
FLUIDIZED BED REACTOR SYSTEMS AND METHODS FOR REDUCING
THE DEPOSITION OF SILICON ON REACTOR WALLS BACKGROUND
OF THE INVENTION [0001] This invention relates to
fluidized bed reactor systems and to the production of
polycrystalline silicon from a thermally decomposable
silicon compound such as, for example, silane. [0002]
Fluidized bed reactors are used to carry out
multiphase reactions. In typical fluidized bed reactor
systems a fluid is passed through a bed of granular
material such as a catalyst or growing product
particles. The flow of fluid causes the bed of
granular material to become fluidized in the reactor.
[0003] In many fluidized bed reactor systems and
especially in systems where material from the fluid
phase chemically decomposes to form solid material,
solids may deposit onto the walls of the reactor. The
wall deposits often alter the reactor geometry which
can decrease reactor performance. Further, portions of
the wall deposits can dislodge from the reactor wall
and fall to the reactor bottom. Often the reactor
system must be shut down to remove the dislodged
deposits. To prevent an untimely reactor shut down,
the deposits must be periodically etched from the
reactor wall and the reactor must be cleaned thereby
reducing the productivity of the reactor. These
problems are particularly acute in fluidized bed
reactor systems used in the production of
polycrystalline silicon. [0004] Thus a need exists for
reactor systems and methods for producing
polycrystalline silicon which limit or reduce the
amount of deposits that form on the reactor
walls.SUMMARY OF THE INVENTION [0005] One aspect of
the present invention is directed to a process for
producing polycrystalline silicon product in a reactor
having a reaction chamber and a distributor for evenly
distributing gas into the reaction 



chamber. The reaction chamber has at least one
reaction chamber wall. The distributor has a plurality
of distribution openings which provide fluid
communication between a source of gas and the reaction
chamber, the plurality of distribution openings having
at least one peripheral opening and at least one
central opening. According to the process of the
present invention, a carrier gas and a thermally
decomposable silicon compound are fed through the
distribution openings of the distributor and into the
reaction chamber, wherein the concentration of carrier
gas in the gas fed through the peripheral openings
exceeds the concentration of carrier gas in the gas
fed through the central openings to reduce the amount
of silicon which deposits on the reactor wall. The
thermally decomposable silicon compound is contacted
with silicon particles in the reaction chamber to
cause silicon to deposit onto the silicon particles
causing them to increase in size. [0006] Another
aspect of the present invention is directed to a
distributor for distributing a first gas and a second
gas into a reaction chamber having at least one
reaction chamber wall, the distributor having a
plurality of distribution openings including at least
one peripheral opening and at least one central
opening, wherein the peripheral openings are
configured to provide fluid communication with the
source of first gas and not the source of second gas.
[0007] Another aspect of the present invention is
directed to a fluidized bed reactor system having a
reaction chamber with at least one reaction chamber
wall and a distributor for distributing gas into the
reaction chamber and comprising a plurality of
distribution openings which provide fluid
communication between both a source of a first gas and
a source of a secondgas and the reaction chamber, the
plurality of distribution openings comprising at least
one peripheral opening and at least one central
opening, wherein the peripheral openings are in fluid
communication with the source of first gas and 



are not in fluid communication with the source of
second gas. [0008] Various refinements exist of the
features noted in relation to the above-mentioned
aspects of the present invention. Further features may
also be incorporated in the above-mentioned aspects of
the present invention as well. These refinements and
additional features may exist individually or in any
combination. For instance, various features discussed
below in relation to any of the illustrated
embodiments of the present invention may be
incorporated into any of the above-described aspects
of the present invention, alone or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS [0009] Fig. 1 is a
schematic of the flows entering and exiting a
fluidized bed reactor system; [001 0] Fig. 2 is a
longitudinal section of one embodiment of a gas
distribution unit; [001 1] Fig. 3 is a second
longitudinal section the gas distribution unit; [001
2] Fig. 4 is a bottom view of the distributor of the
gas distribution unit; [001 3] Fig. 5 is a top view of
the distributor of the gas distribution unit; [0014]
Fig. 6 is a perspective longitudinal section of the
gas distribution unit; [001 5] Fig. 7 is a schematic
depiction of reaction mechanisms that take place in a
granular polycrystalline silicon reactor system; [001
6] Fig. 8 is a graphical depiction of computer
simulations of the rate of deposition on the reactor
wall according to conventional deposition methodsand
according to methods of present invention including
the fluidized bed reactor and distribution units of
Figures 1-6. [001 7] Corresponding reference
characters indicate corresponding parts throughout the
drawings. DETAILED DESCRIPTION [001 8] The fluidized
bed reactor systems and gas distribution units 



