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Development of a Method for Testing the Disintegration
Property of Coke during Gasification
Yukiaki HARA and Masaru TsucrIvA

Synopsis :

A new test method for the evaluation of disintegration property of coke during the progress of gasifica—
tion has been developed in order to simulate the state of coke at the raceway in blast furnace.

This method uses a spouted bed reactor into which heated GO, gas or perfect combustion gas contain—
ing CO, and H,0 is injected at the flow rate enough for fluidizing the specimen coke particles. The cokes
which are shot into the reactor react with CO, or H,O, and thereby the strength deterioration progress—
es at their surfaces. The fine coke particles are generated by the impact or abrasion of fluidizing
particles and carried over to the outside by the stream of gas. The fine cokes are collected by a cyclone
and the total mass of them is measured continuously.

The curve of showing the amount of fine coke collected against reaction time represents the disintegra--
tion property of coke and this seems to be well corresponded to the burning character of coke in the race—
way. The two indexes are defined to indicate the test result. One is mean disintegration rate and the other
is fine coke ratio. The former shows good correlation to the reactivity of coke matrix with CO, and this
is well corresponded also to the test value of CSR (coke strength after reaction in a small scale reactor). The
latter is correlated to the minimum gasification degree where disintegration of coke surface starts under a

certain condition and that seems to be related to the macro-structure of coke.
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Table 1. The results obtained from burning test, thermobalance test and small apparatus test
for disintegration property during gasification on the various types of coke.

B.F. B.F. Formed | Formed | Carbon Pitch
Test Item coke A | coke B | coke A | coke B | brick Charcoal coke
Apparent density 1.010 0.767 1.363 1.358 1.547 0.676 1.409
: (g/cm?)
Physical property | p ity (%) 48.0 | 60.8 | 27.7 | 925.7 | 21.7 | 58.5 | 29.8
Ash content (%) 9.96 10.37 9.47 10.29 3.64 1.51 0.25
I type strength Ig°° 86.2 75.7 86.8 86.0 85.4 85.3 88.5
(%)
Strength and Microstrength (%) 22.1 26.1 29.1 13.1 34.5 2.2 51.6
reactivity JIS reactivity (%) 25.6 19.8 34.5 66.9 26.1 94.5 9.3
Gasification rate*1 0.46 0.42 0.96 1.43 1.27 6.90 0.33
(1/h)
Raceway volume 1394 1851 1150 2070 1205 2245 1475
(cm?)
Burning test*» —1mm fine in 6.6 13.8 12.1 10.1 17.9 2.9 0.4
raceway (%)
Maximum 1750 1 680 1770 1780 1 850 1640 1940
temperature (°C)
Fine rate of coke 5.6 4.5 5.0 5.7 2.2 0.8 0.1
Thermobalance burned by air (%)
test*3) Fine rate of coke 8.3 14.6 25.4 18.2 22.2 0.8 2.5
gasified by CO,(%)
Total carry over 12.1 11.8 12.1 9.6 15.1 3.6 9.9
(g)
Small apparatus —1mm fine in 8.1 7.7 9.1 6.6 11.7 1.7 4.6
S carry over (g)
test for disinte- | 1" fine for 32.0 | 30.8 | 36.4 | 26.4 | 46.8 8.5 | 18.4
ﬁr ation pr qger ty charge of coke (%)
TS BASICAT | Overall gasification | 57.3 58.7 57.3 68.4 39.6 82.0 60.4
tion
degree (%)
Gasification degree 51.6 40.1 47.8  — 40.5 85.8 79.2
of fine*s (%)

*1) Gasification rate : thermobalance, coke 0.6 mm, 100mg,

1100°C, CO; 11/min

*2) Small test furnace : tuyere I. D. 30 ¢mm, coke 10—20 mm, air 72Nm3/h, (cf. ref. No. 3)

*3) 15mm cube, 1 200°C, reaction degree 60%,
*4) Dp 4.76—5.66 mm, charge 25¢g,
*5) Values on 0.5—1.0mm particles
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Photo. 1. Results obtained from the thermobalance test. (temperature : 1200°C)

Table 2. Comparison of reactor types for the measurement of disintegration property of coke

during gasification.

Reactor type Disadvantage

Advantage

(a) Packed bed (for
reaction) 4+ Rotating

drum (for strength uniform,

Reaction degree of particles

15 not Large (real) particles can be tested.

Gas flow rate is comparatively low.

measurement)

Small amount of fine coke is produced.

(b) Rotating reactor

Suitable material for the reactor is in
lack.
Continuous discharge of fine is difficult.

