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METHODS FOR PURIFYING
HALOSILANE-CONTAINING STREAMS

CROSS REFERENCE

[0001] This application claims priority to U.S. Provisional Application
No. 61/639,641 filed April 27, 2012 and U.S. Non Provisional Application No.
13/836,018 filed March 15, 2013, the disclosures of which are hereby incorporated by

reference in their entirety.

FIELD OF THE DISCLOSURE

[0002] The field of the disclosure relates to purification of halosilane-
containing process streams. In particular embodiments, arsenic and phosphorous

impurities are removed from a halosilane-containing process stream by distillation.

BACKGROUND

[0003] Halosilanes such as trichlorosilane and tetrachlorosilane are
versatile compounds that are useful in a variety of applications such as for production
of polycrystalline silicon. Polycrystalline silicon is a vital raw material used to produce
many commercial products including, for example, integrated circuits and photovoltaic
(i.e., solar) cells. Polycrystalline silicon is often produced by a chemical vapor
deposition mechanism in which silicon is deposited from silane or a halosilane onto
silicon particles in a fluidized bed reactor or onto silicon rods as in a Siemens-type
reactor. The seed particles continuously grow in size until they exit the reactor as

polycrystalline silicon product (i.e., "granular” polycrystalline silicon).

[0004] To produce electronic grade polycrystalline silicon which is
used in semiconductor and solar industries, the silane or halosilane deposition gases
must be relatively free of contaminants often found in such gases such as arsenic and
phosphorous impurities. Conventional methods for removing such impurities involve
additives that are used to complex phosphorous and/or arsenic followed by removal of
the complexed compounds. It has been reported that the compounds may be removed

by distillation in a column with a relatively high reflux ratio and/or a relatively high
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number of theoretical stages (or even by use of two columns operated in series), which

causes the distillation operation to not be cost effective relative to other methods.

[0005] A continuing need exists for methods for purifying halosilane
process streams and, in particular, for methods that remove arsenic and phosphorous

from such process streams.

[0006] This section is intended to introduce the reader to various
aspects of art that may be related to various aspects of the disclosure, which are
described and/or claimed below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better understanding of the
various aspects of the present disclosure. Accordingly, it should be understood that

these statements are to be read in this light, and not as admissions of prior art.

SUMMARY

[0007] One aspect of the present disclosure is directed to a method for
purifying a halosilane-containing stream. The halosilane-containing stream contains a
halosilane, arsenic and phosphorous. The halosilane-containing stream is introduced
into a distillation column to produce an overhead fraction. The overhead fraction
contains halosilane and is depleted in arsenic relative to the halosilane-containing
stream and is depleted in phosphorous relative to the halosilane-containing stream. The

distillation column operates with a reflux ratio of about 50 or less.

[0008] Another aspect of the present disclosure is directed to a method
for purifying a halosilane-containing stream. The halosilane-containing stream
contains a halosilane, non-complexed arsenic and non-complexed phosphorus. The
halosilane-containing stream is introduced into a distillation column to produce an
overhead fraction. The overhead fraction contains halosilane and less than about 20%
of the arsenic introduced into the distillation column in the halosilane-containing
stream and less than about 20% of the phosphorous introduced into the distillation

column in the halosilane-containing stream.

[0009] Various refinements exist of the features noted in relation to the

above-mentioned aspects of the present disclosure. Further features may also be
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incorporated in the above-mentioned aspects of the present disclosure 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 disclosure may be incorporated into any of the above-

described aspects of the present disclosure, alone or in any combination.

DETAILED DESCRIPTION

[0010] In accordance with embodiments of the present disclosure, a
halosilane-containing stream is introduced into a distillation column which is operated
under conditions that allow the column to operate with relatively low reflux ratios and
with a relatively low number of stages (or theoretical stages such as in the case of
packed columns and/or a reduced number of plates as with plated distillation columns).
In some embodiments, the process streams are made relatively pure by use of one

distillation column rather than by use of two or more columns connected in series.

