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A simple gas-flow DTA apparatus has been designed to investigate the 
chlorination reaction of Mg-containing complex ores (olivine, protoenstatite and talc) 
with CI,-gas in a temperature range of 2%IOOO’C. The apparatus consists of two 
quartz tubes of i-d_ = 10 mm containing 1 g of reference material (a-Al,O,, 
- 150 mesh) and 1 g of sample powders (- 150 mesh) through which Cl,-gas can flow 

to allow the reaction. 
In the preliminary chlorination experiments with a constant Cl, flow-rate of 

30-35 ml/m& the constituents of ores, MgO, Fe0 and Fe,O,. SuccessfulIy showed 
the exothermic peak at 450,150 and 450% respectively, and SiOz being inert against 
Ci, up to 950°C. Only MgO required carbon additive for the chlorination. 

Mg in the ores is chlorinated only when they arc mixed with carbon. Olivine 
(Mg,SiO,) shows two exothermic peaks at 580 and 95O”C, which indicate that Mg in 
olivine has different reactivitics. Protoenstatite (MgSiO,) and talc (Mg,(Si,O,),(OH),) 
give peaks at 950 and 75O”C, respectively_ The resuits of X-ray diffraction and 
chemical analysis revealed that the chlorination exothermic peaks of olivine and 
protoenstatite corresponded to the following reactions, 

Mg,SiO,+C+CI, T MgSiOB + MgC12 + CO 

MgSiO,+O.25C+O.25Ci, + 0.75 MgSi03 + 0.25 MgCI, + 0.25Si02 + 0.25 CO 

and that the chlorination of taIc proceeded together with the decomposition reaction, 

M&(SizOs)~(OH)z t 3 MgSiO, + SiOt + HzO. 

lNlRODUCl?O?J 

Chloride metallurgy has been one of the most important techniques in process 
metallurgy_ The advantages of the use of direct chlorination by Cl,-gas as a method 
for extracting the metals from complex and/or low-grade ores have been demon- 
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strated in recent investigations ‘-’ for metals as Zr, Ti, W, Ta, Nd, and many others. 
Metab in the ores which consist of complex multipIe oxide miner& are chlorinated, 
thereby showing the characteristic behavior at different temperatures. The DTA 

technique shah therefore be most successful to survey the thermaI behavior of 
chlorination of the ores over the wide temperature range of 25-1000°C and to find 

the starting temperature of chIorination, if the reaction of ore with C12 shows any 
DTA peaks_ Most DTA apparatus available at present, however, cannot be used for 
the study on chlorination because of strong corrosiveness of Cl2 or chIoline com- 
poLmds_ 

In this paper, a simple gas-ffow DTA apparatus joined with the flowing-gas 
technique by which CI,-gas can flow through the reference and the sample powder 
beds has been deveIoped, and applied to study the chlorination of various Mg- 

containing ores, viz_ olivine, protoenstatite and talc, which have different structures 

and constituents. 

MgO, Fer03, SiO?, talc, and graphite were a11 CR grade reagents supplied by 
Kauto Chem. Co. Ferric oxide was z-FezOs containing a smaII amount of y-FezOs. 
Talc showed 6.06% of weight Iosses when it was heated up to 1300°C at 10°C min- ‘_ 
Chemical anailsis of talc gave the following composition (wt %): SiOz, 58.96; 
MgO, 31.63; HzO, 6.06. 

Fe0 was prepared by thermal decomposition of Fe(CO3, (Kant0 Chem. Co.) 
at 850°C for 20 min iu vacuum*_ 

z-Cristobali~e was obtained by caIcining sihcic acid anhydride in air at 1300°C 
for 4 h. 

OIivine was a natural ore from Tokachi, Hokkaido and the resuh of its 
chemicaI analysis was as follows (wt %): Si02, 43.63; MgO, 43.58; Fe203, 7.81; 
Al,O, , I-69; CaO, 0.19; MnO, 0_24_ 

Three calcined olivine sampIes were prepared by heating in air at 1100°C for 

5 h, in air at 1350°C for 5 h, and in nitrogen at 1100°C for 6 h, respectiveIy_ 
Frotoenstatite WE prepared from taIc by cakining it in air at 1300°C for 2 h. 

