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Scope  of  the  invention 
The  present  invention  provides  a  process  in  which  high  purity  isobutylene  having  a  purity  of  at 

least  99.9%  is  prepared  in  a  high  yield  at  a  high  productivity  and  a  low  cost. 

Background  of  the  invention 
There  are  various  starting  materials  for  the  preparation  of  isobutylene  including  the  residue 

(hereinafter  referred  to  as  "spent  BB")  left  after  extraction  of  butadiene  from  a  BB  fraction  (butene- 
butadiene  fraction)  obtained  as  a  by-product  at  cracking  of  naptha.  Also,  there  is  an  isobutylene- 
containing  hydrocarbon  mixture  such  as  a  decomposition  gas  formed  by  fluidized  catalytic 
decomposition  of  light  oil  (kerosine).  However,  in  each  of  these  starting  materials,  normal  butene 
isomers  and  butanes  having  a  boiling  point  close  to  that  of  isobutylene  are  also  present  with  the 
isobutylene.  Thus  from  a  cost  effectiveness  viewpoint,  separation  of  isobutylene  by  customary 
distillation  is  difficult.  Thus  in  the  industrial  process  customarily  used  in  this  art,  the  characteristic 
property  of  isobutylene,  that  is  a  higher  reactivity  as  compared  with  the  reactivity  of  other  butenes,  is 
utilized,  and  an  isobutylene-containing  hydrocarbon  mixture  is  contacted  with,  for  example,  a  50  to 
70%  by  weight  aqueous  solution  of  sulfuric  acid  to  selectively  extract  isobutylene. 

As  is  well  recognized  in  the  art,  this  process  is  defective  in  that  special  materials  are  needed  to 
fabricate  the  equipment  used  because  sulfuric  acid  is  employed.  Further,  undesirable  oligomers  of 
isobutylene,  such  as  a  dimer,  are  formed  in  large  quantities.  In  addition,  the  purity  of  isobutylene 
obtained  according  to  this  process  is  97  to  98%,  and  in  order  to  increase  the  purity  to  99.9%  or  more, 
additional  operations  such  as  separation  using  a  molecular  sieve  and  another  sulfuric  acid  absorption 
should  be  carried  out,  resulting  in  increased  manufacturing  costs. 

Considerable  attention  has  been  given  in  this  process  in  order  to  eliminate  these  defects.  The 
main  object  of  these  studies  is  to  isolate  a  reaction  solvent  or  catalyst  that  provides  a  higher  reactivity 
with  isobutylene  and  a  lower  reactivity  with  other  butenes,  in  other  words,  a  reaction  solvent  or  catalyst 
having  a  high  selectivity  to  isobutylene  and  providing  a  high  productivity  so  as  to  fully  utilize  the 
difference  of  isobutylene  over  other  butenes  in  respect  to  their  relative  reactivities. 

In  order  to  Improve  the  purity  of  the  isobutylene  final  product,  it  is  one  of  important  requirements 
that  the  selectivity  of  the  reaction  system  should  be  high.  Furthermore,  in  order  to  obtain  high  purity 
isobutylene  it  is  important  to  use  a  heterogeneous  catalyst,  which  allows  easy  separation  of  the  catalyst 
from  the  reaction  product,  as  the  catalyst  for  reaction  of  isobutylene.  More  specifically,  an  unreacted 
hydrocarbon  mixture  is  contained  more  or  less  in  a  liquid  reaction  mixture  obtained  by  the  reaction  of 
isobutylene,  and  if  this  unreacted  hydrocarbon  mixture  is  not  separated  from  the  reaction  product  of 
isobutylene,  it  is  incorporated  into  isobutylene  when  isobutylene  is  obtained  by  the  decomposition  of 
the  reaction  product  of  isobutylene,  resulting  in  a  reduction  of  the  purity.  When  a  catalyst  is  present  at 
the  step  of  separating  the  reaction  product  of  isobutylene  from  this  unreacted  hydrocarbon  mixture,  the 
reaction  product  of  isobutylene  is  decomposed,  and  even  if  high  productivity  and  high  yield  are  both 
attained  in  the  reaction,  both  the  productivity  and  yield  are  reduced  by  this  decomposition  and  good 
results  are  not  obtained.  Accordingly,  a  heterogeneous  catalyst  such  as  an  ion  exchange  resin  is 
preferred  as  the  catalyst  for  reaction  of  isobutylene. 

A  process  for  the  preparation  of  isobutylene,  based  on  the  above-mentioned  concept,  is  disclosed 
in,  for  example,  U.S.  Patent  No.  3,026,362.  This  process  comprises  separating  isobutylene  in  the  form 
of  a  carboxylic  acid  ester  from  a  hydrocarbon  mixture  in  the  presence  of  a  saturated  aliphatic  carboxylic 
acid  having  1  to  4  carbon  atoms  by  using  an  acidic  ion  exchange  resin  having  a  macro-reticular 
structure  as  the  catalyst,  and  decomposing  the  ester  by  using  as  the  catalyst  the  same  acidic  ion 
exchange  resin.  In  this  method,  the  carboxylic  acid  ester  is  formed  in  a  high  yield  at  a  high  productivity, 
but  the  difference  of  isobutylene  as  opposed  to  normal  butenes  in  respect  to  the  reactivity  is  not 
sufficient.  For  example,  when  isobutylene  in  spent  BB  is  reacted  with  acetic  acid  and  is  converted  to 
tertiary  butyl  acetate  according  to  this  process,  secondary  butyl  acetate  is  formed  as  a  by-product  in  an 
amount  of  about  196.  Accordingly,  if  the  reaction  product  is  decomposed,  the  purity  of  the  resulting 
isobutylene  is  about  99%. 

