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High- Value Added New Products
from Waste Wood Materials
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I. 4 %

Aol g - wlol g AFAAALS nFI AdE vleAE AT

O. dy74ae] 23 9@ Fa A4

Aol g - vlo]-g HEAAALS &EEH o)L FATY &ofdll xule] YA
7h 93 gon 49 Eok AAe] Tkg YA s wEA] fdsor & F HA) 0]
o} $Evete A9 EAE e AFE P AEAA Ade] o2 A o)+
2 At A&AHoz o]&HA Eaa e Aol oHF AHMES EEHL
2 o] g3: PHES ANHE Ae JABYE e 48 4, FEAYY B
2 #4509 JAAgA W FLsi £,

for

ojgl g F&E AN o 74 AFHELS FA AVEY Aéd A
3 g AFES 7lgcla A IHAMNE £ZAE ol §F BIAFHF A4,
Ax e A A, FAE BY ETAEANL, AALAY HEetolo] B B4
AE ML, FAA4 JE A7ES o]8F AFAA A, Ads A9 FTAEA
4 9 Agrle, qEAEAY ZIsLANE ® AR H8Ert FERAR A
el oju AxHa gtk Y ol FAL dFEY FAY =934 7hd A
Fote] d7HR o srEQ] B A% HAAAYY o] &L WY 4F
oltf. aE2 B dFHL Aol& - vog ASAAYL HFA W o3
A ol gz st ofoltiol & FAF A7l & AFE A=A



m. 7748 g 2 ¥4

1. A& AAZEE 318 =48 £ 2 o] &

1) Organosolv ¥el ¢ NEHX e 2L &

2) 9= (dgze= ¢ rdEgrex) 2, # ad £
3) gElg YadozZ Ry gaxAdTolE At

4) @3 FAL &4

2. nloj g 5A AAA 9 @3 o] § A
D el&gd &% 54 AZAY &3

2) @39 715 o1&

3) B3Ed dA %

3. Aolg BAA A2E 043 nwtgA s1dd Ax 2 2RI A2A AFAY
1) 244 Ng9 Ay 7Y € 3R 71dY Ax =3
2) kLA 7jAe Az L 54FH F3 54

3) CM Ag ARE o] &8 AL 24%

V. d77/1&dx R &8 43 a9

1. a3 AEAH}

D AE qAzYE gt 248 £8 9 o) &
E dA3E freE AEdAe dEzox 3 oy Jadg B o) &3
71 8t A=A frlgue) 98 2AFE Fu HF(Z2H, dER2A(E2)Y
Fog AAYEGe] EFEA A 5, fadd 29 28 2 A L /7180
dadd AW @axdEYoE ke 54l £2 AFHY

{1 ZF(methanol, acetone)d] #Age] A FEE F7AZ Wt F8o
AurA el A7 dERGT F4F 5 E 05% o2 HAM ASdE 01% A7t



A F&o & W3 o 2HY BAEE 20%Y F s dg2e=9

& iz $80] 340 g5 Act kappa no. £ methanolg §WZ A3
Qe AS, EZuFo] F/gd @ wdepE AFge] gl acetoned A&
kappa no’t 2318 A53E A+= Uebdth AAEE methanol(175T)S &
2 8% AT 05%8 F4 SEAM 388% IS0Z Y =k w2
acetone(175C)& &¥l2 AL&3d 3 v& 1.0%904 433% ISO9 #A¥=F 4
Eb At

£ 2 methanol & AFE31E-S A9 E methanold} £ 9] ¥]&o] 70:3090 4 +£&,
kappa no. @ WAEr} 7413 $E9ch 8 acetoned &WE ALEEAE AS-
d= 60:40 ZANA 14E, B kappa no. ¥ H& WAL E e

8 AlZrel F7Eel wel &0 FAaFArt 2y & FEJF ¥E AL
(50%)e= FEAte wE gd & WE7 A ojd Y2 methanol
acetone 534 43U} methanol 58 Al F& A7t A3 02 kappa no.7}
ZastE Aol FHAIYOY acetone 80%ANAE 238 kappa nott =& AE]

Uttt A= E gujd #Aglel 8 Al 608 o)A E Wit gt

THLEZL ot whet $&o] WA o sttt methanold AHEE
¥ 8 2% 3712 kappa no.$t W=7} A gdoh 12y acetoned S0
AHERE dee FHES Frbd wet &3 WAEst 2289 kappa
no. = 238 Frtstdth

U A2 BHOZ acetone FAHE AGHA o szg epdd o
DEF AN acetone ZHE RASFE Aol FISTH SU1E 80/20, F SEES
20%, 175CAN 6087 2D A9 A% A< 886%7F A BT,
e¥ methanol F8A B Aoz 34 5 1.0%, &l 70/30, 190CAA
6027t Zalh YW o F F8L 753% kappa no. 619, WATE 356%
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ISOH.

ASAM ZFaAldE FaAIe] A3 gl 5EL A AHAHon #aFY
o A 120804 60.0%S) &2 YeElW Y. kappa no.= 1208 714 €3
3] Atz o olFes SElAl A sldTh 1208 Z & A] kappa no.® 8884
Ae® FFos #Wted W2yl FeHoH o] A9 WAEE 61.5% ISOH
=2

methanol ¥ =, acetone WX E tid EW(EopDPD)S ¥l uwl Eop ©A A
kappa no.9] 4T 7 30 ¥AE 83 DIGAGAE 40 - 45 EAQES s
Aok PEAGAME glad 237t OA s D2aAdE & ¥ o
EopDPD®] #F FH I AN E methanol? acetone BZ 2% E U3 kappa no.
g YAt ASAM 22 &= EopD BAE AXEA A9 diFEe gade B
3 §&53A. EopDPD %% ¥} methanol BX = WAE 661% ISO 283
acetone HEZE 62.9% ISOE UEMUAT. ASAM 2Z = EopDPolA 81.6% ISOE
YERH ST

EopDPD E#F¢] methanol ¥ ZE AAXE 1078 N-mfg, 08ASF
8.06mNm”/g, #EA% 1.29Kpa - m¥7gE JE WAL 3 acetone WEE A4
4 1218N - m/g, 9EAF 852mNm’/g, HAAS 143Kpa - m*/gE BAFnh
$H ASAM E2E 93ASFY F$ 180N -m/gEA L ZEE UEudn.
a2 9 AEATY FFATFE acetone®]} methanol BE FFd] mEFr)

Hdg=e wwjgsg 7302 ER AP wel ASAM HZE= BT
86.0% ISOZ F7tHo] nF WA Z ALEE & o™ acetoned methanol
= HAET 70% ISOE 29std FAX9 HA4xE fAztz YU EF A
acetone VE7} QFAF, ALAF, A5 ZE ZF XA methanol R}
=A Uehgtou M9 928 ety xAReEN I oyt RAaEY A4
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"z ASAM W =g ERAUE A9 A5 A3 o9 AL 3

H A= acetoned} methanol ¥ Z ¢} vl L8 3204}

HAonRH 3sd MIL methanol F81A] 16.3%, acetone ZHM A= 14.4%,

283 ASAMAME 85%5ATh o] HFE Fold, &0l ol& FA} 4o
2 A W £E&2 20-32%F FAHUD AAY Fe 2FILAV
65.9-70.2%, wdo] 6.7-98%, 8l: AYER7} 192-21.7% THHol AU
acetone THHA LR FH F5E FL& Huo 2o Ade =2 Fo] tha Egto
M EFI2 #Fl vE fdadd wsd vyt 58 #7 $9 "€ Hge
2 FHE A9y ohzh st A4HY. d5d w718 gad G
acetone 33 Al 324% 12]3 methanol Z3A] 7.858 Rtth ASAM glade
163%2 =sked oA B e §alido] Foma 123 A3y Ad 2
A7 Aol &8 AHste AxANA A2 F9 18FET 5F U

dady UV 2¥9Eg: 7€ gadd a2 205mst 280m ZAH A 3
A F-AE HERAM, 230m 2 310-350m F2AAE %d F42 JeEdg, o
#Y methanol g2de] A9 205mm 2vh Avbg oz @ewWA Huxsh e
W EF acetone UGN E 280nme H3zb FHEsA Jebdd
ASAM-lignosulfonate®} A% lignosulfonate® 32 E A E3HA 205mSt 280mmoil
A Hol F54AE et methanol® acetone Al §7] &vle] BTt Bo
W olERFE dEld #ade 280molAl extinction coe.(ZZt 306e 2797 =
< Wl #7 &9 FHrbgo]l H& ASAM #1d9) extinction coe FH(167 ¢ )&
Witk Al lignosulfonate(17.1€ )% ASAM %] gladsl A wdstA e
extinction coe.gt& YERY AT

F}5 1710 & ¥1FY stRdrlel ALH=d ASAM @1UF lignosulfonate:
acetone #1d3 methanol Fade] ¥lsld FEAEs =9 1200 M=
sulfonic acid groupel YER}=H lignosulfonate®] Z-$ F471 £9A 8459
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o} 199 BE §4 band: #l2d 2ol # o7t 9Tk @ 1510 & F1E
o2 Hlay A AR lignosulfonate= 1710-1365cn 9} 1085en 'NAM FF2E7}

wom 1220 o HE @itk ASAM lignosulfonate™ 1220cm 'S 1125cm ™ o) A]
1510em 2t} &3 =7} o) acetone B 2W T methanol 82d9 FFEE
1510cm™'e] F<Feiet & =boj7h gl

lignosulfonatex aromatic ring®} HS} OCHsz¢] T2 E WELL ¢ aduyg
o1} aliphatic chain 59 OHAA 7|98 Z2Ee] WHEELE HESHZ QAS
o #A3 @Yt} acetone 1L phenolic OH7} E8k o1}, methanol 13 9]
1} ASAM-lignosulfonate) 2% T2 ES WE o] AgiHor vgkch ey
aromatic ring®] HE acetone #l1ddlA o2 f7i8df glad 2 ¥4Y. He,
HB, Hy 2 -OCHzdlA Z2E HE&e o fadzied & o7t i
BC-NMR spectrum®] 170~176 ppm " AHE Al F$F9 carbonyl-C 93, 16
0~110 ppmil A= WA 223 olefinic-C ¥4+, 100 ppm ©} 3= aliphatic-C ¥
Zre) Alzzdel et ASAM 219 # acetone BladAME G/S £-0-4%
B8-59 Cp Alxgdoe] JetpA &gich 84 lignosulfonatedl A E G/S £-0-4%
B-59 Co Aol YetuiA gstth o e AadEL RE gaddA 4
o Ao e

HEAd 471 S92 300mol A &8 vl Al lignosulfonatell Al 1.81%2 714 o
o methanol BaddA I EES 290%F YeEiiTh  acetone ¥
ASAM-lignosulfonate®] #HlsA A7 @32 ZHzE 271%, 215% v} acetoneolyt
methanol g 24d9] WEA7] FFL 13-14%2 =0y ASAM-lignosulfonate(9.09%) 4

Al lignosulfonate(8.83%) 2} WE-2719] e gic

ASAM-lignosulfonate %2 FaiAIZF WENAE AL F718t9 435% o,
ZH XIS 150E7HA] A2 AdE U gasto 391%E Ve &8
Z A7 60EAA 34E ASAM-lignosulfonatedl = 0.35%¢) S7t, 90 AA =
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423%, 183 150%-4= 388%¢ S7b #FHHAT U A% lignosulfonateo] =
496%9] #3eEe] FHH AU

2) "ol 54 HZAY B3t o]§ AL
9489 FAEHEAE: EAZ FE 022~073%, FHLE 77~80%, ARGL
o 10~14% HAZ e, SAHE7T HE 073~227%, HEE 70~74%, 3L
AL 17~20%2 F ZAAIALAE EAY LR %od JEH} uA
gas FAAE 3.

7 skt @3t 9 582 A
AadEeolden YFS¥E o 22%9 & 5
& 7+ FFA o 50% ZAaYT AR @HrES
FaRoud A 9L AT FAARLY A7 9N
ol Y] R Heo|tgr} @A A Ueyti, @3 F
40% AT

Ko
e 4
A
2
Lo
]
._l

AA §3Ee FYEAHAAE & 0.89~4.08%, Ui 631~1379%, LG
& 739~835% AW HAAE ©IES FIEAHL IHE 1.08~-418%, FHIE
588~13.79%, A4 80.15~90.94%F FEIY.

TaoTEEE 57t BolAFE, BTl AS4E B YEuT, HEA &
e ®©32% 400C9 3¢ oF pH 758 JEHI, 600C9 800CY A$-E A
ol7b A<l flol ¢ pH 10B=E Yegth Zk X9 AN FF e 3
¥ 2, 23, oAU, XA 23 5248 23EL2 232 E 40T Y
745 oF pH 7 o1& Jehda, 600Cs 800CY 295 ¢ pH 10 BEE YEH

¥



4. BdAR USEFANE B9 FEIRE Aswug faclesEs BR
o,

HEA S REAYL GETEYG A x4 BE FIARlo) vkH e
vetlith 27]) 4A0UY 2ed L AEFAY 9 256~38 Fxola, 1 F 3
e 2~10%9 MAE UeHd. £F3Ae AuT, $9%5, 2F, AL
ENT FAAR @389 BeAE gS2ES ALY 24 ©WE gl
I, B¢ EAARZAE 27 AT 271 2487009 2E e A RFAe oF
2~25Y A== Yeyy, 1 F JF FFEL 2~10%E YEHT.

ZEA d3Ee] FFAHLS 20T, RH 90%0A 9.40~11.82%, 20C, RH 65%°1A
6.87~761%, 20T, RH 25%+ 169~281%Z deych SAAR @889 2§
5 HL 20T, RH 90%0 4] 218 A ©8E7} ke gh(eF 9%~11%)& BAou
20T, RH 25%, 656%AM = 5248 B389 F5¥o] ¢ 2~3% &4 el

B4R ©HEY FW4YAE BE BAARAN BL THY HARE
(WWA K 113-1947 dBFBYINO] Aot NEA(Fa0le = 4~11 89,
Hl4 0.05mg/ ¢ °f3h, ot lmg/ ¢ ol&l, JI=F 0.0lmg/ L °l38F ¢ 0.05mg/ £ ©1&})
g BEaqn.

FTAZREA 2 BEAANE @5Ee dHAET FXFMBA)L AZtel Frtsia
27t F7He wEkA Fota A FEgd e AUE d8ge A B e #ge
125, AQFe] MBAZE €949 MBARY EA vewt HEs Fahamgs
e FBBAE B EAARZ vdAEF FIFE wiwsld MDF-MFC/}
L FHAFOZ 800T-6MZ A oF 0mg/egd RIS SF=R =7} 1656mg/gs @
& FXFS 2o ot ¥4 MBAQ FAUF(134ng/g), H9$@%mg/g), A%
(86mz/g), E171ch2u-(130me/g), SAMVF(102mg/g), AT (105me/g)oll  ¥] &)
AL Aotk

¥
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F; = 2B ;'xqﬁwﬁa

A F25F9) HFEHUH, total pore volumee BIHLE7} Eot@o] uwhEl gho
FT7HUF At £E2ke] A EEH L IHSE 800T-6A17k0] 1077.6m/g
o2 7P w2 #E BY3, AYF 400C-6A7t0] 71.23m/go 2 71 ¢e e
B Total pore volume2 AHUF 600T-6A12t0] 714 &€& 064cc/ge BRI,
ZRUT 400T-6A17k0] 78 ¥ gH0.06cc/g)e B¥h AT AT AAL A
F 400T-6AI3te] 37.71A22 7b% € #2 Egx, FIYUE 600T-6A 7o)
1842A22 714 AL #& BAY AFREEE 93949 A9 Ze AT AA
& 7H Aol g vk, AT AFAAL Fe AdA & A%A gdusA &
AZch £ Fage] 48 Ao vEAAL 900m/gel X, total pore volume
& 06~064cc/g, BT ATHB L 234~2638A ]t}

ddEo R d¥e FPes P Ashxe AFAHQ AHAYdME Bdgd §F
Aas 29 S2448 @389 HEFRE 2 MDF/ 384 @8EGhE,
HESEG 5% A S Uik

T 2, 2AFT T AT F LopA] Ay 3 £Fo ds BEL B
FRBAAZA AHEH AYANN BFAGF] Folzz, AFUE £ o3
FEAE WEd HoAR AT BERPe Agstd AR AXF 2y
g 43y

p

3) Aolg EZA ARE o433 ;A 7179 AR B R} AAA ATFAL

€ @Fs AUtsES AR 524 N8BS o)gsto WAl w$ &3,
adE AY A P o5 AE2A /AL AzsE= AL A 1 9 23
22 HoH, AxE ANEAHY NES ARE Fd AEZAHEABA W
457t HE AERAHEAY slEEAUYAdZzox (carboxymethyl
cellulose, CMO)E A|&823l sJdth o8 o] ARE o] 43l ALE Ead
L2 FANA ARG UolA FAZA o] JZBAWLYFAEZOAE ALE
StaA shEwl, olobe @Al FWAA W$ A, Fole PHE I3 g

- 11 -



oA A E(Sheet)dd] E41AA AzxE A=stnA 3.

TAAL At ety BRI ABRI & Fovt ALS ¢ ¥
YT FEEFFES dEJDAVRIL JAAUFEYG 43F Btk 53 d.es
BT 25-359 gdth ol FEEFTFY E Aol dBIAUTAE
arabinogalactan °] o] &#Ho] 7] W& Aoz Alsdy. dadgHe A
2zl dAUFRYG 5% AR dgon, g ERAER e~ 2 ABNG o)
47 3% AR B& gtoz ey

l

dEAZUHEAY AS, AFEE Adgd 2kg/em” A 5F - 608 A
SHaA ZAAF oz AR USE N3 Fdd, EAg FHAEQL AEZAE
TASt ¥ glucose: HEARE FA 7Advdad HEE Holx ¥z 9Ed
g3 fad @ HujdEE QA fractions € 433 XolE Hol: Aew U
5t & QEALEUT FudERS 29 FHES o]FE mannose 9 o] 7}
EaiAzte] FotEed b F43% A E Uedd, olgEs w2 gadgreke]
7t 848 24 o8 A= Aegdo] T we srjdgse
E37F dojy Ex ol AAHUA, dF RAAHEEL Jadd 27 ¢
A ZE7] gdad &%l FUiEE AeR veyd, AaUFAd dstd g5
3 48 22kg/em’ A WA ©E MRS 2 A RIS A
Tt dFAAR AR £4 o]y FEY HdER 2 JrEEs 4
& AN} VEE ¢ F Ut F IFEAEY $4 olLEHET} RolAAA W
€9 ZE7ldE M4 dady &§Fo) FukEdst 30 Bo] AudA Ry A
ZaE7l AFSRID. A7t EES AN dojus pH R FoAEY AAH
HELE Yehd Ao XN, teRAEF 90 A= A dadgPe) &F
olurt F7tE 3 dow, f7)ite]l A3 FME dASEA pH 7t FHo2RE
208 AR 30, 3082 2874 pH 7} RolAE Aoz eyt 185 3
NAER 229 mannose o FFol FAs TAHAM H7)4to] FrHI:, a1

%2 pH 7t A3tda Q5 Aoz vegth, 2 2lade) #3%e 989 a4

|

o

o Lo
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g o ge&Rer vetgth ol gade] gxgEY FHNEFH 9EEo B
440 ERES AP g8 Aoz yZdEr BH5 dnAERL A F4
£9 xylose ¢ &Fo] A3 FaHE Aoz vehdon, JdEIA YT
PRI 2 glucose B FS & W7 AU frl4be BA RS HGLAE €9
FARYG i ¥ AR eyt

gZE-da gy 20X dH LA A A GDeAEF 55%04 02%
Axe o @& A E dg 5 UNen, 927 6% AEANA gad A=rd
& ¥4€ F AU FEEAVEEEY JdadgFe] ¥ Az CM 37t &9
3, 1 o) & AVEE vedlen, dadEFdel B RMP £ 085 4
5o ¥ NALE UeHh BE ARAAM EAIRE 38 e] P 52 A8E
£ UEdn agla daddge] gow 08 o AN¥xg 77t 753
Ak E#Y9 Fx27t CM sl P e 4T B A 30%9] FxdA b =
2 AVEE B4 ¢ U3, o] o)Fem YR Fokk 293 ANF=}
Adste 2738 AU

Azd CMSEZREH F8§AF Fg 5A3F 2H42A AFE0 22 a3
R eREERL A CMEERYEE gad@ade] =& RMP o H& 848 =
< FEAFES 84S F UMY CM3 AR EAE FAE 25, FEdIHL
ST RMP7F A183F & Aol7t figley, s, AEd JoMe 478 Ao
7t gEbgtth BeEd glojME HlEd Ao =gd Fio] i Estod #aEx
o Slojx = v EWHol E5iW FEERTE CM3 RMPY B&&o] =3kth

oX

CMztE2RH Azxd INSAHAMNEMHROE 1243 AR 70%7T 9E
FEE&E deEdlon], 24Xzkel AYEA 90%elte] BEES, RAIAHYR
99.5%9 ¥& FFEL 7ISstd] £ A8/ ¢ 9548 weAHS JkA vjdR
B71g 4 AUTE oFE cellulase onozuka® AAEAC glojd CMCase 7t
4.09mG/mg.min., Avicelase’} 140mG/mg.min. .24 & Aol ¥z} dUris=

-13 -



AazyE £ augArIde] &4 FHA AEHol2Fie BAS
AN 71A E%heE ¢ F AT

CRMP A&7} 7FA 31 1= carboxyl?]9) carbodiimide A]2F¢l 1-ethyl-3-(3-
dimethy! aminopropyl)-carboiimide(EDC)E AF&3to] Z4 T Aol 7FX &= amino
718 peptidedFAA ZAE CRMPI 3A33A7 F3, 983 A48
CRMP-IS ¢} 1600cm™¢] -COONa¥stl7} 910121 -CONH- ¢ peptide 2%
of ¢J¢ 1680cm™ 2 -COOCHs methylesters] 1735cm™ e} A 2¢ F5d7 8
HA 283 o] HE& AANHeE I EAF carbodiimide 7t peptided &&
AL WHEF 9 5EAE AAHUAS Ayow, Wi A&LEA dof
Y ug o2 A g0E)Y Hhge] RE FuE Aoz JAHYL

2] 9ol 1} 7] Al ¥ Z (Refiner mechanical pulp, RMP)E 7l23 Add3sste B2 3

2Ho2A 2 EAWES RMP E4% (CRMP-IS)E 70%9 F&2 dsith. ¢
BELEL 358 72 B Av € 3H(Carboxymethylated, CM3)® 3 HEAZ o]
FojA=d =T FEI}E YadEAr EYFsgHoR i ax
AREE 7HAEAN J-Q8d ARoAME Bd E4A FHZ AR/ FHS
fFAAT. a3 MY FFHdol fFEAJen, oJE CMrld AAFE
peptide ZRANZ o2 vf9- 958 chelate ARE ZAY 4 AU}

]

I‘

rir

22 A7 A$ 2T NS ZEst BA degon, stz 3
AESE duge] BARAL. 5% FE WA A= UETY AERG A
sl e datd, 10% o4 A7hsHE NES) FEdols}t Fol=E AR Ho
Q. e Ao BopE ALl 23 B2y YuFo T By
NEE ojgozA NES A WA ¥ BFo] Yojur] Wi FEe ol
7 aA YEdA ge.

B AFGME olgst B g ol &3te 2B LAY &)Y invertase ¥ trypsin

- 14 -



"4 F peptide 297 RAQBREALE AxsPon, 25 B 528¥S 7}

A3 giSiTh o] Agst e HAPGHE 23 BEELE0) B4 A Y94y
Zo} THEAFORA HAFol vj$ HAAY typsin B AN nAFEIANE
g AZE 7 YTk o] FATAHINEE: FFPZE Puvtoz 24§ Fol9 3
Eo vluste] Fre At A ggkon, wgA tA Agstn AGIEZA
TR =L A4S VYA € + 990k

4) AE5H AszFE 38 Pidd 2 AAH B

FAUTHAN AEA SAFL EAHAEF) 40%0] BEtn Yoz ol 4
&2 A% WA A7 BeF FFolth. B3] HEAS AyHE AN vy
He 2% g 93 gEd), o8 ¥He #4318 R Aol =
A ol Eg B F8Fd QA F uHn 9y gEd $g0
2 3993 ged, oY FAE gouk AS" Ao AL 23 £9
AHEEER HAFAHA dRE ol9d YL HRE FAEY AMAE A o) g
He 5 A2 457 MgEn glo) o ofd £o U ot (&Y A
o2 AgHAR Fe] AL oyl 4 go} AAH] g Aol W
HT =9 A3 B} ANE £ e Exd QR £E2e] o] old o
e F8% Fteta dovh, 2 Bugo] 18 A @] W Fule) AiFo
e 350 o

|

2 d7Eel ALY EFAzsE AL Bud Exdg 4iE B9 Zee
By AdTgo] Exo dHAzL EA e HAd ue} 65%00M 3451%F Holm
Atk wop E¥e) AUFEE 2% BxAe AAFES 10%F A 594
& THT d3 97 346HH9) &4 BAEE Ao U o3 dAge 4
| 71AE AR wE A At W9 ol A gz &0l A YEw
HWEo 2 J1Ae F4stE ¥ FriEFo] "Wasitn Boh %8 43 A9
AdTEE 238 A 19 S 5985 AS 24 B HA9 A5

...15..



N2e F4%719 A$s 47 49, 670 5717 84 AHgslE Aol AZd Ao
2 veld,

2. &89 A% 34T

B 4TS T @0l ZdE d&F Pl B4 Y Eokd AHEE #
et

7b ol o] LY FHAR QEE 7|50 4YE g E I @5
Hop $3 Wol zAIH O BHERAMY o)fdE & EAA Y AR AR
H9 o9 HFAHQA &8&o] a7 dT

1}, HE2RE 2 MDFY AA=RE Q49 98Zo d5Ae Ad g &
2% ADSS VU A5AY BAQANN AR BAD ALHE BT
Hgez ogo] A5 Ao s, Ed Azudy BHVEYG AN AY
A AZE + Qo) Vg APHE 2L+ Ue RO G4Ho| o]g Bgo|
43 g79o

%4 F8 29, 23FFT T AT F TokA Avgel 3g 5o did g E
T EYMNFAAZA AHEE PN Zotg EEAFF] FolAy, AFAYE &
3o g4 IS g g AT ERPE AL FAHE
@AY AAE 4o ol g&o] HF gyHT)

g B8 29 7175 FRARIAR LS SE B vHuY FH:
H 5@9 d%ol AsHW ojAE vhA] dEde F5 g FHANE FE A, &
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SUMMARY

1. Isolation and Utilization of Chemical Compositions

from Old Newspaper

This study was performed to isolate and utilize cellulose, sugars, and lignin
from old newspaper. The optimal conditions for the isolation of components by
organic solvents, the bleaching of cellulose(pulps) and the properties of the
blended pulps with virgin pulps, the isolation and the purification of crude
sugars and lignins, and the characteristics of organosolv. lignins and

lignosulfonate etc were investigated.

With increasing the consistency of sulfuric acid as catalyst, the pulp yields
decreased during the methanol or acetone cooking. There were no differences in
the pulp yields between the addition of sulfuric acid of 05% and 1.0%.
However in case of the addition of sulfuric acid of 2.0%, the pulp yields were
remarkably decreased by the degradation of cellulose. During the methanol
cooking, the kappa no. was reduced by the increase of the consistency of
sulfuric acid. However, the kappa no. of acetone pulps incresead on the
contrary. The brightness of methnol and acetone pulps which were produced
at the consistency of sulfuric acid of 1.0% at 175C was 38.8% ISO and 43.5%

ISO, respectively.

The pulps obtained in the methanol-water mixture(70:30) and acetone-water

mixture (60/40) were superior to another mixture in the pulp yield, kappa no.
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and the brightness.

With increasing of the cooking times the pulp yields decreased. However the
pulp vields in a low consistency of solvents(50/50) were almostly constant
without regard to the increase of cooking temperature during methanol or

acetone pulps.

The extension of the cooking times reduced remarkably the kappa no. of
methanol pulps, however in acetone cooking this extension increased kappa no.
Although the cooking times were extended to 60 min. or more, the brightness

was not changed.

The kappa no. and brightness of methanol pulps decreased with increasing
the cooking temperature. While the pulp vields and brightness of acetone pulps
also decreased, however, the kappa no. increased with increasing the cooking

temperature.

Also ASAM pulp yields decreased with the extension of the cooking times
in a almost straight line. The ASAM pulp presented to 609 on the veld in the
cooking time for 120 min. The kappa no. reduced sharply to 120 min, and
thereafter, the reduction became dull. ASAM pulp obtained at 175C for 120min
showed the kappa no. of 8.8 and brightness of 61.5% ISO.

The kappa no. of methanol and acetone pulps reduced by 30 points at the
Eop stage and by 40~45 points at the D; stage. At the P stage, it reduced
slightly, and did not changed almostly at the end stage, D2 After the EopDPD
sequences bleaching, there were no difference in the kappa no. between

methanol and acetone pulps. The residual lignin in ASAM pulps was almostly
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dissolved at the two stage, EopD stage. The brightness of methanol and
acetone pulps after the EopDPD bleaching were 66.1% ISO and 62.9% ISO,
respectively. While the ASAM pulp showed 81.6% ISO after the bleaching with
EoPDP stage.

