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Fig. 4-1 Cl1s-XPS of Nara treated with AHS-water,
H2S04 and D-water for 96h.
Legend: (a):Untreated,
(b):Treated with AHS-water,
(¢): Treated with H2S504,
(d): Treated with D-water.
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Fig. 4-4 Relation between fractional area of C1 peak and
the O/C ratio obtained by XPS of Nara treated
with AHS-water, H2SO4 and D-water for 96h.

Fig. 4-2 Photoelectron intensity of C1s-XPS of Nara treated
with AHS-water, H2S04 and D-water for 96h. r
Legend: & :Untreated,
® :Treated with AHS-water, Legend:The same as in Fig. 4-2.
A :Treated with H2S04,
M :Treated with D-water.
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Fig. 4-3 Fractional area of C1s-XPS of Nara treated |
with AHS-water, H2SO4 and D-water for 96h.

Legend:The same as in Fig. 4-2.
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Fig. 4-6 FT-IR spectra of acetylated Sugi.
Legend: (a):Untreated,

(b):Acetylated at 80C for 1h,
(c):Acetylated at 110C for 1h.
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Fig. 4-7 FT-IR spectra of acetylated Nara.
Legend: (a):Untreated,

(b):Acetylated at 110°C for 1h,
(c):Acetylated at 110°C for Sh.

400

-

|

= = i 3
an Y n, Ac)
e dy L )
i l\.,; , .'Ill
I|‘ 1 Iy l.l, | H .
| PR s T i - LS Ilh“l h [ i
,I ,.". ".‘ | ! 7 \ |” 'l It il ~ : (1)}
j W 3 I £ 5 ! 1| A ‘.' ; s
i th v i Ll ] ™

N

4,000

Fig. 4-8

3.000 2,000 1,000 400
Wavenumber(cm™)

FT-IR spectra of Sugi acetylated after treatment
with AHS-water.

Legend: (a):Untreated,

(b):Acetylated after treatment for 96h,
(¢):Acetylated after treatment for 144h.

Acetylation condition:110°C, 2h.
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Fig. 4-9 FT-IR spectra of Nara acetylated after treatment
with AHS-water.
Legend: (a):Untreated,
(b):Acetylated after treatment for 48h,
(¢):Acetylated after treatment for 96h,
(d):Acetylated after treatment for 144h.

Acetylation condition:110°C, 2h.
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Fig. 4-10 FT-IR spectra of Nara acetylated after treatment
with H2S04.
Legend: (a):Untreated,
(b):Acetylated after treatment for 48h,
(¢):Acetylated after treatment for 96h,
(d):Acetylated after treatment for 144h.

Acetylation condition:110°C , 1h.
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Fig. 4-11 Weigth-gain of Sugi acetylated after treatment with
AHS-water and H2SOx4.
Legend:® :Acetylated at 80°C ,
@ :Acetylated at 80°C after treatment with AHS-water,
A :Acetylated at 80°C after treatment with H2SO4,
O :Acetylated at 110°C,
O :Acetylated at 110°C after treatment with AHS-water,
A\ :Acetylated at 110°C after treatment with H2S04 .
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Fig. 4-12 Weigth-gain of Nara acetylated after treatment with
AHS-water and H2S04.

Legend:The same as in Fig. 4-11.
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Fig. 4-13 FT-IR spectra of Sugi arylated after treatment with
AHS-water and H2SO4 for 24h.
Legend: (a):Untreated, (b):Arylated,

(c):Arylated after treated with AHS-water,
(d):Arylated after treated with H2SO4 .

Arylation condition:
NaOH 30%,
70°C, 1.5h.
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Legend:NaOH concentration (%) and treatment time.

H:10, ® :20, A :30, & :40. Legend:

Arylation condition:60°C , 1h. NaOH concentration 10% M :Treated with AHS-water,

[J:Treated wih H2SO4,
=0 NaOH concentration 20% @ :Treated with AHS-water,

% N O:Treated wih H2S04,
60 - e S NaOH concentration 30% A :Treated with AHS-water,
i P A\ :Treated wih H2S04 .
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' Fic. 4-15 Relation between iodine volume of arylated wood

| and arylation time.
Legend:Arylation temperature(C)
| M:60, @ :70, A :80.

