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Description 

This  invention  relates  to  the  separation  of  a  furfural/middle  distillate  stream.  More  particularly  it  relates  to 
separation  of  furfural  from  the  product  streams  from  a  unit  wherein  furfural  is  used  to  extract  undesirable  com- 

5  ponents  from  middle  distillates  such  as  diesel  oil. 
As  is  well  known  to  those  skilled  in  the  art,  middle  distillates  such  as  diesel  oils,  cracking  stocks,  and  cat- 

alytic  cycle  oils  as  produced  are  characterized  by  various  deficiencies  including  poor  cetane  number  and  burn- 
ing  quality. 

It  is  common  to  attempt  to  improve  the  quality  of  these  hydrocarbon  stocks  by  extracting  the  undesirable 
10  components  which  are  responsible  for  the  deficiencies.  These  stocks  may  for  example  be  treated  with  furfural 

which  may  extract  aromatics,  olefins,  and  compounds  of  nitrogen,  oxygen,  and  sulfur  from  the  middle  distillate 
oil.  The  treated  oil  is  typically  characterized  by  improved  properties. 

Furfural  treating  of  these  charge  oils  is  typically  carried  out  by  contacting  100  parts  of  deaerated  charge 
oil  (typically  having  an  ibp  (initial  boiling  point)  of  350°F  -  475°F  (176  -  246°C),  say  375°F  (190°C)  and  a  50% 

15  bp  (boiling  point)  of  500°F  -  600°F  (260  -  315°C),  say  550°F  (280°C)  and  an  ep  (end  point)  of  600°F  -  750°F 
(315  -  399°C),  say  650°F  (343°C)  and  an  aromatics  content  of  10  -  40  w%,  say  30  w%)  with  50  -  250  parts, 
say  110  parts  of  furfural.  Contact  is  commonly  at  70°F  -  150°F  (21  -  65°C),  say  110°F  (43°C)  at  40  -  120  psig 
(0.45  -  0.82  MPa),  say  100  psig  (0.78  MPa)  in  a  contacting  operation  which  may  be  carried  out  in  a  rotating 
disc  contactor. 

20  The  raffinate  (commonly  containing  75  -  90  w%,  say  83  w%  oil  and  10-25  w%,  say  17  w%  furfural  and 
aromatics  content  of  5  -  25  w%,  say  1  2  w%)  is  commonly  recovered  at  400°F  -  450°F  (204  -  232°C),  say  430°F 
(221  °C)  and  passed  to  a  series  of  stripping  towers  and  vacuum  flash  towers  to  separate  refined  oil  and  furfural. 

The  extract  stream  (commonly  containing  20  -  50  w%,  say  30  w%  oil  and  50  -  80  w%,  say  70  w%  furfural 
and  aromatics  content  of  70  -  90  w%,  say  80  w%)  is  commonly  recovered  at  380°F  -  450°F  (193  -  232°C),  say 

25  420°F  (215°C)  and  passed  to  a  series  of  stripping  towers  and  vacuum  flash  towers  to  separate  extract  and 
furfural. 

The  several  furfural  streams  recovered  during  these  operations  are  further  passed  to  a  series  of  separation 
and  fractionation  operations  wherein  furfural  is  recovered  and  recycled  to  the  contacting  operation  e.g.  the  ro- 
tating  disc  extractor. 

30  It  will  be  apparent  that  a  substantial  portion  of  the  cost  of  a  furfural  treating  unit  lies  in  the  several  distillation 
columns  and  associated  equipment  including  fired  heaters,  heat  exchangers,  pumps,  etc;  and  the  cost  of  op- 
eration  is  clearly  large  because  of  the  cost  of  heat  and  power  associated  with  these  operations. 

It  is  an  object  of  this  invention  to  provide  a  novel  process  for  furfural  treating  of  middle  distillates.  It  is  a 
particular  object  of  this  invention  to  provide  a  process  which  minimizes  the  need  to  provide  distillation  steps 

35  and  which  permits  substantial  savings  in  operating  costs.  Other  objects  will  be  apparent  to  those  skilled  in  the 
art. 

In  accordance  with  certain  of  its  aspects,  this  invention  is  directed  to  a  process  which  comprises  passing 
a  charge  containing  furfural  and  a  middle  distillate  hydrocarbon  into  contact  with,  as  a  separation  membrane, 
a  non-porous  separating  polyimine  layer  which  has  been  crosslinked  with  a  polyisocyanate  or  with  a  poly  (car- 

40  bonyl  chloride)  crosslinking  agent; 
maintaining  a  pressure  drop  across  said  membrane  thereby  forming  a  high  pressure  retentate  containing 

increased  content  of  middle  distillate  hydrocarbon  and  decreased  content  of  furfural  and  a  lower  pressure  per- 
meate  containing  decreased  content  of  middle  distillate  hydrocarbon  and  increased  content  of  furfural; 

maintaining  the  pressure  on  the  low  pressure  discharge  side  of  said  membrane  above  the  vapor  pres- 
45  sure  of  said  permeate  thereby  maintaining  said  permeate  in  liquid  phase; 

maintaining  the  pressure  on  the  high  pressure  retentate  side  of  said  membrane  above  the  vapor  pres- 
sure  of  said  retentate  thereby  maintaining  said  retentate  in  liquid  phase; 

recovering  said  permeate  of  increased  content  of  furfural  and  decreased  content  of  middle  distillate  hy- 
drocarbon  from  the  low  pressure  discharge  side  of  said  membrane;  and 

50  recovering  said  retentate  of  increased  content  of  middle  distillate  hydrocarbon  and  decreased  content 
of  furfural  from  the  high  pressure  side  of  said  membrane. 

