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©  Process  for  the  preparation  of  activated  carbon. 

©  Process  for  the  preparation  of  activated  carbon, 
comprising  providing  carbonaceous  cellulose  materi- 
als  in  particulate  form  and  treating  with  an  aqueous 
zinc  chloride  solution  containing  0.25  to  4  parts  by 
weight  of  zinc  chloride  with  respect  to  the  amount  of 
carbonaceous  material,  evaporation  of  the  water  to 
distribute  the  zinc  chloride  evenly,  carbonization  in 
an  inert  atmosphere  at  400-700  '  C,  removal  of  zinc 
chloride  and  subsequent  recovery  of  a  dry  granular 
product. 

(^  The  hard,  granular  activated  carbon  according  to 
^ t h e   invention  has  a  very  high  surface  area  together 

with  a  relatively  high  density,  making  it  especially 
m  suitable  for  use  as  a  methane  adsorbent. 
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PROCESS  FOR  THE  PREPARATION  OF  ACTIVATED  CARBON 

among  others,  methane,  for  use  in  powering  auto- 
motive  combustion  engines,  by  providing  a  tank  or 
vessel  with  an  adsorbent  for  the  gas.  The  adsor- 
bent,  e.g.  molecular  sieves,  silica  or  coke,  is  ca- 

5  pable  of  adsorbing  methane  at  low  pressures.  The 
stored  gas  volume  in  DE-2,302,403  can  be  in- 
creased  by  78%  at  a  pressure  of  70  bar  which 
could  be  raised  still  higher  for  a  further  augmenta- 
tion  of  storage  capacity.  This  result,  however,  is  not 

10  very  attractive.  In  DE-2,923,561  a  methane  storage 
system  is  described  using  binder-free  compacts  of 
zeolites.  A  much  higher  methane-adsorption  is  ob- 
tained  in  this  system.  A  disadvantage,  however,  of 
this  system  is  the  relatively  expensive  adsorption 

75  compound. 
Activated  carbon  having  a  high  surface  area, 

and  thus  a  high  adsorption  capacity,  is  already 
known  from  U.S.  patent  4,082,694.  However,  the 
activated  carbon  obtained  in  the  process  described 

20  in  this  patent  has  a  very  small  particle  size,  which 
makes  its  use  as  a  methane  storage  compound 
impracticable,  as  withdrawal  of  the  methane  from 
the  storage  compartment  would  also  result  in  with- 
drawal  of  small  carbon  particles,  and  plugging  of 

25  the  lines  may  be  expected.  It  is  of  course  possible 
to  pelletise  the  small  carbon  particles;  however  this 
will  make  the  carbon  more  expensive  and  usually 
this  will  influence  its  adsorption  capacity  in  a  nega- 
tive  way,  for  example  by  introducing  an  unwanted 

30  binder  material.  Further,  some  small  carbon  par- 
ticles  may  become  free,  due,  for  instance,  to  shak- 
ing,  resulting  in  the  above-mentioned  problems. 

It  has  now  been  found  that  a  relatively  inexpen- 
sive  methane  adsorber  having  a  very  high  methane 

35  adsorption  capacity  can  be  obtained  by  carboniza- 
tion  and  activation  of  carbonaceous  cellulose  ma- 
terials,  for  instance  peach  stones,  olives  stones  and 
almond  shells.  The  present  application,  therefore, 
relates  to  a  process  for  the  preparation  of  activated 

40  carbon,  comprising  providing  carbonaceous  cellu- 
lose  material  in  a  form  having  an  average  particle 
size  of  1  to  3  mm,  treatment  of  the  material  with  an 
aqueous  zinc  chloride  solution  containing  0.25  to  4 
parts  by  weight  of  anhydrous  zinc  chloride  with 

45  respect  to  the  amount  of  carbonaceous  material, 
evaporation  of  the  water  to  an  extent  suitable  for 
ensuring  even  distribution  of  the  zinc  chloride  in 
the  carbonaceous  material,  carbonization  in  an  inert 
atmosphere  at  400-700  *  C,  removal  of  zinc  chlo- 

50  ride,  and  subsequent  recovery  of  a  dry  granular 
activated  carbon  product. 

Preferably,  the  removal  of  zinc  chloride  is  fol- 
lowed  by  activation  at  700-1000  *  C  in  an  oxidizing 
atmosphere. 

