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©  Miniature  photoflash  lamp  and  method  of  making. 

A  miniature  photoflash  lamp  (10)  which  includes  a 
plastic,  light-transmitting  envelope  (13)  and  a  quantity  of  a 
flash-producing  composition  (15)  therein.  The  composition 
includes  a  powdered  metal  (e.g.,  zirconium)  and  a  powdered 
oxidizer  (e.g.,  potassium  chlorate)  with  the  powdered  metal 
having  a  particle  size  within  the  range  of  about  10  to  150 
microns.  Activation  of  the  lamp  may  be  accomplished 
electrically  using,  for  example,  a  pair  of  conductive  lead-in 
wires  (19,21)  sealed  within  one  end  of  the  envelope.  A 
method  for  making  this  lamp  is  also  described. 



TECHNICAL  F I E L D  

The  invention  re la tes   to  photoflash  lamps  and  pa r t i cu l a r l y   to  p h o t o f l a s h  

lamps  of  the  minia ture   var ie ty   (those  having  an  internal   volume  of  about  1 . 0  

cubic  c en t ime te r   or  less).   Even  more  pa r t i cu l a r l y ,   the  invention  r e l a t es   to  

lamps  of  this  var iety  which  are  e l e c t r i c a l l y   a c t i v a t e d .  

BACKGROUND 

Examples   of  known  minia ture   photoflash  lamps  are  desc r ibed   in  U . S .  

Patents   3 ,817 ,683   (Weber)  and  3 ,893 ,798   (Sterling).   Such  lamps  t y p i c a l l y  

include  an  a l l -g lass   envelope,   e l ec t r i ca l   ignition  means  including  a  pair  o f  

lead- in   wires  spacedly  or iented  within  a  base  of  the  envelope  with  each  w i r e  

having  a  quantity  of  p r imer   mate r ia l   located  on  an  end  thereof  and  joined  to  t he  

other  p r i m e r   ma te r i a l   by  a  l inear   e l e c t r i c a l   f i lament ,   a  quantity  of  s h r e d d e d ,  

combust ib le   foil  (e. g. ,  z i r con ium,   a luminum,   hafnium,  or  thor ium),   and  a  

p r e s s u r i z e d ,   c o m b u s t i o n - s u p p o r t i n g   a tmosphe re   (e, g. ,  oxygen)  within  t he  

envelope.   Unders t andab ly ,   it  is  e s sen t i a l   that  the  envelope  is  h e r m e t i c a l l y  

sealed  in  order   to  contain  the  a tmosphe re   and  a ssure   operabi l i ty   of  the  l a m p .  

It  will  be  unders tood  f rom  the  following  that  one  of  the  p r ima ry   o b j e c t s  

of  the  instant  invention  is  to  provide  a  new  and  unique  photoflash  lamp  w h i c h  

e l imina tes   the  need  for  the  a f o r e d e s c r i b e d   sealed  glass  envelope  and  s h r e d d e d  

foil  e l emen t s ,   as  well  as  the  p r e s s u r i z e d   a tmosphe re   assoc ia ted   t h e r e w i t h ,  

while  still  providing  an  intense  light  output  more  than  sufficient  to  meet  the  

r e q u i r e m e n t s   of  many  of  today's   higher   speed  f i lms.   The  lamp  as  d e f i n e d  

here in   is  thus  much  less  expensive  to  manufac ture   than  exist ing  m i n i a t u r e  

lamps  and  also  has  proven  both  safe  and  re l iable   in  o p e r a t i o n .  

P r i o r   to  development   of  the  above,  known  minia ture   lamps ,   pho to f l a sh  

lamps  were  produced  which  did  not  r equ i re   shredded  foil  or  s imi l a r   c o m b u s t i b l e  

m a t e r i a l s   but  instead  utilized  a  f l a s h - p r o d u c i n g   mater ia l   such  as  a  c o m b i n a t i o n  

of  z i r con ium  and  an  oxidant  ( e .g . ,   po ta s s ium  ch lora te ,   bar ium  n i t ra te ,   o r  

s t ron t ium  ni t ra te) .   One  such  example  is  de sc r ibed   in  U.S.  Patent   3 , 2 2 0 , 2 2 4  