The  charge  hydrocarbon  oil  which  may  be  subjected  to  furfural  extraction  and  thereafter  treated  according 
to  the  process  of  this  invention  may  be  a  middle  distillate  hydrocarbon  oil  characterized  by  the  following  prop- 
erties: 

55 

2 
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PROPERTY  BROAD  PREFERRED  TYPICAL 

API  G r a v i t y   7 - 4 4   2 0 - 4 0   30 

A r o m a t i c   C o n t e n t   w%  15  -  90  20  -  60  40 

C e t a n e   No  19  -  52  25  -  50  35 

V i s c o s i t y   SUS  1 0 0 ° F ( 3 8 ° C )   <32  -  750  r32  -  100  10 

Pour  P o i n t   °F  minus  50  -  100  0  -  60  30 
°C  minus  45  -  37  minus  17-15  -1 

S u l f u r   w%  0 .02   -  5  0 . 2 - 1 . 5  

Color   ASTM  < 0 . 5   -  7  <1  -  3  2 

B o i l i n g   Range  °F 

ibp  330  -  700  380  -  630  4 5 0  
50%  410  -  900  500  -  800  6 5 0  
ep  500  -  1100  600  -  1050  9 0 0  

B o i l i n g   Range  °C 

ibp  165  -  371  193  -  332  232  
50%  210  -  482  260  -  426  343  
ep  260  -  593  315  -  565  4 8 2  

These  charge  oils  may  include  diesel  oils,  cracking  stock,  catalytic  cycle  oils,  etc.  When  the  charge  oil  is 
a  diesel  oil,  it  may  be  characterized  by  the  following  properties: 

PROPERTY BROAD PREFERRED TYPICAL 

API  G r a v i t y   31  -  44  36  -  40  38 
Aroma t i c   C o n t e n t   w%  15  -  40  20  -  30  25 
Cetane   No  37  -  52  46  -  50  48 

V i s c o s i t y   SUS  1 0 0 ° F ( 3 8 ° C )   <32  -  38  36  -  37  36 
*Pour  Po in t   °F  0  -  minus  50  minus  20  -  minus  40  minus  30 

°C  minus  17  -  minus  45  minus  28  -  minus  40  minus  34 
S u l f u r   w%  0.02  -  0.4  0.02  -  0.1  0 . 0 7  
Col  or  ASTM  1 - 2   1 - 1 . 5   1 . 2  

B o i l i n g   Range  °F 

ibp  330  -  400  380  -  400  390 
50%  410  -  540  500  -  520  510 
ep  500  -  660  600  -  620  610 

B o i l i n g   Range  °C 

ibp  165  -  204  193  -  204  198 
50%  210  -  282  260  -  271  265 
ep  260  -  315  315  -  326  321 

*Pour  Po in t   d e p e n d e n t   upon  season   of  y e a r .  

When  the  charge  oil  is  a  Vacuum  Gas  Oil  (VGO)  cracking  stock,  it  may  be  characterized  by  the  following 
properties: 
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PROPERTY  BROAD  PREFERRED  TYPICAL 

API  G r a v i t y   20  -  40  25  -  30  27 
A r o m a t i c   C o n t e n t   w%  20  -  60  40  -  60  50 
V i s c o s i t y   SUS  1 0 0 ° F ( 3 8 ° C )   42  -  60  46  -  56  50 
Pour  Po in t   °F  20  -  100  40  -  60  50 

°C  minus  6  -  37  4  -  1  5  1  0 
S u l f u r   w%  0 . 2 - 5   1 - 3   2 
B o i l i n g   Range  °F 

ibp  400  -  700  630  -  670  650 
50%  600  -  900  780  -  820  800 
ep  950  -  1100  1000  -  1050  1000  

B o i l i n g   Range  °C 

ibp  204  -  371  332  -  355  343 
50°̂   31  5  -  482  41  5  -  437  426 
eP  510  -  593  537  -  565  537 

When  the  charge  oil  is  a  Light  Cycle  Gas  Oil  (LCGO)  catalytic  cycle  oil,  it  may  be  characterized  by  the 
following  properties: 

PROPERTY  BROAD  PREFERRED  TYPICAL 

API  G r a v i t y   7 - 3 0   2 0 - 2 5   22 

A r o m a t i c   C o n t e n t   w%  40  -  90  50  -  60  55 

C e t a n e   No  19  -  39  25  -  35  30 

V i s c o s i t y   SUS  1 0 0 ° F ( 3 8 ° C )   35  -  50  36  -  40  38 

Pour  P o i n t   °F  0 - 3 0   0 - 1 0   5 
°C  minus  17  -  minus  1  minus  17  -  minus  12  mine 

S u l f u r   w%  0 . 5 - 1 . 5   0.5  -  0.8  0 . 7  

Co lo r   ASTM  5 - 7   5 - 6   5 

B o i l i n g   Range  °F 

ibp  400  -  480  430  -  460  445  
50%  500  -  650  540  -  580  560 
ep  630  -  750  640  -  660  650  

B o i l i n g   Range  °C 

ibp  204  -  248  221  -  237  229 
50%  260  -  343  282  -  304  293 
ep  332  -  398  337  -  348  343 

The  charge  hydrocarbon  oil  to  be  furfural  treated  may  be  stripped  of  entrained  air  (to  minimize  degradation 
of  furfural  by  oxidation  and  to  prevent  formation  of  coke  if  the  oil  is  heated  to  elevated  temperatures). 

