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Descr ipt ion 

Ti t le  o f  Invent ion 

METHOD FOR PRODUCING POLYCRYSTALLINE 

SILICON 

5 

Technica l  F ie ld  

[0001]  

The present  invent ion re la tes  to  a  method for  

producing po lycrysta l l ine  s i l i con.  

10 

Background Art  

[0002]  

Var ious methods for  producing  s i l i con which is  

used as a  mater ia l  o f  a  semiconductor  or  a  mater ia l  o f  a  

wafer  for  so lar  power  generat ion have  been 15 

convent ional ly  known.  One o f  those methods is ,  for  

example ,  a  S iemens method which is  carr ied  out as  

descr ibed be low.  Accord ing  to  the  S iemens method,  f i rs t ,  

a  mixed gas  o f  hydrogen and tr ich loros i lane is  suppl ied  

to  a f i lament  which has  been made e lectr ica l ly  20 

conduct ive and heated.  Subsequent ly ,  s i l i con is  

depos i ted  on the  f i lament by  a chemica l  vapor  

depos i t ion method so  that  po lys i l i con (a lso  re ferred to  

as  "po lycrysta l l ine  s i l i con" )  i s  obta ined.  

[0003]  25 
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Exhaust  gas which is  d ischarged through a  s tep  o f  

obta in ing  po lys i l i con by  the  S iemens method conta ins  

hydrogen as  a  main component  and a lso  conta ins  

another impur i ty .  Examples  o f  the  another  impur i ty  

inc lude unreacted t r ich loros i lane;  a  s i lane compound,  5 

hydrogen chlor ide ,  and the  l ike  each o f  which is  a  

react ion by-product ;  and a  smal l  amount  o f  boron which  

is  conta ined,  as  an inev i tab le  impur i ty ,  in  meta l  s i l i con.  

[0004]  

In  a  case  where  the  exhaust  gas  which conta ins 10 

such an impur i ty  is  suppl ied ,  main ly  as  a  hydrogen 

source ,  to  the  s tep  of  obta in ing  po lys i l i con,  the  exhaust  

gas  thus suppl ied  causes  a  deter iorat ion in  qual i ty  o f  

resul tant  po lycrysta l l ine  s i l i con.  Thus,  the  exhaust  gas  

is  re f ined,  and most  o f  the  re f ined exhaust  gas  is  15 

c i rculated to  the  s tep  o f  obta in ing  po lys i l i con,  but  part  

o f  the  re f ined exhaust  gas  is  d isposed o f  a f ter  be ing  

subjected to  a  proper  t reatment .  As more  po lycrysta l l ine  

s i l i con is  produced,  a  larger  amount  o f  exhaust  gas  is  

d isposed o f  accord ing ly .  Aga inst  a  background o f  th is ,  a  20 

method for  e f fec t ive ly  reus ing  such exhaust  gas  is  

des i red  to  be  estab l ished.  

[0005]  

Patent  L i terature  1  d isc loses  a  method for  

producing po lys i l i con,  the  method inc luding :  t reat ing  25 
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the  exhaust  gas  wi th  use  o f  an adsorpt ion tower  which  

is  f i l l ed  wi th act ivated carbon;  and reus ing  hydrogen 

chlor ide  and a  s i lane  compound each o f  which has  been 

adsorbed by  the  act ivated carbon.  

C i tat ion L is t  5 

[Patent  L i terature ]  

[0006]  

[Patent  L i terature  1 ]  

Japanese  Patent  Appl icat ion Publ icat ion,  Tokukai ,  

No.  2013-14504 10 

Summary o f  Invent ion 

Technica l  Problem 

[0007]  

Note ,  however,  that  such a  convent ional  technique 15 

as  descr ibed ear l i er  has  more  room for  improvement  in  

env i ronmenta l  load and in  product ion cost .  

[0008]  

The present  invent ion has  been made in  v iew  o f  

the problems,  and an ob ject  o f  the present  invent ion is  20 

to prov ide  a method for  producing po lycrysta l l ine s i l i con  

at  a  l i ghter  env i ronmenta l  load and at  low product ion 

cost .  

So lut ion to  Problem 

[0009]  25 
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In  order  to  at ta in  the  ob ject ,  the  inventors  o f  the 

present  invent ion repeated ly  carr ied  out  d i l i gent  s tudy.  

As a  resul t ,  the inventors  f ina l ly  accompl ished the  

present  invent ion by  f ind ing  that  removal  o f  hydrogen 

chlor ide  wi th use  o f  a  ch loros i lane  so lut ion achieves  a  5 

method for  producing po lycrysta l l ine s i l i con at  a  l i ghter  

env i ronmenta l  load and at  lower  product ion cost .  

[0010]  

Spec i f i ca l ly ,  a  method in  accordance wi th  an 

embodiment  o f  the present  invent ion for  producing  10 

po lycrysta l l ine  s i l i con inc ludes :  a  s i l i con depos i t ion 

s tep o f  depos i t ing  the  po lycrysta l l ine  s i l i con by  react ing 

a  ch loros i lane  compound and hydrogen together ;  a  

separat ion s tep o f  separat ing ,  into  a  ch loros i lane 

condensate  and a  gas component  A,  exhaust  gas  which 15 

is  d ischarged through the s i l i con depos i t ion s tep;  a  

hydrogen chlor ide  removal  s tep  o f  obta in ing  a  gas  

component  B by  removing hydrogen chlor ide  by  br ing ing  

the  gas component  A into  contact  wi th a  chloros i lane 

so lut ion;  a  hydrogen re f in ing  s tep o f  obta in ing hydrogen 20 

gas  A by  removing the  ch loros i lane compound by  

br ing ing the  gas component  B into contact  wi th  

act ivated carbon;  an act ivated carbon regenerat ion s tep  

o f  br ing ing the  act ivated carbon,  which has  been  

brought into  contact  wi th  the gas  component  B,  into  25 
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contact  wi th  hydrogen gas  B so  as  to  regenerate  the  

act ivated carbon;  and a  c i rcu lat ion s tep o f  apply ing  

pressure  to  a  gas  component  C which is  obta ined 

through the  act ivated carbon regenerat ion step,  and 

supply ing  the  gas  component  C to  the  separat ion s tep.  5 

Advantageous Ef fec ts  o f  Invent ion 

[0011]  

An embodiment  o f  the  present  invent ion makes i t  

poss ib le  to  prov ide  a  method for  producing  

po lycrysta l l ine  s i l i con at  a  l i ghter  env i ronmenta l  load  10 

and at  low product ion cost .  

Br ie f  Descr ipt ion o f  Drawings  

[0012]  

F ig .  1  is  a  v iew schemat ica l ly  i l lustrat ing  a  f low o f  15 

gas  components  and a  f low of  a  ch loros i lane  compound 

in  a  method in  accordance wi th  an embodiment  o f  the  

present  invent ion for  produc ing  po lycrysta l l ine  s i l i con.  

Descr ipt ion o f  Embodiments  20 

[0013]  

The fo l lowing  descr ipt ion wi l l  d iscuss  an 

embodiment  o f  the  present  invent ion.  The  present 

invent ion is ,  however ,  not  l imi ted  to the  embodiment  

be low.  The  present  invent ion is  not  l imi ted  to  the  25 
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arrangements  descr ibed be low,  but  may be  a l tered in  

var ious  ways by  a sk i l l ed  person wi th in the  scope  o f  the  

c la ims.  Spec i f i ca l ly ,  any embod iment  based on a  proper  

combinat ion o f  technica l  means d isc losed in  d i f fe rent  

embodiments  is  a lso  encompassed in  the  technica l  scope 5 

o f  the  present  invent ion.  Note  that  a l l  o f  the  patent  

l i teratures  l i s ted  here in  are  incorporated by  re ference  

here in .  Note  a lso  that  numer ica l  express ions  such as "A  

to  B"  here in mean "not  less than A (equal  to  or  more  

than A)  and not  more than B (equal  to  or  l ess than B)"  10 

unless  o therwise  spec i f i ed .  

[0014]  

A  method in  accordance wi th  an  embodiment  o f  the  

present  invent ion for  produc ing  po lycrysta l l ine  s i l i con  

(here inaf ter  re ferred to  as  " the  present  product ion 15 

method" )  inc ludes :  a  s i l i con depos i t ion s tep o f  

depos i t ing  the  po lycrysta l l ine  s i l i con by  react ing  a  

ch loros i lane  compound and hydrogen together ;  a  

separat ion s tep o f  separat ing ,  into  a  ch loros i lane 

condensate  and a  gas component  A,  exhaust  gas  which 20 

is  d ischarged through the s i l i con depos i t ion s tep;  a  

hydrogen chlor ide  removal  s tep  o f  obta in ing  a  gas  

component  B by  removing hydrogen chlor ide  by  br ing ing  

the  gas component  A into  contact  wi th a  chloros i lane 

so lut ion;  a  hydrogen re f in ing  s tep o f  obta in ing hydrogen 25 
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gas  A by  removing the  ch loros i lane compound by  

br ing ing the  gas component  B into contact  wi th  

act ivated carbon;  an act ivated carbon regenerat ion s tep  

o f  br ing ing the  act ivated carbon,  which has  been  

brought into  contact  wi th  the gas  component  B,  into  5 

contact  wi th  hydrogen gas  B so  as  to  regenerate  the  

act ivated carbon;  and a  c i rcu lat ion s tep o f  apply ing  

pressure  to  a  gas  component  C which is  obta ined 

through the  act ivated carbon regenerat ion step,  and 

supply ing  the  gas  component  C to  the  separat ion s tep.  10 

[0015]  

The present  product ion method,  which includes 

the  above  features ,  has  such advantages  as  descr ibed  

be low.  Spec i f i ca l ly ,  the  present  product ion method has ,  

for  example ,  (1 )  an advantage  such that ,  s ince  the 15 

hydrogen chlor ide  is  removed,  in  the  hydrogen chlor ide  

removal  s tep ,  by  br ing ing the  gas component  A into  

contact  wi th  the  ch loros i lane  so lut ion,  the  present  

product ion method achieves  a  h igher  rate  o f  removal  o f  

an impur i ty  (which may conta in  dopant (s )  such as  boron 20 

(B )  and/or  phosphorus (P ) )  than a  convent ional  

technique in  which hydrogen chlor ide  is  removed by  

be ing  adsorbed by act ivated carbon,  (2 )  an advantage  

such that  the advantage (1 )  resul ts  in  nonaccumulat ion 

o f  the  impur i ty  a lso  in  a  case  where  the  gas  component 25 
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C  (which conta ins  the  hydrogen gas  and the  ch loros i lane  

compound)  is  c i rculated to  the  separat ion s tep,  (3 )  an 

advantage  such that  the  present  product ion method  

a l lows caust ic  soda to  be  used in  a  smal ler  amount  to  

t reat  the  hydrogen gas  and the  ch loros i lane  compound, 5 

(4 )  an advantage  such that  the  advantages  (1 )  through 

(3 )  a l low the  exhaust  gas  to  be  e f f i c ient ly  re f ined and 

e f f i c ient ly  c i rculated,  and (5 )  an advantage  such that  

the  advantage (4 )  consequent ly  makes i t  poss ib le  to  

prov ide  a  method for  producing po lycrysta l l ine  s i l i con at  10 

a  l ighter  env i ronmenta l  load and at  low product ion cost .  

[0016]  

Further ,  accord ing to  Patent  L i terature 1 ,  the  

exhaust  gas  is  suppl ied  to  an STC ( te t rachloros i lane )  

reduct ion s tep so as  to  be  reused.  In  contrast ,  accord ing  15 

to  the  present  product ion method,  the  exhaust  gas  can  

be  suppl ied  to  the  separat ion s tep so  as  to  be  reused.  

The separat ion s tep is  lower  in  operat ing  pressure  than 

the  STC reduct ion s tep.  Thus,  as  compared wi th  the  

convent ional  technique,  the  present  product ion method 20 

has  an advantage  o f  a l lowing equipment  for  apply ing  

pressure  to  gas  so  as to  reuse  the  gas to  be  constructed 

on a  smal ler  sca le  and at  lower  cost .  Moreover ,  

accord ing  to  Patent  L i terature  1 ,  the hydrogen chlor ide  

is  removed f rom the exhaust  gas wi th  use  o f  the  25 
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act ivated carbon.  In  contrast ,  accord ing  to  the  present  

product ion method,  the  hydrogen chlor ide  is  removed by  

br ing ing  the  gas  component  A into  contact  wi th  the 

ch loros i lane  so lut ion.  Thus,  the  present  product ion 

method a l lows the  hydrogen to  be  re f ined by  us ing  the  5 

act ivated carbon in  a  smal ler  vo lume.  

