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©  A  process  for  the  preparation  of  narrow-range  alkanol  alkoxylates  by  contacting  and  reacting  an  alkylene 
oxide  reactant  comprising  one  or  more  C2  to  C+  vicinal  alkylene  oxides  with  an  alkanol  re'actant  comprising  one 
or  more  C6  to  C30  alkanols  in  the  presence  of  a  catalytically  effective  amount  of  a  catalyst  prepared  by 
contacting  (i)  sulfuric  acid  with  (ii)  an  aluminum  catalyst  component  comprising  one  or  more  aluminum 
alcoholates  or  aluminum  phenolates,  characterized  •  in  that  the  said  contact  and  reaction  are  carried  out  in  the 
presence  of  a  catalyst  prepared  by  contacting  the  sulfuric  acid  and  the  aluminum  catalyst  component  in  a  molar 
ratio  of  sulfuric  acid  to  aluminum  alcoholate  or  phenolate  which  is  in  the  range  from  0.2:1  to  0.7:1  and  further  in 
the  presence  of  a  quantity  of  water  in  a  molar  ratio  of  water  to  aluminum  alcoholate  or  phenolate  which  is  in  -the 
range  from  0.1:1  to  1.5:1. 
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NARROW  RANGE  ALKANOL  ALKOXYLATES 

This  invention  relates  to  the  preparation  of  narrow  range  alkanol  alkoxylates.  More  particularly,  this 
nvention  is  directed  to  an  improvement  in  the  process  for  the  preparation  of  narrow  range  alkanol 
alkoxylates  which  process  utilizes  an  alkoxylation  catalyst  which  combines  one  or  more  aluminum  com- 
pounds  with  one  or  more  sulfur-containing  acids. 

The  alkanol  alkoxylates  are  useful  as  nonionic  surfactants,  wetting  and  emulsifying  agents,  solvents,  and 
:hemical  intermediates,  and  are  prepared  by  the  addition  reaction  (alkoxylation  reaction)  of  alkylene  oxides 
with  detergent-range  alkanols.  An  illustration  of  the  preparation  of  an  alkanol  ethoxylate  (represented  by 
;ormula  III  below)  by  addition  of  a  number  (n)  of  ethylene  oxide  molecules  (formula  II)  to  a  single  alkanol 
nolecule  (formula  I)  is  presented  by  the  equation 

I  I  n 
I I I  

Alkylene  oxide  addition  reactions  are  known  to  produce  a  product  mixture  of  various  alkoxylate  groups 
having  different  numbers  of  alkylene  oxide  adducts  (oxyalkylene  adducts),  e.g.,  having  different  values  for 
the  adduct  number  n  in  formula  III  above.  The  adduct  number  is  a  factor  which  in  many  respects  controls 
the  properties  of  the  alkoxylate  molecule,  and  efforts  are  made  to  tailor  the  average  adduct  number  of  a 
product  and/or  the  distribution  of  adduct  numbers  within  a  product  to  the  product's  intended  service. 

In  one  respect  the  present  invention  is  a  process  for  the  production  of  an  alkanol  alkoxylate  product 
having  a  narrow-range  alkylene  oxide  adduct  distribution.  Alkoxylate  mixtures  in  which  a  relatively  large 
proportion  of  the  alkoxylate  molecules  have  a  number  (n)  of  alkylene  oxide  adducts  that  is  within  a  relatively 
narrow  range  of  values  have  been  reported  as  being  preferred  for  use  in  certain  detergent  formulations. 
Narrow-range  alkoxylates  are  also  known  to  be  particularly  valuable  as  chemical  intermediates  in  the 
synthesis  of  certain  carboxyalkylated  alkyl  polyethers  and  of  certain  alkyl  ether  sulfates. 

More  particularly,  the  present  invention  provides  an  improvement  upon  a  process  described  and 
claimed  in  the  recently  issued  U.S.  Patent  No.  4,721,816,  entitled  "Preparation  of  Nonionic  Surfactants". 
That  patent  discloses  that  alkanol  alkoxylates  characterized  by  a  narrow-range  alkylene  oxide  adduct 
distribution  and  by  a  low  content  of  residual  alkanol  are  prepared  in  a  process  which  comprises  contacting 
and  reacting  an  alkylene  oxide  reactant  comprising  one  or  more  C2  to  C*  vicinal  alkylene  oxides  with  an 
alkanol  reactant  comprising  one  or  more  C6  to  C30  alkanols  in  the  presence  of  a  catalytically  effective 
amount  of  a  catalyst  prepared  by  contacting  (i)  sulfuric  acid  and  (ii)  one  or  more  of  aluminum  alcoholates  or 
aluminum  phenolates,  the  molar  ratio  of  (i)  to  (ii)  being  in  the  range  from  0.1:1  to  2:1. 

