
0  J E u r o p a i s c h e s   

pa tentami  

European  Patent  Office  ®  Publication  number:  0 - 1   5 9   1  2 2  

Office  europeen  des  brevets  B  1 

*  EUROPEAN  PATENT  SPECIFICATION 

S)  Date  of  publication  of  patent  specification:  12.07.89  (g)  |nt.CI.4:  C  06  B  3 3 / 0 6  

B)  Application  number:  85301430.6 

§)  Date  of  filing:  01.03.85 

jj)  Primer  mixes  and  method  of  making  tnem. 

D  Priority:  08.03.84  US  587344 

|§)  Date  of  publication  of  application: 
23.10.85  Bulletin  85/43 

;§)  Publication  of  the  grant  of  the  patent: 
12.07.89  Bulletin  89/28 

(8)  Designated  Contracting  States: 
FRGBSE 

(§)  References  cited: 
DE-B-1  006770 
DE-C-3105  060 
US-A-3291665 

CD 

CM 
CM 

O )  
i n  

a .  
u j  

]3)  Proprietor:  HALLiBumuNuuivirMiMT 
1209  Orange  Street 
Wilmington  Delaware  (US) 

®  Inventor:  Yates,  Donald  Norton,  Jr. 
23003,  Chelsen  Bridge  Lane 
Katy  Texas  77450  (US) 
Inventor:  Oestrich,  Michael 
22619,  Elsinore 
Katy  Texas  77450  (US) 

(7$)  Representative:  Bayliss,  Geoffrey  Cyril  et  al 
BOULT,  WADE  &  TENNANT  27  Furnival  Street 
London  EC4A1PQ(GB) 

Note:  Within  nine  montnsTrom  tne  puDiicauon  or  me  me.mu..  u.  u,c  y.a...  ~  <■-—-■  ■■  ,  . 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  oppos.tion  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 

paid.  (Art.  99(  1  )  European  patent  convention). 

UOUner  rress,  i_eaiiuny  iun  oya,  unyiauu. 



1 EP  0  159  122  B1 2 

Description 

This  invention  relates  to  primer  mixes  and 
methods  of  making  them,  percussion  primers  and 
initiators,  and  methods  of  detonating  explosives, 
and  is  particularly,  but  not  exclusively,  related  to 
such  mixes,  primers,  initiators  and  detonation 
methods  for  use  within  wellbores  in  the  oil  and 
gas  industry. 

Explosives  are  substances  capable  of  exerting, 
by  their  characteristics  high-velocity  reactions, 
sudden  high  pressures.  Chemical  explosives  are 
divided  into  two  main  categories,  the  "low-order" 
or  "deflagrating"  type  and  the  "high-order"  or 
"detonating"  type.  The  latter  are  further  classified 
as  "primary"  or  "secondary"  detonating 
explosives. 

Deflagrating  explosives  are  characterized  by  a 
reaction  rate  which  increases  nearly  in  direct 
proportion  to  the  pressure  (as  a  result  of  the 
influence  of  pressure  on  surface  temperature), 
but  always  remains  one  or  two  orders  of  mag- 
nitude  lower  than  the  reaction  rate  in  the  detonat- 
ing  type.  The  explosion  typically  moves  through 
the  unexploded  material  at  a  speed  slower  than 
that  of  sound  in  that  material.  The  limiting  rate  of 
reaction  and  pressure  in  granular  low  explosive  is 
determined  by  the  effective  burning  surface  and 
the  upper  limit  of  surface  temperature.  The 
pressure-time  curve  of  a  deflagrating  explosive 
tends  to  exhibit  a  maximum  usually  below  about 
75,000  psi  (520  MN/m2)  and  normally  around 
50,000  psi  (350  MN/m2). 

In  contrast,  detonating  explosives  are  charac- 
terized  by  an  explosive  process  in  which  the 
reaction  takes  place  within  a  high-velocity  shock 
wave  known  as  the  "detonation  wave"  or  "reac- 
tion  shock".  This  wave  generally  propagates  at  a 
constant  velocity,  typically  faster  than  the  speed 
of  sound  in  that  material,  depending  on  the 
chemistry  of  the  explosive,  its  density  and  its 
physical  state.  Pressures  generated  by  detonation 
range  from  about  1.5  million  to  4.5  million  psi  (10 
to  31  GN/m2). 

Primary  detonating  high  explosives  are  used  to 
detonate  other  high  explosives.  The  reaction  in  a 
primary  explosive  is  initiated  by  heat  or  shock 
waves,  and  such  explosives  are  extremely 
dangerous  because  of  their  high  sensitivity.  They 
burn  or  deflagrate  for  a  few  micro-seconds,  then 
detonate. 

Secondary  detonating  high  explosives  produce 
the  largest  amounts  of  energy.  Without  inititiation 
by  a  primary  high  explosive,  they  are  relatively 
stable.  Detonation  of  the  explosive  depends  on  its 
confinement,  the  rate  of  heat  dissipation,  and  the 
nature  of  the  explosive  itself. 

There  are  a  variety  of  chemical  explosive  com- 
pounds,  each  one  with  characteristics  that  deter- 
mine  the  conditions  under  which  it  can  advan- 
tageously  be  used.  Accordingly,  a  particular 
explosive  compound  may  be  more  desirable  for 
use  in  one  situation  than  in  another,  a  different 
explosive  compound  being  better  suited  for  use 
under  the  latter  situation's  conditions.  However, 

all  types  of  explosives  have  at  least  one  charac- 
teristic  in  common:  they  require  some  sort  of 
activation,  by  application  of  externally  supplied 
means  such  as  heat,  flame,  electrical  discharge, 

5  impact  or  shock,  to  initiate  the  explosive  reaction. 
It  nonetheless  confirms  their  diversity  that  sensi- 
tivity  to  the  aforementioned  stimulus  varies  from 
one  explosive  to  another,  and  varies  even  for  a 
given  explosive  under  different  conditions  of 

10  temperature,  pressure,  concentration,  density 
and  physical  state. 

