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©  Production  of  citric  acid  and  trisodium  citrate  from  molasses. 
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©  A  water-immiscible  organic  extractant  system 
can  economically  be  used  to  recover  citric  acid  from 
molasses  fermenter  beer  containing  a  high  salt  con- 
tent  by  using  a  process  combination  of  passing  the 
aqueous  raffinate  from  the  citric  acid  extraction  step 
through  a  basic  anion-exchange  resin  to  adsorb  re- 
sidual  citric  acid  and  release  citrate  anions  from 
previously  formed  salt  cation-citrate  compounds.  Tri- 
sodium  citrate  is  then  eluted  from  the  resin  by 
passing  aqueous  sodium  hydroxide  therethrough. 
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BACKGROUND  AND  PRIOR  ART 

It  is  known  from  the  disclosure  in  U.S.  Patent 
No.  4,720,579,  for  example,  that  an  aqueous  citric 
acid-containing  solution  can  be  produced  by  the 
fermentation  of  molasses  by  an  Aspergillus  niger 
microorganism  strain.  It  is  further  known  from  the 
disclosure  in  U.S.  Patent  No.  4,275,234  that  citric 
acid  can  be  recovered  from  aqueous  solutions 
thereof,  such  as  fermenter  beer,  by  a  liquid-liquid 
extraction  process  using  an  amine-organic  solvent 
mixture  as  an  organic  extractant  followed  by  back- 
extraction  with  hot  water.  A  variation  of  this  process 
is  disclosed  in  U.S.  Patent  No.  3,944,606  wherein 
the  back-extraction  is  accomplished  with  an  al- 
kaline  solution  to  recover  the  product  as  a  citrate 
salt  instead  of  citric  acid.  This  organic  extractant, 
however,  is  unable  to  remove  most  of  the  citric 
acid  from  the  molasses  fermenter  beer  because  of 
the  high  salt  content,  such  as  potassium  salts,  of 
such  beer.  The  salts  compete  with  the  amine  to 
complex  or  react  with  the  citric  acid.  It  is  un- 
economical  to  attempt  to  remove  the  high  salt 
content  of  the  fermenter  beer  by  use  of  decationiz- 
ing  materials  prior  to  contact  with  the  organic  ex- 
tractant.  For  the  above  reasons,  it  has  been  consid- 
ered  impractical  to  use  the  above  amine-organic 
solvent  mixture  extraction  process  to  recover  citric 
acid  from  molasses  fermenter  beer.  Various  adsor- 
bent  materials  have  been  disclosed  in  the  prior  art 
to  recover  citric  acid  from  fermenter  beer.  U.S. 
Patent  No.  4,720,579  discloses  the  use  of  a  neutral 
cross-linked  polystyrene  polymer  or  a  nonionic, 
polyacrylic  ester  polymer  to  adsorb  citric  acid  and 
separate  it  from  various  impurities.  The  citric  acid 
is  then  desorbed  in  a  purified  form.  U.S.  Patent  No. 
4,855,494  discloses  the  use  of  nonionic  adsorbent 
resins,  cation  exchange  resins  and  anion  exchange 
resins  to  selectively  adsorb  or  otherwise  remove 
various  impurities  from  citric  acid  solutions.  U.S. 
Patent  No.  5,032,686  discloses  the  use  of  a  cation 
exchange  resin  in  the  hydrogen  form  to  adsorb 
citric  acid  and  separate  it  from  various  impurities. 
The  purified  citric  acid  is  then  desorbed  in  an 
eluate.  None  of  this  prior  art,  either  alone  or  in  any 
combination,  discloses  or  suggests  any  processes 
for  recovering  residual  citric  acid  in  the  form  of 
trisodium  citrate  from  the  raffinate  produced  when 
an  amine-organic  solvent  organic  extractant  is  used 
to  recover  citric  acid  from  a  molasses  fermenter 
beer.  Such  process  variation  enables  such  overall 
extraction  process  to  be  economically  practical  for 
recovering  citric  acid  from  molasses  fermenter 
beer. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  present  invention,  a 
process  for  the  production  of  citric  acid  and  tri- 

