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Description 

This  invention  relates  to  improved  processes  for  making  the  products  commonly  known  in  commerce  as  "alkyl 
naphthalene  sulfonates",  even  though  they  also  may  contain  unreacted  naphthalene,  alkyl  naphthalenes,  and  mole- 

5  cules  with  more  than  one  alkyl  group  and/or  sulfonate  group  per  naphthalene  molecule.  The  products  are  commercially 
important  surfactants,  particularly  for  agricultural  use,  and  are  normally  made  by  reacting  naphthalene  with  alcohols, 
sulfuric  acid,  and  oleum. 

Statement  of  Related  Art 
10 

Butyl  naphthalene  sulfonate  is  now  commercially  made  by  reacting  naphthalene,  normal  butanol,  concentrated 
sulfuric  acid,  and  oleum  in  a  one-step  batch  type  process,  as  for  example  disclosed  by  F.  Muth  in  "Methoden  der 
organischen  Chemie  (Houben-Weyl)";  1955,  Georg  Thieme  Verlag,  Stuttgart;  Vol  IX,  page  492. 

The  process  normally  experiences  a  vigorous  exotherm  that  is  difficult  to  control  and  produces  large  amounts  of 
is  sulfur  containing  by-products.  On  the  other  hand,  isopropyl  naphthalene  sulfonate  is  now  commercially  made  by  a  two- 

step  process,  with  sulfonation  followed  by  alkylation.  While  easier  to  control  than  the  one  step  process,  this  two  step 
process  is  notably  slower  and  also  consumes  more  acid  for  by-products  than  is  desirable.  Similar  situations  prevail  for 
other  alkyl  naphthalene  sulfonate  products. 

US-A-2  133  282  discloses  a  two-step  process  in  which  naphthalene  is  first  alkylated  in  the  presence  of  sulfuric 
20  acid  and,  following  separation  into  two  layers  and  removal  of  the  lower  layer  containing  residual  acid,  is  then  sulfonated 

using  a  mixture  of  sulfuric  acid  and  oleum.  The  alkylation  and  sulfonation  steps  may  be  reversed  according  to  this 
reference. 

After  any  of  these  syntheses,  the  initially  formed  alkyl  naphthalene  sulfonic  acid  is  usually  converted  to  the  desired 
surfactant  by  dissolution  in  aqueous  alkali  to  convert  the  acid  to  a  salt.  The  surfactant  may  be  used  directly  in  the 

25  aqueous  solution  thus  formed,  or  the  solution  may  be  dried  to  produce  solid  surfactant. 
A  material  known  in  the  art  as  "free  oil"  is  a  common  but  undesirable  constituent  of  commercial  alkyl  naphthalene 

sulfonates.  This  material  is  largely  unreacted  naphthalene  and/or  unsulfonated  alkyl  naphthalene(s),  and  it  is  common 
commercial  practice  to  impose  an  upper  limit  on  the  amount  of  free  oil  that  is  acceptable  in  the  product.  Another  common 
and  undesirable  constituent  of  commercial  alkyl  naphthalene  sulfonates  is  sulfate  salts,  formed  during  neutralization 

30  from  residual  sulfuric  acid  in  the  initial  reaction  product.  Limiting  the  amounts  of  both  these  constituents  is  therefore  a 
desirable  goal  of  any  process  for  making  alkyl  naphthalene  sulfonate  surfactants. 

It  is  an  object  of  this  invention  to  provide  a  process  for  making  alkyl  naphthalene  sulfonates  that  avoids  or  reduces 
at  least  some  of  the  difficulties  and/or  byproducts  occurring  with  present  commercial  processes. 

35  DESCRIPTION  OF  THE  INVENTION 

Summary  of  the  Invention 

It  has  been  found  that  two  major  changes  from  prior  art  practice  greatly  improve  processes  for  making  alkyl  naph- 
40  thalene  sulfonates,  particularly  those  with  alkyl  groups  containing  from  1  to  4  carbon  atoms.  One  of  these  changes  is 

that  sulfuric  acid  and/or  oleum  and  alcohols  that  contain  the  alkyl  groups  desired  in  the  product  are  added  to  liquid 
naphthalene  intermittently  in  small  increments,  at  least  at  the  beginning  of  the  process.  Each  increment  is  not  more 
than  1  0  %,  more  preferably  not  more  than  5  %,  or  still  more  preferably  not  more  than  2.5  %  of  the  amount  of  the  reagent 
concerned  that  would  be  sufficient  for  complete  reaction  to  the  extent  desired  for  the  product.  The  second  major  novel 

45  feature  of  a  process  according  to  this  invention  is  that  at  an  intermediate  stage  in  the  reaction,  an  acid  rich  second 
liquid  phase  is  separated  from  the  organic  rich  first  phase,  in  order  to  avoid  wasting  much  of  the  subsequently  added 
sulfuric  acid  and  oleum  by  its  dissolution  in  the  second  liquid  phase,  rather  than  sulfonating  remaining  unsulfonated 
naphthalene  and/or  alkyl  naphthalene(s)  in  the  other  liquid  phase  as  desired. 

so  Description  of  Preferred  Embodiments 

A  very  important  practical  consideration  in  processes  according  to  the  invention  is  to  maintain  reaction  conditions, 
at  all  times  before  the  final  neutralization,  that  are  sufficiently  acidic,  when  alcohol  is  added  to  the  reaction  mixture  as 
alkylating  agent,  to  avoid  the  formation  of  substantial  amounts  of  gaseous  olefins,  which  can  easily  result  from  dehy- 

55  dration  of  the  alcohols  in  the  presence  of  some,  but  not  enough,  acid.  For  reasons  of  both  safety  and  economy,  it  is 
preferred  that  the  acidity  of  the  reaction  mixture  be  maintained  sufficiently  high  that  the  concentration  of  flammable 
hydrocarbon  vapor  in  the  atmosphere  above  the  predominantly  liquid  reaction  mixture  is  not  more  than  100,  or  with 
increasing  preference,  not  more  than  30,  1  9,  or  8  parts  per  million  by  weight  ("ppm").  This  amount  of  acid  also  generally 
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is  adequate  to  catalyze  the  alkylation  reaction  sufficiently  to  achieve  a  practical  reaction  rate.  However,  it  has  been 
found  that  a  small  amount  of  alcohol,  comparable  in  size  to  the  increments  to  be  added  later,  can  be  added  to  the 
naphthalene  before  addition  of  any  acid,  without  causing  any  difficulty  from  forming  byproduct  olefin. 

The  size  of  the  increments  used  and  the  time  between  successive  additions  of  increments  of  reagents  may  be 
5  varied  within  wide  limits.  It  is  usual  to  use  increments  of  equal  size  for  the  same  reagent  during  at  least  the  part  of  the 

process  before  the  liquid-liquid  separation  stage  considered  further  below,  but  this  is  merely  a  matter  of  convenience 
and  not  a  necessary  feature  of  the  process.  Small  increments  in  general  give  the  best  product  quality  but  tend  to 
increase  the  total  reaction  time. 

With  respect  to  the  timing  of  addition  of  successive  increments,  one  generally  preferred  choice  is  to  add  the  incre- 
10  ments  whenever  the  temperature  of  the  reaction  mixture  falls  below  a  preset  limit.  The  reaction  is  exothermic  overall, 

at  least  during  most  of  the  reaction  sequence,  so  that  each  addition  of  an  increment  of  reagent  tends  to  raise  the 
temperature  of  the  reaction  mixture,  even  when  the  reaction  is  performed  as  preferred  in  containers  with  jackets  through 
which  heat  transfer  fluid  is  circulated  or  other  means  for  cooling  and  heating  when  needed  or  desired.  The  timing  of 
addition  of  increments  can  conveniently  be  controlled,  either  by  automatically  controlled  equipment  or  from  experience, 

is  so  as  to  minimize  the  need  for  external  energy  to  maintain  constant  reaction  temperature  within  +  5  degrees  Centigrade, 
as  is  generally  preferred. 

The  preferred  temperature  for  a  process  according  to  this  invention  varies  somewhat  with  the  alkylating  agent 
used.  Although  an  unreactive  solvent  could  be  used,  it  is  generally  strongly  preferred  to  avoid  such  a  solvent,  and  in 
order  to  have  a  liquid  form  of  naphthalene  as  is  strongly  preferred,  this  requires  a  minimum  temperature  of  80°  C,  the 

20  melting  point  of  naphthalene.  The  lower  that  the  temperature  can  be  maintained  above  this  practical  limit,  the  less 
likely  is  the  development  of  undesirable  colored  by-products  that  reduce  the  commercial  value  and/or  acceptability  of 
the  eventual  products.  On  the  other  hand,  with  some  alkylating  agents  such  as  normal  butanol,  the  reaction  is  too  slow 
to  be  practical  below  about  110°  C.  For  isopropyl  alcohol  and  secondary  butyl  alcohol,  two  preferred  alkylating  agents, 
an  operating  temperature  between  80  and  90,  or  more  preferably  between  83  and  87,  degrees  Centigrade  is  preferred. 

