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Description 

The  present  invention  concerns  a  process  for  pro- 
ducing  chlorophosphorus  compounds  in  particular 
phosphorus  trichloride  and  oxychloride,  from  reac- 
tions  involving  phosphorus,  chlorine  and  if  needed 
oxygen. 

The  production  of  phosphorus  oxychloride  mixed 
with  polyoxychlorides  by  reaction  of  phosphorus, 
oxygen  and  chlorine  is  described  in  BP-A-1  033938 
and  Z.  furanorg  and  allgem  Chemie  1964  Vol  333  pa- 
ges  260-266.  In  these  processes,  yellow  phosphorus, 
chlorine  and  an  excess  of  oxygen  are  passed  into  the 
top  of  a  reaction  tower  into  which  is  also  passed  re- 
cycled  phosphorus  oxychloride  product.  The  phos- 
phorus,  chlorine  and  oxygen  react  in  a  packed  column 
fitted  with  a  cooling  jacket  and  a  collecting  vessel  at 
its  base.  There  is  produced  a  liquid  phosphorus  oxy- 
chloride  product  mixture  with  a  vapour  phase  consist- 
ing  of  the  excess  of  oxygen  and  volatilised  product.  A 
portion  of  the  liquid  product  is  recycled  from  the  col- 
lecting  vessel  to  the  top  of  the  reactor,  a  portion  is  re- 
tained  in  the  collecting  vessel  and  the  rest  is  distilled, 
with  separation  of  the  excess  of  oxygen.  The  heat  of 
the  reaction  is  removed  via  the  cooling  jacket  of  the 
column  and  by  the  distillation  in  the  collecting  vessel. 
All  the  chlorine  may  be  added  with  the  phosphorus 
but  preferably  it  is  added  in  two  portions,  one  at  the 
top  and  the  other  in  the  middle  of  the  reactor.  At  all 
times  there  is  an  excess  of  oxygen  and  therefore  a 
significant  amount  of  vapour  phase. 

But  this  vapour  phase  itself  gives  rise  to  problems 
because  some  gaseous  mixtures  of  phosphorus  tri- 
chloride  and  oxygen  can  be  explosive.  Furthermore, 
the  presence  of  oxygen  in  a  large  discrete  volume  of 
vapour  phase  means  that  the  contact  with  the  major- 
ity  of  the  phosphorus  chloride,  which  is  in  the  liquid 
phase,  is  reduced  and  therefore  the  rate  of  reaction 
is  slow. 

We  have  nowdiscovered  how  to  increase  the  pro- 
duction  rate  without  producing  any  significant  amount 
of  vapour  phase. 

The  present  invention  provides  a  process  for  pro- 
ducing  products  comprising  chlorophosphorus  com- 
pounds,  said  process  comprising  (i)  adding  yellow 
phosphorus  to  a  recycling  liquid  medium  comprising 
said  product  to  give  a  condensed  phase  mixture  of 
phosphorus  in  said  liquid  medium,  (ii)  passing  chlor- 
ine,  or  chlorine  and  oxygen  with  the  atom  ratio  of  oxy- 
gen:phosphorus  being  lessthan  1:1,  into  said  mixture 
to  give  a  reaction  material,  where  said  mixture  and 
said  reaction  material  are  in  a  condition  of  turbulent 
flow  at  (a)  the  points  of  contact  of  mixture,  chlorine 
and,  if  present,  oxygen,  and  (b)  thereafter  in  the  re- 
action  zone  whereby  a  reaction  material  comprising 
chlorophosphorus  compound  and  elemental  phos- 
phorus  is  produced,  (iii)  cooling  said  reaction  materi- 
al,  and  (iv)  recycling  at  least  a  portion  of  said  reaction 

material  as  liquid  medium  for  mixing  with  more  yellow 
phosphorus. 

In  the  absence  of  the  oxygen,  the  process  pro- 
duces  phosphorus  trichloride,  while  in  its  presence, 

5  the  process  produces  a  product  comprising  phos- 
phorus  oxychloride  or  a  mixture  thereof  with  phos- 
phorus  trichloride. 

The  process  is  performed  in  a  loop  apparatus 
having  inlets  for  yellow  phosphorus,  chlorine,  and 

10  oxygen  if  desired,  outlet  for  the  product,  one  or  more 
mixers  and  heat  exchangers  as  coolers  and  one  or 
more  pumps.  There  may  be  2  or  3  mixers,  the  second 
and  third  ones  being  preferably  in-line  mixers  such  as 
helical  and  cross  bar  mixers.  The  loop  apparatus  also 

15  preferably  has  a  gas  separator  in  the  loop. 
The  phosphorus  may  be  added  to  the  recycling 

liquid  medium  as  a  solid  or  liquid,  but  for  ease  of  con- 
trol  of  feeding  the  phosphorus,  it  is  preferably  added 
as  a  molten  liquid.  The  addition  may  be  continuous  or 

20  discontinuous.  When  both  chlorine  and  oxygen  gases 
are  used,  they  may  be  added  separately,  with  the 
chlorine  added  to  the  mixture  before  or  preferably  at 
about  the  same  time  as  the  oxygen.  Preferably  there 
is  always  chlorine  present  when  any  oxygen  is  react- 

25  ing.  Advantageously  the  chlorine  and  oxygen  are  pre- 
mixed  in  the  desired  proportions  and  the  premix  add- 
ed  to  the  condensed  phase  mixture. 

In  the  process  the  overall  atom  ratio  of  C1:P  in 
the  input  feeds  is  at  most  3:1,  and  in  the  production 

30  of  phosphorus  oxychloride  is  usually  slightly  less  e.g. 
2.7-2.95:1  .  The  atom  ratio  of  0:P  is  zero  when  phos- 
phorus  trichloride  is  prepared  and  is  otherwise  less 
than  1:1  e.g.  0.1-0.98:1  such  as  0.3-0.5:1.  The  atom 
ratio  of  C1:0  is  usually  3-10:1.  The  choice  of  the  pro- 

35  portions  depends  on  the  proportion  of  phosphorus  tri- 
chloride  to  phosphorus  oxychloride  in  the  product, 
the  higher  the  proportion  of  the  latter,  the  higher  the 
proportion  of  oxygen  to  chlorine.  Thus  for  a  50:50 
phosphorus  trichloride  phosphorus  oxychloride  mix- 

40  ture,  the  atom  ratio  of  C1  :0  is  usually  about  6:1  . 
An  essential  feature  of  this  invention  is  that  the 

phosphorus,  and  chlorine  (and,  if  present,  oxygen) 
are  contacted  when  the  recycled  mixture  containing 
the  phosphorus  is  in  a  condition  of  turbulent  flow,  pre- 

45  ferably  with  an  apparent  Reynolds  Number  of  at  least 
2,000,  usually  at  least  100,000  and  especially 
1  00,000  to  500,000  or  1-1  0  million.  The  apparent  Rey- 
nolds  number  is  calculated  on  the  assumption  that 
there  is  no  gas  phase  present. 

so  Turbulence  can  be  achieved  with  a  variety  of  mix- 
ers,  e.g.  those  described  in  "Chemical  Engineers 
Handbook",  Ed.  R.H.  Perry  and  C.H.  Chilton,  McGraw 
Hill  Book  Co.,  New  York,  5th  edition,  1973,  Section 
21  ,  pages  4-8,  such  as  jet  mixers,  orifice  plate  mixers, 

55  "Kenic"  mixers,  nozzle  mixers  and  centrifugal  pumps 
and  mechanically  agitated  mixers,  such  as  "Silver- 
son"  mixers  (whether  the  rotors  in  the  mixers  are  op- 
erated  or  not),  centrifugal  pumps  and  mixers  such  as 
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described  in  British  Patent  Specification  No. 
1  052976.  In  each  case  the  input  pipes  for  the  chlorine 
(and,  if  present,  oxygen)  are  positioned  such  that 
their  ends  are  in  a  region  of  turbulence  in  the  mixer. 

