Continuous Carbonization of Fine Wood Waste for Industrial
Raw- materials
Fundamental design of test plant
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Table 1
Classification of ovens and retorts used for wood carbonization
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Table 2
Yields for experimental heating programs sawdust

rar 7 a
No, Ux #w O 5 U3 &
program yield v.m, ash
No, % % %
1 30.8 34 2.6
2 31.7 (35 2.1
3 24.6 ! 3D 2.4
4 32.7 (32) 2.1
5 31.3 (35) 2.2
6 29.0 25 2.1
7 31.8 25 2.1
8 28.1 25 2.2
9 29.1 30 | 2.2
10 | 24,3 25 2.2
2
1
7

4000 5000 rpm 3 m/m@
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Table 3 )
Yields for experimental heating progran bark
| | AEEME
- i | m o= ' % Apparent specific gravity
| ! . BEIART P LE#E LT
Species i Yield | Ash Filled softey Lightly
! compressed
% ' % g/cm?® __ g/em?®
Todomatsu 39.611 6.1 0.09 0.12
Ezomatsu .32 67 0.08 0.13
Mizunara 44.63 | 13.1 0.08 0.13
Shina 36.78 8.1 0.09 0.23
Makaba 36.19 7 6.3 0.23 0.32
Sen 33.56 | 9.9 0.10 0.17
Akadamo 43,20 3 16.8 0.14 0.29
Average 41,05 | 9.6 0.12 0.20
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Heating program for bark
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5 36.2 48.3
6 17 10
0.12 0.32

Klason r

400 18
20 42H 620 25 CasH 2205

41.1 1
0.08 0.23
Table 3
50 200
23.7kg/hr
5.9 kg/hr
25
75
25
80.0 4.3
CsoH 10205

25.1
6,766 kcal/kg
3,200 kcal/kg

15.7



1 kg kcal/kg

25 1 1,700
74.9 2,400
6 v 250
4,350
4
1
CsoHi10,05, 500, 5000, 51H,0
2
1 kg
39.5 0.296 kg
H o 6.7 0.050 kg
53.8 0.403 kg
3 1 kg
Co, 44
0.296x 1.085 kg
12
HO 0.050 0.403 0.453 kg
32
0 0.296x 0.789 kg
2 12
1
0.789x% 3.416 kg 2.64 Nm
0.231
q 0.3 3-416x 1 0.3 4.441 kg 3.43 NP
4.441 3.416 1.025 kg
N, 4.441x 0.768 3.411 kg 2.73 N
0, 4.441x 0.232 0.789 0.241 kg 0.169 Nm®
30 80
22.4
4.441% 3.430 Nm?
29
0.04326
3.430x ——— 0.144 Nm®
1.033
0.116 kg
25 1.000x 0.25 0.250 kg
0.453 0.116 0.250 0.819 kg 1.019 Nm®
5