25  The  strength  of  the  oleum  to  be  used  and  the  proportions  of  oleum  and  sulfuric  acid  to  be  used  in  a  process 
according  to  this  invention  also  may  be  varied  within  wide  limits,  but  generally  the  proportion  between  oleum  and 
sulfuric  acid  found  useful  in  the  prior  art  will  also  be  useful  for  a  process  according  to  this  invention.  It  is  generally 
preferred  to  use  enough  total  sulfonating  agent  by  the  end  of  the  process  to  obtain  an  average  of  at  least  one  sulfur 
atom  per  naphthalene  nucleus  in  the  product,  but  because  of  the  equilibrium  character  of  the  sulfonation  reaction, 

30  readily  detectable  amounts  of  unsulfonated  naphthalene  nuclei  generally  remain  as  part  of  the  "free  oil"  component 
mentioned  earlier.  Some  naphthalene  nuclei  with  two  or  more  sulfonate  groups  are  also  presumed  to  be  present, 
although  no  exhaustive  analysis  of  the  products  of  a  process  according  to  this  invention  has  been  made. 

The  amount  of  alkylating  agent  used  during  the  complete  process  also  generally  should  preferably  be  sufficient  to 
produce  a  product  with  an  average  of  at  least  one  alkyl  group  per  naphthalene  nucleus.  For  the  alkyl  groups,  especially 

35  butyl,  it  is  still  more  preferred  to  have  an  average  of  at  least  1.1  or  still  more  preferably  1  .2  alkyl  groups  per  naphthalene 
nucleus  in  the  final  product.  Although  it  is  normally  preferred  to  use  an  alkylating  agent  that  consists  primarily  of  a 
single  molecular  type  of  alcohol,  mixtures  of  alcohols  work  effectively  in  the  process  as  well. 

The  liquid  reaction  mixture  initially  appears  homogeneous,  but  after  reaction  begins  the  amount  of  water  produced 
by  reaction  eventually  becomes  sufficient  to  cause  a  second  liquid  phase  to  appear  if  agitation  of  the  reaction  mixture 

40  is  stopped  for  a  sufficiently  long  time;  generally  a  few  minutes  is  sufficient.  (During  actual  reaction,  sufficient  agitation 
to  achieve  vigorous  mixing  is  strongly  preferred,  in  view  of  the  exothermicity  of  the  reaction,  to  avoid  localized  "hot 
spots"  that  promote  the  formation  of  undesired  byproducts.)  Once  this  second  liquid  phase  is  formed,  it  competes 
effectively  with  the  organic  phase  for  newly  added  sulfuric  acid  and  oleum,  and  the  sulfuric  acid  and  oleum  in  the 
second  phase  are  expected  to  be  much  less  effective  in  sulfonating  than  when  they  are  in  the  same  phase  as  the 

45  organic  molecules  to  be  sulfonated.  Thus,  one  important  factor  in  the  success  of  a  process  according  to  this  invention 
is  the  separation  of  this  second,  sulfuric  acid  rich  phase  at  some  point  before  the  reaction  is  completed.  Preferably  the 
separation  is  made  no  later  than  when  five-sixths  of  the  naphthalene  nuclei  in  the  reaction  mixture  have  one  or  more 
sulfonic  groups  bonded  to  them,  or  more  preferably  no  later  than  when  three-fourths  of  the  nuclei  have  such  substit- 
uents.  The  actual  separation  may  be  accomplished  by  any  convenient  method  for  separating  two  immiscible  liquids  of 

so  different  density;  many  such  methods  are  known  in  the  art.  It  is  generally  preferred  to  cool  the  mixture  during  separation 
to  a  temperature  somewhat  lower  than  that  used  for  reaction,  e.g.,  to  65  -  70  degrees  C. 

Before  the  separation,  it  is  often  preferred,  although  not  a  necessary  part  of  a  process  according  to  this  invention, 
to  continue  to  maintain  the  reaction  mixture  at  a  temperature  above  82,  or  more  preferably  above  87,  degrees  Centi- 
grade  for  a  period  of  at  least  one-half,  more  preferably  at  least  two,  hours  while  continuing  to  agitate  the  reagent  and 

55  product  mixture,  to  promote  additional  sulfonation  reactions  with  the  sulfonating  agents  already  present  and  reduce 
the  eventual  free  oil  content  in  the  product. 

After  the  separation  has  been  accomplished,  additional  amounts  of  sulfuric  acid,  oleum,  or  both  are  added  to  the 
liquid  phase  that  contains  still  unsulfonated  naphthalene  nuclei.  Eventually,  a  sufficient  amount  of  sulfonating  agent  to 
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achieve  an  average  degree  of  sulfonation  of  at  least  one  bonded  sulfur  atom  per  naphthalene  nucleus  and  to  reduce 
the  amount  of  free  oil  in  the  final  product  to  not  more  than  1  .5  %  should  be  used.  If  the  reaction  product  at  the  time  of 
the  separation  from  the  second  liquid  phase  has  a  lower  average  degree  of  alkylation  than  is  desired  for  the  final 
product,  more  alkylating  agent  may  also  be  added  after  this  phase  separation.  As  is  true  during  the  earlier  phases  of 

5  reaction,  it  is  preferable  during  this  phase  of  reaction  to  add  sulfonating  agent  and  alkylating  agent  in  small  increments, 
with  alternating  additions  of  sulfonating  agent  and  of  alkylating  agent  as  long  as  both  such  reagents  are  needed  to 
achieve  the  desired  degree  of  alkylation  and  sulfonation  for  the  final  product,  and  to  time  such  additions  so  as  to 
maintain  a  nearly  constant  temperature  within  the  reaction  mixture. 

Additional  separations  of  aqueous  second  phase  from  the  primary  reaction  mixture  may  be  made  during  these 
10  final  stages  of  a  process  according  to  this  invention.  If  needed,  in  order  to  reduce  the  non-surfactant  salt  content  of 

the  final  product,  additional  water  may  be  added  to  the  mixture  of  reagents  and  products  in  order  to  assure  formation 
of  a  second  liquid  phase  and  thereby  reduce  the  amount  of  unreacted  sulfuric  acid  remaining  in  the  organic  phase 
after  such  a  separation. 

After  all  the  reagents  needed  have  been  mixed  together,  it  is  often  preferred,  even  though  not  a  necessary  step 
is  in  a  process  according  to  the  invention,  to  continue  to  maintain  the  reaction  mixture  at  a  temperature  above  82,  or 

more  preferably  above  87,  degrees  Centigrade  for  a  period  of  at  least  one  half,  more  preferably  at  least  two,  hours  to 
promote  additional  sulfonation  reactions  and  reduce  the  free  oil  content. 

After  the  completion  of  the  sulfonation  and  alkylation  reactions,  the  liquid  phase  containing  the  products  is  dissolved 
in  and/or  reacted  with  an  alkaline  aqueous  solution,  additional  alkali  is  added  if  necessary,  and  the  final  desired  alkyl 

20  naphthalene  sulfonate  surfactants  are  recovered  for  use,  either  as  aqueous  solutions  or  in  solid  form  after  drying. 
These  final  steps  are  performed  in  the  same  general  manner  as  for  corresponding  steps  in  the  prior  art. 

In  accordance  with  the  discussion  above,  the  process  according  to  the  invention  comprises  steps  of: 

(A)  mixing  a  specified  mass  of  liquid  naphthalene  with  a  first  incremental  mass  of  liquid  acid  selected  from  the 
25  group  consisting  of  sulfuric  acid  and  oleum,  said  first  incremental  mass  being  not  more  than  a  specified  first  proper 

fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  one  sulfonate  group  per  naph- 
thalene  molecule; 
(B)  mixing  with  the  mixture  formed  in  step  (A)  a  second  incremental  mass  of  alkylating  alcohols,  said  second 
incremental  mass  being  not  more  than  a  specified  second  proper  fraction  of  the  amount  sufficient  to  alkylate  the 

30  specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene  molecule  and  also  being  small  enough  that 
the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration  of  the  alkylating  alcohols  to  olefin  during  mixing 
does  not  exceed  100  ppm  in  the  gas  phase  above  the  reaction  mixture; 
(C)  mixing  with  the  mixture  formed  in  the  previous  step  a  third  incremental  mass  of  liquid  acid  selected  from  the 
group  consisting  of  sulfuric  acid  and  oleum,  said  third  incremental  mass  being  not  more  than  a  specified  third 

35  proper  fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  one  sulfonate  group 
per  naphthalene  molecule; 
(D)  mixing  with  the  mixture  formed  in  the  previous  step  a  fourth  incremental  mass  of  alkylating  alcohols,  said  fourth 
incremental  mass  being  not  more  than  a  specified  fourth  proper  fraction  of  the  amount  sufficient  to  alkylate  the 
specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene  molecule  and  also  being  small  enough  that 