In  brief  summary,  the  present  invention  can  be  described  as  an  improved  process  for  the  preparation  of 
narrow-range  alkanol  alkoxylates  by  contacting  and  reacting  an  alkylene  oxide  reactant  comprising  one  or 
more  C2  to  C+  vicinal  alkylene  oxides  with  an  alkanol  reactant  comprising  one  or  more  Cg  to  C30  alkanols, 
in  the  presence  of  a  catalytically  effective  amount  of  a  catalyst  prepared  by  contacting  (i)  sulfuric  acid  and 
(ii)  one  or  more  aluminum  alcoholates  or  aluminum  phenolates.  The  improvement  particularly  comprises 
carrying  out  the  said  contact  and  reaction  in  the  presence  of  the  combination  of  the  sulfuric  acid  with  the 
one  or  more  aluminum  compounds  in  specified  critical  proportions,  and  further  in  the  presence  of  a  critical 
quantity  of  water.  More  particularly,  the  invention  requires  that  the  molar  ratio  of  the  sulfuric  acid  to  the 
aluminum  alcoholate  or  phenolate  be  in  the  range  from  0.2:1  to  0.7:1  and  that  the  molar  ratio  of  the  water  to 
the  aluminum  alcoholate  or  phenolate  be  in  the  range  from  0.1:1  to  1.5:1. 

The  presence  of  water  in  the  alkoxylation  process  mixture,  in  the  quantity  indicated,  substantially 
improves  the  performance  of  the  process  both  from  the  standpoint  of  increasing  the  rate  of  the  alkoxylation 
reaction  and  also  from  the  standpoint  of  enhancing  the  selectivity  of  the  reaction  to  the  preparation  of 
alkanol  alkoxylates. 

With  respect  to  process  selectivity,  the  presence  of  water  according  to  the  invention  decreases  the 
formation  of  polyalkylene  glycols.  Polyalkylene  glycols  are  the  principal  by-products  of  the  typical  alkanol 
alkyoxylation  process,  resulting  from  oligomerization  and  polymerization  of  the  alkylene  oxide  reactant.  It  is 
considered  particularly  surprising  that  the  presence  of  water  is  responsible  for  this  improvement.  In 
conventional  practice,  the  presence  water  in  alkoxylation  processes  has  been  thought  to  promote,  rather 
than  decrease,  polyalkylene  glycol  formation.  There  are  numerous  teachings  in  the  art  advising  that  care  be 

R-OH 
I 

n  H2C- 

0 
f  \  
—  CH0 

I I  



EP  0  344  835  A1 

taken  to  remove  all  water  from  alkoxylation  reaction  systems. 
The  present  invention  centers  upon  discoveries  associated  with  the  desirable  influence  of  certain  critical 

quantities  of  water  upon  the  performance  of  the  alkoxylation  process  described  in  U.S.  Patent  No. 
4,721,816.  The  invention  more  particularly  centers  both  upon  the  presence  of  water  in  the  reaction  system 

5  and  upon  certain  critical  proportions  for  water  and  the  two  catalyst  components.  In  other  respects,  the 

process  of  the  invention  is,  as  a  general  rule,  suitably  conducted  under  the  process  procedures  and 
conditions  described  in  U.S.  Patent  No.  4,721,816.  The  disclosures  of  U.S.  4,721,816  are  incorporated 
herein  for  their  teachings  of  suitable  and  preferred  process  procedures  and  conditions. 

