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©  Gas  generator  for  vehicle  occupant  restraint. 

©  The  present  invention  resides  in  a  vehicle  occupant  restraint  assembly  (12).  The  assembly  comprises  a 
vehicle  occupant  restraint  (20),  a  housing  (14),  a  gas  generating  composition  (16)  within  the  housing,  an  igniter 
(18)  for  igniting  the  gas  generating  composition,  and  gas  flow  means  (22)  for  directing  gas  into  the  vehicle 
occupant  restraint.  In  a  preferred  embodiment  of  the  present  invention,  the  vehicle  occupant  restraint  (20)  is  an 
air  bag.  The  gas  generating  composition  (16)  comprises  lithium  azide  (Li3N)  and  a  metal  oxidant  (MeO),  wherein 
O  can  be  either  oxygen  or  sulfur.  The  metal  oxidant  is  present  in  a  sub-stoichiometric  amount  relative  to  the 
lithium  azide.  The  gas  generating  composition  (16),  on  ignition,  burns  under  reaction  conditions  which  produce 
lithium  nitride  (Li3N)  and  a  combustion  product  which  is  essentially  free  of  elemental  lithium. 
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Background  of  the  Invention 

Technical  Field 

5  The  present  invention  relates  to  a  gas  generator  for  a  vehicle  occupant  restraint,  such  as  an  air  bag, 
and  to  a  gas  generating  composition  which  is  used  in  the  gas  generator. 

Description  of  the  Prior  Art 

io  A  large  number  of  gas  generating  compositions  have  been  proposed  for  generating  gas  to  operate 
vehicle  occupant  restraints,  such  as  air  bags  and  pretensioners  for  seat  belts.  For  air  bags,  in  particular, 
compositions  which  produce  an  inert  gas,  such  as  nitrogen,  have  been  preferred. 

Excellent  results  have  been  achieved  with  a  solid  nitrogen  generating  composition  which  comprises  an 
alkali  metal  azide  fuel  and  a  metal  oxidant  for  the  fuel.  Compositions  comprising  these  materials  produce, 

75  on  combustion,  a  nitrogen  gas  along  with  other  products  of  reaction. 
The  solid  nitrogen  generating  compositions  are  contained  within  a  gas  generator  apparatus.  The  size 

and  weight  of  the  gas  generator  apparatus  is  dependent  to  a  large  extent  on  the  amount  of  gas  generating 
material.  To  generate  enough  gas  to  inflate  an  air  bag,  a  substantial  amount  of  nitrogen  generating 
composition  is  required.  The  gas  generator  apparatus,  particularly  for  a  driver's  side  air  bag,  must  be  small 

20  and  light  weight,  so  as  to  be  adapted  to  fit  within  the  vehicle  steering  wheel.  If  the  amount  of  nitrogen 
generating  composition  can  be  reduced  without  significantly  affecting  the  performance  of  the  gas  generator 
apparatus,  the  size  and  weight  of  the  gas  generator  apparatus  can  be  reduced  proportionately. 

U.S.  Patent  No.  3,741,585  discloses  a  gas  generating  composition  for  inflating  a  vehicle  crash  bag.  The 
composition  comprises  a  metal  azide  and  an  oxidizing  agent.  Lithium  azide  (LiN3)  is  listed  as  one  suitable 

25  metal  azide.  However,  no  reactions  are  disclosed  which  use  this  ingredient.  The  oxidizing  agent  can  be  a 
metal  oxide,  a  metal  sulfide  or  sulfur,  a  metal  or  organic  iodide,  or  an  organic  chloride.  Examples  of  metal 
oxides  given  in  the  patent  are  molybdenum  trioxide,  tungsten  trioxide,  lead  dioxide,  and  vanadium 
pentoxide.  The  composition  can  contain  1-75  weight  percent  of  an  oxidizing  agent.  However,  preferred 
compositions  comprise  30  to  75  weight  percent  of  a  metal  azide;  e.g.,  30  to  75  weight  percent  of  sodium 

30  azide. 
U.S.  Patent  No.  3,895,098  discloses  a  gas  generating  composition  for  a  vehicle  occupant  restraint 

system.  The  composition  comprises  an  alkali  metal  azide  and  a  metal  oxide.  The  patent  lists  lithium  azide 
as  one  suitable  alkali  metal  azide.  The  patent  calls  for  a  slight  excess  of  metal  oxide  to  prevent,  on 
combustion,  the  formation  of  alkali  metal.  The  alkali  metal,  if  formed,  can  burn  spontaneously  upon  contact 

35  with  air,  and  present  a  fire  hazard.  Also,  an  alkali  metal  residue  can  react  with  moisture  to  produce 
hydrogen,  which  is  an  undesirable  by-product. 