75 25
30 100
1 kg
7 25
Ix ——— 0.5 kg
100

100

3,738 keal/kg

685 kcal/kg

685 x 0.5 343  kcal

100

343x 1,144 kcal

30
1,144
0.306 kg
3,738

C.oHe,0,,  43Y,0, 4200, 31H0

(607

H0

02

0,

49.7
6.2
41

1 kg

0.497x

1.821 kg

0.062x

1
43Y/,x 32x : 1.37

1
1.37% 5.91 kg
0.232

a 06 591x 1 0.6
6.46 5.91 3.55
9.46x 0.768 7.26
9.46 7.26 1.37

30 80
0.04326

0.93 Nm?

0.553 kg  0.69 Nif

kg
4.56 N

9.46 kg  7.30 N
kg 2.74 Nn

kg 5.81 Nm?
0.83 kg

7.26x ———— 0.304 Nn®

1.033
18
0.304x

0.24 kg
22.4
100
1.00x

1.00 kg
100

0.55 0.24 1.00 1.79 kg

1.24 Nm?

2.23 Nm?



1kg 1.25kg 0.749 kg 0.999 kg
0.306 kg 0.612 kg Table 4
Table5 1
Table 4
Composition of combustion gas and necessary air per kg of dry raw material
5 = o w8 7 = wmoB om B i
pl Carbonization gas | Auxiliary fuel Total
Gas kg Nm? kg | Nm? kg | Nm?
CO, 1.09 0.56 0.56 ‘ 0.28 1.65 0.84
H,O0 0.82 1.02 0.55 0.68 1.37 1.70
N, 3.41 2.73 2.22 ‘ 1.78 5.63 4,51
O, 0.24 0.17 0.25 ‘ 0.18 0.49 0.35
Gw (EBBREEY 2) 5.56 4.48 3.58 | 2,92 9.13 ‘ 7.40
Gd (BephBEHs =) 4.73 3.45 3.03 2.24 7.76 | 5.69
Whole necessary air 4,44 3.43 2.89 2.23 7.83 5.66
Theoretical necessary air 3.42 2.64 1.81 1.40 5.23 4,04
1kg
Table 5
Composition of combustion gas and necessary air per hour
. = 51 A I M B om H t
i Carbonization gas Auxiliary fuel Total
Gas kg Nm?® kg J Nm® | kg Nm?
CO, 25.8 13.3 13.3 6.6 39.1 19.9
H,O 19.4 24,2 13.0 16,1 32.4 40.3
N, 80.8 64.7 52.6 42,2 133.4 106.9
O, 5.7 4.0 5.9 4.3 11.6 8.3
Gw 131.7 106.2 84.8 | 69.2 216.5 175.4
Gd 112.3 82.0 71.8 53.1 184.1 135.1
Whole necessary air 105,.2 81.2 68,5 ‘ 52.9 173.7 134.1
Theoretical necessary air 81.1 ! 62.6 42.9 | 33.2 124.0 95.8
23.7kg 1hr
a 0.3 0.6
3.0 80

400

25 kg 5 450
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C 0.266 0.00116 6

0
a 5 100
Cave® ™ 0.324

0.324x 100 5  30.8 kcal/kg

b 100 200

Cave®® 2 0,440

0.440x 200 100 44.0
c 200 250

kcal/kg

C® 0.498 C* 0.556 250

> / 0.445
0.498 0.445
Cave®® %0
2

0.472x 250 200  23.6
d 250 300

0.472

kcal/kg

c®  0.614 50 cX / 0.307

0.376 kcal/kg

kcal/kg

c/ 0.256

0.282

kcal kg

0.084

0.445 0.307
Cave™ %0
2
0.376x 300 250 18.8
e 300 400
¢ 0.730 65
0.307 0.256
Cave™® 40
2
0.282x 400 300 28.2
f 400 450
CHo ®00.24
35 clo 0y
0.084x 450 400 4.2 kcal/kg
a 5 100

0.25x 1x 100 5 23.8
b
0.25x 585 146.3 kcal/kg
c 100 200
Cp 0.49
0.25x 0.49x 200 100