The  deaerated  oil  (100  parts)  at  70°F  -  150°F  (21  -  65°C),  say  110°F  (43°C)  is  passed  to  a  contacting  op- 
eration  (typically  a  rotating  disc  extractor)  wherein  it  is  contacted  countercurrently  at  40-  120  psig  (0.45  -  0.92 
MPa),  say  100  psig  (0.78  MPa)  with  furfural  (110  parts)  entering  at  80°F  -  160°F  (27  -  71  °C),  say  120°F  (48°C). 

Raffinate  (60  -  80  parts,  say  70  parts)  at  80°F  -  160°F  (26  -  71°C),  say  120°F  (48°C)  leaving  the  top  of 
the  extractor  contains  75  -  90  parts,  say  83  parts  of  oil  and  10-25  parts,  say  17  parts  of  furfural. 
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Extract  (20  -  40  parts,  say  30  parts)  at  60°F  -  140°F  (15  -  60°C),  say  100°F  (38°C)  leaving  the  bottom  of 
the  extractor  contains  20  -  50  parts,  say  30  parts  of  oil  and  50  -  80  parts,  say  70  parts  of  furfural. 

It  is  a  feature  of  the  process  of  this  invention  that  it  permits  treatment  of  each  of  these  streams  separately 
5  to  permit  recovery  of  the  furfural  which  may  be  recycled  to  the  contacting  operation.  The  other  component  of 

each  stream  (i.e.  the  refined  oil  from  the  raff  inate  stream  and  the  extract  from  the  extract  stream)  may  be  with- 
drawn  for  further  handling  in  the  refinery. 

It  is  a  feature  of  this  invention  that  separation  of  each  of  the  furfural-containing  streams  may  be  effected 
by  a  pressure  driven  process  utilizing  a  composite  structure  which  includes  a  separation  layer. 

10 
THE  MEMBRANE  ASSEMBLY 

The  process  of  this  invention  may  be  carried  out  by  use  of  a  composite  structure  which  in  one  preferred 
embodiment  may  include  (i)  a  carrier  layer  which  provides  mechanical  strength,  (ii)  a  porous  support  layer, 

15  and  (iii)  a  separating  layer  across  which  separation  occurs. 
The  composite  structure  of  this  invention  includes  a  multi-layer  assembly  which  in  the  preferred  embodi- 

ment  preferably  includes  a  porous  carrier  layer  which  provides  mechanical  strength  and  support  to  the  assem- 
bly. 

20  THE  CARRIER  LAYER 

This  carrier  layer,  when  used,  is  characterized  by  its  high  degree  of  porosity  and  mechanical  strength.  It 
may  be  fibrous  or  non-fibrous,  woven  or  non-woven.  In  the  preferred  embodiment,  the  carrier  layer  may  be  a 
porous,  flexible,  woven  fibrous  polyester.  A  typical  polyester  carrier  layer  may  be  formulated  of  non-woven, 

25  thermally-bonded  strands. 

THE  POROUS  SUPPORT  LAYER 

The  porous  support  layer  (typically  an  ultrafiltration  membrane)  which  may  be  used  in  practice  of  this  in- 
30  vention  is  preferably  formed  of  polyacrylonitrile  polymer.  Typically  the  polyacrylonitrile  may  be  of  thickness  of 

40-80  microns,  say  50  microns  and  is  preferably  characterized  by  a  pore  size  of  less  than  about  500Aand  typ- 
ically  about  200A.  This  corresponds  to  a  molecular  weight  cut-off  of  less  than  about  100,000,  typically  about 
40,000. 

35  THE  SEPARATING  LAYER 

The  separating  layer  which  permits  attainment  of  separation  in  accordance  with  the  process  of  this  inven- 
tion  includes  a  non-porous  film  or  membrane,  of  preferably  0.2-1.5  microns,  say  about  0.5  microns,  of  a  poly- 
imine  polymer,  preferably  of  molecular  weight  Mn  of  about  40,000-100,000,  say  about  60,000  (prior  to  cross- 

40  linking),  which  is  cross-linked  by  urea  or  amide  linkages. 
The  separating  layer  may  be  prepared  by  cross-linking  a  polyimine  polymer  in  situ. 
In  the  preferred  embodiment,  the  polyimine  polymer  is  crosslinked  in  situ.  Polyimine  polymers  are  char- 

acterized  by  the  presence  of  recurring  -N-R"-  groups  as  integral  parts  of  the  main  polymer  chain.  Typical  struc- 
tural  formula  of  linear  polyimines  may  be  represented  as 

45 

H 

H2N-R'«-fN-R"]n  -NH2 

50 
wherein  n  represents  the  degree  of  polymerization  or  number  of  recurring  groups  in  the  polymer  chain,  and  is 
different  from  0. 

In  the  above  formula,  R"  may  preferably  be  a  hydrocarbon  group  selected  from  the  group  consisting  of 
alkylene,  aralkylene,  cycloalkylene,  arylene,  and  alkarylene,  including  such  radicals  when  inertly  substituted. 