U.S.  Patent  No.  3,931,040  also  discloses  the  combustion  of  an  alkali  metal  azide  and  a  metal  oxide  to 
produce  a  nitrogen  containing  gas.  A  number  of  reactions  involving  different  azides  and  different  oxides  are 
disclosed.  One  reaction  equation  disclosed  in  the  patent  uses  lithium  azide.  The  lithium  azide  is  reacted 

40  with  a  stoichiometric  amount  of  titanium  dioxide.  This  reaction  would  be  impractical  for  the  reason  advanced 
in  the  '098  patent.  Specifically,  without  an  excess  of  metal  oxide,  an  alkali  metal  residue  could  form, 
presenting  a  fire  hazard. 

U.S.  Patent  No.  4,758,287  is  yet  another  patent  that  discloses  the  reaction  of  a  alkali  metal  azide  with  a 
metal  oxide.  This  patent  is  directed  primarily  to  a  method  for  preparing  porous  propellant  grains.  No 

45  reaction  equation  is  disclosed  in  the  patent  involving  the  use  of  lithium  azide.  The  patent  discloses  and 
claims  the  use  of  a  stoichiometric  excess  of  metal  oxide  to  prevent  the  formation  of  alkali  metals. 

Summary  of  the  Invention 

50  The  present  invention  resides  in  a  vehicle  occupant  restraint  assembly.  The  assembly  comprises  a 
vehicle  occupant  restraint,  a  housing,  a  gas  generating  composition  within  the  housing,  an  igniter  for  igniting 
the  gas  generating  composition,  and  gas  flow  means  for  directing  gas  into  the  vehicle  occupant  restraint.  In 
a  preferred  embodiment  of  the  present  invention,  the  vehicle  occupant  restraint  is  an  air  bag. 

The  gas  generating  composition  comprises  lithium  azide  (LiN3)  and  a  metal  oxidant  (MeO),  wherein  O 
55  can  be  either  oxygen  or  sulfur.  The  metal  oxidant  is  present  in  the  gas  generating  composition  in  a  sub- 

stoichiometric  amount  with  regard  to  the  lithium  azide.  The  mol  ratio  of  the  lithium  azide  to  the  metal 
oxidant  is  that  by  which,  on  combustion  of  the  gas  generating  composition,  excess  lithium  in  the 
combustion  product  reacts  with  nitrogen  to  form  lithium  nitride  (Li3N). 
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The  vehicle  occupant  restraint  assembly  comprises  a  cooling  surface  to  cool  the  combustion  products. 
The  amount  of  cooling  surface  preferably  is  an  effective  amount  to  cool  the  combustion  products  to  a 
temperature  below  the  melting  point  of  the  lithium  nitride,  preferably  below  about  850  °  C. 

A  preferred  metal  oxidant  is  iron  oxide  (Fe2  03).  A  preferred  mol  ratio  of  lithium  azide  to  iron  oxide  in  the 
5  gas  generating  composition  of  the  present  invention  is  more  than  about  7:1;  more  preferably,  about  9:1. 

The  present  invention  also  resides  in  a  gas  generating  composition  for  a  vehicle  occupant  restraint 
comprising  active  components  consisting  essentially  of  lithium  azide  (LiN3)  and  a  metal  oxidant  (MeO), 
wherein  0  can  be  either  oxygen  or  sulfur.  The  metal  oxidant  is  present  in  the  gas  generating  composition, 
with  the  lithium  azide,  in  a  sub-stoichiometric  amount,  the  lithium  azide  and  metal  oxidant  on  combustion 

io  producing  lithium  nitride  (Li3N). 
More  preferably,  the  gas  generating  composition  of  the  present  invention  comprises  active  components 

consisting  essentially  of  lithium  azide  and  a  metal  oxidant  in  a  mol  ratio  effective  to  react  according  to  the 
following  equation: 

zLiN2  +  MexOy  -  3z  "  1  
N2  +  y L i 2 0   +  z  ~  2y  Li3N  +  xMe  

wherein  0  is  either  oxygen  or  sulfur. 
20  Preferably,  z  equals  approximately  3  plus  2y. 

