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Descr ipt ion 

T i t le  o f  Invent ion 

METHOD FOR PRODUCING POLYSILICON 

Technica l  F ie ld  5 

[0001]  

The  present  invent ion re la tes  to  a  method for  

producing po lys i l i con.  

Background Art  10 

[0002]  

As  a  method for  industr ia l ly  producing  po lys i l i con 

used as  a  raw mater ia l  o f  a  semiconductor  or  a  wafer  for  

photovo l ta ic  power  generat ion,  the  S iemens process  is  

known.  Accord ing  to  the  S iemens process ,  a  source  gas  15 

composed o f  hydrogen and t r ich loros i lane is  f ed  into  a 

be l l -shaped (be l l - jar -shaped)  chemica l  reactor ,  and a  

f i lament  for  depos i t ing  po lys i l i con thereon,  which  

f i lament  is  prov ided in a  s tanding  manner  in the  

chemica l  reactor ,  i s  heated so that  po lys i l i con is  20 

depos i ted on a  sur face o f  the  f i lament .  Thereaf ter ,  the  

po lys i l i con is  grown to  produce  a  po lys i l i con rod.  A  

waste  gas  generated dur ing  the  above  depos i t ion 

react ion genera l ly  conta ins  ch loros i lanes (such as  

unreacted t r ich loros i lane ;  te t rachloros i lane  generated 25 
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dur ing  the  depos i t ion react ion;  d ich loros i lane  generated  

dur ing the  depos i t ion react ion as  a by-product ;  and a  

s i ly lene po lymer ) ,  unreacted hydrogen,  and hydrogen 

chlor ide generated dur ing  the  depos i t ion react ion.  The 

waste  gas  is  processed in  a  subsequent  s tep  so  that  the  5 

ch loros i lanes  and the  hydrogen chlor ide  are  separated 

f rom the  unreacted hydrogen,  and the  unreacted 

hydrogen thus obta ined is  then reused as a  source  o f  

hydrogen.  From the  chloros i lanes ,  t r ich loros i lane  which  

is  re f ined is  recovered and then reused as  a raw 10 

mater ia l .  

[0003]  

A  waste  gas  process ing  method in  the  S iemens  

process  inc ludes  a s tep  o f  coo l ing  a hot  waste  gas ,  

which has  been d ischarged f rom a chemica l  reactor ,  to  a  15 

temperature  at  which separat ion o f  ch loros i lanes  is  to  

be  carr ied  out .  Convent ional ly ,  depending  on purposes ,  

var ious  condi t ions  have  been suggested for  such a  waste  

gas  coo l ing  method.  

[0004]  20 

For  example ,  Patent  L i terature  1  d isc loses  a  

method for  producing polycrysta l l ine s i l i con,  in  which  

method a  waste  gas  d ischarged f rom a react ion vesse l  i s  

rap id ly  coo led  in  such a  manner  that  i t  takes  not  more  

than 0 .1 seconds for  a  temperature  to  drop f rom 800°C 25 
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to  500°C.  This  product ion method d isc losed in the  

Patent  L i terature  1  is  intended to  e f fec t ive ly  remove 

phosphorus f rom a waste  gas  d ischarged f rom a react ion 

vesse l .  

C i ta t ion L is t  5 

[Patent  L i terature ]  

[0005]  

[Patent  L i terature  1 ]  

Internat ional  Publ icat ion No.  WO 2010/090203 

10 

Summary o f  Invent ion 

Technica l  Problem 

[0006]  

For  the purpose  o f  fac i l i ta t ing  maintenance  o f  a  

chemica l  reactor ,  a  b lock ing  va lve  may be  prov ided to  a  15 

waste  gas  pipe  connected to  the chemica l  reactor  so  that  

the  p ipe  connected to  the  chemica l  reactor  can be  

d isconnected f rom the chemica l  reactor .  The inventor  o f  

the  present  invent ion unique ly  found that ,  in  such a  

case ,  heat  res is tance  o f  the  b lock ing  va lve ,  wi th  which a  20 

hot  waste  gas  comes into  contact ,  and depos i t ion o f  a  

s i ly lene  po lymer  in  a port ion o f  the  p ipe which port ion 

is  located on a  chemica l - reactor  s ide  of  the  b lock ing  

va lve  are  issues .  That  is ,  a  locat ion at  which the  p ipe  

connected to  the  chemica l  reactor  is  d isconnected f rom 25 
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the  chemica l  reactor  is  pre ferably  c lose  to  the  chemica l  

reactor .  However ,  in so  do ing ,  thermal  degradat ion o f  

the  b lock ing va lve ,  which thermal  degradat ion is  caused  

by contact  wi th  the  hot  waste  gas d ischarged f rom the  

chemica l  reactor ,  i s  problemat ic .  Part icu lar ly ,  the  5 

thermal  degradat ion o f  the  b lock ing  va lve  is  promoted 

by  a  fur ther  increase  in  temperature  o f  the  waste  gas  in  

a  reg ion in which,  in  a depos i t ion program,  a depos i t ion  

rate  o f  a  s i l i con rod in  the  chemica l  reactor  becomes 

maximum. Moreover ,  a f ter  the  p ipe  is  d isconnected at  a  10 

locat ion upstream o f  the b lock ing  va lve ,  a i r  comes into  

contact  wi th  the  port ion o f  the  p ipe  which port ion is  

located on the  chemica l - reactor  s ide .  There fore ,  

adhes ion o f  a  s i ly lene  po lymer  to  an inter io r  o f  the  

port ion o f  the  p ipe  which port ion is  located on the  15 

chemica l - reactor  s ide  creates  a  r isk  o f ,  for  example ,  

ign i t ion.  

[0007]  

No convent ional  technique has  made a suggest ion 

about  such issues/problems and so lut ions .  20 

So lut ion to  Problem 

[0008]  

In  order  to  so lve  the  forego ing  issues/problems,  

the  inventor  o f  the  present  invent ion conducted d i l igent  

s tudies ,  and consequent ly  found that ,  by prov id ing a  25 



- 5 - 

coo ler  o f  an indirect  coo l ing  type  to  a  port ion o f  a  waste 

gas  p ipe  which port ion is  located between a  v ic in i ty  o f  a  

waste  gas out le t  o f  a  chemica l  reactor  and a  b lock ing  

va lve ,  i t  i s  poss ib le  to  prevent  a  temperature  o f  a  waste  

gas  f rom becoming equal  to  or  h igher  than a heat-5 

res is tant  temperature  o f  the  b lock ing va lve  and poss ib le  

to  suppress  adhes ion of  a  s i ly lene  polymer  to  a waste  

gas  p ipe .  That  i s ,  the  invent ion o f  the  present  invent ion 

encompasses  the  fo l lowing method.  