Another  process  has  also  been  proposed  in  which  isobutylene  is  hydrated  in  a  hydrocarbon 
mixture  by  using  a  solvent  and  a  catalyst  and  separating  isobutylene  in  the  form  of  tertiary  butyl 
alcohol.  Whatever  solvent  and  catalyst  may  be  used  in  this  process,  however,  the  tertiary  butyl  alcohol 
so  formed  contains  a  considerable  amount  of  secondary  butyl  alcohol  which  is  undesirable  as  it  is  not 
suitable  for  production  of  high  purity  isobutylene.  Accordingly,  in  order  to  obtain  high  purity 
isobutylene,  there  should  be  adopted  a  method  for  dehydration  of  tertiary  butyl  alcohol,  as  disclosed  in, 
for  example,  Soviet  Union  Patent  202,881,  in  which  tertiary  butyl  alcohol  is  separated  from  secondary 
butyl  alcohol  by  fine  distillation  utilizing  a  slight  difference  of  the  volatility  between  tertiary  butyl  alcohol 
and  secondary  butyl  alcohol.  Thereafter,  the  thus  separated  tertiary  butyl  alcohol  is  dehydrated  and 
decomposed. 

The  present  applicants  have  studied  such  reactions  with  a  view  to  developing  a  cost  effective 



process  capable  of  producing  high  purity  isobutylene  having  a  purity  of  at  least  99.9%  with  economical 
advantages,  and  as  the  result,  we  have  found  that  high  purity  isobutylene  can  be  prepared  when  a  
reaction  gas  obtained  by  treating  an  aqueous  mixture  containing  tertiary  butyl  alcohol  and  a  tertiary 
butyl  ester  of  an  aliphatic  carboxylic  acid  having  1  to  6  carbon  atoms  with  an  acidic  ion  exchanger  is 
subjected  to  customary  distillation  separation. 

The  mixture  of  tertiary  butyl  alcohol  and  tertiary  butyl  ester  as  described  above  is  obtained 
according  to  a  method  disclosed  in,  for  example,  U.S.  Patent  4,011,272,  the  disclosure  of  which  is 
hereby  incorporated  by  reference.  More  specifically,  an  isobutylene-containing  hydrocarbon  mixture 
and  an  aqueous  solution  of  an  aliphatic  carboxylic  acid  having  1  to  6  carbon  atoms  are  reacted  in  the 
presence  of  an  acidic  ion  exchanger.  The  unreacted  hydrocarbons  are  separated  from  the  reaction 
mixture  by  distillation  to  form  a  residual  reaction  mixture  liquid  (I).  Then,  a  mixture  (II)  containing 
tertiary  butyl  alcohol  and  a  tertiary  butyl  ester  of  the  carboxylic  acid  is  obtained  together  with  a  portion 
of  water  from  liquid  (I)  by  conventional  distillation. 

According  to  this  procedure,  we  obtained  mixture  (II),  and  the  content  of  secondary  butyl  alcohol, 
which  is  a  by-product,  and  secondary  butyl  ester  of  the  carboxylic  acid,  which  is  also  a  by-product,  in 
the  mixture  (II)  were  determined  with  improved  analysis  accuracy.  It  was  found  that  the  secondary  butyl 
alcohol  and  the  secondary  butyl  ester  of  the  carboxylic  acid  were  together  present  in  a  total  amount  of 
0.3  mol  %.  This  means  that  even  though  the  hydration  conditions  disclosed  in  U.S.  Patent  4,011,272 
provides  a  good  selectivity  with  respect  to  isobutylene,  the  purity  of  isobutylene  that  can  be  expected 
according  to  this  process  is  about  99.7%.  In  order  to  further  improve  the  purity,  one  should  use  a 
special  method  of  removal  of  secondary  butyl  alcohol  and  secondary  butyl  ester  of  the  carboxylic  acid 
by  fine  distillation. 

Brief  summary  of  the  invention 
We  have  now  found  that  when  the  above-mentioned  mixture  is  treated  with  an  acidic  ion 

exchanger,  decomposition  of  the  tertiary  butyl  ester  of  carboxylic  acid  occurs  first  and  by  the  action  of 
the  carboxylic  acid  formed  by  this  decomposition,  the  secondary  butyl  alcohol  and  the  secondary  butyl 
ester  of  the  carboxylic  acid  are  inhibited  from  decomposing.  The  result  is  that  high  purity  isobutylene 
having  a  purity  of  at  least  99.9%  can  be  obtained  by  subjecting  the  decomposition  gas  to  ordinary 
distillation. 

Brief  description  of  the  drawings 
Figures  1  and  2  are  schematic  flow  charts  of  different  embodiments  of  the  invention  in  which  high 

purity  isobutylene  is  obtained. 

Detailed  description  of  the  invention 
With  reference  to  experimental  results,  we  will  now  specify  the  characteristics  of  the  above- 

mentioned  mixture  (II)  that  may  be  subjected  to  decomposition  with  an  acidic  ion  exchange  resin  and 
thus  are  suitable  for  production  of  high  purity  isobutylene  according  to  our  process. 

A  flask  equipped  with  a  stirrer  and  a  reflux  cooler  was  charged  with  30  cc  of  a  commercially 
available,  strongly  acidic  ion  exchange  resin  (the  H  type;  exchange  capacity=1.7  mg  equivalent/ml),  and 
either  50  g  of  a  liquid  A  (free  of  a  carboxylic  acid)  more  fully  identified  in  Table  1,  or  56  g  of  a  liquid  B 
(containing  a  carboxylic  acid)  more  fully  identified  in  Table  1  was  charged  into  the  flask.  The  flask  was 
positioned  into  a  thermostatically  controlled  tank  to  maintain  the  contents  at  a  temperature  of  80°C 
and  the  reaction  product  gas  was  analyzed  at  predetermined  intervals  to  obtain  the  results  shown  in 
Table  2. 