(Baird).  It  was  bel ieved  essen t ia l   in  these  p roducts ,   however ,   that  t h e  



par t i c l e   size  of  the  f l a s h - p r o d u c i n g   ma te r i a l   ( pa r t i cu l a r ly   that  of  the  z i r c o n i u m )  

must   be  very  small   or  "finely  divided".   As  d e s c r i b e d   in  3 , 2 2 0 , 2 2 4 ,   t he  

op t imum  par t ic le   size  for  the  z i r con ium  is  app rox ima te ly   1.8  mic rons   w h i l e  

that  of  the  oxidant  should  not  exceed  8.5  microns   (optimum  being  4  -  5 .  5  

m i c r o n s ) .   It  was  also  deemed  e s sen t i a l   that  the  ratio  of  f l a s h - p r o d u c i n g  

m a t e r i a l   to  total  in ternal   volume  of  the  l amp ' s   envelope  r ema in   smal l   f o r  

safe ty   pu rposes .   Accord ing ly ,   these  e a r l i e r   lamps  r equ i r ed   r e l a t ive ly   l a r g e  

envelopes   (e. g.,  7-8  cubic  c en t ime t e r s )   to  a ccommoda te   the  c o r r e s p o n d i n g l y  

large  quant i t ies   of  f l a s h - p r o d u c i n g   ma te r i a l   n e c e s s a r y   for  adequate  l i g h t  

output  and  were  not,  t h e r e f o r e ,   adaptable  to  m i n i a t u r i z a t i o n   and  the  a d v a n t a g e s  

inheren t   t h e r e w i t h .  

It  is  be l ieved,   t h e r e f o r e ,   that  a  min ia ture   photoflash  lamp  which  c a n  

provide  the  s eve ra l   advantages   cited  above  without  adve r se ly   affect ing  s a f e t y ,  

m a n u f a c t u r e ,   or  light  output would  const i tute   a  s igni f icant   advancemen t   i n  t h e  

a r t .  

DISCLOSURE  OF  THE  INVENTION 

As  s ta ted,   it  is  a  p r i m a r y   object  of  the  p resen t   invention  to  provide  a  

min i a tu re   photoflash  lamp  which  e l imina tes   the  need  for  a  h e r m e t i c a l l y - s e a l e d  

glass  envelope ,   sh redded   combust ib le   ma te r i a l ,   and  p r e s s u r i z e d   c o m b u s t i o n -  

suppor t ing   a t m o s p h e r e   while  still  a s s u r i n g   user  safety ,   ease  of  m a n u f a c t u r e ,  

and  output  levels  which  match  the  r e q u i r e m e n t s   of  today 's   higher  speed  f i l m s  

(e. g. ,  ASA  4 0 0 ) .  

It  is  another  object  of  this  invention  to  provide  such  a  lamp  where in   t h e  

ratio  of  f l a s h - p r o d u c i n g   m a t e r i a l   to  internal   volume  of  the  l amp ' s   e n v e l o p e  

can  be  main ta ined   at  r e l a t i ve ly   high  levels  while  st i l l   a s s u r i n g   c o n t a i n m e n t  

of  this  m a t e r i a l   during  lamp  a c t i v a t i o n .  

Still  another   object  of  this  invention  is  to  provide  a  new  and  un ique  

means  for  providing  e l e c t r i c a l   ignition  of  the  above  l a m p .  

An  even  fu r the r   object  of  the  invention  is  to  provide  a  method  for  m a k -  

ing  a  min ia tu re   photoflash  lamp  p o s s e s s i n g   the  a foredef ined   c a p a b i l i t i e s .  

These   objects  are  accompl i shed   in  one  aspect   of  the  invention  by  t h e  

provis ion   of  a  min ia tu re   photoflash  lamp  having  a  l i g h t - t r a n s m i t t i n g   e n v e l o p e ,  



a  f l a s h - p r o d u c i n g   composi t ion  located  within  the  envelope,   and  means  f o r  

igniting  the  composi t ion.   The  l amp ' s   light  output  is  provided  by  the  i gn i t ed  

f l a s h - p r o d u c i n g   composi t ion  which  c o m p r i s e s   both  a  powdered  metal  and  a  

powdered  oxidizer .   The  powdered  metal   (e. g. ,  z i rconium)  has  a  par t ic le   s i z e  

within  the  range  of  about  10  to  150  m i c r o n s .  

The  above  objects  are  a c c o m p l i s h e d   in  another  aspect   of  the  invention  b y  

provis ion  of  a  method  for  making  a  min ia tu re   photoflash  lamp  which  c o m p r i s e s  

posi t ioning  and  seal ing  e l ec t r i c a l   ignition  means  within  one  end  of  the  t u b u l a r  

m e m b e r ,   locating  a  quantity  of  a  f l a s h - p r o d u c i n g   composi t ion  within  the  t u b u l a r  

member   through  a  second,  open  end  thereof ,   and  t he rea f t e r   seal ing  the  s e c o n d ,  

open  end .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  an  e levat ional   view,  in  sect ion,   of  a  minia ture   photoflash  l a m p  

in  accordance   with  a  p r e f e r r e d   embod imen t   of  the  invention;  a n d  

FIG.  2  r e p r e s e n t s   a  flow  d i a g r a m   of  the  steps  of  producing  a  m i n i a t u r e  

photoflash  lamp  in  accordance   with  the  teachings  of  the  inven t ion .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

For  a  bet ter   unders tand ing   of  the  p resen t   invention  together   with  o t h e r  

and  fur ther   objects ,   advantages  and  capabi l i t ies   thereof,   r e f e r ence   is  m a d e  

to  the  following  d i sc losure   and  appended  claims  in  connection  with  the  above  

desc r ibed   d r a w i n g s .  

