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This  invention  relates  to  a  process  for 
removing  silica  and/or  aluminium  bearing 
mineral  matter  and  other  reactive  substances 
from  substances  which  do  not  react  with 
hydrogen  fluoride  under  the  same  conditions. 
The  reaction  with  hydrogen  fluoride  may  be  in 
the  gaseous  or  liquid  form. 

It  has  been  known  that  hydrogen  fluoride 
particularly  as  a  liquid  will  react  with  silica  and 
dissolve  same  selectively  from  non-reactive 
materials  such  as  carbonaceous  matter,  for 
example,  coal.  However,  whilst  this  reaction  has 
been  known  it  has  never  been  able  to  be  put 
into  a  commercial  viable  process.  The  main 
reasons  for  this  being  that  hydrogen  fluoride  is  a 
particularly  dangerous  substance  and  any 
wastes  produced  which  include  hydrogen 
fluoride  create  troublesome  disposal  problems. 
Furthermore,  hydrogen  fluoride  is  a  very 
expensive  material  and  the  known  processes 
are  not  economically  viable  because  they  have 
not  shown  how  the  hydrogen  fluoride  may  be 
recovered  and  recycled. 

Many  carbonaceous  materials,  such  as  coal, 
oil,  tar  sands  and  oil  bearing  shales  contain  a 
valuable  high  energy  component,  i.e.,  the  car- 
bonaceous  material,  incorporated  with  either 
chemically  or  physically  bound  substances 
which  are  not  desirable  because  they  are 
merely  ash  substances  or  create  pollution 
problems.  Such  undesirable  substances  are 
substantially  silicon,  aluminium  and  sulphur 
compounds.  These  components  make  up  the 
major  unwanted  matter  in  coal  and  other 
carbonaceous  fuels. 

Many  coals  contain  ash  contents  up  to  3096 
or  even  in  excess  of  that  figure.  It  is  thus 
desirable  that  these  coals  have  their  ash 
contents  reduced  to  amounts  which  are  more 
acceptable  to  the  fuel  burning  consumer.  Low 
ash  coals  and  other  fuels,  i.e.  with  ash  contents 
below  1 %,  are  very  rare  and  very  hard  to  obtain 
by  conventional  methods.  However,  these  fuels 
are  becoming  more  in  demand  due  to  the  need 
to  be  able  to  burn  them  directly  as  a  pulverised 
coal  in  situations  such  as  diesel  engines  and 
other  critical  fuel  burning  apparatus.  The 
conventional  methods  of  cleaning  coal  such  as 
washing  are  generally  not  satisfactory  to  reduce 
the  ash  content  to  the  low  levels  required  for 
the  vast  majority  of  coal  that  is  available. 

Elements  which  are  unreactive  with  HF  under 
certain  conditions  may  be  recovered,  using  the 
process  of  the  invention,  from  reactive  asso- 
ciated  components  such  as  silicon,  aluminium, 
sodium  or  other  mineral  matters. 

It  is  thus  an  object  of  this  invention  to 
ameliorate  the  abovementioned  disadvantages. 

In  one  broad  form  the  invention  provides  a 
process  for  separating  compounds  or  elements 
which  do  not  react  with  hydrogen  fluoride  from 
elements  or  compounds  which  do  react  with 

hydrogen  fluoride,  and  recovery  for  reuse  of 
substantial  amounts  of  the  hydrogen  fluoride, 
said  process  comprising:  (a)  reacting  feed 
material  with  hydrogen  fluoride;  (b)  separating 
the  resultant  product  into  a  gaseous  stream  and 
a  solids  or  liquid  stream,  characterised  in  that 
(c)  the  gaseous  stream  is  contacted  with  water 
at  a  temperature  and  pressure  sufficient  to 
reverse  the  original  reaction  to  regenerate 
hydrogen  fluoride  gas  and  (d)  separating  the 
hydrogen  fluoride  gas  from  the  solids  and  liquid 
thus  formed;  and  (e)  treating  the  solids-liquid 
stream  from  the  initial  reaction  (a)  by  dis- 
solving  in  aqueous  hydrogen  fluoride  solution 
their  compounds  and/or  elements  that  will 
dissolve  in  said  solution  and  (f)  separating  out 
those  that  will  not  dissolve,  (g)  washing  the 
undissolved  solids  to  remove  hydrogen  fluoride 
solution  and  soluble  fluorides  from  said  solids 
and  (h)  recovering  said  solution  of  fluorides  for 
reuse;  (i)  treating  the  liquid  stream  containing 
soluble  fluorides  from  step  (e)  at  a  temperature 
and  pressure  to  drive  off  the  hydrogen  fluoride 
as  a  gas  to  be  recycled  following  condensation. 

