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Abstract

The chlorination of S0z in the presence of carbon using the gaseous mixtus&Ch Ar(g) has been studied by
thermogravimetry. The effects of both the temperature between 200 an€ 36 the total gas flow rate between 2.1 and
7.91h71 on the reaction rate were analyzed. The starting temperature of reaction, the stoichiometry and kinetic regimes
of the reaction were obtained. Reactants and products were analyzed by X-ray diffraction (XRD) and electronic dispersive
spectroscopy (EDS). The temporal evolution of the solid microstructure was followed by scanning electron microscopy (SEM).
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction produce its chlorides is achieved in the presence of
carbon.

Like the other lanthanide elements, Samarium pos-  This compound plays two roles in the reaction:
sesses a stable trivalent st@te?] which determines
its main stable oxide, Sy [3,4]. These compounds
are among the most stable in nat{#¢ This feature,
along with the chemical similarities exhibited by all
the lanthanide sesquioxidgs2,5], makes difficult ei-
ther their extraction from the minerf,6] or the sep-
aration from synthetic mixturg$,6]. Since the direct
chlorination of the lanthanide sesquioxides is thermo-
dynamically feasible over 40@ [7], it provides a
suitable method for the production of the chlor{8g
But the global reaction releases oxygen which may Changes on the carbon surface are observed if car-
react with the obtained chloride to form an oxychlo- bon is reacted in a given oxide—chlorine syst&n9].
ride instead. Therefore, the chlorination of 8 to No changes on carbon are seen if the direct chlorina-

tion between chlorine and oxide is achieved.
The chlorination of Sy0O3 in the presence of car-

(1) Thermodynamic: Carbon provides a low oxygen
potential atmosphere, diminishing the potential of
the oxide and favoring the formation of the chlo-
ride [8].

(2) Kinetic: Carbon is thought to favor the formation
of reaction intermediates producing an increment
in both the maximum reaction degree achieved at
a given time and an increase on the reaction rate
[8,9].
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Nomenclature imental_ lines with thpse contained on PDF-1 (1996)
[13] using PC Identify program (PW1776). Masses
D  diffusion coefficient (Ms1) of these reactants were weighed and mixed mechani-
Eap apparent activation energy (kJmo) cally to obtain a mixture of SpDs—C 10.58 wt.% of
L characteristic dimension of the sample ()  carbon.
mo  initial mass sample (mg) The measurements were performed on a thermo-
Am  mass variation (mg) gravimetric analyzer based on a Cahn 2000 electrobal-
AM  balance mass variation (mg) ance adapted to work with corrosive atmospheres. The
N molar flow of chlorine (mols?t) system is described elsewhédie]. The mass change
P pressure (kPa) resolution of the system was &f10.g under the ex-
r reaction rate (molst) perimental condition§8,11,14]. Samples were placed
R reaction rate (3%) inside a quartz crucible suspended by a quartz fiber
t time (s) inside a furnace. Isothermal and non-isothermal mea-
T temperature°C) surements were made.
W formula weight (kg mot?) In the first ones, samples were heated for 1h in
Ar atmosphere at the desired operation temperature.
Greek symbols After that, Cb was injected into the system reaching a
o SmpO3 reaction degree (dimensionless) pcl, = 30.3 kPa under a overall pressure of 101.3 kPa.
B stoichiometric coefficient (dimensionless) The total gas flow rate was varied between 2.1 and
v kinematic viscosity (ris™1) 7.91h 1
In the second ones, samples were heated from room

temperature to 950C at 2.6°Cmin~! at a pg, =
been reported10]. Despite that and the academic 30.3kPa in flowing Ar—C} under a overall pressure
importance, the effect of temperature and total gas of 101.3kPa. In both cases, mass changes were mea-
flow rate on the carbochlorination of $@3 has not  sured and apparent mass changes were corrected as
been studied to the best of the author's knowledge. explained elsewher¢8,11,14]. Since Sm@Glis hy-
This situation has aimed the elaboration of the present groscopic[1,15], auxiliary measurements were made
paper. [6,7]. Samples obtained were isolated and handled in-
side a glove box6,7].

