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This inVention relates to electric blastingini 
tiators and more particularly to delay electric 
blastinginitiatorsprovidedwithmatchhead-type 
ignition assemblies? 
In delayelectric blastinginitiators,it has been 

customaryto employ cavity-typeignition assem 
blies using flash mixtures such as mercury ful 
minateorda20dnitrophenol,potassium chlorate, 
charc0a1,8nd nitrost8rch?Matchhead-type as 
Semblies haVe also been used,in Which case igni 
tion compositionssuch as copperacetylideset in 
sulfur or a,mixture of Ie8d dinitroorthocresol, 
Smokeless powder,and potassium chlorate have 
been USed?However,delay initiators known to 
the art h8Vegiven numerous failures,when fired 
at high Voltages? - 
Nowin accordance with this invention,delay 

electric blasting initiators have been prepared 
which have shown satisfactory performancenot 
Only Under normaloper8tional voltages,but also 
at high VoltageS?This has been accomplished by 
employinganignitionassembly ofthematchhead 
type h8Vingthe bridge Wire embeddedin 8,bead 
formed of 8,primary explosive,8n oxidizingma 
terial,afash-producing metal,and a,binder? 
The delay electric initiatorin accordancewith 

thisinvention comprisesa metalshel1of thetype 
employed in the art having in general a,base 
charge,8 primingexplosivesuperimposed upon 
the base charge,and a delayfuse element? Thé 
matchhead-type ignition assembly comprises a 
plug with two lead wires inserted therethrough, 
the terminal ends of which are electricaly con 
nected bya bridge wire?The bridgewireisem? 
bedded in the fash mixture of this invention? 
Theignitonassemblyisinsertedintheshel1such 
thatthe fash beadisabout?inch or1essabove 
the fuSe?A Waterproofing Comp0sition and a 
Sulfur Seal may complete the initiator,as re 
qulred? 
Theinvention hasbeengeneralydescribed,and 

now reference is made to the drawing,whichis 
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aspecific embodment there0f?The drawingrep 
resentsa ventless delayelectric blastinginitiator 
comprising a bronze shel 4,pressedin the bot 
tom of Whichisa base charge2 of pentaerythritol 
tetranitrate?Abovethe base chargeisthe prim 
ing explosive 3,in this instance a mixture con 
taining°5% daZodinitropheno and25% potas 
sium chlorate?This mixture is slightly pressed 
byalength of delayfuSe,Which Comprisesa mix 
ture of84%"barium peroxide and16% powdered 
Selendum8s the fuse powder 4 compressed to the 
proper density in a,tube 5?Almost in contact 

45 

2 
roundingthe bridge wire 6Whichisformed ofan 
electricaly-resistant metal,in thiscase platinum 
aloy,8S 8 bead T comprising40% daZodnitro 
phenol,35% potassium chlorate,20% powdered , 
magnesium,and5% nitroceliulose,heldtogether 
bya4%Solution of nitroceluloseinbutylacetate? 
The bridge wireis afixedto the termina1endsof 
apair of lead wires8Whichareembeddedinthe 
plug9?Abovethe plugisplacedalayer ofwater 
proofingmaterial 108nd8Sulfursea111?It Wil1 
be noted that the bead is dsposed in a,reja 
tively Smalair space?In fact,the air space in 
the initiator of this invention is only between 
One-fourth and one-third as great as th8t in 
Ventless delay electric biasting initiators of the 
prior art? 
The practlcal application of this invention is 

illustratedin the folowingexamples: 
Erample? 

Inshelsofthetypeilustratedinthedrawing 
Were placed 0.40 gram of pentaerythritoltetra 
nitrate8s a base charge,and0.30gram of amix 
ture of 75% diaZodinitrophenoland25% potas 
sium chlorate 8s the primary explosive?Amix 
ture of84% barium peroxide and16% powdered 
SeleniUm WaS plaCed in a,tube Which Was then 
SWagedSuch that the mixture had a,density of 
4.4g/cc?Strips of thistube 19/64inch1ongwere 
cut and placedin each shel aboye the priming 
explosive mixture,t08ct as the fuse element? 
Forty grams of diaZOdinitropheno haVing a 

