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Table 1 Properties of endoglucanase

Value

Cellulase unit activity

4500 CNU-CA/g

Active pH at 25T 5-9
Approximate density 1.08 g/ml
Table 2 Properties of endoxylanase

Value
Endoxylanase unit activity 2500 AXU/g
Active pH at 25T 45 - 65
Approximate density 1.15 g/ml
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Fig. 1. Pressure condition during the operation

of high pressure homogenizer.
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Fig. 2. Yield of enzyme-treated pulp.
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Endoxylanase 0.5%

Endoglucanase 0.3%
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Fig. 3. Monosaccharides in the filtrate of enzyme-treated pulp.
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Fig. 4. Fines content of endoenzyme-treated pulp.
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Fig. 7. Water retention value of endoenzyme-treated pulp.
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Fig. 8. CED viscosity of endoenzyme-treated pulp.
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Fig. 9. Viscosity of CNF suspension prepared by grinder (pH 7) .
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Fig. 10. Viscosity of CNF suspension prepared by grinder(pH 6).
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Fig. 11. SEM image of grinder 18 passes number CNF.
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Fig. 12. SEM image of grinder 30 passes number CNF.



Width of CNF, nm

40

Mon 100:0 80:20 60:40 4060 20:80 02100
Endoglucanase : Endoxylanase
Fig. 13. Width of CNF prepared by grinder.
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Fig. 14. Sedimentation of CNF suspension prepared by grinder.
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Fig. 15. Aspect ratio of CNF calculated from gel point concentration.
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Fig. 17. Fines content of endoenzyme-treated pulp by beating.
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Fig. 18. Fiber length of endoenzyme-treated pulp by beating.
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Fig. 20. Water retention value of enzyme-pretreated pulp by beating.
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Fig. 22. XRD spectrum of enzyme-pretreated pulp after beating.
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Fig. 23. Crystallinity of enzyme-pretreated pulp by beating.
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Fig. 24. Viscosity of CNF suspension prepared by grinder (enzyme + beating).
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Fig. 26. SEM image of grinder

(enzyme + beaten).

at 30passes number CNF
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Fig. 27. SEM image of homogenizer at 25passes number CNF

(enzyme + beaten).
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Fig. 28. Width of CNF prepared by grinder (enzyme+beaten).
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Fig. 30. Aspect ratio of CNF prepared by grinder (enzyme + beaten).
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Fig. 31. Estimated CNF length prepared with grinder (enzyme + beaten).
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Fig. 32. Aspect ratio of CNF prepared with homogenizer

(enzyme + beaten).
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Fig. 33. Estimated CNF length prepared with homogenizer
(enzyme + beaten).
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Abstract
Effect of endoglucanase and endoxylanase on
characteristics of pulp

and production of cellulose nanofibrils

Lee seok ho

Program in Environmental Materials Science
Department of Forest Sciences

The Graduate School

Seoul National University

Cellulose nanofibrls(CNF) has width narrower than 100 nm and has a few pum
length, especially made with mechanical method. CNF is attractive material, because
it has high specific tensile modulus, low coefficient of heat expension, high specific
surface area, environmental friendly, and bio-degradable.

CNF is made by nanofibrillating 1~2% pulp suspension, giving strong
mechanical shear to pulp solution. but, this method needs a lot of energy, there has
been a lot of demands to lower this energy consumption. In this study, we used
endoglucanase and endoxylanase to hydrolysis pulp in various mixture ratio.
endoglucanase and endoxlanase are known to depolymerize cellulose and
hemicellulose, the most abundant material in pulp. Each condition of enzyme-treated
pulp were beaten. Fiber length, freeness, water retention value, CED viscosity,
chemical compositio and crystallinity of each pulp before and after beating were
measured. grinder and homogenizer were used to make CNF with each treated pulp.

width, aspect ratio, viscosity of suspension of each condition of CNF were
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measured.

Enzyme-treated pulp had lower fines than control, and in the endoglucanase and
endoxylanase mix used condition, fines content were much lower than condition
only a endoenzyme was treated. but, after beating, in more endoxylanase used
condition, more than 3 times fines generated than control.