[0011] The halosilane-containing streams which are subjected to
downstream purification by distillation according to embodiments of the present
disclosure contain a halosilane such as monohalosilane, dihalosilane, trihalosilane, or
tetrahalosilane. In some embodiments the halosilane is selected from trihalosilane and
tetrahalosilane. The halogen may be selected from the list of chlorine, bromide, and
iodine. The halogen may be chlorine and, in particular embodiments, the halosilane
may be chosen from trichlorosilane and tetrachlorosilane. Typically the process stream
will contain one halosilane as its principal component (with other halosilanes possibly
being present in minor amounts such as less than 2 wt%). However, the present
disclosure also includes embodiments wherein the process stream that is purified

contains two or more halosilanes (e.g., at least 2 wt% of each halosilane).

[0012] In particular embodiments, the halosilane-containing gas
includes trichlorosilane (such as at least about 50 wt%, at least about 80 wt%, at least
about 90 wt%, or at least about 95 wt% trichlorosilane with the remainder being
impurities) and, in other embodiments, includes tetrachlorosilane (such as at least about
50 wt%, at least about 80 wt%, at least about 90 wt%, or at least about 95 wt%

tetrachlorosilane with the remainder being impurities).
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[0013] In some embodiments, the halosilane-containing stream that is
purified downstream contains less than about 100 ppbw impurities (e.g., compounds
other than halosilanes), less than about 50 ppbw, less than about 25 ppbw, or less than
about 10 ppbw impurities (e.g., from about 1 ppbw to about 100 ppbw, from about 1
ppbw to about 50 ppbw, or from about 1 ppbw to about 10 ppbw impurities).

Impurities that may be present in the halosilane-containing stream include, for example,
boron, aluminum, iron, carbon, phosphorous, and arsenic. The halosilane-containing
stream may have been subjected to one or more upstream purification processes (e.g.,
column distillation) prior to the purification process described herein. For example,
boron may have been previously removed from the halosilane-containing stream by use

of other distillation columns, including reactive distillation or adsorption processes.

[0014] The halosilane-containing stream that is introduced into the
distillation column, as described below, may contain at least about 1 ppbw arsenic-
containing compounds, at least about 10 ppbw, at least about 50 ppbw, or even at least
about 75 ppbw arsenic-containing compounds (e.g., from about 1 ppbw to about 100
ppbw or from about 1 ppbw to about 50 ppbw arsenic-containing compounds). It
should be noted that, as used herein, use of “parts per million volume” (ppmw) or
“parts per billion volume” (ppbw) is not intended to imply that the process stream is a
liquid. For instance, the halosilane-containing stream introduced into the distillation
column may be a gas stream. Arsenic compounds that may be present in the
halosilane-containing stream include, for example, AsX3, AsHX, and AsH,X, wherein

X is a halogen such as chlorine.

[0015] Alternatively or in addition to arsenic, the halosilane-
containing stream may include phosphorous impurities. The halosilane-containing
stream may contain at least about 1 ppbw phosphorous-containing compounds or, as in
other embodiments, at least about 10 ppbw, at least about 50 ppbw or even at least
about 75 ppbw phosphorous-containing compounds (e.g., from about 1 ppbw to about
100 ppbw or from about 1 ppbw to about 50 ppbw phosphorous-containing
compounds). Phosphorous compounds that may be present in the halosilane-containing
stream include, for example, PXs, PHX,, and PH,X, wherein X is a halogen such as

chlorine.
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[0016] The halosilane-containing stream may contain arsenic and
phosphorous that is not complexed (e.g., by addition of a complexing agent). Stated
otherwise, an amount (e.g., at least about 50%, at least about 75%, at least about 90%,
or at least about 99%) of the phosphorous and arsenic are present as AsXs, AsHX, and
AsH,X; PXs, PHX, and PH,X; or as other simple compounds (e.g., having 5 or less

atoms).

[0017] The halosilane-containing stream may be introduced into the
distillation column as a liquid and, in some embodiments, is condensed prior to entry
into the distillation column. The pressure of the halosilane-containing process stream
introduced into the distillation column may be at least about 2 bar or, as in other
embodiments, from about 2 bar to about 10 bar. Alternatively or in addition, the
temperature of the feed may be from about 5°C; to about 60°C, from about 5°C to
about 50°C or from about 20°C to about 30°C. In some embodiments, the halosilane-
containing stream is introduced into the column as a gas. It is preferred that the
halosilane-containing stream be introduced into the column below the middle stage.
However, the halosilane-containing stream may also be introduced at (or near) the
middle stage or above the middle stage without departing from the scope of the present

disclosure.