The strength properties of methanol and acetone pulps seemed to fall
between the corresponding values of kraft and sulfite pulps and no great
differences between two cooking methods were revealed. While the ASAM pulp
showed high tensile index as kraft pulps, however the tear and burst index lay

at the corresponding values of acetone and methanol pulps.

By mixing the virgin pulp with bleached organosolv pulps(7/3), the
brightness of the ASAM pulp increased to 86% ISO, and acetone and methnol
pulps showed also the brightness of 709 ISO more. The mechanical properties

of the blended pulps were improved.

Crude sugars obtained from black liquors were 16.3% in methanol cooking,
14.4% in acetone cooking and 85% in ASAM cooking. By the purication with
the anion, cation exchange resin and the active carbon, the purified sugars
reduced to 2.0~3.2%. The purified sugars were consisted of glucose of 659~
70.2%, mannose of 6.7~9.8% and xylose of 19.2-21.7%. Crude lignins of 7.85%,
3.24% and 16.3% were obtained from black liquors during methnol, acetone and
ASAM cooking, respectively. However crude ASAM lignin was highly soluble,

thereafter, only 4 of crude lignin obtained after the purification.

UV-spectrum of methanol lignin showed a shift of the maximum to
somewhat longer wavelengths in the range of 205~210nm. The maximum peak

of acetone lignin and conventional lignosulfonate appeared at almost 205 and
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280nm. The extinction of coefficients of acetone lignin(27.9¢) and methanol
lignin(30.6&) were higher than those of ASAM lignin(169¢) and
lignosulfonate(17.1 £ ).

ASAM lignin and conventional Iignosulfénate appeared the intensive band in
the range of 1710cm(-CO) compared to acetone lignin and methnol lignin. The
intensive bands of the aromatic ring vibrations(1510cm?, 1470cn™, 1430cm™)
were more clear in acetone lignin and ASAM lignin. The lignosulfonate
appeared the higher intensity at 1200cm™, which belonged to the intensity of
sulfonic acid group. There were no differences in the intensities of another
bands among orgarnosolv lignins. Comparing the inensity of the 1510cm™ with
another bands, the intensities of lignosulfonate at 1710cm ™~ 1365cm™ and 1985¢m™
were considerably highly, however, that at 1220cm™ were low. The intensities of
ASAM lignin at 1220cn™ and 1125cm™ were lower than those at 1510cm™. There
were no differences in the intensity at another band between acetone and

methanol lignin compared to the intensity at 1510cm™.

According to 'H-NMR spectrum of organosolv lignins, the range of -OCHs
appeared wide in arganosolv lignins, especially in conventional lignosulfonate.
The percent distribution of aliphatic OH were lower in lignosulfonate than those
in another lignin, While a phenolic OH and H at aromatic ring were high in
aceton lignin. There were no differences in the percent distribution of proton H
e, Hg and H, among organosolv lignins, While the percent distribution of
proton in ASAM lignin was similar to the methanol lignin. The “C-NMR
spectrum showed the three carbonyl-C-atom in range of 170-176 ppm, aromatic
and olefinic C-atom in range of 160~110 ppm and the aromatic and olefinic
C-atom and aliphaltic C-atom under 100 ppm. The signals of Cs in G/S 8

-O-4 and B-5 did not appeared in ASAM and aceton lignin, while
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lignosulfonate did not also showed the signal of Cy in G/S 8-0-4 and 8-5.

There were no differences in another signals among the organosolv lignins.

The phenolic hydroxyl group contents were 181% in conventional
lignosulfonate, 2.9% in methanol lignin, 2.719% in aceton lignin and 2.15% in
ASAM-lignin. While the methoxyl group content were higher in aceton
lignin(13.64%) and methoxyl lignin(14.08%) than those of ASAM lignin(90.9%)
and lignosulfonate(8.83%).

With increasing the cooking time to 90 min, the amount of ASAM
lignosulfonate decreased, thereafter, and it decreased slightly. Sulfur content in
ASAM lignosulfonate increased at the initial cooking phase, however it also
decreased with increasing the cooking times, while the conventional
lignosulfonate contained the sulfur of 4.96%. Cooking at 175C for 90 min, an
amounts of ASAM lignosulfonate and sulfur content in ASAM lignosulfonates
were 4.35% and 4.23%, respectively.

2. Development of Carbonization Technology and

Application of Unutilized Wood Wastes

Objective of this research is to obtain fundamental data of carbonized wood
wastes for soil condition, de-ordorization, absorption of water, carrier for
microbial activity, and purifying agent for water quality of river. The
carbonization technique and the properties of carbonized wood wastes(thinned
trees and wood-based materials) are analyzed. |
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Proximate analysis shows the thinned wood contains 0,22~0.73% ash, 77~
80% volatile matter, and 10~14% fixed carbon and the wood-based materials
contains 0.37~2.27% ash, 70~74% volatile matter, and 17~20% fixed carbon.

The charcoal yield of thinned wood decreases and the shrinkage rate
increases as the carbonization temperature and time increase. The charcoal
vields of Larix leptolepis, Pinus rigida and Pinus densiflora are high, whereas
those of Pinus koraiensis and Quercus variabilis are low. The shrinkage rate
by carbonization has same trend as water removal of wood. The specific
gravity after the carbonization decreases about 50% comparing to green wood.
In wood-based materials case, as carbonization temperature was increased, the
charcoal vield was decreased. However, no difference in charcoal yield was
found due to time increase. The specific gravity after the carbonization

decreased about 30~40% comparing to green wood.

The charcoal of thinned wood had 0.89~4.08% ash, 6.31~13.79% volatile
matter, and 73.9~83.5% fixed carbon. The charcoal of wood-based materials
had 1.08~4.18% ash, 588~1379% volatile matter, and 80.15~9094% fixed

carbon.

As the carbonization temperature and time increase, pH of charcoal
increases. When the carbonization temperature is 400TC, pH is about 7.5. When
the temperature is between 600 to 800, pH is about 10 with small difference.
The pH of plywood and particleboard(pH 9 at 400C, pH 10 at 600C and 8007T)
made charcoals was higher than that of fiberboard. The water-retention

capacity was not affected by the carbonization temperature and time.

The water-retention capacity is not affected by the carbonization
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temperature and time. The water-retention capacity within 24h is about 25~3
times of sample weight, and the equivalent moisture content becomes 2~10%
after 24h. The water-retention capacity within 24h was about 2~2.5 times of
sample weight, and the Equilibrium moisture content(EMC) became 2~10%
after 24h.

EMC of charcoal from the thinned trees were 9.40~11.82%(20C, RH 90%),
6.87~7.61%(20C, RH 65%), and 1.69~2.81%(20TC, RH 25%). EMC of charcoal
from the wood-based materials under 20T, relative humidity(RH) 90% was
similar to EMC of charcoal from the thinned trees(9~11%). However, under 2
0C, RH 2565%, EMC of charcoal from the wood-based materials were
higher{(2~3%) than EMC of charcoal from the thinned trees.

In safety test of charcoal of wood-based materials, all types of wood~based
materials were within standards (density of hydrogen ion :4~11, arsenic : ~
0.05mg/ ¢ , zinc : ~1mg/ ¢, cadmium @ ~00lmg/ ¢, plumbum @ ~0.05mg/¢)
set by Standard of Active charcoal (JWWA K 113-1 947).

As time and temperature increased, MBA of charcoal of Korean thinned
wood and wood-based materials increased. Pinus koraiensis charcoal showed
the highest MBA and MBA of conifer was higher than it of broad-leave tree.
Also, it was approved density is proportional to MBA. MBA of each
wood-based material compared, MDF-MFC showed the highest value, about
30mg/g after 6 hours at 800C, however hard board showed the lowest value,
16.55mg/g . And these MBA of wood-based material was lower than it of
thinned wood. (Pinus koraiensis - 134mg/g, Larix leptolepis - 89mg/g, Pinus
densiflora : 86mg/g, Pinus rigida : 130mg/g, Fraxinus rhynchophylla : 102mg/g,
Betula platyphylla : 105mg/g)

-24..



Surfacearea and total pore volume of Korea major trees except Pinus
koraiensis increased as carbonization temperature increased. Surfacearea of
Larix leptolepis at 800C for 6 hours was the highest (1077.6m*/g) and it of
Pinus koraiensis at 400C for 6 hours was the lowest (71.23m%g). Whereas
total pore volume of Pinus koraiensis at 600C for 6 hours was the highest
(0.64cc/g). Total pore volume of Quercus variabilis at 400TC for 6 hours is the
lowest (0.06cc/g). In the case of diameter of micro pore, it of Pinus koraiensis
at 400T for 6 hours was the largest (37.714) and it of Quercus variabilis at
600C for 6 hours is smallest (18.42A). Distribution of diameter of micro pore
reviewed, diameter of micro pore of Larix leptolepis were mainly small but
diameter of micro pore of Pinus koraiensis were various from small one to
large one. To sum up, MBA was the highest under following conditions.
Surfacearea @ over 900m%g. Total pore volume : 0.6~064cc/g. Average

diameter of micropore : 23.4~26.38A

According to purification test by particle size charcoal of slops and septic
tank, charcoal of wood based-material broght better acheivement than charcoal
of thinned wood unlike MBA of powder charcoal.

Young plant’s rate of growth of trees that were week against diseases
accompanying with sprout were improved when charcoals were applied as
refomative soil. Also apple trees suffering from rotten roots due to root rot

were remarkably recovered by applying paticle size charcoal.
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3. Preparation of High Reactive Substrates from
Low—-Grade Lignocellulosics and its High—Value

Added New Products

This study was performed to produce the high reactive lignin zero
substrates from autohydrolyzed wood resources, to prepare
carboxymethylcellulose (CMC) from the above pretreated substrates, and finally

to develop the new type enzyme immobilization sheet from the CMC material.

In chemical compositions of used raw-materials, there were a significant
differences between two species, Japanese larch and mongolica oak wood.
Japanese larch contained 25 to 35 times higher amounts of extractives than
oak wood, which is mainly derived from high content of arabinogalactans in
Japanese larch wood. Oak wood has 5% lower lignin content and 3 % higher

holocellulose and pentosans, respectively.

Concerned to the changes in wood components of autohydrolysis
pretreatment at 22kg/cm’® steaming pressure for 5-60 min, glucose contents
was constant during pretreatment, while hemicellulose and lignin were abruptly
changed. Hemicellulose fraction was decreased significantly and lignin contents
increased because of the condensation reaction with hemicellulose degradation
products. The pH of hydrolyzates during pretreatment was decreased, reached
upto pH 3 and since then leveled off. In the case of oak wood, samy tendency

was observed as in Japanese larch.

Two~stage delignification treatment of autohydrolyzed woods with alkali and

Oz-alkali resulted in very low lignin content substrates, such as 0.2% lignin
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substrate at 5.5% alkali charge and lignin-zero materials at 6% alkali charges.
Those low lignin content autchydrolyzed substrates were highly
carboxymethylated at the high alkali concentration near 30%, and D.S. 1 from
lignin zero substrates and D.S. 0.85 from refiner mechanical pulps. Water
solubilities of carboxymethylated substrates were increased with an increase of

D.S.

Sassharification rates of the high reactive carboxymethylated substrates were
achieved over 70% by 1Z2hr treatment, about 90% with 24hr, and 99.5% with
72hr. CMCase and avicelase activities of cellulase onozuka were
4.09mG/mg.min. and 14.0im G/mg.min., respectively. There was no any loss of

cellulase activities with this substrate.

Enzyme immobilization was attempted to couple carboxyl groups of
carboxymethylated pulp(CRMP) with amino groups of the enzymes, such as
invertase and trypsin, through the reaction of carbodiimide reagent,
1-ethyl-3-(3-dimethyl aminopropyl)-carboiimide(EDC). Immobilization carrier,
CRMP insoluble fraction (CRMP-IS) was successfully reacted with the
enzymes, formed peptide linkage like -CONH- at 1680cm™ and new ester
linkage like -COOCH: methylester at 1735cm™, and produced enzyme
immobilized substrates. These enzyme chealated materials could be make
handsheet with mixing kraft pulps by handsheet machine like papermaking
process. This immobilized enzyme sheet would be expected easy handling for

practical application and reutilization many times.

4. Economic Analysis of Charcoal and Wood Vinegar

from Waste—wood
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The amount of waste-wood comprises nearly 409 of total volume of wood
used in Korea. And more than half of those waste-wood was disposed by
reclamation, which is not environment friendly method. The trend of demands
for charcoal and wood vinegar are increasing. Because of high production cost,
charcoal production is stagnant. In the case of wood vinegar, domestic
production almost meets the demand. Recently charcoal and wood-vinegar are
used in agricultural production. Therefore, it is good for farm households to be
self sufficient by producing the needed charcoal and wood vinegar, if it is cost

efficient and does not require much effort.

Small charcoal producing machine we used does require only small labor
and it shows good production efficiency ratio. It ranges between 6.5% and
34.51% depending on processing temperature, time, and used materials, With
production efficiency ratios of 22% and 109 for charcoal and wood vinegar
respectively, 340,000 won of loss was occurred per year because of high price
of the machine. If we would develop this kind of machine for farm households
domestically, it is very likely to attain economic benefit by reducing the cost of
importing the machine. For the currently used amount of charcoal and wood
vinegar by farm houselhods, not every farm household needs to own the
machine. Optimal numbers of farm households are 2, 4 and 6 for crop, hog, and

cow producing farms, respectively.

The huge treatment costs for greenhouse gas caused by reclamation and
burning of waste-wood justifies finding new ways of recycling those
waste-wood. If we recycled 10% of total waste wood not by reclamation but
burning, we could save more than 40 billion won of treatment cost only.
Therefore, it is beneficial to develop small size charcoal and wood vinegar

machines if there are enough demands for them.
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4 T - TSRO 62

W, BT O] T U] ot s sttt et 63

T HATIEG B EFRA ottt 68

3 HAOBRE BT B BT ettt 70

4. 9718 glads Al lignosulfonate®) B4 B]E oo, 72

Th B e ettt ettt sttt st rs e aae 72

W Z2UE UV AHETE ettt 72
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T} TH-NMR AT E L oottt ans e s ses s s sosssersernseos 76

1), BC-NMR A EBF oo essrec s sesssnessa s ss e 79

O RESSTING ) & 4 NN OO OO OO 81

RF, B AL 7] eoereeemse e e s sess st sttt et 83

o}, ASAM ¥ 0 2 RE] Hgnosulfonate - orrmimemmsmmrerneasssnesnas 84

FNAD ZE oo ast ettt et s 85
FNG QLB oo ics e st st et 90
A 3% uvo]lg BAADAG B3 O] A o 93
AT A 2 oo st bt 93
A2A AE D DB et 94
1. FATAR B oottt ettt sttt ettt ettt et e s 94

2. BAANE Y BYEAD oo e et 95

3, BALARE G BFEEFALE oot ettt sttt 9%

4 FAAE BBFE Y BA it e e 95

5 AFEE D T BEBFAIE oot 97

6. BFBFE L] O] BI1E M oot e en e 97
A3 I I T e e i 97
L 23934 L o] EAEF ZAHLAY] BE7E ML s 97

2 EARNAA 2 o|BERAEY EAHAA BIHEY BA e 105

3 AFEHE 93 BFEIAIT e 121

4 BEE Y O] RIS TN e 122
A ZE oo et bt st e 139
FSA ST T oo renermseee st et ne e 142
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A 47 Aolg EAAARE o8& ait-g4 /1A Ax
D BT AAA AT e s 146
AT A A et a e s s s 146
2R AFATE D B oo ere e vesee e ves s srnre e 150
1. FAFE B AIE Y FH] e cnr et sen it es e 150
2 AIB Y BAAT] i e et e e 150
3 AXTGAEEY FHEEA TR Bl et 150
4 TEA 71 A AZZA T e e 151
5 Fl2BA Y35 A EE o] L FA2Y FAF s 152
PR e B N B OSSO 154
L BBABEY R T] oottt e 154
2. AAATIAIE G B oottt e e b e s s 159
3, A 1R FFEEAHEE A E] s 163
4, WA 7188 BAE BB EA s 167
5 Ft=BA A AYARE o] 8 T2 TASE o 168
B, TABFEAR AEF R ettt ettt e sessas e s 173
AA B B ettt et e s et e ettt et b e s s e enne e 177
ABAE BT B e e bbb 181
A5 AZAFT] AGLA BE BAY BA e 185
A1 HEAL] B T BB ettt 185
P RSN N R B R B B OO 186
A3A 28 EgAz7] AL WE AAMAEA A e 191
A4 FH7] BEAFE AL B2 AAYEAY e 198
T - =TSO 201
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Mia ME

A13 A7 WA
2%y AZAARA(ANSE ZAA AY EH) Aol§ - mlolg ASAARL
84 olge BATY Fopl zuld BN Hu gon 9P Bk AR
£okg JANE WEA sdaol & 2 HAleln Sedes 3% DUAE Y
# 248 % AZAA Ade] ¥ AN ofZ dstd AEHAOE o)A R
F1 Qe Agolth AY AABS AEHOE ok YYEL ANFHE 2
YuBd FY A2 Ax, AA4Ae) B3, % B%D GADAN WS-

vy EA wWr1Ee $AZL FER A fou dukyez F 639%

m(OE FAH3 gt 9A #AZAY F& AARAN FRFT 5 Yov, ATHH
ZFo 2% m®, AEFAYNE 2907 m® 23 AEHVEAA 215% mPrt 2PET
T EnEI ok B4 A29FL 10003 mPeE B A$ 353%d sidstE 353
v m’e) FEEAE HAEEY 2 Fo §3ol 82%, B 43%, tAY 11%,
S67] 11%, A5 28%, 9% 2 WA B3%, 7IE7t 25%F AA o =3 3
TAYETA BAET A ded AGA ACIES 31w ¢t agln JEHATIEL 89
w2 AR . FH AFY AS 1996350 758% to] AvjEHoH
AAEE A= 5397 ((FAH3M% ¢, %) 1469 t)ol sidEd. @A HA e
& 547%°Ith, a2y A2 EY AEAAY BS J1F AFol AEH, fETR
7t GAst 3DYF o2 A FiEE FAZ ALPd FAEZ Jehdan
A

HEZA 2Ad) AL 71€A FHAAM A4 2 AT AZAY F$ 3H-PB,
MDF, A-HZ-%o] d'd 59 composite, WPC, F&g, 84¢ 2 48 =
A Bl Ag 2= A7 Utk AsH4A9 AEHAASE FJ-PB, 849 2
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WAL dRFTOE IF o851 3 HAY Be= ARA oleq] TF
AR, BE5AF, FUAA, 9%, 494934 s AHSHR o a2y F+d A
=R A e &x dinte] ojgHm 3 yrAle £ F9 3ol £3F F2
of ojEEE ¥R g T JEAAS §ENEo] A dAFolo

olflg /S AAY o 74 AFIIELE EA AZIEY Aolgd U¥
e A7EE 71eoln o FTHANE £FAE ol 8T FHFHE A, A=A
o] A Mg, FE BN EFAENL, AAIAS dAetolo] BF APAF
Mg, E24 A% Ar|EE€ o8 AFAR A, IAEF FHY FAEAE ¥
¥ Aelzle, 48549 Zls2AE 2 A gt $EAAZ fdHo]
olml AFHa Utk I ol FAE Y FA9 E8F /13 58
A7HR glew g3 B ¥ FAARLY o] &L Wekg dAFelr}

aHBRE B ATHE Aol& - nolg EAA xAE A wyd s A
o] &3tixt st ofoltyolE FAE AF|IA E ATFE A=A A 1A F-HA
AME= AEAAE 7182 FTHANA d=(dEg2esd FudERex) ¥
2 FH Aoz Py fadd FE £ ol vl AzMRFA =
71E9] GRS AAET oER E¥E MEAY @3l @3Ee o485
% dFaAth ¥9 AMERANME A EAE ol 43t AE EA=RY
gZlado] FES A oA CM3HCarboxymethylation) & A Edle] n4%E AER
225 A ERAN 98 4L ¥FEa F2aREd ol&HE FAE AHeA
Aasee 2 250 dn. |
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A22 A7ALe H5A3 @4

® AFAL E¥ AFAE U 2 A
oOrganosolv Wel 98 ol 7, $ul/E &g, FudsE,
NEFAA Y 2R B | FH AH 229 9% |
. 14 ax COTEI EX EA ATA | oolgdel Bust Astgd nA: 3%
| o @8 oxA g3 AL A% var)E AL
(1998)
0547 A=e AN & oAPIrEAY ARxA
g9 @ gy 19 o%E AAY R N2
D Az =3 o#ay AzrAY Az |
| cHEZ(dEg29x Y dndoYxny ¥ Y EY
E202), %, 2 Ead o7 ¥ % 2YE
2 of7| g 1y e
| ousEd A% ol oAz 23 % 84
§ . 50%%%—‘5— °]g M
o T oolEW TU BB IAY AN
oAgz g A
oskg4 71ds) Az % oCMs Az
- BxH 3% 54 EELES EER B R X
' oCelluloase® °} &% HLA I3
07139} CM3 2 A B
oudd dadeary  ogdd 4789 Pads 54
 FJaxA¥yolE 23 0ASAM adoziE s METY
oAAAY B4 ol 2
| 071& P HEH|ES} B4 B
\
o 34 ax CUSES A ol o%gd %z'tiﬂ e AA
o000y | oo $AAH 4
025 Ae
o= Hy

| |

i i

iOCM e ARE o]8T jOInvertaseJ 343 2§45 FY=A

| &9 143 ‘OPectmaseJ A 2 5r FYEH
oA FA NES Ax




A2 & HEHAZFEH 35 =ygE £ K 0[8

414 A4

EA7 biomassZHE FIAEE AT A $ /b EANEHE Fhedde 48

2227 BA HelX w& FASEE AYx jlow fadel grsER 2F
Hol 245 dvte HFolvh. Axte AE2o=rt A BEe Ald 3t MR
s v AFE A, FAE BFHEY ALEHA A7tE 343 AsA
7V HEolvk(1,2). olHd FHLAL AASY) At o7 b4 AHE PHEo]
AEHR oY, olE WYPEL HERo2TE ofs=d F4¢ 73 I

AU 2o BAe) FHEQ) 4RRoz Hndszox ¥ fadg 2z B
g olgdE WHEC AAAHYe wWHAH FA udd Ry PHoezA
steaming—extraction, steaming-explosion, autohydrolysis, organosolv ¥ £ 9]

d7Ha U

O

steaming-extraction ol wet A} Fel ¥Fe(3) zeElm NEUF A
U7 (4)E asplundolA 314 ¥E ¥ NaOH F224 dnAdE20=27t 34 AAH
Rew w8 HudER 27t AA" AAAFE ELE BHAA 24 Ed5H
of Ml A HAUTHGEE). o] AR A FEYadY F&d B¢ AFE EiaHn
Ak,

steaming-extraction 2vF ¥ 2% 9 4L 8 73+ steaming-explosionTH =
d7H A ZF4AGE 895 ARFE 252 F38 % 0% FE A
Bzt FeHen dZHNYUR gade d¥I FEEP) aLRHAL
AA S HAA F}HT). B ZHH aspen 4 FE methanol® FEY B¢ g

del oF 90%7F g3 o2l olfe EHA B-aryl ether AFo] Fa5 o]
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glade] #xtge] Zadted Ziddta BaHdy. ¥ gZeE AAHE &
HEHE FAAGT AF dade] % 10% A= EAdYE EE ATHB).

2

alt)

autohydrolysis®l #% =% o8 ¥el dxEHI vt Hud w=
autohydorysisM 3l &9 HELS EhEHE] 90%7MA F7i=EHE), FdFrd
ggdreM o g€ gade]l FEEW9). 71¥9 autchydrolysisE L &%
278t B-naphtole F7MSE e SE(6~1SBTINME £ AHAE g
T en =8 o 7bx AJAE ¥ F vk B -naphtolo] BE1dd A}
M o ¢33 autohydrolysis ¥ Fo {7]8w2 &9 gadey B
Aol BAME YUY =& EaHD H10-13).

mlm

hil

F714ue) o8 AR FedE f718v Y BopyH A7® AL ojgEn
gtk #7] &) WP OFE, @F 4 L @UZAF Art £7] & ¥y
o] A7 grh TEu9) BHE Kleinerts] FE3d] dTsjo] tom =
Aake] F# Aol #7147 199 ojfo] AR ATHo] gk o WL o
Be3 28 Azbetd AL 195-200C WA ZHNA HHE A= Yoz
A A7Ho $vh(14-16). 2 3 ALCELLW(15,17,18) 2 MD organocell 3(19)
o2 WhHo g}

i
o

aHY olg WA E o8 kA EAAC] Atk AR IFEE22E Kappa
no. 35~507tA1 ¢} " AL @Azt 1 ojaE geladstalr)e ojdn 2
Zo 2o 42 IH=ZE dz@d dow I Fd L2/ o=z
linerboard?} Fo] ¥ Azd) ol&HE ARZE FHH AAsrE JE 39
o T Kleinert§ ol 93 @449 ¥y 5o thgsirl. aspen, cottonwood
% sweetgume W& Kappa no 2 €034 €dadse] w22z A9
BIEZ A& F 9o eucalyptus, alder®} oakZ2 H|Fo] & B8{FE g
daistr] offd olgd AL Y Fd4 £E5L W= EAE 9oA ¥
BAdE £39 287 LFEH(151720). B0l o] B PR 2y, o]gH
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gt 448 Bxz ogatd AFAN.

s §7]-819 acetone @ butanol(2l), dioxan(22)¥} ethyl acetate(23-25),
acetic acid(26,27), tetra hydrofufral alcohol(28), phenol(29) 59 Zw& Q3 A%
g 2dsdes W Eol d73o gvh 28y spruce, HF ¥ ZEFETFT R
FHor gEade] A gL AGre HIGAHES AFs ot . 1
Pz Frx AUZE Hxd Hlg golrth o] 3R F¢ FFe FA
s A FaAIE Aol i a8y ARG ofES 2 A 24, 9
T A3 FA HE2YA AFEA st

3]

= d@Zdg ofAEd FRE AV EA 248 2EstE d7E AsH
A

N
N
>
i)
¥
0
2
g
Ani
_[
N
>
>
i
=
i)
o
>
i
-
XN,
)
v
2
=
N
>
>
Ach
Lo
2
L

2o Zo] Zadrh W FaAEo FEE 00IM olFos ZJAMEA gdad
= WY dE22A9 FIe FoMEY B8 AstE v
3159 F3 Zgo=z vggdsev(3l).

Z2h, oxalic, salicylic AH# 22 #7144 g8 ade F7HA7Y, g 53
2 o]dL ot E& boron trifluuoride 2 Lewisite] o] &2 #7]&v €3
Hell 2 9FE mAA Fad, del £499 otage 4 HHzAN EFS
Ay gleh o] A4 SO0 #lade] ¥gd ¥ {7] sulfonic acidZ A$H =)
BdA e FAxe 8-S Irh32).

Chiang(33)%= #&E&-8d A Fuje] o dig A7 A2t 15g/4 SO
T Ad 55%9 WHEE @x 14T LxdA FaHSER 42~44%9 ¢&34
Kappa no. 20~25¢%1 €494 =& dg 4 v 284 Ades 29 & SO
SE(30g/LyF sa7€th 165C 9 w8 2% o)A Kappa no 30~409 =2
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Atk ol Bzo) YA AL ATl Utk AR SOx FIZRE A
8% ¥ 4 At

Paszner(31)% calcium¥ magnesium chloridest #& @2 24 do] WL
AEFEE EFE 7718 M aRAH R o g g AL 2FFEH A
A ERAA B FAHE o] 85 Paszners B 2 AAF, BIF, AEFFe
718 HG A olE ZujE o] LA 7 Fe HA$AM AFYE L Fgo
B 7hed HZE A¢ F vk Eay W 93 £82 JPS 54-50%, Y
 57-62%, bagassest 55% ©|th ol "= Eeld AAL 4% uW =2
HEZE Hxol FASYY BE d7UtE Paszner &vie) 538 Z9gd. o
AU a4e&d 58 Eoy A4 ¥2g duds A9sdth Paszner's 234
of AAZE 443 HHAA F= F f718v PP HAd g 29 dge
SAsA Frhwx 7E Aojd

8 80dd FERE AMEL ZAERZ HF7]184mY olggol alkaline sulfites}
antraquinoned #7Fste] HP3t= 49 ASAM "ol EYHUT. o] dhiolA
T ¥E FEY XY Ve HEE dg ¢ Jon V) UER Hon HEo)
Ark IHRZE B vFPH34-36). E£F sulfited] H7E lignosulfonated
e ol F e AHE Y

#F7180) gadel B @3 A7 of#ig 2ok

7180 2ade @& FEFF2% 8 olshg Yehi bulk density: 057
kg/t AEet. ¥ {ri&ule] &alHY, FL F&A gvtE) SN ¥
o oY A 2RAME B B80Tk BAE 1,000 olate] FF Ex}
P 2.4-6.3 Abol9] polydispersity(BHSH) FXE Vedith(37,43).