In  a  further  broad  form  the  invention  provides 
a  process  for  substantially  removing  silica  and 
sulphur  from  coal  comprising  the  steps  of  con- 
tacting  coal  with  hydrogen  fluoride  gas  for  a 
time  sufficient  to  convert  substantially  all  of  the 
silica,  alumina  and  sulphur  components  to 
fluoride  compounds,  at  a  temperature  from  0  to 
149°C,  separating  the  gaseous  components 
from  the  coal  solids,  collecting  the  coal  solids; 
contacting  the  separated  gaseous  component 
with  water  at  a  temperature  in  the  range  104  to 
127°C  and  a  pressure  in  the  range  515  to  791 
kPa,  to  precipitate  sulphur  and  sulphur 
compounds  from  the  gas,  passing  the  remaining 
gas  through  a  heater  to  raise  the  temperature  of 
the  gas  to  a  sufficient  temperature  before  con- 
tacting  the  gas  for  a  second  time  with  water  to 
precipitate  silica  from  the  gas  and  convert  the 
fluorine  to  gaseous  hydrogen  fluoride  for 
recycling. 

The  invention  will  now  be  described  by  way 
of  example  only  with  reference  to  the  accom- 
panying  drawing,  which  is  a  flow  sheet  diagram 
of  the  process  of  the  invention  with  particular 
reference  to  coal  in  accordance  with  the  pre- 
ferred  form  of  the  invention. 

The  invention  is  to  be  described  by  its  appli- 
cation  to  fine  dried  coal,  however,  it  will  be 
obvious  that  normal  experimental  procedure 
will  establish  the  variables  to  be  used  with 
regard  to  feeding  other  materials  to  be 
processed  instead  of  coal. 

Dry  fine  coal,  preferably  less  than  74 pm  and 
less  than  1%  moisture,  is  fed  by  means  of  a 
vacuum  lock  11  feeder  into  the  coal  feed  bin  10 
from  where  it  is  metered  into  a  primary  reactor 
12.  The  primary  reactor  12  may  be  a  rotary  ball 
mill  to  further  grind  the  coal  to  finer  particles 



whilst  the  reaction  is  being  carried  out.  Also 
introduced  into  the  primary  reactor  12  is 
gaseous  HF  40  which  is  mixed  with  the  coal  at 
a  temperature  range  from  0  to  149°C.  The 
reactor  12  and  obviously  the  other  com- 
ponents  in  the  system  must  be  constructed  of  a 
material  resistant  to  HF.  Very  few  materials  are 
suitable.  Iron  is  suitable  as  long  as  the  HF  is 
concentrated,  however  it  is  attacked  by  dilute 
aqueous  HF. 

The  reaction  which  takes  place  in  the  reactor 
12  is  allowed  to  continue  for  a  sufficient  time 
according  to  the  nature  of  the  feed  component 
before  being  passed  into  a  separator  13.  The 
separator  13  produces  initially  two  and  in  a 
more  advanced  form,  three  streams.  The  two 
main  streams  are  a  solid  stream  42  and  a  gas 
stream  74. 

The  solid  stream  comprises  coal,  any 
unreacted  ash,  fluorides  of  aluminium,  copper, 
magnesium,  manganese,  titanium,  potassium, 
sodium  and  iron.  Some  low  density  gases  such 
as  included  HF,  and  water  and  some  of  the 
higher  density  gases  which  are  produced  by  the 
reaction  such  as  fluorides  of  silicon  and  sulphur 
will  obviously  also  be  included  with  the  solids 
stream  42,  either  absorbed  onto  the  surface  or 
in  the  pores  of  the  reacted  solids. 

The  nature  of  the  reaction  basically  relies  on 
the  known  reaction  of  HF  with  various  reactive 
solids  to  produce  the  fluorides  thereof.  The 
gaseous  stream  from  the  separator  13  is  pre- 
ferably  passed  through  a  filter  to  remove 
entrained  solids  and  is  divided  into  two  streams 
41  and  74,  one  of  lighter  gases  41  and  one  of 
the  heavier  gases  74.  The  reaction  in  the 
reactor  12  produces  gaseous  fluorides  at  a  tem- 
perature,  from  0  to  149°C. 

With  coal  the  main  fluorides  formed  in  the 
gaseous  state  are  silicon  fluorides  and  sulphur 
fluorides.  Some  gaseous  arsenic  fluorides  may 
also  be  formed. 

It  is  preferable  to  form  silicon  tetrafluoride 
and  sulphur  tetrafluoride  in  the  gaseous  form. 
The  gaseous  stream  from  the  reactor  13  as 
mentioned  above  is  divided  into  a  light  stream 
41  and  a  heavy  stream  74,  the  light  stream 
comprising  substantially  hydrogen  fluoride  gas 
which  is  the  excess  gas  from  the  reaction  and 
any  water  vapour  in  the  gaseous  form.  The 
gaseous  stream  74  of  heavier  gases  i.e.  the 
silicon  and  sulphur  fluoride  gases  leaving  the 
separator  13  is  heated  and  compressed  in  a 
compressor  14  to  a  temperature  of  from  104°C 
to  127°C  at  a  pressure  from  515  to  791  kPa 
and  is  then  contacted  following  this  com- 
pression  with  liquid  water  (15A)  at  similar  tem- 
perature  and  pressure  in  a  contacting  vessel  15. 

In  the  water-contacting  vessel  15  the 
fluorides  of  sulphur  react  to  form  non-gaseous 
sulphur  crystals  or  sulphur  compounds.  The 
reduction  of  the  sulphur  from  its  fluoride  form 
forms  hydrogen  fluoride  gas  which  is  basically 
the  reverse  of  the  reaction  from  the  formation  of 
the  sulphur  fluorides  back  in  the  reactor  12. 