As  will  be  apparent  from  the  results  shown  in  Table  2,  the  decomposition  of  the  secondary  butyl 
alcohol  and  the  secondary  butyl  ester  of  the  carboxylic  acid  is  inhibited  by  the  presence  of  the 
carboxylic  acid,  (in  this  case  acetic  acid).  A  similar  effect  is  found  in  the  presence  of  a  carboxylic 
acid  formed  by  decomposition  of  a  tertiary  butyl  ester.  This  decomposition  system,  therefore,  is 
suitable  for  production  of  high  purity  isobutylene  according  to  the  process  of  our  invention. 



As  will  readily  be  understood  from  the  above  experimental  results,  according  to  a  preferred 
embodiment  of  the  process  of  the  present  invention,  the  catalyst  used  for  advancing  the  decomposition 
reaction,  and  specifically  an  acidic  ion  exchanger,  is  present  in  the  place  where  the  carboxylic  acid  is 
present.  In  order  to  separate  isobutylene  formed  by  the  decomposition  reaction  from  tertiary  butyl 
alcohol,  water  and  carboxylic  acid  present  in  the  reaction  system,  a  distillation  column  should  be  used. 
If  the  acidic  ion  exchanger  is  present  in  the  bottom  portion  of  this  distillation  column,  the 
decomposition  reaction  is  advanced  in  the  presence  of  the  carboxylic  acid  and  high  purity  isobutylene 
can  be  advantageously  prepared  according  to  our  process. 

Investigations  were  made  to  determine  preferred  decomposition  reaction  conditions,  and  it  was 
found  that  the  preferred  reaction  temperature  is  in  the  range  of  from  60  to  120°C.  If  the  reaction 
temperature  is  lower  than  60°C,  the  rate  of  decomposition  of  tertiary  butanol  was  low,  and  if  the 
reaction  temperature  is  higher  than  120°C,  decomposition  of  secondary  butanol  becomes  vigorous  and 
good  results  can  not  be  obtained,  and  furthermore,  the  decomposition  catalyst  is  then  required  to  be 
heat  resistant.  A  lower  reaction  pressure  is  preferred  because  the  rate  of  the  decomposition  reaction  is 
high,  but  since  the  boiling  point  of  distilled  isobutylene  under  atmospheric  pressure  is  -6°C,  a  low 
reaction  pressure  is  disadvantageous  from  the  economical  viewpoint  because  a  special  cooling  medium 
should  be  used.  And  since  an  aqueous  solution  of  tertiary  butanol  has  the  property  that  the  aqueous 
solution  freezes  at  about  0°C,  if  the  reaction  pressure  is  too  low  clogging  is  readily  caused  in  the 
interior  of  the  distillation  column,  resulting  in  reduction  of  the  operation  stability.  If  the  reaction  pressure 
is  atmospheric  pressure,  therefore,  it  is  preferred  to  carry  out  a  batchwise  operation  or  a  distillation 
operation  under  elevated  pressure  if  the  process  was  continuous.  Accordingly,  it  is  preferred  to  use  a 
reaction  pressure  of  from  atmospheric  pressure  to  4.5  kg/cm2  G,  under  which  cooling  water  of  a  re- 
cooling  column  can  be  used. 

An  example  of  an  application  of  the  process  of  the  present  invention  will  now  be  described.  It  is 
known  in  the  art  that  tertiary  butyl  alcohol  has  recently  been  used  as  the  starting  material  for  synthesis 
of  methacrolein  by  gas  phase  catalytic  oxidation. 

A  most  effective  utilization  of  the  process  of  the  present  invention  is  in  simultaneous  production 
of  such  tertiary  butyl  alcohol  and  high  purity  isobutylene.  According  to  this  embodiment,  a  residual 
reaction  mixture  liquid  (I),  obtained  by  reacting  an  isobutylene-containing  hydrocarbon  mixture  with  an 
aqueous  solution  of  an  aliphatic  carboxylic  acid  having  1  to  6  carbon  atoms  in  the  presence  of  an  acidic 
ion  exchanger  and  removing  the  unreacted  hydrocarbon  mixture  from  the  resulting  liquid  reaction 
product,  is  subjected  to  extraction  distillation  using  water  as  the  extracting  agent  to  recover  the 
carboxylic  acid  ester  of  tertiary  butyl  alcohol  in  the  form  of  a  mixture  (III)  with  water  and  part  of  tertiary 
butyl  alcohol.  The  mixture  (III)  then  is  treated  in  the  presence  of  the  acidic  ion  exchanger  and 
isobutylene  is  recovered  by  distillation,  whereby  high  purity  isobutylene  can  be  prepared.  Separately, 
tertiary  butyl  alcohol  is  recovered  by  distillation  from  the  residual  liquid  left  after  separation  of  the 
mixture  (III)  from  the  above-mentioned  residual  reaction  mixture  (I).  Thus,  high  purity  isobutylene  and 
tertiary  butyl  alcohol  can  be  simultaneously  prepared  according  to  this  embodiment  of  the  process  of 
the  present  invention.  The  main  components  of  the  residual  reaction  mixture  (I)  are  tertiary  butyl 
alcohol,  the  carboxylic  acid  ester  of  tertiary  buty  alcohol,  water  and  the  carboxylic  acid  together  with 
minor  amounts  of  secondary  butyl  alcohol  and  the  carboxylic  acid  ester  of  secondary  butyl  alcohol. 