[0017]  

The fo l lowing descr ipt ion spec i f i ca l ly  d iscusses ,  

wi th  re ference  to  F ig .  1 ,  the  s teps  which are  inc luded in  

the  present  product ion method.  Note  that  in  F ig .  1 ,  10 

so l id  l ines  each indicate  the  ch loros i lane  compound 

which is  in  l iquid  form,  broken l ines  ind icate  the  gas  

components ,  and double  l ines  ind icate  swi tch ing  

between adsorpt ion towers  each  o f  which is  f i l l ed  wi th  

act ivated carbon.  15 

[0018]  

<1.  S i l i con depos i t ion s tep 1> 

The present  product ion method inc ludes  a  s i l i con  

depos i t ion s tep 1  o f  depos i t ing  po lycrysta l l ine s i l i con by  

react ing a  chloros i lane compound and hydrogen together .  20 

[0019]  

The s i l i con depos i t ion s tep 1 is  carr ied  out wi th  

use  o f  a  react ion apparatus whose  s tructure  is  not  

l imi ted  to  any part icu lar  s t ructure ,  and under  a  

react ion condi t ion which is  not  l imi ted to  any part icu lar  25 
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react ion condi t ion.  The s i l i con depos i t ion s tep 1  can be 

carr ied  out  wi th  use  o f  a  publ ic ly  known react ion 

apparatus and under  a  publ ic ly  known react ion 

condi t ion.  Spec i f i ca l ly ,  the  s i l i con depos i t ion s tep 1 can  

be  carr ied out  by ,  for  example ,  the S iemens method (a  5 

be l l  jar  method)  or  a  vapor  to  l iquid  depos i t ion (VLD) 

method.  

[0020]  

The S iemens method is  a  method which is  carr ied  

out  as descr ibed be low.  Accord ing  to the  S iemens 10 

method,  f i rs t ,  a  po lycrysta l l ine s i l i con core wire ,  which  

is  a  heat ing  base  mater ia l ,  i s  prov ided in  a  reactor  (be l l  

jar ) ,  and the  po lycrysta l l ine  s i l i con core  wire  is  made 

e lectr ica l ly  conduct ive  and heated to  a  temperature  

which is  not  lower  than a  po lycrysta l l ine  s i l i con 15 

depos i t ion temperature .  Subsequent ly ,  wi th  the  

po lycrysta l l ine  s i l i con core  wire  thus heated,  mater ia l  

gas  which conta ins  a  ch loros i lane  compound and  

hydrogen is  brought  into contact .  The  contact  between 

the  po lycrysta l l ine  s i l i con wire  and the  mater ia l  gas  20 

causes  po lycrysta l l ine  s i l icon to  be depos i ted  on a  

sur face  o f  the po lycrysta l l ine  s i l i con core  wire ,  so  that  a  

grown po lycrysta l l ine  s i l i con rod is  obta ined.  

[0021]  

Accord ing  to  the S iemens method,  the  25 
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po lycrysta l l ine s i l i con core  wire  which has been made  

e lectr ica l ly  conduct ive  and heated has  a  temperature  

which is  not  l imi ted  to  any part icu lar  temperature ,  

prov ided that  the  temperature  is  not  lower  than the  

po lycrysta l l ine  s i l i con depos i t ion temperature .  Note ,  5 

however ,  that  the  po lycrysta l l ine  s i l i con core  wire  which 

has  been made e lectr ica l ly  conduct ive  and heated has  a  

temperature  in  a  range  o f  pre f erably  600°C to  1250°C,  

and more  pre ferably  900°C to  1200°C so  that  

po lycrysta l l ine  s i l i con is  e f f i c ient ly  depos i ted .  10 

[0022]  

The vapor  to  l i qu id  depos i t ion method inc ludes  a 

sequent ia l  method and a  cont inuous method as  be low. 

Accord ing  to  the  sequent ia l  method,  f i rs t ,  a  base  

mater ia l  which is  prov ided in  a  reactor  is  heated to  a  15 

h igh temperature  (e .g . ,  not  lower  than 600°C)  which is  

not  lower  than  the  po lycrysta l l ine  s i l i con depos i t ion 

temperature .  Subsequent ly ,  mater ia l  gas  which conta ins  

a  ch loros i lane compound and hydrogen is  caused to  f low 

to  the  base  mater ia l  so  as  to  be  in  contact  wi th  the  base  20 

mater ia l ,  so  that  po lycrysta l l ine  s i l i con is  depos i ted  on 

a  sur face  o f  the  base  mater ia l .  Thereaf ter ,  the  base  

mater ia l  i s  mainta ined at  a  h igh temperature  (e .g . ,  

1450°C to  1700°C)  which is  not  lower  than a  mel t ing 

po int  o f  the  po lycrysta l l ine s i l i con,  so  that  the  25 



- 12 - 

po lycrysta l l ine  s i l i con thus depos i ted  is  mel ted  and  

dropped so  as  to  be  col lec ted.  Accord ing  to  the  

cont inuous method,  f i rs t ,  a  base  mater ia l  which is  

prov ided in  a  reactor  is  heated to  a  h igh temperature  

(e .g . ,  1450°C to  1700°C)  which is  not  lower  than a  5 

mel t ing  po int  o f  po lycrysta l l ine  s i l i con.  Subsequent ly ,  

mater ia l  gas  which conta ins  a  ch loros i lane  compound 

and hydrogen is  caused to  f low to  the  base  mater ia l  so 

as  to  be  in contact  with  the  base  mater ia l .  The  contact  

between the  base  mater ia l  and the  mater ia l  gas  causes  10 

po lycrysta l l ine  s i l i con to  be  depos i ted  on a  sur face  o f  

the  base  mater ia l ,  and causes  the  po lycrysta l l ine  s i l i con  

to  be  mel ted  and dropped so  as  to  be  obta ined.  

[0023]  

The s i l i con  depos i t ion s tep 1  i s  pre ferably  carr ied  15 

out  by  the  vapor  to  l iquid  depos i t ion method so  that  

po lycrysta l l ine  s i l i con is  e f f i c ient ly  depos i ted .  

[0024]  

Note  that  a  ch loros i lane  compound here in  means a  

compound which conta ins a  chlor ine e lement  and a  20 

s i l i con e lement .  In both the S iemens method and the  

vapor  to  l iqu id  depos i t ion method,  the ch loros i lane  

compound which is  conta ined in  the mater ia l  gas  can be ,  

for  example ,  t r ich loros i lane  or  d ich loros i lane .  

[0025]  25 
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In  the  s i l i con depos i t ion s tep 1 ,  i t  i s  poss ib le  to  

use ,  as  the  chloros i lane compound which is  conta ined in  

the  mater ia l  gas ,  a  ch loros i lane  compound 29 which is  

obta ined through a d is t i l la t ion s tep 11 (descr ibed la ter )  

and which has  been made gaseous.  In  a  case  where  the  5 

ch loros i lane  compound which is  conta ined in  the  

mater ia l  gas  is  not  enough,  a  ch loros i lane  compound 

which has been produced by  a  publ ic ly  known method 

can be  suppl ied  so  as  to  be  used to  make up for  a  

ch loros i lane  compound de f ic iency  (not  i l lustrated in  F ig .  10 

1 ) .  Tr ich loros i l ane  which is  used as  the  ch loros i lane 

compound can be  commonly  produced through a  

publ ic ly  known react ion between meta l  s i l i con and 

hydrogen chlor ide .  In  order  to  remove  an impur i ty  or  

impur i t ies  such as boron and/or  phosphorus f rom 15 

t r ich loros i lane which has  been obta ined by  d is t i l l ing  a  

product  o f  the  react ion,  i t  i s  pre ferable  to  fur ther  d is t i l l  

the  t r ich loros i lane.  By fur ther  d is t i l l ing  the  

t r ich loros i lane,  i t  i s  poss ib le  to  obta in  h igh pur i ty  

t r ich loros i lane.  In  order  to  obta in  h igh pur i ty  20 

po lycrysta l l ine  s i l i con,  t r ichloros i lane  which is  used in  

the  s i l i con depos i t ion s tep 1  pre ferably  has  a  pur i ty  o f  

not  l ess  than 99.9%.  

[0026]  

Accord ing  to  the  s i l i con depos i t ion s tep 1 ,  the  25 
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hydrogen which is  conta ined in  the  mater ia l  gas  is  

suppl ied in  an amount  which is  not  l imi ted  to  any 

part icular  amount ,  prov ided that  the  amount  is  in 

excess  o f  an amount  o f  the  ch loros i lane compound.  Note ,  

however ,  that  the  hydrogen is  suppl ied  in  an amount  o f  5 

pre ferably  not  l ess  than 3  mol  wi th  respect  to  1  mol  o f  

the  ch loros i lane  compound so  that  po lycrysta l l ine  

s i l i con is  e f f i c ient ly  depos i ted .  

[0027]  

Accord ing  to  the  s i l i con depos i t ion s tep 1 ,  most  o f  10 

the hydrogen which is  conta ined in  the mater ia l  gas can 

be  suppl ied  wi th  hydrogen gas  A  22a,  and a  hydrogen 

de f ic iency can be made up for  by  hydrogen (not  

i l lustrated in  F ig .  1 )  which is  obta ined by a  publ ic ly  

known product ion method.  For  example ,  such hydrogen 15 

can be  produced,  wi th  use  o f ,  for  example ,  e lec t ro ly t ic  

equipment ,  by  e lectro lyz ing water .  Spec i f i ca l ly ,  i t  i s  

poss ib le  to  obta in  hydrogen by  e lectro lyz ing  water  by  

caus ing  an e lec tr ic  current  to  f low through an aqueous 

e lectro ly te  so lut ion which conta ins  an inorganic  ac id  20 

meta l  sa l t  and/or  a  meta l  hydrox ide  as  an e lec tro ly te (s )  

( i . e . ,  an aqueous so lut ion which conta ins  an inorganic  

ac id  meta l  sa l t  and/or  a  meta l  hydrox ide  as  a  so lute (s ) ) .  

In  order  to  remove a  meta l l i c  impur i ty  f rom hydrogen 

which has been obta ined through e lectro lys is ,  i t  i s  25 
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pre ferable  to  wash the  hydrogen wi th  water  and further 

pass  the  hydrogen through a  mist  f i l t er .  By  washing the  

hydrogen wi th  water  and further  pass ing  the  hydrogen 

through a  mist  f i l t er ,  i t  i s  poss ib le  to  obta in  hydrogen 

which substant ia l ly  conta ins  no  meta l l i c  impur i ty .  The 5 

hydrogen fur ther  pre ferably  conta ins  no  gaseous  

impur i t ies  such as  oxygen and water  vapor .  Oxygen and 

water  vapor can be removed by  a  publ ic ly  known method 

which is  known as a  method for  obta in ing  industr ia l  

hydrogen.  In  order  to  obta in  h igh pur i ty  po lycrysta l l ine 10 

s i l i con,  hydrogen which is  used in  the  s i l i con depos i t ion 

s tep 1 pre ferably  has a  pur i ty  o f  not  l ess than 99.99 

vo l%.  

[0028]  

Use  o f  the  above-descr ibed h igh pur i ty  15 

t r ich loros i lane and the  above-descr ibed h igh pur i ty  

hydrogen makes  i t  poss ib le  to  obta in  h igh pur i ty  

po lycrysta l l ine  s i l i con which has  a  pur i ty  o f  not  l ess  

than 11 N.  

[0029]  20 

<2.  Separat ion s tep 2> 

The present  product ion method inc ludes  a  

separat ion s tep 2 o f  separat ing ,  into a  chloros i lane 

condensate  26 and a  gas  component  A  14,  exhaust  gas  

13 which is  d ischarged through the  s i l i con depos i t ion  25 
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s tep  1 .  

[0030]  

The exhaust  gas  13 conta ins  at  l east  a  

ch loros i lane  compound,  hydrogen,  and hydrogen 

chlor ide .  The ch loros i lane  compound which is  conta ined 5 

in  the  exhaust  gas  13 cons is ts  o f  ( i )  a  pyro lysa te  o f  the  

ch loros i lane  compound which has  been conta ined in  the  

mater ia l  gas  and ( i i )  an unreacted part  o f  the  

ch loros i lane  compound.  The  chloros i lane  compound 

which is  conta ined in  the exhaust  gas  13 conta ins  at  10 

least  one  o f  te t rachloros i lane ,  t r ich loros i lane ,  

d ich loros i lane ,  monochloros i lane ,  hexachlorodis i lane ,  

pentachlorodis i lane ,  and the l ike .  The hydrogen which is  

conta ined in  the  exhaust  gas  13 inc ludes  ( i )  hydrogen 

which is  produced by  pyro lyz ing  the  ch loros i lane  15 

compound which has been conta ined in  the  mater ia l  gas  

and ( i i )  unreacted hydrogen.  The hydrogen chlor ide  

which is  conta ined in  the  exhaust  gas  13 is  hydrogen 

chlor ide  which is  secondar i ly  produced f rom a 

po lycrysta l l ine s i l i con depos i t ion react ion.  The hydrogen  20 

chlor ide is  conta ined in  the  exhaust  gas 13 at  a  

concentrat ion o f ,  for  example ,  0 .1  mol% to  6  mol%,  and,  

in  part icu lar ,  0 .2  mol% to  3  mol%.  

