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Abstract

Viscosity of cellulose pulp was greatly decreased with endo-xylanase treatment
but tiny decreased with exo—-xylanase treatment. Change of freeness was greatly
influenced with exo-xylanase treatment. The first stage of refining(5,000 revolution),
freeness was greatly decreased with exo-xylanase treatment. After middle stage of
refining (10,000 revolution) change of freeness was similar to endo-xylanase treatment.

WRV (water retention value) was more effective exo—xylanas than endo-xylanase
treatment. Interfiber bonding of cellulose fiber was disintegrated with exo-xylanse

treatment.
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o] An|dc} olFA AnvlE EW 4= BOD, COD, TOCIH Z2 st FEFS
WExsly enz IAZgZE FHdA 29 Ao v FHEF W& JH FA
Atk 71& ¥ ol CEDED E¥WA ¥l&E5< BOD, Color= &2 C BAS E ©
Al Zadct. COD9 80%, Total Colore] 95%, £3t o] CE @A} TOCI® ‘9
Hao 5A-4E F5-sch]) 39 = EF ¢ T0kge #F7I=°] AAH=H, 2 F 70%
of sjFsle= S0kge Bad EIEoly, 19kgS ©538tE, kg2 FEEAAM U2t &
|15 5o 288 94 ATY gFEol Fd EEY FFL o|F31 U

AA) Bx AR APelA Ea Aol it & BAL Bolm UV mu W
A& fade AAE 542 A SHH Hemicellulose W ZAdo]l g Eo] glad
= | S7HE, 19 dAlCA Chel AHlE A3 ZAAZY ENA] 845 ALE3)
H HIZ] xylan©] xylanased] ¢ FEHo= BEadr = AFHE xylane FHA}
] Z=Z A A Az ZL3ed, xylanaseE: A7FEPE AXAE xylan 44 X
3lido] a2 A wrgsted B3 =, Lahtinen et al. 5= Teichoderma Lonibrachiatemol] 4]
239 xylanaseZ XC/DEDED EW3lH 549 wAs e ATE fFAAI7E HY W
A 84 da9 AOXE ZHZ 15%, 25%2 AAAZ 4 otz 2xstgnt?

wEta HZ o ggt E4&F HE38LLA e FFo] W& FrkEdenE B d
TFAME E4E AHEsle Hx9 71A4 54 HsE n#FZstux sxth

2.2

2-1. A A=

B Ao Alf" 4% sigma AHEREH 8 AAE ANGE 24 A& on,
249 EAL Table 19 YUY, E3F = iy} Western PulpAtel A A=
SW-BKPE ¥ X & A831¥ o, 7 544-& Table 29 YeEWAT

Table 1. Characteristics of Hemicellulose

Enzyme _ ~ ~
Characteriohios __Endo xylanase Exo Xylarlase Acetyl-esterase
Micro Organism Tn%g%egma Asﬁiggéll,lus Orange Peel
Component 14-B-D 14-B-D Acetic-ester
Properties -Xylanxylanchydrolase | —Xylanxylanohydrolase Hydrolase

B-galactosidase
L Cellulose < 0.5% ~ :
Impurities B-glucosidase < 0.01% ale%?'%%?slg%/ie Free

- 114 -



Hemicellulase * glol] &3t A Hxo us] a3 #H3}

Table 2. Characteristics of Chemical Pulp

Western Hemlock

_ - iﬂi_ _ | Western Red Cedar
Average Fiber Length (mm) 2.54
Brightness (%, 1SO) 92
Alcohol-benzen (%) 0.18
Acid Lignin (%) 2.32
Ash (%) 1.2
a 5.1
Cel(l(;l;)se 179
¥ 7.0
2-2. 29 Iy
2-2-1. 84 Ad
Refining A HZZ sf2d F 40T F BN AT BA st X9 FEE 10%=
ZH3 F §4HF A3, Do vd B Ao "ol 40£1TC EFHAA <A A3t
A28 WA F refiningS A8 £ refining + A E+w 5T ¥ 23

2-2-2. Refining
29 dojA TAPPI TM 7129 9A AZH PFI mille AlLgon E =F9
refining W& TAPPI TME 53l AAe %)

2-2-3. 4k FH

Canadian Standard Freeness TesterS A}&3t TAPPI Standard T227 Om-92¢] ¢
Astd FAsHoH, HAHH CSF @S RARTE AH8sld 5% 03% 2% 20CTE H
A 3t A o

2-2-4. V| A A+ FF 53

Dynamic Drainage Jar(DD])E A}83lo] TAPPI Standard T261 Om-94¢] 2] A 3sto]
AATH o ol A(1)E ol &l vAH HF FFE AEIFAT.
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(AxC)-B
%) = X ]
F(%) A x C 00 (1)

o 71 ol A F=uA Axg &F A = 5 A5 )
B = pad AdF5%H(g), C = A5 F=(g/g)

2-2-4. Water Retention Value &4

Age ByEE FAHL Jayme Ao} ZASY HAASHon, &2 44 EHIE o
£ g-force 3000 rpmol A 2% 20:1TCE 1587 @542 & o} gt o] A& 34t
H S WRVE Aldsqot.

