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Process  for  purifying  products  containing  esters  of  a  non-reducing  sugar  and  one  or  more  fatty 
acids. 

also  any  solvents,  if  present,  are  obtained.  The  un- 
reacted  sugar  and  salts,  present  in  the  obtained 
residue,  can  be  removed  from  said  residue  by,  for 
example,  a  washing  operation  resulting  in  a  final 
product  of  pure  esters  of  the  non-reducing  sugar  and 
one  or  more  fatty  acids.  This  last  removal  step 
concerning  the  unreacted  sugar  and  salts  may  also 
be  carried  out  before  the  application  of  the  above 
indicated  extraction  treatment  with  supercritical  car- 
bon  dioxide. 

©  The  invention  relates  to  a  process  for  purifying 
crude  products  containing  esters  of  a  non-reducing 
sugar  like  sucrose,  and  one  or  more  fatty  acids  such 
as  palmitic  acid,  stearic  acid  etc.  by  subjecting  said 
crude  esterification  products  to  an  extraction  treat- 
ment  with  supercritical  carbon  dioxide.  After  carrying 
out  this  extraction  treatment  a  residue  comprising 
the  fatty  acid  esters  of  non-reducing  sugars,  the 
unreacted  sugar  and  the  salts  as  well  as  an  extract 
comprising  the  fatty  acids,  fatty  acid  alkyl  esters  and 
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The  invention  relates  to  a  process  for  purifying 
products  containing  esters  of  a  non-reducing  sugar, 
such  as  sucrose,  and  one  or  more  fatty  acids,  such 
as  palmitic  acid,  stearic  acid,  etc. 

As  is  known,  esters  of  a  non-reducing  sugar 
and  one  or  more  fatty  acids,  in  particular  the  mon- 
oesters  and  diesters  derived  from  such  a  sugar, 
are  valuable  surfactants  which  have  unique  advan- 
tages  because  of  their  composition.  Such  fatty  acid 
esters  of  a  non-reducing  sugar  can  be  used  as 
emulsifier  in  foodstuffs,  cosmetics,  pharmaceutical 
preparations  and  also  agricultural  products.  In  addi- 
tion  to  the  monoesters  and  diesters,  polyesters  are 
also  known  whose  degree  of  substitution  exceeds  2 
and  which  therefore  contain,  for  example,  4  of 
more  fatty  acid  units  per  monosaccharide  unit. 
Such  polyesters  are  known,  inter  alia,  because  of 
their  use  in  the  treatment  of  hypercholesterolaemia. 
Said  polyesters  can  also  be  used  as  noncalorific  fat 
substitutes. 

More  particularly,  fatty  acid  monoesters  and 
diesters  of,  inter  alia,  sucrose  can  be  prepared  in 
many  ways.  However,  all  these  methods  yield  final 
products  which  can  be  converted  into  pure  fatty 
acid  esters  of  sucrose  in  sufficiently  high  yield  and 
with  a  sufficient  purity  only  by  making  great  efforts. 
The  most  conventional  process,  which  is  known 
from  US  Patent  Specification  2,893,990,  relates  to 
the  transesterification  of  a  non-reducing  sugar  with 
the  methyl  ester  of  a  fatty  acid  such  as  methyl 
stearate,  in  dimethyl  sulphoxide  or  dimethylfor- 
mamide  as  solvent  and  with  potassium  carbonate 
as  catalyst.  The  working  up  of  the  reaction  pro- 
ducts  obtained  in  this  way  in  order  to  obtain  puri- 
fied  fatty  acid  esters  of  such  non-reducing  sugars 
is  accompanied  in  practice  by  great  difficulties.  A 
complete  or  partial  removal  of  the  toxicologically 
undesirable  dimethyl  sulphoxide  or  dimethylfor- 
mamide  by  distillation  followed  by  washing  oper- 
ations  with  water  or  organic  solvents  results  in  the 
desired  purity  only  after  repeated  washing  oper- 
ations.  However,  these  methods  of  working  up  are 
accompanied  by  substantial  losses  of  the  desired 
product. 