Explosive  charges,  both  of  the  deflagrating  and 
detonating  type,  are  utilized  for  various  functions 
in  the  oil  and  gas  industry;  one  frequent  use  is  for 

15  perforating  a  well  casing  to  complete  or  test  a 
formation,  and  another  is  for  setting  a  packer  or 
other  device  downhole  in  a  wellbore.  Due  to  the 
time  and  the  expense  involved  in  carrying  out 
such  operations  and  the  explosive  power  of  the 

20  compounds,  it  is  essential  that  the  performance  of 
the  explosives  be  reliable.  Furthermore,  it  is 
important  that  explosive  materials  be  resistant  to 
the  extremes  of  temperature  encountered  in  the 
typical  wellbore  environment  because  such  con- 

25  ditions  can  degrade  the  operation  of  the  explosive 
materials. 

Because  of  the  difficulty  in  setting  up  and 
maintaining  electrical  means  connected  to  an 
explosive  charge  to  cause  electrical  initiation  of 

30  an  explosion  within  the  wellbore  —  due  largely  to 
its  depth  —  it  is  desirable  to  ignite  low-order 
explosives  and  detonate  high-order  explosives  by 
an  initial  deflagrating  explosive  charge  which  is 
actuated  by  impact.  However,  that  percussive 

35  actuation  also  poses  problems.  Deflagrating 
explosives  which  are  known  to  ignite  upon  impact 
and  therefore  might  be  utilized  as  initiators,  such 
as  those  generally  used  to  fire  bullets  and  other 
projectiles,  including  lead  thiocyanates  and 

40  barium  styphnates,  contain  organic  moieties 
which  introduce  instability  under  extremes  of 
temperature  over  periods  of  time.  Furthermore, 
such  compounds  are  extremely  sensitive,  igniting 
upon  an  impact  of  only  1  to  20  inch-ounces  (70  to 

45  1400  mJ).  That  sensitivity  could  well  cause  pre- 
mature  firing  of  the  explosive  under  the  harsh 
conditions  within  the  wellbore,  with  the  result 
that  the  wellbore  would  be  damaged  so  as  to 
require  difficult  repairs  or  even  permanent  clos- 

50  ure. 
Other  percussion-activated  explosives  used  in 

the  oil  and  gas  industry,  such  as  lead  azide  and 
lead  styphnate,  also  are  extremely  sensitive  to 
impact  ignition  and  show  poor  stability  at  various 

55  extremes  of  temperature. 
As  a  result  of  the  shortcomings  of  known 

percussive  primer  mixtures,  the  art  would  ordi- 
narily  be  inclined  to  utilize  instead  the  aforemen- 
tioned  electrically  initiated  primers.  One  such 

60  primer  contains  a  mixture  of  titanium  and 
potassium  perchlorate.  Thus,  in  a  percussive 
primer  the  mixture  of  titanium  and  potassium 
perchlorate  would  typically  be  disposed  in  coop- 
eration  with  an  electrical  heating  element,  which 

65  element  imparts  heat  energy  to  the  mixture  caus- 

2 



3  it  to  ignite  (for  instance,  at  arouna  /ou  r  
)0°C).  Compaction  of  the  titanium  and 
itassium  perchlorate  mixture  is  unnecessary  to 
d  does  not  in  any  appreciable  manner  improve 
8  essential  capacity  of  the  mixture  to  function  as 
primer.  While  in  practice  the  mix  is  compacted 
a  pressure  of  around  15,000  psi  (100  MN/m2)  to 
density  of  around  2.2  g/cm3,  this  is  done  so  that 
watt  of  power,  a  value  often  incidentally 

icountered  in  operation,  can  be  provided  to  the 
sating  element  and  be  dissipated  as  heat  with- 
jt  igniting  the  primer  mix.  Increasing  the  heat- 
g  power  input  to  around  5  watts  will  provide 
ifficient  heat  to  ignite  the  primer  mix. 
DE—  A—  106770  and  U.S.—  A—  3291665  dis- 
oses  specific  examples  of  such  mixes  which  are 
ituated  by  electricity  or  heat. 
As  previously  explained,  the  disadvantage  of 
ectrical  ignition  discourages  the  use  of  such 
lixtures  in  their  known  physical  state  in  applica- 
ans  within  wellbores. 
Provision  of  a  percussion  primer  and  primer 

lix  which  confer  on  the  art  the  advantages 
:cruing  with  use  of  a  percussion  primer,  but 
liminate  the  previously  discussed  problems 
ssociated  with  known  percussion  primer  mixes, 
rould  be  a  highly  desirable  advance  over  the 
urrent  state  of  technology. 
The  term  "crystal  density"  as  used  throughout 

ie  specification  is  intended  to  mean  the  density 
f  the  relevant  material  in  crystalline  form. 
This  invention  provides  a  method  of  detonating 
high  order  explosive  in  operative  association 

/ith  a  primer  mix  and  comprising  potassium 
erchlorate  with  either  titanium  or  zirconium; 
/herein  in  the  case  where  the  primer  mix 
icludes  titanium,  the  mix  comprises  26  to  66  per 
ent  by  weight  of  titanium  a  balance  of  potassium 
lerchlorate  and  has  a  density  of  from  2.1  to  2.5  g/ 
:m3  and  in,  the  case  where  the  primer  mix 
ncludes  zirconium,  the  mix  comprises  40  to  74 
>ercent  by  weight  of  zirconium  and  a  balance  of 
>otassium  perchlorate  and  has  a  density  of  from 
58  to  81  percent  of  the  crystal  density  of  the 
jotassium  perchlorate;  and  wherein  the  primer 
nix  is  subjected  to  an  impact  of  at  least  4  ft  Ibf 
5.4J)  such  that  the  energy  released  by  deflagra- 
ion  of  the  primer  mix  causes  the  high  order 
jxplosive  to  detonate. 

