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In this paper a fluid-bed performance of the copper~catalyzed synthesis of meth-~
vichlorosilanes from silicon and methyl chloride is described. A contact mass,
prepared by reaction of copper(I) chloride and silicon, is employed. The use of
standardized procedure allowed reproducible experimentation. The rate and the

selectivity of the reaction are studied in relation to the temperature and the silicon
conversion. The attainahle silicon econversion is 85 1o 700, for the nartioular eontact

sion. The attainable silicon conversion is 65 to 709% for the particular contact
mass studied. The silane products contain an average of 85 wt % dimethyldichloro-
silane. The variation of the reaction rate and of the selectivity with the silicon
aomuvaraian 1a ghawn 4~ b o Vo1 Lo ul o O eoal o TR o LA NS T
CULLVEISIUIL 15 Si0wih 10 DE Ielatea 10 tne suriace areda o0l une p phnase {vuyol) 1n uvae
contact mass, The rapid falloff of the reaction velocity after some characteristic
silicon conversion is explained by a sudden decrease of the length of the silicon-y

interphase boundary at the surface of the contact-mass particles.

I. INTRODUCTION

The synthesis of methylchlorosilanes
yields the raw materials for methylsilox-
anes, the most widely used type of sili-
cones. The synthesis is commonly carried
out by the copper-catalyzed reaction of
silicon and methyl chloride (1}. Other
catalysts may be used (2). As dimethyl-
dichlorosilane 1s mainly wanted to produce
silicone oils and rubbers, the main reaction
should be

Si 42

This reactior

CH;Cl — Si(CH,):Cl, M

) n is nxot ermal, about 80 keal/
mole, dimethyl hlorosﬂane being liber-
ated. Except for (1), many side and con-
secutive reactions may take place. The
resulting product contains a variety of
compounds. The product composition is
rather dependent on the reaction tempera-
ture (3, 4). As the almost exhausted cop-

ner-silicon contact mass resultine after the
per-siiicon contact mass resuiung aiter the

reaction is an extremely active catalyst for
the cracking of methyl chloride (4), these

copper-rich particles have to be withdrawn
in any continuous process.

These features have led several authors
to the use of a fluidized bed for
thesis (6-8). It was shown in this labora-
tory (8, 4, 9) that with this reactor system
it is possible to maintain a constant copper
percentage in the contact mass by continu-
ously copper-rich fines along
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removing
with the gaseous product‘s. In the present
study an investigation is described in
which a contact mass, prepared from cop-
per(I) chloride and silicon, is exhausted at
constant temperatures and methyl chloride

feed rates.

IT. EXPERIMENTAL PROCEDURE

The fluid-bed reactor employed in the
present work was described earlier (4, 9).
The reactor is drawn in Fig. 1. It is em-
ployed with a spiral stirrer.

The contact masses used always con-

tained 10 wt % of copper. The silicon was
a mixture of 11.7 wt % of a sieve fraction
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F1g. 1. TFluid-bed reactor. 1. From methyl
chloride metering system; 2. preheater; 3. porous
plate; 4. reactor with fluidized bed; 5. opening
for temperature measurement or contact-mass
bleed; 6. Thermocouple well; 7. outlet for prod-
ucts and dust; 8. pressure measuring; 9. passage
of stirrer axis; 10. filling opening and outlet for
silicon tetrachloride; 11. glass plug with gates
for methyl chloride inlet and with 12. ground glass
joint; 13. “O” ring seal; 14. inlet pressure air to
fluidize the external (heat transport) bed; 15.
porous bottom plate external bed; 16. fluidized
bed; 17. stopcock; 18. dust chamber external bed;
19. to hydrocyclone; diameter of reactor tube,
38 mm, height 1600 mm.

,
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of 50-75 um, 36.9 wt % of 75-105 pm, 41.4
wt % of 105-150 um, and 10.0 wt % of
150-210 um. This silicon mixture con-
tained: Fe, 0.4%; Al 0.10%; Ca, 0.05%;
and Mg, 0.09%.