5  sodium  citrate  from  molasses  is  provided  which 
comprises  the  steps  of  (1)  fermenting  molasses 
with  an  appropriate  microorganism  to  produce  a 
biomass  and  an  aqueous  fermenter  beer  containing 
citric  acid  and  salts  from  the  molasses,  (2)  separat- 

io  ing  the  biomass  from  the  fermenter  beer,  (3)  con- 
tacting  the  fermenter  beer  with  a  water-immiscible 
organic  extractant  which  comprises  a  solution  of  at 
least  one  secondary  or  tertiary  amine  in  which  the 
aggregate  number  of  carbon  atoms  is  at  least  20 

75  and  a  water-immiscible  organic  solvent  selected 
from  the  class  consisting  of  aliphatic  hydrocarbons, 
aromatic  hydrocarbons,  petroleum  fractions,  hydro- 
carbons  carrying  nitro  or  halo  substituents,  alcohols 
and  mixtures  thereof  to  form  an  organic  extract 

20  containing  citric  acid  and  an  aqueous  raffinate  con- 
taining  some  of  the  citric  acid  and  all  of  the  salts, 
(4)  subjecting  the  organic  extract  to  a  stripping 
operation  with  an  aqueous  liquid  at  a  temperature 
higher  than  the  temperature  at  which  the  extraction 

25  is  performed  for  back-extracting  the  citric  acid  from 
the  organic  extract  into  the  aqueous  liquid  and 
leaving  the  amine  in  the  organic  phase,  (5)  separat- 
ing  the  citric  acid-containing  aqueous  back-extract 
from  the  stripped  organic  extractant  to  form  a  first 

30  citric  acid-containing  product,  (6)  passing  the  aque- 
ous  raffinate  from  step  (3)  through  at  least  one 
basic  anion-exchange  resin  column  to  adsorb  the 
citric  acid  and  separate  it  from  the  salts,  and  (7) 
eluting  the  adsorbed  citric  acid  from  the  basic 

35  anion-exchange  column  by  passing  an  aqueous 
solution  of  sodium  hydroxide  therethrough  to  form 
an  effluent  aqueous  solution  which  is  a  second 
trisodium  citrate-containing  product. 

40  DESCRIPTION  OF  THE  INVENTION 

The  conditions  for  the  fermentation  of  molas- 
ses  and  subsequent  treatment  to  produce  a  fer- 
menter  beer  containing  citric  acid  are  well-known  in 

45  the  art  and  need  not  be  repeated  here. 
The  water-immiscible  organic  extractant  useful 

in  the  present  invention  comprises  a  solution  of  at 
least  one  secondary  or  tertiary  amine  in  which  the 
aggregate  number  of  carbon  atoms  is  at  least  20 

50  and  a  water-immiscible  organic  solvent  selected 
from  the  class  consisting  of  aliphatic  hydrocarbons, 
aromatic  hydrocarbons,  petroleum  fractions,  hydro- 
carbons  carrying  nitro  or  halo  substituents,  alcohols 
and  mixtures  thereof.  In  particular,  the  preferred 

55  amine  is  trilaurylamine  and  the  preferred  organic 
solvent  is  a  petroleum  fraction.  It  is  also  preferred 
that  the  extractant  contain  a  minor  amount  of  oc- 
tanol. 
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After  the  amine-containing  organic  extractant 
removes  the  citric  acid  from  the  fermenter  beer,  it 
is  separated  from  the  aqueous  raffinate,  and  the 
citric  acid  is  recovered  from  the  organic  extract  by 
back-extraction  with  an  aqueous  liquid  at  a  tem- 
perature  higher  than  the  temperature  at  which  the 
extraction  is  performed.  Preferably,  the  back-ex- 
traction  is  conducted  at  a  temperature  at  least  20 
degrees  C.  above  the  initial  extraction  temperature. 
The  extraction  operation  will  as  a  rule  be  per- 
formed  as  a  multi-stage  continuous  counter-current 
process,  and  the  stripped  organic  extractant  will  be 
continuously  recycled  to  the  extraction  stage.  In 
view  of  the  large  amount  of  color  bodies  present  in 
the  molasses  fermenter  beer  which  are  also  ex- 
tracted  by  the  organic  extractant,  it  is  preferred  to 
contact  the  stripped  organic  extractant  with  an 
aqueous  sodium  hydroxide  solution  to  remove  col- 
or  bodies  from  such  extractant  before  it  is  recycled 
to  the  extraction  stage.  The  back-extracted  aque- 
ous  citric  acid  solution  can  be  used  as-is  as  an 
industrial  grade  liquid  citric  acid  or  it  can  be  sub- 
jected  to  evaporation  crystallization,  for  example,  to 
form  a  pure  food  grade  citric  acid. 

