11
1.2

21
211
212

22
221
2.2.2

3.1
3.2

11

12
121
122

1.3
131
132

14

15

BN e NI M. NI N

— — s
SEEE BB ®

18
18
18
18
18
19
22
23
23
26
28



151
152
1.6
16.1
162

21
2.2
221
222
2.3
231
232
24
241
242
2.5
2.5.1
252
2.6
26.1
262
2.7
271
272

11
111
112
113

12
121
122

21

2.2
2.2.1
2.2.2

28
28
29
29
29
32
33
33
33
34

35
35

35

35
35

37
39

39

39

40
41

42

45

&

51
51
51
51
52
52
52
52
54
55
56
56
56

58



223

2.3
231
232
2.3.3
2.34

2.35

2.3.6
2.3.7
2.4
241
242
243

244

3.1

3.2
3.3

63
63
63

69
73
74
7
7
78

81
89
93
93
94
94
103

112

114



! 1960

Torochino® Kurth® Zenczak® Swan’ Heritage® Brink’
las Fir Red cedar
Torochino *

1970
Acacia mollissima  Acacia mearnsii
Dalton™ Plomely® *®* Saayman Pizza® # Roux™

3 Acacia

Chestnut Mangrove
35 37

Doug-

Herrick # %

Western Hemlok

40



Andersan “* Douglas Fir Westan Hamlok Ponderosa Pine White Fir

Spruce
%51 Spruce
20
B46  Schmidt *
Hemingway  **  Sutherm Pine
Radiata Pine
1950 > N Z Forest Product
7000ton
55
Radiata Pine Yazaki
55 60
Westan Hemlock Red Wood
61,62
Pulkkinen *  Pine Spruce
DEAE Chloride
DEAE 4
65 66 67
68 69,70
Larix leptolepis Gordn

Pine






50 1
70 32 80
mesh

1 3

2
16
1 2
1 NaOH
250ml 50ml Tml 30
Zetsch ™
2¢ 100ml 3
2 30 3
15
4
72
1.2
1 1
1
n
3.5 2.8
4 9
5 8 @ 2 8

12 13 ™



11

Tablel 1 Chemical composition of Lach

bark
Ovendry basis )
PSR ax 15
Inner bark Outer bark
it s )
Benzene extract
I—-7
7 Vs 1o 06
Ether extract
U g Tty 19.4 57
Acetone extract
A8 — MR
Methanol extract 11.6 8.0
69
#h
BRI 0.3 oo
Hot-water extract
Fatiog— 2R
Holocellulose 37.0 40.3
WE7 x/ — VB
Phenolic acide 7.5 12.3
I =
}'7' - 7.9 21.0
Lignin
Subort - 2.6
Suberin .
99
& 97.2 97.3
Total . .
6.6
75
77
0.2
3
7.5 12.3
3.8 7.8 72

21

73

76

19

74

31 11.7

45
5.2

Folin-Denis

56

42

21

65

Proantcyanidin

60 70

10.3

16 22 ™



211

37

65

60

78 80

17.5 NaOH
54
a
38
1 NaOH
1 2
1980 12 1981 9 3
1 20cm 2
1 3
1 NaOH
Stiasny &
200ml 1 NaOH 250ml
10ml 30

7.9

2.6

37 40

14
13

4
3.6m 20cm
6 Tkg

16 60 mesh 80

50ml 5ml
1G4
1 NaOH



1 2
Table1l 2 Site of sawmills collected lachbark samples

N T % 4% mrofE M N =DE A7
© Name of sawmill Site Type of Barkr
1 % R ® I % B BS EOfE BT VoI N— T —
Hirasawa Mokukojyo Kamikawa Gun Takasu Cho Ring Debarker
2 LB G HAME £ B H 5 F ,
Sibetsu Shi Sinrinkumiai  Sibetsu Shi Tayoro
3= @E M OB OE o B OF i HT ,
Mitsuhasi Nosan Kamikawa Gun Shimokawa Cho
4 % i) ! 2] o ES ¥ BE OHT ,
Takita Seizai Kamikawa Gun Biei Cho
5 dtw Ay 7w v LIIER
MTHEE L & B ¥ A
Hokkai Karamatsu Kamikawa Gun K
Kakou Kumiai Kamifurano Cho
6 [EAMKE HBAERD K5 hi—7—
WA F v 7 L% S L/ N 1} Dram Debarker
Kunimoku Ringyiyo Abashiri Gun
Memanbetsu Chipu Koujyo Memanbetsu Cho
VA | M 2 * A B B O B Vo TN— g —
Yokouchi Ringyiyo Monbetsu Gun Shokotsu Ring Debarker
8 M A H b w 5 Ll
Kabushikigaisha Satou Obihiro Shi 4
9 HF E A MM E wWoE R W OE] )
Otofuke Cho Sinrinkumiai Katou Gun Otofuke Cho Y
10 /8 + B & Ml 4 Eonl B # 5 ET ”
Nishitokachi Sinrinkumiai ~Kamikawa Gun Shintoku Cho
11 b B A & & & FOIORS W K] .
Ikeda Cho Sinrinkumiai Nakagawa Gun Ikada Cho
12 # 5 B & M M & S 3 - ) P
Otofuke Cho Chinrinkumiai Shiranuka Gun Otofuke Cho
13 4 B & A M T EZ I TR N = ”
Kushiro Shi Meibokukakou Kushiro Shi Otanoshige
14 Ik B MM & M OB m R T ”
Kyogoku Cho Shinrinkumiai Abuta Gun Kyogoku Cho
2.1.2
1
63.8 40.0
5 + 125
1 4
2

52.8

5.4
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Table1 3 Silvicultural histories of sample barks

T (1980%£128 #HE) I
(1980, Dec. Sampling)

(1981%: 3 H  #B0)
(1981. March, Sampling)

M (198146 B #%EX)
(1981. June, Sampling)

IV (198149 A $RHU
(1981. Sep, Sampring)

RIFEL R BRSO AR ORI LR B BB ORI E. R BB SR KRR E.H BB Bk

No Cating Tree Dia- Cating Tree Dia- Cating Tree Dia- Cating Tree Dia-
Year.Month age meter Year.Month age meter Year.Month age meter Year.Month age meter
() (B H) (. ) (B )
Habitate ki cm Habitate #® cm Habitate #® cm Habitate & cm

1 80. 9 10 12 8l. 2 11 12 81. 2 14 14 81. 8 14 12
(ZRIRT) (FUAT) (RIAT) (FERIRT)
Aibetsu Higashikawa Higashikawa Aibetsu

2 80. 12 18 9 81. 3 18 19 8l1. 5 17 12 81. 8 20 21
(£BI _E45) G o111 £ o 2 1)) (SEIRHT) (ERIH £ %)
Shibetsu Shibetsu Bifuka Shibetsu

3 80. 12 20 12 8l. 2 29 18 80. 11 25 15 81. 4 20 18
(FJHHET) (FEELEDHT) (SEZRAT) (FIIET)
Shimokawa Nishiokoppe Bifuka Shimokawa

4 80. 12 34 24 81, 3 19 20 8l1. 3 20 16 81. 5 34 28
(3E)11RT) (SEZRAT) (FO%EHT) (TIRHET)
Higashikawa Bifuka Wassamu Haboro

5 80. 12 29 20  81. 2 26 20 81. 8 20 20
(k2 BEFRY) ( Fi Baggu) (& Bagrit)
Kamifurano Kamifurano Furano

6 80. 9 17 9 80. 9 13 7 80. 5 15 8 81. 7 20 10
(HREH) (R ZH) (SREFRT) (&M BIHT)
Higashimokoto Higashimokoto Tanno Memanbetsu

7 80. 11 23 10 81. 2 26 12 8l1. 5 27 12 8l. 7 25 12
(BB (FLHEARA]) CFHIRT) (SLEBET)
Monbetsu Marusepu Shimokawa Okoppe

8 80. 9 22 18 80. 10 29 20 8l. 4 23 16  81. 5 19 20
(ZFZEHRT) (ZFEER) (HMSERT) (FEH])
Memuro Memuro Urahoro Otofuke

9 81. 1 23 20 81. 6 25 22 8l. 9 32 20

(o HeET 1) HEH]) (& EHT)
Shihoro Otofuke Otofuke

10 80. 11 25 16 81. 3 25 16 81. 7 28 16
(%7 HT) (FF15HT) (¥ 12RT)
Shimizu Shintoxu Shintoku

11 80. 10 35 21 80. 12 28 ~ 22 80. 12 25 18 8l. 1 21 14
(Ao HIHT) (i FET) () (HbEHHET)
Tkeda Tkeda Obihiro Tkeda

12 80. 9 22 16 81. 2 12 12 8l. 6 15 10 8I1. 7 16 15
(FHIET) B HUET) (HIRAT) HHIET)
Oobetsu Onbetsu Urahoro Onbetsu

13 80, 10 27 20 8l. 1 26 16  8l. 3 16 16  8l. 8 25 16
(FRAEERHT ) (3 TH) (R FEHT) (ZEa))
Nakasibetsu Kusiro Akan Akan

14 80. 1 28 22 8l. 2 32 22 8l. 4 30 20  81. 9 35 20
(P RBAT 2247) (1R%1%HT) (HCHGH]) (5 HRHT)
Rankoshi Kuchan Kyogoku Kyogoku
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Table1 4 Distribution of moisture content

& Kk % (%)% | 4.0~ | 45.0~ | 50.0~ | 55.0~ | 60.0~
Moisture content 44.9 49.9 54.9 59.9 65.0
R E (%) )

. 9.4 24.5 34.0 22.6 9.4
Relative frequence

a
Wet basis

15

Table1 5 Measurement data on wood contents in sampling barks

C Percent of oven dry weight of samp1>

NO® I 1 i v
1 3.0 7.7 5.2 3.8
2 18.0 21.3 1.2 3.4
3 2.0 6.6 0.5 2.2
4 1.8 6.2 5.4 3.6
5 0.4 0.7 8.5
6 33.7 31.1 33.4 25.0
7 0.5 2.1 0.8 1.7
8 2.1 15.9 1.3 1.7
9 1.5 3.1 1.5 5.6
10 2.1 10.3 11.9 3.9
11 1.0 26.7 1.1 1.4
12 19.2 17.1 8.5 10.5
13 0.7 0.6 0.3 0.5
14 1.6 1.4 8.2 8.6

/ifer;?e 4.5 9.2 4.5 4.2

a No 13
Nunber is the same as thatin Table 1 3
1
25 30
1 7
5
30.5 8.3 20.1 5
9.8 o 492 a/x 0245
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Table1 6 Analitical data on yilds of hot water extract

based on oven dry bark )

NOO | T I I vo| e
Average
1 18.7 24.6 30.5 25.0 24.7
2 10.4 22.0 21.7 21.3 18.9
3 23.9 21.9 13.3 11.2 17.6
4 19.2 26.8 21.5 12.2 19.9
5 20.5 16.0 - 21.4 19.3
6 17.9 21.1 10.9 15.6 16.4
7 22.0 27.3 18.0 23.5 22.7
8 18.2 27.5 19.2 1.1 19.0
9 18.0 23.0 20.4 24.2 21.4
10 21.9 8.3 17.7 19.1 16.7
11 18.1 26.7 20.5 10.3 18.9
12 23.5 21.1 23.4 16.9 21.2
13 20.9 17.1 22.5 27.5 22.0
14 23.5 18.2 22.5 23.9 22.1
:Ilerije 19.8 22.0 20.2 18.6 20.1
17
Table1 7 Analitical data on yields of hot water soluble polyphenol
NO ? 1 I i} v ¥ 5
Average
1 10.2 11.0 17.5 13.9 13.1
2 6.0 12.5 15.4 13.1 11.7
3 10.9 10.5 10.0 8.0 9.9
4 9.8 14.8 14.3 8.7 11.9
5 9.8 9.8 — 14.4 11.3
6 8.1 9.2 6.1 10.0 8.3
7 9.8 13.7 13.4 16.2 13.3
8 8.6 16.9 12.0 7.9 11.4
9 10.4 11.4 14.0 15.6 12.9
10 11.3 4.7 12.4 12.5 10.2
11 9.2 13.5 14 .4 8.1 11.3
12 12.3 8.7 16.0 11.5 12.1
13 10.1 8.6 14 .4 16.3 12.3
14 12.5 9.5 15.1 15.4 13.1
Alfer:’je 9.9 1.1 13.4 12.1 11.6

a No 13 Nunber is the same as thatin Table 1 3



6 5 3 6 3 4
11 8
17.5 4.7 11.7 5
+ 6.1 0.260
12
99 6 13.4
4 1 NaOH
1 8 19 1 NaOH 1 NaOH
16 17 5
1 NaOH 1 NaOH
587 351 44.2
25.3 51.8 309 5 +68 +49
0.07 0.08
1 NaOH
5
15 1

1 8 1 NaOH
Table1 8 Analitical dataonyieldsof 1 NaOH extract

based on oven dry bark

NO. 1 I m I\ Asfferj:e
1 28.6 30.2 29.5 28.2 29.1
2 35.1 33.7 32.6 32.8 33.5
3 29.1 33.0 34.9 32.8 32.4
4 31.7 31.1 30.2 33.2 31.6
5 29.5 28.4 — 31.3 29.7
6 31.7 34.2 33.0 34.9 33.5
7 29.6 29.3 34.8 30.3 31.0
26.3 31.9 28.7 30.2 29.3
9 29.8 25.3 29.9 27.8 28.2
10 29.4 31.3 32.3 30.5 30.9
11 31.9 31.9 33.7 33.5 32.7
12 33.5 30.2 32.7 34.5 32.7
13 27.6 25.3 30.7 27.7 28.8
14 32.7 28.4 30.5 28.0 29.9
j\fer:/;je 30.5 30.3 31.8 31.1 30.9




Y

Extractives yield
decreased

Extractives yield

decreased

AR S W EE =

19 1 NaOH
Tablel 9 Analitical dataonyieldsof 1 NaOH soluble polyphenol

No.® 1 I m v | T
Average
1 50.6 56.0 58.7 54.0 54.8
2 50.7 54.5 51.6 53.4 52.6
3 53.1 56.5 52.0 47.7 52.3
4 52.7 56.3 50.1 47.8 51.7
5 52.0 45.7 - 52.5 50.1
6 53.2 57.1 50.8 55.8 54.2
7 51.4 56.2 51.7 50.3 52.4
8 47.2 53.0 45.6 46.0 48.0
9 51.1 47.5 47 4 49.5 48.9
10 51.9 44.2 50.9 49.8 49.2
1 52.7 55.3 54.0 48.1 52.6
12 55.6 55.1 55.5 53.9 55.0
13 50.2 45.6 53.4 54.7 51.2
14 54.7 47.3 48.7 49.2 50.0
o 51.9 52.2 51.6 50.9 51.8
Average
a No 13 Nunber is the same as thatin Table 1 3
(%) (%)
3 Hot water extract 30} 1%NdOH extract
o
o
08”
2¢ 20 /°
° o
. ° [} go d)oo )
&8 A
o, o, 00 Qof 1 . .
0 10 20 30 40 o 10 20 30 40
(% (%) ,
Hot water soluble, 1% NaOH soluble
30" potyphenol & 30! potyphenol Qp
o] le) °
R)
2G P 20 o
(o]
o ° 8 B
10 0,0 7= 101 o
e =0.65 R 7=0.93
o B/
o. . . \ /0. N . N
O 10 20 30 40(%) o 10 20 30 40(%)
A E R A% K E R A X
Wood content Wood content
11

Fig 1 1 Influence of wood contient on extractives yield



b a
b a
0 30
1 NaOH 1 NaOH
3
Y 0.65 0.83 0.93 0.8 0.6
0.9
2 2
2.2.1
30 27cm
14.9m 11 1.5m 30cm
1-2 2.1.1
2.2.2
12 1
NaOH 26.9 1 NaOH 51.5
(%)

Yield
EE

1%NaOH solubute polyphonol

30
X
w«,
oY
Lypheno
( Hot water soluble PO y

10}
0 3 6 9 12 (m)
T AHhr S5 OFHE
Height from botom
FEM#% (em) IIDII:I:I:IJD
Diameter of buttend29 27 24 23 20 19 16 13 964
T
s & 2019 18 14 13 12 10 8 654
butt end
E1-2 BRDSOEEHFBEIONAM
Fig. 1-2.