In  the  case  where  the  mix  comprises  titanium 
and  potassium  perchlorate,  the  density  of  the  mix 
■nay  be  from  2.3  to  2.5  g/cm3  such  that  the  mix  is 
gnited  upon  an  impact  greater  than  6  ft  Ibf  (8.1J). 

Preferably  titanium  used  is  in  the  form  of 
particles  of  from  1  to  3  urn  in  diameter  and  the 
potassium  perchlorate  is  in  the  form  of  particles 
less  than  10  urn  in  diameter. 

In  any  of  the  above  methods  the  amount  of 
titanium  may  be  from  39  to  43  percent  by  weight 
and  the  amount  of  potassium  perchlorate  is  from 
61  to  57  percent  by  weight. 

More  specifically  the  titanium  and  potassium 
perchlorate  may  be  mixed  in  the  proportions  26  to 
66  percent  by  weight  titanium  and  74  to  34 
percent  by  weight  potassium  perchlorate  to  form 

a  UNA  Willi  u  uunwihj  w  —  -  i 
crystal  density  of  potassium  perchlorate. 

More  particularly  the  density  of  the  mixture 
formed  may  be  from  75  to  81  percent  of  the 
crystal  density  of  potassium  perchlorate. 

In  the  case  where  the  primer  mix  comprises 
zirconium  and  potassium  perchlorate,  the  mix 
formed  may  have  40  to  74  percent  by  weight 
zirconium  and  60  to  26  percent  by  weight 
potassium  perchlorate  and  has  a  density  of  from 
68  to  81  percent  of  the  crystal  density  of 
potassium  perchlorate. 

More  specifically  the  density  may  be  from  75  to 
81  percent  of  the  crystal  density  of  potassium 
perchlorate. 

When  the  primer  mix  comprises  titanium  it  can 
be  made  to  be  stable  at  a  temperature  up  to  525°F 
(275°C)  for  100  hours  without  degradation  and 
can  be  made  to  ignite  upon  an  impact  greater 

i  than  4  ft  Ibf  (5.4J).  This  is  advantageous  in  that  it 
will  ignite  only  upon  an  impact  of  over  4  ft  Ibf 
(5.4J)  when  housed  in  the  final  assembly.  It  is  not 
unsuitably  sensitive  as  are  other  known  impact- 
initiated  deflagrating  explosives.  Further,  unlike 

;  other  commercially  available  percussion  primer 
mixes,  the  present  titanium  and  potassium  per- 
chlorate  article  of  manufacture  remains  stable  up 
to  525°F  (275°C)  for  more  than  100  hours  without 
degradation  and  will  not  self-ignite  up  to  around 

3  900°F  (480°C)  for  5  seconds. 
The  primer  mix  as  defined  above  may  be 

prepared  by  a  method  which  comprises  the  step 
of  mixing  particles  of  titanium  or  zirconium  and 
potassium  perchlorate  characterised  by  the  steps 

5  of  selecting  a  weight  ratio  of  the  particles  in  the 
range  hereinbefore  defined  and  compacting  the 
mixture  to  a  density  in  the  range  hereinbefore 
defined.  Such  method  minimises  the  chances  of 
premature  ignition  of  the  mix. 

o  Thus,  the  invention  provides  a  solution  to  the 
operational  problems  resulting  from  the  extreme 
temperatures  and  otherwise  harsh  conditions 
which  exist  in  wellbores. 

There  follows  a  description,  by  way  of  example, 
15  of  a  specific  embodiment  and  examples  of  the 

invention,  reference  being  made  to  the  accom- 
panying  drawings,  in  which: 

Figure  1  is  a  cross-sectional  view  of  a  final 
assembly  suitable  for  housing  the  primer  mix. 

w  Figure  2  is  a  partially  cross-sectional  view  taken 
along  line  2—2  in  Figure  1. 

The  combination  of  titanium  and  potassium 
perchlorate  constitutes  a  pyrotechnic  mixture, 
that  is,  a  combination  of  fuel  and  oxidizer  that 

55  produces  high  heat  and  pressure  upon  ignition. 
Titanium  acts  as  the  fuel  and  potassium  perchlo- 
rate  the  oxidizer;  upon  oxidation,  the  fuel  releases 
energy  to  initiate  further  combustion  of  the 
remaining  unreacted  mixture. 

60  The  blend  of  the  two  inorganic  materials 
titanium  and  potassium  perchlorate  is  ideally 
suited  for  high  temperature  applications  since  the 
mixture  does  not  undergo  any  crystal  phase 
changes  with  increased  temperature  until  570°F 

65  (300°C)  at  which  time  the  potassium  perchlorate 
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changes  from  a  rhombic  to  a  cubic  crystal  struc- 
ture.  The  main  exotherm  (the  point  at  which  the 
mixture  begins  to  auto-ignite)  of  a  41  %  by  weight 
titanium  and  59%  by  weight  potassium  perchlo- 
rate  mixture,  wherein  there  is  a  slight  excess 
amount  of  oxygen  to  react  with  the  fuel,  starts  at 
887°F  (475°C). 