With  pa r t i cu la r   r e f e rence   to  FIG.  1,  a  miniature  photoflash  lamp  10  i s  

shown  as  including  a  l i g h t - t r a n s m i t t i n g   envelope  13,  a  f l a s h - p r o d u c i n g   c o m p o s i t i o n  

15  within  envelope  13  for  providing  the  light  output  for  lamp  10  upon  ign i t ion  

thereof ,   and  ignition  means  17  for  igniting  composit ion  15  to  provide  said  ou tpu t .  

By  the  t e rm  minia ture   is  meant   a  lamp  having  an  envelope  with  an  i n t e r n a l  

volume  no  g rea te r   than  about  1.0  cubic  cen t imete r .   Envelope  13  is  p r e f e r a b l y  

cyl indr ica l   (tubular),   and  in  one  embod imen t   of  the  invention  posses sed   a n  

internal   d i ame te r   of  about  0.343  c e n t i m e t e r , - a n   internal   length  of  about  1 0 . 0 0  

c e n t i m e t e r s ,   and  a  wall  th ickness   of  about  0.127  cen t ime te r .   The  p r e f e r r e d  



m a t e r i a l   for  envelope  13  is  plastic  (polypropylene)   which,  having  the  above  

d i m e n s i o n s ,   r e su l t s   in  the  envelope  being  t r an s lucen t .   It  is  unders tood ,   of  

course ,   that  other  plast ic  m a t e r i a l s   and  d imens iona l   va r i a t ions   are  p o s s i b l e ,  

including  those  which  provide  a  t r a n s p a r e n t   vesse l .   It  is  also  possible   to  u s e  

glass  as  the  envelope  m a t e r i a l .  

F l a s h - p r o d u c i n g   compos i t ion   15  c o m p r i s e s   a  p r e d e t e r m i n e d   quantity  o f  

a  powdered  metal   ( serv ing  as  the  fuel)  and  a  p r e d e t e r m i n e d   quantity  of  o x i d i z e r  

(serving  as  the  oxygen  suppl ier) .   The  p r e f e r r e d   powdered  metal   m a t e r i a l   i s  

z i r con ium  while  the  p r e f e r r e d   oxid izer   m a t e r i a l   is  po tass ium  ch lora te .   O t h e r  

acceptable   ox id ize rs   include  po t a s s ium  pe rch lo ra t e   and  sodium  chlora te   wh i l e  

another   accep tab le   metal   is  h a f n i u m .  

As  d e s c r i b e d   above,  one  of  the  p r i m a r y   fea tu res   of  the  instant  i n v e n t i o n  

is  the  use  of  a  r e l a t ive ly   large  pa r t i c le   size  metal   powder  as  a  key  i n g r e d i e n t  

of  the  powdered   f l a s h - p r o d u c i n g   compos i t ion   (15).  It  was  found  that  z i r c o n i u m  

powders  having  par t ic le   sizes  ranging   f rom  about  10  to  about  150  m i c r o n s  

could  be  s u c c e s s f u l l y   used  to  provide  d e s i r e d   light  outputs  without  s a c r i f i c i n g  

con ta inment   of  the  f inished  p roduc t ' s   envelope.   I m p r o v e m e n t s   in  color  t e m p e r -  

ature  were  also  a t ta ined  using  these  p a r t i c l e s ,   and  it  was  possible   to  r e a d i l y  

adjust  f lash  dura t ion   t imes .   It  was  also  found  that  large  fuel  pa r t i c l e s ,   w h e n  

combined  with  the  a f o r e d e s c r i b e d   ox id ize rs   and  posit ioned  within  the  above  

envelope,   burned  at  higher  t e m p e r a t u r e s ,   emi t ted   more  light  per  unit  w e i g h t ,  

caused  less  p r e s s u r e   bui ld-up,   burned  in  a  more  local ized  manne r ,   and  w e r e  

cons ide r ab ly   less  hazardous   to  handle,   than  s i m i l a r   mix tures   containing  f u e l s  

having  "f inely  divided"  (e. g. ,  1.8  microns)   pa r t i c l e s .   Obviously,   the  above  

f ea tu res   are  deemed  truly  s ignif icant   in  the  photoflash  lamp  f i e l d .  

When  using  the  above  z i r con ium  powder,   it  was  p r e f e r r e d   to  use  a n  

oxidizer   having  a  par t ic le   size  within  the  range  of  about  70  to  about  150  m i c r o n s .  

It  is  unders tood ,   however ,   that  s m a l l e r   s izes  (e. g. ,  10  microns)   could  be  u s e d  

without  a d v e r s e l y   affect ing  the  benefi ts   der ived   f rom  the  p resen t   inven t ion .  

Several   success fu l   combinat ions   of  the  above  m a t e r i a l s   are  provided  b e l o w .  