55  When  R"  is  alkylene,  it  may  typically  be  methylene,  ethylene,  n-propylene,  iso-propylene,  n-butylene,  i-buty- 
lene,  sec-butylene,  amylene,  octylene,  decylene,  octadecylene,  etc.  When  R"  is  aralkylene,  it  may  typically 
be  benzylene,  betaphenylethylene,  etc.  When  R"  is  cycloalkylene,  it  may  typically  be  cyclohexylene,  cyclohep- 
tylene,  cyclooctylene,  2-methylcycloheptylene,  3-butylcyclohexylene,  3-methylcyclohexylene,  etc.  When 
R"  is  arylene,  it  may  typically  be  phenylene,  naphthylene,  etc.  When  R  is  alkarylene,  it  may  typically  be  toly- 

5 
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lene,  xylylene,  etc.  R"  may  be  inertly  substituted  i.e.  it  may  bear  a  non-reactive  substitutent  such  as  alkyl,  aryl, 
cycloalkyl,ether,  etc.  typically  inertly  substituted  R"  groups  may  include  3-methoxypropylene,  2-ethoxyethy- 
lene,  carboethoxymethylene,  4-methylcyclohexylene,  p-methylphenylene,  p-methylbenzylene,  3-ethyl-5- 

5  methylphenylene,  etc.  The  preferred  R"  groups  may  be  phenylene  or  lower  alkylene,  i.e.  CrC10  alkylene, 
groups  including  e.g.  methylene,  ethylene,  n-propylene,  i-propylene,  butylene,  amylene,  hexylene,  octylene, 
decylene,  etc.  R"  may  preferably  be  phenylene  or  ethylene  -CH2CH2-. 

Illustrative  polyimine  polymers  include  those  of  molecular  weight  Mn  of  40,000-100,000,  say  60,000. 
Suitable  polyimines  may  include  the  following,  the  first  listed  being  preferred: 

10  A.  Cordova  Chemical  Company  Corcat  P-600  brand  of  polyethyleneimine  resin  membrane  (Mn  of  60,000) 
in  33  w%  aqueous  solution  -  Brookfield  viscosity  @  25°C  of  5000  cP  (5  Pa.s)  Sp.Gr  &  25°C  of  1.04-1.06, 
and  pH  of  10-11,  having  the  formula 

70  R(NCH2CH2)„  NH2 
I 
R 

wherein  R  is  H  or  (CH2CH2N)X  (containing  30%  primary,  40%  secondary,  and  30%  tertiary  amines). 
20  B.  Dow  Chemical  Co  Tydex  12  brand  of  polyethyleneimine  membrane  (Mn  of  50,000)  in  30w%  aqueous 

solution  having  the  same  formula  as  the  Corcat  P-600  membrane. 
The  polyethyleneimine  resin  in  0.01-1w%  aqueous  solution,  say  0.1w%  concentration  is  deposited  on  the 

porous  support  layer  over  1-5  minutes,  say  2  minutes,  drained,  and  then  interfacially  cross-linked. 
Interfacial  cross-linking  of  the  preformed  polyimine  polymer  may  be  effected  by  contact  with,  as  cross- 

25  linking  agent. 
R"[(NCO)a  ( C O d ^ . a L  

When  the  isocyanate  cross-linking  agent  R"  (NCO)b  is  employed,  the  cross-linking  forms  urea  bonds. 
When  the  carbonyl  chloride  cross-linking  agent  R"  (COC1)b  is  employed,  the  cross-linking  forms  amide  bonds. 

The  cross-linking  agent  R"  [  (NCO)a  (COCI)^.,  ]b,  wherein  a  is  0  or  1  and  b  is  an  integer  greater  than  1  , 
30  may  be  a  polyisocyanate  when  a  is  1.  When  a  is  0,  the  cross-linking  agent  may  be  a  poly(carbonyl  chloride). 

Preferably  a  is  1  and  b  is  2  i.e.  the  preferred  cross-linking  agent  is  a  diisocyanate.  It  will  be  apparent  to  those 
skilled  in  the  art  when  b  is  2,  R"  may  be  for  example  alkylene.  When  b  is  greater  than  2,  e.  g.  3,  it  is  obvious 
that  the  above  definition  of  R"  as  e.g.  alkylene  is  for  convenience;  and  the  actual  hydrocarbon  residue  will  have 
more  than  two  relevant  valences. 

35  The  preferred  polyisocyanates  (i.e.  monomeric  compounds  bearing  a  plurality  of  -NCO  isocyanate  groups) 
may  include  those  which  contain  an  aromatic  nucleus,  typically  a  toluene  diisocyanate  or  a  phenylene  disso- 
cyanate. 

In  practice  of  this  aspect  of  the  invention,  cross-linking  is  effected  by  contacting  the  surface  of  the  porous 
layer  with  a  0.1w%-1.0w%,  say  0.8w%  solution  of  cross-linking  agent  in  solvent,  typically  hydrocarbon  such 

40  as  hexane.  Contact  may  be  at  20°C-40°C,  say  25°C  for  15-60  seconds,  say  15  seconds. 
Thereafter  the  membrane  may  be  cured  at  60°C-140°C,  say  120°C  for  10-20  minutes,  say  15  minutes. 

THE  COMPOSITE  MEMBRANE 

45  It  is  a  feature  of  this  invention  that  it  may  utilize  a  composite  membrane  which  comprises  (i)  a  carrier  layer 
characterized  by  mechanical  strength,  for  supporting  a  porous  support  layer  and  a  separating  layer  (ii)  a  porous 
support  layer  such  as  a  polyacrylonitrile  membrane  of  40-80  microns,  and  of  molecular  weight  cutoff  of  25,000- 
100,000,  and  (iii)  as  a  non-porous  separating  layer  a  polyimime  of  molecular  weight  Mn  of  40,000-100,000, 
which  has  been  cross-linked  with  a  polyisocyanate  or  a  poly(carbonyl  chloride). 

so  It  is  possible  to  utilize  a  spiral  wound  module  which  includes  a  non-porous  separating  layer  membrane 
mounted  on  a  porous  support  layer  and  a  carrier  layer,  the  assembly  being  typically  folded  and  bonded  or 
sealed  along  all  the  edges  but  an  open  edge  -  to  form  a  bag-like  unit  which  preferably  has  the  separating  layer 
on  the  outside.  Acloth  spacer,  serving  as  the  permeate  or  discharge  channel  is  placed  within  the  bag-like  unit. 
The  discharge  channel  projects  from  the  open  end  of  the  unit. 