[0009]  10 

[1 ]  A  method for  producing  po lys i l i con,  the  method 

inc luding the  s teps  o f :  a )  producing  po lys i l i con by  the  

S iemens process  wi th  use  o f  a  chemica l  reactor ,  the  

chemica l  reactor  be ing connected to a  waste  gas  

process ing  fac i l i ty  v ia  a  waste  gas  p ipe ,  the  waste  gas  15 

p ipe  inc luding  a  b lock ing  va lve  conf igured to  a l low the  

chemica l  reactor  to  be  connected to  the  waste gas  

process ing  fac i l i ty  in  such a  manner  that  the  chemica l  

reactor  can be  d isconnected f rom the  waste  gas  

process ing  fac i l i ty ,  the  b lock ing  va lve  be ing  prov ided in  20 

a  v ic in i ty  o f  a  waste  gas  out let  o f  the chemica l  reactor ;  

and b )  coo l ing  a  waste  gas  in  a  port ion o f  the  waste  gas  

p ipe ,  which port ion is  located between the waste  gas  

out le t  o f  the  chemica l  reactor  and the  b lock ing  va lve ,  

w i th  use  o f  a  coo ler  o f  an indirect  coo l ing  type .  25 
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Advantageous Ef fec ts  o f  Invent ion 

[0010]  

Accord ing to  an aspect  o f  the present invent ion,  by  

prov id ing  ( i )  a  b lock ing  va lve  to  a  waste  gas  p ipe  

connected to a  chemica l  reactor  and ( i i )  prov id ing  a  5 

coo ler  o f  an indirect  coo l ing type  to a  port ion o f  the  

waste  gas  p ipe  which port ion is  located between the  

chemica l  reactor  and the b lock ing va lve ,  i t  i s  poss ib le  to  

prov ide  the  block ing va lve  in a  v ic in i ty  o f  the  chemica l  

reactor  whi le  prevent ing  thermal  degradat ion o f  the  10 

b lock ing  va lve .  Furthermore ,  i t  i s  poss ib le  to  shorten a  

port ion o f  the waste gas  p ipe  which port ion remains  

connected to  the  chemica l  reactor  a f ter  the  chemica l  

reactor  is  d isconnected f rom the rest  o f  the  waste gas  

p ipe ,  and poss ib le  to  fac i l i ta te  maintenance  o f  the  15 

chemica l  reactor .  Moreover ,  a l though a  port ion o f  the  

waste  gas  p ipe  which port ion is  located upstream o f  the  

b lock ing  va lve  is  exposed to  a i r  a f ter  such d isconnect ion,  

coo l ing  a waste  gas  wi th use  o f  the  coo ler  o f  an indirect  

coo l ing  type  prevents  the  waste  gas  f rom be ing  loca l ly  20 

excess ive ly  coo led .  I t  i s  there fore  poss ib le  to  e f fec t ive ly  

prevent  adhes ion o f  a  s i ly lene  po lymer  to  an inter ior  o f  

the  coo ler  and an inter ior  o f  a  por t ion o f  the  p ipe  which 

port ion is  located downstream o f  the  coo ler  and is  

located upstream o f  the b lock ing  va lve .  Thus,  i t  i s  25 
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poss ib le  to  sa fe ly  d isconnect  the  chemica l  reactor  f rom 

a waste  gas  process ing  fac i l i ty .  

Br ie f  Descr ipt ion o f  Drawings  

[0011]  5 

F ig .  1 is  a  v iew schemat ica l ly  i l lustrat ing  a  

s t ructure  o f  a  chemica l  reactor  for  producing  po lys i l i con 

in  accordance wi th  an aspect  o f  the  present  invent ion.  

F ig .  2  is  a  drawing i l lustrat ing  a  waste  gas  p ipe  in  

accordance  wi th  an aspect  o f  the  present  invent ion,  10 

which waste  gas  p ipe  is  connected f rom the  chemica l  

reactor  for  producing po lys i l i con to  a  b lock ing  va lve .  

Descr ipt ion o f  Embodiments  

[0012]  15 

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.  Unless otherwise  spec i f i ed  here in ,  a  numer ica l  

range  "A to  B"  means "not  l ess  than A (equal  to  or  more  20 

than A)  and not  more  than B (equal  to  or  less  than B) " .  

[0013]  

[1 .  Br ie f  descr ipt ion o f  the  present  invent ion]  

A  waste  gas  d ischarged in  a  po lys i l i con depos i t ing  

s tep  is  suppl ied  to  a  waste  gas  process ing  fac i l i ty  25 
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through a  waste  gas  p ipe .  In  order  that  a  chemica l  

reactor  can be  d isconnected f rom the  waste  gas  

process ing fac i l i ty ,  a  b lock ing  va lve  can be  prov ided 

which part i t ions  a  waste gas  out le t  o f  the  chemica l  

reactor  and the  waste  gas  process ing  fac i l i ty .  5 

[0014]  

The  waste  gas  soon a f ter  d ischarged through the  

waste  gas  out le t  can be  hot .  There fore ,  in  a  case  where  

the  waste  gas  at  a  temperature  exceeding  a  heat-

res is tant  temperature  o f  the  b lock ing va lve  reaches  the  10 

b lock ing  valve ,  the b lock ing va lve  may be  adverse ly  

a f fec ted,  i . e . ,  de formed or  damaged,  for  example .  

[0015]  

The  heat-res is tant  temperature  o f  the  b lock ing  

va lve  is ,  for  example ,  not  h igher  than 500°C.  In  th is  15 

case ,  in  order  to  prevent  the  t emperature  o f  the  waste  

gas  f rom exceeding  the  heat-res is tant  temperature  o f  

the  b lock ing  va lve ,  i . e . ,  500°C,  i t  i s  necessary  to  contro l  

a  po lys i l i con depos i t ion react ion by ,  for  example ,  

suppress ing an e lectr ic  current  in the  po lys i l i con 20 

depos i t ing  s tep .  The inventor  o f  the  present  invent ion 

thus cons idered that  contro l l ing  the  po lys i l i con  

depos i t ion react ion could  d isadvantageous ly  impair  

e f f i c iency  o f  product ion o f  po lys i l i con.  Furthermore ,  in a  

case  where  the  b lock ing va lve  is  prov ided at  a  locat ion 25 
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d is tant  f rom the  waste  gas  out le t  o f  the  chemica l  reactor ,  

a  product ion fac i l i ty  i tse l f  can be large .  Moreover ,  the  

inventor  o f  the  present  invent ion cons idered that  rap id  

coo l ing  o f  the  waste  gas  could  lead to  excess ive  coo l ing  

o f  the waste  gas ,  depos i t ion o f  a  s i ly lene po lymer ,  which 5 

is  ign i tab le ,  and then adhes ion  o f  the  s i ly lene  po lymer  

to  the  waste  gas  p ipe ,  resul t ing  in  b lockage  o f  the  waste  

gas  p ipe .  

[0016]  

Under  the  c i rcumstances ,  the  inventor  o f  the  10 

present invent ion deve loped a method for  decreas ing a  

temperature  o f  a  waste  gas  wi thout  cons iderably  

impair ing e f f i c iency  o f  product ion of  po lys i l i con.  The 

fo l lowing descr ipt ion wi l l  d iscuss  the  method.  

[0017]  15 

[2 .  Po lys i l i con producing dev ice ]  

F i rs t ,  a  product ion dev ice used in  a method for  

producing po lys i l i con in  accordance  wi th  an embodiment  

o f  the  present  invent ion wi l l  be  descr ibed.  