described herein are suitable for distributing a first
gas and a second gas to a fluidized bed reactor and
depositing a compound from one of the gases on the
surface of fluidized particles. The reactor systems
and distribution units are especially well suited for
reducing the rate of deposition of thermally
decomposable compounds (e.g., deposition of silicon
from silane) on the walls of the reactor. The
distributors of the reaction systems are configured to
direct the thermally decomposable compounds to the
center portion of the reactor and away from the
reactor wall to prevent deposition of material (e.g.,
such as silicon) on the reactor wall. The systems may
be used to produce polycrystalline silicon from a
thermally decomposable silicon compound as described
below under the heading "Process for Producing
Polycrystalline Silicon." I . Fluidized Bed Reactor
System [001 9] Referring now to Fig. 1, a fluidized
bed reactor constructed in accordance with embodiments
of the present invention is generally designated as 1.
The reactor system 1 includes a reaction chamber 10
and a gas distribution unit 2 . A source of a first
gas 5 and a source of second gas 7 are introduced into
the distribution unit 2 to evenly distribute the
respective gases into the inlet of the reaction
chamber 10 . The distribution unit 2 helps evenly
distribute reactive gases throughout the reaction
chamber 10 to maximize the rate of deposition of
material onto the fluidized particles in the
chamber.[0020] As used herein, "first gas" is a gas
with a different composition than the "second gas" and
vice versa. The first gas and second gas can compose a
plurality of gaseous compounds as long as the mass
composition or molar composition of at least one of
the compounds in the first gas is different than the
composition of that compound in the second gas. A
product withdrawal tube 12 extends through the gas
distribution unit 2 . Product particles can be 



withdrawn from the tube 12 and transported to product
storage 15 . Spent gas 16 exits the reactor chamber 16
and can be introduced into further processing units
18. [0021] The gas distribution unit 2 is shown in
greater detail in Fig. 2 . The gas distribution unit 2
is suitable for distributing a first gas and a second
gas to a fluidized bed reactor and is especially well
suited for distributing a carrier gas and a thermally
decomposable gas to a fluidized bed reactor. [0022]
The gas distribution unit 2 includes an inlet block 2
1, distributor 25 and taper liner 28. An outer annular
ring 37 and a concentric inner annular ring 39 are
located between the inlet block 2 1 and distributor
25. A first gas plenum 32 is defined between the outer
annular ring 37 and the inner annular ring 39. The
product recovery tube 12 is concentric to the outer
annular ring 37 and inner annular ring 39. The tube 12
extends below the inlet block 2 1. A second gas plenum
34 is defined between the inner annular ring 39 and
the tube 12 . [0023] The taper liner 28 defines a
liner chamber 45. The liner chamber 45 opens into the
cylindrical section of the reaction chamber (not
shown) and tapers outward in diameter from the
distributor 25 to the cylindrical section of reaction
chamber. Because particles and incoming gases come
into contact in the liner chamber 45 and because a
majority of the system reactions may take place in the
liner chamber, the liner chamber is considered part of
the reaction chamber. For purposes of the application,
"reaction chamber" as used herein includes the liner
chamber 45.[0024] A series of peripheral distribution
openings 42 and central distribution openings 44 are
located within the distributor 25. As used herein,
"peripheral distribution openings" or "peripheral
openings" refer to distributor openings that are
generally near the outer wall(s) of the reaction
chamber in relation to the central openings and
"central distribution openings" or "central openings" 