On  grounds  of  capital,  operating  and  repair  costs, 
the  mixer  is  preferably  a  static  one  with  no  moving 
parts.  Examples  of  such  mixers  are  orifice  plate, 
"Kenic",  venturi  and  jet  mixers,  as  well  as  arrange- 
ments  in  which  the  inlet  pipe  or  pipes  for  the  chlorine 
and/or  oxygen  and  the  pipes  carrying  the  recycled 
mixture  containing  the  phosphorus  are  so  disposed 
that,  with  the  aid  of  baffles,  if  necessary  or  desired, 
there  is  the  necessary  turbulent  flow  under  the  con- 
ditions  of  temperature,  nature  of  the  liquid  medium 
and  flow  rates  operating  in  the  process.  Especially 
important  are  orifice  plate  mixers,  which  comprise  a 
plate  disposed  across  the  liquid  flow  with  at  least  one 
axial  orifice,  through  which  the  liquid  medium  passes, 
the  act  of  passage  causing  production  of  turbulent 
flow  in  the  orifice  upstream  and  downstream  of  the  or- 
ifice.  Preferably  one  or  both  of  the  chlorine  and/or 
oxygen  (if  present)  is  passed  through  a  pipe  whose 
exit  is  in  the  turbulent  region  in  the  vicinity  of  the  or- 
ifice,  whether  upstream  or  downstream  of  the  orifice, 
or  in  the  orifice  itself.  The  chlorine  and/or  oxygen  may 
be  passed  into  the  turbulent  region  from  a  direction 
parallel  with  e.g.  coaxial  with  the  bulk  direction  of  flow 
of  the  liquid  or  may  be  passed  from  a  direction  sub- 
stantially  normal  to  the  bulkdirection  of  flow.  The  inlet 
pipe  for  the  chlorine  and/or  oxygen  can  pass  through 
the  orifice  as  shown  in  British  Patent  Specification 
No.  975914,  or  with  the  inlet  pipe  surrounded  by  the 
condensed  phase  mixture  upstream  of  the  orifice  and 
the  end  of  the  inlet  pipe  in  the  orifice  instead  of  pass- 
ing  through  it.  Alternatively,  the  inlet  pipe  can  pass 
from  outside  the  loop  line  carrying  the  condensed 
phase  mixture  directly  into  the  turbulent  region  down- 
stream  of  the  orifice,  usually  normal  to  the  bulkdirec- 
tion  of  flow  of  the  condensed  phase  mixture. 

Most  preferably  the  mixer  is  a  turbulent  flow  or- 
ifice  plate  mixer  which  comprises  an  orifice  which  is 
substantially  perpendicular  to  the  plate,  and  a  port  in 
the  internal  wall  of  the  orifice,  the  condensed  phase 
mixture  flowing  through  the  orifice  and  the  chlorine 
and/or  oxygen  passing  through  the  port. 
The  orifice  constitutes  a  bore  through  the  plate  with 
the  port  constituting  a  passage  in  the  wall  of  the  bore. 
The  ratio  of  the  diameter  of  the  orifice  to  the  thick- 
ness  of  the  plate,  i.e.  the  length  of  the  orifice  is  usu- 
ally  at  most  2:1,  e.g.  1:1  to  1:50  preferably  1:1  to  1:20 
and  especially  1:1  to  1:10.  It  will  be  understood  that 
references  to  a  "plate"  herein  include  a  fabricated 
construction  made  up  of  two  thin  plates  joined  togeth- 
er,  the  space  between  them  being  such  as  to  accom- 
modate  a  feed  pipe  to  the  port. 
The  "orifice"  then  takes  the  form  of  a  short  length  of 
pipe  between  the  two  thin  plates.  If  desired  there  may 
be  more  than  one  port,  e.g.  2-4  ports  in  the  internal 

wall  or  the  orifice  e.g.  one  for  chlorine  and  one  if  need- 
ed  for  oxygen  inputs.  The  duct  or  ducts  leading  the 
oxygen  and/or  chlorine  to  the  port  or  ports  in  the  wall 

5  of  the  orifice  may  be  drilled  through  the  thickness  of 
the  plate,  conveniently  in  a  radial  direction.  It  is  not, 
however,  essential  that  the  port  be  flush  with  the  in- 
ternal  wall,  and  it  is  possible  to  introduce  a  pipe  or  col- 
lar  projecting  beyond  the  wall  in  a  radial,  upstream  or 

10  downstream  direction.  Preferably  the  mixer  compris- 
es  an  integral  plate  in  which  an  axial  bore  or  orifice 
and  at  least  one  radial  duct  or  port  have  been  fabri- 
cated  e.g.  by  drilling,  the  orifice  having  the  port  or 
ports  in  its  internal  wall.  The  plate  may  be  of  circular, 

15  square  or  rectangular  cross  section  with  the  orifice 
preferably  at  its  centre;  the  centre  of  the  port  is  pre- 
ferably  about  equally  spaced  from  the  ends  of  the  or- 
ifice,  e.g.  at  a  distance  of  40  -  60%  of  the  length  of 
the  orifice,  from  the  end  of  the  orifice.  The  dimen- 

20  sionsoftheturbulentflow  plate  mixershould  be  such, 
in  relation  to  the  mass  density  of  the  condensed 
phase  mixture  suspension,  its  viscosity  and  linear  ve- 
locity  in  the  orifice,  that  the  Reynolds  number  in  the 
orifice  is  greater  than  the  minimum  for  turbulent  flow, 

25  for  example  to  give  the  Reynolds  number  given 
above.  The  greater  diameter  of  the  orifice  for  the  con- 
stant  volume  of  fluid  through  the  orifice  the  smaller 
the  Reynolds  number  and  the  less  the  pressure  drop 
across  the  plate,  so  that  the  choice  of  diameter  is  a 

30  compromise  between  the  desire  for  a  high  Reynolds 
numbergiving  maximum  turbulence  and  avoidance  of 
a  high  pressure  drop  requiring  maximum  power  input. 
In  general,  the  design  will  be  a  compromise  of  the 
conflicting  requirements  of  high  throughput  and  Rey- 

35  nolds  number  with  a  reasonable  applied  pump  pres- 
sure  on  the  one  hand  and  a  high  pressure  drop  across 
the  plate  on  the  other.  These  turbulent  flow  orifice 
plates  can  be  of  simple  construction  and  the  condi- 
tions  for  successful  operation  of  small  scale  process- 

40  es  can  be  scaled  up  for  larger  scale  processes  easily. 
These  mixers  are  described  in  BP  1563995. 

