53

1111468812B

—

N

—

—

—

N ™M

—

g

— N M <

N AN N N

— N N N N &N &N NN

N

N

60
80

™| ™

Summary



20 30

41 42



D

20
15 82

5

05

05

13 36 1 079
, 2 3



60

80

26

Viy 2VC=K¢

K — 2 4pge (1—mw)

C

7AW

(%)

12

Yield

Fig
223 57cm?

"\
— D

11 9 7 5
pH
1 The precipitates from the black

liquor acidified with conc 4
Solid to the orginal liquor

o Filtered with filter paper

o 5C  Particle
Centrifuged

x Refiltered after acidifiingwith HCI

20

20° 40
Fig 2

=~
«
Q
3
N
—TOon

the centrifuged cake repulped
Lignin

The schematic diagram of the experimental
filtration

Filte Press G Pressuregauge
Diaphragmpump D Reservoir

Slurry tank with an agitator




P g o
n g cm sec
W g g
g9
a cnog
Rm 1 cm
1935 Ruth® - Ruth
6 VvV Und
erwood , (2,03 a m
w ’
, 05
105 p
20
2 700 t
Fig 3 v 600 |
6 Vv 4P =1kg/cm?
500 b 4P=2 4
4P =3 4 No.1
w00 | 4P =4 7
>
uth £
300
200
a m Alf)’=lkg/cm'
Table 1 100 jng ” Ne-9
2 20 ol
a 0 o 20
11 11 Fig 3 TheV 6 V plots for the Ist filtrations of
(15 5x 10" 25 9x 10 lignin
cn g ‘? 60
p
4
60
Fig 4
®



Table 1 Results of constat pressure filtration of KP lignin

H,SO, ‘Preheating} Filtration iAverage [Resistace ICom ress-'Solid in Y:S‘G.of ‘Viscosity
2 i P . Doty p | i1 |
added [temp. pressure ’fg:icsltf;ice ‘é’lfotf}‘l“(eer> ibility (s) |cake filtrate 'of filtrate
No pH o | (0 | \
(X100 X104 \ j
%) ) (kg/em?) | (cm/g) (1/em) AN ®)
1 [ 12.13 ] 0.95 | 23.22
) 2 23.20 [ 1.69 i 25.09 L ora 0. 01604
1 2 20 8.20 3 80 | e | 0.795 2475 . .0
4 36.92 | 3.77 | 24.62
1 { 7.33 0.40 | 21.64
2 13.52 0.87 | . 22.54 .
2 2 40 8.20 5 w2 | 255 | 0.970 0 077 0.01663
4 | 21.32 3.58 23.72
I ‘ 0.47 0.23 | [ 27.80
2 0.71 0.57 28.60
3 2 60 9.15 3 008 0.85 0.760 29 30 1.082 0.01845
‘ . . | .
S Rl -
1 1.8 | 0.55 21.89 ‘
‘3 2 4.08 | 1.38 22.31 i,
4 3 20 3 X 546 | 2.00 1,000 24 32 1.080 0.01691
| 4 ‘ 5.93 3.06 22.50
1 " 132 | 0.31 23.70
. 2 3.28 3.43 o 68 24.58
5 3 40 4.75 3 5 83 L4z .680 2485 1.080 0.01600
| 4 3.40 | 239 | [ 25.60
1 1.16 ’ 0.57 I 29.83
s ) . 2 1.46 0.86 o 680 28.51 o8 .
6 0 5.2 3| Le7 [ 1.25 : 28.93 : 0.01649
4 | 2.05 1.55 31.30
| 1 } 2.32 0.47 | ' 19,09
2 ) | 2 [ 4.29 1.78 21,32 L0a1
7 4 3.5 3 1 528 5 66 0875 | .08 0.01616
| £ 7a 3.81 | 22.56
1 i 0.71 0.39 J | 23.54
. . 0 ] 2 1.14 1.08 ' 24.32
I 3.63 3 L7 Lse | 0.920 o5 41 1.084 0.01509
4 263 | 514 | ‘ 25.08
! 1 0.07 0.14 ‘ I s3.15
0 . 60 3.4 2 0.14 0.53 | 670 | 55.86 Lo
0 s o1 0,74 [ 0. 30,08 .087 0.01638
i 4 - - -
0 67 1 00
21 2
1

20 30
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Table 2 Refiltration of slurries prepared by repulping the first filtered cakes

H,SO, |Preheating; iFiltration Average {Rcsistance lCompress— ,‘Solid in }S_G_of iViscosity
added |t . ! specific of filter [, .q: ) les ‘ i
No e emp . 1‘p'ress. resistance lcloth (Rm) ibility (s) lcakc lflltrate ‘of filtrate
: PR U 0 1
i X102 X101 ‘ ! :
(%) * ©C) | (kg/cm?) (cm/g) (1/cm) N CON | (P)
; 1 9.51 7.02 21.85 '
| ‘
1 0.00 25 9.26 | 2 12.00 10.85 0.06 2281 1.000 : 0.01536
: 20 3 10.00 8.03 -065 23.05 000 0 0.015
| 4 12.04 5.61 24.54 ;
1 5.57 0.90 ‘ 20.98
2 1.80 25 7.40 2 5.63 2.46 0.371 j 21.45 1.011 0.01476
: ' 3 6.64 3.07 : | 22.23 ) ’
4 | 7.47 4.12 [ 22.49
1 7.63 1.73 ; 17.28
3 1.80 60 7.60 2 7.9 2.76 0.339 | 18.00 1.016 0.01560
: : 3 11.00 3.30 S R T : 015
4 10.14 3.40 i 18.81 |
1 2.90 1.45 I 21.80
4 4.80 2 10 2 8.50 2.08 0.274 22,52 1.012 0.01
' 5 5 3 3.96 2.39 ) 22.85 ! 01412
4 4.03 5.87 23.00 |
1 4.58 2.09 | 23.20 |
5 .80 6 2 3.36 2.56 74 i 24.02 Lo
. 0 5.18 3 4,99 3.94 0.274 | 94 .40 . 0.01363
4 4.27 | 4.72 | 24.59 |
1 1.17 i 1.11 18.93 | |
6 11.00 2 9 2 1.45 5.15 0.290 20.44 1.01 | 0.01366
: ° 2.90 3 1.63 2.26 : 20.87 | <015 <013
4 1.94 2.58 | 21.24 |
‘- 1 0.96 | 0.72 | 22.94 |
2 1.14 1.37 | 23.14 |
7 11.00 60 2.98 3 29 174 | 0.306 | 92,95 1.015 0.01434
4 1.43 2.33 | 23.84 ‘
» percent to solids in slurry
uth
2 1 3
1
ozeny arman

60
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Fig.10 The relations between volume of filtrate and Fig.11 V-§/V plotting of the
filtration time at the constant pressure vacuum filtration of KP lignin
filtration of KP lignin, preliminaly treated in pH (pH 8.7, not prehated,
8, temp ; 20°C,40°C,60°C,80°C. Tetolon501B) .
(Filter cloth ; Tetolon 501B. Filtering Press. ; 500 ’ The regression line is
mmHg) Y=1637.5X+1521.8
Table 3 Results of the filtration at the leaf -tests of vacuum filtrations
Filter Preheating | Vacuum a Rm Solid in S.G.of [Viscosity
cloths H i cake filtrate |of filtrate
P
! x101° Ix101°
ccy | ! (mm Hg) (em/g); (1/cm) (%) Cc.p.])
25 8.7 500 259.32 6.98 23.76 1.082 1.452
Tetolon 40 8.3 7 299.20 4.99 27.47 1.078 1.413
501 B 60 .2 | 7 22.47 1.46 28.69 1.080 1.378
80 8.9 | 7 0.13 0.11 31.40 1.088 1.808
25 8.7 500 890.20 4.14 24.60 1.080 1.454
Tetolon 40 8.3 7 405.80 3.52 25.59 1.080 1.572
301 60 8.2 7 25.76 1.22 : 31.51 1.082 1.498
80 ‘ 8.9 7 1.85 0.31 | 46.39 1.120 2.088
25 8.7 500 598.50 4.36 24.05 1.080 1.505
Nylon 40 8.3 7 491.70 4.42 25.44 1.079 1.502
9 A 60 8.2 ” 22,53 1.38 31.80 1.082 1.507
| 80 8.9 7 2.63 0.29 41.49 1.150 2.121
25 8.7 500 535.00 4.83 24.89 1.075 1.408
Nylon 40 | 8.3 7 396.10 3.31 25.21 1.076 1.431
317F 60 | 8.2 7 15.07 1.45 30.58 1.082 1.409
. 80 8.9 ” 0.08 | 0.13 30.60 1.089 1.810
25 | 8.7 500 : 733.60 3.46 23.80 1.082 1.530
Kanekalon 40 | 2.3 . ” i 405.70 4.34 24.93 1.079 1.460
304S 60 8.2 4 33.29 1.20 33.58 1.081 1.391
80 8.9 7 0.06 0.13 35.95 1.089 1.765
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Table 4 The variations of the properties of the KP lignin slurry with its history
(Initial pH : 8.5, Preheated temp. ; 60°C, press,;500mmHg.