Distribution of extractives yield in vertical-sections.



41,5 1 NaOH 69.2

14.6 1 NaCH
17.7 NaOH
15.1 21.2
17.1 1 NaCH
34.4 30.8
3
31
2.2
kg m
3 2
2.2 1-10
1-10 1 3
(kg/m®)
= 100
80 ©
Lo
Ty
£i s
- 10 20 30(cm)

ST
Average diameter
B1-3X PHEE LR ROMG
Fig. 1-3 . Reletion between average diameter and ratio

of bark weight to sampl piece volume.



W1 —-10%  BMEBY O L Bk
Table1 —10. Measurement data for diameter, volume

and bark weight of sample pieces®.

& ox REST RS it
Hight of Average Volume of Dry bark
bottom diameter  sample piece weight
(m) (cm) (cnt) (g)

0 28.9 17580 739.8
1.5 26.9 16595 794.1
3.0 23.7 13467 741.8
4.5 22.5 11610 652.6
6.0 20.8 9645 597.8
7.5 19.1 8445 623.3
9.0 16.2 6014 474 .5
10.5 12.6 4977 440.2
12.0 9.0 2547 248.6

a) &M 1330em, # ¥ 7V v FILEIZHE]1 -2 NBH
Thickness of sample piece is 30cm. For sampling
position referred to Fig. 1 —2 .

b) JTH., KODKFERE & FEEO R T
The arithmetic mean of maximum and minimum
diameters of butt end and of top end.

11
Y 124 2.87x 11
Y kg m
Yield of bark
X cm
Average diameter
10 30cm 11
1 50 30cm 3.65m 0.25m 1
11.1kg 44 .4kg m
2 25 12.0cm 3.8m 0.0429m®
1 3.32kg 77 Skg m
3 22 11.8cm 3.8m 0.0415m°
1 3.90kg kg m
4 46 49 35 27cm 3lcm 3.75m 17
4.863m3 156.25kg 32kg m
5 330 32 24.0cm 3.65m 37  6.105m°

259Kg 42.4g



6 50 49_0cm 1.95m 0.368m3 1
19.15kg 52.0kg m
6 11 1-11
11
10cm  95kg m 15cm 80kg m* 20cm 65kg m® 25cm 52kg m 30
50cn 40 SOkg nf

F1 1% MERROFRIE & GO ek

Table 1 —11. Comparison with measurment and calculated yield of back

from logs.
B R # (kg/m)
T E e Dry bark weight per
Average unit volume of log
diameter of log
(cm) e T iow b
measurment Calculation
il
Example 1 30.0 44 .4 37.9
7 2 12.0 77.5 89.5
Example
3 3 11.8 94.0 90.1
Example
151
Example 4 31.0 32.0 35.1
E ) 5 24.0 42 .4 57.1
xample
1
Exsmigle 6 49.0 52.0 -

a) Tt KODKER L HEEOEITY
The arithmetic mean of maximum and minimam diameters of
buttend and of top end.

b) R(1—1)IZkVatE
Calculated by the equation (1 —1)

3.5 2.8

44.8 21.1
12.3 7.5
2.6
37.0 40.3



O

1

©)

Q)

®)

7.5 21.0

NaOH 58.7+ 6.8

1 NaOH

124 2.87x

cm

20.1+ 9.8
1 NaOH

5
11.7+ 6.1
30.9+ 4.9
52.8
5.6
10 30cm
kg m
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1.2.1

150m

82

30

3.5kg

3.5kg

35

1 3.1.1

50ml

100ml

29

50ml

37

35

80 3

Stiasny
10ml

200mg

100ml

40 3
1 10

K.K.

200ml

5ml 90

2
5
ME
1 1.59
30
1



G4

pom GPC polystyrene standard

ALC GPC244  UV280nm
u Porasil GPC60 M Bondagel E  125.7mmg x 300mm 2
D MF 0.5mlI min

4mg ml 50u 1
1.2.2
Stiasny
21 2 2 2 3
66.9  70.9 57.1 2

F2—1% HRAMBMOEKHE L 255
Table 2 — 1. Analisis of extracts by hide-powder method.
feiz I+ 5% )

Precent of dry sample

x5 7 — Lt oK HOH Ty by

Methanol Hot water Wattle
extract extract tannin
IRATEER
Water insoluble 5 1.8 9.0
KETAE
Water soluble
F= 57.1 66.9 70.9
Tannin
3;551‘/:_:/ 27.4 31.8 29.1
Non-tannin
& B
100.0 100.0 100.0
Total

H2-2% HAMEHOR) T/ - LEERY
Table 2 — 2 . Polyphenol content@) of extracts
HEFCRABHI A 3% )

Percent of dry sample

AT/t B ok MW Tubnsr=v

Methanol Hot water Wattle
extract extract tannin
87.1 68.1 89.1

a) Stiasny RIG1Z & %

Ditermined by stiasny reaction.



H2 - 3% AU OBEHA S

Table 2 — 3 . Fractional data of extracts.
(%@ﬁ'iiﬁ*ﬂr’lﬁffé% )
Precent of dry sample
® = 25— nEht #oA o PAYIEEY
. 7 Methanol Hot water Wattle
Flaction .
extract extract Tannin
7T b AEH
Aceton soluble W2 5.6 32.6
X5 ) — LT
Methanol soluble S 60.2 973
A5 ) — LT
Methanol in soluble .1 35.3 e
& @
Total 100.5 101.2 100.7
Stiasny
87.1 89.0 68.1
2 1
30 18
2 3 77.2
5
35.3 32.6
10.8
GPC 2 1
1x 10* 3 oml 1x 104
5 3ml
1x 10*
0.47 0.67
35.5
15.5
Stiasny GPC
2 4 2 2
83.6 76.6



MW (x10*

)
57458 pos

%

E
[~
S %
2 _ [ ot
2 2
s
; v
S %
-]
<
N
i3
3
/ﬂ\, -
—1 ___‘r_
0 5 10
# it 7 (ml)

Elution volume

®2-1 R DOGPC
Fig. 2-1. GPC of the extracts.
1 : Methanol extract, 2 . Hot water extract
3 . Wattle tannin
Apparatus;Waters, ALC/GPC-244,
Culumn; #Porasil GPC-60A, #Bondagel
E-125, 7mmX 30cm
Soluvent; DMF, 0.5ml/min

B2 -4k FASHKBOKE) 72/ - LEHRY
Table 2 — 4 . Polyphenol content?’ of fractionated extracts.

BRI T 39 )

Percent of dry sample,

A&7 — L Bk WO W
Methanol extract Hot water extract
KoOREOEB P/ S A S X & ) — VAlIEED A Z ) — WREE
Water soluble Water insoluble Methanol soluble Methanol insoluble
83.6 100.3 76.6 37.4

a) Stiasny KIGI1Z & 0 E &/

Ditermined by stiasny reaction.



10 0.5 0.03
—3 [
1
D N/ -
£
é 2
[aN]
S %
3
% \
o
&
<t
3 ///\ | ——
/L\ 4
0 5 10
i i g (MO

1
Elution volume

#2-2 ARREDGPC
Fig. 2-2 . GPC of the fractionated extracts.

: Methanol soluble fraction of hot water extract.

: Water soluble fraction of Methanol extract.

oW N o~

: Water insoluble fraction of Methanol extract.

2 2 2x 10°

Stiasny 100

1x 10*

1.3

: Methanul insolube fraction of hot water extract.

1x 10*

37.4



Hillis 8.8

NaOH
1.3.1
1.1 NaOH 0 25 10
N, 10ml 12
4ml 6ml 30ml
0.5ml
Fi
Mi ® Fo
F
F mol Fo Fi 2Mi mol
1.3.2
80 120 NaCH
2 3
pH NaOH
20 NaOH 5
pH pH7.5 3.5
NaCH 20 40 80 30 180

(mot/100g)
1.5 o T "
R st
o /Me'rhonol {9
54100 .’ extract
o= Z/ .l"z.
E 7 ,’ = /O {17
st
£F ‘77/01 water
gOﬁ / / extract s
.l
O
£ ;3
0 t o, T
10 20
NaOH (%)

#2-3X NaOHFEMZEE AL LT LT FRIGR
Fig. 2-3 . Relation between added amount
of NaOH and absorbed formaldehyde
with extracts.

(Reaction temp. 80°C, time 120min)

100g



B2—5% A5/ —-LmEHOALLT VT FRIGEREERSSE
Table 2 — 5. Formaldehyde absorbed with methanol extract.

Row & # Fi® Fo-Fi Mic) Koosd K16 i
Reaction conditions Absorbed F Reacted mixture
(C) (min) (10~ 3 mol) (10~ 3 mol) (10~ 3 mol) (mol/100g) pH

30 14.175 2.395 0 0.236 11.33

o 60 13.839 2.731 0 0.269 11.07
120 13.673 2.897 0 0.286 11.30

180 12.507 4.063 0 0.401 11.00

30 12.557 4.013 0.194 0.358 11.19

60 60 10.330 6.240 0.197 0.578 10.95
120 8.651 7.919 0.284 0.727 10.77

180 7.752 8.818 0.331 0.812 10.53

30 6.320 10.250 0.519 0.911 10.77

- 60 4.699 11.871 0.572 1.062 10.42
120 1.555 15.015 0.659 1.355 10.20

180 0.966 15.604 0.753 1.395 9.71

a) ¥ 1.017g(40T),1.0114g(60T),1.0140g(80°C) 124+ L T HCHO (Fo) 16.570X10~ 3 mol, NaOH 0. 2g i hil
Methanol extract : 1.017g (407C), 1.0114g (607C),1.0140g (80°C). Added HCHO (Fo) : 16.570X10~3mol.

Added NaOH © 0.2g.

b) Fi: 5%fF HCHO, Free HCHO.

d) #EH100g 12 x+ ¥ 3 K s HCHO mol
Absorbed HCHO mol per 100g of methanol extract.

)Mi: £ X ¥/ — ), Produced methanol.

$2-6% BHKHABEHORLLT LT FRIBREESE
Table 2 — 6 . Formaldehyde absorbed with hot water extract.

R & e Fib Fo-Fi Mi¢ X s d e &
Reaction conditions Absorbed F Reacted mixture
() (min) (10~ 3 mol) (10~ 3 mol) (10~ 3 mol) (mol/100g) pH
30 13.266 2.874 0 0.286 11.54
60 13.387 2793 0 0.274 11.47
10 120 13.233 2.907 0 0.289 11.41
180 12.434 3.706 0 0.369 11.31
30 11.938 4.202 0.325 0.352 11.34
60 11.472 4.668 0.485 0.368 11.06
N 120 10.449 5.691 0.381 0.491 11.04
180 9.750 6.390 0.387 0.560 10.74
30 8.202 7.938 0.850 0.618 10.60
60 8.305 7.835 1.131 0.552 10.09
80 120 6.380 9.760 1.025 0.763 9.98
180 4.955 11.185 0.962 0.917 9.96

a) fitH 1.052g (40°C),1.002g (60°C),1.0098g (80C) 123+ L HCHO (Fo) 16.570X10~ 3 mol, NaOH 0.2g M
Hot water extract : 1.052g (40C),1.0029¢ (60C),1.0098g (80C) Added HCHO (Fo) : 16.570 X ~ 3 mol.

Added NaOH 0.2g.

b),c),d) 52 —5F&EFL See Table 2 —5.
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Fig. 2-4 . Relation between reaction temperature

and absorbed formaldehyde with extract.

$2—7% KVATNFE FRIGRIZKIET A 5/ — VAR 5 A BROHE
Table 2 — 7 . Dependence of absorbed formaldehyde withe methanol extract on acration
gas during period of dissolving.

AR A Fi Fo-Fi Mi B’

Aeration Absorbed F
gas (10~ 3 mol) (10~ 3 mol) (10~ 3 mol) (mol/100g)
N2 8.558 7.512 0.725 0.608
O2 10.107 5.963 0.909 0.396
Air 10.460 5.610 0.834 0.392

KRS0 ¢ flii, 0.9970g (N2), 1.0467g (02),1.0056g (air) 124 L HCHO (Fo)
16.750X10~ % mol, NaOH 0. 2g ifihll, RIGEEE 90C, B4R 60 min.
Reaction conditions:
Extract,0.9970g (N2),1.0467g (02),1.0056g (air). Added HCHO (Fo),
16.750 X107 % mol, Added NaOH, 0.2g, Reaction temp. 90°C, Time 60 min.
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Fig. 2-5. Relation between sdlids concentration

and viscosity of extracts solution.

52— 8% MHEMAKBEROME L NaOH RINE
Table 2 — 8 . Influence of added amounts of NaOH on
viscosity of extracts solution.