Brief  Description  of  the  Drawings 

Further  features  of  the  present  invention  will  become  apparent  to  those  skilled  in  the  art  to  which  the 
25  present  invention  relates,  from  consideration  of  the  following  specification  with  reference  to  the  accompany- 

ing  drawings,  in  which: 
Fig.  1  is  a  schematic  illustration  of  a  vehicle  occupant  restraint  assembly  according  to  the  present 
invention. 
Fig  2  is  a  graph  plotting  mols  of  reaction  products  formed  from  the  combustion  of  a  gas  generating 

30  composition  containing  lithium  azide  and  iron  oxide  (Fe203)  against  percent  lithium  azide  in  the 
composition;  and 
Fig  3.  is  a  graph  plotting  chamber  and  exhaust  flame  temperatures  from  the  combustion  of  the  gas 
generating  compositions  of  Fig.  2  against  percent  lithium  azide  in  the  composition. 

35  Description  of  a  Preferred  Embodiment 

Referring  to  Fig.  1,  the  vehicle  occupant  restraint  assembly  12  of  the  present  invention  comprises  a 
housing  14.  The  housing  14  contains  a  gas  generating  composition  16.  The  gas  generating  composition  16 
is  ignited  by  an  igniter  18  operatively  associated  with  the  gas  generating  composition  16.  Electrical  leads  19 

40  convey  current  to  the  igniter  18  from  an  electric  circuit  that  includes  a  power  source  and  a  sensor  which  is 
responsive  to  an  event  such  as  a  vehicle  collision.  The  assembly  12  also  comprises  a  vehicle  occupant 
restraint  20.  A  gas  flow  means  22  conveys  gas,  which  is  generated  by  combustion  of  the  gas  generating 
composition  16  within  housing  14,  to  the  vehicle  occupant  restraint  20.  The  gas  flow  means  22  comprises 
cooling  surfaces  24,  for  example,  a  plurality  of  mesh  screens,  to  cool  the  gas.  In  addition  to  mesh  screens, 

45  the  cooling  surfaces  24  can  comprise  filter  surfaces  for  filtering  particulate  from  the  gas  flow.  Such  filter 
surfaces  function  to  cool  the  gas  flow,  as  well  as  filter  the  gas  flow. 

A  preferred  vehicle  occupant  restraint  is  an  air  bag  which  is  inflatable  to  restrain  a  vehicle  occupant  in 
the  event  of  a  collision.  Other  occupant  restraints  which  can  be  used  in  the  present  invention  are  inflatable 
seat  belts  and  seat  belt  pretensioners. 

50  The  present  invention  is  not  limited  to  a  vehicle  occupant  restraint  assembly  of  any  particular 
configuration.  One  configuration  suitable  for  use  with  the  gas  generating  composition  of  the  present 
invention  is  disclosed  in  U.S.  Patent  No.  4,902,036  to  Zander  et  al.  The  assembly  disclosed  in  this  patent 
comprises  means  for  positioning  an  air  bag  between  an  occupant  of  a  vehicle  and  an  interior  portion  of  the 
vehicle,  to  protect  the  occupant  from  an  impact  with  the  interior  portion  of  the  vehicle,  in  the  event  of  a 

55  collision  involving  the  vehicle.  The  assembly  can  be  installed  in  the  steering  wheel  of  the  vehicle.  A  gas 
generator,  including  a  housing,  produces  a  sufficient  quantity  of  gaseous  combustion  products  to  inflate  the 
air  bag.  The  housing  has  an  igniter  which  is  positioned  axially  within  the  housing.  A  gas  generating 
composition  is  arranged  in  a  doughnut-shaped  configuration  around  the  igniter.  Upon  ignition  of  the  igniter, 
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reaction  products  from  the  igniter  ignite  the  gas  generating  composition. 
The  igniter  18  of  the  present  invention  can  be  the  same  as  the  igniter  shown  in  the  Zander  et  al.  Patent 

No.  4,902,036.  This  igniter  comprises  a  squib  containing  a  small  charge  of  an  ignitable  combustible 
material.  Electric  leads  convey  a  current  to  the  squib.  The  current  generates  heat  which  ignites  the  small 