Filter cloth : Tetolon 501B)

| ¢
?hura;ion afterg Wet cake Solid in I f:r:tt:xltes Viscosfity
tioen repara- I pH @ Rm yield the cake glfu::;e filtraote
(hrs) {_ - (cm/g) (1/em) (g) (%) (%) (c.p.) _
23 i 8.65 3.702X10** 1.639X10'° 59.7 23.60 4.69 1.485
90 | 8.40 3.459 7 1.683 ~ 47.0 24.74 4.37 1.422
138 : 9.15 3.273 » 2.059 7 49.9 23.28 4.30 1.443
After the drastic agitation
168 I 9.55 2.769X10%2| [8.737 ~» 20.2 27.13 4.10 1.365
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Fig.12 The variation of V-9/V line of KP lignin with
its slurry’s history
Initial pH : 8.5, Preheated temp. ; 60°C. Press.;
500mmHg, Filter cloth; Tetolon 501B )

Table 5 The variations of the particle-size distributions with the history of
the KP lignin slurry (%)
(Initial pH;10.15, 80°C preheated)

Duration ‘ \ Paricle-size (X10 %cm)

| °pH | \ i [ [ I i i
Chrs) | B |0.5~1.0‘1.0~1.5}1.5~2.0|2.0~2.5‘2.5~3.0|3.o~a.5[3.5~4.014.0~4.5‘4.5~5.015.0~
0 | 1015 of 63.89| 2.7ai 0 0.69‘ 1.04/  1.39) 0.97] 1.39) 27.78
24 9.55 o| 77.55! of o0.68 0 0| o.ss) o.ss| 0.68 19.04
48 9.58 | o 6l. 77| 2.0 184 1.10) 2.osi 0.74f  1.10[ 27.94
72 | 945 ] 15.44] 33.82| 21.32; ol ol ol 0.74 of 27.21
120 9.45 | 66.08  4.52  3.02 2,51  2.76  1.000  0.50 o,so] 0.50| 18.60
144 10.35 ‘ 73.80; 0! 1.31! 1.31] 065‘ oesl 0.65] o] 21.60
2
2 23
1
pH8 40 5018
400 600mmHg
2
Fig 13 Table6

Lewis 1 19
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Fig.13 V-9/V plottings of the filtrations of KP lignin
with varjant vacuum pressures

(pH;8, Preheated temp. : 40°C, Filter cloth; Tetolon501B)

Table 6 The filtration proparties of KP lignin with
variant vacuum pressures.

(pH;8, Preheated temp. ; 40°C, Filter cloth;
Tetolon 501B)

Vacuum Solid in
press. pH l @ (em/g)Rm (1/cm)] cake
C(mmHg) )\ %)
400 7.90 | 1.425X10%2( 4,251X10%° 22.4
500 7.90 2,226 # 6.502 ~ 22.9
600 7.85 2.043 7 9.000 ~ 28.3
lOO()Ut
5000
2 L
o
o
1000 " f
0.01 0.05 0.10 0.50 1.00
v

V-log §/V plotting of the filtration of

Fig.14 Log
KP lignin

(pH : 8.7, not preheated, Tetolon 501B)
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Table 7 The successive changes of m, V/W and €av., during the filtration of KP lignin
(pHB8.2; 40°C preheated, Tetolon 501B, 500mmHg)
[4 v w m i v/w i eav
Filter time Volume of Solid in cake ! :
£l Wet cake/ | Void
iltrate [ Solid in | Volume
(min) (ml) i (g) I cake (g) !
2 I 44.0 3.4416 I 4.251 12.785 | 0.8169
4 52.0 4.1356 . 4,141 12.695 ! 0.8117
6 58.0 4.7290 I 4.228 12,264 ' 0.8159
]
8 65.5 5.0292 4,184 13.024 . 0.8138
10 i 68.0 5.3256 y 4.114 12.679 | 0.8104
12 ! 71.5 5.6050 I 4.108 12.756 | 0.8101
14 74.5 5.9238 4.080 12.567 0.8027
16 78.0 6.1069 ! 4.084 12.772 i 0.8089
18 82.0 6.3142 4,031 12.986 . 0.8062
Table 8 Modified filtration coefficients (ar)
of KP lignin
s Tetolon |Kanekalon I Tetolon
l Preheating 501 |Nylon 317F| 3048 Nylon 9A 301
Room Temp. |  0.169 i 0.420 0.388 0.388 ‘ 0.424
| 40°C 0.435 0.528 0.364 0.424 | 0.456
I
60°C 0.256 l 0.204 0.256 0.248 ] 0.264
80°C 0.136 ! 0.048 0.072 0.852 | 0.232
l Room Temp. | 4.131X10%2| 5,722X102 5.842X10*? 5.724X10”l 6.479X102
| 40°C 3.794 7 4,067 ~ 4.807 » 3.676 7~ 5.467 7
[cm/g], 60°C 0.787 ~» 0.716 ~» 0.777 » 0.746 7~ 0.713 ~»
| 80°C 0.033 7~ 10.048 7 0.046 7~ 0.120 ~» 0.125 ~»
Table 9 Modified filtration coefficients (ac) of KP
Table 7 lignin under different vacuum pressure.
m (pH;about 8, 40°C preheated Tetolon 501B)
Vacuum press.
_mmHg M e | e wnm
400 | 700 | o0.270 | 1.972X10%2
1 500 | 7.90 ' 0.278 \ 3.237 #
€ av 600 I 78 | 0.1 3.677
W Squeezing
v 6 V
6 o 2 K Ruth
K' ac Table8
221 9 ac a
9A 301
o o
Table 9 2 2 3 ac a

600mmHg ©
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Photo 2 Fig 15

Photo.2 The Eimco Belt Filter used for the experiments
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Fig.15 Line drawing of the Eimco Belt Filter,

1;Filter drum 2;Filter cloth 3;Slurry tank 4; Automatic
valve 5;Agitator 6; Demurning bar 7;Discharge roller
8;Aligning roller 9; Take-up roller 10;Washing water

pipings.

Table 10 The specification of the Eimco Belt Filter used for the

experiments,
Filter area nominal 0.86m? available 0.76 m?
Diameter of drum 903.8mm
Width of drum 386mm
C.P.M. of agitator 16

R.P.M. of drum

R.P.M. of discharge roller

0.236 ~ 0.785
0.078 ~ 0.268
11.8 ~ 39.3

R.P .M, of aligning roller 25
Capacity of tank 0.17m?
Washing water
Vacaum K
Cloth
[ -washing|
water
Separator N

\_] IJ Cake
l receiver
|Washin,
-waste

Slurry

é UFiltrate
-co———»

\g
Over-flow

Fig.16 Schematic diagram of the Eimco-Belt Filter

system

Table 11 The properties of slurry used for the experiments

i w ' o i 7 | t
No. | pH, Particle l S.G.of [ Viscosity ]! glemp- Of]
i content l [ﬁ.ltr'ate ‘ of filtrate i urry
i of slurry l i (poise)|
| | | | o)
4—1! 8.55 5.096 ’ 1.062 | 0.01181 | 16
4—2 7.22 7.050 | 1.065 | 0.01141 j 16
4—3, 9.61 3.942 ! 1.075 ! 0.02105 ' 15

60 1

2.5
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Table 12 The particles lost into the filtrate.

R.P.S. of Filtrate Particles in % Particle

drum filtrate \ loss

(ml./sec.) (%) | (g/sec.)

3 3 4.464X1073 53.41 0.248 0.132
Tetolon 3.922 # 39.72 0.160 0.064

80 501B 3.378 7 49.84 0.811 0.155
2.825 7 43.90 0.224 0.098

pH 8.55 2.257 7 39.76 0.314 0.125

1.667 ~» 30.60 0.472 0.144

80 1.405 » 28.49 0.475 0.135
| 1.314 + 17.49 0.512 0.089

3.922X10"8 42.94 1.872 0.842

Nylon 9A 3.390 ~ 41,07 1.750 0.873

2.817 # 38.10 1.550 0.620

pH  9.00 2.252 7 22.17 1,932 0.451

1.667 # 13.37 1.195 0.169

1.316 » 14.25 1.026 0.154

Table 13 Particles lost into the filtrate and the cloth-washing water.
(Filter cloth : Tetolon 501B, pH 8.55, 60°C preheated

