
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  3 4 8   4 0 0   B 1  

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  07.01.93  ©  Int.  CI.5:  C10G  1 /04  

©  Application  number:  88901080.7 

@  Date  of  filing:  01.02.88 

©  International  application  number: 
PCT/GB88/00058 

©  International  publication  number: 
WO  88/05807  (11.08.88  88/18) 

C54)  LIQUEFACTION  OF  CELLULOSE. 

00 

00 

CO 

®  Priority:  31.01.87  GB  8702199 

@  Date  of  publication  of  application: 
03.01.90  Bulletin  90/01 

©  Publication  of  the  grant  of  the  patent: 
07.01.93  Bulletin  93/01 

©  Designated  Contracting  States: 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 

©  References  cited: 
EP-A-  0  055  556 
EP-A-  0  182  309 

©  Proprietor:  MAN  OIL-LIMITED 
Bernard  House  Piccadilly  Gardens 
Manchester  M1  4DD(GB) 

@  Inventor:  MCAULIFFE,  Charles,  Andrew 
163  Yew  Tree  Lane  Northern  Moor 
Manchester  M23  OEE(GB) 
Inventor:  BENN,  Frederick,  Roger 
159  Framingham  Road 
Sale  Cheshire  M33  3RQ(GB) 

Representative:  Low,  Peter  John  et  al 
WILSON,  GUNN  &  ELLIS  41  Royal  Exchange 
Manchester,  M2  7BD(GB) 

O  Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
^   may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
qj  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 

has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 



EP  0  348  400  B1 

Description 

This  invention  relates  to  the  liquefaction  of  cellulose. 
UK  Patent  Specification  No.2089831  describes  a  process  for  liquefaction  of  cellulose  which  comprises 

5  hydrogenation  of  the  cellulose  in  the  presence  of  a  polycyclic  hydrogen  donor  substance  such  as  tetralin  at 
elevated  temperature  and  increased  pressure.  The  product  comprises  a  mixture  of  solid,  liquid  and  gaseous 
hydrocarbons.  The  polycyclic  hydrogen  donor  substance  is  recovered  and  used  in  the  treatment  of  further 
cellulose. 

It  has  now  been  discovered  that  the  liquefaction  of  cellulose  can  be  effected  by  replacing  the  polycyclic 
io  hydrogen  donor  substance  with  cellulose  derived  oil. 

According  to  the  invention  there  is  provided  a  process  for  converting  cellulose  to  hydrocarbon 
comprising  subjecting  the  cellulose  to  elevated  pressure  and  temperature  in  the  presence  of  a  liquefaction 
solvent  characterised  in  that  during  at  least  part  of  the  process  the  liquefaction  solvent  is  wholly  a  cellulose 
derived  oil  and  in  that  liquefaction  is  achieved  without  the  necessity  for  any  additional  reducing  species. 

75  By  the  invention,  therefore,  the  requirement  for  addition  of  a  specific  polycyclic  hydrogen  donor  solvent 
is  rendered  unnecessary  and  hence  the  separation  of  polycyclic  hydrogen  donor  solvent  from  the  product  is 
no  longer  required.  In  a  preferred  embodiment  of  the  invention  a  part  of  the  liquid  hydrocarbon  product  oil 
from  the  process  is  used  for  the  treatment  of  further  cellulose.  Thus  the  invention  can  very  easily  be 
operated  continuously  in  which  a  predetermined  quantity  of  product  oil  is  recycled  for  the  treatment  of  fresh 

20  cellulose.  It  will  be  understood,  however,  that,  even  in  a  continuous  process,  the  cellulose  derived  oil  used 
in  the  invention  does  not  have  to  be  recycled  from  the  product  of  the  process  actually  being  operated.  The 
cellulose  derived  oil  can,  if  desired,  be  taken  from  another  suitable  source.  For  example  the  oil  can  be 
obtained  from  another  like  process  according  to  the  present  invention  or  a  process  as  described  in  U.K. 
Patent  Specification  No.2089831  . 