kcal/kg

12.3 kcal/kg

20



d 200 25

0

0.25x 0.49x 250 200 6.1 kcal/kg
e 250 300
0.25x 0.49x 300 250 6.1 kcal/kg
f 300 400
0.25x 0.49x 400 300 12.3 kcal/kg
g 400 450
0.25x 0.49x 450 400 6.1 kcal/kg
a 200 250
200 0 250 20 10
Cp ave®™ ® 0.5 0.1x 0.5x 250 200 2.5 kcal/kg
b 250 300
300 50 35 0.35x 0.5x 300 250 8.8 kcal/kg
c 300 400
400 65 58 0.58x 0.5x 400 300 29.0 kcal/kg
d 400 450
450 75 70 0.70x 0.5x 450 400 17.5 kcal/kg
250 kcal/kg
a 250 300 100 kcal/kg
b 300 400 150 kcal/kg
Table 6 Table 7 1 23.7 kg
Table 6
Heat consumption in carbonizing tube per Kg of dry raw- material
B OB B CO ‘ FuR Heat c‘;‘:‘;’fiﬁm aRm | 2 3
Temperature range Mood” | Misisture [Carboniza- | “poi ff | position | Rest
5 ~ 100 | 30.8 23.8 — 54.6 — 54.6
Evaorating heat ’ — 146.3 — 146.3 — 146.3
100 ~ 200 44,0 12.3 — 56.3 — 56,3
200 ~ 250 23.6 6.1 2.5 32,2 — 32.2
250 ~ 300 18.8 6.1 8.8 33.7 100.0 —66.3
300 ~ 400 28.2 12.3 29,0 69.5 150.0 —80.5
400 ~ 450 4.2 6.1 17.5 27.8 — 27.8
Total 149.6 213.0 57.8 420.4 250.0 170.4
Kcal/ kg




Table 7
Heat consumption in carbonizing tube per hour

Heat ti
B OE 8 CC) BHEE ea co;s:’m ption Dﬁ % = 3
i i A = ecom-
x ## K S L N 3t T
Temperature range . Carboniza- position Rest
Wood Moisture tion gas Total heat
5 ~ 100 730 | 564 —_ 1,294 — 1,294
Evaporating heat - 3,467 — 3,467 — 3,467
100 ~ 200 1,043 292 ) — 1,335 — 1,335
200 ~ 250 559 145 59 763 — 763
250 ~ 300 446 145 209 800 2,370 —1,570
300 ~ 400 667 292 687 1,646 3,555 —1,909
400 ~ 450 100 145 415 660 - 660
Total 3,545 5,050 1,370 9,965 5,925 4,040
23.7kg kcal/hr
8
1 Hn,
23.7x 0.49 17.8 kg/hr
Hg, 17.8x 3,200 56,900 kcal 56.9 Mcal
Hn, 56.9 0.685x 19.4 43.6 Mcal
2 Hn,

3,738 kcal/kg
0.306x 23.7 7.25 kg/hr
Hn, 7.25% 3,738 27.1 Mcal
Hn
Hn Hn, Hn, 43.6 27.1 70.7 Mcal

3
23.7x 0.324x 30 5 192 kcal 0.2 Mcal

15 Cp 0.5
17.8x 0.5x 150 5 1,200 kcal 1.3 Mcal

5
Table 7 5,925 kcal 5.9 Mcal
6
Hn 10
10
70.7% 7.1 Mcal
100
7
Hn 20
20
70.7x 14.1 Mcal

100



Hh 10
10
70.7x —— 7.1 Mcal
100
9
Table 7 9,965 kcal 10.0 Mcal
10
75 25 80
B 25
23.7 x ————x 0.68 8.1 Mcal
100
23.7x 0.324x 80 5 0.6 Mcal
8.1 0.6 8.7 Mcal
11
85 Cp 033 330 Nm® 5
19
X
8% 5 — X
330% 0.33
X 8 5 x330x 0.33 8.7 Mcal
12
1 5 6 11 43.6 27.1 0.2 1.3 5.9 7.1 141 7.1 10.0
8.7 8.7 78.1 55.7 22.4 Mcal
Table 8
Heat balance
A # Heat input [ H # Heat output
. . #oOE o= . ENE TR
Calorific i Calorific
value Percentage value Percentage
Item * | Item *
Mcal/hr. % i Mcal/hr, %
Calrific value of carboniza- i —
T g;s v of carboniza 43.6 55.8 ?oe;;ul;:ii:n incomplete 7.1 0.1.
Calorifi s Heat loss on overall trans- -
fuaelorl fc value of auxiliary 27.1 34.6 mission of combustion 14,1 18.1
chamber
Sensib.le heat of dried raw - 0.2 0.3 Heat loss on overall trans-
material . . mission of heating chamber 7.1 9.1
Sensible heat of Heat consumption in
carbonization gas 1.3 1.7 carbonizing tube 10.0 12.8
Decomrposition heat of raw- Heatloss on overall trans-
material 5.9 7.6 mission of dreyer and ducts 22.4 28.7
Evaporative heat of moisture
in dryer 8.7 11.1
Sensible heat of waste
B combustion gas 8.7 1.1
Total 78.1 100.0 Total 78.1 100.0