Reaction degree of particles is uniform.
Adiusting of disinteoration spneed can
justing of disintegration speed can

be controlled.

(c) Spouted bed
reactor

Gas flow rate is comparatively high.
Particle size for test is limited.

Reaction degree of particles is uniform.
Continuous discharge and catch of fine

are easy.
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Fig. 1. Principle of the proposed method for test-
ing the disintegration property of coke
during gasification.
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Fig. 2. Small test apparatus for the disintegration
property of coke during gasification.

Fine coke box

Weight detector

8= — 7 ARG L, RBRog¥cins L, mEMb
BF b RIGOETTC X >TRE fED L, hoRE(hT
B, AELTRUHELTL 5. BROCIIEENTR
OHLUTHBRERT 35, ROH URENMER T 138730k
BOI2BEDOLDTHY, FRELLHEEH=— 27213

EAEDPNE Imm LT THB 0T, HEHY HEX 1
mm OEFCEYTTAHI LR IDT, Mz — 7 20%k
HBBYMLZEINTES.

Fig. 3mba— 7 20@EELEMEBECXIOTC, H=2—7
ADRERE L BEBVKEL BicoTED, ok
N BERBREE LTEREOTREROLSLZ & b h
%. Table 1 DF T, BREROELE, ToH o

B.F.coke B

;/ /ﬂ
;o
4

A

. Pitch coke /

a

w
T

a

Carry-over welght (4
=
———— T
. RY

0 10 20 39 40 50 60 70 30 90
Reaction time (mm)

Fig. 3. Typical curves showing the amount of col-
lected fine coke obtained from the small
apparatus test.
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Table 3. Specification of large apparatus for testing the disintegration property of coke

during gasification.

Sample
Reactor

: Crushed coke, weight 0.5—1.0kg, particle diameter 10—20 mm
: Spouted bed (conical fluidized bed), material SiC

I.D. 120 gmm, gas injection hole I. D. 30 gmm, cone angle 40°

Injection gas

: Perfect combustion gas of propane with theoretical rate of air,

flow rate 90 Nm3/h,

temperature 1200°C  (propane 2.75 Nm3/h, air 70 Nm3/h)

Fine collector
Gas exhaust

: Cyclone, continuous weighing of accumulation
: Waste after burning CO and H,

Size of reactor tube
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Fig. 4. Large test apparatus for the disintegration property of coke during gasification.
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Fig. 5. Typical curves showing the amount of
collected fine coke obtained from the
large apparatus test.

Table 4. Test results obtained by using the large
apparatus for evaluating the disintegra-
tion property of coke during gasifica-

TRRRBR GRS X 0 BY)D 25 X DR T B LEN S
5.

AR OMBRE L REFCRT D v —2 Y = 1D
KU & DR IEERD DLEN B B b C, FOIDIiL
g ) RIAEORER T — 2 0BERELE L35, Fhd
ABBIFRREH OB EDT, ZhbixsBomse
BREE Lo\, —IBE SR LB X % JIE(E
ik, 22— 7 AOFERER, BiCv—2 v TomREE
FE DPHMEMERHIC X U TE N gL RET 2D 0 THh
5E:EELZ DS,

3. MUEBEMEROMMCHETIER

31 MEMMEOBBICDNT

Wk 2 — 7 2 07 AMERE OHETR I A= F (b LT
Exbe, Fig. ToX5wEShs. Jibb, 2—7
ARIAD 7 ALE I 2B D, FHEE L TR
W TCBE Iy DMHHRE LTS, S DL 5 ks
ERBAR Y —~A Y =1 DX 5 K—EDOHEEN > HicS
FAEMCBEI TS &, 22— 7 AERBORENFO
HREIDNT I LM R E D EE L bR D, FOR
ROBEY L, WinT5 5 2bEE fo L3hiE, L
Bix=a -7 ARMEL L & fo 2RO, KIGETR

tion.
Amount of carry —1mm t'Gasg‘lca—
over ———— [tion degree
Sample Total —1mm Charge of fine
() () (%) (%)
B.F. 535 274 30.4 45.1
coke A 538 292 32.4 44.7
B.F. 610 330 36.6 35.8
coke B 610 312 34.7 35.8
Formed . o :
coke A 500 270 30.0 49.4 (a) before test, (b) after test.
Photo. 2. Appearance of sample.
(@) B.F.coke A (b) Formed coke A
__ 200 W _ 20|
£ 160‘# %100 - \
N ,
0 o w N o o 0 o m\ o =3

Range of particle size (mm)

Range of particle size (mm)

Fig. 6. Examples of size distribution of tested samples.
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Fig. 7. Reaction model of coke particle.
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