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Description 

[Application  Field  in  Industry] 

This  invention  relates  to  a  process  for  con- 
centrating  chlorine  by  making  use  of  the  pressure 
swing  adsorption  process. 

[Prior  Art] 

Chlorine  is  a  very  important  industrial  inter- 
mediate  material  so  that  it  is  used  in  a  wide  variety 
of  chemical  industries.  Hence,  installations  for  the 
separation  and  concentration  of  chlorine  are  scat- 
tered  in  wide  areas. 

In  order  to  separate  chlorine  from  a  chlorine- 
containing  gas,  it  has  been  known  to  date  to  com- 
press  and  cool  the  gas  to  produce  liquid  chlorine 
for  its  separation  from  the  gas,  or  to  allow  an 
chlorine-containing  organic  solvent  to  absorb  chlo- 
rine  and  strip  the  chlorine-absorbed  solvent  to  sep- 
arate  the  chlorine. 

However,  the  former  process  deals  with  high 
pressure  gases,  necessitating  gas  compressors 
and  cooling  facilities  which  are  expensive  as  well 
as  troublesome  in  maintenance.  Particularly,  where 
chlorine  is  separated  from  a  gas  of  relatively  low 
chlorine  concentration,  a  very  high  pressure  or 
extremely  low  temperature  operation  is  needed, 
demanding  increased  equipment  costs.  Further,  the 
latter  process  generally  employs  a  solvent  of  car- 
bon  tetrachloride,  the  use  of  which  tends  to  be 
prohibited  in  recent  years  due  to  the  environmental 
issues  caused  by  fleon  gas,  so  that  the  process 
may  not  be  said  useful  even  in  the  future. 

[Problems  to  be  Solved  by  the  Invention] 

Where  chlorine  is  separated  from  a  chlorine- 
containing  gas  in  such  ways,  particularly  when  it  is 
separated  from  a  gas  of  relatively  low  chlorine 
concentration,  no  effective  process  is  found  in  the 
existing  state  of  art.  The  present  invention  lies  in 
providing  a  process  for  separating  chlorine  from  a 
chlorine-containing  gas  and  concentrating  the  chlo- 
rine,  which  is  not  restricted  by  the  law  dealing  with 
high  pressure  gases  and  is  free  from  the  envi- 
ronmental  issues  caused  by  solvents. 

[Means  to  Solve  the  Problems] 

As  a  means  often  employed  for  separating 
gases,  there  is  cited  the  pressure  swing  adsorption 
process,  which  is  commonly  used  to  increase  the 
purities  of  oxygen/nitrogen  and  carbon  monox- 
ide/hydrogen.  Prior  art  has  been  studied  previous 
to  the  examination,  but  no  prior  literatures/art  are 
found  with  regard  to  chlorine. 

Then,  the  present  inventors  have  made  inten- 
sive  investigations  into  the  separation  of  chlorine 
from  a  chlorine-containing  gas  by  means  of  pres- 
sure  swing  adsorption  and  finally  found  that  the 

5  chlorine  can  he  separated  effectively  by  the  use  of 
zeolite,  active  carbon  and  non-zeolite-type  porous 
acidic  oxides  as  the  adsorbent,  leading  to  comple- 
tion  of  the  present  invention. 

io  Brief  Description  of  the  Drawing 

Fig.  1  is  a  schematic  drawing  of  a  facility  in 
which  a  plurality  of  adsorption  columns  (4a,  4b  and 
4c)  are  used  for  the  purpose  of  practicing  the 

75  present  invention  particularly  in  a  continuous  man- 
ner.  The  feed  gas  is  sent  to  an  adsorption  column 
by  a  compressor  2  through  line  1,  and  gas  having 
chlorine  removed  in  the  adsorption  column  is  sent 
out  of  the  system  by  a  blower  7.  On  the  other 

20  hand,  gas  of  an  increased  chlorine  concentration 
evolved  by  desorption  is  sent  to  the  outside  of  the 
system  by  a  vacuum  pump  10.  Numeral  8  repre- 
sents  a  flow  control  mechanism,  while  numerals  3, 
5,  9,  11,  12a,  12b  and  14  to  21  represent  valves. 

