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Description 

Field  of  Invention 

The  present  invention  relates  to  storing 
isocyanic  acid  (HNCO)  on  a  substrate  in  stable 
form  at  or  above  ambient  temperature.  Isocyanic 
acid  can  then  be  delivered  for  use  as  a  reactant 
without  intermediate  steps  simply  by  heating  the 
substrate  to  the  release  temperature. 

Background  of  the  Invention 

Recent  emphasis  on  ecological  concerns  in  the 
environment  has  spawned  many  efforts  to  solve  the 
world's  air  pollution  problems.  Two  major  concerns 
worth  noting  are  acid  rain  and  photochemical 
smog.  While  many  compounds  contribute  to  these 
problems,  NOx  plays  an  important  role,  imposing  a 
significant  threat  to  the  environment  and  human 
health. 

NOx  is  a  family  of  compounds  of  nitrogen  and 
oxygen,  primarily,  NO  and  NO2.  NOx  comes  from  a 
variety  of  sources,  most  notably  cars,  trucks  and 
industrial  plants.  Specifically,  NOx  is  produced  by 
high  temperature  combustion  systems,  metal 
cleaning  processes,  and  the  production  of  fertiliz- 
ers,  explosives,  nitric  acid,  and  sulfuric  acid.  In 
many  urban  environments,  automobiles  and  diesel 
engine  trucks  are  the  major  sources  of  NOx. 

NO  is  the  stable  oxide  of  nitrogen  at  combus- 
tion  temperatures.  Hence,  it  is  more  abundantly 
produced  than  NO2.  However,  at  atmospheric  con- 
ditions,  the  equilibrium  between  NO  and  NO2  fa- 
vors  NO2.  Therefore,  the  effective  control  of  NOx 
concerns  both  the  control  and  removal  of  both  NO 
and  NO2  from  exhaust  gas  streams. 

Recently,  methods  of  NOx  reduction  involving 
exposure  of  a  gas  stream  containing  NOx  to  HNCO 
have  been  disclosed.  HNCO,  also  known  as 
isocyanic  acid,  is  an  unstable,  highly  reactive,  poly- 
merizable  gas  at  ordinary  temperatures  and  pres- 
sures,  and  is  a  lachrymator,  and  thus  is  hard  to 
handle  and  store.  Free  HNCO  gas  is  unstable  at 
temperatures  ranging  from  about  4  0  C  (25  0  F)to 
about  234  °C  (450  °F),  tending  to  polymerize  within 
this  range.  Free  HNCO  liquid  is  unstable  above 
25  °F  (-4°C).  Thus,  free  HNCO  must  be  stored  at 
temperatures  and  pressures  outside  its  unstable 
ranges.  As  is  known  in  the  art,  the  precise  tem- 
perature  at  which  HNCO  becomes  stable  in  the 
liquid  and  gas  phases  is  also  dependent  upon 
factors  such  as  pressure  and  concentration. 

HNCO  also  can  be  stabilized  at  ambient  tem- 
peratures  by  bonding  it  to  organic  groups  or  mol- 
ecules  (forming  an  organic  isocyanate),  or  by 
trimerizing  it  to  form  cyanuric  acid.  Cyanuric  acid 
decomposes  when  heated,  forming  HNCO.  The 

conversion  of  cyanuric  acid  to  HNCO  takes  place 
at  relatively  high  temperatures,  such  as  from  about 
346  (650)  to  about  766  •  C  (1  400  •  F). 

There  are  disadvantages  to  the  prior  art  meth- 
5  ods  for  stabilizing  HNCO.  The  high  or  low  tempera- 

tures  and  low  pressures  required  to  store  free 
HNCO  require  expensive  and  large  equipment.  The 
organic  substitutents  used  to  form  organic 
isocyanates  can  generate  extraneous  and  some- 

10  times  unacceptable  compounds  upon  decomposi- 
tion  of  the  substituted  HNCO  or  require  excessive 
decomposition  temperatures. 

Adsorption  (or,  more  broadly,  reversible  bond- 
ing)  of  an  active  material  on  a  substrate  is  widely 

15  used  in  both  liquid  and  gas  phase  treatments. 
Adsorption  is  the  ability  of  a  substance  or  substrate 
to  hold  or  concentrate  gases  or  liquids  upon  its 
surface.  Liquid-phase  applications  include  decol- 
orizing,  drying,  purification,  salt  removal,  and  odor, 

20  taste  and  color  removal.  Gas-phase  applications 
include  separations,  solvent  recovery,  dehydration 
and  odor  removal. 

Summary  Of  The  Invention 
25 

The  invention  is  an  improved  method  for  stor- 
ing  HNCO  in  more  stable  form  for  later  use,  and  for 
releasing  the  stored  HNCO  to  provide  a  source  of 
free  HNCO.  It  has  been  discovered  that  HNCO 

30  bonded  on  the  surface  of  a  substrate  (also  known 
herein  as  a  "surface  stabilized  source  of  HNCO")  is 
a  stable  composition  at  ambient  temperature  and 
pressure.  HNCO  bonded  on  a  substrate  is  defined 
herein  as  "stable"  if  the  bonded  HNCO  decom- 

35  poses  or  polymerizes  at  a  slower  rate  than  free 
HNCO  stored  at  the  same  temperature  and  pres- 
sure. 