[0018] In accordance with embodiments of the present disclosure, the
halosilane-containing stream is introduced into a distillation column to produce an
overhead fraction that is depleted in arsenic and phosphorous and a bottoms fraction
that is enriched in arsenic and phosphorous. The overhead fraction may be recovered
as a purified product stream that may be used, for example, to produce polycrystalline
silicon. In embodiments in which the overhead fraction contains tetrachlorosilane, the
overhead fraction may be converted to trichlorosilane (e.g., by hydrogenation of
tetrachlorosilane in a thermal process). The resulting trichlorosilane may be used for
the production of polycrystalline silicon or for other uses (e.g., epitaxial silicon layer
deposition). The bottoms fraction (or a portion thercof) may be disposed of as waste or
may be recycled to other streams and/or operating units (e.g., various upstream reactors
such as a hydrochlorination reactor when part of a polycrystalline production plant

and/or recycled to upstream crude purification columns).
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[0019] Operation of the distillation column may be controlled by
regulating the pressure and/or temperature of the overhead fraction. In some
embodiments, the column is operated under pressure to avoid introduction of oxygen
and various contaminants into the column. In these embodiments, the overhead
fraction may have a pressure of at least about 1.5 bar (e.g., from about 1.5 bar to about
7 bar or from about 1.5 bar to about 4 bar). The temperature of the overhead fraction
may be at or near the saturation temperature of the corresponding pressure. In some
embodiments, the temperature of the overhead fraction is from about 70°C to about

135°C, from about 70°C to about 100°C, or from about 70°C to about 80°C.

[0020] It should be noted that the feed pressures and temperatures and
the overhead fraction temperatures and pressure are exemplary and other temperatures

and pressures may be used without departing from the scope of the present disclosure.

[0021] The distillation column can be a packed bed or may have plates
as described below. When a packed column is used, the column may be packed with
any packing material available to those of skill in the art suitable for use in distilling
halosilane-containing streams at pressures and temperatures described herein. In some
embodiments, structured packing may be used such as Flexipac 2Y HC packing (Koch-
Glitsch, Wichita, KS). In other embodiments random packing is used. In these
embodiments, rings, ribbons, saddles, and the like may be used. In this regard, while
packed bed columns do not have discreet stages for contacting gas and liquid phases,
the column may be characterized by a number of theoretical stages and a height
equivalent of a theoretical stage (HETS). For distillation of halosilanes, the height
equivalent of a theoretical stage may be between about 0.25 meters and about 0.75
meters, and for embodiments that use a packed column, the height may depend and/or

be determined from the type of packing material used is the column.

[0022] In other embodiments, the distillation column contains plates
rather than packing. The number of theoretical stages in the column (or in the packed
bed described above) may be less than conventional distillation. In some embodiments,
the number of theoretical stages (for either packed or plated columns) is less than about

100 theoretical stages or, as in other embodiments, less than about 90 theoretical stages,
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less than about 80 theoretical stages, less than about 70 theoretical stages, less than
about 60 theoretical stages, from about 15 theoretical stages to about 100 theoretical
stages, from about 15 theoretical stages to about 90 theoretical stages, from about 15
theoretical stages to about 80 theoretical stages, from about 30 theoretical stages to
about 80 theoretical stages, or from about 40 theoretical stages to about 80 theoretical
stages. In embodiments having a plated column, the number of plates is greater than
the number of theoretical stages due to the gas and liquid not fully reaching equilibrium
at each plate. The number of actual plates used in plated columns may be less than
about 100 plates, less than about 90 plates, less than about 80 plates, less than about 70
plates, less than about 60 plates, from about 15 plates to about 100 plates, from about
15 plates to about 90 plates, from about 15 plates to about 80 plates, from about 30
plates to about 80 plates, or from about 40 plates to about 80 plates.