25 
Best  Mode  for  Practicing  the  Invention 

The  present  invention  relates  to  a  process  for 
concentrating  gaseous  chlorine,  which  comprises 

30  introducing  a  chlorine-containing  gas  into  an  ad- 
sorption  column  packed  with  a  chlorine-adsorbing 
adsorbent  to  adsorb  particularly  chlorine,  stopping 
then  the  introduction  of  the  gas  and  reducing  the 
pressure  of  the  adsorbent  to  a  lower  pressure  than 

35  that  employed  in  the  introduction  of  the  gas  for  the 
adsorption  to  desorb  the  gaseous  chlorine  having 
been  adsorbed,  thereby  obtaining  a  gas  with  a 
chlorine  concentration  higher  than  that  of  the  intro- 
duced  gas  and  simultaneously  regenerating  the 

40  adsorbent,  the  thus-regenerated  adsorbent  being 
optionally  used  again  for  the  aforesaid  chlorine 
adsorption. 

The  chlorine-containing  gas  to  which  the  pro- 
cess  of  the  present  invention  is  applied  may  con- 

45  tain  oxygen,  nitrogen,  carbon  dioxide,  carbon  mon- 
oxide,  hydrogen,  argon,  hydrocarbons  such  as 
methane,  etc.  in  addition  to  chlorine.  However,  in 
order  to  separate  chlorine  from  a  gas  containing 
these  gaseous  components  by  the  pressure  swing 

50  adsorption  process,  it  is  necessary  to  select  adsor- 
bents  whose  adsorption  affinity  to  these  gaseous 
components  is  quite  different  from  that  to  chlorine. 
As  the  adsorbents  of  chlorine  useful  in  the  practice 
of  the  present  invention,  synthetic  and  natural 

55  zeolite,  non-zeolite-type  porous  acidic  oxides,  and 
carbonaceous  adsorbents  such  as  active  carbon 
and  molecular  sieve  carbon  are  chosen.  As  the 
zeolite  may  be  mentioned,  for  example,  the  A-type, 
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X-type,  Y-type,  L-type,  ZSM-type,  natural  mor- 
denite,  etc.,  among  which  the  X-type,  Y-type,  L- 
type  and  ZSM-type  are  preferred.  Particularly  pre- 
ferred  is  zeolite  of  high  silicon  contents.  The  non- 
zeolite-type  porous  acidic  oxides  may  include  alu- 
mina,  silica,  silica-alumina,  titania,  magnesia,  etc. 
The  active  carbon  useful  as  the  adsorbent  may 
embrace  those  derived  from  fruit  shells,  wood, 
coal,  oil,  etc.,  among  which  molecular  sieve  carbon 
and  coconut  shell  active  carbon  are  preferred. 
Since  chlorine  has  a  stronger  affinity  for  these 
adsorbents  than  the  aforementioned  gases,  it  is 
adsorbed  preferentially  over  other  gases  when  a 
chlorine-containing  gas  is  introduced  into  an  ad- 
sorption  column  packed  with  these  adsorbents,  so 
that  a  gas  with  a  low  chlorine  concentration  or 
occasionally  a  gas  containing  chlorine  to  a  hardly 
detectable  extent  can  be  obtained  at  the  gas  outlet 
of  the  adsorption  column. 

No  particular  limitations  are  imposed  on  the 
chlorine  concentration  of  the  chlorine-containing 
gas  to  be  subjected  to  adsorption  by  the  adsor- 
bent,  but  5  -  80%  chlorine  concentration  is  usually 
employed.  Where  the  chlorine  concentration  is  low, 
it  is  advisable  to  prolong  the  time  of  adsorption 
including  regeneration  operation  through  desorp- 
tion. 

