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CX1 5800 r.p.m 30 HP
/300x 12 7.5 HPx 2
2 HP 60 mesh
Table 2 1
Table 2 1 Analysis of tested bark sample
h Item Alcohol Hot water | 1% NaOH Total ' 72%H S0,
-benzene reducing | Ash
extract extract extract sugar | insoluble
Species .
) (%) (%) | (%) (%) (%) (%)
Karamatsu 15.52 25.02 49.36 28.43 51.41 2.98
Siberian
karamatsu 10.78 18.38 54.14 31.16 42.79 2.56
Sitka spruce 8.83 | 23.22 59,85 30.71 42.91 4.40
Todomatsu 15.22 13.68 46.34 34.05 30.72 3.71
Ezomatsu 10.20 16.59 45.33 33.33 41.62 3.29
Mizunara 2.49 10.06 40,94 27.49 44,08 8.30
Kaba 12.06 7.30 38.99 25.86 41,51 4.49
Shina noki 11.95 9.86 41.12 39.09 25.22 4,40
Note ; Values based on oven-dry weight of bark (%)
2 2
Fig 2 1 TGA 150

210 230
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Fig 2 1 TGA curves of Barks
Karamatsu Mizunara
Karamatsu added NHCI10
Condition Heated in air at 2.5
per minute

150 220

0 60min

NHCI NH, ,HPO,  NH, SO, H4PO,
0 10

w N
N W
»
w
\l

600x 600x 600mm
2 31

50 100 g 300x 400 mm

40
48

2 3 2

Fig.2 2 155 mm 1100 mm
300 mm 2 1mmo



O Fur- blower
-1 C] ® #~-¥Xrvr tak
@ [ORE D F orifice
@ v—-r— heater
© ® REHtn outlet of sample
® TAEE pre-heating vessel
== @ B m perforated plate
5 :: Bt thermo-couple,
E O] ] [OF: 2271 stirrer
Mg @ wEg fluidized bed
= - @ ®EAD inlet of sample
©@ fEy duster
l
©) &) @
woE OB B o B % E
Fig 2 2 Schematic diagram of the fluidized
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Table 3 1 Analysis data of N in the barks heated

with various condition NH4C|
Heating condition | Contents of N (%)
Species Temp, Time To To
o Cc) (min) |products 'Original
0 o | osss | 038
Karamatsu 150 30 ; 0.400 | 0.394
175 30 | 0.391 0.380
200 30 | 0.368 \ 0.368 HCI
0 0 ‘ 0.526 0.526
Misunara 150 30 0,582 0.572
175 30 0.539 0.526
200 30 } 0.551 0.525
M K Zacher 1 H G Krainick 2

Cl, 2NaOH H0, 2NaCl 0, 2H0

Table 3 2
NH,CI 10

Table 3 2 Comparision with determination P~ Anilin chloride

methode of Cl
Determination |[Parcipitate|Zachert-
methode methode |Kranich Calculation
with methode |value =1;

Sample _|AgNO; (%) (%) %) ) Aniline
P—Aniline chloride non 27.78 97 84 Hydrochloride  NHCI
Aniline hydrochloride 27,51 27.38 27.39
Karamatsu (NH,CI10%) 6.74 6.36 - Zachert Krai
Mizunara (NH,CI10%) 6.64 6.64 — niick

3

HPO,  NH, HPO,

4

NH, ,S0, 5  BaCl,
Baso, NH, ,S0,
TB 101
4
Gold

shmid



19
200 ml 10 20 ml pH 6 1 NNaCH
100 ml pH6.0  pH12.8 pH 6
230 400mu pH12.8 € 19
1 200 ml 5
10 ml €
100 ml NaBH, 0.4 g 200 ml 10 12
PH6 PH13 €
124
312
1
NH,CI NH,CI
Table 3 3 NH,CI 10
30 NHCl N CI
Fig.3 1
NH,CI
200 30 NHCI
30 70
NH,CI NH,CI N Cl
Fig.3 1
Table 3 3 Analitical data of residual catalyzer NACI in barks
Heating condition Karamatsu Mizunara
Added Temp, "Time Residual ,~|Residual : N ) "
NECL ) oy | lmin) INFGL () Net NOpINet o1 ) RN ot N ()] Netal (4)
0 0 5.17 1.39 3.30 5,04 1.39 3.34
150 10 4,18 1.20 3.31 - — —
” 30 3.28 1.16 3.40 3.40 1,19 2.25
” 60 3,00 1.08 2.74 — - -
175 10 2.41 1.08 3.04 - - -
5 7 30 1.29 1.08 2.15 1.80 1.06 1.19
7 60 0.76 1,00 1,84 — — —
200 10 0.49 1.28 1.38 - - -
# 30 0.25 1.17 1.32 0.48 1,22 0.32
" 60 0.17 1.11 1.25 — - —
0 0 9.17 2.52 6.36 10.12 2,66 6.74
150 10 8 69 2.45 6.46 8.51 2.36 6.76
» 30 8.07 2,37 6.08 7.81 2.37 6.37
" 60 6.78 2.28 5.94 7.07 2.26 6.11
- 175 10 6.17 2.30 5.47 6.67 2,26 4,52
" 30 4.31 2.16 4,47 4.99 2.15 4.62
# 60 2.68 1.94 3.34 3.07 | 1.94 3.89
200 10 2.90 2.24 4,20 247 | 215 3.85
” 30 0.80 2.28 2.02 1.27 2.09 2.75
" 60 0.22 1.98 1.45 0.76 2.20 2.48
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Table 3 4 Forms of residual Cl