The contact mass was prepared by reac-
tion (2)

4CuCl 4+ n Si— (n — 1)Si 4+ 4Cu + SiCly  (2)

The copper(I) chloride used did not con-
tain bivalent copper. The total amount of
impurities was less than 0.1%, mainly
consisting of earth alkali metals. Emission-
spectrometric analysis showed the presence
of traces of magnesium and manganese and
extremely small quantities of lead and tin.
Arscnium, aluminum, antimony, and bis-
muth were not present. This copper(I)
chloride was prepared by a method de-
seribed in ref. (9). To obtain reproducible
results it 1s extremely important to prepare
the contact masses by carefully standard-
ized methods, The preparation was carried
out in the fluid-bed reactor device. The
contact mass was used immediately after
preparation.

Preparation of the Contact Mass

Silicon was dried for at least 10 hr in an
oven at 180-200°C. Copper(Il) chloride,
with a particle size of 2-5 wn was passed
through a 210 um sieve. Into a stop-
pered bottle were weighed 1560 parts cop-
per(1) chloride, 5 parts aluminum pow-
der, and 10 parts zinc powder. The powders
were well mixed by rolling the bottle, To
the mixture were then added 9095 parts
dried and cooled silicon powder. The jar
was rolled again until a homogeneous mix-
ture was obtained. This mixture was then
poured into the reactor. The reactor was at
room temperature and had previously been
flushed with nitrogen or argon. When pour-
ing the powders into the reactor segrega-
tion of the powder was prevented by roll-
ing the flask and by cmploying a small
height of fall. No gas was being passed
through the reactor. Immediately after fill-
ing the reactor was closed, cxcept for an
outlet for silicon tetrachloride. Argon or
nitrogen was passed through at a rate well
below the minimum fluidization velocity.
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Fi6. 2. The reaction rate vs the silicon conversion: 4, 281° (F33); A, 312° (F22); O, 327° (F21);
[, 338° (F23); X, 347° (F24). See Table 1. (Y-axis: r, g CHsCl/g Si hr. X-axis: silicon conversion,

%o).

The reactor was heated at a rate of about
5°/min. Above the initiation temperature
of reaction (2) a rapid evolution of silicon
tetrachloride occurs. The initiation tem-
perature was always 305°C when freshly
prepared, dry copper(I) chloride was em-
ployed. The heat supply to the reactor was
controlled so as to secure a temperature

rise of not more than 20 to 30° when the
reaction starts. If the sudden temperature
rise 1s larger, the contact mass is fluidized
for a while or preferably stirred. The tem-
perature is then adjusted at 350°C. After
heating 2-3 hr at 350° the mass is ready
for use.

Complete conversion of the copper(I}
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I'ta. 3. The composition of the reaction products vs the silicon conversion: -, 281° (I'33); A, 312°
(F22); O, 327° (F21); [, 338° (F23); X, 347° (F24). See Table 1. (Y-axis: product composition,

wt 9. X-axis: silicon conversion, %).

chioride yields a mass with 1000 parts cop-
per, 5 parts aluminum, and 10 parts zinc
{eventually as ehlorides) and 8985 parts
silicon. The copper is mainly present as
n phase {Cu,S1), as is revealed by rontgen-
ographic analysis (9,10). Microscopic study
of the contact-mass particles showed that
this 7 phase was Incorporated in the sil-
icon as a rough skin (comparable with
sand partieles pressed in wax). The size of
the n-phase particles was about 1 pm.

The minimum fluidization rate of the
obtained contact masses s, with nitrogen
at 20°C, 147 X 10" g/em* sec and with
methyl chloride at 325°C, 1.05 X 16 ¢/
em’ sec.

The products of the synthesis consist of
copper-rich fines and a gaseous effluent.
The fines are collected in a eyelone. The
gaseous effluent is continuously distilled in
a rectifieation column which is direetly

connected to the reactor. Here a separation
is effected of silanes and methyl chloride.
The silanes are withdrawn from the still at
regular intervals and are analyzed gas
chromatographically.

All experiments described in this paper
were catried out with portions of 330¢
contact mass. The methyl chloride feed
rate was 117 g/hr (103 g/em* hr). This
corresponds to three times the minimum
fluidization rate of the fresh contact mass.
The stirrer turned at 60 rpm.