[0018]  20 

A device  for  producing po lys i l i con in  accordance  

wi th  an embodiment  o f  the present  invent ion is  a  dev ice  

inc luding;  a  chemica l  reactor  in which po lys i l i con is  

produced by  the  S iemens process ,  the  chemica l  reactor  

be ing  connected to  a  waste  gas  process ing  fac i l i ty  v ia  a  25 
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waste  gas  pipe ,  the  waste  gas  p ipe  inc luding  a b lock ing  

va lve  conf igured to  a l low the  chemica l  reactor  to  be  

connected to  the  waste  gas  process ing  fac i l i ty  in  such a  

manner  that  the  chemica l  reactor  can be  d isconnected  

f rom the  waste  gas  process ing  fac i l i ty ,  the  b lock ing 5 

va lve  be ing  prov ided in  a  v ic in i ty  o f  a  waste  gas  out le t  

o f  the chemica l  reactor ;  and a  coo ler  o f  an indirect  

coo l ing type  which is  prov ided to  a port ion of  the  waste  

gas p ipe  which port ion is  located between the waste gas  

out le t  o f  the  chemica l  reactor  and the  b lock ing va lve .  10 

[0019]  

<2-1.  Chemica l  reactor>  

F ig .  1 is  a  v iew schemat ica l ly  i l lustrat ing  a  

s t ructure  o f  a  chemica l  reactor  for  producing  po lys i l i con.  

A  chemica l  reactor  1  inc ludes  a  be l l  jar  5 .  The be l l  jar  5  15 

is  a t tached to  a  bot tom plate  3  wi th  use  o f ,  for  example ,  

a  bo l t  in  such a manner  that  the be l l  jar  5  can be  

opened and c losed.  

[0020]  

In  a  react ion chamber  2  ins ide  the  be l l  jar  5 ,  a  20 

s i l i con f i lament  7  is  prov ided in  a  s tanding  manner  v ia  

e lec trodes 6  prov ided on the  bot tom plate  3 .  Each of  the  

e lec trodes  6  can be  made o f  carbon,  SUS,  Cu,  or  the  l ike .  

Note  that  F ig .  1  shows mere ly  a  s ing le  s i l i con f i lament  7 ,  

but ,  typ ica l ly ,  a  p lura l i ty  o f  s i l i con f i laments  7  can be  25 
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prov ided depending on a  vo lume o f  the  react ion chamber  

2 .  In  th is  case ,  each o f  the p lura l i ty  o f  s i l i con f i laments  

7 is  prov ided in  a  s tanding manner in  a s tate  o f  be ing  

connected to  e lec trodes 6 ,  and e lectr ic  power  is  suppl ied  

to  each o f  the  p lura l i ty  o f  s i l i con f i laments  7 .  5 

[0021]  

S ince  a temperature  inside  the  react ion chamber  2  

becomes h igh,  the  be l l  jar  5  is  pre ferably  made o f  a  

mater ia l  which has  good heat  res is tance ,  has  a  good 

l ightweight  property ,  does  not  adverse ly  a f fec t  a  10 

react ion,  and can be  eas i ly  coo l ed .  From th is  v i ewpoint ,  

the  bel l  jar  5  is  preferably  made of  s ta in less s tee l .  An  

outer  sur face o f  the be l l  jar  5  can be  covered wi th a  

coo l ing  jacket .  

[0022]  15 

A source  gas feed ing  port  8  is  prov ided to  the  

bot tom plate 3 .  The source gas  feed ing  port  8  is  a  port  

through which a  source  gas  is  f ed  into  the  react ion  

chamber  2 .  Further ,  a  waste  gas  p ipe  9  is  prov ided to  

the  bot tom plate  3 .  The  waste  gas  p ipe  9  i s  a  p ipe  20 

through which a  waste  gas  is  d ischarged.  A  p lura l i ty  o f  

waste  gas p ipes  9 can be  prov ided and connected to the  

chemica l  reactor  1 .  In  a  case  where  a  p lura l i ty  o f  waste  

gas  p ipes  are  prov ided,  the  p lura l i ty  o f  waste  gas  p ipes  

can be  prov ided together  to  a  header  (not  i l lustrated ) .  25 
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[0023]  

The  chemica l  reactor  1 is  connected to  a  waste gas  

process ing  fac i l i ty  (not  i l lustrated )  v ia  the  waste  gas  

p ipe  9 .  To  the  waste  gas  p ipe  9 ,  a  coo ler  10,  a  

thermometer  11,  and a  b lock ing va lve  12 are  prov ided in  5 

th is  order  f rom a waste  gas  out le t  14 toward the  waste  

gas  process ing  fac i l i ty .  

[0024]  

<2-2.  B lock ing  va lve> 

The b lock ing va lve  12 prov ided to  the  waste  gas  10 

p ipe  9  a l lows the  chemica l  reactor  1  to  be  connected to  

the  waste  gas  process ing fac i l i ty  in such a manner  that  

the  chemica l  reactor  1  can be  d isconnected f rom the  

waste gas  process ing fac i l i ty .  The  b lock ing va lve  12 is  

opened whi le  a  po lys i l i con depos i t ing  s tep  is  be ing  15 

carr ied  out  in  the  chemica l  reactor  1 .  In  so  do ing ,  a  

waste  gas  d ischarged f rom the  chemica l  reactor  1  i s  

t ransferred to  the  waste  gas  process ing  fac i l i ty  through 

the  waste  gas  p ipe  9 .  Whi le  a  po lys i l i con depos i t ion 

react ion is  not  be ing  carr ied  out ,  the b lock ing va lve 12 20 

is  c losed,  and supply  o f  the  waste  gas  f rom the  chemica l  

reactor  1  to  the  waste  gas  process ing  fac i l i ty  i s  b locked.  

By then d isconnect ing  the  chemica l  reactor  1  f rom the  

waste  gas  process ing  fac i l i ty ,  i t  i s  poss ib le  to  sa fe ly  

carry  out an opening operat ion a f ter  the  po lys i l i con 25 
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depos i t ion react ion ends.  

[0025]  

The  b lock ing  va lve  12 is  not  l imi ted  to  any 

part icular  one ,  prov ided that  the  b lock ing va lve  12 has  

a  movable  mechanism which a l lows opening  and c los ing 5 

o f  a  passage  through which a  f lu id  is  caused to  f low or  

which is  b locked.  For  example ,  a  publ ic ly  known heat-

res is tant  b lock ing va lve ,  such as  a pneumat ic  heat-

res is tant  b lock ing  va lve  or  a  hydraul ic  heat-res is tant  

b lock ing  va lve ,  can be  sui tab ly  used.  10 

[0026]  

A  mater ia l  o f  which the  b lock ing  va lve  is  made is  

not  l imi ted  to  any part icular  one ,  prov ided that  the  

mater ia l  has  heat  res is tance  to  some extent .  Examples  

o f  the  mater ia l  inc lude i ron and stee l  such as  cast  i ron,  15 

cast  stee l ,  forged s tee l ,  and sta in less  s tee l .  The b lock ing 

va lve  has a  heat -res is tant  temperature  o f  typ ica l ly  not  

lower than 450°C,  pre ferably  not  lower  than 480°C,  

more  pre ferably  not  lower  than 490°C.  Note ,  however ,  

that ,  in  a case  where the  b lock ing va lve  is  exposed to  a  20 

temperature  exceeding  500°C for  long hours ,  thermal  

degradat ion o f  the b lock ing  va lve is  caused.  This  

impairs  a  b lock ing  per formance o f  the  b lock ing  va lve .  