NH, ,S0,

Sample ’ Residual Cl (%) Hy  2HPO,
Heating condition NH,Cl-
Species Temp.  |Time ‘ Net In-organic Acidic T Fig_3 2 1F|g
o s ype
cc) (min,) 3 3
150 30 6.08 6.34 0.81 5.18
Kara- NH CI
matsu 175 30 4.47 4.40 1.40 2.86 4
200 30 2.02 2.00 1.22 0.53
150 30 6.37 6.29 0.67 J 5.85
Mizu- H,PO
nara 175 30 5.44 4,98 0.92 2.86 3 V4
200 30 2.84 2,37 0.86 0.53
11
10
I/
or I Fig.3 4
8 +
pH
7 -
H4PO,
6| HPO,
5 HP,0,
HPO,
4k
1 1 1
0 1 2 3 4 150
Consumption volueme of O.IN NaOH (ec) 200
per 500m of bark
HPO, o
Fig 3 4 The titration curve of HPO, added
karamatsu bark A
HPO, 5 HPO, 5 175 30 min
HPO, 5 200 30 min
2 C H
Fig.3 5 NH,CI  H,PO, 10

30
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T Ttem Solubility in hot water (%) Solubility in 1% NaOH
g::;il?igon | min ‘NH*C] 5% min.[NH,CI 5%
untreated 170°C —30 : min, juntreated [175°C—30 min
. | - °c— i °c—
Species e ‘ 175°C—30 | 175°C—30
Karamatsu 25.02 21.35 10,74 49.36 50.63 52,59
Siberian karamatsu | 18.38 16.92 8.74 54,14 52,87 51.60
Ezomatsu 16.59 14.81 9.55 45.33 46.07 53.29
Todomatsu 13.68 12,06 10,16 46,34 49.69 51.70
Sitka spruce 23,22 19.01 12,27 59.85 58.99 61.99
Kaba | 7.30 8.90 11,92 38.99 37.31 35.53
Shina 9.86 — 11.14 41.12 - 36.66
Mizunara ‘ 10.00 8.88 10.86 40.94 36.98 39.85
NH,CI 200
30 +
R
—~ ] L
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Fig 4 1 Distribution of particle size of untreated

Karamatsu bark powder with swelling in
water for 20 hr at 20

before swelling in water

------------ after swelling in water

4 1 2
2 5 mm
Table 4 1
5 8
2 5m
Table 4 1 Swelling of barks particl dameter 2 5 mm heated
with various condition
Projection surface
Sample of particle o
{ Heating condition before after Swelling
Species Added Temp. Time soaking(B)|soaking(A) %)
INH, Ci (%) co)l  (min) (mm®)  (mm®)
Non ! o | 0 19,46 22.64 16.3
» 150 30 16.31 18.41 12.9
Karamatsu ” 175 30 17.00 20.80 22.4
» 200. 30 17.20 19.45 13.1
5 175 30 13.75 14,82 7.8
5 200 30 13.31 13.91 4.5
Non | 0| 0 8.96 9.47 5.7 175
" 150 30 | 5.91 6.49 9.8
Mizunara " 200 | 30 3.84 4.00 4.2
5 150 30 9.88 10.00 1.2
5 200 ‘ 30 7.21 7.37 2.2
Note : Swellig (%)=(A—B)/B X100 -
Soaking time is 20hrs in water.
50f
401
150
S
301
>
Q
]
g 60 80 mesh
& 20h
Fig4 1
10
_—
. O¢ Olp Table 4 2

150



ml

60 mesh under (%)

100 riesh under (%)

60 80 mesh
Table 4 2 Swelling of barks particle size 60 80 mesh
heated with various condition

Sample Mean particle diameter
Heating condition before after Swelling
Species Added Temp Time soaking(B)soaking(A)
NH,Cl (%) o)l (min,) (mm) mml (9
Non | 0 0 0.394 0.417 5.8
” 200 30 0.388 0.379 —
Karamatsu 5 150 30 0.322 0.316 -
5 | 175 30 0.300 0.302 0.7
5| 200 30 0.354 0.340 -
Non 0 0 0.333 0.339 1.8
Mizunara ” 200 30 0.340 0.333 —
5 200 30 0.323 0.327 1.2
Note s Swellir;g (%)=(A—B)/B X100
Soaking in water for 20hr
5 mm
4 2
4 2 1
151 509 34 29mm 450
84 rpm 1 16 60 100 150 mesh
240 / 137 /
100F &  ——C
-l - o 0 100 - — -
| ,O o/ P=$s
[ ~ LJO]
80 © S . o
) /O o 80'_'..' ./ /O
60 3 0y
o Wl o @///
) z G)/o
40 o
g 40 ./
[=3 1) O
20,0 5 a
20 /
0 1 1 1 1 (@)
16 ol . . .
- 1 3 6 16
100-_‘/:8; /® Grinding time (hr)
———
80p @/ s
heating time
/ : / o and temp added NH4CL
60 O original bark Nen
e / © P 150C—30min  »
® ® 175C~30min ~ #
orfe 4 @ 200C—30min  ~
5 175C~30min 5%
20 @ 200C—30min  ~
O
1 1 L
0 ; i

Fig 4 2 Relation between grinding time with ball-mill and grain size
of the Karamatsu bark heated at various conditions



Fig.4 2 NH,CI
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40kg/cr?

Table 4 3 Variation of tristimulus value
Vs pressing tempeature

Pressure  40kg/c?