If  this  residual  reaction  mixture  liquid  (I)  is  supplied  to  an  intermediate  stage  of  a  distillation 
column  and  an  extraction  distillation  is  carried  out  while  supplying  water  into  the  distillation  column 
from  the  head  thereof.  The  carboxylic  acid  ester  of  tertiary  butyl  alcohol  is  separated  on  the  distillate 
side.  This  is  described  in  EPO  specification  No.  0010993,  the  disclosure  of  which  is  hereby 
incorporated  by  reference.  The  distillate  contains  parts  of  tertiary  butyl  alcohol,  secondary  butyl  alcohol 
and  the  carboxylic  acid  ester  of  secondary  butyl  alcohol  in  addition  to  the  carboxylic  acid  ester  of 
tertiary  butyl  alcohol.  In  short,  the  distillate  is  the  above-mentioned  mixture  (III).  The  ratio  of  the 
carboxylic  acid  ester  of  tertiary  butyl  alcohol  to  tertiary  butyl  alcohol  in  this  mixture  (III)  is  higher  than 
this  ratio  in  the  residual  reaction  mixture  liquid  (I),  because  the  carboxylic  acid  ester  is  concentrated. 

Both  of  tertiary  butyl  alcohol  and  the  carboxylic  acid  ester  of  tertiary  butyl  alcohol  can  form 
isobutylene  when  they  are  contacted  and  treated  with  an  acidic  ion  exchange  resin,  but  the 
decomposition  rate  of  the  carboxylic  acid  ester  is  much  higher  than  that  of  tertiary  butyl  alcohol. 
Accordingly,  if  mixture  (III)  is  partially  decomposed  to  selectively  decompose  the  carboxylic  acid  ester  of 



tertiary  butyl  alcohol,  carboxylic  acid  is  formed,  and  therefore,  the  difference  of  the  decomposition  rate 
between  this  decomposition  and  the  decomposition  of  secondary  butyl  alcohol  and  the  carboxylic  acid 
ester  of  secondary  butyl  alcohol  is  further  increased  over  the  decomposition  rate  difference  in  the  whole 
decomposition  of  the  mixture  (II).  As  the  result  the  purity  of  isobutylene  is  remarkably  improved. 

The  concentration  of  the  residual  carboxylic  acid  ester  of  tertiary  butyl  alcohol  in  the  liquid 
obtained  by  this  partial  decomposition  is  much  lower  than  the  carboxylic  acid  ester  concentration' 
attained  by  the  hydrolysis  process  disclosed  in  EPO  specification  No.  0010993. 

Thus,  the  decomposition  ratio  of  the  carboxylic  acid  ester  can  be  enhanced. 
This  indicates  that  when  the  liquid  formed  by  the  above-described  partial  decomposition  is 

combined  with  the  liquid  left  after  distillation  separation  of  mixture  (III)  and  tertiary  butyl  alcohol  is 
separated  from  the  resulting  mixture  by  distillation,  the  concentration  of  the  carboxylic  acid  ester,  the 
main  impurity  in  tertiary  butyl  alcohol,  can  be  reduced  to  a  level  lower  than  the  carboxylic  acid  ester 
concentration  in  the  process  of  EPO  specification  No.  0010993. 

Accordingly,  the  purity  of  tertiary  butyl  alcohol  is  substantially  improved  and  the  amount  used  of 
the  carboxylic  acid  is  reduced,  with  the  result  that  economical  advantages  are  increased.  According  to 
this  embodiment  of  the  present  invention  which  is  directed  to  simultaneous  preparation  of  high  purity 
isobutylene  and  tertiary  butyl  alcohol,  additional  highly  desirable  results  can  be  thus  attained  also  in 
connection  with  the  preparation  of  tertiary  butyl  alcohol. 

One  instance  of the  above  embodiment  of  the  process  according  to  the  present  invention  in  which 
high  purity  isobutylene  and  tertiary  butyl  alcohol  are  simultaneously  prepared  from  an  isobutylene-con- 
taining  hydrocarbon  mixture  will  now  be  described  with  reference  to  Figure  1. 

Detailed  description  of  the  drawings 
In  Figure  1,  reference  numerals  101  and  102  represent  first  and  second  hydration  vessels  packed 

with  an  acidic  ion  exchanger.  An  isobutylene-containing  hydrocarbon  mixture  is  supplied  to  the  first 
hydration  vessel  from  line  1  and  an  aqueous  solution  of  a  carboxylic  acid  is  supplied  to  the  first 
hydration  vessel  from  line  2.  It  is  preferred  that  the  operation  be  carried  out  under  conditions  such  that 
an  effluent  from  the  first  hydration  vessel  (line  3)  is  homogeneous.  An  effluent  from  the  second 
hydration  vessel  102  is  supplied  to  a  hydrocarbon-separating  distillation  column  103  through  line  4, 
and  an  unreacted  isobutylene-containing  hydrocarbon  mixture  is  taken  out  of  distillation  column  via  line 
5.  Line  6  is  positioned  to  feed  the  residual  reaction  mixture  liquid  (I)  from  the  distillation  column  103. 

Reference  numeral  104  represents  an  extraction  distillation  column  for  separating  tertiary  butyl 
alcohol  and  the  carboxylic  acid  ester  of  tertiary  butyl  alcohol  from  the  liquid  fed  via  line  6,  and  water  is 
supplied  to  this  column  through  line  9.  Line  7  is  a  conduit  positioned  to  remove  the  carboxylic  acid 
ester  in  the  form  of  the  mixture  (III)  with  a  portion  of  butyl  alcohol  and  water.  The  top  portion  of  104 
functions  as  a  distillation  column  and  line  7  is  disposed  to  sufficiently  reduce  the  content  of  the 
hydrocarbon  mixture  dissolved  in  the  mixture  (III).  The  hydrocarbon  mixture  separated  in  this  distillation 
column  is  returned  to  the  distillation  column  103  through  the  line  10  by  means  of  a  compressor  (shown 
schematically). 