40  the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration  of  the  alkylating  alcohols  to  olefin  during  the 
mixing  does  not  exceed  100  ppm  in  the  gas  phase  over  the  reaction  mixture; 
(E)  repeating  steps  (C)  and  (D)  sufficiently  many  times  that  when  mixing  is  discontinued  after  the  last  repetition  of 
step  (D),  the  resulting  liquid  mixture  spontaneously  separates  into  two  liquid  phases,  the  second,  denser,  aqueous 
one  of  said  phases  being  more  concentrated  in  sulfuric  acid  than  the  other  phase  and  the  other,  first,  organic  one 

45  of  said  phases  being  more  concentrated  in  total  organic  materials  than  the  aqueous  second  phase;  the  total  amount 
of  liquid  acid  used  in  all  of  steps  (A)  -  (D)  and  all  repetitions  of  steps  (C)  and  (D)  being  less  than  the  amount  required 
to  sulfonate  the  specified  mass  of  naphthalene  with  at  least  one  sulfonate  group  per  naphthalene  molecule; 
(F)  separating  the  organic  phase  recited  in  part  (E)  from  the  aqueous  phase  recited  therein; 
(G)  mixing  with  the  organic  phase  separated  in  part  (E)  a  fifth  incremental  mass  of  liquid  acid  selected  from  the 

so  group  consisting  of  sulfuric  acid  and  oleum,  said  fifth  incremental  mass  being  not  more  than  a  specified  fifth  proper 
fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  at  least  one  sulfonate  group 
per  naphthalene  molecule; 
(H)  if  the  total  amount  of  alkylating  alcohols  mixed  with  the  specified  mass  of  naphthalene  by  the  completion  of 
the  previous  step  is  not  sufficient  to  alkylate  all  the  specified  mass  of  naphthalene  with  at  least  one  alkyl  group  per 

55  molecule  of  naphthalene,  mixing  with  the  mixture  formed  in  the  previous  step  a  sixth  incremental  mass  of  alkylating 
alcohols,  said  sixth  incremental  mass  being  not  more  than  a  specified  sixth  proper  fraction  of  the  amount  sufficient 
to  alkylate  the  specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene  molecule  and  also  being  small 
enough  that  the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration  of  the  alkylating  alcohols  to  olefin 
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during  the  mixing  does  not  exceed  100  ppm  in  the  gas  phase  over  the  reaction  mixture; 
(I)  discontinuing  agitation  of  the  reaction  mixture,  so  that  the  mixture  can  separate  into  two  or  more  liquid  phases 
if  its  contents  would  exist  in  the  form  of  two  or  more  liquid  phases  at  equilibrium,  and  separating  the  resulting  liquid 
phase  that  is  most  concentrated  in  organic  material  from  the  other  liquid  phases  present  if  any;  and 

5  (J)  dissolving  the  liquid  phase  that  is  most  concentrated  in  organic  material  from  step  (I)  in  water  and  neutralizing 
the  resulting  solution  with  a  strong  alkali. 

In  addition  to  the  other  optional  steps  and  preferences  already  noted  above,  it  should  be  noted  explicitly  that  steps  (G) 
and  (H)  as  described  above  can  be  repeated  if  needed  before  performing  step  (I),  and  that  some  alcohol  can  be  added 

10  before  starting  step  (A). 
While  the  invention  is  not  to  be  regarded  as  limited  by  any  theory,  it  is  believed  that  the  superior  results  obtained 

by  alternating  incremental  additions  of  the  sulfonating  and  alkylating  agents  may  perhaps  be  explicable  as  follows: 
The  least  desirable  organic  ingredients  in  the  product  mixture  are  those  with  either  no  sulfonate  groups  or  no  alkyl 
groups  on  individual  naphthalene  molecules.  When  large  amounts  of  sulfonating  agents  are  added  initially,  most  of 

is  the  naphthalene  nuclei  become  sulfonated,  thereby  reducing  the  reactivity  for  subsequent  alkylation  by  the  well  known 
deactivating  effect  of  sulfonate  substituents  on  aromatic  rings.  Higher  temperatures  must  then  be  used  to  achieve  a 
practical  reaction  rate,  increasing  the  danger  of  byproducts.  On  the  other  hand,  alcohols  will  not  alkylate  naphthalene 
at  all  in  the  absence  of  some  acid  to  serve  as  catalyst.  When  a  small  amount  of  acid  is  used  at  the  start,  followed  by 
a  small  amount  of  alcohol,  most  of  the  acid  may  be  bound  to  the  alcohol  by  temporary  bonds  that  produce  the  catalytic 

20  electrophilic  alkylating  species,  and  thereby  temporarily  unavailable  for  sulfonating  the  rings.  Once  a  particular  naph- 
thalene  nucleus  has  been  alkylated,  it  is  more  reactive  to  sulfonation  than  either  the  residual  unsubstituted  naphthalene 
or  any  sulfonated  naphthalene  that  may  be  present.  Therefore,  most  of  the  next  added  increment  of  sulfonating  agent 
will  sulfonate  already  alkylated  naphthalene  molecules,  and  the  amount  of  undesirable  product  molecules  with  only 
one  of  the  two  types  of  substituents  will  be  minimized. 

25  The  practice  of  the  invention  may  be  further  appreciated  from  the  following  working  examples. 

Example  1 

An  amount  of  317  grams  ("g")  of  molten  naphthalene  is  placed  in  a  3  liter  capacity  four  necked  round  bottom  flask 
30  equipped  with  an  agitator,  thermometer,  and  two  pressure  equalizing  addition  funnels.  An  amount  of  246  g  of  2-butanol 

was  placed  in  one  of  the  addition  funnels  and  a  mixture  of  418  g  of  sulfuric  acid,  which  in  these  examples  means  98 
%  H2S04  in  water  unless  otherwise  noted,  and  239  g  of  oleum,  which  in  these  examples  means  anhydrous  H2S04 
containing  4  %  by  weight  of  dissolved  S03  unless  otherwise  noted,  was  placed  in  the  other  addition  funnels.  While 
maintaining  agitation,  1  0  milliliters  ("ml")  of  the  acid  mixture  was  added,  followed  by  1  0  ml  of  the  butanol,  and  successive 

35  alternate  additions  of  the  same  increments  of  acid  and  alcohol  were  added  at  intervals  to  maintain  the  temperature  of 
the  reaction  mixture  at  85°C  without  external  heating.  At  the  end  of  this  period  of  alternating  additions,  which  consumed 
a  total  of  three  hours,  all  of  the  butanol  had  been  used  but  85  g  of  the  acid  mixture  remained  in  its  dropping  funnel. 
The  mixture  in  the  flask  was  held  at  87°  C  for  two  additional  hours,  with  heat  supplied  as  needed  from  a  heating  jacket 
around  the  flask  and  agitation  continued. 

40  Agitation  was  then  discontinued  and  heating  stopped,  After  20  minutes  ("min")  the  contents  of  the  flask  had  sep- 
arated  into  two  liquid  layers  and  cooled  to  a  temperature  in  the  range  from  65  -  70  °  C.  The  denser,  aqueous  phase  at 
the  bottom  of  the  flask  was  then  removed  from  the  flask.  The  remaining  contents  of  the  flask  were  then  reheated  to  87 
°  C  and  the  remaining  acid  from  the  dropping  funnel  added  to  it  while  maintaining  agitation,  and  the  temperature  was 
then  maintained,  with  continuing  agitation,  at  87  °  C  for  two  more  hours.  Agitation  and  heating  were  then  discontinued, 

45  a  lower  liquid  phase  which  separated  was  removed,  and  the  remainder  of  the  flask  contents  dissolved  in  water  and 
neutralized  with  sodium  hydroxide  to  produce  a  liquid  sodium  butyl  naphthalene  sulfonate  surfactant  product  containing 
42  percent  by  weight  ("w/o")  total  solids,  34  w/o  active  surfactant  solids,  and  4.5  w/o  sodium  sulfate.  The  amount  of 
sodium  sulfate  is  determined  by  determining  the  amount  of  sulfate  in  an  accurately  weighed  sample  by  a  conventional 
conductometric  titration  with  standardized  barium  chloride  solution,  then  converting  to  sodium  sulfate  by  using  the 

so  proper  stoichiometric  factor.  The  amount  of  active  surfactant  is  determined  by  the  procedure  described  immediately 
below. 

Determination  of  Percent  Active  Surfactant 

55  Apparatus 

1.  Volumetric  Flasks,  100  ml_,  1000  ml_. 
2.  Graduated  Cylinders  with  ground  glass  joint,  100  ml_. 

5 
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3.  Graduated  Cylinders,  10  ml_,  50  ml_,  100  mL. 
4.  Volumetric  Pipet,  10  mL. 

