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In this paper a fluid-bed performance of the copper-catalyzed synthesis of meth- 

ylchlorosilanes 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 t,he reaction are studied in relation to the temperature and the silicon 
conversion. The attainable silicon conversion is 65 to 70% 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 
conversion is shown to be related to the surface area of the q phase (C&i) in the 
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-q 
interphase boundary at the surfacse of the contact-mass particles. 

I. INTRoDC~TION 

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 is mainly wanted to produce 
silicone oils and rubbers, the main reaction 
should be 

Si + 2CH&l --f Si(CH&Cl, (1) 

This reaction is exothcrmal, about 80 kcal/ 
mole, dimethyldichlorosilane being liber- 
ated. Except for (1)) many side and con- 
secutive reactions may take place. The 

copper-rich particles have to be withdrawn 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 this syn- 
thesis (6-8). It was shown in this labora- 
tory (3, 4, 9) that with this reactor system 
it is possible to maintain a constant copper 
percentage in the contact mass by continu- 
ously removing copper-rich fines along 
with the gaseous products. In the present 
study an investigation is described in 
which a contact mass, prepared from cop- 
per(1) chloride and silicon, is exhausted at 
constant temperatures and methyl chloride 
feed rates. 

II. EXPERIMENTAL PROCEDURE 

resulting product contains a -variety of The fluid-bed reactor employed in the 
compounds. The product composition is present work was described earlier (4 9). 
rather dependent on the reaction tempera- The reactor is drawn in Fig. 1. It is em- 
ture (3, 4). As the almost exhausted cop- ployed with a spiral stirrer. 
per-silicon contact mass resulting after the The contact masses used always con- 
reaction is an extremely active catalyst for tained 10 wt $% of copper. The silicon was 
the cracking of methyl chloride (5), these a mixture of 11.7 wt % of a sieve fraction 
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FIG. 1. Fluid-bvd reactor. 1. Prom mrthyl 
chloride metering system; 2. preheater; 3. porous 
plate; 4. reactor with fluidizcd 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 trtrachloridr ; 11. glass plug with gates 
for methyl chloride inlet, and with 12. ground glass 
joint; 13. “0” ring seal; 14. inlet pressure air to 
fluidize the rxtrrnal (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. 

of 50-75 ,q 36.9 wt s of 75-105 /.~m, 41.4 
wt % of 105-150 pm, and 10.0 wt % of 
150-210 pm. This silicon mixture con- 
tained: Fe, 0.4% ; Al, 0.10%; Ca, 0.057, ; 
and Rig, 0.09%. 

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

1CuCl + ?L Si ---f (n - I)Si + 4Cu + SiCla (2) 

The copper(I) chloride used did not con- 
tain bivalent copper. The total amount of 
impurities was less than O.ls, 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 dc- 
scribed in ref. (9). To obtain reproducible 
results it is 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 n-as used immediately after 
preparation. 

Preparation of the Contact Alass 

Silicon was dried for at least 10 hr in an 
oven at 180-200°C. Copper(I) chloride, 
with a particle size of 2-5 ,~lm was passed 
through a 210 pm sieve. Into a stop- 
pcred bottle wcrc weighed 1560 parts cop- 
per(1) chloride, 5 parts aluminum pow- 
der, and 10 parts zinc powder. The powders 
wcrc 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 employing a small 
height of fall. No gas was being passed 
through the reactor. Immediately aft,er fill- 
ing the reactor was closed, except 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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FIG. 2. The reaction rate vs the silicon conversion: +, 281” (F33) ; A, 312” (F22) ; 0, 327” (F21) : 
0, 338” (F23); x, 347” (F24). See Table 1. (Y-axis: 1’, g CH,Cl/g Si hr. X-axis: silicon conversion, 
%). 

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 is 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. 

CompIete conversion of the copper (I I 
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1’1~:. 3. Thy cwrnposition of the wnction ~~roducts vs the silicon conversion: -1, 281” 033) ; A. 312” 
(F22) ; 0, 327” (F21) ; 0, 338” (F23); x, 347” (FM), SCP Table 1. (Y-axis: protluc~t com~~osition, 

wt ‘/i S-axis: silicon (*on\-rrsion, %). 

cllloridc yields a n~ass with 1000 imrts cop- 
pm, 0 parts aluminunl, and 10 lm& zinc 
(eventually as chlorides) and 898.5 parts 
silicon. The copper is mainly Imwnt as 
7 phase (Cu,Si 1, as is rcveal~d by rbntgen- 
ographic analysis (,9,10). Microscopic study 
of the contact-mass particles shonw~ that. 
tllis 7j phase was incorporated in the sil- 
icon as a rough skin iro~nparablc with 
sand psrticlcs prt~~d in wax). The xizr of 
tlw ~-phase particles was ahout, 1 pm. 

connected to tlw rwctor. Hcrc a ~epsration 
is effected of eilancs and methyl chloride. 
The silanea arc withdrawn from the .MI at 
regular intervals and arc analyzed gas 
rl~ron~atograpl~icnlly. 