T “ Item

60 30 120 kg/cm?

e X ‘ Y ‘ A
Temp.(°C) |
25 31.6 29.1 17.9
- 45 31.8 29.4 18.4
60 B 31.0 28.4 17.8
25
Table 4 4 Variation of tristimulus value
VS pressing pressure
Tempesature 25
—— It
e . e X Y z
Press,(kg/cm?) ™ -
30 | 305 28.3 17.5
40 30.6 28.5 17.4
80 30.9 28.7 17.8
120 30.2 28.3 17.6
2 3 NBS
4
40 kg/cm? 45 3
3
JIS Z 8730
CIE
CIE CIE 1964
uvw
L
E UW w2 U ? v 2 2
E UW uww

W U Vouw

Table 4 3.
4
0.2 NBS
0.5 1.0 NBS
2 NBS
1 NBS
Table 4
69 60 mm
JIS Z 8721
W

3mm

Table 4

0.5 NBS

3. 4
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Table 4 5 Tristimulus value for bark powder Karamatsu

- Catalyst [
Treat . NH,CI H,PO,
99ndition ‘
Add . rate Temp. ‘Time -,
of cat. (%)  (°C), (min) % Y |z | x | Y | z
0 o | 305 | 28.2 | 17.7 | 30.1 | 27.3 | 17.9
10 | 82.9 | 30.3 | 21.3
150 30 30.9 28.5 19.9 |
1 60 | 29.4 | 27.0 | 18.6
0 10 | 27.4 | 24.7 | 16.6
175 30 | 22.8 | 20.3 | 13.4
60 | 17.4 | 15.6 | 10.1
| 10 | 16.8 | 14.9 9.9
[ 200 30 10.4 9.5 6.5
| 60 7.6 6.9 5.0
| 0 0 33.2 | 39.8 | 18.1
10 27.4 | 24.3 | 14.5
150 30 24.5 | 22.0 | 12.8
60 20,5 | 17.9 | 10.2
2.5 10 19.2 16.5 9.9
175 30 16.1 | 13.8 8.3
60 12.1 | 10.2 6.2
10 10.9 9.2 5.8
200 30 8.1 7.1 4.6
60 6.5 5.9 3.9
0 o | 323 | 208 | 184 | 20.4 | 26,4 | 16,0
‘ 10 | 2700 | 25.2 | 146 | 10.2 | 17.4 | 10.4
I 150 30 | 23.0 | 20.6 | 11.4 | 16.4 | 15.0 9.
| 60 19,3 17.3 ‘ 9.4 13.5 12.3 7.
5 10 | 129 | 11.4 | 6.6 | 11.1 9.9 6.3
175 30 9.5 8.4 | 5.2 9.4 8.2 5.5
60 7. 4.6 8.3 7.7 5.1
10 5.9 5.4 3.7 6.2 5.5 3.9
200 30 .9 4.9 3.6 5.4 4.9 3.5
60 | 2 4.0 3.1 5.0 4.6 3.7
0 0o | 32.3 | 29.6 | 18.6 | 29.5 | 26.5 | 16.3
10 | 269 | 245 | 14.0 | 12.6 | 11.7 7.3
150 30 | 22.2 | 20.0 | 11.3 9.8 8.7 6.0
60 | 17.7 | 16.1 9.0 8.4 7.6 5.1
10 10 11.8 10.3 6.4 6.8 6.4 4.5
175 30 8.2 7.3 4.5 5.4 4.9 3.6
60 6.3 5.8 3, 4.6 4.2 3.3
10 5.0 4.8 3.7 3.9 3.7 3.7
200 30 4.1 4.0 3.3 3.3 3.1 2.6
60 4.0 3.8 3.2 3.3 3.1 2.6




Table 4 6 Tristimulus value for bark

powder Mizunara
St Catalyst
Treat, T NH,Cl
condition oy
Add. rate |Temp. [Time |
of cat. (9| (°G)| (miny X | Y | z
0 0 24.1 23.6 14.5
10 | 26.4 | 25.7 16.8
150 30 | 25.9 | 25.2 16.0
60 25.8 | 25.0 16.1
0 10 25,1 24.3 15.7
175 30 | 22.7 | 22.0 14.0
60 | 22.1 21.4 13.9
10 | 20.3 19.5 12.7
. 200 30 15.9 15.2 9.9
! 60 | 16.2 | 155 | 9.9
150 } 30 | 23.1 | 22.3 | 13.3
5 175 80 | 9.9 10.6 6.7
200 30 | 6.5 6.4 4.8
o | o |21 | 257 | 172
P10 | 248 | 237 14.8
150 30 | 21.1 20.6 12.6
60 17.6 17.1 10.4
10 10 13.8 13.4 ‘ 8.4
175 30 10.4 10.1 6.6
60 8.6 8.3 5.7
10 6.5 6.4
200 30 5.8 5.7
60 6.3 6.3

Table 4 7 Colours of bark powder according to their three attributes Cat NHCI

Add. rate Treat, COnditioni Karamatsu _' VMizunara
of NH,Cl1 Temp, Time Hve Lightness |Satu- Hve Lightnss
ration
(% (Gl)) (min,) | H v ) H | \4
i !
0 o | 0| 7.5YR 5.8 4.7 1.0Y 5.4
10 5.0YR 6.0 4.3 ’ 1.0Y 5.6
150 30 5.0YR 5.9 4.2 9.5YR 5.6
60 50YR 5.7 4.2 10.0YR 5.5
10 4.5YR 5.5 4.5 10.0YR 5.5
0 175 30 45YR 5.1 4.3 10.0Y R 5.2
60 4.5YR 4.5 3.9 10.0YR 5.2 4
10 5.0YR 4.4 3.8 9.5YR 5.0 4
200 30 6.0YR 3.6 2.9 9.0YR 4.5 .2
60 7.0YR 3.1 2.2 9.5YR| 4.5 .2
10 7.0YR 5.5 5.0 0.5Y 5.4 .7
150 30 6.0YR 5.0 4.7 1.0Y 5.1 .6
60 6.5YR 4.6 4.0 1.0Y 4.7 3
10 4,5YR 3.7 3.7 10.0YR 4.2 2.
10 175 30 6.0YR 3.2 3.1 10.0YR 3.7 2.
60 6.0YR 2.8 2.8 ‘ 9.5YR 3.4 2.
; S . -] =
10 9.5YR 2.6 1.8 | 1.0Y l 3.0 1.
200 30 10.0YR 2.3 1.4 [ 1.0Y | 2.8 1
60 7.0YR 2.2 | 1.4 | 2.0Y } 2.9
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TD 683 K K