Thus,  a  certain  amount  of  the  HF  gas  has  been 
regenerated  at  this  point.  At  this  temperature 
and  pressure  the  hydrogen  fluoride  solubility  in 
water  is  low. 

The  liquor  from  the  contacting  vessel  15  is 
withdrawn  from  the  bottom  thereof  and  treated 
to  remove  63  the  sulphur-bearing  compounds 
by  way  of  say  filtration  16  and  the  spent  liquor 
is  recycled  62  back  to  the  vessel  15.  The 
sulphur  compounds  are  thus  removed  63  from 
the  system.  The  gaseous  stream  then  leaves  the 
vessel  15  containing  substantially  silicon  tetra- 
fluoride,  water  and  hydrogen  fluoride  gas,  the 
water  being  in  the  gaseous  form.  Partial 
separation  of  these  components  is  achieved  in  a 
density  separator  17  with  HF(g)  and  H20(g)  being 
extracted  58.  The  remaining  gaseous  stream 
from  separator  17  containing  silicon  fluorides 
and  gaseous  water  is  heated  to  a  temperature 
from  427  to  482°C  at  a  pressure  from  515  to 
791  kPa  in  a  vessel  18.  Furthermore,  in  vessel 
19  the  gas  is  contacted  with  liquid  water  (19A) 
at  a  temperature  from  104°C  to  127°C  and 
515  to  791  kPa  in  vessel  19.  The  silicon  tetra- 
fluoride  is  reduced  in  this  vessel  19  to  silicone 
dioxide  (silica)  and  the  HF  gas  is  thus  regener- 
ated  and  removed  59  for  recycle.  The  liquor 
from  contacting  vessel  19  is  withdrawn  from 
the  vessel,  filtered  20  or  passed  through  any 
other  liquid  separation  means  and  the  silica 
crystals  and  other  solids  are  removed  60.  The 
spent  liquor  61  from  the  solid  liquid  separator 
20  is  returned  to  the  vessel  19. 

As  the  process  proceeds  the  aqueous  liquor 
which  passes  through  vessels  15  and  19 
become  saturated  with  trace  compounds  which 
are  being  carried  over  in  the  gas  stream  from 
the  separator  13.  These  trace  compounds  are 
removed  from  the  process  by  bleeding  liquor 
(not  shown)  from  the  two  loops.  The  solids 
stream  42  from  the  separator  13  is  countercur- 
rently  purged  44-4.3  with  gaseous  HF  in  vessel 
21.  This  prevents  the  carrying  over  of  any  other 
gases  in  the  stream  as  it  passes  for  further  pro- 
cessing  of  the  solids  material.  The  solids  from 
vessel  21  are  fed  into  a  secondary  reactor  22.  In 
the  secondary  reactor  22  the  solids  are  mixed 
with  aqueous  HF  solution  46  which  is  pre- 
ferably  maintained  at  around  20  to  30  mass 
percent  HF  concentration.  In  the  reactor  22  the 
solid  fluorides  of  aluminium  are  dissolved  and 
any  unreacted  alumina  from  the  primary  reactor 
12  is  also  dissolved.  Virtually  all  other  coal  ash 
derived  solids  from  the  primary  reactor  12  are 
also  dissolved,  the  coal  remains  undissolved 
and  untouched  by  the  HF.  The  mixed  liquid-solid 
stream  from  the  secondary  reactor  22  is  thus 
drawn  off  and  fed  to  a  solid-liquids  separator  23 
such  as  a  settling  tank.  In  the  separator  23  the 
solids  are  removed  from  the  liquor.  The  liquor 
from  the  separator  23  is  then  passed  through  a 
heater  24  which  raises  a  stream  temperature 
and  pressure  to  from  104°C  to  127°C  and  from 
515  to  791  kPa,  thereby  reducing  the  solubility 
of  the  HF  gas  and  hence  the  solubility  of 



fluorides  of  aluminium  causing  them  to  crystal- 
lise.  The  remaining  stream  is  then  fed  to  a 
solids-liquid  separator  25  where  the  solids  are 
separated  from  the  liquid-gas  stream.  The  solid 
stream  from  the  settler  25  is  washed  with 
water  80  in  washer  26  to  remove,  in  stream  70, 
traces  of  HF  and  water  soluble  fluorides.  The 
solids  are  then  heated  in  heater  27  to  a  tem- 
perature  from  1204°C  to  1316°C  at  which 
temperature  the  fluorides  of  aluminium 
vaporise.  These  vapours  are  drawn  off  72  from 
the  heater  27  and  condensed  to  form  solid  alu- 
minium  fluoride  69  in  condenser  28.  Residual 
excess  gas  is  removed  through  line  68.  The 
residue  in  heater  27  is  cooled  to  solids  71 
which  are  predominantly  oxides  and/or  fluorides 
of  magnesium,  manganese,  calcium  and  alu- 
minium.  The  liquor-gas  stream  from  settler  25 
contains  dissolved  fluorides  of  titanium, 
potassium  and  sodium.  This  stream  is  split  in 
gas-liquid  separator  29  with  the  bled  liquid 
stream  fed  to  evaporator  30,  in  which  the  dis- 
solved  solids  are  concentrated  and  then  fed  to 
heater  31  at  260  to  371  °C.  Steam  generated  in 
the  evaporator  30  is  passed  to  the  atmosphere 
through  line  64. 