1 Mcal 1,000 kecal




Table 9

Material balance per hour

A £  Input [ My &  Output
H B % H =4 £
Quantity Quantity
| | Percentage
Item kg | Nm? Item kg Nm?
v.%
Raw-material 23.7 B{ri?dt raw-;ﬂgt?r;al 23.7
e .
& Moisture of raw-material 17.8 14.8 m:éf:rlgl ot dried raw 5.9
P [Combustion gas 398.3 315.8 |Waste combustion gas 410.2 330.6 100.0
Q co, 39.1| 19.9 6.0
=5 N, 273.2 1 217.9 65.9
w 0, 53.6 37.7 11.4
H,0 44.3 55.1 16.7
E o |Dried raw-material 23.7 Charcoal 5.9
_g.?-_' Moisture of dried raw- 5.9 Carbonization gas 17.8
+ g|material ’ Moisture of dried raw- 5o
O |Combustion gas 216.5 | 175.4 |material :
K IJjAir for temperature controll 181.8 140.4 |Combustion gas 398.3 315.8
g |Carbonization gas 17.8 Combustion gas 216.5 175.4 100,0
'g Moisture of dried raw- 5.9 CO, 39.1 19.9 11.3
3 |material ) N, 133.4 | 106.9 61.0
g Auxiliary fuel 7.25 (o 11.6 8.3 4.7
O [Moisture of auxiliary fuel 7.25 H,O 32.4 40.3 23.0
£ |Air 137.7 | 134.1
& |Hygroscopic moisture in air 4.6 |
FB oy AR 1.7%
_ ) o
T T
RiLEm MR 12.8%
HHRE '
23 9% ¥
FEHERME 111% j
¥
g%”; 55 8%
SAM
100 .0%
N
i
MEHm Py 76.1
%m’%mg 34.6% HI’I
th to
Gw Cp
RAVIRE
B ABEM
th
Gw
HRFEES 03%
Fig 21 to 5
Heat balance Cp
Hn
Table 10

11
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Material balance and flow sheet
Table 11
Table 10
Heat balance and calculated temperature
A Eallas] O | A 2 | @t | EEmEE
H g Heat | Heat [RemainedVolumeof| Specific Calculated
input| output| heat combus- heat |temperat-
tion gas Cp ure
Item {Mcal |Mcal kcal/ S
/hr.* /hr [Mcal/hr.| Nm?/hr,! Nm?,°C C
First combu;tion chamber 72.0 — — — - —_
Exit of first combustion chamber — — 72.0 176 0.33 1,240
Heat loss on incomplete combustion — 7.1 — - - -
Heat loss on overall transmission of combustion _ 14.1 _ _ _ _
chamber i :
é\aisr used for temperature controll ofcombustionl _ _ _ 140 0.32
Inlet of heating chamber — — 50,8 316 0.325 500
Heat loss on overall transmission of heating . 71 _ _ —_ ! —
chamber
Decomposition and sensible heat of raw-materiall 6.1 — — - — —
Heat consumption in carbonizing tube — 10.0 - | - - -
Exit of heating chamber — — 39.8 316 0.323 593
Heat loss on overall transmission of dryer and _ 22.4 _ — — —_
ducts .
Evaporative heat of moisture in dryer - 8.7 - 15 0.49 -
Exit of dryer - — 8.7 - 331 0.33 ' 85

