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)escription 

This  invention  relates  to  the  separation  of  p- 
luoroaniline  from  a  mixture  containing  p- 
luoroaniline  and  other  aromatic  compounds. 
More  specifically  there  is  disclosed  a  process  for 
he  separation  of  p-fluoroaniline  from  a  mixture 
:ontaining  p-fluoroaniline  and  aniline  comprising 
:ontacting  the  mixture  with  a  mineral  acid,  in  the 
Dresence  of  a  solvent,  thereafter  isolating  the 
esultant  salt  of  p-fluoroaniline  from  the  reaction 
nixture  and  then  contacting  the  isolated  salt  with 
a  base,  thereby  converting  the  salt  to  p-fluoro- 
aniline. 

P-fluoroaniline  is  a  well  known  intermediate  in 
:he  preparation  of  dyestuffs,  pesticides  and 
aharmaceuticals.  U.S.  Patent  2,884,458  discloses 
3  process  for  the  manufacture  of  p-fluoroaniline 
ay  catalytic  hydrogenation  of  nitrobenzene  in 
anhydrous  hydrogen  fluoride.  In  the  catalytic 
nydrogenation  process,  large  amounts  of  ordi- 
nary  aniline  accompany  the  p-fluoroaniline  and 
are  difficult  to  separate.  Generally,  from  25  to  50 
percent  or  more  of  the  aniline  product  is  aniline 
and  the  balance  is  p-fluoroaniline.  Unfortunately, 
this  reference  doe  not  provide  an  efficient  means 
of  separation  of  the  p-fluoroaniline. 

One  method  of  separating  aniline  from  p- 
fluoroaniline  is  disclosed  in  U.S.  Patent  3,639,482 
and  U.S.  Patent  3,580,951.  U.S.  Patent  3,639,482 
discloses  a  process  for  preparing  fluoroaniline  by 
heating  at  a  temperature  of  from  100°  to  230°C 
under  a  pressure  of  15  to  1500  p.s.i.a.  (1.03  to 
103.4  bar),  a  mixture  of  anhydrous  hydrogen 
fluoride,  nitrobenzene  and  a  catalyst  mixture  con- 
sitting  essentially  of  a  compound  selected  from 
the  group  of  palladium  halides,  rhodium  halides, 
palladium  oxides,  and  rhodium  oxides  and  mix- 
tures  thereof,  with  an  oxide  of  an  element 
selected  from  the  group  of  vanadium,  molyb- 
denum,  tungsten,  niobium,  chromium,  tantalum 
and  mixtures  thereof.  After  the  reaction  is  com- 
pleted,  the  product  is  isolated  in  a  conventional 
manner.  For  example,  the  catalyst  is  removed  by 
filtration  and  any  excess  hydrogen  fluoride  is 
evaporated  or  distilled  off.  Water  is  added  and  the 
aqueous  layer  is  made  alkaline.  The  liberated 
anilines  are  then  separated  and/or  extracted  with 
any  suitable  water  immiscible  organic  solvent,  for 
example,  ether.  The  extract  is  dried  and  distilled 
to  recover  the  fluoroaniline  product.  U.S.  Patent 
3,580,951  describes  the  separation  of  the  p-fluoro- 
aniline  from  aniline  in  essentially  the  same 
manner  as  disclosed  in  3,639,482. 

U.S.  Patent  3,558,707  discloses  a  process  for 
preparing  fiuoroanilines.  The  fluoroanilines  are 
prepared  by  the  deoxygenation  and  hydro- 
fluorination  of  the  corresponding  nitrobenzenes 
which  are  reacted  in  anhydrous  hydrogen  fluoride 
at  0  to  230°C  under  pressures  of  from  15  to  1500 
p.s.i.a.  (1.03  to  103.4  bar)  in  the  presence  of 
certain  deoxygenating  agents  containing  phos- 
phorus  or  sulfur.  After  the  reaction  is  completed, 
the  fluoroaniline  product  is  isolated  in  a  conven- 
tional  manner.  For  example,  excess  hydrogen 

fluoride  is  evaporated  or  distmea  ott.  waier  is 
added  and  the  oxidation  product  together  with 
unconverted  deoxygenating  agent,  both  of  which 
are  usually  insoluble  in  water,  are  filtered  off  or 

