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MMA
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> 800 }
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1) A. youssef, A. Ahanna, A. A. Ibbahem, A. A. Ford :

Cellulose Chem. Technol., 25, 323 (1991)

2) A. Hebeish, M. H.El-Rafie, F.EI-Sisi: Angew. Makromol.
Chem., 95. 199 (1981)

3) Ismael Casions : Polymer, 35, 606 (1994)

4) H. K. Das, N. C. Nayak, B. C. Singh : Cellulose Chem.

Technol. 27, 645 (1993)
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PMMA
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Cryptomeria japonica

105
HMTA
20%
6kg/cm? 4
10% 40
8
10g
80
105
10g  500ml
0.1

100

3.5

29

D Don
MMA
25%

200ml

HTMA
2400

109
100 8

10

GA

2,2-

GA
MMA

HMTA

1:6



19
0.1

10g
0.1

JIR-6500

200ml

500ml

3.5

105

105

MMA
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20ml

MMA
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1000
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1g MMALOmI

MMA
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MMA
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0.1¢g

MMA
MMALmI

10g
109
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NaOH 20% 6kg/ cm® 4 x

NaOH- Na o

X

X

HMTA o

GA o

3-1
MMA HMTA
HMTA 0.5 1 80 8
3-1
HMTA
100
HMTA 3-2

HMTA

HMTA 8
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0.8%

0.6
0.4
o
(E
S
= 0.2 |
O | | | |
0 2 4 6 8 10
Time (hr)
3-1 HEMT
Temp. 80 HMTA/wood ratio: 1; O 0.5
1.0
0.8
A
= 0.6
<
0.4
=
0.2
0-0 L | | | |
0 2 4 6 8 10
Time (hr)
3-2
Temp.100 HMTA/wood ratio: 1; O 0.5; 0.1
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1.0
0.8
= 0.6
=
S
= 0.4
0.2
0.0
0 0.2 0.4 0.6 0.8 1
Hexamethylenetetramine/Wood  (g/g)
3-3  HMTA
3-3  HMTA 8
80 HMTA
0.5 wt/wt
100
HTMA
MMA
3-4 0.3 0.8%
1 10
0.3%
0.5 0.8% 2

25
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0.5 0.8
120 130 MMA
140
~ 130
S\_/
= 120 |
2
>
= 110 |
(1.
]
|-
© 100 |
90 | |
0 5 10 15
Ce(NH,),(NO3)¢/Wood  (9/9)
3-4
nitrogen content of wood: 0.3%; O 0.5%; 0.8%.
10
10
130% 0.4%
0.3%
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MMA HMTA
GA
3-5 GA MMA  Ce
GA  MMA
GA 16
120
o
t\/
- 110 [ —e
o
>_
£ 100 |
©
|-
(@)
90 | | |
0 6 12 18 24
Time (hr)
3-5 GA

wood 10g; MMA 7.5ml; Ce(NH,),(NO,), 2g; water 200ml

MMA GA 16

3-6 GA GA 25
10g
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10ml
MMA
10ml
3-7

3-8

S%

120

|
[
o

100

Graft Yield (%)

90

3-6

110
GA 10g

1%
2%

10%

110%

0O 0.5 1 15 2 2.5
Glutaraldehyde/Wood (ml/g)

wood 10g; MMA 7.5ml; Ce(NH,),(NO;) 2g; water 200ml
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110

100

Graft Yield (%)

90

3-7

0.2
Ce(NH4)2(NOs)s/Wood  (9/9)

0.4

0.6

wood 10g; GA 10ml;MMA 7.5ml;water 200ml

120

110

100

Graft Yield (%)

(@)
o

3-8

wood 10g; GA 10ml; MMA 7.5ml; Ce(NH,),(NO,),

0

0.05

Wood/Water
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0.1
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3-9 MMA

MMA 50%
75% MMA
110%
MMA 100% 150%
106% 102% MMA
MMA PMMA
120

=

<

S 110 |

(b)

>

& 100 f

©

p -

(&)