The  purification  of  fatty  acid  monoesters  and 
diesters  of,  for  example,  sucrose  which  have  been 
prepared  by  the  microemulsion  method,  which 
method  is  described  in  US  Patent  Specifications 
3,480,616  and  3,644,333,  or  via  homogeneous 
melting  processes,  which  processes  are  reported  in 
US  Patent  Specification  3,792,041  and  British  Pat- 
ent  Specification  2,081  ,266,  is  characterized  by  the 
laborious  removal  of  the  co-emulsifiers  required 
with  these  processes.  Said  co-emulsifiers  are  po- 
tassium  soaps,  sodium  soaps  and  lithium  soaps  of 
fatty  acids  containing  6-22  carbon  atoms. 

Further,  US  Patent  Specification  3,748,324  re- 
ports  possibilities  of  obtaining  fatty  acid  ester  pro- 

ducts  of  non-reducing  sugars  from  crude  reaction 
mixtures  and  the  like.  Apart  from  the  known  meth- 
ods  discussed  in  this  US  Patent  Specification,  this 
patent  specification  relates  to  a  purification  of  fatty 

5  acid  esters  of  sucrose  from  crude  reaction  mixtures 
by  precipitating  the  fatty  acids  as,  for  example, 
Ca2*  salts  from  an  organic  solvent.  Other  possibili- 
ties  are  repeated  crystallizations,  with  or  without 
adding  salts,  from  organic  solvents  such  as  methyl 

w  ethyl  ketone.  However,  these  purification  methods 
are  characterized,  on  the  one  hand,  by  a  waste  - 
flow  of  calcium  salts  of  fatty  acids,  for  which  an 
expensive  recycling  is  necessary  for  reasons  of 
process  economics,  and  on  the  other  hand,  by 

75  losses  of  desired  sugar  esters. 
To  summarize,  it  can  be  stated  that  the  meth- 

ods  known  from  the  prior  art  for  purifying  fatty  acid 
monoesters  and  diesters  of  non-reducing  sugars 
from  crude  reaction  mixtures  are  characterized,  on 

20  the  one  hand,  by  complicated  operations  for  re- 
moving  toxic  solvents  such  as  dimethyl  sulphoxide 
and  dimethylformamide  or  other  toxic  solvents,  or 
by  substantial  losses  of  the  desired  sugar  esters 
and  also  a  laborious  processing  in  relation  to  re- 

25  moving  the  salts  of  the  fatty  acids. 
In  addition  to  fatty  acid  monoesters  and 

diesters  of  non-reducing  sugars,  fatty  acid  esters  of 
non-reducing  sugars  having  a  higher  degree  of 
substitution  can  also  be  prepared.  Examples  of 

30  such  methods  are  described,  inter  alia,  in  European 
Patent  Specification  256,585,  British  Patent  Speci- 
fication  2,161,806  and  in  J.A.O.C.S.  55,  (1978), 
pages  398-401.  The  reaction  products  prepared 
according  to  the  above  described  literature  referen- 

35  ces  are  characterized  by  the  presence  of  fatty  acid 
soaps  which  are  necessary  in  this  processing  as 
co-emulsifier  or  have  been  produced  by  saponifica- 
tion,  or  of  a  considerable  quantity  of  fatty  acid  alkyl 
ester  such  as  methyl  stearate  which  has  to  be 

40  present  in  excess  during  the  reaction.  To  remove 
the  two  last-mentioned  components  from  the  reac- 
tion  product,  for  example,  a  solvent  extraction  is 
proposed,  but  this  is  economically  disadvantagous. 
For  example,  inter  alia,  large  quantities  of  organic 

45  solvent  such  as  methanol  are  necessary  in  this 
case.  Other  methods  of  purifying  the  sugar  esters 
such  as,  for  example,  the  molecular  distillation  pro- 
posed  in  British  Patent  Specification  2,161,806  can 
only  be  carried  out  with  difficulty  in  practice  due  to 

so  the  presence  of  salts.  Said  salts  are  formed  by  the 
neutralization  of  the  basic  reaction  product  before 
subjecting  it  to  a  molecular  distillation. 

To  summarize,  it  may  be  stated  that  the  fatty 
acid  esters  of  non-reducing  sugars  having  a  higher 

55  degree  of  esterification  than  the  fatty  acid  mon- 
oesters  and  diesters  can  also  be  purified  in  prac- 
tice  only  with  large  losses  or  by  laborious  methods 
which  are  difficult  to  carry  out  in  practice. 
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The  Applicant  has  therefore  sought  a  method 
for  purifying  the  crude  esterification  product  of  a 
non-reducing  sugar  and  one  or  more  fatty  acids  in 
which  the  abovementioned  problems  have  been 
completely  or  largely  eliminated. 

