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Abstract

The chlorination reaction of MgO with Cly-gas was investigated by using an apparatus
designed to be applicable to DTA and isothermal measurements. In a temperature range
from 25 to 970°C, MgO samples mixed with carbon showed exothermic DTA peaks of
chlorination reaction with varying peak temperatures and a change in mixing molar ratio of
C/MgO; 530, 485 and 475°C for C/MgO=1, 2 and 3, respectively. No DTA peak was
observed in the sample of C/MgO=0. X-ray analysis of this sample showed a very small
amount of MgCl, formation after heating the sample up to 970°C in Cl,, in contrast with
the samples containing carbon which showed 45-49% of MgCl, formation.

An exact determination of isothermal chlorination of MgO-C~Cl; system was not possible
because of the initial temperature increase arising from the reaction heat. Hence isothermal
reaction kinetics were examined by making approximations of the reaction temperatures. From
tests of 9 kinetic equations, Jander’s equation was found to give the most reliable data and
the activation energies estimated were 43.6, 45.8 and 62.2 kcal/mol for C/MgO=0.5, land 2,
respectively. The role of carbon in the reaction was assumed to be expressed by MgO+C+
Cly—>[MgCl,+ O*] + C—>MgCl, + CO.
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Fig. 1 Schematic diagram of gas-flow DTA apparatus. 1: Flow rate
controller, 2: Silica gel, 3: Flow meter, 4: Furnace, 5: Refer-
ence material, 6: Sample, 7: DTA cell, 8: Recorder, 9: Ampli-
fier, 10 : Program-controller, 11 : Volt-slider, 12: Three-way cock
for changing the streaming gas.
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Fig. 2 Quartz DTA cell. Unit of dimension is mm.
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Fig. 3 DTA curves for the chlorination of MgO-C systems and X-ray diffraction
patterns of the chlorinated samples.

a=1 (MgO : 699 mg, C: 208 mg)
b=2 (MgO : 627 mg, C: 374 mg)

DTA curves{ c=3 (MgO : 804 mg, C: 718 mg)

lFlow rate of Cl,: 35 m//min
Heating rate : 5°C/min
: MgO alone heated up to 970°C in Cl,
2 Sample obtained at 670°C on DTA curvea

(
{ C/MgO(molar ratio) l
[

X-ray patterns
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Table 1 Results of chlorination of MgO to MgCl,

C/MgO Reference Crg;ﬁ?éid 1 Reaction Fractipnal
(Molar ratio) temperature temperature time conversion, &
()] ¢ (min) (%)
0 650 650 240 0
0 800 800 10 3.3
0 800 800 30 18.3
0 800 800 60 26.2
0 850 850 10 5.6
0 850 850 30 22.3
0 850 850 60 27.0
0 900 900 10 11.4
0 900 900 30 23.0
0 900 900 60 32.9
0 950 950 10 10.0
0 950 950 30 18.4
0 950 950 60 349
05 400 401 10 0.3
0.5 400 401 30 0.8
0.5 400 401 60 1.1
0.5 430 431 10 0.9
0.5 430 431 30 2.0
0.5 430 432 60 3.2
0.5 465 466 10 2.2
0.5 465 468 30 5.8
0.5 465 468 60 9.6
0.5 500 503 10 5.2
0.5 500 505 30 125
0.5 500 505 60 18.7
0.5 500 502 420 44,5
1.0 400 - 10 0.9
1.0 400 402 30 1.8
1.0 400 402 60 2.1
1.0 430 433 10 1.7
1.0 430 433 30 3.7
1.0 430 433 60 7.1
1.0 430 - 90 8.2
1.0 465 472 10 5.5
1.0 465 473 30 13.3
1.0 465 470 60 13.7
10 500 522 10 174
1.0 500 512 30 24.6
1.0 500 507 60 334
1.0 500 503 420 62.5
2.0 400 403 10 25
2.0 400 401 30 3.6
2.0 400 402 60 7.0
2.0 400 - 90 10.5
2.0 430 433 10 3.3
2.0 430 436 30 9.6
2.0 430 435 60 14.6
2.0 465 497 10 36.2
2.0 465 480 30 39.6
2.0 465 473 60 39.6
2.0 465 469 120 51.1
2.0 500 545 10 46.7
2.0 500 520 30 54.3
2.0 500 511 60 54.1
2.0 500 503 420 63.6
2.0 600 652 10 55.4
2.0 600 617 30 55.6
2.0 600 610 60 55.
1* 500 562 10 56.4
1 500 529 30 57.1
1 500 514 60 57.1