[0027]  

The  b lock ing va lve  12 is  prov ided in a  v ic in i ty  o f  25 
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the  waste  gas  out le t  14 o f  the  chemica l  reactor  1 .  The  

b lock ing  va lve  12 is  prov ided at  a  locat ion at  or  wi th in 

pre ferably  10 m,  more  pre ferably  8  m,  o f  the  waste  gas  

out le t  14 o f  the  chemica l  reactor  1 .  Note  here  that  a  

d is tance  f rom the  waste  gas  out le t  14 o f  the  chemica l  5 

reactor  1  intends a  length o f  the  waste  gas  p ipe  f rom the  

waste  gas  out le t  14 to the  b lock ing  va lve  12.  Accord ing  

to  the above  conf igurat ion,  i t  i s  poss ib le  to  make an 

ent i re  po lys i l i con producing fac i l i ty  smal ler  in s ize .  

Moreover ,  i t  i s  poss ib le  to  shorten a  length o f  a  reg ion 10 

o f  the  waste  gas  p ipe  to  which reg ion a  s i ly lene  po lymer 

may adhere  ( that  i s ,  a  reg ion rang ing f rom the waste gas  

out le t  to  the  waste  gas  process ing  fac i l i ty ) .  

[0028]  

<2-3.  Coo ler>  15 

The coo ler  10 is  prov ided between the  waste  gas  

out le t  14 of  the  chemica l  reactor  1  and the  b lock ing  

va lve  12.  S ince  i t  i s  pre ferable  that  the  b lock ing  va lve  

12 be  prov ided at  a  locat ion at  or  wi th in  10 m o f  the  

chemica l  reactor  1  as  has  been descr ibed,  i t  i s  a lso  20 

pre ferable  that  the  coo ler  10 be  prov ided at  a  locat ion at  

or  wi th in  10 m o f  the  chemica l  reactor  1 .  

[0029]  

The  coo ler  10 to  be  used is  pre ferably  a  coo ler  o f  

an indirect  coo l ing  type  which indirect ly  coo ls  a  waste  25 
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gas ,  f rom the  v iewpoint  o f  ( i )  eas iness  o f  temperature  

contro l  and ( i i )  prevent ion o f  excess ive  coo l ing  o f  the  

waste  gas .  Use  o f  the  coo ler  o f  an indirect  coo l ing  type 

a l lows moderate  coo l ing  o f  the  waste  gas  in  the  waste 

gas  pipe .  There fore ,  a  s i ly lene po lymer does  not  eas i ly  5 

adhere  to  the  waste  gas  p ipe .  

[0030]  

The  coo ler  o f  an indirect  coo l ing  type  is  not  

l imi ted to  any part icu lar  one ,  but a  she l l  and tube 

coo ler  i s  pre ferably  used f rom the  v iewpoint  o f  eas iness  10 

o f  temperature  contro l .  Accord ing  to  the  above 

conf igurat ion,  i t  i s  poss ib le  to  more eas i ly  per form 

temperature  contro l ,  and poss ib le  to  moderate ly  coo l  the  

waste  gas  in  the  waste  gas  p ipe .  

[0031]  15 

As  the  she l l  and tube  coo ler ,  a  publ ic ly  known 

she l l  and tube coo ler  can be  used.  Examples  o f  the  she l l  

and tube coo ler  inc lude f loat ing- tube-sheet  coo lers ,  

f ixed- tube-sheet  coo lers ,  f loat ing-head coo lers ,  and U-

tube coo lers .  Note ,  however,  that  a U-tube coo ler  i s  20 

pre ferably  used f rom the  v iewpoint  o f  maintenance .  Note  

a lso  that  the  thermometer  11 can be  prov ided between 

the  coo ler  10 and the  b lock ing  va lve  12 and in  a  v ic in i ty  

o f  the  b lock ing va lve .  Accord ing  to  the  above 

conf igurat ion,  i t  i s  poss ib le  to  check a  temperature  o f  25 
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the  waste  gas  which has  passed through the  coo ler  10,  

be fore  the waste  gas passes  through the b lock ing  va lve  

12.  

[0032]  

[3 .  Method for  producing  po lys i l i con]  5 

A  method for  producing  po lys i l i con in  accordance  

wi th  an embod iment  o f  the  present  invent ion is  a  

method for  producing  po lys i l i con,  the  method inc luding 

the  s teps  o f :  a )  producing  po lys i l i con by  the  S iemens 

process  wi th  use  o f  a  chemica l  reactor ,  the  chemica l  10 

reactor  be ing  connected to  a  waste gas  process ing  

fac i l i ty  v ia  a  waste  gas  p ipe ,  the waste  gas  p ipe 

inc luding a b lock ing  va lve conf igured to a l low the  

chemica l  reactor  to  be  connected to  the  waste gas  

process ing  fac i l i ty  in  such a  manner  that  the  chemica l  15 

reactor  can be  d isconnected f rom the  waste  gas  

process ing  fac i l i ty ,  the  b lock ing  va lve  be ing  prov ided in  

a  v ic in i ty  o f  a  waste  gas  out let  o f  the chemica l  reactor ;  

and b )  coo l ing  a  waste  gas  in  a  port ion o f  the  waste  gas  

p ipe ,  which port ion is  located between the waste  gas  20 

out le t  o f  the  chemica l  reactor  and the  b lock ing  va lve ,  

w i th  use  o f  a  coo ler  o f  an indirect  coo l ing  type .  

[0033]  

Accord ing  to  the  above  conf igurat ion,  by  prov id ing  

a  coo ler ,  i t  i s  poss ib le  to  prov ide  a  b lock ing  va lve  in  a 25 
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v ic in i ty  o f  a  waste  gas  out le t .  This  a l lows an ent i re  

fac i l i ty  to  be  smal ler  in  s i ze .  Furthermore ,  s ince  the  

coo ler  i s  o f  an indirect  coo l ing  type ,  i t  i s  poss ib le  to  

eas i ly  per form temperature  contro l ,  and poss ib le  to  

prevent  excess ive  coo l ing  o f  a  waste  gas.  I t  i s  there fore  5 

poss ib le  to  more  e f f i c ient ly  producing  po lys i l i con.  

[0034]  

Moreover ,  i t  i s  poss ib le  to  shorten a  length o f  a  

reg ion o f  a  waste  gas p ipe  to  which region a  s i ly lene  

po lymer  may adhere ,  and poss ib le  to  prevent  excess ive  10 

coo l ing  o f  the  waste  gas to  a  temperature at  which a  

s i ly lene po lymer  depos i ts .  Thus,  i t  i s  poss ib le  to  

suppress  adhes ion o f  a  s i ly lene po lymer to  the  waste  gas  

p ipe .  There fore ,  i t  i s  poss ib le  to  prevent  ign i t ion ar is ing  

f rom a s i ly lene  po lymer .  Accord ing ly ,  i t  i s  poss ib le  to  15 

sa fe ly  d isconnect  a  chemica l  reactor  f rom a waste  gas  

process ing  fac i l i ty .  

