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This invention relates to shot shells, especially
the closing thereof. More particularly, it apper-
tains to the control of firing and ballistics by
means of body closure seals which are easily ap-
plied and which do not cause objectionable bar-
rel fouling.

The shot shell, as generally produced, com-
prises a fairly rigid paper cylinder (called the
“body”) having over one end a metal cap (called
the “head”). Ordinarily the head contains the
propellent powder and means for igniting it.
The body contains the shot charge and a par-
tition (filler wad) separating it from the powder.
It is universal commercial sealing practice to
‘place a card (top wad) over the shot charge and
fold the open edge of the body stock inwardly
~ and downwardly (through 180°) so that it rests
on top of the wad. It is self-evident that such a
closure has substantially fixed resistance to open-
ing. No part of it can be varied to control pres-
sure or ballistics. This will be even more ob-
vious when it.is appreciated that the properties
of the body paper are fully determined by other
considerations. This disadvantage cannot be
overcome by changing the character of the top
wad. A heavy, hard, unbreakable top wad in-
terferes with the movement of the shot, produces
poor patterns, etc. Fragmentation of a frangible
top wad results in a cloud of “confetti-like” beads.
These tend to obscure the target from the shoot-
er and are blown into his face when the wind is
" from the general direction of the target. Such

arrangements or features are obviously unde-
sirable. : . a : :

Shot shell bodies are made by rolling a special-
ly prepared porous paper into tube form, the
successive layers or convolutions of the paper be-
ing secured together by a starch adhesive. For
protection against moisture and other purposes,
the rolled tubes are heavily impregnated with &
wax, usually parafin wax, the wax content of the
finished tube constituting not less than 20% of
the weight of the tube. Since shot shells must
fit rather closely in a gun chamber, the finished
bodies must be brought to a given outside di-
ameter with very low tolerances. For this pur-
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(2) the ballistic properties of the shell are im-

proved; (3) the confinement and burning rate
of the propellent powder are accurately con-
trolled; (4) uniformity and improvement are ob-
tained; and (5) loading economies are effected.

Another and more specific object was to pro-
vide a body seal which could be varied, coordi-

‘nated and adapted to the burning characteristics

of different propellent powders to more accurate-
ly control their confinement and burning rate,
and to secure the benefit of the maximum energy
available in the combustion thereof without the
development of excessive pressures. Still other

_objects were to seal & shot shell body with ma-

terial which would not require special prepara-
tion of the body surface to receive the same,
which would not cause fouling or clogging of the
gun barrel even during rapid firing, and which
would remain effective during long periods of
storage even at temperatures somewhat above

those normally encountered in the Temperate

Zones. Yet further objects were to close the end
of a shot shell with the body material in such a
way that “blown patterns” are avoided and pat-
terns better than those resulting from conven-
tiona] shell closing, are obtained; to coordinate
the strength of the body seal with the propellent
powder utilized to provide a closure which would
improve the ballistic properties of powders here-
tofore regarded as inferior or unsuitable; to se-
cure standard velocities with reduced charges nof
powder and without the production of excessive
pressures; and to provide an adhesive for bond-
ing body sea] discs to the waxed-and ironed body
papers which would enable the sealed shell ends
to control both pressure and ballistics. A gen-
eral advance in the art, and other objects which
will appear hereinafter, are also contemplated.

The development of an adhesive suitable for
use upon shot shell bodies is greatly complicated

. by the character of the material of these bodies
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pose the wax impregnated tubes are passed

" through a sizing die, which somewhat reduces

* their outside diameter, and in so doing irons the

surface very hard and smooth.