The  ut i l izat ion  of  a  plastic  envelope  13  is  possible  when  above  f l a s h -  

producing  combinat ion   15  is  employed  due  to  the  lack  of  need  for  a  c o m b u s t i o n -  

suppor t ing   a t m o s p h e r e   within  the  envelope.   Accord ing ly ,   it  is  not  n e c e s s a r y  

to  h e r m e t i c a l l y   seal  envelope 13  as  is  r e q u i r e d   for  lamps  containing  c o m b u s -  



tible  foils  and  s i m i l a r   m a t e r i a l s .   For  ease  of  manufac tu re ,   however ,   e n v e l o p e  

13  contains  an  a t m o s p h e r e   of  air  which  in  effect  s e rves   to  support   c o m b u s t i o n .  

P e r m i t t i n g   air  to  r ema in   in  the  envelope  during  fo rmat ion   thereof   e l i m i n a t e s  

the  costly  p r o c e d u r e s   of  e i ther   ex t rac t ing   such  a tmosphe re   (e. g. ,  to  form  a  

vacuum)  or  inject ing  same  at  high  p r e s s u r e s ,   as  typical ly  r equ i red   in  known  

minia ture   l a m p s .  

It  was  d e t e r m i n e d   that  the  a foredef ined  fuels,   when  used  in  p l a s t i c  

vessel   l amps ,   should  radiate   at  color  t e m p e r a t u r e s   of  at  least   4000  d e g r e e s  

K.  The  finished  lamps  of  the  instant  invention  were  all  capable  of  a t t a i n i n g  

these  des i red   levels .   It  was  also  possible  to  obtain  light  outputs  a p p r o a c h i n g  

500  lumen  seconds  and,  by  varying  the  fue l -ox id i ze r   rat ios ,  to   vary  the  p u l s e  

(flash)  durat ion  of  the  output  from  about  5  to  30  mi l l i s econds .   S p e c i f i c a l l y ,  

i nc reas ing   the  ox id izer   content  resu l ted   in  flash  durat ions   approach ing   t h e  

higher  time  values  while  excess   fuel  ma te r i a l   produced  short   dura t ions .   U s e  

of  large  par t ic le   fuels  in  an  a i r - con t a in ing   plastic  envelope  fu r the r   p e r m i t t e d  

employment   of  large  quanti t ies   of  composi t ion   15,  in  c o m p a r i s o n   to  e x i s t i n g  

minia ture   lamps .   For  example ,   it  was  possible  to  succes s fu l ly   utilize  f l a s h -  

producing  compos i t ions   weighing  from  about  25  to  about  35  m i l l i g r a m s   in  a  

1.0  cubic  c e n t i m e t e r   envelope.   Higher  rat ios  (composi t ion :   envelope  v o l u m e )  

are  at tainable  when  using  s m a l l e r   sized  e n v e l o p e s .  

Ignition  means  17  is  shown  in  FIG.  1  as  including  a  pair  of  c o n d u c t i v e  

lead-in  wires  19  and  21  each  having  an  0.03  cen t ime te r   d i ame te r   copper  w i r e  

cover  by  a   005  c e n t i m e t e r   insulative  coating.  Wires  19  and  21  are  t w i s t e d  

about  each  other  (about  4  turns  per  cen t imeter )   into  the  conf igurat ion  s h o w n  

and  sealed  within  a  bottom  (end)  portion  of  envelope   13.  Under s t andab ly ,   it  i s  

also  possible  to  secure   these  m e m b e r s   within  one  of  the  envelope 's   side  w a l l s  

or  within  the  opposing,   upper  end.  Exposed  ends  23  of  wires  19  and  21  e x t e n d  

within  envelope  13  app rox ima te ly   0.318  c en t ime te r   and  include  thereon  a  

quantity  of  p r i m e r   mate r ia l   25.  As  shown,  ends  23  are  spacedly  or iented   w i t h  

portions  of  p r i m e r   25  located  the rebe tween .   Applicat ion  of  ignition  v o l t a g e  

ac ross   the  p ro t rud ing   ends  27  of  wires  19  aµd  21  by  a  suitable  power  s o u r c e  

(e. g. ,  a  p i ezoe l ec t r i c   element)   typically  a s soc ia t ed   with  many  of  t o d a y ' s  

c a m e r a s   r e su l t s   in  genera t ion   of  a  spark  ac ros s   ends  23  and  i n s t a n t a n e o u s  

ignition  of  p r i m e r   25.  A  typical  ignition  voltage  is  about  3000  volts.  T h e  



def lagra t ing   p r i m e r   25  in  turn  ignites  powdered  compos i t i on   15.  It  is  p r e -  

f e r r e d   that  p r i m e r   25  be  located  within  composi t ion  15   or  prot rude  s l i g h t l y  

t h e r e f r o m   as  i l l u s t r a t ed   in  FIG.  1.  It  is  possible  to  e l iminate   p r i m e r   25  in  

the  p resen t   invention  and  d i rec t ly   ignite  composi t ion   15  using  the  s p a r k  

genera ted   between  ends  23  of  wires   19  and  21.  In  such  an  a r r a n g e m e n t ,   e n d s  

23  are  thus  defined  as  being  in  opera t ive   engagement   with  composi t ion   15 

(e. g. ,  by  being  inse r t ed   there in) .   It  is  p r e f e r r e d ,   however ,   to  u t i l i z e  

p r i m e r   25  in  that  less  energy  will  be  r equ i r ed   to  achieve  ignition  of lamp  10. 