1 R.P.S, of drum : 3.378X10™%)
o Item | .
Discharge rate| Particles | Ratio
\\
Distributions ~—— (kg/min.) (g) (%)
Cake 0.58 I 162.98 87.53
Filtrate 2.95 8.85 4.75
21 Cloth-washing Water 8.10 ’ 14.32 7.72
80 1 pH 9 34
501B
2
4 5 3 83
3 22
3.22/4.50x 100 71 56
Table 14 Distributions of lignin vs. R,P.M. of drum of the belt filter.
N R.P.M. of drum
N -P.M. .
N " 0.171 - 0.268 0.621
\ — l
Y PR . Cloth Cloth Cloth
- __Pls\tiut:ons Cake | Filtrate |washing Cake | Filtrate |washing | Cake | Filtrate |washing
Item \\| water water | water
o
% | Total 57.40|  870.00  510.00 71.10] 1050.00]  462.00/ 93.90| 1434.00  402.00
Seg| sold 31.31| 100.83| 1.380 38.07]  122.54 1.8 51.39  169.94 3.02
$ & 8| Particles 3131 1.44| 0.91 38.97 1.08 1.33 51.39} 5.56 1.96
A | Lignin=* 26.74  14.00| 0.95! 33.13,  16.75] 0.15) 44.10]  23.59 2.26
-
2 | sotia 23.45, 75.52i 1.08 23.85  74.99) 1.1ei 22,01 7575 1.34
] . i ;
T _ S| Particles 93.02! 4.28 270 94.18 2.61 3.21  87.23 9.44 3.33
. . | H !
2 8 7| Ligninx 64.14]  33.58 2.28,  66.23] 33.48 o.z9| 63.05,  33.72 3.23
Aas ! i | i | | )
*

Lignin was explained in Fig.1
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Fig 18 Fig 19
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Table 1 Functional groups of

lignin

Marton*
Bjorkman
1
Fig 1
2
C
|
T
H—C-—OH
1 de'methylation
-—
OoH
OH

Groups in. 100 M.W.L, (spruce) Kraft Lignin (pine)
Ce-Cs unit
Calcd,Co-Cjunit CoHg.50;5.4 (OCHa)o. sl CoHr.902.150.1
(OCHj) o.82
Total OH 120 120
Guaiacyl OH 30 | 60
2XCatechol - | 12
Aliphatic OH 90 ; 48
COOH 5 16
Total CO 20 15
Coniferyl aldehyde 3 -
a-Co 7 i 5
B and other CO 10 ; 10
2
C6 C3 0 36
Fig 1
C C
| |
c c
| 1
—C—OH —Cc— =
phenolation = @ oH
NS, 7%
o
\ CH; ocw,
OH OH
(lignin)

Fig.1 Activation of lignin

Crown Zellerbach Corp



Na S

5 %
4 01

13 70
4 46

6oml
70c p m

NaOH
5

F, 0. 36

F, 65 73

F, 1 33

Fose 27 29

50

60g

pH9

NaOH

NaOH

60



NaOH

NaCH 1 4

Table 2 Cooking conditions of kraft lignin

NaOH added to

orig. lignin (%) 10 2
React.temp. (°C) 140 180
React.time (hrs) 0.5 10 2.0 3.0
Photo.1 Micro autoclave
180 NaOH 15 30
Ostwald
20
Fig 2
Samples
2 1 2 extracted with
dioxane
|
1 Extract Insoluble
i Il poured into benzene (F1)
| |
Table3 Soluble Precipitate
| freed of solvent in extracted with
vacua and extracted
Table4 : with ether :95% ethanol
| | | |
NaOH 10 20 Extract Insoluble Extract Insoluble
| | | poured into
(Fe) (Fg) | ether (Fyq)
| |
Soluble Precipitate
|
(Fo (Fs)
NaOH 5

Fig.2 Fractionation scheme of lignin acids



Table 3 Viscosity of cooked liquor (c.p)
~~_React. time
\ ~—_ (hrs) Cooked liquor
. N
React.) NaOH ), | Paste | ~— -
temiey | 2% 0.5 | 1.0 | 2.0
10 ] 10 14.9 | 10,7 | 12.4 | 15.7 | 140
. 20 7.8 8.6 7.1 6.3 6.2
10 14.9 | 26.9 | 44.6 | 98.0 |167.7
180 15 9.4 7.8 9.0 | 12.4 ! 12.7
20 7.8 6.6 6.9 6.9 6.9
30 9.2 5.9
Table 4 Yields of the lignin acids (%)
\\\‘\&“t time
N T~ (hre) Cooked liquor
. N
Recact, | NaOH N\ Paste ‘
O d
Kartds, 1 M%0 0.5 [ 1.0 | 2.0 | 3.0
i \ N ! _
- 10 97.23 | 96.23 | 94.73 | 94.23 | 95.68
X 20 | 98.37 |96.90 | 95.64 | 04.68 | 04.93
' 10 197.23 [93.13 [93.43 |91.73 |92.48
s | 15 97.84 | 93.47 | 93.78 | 93.58 | 93.03
20 98.37 | 91.47 | 91.17 | 89.47 | 91.37
30 — 89.60
Table 5 Number average molecular weight of
original lignin and the lignin acids
React temp. (°C) | 140 180
NaOH added (%) i 0 | 2 0 | 2
Lignin acids | tosd | 1188 | 1476 | oe6
Orig. lignin ! 1334
NaOH
NaOH
NaOH
guaiacol

NaOH

NaOH

Tableb5

Marton®

osmometer

1600

Rast

Vapor pressure

Table5

Vanillic acid Vanillin catechol



2
Mn
7
F. F Fs
Table 6
1 F
NaOH 10
NaOH
1

F456

20

60 110min

Marton®
Mw  Mn 2 2
Table

100

6 Fractionation data of

the lignin acids

(%to the lignin acids)

—

= e Fraction
\‘_ \\ ""--».\
NaOH N
React. \added \ React Fi Fs Fa | Fausee
temp. N (%) time \
C) \(hrs) \
0.5 | 0.84 | 63.95| 12.13| 29.58
il 1.0 | 0.81 | 66.41| 12.48 | 27.07
2.0 | 0.92 | 69.34 | 11.51 | 31.75
3.0 | 0.91 | 68. 72 12.00| 25.92
140 — —_ ———
0.5 | 0.8 | 63.36 | 13.82 | 30.24
2 1.0 | 047 | 60.80 | 12.78 | 31.07
2.0 | 0.65 | 65.80 | 11.83 | 30.92
3.0 | 0.28 | 66.87 | 11.91 | 31.69
0.5 | 0.95 | 74.25| 9.73| 27.06
- 1.0 | 0.94 | 77.77| 8.71 | 22.65
2.0 | 1.32 | 78.94| 7.80 | 21.60
3.0 | 1.07 | 79.57| 6.99 | 21.01
4 0.5 | 0.3¢ | 74.22| 8.32| 22.77
i 1.0 | 0.31 | 73.29 | 10.14 | 21.76
180 2.0 | 0.35 | 74.46| 9.23| 21.23
3.0 | 0.27 | 78.80| 6.58 | 19.22
0.5 | 0.30 | 59.45| 15.47 | 34.15
20 1.0 | 0.46 | 58.24 | 16.13 | 35.17
2.0 | 0.71 | 58.85 | 15.82 | 35.33
3.0 | 0.47 | 60.17 | 14.30 | 36.33
20 | 2.0 | 045 | 53.92| .15 | 4141
Table 7 Analysis of variance for F; fraction
Symbols Sources I S.S. | ¢ ’ v I Fo
A React, temp. | 3053 i 1 3053 l 3.64
NaOH added »*
B to orig lignin,| 49476 1 | 45476 54.‘2.0'
AXB 20028 1 | 20028 | 23.87
e’ Error 10063 12
T Total 78620 | 15
|
Note S.S, : Sum of square

¢ : Degree of freedom

V : Mean square

F, : Ratio of mean square
« : Level of significance at 1%



80
-
b
8
2 F, 8 °
§ =
s k) React. temp.
&2 —o— 140°C
NaOH 10 20 “: 60 —— 180°C
[T
F, R
9~
Table7 2
> 50f
NaOH 1 0 10 15 2 30

NaOH added to orig, lignin (%)

Fig. 3 Yield of F, fraction vs, NaOH added to orig. lignin

180 NeOH 15 S
0 React. temp. NaOH added
) 140°C _1035 —Q—
Fig 3 100 F 1802 5 s
140 = 20 - ——
NaOH 180# 4 T—A—
15
20
F,
-
g 9
g /
E 10 F
NaOH 10 g /
-
(-]
F, »
@
=]
H
3 F >
NaOH
1
5
1 ¥ '] 1 1 1
NaOH 50 60 70 80
Yield of F; fraction (%)
Fig 5 Fig.4 The relation between yield of F,

fraction and viscosity of cooked liquor,

4 F4 5 6



F4 56 FZ
F,
NaOH 10
20 Fi s
Table8
Fs NaOH
1
NaOH
Fig 6
140
NaOH
180 NaOH 20
30 50
15
F
5
NaOH
180°
C NaOH 15
NaOH

20
~
2 15F ® .
k)
®
8
$5 °
S = 10 React. temp.
&2 —o— 140°C
P —-®— 180°C
w2
-
o N
g °f
)
=
[} = 1 | W——
0 10 15 20 30
NaOH added to orig. lignin (%)
Fig.5 Yield of Fyfraction vs, NaOH added to orig.
lignin,
Table 8 Analysis of variance for F ,5.o fraction
Symbols { Sources l'S.S. ‘ ¢ I v I Fo
NaOH added to| ‘ udo
B | orig. lignin 21097 1 21097 83.39*
AXB | 9555 1 9555 | 37.77
BXC ’ 2418 3 806 l 3.19
e’ Error 2528 10 253 I
T Total 35598 15 ;
i
Note C : React. times
50 L
1
o
3
So wf
% g
g =
- = )
o O
5 5
& S r
PR React. temp.
% ] —0—~ 140°C
- ) o
> 20 —o— 180°C
T | A i 1
0 10 15 20 30