The  turbulent  flow  is  achieved  by  use  of  the  mix- 
ers  and  also  in  the  loop  circuit  through  which  the  liq- 
uid  flows  there  is  a  pump;  the  requirement  for  turbu- 

45  lent  flow  necessitates  a  pump  operating  at  a  high 
pumping  rate.  The  turbulent  flow  occurs  in  the  mixer 
and  in  the  reaction  zone  wherever  unreacted  chlorine 
and/or  oxygen  contacts  the  phosphorus  containing 
liquid  medium  and  reacts  with  it.  Most  pumps  and 

so  heat  exchangers  for  cooling  the  reaction  mixture  keep 
turbulent  a  liquid  fed  there  into  a  state  of  turbulent 
flow.  Fixed  pressure  pumps,  e.g.  centrifugal  pumps 
are  preferred  through  any  other  type  of  pump  capable 
of  high  pumping  rate  may  be  used.  It  is  possible  for 

55  the  mixer  to  act  as  a  pump,  e.g.  with  the  Silverson 
mixer  with  the  rotor  operating,  but  preferably  the  mix- 
er  and  pump  are  separate.  The  recycle  loop  system 
also  contains  one  or  more  heat  exchangers  as  cool- 
ers,  inlets  for  feedstocks  and  an  outletforthe  product. 

3 
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Preferably  the  cooler  is  between  the  mixers  and  the 
outlets  in  the  direction  of  liquid  flow.  Advantageously 
the  loop  also  contains  a  gas  separator  e.g.  a  cylindri- 
cal  tube  or  cyclone  located  after  the  reaction  zone  to 
remove  any  residual  gases  though  the  amounts  of 
these  relative  to  the  feed  gases  are  very  small  e.g. 
less  than  5%  or  less  than  1%  or  especially  less  than 
0.2%. 

Thus  preferably  the  process  occurs  in  a  recycle 
loop  reactor  through  which  is  pumped  the  liquid  me- 
dium  and  reaction  material,  the  reactor  having  in  the 
direction  of  flow  of  the  reaction  material  and  liquid  me- 
dium,  an  inlet  for  phosphorus,  a  pump,  a  mixer  giving 
turbulent  flow  into  which  chlorine  and  if  needed  oxy- 
gen  are  passed,  a  heat  exchanger  as  cooler,  a  gas 
separator  and  an  outlet  for  reaction  material.  The 
chlorine  is  passed  into  the  loop  continuously  with  the 
phosphorus,  and  if  needed  oxygen,  being  optionally 
added  continuously  or  discontinuously.  The  process 
may  be  operated  continuously  with  continuous  input 
of  at  least  some  reactants  and  continuous  removal  or 
product  before  orafterthe  cooling  step.  Alternatively, 
the  process  may  be  operated  semi  continuously  with- 
out  the  removal  of  product  until  after  addition  of  reac- 
tants  has  stopped  and  the  reaction  completed  as  in  a 
progressive  addition  process. 
The  process  may  also  produce  a  small  amount  of  poly 
(phosphorus  oxychloride),  e.g.  in  amount  of  1-10% 
when  oxygen  is  used,  but  the  amount  of  this  can  be 
reduced  by  periodically  reducing  or  stopping  the  oxy- 
gen  flow. 

The  temperature  of  the  mixture  of  phosphorus 
and  liquid  medium  as  it  enters  the  mixer  before  reac- 
tion  with  chlorine  and/or  oxygen  is  primarily  governed 
by  the  need  for  a  reaction  of  adequate  speed  which 
usually  requires  a  temperature  of  greater  than  20°C 
or  especially  at  least  30°C.  Advantageously  the  tem- 
perature  is  such  that  the  elemental  phosphorus  in  the 
condensed  phase  mixture  is  molten  e.g.  at  above 
45°C.  The  upper  limit  in  the  absence  of  any  applied 
pressure  is  usually  80°C  when  the  product  is  phos- 
phorus  trichloride  and  100°C  when  the  product  com- 
prises  phosphorus  oxychloride,  though  higher  tem- 
peratures,  e.g.  up  to  110°C  or  above,  may  be  used 
with  progressively  higher  pressure  being  placed  on 
the  system  if  necessary  to  stop  volatilization  at  t  he  I  iq- 
uid  temperature.  Preferably  the  temperature  of  the 
medium  entering  the  mixer  is  30-80°C,  and  especially 
40-70°C  while  the  temperature  of  the  reaction  mate- 
rial  leaving  the  reaction  zone  is  usually  50-1  10°C,  e.g. 
80-110°C. 

The  loop  system  is  usually  maintained  with  an  ex- 
ternal  pressure  of  at  least  substantially  atmospheric, 
e.g.  up  to  10  atmospheres  and  preferably  about  at- 
mospheric  pressure.  In  the  process,  the  reaction  in- 
volving  phosphorus,  chlorine  (and,  if  present,  oxygen) 
is  usually  performed  in  the  substantial  absence  of 
any  significant  amount  of  vapour  phase,  the  act  of 

mixing  in  the  turbulent  flow  suspension  being  such  as 
to  stop  or  at  least  inhibit  formation  of  the  vapour 
phase.  Thus  the  reaction  is  preferably  performed  in 

5  a  continuous  liquid  phase  (which  may  also  contain 
solid)  and  with  any  vapour  phase  in  the  form  of  a  dis- 
perse  phase  of  small  bubbles. 

After  the  reaction  has  occurred,  the  reaction  ma- 
terial  is  cooled,  usually  to  a  temperature  about  the 

10  same  as  the  input  temperature  of  the  recycle  mixture 
before  reaction. 
The  reaction  is  exothermic,  the  heat  of  reaction  being 
absorbed  in  the  bulk  of  the  circulating  liquid  as  a  heat 
sink.  The  cooling  is  preferably  such  as  to  give  a  max- 

15  imum  temperature  difference  of  the  liquid  in  different 
parts  of  the  loop  of  80°C,  preferably  50°C,  especially 
10-50°C  or  10-30°C  in  the  production  of  any  product 
comprising  10%  or  more  of  phosphorus  oxychloride 
and  1-10°C  in  the  production  of  product  comprising 

20  90%  or  more  of  phosphorus  trichloride.  The  cooling 
may  take  place  in  one  or  more  stages  with  the  reac- 
tion  mixture  being  passed  through  one  or  more  heat 
exchangers.  Usually  any  portion  of  reaction  material 
will  be  withdrawn  as  reaction  product  is  removed  after 

25  at  least  partial  cooling  of  the  reaction  material,  and 
then  the  remainder  is  mixed  with  fresh  phosphorus  to 
compensate  for  the  phosphorus  reacted  and  re- 
moved,  and  to  bring  the  content  of  phosphorus  in  the 
material  back  to  the  value  desired.  Alternatively  the 

30  reaction  material  may  be  cooled  after  the  portion  is 
withdrawn,  the  cooling  occurring  before  or  after  the 
fresh  phosphorus  is  added. 