[0031]  

The ch loros i lane  condensate  26 which is  obta ined 25 
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in  the  separat ion s tep 2  is  a  mixture  o f  var ious 

chloros i lane  compounds which have been conta ined in 

the  exhaust  gas  13.  The  chlo ros i lane  condensate  26,  

which fur ther  conta ins  a  l i t t l e  hydrogen chlor ide ,  i s  

pre ferably  suppl ied  to  a  hydrogen chlor ide  d i f fus ion s tep 5 

4 .  Note  that  the  ch loros i lane  condensate  26 can be 

suppl ied  to  a  s tep (s )  such as  a  hydrogen chlor ide  

removal  s tep  3  (descr ibed la ter )  and/or  the  hydrogen 

chlor ide  d i f fus ion s tep 4  (descr ibed la ter ) ,  and can  

a l ternat ive ly  be  used for  a  purpose  which is  d i f f e rent  10 

f rom the  present  product ion method.  

[0032]  

The gas  component  A 14 which is  obta ined in  the  

separat ion s tep 2 conta ins  hydrogen gas and hydrogen 

chlor ide  as  main components .  The gas  component  A  14  15 

( i )  fur ther  conta ins ,  in  an amount  o f  approx imate ly  

severa l  percent  by vo lume,  the  ch loros i lane compound 

which remains  to  be  condensed and separated in  a  form 

o f  the  ch loros i lane  condensate  26,  and ( i i )  may conta in ,  

in  t race  amounts ,  meta l  s i l i con-der ived boron and meta l  20 

s i l i con-der ived phosphorus.  

[0033]  

In  the  separat ion step 2 ,  the  exhaust  gas  13 is  

pre ferably  coo led  f i rs t .  A  coo l ing  temperature to  which 

to  coo l  the  exhaust  gas 13 is  not  l imi ted  to any  25 
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part icular  coo l ing  temperature ,  prov ided that  the  

coo l ing  temperature  is  not  h igher  than a  temperature  at  

which the ch loros i lane  compound is  condensed.  The  

coo l ing temperature  can be  appropr iate ly  determined in  

cons iderat ion o f ,  for  example ,  a  coo l ing  capac i ty  o f  a  5 

coo l ing  dev ice  to  be  used.  A  lower  coo l ing  temperature  

tends to  be  more e f fec t ive  in  condensat ion o f  the  

ch loros i lane  compound.  Accord ing to  the  separat ion s tep  

2 ,  the  exhaust  gas  13 is  coo led  to  a  coo l ing  temperature 

o f  pre ferably  not  h igher  than -10°C,  and more  pre ferably  10 

not  h igher  than -30°C so that  the  exhaust  gas  13 is  

more  e f f i c ient ly  and more  e f fec t ive ly  separated into  the  

ch loros i lane  condensate  26 and the  gas  component  A  14.  

Meanwhi le ,  the  exhaust  gas 13 is  pre ferably coo led  to a  

coo l ing  temperature  o f  h igher  than -60°C f rom the  15 

v iewpoint  o f  product ion cost .  

[0034]  

In  the  separat ion s tep 2 ,  a  method by  which to 

separate  the  exhaust  gas  13 is  not  l imi ted  to  any  

part icular  method,  prov ided that  the method a l lows the  20 

exhaust  gas 13 to be  separated into the  chloros i lane 

condensate  26 and the  gas  component  A  14.  Note ,  

however ,  that  the  exhaust  gas  13 is  pre ferably  separated 

by  a condensat ion removal  method.  The condensat ion 

removal  method is  a  method for  separat ing  the  exhaust  25 



- 19 - 

gas 13 into the  ch loros i lane condensate 26 and the gas  

component  A 14 by  coo l ing  the  exhaust  gas  13 so  as  to  

condense  the  ch loros i lane  compound.  

[0035]  

In  the  separat ion s tep 2 ,  a  method by  which to 5 

coo l  the  exhaust  gas  13 is  not  l imi ted  to  any part icu lar  

method,  prov ided that  the  method a l lows the  exhaust  

gas  13 to  be  coo led  to the  coo l ing  temperature  fa l l ing 

wi th in the  above  range .  Note ,  however ,  that  the  exhaust  

gas  13 can be  coo led  by  a  publ ic ly  known coo l ing  10 

method.  Spec i f i c  examples  o f  such a  coo l ing  method 

inc lude  a  coo l ing  method o f  coo l ing  the  exhaust  gas  13 

by pass ing  the  exhaust  gas  13  through a  coo l ed  heat  

exchanger ,  and a  coo l ing  method o f  coo l ing  the  exhaust  

gas  13 wi th  use  o f  a  condensate  which has  been 15 

obta ined by condens ing  and coo l ing  the ch loros i lane  

compound.  These  coo l ing  methods can be  used a lone  or  

in  combinat ion.  

[0036]  

Next ,  the  separat ion s tep 2  is  pre ferably  carr ied 20 

out  in ,  for  example ,  a  pressure-res is tant  conta iner  and 

under  a  h igh pressure .  A  pressure  under  which to  carry  

out  the separat ion step 2  is  not  l imi ted  to any  

part icular  pressure ,  prov ided that  the  pressure  a l lows 

the  ch loros i lane  compound to  be  complete ly  r emoved.  25 
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The pressure  can be  appropr iate ly  determined in  

cons iderat ion o f ,  for  example ,  a  capabi l i ty  o f  a  

condensat ion removal  dev ice to  be  used.  In  order  to  

more  e f fec t ive ly  separate  the  exhaust  gas  13 into  the  

ch loros i lane  condensate  26 and the  gas  component  A  14,  5 

the  pressure  is  pre ferably  not  l ess  than 400 kPaG,  and 

more  pre ferably  not  l ess  than 500 kPaG.  

[0037]  

Accord ing  to  the  present  product ion method,  in 

order  to  increase  pressure  of  the  exhaust  gas 13 which  10 

is  to  be  suppl ied  to  the  separat ion s tep 2 ,  i t  i s  poss ib le  

to  prov ide  a  pressure  appl icat ion dev ice  in  advance  o f  

carry ing  out  the  separat ion s tep 2 .  Accord ing  to  the 

present  product ion method,  in  order  to  protect  the  

pressure  appl icat ion dev ice ,  i t  i s  pre ferable ,  upstream 15 

o f  the  pressure  appl icat ion dev ice ,  to  carry  out  

pre l iminary  chloros i lane  condensat ion or  to  prov ide  a  

f i l ter .  Such a  pre ferable  arrangement  can be  employed 

as  a  method which is  commonly  carr ied  out  in  industr ia l  

process  des ign.  20 

[0038]  

<3.  Hydrogen chlor ide  removal  s tep  3> 

The present  product ion method inc ludes  the  

hydrogen chlor ide  removal  s tep  3 o f  obtain ing  a gas  

component  B 15 by  removing hydrogen chlor ide  by  25 
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br ing ing  the  gas  component  A  14 into  contac t  wi th  a  

ch loros i lane  so lut ion.  

[0039]  

The chloros i lane  so lut ion which is  used in  the  

hydrogen chlor ide  removal  s tep  3 is  a  l iqu id  which 5 

conta ins  a  chloros i lane compound.  The chloros i lane 

compound is  exempl i f i ed  by ,  but  not  part icu lar ly  l imi ted  

to ,  t r ich loros i lane ,  d ich loros i lane ,  and te trachloros i lane .  

[0040]  

The chloros i lane  so lut ion which is  used in  the  10 

hydrogen chlor ide  removal  s tep  3  can conta in  part  o f  the  

ch loros i lane  condensate  26 which is  obta ined in  the  

separat ion s tep 2 .  In  order  to  e f f i c ient ly  remove 

hydrogen chlor ide ,  the ch loros i lane  so lut ion which is  

used in  the  hydrogen chlor ide  removal  s tep  3  pre ferably  15 

conta ins  no  hydrogen chlor ide .  Thus,  the  ch loros i lane 

so lut ion which is  used in  the hydrogen chlor ide  removal  

s tep  3  is  pre ferably  a  ch lorosi lane  so lut ion 21a which is  

obta ined through the  hydrogen chlor ide d i f fus ion s tep 4  

(descr ibed la ter )  and in  which hydrogen chlor ide  has  20 

been d i f fused.  Such a  preferable  arrangement a l lows the  

ch loros i lane  condensate  26 and/or  the  ch loros i lane 

so lut ion 21a to  be  e f fec t ive ly  used.  

[0041]  

In the  hydrogen chlor ide  removal  s tep  3 ,  hydrogen 25 
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ch lor ide which is  conta ined in the gas  component A 14 

is  removed by  br ing ing  the hydrogen chlor ide  which is  

conta ined in  the  gas  component A  14 into contact  wi th  a  

ch loros i lane  so lut ion so  as  to  cause  the  ch loros i lane  

so lut ion to  absorb the  hydrogen chlor ide .  5 

[0042]  

In  the  hydrogen chlor ide  removal  s tep  3 ,  a  

ch loros i lane  so lut ion which has  been coo led  is  

pre ferably  used so  that  the  hydrogen chlor ide  is  

e f f i c ient ly  removed f rom the  gas  component  A 14.  The 10 

chloros i lane  so lut ion pre ferably  has a  temperature  o f  

pre ferably  not  h igher  than -40°C,  and more  pre ferably  

not  h igher  than -50°C so  that  the  hydrogen chlor ide  is  

e f f i c ient ly  removed f rom the  gas  component  A 14.  

[0043]  15 

In  the  hydrogen chlor ide  removal  s tep  3 ,  in  order  

that  the hydrogen chlor ide is  e f f i c ient ly  removed f rom 

the  gas  component  A  14,  an amount  o f  the  ch loros i lane  

compound which is  conta ined in  the  chloros i lane 

so lut ion which is  to  be  brought  into  contact  wi th  the 20 

gas  component  A  14 can be sui tab ly  set  based on a to ta l  

amount  o f  s i lane  which is  conta ined in  the  ch loros i lane  

compound.  The  to ta l  amount  o f  the  s i lane  which is  

conta ined in  the  ch loros i lane  compound is  pre ferably  

not  l ess than 130 mol ,  and more  pre ferably  not  l ess  25 



- 23 - 

than 140 mol ,  w i th  respect  to  1 mol  o f  the  hydrogen 

chlor ide which is  conta ined in the gas  component A 14.  

In  order  to  reduce  running costs ,  the  to ta l  amount  o f  

the s i lane  which is  conta ined in  the chloros i lane 

compound is  pre ferably  not  more  than 150 mol  wi th  5 

respect  to  1  mol  o f  the  hydrogen chlor ide  which is  

conta ined in  the  gas  component  A 14.  

[0044]  

A  method o f  br ing ing  the  ch loros i lane  so lut ion into  

contact  wi th  the gas  component A 14 in  the hydrogen 10 

chlor ide  removal  s tep  3  is  exempl i f i ed  by ,  but  not  

part icular ly  l imi ted  to ,  publ ic ly  known methods such as  

a  bubbl ing  method,  a  packed tower  method,  and a  

shower  method.  Note  that  the  hydrogen chlor ide  removal  

s tep  3  can be  carr ied  out  in  publ ic ly  known equipment 15 

such as  a  gas- l iquid  contact  co lumn.  

[0045]  

A  gas  component  which is  obta ined by  br ing ing  the  

ch loros i lane  so lut ion into  contact  wi th  the  gas  

component  A 14 is  des ignated as  the  gas  component  B 20 

15.  The gas  component  B 15 which is  obta ined in  the  

hydrogen chlor ide  removal  s tep  3  conta ins  hydrogen gas  

as  a  main component .  The  gas  component  B 15 fur ther 

( i )  contains  the  ch loros i lane compound in an amount  o f  

approx imate ly  severa l  percent  by vo lume and ( i i )  25 
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conta ins  the hydrogen chlor ide  which remains  to  be  

removed.  The hydrogen chlor ide  is  conta ined in  the  gas  

component B 15 at  a  concentrat ion o f  not  more  than 1  

ppm,  and more  pre ferably  not  more  than 0 .1  ppm.  