As  a  fuel,  zirconium  can  be  directly  substituted 
for  titanium.  The  main  exotherm  of  a  57%  by 
weight  zirconium  and  43%  by  weight  potassium 
perchlorate  mixture,  wherein  there  is  a  slight 
excess  amount  of  oxygen  available  to  react  with 
the  fuel,  starts  at  824°F  (450°C). 

The  fuel  in  the  primer  mix  is  included  in  an 
amount  sufficient  to  cause  the  necessary  release 
of  energy  to  propagate  the  explosion  and  initiate 
the  ignition  of  low-order  explosives  or  the  detona- 
tion  of  high-order  explosives.  The  oxidizer  is 
included  in  an  amount  sufficient  to  provide  the 
necessary  oxygen  for  the  explosive  reaction.  The 
primer  mix  comprises  from  26  to  66  weight 
percent  titanium  and  from  74  to  34  weight  percent 
potassium  perchlorate.  It  is  especially  preferred 
that  the  primer  mix  comprises  from  39  to  43 
weight  percent  titanium  and  from  61  to  57  weight 
percent  potassium  perchlorate  such  that  there  is 
an  excess  amount  of  oxygen  available  to  react 
with  the  fuel.  Alternatively,  the  primer  mix  com- 
prises  from  40  to  74  weight  percent  zirconium  and 
from  60  to  26  weight  percent  potassium  perchlo- 
rate.  It  is  especially  preferred  that  the  primer  mix 
comprise  from  55  to  59  weight  percent  zirconium 
and  from  45  to  41  weight  percent  potassium 
perchlorate  such  that  there  is  an  excess  amount 
of  oxygen  available  to  react  with  the  fuel. 

Ideally,  the  fuel  should  be  thoroughly  mixed 
with  the  oxidizer  to  maximize  the  contact  between 
the  fuel  and  the  oxidizer.  Typically,  the  fuel  and 
oxidizer  components  are  in  particulate  form  in 
order  to  effect  sufficient  contact,  particle  size 
being  selected  to  obtain  the  necessary  degree 
thereof. 

Advantageously,  the  primer  mix  is  prepared 
from  powdered  titanium  and  powdered 
potassium  perchlorate.  A  particle  size  of  from  1  to 
3  |im  for  titanium  and  of  less  than  10  |im  for 
potassium  perchlorate  provides  an  oxidizer  of 
sufficient  surface  area  to  ensure  that  the  fuel  is 
beneficially  brought  into  contact  with  the  oxidizer. 
Even  more  advantageous,  in  situations  where 
economies  of  cost  are  not  an  overriding  factor,  is 
the  use  of  a  gradient  of  particle  sizes  for  the 
titanium  and  potassium  perchlorate  to  facilitate 
contact  of  the  particles. 

The  primer  mix  is  prepared  by  mixing  pow- 
dered  titanium  and  powdered  potassium  perchlo- 
rate  (which  powders  have  the  desired  particle 
sizes)  in  any  manner  which  results  in  the  desired 
degree  of  contact,  preferably  in  a  ball  mill  in  the 
presence  of  a  fluid  constituent  such  as,  for 
example,  isopropyl  alcohol.  Alternatively,  the  two 
powders  can  be  tumbled  together  with  rubber 
stoppers,  also  in  the  presence  of  a  fluid  medium 
such  as  isopropyl  alcohol.  In  either  case,  when  a 
homogenous  mixture  of  the  powders  is  obtained, 

the  combined  mixture  and  fluid  media  are 
separated,  for  instance  by  spreading  a  mass  of 
the  combination  in  order  to  facilitate  evaporation 
of  the  fluid  medium  and  vacuum  drying  to  yield  a 

5  dry,  homogenous  mixture  of  titanium  and 
potassium  perchlorate. 

The  mix  is  then  compacted  to  a  density  suffi- 
cient  to  allow  the  mix  to  ignite  upon  impact  and  to 
impart  temperature-stability  to  the  mix.  A  density 

10  of  from  68%  to  81%  of  crystal  density  yields  a 
compacted  mix  which  ignites  upon  a  minium 
impact  greater  than  4  ft  Ibf  (5.4J)  and  is  stable  to 
500°F  (260°C)  for  more  than  100  hours  without 
degradation.  It  is  preferred  that  the  density  be 

15  from  75%  to  81  %  of  the  crystal  density  to  provide 
a  compacted  mix  which  ignites  upon  a  minimum 
impact  of  6  ft  Ibf  (8.1J)  when  housed  in  a  device 
suitable  for  initiating  combustion  and/or  detona- 
tion.  Such  a  device  is  described  in  more  detail  in  a 

20  following  portion  of  this  specification  and  in  the 
accompanying  figures  of  drawing,  as  well  as  in 
European  Patent  Application  No.  85301428.0, 
Publication  No.  0155128  dated  1st  March  1985, 
(Representatives  Reference  GCB/EA  1406),  a  copy 

25  of  which  has  been  made  available  in  the  Official 
file  for  the  application  forming  the  basis  for  the 
present  patent. 