Here,  the  operation  pressure  in  the  adsorption 
operation  should  be  higher  than  that  in  the  subse- 
quent  chlorine  desorption  operation. 

The  operation  temperature  is  determined  de- 
pending  on  the  kind  of  adsorbent  e.g  zeolite,  the 
kinds  of  gases  other  than  chlorine  contained  in  the 
introduced  gas  and  economic  aspects.  For  in- 
stance,  where  Y-type  zeolite  is  used  as  the  adsor- 
bent  and  carbon  dioxide  is  admixed  in  the  carrier 
gas,  even  room  temperatures  are  enough  to  carry 
out  chlorine  adsorption. 

On  the  other  hand,  it  is  preferable  that  the 
water  content  in  the  feed  gas  is  as  low  as  possible 
with  a  view  to  preventing  deterioration  of  packings 
and  materials  of  the  installation.  Hence,  water  con- 
tents  of  1,000  ppm  or  less  are  desired. 

Supply  of  the  chlorine-containing  feed  gas  to 
the  adsorption  column  is  stopped  when  the  adsorp- 
tion  of  chlorine  to  the  adsorption  column  proceeds 
near  its  saturation.  Subsequently,  the  operation 
pressure  of  the  adsorption  column  is  reduced  to 
desorb  the  chlorine  and  other  gases  having  been 
adsorbed.  The  operation  pressure  at  this  moment 
should  be  lower  than  that  of  the  adsorption,  and  it 
is  also  effective  to  reduce  the  pressure  below  at- 
mospheric  by  means  of  a  vacuum  pump  as  re- 
quired.  The  operation  temperature  is  optional,  but  it 
is  basically  more  economical  to  adopt  the  same 
temperature  as  that  of  the  adsorption.  Of  course,  if 
economically  effective,  it  is  also  possible  to  incor- 
porate,  what  is  called,  the  thermal  swing  process. 

Further,  it  is  a  preferred  embodiment  to  intro- 
duce  a  small  amount  of  an  inert  gas,  preferably 
gaseous  nitrogen,  during  the  desorption  operation, 
because  the  desorption  of  gaseous  chlorine  from 

5  the  adsorbent  is  thereby  promoted. 
By  this  desorption  operation,  it  is  possible  to 

obtain  a  gas  with  a  higher  chlorine  concentration 
than  that  of  the  introduced  gas  as  well  as  to  regen- 
erate  the  chlorine-adsorbed  adsorbent  through  de- 

io  sorption  of  chlorine,  thus  permitting  the  succeeding 
adsorption  operation  to  be  repeated. 

An  embodiment  of  the  present  invention  in  a 
more  concrete  form  on  an  industrial  scale  will  be 
illustrated  hereunder.  Its  mode  is  shown  in  Fig.  1. 

is  In  Fig.  1,  a  chlorine-containing  feed  gas  is  sent 
via  line  1  to  a  gas  compressor  2  where  it  is 
compressed  to  a  predetermined  pressure.  Then, 
the  gas  is  introduced  via  a  valve  3  into  a  first 
adsorption  column  4a,  one  of  three  adsorption  col- 

20  umns  4a,  4b  and  4c.  In  the  three  adsorption  col- 
umns  4a,  4b  and  4c,  the  aforesaid  adsorbent  that 
effects  preferential  adsorption  of  chlorine  is  packed 
independently  so  that  chlorine  in  the  feed  gas 
introduced  under  pressure  is  adsorbed  preferen- 

25  tially  and  hence  a  gas  of  low  chlorine  content  or 
occasionally  a  gas  containing  chlorine  to  a  hardly 
detectable  extent  (hereinafter  referred  to  as  the 
treated  gas)  is  obtained  at  the  outlet  of  the  adsorp- 
tion  column  4a.  The  dechlorinated  gas  is  dis- 

30  charged  by  a  blower  7  through  a  valve  5  and  a 
valve  6. 