In  summary,  the  process  of  U.S.  Patent  No.  4,721,816  (and  of  this  invention)  is  practiced  by  contacting 
to  the  alkylene  oxide  reactant  and  the  active  hydrogen  reactant  in  the  presence  of  the  catalyst  system 

comprising  the  sulfur-containing  acid  (in  the  case  of  the  invention,  sulfuric  acid)  and  the  one  or  more 
aluminum  alcoholates  or  phenolates.  The  alkylene  oxide  reactant  comprises  one  or  more  C2  to  C+  vicinal 
alkylene  oxides.  Reactants  which  comprise  ethylene  oxide,  propylene  oxide  or  mixtures  of  ethylene  oxide 
and  propylene  oxide  are  preferred,  while  reactants  wherein  the  alkylene  oxide  content  consists  essentially 

is  of  ethylene  oxide  are  considered  particularly  preferred.  The  alkanol  reactant  suitably  comprises  one  or  more 
alkanols  having  carbon  numbers  in  the  range  from  6  to  30.  An  alkanol  reactant  consisting  essentially  of 
primary,  mono-hydric  alkanols  is  considered  most  preferred,  although  secondary  and  tertiary  alkanols,  as 
well  as  poly-hydric  alkanols,  are  also  very  suitably  utilized  in  the  process  either  alone  or  in  mixtures  with  the 
primary  mono-hydric  alkanols.  Most  preferably,  the  alkanol  reactant  consists  essentially  of  one  or  more  C6 

20  to  C30  primary  mono-hydric  alkanols.  Further  preference  can  be  expressed  for  alkanols  having  from  8  to  20 
carbon  atoms,  with  Ci  1  to  C1  s  alkanols  considered  more  preferred.  As  a  general  rule,  the  carbon  chains  of 
the  alkanols  may  be  of  either  branched  or  linear  (straight  chain)  structure,  although  preference  exists  for 
predominantly  linear  alkanols  in  which  greater  than  50  percent,  more  preferably  greater  than  70  percent  and 
most  preferably  greater  than  90  percent,  of  the  molecules  are  of  linear  carbon  structure.  The  two  reactants 

25  are  utilized  in  quantities  which  are  predetermined  to  yield  an  alkoxylate  product  of  the  desired  mean  or 
average  adduct  number.  The  invention  is  most  effective  for  the  preparation  of  adducts  characterized  by  an 
average  of  up  to  4  mols  of  alkylene  oxide  per  mol  of  alkanol,  particularly  adducts  having  an  average  of  1  to 
4  moles  of  alkylene  oxide  per  mol  of  alkanol. 

The  sulfur-containing  acid  component  of  the  catalyst  combination  is  sulfuric  acid.  As  described  in  U.S. 
30  Patent  No.  4,721,816,  the  sulfuric  acid  is  combined  with  one  or  more  aluminum  alcoholate  or  phenolate 

compounds.  Preferably  the  aluminum  catalyst  component  comprises  one  or  more  alkoxide  or  phenoxide 
compounds  of  the  formula 

35 

At  least  one  of  Xt,  X2,  and  X3  represents  an  -OR  moiety,  wherein  the  R  substituent  is  O1  to  030-aikyi, 
phenyl  or  alkyl-substituted  phenyl  group.  Particular  preference  exists  for  the  use  of  an  alkoxide  in  which 
each  of  the  X1  ,  X2  and  X3  substituents  is  an  -OR  group  in  the  carbon  number  range  from  1  to  20,  while  an 
-OR  group  carbon  number  which  corresponds  to  the  carbon  number  (or  carbon  number  range)  of  the 
alkanol  reactant  is  generally  most  preferred. 

The  total  amount  of  catalyst  (i.e.,  the  sum  of  the  quantities  of  the  sulfuric  acid  and  aluminum 
components)  effective  for  catalysis  of  the  alkoxylation  reaction  in  the  process  of  the  invention  has  not  been 
found  to  be  narrowly  critical.  For  the  typical  practical  operation,  a  quantity  of  catalyst  is  desirably  at  least 
about  0.01%  w  (percent  by  weight),  calculated  on  the  basis  of  the  combined  total  weight  of  the  two  catalyst 
components  relative  to  the  weight  of  alkanol  reactant.  Preference  exists  for  use  of  the  catalyst  in  the  amount 
of  at  least  0.05%  w,  while  an  amount  between  0.1  and  1%  w  is  considered  most  preferred.  Substantially 
greater  quantities  of  catalyst,  e.g.,  up  to  10%  w,  are  also  very  suitable. 