One  example  of  a  p r i m e r   ma te r i a l   succes s fu l ly   used  included  about  78  p e r c e n t  

z i r con ium  powder,  16  percent   p o t a s s i u m   p e r c h l o r a t e ,   4  pe rcen t  Alon  C ,   a n d  

2  percent   n i t roce l lu lo se ,   Another   suitable  example  included  50  p e r c e n t  

z i r con ium,   30  percent   po ta s s ium  p e r c h l o r a t e ,   10  pe rcen t  t ungs t i c   oxide,  4  

percent   Alon  C,  4  percent   glass  beads ,   and  2  percent   n i t rocel lu lose .   All  o f  

the  above  pe rcen tages   are  by  weight  of the  mixture .   Methyl  cel lulose   a c e t a t e  

was  used  as  a  solvent  in  p r e p a r a t i o n   of  both  of the  d e f i n e d  p r i m e r s .   A p p l i c a t i o n  

of  prime  r  to  the  ends  23  of  wires   19  and  21  was  achieved  by   dipping  these  e n d s  

into  the  l i qu id  suspens ion   and  wi thdrawing   slowly  (e.  g.,  0. 635  c e n t i m e t e r   p e r  

second).   The  coated  ends  were  then  sealed  within  the  end  of  envelope  13  a s  

i l lu s t r a t ed .   A p p r o x i m a t e l y   0.5  to  1. 0  m i l l i g r a m   of  p r i m e r   was  utilized  in  

lamp  10. 

Although  it  has  been  shown  and  desc r ibed   to  ignite  composi t ion   15 

e l e c t r i c a l l y ,   it  is  also  within  the  scope  of  the  invention  to  utilize  p e r c u s s i v e l y  

actuated  means  for  this  purpose .   By  way  of  example ,   a  metal  p r i m e r   t u b e  

such  as  de sc r ibed   in  U.S.  Pa ten t   3 , 535 ,063   (Anderson e t   al)  could  be  e m p l o y e d  

and  project   f rom  the  bot tom  end  of  envelope  13.  De fo rma t ion   of  the  tube  w o u l d  

r e s u l t   in  de f lagra t ion   of  the  fu lmina t ing   ma te r i a l   t he re in   up  through  the  t u b e  

and  ignition  of  compos i t ion   15  located  within  the  envelope  13  in  a  s i m i l a r  

manner   to  that  depicted  in  FIG.  1.  The  teachings  of  3 ,535 ,063 ,   are  thus  

i nco rpo ra t ed   herein  by  r e f e r e n c e .  

The  following  r e p r e s e n t   s eve ra l   examples   of  minia ture   photoflash  l a m p s  

made  in  accordance   with the  teachings   of  the  invention.  In  all  of  these  e x a m p l e s ,  

the  upper  portion  ( approx ima te ly   9  c e n t i m e t e r s   of  the  enve lope ' s   length)  of 

envelope  13  was  opt ical ly  darkened   (masked)  and   the  def ined  light  ou tpu t  

r ead ings   were  taken  f rom  only  the  r e m a i n i n g  " a c t i v e "   l i g h t - t r a n s m i t t i n g  



region  of  the  envelope.   It  is  unders tood  from  the  above  that  compos i t ion   15 

occupies  this  region  and  that  the  optically  darkened  portion  thus  r e p r e s e n t s  

an  expansion  chamber   for  gases  genera ted   during  ignition.  In  s u m m a r y ,   the  

"act ive"  region  emits  a  re la t ive ly   large  proport ion  of  the  lamp 's   total  ou tpu t  

due  p r i m a r i l y  t o   the  beneficial   resu l t s   of  using  large  grain  size  fuels  w h i c h  

assure   local ized  burning.  Accordingly ,   the  total  light  output  of  the  i nven t ion  

will  be  g rea te r   than  that  indicated  below  wherein  optical  masking  was  used  on 

envelope  13. 

Example  I 

F l a s h - p r o d u c i n g   composit ion:   15.9  mi l l igrams  z i rconium  p o w d e r  

(particle  size:  15-20  microns)   and  14.1  mi l l ig rams   potass ium  chlorate   p o w d e r  

(particle  size:  less  than  74  m i c r o n s ) .  

I l luminat ion:   240  lumen  s e c o n d s  

Pulse  Duration:  5-7  m i l l i s e c o n d s .  

