
THE REACTION OF OXYGEN WITH MAGNESIUM CHLORIDE 

The kinetics and mechanisms of the reaction between magnesium chloride and 
oxygen have been studied over a range of oxygen partial pressures_ At Iow temperatures 

the reaction is controIIed by a phase-boundary process having an activation energy 
of 74-O k3, which changes to one of diffusion of chlorine at higher temperatures_ The 

activation energy for the diffusion process is 41.2 kJ and there is a considerable loss 
of entropy in the formation of the transition state. 

INfRODUCTIOH 

There is sporadic interest in the recovery of metal ions from mixtures by 

differential precipitation, usually from acid soIutions_ It is however also possibIe to 
form oxides from chlorides by heating the latter in air and extracting the unreacted 
chlorides_ Such methods are usually considered from a thermodynamic view point; 
the present paper briefly considers the kinetics of conversion of magnesium chloride 
to the oxide: 

The thermodynamics of this reaction have been discussed by Kelley and an enthalpy 
change of 39.2 kJ moI-’ derived’_ The reaction should go appreciably to the right at 

temperatures above 50OK; at 700K and one atmosphere pressure the ratio Po.JPc,= = 

1.0. 
Aiien and Clark2 in a study of Deacon process catalysts, obtained preliminary 

kinetic data for the reaction at Iow oxygen pressures. They suggested that a diffusion 

process was rate-c&trolling, with an activation energy of 135 lcJ mol-‘, 

Simzpk prepmaion 

Anhydrous mag&sium chloride was prepare&by tbt thermal decomposition 
of recrysmllised kR ammonium magnesih chloride hexahydrate at- .@NXC hi a 
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stnam of nitrogen3_ The nitrogen was dried over molecular sieve and the heating 
was continued for six hours anti1 constant wcigfit was obtained, The overall weight 
loss obtained was 63.1% (theory 6293%). The resulting magnesium chloride was 
-auaIysed for chIoride by standard methods (experimental = 73-O% CJ, theory for 

MgcI, = 74.47% CI)_ An infrared spectrum obtained using a Perkin-EImer 457 and 
Nujol mull showed a smaJJ band at 3400 cm- * when the mull k produced in the 

open laboratory but which was not present when the mull was prepared in a dry box_ 
This peaJt was therefore assumed to be due to sorbed water. Attempts to obtain & 

X-ray diffraction spectrum were unsuccessfu1 because of the rapid rate at which the 
compound absorbed water vapour from the atmosphere. AJJ spectra showed peaJcs 
associated with the hexahydrate’, Microscopic estimation of the particle size indicated 
uniform, approximately sphericaJ particJes some 30 m in diameter which appeared 

macroporous on S-EM- examiMtiOIl_ 

Decomposirrbn techniques - 
The decomposition ‘reactions were carried out using a Stanton Redcroft 

TG750 thermobaktnce and recorder (10 mg fkd.). Wmg samples were used through- 
out; these were weighed into aluminium pans in a dry box and stored over silica ge1 
until required- The required gas mixtures were obtained by passing metered ffows of 
dry oxygen and nitrogen through a manifold and then into the furnace at a total 

fiow of 30 dm’ min- *_ 
Some preliminary TG runs were carried out at each partial pressure of oxygen 

so that the general thermal behaviour could be asses~I. For the isothermal work the 
furnace temperature was preset with purge gas ffowing. 

Protiuct. 

The preJ.iminary TG runs indicated complete conversion of the magnesium 

chJoride into oxide in a singJe stage with weight losses very close to theory (observed 
loss 57J%, theoretical loss 57.67”&- X-ray examination showed only MgO present 
in the residue_ 

Kiheiiks ad mec.hnSms 

The wdgbt-Joss vs_ time curves (41 in aJJ) were all deceIeratory_ Theexperimental 

curves were testai by the method of reduced time plots and were wmparcd with 
mod& based on nudcation control, phase-boundary control or diffusion control of 
the rate defrrmining step6_ JZxperimentaJ reduced-time curves based on the time for 
50% reaction (a vs_ t/t,& were wnstructed and compared with the various model 
systems_ This comparison usuaJJy decided the likely ratecontrolling me&an&m easily, 

The best fit between ~~pcrimental data and caJcuJated reduced-time-curves varied 
with temperatme but not witJl partiaI pressure of oxygen- At low temperatures 
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Fig, 1, Comparison of qxrimental and cakufatai reduoxi-time pIots for the high and low tan- - 
paaturc ma%aGms. 
Curve A: contrac5ng disc equation, 1 - <I - a)* = kt v, 6I8K/O2 atm; r, 628iQDS z&m; 
0.638WO.75 atm; o, 658KiO_SO atm; 1.6931(/1_0 atm. 
Curve B: parabolic law. az = kt v, 753K/l_O atm; +, 735KJO_2 atm; l , 713K/O_5 atm; a, 753K/ 
0.75 atm; A, 713KjO_2 atm. 