ITI. REsuLTs

The results of the investigations are eol-
leeted in Figs, 2-5 and in Tables 1 and 2.
The eurves of the reaction rate (expressed
as grams of methyl chloride converted into
silanes per gram of silicon at any time
present In the reactor and per hour) in
relation to the silicon conversion and with
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Fi16. 4. The reaction rate vs the silicon conver-
sion: @, 375° (F3l); A, 410° (F30). See Table 1.
(Y-axis: », g CH.Cl/g Si hr. X-axis: silicon con-
version, %).

the reaction temperature as a parameter
show that in the applied reactor system
temperatures between 280° and 350°C are
usable. By extrapolation of the curves to-
wards higher silicon conversions, until the
reaction rate approaches zero, the maxi-
mum attainable silicon conversion may be
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Wt %

F1e. 5. The composition of the reaction prod-
ucts vs the silicon conversion: @, 375° (F31); A,
410° (F30). See Table 1. (Y-axis: product com-
position, wt %. X-axis: silicon conversion, %).

determined. At temperatures between 300
and 350°C the maximum attainable silicon
conversion turns out to be 65 to 70%.* At
higher temperatures (375° and 410°C) the
contact mass is rapidly inactivated and as
a consequence only 20 to 40% of the silicon
can be converted. This rapid inactivation
of the contact mass is probably due to
blocking of the active sites on the surface
by the decomposition products of methyl
chloride. In accordance with this view the
initially rather high selectivity decreases
after some time has elapsed at high tem-
peratures (Fig. 5). In the range to 350°C
the limit for the silicon conversion shows
to be highest for 327° and 338°C (70%
silicon conversion). As the reaction rate
has achieved a reasonable level in this

* By adding small amounts of hydrogen sulfide
to the methyl chloride feed, 909 of the silicon
may be converted into products with 82 wt %
dimethyldichlorosilane (4, 9).
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TABLE 1
THE SYNTHESIS OF METHYLCHLOROSILANES IN FLuip BeEp (OvER-aLL REsvLrs).
Contact Mass PRePARED rROM CopPER(I) CHLORIDE AND SILICON

Produet compositione

(wt %) Silicon® Methyl chloride
Expt. Temp. Duration Products conversion conversion
no. (°C) (hr) @®) D T M DH Q TH (%) (%)
F33 281 94.5 380 78.5 100 40 3.5 2.5 1.7 33 3.0
F22 312 50.5 691 8.0 8.0 2.8 2.3 1.3 0.3 54 9.2
F21 327 37.0 756 84.5 83 3.2 25 1.4 0.3 59 14
F23 338 22.5 680 8.6 7.4 3.1 3.7 1.1 0.2 54 20
F24 347 17.8 649 8.2 7.5 2.4 3.1 1.1 0.1 51 24
F31 375 2.8 324 68.5 17.0 5.0 7.0 2.0 0.3 27 17
F30 410 2.3 130 56.0 32.9 5.6 5.1 0.4 0.3 11 38
Composition of the spent contact mass Composition of the dust
Contact mass (wt %) (wt %) Mass balance
Expt. after the expt. Dust 8 + Cu)
no. (g) Si Cu C Cl (g) Si Cu C Cl (%)
F33 212 86.9 10.5 0.2 0.3 33.6 60.6 24.6 2.3 3.4 97
F22 164 8.8 11.3 0.2 0.5 21.4 30.7 5145 5.1 5.3 99.8
F21 151 84.8 12.8 0.3 0.7 22.4 29.4 56.0 6.5 6.1 100.1
F23 166 87.1 11.1 0.2 0.6 28.9 36.2 44.1 6.7 9.5 101.2
F24 168 87.5 10.6 0.2 0.5 22.3 27.0 56.6 4.3 8.6 98.1
F31 238 89.6 7.1 — 0.3 224 255 51.0 4.6 15.7 97.0
F30¢ 265 91.4 6.5 0.3 0.4 ~25 36.6 45.1 7.4 8.1

¢ Throughout this paper the following product code is used: D = dimethyldichlorosilane, T = methyl-
trichlorosilane, M = trimethylchlorosilane, DH = methyldichlorosilane, TH = trichlorosilane, Q =
tetrachlorosilane.

b Silicon in silanes and in dust.

¢ At about 209, silicon conversion.