2. Experimental 2.2. Expression of results

2.1. Materials and procedure For non-isothermal runs, TG data is expressed as
AM versusT, where AM is the experimental mass
change observed antis the temperature in degree
Celsius (C). For isothermal runs, TG data is ex-
pressed as the fractional oxide mass loss given by
a = Am(Sm03)/my(Sm03), where AmM(SmO3)
is the SmO3; mass loss andny(SmOg) is the ini-
tial SmO3 mass. SpO3 consumption is related
to the observed mass change byn(SmyOs) =
BAM.

Whereg andAM stand for the different stoichiome-
tries involved and observed mass loss, respectively.
Therefore, the reaction degree is transformed to:

Gases used were Ar 99.999% purity (AGA, Ar-
gentina) and Gl199.8% (Indupa, Argentina). Solid re-
actants utilized were SgD3 and carbon. Both sub-
stances were previously characterizéd.1]. Carbon
was obtained from the calcination of sucrose (Fluka
Chemie AG) in inert atmosphere at 98D during 48 h
and sieved to a size 6f200 to 275 mesh (ASTM)L1].
Carbon characteristics are given elsewt&fg. Since
SmpyO3 absorbs either COor H,O from atmosphere
[12], it was previously burned at 95C [3,4]. SmpO3
possesses a particle distribution between 5 angd20
as observed by scanning electron microscopy (SEM)
and a BET surface area of 6.5210.0389nf g 1. B ( BAM ) )

SmpO; structure was verified by comparing the exper-  ~ mo(SmpOs)
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The reaction rate (3) is then:

= (G)=lsmon) (&) @

The reaction rate (mol gk™1) is:

e (dn(Cb)) . |:m0(stOS)j|
o dr | W(Smp03)

(3)
wheren(Clp) are moles of Gl andW(Sm03) is the
formula weight of SmOs.
3. Results and discussion
3.1. Thermodynamics

In the 20-950C temperature range, Sm@3),

SmChk(s) and SmOCI(s)15-17] are the possible re-
action products of the carbochlorination of Za.

L2 gocmin’ ? 1
1ok 7om! g ]
L 303kPa H
08} m,=3.15 mg 4
OD a n}
g o6} | s o / ]
A L [ )
S 04t byl |
t o
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0.0t y./v—/r ’ d
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Fig. 1. Non-isothermal curve of the carbochlorination of ,8m
Selected temperatures of analysis are indicated by arrows. XRD
and EDS techniques are indicated by hollow and full circles,
respectively. Thermodynamic calculations and SEM observations
are indicated by full and hollow squares, respectively.

Liquid and gaseous chlorides are also probable be- ing temperatures: 300, 550, 650, 750 and 950The

cause SmGland SmCJ} have mp of 681 and 75X,

respectively{17]. These compounds can be produced

along with Q(g), CO(g) and CQ(g) during the
carbochlorination.
A thermodynamic analysis was performgd] to

main reaction products are shownTable 1.
3.2. Preliminary analysis

Non-isothermal exploratory measurements were

estimate the probable reaction products. Calculations made to determine both the reactivity with temper-
considering masses of chlorine and carbon in excessature and the main products of the 8ma—C-Cb

over the stoichiometric consumption of $@% in a

system. The thermogravimetric curve is displayed in

molar ratio of 4/4/1 were performed at five represent- Fig. 1. Corrections to the curve were made as indicated

Table 1

Reaction products with carbon and,Gh excess (SaD3—C—Cb in a initial 4/4/1 molar ratio)

Compounds in equilibrium 300°C 550°C 650°C 750°C 950°C

Condensed phase (mol)
C(s) 2.499 2.364 2.015 1.454 1.031
SmCk(s) 1.934 1.409 1.084 1.000 1.000
SmCh(s) - - - - -
SmOCI(s) - - - - -
SmyOs(s) - - - - -
SmCh(l) - - - - -
SmCk(I) 0.065 0.509 0.916 0.999 0.999

Gaseous phase (mol)
CO(g) 0.001 0.271 0.968 2.090 2.937
COx(9) 1.449 1.364 1.015 0.455 0.031
Clz(9) 1.000 1.000 1.000 1.000 1.000
SmCh(g) - - - - -
SmCh(g) - - - - -

