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The Effect 6f Phosphorus Vapor on the Gasification of Graphite
and Coke in Carbon Dioxide Gas Phases

Keniuke SAsSA and Takao CHOH

Synopsis : .

In order to find the effect of phosphorus vapor on the gasification of graphite and coke in carbon dioxide,
the gasification rates of electrode graphite and metallurgical coke in CO,~CO-Ar gas mixture were measured
in the temperature range of 900-1000°C at atmospheric pressure. The rate of gasification decreased
with increasing the partial pressure of phosphorus. Phosphorus was found to have strong retardation effect.

The experimental result were interpreted by use of Langmuir — Hinshelwood type reaction mechanism
( R— k1 Pco,

14k, /ksPco, +KsPco+KiPp
obtained as follows.

For electrode graphite ; k,=exp (17.78—65 851.2/RT) (mol/min-atm-g—c), ky=exp (9.585—24 578/RT)
(mol/min-g—c), Ky—exp (—13.74+38,108.3/RT) (atm™), and K,=exp (—8.53+43 235.6/RT) (atm™?),
and for metallurgical coke ; k; —exp (20.49—68 350/RT) (mol/min-atm-g—c), ky=exp (5.478—14405/RT)
(mol/min-g—c), Ky=exp (—8.30+23 330/RT) (atm~'), and K ,=exp (—3.92 431 704.7/RT) (atm™1).

Activation energies for k, with electrode graphite and metallurgical coke are obtained 65.85kcal/mol

) and the rate constants k;, k, and the adsorption coefficients K;, K, were

and 68.35kcal/mol respectively.
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Table 1. Physical properties of used carbonaceous
materials.
Density  Apparent density Porosity Ash
(8/cm?) (g/cm?) (%) (%)
Electrode graphite 2.11 1.75 13 0.2
Metallurgical coke 1.92 1.01 47 11.51
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Fig. 1. Effect of CO, on the solution loss reac-

tion of electrode graphite in CO,-CO-Ar (Pgo/
Pgo,=1/9 const.) gas mixture at 1000°C.
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Fig. 2. Effect of CO, on the solution loss reac-
tion of electrode graphite in CO,-CO-Ar (Pgo/
Pgp,=1/9 const.) gas mixture at 950°C.
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Fig. 3. Effect of CO, on the solution loss reac-
tion of electrode graphite in CO,-CO-Ar (Pgo/
Pco,=1/9 const.) gas mixture at 900°C.
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Fig. 4. Effect of CO, on the solution loss reac-
tion of electrode graphite in CO,-CO-Ar (Pgo/
Pso,=1/1 const.) gas mixture at 1000°C.
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Fig. 5. Effect of phosphorus on the solution loss
reaction of electrode graphite in CO,~CO-P (Pgo,
=0.9atm) gas mixture at 1000°C.
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Fig. 6. Effect of phosphorus on the solution loss
reaction of electrode graphite in GO,~CO-P (Pco,
=0.9atm) gas mixture at 950°C.
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Fig. 7. Effect of phosphorus on the solution loss
reaction of electrode graphite in CO,~CO-P (Pco,
=0.9 atm) gas mixture at 900°C.
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Fig. 8. Effect of phosphorus on the rates of solu-
tion loss reaction of electrode graphite and metal-
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Fig. 9. Arrhenius plot for the rate of solution
loss reaction.
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Fig. 10. Plot of 1/R against 1/P¢o, for
electrode graphite.

1/1, 1/9 ¢ L&D 1/R & 1/Peo, OBRERT.
Z e X, RER R, B AR L FOEMBEGRT
F£TZ EMNTES. K, Poo/Poo,=1/9 T—RIL,

>

S

£ 9

i Rofo,: 179 = 950 -

£ 3 Rq, =0-9 atm //CT

£

S

< 1 graphite

g

= 0 10 15

R, x10% tatm)
Fig. 11. Plot of 1/R against Pp for
electrode graphite.

SR, 19

% 950°C

% 41— %02= 009 atm///

) — °

& ﬁ

Yg 2 coke

2

> 7

S

0 5 10 15

Pox10%(atm)

Fig. 12. Plot of 1/R against Pp for
metallurgical coke.

-9
& T

—O— coke
\ \

—@— graphite

tm-g-c)

]
L]

7

{og kymol/min-a

N\

% 8 9 10
1Tx10° (K

Fig. 13. Arrhenius plot for ks

o T
m “ -O- coke
30-0.1 —
£ -@ graphite
£
~
3-02 \ '
- N\,
o
L 3.
o 0.3 \i
2 .
-0-4 AN
~03; s 9 7o
VT x10°% K

Fig. 14. Arrhenius plot for %,.

— 75 —



1390 & & M

% 70 & (1984) H10=

1.0 I

0.8 / / ~O- coke —
o~ ~8— graphite
£ s
506 V4
x '/
Sos4 A49m

0.2 7

07 8 9 10
1/Tx10% K7)
Fig. 15. Plot of k; against 1/7.
5
-O-coke

= -o-graphite
s o
A
x4
o (%
2

37 8 9 10

17T x10% ( K7)
Fig. 16. Plot of K, against 1/7.

Table 2. Values of rate constants (k1 k) 5 equi-
librium constants (Kj, K,), activation energies (E,,
E,) and change of enthalpy (4H,, 4H,).

Electrode graphite

k1=exp(17.78—65851.2/RT) (mol/min-atm-g-c)
E;=65.85 kcal/mol

k2=exp(9.58—24 578/RT) (mol/min-g-c)
E3;=24.58 kcal/mol

K3=exp(—13.74+38 108.3/RT) (atm-1)
4H3=—38.11 kcal/mol
K;:cxp(—8.58+43235.6/RT) (atm~1)
4Hy=—43.24 kcal/mol

Metallurgical coke

k1=exp(20.49—68 350/RT) (mol/min-atm-g-c)
E;=68.35 kcal/mol
k3 =exp(5.45—14 405/RT) (mol/min-g-c)
E;=14.40 kcal/mol
k3=exp(—8.30+23 330/RT) (atm~1)
AH3=—23.33 kcal/mol

- Ky=exp(—3.92+31704.7/RT) (atm-1)
4H(=—31.70 kcal/mol
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