A i3 (poise)

NaOH# Viscosity at 25T
(%) X5 — it ok Mot Ty by =y
40% solution 30% solution 40% solution

of methanol ext. of hot water ext.  of wattle tannin.

0 ) 35.8 0.98

5 1.9 69.1 2.55

10 1.1 150.0 5,75

20 0.9 100.0< 12.92

O AEFZME I T 2 EE%

Based on ovendry weight of extracts.



2 5
40 1.3 poise 46
3.0poise
20 40 1000poise
2 8 Plomely * pH
PH
NaOH
NaOH
2 9
NaOH
NaOH
NaCH
NaOH
35.3 2 3
374 13.2 2 4 2 2
62.6 2.1
1 2.1.2
50 Pizzi®

22— 9% Bkt PiEAI SRR OKEE & NaOH IR ORI
Table 2 — 9. Relation between added amounts of NaOH and
viscosity of fractionated hot water extract solution.

(Poise at 25TC)

NaOH? X5 ) = L FERD A5 — LR
(%) Methanol soluble Methanol insoluble
0 0.40 9.1
5 0.38 19.6
10 0.45 81.6
20 0.53 700.0
a) AGEZIR I3t 5% b) 40% i KE D /K5 Hk

Based on oven dry weight of extract.  40% aqueous solution.
¢) 15% i O Kk ik

15% aqueous solution.



15

1.5.1
1.1
40g NaOH2g  60g
40 37
JISK 6840 109 30mm
100mm 25
100g 10g 3
JISK 6851
0.-9mm
2.4mm

6 7

10kgf cm? 15

10kgf cm® 135 4

269 30x 30 o
1.5.2
40 100g 37 2 10g

2 10
13
B2 -10% HMdth—ARL <Y VRATEO SRS E &
Table 2 —10. Plywood test results with extracts- formalin mixture.
B A K (g G580 ¢ ARTEE (kg /cni)
Mixing ratio T e B S Tensil shear strength
ok aJ{ {»f"]

Extract 40% 3% P("t_")‘e W RER B iR D IE L ek
Extract . s Boil and d
so)iu:i)cn Formalin Dry test cy(:li:ntestry

100 2 0 = =
oK fhoH W
Hot water extract 100 6 0 - -
100 10 0 = =
100 2 180 9.0(31) 0
Tybnsyr=v
Wattle tannin 100 6 60
100 10 50 11.8(63) 11.3(35)
100 2 16 3.0( 0) 0
A% 7 — Vil
Methanol extract 100 6 4
100 10 3 6.7(22) 4.8(13)

() PIEREBRENTE %

Numelals in parentheses denote % wood failure.



10g

1.6
1.6.1

0.3
PF1510

1.6.2
40
12

100g
JAS1
1.5.1 40
HCHO NaOH 1 1.5
50 2 70 8 80 1 30
TD528 K.K. 2 11
JISK 6839
6 ®
1.5.1
25 B
2 13
PF1510 2 12
40 1000poise

F2-11% #HE 7/ - UEEORE

Table 2 —11. Properties of phenol resins used as reinforcing agent,

7 1/ — VitiE

Phenol resin No. PF 1510 TD 528
Resi comensy ) 47.6 42.0
t‘;‘iscosi%/ (poise) 1.18 2.30

pH 10.32 9.60
X% HcHO (%) 0.28 0.79

Free HCHO




F2—l2& HMM—7 =/ — VIS (PF 1510) B A ¥ O KR

Table 2 —12. Variation of viscosity of extracts-phenol resin (PF 1510) mixture.

B & @ # @& B M (hr)
Mixing ratio Hours aftere mixing
40%
extract PF 1510 0 3 6 24
solution
A 57— i 80 20 2.15 2.10 2.36 2.65
Methanol
extract 50 50 1.87 1.95 2.21 2.50
Bk oM W 80 20 93.60 100.40  144.00 680.00
Hot water
extract 50 50 28.20 81.60 450.00 .

F2—13% M —7 =/ — VBHIRR A RO AT (1R

Table 2 —13. Pot life of extracts-phenol resin mixture.

B A K@ O & M o(hr)
7 x/ — VItRg Mixing ratio Pot life
Phenol resin —_—
(F HCHO) 40% Phenol Methanol Hot water Wattle
ree
zzlt:taiz; resin extract extract tannin
80 20 96 < 24 96 <
PF 1510
50 50 96 < 7 96 <
(0.28%)
20 80 96 < 80 96 <
80 20 77 0.1 96 <
PF 1510%
50 50 1 0.2 25
(0.78%)
20 80 0.4 5 [
80 20 48 0.1 95
TD 528
50 50 0.2 0.1 5
(0.78%)
20 80 0.1 0.2 4
a) PF 1510 I2328 HCHO #°0.78% & % 3 & ) 1ZAh L~ ") ¥ &R 72,
Prepared by adding 1.35g of 37% formalin to 100g of PF 1510.
2 5
8 2 93.6poise 5 5  28.2poise
PF1510 TD528 2 13
PF1510 TD528 0.78 37
2 13

PF1510

PF1510 TD528



20 80

20 20
2 14 40 PF 1510
PF 1510
JAS1 7kgf o 40
2 8
7 3 JAS1
2 —14% M —7 =/ — VBtlE (PF 1510) REW O GRS ® &
Table 2 —14. Plywood tests results with extracts-phenol resin (PF 1510) mixture.
B A& (9 FI5R 0 ¢ AWTERE (kof/mi)
Mixing ratio Tensile shear strength
40% . FiHE DR L REg
extract PF 1510 R Boile and dry
A Dry test .
solution cyclic test
100 0 0 0
X&) — Vi 80 20 6.7(15) 0
Methanol 50 50 8.8( 0) 0
extract 30 70 9.6( 8) 6.4( 0)
20 80 15.5(66) 14.5(100)
100 0 3.7(0) 0
ok fhOm W 80 20 14.5(50) 6.8( 22)
Hot water 70 30 15.0(39) 12.1( 15)
extract 50 50 16.7(57) 14.0( 39)
20 80 17.7(49) 16.0( 51)
100 0 6.1( 0) 0
Ty b=
80 20 11.6(15) 8.2( 0)
Watt.le 50 50 15.7(36) 14.3( 51)
tannin
20 80 15.8(57) 16.2( 92)
0 100 14.5(66) 15.3(100)

() PSRRI %

Numerals in parentheses denote % wood failure.
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2
6
21
25 26 5 60mesh
1 10 21
451 80 3
No 1
2 15
552 —15% (B o HRk
Table 2 —15. Compositions of typical hot water extracted liquor used in experiment.
(%)
& ¥ y v = va kv v = va K1) 7L/ —nb
Total solid Tannin Non-tannin Polyphenol
1.66 1.03 0.63 1.16

a) Kk CER
Determined by hide-powder method.
b) Stiasny KI5 12 & %

Determined by stiasny reaction.

NaCH
2.2.1
NaOH 10g 12 4ml
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Fig. 2—7 . Influence of reaction temperatur and time on absorbed

Absorbed HCHO per 100g polyphenol
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2 —16% A Fu—NALRM & BB AR R OB L
Table 2 —16. Effect of methylolation conditions on the viscosity of acidification preciptate solutionsa’.
(Poise at 25C)

A Fu - & #% /ol H # (H)
Methylolation condition Days after redissolving
No.
Temp. NaOH P HCHOY Tim
() (%) (mol) (min) ’ ’ !

1 60 20 0.5 60 1000<

2 75 20 0.5 60 1000<

3 75 30 0.5 60 63 480 1000 <
4 90 10 0.5 60 1000 <

5 90 20 0.5 60 15.7 1000<

6 90 30 0.5 60 5.9 31.2 121
7 90 30 1.0 60 3.5 32.8 137
8 90 30 L5 60 5.5 36.6 300

a) Bk B OB 5 120t L10% D NaOH &4l 2 T HEM, EEMREIIwTNE30%.
Prepared by adding 10% NaOH based on oven dry weight of acidification precipitate.
Solid concentration of each solution is 30%.

b) K 7 x/ —N100g % Hs,

Based on 100g of polyphenols in the hot water extract.

40 JISK 6802
38
90  NaOH 30
0.5mol
2 12

(poise)

60}
¥

Viscosity at 25C
S
o

L\‘ OoO——Q—~ "
20 25 30 35 (%)
B % 5 ' E

Solids concentration

F2-12X BRI BIERE O & B S imE OBE
Fig. 2-12. Relation between solids conentrelition and

viscosity of acidification precipitate solution.



2.5

2.5.1
2.4.1 90 60 NaOH 20 30
0.5 1.0 1.5mol
10 NaOH 30
100g 10g 30cmx 30cm
3 JISK 6851
269 30x 30 o
0.9mm
2.4mm
6 7
10kg om® 15
10kg o 135 4
25 B
2.5.2
2 17
NaOH 20 30
1.6
2 18 2 19 1.6

W2 1R EEMEE Y OB X BB hREREE R

Table 2 —17. Plywood test results with acidification precpitate solutiona’.

A Fua - it &% Gl D & AW & (kgf/mi)
Metylolation condition Tensile shear strength
Temp. Tim NaOH b) HCHOb WO R B Aih# 0B L AR
() (min) (%) (mol) Dry test Boil and dry ciclic test
90 60 20 0.5 4.2( 0) 0( 0)
90 60 20 1.0 5.4( 7) 0( 0)
90 60 20 1.5 8.3(22) 1.9( 0)
90 60 30 0.5 7.3(11) 0( 0)
90 60 30 1.0 8.3(28) 2.1(0)
90 60 30 1.5 9.5(30) 5.6(32)

() WIEREHITEY
Numerals in paren theses denote % wood failure
a),b) &2 —16& &[[ L

See Table 2 —16



PF 1510 90 60 0.5mol
NaOH 30
40

2 18 )
2 12 ) 30
2 19 )

52 —18% EeMBNY— 7 x / — VistlE (PF 1510) BAWD AtRIESH S

Table 2 —18. Plywood test results with acidification precipitated’— phenolresin (PF 1510) mixture.

558 0 & AWTIR & (kgf/cnl)

Tensile shear strength

B A ub
WO K B Al U Bk

Mixing Dry test Boil and dry ciclic test

ratio
W.F W.F
Min.~ Ave.~ Max. %) Min.~ Ave.~ Max. %)
8:2 9.5~12.5~14.6 (38) 3.5~ 9.5~13.1 (44)
g3 12.4~15.3~17.3 (80) 9.0~12.3~15.4 (92)
5:5 9.7~14.5~17.3 (72) 10.6~13.8~17.3 (86)

a) FBIZME 5 BokHIE TS HCHO 0.5 mol, NaOH 30%R 90°C, 605 K I, K i % pH 2.5
Preparation conditions ; Methylolation : Added HCHO, 0.5 mol, NaOH, 30% (both based on 100g of polyphenol in the
hot water extract), Temp.90C, Time 60 min.
Acidification : pH 2.5 at room temperature.
b) Bk - PF 1510 (B 5 t)

Total solids of the precipitate : Non-volatile of phenol resin.

$2—19% EMLEme— 7 x / — Vil (PF 1510) B A ROMERRF LA
Table 2 —19. Viscosity of acidification precipitatea’— phenol resin (PF 1510) mixture.
(Poise at 25C)

B A b g & 0 % (B
Mixing Days after mixing
ratio 0 5 15 30
8.2 6.7 34.0 90.0 =
7.3 5.5 12.2 40.0 65.0
5% 3.0 5.0 13.2 31.5

a),b) & 2 —18F% LRI U
See Table 2 —18

2.6
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Fig. 2-13. Experimental apparatus of pressure filtration.
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2.6.2

2 2 2 2 25 60 90
2.5 10
2 14 2 20 6 Vv v
vV 8 V Ruth
K
K 2 2 2 2
a
& 2 20
82 —20% Akl AiBEEEORE RS R
Table 2 —20. Relation between filtration time and filtrate volume in constant pressure
filtration.
25 C 60 C 90 C
6 \% 6 \ 6 \Y
(sec) (ml) (sec) (ml) (sec) (ml)
0 0 0 0 0 0
300 52 390 87 300 119
640 96 670 135 660 227
900 125 1010 185 900 289
1600 190 1500 207 1200 359
2100 230 2140 317 1500 423
2920 287 2780 378 1800 480
3470 320 3360 429 2100 535
4540 379 4500 518 2490 601
5700 436 5740 603
6940 491 7160 691
8120 540
9280 586

F;2=21% A7) -0
Table 2 —21. Physical properties of slurry

oM & a £ 25°C 60 90°C
pH adjustment temp.
A7) —gE
Fraction solids (%) 0.968 0.948 0.899
in slurry
A HE
Density of filtrate (g/ert) LN 1008 sl
% ORI (c.p) 1.029 1.040 1.019

Viscosity of filtrate
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Table 2 —22. Influence of acidification conditions on viscosity of acidification precipitate

solution.
B
Acidification condition & ¥ 5 ¥ i3
Solid content Viscosity
Temp. Time. H
(T) (min) P %) (poise at 25T)
25 2.5 31.3 5.9
90 10 2.5 31.8 10.0

90 40 2.5 31.9 120.0
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Fig. 2-17. Heating time dependence on
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Table 2 —23. Preparation conditions and properties of phenol resintused as crosslinking agent.

7 =/ — ViR B & I (mo) RIS g — i RS 5y it i3
Phenol resin Molar ratio S’Io(;:;i]o pH Viscosity
No. Phenol : HCHO ! NaOH | Reaction temperature and time (%) (poise)
PF 1002 1:1.0:0.30 50C-2hr, 70C -5hr 46.8 10.3 0.23
PF 1202 1:1.2:0.30 50C-2hr, 70°C -5hr 46.9 10.3 0.22
PF 1205 1:1.2:0.30 50C-2hr, 70C -4hr, 80C -3hr 49.2 10.5 0.50
PF 1210 1:1.2:0.35 50C-2hr, 70°C -4hr, 80°C -4. 5hr 50.0 10.7 0.98
PF 1502 1:1.5:0.30 50C-2hr, 70C -4hr 47.5 10.3 0.25
PF 1602 1:1.6:0.30 50C-2hr, 70°C-4hr 48.1 10.3 0.25
PF 1605 1:1.6:0.35 50C-2hr, 70°C -4hr, 80°C -1.5hr 48.9 10.4 0.49
PF 1606 1:1.6:0.35 50C-2hr, 70C -4hr, 80C-2.0hr 49.4 10.4 0.63
PF 1610 1:1.6:0.35 50°C -2hr, 70°C -4hr, 80°C-2. 5hr 48.8 10.6 0.97
PF 2002 1:2.0:0.30 50%C -4hr, 70°C -3hr 48.7 10.1 0.23
PF 2005 1:2.0:0.35 50C-2hr, 70C -4hr,80°C-0.7hr 49.3 10.2 0.54
PF 2006 1:2.0:0.35 50°C-2hr, 70°C -4hr, 80C -1.0hr 49.0 10.3 0.62
PF 2010 1:2.020.35 50C -2hr, 70°C -4hr, 80°C -1. 2hr 49.8 10.4 1.04
PF 2502 1:2.5:0.30 50°C -2hr, 70C-2.5hr 48.0 10.0 0.24




45kg 2.1 100

90 60  NaOH 30
0.5mol pH2.5 10 90
223.57c?
PS 401 K.K.
31.8 4.9 10
NaCH 10.0poise
NaOH 37
50 80 F P
2 23
NaOH 10
7355 40
2.5.1
120 140
2.7.2
F P 1.2 16 2.0 0.2 0.5 1.0

F2 -4k BUEREMHY— 7 o/ — VISR &I OGRS )RR

Table 2 —24. Plywood test results with acidification precipitate®)—phenol resin mixture.