O2(9)
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elsewherg14]. From 200 to 825C, the mass is incre- 100 . - T — ]
mented as temperature is increased. Flat and steeped 28: ) 1
zones are alternatively seen along the curve. Different ‘2‘8 - 300°C 4
condensed products of reaction are formed in each é‘ 100:
zone. Over 828C, a mass loss associated to either a g gg . (B) ]
gasification reactiorfi7] or a vaporization process of 5 40} 550°C 1
a condensed pha$#] is observed. g 20 ;
Z 303 (©

3.3. Effect of the temperature: products of reaction 28: L SmOCI ]
and StOiChiometry 28- ‘ . L i ]‘ ‘ L ”\\ ‘l] L i \HH"IJL I [[_
10 20 30 40 50 60 70 80 90

To determine the identity of the compounds ob- 20

served irFig. 1, isothermal experiments at five charac- Fig. 2. Diffraction patterns of the reaction products: (A) 303
teristic temperatures, 300, 550, 650, 750 and €00 gy :

were made? These are indicated by solid arrows. The (B) 580°C; (C) reference pattem of SmO(19)

samples were led to react at different reaction degrees

and analyzed by X-ray diffraction (XRD), electronic No diffraction lines other than SmOCI are observed.
dispersive spectroscopy (EDS) and SEM as indicated A SEM image of the products at this temperature
in Fig. 1by hollow circles, full circles and full squares, is shown inFig. 3. The plate-like particles grouped
respectively. Hollow squares correspond to the ther- into chunks correspond to SmOCI identified by EDS

modynamic calculations indicated Trable 1. microanalysis. Smooth steeped particles correspond
to carbon. These particles are labeled in the figure.
3.3.1. Analysis from 200 to 37% No attacks on carbon surface, such as channeling or

A XRD diffractogram of the products of reaction pitting are observed8,9]. Mass balances calculated
at 300°C is shown inFig. 2A. For comparison, the  from TG curves performed on the 200-37& range
reference pattern of SmOCI9] is shown inFig. 2C. are in agreement with the formation of solid SmOCI

Fig. 3. SEM image of the reaction products at 30 Carbon surface presents no attacks. SmOCI, plate-like particles grouped in chunks,
are identified by EDS.
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according to: ool ' ' ' r
1 o 0 2 mg
SmpO3(s) + Cl2(g) — 2SmOCIs) + 502(9)  (4) g€ 2 Tom
S -02L : _
Therefore, carbon is not involved on the reaction. & _g4] 30.3kPa |
The stoichiometry oEq. (4)corresponds to the direct gm
chlorination of Sm0O3 [20]. This system is analyzed g 06 \\ 1
95 4
elsewherd20]. 5 s \ ]
3.3._2. Analysis from 4_100 to 62% _ 'z's -1.0 —égj\oc 450:3“ 425°C .Wa.yé .
Five hundred and fifty degree Celsius was selected 0 500 200 500 300

as the temperature representative of this range. The
XRD diffractogram of the reaction products at that
temperature is shown iRig. 2B. SmOCI[19] is the Fig. 5. Effect of the temperature for 2mg of $@% + C in the
reaction product observed. A SEM image detailing 400-625C temperature range.

the carbon surface is displayed kig. 4. The small

chunks resting on the carbon surface are SmOCI par- e corresponding TG curves are showrFig. 5.
ticles. The carbon surface does present chemical at-The carbochlorination at all temperatures is fully
tacks[8,9,21]. Then, its participation on the reaction chjeved. The reaction rate is increased as temperature
is evidenced8,9,21]. This is in agreement with pre- s rajsed. Carbochlorination is fulfilled in the order
vious observations indicating that this type of carbon ¢ 1 « 168 and 25s at 400 and 628, respectively.

is feasible of being oxidized over 40C [11,22]. The A opserved irFig. 5, the TG curves become closer
mass balances performed on the TG curves in the tg each other as temperature is incremented over
400-625C range are in agreement with the following  450°c
reaction:

Time, s

1 | 3.3.3. Analysis from 650 to 72%
Smp0O3(s) + 5C(s)+ Cla(9) Fig. 6is a SEM image of the reaction products at
— 2SmOCIs) + %Coz(g) (5) 650°C. Pitting is observed at carbon surfd&g9,21]

Fig. 4. SEM image of the reaction products at 880 Attacks on carbon surface are observed. Small particles are SmOCI identified by EDS.
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Fig. 6. SEM image of the reaction products at 680 Pitting on carbon surface is indicated by the letter “P”. Sgni@éntified by EDS

is also indicated.

and is indicated by the letter “P”. Particles of SrgCl
identified by EDS are also indicated by arrows. The
isothermal TG curves performed in this temperature
range are shown ifig. 7. Unlike the lower tempera-
tures, the curves present significant discontinuities at-
tributed to two stages. The first one is quickly achieved
in the first 20 s of reaction at all temperatures. The
diffractogram showing the reaction products at this
stage at 650C is displayed irFig. 8A. For compari-
son, the reference pattern of SmQaQ9] is displayed

- 0.0L ]
ON i - Firststage ng
g 02} 1
(o)
E .04 ]
o, \

v 0.6+
UE)A M
5 08} 1
0 Second stage
3 -LOp RO T st g 1

0 2000 4000 6000
Time, s

Fig. 7. Effect of the temperature for 2mg of @ + C in
the 650-725C temperature range. Techniques used to analyze
samples at each stage are indicated by its symbol.

in Fig. 8B The mass balances performed in this stage,
are in agreement with the formation of SmOCI ac-
cording toEq. (5).

The second stage rate is slower than the first, i.e. the
first stage is fully achieved in 18 s and the second stage
is finished at 5.5« 10%s at 700°C. A diffractogram
of the products of reaction at this stage at 660is
displayed inFig. 8C. For comparison, the reference
pattern of SmQ [23] is displayed onFig. 8D. By
comparing the experimental diffractograms and those
of the reference is inferred that the product of reaction
is a mixture of the SmOCI formed at the first stage
and SmC4 produced in the second stage. Over 660
and up to 700C, the global mass balances including
both the first and second stage are in agreement with
the following reaction:

SmpOs5(s) + 3C(s)+ 3Cl(g)
— 2SmCh(s,1) + 3C0O,(9) (6)

Mass balances performed at 7Z5 indicates that
the reaction at this temperature presents a global sto-
ichiometry with values closer to both that Bfy. (6)
and that of the following:

SmpO3(s) + 3C(s)+ 3Clx(s)

— 2SmCk(s,|) + 3CO(Q) (7)
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Fig. 8. Diffraction patterns of the reaction products at 660 (A) 20s of reaction; (B) reference pattern of SmdeC®]; (C) 1.6 h of
reaction; (D) reference pattern of SmGR3].

3.3.4. Analysis from 750 to 95@ A SEM image showing the reaction products at
The isothermal thermogravimetric curves corre- 750°C is displayed orfig. 10. A strong chemical at-
sponding to this temperature range are displayed ontack is clearly observed at the carbon surface where
Fig. 9. Two successive stages are detected. Like theboth pitting[8,9,22]and channeling8,9,22] are indi-
previous temperature range analyzed, the first one iscated by arrows. Letters “P” and “C” stand for pitting
quickly and fully achieved in the order of 20s at all and channeling, respectively. The granular mass ob-
temperatures. The second one is slower and fulfilled served behind the carbon is molten Sm@entified
in 150s at 950C, the higher temperature. by EDS. Mass balances performed on the TG curves
The diffraction patterns of the reaction products are led to the conclusion that at temperatures between 750
not shown here, but the products of reaction are also and 850°C the stoichiometry of the first stage is given
SmOCI and SmGlin the first and second stages, re- by Eq. (5).
spectively. At temperatures higher than 850, both the first
stage and SmOCI are detected but no exact stoichiom-
etry calculated by mass balances can be associated.
- In all temperature ranges, mass balance indicated that
2mg the global stoichiometry correspondsEq. (7).
first stage eq(5) 791" ]
_ 3.4. The effect of the total gas flow rate