4 Alkalization condition:NaOH 30%.
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Tabled-4 TMA data of woods treated with Table4-6 'TMA data of holocellulose and lignin
AHS-water, H2SO4 and D-water for 96h. ) in woods treated with AHS-water and D-water:

Ereporont Temperature (C) | | e Temperature (C)
o L Wy . i g | a%s I'4 T2 T3 Ty
Sugi Untreated 53.9 225.0 308.4 438.3 Sugi  Holocelluloce  AHS-water i B

D-water 53.2 317.1 451.6 D-water 281.2 392.4 431.9

H2S04 48.7 303.4 500< Lignin AHS-water ik T B

AHS-water 51.9 300.0 500< D-water 266.7 350.1 S500<
Nara  Untreated 56.7 272.1 328.2 432.7 440.2 Nara Holocellulose AHS-water ===

D-water 56.6 275.9 312.8 448.5 D-water 29().2 390.0 435.4

H2S04 50.7 303.2 500< ) Lignin AHS-water 263.5

AHS-water 54.7 303.6 500< D-water

Table4-7 TG-DTA data of holocellulose and lignin

Table4-5 TG-DTA data of woods treated with ; ;
i 3 bid in woods treated with AHS-water and D-water.

AHS-water, H2SO4 and D-water for 96h.

Ticatment Temperature ('C) Treatment i Tg‘:mpe':;(t:l;'e (OC)D
— A 162 i __Da | Sugi Holocellulose AHS-water . ' e
Sugi  Untreated 293.1 403.7 300.0 403.7 e Pp————

D-water 298.6 306.7 417.1 Lignin AHS-water 272.9 . 2775 3705

2SO+ 289.1 299.6 457.9 St :

AHS-water  286.7 296.9 450.0 water 350.5  443.8 3263 4564
‘Nara  Untreated 2955 3875 3023 3875 v “Holseclutuss i

D-water 2968  409.6 303.6 408.6 "Lignin Ai—}‘q‘it:;te- i 2853 378

H2S04 287.2 299 4 471.3 D_“‘;-Ite;- 1 322.8  460.3 311.4 457.4

 AHS-water  286.2 296.6 416.9 ‘
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Fig. 4-17 TMA-curves of Sugi acetylated after treatment with
' AHS-water, H2804 and D-water for 96h.
Legend : (a):Untreated,

(b):Treated with AHS-water,

(c):Treated with H2S04,

(d): Treated with D-water.

o 77 —

>

0.0 —

1.0}

S @],
————— — e
e :)\ f’/ \‘.\ ’.\;l
I\~ e
|V S I3 T4 =
T’.‘ \‘\\

TMA ( 2z m)

1.5 4.0

(d)

0

‘ 0.0

0.5 i= (WT‘J
~2.0

T2

1.5 ; 4.0

100

1 1
200 300 400 500
Temperature ( C)

Fig. 4-18 TMA-curves of Nara acetylated after treatment with
AHS-water, H2SO4 and D-water for 96h.
Legend :The same as in Fig. 4-17.
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Table 4-8 TMA data of Sugi acetylated after treated with
AHS-water and H2SO4 for 96h.

_ Temperature ('C)

I'reatment _lm?tmmttlmc (h) T T O T T ; <60 L (a)
Untreated 53.9 2250 3084 4383 D1
AHS-water 48 1702 310.7 ' /|
96 168.6 315.6 e
144 167.7 3124 el
1 192 1609 310.5 s _
H2S04 48 166.6 3153
96 1653  317.1 bt
144 1709 317.6
192 166.5  316.5 B (b) 3
S
\ S _
Table 4-9 TMA data of Nara acetylated after treated with
AHS-water and H2S04 for 96h. ‘ ol s
Treatment Treatment time (h) Temperature (C) TR
To T1 T2 T3 T4
Untreated 56.7 272.1 328.2 423.7 440.2
AHS-water 48 187.5 3013 &
96 185.7 306.5 g |
144 181.0  305.1 |
192 183.3 300.0
H2804 48 1832 3037 | or
96 184.2 306.8 | r | |
144 183.6 306.9 100 200 300 400 500
192 183.7  306.5 o I Temperature (°C )