particlesize between50and150mlcrons,35grams 
0f potassium chlorate(through 8,60-mesh 
Screen),20grams of magnesium powder,and5 
grams of nitrocelluloSe Were th0roughly mixed? 
The mixture WBS then moistened With a,4% 
solution ofnitrocelulosein butylacetatetoform 
a thick sirup?Standard electric blasting-type 
plugshaving&platinumaloybridgewreafxed 
to the projecting terminalends of the le8d WireS 
were dpped in this strup?In each case,upon 
removal,a,portion of the SirUp adhered t0 the 
bridge wireandthe ends ofthe lead wiresinthe 
form ofabead?Afterthebeadhad hardenedthe 
assemblies wereinserted in the shelsSuch that 
the beadrested directly on or less than ?inch 
above the fuse,Anair Space about"/32 inch in 
height wasthus formed between the Upper face 
of the fuse and the lower face of the plug?A 
waterproofing wax material wasthen pouredon 
top of the plugand alowedto harden?Molten 
sulfur was poured on top of the waterproofng 
sealand also alowed to harden,thereby Com? 

with the fuseistheignton composton,sur- 55pletingtheinittators? 
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One hundred oftheinittators prepared as de? 
scribedabovewerefiredatacurrent of440Volts 
(A.C.)insingleshots?None failed toflre?Five 
groupsof 20eacharrangedin paralel werefred 
at440volts,Therewerenofalures?Themaxi? 
mum resistance which could be placedin Serles 
with75capshookedin parale at220Volts A·C· 
was64 ohms?The critica1firing current of 30 
capsin serleswas 0.9 amp?Theinitiators pre 
paredasdescribedabovewerestoredfor5months 
at120°F.withoutafectingtheirabiity to func 
tion? 

ECa7722ze 2 
Twenty-fivegrams of daZodinitrophenol hav? 

inga particle size between 50and 150 micronS, 
49.9grams of potassium chlorate(through a60? 
mesh screen),22.1 grams of Bluminum p0Wder, 
and3 grams of nitrocelulose were thoroughly 
mixed?The mixturewas then moistened with a 
4%solution of nitrocellulose in butylacetate in 
anamount Suficient t0formathickSirup?EleC? 
tric blasting-type plugs whoSe lead WireS pr0? 
jectedfrom the lower face of the plugand were 
Bridged by asection of platinum alloy wire were 
dippedin the sirup?In this manner,the bridge 
wire wasembedded in 8 bead of the Sirupyigni 
tion composition?After the bead had hardened, 
theplugswereinsertedin shellsof thetypeillus 
tratedinthe draWing,in which Were placed 0.40 
gram of pentaerythrito? tetranitrate as a,baSe 
charge,0.30gram of a mixture of ?5% diaZodini 
tropheno and 25% potassium chlorate as the 
primary explosive,and a,1%4 inch long Section 
ofaswaged delayfuse,the powder of which WaS 
a mixture of 84% barium peroxide and 16% 
Dowdered selenium?The plugs were inserted So 
that the matchhead rested iess than ? inch 
above the Upper face of the delay fuse?An air 
space about ? inch in height Was thus formed 
between the upper face of the fuse andthe lower 
face of the plug?The shels Were completed by 
addition of a waterproofing Wax material and8 
1ayer of molten Sulfur? 
Two1ots of initiatorsweretested,one of which 

had beer Stored for 5 months at 120° F,The 
critical fring current of 30 caps in series was 
0.9 amp.for both Stored and unstoredinitiators? 
This indicated that the ignition mixture was 
Stable? 

Pelay electric initiatorswere prepared exactiy 
as deSCribed in Example 2?The ignition com 
poSition employed contained 25% diazodinitro? 
phenol Of a,particle size between 50 and 150 
micronS,26.6% potassium chlorate,45.4% chro 
mium powder,and3%nitrocellulose?Theigni 
tion composition ingredients were thoroughly 
mixed while dry and then moistened with a,4% 
solution of nitrocelulose in butyl acetate,em 
ployinga Suficientamount to formathicksirup. 
Plastic plugs,the terminal ends of whose 1ead 
wires projected from the face of the plugand 
were bridged with platinum alloy wire,were 
dippedin thissirup to obtaina,bead of theigni 
tion compoSition Surroundng the bridge wire 
and the terminal ends of the lead wires?This 
bead Was alowed to harden and the ignition 
plug then inSerted in the shells such that the 
rnatchheadwas1ess than ?inchabove the delay 
fUSe? 
A number of these initlators were stored at 

120°F.for 5 months?Bothinitiators which had 
been Stored and initiators which had not been 
Storedgave equailygood performance whenfired 
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4 
ingroups of 30 caps each in series at 0.9 amp? 
There Were no faiIUres? 