<
<o
T
L

0214

d st 7 ]
second stage ea(7) As usual in solid—gas reactions, the effect of the to-

o=Am Sm,0,, m0 Sm,0,
)
(o))

0.8} \ . tal gas flow rate on the reaction rate was analy24{l
10 \ T Starvation[7,24] was studied by changing the flow
"~ psoeC \90005\872058 C 800°C 750°C ] rate from 2.1 to 7.9 1h! at two different temperatures:
925°C ", L : 400 and 950C. The TG curves are shown fig. 11A
0 1000 2000 3000 . s
Time. s and B, respectively. No significant changes on the re-

action rate are noticed at 40Q when the total flow
Fig. 9. Effect of the temperature for 2mg of $8% + C in the rate is increased. A slightincrement is observed in both
750-950'C temperature range. stages when the flow rate is incremented at ‘950
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20 um

Fig. 10. SEM image of the reaction products at 760 Both pitting and channeling are observed on the carbon surface and indicated by
the letters “P” and “C”. SmGl identified by EDS is also indicated.

Therefore, starvation is thought to affect the reaction tions[7,24] such as Ranz—Marshdll,24]. The com-

at the higher temperatur§s,24]. parison is performed at two different reaction degrees
By comparing the effect of the total gas flow rate at at four different temperatures ifable 2. The reac-

both temperatures (Fig. 11) it is inferred that the effect tion stoichiometriesD, and v, the diffusion coeffi-

of total gas flow rate is not uniform in all temperature cient and the kinematic viscosity used to calculate the

ranges involved. It is reasonable because starvationRanz—Marshall equation, are also shot24]. The

is only one of the effects involved in external mass experimental values at the low reaction degree become

transfer. closer to those of the theoretical equation as tempera-
The other effect to be studied is convective mass ture is raised over 55@C. But the experimental values

transfer[7,24]. It is done by comparing the experi- at the higher reaction degree—= 0.5, are at least two

mental reaction values to those of theoretical equa- orders lower than the theoretical ones at temperatures

higher than 650C. Therefore, the first stage of reac-
. : , , : : : tion is affected by convective mass transfer at temper-

. _8:(2) 3 a2l Li - atures over 550C. The second stage is not noticed to
Q, -0.4¢ b-4.55 Lh" 400°C be influenced, not controlled, by convection at tem-
g :8 ‘g; c-7.9 Lh' ] peratures as high as 950 since its theoretical val-

B 1oL ¢ . ] ues are at least one order higher than the experimental
5’” 0 200 400 600 800 1000 1200 ones. Despite that, this stage is affected by starvation
= 0.0 - T T T ] as observed ifrig. 11B.
x -0.21 a-2.1 Lh B) 7
5 :8 '2: E’;‘Zsll:" 950°C 7 3.5. The activation energy and regimes of reaction
g; -0.8[ c M ] .

-1.0L d 3.5.1. The formation of SmOCI

0 50 100 150 200 250

T As observed ofable 1, Smd is the most favored
me, s

product of the carbochlorination at all temperatures
Fig. 11. Effect of the total gas flow rate on the carbochlorination [18]. Nevertheless, SmOCI is the only obtained prod-
of 2mg of SmOs + C: (A) at 400°C; (B) at 95C°C. uct at temperatures below 6%0. It may be due to the
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Table 2

Comparison between (experimental) andN (theoretical) rates

T (°C) D (cms?) v (cms32) N (mol Cl,s72) o r stoichiometry r (molClas72)

550 0.68 0.61 410 x 1077 0.2 Eq. (5) 3.56 x 107
05 Eq. (5) 2.33x 1077

650 0.83 0.74 457 x 107 0.2 Eqg. (5) 3.76 x 1077
0.45 Eq. (6) 7.37 x 10710

750 1.00 0.89 5.28 x 1077 0.2 Eq. (5) 5.25 x 1077
05 Eq. (7) 2.00 x 107°

850 1.18 1.04 5.90 x 1077 0.2 Eq. (5) 5.86 x 10~/
0.5 Eq. (7) 8.04 x 107°

950 1.21 1.21 7.50 x 1077 0.2 Eq. (7) 7.32x 1077
0.5 Eq. (7) 1.78 x 1078

Values of D and v at various temperatures fqgic;, = 30.3kPa.N values are calculated according to the Ranz—Marshall equation and
corrected as suggestéd,25,28]. In this equatior. = 0.10. The experimental values ofare obtained for 2mg of Sp3 + C under a

pci, = 30.3kPa and a total gas flow rate of 7.9"hat each temperature. The equation stoichiometry used to caleulatindicated in

the third column.