Color  T e m p e r a t u r e :   about  4200  degrees   K. 

Containment:   e x c e l l e n t .  

Example  II 

F l a s h - p r o d u c i n g   composi t ion;   15. 9  mi l l i g rams   z i rcon ium  powde r  

(particle  size:  15-20  microns)   and  14.1  mi l l ig rams   potass ium  chlorate   powde r  

(particle  size:  74-149  m i c r o n s ) .  

I l lumination:   400  lumen  s e c o n d s .  

Pulse  Duration:  10-12  m i l l i s e c o n d s .  

Color  T e m p e r a t u r e :   about  4200  degrees   K.  

Containment:   e x c e l l e n t .  

Example   III 

F l a s h - p r o d u c i n g   composi t ion:   15.9  mi l l ig ram  z i rconium  powde r  

(particle  size:  44-74  microns)   and  14.1  mi l l ig rams   potass ium  chlorate  p o w d e r  

(particle  size:  74-149  m i c r o n s ) .  

I l lumination:   350  lumen  s e c o n d s .  

Pulse  Duration:  20  m i l l i s e c o n d s .  

Color  T e m p e r a t u r e :   about  4200  degrees   K .  

Containment :   e x c e l l e n t .  



Example   IV 

F l a s h - p r o d u c i n g   composi t ion:   15.9  m i l l i g r a m s   z i r c o n i u m  p o w d e r  

(part icle   s ize:   44-74  microns)   and  14.1  m i l l i g r a m s   po tas s ium  chlorate   powde r  

(part icle   size:  less  than  74  m i c r o n s ) .  

I l lumina t ion :   450  lumen  s e c o n d s  

Pulse   Duration:   20  m i l l i s e c o n d s .  

Color  T e m p e r a t u r e :   about  4 2 0 0  d e g r e e s  K .  

Conta inment :   e x c e l l e n t .  

Example  V 

F l a s h - p r o d u c i n g   composit ion:   15.9  m i l l i g r a m s   z i r con ium  p o w d e r  

(part icle  size:  74-149  microns)   and  14.1  m i l l i g r a m s   p o t a s s i u m   chlorate   p o w d e r  

(part icle  size:  less  than  74  m i c r o n s ) .  

I l luminat ion:   370  lumen  s e c o n d s .  

Pulse   Durat ion:   30  m i l l i s e c o n d s .  

Color  T e m p e r a t u r e :   about  4200  degrees   K .  

Conta inment :   e x c e l l e n t .  

The  a f o r e d e s c r i b e d   dual  wire  e l e c t r i c a l  i gn i t i on   means  (including  p r i m e r )  

was  used  to  ignite  the  desc r ibed   f l a s h - p r o d u c i n g   compos i t ions .   A  p i e z o e l e c t r i c  

e l ement   se rved   as  the  requis i te   voltage  s o u r c e .  

In  addition  to the  above,  examples   were  made  where in   the  z i r c o n i u m  

powder  had  a  par t ic le   size  less  than  10  mic rons   ( e . g . ,   3  microns) .   Igni t ion  

of  the  lamps  r e s u l t e d  i n   rupture   of  the  plast ic  e n v e l o p e .  

The  above  lamps  were  each  produced  by  initially  p rovid ing   a  piece  of 

e longated,   polypropylene  tub  ing  having  opposed  (first  and  second)  open  e n d s  

and  the  d e s c r i b e d   internal   d i ame te r   (0.343  c en t ime te r ) .   T h e  d u a l - w i r e d  

e l e c t r i c a l   ignition  means  17,  with  the  wires  19  and  21  t w i s t e d   together   a n d  

having  p r i m e r   25  thereon,   was  inse r ted   within  a  f i r s t   open  end  of  the  t u b e  a n d  

said  end  sea led .   Sealing  was  achieved  using  a  heated  a luminum  block  h a v i n g  

a  r e c e s s e d   (concave)  portion  with an  aper ture   cen t ra l ly   l oca t ed  t he r e in   a n d  

pass ing   through  the  block.  Wires  19  and  21  were  or iented  within  the  b l o c k ' s  

a p e r t u r e   to  extend  within  the  r e c e s s e d   portion  whereupon the   po lyp ropy lene  

tubing  was  lowered  about  the  wiring  until  engagement   was  effected  be tween  t he  



r e c e s s   and  the  tube's  f irst   open  end.  A  small   force  was  then  exer ted   at  the  

opposing,   second  open  end  of  the  tubing  such  that  the  f irst   end  was  p r e s s e d  

against   the  block  and  deformed  about  the  contained  wiring.  The  tubing,  now 

having  ignition  means  17  secured   there in ,   was  removed  from  the  a l u m i n u m  

block  and  or iented  ver t ica l ly .   The  de sc r ibed   quantity  of  f l a s h - p r o d u c i n g  

composi t ion   15  was  then  dropped  (using  a  funnel)  into  the  upright  tubing  t h r o u g h  