At  this  moment,  in  the  second  adsorption  col- 
umn  4b,  a  pressurizing  process  wherein  the  pres- 
sure  in  the  column  is  increased  by  the  treated  gas 

35  is  carried  out  by  introducing  a  part  of  the  treated 
gas  discharged  from  the  first  adsorption  column  4a 
into  the  second  adsorption  column  4b  via  a  flow 
control  mechanism  8  and  a  valve  9.  At  the  same 
time  in  the  third  adsorption  column  4c,  a  regenera- 

40  tion  process  wherein  the  adsorbent  in  the  column 
is  regenerated  under  reduced  pressure  is  carried 
out  by  connecting  the  column  to  a  vacuum  pump 
10  through  valves  11  and  12a. 

Then,  in  the  adsorption  column  4a  which  has 
45  adsorbed  a  certain  amount  of  chlorine  and  is  al- 

most  saturated  with  chlorine,  the  introduction  of  the 
feed  gas  is  stopped  by  switching  a  valve  3,  and  at 
the  same  time  the  column  is  exhausted  by  the 
vacuum  pump  10  to  a  vacuum  by  switching  a  valve 

50  14,  the  chlorine  having  been  adsorbed  by  the  ad- 
sorbent  being  desorbed  to  regenerate  the  adsor- 
bent  (regeneration  step).  In  this  regeneration  step, 
a  gas  of  high  chlorine  concentration  can  be  ob- 
tained  as  a  product  at  the  outlet  of  the  vacuum 

55  pump  10,  the  gas  containing  chlorine  at  high  con- 
centration  being  sent  to  a  consumer  step  down- 
stream. 

4 
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At  this  time,  in  the  second  adsorption  column 
4b,  the  feed  gas  is  introduced  via  a  valve  15,  and 
the  treated  gas  is  withdrawn  from  the  outlet  of  the 
column  and  sent  via  a  valve  16  and  the  valve  6  to 
the  blower  7  by  means  of  which  it  is  sent  further  to 
a  consumer  step.  Further,  in  the  third  adsorption 
column  4c,  a  portion  of  the  treated  gas  discharged 
from  the  second  adsorption  column  4b  is  admitted 
via  the  flow  control  mechanism  8  and  a  valve  17, 
so  that  the  pressurizing  process  wherein  the  pres- 
sure  in  the  column  is  increased  by  the  treated  gas 
is  being  carried  out. 

Thereafter,  in  the  third  adsorption  column  4c, 
the  feed  gas  is  introduced  via  a  valve  18,  and  the 
treated  gas  is  sent  via  a  valve  1  9  and  the  valve  6  to 
the  blower  7  for  its  discharge.  Simultaneously  in 
the  first  adsorption  column  4a,  a  part  of  the  treated 
gas  discharged  from  the  third  adsorption  column 
4c  is  admitted  via  the  flow  control  mechanism  8 
and  a  valve  20,  so  that  the  pressurizing  process 
wherein  the  pressure  in  the  column  is  increased  by 
the  treated  gas  is  being  carried  out. 

At  this  moment,  in  the  second  adsorption  col- 
umn  4b,  the  introduction  of  the  feed  gas  is  stopped 
by  switching  the  valve  15,  and  simultaneously  the 
valve  21  is  switched  to  exhaust  the  column  to  a 
vacuum  by  the  vacuum  pump  10,  the  chlorine 
having  been  adsorbed  in  the  adsorbent  being  thus 
desorbed  so  that  the  adsorbent  is  regenerated. 

In  the  same  manner  as  described  above,  this 
series  of  operations  are  repeated  in  sequence  with 
the  three  adsorption  columns  4a,  4b  and  4c,  so  that 
chlorine  can  be  separated  from  a  chlorine-contain- 
ing  feed  gas  and  a  gas  of  a  higher  chlorine  con- 
centration  than  that  of  the  feed  gas  can  be  ob- 
tained  continuously. 