Reagents 
5 

1.  Chloroform,  HPLC  Grade 
2.  Methylene  Blue  Stock  Solution,  1.0  g  methylene  blue  in  1000  ml_  of  distilled  water. 
3.  Methylene  Blue  Buffered  Indicator,  50.0  g  sodium  phosphate  monobasic  in  100  ml_  distilled  water,  add  30  mL 
stock  solution  and  5.4  ml_  of  concentrated  sulfuric  acid.  Dilute  to  1  000  ml_  with  distilled  water. 

10  4.  Methylene  Blue,  water  soluble. 
5.  Sodium  Phosphate  Monobasic,  A.C.S.  Grade. 
6.  Sulfuric  Acid,  A.C.S.  Grade. 
7.  Cetyl  Dimethylbenzylammonium  Chloride  Solution,  0.0060  normal,  accurately  standardized. 

is  Procedure 

1  .  Weigh  accurately  1  .0  g  of  sample,  to  the  nearest  0.  1  mg,  into  a  1  00  ml_  volumetric  flask  and  add  distilled  water 
to  the  mark.  Approximately  2  drops  of  ethanol  may  be  added  if  necessary  to  break  the  foam  produced  on  dissolving 
in  water. 

20  2.  Pipet  1  0  ml_  of  the  sample  solution  into  a  1  00  ml_  graduated  cylinder  with  ground  glass  joint.  Add  5  ml_  of  distilled 
water,  15  mL  of  methylene  blue  buffered  indicator,  and  30  ml_  of  chloroform. 
3.  Titrate  5  mL  of  the  cetyl  dimethylammonium  chloride  solution.  Stopper  the  graduated  cylinder  and  shake  vigor- 
ously.  Continue  to  titrate  with  shaking  until  both  phases  have  the  same  color  after  separating  completely. 

25  Calculations 

_  (mL  in  titration)  (normality)  (MW*)  (100) 8  "  (Sample  weight)  (10  ml_/100  mL)  (100  ml_/L) 

30  *  MW  of  alkylnaphthalene  sulfonates:  Methyl  =  284;  Isopropyl  =  314;  Butyl  =  326. 

Example  2 

This  is  the  same  as  Example  1  ,  except  that  (i)  1  -butanol  is  used  instead  of  2-butanol  and  (ii)  the  reaction  temperature 
35  is  maintained  between  105  and  110  degrees  C  because  the  primary  alcohol  is  less  reactive  than  the  secondary.  Sub- 

stantially  the  same  product  is  obtained,  with  primarily  secondary  butyl  groups  substituted  on  the  naphthalene,  presum- 
ably  because  terminal  carbonium  ion  intermediates  formed  from  1  -butanol  rapidly  rearrange  to  a  more  stable  secondary 
carbonium  ion  before  reacting  with  the  naphthalene. 

40  Example  3 

An  amount  of  243.5  g  of  molten  naphthalene  is  placed  in  a  2  liter  capacity  four  necked  round  bottom  flask  equipped 
with  an  agitator,  thermometer,  and  two  pressure  equalizing  addition  funnels.  An  amount  of  188.4  g  of  isopropanol  was 
placed  in  one  of  the  addition  funnels  and  a  mixture  of  276  g  of  sulfuric  acid  and  31  2  g  of  oleum  was  placed  in  the  other 

45  addition  funnels.  While  maintaining  agitation,  15  ml  of  the  alcohol  was  added,  followed  by  10  ml  of  the  acid  mixture, 
and  successive  alternate  additions  of  the  same  increments  of  alcohol  and  acid  were  added  at  intervals  to  maintain  the 
temperature  of  the  reaction  mixture  at  85  °  C  without  external  heating.  At  the  end  of  this  period  of  alternating  additions, 
which  consumed  a  total  of  about  one  hour,  all  of  the  isopropanol  had  been  used  but  1  33  ml  of  the  acid  mixture  remained 
in  its  dropping  funnel.  The  mixture  in  the  flask  was  held  at  87°  C  for  two  additional  hours,  with  heat  supplied  as  needed 

50  from  a  heating  jacket  around  the  flask  and  agitation  continued. 
Agitation  was  then  discontinued  and  heating  stopped,  After  30  min  the  contents  of  the  flask  had  separated  into 

two  liquid  layers  and  cooled  to  a  temperature  in  the  range  from  65  -  70  °  C.  The  denser,  aqueous  phase  at  the  bottom 
of  the  flask  was  then  removed  from  the  flask.  The  remaining  contents  of  the  flask  were  then  reheated  to  87  °  C  and 
the  remaining  acid  from  the  dropping  funnel  added  to  it  while  maintaining  agitation,  and  the  temperature  was  then 

55  maintained,  with  continuing  agitation,  at  87  °  C  for  two  more  hours.  Agitation  and  heating  were  then  discontinued,  and 
the  flask  contents  were  poured  into  a  beaker  containing  147  g  of  water,  slowly  enough  to  keep  the  temperature  below 
60°  C.  The  contents  of  the  beaker  were  then  transferred  to  a  separatory  funnel  and  allowed  to  settle  overnight.  The 
lower  layer  of  spent  acid  in  the  separatory  funnel  was  then  discarded;  the  upper  layer  was  dissolved  in  water  and 

6 
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neutralized  with  sodium  hydroxide  to  produce  a  liquid  sodium  isopropyl  naphthalene  sulfonate  surfactant  product  con- 
taining  49.7  w/o  total  solids,  44.2  w/o  surfactant  solids,  and  5.47  w/o  sodium  sulfate. 

An  amount  of  4700  parts  by  weight  ("PBW")  of  naphthalene  is  charged  to  a  stirred  reactor  vessel  with  a  heat 
transfer  fluid  jacket  for  temperature  control,  the  vessel  interior  having  previously  been  purged  with  nitrogen  to  a  pressure 
of  about  0.3  bar  over  atmospheric  pressure.  The  heat  transfer  fluid  outlet  temperature  is  set  to  80°  C  and  agitation  is 
begun  until  all  the  naphthalene  is  melted.  An  amount  of  164  PBW  of  technical  grade  2-butanol  is  added  at  a  rate  to 

10  maintain  the  reactor  contents  temperature  in  the  range  from  81  -  85  °  C.  Then  270  PBW  of  sulfuric  acid  and  150  PBW 
of  oleum  are  added  in  succession  while  maintaining  the  same  temperature. 

Additons  of  the  same  amounts  of  2-butanol,  sulfuric  acid,  and  oleum  as  specified  above  are  repeated  in  the  same 
order  until  a  total  of  3277  PBW  of  2-butanol,  5276  PBW  of  sulfuric  acid,  and  2953  PBW  of  oleum  have  been  added, 
with  agitation  being  continually  maintained;  the  last  increment  may  be  smaller  than  the  others,  if  it  represents  the  entire 

is  remaining  amount  from  this  total.  Then  the  mixture  in  the  reactor  is  heated  to  85  °  C  and  held  there  for  one  hour,  then 
heated  to  95°  C  and  held  there  for  one  hour,  with  agitation  continuing  throughout  this  time.  Agitation  is  then  discontinued 
and  the  mixture  is  allowed  to  stand  for  5  hours  with  the  heat  transfer  fluid  jacket  outlet  temperature  maintained  at  80 
°  C.  The  mixture  separates  during  this  time  into  two  phases.  After  5  hours,  the  bottom  phase  is  removed.  The  mixture 
is  then  allowed  to  stand  for  one  additional  hour  at  the  same  temperature,  to  determine  whether  any  additional  lower 

20  phase  will  form.  If  more  lower  phase  does  form,  it  is  removed  after  one  hour. 
The  reactor  contents  are  then  agitated  for  1  0  min,  and  a  sample  is  taken  from  the  reactor  contents.  Free  oil,  percent 

total  solids,  and  sodium  sulfate  contents  are  then  determined  for  the  sample.  Sodium  sulfate  is  determined  by  the 
method  already  given  above;  percent  total  solids  is  determined  by  drying  an  accurately  weighed  sample  and  calculating 
the  percent  of  residue  after  drying  in  the  sample  before  drying;  and  the  free  oil  is  determined  by  the  following  method: 

Example  4 
5 

25 
Determination  of  Free  Oil 

Apparatus  and  Reagents 

35 

30 Separatory  funnels,  2,  500  mL 
Beakers,  2,  250  mL 
Balance,  analytical 
Ring  Stand,  clamps 
Petroleum  Ether 
Isopropyl  Alcohol 
Magnetic  Stirrer  and  Magnetic  Stirring  Bar 
Desiccator  (with  silica  gel  desiccant) 
Steam  Bath  or  Table 
Boiling  Stones 