For  purposes  of  the  process  improvement  of  this  invention  it  is  necessary  that  the  alkoxylation  reaction 
mixture  contain  a  quantity  of  water  within'  a  certain  critical  range.  Furthermore,  in  order  to  realize  the  full 
benefits  of  the  presence  of  such  water,  it  is  additionally  necessary  that  the  catalyst  system  combine  the 
sulfuric  acid  and  aluminum  components  in  certain  critical  proportions.  These  two  requirements  for  the 
invention  can  be  conveniently  specified  in  terms  of  restrictions  upon  both  (a)  the  molar  ratio  of  water  to  the 
aluminum  catalyst  component  and  (b)  the  molar  ratio  of  sulfuric  acid  to  the  aluminum  catalyst  component. 
In  such  terms,  it  is  necessary  that  the  molar  ratio  of  water  to  aluminum  alcoholate  and  phenolate 
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compounds  present  in  the  reaction  mixture  as  catalyst  components  be  in  the  range  from  0.1:1  to  1.5:1,  and 
that  the  molar  ratio  of  the  sulfuric  acid  to  the  aluminum  alcoholate  or  phenolate  compounds  present  in  the 
reaction  mixture  catalyst  combination  be  in  the  range  from  0.2:1  to  0.7:1.  When  the  proportions  of  water, 
sulfuric  acid,  and  aluminum  catalyst  component  fall  outside  these  ranges,  the  process  suffers  from  lower 

5  alkoxylation  reaction  rate  and/or  lower  selectivity  to  alkoxylate.  Preference  has  been  observed  for  a  ratio  of 
the  water  to  the  aluminum  catalyst  component  which  is  in  the  range  from  0.2:1  to  0.8:1,  with  a  ratio  of 
sulfuric  acid  to  aluminum  catalyst  component  which  is  in  the  range  from  0.2:1  to  0.6:1.  Most  preferred  are  a 
ratio  of  water  to  aluminum  catalyst  component  in  the  range  from  0.3:1  to  0.5:1,  with  a  ratio  of  sulfuric  acid  to 
aluminum  catalyst  component  in  the  range  from  0.3:1  to  0.5:1. 

to  The  invention  is  further  described  with  reference  to  the  following  examples  and  comparative  experi- 
ments,  which  are  intended  to  illustrate  certain  specific  aspects  of  the  invention  but  not  to  limit  its  broader 
scope. 

75  Examples  1  and  2  and  Comparative  Experiments  A  -  H 

Each  of  the  examples  and  comparative  experiments  described  herein  was  conducted  according  to  the 
following  general  procedure.  All  alkoxylation  reactions  were  carried  out  in  a  one-liter  autoclave  reactor.  In 
each  case,  the  alklyene  oxide  reactant  consisted  of  ethylene  oxide  and  the  alkanol  reactant  was  a  NEODOL 

20  23  Alcohol  (trademark  of  and  sold  by  Shell  Chemical  Company)  characterized  as  a  mixture  of  primary,  80% 
linear  (20%  branched  carbon  chain)  alkanols  having  twelve  and  thirteen  carbon  atoms  (about  40%  by  mol 
C12  and  60%  by  mol  C13).  Initially,  the  liquid  alkanol  reactant  (150  grams,  0.774  mol)  was  dried  for  one 
hour  at  130°  C  under  a  nitrogen  sparge  to  a  water  content  of  less  than  100  ppm.  The  alkanol  reactant  was 
cooled  to  100°C  and  a  predetermined  amount  of  aluminum  isopropoxide,  "AI(0-iPr)3",  was  added  in  one 

25  portion.  The  resulting  solution  was  cooled  to  30  °C.  Concentrated  acid  (98%w  sulfuric  acid  (H2SO4.)  and 
2%w  water)  was  added.  In  each  case,  this  acid  was  added  in  an  amount  to  provide  a  total  of  0.0050  mols  of 
sulfuric  acid.  In  all  examples,  and  in  some  comparative  experiments,  additional  water  was  added  as 
necessary  to  bring  the  water  to  aluminum  isopropoxide  molar  ratio  to  a  predetermined  level.  (The  mode  of 
water  introduction  into  the  alkoxylation  reaction  mixture  is  not  critical  to  the  invention.  For  instance,  water  is 