90
0 0.5 1 1.5 2
/Wood (ml/g)
3-9 MMA

wood 10g;GA 10ml; Ce(NH,),(NO;), 2g; water 200ml

3-10 MMA Ce
110%MMA
1730 MMA
Ce
1730
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Wood

‘ Ce™
A. \ Grafted wood
|| X\
3600 2800 2000 1200 400
wavenumber (cm™)
3-10 MMA
HMTA
MMA
0.3%
10 0.5% 0.8%
130% HMTA
5
GA
MMA
GA 16
110%
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1) A. Youssef, A. Ahanna, A. A. Ibbahem, A. A. Ford :

Cellulose Chem. Technol., 25, 323 (1991)

2) A. Hebeish, M. H.El-Rafie, F.EI-Sisi: Angew. Makromol.
Chem., 95. 199 (1981)

3) Ismael Casions : Polymer, 35, 606 (1994)

4) H. K. Das, N. C. Nayak, B. C. Singh : Cellulose Chem.

Technol. 27, 645 (1993)
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MMA
MMA
MMA
AWFA-37 8cmx 20cm
5MPa 110 150 10
MMA 10cm
8.5cm 10.5cm 165
8 20
10mm
AG-500 JISK7171
4cm

2mm/min
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PYR-4
5¢cm
12 16
MMA
MMA
MMA
150
BA
4-1
BA
18MPa
130
5
10
130

MMA

DSC8230
GC-17A

10cm
cm 1

2 BA MMA
110 150
BA MMA 10

110
130 60MPa

110 60MPa

130

110MPa 2
MMA  BA
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Flexural strength

4-1

120

100

80

60

40

20

O Butyl Acrylate 0%
@ Butyl Acrylate 5%
O Butyl Acrylate 10%

110 130
Temp. of molding ( )

MMA

MMA
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4-2

MMA  BA 4-1
PMMA MMA
4-1 MMA
)
PMMA 32.7
MMA grafted Cellulose 26.2
5%BA copolymer 24.2
10%BA copolymer 22.4(24.0)
6.5 BA

BA
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PMMA

MMA 100

MMA  100%
400
MMA
MMA 99

MMA
4-3
500
MMA
5
4-3  MMA
4-2

16
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MMA
60MPa

88

BA

MMA

MMA

16
16
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16

50

130



4-2

100.0 100.0 99.3 100.0 99.7 101.6 102.0
100.0 100.0 100.1 99.7 99.8 100.2 100.0
100.0 99.8 99.2 99.1 98.9 98.8 98.4
100 25.1) 96.8(24.3) 81.6(20.5) 90.6(22.7) 81.0(20.3) 61.1(¢(15.3) 60.1(15.1)
100.0 93.9 94.2 96.2 93.9 96.3 97.3
100.0 93.2 93.3 97.6 97.5 98.1 97.0
100.0 81.8 84.1 78.6 77.5 77.0 73.8
100(15.6) 126.8(19.8) 102.2(16.0) - 119.7(18.7)95.4(14.9) 93.1(14.5)
- - - (19.8) - - -
100.0 99.9 101.2 100.8 101.0 100.7 101.8
100.0 100.0 100.0 100.2 100.2 100.4 100.2
100.0 100.0 100.6 100.1 100.0 100.2 100.3
100(66.6) 96.9(64.6) 96.3(64.2) 113(75.3) 99.6(66.4) 81.7(54.4) 90.3(60.2)
100(56.7) 81.2(46.0) 92.3(52.3) 109.7(62.2) - - -
100.0 100.2 100.2 100.2 100.1 101.1 101.7
100.0 100.2 100.5 100.5 100.2 101.1 100.8
100.0 99.7 99.8 99.6 99.1 99.0 98.5
100(27.5) 95.4(26.2) 84.1(23.1) 93.4(25.7) 91.6(25.2) 77.1(21.2) 83.1(22.9)
100.0 100.0 100.0 99.7 99.6 99.4 99.3
100.0 99.7 99.3 99.3 99.2 99.8 99.7
100.0 99.6 99.9 99.4 99.2 99.0 98.5
100(38.8) 105.2(40.8) 107.4(41.7) 84.5(32.8) 85.8(33.3) 75.3(29.2) 79.3(30.8)
100.0 99.9 100.1 100.7 100.3 101.4 101.4
100.0 100.3 100.0 100.0 99.8 100.7 100.5
100.0 99.9 100.0 99.8 99.7 100.8 99.3
100¢30.2) 93.1(28.2) 90.5(27.4) 97.5(29.5) 97.0(29.3) 84.2(25.4) 84.6(25.6)
100.0 97.3 98.9 97.5 98.9 98.8 97.4
MMA 100.0 106.2 106.5 106.4 106.5 106.1 101.1
100.0 99.9 99.8 99.7 99.6 99.8 99.8
100(26.6) 82.2(21.9) 88.7(23.6) 53.8(14.3) 52.6(14) 57.7(15.3)50.7 13.5
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MMA