To  achieve  a  density  of  from  2.1  to  2.5  g/cm3, 
the  primer  mix  of  41%  by  weight  titanium  and 

30  59%  by  weight  potassium  perchlorate  is  sub- 
jected  to  a  compaction  pressure  of  from  10,000  to 
50,000  psi  (70  to  350  MN/m2).  To  achieve  a  density 
of  from  2.3  to  2.5  g/cm3,  the  primer  mix  is 
subjected  to  a  compaction  pressure  of  from 

35  15,000  to  50,000  psi  (100  to  350  MN/m2).  Compac- 
tion  is  accomplished  by  pressing  the  powder  with 
a  ram  at  a  hold  time  of  approximately  seven 
seconds,  or  by  any  other  known  method  of 
consolidation  of  powder  particles  which  provides 

40  the  requisite  amount  of  compaction  pressure. 
The  compaction  pressure  necessary  to  obtain 

the  required  density  (and,  thus,  the  desired  sensi- 
tivity  to  impact)  in  any  given  specific  combination 
of  titanium,  zirconium  or  iron  fuel  and  potassium 

45  perchlorate,  ammonium  perchlorate  or  lithium 
'  perchlorate  oxidizer  will  depend  on  the  chemistry 

of  the  mixture,  i.e.,  the  relative  constituent  pro- 
portions  of  fuel  and  oxidizer  and  the  particular 
fuel  and  oxidizer  used,  as  well  as  the  particle  size 

so  of  the  fuel  and  oxidizer  components  and  the 
specific  design  of  the  aforementioned  housing  for 
the  device.  One  skilled  in  the  art  will  be  able  to 
adapt  known  methods  of  compaction  to  achieve 
the  particular  density  needed  to  yield  the  desired 

55  sensitivity  to  impact. 
The  use  of  too  great  a  compaction  pressure, 

and  therefore  the  attainment  of  too  high  a  density 
for  the  pyrotechnic  mixture,  will  result  in  a  primer 
mix  that  is  difficult  to  ignite  upon  impact.  For 

60  example,  a  compaction  pressure  above  70,000  psi 
(480  MN/m2)  yields  a  primer  mix  near  crystal 
density  that  does  not  ignite  with  reliability  or 
predictability  upon  impact,  or  may  not  ignite  at  all 
upon  impact. 

65  Too  low  a  compaction  pressure,  and  hence  too 

4 



iv  a  density  may  result  in  a  primer  mix  naving 
i  excess  amount  of  voids  which  contain  ambient 
mosphere  and/or  contaminants  released  by 
her  explosive  materials  disposed  in  the  locale  of 
e  primer  mix,  which  will  tend  to  degrade  the 
imer  mix  through  contact  with  it.  That  result  is 
wiously  undesirable  in  that  it  will  lead  to  erratic 
id  undependable  firing. 
Compaction  pressure  in  the  aforementioned 
nge  of  10,000  to  50,000  psi  (70  to  350  MN/m2) 
elds  a  desired  density  such  that  the  pyrotechnic 
ixture  will  actuate  upon  an  impact  of  around  4 
i  10  ft  Ibf  (5.4  to  14J).  Especially  preferred  for 
ellbore  applications  is  a  compaction  pressure  of 
om  1  5,000  to  50,000  psi  (1  00  to  350  MN/m2)  such 
latthe  sensitivity  of  the  primer  mix  will  decrease 
id  an  impact  of  six  foot-pounds  (8.1J)  or  more 
ill  be  required  to  actuate  the  explosive  when 
oused  in  the  aforementioned  device  suitable  for 
litiating  combustion  and/or  detonation. 
A  detailed  description  of  devices  suitable  for 

ousing  the  primer  mix  appears  from  the  follow- 
ig  text  and  Figures  1  and  2.  As  an  example,  the 
rimer  mix  according  to  the  invention  can  be 
sed  in  a  percussion  primer  for  initiating  a  deflag- 
ation  combustion.  The  percussion  primer 
ssembly  100  includes  a  generally  cylindrical 
rimer  cup  102  having  an  upper  flat  surface  104 
nd  a  lower  flat  surface  106.  The  lower  flat  surface 
06  has  a  concentric,  cylindrical  bore  108  formed 
lerein  toward  the  upper  flat  surface  104.  A 
oncentric,  cylindrical  counterbore  110  also  is 
armed  in  cup  102  from  an  upper  boundary  of 
lore  108  and  terminating  a  short  distance  from 
ipper  surface  104,  thus  to  form  a  thin  wall  or  web 
12  therebetween.  The  counterbore  110  forms  an 
mnular  shoulder  114  at  the  upper  boundary  of 
he  bore  108.  The  primer  cup  102  may  be  made, 
or  example,  of  stainless  steel.  Such  percussion 
irimer  is  described  in  even  greater  detail  in  the 
ibove  mentioned  EP—  A—  0155128. 

The  counterbore  is  filled  with  the  primer  mix 
116  preferably  compacted  in  the  counterbore.  A 
stainless  steel  closure  disc  118  is  positioned 
igainst  annular  shoulder  1  14  to  retain  the  primer 
nix  116  in  counterbore  110.  A  cylindrically 
shaped  stainless  steel  anvil  120  is  positioned 
within  bore  108  to  press  disc  118  upwardly 
against  shoulder  114,  the  lower  surface  1  22  of  the 
anvil  120  being  flush  against  the  lower  flat  surface 
af  the  cup  106. 