4.8 poise at 20 2.0 poise
57.9 50
8.6 10.6
100 g lg ,
31
5 5 150 200 30

20

Table 5 1 Viscosity of urea resin mixed with barks
heated with various condition

. Viscosity of urea resin
Filler with mixed flours
Heated Condtiion after after after
Speciesf——————— - 20min. | 120min, 240min,
100 Catalyst Temp.(°C) (poise){ (poise) (poise)
Non 0 110.0 — -
30 " 150 53.0 — —
1 ” 175 46.0 178.0 -
” 200 14.5 52.5 98.0
Fig 5 1. Table NH,Cl 150 20.5 240.0 —
” 175 2.5 10.5 90.0
= ” 200 2.4 3.8 10.0
o PR e
g (NH4) 2S04 150 73.0 170.0 =2
& » 175 5.0 100.0 -
S ” 200 2.6 8.2 72.6
(NH,) ,HPO, 150 24.5 159.0 =
” 175 5.2 59.0 | -
” 200 2.0 4.2 23.0
HiPO, 150 13.4 380.0 =
” 175 3.3 53.0 -
” 200 2.4 16.5 165.0
Non 0 7.8 | 11.0 14.1
2 ” 150 6.3 10.5 18.5
g ” 175 4.7 7.0 10.9
5 ” 200 3.5 5.2 6.9
()
B NH,Cl 150 3.4 6.2 19.4
” 175 2.9 5.6 6.5
” 200 2 2.3 2.5
Wheat flour 8.0 10.0 ‘ 11.2

Note 1) Catalyst was added 5% to oven dry bark
2) Heating time : 30min,
3) Formula of glue
Urea resin : flour : water : NH,Cl
100 20 = 30 : 1
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Fig 5 2 Relation between viscosity of urea resin mixed
with untreated barks and yield of hot water

extract
Table 5 2 Viscosity of urea resin mixed with the
extracted residue of Karamatsu bark
— Viscosity [ |
\\\ after after after
. i 20min, 120min, 240min,
Filler - \\[ (poise) (poise)| (poise)
Original bark ‘ 110.0 — -
NH,CI 175 30 —
Cold water
200 30 extracted residue 22.0 43.0 95.0
Hot water | i
extracted residue 14.0 20.0 30.0

Note : Formula of glue
urea resin : filler : water : NH,C1
100 = 20 = 30 : 1

Table 5 2 24
3 100g  20g
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Fig.5 5 Table 5 3 Analytical data of tested barks  Species Karamatsu

Heating condition Analytical data
HCl N :
. Temp. Time Added Weight Hot water |Residual Cl
Cl NH,Cl loss extract,
(6K D) (min,)| (%) (%) (%)| (%)
I 200 30 1 6.2 10.3 0.38
1 175 60 3 7.1 11.2 1.11
| 175 30 5 7.6 11.7 2.13
l A
pH 100 ©
80 +-
5 2 2
O
D/
®—
. eof o—""
u &
100 2 E —_—
0 J 09 = @/@ .
£ A _
X @ (%)
™ B / X e
- - 7 —
Fig 5 6 2 e /x
o
Table 5 4 3 ¥
> x/
. ® ® —
O ®,/——-——®
® e °
L °
20 ./
_~
0 1 1 1
100 200 300
Fig 5 6 Variation of viscosity of phenol resin
mixed with the various untreated barks
filler 20g/resin 100 g
(O Karamatsu © Hokuyo Karamatsu X Kaba
A Todo matsu (D Sitka spruce & Mizunara

™l Ezo matsu {7l Shinanoki ® Walnut shell flour



Table 5 4 Viscosity of phenol resin mixed with the barks
heated with various condition

Filler ‘

Viscosity at 20°C

sas ! 1
. Heatlfig condition after after after
Species talyst Temp. 20min, 120min, 240min,
Catalyst  |""(o(y]  (poise)|  (poise)|  (Poise)
Non I 0 ’ 126.0 - —
v 150 135.0 — —
v 175 88.0 280.0 -
» 200 58.0 98.0 113.0
NH,Cl 150 40,0 68.0 78.7
» 175 21.5 28.3 30.6
» 200 13.0 15.8 16.6
Karamatsu (NH,) S0, 150 44.0 64.0 86.8
P 175 27.2 40.4 48.6
v 200 14.8 17.2 17.8
(NH,),HPO, 150 32.0 66.0 73.0
” 175 25.4 36.7 39.7
» 200 11.0 11.6 11.6
H;PO, 150 16.9 25.8 27.9
» 175 11.3 13.9 15.0
" 200 7.0 9.5 10.0
Non 0 24,2 27.9 29.6
” 150 21.4 25.6 26.8
» 175 15.1 17.4 18.4
Mizunara ” 200 12.4 14.5 15.8
NH,C1 150 15.5 17.4 17.8
” 175 10.6 12.3 12.9
” 200 9.4 11.0 11.1
Sitka spruce NH,Cl [ 175 | 21.2 | 27.5 28.3
Ezomatsu NH,.Cl 175 16.0 21.0 21.3
Todomatsu l NH,CI 175 14,6 20.1 21.0
Siberian Karamatsu NH,CI1 175 20.0 25.1 26.2
Kaba NH,Cl 175 14.6 18.8 19.8
Shinanoki NH,Cl 175 10.3 12.0 12.8
Walnut shell flour 19.1 24.4 95,1