It  was  found  that  the  object  stated  above  can 
be  achieved  if  the  crude  esterification  product  of  a 
non-reducing  sugar  and  one  or  more  fatty  acids  is 
subjected  to  an  extraction  treatment  with  super- 
critical  carbon  dioxide.  In  the  case  of  crude  es- 
terification  products  which  also  contain  one  or  more 
alkali-metal  soaps  of  fatty  acids,  they  are  acidified 
prior  to  the  extraction  treatment  with  supercritical 
CO2;  this  additional  step  is  explained  in  more  detail 
below. 

More  particularly,  the  liquid  properties  of  the 
supercritical  CO2  can  be  varied,  by  adjusting  the 
pressure  and  the  temperature,  in  a  manner  such 
that  an  optimum  separation  between  the  compo- 
nents  in  the  crude  esterification  product  can  be 
achieved.  The  solubility  of  the  components  to  be 
extracted  in  supercritical  CO2  can  possibly  be  in- 
creased  by  adding  "co-solvents"  such  as,  for  ex- 
ample,  ethyl  acetate,  methyl  ethyl  ketone,  lower 
alcohols  and  water.  In  the  process  according  to  the 
invention,  the  fatty  acid  esters  of  non-reducing  su- 
gars,  the  unreacted  sugar  and  the  salts  remain 
behind  after  the  extraction  with  supercritical  carbon 
dioxide,  while  the  fatty  acids  and  the  fatty  acid 
alkyl  esters,  and  also  any  solvents  present  such  as, 
for  example,  dimethyl  sulphoxide  and  dimethylfor- 
mamide,  are  extracted. 

The  supercritical  carbon  dioxide  extraction  me- 
dium  is  particularly  attractive  since  it  is  nonflam- 
mable,  nonexplosive  and,  in%  addition,  leaves  no 
traces  behind  in  the  treated  product.  In  addition, 
supercritical  carbon  dioxide  is  toxicologically  safe 
and  is  therefore  accepted  in  the  foodstuffs  industry. 

The  method  according  to  the  invention  can  be 
used  for  all  types  of  esterification  products,  regard- 
less  of  the  method  of  preparation  thereof.  For  ex- 
ample,  a  reaction  product  known  from  US  Patent 
Specification  2,893,990  in  dimethyl  sulphoxide, 
dimethylformamide  or  another  characteristic  sol- 
vent  can  be  extracted  after  neutralisation  batchwise 
with  supercritical  carbon  dioxide  (temperature  > 
31  *  C;  pressure  >  72.9  bar).  In  this  process,  the 
solvent  concerned  and  also  the  fatty  acid  formed 
by  saponification  and  the  residual  alkyl  fatty  acid 
esters  dissolve.  The  losses  of  sugar  esters  are  in 
this  case  zero.  The  carbon  dioxide  in  the  carbon 
dioxide  extract,  which  contains  fatty  acids,  fatty 
acid  alkyl  esters  and  the  solvent  used  during  the 
reaction,  can  be  re-used  after  removal.  The  extrac- 
tion  of  the  fatty  acids  is  accelerated  by  acidifying 
the  crude  reaction  product.  In  this  connection  it  is 
pointed  out  that  alkali-metal  soaps  of  fatty  acids  are 
hardly  soluble  in  supercritical  CO2.  The  residue  left 

behind  in  the  extraction  with  supercritical  carbon 
dioxide  no  longer  contains  any  detectable  quan- 
tities  of  the  reaction  solvent  such  as  dimethyl  sul- 
phoxide.  In  addition,  the  salts  and  the  sugars  can 

5  be  removed  from  said  residue  by,  for  example,  a 
washing  operation  involving  acidified  water,  with 
the  result  that  a  final  product  of  pure  esters  of  the 
non-reducing  sugar  and  one  or  more  fatty  acids  is 
obtained. 

io  The  crude  reaction  products  which  are  ob- 
tained  in  carrying  out  the  microemulsion  methods 
(US  Patent  Specifications  3,408,616  and  3,644,333) 
and  the  homogeneous  melting  processes  (see  US 
Patent  Specification  3,792,041  and  British  Patent 

