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Synopsis :

For the purpose of utilization of the residual oil for ironmaking as a new energy resource, the develop-
ment of an injection technique of petroleum coke-oil slurry into a blast furnace was undertaken.

First, from the laboratory test, it became clear that the viscosity and the settling velocity of petroleum
coke-oil slurries were much dependent on the brand of petroleum coke ; delayed coke (DC) and fluid coke
(FC). Namely, DC slurry has much higher viscosity than FC slurry and the settling velocity of FC in the

slurry is higher than that of DC.

Next, transportation characteristics of slurries in the pipelines were studied by the use of the pilot plant.
The results obtained are as follows. (1) Petroleum coke-oil slurries may be treated as a Newtonian fluid
under these experimental conditions. (2) On planning the injection system, the viscosity for calculating
pressure loss can be adopted 0.8-1.0 times as high as the viscosity measured by the viscometer according to

the brand of petroleum coke.

Key words : rheological property ; petroleum coke ; slurry ; ironmaking ; blast furnace operation ; injection ;

residual oil ; petroleum coke-oil slurry.
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Table 1. Properties of petroleum cokes and heavy oil.

Ultimate analysis Proximate analysis ips .
Species @.af. %) %) , Specific Wi HG. L
c H S FC Ash Mois. gravity (kWht)
Delayed coke 92.68 3.92 0.45 81.01 12.00 0.09 6.90 1.37 12.9 128.4
Fluid coke 86.10 2.31 2.80 86.40 .80 0.20 8.60 1.55 121.8 41.6
Heavy ol 85.70 11.80 2.50 = = = = = = =

a : Raw material of DC
b : DC after crushing
Particle size:

¢ : Raw material of FC
d : FC after crushing
210-297, 74-105 pm

Photo. 1. Comparison of petroleum coke shapes of raw material with crushed one.
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Fig. 1. Temperature dependence of petroleum
coke-oil slurry viscosity.
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Fig. 2. Effect of slurry concentration and particle
size on settling ratio of petroleum coke.
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Centrifugal pump

Fig. 3. Outline of pilot plant for petroleum
coke-oil slurry flow test.
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Table 2. Particle size of petroleum coke.

Species Delayed coke Fluid coke
Max. dia. (mm) 0.3 1.0 0.3 1.0
Mean dia. (um) 87 287 140 199
—74 pm (% 29 18 18 6
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x
- 35%
T 100 ] o
(0}
70 80 90 10070 80 90 100
Temp.(°C)

(c) -O3mmFC (d) -1.Omm FC
Flow rate : 20 m®/h
Fig. 4. Pressure loss of petroleum coke-oil
slurry in the circulating loop (I D.: 65.9 mm).
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Flow rate: 20 m%/h
Fig. 5. Pressure loss of petroleum coke-oil
slurry in the straight pipeline (I D.: 52.7 mm).
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Fig. 6. Pressure loss of petroleum coke-oil
slurry in a branching pipeline (L D.: 16.1 mm).
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: | Wik 2 Rl
© 2 40 500" 20, 500 600 e § ADESETROEA
Shear rate (sec") ~1.0mm #—2. 11 X10_5-exp
45 =4.33X10"3-exp (1 057/RT
(a) -03mmDC (b) -10mmDC —0.3mm FC 40 ﬁzs.osilo“-gg 21 374/RT;
50 gc_:_‘3.94><10::'exp (1480/RT)
Fig. 7. Flow curves of petroleum coke-oil slurry ~1.0mm FC ?)8 ﬁ;é;ﬁ%ﬁ}g—siﬁig 8 géﬁfﬁg
at the temperature of 90°C.
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Fig. 8. Temperature dependence of calculated viscosity of petroleum coke-oil slurry.
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Fig. 9. Effect of Reynolds number on pressure loss in the straight pipeline.
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. Fig. 10. Relation between friction factor and Reynolds number of petroleum coke-oil slurry.
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Temperature : 90°C
Fig. 11. Comparison of caluculated viscosity with
measured one with viscometer.
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