PO,(afm_) 

0.20 80.1 3.8 41.9 14-O 
050 76-3 3.6 40-4 1322 
0.75 724 4-o 442l 13.7 
1.00 74.8 3.9 39.9 13_2 

(6I8-693K) the best fit was in terms of the contracting disc equation: 

I-(I-a)$ = kr 

where a = proportion decomposed and t = time_ 
At tcmpcrahms above 693K (712760K) the best fit obtainable was iri terms of 

the parabolic law: 

a2 = ki 
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D, 673Kjf-0 am; It, 658IQWi am; A, 63HCP-75 arm; A* 628KP3.2 atm; 0.618KfI.O atm: 4. 
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Fig. 3. Testofpaxabolic&wfortypicaldatz o,753K/LO am; l , 753K/O2 am; 0,73sKp7s afm; 
r, 73tiKj1.0 atm; A. 713K&0 atm: A, 713Icf05 atm- 

A few runs carried out at 7OOK did not show_ ckar-cut bchaviour, but tekled to 
follow the contracting disc apation at Iow v&e+ of.& and the paraboIic Iaw>at high 
a values. 
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Fis- 4. Arrbalius plot, showing chlge in slope 0, EQ = 0.2 am; 0, Pot = o-5 atm; A, poi = 
0.75 atm; A, Pas = I.0 am-L 

A comparison of experimental and calculated reduced-time plots is shown in 

Fig. 1. Rate constants were caIcuIat.ed from the slopes of the f(+Z plots and the 
values used to derive Arrhenius parameters (Table I)_ Typical linear piots of the two 
functions are shown in Figs. 2 and 3. Arrhenius plots are shown in Fig, 4, 

DISCUSSION 

K2nefic.s and mechanisms 
The results in the table indicate that increasing temperature causes a change in 

mechanism from phase boundary to diiksion contro1. These process& have activation 

~energies of 74.0 and 41.2 kJ, respe&vely. Such a change from. a high temperature 

&efficient pro&s to a iow one. is to be expected_ It is therefore. not ~surprising that 
kme runs showed mixed khaviour_ 
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The mnncricaf vahres of the activation energies are not comparab?c with the 

only other determination. A&n and Clark2 obtained a value of 135 IcJ using initial 
rates, and suggested that diffusion might be rate controhing These initial rates would 
almost artainIy be measured over very low values of CC and it is not surprising tit a 

different value was obtain& 

The phase-bouRdlry pro4xw 

The activation energy dcrivaI fm this proccs.s is greater than the cntha~py 
change (39.2 kJ) which suggests that the process is a simple one. The low frequency 

factor suggests a Considerable Ioss of entropy in the fo.rmation of the transition state 
The overaIJ entropy change for the reaction is 58.8 J K- ’ mol’ r and the frequency 
factors given in the Table 1 correspond to a loss of entropy in the formation of the 
transition state of about - I60 J K” mol- I- This is considerably more than the 
Ioss of entropy on solidification of oxygen’ (- 84 J K-’ mol”), and it therefore 

seems likely that the transition state wiU involve both molecular oxygen and moIecuh~ 

chJors=re, e.g., 

The d$LiLiion proces 

In a diffusion-controlIed reaction it is at first surprising that variation in the 
external partial pressure of reactant gas should have such a small effkct on the 
Arrhenius parameters. This must mean that the ratecontroIling step is diffusion of the 
product gas, chlorine, rather than the reactant gas, oxygen. This effect is in fine with 

the observations of Allen and CIark who noted that variation in oxygen pressure 

between 5 and 20 cm Hg made no difference to the reaction rate. Such effects are also 
those expected from T simple difJ&ion process in which the diffusion rates of oxygen 
and chlorine vary as f/p* (Grahams Law). 

K- K. Kdky, U.S. Bbmm of Miues rich* Pv 676.1945. 
J. A. ADen and A. J. CIark, J. Appl- Chart., I6 (1966) 327. 
N. V. Siv c;hmricpI aarrCms anti rhe* Gwnpmn& Vol. I, O.U.P., oxford, 1950, p. 237. 
A. I. Vogd. Qmznrhzim hmgamk ha&%, Loo- Gran. Lamdan. 2nd ul.. 1953, p. 252 
AST,M, ikds, card No. I.043 I. 
J. H. Sharp, G. W. Bind& and 2. N. N. Achar- I, Am. Gram. sbc, 49 (1966) 379. 
M. C BaII and A. H. Norbuy, PAvsirpr Dara fbr hwrganik C,, Innsman, London, 1974. 
p. 21. 