Substrates  useful  for  storing  HNCO  include 
molecular  sieves  or  zeolites,  activated  charcoals, 

40  metallic  hydrides,  and  ion  exchange  resins.  Rel- 
evant  properties  for  substrates,  in  addition  to  sur- 
face  chemistry,  include  porosity  or  void  fraction, 
density,  and  surface  area. 

With  porous  material  such  as  zeolites,  two  of 
45  the  most  important  characteristics  are  the  pore  size 

of  the  crystal  lattice  structure  and  surface  chem- 
istry.  The  pore  or  void  or  "cage"  size  of  a  zeolite 
structure  physically  controls  access  to  the  mol- 
ecules  of  the  substrate  surface.  The  surface  chem- 

50  istry  within  the  voids  preferentially  attracts  the  de- 
sired  molecules,  in  the  present  invention  HNCO, 
resulting  in  the  desired  bonding.  The  pore  sizes 
and  surface  chemistry  of  zeolites  are  predictable 
based  on  the  particular  composition  and  synthesis 

55  conditions,  and  can  be  changed  and/or  controlled 
by  modifying  the  composition  and/or  synthesis 
conditions.  Thus,  zeolites  are  useful  because  only 
molecules  of  the  appropriate  size  are  able  to  oc- 
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cupy  the  voids  in  the  crystal  lattice,  and  these 
voids  and  the  surface  chemistry  within  the  voids 
can  be  engineered  by  modifying  the  structure  of 
the  zeolite  to  provide  a  surface  which  will  preferen- 
tially  attract  HNCO. 

In  another  aspect  of  the  present  invention, 
HNCO  can  be  controllably  released  by  heating  a 
substrate  having  bonded  HNCO.  The  release  can 
be  contained  in  a  vessel  having  a  heat  source.  The 
flow  of  HNCO  can  be  regulated  by  varying  the 
amount  of  heat  applied  to  the  vessel,  the  vessel 
pressure,  and/or  the  flow  of  air  or  other  carrier 
gases  through  the  vessel.  Generally,  lowering  the 
partial  pressure  of  gaseous  HNCO  in  the  vessel 
stabilizes  HNCO  released  from  the  substrate  sur- 
face  and  enhances  the  physical  transfer  of  the 
released  HNCO  molecules  away  from  the  surface, 
thereby  reducing  the  rates  of  re-adsorption  and/or 
polymerization.  In  embodiments  in  which  the  re- 
lease  temperature  of  the  HNCO  from  the  surface  is 
below  the  temperature  at  which  free  HNCO  is  sta- 
ble  as  a  gas,  the  flow  of  air  or  other  carrier  gases 
also  stabilizes  the  released  HNCO  by  lowering  its 
partial  pressure  and  thus  reducing  its  rate  of  poly- 
merization.  The  release  of  HNCO  thus  can  be 
controlled  by  regulating  the  heat  source  and  vessel 
pressure. 

The  use  of  a  surface  stabilized  source  of 
HNCO  eliminates  the  need  for  cyanuric  acid  as  a 
starting  material.  This  is  desirable  because 
cyanuric  acid  must  be  conveyed  to  a  reactor  in 
solid  form,  vaporized,  and  then  decomposed  at  a 
high  temperature  to  form  HNCO.  The  present  in- 
vention  makes  these  intermediate  steps  and  the 
accompanying  time  delay  unnecessary.  The  deliv- 
ery  of  HNCO  can  thus  be  controlled  flexibly  in 
response  to  rapidly  fluctuating  demand.  HNCO  can 
be  produced  in  advance  directly  from  urea,  which 
is  less  costly  than  cyanuric  acid,  or  from  an  alter- 
native  source  and  can  be  stored  on  a  substrate. 
The  stored  HNCO  can  be  released  from  the  sub- 
strate  in  a  controlled  and  desirable  manner.  Thus, 
the  composition,  method  and  apparatus  disclosed 
herein  are  useful  to  store  and  deliver  HNCO  as  a 
part  of  any  process  that  employs  HNCO  as  a 
reactant. 

Brief  Description  Of  The  Drawings 

Fig.  1  is  a  flow  diagram  of  the  method  of  the 
present  invention. 

Fig.  2  is  a  schematic  diagram  of  the  apparatus 
of  the  present  invention. 

Fig.  3  is  a  diagram  of  an  eductor  useful  with 
the  present  invention. 

Detailed  Description  of  the  Invention 

The  composition  of  the  present  invention  com- 
prises  HNCO  bonded  on  a  substrate.  Broadly,  any 

5  substrate  which  bonds  a  useful  quantity  of  gaseous 
or  liquid  HNCO  and  improves  its  stability  while 
bonded  is  contemplated  for  use  herein. 