Afterthe  end  of  the  reaction  zone,  and  preferably 
before  any  product  is  removed  from  the  system,  the 

35  reaction  material  is  usually  passed  through  a  gas  sep- 
arator  to  remove  any  small  amount  of  residual  gases 
though  the  process  gives  rise  to  substantially  com- 
plete  absorption  and  reaction  of  the  input  reactant 
gases.  The  gas  separator  may  be  a  cyclone,  or  a  ves- 

40  sel  or  tube  in  which  the  degree  of  turbulence  is  re- 
duced  sufficient  to  allow  any  entrained  gases  to  sep- 
arate.  Thus  in  the  separator,  there  is  a  gas  liquid  in- 
terface  at  which  the  entrained  bubbles  break;  above 
the  interface  may  be  passed  an  inert  gas  e.g.  dry  ni- 

45  trogen. 
In  the  preferred  method  of  operating  the  contin- 

uous  process  the  portion  of  the  reaction  mixture  tak- 
en  out  of  the  system  can  constitute  a  tenth  to  a  two 
thousandth  of  the  weight  of  the  remainder  of  the  re- 

50  action  material  recycled  i.e.  a  recycle  ratio  of  10:1  to 
2000:1,  preferably  40:1  to  1000:1,  e.g.  100:1  to  700:1 
but  especially  40-100:1. 

The  amount  of  the  phosphorus  in  the  condensed 
phase  mixture  entering  the  mixer  depends  on  the  de- 

55  sired  composition  of  the  product  removed  from  the 
system  and  the  recycle  ratio,  but  is  usually  0.05-10% 
e.g.  0.05%-1  %,  while  the  content  of  poly  (phosphorus 
oxychloride)  (if  any)  may  be  up  to  20%  e.g.  1-10%  by 
weight. 

4 
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In  a  most  preferred  process,  the  process  is  car- 
ried  out  in  a  recycle  loop  reactor  having  in  the  direc- 
tion  of  flow  of  recycled  mixture  and  reaction  material, 
an  inlet  for  phosphorus,  a  pump,  an  orifice  plate  mixer 
with  inlet  for  chlorine  (and  oxygen  if  needed  added  to- 
gether  or  separately),  preferably  together  in  a  mixer 
comprising  a  plate  having  an  orifice,  through  which 
the  mixture  passes  and  which  is  substantially  perpen- 
dicular  to  said  plate  and  a  port  or  ports  forthe  chlorine 
(and  if  present  oxygen)  in  the  internal  wall  of  the  ori- 
fice,  the  ratio  of  the  diameter  of  the  orifice  to  the 
thickness  of  the  plate  being  1:1  to  1:10,  one  or  more 
in-line  mixers,  a  heat  exchanger  as  cooler,  a  gas  sep- 
arator  and  an  outlet  for  said  reaction  mixture,  the  re- 
action  being  carried  out  at  a  temperature  of  30-100°C, 
the  Reynolds  Number  at  the  point  of  mixing  being  at 
least  100,000,  and  the  recycle  weight  ratio  of  the  re- 
action  mixture  removed  to  the  recycled  reminder  be- 
ing  40-1000:1. 

The  product  produced  by  the  process  and  re- 
moved  by  the  loop  either  at  the  end  of  batch  or  con- 
tinuously  or  continually  during  a  continuous  operation 
is  a  mixture  comprising  unreacted  phosphorus  and 
phosphorus  trichloride,  or  a  mixture  thereof  with 
phosphorus  oxychloride,  usually  with  only  a  small 
amount  of  poly  phosphorus  oxychloride  in  contrast  to 
that  of  BP-A-1  033938  which  is  a  mixture  of  phos- 
phorus  oxychloride  and  poly  phosphorus  oxychloride 
and  gaseous  oxygen.  The  components  of  the  product 
are  separated  outside  the  loop  by  fractional  distilla- 
tion  to  separate  the  phosphorus  chloride  or  chlorides, 
the  phosphorus  and  any  poly  phosphorus  oxychlor- 
ides,  the  latter  two  in  the  still  bottom  being  recycled 
to  the  loop  for  reuse  if  desired. 

The  process  and  apparatus  are  simple  to  con- 
struct,  operate  and  use. 

The  process  is  preferably  performed  in  a  loop  ap- 
paratus,  as  shown  in  the  accompanying  drawing 
which  is  a  block  diagram  of  the  loop  which  has  an  in- 
put  line  1,  a  pump  2,  turbulent  flow  mixer  3,  input  lines 
4  and  5  to  mixer  3,  a  heat  exchanger  6,  a  gas  sepa- 
rator  7  and  an  output  line  8. 

In  the  operation  of  the  loop  a  mixture  of  unreacted 
phosphorus  and  phosphorus  chloride  product  (refer- 
red  to  hereafter  as  a  "heel")  is  circulated  round  the 
loop  by  pump  2.  Fresh  molten  phosphorus  is  passed 
into  the  loop  from  line  1  and  the  mixture  of  it  and  the 
heel  is  drawn  through  pump  2  and  rendered  turbulent, 
so  that  the  mixture  is  turbulent  at  the  point  in  mixer  3 
where  chlorine  and  oxygen  enter  the  loop  from  lines 
4  and  5  respectively,  the  reaction  material  produced 
being  then  pumped  further  round  the  loop  through 
the  exchanger  6.  Any  residual  gases  in  the  reaction 
material  are  separated  in  gas  separator  7.  Asmall  por- 
tion  of  the  reaction  material  is  removed  through  line 
8  as  product  and  the  remainder  is  recycled  for  contact 
with  fresh  phosphorus  from  line  1.  Alternatively  the 
small  portion  of  the  reaction  material  may  be  removed 

before  passage  through  the  heat  exchanger.  In  a 
semi  batch  process  no  product  is  removed  during  the 
period  of  feeding  the  reactants. 

5  The  mixer  is  one  which  imparts  turbulence  to  the 
liquid  flowing  through  it  at  the  point  of  introduction  of 
the  oxygen  (if  present)  and  chlorine  and  thereafter  in 
the  reaction  zone.  Various  types  of  mixer  have  been 
described  above  but  preferably  the  mixer  is  an  orifice 

10  plate  mixer  with  1  or  more  radial  ports.  Advanta- 
geously  between  the  mixer  3  and  heat  exchanger  6 
are  one  or  preferably  two  in  line  mixers  (not  shown). 