55  There  is  then  placed  on  one  face  of  the  bag-like  unit,  adjacent  to  the  separating  layer,  and  coterminous 
therewith,  a  feed  channel  sheet  -  typically  formed  of  a  plastic  net. 

The  so-formed  assembly  is  wrapped  around  a  preferably  cylindrical  conduit  which  bears  a  plurality  of  per- 
forations  in  the  wall  -  preferably  in  a  linear  array  which  is  as  long  as  the  width  of  the  bag-like  unit.  The  projecting 
portion  of  the  discharge  channel  of  the  bag-like  unit  is  placed  over  the  perforations  of  the  conduit;  and  the 
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bag-like  unit  is  wrapped  around  the  conduit  to  form  a  spiral  wound  configuration.  It  will  be  apparent  that,  al- 
though  only  one  feed  channel  is  present,  the  single  feed  channel  in  the  wound  assembly  will  be  adjacent  to 
two  faces  of  the  membrane  layer.  The  spiral  wound  configuration  may  be  formed  by  wrapping  the  assembly 

5  around  the  conduit  a  plurality  of  times  to  form  a  readily  handleable  unit.  The  unit  is  fitted  within  a  shell  (in  man- 
ner  comparable  to  a  shell-and-tube  heat  exchanger)  provided  with  an  inlet  at  one  end  and  an  outlet  at  the  other. 
Abaffle-like  seal  between  the  inner  surface  of  the  shell  and  the  outer  surface  of  the  spiral-wound  unit  prevents 
fluid  from  bypassing  the  operative  membrane  system  and  insures  that  fluid  enters  the  system  principally  at 
one  end.  The  charge  passes  from  the  feed  channel,  into  contact  with  the  separating  layer  and  thence  there- 

10  through,  into  the  permeate  channel  and  thence  therealong  to  and  through  the  perforations  in  the  conduit 
through  which  it  is  withdrawn  as  net  permeate. 

In  use  of  the  spiral  wound  membrane,  charge  liquid  is  permitted  to  pass  through  the  plastic  net  which 
serves  as  a  feed  channel  and  thence  into  contact  with  the  non-porous  separating  membranes.  The  liquid  which 
does  not  pass  through  the  membranes  is  withdrawn  as  retentate.  The  liquid  which  permeates  the  membrane 

15  passes  into  the  volume  occupied  by  the  permeate  spacer  and  through  this  permeate  channel  to  the  perfora- 
tions  in  the  cylindrical  conduit  through  which  it  is  withdrawn  from  the  system. 

In  another  embodiment,  it  is  possible  to  utilize  the  system  of  this  invention  as  a  tubular  or  hollow  fibre.  In 
this  embodiment,  the  polyacrylonitrile  porous  support  layer  may  be  extruded  as  a  fine  tube  with  a  wall  thick- 
ness  of  typically  0.001-0.1  mm.  The  extruded  tubes  are  passed  through  a  bath  of  polyethyleneimine  which  is 

20  cross-linked  and  cured  in  situ.  A  bundle  of  these  tubes  is  secured  (with  an  epoxy  adhesive)  at  each  end  in  a 
header;  and  the  fibres  are  cut  so  that  they  are  flush  with  the  ends  of  the  header.  This  tube  bundle  is  mounted 
within  a  shell  in  a  typical  shell-and-tube  assembly. 

In  operation,  the  charge  liquid  is  admitted  to  the  tube  side  and  passes  through  the  inside  of  the  tubes  and 
exits  as  retentate.  During  passage  through  the  tubes,  permeate  passes  through  the  non-porous  separating 

25  layer  and  permeate  is  collected  in  the  shell  side. 

PRESSURE  DRIVEN  PROCESS 

It  is  a  feature  of  the  non-porous  cross-linked  polyimine  separating  layer  that  is  found  to  be  particularly  ef- 
30  fective  when  used  in  a  pressure  driven  process.  In  a  pressure  driven  process,  the  charge  liquid  containing  a 

more  permeable  and  a  less  permeable  component  is  maintained  in  contact  with  a  non-porous  separating  layer; 
and  a  pressure  drop  is  maintained  across  that  layer.  A  portion  of  the  charge  liquid  dissolves  into  the  membrane 
and  diffuses  therethrough.  The  permeate  passes  through  the  membrane  and  exits  as  a  liquid. 

In  practice  of  the  process  of  this  invention,  the  charge  (e.g.  raffinate  plus  furfural  or  extract  plus  furfural) 
35  at  20°C-40°C,  say  25°C  and  400-1000  psig  (2.9  -  7.1  MPa)  say  800  psig  (5.7  MPa)  and  a  charge  rate  of  800 

-  1400,  say  1200  ml/min  is  admitted  to  the  high  pressure  side  of  the  membrane  assembly. 
The  retentate  which  is  recovered  in  liquid  phase  from  the  high  pressure  side  of  the  membrane  typically 

contains  decreased  content  of  furfural  when  treating  a  typical  charge  (e.g.  a  raffinate)  containing  10-1000 
parts,  say  200  parts  of  diesel  oil  and  100-1000  parts,  say  800  parts  of  furfural. 

40  Permeate,  recovered  in  liquid  phase,  in  this  instance  may  contain  1-10  parts,  say  1  part  of  diesel  oil  and 
40-100  parts,  say  99  parts  of  furfural. 