In  heater  31  the  fluorides  of  titanium 
vaporise.  These  vapours  are  drawn  off  from  the 
heater  31  and  condensed  to  solid  titanium 
fluoride  67  in  condenser  32.  Residual  excess  is 
removed  through  line  65. 

The  residue  in  heater  31  is  removed  66  and 
cooled  to  solids,  predominantly  fluorides  of 
potassium  and  sodium. 

Solids  from  settler  23  are  predominantly  coal 
with  traces  of  iron  which  are  wet  with  aqueous 
HF  solution.  The  total  non-gaseous  stream  from 
settler  23  is  washed  in  water  47  in  washer  33 
followed  by  washing  with  diluted  ammonia 
solution  48  in  washer  34.  The  solids  are  sepa- 
rated  from  the  bulk  of  the  liquors  which  is 
removed  through  line  51.  Similarly,  excess 
liquor  is  removed  from  the  solids  in  washer  33 
via  line  50.  The  stream  is  then  passed  to  vessel 
35  where  it  is  again  washed  in  water  49.  The 
ammonia  wash  34  dissolves  residual  hydrogen 
fluoride  and  fluorides  from  the  coal.  The  wash 
water  liquor  is  preferably  conducted  in  a 
countercurrent  manner  with  regard  to  vessels 
33  and  35  thus  it  is  recycled  47  from  vessel  35 
to  vessel  33. 

The  washed  coal  is  then  dried  by  hot  air  52 
in  dryer  36  and  fed  to  separator  37  for  removal 
of  iron  56  by  density  separation.  Coal  in  its 
clean  state  is  then  removed  via  line  57. 

The  main  stream  73  from  the  splitter  29  is 
cooled  in  heat  exchanger  38  to  redissolve  the 
hydrogen  fluoride  vapours  in  water.  This 
regenerates  aqueous  HF  solution  for  recycle  45 
back  in  the  secondary  reactor  22. 

Hydrogen  fluoride  and  water  gas  mixtures 
from  stages  13,  17,  19, 28  and  32  are  thus 
recycled  as  feed  to  stages  12  and  21.  Dilute 
hydrogen  fluoride  from  stages  26  and  33  is 
concentrated  by  distillation  for  reuse  in  stage 

22.  Hydrogen  fluoride  vapour  in  the  air  stream 
from  dryer  36  is  removed  by  scrubbing  with 
aqueous  lime  in  tower  39.  The  aqueous  line  is 
fed  to  tower  39  via  line  54  and  the  resultant 
solution  is  removed  via  line  55.  Residual  excess 
gas  is  removed  via  line  53. 

The  above  preferred  embodiment  has 
described  the  process  for  utilising  hydrogen 
fluoride  for  the  extraction  of  coal  from  its 
unwanted  ash  and  other  pollutant-type 
materials.  Using  the  above  method  it  is  pos- 
sible  to  obtain  ash  contents  of  less  0.1%.  Of 
course  the  degree  of  ash  remaining  is  deter- 
mined  on  a  number  of  factors,  the  main  ones  of 
which  are  the  degree  of  reaction  of  the  initial 
reactor  and  the  efficiency  of  the  separation 
stages  and  the  second  reaction  stage.  Whilst  it 
is  preferred  to  use  fine  powdered  coal,  experi- 
ments  conducted  using  lump  coal  material  of 
the  fine  powdered  coal  have  proven  to  be  about 
equally  as  effective.  The  hydrogen  fluoride 
effectively  reacts  with  the  included  ash  in  the 
coal  to  leave  a  honey-combed  clean  cool 
structure. 

The  above  process  can  also  be  used  to 
recover  oil  from  tar  sands  and  shale  oil  deposits. 
By  feeding  tar  sands  or  ground  shale  containing 
shale  oil  into  the  primary  reactor  12  basically 
the  same  reactions  occur  as  with  coal.  The  "oil" 
may  thus  be  extracted  along  the  path  of  the 
coal  solids  with  minor  variations  to  the  detailed 
parts  of  the  process  in  an  oil  form.  In  all  of  the 
above  processes  the  amount  of  HF  which  is 
required  of  fresh  make  up  to  the  system  after 
allowing  for  recycle,  will  also  depend  upon  how 
the  various  fractions  of  the  by-products  are 
removed  from  the  process  for  example  it  may 
be  very  desirable  to  remove  magnesium  and 
aluminium  in  a  fluoride  form.  Particularly,  alu- 
minium  fluoride  which  is  a  valuable  by-product 
as  it  is  an  intermediate  material  in  the  alumina 
process,  thus,  its  value  in  the  aluminium 
fluoride  form  may  well  exceed  its  value  in 
returning  to  an  alumina  form  and  recovering  the 
fluorine  for  reconstitution  to  HF. 

