- 0-H streching
3500(w) | 3510(s)| 3500(s)| 3500(s) | 3510(m)| 3500(m)| H-bonded)
3025(m) | 3070, 3010- 3179, 3120- 3070, Aromatic C-H
3050(m) | 3100(s)| 3150(w)| 3245(m) | 3130(m)| 3120(w)| streching
2850 2800- 2850 2825- 2850 . .
2950(w) | 2980(W)| 5990(w)| 2950(w) | 2980(w)| 2950(w)| Aliphatic C-H
1640- 1630- 1630- 1610- 1640- 1710, Ester,
1749(s) | 1660(s) | 1675(m) | 1690(s) | 1660(w) | 1770(w) | Carbonyl
1600- 1580- 1590- 1580- 1580- 1590- | Aromatic C=C
1610(m) | 1620(w) | 1600{m) | 1610(s) | 1600(s) | 1600(s) | streching
1430(m) | 1560- | 1460(m) | 1430(") | 1450- | 1465- | Aromatic c=C
1560(s) 1600(w) | 1500(m) 1530(s) 1510(s) | 1500(s) | streching
1140(m) | 1140(m) | S=0 streching
1130- 1130- .
1160- | 801 1240, | 1300, | 1200- | 1160- | C-0
1320(m) 1330(w) 1285(m) | 1250(w) | 1265(m) | 1260(s) | deformation
1050, _
1025(m) | 1100(w) 1010(5) S=0
960, 960(m) | €S
980(m) 980(w) | deformation
815, 760, 760, 800, 755, 690- | Aromatic =C-H
850(m) | 820(s)| 820(s)| 830(m) | 815(s)| 880(s) | OOP bending
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l

Ae=E  2ade] FHYUERFEY 2¥9E-A, 3500-3200cn &
H-bonded 4-4t7]2] A1& 3% (stretching)o], 3025, 3050cm’'& W38
C-HZA%Y] 41&2%, 2950, 2850cm’= A|WAEC-HAYL] A1&AE 1749cn™
L ylgy 2R doAE, 1605 1500, 1460cn’= wakde] ZAAE

1o

(ring stretch)o] 1270cm™o] guaiacyl ¥e] okgl &

BN
N
iz
2
b
o

o
a2

668cno]] Z7t7 =] W] =C-H W3] M 72t Z(out-of plane bending)
ol Uetyz glEdl, ole 2lade AFHA F4 sdEolch

KL -1 £ 22 FJHAEUEN AHEHL FIARE ol FJHE
FEN AdlEA -9 §A}8}L} H-bonded 4:2t7], o|AE|EY], FlERY
71, W] F4t Aws] AstA Uelua 9ledl 3510-3180cm ol
H-bonded4=4t7]¢] A1&z%Eo], 3070, 3100cm’o wrarale] c-HAY,
2980cm™ o} A|W43C-H Age] A& 350],1660-1630cn™ o] Ft2R L7 8] 2]
£3%, 820, 760cm’ o] W WewZNFe] 47} Uiz glth

KL-2 B8 HAHELEN A#EHL 3380cn o] 44718 A&7
“Eo], 1660cm™e] 2R ]S A& o], 1600, 1595, 1465cm™e] =3k
o] ZAZEo|, 1270, 1240cn™e} C-07]2] A1&zZo], 1145,1130cm™ 2]
guaiacyl #o] ZZAAE] F4rp Rojm, 1020, 1005,995cm™e] Luf
DMSOdml 7%t molm, 820, 760cm oAl whaksl —C-HAYS] W WA
ol Uxiua e ol W] HIEE ou|dict. oy Ae 2

