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(54)  Method  for  heating  material  containing  bitumen 

(57)  Method  for  heating  bitumen-containing  materi- 
al,  such  as  asphalt,  in  which  the  material  is  introduced 
into  a  pressure  chamber  or  autoclave  in  the  form  of  gran- 
ules  or  fragments  at  ambient  temperature  and  one  or 
more  constituents  of  the  material  are  rendered  soft  or 
pliable  with  the  aid  of  compressed,  heated  gas  which  is 
fed  to  the  pressure  chamber  or  autoclave,  in  which 
method  said  compressed  gas  is  at  a  temperature  of  at 
least  150°C  and  a  pressure  of  at  least  5  bars,  in  partic- 
ular  approximately  180°C  and  10  bars,  and  in  which 
method  the  gas  supply  is  maintained  until  a  temperature 
of  at  least  150°C  and  a  pressure  of  at  least  5  bars  has 
been  reached  in  the  pressure  chamber  or  autoclave, 
water  furthermore  being  introduced  into  the  pressure 
chamber  or  the  autoclave  in  such  a  way  that  it  forms  a 

skin  of  moisture  around  the  granules  or  fragments,  for 
which  purpose,  for  example,  compressed  steam  is  fed 
to  the  pressure  chamber  or  the  autoclave  as  gas,  and 
in  which  method,  after  the  pressure  and  temperature  re- 
ferred  to  have  been  reached  in  the  pressure  chamber 
or  autoclave,  the  gas  supply  and/or  water  supply  is  in- 
terrupted  and,  at  a  later  instant  in  time,  the  pressure  is 
reduced,  the  processing  conditions  of  pressure,  temper- 
ature,  gas  supply  and  water  supply  in  the  pressure 
chamber  or  autoclave  being  controlled  in  such  a  way 
that,  after  the  termination  of  the  gas  supply  and/or  water 
supply,  the  skin  of  moisture  around  the  granules  or  frag- 
ments  remains  intact  essentially  until  the  pressure  in  the 
pressure  chamber  or  autoclave  is  reduced  to  ambient 
pressure. 
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Description 

The  invention  relates  to  a  method  for  heating  mate- 
rial  containing  bitumen,  such  as  asphalt,  so  that  one  or 
more  constituents  of  the  material  melts  or  softens. 

NL-A-7708800  describes  a  method  for  reprocess- 
ing  used  asphaltic  concrete  to  form  an  asphaltic  layer. 
In  that  process,  fragments  of  asphaltic  concrete  are 
heated  with  steam  in  a  pressure  vessel  to  reach  a  tem- 
perature  of  at  least  1  00°C,  in  particular  1  20°C  and  usu- 
ally  up  to  approximately  170  to  180°C. 

After  extensive  experiments  it  has  been  found  that 
it  is  only  with  an  appreciably  improved  method  com- 
pared  with  the  abovementioned,  known  method  that  a 
satisfactory  result  can  be  achieved,  in  which  improved 
method  the  bitumen-containing  material  is  at  a  temper- 
ature  of  at  least  100°C  after  reduction  of  the  pressure 
in  the  pressure  chamber  or  autoclave  to  ambient  pres- 
sure,  the  emission  of  harmful  substances,  for  example 
products  vaporized  from  the  bitumen-containing  mate- 
rial,  being  limited  to  a  minimum.  On  the  basis  of  the  ex- 
tensive  experiments  it  has  been  found,  surprisingly,  that 
the  desired  temperature  of  the  bitumen-containing  ma- 
terial  at  which  one  or  more  constituents  thereof  are  melt- 
ed  or  softened  can  be  reached  with  a  method  according 
to  the  attached  Claim  1  . 