This sampIe contained a very smaII amount of a-cristobahte, and had the following com- 
position (wt %): SiOz, 62.68; 1Mg0, 33.63; Fe,O,+AI,O,, 2-97; CaO, 0; MnO, O_ 

AI1 materials were sieved to obtain - 150 mesh fractions except for talc and 
graphite which were avaiIable as -300 mesh powders. 

Gas-j?ou: DTA apparatus as a reacfor of chlorinafion 

Fig. 1 shows the schematic diagram of the gas-ffow DTA apparatus used as a 
reactor for chlorination. Fig 2 is a DTA celI tube. The apparatus consisted of two 

quartz tubes (i-d_ = 10 mm) placed verticahy in a furnace, one was used as reference 
ceII and the other as sample cell, in which Cl,-gas flowed through the reference and 
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sample powders during the chlorination experiment. Pulverized sample and reference 

material were kept at a fixed position in the cell tube by underlying loosely packed 
quartz wool_ 

Fig. l_ Schematic diagram of gas-fiow DTA apparatus. 1, Flow-rate controller; 2, silica gei; 3. flow 
meter; 4. furnace; 5, reference material; 6, sample; 7, DTA cell; 8, recorder; 9, amplifier; 10. pro- 
gram-controlIer; 11. voIt-slider. 

Fig. 2. Quartz DTA cell; tit -of dimension: mm. 

Chromel-alumel thermocouples (d = O-3 mm) were protected by a fine quartz 

tube (0-d. = 4.5 mm) from corrosive atmospheric gas such as Cl, and they were 

placed at the center of the sampIe and reference materiaIs in the cells. The heating rate 

of the furnace was controlled by the ECP-SlB Type program controller (Ohokura 

Electric Ins.) and the differential temperature was recorded by the 25SB4-IR-6 Type 

millivolt recorder (Oho’kura) through the AM 1001 B Type micro-voltmeter (Ohokura). 
I g of r-AlzOx (- 150 mesh, Merck) calcined at 1290°C for 3 h was used as reference 
material. X-ray diffraction and chemical analysis showed that z-AlzO, did not react 
with Q-gas in the temperature range up to 1000°C. The temperature range applicable 

to this apparatus was up to 1000°C, and the strong corrosive gases such as Cl, and 

HCl could flow at a range of gas flow-rate from 0 ml min- ’ (standard static technique) 

to 300 ml min- ’ (fluidizeci bed technique). 
In the standard DTA experiments, 1 g of sample, at a heating rate of 5 “C min- ’ 

and a Cf2-gas flow-rate of 30-S) ml min- ’ were employed. Carbon was well mixed 
with the sample in an agate mortar- 
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In order to analyse the changes of sample in the course of DTA runs, the 
samples heated up to various temperatures were rapidly quenched to room tempera- 
ture by throwing F;ater on the sample cell immecliateiy after the cell was taken out of 
the furnace Nz-gas stream was passed through the apparatus to stop the reaction and 
to displace Cl2 prior to quenching the samples. 

It must be kept in mind, that for a successful operation of this simple apparatus, 
the heating rate and the gas flow-rate should be kept constant during the experiment_ 

Chexica! anaipis and estimation of comersion 
The analysis of constituents of sample ores T+XXS carried out according to the 

prescribed method5. 
The fractional conversion, r, for the chlorination of Mg to MgCl, was defined 

by the following relation, 

a(Ofo) = 
Mg in M_$3, formed by the reaction, Mg(R) x loo 

Total Mg in the starting sample, MgO 
(1) 

In the case of MgO sample, MgO was estimared by EDTA-chelatometric 
titration of Mg 2f in 0-l N HNOa solution containing dissolved sample, and Mg(R) 
was determined by AgNO,-titration of Cl- in aqueous solution of the reacted 
sample- 

In the case of complex ores, the gravimetric analysis was used for determining 
the Mg” content, because chelatometr- is not possible due to unfavorable effects of 
other metallic ions which coexist with Mg2+ in the solution. First, the reacted sample 
was dissolved in water and filtered. The ions such as Fe3’, Fe2+ and A13+ in the 
titrate were removed as precipitates of the hydroxides by adding NaOH. Then, 
Mg2+ remaining in the filtrate was precipitated as MgN& -PO* -6H2O by adding a 
saturated solution of (NH& HPO,. The precipitate was converted to Mg,P,O, by 
ignition and its weight was corrected for MgO. 