W, - W
WRV(%) = - x 100 2)
W
o 7] of} A W1 = oven-dry pulp weight after centrifuging, g
W2 = wet—pulp weight after centrifuging, g

2-2-6. A9 A= £4
TAPPI Standard T230 Om-82 Capillary Viscometer W20 F£3ld HAlsHon 4
3 ZAHL Table 33 2Zgttl

Table 3. Experimental Condition of Pulp Viscosity Measurement

Beating Degree(SR) 50
Type Cannon-Fenske Capillary
Viscometer
Size Number 150
Temperature 250 £ 01T
Reagent Cupniethylene Diamine Solution

3. d3 9 &

3-1. 23] A7t WE Hxol Ax Wisl
Hemicellulose(endo-xylanase, exo-xylanase, acetyl-esterase) X &]® HZ7} 3] A
ZHoll mpE cellulose fibere] #3] AE=E o317 98] PFI mill 23] #3HE 23 A
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59 =& SASAL

Endo-xylanase A& & 13| A7t wE "Xl Hr W3l HAIE Fig. 1 yeh
Ak, B As ofstH, T3 Al &E(contro)® S 27t Ao wel A v
7} 5,00001 4 15000 revolutiond @i 135cpolA 13.2cpE "W &LA JEFYXEE §4AE
A2 A5 2unit MgAl 13.0cpol A 125¢cp, 6unit HEA & 125cplNA 12.0cp2 42
A= At Fo] ZA YeEtRt

B FAE A5 vl &4 Ay AE7F S s ARE A HxE A Fo
a4 AP mldsA Baste B34S &9 & AU F3] 5000 revolution T3t
ol A= 2unit AFA 05cp T4 4unit A A= 0.6cp T4, 6unit 1.0cp7t #H& s 2o
E EAY. o9 22 #AAFL 10,000 revolution FZHAA € ZA JYES=d 2unit
A A FAE A5l v 06cp &4, 4unit YA £ 08cp #A, 6unit AFAE 1.3cp
#aste 2FHE ER Y 15000 revolution FHAM = A Fo] FrishA| sttt o]
H§ ZHAE endo-xylanase Xlo 93] 18] F =%F cellulose fibrile] EAHA F7}
2 Q3 &ie 71E Rago] FUMe A} ARHW, B T4 o cellulose
fibril®} B]ZAA 992 Hemicellulose #3837} cellulose fibril chain® Z4 @402 23
g A3 JqSHg.

e m

150

140 —

130 - &

Viscosity(10mpa,s, 10-cp)

110 |~

100

;I, } H ]
5,000 10,000 15,000

PF1 Mill Revolution(time)

Control
2unit
4unit
Sunit

XO0DO

Fig. 1. Change of viscosity according to PFI mill revolution at

different contents of enzyme treatment.
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T3t exo-xylanase Aol 98 i3] EHE Fig. 29 JebTh Fig. 29 Zo] 1
&l =7](5,000 revolution)oll = 4unit o] HE Al AXE A3 dAAo] #EEHJ oW, 6unit
AgArle B A3t Fof O FmeFJo=En FAHg Algd v3 0.08cpd FE= A3
7t g

a8y 59 #7094 endo-xylanase® 0.lcp A= A 3te} vlastH HE A3} Zo
endo-xylanase®] ®]& ZAsAT. 3] FEH10,000 revolution) FZHAIA = 2Zunit * 2] Al
A8 Al&d 88 0.03cp, 4unit 2 &A= 0.06¢cp, 6unit A &A= 0.08cp HAs= A
2 YeEhidtt 53 Y F7H9) A endo-xylanase® % 6unit A A FA T AR
B3] 0.13cpe] Ax 74 @A vHludld A FaZol AA F3H= Z2H3E BT
olg} & A= EHW FAHAAMN FAd Ayt AdXs= AL EHA exo-xylanased &
A s B 92 3ho FxFH EA VIJe Aoz sdddrh s $17H(15000
revolution)ol & 13 FHF AX Asl #HA FLIT S UEHUAEH oJRAL T4 AT
of &3 H# /A Aol A TAHA FL A} AlsdT-

150
140 —
— — P -
=2 \i_ -
17
T {1
=3 — € >€ <
=
=
= 120 |-
2
= -
110 —
100 —
jf 1 1 1
5,000 10,000 15,000
PFI Mil Revolution(time)
<O Control
2 2unit
] Adunit
> Sunit

Fig. 2. Change of viscosity according to PFI mill revolution at

different contents of enzyme treatment.