[0046]  5 

In  the  hydrogen chlor ide  removal  s tep  3 ,  a  

ch loros i lane so lut ion 20 which has  been brought into  

contact  wi th the  gas component  A  14 so  as  to  absorb the  

hydrogen chlor ide  is  pre ferably  suppl ied  to  the  hydrogen 

chlor ide  d i f fus ion s tep 4  (descr ibed la ter ) .  Such an  10 

arrangement makes i t  poss ib le  to  e f fec t ive ly  use  the  

ch loros i lane  so lut ion 20 by  which the  hydrogen chlor ide  

has  been absorbed.  

[0047]  

<4.  Hydrogen re f in ing  s tep 5> 15 

The method for  producing  po lycrysta l l ine  s i l i con  

inc ludes  a  hydrogen re f in ing  s tep 5  o f  obta in ing  the 

hydrogen gas  A 22a and hydrogen gas  A 22b  by  removing  

the  ch loros i lane  compound by  br ing ing  the  gas  

component  B 15 into  contact  wi th  act ivated carbon.  20 

[0048]  

The hydrogen re f in ing  s tep 5  is  pre ferably  carr ied  

out  by  supply ing  the  gas  component  B 15 to  an  

adsorpt ion tower which is  f i l l ed wi th  an act ivated  

carbon layer  or  act ivated carbon.  In  a case  where the  25 
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gas  component  B 15 is  brought  into  contact  wi th  the 

act ivated carbon in  the  adsorpt ion tower ,  the  

ch loros i lane  compound which is  conta ined in  the  gas  

component  B 15 is  adsorbed and removed by  the  

act ivated carbon.  This  makes  i t  poss ib le  to  obta in  the 5 

hydrogen gas  A 22a and the  hydrogen gas  A  22b.  The 

adsorpt ion tower  which is  used in  the  hydrogen ref in ing  

s tep 5 may be re ferred to  as  a  ch lorosi lane adsorpt ion 

tower  because  the  adsorpt ion tower  main ly  adsorbs  the 

ch loros i lane  compound.  10 

[0049]  

The act ivated carbon which is  used in  the  

hydrogen re f in ing  s tep 5  is  not  l imi ted  to  any part icular  

act ivated carbon prov ided that  the act ivated carbon 

a l lows the  ch loros i lane  compound to  be  removed f rom 15 

the  gas  component  B 15.  As  the  act ivated carbon which 

is  used in  the  hydrogen re f in ing  s tep 5 ,  i t  i s  poss ib le  to  

use  publ ic ly  known act ivated carbon.  

[0050]  

The act ivated carbon which is  used in  the  20 

hydrogen re f in ing  s tep 5  has  a  shape which is  not  

l imi ted  to  any part icu lar  shape.  Note ,  however ,  that  the  

act ivated carbon which is  used  in  the  hydrogen re f in ing  

s tep 5  is  pre ferably ,  for  example ,  granular  act ivated 

carbon,  honeycomb act ivated carbon,  or  f ibrous 25 
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act ivated carbon.  Of  these  act ivated carbons,  the  

granular  act ivated carbon is  pre ferable .  This  i s  because 

the  granular  act ivated carbon a l lows the  adsorpt ion 

tower  to  be  f i l l ed  wi th  the  act ivated carbon in  a  larger  

amount  per  uni t  vo lume.  The g ranular  act ivated carbon 5 

pre ferably  has  a  part ic le  s i ze  o f  1  mm to  6  mm. 

[0051]  

Act ivated carbon commonly  eas i ly  adsorbs  

moisture  which is  conta ined in  the  a i r .  In  a  case  where  

act ivated carbon which has  adsorbed moisture  is  10 

subjected to  the  hydrogen re f in ing  s tep 5 ,  the  moisture  

may react  wi th  the  ch loros i lane  compound which is  

conta ined in  the  gas  component  B 15,  so  that  a  s i l i con  

ox ide  may be  produced on the  act ivated carbon.  

Product ion o f  the  s i l i con ox ide  on the act ivated carbon 15 

causes  an inconvenience (s )  such as  b lock ing  o f  a  p ipe  

and/or  contaminat ion,  and thus is  not  pre ferable .  Thus,  

the  act ivated carbon which is  used in  the  hydrogen 

re f in ing s tep 5 is  pre ferably  subjected to  the hydrogen  

re f in ing  s tep 5  a f ter  moisture  which has  been  adsorbed 20 

by  the  act ivated carbon is  removed.  The moisture  can be  

removed by  at  l east  one  o f  a  pressure  reduct ion 

t reatment  and a  heat ing  t reatment .  

[0052]  

In order  to  complete ly  remove the moisture  which 25 
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i s  conta ined in  the  act ivated carbon,  i t  i s  poss ib le  to  

carry  out  the  pressure  reduct ion t reatment ,  a t  a  

pressure  o f  pre ferably  not  more  than 1×10 4  Pa ,  and  

more  pre ferably  not  more  than 1×103  Pa  in  terms o f  an 

abso lute  pressure ,  by  mainta in ing  a  reduced pressure 5 

s tate  for  a  cer ta in  per iod o f  t ime.  

[0053]  

In order  to  complete ly  remove the moisture  which 

is  conta ined in  the  act ivated carbon,  i t  i s  poss ib le  to  

carry  out  the  heat ing  t reatment ,  a t  a  temperature  o f  10 

pre ferably  80°C to  130°C,  by  mainta in ing  a  heated s tate  

for  a  cer ta in  per iod o f  t ime.  In  order  to  complete ly  

remove the mois ture  which is  conta ined in  the  act ivated  

carbon,  i t  i s  pre ferable  to  carry  out the  heat ing  

t reatment  under  f low o f  iner t  gas  or  under  reduced  15 

pressure .  Examples  o f  the  iner t  gas  which is  used in  the  

heat ing t reatment  include n i t rogen,  hel ium,  and argon.  

A  pre ferable  reduced pressure  at  which to  carry  out  the  

heat ing t reatment under  reduced pressure  is  ident ica l  to  

the  reduced pressure  at  which to  carry  out  the  pressure  20 

reduct ion t reatment .  

[0054]  

Each o f  the  pressure  reduct ion t reatment  and the 

heat ing  t reatment  is  pre ferably  carr ied  out  unt i l  the  

moisture  which is  conta ined in  the  act ivated carbon is  25 
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complete ly  removed.  I t  can be  conf i rmed,  by measur ing  

a dew po int  o f  an atmosphere ,  whether the  moisture has  

been complete ly  removed.  In order to  complete ly  remove  

the  mois ture which is  conta ined in the  act ivated carbon,  

i t  i s  pre ferable  to  remove the  moisture  unt i l  the  dew 5 

po int  o f  the  atmosphere  reaches  pre ferably  not  h igher  

than -30°C,  and more  pre ferably  not  h igher  than -40°C.  

[0055]  

In  the  hydrogen re f in ing  s tep 5 ,  an adsorpt ion 

temperature and an adsorpt ion pressure at  each o f  10 

which to  adsorb and remove the  ch loros i lane  compound 

by  br ing ing the  gas component  B 15 into  contact  wi th  

the  act ivated carbon are not  l imi ted  to any part icular  

adsorpt ion temperature  and any part icular  adsorpt ion 

pressure ,  respect ive ly ,  prov ided that  the adsorpt ion  15 

temperature  and the adsorpt ion pressure  each a l low the  

ch loros i lane  compound to be  complete ly  adsorbed and 

removed.  The adsorpt ion temperature  is  pre ferably  -

30°C to  50°C,  and more  pre ferably -10°C to 40°C.  The  

adsorpt ion pressure  is  pre ferably  not  l ess  than 1300 20 

kPaG,  and more  pre ferably  not  l ess  than 1500 kPaG.  The  

adsorpt ion temperature  which fa l l s  wi th in  the  above  

range  and the  adsorpt ion pressure  which fa l l s  wi thin  

the  above  range  each a l low the  ch loros i lane compound 

to  be complete ly  adsorbed and removed f rom the  gas  25 
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component  B 15.  

[0056]  

In  the  hydrogen re f in ing  s tep 5 ,  a  ve loc i ty  a t  

which to  pass the gas  component B 15 through the  

adsorpt ion tower  which is  f i l l ed  wi th  the  act ivated 5 

carbon layer or  the  act ivated carbon ( i . e . ,  a  passage  

ve loc i ty )  i s  not  l imi ted  to any part icu lar  ve loc i ty ,  

prov ided that  the  ve loc i ty  a l lows the  ch loros i lane  

compound which is  conta ined in  the  gas  component  B 15 

to  be  complete ly  removed.  The  passage  ve loc i ty  can be  10 

appropr iate ly  determined in  cons iderat ion o f  a  

capabi l i ty  o f  the  adsorpt ion tower .  In  the  hydrogen 

re f in ing  s tep 5 ,  the  passage  ve loc i ty  a t  which the  gas  

component  B 15 is  passed through the  adsorpt ion tower  

is  pre ferably  50 Hr - 1  to  500 Hr - 1 ,  and more  pre ferably  50  15 

Hr - 1  to  150Hr - 1  in  terms o f  a  spat ia l  ve loc i ty  (SV) .  

[0057]  

The gas  component  B 15 may conta in a  smal l  

amount  o f  hydrogen chlor ide .  Note ,  however ,  that  the  

smal l  amount  o f  hydrogen chlor ide ,  together  wi th  the  20 

chloros i lane  compound,  is  adsorbed by  the  act ivated 

carbon in  the  hydrogen re f in ing  s tep 5 .  

[0058]  

Each o f  the  hydrogen gas  A 22a and the  hydrogen 

gas  A 22b which are obta ined in  the hydrogen re f in ing  25 
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s tep  5  is  pre ferably  hydrogen gas  which has a  pur i ty  o f  

not  l ess  than 99.99 vo l%.  An amount  o f  the  chloros i lane 

compound which is  conta ined in  each o f  the  hydrogen 

gas  A  22a and the  hydrogen gas  A 22b which are  

obta ined in  the  hydrogen re f in ing  s tep 5  can be  sui tab ly 5 

contro l led based on the to ta l  amount o f  the s i lane which  

is  contained in  the ch loros i lane compound.  The to ta l  

amount  o f  the  s i lane  which is  conta ined in  the 

ch loros i lane  compound is  pre f erably  not  more  than 3  

ppm,  more  pre ferably  not  more  than 1  ppm,  and s t i l l  10 

more  pre ferably  not  more  than 0 .1  ppm.  The above  

arrangement  a l lows each of  the  hydrogen gas A 22a and 

the  hydrogen gas  A 22b which are  obta ined in  the  

hydrogen re f in ing  s tep 5  to  be  h igh pur i ty  hydrogen gas .  

[0059]  15 

The hydrogen  gas  A 22a which  is  obta ined in  the  

hydrogen re f in ing  s tep 5  is  h igh pur i ty  hydrogen gas  

and thus can be  cyc l ica l ly  used,  as  i t  i s ,  as  mater ia l  gas  

for  use  in the  s i l i con depos i t ion s tep 1 .  The  hydrogen 

gas  A 22b can be  used as hydrogen gas  B 28 which is  20 

used in an act ivated carbon regenerat ion s tep 6  

(descr ibed la ter ) .  Furthermore ,  the  hydrogen gas  A 22a 

can be  used as  hydrogen which is  used in  a react ion o f  

reduct ion f rom te trachloros i lane  to  t r ich loros i lane ,  or  

can be  used as a  hydrogen source  in  product ion of  s i l i ca  25 
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which is  made o f  te t rachloros i lane (not  i l lustrated in  F ig .  

1 ) .  

[0060]  

The present  product ion method pre ferably  inc ludes  

supply ing ,  to  the  s i l i con depos i t ion s tep 1 ,  the  hydrogen  5 

gas  A  22a which is  obta ined through the  hydrogen  

re f in ing  s tep 5 .  The above  arrangement ,  in  which  

hydrogen gas is  reused,  makes  i t  poss ib le  to  prov ide  a  

method for  producing po lycrysta l l ine s i l i con at  a  l i ghter  

env i ronmenta l  load and at  low product ion cost .  10 

[0061]  

In  order  to  supply ,  to  another  s tep  such as  the 

s i l i con depos i t ion s tep 1 ,  the  hydrogen gas  A 22a which  

is  obta ined through the  hydrogen re f in ing  s tep 5 ,  i t  i s  

poss ib le  to  apply  pressure  to  the  hydrogen gas  A 22a 15 

be fore  the  hydrogen gas  A 22a is  suppl ied  to  the  another  

s tep .  I t  i s  poss ib le  to  apply  pressure  to  the  hydrogen 

gas A 22a by a  method s imi lar  to  a  method by  which to  

apply  pressure  to  a  gas  component  C ( to  which no 

pressure has  been appl ied )  18 in  a c i rculat ion s tep 7  20 

(descr ibed la ter ) .  