The  aqueous  raffinate  from  the  initial  extraction 
stage  is  passed  through  a  basic  anion-exchange 
resin  column  to  selectively  adsorb  the  citric  acid 
contained  therein  and  separate  it  from  the  salt 
impurities.  Any  potassium  citrate,  for  example,  con- 
tained  within  the  raffinate  which  resulted  from  reac- 
tions  between  the  potassium  salt  impurities  in  the 
molasses  and  the  citric  acid  will  be  converted  to 
other  water-soluble  potassium  compounds  depend- 
ing  upon  the  particular  composition  of  the  anion- 
exchange  resin  used.  These  compounds  will  pass 
out  of  the  resin  column.  The  thus-freed  citrate 
anions  will  be  retained  by  the  resin  for  subsequent 
elution.  Preferably,  the  basic  anion-exchange  ma- 
terial  is  in  two  columns.  The  first  column  will  con- 
tain  a  weakly-basic  anion-exchange  material,  such 
as  Reillex  425  or  Duolite  A-561,  while  the  second 
column  will  contain  a  strongly-basic  anion-ex- 
change  material,  such  as  Amberlite  IRA-402  or 
lonac  A-651  .  This  two-stage  anion-exchange  proce- 
dure  maximizes  the  useful  capacity  of  the  anion 
exchange  materials.  These  anion-exchange  materi- 
als  are  well-known  and  generally  consist  of  a  po- 
rous  resin  structure,  such  as  acrylic  or  styrene 
cross-linked  with  divinylbenzene,  containing  amine 
functional  groups.  The  weakly-basic  anion-ex- 
change  materials  generally  employ  primary,  secon- 
dary,  or  tertiary  amines,  such  as  pyridine  or  mix- 
tures  thereof  while  the  strongly-basic  anion-ex- 
change  materials  contain  quaternary  ammonium 
functional  groups. 
The  weakly-basic  anion-exchange  resin  column  is 
preferably  a  macroporous  resin  based  on  poly-4- 
vinylpyridine  crosslinked  with  divinyl  benzene.  The 

particle  size  ranges  from  about  1000  to  about  300 
microns  and  the  total  exchange  capacity  (dry) 
ranges  from  about  4  to  about  9  eq/kg.  REILLEX 
425  is  a  preferred  resin  of  this  class  which  has  a 

5  total  exchange  capacity  (dry)  of  about  5.5  eq/kg. 
The  strongly-basic  anion-exchange  resin  column  is 
composed  of  a  gel-type  resin  based  on  crosslinked 
polystyrene  having  trimethyl  ammonium  groups. 
The  particle  size  ranges  from  about  300  to  about 

io  800  microns  and  the  total  exchange  capacity  (dry) 
ranges  from  about  2  to  about  6  eq/kg.  AMBERLITE 
402  is  a  preferred  resin  of  this  class  which  has  a 
total  exchange  capacity  (dry)  of  about  3.5  eq/kg. 
The  strongly-basic  material  will  also  also  selec- 

15  tively  adsorb  any  color  bodies  from  the  raffinate. 
The  adsorbed  citric  acid  along  with  any  citrate 
anions  obtained  from  the  potassium  citrate,  for 
example,  in  the  raffinate,  are  eluted  from  the  resins 
by  passing  an  aqueous  solution  of  sodium  hydrox- 

20  ide  therethrough  to  form  an  effluent  solution  of 
trisodium  citrate.  Preferably,  this  effluent  solution  is 
contacted  with  carbon  to  remove  any  residual  color 
and  is  subjected  to  evaporation  crystallization  to 
form  a  pure  trisodium  citrate  product.  The  strongly- 

25  basic  resin  material  can  be  subsequently  treated 
with  an  alkaline  brine  solution  to  remove  any  color 
bodies  adsorbed  thereon. 