AT YFYo] HANF WYL= ol W3 HYSS & 4 orh
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KPP Ngnina
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F A
B [ ] i
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'

ot ol s ot
lignin sulfonic acid

Fig. 3-88. IR spectra of lignin sulfonic acid and liquefied
lignin sulfonic acid fraction,
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ZILATUOIE g3 Y FHAM THEN 2HEH|A 3500-
3400cm ‘o] 73t OH7|2] A1&2Eo|, 1680cn™ e FIEE 72 2&2 ],
1605, 1585, 1460cn™ ] wrarsle] ZANE, 1140cn o] S=0Z3%te] A&AE,
830,800cn™ S WY =C-HAY WYHZAFo] F ez ch
LS-1 EYE HAHEHEY AHEHNNE FAIR 31371 Yehted
3400cm ol 77} $at7]9) A&AZ3} 1595, 1500, 1460cm’of Wiyl =
AAZo] okstA UER: b 805, 760cm o Wpa¥aie] me] M zbi Fol
78} A LR Zo] Exlolth. E3 1265, 1240cm '] guaiacyl o] 2
ANEe F45 vlay ZsiA veiuz ok 1140cn 2 S=0A g 4
% R Zolt}. 1050-995cm o] 73 T I DMSO &uj 3| ot}

1S-2 EYEo HoA BuEA AMEF A 3400-3200cn o ZE 4
Ab718] F47h 1595, 1495, 1470cm o) Wy e] ZAFo) wiay 7st
A Ve, 1145, 1130cn™& guaiacyl o] AFgt mFolr), of2g
690-880cm o] 4} C-HAYS] WHAF A= AshA vehta olch

olxte] Az}, FHYMELEM AMEZS] WHitk= x4 C-H A 4
%359 4, guaiacyl ¥ C-HAYY AHIAFF JIEEET] C=02] 4
2% Z717 2 5322 etz g, ol& gade JdHEZAY
Sol AAd = ZAzjetn AL

2) GC-Mass £
3t FetZE 2ade] £YE KL-1, KL-22} 43} 1M EYO|E
o] £¥E Ls-1, 18-29] GC-MS 2MEH S vhat T2 zAstel 6C-MSE
338193 7170] UAEe] gl Library search 24 WY& AlE3lo
E4stalch

Zi.2 HP-FFAP (50mX0,2mmXx0,33m), injector temperature + 220TC,

lo

A
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carrier gas+= He 0.5ml/min., electron energy: 70eV2 A}&38}= EAXR

Aol gie}.

GC-MS spectrat= Fig.3-89~92¢9} Zon Zt E¥E2] mass Uio|H &

table 3-340] £t A g|sjaic].

Table 3-34. GC-MS of liquefied KP lignin and lignosulfonic acid

Fraction (;?; ) Compound Mass list(m/z %)
KL-1 24.59 phenol 94, 66, 39
KL-2 | 22.89 | 2-syringyl-2-butanol 53,3'553,554’1 133, 119, 104,
23.14 guaiacol 124, 109, 81, 53
23,69 3-syringyl-1,3 243,205, 173, 159, 155,
: -butandiol 133, 119, 111, 91, 71, 43
24,50 Phenol 94, 76, 39
furancarboxylic acid-
18.60 pentanic acid-3-ester 118,110, 95, 89, 68, 63, 39
acetic acid phenyl
1S1 20.10 ester 136,94, 77,66, 43
20. 80 1-phenyl ethanol 120,105, 77, 51
23.13 | guaiacol 124,109, 81, 53
93 53 3-syrigyl-1, 3- 243,217,173,159, 155,133
: dibutanol 119,105,91,71, 43
24.50 | phenol 94,66, 50
6.77 | ethanol 124,109, 81, 63, 53
23.24 | guaiacol 124, 109, 81, 53
[S-2 23.49 | 3-phenyl-1-butanol 150,119, 91, 56, 43
24 12 3-syrigyl-1, 3- 243,217,173, 159,155,133
: dibutanol 119,105,91,71, 43
24.41 | phenol 94, 76, 39
7} Y E KL-1

T71g5el BEE KL-1 & GC-MS spectrum Fig, 83} o F
2 3 7 33Ee] EalE ). MassolA] retetion time 20.38ming &uj
DMSO m]Fo]m, 24, 59mino] ZHEH 38%¢ FHYEL slE 12 AASIIC