differences on the kinetics of formation of the oxy- of the order of 2@ 10 kJ mot L. Although only those
chloride and the chloride. It appears to be consistent curves ofa = 0.1, 0.3, 0.5 and 0.7 are shown, the
with the fact that the formation of SmgIls accom- calculus were performed forvalues between 0.1 and
plished after that of SmOCI at 65C. Between 400  0.9. This lowE,p value suggests external mass transfer
and 625 C, the further chlorination of the SmOCI to control[25,26]. This conclusion is in agreement with
SmCk would demand much more time than those at Figs. 7 and 9where the reaction rate is practically
higher temperatures. Therefore, the product of the car- independent of the temperature effect.
bochlorination is SmOCI. The diminution of theEy, values from low tem-
From 650 to 850C, the formation of SmOCI peratures to high temperatures is consistent with an
becomes the first step of the carbochlorination of Arrhenius behaviof27,28]. TheEyp, values found are
the SmOs. It is achieved with the stoichiometry of in agreement with a change in the controlling reac-
Eqg. (5). Over 850C, the SmOCI is also detected as tion regime from chemical-mixed at low temperatures
the first reaction product but no exact stoichiometry
is associated.

The calculation of the activation energy of the for- Formation of SmOCI <qu. 5 ' o
mation of SmOCI in the 400-85 range is displayed 6 ::0:5-
in Fig. 12. Between 400 and 528, the lines are par- I a=0.3
allel at all reaction degrees indicating that the kinetic al =01 |
regime is the same. Despite only those of 0.1, 0.3, 0.5, E, =20+8 kJ.mol" 4
0.7 are shown, the apparent activation energy values =
(Eap) obtained were calculated atvalues between 0.1 2L F’?!#?FF: . i
and 0.9. TheEqp value found is of 126 5kJmol. | Thesee.
This value suggests either mixed or chemical control ° E,;=120+5 kl.mol
[25]. Although the direct chlorination of S§3 is also 038 110 lf2 1i4 16

possible at this temperature ran@@], its E,p value . Ao
between 375 and 95 is 124 7 kJ mof-1 [20], one T Ix10°.K
order lower than that found for the carbochlorination. Fig. 12. Plot of Irt vs. T-1 at various conversions for 2mg of

At 525°C, theEyp lines present a break ifig. 12. Smp03+C between 400 and 85E. The stoichiometry considered
TheEjap values calculated between 525 and 88are corresponds tdq. (5). 8 coefficient is 7.131 for this equation.
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Table 3 and achieving the global stoichiometry shown in

Activation energy values of the formation of SmOCI and SgnCl Eq. (7).

Process Temperature « range  Egp (kJmol?) As explained earlier, the stages proposed are con-
range (C) firmed by mass balances on the TG curves and XRD

SmOCI formation ~ 400-525 0.10-0.90 1205 identification of the products. Although SmOCI is de-
525-850 0.10-0.90 288 tected at temperatures higher than 860and chem-

SmCp formation ~ 675-950 0.10-0.30 208 ical attacks are observed at carbon surface at low
675-800 0.40-0.90 1485 reaction degrees, the processes influencing the reac-
825-050 0.40-0.90 11& 10 tion are competing for control and no exact stoichiom-

etry can be assigned to the first step. Despite that, the
complete formation of Sm@is obtained in agreement
to external mass transfer at high temperatygss. to Eq. (7).
Although the direct chlorination of Ss3 presents The calculation of theEyp, values assuming the
similar Eap values in the 525-85 range releasing  global stoichiometry of (7) and (6) for the lower

