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_ Influence of Potassium on the Rate of Boudouard Reaction of Coke
Saburo KOBAYASHI and Yasuo OMORI
Synopsis :
In order to reveal influence of potassium, taken up by coke particles from Ny—K(g) gas mixture, on the
W overall rate of Boundouard reaction of coke, a mathematical model is developed. The three unknown
parameters for the catalytic action of potassium, contained in this model, are fitted to the experimental data
. of the overall rate. The temperature dependences of these parameters show that the catalytic action low—

ers with raising temperature. Potassium reduces both the apparent activation energy and the frequency
factor for the reaction; the former lowers considerably with increase in potassium content in the range less
than 1 wt9%.
- The model is able to make estimation on extent of the reaction zone in the particles. The local con—
centration of the reaction on the outer shell of particle, due to the rate—enhancing effect of potassium, is
Q considered to reduce the strength of carbon matrix in this portion. Although non-homogenity of the con—
centration profiles of potassium and carbon dioxide within coke particles complicates quantitative rela—
- tionship between the overall rate and amount of potassium taken up, a simple empircal expression repre—

senting the relation is obtained.
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Fig. 1. Comparison of the rates of oxidation of
coke at first (left points) and after one
cycle of the sequent burns (right points).

Table 1. Experimental conditions for Boudouard reaction of coke.

Temperature Size of coke Amount of Gas composition Reaction time

) potassium 100400,/ (bco, + bco) _

[°C ] Key dp[cm] Wx[g/g-coke] Key [—] [ min]

® 0.43 4x10-3~8x10-2 @ 13.0 10~15

- - ® 26.8 5~15

900 ® 0.88 4x10-3~4x10-2 ® 50.5 1~10

© 2.3 3x10-3~2%x 10-2 ® 71.1 2~10

® 0.43 3x10-3~6x 10-2 @ 9.9 4~5

- - ® 25.9 3~4

1 000 ® 0.88 2x10-3~3x 10-2 ® 50.0 2.3
© 2.18 2x10-3~2x10-2 @ 73.1 2

® 0.43 5x10-3~3x 10~-2 @ 10.0 2~35

- - ® 24.5 2~4

1100 ® 0.86 5x10-3~2x10-2 ® 50.5 9.3
© 2.34 1x10-3~2x 10-2 @ 75.5 2
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Fig. 2. Comparison of the rates of oxidation of
coke with and without the preliminary
burn-off by gases @, ®, @ and @ after
its potassium uptake. (900°C and 0.6l
N,-0.39CO, gas mixtures)
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Fig. 3. Enhancement of rate of oxidation of coke
by potassium uptake at 900°C. Points :
experimental, curves : calculated.
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Fig. 4. Enhancement of rate of oxidation of coke
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Re=G/(ay o ) s+evmrermvmneremnenmsmaienniinnenn. (38)

8= (v/Dgo,—m)gre-rrrrreereneerrenreeieneeine e (39)
THH. CUIF ADZEHERRE (g/cm2/s), ay 17
BB BAATE Y2 ) DR FHERE (cm?/cmd), de 12FLT D
REE, 1B X0 v ke Fhy A OREME(ZRE (poise)
B X OBIREPERRE (tokes), B £ IXBEIEPIEISE %R
T W av-de WBEEBERBEERTH,



@
.

- ADT - FUYRBEBECSIET Vv A0 RE 1787

10
mg S
E
&S,
R
g A +4.0-57mm

0 +191-22.2mm
| O coke lump screened

for blast furnace %

[
167 10! 1 10 10
Average weight of particle [a]

2
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area of the packed bed, ay:¢. and av-
erage weight of particle, W,

Table 3. Effective diffusion coefficient of CO,, D,.

Temperature Diffusibility D,
[°G1] D,/Dco,-co [ cm?/s]
900 4% 10-3 7.2x10-3
1 000 3x10-2 6.2%x10-2
1100 3x10-2 7.1x10-2

avde=(S/V Ivea-Pec=(S/W)vea (W/V )pea- e

= (Sp/ W) (W/V Ypeq- o weereeseeeesemreees (40)
ThLH. 2T, S, V, W xFhFhERRE, 8%,
BExRL, M5 bed LU pXZThThFAERR X

ORF VERRT. —7, de 1%, §  ERRMHLARER
ETnHL
Ge=53/Sp= (6,7_-1/2Wp/pa)z/3/sp cerreeenneeens (41)

ThHHEND, ZORERMA)ITRATS L

aype={(671/2/0,)2/3/ WY (W/V )peq. - (42)
L7oT, (avde) 13 AV 5 REESHMERCRE Ui
. RIGEDRERE (evge) ERTF 1EOTFHEE W
L DB % Fig. 10 R,

BRI 3\ TR ORI EE 1 3IRAE Y R & V-5 28
FERITH D LER LI, Z DA DD D{E% Table
3R,

2 — 7 ARITF O BIERIGEE Ry (g-C/g-coke/s) X

Ry =—12 Jco,,s(S3/Wp)
=36PD¢(dyco,/dx) s/ {RgT pary?(1+co,,s)}
ThHDb, HEER (25 (26) N LT BT RkDOR
5.

R (8), (4) B XV De Dfiix, CO, % foid CO,-CO
BETAEBCTEBLERTHD. 2hbDT A —&
DEN 3 TTRIEC R LTH ZUNE 57 &0 LB D
5. Wg=0 OB&OHEE & KRE L 0% Fig.
IR L. AERIRE-FK L TR, kg5 4—2%
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Fig. 11. Comparison of experimental and calculated
values of rate of oxidation of coke with
609,N,-CO,-CO gas mixtures. Points :
experimental, curves : calculated.
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a=exp(—18.9442.475x 104/ T) - vecvrvereennns (44)
B=exp(8.338—5.244 5 103/T) «+++ovvveverruenennne (45)
7 =exp (3.25248.142% 102/ T) sv-vevevnvevnernnnns (46)

EREDL. DTOFEWRIIR (44 ~@6) % \» 5. Ry
D FfEY Wk OFEECH LTS ey M35 L, HE

DEARIL Fig. 3~7 R Licliffic X n&Ew 5. (900
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25,

3. AYUDADOHIEER

F(z, pco,) DIBMERFEML, Fig. 13 @R LE L 5
Z, z2Te b/Nfe b ¥-C, Arrhenius 5K
F=4 exp(4E’/RyT)
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Fig. 13. Temperature dependence of catalytic
factor F.
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Fig. 14. Reduction of apparent activation energy,
AE by potassium.
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17. Distribution of values of effectiveness fac-
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iR Wg=0, $ibb Fr=1 050 BRTHS
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THBHH, Fig. 18 WRLIzX 5, Wg=0 oF&D
BIEEE GHEE) »E#C LeEERY & (P12
HLTCTry b T5E, ERRA
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6) 1300°C ML LofRETR T, Y v Al D
PSR o B & CO, DINBIEH © HRIBK D 7=
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