All experiments described in this paper 
mere carried out with portions of 330 g 
contact mass. The methyl chloride feed 
rate was 117 g/h (IO.3 g,/cm~ 111.). This 
cowqonds to thee tinws the miniiuum 
fluidization rate of the fresh contact mass. 
The stirrer turned at 60 rpm. 
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FIG. 4. The reaction rate vs the silicon conver- 
sion: 0, 375” (F31); A, 410” (F30). See Table 1. 
(Y-axis: 7, g CH,Cl/g Si hr. X-axis: silicon con- 
version, $6). 

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 

% 

FIG. 5. The composition of the reaction prod- 
ucts vs the silicon conversion: l , 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, SOc//o 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 FLUID RED (OVER-.\LL RES~I,TS). 

CONTACT M.\ss PREPARED FROM COPPER(I) CHLORIDE AND SILICON 

Expt. 
no. 

Temp. 
(“C) 

Product composition- 
(wt %I Siliconh Methyl chloride 

Duration Products __- conversion conversion 
(hr) (9) D T ill DH Q TH (%) (%) 

F33 
F22 
F21 
F23 
F24 
F31 
F30 

Expt. 
“0. 

281 !)-I.5 380 78.5 10.0 4.0 3.5 2.5 1.i 33 
312 50.5 691 85.0 8.0 2.8 2.3 1.3 0.3 54 
327 3i 0 756 84.5 8.3 3.2 2.5 1.4 0.4 59 
338 22.5 680 84. (i 7.4 3.1 3.7 1.1 0.2 51 
34i 17.8 B-29 86.2 7.5 2.4 3.1 1.1 0.1 51 
375 12,s 324 68.5 17.0 5.0 i.0 2.0 0.3 27 

410 2.3 130 56.0 32.9 5.6 5.1 0.4 0.3 11 

Contact mass 
Composition of th; s+yt contact mass 

w 0 
Composi~io;;fjthe dust 

0 
after the apt. 

CR! Si CU C Cl 
Dwt 7 w c c, 

(91 CU 

Mass balance 
(Si + Cu) 

66) 

F33 212 86.9 10.5 0.2 0.3 33.6 60.6 24.ci 2.3 3 .4 97 
F22 16-l 86.8 11.3 0.2 0.5 21.4 30.7 54.5 5.1 5 .:!I 99.x 
F21 151 84.8 12.8 0.3 0.i 22.1 29.4 56.0 6.5 6.1 100. I 

F33 166 Xi.1 11.1 0.2 0.6 28.9 30.2 44.1 6.7 9.5 101.2 

F24 168 Xi.5 10.6 0.2 0.5 22.3 27.0 56.6 4.3 8.6 98.1 
F3 1 2YS 89. ti 7.1 - 0.3 22.4 25.5 51.0 4.6 15.i 97.0 
F30c 2F5 91.4 6.5 0.3 0.4 -25 N.(i 45.1 7.4 8.1 

‘A Throughout this paper the following product code is used: I> = dimethyldichlorosilane, T = methyl- 
trichlorosilane, 11 = trimethylchlorosilanc~, DH = mrthyldichlorosilanr~, TH = trichlorosilanc, Q = 
trtmchlorosilane. 

* Silicon in silanes and in dust. 
C At about 20’2 siliron conversion. 

TABLE 2 
THE SYSTHESIS OF METHYLCHLOROSILANES IN E’LLIU BEI) (OVER-ALL RESIJLTS). 

COWLICT MASS PREPARED FROM MOIST COPPER(I) CHLORIDE AND SILICON 

Expt. 
no. 