75  Specification  2,081,266)  are  acidified  to  a  pH  of 
less  than  7,  preferably  between  4  and  5.  Examples 
of  acids  to  be  used  are  hydrogen  chloride,  sulphu- 
ric  acid,  phosphoric  acid,  formic  acid,  acetic  acid, 
lactic  acid,  succinic  acid,  sodium  hydrogensul- 

20  phate,  sodium  dihydrogenphosphate  and  the  cor- 
responding  acids.  In  this  way,  the  potassium  soaps, 
sodium  soaps  and  lithium  soap  of  the  fatty  acids 
are  converted  into  the  corresponding  fatty  acids 
and  salts.  The  acidified  reaction  product  obtained 

25  in  this  process  is  then  subjected  to  an  extraction 
treatment  with  supercritical  carbon  dioxide. 

The  residue  obtained  in  this  process  can  be 
further  worked  up  in  the  above  manner,  i.e.  freed 
from  salts  and  sugars. 

30  More  generally,  it  may  be  stated  that  the  ab- 
ovementioned  extraction  treatment  with  supercrit- 
ical  carbon  dioxide  must  be  carried  out  at  a  tem- 
perature  of  at  least  31  °  C  and  advantageously  at 
less  than  170°C  and  preferably  between  40  and 

35  100°  C.  The  upper  limit  of  170°  C  is  related  to  the 
phenomenon  that  sugar  esters  start  to  exhibit  de- 
composition  phenomena  above  170°  C.  The  pres- 
sure  used  in  the  extraction  according  to  the  inven- 
tion  is  at  least  72.9  bar.  The  upper  limit  of  the 

40  pressure  range  depends  on  the  limits  imposed  on 
the  equipment  used,  but  is  usually  approximately 
600  bar.  Preferably,  a  pressure  in  the  range  of  150- 
450  bar  is  used.  In  addition,  the  weight  ratio  of  the 
crude  esterification  product  containing  palmitic  or 

45  stearic  acid  to  supercritical  CO2  is  in  the  range  of, 
for  example,  1  :25  to  1  :500,  advantageously  1  :50  to 
1:150.  For  an  esterification  product  containing  oleic 
acid  or  lauric  acid,  said  weight  ratio  is  considerably 
lower,  i.e.  in  the  range  from  1:2.5  to  1:125,  advanta- 

50  geously  1:5  to  1:15. 
Under  the  above  conditions,  fatty  acids  con- 

taining  6-22  carbon  atoms  and  also  the  lower  alkyl 
esters  derived  therefrom  are  extracted  in  the  ex- 
traction  treatment  with  supercritical  CO2.  After  re- 

55  moval  of  the  CO2  from  the  extract  obtained,  said 
extract  can  be  used  for  recycling.  The  residue 
obtained  after  the  extraction  treatment,  which  is 
composed  of  the  desired  fatty  esters  of  non-reduc- 
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ing  sugar  and  also  of  unreacted  sugar  and  salts, 
can  be  freed  from  the  unreacted  sugar  and  the 
salts  in  a  simple  way  after  removal  of  the  CO2.  One 
possible  method  comprises  washing  with  (a)  op- 
tionally  acidified  water  or  (b)  washing  with  generally 
known  slightly  polar  solvents  such  as,  for  example, 
ethanol,  propanol,  isopropanol,  butanol,  isobutanol, 
ethyl  acetate,  acetone  or  methyl  ethyl  ketone. 

In  connection  with  the  above  it  is  pointed  out 
that  the  washing  with  optionally  acidified  water  or 
with  the  said  solvents  can  also  be  carried  out  prior 
to  carrying  out  the  extraction  treatment  with  super- 
critical  CO2.  A  particular  embodiment  of  the  pro- 
cess  according  to  the  invention  can  therefore  be 
carried  out  by  freeing  the  crude  reaction  product 
from  sugar  and  salts  via,  for  example,  a 
water/methyl  ethyl  ketone  extraction  at  a  pH  of,  for 
example,  4.5,  then  freeing  the  metal  ethyl  ketone 
fraction  from  the  solvent  and  subsequently  subject- 
ing  it  to  an  extraction  with  supercritical  carbon 
dioxide  according  to  the  invention,  in  which  a  sepa- 
ration  between  the  sugar  esters,  on  the  one  hand, 
and  the  fatty  acids  and  fatty  acid  alkyl  esters,  on 
the  other  hand,  is  also  effected. 