The  mixture  (III)  taken  out  from  line  7  is  fed  to  a  decomposition  vessel  105  packed  with  an  acidic 
ion  exchanger,  where  decomposition  occurs  primarily  on  the  carboxylic  acid  ester  and  isobutylene  is 
formed.  The  decomposition  gas  resulting  from  the  reaction  is  taken  from  vessel  105  and  treated  in 
distillation  column  107  while  high  purity  isobutylene  is  taken  out  through  line  11.  The  partially 
decomposed  liquid,  which  is  obtained  as  a  residue  after  decomposition  of  almost  of  all  carboxylic  acid 
ester,  is  taken  from  vessel  105  via  line  12  and  fed  to  an  appropriate  stage  of  the  recovery  zone  of  the 
above-described  extraction  distillation  column  104  or  to  line  8.  The  bottom  liquid  of  the  extraction 
distillation  column  104  is  fed  to  a  tertiary  butyl  alcohol-separating  distillation  column  106  through  the 
line  8.  The  aqueous  solution  of  the  carboxylic  acid  is  taken  out  through  line  2.  According  to  the  above- 
mentioned  flow  chart,  high  purity  isobutylene  and  tertiary  butyl  alcohol  can  be  simultaneously 
prepared. 

One  instance  of  the  embodiment  of  the  process  of  the  present  invention  in  which  high  purity 
isobutylene  is  prepared  from  an  isobutylene-containing  hydrocarbon  mixture  is  illustrated  in  Figure  2.  In 
this  figure,  the  flow  to  the  line  6  is  the  same  as  shown  in  Figure  1.  Reference  numeral  104  represents 
an  ordinary  distillation  column  provided  with  a  side  stream.  Tertiary  butyl  alcohol  and  carboxylic  acid 
ester  are  not  left  in  the  line  8,  but  rather  the  aqueous  solution  of  the  carboxylic  acid  is  taken  out  via  line 
8,  returned  to  the  hydration  vessel  through  the  line  2  and  used  again.  The  mixture  (II)  removed  from 
column  104  via  line  7  is  decomposed  in  a  decomposition  vessel  105  packed  with  an  acidic  ion 
exchanger,  isobutylene  is  separated  by  distillation  in  the  distillation  column  107  and  high  purity 
isobutylene  is  removed  through  line  11. 

The  aqueous  solution  of  carboxylic  acid,  the  other  decomposition  product,  is  taken  out  through 
line  12  and  fed  to  the  recovery  zone  of  the  distillation  column  104  to  recover  unreacted  tertiary  butyl 
alcohol  and  the  like,  and  then  the  aqueous  solution  of  the  carboxylic  acid  is  returned  to  the  hydration 
vessel  through  line  2  and  used  again.  Secondary  butyl  alcohol  and  the  carboxylic  acid  ester  of 
secondary  butyl  alcohol,  which  have  not  been  substantially  decomposed  in  the  decomposition  vessel, 
are  fed  to  the  distillation  column  106  together  with  the  aqueous  solution  of  the  carboxylic  acid  which  is 



the  main  decomposition  product  through  line  14  while  a  part  of  the  liquid  is  removed  through  line  12 
and  returned  to  distillation  column  104.  In  the  distillation  column  106,  the  liquid  is  separated  into  the 
aqueous  solution  of  small  amount  of  tertiary  butyl  alcohol,  secondary  alcohol  and  its  ester  and  an 
aqueous  carboxylic  acid  solution.  The  aqueous  solution  of  the  carboxylic  acid  is  returned  to  the 
hydration  vessel  through  line  16  and  the  aqueous  solution  of  small  amount  of  tertiary  butyl  alcohol, 
secondary  alcohol  and  its  ester  is  withdrawn  from  the  systems  through  line  15.  The  amount  of  this 
solution  withdrawn  is  a  minute  amount  corresponding  to  the  sum  of  the  amounts  of  secondary  butyl 
alcohol  and  its  carboxylic  acid  ester  formed  by  the  hydration  reaction.  According  to  this  procedure, 
good  results  can  be  continuously  obtained. 

Example  1 
This  Example  illustrates  the  simultaneous  preparation  of  high  purity  isobutylene  and  tertiary  butyl 

alcohol  according  to  the  flow  chart  of  Figure  1.  The  composition  of  the  hydrocarbon  mixture  used  as  the 
starting  material  is  shown  in  Table  3. 

Starting  material  was  supplied  at  a  rate  of  100  mols  per  hour  from  line  1  and  an  aqueous  solution 
of  acetic  acid  having  an  acetic  acid/water  molar  ratio  of  1:2  was  supplied  at  a  rate  of  176  mols  per  hour 
from  line  2.  The  first  and  second  hydration  vessels  were  packed  with  7  I  and  6  I  of  a  sulfonic  acid-type 
cation  exchange  resin,  respectively.  The  reaction  temperature  in  the  first  hydration  vessel  was  77°C 
and  the  reaction  temperature  in  the  second  hydration  vessel  was  70°C,  and  the  reaction  pressure  was 
10  kg/cml  G. 

An  ordinary  sieve  tray  plate  column  was  used  as  the  hydrocarbon-separating  column  103.  The 
composition  of  the  liquid  removed  from  the  top  of  the  column  103  via  line  5  is  shown  in  Table  3.  The 
composition  of  the  bottom  liquid  (line  6)  is  shown  in  Table  4.  From  these  results,  it  was  found  that  the 
conversion  of  isobutylene  was  92%  and  the  selectivity  for  tertiary  butyl  acetate  was  4.4%.  The  amount 
of  the  dimer  of  isobutylene  formed  as  the  by-product  was  only  a  trace,  and  by  improved  accuracy 
analysis,  it  was  confirmed  that  the  total  molar  amount  of  secondary  butyl  alcohol  and  secondary  butyl 
acetate  was  0.3  mol  %  based  on  the  amount  of  isobutylene  reacted. 