In freeness, WRYV, and CED viscosity, condition using endoglucanase and
endoxylanase mix showed bigger change in results than that of control or only
endoenzyme-treated condition.

Experiments were done in pH6 and pH?7, because endoglucanase and
endoxylanase have different active pH area. each results showed that enzyme
activity in pH 7 was higher than that of pH 6, and it seems that it was due to that
activity of endoglucanase is more critical than endoxylanase when using
endoglucanase and endoxylanase together.

CNF suspension that has lower suspension viscosity than that of control CNF was
obtained by using enzyme treated pulp. Using pulp treated with endoglucanase and
endoxylanase together produced CNF having about 80% lower suspension viscosity
than that of control, and it seems that it is due to synergy between endoglucanase
and endoxylanase. it is expected that this low viscosity CNF can be used in CNF
application in industry.

CNF was obatined by 30 pass of grinding with control pulp, on the other hands,
endoglucanase - endoxylanase-treated pulp was nanofibrillated with only 18 pass of
grinding. and as more endoglucanase used, CNF showed lower aspect ratio. this
results suggest that using enzyme treatment is helpful to get lower energy

consumption and to control morphology or characteristics of CNF.
keywords : Pulp, Cellulose nanofibrils, Enzyme, Beating, Endoglucanase,

Endoxylanase
Student Number : 2016 - 26845

_69_



gEoldsyrh ey

HH

T

87] nh

)

Al 2

NFA AL 29

o

TR

ujn

o
o
;on

G
o

To-

m

B!

o
i
E

fveel

1}

2114 3]

ofm A s ol w7t A4

A

8}

TR
M.

ol
o

—_
10

ujn

)7}

fex
RELA

&

o q] Wyt ohueh WAMY A AP

=HtEA, Fes gleo] A

A

ofF A ambg]. 1g
2?7 o=z

Gl

=]

)}

ol

5

Aok, vhe] %

=

=
K3

W7k §l

lojg Wol.(r7} & o

T
T

_70_

Tea e sru S Fush AAY

sho] g,

]

RElA

o>

uhy Aol
of & Apputo]l AbEAL.

7 5]



3 U5 wo] e

3

o>

b

10

3
o2

S
=

of #A

v
5
o1

jase]

B

3.

o>

A 2Lo]

5t

T -
[e)

= ©FO
=)
=

=
let’'s see

oA H 3
A7

9101 4
jed g ke 94

1=
T

o]
ﬂo]

SO =
= -

[ex
[}

o]
Q)

Y. o] Al

T
T

ol

&t

13
<1

)

Fob oA

&l

w, A7F 7]

93]

shen, and araz, it was really nice to meet you.

o vhebq &

A7 HRA=H

Hhek e

a7 2 ol R A2 e wo),

T

-

&t

)

TC

again! 1¥]3l 7}
Y7k 5

. ﬂwﬁ

il

i
o

0%

=

—_
10

4] At

[

of. A

=

:__':Lﬁ

]

-

s

s

)

7} o] oF7]

1

0
S

N2 7Tt o B

Tk
oK

So] AMA 2 o] Hde] eEHT

||
=i

il
<

=

—_
10

i

_71_



	1. 서론   
	2. 연구사   
	2.1 나노셀룰로오스의 종류 및 응용가능성   
	2.2 전처리를 이용한 CNF 제조   
	2.3 펄프의 효소 전처리와 이를 이용한 나노셀룰로오스 제조    

	3. 재료 및 방법    
	3.1 공시재료   
	3.1.1 펄프  
	3.1.2 효소    
	3.1.3 완충용액   

	3.2 실험 방법    
	3.2.1 펄프 효소 전처리  
	3.2.1.1 Endoenzyme 혼합 전처리  
	3.2.1.2 효소와고해의 병용 전처리  

	3.2.2 효소전처리 펄프의 특성 평가    
	3.2.2.1 섬유장  
	3.2.2.2 여수도  
	3.2.2.3 보수도  
	3.2.2.4 CED 점도  
	3.2.2.5 화학적 조성비  
	3.2.2.6 펄프 결정화도 분석  