Delay electric blasting initiators containing 
ignitionassemblies of the matchhead type Were 
prepared as described in?xample 2?The igni 
tion composition employed contained 25% d 
aZodinitrophenol haVing a,particle Size betWeen 
50 and 150 microns,43% potassium chlorate, 
29% manganese powder,and 3% nitrocellulose? 
The ingredents Were mixed dry in the CuS 
tomary manner and moistened with 8,4%-Solu 
tion of nitrocellulose in butylacetate to form a 
thick sirup?Ignition plugs whoSe bridged ter? 
minalends of the 1ead wires projected from the 
face of the plug were dippedin the mixture,ob 
taining a,bead Surrounding the brldge wire and 
theendsoftheleadwires,The bead Wasallowed 
to dryand theignitionassembliesinsertedin the 
shells such that the matchhead Was leSS than 
?inchabove or reSted upon the delayfuSe?An 
airspaceabout?inchin height Wasthusformed 
betWeen the upperface of thefuse and the lower 
face of the plug? 
These initiators Were tested as before?The 

critical firing Current of 30 caps ?n Series WaS 
0.9 amp?before and afterstorage at 120°F?for 
5 months? 
The ignition fash mixture employed in aC? 

cordance with this invention is prepared by 
forming a dry mix of between about 18% and 
about 50% by Weight finely dvided priming eX 
plosive,between about 16% and about 55% of 
an oxidizing compound,betWeen about 10% and 
about 64% of a powdered metai,and between 
about 2% and about 12% of a binding agent? 
The mixis then moistened with a,solution of a 
bindingagent Soastoform the Sirupfrom Which 
theignition beads are prepared? 

Certain compositions are preferred?For 
example,mixtures of 25% dia2Odnitrophenol, 
between about 30% and about 50% potaSSium 
chlorate,between about 17% and about 42% 
magnesium or aluminum powder,and about3% 
nitroceIIUiose haVe been foUnd to give excellent 
Service at normal and extremely high voltages? 
Similary,mixtures of 25% daZodinitrophenol, 
between about;25% and about 50% potassium 
chlorate,between about 20% and about 50% 
chromium powder,and about3% nitrocellulose 
Imave been found quite Satisfactory,even after 
hot Storage at 120°F?for 5 months? 
Although a number of oxidztng compounds 

known to the art may be employedasthe oxidiz? 
ingmaterial,Suchas dichromates(potassiumand 
Sodium dichromates),nitrates(Sodium,potas 
sium,andbariumnitrates),oxides,suchascopper 
0xide,and perchlorates,such as Sodium and 
potaSSium perchlorate,it is preferred to employ 
potaSSium chlorate,potassium nitrate,or potas 
Sium permanganate?TheSe have tngeneralbeen 
Superior to the other compounds in consistent 
Derformance at high Voltages,especially after 
Storage at high temperatures? 
AS the primary explosive,finely divided daZo 

dinitrophenol of a particle size between 25 and 
200 microns is preferred,Howeyer,explosives 
Such aS mercury fulminate,1ead styphnate,and 
? azide may be employed,under most cond 
01S? 
It isimportant to USe a,flash-producing metal 

for Which the Values for heat content and for 
free energy of formation of the oxides are high? 

75 SUch metals greatly increase the ability of the 
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composition to ignite fuses?Thus,alumtnum, 
chromium,zrconium,tron,titanium,cobalt,antl 
mony,and magnestum haye been found to be 
quitesatsfactory Othermetals whichmay be 
employedincludemanganese,2lnc,andcadmium? 
Tin8nd copper haVegiven fair reSultS? 
Asthe bindngagent,nitrocelul0Seispreferred? 