The  invention  is  based  on  the  insight  that  the  main- 
tenance  of  a  skin  of  moisture  around  the  granules  or 
fragments  of  bitumen-containing  material  is  essential  for 
keeping  the  emission  of  harmful  gases  as  low  as  possi- 
ble.  The  phenomenon  of  the  skin  of  moisture  around  the 
granules  or  fragments  of  bitumen-containing  material 
can  reliably  be  achieved  by  maintaining  the  specified 
pressure  and  temperature,  it  also  having  been  found 
that  an  optimum  thickness  of  said  skin  of  water  is  fur- 
thermore  achieved  with  said  processing  conditions,  with 
which  optimum  thickness  the  temperature  drop  as  a 
consequence  of  vaporization  of  the  skin  of  moisture  is 
limited  to  a  minimum  during  pressure  reduction  to  am- 
bient  pressure.  Any  excess  of  moisture  between  the 
granules  or  fragments  of  bitumen-containing  material 
appears  to  flow  away  under  the  said  processing  condi- 
tions  and  can  be  removed  from  the  pressure  chamber 
or  the  autoclave,  for  example,  prior  to  the  pressure  re- 
duction  and  in  any  case,  because  said  excess  of  mois- 
ture  is  not  in  direct  contact  with  the  bitumen-containing 
material,  it  apparently  has  no  influence  on  the  temper- 
ature  drop  as  a  result  of  moisture  vaporization  during 
pressure  reduction,  probably  because  said  excess  of 
moisture  collects  in  a  small  region  out  of  contact  with 
the  bitumen-containing  material  and  with  only  a  small 
contact  surface  so  that,  on  the  one  hand,  the  bitumen- 
containing  material  is  reliably  isolated  from  the  volume 
of  excess  moisture,  which  is  colder  as  a  result  of  vapor- 
ization,  and,  on  the  other  hand,  as  a  result  of  the  small 
contact  surface  of  said  volume  of  excess  moisture,  the 
temperature  drop  of  the  latter  is  relatively  limited  at  the 
instant  when  the  ambient  pressure  is  reached  and  the 

bitumen-containing  material  can  be  removed  from  the 
pressure  chamber  or  autoclave. 

According  to  Claim  2,  it  is  furthermore  preferable  to 
establish  a  pressure  difference  across  the  bitumen-con- 

5  taining  material  contained  in  the  pressure  chamber  or 
autoclave  so  that  a  gas  flow  can  be  established  through 
the  bitumen-containing  material,  with  which  gas  flow 
any  moisture  excess  which  forms  between  the  granules 
or  fragments  of  bitumen-containing  material,  for  exam- 

10  pie  as  a  consequence  of  condensation  during  steam  in- 
jection,  is  entrained  with  the  gas  flow  and  brought  out- 
side  the  bitumen-containing  material  to  be  collected 
elsewhere  in  the  pressure  chamber  or  the  autoclave.  Af- 
ter  the  establishment  of  a  pressure  drop  across  the  ma- 

15  terial  introduced  in  the  pressure  chamber,  the  so-called 
"pressing-through",  the  outlet  side  of  the  autoclave  can 
be  brought  to  ambient  pressure  with  the  inlet  side  sealed 
so  that  residual  moisture  can  leak  away  out  of  the  ma- 
terial. 

20  For  the  further  optimization  of  the  process  with  re- 
gard  to  the  limiting  of  the  temperature  drop  during  pres- 
sure  reduction  as  a  consequence  of  vaporization  of  the 
skin  of  moisture  around  the  granules  or  fragments  of  bi- 
tumen-containing  material,  performance  of  the  method 

25  according  to  Claim  3  is  preferable. 
It  has  been  found  that  the  method  according  to  the 

invention  takes  place  in  a  wide  range  of  granule  and 
fragment  dimensions.  Both  mixtures  in  which  the  gran- 
ules  or  fragments  are  of  equal  or  virtually  equal  size  and 

30  mixtures  in  which  the  dimensions  of  the  granules  orfrag- 
ments  varies  from  very  small,  for  example  a  few  milli- 
metres,  to  very  large,  for  example  1  0  or  20  cm,  are  found 
to  be  satisfactorily  processable.  Probably,  it  is  important 
for  a  good  result  that  the  bitumen-containing  material 

35  has  sufficient  holes  and  gaps  as  determined  by  the 
boundary  surfaces  of  the  granules  and  fragments  lean- 
ing  against  one  another  so  that  the  heating  gas  can  pen- 
etrate  deeply  and  the  contact  surface  is  relatively  large. 
For  an  optimum  result  it  is  preferable  to  maintain  the 

40  conditions  according  to  Claim  4,  at  any  rate  if  the  mixture 
of  bitumen-containing  material  has  a  granule  size  of 
equal  or  virtually  equal  value. 