@ FHEAE EFSR 47180 Jda2de Fd AHOA oj=AE o g
a3 FAsi dE B9 AP 2889 phloroglucinol® 888 o 47]4u) 7
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aYe AEAe yebdn, ols AQElY A lignin® sinapaldehyde TY &4
ARE #7184 Jadd H4A3F SAFAY FTL FEFTE B FL4IH =2

o 53 Yrk3e). T2 §7184W Fade MWLEY C° @9 F oxygendt
methoxyl® d zteth o2l Aol d¥ Wyol APAtte AL Heu=dH,
olfd W= #7181 299 self-condensation(A7+E¥), BE FTAAA
SAE furfural#e) %, 52 ethanold WY Fo] 2 992 #FHA Y
(37,39,44).

f71em gade F4 $99x49 UV spectrat U2 glad A9 549
205-210 nm% 275-281 nmolAM XA E yebdch. &ZY-FA4 Aol spectra(4
:)E  oF 252-254 nm, 296-300 nm$} 363-366 nmoiA HUXE YeErU =, ©f
& aromatic hydroxyl, a-conjugated hydroxyls3} conjugated carbonyl group®]
At AE Y ATH40).

o m

gutA oz &4 299 IR spectras milled wood lignin®] IR spectra®h

u]§ &AFstth, elutE b3 F8lE 2ol B-unconjugated ketone group®l &4
o #ejshs 1700-1720 cmt FFM ) Frtelth. o]2l¥ W autohydrolysisth
steam explosion #1dd 2L A AN TAHE ZE fadax guk
H ol Fiolth4l). 2 FTIRE deconvolution®} 23 X spectroscopyE AH&-%
ozx Eges FFHoE MAHJSH, original spectrumAdE E F UMH
band® EB8tA vebdt, ojgd Mg rl&e ol&d m FxAA AT
JofM Fad 4L  HoE 7gETH42).

$7149 8l1d 9 phenolic 42L& formaldehydeste] #tgA oz HAYE F ¢
th. 2#A formaldehyde®t #7]-8w 82d(C’ unit @ formaldehyde 2.2 moles)
& 96T, pH 108414 758 < 7k4€ A%, < 1.6 mole®] HCHOZF #-+5 ]
Aed ojE #7114 gfad e C unitdh HCHOZE 259 &g 9nd
o} olglg A& sulfiteignin(C’ unit & 1.6-2.1 mole HCHO)I|A HE i X
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W elol, kraft lignin(C® unit 3 0.1-05 mole HCHO)IIA ¥ 3@ RrRT &
(37).

gutxg oz wEA FA7] F& 22U kraft lignin®) 39 2.0% (45), 7 Y
2 organocell lignine 100 CoF 38(46), =% A% ASAM lignine 50-60(47)2
Ha¥n glew -OCHs7|= AHFUE sulfite lignin®] 8.8% (48), kraft lignind
12.2%(45), organocell lignin®l 14.9% (46), 18l £UF ASAM lignindl &= 100
Co 7 657} &=l A4, &A JAgS MWL BedE 13-16%, 844
MWL & 17-22%9] ~-OCH:& &3t Uk (4l).

F71¢0 2lade ¥A lignosulfonates}t kraft ligninel 9j&l FH=H3 JE B
459 A4S JoH dog FEF nFIEA Aol AEE & Jua Lo
Ak 53] #7189 fgade gE fadd FEE F de 54 Erehg
phenolic A3, formaldehyde$}o} ¥rgAolA AHE 2=, 2 o= ¢hE 1
dit #lEE B4 & 4294, 32 77 4984, ¥ A%, F& EAFA
E, &84, ARsHE, &7 AgHdel FHA A HR A9 ¥E
ASAM-lignosulfonate= 7]1¥ 9] lignosulfonatel B3 714l AFE2 + i

524 biomassZ2F-E FTYIEE AAsr] 98 oA 7t Pge] AFHA &
om AreAE 4R JI Fitel ol&Ho fo. Y €A MY
ol Ad AF NEAAE 5% o3¢y EEE F s yo} diyE %
Ao F0F] ol&Hn . ayra ol AF NEA FAzt AL {78
HYg Hesto dEZX dndEze= B gade By o433 A% By
AAARY Relgt ARHO B AFE A=A

a¥eg B dpdAes JdEAAE #7182 FHAA © dE2e2(ED)E
Eeske H3 2439 o £99 A#9 SA4& 7353, @ Adeziy 33

2adE Edstar @ 23 @ 8d dadel 384, 384 548 =4
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83 7]¥ lignosulfonates} #7144 21 (ASAM-lignosulfonate)9] 54&
LIRTE: bt o= )

A2d As R T

1. INA=E

AAEA 3MY olFe Fu YWAEFHAACHIE FRst AT TFH2X3em)
oz Aaste ARG o] AEHAAY g 2HEL BFEEc] 725%, ¥
o] 21.5%, 18ja FEo] 239%2 TFAHUT

2. 49 ¥4
7b F71 el g dEze x(EE) £
D 2P, 39 % 2
718 H9e 250me ¢t telAl2H(Parriit)g 104 thojAl2H A Table 1
Table 1-1. Pulping conditions

Acetone, Methanol ASAM
250mé 10 ¢ 102
Sample weight(g) 20g 600g 600g
Ratio of liquior and solid 15/1 5/1 5/1
Ratio of solvent and water 50/50, 60/40, 70/30, 80’20  80/20 85/15
Max. temperature(C) 160, 175. 190, 206 175 175
Cooking time (min.) 30, 60, 90, 150 60 60, 120, 150
Amounts of Catalysis(%)
HS0, 01, 05 10,15 20 1.5 -
AQ : - - 0.15
NaOH(%) 4
Na;SO; (as NaOH) 16
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Z744d wgl AANEHY. S F 29 dolA2HE JdFd ¥ F¥A F ¥
xo HAg sy @ UZE AHEWA 150 mesh A A 2 F
ARNYEE AZANA &, 8%, 1835 kappa no.& 434}

EHE 104 HolAzEgA FF =g ot = w2} FH3}A

Table 1-2. Bleaching stage and conditions for organosolv. pulp

Bleaching Pulp cons. Temp. Time

Chemical ist 9% H

stage %) C)  (emin) emical consistency(%) D

HO2 2.0, NaQH 2.0,
Eo 10 80 760 -
P MgS0: 05, Oz 50 kef/em?

Ds 10 70 180 ClO; 40 48
P 10 85 120 H:0: 4.0, NaOH 2.0, MgS04 05 -
D 10 70 180 ClO: 30 48

F2AE % 60g/m°2 3 TAPPI Standard 205 om-88%] Z&gith.

£33 A= ONPERFE o PZo $9] A4 BCTMP(H AT 79% ISO)E
E3¥ ASAM HEZ: 949 A9F7) 372 £3E BKP(EAE 88% 1SO)S o
A W00/, 70/30, 50/50, /10002 EFstd ol 2 WPz AN
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Kappa no. TAPPI Standard 236-0s-76

Brightness TAPPI Standard T452-0s-58
Tear index TAPPI Standard T414-om-88
Tensile index TAPPI Standard T404-om-88
Burst index TAPPI Standard T403-om-85

v Hgoz Ry 73 glad &9

1 2

FE-2E Fig. 1-1 oAeh 2ol 23t gade] Ffd HAYEe 24hr. AAND F
FH-g BEstAdon oz @A lignin HAY T Fod FE EF FAA
2gstdot Zald 292 cation exchange resin (Amberite IR-120) — anion
exchange resin (Amberite IRA-93) — active carbon (12 mesh) Z3& F3JAZ
%) rotary vacuum evaporator (40C)dlA ARAIA EA 4oz AL3AT

2) gad ¥

Fig. 1-1914¢} o] A" gladd 3 € FE5EE hexanel E 33 F&3}9
AHoR FEESE AAANZ F o] AEE & TFF Ho] gads IAA
Ztt AAE gPads AAAA 35U TH4). ASAM #1d e} ¢ lignosulfonate®
BHgo2x A3 Hatd Ax AAHAJTE g ¥ ASAM fHads
Fig. 1-29 22 A& OA AX 3£ gFgEo] AAE ASAM-ligno-
sulfonate® #25tcH48). &, 48 ASAM-lignosulfonate(LSA 1)& H3gsf
& DOWEX 50W X8 resindlX 3}i&-& AAA713 NaOHE #A7IAA pH 622
FA8AHY}. 2 F A(75% tri-n-hexylamine®] ¥ butanol &9 200mé),
B(10% tri-n-hexylamineo] 3#¥ butanol &< Z 30meol 23] F&), C(F 20me
ZHFE 33 %) D(10% tri-n-hexylamine®] %% butanol £ 2} 15medl] 2
3] F%), E(10% tri-n-hexylamine®] %% butanol Z} 10mE 53] F%), FUIN
NaOH 125, 30, 30, 30w £22 FE)GAE AX @58ES AAA.
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| Washing |
''''''' Pup 1

— F

i 2, ack lawor

— 1

| Lignin, ink
: Ext., Sugars

Fiteting

Lingnin, Ext, Sugar ] |

N E—

ik, Fiber I

Decantation

Hemicelulose(S!

Sovent

ugar) I

| Hexane(Sol-Sol. 381 &)
i

i
L

JENERR E——
: Lignin, Ext.,
Hemicelulose &%

[ 1
{ H
j Sugar, 1 Extractives Lignin,Sovent 2%
! Hemicelulose & Hemicelidose &5

Fig. 1-1. Flow chart for the analysis of compositions.

| Cold Water(D.W)
|24, mel
R

r -
ir Homiceliloso | &# Lo
| Solvent i
Evaporation I i

. Hemicelulose !

Fitering

| Hemiceluiose § | Lignin
. Sobent :
Evaporation !—-

Hem‘celhk)sel

GCA A

B

a9 24

M

3) B3
<

7B

23
4

i

. 1)3ofl A9} o] cation, anion exchange resin 2

active carbong& A A=A

¥ FEAE alditol acetate™ ()] W acetylsh A7 F HAZZANTE M8
o] &3 FEA o] FEAE TFAI F olAE 2ms JEd &AA
A4, #4 =718 ofdet Y. Fig. 1-3& 29 standard gas
chromatogramg YWERH3 1T,
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DecationizeSpent Sulfite Liquor
A

/\ ug—qlls
%;‘

organic
C
aqueous
D
orgamc aqueous

/\‘ organic  aqueous

organic
g LSA | (discarded) fraction

Fig. 1-2. Flowsheet for the extraction of 300ml
Decationized spent sulfite liquor with
tri-n-hexylamine solution in butanol.

Model : Shimadzu Co. GC-14A.

Column : 190X 04cm glass column

Packing material : 3% ECNSS-M on Gaschrom Q, 100-200 mesh
Detector : Flame Ionization Detector(FID)

Column temperature : 190T

Injection temperature @ 220C

Detector temperature : 250C

Carrier gas : Nitrogen, 1.5kgf/cf

Standard materials @ 1% myo-inositol liquid
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T Xylose

Fig. 1-3 Standard curve of sugars on G - C.

W) glad 4
@ lignosulfonate
E do] AHEE lignosulfonate™ ¥+ ] 2F(Aldrichitt) o] it
@ &
3 & g2 TAPPI Ts1m-589 #8t9 A %sdch
@ UV 29Eg &3
UV 2¥Eg+E Beckmann DU-64 Single beam spectrophotometer £ ©]-838}
200-400mm HH4oNA S48 8l 1dE ethylenglycolmonomethylether : ethanol @ water
=2:1: v/ EF &9 &aAA SR8 4
@ FT-IR 29 E& &34
Zade] FT-IR 2¥EgE Nicolet 730 FT-IR Spectrometer® ©]-83o
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Al2d e 0=720ppmel A eEbstTE 1@y lignosulfonate= CDCLol &8i=A] &
oxme DO H9 FFSAT 28nz g Aade Bt e FAE et
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PC-NMRE 71238 4d 74 9dste] 'H-NMR# £4& 714 245
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zol2 ettt el FA7FE 206mAME Abs.ol 02005 (50) 223 300
ol A& Abs.o] 04140 GDE 3t A4bstA

W47 BFA4D
2 g2 A& HIY FH7ste] 124T-130TA oA 242 5 f2oM 2989
% old CO; gasE A% Wol FATHE0EES/min). 919 23L& T3 AAE HI
T A9 A 15ug AFHA 7 g9 s, vTH 449 g4 A wgodl
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Y3 AR AL 2t 25 F 145TE 89N HE EQ JEA F oukgy)
£ 100Co}st2 YA A} 20me 10% sodium acetate (acetic acid, glacial)ol] 6mé
BreE 431 o8 SV Vil 2/3, Vo 1/3 BEE Be % 20 AN8E 3
7heted 4587 AT W] BUd 15mi9] 25% sodium acetate 489S
H7tst ¥ 126mel HEE FHRFE AT ATt 642 Yo EFeq T
oz HY 129€E ¢ YolFEx 128 Fd 10m9) 10% KI 897 10me)
10% HoSOs (v/V)E W3 A EF3tAh 7o) A2 49 438 ¥ 1/20N
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0.517 % N/20sodiwm thiosulfate %=v) % (mi)
ANE EA(mg) X 2 x 100(%)

HEA7] (%) =

@ FES) BHF

FAES 3 UV standard curve®E 93 747 4E 283 AR 40moA
g3 2AEA curve B Ul AXSE AEFE AR A FAY
NBgE 200m A Egzad At JAER} calciumphosphate
mono-hydrate(500ppm) 100mE 78] A% ¥ whatman No.42 filter paper® o3}
stk d3g Azde 4F Fs5m olshHE AFHN AAZ}I 25% A,
acetic-phosphoric 4t 2 2 ZF4E Jtet o 22m2 =AsHA AERE F
EE3l barium sulphate chloride seed @ 05mE ¥ Uth. barium chloride
02g% 7tetd EEo] 3, 208 Fo| gum acacia-acetictt & Imt 7}3t 30%
A% FAG7F 33 440mol A 9 SHZSAYG FFF AL ol xF I
& ol &35t Ast AT

~

- 100me_ (&) 1
= FoX e X ra X 3
Fppm) = FEFAANNA % A= (g) A F(al)
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€ R? = 0.9781
o
a 40 + .
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S 2F ’
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o &
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Fig. 1—4 Standard curve for the determination of sulfur in
lignosulfonic acid
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7}, methanol ¥ acetoneo] o3& ¥
D SoFe] 9%
Fig. 1-5, 6, 72 ¥4 ¥ %= Wele] @& FZSQ kappa no. ¥ WA= W3 E
UYERR ok 4H] 151, 9 FE 80%, FME 190C, Azt 60% ZA)
A BY SEE 01%9A 20%7A /A2 2, &9} T (methanol, acetone)
o SEWB75, 190T)e Al 4 FEE ZA A wE F89 Huty
el 7"_%:7]— ettt} B34 528 05% olF = ;247}31 B5Ae 01% H7A S 4
gl 2 A5t QAT 2oy FABE 20%d A9l Az e 473
THZ AT &9 FAY o] HAFHEZ FIIEUE ALLF FY A FA

FEE 10% oY AHEdA e o] niEAsitan dddd. FHLE 19T

il

-

il

Me TYE FulFe F71E A acetoned] Y3t methanoldl A &0 23

E%oU 175CA A& o)zt g} -

‘ 100 ﬂvx--Methand —l—AcetoneIﬁ

8 &8 8 &

Yield(%)

o

0.1 0.5 1.0 2.0
Sulfuric acid conc.(%)

Fig. 1-5. Effect of sulfuric acid concentration on yield
‘\_ by the difference of solvent in 190°C condition.
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20 x|
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01 0.5 1.0 20

Sulfuric acid conc:{%)

Fig. 1-6. Effect of sulfuric acid concentration on vield
by the difference of solvent in 175C condition.

5t kappa no.t= Fig.1-9914 ¢} Zo] methanold &2 AME3IRAES 4%, T3l
exsl Zoldel we e Zujske] Zrldel wE RolAw Aol UALY
acetoned| e Z & %7} ®oW kappa no7t 2318 A%dte F¢E UEET

AurA © 2 acetone Z3|A] kappa no.o] ALt AZRSYT.

WAT ZWo A= methanole |vEZ AHEE Aole 175C L= A= 1.0%,
190CAAE 05%2 34 FxojA ztzh 433%, 36.8%2 71 & HA=E e
W gtk E£% acetoned EWiE AHESE F71R 2EZRACNA EF 344
05%0 A WMAE7L Egth dubgog FAFErt 1.0% o)dEd WAETL 57
5 Zasdrh ®d 59 FAE o)A E methanol EZ 7} acetone EIZH T

M7t 1-4% 1SO E 9kt (Fig. 1-8, 9)

‘llo.1 gos5 O1.0

Kappa no

Methanol(190C) Methanol(175C) Acetone(190C) Acetone(175C)

Fig. 1-7. Effect of sulfuric acid conc. on kappa no. |
by the difference of solventin 190C condition.
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Sulfuric acid conc.(%)
Fig. 1-8. Effect of sulfuric acid concentration on

L brightness by the difference of solvent in 190TC. ;

i T e :
5 i X -- Methanol —#—Acetone L‘ L
—~ 40
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(0]
£
_-5, 20
s
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0.1 0.5 1.0 2.0
Sulfuric acid conc.(%)
Fig. 1-9. Effect of sulfuric acid concentration on
brightness by the difference of solvent in 175T.
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A ASRANAE B9 £, Fad §F L WAaAsE Yy Qo
€ "2 methanold At8-319& 7ol methanol®t 29 Hl&o] 70:30914 48,
R

kappa no. ® HAME7} 713G 945840t 3 acetoned LUl A} LIS

A 6040 ZUANA 4L, F2 kappa no. @ S WAL E ey
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} Fig. 1-10. Effect of solvent ratio on yield by the |
difference of solvent. ]
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Fig. 1-11. Effect of solvent ratio on kappa no. by the f
L difference of solvent. {
| ---x—-;Methanol ;Acetonel !
©
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L
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; Solvent ratio(%)
\ Fig. 1-12. Effect of solvent ratio on brightness by '
the difference of solvent.
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PasznerGDXE #7]87l& acetoned AH8-3te] spruce®t aspen Fie ggad
A3tg AR uh, f718ue B AN &S MIAAS AL B9 o
Zbel wet & Fawd, =¥ g adsbe e acetone/H:00] 6/47HAE
ZFeRAIRE 4/6 o) o g B o] FtslA HW geladssl 239 #adn

2 HH9) £u) 24 HEL 6/4 R0l Ao s

e
oM

o

3) T X FAAIY 9

Fig. 1-13~17& F3A H2x9 {FAAZ WAge] 2 A%E Yyellz Yot
ofn] 15:1, 8ol Hl& 50%9} 80%, F4lt FE 1.0%, HLLE 190C Z=AANA &
A& 30%A 1208742 WAL &) FEI oW Fa] Alzte] ZE71E)
et &) A2 a2 ) FEI 50% U A¢E FAHA wa 2
As7E Ytk o1l d/4L methanol?t acetone F3Al YA, methanol Z
3 A9} acetone $3(50%)NAME F3 Alzte] A% 02 kappa no.7b Z43E A
o] 58312} acetone 80%AM = 23]# kappa no7t ¥ Ado] vElytd.
HAE= Goflodl #AIGlol Tl A 60% ol E Wt U

{ 100 j ---X: -- Methanol +Acetonel

Time(min.)

Fig. 1-13. Effect of time on yield by the difference
of solvent in 80% solvent ratio. !
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100 | ---X-- Methanol —#—Acetone |

" Yield(%)

30 60 0 120
Time(min.)

Fig. 1-14. Effect of time on yield by the difference !
of solvent in 50% solvent ratio.

— —
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&) | —
2
s 0T
&
o 40
4
m | -
O 1
Methanol(80%) Methanol(50%) Acetone(80%) Acetone(50%)

Fig. 1-15. Effect of time on kappa no. by the difference of solvent
in 80% and 50% solvent ratio.

ST s meme e e
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Nl |
3 0 . . . i
i 30 60 R0 120

Time(rrin.)
Fig. 1-16. Effect of time on Britness by the difference

L ngfiolvgnit mBO% solvegt re}tio.
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Fig. 1-17. Effect of ime on brightness by the
difference of solvent in 50% solvent ratio.
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R
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o 2y B 24y 2FddAe & TR 2=z me dold ARE e
U th. &, methanolg& &E ALE3HE Ao FA2E 7t o
& #ZAa9 74 kappa no. B3 ZAGAy WMACE ¢ 3] <
3 A7g Holn Utk oy ARz uFof fufe o) &alE do] &
Hz G BE o 43 #AES I de Aoz Asddh
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Fig. 1-18. Effect of temperature on yield by the

difference of solvent.
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Fig. 1-19. Effect of temperature on kappa no. by the
difference of solvent.

50 M,,{ . x Methéhd —;;Acetong]w.. oy ‘
40

®

» 0

171

1)

j =

£ 2

2

Q40 :

‘ 0 ) L A ]

! 160 175 190 205

|

i Termperature(C)

Fig. 1-20. Effect of temperature on brightness by the
difference of solvent.
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L} ASAMYo g dEze= (%) £

7] guj @AY FoIME ASAM "L lignosulfonate® H3d ¥ + At=
Zdd A etk aHEg B dpdME Table 1-191A4 A zdd] me}
ONPE 10 ¢ telA =B FaAA Af, B, & gads 28t o 4+

oA 494 29E EUE so] FaAA B WskAH

ﬂil

Fig. 1-21, 22, 23& ASAM Z8A ZFajAlzte] W& HZo 4§, kappa no. %

Cg dein Atk FaAze] dgEd me pee Ad q4ReR An
sk Za A 12084 60.0%2 &S YERRT kappa no. 1208 74
FA3 s 1 olFdE st #asty gE 7|E FF P w5l
th(34,36). 1208 Z31A] kappa no.: 882AM A¥: FEoz Fwstd HIJ}
RalEglon o] A9 WAL= 615% ISOZA S kraft Bzo] H 5 3Erh(35).

HoZ ASAM %

m&,
i)
Il

B & AL 1508 ol Z3Al7 oF kappa no. 256 F =9 3
Adg = 9o} (3536), ONPE Z3ig 7
68.9%¢°] kappa no. 225, Z# 3l WAE 554% IS0 FEE A& F A

il

Solt 6B FANAE

4
o

Yield(%)

60 120 150
Cooking time{min.)

Fig. 1-21. Effect of cooking time on yield.
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Brightness(% 1S0)
3

60 120 150
Cooking time(min.)

Fig. 1-22. Effect of cooking time on brightness.

Kappa no.

[0 — e

60 120 150
Cooking time{min.)

Fig. 1-23. Effect of cooking time on Kappa no.

2. 820 =2(Hx)9] o] §
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34 1. 7F &2 A (mini autoclave; 250 mDoll <A dte] 10 ¢ tho) A AE o} A
ZAE E9E 9% FHE 4A89 methanol® acetoned] 23 ZFH2AL

ONP 600g , &vi®]& 80/20, dH] 15/1, &% 175TC, o9l HySOs 1.0%, Z3) A

N

¢

P 3 2 A 60%oIh A ASAM ¢ FalzH & ONP 600g, 9] 5/1,
NaOH 4%, Na,SOs 16%(as NaOH), AQ 0.15%, Hi &X 175C, T A3 120%

ol FI P HLo 48 WAL kappa no. Table 1-33 7Zu},
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Table 1-3. The properties of pulp after organosolv. pulping

Sample Pulp yield Brightness Kappa 110.
(%) (% 1S0)

Initial - 47.3 90.5
Methanol 60.3 245 64.6
Acetone 49.2 © 242 925
ASAM 60.0 61.5 8.8

H X 382 mechanol 53] A] acetoneXt} ¢ 10% =gtk ey Hxo gan

fr
X
o

593 F£F0)Qqv}. ¥ kappa no.t methnol®] 3 $ 26X2AE7 7
Ao} acetonedl e 238 2 ¥oE Z/8 A7E Yl ol BE 4§
o FE5% FadA Benpsh o] gk gestEo] st v FdiFe
2 de Rale A2 Furo] doja o] FYadEo] EE B ER =7
g doxl Aer FZFAY. Paszner® Chang(20)2 CaCh5 & ZFWE 3te

E~
1

)
&

methanol E o4 kappa no. 259 & 63%<¢ 7IEHUYE EZE Qs =

K

g acetone(6:4)°} 0.04N HxSOs& w2 3te] 200Co| A Z8Al# aspen2ZHE
& 435%, ZAF glad® 1.0%, 28 32 douglas firdl A+ $£& 34.1%, FA 81
Y 21%9 HZE A gy B dFoAE o"l EridEe A= dg

= AN

v "xe] g9
1) &&, kappa no. ¥ WA %

g BZ2 A2E 7he DA 2o 2ho Eaey
Fig. 1-240] A4 ¢} Zo] HMtAe] W& kappa no.d #AE Eop@Alde 2 30
Y2AE AE dojuxgt DIGAAMNE Faste 40 - 45 ¥QEV} a9y, P
A= glad 237 Al Sy D2eAldle & WEh o

J

—t

acetone Tl A Bl 2% Fad FHA7t methanol BERT A3 dojui=
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Hl ool 271 Exo] W9 F4 kappa nost ®7] WEolw EF el F3d
He gadel WA Fd £ AR AgAAYG. A

EopDPD9] HF H WA o X+ methanol?} acetone FZ R F
£ YeEt el F, kappa no.o] W3 W mwlokEy ZulgAo) we gu A
S % & methanolE £ 9} acetone =7} £938ittan A8t} ASAM E3xo] AL

%7] kappa no. 88¢] EopD TAE AXHA AL dRRe gadoe] Rif &5

i

Hnog F
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——l——Acetone ---%-- Methanol --0--ASAM

Kappano.

Initial Eop EopD  EopDP  EopDPD ‘
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! Fig.1-24. Effect of Bleaching on Kappa no. in different solvent.
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2

gad &&o] A

= AT 28, 71& #7184 Bxs Fo] FH2EE 210CHHA FeAlAoh
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Fig. 1-25. Effect on bleaching on yield in different }
solvent. f
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Fig. 1-27. Effect of bleaching on tensile index in different solvent.
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Fig. 1-28. Effect of bleaching on tear index in different solvent.
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Fig. 1-29. Effect of bleaching on burst index in different solvent.
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Fig.1-31.Effect of pulp ratio on brightness in different solvent.
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Fig. 1~32. Effect of pulp ratio on tensile index in different
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Fig. 1-33. Effect of pulp ratio on tear index in different
_solvent. L
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Fig. 1-34. Effect of pulp ratio on burst index in different
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Table 1-4. Composition of pulp and black liquor in organosolv pulping(%)

Sample  Cellulose” Sugars” Extractives Lignin® Total
Methanol 64.9 163 (2.9)” 0.15 785(7.16) ¥ 89.2
Acetone 50.4 144 (3.2)% 2.00 3.24(269) ¥ 70.0
ASAM 61.5 85 - 0.09 16.30(4.35) ¥ 86.4

1) Inclusive of fine, 2) Crude sugar and lignin,

3) Sugar and lignin after the purification

Table 1-491X41 %} Zo] #MFL methanol A 163%= 713 &t} acetone F
HAolE ol AFE uhe} o] 3vARE FAF] Wl &L 32%E F2HN
o}, acetone F3A] AERZ Q=9 Rasl o] dojd Ao Hol Bo] FFE ¥
& ALg qFH o dA2E ¥t AL AXE TFo] val A £ A
2 B9 Feoz AsdEd

g #7189 2lad 4L acetone ¥ methanol &AWttt o] AL kappa

no7b ZA FAHA && ARE I ASAM Fade 163%E F¢Ed
o) AE B dg gl zorz FEI A Ad AXAZ Aol ¥A
3 AFateg D2AFYE AxFY 1B8FEW J5-IUT SA AFE ARGA 3
T4 @S ES AAY F9 FHE ASAM lignosulfonate®] L 4.35% At}

g 3o 7H9HEL L Table 1-59 2t}

Table 1-5. Composition of sugars obtained from organosolv. black liquors

Sugar Composition (%)

Glucose Arabinose Mannose Xylose
Methanol 70.2 3.1 7.0 19.7
Acetone 65.9 4.7 9.8 21.7
ASAM 70.0 4.1 6.7 19.2

Table 1-5914 Ei= ups} Zo] &+ FH wE F9 FAPuE & o7t 9K
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th E¥3L=7}) 659-70.2%, ol 6.7-9.8%, 1E|il AYR=7} 192-21.7% @&
$5o] AUATt acetone FAHA Ao FE JH5E T TR} AYRE FF
o] & o FFIE §Fo ©¥E add vy ¥ 53 #7] &
ol 29 sdoz Re= 4FrY olgh 2Tt FFHIUT

Acetone Methanol ASAM

Fig. 1-35. Gas chromatogram of sugars obtained from orgasolv,
black liquors.