The  abovementioned  water/methyl  ethyl  ketone 
extraction  may  also  be  replaced  by  extractions  of 
the  acidic  crude  reaction  product  with,  for  example, 
ethanol,  propanol,  isopropanol,  butanol,  isobutanol, 
ethyl  acetate,  acetone  or  methyl  ethyl  ketone. 

In  addition  to  working  up  crude  esterification 
products  containing  fatty  acid  monoesters  and 
diesters  of  non-reducing  sugars,  the  fatty  acid  es- 
ters  of  non-reducing  sugars  having  a  higher  degree 
of  substitution  of,  for  example,  4  or  more  are  also 
obtained  in  the  above  way.  In  view  of  the  nonpolar 
nature  of  such  fatty  acids  of  non-reducing  sugars, 
said  product  is,  however,  also  partially  extracted  by 
the  supercritical  carbon  dioxide.  In  this  connection, 
it  is  emphasized  that  the  residue  remaining  behind 
in  the  extraction  treatment  with  supercritical  carbon 
dioxide  is  completely  freed  from  fatty  acid  alkyl 
esters,  which  are  quantitatively  the  greatest  con- 
taminant,  and  also  from  the  fatty  acid  which  is 
present  as  a  co-emulsifier  and  as  a  result  of  sa- 
ponification. 

The  fact  that  some  of  the  fatty  acid  esters  of 
non-reducing  sugars  having  a  high  degree  of  sub- 
stitution  of,  for  example,  4  or  more  are  extracted  by 
means  of  the  CO2  extract  implies,  however,  a  loss 
in  yield.  This  loss  in  yield  can,  however,  largely  be 
eliminated  by  returning  said  extract  to  the  sugar- 
fatty  acid  ester  preparation  reaction. 

The  extraction  treatment,  with  supercritical 
CO2,  of  crude  reaction  products  which  contain  fatty 
acid  esters  of  non-reducing  sugars  having  a  higher 
degree  of  substitution  is  advantageously  carried  out 
continuously  at  a  temperature  at  which  the  polyes- 
ter  is  liquid. 

The  extraction  treatment  with  supercritical  CO2 
to  be  carried  out  according  to  the  invention  may, 

■  for  example,  be  carried  out  with  the  aid  of  an 
apparatus  according  to  the  accompanying  figure  in 

5  the  following  manner.  The  crude  reaction  product 
containing  the  fatty  acid  esters  of  the  non-reducing 
sugar  is  introduced  into  an  extraction  vessel  1  or 
1a  respectively.  The  compressor  3  pumps  the  car- 
bon  dioxide  and  raises  it  to  an  elevated  pressure 

10  of,  for  example,  150  bar.  The  heat  exchanger  4 
then  raises  the  carbon  dioxide  to  the  desired  tem- 
perature,  which  is  higher  than  the  critical  tempera- 
ture  of  31  C.  The  carbon  dioxide  rendered  super- 
critical  in  this  manner  is  then  passed  through  the 

J5  extraction  vessel  1  or  1a  respectively  at  a  rate  of, 
for  example,  2.5  kg  of  carbon  dioxide  per  hour.  In 
this  process,  said  supercritical  carbon  dioxide  dis- 
solves  the  extract  concerned  out  of  the  crude  basic 
material  used.  With  the  aid  of  the  pressure  regula- 

20  tion  5,  the  pressure  is  then  reduced,  as  a  result  of 
which  the  solubility  of  the  extracted  product  in  the 
extract  decreases  and  it  deposits  under  these  cir- 
cumstances  in  the  reservoir  2.  The  gaseous  carbon 
dioxide  obtained  from  the  reservoir  2,  which  then 

25  virtually  no  longer  contains  any  extracted  sub- 
stances,  is  then  passed  via  heat  exchanger  4,  filter 
6  and  valve  7  to  a  condenser  8,  after  which  the 
carbon  dioxide,  possibly  after  being  topped  up 
from  the  CO2  reservoir  10,  is  fed  back  again  via 

30  compressor  3  to  the  extraction  column  1  or  1a 
respectively.  The  apparatus  according  to  the  figure 
can  be  operated  either  continuously  with  an  extrac- 
tion  column  1  or  batchwise  with  the  extraction 
column  1a.  In  carrying  out  a  continuous  extraction 

35  process,  a  crude  product  of  fatty  acid  esters  of  the 
non-reducing  sugar  is  fed  via  feed  pump  9.  The 
product  treated  with  supercritical  carbon  dioxide  is 
removed  via  pipe  1  1  ,  while  the  extract  deposited  in 
the  reservoir  2  is  removed  via  pipe  12. 