5  otherwise  separated.  The  aqueous  layer  is  made 
alkaline  and  the  liberated  anilines  are  separated 
and/or  extracted  with  any  suitable  water  immisc- 
ible  organic  solvent,  for  example,  ether.  The 
extract  is  dried  and  distilled  to  recover  the  fluoro- 

<o  aniline  product. 
All  of  the  prior  art  methods  described  above 

rely  on  fractional  distillation  to  separate  anilines 
from  the  corresponding  fluoroanilines.  Unfortu- 
nately,  at  atmospheric  pressures  aniline  and  p- 

rs  fluoroaniline  boil  within  about  3°C  of  each  other, 
which  makes  fractional  distillation  very  difficult. 
Accordingly,  there  exists  a  demand  for  an  effi- 
cient  means  of  separating  p-fluoroaniline  from 
mixtures  containing  p-fluoroaniline  and  aniline. 

io  The  separation  procedure  of  this  invention  is 
based  on  the  fact  that  p-fluoroaniline  forms  min- 
eral  acid  salts  which  are  essentially  insoluble  in 
certain  organic  solvents,  whereas  aniline  does  not 
form  corresponding  salts  in  significant  amounts. 

?5  Accordingly,  there  is  provided  a  process  for  the 
separation  of  p-fluoroaniline  from  a  mixture  con- 
taining  p-fluoroaniline  and  aniline  comprising: 

(a)  contacting  said  mixture  with  a  mineral  acid, 
in  the  presence  of  an  organic  solvent  to  form  an 

so  insoluble  salt  of  p-fluoroaniline; 
(b)  isolating  the  insoluble  salt  of  p-fluoroaniline 

from  the  reaction  mixture;  and  optionally 
(c)  contacting  said  salt  with  a  base  thereby 

converting  said  salt  to  p-fluoroaniline. 
35  According  to  the  present  invention,  there  is 

provided  a  process  for  the  separation  of  p-fluoro- 
aniline  from  a  mixture  containing  p-fluoroaniline 
and  aniline. 

The  amount  of  p-fluoroaniline  and  aniline  in  the 
40  mixture  can  vary  over  wide  limits  but  in  general 

about  80%  to  about  95%  by  weight  of  the  mixture 
will  be  p-fluoroaniline,  with  the  remainder  being 
aniline. 

While  the  process  of  the  invention  can,  if 
45  desired,  be  carried  out  in  a  batch-wise  manner,  it 

is  preferable  that  it  be  carried  out  in  a  continuous 
manner.  In  accordance  with  the  preferred 
embodiment,  the  mineral  acid  and  the  mixture 
containing  the  p-fluoroaniline  and  aniline  are 

so  continuously  added  to  a  reactor  containing  a 
suitable  solvent,  whereupon  the  p-fluoroaniline 
reacts  with  the  mineral  acid  to  form  an  insoluble 
salt.  The  p-fluoroaniline  salt  is  then  separated  by 
filtration  and  the  solvent  is  recycled.  Over  a 

55  period  of  time,  aniline  accumulates  in  the 
recycled  solvent.  When  the  accumulated  aniline 
reduces  the  p-fluoroaniline/aniline  mixture  in  the 
reactor  to  less  than  about  80%  p-fluoroaniline,  the 
aniline  must  be  removed  from  the  solvent.  If  this 

60  is  not  done,  small  but  significant  amounts  of 
mineral  acid  salts  of  aniline  will  contaminate  the 
p-fluoroaniline  salts  which  are  formed.  Accumu- 
lated  aniline  can  be  removed  by  stripping  off  the 
solvent  in  a  conventional  manner  and  the  solvent 