X-ray diflract ion 

The diffractometer used was Geigerflex 2141 Type (Rigaku Denki Co.) and was 
operated at the following conditions: Cu-target, Ni-filter, 25 kV, IO mA, and 1 sec- 
time constant; Co-target for sample of iron compounds, Fe-titer, 35 kV, 10 mA, and 
2 set-time constant_ 

The apparatus consisted of a quartz spring (sensitivityz 325 x 10v3 gjmm) with 

a small quartz basket and a quartz reaction tube (o-d. = 40 mm) connected to the 
vacuum system. The weight change was measured by a cathetometer as a function of 

temperature. 



RESULTS AND DISCLESION 

In order to obtain the fundamental data needed for discussion of the chlori- 
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nation behavior of magnesium-containing ores, the chlorination of MgO, FeO, 
Fe203 and SiOz, which are the principal constituents of the ores, was examined as a 
preliminary investigation and as a test for avaiiability of the apparatus. 

Ciilorination of the constituents 
MgO. Fig. 3 shows DTA curves of Cl,-M&-C systems; the mixing molar 

ratio of C/MgO was changed from 0 to 3. At CjMgO =O, there is no thermal 
deflection on curve (d) and even when MgO was isothermahy treated in Cl,-gas at 
640°C for 4 h, no formation of MgCI, was observed. In the case of C/MgO>O, 
however, the sharp exothermic peak which corresponds to formation of Mg&, 
appears at around 500°C. This peak shifts to Iower temperatures with increasing 
amount of carbon. From these resuhs, it is found that chlorination of MgO is 
promoted by adding carbon and this promoting effect is associated with the amount 
of carbon. Chemical analysis of the sample obtained just after the exothermic peak 

showed that r was about 50%. For the case of C/MgO = 2, the reacting amounts of 
carbon and MgO at z = 51.1% were found to be consistent with the stoichiometry, 
MgO+C+CIz;tMgCl 2 f CO. The endothermic peak at about 720 “C on curve (a) 
corresponds to the melting point of MgC12 formed. 

Furthermore, the isothermal chlorination experiments at 500°C were carried 
out in order to compare them with the results of the DTA experiments described 
above. The results are shown in Fig. 4. At C/MgO = 0, a is negligibly small at 7 h. 
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Fik 3. DTA curves for the chlorination of MgO-C systems. C/MgO (mokr ratio): curve (a) = 1; 
(b) = 2; (c) = 3; (6) = 0. Flow-rate of Ciz, 35 ml minW1; heating rate, 5°C min -I_ 

Fik 4. kothcmd chlorination of MgO at 500°C_ C/MgO (molar ratio): 0 = 0.5; @ = I ; 0 = 2; 
A=3; 0 =O. 



At C/MgO = 1 and 2, the initial stage indicating the rapid chlorination corresponds 
to the exothermic DTA peak in Fig. 3. Ail curves tend to converge to about r = 60% 
as the reaction proceeds. From this fact, it is considered that M&IL formed on the 

surfaa: of the MgO particle acts as a barrier against further progress of the reaction. 
The reducing action of carbon on MgO was examined by means of TG to find 

its role in the chlorination reaction. When the disc with the mixture of MgO with 
carbon w.as heated up to IOOO’C at a heating rate of 5°C min- I in Nz (30 mm Hg), 
no weight change u-as observed. This Ieads to the concIusion that carbon does not 
reduce MgO to 1Mg metal in the MgO-C-N, system, but acts as a reducing reagent in 
the MgO-C-C12 system. 