TABLE 2
THE SYNTHESIS OF METHYLCHLOROSILANES IN FLuiv BEp (OVER-aLL Resuvts).
Contact Mass PrREPARED FROM Moist CopPER(I) CHLORIDE AND SILICON

Product composition

(wt %) Silicon? Methyl ehloride
Expt. Temp. Duration Product conversion conversion
no. (°C) (hr) (2) D T M DH Q TH (%) (%)
F18 348 16.2 865 87.5 5.7 3.1 [ 3.4 ] 65 36
F19 338 22.5 733 8.6 7.1 2.7 1.6 [ 2.1¢ ] 56 21
F20 327 39.0 613 83.3 9.9 3.2 25 1.2 0.2 55 10.6
Composition of the spent contact mass Composition of the dust
Spent con- (wt %) wt %) Mass balance
Expt. tact mass Dust (Si 4+ Cu)
no. (g) Si Cu C Cl (g) Si Cu C Cl (%)
F18 131 — — _ — 4.6 — — -— — ~98
F19 149 82.4 14.1 1.1 0.8 19.7 — — — — ~98.5
F20 173 85.2 9.3 0.4 0.7 26,6 28.5 62.2 4.9 5.6 97.5

« See footnote a, Table 1.
b Silicon in silanes and in dust.
¢ Total value.
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range and as the amount of dimethyldi-
chlorosilanes in the total products is al-
most a maximum, temperatures between
327° and 338°C appear to be optimal in
this system,

It is evident from Fig. 3 that the prod-
uct composition is hardly dependent on
temperature in the range of 280-350°C. At
280° a somewhat lower percentage of di-
methyldichlorosilane is found in the prod-
ucts. The reason for this fact is not known,
but it need not be significant. Stirred-bed
experiments  reported earlier vielded at
300°C selectivitiecs of 89% dimethyldi-
chlorosilane in the products (717). At high
temperatures a high selectivity is found
for some time, but the amount of side reac-
tions inereases progressively with time, the
amount of dimethyldichlorosilane decreas-
ing rapidly along with the reaction rate.

In Table 1 the total amounts of silancs
produced in the course of an cxperiment
are reported together with the composition
of the over-all product, with the silicon
conversion, and with the average methyl
chloride conversion. From the compositions
of the exhausted contact masses and the
corresponding dusts it is clear that the
fines are relatively very rich in copper,
carbon, and chlorine.

Some data concerning experiments which
were carried out with contact masses pre-
pared from moist copper(I) chloride are
presented in Table 2. The relevant contact
masses were prepared from powders mixed
in moist air. Possibly some oxidation of the
copper(I) chloride occurred. Most of the
moisture present in the mixtures is en-
trained with the nitrogen flow during the
first heating stage in the preparation of the
contact mass. Evidently the reactivity of
the resulting contact masses is rather high,
but unfortunately the results are not
reproducible.

IV. Tue TEMPERATURE DEPENDENCY OF
THE REACTION RATE

To trace the effect of the temperature on
the reaction rate it is necessary to caleu-
late initial reaction rates (rates at zero
methyl chloride conversion) from the
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average rates shown i Fig. 2. From the
rate equation published in ref. (12) and
from our own kinetic measurements (8,
13) it appears that at low over-all pres-
sures and not too high conversions the re-
action may be considered as first order in
methyl chloride. From the average rcaction
rates in Fig. 2 the initial reaction velocities
were calculated, assuming the rate equa-
tion to be (3).

r= ("pCH:;CI (3)

The initial reaction rates are ecalculated
for the center part of the curves in Fig. 2
for a definite set of silicon conversions (15,
20, 25, 30, 35% ). The results are presented
in Table 3.

For each set of values at constant silicon
conversion an activation energy for the re-
action is calculated. The rates are also
averaged at constant temperature between
15 and 35% silicon conversion. The values
obtained are illustrated in Fig. 6.

The resulting activation energy is 26.6
keal/mole. In Fig. 5 the value for 347°C
lies under the straight line, indicating that
the cracking and blocking reactions al-
ready influence the results at 347°. They
are still more important at 375° and 410°C.