The  technical  strategy  employed  here  for  re- 
versibly  bonding  HNCO  on  a  substrate  is  as  fol- 

io  lows.  The  substrate  surface  is  designed  to  bond 
and/or  attract  free  HNCO  at  one  temperature  and  to 
release  the  HNCO  at  a  second,  higher  temperature. 
This  strategy  can  be  carried  out  by  providing  a 
substrate  surface  which  forms  stronger  bonds  with 

75  HNCO  at  a  lower  temperature,  selected  as  the 
storage  temperature,  than  at  a  higher  temperature, 
selected  as  the  release  temperature.  At  the  higher 
release  temperature  the  bonds  are  such  that  the 
HNCO  is  controllably  released  from  the  substrate 

20  surface.  These  bonds  are  contemplated  to  be  elec- 
tronic  in  nature,  and  may  be  of  intermediate 
strength  or  stability,  with  the  bonding  strength  or 
stability  between  the  bonding  strength  or  stability 
of  adsorbed  species  and  the  bonding  strength  or 

25  stability  of  fully  bonded  elements  in  a  stable 
chemical  compound.  These  are  not  bonds  which 
define  classical  chemical  compounds,  and  may  not 
be  as  strong  as  the  internal  chemical  bonds  which 
hold  together  the  isocyanic  acid  molecule,  but  the 

30  bonds  are  sufficient  to  electronically  or  chemically 
stabilize  the  HNCO.  One  of  the  ways  of  implement- 
ing  this  strategy  is  by  designing  the  substrate 
surface  to  have  desirable  surface  chemistry  such 
that  HNCO  molecules  are  preferentially  attracted 

35  and/or  bonded  to  the  surface  molecules. 
In  addition,  the  substrate  surface  can  be  de- 

signed  to  have  crevices,  cages,  or  pores  of  con- 
trolled  size  which  control  or  "sort"  molecules,  pre- 
dominantly  by  physical  size,  to  selectively  allow 

40  certain  molecules  to  have  access  to  the  bonding 
surface.  In  that  species  other  than  HNCO  may  be 
undesirably  attracted  to  a  particular  bonding  sur- 
face,  the  physical  sorting  mechanism  allows  for  a 
wider  selection  of  bonding  surfaces  by  reducing 

45  the  interference  created  by  undesired  surface 
bonding.  With  appropriate  selection  of  the  physical 
characteristics  and  surface  chemistry  of  the  sub- 
strate  surface,  HNCO  molecules  can  be  preferen- 
tially  stored  at  the  desired  storage  temperature  and 

50  preferentially  released  at  the  desired  release  tem- 
perature.  Applying  this  technical  strategy,  a  surface 
can  be  designed  which  stably  stores  HNCO  at  a 
desired  storage  temperature,  yet  allows  for  control- 
lable  release  of  the  stored  HNCO  at  a  desired 

55  release  temperature. 
One  category  of  substrates  contemplated  here- 

in  is  ion  exchange  resins.  Ion  exchange  resins  are 
contemplated  to  be  useful  for  carrying  out  the 
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bonding  strategy  defined  above.  An  exemplary  an- 
ionic  exchange  resin  is  a  dimethylamine-func- 
tionalized  chloromethylated  copolymer  of  styrene 
and  divinylbenzene.  This  resin  is  sold  under  the 
trade  name  DOWEX  MWA-1  by  Dow  Chemical 
USA,  an  operating  unit  of  The  Dow  Chemical  Co., 
Midland,  Michigan.  (DOWEX  is  a  registered  trade- 
mark.)  Another  exemplary  anionic  exchange  resin 
is  a  trimethylamine  functionalized  chloromethylated 
copolymer  of  styrene  and  divinylbenzene  in  the 
hydroxide  form,  sold  under  the  trade  name 
DOWEX  SBR  by  Dow  Chemical  USA.  An  exem- 
plary  cationic  exchange  resin  is  a  sulfonated 
copolymer  of  styrene  and  divinylbenzene  in  the 
sodium  form,  sold  under  the  trade  name  DOWEX 
HCR  by  Dow  Chemical  USA. 

Another  category  of  substrates  contemplated 
herein  is  a  physically  absorbent  medium,  such  as  a 
zeolite  or  other  type  of  molecular  sieve.  Zeolites 
are  primarily  contemplated  to  be  useful  for  carrying 
out  the  technical  strategy  defined  above.  Zeolites 
are  generally  classified  by  their  pore  sizes;  one  of 
ordinary  skill  in  the  art  can  readily  determine  the 
optimal  pore  size  for  a  particular  type  of  zeolite 
(depending  on  its  chemistry,  particle  size,  the  stor- 
age  chamber  size  and  shape,  etc.)  to  preferentially 
allow  physical  access  of  HNCO  at  the  desired 
storage  temperature.  With  the  appropriate  com- 
position  and  synthesis  conditions,  the  physical 
characteristics  of  the  voids  as  well  as  the  surface 
chemistry  within  the  voids  can  be  controlled  to 
preferentially  bond  HNCO  molecules. 