[0023] As stated above, the distillation column may also be operated
with a reduced reflux ratio relative to conventional processes. In some embodiments,
the reflux ratio is about 50 or less or, as in other embodiments, about 30 or less, about
15 or less, about 11 or less, about 8 or less, about 6 or less, about 4 or less, from about
1.5 to about 50, from about 2 to about 50, from about 2 to about 30, from about 2 to

about 15, or from about 3 to about 8.

[0024] The overhead fraction discharged from the distillation column
is depleted in arsenic and phosphorous relative to the halosilane-containing stream
introduced into the column. In some embodiments, the overhead fraction contains less
than about 50% of the arsenic introduced into the distillation column in the halosilane-
containing stream or, as in other embodiments, contains less than about 40%, less than
about 30%, less than about 20%, less than about 10%, less than about 5%, less than
about 1%, less than about 0.1%, from about 0% to about 50%, from about 0% to about
10%, from about 0% to about 1%, or from about 0% to about 0.1% of the arsenic
introduced into the distillation column in the halosilane-containing stream.
Alternatively or in addition, the overhead fraction may contain less than about 50% of
the phosphorous introduced into the distillation column in the halosilane-containing
stream or contains less than about 40%, less than about 30%, less than about 20%, less

than about 10%, less than about 5%, less than about 1%, from about 0% to about 50%,
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from about 0% to about 10%, from about 0.1% to about 10%, from about 0% to about
1%, or from about 0.1% to about 1% of the phosphorous introduced into the distillation

column in the halosilane-containing stream.

[0025] The amount of arsenic and phosphorous in the overhead
fraction depends on the initial amount of arsenic and phosphorous in the halosilane-
containing stream and the removal efficiency. In some embodiments, the overhead
fraction contains less than about 50 ppbw arsenic-containing compounds or, as in other
embodiments, less than about 25 ppbw, less than about 10 ppbw, less than about 5
ppbw, less than about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25
ppbw, from about 300 pptw (parts per trillion weight) to about 50 ppbw, or from about

300 pptw to about 10 ppbw arsenic-containing compounds.

[0026] Alternatively or in addition, the overhead fraction may contain
less than about 50 ppbw phosphorous-containing compounds or, as in other
embodiments, less than about 25 ppbw, less than about 10 ppbw, less than about 5
ppbw, less than about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25
ppbw, from about 300 pptw to about 50 ppbw, or from about 300 pptw to about 10
ppbw phosphorous-containing compounds. It should be noted that amounts less than
about 300 pptw may be considered to be about zero (0) as 300 pptw is about the
detection limit of phosphorous and arsenic. In some embodiments, arsenic and/or

phosphorous cannot be detected in the overhead fraction.

[0027] The bottoms fraction contains the remainder of the arsenic and
phosphorous impurities and also contains an amount of halosilane. To allow more
purified halosilane (i.e., the overheads fraction) to be used for downstream processing
the amount of halosilane in the bottom fraction is kept relatively low. In some
embodiments, the bottoms fraction contains less than about 15% of the halosilane
introduced into the column in the halosilane-containing feed stream or, as in other
embodiments, less than about 10% or less than about 7.5% of the halosilane introduced
into the column in the halosilane-containing feed stream (e.g., from about 2% to about
15% or from about 2% to about 10% of the halosilane introduced into the column in the

halosilane-containing feed stream).
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EXAMPLES

[0028] The processes of the present disclosure are further illustrated

by the following Examples. These Examples should not be viewed in a limiting sense.

Example 1: Simulated Removal of Arsenic and Phosphorous from a
Tetrachlorosilane-Containing Steam in a Column with 70 Theoretical Stages

[0029] Tetrachlorosilane (3,700 kg/hr) containing PCl; (1,223 ppbv)

and AsCls (927 ppbv) was fed to a distillation column with a diameter of 0.8 meters
and a height of 26 meters in a simulation program (Aspen Plus). The simulated column
was packed with Flexipac 2Y HC packing (Koch-Glitsch, Wichita, KS). The column
height was equivalent to 70 theoretical stages (height of an equivalent stage being 0.37
meters). The column reflux ratio was 3.6. The flow rate of the overhead fraction was
3,500 kg/hr and the overhead fraction contained 9 ppbv PCl; and no AsCls. The flow
rate of the bottom fraction was 200 kg/hr and the bottom fraction contained 22.7 ppmv
PCl; and 17.3 ppmv AsCl;. The pressure of the feed was 3.0 bar and the temperature
was 25°C. The pressure of the overhead fraction was 2.0 bar and the temperature was
79°C. The pressure of the bottoms fraction was 2.2 bar and the temperature was 83°C.
The column condenser duty was 1,978,442 kJ/hr and the reboiler duty was 2,706,503
kl/hr.