[0035]  

The  above  product ion method can be  carr ied  out  

by  the  above-descr ibed dev ice  f or  producing po lys i l i con 20 

in  accordance  wi th  an embodiment  o f  the  present 

invent ion.  Note  that  descr ipt ion o f  matters  which have  

been a l ready descr ibed in [2 .  Po lys i l i con producing  

dev ice ]  wi l l  be  omit ted  be low and the  forego ing 

descr ipt ion wi l l  be  employed as  necessary .  25 
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[0036]  

<3-1.  Po lys i l i con depos i t ing  s tep> 

The above product ion method inc ludes a  s tep  o f  

produc ing po lys i l i con by  the  S iemens process  wi th  use  

o f  a  chemica l  reactor .  This  s tep  wi l l  be a lso  re ferred to  5 

as  a po lys i l i con depos i t ing s tep  in th is  spec i f i cat ion.  In  

the  po lys i l i con depos i t ing  s tep ,  po lys i l i con is  depos i ted  

by  react ing  a  ch loros i lane compound wi th hydrogen.  In  

the  above  product ion method,  the  po lys i l i con depos i t ing 

s tep  is  carr ied  out  by  the  S iemens process .  10 

[0037]  

The  po lys i l i con depos i t ing  s tep  in  the  S iemens 

process  wi l l  be  schemat ica l ly  descr ibed be low wi th  

re ference to  F ig .  1 .  Supply  o f  e lec tr ic  power  to  a  s i l i con  

f i lament  7  is  s tar ted  v ia  e lectrodes  6  so  that  the  s i l i con 15 

f i lament  7 is  heated to a  temperature  equal  to  or  h igher  

than a  temperature  at  which po lys i l i con depos i ts .  The 

temperature  at  which po lys i l i con depos i ts  i s  not  l imi ted  

to  any part icu lar  temperature .  However ,  f rom the  

v iewpoint  o f  rap id  depos i t ion o f  po lys i l i con on the  20 

s i l i con f i lament  7 ,  the  s i l i con  f i lament  7  is  pre ferably  

heated,  by  supply  o f  e lec t r ic  power  to  the  s i l i con  

f i lament  7,  so  that  the temperature  at  which po lys i l i con 

depos i ts  i s  kept  at  a  temperature  o f  approx imate ly  

1000°C to  1100°C.  25 
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[0038]  

A  source  gas  i s  fed  into  a  chemica l  reactor  1  

through a  source  gas  feeding port  8 .  This  causes  the  

source  gas  to be  suppl ied  to the  s i l i con f i lament 7  which  

is  heated by  supply  o f  e lec tr ic  power  to  the  s i l i con 5 

f i lament  7 .  Examples  o f  the  source  gas  inc lude a  mixed 

gas  conta in ing  ( i )  a  gas  o f  a  s i lane  compound and ( i i )  

hydrogen.  By a  react ion o f  the  source  gas ,  that  i s ,  a  

reduct ion react ion o f  the  s i lane  compound,  po lys i l i con 

13 is  generated.  10 

[0039]  

As  the  gas  o f  the  s i lane  compound,  a  gas  o f  a  

s i lane  compound(s ) ,  such as  monos i lane ,  t r ich loros i lane,  

s i l i con te trachlor ide ,  monochloros i lane ,  and/or 

d ich loros i lane ,  i s  used.  Genera l ly ,  a  t r ich loros i lane  gas  15 

is  sui tab ly  used.  From the  v iewpoint  o f  obta inment  o f  

h igh ly pure  po lys i l i con,  t r ich loros i lane used in the  

po lys i l i con depos i t ing  s tep  pre ferably  has  a  pur i ty  o f  not  

l ess  than 99.9%.  

[0040]  20 

The hydrogen is  used as  a  reduc ing gas .  An 

amount  o f  the  hydrogen suppl ied  in  the  po lys i l i con 

depos i t ing  s tep  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  s i lane  compound.  Note ,  however ,  that  the  hydrogen 25 
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i s  suppl ied in  an amount o f  pre ferably  not  l ess  than 3  

mol  wi th  respec t  to  1  mol  o f  the  s i lane  compound so  

that  po lys i l i con is  e f f i c ient ly  depos i ted .  

[0041]  

In  the  po lys i l i con depos i t ing  s tep ,  most  o f  the  5 

hydrogen conta ined in the  source  gas can be  suppl ied 

wi th  a  hydrogen gas  obta ined by  recyc l ing  a  waste  gas  

by re f in ing ,  and de f ic iency  can be  made up for  by  

hydrogen obta ined by  a  pub l ic ly  known product ion 

method.  For  example ,  such hydrogen can be  produced by  10 

e lectro lys is  o f  water .  Spec i f i ca l ly ,  i t  i s  poss ib le  to  

e lec tro lyze water  by caus ing  an e lectr ic  current  to  f low  

through an aqueous e lectro ly t ic  solut ion conta in ing an  

inorganic  ac id meta l  sa l t  and/or  a  metal  hydrox ide  as  

an e lectro ly te (s )  ( i . e . ,  an aqueous solut ion which 15 

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 obta ined through the  

e lec tro lys is ,  i t  i s  pre ferable  to  wash the  hydrogen wi th  

water  and further  pass  the  hydrogen through a  mist  20 

f i l ter .  By washing the hydrogen wi th water  and further  

pass ing  the  hydrogen through a  mist  f i l ter ,  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 .  Further ,  the  hydrogen pre ferably  

conta ins  no gaseous impur i t ies  such as  oxygen and 25 
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water  vapor .  Oxygen and water  vapor  can be  removed by 

a  publ ic ly  known method which is  used to  obta in  

industr ia l  hydrogen.  From the  v iewpoint  o f  obta inment  

o f  h igh ly  pure  po lys i l i con,  the  hydrogen used in  the 

po lys i l i con depos i t ing  s tep  pre ferably  has  a  pur i ty  o f  not  5 

less  than 99.99vo l%.  

[0042]  

Use  o f  the  above-descr ibed h ighly  pure 

t r ich loros i lane and the  above-descr ibed h ighly  pure  

hydrogen makes i t  poss ib le  to  obta in  h ighly  pure 10 

po lys i l i con hav ing  a  pur i ty  o f  not  l ess  than 11 N.  

[0043]  

Note  that ,  by  contro l l ing  supply  o f  e lec tr ic  power  

to  the  chemica l  reactor  in the po lys i l i con depos i t ing  

s tep ,  i t  i s  poss ib le  to  decrease  a  temperature  o f  the  15 

waste gas .  A decrease in  the temperature o f  the waste  

gas  more fac i l i ta tes  temperature  contro l  per formed by  a  

coo ler  o f  an indirect  coo l ing  type  ( la ter  descr ibed ) .  I t  i s  

pre ferable  to  contro l  a  maximum temperature  o f  the 

waste  gas  to  be ,  for  example ,  approx imate ly  550°C to  20 

700°C,  by  a  method for  contro l l ing  supply  o f  e lec tr ic  

power .  