the  second  open  end.  The  composi t ion   fell  to  the  bottom  (first  end)  to  s u r r o u n d  

the  extending  ends  of  wires  19  and  21  in  the  manner   shown  in  FIG.  1.  P o s i t i o n i n g  

of  composi t ion  15  can  be  faci l i ta ted  by  m o i s t u r e - d a m p e n i n g   (e. g.,  using  w a t e r )  

the  composi t ion  prior  to  inser t ion.   Such  dampening  resul ted  in  a  more  h o m o -  

geneous  mixture  (less  part icle   segrega t ion)   than  a  simple  dry  (loose)  m i x t u r e  

of  the  same  ma te r i a l ,   pa r t i cu la r ly   when  using  the  l a rge r ,   coa r se r   g r a i n s .  

When  dampening  was  used,  the  tubular   m e m b e r s   were  located  in  an  oven  and  

dried  (100  degrees   C  for  about  10  minutes)  prior  to  subsequent   p r o c e s s i n g .  

The  next  step  in  producing  lamps  10  involved  seal ing  the  r e m a i n i n g  

(or  second)  open  end.  This  p rocess   s imply  involved  inser t ing  the  second  end  

within  the  r ece s s   of  the  a f o r e d e s c r i b e d ,   heated  a luminum  block  until  c l o s u r e  

was  accompl i shed   and  a  completed  envelope  was  def ined .  

It  is  understood  that  the  above  p rocess   will  resul t   in  the  s u r r o u n d i n g  

a tmosphere   present   during  the  last  seal ing  step  to  become  confined  within  t he  

envelope,   unless  preventat ive  steps  ( e .g . ,   vacuum  drawing)  are  taken.  In 

a  typical  working  envi ronment ,   this  a t m o s p h e r e   will  obviously  compr i se   a i r ,  

an  a tmosphere   totally  s a t i s f ac to ry   for  pe rmi t t ing   combustion  of  the  i nven t i on ' s  

f l a s h - p r o d u c i n g   composi t ion  there in .   This  air  will  also  be  at  n o r m a l  

a tmosphe r i c   p r e s su re   when  located  there in   and  not  at  much  higher  p r e s s u r e s  

as  typical ly  requi red   in  known  min ia ture   lamps.   Accordingly,   the  inven t ion  

can  be  readi ly   produced  with  less  cost  and  difficulty  than  methods  utilized  in 

producing  cu r ren t   miniature  lamps  which  utilize  combustible  shred  m a t e r i a l .  

F u r t h e r m o r e ,   it  is  understood  that  envelope  13  needn't   be  c o m p l e t e l y  

(hermet ica l ly)   sealed  at  e i ther   end  as  is  r equ i red   in  the  above,  c o m b u s t i b l e -  

type  lamps  containing  a  p r e s s u r i z e d ,   oxygen  a tmosphere   t h e r e i n .  



While  there  have  been  shown  and  de sc r i bed   what  are  at  present   c o n s i d e r e d  

the  p r e f e r r e d   embodiments   of  the  invention,  it  will  be  obvious  to  those  s k i l l e d  

in  the  art  that  various  changes  and  modi f ica t ions   may be  made  there in   w i t h o u t  

depar t ing   from  the  scope  of  the  invention  as  defined  by  the  appended  c l a i m s .  



1.  A  minia ture   photoflash  lamp  c o m p r i s i n g :  

a  l i g h t - t r a n s m i t t i n g   e n v e l o p e ;  

a  f l a s h - p r o d u c i n g   composi t ion  located  within  said  envelope  and  

including  a  p r e d e t e r m i n e d   quantity  of  a  powdered  metal  ma te r i a l   and  a  

p r e d e t e r m i n e d   quantity  of  a  powdered  oxidizer   ma te r i a l ,   said  powdered  m e t a l  

ma te r i a l   having  a  par t ic le   size  within  the  range  of  from  about  10  to  abou t  

150  microns ;   and 

means  for  igniting  said  f l a s h - p r o d u c i n g   c o m p o s i t i o n ,  

2.  The  photoflash  lamp  according   to  Claim  1  wherein  the  ma te r i a l   f o r  

said  envelope  is  se lec ted   from  the  group  consis t ing   of  glass  and  plast ic ,   s a i d  

envelope  having  an  internal   volume  less  than  or  equal  to  about  1.  0  c u b i c  

c e n t i m e t e r .  

3.  The  photoflash  lamp  accord ing   to  Claim  2  wherein  said  plastic  i s  

p o l y p r o p y l e n e .  

4.  The  photoflash  lamp  accord ing   to  Claim  1  wherein  said  p o w d e r e d  

metal  ma te r i a l   is  se lec ted   from  the  group  consis t ing  of  z i r con ium  or  ha fn ium.  

5.  The  photoflash  lamp  accord ing   to  Claim  1  wherein  said  p o w d e r e d  

oxidizer   is  se lec ted   from  the  group  consis t ing   of  po tass ium  c h l o r a t e ,  

po tass ium  p e r c h l o r a t e ,   and  sodium  c h l o r a t e .  