Effects  of  the  Invention 

The  present  invention  provides  a  process  for 
the  easy  separation/concentration  of  chlorine  from 
a  chlorine-containing  gas  by  the  application  of  a 
pressure  swing  adsorption  process  and  hence  its 
industrial  value  is  very  high. 

Examples 

The  present  invention  will  be  illustrated  more 
specifically  with  reference  to  the  following  exam- 
ples. 

Example  1  : 

A  gas  consisting  of  chlorine  (15%),  carbon 
dioxide  (15%)  and  oxygen  (70%)  was  introduced 
into  a  stainless  steel  adsorption  column  packed 
with  40  g  of  synthetic  Y-type  zeolite  (product  of 
Zeochem)  at  25  -  30°  C  under  a  controlled  pres- 

sure  of  5  atm.  (5  x  105  Pa)  at  a  rate  of  200  ml/min 
for  12  minutes.  During  this  period,  the  gas  coming 
out  of  the  column  was  subjected  to  gas  chromatog- 
raphy  to  analyze  the  gas  composition.  As  a  result, 

5  100  -  300  ppm  of  gaseous  chlorine  was  detected. 
Upon  completion  of  the  gas  adsorption,  the  supply 
of  the  feed  gas  was  stopped  and  the  adsorption 
column  was  evacuated  at  a  pressure  of  60  mmHg 
abs.  (8000  Pa)  for  5  minutes  by  a  vacuum  pump  to 

io  desorb  gaseous  chlorine.  Analysis  of  the  desorbed 
gas  revealed  that  its  chlorine  concentration  was 
78%.  A  gas  of  the  same  composition  as  described 
above  was  passed  again  through  the  column  hav- 
ing  undergone  the  desorption  under  the  same  con- 

15  ditions.  The  chlorine  concentration  of  the  effluent 
gas  over  12  minutes  was  also  100  -  300  ppm. 

Example  2: 

20  A  gas  consisting  of  chlorine  (5%),  carbon  diox- 
ide  (15%)  and  helium  (80%)  was  introduced  into  a 
stainless  steel  adsorption  column  packed  with  40  g 
of  synthetic  Y-type  zeolite  (product  of  Zeochem)  at 
25  -  30°  C  under  a  controlled  pressure  of  5  atm.  (5 

25  x  105  Pa)  at  a  rate  of  200  ml/min  for  25  minutes. 
During  this  period,  the  gas  coming  out  of  the 
column  was  subjected  to  gas  chromatography  to 
analyze  the  gas  composition.  As  a  result,  100  -  300 
ppm  of  gaseous  chlorine  was  detected.  Upon  com- 

30  pletion  of  the  gas  adsorption,  the  supply  of  the 
feed  gas  was  stopped  and  the  adsorption  column 
was  evacuated  at  a  pressure  of  60  mmHg  abs. 
(8000  Pa)  for  5  minutes  by  a  vacuum  pump  to 
desorb  gaseous  chlorine.  Analysis  of  the  desorbed 

35  gas  revealed  that  its  chlorine  concentration  was 
55%.  A  gas  of  the  same  composition  as  described 
above  was  passed  again  through  the  column  hav- 
ing  undergone  the  desorption  under  the  same  con- 
ditions.  The  chlorine  concentration  of  the  effluent 

40  gas  over  25  minutes  was  also  100  -  300  ppm. 

Example  3: 

A  gas  consisting  of  chlorine  (15%),  nitrogen 
45  (15%)  and  helium  (70%)  was  introduced  into  a 

stainless  steel  adsorption  column  packed  with  40  g 
of  synthetic  Y-type  zeolite  (product  of  Zeochem)  at 
25  -  30°  C  under  a  controlled  pressure  of  5  atm.  (5 
x  105  Pa)  at  a  rate  of  200  ml/min  for  12  minutes. 