NaOH added to orig.

lignin (%)

Fig.6 Yield of F,,s,, fraction vs, NaOH added to orig.
lignin

NaCH
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175g 35¢ 1429 36 6
339 60
90min
15¢ 0 5ml
Fig 9
S
10
l Reaction mixture \
Fr
Dilution with water
= Acet
110 He  27ml min “Acetone
Stirred vigorously
H H Neutralization with HC1
Fr Fo Fi 2x Mi eutra v
Mo Filtration
o l
mol Solids Filtrate
Fi ‘ Sample for G.C. Analysis
mol
Fig. 9 Preparation procedure of sample for
G.C. analysis
Mo
1~
&
«
mol . 9 s
© S
H B
Mi g 3
mol ]
- e |
Fig 10 2 =
w
2
-] =
2
8 £
& 8
=
2 2 2 A W
start 1 2 3 4 5 8 (min)
Column : Diasolid S—D.E.G.S 15w%
PH Column temp, : 110°C, Column length : 6ém
He flow : 27ml/min.
Table Fig.10 Gas chromatogram of formaldehyde and methanol
9 Tablel0

PH
pH



PH

2HCHO NaOH CH,OH HCOONa
pH

NaOH 20

Table 9 Properties of lignin-formaldehyde
reaction mixture

React. conditions
NaOH 10 of alkaline pH at 25°C Viscosity at 25°C
_cooking (c.p)

140 f;ﬁ? ﬁ:r:c" Before After Before After
%) (%C) reaction | reaction | reaction | reaction

0 11.25 10.90 2.10 1.94

180 10 140 10.70 10.38 2.21 1.93

180 10.42 10.20 1.90 1.84

0 12.70 11.85 2.19 ‘ 2.01

20 140 12.35 11.80 1.91 1.90

180 12.00 11.53 1.79 i 1.82

Table 10 Quantities of HCHO recacted with lignin
and CH,OH produced by Cannizzaro reaction

Kratzl® React. condions of
alkaline cooking Hilgg)rbed CH‘Ol:roduced
by Cannizzaro
NaOH added | React. temp. {(mol/100g reaction (%)x
(%) 0! lignin)

0 0.111 3.40

10 140 0.106 3.17

180 0.069 3.47

- 0 0.158 10.56

U
6 6  bicreosol 20 140 0.175 7.25
180 0.155 7.26

% : CH3OH produced (mol)/HCHO added (mol) X100

NaCH 20 140
180

NaOH 20
140



90° 74r p m
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X-

AL
|
|
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Fig.11 Flow sheet of continuous degradation process of
lignin

60
3B0r pm

Photo.2 Continuou reactors,



Inlet pipe F,; Blade

A
B Outlet pipe F; Kneader pin
C Steam pipe G Raw materials
D Drain pipe H Shaft
E Plug I Blade set pin
J Stationary pin
Fig.12 Structure of Reactors.
A Fig 12
14
t
60 1
t=—5 = —— (sec

n : [\ (r.p.m.)
Z:7v— Yy
BREAREBECOH—RIEHOEE XL, TTEEME~_—2 b (K 40~100P ) ThH 5



30

s NaOH 20

180 3hr 95
2 300 18 1 390 02
12
73 56
91 30
1 70
NaOH 20
2hr 140
Photo.3 Automatic pressure
controller
B
Table 11
3
NaOH 10 . LlTable 11 Viscosity of lignin paste(Poise)
~L gnin :
T~ NaO0Hagl iy oy [ 1ia |15 | 1t
NaOH added (%) ™ ~
10 l — | 070 | 0.21 | 0.07 | 0.06
20 I 12.12 0.69 0.22 0.10 0;
B 431
43x1.10

“—5— = 23.65 (kg/hr.)



321
Table 12
24 T76kg hr X 21 8x 1 136
Table 12 Operations data of the continuous reactor
Items
~N Temperature (°C) Pressure (kg/cm?) Steam
’(1:;: Paste A outlet | B outlet ‘ Steam Steam Reactor °%‘x:’g§:ﬁ‘}£_ )
0.5 13 142 144 l 152 4.0 4.4 14.4
1.0 15 144 146 152 4.0 4.2 .
1.5 16 144 | 145 152 4.0 4.4 14.4
2.0 16 144 146 152 4.0 4.2 13.6
2.5 16 144 144 152 3.9 4.7 15.0
3.0 16 145 148 152 4.0 4.2 o=
3.5 17 144 144 152 4.0 4.8 13.0
4.0 17 145 146 152 4.0 4.7 12.5
4.5 18 144 145 152 4.0 4.5 -
5.0 18 140 143 152 4.0 4.5 13.1
max. 18 us | 18 - 4.0 4.8 15.0
min. 13 mo | 1 - 3.9 4.2 12.5
Av, 16.2 143.6 l 145.1 152.0 3.99 4.46 - 18.71
13 7kg br 6 8kg hr A
. 2618 . X
»b, 152 C@?‘&ﬁ%;@i—5— = 5.2kg/hr LELrT%,

Q=0.83x (143.6—16.2) x24.76=2618 (kcal/hr.)

) 757y 7=vToOMBELE
B ® Kk 1:3
BT BE 140°C

B R 2hr

.7
_—2 bﬁéﬁt%biﬁﬁiﬁ’i§=-% = 0.55kg/kg

S E 13.71
) 7= v EHE ) MBRRR = oy 7¢ o ougg — 2-28ke/kg

W WEY 7=V ToMBERKE



AT ® 1:6
BT BE 180°C
IR g fi 3hr
) o 17.96
N— A PHAY ) H AR = 1383 1.30kg/kg
oy R e 17.96
)7 = EHAS ) WA R = gy o se = 9-55k8/ke
2
3 2 2
Table 13
88 21 9% 68
% 61
Table 13 Properties of lignin paste and cooked liquor
‘ Viscosity The Alignin acids_._ Ash Sulfur
Samples % to '% to % to the [% to the |% to the
: cooked orig, s :
i (Poise) 'c liquor 1 sample lig. acids lig. acids. Itotal solid
o |
L"‘“"‘paste! 0.24 ’ 22.15 1 91.30 l 0.21 1.70 l 1.95
|
C°°kﬁ‘;uori 0.18 ’ 240 | 8.2 0.23 1.45 ’ 1.53
Table 14 Fractionation of the lignin
acid prepared with continuons
Tablel4 reactor (%to the lignin acid)
F. ‘ Fq Fs Fi.5.0
1.24 ’ 63.43 ‘ 11.03 } 30.17
13
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0 18mol

10 30

1384 180
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100g

NaCH

0 1lmol
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140 180
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1476

180
20
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2b, RPEBOEBHERN/R I RO EMRHMS OO ) /= vl EEET5E
LEAREBUTHEITL ¢ 32 Lo

LED&HETHB IR =V - R— 2 P BIOEEIRORE, V7= vBRXK, &
FIDBMESEZWEL, SHEEBEPCET HHMERORER IOEN, KIGE, FGRE,
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2
1
1
1
OH 5 10 20 20
2
0.6
0.4 0.4 0.6 0.4 1.2
Fig 1
1
2
3 2
50
pH4 7
2,500r p m
4
2
1

Tablel

2
1 1 Na
140 2hrs
Phenol
Paraformaldehyde
lﬁl 8 Nyloa
First stage Sodium hydroxide (NaOH ;
70°C.30min
+———————— Activated lignin ljquor

Second stage

90°C.60min

Condensates

- Sulfuric acid
e

Upper part Under part (mostly lignin resin)
Fig.1 The preparation method of lignin
resin
2
1.4x 10° 10min



100
NaOH
10
1.2
Table2
Tablel
fig
2
2
8
9
2
pH pH
7
2
Table3
H 1—5»‘Z><1oo—6 9%+ L 0.4
GRESY =8.27% 80.8
x 100 6.7 99

97

Table 1

The contents of total solids and ashes in
lignin resin under the various preparation
conditions

Test No 1 ) 2 | 3 ‘ 4
P ak add. | ’
separa- NaOH (%) 5 J 10 20
tiOﬂ T T T T T v Yo . T
add. HCHO| ¢.4 ’ 1.2 } 0.4 ‘ 0.4
(mobi | 1 I
|, [Upperpart, 23 | 17 | 22 | 28
Total | Under part| 77 | 83 | 78 | T4
solid Upper p. 18 ! 17 20 27
7 Under p. 82 | 83 80 73
Upper p. 4.8 10.5 14.2 ‘ 20.0
!Under p 3.5 4.5 4.5 5.9
Ash I (R || o B
Upper p. 9.4 8.9 12.1 19.6
Under p. 4.9 4.4 5.9 6.3