30  suitably  introduced  in  the  form  of  a  diluted  sulfuric  acid  [e.g.,  an  acid  having  a  93%w  concentration]  and/or 
in  the  form  of  a  water  addition  separate  from  the  acid  addition.)  The  solution  was  then  charged  to  the 
autoclave  under  a  nitrogen  atmosphere  and  heated  to  120°  C.  A  mixture  of  nitrogen  and  ethylene  oxide  was 
then  introduced  into  the  reactor  to  a  total  pressure  of  5.5  bar  (3.3  bar  nitrogen  and  2.2  bar  ethylene  oxide). 
Alkoxylation  (ethoxylation)  commenced  immediately.  Ethylene  oxide  was  added  to  the  reactor  on  demand, 

35  that  is,  at  a  rate  sufficient  to  maintain  the  5.5  bar  pressure.  The  amount  of  ethylene  oxide  added  over  the 
initial  60  minutes  was  noted  and  used  to  calculate  an  average  "initial  rate"  of  reaction  in  terms  of  the 
average  number  of  grams  of  ethylene  oxide  reacted  per  minute  over  this  period.  Temperature  in  the  reactor 
was  allowed  to  increase  to  140°C  and  was  then  maintained  at  that  level.  Ethylene  oxide  addition  was 
discontinued  after  two  mols  of  ethylene  oxide  had  been  charged  to  the  reactor  for  each  mol  of  alkanol 

40  reactant.  The  reactor  was  maintained  at  140°C  for  an  additional  hour  to  substantially  consume  unreacted 
ethylene  oxide.  The  product  mixture  was  then  cooled,  neutralized,  and  analyzed  for  alkylene  oxide  adduct 
distribution  and  percent  weight  of  byproduct  polyethylene  glycols  (PEG).  In  each  case,  the  product  had  a 
very  narrow  range  adduct  distribution. 

The  parameters  and  results  (initial  rate  and  PEG  formation)  for  each  of  the  examples  (according  to  the 
45  invention)  and  comparative  experiments  (not  according  to  the  invention)  are  presented  in  the  following 

Table. 
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lABLE 

0 

Molar  Ratios 

Example  or  Mols  H20  to  H2SO<.  to  Inital  PEG 
Comparative  AI(0-iPr)3  AI(0-iPr)3  AI(0-iPr)3  rate  %w 
Experiment 

1  0.0167  1.53  0.30  3.0  2.2 
2  0.0104  0.55  0.48  3.0  1.2 
A  0.0104  2.55  0.48  1.5  4.0 
B  0.0090  1.56  0.56  1.5  2.8 
C  0.0055  0.09  0.90  1.6  2.1 
D  0.0055  0.60  0.90  1.6  4.0 
E  0.0055  1.6  0.90  1.2  5.9 
F  0.0055  1.6  0.90  1.0  5.5 
G  0.0055  2.6  0.90  0.8  6.9 
H  0.0055  3.1  0.90  0.8  5.4 

20  The  results  of  these  examples  and  comparative  experiments  show  the  importance,  for  high  reaction  rate 
and  low  formation  of  by-product  PEG,  of  maintaining  a  ratio  of  water  to  aluminum  catalyst  component  and  a 
ratio  of  sulfuric  acid  to  aluminum  catalyst  component  which  are  within  the  specified  limited  ranges.  For 
instance,  comparison  of  the  results  of  example  2  with  those  of  comparative  experiment  C  shows  the 
importance  of  the  presence  of  water  in  specified  proportions;  comparison  of  the  results  of  examples  1  and  2 

25  with  those  of  experiment  A  shows  the  importance  of  limiting  the  amount  of  water  present;  and  comparison 
of  the  results  of  examples  1  and  2  with  those  of  experiments  C-H  shows  the  importance  of  limiting  the 
proportions  of  sulfuric  acid. 

30  Examples  3 - 7  

The  procedures  of  examples  1  and  2  were  again  followed,  utilizing  different  quantities  of  water,  sulfuric 
acid  and  aluminum  isopropoxide.  The  parameters  and  results  for  each  of  examples  3-7  are  presented  in  the 
following  Table. 