MMA !
Cryptomeria japonica D Don 10
105 MMA
Ce* 10 MMA D
PMMA 7000
7500
AWFA-37 20cmx 8cm
5 10 15MPa 130 150 170 190
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10 2mm
MMA PMMA
PMMA
5-1
Grafted Wood | 2 1] 1 2
Wood 2 1 1 2
(wt.%)
PUNA 1 1 2 1 1 2 1|1
( ) 5 10 15
( ) 130 150 170 190 170
(grafted polymer)+(homopolymer)
lcm 6Ccm
2mm/min 4cm
5x 5cm
40 24
20 24
5x 5¢cm
20 65 2
25 90 25 50
400 500 600
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130

PMMA
MMA
PMMA
5-1 5-2
MMA
MMA 1 2
MMA

PMMA
5MPa
PMMA 2
PUMA 1 2
PMMA
170 15MPa
170 MMA
35 MPa 25MPa
MMA
10 MPa
130 150 10 MPa
130
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190
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MMA
MMA
MMA

27 MPa
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OWood:PMMA = 2:1
7540 " |@Wood:PMMA = 1:1
% OWood:PMMA = 1:2
< 30
(@]
c
o
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o
)
x
@
w 10 F
0 I
130 150 170 190
Temp. of molding ( )
5-1 PMMA
50
O . }
Grafted Wood:PMMA = 2:1
40 | Worafted Wood:PMMA = 1:1
& OGrafted Wood:PMMA = 1:2
p=
= 30
=)
[
e
@ 20
&
3
x
@
o 10
O 1 1
130 150 170 190
Temp. of molding ( )
5-2 MMA PMMA
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MMA 170 35 MPa PMMA
0.5 2 PMMA
5-3 MMA

MMA 1 2 MMA

5-3
MMA PMMA
50 -
@ Wood+PMMA 5
40 | 00%
5 O Graft Wood+PMMA 0
e
"é, 30 B O o
[<D) Ue
43; O
20 o &
T O
S °
2
&) 10 o ©
®,
O 1 1 1
0.5 0.7 0.9 1.1 1.3

specific gravity

5-3
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5-4 PMMA 1 1

MMA PMMA
PMMA MMA
PMMA
PMMA
80 40
60 | 30
(B}
540 | {208
- o
= S
2 E
= 20| {100~
0 0
100 120 140 160 180 200
Temp. of molding ( )
5-4 Wood/PMMA 1/1

Wood+PMMA: weight increasee ,volume iIncreaseo
Grafted Wood+PMMA: weight increasem , volume increasel]
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5-5 170 PMMA

PMMA 1 2
PMMA 75 30
MMA
24 8 PMMA
PMMA
50 16 24 8
80 7 40

Weight increase (%)
S (o3}
o o

N
o

1
N
o
Volume increase (%)

0 0.5 1 1.5 2 2.5
PMMA/Wood (g/9)

5-5 170
Wood+PMMA: weight increasee ,volume iIncreaseo
Grafted Wood+PMMA: weight increasem ,volume increasel
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5-6 170 PMMA 25

50 90 20 60
90 1.035
1.05 PMMA
90 1.025 50 1.013 MMA
PMMA 90 1.008 50
0.997 PMMA MMA
MMA

thickness change

0.99 r

0.98

I -
> » ¢ 4 P S b P

5-6
170
o Wood+PMMA O Graft Wood+PMMA
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1.5