This  overall  process  enables  the  total  recovery 
of  citric  acid  plus  trisodium  citrate  to  economically 

30  justify  the  use  of  the  amine-solvent  extraction  pro- 
cess  to  treat  molasses  fermenter  beer. 

The  invention  is  described  in  further  detail  in 
the  following  examples. 

35  EXAMPLE  1 

Clarified  crude  fermenter  beer  containing  15 
weight  percent  citric  acid  was  obtained  by  culturing 
a  strain  of  Aspergillus  niger  on  molasses  and  filter- 

40  ing  off  the  resulting  biomass.  This  aqueous  fer- 
menter  beer  was  then  contacted  at  22  degrees  C. 
with  an  organic  extractant  consisting  of  a  mixture  of 
34  percent  trilaurylamine,  5  percent  octanol,  and  61 
percent  petroleum  fraction  (Shellsol-80),  such  per- 

45  cents  being  on  a  weight/weight  basis,  in  a  four- 
stage  counter  current  "Normag"  mixer/settler  ap- 
paratus.  There  was  an  extractantbeer  volume  ratio 
of  2.2:1,  and  54  weight  percent  of  the  citric  acid 
was  transferred  to  the  organic  phase  which  con- 

50  tained  3.5  percent  citric  acid  on  a  weight/volume 
basis.  The  citric  acid-containing  organic  phase  was 
then  separated  from  the  aqueous  raffinate  and 
back-extracted  in  the  same  apparatus  with  water  at 
90  degrees  C.  in  an  extractantwater  volume  ratio 

55  of  7:1.  This  produced  an  aqueous  product  contain- 
ing  20.5  percent  citric  acid  on  a  weight/weight 
basis  and  a  stripped  organic  phase  containing  0.2 
percent  citric  acid  on  a  weight/volume  basis.  A  300 

3 



5 EP  0  597  235  A1 6 

ml.  portion  of  the  raffinate  obtained  above  contain- 
ing  6  percent  citric  acid  on  a  weight/weight  basis 
and  having  an  optical  density  of  3.3,  measured  at 
455  nm,  was  then  passed  throuth  two  basic  anion- 
exchange  resin  columns  in  series.  The  first  column 
contained  100  ml.  of  wealky-basic  Reillex  425  resin 
and  the  second  column  contained  100  ml.  of 
strongly-basic  Amberlite  IRA-402  resin.  The  ad- 
sorbed  citric  acid  and  any  citrate  anions  from  salt 
impurities  in  the  raffinate  were  eluted  from  both  the 
columns  by  passing  therethrough  200  ml.  of  15 
percent,  weight/weight  basis,  aqueous  sodium  hy- 
droxide  solution  to  give  130  ml.  of  product  contain- 
ing  12.2  percent  trisodium  citrate  on  a 
weight/weight  basis,  and  having  an  optical  density 
of  0.3,  measured  at  455  nm.  This  product  was  then 
contacted  with  granular  carbon  to  remove  any  re- 
sidual  color  and  subjected  to  evaporation  crystalli- 
zation  to  form  a  pure  trisodium  citrate  product. 

EXAMPLE  2 

The  stripped  organic  phase  that  was  separated 
from  the  citric-acid  containing  back-extract  of  Ex- 
ample  1  was  contacted  with  a  4  percent  aqueous 
sodium  hydroxide  solution,  on  a  weight/weight  ba- 
sis.  About  100  percent,  on  a  visual  basis,  of  the 
color  present  in  such  organic  phase  was  trans- 
ferred  to  the  aqueous  alkaline  phase.  The  so-treat- 
ed  organic  phase  was  then  separated  from  the 
aqueous  phase  and  reused  for  extracting  citric  acid 
from  molasses  fermenter  beer  with  identical  ef- 
feciency  as  fresh  organic  extractant. 