65  can  then  be  reused  in  the  process. 
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For  the  purposes  of  this  invention,  mineral 
acids  are  meant  to  include  concentrated  or  dilute 
solutions  of  hydrochloric  acid,  sulfuric  acid,  phos- 
phoric  acid,  hydrobromic  acid  and  nitric  acid. 
Especially  preferred  is  hydrochloric  acid.  The 
amount  of  mineral  acid  used  is  preferably  at  least 
the  amount  required  stoichiometrically  to  react 
with  the  p-fluoroaniline  to  form  the  corres- 
ponding  salt  thereof.  Excess  amounts  of  mineral 
acid  generally  will  not  have  any  undesirable 
effects. 

The  reaction  can  be  carried  out  in  a  conven- 
tional  reaction  vessel.  Preferably  the  reaction 
vessel  is  a  closed  vessel  equipped  with  a  means 
for  stirring,  a  thermometer,  condenser,  means  for 
controlling  the  temperature  of  the  reaction  mix- 
ture  as  well  as  a  means  for  introducing  the 
mineral  acid. 

The  conditions  for  the  reaction  between  the 
mineral  acid  and  the  mixture  of  aniline  and  p- 
fluoroaniline  should  be  such  that  there  is  a  com- 
plete  reaction  of  all  the  p-fluoroaniline.  Since  the 
mineral  acid  salt  forms  almost  immediately  upon 
contact  between  the  p-fluoroaniline  and  the  min- 
eral  acid,  reaction  time  is  not  critical.  Typical 
reaction  temperatures  are  from  0  to  75°C  and 
preferably  from  10°C  to  40°C.  Suitable  reaction 
pressures  are  from  0  to  1,000  p.s.i.g.  (1  to  about 
70  bar),  and  preferably  from  0  to  50  p.s.i.g.  (1  to 
about  4.4  bar). 

The  reaction  between  the  p-fluoroaniline  and 
the  mineral  acid  is  carried  out  in  the  presence  of 
an  organic  solvent  in  which  the  mineral  acid  salt 
of  p-fluoroaniline  is  insoluble.  Suitable  solvents 
include  ethyl  acetate,  heptane,  hexane,  methy- 
lene  chloride  or  mixtures  thereof.  The  amount  of 
solvent  is  not  critical  and  can  be  any  amount 
which  provides  suitable  contact  of  the  reactants 
and  allows  ease  of  handling. 

As  a  result  of  the  above  reaction,  the  p-fluoro- 
aniline  forms  its  corresponding  salt  which  is 
insoluble  in  the  reaction  solvent.  Consequently, 
the  salt  can  be  separated  from  the  solution  con- 
taining  the  aniline  by  conventional  means,  such 
as,  for  example,  filtration. 

The  isolated  salt  of  fluoroaniline  can  be  con- 
tacted  with  an  aqueous  base  to  convert  the  salt  to 
p-fluoroaniline.  Suitable  aqueous  bases  include, 
for  example,  hydroxides  such  as  sodium 
hydroxide,  potassium  hydroxide,  calcium 
hydroxide  and  ammonium  hydroxide;  carbonates 
such  as  sodium  carbonate  and  potassium  carb- 
nate;  and  oxides  such  as  calcium  oxide  and 
barium  oxide.  The  p-fluoroaniline  salt  and  the 
base  are  reacted  in  stoichiometric  amounts, 
typically  from  about  1.0  to  about  1.5  mole  of  base 
per  mole  of  p-fluoroaniline  salt.  Preferably  from 
1.0  to  1.1  molar  equivalents  of  base  are  used. 

When  the  salt  is  contacted  with  a  base,  suitable 
conditions  can  be  from  0°to  about  60°C  preferably 
about  10°C  to  about  24°C  and  a  pressure  about  0 
p.s.i.g.  (about  1  bar)  preferably  about  0  to  about  5 
p.s.i.g.  (about  1  to  about  1.34  bar). 

