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3,099,957 
DETGNATÜR SEAL 

Frederick R. Seavey, Alton, Ill., assignor to Ulin Mathie 
son Chemical Corporation, East Alton, Ill., a corpora 
tion of Virginia 

Original application .luly 2, 1956, Ser. No. 595,120. Di 
vided and this application Aug. 10, 1960, Ser. No. 
48,785 

1 Claim. (Cl. 102-28) 

This invention relates to electric detonators, and par 
tioularly to la novel method of providing waterproof 
closures therefor. The present application is a division 
of co-pending application, Serial No. 595,120, tiled July 
2, 1956, now abandoned by Frederick R. Seavey. 

Electric detonators heretofore have been provided with 
plastic bridge plugs and plastic insulated lead wires. 
While such an assembly offers material advantages over 
the more conventional sulfur-pitch closure assembly, it 
does possess a serious inherent weakness in the bond be 
tween the lead Wires and the bridge plug. In normal 
molding operations small capillary channels often are 
formed in the plug material immediately adjacent the 
lead wires, and such channels permit the ingress of water 
when the detonator is stored under moist conditions or 
used in aqueous operations. This problem has been 
recognized in the art, and various means have been uti 
lized in attempts to minimize the formation of these 
minute channels in the bond between the lead wires and 
the bridge plug material. This problem previously has 
been attacked by positioning a mutual solvent between 
the lefad wire insulation and the bridge plug material as 
described in U.S. Patent No. 2,382,921, granted August 
14, 1945, to Frederick R. Seavey and, also, by coating the 
lead wires with a waterproof casein glue as described in 
U.S. Patent No. 2,415,045, granted to the same inventor 
on January 28, 1947. Such prior art methods have a 
tendency to increase the water resistance of the .wire to 
plug juncture, but they leave much to be desired and also 
involve cumbersome and expensive manufacturing pro 
cedures. Therefore, it is an object of this invention to 
provide a novel electric detonator seal and a method of 
manufacturing it. More specitically, -itis an object of this 
invention to improve the bond between the lead wires 
and the thermoplastic bridge plug. Another object of this 
invention is to provide a novel means for preventing the 
entrance of water into an electric detonator at the juncture 
between the lead wires and Ithe bridge plug. 

-In accordance rwith this invention, these and other ob 
jects are accomplished by providing thermoplastic covered 
detonator lead wires with a coating of a reversible hydro 
philic colloid material prior to molding a bridge plug 
about them. This coating of colloid is most conveniently 
applied to the wires by dipping them in an aqueous solu 
tion or dispersion of the colloidal material. Although 
the lead wires may be provided with such a coating 
throughout »their entire length, for matters of convenience 
and economy, it is preferred generally that this material 
be applied only to the terminal and stripped portions of 
the wires ‘about :which the bridge plug is to be molded. 
Any type of reversible hydrophilic colloidal material 

that will expand or swell in contact with water is suitable 
for use in connection with this invention. Materials of 
this general class that have been found to be satisfactory 
include water soluble cellulose ethers, such as carboxy 
methyl cellulose and methyl cellulose and natural colloids 
of vegetable origin including, for example, guar flour, 
tragacanth ̀ and gum arabic. 

Practically all of the commercially available thermo 
plastic materials can be used in the formulation of the 
bridge plug. Thus, in accordance with this invention the 
bridge plug can be formed of ethyl cellulose, polyvinyl 
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2 
chloride, polyvinyl acetate, polyvinyl chloride-acetate co 
polymers, polyamides, polystyrene, polystyrene-acryloni 
trile copolymers, and the like. The lead wire insulation 
can be prepared from the above thermoplastic materials 
as twell as from neoprene, polyethylene, and synthetic, 
modified or halogenated rubbers. 

`In conventional practice ia portion of the thermoplas 
tic insulation is stripped from one terminal portion of a 
pair of lead wires and the bridge plug is molded about 
these wires so as to cover the end of the insulation as 
well as a portion of the bared wires. Normally, when a 
thermoplastic plug is so molded about the lead wires, 
small crev-ices or channels are formed between the wires 
and the bridge plug or between the lead wire insulation 
and the bridge plug. ln accordance with this invention 
the deleterious effects of any such channels are overcome 
by position-ing a ñlm of a reversible hydrophilic colloid 
at the juncture of the wires «and the bridge plug. This 
material reduces the possibility of water passing through 
these channels Ito a bare minimum. The exact manner 
in which such colloidal material operates to provide such 
an eífective barrier to the passage of rwater or water vapor 
is not understood completely. lt is believed, however, 
that »water entering these channels comes in contact with 
the hydrophilic colloidal material, causing it to expand 
so as to lill the channels and to exert a great pressure over 
«a relatively small area so as to prevent the passage of any 
water through the channels. 
`FIGURE l shows a sectional view of the bridge plug 

assembly of the electric detonator of this invention. 
FIGURE 2 is a sectional view of the electric detonator 