Note ; 1) Catalyst was added 5% to oven-dry barks
2) Heating time, 30min,
3) Added amount of bark, 20%

200 30

175
200 30

Table 5
4 NHCI 5

175
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gelation time of phenol resin
filler 20g/resin 100 g
OKaramatsu (pKaramatsu,NH,Cl 5%,200°C,30min
©OMizunara @Mizunara, ”

@®@Walnut shell flour

Table 6 1 Bonding strength of urea and phenol Resin mixed
with various bark flour and filler

N — %l;iresin Urea resin (kg/cm?) |Phenol resin (kg/cm?)
Hot and 8
Bond strength Cyclic
Ory  |eald Dry boiling
Filler - soaking ‘
Karamatsu 17.5+1.2 16.4+-2.2 | 16.8 -1, 18.6+2.4
31 en (18) 71D
Siberian Karamatsu 16.5+2.1 16.6::1.6 15.9+1. 17.4+2.0
(56) (39) 29 @n
Sitka spruce 16.5+1.7 13.7+2.1 14,941, 16.5+1.9
@7 aon (23) 9
Ezomatsu 18.64:2.2 17.2+2.3 14.5£0. 17.34+2.2
(84) (78) (13) (51)
Todomatsu 17.0+1.8 | 14.8+1.6 [ 13.7.£0. 16.4+2.3
(48) 20 ¢19) @9
Kaba 16.6+1.5 15.2+1.8 14.5+0. 18.5+1.5
(76 (62) D @n
Shinanoki 21.7+2.0 20.3+2.1 13.1+0. 14.8£1.5
(51 (64) () (10)
Mizunara 20.44+1.7 19.541.7 18,741, 21.042.1
(49 (20) as (69
Wheat flour 18.8+1.5 19.8+2.0 = =
61D (25)
- — ' 15,840, 17.1+2.2
Walnut shell flour | (25) ‘ (57D

Note ;1) (

) : Wood failure (%)

2) Phenol resin : filler=100: 20
3) Urea resin : filler :

5) Pressing condition
Cold press ; 10kg/cm,, 1hr
Hot press ;i 10kg/cm?, 105°C, 4min, (Urea resin)

10kg/cm?, 135°C, 4min. (Phenol resin)

water :

NH,C1=100:20:30:1
4) Composition of plywood ; Kaba—Lauan—Kaba

JAS
6.1
100g 10
409 10 40g
1g
30g/ 30cm ?

10 20
10kg/cn? 1
10kg/cn® 105
1 4

100g
20g
269/ (30cm)?
10
20
10kg/cm?
1
10kg/cn?
135 2
4
6 2 2
NHCI 5 175 30
Table



Table 6 2 Hot and cold soaking strength of urea resin
mixed with various amount of filler kg/ar

Ratio of
filler/Urea resin|  44/1q 20/100 30/100 40/100
ngler ———
Karamatsu bark NH,Cl| 19.4+2.5| 19.8+2.2 | 16,617 | 18.0+2.2
Table 6 2 5%, 175°C, 30min, (96 (75) (98) (65)
21.242.8 | 17.1+2.9 | 17.042.3 | 14.0=1.2
Wheat floax ‘ an (83) ORI
Note ;1) ( ): Wood failure, (%)
2) Viscosity of glues was prepared to about 10poise
NH4C| 5 175 by the addition of water,
30 3) Other conditions ;i see Table 6—1.
Fig.6 5 Fig.6 6 NH,CI 5 175 30
o\
20+ o o |
><o
o (@)
25}
Gl - 180
- - L==-——p
- L 15f
= g / O«
- N N
o 5 2 AN ~
s 20F ® ~ O 160 8
& 60 gm g _—-® o
O o 2
- g 10k A =
s (85}\(63) 63 g W &
8 P O 4 o]
@ 80 o g Jao 3
ig @) &) ) = ;°
g 15F &) L] )
0 @ O <
el e @9 =
8 % 2 5
° ' K] 420
E )
8 P
£ 10} o
1 1 1 F 4] 1 I
1 2 3 4 4 5 0

Pressing time (min)

Fig 6 5 Relation between pressing
time and hot and cold soaking
bond strength of urea resin
mixed with various fillers
OKaramatsu, NH,Cl 5%,175°C—30m
©Mizunara, NH,Cl 5% ,175°C—30min
@Wheat flour
( ) i Wood failure(%)

Pressing time (min)

Fig 6 6 Relation between pressing time
and cyclic boil bond strength of
phenol resin mixed with various
fillers Filler/Resin 20/100

OKaramatsu NH,Cl 5%, 175°C—30min

®Walnut shell flour

©Mizunara NH,C1 5%, 175°C—30min,
bond strength, wood failure

in




0 10 175 200 30
6 3 1
44cm 2.6m
12
100 mm x 200 mm 25
65 10 mm
0.67 0.59 0.71 11.2 0.71 0.68
0.75
2
Table 6 3 Tested bark flour
Species Karamatsu
{ Heating condition
50 Sample |4 4464 ]Temp‘ }Time Residual Cl
71.9 pH8.7 33.5 NH,Cl |
(%), (°C) (min ) (%)
25 bark flour T 5 \ 175 30 2.29
Table 6 3 2 B | 200 30 1.37
w I | w0, 115 30 \ 4.60
K K P e e B