[0062]  

<5.  Act ivated carbon regenerat ion s tep 6> 

The present  product ion method inc ludes  the  

act ivated carbon regenerat ion s tep 6  o f  br ing ing  25 
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act ivated carbon 16,  which has  been brought  into  

contact  wi th the  gas component  B 15,  into  contact  wi th  

the  hydrogen gas  B 28 so as  to  regenerate the  act ivated 

carbon 16.  

[0063]  5 

In  the  hydrogen re f in ing  s tep 5 ,  the  ch loros i lane  

compound which has  been removed f rom the  gas  

component  B 15 is  adsorbed and he ld  by  the  adsorpt ion  

tower  which is  f i l l ed  wi th  the  act ivated carbon layer  or  

the  act ivated carbon.  In  the  act ivated carbon 10 

regenerat ion s tep 6 ,  the  chloros i lane  compound is  

desorbed f rom the  act ivated carbon 16 which was used 

in the  hydrogen re f in ing  s tep 5  and has been brought  

into  contact  wi th  the gas  component  B 15,  so that  the  

act ivated carbon 16 which has  been brought  into  15 

contact  wi th  the  gas  component  B 15 is  regenerated.  

Thus,  regenerated act ivated carbon 17 can be  obta ined.  

The regenerated  act ivated carbon 17 can be  reused in 

the  hydrogen re f in ing s tep 5 .  The act ivated carbon 

regenerat ion s tep 6  can be  carr ied out  by caus ing the  20 

hydrogen gas  B  28,  which is  purge  gas ,  to  f low to  the  

act ivated carbon by  which the  ch loros i lane compound is  

adsorbed and he ld .  This  causes  purge  exhaust  gas  

which is  d ischarged f rom the  act ivated carbon 16 which 

has  been brought  into  contact  wi th  the  gas  component  B  25 
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15,  i . e . ,  the  gas  component  C ( to  which no pressure  has  

been appl ied )  18 to conta in  the  ch loros i lane compound 

and hydrogen.  

[0064]  

In  a  case  where  the  gas  component  B 15 which is  5 

subjected to  the  hydrogen re f in ing  s tep 5  conta ins  a  

smal l  amount  o f  hydrogen chlor ide ,  the  smal l  amount  o f  

hydrogen chlor ide ,  together  wi th  the chloros i lane 

compound,  is  adsorbed by  the  act ivated carbon in  the 

hydrogen re f in ing  s tep 5 .  Spec i f i ca l ly ,  the  act ivated 10 

carbon 16 which has  been brought  into  contact  wi th  the  

gas  component  B 15 conta ins  the  smal l  amount  o f  

hydrogen chlor ide .  This  may cause the  gas  component  C 

( to  which no pressure  has  been appl ied )  18 which is  

obta ined in  the  act ivated carbon regenerat ion s tep 6  to  15 

conta in  hydrogen chlor ide .  

[0065]  

A  condi t ion under  which to  desorb the  ch loros i lane  

compound in  the  act ivated carbon regenerat ion step 6  i s  

not  l imi ted  to  any part icu lar  condi t ion,  prov ided that  20 

the  condi t ion a l lows the ch loros i lane  compound to  be  

desorbed from the  act ivated carbon.  The  condi t ion can 

be  appropriate ly  determined in  cons iderat ion o f ,  for  

example ,  a  capabi l i ty  o f  the  adsorpt ion tower .  The  

chloros i lane  compound is  ord inar i ly  desorbed f rom the  25 
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act ivated carbon at  a  temperature  o f  10°C to  300°C and  

under  a  pressure  o f  not  more  than 200 kPaG whi le  

hydrogen is  caused to  f low to  the  act ivated carbon.  In  

order  for  the  chloros i lane compound to  be  desorbed wi th  

h igher  e f f i c iency ,  i t  i s  part icu lar ly  pre ferable  to  cause 5 

the  hydrogen to  f low to  the  act ivated carbon at  a  

temperature  o f  150°C to  250°C and under  a  pressure  o f  

not  more  than 100 kPaG.  A ve loc i ty  ( spat ia l  ve loc i ty  

(SV) )  a t  which to  cause  the  hydrogen gas  B 28,  which is  

purge  gas ,  to  f low to  the  act ivated carbon is  not  l imi ted  10 

to  any part icu lar  ve loc i ty ,  prov ided that  the  ve loc i ty  

a l lows the  ch loros i lane  compound which has  been 

adsorbed and he ld  by the  act ivated carbon to  be  

complete ly  desorbed.  The ve loc i ty  can be  appropr iate ly  

determined in  cons iderat ion o f ,  for  example ,  a  capabi l i ty  15 

o f  the  adsorpt ion tower .  The spat ia l  ve loc i ty  (SV)  i s  

genera l ly  1  Hr - 1  to  50 Hr - 1 ,  and is  pre ferably  

appropr iate ly  determined in  a  range  o f  1  Hr - 1  to  20 Hr - 1 .  

[0066]  

In  the  act ivated carbon regenerat ion s tep 6 ,  a  20 

pur i ty  o f  the  hydrogen gas  B 28,  which is  purge  gas ,  i s  

not  l imi ted  to  any part icu lar  pur i ty .  I t  i s  poss ib le  to  use ,  

as  i t  i s ,  hydrogen which is  industr ia l ly  ava i lab le .  Note ,  

however ,  that ,  in  a case  where the  hydrogen gas  B 28,  

which is  purge  gas ,  conta ins an impur i ty ,  the  impur i ty  25 
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may be  adsorbed by the  act ivated carbon whi le  the  

ch loros i lane  compound is  be ing  desorbed in  the  

act ivated carbon regenerat ion s tep 6 .  In  a  case  where  

the  regenerated act ivated carbon 17 which has  adsorbed 

such an impur i ty  is  reused to  remove the  chloros i lane 5 

compound f rom the gas  component B 15 in  the hydrogen 

re f in ing  s tep 5 ,  the  hydrogen gas  A 22a and the 

hydrogen gas  A 22b which have  been d ischarged f rom 

the  act ivated carbon may be  contaminated wi th  the  

impur i ty .  The present  product ion method is  pre ferably  10 

arranged such that ,  even in  a  case where  the  gas  

component B 15 is  brought  into  contact  wi th the  

regenerated act ivated carbon 17 in  the  hydrogen  

re f in ing  s tep 5 ,  ne i ther  o f  the  hydrogen gas  A  22a and  

the  hydrogen gas  A 22b which are obta ined f rom the  15 

regenerated act ivated carbon 17 is  contaminated wi th  

the  regenerated act ivated carbon 17.  The hydrogen gas  

B 28 is  thus pre ferably h igh pur i ty  hydrogen.  As such  

hydrogen,  i t  i s  poss ib le  to  sui tab ly  use ,  for  example ,  the  

hydrogen which is  used in  the  s i l i con depos i t ion s tep 1 ,  20 

or  the  hydrogen gas  A 22b which has  been obta ined in 

the  hydrogen re f in ing  s tep 5 .  

[0067]  

The hydrogen  re f in ing  s tep 5  and the  act ivated 

carbon regenerat ion step 6  can be  industr ia l ly  25 
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cont inuously carr ied out .  In order to  thus cont inuously  

carry  out  the  hydrogen ref in ing  s tep 5 and the act ivated 

carbon regenerat ion s tep 6 ,  i t  i s  necessary  to  ( i )  prov ide  

a  plura l i ty  o f  adsorpt ion towers each o f  which is  f i l l ed  

wi th  act ivated carbon and ( i i )  a l ternate ly  carry  out  (a )  5 

the  hydrogen re f in ing  s tep 5  o f  caus ing  a  ch loros i lane  

compound to  be  adsorbed by  ac t ivated carbon which is  

conta ined in an adsorpt ion tower  and (b )  the  act ivated 

carbon regenerat ion step 6  o f  regenerat ing  that  

act ivated carbon.  For  example ,  i t  i s  poss ib le  to  prov ide 10 

two adsorpt ion towers  so  as  to  ( i )  carry  out  the  hydrogen 

re f in ing  s tep 5  in  one o f  the  two adsorpt ion towers  and  

( i i )  carry  out  the  act ivated carbon regenerat ion s tep 6  in  

the  other  o f  the  two adsorpt ion towers  whi le  carry ing  

out  the hydrogen re f in ing s tep 5  in the  one  o f  the two  15 

adsorpt ion towers .  A l ternat ive ly ,  i t  i s  poss ib le  to  

prov ide  three  or  more  adsorpt ion towers  so  as  to  ( i )  use  

one o f  the  three  or  more  adsorpt ion towers  to  carry  out  

the  hydrogen re f in ing  s tep 5  and ( i i )  use  two or  more  o f  

the  three  or  more  adsorpt ion towers  to  carry  out  the  20 

act ivated carbon regenerat ion s tep 6 .  A l ternat ive ly ,  i t  i s  

poss ib le  to  prov ide  four  or  more  adsorpt ion towers .  In 

equipment  that  is  h igh ly  capable  o f  producing  

po lycrysta l l ine  s i l i con,  as the  adsorpt ion towers  for  use 

in  the  hydrogen re f in ing  s tep 5  and in  the  act ivated 25 
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carbon regenerat ion s tep 6 ,  i t  i s  poss ib le  to  use  

adsorpt ion towers  whose  capac i ty  per  adsorpt ion tower  

is  great ,  or  to  use  a  p lura l i ty  o f  adsorpt ion towers  in  

para l le l .  

[0068]  5 

The fo l lowing descr ipt ion d iscusses  the  case  o f  

prov id ing a  p lura l i ty  o f  adsorpt ion towers  so  as to  

cont inuously  carry  out the  hydrogen re f in ing s tep 5  and 

the  act ivated carbon regenerat ion s tep 6  by  swi tch ing  

between the  hydrogen re f in ing  s tep 5  and the  act ivated 10 

carbon regenerat ion s tep 6  so  that  the  hydrogen re f in ing  

s tep 5  and the  act ivated carbon regenerat ion step 6  are  

a l ternate ly  carr ied  out .  In  th is  case ,  a  t iming at  which 

to  swi tch between the  hydrogen  re f in ing  s tep 5  and the  

act ivated carbon regenerat ion s tep 6  each o f  which is  15 

carr ied out  in a  corresponding one (s )  o f  the adsorpt ion  

towers  is  not  l imi ted  to any part icu lar  t iming.  For  

example ,  i t  i s  poss ib le  to  ( i )  se t ,  in  advance ,  a  t ime for  

which to  carry  out  the  hydrogen re f in ing  s tep 5  and a  

t ime for  which to  carry  out  the  act ivated carbon 20 

regenerat ion s tep 6 ,  and ( i i )  a f ter  a cer ta in  t ime has 

passed,  swi tch the  hydrogen  re f in ing  s tep 5  to  the  

act ivated carbon regenerat ion s tep 6 ,  or  swi tch the 

act ivated carbon regenerat ion s tep 6 to  the  hydrogen 

re f in ing  s tep 5 .  Each o f  the  t ime for  which to  carry  out  25 
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the  hydrogen re f in ing  s tep 5  and the t ime for  which to  

carry  out  the  act ivated carbon regenerat ion s tep 6  is  

appropr iate ly  determined in  cons iderat ion o f ,  for  

example ,  a  capac i ty  o f  an adsorpt ion tower  and an 

amount  o f  the  gas  component  B 15 which is  suppl ied  to  5 

an adsorpt ion tower .  

[0069]  

The present  product ion method is  pre ferably 

arranged such that  the  gas component C ( to  which no  

pressure has  been appl ied )  18 sat is f i es  the fo l lowing 10 

Inequal i ty .  

[0070]  

Inequal i ty :  d ich loros i lane  content  <  t r ich loros i lane  

content  +  te t rachloros i lane  content  

where  the  d ich loros i lane  content  represents  a  rat io  15 

(mol%)  o f  d ich loros i lane  to  a  to ta l  o f  the  d ichloros i lane 

content ,  the  t r ich loros i lane  content ,  and the  

te t rachloros i lane  content in  the  gas  component  C ( to  

which no pressure  has been appl ied )  18;  the  

t r ich loros i lane content  represents  a  rat io  (mol%)  o f  20 

t r ich loros i lane to  the  to ta l  o f  the  dich loros i lane  content ,  

the t r ich loros i lane content ,  and the  te t rachloros i lane 

content in  the gas component  C ( to  which no pressure  

has  been appl ied )  18;  and the  te t rachloros i lane  content  

represents  a  rat io  (mol%)  o f  te t rachloros i lane  to  the  25 
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to ta l  o f  the  d ich loros i lane  content ,  the  t r ich loros i lane 

content ,  and the  te t rachloros i lane  content in  the gas  

component  C ( to  which no pressure  has been appl ied )  18.  