5  charge  of  ignitable  material.  The  current  is  provided  when  the  sensor  responsive  to  an  event  such  as  a 
vehicle  collision  closes  an  electrical  circuit  that  includes  a  power  source.  The  igniter  also  has  a  canister 
containing  a  rapidly  combustible  material  such  as  boron  potassium  nitrate.  The  rapidly  combustible  material 
is  ignited  by  the  small  charge  of  ignitable  material.  Ignition  of  the  rapidly  combustible  material  provides  the 
threshold  energy  required  to  ignite  the  gas  generating  composition.  Other  well  known  ignition  systems 

io  capable  of  producing  this  threshold  energy  can  also  be  used. 
The  gas  generating  composition  16  within  the  housing  14  can  be  in  the  form  of  a  grain  of  any  desired 

configuration.  The  gas  generating  composition  comprises,  as  the  major  active  ingredients  of  the  composi- 
tion,  lithium  azide  (LiN3)  and  a  metal  oxidant  (MeO),  wherein  0  is  either  oxygen  or  sulfur.  The  metal  oxidant 
is  present  in  the  gas  generating  composition  in  a  sub-stoichiometric  amount  with  regard  to  the  lithium  azide. 

is  Thus,  the  gas  generating  composition  of  the  present  invention  is  fuel-rich. 
A  preferred  metal  oxidant  (MeO)  is  iron  oxide  (Fe2  03).  However,  the  metal  oxidant  can  be  any  of  a 

number  of  other  oxides  or  sulfides  used  for  the  combustion  of  alkali  metal  azides. 
Preferred  are  the  transition  metal  oxides,  boron  oxide  (B203),  aluminum  oxide  (Al203),  silicon  oxide 

(Si02),  and  sulfur  counterparts  of  these  oxides.  Examples  of  suitable  transition  metal  oxides  are  ferrous 
20  oxide  (Fe30/0,  copper  oxide  (CuO),  titanium  dioxide  (Ti02),  nickel  oxide  (NiO)  zinc  oxide  (ZnO),  manganese 

oxide  (Mn02)  vanadium  pentoxide  (V2O5),  molybdenum  trioxide  (Mo03),  zirconium  oxide  (Zr02),  tungsten 
trioxide  (W03),  and  the  sulfur  counterparts  of  these  oxides.  Mixtures  of  metal  oxides  and  sulfides  can  also 
be  used. 

The  lithium  azide  is  an  energetic  material.  On  ignition,  the  lithium  azide  reacts  with  the  metal  oxidant, 
25  when  in  a  fuel  rich  ratio,  to  produce  nitrogen,  lithium  oxide,  lithium  nitride  (Li3N),  and  elemental  metal  (of 

the  metal  oxidant)  in  accordance  with  the  following  equation: 

zLiN3  +  MexOy  -  i iL_-_A  ^   +  y L i 2 0   +  J L j _ 2 y   ^   +  ^  

wherein  0  is  either  oxygen  or  sulfur. 
Preferably,  z  equals  approximately  3  plus  2y. 

35  The  following  Table  1  gives  representative  reactions  that  take  place  with  representative  metal  oxides 
and  lithium  azide  according  to  the  present  invention. 

T a b l e   1  S u b - S t o i c h i o m e t r i c  

40 
9LiN3  +  Fe203  -  13N2  +  2>Li20  +  Li3N  +  2 F e  

1  LiN3  +  Ti02  -  10iV2  +  2L i20   +  Li3N  +  T i  

5LiN3  +  CuO  -  1N2  +  Li20  +  Li3N  +  Cu 
45 

The  following  Table  2  gives  comparative  reactions  that  occur  with  the  use  of  stoichiometric  amounts  of 
a  metal  oxide  and  lithium  azide: 

50  T a b l e   2  s t o i c h i o m e t r i c  

6LiN3  +  Fe203  -  3L i20   +  2Fe  +  9N2 

55  ±LiN3  +  Ti02  -  2L i20   +  Ti  +  6N2 

2LiN3  +  CuO  -  Li20  +  Cu  +  3N2 
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It  can  be  seen  comparing  Tables  1  and  2  that  with  essentially  the  same  amounts  of  gas  generating 
material,  substantially  greater  amounts  of  nitrogen  are  produced  when  the  ratio  of  metal  oxide  to  azide  is 
sub-stoichiometric.  For  instance,  with  iron  oxide,  the  comparison  is  13  mols  of  nitrogen,  in  Table  1, 
compared  to  9  mols  in  Table  2.  With  titanium  dioxide,  the  comparison  is  10  mols  against  6,  and  with  copper 