40 
Procedure 

55 

45 

50 

1  .  Accurately  weigh  30  +  0.1  g  of  alkyl  naphthalene  sulfate  solution  into  tared  250  mL  beaker. 
2.  Add  a  solution  of  1  :1  isopropyl  alcohol/distilled  water  to  the  100  mL  mark. 
3.  Mix  on  magnetic  stirrer  for  one  minute  to  effect  complete  solution. 
4.  Add  stirred  contents  to  the  upper  of  two  separatory  funnels  set  up  in  series,  one  above  the  other,  on  ring  stand. 
5.  Rinse  beaker  with  50  mL  of  the  1:1  isopropyl  alcohol  solution  and  add  to  first  funnel. 
6.  Add  50  mL  of  petroleum  ether  to  beaker,  stir. 
7.  Add  this  petroleum  ether  to  upper  separatory  funnel. 
8.  Shake  vigorously  for  one  minute  after  venting  to  release  pressure.  NOTE:  Care  must  be  taken  to  vent  pressure 
by  inverting  funnel  and  slowly  opening  stop  cock.  Repeat  this  procedure  after  each  agitation,  until  no  pressure  is 
evident. 
9.  Allow  to  settle  till  complete  separation  of  two  phases  occurs. 
1  0.  Draw  lower  phase  from  upper  funnel  into  lower  funnel  until  about  5  mL  of  the  lower  phase  remains  in  the  upper 
funnel. 
1  1  .  Swirl  contents  of  upper  funnel,  approximately  3  or  4  swirls,  then  allow  to  settle  about  one  minute. 
1  2.  Drop  off  the  lower  layer  until  the  interface  is  at  the  stop  cock,  stop.  Then  turn  the  stop  cock  quickly  1  80°,  twice. 
13.  Drop  remaining  petroleum  extract  from  the  upper  funnel  into  a  tared  250  mL  beaker  containing  two  boiling 
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stones. 
14.  Interchange  the  two  funnels  by  placing  the  lower  funnel,  containing  the  solution  under  analysis,  on  the  top  ring 
and  the  previously  upper  funnel  on  the  bottom. 
1  5.  Add  50  mL  of  petroleum  ether  to  the  upper  funnel. 

5  1  6.  Repeat  Steps  8,  9,  1  0,  1  1  ,  1  2,  1  3  and  1  4. 
17.  Add  an  additional  50  mLof  petroleum  ether  and  repeat  Step  16.  (This  will  have  created  a  total  of  three  extracts). 
18.  Place  all  three  extracts  in  the  250  mL  beaker  on  the  steam  bath. 
19.  Leave  on  steam  bath  until  approximately  ten  minutes  past  the  last  noticeable  bubbling  of  the  solvent. 
20.  Dry  the  bottom  of  the  beaker  and  place  in  a  desiccator  for  one  hour. 

10  21  .  Weigh  the  beaker  after  drying,  deduct  the  tare  weight  to  give  the  residue  weight,  and  calculate  the  free  oil: 

nnn\  Residue  weight  ,_  .. (100)  —  1  r̂ -r  =  %  Free  oil 
Sample  weight 

15  An  amount  W0  of  oleum  to  be  added  is  determined  by  calculation  as  follows: 

W0  =  (W,){[(%f0-1  .0)/%s](98/Man)+[(6.8-%ss)/%s](98/1  42)}, 

20  where  Wt  represents  the  total  weight  of  crude  partial  reaction  product  sampled,  to  which  the  oleum  will  be  added; 
%fo  represents  percent  free  oil  in  the  sample,  %s  represents  percent  total  solids  in  the  sample;  Man  represents  the 
molecular  weight  of  a  monoalkyl  naphthalene  with  the  alkylating  agent  used,  in  this  case  1  84  for  butyl  naphthalene; 
and  %ss  represents  the  percent  sodium  sulfate  in  the  sample. 

25  After  addition  of  this  amounts  of  post  phase  separation  oleum,  the  additions  being  performed  over  a  period  of 
about  30  min  with  agitation,  the  mixture  is  held  with  continued  agitation  at  85  -  90  °  C  for  2  hours,  then  cooled  to  50  - 
60  °  C.  An  amount  of  8000  PBW  of  water  is  then  added  to  the  reactor  contents  at  a  rate  so  as  to  maintain  the  contents 
at  a  temperature  in  the  range  from  70  -  80  °  C.  Addition  of  an  amount  of  4300  PBW  of  50  %  aqueous  sodium  hydroxide 
solution  is  then  begun  and  continued  at  a  rate  to  maintain  the  temperature  as  before.  Additional  sodium  hydroxide  is 

30  then  added  to  the  extent  necessary  to  bring  the  pH  value  of  the  reactor  contents  to  9.5.  Finally,  additional  water  may 
be  added  if  desired,  to  achieve  a  particular  solids  value  for  the  butyl  naphthalene  sulfonate  product. 

Claims 
35 

1.  A  process  for  making  surfactant  material,  said  process  comprising  steps  of: 

(A)  mixing  a  specified  mass  of  liquid  naphthalene  with  a  first  incremental  mass  of  liquid  acid  selected  from  the 
group  consisting  of  sulfuric  acid  and  oleum,  said  first  incremental  mass  being  not  more  than  a  specified  first 

40  proper  fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  one  sulfonate 
group  per  naphthalene  molecule; 
(B)  mixing  with  the  mixture  formed  in  step  (A)  a  second  incremental  mass  of  alkylating  alcohols,  said  second 
incremental  mass  being  not  more  than  a  specified  second  proper  fraction  of  the  amount  sufficient  to  alkylate 
the  specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene  molecule  and  also  being  small  enough 

45  that  the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration  of  the  alkylating  alcohols  to  olefin  during 
mixing  does  not  exceed  about  100  ppm  in  the  gas  phase  above  the  reaction  mixture; 
(C)  mixing  with  the  mixture  formed  in  the  previous  step  a  third  incremental  mass  of  liquid  acid  selected  from 
the  group  consisting  of  sulfuric  acid  and  oleum,  said  third  incremental  mass  being  not  more  than  a  specified 
third  proper  fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  one  sulfonate 

50  group  per  naphthalene  molecule; 
(D)  mixing  with  the  mixture  formed  in  the  previous  step  a  fourth  incremental  mass  of  alkylating  alcohols,  said 
fourth  incremental  mass  being  not  more  than  a  specified  fourth  proper  fraction  of  the  amount  sufficient  to 
alkylate  the  specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene  molecule  and  also  being 
small  enough  that  the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration  of  the  alkylating  alcohols 

55  to  olefin  during  the  mixing  does  not  exceed  about  1  00  ppm  in  the  gas  phase  over  the  reaction  mixture; 
(E)  repeating  steps  (C)  and  (D)  sufficiently  many  times  that  when  mixing  is  discontinued  after  the  last  repetition 
of  step  (D),  the  resulting  liquid  mixture  spontaneously  separates,  into  two  liquid  phases,  the  second,  denser, 
aqueous  one  of  said  phases  being  more  concentrated  in  sulfuric  acid  than  the  other  phase  and  the  other,  first, 
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organic  one  of  said  phases  being  more  concentrated  in  total  organic  materials  than  the  aqueous  second  phase; 
the  total  amount  of  liquid  acid  used  in  all  of  steps  (A)  -  (D)  and  all  repetitions  of  steps  (C)  and  (D)  being  less 
than  the  amount  required  to  sulfonate  the  specified  mass  of  naphthalene  with  at  least  one  sulfonate  group  per 
naphthalene  molecule; 

5  (F)  separating  the  organic  phase  recited  in  part  (E)  from  the  aqueous  phase  recited  therein; 
(G)  mixing  with  the  organic  phase  separated  in  part  (E)  a  fifth  incremental  mass  of  liquid  acid  selected  from 
the  group  consisting  of  sulfuric  acid  and  oleum,  said  fifth  incremental  mass  being  not  more  than  a  specified 
fifth  proper  fraction  of  the  amount  sufficient  to  sulfonate  the  specified  mass  of  naphthalene  with  at  least  one 
sulfonate  group  per  naphthalene  molecule; 

10  (H)  if  the  total  amount  of  alkylating  alcohols  mixed  with  the  specified  mass  of  naphthalene  by  the  completion 
of  the  previous  step  is  not  sufficient  to  alkylate  all  the  specified  mass  of  naphthalene  with  at  least  one  alkyl 
group  per  molecule  of  naphthalene,  mixing  with  the  mixture  formed  in  the  previous  step  a  sixth  incremental 
mass  of  alkylating  alcohols,  said  sixth  incremental  mass  being  not  more  than  a  specified  sixth  proper  fraction 
of  the  amount  sufficient  to  alkylate  the  specified  mass  of  naphthalene  with  one  alkyl  group  per  naphthalene 

is  molecule  and  also  being  small  enough  that  the  concentration  of  gaseous  hydrocarbon  formed  by  dehydration 
of  the  alkylating  alcohols  to  olefin  during  the  mixing  does  not  exceed  about  100  ppm  in  the  gas  phase  over 
the  reaction  mixture; 
(I)  discontinuing  agitation  of  the  reaction  mixture,  so  that  the  mixture  can  separate  into  two  or  more  liquid 
phases  if  its  contents  would  exist  in  the  form  of  two  or  more  liquid  phases  at  equilibrium,  and  separating  the 

20  resulting  liquid  phase  that  is  most  concentrated  in  organic  material  from  the  other  liquid  phases  present  if  any; 
and 
(J)  dissolving  the  liquid  phase  that  is  most  concentrated  in  organic  material  from  step  (I)  in  water  and  neutral- 
izing  the  resulting  solution  with  a  strong  alkali. 