A  zeolite  substrate  can  be  modified  to  provide 
a  surface  for  preferentially  bonding  HNCO  at  a 
desired  storage  temperature,  and  releasing  the 
HNCO  at  a  desired  release  temperature.  For  exam- 
ple,  in  an  aluminosilicate  crystal  structure: 

Al203-Si02 

(discussed  in  greater  detail  below),  a  change  in  the 
alumina-silica  ratio  is  expected  to  predictably 
change  the  surface  bonding  strength  of  the  HNCO 
molecules  to  the  substrate,  along  with  an  accom- 
panying  change  in  the  release  temperature.  Repre- 
sentative  zeolites  contemplated  for  use  herein  (sub- 
ject  to  the  necessary  optimization)  include  zeolites 
with  effective  pore  openings  of  from  about 
3«10_10m  to  about  10_9m  (about  3  to  about  10 
angstroms). 

A  representative  zeolite  with  a  3«10_10m  (3 
angstrom)  effective  pore  size  is  an  alkali  al- 
uminosilicate  which  is  the  potassium  form  of  the 
Type  A  crystal  structure,  having  the  chemical  for- 
mula: 

(K2  0  •  Na2  0)AI2  03  •  2Si02  •  XH2  0  

An  exemplary  commercial  zeolite  of  this  type  is 
ZEOCHEM  molecular  sieve,  Type  3A,  sold  by 
Zeochem,  Louisville,  Kentucky,  which  is  a  joint 
venture  of  Chemische  Fabrik  Uetikon  and  United 

5  Catalysts,  Inc.  (ZEOCHEM  is  a  registered  trade- 
mark). 

A  representative  zeolite  with  a  4«10_10m  (4 
angstrom)  effective  pore  size  is  an  alkali  al- 
uminosilicate  which  is  the  sodium  form  of  the  Type 

io  A  crystal  structure,  having  the  chemical  formula: 

Na2  0  •  Al2  03  •  2Si02  •  XH2  0  

An  exemplary  commercial  zeolite  of  this  type  is 
is  ZEOCHEM  molecular  sieve,  Type  4A,  sold  by 

Zeochem. 
A  representative  zeolite  with  a  5«10_10m  (5 

angstrom)  effective  pore  size  is  an  alkali  al- 
uminosilicate  which  is  the  calcium  form  of  the  Type 

20  A  crystal  structure,  having  the  chemical  formula: 

4CaO  •  Na2  0  •  5AI2  03  •  1  0SiO2  •  XH2  0  

An  exemplary  commercial  zeolite  of  this  type  is 
25  ZEOCHEM  molecular  sieve,  Type  5A,  sold  by 

Zeochem. 
A  representative  zeolite  with  a  10_9m  (10  ang- 

strom)  effective  pore  size  is  an  alkali  al- 
uminosilicate  which  is  the  sodium  form  of  the  Type 

30  X  crystal  structure,  having  the  chemical  formula: 

5Na2  0  •  5AI2  03  •  1  4Si02  •  XH2  0  

An  exemplary  commercial  zeolite  of  this  type  is 
35  ZEOCHEM  molecular  sieve,  Type  13X,  sold  by 

Zeochem. 
Yet  another  category  of  substrates  contemplat- 

ed  herein  is  activated  charcoal.  Activated  charcoal 
is  contemplated  to  function  both  by  trapping  HNCO 

40  physically  and  by  attracting  HNCO  chemically.  It  is 
believed  that  activated  carbon  presents  a  polar 
surface  which  will  attract  and  partially  bond  the 
HNCO  molecule.  At  least  two  forms  of  activated 
charcoal  are  contemplated  for  this  invention:  ac- 

45  tivated  charcoal  impregnated  with  metallic  oxides 
and  high  surface  area  coconut  shell  derived  ac- 
tivated  carbon. 

Activated  charcoal  impregnated  with  metallic 
oxides  can  be  used  to  store  HNCO  and  is  phys- 

50  ically  strong,  highly  absorbent,  and  can  be  regener- 
ated  thermally.  Regeneration  restores  the  absorp- 
tive  properties  of  this  substrate.  An  exemplary  ac- 
tivated  charcoal  impregnated  with  a  metallic  oxide 
is  G-32W  sold  by  United  Catalysts,  Inc.  of  Louis- 

55  ville,  Kentucky.  G-32W  contains  CuO  (8.0%)  and 
Cr03  (4.5%).  G-32W  is  sold  in  granular  form. 

Coconut  shell  derived  activated  charcoal  can 
be  used  to  store  HNCO  and  can  also  be  regener- 

4 
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ated  thermally.  An  exemplary  coconut  shell  derived 
activated  charcoal  is  G-32H  sold  by  United  Cata- 
lysts,  Inc.  G-32H  has  a  high  surface  area  and 
comes  in  granular  form. 

Yet  another  category  of  substrates  contemplat- 
ed  herein  is  that  of  high  porosity  metals  selected 
from  precious  metals,  base  metals  and  mixtures 
thereof  that  are  devoid  of  surface  bonded  hydro- 
gen,  but  are  in  the  physical  form  which  is  known  to 
be  useful  for  storing  hydrogen.  HNCO  can  be 
stored  on  the  surface  in  the  same  manner  as 
hydrogen  has  previously  been  stored.  This  is  pre- 
dominantly  an  execution  of  the  bonding  strategy 
discussed  above. 