5  oxide,  the  comparison  is  7  mols  against  3. 
In  a  gas  generator  apparatus,  the  weight  and  volume  of  the  apparatus  is  almost  proportional  to  the 

weight  and  volume  of  the  gas  generating  composition  which  is  used.  Generating  more  gas  per  volume  of 
gas  generating  composition  permits  a  reduction  in  the  amount  of  the  gas  generating  composition  required. 
Reducing  the  amount  of  gas  generating  composition,  in  turn,  substantially  reduces  the  weight  and  volume  of 

io  the  gas  generating  apparatus  itself. 
In  the  above  reactions  of  Table  1  ,  it  should  be  noted  that  only  some  of  the  mols  of  lithium  in  the  gas 

generating  composition  are  oxidized.  In  the  reaction  with  iron  oxide,  in  Table  1,  one  mol  of  nitrogen 
combines  with  three  mols  of  lithium  to  produce  lithium  nitride.  This  reaction  is  necessary  to  prevent  the 
formation  of  lithium  metal  from  the  combustion  reaction. 

is  To  obtain  lithium  nitride  as  a  reaction  product,  the  amount  of  cooling  surface  24  provided  in  the  vehicle 
occupant  restraint  assembly  12  of  the  present  invention  is  preferably  sufficient  to  cool  the  flame  tempera- 
ture  of  the  reactants  to  below  the  melting  point  of  lithium  nitride,  preferably  to  less  than  about  850  °  C. 

The  weight  ratio  of  the  metal  oxidant  to  lithium  azide  in  the  gas  generating  compositions  of  the  present 
invention  can  be  any  ratio  effective  to  produce  lithium  nitride  as  one  of  the  reaction  products,  or  to  avoid  the 

20  formation  of  elemental  lithium.  Fig.  2  is  a  graph  plotting  mols  of  reaction  products  produced  against  mol 
percents  of  lithium  azide  in  a  gas  generating  composition  containing  iron  oxide.  The  data  of  Fig.  2  is 
calculated  data.  At  60  mol  percent  lithium  azide,  the  mol  ratio  is  stoichiometric.  The  square  data  points 
represent  mols  of  nitrogen  produced.  It  can  be  seen  from  Fig.  2  that  any  increase  in  mol  percent  lithium 
azide,  above  the  stoichiometric  ratio  of  60%,  increases  the  amount  of  nitrogen  gas  produced,  and  thus 

25  meets  this  objective  of  the  present  invention,  namely  greater  nitrogen  production.  However,  Fig.  2  also 
shows  using  the  triangle  data  points,  the  mols  of  lithium  nitride  (Li3N)  produced.  As  can  be  seen,  this 
reaction  product  is  not  formed  until  the  mol  ratio  is  above  about  6.5:1. 

Referring  to  Fig.  3,  which  plots  the  mol  percent  of  lithium  azide  in  the  gas  generating  compositions  of 
Fig.  1  against  temperatures,  it  will  be  seen  that  a  preferred  mol  ratio  is  at  least  about  7:1.  In  other  words,  at 

30  least  about  70  mol  percent  is  lithium  azide.  Fig.  3  has  two  curves,  a  chamber  temperature  curve  and  an 
exhaust  temperature  curve.  The  data  for  both  curves  is  calculated  data.  The  data  for  the  chamber 
temperature  curve  was  calculated  for  a  chamber  pressure  of  1000  psi;  the  data  for  the  exhaust  temperature 
curve,  for  an  exhaust  pressure  of  one  atmosphere.  Fig.  3  also  has  a  horizontal  line  at  about  850  °C  which 
represents  the  melting  point  of  lithium  nitride.  Fig.  3  shows  that  as  the  mol  percent  of  lithium  azide  is 

35  increased,  above  about  65  mol  percent,  the  flame  temperature  decreases.  However,  even  the  exhaust 
temperature  remains  above  the  melting  point  temperature  for  lithium  azide  up  to  about  70  mol  percent 
azide.  As  indicated  above,  it  is  desirable  to  cool  the  products  of  combustion  to  a  temperature  below  the 
melting  point  of  lithium  nitride  to  promote  the  formation  of  lithium  nitride. 