The  process  may  furthermore  be  used  for  the 
extraction  of  metal  values  from  ore  deposits 
which  comprise  substantial  amounts  of  silica 
and/or  iron  oxide  and/or  magnesium  oxides.  As 
there  are  many  low  grade  mineral  deposits 
which  contain  large  amounts  of  valuable  metals 
in  low  concentrations  suitable  economic 
recovery  methods  at  present  are  not  available. 

The  majority  of  mineral  processing  methods 
require  the  use  of  large  quantities  of  water  for 
treating  the  minerals.  This  obviously  is  a 
problem  in  dry  areas  of  the  world  where  water 
is  in  very  short  supply,  thus  low  grade  ores  as 
they  are  too  expensive  to  transport  in  their 
unconcentrated  state  cannot  be  processed  at 
the  mine  site  and  are  thus  not  presently  of  any 
real  value.  Furthermore,  large  water  use 
requires  large  energy  use  which  further  reduces 
the  viability  of  any  recovery  metals  from  low 
grade  deposits. 



Mined  ore  usually  contains  as  major  con- 
stituent  silica  which  may  in  its  various  forms 
make  up  to  90%  or  more  of  the  ore.  If  silica  is 
not  the  major  component  then  iron  oxide  is 
often  a  major  component.  Iron  oxide  is  usually 
present  with  silica  in  most  deposits.  Therefore, 
to  concentrate  the  valuable  minerals  contained 
in  up  to  10%  of  the  ore  it  is  essential  to 
separate  these  minerals  from  silica  and  iron 
oxide. 

The  above  prescribed  process  for  treatment 
of  coal  is  thus  applicable  to  silica,  magnesium, 
iron-type  ores.  The  ore  which  has  been  mined 
aground  to  an  acceptable  size  is  fed  into  the 
process  in  the  same  manner as  is  the  coal.  The 
hydrogen  fluoride  in  the  reactor  12  converts 
silica,  sulphur  and  arsenic  compounds  to 
gaseous  fluoride  compounds.  These  gases  are 
removed  from  the  reactor  after  passing  through 
separator  13.  The  gases  may  be  treated  in  iden- 
tical  manner  to  the  treatment  of  gases  in  the 
above  described  process  for  coal.  The  solid 
products  from  the  separator  13  are  removed 
and  passed  to  a  solids  separation  device  22 
which  may  separate  the  solids  of  a  specific 
gravity  basis.  Most  of  these  solids  are  metal 
fluorides  and  include  those  metals  which 
comprise  nearly  all  of  the  valuable  metals  likely 
to  be  included  in  the  ore,  such  as  chromium, 
titanium,  cobalt,  silver,  nickel,  tin,  lead,  copper, 
gold  and  other  rare  metals.  Some  metals  may 
require  catalytic  or  temperature  variations  in  the 
reactor  to  cause  conversion  to  fluoride  form. 
These  variables  are  obviously  a.  matter  par- 
ticular  to  the  type  of  metal  which  is  to  be 
extracted  or  converted  to  fluoride.  It  is  possible 
to  selectively  reclaim  metal  fluorides  formed 
because  they  nearly  all  have  significantly  dif- 
ferent  solubilities.  Thus  separation  by  contact 
with  water  in  some  cases  temperature  and 
pressure  variations  will  cause  precipitation  of 
certain  metal  fluorides  and  thus  recovery  of 
same  following  concentration  by  carrying  out 
the  reverse  step  of  the  reaction  which  formed 
the  metal  fluoride,  the  metals  can  be  reclaimed 
in  their  concentrated  form. 

It  is  to  be  noted  that  iron  oxides  do  not  react 
with  concentrated  hydrogen  fluoride  in  the  acid 
form  or  gaseous  form,  however,  they  do  react 
with  dilute  hydrogen  fluoride  in  liquid  form, 
therefore  if  contact  of  the  iron  oxides  is  only 
with  the  gaseous  hydrogen  fluoride  then  no 
reaction  takes  place  with  the  iron  and  these  iron 
oxides  may  be  cleaned  free  of  all  other  elements 
that  have  reacted  with  the  HF  gas,  which  means 
that  they  can  then  be  passed  for  use  as  a  raw 
material  for  steel  production  or  just  simply 
removed  from  the  valuable  metal. 

It  is  to  be  noted  that  in  the  above  process 
there  is  substantial  recycle  of  HF  and  valuable 
by-products  are  also  produced,  thus  allowing 
the  viability  of  the  process  to  be  proven. 