The  process  is  illustrated  in  the  following  Exam- 
ples  in  which  apparatus  as  described  with  reference 

15  to  the  accompanying  drawing  was  used  but  in  a  semi 
continuous  manner.  In  each  Example  the  process 
was  operated  with  continuous  circulation  of  the  con- 
tents  of  the  loop,  a  single  addition  of  elemental  P  and 
continuous  addition  of  chlorine  and  if  present  oxygen; 

20  no  product  was  removed,  so  the  weight  of  the  con- 
tents  of  the  loop  increased  during  the  reaction.  The 
mixer  was  an  orifice  plate  mixer  with  1  radial  port  (as 
shown  in  BP  1563995)  through  which  chlorine  or  a 
mixture  thereof  with  oxygen  was  passed  while  the 

25  loop  contents  passed  through  the  orifice;  the  ratio  of 
the  diameter  of  the  orifice  to  the  thickness  of  the 
plate  was  1:7.  The  gas  separator  was  a  cyclone  with 
the  effluent  gas  vented  to  the  atmosphere  so  the 
process  was  operated  under  substantially  no  extern- 

30  ally  applied  pressure.  All  percentages  are  by  weight. 

Example  1 

37kg  of  a  liquid  containing  58.9%  phosphorus 
35  oxychloride,  36.4%  phosphorus  trichloride,  4.3%  poly 

(phosphorus  oxychloride)  and  0.4%  elemental  yellow 
phosphorus  was  pumped  round  the  loop  at  a  rate  of 
1500  1/hr  (about  2300  kg/hr)  at  a  temperature  of 
about  55°C.  To  the  circulating  liquid  was  added  3.4kg 

40  of  molten  yellow  phosphorus,  and  then  a  premixture 
of  1  .0  kg/hr  of  oxygen  gas  and  11  .6  kg/hr  of  chlorine 
gas  (a  C1  :0  atom  ratio  of  5:1).  The  gases  were  passed 
into  the  mixer  for  one  hour,  during  which  time  the  tem- 
perature  of  the  liquid  leaving  the  heat  exchanger  and 

45  entering  the  mixer  was  66-67°C  while  that  of  the  liq- 
uid  leaving  the  mixerand  entering  the  heat  exchanger 
(hereinafter  called  the  reaction  zone)  was  90-91  °C. 
The  gas  leaving  the  gas  separator  was  analysed,  and 
after  38  minutes  was  found  to  contain  oxygen  in 

so  amount  of  0.02%  (relative  to  the  amount  of  input  oxy- 
gen).  After  1  hour  the  loop  contained  53kg  of  a  prod- 
uct  with  the  same  analysis  as  at  the  start. 

The  Reynolds  number  of  the  liquid  in  the  mixer 
was  183,000. 

55 
Example  2 

The  process  of  Example  1  was  repeated  with  the 
loop  initially  containing  37kg  of  a  liquid  of  63.6%  phos- 

5 
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phorus  oxychloride,  30.4%  phosphorus  trichloride, 
5.8%  poly  (phosphorus  oxychloride)  and  0.2%  ele- 
mental  yellow  P.  The  initial  temperature  of  the  liquid, 
which  was  recycling  at  1900  1/hr  (2900  kg/hr)  was  5 
about  55°C.  3.05kg  of  extra  elemental  P  were  added 
while  the  chlorine  and  oxygen  were  added  at  the 
same  rates  as  in  Example  1.  The  temperatures  were 
49-51°Cand  71  -72°C  outside  and  inside  the  reaction 
zone  respectively.  After  1  0  minutes,  the  effluent  gas  10 
contained  oxygen  in  amount  of  0.01%  of  the  input 
feed.  After  52  minutes  the  loop  contained  about  51kg 
of  liquid  of  62.5%  phosphorus  oxychloride,  32.8% 
phosphorus  trichloride,  4.3%  poly  (phosphorus  oxy- 
chloride)  and  0.4%  elemental  P.  The  Reynolds  num-  15 
ber  in  the  mixer  was  231  ,000. 

Example  3 

The  process  of  Example  1  was  repeated  with  the  20 
loop  initially  containing  37kg  of  a  liquid  of  72.6%  phos- 
phorus  oxychloride,  20.1%  phosphorus  trichloride, 
6.6%  poly  (phosphorus  oxychloride)  and  1-2%  ele- 
mental  yellow  P.  The  initial  temperature  of  the  liquid 
which  was  recycling  at  2000/1  hr  (3100  kg/hr)  was  25 
about  55°C,  2.3kg  of  extra  elemental  P  were  added 
with  chlorine  and  oxygen  premixed  as  before  in 
amounts  of  9.6  kg/hr  and  1.2  kg/hr  respectively  (a 
C1  :0  atom  ratio  of  3.5:1).  The  temperatures  were  50- 
52°C  and  62-69°C  outside  and  inside  the  reaction  30 
zone  respectively.  After  19  minutes,  the  effluent  gas 
contained  oxygen  in  amount  of  0.04%  of  the  input 
oxygen  feed.  After  one  hour  the  loop  contained  about 
50kg  of  73.5%  phosphorus  oxychloride,  18.1%  phos- 
phorus  trichloride  8.2%,  poly  (phosphorus  oxychlor-  35 
ide)  and  0.2%  elemental  P.  The  Reynolds  number  in 
the  mixer  was  244,000. 

Example  4 

The  process  of  Example  1  was  repeated  but  with- 
out  addition  of  oxygen  and  with  the  loop  initially  con- 
taining  32kg  of  a  liquid  of  88.3%  phosphorus  oxy- 
chloride,  5.9%  phosphorus  trichloride,  5.4%  poly 
(phosphorus  oxychloride)  and  0.5%  elemental  yellow 
P.  The  initial  temperature  of  the  liquid  which  was  re- 
cycling  at  1  700  1/hr  (2635  kg/hr),  was  about  55°C.  3kg 
of  extra  elemental  P  were  added  and  then  chlorine 
was  passed  into  the  mixer  at  3.5  kg/hr.  The  tempera- 
tures  were  59-60°C  and  64°C  outside  and  inside  the 
reaction  zone  respectively.  After  75  minutes  the  loop 
contained  about  39.5kg  of  74.2%  phosphorus  oxy- 
chloride  18.7%  phosphorus  trichloride  2.5%  poly 
phosphorus  oxychloride  and  4.3%  elemental  P,  cor- 
responding  to  production  of  about  5.5kg  of  phos- 
phorus  trichloride.  The  Reynolds  number  in  the  mixer 
was  207,000. 