In  the  following  examples,  all  percentages  are 
based  on  weight  unless  stated  to  the  contrary. 

The  following  examples  are  supplied  in  order  to 
illustrate,  but  not  necessarily  to  limit,  the  process 
of  the  present  invention. 

s  Example  1 
A  three  liter,  three  necked  flask  was  equipped 

with  a  stirrer,  condenser,  and  a  gas  inlet  below 
the  liquid  surface.  A  300  gram  mixture  containing 
14%  by  weight  aniline  and  86%  p-fluoroaniline 

io  was  charged  into  the  flask.  Thereafter,  1  .5  liters  of 
heptane  and  300  ml  of  ethyl  acetate  was  charged 
into  the  vessel.  The  reactants  were  stirred  as 
anhydrous  HCI  was  bubbled  into  the  mixture 
through  the  gas  inlet.  After  excess  hydrogen 

15  chloride  (gas)  had  been  added,  the  mixture  was 
filtered  to  give  350  grams  of  white  p-fluoroaniline 
hydrochloride  salts.  The  filtered  heptane  solution 
was  found  to  contain  no  p-fluoroaniline  and  the 
salts  were  greater  than  97%  p-fluoroaniline 

20  hydrochloride. 

Example  2 
Into  a  vessel  similar  to  that  used  in  example  1 

was  charged  400  grams  of  a  mixture  containing 
25  95.5%  by  weight  of  p-fluoroaniiine  and  4.5%  by 

weight  of  aniline.  Two  liters  of  ethyl  acetate  were 
than  charged  to  the  aniline  mixture  and  the 
mixture  was  stirred.  Thereafter,  anhydrous  hydro- 
gen  chloride  was  bubbled  in  below  the  liquid 

30  surface.  Samples  of  the  hydrochloride  salts  were 
taken  after  two  hours,  three  hours  and  after  an 
excess  of  HCI  had  been  added.  The  samples  of  the 
salts  were  then  placed  in  deionized  water,  and 
were  made  basic  with  potassium  hydroxide.  The 

35  samples  were  then  distilled  to  give  250  grams 
(99.7%  p-fluoroaniline)  for  sample  1,  sample  2 
resulted  in  100  grams  (97%  by  weight  p-fluoro- 
aniline)  and  sample  3  resulted  in  50  grams  (85% 
p-fluoroaniline). 

40 
Example  3 

To  the  same  type  of  vessel  used  in  the  previous 
examples  was  charged  400  grams  of  a  mixture 
containing  85%  by  weight  p-fluoroaniline  and 

45  15%  by  weight  of  aniline.  Thereafter,  two  liters  of 
methylene  chloride  were  charged  to  the  vessel 
and  the  mixture  was  stirred.  Thereafter,  anhydr- 
ous  hydrogen  chloride  was  bubbled  in  the  mix- 
ture  until  70%  of  the  p-fluoroaniline  had  been 

50  removed  as  the  hydrochloride  salt.  The  purity  of 
the  salt  was  found  to  be  in  excess  of  95%  p- 
fluoroaniline  with  the  remaining  material  in  the 
vessel  being  65%  by  weight  p-fluoroaniline  and 
35%  by  weight  aniline. 

55  While  certain  embodiments  and  details  have 
been  shown  for  the  puropse  of  illustrating  the 
invention,  it  will  be  apparent  to  those  skilled  in  the 
art  that  various  changes  and  modifications  may 
be  made  therein  without  departing  from  the 

60  scope  of  the  invention. 

Claims 

1.  A  process  for  the  separation  of  p-fluoro- 
65  aniline  from  a  mixture  containing  p-fluoroaniline 

3 
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characterised  by 
(a)  contacting  said  mixture  with  a  mineral  acid  in 

the  presence  of  an  organic  solvent  to  form  an 
insoluble  salt  of  p-fluoroaniline;  and 

(b)  isolating  the  insoluble  salt  of  p-fluoroaniline 
from  the  reaction  mixture. 