40  The  invention  is  explained  in  more  detail  with 
reference  to  the  examples  below.  These  examples 
should  not  be  interpreted  in  a  restrictive  way. 

45  Example  I 

A  reaction  product  obtained  by  the  microemul- 
sion  technique  was  acidified  in  the  reactor  at 
140°C  with  acetic  acid  to  a  pH  of  4.5.  After  cool- 

50  ing,  the  following  composition  was  found: 
Sucrose  stearates  :  43.5  %  by  weight 
Stearic  acid  :  1  9  %  by  weight 
Methyl  stearate  :  2.5  %  by  weight 
Sucrose  and  salts  :  35  %  by  weight 

55  An  extraction  with  supercritical  CO2  was  carried  out 
with  50  g  of  ground  product  in  the  apparatus  ac- 
cording  to  the  accompanying  figure.  A  quantity  of 
4.25  kg  of  CO2  was  passed  through  at  40  *  C  and 
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crose  and  potassium  chloride  were  separated  off 
by  filtration,  after  which  the  filtrate  was  evaporated 
to  dryness  with  a  rotary  vacuum  evaporator.  The 
final  product  still  contained  1  %  by  weight  of  oleic 

5  acid,  in  addition  to  sucrose  oleates  (99  %  by 
weight).  The  CO2  extract  was  composed  of  DMSO 
(1  1  .8  g)  and  oleic  acid  (0.6  g)  after  removal  of  the 
CO2. 

170  bar  at  a  flow  rate  of  2.5  kg  CO2/hour.  After 
removal  of  the  CO2,  the  extract  (10.2  g)  contained 
12  %  by  weight  of  methyl  stearate  and  88  %  by 
weight  of  stearic  acid.  The  residue  (39.8  g)  con- 
tained  54.7  %  by  weight  of  sucrose  stearates,  1  .2 
%  by  weight  of  free  fatty  acid  and  also  sucrose 
and  salts.  Said  residue  was  washed  (10%  w/v)  with 
2-propanol  at  60°  C.  After  insoluble  sucrose  and 
salt  had  been  separated  off  by  filtration,  the  solu- 
tion  was  evaporated  to  a  dry  product  in  a  rotary 
vacuum  evaporator.  The  dry  product  obtained  con- 
tained  98  %  by  weight  of  sucrose  stearates  and  2 
%  by  weight  of  stearic  acid. 

10 
Example  IV 

A  reaction  product  of  a  reaction  between  su- 
crose  and  methyl  palmitate  in  the  presence  of 

75  potassium  palmitate  and  potassium  carbonate  con- 
tained  sucrose  palmitate  with  a  degree  of  substitu- 
tion  of  6.5.  The  reaction  product  was  composed  of 
43.5  %  by  weight  of  sucrose  palmitate,  35.3  %  by 
weight  of  methyl  palmitate,  17  %  by  weight  of 

20  palmitic  acid  and,  after  acidification  to  a  pH  of  4.5 
with  hydrochloric  acid,  4.2  %  by  weight  of  potas- 
sium  chloride.  50  g  of  this  product  were  extracted 
batchwise  at  40°  C  and  170  bar  in  the  course  of  1.5 
hours  with  a  total  of  3.8  kg  of  CO2.  The  residue 

25  obtained  was  composed  of  15.2  g  of  sucrose  pal- 
mitate  (degree  of  substitution:  6.5),  0.6  g  of  palmitic 
acid  and  2.1  g  of  KCI.  The  extract  obtained  after 
removal  of  the  CO2  was  composed  of  17.7  g  of 
methyl  palmitate,  7.9  g  palmitic  acid  and  6.5  g  of 

30  sucrose  palmitate.  The  residue  was  washed  out 
with  hexane  to  remove  the  salt  and  sugar.  After 
evaporating  this  filtrate  to  dryness,  there  remained 
15.2  g  of  sucrose  palmitate  having  a  degree  of 
substitution  of  6.5.  The  CO2  extract  can  be  re-used 

35  without  further  treatment,  with  the  result  that  the 
actual  yield  of  the  extraction  is  100%. 