Table 2 Calculated lignin resin contents in

upper-and under part

Add. ‘ \ 20
NaOH (%)! S | 10
i !
v | ———
pHa Add, i o
: HCHO 0.4 1.2 0.4
separation (mol) 1\
Upper part | 0.6 i 1.6 0
4 Under part | 71.3 | 75.9 | 71.0 | 65.8
Upper part ‘ 2.7 l 2.6 2.1 1.5
4 Under part | 73.5 | 75.9 | 70.8 | 74.3
(%)
80
-
/.
4 — A///'
\‘
60
- pH at the separation
@ o
© 40 . 7}undcr pP.
o 4
. : } upper P,
20
8—"-—.?:—8
0 N
5 10 15 20 (%)

NaOH added to lignin at the activation

Fig.2 Contents of ash in solid



Table 3 Result of the lignin resin prepared from
the refiltrated lignin

|
Test No. 5 6
Sort of HCHC |Paraform- 37% Formalin
aldehyde
Tablled Semeras s el R
pper par 7.4 .
tal i
Tatal salid 'Under part 82.6 80.8
99 Ash }Upper D. 13.8 18.7
Under p. 5.7 5.4
Lignin resin gpger P: 70'; 2.5
nder p, P 73.9
96 ——

Table 4 The content of methoxyl group in the

Tab|e2 Upper-and Under part,
Test No. 1 4 ‘ 5 ’ 6
| ' |
2 Total sotid g Upper p. 31.2 \ 19.7 22.3
Under p. 85.1 ‘\ 93.4 93.8
[c fomt (] Upper p 0.03 0.01 0.03
content (&) ynger p. | s5.62 | 6.8 | 6.28
OCH;group | | ‘
| |
1percentage| Upper p. 0.5 ’ 0.2 0.5
‘ | Under p. | 99.5 | 99.8 | 99.5
2 1 2
2
1
1
0.5
0.5 0.75 2
pH
7 2
5 10 15

Photo.1 The abparaius for preparing of test pieces



Table 5 The physical properties of lignin plastic foam

PhOtO-l (lignofoam); Effect of Na,SO, contents
i | !Compressi -
50)( SOX Specimen condt‘ent of;Content of Density \vc
No. lash (%)‘ (g/cm?®) 'strength
25mm 4 S i o | (kg/em?)
1 | o | 6.4 | 0.067 | 2.9
2 \ 5 4 1L.4 | 0.066 | 2,57
2 3 “ 10 | 16.4 | 0.073 2.64
4 i 15 | 214 | 0.083 2.17
20 ———— e
Size of pieces; 50X50X25mm
60
20 85
1.5mm/min
2
Table5 Fig 3
(%)
]
£ -o- No. 1|
oy - 2
] X~ 3
K L
b
3
<
B
Days
Fig.3 Effect of Na,SO,; on the water absorption
of lignofoam
6.4 2
0.1

No 1 5.6
0.4



1
1
i
0.5 0.5 1.0 80
lhr 2
il
2.6 6 10
10
iii
2 Table 6 Aspect and volatile matter of lignofoam
mixed with thermoplastic resin,
Table6 | | Volati.
Sort I Figure |Aspect |le mat-
e ) ter
Polyethylene (high presure)| fein flake | A 8.9
7 (low pressure)' powder = 7.6
Ethylene-Vinylacetate | fein flake | 7.4
8 3 Butyral resin | powder | H 9.6
Metacrylic resin | 7 i H 8.9
Acrylonitrylstyren | 7 ' X 8.3
) Polystyrene | fein flake | O 8.4
Styrene(monomer) liquid : O 8.1
1 Polyvinylacohol powder I VAN 8.6
8 Nylon ! 7 | O 8.4
1 O good A fair X poor 4 bad
Table 7 Sort and quantity of thermoplastic resins
added to lignin resin
0.6 0.4 1-0 Sort Rate (to lignin %)
80 lhr 8 Nylon ’ 1, 3, 5
Polyvinyl alchol | 2, 6, 8, 10
pH7 T B
1 10
8
PVA 2

Table7



Viscosity

2
150
100kg/cr?
C
vml
wprd -t
y = “PT° -t
8LV
3
S
n Poise S
l o
P g cm lsec -
o
cm -
t | £
/t 1 /t LR Ve ts \ b
Vv sec N
Time
B-C Fig.4 Typical flow curve
(X10° p)
(X107 ®m1/sec)
20
20 b
L3
15 |
15[
ES
o Control 2
e PVA S
)
& 8 Nylon s 10k
10 b &
(d
r 5
’ L s~——0p 3
\A\;
\
0 . 6 10 %) 0 2 6 10 %

Quantity of added thermoplastics
(to lignin)

Quantity of added thermoplastics
(to lignin)

Fig.5 Relation between viscosity and quantity of Fig.6 Relation between rate of flow and

added thermoplastic reisns quantity of added thermoplastic resins



fmax*fmin

dimEe = "
2
2
Fig 5 Fig 6 PVA 6
8
3 4
21 4
20
1
1
0.5
0.5 1.0 70 30min 90  60min 2
pH? 2
2
10 29
lcm 1.8cm 120°  140° 160 30min
Table8
3 Table 8 Properties of foaming agents
Decompos-'
. ition Gas yield
Sert temp. ! * g’rlnel/g)
S S
|
Dinitroso pentamethylen tetram- ‘ 208 ‘ 260
ine (DPT) ‘ 1
DPT 7 +mecdified urea 3 i 134 187
Toluensulfonylhydrazid (TSH) ’ 105 ] 125
Toluensulfonylhydrazone (TSHZ) ‘ 145 | 150
2 Benzensulfonylhydrazid (BSH) 150 120
Fig 7 9
TSH BSH

DPT
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1k * BSH
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Fig.7 Relation between volatile matter and temperature

of foaming with various foaming agents
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A
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o2
m /
/ le]
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Temperature of foaming

Fig.9 Relation between expansion and

temperature of foaming with various

foaming agents

(g/cm?®)

0.15 %

Density
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120 140 160(°C)

Temperature of foaming

Fig.8 Relation between density and
temperature of foaming with
various foaming agents

Photo.2 Comparision of lignofoams that
foaming agent is added (B) and
not (A).



Photo 2 DPT

DPT
5 10 15
150 20min
5 10
15
DPT7 3
5 10
215
100
Volatile matter content (except foaming
PhOtO 3 agent)
3% 10%
Photo.3 Effect of volatile matter on foaming
1
10
DPT
86
80
0 7 9 30min
2g lcm
1.8cm Photo.4 Plastic roller

120 30min



Table 9

Table 9 Effect of volatile matter (except foaming agent) in resin

Dehydration A . c . ! Properties of lignofoam
times on the thSpeC 1? 9 resin on, {* *"71 —————————— T*’ e —
roller (min) LAl | Volatile | Aspect Density ~ Expansion
matter (%) p | (g/cm?®)| (times)
o ) ~ _ |Partial o .
o [1 R R o 1 o 47 _____|big foams | 0.028 {_7772;677774
Resin coil round from the Small and fine| o
o g _|front roller to the back | 84 foams 0.082 1 208
| =
9 Partial foaming i 1.9 ” | 0.031 ; 38.7
[ | | [
30 Foaming on the most parts| 1.6 | " | 0.030 | 35.1
Activated lignin Phenol Formaldehyde
Condensation
Neutralization
Separations to two phases
Under part Upper part
‘ Lignin resin l
Fig 10 Thermoplashcs—»[
[ Dehydration
[ R
l(—Foaming agent
| N [
Foamable lignin resin
DPT7 3 T e T
5 10 Fig.10 Preparation of the foamable lignin resin
2 2 Table 10 Properties of activated lignin liquor
|
Solid (%) l Viscosity (p) } Lignin acid
e Ato Uquor %)
27.40 l 0.17 ' 19.96

80
1 1 4.51



NaOH 20 140 2hrs

TablelO
2
1 37
9dg 1 Tablell
3 Table 11 The conditions of condensations
\
Test Rate of mixing (mol portion) | Reaction condition
T — S R _—
ablell No. lignin : phenol : forma temp.(°C)| time(hrs)
ldehyd |
25 HS0, — __1debyde ——
1 0.50 0.50 0.5 | 80 1
2 0.50 0.50 0.50 : 80 2
3 0.50 0.50 1.00 80 1
DPT 4 0.50 0.50 1.00 80 2
5 0.50 0.50 1.50 80 1
7 3 10 6 0.50 0.50 1.50 80 2
7 0.55 0.45 0.50 ! 80 1
8 0.55 0.45 0.50 80 2
9 0.55 0.45 1.00 80 1
10 0.55 0.45 1.00 80 2
50x 50x 25mm 59 11 i 0.55 0.45 1.50 | 80 1
12 | 0.55 0.45 1.50 | 80 | 2
150 20min o S
4
2
2 200mg BF, Phenol
2
2 Tablel2 2
Fig 11
Fig 12
2hrs
lhr
Fig 13
34 20 2 55 67