Claims 

1.  A  process  for  producing  products  comprising 
5  chlorophosphorus  compounds,  characterised 

by 
(i)  adding  yellow  phosphorus  to  a  recycling 
liquid  medium  comprising  said  product  to  give 
a  condensed  phase  mixture  of  phosphorus  in 

10  said  liquid  medium, 
(ii)  passing  chlorine,  or  chlorine  and  oxygen 
with  the  atom  ratio  of  oxygen:phosphorus  be- 
ing  lessthan  1:1,  into  said  mixture  to  give  a  re- 
action  material,  where  said  mixture  and  said 

15  reaction  material  are  in  a  condition  of  turbulent 
flow  at  (a)  the  points  of  contact  of  mixture, 
chlorine,  and,  if  present,  oxygen  and  (b)  there- 
after  in  the  reaction  zone  whereby  a  reaction 
material  comprising  chlorophosphorus  com- 

20  pound  and  elemental  phosphorus  is  pro- 
duced, 
(iii)  cooling  said  reaction  material, 
(iv)  recycling  at  least  a  portion  of  said  reaction 
material  as  liquid  medium  for  mixing  with  more 

25  yellow  phosphorus. 

2.  A  process  according  to  Claim  1  ,  characterised  in 
that  the  overall  atom  ratio  of  chlorine  to  phos- 
phorus  in  the  input  feeds  is  3:1  or  less,  and  the 

30  atom  ratio  of  oxygen  to  phosphorus  is  zero, 
thereby  producing  phosphorus  trichloride,  or  in 
that  the  atom  ratio  of  oxygen  to  phosphorus  in 
the  input  feeds  is  from  0.1:1  to  0.98:1,  and  the 
atom  ratio  of  chlorine  to  oxygen  is  from  3:1  to 

35  10:1,  thereby  producing  a  product  comprising 
phosphorus  oxychloride  or  a  mixture  thereof  with 
phosphorus  trichloride. 

3.  A  process  according  to  Claim  1  or  Claim  2,  char- 
40  acterised  in  that  the  chlorine  and  oxygen  are 

premixed  in  the  desired  proportions  and  the  pre- 
mix  added  to  said  condensed  phase  mixture. 

4.  A  process  according  to  any  one  of  Claims  1  to  3, 
45  characterised  in  that  the  apparent  Reynolds 

Number  at  the  point  of  mixing  of  phosphorus, 
chlorine  and,  if  present,  oxygen,  is  at  least  2,000, 
e.g.  at  least  100,000,  and  especially  where  said 
apparent  Reynolds  Number  is  from  100,000  to 

50  500,000  or  from  1  million  to  10  million. 

5.  A  process  according  to  any  one  of  Claims  1  to  4 
characterised  in  that  the  temperature  at  the 
point  of  mixing  of  phosphorus,  chlorine  and  oxy- 

55  gen  is  from  20°C  to  1  00°C,  or  in  that  the  temper- 
ature  at  the  point  of  mixing  of  phosphorus  and 
chlorine  is  from  20°C  to  80°C. 

45 

6.  A  process  according  to  any  one  of  Claims  1  to 

6 
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5,  characterised  in  that  the  reaction  is  per- 
formed  in  a  continuous  liquid  phase,  which  may 
also  contain  solid,  and  with  any  vapour  phase  in 
the  form  of  a  disperse  phase  of  small  bubbles. 

7.  A  process  according  to  any  one  of  Claims  1  to  6, 
characterised  in  that  said  process  is  performed 
in  a  recycle  loop  reactor  through  which  is  pumped 
said  liquid  medium  and  said  reaction  material, 
wherein  said  recycle  loop  reactor  comprises,  in 
the  direction  of  flow  of  said  reaction  material  and 
said  liquid  medium,  (i)  an  inlet  for  yellow  phos- 
phorus,  (ii)  a  pump,  especially  where  said  pump 
is  a  fixed  pressure  pump,  (iii)  a  mixer  giving  tur- 
bulent  flow  into  which  chlorine  and,  if  needed, 
oxygen,  are  passed,  especially  where  said  mixer 
is  an  orifice  plate  mixer  which  comprises  a  plate 
disposed  across  the  liquid  flow  with  at  least  one 
axial  orifice  through  which  said  liquid  medium 
passes,  especially  where  said  orifice  is  substan- 
tially  perpendicular  to  said  plate  and  the  internal 
wall  of  said  orifice  contains  at  least  one  port, 
through  which  the  chlorine  and/or  oxygen  pass, 
especially  where  the  ratio  of  the  diameter  of  said 
orifice  to  th  thickness  of  said  plate  is  from  1:1  to 
1:10,  especially  where  said  recycle  loop  reactor 
also  comprises  one  or  more  in-line  mixers,  e.g. 
helical  and  cross  bar  mixers,  (iv)  one  or  more 
heat  exchangers  as  coolers,  and  (v)  an  outlet  for 
reaction  material,  especially  where  said  coolers 
are  located  between  said  mixers  and  said  outlet 
in  the  direction  of  liquid  flow. 

8.  A  process  according  to  Claim  7,  characterised  in 
that  said  recycle  loop  reactor  also  comprises  a 
gas  separator,  especially  where  said  gas  separa- 
tor  is  a  cylindrical  tube  or  cyclone  located  after 
the  reaction  zone. 

9.  A  process  according  to  any  one  of  Claims  1  to  1  8, 
characterised  in  that  said  process  is  operated 
continuously  with  continuous  input  of  at  least 
some  reactants  and  continuous  removal  of  prod- 
uct  before  of  after  the  cooling  step. 

1  0.  A  process  according  to  Claim  9,  characterised  in 
that  the  recycle  weight  ratio  of  the  reaction  mix- 
ture  removed  to  the  recycled  remainder  is  from 
10:1  to  2000:1,  especially  where  said  recycle 
weight  ratio  is  from  40:1  to  100:1  . 

Patentanspruche 

1.  Verfahren  fur  die  Herstellung  von  Produkten,  die 
Chlorphosphorverbindungen  enthalten,  da- 
durch  gekennzeichnet,  daft  es  die  folgenden 
Schritte  aufweist: 

(i)  Zugabe  von  gelbem  Phosphor  zu  einem 
das  Produkt  enthaltenden  zuruckgefuhrten 
flussigen  Medium,  urn  eine  Mischung  verdich- 

5  teter  Phase  von  Phosphor  in  dem  flussigen 
Medium  zu  schaffen, 
(ii)  Einleiten  von  Chlor  oder  Chlor  und  Sauer- 
stoff  mit  einem  Atomverhaltnis  von  Sauer- 
stoff:  Phosphor  von  wenigerals  1:1  in  die  Mi- 

10  schung  als  Reaktionsmaterial,  wobei  sich  die 
Mischung  und  das  Reaktionsmaterial  im  Zu- 
stand  der  turbulenten  Stromung  befinden,  an 
(a)  jenen  Stellen,  wo  die  Mischung,  das  Chlor 
und  der  Sauerstoff,  falls  vorhanden,  in  Kon- 

15  takt  treten  und  danach  (b)  im  Reaktionsbe- 
reich,  wobei  ein  Reaktionsmaterial  hergestellt 
wird,  das  eine  Chlorphosphorverbindung  und 
elementaren  Phosphor  enthalt, 
(iii)  Abkuhlen  des  Reaktionsmaterials; 

20  (iv)  Zuruckfuhren  von  mindestens  einem  Teil 
des  Reaktionsmaterials  als  flussiges  Medium 
fur  die  Mischung  mit  noch  mehr  gelbem  Phos- 
phor. 