_263_



g
Y
o LERLE gl &) 222X E2] 33 o] A3 94% Ql phenol?] I

2l

) -2
-2

= {750 EE8EZ GC-MS spectumol A= RT 9.1lmin

mr  mo
& B

A

37} 24mincf A & VlelLlZ Qict, Z2el3 23.13mino] LERLRE HF 5%l
I3 = cyclobutene 9Fo]20 8 o] IHIUEL guaiacol?] F+-2E ZAAIA
= 2lad BEL /MY ey H3Eolrh. RT 22.8%umin o Uehts
522 2-syringtyl-2-butanol®] FT2RE, 23.6%mine] UER}E 3PES
3-stringyl-1, 3-dibutanol 8] F2E ZA A3}t
th ¥ & Ls-1

Y& 1S-1 ¢ GC-MS spectrumol A= RT 9.12min. 2} 10.23min, o
Ueitte 0 S22 X8 S HaE FASHE $£2 24nin. £
3 98%¢] Hl&z2] ¥ Aolgith. RT 23min. oA+ guaiacol, RT 20.10min. &
¥] 3 acetic acid phenyl ester(phentyl acetate), RT 20.80min®] ¥ A
£ 1-phenyl ethanone®®, RT 23.53mino] T3 EA FRE= EIE
KL-2 RT 23.Tmino]] Vepl}= B2 o, 3-syringyl-1, 3-divutanolg]
&, RT 18.60min. o] Ueh}l= 2ES] FRE furancarboxylic acid
pentanic acid-3-ester2 FA3lgit}.

2}) £Y& Ls-2

EHE 1S-2 8 GC spectrumof &3t phenol& A} &13}3L guaiacol
3} ethanolE EAJsteirh. ®§ RT 24.1lmin. o] Ueht:s WS EYE
KL-2 RT 23.7min., #¥& LS-1 RT 23.5min. o] LEhh= 243} Zt} o
31382 3-stringyl-1,3-dibutanol®] 22 ZAAs}cl. 23.49min, o U}
e} B2 2] mass spectrum®] 3}3HE-& 3-phenyl-1-buranol?] IR E Z

3tqlch
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Abundance

TIC of DATA : HBHE08-6 . O
1.0E +5

9.0 +4
8.0 +4

7.0E +4

bbb ddebdabrdadabind L2 L AS

6.0E +4

5.0E +4

4.0 +4

hdddd b d ol

3.0 +4

2.0 +4

1.0 +4

_S— )

FEURTE P

=20.381

|

24.692

R,

.
=
X Jl
0.0E +0 ~
19 15

Time ( min. )

o
)

Abundance

Scan 24.590 min. of TIC ol DATA : HBH608-6 .

10000
8000
8000
4000

24

SR

O¥]

o

100 120 140
MASS / Charge

39 6,8
2000 / _.u_dL
Q aasfa b v abatatog ol
69 80

40

Fig.3-89. GC-MS spectrum of KL-1

Abundence

TIC of DATA : HBHE08-4 . D
1.0 +86 .

9,110

9.0E +5

8.0E +5

i ladiajasald

7.0 +$§

6.0E +5

5.0E +5

4.06€ +S

faadadaciatdaagiios

3.0E +5

2.0 +$

]

Mm

+

]
chaidiiaada

7 416

11,407

.

~— 23142

~24.508

0.0€ +0
10 15
Time ({ min. )

o
o

B {-‘:'2?201

Fig.3-90. GC-MS spectrum of KL-2
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Abundauce

2.0E +51
1.8E +57
1.6€E +5 7
1.4E +5 ]
1.2E +5 ]
1.0E +5 1
8.0E +4
6.0E +4 3
4.0E +4]

2.0E +4 ]

TIC of DATA : HBHB08-3 . D
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L

-18.599

20.104
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FNTQB'I
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0.0E +0
0

é 10 15
Time ( min, )

4

Fig.3-91.

GC-MS spectrum of LS-1

1.0E +6 7

9.0E +5 7
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7.0E +5 ¢
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Abundance
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- 99954
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a
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Time ( min. )
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| .2\,‘10&)‘_‘____;_--_";_......- :

Fig.3-92. GC-MS spectrum of LS-2
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3) 'H- 2 PC-NMR 447
F AR, J2E fady faxdIJolE, Tgn 15 A%
H 2YEE 'H- g PC-NMR(400MHz, DMSO-ds)S EHF3lgiom, o3} 3
8] Wzl functional group?] chemical shift 2] ¥H3tE

FeZE gadz axdRXyelE, deja A3 £IH £YE
E2] 'H-MR AHEHL Fig.3-93~980|1, 1 34 ulo[EEL Table
3-350] Q.of R e)stairl.