Flux  may  typically  be  1  0-60  kmh  (kilograms  per  square  meter  per  hour),  say  54  kmh.  Selectivity  (measured 
in  terms  of  w%  furfural  in  the  permeate)  may  be  as  high  as  90-99.9  w%.  It  is  common  to  attain  99.9  w%  se- 
lectivity. 

45  It  will  be  apparent  that  the  process  of  this  invention  may  be  employed  to  separate  furfural  from  various 
hydrocarbon  oils  or  from  various  aromatic  hydrocarbons. 

DESCRIPTION  OF  SPECIFIC  EMBODIMENTS 

so  Practice  of  the  process  of  this  invention  may  be  apparent  to  those  skilled  in  the  art  from  the  following  ex- 
amples  wherein,  as  explained  in  this  specification,  all  parts  are  parts  by  weight  unless  otherwise  stated.  As- 
terisk  (*)  indicates  a  control  example. 

EXAMPLE  I 
55 

In  this  example  which  represents  the  best  mode  of  carrying  out  the  process  of  this  invention,  the  carrier 
layer  is  the  woven  polyester  backing  described  supra.  The  porous  support  layer  is  the  commercially  available 
layer  of  Daicel  DUY-L  polyacrylonitrile  of  molecular  weight  cutoff  of  40,000. 

The  polyethyleneimine  PEI  separating  layer  is  fabricated  from  the  Corcat  P-600  brand  of  polyethylenei- 
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mine  (Mn  of  60,000).  This  33  w%  aqueous  solution  is  diluted  to  0.1  w%  by  addition  of  water.  This  solution  is 
deposited  on  the  porous  support  layer  over  2  minutes  and  is  then  interfacially  crosslinked. 

The  assembly  containing  the  preferred  microporous  polyacrylonitrile  supra  as  porous  support  layer  and 
5  the  woven  polyester  backing  supra  as  carrier  layer  (total  area  Ca  45  cm2)  is  contacted  for  2  minutes  with  the 

dilute  aqueous  solution  of  polyethyleneimine.  Excess  solution  is  removed  by  holding  the  membrane  assembly 
in  a  vertical  position  in  air  for  one  minute. 

The  assembly  is  then  contacted  with  a  cross-linking  agent  (0.8  w%  of  2,4-toluene  diisocyanate  TDI  in  hex- 
ane)  for  15  seconds  during  which  time  cross-linking  occurs.  The  membrane  assembly  is  then  heat  cured  at 

w  120°C  for  15  minutes. 
The  membrane  is  mounted  in  a  standard  cell.  There  is  admitted  to  the  cell  and  to  the  non-porous  polye- 

thyleneimine  separating  layer  a  charge  liquid  containing  80%  furfural  and  20  w%  diesel  oil. 
This  charge  is  typical  of  the  extract  recovered  from  a  furfural  treating  unit  in  commercial  practice. 
Separation  is  carried  out  at  25°C  and  a  charge  (and  retentate)  pressure  of  800  psig  (5.7  MPa).  Permeate 

15  pressure  is  atmospheric.  Selectivity  is  measured  and  reported  as  %  Rejection  which  is  calculated  as  1  0Ox  (the 
quantity  of  diesel  oil  in  the  feed  minus  the  quantity  of  diesel  oil  in  the  permeate)  divided  by  the  quantity  of 
diesel  oil  in  the  feed.  Clearly  a  higher  selectivity  is  desired,  as  this  mean  that  the  retentate  desirably  contains 
less  furfural  and  the  permeate  desirably  contains  more  furfural.  Flux  is  measured  as  kilograms  per  square  me- 
ter  per  hour  (kmh). 

20  In  these  examples  the  selectivity  is  99.9%  Rejection  and  the  Flux  is  53.9  kmh. 

EXAMPLE  II 

In  this  Example  the  procedure  of  Example  I  is  followed  except  that  the  cross-linking  agent  (toluene  diiso- 
25  cyanate  TDI)  is  present  as  a  0.2  w%  solution. 

EXAMPLES  lll-VI 

In  these  series  of  Examples,  the  procedure  of  Example  I  is  followed  except  that: 
30  (i)  The  support  is  the  Gemeinshaft  fur  Trenntechnik  (GFT)  brand  of  polyacrylonitrile. 

(ii)  The  concentration  of  crosslinking  agent  (TDI)  is  0.2  w%  (Example  III),  0.4  w%  (Example  IV),  0.6  w% 
(Example  V),  and  0.8  w%  (Example  VI). 
(iii)  The  curing  temperature  is  80°C. 

35 
TABLE 

S e l e c t i v i t y   F l u x  
■-Example--  '  -  -  r  •  %  R e i e c t i o n   '  ^TfrftTO 

1  9 9 . 9   5 3 . 9  

11  9 9 . 9   1 0 . 6  

45  I I I   9 9 . 9   2 4 . 2  

IV  9 9 . 9   2 8 . 2  

V  9 9 . 9   3 8 . 5  
50 

VI  9 9 . 9   2 4 . 9  

From  the  above  Table,  it  is  apparent  that  it  is  possible  to  achieve  Selectivity  as  high  as  99.9  w%  at  a  flux 
55  as  high  as  53.9  kmh.  Preferred  conditions  include  cross-linking  with  0.8  w%  TDI  with  curing  at  120°C  -  using 

the  Diacel  polyacrylonitrile  support  and  the  polyethyleneimine  separating  layer. 

8 
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EXAMPLES  VII-XVII 

In  this  series  of  Examples,  the  charge  liquid  contains  20  w%  furfural  and  80  w%  diesel  oil. 
5  This  charge  is  typical  of  the  raffinate  recovered  from  a  furfural  treating  unit  in  commercial  practice. 