2-2. 313 Ao ME oAk WU

TR e dAFY A7 HYHEA 29 FES Adets Aol wet Wets
Ewe £xo w2 dAHZ oY S FEHE Y & HVT #elnh o
< ]

a7 APE4-2 ALY = A H9 fibrillation, - 8A, B EHH S F7F Ax, A
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e wdA, vA A e A wet A" o9 L AFE S WA
71 8.2 ggsiA FxEs517] WEd 913 84S AFH o2 FA 5= die= A7t
ATt watAd B A= 3] 7S ZYHPFI mill 5000 revolution ©]3}), F4t
(PFI mill 5,000~10,000 revolution ©}3}), F%HPFI mill 10,000~15,000 revolution °}3s})
THoz AESE F, 4 #hE 24 A TR WE dax ¥ME e a@do=
X &ad o A 54 M2 EHE A5 F JUTH

Fig. 32 313 Z¥HPFI mill 5,000 revolution ©]&h)oj A & Al7tel] W& 4% B
glol gk A48 A4S et E§ Fig. 4% £¥HPFI mill 5000~10,000 revolution ©]
8F), FHHPFI mill 10,000~15,000 revolution °|3})e] A%, 28l1 Fig. 5= F9HPFI
mill 10,000~ 15,000 revolution ¢jshH& YEFAU T

Fig. 3% #°] endo-xylanase A& A59 72§ 33 Z¥HPFI mill 5000 revolution)
TFZHA A &4 AP =9 F7H wEl =7t vlEete Aiadte FE¥}E HIo,
6unit X g o)A E ZAAZEo] EFdFE AAE JeEMULE £33 exo-xylanase 3 #
A 859 Z$+ endo-xylanase A g|o] Hlslo] o5 FAAFo] aAX YRITE F4h AT
50 H A 2unit AZANMHFH Bunit A2 7+A b 341'5'}04 Aidte A4S U
At} 53] endo—xylanase #A T8 S, 6unit ABA &4 FAY A5 A4k gk
550m¢, CSFell "3l 25m¢, CSF 7243 525m¢, CSFE Jeld Aoz 33 Zudx &4
Aol o HF NP AT FFo] A+ Aoz FydHL

560

550

-
- -
530
- —

220 —

Freeness{C.S.F, ml)

510 —

500

T 1 ; 1 |
2 4 5] 8

Enzyme Contents{(unit)

O Control
4L Endo-xylanase
1 Exo-xylanase

Fig. 3. Change of freeness at PFI mill 5,000 revolution with

Hemicellulase treatment.
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© - < o
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410 |
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Fig. 4. Change of freeness at PFI mill 10,000 revolution
with Hemicellulase treatment.

Fig. 49 Jeld A3 o] m3] F9HPFI mill 10,000 renovation)ol Al exo-xylanase
A2 g A, 18 &F37F 53 FEHAA FJAFHJA=H, 18 ¥ endo-xylanase A
2] Alg ¢t vty Z+ B4 A7 wEo wWel 10w, CSF oo oF% gt Zolg B
At 22 a8 FurdlA endo-xylanase A& AEY4 A9 Y= d54% ke e
WA om, olef 2 FEFE A AHY FEY AR FAS A¥}ES HAH.

T3 Fxg Alaget vudly §4 A Fol Bunit?l BF, 4 A Al #Z(endo, exo)
o] A% gro] 30m, CSF ol Fadts Ao=m v Fo] 1) zytolx e Zo] &4 A
2] Alg7t & Tt = dASHA el 54 AME ¢S F37] dEole ArsdE
=3

23] F1to] exo-xylanase @ 23 FH/F F=HAE AL 13 Fure] A
cellulose fiber7t i3}ol] 23 microfibrile] B3 @Wo =SHe= FHoz g9 whg

o] 7}53t 712 EWH Ao oA &4 ¥ FHF EXH Azel Azt

Fig. 59} 2] 18] ZvHPFI mill 15,000 renovation) & endo-xylanase A& ¢ 72,
o4 A7 71 FEHAA YHER LY, exo-xylanase M Alg9 FA$v A
TAhaFol aA F3H+e AAE BHYY 53] exo-xylanase Ad A& F$+E =
e Fx7F FUHEE SR ZFAaE £33 A4 ¥t gle AR #Fo] a4 v
| o A= "W A9 0““52}% X1z} Eae Aoz HAuwch wky
endo-xylanase #|2] A& AFT &R 6unit A FAE A& v oAF=
35m¢, CSF #A3t= AHE E‘%J.E’-E’H T4 Jrgo) 9ty A WMl FIgFE

igee BAT 4 YAk

°
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Fig. b. Change of freeness at PFI mill 15,000 revolution
with Hemicellulase treatment.