Temp. 
(“C) 

Product (eotm+qsition* 
Silicon* 

Duration Product 
w lJ 

conversion 
Methyl chloride 

conversion 
0x1 (9) D T WI DH Q TH (%I (%) 

F18 348 16.2 865 87.5 5.7 3.1 [ :3.-v ] 6.5 36 
I?19 338 22 .5 733 86.G 7.1 2.7 1.6 [ 2.1c ] 56 21 
F20 327 39 .o 613 83.3 9.9 3.2 2.5 1.2 0.2 55 lO.ti 

Expt. 
no. 

spent con- 
Composition of )zt s;e,“t contact mass 

0 
Compoui~io;;f)the dust 

-8 ” Mass balancr 
tact nmSS ----____________ Dust 

(9) Si CU C Cl 
(Si + Cu) 

(9) Si CU C Cl (%) 

F18 13 1 - - 4.6 - - - - -98 
1’19 140 82 .‘I 14.1 1.1 0.8 19.i -- - - - -98.5 
F20 Ii3 85.2 9 (3 0.4 0.7 26.6 28.5 62.2 4.9 5.6 97.5 

u See footnote a, Talk 1. 
h Silicon in silanes and in dust. 
c Total vnlur. 
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range and as the amount of diniethyldi- 
chlorosilanes in the total products is al- 
most a maximum, temperatures bctwcen 
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 pcrccntage 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 yielded at 
300°C selectivities of 89% dimethyldi- 
chlorosilanc in the products (11). At high 
temperatures a high selectivity is found 
for some time, but the amount of side reac- 
tions increases progressiYcly with time, the 
amount of dimethyldicl~lorosilane decreas- 
ing rapidly along with the reaction rate. 

In Table 1 the total alnounts of silancs 
produced in the course of an experiment 
are reported together with the composition 
of the over-all product, with the silicon 
conversion, and with the arcrage 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 
t,he resulting contact masses is rather high, 
but unfortunately the results are not 
reproducible. 

IV. THE TEMPERATURE DEPENDENCY OF 
THE REACTION RATE 

To trace the effect of the temperature on 
the reaction rate it is necessary to calcu- 
late initial reaction rates (rates at zero 
methyl chloridr conversion) from the 

average rates shown in Fig. 2. From the 
rate equation published in ref. (12) and 
from our own kinetic measurements (9,. 
IS) it appears that at low ovc,r-all pres- 
sures and not too high conversions the re- 
action may be considered as firat order in 
methyl chloride. From the average reaction 
rates in Fig. 2 the initial reaction velocities 
were calculated, assuming the rate equa- 
tion to bc (3). 

1’ = ~PCH:,CI (3) 
The initial reaction rates are calculated 
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 const~nnt. silicon 
conversion an activation cncrgy for the re- 
action is calculated. The rate5 are also 
averaged at const.ant temperature between 
15 and 35% silicon conversion. The values 
obtained are illustrated in Fig. 6. 

The resulting activation energy is 26.6 
kcal/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”. The) 
are still more important at 375’ and 410°C. 

V. THE EFFECTS BROUGHT -ABOUT BT 
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 sharpIy 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 407r silicon con- 
version a rapid decrease of the reaction 
velocity is ob?crved, until at 65 t.o 7OyL 
conversion tlic reaction rate approaches 
zero. The corresponding selectivity curves 
(Fig. 3) show that in the first) period, until 
5% silicon conversion is reached, the pcr- 
centage of dimcthyldicl~lorosilane in the 
products increases strongly, accompanying 
the sharp rise in reaction rate. After 6% 
silicon conversion the sclcctivity remains 
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Yi cunv 
(A) “Xl n 

Trmp. (“C) 
Bo 

312” 327” 338” 347” (!xal;mole) 

15 0.014” 0.060 O.OY5 0 1:15 0. I&l 

0 ,030 0.131 0.207 0.294 0.355 
0.014 0.06’ 0.100 0. I46 0. Ii!1 26.5 

20 0 0 1.5 0. ofa 0. 09’) 0.11’2 0.172 
0. fJ:$l 0.127 0.203 0,2!Jl 0. :m 
0 0 I *5 0.064 0.104 0 153 O.lSR %ti. I 

30 0.016 
0 W’J 
0.016 

35 0.016 
0.027 
0.016 

0.064 0,103 0.11T 0. I X0 
0 1x3 0. 1x5 0.282 0. :34(i 
0 Ofiti 0.108 0.158 0. l!Ji 26.i 