30| —



Table 6 4 The formula of glues

I - e e e P
__ Filler | NH, 1| NmEcr | Tetal ) &)
Non 0 0 1.00 1.00 4.0 69.4
10 0.35 0.65 1.00 9.4 68.8
Bark flour 1| 20 0.70 0.30 1.00 14.7 68.3
30 1.05 70 1.05 e 20.0 68.0
10 0.21 ;6,79 1.00 9.2 68.9
Bark flour [ 20 0.42 ﬁAOE—_ 1.00 - 14.4 f6>8‘5
30 0.63 0.37 1.00 19.6 68.2
Bark flour 1 20 1.38 0 1.38 15.0 | 68.1
Bark flour | 20 0 1.00 71.00 714.0 68.8
o 10 ;70 1.00 o 1.00 9.0 N 69.1
Wheat flour 20 0 1.00 1.00 14.0 68.8
30 0 1.00 - 1.00 19,(; 68.6
NH,CI
3
Table 6 4. 0 10 20 30
20 0.3 0.5 1.0 mm
68 69
1.00 NH,CI 20
1
4
Table 6 4
100g/m? Fig
7 0.3mm O0.5mm 1.0 mm

100

Aluminum plate

d;0.3,0.5,1.0

Unit;mm

HISHEE TV I Z a7 LR
Aluminum plate and kaba

{— Aluminum plate

~ Kaba

Fig 6 7 Test specimen and regulation of glue line thickness



Photo 1

Photo 1 Apparatus for pressing

10kg/cm?
2 Photo 2 Apparatus for
lOkg/cm determination of
25 65 compressive shearing
bonding Strength
24
2 JIS
K 6801 1000 kg/min Photo 2
70 20
3 8 25 65
12 16 5
30
1/1000mm
e 2
Bl &8 Fig 6 8
Left Right 8
A;Glue line
B;The measuring point of thickness
of glue line ’ 1
Fig 6 8 Test specimen
Table 6 5
Table 6 5 The compressive shear strength of adherend JIS K 6801
Species  Kaba 7.4
Compres;i;n - 13.4
shear strength|
. Dry test Durability test
Moisture
content (%) ] (kg/cm?) __ (keg/em?)
7.4 130_.274—157.55—»175.58' 135.8_4:1&@9:&;12 JIS Z 9049
. 13.4 110.40‘-_131.52»148.83' 113.38<130.94—>147.83 1

Note ;1) Max,«<Ave, —»Min,
2) Values marked with#* are estimated by calculation?)



Thickness of glue line (mm)

0.8

0.7

0.6

0.4

0.3

0.2

0.1

Fig.6 9. Fig.6 10

JIS Z 9014 0.98

Photo 3

Added amount of flour

10kg/cm?

0.96

Added amount of flour

Added amount of flour

10% 20% 30%
N 0.8} 0.8
j A
(]
4 0.7F [ )] 1 07
r 1 r 1  0.6f
r 4 0.5F { o5
paN
- 4 0.4F © { 0.4}
»
Q
® o
r 1 0.3 aN {1 0.3
© FAN
s ()
- 4 0.2F E 0.2t
AN
L 4 0.1} 1 0.1
. . . 0 L . 0 . .
0 0.3 0.5 1.0 0 0.3 0.5 1.0 0 0.3 0.5 1.0
Thickness of aluminum plate (mm) Thickness of alumium plate (mm) Thickness of alumium plate (mm)

Fig 6 9 Relation between glue line thickness and aluminum plate
thickness in the case of dry test

—(O— i Bark flour |
-—@— i Bark flour Y
—A— ;i Wheat flour

—(»— i Bark flour §
—@— i Bark flourlV
- @--non




‘I'hickness of glue line (mm)

Added amount of
flour : 10%

Added amount of
flour i 20%

Added amount of

flour i 30%

0.8 0.8f 0.8F
6& A
® | .y (@]
0.7 0.7 © 0.7
0.6r 0.6 0.6
0.5¢ 0.5r 0.5
AN
0.4F 0.4F 1 0.4f
i
©
0.3F 3t () 1 0.3
0.3 .
© VaN
. N J S
0.2F 0.2r ° 0.2f
JAN
[
0.1 0.1 0.1f
0 I T 0 L 0 N 5
0.3 0.5 1.0 0.3 0.5 1.0 0 0.3 0.5 1.0
Thickness‘ of aluminum Thickness of alumiume Thickness of alumium
plate (mm) plate (mm) plate (mm)
Fig 6 10 Relation between glue line thickness and aluminum plate
thickness in the case of durability test
O~ ; Bark flour I - ; Bark flour I
-6~ ; Bark flour I -@- ; Bark flour IV
- ;Wheat flour ~@- non
3 No. 1
Table 6 4
Fig
6 11 Fig.6 12 Fig.6 11
No. 2
Fig 6 12
100
No. 3
12.4

Photo 3 Aluminum plate inserted
7.1 in glue line
. Thickness of aluminum
Fig 6 11 No 1 non No 2 0.3mm
No 3 0.5mm
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30

‘A filTer vare not Bark flour : Wheat flour

added

Fig 6 12

20

20

0.5 mm 20

Fig.6 12

(175°C—30mn, NH,Cl 5%)

Photo 4 Appearance of glue line after separation in durability test
Thickness of aluminium inserted in glue line
No 1 non No 2 0.3 mm
No 3 0.5mm No 4 1.0mm

0.3 mm

No.