Example  II 

A  crude  reaction  product  (100  parts  by  weight) 
prepared  by  a  melt  reaction  process  was  extracted 
at  a  pH  of  4.5  with  200  parts  by  weight  of  methyl 
ethyl  ketone  (MEK)  and  100  parts  by  weight  of 
water.  The  pH  was  adjusted  with  hydrochloric  acid. 
After  evaporating  the  MEK  extract  to  dryness,  a 
residue  (71  parts  by  weight)  was  obtained  which 
was  composed  of  64.8  %  by  weight  of  sucrose 
palmitate,  32.4  %  by  weight  of  palmitic  acid  and 
2.8  %  by  weight  of  methyl  palmitate.  50  g  of  the 
said  product  were  subjected  to  an  extraction  with 
supercritical  CO2  at  80°  C.  3.4  kg  of  CO2  were 
passed  through  at  370  bar  at  a  flow  rate  of  2.5  kg 
CCVhour.  The  extract  (17.1  g)  contained  92  %  by 
weight  of  palmitic  acid  and  8  %  by  weight  of 
methyl  palmitate.  The  residue  (32.9  g)  was  com- 
posed  of  98.5  %  by  weight  of  sucrose  palmitates 
and  1.5  %  by  weight  of  palmitic  acid. 

Example  III 

A  crude  reaction  product  obtained  by  reacting 
methyl  oleate  with  sucrose  in  dimethyl  sulphoxide 
(DMSO)  in  the  presence  of  potassium  carbonate 
was  composed  of  396  g  of  sucrose,  245  g  of 
sucrose  oleates  (monoesters/diesters  50/50),  10  g 
of  oleic  acid  and,  because  the  mixture  had  been 
acidified  with  hydrochloric  acid  to  a  pH  of  4.5  at 
the  end  of  the  reaction,  16  g  of  potassium  chloride 
in  2000  ml  of  DMSO. 

This  mixture  was  evaporated  with  the  aid  of  a 
rotary  vacuum  evaporator  until  only  200  g  of 
DMSO  remained.  50  g  of  the  product  obtained 
were  extracted  in  the  course  of  2  hours  with  a  total 
of  5.5  kg  of  CO2  at  90°  C  and  350  bar.  The  residue 
was  composed  of  sucrose  (23.4  g),  potassium  chlo- 
ride  (1.0  g)  and  sucrose  oleates  (14.5  g).  No  de- 
tectable  quantity  of  DMSO  (<  2  ppm)  could  any 
longer  be  found  in  it.  Said  residue  was  then  ex- 
tracted  with  ethanol  (10%,  w/v).  The  insoluble  su- 

Example  V 
40 

A  reaction  product  obtained  by  the  melting 
process  was  acidified  in  the  reactor  with  acetic  acid 
(pH  of  10%  suspension  is  4.7).  After  cooling,  the 
following  composition  was  found: 

45  Sucrose  stearates  :  45  %  by  weight 
Laurie  acid  :  1  8  %  by  weight 
Stearic  acid  :  1  .5  %  by  weight 
Methyl  stearate  :  1  .5  %  by  weight 
Sucrose  and  salts  :  34  %  by  weight 

50  50  g  of  this  product  were  subjected  for  15  min  to 
an  extraction  with  supercritical  CO2  at  40°  C  and 
400  bar  at  a  flow  rate  of  2.2  kg  CO2/hour.  After 
removal  of  the  carbon  dioxide,  the  extract  con- 
tained  10.1  g  of  solid  matter  (88  %  by  weight  of 

55  lauric  acid,  4.5  %  by  weight  of  stearic  acid  and  7.5 
%  by  weight  of  methyl  stearate).  The  residue  con- 
tained  56.4  %  by  weight  of  sucrose  stearates,  42.6 
%  by  weight  of  sucrose  and  salts,  0.8  %  by  weight 
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of  stearic  acid  and  0.2  %  by  weight  of  lauric  acid. 
This  residue  was  worked  up  further  in  the  manner 
described  in  Example  I,  after  which  a  99  %  by 
weight  of  pure  sucrose  stearate  was  obtained. 

ized  in  that  the  crude  esterification  product  contain- 
ing  palmitic  or  stearic  acid  to  be  worked  up  and  the 
supercritical  CO2  are  used  in  a  weight  ratio  of  1  :50 
to  1:150. 