refer to distributor openings that are generally
interior to the peripheral openings. The peripheral
openings 42 are in fluid communication with the first
gas plenum 32 and the reaction chamber 10 . The
central openings 44 are in fluid communication with
the second gas plenum 34 and the reaction chamber 10 .
Generally, the peripheral openings are not in fluid
communication with the second gas and the central
openings are not in fluid communication with the first
gas. [0025] When the first gas does not contribute (or
contributes to a lesser extent than the second gas) to
deposition of material on the particles (e.g., when
the first gas is hydrogen or an inert gas such as a
noble gas), configuring the peripheral openings to be
in fluid communication with the first gas causes a
larger concentration of the first gas to be present at
the walls of the reaction chamber as compared to the
interior space. This causes less material to deposit
from the second gas onto the rector walls as compared
to a configuration where the first and second gases
are evenly distributed through the distributor 25.
[0026] In some embodiments, a portion of the
peripheral openings are in fluid communication with
the second gas and a portion of the central openings
are in fluid communication with the first gas. In
these embodiments, generally the percentage of the
peripheral openings in fluid communication with the
first gas is greater than the percentage of central
openings in fluid communication with the first gas.
This configuration also causes a larger concentration
of first gas (e.g., a carrier gas such as hydrogen or
an inert) to be present at the walls of the reaction
chamber as compared to the interior space of the
reaction chamber.[0027] The central openings 44 and
peripheral openings 42 include a channel portion 60, a
throttle portion 62 and flare out portion 64. The
flare out portion 64 opens into a cone 66. The
throttle portion 62 helps to provide 



resistance to flow and allows the gas to be evenly
distributed through each opening 42, 44 and into the
inlet of the reaction chamber 10 . The cones 66 help
distribute the gas from the openings 42, 44 into the
reaction chamber 10. The cones 66 are generally
hexagonal in shape (Fig. 5). [0028] Another
longitudinal section of the gas distribution unit 2 is
illustrated in Fig. 3 with several other features of
the unit shown. A first gas inlet tube 50 extends
through the inlet block 2 1 and is in fluid
communication with the first gas plenum 32 and a
source of first gas (not shown). A second gas inlet
tube 52 extends through the inlet block 2 1 and is in
fluid communication with the second gas plenum 34 and
a source of second gas (not shown). [0029] Cooling
channels 55 are located in the distributor 25. Fluid
(e.g., air or cooling liquid) is circulated through
the cooling channels 55 to cool the distributor below
the temperature at which material thermally decomposes
from the first or second gases. The cooling channels
55 prevent material from depositing on the distributor
openings 42, 44. [0030] The bottom view of the
distributor 25 is illustrated in Fig. 4 and the top
view of the distributor 25 is illustrated in Fig. 5 .
As can be seen from Fig. 4, the peripheral openings 42
are spaced from the central openings 44 at the bottom
of the distributor. The peripheral openings 42 angle
toward the central openings 44 from the bottom to the
top of the distributor 25. As can be seen from Figure
5, the peripheral openings 42 are adjacent to the
central openings 44 at the top of the distributor 25.
II. Process for Producing Polycrystalline Silicon
[0031] Polycrystalline silicon is a vital raw material
used to produce many commercial products including,
for example, integrated circuits andphotovoltaic
(i.e., solar) cells. Polycrystalline silicon is
typically produced by a chemical vapor deposition
mechanism in which silicon is deposited from a
thermally decomposable silicon compound onto silicon
particles in a fluidized 