6.  The  photoflash  lamp  accord ing   to  Claim  1  wherein  the  ratio  of  s a i d  

f l a s h - p r o d u c i n g   composi t ion   to  the  internal   volume  of  said  envelope  is  wi th in  

the  range  of  about  25  m i l l i g r a m s   per  cubic  cen t ime te r   to  about  35  m i l l i g r a m s  

per  cubic  c e n t i m e t e r .  

7.  The  photoflash  lamp  accord ing   to  Claim  1  wherein  said  p o w d e r e d  

oxidizer   ma te r ia l   has  a  par t ic le   size  within  the  range  of  from  about  70  m i c r o n s  

to  about  150  m i c r o n s .  



8.  The  photoflash  lamp  accord ing   to  Claim  1  f a r the r   including  a  

combustion  - suppor t ing   a tmosphe re   within  said  envelope,   said  a t m o s p h e r e  

compr i sed   of  a i r .  

9.  The  photoflash  lamp  accord ing   to  Claim  1  wherein  said  lamp  is  

e l ec t r i ca l ly   act ivated,   said  means  for  igniting  said  f l a s h - p r o d u c i n g   c o m p o s i t i o n  

compr i s ing   a  pair  of  conductive  l ead- in   wires  including  an  i n s u l a t i v e  c o a t i n g  

thereon  and  secured   within  a  wall  or  end  portion  of  said  envelope,   each  of  s a i d  

lead-in  wires  having  an  exposed,   conductive  end  portion  extending  within  s a i d  

envelope  and  in  operat ive   engagement   with  said  f l a s h - p r o d u c i n g   c o m p o s i t i o n .  

10.  The  photoflash  lamp  accord ing   to  Claim  9  wherein  said  l ead- in   w i r e s  

are  twisted  about  each  other  within  said  wall  or  end  portion  of  said  e n v e l o p e .  

11.  The  photoflash  lamp  accord ing   to  Claim  9  fu r the r   including  a  q u a n t i t y  

of  p r imer   mate r ia l   posi t ioned  on  said  exposed,   conductive  end  por t ions   of  s a i d  

lead- in   wires  and  in  contact  with  said  f l a s h - p r o d u c i n g   composi t ion   for  i g n i t i n g  

said  composi t ion,   said  conductive  end  por t ions   and  said  p r i m e r   m a t e r i a l  

positioned  subs tan t ia l ly   wi thin  sa id   f l a s h - p r o d u c i n g   c o m p o s i t i o n .  

12.  A  method  of  making  a  photoflash  lamp,  said  method  c o m p r i s i n g :  

providing  a  tubular ,   l i g h t - t r a n s m i t t i n g   member   having  f i r s t   and  

second  open  e n d s ;  

posi t ioning  a  pair  of  conductive  lead- in   wires  within  said  f i r s t   of 

said  open  ends  and  seal ing  said  f i rs t   open  end with  said  wires  the re in   such  t h a t  

an  end  portion  of  each  of  said  wires  extends  within  said  tubular   m e m b e r ;  

posi t ioning  a  quantity  of  a  f l a s h - p r o d u c i n g   compos i t ion   within  s a i d  

second  open  end  of  said  tubular  m e m b e r   and  in  oporat ive  engagement   w i t h  

said  extending  ends  of  said  lead- in   wi res ,   said  composi t ion   including  a  

p r e d e t e r m i n e d   quantity  of  a  powdered  metal   ma te r i a l   and  a  powdered  o x i d i z e r  

ma te r i a l ,   said  powdered  metal  ma te r i a l   having  a  par t ic le   size  within  the  r a n g e  

of  about  10  microns   to  about  150  mic rons ;   a n d  

seal ing  said  second  open  end  of  said  tubular   m e m b e r   to  define  a  

l i g h t - t r a n s m i t t i n g   e n v e l o p e .  



13.  The  method  according   to  Claim  12  fur ther   including  providing  an  

insulative  coating  on  said  lead- in   wires   and  twist ing  said  wires  about  e a c h  

other  prior  to  seal ing  said  wires  within  said  f i rs t   open  end  of  said  l i g h t -  

t r ansmi t t i ng   m e m b e r .  

14.  The  method  according  to  Claim  12  fur ther   including  providing  a  

quantity  of  prime  r  ma te r ia l   on  said  extending  ends  of  said  lead-in  wires  p r i o r  

to  posit ioning  said  f l a s h - p r o d u c i n g   composi t ion   within  said  tubular   m e m b e r .  

15.  The  method  according   to  Claim  12  fur ther   including  in t roducing  a  

c o m b u s t i o n - s u p p o r t i n g   a tmosphere   within  said  tubular  member   through  s a i d  

second  end  of  said  tubular  m e m b e r   immedia te ly   prior   to  seal ing  s a i d  

second  end .  
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