1.  A  process  for  separating  compounds  or 
elements  which  do  not  react  with  hydrogen 
fluoride  from  elements  or  compounds  which  do 
react  with  hydrogen  fluoride,  and  recovery  for 
reuse  of  substantial  amounts  of  the  hydrogen 
fluoride,  said  process  comprising:  (a)  reacting 
feed  material  with  hydrogen  fluoride;  (b)  sepa- 
rating  the  resultant  product  into  a  gaseous 
stream  and  a  solids  or  liquid  stream,  charac- 
terized  in  that  (c)  the  gaseous  stream  is  con- 
tacted  with  water  at  a  temperature  and 
pressure  sufficient  to  reverse  the  original 
reaction  to  regenerate  hydrogen  fluoride  gas 
and  (d)  separating  the  hydrogen  fluoride  gas 
from  the  solids  and  liquid  thus  formed;  and  (e) 
treating  the  solids-liquid  stream  from  the  initial 
reaction  (a)  by  dissolving  in  aqueous  hydrogen 
fluoride  solution  their  compounds  and/or 
elements  that  will  dissolve  in  said  solution  and 
(f)  separating  out  those  that  will  not  dissolve, 
(g)  washing  the  undissolved  solids  to  remove 
hydrogen  fluoride  solution  and  soluble  fluorides 
from  said  solids  and  (h)  recovering  said  solution 
of  fluorides  for  reuse;  (i)  treating  the  liquid 
stream  containing  soluble  fluorides  from  step 
(e)  at  a  temperature  and  pressure  to  drive  off 
the  hydrogen  fluorides  as  a  gas  to  be  recycled 
following  condensation. 

2.  The  process  of  claim  1  characterized  in 
that  the  gaseous  stream  prior  to  being  fed  to 
step  (c)  is  separated  to  remove  hydrogen 
fluoride  gas  for  recycling. 

3.  A  process  for  substantially  removing  silica 
and  sulphur  from  coal  comprising  the  steps  of 
contacting  coal  with  hydrogen  fluoride  gas  for  a 
time  sufficient  to  convert  substantially  all  of  the 
silica,  alumina  and  sulphur  components  to 
fluoride  compounds,  at  a  temperature  from  0  to 
149°C,  separating  the  gaseous  components 
from  the  coal  solids,  collecting  the  coal  solids; 
contacting  the  separated  gaseous  component 
with  water  at  a  temperature  in  the  range  104  to 
127°C  and  a  pressure  in  the  range  515  to  791 
kPa  (60  to  100  psig)  to  precipitate  sulphur 
and  sulphur  compounds  from  the  gas,  passing 
the  remaining  gas  through  a  heater  to  raise 
the  temperature  of  the  gas  to  a  sufficient  tem- 
perature  before  contacting  the  gas  for  a  second 
time  with  water  to  precipitate  silica  from  the 
gas  and  convert  the  fluorine  to  gaseous 
hydrogen  fluoride  for  recycling. 

4.  The  process  of  claim  3  characterized  in 
that  the  step  of  contacting  the  gaseous  stream 
with  water  to  precipitate  out  sulphur  and  its 
compounds  is  carried  out  at  about  115°C 
(240°F)  and  about  650  kPa  (80  psig). 

5.  The  process  of  claim  3,  characterized  in 
that  the  solids  stream  from  said  solids-gas 
separation  step  is  washed  in  aqueous  HF 
solution,  to  dissolve  substances  soluble  in 



aqueous  HF,  passed  through  a  solids-liquid 
separator,  recovering  the  solids,  washing  the 
solids  to  remove  soluble  fluorides  including 
hydrogen  fluoride;  recovering  the  coal  solids; 
treating  the  liquid  stream  from  the  solids-liquid 
separator  b y -  

(i)  heating  the  stream  to  about  105°C  to 
125°C  (220  to  260°F)  at  a  pressure  from  515 
to  791  kPa  (60  to  100  psig)  to  induce  crystal- 
lization  of  fluorides  of  aluminium; 

(ii)  separating  the  crystallized  solids  from  the 
liquid-gas  stream; 

(iii)  separating  the  gas  phase  from  the  liquid 
phase,  said  gas  phase  being  condensed  and 
recycled  to  the  aqueous  HF  solution  supply;  and 

the  liquid  phase  being  removed. 

1.  Verfahren  zum  Abtrennen  von  nicht  mit 
Fluorwasserstoff  umsetzbaren  Verbindungen 
oder  Elementen  von  mit  Fluorwasserstoff 
umsetzbaren  Elementen  oder  Verbindungen 
und  zum  Rückgewinnen  beträchtlicher  Mengen 
des  Fluorwasserstoffs  zur  Wiederverwendung, 
wobei  (a)  ein  Ausgangsgut  mit  Fluorwasser- 
stoff  umgesetzt  und  (b)  das  dabei  erhaltene 
Produkt  in  einen  Gasstrom  und  einen  Feststoff- 
oder  Flüssigkeitsstrom  getrennt  wird,  dadurch 
gekennzeichnet,  daß  (c)  der  Gasstrom  mit  Was- 
ser  bei  einer  Temperatur  und  einem  Druck  in 
Berührung  gebracht  wird,  die  genügen,  um 
durch  eine  Umkehr  der  ursprünglichen  Reaktion 
Fluorwasserstoff  durch  Regenerierung  zurück- 
zugewinnen,  (d)  das  Fluorwasserstoffgas  von 
dem  auf  diese  Weise  gebildeten  Feststoff  und 
der  auf  diese  Weise  gebildeten  Flüssigkeit 
abgetrennt  wird,  (e)  der  bei  der  ersten  Reaktion 
(a)  erhaltene  Feststoff-  Flüssigkeitsstrom  derart 
behandelt  wird,  daß  in  einer  wäßrigen  Fluor- 
wasserstofflösung  die  in  dieser  löslichen  Ver- 
bindungen  und/oder  Elemente  des  Feststoff- 
Flüssigkeitsstroms  aufgelöst  werden,  (f)  die 
nicht  löslichen  Verbindungen  und/oder 
Elemente  abgetrennt  werden  (g)  die  nicht 
gelösten  Feststoffe  gewaschen  werden,  um 
Fluorwasserstofflösung  und  lösliche  Fluoride 
von  dem  Feststoff  zu  entfernen,  und  (h)  die 
genannte  Lösung  von  Fluoriden  zurück- 
gewonnen  wird,  (i)  der  im  Schritt  (e)  erhaltene, 
lösliche  Fluoride  enthaltende  Flüssigkeitsstrom 
bei  einer  solchen  Temperatur  und  einem 
solchen  Druck  behandelt  wird,  daß  der  Fluor- 
wasserstoff  als  ein  Gas  abgetrieben  wird,  das 
nach  seiner  Kondensation  zurückgeführt  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  der  Fluorwasserstoff  aus 
dem  Gasstrom  vor  dessen  Zuführung  zum 
Schritt  (c)  abgetrennt  und  zurückgeführt  wird. 