25  In  order  to  reach  a  state  of  affairs  where  it  is  possible  to  carry  out  the  process  of  the  present  invention, 
should  cellulose  derived  oil  not  be  available,  it  may  be  necessary  to  carry  out  the  process  as  described  in 
U.K.  Patent  Specification  No.2089831  and  utilise  a  polycyclic  hydrogen  donor  substance  until  sufficient 
product  oil  has  been  obtained.  In  this  embodiment  of  the  invention  product  oil  together  with  polycyclic 
hydrogen  donor  substance  can  be  used.  The  proportions  of  polycyclic  hydrogen  donor  substance  to 

30  cellulose  derived  oil  do  not  appear  to  be  critical.  Thus  starting  from  a  process  using  a  polycyclic  hydrogen 
donor  substance  the  proportion  of  cellulose  derived  oil  in  the  recycle  for  treatment  of  fresh  cellulose  can  be 
progressively  increased  with  corresponding  reduction  of  the  proportion  of  polycyclic  hydrogen  donor 
substance  until  the  recycle  consists  entirely  of  product  oil. 

It  is  preferred  that  the  cellulose  derived  oil  used  in  the  invention  should  comprise  a  light  fraction  of  the 
35  liquid  oil  product  obtained  from  cellulose  by  distillation,  in  particular  a  cut  from  200  to  300  °C  at 

atmospheric  pressure.  Although  this  is  preferred,  it  is  not  necessary  that  the  cellulose  derived  oil  should 
consist  entirely  of  a  fraction  in  this  range.  It  is  not  even  essential  that  the  composition  of  the  cellulose 
derived  oil  used  as  starting  material  should  remain  uniform  during  the  process.  For  example  when  the 
process  is  operated  using  recycled  product  oil  it  may  happen  that  the  proportion  of  light  oil  in  the  recycled 

40  oil  gradually  falls.  When  the  performance  of  the  recycled  oil  reaches  an  unacceptable  level,  for  example  if 
the  oil  becomes  too  viscous  to  handle,  the  proportion  of  light  oil  in  the  recycled  oil  can  be  increased  by  any 
suitable  means. 

The  cellulose  material  for  use  in  the  invention  can  be  derived  from  any  source.  Examples  include 
cellulosic  material  from  municipal  refuse  and  waste  biomass  such  as  straw  and  sugar  cane. 

45  The  process  of  the  invention  is  preferably  carried  out  in  the  presence  of  a  catalyst.  The  preferred 
catalysts  are  heterogeneous  catalysts  such  as  nickel,  but  homogeneous  catalysts  can  also  be  used. 

As  stated  previously  the  process  of  the  invention  is  carried  out  at  elevated  temperature  and  increased 
pressure.  The  preferred  temperature  range  is  from  320  to  380  °  C  particularly  preferred  350  °  C  and  pressure 
would  be  40  to  150  atmospheres. 

50  The  following  Examples  further  illustrates  the  invention. 

EXAMPLE  I 

100  grams  of  cellulosic  material  from  municipal  refuse  were  charged  to  a  pressure  vessel  together  with 
55  400  grams  of  cellulose  derived  oil  and  2  grams  of  catalyst.  Air  was  exhausted  from  the  vessel  which  was 

then  heated  to  350  °  C  over  a  period  of  three  hours  and  that  temperature  maintained  for  a  further  two  hours. 
A  pressure  of  150  atmospheres  developed  in  the  vessel. 

The  vessel  was  then  cooled.  The  reaction  products  were  as  follows:- 
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Solids  (char)  2  g 
Oil  433  g 
Gas  (including  steam)  65  g 

5 
For  continuous  operation,  therefore,  400  g  of  oil  can  be  taken  from  the  oil  product  and  recycled  for 

treating  a  further  100  g  of  cellulosic  material.  If  the  400  g  recycle  contains  too  high  a  proportion  of  heavy 
oils  the  product  oil  can  be  distilled  and  400  grams  of  a  light  cut  recycled. 