FI5E 0 & AW S (kof/cnd)
BAW| 7o/ —LBIEY BAKY B & W Pl Shoss- sevanith
[& ¥ %
Mixture Phenol Mixing Solid. % R R B TR AR
resin ratio of Dry test 72 hr boiling test
mixture
No. No. %) | Max~ Ave.~ Min. ‘é‘% Max.~ Ave.~ Min, \(,\;/1):
1 PF 1202 6 14 40.2 13.6~11.3~ 9.0 ( 9) 12.4~ 6.0~ 0 (8
2 PF 1602 6 .4 41.0 15.6~12.9~10.8 (62) 13.6~10.6~ 3.8 (35)
3 PF 2002 6 .4 40.7 18.2~14.0~10.8 (64) 18.5~13.2~ 8.0 (44)
4 PF 1205 6 .4 40.9 15.0~12.0~ 9.1 (51) 12.8~ 7.2~ 0 (21)
5 PF 1605 6 .4 39.6 16.2~13.8~10.8 (73) 19.3~13.6~ 6.2 (49)
6 PF 2005 6 .4 39.8 16.6~13.8~12.0 (72) 17.3~14.2~10.0 (60)
7 PF 1210 6 .4 40.0 13.5~12.0~ 9.8 (59) 12.9~ 7.4~ 6.1 (19)
8 PF 1610 6 .4 40.9 17.5~13.7~10.2 (73) 16.2~11.5~ 4.3 (56)
9 PF 2010 6 .4 40.3 17.9~14.6~11.6 (77) 17.6~12.5~ 8.5 (62)

a) 3 8 & fF A Fo— L,

Preperation Methylolation,

conditions. # M fk, - .
Acidification, pH 2.5,90C, 10 min

b) 7z / — VIO G EM L 2 —23 K818
For preparation conditions of phenol resin referred to Table 2 —23,
c) et - 7 2/ — LIS (B 5 bb)

Total solids of the precipitate : Non-volatile of phenol resin.

HCHO 0.5 mol, NaOH 30%, 90C, 60 min.



poise

2 24
6 4 130 4 1 mm
F P No
4 7 F P 1.2 No 2 58 F P 1.6 No 36 9 F P 2.0
72
F P
72
2 24 2 25
No 1 2 3 1.0 1.4poise
No 4 9
F P

$2—25% EEMUEY— 7/ —VHE (6 1 4) BRAEOMERNLL
Table 2 —25. Variation of viscosity of acidification precipitate?)—phenol resin (6 : 4) mixture.
(Poise at 25TC)

P g 8 0 % (A
Misture Days after mixing

. 0 & 10 20 30

1 1.05 1.16 1.46 1.98 2.92

2 1.20 1.49 2.02 2.95 6.02

3 1.37 1.69 2.33 4.00 10.70

4 3.87 5.0 7.66 10.41 15.50

5 2.87 3.87 6.62 10.62 22.70

6 2.59 3.87 6.56 15.41 53.80

7 3.88 6.08 7.28 13.20 20.90
5.43 9.84 15.51 45.00 131.00

9 9.11 25.80 44.90 390.00

a) 52 —24KEBM]
See Table 2 —24
b) IBAWE No. 13552 —24% LRI L
Mixture number is the same as that in Table 2 —24.

2 18 F P 1.0 25 0.2poise
PF1002 PF1502 PF2002 PF2502
120 130 140 4 72
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Fig. 2-18. Effect of mole ratio of phenol rasin on the gluability of acidification precipitate-
phenol resin mixture.
F P 1.0 2.0
2.0
7 3 55
(F P) 1.5 ) 130 , F P
2.0 120 JAS 72
7kgf cn?
2 26
F P
JIS K 6802 2
1 10poise 25 60 15
20 1
2 26 F P 2.0 PF 2002
556 4 1poise 25
30 6 1lpoise
7 3 F P 1.5 PF 1502
Spoise PF 2002  10poise
F P 2.5 PF 2502
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Table 2 —26. Variation of viscosity of acidification precipitatea)— phenol resin mixture.
(Poise 2t 25C)

T/ - LHIEY R A RO B & W £ & B & (B
Pher?ol Mixi.ng Sﬁdiﬁon’im Days after mixing
resin ratio of mixture
No. (%) 0 5 10 23 30
7.3 41.6 5.10 6.11 6.59 14.08 16.90
PF 1002 6 4 40.5 1.26 1.44 1.52 1.89 3.30
5.5 40.0 0.75 0.65 0.82 1.24 1.36
7:3 41.2 4.56 6.64 8.24 18.94 32.77
PF 1502 6 .4 40.5 1.86 2.47 3.26 4.68 4.97
5 «5 39.7 0.98 0.98 1.13 2.01 2.78
7.3 40.8 11.50 19.05 48.28 — -
PF 2002 6 .4 40.7 1.37 1.69 2.33 5.90 10.70
515 38.8 0.81 0.92 1.39 3.26 6.23
7 53 38.3 10.21 10.21 64.72 = =
PF 2502 6 .4 41.7 5.88 12.26 18.69 161.20 =
5:5 38.2 3.37 11.25 38.91 — —
a),b),c) ¥ 2 —24KBM
See Table 2 —24.
7355 3 10poise
25 10 20
F P 2.0 0.2
0.5poise 48 50
35
F P 15 1.6
3
1 40
20 40

2 40 50
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30
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1 211

1
10
1
NaCH
1.1
1.1.1
31 3
E3-1% R H 7~ UK
Table 3 — 1 . Analysis of larch bark used in experiment.
il ;3
Sample bark NG 1 & 3
FoAR E i LN FEEHT +hy
Habitate Aibetsu Biei Shibetsu
A
ﬁf " 10~15 25~26 27
Tree age
Bkt a)
Hat water extracts (%) 18.3 2.7 27.0
BOKRERY 7 2/ —
Hot water soluble b 10.9 16.8 18.2
(%)
polyphenols
1% NaOH fihiti#y a)
50.6 58.5
1% NaOH extracts (%) 50.4
1% NaOH®[ERY 7 2/ — )
1% NaOH soluble 2 28.6 33.2 33.3
(%)
polyphenols
a) HEEER R IZ T 2% Based on dry weight of bark.
No 1

30

38 48,50 53



No 1 3 2

No 2 No 3 4 0.35mm

W32 Fk CLABHEOKRE S

Table 3 — 2 . Particle size distribution of bark used in experiment.

Partiae i R X HoE P HOE
(am) Large—sized Medium—sized Small—sized
40~20 29 _ _
20~10 44 - _
10~4 C a7 60 _
4~2 - 97 -
2~0.7 - 13 i
0.7~0.35 - — 1
1.1.2
31 SUS304 500 1
450kg NaOH 2.5 20
25 80 45kg
H 130

10 40r.p.m 151

i Sa i} AL
Hotwater Raw material inlet
outlet

T
=~
WEE

Agitator
drive

i |- ‘T':' J
2 7Y —H0 K A H

Slurry outlet Hotwater in let

F3-1 DR

Fig. 3-1. Schematic diagram of extraction tank.

K.K.

20



20r.p.m

10
1.1.3
1.1.2 No 2
10g 105 16
NaOH K.K. FLD Na
10g 50ml 1 2.1.1
Stiasny
NaOH
NaOH
+7X100*¥H]Hj‘ N
K+ NaOH 1 2 = Wik (%)
ZZT, =t (k)
Yy — 2 — S e o,
mr X100=7FKR") 7 = 7 — Vi (ﬁ)
ZIT, y=HKU T2 — LR (k)
1 2.1.1 1 NaCH
31
1 2
1.2
1.2.1 NaOH
25 80 NaOH 3 2
1 1 10 31 No 3
0.35mm NaOH 50 31
NaOH
NaOH 10 15 80
NaOH 10 94 NaOH 15 100
3 2 NaOH
3 3 25 80

5 10 25 78 80 71

NaOH
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Fig. 3-2 . Relation between extractes yield
and added amounts of NaOH.
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Fig. 3-3 . Relation between purity of polyphenol
and added amount of NaOH.
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Fig. 3-4 . Effect of extraction temperature and time and grain size
of bark on polyphenols yield. (Added NaOH, 10%)
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4mm  0.35mm

94 9



F3—3%K HbMERRORE S & M 2 il aAERES R

Table 3 — 3 . Influence of extraction condition and extractives content of sampl bark on yield of alkaline extracts.

o KUY 72—
" ) Extract Polyphenol
it % 1 a X
. Sample - ]
Extraction o il ot 2 b P )
" bark 0y B 4t e
condition Parcentage Parcentage . .
NO. Yield Purity
to dry bark to dry bark (%) (%)
(%) (%) ’ v
1 25.2 19.4 67.8 77.0
25C —60 min
2 27.2 25.5 76.8 93.8
NaOH 10%
3 36.1 27.1 81.5 75.1
1 31.8 25.4 88.8 79.9
50'C —60 min
2 35.6 28.9 87.0 81.2
NaOH 10%
3 38.7 28.5 85.6 73.6
1 38.1 27.4 95.8 71.9
80C —60 min
2 41.5 31.7 95.8 76.6
NaOH10%
3 43.3 31.2 93.7 71.4
a) B NO. 135 3 — 1 &R &AL
Sampl bark number is the same as that in Table3 — 1.
b) HEMIE D1 % NaOHFTAKR ) 72/ =0 (553 —-1K) 234 2%
Based on 1% NaOH soluble polyphenol content of sample bark (Table3 —1)
o) MRz ED 3K ) 7 2/ — LOES
Parcentage of polyphenol to extract.
3
2.1
5
45 31
500 1.1.2
1 10 NaOH 10
25 80 60 31 No 1 No
2 4mm
1.1.3 3 4
No 1
25
2.2
2.2.1
2.1 3 5 K.K.

0.075m?



FH3 -4k EHmBEROMR H & Uitk

Table 3 — 4 . Characteristics of alkaline extracted lipuors used in experiment.

2 4 &)

MERE" mma  mmm K7z o
xtraction . NaOH . .
Tomp: Total solids Extract Polyphenol (%) pH Viscosity

) (%) (%) (%) (cpat25C)
25 3.09 2,25 2.04 0.84 12.1 1.93
(72.8) (66.0) (27.2)
50 3.95 3.07 2.37 0.88 11.7 1.61
(77.7) (60.0) (22.3)
80 4.51 3.67 2.68 0.84 10.7 1.44
(81.4) (59.4) (18.6)
a) fF ISR 60 min, NaOH iFM#E10%, #1110
Extraction tim 60 min. Added NaOH, 10% of dry barke weight. Liquid/Bark 10 : 1.
b) Stiasny RIGIZ & 5
Determined by stiasny reaction
() NOBILREIFS X 5%
Numerals in parentheses denote parcentage based on total solids.
HZERYT
Vacum
m 1.5kgF cm?
20 30mHg
35 40
8
it 5
= s
" 30
o
i B
25 3 6
3 4
B3-5M 7 4NLLI/NRL— 5 —BEERX 3 6
Fig. 3-5. Schematic diagram of film
evaporater, 20 25
20poise 80 2poise
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Fig. 3-6 . Reletion between solids concentration
and viscosity of alkaline extract
solutions. 2 23
2 2.5.1
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1.6 0.2poise PF 1602
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Table 3 — 5 . Influence of extraction temparature on visosity and gluability of alkaline extract—phenol resin

(PF1602) mixture.