A  relatively  fast  way  of  carrying  out  the  intended 
heating  of  the  bitumen-containing  material  is  described 

45  in  Claim  5.  By  maintaining  a  "rest  time"  prior  to  the  re- 
duction  of  the  pressure,  during  which  rest  time  no  water 
is  supplied,  but  a  gas  flow  through  the  bitumen-contain- 
ing  material  is  possibly  maintained,  it  may  furthermore 
be  ensured  that  excess  moisture  still  contained  in  the 

so  bitumen-containing  material  is  able  to  leak  away  from 
the  latter  or  can  be  removed  from  the  latter  by  blowing 
gas  through  it,  the  skin  of  moisture  around  the  granules 
or  fragments  of  bitumen-containing  material  remaining 
intact.  If,  during  the  said  rest  time,  the  blowing-through 

55  of  a  gas  is  maintained,  it  is  preferable  that  said  gas  is  at 
a  temperature  which  essentially  corresponds  to  the  tem- 
perature  prevailing  in  the  pressure  chamber  or  auto- 
clave,  the  gas  not  adversely  affecting  the  skin  of  mois- 
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ture  around  the  granules  or  fragments  of  bitumen-con- 
taining  material,  for  example  not  causing  it  to  vaporize. 
The  blowing-through  can  take  place  throughout  the  rest 
period  or  during  only  a  portion  thereof. 

It  has  been  found  that  not  only  can  old  asphaltic 
concrete  be  converted  into  reusable  asphaltic  concrete, 
as  suggested  in  NL  7708800,  by  the  method  according 
to  the  present  invention,  but  it  has  also  been  found  pos- 
sible  to  manufacture  asphaltic  concrete  from  the  com- 
ponent  constituents,  in  accordance  with  the  measures 
according  to  Claim  6.  It  has  been  found  that,  during  this 
process  it  is  not  necessary  to  add  the  mineral  additives 
in  granular  form,  that  is  to  say  usually  sand  and  gravel, 
after  predrying.  The  manufacture  of  completely  "new" 
asphaltic  concrete  starting  from  the  separate  constitu- 
ents  comprising  sand,  gravel,  bitumen  and  filler  is  pos- 
sible.  It  has  also  been  found  possible  to  add,  for  exam- 
ple,  25%  "old"  asphaltic  concrete  without  prior  drying  or 
preheating.  Appreciable  advantages  have  been  record- 
ed  in  relation  to  the  emission  of  harmful  gases  in  con- 
nection  both  with  the  working-up  of  "old"  asphaltic  con- 
crete  and  with  the  manufacture  of  "new"  asphaltic  con- 
crete  using  the  present  invention.  For  example,  it  has 
also  been  found  possible  to  bring  mastic  asphalt  in  frag- 
ments  at  ambient  temperature  to  the  desired  final  tem- 
perature.  For  example,  fragments  of  mastic  asphalt  can 
also  be  mixed  with  fragments  of  used  asphaltic  con- 
crete,  to  which,  for  example,  sand  and  gravel  are  then 
also  added  in  order  to  reprocess  the  final  product  ob- 
tained  to  form  an  asphaltic  layer  for  a  road  surface. 

In  particular,  if  the  method  according  to  the  inven- 
tion  is  used  for  reprocessing  used  asphaltic  concrete  to 
produce  an  asphaltic  layer  for  a  road  surface,  it  has  been 
found  that  the  final  product  obtained  has  particularly 
good  processing  properties.  In  practice,  this  has  had  the 
result  that  usually  less  so-called  "rejuvenation  oil"  needs 
to  be  added  to  the  heated  and  liquefied  asphaltic  con- 
crete  mixture.  A  further  appreciable  reduction  of  the 
emissions  can  thereby  be  achieved.  "Rejuvenation  oil" 
is  usually  used  to  increase  the  processability  of  as- 
phaltic  concrete,  which  is  at  least  partially  composed  of 
asphaltic  concrete  previously  used  in  a  road  surface.  As 
a  result  of  adding  "rejuvenation  oil",  the  proportion  of 
short  chains  in  the  bitumen-containing  material  is  in- 
creased. 