4. %7189 a9} A3 lignosulfonate?] £4 8|1

7t B E

acetone 1ol $FHd IAEFL 171% 3L methanol g1ddE 1.67%9 3
ol dfHuT. EA8§& ASAM-lignosulfonate(LSA I)E Fig. 1-2949 &
Hon &S AA FAdJenz FFSHA gy

 gade) Uv 2%9Ed

gE® Fadsd Al# lignosulfonate?] UV 2#Eg EAHL Fig. 1-363 2t}
1= ethylen glycolmonoethylether : ethanol : H:O (2:1:1)E  vol/vol T3
AHE-3H T
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Fig. 1-36. UV spectra of isolated lignin in organosolvpulping black liquor

(ONP : Old Newspaper)

dubd oz gdade UV AHEdSE 206me 280m AN o FFXNE
Ele, 230nm 2 310-350mm F-ZAAE %F F5E U E 439 2A=
ol¢} E 93} methanol d1del ¢ 206mm ¥} FoF Fo2 WA Ho
A7b Jebgth =8 acetone 1WA E 280nmol W27t HASA HENY.

ASAM-lignosulfonates} A3 lignosulfonate®] =2+ A &stA 205mme} 280am ol
A g FFAE HEAHAT.
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Table 1-6& Zt7}e) 8l1d 9 extinction coefficient® el ¢}

Table 1-6. Extinction Coefficients of isolated lignins

Con. 2800m 230mm 205nm

mg/ £ Abs. € Abs. € Abs. £
MeOH-ONP 24.38 0.765 30.6 1.605 64.2 1.725 69.0
Acetone~ONP 16.71 0475 219 0.725 426 1.250 735
ASAM-ONP 18.71 0.311 16.7 0.700 36.8 1.463 710
Lignosulfonate 18.77 0.325 171 0.888 467 1.493 78.6
* Ash &% AA

Table 1-6914 2= uie} Zro] methanol? acetone Al f7] &ul9] F=7} ¥
oW olg=YE wEd #d9 extinction coe.® ¥ WU {7 &u) HrE
o] A& ASAM ¥1d9] extinction coe.dt& W Uth AR lignosulfonate = ASAM
a8 Fadd A ¥RFA R extinction coe.dtE WEMIR T 28y 205mol A
+ gad 79 extinction coe.gtol ZolZb ik dwty oz {r1&d #ad
(ethanol/Hz0) 9] extinction coe.#t& U5 226, 7HEuUH 233 283 JFUF 250
o2 & Woln, lignosulfonate= 11.0-9.0 AFFE= 10424 FoH4R), £ d79
ASAM-lignosulfonate® A% lignosulfonate®} ¥)&3$ e AWk

o IR 2¥E%

@elg gady IR-2¥9ESE Fig375% Z 3 Table 1-7& IR &9 e Zk §

THE AFA Aoirt,
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Methanol-ONP

Acetone~-ONP

ASAM-ONP

Lignosulionate

-

4500 4150 3800 3450 3100 2750 2400 2050 1700 1350 1000 650 300

Wavelength(cm ')

' Fig. 1-37. FT-IR spectra of isolated lignins( ONP: Old Newspaper)

Fig. 1-37914 ¢} o] 1710cm™ oA HEY slRdrs)r A&4HEd ASAM
g 197} lgnosulfonate®] 7§ 1710cm‘olA B4 th7} methanol 1243} acetone
gadr @433tk 1510em”, 1470cn” 281 1430m™'E @Edd ALHE=0)
ASAME] 1937} acetone B1dA Fyolzt FREH, lignosulfonater™ &F57F 7
okaiglch. dwAo & 1265cm” - 1030cn ' F gL Fado F§¥ -OCHs7] W&
F5dyt 2984 Jeldh 1200em o] A= sulfonic acid groupe]l YERIEH
lignosulfonate?] 7-¢- F7F €934 FFHAG. 2999 G& F5° bande= 22
d zZHl & Aol (e #7189 #lad (ethanol/H:0)2 Ce ol COZIZE 9171 o
Eo g2 gade] st 960em A F3st Fehd53). 2FRE s E ¥
A st

Table 1-7€ 1510cm™¢] §4E 71210022 39 b2 F5o9 F55 32
3o Azl FFAEE Hlmd Aoth54). F5 1510cm e $HFH(ZTH) A
e e, o] ¥FA(FTA)Y vzA e AT Wi FFEEE B3]
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Table 1-7. IR spectra absorption bands and relative band intensity of isolated lignins
(the base on 1510 cm™ band)

Position MeOH Acetone ASAM

{em™) (ONP) (ONP) (ONP)

C=0 streching in methyl and 107 % 103 132

methylen groops

R C=0 streching in conjugated

1605-1593 para-substituted aryl ketons 108 99 102 117
1510 Aromatic skeletal ring vibrations 100 100 100 100

Sulfonate

1710

C-H deformations in CHs 102 101 101 111
1460 N
and CHz
1425 Aromatic ring vibrations 104 101 102 112
1365 oliphatic C-H deformations 106 100 103 120
1270 Guaiacyl ring breathing 96 98 96 99
1220 C-C, C-0, C=0 streching N9 99 91 92
aromatic C-H deformation(S}
1125 C-0O streaching in secondary 101 102 88 105
alcohol
C-0O deformation in secondary
1085 alcohol and aliphatic ethers 103 103 8 114
1030 aromatic C-H deformation, C-O 102 102 9% 9

deformation in primary alcohol

Table 1-7149} Zo] methanol 824d 2 ASAM-lignosulfonate¥ 1710cm o)
e 1510ecm ' AMEY FFFE 47 AU ¥lEd FEAY. oy, 122
0~1270cm™  FSulME F4BEsE 150cmldAd  Eo wgt A®
lignosulfonatet= 1510cm ‘2t & FFUolME 1510cm NHEY FFF=0)
AR Bg%on 1220~1270cm ‘AN E o add narAz E4AEs w3
o, 2@y 1150cm ol FFAE O 2018t @9 acetone B2Y
& 1710cm ol A8} FFFE7 1510cm A S FFFERT B e Ro) Bolggd

Z. 'H-NMR =¥ E7

g #gadse 'H-NMR 2%9E8l: Fig. 1-38% Zt 3 ol Aded
& ZF ¥ protond] FFUE FESY HELE v G5 dAE Table 1-83
2t}
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Fig. 1-38. 1H—Nl\/IR—Spectra of isolated lignins (ONP : Old Newspaper).
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Fig. 1-38) 4] aromatic rings®] ¥£&5+= HNo.1)2 7.2~6.2 ppmolA e,
o} FdA H(G)E 62~68, 283 H(S)E 6.8~7.2 ppmoilA eyt 8-0-4
2% HaNo2)E 62~56 ppm 283 HANod)x 48~44 ppmolAl Al1de]
Hetst B -0-4 729 Hry st ¥714 7%9 Hry (NoHE 44~40 ppm
A eyt 40~33 ppmolAE  aromatic methoxyl”](-OCHa)  ¥H€
H(No.6), 23~2.1 ppmi A= #lE4 OHNo.7) L83l 21~1.5 ppmollAe 3
EHE OHNo5)¢ Aol 2+ velgtd No 791 & acetylated proton®] A]2
o] ekt

No. 1 99, No. 4 99(Ce-h, phenylcumaran), 5d % % (aliphatic, OMe) ¥ No.
8 d49& AYgH yvix Z 9499 integration FAE HEELEE FEAF Ao
Table 1-80}t},

Table 1-8. Percent distribution of proton in acetylated lignhin.

Arom H He HA Hy OMe OH phen. OH Aliph.

2(a+b) 3 oa 5b 5¢ 6 7
MeOH-ONP 2051 0.96 0.14 353 3478 14.22 25.85

Acetone-ONP 13.09 0.42 1.09 323 2410 2746 3061
ASAM-ONP 16.72 1.07 0.33 421 2822 13.44 35.99
Lignosulfonate ~ 27.25 041 0.20 507 5314 12.22 171

Table 1-89) A<} o] lignosulfonate™ aromatic ring®] H9} OCHszel Z2E& W
g0 & adrt ¥o7 aliphatic chain 52 OHOlA 7|3 Z2ES
HEEO] AAT Wik o= o] REeo] 473 HEZFHUGE AL Injdd.
acetone ¥ 1dL  phenolic OH’F %oy,  methanol dadoln}
ASAM-lignosulfonate®] 2§ ZZE9 wWRGo] AdFAo=z Ut g}
aromatic ring®] HE acetone 824X & #7180 gJad 2o =94, 348
He, HB, Hy 2 -OCHz|A Z2E #HE &L oy gadzkd & 37t g1
% 22y -OCH:9 Z2 & WELe] T 494 vl =2 3L Ludwig5h)
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7} AAg vpe} o] {718 gxdd A solvolysis W&ol 939 stilbene 7%
7} 4¥ 349 Ad 798t B

ot *C-NMR 2¥ =3

¥ Pade “C-NMRE EA¢ A= Fig. 1-399 2t

methanol #19, acetone #1d 2 ASAM-lignosulfonate® CDClol £8)A]
#H 483 lignosulfonate™ CDCLe] §3iH2] ¥orng DO SiAA 24
o 2gnz 49 AadE AREL 7706 (ppm)AA Ve oy Fxie] A
T2 894 Cr glenz el gt

solvent 18

Methanol-ONP

Acetone-ONP

/ W M,
AN M N g e J o
e red - \\-u Y {*"\ er\'\f A
o SIS g e g T = .
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ASAM-ONP

,,*JL 4 J,J«' Uﬁ‘u‘

iy e ey N "L./‘-‘"
Bomiso Yéo A T et R “xo N, gt T T
Lignosulfonate
A ‘Jl.lﬁq Ly L
e M AR g a P

pow 1éo 130 oo - -0

Fig. 1-39. BC—NMR—Spectra of isolated lignins (ONP : Qld Newspaper)

Fig. 1-399 Table 1-9914 9 Zo] “C-NMR spectrum®l 170~176 ppm ‘# 9]l
Ae Al 3F9Y carbonyl-C €92}, 160~110 ppmojAd = A3 2831 olefinic-C
A, 100 ppm ©]3hE aliphatic-C ¥#+e] Al1do] vEgh. ASAM 2ladd
acetone T 1AM E G/S B-0-4% B-59 Cp Alzde] YehbA] ¥sict. d
lignosulfonatel A= G/S A-0-49F B-59 C, Alzxdol yehtA gt ad
lignosulfonatet™ No. 13, 16, 17 Alzxde] b2 dad® dAHA gt ol9dg
Alade gad el Aolzt gtk Table 1-99) Alade £ AN £33
dAHE AT AT Aol
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Table 1-9. ®*C~NMR assignment for acetylated lignins

No. 8 (ppm) proton types

1 170-169 Primary Hydroxyl groups

2 169-168 Secondary Hydroxyl groups

3 168-167 Phenolic Hydroxyl groubs

4 151-150 C3in G

5 149-148 C4 in G(B -arylether, threo)

6 1471 C4 in G(B -arylether, erytho)

7 139-138 Ci in G/S(8-0-4)

8 130.3 Olefinic(C ), C5 in G

9 1284 Olefinic(C ), C8 in G-CH=CH=CHO
10 127.2-1241  Olefinic(C 8), G-CH=CH~

11 122.0 C5 in G, C6 in G-CH;, G-CH=CH-(cis)

C6 in G-CH»-CHz-, G-CH(OAc),
G-CH=CH-(trans)
13 117-115 C5in G

14 112.0-1106 C2 in G-CH(OAc), in G-CH=CH-CHO
15 86.5-81.7 C8 in G/S B-0-4. Ca in B-B/B-5
16 738-714 Ce in G/S B-O-4(threo and erytho)
17 64.4-61.6 Cr in G/S B-O-4 and in £-5

18 57-55 ~OCHs

12 120.5-119.3

vt slE=4 OHYI

@8 dad F9 ssd $WNE AEE7] 9% AR H(onization difference
spectrum)2 Fig.1-40%} 2t} UV &AL single beam spectrophoto meter] A} &
A FAZ A8 FHd gHad e JEezsd Ty §99 Fgade
&5t AAFHAE FEH Y
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Fig. 1-4091 49} o] phenolate °]2o 71218+ 4 &= 250met 300mm H29
A o A4 JeERATh 283y acetone o)A @ElE® gladL 300nms}
350 FZAME FHo FFAE YR

1 i N
S s R
: I Methanol-ONP E . l Acetone-ONP |
E 04 S e 50.4 s T—
g I N
oo n < f’\
o i Y ;
- Y N . v N N . . r A
I' Y N : N i \
A . !
N N . X
N L : \
0 1 \‘{ ! i 1 i \ 0 ]
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Fig. 1-40. UV spectra of 4 £; of isolated lignin

Table 1-10% Fig. 1-40& 2AZ 39 sed $47] &%& A4s gaojr},
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Table 1-10. Content of phenolic hydroxyl groups on isolated lignins according to 4 ¢; method

. Con. Abs. Abs. £ OH phen.(%)
Lignin

ng/ 4 250nm 300nm  250mm  300nm  250nm  300mm

MeOH-ONP 17.83 0225 0125 1262 7.01 2.53 2.90

Acetone-ONP 2290 0275 0150 1201 6.55 2.41 211

ASAM-ONP 16.38 0250 008 1526 5.19 3.06 2.15

Lignosulfonate 19.50 0266 008 1359 4.36 2.72 1.81

Factor for Abs. 206 mn = 0.2005 (by Aulin-Erdtman)
Factor for Abs. 300 nm = 0.4140 (by Goldschmid)

Table 1-1091x¢t o]l #E4d F47] &FE 300mor A3 b, A
lignosulfonated] A 1.81%Z 714 Yo methanol E24d6A 713 & 290%E
YetlAck. #EAd -OH7IE 7HEHIVE kraft BladelAl 2.0% 28l 7HEHG
#7189l @id(ethano/H0)&  3870/100 Co2 EmE3n  ItH46).
ASAM-lignosulfonatet Al® lignosulfonate Xttt -OH7] o] EH2d o=
Patt §(47)°] 3% uls} o] ASAM Fdlr= 8-0-4 o] AIEH7) W&
ojt}.

Ab 1 E47)
g gade) dE4rIE FF v Table 1-113% 2o},

Table. 1-11. Methoxyl content of isolated lignins

Lignin Acetone Methanol ASAM Lignosulfonate

Methoxyl(%) 13.64 14.08 9.09 8.83

Table 1-119] 49} o] acetone®]\t methanol #2119 wWE4A7] §3FL 13-14%
2 ¥k} ASAM-lignosulfonatett Al lignosulfonate®] =wE27]9 3
sttt Edd waw RN kraft 21299 -OCHs B2 12.2% (45), 7HEH)]
U5 #7180 gad(ethanol/H0)L 149% (46) 28] lignosulfonate=
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83%48)2 E3 Hi vt ¥ A4 AHE€ lignosulfonate®] -OCH; &%
883%2 EdA Ae BUNA gHEH YA A#  lignosulfonatest
ASAM-lignosulfonatet & #7]&v gladrt -OCHs #%¥e] @&d ojRL
89 #4 Fo gviEd3rt dolntr] fEojrhdn).

o}. ASAM ¥} 2B lignosulfonate

ASAM == ydozreg 34E crude lignosulfonateE Fig. 1-2 WEos A
At 3L @FsES AANND Fo FAE lignosulfonate®] ¥el Fig. 1-41
3} ol F&) A7te) wal vlZ S

Z&#|A7F WOEAAE lignosulfonate Yol Ald F718 435% Ao, FaAL
& 1508714 4%E A= o oY I/ Al 2y Pattdns e
ASAM F8iA] Falz7o) HE&Z FF3] dojun Fa Azto]l AN wHa}
ASAM-lignosulfonate®] ol F71ddn Hid s,

i
e

0 60 €0 150
Cooking fime{min.)

Fig. 141, Yield of lignosutfonate fom ASAM according
to cooking tme.

Lignosulfonate(%)

5
4
. el
2
1
0

b, S

A o]E AAE lignosulfonated = SE /s ded ol #F2 Fig
1-4291 M 9} o] Fa Ajrel wet Wtsvh. Fa 27l HH Fstn O
Fo gadel £&d Fde oA ZasAT F, FEAL 60E4AA
ASAM-lignosulfonated] & 0.35%¢] S7}, 183 15089 = 3.88%9 S7F ##HA



. ¥9¥ Al lignosulfonated] = 4.96%2 #3lgrEo] #fHo] YUt guwrdo
2 100 GoF 70-1007h¢) #5717t AESE dod £ e oFdA Hsd
A71E A 3008 B2 -z HEEH AOET).

8
3
c
D
c W
5 4
(8]
é /
S 2
@ v /

0 . d .

0 60 90 150

Cooking time{min.)

Fig. 1-42. Sulfur content in lignosulfonate from ASAM
according to cooking time.

op

o FF(methanol, acetone)ol TAIF el I FEE F7AAN wa 29
AAQ Zast debgth 34 FEE 05% olstE MY FSdE 01% @)

% &) 2 Wse Q% 28 FUAFTE 20%Y By dEgRe=9)
A e B2 &0l F4°] 32s Ut} kappa no.E methanolS £WZ A}43

= AF, FvFe] I wel deolrls Aol o} acetonedl M=
kappa no7t 2318 4Fste A& JeERth YAEE methanol(175T)& 4
2 AEE F9dE 05%9 A FEdAN 388% ISOZ A4 gt =9
acetone(175T) & &2 AMSSIY 4t B 1.0% 43.3% IS0 WA RS ey
pede

Sl 2 methanol& AM4-31& 7240l methanold 9] Bl o] 70:30914 48,
kappa no. ¥ HAZ7t 714 -8 dth 9 acetoned £WZ AMREHFASL AS
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dE 60:40 ZHAA 5 E, P2 kappa no. ¥ L WALRE YeErRT

8 Aztol F/HEA Wl F£&o] ZAsT 2y &4 RV Be A
(580%)E FaAIZe] wE F&od F W37 i old A4S methanol®
acetone F3A FYHATt. methanol T3 A F3 A7te] 9492 kappa no.7t
ZadE Aol FRIHF Y acetone 80%N A= 2313 kappa no7t & Ao
Hebgy. YAxe &uid #AISle] T8 Al 602 oM E Wsisl il

FAHLE7 St gl wek ¢&9 AWNAQ stgo] BT} methanold AHEE
3% 3 &% F7I2 kappa no.st HAES FAEPY. 28y acetoned £
2 AEsHE dds FA2E S wE $£43 455 F43 9 kappa
no.& 238 F7sd

X P4 BEHOZ acetone T AFSA Fov J|E AFEE o
GFH AE acetone TR A= Aol frEldoh &4l 80/20, B BEE
20%%, 175THAA 608 THANE A A8 A=A 886%7t i = Ut
8 methanol F3jA = Qo2+ FA FE 1.0%, &viy] 70/30, 190C oA
6083 T3t AZaT o] Af £8&L 75.3%, kappa no.= 619, WAEE 356%
ISOf ™

ASAM FEiA Nl FaAZte] dFH @ £ A9 AMFHoz FAEY
o SAAIE 1208904 60.0%9 F£& el kappa no.® 1208 7HA F3
3] A3 2 olFos @4ustA Bt 1208 82l kappa no.= 882 A
Aex FFoz ZWtsd "=l EeHfRen o] B4 HYEE 615% ISOR
oh

methanol B2, acetone X E vy FW(EopDPD)& ¥ wa} Eop TAld)A
kappa no.9] #4&E 7t 30 ¥UE 283 DIGAGME F889 40 - 45 ¥AE
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7t &gt PRACAE gad a7 oAl SudAs DegAd s & ¥
7t 9191t} EopDPD9] 3 EY A M= methanol® acetone BT 27 FYg
kappa no.& YERAATH ASAM ¥E: EopD ©AE AXAAN A< dFE9 &
ade] 23 8&5v. EopDPD #¥ Fo] methanol ¥X+ WYX 66.1% ISO
283l acetone BEE 62.9% ISOE uHEANT. ASAM EZ & EopDPollA
81.6% ISOE YErHIAUTT

EopDPD E#W%Fe] methanol ¥ZE AFA$F 1078 N-m/g, AEA$F
8.06mNm”/g, €424 1.29Kpa - m”/gE YRtk E§ acetone YZE A%
F 1218N-m/g, AEASF 852mNm7g, FIAF 143Kpa-m”/gE RAFHch
&8 ASAM "= QAT A 180N -m/gEAM EES FEE e
a3 9 AEAFe} HIAFE acetone©l} methanol BE FFo HEFT,

Adg=e gHExXE 7302 EF A uwel ASAM "I wAzz]
86.0% ISOZ ZF7ldo] g WHYAE ALEE + Y21 acetone? methanol =
£ WAESL 0% 1508 Aate] WA WAEE fA%n AU EF A
acetone BEZ7} AR L AFA ¢, HdR 5o BE B EA methanol BEXET
A HdExow Ad H=2g s 2AFOEN a1 Aoyt iy Y
Wz ASAM EY g EFSAES A5 AFASFA 443 o 944 9

_?__
G A|5+E acetone} methanol ¥ Z o} v)=8 F£Fo|Qr).

O

¢

3L methanol 5814 16.3%, acetone T a2 ol 14.4%, 185 ASAMe A&
85% AT o] MBS Fol2, ol o2 A} gz FAY wa F£&
< 20-32%2 ZAHAYW AAE G FFILREI 659-702%, THdo)
6.7-9.8%, ¥ Ads=7} 192-21.7% FFH AATh acetone FTHFH Aoz
FH drd 3 vezxg AdE= FFo] tgi gHon FEALR ol
e gladd ¥ste @yt 53 f7] 4 99 dgem REE 4359 of
gl e 27t HFHAY S5E f71809 elad %S acetone FH Al 3.24%
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28] 3 methanol 2314 7.852 23tth ASAM lad 163%2 = 1A
E 2o B @40l Fornz FEs AFss] Mo A2RAZ Rtk |43
ARdsd Az Az Fo 1/33E HFHYT

gade UV 2dEgE 7|& gadd B3/t 206me 280m 2H M H
O E4AE Yeue, 230m 2 310-350m F2qME 4 FFE UEhY 2
21} methanol @299 A% 206m 2ok Fobd 2oz diAA HdAs Y
wyth, =&  acetone ZYNME  280nme} w3yt BHEA  UERTh
ASAM-lignosulfonate$} % lignosulfonate®] 2= B&aA 2060mst 280mmel
A Ho F5AE FENT methanol? acetone FHA F71 S8 FEI 2o
W olzz2y w2y 2298 280molA extinction coe.(ZZ 306e ,279¢)7F %
o Wolga #7] vl HErske] H& ASAM 19 extinction coe.F(16.7 )2
wott}d, A% lignosulfonate(17.1e)E ASAM ©d 2ladst 78 nRsA 2
extinction coe.gt& YERRAT-

B 1605-15%cn 2 FY 7R d7]d 458 methanol-ONPS lignosulfonate
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aromatic ring®] HE acetone 2o & #7144 gad 2o &34+ Hae,
HBA, Hy 2 -OCHyol¥ Z2E #WEge v adzd & A7t A+
“C-NMR spectrum®] 170~176 ppm HHelM= Al F72] carbonyl-C 943}, 16
0~110 ppmol A& MY 283 olefinic-C €A}, 100 ppm ©] 3+ aliphatic-C €
ape) Alzzde] uEbytth. ASAM #1d# acetone UM E G/S B-0-4%
B-58 Cs Alzxde] vrehtAl gsith $M lignosulfonatel M E G/S £-0-49
B-59 C, Alzdo] Uen}A gt 1 99 ANadEe ZE daddAr Fd
o $Rje] vEpsi

HEA $47] %L 300molA &4 v, Al# lignosulfonated Al 1.81%% 7}
% @ om methanol @adNA 713 & 290%E JERHATE acetone #2dF
ASAM-lignosulfonate®} A £47] &F& 42 271%, 2.15% At acetone
o]t} methanol Fade  WEAr]  FFL  13-14%2 ERoOY
ASAM-lignosulfonate(9.09%)t A% lignosulfonate(8.83%)9] #5478 &
okt

ASAM-lignosulfonate %S A7 WEAANE A% S/t 435% forh
ZHAZE 150274 4F3E Fds 7 A9 391%F JvEidd. ¥4
ZH A7 6050 34" ASAM-lignosulfonated] & 0.35%9 S7t, 0ENX =
423%, 8]l3 15089l 3.88%9) S7F dAHJUTE A AR lignosulfonated] &
496%9 FHFEC] FHH AU
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FEFUURE Toz FuA%, £, 1% Table 2-13 2ot o) 5FEF 53
AR ERAAR)E FEZRE f=R= 2 MDF %3 olE9 onlgol AFL
2, AHee HAA e} uFL Table 2-29F 2},

rir

Table 2-1. Descriptions of the samples for the thinned trees

Species DBH(cm) | Age |Height(m)
Pinus koraiensis 7.0 12 5.5
Larix leptolepis ' 10.0 19 8.0
Pinus densiflora 9.5 19 7.5
Pinus rigida 9.0 20 8.0
Quercus aliena 7.5 16 6.5
Quercus variabilis 12.5 27 11.5
Robinia pseudoacacia 11.0 11 7.0
Betula platyphylla 9.5 15 6.0
Populus x tomentiglandulosa T, Lee 10.0 14 6.0
Fraxinus rhynchophylla 8.5 15 7.5
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Table 2-2. Descriptions of the samples for the wood-based materials

. . Specific
Wood-based materials Adhesives .
gravity
. PB . 0.71
Particleboard Urea resins oo
PB-MFCx* 0.71
HB ] 0.87
Hardboard Urea resins —
HB-MFC 0.85
MDF . 0.75
MDF Urea resins ——
MDF-MFC 0.74

"MFC : Melamine Faced Chipboard
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FAARY FAEA AHAE Table 2-39 vEdd bdAQ FE£L 4 7-10%
Atol2 Jelgen FHEELE 77~80%, 3ES 022~073%, LAGAEE 10~14%
8%, HWE 71~74%, 3% 037~159, LAHGL

Atk £ ZAAEE SR 667

17~20%2A 2, e 1dA7 24 vegen, &% a@dLE 54
A87F BA degd, FE3 HLEel ¥e olfe EAARE HFA=HAA
2 4 I S 9 FHdie 1AE FALHAY] wWiEeldtn AZdHAY. £
Ao ALEE £ ZAYZEL BP9 ol&isAHS B oy
DGR FHY AolE Holn oy 53 o4 e vEhlE Aol gl
of &13tE 29 o]&d A Ht AL fE Ao Andd ABTIYDL 4
EA Ga49 FHEANA 3E 031%, FEE 765%, 1A 1446%=2 £ A
Y3t Msd AHE wudEA 980 TYEAL @598 IS4 59 B
oA glolM FoF EHFdoldan gk

Table 2-3. Proximate analysis of samples

Volatil Fixed

Species MC(%) Ash(%) matter(%) carbon(%)
1", Pinus koraiensis 7.82 0.73 80.89 10.58
2. Larix leptolepis 10.25 0.25 74.96 14.54
3. Pinus densiflora 9.88 0.49 78.31 1142
4. Pinus rigida 9.63 0.22 77.62 12.53
5. Quercus aliena 8.54 . 0.46 78.27 12.73
6. Quercus variabilis 8.81 0.37 77.74 13.08
7. Robinia pseudoacacia 10.32 0.41 75.16 14.11
8. Betula platyphylla 8.40 0.47 79.95 11.18
9. Populus x tomentiglandulosa T.Lee 8.74 0.27 80.17 10.82
10. Fraxinus rhynchophylla 8.79 0.52 79.19 11.50
117. Particleboard 7.10  1.30  73.77 17.83
12. Particleboard-MFC 7.27 1.59 73.39 17.75
13. Hardboard 6.74 0.37 74.15 18.74
14. Hardboard-MFC 7.82  0.50 71.22 20.46
15. MDF 6.76  0.43 74.70 18.08
16. MDF-MFC 6.62 0.73 73.63 19.02
17. Adhesive(Urea) 63.01 0,019 32.69 4.28

Legend : Y {~10 : thinned threes, 2 11~16 : Wood-based materials.
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Fig. 2-2. The charcoal yields for the samples with each temperature
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Fig. 2-3. The charcoal yields for the samples with each temperature

(Time 6 hours). (See table 3 for number.)
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Fig. 2-4. The charcoal yields for the samples with each temperature
(Time 4 hours). (See table 3 for number.)
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Fig. 2-5. The charcoal yields for the samples with each temperature
(Time 6 hours). (See table 3 for number.)
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Before carbonization After carbonization
e, -

Photo 2-1. The photograph of Quercus variabilis before and after
carbonization.