2-3. WRV #3

WRVE &9 A+ 100g0] 78  Ae 29 42 4% o= A7 35
AEE A= Adgez2 usi7t IYPEFE A7 FaAdol Frbstn, 9A AHR
(Fiber Fine) &r&Fo] F71stAl == @Adl o8 WRVZE Stk Aoe=E ddHA Qi
T3 g4 Yol o Aol MA ERE =3, A MEE 53 Folo LA
B4 H3E d5387] Hsto 3z 77 AEE AFsld A8 WRV ®i38tE Fig. 6
A et A

Fig. 63 #Zo] &4 H| A2 AlH(control)® 74-F PFI mill 5000 revolutionollA 151%,
10,000 revolution®l A 160%, 15,000 revolutionol A 165%% WRV gto] &4tstA 7138}
Ath. Exo-xylanase 4unit ¥ Al&9 5+ 5000 revolutiondlA 160%, 10,000
revolutiond] 4] 180%, 15,000 revolutiono Al 192% 2 3434 WRVZF Asstes 2SS
GEFHTE HEHO) endo-xylanase AE AR A-$E 5000 revolution 169%, 10,000
revolution®] A 180%, 15,000 revolution 185%EZ A% o] £33+ A¥AE el
ol9} Fo] FA Ao &3 WRVEY F7F @42 249 #ddE A iy o
(fibrills)e] 9§ =&=7 2 olZ 23 Hdf UFe e W3 fiber fined] A HF
A ste) 710E Aoz} AR E Y.

(i
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210

200 [~

190 b ’/‘t:I

180 —

WRV (%)

170

150

:f 1 I i

2 4 e
PFI Mill Revolution < Control
A2 Endo 4unit
1 Exo 4unit

Fig. 6. Change of WRV of Hemicellulase treated in refining

Process.

3-4. Fiber Fine &3 W3}

Cellulose @ Hemicellulose A9l 93] HfF TH peeling 84 R o= & n| A
A TFo] Frlste Aex BHuHa Jdo. &4 AHE s we fiber fined ¥F
H3E #AFZsr] Y 245 HEgE®H AEE PFI mill2 o]§& 15000 revolutionl 2
refining3+ ¥ fiber fine %S #A3 23 Fig 73 23t}

30 —

20: g//‘i‘//—‘/‘:

10 +—

fiber fine weight(%)

;I’ 1 1 I |

2 4 6 8
Enzyme Contents(unit)
< Control
2D Endo
0 Exo

Fig. 7. Change of fiber fine contents with micellulase
treatment at 15,000 PFI mill revolution.
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Endo-xylanase A& Al&9 7% 6unit A Al fiber fine &ZFo] 22% 2 F X7 A&
9] 11%°l Hls] F wie] &F F7F 4 ¥ 7 UM "M A EHY A
T4 A Aol §4& wkgo ol ostd e A refiningol &g Ad=He #
202 peeling Aol 4% A S718 238 #ddET. E3 endo-xylanase # 2| Al
29 3Y F4% peeling FEZ AH AFEEol A A% Aoz AZ4ET, o9 A2
Ay 13 F AR AT ¥ AN gl A dAste A% HERHU

a3 Y exo-xylanase A3 AR 9 A= B4 A o] A% (4unit o3} FIHAAE
fiber fine & W37} T8 AlF3d vl&l] 3% 73R =9 ©] A2 endo- xylanase A
gloll vj3} L3 peeling @Al AAE ZAyg dddT

4. 4 £

EAE AMRSt BZ9 VIAA 54 ¥sE 23S 2H UsH 22 2E& dAH

(1) endo-xylanase X o o3 Hxol He A7l 43 JPH= LS
T dgloen o9t e HE AHdle ZaAHE TR/ S/HESFE FHe
S Vel A A 2 exo-xylanase A 2o o3 Hx WHale =3 vjw] .

(2) endo ¥ exo-xylanase A& 23 3T W= 13]%27](5,000 revolution)?!
74 §- exo-xylanase A 2lo] &3 3= Wyt 5439 HAdeE dFHE UEIR
2, 123]F7](10,000 revolution)oll & exo, endo-xylanase * @] <3t ud|= WA
7 FARSE e Ugdddd. ol &2 ZI = exo-xylanase Ao o3& 1L
3 AZEE GFAIZE F AT BREAZ A VFEAS 8 T 4 YA

(3) WRVE exo-xylanase * &l ¢a) &7} 713 43539 29, endo-xylanase
o] Y= FA AlFol vl go] HFdte BFS UEHUHASH ook &
< Ade E4 A g3 HF dFe A dAE R olF 5% AF BE
37 =79 A3z gddE
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