2.  A  process  according  to  claim  1,  in  which  the 
organic  solvent  is  selected  from  the  group  consist- 
ing  of  ethyl  acetate,  heptane,  hexane,  methylene 
chloride  or  mixtures  thereof. 

3.  A  process  according  to  claim  1  or  claim  2,  in 
which  said  mineral  acid  is  selected  from  the  group 
of  hydrochloric  acid,  sulfuric  acid,  phosphoric 
acid,  hydrobromic  acid  and  nitric  acid. 

4.  A  process  according  to  any  one  of  claims  1  to 
3,  in  which  said  mineral  acid  is  hydrochloric  acid. 

5.  A  process  according  to  any  one  of  claims  1  to 
3,  in  which  there  is  present  at  least  a  stoichiometric 
equivalent  of  mineral  acid  to  p-fluoroaniline 
present  in  the  mixture. 

6.  A  process  according  to  any  one  of  claims  1  to 
5,  in  which  said  solvent  is  methylene  chloride  or  is 
ethyl  acetate  or  is  heptane  or  is  hexane  or  is  a 
mixture  of  heptane  and  ethyl  acetate. 

7.  A  process  according  to  any  one  of  claims  1  to 
6,  in  which  said  isolated  salt  of  p-fluoroaniline  is 
contacted  with  a  base  to  convert  it  to  p-fluoro- 
aniline. 

8.  A  process  according  to  claim  7,  in  which  said 
base  is  selected  from  the  group  comprising  aque- 
ous  solutions  of  sodium  hydroxide,  potassium 
hydroxide,  calcium  hydroxide,  sodium  carbonate, 
potassium  carbonate,  calcium  oxide  and  barium 
oxide. 

9.  A  process  according  to  claim  7  or  claim  8,  in 
which  said  base  is  potassium  hydroxide. 

1  0.  A  process  according  to  any  one  of  claims  7  to 
9,  in  which  there  is  added  at  least  a  stoichiometric 
equivalent  of  base  to  the  amount  of  p-fluoroaniline 
salt  present  in  the  reaction  mixture. 

Patentanspriiche 

1  .  Verfahren  zur  Trennung  von  p-Fluoranilin  von 
einem  p-Fluoranilin  enthaltenden  Gemisch, 
dadurch  gekennzeichnet,  da  15  man 

(a)  das  Gemisch  in'  Gegenwart  eines  organi- 
schen  Losungsmittels  mit  einer  Mineralsaure 
unter  Bildung  eines  unloslichen  p-Fluoranilin-Sal- 
zes  in  Beruhrung  bringt  und 

(b)  das  unlosliche  p-Fluoranilin-Salz  aus  dem 
Reaktionsgemisch  isoliert. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  man  das 
organische  Losungsmittel  aus  der  Gruppe  aus- 
wahlt,  die  aus  Athylacetat,  Heptan,  Hexan, 
Methylenchlorid  oder  deren  Gemischen  besteht. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2, 
bei  dem  man  die  Mineralsaure  aus  der  Gruppe  aus 
Chlorwasserstoffsaure,  Schwefelsaure,  Phosphor- 
saure,  Bromwasserstoffsaure  und  Salpetersaure 
auswahlt. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
bei  dem  die  Mineralsaure  Chlorwasserstoffsaure 
ist. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 

bei  dem  ein  dem  in  dem  Gemisch  vorliegenden  p- 
Fluoranilin  wenigstens  stochiometrisches  Aquiva- 
lent  Mineralsaure  vorliegt. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5, 
5  bei  dem  das  Losungsmittel  Methylenchlorid  oder 

Athylacetat  oder  Heptan  oder  Hexan  oder  ein 
Gemisch  aus  Heptan  und  Athylacetat  ist. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6, 
bei  dem  man  das  isolierte  p-Fluoranilin-Salz  zu 

w  seiner  Umsetzung  zu  p-Fluoranilin  mit  einer  Base 
umsetzt. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  man  die 
Base  aus  der  Gruppe  auswahlt,  die  wassrige 
Losungen  von  Natriumhydroxid,  Kaliumhydroxid, 