"% 1Mcal=1,000 Kcal



Table 11
Heat balance and calculated temperature without auxiliary fuel

A B i B GRBE R A A EELS | BREE
H B Heat | Heat |Remained Volumeof| Specific [Calculated
input [output | heat combus- heat |[tempera-
tion gas Cp ture
Item Mcal |Mcal kcal/
/hr * /hrMcal/hr, | Nm®/hr.| Nm?,°C °C

First combustion chamber 44.9 — — — — -
Exit of first combustion chamber — — 44,9 106 0.33 1,288
Heat loss on incomplete combustion — 4.4 —_ — — -
Heat loss on overall transmission of combustion _ 8.7 _ _ _ —
chamber [ .
Air usedfor temperature controllof c:m’z:tbusa‘cion1 _ _ 92 _
gas - 0.32
Inlet of heating chamber - - 31.8 198 0.325 500
Heat loss on overall transmission of heating . 4.4 _ . _ _
chamber :
Decomposition and sensible heat of raw-material 6.1 —_ -_ — —_ ot
Heat consumption in carbonizing tube — 10.0 - —_ — —_
Exit of heating chamber — — 23.5 198 0.325 371
Heat loss on overall transmission of dryer and — 9.2 _ _ _ _
ducts; :
Evaporative heat of moisture in dryer - 8.7 —_ 15 0.49 -
Exit of drver — — 5.6 213 0.33 85

% IMcal= 1,000 Kcal

1
2
1
1
150 mm 600 mm
8 kcal/hr 16 kal/hr



10

300 mm

30

I+

30
15

45

25

10 mm



10

30mm Aq

100mm Aq



kg/hr
kg/hr

80,000 kcal/hr
160,000 kcal/hr

3,900

1,800

0.60 m*
0.84 m?
0.18 m®
1.62 m
1.08 m®
2.70m

25

20.0
5.0
20

550

500

kcal/m®

kcal/hr
27,000
160,000

300 mm x 300 mm

2
a
b
4,450 mm
1,500 mm
2,300 mm
c
d
0.6m
e
f
4" (p

49,000
98,000

kcal/m?,hr
45,000
267,000

150 mm x 150 mm

300 mm 400 mm

30
23.7
5.9
40



on off

+ 30
30 15
3
a
600 mm x 600 mm 700 mm 113 1
b
6 100 mm 100 mm
c
100 mme
d
L 160 I 20kg /hr 0.125
25 20 300 mm
1 100 20
0.02x X X
0.125 25 60
L 3.0 m
0.3\ 2
Svk
2
10 mm 3
e
100 mm 30 mm 3.2 mm 3/80
(—) 0.67
X
f
100 mme
g
b
400 mm x 400 mm 700 mm 112 1
i
]

1m 3



100 mm

0.1 kg/c?
400 mm x 400 mm 100 mm x 100 mm
600 mm 64 1
100 mm 100 mm
600 mm 350 mm 50 mm
L 500 mm 5 10
1 100 10
0.02x X X
0.125 5 60
2.7 m
0.5~2
Pk
2
250 mm 50 mm 600 mm
450
4,700 mm 3,900 mm 800 mm 600 mm
1,850 mm
10 m*/min 100 mm Aq

Fig 23



. Wtk -

1
2. % AZ7Yaw7 -
3. 7 ARZVavT -F-AEER
o “ B T
5. ¢ HRNETS
10 21 6. 7 EEYV7A
i ' p—— & ahmmegUtT?T
122 ,'[ E,- g.’ % 3| B
L 2 Y E— =
15+ 2 i ﬁﬂmﬁkfin—su-m_;_
e 13) Rfemr s, -
14 7 o~ sy~ g

A2V e T}

% B sy
&U‘lﬁitﬁjx?v;vy;@ﬁ
Hitlo-sy-7, -5

.
o
e

TR

Fig 23
Fundamental design of continuous carbonizer
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