Claims 

1.  A  process  for  the  production  of  citric  acid  and 
trisodium  citrate  from  molasses  which  com- 
prises  the  steps  of  (1)  fermenting  molasses 
with  an  appropriate  microorganism  to  produce 
a  biomass  and  an  aqueous  fermenter  beer 
containing  citric  acid  and  salts  from  the  molas- 
ses,  (2)  separating  the  biomass  from  the  fer- 
menter  beer,  (3)  contacting  the  fermenter  beer 
with  a  water-immiscible  organic  extractant 
which  comprises  a  solution  of  at  least  one 
secondary  or  tertiary  amine  in  which  the  ag- 
gregate  number  of  carbon  atoms  is  at  least  20 
and  a  water-immiscible  organic  solvent  select- 
ed  from  the  class  consisting  of  aliphatic  hy- 
drocarbons,  aromatic  hydrocarbons,  petroleum 
fractions,  hydrocarbons  carrying  nitro  or  halo 
substituents,  alcohols  and  mixtures  thereof  to 
form  an  organic  extract  and  an  aqueous  raf- 
finate  containing  some  of  the  citric  acid  and  all 
of  the  salts,  (4)  subjecting  the  organic  extract 
to  a  stripping  operation  with  an  aqueous  liquid 
at  a  temperature  higher  than  the  temperature 

at  which  the  extraction  is  performed  for  back- 
extracting  the  citric  acid  from  the  organic  ex- 
tract  into  the  aqueous  liquid  and  leaving  sub- 
stantially  all  the  amine  in  the  organic  phase,  (5) 

5  separating  the  citric  acid-containing  aqueous 
back-extract  from  the  stripped  organic  extrac- 
tant  to  form  a  first  citric  acid-containing  prod- 
uct,  (6)  passing  the  aqueous  raffinate  from  step 
(3)  through  at  least  one  basic  anion-exchange 

io  resin  column  to  adsorb  the  citric  acid  and 
separate  it  from  the  salts,  and  (7)  eluting  the 
adsorbed  citric  acid  from  the  basic  anion-ex- 
change  column  by  passing  an  aqueous  solu- 
tion  of  sodium  hydroxide  therethrough  to  form 

is  an  effluent  aqueous  solution  which  is  a  second 
trisodium  citrate-containing  product. 

2.  A  process  according  to  Claim  1  wherein  the 
stripped  organic  extractant  from  step  (5)  is 

20  contacted  with  an  aqueous  sodium  hydroxide 
solution  to  remove  color  bodies  from  such 
extractant,  the  decolorized  extractant  is  sepa- 
rated  from  the  aqueous  solution  and  is  re- 
cycled  for  use  as  an  organic  extractant  to 

25  remove  citric  acid  from  the  fermenter  beer. 

3.  A  process  according  to  Claim  1  wherein  the 
organic  extractant  consists  of  a  mixture  of  34 
percent  triaurylamine,  5  percent  octanol,  and 

30  61  percent  petroleum  fraction,  such  percents 
being  on  a  weight/weight  basis. 

4.  A  process  according  to  Claim  1  wherein  in 
step  (6)  the  aqueous  raffinate  is  passed  in 

35  series  through  a  weakly-basic  anion-exchange 
resin  column  and  a  strongly  basic  anion-ex- 
change  resin  column. 

5.  A  process  according  to  Claim  4  wherein  the 
40  weakly-basic  anion-exchange  resin  column 

contains  a  weakly-basic  macroporous  anion- 
exchange  resin  based  on  poly-4-vinylpyridine 
cross-linked  with  divinylbenzene;  and  the 
strongly-basic  anion-exchange  resin  column  is 

45  composed  of  a  gel-type,  strong  base  anion- 
exchange  resin  based  on  cross-linked  polysty- 
rene  having  trimethyl  ammonium  groups. 

6.  A  process  according  to  Claim  1  wherein  the 
50  aqueous  trisodium  citrate  solution  from  step  (7) 

is  contacted  with  carbon  to  remove  residual 
color  and  is  then  subjected  to  evaporation  cry- 
stallization  to  form  a  pure  trisodium  citrate 
product. 

55 
7.  A  process  according  to  Claim  4  wherein  the 

strongly-basic  anion-exchange  resin  column  is 
subsequently  treated  with  an  alkaline  brine  so- 

4 
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lution  to  remove  color  bodies  adsorbed  there- 
on. 
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