0 Ofi 0.107 0.153 0.187 
0. I%7 O.lSti 0.275 0. 33fi 
0. Ofii 0.113 0,164 0 ,204 26.6 

0 Ofiti 0.112 0. 15!J 
0.110 0.176 0.265 - 

0 .06S 0.117 0.170 27.0 
Average 0.015 0. m5 0.108 0.158 0.192 26.6 

‘1 The first number denotes the average reaction rate T (expressed as grams of methyl chloride converted 
into silanw per gram of silicon in the reactor and per hour). The middle number gives the fraction of the 
methyl chloride converted into silanrs. The number at thr bottom denotes the initial reartion rate r0 (at 
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constant at 87-90s dimethyldichlorosilane In the initial period of the reaction with 
until 40% silicon conversion. Beyond this methyl chloride this copper layer mainly 
point the selectivity decreases gradually, disappears by conversion into 7 phase or 
coinciding with the sharp decrease of the by attrition in the fluid bed. The conver- 
reaction velocity. The boundaries between sion of copper into 7 phase is microecopi- 
the three sections of the selectivity and ac- tally verified.” In the first reaction period a 
tivity curves appear always at about 10 decrease of the free copper amount in our 
and 40% silicon conversion. The three contact masses could not be shown by 
parts of the curves will now bc discussed X-ray analysis. During the conversion of 
to gain a better insight into the processes the first 5% of the silicon the intensity of 
leading to this remarkable course of the the copper lines remained about constant 
synthesis. [Fig. 7(c,d)]. 

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

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

Y 

FIG. 7. RGntgen 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); (c) 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 10.4c/c silicon conversion; (g) pure copper; (h) pure silicon. The reaction with methyl 
chloride was carried out at 340”. Y = 7; I = Cu. 

silane in the products. Investigation under 
the polarization microscope of polished 
silicon surfaces after reaction with cop- 
per(1) chloride showed that the fresh 
contact mass consists of a silicon substrate 
which is partly covered by 7 phase 
(Cu,Si). The ~1 phase again is partly cov- 
ered by a thin layer of free copper, not yet 
converted into 17 phase. This result matches 
with the evidence from microscopic in- 
vestigation of nonpolished contact-mass 
particles. Riintgen diffraction also indicates 
the contact mass to be composed of silicon 
and 7 phase with some free copper (Fig. 
7(a) and (b). It is obvious that copper and 
silicon will form 17 phase at their interface, 
a relatively copper-rich surface remaining. 

may be attributed to the disappearance of 
free copper shielding part of the v-phase 
surface. A second effect which may account 
for the rise of the reaction rate is t,he in- 
crease in surface area produced by the 
etching by methyl chloride. Summarizing, 
the increase in act,ivity 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 cthylchlorosilane synthesis the conver- 
sion of copper into 7 phase in the starting period 
of the reaction is shown by ref. (fd). 
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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 expected 
that~ any further change will appear in the 
ratio of t.hc surface areas of free copper 
and ~7 phase. However, the amount of free 
copper and 17 phase increases relative to the 
total weight of the contact mass. This iq 
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). 

FIG. 8. The specific conversion of methyl vhlo- 
ride into aide products xx the silicon conversion: 
+, 281” (F33); A, 312” (F22); 0, 327” (F21); 
0, 338” (F23); X, 347” (F24). (I~-:As: r, g 
CH,,Cl/g Si 11r. X-axis: silicon c*onversion, %). 

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 surface area of 17 
phase the reaction velocity per unit weight 
of silicon wil1 increase with the conl-ersion 
of the particles. This intcrprctation is sup- 
ported by the curves of the reaction vc- 
locity expressed as the weight of methyl 
chloride converted (Fig. 9). The curves 
representing the second fragments of the 
function in Fig. 2 show hut a small slope.” 

*The ncgntive slope is caused by somr attri- 
tion, which is relatively more important the 
longer thr csperimcnt lasts. 

An explanation of the rather sudden 
changeorcr 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 said above is that. the 
v-phase surface area shows a sudden slump. 

As a matter of fact, the catalytic activ- 
ity of the 7 phase requires at the surface a 
grain boundary between 17 phase and free 
silicon, as a supply of fret silicon atoms to 
the T-phase surface reacting with methyl 
chloride is only rapid enough via such a 

30 
bd, 

- 
2 
-.. 5‘ c - 

f 

20.-----M 

d.. 

10 

I OL--+McP 50 

FIG. 8. Thr? conrrrsion of mc(hyl clrloridc into 
*ilanes vs the silicon conversion. The curves wcro 
ohtainrd from the center hmnchc~s of the curves 
in Fig. 2. n. 347” (F24); h. 338” (F23); c. 327” 
(F21); (1. 312” (F22). (T-axis: methyl chloride 
vonvrr+on, g/hr. S-x&: silic*on cwnvcwion, ‘,S ), 

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 q-phase grams will cover an 
ever growing part of the silicon surface. As 
long as the grain boundaries remain free 
this will not, bear any det,rimcntal effect. 
But when the v-phase grains reach each 
other a rapid decrease of the length of the 
grain boundaries will occur, 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. r-phase particles is niicroscol~ically deter- 
The spread in ljarticle sizes obscures the mined to bc 1 pin. In the calculation 
effects somewhat. The proposctl mechanism silicon particles are assumed to be spherce, 
is in line with the much more gradual de- the sphere-shaped ;l-phase grains being cm- 
crease of the selectivity of the nietliylchlo- bedded in the silicon surface. The density 
rosilane production. of the 7 phase is approximately 8.12 g/ml: 

