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Logistic Study on CO, Sequestration Using Steelmaking Slags

Shigeaki TONOMURA and Satoshi TABUCHI

Synopsis : The kinetic study on the CO, sequestration using the steelmaking slags are executed. Optimum feeding rate of slag must be determined by
taking into account the plankton multiplication and the mass balance. Based on this kinetics, feasibility study of CO, sequestration by steel-

making slag, especially from logistic view point, is carried out, and the cost of this process is compared and discussed with conventional

chemical absorption method.
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Fig. 1. Calculation flow.
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Table 1. Chemical compositions of steelmaking Slag.

Components CaO

Si0o2

P205 FeO

weight % 4 5wt%

1 5wt%

Swt% 1 7wt%
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Table 2. Assumptions of study (1).
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Objects of Transportation

* Specific weight of transported material=1.

0 g/em3

* Particle size of Slag ; Mean size of low material= 5mm ¢
* Scattering time=2hrs, 3 days

+ Ship capacity= 50 0 0 t “ship

* Mean transportation rate= 1 2 knot
* Loading condition ; Bucket type

- Loading rate=4 0 0 0 t /day
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Table 3. Assumptions of study (2).

Iteml Item2 Conditions Note
Pretreatment | Grinding cost Crush energy=K/v (Df/Di) | Bond’s low
Di : mean diameter before
Df : mean diameter after
Specific controll | Energy=600Mcal
Strength controll | Binder cost (maker hearing)
Land Transportation Specific Weight=1
transportation | cost
Loading cost ”
Sea Go Calculated on the condition | Actual results of
transportation 12 knot 4 000 tclass ship
Scattering Calculation from required "
time
Return Calculated on the condition | ”
12 knot
Table 4. Case of total cost calculations.
Case Method Cost calculation item | Size
1 Hollow nodule Utility only — lmm
2 Hollow nodule Utility & binder —1lmm
3 Fine grinding Grinding cost —0. 05mm

Table 5. Case of scattering time 3 d.

Scattering time=

3 Davs Transportation distance

100km | 200km | 300km | 400km

1. Conditions

Total

Total

Shipping(return) Hr
Hr 91.0 100.0 109.0 118.0

3. Cost calculation

sea miles 54.00 107.99 161.99] 215.98[km/sea miles 1.852
t/vovage 4000 4000 4000 4000

Distance

Loading

Rate (loading) knot

Rate knot

2. Cyvcle time

Loading Hr 1
Shipping Hr
Scattering Hr 7

k¥/M 34657 34681 34701 34718

12 12 12 12
12 12 12 12
0.0 100| 100| 100 |t/Hr 400|
45 90| 135| 180

2.0 72.0 72.0 72.0

4.5 9.0 13.5 1

8.0

Shiping cost

¥/t 1200 1320 1440 1560

Table 6. Case of scattering time 2 h.

Scattering time=2 hours

Transportation distance

100km | 200km | 300km [ 400km

1. Conditions

Total

Distance

Loading t/voyage

Rate (loading) knot

Rate (empty) knot

2. Cycle time

Loading Hr

Shipping Hr

Scattering Hr

Shipping(return) Hr
Total Hr

3. Cost calculation

sea miles 54.00 107.99 161.99]  215.98|km/sea mile 1.852

k¥/M 34657 34681 34701 34718

4000 4000 4000
12 12 12
12 12 12

10.0 10.0 10.0

4.5 9.0 13.5
2.0 2.0 2.0
4.5 9.0 13.5

21.0 30.0 39.0

4000
12
12

10.0 [t/Hr 400
18.0

2.0
18.0
48.0

Shiping cost

¥/t

280 400 510

630
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Fig. 2. Total amount of sequestrated CO,/in case of interaction of planktons free.
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Fig. 3. Total amount of sequestrated CO,/in case of interaction of planktons.
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Fig. 4. Required slag consumptions against slag feeding rate/in case of neck of phosphorus.
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Treatment cost(¥ /t-C)

B X 5 S CO,BEMIZEF THOUY AT 4 v 7 ZADORKET

Table 7. Case of Si neck.

Slag consumption=4700kg/tC
Casel Case2 Case3

Type Hollow nodule Hollow nodule Fine powder

 Scattering time 2hous 2hous 3 days

Size —lmm —lmm —0. 05mm

¥/Tslag ¥/T-C ¥/Tslag ¥/T-C |¥/Tslag ¥/T:C

Grinding 800 3800 800 | 3800 8000 | 37600

Land transportation 800 3800 800 | 3800 800 | 3800

Sea transportation 630 3000 630 | 3000 1560 7300

Hollow treatment 2000 9400 5000 | 23500 0

Total 20000 34100 48700

Table 8. Case of P neck.
Slag consumption=1100kg/tC
Casel Case2 Case3
Type Hollow nodule Hollow nodule Fine powder
Scattering time 2hous 2hous 3 days
Size —lmm —lmm —0. 05mm
¥/Tslag ¥/T-C ¥/Tslag ¥/T-C |¥/Tslag ¥/T-C

Grinding 800 880 800 880 8000 | 8800
Land transportatio 800 880 800 880 800 880
|Sea transportation 630 693 630 700 1560 1700
Hollow treatment 2000 2200 5000 | 5500 0
Total 4700 8000 11400
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Fig. 5. CO, sequestration cost; in case of neck of Si/fixed ratio=100%.
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Fig. 6. CO, sequestration cost; in case of neck of P/fixed ratio=100%.
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Fig. 7. CO, sequestration cost; in case of hollow nodule without binder.
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