The  distillation  column  104  for  concentration  of  tertiary  butyl  acetate  had  40  stages  in  total  and 
the  upper  5  stages  were  arranged  for  separating  the  hydrocarbon  mixture  dissolved  in  the  reaction 
liquid  as  the  vent  gas  while  recycling  all  of  the  condensate.  Tertiary  butyl  acetate  is  taken  out  through 
line  7  in  the  form  of  a  liquid  mixture  (III)  together  with  tertiary  butyl  alcohol  and  water  from  the  tray  of 
the  fifth  stage  counting  from  the  top.  The  composition  of  the  mixture  in  the  line  7  is  shown  in  Table  4. 
The  amount  of  this  distillate  was  43  mols  per  hour. 

Deionized  water  was  supplied  at  a  rate  of  0.97  kg  per  hour  to  the  tray  of  the  sixth  stage  counting 
from  the  top.  The  decomposition  vessel  105  was  a  jacketed  stirring  tank  in  which  was  suspended  3.5  I 
of  a  sulfonic  acid-type  ion  exchange  resin  having  an  exchange  capacity  of  2.0  mg  equivalent/ml  and 
diameter  of  about  0.5  mm.  The  decomposition  vessel  105  was  operated  at  a  temperature  of  90°C 
under  a  pressure  of  2  kg/cm2G.  The  decomposition  gas  from  the  decomposition  vessel  was  supplied  to 
the  bottom  of  the  sieve  tray  distillation  column  107  having  5  stages.  The  composition  of  high  purity 
isobutylene  obtained  from  line  11  is  shown  in  Table  4. 

The  purity  was  99.97%.  The  yield  of  isobutylene  was  26%  of  the  amount  of  isobutylene  reacted  at 
the  hydration  step,  and  the  remainder  of  reacted  isobutylene  was  substantially  converted  to  tertiary 
butyl  alcohol.  The  composition  of  the  effluent  (line  12)  from  the  decomposition  vessel  is  shown  in  Table 
4.  The  decomposition  ratio  of  tertiary  butyl  acetate  in  the  decomposition  vessel  was  98%,  and  the 
decomposition  ratio  of  tertiary  butyl  alcohol  was  48%.  The  content  of  tertiary  butyl  acetate  in  tertiary 
butyl  alcohol  recovered  from  the  line  13  was  0.074  mol  %  which,  for  comparison,  is  less  than  1/2  of  the 
tertiary  butyl  acetate  content  attained  in  published  U.S.  Patent  Application  Serial  No.  91,246,  filed 
November  2,1979,  that  is,  0.17  mol  96. 



Example  2 
According  to  the  flow  chart  shown  in  Figure  2,  the  residual  reaction  mixture  liquid  (I)  (line  6)  was 

obtained  by  the  hydration  reaction  and  the  separation  of  hydrocarbons  in  the  same  manner  as 
described  in  Example  1.  The  liquid  (I)  was  supplied  to  the  distillation  column  104  having  25  stages  in 
total.  Minute  amounts  of  hydrocarbons  in  the  line  6  were  separated  in  the  upper  five  stages  of  column 
104,  and  tertiary  butyl  alcohol,  the  carboxylic  acid  ester  of  tertiary  butyl  alcohol  and  a  part  of  water' 
were  taken  out  through  the  line  7  in  the  form  of  the  liquid  mixture  (II)  from  the  tray  of  the  fifth  stage 
counting  from  the  top.  The  composition  of  the  mixture  (II)  in  the  line  7  is  shown  in  Table  5.  The  aqueous 
carboxylic  acid  solution  was  taken  out  from  the  bottom  of  column  104  through  line  8.  The  composition 
of  the  aqueous  solution  in  the  line  8  is  shown  in  Table  5.  The  mixture  (II)  was  supplied  to  the 
decomposition  vessel  105.  The  decomposition  vessel  105  was  a  jacketed  stirring  tank  in  which  was 
suspended  13  I  of  a  sulfonic  acid-type  ion  exchange  resin  having  an  ion-exchange  capacity  of  1.8  mg 
equivalent/ml  and  diameter  of  about  0.5  mm.  Decomposition  vessel  105  was  operated  at  a 
temperature  of  90°C  under  a  pressure  of  1.5  kg/cm2G.  The  decomposition  gas  from  the  decomposition 
vessel  was  supplied  to  the  bottom  of  a  sieve  tray  distillation  column  107  having  5  stages.  The  purity  of 
isobutylene  recovered  through  the  line  11  was  99.96%. 

The  liquid  residue  in  the  decomposition  vessel  was  discharged  through  line  12.  By  analysis  of  the 
composition  of  this  residue,  it  was  found  that  the  decomposition  ratio  of  tertiary  butyl  alcohol  was  91  % 
and  the  decomposition  ratio  of  tertiary  butyl  acetate  was  99%.  The  STY  (space  time  yield)  value  of 
isobutylene  was  3.1  mol/hr. 

The  liquid  in  the  line  12  was  taken  out  in  an  amount  corresponding  to  10%  of  the  flow  rate  from 
the  line  14  and  fed  to  another  distillation  column  106,  where  residual  tertiary  butyl  alcohol,  secondary 
butyl  alcohol  and  their  esters  of  acetic  acid  were  separated.  The  aqueous  solution  of  acetic  acid  from 
the  column  106  was  recycled  through  the  line  16  and  used  again  for  the  dehydration  reaction.  The 
remainder  of  the  liquid  in  line  12  was  supplied  to  the  recovery  zone  of  distillation  column  104. 

Acetic  acid  and  water  were  added  to  the  liquid  in  the  line  8,  and  the  mixture  was  returned  to  the 
hydration  vessel  and  used  again. 