The  thickness  of  the  web  112  and  the  depth  of 
the  counterbore  110,  together  with  the  compac- 
tion  of  the  primer  mix  116,  are  selected  to  achieve 
the  desired  impact  sensitivity.  That  is,  as  the 
thickness  of  web  112  is  increased,  impact  sensi- 
tivity  of  the  primer  mix  116  in  the  assembly  100  is 
decreased,  and  as  the  depth  of  counterbore  1  10  is 
increased,  so  likewise  is  the  impact  sensitivity 
decreased.  Moreover,  as  the  density  of  the  primer 
mix  is  increased  (by  increasing  the  compaction 
pressure),  so  also  is  the  impact  sensitiyity 
lowered.  In  the  disclosed  embodiment,  the  thick- 
ness  of  the  web  112  is  nominally  0.011  inch  (0.28 
mm)  thick  and  the  depth  of  the  counterbore  110  is 
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primer  mix  is  compacted  from  68%  to  81%  of 
crystal  density  in  this  housing,  an  impact  sensi- 
tivity  in  excess  of  4  ft  Ibf  (5.4J)  is  achievable.  As 
will  be  appreciated  by  those  of  ordinary  skill  in  the 
art,  the  foregoing  embodiment  is  by  no  means  the 
only  one  which  is  suitable  for  practicing  the 
invention;  with  the  aid  of  the  information  set  forth 
herein,  appropriate  variation  of  the  dimensions, 
configuration,  materials  and  the  like  of  the  hous- 
ing  assembly  to  obtain  a  desired  impact  sensi- 
tivity  will  be  well  within  the  skill  of  the  art. 

Thus,  in  use,  the  projection  of  a  firing  pin  strikes 
the  web  1  1  2  of  the  percussion  primer  assembly  to 

;  deform  it  inwardly,  forcing  the  primer  mix  116 
against  the  anvil  120  to  ignite  it.  The  web  is  made 
sufficiently  thin  so  that  it  will  be  deformed  ade- 
quately  by  the  impact  of  the  projection  to  ensure 
ignition.  The  anvil  120  is  provided  with  four 

>  longitudinally  extending  openings  128  there- 
through.  After  the  thin  closure  118  is  shattered  by 
hot  ignition  gas,  four  jets  of  that  gas  pass  through 
those  openings  (along  with  steel  particles  from 
disc  118)  to  provide  a  means  of  igniting  a  flash- 

j  sensitive,  first-fire  explosive  mix,  such  as  A1A. 
It  is  especially  preferred  that  a  second  closure 

disc  124,  preferably  stainless  steel,  is  spot  welded 
or  otherwise  adhered  to  the  lower  flat  surface  106 
of  the  primer  cup  102  to  support  the  anvil  120 

o  within  the  cup  and  to  provide  a  hermetic  seal  to 
protect  the  primer  mix  116  against  moisture  and 
prevent  contamination  and  degradation  of  the 
primer  mix.  Upon  ignition,  the  hot  gas  shatters 
the  thin  closure  disc  124  and  steel  particles  from 

5  the  disk  are  carried  with  the  hot  ignition  gas  to  aid 
ignition  of  the  first-fire  mix. 

The  percussion  primer  assembly  with  the 
titanium  and  potassium  perchlorate  primer  mix 
can  be  used  in  apparatus  for  detecting  firing  of  a 

o  perforating  gun  within  the  wellbore  as  described 
in  European  Patent  Application  Publication  No. 
EP—  A—  129350. 

Additionally,  the  primer  mix  can  be  used  in  a 
percussion  initiator  for  detonating  a  high-order 

is  explosive  by  heat  or  impact,  which  detonation 
optionally  further  detonates  a  secondary  high 
explosive.  In  such  an  embodiment,  the  primer 
mix  is  disposed  in  a  percussion  primer  subcombi- 
nation  as  already  described  which  is  commonly 

;o  housed  and  operatively  associated  with  a  primary 
high  explosive,  such  as,  for  example,  lead  azide. 
Upon  ignition  of  the  primer  mix  by  striking  its 
housing  with  a  firing  pin,  hot  gases  and  particles 
originating  from  a  closure  disk  containing  the 

55  primer  mix  contact  the  primary  high  explosive  to 
initiate  a  detonation  of  the  primary  high  explo- 
sive.  Such  primary  high  explosive  optionally  fur- 
ther  initiates  the  detonation  of  a  secondary  high 
explosive  which  is  commonly  housed  and  oper- 

60  atively  associated  with  the  primary  high  explo- 
sive. 

Further  objects  of  the  invention,  together  with 
additional  features  contributing  thereto  and 
advantages  accruing  therewith,  will  be  apparent 

65  from  the  following  example  of  the  invention. 
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Example 
41  parts  by  weight  of  titanium  powder  and  59 

parts  by  weight  of  potassium  perchlorate  powder 
were  admixed  and  50  mg  of  that  mix  charged  into 
the  cup  of  a  housing  assembly  as  illustrated  in 
Figures  1  and  2.  The  assembly  had  a  web  thickness 
of  0.025  inches  (0.64  mm),  and  the  counterbore 
was  0.068  inches  (1.7  mm)  deep  and  0.161  inches 
(4.1  mm)  in  diameter.  The  mix  was  then  subjected 
to  a  compaction  pressure  of  40,000  psi  (280  MN/ 
m2),  by  pressing  it  while  in  the  cup  with  a 
pneumatic  ram  for  several  seconds.  The  com- 
pacted  material  had  a  density  of  2.5  g/cm3.  When 
the  compacted  mix  in  the  housing  assembly  was 
subjected  to  an  impact  of  10  ft  Ibf  (14J)  at  room 
temperature,  100%  all-fire  was  achieved.  How- 
ever,  when  the  mixture  had  previously  been 
subjected  to  a  7  ft  Ibf  (9.5J)  impact  force  at  room 
temperature,  there  was  no  ignition  at  all.  Those 
results  demonstrate  the  distinct  advantages  —  that 
is,  the  concurrent  firing-predictability  and  elimina- 
tion  of  undue  sensitivity  —  which  accrue  to  the 
practitioner  of  the  invention. 