Precious  metals  contemplated  herein  include, 
but  are  not  limited  to,  palladium.  Base  metals  con- 
templated  herein  include,  but  are  not  limited  to, 
alloys  and  mixtures  of  cobalt,  iron,  nickel,  man- 
ganese,  titanium,  aluminum,  and  rare  earth  metals. 
Three  exemplary  base  metal  alloys  contemplated 
herein  are  an  alloy  of  50%  titanium,  44%  iron,  and 
5%  manganese;  an  alloy  of  mischmetal,  nickel,  and 
aluminum;  and  an  alloy  of  mischmetal,  nickel,  and 
iron.  Mischmetal  is  a  known  mixture  of  rare  earth 
metals  having  a  melting  temperature  of  about 
1198°F  (648  °C),  prepared  by  electrolyzing  a  fused 
rare  earth  chloride  mixture. 

It  is  anticipated  that  any  of  the  substrates  men- 
tioned  above  may  need  to  be  altered  or  engineered 
depending  on  the  desired  storage,  and  release 
temperatures  and  to  avoid  adverse  catalytic  effects. 
A  higher  release  temperature  requires  a  stronger 
bond  between  the  substrate  surface  and  the  HNCO 
and  vice  versa.  By  selecting  the  appropriate  sub- 
strate  or  engineering  a  substrate  to  suit  one's 
needs,  the  practioner  of  the  present  invention 
achieves  a  controlled  and  desirable  release  tem- 
perature  for  HNCO. 

Fig.  1  illustrates  the  process  for  absorbing 
HNCO  on  the  surface  of  a  substrate  and  releasing 
HNCO.  In  step  10,  HNCO  is  generated  in  any 
manner,  such  as  by  heating  any  one  of  a  variety  of 
reactant  sources.  Several  reactant  sources  con- 
templated  herein  include,  but  are  not  limited  to, 
urea,  isocyanuric  acid,  cyanuric  acid,  ammelide, 
ammeline,  hydrazine,  and  mixtures  thereof.  Urea  is 
preferred  due  to  its  stability  and  low  cost. 

In  step  12,  HNCO,  generated  in  step  10,  is 
brought  into  contact  with  the  surface  of  a  substrate, 
where  it  is  bonded.  The  bonding  conditions  will 
depend  upon  the  physical  state  of  the  HNCO.  If  the 
HNCO  is  in  liquid  form  at  low  temperatures  then 
the  liquid  HNCO  must  be  bonded  to  the  substrate 
at  a  low  temperature  and  pressure.  The  substrate 
may  then  be  carefully  brought  to  ambient  tempera- 
ture  and  maintained  at  a  low  pressure  until  sub- 
stantially  all  the  HNCO  is  bonded  and  no  liquid 
HNCO  remains.  Thereafter,  the  composition  will  be 

stable  and  will  not  release  HNCO  at  any  tempera- 
ture  below  the  release  temperature  of  the  sub- 
strate.  If  the  HNCO  is  initially  provided  in  gaseous 
form  at  a  temperature  exceeding  about  234  °C 

5  (450  °  F),  then  the  gas  must  not  be  cooled  below  its 
stable  temperature  until  bonding  or  attraction  of  the 
HNCO  on  the  surface  occurs.  The  surface  stabi- 
lized  HNCO  can  be  stored  for  later  use  to  supply 
HNCO.  As  is  known  in  the  art,  the  precise  tempera- 

io  tures  at  which  HNCO  becomes  stable  in  the  liquid 
and  gas  phases  are  also  dependent  upon  factors 
such  as  pressure  and  concentration. 

In  step  14,  the  stored  HNCO  is  released  by 
heating  the  substrate.  The  substrate  temperature 

is  required  to  release  HNCO  will  depend  on  the  phys- 
ical  and  chemical  properties  of  the  substrate,  the 
concentration  of  HNCO  on  the  substrate,  the  pres- 
sure  to  which,  the  substrate  is  subjected,  and  other 
factors.  Essentially,  the  release  temperature  is  a 

20  function  of  the  bond  between  the  HNCO  and  the 
substrate  surface.  The  release  temperature  can  be 
controlled  by  choosing  the  appropriate  substrate. 
The  correct  substrate  choice  and  bonding  con- 
ditions  can  be  determined  by  one  skilled  in  the  art. 

25  The  appropriately  chosen  substrate  will  not  be 
damaged  at  the  HNCO  release  temperature  and 
pressure. 

The  release  temperature  can  be  from  about 
5  °  C  (40  °  F)  to  about  766  °  C  (1  400  °  F).  There  is  no 

30  precise  critical  maximum  release  temperature,  al- 
though  the  release  temperature  should  not  exceed 
the  temperature  at  which  HNCO  decomposes.  Rel- 
atively  low  release  temperatures  are  generally  pre- 
ferred  in  certain  embodiments  to  minimize  the  en- 

35  ergy  used  for  heating  the  substrate.  Specific  re- 
lease  temperatures  contemplated  herein  are  from 
about  500  °  to  about  1  300  °  C,  or  from  about  300  °  C 
to  about  900  °C,  or  from  about  50  °C  to  about 
700  °  C.  Specific  pressures  at  release  contemplated 

40  herein  are  from  40  N/cm2  (4  atm)  to  a  near  vacu- 
um. 