20

Photo 4
5 175 200

6 3 2

1

1

JIS Z 9049 1
0.65 15.3 0.69
2
3
549 21 mm 110
4
0.3mm 0.5mm 2
5
20 80 20 /25
Table 6 6 The formula of glues
7;*'“";15'—1 Filles Bark flour | ; Bark flour 1| Wheat flour
I 0 ] i’ T

Tested glue No, |1 ‘2 L3814 5|6 7.8 ! 9 101 11‘ 12 13; 14‘ 15 16‘ 17‘ 18 19} 20 21 22‘ 231 24 25 261 27‘ 28‘ 29
Add. amount of
urea resin (g) 100 100 100 100 100 100 100 100 100
Add, amount of |
filler (g) 10 20 30 10 20 20 10 20 30
Add. amount of PN | oat | onl | A [ | | I onl | |
water (g) 41100 20/ 10 20 30| 20" 30" 40 4 |10 20| 10, 20‘ 30 20‘ 30‘ 40 4 ‘ 100 20| 10 20‘ 30, 40 201 30| 40, 50
2 O|Residual
EENH4C1 0.35 0.70 1.05 0.21 0.42 0.63 0 0 0
= 5|Add. amount R
Em of NH,CI . 0.65 ) 0.30 0 0.79 0.58 0.37 1.00 1.00 1.00
~ Total 1.00 1.00 1.05 1.00 1.00 1.00 1.00 1.00 1.00




(a) Bark flour I (¢) Wheat flour
T T T . T
1 7

. Viscosity at 25C (poise)

0 R . N R L A
0 10 20 30 40 50 60
Time (min) Time (min) Time (min)
Fig 6 13 Relation between viscosity of glues and passing time
Number in figure is the same as that in Table 1
Table 6 7 The formula of glues
~— Item 5 '
T~ Add, Curing agent (g) Add. Total solid
amount of |Residual |Add, Total amount in glue
Filler ~_[filler (g) |NH,C! NH,C1 4 of water(g) %)
Non 0 0 1.00 10 | 40 | ese2
Bark flour | 10 0.35 0.65 1,00 5.5 69.9
20 0.70 0.30 1.00 13.0 68.2
30 1.05 0 1,05 25.0 64.9
Bark flour 1 10 0.21 0.79 1.00 5.5 70.0
20 0.42 0.58 1,00 12.0 68.7
30 0.63 0.37 1.00 26.0 64.5
Wheat flour 10 0 1.00 1.00 6.5 69.4
20 0 1.00 1.00 16.0 66.8
30 0 1,00 1.00 25,0 65.1
*Add. amount of filler, curing agent and water is described as that to 100g
of urea resin.
10 20 30
4 50 Table 6 6
Fig.6 13 20
Table 6 7
2
1

Table 6 8



Table 6 8 Compressive shearing strength

of Kaba kg/cn?
min, average max,
dry 162.11<-169.63 — 180.42
after cyclic . R o

treatment 154.24~171,70 - 182,40

Moisture content of dry sample was 13 8
while the other one 7 4  So the strength
of fomer sample was modified to that of
moisture content 7 4 by the literature 7

Table 6 9.

Table 6 9 Relation between thickness of glue line and

thickness of alminum plate

o ItemfAdd. Thickness s i .
e !amount of lof alumi- Thickness of glue line (mg
g filler num plate d lafter cyclic
Filler T (%)| (mm) ry itreatment
0.3 0.155+0.016 0.157+0.023
Non 0
0.5 0.258+0.,020 0.259+0.049
0.3 0.191+0.009 0.181::0.029
10
0.5 0.3124+0.040 0.400+£0.118
0.3 0.195+0.019 0.176-0.025
Bark flour | 20
0.5 0.356+0.016 0.302=-0.026
0.3 0.1824:0.024 0.173+0.012
30
0.5 0.328+0.023 0.26640.031
“! 0.3 0.226+0.011 0.2454-0,069
10
0.5 0.296+0.024 0.25040.092
0.3 0.222+0.020 0.192+0.015
Bark flour [ 20
0.5 0.317+0.018 0.285+0.016
0.3 0.24140.021 0.22740.020
30 R
0.5 0.319+0.036 0.288+0.023
0.3 0.209:0.044 1 0.2090.047
10 !
0.5 0.305::0,018 | 0,3330,029
0.3 0.177+0.014 0,178+0.022
Wheat flour 20
0.5 0.286+0.022 0.304+0.059
0 0.3 0.236+0.026 0.218+0.033
3 —_— _ -
| 0.5 0.2984+0.035 0.265+0.033
15

30

0.3 mm 0.5 mm

3
Table 6 7

[EY
N
©
I+

0.7
7.7 £0.9

Fig 6 14. 6



Shear strength ( kg/cii)

Wood failure (%)

Aluminu plate i non

Thickness of aluminum plate ; 0;3mm Thickness of aluminum plate ; 0.5mm

200 , . — 200 - T 1 200 T ' "
1 150f 1
‘®
1001 1
]
paN
O/‘.
!
! AT SR .
50 ///
4
24
7 A
/ 7
o . E\’/ ————— AT
10 20 0 10 20 30 0 i 20 3
Added amount of filler (%) Added amount of filler (%) Added amount of filler (%)
Aluminum plate ; non Thickness of aluminum plate 0.3mm Thickness of aluminum plate (.5mm
100 v — 100+ T " ™1 100 y y
80 A1 8of 80 1
@)
60 4 60 60 ]
PAN
40F A 1 4of 1 40 1
®. 0] o
20F © A 20t N 20f 1
~Qere=Tm -8 -9
CO"=2——% |\. 0 @ Q = A 0 2 QE_' —-=_LA
0 20 30 i 20 g 10 20 3

Addea amount of filler (%)

Added awount or filler (%)

Added amount of filler (%)

Fig 6 14 Relation between shear strength dry and durability bond strength and wood

failure and added amount of bark flours in various thickness of glue line

o Bark flour Wheat flour _ dry test
e Bark flour ... durability test
JAS
kg/cir? 60 40 40
50 JAS
Fig 6 16
10 20 30
20 30

Table 6 10



Ratio of durability to dry (%)

—
o
S

31
=)

Aluminum plate; non

Thickness of inserted

aluminum piate; (), 3mm

Added amount of filler (%)

Added amoun of filler (%)