15  Calciumhydroxid,  Natriumcarbonat,  Kalium- 
carbonat,  Calciumoxid  und  Bariumoxid  umfalSt. 

9.  Verfahren  nach  Anspruch  7  oder  8,  bei  dem 
die  Base  Kaliumhydroxid  ist. 

1  0.  Verfahren  nach  einem  der  Anspruche  7  bis  9, 
20  bei  dem  man  wenigstens  ein  der  in  dem  Reaktions- 

gemisch  vorliegenden  Menge  p-Fluoranilin-Salz 
stochiometrisches  Aquivalent  Base  zusetzt. 

Revendications 
25 

1.  Procede  de  separation  de  p-fluoraniline  d'un 
melange  renfermant  de  la  p-fluoraniline,  caracte- 
rise  en  ce  qu'il  consiste 

(a)  a  mettre  en  contact  ledit  melange  avec  un 
30  acide  mineral  en  presence  d'un  solvant  organique 

pour  former  un  sel  insoluble  de  p-fluoraniline;  et 
(b)  a  isoler  le  sel  insoluble  de  p-fluoraniline  du 

melange  reactionnel. 
2.  Procede  suivant  la  revendication  1,  dans 

35  lequel  le  solvant  organique  est  choisi  dans  le 
groupe  comprenant  I'acetate  d'ethyle,  I'heptane, 
I'hexane,  le  chlorure  de  methylene  et  leurs 
melanges. 

3.  Procede  suivant  la  revendication  1  ou  la 
40  revendication  2,  dans  lequel  I'acide  mineral  est 

choisi  dans  le  groupe  comprenant  I'acide  chlorhy- 
drique,  I'acide  sulfurique,  I'acide  phosphorique, 
I'acide  bromhydrique  et  I'acide  nitrique. 

4.  Procede  suivant  I'une  quelconque  .des 
45  revendications  1  a  3,  dans  lequel  I'acide  mineral 

est  I'acide  chlorhydrique. 
5.  Procede  suivant  I'une  quelconque  des 

revendications  1  a  3,  dans  lequel  est  present  au 
moins  un  equivalent  stoechiometrique  d'acide 

so  mineral  par  rapport  a  la  quantite  de  p-fluoraniline 
presente  dans  le  melange. 

6.  Procede  suivant  I'une  quelconque  des 
revendications  1  a  5,  dans  lequel  le  solvant  est  le 
chlorure  de  methylene,  I'acetate  d'ethyle,  I'hep- 

55  tane  ou  I'hexane,  ou  bien  est  un  melange  d'hep- 
tane  et  d'acetate  d'ethyle. 

7.  Procede  suivant  I'une  quelconque  des 
revendications  1  a  6,  dans  lequel  le  sel  de  p-fluor- 
aniline  isole  est  mis  en  contact  avec  une  base  pour 

60  le  transformer  en  p-fluoraniline. 
8.  Procede  suivant  la  revendication  7,  dans 

lequel  la  base  est,  choisie  dans  le  groupe,  compre- 
nant  des  solutions  aqueuses  d'hydroxyde  de 
sodium,  d'hydroxyde  de  potassium,  d'hydroxyde 

65  de  calcium,  de  carbonate  de  sodium,  de  carbonate 

4 
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de  potassium,  d'oxyde  de  calcium  et  d'oxyde  de 
baryum. 

9.  Procede  suivant  la  revendication  7  ou  la 
revendication  8,  dans  lequel  la  base  est  I'hy- 
droxyde  de  potassium.  ,  5 

w 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

60 

10.  Procede  suivant  I  une  quelconque  des 
revendications  7  a  9,  dans  lequel  est  ajoute  un 
§quivalent  stoechiometrique  de  base  par  rapport 
a  la  quantite  de  sel  de  p-fluoraniline  presente 
dans  le  melange  reactionnel. 
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