25  2.  A  process  according  to  claim  1  ,  comprising  an  additional  step  (E1)  between  steps  (E)  and  (F),  said  additional  step 
consisting  of  heating  the  mixture  formed  after  all  previous  additions  of  liquid  acid  and  alkylating  alcohols,  with 
continued  mechanical  agitation,  so  as  to  maintain  the  mixture  at  a  temperature  of  at  least  about  85°C  for  a  time 
period  of  at  least  about  30  minutes. 

30  3.  A  process  according  to  claim  2,  comprising  an  additional  step  (H1)  between  steps  (H)  and  (I),  said  additional  step 
being  selected  from  the  group  consisting  of  (i)  heating  the  mixture  formed  after  all  additions  of  liquid  acid  and 
alkylating  alcohols  with  continued  mechanical  agitation  so  as  to  maintain  at  temperature  of  at  least  about  85°  C 
within  the  mixture  for  a  time  period  of  at  least  about  30  minutes;  (ii)  mixing  with  the  mixture  formed  after  all  additions 
of  liquid  acid  and  alkylating  alcohols  an  amount  of  water  large  enough  that  the  resulting  mixture  will  exist  in  two 

35  or  more  liquid  phases  at  equilibrium;  and  (iii)  first  heating  the  mixture  formed  after  all  additions  of  liquid  acid  and 
alkylating  alcohols  with  continued  mechanical  agitation  so  as  to  maintain  at  temperature  of  at  least  about  85°  C 
within  the  mixture  for  a  time  period  of  at  least  about  30  minutes  and  then  mixing  with  the  resulting  heated  mixture 
an  amount  of  water  large  enough  that  the  resulting  mixture  will  exist  in  two  or  more  liquid  phases  at  equilibrium. 

40  4.  A  process  according  to  claim  2,  wherein  the  total  amount  of  liquid  acid  added  by  the  beginning  of  step  (F)  is  not 
more  than  about  three-quarters  of  the  total  amount  sufficient  to  sulfonate  all  the  specified  mass  of  naphthalene 
with  at  least  one  sulfonate  group  per  molecule  of  naphthalene. 

5.  A  process  according  to  claim  2,  wherein  the  amount  of  alkylating  alcohols  added  by  the  end  of  step  (I)  is  sufficient 
45  to  alkylate  each  molecule  of  naphthalene  in  the  specified  mass  of  naphthalene  with  an  average  of  at  least  about 

1  .2  alkyl  groups  per  molecule  of  naphthalene. 

6.  A  process  according  to  claim  5,  wherein  each  of  said  first  through  fourth  proper  fractions  is  not  more  than  about  0.05. 

so  7.  A  process  according  to  claim  4,  wherein  each  of  said  first  through  fourth  proper  fractions  is  not  more  than  about  0.05. 

8.  A  process  according  to  claim  3,  wherein  each  of  said  first  through  fourth  proper  fractions  is  not  more  than  about  0.1  . 

9.  A  process  according  to  claim  2,  wherein  each  of  said  first  through  fourth  proper  fractions  is  not  more  than  about  0.1  . 
55 

10.  A  process  according  to  claim  1  ,  wherein  each  of  said  first  through  fourth  proper  fractions  is  not  more  than  about  0.1  . 

11.  A  process  according  to  any  of  claims  1  -  1  0,  wherein  said  alkylating  alcohols  are  selected  from  the  group  consisting 
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of  2-propanol  and  2-butanol  and  the  temperature  during  steps  (A)  -  (H)  is  maintained  within  the  range  from  about 
82°  -  about  87°  C. 

5  Patentanspriiche 

1.  Verfahren  zur  Herstellung  eines  Tensid-Materials,  umfassend  die  Stufen  des: 

(A)  Vermischens  einer  vorgegebenen  Masse  flussigen  Naphthalins  mit  einer  ersten  inkrementellen  Masse 
10  einer  flussigen  Saure,  die  aus  der  aus  Schwefelsaure  und  Oleum  bestehenden  Gruppe  ausgewahlt  ist,  wobei 

die  erste  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  erste  geeignete  Fraktion  der  Menge  ist,  die 
ausreichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  einer  Sulfonatgruppe  pro  Naphthalin-Molekul 
zu  sulfonieren; 
(B)  Vermischens  einer  zweiten  inkrementellen  Masse  von  alkylierenden  Alkoholen  mit  der  in  der  Stufe  (A) 

is  geformten  Mischung,  worin  die  zweite  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  zweite  geeignete 
Fraktion  der  Menge  ist,  die  ausreichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  einer  Alkylgruppe 
pro  Naphthalin-Molekul  zu  alkylieren,  und  die  auch  klein  genug  ist,  damit  die  Konzentration  von  gasformigem 
Kohlenwasserstoff,  der  durch  Dehydratisierung  der  alkylierenden  Alkohole  wahrend  des  Vermischens  zu  Ole- 
fin  gebildet  wird,  etwa  100  ppm  in  der  Gasphase  oberhalb  der  Reaktionsmischung  nicht  uberschreitet; 

20  (C)  Vermischens  der  in  dervorhergehenden  Stufe  gebildeten  Mischung  mit  einer  dritten  inkrementellen  Masse 
flussiger  Saure,  die  aus  der  aus  Schwefelsaure  und  Oleum  bestehenden  Gruppe  ausgewahlt  ist,  worin  die 
dritte  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  dritte  geeignete  Fraktion  der  Menge  ist,  die  aus- 
reichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  einer  Sulfonatgruppe  pro  Naphthalin-Molekul 
zu  sulfonieren; 

25  (D)  Vermischens  einer  vierten  inkrementellen  Masse  von  alkylierenden  Alkoholen  mit  der  in  der  vorhergehen- 
den  Stufe  geformten  Mischung,  worin  die  vierte  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  vierte 
geeignete  Fraktion  der  Menge  ist,  die  ausreichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  einer 
Alkylgruppe  pro  Naphthalin-Molekul  zu  alkylieren,  und  die  auch  klein  genug  ist,  damit  die  Konzentration  von 
gasformigem  Kohlenwasserstoff,  der  durch  Dehydratisierung  der  alkylierenden  Alkohole  wahrend  des  Vermi- 

30  schens  zu  Olefin  gebildet  wird,  etwa  100  ppm  in  der  Gasphase  oberhalb  der  Reaktionsmischung  nicht  uber- 
schreitet; 
(E)  mehrfachen  Wiederholens  der  Stufen  (C)  und  (D)  in  ausreichender  Weise,  so  dal3  die  sich  ergebende 
flussige  Mischung  sich  spontan  in  2  flussige  Phasen  aufteilt,  wenn  das  Vermischen  nach  der  letzten  Wieder- 
holung  der  Stufe  (D)  unterbrochen  wird,  wobei  die  zweite,  dichtere,  waBrige  der  Phasen  bezuglich  der  Schwe- 

35  felsaure  konzentrierter  ist  als  die  andere  Phase,  und  die  andere,  erste,  organische  Phase  der  Phasen  bezug- 
lich  der  gesamten  organischen  Materialien  konzentrierter  ist  als  die  waBrige  zweite  Phase;  worin  die  Gesamt- 
menge  der  flussigen  Saure,  die  in  alien  Stufen  (A)-(D)  und  alien  Wiederholungen  der  Stufen  (C)  und  (D)  ver- 
wendet  wird,  geringer  ist  als  die  Menge,  die  zur  Sulfonierung  der  vorgegebenen  Masse  von  Naphthalin  mit 
wenigstens  einer  Sulfonatgruppe  pro  Naphthalin-Molekul  notwendig  ist; 

40  (F)  Abtrennens  der  im  Teil  (E)  erwahnten  organischen  Phase  von  der  darin  erwahnten  waBrigen  Phase; 
(G)  Vermischens  der  im  Teil  (E)  abgetrennten  organischen  Phase  mit  einer  funften  inkrementellen  Masse 
flussiger  Saure,  die  aus  der  aus  Schwefelsaure  und  Oleum  bestehenden  Gruppe  ausgewahlt  ist,  worin  die 
funfte  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  funfte  geeignete  Fraktion  der  Menge  ist,  die 
ausreichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  wenigstens  einer  Sulfonatgruppe  pro  Naph- 