* (C: active carbon
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Fig. 5 The typical relation between the fractional conversion, «, and the corrected reaction
temperature, for C/MgO=2.
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Fig. 6 Fractional conversion vs. reaction time for
the sample with the various C/MgQO molar
ratios. Reaction temperature was corrected
by the method shown in Fig. 5.
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Fig. 8 The effect of C/MgO molar ratio on fractinal conversion.
React. time: (P, [B: 10 min, O, {]: 30 min, @, B: 60 min
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Fig. 9 Fractinal conversion, «, vs. the reduced time scale, #/fw=g.» calculated for various

reaction rate equations, and author’s data.
Diffusion-controlled reactions;
D;: Parabolic law eq.
D, : Two-dimensional diffusion controlled eq.
D;: Jander’s eq.
D, : Ginstling et al. eq.
Phase-boundary controlled reactions;
R, : Eq. for a cylinder
R;: Eq. for a sphere
Kinetic equation based on the concept of an order of reaction;
Fy: 1st order eq.
Avrami-Erofe’ef equations;
Ay Avrami’s eq.
Ay Erofe’ef’s eq.
Authot’s data;
C/MgO=2; O: 500°C, @: 470°C, (¥ : 450°C
C/MgO=1; [}: 500°C
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C/MgO=1 1= % + %
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Dyla) =[1— (1 —a)¥]2=(kfr?)t =0.0051(t/t,.5)

Dy BRI w1 % i EZ B, Ginstling B0 3K,

Dyle) =(1—2a/3) — (1 —a)¥3=(k[r2)t =0.0049(t/t,..)
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Fig. 11 Test for Jander’s eq. at C/MgO=1.
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Fig. 12 Test for Jander’s eq. at C/MgO=2.

60

-2

-3 @]
S -4 ®

— 5 —

| { 1
.25 1.30 1.35 £.40 .45
1 /T X8}

Fig. 13 Temperature dependency of the

reaction, plots of Arrhenius’ law.

CMgO; O:2,B: 1, @:05



11 MgO D LBUG L 161

OH S0% OB & ORI O X34y 0.0l mm &7cb,
EHK, BHRICFIGC KT B REOFREELHHT 2 HMNT, MgO LREFOBEAHREEZX Y
Mz L, 300torr OFEFFME T TG c X v WELLA I E Lo HAREE 5°C/min T
1000°C F THEIRELILAD BRI - 72D T, WMEFKITITEE » T MgO D REC X 58T
R - T e b D E BN B, LI o TR L5 e BBR A2 E 2 5 ONEMRTHAH 5,
MgO +C+Cl, -O*] + C—>»MgCl, +CO (12)
Fig. 13 1% Fig. 10~12 2 RO AHEEH DO T v A7 Ry N Chb, ML= 1F—
i, C/MgO=2, 1, 05 izt L, FhFh, 682, 458, 436 keal/mol Licd, Z T, REDR
HHPRIe B EEM b= A ¥ -2 T 5 2 Bk ABETH B A, T OMEIC oW Tk
BWHEDE Z AW BTy, Komatsu (112 CaCO; & MoO,; DEMEIEC BT, WWHOEA
W Bile D LG L= F ¥ — 2L T BB G 2 7R, BURDEEMOT DR A A U o K a i
&, TOBGRHEERINCHELZ LT 5, EHLOKES Komatsu OJETHNTE 50 L5
PR THDEN, SHEOEBED—DDHETHS 5,

X ik

1) Ives, D. J. G.: Principles of the Extraction of Metals, (1960), W. Heffer and Sons Ltd.
2) Henderson, A. W.: J. Metals, (1964), p. 155.

2) Krueti, P. R. and Duker, G.: J. Metals (1965), p. 847.

4) FIFTEAS, JETERGKES, $AR B T, 63, (1968), P. 5L

5) Hilgrt, R., Moébius, R.: Chem. Techn., 21, (1968), 8, p. 480.

6) SR K, YR BE, FOHOMUME . BULSOBRGIBSIRTARR, 27, (1971), P. 209.

7y FERIFAEME : (kX T8, 24, (1971), P. 60.

8) CdEN, (1971), Nov. 29, p. 31

9) MbREEER, RTEIRZRS, FUREME: 858 mAIER SIS 4, (1972), P. 28

10) FFeibsE, ke, e B JA/MK]"' 70, (1967), 10, p. 1652.

11) Sharp, J. H.,, Brindley, G. W., Narahari Achar, B. N.: J. Am. Cer. Soc., 49, (1966), 7, p. 379.
12) Komatsu, W.: Reactivity of Solids, (1965), p. 182, Elsevier Pub. Co.

~y