50  During  this  period,  the  gas  coming  out  of  the 
column  was  subjected  to  gas  chromatography  to 
analyze  the  gas  composition.  As  a  result,  100  -  300 
ppm  of  gaseous  chlorine  was  detected.  Upon  com- 
pletion  of  the  gas  adsorption,  the  supply  of  the 

55  feed  gas  was  stopped,  and  the  adsorption  column 
was  evacuated  at  a  pressure  of  60  mmHg  abs. 
(8000  Pa)  for  5  minutes  by  a  vacuum  pump  and 
then  passed  with  gaseous  nitrogen  at  a  rate  of  7 

5 
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ml/min  for  3  minutes  to  desorb  gaseous  chlorine. 
Analysis  of  the  desorbed  gas  revealed  that  its 

chlorine  concentration  was  83%.  A  gas  of  the  same 
composition  as  described  above  was  passed  again 
through  the  column  having  undergone  the  desorp- 
tion  under  the  same  conditions.  The  chlorine  con- 
centration  of  the  effluent  gas  over  12  minutes  was 
also  100  -  300  ppm. 

Example  4: 

A  gas  consisting  of  chlorine  (15%),  carbon 
dioxide  (15%)  and  helium  (70%)  was  introduced 
into  a  stainless  steel  adsorption  column  packed 
with  40  g  of  synthetic  13X-type  zeolite  (product  of 
Fuji  Devison)  at  60  °  C  under  a  controlled  pressure 
of  5  atm.  (5  x  105  Pa)  at  a  rate  of  200  ml/min  for  6 
minutes.  During  this  period,  the  gas  coming  out  of 
the  column  was  subjected  to  gas  chromatography 
to  analyze  the  gas  composition.  As  a  result,  200  - 
500  ppm  of  gaseous  chlorine  was  detected.  Upon 
completion  of  the  gas  adsorption,  the  supply  of  the 
feed  gas  was  stopped  and  the  adsorption  column 
was  evacuated  at  a  pressure  of  60  mmHg  abs. 
(8000  Pa)  for  5  minutes  by  a  vacuum  pump  to 
desorb  gaseous  chlorine.  Analysis  of  the  desorbed 
gas  revealed  that  its  chlorine  concentration  was 
72%.  A  gas  of  the  same  composition  as  described 
above  was  passed  again  through  the  adsorption 
column  having  undergone  the  desorption  under  the 
same  conditions.  The  chlorine  concentration  of  the 
effluent  gas  over  6  minutes  was  also  200  -  500 
ppm. 

Example  5: 

A  gas  consisting  of  chlorine  (15%),  carbon 
dioxide  (15%)  and  helium  (70%)  was  introduced 
into  a  stainless  steel  adsorption  column  packed 
with  30  g  of  gas-adsorptive  active  carbon  PCB 
(product  of  Toyo  Calgon)  at  60  °C  under  a  con- 
trolled  pressure  of  5  atm.  (5  x  105  Pa)  at  a  rate  of 
200  ml/min  for  6  minutes.  During  this  period,  the 
gas  coming  out  of  the  column  was  subjected  to 
gas  chromatography  to  analyze  the  gas  composi- 
tion.  As  a  result,  300  -  800  ppm  of  gaseous  chlo- 
rine  was  detected.  Upon  completion  of  the  gas 
adsorption,  the  supply  of  the  feed  gas  was  stopped 
and  the  adsorption  column  was  evacuated  at  a 
pressure  of  60  mmHg  abs.  (8000  Pa)  for  5  minutes 
to  desorb  gaseous  chlorine.  Analysis  of  the  desor- 
bed  gas  revealed  that  its  chlorine  concentration 
was  72%.  A  gas  of  the  same  composition  as  de- 
scribed  above  was  passed  again  through  the  ad- 
sorption  column  having  undergone  the  desorption 
under  the  same  conditions.  The  chlorine  concentra- 
tion  of  the  effluent  gas  over  6  minutes  was  also 
300  -  800  ppm. 