Fig. 4-19 TG-DTA curves of Sugi acetylated after treated
with AHS-water and H2S04 for 48h.
Legend: (a):Untreated,
(b):Acetylated after treated with AHS-water,
(¢):Acetylated after treated with H2SO4.
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Fig. 4-20 TG-DTA curves of Nara acetylated after treated

300

with AHS-water and H2S04 for 48h.

Legend:The same as in Fig.4-19.
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Table 4-10 TG-DTA data of Sugi acetylated after treated with

AHS-water and H2S0a4.

Treatment Temperature (C) B
N I'reatment time (h) TG TG Br b

Untreated 293.1 4039 2981 4039

AHS-water 48 295.7 307.5 458.8

96 298.4 3093  456.6

144 296.8 307.2 454.2

192 295.0 306.5 457.9
H2S04 48 302.1 309.0 464.2

96 302.1 311.1  460.0

144 299.2 309.3  460.1

192 298.1 310.8  460.1

Table 4-11 TG-DTA data of Nara acetylated after treated with
AHS-water and H2S04.

o } _. Temperature (C)
Treatment  Treatment time (h) TG TG D1 D:
Untreated 2978 3904 3023 393.6 )
AHS-water 48 282.9 296.0 436.9

96 286.7 298.7 4435
144 287.3 299.5 4496
192 282.7 296.8 4323
H2S04 48 282.7 296.8 4323
96 286.1 300.0  456.1
144 288.3 298.7 451.6
192 288.0 300.0  452.6
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TG1 and D1 temperature of Sugi acetylated
after treated with AHS-water and H2SO4.
Legend: TG1: & :Untreated,

D1

Acetylation condition: 110°C, 2h.

: @ :Untreated,

O :Treated with AHS-water,
A\ :Treated with H2S04,

@ :Treated with AHS-water,
A :Treated with H2S04.
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Treatment time (h) '

TG1 and D1

temperature of Nara acetylated

after treated with AHS-water and H2S04.
Legend:The same as in Fig. 4-19.

Acetylation condition:110°C, 2h.
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Temperature (C)

Legend: (a):Untreated,
(b):Arylated,
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(d)
100 200 300 400 500

Fig. 4-23 DTA curves of Sugi arylated after treated
with AHS-water and H2SO4 for 48h.

(¢):Arylated after treated with AHS-water,
(d):Arylated after treate with H2S04.

Arylated condition:NaOH30%, 70°C, 1.5h.
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Fig. 4-24 TMA curves of Sugi arylated after treated with
AHS-water and H2S504 for 48h.

Legend:The same as in Fig. 4-23.
Arylated condition:NaOH 30%, 70°C, 1.5h.

300 —
250 -
o 200
E
E_E_' 150 |- 5
100 | | [ |
0 20 40 60 80 100

Treatment time (h)

Fig. 4-25 Temperature at 3% warp on TMA curve of Sugi

arylated after treated with AHS-water and H2S04.

Legend: < :Arylated,
O :Arylated aftrer treated with AHS-water,
A :Arylated aftrer treated with H2SO4.

Arylation condition:NaOH 30%, 70°C, 1.5h.
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Fig. 4-26 Bond strength for wood and Al-sheet by various adhesives.

Legend: a:PVAc type, b:PC type, c:PE type,
d:Arylated wood,
e:Arylated wood after treated with AHS-water for 48h,
f:Arylated wood after treated with AHS-water for 138h,
g:Epoxy type.
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Ammonia removal (%)
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Fig. 5-1 Effect of moisture content of raw Sugi
on removal of ammonia gas.

Ammonia removal (%)

Legend:Moisture content (%)
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Fig. 5-2 Effect of moisture content of raw Akamatsu
on removal of ammonia gas.

Legend:Moisture content (%)
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in FeSO4 solution on removal of ammonia gas.
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