Although  the  data  of  Figs.  2  and  3  is  for  compositions  containing  iron  oxide,  the  same  relationships  of 
40  reactants  and  products  of  combustion  exist  where  other  metal  oxidants  are  used.  Based  on  this  and  the 

data  of  Figs.  2  and  3,  it  has  been  determined  that  the  metal  oxide  should  be  sub-stoichiometric  by  an 
amount  of  at  least  about  15  mol  percent;  that  is,  there  should  be  at  least  about  15  mol  percent  excess 
azide,  preferably,  about  20  to  about  75  mol  percent  excess  azide.  The  excess  mol  percent  can  be 
calculated  as: 

45 

m o l s   a z i d e   in   c o m p o s i t i o n   -  s t o i c h i o m e t r i c   m o l s   o f   a z i d e  
s t o i c h i o m e t r i c   m o l s   o f   a z i d e  

50 
When  the  metal  oxide  is  iron  oxide  (Fe2  03),  preferably  about  20-50  excess  mol  percent  lithium  azide  is 

used  in  the  gas  generating  composition. 
From  the  above  description  of  the  invention,  those  skilled  in  the  art  will  perceive  improvements, 

changes  and  modifications.  Such  improvements,  changes  and  modifications  within  the  skill  of  the  art  are 
55  intended  to  be  covered  by  the  appended  claims. 

It  should  be  noted  that  the  objects  and  advantages  of  the  invention  may  be  attained  by  means  of  any 
compatible  combination(s)  particularly  pointed  out  in  the  items  of  the  following  summary  of  the  invention 
and  the  appended  claims. 
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The  invention  may  be  summarized  as  follows: 
1.  A  vehicle  occupant  restraint  assembly  comprising: 

a  vehicle  occupant  restraint; 
a  housing; 

5  a  gas  generating  composition  within  the  housing; 
an  igniter  for  igniting  the  gas  generating  composition;  and 
gas  flow  means  for  directing  gas  from  said  housing  to  said  vehicle  occupant  restraint; 
said  gas  generating  composition  comprising  lithium  azide  and  a  metal  oxidant  (MeO)  wherein  the 

metal  oxidant  is  present  in  a  sub-stoichiometric  amount  with  respect  to  the  lithium  azide,  the  ratio  of 
io  lithium  azide  to  metal  oxidant  being  a  ratio  effective  to  produce  lithium  nitride  (Li3N). 

2.  The  restraint  assembly  of  I  wherein  the  gas  generating  composition  burns  according  to  the  following 
equation: 

is  zLiN3  +  MexOy  -  3 z ~   1N2  +  y L i 2 0   +  z  "  '  2y  Li3N  +  x M e  

wherein  0  is  either  oxygen  or  sulfur. 
3.  The  restraint  assembly  of  2  wherein  z  equals  approximately  3  plus  2y. 

20  4.  The  restraint  assembly  of  1  comprising  cooling  surfaces  effective  to  cool  the  products  of  combustion 
of  the  gas  generating  composition  to  below  the  melting  point  of  lithium  nitride. 
5.  The  restraint  assembly  of  1  comprising  cooling  surfaces  effective  to  cool  the  products  of  combustion 
of  the  gas  generating  composition  to  below  850  °  C. 
6.  The  restraint  assembly  of  1  comprising  at  least  about  15  mol  percent  excess  lithium  azide. 

25  7.  The  restraint  assembly  of  1  wherein  the  metal  oxidant  is  an  oxide  or  sulfide  of  a  transition  metal,  or 
boron,  aluminum,  or  silicon,  or  mixtures  thereof. 
8.  The  restraint  assembly  of  1  wherein  said  metal  oxidant  is  iron  oxide  (Fe2  03)  present  in  a  sub- 
stoichiometric  amount  of  about  20-50  mol  percent  excess  lithium  azide. 
9.  The  restraint  assembly  of  8  wherein  said  gas  generating  composition  burns  according  to  the  following 

30  equation: 

9£/A/3  +  Fe203  -  13A/2  +  31/2  O  +  Li3N  +  2Fe. 