Step  16  is  controlling  the  flow  of  HNCO  re- 
leased  from  the  substrate  surface.  This  step  allows 
a  controlled  flow  of  HNCO  for  use  as  a  reactant. 

45  The  flow  of  HNCO  can  be  controlled  by  varying  the 
heat  applied  to  the  substrate,  employing  a  control 
valve  to  limit  HNCO  flow  and  varying  the  pressure 
around  the  substrate.  Lowering  the  overall  pressure 
and  partial  pressure  of  HNCO  will  inhibit  poly- 

50  merization  and  increase  the  rate  of  release  from 
the  substrate. 

Step  18  is  outputting  HNCO.  For  example, 
HNCO  needed  as  a  reactant  for  an  NOx  reduction 
process  can  be  provided  for  reaction  with  a  gas 

55  containing  NOx  to  reduce  its  NOx  content. 
Fig.  2  illustrates  an  apparatus  useful  for  storing 

HNCO  and  later  delivering  HNCO  to  a  substrate. 
Broadly,  the  apparatus  comprises  a  reactant  source 

5 
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vessel  20,  a  heater  22  for  heating  the  vessel  20,  a 
conduit  24  controlled  by  a  valve  26  and  commu- 
nicating  between  the  outlet  of  the  vessel  20  and 
the  inlet  of  the  substrate  vessel  28,  a  heater  30  for 
heating  the  vessel  28,  and  a  conduit  32  controlled 
by  a  valve  34  and  connecting  the  outlet  of  the 
vessel  28  to  an  HNCO  output  36.  A  substantial 
pressure  drop  can  be  provided  by  mounting  an 
eductor  at  the  HNCO  outlet  which  passes  a  diluent 
gas,  exhaust  gas  of  an  engine,  or  the  like  across 
the  outlet  of  the  vessel  to  maintain  a  low  pressure 
in  the  substrate  vessel. 

An  eductor  useful  with  the  present  invention  is 
illustrated  in  Fig.  3.  The  carrier  gas  can  be  inert, 
oxidizing  or  reducing,  and  in  the  preferred  embodi- 
ment  is  air.  The  flow  of  the  carrier  gas  across  the 
orifice  of  the  channel  leading  to  substrate  surface 
created  a  pressure  drop  between  the  substrate 
surface  and  the  exit  of  the  eductor.  The  pressure 
difference  created  by  the  eductor  stabilizes  the 
HNCO  released  from  the  surface  by  enhancing  the 
physical  transfer  of  the  released  HNCO  molecules 
from  the  surface,  thereby  reducing  the  rate  of  re- 
adsorption  or  re-bonding  to  the  surface.  In  embodi- 
ments  in  which  the  release  temperature  of  the 
HNCO  from  the  surface  is  below  the  temperature  at 
which  free  HNCO  is  stable  as  a  gas,  the  flow  of  the 
carrier  gas  also  stabilizes  the  HNCO  released  from 
the  surface  in  that  the  reduced  partial  pressure  of 
the  HNCO  reduces  the  rate  of  polymerization.  The 
temperature,  pressure  and  flow  rate  of  the  carrier 
gas,  as  well  as  the  physical  characteristics  of  the 
eductor,  can  be  optimized  to  control  the  release  of 
HNCO  for  the  particular  application. 

The  selection  of  the  reactant  source  vessel  20 
will  depend  upon  the  reactant  source  material  cho- 
sen,  the  manner  and  form  in  which  the  source 
material  is  stored,  and  the  temperature  and  pres- 
sure  required  for  the  production  of  HNCO.  It  will  be 
advantageous  to  use  a  reactant  source  vessel 
which  employs  both  a  heater  22  and  a  control 
valve  26.  The  heater  22  and  the  control  valve  26 
can  be  regulated  to  control  the  flow  rate,  tempera- 
ture  and  pressure  of  HNCO  delivered  to  the  sub- 
strate  vessel  28.  A  control  valve  34  can  be  em- 
ployed  to  regulate  the  flow  of  HNCO  leaving  the 
substrate  vessel  28  after  the  reactant  has  been 
released  from  the  substrate.  A  heater  30  can  be 
employed  to  heat  the  substrate,  thereby  releasing 
HNCO. 

An  important  aspect  of  the  present  invention  is 
that  the  substrate  vessel  28,  the  HNCO  output  36, 
the  reactant  source  vessel  20,  and  the  substrate 
itself  can  be  portable  or  fixed.  Thus,  the  substrate 
vessel  28  can  be  charged  with  HNCO  by  connect- 
ing  it  to  a  reactant  source  vessel  20  at  one  location 
and  then  HNCO  can  be  released  from  the  substrate 
vessel  28  at  a  remote  location.  The  present  inven- 

tion  is  applicable  to  both  stationary  and  mobile 
systems  and  the  reactant  source  vessel  20  need 
not  be  a  part  of  a  mobile  system.  It  is  contem- 
plated  that  the  HNCO  stored  on  a  substrate  can 

5  also  be  handled  and  transported  at  an  ambient 
temperature  and  pressure. 