However,other binders wel1 known to the art, 
such as nitrostarch,have been utlized efec 
tivey?The binderis comblned in the dry mtx 
inthe proportionsgivenabove?ASolution con 
tatning betWeen2%8nd12% bindng agent ds 
solved in a,volatile organic Solvent is also em 
ployed,to moisten the dry mix to form a,sirup 
of the destred consistency? - 

Itis desirable that the bead be ofsuchashape 
that a,Smal air cavity is formed between the 
lower face of the plug and the upper face of 
the fUSe?ThUS,be8ds Which are between about 
0.128nd about 0.18inch long,betweenabout 0.04 
and about 0.08inch wide,and about 0.08inch 
deeporlarger have beenSatisfactory?Suchbeads 
permitan air Space between about %4and about 
1%4 of an inch high?This represents an air 
space one-fourth to one-third smaler than has 
been previously possible in ventless delay initia? 
tors of the matchheadtype?Tt has been efected 
by the combination of ingredients employed in 
applcant's ignition compositions?The flash 
producing metal in the composition combines 
With oxygen and nitrogen evolved during com 
bustion?Hence,thegas presSure exerted.within 
the shell duringcombustion of theignition com 
p0sition is reduced t08,minimum? 
The shel materialsemployedin preparingthe 

initiators ofthisinvention may bethestandard 
materials employedin the art,such as bronZe, 
COpper,or aluminum,The plug materials m8y 
be either Softer or harder than the Shel Castng 
andinclude Sulfur,plastic compoSitions Such aS 
rubber,8nd Synthetic resins Such 8S phenol 
formaldehyde resins,polystyrene resins,and 
ethyl celuloSe?The plugs may be Sealed in the 
shel1 using a,waterproofing compositlon,with a 
sulfurseal,ifdesired,However,thsisnotneces 
sary with rubber orresin plugs?The lead wires 
employed are the customary Wires used in the 
art and may be copper oriron,plain,tinned,or 
enameled,orcoatedwithcottonservingsorplastic 
materials?The bridge wire used to connect the 
ends oftheleadwire maybeelectrically?resistant 
wiresuchasplatinum,oriridium,or aloyssuch 
as nichrome,copper-nickel,platinum-irldium, 
etC? · 

Tn the above deScription,ventleSS initiators of 
the dejay type have been deScribed,Howeyer, 
theignition composition employedis also adapt 
edforusein venteddelayelectric blastinginitia 
tors,andit may,for example,be usedin electric 
squibs,electric igniters,or electric blastng C8DS, 
ofeitherthevented orventlesstype? 
The redüction in the height of the expansion 

cavity in initiators of this invention has made 
possibleareduction in the shel11ength ofabout 
?inch,Thus,ashorterinitiatoris produced, 
Also,theignition ofthe fuse bythematchhead 
igniteris made more efective,since this element 
rests in close proximity to the fuse?Since the 
fash functions in a relatively Smal area,most 
ofthe heatevolvedisconcentrateddrecty over 
the fuse?This permits the use of delay fuse of 
higher density,which ordinarilyis more dficult 
toignite andis therefore usually not employed 
in delayinitiatorsofthe matchheadtype?Higher 
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density delay fuse is destrable because of its 
better uniformity in burningtime? 
In high vojtage fring,arcing accompandes 

many Shots?When this occurs,heat escapes 
through the Shell wailthrough a hole made dur 
ingthis action?By placing the assemblynearer 
the fuse in the initiators of this invention,any 
8Scape of heat as a result of arcing wil have 
the opportunity to pass over the fuse and ignite 
it?It lsthusseen that theinitiators of the pre8 
ent invention poSSess advantages not found in 
thoSe of the prior art? * 

All parts and percentages in the Specidcation 
8nd claims Bre by Weight, 
What T claim and desire to protect by Letters 

Patentis: 
1?An ignitlon composition for delay electric” 

blastinginitlatorscomprising,bywelght,between 
8bout18% andabout50%primary explosive,be 
tweenabout 16% andabout55%oxidzingmate 
rlal,between about 10% and about 64%fash 
producing metai,and between about 2% and 
8b0ut 12%binding8gent? - 
2?An ignition composition for delay electri 

biastinginittatorscomprising,byweight,between 
about 18% and about 50% diazodinitrophenol, 
between about 16% andabout55%oxidizingma 
terial,between about 10% andabout 64%fash 
producing metal,and between about 2% and 
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about12%bindngagent? 
3?Anignition composition for delay electric 

blastinginitlatorscomprising,byweight,between 
about 18% and about 50% primary explosive, 
between8bout16% andabout55%oxidzingma 