V. Tue ErrEcTS BROUGHT ABOUT BY
CONVERSION OF THE SILICON

The curves for the reaction rates in the
fluid bed as a function of the silicon con-
version at 310-350°C are clearly divided
into three parts (Fig. 2). The first branch
rises sharply until 10% of the silicon is
converted. The second fragment of the
curves shows a relatively slow, linear in-
crease of the rate between 10 and 35%
silicon conversion. After 409 silicon con-
version a rapid decrease of the reaction
velocity is observed, until at 65 to 709
conversion the reaction rate approaches
zero. The corresponding selectivity curves
(Fig. 3) show that in the first period, until
5% silicon conversion is reached, the per-
centage of dimethyldichlorosilane in the
produets increases strongly, accompanying
the sharp rise in reaction rate. After 6%
silicon conversion the selectivity remains
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TABLE 3
THE TEMPERATURE DEPENDENCE OF THE INITIAL ReactioNn RAaTE

Temp. (°C)

Si conv —_— e ————— Ee
(%) 2812 312° 327° 338° 347° (keal /mole)
15 0.014« 0.060 0.095 0.135 0.163

0.030 0.131 0.207 0.294 0.355
0.014 0.062 0.100 0.146 0.179 26.5
20 0.015 0.062 0.099 0.142 0.172
0.031 0.127 0.203 0.291 0.352
0.015 0.064 0.104 0.153 0.189 26.1
25 0.015 0.064 0.103 0. 147 0.180
0.029 0.123 0.195 0.282 0.346
0.015 0.066 0.108 0.158 0.197 26.7
30 0.016 0.065 0.107 0.153 0.187
0.029 0,127 0.186 0.275 0.336
0.016 0.067 0.113 0.164 0.204 26.6
35 0.016 0.066 0.112 0.139 -—
0.027 0.110 0.176 0.265 —
0.016 0.068 0.117 0.170 — 27.0
Average 0.015 0.065 0.108 0.158 0.192 26.6

@ The first number denotes the average reaction rate r (expressed as grams of methyl chloride converted
into silanes per gram of silicon in the reactor and per hour}. The middle number gives the fraction of the
methyl chloride converted into silanes. The number at the bottom denotes the initial reaction rate ry (at
zero methyl chloride conversion).

' AN
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1.6 17 1.8 ]

——— 10007

Fic. 6. The temperature dependency of the initial reaction rate. See Table 3.
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constant at 87-90% dimethyldichlorosilane
until 40% silicon conversion. Beyond this
point the selectivity decreases gradually,
coinciding with the sharp decrease of the
reaction velocity. The boundaries between
the three sections of the selectivity and ac-
tivity curves appear always at about 10
and 40% silicon conversion. The three
parts of the curves will now be discussed
to gain a better insight into the processes
leading to this remarkable course of the
synthesis.

The first fragment of each curve shows
a sharp increase of both the reaction rate
and the percentage of dimethyldichloro-

VOORHOEVE, LIPS, AND VLUGTER

In the initial period of the reaction with
methyl chloride this copper layer mainly
disappears by conversion into 5 phase or
by attrition in the fluid bed. The conver-
sion of copper into 5 phase is microscopi-
cally verified.* In the first reaction period a
decrease of the free copper amount in our
contact masses could not be shown by
X-ray analysis. During the conversion of
the first 5% of the silicon the intensity of
the copper lines remained about constant
{Fig. 7(c,d)].

The increase of the reactivity of the
contact mass and the decrease of the rate
of formation of side products (Fig. 8)

(a)
(b)
(e)
(d)
{e)
(6]
(=)
(h)

Fic. 7. Rontgen diffraction patterns. Contact masses during the contact-mass preparation and dur-
ing the first 10% silicon conversion. Guinier camera, Cu K, radiation. (a) Immediately after the
vivid tetrachlorosilane evolution; (b) two hours after (a); (¢) during the reaction with methyl chlo-
ride after 2.6% silicon conversion; (d) after 5.1% silicon conversion; (e) after 7.6% silicon conver-
sion; (f) after 104% silicon conversion; (g) pure copper; (h) pure silicon. The reaction with methyl

chloride was carried out at 340°. Y=14; |=Cu.