[0071]  

<6.  C irculat ion s tep 7> 5 

The present  product ion method inc ludes  the  

c i rculat ion s tep 7  o f  apply ing  pressure  to  the  gas 

component  C ( to  which no pressure  has been appl ied )  18 

which is  obta ined through the  act ivated carbon 

regenerat ion s tep 6 ,  and supply ing  the  gas  component  C  10 

( to  which no pressure has  been appl ied )  18 to the  

separat ion s tep 2 .  

[0072]  

The gas  component C ( to  which no pressure has  

been appl ied )  18 which is  obta ined through the  15 

act ivated carbon regenerat ion s tep 6  conta ins  the  

hydrogen and the  chloros i lane compound,  and,  in  some 

cases ,  fur ther conta ins  hydrogen chlor ide .  In  order  to  

supply  the  gas  component  C ( to  which no pressure  has  

been appl ied )  18 to the  separat ion s tep 2 ,  i t  i s  20 

necessary  to  obta in  a  gas  component  C ( to  which 

pressure  has  been appl ied )  19 by  a  method o f  apply ing  

pressure  to  the  gas  component  C ( to  which no pressure  

has  been appl ied )  18.  Thus,  the  c i rculat ion s tep 7  is  

a lso  a  s tep  o f  apply ing  pressure  to  the  gas  component  C 25 
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( to  which no pressure  has been appl ied)  18 so  as to  

obta in  the  gas  component  C ( to  which pressure  has  been 

appl ied )  19.  

[0073]  

In  the  c i rculat ion s tep 7 ,  the  method o f  apply ing  5 

pressure  to  the  gas  component  C ( to  which no pressure  

has been appl ied )  18 is  not  l imi ted to  any part icular  

method,  and a  publ ic ly  known pressure appl icat ion  

method can be  employed as  the  method.  Spec i f i c  

examples  o f  the  publ ic ly  known pressure  appl icat ion 10 

method inc lude pressure  appl icat ion methods carr ied  

out  wi th  use  o f  turbo compressors  such as a  centr i fuga l  

compressor and an ax ia l  f low compressor ;  and pressure  

appl icat ion methods carr ied  out wi th  use o f  vo lume 

compressors  such as  a  rec iprocat ing  compressor ,  a  15 

d iaphragm compressor ,  a  screw compressor ,  and a  

rotary  compressor .  

[0074]  

In the  c i rculat ion step 7 ,  a  pressure at  which to  

carry  out  pressure  appl icat ion wi th  respect  to  the  gas  20 

component  C ( to  which no pressure  has been appl ied )  18 

is  not  l imi ted  to  any part icu lar  pressure ,  prov ided that  

the  pressure is  h igh enough for  the gas  component  C to  

be  suppl ied  to  the  separat ion s tep 2 .  Thus,  i t  i s  

ord inar i ly  on ly  necessary  to  apply  pressure  to  the  gas 25 
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component  C ( to  which no pressure  has been appl ied )  18 

unt i l  the  gas  component  C ( to  which pressure  has  been 

appl ied )  19 has a  pressure  which fa l l s  wi th in  the  range 

o f  500 kPaG to  600 kPaG.  Pressure  is  appl ied  to  the  gas  

component  C ( to  which no pressure  has been appl ied )  18 5 

by  such a  compress ion method as  l i s ted  above ,  so  that  

the  gas  component  C ( to  wh ich pressure  has  been  

appl ied )  19 is  obta ined and can be  suppl ied  to  the  

separat ion s tep 2 .  

[0075]  10 

In the  c i rculat ion step 7 ,  a  pressure at  which to  

carry  out  pressure  appl icat ion wi th  respect  to  the  gas  

component  C ( to  which no pressure  has been appl ied )  18 

is  not  l imi ted  to  any part icu lar  pressure ,  prov ided that  

the  pressure is  h igh enough for  the gas  component  C to  15 

be  suppl ied  to  the  separat ion s tep 2 .  The pressure  is  

pre ferably  500 kPaG to  1000 kPaG,  and more  pre ferably  

500 kPaG to 700 kPaG.  Spec i f i ca l ly ,  the gas  component  

C ( to  which pressure  has  been appl ied )  19 pre ferably 

has  a  pressure  which fa l l s  wi th in  the  above  range .  The  20 

gas  component  C ( to  which no pressure  has  been  

appl ied )  18 which is  subjected  to  pressure  appl icat ion 

at  a  pressure  which fa l ls  wi th in  the  above  range br ings  

( i )  an advantage  o f  a l lowing  the  gas  component  C ( to  

which pressure  has  been appl ied )  19 to  be  e f f i c ient ly  25 
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suppl ied to  the  separat ion s tep 2  and ( i i )  an advantage  

o f  a l lowing  pressure appl icat ion equipment  to  be  

constructed on a  smal l  sca le  and at  lower  cost .  

[0076]  

<7.  Hydrogen chlor ide  d i f fus ion s tep 4> 5 

The method for  producing  po lycrysta l l ine  s i l i con  

pre ferably  inc ludes  the  hydrogen chlor ide  d i f fus ion s tep 

4  o f  d i f fus ing  the  hydrogen chlor ide  f rom the 

chloros i lane  so lut ion 20 by  which the  hydrogen chlor ide  

has  been absorbed in  the  hydrogen chlor ide  removal  10 

s tep 3 .  The above  arrangement  a l lows the  chloros i lane 

so lut ion 20 to  be  separated in to  the  hydrogen  chlor ide  

and a  ch loros i lane  so lut ion part ,  so  that  the  

ch loros i lane  solut ion 21a and a  chloros i lane so lut ion  

21b in  each o f  which the  hydrogen chlor ide  has  been 15 

d i f fused can be  reused for  the  hydrogen chlor ide  

removal  s tep  3  or  suppl ied  to  a  d is t i l la t ion system.  

[0077]  

In  the hydrogen chlor ide  d i f fus ion s tep 4 ,  the  

ch loros i lane  so lut ion 20 by  which the  hydrogen chlor ide  20 

has  been absorbed in  the  hydrogen chlor ide  removal  

s tep  3 is  suppl ied  to a  d i f fus ion tower ,  so  that  the  

hydrogen chlor ide  which is  gaseous can be co l lec ted,  in  

a  form o f  hydrogen chlor ide  27 which has  been d i f fused,  

f rom the  top o f  the  d i f fus ion tower .  25 
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[0078]  

In  the  hydrogen chlor ide  d i f fus ion s tep 4 ,  a  

d i f fus ion tower  o f  a  publ ic ly  known type  can be  

employed as the  d i f fus ion tower  wi thout any part icu lar  

l imi tat ion.  The  hydrogen chlor ide  d i f fusion s tep 4 can  5 

be  carr ied  out  wi th  use  o f ,  for  example,  the  d i f fus ion 

tower  which is  o f  a  packed tower  type ,  a  t ray  tower  type ,  

or  the  l ike  hav ing  a  rebo i ler  a t  i ts  bot tom.  

[0079]  

In  the  hydrogen chlor ide  d i f fus ion s tep 4 ,  i t  i s  10 

poss ib le  to  apply ,  wi thout any part icu lar  l imi tat ion,  a  

publ ic ly  known condi t ion to  a  condi t ion under  which to 

d i f fuse  the  hydrogen chlor ide .  Note ,  however ,  that  the  

hydrogen chlor ide  is  pre fe rably  d i f fused at  a  

temperature  o f  110°C to 150°C and at  a  pressure  o f  700  15 

kPaG to  900 kPaG.  

[0080]  

The present  product ion method pre ferably  inc ludes  

supply ing ,  to  the  hydrogen chlor ide  d i f fus ion s tep 4 ,  the  

ch loros i lane  condensate  26 which is  obta ined through 20 

the  separat ion s tep 2 .  The above  arrangement  a l lows the  

hydrogen chlor ide  which is  conta ined in  the  chloros i lane 

condensate  26 which has been obta ined through the  

separat ion s tep 2  to  be  co l l ec ted in  the  hydrogen 

chlor ide  d i f fus ion s tep 4  in  a  form o f  the  hydrogen 25 
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ch lor ide  27 which has been d i f fused.  Furthermore ,  

supply  o f  the  ch loros i lane  condensate  26 to  the  

hydrogen chlor ide  d i f fus ion s tep 4  resul ts  in  a  reduct ion 

in  concentrat ion o f  the  hydrogen chlor ide  in the  

ch loros i lane  condensate  26.  This  makes  i t  poss ib le  to  5 

obta in  a  ch loros i lane  compound which can be  more  

sui tab ly  used for  the  d is t i l la t ion s tep 11 (descr ibed 

la ter ) .  

[0081]  

The hydrogen  chlor ide  27 which has  been d i f fused 10 

and obta ined in  the  hydrogen chlor ide  d i f fus ion s tep 4 

conta ins  hydrogen chlor ide  as  a  main component ,  and  

may conta in ,  in  addi t ion to  the  hydrogen ch lor ide ,  a  

smal l  amount  o f  hydrogen and a  smal l  amount o f  the  

ch loros i lane  compound.  15 

[0082]  

The hydrogen  chlor ide  27 which has  been d i f fused 

and obta ined in  the  hydrogen chlor ide  d i f fus ion s tep 4 

is  pre ferably  used in  another  s tep .  This  makes  i t  

poss ib le  to  e f fec t ive ly  use  the hydrogen chlor ide 27 20 

which has been d i f fused.  

[0083]  

The hydrogen  chlor ide  d i f fus ion s tep 4  is  

pre ferably  arranged such that  the  ch loros i lane  so lut ion 

21b in  which the  hydrogen chlor ide  has  been d i f fused is  25 
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suppl ied  to  the  d is t i l la t ion s tep 11 and the  chloros i lane 

compound 29 which is  obta ined a f ter  the  chloros i lane 

so lut ion 21b has  been d is t i l l ed  is  made gaseous and  

then reused as  mater ia l  gas for  use  in the  s i l i con  

depos i t ion s tep 1 .  This  makes  i t  poss ib le  to  e f f ec t ive ly  5 

use  the chloros i lane  compound 29 which is  obta ined 

a f ter  the  ch loros i lane  so lut ion 21b has  been d is t i l l ed .  

[0084]  

<8.  Absorb ing  so lut ion c i rculat ion s tep> 

The present  product ion method pre ferably  fur ther  10 

inc ludes an absorb ing so lut ion c irculat ion step o f  

supply ing ,  to  the  hydrogen chlo r ide  removal  s tep  3 ,  part  

o f  the ch loros i lane  so lut ion 21a which is  obta ined 

through the  hydrogen chlor ide  d i f fus ion s tep 4  and in  

which the  hydrogen chlor ide  has been d i f fused.  The  15 

above  arrangement ,  in  which the  ch loros i lane  so lut ion  

is  reused,  makes  i t  poss ib le  to  prov ide a  method for  

producing po lycrysta l l ine  s i l i con at  a  l i ghter  

env i ronmenta l  load and at  low product ion cost .  

[0085]  20 

The hydrogen  chlor ide  d i f fus ion s tep 4  is  

pre ferably  arranged to be  prov ided wi th a  chloros i lane 

so lut ion l ine  through which to  c i rculate ,  to  the  

hydrogen chlor ide  removal  s tep  3,  a  ch loros i lane 

so lut ion at  the bot tom o f  the d i f fus ion tower ,  i . e . ,  par t  25 
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o f  the ch loros i lane  so lut ion 21a in which the  hydrogen 

chlor ide  has  been d i f fused.  In  a  case  where  the  

ch loros i lane so lut ion l ine  is  prov ided,  the  chloros i lane 

so lut ion 21a in  which the  hydrogen chlor ide  has  been 

d i f fused can be  used as part  or  a l l  o f  the  chloros i lane 5 

so lut ion which is  used in  the hydrogen chlor ide  removal  

s tep  3 .  This  makes  i t  poss ib le  to  e f fec t ive ly  use the  

ch loros i lane  so lut ion 21a in  which the  hydrogen 

chlor ide  has  been d i f fused.  