5tertal,between about 10% andabout 64%mag 
neShum,and betWeen about2% and 
bindingagent? 
4·Anignition composition for delay electric 

about 18% and about 50% primary explosive, 
betweenabout16% andabout55%oxidzingma 
terial,betweenabout10% andabout64%aiumi 
num,and between about 2% and about 12% 
bindingagent? > 

5?An ignition composition for delay electric 
blastinginitiatorscomprising,byweight,between 
about 18% and about 50% primary explosive, 
betweenabout16% andabout55%oxidzingma 
terial,between about 10% andabout 64%chro 
mium,and between about 2% and about 12% 
bindingagent? * 

6?An ignition composition of the matchhead 
type for delay electric blasting initiators com 
prising,byweight,about25% daZodinitrophenol, 
between about 30% and about 50% potassium 
Chlorate,between about 17% and about 42% 
magnesium,andabout3% nitrocelulose? 
7.Anignition composition of the matchhead 

type for delay electric blasting initiators com 
prising,byWeight,about25%diazodinitrophenol, 
between about 30% and about 50% potassium 
chlorate,between about 17% and about 42% 
aluminum,andabout3% nitroceIulose, 
8.”An ignition composition of the matchhead 

type for delayelectric blastinginitiators com 
prising,by weight,about25% diaZodinitrophenol, 
between about 25% and about 50% potassium 
chlorate,between about 20% and about 50%? 
chromium,andabout3% nitrocelulose? 
9.A delay electric blastinginitiator compris 

ingashell,a delayfuSeelement,8 plug,Ie8dWires 
insertedtherethrough,theterminalends ofsaid 
1ead wires projectingfrom the lowerface of the 
plug,and a bridge wire afxed to theterminal 

75 ends of the lead Wires and embeddedin an igni 
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tion composltion bead compristng,by weight, 
between about18% and about 50% primary ex plostve,betweenabout16%andabout55%oxldz 
ingmateria,betweenabout10% andabout 64% 
fash-producing metal,and between about 2% 
&ndabout 12% bindingagent,sald bead dsposed 
Jess than abou?? inch aboye the upper?ace of 
the fuseeiement,Saldinitiator havingarelativey 
sma?8?r space between the plug,2Qd the bead 
being in close proximity tos&d plug and S8fd 
öei8y fuseeksment? 
10?A delayelectric blasting mitlator Compris 

ing8 She?,8 delay fuse ekmeat?8,pHg,1ead 
Wires inserteá ?nerethroug?,$he termin8? ends 
of 8aig iead Wires projectingfrom the lower face 
oft?e plug,8ná8 bridge Wireafüxed to thetermi 
n81 ends of the iead wires andembeddeá in an 
?nition composition bead comprising,by Weight, 
8etween about 18% andabout 50% primary ex 
plosive,between 8bout 16% and abou? 55% 
oxidzingmaterial,betweenabout10% andabout 
64% fash-producing metal,and betWeen 8bout 
2% and8bout12% bindngagent,Said bead dis 
P0SedSubstantialy adjacent the delay fuse ele? 
ment,saidinitiator havingarelativelysmalatr 
sp8ce between the plug,and the beadbeingin 
ciose proximity toSaid plug8nd said delay fuse 
eiement? 
11?A delayelectric blastinginitiator compris 

ing&shel,a delayfuse ejement,aplug,1eadwires 
insertedtherethrough,the terminalends ofsaid 
1ead wtres projectingfrom the1owerface of the 
plug,anda bridge wireafxed totheterminal 
ends of the leadwiresandembeddedin anigni tion composition?ead comprising,byweight,be 
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tween about 18%8nd about 50% primary ex pl9s?e,between,about 16% and about?55% oxidzingmaterial,betweenabout10%andabott 
64% fash-produchng metal,and betweenabout 
2% andabout12%bfndngagent,saidbeadds 
P9Sedn Contact with the delayfuseelement,said ?tiator havingarelativey sma?airspacebe 
tween the phug,and the bead betngin close 
proxmityto Said plugand said delayfuseele 
?nent? 
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