35 
TABLE 

Molar  Ratios 

Example  Mols  H20  to  H2SC>  to  Inital  PEG 
AI(0-iPr)3  AI(0-iPr)3  Al(0-iPr)3  rate  %w 

3  0.0106  0.23  0.47  4.7  0.5 
4  0.0106  0.43  0.47  3.8  0.5 
5  0.0106  0.43  0.47  3.5  0.6 
6  0.0185  0.23  0.27  2.9  0.5 
7  0.0185  0.43  0.27  2.5  0.4 

The  results  of  examples  3  to  7  illustrate  both  the  very  high  rate  and  the  low  PEG  formation  which  are 
50  realized  by  operation  of  the  invention  under  preferred  ratios  of  water  to  aluminum  catalyst  component  and 

of  sulfuric  acid  to  aluminum  catalyst  component. 

Claims 

1.  A  process  for  the  preparation  of  narrow-range  alkanol  alkoxylates  by  contacting  and  reacting  an 
alkylene  oxide  reactant  comprising  one  or  more  C2  to  C+  vicinal  alkylene  oxides  with  an  alkanol  reactant 
comprising  one  or  more  Cs  to  C30  alkanols  in  the  presence  of  a  catalytically  effective  amount  of  a  catalyst 

5 
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obtainable  by  contacting  (i)  sulfuric  acid  with  (ii)  an  aluminum  catalyst  component  comprising  one  or  more 
aluminum  alcoholates  or  aluminum  phenolates,  characterized  in  that  the  said  contact  and  reaction  are 
carried  out  in  the  presence  of  a  catalyst  obtainable  by  contacting  the  sulfuric  acid  and  the  aluminum 
catalyst  component  in  a  molar  ratio  of  sulfuric  acid  to  aluminum  alcoholate  or  phenolate  which  is  in  the 

5  range  from  0.2:1  to  0.7:1  and  further  in  the  presence  of  a  quantity  of  water  in  a  molar  ratio  of  water  to 
aluminum  alcoholate  or  phenolate  which  is  in  the  range  from  0.1:1  to  1.5:1. 

2.  A  process  as  claimed  in  claim  1  ,  wherein  the  molar  ratio  of  sulfuric  acid  to  aluminum  alcoholate  or 
phenolate  is  in  the  range  from  0.2:1  to  0.6:1  and  the  molar  ratio  of  water  to  aluminum  alcoholate  or 
phenolate  is  in  the  range  from  0.2:1  to  0.8:1. 

w  3.  A  process  as  claimed  in  claim  1  or  2,  wherein  the  molar  ratio  of  sulfuric  acid  to  aluminum  alcoholate 
or  phenolate  is  in  the  range  from  0.3:1  to  0.5:1  and  the  molar  ratio  of  water  to  aluminum  alcoholate  or 
phenolate  is  in  the  range  from  0.3:1  to  0.5:1. 

4.  A  process  as  claimed  in  claim  1  to  3,  wherein  the  alkanol  reactant  comprises  one  or  more  Cs  to  Cao 
primary  mono-hydric  alkanols. 

15  5.  A  process  as  claimed  in  claim  4,  wherein  the  alkanol  reactant  comprises  one  or  more  Cs  to  C20 
primary  mono-hydric  alkanols. 

6.  A  process  as  claimed  in  claim  5,  wherein  the  alkanol  reactant  comprises  one  or  more  Cn  to  C16 
primary  mono-hydric  alkanols. 

7.  A  process  as  claimed  in  any  one  of  the  claims  1-6,  wherein  up  to  4  mols  of  the  alkylene  oxide  is 
20  reacted  with  one  mol  of  the  alkanol  reactant. 

8.  A  process  as  claimed  in  any  one  of  the  claims  1  to  7,  wherein  the  aluminum  catalyst  component 
comprises  one  or  more  compounds  having  the  formula 

25 kl  -  X, 

30  wherein  at  least  one  of  X1  ,  X2  and  X3  represents  an  -OR  moiety,  wherein  R  is  a  C1  to  C30  alkyl,  phenyl  or 
alkyl-substituted  phenyl  group. 

9.  A  process  as  claimed  in  claim  8,  wherein  at  least  one  of  X1,  X2,  and  X3  represents  an  -OR  moiety 
wherein  R  is  C1  to  C3o  alkyl. 

10.  A  process  as  claimed  in  claim  9,  wherein  each  of  X1,  X2,  and  X3  represents  an  -OR  moiety  wherein 
35  R  is  an  alkyl  group  having  a  carbon  number  in  the  range  from  1  to  30. 
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