Before carbonization ! After carbonization

T s NI

Photo 2-2. The photograph of particle board ~ MFC before and after
carbonization.
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Radial direction Tangential direction  Longitudinal direction

Fig. 2-6. The rates of shrinkage for the samples after carbonization
for 4 hours at 400C. (See table 3 for number.)
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Fig. 2-7. The rates of shrinkage for the samples after carbonization
for 4 hours at 600°C. (See table 3 for number.)
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Radial direction Tangential direction  Longitudinal direction

Fig. 2-8. The rates of shrinkage for the samples after carbonization
for 4 hours at 800C. (See table 3 for number.)
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Fig. 2-10. The rates of shrinkage for the samples after carbonization
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for 4 hours at 800C. (See table 3 for number.)
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Table 2-4. The specific gravity of samples before and after
carbonization at 4h

. S.g*. Before S.g. Before

Species carbonization carlzonizati?n i

400°C_ 600°C 800C
1Y. Pinus koraiensis 0.43 0.19 0.18 0.21
2. Larix leptolepis 0.76 0.25 0.21 0.26
3. Pinus densiflora _ 0.45 0.26 0.24 0.24
4. Pinus rigida 0.59 0.32 0.33 0.24
5. Quercus aliena ' 0.98 0.51 0.38 0.55
6. Quercus variabilis 0.92 0.47 0.41 0.34
7. Robinia pseudoacacia 0.91 0.38 0.33 0.42
8. Betula platyphylla 0.54 0.27 0.20 0.28
9. Populus x tomentiglandulosa T.Lee 0.43 0.21 0.16 0.20
10. Fraxinus rhynchophylla 0.94 0.49 0.47 0.58
11”. Particleboard 0.71 0.39 0..37 0.37
12. Particleboard-MFC 0.71 0.40 0.36 0.38
13. Hardboard 0.87 0.49 0.45 0.49
14. Hardboard-MFC 0.85 0.51 0.49 0.54
15. MDF 0.75 0.43 0.40 0.42
16. MDF-MFC 0.74 0.44 0.45 0.44

Legend : "S.g : Sepecific grav1ty, D' 1~10 : thinned threes, ? 11~16 : Wood-based materials.
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24 AN E 495, G/, Adel we AR FE ugw, SANE
4% Hardboard AE3 MDF7} & 323 nath wazel 8% ge 9
2 AAY 88 gt gel B TAARDY Aolst Qe 5L welF gt

Table 2-5. Proximate analysis of sample carbonized at 600°C for 4h

Volatil Fixed

Species MC(%) Ash(%) matter(%) carbon(%)
1V, Pinus koraiensis 1.14 2.68 13.04 85.79
2. Larix leptolepis 4.78 0.89 12.53 82.68
3. Pinus densiflora 4.48 1.12 15.74  79.77
4. Pinus rigida 4.84 1.00 12.62 82.53
5. Quercus aliena 1.43 4.08 15,11 83.41
6. Quercus variabilis 1.01 3.92 14,58 84,37
7. Robinia pseudoacacia 3.19 1.98 11.29 85.50
8. Betula platyphylla 1.83 3.01 14,07 84.07
9. Populus x tomentiglandulosa T.Lee 2.45 3.90 17.88 79.54
10. Fraxinus rhynchophylla 1.72 3.97 12,91 85.33
117, Particleboard 3.02 4.18 8.34 84.28
12. Particleboard-MFC 2.00 4.06 13.79 80.15
13. Hardboard 2.40 1.08 6.31 90.21
14. Hardboard-MFC 1.80 1.38 5.88 90. 94
15. MDF 3.10 1.67 6.45 88.78
16. MDF-MFC 3.10 3.01 10.83 83.06
17. Adhesive(Urea) 2.41 8.15 7.45 71.99
18. Active carbon 3.49 4,23 4,06 88.22

Legend : Y'1~10 : thinned threes, ? 11~16 : Wood-based materials.

Aude EdAqsr EA g@dEHT 2E #HE HYgoew, I FoA
Hardboard# o] T2 AFol vlalA o @& e Bl rEAN = &
ARAILERTE 17.88%, 2Elm A4a ERUEIL IS%YER

gae ARG BAAERY O 22 #& HAen, REAARILCYE Particle
&

¢

board-MFC® MDF-MFC7} @& 1A
W OEE FFM 80% AF S BAY. FuU ASEHI dE SAHed
A chemical co.)e 8 349%, 3E 423%, LR 406%, 1 DAES

8822962 FHAARTE AAGdLT wkoy RAARGE H=F e B
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L FaoleEE

Fig. 2-11~14% @829 Z gaAzrA BT 400, 600, 800C] e
Aol FEE Yehd otk A FholFEE @Ae] HojAa g3}
L57b Folyol weEtA L FholeFr & UENTh EAY Fho2FE
T 400C-4A17re] Z$ oF 758 YElW, 600CAA A7) Frtste 23E B
Fom 600Ce 800CS =tol7k A A % F2 & B 6Ae B¢
E 4R e BEE BAoy FF09 AolE EW @Ik 600, 800C w3
AZE AN A e D AlE FtUE, 2, 23, oA URTE 52 FaolkEk
(9.69~1023)8 BAomw, HdF, AF, drIvtauy, AFguirt ¢ F402%
E(8~92)8 Btk EF AT 6ATA M Fho)2ERE 4ATFH v
Z2Ege RAoy gritthuFe] Ade Fiol2F 27 400T-4M A 676
°]2 3 600T -4~ 7ol M 84501 400T-64 7kl M 821, 600T-64 7kl A 9,64
2 A7 Frkste 2H4E HAFAY. S2A8 d93E A= EAY F 9
¢t v£d BEFE Bo B3NS 2E7F S mEA sa0F =7 Ft
AT FholEFEY FdMe FHAARI TEARY ¥ 2EAME 2 &
& Bgoy 257 Eotgd b tha ¥e g B ARG Fio
HEERET B gE BJon, MDF7} ¥ 4023558 BT

WE Yt BAG Zd’i]L?*l](Urea resine)} 42 HAA 9.72(600T-4h), &

ARk 9992 EAA A} =g F& EArh

O

| B4coC  mWeOT  800C

—

No.1 No.2 No.3 Nod4 Nob Nob6 No7?7 NoB8 No9 No.i0

Fig. 2-11. The pH for the carbonized samples with different treatment
temperature(Time 4 hours). (See table 3 for number.)
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400c__m600c 0800

P

No.1 No.2 No0.3 No4 Nob Nob No.7 No.8 No9 No.10

Fig. 2-12. The pH for the carbonized samples with different treatment

12
10

pH

(o B AN S 2

temperature(Time 6 hours). (See table 3 for number.)

|®m400c mB00C O800C Onon-tem

i

No.11 No.12 No.13 No.14 No.15 No.16 No.17 No.18

Fig. 2-13. The pH for the carbonized samples with different treatment

temperature(Time 4 hours). (See table 5 for number.)

| m400C m600C__D800C

No.11 No.12 No.13 No.14 No.15 No.16

Fig. 2-14. The pH for the carbonized samples with different treatment

temperature(Time 6 hours). (See table 3 for number.)
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o BEA
SEE EYNFARA o] o T F3 AR} He BeAdd oA Fig
2-15~16¢] Yeligich. Fig. 2-15% HE Al i@ Aoz &32% Az7ke] 600T
—4r1elP o, 7] BEFE ANEFAY 25~3u 2 JEbgrh =3 Ao 4
T BYLHE oJFNen HPFFEL 2~10%H AR
i’}

SR 27uEge SANYE, AU, AR, dh9F0] £ %S

B2 AHAE 24X Fo

o}

2

A3 AR, BFHI Re RS
DGR, AR, AN 5L e Bgon EFUUER, oYY, A
%, AGAGRI} G FHGFET
NEFFE 126g02 z_}a_gzn Bl @AY b

Al

)

EH 1243 AR A v Fyo AT FPFEEE 0%TA
EARY BA debith @Re s Agd 42 A48 ur) g 2y
Fig. 2-1691 Uehligith Fig. 2-16914 23 A3 go] ©aiAzts} S5 mg
usxel Aol A @i,

20 —— Pinus Koraiensis - Larix leptolepis
Pinus densiflora Pinus rigida
—_ —— Quercus aliena . —e— Quercus variabilis
2 ~+ Robinia pseudoacacia —— Betula platyphylia
5 - Populus x tomentiglandulos Fraxinus rhynchophylla
g Active carbon

0 24 48 72 96 120 144 168 192

Hours

Fig. 2-15. Water-retention capacity of samples after carbonization.

(600C-4h)
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k ——400°C-4hr = 400°C~Bhr 600°C-4hr

12 600C-6hr  —=-800C~4hr —e—800C-Bhr
10

Weight (@)

QO O

0 24 48 72 86 120 144 168 192

Hours

Fig. 2-16. Water-retention capacity of Quercus variabilis after

carbonization.
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5 HB HBMFC
. —— MDF —o— MDF-MFC
= —— Adhesive(urea) —— Active carbone
5 10 .
@
=z
5
O 1 1 i 1 L ' i 1
0 24 48 72 96 120 144 168 192
Hours
Fig. 2-17. Water-retention capacity of samples after cabonization.
(600 -4h)
20
—e— 400°C—4hr —8— 400°C-6hr
15 600°C—4hr 600°C~6hr
= . —%— 800C-4hr  —e— 800°C-6hr
5 10 e :
O X,
= 5 Qs‘-}-{ — ” » = " = . 0
O 1 1 ] 1 1 1 1 1 ’
0 24 48 72 96 120 144 168 192

Hours

Fig. 2-18. Water-retention capacity of particleboard-MFC after
cabonization.
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2-19, 2-20& <3 MDF-MFCH 23 23] od o83 NG RHolE Aoz
2

0C, RH 30%°l4 1.7~2.8%, 20T, RH 65%°14 68~7.6%, 20C, RH 90%d) Al
94~118%E Ho %i(1994)e] Eiush w=g g EHAh EFAE @322
20C, RH 30%9 Al 3.60~4.60%, 20C, RH 65%° A 7.69~8.25%, 20T, RH 90%¢°l
A 956~13.35%E YELATH HET(1996)S SAAE @32L FEAZAY 7}
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54 gotn] Slal £39 ARG Aee 500C @3
S 20T, RH 6% 49 F&40l 6~8%2 ¥ must M4d #e 24,
FUFE b3 e e vehith RH 0%l Aol F4 =
A5 @shgol Wl e mgo 20T, RH 30%, 6% = SAAE @3
gol (YA wERT ¥ FIYFEL Ui FHARE ASA o #d
22 zad,

Table 2-6. EM.C of the carbonized materials(600°C -4hrs)
20°C, RH 30% 20°C, RH 65% 20°C, RH 90%

1Y, Pinus koraiensis 2.81 6. 87 11.82
2.Quercus variabilis 2.19 - 7.61 24,42
3.Larix leptolepis 1.69 6.84 9.40
4.Pinus densiflora 2.18 7.09 11.21
5% Particleboard 3.60 8.25 10.69
6.Particleboard-MFC 4.02 8.23 13.35
7 Hardboard 4.54 8.14 9.86
8 Hardboard-MFC 4.42 7.69 8.63
9 MDF : 4,46 7.90 9.56
10. MDF-MFC 4.60 7.95 9.85

Legend : Y 1~10 : thinned threes, ? 11~16 : Wood-based materials.

12
—e— Yapor adsorption
10 -
-u-- Vapor desorption
= 3
o b
=
4
2 —
’._",_,.4"‘
0 -_..-f*“f 1 L .
0 30 65 30

RH(%)

Fig. 2-19. The hysteresis isotherm of Pinus densiflora.
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2 ./ —
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Fig. 2-20. The hysteresis isotherm of MDF-MFC

ZAAeE HFA 5 olEHo] FHHAAY WEo) ESNY, FAFHLoR A
&2 tdge] BAFFo ok g} Table 2-7¢ EHAAE @389 AP L Hrtg

o dAAY Brle £RE FEAA JEeE HUEY £EE BRI EL
E28Ade AFEE(WWA K 113-1947 L EFEH3I))o] Aot 7| ¢ 7
Tl Sshd GHF Ao Hrietzn Aok 71EES] 2 71F W Table 2-79)
UEld R o] FiolEE 4~11 ¥9, ¥lA 0.05mg/ ¢ °l3}, o 1mg/ 1t ©)
3}, 7k=% 0.0lmg/ { ©l38F, & 005mg/ L oldtE BAAE B2 7|24 WY
R 71EA ol Uedornz 9o 74 WildE A EAA} o=
BT ol AL wEste B BEAAEUY olEdo] A4 FE ©4E 1A
" Aoz Alggch

Table 2-7. The test of safety about the carbonized wood-based materials

PB PB-MFC PB-MFC Control
standard  (gistilled , PB_ (distilled  (istilled oontrol - (gistilled
water) P water) water) D water)
pH 4~11 6.9 7.1 8.2 81 6.4 6.5
below
AS 6 05mg/ 4 0 0 0 0 0 0
below
Zn Img/ ¢ 0.079 0.062 0.061 0.114 0.045 0974
below
Cd  501mg ¢ 0 0 0 0 0 0
- below ‘
Pb 6 05me/ ¢ 0 0 0 0 0 0
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Fig. 2-21. Amount of MBA of samples during the each temperature at 4h.

(See table 3 for number.)
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B Carbonization femperature 1 Bhours = 400°C
m = 600°C
120 0800°C
=) —
E’ 80
=
[an])
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No1 No2 No.3 No.4 Nob No.6 No.7 No.8 No.9 No,10

Fig. 2-22. Amount. of MBA of samples during the each temperature at 6h.
(See table 3 for number.)
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Fig. 2-23. Amount of MBA of samples during the each temperature at 4h.
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Fig. 2-24. Amount of MBA of samples during the each temperature at 6h.
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Aol frelstele AbRE.

140 e

1op Y= ~B0.504x + 79.406 Carbonization time : 4 h
R? = 0.5907
100
B 80
I &0 —$—
= 40 T +
20 _ * \
0 1 1 1 1 I
0 0.2 0.4 0.6 0.8 1 1.2

Specific gravity

Fig. 2-25. Relationship between MBA of carbonized materials and
specific gravity of samples at 800TC

140 - e \
¢ . Carbonization time : 6 h

120
100 '\‘\

;5 80 hd \ *
< 60 \\
= 40 -
20 y=-131.77x + 174.42 *
R? = 0.7221 ‘
O 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1 1.2

Specific gravity

Fig. 2-26. Relationship between MBA of carbonized materials and
specific gravity of samples at 800C

- 117 -



Table 2-8. Amount of iodine of samples

Samples(800T-6h) powder Samples particle
(mg/g) , (mg/g)
Pinus koraiensis(F.W-C) 44.1
Pinus koraiensis 800.22 |Pinus koraiensis(T.W-C) 11.0
Larix leptolepis(F. W-C) 40.9
Larix leptolepis(T.W-C) 10.8
Larix leptolepis 543.64 - -
Larix leptolepis(N.F.C.F-C) 49.7
Particleboard 728.87 |Particleboard(F.W-C) 36.1
MDF 452,18 |MDF(F.W-C) 38.7

FW-C ! fast wood- carbomzer T.W-C ! traditional wood-carbonizer,

N.F.CF-C : National Forestry Cooperatives Federation - Charcoal

A AEEN
HEHHBETTA), FMAEEH, Al527% & Table 2-99 Yvetllch (HEAE &
gexsl bl meld nEWd, FATEH0] FUleg nEEd e 4d S
00C-6A1ZFo] F 1077Tm/go2 71 ¥A Yebda 743 & nEud e Hoje
AL AYF 400CT-6A1L2 o 7lm/goldth & AFE8e 34T 600T-64]
7o) 6dcc/gRAM 71 EA UEiwon, thgow dgdd 800C-6A7k0) 63ce/gS
vebdoh 78 #e F TSRS F3 400T-6AEe2 006cc/goIRTh EF
L7t F71%el webA FAFEA #e FUhsdou AR FNTEARE
600C-6A17FA A A A S B A H0.64cc/g). AT AH
F 3A debgen, 23YUF 600T-6A1te] 7 e AFAE S Btk R

"ol B ge 2 4P% 800T-6A] & vLALT FHAL uY

0

flo
2
id
-1
D
[aw]
()
@]
|
(o))
2
=
2
N
N

ox AZEoLt JAZE T 600T-6A%] O He WPALF FHAg

Btk 2 9e2 AUF 800C-6A & olUrhFig. 2-21~22 FZ).
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Mitsuyoshi(1995) 5-& &= nlgwHute] A7t ofvet FAZEHH AT

A7) 59 ARl oA FHAHvim dhrh B AWM= HEDHE GIF

600C
7, 800C-6A17to] Fe WEANERE FFYS uAc EAASQY HFHIRE=EG
MDF9 AZEAE Bd A9 Zo] g7 &

gde Zr39. FAEEHL FEFRSIE 0034~03lcc/gH R, MDFE 0.04
5~028cc/gdrh. Hit AFAAL HEFRE7 2386~17.18A°190%, MDF7H
1996~1634A0] Atk FEIZHE 400C-6A7re] M EWHE 5726m/g ol AE
WA AEel @Ae 5277m/gRA vl A etk E@ 800C-6A17te] A5
o EW A o] 727.64m/g, WA AFHEA] 71146m/g Rk FAF B e HE
W] 1077m/gol = WAl AlFo] 988m/gE U} FElFRERT A AFE
v go] o A Uelgtl 1 A7 uAd el gL FAARE WEAEFY
Fate WolAnm B 471 Aok dAW wAd HEE olgste taF s o
selstelet AR B3 B 24 iEAET Fio] £ Hoe v

Z2AFTEA, AFAAL AYsd NEEHLS 900ai/geld, FHAETEHL

ol\

rr

&l
A

do,

0.54~0.64cc/g, &3 3L 234~2638A 1At

Table 2-9. Summary of carbonized wood porosimetry data (Carbonization time 6h)

Species Carbonization BET Surface Total Pore Average Pore

temperature (C) area(m’/g) volume (cc/g) diameter (A)
No.l 400 7123 0.07 3771
No.1 600 999.75 064 2559
No.l 800 913.75 0.60 26.38
No.2 400 120.97 0.07 22.62
No.2 600 611.89 0.31 20.20
No.2 800 1077.60 063 23.40
No.6 400 133.87 0.06 1912
No.6 600 424.07 0.20 18.42
No.6 800 713.57 0.37 2047
No.11 400 57.27 0.034 23.86
No.11 800 727.64 0.31 17.18
No.15 400 90.57 0.045 199
No.15 800 679.48 0.28 16.34
No.18 - 980.43 0.54 21.84

See Table 5 for number.
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e gelth dase AFREE PAR AFol T4 wud Aol AN R
GRe AFe wA AFR ol @ are AFel F wwsel
Table 2-814 ®%o Hd5e) MERRE W 2o ebgeh 4w ALAR
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Fig. 2-27. Pore distribution of Pinus koraiensis.
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Fig. 2-28. Pore distribution of Larix leptolepis.
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Fig. 2-29. Pore distribution of particle board at 400 -6h
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Fig. 2-30. Pore distribution of particle board at 800C-6h
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A glolth. pHE vAE 259 o] 437012 AUFEH} SHFE2 680,
6819 & Ho] pH7F 45a vt SESREEF MDFR2 7123 7542 1%
g oFut FUE AR e @I R pHYF B Aests AHE RAFY
th. BODE: mlAE 249 el 1212mg/f o AUFee 7630, 4ds8e
9380mg/ L 2 ZZ dveEd g ol Agge & & ANk FHIRE=EL
92.08, MDF¥2 66.70mg/ ¢ & FHEHIR=®2 84 ©@st89 shfgrd o
& ¥ BOD @& EJUX® MDFe A @38ru o F& @& BArh
COD#AME wAZ 257 24240mg/ ¢ A Aol wlsho] B

o] Z+z} 109.70, 144.30mg/ £ o #%E BRI JFEHIR =93 MDFe =3 115107
111.10mg/ ¢ & FAod GAEE AT Al 749} Feo] NG @& EA
NH;-N2 w48 247 27.60mg/ L R Aol AvFest dg$

1944mg/ ¢ & SE|ZRE=93 MDF®o] 1323, 1443mg/L 2 7174 Jehkch
NH;-NeM = A gstervds 5245 @& £ e vedch
NO>-N¢ FAd M= A 247F 240mg/ Lol A stdF&o] 277, Y $ o]
2.16mg/ £ 9] & YErd Aol wis] RE]FRE=wro] 146, MDF¥e] 1.60mg/{ &
Uetdozn 94 FAAE g@ieo] F& AF}E vElrh EE POsPAME
Z7] vAE 257t 851mg/ L o oA R gdFEe] 1254, 522mg/ L &
BGE 2R =93 MDFE®o] 380, 468mg/ ¢ 9 #& dvedozd RAAAR @aE
ol ZrAA BMEEFRT T2 S RAT AR dA BstEd Hlste £
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Mg wsZol F& e UEHor Tds o & Ao veut Atrwe

39 pH 7.16, BOD 59.40mg/ ¢, COD 84.80mg/ ¢, NH3-N 7.60mg/ ¢, NO:-N
0.84mg/ ¢, POs~P 3.18mg/ ¢ 9] #o.2 ¢ v7lx gxng gAdes £& s
LR T

Table 2-10. Effects of charcoal on the purification of kitchen-wastewater

BOD |COD [NH3-N |[NOZ2-N [PO4-P

(mg/ ¢) |(mg/¢) |[(mg/¢) |(mg/{) |(mg/ {)
Original wastewater 437 12120 |24240 (2760 [2.40 851
Pinus koraiensis(FW-C)1) {680 7630 10970 2243 (277 1254

Larix leptolepis(F.W-C) 6.81 9380 (14430 1944 |2.16 5.22

pH

Particleboard(F.W-C) 712 19208 11510 (1323 {146 3.80
MDF(F.W-C) 754 6670 |111.10 {1443 [1.60 468
Larix leptolepis 7.16 5940 8480 |760 0.84 318
(NECF-C)2)

Legend : YEW-C : fast wood-carbonizer,
INF.CF-C : National Forestry Cooperatives Federation - Charcoal

Table 2-112 FAJAES] FHes AFo A HAsE vebd Zeolrh A

JF9l colors 2719 FFANA AelF BT FMlN FF4o WHE A

2
e GgERy o €& A& ZAT SS(ERER)S HYAd " &
el 263.33mg/ ¢ o AupFekat Gdideo] 87.00, 84.00mg/ L 2 Hl%
Bolm =A ol i, HE|ZFRTeI MDFE %A 6800, 7400mg/ ¢ 2 7+EA)
BEEHc ¢ grog volyt ¥ ES 77.00mg/ L 9 oz vld g o
Ebith. SSelA & atuFgte]l 71 A adE JverWan, SE|FEREgo] 73
=2 Z9E UERHY e =

_l__T‘_
A Egch £ARY 2AY F4d dsd 19 FH$uEFo] 2000m =W

o

% 1359 BODE 40 mg/ 2, CODE 50mg/ £, &< dmg/Lolstdx, NES
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o] BOD, COD, &< 80mg/?, Omg/ £, Smg/ ¢ °o)stAch =3 O, VE+9 7%
< BOD 120 mg/ ¢, COD 130mg/ £, %< 8mg/ ¢ vt F% L& Hgs 2 43
M Yetd AFdE diydge] OIF49 71&S w5393, o0& 8382 m, vV

F&e 712 WEE s

Table 2-11. Appearances of kitchen-watewaters after charcoal treatments

Colors (Srlrllzl;eﬂngled solids Smells
Original wastewater dark yellow 263.33 ++43)
Pinus koraiensis(F.W-C)1) yellow 87.00 ++
Larix leptolepis(F.W-C) yellow 84.00 ++
Particleboard(F.W-C) light yellow 63.00 ++
MDF(F.W-C) light yellow 74.00 + 4+
Larix leptolepis(INF.CF-C)2) light yellow  |77.00 ++

Legend : "F-W-C : fast wood-carbonizer,
'Z)N.F.C.F*C : National Forestry Cooperatives Federation - Charcoal,
SRR strong bad smell, ++ : normal bad smell, + : weak bad smell

2) gz 2
Table 2-12, 2-132 FANAEE &3t A&z e+E5 Mg Zfolrh. Table
2125 Ashx o4 BE TAARS TAE UEd AT 47 pH, BOD,
COD, NHs;-N, NO2-N, POs-PE Z43% gtolth pHy "AE 249 gho] 7.299]
A AvE e Aol 830, 7579 @S BRI, GESH, SEsAd e

AaEgte] 798, 752, 7399 @& YELUATE ool w®is] dSEFH =¥
MDF&e] 734 952, 8949 ghoz Al 7tdA ©@st&Ee] F7tEo] itk BOD:
uxe a9 ol 46.74mg/ ¢ o™ AUSE 2554, ARl 3355, 99
¢ 2304, A4S AAS 3020, 45 1045me/ L 2 247 AAasPon FE
HEgre 1610, MDF&2 1188mg/ L 2 2 o2 ZA2¥9Ych CODAAE 1
A2l 247F 131.40mg/ ¢ oyt shuigbst shvE Al dige] z+zh 46.00, 61.00mg/-
eol e B 9", SEFARGEd AeEdol 7z 3200, 98.00,
19.00mg/ ¢ 9 #< velyo. stelZ2r w3 MDFg 3 25603 18.00mg/{ 2
FRou AADL Aol Zo] wlg H2 AE & £ AAT NH-N& #H
Q47 105.35mg/ £ AE el AT LAl e gho] Zhzh 42.84, 49.70mg/ ¢

&

>

2

B

_a
2



o

oz yeign ddse, ddeAgg, Fra el Zh4 4968, 3527, 66.43mg/ ¢
o gg rAow, HejFR=st MDF®o] 242, 1055meg/ L2 247 vepsth
NO~Ne| ZHolqE Az o457 3360mg/ LA ST, spE el
1469, 1624mg/ ¢ ¢ #S BA1 JH5E, SESAAG, Y5 go] 12.26, 19.55,
2278mg/ 0 ] < YEkd Ao vlE) sE]ER =%o] 0.86, MDFEo] 28lmg/ ¢ &
Ugdoan ZAH8 B38o] £ A0S vepd S Bk E3 POsPIAME
%7] WAy 247 2059mg/ ¢ 9 @A YT, AUFAH TS 17.92, 19.89mg/
1E Iddse s AgEe 1779, 2389mg/ ¢ 9 e Bow, dedeEd
4105mg/ L 9 e Vet e ER=w3s MDFE-S 491, 697mg/ ¢ 9] #&
Btk digee viAE 24¢ ®lse] pH 886, BOD 30.60mg/¢, COD

51.00mg/ ¢, NH3-N 14.48mg/ £, NO2-N 3.66mg/ ¢, POs-P 791mg/ ¢ ¢ #E& W
Btk 9o AN BRo] 7hHA wEu BAAR @spEol ¥ F2 A
R CEG Ao BRt 28982 E o &% el A% o T
Aoz e

Table 2-12. Effects of charcoal on the purification of toilet- wastewater

BOD COD NH3-N |[NO2-N [PO4-P
(mg/{) |(mg/ ) [(mg/£) |(mg/¢) {(mg/{)
Original wastewater 729 | 4674 | 13140 | 10535 | 3360 | 2059

Pinus koraiensis(F.W-C)"’ | 8.30 | 25.54 | 46.00 | 42.84 | 14,69 | 17,92
Pinus koraiensis(T.W-C)® | 7.57 | 33.55 | 61.00 | 49.70 | 16.24 | 19.89
)
)

pH

Larix leptolepis(F.W-C 7.98 | 23.04 | 32.00 | 49.68 | 12.26 | 17.79
Larix leptolepis(T.W-C 7.52 | 30.20 | 98.00 | 35.27 | 19.55 | 23.89
Quercus acutissima{F.W-C) | 7.39 | 10.45 | 19.00 | 66.43 | 22.78 | 41.05

Particleboard(F, ¥-C) 9.52 | 16.10 | 25.60 2.42 0.86 4,91
MDF(F. W-C) 8.94 | 11.88 | 18.00 | 10.55 | 2.81 6.97
Larix leptolepis 8.86 | 30.60 | 51.00 | 14.48 | 3.66 7.91
(N.F.C.F-C)? '

Legend : .“F W-C : fast wood-carbonizer,
.Z]'I‘.W'C : traditional wood - carbonizer,
INF.CF-C : National Forestry Cooperatives Federation - Charcoal

Table 2-13& FAA 89 Az 24 A Fo g WHEGE YA A9
th Aa 9 colores 7] HlHE 259 TN gRE NAHE EHE HE
Wor 1 FoA %@%F&ﬂr HeElZREgoe] &4 & adE ey a9y 4
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Be 2 ane AR g Ao vetgt SS(EREA)E Ae #Hd n
atol 11.00mg/ ¢ Fovt HgFeto] 8.00mg/ L 2 714 AL g&& UE
Wi, AU dee] 1400mg/ L 2 M 2 @S UeldAe Aoz v£3
&g Hol= Aoz yehdth WAE AUFUT 94, FEIR =83 MDF
ge Ade adst AT AUFAND, SdsAN, Free & ANEY

(S A U
to
P
lo

b Aok 287 AW A i 19 HsuiE o] 2000m m ekl A9
I 5§52 BOD: 40mg/ £, CODE 50mg/ £, &AL 4mg/ ¢ ol&tQa, TF52 BOD,
COD, %9 80mg/ L, WOmg/ 2, Smg/Lolstqet. =3 M, VIEFY 71 BOD

120mg/ £, COD 130mg/ ¢, ¥ 8mg/ & Wt} & 2A¥M FA3 23 BOD, CODE
OEFe 71Fd ZE geEe] q3d Aoz vegn £ A9 FJEEFR
ety MDFgF 2 digete] NE59] 7|&o 2HE3k vl Mitsuyoshi 5(1995)&
A3 CODE 64 mg/L, &AL
7.69mg/ L £ BastR oy A CODSE F2 @] wol AALR vlug sy
COD+= 383%, <912 49.7%9 AALES By 2 AddA Jeihd #e 28%
o] COD7} 32mg/ 0, A#Heo] 9Bmg/ L 2 247t 75%, 256%2] AALE HoFo
Mitsuyoshi®l R 3Rt =AY v]$d g8 Hgoh a2y &< 3¢
o] 35N AERE ¥ AAEE BRI