The  compositions  of  the  liquids  in  this  Example  are  shown  in  Table  5. 

Example  3 
This  example  illustrates  an  embodiment  of  the  invention  in  which  a  mixture  of  tertiary  butyl 

alcohol,  tertiary  butyl  acetate  and  water,  prepared  in  the  same  manner  as  described  in  Example  1 
(corresponding  to  the  liquid  in  the  line  7  in  Example  1),  is  treated  under  atmospheric  pressure  in  a 
batchwise  reaction  vessel  to  synthesize  high  purity  isobutylene. 

In  a  3-liter  capacity  glass  flask  connected  to  a  distillation  column  having  an  inner  diameter  of  25 
mm  and  including  10  stages,  1  of   a  commercially  available,  sulfonic  acidic  ion  exchange  resin  (the  H 
type;  exchange  capacity=1.7  mg  equivalent/ml,  diameter  of  about  0.5  mm)  was  packed,  and  1140  g  of 
a  mixture  shown  in  Table  6  was  charged  in  the  flask  and  heated  by  an  oil  bath  under  agitation.  The 
inner  temperature  of  the  flask  was  maintained  at  68°C  for  1.5  hours  and  the  liquid  in  the  flask  was 



sampled.  Then,  the  inner  temperature  of  the  flask  was  elevated  to  72°C  and  this  temperature  was 
maintained  for  2.5  hours.  During  this  period,  the  distillation  column  was  operated  at  the  reflux  ratio  of 
2.  The  operation  pressure  was  atmospheric  pressure. 

If  the  operation  was  conducted  so  that  deviation  of  the  amount  of  the  distillate  was  avoided, 
freezing  was  not  caused  in  the  distillation  column.  The  purity  of  isobutylene  thus  obtained  was  99.96%. 
The  composition  of  the  residual  liquid  was  analyzed  at  the  intermediate  point  of  the  reaction  and  at  the 
point  of  termination  of  the  reaction  to  obtain  results  shown  in  Table  6,  from  which  it  is  seen  that  the 
rate  of  decomposition  of  tertiary  butyl  acetate  was  high. 

1.  A  process  for  the  preparation  of  high  purity  isobutylene,  characterised  by  the  steps  of  treating 
an  aqueous  mixture  of  tertiary  butyl  alcohol  and  a  tertiary  butyl  ester  of  an  aliphatic  carboxylic  acid 
having  1  to  6  carbon  atoms  with  an  acidic  ion  exchanger  and  separating  isobutylene  in  a  highly  purified 
form  by  distillation. 

2.  A  process  according  to  claim  1,  characterised  in  that  during  the  treatment  with  the  acidic  ion 
exchanger  at  least  a  part  of  the  tertiary  butyl  alcohol  in  the  mixture  is  not  decomposed  but  remains  as 
such  in  the  mixture. 

3.  A  process  according  to  claim  1  or  claim  2,  characterised  in  that  the  mixture  is  treated  with  the 
acidic  ion  exchanger  at  a  temperature  of  60  to  120°C  under  a  pressure  in  the  range  of  from 
atmospheric  pressure  to  4.5  kg/cm2G. 

4.  A  process  according  to  any  preceding  claim  characterised  in  that  the  acidic  ion  exchanger  is 
positioned  In  the  bottom  portion  of  a  distillation  column  for  distilling  and  refining  isobutylene  formed  by 
decomposition  of  said  mixture. 

5.  A  process  according  to  any  preceding  claim  characterised  in  that  the  mixture  treated  is 
recovered  from  a  liquid  reaction  mixture  obtained  by  subjecting  an  isobutylene-containing  hydrocarbon 
mixture  to  hydration  reaction  with  an  aqueous  solution  of  aliphatic  carboxylic  acid  having  1  to  6  carbon 
atoms  in  the  presence  of  an  acidic  ion  exchanger. 

6.  A  process  according  to  Claim  5  characterised  by  the  steps  of: 

(a)  removing  unreacted  hydrocarbons  from  the  said  liquid  reaction  mixture  to  give  a  residual  liquid 
reaction  mixture  I; 

(b)  subjecting  the  mixture  I  to  extractive  distillation  with  water  to  give  a  mixture  III  of  t-butyl  alcohol 
carboxylic  acid  ester,  water  and  some  of  the  t-butyl  alcohol  and 

(c)  treating  the  mixture  III  in  the  presence  of  an  acidic  ion  exchanger  and  recovering  isobutylene  by 
distillation. 

7.  A  process  according  to  Claim  6  characterised  in  that  t-butyl  alcohol  is  recovered  by  distillation 
from  the  residual  liquid  remaining  after  separation  of  the  mixture  III  from  the  residual  reaction  mixture  I. 

8.  A  process  according  to  any  preceding  Claim  characterised  in  that  the  purity  of  the  isobutylene 
product  is  at  least  99.996. 

1.  Verfahren  zur  Herstellung  von  hochreinem  Isobutylen,  gekennzeichnet  durch  die  Schritte  der 
Behandlung  einer  wäßrigen  Mischung  von  t-Butylalkohol  und  einem  t-Butylester  einer  aliphatischen 



Carbonsäure  mit  1  bis  6  Kohlenstoffatomen  mit  einem  sauren  lonenaustauscher  und  der  Abtrennung 
von  Isobutylen  in  einer  hochgereinigten  Form  durch  Destillation. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daß  während  der  Behandlung  mit  dem 
sauren  lonenaustauscher  mindestens  ein  Teil  des  t-Butylalkohols  in  der  Mischung  nicht  zersetzt  wird, 
sondern  als  solcher  in  der  Mischung  verbleibt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daß  die  Mischung  bei  einer 
Temperatur  von  60  bis  120°C  unter  einem  Druck  in  dem  Bereich  von  Atmosphärendruck  bis  zu  einem 
Überdruck  von  4,41  bar  (4,5  kg/cm2)  mit  dem  sauren  lonenaustauscher  behandelt  wird. 