Thus,  a  composition,  method  and  apparatus 
have  been  described  and  illustrated  for  storing 
HNCO  on  the  surface  of  a  substrate  and  making  it 

io  available  for  release.  This  storage  process  results 
in  a  surface  stabilized  reactant  source  from  which 
HNCO  can  be  released  when  the  substrate  is  heat- 
ed.  This  invention  is  useful  because  it  provides  a 
way  to  store  unstable  and  reactive  substances  like 

75  HNCO  at  ambient  temperatures  without  the  use  of 
expensive  and  bulky  equipment.  Then,  substances 
like  HNCO  can  be  delivered  as  a  reactant  without 
performing  intermediate  steps. 

20  Example  1 

Urea  is  placed  in  a  vessel  equipped  with  a 
heater  and  outlet.  The  vessel  is  heated  to  400  °C 
(752  °  F)  and  the  urea  decomposes  into  isocyanic 

25  acid  (with  ammonia  as  a  by-product).  At  this  point, 
the  HNCO,  in  gaseous  form,  leaves  the  vessel 
through  the  outlet,  passes  through  a  control  valve 
and  enters  a  substrate  vessel  containing  an  zeolite 
surface  of  ZEOCHEM  molecular  sieve,  Type  5A, 

30  sold  by  Zeochem  of  Louisville,  Kentucky.  The 
zeolite  surface  is  maintained  at  about  250  °C 
(about  480  °  F)  and  atmospheric  pressure.  The 
HNCO  is  bonded  to  the  zeolite  surface.  Once  the 
zeolite  surface  is  saturated  with  HNCO,  the  control 

35  valve  between  the  reactant  source  vessel  and  sub- 
strate  vessel  is  closed.  The  temperature  of  the 
substrate  and  bonded  HNCO  is  then  lowered  to  a 
temperature  of  about  20  °  C  (about  70  °  F).  The 
HNCO  remains  bonded  and  stable  at  this  tempera- 

40  ture. 
At  a  later  time,  the  substrate  is  heated  to  about 

400  °C  (about  750  °F)  by  heating  the  substrate 
vessel,  and  free  HNCO  is  released  from  the  zeolite 
surface.  The  released  HNCO  leaves  the  substrate 

45  vessel  through  an  outlet  and  control  valve. 

Claims 

1.  A  method  of  storing  HNCO  in  stable  form 
50  characterized  in  that  it  comprises  the  step  of 

bonding  HNCO  on  the  surface  of  a  substrate. 

2.  A  method  according  to  claim  1,  wherein  said 
substrate  is  an  ion  exchange  resin. 

55 
3.  A  method  according  to  claim  1,  wherein  said 

substrate  is  a  dimethylamine-functionalized 
chloromethylated  copolymer  of  styrene  and 

6 
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divinylbenzene. 

4.  A  method  according  to  claim  1,  wherein  said 
substrate  is  a  sulfonated  copolymer  of  styrene 
and  divinylbenzene  in  the  sodium  form. 

5.  A  method  according  to  claim  1,  wherein  said 
substrate  is  a  molecular  sieve. 

6.  A  method  according  to  claim  1,  wherein  said 
substrate  is  a  zeolite. 

7.  A  method  according  to  claim  1,  wherein  said 
substrate  is  activated  charcoal. 

8.  A  method  according  to  claim  1,  wherein  said 
substrate  is  a  precious  metal  or  an  alloy  there- 
of. 

9.  A  method  according  to  claim  1,  wherein  said 
substrate  is  a  base  metal  or  an  alloy  thereof. 

10.  A  method  according  to  claim  1,  wherein  said 
HNCO  is  bonded  while  in  gaseous  form. 

11.  A  method  according  to  claim  1,  wherein  said 
HNCO  is  bonded  while  in  liquid  form. 

12.  A  method  according  to  claim  11  wherein  said 
bonding  step  includes  contacting  a  substrate 
with  liquid  HNCO  at  a  temperature  and  pres- 
sure  appropriate  to  allow  HNCO  to  begin  bond- 
ing  to  the  substrate,  and  subsequently  causing 
the  temperature  to  move  toward  ambient  tem- 
perature  until  a  desired  quantity  of  HNCO  is 
bonded  to  the  substrate. 

13.  A  method  according  to  claim  10  wherein  said 
bonding  step  includes  contacting  a  substrate 
with  gaseous  HNCO  at  a  temperature  above  its 
stable  temperature,  and  maintaining  the  tem- 
perature  above  the  gaseous  HNCO's  stable 
temperature  until  a  sufficient  quantity  of  HNCO 
is  bonded  to  the  substrate. 

Patentanspruche 

1.  Verfahren  zur  Aufbewahrung  von  HNCO  in  sta- 
biler  Form,  dadurch  gekennzeichnet,  dal3  es 
den  Schritt  eines  Bindens  von  HNCO  auf  der 
Oberflache  eines  Substrats  umfaBt. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  lonenaustauschharz  ist. 

3.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  Dimethylamin-funktionalisiertes,  chlor- 
methyliertes  Copolymer  von  Styrol  und  Divinyl- 

benzol  ist. 