The  activated  carbon  obtainable  in  the  process 

The  application  relates  to  a  process  for  the 
preparation  of  activated  carbon  from  carbonaceous 
cellulose  materials. 

Activated  carbon  can  be  prepared  in  a  car- 
bonization  process  (pyrolysis  process)  from  a  large 
number  of  different  carbon-containing  source  ma- 
terials,  usually  but  not  necessarily  followed  by  an 
activation  process  (controlled  oxidation).  The  ad- 
sorptive  power  of  the  ultimate  product  depends, 
among  other  factors,  on  the  source  material,  as 
well  as  on  the  preparation  procedure  employed. 

The  carbonization  process  is  usually  conducted 
by  heating  the  carbonaceous  material  in  the  ab- 
sence  of  air  at  temperatures  between  400  and  900 
*  C.  In  one  known  procedure,  dehydrating  salts, 
such  as  calcium  chloride,  magnesium  chloride  and 
zinc  chloride,  are  used  in  the  carbonization  step. 
The  dehydrating  salt  is  mixed  with  the  source 
material,  e.g.  wood,  cellulose,  peat  etc.,  together 
with  sufficient  water  to  wet  the  entire  mass  thor- 
oughly,  after  which  it  is  dried  and  carbonized  be- 
tween  400  and  900  'C.  The  finished  carbon  is 
washed  with  water  and  acid,  and  the  dehydrating 
salt  may  be  recovered  from  the  washings. 

Although  activated  carbon  prepared  under  suit- 
able  pyrolysis  conditions  can  be  used  without  fur- 
ther  processing  for  some  applications,  usually  the 
char  is  subsequently  subjected  to  the  action  of  an 
oxidizing  agent,  such  as  air,  steam  or  carbon  diox- 
ide,  at  high  temperatures. 

Activated  carbon  can  be  used  for  many  pur- 
poses,  such  as  treating  waste  water,  removing  con- 
taminants  and  purifying  process  streams.  These 
purposes  are  all  more  or  less  related  to  the  adsorp- 
tion  features  of  the  carbon.  At  the  present  moment 
there  is  a  growing  interest  in  the  use  of  activated 
carbon  for  gas  adsorption,  especially  for  the  ad- 
sorption  of  methane  (natural  gas). 

Methane  is  an  excellent  fuel  for  internal-com- 
bustion  engines.  It  has  high  anti-knock  value  and 
produces  an  exhaust  gas  which  is  particularly  free 
from  toxic,  noxious  or  otherwise  detrimental  com- 
ponents.  Methane  is  gaseous  at  room  temperature 
and  low  pressure.  A  particular  problem  is  therefore 
encountered  in  the  use  of  methane  for  internal- 
combustion  engines  for  automotive  vehicles,  name- 
ly  the  safe  storage  of  the  methane  in  a  sufficient 
amount  to  permit  widespread  use.  Methane  cannot 
be  stored  in  a  sufficient  amount  in  a  limited  space 
to  power  the  vehicle  except  under  very  high  pres- 
sures  and/or  low  temperatures.  Such  high  pres- 
sures  are  dangerous  and  low  temperatures  are 
difficult  to  maintain  in  vehicles. 

In  German  patent  applications  DE-2,302,403 
and  DE-2,923,561  ,  methods  are  described  to  store, 
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carried  out  by  heating  the  reaction  mixture  to  its 
boiling  point  and  evaporating,  for  example,  20-95% 
of  the  amount  of  water,  preferably  40-90%  of  the 
amount  of  water,  more  preferably  50-75%  of  the 

5  amount  of  water.  It  will  be  understood  that  the 
volume  reduction  is  carried  out  to  the  extent  neces- 
sary  to  ensure  that  the  zinc  chloride  is  evenly 
distributed  in  the  carbonaceous  material. 

After  the  volume  reduction  the  residue  is  fil- 
ro  tered  and  dried.  Drying  may  be  performed  at  ele- 

vated  temperature,  e.g.  80-120  'C,  during  a  suffi- 
ciently  long  period,  e.g.  3-12  hours. 