Example 2: Simulated Removal of Arsenic and Phosphorous from a
Tetrachlorosilane-Containing Stream in a Column with 52 Theoretical Stages

[0030] Tetrachlorosilane (3,700 kg/hr) containing PCl; (1,223 ppbv)

and AsCl; (927 ppbv) was fed to a distillation column with a diameter of 1.3 meters
and a height of 19 meters in a simulation program (Aspen Plus). The simulated column
was packed with Flexipac 2Y HC packing (Koch-Glitsch, Wichita, KS). The column
height was equivalent to 52 theoretical stages (height of an equivalent stage being 0.37
meters). The column reflux ratio was 1.1. The flow rate of the overhead fraction was
3,500 kg/hr and the overhead fraction contained 10 ppbv PCl; and no AsCls. The flow
rate of the bottom fraction was 200 kg/hr and the bottom fraction contained 22.7 ppmv
PCl; and 17.3 ppmv AsCl;. The pressure of the feed was 3.0 bar and the temperature
was 25°C. The pressure of the overhead fraction was 2.0 bar and the temperature was

79°C. The pressure of the bottoms fraction was 2.2 bar and the temperature was 83°C.
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The column condenser duty was 6,045,482 kJ/hr and the reboiler duty was 6,773,457
kJ/hr.

Example 3: Removal of Phosphorous from a Halosilane-Containing Stream in a
Column with 26 Theoretical Stages

[0031] A halosilane-containing stream (containing 83.92 wt%
tetrachlorosilane, 16.04 wt% trichlorosilane, 0.04 wt% dichlorosilane, and 14.99 ppbw
phosphorous) was fed to a distillation column with a feed rate of 1000 kg/hr. The
column had a diameter of 1.5 meters and a height of 17.31 meters. The column was
packed with Mellapak Plus 752.Y structured packing (Sulzer Chemtech Ltd.,
Winterhur, Switzerland). The packing height was equivalent to 26 theoretical stages
(height of an equivalent stage being 0.66 meters). The column overhead flow rate was
850 kg/hr (containing 80.86 wt% tetrachlorosilane, 19.10 wt% trichlorosilane, 0.05
wt% dichlorosilane) and contained less than 0.03 ppbw phosphorous. The column was
operated at a reflux ratio of 20. The bottom flow rate was 150 kg/hr (containing 99.99
wt% tetrachlorosilane, less than 0.03 wt% trichlorosilane, and less than 0.03 wt%
dichlorosilane) and contained 92.08 ppbw phosphorous. The column was operated at
an overhead fraction pressure of 0.3 bar (gauge) and at an overhead fraction

temperature of 63°C. The column bottom temperature was 69°C.

[0032] When introducing elements of the present disclosure or the
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that

"o

there are one or more of the elements. The terms "comprising," "including,"
“containing” and "having" are intended to be inclusive and mean that there may be
additional elements other than the listed elements. The use of terms indicating a
particular orientation (e.g., "top", "bottom", "side", etc.) is for convenience of

description and does not require any particular orientation of the item described.

[0033] As various changes could be made in the above constructions
and methods without departing from the scope of the disclosure, it is intended that all
matter contained in the above description and shown in the accompanying drawing[s]

shall be interpreted as illustrative and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A method for purifying a halosilane-containing stream, the
halosilane-containing stream comprising a halosilane and arsenic and phosphorous, the
method comprising introducing the halosilane-containing stream into a distillation
column to produce an overhead fraction containing halosilane and being depleted in
arsenic relative to the halosilane-containing stream and being depleted in phosphorous
relative to the halosilane-containing stream, the distillation column operating with a

reflux ratio of about 50 or less.