Table 13. Appearances of toilet—wateWaters after charcoal treatments

Colors Suspended solids | smells
Original wastewater brown 11.00 + 4+ +¥
Pinus koraiensis(F.W-C)!’ | light yellow 11.00 +
Pinus koraiensis(T.W-C)? yellow 14.00 ++
Larix leptolepis{F.¥%-C) white 8.00 +
Larix leptolepis(T.W-C) dark yellow 9.00 ++
Quercus acutissima(F,W-C) brown 11.00 ++
Particleboard(F.W-C) light yellow T 1200 +
MDF(F. W-C) white 13.00 +
Larix leptolepis white 14.00 +
(N.F.C.F-C)¥

Legend : "F.W-C : fast wood-carbonizer,
YT W-C : traditional wood - carbonizer,
UNF.CF-C : National Forestry Cooperatives Federation - Charcoal,
LR strong bad smell, ++ : normal bad smell, + : weak bad smell
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Photo 2-3. Colors of toilet-watewaters after charcoal treatments.
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Table 2-14. Growth of seeding tree after charcoal treatments

. root . root
Charcoal kinds length(cm) length(cm) weight(g) condition
Control 541 715 0.177 A2)
Larix leptolepis
0 4.95. 4.85 0.183 A
(F.¥-C)
Pinus koraiensis
7.32 9.79 0.357 A
wder (F. §-C)
o Quercus acutissima
511 7.53 0.190 A
(F.¥-C)
Particleboard
576 7.08 0.182 AN
(F.W-C)
Larix leptolepis
6.61 8.78 0.205 O
(F.W-C) :
Pinus koraiensis
7.19 10.14 0.306 O
. (F.W-C)
particle .
Quercus acutissima
6.84 10.27 0.276 A
(F.W-C)
Particleboard
537 7.66 0.157 A
(F.W-C)

Legend : PEW-C : fast wood-carbonizer, LN Normal, O : Good

) #1549 pot 243
v EW pot AP B AH}E= Table 2-15904 YEFHATE E239 & A+
dxE %71 487hA AT A7 M £L A2E B 24 694 e
JEHEEREY AY77 AUFaEyd d £2 2345 veidoh £33 449 & A
2l E 4874A R ATt b 2 AEE BT ol F 6€9dx= 7
< Ae 2o

ol

ol
ot
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Table 2-15. Growth of three month length after charcoal treatments

Charcoal kinds April length May length Jun length
. (cm) (cm) {cm)
Control 5.08 584 6.55
Larix leptolepis
(F. W—C)” 6.14 6.19 6.47
Pinus koraiensis 792 331 374
(F.W-C)
powder Quercus acutissima
(F.¥-C) 6.46 6.59 7.04
Particleboard :
(F. §-C) 7.69 8.22 8.79
Larix leptolepis
(F. ¥-C) 6.21 6.69 7.35
P ; ;
inus koraiensis 701 758 7 g5
. (F.W-C)
particle Quercus acutissima
(F.¥-C) 6.87 7.18 7.61
Particleboard
(F.¥-C) 496 531 6.11
Legend : "F.W-C : fast wood-carbonizer
A71H FEAE T RS DY IGFH AT Q4] FEBRED XY

T2 RgAA G948 AYTE odd TAYTRG 428 44 wan
Asg vehi AEEUSE AeTi

rlr
~{a
2
m
-4
i1
=
olfy
X
a
&
i
i)
et
=
Bu)
¥
o
c
Mo
=}
o
2
2
rir

2) A% o] A
Table 2-16% Fig. 2-31& Zg2 Held ¥z o) o|4a AQYFe o] AFL
yekd RAojn), FA e nlsiM FR(EZ, DS Mg Mo dge] §-
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d Tt 32 AU e o2 245em, HE)ZFRE BDElo] Aeme] AAL B
o FAEe 8uiE AFAk 1 oo tE A ZolyFL 2~5u9 IS
Bt stuFe dojdde te AMEeges g2 2oy gaw BFdN & 2

4 Aol 7 HEekA AHEE  dedF Als g

Table 2-16. Growth of length on the Aesculus turbinata after charcoal treatments

length of length of dll)fsfe;fem:ngf
Charcoal kinds before after treatments
after
* |treatments (cm) (cm)
treatments{(cm)
Control 28.25 31.25 3.00
Pinus koraiensis| powder 23.50 39.00 15.50
(F.w-C)V particle 23.50 48.00 24.50
Larix leptolepis| powder 24.75 - 41.00 16.25
(F.W-C) particle 27.00 33.00 6.00
Particleboard powder 26.25 - 50.25 24.00
(F.W-C) ’ particle 26.00 32.75 6.75
Legend : PFW-C : fast wood-carbonizer
60 M difference of before and after treatment
’ [ length of before treatment :

\

cm,

length(

‘pow r particlelpowder particle | powder particle

Pinus !Larix leptolepis ‘ Particleboard

control
' koraiensis |

Fig. 2-31. Graph of length on the -Aesculus turbinata

after charcoal treatments.
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S AEF AR B gegoel 10% vl Hx @ Ao mAHHe #4

dou w2 AsFoEH FA NEAE EHE RYD RAYTEo] 47
&)

AN —

B
20%2k 30% Wrel HA FE Fgolk GGFD(F SIS o

Table 2-17. Effect of charcoal on the of root rot

) before after effect of .
Charcoal kinds points of other
treatments treatments | treatments
) living percen-
particleboard recovery of
tage of roots - ++3)
(FW-O)1) tree form
10%
living percen—
Larix leptolepis recovery of
tage of roots - ++
(FW-C) tree form
20%
i . living percen-
Larix leptolepis recovery of |-
tage of roots - +++
(NF.CF-C)2) tree form
30%
. i living percen-
Larix leptolepis transplant from
tage of roots - + .
(NF.CF-C) soil take root rot
100%

Legend : PEW-C : fast wood-carbonizer,
?N.F.C.F-C : National Forestry Cooperatives Federation - Charcoal,

*+ : normal effect, ++ : good effect, ++ + : very good effect
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Photo 2-7. Damage by root rot.



Photo 2-8. A mushroom of root rot.
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Photo 2-9. Non-treatment apple tree in damage root rot.
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Photo 2-10. Non-treatment a leaf of apple tree in damage root rot.

Photo 2-11. Charcoal treatment at the apple tree in damage root rot
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Photo 2-13. Charcoal treatment a leaf of apple tree

in damage root rot.
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& WEbAT 27 24N REAF S AEFA Y of 2538 HEolmw, 1 ¥
BIATEL 2~10%9] MAE dEbdh £3BAEe AR, 4E, 2R, A
A7t BT BAAE ©aEe] RAHE BHLEe A ZAG BE ol
YA, £ BAARINE A7 AATh 27] 4N U BEHLS A
o 2~25W AEZ YEiRI, 1 F HY F5E2 2~10%E Vet

b
I
Y
©

6) {rAA #©3lEe FH5A4L 20T, RH 90%1A4 9.40~11.82%, 20T, RH 65%0]
1 6.87~761%, 20C, RH 25%°1A 169~281%% uYelgr. EAAHg ©@sE9
Z2H55H2 20T, RH 0% Ao A &387 nl=d 2 9%~11%)S B4
o1} 20C, RH 25%, 65%°l e HAAE @329 F590] o 2~3% A g

FiN

7 EdAE G3E qAAHIE BRE EZASCAAN BT 4E A4 %
(JWWA K 113-1947 dE4EF3I)o] At 7FA(FL0)2EE 4~11 B,
H] 4 0.05mg/ £ ©13t, o} 1mg/ ¢ )3, 7k=F 0.0lmg/ £ o3k, 3 0.05mg/ ¢ o] 3})

8) TAEA R FAAE @IES WEAEF FAFMBA)L Azte] 713
3 2&E7F F7Heel ety ST £Edd e AUE g3
& B3, AT MBAZF #4949 MBARG A yebstch wEs F2ks)
v 29 2H8AE v EAAEN AEAEF F2AFE v X sH MDF-MFC

o Mg we @

P

7F & SFWOR 800T 6A17FNA oF 30mg/gS EY St=H =7}t 1655mg/g =
@$e& FRFE HAT ol 7HE A MBAQ AU (134mg/g), Y 5 (89me/g), A4
Z1th AVF(130mg/g), SAFAIYUF(102mg/g), A2 F-(105mg/g)ol 8] 3
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N 4 & Holg SHAN=E olsgt atrsdy
2189 A= 9 %0 dan JfgAS

S FHARA UA AQozA A ZH o] TR (1.84 x 10" ton)
1, 2 BEE BEysty, AR 7bs (A7 1.7 x 10 ton) ¥ wpol oW 2}
del olgol B We Ao AF N Yon, BHA o5 AU YR ¥

dquAE 2 3y du2Y Jres MLl 77 AAHez g

244 vlolem A AU cellulose ¢ hemicellulose 2831  lignin &2 T4
Hol 9o olF AE2o 29 FHuAEZQ AR o]Fo]d Polysaccharide® ¥
voz Raglu, AR v ZBE Qdte], 1 wrgAdo] v $ ) wpekA

2 2R B4 B4 Y SHo oY AA

4,7, 8 9, A, &7t 59 A2 FEA7IE A, 2), A2 o2& ¥
gui5os gElad s WEA0 - 18), BA REEF FJad EFfHEE o
nAEA gyad Wy Fo] ZAolth webA Ard driA Y AXIAEH S
24371 fg e FAAIE AFAEHn enw, astdAE 53
Organosolv (19), Autohydrolysis (8, 20, 21), &3 (22, 23) ¥ Hydrotropic

H(24, 25)5°] +4E WHeE FUHHT AUt

solo w28 HANUNS HeE ATE #H3r1edTe, 4PH AdATY
% FEAEIS FAOE A7 10 ool WA dY A7H) gom, 1
o FAL APLE AN, NI AN, ests ARFo

=
vlol o Wl 20 A2 st T(2627) o A BT AL #EE AT dAME
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shol o w2 del AHAEE - 3007k AT P ol FYw, oA AA
AAGe AR Asete A¢e BeaA stel, TAA oo FAL oY

4 ALE M HAAAA dedes 2ES A HJE Boith. 2d9x

Z]
ot BYS, ARHY AXY FA AL B A7 AASA 2 Hx

247 AQL WARAOE ol §¥o] oA HAWolok § EAE I ol §e
AARE wols AZA, BAZFY Agroxe o] THHJNE 4RI, I
MAEEes R PIUG FUAOE o §hE ZRA2E HUSHY okt o

2 4R %A B& BEE, a9 n4EE £
RARJA7F7F & A o]t} AT FdstunA st "A7] 7k 23 (Autohydrolysis)”
E EAd A% B& 7bst3, 312 (180T - 260T) oA @A A - 156%) A
Pake PR, ALEHY J1%e FA3 GnIAE RHAR, AR Qe
A3E gokstd 2, APAHIARAANA A AA=ZEH BPdHs 77143
2o et 25, 4o wet @A s, A2 5N B o]xF =Tt A
L4t e BEERT 10y wolx ¥, meld H o] &3} 0H o]&o] F7}
Al ol =o] EA4S HAHY, ol EA4%d 29 AL FHARY Nt E
dq7F dojute Aoz AR Yok A7) 2L AVtFEA A obF¥ oF
FE AHESHA @ AlgTF JHAlE 4% EH0)TY ¥& Uy A FAEEE
agdon EIPAY § glon, Eeld AE2ox0 wgHo] tE o A
ROk £7] fEo] Zad oA teE&E &olstA st Bo] o] &H 1 Yrh
a2 i) HElEA R 28F dAY aARE FA 24 + e 5
zrolw, HAL AL §l7] W& FFaMaty, dAIFY HYZ o2 od A
BOE AUz &H7F A §3E Aoz FrhEa glo], H3A vhole
459 Ads o] &A Tl v uEAT AAYYPo A, NFNAE AER
27 48 E o] &F FE, dEAx F JEY AE AxFHY &4 A7 &

da] AP ATH19-24).

i

1

X ox
N M ot M
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jin'A

Agzoxe] fEATR: AAY, 2 £E71 WS Bow, webd b gl
ol 4¥ln Qe HAERZe2e JqH3zt AF/Ed JHEAHES (Carboxy
methylation) F=Hl 23& vtF1A Ik FHEAHLS (C M 3He CMCEA
SgelA 71 & Loy, ol EIEAEE L 29 monochloroacetic acidg
FEAA =gl 1 AZFTZANA A ARE QR wel ey Ok
Sol A 27HAEE (8) o) e, 89 A &uHO)E AR ¥

T487E AHH U,

olglgt C M 3te Hed HAEEQA AFLZAY & o9 H=Z 3 Fol9

ol

BYAEE 2AN77] N ATE0 - 52) £F Bol dWHACH, C M B
o 7bsh Folo FErt WA FAAFE 2ASATh Sevkete B9 1999
del EA dstm, 4E2esAEY FUFe) o 5008E, FHo B3

8B Agsed, 2 7ted A2 A FEAZAM 3FHEY £U5H, &

e
ol

£

3 AEHMNVE, &5, FF, 3FEST 1857 W5 Y& Carboxymethyl cellulose
=2

A 280%HEolLt HH, BRE a4t FEH

oM
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A 2Ad AJAs 2 4

1. #A5E R AR F
FAAREAE S 29 Bol o I FEA EAZ e A
Qe QEAZIT BEAE, TAFARAE

=
2z Aledtgon, FHAzYIE U8 BEE Ax, 71AF TG
2. A5 AAg

7}, A7) 7HE R 2 )
A Wetd 80kg/cm® & A7)t EE AXE ol &std EAFH 300gC71A F
) S wre 7)o A8, 20kg/cm’, 22kg/cm” B 24kg/cm’® ¢ $%7] g stol A

2,46 % AP 08, +& L A2IFFL FASHAL

U

olgAA BEZ3l AN FFEoR FE AHEHI UE NasSO; 2 NaHSO; 239
okZ o AX Ao R AL AT AAH2 2HZAE 12% NaSO; (pH 86)F
AbE 12% NaHSOs(pH 4)& A-g8te] ohn] 1:62.2 150TAA AA s8] 930%

AE7L HE =4S I
3. AN A5 AP 7143

7b gzE) A2
A7) 7R A @ Agd tete] 1%, 4%, 10% 9 NaOH 5% x31o=z 37

Pzt g BA 14 Astgen, £¢ 2 PaddRe 4o

1}. Sodium Chlorite # &
o}AAMUIES S AMEElY HAZANA A7 7R X AR (dEAZEY
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T 92%kg/em’, 4BH ), AZUFE 2kg/em’, 282 A H) o dste] 10%, 30%¢ FE
A HGFA ANEE 43, FE9FAE 33 A & E HadgFE A5
%o}

o Aa-2ze] Ao

Alekel @za Aele 1% NaOH B, 70T 147 Aeateich. A2eke] 2
2 - @b HElE A4 2719 10kg/em™ 9 £ 120ToA AL 2SS
2 27]9se dReEES WAV 2FAHES AArh

4. 2 A 7129 AxzA T4

7b FHEEA M s} 5‘13]

B AF)A AzE 19r-¢A AE 2 Q A(high reactive cellulose, HRC), Al & &
A& 2 ¢ ~(commercial alpha-cellulose, CAC) ¥ HAF gFgo|yr|AE=
(Refiner mechanical pulp, RMP) 3%¢ Al8E& A}&3l9 Isopropanol & ©|&3
ZEEuE 9 o3 HA2EAWLEE £33

o gtEEAEs gAge] 44E4

E B8R By
o Carboxymethyl (C M) 719 A= : C M 3 A& 4g o dELIZTAH A4
100mlE 7bebal wuks el f7)2 ot 80% dEedE 11 & MA3 sty

AR, AFAZRAZ AR 208 80% WELE 1oml &2 83 FJAogg,

il

250ml, 0.5N NaOH 50mlE 7}3uh-g, A-&oA 4 - 5 A|gF uystn
=gl Aoz 3t 04N HCl 2 A Aste] F3Ar).

Na OH meq - HCI meqg
C M 7l % (meq/g) = —————————=w-c--————————————
CM stg9 HAFF (g)
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5 utgA 7149 A4H 33 54

7k &4
AEHo)lAEAE ARHI & cellulase onozukaE AHEEH o™, ojg 82
CMCase 7} 4.1ym G/mg.min.,, Avicelase’} 14.3im G/mg.min.°]1tt.

Y &A% 23

AR Fe) Az dAFEY FTAE 0mle 4AFFe2zd Y3 40TeA pH
459] sodium acetate $F§AE 7hst AAAEG 523 E PeAeH, 2
% FBALE glass filter & AHE, GIAFI5L, ©]F 105£3TS Ax7|AM 3%
o] & W7x AZ PFFse g A F3E&E 3T

] BAre] F %)
EAFHE(%) = (1 - —-mm—mmmrmmmmmme ) x 100
A8 FE(g)

6. A2 EA L3} AYANRE o] & AL 3%

7} 394 A g o]y 7} 4 d = (Refiner mechanical pulp, RMP)¢]
Ft2EA v d 8
15g¢] RMPZ 400ml®] isopropyl alcohold] i FmwkstwiA 30%<¢ NaOH
40mIE 3087 AAF FHHA7AN T AL, A4 AT AR G
& monochloroacetic acid 18g-& 302zt AA A A3 steFn, ¥E87]1E 5
5C9 #e&4z2 &7, A awsaA wteAZth 3ol EUd vz o3
o] 122 AWESES 80% ethanold] AYA7I R, dGNF HJoz TFH
AE gZYE FHAIR IH33dd 30% ethanolZ 3B A H3t3, Al 100%
ethanol® %3] A 3sa AFAZAA CRMPE LUt
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t}. CRMP9] A A

CRMPE A &0)4 33)0]4 olendsdaz 2239 E71L%(CRMP-S)8 &
L E(CRMP-IS)E 92tl CRMP-SE 45TCdA F&sto S3AXA75, A7
A gadgss SAA CRMP ~-IS= 80%9] ethanol @ methanol® &1 &

AN ZFE Klason glad 9 47beA 2ladHEe 739t

th. Invertase ¥ AT & A (Trypsin)e 2743

AFFAZ25E =A% CRMP-ISE o] 2udro #dgA7]lx, 01N HCI# 01N
NaOHZA pHE 4757} #AHEE 2489k Invertase® 2, 4, 10ml 4 713
i, 1-ethyl-3-(3-dimethylaminopropyl)-carboiimide(EDC)E Z+z} 0.1g ¥ 718t3
WA pH 475004 ZukstAA AL 247 whgA A, ghgo] EUd o #3;
3, HEEE S AAY EHoR o]2ABFE 43 MHFI oM, TAE o2
St A, A Fo] 100mlZE & 458 L AB(CRMP-ISDZE 3 4dth

S AR g2 (Trypsin e Z-$9= CRMP-IS 5gol 02M(pH 5.0) 44549
of #gA7I, &4 5g& Mtk ol] EDCE 5g7bsty, mutA7IHAl A2
A 8AI7E whg oFEle] wrg-S FAIAlF 3, AArgEE9 (0.1M, pH 5082 2
3, GA-TAMUES $329(0.1M, pH 30, IM NaCDL & 83], o] Lu g2 5
3 NHAZF AZGF oj2udso FFAA ZA(CRMP-IST)stY, $Z2AZXAA

. 3143 CRMP-ISI ¥ CRMP-IST ¢ 8484 %3

HgolA zAF CRMP-ISI &9 5mlE #H3te Invertase & Z$dE 1M
saccharose-& 4(0.2M acetate buffer, pH 45 2 55) 5mls} A4} 32CA 10%
AR B, AFsted FAAFR, AAME AAHE 98 FHA 10mE
3t} o]lZ2HE ImlE 3 Somogyi-Nelson H(43) o2 SHAIFLL 24354t

DA EH T4 (Trypsin)e] A= CRMP-ISTE 10, 20, 50mg #3t3x, 0.IN
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NaOH#Z pHE 2% 1% 7HAI49 2ml, 0.2M, pH 759 A4¢4F&< 15mlst

B3 35TANA 3087 vk A7 e) w32 trichloroacetic acid 89 SmlE 7t

o] FUAa, AAE FAL YARYANA AAstR, FF Yo 280nmol Al 9
o

Aze aABREL) A 2 HFE HelsA g7 A% WHoEA HR¥HE
Feid 24 Eax NEE AR Stk WA IARESAEE AxE7] 9
o] ¥ JAEs ZBZEYIE (Softwood Bleached Kraft Pulp, SWBKP) S &%
%=A387] ¢lste] SWBKPE PFI millg A, naiAgstn, 2o} guidR 3
A(TrypsingE& RABHAI NBE Y, 22X, 25F AFAE 2 NES 54 %
9& 43T

S

1) NBKP ¢ 313

AR ELNEE A28V et B9 Ags A2 ZEH Z(Softwood Bleached
Kraft Pulp, SWBKP)St E#xA5t7] 9ste SwBKPE PFI mills AH8-stod
1.8kg/cm, Clearance 0.2mm, @ Z¥E 10% 274 560084 n&x aAdch

2) AAQ}FAANES XA
Agold naiet oo AL T L (TrypsingE 238420 CRMP-ISTE &
g, dgAA 988 F2A7 A =A%

A7) & g9 dgoz 84L& S5t
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A34d A% ¢ &

1. 52Xz A

7k AIvrE A e A 24 13

FAARZAE fEYEAA 2de el gou 2 §xAdd EAM A=
FrAZAN JdEIIGTF, BEFARA FHFo] /1Y B ABUTRE ALY
ov, 4¥4 8 AW g Ax VAT FAHA

) BN Y YREA

Table 3-1. Chemical compositions of tested wood samples

Larch wood Oak wood
Components Larix leptolepis Quercus mongolica
Extractives :
Cold-water 13.3 4.65
Hot~water 16.6 . 6.53
1% NaOH 27.8 213
Alcohol - benzene | 5.50 354
Holocellulose 71.7 74.4
Pentosan 10.8 13.1
27.0 224
Lignin {
Acid-soluble lignin | 3.86 3.33
Ash 0.30 0.39

Table 3-1 oA Hi= upejzbo] FAIAe] Ut stz 4L EIZ}T 9} Azh)
FZH Z Zol7t e & F AU FEEYTL YJERIYDUR

O A9 it 53 W2SEEERFL 25 - 354 BUL oHR 28
F9 & Aol YEAZFE arabinogalactan ©] Bo] #Ho| 917 of
Ao% AndEn JadyFe AZUEsL dBUFEY 5%AE Weton,
A ERAER~ P HEAGFO) 42 3% X B oz eyt

2) A7)k EE A g
A7 R A 20L& FHE) Y%td g Ug™ 80 kg/em® & =) 7}

TEH AANE ol &3] FAR 300 g & 2% 4 L Ao zPoE Ry
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Apgastel £A%A ofstn Azstel FAGGL. A7k Es A9 A
t 2AARE 4% B nLnYHAN A AAAEEAE SA
A AAEE 47189 983k neay 2N BER) o eFE FL4Y
A9 BE BERu 10 W Fobxw, old e el H % OH oleo]
Z7ksol BEAVF U RN, U BYNY Be) o2 BAYE
SAZe A RN AT, TG S H) FUS AGNN £HOE FY
2A02 #4749, 349 ATY 2 Bl £9¥ GFAAY F37 AAGS
B2 Aggene vdByel vy Hu4 EAzHe EBHoe FHA
szl A7\ Ra 2ASHAA FAS A= HHHaA L 2 29
S8 ol ®rh.

v 27 kR A e AR 54
Table 3-2. Changes in chemical compositions of autohydrolyzed larch wood

Autohydrolysis2 i Time Yield Lignin
pressure, kg/cm min. % %
2 83.7 i 25.8
20 4 815 26.9
8 780 271
2 80.3 278
22 4 79.6 27.9
8 a2l 785 | 311 -
| 2 | 743 358
24 | 4 72.8 36.9
? 8 71.0 375

Table 3-3. Changes in chemical compositions of autohydrolyzed oak wood

Autchydrolysis Time Yield Lignin
pressure, kg/cm min. % %
2 84.4 237
20 4 826 25.7
8 79.0 26.0
2 82.5 25.4
22 4 80.8 | 273
8 78.7 29.6
2 784 304
24 4 75.8 317
8 73.0 338
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243 300g(71d F)E wgr)o] A, Wkg/em®, 22kg/em’ D 24kg/em’
o] 37 FEaldA 2, 4 8 # A g, £¢ € fadEgF e SAHH
&L AgAFe AAFFHY Aolzry, a&lxn dadg§FE Klason J& At
g5t AFgsigony, 2 FFHE Table 3-2 © Table 3-39) Yetdich, A77tFE
Aged L AGA|go] Fhsto) weby Ao F&o] Ao, HadEFe
Z7hste Aoz et glad@Fe] FUseRe Ardere 2Tt Tt
HuA oleld Buagoe] gladde S doA #adFdol F7td Ao
AzkErt, A7 HEEE 48 20kg/em” A E 2F L 4R AN E FAH
Fdg 2471 dolubx @groy, 2kg/em’ o4 FF/GFDsolME Mg F
3% EAEAE B 5 JATh O JEYBUFEE kg/en’, 2EARE FF
3 247t dojubA kst

A8 A2 9 A A4S Uil ol dade ndugddd
A glade §8o] YoludA AHE ade gdzd AadFe] ki
vhgo] o3 AAE= QUINONE METHIDE 7z 718t Aoz Azdn
A APIEES 2L $£¢ 2 dadgFoesny Boy W JEJLUTA
9] 22kg/cm’ 48P on, AFUFAE 22kg/em’, 28 A}

ok AE AR 55A AU
AR} NrEHAEFY JHEEgade BEREYoR #FAFEFLS DNSA
(dinitrosalicylic acid)¥ (4)2.2, #7]:He IS SF3At FAFY
FGa2dL Klason®H 22, xylose &3 Alditol-acetate H .2 &3 Jh.

Table 3-4 & YEJZUITEAS] 2, A75E A2y 2kg/em” A 58
- 60% AN AANHoE ZAEY WUEE BN Ao EAY F

9 AERQAE FAST Y& glicose = A HFE F&A A dAstE
ol &1 JYEed uiste #lad 9 FHvHPAEZ QA fractions & 473 Aol E
Holz Ho=r deygt & JdEUZAVT InAgRe s FAHEE ofF

o HIHE

(i
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mannose o] o] stpaAZte] Friste WE §4% FAE WEhY, o9
T Wz gadg@el FIUiEE B4 BAth o s A Adgyel Fot
gl wet svdERe 29 F37h dojut Exdo] AYHUA, dF EIAIEE
< Yadst S 4o RV gad #Fol I/HEE AeE UEyY

Table 3-4. Chemical component of effluents ang residues of
autohydrolyzed larch wood (22kg/cm®)

Autohydrolysis time , min.

0 5 10 15 20 30 60

Hydrolyzates, %

Sol. lignin - 0.15 167 255 4.06 3.63 312
Reducing sugars - 2.16 276 395 1530 1280 6.33
Organic acids - 033 042 180 381 6.54 T7.07
pH 7.00 450 400 3.00 2.80 2.80
Residues, %
Klason lignin 210 279 282 305 314 32.6 349
Mannose 235 185 157 10.7 55 43 1.3
Glucose 705 684 683 675 673 66.9 66.7
40

C—de—pH

i ~{—mannose
| —A~organic acid !
! |

pPH, Components {%)

10 4

T —
0 3 10 18 20 30 a0

Autohydrolysis (min)

Fig. 3-1. pH and chemical components as a function
of autohydrolysis time (larch wood).
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Fig 3-1 € AZI7MF AN dojus pH % F8489 FA4 ¥3E v
Bl Aoz JFEHEFTY FFHY dE A Had@§Fe] 2oyt F
HH 3 glen, f7)4ke] A2e F7HE AASHA pH 7t FA L2 FH 2084
2 30, 30EHYUE 28714 pH 7} ¥oliE Aoz yeiyr. agn vdER
229 mannose 9 ¥Fo] FAS ZAHAA f7litel Fris i, 2 ZH#E pH
7} AsE 3 e ASE vEyt

Table 3-5. Chemical component of effluents anéi residues of
autohydrolyzed oak wood (22kg/cm®)

Autohydrolysis time , min.