Table 12 Proportion of materials after condensations

| |
Test No, | 1 T 2 r 3 ‘
! i i
T B B | |

“6.‘: Phenol (g) 24.0 ! 7 ; Y | 7 ” 7
Qo

z: Activated lignin liquor 117.5 7 ! 7 )| 7 7 7

w0 & (g) I ‘

° Formalin (g) ‘ 20.3 ‘ 20.3 40.5 ‘ 40.5 60.8 60.8

E \ \ |

= S S e i T . S

Add, 25%H,S0, (g) 28.0 | 28.0 ‘ 29.0 | 28.5 31.0 28.0
!
Caled. total solid*, (g) |  67.4 J‘ 67.4 | 7.3 | 75.0 83.5 8..4
1 J | -

—S—Upper part([)and ‘ ' l ’ | [ ! ‘ | ‘ ‘
glunderpareery ol la b ol ol
| | | | | i [

g‘ Solid (%) ( 13.6 54.4 13.3} 54.8 14.8‘ 61.8 12.6 63.8. 14.6‘ 64.9 10.9; 67.2
Q| | | I i i
?| Quantities of solid (g) | 13.5 46.2] 12.9 47.1 18.6 51.3 15.5 54.9‘ 21,5 54.9 14.7 61.2
g { ! ‘ ‘ ! i | 5 \ | ‘
L) Yields#, (%)] 20.0. 68.5) 19.1‘ 69.9| 24.7‘ 68.1) 20.6‘\ 72.9, 25.7) 65.3f 17.8" 74.3
< . a ! !
{ ‘
Test No. j 7 ‘ 8 ] 9 ‘ 10 ‘ 11 l 12
I {
al 1 [ ! ; | |

“3'51 Phenol (g) 21.6 ‘ 7 | 7 ‘ 7 l‘ ” ‘ Vs
3|

£7%. Activated lignin liquor 1 129.2 7 ‘ 4 | ” ‘ 7 ‘ ?

w0 £ (g) i | ' |

g ! Formalin (@ | 20.3 ‘ 203 | 405 40.5 | 60.8 ’ 60.8

] | |
1 ' 1 ] T
Add. 25%H,S0, (g) |  31.0 28.5 30.0 |  28.5 30.0 280
Calcd. total solids, (g) ‘ 68.8 67.9 ’ 76.0 } 75.4 83.5 ‘ 32.7
S Upper part(])and i l i [ ‘ ’ i | i ‘ .
! Under part(]) IR S S | 1 LI T S A R R A
8 | i | |
§1 Solid (%) | 14 4| 59.8% 12.9 57.8“ 14.7. 61.6, 12.0‘ 64.2! 13.0f 61.7, 10'1 60.3
Q| | | i |
2| Quantities of solid (g) 17.7| 45.7. 14.6 48.3] 19.7] 52.1 15.4 55.2. 19.4‘ 54.9‘ 13.3] 63.3
-1 ‘ ‘ | |
Qo |
;’ Yield*, (%) | 25 7) 66.4 215 71.1] 25.9 68.5 20.4; 73.2 23.2 65.7, 16.1 76.5
ﬁ 1 I I I :

#1 Calculation method of total solid =Solid in preparing + Quantity of added 25% H,SO,
1 ( 96 34
X7y *\eg " o8 )
*» Yields=Rate to calcd, total solid

(o)
80 [ Lignin : Phenol  Condensation time (hrs)
—o¢— 0.50:0.50 1
" ---0-— 0.50:0.50 2
= ot —a— 0.55:0,45 1
> pmm—— b= 0.55 50,45 ?
o \A
60 b

0.5 1.0 1

v

HCHO “mol)
Fig.11 The relation between prepared HCHO and yield in under part (in Table 12)
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70 F
S }
%] AT e
S 60f A
5
@
Tablel3
50 |
90
L 1 I n
0.5 1.0 1.5
HCHO (mol)
Fig.12 Relation between prepared HCHO and solids
in under part
BF; Phenol
Table 13 Compositions of under part
Fi — -
g e Te‘str No: \ 3 | . ; "
14 lignin resin 94.94 91.73 93.72
non-resin 0.92 1.22 1.19
ash | 4.14 7.05 5.09
%)
st
0.51
6 F
0.11 0.12
G
o
4t
2t
0.5 1.0 1.5
HCHO (mol)
Fig.13 Relation between prepared HCHC and ash in
under part
(mol/100g)
0.8+
0.35 0.82 /1009 &
o 0.6}
1.5 =
0.4+
% 2 .
150 0.5 1.0 1.5
HCHO (mol)
Tablel4

Fig.14 Water produced in the reaction of lignin resin
with BF3-phenol reagent



400kg/cm?

Tablel5 Tablel6

150
10

poise

1
2 2 2

80

Fig 11

Table 14 Relations between viscosity (poise) of

lignin resin and condition of condensation

X poor H bad

. Prepared
{ “\HCHO (mol
Lignin : S )
Phenlo . 0.5 1.0 .5
‘Condensatik
e {timegr(hrs) D I R R
J 1 401 3,009 | 12,035
(10) (20 (100)
0.50 : 0.50 e — —=
9 | 2 881 | 15,585 _
o R R B (10) (150) o
\ 1 1,311 | 6,563 | 9,026
(10) (200) (300)
0. . el B —
53 ® Uud3 | 2 4.012 | 64,184 .
_ I ol ol
Parenthesis means pressure (kg/cm?) at the
determination
Table 15 Aspects of lignofoam
. Prepared
. HCHO (mol)
Lignin : \\\
Phenol . 0.5 1.0 1.5
Condensation
e times (hrs) |
1 O (@] X
0.50 : 0.50 2 o A =
1 ) © #
0.55 : 0.45
2 © # | 0#
© excellent O good A fair

Table 16 Relation between compression strength

of lignofoam and condition of condensation

Prepared '
HCHO (mol) |
I
Lignin :
Phenol 1:0 1<5
Candensatmn ’\
times (hrs)
| 0.44 1.29
| (0.057) (0.058)
y .50 e —_
0-50. +10:5 2 0.75 0.66
S - | (0.056) €0.055);
1 I 0.63 1.68
(
0'55 0'45 O U S — 7(99,5,3) 0'@,2,>‘_
5 1.03 — |
' €0.059) !

Parenthe51s means density (g/cm?) of lignofoam



3 140  2hrs

25.98

0.55 0.45
Tablel7

29
1cm

150 20min

50x 50x 25mm
25mm
24hrs 6 5mm

105

A& . 100

I

V)
BAK (5) =

i

Tablel8

Fig 15

16.65

60
20

80
Table 17 The conditions of condensations
Test No, Prepared HCHO (mol) Condensation times
L o (hrs)
1 0.7 1
2 0.8 1
3 0.9 1
4 1.0 1
5 1.1 1
6 0.5 2
7 0.6 2
8 0.7 2
9 0.8 2
(%) caled,
35
:é’ 34
= e —)
(2 33 a /%/‘/. \D
32 T
e (%)
58 o) S - o0
= . e T
o =
; Sn Condens. times
=60 —_—— 1hr
[ G- 2hrs
(C.P)
o
50 A 7
\\\A ///
» 40 ey
& 30
(8]
> 20
10
N i . . . . .
0.5 0.6° 0.7 0.8 0.9 1.0 1.1

HCHO (mol)

Fig.15 Relations among solids, yield of lignin resin,
viscosity of condensate and prepared HCHO



(X10% P)

i
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9(15'69'.7

S 3k
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e s
4___‘&// —o0— condens,time 1hr
1 - 7 2hrs
L N . i . .
0.5 0.6 0.7 0.8 0.9 1.0 1.1
HCHO (mol)
Fig.16 Relation between viscosity of lignin resin
1.1 thr o
nd prepared HCHO
1
1
0.8
2hrs 1.1 lhr
70
150
Fig 16 50kg/cm®
0.7 lhr 0.5 0.7 2hrs
0.8 2hrs
2hrs
lhr 1.1
Table 19 Effect of prepared HCHO and condensation times on the
properties of lignofoams (Free foaming test)
Test No. {1!2}3 4\5‘627!819
i | ! | i !
Prepared HCHO (mol) | 0.7| 0.81 0.9 l.Oi 1.1! 0.5{ 0.6‘ 0.7 0.8
| | ‘ i
Condensation time (hrs) 1 L 1 1 1| 1% 2 2 2 2
i | | i I
Density before foaming (g/Cms}!‘ 1.1631 1.138‘ 1.171 1.157i 1,187 1.146. 1.17zi 1.161]  1.096
i | i
Density after foaming (g/cm”)l 0.026 0,038| 0.038  0.037 0.039  0.033 0.032’ 0.034 0.037
1 i | |
Expanding rate (times) 1 89.75  27.59  28.22 28.34 27.49 3176 33.04) 30.73) 26.71
i i [ ! i § '
Total solids (%) \ 10.23 8.51 8.80 9.37 9.49 10.00' 9.61| 8.80 9.77