45  thalin-Molekul  zu  sulfonieren; 
(H)  Vermischens  einer  sechsten,  inkrementellen  Masse  alkylierender  Alkohole  mit  der  in  der  vorhergehenden 
Stufe  gebildeten  Mischung,  wenn  die  Gesamtmenge  der  alkylierenden  Alkohole,  vermischt  mit  der  vorgege- 
benen  Masse  des  Naphthalins,  bei  Beendigung  dervorhergehenden  Stufe  nicht  ausreichend  ist,  urn  die  ge- 
samte  vorgegebene  Masse  des  Naphthalins  mit  wenigstens  einer  Alkylgruppe  pro  Naphthalin-Molekul  zu  al- 

so  kylieren,  worin  die  sechste  inkrementelle  Masse  nicht  mehr  als  eine  vorgegebene  sechste  geeignete  Fraktion 
der  Menge  ist,  die  ausreichend  ist,  urn  die  vorgegebene  Masse  des  Naphthalins  mit  einer  Alkylgruppe  pro 
Naphthalin-Molekul  zu  alkylieren,  und  die  auch  klein  genug  ist,  damit  die  Konzentration  von  gasformigem 
Kohlenwasserstoff,  der  durch  Dehydratisierung  der  alkylierenden  Alkohole  wahrend  des  Vermischens  zu  Ole- 
fin  gebildet  wird,  etwa  100  ppm  in  der  Gasphase  oberhalb  der  Reaktionsmischung  nicht  uberschreitet; 

55  (|)  Unterbrechens  des  Ruhrens  der  Reaktionsmischung,  so  dal3  sich  die  Mischung  in  zwei  oder  mehrere  flus- 
sige  Phasen  auftrennen  kann,  wenn  sich  ihre  Gehalte  in  Form  von  zwei  oder  mehreren  flussigen  Phasen  im 
Gleichgewicht  befinden,  und  Abtrennen  der  sich  ergebenden  flussigen  Phase,  die  bezuglich  des  organischen 
Materials  am  konzentriertesten  ist,  von  den  anderen  vorliegenden  flussigen  Phasen  -  falls  sie  vorliegen  -;  und 
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(J)  Losensderflussigen  Phase,  die  bezuglich  des  organischen  Materials  aus  der  Stufe  (I)  am  konzentriertesten 
ist,  in  Wasser  und  des  Neutralisierens  der  sich  ergebenden  Losung  mit  einem  starken  Alkali. 

2.  Verfahren  gemaB  Anspruch  1,  umfassend  eine  zusatzliche  Stufe  (E1)  zwischen  den  Stufen  (E)  und  (F),  worin  die 
5  zusatzliche  Stufe  aus  dem  Erwarmen  der  Mischung,  die  nach  alien  vorhergehenden  Zugaben  von  flussiger  Saure 

und  alkylierenden  Alkoholen  gebildet  wurde,  unter  fortgesetztem,  mechanischem  Ruhren  besteht,  urn  so  die  Mi- 
schung  bei  einer  Temperatur  von  wenigstens  etwa  85  °C  wahrend  einer  Zeitspanne  von  wenigstens  etwa  30  Mi- 
nuten  zu  halten. 

10  3.  Verfahren  gemaB  Anspruch  2,  umfassend  eine  zusatzliche  Stufe  (H1)  zwischen  den  Stufen  (H  und  (I),  worin  die 
zusatzliche  Stufe  aus  der  Gruppe  ausgewahlt  ist,  bestehend  aus:  (i)  Erwarmen  der  Mischung,  die  nach  alien  Zu- 
gaben  von  flussiger  Saure  und  alkylierenden  Alkoholen  gebildet  wurde,  unter  fortgesetztem,  mechanischem  Ruh- 
ren  besteht,  urn  so  die  Mischung  bei  einer  Temperatur  von  wenigstens  etwa  85  °C  wahrend  einer  Zeitspanne  von 
wenigstens  etwa  30  Minuten  zu  halten;  (ii)  Vermischen  der  Mischung,  die  nach  alien  Zugaben  von  flussiger  Saure 

is  und  alkylierenden  Alkoholen  gebildet  wurde,  mit  einer  Wassermenge,  die  groB  genug  ist,  damit  die  sich  ergebende 
Mischung  im  Gleichgewicht  in  zwei  oder  mehr  flussigen  Phasen  vorliegt;  und  (iii)  dem  anfanglichen  Erwarmen  der 
Mischung,  die  nach  alien  Zugaben  von  flussiger  Saure  und  alkylierenden  Alkoholen  gebildet  wurde,  unter  fortge- 
setztem,  mechanischen  Ruhren,  urn  so  die  Mischung  bei  einer  Temperatur  von  wenigstens  etwa  85  °C  wahrend 
einer  Zeitspanne  von  wenigstens  etwa  30  Minuten  zu  halten,  und  anschlieBendes  Vermischen  der  sich  ergeben- 

20  den,  erwarmten  Mischung  mit  einer  Wassermenge,  die  groB  genug  ist,  damit  die  sich  ergebende  Mischung  im 
Gleichgewicht  in  zwei  oder  mehreren  flussigen  Phasen  vorliegt. 

4.  Verfahren  gemaB  Anspruch  2,  worin  die  gesamte  Menge  der  flussigen  Saure,  die  zu  Beginn  der  Stufe  (F)  zugef  ugt 
wurde,  nicht  groBer  ist  als  etwa  dreiviertel  der  Gesamtmenge,  die  ausreichend  ist,  urn  die  gesamte  vorgegebene 

25  Masse  des  Naphthalins  mit  wenigstens  einer  Sulfonatgruppe  pro  Naphthalin-Molekul  zu  sulfonieren. 

5.  Verfahren  gemaB  Anspruch  2,  worin  die  Menge  des  alkylierenden  Alkohols,  der  zum  SchluB  der  Stufe  (I)  zugefugt 
wird,  ausreichend  ist,  urn  jedes  Naphthalin-Molekul  in  der  vorgegebenen  Masse  von  Naphthalin  mitdurchschnittlich 
wenigstens  etwa  1,2  Alkylgruppen  pro  Naphthalin-Molekul  zu  alkylieren. 

30 
6.  Verfahren  gemaB  Anspruch  5,  worin  jede  der  ersten  geeigneten  bis  vierten  geeigneten  Fraktionen  nicht  mehr  als 

etwa  0,05  betragt. 

7.  Verfahren  gemaB  Anspruch  4,  worin  jede  der  ersten  geeigneten  bis  vierten  geeigneten  Fraktionen  nicht  mehr  als 
35  etwa  0,05  betragt. 

8.  Verfahren  gemaB  Anspruch  3,  worin  jede  der  ersten  geeigneten  bis  vierten  geeigneten  Fraktionen  nicht  mehr  als 
etwa  0,1  betragt. 

40  9.  Verfahren  gemaB  Anspruch  2,  worin  jede  der  ersten  geeigneten  bis  vierten  geeigneten  Fraktionen  nicht  mehr  als 
etwa  0,1  betragt. 

10.  Verfahren  gemaB  Anspruch  1  ,  worin  jede  der  ersten  geeigneten  bis  vierten  geeigneten  Fraktionen  nicht  mehr  als 
etwa  0,1  betragt. 

45 
11.  Verfahren  gemaB  irgendeinem  der  Anspruche  1-10,  worin  die  alkylierenden  Alkohole  aus  der  Gruppe  ausgewahlt 

sind,  die  aus  2-Propanol  und  2-Butanol  besteht,  und  die  Temperatur  wahrend  der  Stufen  (A)-(H)  innerhalb  eines 
Bereichs  von  etwa  82  °C  bis  etwa  87  °C  gehalten  wird. 