of this invention. 
'FIGURE 1 shows a sectional view of the bridge plug 

assembly in which a pair of detonator lead wires 2 
sheathed with ethyl cellulose insulation 3 was provided 
with a thin coating 4 of methyl cellulose, and a bridge 
plug l of ethyl cellulose molding composition was formed 
about the wires. The insulation was removed from the 
wires fora length of about two inches from one end there 
of. Then this bared portion of the lead wires, together 
Iwith about one inch of the adjacent insulated portion, 
was immersed in an aqueous solution of methyl cellulose, 
removed and permitted to dry at room temperature. The 
methyl cellulose solution, or dispersion, which was main 
tained at room temperature, was formed by dispersing 3.7 
parts of methyl cellulose in 96.3 parts of -water by weight. 
That portion of the wires coated with the -ñlm of methyl 
cellulose then was placed in a conventional molding iix 
ture, and a bridge plug of ethyl cellulose molding com 
position fwas injection-molded about them. 
FIGURE 2 shows the electric detonator wherein bridge 

plug 1 having lead wires 2 sheathed with insulation 3 and 
a thin coating `4 of reversible hydrophilic colloidal ma 
terial is sealed to the mouth of a case ’5. Sealing of 
bridge plug 1 to case `5 may be effected by moistening 
the cylindrical surface of the bridge plug 1 with a suitable 
solvent, for example, a solution of about 4 parts by vol 
ume of benzol and l pant by volume of methanol and then 
pressing the plug into the mouth of the case. The plug 
becomes integrally united with the case after evaporation 
of the solvent, as disclosed in the aforementioned Seavey 
Patent No. 2,382,921. 
A bridge wire \6 is attached to lthe uninsulated terminals 

of lead wires 2 by means of a Welding, swaging or solder 
ing procedure. The bridge wire is embedded in a suitable 
igniter charge 7 such «as mercury fulminate or the like. 
Positioned below the igniter charge 7 is an initiator charge 
8 which may be, for example, dextrinated lead azide or 
the like. A base charge ‘9 is positioned in the bottom of 
the case 5 below the initiator charge 8. Base charge 9 
may be compressed cyclonite, tetryl, or the like. 

-Bridge plug assemblies prepared in this manner were 
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used to seal the mouths of electric detonators having ethyl 
cellulose housings containing explosive trains, and the 
completed detonators were subjected to a waterproof test. 
‘In carrying out this test, 800 detonators provided with the 
improved closure of this invention were submerged in 
Water and subjected rto 100 p.s.i. for 20 hours at 20° C. 
At the end of this period, each of the detonators was 
tested to determine -whether any water had entered the 
case. yOut of the 800 detonators tested, only 1 failed to 
pass this test. In other words, 99.9 percent of the det 
onators tested withstood this test, which represents more 
rigorous conditions than normally can be expected in the 
ñeld. 
By contrast, detonators which Were prepared in a simi 

lar Way but not provided with a coating of methyl cellu 
lose between the bridge plug |and the lead Wires exhibited 
less satisfactory results when subjected to the same test. 
The percentage of such conventionally prepared detona 
tors successfully passing the same water immersion test 
varied between 92 percent and 98 percent. When it is 
realized that the only means of determining the effective 
ness of such a seal is by utilizing destructive testing meth~ 
ods, it Will be readily appreciated that anyone using the 
conventionally prepared detonators has no assunance 
whatsoever that the detonator can be used in moist or 
sub-aqueous operations. Other detonators diiîering from 
those of this invention only in that the lead Wires were 
coated with a hydrophobic colloid, such as polyvinyl ace 
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tate, were prepared. This group of detonators exhibited - 
none of the superior qualities of the detonators of this in 
vention. In fact, the tendency of the detonators to leak 
was increased by the treatment of the lead wires with poly 
vinyl acetate, and less than 50i percent of such detonators 
passed the test described above. In one group of 16 det 
onators tested there were 9 failures, and in another group 
of 15 tested there were 12 failures. Thus, it is clear that 
the seal between the bridge plug and lead wires is more 
positive when the lead Wires are treated with a reversible 
hydrophilic colloid than when they are untreated or 
treated with a hydrophobic colloidal material. 
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While the above example is directed specílically to an 

electric detonator having a bridge plug and lead Wire in 
sulation, both formed of ethyl cellulose, it is to be under 
stood that this invention is not limited to this specific ma 
terial but that it is applicable equally to bridge assemblies 
formed of any other thermoplastic material. Also, in the 
above example, reference Was made to a detonator pro 
vided with an ethyl cellulose housing. The invention 
is equally etl‘icacious When used in connection with det 
onator cases formed of any suitable material, such as 
other fthermoplastics, aluminum, stainless steel, gilding 
metal, and the like. Furthermore, it is distinctly under 
stood that the electric detonators made in accordance with 
this invention can contain any suitable explosive, initiating 
or deflagnating charges. 
Having thus described the invention, what is claimed 

is: . 

An electric detonator comprising a case containing an 
explosive train and a thermoplastic bridge plug molded 
about a pair of lead Wires and sealing the mouth of the 
oase, said lead Wires extending through said bridge plug 
into said explosive train, said lead Wires being provided 
with plastic insulation terminating Within the bridge pl-ug 
and a coating consisting of a reversible hydrophilic col~ 
loidal material coating the portion of said lead 'wires and 
said plastic insulation extending through said bridge plug, 
said reversible hydrophilic colloidal material being ca 
pable of expanding when contacted with Water. 
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