The  present  method  furthermore  offers  the  advan- 
tage  that  small  amounts  of  the  intended  final  product  can 
also  be  prepared,  depending  on  the  dimensions  of  an 
individual  pressure  chamber  or  autoclave.  To  achieve  a 
more  or  less  continuous  process  it  is  preferable  to  use 
a  large  number  of  pressure  chambers  or  autoclaves 
which,  displaced  in  time  one  after  the  other,  each  exhibit 
a  new  cycle  of  charging  with  bitumen-containing  mate- 
rial,  increasing  pressure  and  temperature,  maintaining 
an  optional  "rest  time",  reducing  pressure  to  ambient 
pressure,  removing  bitumen-containing  material,  and  so 
on. 

For  the  purpose  of  further  illustration,  the  invention 

is  explained  with  reference  to  a  number  of  test  results. 

Test  1 

5  So-called  "rubble  asphalt"  was  broken  0/40  and,  af- 
ter  air  separation,  the  proportion  of  granules  having  a 
dimension  of  less  than  1  mm  was  reduced.  As  a  result 
of  steam  injection  into  an  autoclave,  a  pressure  of  10 
bars  and  a  temperature  of  180°C  was  reached  in  10  min. 

10  The  steam  supply  was  then  shut  off  and  a  "rest  time"  of 
10  minutes  was  maintained,  during  which  period  the 
pressure  remained  virtually  constant  at  10  bars.  The 
pressure  was  then  reduced  adiabatically  to  the  ambient 
pressure  of  1  bar.  The  final  temperature  of  the  crushed 

is  0/40  asphalt  was  1  20°C.  At  the  end  of  the  test,  the  struc- 
ture  of  the  heated  rubble  asphalt  appeared  unchanged, 
but  the  rubble  asphalt  disintegrated  completely  when 
touched  and  a  cohesive  "lump"  was  produced.  It  is  pre- 
sumed  that,  as  a  result  of  the  specific  processing  con- 

20  ditions  in  accordance  with  the  method  according  to  the 
present  invention,  in  particular  the  pressure  and  the 
temperature,  and  including  reducing  the  pressure  down 
to  ambient  pressure,  the  structure  of  the  bitumen-con- 
taining  material  remains  unaltered,  with  the  result  that 

25  the  porosity  is  also  maintained,  which  is  of  importance 
for  the  initial  achievement  of  a  skin  of  liquid  around  the 
granules  and  fragments  and  finally  ensures  that  the  skin 
of  liquid  is  reliably  removed  at  the  conclusion  of  the 
method,  with  the  result  that  a  relatively  dry,  but  never- 

30  theless  directly  processable  bitumen-containing  materi- 
al  is  left. 

Test  2 

35  After  air  separation  to  reduce  the  proportion  of  gran- 
ules  having  a  size  of  less  than  1  mm,  0/40  cut  asphalt 
was  immediately  introduced  into  the  pressure  chamber. 
The  same  processing  sequence  was  achieved  as  in  Test 
1  .  The  final  temperature  of  the  cut  asphalt  was  1  20°C. 

40 
Test  3 

Mastic  asphalt  in  fragments  having  a  size  varying 
from  5  mm  to  50  mm  was  introduced  into  the  pressure 

45  chamber.  A  pressure  of  10  bars  and  a  temperature  of 
180°C  was  reached  in  15  minutes.  The  all-round  steam 
injection  was  then  maintained  for  30  min  at  constant 
pressure  and  temperature.  Immediately  after  that,  the 
steam  injection  was  terminated  and  the  pressure  was 

so  reduced  to  ambient  pressure  (1  bar).  The  mastic  asphalt 
had  collapsed  as  a  pulp  and  had  a  temperature  of 
150°C. 

