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KINETICS OF y-ALUMINA CHLORINATION BY CARBON MONOXIDE 
AND CHLORINE 

ABSTRACT 

The temperature dependence, the Influence of photo-lrradmtlon. and the partml prcssurc dcpcndenrc 

of the reactive gases for the rate of the chonnatlon of y-alumma by carbon monovldc and chlonnc ha~c 
been studled bq thermogravlmctry On elevatmg the tempcraturc the rate of the reactlon mcrea.+cd 

monotonously The process was found to proceed m three mrun kmctlc rcglons. 1 c chenucal mlrcd 
chemical and pore dtffuaon. and outer dlffuslon regions. for which apparent actlvltatlon cnerglc\ 

E,=106-118.E2=56andE~=23kJmole-’ were determmed. Photo-irradlatlon at 673-873 K led to an 

Increase m the reaction rates In the temperature range 973- 10% K the maxnnum reactlon rates wcrc 

obtamed not with a 1 I mixture of CO Cl,. but uhen a small excess of chlonnc was used 

INTRODUCTION 

Ahuninium chloride, the product of the chlorination of alumina, is widely used as 
a catalyst, and has recently proved promising as an mtermedlate tn a new alumimum 

production process [ 11. However, information on the kinetics of alumina chlorination 
by various chlorinating agents is relatively deftcient. Recently we have studied the 
kinetics of y-alumma chlorination by various chlorinating agents, namely, carbon 
tetrachlonde [2], phosgene [3], and tetrachloroethylene [4]. Regarding the chlorma- 
tron kinetics of alumina by the mixture of carbon monoxtde and chlorine. several 
papers have been published on this subject; however, the results exhibit significant 

differences [5-B]. This fact, and also the possibility of comparison with the kinetics 
obtained by phosgene, challenged us to carry out a kinetic study on the chlorinatton 
of y-alumina by carbon monoxide and chlorine. 

EXPERIMEEITAL 

The y-alumina samples under study (CR-300 type, produced by Ketjen, the 
Netherlands) were of cylindrical shape and had low impurity levels (100 ppm F+O,, 

90 ppm SiO,, 10 ppm Na 20) and large surface areas (160 m2g - ’ by N2 adsorption). 
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Samples of lo- 15 mg weight, 1.6 mm diameter and 5-7 mm length were preheated 
at 1123 K for 30 min to achieve a standard state with low residual OH content. The 
carbon monoxide used was of 3 N, and the chlorine of 3 N purity (Baker Chem- 
ikahen, BRD). Nitrogen of 4 N purity, dned in the usual manner, was applied as 
purging inert gas. 

The progress of the reaction was followed by performmg anisothermal and 
isothermal TG measurements. The apparatus used was a specially designed fused 
silica reactor coupled with a Mettler semimicro-recording balance, as described in 
detail previously [9]. In order to diminish the formatron of phosgene in the reactive 
gas mixture. a small volume inlet tubing was used and (except when studymg the 
influence of photo-irradiation) the system was isolated from light. For photo- 
rrradration a low pressure mercu_ry lamp (output x 125 W. distance from the sample 
= 200 mm) was applied. 

RESULTS AND DISCUSSION 

For the general chararterization of the chlorination process, an anisothermal TG 
curve was recorded with 5 K rrun- ’ heating rate from room temperature up to about 
700 K (Fig. 1). Part of the adsorbed gases was released gradually from the surface up 
to about 430 K, above this temperature chemisorption took place as recorded by an 
increase in the weight of the sample. The volatihzation of the reactron products 
became detectable by the weight loss above 560 K. 

Isothermal TG measurements were performed over the temperature range 600- 
1123 K. Some of the conversion curves and the temperature dependence of the 
specrfrc mitial reaction rate (I?,) are shown in Figs. 2. and 3. Results, obtained 
recently with phosgene in the same apparatus under similar experimental conditions, 
are also shown for comparison [4]. It can be seen that up to about 920 K the reaction 
rates are kgher for phosgene than for the mixture of CO and Cl,. At hrgher than 
about 950 K, however, the data obtained with phosgene and with CO and Cl, fall in 
a single curve, su Besting the same reaction to occur due to complete decomposrtion 
of phosgene. Furthermore, the R, vs. T curve of the reaction wtth phosgene has two 
extrema. while the correspondmg curve of the reaction with CO and Cl, is increasmg 
monotonously in the whole temperature range studied. Considering the above- 
mentroned features of the two curves it can be concluded that our results are in 
agreement with those in the literature, according to which the temperature depen- 
dence of the rate of the reaction under study is monotonous, and support those 
opimo;;ls, according to which the possible occurrence of extrema is attributable to 
the preformatton of phosgene in the gas phase. 