silane in the produets. Investigation under
the polarization microscope of polished
silicon surfaces after reaction with cop-
per(I) chloride showed that the fresh
contact mass consists of a silicon substrate
which is partly covered by =» phase
(Cu,;Si). The » phase again is partly cov-
ered by a thin layer of free copper, not yet
converted into  phase. This result matches
with the evidence from miecroscopic in-
vestigation of nonpolished contact-mass
particles. Rontgen diffraction also indicates
the contact mass to be composed of silicon
and » phase with some free copper (Fig.
7(a) and (b). It is obvious that copper and
silicon will form » phase at their interface,
a relatively copper-rich surface remaining.

may be attributed to the disappearance of
free copper shielding part of the »-phase
surface. A second effect which may account
for the rise of the reaction rate is the in-
crease in surface area produced by the
etching by methyl chloride. Summarizing,
the increase in activity during the conver-
sion of the first 10% of the silicon and the
rise of the selectivity of the reaction may
be attributed to the etching of the surface
and to the disappearance of free copper
from the active surface.

The second branches of the functions
(Figs. 2, 3) representing the selectivity

*In the ethylchlorosilane synthesis the conver-
sion of copper into 5 phase in the starting period
of the reaction is shown by ref. (14).
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and reaction rate in relation to the silicon
conversion show an almost constant selec-
tivity and a gradual and linear increase of
the reaction velocity. Judged from the con-
stant selectivity it is not to be cxpected
that any further change will appear in the
ratio of the surface areas of free copper
and 5 phase. However, the amount of free
copper and 5 phase increases relative to the
total weight of the contact mass. This 1¢
indicated by Fig. 7(e) and (f). Accord-
ingly, the rate of formation of side prod-
ucts is raised beyond 7% silicon conversion
(Fig. 8).
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Fic. 8. The specific conversion of methyl chlo-
ride into side products vs the silicon conversion:
+, 281° (F33); A, 312° (F22); (O, 327° (F21);
[, 338° (F23); x, 347° (F24). (Y-axis: r, g
CH.Cl/g Si hr. X-axis: silicon conversion, ).

The increase of the reactivity of the
contact mass is completely accounted for
by the radial shrinkage of the silicon parti-
cles. With a constant surfacc area of
phase the reaction velocity per unit weight
of silicon will increase with the conversion
of the partieles. This interpretation is sup-
ported by the curves of the reaction ve-
locity expressed as the weight of methyl
chloride converted (Fig. 9). The curves
representing the sccond fragments of the
funetion in Fig. 2 show but a small slope.®

* The negative slope is caused by some attri-

tion, which is relatively more important the
longer the experiment lasts.

OF METHYLCHLOROSILANES 1.
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An explanation of the rather sudden
changeover from the second to the third
portion of the curves (Fig. 2) has to eluci-
date the sharp decrease of the reaction rate
and the gradual decrease of the selectivity
(Fig. 3). The most plausible inference
from what has been sald above is that the
n-phase surface area shows a sudden slump.

As a matter of fact, the catalytic activ-
ity of the 5 phase requires at the surface a
grain boundary between 5 phase and free
silieon, as a supply of free silicon atoms to
the »-phase surface reacting with methyl
chloride is only rapid enough via such a

50| ’
i
40— —
S ——
30 M—
B —
5 c ]
20 E—
d T |
10
0

0 10 20 30 40 50
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F1a. 9. The conversion of methyl chloride into
silanes vs the silicon conversion. The curves were
obtained from the center branches of the curves
in Fig. 2. a. 347° (F24); b. 338> (F23); c. 327°

(F21); d. 312° (I'22). (Y-axis: methyl chloride
conversion, g/hr. X-axis: silicon conversion, /),

boundary. This implies that free silicon
has to be present at the surface of the par-
ticles. Initially this is certainly the case.
However, in the course of the synthesis
process the »-phase grains will cover an
ever growing part of the silicon surface. As
long as the grain boundarics remain free
this will not bear any detrimental cffect.
But when the g-phase grains reach cach
other a rapid decrease of the length of the
grain boundaries will oceur, producing a
rapidly decreasing reactivity, diffusion of
silicon atoms becoming the rate-controlling
process. This may be the explanation of
the revealed changes of the contact-mass
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properties at about 40% silicon conversion.
The spread in particle sizes obscures the
effects somewhat. The proposed mechanism
is in line with the much more gradual de-
crease of the selectivity of the methylchlo-
rosilane production.