The  separating  mebranes  of  Examples  VII,  VIII,  and  IX  are  formed  by  the  same  procedures  as  is  followed 
in  Examples  III,  IV,  and  VI;  and  performance  is  determined  at  5,5  16  MPa  (800  psi)  charge  pressure. 

The  separating  membranes  of  Examples  X  -  XVII  are  of  polyethyleneimine  (prepared  as  in  Example  I). 
Crosslinking  is  carried  out  with  0.8  w%  TDI  in  Examples  X  -  XIII,  with  0.4  w%  hexamethylene  diisocyanate 

10  HDI  as  in  Example  XIV  with  0.4  w%  suberoyl  dichloride  SDC  in  Examples  XV,  with  0.8  w%  isophthaloyl  di- 
chloride  IPC  in  Example  XVI,  and  in  Example  XVII  with  a  mixture  of  equal  parts  of  0.4  w%  TDI  solution  and 
0.4  w%  HDI  solution  in  hexane. 

Curing  is  at  110°C  in  Example  X  and  at  120°C  in  Examples  XI  -  XVII.  Charge  pressure  is  400  psig  (2.9 
MPa)  in  Example  XIII,  600  psig  (4.3  MPa)  in  Example  XII,  and  800  psig  (5.7  MPa)  in  all  other  Examples. 

15 

TABLE 

20 

25 

30 

35 

40 

C r o s s l i n k i n g   Curing  P ressure   S e l e c t i v i t y   F lux  
Example  Aaent  %  Temp  °C  psia  %  Re j ec t i on   kmh 

VII  0.2  TDI  80  800  (5.7  VPa)  31  8 . 0  

VIII  0.4  TDI  80  800  27  9 . 9  

IX  0.8  TDI  80  800  39  6 .2  

X  0.8  TDI  110  800  99.9  3 . 0  

XI  0.8  TDI  120  800  99.9  6 .4  

XII  0.8  TDI  120  600  (4.3H3a)  99.9  3 .8  

XIII  0.8  TDI  120  400  (2.9  Wa)  99-9  3 .5  

XIV  0.4  HDI  120  800  12  13 .5  

XV  0.4  SDC  120  800  24  9 . 1  

XVI  0.8  IPC  120  800  99.9  2 .7  

XVII  0.4  TDI  +  120  800  99.9  6 .9  
0.4  HDI 

45 
From  the  above  Table,  it  is  apparent  that  it  is  possible  to  attain  Selectivity  as  high  as  99.9%.  Flux  may  be 

as  high  as  13.5  kmh,  although  with  sacrifice  of  Selectivity.  Best  performance  in  this  series  of  runs  appears  to 
be  that  of  Example  XVII  which  yields  Selectivity  of  99.9%  at  Flux  of  6.9. 

Results  comparable  to  the  above  may  be  attained  if  other  middle  distillates  are  employed  i.e.  the  raffinate 
so  and  extract  streams  leaving  a  furfural  unit  in  which  other  middle  distillates  have  been  treated. 

55 
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TABLE 

E x a m p l e  M i d d l e   D i s t i l l a t e s  

X V I I I  C r a c k i n g  
l i g h t   g a s  

S t o c k   s u c h   a s  
o i l  

XIX C a t a l y t i c  C y c l e   O i l  

XX K e r o s e n e  

It  is  a  feature  of  the  process  of  this  invention  that  the  oils  which  have  been  treated  are  characterized  by 
improved  cetane  number;  by  decreased  content  of  aromatics,  olefins,  oxygen  compounds,  sulfur  compounds, 
nitrogen  compounds,  and  metals. 

1.  A  method  for  reducing  the  furfural  content  of  a  charge  containing  furfural  and  a  middle  distillate  hydro- 
carbon  characterized  by  bringing  the  charge  into  contact  with  a  separation  membrane  comprising  a  non- 
porous  separating  polyimine  layer  crosslinked  with  a  polyisocyanate  or  poly  (carbonyl  chloride)  cross- 
linking  agent; 

maintaining  a  pressure  drop  across  the  membrane  thereby  forming  a  high  pressure  retentate  with 
an  increased  content  of  middle  distillate  hydrocarbon  and  decreased  content  of  furfural,  and  a  lower  pres- 
sure  permeate  with  a  decreased  content  of  middle  distillate  hydrocarbon  and  increased  content  of  furfural; 

the  pressure  on  the  low  pressure  discharge  side  of  the  membrane  being  above  the  vapor  pressure 
of  the  permeate  to  maintain  the  permeate  in  liquid  phase;  and  the  pressure  on  the  high  pressure  renten- 
tate  side  of  the  membrane  above  the  vapor  pressure  of  the  retentate  to  maintain  the  rententate  in  liquid 
phases. 

2.  A  process  according  to  Claim  1  characterized  in  that  the  middle  distillate  is  a  diesel  oil. 

3.  A  process  according  to  Claim  1  characterised  in  that  the  middle  distillate  is  a  cracking  stock. 

4.  A  process  according  to  Claim  1  characterised  in  that  the  middle  distillate  is  a  catalytic  cycle  oil. 

5.  A  process  according  to  any  one  of  Claims  1  to  4  characterized  in  that  the  cross-linking  agent  is  a  toluene 
diisocyanate. 

6.  A  process  according  to  any  one  of  Claims  1  to  5  characterized  in  that  the  cross-linking  agent  is  a  toluene 
diisocyanate  plus  a  hexamethylene  diisocyanate. 