I I 
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Es_ 5. D-i-A curve of Fe0 in hr= and X-ray diffraction patterns of samples obtained at various 
tCmpc~turcs ShOW’il On DTA CUITC_ Row-rate of Pi=, 50 ml min-‘; heating wte, 5-C min-‘. 
C = FeO; a=~-Fe; x = Fe30i_ 

FeO_ Fig_ 5 shows the DTA curve of Fe0 alone in the flowing Nz atmosphere 
(50 ml min- ‘) and X-ray difiraction patterns of four samples which were taken at the 
temperatures (points@-@) shown by the arrows. From these results, it is found that 
the exothermic peak at around 350°C corresponds to the disproportionation of Fe0 
to z-Fe and Fe,O,. In the case of Fe0 with carbon (C/Fe0 = 2), the similar X-ray 
result was also obtained from sampIes heated up to 200 and 400°C Moreover, no 
effect of z-A1203 on both DTA curve and X-ray diffraction pattern was recognized, 
when r-A&O, was added to the FeO-C system (FeO, 148 mg; C, 52 mg; a-AlzOS, 

SO0 mg) as a diluent. 
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Fig. 6 shows DTA curves in the flowing Cl2 atmosphere (30 ml min- ‘)_ 
Curve (a) shows the result of Fe0 without carbon (FeO, 200 mg; z-A1203, 800 mgj, 
in which a sharp exothermic peak appears at about 150°C. The X-ray diffraction 

pattern of the sample, which was taken at 250°C (point 0) and then washed with 
water, shows that a small amount of Fe,Oj is formed, but Fe0 and FeCI, are not 
present as seen in the figure. This shows that almost all Fe0 was chIorinated at around 
150°C and FeC!, formed was washed out with water. Curve (b) shows the DTA 
resuit of Fe0 mix.ed with carbon (FeO, I44 mg; C, 56 mg; z-AI,O,. 800 mgj_ The 
DTA curve and X-ray diffraction pattern of sample obtained at 4OOC were simiiar 
to those shown by the sample for curve (a). This similarity means that carbon has no 
promoting effect in such a low temperature chlorination. 

Fig. 6. DTA curves of Fe0 and Fe0-C s)~tern in C12. and X-ray diifraction pattern of FeO-sample 
heated up to 250°C in Cl2 (curve {a)). Flow-rate of Clz, 30 ml min-‘; heating rate, 5% min-*_ 
CWC (a): FeO=2OO mg, sr-AlzOl =SOO mg; curve (b): Fe0 = 144mg, C = 56 mg, z-A1203 = 
SOOmg- 0 =a-Alr03, l =Fe,O4. 

Fe, O3 _ Fig. 7 shows the DTA curve of Fe,O, with carbon (Fel@, , 870 mg; 
C, I30 mg) in the flowing Cl, atmosphere (30-35 ml min- ‘) and the X-ray diffraction 
patterns of the same Fe203-C mixtures which were treated in the flowing N, 
atmosphere. The exothermic peak at about 45O’C corresponds to chlcrination of 
F+O,. This peak temperature is much higher than that of Fe0 (Fig. 6). In the 
flowing N1, the Fe,O,-C mixture does not show any thermal deflections on the 
DTA curve in the range from 25 to IOOO”C, and the X-ray di&action pattern of 
sample heated up to 450°C shows no essential change as seen in the figure. Therefore, 

it is thought that Fe203 is not reduced with carbon at temperakxres before the 
chlorination reaction proceeds. 
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Fig_ 7_ DTA curve of Fe,O,-C sqTtem in Ciz and X-rzy diffraction patterns of samples heated in Nz_ 
FIoa--rate of CIz and x2 I 30-35 ml min -* ; heating raifc: 5°C min- t_ X-ray chart: 1 = sample at 
25°C; 2 = sampk at 450°C_ 0 = zc-FeIOs; l = 7-FezOs; x = graphite. 

Our experimental results differ from those shown by Ivashentse#‘. The reason 
seems to be due to the difference in reactivity of Fe203 and Fe0 samples which were 
prepared by the different ways 

SiO,. DTA experiments on silicic acid anhydride and z-cristobalite containing 
carbon (C/SiOt = 2) in the flowin, 0 Cl2 (30-35 ml/mm) showed no temperature 
deflection over the range between 25 and 950°C The X-ray diffraction pattern of 
SiOr ob’tiined at 95O’C showed no structural change owing to the chemical reaction 
of SiOz with Clz_ SiOz can thus be regarded as inert towards Cl2 up to 950°C. 