[0044]  

<3-2.  Coo l ing  s tep> 

The above product ion method inc ludes a  s tep  o f  25 
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coo l ing the  waste  gas  in  a port ion of  a  waste  gas  p ipe  9 ,  

which port ion is  located between a  waste gas  out le t  14  

o f  the chemica l  reactor  1 and a  b lock ing va lve  12,  wi th 

use  o f  a  coo ler  10 o f  an indirect  coo l ing type .  The waste  

gas  generated as  a  by-product  by  a  react ion between the 5 

s i lane  compound and the  hydrogen is  d ischarged outs ide  

the  chemica l  reactor  1  through the  waste  gas  p ipe  9 .  

The  waste  gas  is  coo led  by  the  coo ler  10.  

[0045]  

In  such a  coo l ing  s tep ,  the  waste  gas  is  coo led  by  10 

the  coo ler  10 whi le  the waste  gas  is  pass ing  through the  

port ion o f  the waste gas  p ipe 9  which port ion is  located  

between the  waste  gas  out le t  14 and the  b lock ing  va lve  

12.  The waste  gas  then passes  through the  b lock ing  

va lve  12 in  a  s tate  where  the  waste  gas  is  coo led ,  and is  15 

t ransferred to  a  waste  gas  process ing  fac i l i ty .  

[0046]  

A  rate at  which the temperature  o f  the  waste gas  

is  decreased by  coo l ing  only  needs  to  be  such a  rate  

that  a  s i ly lene  po lymer  does  not  depos i t .  Spec i f i ca l ly ,  20 

t ime for  which the  waste  gas  res ides  in  the  coo ler  

(here inaf ter  re ferred to  as res idence  t ime)  i s  pre ferably  

approx imate ly  not  l ess  than  0 .1  seconds ,  more  

pre ferably  more  than 0 .1 seconds.  I t  is  found f rom th is  

fact  that ,  unl ike  the  convent ional  technique d isc losed in  25 
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Patent  L i terature  1 ,  the  waste  gas  is  moderate ly  coo led  

in  the  above  product ion method.  

[0047]  

Furthermore ,  whi le  the  waste gas is  be ing coo led  

in the  coo l ing s tep ,  a  minimum temperature  o f  a  wal l  5 

sur face  o f  the  coo ler  10,  wi th  which wal l  sur face  the  

waste  gas  comes into  contact ,  i s  pre ferably  se t  to  a  

temperature  o f  h igher  than 180°C.  A s i ly lene  po lymer  

can depos i t  a t  a  temperature  o f  not  h igher  than 180°C.  

There fore ,  by set t ing  the minimum temperature  o f  the  10 

wal l  sur face ,  wi th  which the  waste  gas  comes into  

contact ,  to  a  temperature  exceeding  a  temperature  at  

which a  s i ly lene  po lymer  depos i ts ,  i t  i s  poss ib le  to  

prevent  depos it ion o f  a  s i ly lene  po lymer  and adhes ion o f  

the  s i ly lene  po lymer  to  the  p ipe .  15 

[0048]  

Moreover ,  in  the  coo l ing  s tep ,  the  temperature  o f  

the  waste  gas  pass ing  through the  b lock ing va lve  12 is  

ad justed to  pre ferably not  lower  than 200°C and not  

h igher  than 500°C,  more  pre ferably  not  lower  than  20 

300°C and not  h igher than 500°C.  Accord ing  to  the  

above conf igurat ion,  i t  i s  poss ib le  to  e f f i c ient ly  produce  

po lys i l i con,  by ad just ing  the temperature  o f  the  waste  

gas  pass ing  through the b lock ing  valve  to  a temperature  

at  which a  s i ly lene  po lymer  does  not  depos i ts  and which 25 
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fa l l s  with in  a  range  in which the  b lock ing va lve  can 

exhib i t  heat  res is tance .  Furthermore ,  i t  i s  poss ib le  to  

prov ide  the  b lock ing  va lve  12 in  a  v ic in i ty  o f  the  waste  

gas  out le t  14 o f  the  chemica l  reactor  as  has  been 

descr ibed.  5 

[0049]  

<3-3.  Disconnect ion o f  waste  gas  p ipe> 

Accord ing  to  an embodiment  o f  the  present  

invent ion,  a f ter  the  react ion ends,  the chemica l  reactor  

is  d isconnected,  on a chemica l - reactor  s ide  o f  the  10 

b lock ing  va lve ,  f rom a port ion o f  the  waste  gas  p ipe 

which port ion inc ludes  the  b lock ing  va lve and a  

subsequent  downstream reg ion.  

[0050]  

Genera l ly ,  a  f lange  part  i s  prov ided as i l lustrated 15 

in  F ig .  1 ,  and a  chemica l  reactor  is  d isconnected f rom a  

waste  gas  p ipe  at  the  f lange  part .  Note  that  the  f lange  

part  can be  prov ided as  a  s t ructure  o f  a  coo le r .  F ig .  1  

i l lustrates  a  mode in  which two pa irs  o f  f langes  are  

prov ided so  as  to  sandwich the  coo ler  therebetween,  and,  20 

a f ter  the  chemica l  reactor  is  d isconnected at  a  f lange  

part  15b which is  one  o f  the  two pa irs  and is  c loser  to  

the  b locking va lve  12,  the  coo ler  i s  fur ther  detached,  as 

necessary ,  by  d isconnect ing  a  f lange  part  15a which is  

the  other  o f  the  two pa irs  and is  located on the  25 
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chemica l - reactor  s ide .  

[0051]  

A f ter  the  chemica l  reactor  i s  thus d isconnected 

f rom the  port ion o f  the  waste  gas  p ipe  which port ion 

inc ludes the  b lock ing va lve  and the  subsequent  5 

downstream reg ion,  there  is  l i t t l e  adhes ion o f  a  

substance ,  such as  a s i ly lene  po lymer ,  to  a port ion o f  

the  waste  gas  p ipe  which port ion is  located between the  

b lock ing  va lve  and the  chemica l  reactor .  There fore ,  i t  i s  

poss ib le  to  open the  waste  gas  p ipe  as  i t  i s .  However ,  in  10 

case  a  s i ly lene  po lymer  is  present  in  a  t iny  amount ,  i t  i s  

pre ferable  to  wash ( i )  an inter ior  o f  the  port ion o f  the  

waste  gas  p ipe  which port ion is  located between the  

b lock ing  va lve  and the  chemica l  reactor  and ( i i )  an  

inter ior  o f  the  coo ler ,  wi th  a  l iquid  o f  a  ch loros i lane 15 

such as  te t rachloros i lane a f ter  the  chemica l  reactor  is  

d isconnected.  

[0052]  

Moreover ,  a f ter  such d isconnect ion,  a  s i ly lene  

po lymer  adheres ,  in a  large amount ,  to  an inter ior  o f  the  20 

port ion o f  the waste gas  p ipe which port ion inc ludes the  

b lock ing va lve  and the subsequent  downstream reg ion.  