bed reactor. The seed particles continuously grow in
size until it exits the reactor as polycrystalline
silicon product (i.e., "granular" polycrystalline
silicon). Suitable decomposable silicon compounds
include, for example, silane and halosilanes (e.g.,
thchlorosilane). [0032] For example, polycrystalline
silicon particles having a particle size of about 50
mm to 800 mm are added to the reaction chamber to
initiate deposition of silicon. The particle size of
the seed particles may be from about 50 mm to about
800 mm and is more typically from about 250 mm to
about 600 mm. Two types of silicon seed particles are
commonly used. Silicon seed particles provided by
grinding or breaking product particles collected from
the reactor to a typical particle size from about 250
mm to about 350 mm may be used. Alternatively or in
addition, small polycrystalline particles gathered
with and separated from the granular polycrystalline
product having a particle size of from about 500 mm to
about 600 mm may be used as seed particles. [0033] A
variety of reactions may take place in the reaction
chamber. The reaction mechanisms which are known to
occur in a silane fluidized bed reactor system are
generally illustrated in Figure 7 . These mechanisms
in no way limit embodiments of the present invention
as they do not constitute the entire set of reactions
which may take in the reactor system. [0034] With
reference to Fig. 7, in a silane system, silane
heterogeneously deposits onto the growing silicon
particle ( 1 ) . Silane may also decompose to produce
silicon vapor (3) which can homogenously nucleate to
form undesirable silicon dust (synonymously silicon
"fines" or "powder") (4) and which can deposit on the
growing silicon particle (6). The silicon fines can
grow in size by deposition of silicon from silane (2)
or from any silicon vapor(5). The fines can combine to
form larger fines (7). Silicon fines can agglomerate
with growing silicon particles (8). The agglomeration
is caused 



by bombardment of the fines and particles. It is
believed that once the fines contact the particles
they agglomerate due to molecular forces. [0035]
Typically, the size of the silicon dust particulate is
less than about 50 mm and, in some embodiments, is
less than about 5 mm. Granular polycrystalline product
typically has a particle size of about 600 mm to about
2000 mm and more typically from about 800 mm to about
1200 mm or even from about 900 mm to about 1000 mm.
[0036] As silicon deposits from the silane onto the
growing silicon particle additional hydrogen is
released from the silane molecule. The silicon dust is
carried out of the reactor with the hydrogen gas and
unreacted silane (collectively "spent gas") that exit
the reactor. The silicon dust is separated from the
spent gas that exits the reactor by, for example,
bag-filtration, cyclone separation or liquid
scrubbers. [0037] Recovered silicon dust may be used
industrially but it has less value than granular
polycrystalline silicon. For instance, silicon dust
may be used to produce monocrystalline silicon by the
Czochralski method, a method that involves drawing
single crystal silicon from melted polycrystalline
silicon by pulling a seed crystal brought into contact
with the molten polycrystalline silicon. When silicon
dust is used in the Czochralski method, the silicon
dust is difficult to melt cleanly and it is more
difficult to pull the crystal from the melt. As a
result, silicon dust is sold at a large discount as
compared to granular polycrystalline silicon.
Alternatively, the silicon dust may be recycled back
into the reactor and/or fed into one or more
additional fluid bed reactors wherein the silicon dust
is at least partially scavenged by silicon particles.
[0038] The process of the present invention includes
introducing a feed gas including a gaseous silicon
compound capable of being thermally decomposed into a
reactor. The feed gas is heated in the reaction
chamberto cause at least a portion of the silicon in
the silicon compound to deposit, by 



chemical vapor deposition, onto the silicon particles
in the reaction chamber, thereby growing the silicon
particles into larger particles typically referred to
as granular polysilicon. Another portion of the
thermally decomposable silicon compound decomposes to
form among other things, silicon vapor. [0039] The
process of the present invention may carry out the
reaction in a single fluidized bed reactor or may
incorporate one or more fluidized bed reactors
configured in series or in parallel. The fluidized bed
reactors may be operated in a continuous manner in
which feed and product are continually introduced and
withdrawn from the reactor or in a batch process
without departing from the scope of the present
disclosure. [0040] A schematic diagram illustrating an
embodiment of the process of the present invention is
depicted in Figure 1. III. Feed Gases [0041] The
process for producing polycrystalline silicon will now
be described with reference to the fluidized bed
reactor system 1 illustrated in Fig. 1. A thermally
decomposable compound 7 and carrier gas 5 are fed from
their respective source to the reactor system 1. The
carrier gas 5 may include hydrogen or a noble gas such
as argon or helium and mixtures thereof. [0042]
Thermally decomposable silicon compounds include
compounds generally capable of being thermally
decomposed to produce silicon. Additional products may
be produced from the decomposition process, without
departing from the scope of the present invention, as
long as it provides a source of silicon to grow the
polysilicon particles to form polysilicon granules.
Thermally decomposable silicon compound gases include
all gases containing silicon, that can be
heterogeneously deposited by chemical vapor
deposition, such as silicon tetrahydride (commonly
referred to as silane), thchlorosilane and other
silicon halides, wherein one or more of the
hydrogenatoms of silane is substituted with a halogen
such as chlorine, bromine, 