|




Table 18 Proportions of materials after condensation
Test No, 1 2 3 4 5 6 7 8 9
Prepared HCHO (mol) 0.7 0.8 0.9 1.0 1.1 0.5 0.6 0.7 0.8
Condensation times (hrs) 1 1 1 1 1 2 2 2 2
L)
- .m Phenol (g) 23.6 v ” 7 ” 7 2 ” 7
°% ) A
m.m WM“MM.»K& lignin (g) 170.0 7 7 7 7 ” 7 7 ”
1]
w Formalin (2) 31.1 35.5 40.0 44.4 48.8 22.2 26.6 31.1 35.5
§
an pH 10.31 10,31 10.27 10.25 10.46 10.47 10.68 10.70 10.51
Q
%.m “| Viscosity (p.) 0.24 0.24 0.23 0.32 0.19 0.48 0.42 0.40 0.53
m m Solids (Found %) 32.8 33.6 33.4 33.5 33.0 32.7 32.3 32.8 33.2
o9
m,m (Caled.%) 35.09 35.12 35.16 35.19 35.23 35.00 35.05 35.09 35.12
&
Add. 25%H.SO, (g) 25.0 24.7 23.9 25.5 26.3 24.0 26.1 25.7 24.9
pH after neutralization 6.66 6.10 6.69 6.13 6.53 6.32 6.47 6.32 6.20
g
el Upper and Under part I I I I I I I I I I I I I I I | 1 I
8 (I a8 )
a
L2 Solid (%) 15.88 66.82 15.71 61.29 18.58 63.23 15.30 64.50 19.53 66.09 17.68 63.48 14.60 66.23 15.22 66.76 14.24 67.97
Q
m 7 (g) | 23.85 54.32 22.21 54.98 27.68 56.72 23.81 57.79 31.50 57.28 32.02 51.74 21.72 52.98 22.72 54.94 | 21.64 56.08
Yield of lignin resin (%) 69.67 69.20 69.91 69.33 67.91 70.87 68.53 69.90 67.97
Ash in under part (%) 5.92 6.44 6.38 5.97 5.03 7.11 5.71 5.79 5.17




Tablel9
No 1 6 7
Fig 18
1.0
2hrs 1.1
0.5 0.3 0.5
JIS JIS A9511 1
24hrs 6 5mm
mm
21
0.45
1.0 80
80 2hrs

Fig 17

(kg/cm*)

= 3 "
s A
B e
=}
S 2 .’,g/
fa) J/ —0O— Condens, time 1hr
'd
g 1 P cea /\ e » ohr
s .
(X107~ %g/cm?)
6t a0 —0
> LS. s
= 5T
.!I)
g
a 4

0.5 0.6 0.7 0.8 0.9 1.0 L.

HCHO(mol)

Fig.17 Variations of density and compression strength

vs. prepared HCHO
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S 0.7} \
bey X
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2 Y o
S 0.5 \ / \0
= kY o 0.
2 \ ,/A \o
g S
Z 0.3 ~a
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6 RYASE # 2hr
z 1}
= 5 ,,_&___M O "0
g &=
o
A 4
N L " . " _ P
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HCHQ (mol)

"ig.lS Variations of density and water absorption vs,

prepared HCHO

Fig 17 5
Fig

0.55

0.65 0.35
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Fig 19
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Fig 19 The structure of the main part of intensive

mixer




Photo.5 Intensive mixer

2hrs 2 2 2

2
0.55 0.45 1.0 0.50 0.50 1.0 80 lhr
501 1001
3
pH
8
1 90
1.81
5 10
50x 50x 25mm 50 150  20min



Table 20 Material valances of the condensation products

T~ Test No, | N ’ .
3 2 — 7] R—2 R—4
[ ‘
321 2 Lignin : Phenol : HCHO (mol) [0.50:0.50: 1.00%0.55 0,45 1.00
Condensation temp. “Ccy | 80 ‘ 80
Condensation time (hr) | 1 ; 1
2 Capacity of reaction kettle(/; 50 100
Table20 o | |
! Phenol with 10% H,O(kg); 6.06 | 9.09
=1 \
i
g: Activated lignin (kg): 27.30 59.99
3! liquor |
501 %5 Formalin (k)| 9.42 15.68
- !
- - 1 = s e e S — SN
2Imin 1001 g
¢ | Total 42.78 ‘ 84.76
- [N 1
23min a - " i
- |
g9 pH — ! 10.60
w O 3| i
1001 °g )
o © 2 Viscosity (e.p.) - ‘ 20.0
Lz A !
ne | Solid (Found) % 35.70 32.65
2s | ; ;
Fig 20 °g | (Calea) % i 38.31 | 34.67
A R ~
Added 47.5% H.SO, tkg) 2.74 | 5.66
pH after ncutralization 6.45 : 6.30
=] - i -
2 2 2 -§ Upper part(]) and I | 1 |
@ Under part([)
g Total weight. (kg)| 25.30 18.71 | 52.82 34.90
| |
2 Solid (%) 17.11 62.58 14.91 61.30
No R 4 o = ® |
P (kg)| 3.33 11.71 | 7.88 21.39
< ! S
=3 S _ ‘
_ S| Yield of lignin resin (%) 68.04 | 68.81
5 |
= Ash (%) \ 6.26
\
2 s)
. (nc)
80 o—owﬁbn.__n_ﬂ_a—o-w\
2 60t
2
«
b
(]
£
o 40
&
20
No R 4 P . . .
10 30 50 70 90 110 (min)
Time
Fig.20 Relation between the condensation temperatures
and heating time
150 3,406poise 50kg/

cm? 1001



50% 50mm R 4
5
12.5
Table2l Table22
10.0
Fig 21
25mm

0.05 0.06g/cr

6kg 8kg

Table 21 Free foaming test of lignofoam
prepared in test pilot plant

e __Test ] VNo. R—4
Add. foaming agent 5.0 7.5 10.0‘ 12.5
|

Density before foaming ! 1.250 1.216 1.246] 1.226
(g/cm?®)

Density after foaming ‘ 0.066 0.048 0.038 0.032
(g/cm?®)

Expansion (times) ' 17.49 23.12 30.10 35.10

Total volatile matter (%) 7.80 8.73\ 9.13 9.58

Table 22 Relation between compression strength
of lignofoam and added foaming agent

- Test No.mi ‘ R—4

Add. foaming agent (%) 5.0 7.5 10.0‘ 12.5
|

Density (g/cm® 0.063} 0.060, 0.058 0.054

Compr. strength (kg/cm?) 1.86)  2.74  3.200  2.24
|

(g/cm?)

0.15

o

0.10}

Density

0.05¢

0.00 o 5 10
Thickness from center

1‘5 {mm)

Fig.21 Distribution of density in lignotoam

Table23
90min 90



Table 23 Dehydration test with the kneader

T _ 1 _
Test No. l & 2 e ,77_17{ _4 i
S | |
e N—1iN—2|N—3‘|N—1 N— 2 N—3 N— 4
' : | : i
_ [ | - - __iPolyvinyl | Polystyr-
Thermo Sort ‘ - | alcohols Nylon ene
plastic resin| Rate of addition(%) —‘ = — *: 1 1 1
| 5 -
Weight (kg) 7.60 6.92  5.92]  8.06 8.08 8.07 8.07
Charge | |
Solid (kg) 4.76! 4.33 3.70] 4.94 4.97 4.96 4.96
e —] —
Vaccum (mmHg) 220/ 270 334 200 295 305 297
Conditions | ‘ i
of Temp. ey j 80 82 82, 80 80 80 80
Dehydration i ! ! |
Time (min) 88 86 81 97, 86 87 89
! 1 — ' L SN
| |
Weight (kg) | 4.44‘ 4.70,  3.45  4.95 5.05 5.07 5.08
: ! ! |
Yield Solid ) | 88.20 86.40l 87.80  90.90 90.40 90.20 90.50
i | ]
” (kg) | 3.91 4.06.  3.03 4.50 4.56 4.57 4.60
! | i i
90 (Amp.)
4 3
il ]
g o
<
-
(93
g
<2 °
N R 4 N 1 1 \o_/
Fig 22
0 .20 40 60 80 100 120 (min)
Time
Fig,22 Load in dehydrating with the kneader
60
100.5
2
90
60
1.5 1.7kg S550r p m 100r p m
7r p m 10min
10min

No R 3 No R 4 501



Expansion

(Times)
|

10 F
b
A/ Test No. Preparations of foamable lignin resin
30
g —o— R~—3 Dehydration on water bass (90°C)
—@®— R -3 Dehydration with the Kneader
A — R -4 Dehydration on water bass (90°C)
20 r
aY
“
T, . . ‘ .
5.0 7.5 10.0 12.5 %)

Added foaming agent

Fig.23 Free foaming test of lignofaom ;Relation between expansion rate
and added foaming agent

1,003poise %)

5 12.5

—_
o

50% 50mm F

Volatile matter

/2/
No R4 R 3 8'/
) A

‘r‘_‘,l A A i 4
5.0 7.5 10.0 12.5 (%
Fig 23 26 Added foaming agent
Fig 23 Fig.24 Realtion between volatile matter and added

foaming agent

(X107%g/cm?)