I t  i s  there fore  pre ferable  to  remove the  s i ly lene  po lymer  

by  caus ing the  ch loros i lane to  f low f rom a b lock ing-

va lve  s ide .  25 
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[0053]  

<3-4.  Other  s teps> 

The above  product ion method can inc lude,  for  

example ,  a  separat ing  s tep ,  a  hydrogen chlor ide  

removing  s tep,  and/or  a  hydrogen re f in ing  s tep,  as  a  5 

s tep (s )  carr ied  out a f ter  the waste gas  is  t ransferred to  

the  waste  gas  process ing  fac i l i ty .  

[0054]  

The  separat ing  s tep  is  a  s tep  o f  separat ing  the  

waste  gas  into  a  ch loros i lane  condensate  and a  gas  10 

component .  The chloros i lane  condensate  can be  suppl ied  

to  a s tep  such as  the hydrogen chlor ide removing  s tep  

( la ter  descr ibed ) .  The  gas  component  obta ined in  the  

separat ing s tep  conta ins a  hydrogen gas and hydrogen 

chlor ide  as  main components .  15 

[0055]  

The  hydrogen chlor ide  removing  s tep is  a  s tep  o f  

removing  hydrogen chlor ide  by  br ing ing  the  gas  

component ,  obta ined in  the  separat ing  s tep ,  into  contact  

wi th a  ch loros i lane so lut ion.  In the  hydrogen chlor ide  20 

removing  s tep,  hydrogen chlor ide  which is  conta ined in 

the  gas  component  obta ined in  the  separat ing  s tep  is  

removed by  br ing ing the  ch loros i lane so lut ion into  

contact  wi th the  gas  component  to  absorb the  hydrogen  

chlor ide .  A  gas  component  obta ined in  the  hydrogen 25 
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ch lor ide  removing  s tep conta ins  a  hydrogen gas  as  a  

main component .  

[0056]  

The  chloros i lane  solut ion used in  the  hydrogen  

chlor ide  removing  s tep is  a  l iqu id  which conta ins  a  5 

ch loros i lane compound.  Examples  o f  the  chloros i lane 

compound inc lude,  but  not  part icu lar ly  l imi ted  to ,  

t r ich loros i lane,  d ich loros i lane ,  and te t rachloros i lane .  

The  chloros i lane  so lut ion used in  the  hydrogen chlor ide  

removing  s tep can conta in part  o f  the  ch loros i lane  10 

condensate  obta ined in  the  separat ing  s tep .  

[0057]  

Examples o f  a  method for  br ing ing the  chloros i lane 

so lut ion into  contact  wi th  the  gas  component  in  the  

hydrogen chlor ide  removing  s tep inc lude,  but  not  15 

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.  The hydrogen chlor ide  removing  s tep  

can be  carr ied  out  in  publ ic ly  known equipment  such as  

a  gas- l iquid  contact  co lumn.  20 

[0058]  

The  hydrogen re f in ing  step is  a  s tep o f  removing  

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

component ,  obta ined in  the  hydrogen chlor ide  removing  

s tep,  into  contact  wi th  act ivated carbon and thereby 25 
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obta in ing  a  hydrogen gas .  The hydrogen re f in ing  s tep 

can be  carr ied  out  by ,  for  example ,  supply ing  the  gas  

component ,  obta ined in  the  hydrogen chlor ide  removing  

s tep,  to  an adsorpt ion tower  which is  f i l l ed  wi th an 

act ivated carbon layer  or  act ivated carbon.  By br ing ing 5 

the  gas component ,  obta ined in  the hydrogen chlor ide  

removing  s tep,  into  contact  wi th  act ivated carbon in  the  

adsorpt ion tower ,  the  ch loros i lane  compound is  

adsorbed and removed by  the  act ivated carbon.  I t  i s  

thus poss ib le  to  obta in  a  hydrogen gas .  10 

[0059]  

The  hydrogen gas  obta ined  in  the  hydrogen 

re f in ing s tep is  a  h ighly pure hydrogen gas .  I t  i s  

there fore  poss ib le  to  reuse  the  hydrogen gas  as  the  

source  gas  used in  the  po lys i l i con depos i t ing  s tep .  15 

Furthermore ,  the  hydrogen gas  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  

source  o f  hydrogen in  product ion o f  s i l i ca  which is  made  

f rom te t rachloros i lane .  20 

[0060]  

<Recap> 

[1 ]  A  method for  producing  po lys i l i con in  

accordance wi th  an embodiment  o f  the present  invent ion 

is  a  method for  producing  po lys i l i con,  the  method 25 
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inc luding the  s teps  o f :  a )  producing  po lys i l i con by  the  

S iemens process  wi th  use  o f  a  chemica l  reactor ,  the  

chemica l  reactor  be ing connected to a  waste  gas  

process ing  fac i l i ty  v ia  a  waste  gas  p ipe ,  the  waste  gas  

p ipe  inc luding  a  b lock ing  va lve  conf igured to  a l low the  5 

chemica l  reactor  to  be  connected to  the  waste gas  

process ing  fac i l i ty  in  such a  manner  that  the  chemica l  

reactor  can be  d isconnected f rom the  waste  gas  

process ing  fac i l i ty ,  the  b lock ing  va lve  be ing  prov ided in  

a  v ic in i ty  o f  a  waste  gas  out let  o f  the chemica l  reactor ;  10 

and b )  coo l ing  a  waste  gas  in  a  port ion o f  the  waste  gas  

p ipe ,  which port ion is  located between the waste  gas  

out le t  o f  the  chemica l  reactor  and the  b lock ing  va lve ,  

w i th  use  o f  a  coo ler  o f  an indirect  coo l ing  type .  

[0061]  15 

[2 ]  The method as descr ibed in  [1 ] ,  where in the  

b lock ing  va lve  is  prov ided at  a  locat ion at  or  wi th in  10 

m o f  the  waste  gas  out le t  o f  the  chemica l  reactor .  

[0062]  

[3 ]  The method as  descr ibed in  [1 ]  or  [2 ] ,  where in ,  20 

in  the  s tep  b ) ,  a  minimum temperature  o f  a  wal l  sur face  

o f  the  coo ler ,  wi th  which wal l  sur face  the  waste  gas  

comes into  contact ,  i s  se t  to  a  temperature  o f  h igher 

than 180°C.  

[0063]  25 
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[4 ]  The method as descr ibed in  any one o f  [1 ]  

through [3 ] ,  where in  the  coo ler  i s  a  she l l  and tube 

coo ler .  

[0064]  

[5 ]  The method as descr ibed in  any one o f  [1 ]  5 

through [4 ] ,  where in ,  in  the  s tep  b ) ,  a  temperature  o f  

the  waste gas  pass ing  through the  b lock ing va lve  is  

ad justed to  not  lower  than 200°C and not  h igher  than 

500°C.  

10 

Example  

[0065]  

The  present invent ion wi l l  be  descr ibed be low in  

more  detai l  on the  bas is  o f  an Example .  Note ,  however ,  

that  the  present  invent ion is  not  l imi ted  to  such an 15 

Example .  

[0066]  

A  be l l - jar -shaped chemica l  reactor  hav ing  a  

s t ructure  i l lustrated in F ig .  1  was used.  A f ter  

t r ich loros i lane and hydrogen were  fed into  the  chemica l  20 

reactor ,  e lec tr ic  power  was suppl ied  to  a  s i l i con f i lament  

wi th an e lec tr ic  current  o f  not  more than 2000 A so  that  

a  s i l i con depos i t ion react ion was carr ied  out .  