Example  6: 

A  gas  consisting  of  chlorine  (15%),  carbon 
dioxide  (15%)  and  helium  (70%)  was  introduced 

5  into  a  stainless  steel  adsorption  column  packed 
with  30  g  of  molecular  sieve  carbon  MSC  (product 
of  Takeda  Chemical  Industries)  at  60  °C  under  a 
controlled  pressure  of  5  atm.  (5  x  105  Pa)  at  a  rate 
of  200  ml/min  for  6  minutes.  During  this  period,  the 

io  gas  coming  out  of  the  column  was  subjected  to 
gas  chromatography  to  analyze  the  gas  composi- 
tion.  As  a  result,  200  -  500  ppm  of  gaseous  chlo- 
rine  was  detected.  Upon  completion  of  the  gas 
adsorption,  the  supply  of  the  feed  gas  was  stopped 

is  and  the  adsorption  column  was  evacuated  at  a 
pressure  of  60  mmHg  abs.  (8000  Pa)  for  5  minutes 
by  a  vacuum  pump  to  desorb  gaseous  chlorine. 
Analysis  of  the  desorbed  gas  revealed  that  its 
chlorine  concentration  was  79%.  A  gas  of  the  same 

20  composition  as  described  above  was  passed  again 
through  the  adsorption  column  having  undergone 
the  desorption  under  the  same  conditions.  The 
chlorine  concentration  of  the  effluent  gas  over  6 
minutes  was  also  200  -  500  ppm. 

25 
Example  7: 

A  gas  consisting  of  chlorine  (15%),  carbon 
dioxide  (15%)  and  helium  (70%)  was  introduced 

30  into  a  stainless  steel  adsorption  column  packed 
with  30  g  of  silica  at  60  °C  under  a  controlled 
pressure  of  5  atm.  (5  x  105  Pa)  at  a  rate  of  200 
ml/min  for  6  minutes.  During  this  period,  the  gas 
coming  out  of  the  column  was  subjected  to  gas 

35  chromatography  to  analyze  the  gas  composition. 
As  a  result,  200  -  500  ppm  of  gaseous  chlorine  was 
detected.  Upon  completion  of  the  gas  adsorption, 
the  supply  of  the  feed  gas  was  stopped  and  the 
adsorption  column  was  evacuated  at  a  pressure  of 

40  60  mmHg  abs.  (8000  Pa)  for  5  minutes  by  a 
vacuum  pump  to  desorb  gaseous  chlorine.  Analysis 
of  the  desorbed  gas  revealed  that  its  chlorine  con- 
centration  was  79%.  A  gas  of  the  same  composi- 
tion  as  described  above  was  passed  again  through 

45  the  adsorption  column  having  undergone  the  de- 
sorption  under  the  same  conditions.  The  chlorine 
concentration  of  the  effluent  gas  over  6  minutes 
was  also  200  -  500  ppm. 

50  Industrial  Application 

The  present  invention  provides  a  process 
wherein  a  chlorine  gas  of  relatively  high  chlorine 
concentration  is  recovered  from  that  of  relatively 

55  low  chlorine  concentration  by  the  use  of  adsor- 
bents,  the  process  being  not  affected  by  the  law 
dealing  with  high  pressure  gases  nor  necessitating 
regeneration  of  solvents. 

6 
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The  apparatus  of  the  process  is  utilized  as  an 
ancillary  facility  in  installations  making  use  of  chlo- 
rine. 

Claims 

1.  A  process  for  concentrating  gaseous  chlorine 
comprising  introducing  a  chlorine-containing 
gas  into  an  adsorption  column  packed  with  a 
chlorine-adsorbable  adsorbent  to  adsorb  chlo- 
rine,  stopping  the  introduction  of  the  gas,  and 
reducing  the  pressure  of  the  adsorbent  to  a 
lower  pressure  than  that  during  the  gas  in- 
troduction  to  desorb  the  chlorine,  thereby  ob- 
taining  a  gas  having  a  chlorine  concentration 
higher  than  that  of  the  introduced  gas  as  well 
as  regenerating  the  adsorbent. 