R 6F ‘ .
F.lg 24 Foaming
in apparatus
2 s5f
2
&
]
R 4t
Free foaming
3 -
x>
{¢ 1 i Il i o
750 7.5 10.0 12.5 (%)

Added foaming agent

Fig.25 Relation between density and content of added foaming agent
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Fig.26 Relation between compression strength and
expansion
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Fig 27 70F temp, in blending room

No R 4 N 2

0 2 4 6 8 10 12 14 16 18 23 (min)
1.6kg Mixing time

1089 1min Fig .27 Relation among variations of amperage,
rotation number of motor, temperature and
mixing time in Intensive Mixer

2min
68

88



No R 4 4 50x% 50
mm Table24 Table25
Table2l
7.5 30
7.5

Table 24 Properties of lignofoams prepared with various thermoplastic
resins (in free foaming)

o e Test No. o _7777777757 . 4 [
T N N—1 N-— 2 N— 3 ‘ N— 4
s ¢ Polyvinyl- |
Sort of added thermoplastic resin ‘ — 9 y:ll:ghol | 8 Nylon Polystyrene
Rate of addition (%) - 1| 1 1
Rate of addition of foaming agent(%) 7.5 7.5 7.5 7.5
Density before foaming (g/cm?) 1,288 1,275 1,290 1,294
Density after foaming (g/cm?) 0.039 0.042 | 0.038 0.046
Expansion (times) 29.02 26.48 | 30.11 25.10
Total volatile matter (%) 11.75 11.75 11.95 ! 10.86
Table 25 Properties of the lignofoams foamed in apparatus
T — Test No, — - R ,,,i,,_li* S A ———
i | |
e N— 1 ‘ N— 2 | N— 3 N— 3
Density (g/cm?) 0.058 ‘ 0.057 0.057 “ 0.057
Compression strength (kg/cm?) 2.78 ‘ 2.69 1.92 L‘ 2.39
32 3
1
No R 4 N 1
2
5
i
19
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2
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‘7:» Fig 28 Table26
LAV o
GOt
50 b Table 26 Properties of the foamable
lignin resin powder
40 Item Determination
o L | value
30 i
Angle of repose | 65°40"
b Specific gravity 'i 1.346(g/cm?)
— i
) 200 2 Bulk density 0.323(g/cm?®)
o} ‘
: L 2.5 Void volume } 76.09%
ol— B—k—\————\—.——«—m—;—{—?r - T
40 50 60-70 80 90100110120130 140150 200 (e,

Size of particles
Fig.23 Size Distribution of the foamable
lignin resin powder
200y

65
20 66 40 S0y 400



1 2
60 1
27.36 19.78
1 3 NaOH 20
140 2hrs
0.55
0.45 1.00 80 lhr
2 2
1
80
7.5 DPT7 3
2 3 3
1
Table27
Fig 29 1 11.60
459.23kg 1263kg
Table27 1
Table28
Table 27 Necessary preparation times in each equipment per 1,000kg wet kraft lignin
| | ) i |
Equipments | Reaction cylinder for Condensation! Vessel for Kneader | Intensive
o activation | kettle B ?‘,eufiwﬁtiﬂ‘im, o mixer
Process | Continous activation Condensate | Seperation Dehydrating ;‘Mixing of

! reaction | to two part | & blending [foaming agent

1
Necessary | 52.0 30.6 17.8 ! 117.3 92.3

| |

times (hrs) -




Wet kraft lignin
1,000

Naon
54,84 Water 1% ~— 39.56
=
726.40 | %
BN Water soluble
b materials 75.80
Mixing
Steam =l
Skg/cm3, =
Pkgiomy) Water |
2
712.92 LA | 4
o
ivati
ASERAVDR Loss 21.89
64% Water soluble materials
Loss g‘\“ =l l/ and NaOH 96.74
) Water |'g i 2
Nesemnry quanitty of o 3 5 [Phenol containg 10% water |
heat for the reaction =
796.98 [
Steam o
=
v’)
<
Y)
Condensation
Loss 20% ——»
Necessary quantity of .
heat for the reaction Water | Solid
80% — 3
989.98 |s525.55| o HaSO,
105.62
Separation
to two phases Loss 48.63
2 Upper part
= X0
S8 |\ 946.69
oY
Steam >EX
lThermopIastic resin
E Solid
73\ 383.57 %3.84
Dehydrating and Blending in kneader
Loss 20% \>/Dehydrate 199.11
Necessary quantity ofX(/
heat for o= .
dehydrating 5 | [Foaming agent
Volatile matter 43.05 = @ R 28.77
t- Blending in intensive mixer
Volatile matter 53,97 4o
38
@

Foamable lignin|
resin

459.23

Each value means kg.

Fig.29 Materials and heat valance on the preparation of foamable

lignin resin



Table 28 Necessary electric power in each equipment per 1,000kg wet kraft lignin

Item : Activation ‘l Condensation Neutralization Dehydrating and blending
— | x !
Gear pump 2 ’ } ‘
iPlutnf.e; typfn 1‘ | | Kneader ‘ Intensive
Equipments /Meteringpump Agitator Agitator 1 |
!Agitator 1 J vaccum pump mixer
\Reaction ‘ ‘
| cylinder 2 | i
Necessary | ?
electric power 289 12 ‘ 14 526 | 844
(KwH) i
Table 29 Necessary quantities of chemicals,
4 2 electric power and steam for the
preparation of 1,000kg foamable
lignin resin
Necessary |
Silit 7ﬁ‘ggantijym ‘Percentage
Kraft lignin ' 430.73kg
0.55 0.45 1.00 Phenol 318.54kg
Caustic soda 86.15 7
11.60
37% Formalin 610.58 »
1 Chemicals
Sulfuric acid 103.50 ~
Table29 Thermoplastic resin 8.36 7
Foaming agent 62.657
‘ Activation 629 KwH 17.14%
Condensation 26 7 0.71~
Electric
Neutralization 30 ~» 0.827
power
Dehydration 2984 ~# 81.337
| Total 3669 # 100.00 7
Activation 1552k g 56.46%
Condensation 411~ 16.04 ~
5 Steam
Dehydration 756 7~ 27.50 7
Total 27497 | 100.004
Fig 1 Foamable lignin resin 1000kg’

Fig 10

0.6 0.4

0.5 0.5




1 pH4 7 2500r p m
10min 1.4x 10° 2
6.7 8 96
99 Na,S0,
Na,SO,
2
2
10 1 10
8 3 8
2
6
8
3 4
3 100 200
10 120 160
7 3
5 10
4
3.4
5 0.50
0.55 0.50 0.45 0.5 1.5 1 2hr 80
0.55 0.45 1.0
80 1
3kg/cm? 0.06g/cn® 0.24 0.04g/cn?
JIS A9511
2
501 1001 1501 2 121



W EIDTBROBKER, BIO®1.8L BA VI vy 7 i~ X5 MADERT Ly —
HO/NHBAEERR A B 27 5 7o

D V7 =viEofas L0 2 BRI ST 28RS X 0T KO EF S IR,
REERBR &2 FEFR LR R L, AT M OREIE, FRAEE S X O R ALA O E
WE R L OMWEMBELD b+ ARRARERLCBHTE L LD bR D,

2) =~ - XDBUKBHRBROBR, KRBEMHAN CRER90% & THIKWTHE THh
D, FREARBUHBIERINC L AERITITLAERD LRV,

3D ATy T IFy - ILEHEARL, Y v MEE 60°C, £HIREL1.5~1.7kg,
£~ 2 — AR 550r.p.m. & L, M#0107 RHIEE © 2 CTIAERHRM L7255 #% 5 ~10
BT, IHII0DHEHEM L Tl 278 » 7o TOMERM & L TE, EHIGEZMHIC I W
THRRAFTRP DN 20U i s S MATTREB LI L A EEDIV ERRMENOR
BEEEogHRE & bic EFAL, —EBRBAORMSMAALNI, ok, RPEE ClE
TRt vy vy 7 2y —CRET2EHG, BRUAOHEMELT.S BT+ TS,
4 FEWHEY 7= vEIRRBLHCEEE SN, &R0 350 258 40~50¢ OB T & o
Bo ToRITIED.346, ZHE0.323, HEKIT6.09% Th b, HEMT 65°40" » & ik
HHETHD

@) F&EM Y 7 = Rl O B AT

By 7 = 1,000kg (BB 27.36%, V 7 =vEE19.78% ) X b #EREN11.6% (N
HOMESHET) ORI Y 7 = vHlilF 459.23kg 2 WETHHAOWE S L BN X%
Fig.29 xR L, TR HMERENELHE L T LN ) 7 = v§fF 1,000kg %
BT A E LR AL A B Ue (Table 29) o

3L ik
(1) Schulered C., Doughty J. ; Tappi, 44, 11 (1961).
(2) Stenmark G., Weiss F. ; Anal. Chem., 28, 260 (1956).