B & % 5158 0 & AR (kef/cnf)
PPy Mixture Tensile shear strength
Extracti . . S 5 .
hemp | BELEY BB WEREE( (poise) %R B i L s
() Mixing  Solids Viscosity after mixing Dry test Boile and dry ciclic test
ratio content
(%) 0 5days  30days Max.~ Ave.~Min Max.~ Ave.~Min
25 5.5 42.9 73.0 96.6 166.0 20.3~16.6~14.0 18.7~14.4~11.3
(71) (35)
50 5:5 40.5 23.4 28.0 103.2 17.5~13.8~ 7.8 15.8~12.3~ 8.9
(81) (47)
80 5 « 8 41.9 4.6 6.8 14.2 20.5~17.4~13.9 18.1~14.3~10.5
(72) (50)

a) fllEEERT 60 min, NaOH {FiN#E10%,
Extraction time 60 min. Added NaOH, 10% of dry bark weight.

b) HHH © PF1602 ([E74% k)

Total solids of extracted liquor

. Non—volatiles of PF1602

H3—6FK LBHEMY— T/ -V BIEEGROGHREENIIRIET 7 £/ - UIEEMREN b L CRE KO

Table 3 — 6 . Influence of preparation conditions and mixing ratio on gluability of alkaline extract2’—phenol resin

mixture.
B & " OB R R bk 0 R U iBR
Mixture Dry test Boile and dry cyclic test
_ eb) S8 A LL C)
7Pie/nol i_';ﬁfa ﬁi;:z Max. ~Ave. ~Min. W.F Max ~ Ave. Min W.F
9 0
NO. it (kgf/cnf) (%) (kgf/cnd) (%)
0:10 15.0~11.2~ 8.0 72 14.8~10.9~ 6. 65
PF 1202 5:5 15.0~13.0~10.2 65 15.8~12.9~10. 41
7453 14.6~12.4~10.4 83 14.5~11.3~ 8. 36
5% 5 13.7=11.1~ 7.6 81 14.9~11.4~ 8. <74
PF 1602
7% 3 14.5~13.2~ 8.6 78 14.0~10.9~ 8. 54
0 :10 18.0~14.6~10.8 84 18.9~13.4~ 9. 62
PF 2002 555 15.5~13.2~ 7.6 81 18.3~13.3~11. 64
7.3 14.6~12.5~ 8.6 78 14.2~10.2~ 8. 58
0 :10 17.6~14.5~10.0 81 20.0~16.4~10. 76
PF 2006 5+5 17.7~15,1~13.1 76 16.9~13.6~ 9. 64
7.3 17.8~13.9~11.1 70 16.3~13.4~10. 37

a) MM D NaOH 10%, 80T, 60 min
Extraction condition : Added NaOH 10%,80°C, 60 min.
b) 7 x/ — VEHIED GRSRIFIZE 2 — 23K B
For preparation conditions of phenol resin referred to Table 2 —23.
c) Bk L 7 1/ — VEstHs (BT H)

Total solides of extracted liquor : Non—volatiles of phenol resin.
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0.559 cn® 0.65g om®

7 60mmx 8mmx 0.5mm

180 15  21kgf o 2 7kgf on 13

3lcmx 34cmx 1.5cm

88

89 91

20 65 RH 2 JISA 5908

0.559 cm® 0.609 cm® 0.659 cm’

2
3 7 No 1 No 4 0.6
3 7
F P
3 8
3 7
PF 1602 No 1 PF 2002 No 3
0.69 cm JIS 150 130kg cm?
2.0kg cn? PF 1606 PF 2006
PF 1606 No 2
0.659 cm PF 2002 No 4 0.609 cm

JIS 200 180kgf 3.0kgf cm?
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Table3 — 7 . Properties of alkaline extractd’—phenol resin mixture bonded particle boards.

waw 2 pape | BAH Kk Hoo OB WK
1 & [E 5 wH OE woox X o #
Mixtur Phenol Mixing Solid content Densit Bending Internal Thickness
NO resin rateo of mixture o strength bonding swelling
(%) (8/cnf) (kgf/cnt) (kgf /cnf) (%)
0.55 132.8 1.49 22.1
1 PF 1602 5 +5 38.6 0.60 168.8 2.05 23.8
0.65 204.8 2.62 25.4
0.55 156.5 1.87 19.4
2 PF 1606 5§56 39.5 0.60 207.7 2.60 20.9
0.65 259.0 3.34 22.3
0.55 166.5 1.73 18.8
3 PF 2002 575 40.4 0.60 209.5 2.31 20.1
0.65 252.4 2.90 21.4
0.55 199.3 2.43 18.4
4 PF 2006 5.5 39.4 0.60 250.0 3.48 18.8
0.65 300.7 4.54 19.2
0.55 210.2 2.02 22.7
5 PF 2006 6 .4 40.0 0.60 266.4 3.28 21.9
0.65 322.7 4.54 21.2
0.55 191.7 2.30 23.7
6 PF 2006 7 %3 42.6 0.60 244.8 3.37 23.9
0.65 297.8 4.44 24.1
a),b),c) 3 —6FKLIFAL
See Table 3 — 6.
3 7 No 4 No 6
55 7 3
37 3
9 55 No 1 No 4
3 4poise
F P PF 1602 PF 1606
No 1 No 2 30 40
F P PF 2002 PF 2006 No 3 No 4

10 No 5 No 6



S B

Bending strength

w

(kgf/cm?)
300t

200¢

100

E3-TH

Fig. 3-7.

(kgf/cm?) (%)
4.0 25
i o
E< 3
< 3 JE
< 3.0 “ 520
£ @ nes
2% i
& = %
0]
Tn L
2.0 1.6 2.0 1.6 2.0
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Molar ratio (F/P) of phenol resin
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ERKEM—7 =/ — VBIIEERA (51 5) IL&B/ =T 4 7 LKR-FD
SECRIET 7 2/ — UBHIEO AR E L HOBE (K- FEEO. 6g/cm®)
Effect of molar ratio of phenol resin on the properties of particleboard
made with adhesive formulated by mixing alkaline extracts with phenol
resin at equal weight.

F3—8FK MR 7/ - IBIEICLE/ =T 4 7 LK== FDORE
Table 3 — 8 . Properties of phenol resin bonded particleboard.

. 7K JE &
!
Jes— MR | K- v s 4 M W
Phenol Density Bending Internal Thickness
NO. (g/cn) strength bonding swelling
(kgf/crt) (kgf /cni) (%)
0.55 31.4 0.00 19.5
PF 1602 0.60 87.4 0.49 19.8
0.65 143.3 1.07 20.1
0.55 205.9 0.67 12.1
PF 1606 0.60 253.5 2.66 13,3
0.65 301.1 4.66 13.3
0.55 32.9 0.05 23.5
PF 2002 0.60 69.0 0.31 24.6
0.65 105.1 0.56 25.8
0.55 178.8 1.21 11.4
PF 2006 0.60 248.2 2.62 11.8
0.65 317.5 4,04 12.2

a) 7 =/ — VIO AT 2 —23% 2
For preparation conditions of phenol resin referred to Table 2 —23.
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Table 3 —9 . Storage stabitity of alkaline extract-phenol
resin mixture.

(Poiseat 25C)
BAWY # & H # (B)
Mixture Days after mixing
NO. 0 10 20 30 40
1 2.9 3.5 5.2 7.1 1.5
2 3.3 4.8 5.1 13.2  24.4
3 3.8 6.9 13.4 377 199.8
4 4.2 11.1  34.0  400.0 -
5 6.5 29.2  163.0 —
6 10.6  121.2  342.0 — —
a) NOWE# 3 — 7R LML
Mixtur number is the same as that in Table3 — 7 .
2.3
2.3.1
1
5 2.1 1 10 NaOH 10
80 1 3.81 2.51
20g 12 4ml
60 90 30 180 2 1.3.1
2
3 10
209 60 2.2 2.7x 10 3ol 90 4.3 4.7
x 10 3mol
100g 10
60 0.4 0.5mol 90 0.7 0.8mol
2 4 2 5
3 10
pH
8 pH 11.8 10.4 90 60
100g 0.75mol 0.5mol
2.3.2
1
2.3.1 25 50 80 60
60 90

100g
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Table 3 —10. Formaldehyde absorbed with alkalime extracts.

IS5 2 d
Resgtion Fo—Fi® Mi®  Fo(Fi+aMi| % BF
i Absorbed
Temp. Time
(C)  (min) (107°Mol) (107°*Mol) (107*Mol) (Mol/100g)
30 0.683 0 0.683 0.14
60 1.895 0 1.895 0.38
60
120 2.174 0 2.174 0.43
180 2.717 0 2.717 0.54
30 2.504 0.191 2.122 0.42
60 4,323 0.250 3.822 0.76
90
120 4,399 0.359 3.681 0.73
180 4.629 0.309 4.010 0.79

a) it 209 (K1) 7 =/ —0.5029) 2% L HCHO (Fo) 16.57X10~
Extracted liquor 20g (polyphenol 0.502g), Added HCHO (Fo) 16.57 X 10™*mol.
b) Fi : #%7F HCHO, Free HCHO '
¢) Mi: %R A %/ —. Produced Methanol
d) KIGF 1240 7 2/ —0100g 249 DE LK
Absorbed HCHO per 100g polyphenols

(mol/100g)
2 0.8 112
E, 0\
th ¥
00,7 N
g4
§706
2
~® 0,5 10
2
5
2
< 'l A A L 1 1

0 2 4 6 (B)

# & B #

Days after extraction

H3-8X MUK OBBAKE AL LT LT
v FRGE # L UpHDOZEAL
Fig. 3-8 . Variation of reactivity and pH of
alkaline extractives after extraction.
Note. 1) fiHi#%(80C, 60min, NaOH10%)i325C
TIRTF
The extracted liquor (80C, 60min,
NaOH10%) was stored at 25T
2) RGZ%&f : 90C, 60min
Reaction temp.90C, tim. 60min
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Table 3 —11. Influence of extraction and methylolation conditions on viscosity of acidification precipitate solution.

Mmoo & A F 0 — ALt B oE ® o we
Extraction Metylolation Acid. ppt solution
Ex.NO. Solid
Temp. Time NaOH®  Temp. Time HCHOY ones Viscosity
content

_(:C ) (min) (%) () (min) (mol) (%) (poise)

1 25 60 10 90 60 0.25 21.4 20.56
2 50 60 10 90 60 0.25 22.1 9.34
3 80 60 10 60 60 0.25 18.4 1000<
4 80 60 10 60 60 0.50 21.3 1000<
5 80 60 10 80 60 0.25 23.7 1000<
6 80 60 10 80 60 0.50 19.5 1000<
7 80 60 10 90 60 0.25 18.1 2.65
8 80 60 10 90 60 0.50 22.2 1000<

a) §EAKHE 120t 3 5%  Based on dry weight of bark.
b) K7 x/ = 100g 1233 5EN$  Added HCHO mol per 100g of polyphenol.
o) BB BT 53 1228 L15% D NaOH % hll 2 T FRAM L /2o
Prepared by adding 15% NaOH based on oven dry weight of acidification precipitate.

2
3
1
90 0.25mol No
127 20poise 1000 poise
2 24
2.2.1
25  20.56poise No 1 80 2.65poise No 7
3 12
80 3 7 90
60 0.25mol
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Fig. 3-9 . Storage period (at25C ) dependence on
viscosity of acidification precipitate.
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pHFERE
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A i N 8 3-11K pHIEEEE & 7 — 7 i
0
0.1 \9’2 0.3 0.4 (L) Fig. 3-11. pH adjustment temperature
dependence on specific
lgﬁ:lgli -31952(]) V_ 6,V resistance (@) of cake.

(pH2.5, Heating time 10min)

F3-12% 27—t
Table 3 —12. Physical properties of slurry.

pH 3 % & K

pH adjust. temp. 2 o ai
27 =i (%)
Mass fraction of 2.63 2.56 2.46
solids in slurry
AHDLE (g/cnt) 1.011 1.011 1.011
Density of filtrate
5 EOHE (c-p) 1.047 1.057 1.035
Viscosity of filtrate
(x10™m/kg)
20 X10™(m/kg)
6}
a
AN
101 a
2+
i o______o
i 0370 30 60 (min)
28 26 24 22 o B R (min)
pH Heating time
$3-12 pH& 4#— 7 WA 5 3-13X  HNEAER & 4 — 7 HeIRHT
Fig. 3-12. pH dependence on specific Fig. 3-13. Heating temperature dependence
veetange {4) of paks, on specific resistance (@) of cake.
(pH adjustment temp. (pH2.5, pH adjustment

90°C, time 10min) !temp. 90C)



553 —13%  DIAFR & MeE IR FHARR MR O RLIE 2R 25 L
Table 3 —13. Influence of heating time on viscosity of acidification precipitate solution.
(pose at 25TC)

B e X B H #% (H)
Heating Days after redissolving
time
(min) 0 5 10 15
3 1.0 3.0 7.4 21.5
10 1.4 4.0 14.6 42.2
30 1.7 5.2 18.0 88.1
60 1.9 12.8 49.4 481.0

Notes | BHAMED B3R 321% . BelE{LZrfiE pH 2.5, pH FH%4:ERE90T
Solids content of each acidification precipitat solution is 21%.
Acidification condition : pH 2.5, pH ajustmente temp. 90T .

2.3.2 2.3.3

80 60  NaOH 10

0 60 0.25mol
100g
pH 90 pH2.5 10
2.3.4
1
1.1.2 500 31 80 60 NaOH
10
100 3 14
10 pH2.5 pH pH
FU-20A No 1 31
pH 1 2 271
18.6
15
NaOH
6.5
103 79
735

5 40

100g 10g

2 23
2 251 4mm 3 10kgf cm2

120 130 140 4 30cmx 30cm 2 JISK 6851
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Fig. 3-14. Preparation schedule of acidification precipitate from

alkaline extracted liquor. (100¢ reaction vessl used)
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12 14kgf o 61 71 F P
2.0 120 140 11.6 13.9%kgf cn? 58 80
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PF1205 PF1605 PF2005 No 1L No 3 No 6
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10 11lkgf cn? JiIs 1
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1
2.3.4(0)
2.2.3
3 8

2.2.3 (D 0.559 ¢ 0.655 cm
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Table 3 —14. Plywood test results with acidification precipitate 8 —phenol resin mixture.

b i RS FloED HARTEE S (kgf/cni)
A PEVES AN BA .
RAH ml e RAEHS ;?J}Eg BRI Tensile shear strength
Mixture Pherixol Mixing Solid HOF B OBE R ER R 0 L A
resin rateo content pressing . .
Dry test Boile and dry cyclic test
NO. NO. u bemp:
mixtur
W.F W.F
0 - s R - s
(%) Max.~ Ave.~ Min. (%) Max.~ Ave.~ Min. (%)
120 10.6~ 8.4~ 7.0 (42) 6.5~ 2.4~ 0.0 (6)
1 PF 1205 5.5 39.8 130 11.1~10.7~ 4.3 (59) 8.8~ 6.4~ 1.2 (27)
140 13.4~11.1~ 5.3 (80) 12.7~ 8.6~ 4.6 (42)
120 14.3~11.9~ 9.8 (61) 13.3~ 9.6~ 6.6 (33)
2 PF 1602 55 40.0 130 18.1~13.8~10.4 (79) 16.8~12.8~11.6 (64)
140 17.8~14.3~12.6 (82) 16.0~14.1~11.0 (71)
120 14.3~11.7~ 8.2 (57) 13.4~10.3~ 5.5 (46)
3 PF 1605 5.8 40.2 130 18.0~13.8~10.6 (79) 18.2~12.6~ 9.8 (65)
140 17.4~14.0~11.0 (79) 16.6~12.5~ 8.4 (62)
120 13.9~11.2~ 9.9 (71) 12.1~10.1~ 8.6 (51)
4 PF 1610 5.8 40.9 130 19.9~14.4~11.2 (82) 18.0~13.0~ 9.1 (61)
140 17.9~13.9~ 9.5 (82) 16.0~12.2~ 8.1 (63)
120 16.1~12.7~10.5 (74) 13.1~11.6~ 8.9 (64)
5 PF 2002 5:5 40.3 130 18.3~14.1~11.7 (80) 17.5~13.9~10.6 (78)
140 17.1~13.2~ 9.7 (89) 17.7~13.9~11.0 (87)
120 16.7~13.5~10.2 (66) 18.4~13.1~10.3 (58)
6 PF 2005 § .8 40.2 130 16.8~13.8~11.2 (78) 16.7~13.3~10.6 (71)
140 16.9~14.2~12.3  (80) 16.6~13.1~10.4 (71)
120 15.3~13.8~11.9 (79) 17.0~12.6~ 9.3 (75)
7 PF 2010 § <5 39.8 130 16.3~12.8~ 7.4 (75) 15.5~11.8~ 7.1 (62)
140 16.1~13.2~11.5 (83) 15.2~11.7~ 8.9 (80)
120 12.5~10.7~ 9.1 (65) 11.7~ 8.7~ 5.3 (49)
8 PF 2002 6.4 39.4 130 14.7~11.8~ 9.6 (75) 13.7~10.1~ (64)
140 15.4~13.3~11.1 (82) 16.7~12.8~ (74)
120 11.4~ 9.6~ 8.0 (49) 8.1~ 5.6~ 0.0 (14)
] PF 2002 7.3 40.3 130 15.1~13.3~11.6 (75) 14.4~10.5~ 6.3 (45)
140 14.9~13.5~11.6 (75) 13.8~11.2~ 8.8 (51)
) S
Preparation conditions.
i 4 : NaOH. 10%, 80TC, 60 min.