[0086]  10 

<9.  Dis t i l la t ion s tep 11> 

The present  product ion method pre ferably  inc ludes  

the  d is t i l la t ion s tep 11 o f  d i s t i l l ing  the  chloros i lane 

so lut ion 21b in  which the  hydrogen chlor ide  has  been 

d i f fused,  and supply ing ,  to  the  s i l i con depos i t ion s tep 1 ,  15 

the  ch loros i lane  compound 29 which is  obta ined a f ter  

the  ch loros i lane  so lut ion 21b has  been d is t i l l ed .  This  

a l lows the  ch loros i lane  compound 29 which is  obta ined  

a f ter  the  ch loros i lane  so lut ion 21b has  been d is t i l l ed  to  

be  reused as  mater ia l  gas  f or  use  in  the  s i l i con 20 

depos i t ion s tep 1 .  Note  that ,  i f  necessary ,  i t  i s  poss ib le  

to  prov ide  a  re f in ing  s tep which is  carr ied  out  be fore  the 

ch loros i lane compound 29 which is  obta ined a f ter  the  

ch loros i lane  so lut ion 21b has  been d is t i l l ed  is  suppl ied 

to  the  s i l i con depos i t ion s tep 1 .  25 
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[0087]  

An embodiment  o f  the  present  invent ion can  be  

arranged as  be low.  

[1 ]  A method in accordance  wi th  an embodiment  o f  

the  present invent ion for  producing  po lycrysta l l ine  5 

s i l i con inc luding :  a  s i l i con depos i t ion s tep o f  depos i t ing  

the  po lycrysta l l ine  s i l i con by  react ing  a  ch loros i lane 

compound and hydrogen together ;  a  separat ion step o f  

separat ing ,  into  a  ch loros i lane  condensate  and a  gas  

component  A,  exhaust  gas which is  d ischarged through 10 

the  s i l i con depos i t ion s tep;  a  hydrogen chlor ide  removal  

s tep  o f  obta in ing  a  gas  component  B by  removing  

hydrogen chlor ide  by  br ing ing  the  gas  component  A  into  

contact  wi th  a  ch loros i lane  so lut ion;  a  hydrogen  re f in ing  

s tep o f  obta in ing  hydrogen gas  A by  removing the  15 

chloros i lane compound by  br ing ing the  gas component B  

into  contact  wi th  act ivated carbon;  an act ivated carbon 

regenerat ion s tep o f  br ing ing  the  act ivated carbon,  

which has been brought into  contact  wi th  the  gas  

component  B,  into  contact  wi th  hydrogen gas B so  as to  20 

regenerate  the  act ivated carbon;  and a  c i rculat ion s tep 

o f  apply ing  pressure  to  a  gas  component C which is  

obta ined through the  act ivated carbon regenerat ion s tep,  

and supply ing  the  gas  component  C to  the  separat ion  

s tep.  25 
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[2 ]  The method rec i ted  in  [1 ] ,  fur ther  inc luding  a  

hydrogen chlor ide  d i f fus ion s tep o f  d i f fus ing  the  

hydrogen chlor ide  f rom the  chloros i lane  so lut ion by 

which the  hydrogen chlor ide  has  been absorbed in  the  

hydrogen chlor ide  removal  s tep .  5 

[3 ]  The  method rec i ted  in  [2 ] ,  fur ther  inc luding  an 

absorb ing  solut ion c i rculat ion s tep o f  supply ing ,  to  the  

hydrogen chlor ide removal  s tep ,  part  o f  the  chloros i lane 

so lut ion which is  obta ined through the  hydrogen 

chlor ide  d i f fus ion s tep and in  which the  hydrogen 10 

chlor ide  has  been d i f fused.  

[4 ]  The method rec i ted  in  [2 ]  or  [3 ] ,  fur ther  

inc luding supply ing ,  to  the  hydrogen chlor ide  d i f fus ion  

s tep,  the  ch loros i lane  condensate  which is  obta ined 

through the  separat ion step.  15 

[5 ]  The method  rec i ted  in  any  one o f  [1 ]  through 

[4 ] ,  fur ther  inc luding  supply ing ,  to  the  s i l i con  

depos i t ion s tep,  the  hydrogen gas  A which is  obta ined 

through the  hydrogen re f in ing  s tep.  

[6 ]  The method  rec i ted  in  any  one o f  [1 ]  through 20 

[5 ] ,  where in  the  gas  component  C sat is f i es  the  fo l lowing  

Inequal i ty :  

Inequal i ty :  d ich loros i lane  content  <  t r ich loros i lane  

content  +  te t rachloros i lane  content  

where  the  d ich loros i lane  content  represents  a  rat io  25 
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(mol%)  o f  d ich loros i lane  to  a  to ta l  o f  the  d ichloros i lane 

content ,  the  t r ich loros i lane  content ,  and the  

te t rachloros i lane  content ;  the  t r ich loros i lane  content  

represents a  rat io  (mol%)  o f  t r ich loros i lane to  the  tota l  

o f  the  d ich loros i lane  content ,  the  t r ich loros i lane  content ,  5 

and the  te t rachloros i lane  content ;  and the  

te t rachloros i lane  content  represents  a  rat io  (mol%)  o f  

te t rachloros i lane  to  the  to ta l  o f  the  d ichloros i lane 

content ,  the  t r ich loros i lane  content ,  and the  

te t rachloros i lane  content .  10 

[7 ]  The method  rec i ted  in  any  one o f  [1 ]  through 

[6 ] ,  where in  the  separat ion s tep inc ludes  coo l ing  the  

exhaust  gas  to  a  temperature  o f  not  h igher  than -10°C.  

[Examples ]  

[0088]  15 

(Example  1 )  

An embodiment  o f  the  present  invent ion was  

carr ied  out  by  the  method i l lustrated in  F ig .  1 .  

[0089]  

In  the  s i l i con depos i t ion s tep 1 ,  po lycrysta l l ine  20 

s i l i con was depos i ted  by  the  S iemens method.  In  a  be l l  

jar  ( reactor )  hav ing  an inner  capac i ty  o f  10 m3 ,  50  sets  

o f  inver ted U po lycrysta l l ine s i l i con core  wires were  

prov ided to  an e lectrode  which was prov ided on a  base  

p late  o f  the  be l l  jar .  The temperature  in  the  be l l  jar  was 25 



- 50 - 

ad justed,  by  an amount  o f  an e l ectr ic  current  which was 

passed through each o f  the  po lycrysta l l ine  s i l i con core  

wires ,  so  that  the  temperature  o f  the  po lycrysta l l ine  

s i l i con core  wires  would  be  mainta ined at  approx imate ly  

1000°C.  Under  the  above  condi t ion,  the  hydrogen gas  A 5 

22a,  which was mater ia l  gas ,  and the  ch loros i lane  

compound 29 which had been made gaseous were  

suppl ied  to  the  ins ide  o f  the  be l l  jar  so  that  the 

po lycrysta l l ine  s i l i con was depos i ted .  Note  here  that  a  

molar  rat io  o f  the  hydrogen gas  A 22a to  the 10 

chloros i lane  compound 29 was 7 .  Note  a lso  that  most  o f  

the  ch loros i lane  compound 29 was t r ich loros i lane .  

[0090]  

In  the  s i l i con depos i t ion s tep 1 ,  the  exhaust  gas  

13 whose composi t ion is  shown in Table  1  be low was  15 

obta ined f rom the be l l  jar  in  an amount o f  24000 

Nm3 /hour .  

[0091]  

[Table  1 ]  

C o m p o n e n t  T C S  S T C  D C S  H yd r o g e n
H yd r o g e n  
c h l o r i d e  

B  P  

C o m p o s i t i o n
1 3  

m o l %
6  

m o l %
2  

m o l %
7 8  m o l %  1  m o l %  

0 . 2  
p p b a

1 0  
p p b a

[0092]  20 

The exhaust  gas  13 was sent  to  the separat ion  

s tep 2  and coo led  to  -15°C wi th  use  o f  a  coo le r ,  so  that  

the  gas  component  A 14 whose  composi t ion is  shown in  
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Table  2  and the  ch loros i lane  condensate  26 whose  

composi t ion is  shown in  Table  2  were  obta ined.  

[0093]  

[Table  2 ]  

C o m p o n e n t  T C S  S T C  D C S  H y d r o g e n
H y d r o g e n  
c h l o r i d e  

G a s  c o m p o n e n t  
A  1 4  

C o m p o s i t i o n
1 . 5  

m o l %
0 . 3  

m o l %
0 . 4  

m o l %
9 7  m o l %  0 . 8  m o l %

C h l o r o s i l a n e  
c o n d e n s a t e  2 6  

C o m p o s i t i o n
6 0  

m o l %
3 0  

m o l %
9  

m o l %
0  m o l %  1  m o l %  

[0094]  5 

The gas  component  A  14 was  sent  to  the  hydrogen 

chlor ide removal  s tep  3 in  an amount  o f  20000 

Nm3 /hour .  Then ,  in the  hydrogen chlor ide removal  s tep  

3 ,  a  gas- l iquid  contact  co lumn was used to  br ing  the  gas  

component  A 14 into contact  with  a  chloros i lane 10 

so lut ion in  an amount o f  120 m 3/hour ,  so that  the gas  

component  B 15 which is  shown in  Table  3  was obta ined.  

[0095]  

[Table  3 ]  

C o m p o n e n t  T C S  S T C  D C S  H yd r o g e n
H yd r o g e n  
c h l o r i d e  

B  P  

C o m p o s i t i o n
0 . 2  

m o l %
0  

m o l %
0 . 1  

m o l %
9 9 . 7  

m o l %  
0  m o l %  

0 . 1  
p p b a

0 . 1  
p p b a

[0096]  15 

Note that  the ch loros i lane so lut ion 21a ( i )  which  

was obta ined through the  hydrogen chlor ide  d i f fus ion 

s tep 4  to which the chloros i lane condensate  26 had been  

suppl ied  and ( i i )  in  which the  hydrogen chlor ide  had 
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been d i f fused was used as  the  ch loros i lane  so lut ion.  

[0097]  

Meanwhi le ,  the  ch loros i lane  so lut ion which had 

been used in  the  hydrogen chlor ide  removal  s tep  3 was 

sent ,  to  the hydrogen chlor ide  d i f fus ion step 4 ,  in a  5 

form o f  the  ch loros i lane  so lut ion 20 by  which the  

hydrogen chlor ide  had been absorbed.  

[0098]  

Subsequent ly ,  the  gas  component  B 15 was t reated 

wi th  use  o f  the  adsorpt ion tower  which was prov ided in  10 

the  hydrogen re f in ing  s tep 5  (here inaf ter  re ferred to  as  a  

"ch loros i lane adsorpt ion tower"  in  Examples ) .  Then,  the  

hydrogen gas  A 22a which had been obta ined in  the  

hydrogen re f in ing  s tep 5  was suppl ied  to  the  s i l i con  

depos i t ion s tep 1  as  descr ibed ear l i er .  Note  here  that ,  in  15 

a  case  where  hydrogen gas  was insuf f i c ient  to  carry  out  

the  s i l i con depos i t ion s tep 1 ,  hydrogen gas  which had  

been produced and re f ined wi th  use  o f  e l ec t ro ly t ic  

equipment  was added to  the  s i l i con depos i t ion s tep 1 .  

[0099]  20 

Three  ch loros i lane adsorpt ion towers which were  

juxtaposed to each other  and each o f  which was f i l l ed  

wi th  act ivated carbon (Chlorsorb (product  name)  

manufactured by  Jacobi  Carbons )  were  used to 

a l ternate ly  adsorb and desorb the  ch loros i lane 25 



- 53 - 

compound.  Spec i f i ca l ly ,  a  ch loros i lane adsorpt ion tower  

(conta in ing  the  act ivated carbon 16 which had been 

brought  into  contact  wi th  the  gas  component  B)  which 

had f in ished adsorb ing the  ch loros i lane compound was 

subjected to  the  act ivated carbon regenerat ion s tep 6,  in  5 

which the  act ivated carbon which was conta ined in  the  

ch loros i lane adsorpt ion tower  was regenerated,  so that  

the  regenerated chloros i lane  adsorpt ion tower  

(conta in ing  the  regenerated act ivated carbon 17)  was 

obta ined.  The act ivated carbon regenerat ion s tep 6  was 10 

carr ied  out  by  supply ing ,  in  a  form o f  the  hydrogen gas 

A 22b,  part  o f  the hydrogen gas  A which was obta ined 

through the  hydrogen re f in ing  s tep 5 ,  and purg ing the  

adsorbed chloros i lane compound whi le  ad just ing the  

temperature  in  the  ch loros i lane  adsorpt ion tower  to  not  15 

lower  than 120°C.  Note  here  that ,  as  the  hydrogen gas ,  

on ly  the hydrogen gas A  22b was used,  and the  

hydrogen gas B was not  used.  Purge exhaust  gas  

conta in ing the  ch loros i lane compound was obta ined in  a  

form o f  the  gas  component  C ( to  which no pressure  has  20 

been appl ied )  18.  The gas  component  C ( to  which no 

pressure  has  been appl ied )  18 was sent  to  the  

c i rculat ion s tep 7 ,  subjected to  pressure  increase  

carr ied  out  wi th  use  o f  a  compressor ,  and then suppl ied ,  

in  a  form o f  the  gas  component  C ( to  which pressure  has  25 
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been appl ied )  19,  to  the  separat ion s tep 2 .  

