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Oxygen Adsorption on Coals in the Temperature
Range of 25-55°C

Ryusaburo FuruicH® Haruo KoBavasur™® Go Oxamoro*™*

Abstract

The rates of oxygen adsorption on Sumiyoshi, Taiheiys, and Oyubari coals were
measured at 25-55°C and at 15.0-44.4 cmHg by using a constant pressure apparatus. The
rate was found to obey Elovich’s equation, dg/dt=~Fk,exp (-aq/RT), for the initial stage of
adsorption and the parabolic law, g=~kut%+q,, for the later stage, where ¢ is the amount
of adsorbed oxygen (mf N.T.P./g), %2, and %; are the rate constants, and ¢, and « are
constants. On the basis of the measured changes in these rate parameters with adsorp-
tion temperature and oxygen pressure, the adsorption process was interpreted to consist
of three successive stages; (1) the equilibrium of physical adsorption on the outer surface
of coal particle, which is charecterized by the Freundlich’s type adsorption (P§®), (2) chem-
isorption at the rate expressed by Elovich’s law of the oxygen physisorbed on the
surface, and (3) the diffusion of oxygen into the coal after completion of the chemisorp-
tion, with an activation energy of 6.5-6.9 kcal/mol. The decrease in rate for coals of
higher ranks was assumed to result from the decrease in surface area and the number

of adsorption sites due to the polymerization of the coal structure as the rank increases.
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Fig. 1. Adsorption-time curves
for Taiheiy6 coal at 30 cmHg
and at the temperatures in-
dicated.
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The data of Fig. 1, plotted according to the parabolic law.
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Fig. 3. Initial adsorption of oxygen, the data of Fig. 1, plotted
according to the Elovich’s equation.
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30.15 cmHg.
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Table 1. Effect of temperature on the rate of
Og-adsorption (Po, =30 cmHg)

coal Sumiyoshi Taiheiyo Oyubari
carbon content (%)® 75.5 76.9 85.6
25°C 0.059 0.072 0.0095
40°C 0.102 0.117 0.0167
ka® {mé/g/min0-5)
47°C 0.139 0.151 0.0210
55°C 0.168 0.202 0.0273
25°C 0.320 0.370 0.263
40°C 0.220 0.226 0.213
@™ (mé/g)
47°C 0.190 0.160 0.230
55°C 0.075 0.055 0.200
E(/"a) (kcal/mol) 6.91 6.45 6.82
25°C 5.05 3.71 8.11
40C° 5.31 4.05 8.68
aX10-3¢) (cal/mol)
47°C — 415 _
55°C 5.55 453 9.10
25°C 0.811 0.586 0.430
. 40°C 0.811 0.493 0.358
ka®) (mé/g/min)
47°C — 0.493 —_
55°C 0.811 0.549 0.358

a) The data from Ref. 13.
b) Rate constant and constant term in Eq. (1).
¢) Initial rate and constant term defined by Eq. (3).
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dq _ { —(E uo+aq>} (7)
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Fig. 5. Effect of oxygen pressure on the rate of adsorption. sample:
Sumiyoshi coal, ads. temp.: 40°C. Arrows indicate the uptake (gep)
at time after which the curve begins to lie on the straight line.

Table 2. Effect of Oppressure on the rate of adsoption
(ads. temp.: 40°C, sample : Sumiyoshi coal).

Po, (cmHg) 15.05 30.15 38.60 4444
ka (m6/g/mind-5®) 0.0445 0.102 0.0916 0.114
go (mé/g)® 0.100 0.220 0.284 0.370
ax10-3 (cal/ml)» 11.30 5.1 5.06 3.35
ke (m&/g/min) 0.391 0.811 0.826 0.887

a) Rate constant and constant term in Eq. (1).
b) Rate constant and constant term defined by Eq. (3).
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0.2 T r T . T 42

log kg
log &

log Po,

Fig. 6. Relation between oxygen pressure and the initial rate of
adsorption k¢ and the constant « in Eq. (3). sample: Sumiyoshi
coal, ads. temp.: 40°C.
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