2. The method as set forth in claim 1, wherein the distillation column

contains packing.

3. The method as set forth in claim 2, wherein the distillation column
has less than about 100 theoretical stages, less than about 90 theoretical stages, less
than about 80 theoretical stages, less than about 70 theoretical stages, less than about 60
theoretical stages, from about 15 theoretical stages to about 100 theoretical stages, from
about 15 theoretical stages to about 90 theoretical stages, from about 15 theoretical
stages to about 80 theoretical stages, from about 30 theoretical stages to about 80

theoretical stages, or from about 40 theoretical stages to about 80 theoretical stages.

4. The method as set forth in claim 2 or claim 3, wherein the distillation
column has a height equivalent of a theoretical stage of between about 0.25 meters and

about 0.75 meters.

5. The method as set forth in any one of claims 2 to 4, wherein the

packing is a structured packing.

6. The method as set forth in claim 1, wherein the distillation column

includes plates.

7. The method as set forth in claim 6, wherein the distillation column
includes less than about 100 plates, less than about 90 plates, less than about 80 plates,
less than about 70 plates, less than about 60 plates, from about 15 plates to about 100
plates, from about 15 plates to about 90 plates, from about 15 plates to about 80 plates,
from about 30 plates to about 80 plates, or from about 40 plates to about 80 plates.
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8. The method as set forth in any one of claims 1 to 7, wherein the
distillation column operates at a reflux ratio of less than about 30, less than about 15,
less than about 11, less than about 8, less than about 6, less than about 4, from about 1.5
to about 50, from about 2 to about 50, from about 2 to about 30, from about 2 to about

15, or from about 3 to about &.

9. The method as set forth in any one of claims 1 to 8, wherein the
overhead fraction contains arsenic-containing compounds of less than about 50 ppbw,
less than about 25 ppbw, less than about 10 ppbw, less than about 5 ppbw, less than
about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25 ppbw, from
about 300 pptw to about 50 ppbw, or from about 300 pptw to about 10 ppbw.

10. The method as set forth in any one of claims 1 to 9, wherein the
overhead fraction contains phosphorous-containing compounds of less than about 50
ppbw, less than about 25 ppbw, less than about 10 ppbw, less than about 5 ppbw, less
than about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25 ppbw,
from about 300 pptw to about 50 ppbw, or from about 300 pptw to about 10 ppbw.

11. The method as set forth in any one of claims 1 to 10, wherein the
overhead fraction contains less than about 50% of the arsenic introduced into the
distillation column in the halosilane-containing stream, or contains less than about
40%, less than about 30%, less than about 20%, less than about 10%, less than about
5%, less than about 1%, less than about 0.1%, from about 0% to about 50%, from about
0% to about 10%, from about 0% to about 1%, or from about 0% to about 0.1% of the

arsenic introduced into the distillation column in the halosilane-containing stream.

12. The method as set forth in any one of claims 1 to 11, wherein the
overhead fraction contains less than about 50% of the phosphorous introduced into the
distillation column in the halosilane-containing stream, or contains less than about
40%, less than about 30%, less than about 20%, less than about 10%, less than about
5%, less than about 1%, from about 0% to about 50%, from about 0% to about 10%,
from about 0.1% to about 10%, from about 0% to about 1%, or from about 0.1% to
about 1% of the phosphorous introduced into the distillation column in the halosilane-

containing stream.
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13. The method as set forth in any one of claims 1 to 12, wherein the
halosilane-containing stream contains arsenic-containing compounds of at least about 1
ppbw, at least about 10 ppbw, at least about 50 ppbw, at least about, at least about 75
ppbw, from about 1 ppbw to about 100 ppbw, or from about 1 ppbw to about 50 ppbw.

14. The method as set forth in any one of claims 1 to 13, wherein the
halosilane-containing stream contains phosphorous-containing compounds of at least
about 1 ppbw, at least about 10 ppbw, at least about 50 ppbw, at least about 75 ppbw,
from about 1 ppbw to about 100 ppbw, or from about 1 ppbw to about 50 ppbw.