Fig. 3-93& F:e=ZE gade] H-NR 2HEHZA gutaql g
ade] 4+ e & Jehlda 9ot &, 7.92-9.88ppm2] aldehtde?],
6.88-7. 37ppm widkdel u=, 2,303 3.30ppmd Rvje] ¥A, 3.40 -
3.60ppm2 methoxyl”], 4.03-4.40ppme B-0-4 Z3}, 4.40-5.90ppnd
H-a, b,y &% ¥ ZolM, 2.00-2.05ppnd Z|UFH LIAZH ofME7]o|x
2.05-2.09ppn2 WA ol Y]] :FolW, 6.56-1.93ppne methyl,
methylenerl2] z]=o]t},

Fig.3-94= KL-2 E¥E°] 'H-NMR A EHQY], 0.874-1.52ppne
methyl, methylene 7]&] ¥]3o|m, 2 50ppm, 3.40ppme |vje] 715t ==
olm, 6.74, 6.76(d, J=8.27)ppmz} 7.14, 7.16, 7.18(t, J=8.27)ppmoll A
W2 couplimg F4:2] Aldo] Hl2H ofgt 332 uEhf A
ol mi&o] H-2, 63} H-3,5¢] 32 AZ}Hc).

Fig. 3-95% KL-2E¥E¢] 'H-NMR AHEYHAY], 94%¢] sl 44
o] Alado] & vER}A gttt Z,:6.78-6.86('H, t,t J=1.0, 1.0, 7
H-4), 6.838, 6.840, 6.853, 6.861(2H, dd, J=1.0, 8.4, H-2,6),
7.16-7.22(2H, dd, J=2.0, 2.4, 2.0, 8.0, H-3,5), 9.41(HO-Ar)E F &%
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Table 3-35. 'H-NMR assignment of KL-1, KL-2, LS-1, LS-2, LS-3

fractions, KP lignin and lignin sulfonic acid,

Signals
ppm Assignment
KP lignin KL-2 LSA. LS-1 1S2
10,08 9.28 9.64 9.90-9. 40
9,88-9, 20 9,75 ' 3.28 9.33-9.04 | SHO
8.92-8.38 8.91 8.39 831 8.89 Phenol OH
: 8.71-8.59
7.92 7.77-7.61
7.52-7.45
, 7.43
7.37-7.21 7.40-7.24| 7.48-7.30 | 7.45-7.42| 7-43. H-Ar( 7}
7.32°7.50 %872 S
7.22 H-AC( 24T
7.19-7.17 7.16 7.18-7.05 | 7.18-7.14| 7.12 7}?}(@)
7.13-7.02 7.13-6.96 7.04-7.02| 7.08-6.91 | Fir(pGO)
6.94, '
6.98-6.88 | 6.90 6.93-6.88| 6.93-6.89 | 6.99-6.80| 6.99-6.81 | H-Ar(p-OH
684 6.78 6.80-6.73 6.71-6.59 | JH-Ar-S
6.76,
6.83-6.65 | & 75 6.77-6.68| 6.69-6.58 | 6.78-6.66| 6.71-6.59 Vinylic
6.62-6.51 | & & 6.66-6.58) 6.50-6.33 | 6.63-6.55| 6.58-6.50 | £H o
6.34’
6.17 5.59 doytie
, 8-0-4)
3.92, 193
5.09-4.03 388 483 4.07-2.50| 4.70-3.60
g %2)' 3.71 3.78-3.57 EIE:?OB' 14
3.67-3.47 376 |54 %
3. 33—2 83 3. 74, 3' 56’ 3. 47
2.37 2.96-2.61 | 2.33, 2.33,
2.60-2.41 2.26 2.50, 227 2.27 Aromatic
Z.20 7.22 291, H:C-C0
2.19 2.13-2.05 2.13°2.12
2.09-2.02
1.99-1.93 2.00 U 2.08 Aliphatic
1.83 1.78 ¢ H3C‘?O
1.78-1.66 . ArAc(o-Ar)
1.60-1.57
1.52-1.39 1.52-1.49 _
1.39-1.19 1.35, 1.29-1.12 | {-42 1.33-1.40
b 50-85 181 16 1.2¢ | 16111 | methylene
0. 87-0.80 "l o.87-0.78 | 1.15 J:93-1.06 | methyl
0.72-0.70 0.88 :
0.60-0. 56
0.48-0;43
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t}. 5%Ql guaiacol?] W3 $ AL HE $£4¢ overlapB 2R & ER}
=] 9k=|qt 3.80ppmol A methoxyl”Z]8] wj A7t & Brh
Fig.3-962 Y1-ATYolEL] H-NMR AMEHRZ A, AYFAY