2.  A  process  as  claimed  in  Claim  1  wherein  the 
chlorine-adsorbable  adsorbent  is  zeolite. 

3.  A  process  as  claimed  in  Claim  1  wherein  the 
chlorine-adsorbable  adsorbent  is  a  non-zeolite- 
type  porous  acidic  oxide. 

4.  A  process  as  claimed  in  Claim  1  wherein  the 
chlorine-adsorbable  adsorbent  is  active  carbon. 

5.  A  process  as  claimed  in  Claim  4  wherein  the 
active  carbon  is  molecular  sieve  carbon. 

Patentanspruche 

1.  Verfahren  zum  Konzentrieren  von  gasformigen 
Chlor,  welches  das  Einleiten  eines  Chlor  ent- 
haltenden  Gases  in  eine  Adsorptionskolonne 
aufweist,  welche  mit  chloradsorbierendem  Ad- 
sorptionsmittel  gefullt  ist,  urn  Chlor  zu  adsor- 
bieren,  welches  ferner  das  Stoppen  des  Einlei- 
tens  des  Gases  und  die  Herabsetzung  des 
Druckes  des  Adsorptionsmittels  auf  einen  nied- 
rigeren  Druck  als  wahrend  der  Gaseinleitung 
aufweist,  urn  das  Chlor  zu  desorbieren,  wo- 
durch  man  ein  Gas  erhalt,  welches  eine  Chlor- 
konzentration  hat,  die  hoher  als  jene  des  ein- 
geleiteten  Gases  ist,  und  wodurch  man  eine 
Regenerierung  des  Adsorptionsmittels  erhalt. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das 
chloradsorbierende  Adsorptionsmittel  ein  Zeo- 
lith  ist. 

3.  Verfahren  nach  Anspruch  1,  bei  dem  das 
chloradsorbierende  Adsorptionsmittel  ein  poro- 
ses,  saures  Oxid  nicht  von  dem  Zeolith-Typ 
ist. 

4.  Verfahren  nach  Anspruch  1,  bei  dem  das 
chloradsorbierende  Adsorptionsmittel  Aktivkoh- 
lenstoff  ist. 

5  5.  Verfahren  nach  Anspruch  4,  bei  dem  der  Aktiv- 
kohlenstoff  ein  synthetisch  hergestellter  Koh- 
lenstoff  (Molekularsiebkohlenstoff)  ist. 

Revendications 
10 

1.  Un  procede  pour  la  concentration  de  chlore 
gazeux  comprenant  I'introduction  d'un  gaz 
contenant  du  chlore  dans  une  colonne  d'ad- 
sorption  garnie  d'un  adsorbant  pouvant  adsor- 

15  ber  le  chlore  pour  adsorber  le  chlore,  I'arret  de 
I'introduction  du  gaz  et  I'abaissement  de  la 
pression  de  I'adsorbant  a  une  pression  infe- 
rieure  a  celle  existant  lors  de  I'introduction  du 
gaz  pour  desorber  le  chlore,  afin  d'obtenir  un 

20  gaz  ayant  une  concentration  en  chlore  supe- 
rieure  a  celle  du  gaz  introduit  et  egalement 
regenerer  I'adsorbant. 

2.  Un  procede  selon  la  revendication  1,  dans 
25  lequel  I'adsorbant  pouvant  adsorber  le  chlore 

est  une  zeolite. 

3.  Un  procede  selon  la  revendication  1,  dans 
lequel  I'adsorbant  pouvant  adsorber  le  chlore 

30  est  un  oxyde  acide  poreux  non  zeolitique. 

4.  Un  procede  selon  la  revendication  1,  dans 
lequel  I'adsorbant  pouvant  adsorber  le  chlore 
est  un  charbon  actif. 

35 
5.  Un  procede  selon  la  revendication  4,  dans 

lequel  le  charbon  actif  est  un  charbon  tamis 
moleculaire. 

40 
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