	3.2.3 CNF 제조    
	3.2.3.1 그라인더를 이용한 CNF제조  
	3.2.3.2 고압 호모게나이저를 이용한 CNF제조  

	3.2.4 CNF 평가    
	3.2.4.1 CNF 형태  
	3.2.4.2 CNF 현탁액 점도  



	4. 결과 및 고찰    
	4.1 Endoenzyme 혼합 전처리의 영향    
	4.1.1 효소 전처리 수율  
	4.1.2 펄프 특성 평가  
	4.1.2.1 섬유장 및 미세분 함량  
	4.1.2.2 여수도  
	4.1.2.3 보수도 
	4.1.2.4 CED 점도  
	4.1.2.5 화학적 조성비  

	4.1.3 CNF의 특성 평가  
	4.1.3.1 CNF 현탁액 저전단 점도  
	4.1.3.2 CNF 형태  
	4.1.3.3 종횡비 


	4.2 Endoenzyme 혼합 전처리 후 고해 펄프    
	4.2.1 펄프 특성 평가  
	4.2.1.1 섬유장 
	4.2.1.2 여수도  
	4.2.1.3 보수도  
	4.2.1.4 결정화도  

	4.2.2 CNF의 특성 평가  
	4.2.2.1 전처리 펄프 별 그라인더 및 호모게나이저 구동   
	4.2.2.2 CNF 현탁액 저전단 점도    
	4.2.2.3 CNF 형태   
	4.2.2.4 종횡비   



	5. 결 론    
	6. 참고문헌   
	Abstract   


<startpage>12
1. 서론    1
2. 연구사    3
 2.1 나노셀룰로오스의 종류 및 응용가능성    3
 2.2 전처리를 이용한 CNF 제조    4
 2.3 펄프의 효소 전처리와 이를 이용한 나노셀룰로오스 제조     4
3. 재료 및 방법     7
 3.1 공시재료    7
  3.1.1 펄프   7
  3.1.2 효소     7
  3.1.3 완충용액    7
 3.2 실험 방법     9
  3.2.1 펄프 효소 전처리   9
   3.2.1.1 Endoenzyme 혼합 전처리   9
   3.2.1.2 효소와고해의 병용 전처리   9
  3.2.2 효소전처리 펄프의 특성 평가     10
   3.2.2.1 섬유장   10
   3.2.2.2 여수도   10
   3.2.2.3 보수도   10
   3.2.2.4 CED 점도   11
   3.2.2.5 화학적 조성비   11
   3.2.2.6 펄프 결정화도 분석   11
  3.2.3 CNF 제조     12
   3.2.3.1 그라인더를 이용한 CNF제조   12
   3.2.3.2 고압 호모게나이저를 이용한 CNF제조   12
  3.2.4 CNF 평가     14
   3.2.4.1 CNF 형태   14
   3.2.4.2 CNF 현탁액 점도   14
4. 결과 및 고찰     16
 4.1 Endoenzyme 혼합 전처리의 영향     16
  4.1.1 효소 전처리 수율   16
  4.1.2 펄프 특성 평가   19
   4.1.2.1 섬유장 및 미세분 함량   19
   4.1.2.2 여수도   21
   4.1.2.3 보수도  24
   4.1.2.4 CED 점도   26
   4.1.2.5 화학적 조성비   28
  4.1.3 CNF의 특성 평가   29
   4.1.3.1 CNF 현탁액 저전단 점도   29
   4.1.3.2 CNF 형태   32
   4.1.3.3 종횡비  36
 4.2 Endoenzyme 혼합 전처리 후 고해 펄프     39
  4.2.1 펄프 특성 평가   39
   4.2.1.1 섬유장  39
   4.2.1.2 여수도   41
   4.2.1.3 보수도   43
   4.2.1.4 결정화도   45
  4.2.2 CNF의 특성 평가   48
   4.2.2.1 전처리 펄프 별 그라인더 및 호모게나이저 구동    48
   4.2.2.2 CNF 현탁액 저전단 점도     48
   4.2.2.3 CNF 형태    52
   4.2.2.4 종횡비    56
5. 결 론     59
6. 참고문헌    61
Abstract    68
</body>