7.  A  process  according  to  any  one  of  Claims  1  to  6  characterized  in  that  the  polyimine  component  of  the 
membrane  is 

wherein  R"  is  an  alkylene,  aralkylene,  cycloalkylene,  arylene,  or  alkarylene  hydrocarbon  group  and  n  is 

Claims 

r U N R V N - R " /   -  NH, c  —  i  —  n  c 
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a  number,  and  n*0 

8.  A  process  according  to  Claim  7  characterized  in  that  R"  is  ethylene  -  CH2CH2  -. 
5 

Patentanspruche 

1.  Verfahren  zur  Reduzierung  des  Furfural-Gehaltes  einer  Furfural  und  einen  Mitteldestillatkohlenwasser- 
10  stoff  enthaltenden  Charge,  dadurch  gekennzeichnet,  dali  man  die  Charge  mit  einer  Trennmembran  in 

Kontakt  bringt,  die  eine  nicht-porose  trennende  Polyimin-Schicht  enthalt,  welche  mit  einem  Polyisocyanat 
oder  mit  einem  Poly-(carbonylchlorid)-Vernetzungsmittel  vernetzt  ist; 
man  einen  Druckabfall  uber  der  Membran  halt,  wodurch  man  ein  Hochdruck-Retentat  mit  einem  erhohten 
Gehalt  von  Mitteldestillatkohlenwasserstoff  und  einem  verminderten  Gehalt  von  Furfural  und  ein  Nieder- 

15  druck-Permeat  mit  einem  verminderten  Gehalt  an  Mitteldestillatkohlenwasserstoff  und  erhohtem 
Furfuralgehalt  bildet; 
wobei  der  Druck  auf  der  Niederdruck-Auslali-Seite  der  Membran  oberhalb  des  Dampfdruckes  des  Per- 
meates  liegt,  urn  das  Permeat  in  flussiger  Phase  zu  halten;  und  der  Druck  auf  der  Hochdruck-Retentat- 
Seite  der  Membran  oberhalb  des  Retentat-Dampfdruckes  liegt,  urn  das  Retentat  in  flussiger  Phase  zu 

20  halten. 

2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  Mitteldestillat  ein  Dieselol  ist. 

3.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  Mitteldestillat  ein  Crackrohstoff  ist. 

25  4.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  Mitteldestillat  ein  katalytisches  Kreislaufol 
ist. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  dali  das  Vernetzungsmittel  ein 
Toluoldiisocyanat  ist. 

30 
6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  dali  das  Vernetzungsmittel  aus 

einem  Toluoldiisocyanat  plus  einem  Hexamethyldiisocyanat  besteht. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  dali  die  Polyiminkomponente  der 
35  Membran 

H„NR'7N-R"7  -  NH„ 2  —  i  —  n  L 
M 

40 
ist,  wobei  R"  eine  Alkylen-,  Aralkylen-,Zykloalkylen-,Arylen-  oder  Alkarylenkohlenwasserstoffgruppe  und 
n  eine  Zahl  und  n  0  ist. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekennzeichnet,  dali  R"  Ethylen  -CH2CH2-  ist. 

45 

Revendications 

1.  Precede  de  reduction  de  la  teneur  en  furfural  d'une  charge  contenant  du  furfural  et  un  hydrocarbure  de 
50  distillat  moyen,  caracterise  en  ce  qu'on  amene  la  charge  en  contact  avec  une  membrane  de  separation 

comprenant  une  couche  de  polyimine  separatrice  non  poreuse  reticulee  avec  un  polyisocyanate  ou  un 
poly(chlorure  de  carbonyle)  comme  agent  de  reticulation  ; 

en  ce  qu'on  maintient  une  chute  de  pression  a  travers  la  membrane,  formant  ainsi  un  retentat  a 
haute  pression  ayant  une  teneur  accrue  en  hydrocarbure  de  distillat  moyen  et  une  teneur  abaissee  en 

55  furfural,  et  un  permeat  a  basse  pression  ayant  une  teneur  abaissee  en  hydrocarbure  de  distillat  moyen 
et  une  teneur  accrue  en  furfural  ; 

la  pression  sur  le  cote  evacuation  a  basse  pression  de  la  membrane  etant  superieure  a  la  tension 
de  vapeur  du  permeat  pour  maintenir  le  permeat  en  phase  liquide  ;  et  la  pression  du  cote  retentat  a  haute 
pression  de  la  membrane  ci-dessus  etant  superieure  a  la  la  tension  de  vapeur  du  retentat  pour  maintenir 
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le  retentat  en  phase  liquide. 

Pro-cede  selon  la  revendication  1,  caracterise  en  ce  que  le  distillat  moyen  est  un  gas-oil. 

Precede  selon  la  revendication  1,  caracterise  en  ce  que  le  distillat  moyen  est  une  matiere  premiere  de 
craquage. 

Precede  selon  la  revendication  1,  caracterise  en  ce  que  le  distillat  moyen  est  une  huile  recyclee  catalyti- 
que. 

Precede  selon  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  I'agent  de  reticulation 
est  un  toluene  diisocyanate. 

Precede  selon  I'une  quelconque  des  revendications  1  a  5,  caracterise  en  ce  que  I'agent  de  reticulation 
est  un  toluene  diisocyanate  plus  un  hexamethylene  diisocyanate. 

Precede  selon  I'une  quelconque  des  revendications  1  a  6,  caracterise  en  ce  que  le  constituant  polyimine 
de  la  membrane  est 

H2NR"  [N-R"]n  -NH2 

H 

dans  laquelle  R"  est  un  groupe  hydrocarbone  alkylene,  aralkylene,  cycloalkylene,  arylene  ou  alcarylene 
et  n  est  un  nombre  different  de  zero. 

Precede  selon  la  revendication  7,  caracterise  en  ce  que  R"  est  I'ethylene  -CH2CH2-. 
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