4.  Verfahren  nach  einem  der  vorhergehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  der  saure 
Ionenaustauscher  in  den  Boden-  bzw.  Sumpfteil  einer  Destillierkolonne,  die  zum  Destillieren  und 
Reinigen  von  durch  Zersetzung  der  Mischung  gebildetem  Isobutylen  dient,  gebracht  wird. 

5.  Verfahren  nach  einem  der  vorhergehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  die  be- 
handelte  Mischung  aus  einer  flüssigen  Reaktionsmischung  gewonnen  wird,  die  erhalten  wurde,  indem 
man  eine  isobutylenhaltige  Kohlenwasserstoffmischung  einer  Hydratisierungsreaktion  in  Gegenwart 
eines  sauren  Ionenaustauschers  mit  einer  wäßrigen  Lösung  einer  aliphatischen  Carbonsäure  mit  1  bis  6 
Kohlenstoffatomen  unterzog. 

6.  Verfahren  nach  Anspruch  5,  gekennzeichnet  durch  die  folgenden  Schritte: 

(a)  Entfernung  von  nicht  umgesetzten  Kohlenwasserstoffen  aus  der  flüssigen  Reaktionsmischung  unter 
Erzielung  einer  restlichen  flüssigen  Reaktionsmischung  I, 

(b)  extraktive  Destillation  der  Mischung  mi t   Wasser  unter  Erzielung  einer  Mischung  III  von  t-Butyl-. 
alkoholcarbonsäureester,  Wasser  und  einem  Teil  des  t-Butylalkohols  und 

(c)  Behandlung  der  Mischung  III  in  Gegenwart  eines  sauren  Ionenaustauschers  und  Gewinnung  von  Iso- 
butylen  durch  Destillation. 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  daß  t-Butylalkohol  durch  Destillation  aus 
der  restlichen  Flüssigkeit,  die  nach  der  Trennung  der  Mischung  III  von  der  restlichen  Reaktions- 
mischung  I  zurückbleibt,  gewonnen  wird. 

8.  Verfahren  nach  einem  der  vorhergehenden  Ansprüche,  dadurch  gekennzeichnet,  daß  das 
Reinheit  des  als  Produkt  erhaltenen  Isobutylens  mindestens  99,9%  beträgt. 

1.  Procédé  pour  la  préparation  d'isobutylène  de  pureté  élevée,  caractérisé  par  les  étapes  de 
traitement  d'un  mélange  aqueux  d'alcool  tertiobutylique  et  d'un  ester  tertiobutylique  d'un  acide 
carboxylique  aliphatique  possédant  de  1  à  6  atomes  de  carbone  avec  un  échangeur  d'ions  de  caractère 
acide  et  de  séparation  de  l'isobutylène  par  distillation  sous  une  forme  hautement  purifiée. 

2.  Procédé  selon  la  revendication  1,  caractérisé  en  ce  qu'au  cours  du  traitement  avec  l'échangeur 
d'ions  à  caractère  acide,  une  partie  au  moins  de  l'alcool  tertiobutylique  du  mélange  n'est  pas 
décomposée  mais  reste  telle  quelle  dans  le  mélange. 

3.  Procédé  selon  la  revendication  1  ou  2,  caractérisé  en  ce  que  le  mélange  est  traité  avec 
l'échangeur  d'ions  à  caractère  acide  à  une  température  de  60  à  120°C  sous  une  pression  allant  de  la 
pression  atmosphérique  à  une  pression  manométrique  de  4,5  kg/cm2. 

4.  Procédé  selon  l'une  quelconque  des  revendications  précédentes  caractérisé  en  ce  que 
l'échangeur  d'ions  de  caractère  acide  est  placé  dans  la  partie  inférieure  d'une  colonne  de  distillation 
pour  distiller  et  raffiner  l'isobutylène  formé  par  décomposition  du  mélange. 

5.  Procédé  selon  l'une  quelconque  des  revendications  précédentes  caractérisé  en  ce  que  le 
mélange  traité  est  récupéré  à  partir  d'un  mélange  de  réaction  liquide  obtenu  en  soumettant  un  mélange 
d'hydrocarbures  contenant  l'isobutylène  à  une  réaction  d'hydration  avec  une  solution  aqueuse  d'un 
acide  carboxylique  aliphatique  possédant  de  1  à  6  atomes  de  carbone  en  présence  d'un  échangeur 
d'ions  à  caractère  acide. 

6.  Procédé  selon  la  revendication  5  caractérisé  par  les  étapes  de: 

(a)  élimination  des  hydrocarbures  n'ayant  pas  réagi  du  mélange  de  réaction  liquide  pour  donner  un 
mélange  de  réaction  liquide  résiduel  I; 

(b)  soumission  du  mélange  1  à une  distillation  extractive  avec  de  l'eau  pour  donner  un  mélange  III 
d'ester  tertiobutylique  d'acide  carboxylique,  d'eau  et  d'un  peu  d'alcool  tertiobutylique,  et 

(c)  traitement  du  mélange  III  en  présence  d'un  échangeur  d'ions  de  caractère  acide  et  récupération  de 
l'isobutylène  par  distillation. 

7.  Procédé  selon  la  revendication  6  caractérisé  en  ce  que  l'alcool  tertiobutylique  est  récupéré  par 
distillation  du  liquide  résiduel  restant  après  séparation  du  mélange  III  du  mélange  de  réaction  résiduel  I. 

8.  Procédé  selon  l'une  quelconque  des  revendications  précédentes  caractérisé  en  ce  que  la  pureté 
de  l'isobutylène  est  d'au  moins  99,9%. 
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