3.  Verfahren  zum  im  wesentlichen  voll- 
ständigen  Entfernen  von  Siliciumdioxid  und 
Schwefel  aus  Kohle,  dadurch  gekennzeichnet, 
daß  Kohle  bei  einer  Temperatur  von  0  bis 
149°C  so  lange  mit  Fluorwasserstoffgas  in 
Berührung  gebracht  wird,  daß  der  Gehalt  an 

Siliciumdioxid,  Aluminiumoxid  und  Schwefel  im 
wesentlichen  vollständig  in  Fluoride  umge- 
wandelt  wird,  daß  die  gasförmigen  Bestand- 
teile  von  den  Kohlefeststoffen  abgetrennt 
werden,  daß  die  Kohlefeststoffe  gesammelt 
werden,  daß  die  abgetrennten  gasförmigen 
Bestandteile  bei  einer  Temperatur  im  Bereich 
von  104  bis  127°C  und  einem  Druck  im  Bereich 
von  515  bis  791  kPa  mit  Wasser  behandelt 
werden,  um  Schwefel  und  Schwefelver- 
bindungen  von  dem  Gas  zu  entfernen,  daß  das 
verbleibende  Gas  durch  eine  Heizeinrichtung 
geführt  wird,  um  das  Gas  auf  eine  genügend 
hohe  Temperatur  zu  erhitzen,  bevor  es  zum 
zweiten  Mal  mit  Wasser  in  Berührung  gebracht 
wird,  um  Siliciumdioxid  aus  dem  Gas  auszu- 
fällen  und  das  Fluor  in  gasförmigen  Fluor- 
wasserstoff  zu  verwandeln,  der  zurückgeführt 
wird. 

4.  Verfahren  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daß  zum  Ausfällen  von 
Schwefel  und  seinen  Verbindungen  der  Gas- 
strom  bei  etwa  115°C  und  650  kPa  mit  Wasser 
in  Berührung  gebracht  wird. 

5.  Verfahren  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daß  der  bei  der  Feststoff-Gas- 
Trennung  anfallende  Feststoffstrom  in  einer 
wäßrigen  HF-Lösung  gewaschen  wird,  um  in 
wäßrigem  HF  lösliche  Substanzen  herauszu- 
lösen,  und  dann  durch  einen  Fest-Flüssig- 
Scheider  geführt  wird,  worauf  die  Feststoffe 
gewonnen  und  dann  gewaschen  werden,  um 
lösliche  Fluoride,  einschließlich  von  Fluor- 
wasserstoff,  zu  entfernen,  worauf  die  Kohle- 
feststoffe  zurückgewonnen  und  der  in  dem 
Fest-Flüssig-Scheider  anfallende  Flüssigkeits- 
strom  folgenden  Behandlungen  unterworfen 
wird: 

(i)  Zum  Kristallisieren  von  Aluminiumfluorid 
wird  der  Strom  unter  einem  Druck  von  515  bis 
791  kPa  auf  etwa  105  bis  125°C  erhitzt; 

(ii)  der  kristalline  Feststoff  wird  von  dem 
Flüssigkeits-Gas-Strom  entfernt; 

(iii)  die  Gasphase  wird  von  der  flüssigen 
Phase  getrennt  und  nach  ihrer  Kondensation  zu 
dem  Vorrat  an  wäßriger  HF-Lösung  zurück- 
geführt,  und  die  flüssige  Phase  wird  beseitigt. 