It is a well-known fact that the formation of phosgene can be accelerated in a 
photocatalytical way. Examinin g the influence of photo-irradration on the chlorina- 
tion process of y-Al,O, by CO and Cl,, a srgnificant increase was found in the 
reaction rate between 673 and 873 K [IO]. The relative effect of the photo-irradiation 
decreased with increase in temperature (Fig. 4). 
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The rate of the reaction with CO and Cl, is characterized m several papers [7-S] 
as temperature independent above 873-973 K. On the contrary, rn our case tt IS 
steadily increasing at least up to 1123 K. Thus may well be due to the drfference m 
the sample pretreatment; namely, unhke Milne [7] and Mueller et al. [8], we 
preheated the solid samples before chlorination. As a consequence of the heat 
pretreatment we must have got rid of the uncontrolled tmparrment of the change m 
the sample’s reactivity taking pIace due to the structural changes [S. 1 l] and to the 
decrease of the surface area [7,8] on elevatmg the temperature. 

The Arrhenius representation of R, is shown 111 Fig. 5. This type of curve is 
considered as charactenstic for the gasification processes of porous sohds [ 12,131. 
Making use of the analogies found for other gas-solid reactions, the steep part of 
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Fig 3 Specific m~ttal reactton rate vs temperature 0, 
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Fig 4 The relative influence of irradiation on the reacbon rate vs temperature Rh,” =reactlon rate ulth 
photo-irradlatlon; R. =reaction rate without 1rradtaUon 



the ,4rrhenius plot can be attributed to the chemical control region. the middle 
section of moderate slope to the mixed comrol region of chemical reaction and pore 
diffusion, and the third, high temperature part, to the region of mass transfer 
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Fig 5 Xrrhenrus plot of the rcact~on 

control. Graphical evaluatron of the Arrhenms plot shows that the temperature hmit 
of the chemical control regton is about 700 K. A curve-fitting test gave a similar 
result: up to 698 K the conversion curves could be fitted with the first order kinetic 
equation. which corresponds to the chemical control. Above 723 K, however, the 
best fit obtainable was m terms of the contracting cylinder model. indicating that 
dtffusional processes affected the reaction rate m these regions. 

In the chemical contra! region the apparent activation energies calculated by the 
rate constants of the first order kinetic equation and directly by R, are E, = 106 and 
1 IS kJ mole-‘. In the temperature range 775-878 K E, = 56 kJ mole-‘, being 
about half of the above values, which is characteristic for the region controlled by 
both chemrcal reaction and pore diffusion. In the 920- 1123 K range El = 23 kJ 
mole-‘. showing that the process at these temperatures proceeds essentially in the 
regron of external mass transfer control. 

Comparing the above apparent activation energies with those reported m the 
literature, tt can be seen that the 107 kJ mole-’ found by Milne [7] is m good 
agreement with the values determined for the chemical control region in this work. 
and the values of 48 t 10 and 18 t 5 kJ mole -’ reported by Mueller et al. [8] 
correspond to those found in this work for the mixed control and the mass transfer 
control regions. Landsberg [6] found an activation energy of 159 kJ mole-’ for the 
chlorination process, but his samples were precalcined at a very high temperature of 
1273 K. calhng forth in all probability a significant difference in the structure, the 
surface area and the chemical behaviour. Formation of COCl, in his reaction system 
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Fig 6. Reactron rate vs composttton of the gas phase (8. 1058 K: f. 1023 K. 0. Y73 K 

may also serve as a possible explanation, because this latter value is closer to 135 kJ 
mole - ’ which had been obtained by us in the case of the reaction of y-Al,@ with 
COCl, [3]. 

The dependence of R, on the composition of the gas phase was investigated at 
temperatures of 573, 1023 and 1058 K. The results are shown in Fig. 6. It can be 
seen that using Cl2 m excess. somewhat higher reaction rates are obtained than using 
the same excess of CO. Also, the optimal gas composition differs slightly from the 
equimolar ratio: the maximum is obtained when a small excess of Cl, is used. These 
phenomena can be explained on the basis of the difference in the diffusivities of the 
two gases. 
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