4.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  sulfoniertes  Copolymer  von  Styrol  und 

5  Divinylbenzol  in  der  Natriumform  ist. 

5.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  Molekulsieb  ist. 

io  6.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  Zeolith  ist. 

7.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  Aktivkohle  ist. 

15 
8.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 

strat  ein  Edelmetall  oder  eine  Legierung  hier- 
von  ist. 

20  9.  Verfahren  nach  Anspruch  1,  wobei  das  Sub- 
strat  ein  unedles  Metall  oder  eine  Legierung 
hiervon  ist. 

10.  Verfahren  nach  Anspruch  1,  wobei  die  HNCO 
25  gebunden  wird,  wahrend  es  in  Form  eines 

Gases  vorliegt. 

11.  Verfahren  nach  Anspruch  1,  wobei  die  HNCO 
gebunden  wird,  wahrend  es  in  flussiger  Form 

30  vorliegt. 

12.  Verfahren  nach  Anspruch  11,  wobei  der  Bin- 
dungsschritt  ein  In-Kontakt-Bringen  eines  Sub- 
strats  mit  flussiger  HNCO  bei  einer  Temperatur 

35  und  einem  Druck,  die  geeignet  sind,  urn  den 
Beginn  der  Bindung  der  HNCO  am  Substrat  zu 
gewahrleisten,  und  ein  nachfolgendes  Bringen 
der  Temperatur  in  Richtung  auf  Umgebungs- 
temperatur,  bis  eine  gewunschte  Menge  an 

40  HNCO  am  Substrat  gebunden  ist,  umfaBt. 

13.  Verfahren  nach  Anspruch  10,  wobei  der  Bin- 
dungsschritt  ein  In-Kontakt-Bringen  eines  Sub- 
strats  mit  gasformiger  HNCO  bei  einer  Tempe- 

45  ratur  oberhalb  ihrer  stabilen  Temperatur  und 
ein  Halten  der  Temperatur  oberhalb  der  stabi- 
len  Temperatur  der  gasformigen  HNCO,  bis 
eine  ausreichende  Menge  an  HNCO  am  Sub- 
strat  gebunden  ist,  umfaBt. 

50 
Revendicatlons 

1.  Procede  de  stockage  de  HNCO  sous  forme 
stable,  caracterise  en  ce  qu'il  comprend  I'eta- 

55  pe  qui  consiste  a  lier  HNCO  a  la  surface  d'un 
substrat. 

7 
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2.  Precede  selon  la  revendication  1,  dans  lequel 
ledit  substrat  est  une  resine  echangeuse 
d'ions. 

3.  Procede  selon  la  revendication  1,  dans  lequel  5 
ledit  substrat  est  un  copolymere  chloromethy- 
le,  a  fonctions  dimethylamine,  de  styrene  et  de 
divinylbenzene. 

4.  Procede  selon  la  revendication  1,  dans  lequel  10 
ledit  substrat  est  un  copolymere  sulfone  de 
styrene  et  de  divinylbenzene  sous  la  forme 
sodique. 

5.  Procede  selon  la  revendication  1,  dans  lequel  is 
ledit  substrat  est  un  tamis  moleculaire. 

6.  Procede  selon  la  revendication  1,  dans  lequel 
ledit  substrat  est  une  zeolithe. 

20 
7.  Procede  selon  la  revendication  1,  dans  lequel 

ledit  substrat  est  du  charbon  actif. 

8.  Procede  selon  la  revendication  1,  dans  lequel 
ledit  substrat  est  un  metal  precieux  ou  un  25 
alliage  de  ce  dernier. 

9.  Procede  selon  la  revendication  1,  dans  lequel 
ledit  substrat  est  un  metal  de  base  ou  un 
alliage  de  ce  dernier.  30 

10.  Procede  selon  la  revendication  1,  dans  lequel 
ledit  HNCO  est  lie  tout  en  etant  sous  forme 
gazeuse. 

35 
11.  Procede  selon  la  revendication  1,  dans  lequel 

ledit  HNCO  est  lie  tout  en  etant  sous  forme 
liquide. 

12.  Procede  selon  la  revendication  11,  dans  lequel  40 
ladite  etape  de  liaison  inclut  le  fait  de  mettre 
en  contact  un  substrat  avec  HNCO  liquide,  a 
une  temperature  et  sous  une  pression  appro- 
priees  pour  permettre  a  HNCO  de  commencer 
a  se  lier  au  substrat,  puis  de  ramener  la  tern-  45 
perature  vers  la  temperature  ambiante  jusqu'a 
ce  qu'une  quantite  souhaitee  de  HNCO  soit 
liee  au  substrat. 

13.  Procede  selon  la  revendication  10,  dans  lequel  50 
ladite  etape  de  liaison  inclut  le  fait  de  mettre 
en  contact  un  substrat  avec  HNCO  gazeux  a 
une  temperature  superieure  a  sa  temperature 
stable,  et  a  maintenir  la  temperature  au-dessus 
de  la  temperature  stable  de  HNCO  gazeux,  55 
jusqu'a  ce  qu'une  quantite  suffisante  de  HNCO 
soit  liee  au  substrat. 
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