Test  4 
55 

Fragments  of  old  20/40  asphaltic  concrete  were  in- 
troduced  into  the  pressure  chamber,  after  which  a  pres- 
sure  of  16  bars  and  a  temperature  of  205°C  were 
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reached  after  20  minutes,  during  which  time  steam  was 
injected.  The  steam  injection  was  then  terminated  and 
the  pressure  immediately  reduced  to  reach  ambient 
pressure  (1  bar)  after  10  min.  The  temperature  of  the 
asphaltic  fragments  was  found  to  be  155°C.  So-called  s 
"rejuvenation  oil"  was  added  to  the  still  hot  asphaltic 
fragments,  and  how  much  "rejuvenation  oil"  had  to  be 
added  in  order  to  achieve  a  practically  acceptable  proc- 
essability  for  reuse  of  the  used  asphaltic  concrete  was 
determined.  1  0%  by  volume  less  rejuvenation  oil  had  to  10 
be  added  compared  with  used  asphaltic  concrete  heat- 
ed  according  to  the  prior  art. 

Test  5 
15 

The  same  conditions  were  maintained  as  in  Test  4, 
except  that,  after  the  pressure  of  16  bars  and  the  tem- 
perature  of  205°C  had  been  reached,  the  steam  injec- 
tion  was  maintained  for  approximately  10  min,  with  a 
pressure  difference  across  the  charge  of  approximately  20 
3  bars.  At  the  end  of  the  test,  the  temperature  of  the 
asphaltic  fragments  was  found  to  be  170°C. 

Test  6 
25 

Crushed  mastic  asphalt  having  a  size  varying  from 
5  mm  to  60  mm,  4/8  chippings,  4/32  gravel  and  medium 
sand,  all  at  ambient  temperature,  were  introduced  (si- 
multaneously)  into  a  pressure  chamber  in  a  quantitative 
ratio  suitable  for  manufacturing  asphaltic  concrete  for  30 
processing  to  form  the  asphaltic  layer  of  a  road  surface. 
Sand,  gravel  and  chippings  were  not  predried.  A  pres- 
sure  of  10  bars  and  a  temperature  of  180°C  were 
reached  in  10  min  by  means  of  steam  injection.  The 
steam  injection  was  then  maintained  for  5  min,  while  a  35 
pressure  difference  across  the  charge  of  approximately 
4  bars  prevailed.  The  steam  injection  was  then  removed 
and  a  rest  time  of  1  5  min  was  maintained,  during  which 
time  the  pressure  remained  unaltered.  Finally,  the  pres- 
sure  was  reduced  to  ambient  pressure  within  5  min.  Af-  40 
ter  thoroughly  mixing  the  various  constituents,  the  as- 
phaltic  concrete  thus  obtained  was  found  to  have  a  tem- 
perature  of  130°C  without  interim  additional  heating. 
The  same  test  has  been  carried  out  in  which  mixing  el- 
ements  were  installed  in  the  pressure  chamber  so  that  45 
the  various  constituents  were  already  thoroughly  mixed 
during  the  reduction  of  the  pressure  to  ambient  pres- 
sure.  No  noticeable  alteration  occurred  as  a  result,  ei- 
ther  in  the  structure  or  in  the  final  temperature  of  the 
asphaltic  concrete  thus  obtained.  so 

Claims 

1.  Method  for  heating  bitumen-containing  material,  55 
such  as  asphalt,  in  which  the  material  is  introduced 
into  a  pressure  chamber  or  autoclave  in  the  form  of 
granules  or  fragments  at  ambient  temperature  and 