4

d B4 sjelojtt. &, 1.12-1.29, 1.78-2.00ppme methyl, methylene”)

o

¥ 303, 3.56-3.71ppnS methoxyl 712 ¥ 3, 3.86-4.93ppmd H-a,

’%

59 ¥=A, 2.50, 4.20ppme] 73 ¥ A= Lo ¥ 3,4, 93-5. 15ppm

flo

7
Ha, B-1, B-0-49] 3 3E, 6.33-7.42ppnd Y33 3| Foln,
8.39, 9.64ppm aldehyde, &-& hydroxyl7]¢] z A Eo|t}].

Fig.3-972 LS-1 2YEe] H-NMR AHEHOZ A, 98%¢ &2
$4£582 AIdol & uyelva ok F, 6: 6.751-6.768(1H, tt,
J=1.0,1.0 1.1, 7.3, H-4), 6.770-6.790(dd, J=1.0, 8.5, H-2, 6), 7.141-
7.194 (2H,tt, J= 2.0, 2.4, 2.1, 7.6, H-3,5), 9.82(0H-Ac)E F]<&Hr}.
0.68%¢] acetic acid phenyl ester2} 0.24%¢l 1-phenyl ethanone?] acetyl
718 AladE 7z 2,08, 2.27 ppoollA oF3tAl Urhia glrh. Exe
0.78%¢] guaiacol?] methoxyl”]8] X149 3.70ppmoll A singletZ # 1}
Elviar Qi ZEla ol o3t 3352 13.61-3.94 ppmolA methoxyl”]
a-H, BH, y-H Bol3, 6.50-7.41ppm WY 42 ¥ IFo|r}

Fig.3-98& 1S-2 $YES H-NWR AHEHOE A 98.6%2 phenol
J=7.3, H-4), 6.90, 6.92(2H, d, J=8.0, H-2.6), 7.20, 7.23, 7.25(2H, t,
J=7.9, H-3,5), 9.43(1H, s, HO-Ac)e& 3I&™ch el 0.21%¢l
ethanol 442 AladEo| : 1,17, 1.18, 1,20(3H, t, CHz), 3.60-3.63
(2H, m, CH:)E H<Hch 0.26%2 guaiacold] methoxyl7]el Alade

4.12ppnofl A UEbUaL olch. E= TRE SHA UEhve I3ES 3.

w
(=]

ppuoll A methoxyl7]2] =3, 6.62-6.72, 6.95-7.15, 7.28-7.44ppmolla] %

Fde v3E A vehta girh
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olxte] Az} wigrde] MNP & Hie gldeu, Z4F JEHE
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Fig.3-93. 'H-NMR spectrum of KP lignin
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Fig.3-94. 'H-NMR spectrum of KL-1 from liquefied KP lignin
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Fig.3-95. H-NMR spectrum of KL-2 from liquefied KP lignin
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Fig.3-96. 'H-NMR spectrum of lignin sulfonic acid.
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Fig. 3-97. IH-NMR spectrum of LS-1 from liquefied lignin sulfonic acid.
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Fig. 3-98. "H-NMR spectrum of LS-2 from liquefied lignin sulfonic acid.