Extraction

*Fa— 1t : HCHO 0.25mol. 907C, 60 min.

Methylolation

g M ft:pH 2.5, 90C, 10 min.

Acidification

b) 7 x / — VRO A EMEE 2 — 23RS H

For preparation conditions of phenol resin referred ¢ Table 2 —23.

o) EetEikB . 7 =/ — VElE (B )

Total solids of acidification precipitate : Non—volatile of phenol resin.
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Fig. 3-15. Effect of viscosity of phenol resin on the bonding
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bonding strength of acidification percipitate-phenol

resin mixture (5:5) bonded plywood. (Boil and dry cyclic teste)

(kgf/cm?)

Ju

Tensile shear strength
WIS ok ST

15¢

e/°

Hot press temp.

—
(=}

5 —0— 120 °C
—0— 130 °C
—e— 140°C

=3 64 5B

BEMEVERY . 7 =/ — RS
Acid. ppt : Phenol resin

%3-17X

(%)
100t

\

o
=

(821
o

Wood failure
#

0

73 64 55
BB . 7 x / — ViR
Acid. ppt . phenol resin

BARRB —7 =/ — VEHIRR G HRIC & 2 AR O HEEE MR

IRIETREBHOEE

Fig. 3-17.
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H3 15K EMMEREMe -7/ -0 BIEREGWIZE S N—F 4 L FE- FOSHE
Table 3 —15. Properties of acidification precipitate® —phenol resin mixture bonded particleboard.

e - A Fe F : WK X
SEAG J1)— tae bl cm AL ©) (EL!,& ZN k e sy + i
i & x Lt HERed B 5 — 58 & 13 HEh S W g %
Mixture Phenol Mixing Solid content Denisty Bending Internal Thickness
resin ratio of mixture strength bonding swelling
NO. NO. (%) (g/cnt) (kg f/cnf) (kg f/cni) (%)
0.55 183.0 2.17 20.6
1 PF 1602 515 39.6 0.60 241.3 2.75 22.7
0.65 299.5 3.32 24.7
0.55 182.1 2.28 18.6
2 PF 1606 5.5 40.4 0.60 233.4 3.05 20.5
0.65 284.0 3.90 21.0
0.55 191.8 2.58 18.8
3 PF 2002 5:5 40.4 0.60 238.0 3.24 20.1
0.65 284.0 3.90 21.0
0.55 187.5 3.46 18.2
4 PF 2006 5.5 39.6 0.60 234.9 4.25 19.1
0.65 282.4 5.03 20.1
0.55 178.6 2.23 21.0
5 PF 2002 6 .4 37.4 0.60 230.9 2.93 22.9
0.65 283.2 3.67 24.8
0.55 210.2 2.95 19.1
6 PF 2002 7:3 37.5 0.60 257.3 3.69 20.3
0.85 304.5 4.42 21.5
a),b),c) # 3 — 14K B
See Table 3 —14,
3 19 8
JI1S200 5 JIS150 130kgf cn?
2kgf om 12
2.3.6
3 16 3 15 25
F
PF1602 5
5 25 40 F P
PF2002 30 PF2006
10
PF2002 6 4

10 7 3
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Fig. 3-18. Effect of molar ratio (F/P) of phenol resin on the properties of
particleboard made with acidification precipitate-phenol resin (5:5)

mixtures. (Board denisty 0.6g/cm’

(kgf/cm?) (kgf/cm?) (%)
300

B
[
[e]

Bending strength
JES
[\
6]

[' |
Internal b
%o B

o
(o]
Thickness swelling
BREE o 1l - 2
[\
&)}

I

g
N
o

o
o

ZOOJ

N

(6]
ot

5 8 10 8 10 5 8 1

Ly oy 3w E R (%)
Resin content (Based on dry weight of particles)
A— FEE; —O— 0.55, —@— 0.60, —@— 0.65
Board denisty
EI3-I9W LY VIRERL ST A INE - FORE
Fig. 3-19. Relation between resin content and

properties of particle board.

PF2002 5 5

PF2002 5
40 25

= o

10 2 7 6

40



HE—16% FEMUBY— 7 ©/ — VISR A IO 2L

Table 3 —16. Storage stavility of acidification precipitate — phenol resin mixtures.

B A W g @ H #H (H)
Mixture Days after mixing
EAH 7 x / — WKHE
NO.2 Mixing Phanol
ratio 0 10 20 30 40
1 5.5 PF 1602 6.4 6.6 8.5 12.8 19.7
2 5:5 PF 1606 5.0 6.2 9.0 15.9 32.7
3 5:5 PF 2002 5.7 6.3 9.8 17.6 144 .4
4 5.5 PF 2006 22.9 24.8 52.4 146 .4
5 6 .4 PF 2002 14.6 17.6 24 .4 62.4
6 7:3 PF 2002 27.1 66.0
a) BAWNOILE 3 —15K LFAL
Mixture number is the same as that in Table 3 —15.
; (P
(poise) IFtiss)
15} /
60r
24
e ]
T 10 >,*
“’ =
> g 40
. S
Zg 5t LI
s cr///D‘ . X
0 30 35 40 (%) 0 20 40 €0
B ¥ 5 . E i
Solids content Temperature

% 3-20 EMIEE—7  / — Vithg (PF2002)

RBEWROKEEE & B 5RE OR%

Fig. 3-20. Relation between solids content and

viscosity of acidification precipitate-
phenol resin (PF2002) mixture.
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Fig. 3-21. Relation between temperature and

viscosity of acidification precipitate-

phenol resin mixture (5:5).
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No 2 100

F P No 9 No 10 No 13

w T
~N T

3 7 3 16

3 17 WL Bkt

Table 3 —17. Hot water solubility of cured extractives— phenol resin mixtures.

Sh #
Mok T oY ® 4 g | VMR
NO Hot water
Extractives PF resin Mixing ratio so(llax/i)l)es
1 ERHEEE Ry - 10: 0 100
Acid. ppt
2 Zikigin - 10: 0 100
Alkaline extrac
3 — PF 1202 0 .10 5.9
4 — PF 1602 0 .10 6.0
5 — PF 2002 0 :10 5.9
g  PEARD PF 1602 5:5 9.7
Acid. ppt
7 ” PF 1602 6 .4 12.1
8 2 PF 1602 7.3 12.7
e
=ifiE PF 1202 5:5 27.0
Alkaline extract
10 ” PF 1602 5.5 18.0
11 ” PF 1602 6 .4 22.9
12 ” PF 1602 7.3 26.6
13 7 PF 2002 5:58 15.9

a) 7 1/ — VISBR O B RSMES 2 — 23K B
For preparation condition of phenol resin referred to Table 2 —23,
b) b L 7/ — LitEE (BF S k)

Total solids of extractives : Non-volatile of phenol resin
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Fig. 3-22. Schematic flow diagram of experimental ultrafiltration apparatus.

F3—18% AKU—7 74 N—FY 21— LD
Table 3 —18. Specification of hollow fiber modules used for experiment.

PM—10 PM—-30 PM—50

Sy 5y - &

Molecular weight 1x10* 3x10* 5X10*
cut - of f

A XA FE ()

Effective area 0.1 0.1 0.1
of membrane

7 7 A N—NE (mm)

In side diameter 1.1 1.1 1.1
of fiber

PH & 2 #5H 1.5~13 1.5~13 1.5~13

Range of pH

i R EER (t) 80 80 80

Maximum temp.

BRIRIED  gi/ai) 5.0 2.0 2.0

Maximam pressur




A V2
1.1mm 50
V4
Vv, V, 1.7kgf cn?
25
0.04
2.4.2
1
93
45
NaOH 10 80 1
0.5mol 90 1
MCY4463H100 10 pum
35kg 3 22 Vv, V,
30
V, 1 3kg
NaOH 1.1.3
Ra
C
Ra=1—?PX100 .................................... (3—1)
.

Ce - BEAGHIH O B TR
Cr * E M D I3

100

0 100

NaOH

100g

2.1
2.3.2 (D

100



PM10 1x 10
3 19

3 19 3 23

3 —19%  RIEENOEGHE & & CWIHRO WEME (PM10EY 2 - 1)

Table 3 —19. Measurement data of flux and recycle rate under various operating

pressures.
B JE (kgf/cni)
Operating pressure & i E 7 B &
Flux Recycle rate
A K Hon oy Apb) (kg /min « m') (kg /min)
Inlet Outlet Average
1.0 0.2 0.60 0.8 0.278 5.19
1.0 0.4 0.70 0.6 0.3.4 4.03
1.2 0.25 0.725 0.95 0.369 5.81
1.2 0.6 0.90 0.6 0.397 4.00
1.2 0.8 1.00 0.4 0.404 2.77
1.2 1.0 1.10 0.2 0.350 1.40
1.4 0.5 0.95 0.9 0.453 5.48
1.4 0.8 1.10 0.6 0.463 3.93
1.4 1.2 1.30 0.2 0.386 1.43
1.5 0.8 1.15 0.7 0.501 4.63
1.5 1.2 1.36 0.3 0.439 2.05
1.6 1.0 1.30 0.6 0.501 4.04
1.6 1.2 1.40 0.4 0.478 2.59
1.6 1.4 1.50 0.2 0.352 1.03

a) (AHE+HIE) +2
(Inlet pressure+ Outlet pressure) =+ 2

b) ANE— M0+
Inlet pressure-Outret pressur

Note : el e S0t

Preparation condition of sample liquor,
I H# : NaOH 10%, 80, 60 min
Extraction
4 Fa—)uft : HCHD 0.5 mol, 90C, 60 min,
Methylolation



(kgf/cm?)

o
IS

Recycle rate
=4

o
N

(¢}

0.2 04 0.6 0.8 1.0 (kg/cm®
AP

% 3-23X TERE L 4P OBIE
Fig. 3-23. Relation between 4P and recycle rate.

(kg/min- m®)

05}
&

,:g@ 0.4
i
e

0.3}

4

1 . . . .
02 04 06 0.8 1.0 (kef/cm?)

AP

5 3-24X EEEE L 4P OBF
Fig. 3-24. Relation between 4P and permiation flux.
Note: X #flis AOE

Numelals in Figure denot inlet pressure.

(kg/min m?)

05}
AP = 0.6 kg/cm? /
[

0.7 0.9 1.1 1.3 (kgf/cm?)
I T
Average pressure
H3-25( EMHE & THRIELEORIGR

Fig. 3-25. Relation between pressure and permeation flux.



26 PM10
1.4kgF cm? 0.6kgf o’
40 25 2 60 3

20

(kg/min m®)
10t
P
08¢t
@
3
L“;zo.e
&
04+
y 2
T A .
20 40 60 (°C)
it 4 W oW B
Fluide temp.

55 3-26[X fHSWRERE & EBEE
Fig. 3-26. Relation between fluide temperature

and permiation flux.

93 —20%& HBMEEEZKDS PMI0E Y 2 — iz L AR1E#
Table 3 —20. Pressure dependence on rejection of alkaline extracts with
PM10 module.

# e JE (kg f/cnd) Bk % (%)
Operating pressure Rejection
AH e By KU 7/—n
Inlet Outlet = ;I:;it;l S’?el:(;ls NaOH
1.0 0.2 1.0 51.77 80.82 28.49
1.2 0.6 0.6 52.43 81.22 27.40
1.4 0.6 0.8 51.45 81.25 30.65
1.5 0.8 0.7 53.75 83.17 30.77
1.5 1.2 0.3 50.00 77.13 27.40

Note : fltiRiftiE, 553 —19% L[

Sample liquor is the same as that in Table 3 —19.



2.4.3

1
2.1 NaOH 10 25 80 1
100g 0.25 1.0mol
37 90 20 60
2.4.2
0 %
3 21
%321k HRmOAMSES
Table 3 —21. Prepearation conditions of extracted liquers used in experiment.
Ei:: IS VI S A Fua— S H
Extraction Methylolation
NO. conditions conditions
Temp. Time NaOH®  Temp. Time HCOHY
(t) (min) (%) (t) (min) (mol)
1 25 60 10 - - -
2 80 60 10 - - -
3 80 60 10 90 60 0.25
4 80 60 10 90 60 0.50
5 80 60 10 90 60 0.75
6 80 60 10 90 60 1.00
7 80 60 10 90 20 0.50
8 80 60 10 90 40 0.50
9 80 60 10 90 60 0.50
a) RESXERIINT 5%
Based on dry weight of bark.
b) Y7 =/ —1N100g 12%F3 3 E LK
Added HCHO mol per 100g of polyphenol.
12 18kg Vv, 3
10
v,
100g NaOH
1.1.3
Bl =

Vo—VFr
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Fig. 3-27. Ultrafiltration of alkaline extracted liquor with PM10 module.
Notes: f{#4#%; 5 3 —21& D No. 4
BERM; ADEL. 4kgf/em?, HEO. Skef/cm?, &S . 4kg/min
Feed solution; No. 4 in Table 3 —21
Operating conditions; Inlet pressure 1.4kgf/cm?, Outlet pressure 0.5kgf/cm?.
Recycle rate 5.4kg/min.
2
PM10 80 0.5mol 90 1
3 27 1.4kgf o
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Fig. 3-28. Dominant factors of permeation flux in ultrafiltration.
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Fig. 2-29. Ultrafiltration characteristics of alkaline extracted liquor.
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25 No 1 8 No 2 80
0.25mol 90 1 No 3 3

#5322k HEGHEMAOERE Y 2 — M2k BHLEFAELR

Table 3 —22. Measurement results on the rejection of alkaline extracts with each modules.