50 
Revendications 

1.  Procede  pour  la  preparation  d'un  materiau  tensioactif,  ce  procede  comprenant  les  etapes  consistant  a  : 

55  (A)  melanger  une  masse  specifiee  de  naphtalene  liquide  avec  une  premiere  masse  incremental  d'acide  li- 
quide  choisi  dans  le  groupe  constitue  par  I'acide  sulfurique  et  I'oleum,  cette  premiere  masse  incremental 
n'etant  pas  superieure  a  une  premiere  fraction  proprement  dite  de  la  quantite  suffisante  pour  sulfoner  la  masse 
specifiee  de  naphtalene  avec  un  groupe  sulfonate  par  molecule  de  naphtalene  ; 
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(B)  melanger  avec  la  combinaison  formee  a  I'etape  (A)  une  seconde  masse  incremental  d'alcools  d'alkylation, 
cette  seconde  masse  incremental  ne  depassant  pas  une  seconde  fraction  specifiee  proprement  dite  de  la 
quantite  suffisante  pour  alkyler  la  masse  specifiee  de  naphtalene  avec  un  groupe  alkyle  par  molecule  de 
naphtalene  et  etant  egalement  suffisamment  faible  pour  que  la  concentration  d'hydrocarbure  gazeux  forme 
par  deshydratation  des  alcools  d'alkylation  en  define  pendant  le  melange  ne  depasse  pas  100  ppm  dans  la 
phase  gazeuse  au-dessus  du  melange  reactionnel  ; 
(C)  melanger  avec  la  combinaison  formee  dans  I'etape  precedente,  une  troisieme  masse  incremental  d'acide 
liquide  choisi  dans  le  groupe  constitue  par  I'acide  sulfurique  et  I'oleum,  cette  troisieme  masse  incremental 
ne  depassant  pas  une  troisieme  fraction  specifiee  de  la  quantite  suffisante  pour  sulfoner  la  masse  specifiee 
de  naphtalene  avec  un  groupe  sulfonate  par  molecule  de  naphtalene  ; 
(D)  melanger  avec  la  combinaison  formee  dans  I'etape  precedente,  une  quatrieme  masse  incremental  d'al- 
cools  d'alkylation,  cette  quatrieme  masse  incremental  ne  depassant  pas  une  quatrieme  fraction  specifiee  de 
la  quantite  suffisante  pour  alkyler  la  masse  specifiee  de  naphtalene  avec  un  groupe  alkyle  par  molecule  de 
naphtalene  et  etant  egalement  suffisamment  faible  pour  que  la  concentration  d'hydrocarbure  gazeux  forme 
par  deshydratation  des  alcools  d'alkylation  en  define  pendant  le  melange  ne  depasse  pas  environ  100  ppm 
dans  la  phase  gazeuse  pendant  le  melange  reactionnel  ; 
(E)  repeter  les  etapes  (C)  et  (D)  un  nombre  suffisant  de  fois  pour  que  lorsque  le  melange  est  interrompu  apres 
la  derniere  repetition  de  I'etape  (D),  le  melange  liquide  obtenu  se  separe  spontanement  en  deux  phases  li- 
quides,  la  seconde  phase  aqueuse  plus  dense  de  ces  phases  etant  plus  concentree  en  acide  sulfurique  que 
I'autre  phase  et  I'autre  premiere  phase  organ  ique  de  ces  phases  etant  plus  concentree  en  matieres  organ  iques 
totales  que  la  seconde  phase  aqueuse  ;  la  quantite  totale  d'acide  liquide  utilise  dans  toutes  les  etapes  (A)  - 
(D)  et  toutes  les  repetitions  des  etapes  (C)  et  (D)  etant  inferieure  a  la  quantite  necessaire  pour  sulfoner  la 
masse  specifiee  de  naphtalene  avec  au  moins  un  groupe  sulfonate  par  molecule  de  naphtalene  ; 
(F)  separer  la  phase  organique  indiquee  dans  la  partie  (E)  de  la  phase  aqueuse  indiquee  ici  ; 
(G)  melanger  avec  la  phase  organique  separee  dans  la  partie  (E),  une  cinquieme  masse  incremental  d'acide 
liquide  choisi  dans  le  groupe  constitue  par  I'acide  sulfurique  et  I'oleum,  cette  cinquieme  masse  incremental 
ne  depassant  pas  une  cinquieme  fraction  specifiee  de  la  quantite  suffisante  pour  sulfoner  la  masse  specifiee 
de  naphtalene  avec  au  moins  un  groupe  sulfonate  par  molecule  de  naphtalene  ; 
(H)  si  la  quantite  totale  des  alcools  d'alkylation  melanges  avec  la  masse  specifiee  de  naphtalene  pour  la 
realisation  de  I'etape  precedente  n'est  pas  suffisante  pour  alkyler  la  totalite  de  la  masse  specifiee  de  naphta- 
lene  avec  au  moins  un  groupe  alkyle  par  molecule  de  naphtalene,  melanger  avec  la  combinaison  formee  dans 
I'etape  precedente  une  sixieme  masse  incremental  d'alcools  d'alkylation,  cette  sixieme  masse  incremental 
n'etant  pas  superieure  a  une  sixieme  fraction  specifiee  de  la  quantite  suffisante  pour  alkyler  la  masse  specifiee 
de  naphtalene  avec  un  groupe  alkyle  par  molecule  de  naphtalene  et  etant  egalement  suffisamment  faible  pour 
que  la  concentration  d'hydrocarbure  gazeux  forme  par  deshydratation  des  alcools  d'alkylation  en  define  pen- 
dant  le  melange  ne  depasse  pas  environ  100  ppm  dans  la  phase  gazeuse  pendant  le  melange  reactionnel  ; 
(I)  interrompre  I'agitation  du  melange  reactionnel  de  facon  a  pouvoir  separer  le  melange  en  deux  ou  en  plus 
de  deux  phases  liquides  si  son  contenu  se  presente  sous  forme  de  deux  ou  de  plus  de  deux  phases  liquides 
en  equilibre  et  a  separer  la  phase  liquide  resultante  qui  est  plus  concentree  en  materiau  organique  des  autres 
phases  liquides  presentes  le  cas  echeant  ;  et 
(J)  dissoudre  la  phase  liquide  qui  est  plus  concentree  en  materiau  organique  de  I'etape  (I)  en  eau  et  a  neu- 
traliser  la  solution  resultante  avec  un  alcalin  fort. 

Procede  selon  la  revendication  1,  comprenant  une  etape  supplemental  (E1)  entre  les  etapes  (E)  et  (F),  cette 
etape  supplemental  consistant  a  chauffer  le  melange  forme  apres  toutes  les  additions  precedentes  d'acide  liquide 
et  d'alcools  d'alkylation,  sous  agitation  mecanique  continue,  de  facon  a  maintenir  le  melange  a  une  temperature 
d'au  moins  environ  85°C  pendant  une  duree  d'au  moins  environ  30  minutes. 

Procede  selon  la  revendication  2,  comprenant  une  etape  supplemental  (H1)  entre  les  etapes  (H)  et  (I),  cette 
etape  supplemental  etant  choisie  dans  le  groupe  consistant  a  (i)  chauffer  le  melange  forme  apres  toutes  les 
additions  d'acide  liquide  et  d'alcools  d'alkylation  sous  agitation  mecanique  continue  de  facon  a  maintenir  a  la 
temperature  d'au  moins  environ  85°C  dans  le  melange  pendant  une  duree  d'au  moins  environ  30  minutes  ;  (ii) 
melanger  avec  la  combinaison  formee  apres  toutes  les  additions  d'acide  liquide  et  d'alcools  d'alkylation  une  quan- 
tite  d'eau  suffisamment  importante  pour  que  le  melange  resultant  se  presente  en  deux  ou  plus  de  deux  phases 
liquides  en  equilibre  ;  et  (iii)  a  chauffer  d'abord  la  composition  formee  apres  toutes  les  additions  d'acide  liquide  et 
d'alcools  d'alkylation  sous  agitation  mecanique  continue  de  facon  a  maintenir  une  temperature  d'au  moins  environ 
85°C  dans  le  melange  pendant  une  duree  d'au  moins  environ  30  minutes  et  a  melanger  ensuite  avec  le  melange 
chauffe  resultant  une  quantite  d'eau  suffisamment  importante  pour  que  le  melange  resultant  se  presente  sous 
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forme  de  deux  ou  de  plus  de  deux  phases  liquides  en  equilibre. 

4.  Procede  selon  la  revendication  2,  dans  lequel  la  quantite  totale  d'acide  liquide  ajoutee  au  debut  de  I'etape  (F)  n'est 
pas  superieure  a  environ  3/4  de  la  quantite  totale  suffisante  pour  sulfoner  la  totalite  de  la  masse  specifiee  de 
naphtalene  avec  au  moins  un  groupe  sulfonate  par  molecule  de  naphtalene. 

5.  Procede  selon  la  revendication  2,  dans  lequel  la  quantite  d'alcools  d'alkylation  ajoutee  a  la  fin  de  I'etape  (I)  est 
suffisante  pour  alkyler  chaque  molecule  de  naphtalene  dans  la  masse  specifiee  de  naphtalene  avec  une  moyenne 
d'au  moins  environ  1,2  groupes  alkyle  par  molecule  de  naphtalene. 

6.  Procede  selon  la  revendication  5,  dans  lequel  chacune  des  premiere  a  quatrieme  fractions  n'est  pas  superieure 
a  environ  0,05. 

7.  Procede  selon  la  revendication  4,  dans  lequel  chacune  des  premiere  a  quatrieme  fractions  n'est  pas  superieure 
a  environ  0,05. 

8.  Procede  selon  la  revendication  3,  dans  lequel  chacune  des  premiere  a  quatrieme  fractions  n'est  pas  superieure 
a  environ  0,1  . 

9.  Procede  selon  la  revendication  2,  dans  lequel  chacune  des  premiere  a  quatrieme  fractions  n'est  pas  superieure 
a  environ  0,1  . 

10.  Procede  selon  la  revendication  1,  dans  lequel  chacune  des  premiere  a  quatrieme  fractions  n'est  pas  superieure 
a  environ  0,1  . 

11.  Procede  selon  I'une  quelconque  des  revendications  1-10,  dans  lequel  les  alcools  d'alkylation  sont  choisis  dans 
le  groupe  constitue  par  le  2-propanol  et  le  2-butanol  et  la  temperature  pendant  les  etapes  (A)  -  (H)  est  maintenue 
dans  la  plage  d'environ  82°  -  environ  87°C. 
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