To support the presented interpretation
of the facts it may be calculated at which
over-all silicon conversion the -phasc
grains on the smallest particles (50-75
wm) will start to hinder each other. At that
moment the descent of the reaction rate
will start. The calculation is based on the
model of Fig. 10.
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n-phase particles is microscopically deter-
mined to be 1 pwm. In the calculation
silicon particles are assumed to be spheres,
the sphere-shaped -phase grains being em-
bedded in the silicon surface. The density
of the » phase is approximately 812 g/ml;
the silicon density is 2.42 g/ml. Tt is simply
calculated that the #-phase grains will
cover a surface area of 560 ecm?* ‘ml silicon.
When all 5-phase grains (in closest pack-
ing) touch as a consequence of the radial
shrinkage of the silicon particles a fraction
0.9 of the silicon surface will be covered.
From the mentioned values it is caleu-

YN

a a a

Fic. 10. Model of the surface of a contact mass particle (on scale). Contact-mass data: see the
text, I. Idealized structure of the 5-Si surface (shaded area is » phase, with silicon in between), II.
Cross section along A of the surface I. III. The same particle after 55% conversion. IV. Cross sec-
tion along A of the surface III. a. Reaction of silicon with methyl chloride; b. surface diffusion of
silicon; c. grain-boundary diffusion of silicon.

The transport through a is initially slower than that via b and c¢. The transport through b and ¢
is proportional with the length of the g-silicon grain boundary at the surface. This length slumps
down beyond 55% silicon conversion. Then the transport via b and ¢ may become slower than that
via a. After some time b is impossible at all. The whole surface is then covered by p-phase grains.

The copper content of the contact mass
is known to be 10 wt %. The particle-size
distribution of the silicon powder is re-
corded in the Experimental Procedure sec-
tion, the specific surface of the mixture
being S, = 1050 em™'. The size of the

lated that this oecurs at 55% conversion
of the particle. At the moment this happens
with the smallest particles (50-75 um) the
sudden falloff of the reaction rate will
start. It has to be calculated now at which
over-all silicon conversion the particles of
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50-75 pm will be converted to 55%. In
this calculation it is assumed that the reac-
tion rate is linearly dependent on the sur-
face area of the particles. It follows then
that the conversion of the smallest parti-
eles reaches the mentioned value of 559
at about 38% over-all conversion. This ix
in excellent agreement with the value of
35 to 409 found experimentally (Fig. 2).

From the discussion given above it may
be concluded that a deerease of the copper
eontent of the contact mass, with all other
mentioned variables unchanged, may pro-
vide an opportunity to convert a larger
part of the silicon before the rapid slow
down of the reactivity starts. The activity
of a contact mass with 5 wt % copper.
which corresponds to the given model, will
not tend to decrease unless 609 of the sili-
con is converted.

VI. CoNcLUsIONS

By using standard methods and dry,
freshly prepared copper(l) chloride it is
possible to obtain a contact mass with re-
producible properties. In a fluid bed the
selectivity and the activity of sueh a con-
tact mass vary in a characteristic manner
with the silicon conversion. During an
important part of the process the activity
and the scleetivity are on a high level. The
optimum reaction temperature is 325° to
340°C. A conversion of 70% of the silicon
may he reached. This figure probably may
be raised by applying lower copper per-
eentages. The dimethyldichlorosilane con-
tent of the produets averages 85 wt % and
reaches a maximum of 88 to 90%. The
geleetivity of the proecess is hardly depend-
ent on temperature between 300 and 350°C.
The temperature dependence of the initial
reaction rate may be deseribed with the aid
of an Arrhenius equation, the activation
energy being 26.6 keal/mole. The variation
of the activity of the contaet mass and the
seleetivity of the methyl cehloride conver-

METHYLCHLOROSILANES 1

sion in the course of the synthesis can
readily be explained by a simple model of
the structure of the contact mass and its
transformation during the conversion cof
the silicon.*
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*The mechanism of the reaction of methyl
chloride with silicon-copper to yield dimethyldi-
chlorosilane is described in refs. (9, 15, 16).