MMA

S5-7

90
PMMA

weight change

1.08

106

104

102

098 |

0.96

50
3 MMA
1kg

PMMA

o-7

8
PMMA
80g 30g 15¢g
PMMA
MMA

(g\x

§ & & &

170

(9\\

Q\\

@\m

Q\Q

o Wood+PMMA O Graft Wood+PMMA
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W/m K

0.167W/m K

5-2 W/m K
Temp. of molding
130 150 170 190
Sugi 0.1670
00D:PMMA=2:1 0.1752] 0.1883] 0.1645
00D:PMMA=1:1 0.1540f 0.1727] 0.1784] 0.1846
00OD:PMMA=1:2 0.1615 0.1453 0.1637
GraftWOOD:PMMA=2:1 0.1732] 0.1819] 0.1704 0.1757
GraftWOOD:PMMA=1:1 0.1683] 0.1705/ 0.1803] 0.1816
GraftWOOD:PMMA=1:2 0.1451] 0.1614
PMMA
MMA 100
MMA 10 PMMA
MMA
MMA
MMA
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MMA

MMA

PMMA

MMA

PMMA
170 MMA
10MPa
50 90
100

1 R.M.Rowell,Ed.;”The Chemistry of Solid Wood”,p.257,ACS

No.207(1984)

2) N.Shiraishi et al.;D.S.Hon,Ed, "Graft Copolymerization of
Lignocellulose Fibers” p.321-348(1982)

3) H.Matsuda; Wood Sci. Technol.,21,75-88(1987)

4) ,24,p358(1998)
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Ce

GMA
MMA BA
GMA
BA
Cryptomeria japonica D Don 10
105
2,2-
2-
2,2- 2- 0.29

80
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6-1

6-1
Methyl Methacrylate (g) 40
Acrylic Acid (g) 2
Gliycidyl Methacrylate (g) 0,4,8,16
Butyl Acrylate (g) 0,2,4
2,2-Azobis(2-amidinopropa 0.2
nene)Dihydrochloride (g) )
Water (ml) 500
Temperature ( ) 80
Time (hr) 8
80 2
105
¢ )
AWFA-37 20cmx 8cm
5MPa 130 150 170
2mm
lcm 6cm
2mm/min 4cm
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5x 5cm
40 24
20 24

8 100

97 99 6-1

Ei. 5Lli'|'|. XEB; EBB

6-1 SEM

6-2

150 170
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49

6-2

50
——130
/ —O0—150
40 T ——170

Flexural strength (MPa)

0 5 10 15 20
Gliycidyl Methacrylate (g)

Wood 80g Acrylic Acid 2g Methyl Methacrylate 40g

6-3 6-4 6-5
6-3

6-4
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50

—0—130
—0—150
——170

N
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w
o

N
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Flexural strength (MPa)

=
o

2 3 4

Butyl acrylate (g)

6-3
0
Wood 80g Acrylic Acid 2g Methyl Methacrylate 40g

50

o
o

w
o
T

N
o
T

Flexural strength (MPa)

[EEN
o

0 1 2 3 4 5
Butyl acrylate (g)

6-4
49
Wood 80g Acrylic Acid 2g Methyl Methacrylate 40g
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40MPa

6-6

2 25MPa 49

PMMA
PMMA
150 10 MPa 170 25MPa
130 40MPa
6-5
169
169
50
—0—130
w0 b |-0—150
2 —A—170
530 |
; 20
0 1 2 3 4 5

Butyl acrylate (Q)

169
Wood 80g Acrylic Acid 2g Methyl Methacrylate 40g
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6-2

8¢ 130
24 150 170
49 49
6-2

Methyl Methacrylate 40 40 40 40 40 40 40 40 40 40
Acrylic Acid (9) 2 2 2 2 2 2 2 2 2 2
Gliycidyl Methacrylate (g) 0 4 4 4 8 8 8 16 16 16
Butyl Acrylate (g) 0 0 2 4 0 2 4 0 2 4