fluorine and iodine. [0043] The thermally decomposable
compound may be introduced into the reactor without
dilution or the gas may be diluted with a carrier gas
such as hydrogen, argon, helium or combinations
thereof. During decomposition, by product hydrogen is
produced that may be recycled for use as a carrier gas
for additional quantities of thermally decomposable
feed gas in the operation of the reactor system, if
needed. IV. Reaction Chamber [0044] The reaction
chamber is typically a fluidized bed in which silicon
particles are suspended by an upward flow of the
fluidizing gas in the reactor. Fluidized bed reactors
provide high mass transfer and heat transfer rates
between growing silicon particles and the gas phase
which enhances the deposition rate of silicon onto the
particles. The fluidized bed reactor is generally a
cylindrical vertical vessel, however, any
configuration that is acceptable to fluidized bed
operations may be utilized. The particular dimensions
of the reactor will be primarily dependent upon system
design factors that may vary from system to system
such as the desired system output, heat transfer
efficiencies and system fluid dynamics, without
departing from the scope of the present invention.
[0045] Typically, extraneous heat is used to cause the
temperature of the thermally decomposable gas to
increase to the point at which the gas decomposes.
Methods for heating include, for example, capacitive
heating, induction coils and electrical resistance
elements. [0046] Referring now to Figs. 2-6, the
carrier gas is fed through the first gas inlet tube 50
and proceeds to the first gas plenum 32. From the
first gas plenum 32 the carrier gas passes through a
series of peripheral distribution openings 42 and into
the liner chamber 45 and reaction chamber 10 .[0047]
The thermally decomposable compound is fed through the
second 



gas inlet tube 52 and proceeds to the second gas
plenum 34. A gas other than the thermally decomposable
compound (e.g., an amount of carrier gas) may be fed
with the thermally decomposable compound through the
second gas inlet tube 52 without departing from the
scope of the present disclosure. From the second gas
plenum 32 the thermally decomposable compound passes
through a series of central distribution openings 44
and into the liner chamber 45 and reaction chamber 10.
Because the carrier gas enters the reaction chamber 10
near the reaction chamber wall (and enter the liner
chamber 45 near the taper liner 28), the combined
carrier gas and thermally decomposable silicon
compound that contacts the reactor wall contains a
greater concentration of carrier gas as compared to
the gas at the interior portion of the reaction
chamber. This arrangement prevents undesirable
build-up of silicon on the reactor wall. [0048]
According to another embodiment of the present
invention, the carrier gas fed 5 through the
peripheral distribution openings 42 may contain an
amount of the thermally decomposable compounds and/or
the thermally decomposable gas 7 fed through the
central distribution openings 44 may contain an amount
of the carrier gas. In this embodiment the
concentration of carrier gas in the gas fed through
the peripheral openings exceeds the concentration of
carrier gas in the gas fed through the central
openings to reduce the amount of silicon which
deposits on the reactor wall. V. Reaction Conditions
[0049] During operation of the reaction system, the
gas velocity through the reaction zone is maintained
above the minimum fluidization velocity of the silicon
particles. The gas velocity through the reactor is
generally maintained at a velocity of from about one
to about eight times the minimum fluidization velocity
necessary to fluidize the particles within the
fluidized bed. In some 