Chlorinatioiz of the ores 
OIirine. Fig_ 8 shows DTA curves of four mixtures of oiivine_C of diRerent 

ratios and of carbon alone in the flowing CI, (30-35 ml mm-‘); curves (a), (b), (c), 
and (d) correspond to the results from ores (1000 mg) containing carbon of 111,250, 
500, and 0 mg, respectiveIy_ Curves (a)-(c) have a Iarge exothermic peak at around 
95O’C and a smah one at about 870°C and curve (c) shows another broad exothermic 
peak at about 700°C. In curve (d), there is no thermal deflection. The DTA result 
from the sampIe of the same mixing ratio as for curve (b) showed no peak in the 
fioGng N, atmosphere_ Curve (e) is the DTA result of carbon alone (600 mg) in the 
fiowing Cl, atmosphere. In this case, two exothermic peaks at 870 and 950°C which 
appeared in curves (a)-(c) are not seen., but a broad exothermic peak appeared at 
about 7CWC, which seems to correspond to the peak at the same temperature on 
curve (c)_ This peaks is probably due to some interactions of Cl= with carbon, such as 
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heat of adsorption. However, the exact identif%ation of the peak cannot be made at 
present. 

The results of X-ray analysis’ of the residues, which were obtained by washing 
the samples heated up to temperatures indicated by points 0, 0 and @I on curve (b), 

d 

I r I r 

700 800 900 1000 
Temperature (OC 1 

1 7 

I, I , ,.,I. II 8.1 , , _ . 
OIivinc 

I . . . .I1 . , t 

26 (deg) 

Fig. 8. DTA curves of olivind systems and C in Cl 2. and X-ray diffraction patterns of olivine and 
the samples heated up to yarious temperatures; 0. @, znd @ for curve (h)- Curve (a): olivine = 
1000 mg, C= 1 I1 mg; curve (h): olivine = 1000 rn& C= 250 mg; curve cc): 0ISne = 1000 mg. 
C = 500 mg; curve (d): olivine = loo0 m& C = 0 mg; curve cc): oliviie = 0 mg, C = 600 mg. Flow- 
rate of Cl,, 30-35 mUmin; heating rate, 5% mis~-~_ 0 = Graphite; 0 =protoenstatite; no 
mark = olivinc 
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are given in Fig. 8 which shows the increase in the intensity of protoenstatite 
(0 mark) with increasing temperature_ The X-ray diffraction pattern of the sample 
obtained at 980°C (point @) shows that almost a11 olivine has changed to protoen- 
statite and the chemical analysis gives an z value of 50%. The reason why the I value 
of the sample heated up to 98OK shows such a low value seems to be due to a Iower 
reactivity of Mg in protoenstatite. 

Fig- 9 shows r vahres of samples obtained at various temperatures (points O-8) 
on the DTA curves (a), (b) and (c) in Fig_ 8. From these r values, it is concluded that 
the two exothermic peaks at about 870 and 950°C were the result of the chlorination 
of Mg in olivine to MgClz, and these two peaks may result from two kinds of Mg 
having different reactivities for the chlorination. The smaII a value (about 5%) shown 
over the range of 6004300°C was probabiy due to the uncertainties of chemical 
analysis, because there are no thermal deffections in this temperature range and z is 
independent of the amount of carbon additive and of temperature. 
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Fig. 9. Fractional coxtversious. 1. of the chlorinated oIivine samples obtained at various temperatures 
shown on DTA curws (a). (b) and (c) in Fig. 8. 0 = ctm-e (a); 0 = curve (b); @ = curve (c) in Fig. 8. 

Cafczhed olimie. Fig_ IO shows DTA curves of calcined olivine (1000 mgj virith 

carbon (250 mg) in the flowing C12 atmosphere (30-35 mI min- I). Curves (a) and (c) 
correspond to the results of the olivine samples caIcined in air at 1100 and 135O”C, 
and curve (b) to the sample calcined in Nt at 1100°C. 