0 5 10 15 20 30 60

Hydrolyzates, %

Sol. lignin - 0.03 131 175 410 387 333
Reducing sugars - 1.20 175 188 1380 1160 514
Organic acids - 029 040 089 311 554 6.07
pH 6.80 500 470 350 300 300
Residues, %
Klason lignin 224 256 259 264 26.4 272 289
Xylose 235 185 157 107 55 43 13
Glucose 685 66.4 603 655 64.9 645 647

Table 3-5 = AZU2A diste] 7558 ¢ 2kg/em” AA ¥HgAZe] o

FEAE L B JEEFL BAS Aot AR AR A
A Fi oo wxg IudERe 29 JleEage AP AN ASE ¢

th Z S EHEY F2 o)2FEs} WolAHA wge) xr|dE 44 2
299 g Frlsitizl 30 Bol AuwA RE oA A7 AFEAT Fa
o] 2o FEE A7t 2 229 F52A vehin, 2719 1087 I8 Bad
587F AE 50 B 44Ut 15 2ol A#EWAN BEH A 73
Zastgen vz 20%0] A 8 pH 35 2 level-off 3t #4L
gt ojgge ol FEe) MsHAL ArsFREE FPAN Dot
Ao 9o s Yol AosA B FAYNE L sM5ES 429 FAHQ
Walg st

i
N
N

ot

oL
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AL F glade] §%e 989 aRBY ¢ g&Ae® eyt o= gad
o] BEE FALEF Wi B&HY EFES AT HEQ AR
AZrdd. 894 HAvAERZ LA FAEY xylose 9 #Fol F43 #ZLde= A
o2 Yo, dEIAYFAMSG vb@ AR glucose FHFS Z W37} Sl
9. ageA B vrezle] {714k 9 AAFE JGLAE gAY i
2 AoE Ueyow oj2igt FFAE Tanahashi § (46 - 49) o] Eu¢ ZAH
Sx 4R .

o]

2. AAAN 7 5A

7t &ZE X g

Table 3-6. The effect of alkali treatment of autchydrolyzed woods on yields
and lignins ;

NaOH dosage Larix leptolepis Quercus mongolica

% on wood Yield, % Lignin, % Yield, % Lignin

1 ] 615 264 | 568 | 185
4 56.8 25.1 : 543 147

10 50.3 24.3 50.1 143

Delignification, %

NaOH, % on wood

Fig. 3-2. The effect of alkali treatment on
delignification of autchydrolyzed
woods.

''''' oak, — larch
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A7 A Ea A N @ geade std JBelNI L3S Table
3-60] UEHATH Fig 3-2 oA Rt vishge] JRAAUT % NUYF EF

Padg aFdos JosA ¥atm, 237 @585 peeling-off ¥l &

Fegart AMAes Qojtm ee ¢+ Utk
. olgast JEF A

Table 3-7. The effect of sodium chlorite treatment of autohydrolyzed
woods on vields and lignins

‘ Larix leptolepis Quercus mongolica
% onwood | vYield %  Lignin, % | Yield, % Lignin
5 . 753 | 205 706 179

10 . e18 | 153 634 125

20 63.9 114 607 865

30 . 48 656 | 486 345

Delignification, %
Yield, %

5 10 20 30
NaCIOs, %

Fig. 3-3. The effect of sodiumn chiorite
treatment on delignification of
autohydrolyzed woods.

------ oak, — larch

obgaNAY % YIUEAE QBeAYRY WS HdH I adol

=
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dolipi= Ao R ettt Table 3-7 ¥ Fig 3-3 A4 2E vpsizho] F&o] v
$ oy, JadEFFE ds ¥e AHYERAE d& F AU

Kiason lignin, %

Alkali charge, % on sampie

Fig. 3-4. Effect of alkali charge on oxygen—alkali
delignification of autohydrolyzed.

o} e -aka gy 2gAE] 5%
Azs7] M= 71 wEEHo] vig- Fotopsin, dEER
AA 7198 g Aoz RuHa Jdn ofed] JbE

¥ 7130 Jadg AAste Aol awrgArIAe #doln. Justd g
dERZo2E gader 1 RYo] HEH 7] WEd gade] ez o

>
L
R
X
rlr
on
oN
oy 2
rlo

rir

ABE REE Aol WS FasiT.

Fig 3-4 & A42¥ZAYA dadAAd s 2 @d71Ee 248 e
A Aolth. &L AT 55%AA 02% AR vif @ VAL 48 F ANL
o, €2 6% A=A Fad AzrAe d& F A

2t A2 (NaxS0s, NaHSO A 5.9 Ata-gZ A= a5
FRMUEF F N FAVERFE o] &3] HAE NBE A RS &

24 ABY 2ad FAHo] vW§ ¢Fifong Aih-dzy] Aue A&
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AT Ax-gZEe AExAL FAA HAAG Azt A=lARe =24
7 BYsA Aedaa, B ANT 55% oM eIadge] W Be s
Eo AER2 ARE dF F AYUth 2 FFHE Fig 3-5(NazSO) 2 Fig
3-6(NaHSOs) o el

Klason lignin, % on wood

3 4 5 6 7
Autchydrolysis, min

Fig. 3-5. The effect of autohydrolysis on
delignification of sulfite pretreated wood.

16 e

Klason lignin, % on wood

1 2 3 4 5 6 7
Autohydrolysis, min

Fig. 3-6. The effect of autohydrolysis on
delignification of bisulfite pretreated
wood.

3. w2y 7149 =2A A X
b Hadgge) Be szgangss

TAANR et RELMH S A& 55TAM 2FNEG wgAA e 7t

(o
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2EAHEsE (05 CMBE)E 9t HRC 2 CAC & dad@zel A9 ¢

o3 dER23oH, AW RMP & sad@=ol 268%% wf-¢ =urth.
Fig 3-7°1A4 B s8is} o] gad@Fo] @2 Alge CM 71 &olstd, 1
o)gd L& AFEE veWow, JadEFe] B2 RMP = 085 Axe ¥

AR/EE YT

[
2
2
8
=3
&
B
g
o4 b
Q
0.2 boom e
0 L A A ' A A I S ] s
0 3 6 9 12 15 18 21 24 27 30

Lignin, %

Fig. 3-7. The effect of lignin content
on carboxymethylation.

g2 wWE StEEAVEE e

CM3l= Alzzzd weh Aold AFEE vehlis, £ AddMs gz
2 AMEHE g wEd ©E HF gxAE AESY Fig 3-8 &
Aol mE A#ze) AstE iAo A

e AREE vEG 283 dadEFel god 08 o4 AUEE &
2717} E7bss A

+
{19

o‘o

BE ANgdA ¥-§A1zF 3A k0] 7}
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-
>

-~
- N

Degree of substitution

o o o ©
N A O

(o]

Reaction time, h

Fig. 3-8. The effect of reaction time
on carboxymethylation.

14

Degree of substitution

Fig. 3-9. The effect of NaOH concentration
on carboxymethyiation.

Fig 3-9 & ¢#d 9 $571 CM g9 1 e 4TS EAS2A 30%9 Fx
-
[s]

M 7P w22 AREE 4T F AU, o o)dem dTYFEIl BokE 23
H ARETE Astsle dHAE AW
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. 7tz EA g s Alge] 4%
DE EEFY ¥F
Fig 3-10& Azd CMAEEZRH 8§4%9 F& $3F AHA=A AF=EJ}
TS a9 ¢ ¢RdER e 2o CMEERTHE gad¥de] & RMP 9
Hia 3 58 FEARES A4S 5 AU olHE A= AT Hadel
CM3 s Zasids CM3tE FE9 £&¢ EPHoE AFsr] fEQ Aoz
AtsEd.

8

2

B0 -

H20 sol. fraction, %

0 3 6 9 121518 21 24 27 30
Lignin, %

Fig. 3-10. The effect of lignin content on
water-sulubilization.
2) FPEHA ¢ B5x

CM3 Az E4E 53T di, Table 3-80jA] Bizups) o] njgwge =
3 RMP7E A8 & Aolrt filod, B4E, Ao oidE 438 Holrt
YERRTH Besd gojAE HEWUA o] E4E BEE g Egoy BeLd
VAMNE v EHAH o] =W EERTE CM3 RMPY #&80] E9ich

Table 3-8. Specific surface area and water retention value of CM products

 Specific | Water retentioné% Viscosity Swelling ratio

CM product? ‘ surf?nczigarea ; ve})}oue o | ml/g

Wood meal | 172 | 189.6 - 167 715
HRC | 218 321 T 78
cac | 243 435 o 94
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4. AWZAPI|AL] A4 FAEA

B A¥9M Az slEsAddAdAgEYE  Axd aukeArE
(HRC)8l &4% FAUE 438 s 19 3-114 vedh. o n¢gA
A8 (HROE 12743 B3A=2 70%7F 9= B33EE& vetdflon, 24A17to]
AVEAA 90%0l e BEEE 2ARATIR 95%9 &L FHEE 7|53 B
MEZE vl 2 Ne4E A ZIdE H9Utg # AddTh o diEkg
ANaHz e gddE2eaE gade A TEAA g3 YE ANBRYA=E
BT 2407 BRAE ST E oF 3B5% o TEEE, 604 AR

Saccharification rate, %

o x . " " "
0 2 24 P 8 ©0© =2 & B
Time, hr

Fig. 3-11. Saccharification rate of high reactive
cellulose (CM product) substrate.

A5 55%9 F3&S vehted aizd. 38 nAee] RMPY A$dE 2
F5&o] vig YolA 24ANTEAE o 15%9] FEEE, 60ANAHYE 31%9)
F3E&E, 2ATAEE A 38%9] FIL&L JeEE=d o

2 AvkEA 71AE o]8% F49 BAASAZEAN, B dPAA AL cellulase
onozuka®] EAEA 4 9lojAM CMCase 7} 4.09mG/mg.min., AvicelaseZ7b 14.0um

o

o
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G/mgmino2A 2 £4¢ W57 QU ol AAE: & s|Ao] FaY
ol Agdolx 149 4L AANAA FRSE T 5 AQ

5. A=RANLR AANRE o 8@ K29 1A
7}. CRMP8} A4+

RMPE ®2H9 Sul¥o2 55CHA 347 WgAA A% CRMP 2 o]
g2 2339 7H4%(CRMP-S), 287 B4E(CRMP-IS)) 2augse 23
3 A#AE Table 3-991 YElWth Lam 5(563)2 Klasongal 21U 8F 264%, 2714
e 2IGF 02%9) RMPS AHe5ted Kalsom lignin ¥% 25%, A7184 el2y
% 07%°) RMP-ISE 9¢ 4 U%on, AxE9 dash & dAstn Aok

Table 3-9. Lignin content of carboxymethylated RMP(CRMP) products

~ Sample | Kiason lignin, % | Acid soluble lignin, % _
RMP(control) | 215 0.35
CRMP-IS | 25.6 14
CRMP-S } - 2.0

Carbidiimide *1°F9] Wg& F% nAHAHPL CRMP Ag7t 74z Qe
carboxyl719] carbodiimide A12Fe! 1-ethyl-3-(3-dimethyl aminopropyl)-carboiimide(EDC)
€ AH83t B4 dMAo] JHXE amino”] £ peptideZ2 A1 A £4E CRMPY 3
871 Aol Fig 3-12& CRMP-IS$} EDC, 183 Invertase 2 T A&
AEAEY Trypsing ©$A1A 9L IR 2¥EHelt, aPdA BE uiel o]
HE8Z A& CRMP-IS 7} 7FA 3 919 1600cm ™8] -COONaZ 4t} 2417+
SN2, o] FF7t flolA R -CONH- 9 peptide 2o 93 1680cm™
~COOCHs methylester®] 1735cm™¢] A 2¢ F4u7l AU agm of
+2 AANAoz A9 EAF carbodiimide 7} peptideZ2HE< FAA I = AL
EF B3 5EAE AAHYE WAdon, g A&3A dojus wgoay
ol whgo] mF EuE Aoz FAHY olg 8 AAZYHE carbidiimided

R oy R

3

e
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ur-$-& glysine methylester 3% Z& AE 9 ofv|4ts}t vEEAA S H|E &
A wrgolel slgels AL&dA N&EA dojge F9E & U

100

Transmittance, %

COOCH3 CO-NH-
A .

4000 3500 3000 2500 2000 1500 1000 500 0
Wawe number, cm-1

Fig. 3-12. Peptide formation between CRMP and glysine methyl ester.
---- CRMP-IS; —— CRMP-ISE

t}. Invertase ¢ 313%

1) 233 Invertased] &4
Invertase™= sugar(saccharose)& 7} alAA glicose 2 fructoseE AAZA7=
FAEAM ole 848 &A%Y %9 APHE 3439 §FS A 4d
S AHgETh 893 AFAE oA HA WRlo] o M AEe wyosA
alditol acetate F+E=AE Axso rtrazvlEazstzz BN5E PHE AE3
Aok dEstA &x E pHERAAA 53¢ Invertase® EAEAE Table 3-10
o ettt £E& 32 - 40T, pH = 4571 33 =70 pH 4.0, pH 5.0
A 32T, 283 pH 55 2% 0TAAE vzZd £ &4 Jehich
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Table 3-10. Activities of invertase under different reaction conditions

Temperature; A_CUWW .
C kat/kg protein/ U/mg protein
. pH 40 pH 45 pH 5.0 pH 55

24 15.4/824 11,4/890 10.5/630 12.8/871
28 14.3/860 16.8/1021 14.3/8% 155/910
32 20.2/1200 22.1/1332 22.0/1318 13.8/840
36 - 16.0/962 21.4/1288 165/994 | 188/1150
40 | 190/750 | 215/1137 16.1/831 | 205/1003

2) 3143} invertase(CRMP-ISD®] 8484 =4
Table 3-11 & 32ASAIZ CRMP-ISI o 4§ YERASRA A 4mlE A
g3t nA3AZ Aol 7HF FL& AAE BoFHon, 2} dAFH R oH
 ZAGME FAO #4o] wlg ottt wEbs vF ZAEA ] vtolx 1A
HEHHE AdE n3JgEse] EHE FE HEd  gl&AeE #
@it RAZANEE Ax3A Furh

NES

Table 3-11. Activity of immobilized invertase on CRMP-IS

Enzyme activity (kat/kg matrix)

pH (CRMP 1g, EDC 0.1g)
. Enzyme 2ml f Enzyme 4ml { Enzyme 10ml
pH45 | 306x 10" 966 x 10° | 212x 107
pH55 | 215 x 10 550 x 10° | 240 x 10™

o dNAREH I (Trypsine] 3233
Trypsine alginine =& Lysine®] carboxyl?]13 9] peptide2#& $HFow &
AN ALEA &, AAY HFd Bo] don, BAFL 23000 - 24,000 o]H,
3 pHe 8 - 9 AEE ¥3A Qo 23 o] AaxE HH9 Ax, vdd A
2o AHEHI ot dRARAELY E¥EFFL 7IAEA caseing AHEIIE
Caseinolysis (Casein 7}-E3)E ALE3tATh Casein® TEADGHARAN FA

HE29 pHAAME Eo >0]7] og$-1, pH 20 - 35, pH 60 - 110 M= &
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of E84clth et 02M QA SF LA (pH 7522 casein® 3| A A, ofn)x
Abe} AFHAN fAHE 280nmolM e ESE ALY FFAe Aysig
126 casein(pH 7.5)9] GHAEH T2 trypsing 7Htr 2N ¥beA A, 744
A TE, 5% trichloroacetic acid €%< 718t 7% g a8z
9 casein2A P GHAZRY FAHE BLAE G4 gowA AAHEE o

T A& AEINA AAT + gov, 359 BnmolMe F4=

1 T "
B D U 2sug
o0 | "“'?%g
g L _
0.8 4 T | == - 100ug |
0.7 -~
8 064 AN A :
o
8 05
O
[}
2 044-
0.3
0247 s AN
01NN
O ¥ ; L] L3

250 260 270 280 290 300 310 320 330
Wawelength, nm

Fig. 3-13. UV spectra for calibration
curve of Trypsin.
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Absorbance(280nm)

02k - e

75 100

Fig. 3-14. Calibration of trypsin activity

by caseinolysis.

1.6

Absorbance(280nm)

04 - R -

0 10 20 30

40 50

Immobilized enzyme, mg

Fig. 3-15. Activity of immobilized trypsin
(CRMP-IST) on CRMP-IS.

Fig 3-15= 2ABZ}ZA(CRMP-IST)Y H%2
CRMP712d BE EAFE F3t7, o2 RE DABIEAZY ZFA

349 xZ9] 10, 20, 30, 40, 50mg2 ZH7} 1.2,

M 1AsE Fol BEFE BA4o] aA FUEIE AL
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6. LAZ}EAE NEAX
Az nAELY AHE € HFL APsiA v 98 ¥ oe2A CRMP-IS
7} e ASPHE AN 2ZSEL ANEE F2ASHY 94 LAJFELAE

2 Az37] 959 g9 Ag4 APZEHYX (Softwood Bleached Kraft Pulp,
SwBKP)St E&§xzA87] $ste] SwBKPE PFl millg& Ah&3ste] 1.8kg/cm,
Clearance 02mm, B Z¥ % 10% 2AdA 560034 nsixstect nafg H=
o} AR EA(Trypsings 24371 CRMP-ISTE 5, 10, 20% &3sto, @
BAA AEY F2A7AM 2AFAoH, 20T, 66%9] BAFE=RANAN 25F
AARE P NES BAHEHE FA8UT

2733 trypsing o £ TYF FFo] HEE NEE A=Y A
=8 NES FAE Fig 3-16914 2t vhe} Zo] B9 ArlFo] F74eo) we
ZRE Aoz vegod, aydae % Fgos Bge W ngsaLst
100% NES AHEE & ¢ AR

0 5 10 15 20
Dose of CRMP-IS on SWBKP, %

Fig. 3-16. Effect of dose of immobilized

trypsin(CRMP-IST) on weight

of handsheet.
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100

Thickness, micrometer

0 5 10 15 20
Dose of CRMP-IS on SWBKP, %

Fig. 3-17. Effect of dose of immobilized
trypsin{CRMP-IST) on thickness
of handsheet.

DYRRAE AN BE Fold FA BHE 2AY AH Fig 3-179) g
uhsh Zo] o) Wst] nFHEAE AABOZA NES FA Ta B
A8E Aoz eyt aut $A9 Frhe] A9 Fe wEe a4 G

£

N
ol
2
tlo
o
<o
!
Jo,
ol

Fig 3-182 XA 147 AE #HUs Z78 48 Jebd A
02X, ¥ uis} o] FolFAY FrtEo] FAY FUETE 2A U] HE
o FA7te] Belde| utel dxrt AAdYH oz Friste @4 vehyt. o8 d
AL L 2ABNTIA &GS CRMP/F BZ@ATRAZgA 353 AN nH4E
Al Alsel vlgte] R bulkyd HER Hxzbe] AFo] doJUmZA ANEQ)
A7t dolxs AC R AzHTh
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Apparent density, g/cm®
'Y
-
o

0 5 10 15 20
Dose of CRMP-IS on SwBKP, %

Fig. 3-18. Effect of dose of immobilized
trypsin(CRMP-IST) on apparent
density.

9.5

Breaking length, km

75 oo

0 5 10 15 20
Dose of CRMP-IS on SWBKP, %

Fig. 3-19. Effect of dose of immobilized
trypsin{CRMP-IST) on handsheet
strength.

Z2A% Fole] ZFEE Fig 3-199 vetdllsy, 1388
&7 Hig AF=rt w4 dEsen, gl SEFE Qo AL
Aoz vest ¥ 5% FE A A g7 ZEEv 433

o
iy
o
N
%
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o
rir
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e

oo datd, 10% o3 H7std ANEQ BEHe7t Eol=x FAE RAFI

EX

olgis #Ae AstFo] AL A% 1 EE¥/ BA ¥V HEA $HEPFTY =
A dte AAZAd $do] AFHE FES vehhA Zx=9 Aot aA 1
gl Aoz Az e FEEe] BelXE Afde 3 BadE 98
So] & EAHo ANEEF o|gozA ANES A AHd o HTo] dojy]
W&o Zxe o)zt aA verdA gtk 2gn 2T ¥XE FE A
s NEE Az 4§ FE oA HoAuA AXAA FrE SHEE &

A% 4 ek

o
i
m}]}_«‘
ot
i
_kf:_l,

Fig 3-20& Abglatel 19]9) TABNES F3 7499 Fauts
24 WeE ARE X Ggth TYNH B ug o] FEe ol AP
o) Arlgol FsdeE aux A48 FAbeA g, ole Kk EHuF

fo] NESY FRAGAMT dojd AFd= FZtEH

05

‘——Trypsin_

Q
n

Lt
w

Absorbance (A 2800m)
o
[X)

e R it

=
-

0 5 10 15 20
Dose of CRMP-IS on SWBKP, %

Fig. 3-20. Activity of immobilized trypsin
(CRMP-IST) on handsheet by
caseinolysis (sheet shape, without
shaking).
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Absorbance (A280)

0 5 10 15 20
Dose of CRMP-IS on SWBKP, %

Fig. 3-21. Activity of immobilized trypsin
(CRMP-IST) sheet by caseinolysis
(teared-off sheet, with shaking).

Fig 3-21& AES Awstn Agstas wgAn e a4 1s9 271
Fol /184S FFEY Wt W 2A ey oz RARANES Avst
B2 AlES wg EAH] Tolgom, ofgd AGANL WA B I
29 84S UBia o

o

EEFFL 25-358 Bk o FEEFFY & Aol JEIAUYFAE
arabinogalactan ©] #o] g§#5Ho] A7l HEA Aoz AmdEY YadgEe A
U7 d2UFEY 5% A% wgoen, oyl ERAdER e~ W AEAFGF
747t 3% AR T& o Z ey



JEAZITAS] A4, AR Ay 2kg/om” AN 5 - 60% A
stH A FAAoR AR UHE EME ZI 549 FAHAEY HdERXE
T3t RE glucose & AARE FaA Ak WHE Holx g Y=
sty gad 2 FndER QA fractions € AR FolF Hol:= Ao E 1}E
gt & dELZUT HnAER 20 FAHES °JFE mannose o] #FFo] 7t
FREAZE] FAEe] wel FAS FAE e, oldE w2 gl ad el
S7tele A4S 294 olg e A Aegtdo] g we sudERes
o E3f7t dojvt ExZo] AAHUA, dF EHAPYEEL Jadd FFE €
oA AEV] gad g§Fe] FUEE AR eyt

AZURA et heEs 48 22kg/em” oA AT BE SpEEHE
R AL ABEHEFS Ar7te RS AAARd 2H F4 o298 FEo HRAE
2o 20 Jteides 4HE AN A T Ak F MR EHEY F4
o] FE7} ROl WA wrgo U= & Elade @§3e] Frhsitizl 30
ol AuUdA FE vA ZAHY] ARt AR dojue
pH £ F8A8E9 AAH Was Yed Aoz, /NEEHEFd gado e
7H84 Bad@Fol Aot FUE R o, fr)4te] 4B FtE A s
HA pH 7t FACERYH 208 AR 30, 302X = 2874 pH 7} WolA =
oz yetgth aeEn A ER Q222 mammose 9 #FFol 43 TAHEA
#7140l F7hH 3, 2 A2 pH 7t ASHI e AeE eyt ZAF €
ade] &% 989 axEY o BeAoes eyt ol gade] g4iE
9 BIFEFH ke B8 EFES AHA @EQ] ReE Azhdd,
29 AAERe 2 FHEQ xylose o FFo] FF3 Zade AR e
Yow, dEAZAURNMNGG nt@AAX R glucose FFL F UL AT #14
o BAAFL ARFFAVT GEFARY A & Ao Vel

dZe -4 g7y 2uAdd AL gdBYA A LA 55%0A4 02%
AxY vis 22 71AE & F dUen, &Y 6% FEAA Fad A=A
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g 28 7 AMT F=HEAMEREY fdadEFge] ¥ AEY CM 37 £9]
SR, 1 o] w2 AFEE velen, aded®ge] ¥ RMP + 085 74
Eeo] v AFEE dehlth ZE AR A dEgAIZE 3A 0] M 18 AEE
g YEdlt 283 gaddPel go9 08 o3 AFEE U7t E7Mes)
A €29 =7 CM 3 miAE 9FE & 23 30%Y v M =
< AFEE 24T 5 AU, o] olFem FBYFETL otk 2383 AFL}
Astsls 2RE A

Azd CM3HEZTH £&A459 F8 34 d424 AF=r 52 9S4
2 gRdER 29 CMBEZTEHE JadFe] =2 RMP o vz 4 =
O

- T

FeAYES 9e 4 AT M AR BAL AW P, wEwme
223 RMP7 AEZE & Rol7t 9ot B4E, AEd) dojdE 43¢ Ho]
7} debgth 25Ee] ol MEWH] kgkd SRe] bk mgou BaE
of ANE WEWAo] ¥ FEEYE M3t RMPS) B8] Eh

CMslE24E Az afGAANZHROE 1243 ZIAHIZ 0%7F 98
FEES YERow, 243kl AURA 90%0]de] FEHEE, T2AIAHER
95%° =& 33E&g VIS £ ANsst ug o5 B4 s K J1E=R
B71g F YU} ol cellulase onozuka®] FAEAY eI CMCase 7t
4.09/mG/mg.min., Avicelase’} 14.0mG/mg.min.0 24 & #A9 W3yt gAvt=
ARrRY E IwEA7IHel &AL FFo AEHo|A'Ae BAE
AN 71 A] &kSE &+ YA

CRMP A|87} 7} 3 913 carboxyl7]oll carbodiimide A12k¢) 1-ethyl-3-(3-dimethyl

aminopropyl)-carboiimide(EDC)& AM-&3ldd EATHAo] JlAE=  amino’l &
peptide2 §AAH &4 F CRMPY n133A171 7, 982 AH83F CRMP-IS 9
1600cm ™8] -COONa&F+ 7} 919141 -CONH- ¢ peptide AFd
1680cm ' 2 -COOCH; methylester®] 1735cm ™) M 2& F5uirt A=l
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2 o] Wgg ANHes SHEUF carbodimide 7t peptided T FHA
e AL WeF B SEAE AANYL Ao, W A&sA Lojuke

So2AM 608l wHEo] BF Eus AoZ IAHYH

g] 5}o]1} 7] Al 3 (Refiner mechanical pulp, RMP)& 712X 4udssie E2 F

E3to g st=2EAME3 RMP £48E (CRMP-IS)E 70%9 F&2 dAt}. o]
B2 482 u5 2 7t=2E A 93 Carboxymethylated, CM3D)E U3 HEAZ 9]
FolAled BEFd FEste HAadEAP E9H.FgH R REsd xR
AREE 7HAUA AFAEd AgoldAE Ed E82 HH=E HdRe IH
FAAT. 2egn GFY FHAol ¢FIALW, olE CM7IYA EiAF
peptide AFAIP22ZA S 9 chelate MEE =AY F UUTH

iy

i

2% A7S A dzTol nad ZEst A destow, Brhge] 3
AesE A Zastnh 5% AT A Ao 7Y FERT 47
3 wed datod, 10% o4 sl NEY Frdolst FlEk BHAE HaF
AT, W2 Hro] ol A 88 Wad A=5e 7 B A
=5 oJgomA AES W WA gae) 1AFo] Yoi}y] WEe] FEe] o]z}
27 JeuA geo,

2 a7 E oy WS o8ty st2Xdvdstr|d invertase R trypsin
4 F peptide 2FAA TAHRELE Az, FES & 5284E 7
Aot o] g7t 7t YREHE ZE BELEY 54 U9 Id+E
FxAFoRA HFol vi$ AP Trypsin & IAFAZ 2R FLA
Az £ YA o] ALIPSANEE IGgLETOR AT Folo Fx
wete] FEe Ayt 24 ggked, WA v Ada AgEEeA F
5 22 84& HeldA & 5 AT

W X l:ol'
£ H
(ol

)

It
mlm

[

H]

R

i

_180_



Al

54 Fx +d

1) Millett, M.A., A.]. Baker & L.D. Satter, Biotechnol. Bioeng. Symp. 5 :

193-197 (1975)

2) Pew, ].C., Properties of powdered wood and isclation of lignin by cellulolytic

enzymes. Tappi 40:553(1957)

3) Pew, J.C. & P. Weyna, Fine grinding, enzyme digestion and the

lignin-cellulose bond in wood. Tappi 45:247(1962)

4) Muraki, E., F. Yaku & T. Koshizima, Enzymatic degradation of finely divided

5)

7

wood meal (II). Mokuzai gakkaishi 28:122-128 (1982)
————————————————————————————————— , Enzymatic degradation of finely
divided wood meal (III). ibid. 30(11):936-941(1984)
————————————————————————————————— , Enzymatic degradation of finely
divided wood meal (I). Cellul. Chem. Technol. 14:859-868(1980)

Shimizu, K., K. Sudo & M. Ishihara, Enzymatic suceptibility of autohydrolyzed
woods. Mokuzai gakkaishi 29:428-437(1983)

8) Lora, J.H. & M. Wayman, Delignification of hardwoods by autohydrolysis and

9)

10

12)

13)

14)

15)

extraction. Tappi 61(6):47-50(1978)

Chua, M.G.S. & M. Wayman, Characterization of autchydrolysis of aspen
lignins. Can. J. Chem. 57:2603-2608(1979)

Kaneko, H. et al,, Delignification o lgnin with ozone. Mokuzai gakkaishi
11(11):752-758(1980)

————————————————— , Reactions of biphenyl and a -carbinol type model
compounds with ozone. ibid. 27(9):678-683(1981)

Singh, R.P., Ozone replaces chlorine in the 1st bleaching stage. Tappi
65(2):45-52(1982)

April, GC., R. Bharoocha, J. Sheng and S. Hansen, Prehydrolysis achieves
higher organosolv delignification. Tappi 65(2):41-44(1982)

Kleinert, T.N., Organosclv pulping with aquecus alcchol. Tappi

- 181 -



57(8):99-103(1974)
—————————————— , Ethanol-water delignification of wood rate constant and

activation energy. Tappi 58(8):170-173(1975)

17) Nakano,]., C. Takatsuka & H. Daima, Studies on the alkali-methanol cooking

18

19

20)

2D

22)

23)

24)
25)

Japan Tappi 30:650-655(1976)

Dehaas, G.G. & C.J. Lang, Delignification with ketones and ammonia. Tappi
57(5):127-130(1974)

Kleinert, T.N., U.S. Patent 3,585,104 (1971)

Chua, M.G.S. & M. Wayman, Can. J. Chem., 57:1141, 2599, 2603(1979)
Cho, N.S., Autohydrolysis and enzymatic saccharification (I). Korea Tappi
21(3):24-34(1989)

Tanahashi, M. & T. Higuchi, Characterization of explosion wood (I). Wood
Research 69:36-51(1983)

294, olFE, ZHA LA st viAs 4% dad A A
9(1):1(1989)

Suguri, N. & T. Kondo, Hydrotropic cooking (I). Japan Tappi 25:18(1971)
Yamada, Y. & T. Kondo, Hydrotropic cooking (II). Japan Tappi 25:606(1971)

26) Beardsley, D.W., Nutririve value of forage as affected by physical form,

27)

28)
29)

J. Anim. Sci., 23:239(1964)

Bender, F., D.P. Heaney, & A.Bowden, Potential Of steamed wood as a feed
for ruminants, For. Prod. J. 20:36(1970)

Kim, B.H. Korean Appl. Microbial. Bioeng. 6:197-203(1978)

Reese, ET. & M. Mandels, Biotechnol. Bioceng. 22:323-335(1980)

30) Ferchak, ].D. D. Haegerdal, EX. Pye, Biotechnol. Bioeng. 22:1527-

1542(1980)

31) Freeman, C. & L. Pyle, Methane generation by anaerobic fermentation,

32)

Intermediate Technol. Publ. Co., London (1977)

Kim, SXK., SI Hong & T.J. Kang, Liquid crystalline properties of
phenvlacetoxy- and trimethylsilylcellulose, "Cellulose, Structural and
Functional Aspect, Ellis Horwood Ltd., pp.361-366(1989)

- 182 -



33) Okamura, K., Chemistry of Organic Resources, Tokyc Kagakudojin (1981)

34) Ohara, H.,, Chemical Reaction of High Polymer,I< Tokyo Kagakudojin(1972)

35) Haines A.H., Relative reactivity of OH groups in carbohydrates, Adv.
Carbohyd. Chem. Bioeng. 33:101-109(1970)

36) Bikales, N.M., Ethers from alpha, beta - unsaturated components, Cellulose
& Cellulose Derivatives, 811-833, Wiley Intersci. N.Y.,(1971)

37) Tesoro, G.C. & ].J. Willard, Crosslinked cellulose. In : Cellulose &
Cellulose  Derivatives(Bikales, NM. & L. Segal Eds), Wiley
Intersci.,N.Y., 835-875(1971)

38) Balser, K. & M. Iseringhausen, Celluloseather. In: Ullmann Encyklopadie
der technischen Chemie, 4th Ed, vol. 9, Verlag Chemie, Weinheim, 192-
212(1975)

39) Buytenhuys, F.A. & R. Bonn, Distribution of substituents in C M C, Papier
31 : 525-527(1977)

40) Tesoro, G.C. & ].J. Willard, Crosslinked cellulose. In @ Cellulose &
Cellulose Derivatives(Bikaless, NM. & L. Segal Eds), Wiley
Intersci,N.Y., 835-875(1971)

41) Balser, K. & M. Iseringhausen, Celluloseather. In: Ullmann Encyklopadie
der technischen Chemie, 4th Ed., vol. 9, Verlag Chemie, Weinheim,
192-212(1975)

42) Buytenhuys, F.A. & R. Bonn, Distribution of substituents in C M C, Papier
31 1 525-527(1977)

43) Somogyi, M., J. biol. Chem. 195:19(1952)

44) Miller, GL., Anal. chem. 31(3):426-428 (1939)

45) Andrew, EK., Nascent acid prehydrolysis. North Carolina State University,
Ph.D. Thesis (1980)

46) Tanahashi, M. & T. Higuchi, Wood Research 69:36(1983)

47) Tanahashi, M., Biomass & Biotechnol. 4:1-9(1983)

48) Tanahashi, M. & T. Higuchi, Japan Tappi 39(1):118-127(1985)

49) Tanahashi, M. & T. Higuchi, Wood Research 75:1~-12(1988)

_183..