embodiments, the gas velocity is from about two to
about five times, and in at least one embodiment is
about four times the minimum fluidization
velocitynecessary to fluidize the particles within the
fluidized bed. The minimum fluidization velocity
varies depending on the properties of the gas and
particles involved. The minimum fluidization velocity
may be determined by conventional means (see p. 17-4
of of Perry's Chemical Engineers' Handbook, 7th. Ed.,
incorporated herein by reference). [0050] The minimum
fluidization conditions are preferably calculated for
conditions as they exist near the gas distributor.
Using these conditions, which include temperatures
that are normally cooler than the rest of the reactor,
it is possible to ensure the minimum fluidization in
the entire bed. Although the present invention is not
limited to specific minimum fluidization velocities,
minimum fluidization velocities useful in the present
invention range from about 0.7 cm/sec to about 350
cm/sec or even from about 6 cm/sec to about 150
cm/sec. [0051] Gas velocities higher than the minimum
fluidization flow rate are often desired to achieve
higher productivities. As the gas velocity increases
beyond the minimum fluidization velocity the excess
gas forms bubbles, increasing the bed voidage. The bed
can be viewed to consist of bubbles and "emulsion"
containing gas in contact with silicon particles. The
quality of the emulsion is quite similar to the
quality of the bed at the minimum fluidization
condition. The local voidage in the emulsion is close
to the minimum fluidization bed voidage. Hence,
bubbles are generated by the gas introduced in excess
of what is required to achieve the minimum
fluidization. As the ratio of actual gas velocity
divided by the minimum velocity increases, the bubble
formation intensifies. At a very high ratio, large
slugs of gas are formed in the bed. As the bed voidage
increases with the total gas flow rate, the contact
between solids and gases becomes less effective. For a
given volume of the 



bed, the surface area of solids in contact with
reacting gases decreases with increasing bed voidage.
Thus, for the given bed length, the conversion of
thermally decomposable gas decreases. Conversion may
also decrease with decreased gas residence time
through the reaction chamber. In addition,different
undesired reactions can take place at higher rates
producing more fines. [0052] The temperature in the
reactor is maintained within the decomposition
temperature range of the thermally decomposable
compound and the melting point temperature of silicon.
The temperature of the reactor may be maintained from
about 200 C to about 1400 C, typically from about 600C
to about 700 C or even from about 625C to about 655C.
The heat that is used to maintain the reaction zone at
such temperatures may be provided by conventional
heating systems such as electrical resistance heaters
disposed on the exterior of the reactor vessel wall.
The pressure in the reactor is typically about 1.73
atmosphere at the top of the bed. Example 1: Computer
Simulated Comparison of Conventional Deposition and
Deposition According to Embodiments of the Present
Invention [0053] The deposition rates of silicon on
the wall of a reaction chamber (including deposition
on the inner surface of the taper liner of the liner
chamber) over the length of the reactor under two
computer simulations are shown in Figure 8 . Position
"0" represents the bottom of the taper liner 28 (Fig.
6). The data points illustrated by triangles (i.e.,
the data line with the higher peak) depict the
deposition rates over the length of a fluidized bed
reactor operated by conventional methods and the data
points illustrated by circles (i.e., the data line
with the lower peak) depict the deposition rates over
the length of a fluidized bed reactor shown in Figures
1-6 and described above. Both simulations used
hydrogen as a carrier gas and silane was used 



as the thermally decomposable compound. In the reactor
operated by conventional deposition methods, hydrogen
and silane were introduced into the distributor
uniformly across the distributor. In the reactor
operated according to embodiments of the present
disclosure, only hydrogen was fedthrough the
peripheral openings and a mixture of hydrogen and
silane was fed through the central openings The amount
of gas fed through the peripheral openings was
simulated to be about 16.3% by mass of the total
amount of gas fed to the reaction chamber. The overall
rate of silane and hydrogen introduced into the
reactor was the same in both simulations. [0054] For
simplicity, the wall deposition was determined without
accounting for the fines dynamics in the system. The
initial bed temperature set at the onset of simulation
was close to the time-averaged overall temperature of
a reactor operating for a long period such that the
computed dynamics of the fluidized beds within a few
seconds of real time would at least qualitatively
represent the dynamics of the bed operating for a long
a period of time. [0055] As can be seen from Figure 8,
the maximum rate of deposition on the wall is lower in
the reactor that used hydrogen as a peripheral gas.
This decreases the probability of wall deposits
falling to the bottom of the reactor causing reactor
downtime. [0056] When introducing elements of the
present invention or the preferred embodiments(s)
thereof, the articles "a", "an", "the" and "said" are
intended to mean that there are one or more of the
elements. The terms "comprising", "including" and
"having" are intended to be inclusive and mean that
there may be additional elements other than the listed
elements. [0057] In view of the above, it will be seen
that the several objects of the invention are achieved
and other advantageous results attained. [0058] As
various changes could be made in the above methods
without departing from the scope of the invention, it
is intended that all matter 