The  carbonization  step  is  carried  out  at  tem- 
peratures  between  400  and  700  'C,  preferably 

75  about  500  *  C,  under  an  inert  atmosphere,  e.g. 
nitrogen  or  argon.  The  reaction  time  may  vary 
between  1  h  and  200  h,  preferably  between  2  h 
and  50  h,  more  preferably  between  1  and  6  h.  The 
temperature  is  preferably  increased  at  a  rate  of 

20  between  1  and  7  °  C/min,  more  preferably  between 
2  and  5  *  C/min.  The  reaction  mixture  obtained 
after  the  carbonization  step  is  washed  with  water  to 
remove  the  zinc  chloride.  Preferably  an  acidic 
aqueous  solution  is  used  to  remove  also  basic  zinc 

25  compounds.  A  suitable  acid  is  hydrochloric  acid. 
The  washings  are  continued  until  the  zinc  chloride 
is  completely  removed.  The  washings  are  prefer- 
ably  carried  out  between  30  and  50  *  C. 

Preferably,  an  activation  step  of  the  carbona- 
30  ceous  material  obtained  after  carbonization  is  car- 

ried  out  at  a  high  temperature  using  a  steam  or 
carbon  dioxide  atmosphere.  The  temperature  is 
preferably  increased  at  a  rate  of  between  1  and  12 
'C/min,  more  preferably  between  2  and  10 

35  *  C/min. 
The  temperature  during  the  activation  proce- 

dure  may  vary  between  700  and  1000  '  C,  prefer- 
ably  between  780  and  900  "  C.  The  reaction  time 
may  vary  between  10  h  and  500  hrs,  preferably 

40  between  15  and  400  hrs  depending  on  the  precur- 
sor,  e.g.  a  minimum  of  30  h  for  peach  stones  and 
15  h  for  almonds. 

The  invention  is  illustrated  by  the  following 
Examples,  although  it  will  be  understood  that  the 

45  invention  is  not  limited  thereto. 

of  the  present  invention  has  a  very  high  surface 
area  (for  example  2500  m2/g  or  more  (BET,  in  N2)), 
together  with  a  relatively  high  density  (for  example 
about  0.35  g/cm3)  and  is  highly  microporous.  Fur- 
ther  the  hard  and  granular  particles  have  a  rela- 
tively  large  particle  size.  The  material  is  very  pure 
and  is  resistant  to  dusting.  These  features  make 
the  activated  carbon  obtained  according  to  the  pro- 
cess  of  the  invention  highly  suitable  for  use  as  a 
methane  adsorbent,  especially  to  be  used  for  inter- 
nal  combustion  engines  of  automotive  vehicles. 
The  material  is  also  suitable  for  the  adsorption  of 
gasoline  and  other  hydrocarbon  vapours. 

Thus,  according  to  a  further  aspect  of  the  in- 
vention,  there  is  provided  a  granular  microporous 
activated  carbon  having  a  surface  area  of  at  least 
1800  m2/g  and  a  bulk  density  of  at  least  0.35  g/cm3 

Suitable  carbonaceous  cellulose  materials  for 
use  as  precursor  for  the  process  of  the  invention 
are  fruit  pits,  nut  shells,  cereals,  wood,  sawdust, 
peat  etc.  Preferably  fruit  pits  and  nut  shells  are 
used,  more  preferably  peach  stones,  olive  stones 
and  almond  shells,  most  preferably  peach  stones. 

The  precursor  materials  are  crushed  into  small 
particles,  suitably  1  to  3  mm  average  particle  size, 
especially  1  .7-2.8  mm. 

The  (crushed)  precursor  materials  are  advanta- 
geously  washed  with  water,  or  more  especially  with 
an  acidic  aqueous  solution,  to  remove  residual  or- 
ganic  matter  and  mineral  matter.  Suitable  acidic 
solutions  are  for  instance  aqueous  solutions  of  sul- 
phuric  acid,  hydrochloric  acid,  hydrobromic  acid, 
phosphorous  acid,  phosphoric  acid  and  nitric  acid. 
Organic  acids  such  as  formic  acid  and  acetic  acid 
may  also  be  used. 

Suitable  concentrations  of  the  acid  may  vary 
between  1  and  20%,  more  especially  between  5 
and  15%.  A  suitable  washing  time  varies  between 
1  and  24  hours,  more  especially  between  2  and  8 
hours.  The  temperature  is  suitably  chosen  between 
1  0  and  40  *  C,  more  especially  between  1  5  and  25 
"C. 