[0067]  

As  a  coo ler ,  a  U-tube coo ler  ( she l l  and tube coo ler )  25 
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was used.  As  a  b lock ing  va lve ,  a  gate  va lve  made o f  

s ta in less  s tee l  (hav ing  a heat-res is tant  temperature  o f  

500°C)  was used.  

[0068]  

Wi th  use o f  the  above dev ice ,  the  s i l i con f i lament  5 

was heated to  approx imate ly  800°C by  supply  o f  e lec tr ic  

power  to  the  s i l i con f i lament,  whi le  a  t r ich loros i lane  gas  

and a  hydrogen gas  were be ing fed  into the  chemica l  

reactor .  Po lysi l i con was thus depos i ted unt i l  the  

po lys i l i con had a d iameter  o f  120 mm. In  so  doing ,  a  10 

temperature  and res idence  t ime,  in  each sect ion 

i l lustrated in F ig .  2 ,  o f  a  waste  gas  d ischarged f rom the  

chemica l  reactor  were  measured.  

[0069]  

Here ,  a  locat ion at  which a  coo ler  10 was prov ided  15 

wi l l  be  descr ibed wi th  re ference  to  F ig .  2 .  F ig .  2  is  a  

drawing i l lustrat ing  a waste  gas  p ipe which is  connected 

f rom a chemica l  reactor  1  to  a  b lock ing  va lve  12,  and 

i l lustrates  the  locat ion o f  the  coo ler  10.  A  sect ion A 

i l lustrated in F ig .  2  indicates  a  d is tance  f rom the  20 

chemica l  reactor  1  to  a  waste  gas  in le t  o f  the  coo ler  10.  

A  sect ion B indicates  a d is tance  corresponding to an 

ent i re  length o f  the  coo ler  10.  A  sect ion C ind icates  a  

d is tance  f rom a waste  gas out le t  o f  the coo ler  10 to  the  

b lock ing  va lve 12.  Note  that  Table  1  shows the  d is tances  25 
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o f  these  sect ions (see  F ig .  2 )  in  th is  Example .  

[Table  1 ]  

Section 
Distance 

(mm) 
A 1,000
B 2,100
C 5,000

Note  a lso  that  Table  2  shows ( i )  condi t ions  o f  the  

waste  gas  f lowing  through the  p ipe  and ( i i )  temperatures  

o f  the waste  gas  which were  measured be fore (sect ion A )  5 

and a f ter  ( sect ion C)  the  waste  gas  was coo led  wi th  use  

o f  the  coo ler .  
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[Table  2 ]  

Case 
Deposition 

time 
(h) 

Gas 
volume 
(Nm3/h) 

Pressure 
(kPa) 

Temperature
in section A 

(°C) 

Temperature
in section C 

(°C) 
Maximum 
gas volume 

50 4,500 130 500 470

Maximum 
Temperature
at outlet 

70 4,200 130 526 496

Note  a lso  that  Table  3  shows the  res idence  t ime 

ca lculated in  each sect ion i l lustrated in  F ig .  2 .  

[Table  3 ]  5 

Section 
Distance 

(m) 

Residence time (second) 

Maximum gas 
volume 

Maximum 
temperature 

at outlet 
A 1.00 0.39 0.42
B 2.10 0.11 0.11
C 5.00 0.08 0.08

Total 8.10 0.58 0.62

As is  c lear  f rom Table  2 ,  the  temperature  o f  the  

waste  gas  which had been coo led  was lower  by  30°C 

than that  o f  the  waste  gas which had not  been cooled  

yet  wi th  use  o f  the  coo ler .  Furthermore ,  as  is  c lear  f rom 

Table  3 ,  the  res idence  t ime o f  the  waste  gas  in  the  10 

sect ion B,  in  which the  waste  gas  was coo led ,  was 0 .11 

seconds.  

[0070]  

As  a  resul t  o f  examining  an amount  o f  a  s i ly lene  

po lymer present  in the  heat  exchanger  and in  the  p ipe  15 

a f ter  the  end o f  product ion batch o f  the  po lys i l i con,  no  

s i ly lene  po lymer  was present  in  the  heat  exchanger  and  

the  p ipe .  Thus,  i t  was poss ib le  to  sa fe ly  d isconnect  the 
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chemica l  reactor  f rom the  waste  gas  p ipe .  Moreover ,  no 

damage was found on the  b lock ing  va lve .  

Industr ia l  Appl icabi l i ty  

[0071]  5 

The present invent ion can be  sui tab ly  used for  a  

method for  producing po lys i l i con.  

Re ference  S igns  L is t  

[0072]  10 

1  Chemica l  reactor  

10 Cooler  

11 Thermometer  

12 Block ing  va lve  

14 Waste  gas  out le t  15 
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C la ims 

Cla im 1 

A method for  produc ing  po lys i l i con,  the  method 

compr is ing  the  s teps  o f :  

a )  producing po lys i l i con by the  S iemens process  5 

wi th  use  o f  a  chemica l  reactor ,  

the  chemica l  reactor  be ing connected to a  waste  

gas  process ing  fac i l i ty  v ia  a  waste  gas  p ipe ,  

the  waste  gas  p ipe inc luding a b lock ing  va lve  

conf igured to  a l l ow the  chemica l  reactor  to  be  connected 10 

to  the  waste  gas  process ing  fac i l i ty  in  such a  manner  

that  the  chemica l  reactor  can be  d isconnected f rom the  

waste  gas  process ing  fac i l i ty ,  

the  b lock ing  va lve  be ing prov ided in a  v ic in i ty  o f  a  

waste  gas  out le t  o f  the  chemica l  reactor ;  and 15 

b )  coo l ing  a waste gas  in a  port ion o f  the waste  

gas p ipe ,  which port ion is  located between the waste gas  

out le t  o f  the  chemica l  reactor  and the  b lock ing  va lve ,  

w i th  use  o f  a  coo ler  o f  an indirect  coo l ing  type .  

20 

Cla im 2 

The method as set  for th  in c la im 1,  where in the  

b lock ing  va lve  is  prov ided at  a  locat ion at  or  wi th in  10 

m o f  the  waste  gas  out le t  o f  the  chemica l  reactor .  

25 
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C la im 3 

The method as  set  for th  in  c la im 1 or  2 ,  where in ,  

in  the  s tep  b ) ,  a  minimum temperature  o f  a  wal l  sur face  

o f  the  coo ler ,  wi th  which wal l  sur face  the  waste  gas  

comes into  contact ,  i s  se t  to  a  temperature  o f  h igher 5 

than 180°C.  

C la im 4 

The method as set  for th  in any one o f  c la ims 1  

through 3 ,  where in  the  coo ler  i s  a  she l l  and tube coo ler .  10 

Cla im 5 

The method as set  for th  in any one o f  c la ims 1  

through 4 ,  where in ,  in  the s tep  b ) ,  a  temperature  of  the  

waste  gas  pass ing  through the  b lock ing  va lve  is  15 

ad justed to  not  lower  than 200°C and not  h igher  than 

500°C.  