15. The method as set forth in any one of claims 1 to 14, wherein the
temperature of the overhead fraction is from about 70°C to about 135°C, from about

70°C to about 100°C, or from about 70°C to about 80°C.

16. The method as set forth in any one of claims 1 to 15, wherein the
pressure of the overhead fraction is at least about 1.5 bar, from about 1.5 bar to about 7

bar, or from about 1.5 bar to about 4 bar.

17. The method as set forth in any one of claims 1 to 16, wherein a
bottoms fraction is produced from the distillation column, the bottoms fraction
containing less than about 15% of the halosilane introduced into the distillation column
in the halosilane-containing stream, or less than about 10%, less than about 7.5%, from
about 2% to about 15%, or from about 2% to about 10% of the halosilane introduced

into the column in the halosilane-containing feed stream.

18. The method as set forth in any one of claims 1 to 17, wherein the
halosilane-containing stream is a gas, the method further comprising condensing the

halosilane-containing stream prior to introduction into the distillation column.

19. The method as set forth in any one of claims 1 to 18, wherein the

halosilane-containing stream is a liquid.

20. The method as set forth in any one of claims 1 to 19, wherein the

halosilane contains a halogen selected from chlorine, bromine, and iodine.
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21. The method as set forth in any one of claims 1 to 20, wherein the

halosilane contains chlorine.

22. The method as set forth in any one of claims 1 to 21, wherein the
halosilane is selected from the group consisting of monohalosilane, dihalosilane,

trihalosilane, and tetrahalosilane.

23. The method as set forth in any one of claims 1 to 22, wherein the

halosilane is selected from the group consisting of trihalosilane and tetrahalosilane.

24. The method as set forth in any one of claims 1 to 23, wherein the

halosilane is selected from the group consisting of trichlorosilane and tetrachlorosilane.

25. The method as set forth in any one of claims 1 to 24, wherein the

halosilane is tetrachlorosilane.

26. A method for purifying a halosilane-containing stream, the
halosilane-containing stream comprising a halosilane and non-complexed arsenic and
non-complexed phosphorus, the method comprising introducing the halosilane-
containing stream into a distillation column to produce an overhead fraction containing
halosilane and less than about 20% of the arsenic introduced into the distillation
column in the halosilane-containing stream and less than about 20% of the phosphorous

introduced into the distillation column in the halosilane-containing stream.

27. The method as set forth in claim 26, wherein the distillation column

contains packing.

28. The method as set forth in claim 27, wherein the distillation column
has less than about 100 theoretical stages, less than about 90 theoretical stages, less
than about 80 theoretical stages, less than about 70 theoretical stages, less than about 60
theoretical stages, from about 15 theoretical stages to about 100 theoretical stages, from
about 15 theoretical stages to about 90 theoretical stages, from about 15 theoretical
stages to about 80 theoretical stages, from about 30 theoretical stages to about 80

theoretical stages, or from about 40 theoretical stages to about 80 theoretical stages.
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29. The method as set forth in claim 27 or claim 28, wherein the
distillation column has a height equivalent of a theoretical stage of between about 0.25

meters and about 0.75 meters.

30. The method as set forth in any one of claims 27 to 29, wherein the
packing is a structured-type packing.

31. The method as set forth in claim 26, wherein the distillation column

includes plates.

32. The method as set forth in claim 31, wherein the distillation column
includes less than about 100 plates, less than about 90 plates, less than about 80 plates,
less than about 70 plates, less than about 60 plates, from about 15 plates to about 100
plates, from about 15 plates to about 90 plates, from about 15 plates to about 80 plates,
from about 30 plates to about 80 plates, or from about 40 plates to about 80 plates.

33. The method as set forth in any one of claims 26 to 32, wherein the
distillation column operates at a reflux ratio of less than about 50, less than about 30,
less than about 15, less than about 11, less than about 8, less than about 6, less than
about 4, from about 1.5 to about 50, from about 2 to about 50, from about 2 to about 30,

from about 2 to about 15, or from about 3 to about 8.