25  2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet  daft  das  Gesamtatomverhaltnis  zwi- 
schen  Chlor  und  Phosphor  bei  den  Eingangszu- 
gaben  3:1  oderwenigerbetragt  und  das  Atomver- 
haltnis  zwischen  dem  Sauerstoff  und  dem  Phos- 

30  phor  Null  ist,  wobei  Phosphortrichlorid  hergestellt 
wird,  oder  dali  das  Atomverhaltnis  zwischen 
Chlor  und  Phosphor  bei  den  Eingangszugaben 
zwischen  0,1:1  und  0,98:1  betragt  und  das  Atom- 
verhaltnis  zwischen  Chlor  und  Sauerstoff  zwi- 

35  schen  3:1  und  10:1  betragt,  wobei  ein  Produkt 
hergestellt  wird,  das  Phosphoroxychlorid  oder  ei- 
ne  Mischung  davon  mit  Phosphortrichlorid  ent- 
halt. 

40  3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  ge- 
kennzeichnet,  daft  das  Chlor  und  der  Sauerstoff 
in  den  gewunschten  Verhaltnissen  vorgemischt 
werden  und  die  Vormischung  der  Mischung  ver- 
dichteter  Phase  beigemengt  wird. 

45 
4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  da- 

durch  gekennzeichnet,  daft  die  scheinbare 
Reynoldssche  Zahl  an  der  Stelle  der  Vermi- 
schung  von  Phosphor,  Chlor  und  Sauerstoff  (falls 

so  vorhanden)  zumindest  2000,  beispielsweise  min- 
destens  100  000  und  insbesondere  zwischen  100 
000  und  500  000  oder  1  Million  und  10  Millionen 
betragt. 

55  5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  da- 
durch  gekennzeichnet,  daft  die  Temperatur  an 
der  Stelle  der  Vermischung  von  Phosphor,  Chlor 
und  Sauerstoff  zwischen  20°C  und  100°C  betragt 
oder  dali  die  Temperatur  an  der  Stelle  derVermi- 

7 



13 EP  0  451  801  B1 14 

schung  von  Phosphor  und  Chlor  zwischen  20°C 
und  80°C  betragt. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  da- 
durch  gekennzeichnet,  daft  die  Reaktion  in  ei- 
ner  kontinuierlichen  flussigen  Phase  durchge- 
fuhrt  wird,  die  auch  feste  Teile  enthalten  und  mit 
einer  beliebigen  Dampfphase  in  Form  einer  dis- 
persen  Phase  von  Gasblasen  versehen  sein 
kann. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  da- 
durch  gekennzeichnet,  daft  das  Verfahren  in  ei- 
nem  Ruckfuhrschleifenreaktordurchgefuhrtwird, 
durch  den  das  flussige  Medium  und  das  Reakti- 
onsmaterial  gepumpt  werden,  wobei  der  Ruck- 
fuhrschleifenreaktor  in  der  Stromungsrichtung 
des  Reaktionsmaterials  und  des  flussigen  Medi- 
ums  folgendes  enthalt:  (i)einen  Einlafi  fur  gelben 
Phosphor,  (ii)  eine  Pumpe,  insbesondere  eine  fe- 
ste  Druckpumpe,  (iii)  einen  Mischer,  der  eine  tur- 
bulente  Stromung  erzeugt,  in  die  Chlor  und  bei 
Bedarf  Sauerstoff  eingeleitet  werden,  wobei  der 
Mischer  insbesondere  ein  Offnungsplattenmi- 
scher  mit  einer  quer  zum  Flussigkeitsstrom  ange- 
ordneten  Platte  ist  und  die  Platte  mindestens  eine 
Offnung  fur  das  Durchflielien  des  flussigen  Me- 
diums  aufweist,  die  vorzugsweise  im  wesentli- 
chen  senkrecht  zur  Platte  liegt  und  deren  Innen- 
wand  mindestens  einen  Einlali  aufweist,  durch 
den  das  Chlor  und/oder  Sauerstoff  einflielien 
konnen,  wobei  das  Verhaltnis  zwischen  dem 
Durchmesser  der  Offnung  und  der  Dicke  der  Plat- 
te  vorzugsweise  zwischen  1:1  und  1:10  betragt 
und  der  Ruckfuhrschleifenreaktor  weiters  einen 
oder  mehrere  in  der  Leitung  angeordnete  Mi- 
scher,  beispielsweise  Schrauben-  und  Querstan- 
genmischer  aufweist,  (iv)  einen  oder  mehrere 
Warmetauscher  als  Kuhleinrichtungen,  und  (v) 
einen  Auslali  fur  das  Reaktionsmaterial,  wobei 
die  Kuhleinrichtungen  in  der  Stromungsrichtung 
der  Flussigkeit  insbesondere  zwischen  den  Mi- 
schern  und  dem  Auslali  angeordnet  sind. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dali  der  Ruckfuhrschleifenreaktor  wei- 
ters  einen  Gasabscheider  aufweist,  der  vorzugs- 
weise  ein  nach  dem  Reaktionsbereich  angeord- 
netes  zylindrisches  Rohr  oder  ein  Zyklon  ist. 

9.  Verfahren  nach  einem  der  Anspruche  1  bis  8,  da- 
durch  gekennzeichnet,  dali  das  Verfahren  kon- 
tinuierlich  durchgefuhrt  wird,  bei  kontinuierlicher 
Eingabe  von  zumindest  einiger  der  Reaktionsmit- 
tel  und  kontinuierlicher  Entfernung  des  Produkts 
vor  oder  nach  dem  Abkuhlungsschritt. 

10.  Verfahren  nach  Anspruch  9,  dadurch  gekenn- 

zeichnet,  dali  Ruckfuhr-Gewichtsverhaltnis  zwi- 
schen  der  entfernten  Reaktionsmischung  und 
dem  zuruckgefuhrten  Rest  zwischen  10:1  und 

5  2000:1  und  insbesondere  zwischen  40:1  und 
100:1  betragt. 