[0100]  

Table  4  shows the  composi t ion o f  the  gas  

component  C ( to  which no pressure  has been appl ied )  18.  

[0101]  5 

[Table  4 ]  

C o m p o n e n t  T C S  S T C  D C S  H y d r o g e n
H y d r o g e n  
c h l o r i d e

B  P  

C o m p o s i t i o n
2  

m o l %
0 . 1  

m o l %
1 . 4  

m o l %
9 6  m o l %  0 . 5  m o l % U n d e t e c t e d U n d e t e c t e d

[0102]  

As  is  c lear  f rom Table  4  above ,  no  boron (B )  and  

no phosphorus (P )  were  detected in  the  gas  component  C  

( to  which no pressure  has been appl ied )  18,  which was 10 

purge  exhaust  gas .  Thus,  even in  a case  where the  gas  

component  C ( to  which no pressure  has been appl ied )  18 

obta ined is  reused,  as  a  source  o f  the  ch loros i lane 

compound,  in  the  separat ion s tep 2 ,  boron and  

phosphorus hard ly  accumulate  in  a  c i rculat ing  system 15 

o f  the  ch loros i lane  compound.  

[0103]  

Meanwhi le ,  the  chloros i lane so lut ion f rom which 

the  hydrogen chlor ide  had been removed in  the  hydrogen 

chlor ide  d i f fus ion s tep 4  was sent ,  in  a  form o f  the 20 

chloros i lane  so lut ion 21b,  to  the  d is t i l la t ion s tep 11.  In  

the  d is t i l la t ion s tep 11,  re f ined t r ich loros i lane  was  

obta ined as  a d is t i l la te  o f  a  d is t i l la t ion co lumn,  and the  
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t r ich loros i lane was suppl ied ,  in  a  form o f  the  

ch loros i lane  compound 29,  to  the  s i l i con depos i t ion s tep 

1  a f ter  be ing  made gaseous.  Note  here  that ,  in  a  case  

where  the ch loros i lane  compound was insuf f i c ient  to  

carry  out  the  s i l i con depos i t ion s tep 1 ,  a  ch loros i lane 5 

compound was added to  the s i l i con depos i t ion s tep 1  as  

be low.  Spec i f i ca l ly ,  a  ch loros i lane compound which had 

been separate ly  produced by  react ing  meta l  s i l i con and 

te trachloros i lane together  was suppl ied  to the  

d is t i l la t ion s tep 11,  and the ch loros i lane compound 29  10 

which was obta ined a f ter  the  ch loros i lane  compound 

thus separate ly  produced had been d is t i l l ed  was made  

gaseous and then added to  the  s i l i con depos i t ion s tep 1 .  

[0104]  

Note that  the hydrogen chlor ide  27 which had been  15 

d i f fused was a lso  obta ined in  the hydrogen chlor ide  

d i f fus ion s tep 4 .  

[0105]  

The compos i t ions  shown in  the  above Tables  are  

measurement data obta ined on the 10th day o f  the s tar t  20 

o f  operat ion under  the  condi t ions  descr ibed in  Example 

1 .  

[0106]  

(Comparat ive  Example  1 )  

Comparat ive  Example  1  carr ied  out  operat ion as  in  25 
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the  case  o f  Example 1  except  that  Comparat ive  Example  

1  arranged Example  1  such that  in  the hydrogen 

chlor ide  removal  s tep  3 ,  hydrogen chlor ide  was removed 

by us ing  a hydrogen chlor ide  adsorpt ion tower instead  

o f  the  gas- l iquid  contact  co lumn.  5 

[0107]  

As  the  hydrogen chlor ide  adsorpt ion tower ,  an 

adsorpt ion tower which was f i l l ed wi th  act ivated carbon 

(Chlorsorb (product  name)  manufactured by  Jacobi  

Carbons)  was used.  Two hydrogen chlor ide  adsorpt ion 10 

towers  which were  juxtaposed to  each other  were  used  

to  a l ternate ly  adsorb and desorb the  hydrogen chlor ide .  

Spec i f i ca l ly ,  a  hydrogen chlor ide  adsorpt ion tower  which  

had f in ished adsorb ing  the  hydrogen chlor ide  was 

subjected to  an act ivated carbon regenerat ion s tep.  In  15 

the  act ivated carbon regenerat ion s tep,  the  act ivated 

carbon was regenerated by supply ing  part  o f  hydrogen 

gas which was obta ined through a  hydrogen re f in ing  

s tep,  and purg ing  the  adsorbed hydrogen chlor ide  whi le  

ad just ing  the temperature  in the  adsorpt ion tower  to  not  20 

lower  than 120°C.  

[0108]  

As  in  the  case  o f  Example  1 ,  Comparat ive  Example 

1  t reated,  wi th  use  o f  a  ch loros i lane adsorpt ion tower  

which was prov ided in  the  hydrogen re f in ing  s tep,  a  gas 25 
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component f rom which the hydrogen chlor ide  had been  

removed wi th  use  o f  the  hydrogen chlor ide  adsorpt ion 

tower .  In  other  words ,  in  Comparat ive  Example  1 ,  the  

adsorpt ion towers  each o f  which was f i l l ed wi th the  

act ivated carbon inc lude  ( i )  the  hydrogen chlor ide  5 

adsorpt ion tower  which was conf igured to  remove the  

hydrogen chlor ide  and ( i i )  the  ch loros i lane adsorpt ion 

tower  which was conf igured to  adsorb a  ch loros i lane  

compound.  

[0109]  10 

In  Comparat ive  Example  1 ,  purge  exhaust  gas  

(corresponding to  the  gas  component  C ( to  which no 

pressure  has  been appl ied )  18 o f  Example  1 )  which was 

obta ined by  purg ing  the  ch loros i lane  compound f rom the 

chloros i lane adsorpt ion tower which had f in ished  15 

adsorb ing  the  chloros i lane  compound and which  

conta ined the  ch loros i lane  compound had the  

composi t ion which is  shown in  Table  5 .  

[0110]  

[Table  5 ]  20 

C o m p o n e n t  T C S  S T C  D C S  H yd r o g e n
H yd r o g e n  
c h l o r i d e  

B  P  

C o m p o s i t i o n
8  

m o l %
3  

m o l %
1  

m o l %
8 8  m o l %  0  m o l %  

0 . 9  
p p b a

1 . 3  
p p b a

[0111]  

As  is  c lear  f rom Table  5  above ,  in  Comparat ive  

Example  1 ,  in  which the  act ivated carbon was used to  
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remove the hydrogen chlor ide ,  boron (B )  and phosphorus  

(P )  were  present  in  the  purge  exhaust  gas  which 

conta ined the  chloros i lane compound.  Thus,  the  purge 

exhaust  gas  which is  reused,  as  a  source  o f  the  

ch loros i lane  compound,  in  the  separat ion s tep 2  causes 5 

a  problem o f  accumulat ion o f  boron (B )  and phosphorus 

(P )  in  a  c i rculat ing  system o f  the  ch loros i lane  compound.  

Industr ia l  Appl icabi l i ty  

[0112]  10 

The present  product ion method,  which is  l i ghter  in  

env i ronmenta l  load and lower  in  product ion cost  than a  

convent ional  product ion method,  can be  sui tab ly  used 

to  produce po lycrysta l l ine s i l i con which is  used as a  

mater ia l  o f  a  semiconductor  or  a  mater ia l  o f  a  wafer  for  15 

so lar  power  generat ion.  

Re ference  S igns  L is t  

[0113]  

1  S i l i con depos i t ion s tep 20 

2  Separat ion s tep 

3  Hydrogen chlor ide  removal  s tep  

4  Hydrogen chlor ide  d i f fus ion s tep 

5  Hydrogen re f in ing  s tep 

6  Act ivated carbon regenerat ion s tep 25 
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7  Circulat ion s tep 

13  Exhaust  gas  

14  Gas component  A  

15  Gas component  B 

16  Act ivated carbon which has been  5 

brought  into  contact  wi th  gas  component  B 

18  Gas component C ( to  which no pressure  

has  been appl ied )  

20  Chloros i lane  so lut ion by  which 

hydrogen chlor ide  has  been absorbed 10 

21a,  21b Chloros i lane  so lut ion in  which 

hydrogen chlor ide  has  been d i f fused 

22a,  22b Hydrogen gas  A 

26  Chloros i lane  condensate  

28  Hydrogen gas  B 15 
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C la ims 

Cla im 1 

A method for  producing  po lycrysta l l ine  s i l i con,  

compr is ing :  

a  s i l i con depos i t ion s tep o f  depos i t ing  the  5 

po lycrysta l l ine  s i l i con by  react ing  a  ch loros i lane 

compound and hydrogen together ;  

a  separat ion s tep o f  separat ing ,  into  a  ch loros i lane  

condensate  and a  gas component  A,  exhaust  gas  which 

is  d ischarged through the  s i l i con depos i t ion s tep;  10 

a  hydrogen chlor ide  removal  s tep  o f  obta in ing  a  

gas  component  B by  removing  hydrogen chlor ide  by 

br ing ing  the  gas  component  A  into  contact  wi th  a  

ch loros i lane  so lut ion;  

a  hydrogen re f in ing  s tep o f  obta in ing  hydrogen gas  15 

A by  removing  the  ch loros i lane  compound by  br ing ing  

the  gas  component  B into  contact  wi th  act ivated carbon;  

an act ivated carbon regenerat ion s tep o f  br ing ing  

the  act ivated carbon,  which has  been brought  into 

contact  wi th  the  gas  component  B,  into  contact  wi th  20 

hydrogen gas B so  as to  regenerate  the act ivated carbon;  

and 

a  c i rculat ion s tep o f  apply ing  pressure  to  a  gas  

component  C which is  obta ined through the  act ivated 

carbon regenerat ion s tep,  and supply ing  the  gas  25 
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component  C to  the  separat ion s tep.  

C la im 2 

The method as  set  for th  in  c la im 1,  fur ther  

compr is ing  a  hydrogen chlor ide  d i f fus ion s tep o f  5 

d i f fus ing  the hydrogen chlor ide  f rom the  chloros i lane 

so lut ion by  which the  hydrogen chlor ide  has  been 

absorbed in  the  hydrogen chlor ide  removal  s tep .  

C la im 3 10 

The method as  set  for th  in  c la im 2,  fur ther  

compr is ing  an absorb ing  so lut ion c i rculat ion s tep o f  

supply ing ,  to  the  hydrogen chlor ide  removal  s tep ,  part  

o f  the  ch loros i lane  so lut ion which is  obta ined through 

the  hydrogen chlor ide  d i f fus ion step and in  which the  15 

hydrogen chlor ide  has  been d i f fused.  

C la im 4 

The method  as  set  for th  in  c la im 2 or  3 ,  fur ther  

compr is ing supply ing ,  to  the  hydrogen chlor ide  d i f fus ion 20 

s tep,  the  ch loros i lane  condensate  which is  obta ined 

through the  separat ion step.  

C la im 5 

The method as set  for th  in any one o f  c la ims 1  25 
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through 4 ,  fur ther  compr is ing  supply ing ,  to  the  s i l i con 

depos i t ion s tep,  the  hydrogen gas  A which is  obta ined 

through the  hydrogen re f in ing  s tep.  

C la im 6 5 

The method as set  for th  in any one o f  c la ims 1  

through 5 ,  where in  the  gas  component  C sat is f ies  the  

fo l lowing Inequal i ty :  

Inequal i ty :  d ich loros i lane  content  <  t r ich loros i lane  

content  +  te t rachloros i lane  content  10 

where  the  d ich loros i lane  content  represents  a  rat io  

(mol%)  o f  d ich loros i lane  to  a  to ta l  o f  the  d ichloros i lane 

content ,  the  t r ich loros i lane  content ,  and the  

te t rachloros i lane  content ;  the  t r ich loros i lane  content  

represents a  rat io  (mol%)  o f  t r ich loros i lane to  the  tota l  15 

o f  the  d ich loros i lane  content ,  the  t r ich loros i lane  content ,  

and the  te t rachloros i lane  content ;  and the  

te t rachloros i lane  content  represents  a  rat io  (mol%)  o f  

te t rachloros i lane  to  the  to ta l  o f  the  d ichloros i lane 

content ,  the  t r ich loros i lane  content ,  and the  20 

te trachloros i lane  content .  

C la im 7 

The method as set  for th  in any one o f  c la ims 1  

through 6 ,  where in  the  separat ion s tep inc ludes  coo l ing  25 
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the  exhaust  gas  to  a  temperature  o f  not  h igher  than -

10°C.  