In curves (a) and (b), three exothermic peaks (peaks 1,2 and 3) appear at about 
850,880 and 93&95O”C. It is assumed that a broad exothermic peak observed for the 
uncalcined olivine at about 870°C (Fig. 8) splits into two peaks; a smaIl peak 1 and a 
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large peak 2. This indicates that olivine ore originally contains three kinds of Mg 
having different reactivities for the chlorination, and the difference of reactivity 
becomes appreciable when it was calcined in air or Nt prior to the chlorination. 

I I I 

600 700 800 900 IC 
Temperarure (‘Cl 

)O 

Fig. IO. DTA curves of cakined o1ivine-C systems in cIz- Flow-rate of Cl=. 30-35 ml mi~-~: 
heating rate, 5°C min -I- Calcined olivine, 1000 mg and carbon , 250 mg. Curve (a): calcineci olivine 
in air at llOO°C; curve (b): cakined olivine in NI at IlOO”C; curve (c): calcined oIivine in air a: 
135O’C. 

Curve (c) shows two broad DTA peaks. On the basis of the observation that 
the sample treated in air at 1350% partly melted and solidified during the treatment, 
it is considered that these broad peaks are due to the low reactivity of this sample 
caused by the high temperature treatment. 

In the case of no carbon, the sample calcined at 1100°C for 5 h showed no DTA 
peak in the flowing CIz, no conversion, and no changes of the X-ray diffraction 
pattern. Further, the DTA experiment on the same sample containing carbon carried 

out in N2 aIso showed the same results. These rest&s may indicate that Mg in the 
calcined olivine does not react individuahy with Cl, or &&on in the range of 25- 
1000°C. When both CIz and carbon coexist with olivine in the reaction system, the 
chlorination reaction of Mg may proceed. 

Fig. I1 shows (x values of the samples obtained at various temperatures 
(points@-@) on the DTA curves in Fig. IO. It is observed that the sample heated at 

1350°C (a mark) shows lower x values than samples heated at 1100°C. 
Profoenstafite. The sample was prepared by calcinating talc in air at 1300°C for 

2 h. Fig. 12 shows the DTA curve of protoenstatite (1000 mg) containing carbon 
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additive (100 mg) measured in the flowing CI, (30-35 ml min-‘), and X-ray 
Won patterns of the starting sampIe and the ch.Iorinated sample at 980°C. 

I r I 

30 700 800 900 If 
Temperature t°C 1 

30 

Fig I I_ Fractional conversion, a, of the caIcined oIitine samples obtained at various temperatures 
shownonDTAcu.rvesinFig. IO. 0 =cuwe(a); d=curve(b); ~=curve(c)inFig IO. 

Fik 12 DTA curve of protoenstatite-C system in CI 2. a;d X-ray diffraction patterns of protoen- 
statite and sample obtained at 9Z30°C Row-rate of CI1, 3635 ml tnin’x; heating rate, 5°C min-I. 
Protoenstatite. IOOOng and carbon, 100 rnk X-ray chart: 1 = sample at 25OC; 2 = chforinated 
sample at 98O’C 0 = z-CristobaIite; X =graphite; l = MgCIz and its hydrates; no mark = pro- 
toenstatite. 

An exothermic peak appears at about 95O”C, and the X-ray diEraction pattern 
of the chlorinated sample shows the presence of MgCI, formed. On the other hand, 
in the case of no carbon additive, not any DTA peak could be observed. From these 
resu.Its, it is found that the exothermic peak at about 950°C was caused by chlorination 
of protoenstatite mixed with carbon to MgCI,. At 980°C Q was measured to be 
20.5-30.6% (mean vaIue for five sampIes was 25. I %). The exothermic peak is located 
at almost the same temperature as that of olivine (Fig_ S), but the SL vaIue is very small. 