! o {100f o 1
Q=K
A7‘A
Q ° ° e
[ ]
o/ /o
| o, J sof A /o
VRN A /
/ ™, Ve N
# \>(/ RN .0 \/'\A
/ VS \)g/ /
e L N /
P li— VN hod A //
X 0 (] / .
0 10 20 30 0 10 20 30

Thickness of inserted
aluminum plate; 0, 5mm

1007
®
50 o 1
Q
0 O
0 10 20 30

Added amount of filler (%)

Fig 6 15 Relation between shear strength dry and durability bond strength and added
_amount of bark flours in various alue thickness
<~ Bark flour

@ Bark flour
< Wheat flour

Added amount

Shear strength

Wood failure

of flour
10% 20% 30%
(%)
o
£ A
g 5 ° 8_.
&3 o)
£
o oS
23
AN 1 |\ Gty K e Gl X TR
:'S passing ®
: ;i_; line
g2 %
O
PN
- 4. AN — l-—t> AN el
0 0.3 0.5 0 0.3 0.5
Thickness of aluminum plate (mm)
Fig 6 16 Relation between passed rate in
durability test and thickness of
aluminum plate
Table 6 7
Fig.6 13 20 Table 6

11

NH,CI



Table 6 10 Gelation time of urea resin mixed 7
with bark flours and wheat flour

at 110 sec
\Add, amount |
(%)) 10 | 20 30
Filler | CER
Bark flour [ | 69 69 ‘ 75
Bark flour - 1 | 67 73 79

\
Wheat flour = |~ 84 97 ‘ 109
|

1 The used urea resin was room temperature

curing type
2 Other preparation condition is described on
table 6 9
Table 6 11 Variation of progressing viscosity of glue
T —— -~ - Filler Bark flour | Bark flour 1
AN (NH,C! 5%, (NH.Cl 5%, . Wheat flour
‘Progressing 175° C —30min.) 200°C —30min.)
time, (min,)
] ‘ 10 | 30 60
Item S T I B I ) l 00 30 | 60 \ ‘
Viscosity | 00 | 22 29 | 50
(3t 25°C, poise)| 25 56 \ >100 | 22 | 38 \ >100 | [ |

Note ; Initial viscosty was 20 poise,

1
7 11
K K
58 K K
Fig 2
2
NH,cl 5 175 30 Cl 2.05
NHCI 5 200 30 2
K K
K K. p
16 150 mesh
all pass
71 2
Photo 5
25 AM Qr
10

Photo 5 Glue mixer
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15 poise at 25

100g
9

4Px L5KV 1

LB W 180 1
SKWS 70 x 1/40 1
12.5 50 m/min

250 mm x 550 mm

250 mmg x 500 mm
138 mme x 550 mm
138 mmep x 500 mm
450 mm
30 mm
0.25 mm
Photo 6 Glue spreader
71 3
30g/ 300 im ?
450 mmx 450 mmx 2.4 mm 4
20
7 1 4

mm X 450mm x 1.0mm

1/4 Photo

Table 7 1
JAS
7 2
721
5
38 r.p.m
105 r.p.m
3 4

rd5 r.p.m.

50

50

Photo 6

100

Table 7 1 Pressing conditions

Adhesives
—— | Urea resin Phenol resin
Item T
Cold press
pressure kg/cm? 12 12
Time min, ‘ 60 120
Hot press
pressure kg/cm? 8 8
Time min, 3 3%
Temp. °C 105 135
3
62 r.p.m r70 r.p.m. Q 160 r.p.m



2

60

60

30

60

7 10
60t
i
Fi '3 50 1
1 o
g > J
i 40F 1
0 2 oo
= 30 - - -
60 @ oOO
a2 o o
= . ./ A
0-9 @ 9
10 A.AAAA A—D
30 50 ) 120 150 180
Time (min)
20 ! —
o 2 e o
® E Ao P2 a0
528 3 ool ]
N
g= 7 20p
@3S §
EE 10
TR
30 80 50 120 150 180
5 200 Time {min)
Fig 7 2 Variation of viscosity and glue spread
with proaressina time Urea resin
175 30 OBark flour [, @Bark flour I, AWheat flour
60
Cl
NH,CI HCI
cl NH,CI
Cl
Fig 7 3 60

60



Viscosity at 25C (poise)

60
50F
401
30

20t

Glue spread on
plywood by using of
spreader g/(300mm)?

opeeee® 723
30 80 30 120 150 180
Time (min)
Fig-
7 4. Fig 7 5
40 ' '
20
30)
20
d
. . 40 ns

30 50 90 120 150 780

Time (min)

Fig 7 3 Variation of viscosity and glue spread
with progressing time Phenol resin

OBark flour 1, @Bark flour T,
Walnut shell flour

12 20

3 60mesh



Bond strength (kg/ci)

Wood failure (%)

17 T T T v
16} o —% &
A=A \\\\\\
15¢ o A—A—A
ul N\‘--~\§13
N Qe 2
13F R
R NI .\ /
=9, \
f O NN .
.o - \\\ AN Q. ’8
| ~. A p i
11 O_\ \\ \O .
Ny . /
oF y e / J
1 (3\ ——e
N,
\\
9k \\ 4
Q
N
8k \\\ /.O J
‘L \'O"
0 10 20 30 76
Closed assemble time (min)
100 . . . ,
A 2
80F %Ay ( \ ]
J °
O- 84 oL~ DA A
60} ~~4 = .
B S\
AN .
40 \_\&\ RN ]
SN
N \\\ QQ:—.{)—.
20 \C:.‘:::<1\ ". g
N , 0
0 10 20 30 40

Closed assemble time (min)

Fig 7 4 Relation between closed assemble time
and bond strength Urea resin
OBark flour |, @Bark flour [,
AWheat flour
dry bond strength,
————————— hot and cold soaking bond strength
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