Revendications 
10 

1.  Procede  pour  preparer  des  produits  comprenant 
des  composes  de  chlorophosphore,  caracterise 
par  le  fait 

(i)  d'ajouterdu  phosphore  jaune  a  un  milieu  li- 
15  quide  de  recyclage  comprenant  ledit  produit 

pour  obtenir  un  melange  a  phase  condensee 
de  phosphore  dans  ledit  milieu  liquide, 
(ii)  de  faire  passer  du  chlore,  ou  du  chlore  et 
de  I'oxygene,  le  rapport  atomique  oxyge- 

20  ne:phosphore  etant  inferieur  a  1:1,  dans  ledit 
melange  pour  obtenir  une  matiere  reaction- 
nelle,  ledit  melange  et  ladite  matiere  reaction- 
nelle  se  trouvant  dans  une  condition  d'ecou- 
lement  turbulent  (a)  aux  points  de  contact  du 

25  melange  avec  le  chlore  et,  s'il  est  present, 
avec  I'oxygene,  et  (b)  par  apres  dans  la  zone 
reaction  nelle,  cequi  permetd'obtenirune  ma- 
tiere  reactionnelle  comprenant  un  compose 
de  chlorophosphore  et  du  phosphore  elemen- 

30  taire, 
(iii)  de  refroidir  ladite  matiere  reactionnelle, 
(iv)  de  recycler  au  moins  une  portion  de  ladite 
matiere  reactionnelle  sous  forme  d'un  milieu 
liquide  pour  la  melanger  avec  une  quantite 

35  supplemental  de  phosphore  jaune. 

2.  Procede  selon  la  revendication  1,  caracterise  en 
ce  que  le  rapport  atomique  global  chlore:phos- 
phore  dans  les  charges  d'entree  est  de  3:1  ou 

40  moins,  et  le  rapport  atomique  oxygene:phospho- 
re  est  egal  a  zero,  ce  qui  permet  d'obtenir  du  tri- 
chlorure  de  phosphore,  ou  en  ce  que  le  rapport 
atomique  oxygene:phosphore  dans  les  charges 
d'entree  est  de  0,1  :1  a  0,98:1  et  le  rapport  atomi- 

45  que  chlore:oxygene  estde  3:1  a  10:1,  ce  qui  per- 
met  d'obtenir  un  produit  comprenant  de  I'oxychlo- 
rure  de  phosphore  ou  un  melange  de  ce  dernier 
avec  du  trichlorure  de  phosphore. 

so  3.  Procede  selon  la  revendication  1  ou  2,  caracteri- 
se  en  ce  qu'on  premelange  le  chlore  et  I'oxygene 
dans  les  proportions  desirees  et  on  ajoute  le  pre- 
melange  audit  melange  a  phase  condensee. 

55  4.  Procede  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  caracterise  en  ce  que  le  nombre  de 
Reynolds  apparent  a  I'endroit  de  melange  du 
phosphore  avec  le  chlore  et,  s'il  est  present,  avec 
I'oxygene,  estau  moins  egal  a  2000,  parexemple 

8 
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au  moins  egal  a  1  00.000,  en  particulier  ledit  nom- 
bre  de  Reynolds  apparent  est  de  100.000  a 
500.000  ou  de  un  million  a  dix  millions. 

5 
5.  Procede  selon  I'une  quelconque  des  revendica- 

tions  1  a  4,  caracterise  en  ce  que  la  temperature 
a  I'endroit  de  melange  du  phosphore  avec  le  chlo- 
re  et  avec  I'oxygene  est  de  20°C  a  1  00°C  ou  bien 
en  ce  que  la  temperature  a  I'endroit  de  melange  10 
du  phosphore  avec  le  chlore  est  de  20°C  a  80°C. 

6.  Procede  selon  I'une  quelconque  des  revendica- 
tions  1  a  5,  caracterise  en  ce  qu'on  effectue  la 
reaction  dans  une  phase  liquide  continue  qui  peut  15 
egalementcontenirdes  produitssolides,  n'impor- 
te  quelle  quantite  de  phase  vapeur  se  trouvant 
sous  la  forme  d'une  phase  dispersee  de  petites 
bulles. 

20 
7.  Procede  selon  I'une  quelconque  des  revendica- 

tions  1  a  6,  caracterise  en  ce  qu'on  effectue  ledit 
procede  dans  un  reacteur  a  boucle  de  recyclage 
a  travers  lequel  on  pompe  ledit  milieu  liquide  et  la- 
dite  matiere  reactionnelle,  dans  lequel  ledit  reac-  25 
teur  a  boucle  de  recyclage  comprend,  dans  la  di- 
rection  d'ecoulement  de  ladite  matiere  reaction- 
nelle  et  dudit  milieu  liquide,  (i)  une  entree  pour  le 
phosphore  jaune,  (ii)  une  pompe,  ladite  pompe 
etant  en  particulier  une  pompe  a  pression  fixe,  30 
(iii)  un  melangeur  procurantun  ecoulement  turbu- 
lent  dans  lequel  on  fait  passer  le  chlore  et,  si  ne- 
cessaire,  I'oxygene,  ledit  melangeur  etant  en  par- 
ticulier  un  melangeur  a  diaphragme  qui  comprend 
un  diaphragme  traversant  I'ecoulement  de  liqui-  35 
de,  muni  d'au  moins  un  orifice  axial  a  travers  le- 
quel  passe  ledit  milieu  liquide,  ledit  orifice  etant 
en  particulier  essentiellement  perpendiculaire 
audit  diaphragme  et  la  paroi  interne  dudit  orifice 
contenant  au  moins  une  ouverture  a  travers  la-  40 
quelle  passe  le  chlore  et/ou  I'oxygene,  le  rapport 
diametre  dudit  orifice:epaisseur  dudit  diaphrag- 
me  etant  en  particulier  de  1:1  a  1:10,  ledit  reac- 
teur  a  boucle  de  recyclage  comprenant  egale- 
ment  en  particulier  un  ou  plusieurs  melangeurs  45 
en  ligne,  par  exemple  des  melangeurs  helicoT- 
daux  et  a  barre  transversale,  (iv)  un  ou  plusieurs 
echangeurs  de  chaleur  a  titre  de  refrigerants,  et 
(v)  une  sortie  pour  la  matiere  reactionnelle,  les- 
dits  refrigerants  etant  en  particulier  disposes  en-  so 
tre  lesdits  melangeurs  et  ladite  sortie  dans  la  di- 
rection  de  I'ecoulement  de  liquide. 

8.  Procede  selon  la  revendication  7,  caracterise  en 
ce  que  ledit  reacteur  a  boucle  de  recyclage  55 
comprend  egalement  un  separateur  des  gaz,  ledit 
separateur  des  gaz  etant  en  particulier  un  tube 
cylindrique  ou  un  cyclone  dispose  apres  la  zone 
reactionnelle. 

9.  Procede  selon  I'une  quelconque  des  revendica- 
tions  1  a  8,  caracterise  en  ce  qu'on  effectue  ledit 
procede  en  continu  avec  une  entree  en  continu 
d'au  moins  un  certain  nombre  des  reactifs  et  une 
recuperation  du  produit  en  continu  avant  ou 
apres  I'etape  de  refroidissement. 

10.  Procede  selon  la  revendication  9,  caracterise  en 
ce  que  le  rapport  ponderal  de  recyclage  melange 
reactionnel  recupere/reste  recycle  est  de  10:1  a 
2000:1,  ledit  rapport  ponderal  de  recyclage  etant 
en  particulier  de  40:1  a  100:1. 
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