w  EXAMPLE  II 

100  grams  of  cellulosic  material  from  sugar  cane  bagasse  were  charged  to  a  pressure  vessel  together 
with  390  grams  of  cellulose  derived  oil  and  2  grams  of  catalyst.  Air  was  exhausted  from  the  vessel  which 
was  then  heated  to  380  °  C  over  a  period  of  three  and  a  half  hours  and  that  temperature  maintained  for  a 

75  further  two  hours.  A  pressure  of  175  atmospheres  developed  in  the  vessel. 
The  vessel  was  then  cooled.  The  reaction  products  were  as  follows:- 

Solids  (char)  7  g 
Oil  47  g 
Gas  (including  steam)  68  g 

EXAMPLE  III 

90  grams  of  cellulosic  material  from  straw  were  charged  to  a  pressure  vessel  together  with  390  grams 
of  cellulose  derived  oil  and  1  gram  of  catalyst.  Air  was  exhausted  from  the  vessel  which  was  then  heated  to 
375  °  C  over  a  period  of  three  hours  and  that  temperature  maintained  for  a  further  one  hour.  A  pressure  of 
165  atmospheres  developed  in  the  vessel. 

30  The  vessel  was  then  cooled.  The  reaction  products  were  as  follows:- 

Solids  (char)  7  g 
Oil  415  g 
Gas  (including  steam)  59  g 

This  Example  also  illustrates  a  process  which  can  readily  be  run  continuously  by  recycling  390  g  of 
product  oil  for  treating  a  further  100  g  of  straw  derived  cellulosic  material. 

40  Claims 

1.  A  process  for  converting  cellulose  to  hydrocarbon  comprising  subjecting  the  cellulose  to  elevated 
pressure  and  temperature  in  the  presence  of  a  liquefaction  solvent  characterised  in  that  during  at  least 
part  of  the  process  the  liquefaction  solvent  is  wholly  a  cellulose  derived  oil  and  in  that  liquefaction  is 

45  achieved  without  the  necessity  for  any  additional  reducing  species. 

2.  A  process  as  claimed  in  Claim  1,  characterised  in  that  the  cellulose  derived  oil  is  obtained  from  the 
hydrocarbon  product  of  the  process. 

50  3.  A  process  as  claimed  in  Claim  2,  characterised  in  that  the  hydrocarbon  product  oil  is  recycled  for 
treatment  with  further  cellulose  in  a  continuous  process. 

4.  A  process  as  claimed  in  Claim  1  or  Claim  2,  characterised  in  that  the  cellulose  derived  oil  is  obtained 
by  liquefaction  of  cellulose  at  elevated  temperature  and  pressure  in  the  presence  of  a  polycyclic 

55  hydrogen  donor  substance. 

5.  A  process  as  claimed  in  any  preceding  claim,  characterised  in  that  the  cellulose  derived  oil  comprises 
a  light  fraction. 

3 
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6.  A  process  as  claimed  in  any  preceding  claim  characterised  in  that  the  process  is  carried  out  in  the 
presence  of  a  catalyst. 

7.  A  process  as  claimed  in  Claim  6,  characterised  in  that  the  catalyst  is  a  heterogeneous  catalyst. 
5 

8.  A  process  as  claimed  in  any  preceding  claim,  characterised  in  that  the  temperature  is  from  320  to 
380  °  C. 

9.  A  process  as  claimed  in  any  preceding  claim,  characterised  in  that  the  pressure  is  from  40.53  to  151.99 
io  Bar  (40  to  150  atmospheres). 

Patentanspruche 

1.  Verfahren  zur  Umwandlung  von  Zellulose  in  Kohlenwasserstoff,  umfassend,  da/S  die  Zellulose  in 
is  Gegenwart  eines  Verflussigungssolvens  erhohtem  Druck  und  Temperatur  ausgesetzt  wird,  dadurch 

gekennzeichnet,  da/S  wahrend  wenigstens  eines  Teils  des  Verfahrens  das  Verflussigungssolvens  ganz 
ein  von  Zellulose  abstammendes  01  ist  und  da/S  die  Verflussigung  ohne  das  Erfordernis  irgendeines 
zusatzlichen  reduzierenden  Mittels  ausgefuhrt  wird. 