34. The method as set forth in any one of claims 26 to 33, wherein the
overhead fraction contains arsenic-containing compounds of less than about 50 ppbw,
less than about 25 ppbw, less than about 10 ppbw, less than about 5 ppbw, less than
about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25 ppbw, from
about 300 pptw to about 50 ppbw, or from about 300 pptw to about 10 ppbw.

35. The method as set forth in any one of claims 26 to 34, wherein the
overhead fraction contains phosphorous-containing compounds of less than about 50
ppbw, less than about 25 ppbw, less than about 10 ppbw, less than about 5 ppbw, less
than about 1 ppbw, from about 0 to about 50 ppbw, from about 0 to about 25 ppbw,
from about 300 pptw to about 50 ppbw, or from about 300 pptw to about 10 ppbw.
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36. The method as set forth in any one of claims 26 to 35, wherein the
overhead fraction contains less than about 10% of the arsenic introduced into the
distillation column in the halosilane-containing stream, or contains less than about 5%,
less than about 1%, less than about 0.1%, from about 0% to about 20%, from about 0%
to about 10%, from about 0% to about 1%, or from about 0% to about 0.1% of the

arsenic introduced into the distillation column in the halosilane-containing stream.

37. The method as set forth in any one of claims 26 to 36, wherein the
overhead fraction contains less than about 10% of the phosphorous introduced into the
distillation column in the halosilane-containing stream, or contains less than about 5%,
less than about 1%, from about 0% to about 20%, from about 0% to about 10%, from
about 0.1% to about 10%, from about 0% to about 1%, or from about 0.1% to about 1%
of the phosphorous introduced into the distillation column in the halosilane-containing

stream.

38. The method as set forth in any one of claims 26 to 37, wherein the
halosilane-containing stream contains arsenic-containing compounds of at least about 1
ppbw, at least about 10 ppbw, at least about 50 ppbw, at least about, at least about 75
ppbw, from about 1 ppbw to about 100 ppbw, or from about 1 ppbw to about 50 ppbw.

39. The method as set forth in any one of claims 26 to 38, wherein the
halosilane-containing stream contains phosphorous containing compounds of at least
about 1 ppbw, at least about 10 ppbw, at least about 50 ppbw, at least about 75 ppbw,
from about 1 ppbw to about 100 ppbw, or from about 1 ppbw to about 50 ppbw.

40. The method as set forth in any one of claims 26 to 39, wherein the
temperature of the overhead fraction is from about 70°C to about 135°C, from about

70°C to about 100°C, or from about 70°C to about 80°C.

41. The method as set forth in any one of claims 26 to 40, wherein the
pressure of the overhead fraction is at least about 1.5 bar, from about 1.5 bar to about 7

bar, or from about 1.5 bar to about 4 bar.

42. The method as set forth in any one of claims 26 to 41, wherein a

bottoms fraction is produced from the distillation column, the bottoms fraction
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containing less than about 15% of the halosilane introduced into the distillation column
in the halosilane-containing stream, or less than about 10%, less than about 7.5%, from
about 2% to about 15%, or from about 2% to about 10% of the halosilane introduced

into the column in the halosilane-containing feed stream.

43. The method as set forth in any one of claims 26 to 42, wherein the
halosilane-containing stream is a gas, the method further comprising condensing the

halosilane-containing stream prior to introduction into the distillation column.

44. The method as set forth in any one of claims 26 to 43, wherein the

halosilane-containing stream is a liquid.

45. The method as set forth in any one of claims 26 to 44, wherein the

halosilane contains a halogen selected from chlorine, bromine, and iodine.

46. The method as set forth in any one of claims 26 to 45, wherein the

halosilane contains chlorine.

47. The method as set forth in any one of claims 26 to 46, wherein the
halosilane is selected from the group consisting of monohalosilane, dihalosilane,

trihalosilane, and tetrahalosilane.

48. The method as set forth in any one of claims 26 to 47, wherein the

halosilane is selected from the group consisting of trihalosilane and tetrahalosilane.

49. The method as set forth in any one of claims 26 to 48, wherein the

halosilane is selected from the group consisting of trichlorosilane and tetrachlorosilane.

50. The method as set forth in any one of claims 26 to 49, wherein the

halosilane is tetrachlorosilane.
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