one  or  more  constituents  of  the  material  are  ren- 
dered  soft  or  pliable  with  the  aid  of  compressed, 
heated  gas  which  is  fed  to  the  pressure  chamber  or 
autoclave,  in  which  method  said  compressed  gas 
is  at  a  temperature  of  at  least  150°C  and  a  pressure 
of  at  least  5  bars,  in  particular  approximately  180°C 
and  1  0  bars,  and  in  which  method  the  gas  supply  is 
maintained  until  a  temperature  of  at  least  150°C 
and  a  pressure  of  at  least  5  bars  has  been  reached 
in  the  pressure  chamber  or  autoclave,  water  f  u  rther- 
more  being  introduced  into  the  pressure  chamber 
or  the  autoclave  in  such  a  way  that  it  forms  a  skin 
of  moisture  around  the  granules  or  fragments,  for 
which  purpose,  for  example,  compressed  steam  is 
fed  to  the  pressure  chamber  or  the  autoclave  as 
gas,  and  in  which  method,  after  the  pressure  and 
temperature  referred  to  have  been  reached  in  the 
pressure  chamber  or  autoclave,  the  gas  supply  and/ 
or  water  supply  is  interrupted  and,  at  a  later  instant 
in  time,  the  pressure  is  reduced,  the  processing 
conditions  of  pressure,  temperature,  gas  supply 
and  water  supply  in  the  pressure  chamber  or  auto- 
clave  being  controlled  in  such  a  way  that,  after  the 
termination  of  the  gas  supply  and/or  water  supply, 
the  skin  of  moisture  around  the  granules  or  frag- 
ments  remains  intact  essentially  until  the  pressure 
in  the  pressure  chamber  or  autoclave  is  reduced  to 
ambient  pressure,  wherein  said  pressure  is  re- 
duced  so  quickly  that  an  essentially  adiabatic  ex- 
pansion  is  preferably  achieved  and,  during  said 
pressure  reduction,  said  skin  of  moisture  around  the 
granules  or  fragments  is  removed,  all  this  being 
done  in  such  a  way  that,  afterthe  pressure  has  been 
reduced  to  ambient  pressure,  the  bitumen-contain- 
ing  material  is  at  a  temperature  of  at  least  100°C, 
in  particular  at  least  approximately  120°C,  more 
particularly  approximately  140°C. 

2.  Method  according  to  Claim  1  ,  wherein  the  bitumen- 
containing  material  is  introduced  into  the  pressure 
chamber  or  autoclave  in  such  a  way  that  free  spac- 
es  are  situated  on  either  side  of  said  material  and 
the  gas  referred  to  is  introduced  into  the  one  free 
space  from  outside  the  pressure  chamber  or  auto- 
clave  and  any  gas  is  removed  from  the  other  free 
space,  all  this  being  done  in  such  a  way  that  a  pres- 
sure  difference  is  established  between  the  said  free 
spaces,  with  the  result  that  a  gas  flow  is  established 
through  the  granules  or  fragments  of  material. 

3.  Method  according  to  Claim  1  or  2,  wherein  a  tem- 
perature  of  at  least  1  80°C  and  a  pressure  of  at  least 
8  bars  is  achieved  in  the  pressure  chamber  or  auto- 
clave. 

4.  Method  according  to  one  of  the  preceding  claims, 
wherein  the  granules  or  fragments  of  bitumen-con- 
taining  material  have  a  size  of  at  least  4  mm. 
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5.  Method  according  to  Claim  2,  wherein  the  said  pres- 
sure  and  temperature  are  reached  in  the  pressure 
chamber  or  autoclave  within  approximately  1  0  min- 
utes,  after  which  the  supply  of  the  said  gas  and  the 
water  is  maintained  for  approximately  5  to  10  min-  s 
utes,  with  a  pressure  difference  across  the  material 
of  at  least  approximately  1  bar,  preferably  more  than 
3  bars,  more  particularly  2  to  10  bars  and  then  a 
waiting  time  of  approximately  10  minutes  is  option- 
ally  maintained  before  or  after  that,  during  which  10 
time  no  water  is  supplied  and,  optionally,  no  gas  is 
supplied  either,  after  which  the  pressure  is  re- 
moved. 

6.  Method  according  to  one  of  the  preceding  claims,  15 
wherein  minerals  in  granular  form,  such  as  sand  or 
gravel,  at  ambient  temperature  are  introduced  into 
the  pressure  chamber  or  autoclave  to  produce  heat- 
ed  asphaltic  concrete  for  processing  to  form  the  as- 
phaltic  layer  for  a  road  surface.  20 
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