To support the presented interpretation the silicon density is 2.42 g/ml. It, is simply 
of the facts it may be calculated at which calculated that the T-phase grains will 
over-all silicon conversion the ?I-phase cover a surface area of 560 cm’, ml silicon. 
grains on the smallest particles (M-75 When all v-phase grains (in close& pack- 
pm) will st,art to hinder each other. At that ing) touch as a consequence of the radial 
moment the descent, of the reaction rate shrinkage of the silicon particles a fraction 
will start. The calculation is based on the 0.9 of the silicon surface will he covered. 
model of Fig. 10. From the mentioned values it. is calcu- 

FIG. 10. Model of the surface of a contact mass particle (on scale). Contact-mass data: see the 
text. I. Idealized structure of the 11-S surface (shaded area is 9 phase, with silicon in between). II. 
Cross section along A of the surface I. III. The same particle after 55 ‘,4 conversion. IV. Cross sec- 
tion along A of the surface III. a. Rraction of silicon with methyl chloride: b. surface diffusion of 
silicon; c. grain-boundary diffusion of silicon. 

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

The copper content, of the contact. mass lated that this occurs at SC/;- conversion 
is known to be 10 wt s. The particle-size of the part’icle. At the moment this happens 
distribution of the silicon powder is re- with the smallest, particles (50-7.5 pm) t.he 
corded in the Experimental Procedure sec- sudden falloff of the reaction rate will 
tion, the specific surface of the mixture start. It has to be calculated now at which 
being S,. = 1050 cn-‘. The size of the orer-all silicon conversion the particles of 

a a a 

a a a 
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50-75 pin n-ill be converted to 55%. In 
this calculat,ion it, is assumed t,liat the rcac- 
tion ratme is linearly dcpendcnt on the sur- 
face a,rea of the lmticlcs. It follows then 
that the conwrsion of the mallwt parti- 
c,les waehc~ the nwntionctl I-aluc of LX? 
at ahout, 389 o\-w-all conrcwion. This iy 
in exccllcnt agrcemcnt with the \-due of 
3.5 to 40:/i found cxperilncntally (Fig. 2). 

From the tliscuwion given ahow it may 
be concludctl that a decrease of the coppw 
content of tlw rontact Iliass:, Jvith all other 
mentioned \-ariablcs unclwngrtl, inay pro- 
vide an opportunity to convert a larger 
part of t.hc silicon before the rapid slow 
down of the reactivity starts. The activity 
of a cont.act mass with 5 w-t % copper. 
diich corresponds to the gi\-w model, will 
not tend Lo ckwc:ts:o unless 6Oc/r of the sili- 
con is con~wtcd. 

T:I. CONCLUSIONS 

By using standard inetllods and dry. 
freshly prepared copper(I) chloritlc it. is 
possible to obtain a contact mass with re- 
producihlc properties. In a fluid hcd the 
sclcctivity and the activity of such a con- 
tact mw vary in a characteristic inanncl 
with ttw rilicon convcraion. During an 
iinportant I)art of the procr5~ tlic activity 
and the .wlcctiT-ity arc’ on a higIl Icwl. Thv 
optimunl reaction tcmlwraturc is 325” to 
340°C. -4 c~onrcrdon of 70% of the silicon 
may 1)~ ~cachctl. This figure prohahly may 
he raised 1)~ applying 10~~1~ copper pcr- 
centage+. The clinletllr-ltlicl~lo~o~ilane con- 
tent of the Ijrotlucts avcragc:: 85 n-t F aml 
reaches :I In:~xinlunl of 88 to 90% . The 
wlcctivity of the ~)I~OCCCS i* h:t~~liy tlrpcnd- 
ent on trn1l)eratuw Iwtwcen 300 ant1 350”<1. 
The telllpwaturc depcntlencc of the initial 
reaction lntc may hr ~I~wril~~d with the nicl 
of an Arrllcmirw equation. the activation 
energy tJcillg 26.6 kcal/lnolc. The mriation 
of tlich activity of the contact inibs and tht> 
sclwtivity of the i~wthyl c~l~loritl~~ conwr- 

sion in the course of the syntllcais call 
readily he explained by :I simple model of 
the structure of the contact mass and its 
transforiiiation during the conrcr5ion cf 
the silicon.” 
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