1) PCc-NR 4T

glad F Aze oz EYE "-NR AHEHL Fig.3-99~
1032} Zom 1 ylolelE Table 3-36~370) Q.9 A3ttt

Fig.3-99= Ig}ZEg|ade] Pc-NR AYMEZOT gutael g
W Egselg 2 vl gk &, 191.2, 179.6,174. 7ppmol| CHO,
COOH, C=0r1&] |3, 143.9-153.2ppmoll guaiacyl 2] methoxylrl, <=2}7|
of A3Y w49 Aade] uehtzn glon, 1 Fol C4-69 mIAE
147.9, 147.4004 & Uehla itk §:134.2(CI-G, 132.0(CB),
128.8-129.8 (C6-phenol, C2, CA), 119.6-126.6( C6-phenol, C2, C6-G),
115.1-115.7 (C5-G,C3,C5-Phenol ), 110.8-111,7(C2-G)5 W3¥3yetio] uj3
2 &=t
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Table 3-36. ““C-NMR Assignment of

KL-1, KL-2 fractions KP lignin

Signals(ppm)
Assignment
KP lignin KL-2 LSA
191.2 COOH, CHO
179.6, 174.7 CH4C0
159.6, 159.5
158.8, 158.0 Ci-penol
157.3-156. 4
155.7-155.3 GG
153.2 153.8-153.2 | C;, Cs-S
148.3-143.9 149, 4-148. 4 149.0, 148.4 | C3-G, Cs, s-S
147.9, 146.5 148.0, 146.9 148.4
145.2, 144.4 Cs-G
143.8 139.0
137.0 Ci, Cs-S
134.2 131.4-130.9 -G
132.0 132.0 ch
_ Cs-phenol
129.8-128.8 129.4, 128.3 G op
126.6-119.6 127.2,121.3 Cs-phenol
122.7 Co Co-G
116.0-115.9 116.2-114.1 | o ¢
115.7-115.1 115.5-115.1 ®
114.2, 112.6 Cs, Cs-phenol
111.7-110.8 108. 4 C-G
107.0, 105.2 | C, Cs-S
96.1, 93.5
76.2-75.1
74.2 90.9, 68.1 74.8-73.0 Ca
72.8-68.0
63.0 82.1-80.0 cA
60. 4 62.0-60.5 Cy
55.7 57.2, 55.8 55.3 CH0
46.5, 45.4
37.8 Ca
36.5, 34.6-33.8 36 2 (Ar-CHo0H)
31.4 31.1 CcB
30.9 { Ar-C,Hs0H)
29.2-28.7
2.7, 2. CHa-Ac
24.9-22.2 22,7 .
16.5, 14.1 CHs
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Table 3-37. '3C-NMR Assignment of 1LS-1, LS-2, LS-3 fractions

lignin sulfonic acid,

Signals(ppm) .
Assignment
LSA LS-1 LS-2 LS-3
181.3 170.3 COCH, CHO
176.4 CHsCO
159.1 Ci-penol
156.6-156.0 Cs-G
153.8-153.2 151.5 154.0 Cs, Cs-S
149.0, 148.6,
148.4 146.9 147.9 CsG, Cs, &S
145.3,
148.4 143.6 Cs-G
140.0
137.0 137.1 136.6 Ci, Cs-S
133.9 133.3 -G
132.0 cB
_ 128.1, Cs-phenol
128.8-127.3 127.9 G CB
127.3 Cs-phenol
122.9 122.6 Cz., Cs-G
116.2-114.1 119.2 Cs-G
113 1 C3‘ C5—phenol
110.5 C2-G
107.0, 108.7,
105.2 105.2 | G GS
96.1, 93.5 99.0, 93.9| 101.8, 96.5
76.2-75.1
74.8-73.0 73.6 Ca
72.8-68.0
82.1-80.0 87.7 (of]
62.0-60.5 60. 54 Cy
55.3 57.4 57.2-56.5 54.9 CH:0
48.2, 46.5
38.3, 35.5 Ca
34.7-33.2 35.5 (Ar-CHsOH)
cg
(Ar-C,Hs0H)
23 4 30.9-30.4 30.4 )
205 26.7-25.8 | 21.9, 21.4 CHs-Ac
: 24.0-23.0
18.2, 15.8 19.66 16.9 CHs
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Fig.3-100. C-NMR spectrum of KL-2 from liquefied KP lignin.
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Fig. 3-102. "“C-NMR spectrum of LS-1 from liquefied lignin sulfonic acid.
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