50) Fujimoto,R., Wakasaki, W., M. Hosono & W. Tsuji, Carboxymethylation of
cotton fabrics by one step method, Sen-1 gakkaishi 30(5,6):137-143(1974)

51) Alince, B., Interfiber bonding by partial carboxymethylation of pulp,
Svensk Papperstidn. 8:259-262(1976)

52) Green, J.W., Carboxymethyl Cellulose. In : Methods in Carbohydrate

Chemistry, Vol. III, Academic Press, N.Y., 322-326(1963)
53) Bach Tuyet, L.T., K. Ilyama, J. Nakano, Mokuzaigakkaishi 31(9):752-
760(1985)

..184_



A 5z HEANFe M3 OE Ny 24

A 1A A A 2 AR

SAYTAA BAHE 2 ASA TAFL 19979 E A 10118 m'e2 F73
3 gEd, ot e & FA AEF 40%¢ 2itE TRolth oHd
A EAe] AL wE} AA AR FEE ¢ Aok ARE, AAA o]FA
B AEEY Fo] wEHA gn AR A9 dd FAHE A ALAT S
. EARZE EATZAA AA, g9, H, R=EFE QLT 4 2= 13 7Y
AZA 7H, o), 58 ALY & SAHE 23 JHE HAE5A v A, A
29 AZolu AN HArHE BAS EEFAAA #AVIHE FAY A4 A
EAE & F Aok ATz AGFAA BAZE AL HAZE ol99 7
B FoA EAF sigsts A A AZA v dgdT el 3 HE
Ao AP AE AT AELHL Table 4-134 2o}

Table 4-1. Quantity of waste-wood disposal and recycling by source of occurrence

(unit : thousand m®, %)

Source of ] Disposal
Occurrence ‘ Recycling | Incineration Reclamation Total
Forestry 551 (60.5) 0 (0 360 (39.5) 911 (100)
Industrial 3,533 (100) 0 W 0 3,533 (100)
Construction 250 (4.3) 3405 (59.2) 2,097 (365) 5752 (100)
Living 23 (12.1) 19 (10.0) 148 (779 190 (100)
Logistic 421 (67.4) 204 (32.6) 0 (0 624 (100) |
Total 4,778@4); 3628 (329) 2606 (237)  1L0LL (100)

Source : Korea Forest Research Institute, The Collecting System for Enhancement

of Wastewood Recycling, 2000.3
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Table 4-1 9| & F e AL #EFH AF5AF 434% %] AR =, 4, 7|
Bl ZE9 98E o]&HAY, Ao)&E B A¥ELHD 913, HUIHE AFEAV}
A9 566%F AA}L Je= v olE AFELI= ¥etel B+E FLoh Yo
3] A4 A5G g HAEAY 9 BF QL8 47 HA AT Fe 43%,
121%°] 33 Ho et olg HAEA g &8&& 9T Yote] 747k Adl
How Westn BAT

Egs Zxoe] 43I

Be 248 482 gAY Ao=2A g3ty wet 458, F9 %, A5
ABEGORZ & & 4 vk d5FEL AX 605X F& F ZhvtdA A
@3 Sa3 AR 1000=dA 7+ @32 deA 23R dger s £ 4

s, ARACIH) Bz 4AE3 Yok BY £ 428 Yot B 5

A2z ao Age 2L Fam, AZGL AZAL AAAAE ol g5t AW
@ A T FU YYSVe TAAST 4Ysal BHF Ao T APy
455l e AzAvt) Ao Ad FZ FF, AR}, T} 5
A4 A Aol Yol ASHR Utk TN Fe Fxde Juss o
Ase dRE F2VFLY] JANSIn 1 o] JAYAT] BUE 2
sl 1 AuFe And JEolth ¢ SRy HUNEe) 29, 329
o AdH3 AYE Table 4-2 2k,
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Table 4-2. Production of Charcoal and Wood Vinegar in Korea

(Unit : M/T)
o ~ Bail  Year 1998(Actual) | Year 2000(Planed) | Input Required
Company “’;’:e Char. |AChar. W.V. Char. |AChar. WYV | Log | Chip
&Y M| 143 - 590 800 - 204 4,200
Adgdag ¢ 184 - 396 800 -1 1,350 -1 4,500
SUdEx “ 150 - 3000 200 - 350 - 1,500
s o - 4000 276 - 2100 1,200 -l 3,000
AAHEf-F AEt “ - - -1 1,000 -1 1,000 - 5,000
23387 “ - - - - 200 250 - 1,000
ZEYA “ - - - 150 - 500 - 1,500
Aa2x |« - - - -l 1200 480 - 1,200
BEe T 60 - 40, 100 - 240 500 -
%%ﬂz%@?‘ “ 1200 - 170 400 120 300 3000 -
FZEZ “ 200 - 1500 300 - 200 1,500 -
24 3A “ - - - 100 - 1000 500 -
EREE “ -1 1,000 150 -l 1,000 50 1,000 -
opikgl At “ - - - 200 - - 1,200 -
ﬂf}z% “ - 200 150% -1 300 200% 1,500 —
*d% H ¢ - 5= 1000 200 200 300 2,000 -
Ade  “ 0 400 - 180 10000 - 300 2,000 -
dEARE ¢ 140 - 48 140 - 48 560 -
ARAE “ 200 - 3000 250 - 192 2,400 -
4d¥% | “ 120 - 120 280 - 200 3000 -
AgRE “ - - -l 156 - 115 2,160 -
‘WX Eg ¢ 108 - 45 108 - 48 B0 -
St E A “ 64 - 28 64 -l 28 504 -
Az | ¢ 320 - 1000 320 - 100 2,400, -
= 4 2219 1600 2462 6668 2,150 7,845 34504 21,900

Note. In equiptment column, M and T denote automated machine and traditional system
respectively. Char. A.Char, W.V. denote Charcoal, Activated Charcoal, and Wood Vinegar

respectively.

Source : Association of Carbide Products of Korea, 1999
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a9 ZaAE] FE2AEFS AW RY Table 4-37% Fig. 4-15 2 S5A

F A ALHE BHE SAHNAN B0 AFHE HYFE B9
ol FE8 A AL Relq onk, Je Bae) £ FA BasE
A woln itk AT Bue £9us7t Selvete Tusgd v A4
2ed g# $29 GFES £ Azsn 9= LYok

i

-

Table 4-3. Import of Chacoal
(Unit : M/T)

| ‘ f1998 1999 | 2000

‘Type| 1990 | 1991 | 1992 1993\1994‘199531996 1997

"ACh |
5835 8130 7436 9.776! 11,516) 12,587 12,230 18,583§ 9,780 19,912] 18,860
ar. ! ]
Form :
od C - - - 1 21,365| 74,398 28,731| 31,822| 45,275 36,828| 49,760 43,048
Other! - - - 15,033| 22,350 30,925 27,399 30,426 11,605; 20,549 19,336

Total 5835 8130 7,436 46,174 108264) 72,243 71451 94284 58213 90,221 81,744

i

Source : National Tax Services, Annual Report of Import and Export, several issues

1200 -
1000
800
600
400 -

200 -

o | K
M/T 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 20004 =
-4 - 8HY -0 -HYZW - -7|EETH —= 7

Fig. 4-1. Trend of Charcoal Import in Korea.
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W E2eo 4% JEFH nFog AFo] F£EHI YL WY +EFY F

o]&= Table 4-49F Zt}.

Table 4-4. Export of Charcoal Products

(Unit : M/T)
“Type 1990 | 1991 | 1992 [ 1993 | 1994 | 1995 | 1996 1997 | 1998 | 1999 | 2000
'ACh ]
AL 299 5 112 23 40 152 118 377 83 82 108
ar.

F

‘ orm - - - 256 343 49 74 107 11 05 5
ied C.
Other ~! - - 142 9 66 60 435 993] 440, 220
Total 299 5 112 421 392 267 252 919 1,087] 5225 333
. |

Source ' National Tax Services, Annual Report of Import and Export, several issues
gt A Fdste BES ANEMEE B oF U%rE AEUA oL T,

ol Aol AdE AEOl #AHRT vk 1999929 FrtE G FEY
@3S Table 4-5¢8 &t}

Table 4-5. Import and Export by Country (Year 1999)
o mpot " Export
= 7}\\ QuantityM/T) |  Value(H$) | Quantity(M/T)| Value(H$)
» Indonesia | 37,737 11,984 - -
China 16,690 5,280 - -
Malaysia 11,475 3,044 " - -
Thailand 2,445 317 - : -
Philippine 1,423 719 - -
Other 539 221 920 227
Total 70,309 21,565 920 227

Note : Export countries are Japan and the U.S.A. and quantities of exports are 909%on(189 thousand
U.S. dollar)and 11ton(38 thousand U.S. dollar), respectively
Source : National Tax Services, Annual Report of Import and Export, several issues
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Bzede) A4t 2V 93 Aslda Fdsts Fol BA Fed, ol 1%
FudA 2zede) £a7} 2A P} T AVFOE PyEY $28F 32
S g7 WEOY. $AEe) Bx29 $9F Fol g Table 4-67 Fig. 4-2

Table 4-6 Import of Wood Vinegar

Quantity | o) 100§ 178 98 150 229 217§ 204& 131 163 72(55)
oD | -
Value(Th | | |
ValwelThous | 000 ) 7761 648 818 470 666 487 436 481 55(365)3

and $) |
* 19999 EARE Bxdo] & g2 BHIZf EI3924205087 JAH] ¥ FER F QN

o 20003 HE Exde]l dxe FHOZ AMNE
()eFe} A= Bzl olde] B g2 ZelEd BadeieEd xFdHE AFY %44
AR FAA, FEEAQE, 4 9%

FA(AY) £ (M/T)
900 - 250
800
700 4 200
600 F
s00 L -4 150
400 4 100
300
200 f 4 50
100 F

0 L 1 1 L 1 L 1 A 1 L 0
AE 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

= FA(H) e FFWTD) |

Fig. 4-2. Trend of Import of Wood Vinegar.

2o} Fxle) S48E7} tssel Y L F9 S8l FAHT Yol
o 587 37bE Aoz ARATh 53 A2 volesNF) 2e AN &
z0g Aggatd 4Fsd 284 5o ogHD Uvhd Yoz Zxds A
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Eozo AL oIE gE 2ol ALgd tiE Jede] o AAE B¢
o dg 40 & B 1S A= e do2 FWANS FUAZE E
&7t gk Bxde] AH4E £ Y Eobe thg Table 4-73% Zoh

Table 4-7. POSSIbIe Usage of Wood Vmegar

Apphc:ation v Conbent Of ApphCanOn
Food 4731}—’5}“ EFIRNE, TolENE, 23288 F

 Medical ‘f‘?,’,‘ﬁif“l__?i? Y % Az, Z}._?—f}?‘f gARAE
Agnculture ’E"J?H%}‘ Azte] 3 o %9}"‘}%7{}"\ ¥ g FF59 85 AxA §
Livestock |A¥dW, £23F5& 3, A Ava®, 529 74, A& 44, §

£ A%Hoz 3748 2

W A2y &

= Ao Qs ALAA

23 glont Fue) AZAY Aeju g porsd £ Fue) 4

Hoz dAG: ko] asthn At #W Bxdd AFE A Fus
L

B o, 5ai Rxdd d@ 8= $o=E

o]
!
b
2
to oot L
Ti S
o ¢
i éli:
2
o -{o
iké e
A
A
2 =
o X
i Lo
&£ ox
+
i °g’
Zg, u&r
31«4 N

87F a8 23 @47 gEd £dd d&23E ARt o goE F£87 FUl
g A9 dujd Asde] B33 §&4 A g g ] g8
sitkn B A

B ATHE Are) FBIYLY) ZeAZAA B olgsd F4¢ IYHAE
9 SAL gatsts AES A% T Table 4-8% 2o

Table 4~ 8 Spec1flcat10n of Small Charcoal Productlon Machine

CapaCLty ' EfflClency Ratxo Bunung Tune ‘ Price !

e Needle leaf 11-25% @ o_
L IMS-502 50 liter ' Broad leaf 20-35% 3-4 hours 41965000 Won[

IMS-700 | 692 liter " 8-9 hours ‘113,400,000Won,

Dol B B H2AE 9 tond BAT £ Us HHE 230 e AR 2AAHYUT.
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AZNNE IMS-5028 olg3te] ¥7k7t BT Bxee Aistd AsaE 34
9 Agsde ARG AT B ATHY A 22 AzE A% 2wzt
350 QA gonz FAGEHY dAdAE I AuAAEe] B2 4%

TEE 7|ELE AEHUTY

sgAZz7] gl BE AN E4 AANE 1T FoL A¥sEd Yol
A 713 AAstelol std, MES AN AR N2ARE et o] U
sk AN A7 59 AFeE Aow s, Az ARG 1
g, 44 - AN 59 AzFuwg A AAaNE ARE oW
2 FRIse] Agehibel B theAl vevt ddaTae) Az o8
W, A4 £ 8 m'Y o] 445569, ANAZA 37,4259, AAZY|
318809, AEE 2620001tk ¥A AZA FIF AL AV ol gt B
o 9EH o] 340139/ton, AZHE) FE 708249/ton, AAYL 650009 /ton,
AR 600008/on0 2 ZAHYY] BE 7N AxAY e ER
50000908 AT FARE THE A% v GO 2o kgEo] HUY
¢ AL Z2AL Sliterst Bol7be PEES AHSaE A0 #w, 44e 2
7 % 3009, 2000902 Hth AW E o] BRAEIF A HHHW A5

2 RE @53Hgo] olFolAme AdstA gseh Az AFE U]
$A5E 10402 st FeA UL ALRGD, FARAME A HH9) 5%8

A

fo

A Fl9 AME HsA ol fHE VNEARE dLd Fo] MRS ANHY

1 ARrEd 589 39 22%, 299 A9 10%9 &2 Assd &
lkg, H&HL 5 liter7t ANE = A& Aoz AFHNUS, 3¢ 300
d 7HEE A$Y £ the Table 4-99 ) olwf 99 AMAE Frl9
B3 Exdq9 A7 A S vlEee AARAY AAzE 19 B
o Bxde FYBRIL BREA fEnxle Lo ads H wEd] Ege T
7tZ ol 4009/kgelA 8009 /kg oldel 7HAol AHZ vk BExde Aex

48
2
e
i

- 192 -



liter 2 2000935 40009 °l4e 71Aed w7150 FdskeE AoE e
E3) 2xd9 A9E AAE AR w FA 2 Aot Av= HE WA
B o, 7 AR Adss 399 F4E AFd 5HE At ¢ 42
g Aol B F gg Aoz rBth o A NA A" FARE U
Table 4-9% #4}.

.

Table 4-9. Production Cost and Revenue

Item Value Details of Calculation
(Won)
- Main material : 50(Kg)*20(8 )*12(7]-€)*50,000(/ton)=
600,000
i Supp. Material : Charcoal ~> (12, 30kg)*300(/bag)
| Materials | 945000 | TP o 000kg/30kg)=300(2/bag
| = 120,000
Wood Vinegar —> 5 liter® 307 *2,500¢
= 750009

Machine : 42 Million won, Years of Depreciation :

; 10 year —> Dep. cost : 3.78 million won/year
jﬁ:iiat‘cfn:;‘fe 9,100,000 | 5% of Total Value of the Machine

| Total Cost| 6,825,000
" Charcoal | 1,980,000 @ 11(kg) * 25(day) * 12(month) * 600(won/kg)

| Depreciation | 3,780,000

vaood 14500000 5liter) * 25(day) * 12(month) * 3000(won/liter)
Total
Revenue | 6:480.000

Net Profit | A345,000

A9 FH2 @ & Yr AL Bk TGt 2@ 6009, T2 300092
Aol W7k 3600099 £4¢ BE Aoz Uengeh ol A8 v o]
7] Wgol oleld @os} sk, wobd) Az E AN +57] o)

A

o TAHE WA, uH], FAYA A3 T A BHIE A, A EgA
719 714 L 45% A% ARE F AL Aew FHHI] HEA o B¢ A

o FAFAEZE AZzA gl 264600090 EolEA Y. webd A9 S5

BN

)

N

- 193 -
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o A7 AEAE E8dE A dAzYS F2E JHsEd B £o19dg o
S 378 g Rtk 48 A7IHE FUke] x¥8uE A &ged,
oJAL 71Ale AFo] A HEH FoA AFOE FHI o]FAX 1, AHE ©®
Fol Hsle AYTE Y He Holmz x| Ao FastA] ¢y] fEojt.

A71qA ANz ZFAGA% BAY BANAN EgT Exde 88 ¥4 JF5
U7t YA A FFE Fa 37 WE, F&9 Aol

AHE7z2 g dAZ B A7Ee d94ddd 1=y AHEd
&0 2ES BEAZY wE 2A Aozt vdm led, Eue F$ 65%A
3451%9 +€& Holx gtk PBY PB-MFCY %71 9588 ALgstE 494
o &0l A YeEth ArIME FEH B2 &4 uE 4712 Avele
A e FI4E UEstd A A" FAS vmee BeEd, o e
& Table 4-103} 2t}

Table 4-10. Profitability of Small Charcoal Production Machine

(29 : &)
Tterns Scenario = Scenario  Scenario Scenario | Result in
L IV the Above
. Input Cost | 945000 9450000  945000f 945000 945,000
Cost | Depreciation | 3,780,000, 3,780,000 3780000 3780,000] 3,780,000
% __Maintenance 2,100,000, 2100000 2100000, 2,100,000 2100000
Total . 6825000 685000 6825000, 6825000 6825000
. Charcoal | 1080000 1,080,000 1350000 1980000 1980000
‘Rev.| Wood Vinegar| 2250000 4500000 2250000 2250000 4,500,000
f Total 3,300,000, 5580000  3600,000,  4,230,000] 6,480,000
Net Profit A3495,000, A1,245000 A3225000 A2595000]  A345000
CD?;; egg‘éuﬁ/}lg‘hlg‘é 2,646 oooi 2646000 2646000 2646000 2646000

Net Profit with | ’ ;
 Domestic Machine 8900 14"1‘“,’9 | 4Om00 51000 2301000

Note * Scenario I @ Efficiency Ratio of 12 % and 5% for Charcoal and Wood vinegar, respectively.
Scenario II : Efficiency Ratio of 12 % and 10% for Charcoal and Wood vinegar, respectively.
Scenario III : Efficiency Ratio of 8 % and 5% for Charcoal and Wood vinegar, respectively.
Scenario IV : Efficiency Ratio of 22 % and 5% for Charcoal and Wood vinegar, respectively.
Original Example : Efficiency Ratio of 22 % and 10% for Charcoal and Wood vinegar, respectively.
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A 717t olald JAE E=Yste AR&StEEA 1,151,008 948 @A Ho
TR AY E¥E E F S Aoz Ardn.

gy Exdg Abgde 45t ol g§4ddd mad A9 §9 e
e Bx9S A AHESE el U e Aoz yEygd. iy @
59 BAgde Exds AE3E w7t A9 flx & F= AMgEa 3le
Aoz vetgtt 457159 g, 529 HFAEF L Table 4-113% 20,

Table 4-11. Average Dosage of Charcoal and Wood Vmegar by Livestock Farmers

R ;Pezﬂ?é’: el Hog Catﬂe

Charcoll 006 kg/head | 265 kehead 151 ke/head

Wood i - '
Vinegar | 011 liter/head 0.51 liter/head

Source : KREL. A Study on the Utilixzation and Industrialization of Charcoal and Wood-tar
Processed with Small-Sized or Inferior Wood in Agriculture, Fishery, ¥ Livestock, 1999
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55,0007, Ex9L 136005 oY FASM Hed Aoz FAA e H
TR FAEIS HFASTEI 4H05-YL Aets) B o FAFHES 52
NEoz 7T AEVF BEOE TG ALY 5 AL A0E R
Table 4-12. Number of Livestock and Households(Year 1999)
' Milk Cow Hog Poultry
# of Livestock |535 thousand heads 004 thousand | 94,587 thousand
heads heads
# of H hold 14 thousand 24 thousand 210 thousand
of Households households households households
Average # of 382 heads 3277 heads 450.4 heads
Livestock

Source : Ministry of Agriculture and Forestry, Statistical Yearbook of Agriculture and Forestry, 2000

¢ AR EEL AEsHH Table 4-13% 2o

Table 4-13 Optimal Number of Households for Cooperative Use of Charcoal

Machine
o Livestock
Cultivation Pig Cattle Poultry Remarks

AT} Charcoal | 3,300 pyung {1245 heads| 220 heads 55,000 heads Based on the
HA/FT | WV, 13036 pyung|2040 heads| -  [13600 heads| average dosage
“HeadMowseheld | puns | heads 382 heads 4504 heads

Optimal # of Households' 2 house. | 4 house. | 6 house. | 30 house.
Qi 48 & oy | 10 0 e

' Quantity Charcoal  3267kg | 341%g 3473kg | 8l0kg ;Based on the
‘Required | vy 360 liter | 635 lter = - | 1486 liter ‘a"e"dged‘mgﬂ
EOvers & |Charcoal 33kg Al112kg A173kg 690kg ‘Based on the»
‘ Shorts | wyv. | 1140 liter | 865 liter | 1500 liter | 14 liter a‘mgedomgﬁ

Note : Calculated based on the average dosage of charcoal and wood vinegar are 1 kg/pyung,
0.11 liter/pyung, respectively.

- 197 -



A 44 A7 BAFE AL w2 FAZEH

#7479 Azd B2 $AUdAdN WEHE AVEF R WS
W & Table 4-14% Fig. 4-3% 2tk 29 &4 247 $FA9) =% 27
g duelse AAase AANE T UTRe BATE PaFAE B
AT 237189 AT FANE 2 Azt vk 2y A

A7 EF B FE2& AA dQ AFFA oj&d UFFe ¥ol AA
=

9,
=
3o,
lo
L

Table 14 Quantity of Disposal of Wastewood
(Uit : ton/day)

T Living Industry* Construction Total
1990 2,838 - - 2.838
- 1991 3,515 - - 3,615
1993 2822 1,445 - 4,267
194 | 243 85 - . 328
1995 1,938 1,215 - 3,153
1996 | 1,857 1,343 1,064 4,264
1997 1,905 ; 892 1,848 4,645
1998 | 1,848 : 671 : 1,547 4,066

* Include waste-wood from construction until 1995.
Source : Ministry of Environment, Evaluation of Potential Reduction of Greenhouse Gas, 20008
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Fig. 4-3. Trend of Disposal of Waste-wood.
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MEH 3 1310280 47 AR Jrh o5 dzztoz AJsE WHHAE AF
A9 o] 672440tonol ™, A7t HE F& 478,150ton] Hrk vidsiEH =& v
go] Adrit g2y EF A HuE£& 4009FE2 A o A do] 939
fol el nlgo] EAET A 20019 19 19 o|FHHE 7194 AVEL 49
27hste] RAZTE WPsA sHol o] Fo= UFFE MANA ¥ 25
ol & & weto] A ojol gt 1998d e vidd WFF] ol
Az 672,660 23ta &S ZetE 9 o) Fugidd &8ss e HF4
o2 nusteor & Aotk ¥ Aadd dolMe £E&& 10%% FritE 67,300
Eo 23t Eeeo] A4E F A4, 488 589 J1FE #9714 ke? 300
do g st ® 2000 BEQ BAFH o]ejo] TAHA At

Table 4-15. Recycling of Waste-wood
(Unit * ton/day)

Reclamation Incineratioﬁw

“ | Living |Industry “9%0 Total | Living  Industry “OPSTUC| Total

1997 13913 | 754 | 5716 | 20383 4453 5212 | 6909 | 16574
1998 | 12565 478 | 5396 18429 5284 = 3712 | 4106 | 13102

Source : Ministry of Environment, op. cit., 2000.8

a9 oA AYHAE URFZ A= $449 AaE ojnvt WA 24,
A BAFY g £7o) BE LUtEBAR B2EY & BhE Table 4-16
o.
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N

Tablg 4-16. B EAFY A/~ EAH @A E wWEAs
. CHy CO2 N:O  Carbo-ton Exhaustion
- Exhaustion | Exhaustion | Exhaustion Ratio(TC/ton)
'Ratio(kg/ton) |Ratio(kg/ton) Ratio(kg/ton)
—Reclamation | ~Incineration | -Incineration

j Paper 164.3 0 i 0.173 0941 0015
Wood 1876 0 0173 ‘ 1.074 0.015

Source : Ministry of Environment, op. cit., 2000.8

Reclamation | Incineration
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Table 4-17. Treatment Cost of Greenhouse Gas

672,660ton ¥ &
27ts = gol A7t 478220tone] Hol 7,172 TC
"ot wela o]9] Aeu] &2 J13] 4378 Uo] ¥

- ton
e
Aoz ey, A=
Ay o

Treament Cost o

Method Amount of Dlsposal " Exhausted
‘ per Year(ton) Carbon-ton(TC) (10 million won) |
Reclamation 672,660 722,437 4335
‘ Incineration 478,220 7,173 43
Total 1,150,880 729,610 4,378

Note : Treatment cost of TC is 600,000 won/ton.
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