20  2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  das  von  Zellulose  abstammende  Ol  aus 
dem  Kohlenwasserstoffprodukt  des  Verfahrens  erhalten  wird. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekennzeichnet,  da/S  das  Kohlenwasserstoffprodukt-OI  fur  die 
Verarbeitung  mit  weiterer  Zellulose  in  einem  kontiniuerlichen  Verfahren  zuruckgefuhrt  wird. 

25 
4.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  dadurch  gekennzeichnet,  da/S  das  von  Zellulose 

abstammende  Ol  durch  Verflussigung  von  Zellulose  bei  erhohter  Temperatur  und  Druck  in  Gegenwart 
einer  polycyclischen  Wasserstoffdonor-Substanz  erhalten  wird. 

30  5.  Verfahren  nach  einem  beliebigen  vorhergehenden  Anspruch,  dadurch  gekennzeichnet,  da/S  das  von 
Zellulose  abstammende  Ol  eine  Leichtfraktion  umfa/St. 

6.  Verfahren  nach  einem  beliebigen  vorhergehenden  Anspruch,  dadurch  gekennzeichnet,  da/S  das 
Verfahren  in  Gegenwart  eines  Katalysators  durchgefuhrt  wird. 

35 
7.  Verfahren  nach  Anspruch  6,  dadurch  gekennzeichnet,  da/S  der  Katalysator  ein  heterogener  Katalysator 

ist. 

8.  Verfahren  nach  einem  beliebigen  vorhergehenden  Anspruch,  dadurch  gekennzeichnet,  da/S  die 
40  Temperatur  von  320  bis  380  °  C  ist. 

9.  Verfahren  nach  einem  beliebigen  vorhergehenden  Anspruch,  dadurch  gekennzeichnet,  da/S  der  Druck 
von  40,53  bis  151,99  Bar  (40  bis  150  Atmospharen)  ist. 

45  Revendications 

1.  Procede  pour  convertir  de  la  cellulose  en  hydrocarbures,  selon  lequel  on  soumet  la  cellulose  a  des 
pression  et  temperature  elevees  en  presence  d'un  solvant  de  liquefaction,  caracterise  par  le  fait  que, 
durant  au  moins  une  partie  du  processus,  le  solvant  de  liquefaction  est  totalement  une  huile  derivee  de 

50  cellulose  et  que  la  liquefaction  est  effectuee  sans  avoir  besoin  d'especes  reductrices  additionnelles. 

2.  Procede  selon  la  revendication  1  ,  caracterise  par  le  fait  que  I'huile  derivee  de  cellulose  est  obtenue  a 
partir  du  produit  hydrocarbone  du  procede. 

55  3.  Procede  selon  la  revendication  2,  caracterise  par  le  fait  que  I'huile  de  produit  hydrocarbone  est 
recyclee  pour  traitement  avec  d'autre  cellulose  en  processus  continu. 

4.  Procede  selon  la  revendication  1  ou  2,  caracterise  par  le  fait  I'huile  derivee  de  cellulose  est  obtenue  par 

4 
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liquefaction  de  cellulose  a  temperature  et  pression  elevees,  en  presence  d'une  substance  donneuse 
d'hydrogene,  polycyclique. 

5.  Procede  selon  I'une  des  revendications  precedentes,  caracterise  par  le  fait  que  I'huile  derivee  de 
5  cellulose  comprend  une  fraction  legere. 

6.  Procede  selon  I'une  des  revendications  precedentes,  caracterise  par  le  fait  que  le  procede  est  mis  en 
oeuvre  en  presence  d'un  catalyseur. 

io  7.  Procede  selon  la  revendication  6,  caracterise  par  le  fait  que  le  catalyseur  est  un  catalyseur  heterogene. 

8.  Procede  selon  I'une  des  revendications  precedentes,  caracterise  par  le  fait  que  la  temperature  est 
comprise  entre  320  et  380  degres  C. 

is  9.  Procede  selon  I'une  des  revendications  precedentes,  caracterise  par  le  fait  la  pression  est  comprise 
entre  40,53  et  151,99  bar  (40  a  150  atmospheres). 
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