In  related  testing,  even  when  similarly  made 
primer  mix  units  were  subjected  to  450°F  (230°C) 
for  200  hours  those  units  still  ignited  completely 
and  predictably  when  struck  with  an  impact  of  10ft 
Ibf  (14J). 

Claims 

1.  A  method  of  detonating  a  high  order  explosive 
in  operative  association  with  a  primer  mix  and 
comprising  potassium  perchlorate  with  either 
titanium  or  zirconium;  characterised  in  that  in  the 
case  where  the  primer  mix  includes  titanium,  the 
mix  comprises  26  to  66  percent  by  weight  of 
titanium  and  a  balance  of  potassium  perchlorate 
and  has  a  density  of  from  2.1  to  2.5  g/cm3  and, 
where  the  primer  mix  in  the  case  includes  zir- 
conium,  the  mix  comprises  40  to  74  percent  by 
weight  of  zirconium  and  a  balance  of  potassium 
perchlorate  and  has  a  density  of  from  68  to  81 
percent  of  the  crystal  density  of  the  potassium 
perchlorate;  and  in  that  the  primer  mix  is  sub- 
jected  to  an  impact  of  at  Ieast4ft  Ibf  (5.4J)  such  that 
the  energy  released  by  deflagration  of  the  primer 
mix  causes  the  high  order  explosive  to  detonate. 

2.  A  method  as  claimed  in  claim  1  and  in  the  case 
where  the  mix  comprises  titanium  and  potassium 
perchlorate,  characterised  in  that  the  density  of  the 
mix  is  from  2.3  to  2.5  g/cm3  such  that  the  mix  is 
ignited  upon  an  impact  greater  than  6  ft  Ibf  (8.1  J). 

3.  A  method  as  claimed  in  claim  1  characterised 
in  that  the  titanium  used  is  in  the  form  of  particles 
of  from  1  to  3  um  in  diameter  and  the  potassium 
perchlorate  is  in  the  form  of  particles  less  than  10 
um  in  diameter. 

4.  A  method  as  claimed  in  any  of  the  preceding 
claims,  characterised  in  that  the  amount  of 
titanium  is  from  39  to  43  percent  by  weight  and  the 
amount  of  potassium  perchlorate  is  from  61  to  57 
percent  by  weight. 

5.  A  method  as  claimed  in  claim  1  characterised 
in  that  titanium  and  potassium  perchlorate  are 

mixed  in  the  proportions  26  to  66  percent  by 
weight  titanium  and  74  to  34  percent  by  weight 
potassium  perchlorate  and  that  the  mix  has  a 
density  of  68  to  81  percent  of  the  crystal  density  of 

5  potassium  perchlorate. 
6.  A  method  as  claimed  in  claim  5,  characterised 

in  that  the  density  of  the  mixture  formed  is  from  75 
to  81  percent  of  the  crystal  density  of  potassium 
perchlorate. 

m  7.  A  method  as  claimed  in  claim  1  and  in  the  case 
where  the  primer  mix  comprises  zirconium  and 
potassium  perchlorate,  characterised  in  that  the 
mix  formed  has  40  to  74  percent  by  weight 
zirconium  and  60  to  26  percent  by  weight 

15  potassium  perchlorate  and  has  a  density  of  from 
68  to  81  percent  of  the  crystal  density  of  potassium 
perchlorate. 

8.  A  method  as  claimed  in  claim  7,  characterised 
in  that  the  density  is  from  75  to  81  percent  of  the 

20  crystal  density  of  potassium  perchlorate. 

Patentanspruche 

1.  Verfahren,  um  einen  hochwertigen  Spreng- 
25  stoff  in  operativer  Verbindung  mit  einer  Zundmi- 

schung  aus  Kaliumperchlorat  und  entweder  Titan 
oder  Zirkonium  zur  Detonation  zu  bringen, 
dadurch  gekennzeichnet,  daft  in  dem  Fade,  bei 
dem  die  Zundmischung  Titan  enthalt,  die 

30  Mischung  26  bis  66  Gewichtsprozente  Titan  und 
als  Rest  Kaliumperchlorat  enthalt,  bei  einer  Dichte 
von  2,1  bis  2,5  g/cm3,  und  dalS.in  dem  Falle,  bei 
dem  die  Zundmischung  Zirkonium  enthalt,  die 
Mischung  40  bis  74  Gewichtsprozente  Zirkonium 

35  und  als  Rest  Kaliumperchlorat  enthalt,  bei  einer 
Dichte  von  68  bis  81  Prozent  der  Kristalldichte  des 
Kaiiumperchlorats,  und  daS  die  Zundmischung 
einen  Schlag  von  mindestens  4  ft  Ibf  (5,4J)  erhalt, 
derartig,  daS  die  Energie,  die  von  der  Ziindmi- 

40  schung  durch  Deflagration  freigesetzt  wird,  den 
hochwertigen  Sprengstoff  zur  Detonation  bringt. 

2.  Verfahren  nach  Anspruch  1,  wobei  die 
Mischung  Titan  und  Kaliumperchlorat  enthalt, 
dadurch  gekennzeichnet,  dalS  die  Dichte  der 

45  Mischung  zwischen  2,3  und  2,5  g/cm3  liegt,  derart, 
daR  die  Mischung  bei  einer  Wirkung,  die  grower 
als  6  ft  Ibf  (8,1  J)  ist,  gezundet  wird. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  das  verwendete  Titan  in  einer  Teil- 

50  chengrolSe  von  1  bis  3  um  im  Durchmesser,  und 
daS  das  Kaliumperchlorat  in  einer  TeilchengrolSe 
von  weniger  als  10  um  im  Durchmesser  vorliegt. 