When comparing a values of olivine (a = about 60% at 980°C) and of protoen- 
stat&e (a = about 25% at 98O”Q it is found that the chlotination of oIivine proceeds 
at around 980°C according to the following processes: 

Mg$iO,+C+Cl, + MgSiO, + MgCl, + CO (Fig_ 8) (2) 

MgSi03 i 025 C + 025 Cl2 + O-75 MgSi03 i 0.25 MgCl, -I- 0.25 SiOl -I- 0.25 CO 

(Fig. 12) (3) 
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or eqn (2)+(3) 

Mg,SiO&+ 1.25C+ 1.25Cfz + 0.7s MgSiOB +- 1.25 MgClz + 0.25 SiO, -i- 1.25 CO 

(4) 

where Mg,SiO, and MgSi03 correspond to oIivine and protoenstatite, respectively. 
Tak. Curve (a) in Fig. 13 shows the DTA curve of talc (300 mg) in static air 

measured by Rigaku DTA apparatus (Rigaku 8001 Type). Three peaks appear at 
about 625, 860 and 1OCIO”C. Curv (b) is the result of TG experiment at the same 
conditions 2s of curve (a). A steep weight decrease observed at 900-105O“C corre- 

spends to the endothermic peak at 1000°C of curve (a). 
X-Ray diffraction patterns of the samples obtained at various temperatures of 

DTA curve (a) show that at point @ (995’C) a small amount of protoenstatite 

(0 mark) is formed. At point 0 (1062°C) the diffraction lines corresponding to talc 
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Fig. I3. DTA and TG D of talc measured in static air, and X-ray diffraction paw of samples 
obtained at %ariou.s temperatures shown on DTA cume (a). Heating rate: 10% mine*; t.aIcz 300 mg; 
0 = Protomstatite: 0 = a-cristobaIitc; no mark = tic 
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disappear and ah the lines correspond to protoenstatite. At point @ (1300°C) the 
strongest diffraction (101) line of z-cristobalite appears at 28 = 21.9’. Furthermore, 
when the sample was heated in air at 1300°C for 2 h, an increase in the intensity of the 
diffraction line of z+cristobalite was found. 

From these results, the decomposition of taIc to protoenstatite is found to 
begin rapidly at about 900°C in air according to the following equation, 

Mg,(Si,Os),(OH), - 3 MgSiO, + SiO, -i- H,O_ Q 

Next, the chlorination experiments in the temperature range of 25-950°C were 
carried out in the flowing Clz (30-35 ml min- ‘) by means of gas-flow DTA apparatus. 
The resuhs of DTA and X-ray analysis are shown in Fig. 14. The DTA curve (a) of 
tafc (I000 mg) containin, = carbon (94 mg) shows a sharp exothermic peak at about 
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Fig. 14. DT_% cuxs of talc-C sqstcm In Cl* (curve (a)) and in N= (curve (c)); fractional conversions 
(curve (b)). and X-ray diffraction patterns of samples obtained at various temperatures shown on 
DTA curve (a)_ How--rate of Cl =: 30-35, Nf: 40 ml min-‘; heating ratez 5°C mir~-~. TaIc, 1000 mg 
and C, 94 mg- 0 = Protoenstatite; 0 = graphite; no mark = talc 
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750°C. X-ray analysis of residues prepared by washing the samples which were 
heated up to three temperatures indicated on DTA curve (a), shows that the formation 
of proroenstatite occurred at 800°C (point 0). The sample obtained at 950°C 
(point 3) has no X-ray lines of talc. 

Curve (b) shows the relationship between z and temperature, which indicates 
that the exothermic peak is a result of the chiorination. This r-T curve and X-ray 
results may show that, in Cl2 atmosphere, the decomposition and the chlorination of 
talc occur simulraneously at lower temperatures compared with the decomposition 
temperature found in air (Fig. 13). In the case of talc alone, however, in Cl, 
atmosphere there was not any DTA peak, and the .z value at 950°C was zero. 

Curve (c) shows the DTA result in the flowing Nz atmosphere for the same 
sample used for curve (a)_ The result is similar to that obtained for talc alone in air 
(Fig. 13). 

From these results, it is concluded that the decomposition of talc is not pro- 
moted by carbon aione and for the chIorination of talc the coexistence of Cl2 and 
carbon is needed. 
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