130 78.4 141.1 59.1 55.5 114.6
Temp. of molding

150 42.6 78.6 46.3 45.5 75.1 43.5 64.5 75.6 62.8

)

170 25.1 52.0 31.1 49.0 36.2 38.2 40.9 51.9 54.0 33.7

130 40 MPa PMMA
10 MPa
10
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NBKP
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2,3

500ml

500ml

105

500ml
200ml

59

20g

50

pH4

pH4

50

1g

59

200ml
2
105
200ml
105
10g  500ml
125ml
JIR-6500 KBr
209
50 1 2,3
80



7-1

2000mg/1
10

400ml
T-2600DA

1500

100

80 |

60 |

40 |

Cumulative weight undersize (%)

20

O ] ]
0.1 1 10 100
particle diameter (um)

/-1

60

500ml

frequency (%/um)

No.2

10

7.8um

11cm

PN-750

0.1

1 10
particle diameter (um)

100



Graft yield(%)

30wt.

7-2
200wt. 4 300wt.

350

300 &

N

a1

o
T

N

o

o
T

150 r

100 1 1 1 1
0 1 2 3 4 5
AN/pulp (9/9)

7-2

Cellulose 1g; Ce(NH,),(NO)); 0.2g Water 200ml
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gowt
68wt
36wt
39

7-3

2260cm™
1460cm™
1695cm™*
2260 1460cm™
50

4000 3600 3200 2800 2400 2000 1600 1200 800 400

7-3
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Fig.7-4 100

100 1

1/10N HCI  (ml)

7-4
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800

700

600

500

400

Graft yield

300
200

100

7-5

7-5

T

AN/Sludge  (9/9)

Sludge 1g; ce(NH,),(NO))s 0.2g Water 200ml
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7-5
2
lwt% 1ml
/-1
500

400

w
o
o

200

filtrate (ml)

100

2000mg/1

500ml

2%

500ml

30

20 30 40
Time (min)

2%
2%
0.2%
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50 60

(1wt%)1ml
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15

55

172
3.3
24
7-1
172
2 55
2
24
10wt Iml
0.2% 2
3.3

30
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1)
2)
3)
4)

5) Kunj Behari,Uma Agrawal ,Rima Das; Polymer,

10-85799
7-241406
2001-19800
5-310801
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100

MMA

MMA

MMA
120

110

150

NBKP

1-1

1-1
MMA

120
150

120
150

120
150

NBKP

10
10
10
50
50
50

100
100
100

90
90
90
50
50
50

NO.
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MMA

23cm

MMA

MMA

2cm

MMA

1-2

NBKP

NBKP
AWFA-37
2MPa

MMA

69

10cm
150



1-2  MMA

No.

(g/cm’) | (mm) (9) (9) (9)
-1 | 53.1 0.241 153 40 8
-2 | 51.8 0.070 344 157 -
-3 | 49.3 0.067 757 412 8
-1 | 67.2 0.277 574 106 20
-2 | 66.1 0.091 1222 346 21
-3 | 65.0 0.087 1880 737 19
-1 | 60.3 0.198 789 71 37
-2 | 63.9 0.082 1190 120 50
-3 | 62.2 0.074 1360 170 52

10
MMA
MMA

MMA
MMA
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MMA

10g  500ml
0.1 pH
24
MMA
500
MMA
5ml
500ml
5ml
2-1
(ml)
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MMA
25

MMA

5ml
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MMA

MMA



MMA

JES-FA

82

3-1

No.6
14

73

No.6

No.6-14



l hexane- AcOEt)
No0.1(16.3%)
No0.2(26.0%)
N0.3(4.1%)
No0.4(3.7%)
No0.5(14.2%)
No0.6(32.9%)
L (benzen- AcOEt)
No.6-1(1.3%) No.6-2(15.0%)
No0.6-3(28.8%) No.6-4(10.8%)
N0.6-5(5.7%) No.6-6(8.8%)
No0.6-7(1.2%) No.6-8(4.2%)
No0.6-9(1.9%) No.6-10(5.1%)
No0.6-11(4.9%) No.6-12(3.7%)
No0.6-13(2.2%) No.6-14(6.5%)
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