contained in the above description and shown in the
accompanying figures shall be interpreted as
illustrative and not in a limiting sense.WHAT IS
CLAIMED IS: 1. A process for producing polycrystalline
silicon product in a reactor comprising a reaction
chamber and a distributor for evenly distributing gas
into the reaction chamber, the reaction chamber
comprising at least one reaction chamber wall, the
distributor comprising a plurality of distribution
openings which provide fluid communication between a
source of gas and the reaction chamber, the plurality
of distribution openings comprising at least one
peripheral opening and at least one central opening,
the process comprising: feeding a carrier gas and a
thermally decomposable silicon compound from the
source of gas though the distribution openings of the
distributor and into the reaction chamber, wherein the
concentration of carrier gas in the gas fed through
the peripheral openings exceeds the concentration of
carrier gas in the gas fed through the central
openings to reduce the amount of silicon which
deposits on the reactor wall; and contacting silicon
particles with the thermally decomposable silicon
compound in the reaction chamber to cause silicon to
deposit onto the silicon particles and increase in
size. 2 . The process of claim 1 wherein the gas fed
through the peripheral openings consists essentially
of carrier gas. 3 . The process of claim 1 or claim 2
wherein the gas fed through the central openings
consists essentially of thermally decomposable
compounds. 4 . The process of any one of claims 1 to 3
wherein the thermally decomposable compound is
selected from the group consisting of silane,
trichlorosilane, and mixtures thereof. 5 . The process
of claim 4 wherein the thermally decomposable 



compound comprises silane.6 . The process of any one
of claims 1 to 5 wherein the carrier gas is selected
from the group consisting of hydrogen, argon, helium
and mixtures thereof. 7 . The process of claim 6
wherein the carrier gas comprises hydrogen. 8 . The
process of any one of claims 1 to 7 wherein the
silicon particulate increases in size to between about
800 mm and about 2000 mm in nominal diameter. 9 . A
distributor for distributing a first gas and a second
gas into a reaction chamber comprising at least one
reaction chamber wall, the distributor comprising a
plurality of distribution openings including at least
one peripheral opening and at least one central
opening, wherein the peripheral openings are
configured to provide fluid communication with the
source of first gas and not the source of second gas.
10 . The distributor of claim 9 wherein the central
openings are configured to provide fluid communication
with the source of second gas and not the source of
first gas. 11. A fluidized bed reactor system
comprising a reaction chamber and the distributor of
claim 9 or claim 10 for distributing gas into the
reaction chamber, the reaction chamber comprising at
least one reaction chamber wall. 12 . A fluidized bed
reactor system comprising a reaction chamber
comprising at least one reaction chamber wall and a
distributor for distributing gas into the reaction
chamber and comprising a plurality of distribution
openings which provide fluid communication between
both a source of a first gas and a source of a second
gas and the reaction chamber, the plurality of
distribution openings comprising at least one
peripheral opening and at least 



one central opening, wherein the peripheral openings
are in fluidcommunication with the source of first gas
and are not in fluid communication with the source of
second gas. 13 . The reactor system of claim 12
wherein the central openings are in fluid
communication with the source of second gas and are
not in fluid communication with the source of first
gas. 14. The reactor system of claim 12 or claim 13
wherein the source of first gas is within a first gas
plenum and the source of second gas is within a second
gas plenum. 15 . The reactor system of any one of
claims 12 to 14 further comprising an inlet block, an
outer annular ring and an inner annular ring
concentric to the outer annular ring and wherein the
first gas plenum is defined by the space between the
distributor, inlet block, outer annular ring and inner
annular ring. 16 . The reactor system of claim 15
further comprising a product withdrawal tube
concentric to the outer annular ring and inner annular
ring and that extends through the distributor and
inlet block and wherein the second gas plenum is
defined by the space between the distributor, inlet
block, inner annular ring and the product withdrawal
tube. 17 . The reactor system of claim 16 wherein the
inlet block comprises a first gas channel in fluid
communication with the first gas plenum and a second
gas channel in fluid communication with the second gas
plenum. 