35  10.  The  restraint  assembly  of  9  having  a  cooling  surface  effective  to  produce  an  exhaust  temperature  of 
less  than  about  850  °  C. 
11.  A  vehicle  occupant  restraint  assembly  comprising: 

a  vehicle  occupant  restraint; 
a  housing; 

40  a  gas  generating  composition  within  the  housing; 
an  igniter  for  igniting  the  gas  generating  composition;  and 
gas  flow  means  for  directing  gas  from  said  housing  to  said  vehicle  occupant  restraint; 
said  gas  generating  composition  consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203) 

wherein  the  lithium  azide  is  present  in  an  effective  amount  to,  in  reaction  with  the  iron  oxide,  produce 
45  lithium  nitride; 

heat  exchange  means  in  said  gas  flow  means  to  produce  an  exhaust  temperature,  on  combustion, 
less  than  about  850  °  C  to  produce  lithium  nitride  solids;  and 

filter  means  to  entrap  the  solids  of  lithium  nitride  and  other  solids  in  the  combustion  products. 
12.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 

50  consisting  essentially  of  lithium  azide  and  a  metal  oxidant  wherein  the  lithium  azide  is  present  in  an 
effective  amount  to,  in  reaction  with  the  metal  oxidant,  produce  an  amount  of  lithium  nitride  (Li3N). 
13.  The  composition  of  11  wherein  said  metal  oxidant  is  selected  from  the  group  consisting  of  oxides  or 
sulfides  of  a  transition  metal,  of  boron,  of  aluminum,  of  silicon  or  of  mixtures  thereof. 
14.  The  composition  of  12  wherein  said  metal  oxidant  is  iron  oxide  (Fe2  03)  present  in  a  sub- 

55  stoichiometric  amount  of  about  20-50  mol  percent  excess  lithium  azide. 
15.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
consisting  essentially  of  lithium  azide  and  a  metal  oxidant  in  proportions  which  react  essentially 
according  to  the  following  equation: 

6 
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zLiNz  +  MexOy  -  3z2   1  
N2  +  y L i 2 0   +  z  ~  2^  Li3tf   +  x M e  

5  wherein  0  is  either  oxygen  or  sulfur. 
16.  The  composition  of  15  wherein  z  equals  approximately  3  plus  2y. 
17.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe2  03)  in  proportions  which  react  essentially 
according  to  the  following  equation: 

10 
9/-/A/3  +  Fe203  —  13Afe  +  31/2  0  +  Li3  N  +  2Fe 

18.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
15  consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203)  in  a  mol  ratio  in  the  range  of  about  9:1  to 

about  7:1  . 
19.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203)  in  a  mol  ratio  wherein  the  composition  has 
at  least  about  15  mol  percent  excess  lithium  azide  over  a  stoichiometric  ratio  of  lithium  azide  to  iron 

20  oxide. 
20.  The  composition  of  17  which  burns  according  to  the  equation: 

9/-/A/3  +  Fe203  —  13Afe  +  31/2  0  +  LhN  +  2Fe 

25 
21.  The  composition  of  17  which,  on  ignition,  burns  to  produce  a  reaction  product  which  is  essentially 
free  of  elemental  lithium. 

Claims 
30 

1.  A  vehicle  occupant  restraint  assembly  comprising: 
a  vehicle  occupant  restraint; 
a  housing; 
a  gas  generating  composition  within  the  housing; 

35  an  igniter  for  igniting  the  gas  generating  composition;  and 
gas  flow  means  for  directing  gas  from  said  housing  to  said  vehicle  occupant  restraint; 
said  gas  generating  composition  comprising  lithium  azide  and  a  metal  oxidant  (MeO)  wherein  the 

metal  oxidant  is  present  in  a  sub-stoichiometric  amount  with  respect  to  the  lithium  azide,  the  ratio  of 
lithium  azide  to  metal  oxidant  being  a  ratio  effective  to  produce  lithium  nitride  (Li3N). 

40 
2.  The  restraint  assembly  of  claim  1  wherein  the  gas  generating  composition  burns  according  to  the 

following  equation: 

zLiN2  +  MexOy  -  ^ - ^ N 2   *  y L i 2 0   +  * - ^ * Z   L i , N   +  x M e  

wherein  0  is  either  oxygen  or  sulfur. 

50  3.  The  restraint  assembly  of  claim  2  wherein  z  equals  approximately  3  plus  2y. 