1.  Procédé  de  séparation  de  composés  ou 
éléments  ne  réagissant  pas  avec  l'acide  fluor- 
hydrique  à  partir  de  composés  ou  éléments  qui 
réagissent  avec  l'acide  fluorhydrique  et  de 
récupération  afin  de  réutiliser  des  quantités 
importantes  d'acide  fluorhydrique,  ledit  procédé 
comprenant  les  étapes  suivantes: 

a)  on  fait  réagir  le  matériau  de  départ  avec 
l'acide  fluorhydrique; 

b)  on  sépare  le  produit  résultant  dans  un  flux 
gazeux,  un  courant  de  solids  ou  flux  liquide, 
caractérisé  par  le  fait  que 

c)  on  met  en  contact  le  flux  gazeux  avec  de 
l'eau,  à  une  température  et  une  pression  suf- 



fisantes  pour  inverser  la  réaction  initiale  afin 
de  régénérer  l'acide  fluorhydrique  gazeux  et 

d)  on  sépare  l'acide  fluorhydrique  gazeux  des 
solides  et  du  liquide  ainsi  formés  et 

e)  on  traite  le  courant  liquide-solids  provenant 
de  la  réaction  initiale  (A)  en  faisant  dis- 
soudre  dans  une  solution  aqueuse  d'acide 
fluorhydrique,  leurs  constituants  et/ou  les 
éléments  qui  se  dissolvent  dans  ladite 
solution  et 

f)  on  sépare  ceux  qui  ne  se  dissolvent  pas, 
g)  on  lave  les  solides  non  dissous  pour  enlever 

la  solution  d'acide  fluorhydrique  et  les 
fluorures  solubles  desdits  solides,  et 

h)  on  récupère  ladite  solution  de  fluorures  pour 
les  réutiliser, 

i)  on  traite  le  flux  liquid  contenant  les  fluorures 
solubles,  provenant  de  l'étape  (E)  à  une  tem- 
pérature  et  une  pression  permettant 
d'enlever  l'acide  fluorhydrique  sous  forme 
gazeuse  pour  le  recycler  après  condensation. 

2.  Procédé  selon  la  revendication  1,  carac- 
térisé  par  le  fait  que  l'on  sépare  le  flux  gazeux 
avant  de  lui  faire  subir  l'étape  C,  afin  de  séparer 
l'acide  fluorhydrique  et  le  recycler. 

3.  Procédé  pour  séparer  notamment  la  silice 
et  les  sulfures,  du  charbon  comprenant  les 
étapes  suivantes: 

o n   met  en  contact  le  charbon  avec  de  l'acide 
fluorhydrique  gazeux  pendant  un  temps  suf- 
fisant  pour  convertir  sensiblement  toute  la 
silice,  l'alumine  et  les  composés  sulfurés  en 
composés  fluorures,  à  une  température  de  0 
à  149  degrés  C, 

-  on   sépare  les  composés  gazeux  des  parties 
solides  de  charbon, 

-  on   recueille  les  parties  solides  de  charbon, 
- o n   met  en  contact  le  constituant  gazeux 

séparé  avec  de  l'eau  à  une  température 
comprise  dans  l'intervalle  de  104  à  127 

degrés  C  et  à  une  pression  comprise  dans 
l'intervalle  de  515  à  791  kPa  (60  à  100 
PsiG)  pour  précipiter  le  soufre  et  les 
composés  sulfurés  des  gaz, 

-  on   fait  passer  le  gaz  restant  dans  un  dis- 
positif  de  chauffage  pour  élever  la  tem- 
pérature  du  gaz  à  une  température  suf- 
fisante  avant  de  mettre  en  contact  le  gaz 
pour  une  seconde  période,  avec  de  l'eau,  afin 
de  précipiter  la  silice  à  partir  du  gaz  et  con- 
vertir  le  fluor  en  acide  fluorhydrique  gazeux 
pour  être  recyclé. 

4.  Procédé  selon  la  revendication  3,  carac- 
térisé  par  le  fait  qu  l'étape  de  mise  en  contact 
du  flux  gazeux  avec  l'eau  afin  de  précipiter  le 
soufre  et  ses  composés,  est  effectuée  à  environ 
115  degrés  C.  (240  degrés  F)  et  à  environ  650 
kPa  (80  Psig). 

5.  Procédé  selon  la  revendication  3,  carac- 
térisé  par  le  fait  qu'on  lave  le  courant  de  solids 
provenant  de  l'étape  de  séparation  desdits 
solides  et  des  gaz,  dans  une  solution  aqueuse 
de  HF  afin  de  dissoudre  les  substances  solubles 
dans  le  HF  aqueux,  on  le  fait  traverser  un  sépa- 
rateur  solides-liquide,  on  récupère  les  solides, 
on  lave  les  solides  pour  enlever  les  fluorures 
solubles,  y  compris  l'acide  fluorhydrique,  on 
récupère  les  parties  solides  de  charbon,  on 
traite  le  flux  liquide  provenant  du  séparateur 
solides-liquide  en  effectuant 

I)  le  chauffage  du  flux  à  environ  105  degrés  C 
à  125  degrés  C  (220  degrés  F  à  260  degrés  F), 
à  une  pression  de  515  à  791  kPa  (60  à  100 
Psig)  pour  induire  la  cristallisation  des  fluorures 
d'aluminium 

II)  la  séparation  des  solides  cristallisés  du  flux 
liquide-gaz 

III)  la  séparation  de  la  phase  gazeuse  de  la 
phase  liquide,  ladite  phase  gazeuse  étant  con- 
densée  et  recyclée  à  l'amenée  de  la  solution 
aqueuse  de  HF  et  la  phase  liquide  étant  enlevée. 
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