The  aqueous  zinc  chloride  solution  used  for 
impregnation  of  the  carbonaceous  precursor  suit- 
ably  contains  between  50  and  5000  g/l  ZnCb, 
especially  between  250  and  2500  g/l,  more  espe- 
cially  between  400  and  1000  g/l.  The  amount  of 
anhydrous  zinc  chloride  with  regard  to  the  carbona- 
ceous  precursor  is  between  0.25  and  4  (w/w),  more 
especially  between  0.5  and  2.  It  is  preferred  to  use 
a  ratio  of  about  1  .  The  temperature  of  the  treatment 
varies  preferably  between  50  and  200  C,  more 
preferably  between  70  and  160  'C.  The  reaction 
time  is  usually  between  3  and  20  hours,  preferably 
between  5  and  8  hours.  The  volume  reduction  of 
the  reaction  mixture  after  the  zinc  chloride  treat- 
ment  by  partial  evaporation  of  the  water  is  suitably 

Example  I 

50 
Preparation  of  activated  carbon  from  peach  stones. 

Peach  stones  were  carefully  cleaned  and 
washed,  and  ground  into  small  particles,  having  an 

55  average  size  of  1.7-2.0  mm.  The  particles  were 
washed  with  an  aqueous  sulphuric  acid  solution 
(10%)  for  six  hours,  and  thereafter  with  distilled 
water  until  zero  acid  removal,  followed  by  drying  at 
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Example  IV ambient  temperature. 
The  particles  were  impregnated  with  a  zinc- 

chloride  solution  (100  g  ZnCk  in  135  g  of  H2O  for 
100  g  of  dried  peach  stone  precursor)  at  85  'C  for 
seven  hours  with  continuous  stirring  (no  loss  of  5 
water).  Thereafter  the  temperature  was  raised  to 
the  boiling  point  of  the  solution  and  the  solution 
concentrated  to  33%  of  its  original  volume.  The 
residue  was  filtered  and  dried  at  110  "  C  for  twelve 
hours.  10 

Dried  material  (100  g)  was  introduced  into  a 
horizontal  furnace  in  which  a  nitrogen  flow  was 
maintained  (80  cm3/min)  and  the  temperature  was 
raised  to  500  *  C  (2  C/min),  whereafter  the  tem- 
perature  was  kept  at  500  '  C  for  three  hours.  After  is 
cooling  the  residue  was  washed  with  diluted  hy- 
drochloric  acid  (7  %w)  for  ten  minutes.  This  was 
repeated  until  complete  elimination  of  zinc  chloride 
was  obtained  (which  was  tested  by  the  use  of  a 
NH*0H/(NH02S  solution).  The  sample  was  then  20 
washed  with  water  and  dried  at  110  'C. 

The  washed  and  dried  material  (30  g)  was 
thereafter  activated  in  a  furnace  in  which  a  carbon 
dioxide  flow  was  maintained  (80  cm3/min)  by  rais- 
ing  the  temperature  to  825  °C  (5  *  C/min),  25 
whereafter  the  temperature  was  kept  at  825  *  C  for 
150  h.  Yield  of  activated  carbon:  12%  in  respect  to 
precursor.  The  resulting  granular  material  had  a 
bulk  density  of  0.36  g/cm3  and  a  surface  area  of 
2500  m2/g.  so 

Testing  of  activated  carbons. 

Figure  1  shows  the  characteristic  isotherms  for 
the  materials  of  Examples  I,  II  and  III  when  tested 
for  butane  adsorption  at  0  °C.  The  results  are 
given  as  liquid  volume  per  adsorbent  bulk  volume 
(V/v)  vs  fraction  of  saturated  vapour  pressure 
(P/Po). 

Example  V 

Alternative  preparation  of  activated  carbon  from 
peach  stones. 

Peach  stones  were  prepared  as  described  in 
Example  I  except  that  the  stones  were  ground  to 
an  average  particle  size  of  2.0-2.8  mm. 

Dried  particles  (100  g)  were  impregnated  with 
zinc  chloride  solution  (200  g  ZnCb  in  135  ml  of 
water).  After  heating  at  85  'C  for  7  hours  with 
continuous  stirring,  the  mixture  was  boiled  to  dry- 
ness.  The  product  was  heated  under  nitrogen  flow 
(80  cm3/min)  at  a  final  temperature  of  700  *  C  for  2 
hours.  After  cooling  and  washing  with  hydrochloric 
acid  and  water,  a  dry  sample  was  obtained  of  bulk 
density  0.34  g/cm3  and  a  surface  area  of  1500 
m2/g. 