SmOCI as a common produf20], neither the mass  temperatures is displayed détg. 13. The values are
balances on the TG curves nor the attacks of the car- calculated from 675 to 95@C. Only those ofr = 0.4,

bon surface confirm the influence of the direct chlori- 0.6, 0.7 and 0.9 are shown. Tl values found

nation on the carbochlorination. A resume of tag and their temperature and ranges are resumed on
values found is displayed ifable 3. Table 3.
3.5.2. The formation of Smgl 3.5.2.1. E, values ate between 0.1 and 0.3.At

The formation of SmGloccurs as a second stage af-  thegay values, theE,p value is 20+ 8 kJ molL. It cor-
ter that of SmOCI at temperatures higher than@0  responds to the formation of SmOCI in the first stage.
At this temperature, no total conversion of SMOCI 10 The E,, values are similar to that of the formation of
SmCh is achieved. A mixture of both products is ob-  sOCJ at temperatures between 525 and 50T his
tained, as observed iig. 8D. low Eqp value indicates external mass transfer con-
At higher temperatures, between 675 and 930 0| [25,26]. This conclusion is supported Bjg 11B
the chloride formed would be liquid, since the mp \here the effect of starvation at low values is ob-

of SmCh is 681°C [18]. This would favor the mass  gepved at 950C and by the comparison dfable 2
transport of species what would make possible a more

rapid and complete formation of Smdom SmOCI.
At lower temperatures, the solid Smdbrmed over
the solid SmOCI might not favor the transport of gas

species and no complete reaction can be achieved. gl . _
Between 650 and 72%&, the proposed two-stage 110+10 kJ-m\Ol'
1 |

Formation of SmCl,

scheme is given b¥q. (5)and

- 6 -

2SmOCIs) + C(s)+ 2Cl(9) 2 | =09 / /

— 2SmCk(s,l) + COx(Q) (8) 4] «=0.7 /- //‘// _
and achieving the global stoichiometry shown in o=0.6 /' P
Eq. (6).At temperatures between 725 and 850the 5 a=0.4 -mo

first stage coincides with the stoichiometry indicated 0.8 0.9 1.0 1.1
on (5) but mass balances on the second stage are in T 1x 107, K
agreement with the following reaction:

Fig. 13. Plot of Irt vs. T-! at various conversions for 2mg of
SmOCIs C(s)= ClI — SmCk(s,| coO SmpO3 + C between 650 and 95C. The stoichiometries consid-
($)+CE)+ 2(9) b(s.1) + @ ered correspond t&qgs. (6) and (7)8 coefficients are 2.71 and

(9) 2.37, respectively.
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where both experimental and theoretical reaction rate Eq. (6)between 750 and 95C. TheEgp value found

values are of the same ordgr24]. was 140+ 5kImol! between 675 and 80C. At
higher temperatures, between 800 and 9B0the
3.5.2.2. E, values atx between 0.4 and 0.9.The Eap values of the second stage diminishes up to

Eap value found is 146 5k mol* between 675and 110+ 10kJmot ™. Although bothEqp values indicate
800°C. The increment from 28 8 kamot? at low chemical-mixed controlling regimg5], the change
reaction degrees to this value at high reaction degreeson the values is related to an increasing influence of
is associated to a change in the mechanism of reac-external mass transfer as temperature is incremented
tion [25,29]. This change is related to the passage on the mixed—chemical controlled stfgy].

from the first to the second stage of reaction. This  The complexity of this system is related to the
Eap value at high reaction degrees is in agreement intrinsic kinetics of the carbochlorination reactions

with a chemical-mixed control regim@5]. Never- [8,9,21,22]. These reactions release intermediates of
theless, theEyp value is diminished as temperature reaction which mechanism of formation are not com-
is raised over 800C achieving a value of 116 pletely established. The influence of the carbon con-

10kJ mot! as observed irFig. 13. This value also  tent on the reaction rate will be the next step on the
indicates chemical-mixed control regirf#5]. There- study of the SmO3z—C-Ch system.

fore, the diminution of thd,p values observed is due

to an increasing influence of external mass transfer

on this chemical-mixed controlled staf#¥]. This is Acknowledgements

consistent with a typical Arrhenius behav{@i]. It is

supported by the conclusions obtained frbig. 11B The authors wish to thank to the Agencia Nacional
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