FE 1k (%)
fif\‘ ® o UF-%£5 2—1 Rejection B
Sample UF Jul
liquor -modue B O % s _— 0 @
Total solids Polyphenols = Others
PM 10 46.3 64.0 42.6 31.9
NO.1
PM50 33.8 44.3 34.3 21.1
PM 10 37.4 57.5 23.8 5.9
NO.2 PM 30 32.4 50.4 19.2 7.2
PM 50 26.2 Bt 12.2 5.9
PM10 52.0 81.0 25.9 0.0
NO.3 PM 30 47.0 72.6 21.1 0.0
PM 50 39.0 59.2 16.2 0.0
a) PRSI 3 —21R IR,
For preparation conditions referred to Table 3 —21.
b) B »581) 72/ — Lk NaOH #fpuv 5% 0 O %
Others="Total solids— (polyphenols + NaOH)
PM10 1x 10* PM30 3x 10*
PH50 5x 10* 242 ()
3 22 NaOH
No 1 20 PMIO 64.0
PM50 44.3 No 2 80 No 1
PMIO 57.5 PM50 38.4 No 2
No 3 PM10 81.0 PM50 59.2 No
2
No 1 PM10
PM50 21 31 No 2 6 7 No
3 100
%

0.05u m



NaOH
80 20

NaOH PM10 PM50 Na

3 23 PM30 3x 10° 3
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Table 3 —23. Viscosity and composition of ultrafiltration concentrate with PM30 module.

= B o oo Mok (%) i MR
}i 14 Composition of concentrate *h ;3
2p pea) S . :
fit .u\. biL3 Concent - ~ — Viscosity
Sampl liquor ration E¥sr RU7/-N P of
fact Total Poly - NaOH Oth concentrate
Betok solids phenols ors (Poise)
1.00 3.90 2.73 0.74 0.43 1.93
(70.0) (19.0) (11.0)
NO.1 2.00 5.86 4.17 1.02 0.67 3.61
’ (71.2) (17.4) (11.4)
3.00 7.06 5.27 1.17 0.67 6.15
(74.6) (16.6) (8.8)
1.00 4.23 2.35 0.82 1.06 1.32
(55.4) (19.4) (25.0)
1.52 4.85 2.82 0.87 1.16 1.49
(58.1) (17.9) (23.9)
NO.2
2.07 5.58 3.30 0.93 1.35 1.71
(59.1) (16.7) (24.2)
3.12 6.68 4.14 0.95 1.59 2,23
(62.0) (14.2) (23.8)
1.00 4.53 2.63 0.85 1.05 1.40
(58.0) (18.8) (23.2)
1.54 5.58 3.62 0.94 1.02 1.67
(64.9) (16.8) (18.3)
NO.3
2.03 6.63 4.39 1.10 1.14 2.04
(66.2) (16.6) (17.2)
3.04 8.35 5.95 1.19 1.21 2.82
(71.3) (12.3) (14.5)

a),b), 3 —22KBM.
See Table 3 —22
Note : () WikxtEFSy %

Numerals in parentheses represent parcentage to total solids.
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Table 3 —24. Molecular weight distribution of polyphenols in UF concentrate with
PM30 module.

- AT 5 —1b 5T Ry (%)
fitakg 2 % = 0w # Molequra weight distribution
Sample Concent - Yield of
liquor ration polyphenol " 5X10* i

factor (%) >5X10 1% 104 1X10">

1 44.3 19.7 36.0
NO.1 2 76.4 58.0 25.8 16.2
3 64.4 68.8 30.6 0.6
1 38.4 19.1 42.5
NO.2 2 67.8 56.6 28.5 15.2
3 56.5 68.0 32.0 0.0
1 59.2 21.8 19.0
NO.3 2 82.2 72.0 26.5 1.5
3 74.4 79.6 20.4 0.0
a) FBIGLHTE 3 —21K IR T,
For preparation conditions referred to Table3 —21.
b) 5 3 —23KDHHE A 5 KR & 0 EM
Calculated as follow by using the analytical date in Table 3 —23.
Yield of polyphenol (%) =L)< Polyphenol content }n concemr.'ate %100
n Polyphenol content in sample liquor

Where n is concentration factor.
o) AR (R 1) 1200 TS 3 —22% 0 PM10, PM50 {2 & 3 b1l A 5 B
For sample liquor (concentration factor1), calculated by using the
rejection with PM10 and PM50 module in Table 3 —22.
BRI DV TRRR I & - THEI L 2,
For concentrate, calculated as follow
Percentage of sample liquor
Yields of polyphenol

Percentage (%) = X100

20
25

No
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Fig. 3-30. Relation between polyphenol content and

viscosity of ultrafiltlated concentrates.
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Fig. 3-31. Relation between concentration factor
and permeation flux.
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Fig. 3-32. Relation between yild of alkaline extracts

and concentration factor.



3 32
3 31
3 32
No 3
100
3 26 No 3 25 40 60 PM10 2
6.7 1.87c.p 1.96c.p 2.29c.p
80 1x 10*
80
3 X5 3 26
0
25 0.25 1.00mol
20 60
3 26 PM10 2
3 25 3 26 No 3 No 6 No 7 No 9
2.4.4
1
2.4.2 NaOH 10 80 1
0.25 1.00mol 100g 90
20 60 PM10 2
10 pH7 K.K.
DL 21 180 65
2 23
7 355 40
100g 109
F
2.0 PF2006 PF2002

3 1 4 JIS K6851
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Table 3 —25. Influence of methylolation on rejection of alkaline extracts with

PM 10 module.
X Fu— Mg Bk (%)
fitatim Methylolation Rejection
Sample
i A e —
lior | poh  Time HcHO | BEE#E  HU7z/-b
NO. ., K Total Poly - NaOH
() (min) (mol) .
solids phenols
3 90 60 0.25 52.0 78.0 27.9
4 90 60 0.50 51 .5 79.5 29.6
5 90 60 0.75 52.2 81.8 30.0
6 90 60 1.00 53.1 84.9 28.6
7 90 20 0.50 58.5 86.6 32.8
8 90 40 0.50 59.6 88.0 33.9
9 90 60 0.50 59.5 89.2 32.0

a) {3k NO.I35s 3 —21& L [E L

Sample liquor number is the same as that in Table 3 —21.

83 —26% PMI0E Y 2— Wil 3BHEROMM & K O IZRIET X F 9 — L0

Table 3 —26. Influence of methylolation conditions on viscosity and composition of concentrate with PM10 module.

A Fu— WL SRMH . " WEME AR DA (%) =21
kg a) Methylolation B Composition of concentrate R
kiR e = AR
Sample C:ncem B Viscosity
lipuor Temp Time HCHO tio E#y KU 7/ =N of
NO. ) (min) (mol) ;: : : Total Poly - NaOH concentrate
i cto solids phenols (poise)
1.00 4.36 2.42 0.77 1.335
3 90 60 0.25
2.03 6.30 4.12 0.95 1.827
1.00 4.53 2.44 0.80 1.333
4 90 60 0.50
2.10 6.65 4.33 1.25 1.874
1.00 4.80 2.60 0.85 1.376
5 90 60 0.75
2.06 7.01 4.56 1.00 1.941
1.00 4.93 2.65 0.83 1.386
6 90 60 1.00
2.07 7.35 4.80 1.02 1.995
1.00 5.01 2.86 0.81 1.456
7 90 20 0.50
2.02 7.50 5.09 1.06 2.167
1.00 4.95 2.90 0.82 1.466
8 90 40 0.50
2.01 7.52 5.12 1.05 2.201
1.00 5.01 3.03 0.84 1.476
9 90 60 0.50
2.02 7.78 5.47 1.08 2.254

a) R NOIZH 3 —21K L [FI L

Sample liquor number is the same as that in Table 3 —21.



2.4mm
2.4mm
6 7
269 30cmx 30cm
10kgf cm® 15
10kgf om® 135 7

2
90
PF2002 3 27
3 26
90
60 0.25 1.00mol
55 No 1 7 9 11 2.5 3.7poise 7 3 No 2
8 10 12 10.2 25.5poise 20
83 27k RN AEEMEH— 7 x / — VittlE (PF2002) RAMEDKEE & & VA HIEEE S
Table 3 —27. Viscosity and gluabilities of UFconcentrate— Phenol resin (PF 2002) mixture.
| mam® FI5R Y & AWGRE (kg f/cnl)
BN a .
X0 — WAL REH X Tensile shear strength
S e Metylolati . N e
RAHE e Mixien | ViSCOSity RN FileR B L e
. ixign " 5
Mixture ritio of Dry test Boile and dry cyclic test
. mixture
NO. T(‘fé")p ;I‘r:xr:l; }223)0 (poise) Max.~ Ave.~ Min. W.F Max.~ Ave.~ Min. R
(%) (%)
1 5:5 3.2 18.5~14.2~10.5 (53) 18.2~11.7~ 5.8 (36)
2 o @ g5 73 25.5 20.4~14.5~10.4 (49) 16.7~11.1~ 0.0 (22)
3 5.5 87.0 20.5~17.1~10.2 (83) 20.5~15.0~ 8.9 (76)
4 N & 0.50 7«38 1000.0 —— _—
5 55 12.9 22.1~16.6~11.1 (76) 21.7~16.1~ 9.3 (76)
6 w 9 0.5k 7.3 42.7 19.7~14.7~ 9.5 (78) 20.6~13.6~ 8.8 (56)
7 9 60 0.50 558 3.7 22.7~15.2~10.5 (73) 20.5~15.0~10.8 (78)
8 ! 753 10.2 19.5~14.5~11.7 (55) 19.1~13.3~ 8.9 (48)
9 90 60 0.75 5.5 2.5 19.3~13.6~10.1 (71) 21.9~15.9~11.7 (61)
10 sl 7.3 9.6 17.5~13.6~10.1 (51) 17.1~12.5~ 8.8 (30)
11 90 60 1.00 5.5 2.9 19.4~15.0~ 9.9 (70) 22.0~14.3~10.0 (62)
12 ) 7:3 10.2 18.5~13.9~ 9.5 (57)  19.1~12.7~ 9.5 (42)

a) PRY} 2884 © PH2002 ([ET#455 k)
Total solids of UF concentrate : Non—volatile of PF 2002.
b) REWEDEFFREIE VT $40%
Solid content of mixture is 40%.
Note : [R#F23B121E PM10 €Y 2 — L &V, 2 %108, EAHOBERS VTR $40%

Each reaction mixtur was concentrated up to two fold by using PM10 module.



No 3 4 5 5 87poise 7 3 1000poise

40 No 5 6 12 9poise 42.7poise 60 No
7 8 3.7poise 10.2poise
3 27 0.25mol
No 1 2 0.50mol
0.5 1.0mol 55
15 17kgf o 60 80
73
PF2002 PF2006 3 28
7 3
16.6kg cn?, 85 , , 55 35
7 3 90poise , 3 3R ,80
90 60 0.5mol

NaOH 10 80 1

0.5 1.0mol
100g 0 60
1x 104 1.5kgf cm?
0.8kgf cr? 25 30

53 —28% FRAMABIEHEY @) — 7 = 2 — 1 #ilE (PF2006) iR &R DME & A =
Table 3 —28. Viscosity and gluabilities of UF concentrate2’—Phenol resin (PF 2006) mixture.

b a b B A W gl}fnfkfﬂﬁé (kg/;ﬁ)
g ] t
2 5 i ensile shear strengt
Mixing Viscosity H OB R bR L A Bk
retio of mixture Dry test Boile and dry cyclic test
(poise) Max. ~ Ave. ~ Min. Max. ~ Ave. ~ Min.
7.3 90.1 22.9 ~ 16.9 ~ 10.5 24.9 ~ 16.6 ~ 18.8
(85) (85)
6 .4 87.6 21.3 ~ 15.2 ~ 10.8 23.3 ~ 15:7 ~ 11.4
(82) (84)
5.5 32.5 18.5 ~ 16.2 ~ 10.9 20.5 ~ 15.4 ~ 10.4
(73) (77)

a) RO FMEMHIIE 3 —21%D NO. 9
FROL238121E PMI0E Y 2 — VA BV, 251284 L 7=
Sampl liquor : NO. 9 in Table3 —21 _
Ultrafiltration : Used PM 10 module, two fold concentration.
b) RS} 2 b is#Et - PF2006 (%5 t)
Total solids of UF concentrate : Non—volatile of PF 2006
Note : () PIZAREBREWTHE %

Numerals in parentheses denote % wood failure.