4.  The  restraint  assembly  of  claim  1  comprising  cooling  surfaces  effective  to  cool  the  products  of 
combustion  of  the  gas  generating  composition  to  below  the  melting  point  of  lithium  nitride,  preferably  to 
below  850  0  C. 

55 
5.  The  restraint  assembly  of  claim  1  comprising  at  least  about  15  mol  percent  excess  lithium  azide. 

7 
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6.  The  restraint  assembly  of  claim  1  wherein  the  metal  oxidant  is  an  oxide  or  sulfide  of  a  transition  metal, 
or  boron,  aluminium,  or  silicon,  or  mixtures  thereof,  or, 
wherein  said  metal  oxidant  is  iron  oxide  (Fe2  03)  present  in  a  substoichiometric  amount  of  about  20-50 
mol  percent  excess  lithium  azide. 

5 
7.  The  restraint  assembly  of  claim  6  having  a  cooling  surface  effective  to  produce  an  exhaust  temperature 

of  less  than  about  850  °  C. 

8.  A  vehicle  occupant  restraint  assembly  comprising: 
io  a  vehicle  occupant  restraint; 

a  housing; 
a  gas  generating  composition  within  the  housing; 
an  igniter  for  igniting  the  gas  generating  composition;  and 
gas  flow  means  for  directing  gas  from  said  housing  to  said  vehicle  occupant  restraint; 

is  said  gas  generating  composition  consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203) 
wherein  the  lithium  azide  is  present  in  an  effective  amount  to,  in  reaction  with  the  iron  oxide,  produce 
lithium  nitride; 

heat  exchange  means  in  said  gas  flow  means  to  produce  an  exhaust  temperature,  on  combustion, 
less  than  about  850  °  C  to  produce  lithium  nitride  solids;  and 

20  filter  means  to  entrap  the  solids  of  lithium  nitride  and  other  solids  in  the  combustion  products. 

9.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
consisting  essentially  of  lithium  azide  and  a  metal  oxidant  wherein  the  lithium  azide  is  present  in  an 
effective  amount  to,  in  reaction  with  the  metal  oxidant,  produce  an  amount  of  lithium  nitride  (Li3N). 

25 
10.  The  composition  of  claims  8  or  9,  wherein  said  metal  oxidant  is  selected  from  the  group  consisting  of 

oxides  or  sulfides  of  a  transition  metal,  of  boron,  of  aluminum,  of  silicon  or  of  mixtures  thereof, 
or  wherein  said  metal  oxidant  is  iron  oxide  (Fe2  03)  present  in  a  substoichiometric  amount  of  about  20- 
50  mol  percent  excess  lithium  azide. 

30 
11.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 

consisting  essentially  of  lithium  azide  and  a  metal  oxidant  in  proportions  which  react  essentially 
according  to  the  following  equation: 

35 

zLiN2  *  MexOy  -  2 £ - L - i   N2  +  y L i 2 o   +  z  -  2P  Li  N  +  ^  

40  wherein  O  is  either  oxygen  or  sulfur. 

12.  The  composition  of  claim  11  wherein  z  equals  approximately  3  plus  2y. 

13.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
45  consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe2  03)  in  proportions  which  react  essentially 

according  to  the  following  equation: 

9/-/A/3  +  Fe203  —  13Afe  +  31/2  O  +  Li3  N  +  2Fe 

50  14.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203)  in  a  mol  ratio  in  the  range  of  about  9:1  to 
about  7:1  . 

15.  A  gas  generating  composition  for  inflating  a  vehicle  occupant  restraint  comprising  active  ingredients 
55  consisting  essentially  of  lithium  azide  and  iron  oxide  (Fe203)  in  a  mol  ratio  wherein  the  composition  has 

at  least  about  15  mol  percent  excess  lithium  azide  over  a  stoichiometric  ratio  of  lithium  azide  to  iron 
oxide. 

and  which  preferably  burns  according  to  the  equation: 

8 
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9/-/A/3  +  Fe203  —  13A/3  +  31/2  0  +  £/3  N  +  2Fe 

A  vehicle  occupant  restraint  assembly  comprising: 
a  vehicle  occupant  restraint; 
a  housing; 
a  gas  generating  composition  within  the  housing; 
an  igniter  for  igniting  the  gas  generating  composition;  and 
gas  flow  means  for  directing  gas  from  said  housing  to  said  vehicle  occupant  restraint. 
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