30 

Example  II 

35  Claims 
Preparation  of  activated  carbon  from  olive  stones. 

The  same  procedure  was  used  to  prepare  ac- 
tivated  carbon  from  olive  stones  as  was  described 
in  Example  I,  except  that  an  activation  time  of  111  40 
h  was  used.  Yield:  17%.  The  resulting  granular 
product  had  a  bulk  density  of  0.41  g/cm3  and  a 
surface  area  of  2200  m2/g. 

1  .  Process  for  the  preparation  of  activated  car- 
bon,  comprising  providing  carbonaceous  cellulose 
material  in  a  form  having  an  average  particle  size 
of  1  to  3  mm,  treatment  of  the  material  with  an 
aqueous  zinc  chloride  solution  containing  0.25  to  4 
parts  by  weight  of  zinc  chloride  with  respect  to  the 
amount  of  carbonaceous  material,  evaporation  of 
the  water  to  an  extent  suitable  for  ensuring  even 
distribution  of  the  zinc  chloride  in  the  carbonaceous 
material,  carbonization  in  an  inert  atmosphere  at 
400-700  *  C,  removal  of  zinc  chloride,  and  subse- 
quent  recovery  of  a  dry  granular  activated  carbon 
product. 

2.  Process  according  to  claim  1,  wherein  the 
removal  of  zinc  chloride  is  followed  by  activation  at 
700-1000  "  C  in  an  oxidizing  atmosphere. 

3.  Process  according  to  claim  2,  wherein  the 
activation  is  carried  out  in  a  carbon  dioxide  at- 
mosphere. 

4.  Process  according  to  claim  2  or  3,  wherein 
the  activation  is  carried  out  for  15-400  hrs. 

45 
Example 

Preparation  of  activated  carbon  from  almond  shells. 
50 

The  same  procedure  was  used  to  prepare  ac- 
tivated  carbon  from  almond  shells  as  was  de- 
scribed  in  Example  I,  except  that  an  activation  time 
of  75  h  was  used.  Yield:  18%.  The  resulting  granu- 
lar  product  had  a  bulk  density  of  0.43  g/cm3  and  a  55 
surface  area  of  1900  m2/g. 
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5.  Process  according  to  any  one  of  the  preced- 
ing  claims,  wherein  the  carbonaceous  cellulose  ma- 
terial  is  selected  from  fruit  pits  and  nut  shells. 

6.  Process  according  to  claim  5,  wherein  the 
carbonaceous  .cellulose  material  is  selected  from  s 
peach  stones,  olive  stones  and  almond  shells. 

7.  Process  according  to  claim  6,  wherein  the 
carbonaceous  cellulose  material  is  peach  stones. 

8.  Process  according  to  any  one  of  claims  1-7, 
wherein  the  carbonaceous  cellulose  material  is  10 
washed  with  an  acidic  solution  for  3-10  hours  prior 
to  zinc  chloride  treatment. 

9.  Process  according  to  any  one  of  claims  1-8, 
wherein  the  zinc  chloride  treatment  is  carried  out  at 
a  temperature  between  50  and  200  "C  for  3-20  75 
hours. 

10.  Process  according  to  any  one  of  claims  1- 
9,  wherein  the  carbonization  is  carried  out  for  1-6 
hours. 

11.  Activated  carbon  when  prepared  according  20 
to  a  process  according  to  any  one  of  claims  1-10. 

12.  Granular  microporous  activated  carbon  hav- 
ing  a  surface  area  of  at  least  1800  m2/g  and  a  bulk 
density  of  at  least  0.35  g/cm3  . 

13.  Activated  carbon  according  to  claim  12  25 
which  has  been  derived  from  peach  stones,  olive 
stones  or  almond  shells. 

14.  The  use  of  activated  carbon  in  accordance 
with  any  one  of  claims  11,  12  or  13  for  the  adsorp- 
tion  of  gas.  30 

15.  The  use  of  activated  carbon  in  accordance 
with  any  one  of  claims  11,  12  or  13  for  the  adsorp- 
tion  of  natural  gas  and/or  gasoline  vapours. 

35 
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