PF2002 30 50

3
3
15,000m®
2 97
0.46
70 4830t 10 483t 40
1208t 8 386t 40 920t
31
15
1 10 15
1
1 15,000m
15cm 1-3 m? 80kg
15 000m® 1200t 300 1 4ton
1 3ton 50 1 4
6t
1 NaCH 1 2.1 52 1 NaOH
31 NaOH 10 1 10 80
1 NaCH 73 90 3
3 15
50
HX 150 150mm 50



3t 1 10 2

5, 455kg 15 3
5,200kg
55
4
40 3,393kg
5
1x 10* 2 55
40 4390kg
75
15 1 24
9
100
3 29
3—-29% I bhaRXPOHER
Table 3 —29. Estimates of plant constraction cost. (Eﬁ‘?{“ X10° Yen)
Unit :
/ 3 s 22 . .
s e WE 8% BRI BB
. irect concentration process
T T2 o B - i Pressure Ultra-
SEpES <Bark/Liquor> (Bark/Liquor) fxitor:.(:;c;n flltrcam;n
1:10 1:5 PROGESS BEOSES
B I I
Grinding + Extraction 70000 60000 70000 70000
-3 HE
. 250000 165000 180000 200000
Concentration
— & i1 vk
7 =/~ VIR 47000 47000 47000 47000
Phenol resin production
B oW® ow B’ -
Westwater treatment 000 25000
& it
T 367000 272000 32,200 342000
otal




3.3

58 9 NaOH
98
20
KW x 0.7x 7kg o G
1ton 1.2ton
x di te z Rp 0.262
d
0.08
=T To.0g—1 0112
i 8
te 2
z 2
Rp 3
.
3 3 3 35
100
3t 1kg 3 36
1 10 187 15 154
212 196
15 40 34 35
1 10
21.6 12 17.6
5.4 13.3 2
30 35
3 37
3 33
n 0.6 0.7 1o
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Table 3 —30. Estimation of total production cost (Granding and extraction stepes)

| B g Fﬁ B B i M &
Requierment o Annual cost
Item (/day) (/year) Unit price (X10° Yen)
al * # 8250
Raw material
NaOH 250kg 75kg 110Yen/kg 8250
/N it
Total 8250
H % =4
Utilites
I %A XK 22.5ton 6750ton 6Yen/ton 40.5
Process water
2 - # 238.4KWH 71520KWH 1430.4
Electricity
& “ 4.5ton 1350ton 7000Y en/ton 9450
Steam
N it
Total 10920.9
o
ol gl 70000000 X0. 262 18340
Fixed costs
e it
Grand total 37510.9
X,
Y:=Y1 ()n
=11 (D)
. A v, A
) B Y, B
15
1 10
50 270 kg
kg 40 216

16
40 180 kg

2000ton 180

3000ton 140 kg

140

kg

101
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Table 3 —31. Estimation of total production cost

(Direct concentration process. Bark/Liquor=1 :10)
- q I W g | EMew
Ttem Requierment Unit orice Annual cost
(/day) (/year) P (X102Yen)
i FE - dbR TR
Grinding and 37510.9
Extraction
wmoHE L R
Concentration
BB #®
Rew material
NaOH 91kg 27.3ton 110Yen/kg 3003
Phenol 712kg 213.6ton 280Yen/kg 59808
Formalin 1230kg 369.0ton 80Yen/kg 29331
N it
Total 923l
H % b
Utility
L & m X 570ton 171000ton 6Yen/ton 1026
Process water
& k!
. 694KWH 208200KWH 20Yen/KWH 4164
Electricity
. =
. 29ton 8700ton 7000 Yen/ton 60900
Steam
b it
Total 66090
o s
= R R 297000000 X 0. 262 77814
Fixed cost
& At 236235
Total
A F #
Labor 4000000 X 8 32000
# H 305745.9

Grand total
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Table 3 —32. Estimation of total production cost

(Direct concentration process, Bark/Liquor=1 : 5)

H g f# Fﬁ & W I F M &
Requierment . . Annual cost
Item (/day) (/year) Unit price (X10°Yen)
EUR I
Grinding and 32790.9
Extraction
w oM L 2
Concentration
-
Raw material
NaOH 88kg 26.4ton 110Yen/kg 2904
Phenol 690kg 207.0ton 280Yen/kg 57960
Folmalin 1192kg 357.6ton 80Yen/kg 28608
9N Hi
89472
Total
H % #®
Utility
L % W K 300ton 9000ton 6Yen/ton 54
Process water
Ee =3
L o 592KWH 177300KWH 20Yen/KWH 3546
Electricity
S =3
# ok 14.6ton 4380ton 7000 Yen/ton 30660
Steam —_—
o it
34260
Total
e zp g
[l fE. BX i % 212000000 X0.262 55544
Fixed cost —
& &t
179276
Total
A il ® 400000 X 8 32000
Labor
® H 2440669

Grand total
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Table 3 —33. Estimation of total production cost

(Pressur filtration process)

5 B jtd ﬁﬁ & ¥ i &%
Requierment . Annual cost
Item (/ day) (/year) Unit price (X10° Yen)
R - M TR
Grinding and
Extraction
-2 A N
Concentration
BB B
Raw material
NaOH 344kg 70.2ton 110Yen/kg 7722
Phenol 412kg 123.6ton 280Yen/kg 34608
Formalin 840kg 252.0ton 80Yen/kg 20160
Hz2S0a4 291kg 83.3ton 18Yen/kg 1571 .4
N it
Total 64061 .4
H % ¥
Utility
L & A & 327ton 98100ton 6Yen/ton 588.6
Process water
P =3
% i X 689KWH 206700KWH 20Yen/KWH 4134
Electricity
i At
* 3.3ton 980ton 7000Yen/ton 6930
Steam
AN it
Total 11652.6
2
B E &R 227000000 X 0. 262 59474
Fixed cost _
& it
Total 135188
BE we L TR
Westewater 10586.8
treatment
AR 4000000 8 32000
Labor
#® # 215285.7

Grand total




53 —34% BLEFEMIIEE (R 2iE%)
Table 3 —34. Estimation of total production cost
(Ultra filtration process)

8 g f# ﬁﬁ &’ ¥ i G S ]
Requierment o Annual cost
s (/day) (/year) Unit price (X10°Yen)
W - i TR
Grinding and 37510.9
Extraction
w®moMmE L R
Concentration
B8 %
Raw material
NaOH 73kg 21.9ton 110Yen/kg 2409
Phenol 573kg 171.9ton 280Yen/kg 48123
Formalin 1246kg 373.8ton 80Yen/kg 29904
7N #t
80445
Total
H % #
Utility
L% Rm K 583ton 174900ton 6Yen/ton 1049 .4
Process water
. Ev F—3
u . b 660KWH 198000KWH 20Yen/KWH 3960
Electricity
3
* e 14ton 4200ton 7000Yen/ton 29400
Steam
il B 34409.4
Total
B E & fil R 247000000 X0. 262 64714
Fixed cost
A =t
B " 179568
Total
BE WAL TR
Weste water 8489.8
treatment
A f & 4000000 X 8 32000
Labor
" B 257569.1
Grand total
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Table 3 —35. Treatment cost of weste water from ultrafiltration

and pressure filtration process by activated sludge process.

g 5] i H o B (i Gl ol
Requierment L Annual cost
Item (/ day) (/year) Unit price (X10° Yen)
[C I I <
Raw material
Hz S04 21kg 6.3ton 18Yen/kg 113.4
KzHPOa4 6kg 1.8ton 200Yen/kg 360
CO (NHz)= 12kg 3.6ton 74Yen/kg 266.4
A it
Total 739.8
Ho % #
Utility
& 2 200KWH 60000KWH 20Yen/KWH 1200
Electricity
A it
Total ey
2
e B e 25000000 X 0. 262 6550
Fixed cost
& at
Grand total 8169:8
BE 5 i@ED A

Case of pressur filtration method

IOk 22

Raw material

NaOH 48kg /day 1584 X10°Yen/year

K=HPO.

12kg /day 720 X10°

CO (NHz)= 24kg /day 532.8%10°

& &

Total

2836.8X10° Yen/year
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Table 3 —36. Estemated product cost in each process

&

-2

Direct concentration process

mE A8 ik

RS 58

H H N _— Pressur Ultra-
1 1 filtration process filtration process
(Bark/liquor L IO) (Bark/liquor 1 5)
Ttem
a b a b a b a b
(Yen) (%) (Yen) (%) (Yen) (%) (Yen) (%)
RO ﬁ 61.4 32.9 62.6 40.1 71.0 33.5 67.4 34.5
Raw material
A%
Al {.X, ® 47.1 25.2 27.5 17.6 22.3 10.6 34.4 17.6
Utility
AR 19.6 10.5 20.5 13.1 31.4 14.8 24.3 12.4
Labor
= I
[EIF.HXﬁﬁ 58.7 31.4 45.6 29.2 76.4 36.1 63.0 82.2
Fixid cost
JBE 9E AL 1R H
Weste water — — = = 10.4 4 4.9 6.4 3.3
treatment
& it .
186.8 100.0 156.2 100.0 211.5 100.0 195.5 100.0
Total

Notes, a - 8 1kg4 0 DT A b
Costs per 1kg of product

&F7Tat AN

[ 42 PE B

Annual production

ERMEE (

W 110)

Direct concentration process

(Bark/Liquor=1 : 10)
2BHEE (WEEHE 1:5)

Direct concentration process

(Bark/L
B 2 it i3

iquor=1:5)

Pressur filtration process

PRSIV 2 ith ik

Ultrafiltrat

ion process

b KBET A M

Percentage of total production cost

5455kg X 300=1636.5ton/year

5209kg X 300=1562.7ton/year

3393kg X300=1017.9ton/year

4390kg X 300=1317.0ton/year
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Table 3 —37. Relation between product cost and production scale

(l‘jrflﬁl Yen/kg >

oM o4 E R

7w ot 2 Annual production {tonr year)
Process
2,000 3,000 5,000 10,000
EiREE (R 11 10)
Direct concentration 182.3 170.4 159.4 148.3
(Bark/liquor 1 : 10)
EURAEE (M1 1 5)
Direct concentration 147.2 137.0 127.5 118.4
(Bark/liquor1 @ 5)
8 E 7). 5@. & 180.9 167.8 155.0 143.0
Pressure filtration
B’ % 7> @ i 179.3 167.0 195.2 143.4
Ultrafiltration i
25 80 NaOH 10 50
80
10
4mm 100
80 NaOH 10 1 10 60
1 NaOH 93 9%
3
20 30
30 50



90
100g
pH2.5 pH 90
iii
1.5kgf cm? 0.8kgf on?
0 60
80 90
iv
F P
€
15

60 0.25mol

0.6poise

10
20
10
1x 10
25 30
0.5 1.0mol 100g
1x 10¢
60
30 50
JAS1 JIS200
F P
0.2poise 48
3,000ton 140 kg

2,000ton 180 kg
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Appendix- 1. Material balance on the stepse of grinding and extraction.

Bark 6 ton/day

(M. C 50%)

] i
Grinding

e %

Screening

icd ¥

60mesh under

1t R
| Milled Bark | °to"

(5 ~60mesh)

7K
Water 22.5ton

— 0.25ton

bl # (g0, 60min)

Extraction

A7) =
Slurry 27.75ton
Bark 1550kg
Extracts  950kg
NaOH 250kg
Water 25000kg
) 3

Hydroextraction

drosgreton.

1

K= E: I I3

Residue 3.5ten Extracted lequor 24.25ton
Bark 1550kg Total solids 4.50% 1091kg
Extracts 65kg Extracts 3.65% 885kg
NaOH 44kg NaOH 0.85% 206kg

Water 1841kg (Polyphenols  2.6% 631kg)
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Appendix - 2. Material balance on direct concentration process.
(Bark/Liquor 1 :10)

oo 24.25ton

Extracted liquor

— BB RME

Concentration

7K 18795kg -2 I 5455kg
Water Concentrate | (Solids Content 20%)

2273kg

(Resin content 48%)

Phenol 712kg
Formalin  1230kg
NaOH 91kg

BB

Concentration

7 o
2273k an
Water & Product 5455ke

(Resin content 40%)
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Appendix - 3 . Matelial balance on direct concentration process.
(Bark / Liqu 1:5)

5 %
Milled Bark | fodeay

10ton

}}::mxtractiotri;-‘j (80C, 60min)
_q[—
A7) —
Slurry 15.25ton

Bark 1550kg
Extracts  950kg
NaOH  250kg
Water  12500kg

5 B
Hydro extraction
i et
1
Box O
Residue 3.35ton Extracted liquor 11.89ton
(M. C50%) t Total solid 8.76% 1041kg
Extracts 6.93%  824kg
l NaOH  1.80% 2ldkg
!
(Resin content 48%)
B &
Mixing
i L
Concentration
[ 1
7K 8849kg #l an 5209kg
Water Product

(Resin content 40%)
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Appendix - 4 . Material balance on pressure filtration process.

HooH &
Extracted liquor

A F0— it s .
Methylolation (90T, 60min)

24.25ton

Formalin 128kg

i

10%H,S 0, 2,850kg

B % 1t

Acidification

et

mE 3 i

Pressure filtration

I
% & |24,293kg BMUELRE | 503 ke
Filtrate percipitate (Total solids 21.5%)

NaOH | 95kg

i

B B ®
Redissolved

|

B 1315kg

(Resin content 48%)

Phenol 412kg
Formalin  712kg
NaOH 52kg

resin

3 &
Concentration

7k 952kg 84 o | 3393kg
Water Product
(Resin content 40%)
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Appendix - 5 . Material balance on ultrafiltration process

Fitd
Extracted liquor 24.25ton

A Fua—ivfk q )
Methylolation (90c, 60min)
R e #& 24 .5ton

Reaction mixture

|

& 5B

Defication filtration

(Total solids 4.8%)

fR 4 2 i@
Ultrafiltration
e
[ 1
% @ ¥ [12.25ton ® ME ¥ |12.25ton
Permeate Concentrate
Total solids 7.18%, 878kg Total solids 2.38% 292kg
NaOH 1.09%, 134kg NaOH 0.59%  72kg
l 1829%g
o z}% (Resin content 48%)
98Uk
< 4L Phenol 573kg
3 " Formalin ~ 990kg
8T NaOH 73kg
v E
Rl
o o .
- ® oA
Mixing
WM
Concentration
[ 1
7K 968%kg 1 & 4390kg
Water Product

(Resin content 40%)
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Appendix - 6 . Flow sheet for grainding and extraction stepes.

i858
Bark

NaOH#% ~ 7
NaOH Tank
Extraction Tank

A7) 2a—TVLA 1

Screw Press \‘ }/
%é
Residue
YRR I
'Sthgioncentrauon process MRS v
Extracted Liquor
Holding Tank

X -7 A2BHEE7O—-Y— b

Appendix - 7 . Flowsheet for direct concentration process.
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Preparation Tan AV~
Film Evaporator
By VT
TFANLINEL—F — ——g_— Product storage Tank

Y ';
Film Evaporator
N

=
Mixing Tank

N
/
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Appendix - 8 . Flowsheet for pressure filtration process.

(]

AR e
Folmalin Tank

iifackiid

Extracted liquor _

Reactor

AF) =87
Slurry Resavoir

WEE

Cooler

NaOH
Phenol resin
- 1

AN
LU

|

LI
Product Tank storge

T ANLIINKRL—F A AN
Film Evaporator Mi)r(ling Tank
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Appendix -9 . Flowsheet for ultrafiltration process.
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Extracted liquor

TANY =T LR
Filter Press

4
.

C RSN
To stage of waste

water treatment

Folmalin Tank
UFEY 2l
UF module
G
Reactor [_‘ l 1] m
3 TLT 4N — -
Reacftx—iggdlsl*i%ture Prefilter %%dﬁ{? k 2

Holding Tank eed fan sk
< 52k
I——— “— g 7);[-

S
o 0 F
$E1
w5 R
[ o™

4 =z

Phenol resin
n - 1 I_‘

WEs s TANBIIRL =5 — S HAW

Product storage Tank Filme Evaporator Mixing Tank



11.7 1 NaOH 30.9

100g 0.5mol  NaOH30g Q0 60
pH2.5
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70

NaOH 10 80
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100g 2
30 50 40
1.0 2.0

2,000ton
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