12.  Process  according  to  one  or  more  of 
Claims  1-9,  characterized  in  that  the  crude  es- 
terification  product  containing  oleic  or  lauric  acid  to 
be  worked  up  and  the  supercritical  CO2  are  used  in 
a  weight  ratio  of  1:2.5  to  1:125. 

13.  Process  according  to  Claim  12,  character- 
ized  in  that  the  crude  esterification  product  contain- 
ing  oleic  or  lauric  acid  to  be  worked  up  and  the 
supercritical  CO2  are  used  in  a  weight  ratio  of  1:5 
to  1:15. 

14.  Process  according  to  one  or  more  of 
CLaims  1-13,  characterized  in  that  the  extraction 
treatment  of  crude  polyester  products  with  super- 
critical  carbon  dioxide  is  carried  out  continuously  at 
a  temperature  at  which  the  polyester  product  is 
liquid. 

15.  Esters  of  a  non-reducing  sugar  and  one  or 
more  fatty  acids  obtained  according  to  the  process 
in  accordance  with  one  or  more  of  Claims  1-14. 

Claims 

1.  Process  for  purifying  products  containing 
esters  of  a  non-reducing  sugar  and  one  or  more  10 
fatty  acids,  characterized  in  that  the  crude  es- 
terification  product  is  subjected  to  an  extraction 
treatment  with  supercritical  carbon  dioxide. 

2.  Process  according  to  Claim  1  ,  characterized 
in  that  the  crude  esterification  product,  which  also  75 
contains  one  or  more  alkali  metal  soaps,  is  acidi- 
fied  and  then  subjected  to  an  extraction  treatment 
with  supercritical  carbon  dioxide. 

3.  Process  according  to  Claim  2,  characterized 
in  that  the  crude  esterification  product  is  acidified  20 
with  hydrogen  chloride,  sulphuric  acid,  phosphoric 
acid,  formic  acid,  acetic  acid,  lactic  acid,  succinic 
acid,  sodium  hydrogen  sulphate  and/or  sodium 
dihydrogen  phosphate. 

4.  Process  according  to  Claim  2  or  3,  char-  25 
acterized  in  that  the  crude  esterification  product  is 
acidified  to  a  pH  of  4-5. 

5.  Process  according  to  one  or  more  of  Claims 
1-4,  characterized  in  that  the  extraction  treatment 
with  supercritical  carbon  dioxide  is  carried  out  at  a  30 
temperature  in  the  range  of  31-170  *  C  and  under  a 
pressure  of  72.9-600  bar. 

6.  Process  according  to  Claim  5,  characterized 
in  that  the  extraction  treatment  with  supercritical 
carbon  dioxide  is  carried  out  at  a  temperature  in  35 
the  range  of  40-100°  C  and  under  a  pressure  in  the 
range  of  150-450  bar. 

7.  Process  according  to  one  of  more  of  Claims 
1  -6,  characterized  in  that  the  residue  obtained  after 
the  extraction  treatment  with  supercritical  carbon  40 
dioxide  is  subjected  to  a  washing  treatment  with 
water  or  a  slightly  polar  organic  solvent. 

8.  Process  according  to  one  or  more  of  Claims 
1-3,  characterized  in  that  the  crude  esterification 
product  is  subjected,  prior  to  the  extraction  treat-  45 
ment  with  supercritical  carbon  dioxide,  to  a  wash- 
ing  treatment  with  water  or  a  slightly  polar  organic 
solvent. 

9.  Process  according  to  Claim  7  or  8,  char- 
acterized  in  that  ethanol,  propanol,  isopropanol,  bu-  50 
tanol,  isobutanol,  ethyl  acetate,  acetone  or  methyl 
ethyl  ketone  is  used  as  organic  solvent. 

10.  Process  according  to  one  or  more  of 
Claims  1-9,  characterized  in  that  the  crude  es- 
terification  product  containing  palmitic  or  stearic  55 
acid,  to  be  worked  up,  and  the  supercritical  CO2 
are  used  in  a  weight  ratio  of  1  :25  to  1  :500. 

11.  Process  according  to  Claim  10,  character- 
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