4.  Verfahren  nach  einem  der  vorherigen  Ansprii- 
che,  dadurch  gekennzeichnet,  dalS  die  Titanmenge 

55  zwischen  39  und  43  Gewichtsprozenten  und  die 
Kaliumperchloratmenge  zwischen  61  und  57 
Gewichtsprozent  liegt. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  das  Titan  und  das  Kaliumperchlorat 

60  im  Verhaltnis  26  bis  66  Gewichtsprozenten  Titan  zu 
74  bis  34  Gewichtsprozenten  Kaliumperchlorat 
gemischt  sind,  und  dalS  die  Mischung  eine  Dichte 
von  68  bis  81  Prozent  der  Kristalldichte  von 
Kaliumperchlorat  aufweist. 

65  6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 

6 
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lichnet,  daB  die  Dichte  der  ernaitenen  iviiscnung 
vischen  75  und  81  Prozent  der  Kristalldichte  des 
aliumperchlorats  liegt. 
7.  Verfahren  nach  Anspruch  1,  wobei  die  Zund- 
lischung  Zirkonium  und  Kaliumperchlorat  ent- 
alt,  dadurch  gekennzeichnet,  dalS  die  erhaltene 
lischung  40  bis  74  Gewichtsprozente  Zirkonium 
nd  60  bis  26  Gewichtsprozente  Kaliumperchlo- 
ite  enthalt,  bei  einer  Dichte  von  68  bis  81  Prozent 
er  Kristalldichte  des  Kaliumperchlorats. 
8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 

sichnet,  daS  die  Dichte  75  bis  81  Prozent  der 
ristalldichte  des  Kaliumperchlorats  betragt. 

evendications 

1.  Proced6  de  detonation  d'un  explosif  d'ordre 
uperieur  associe  de  maniere  fonctionnelle  a  un 
lelange  d'amorgage,  comprenant  du  perchlorate 
e  potassium  avec  du  titane  ou  du  zirconium, 
aracterise  en  ce  que,  dans  le  cas  ou  le  melange 
'amorgage  renferme  du  titane,  le  melange  corn- 
rend  26  a  66%  en  poids  de  titane,  le  reste  etant 
u  perchlorate  de  potassium,  et  possede  une 
riasse  volumique  de  2,1  a  2,5  g/cm3,  et,  lorsque  le 
nelange  d'amorgage  renferme  du  zirconium,  le 
nelange  comprend  40  a  74%  en  poids  de  zirco- 
lium,  le  reste  etant  du  perchlorate  de  potassium, 
it  possede  une  densite  de  68  a  81%  de  la  densite 
ristalline  du  perchlorate  de  potassium;  et  le 
nelange  d'amorgage  est  soumis  a  un  impact  d'au 
noins  4  ft  Ibf  (5,4J),  de  sorte  que  I'energie  liberee 
>ar  la  deflagration  du  melange  d'amorgage  pro- 
'oque  la  detonation  de  I'explosif  d'ordre  supe- 
ieur. 

2.  ProcedS  suivant  la  revendication  1,  dans  le 
:as  ou  le  melange  comprend  du  titane  et  du 
jerchlorate  de  potassium,  caracterise  en  ce  que  la 

masse  volumique  du  melange  est  comprise  aans 
I'intervalle  de  2,3  a  2,5  g/cm3,  de  sorte  que 
I'inflammation  du  melange  soit  produite  par  un 
impact  superieur  a  6  ft  Ibf  (8,1  J). 

3.  Procede  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  le  titane  utilise  est  sous  forme  de 
particules  de  1  a  3  um  de  diametre  et  le  perchlo- 
rate  de  potassium  est  sous  forme  de  particules 
ayant  un  diametre  inferieur  a  10  um. 

;  4.  Procede  suivant  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  la 
quantity  de  titane  est  comprise  dans  I'intervalle 
de  39  a  43%  en  poids  et  la  quantite  de  perchlorate 
de  potassium  est  comprise  dans  I'intervalle  de  61 

5  a  57%  en  poids. 
5.  Procede  suivant  la  revendication  1,  caracte- 

rise  en  ce  que  le  titane  et  le  perchlorate  de 
potassium  sont  melanges  dans  les  proportions  de 
26  a  66%  en  poids  de  titane  et  74  a  34%  en  poids 

o  de  perchlorate  de  potassium  et  le  melange  pos- 
sede  une  densite  de  68  a  81%  de  la  densite 
cristalline  du  perchlorate  de  potassium. 

6.  Procede  suivant  la  revendication  5,  caracte- 
rise  en  ce  que  la  densite  du  melange  forme 

5  represente  75  a  81%  de  la  densite  cristalline  du 
perchlorate  de  potassium. 

7.  Procede  suivant  la  revendication  1,  dans  le 
cas  ou  le  melange  d'amorgage  comprend  du 
zirconium  et  du  perchlorate  de  potassium, 

o  caracterise  en  ce  que  le  melange  forme  comprend 
40  a  74%  en  poids  de  zirconium  et  60  a  26%  en 
poids  de  perchlorate  de  potassium  et  possede 
une  densite  de  68  a  81%  de  la  densite  cristalline 
du  perchlorate  de  potassium. 

s  8.  Procede  suivant  la  revendication  7,  caracte- 
rise  en  ce  que  la  densite  represente  75  a  81  %  de  la 
densite  cristalline  du  perchlorate  de  potassium. 
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