This invention had for objects the utilization
of the end portion of the cylindrical tube, which
constitutes the body of the shot shell, as the end
" closure in such a way that (1) the necessity for
& separate end closure (top wad) is eliminated;

for, as indicated above, in addition to the dif-
ficulties of effecting adhesion to & waxed surface
(a problem encountered in various arts) the
method of manufacture results in a shot. shell
surface which is not only heavily waxed but, due .
to the action of the sizing die, is smooth, hard,

- rigid, non-porous, etc.
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It has now been found that by compounding
or diluting the phenol rubber product prepared
according to U. S. A. Patent NWo. 2,158,530 (Wil-
liams) with certain amino polymers, there re-
sults an adhesive composition which can be used
very advantageously to seal the small central

56 unsealed aperture which remains when the end
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of the shot shell is closed by folding o consider-
able part of the end portion of the body inward-
1y, and to influence or govern the opening of the
said folded end.

The aforementioned “phenol rubber product,”
generally known as “Phenol Rubber Product
2,158,530,” is obtained when rubber is worked on
a rubber mill (or related apparatus such as a
Banbury mixer) with about 5% to 55% of its
weight of beta-naphthol (or similar monohydric
phenol) in the presence of a small amount of &
special catalyst, for example, dihydroxy-fluoro-
boric acid or sulfuric acid, for about 15 minutes
at 100° C. This material is quite unlike rubber
and the heretofore known rubber derivatives (in-
cluding the products known as rubber isomers).
The new material, being denser, sinks when
- placed in water, will not adhere to rubber, is more
soluble in hydrocarbon solvents than cyclized
rubber (J. 7. E. C. XXXIII 389), and when mixed
with rubber on a mill and the mixture made into
a thin cement, layers off. It seems to be an al-
kylated phenol (rubber being the alkylating
agent) since the phenol molecule seems to have
chemically combined with the rubber molecule
(probably at what was an unsaturated -carbon
atom in ordinary rubber).

- How the foregoing objects and related ends
are accomplished will be apparent from the fol-
lowing exposition in which are disclosed the
principle and divers embodiments of the inven-
tion, including the best mode contemplated for
carrying out the same.. Parts are given by weight
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shell is closed by folding in the end portion of the

. body. This is carried out by first forming in that
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part of the body above (as shown in the drawing)
the shot charge, a number of creases 12, As a
result, the open end of the body is drawn into the
frusto-conical form illustrated in Figure 2. It
is desirable, but not necessary, that this opera-
tion precede the final closing operation in which,
in the preferred mode of operation, the thus
partially closed body is subjected to the action
of a rotating die of such configuration as to

. press the segments 13 (between the creases 12)

into a plane. This brings about a substantially
complete closing of the body.-

Exhaustive tests have shown that it is definite-
ly detrimental to indent the end closure very.
much, so it is preferred that the flat closure por-
tion be-in the plane of the end of the side wall,-
as illustrated in Figure 4, or only very slightly in-
set, as shown at 53 in Figure 5. In these figures,
in the interest of clarity, the shot charge has not
been shown. The creased end portion of the
body is shown as extending downwardly within .
the shell at 48. :

When the shell is closed in the manner just
described, there remains at the center. (or cylin-
drical axis) an unsealed juncture 5! for which a
seal is desirable. To provide such a seal, a disc
6i, of paper or similar material as illustrated in
Figures 4, 5 and 6, is employed. The principal
novelty of this invention is in the composition of

- the adhesve layer &1, used to secure the sealing

throughout the application unless otherwise .

specified.

The written description is ampliﬁed by the
accompanying drawing, in which:

Figure 1 is a sectional elevation view of & shot
shell, primed, loaded and ready for closing;

Figure 2. is a perspective view of a shot shell,
such as that shown in Figure 1, after it has been
subjected to the first or preliminary closing op-
eration;

Figure 3 is a perspective view of a shot shell
such as that shown in Figures 1 and 2 after it has
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been subjected to the final closing operation and «

is fully closed;
Figures 4 and 5 are sectiona.l elevation views

taken along the diameter of the closed and sealed .

. end portions of shot shell bodies, showing the

sealing means applied in accordance with this

invention; ~
Figure 6 is a perspective view of that portion

50

of the closed and sealed (finished) shot shell .

body illustrated in Figure 5; and

<t
=t

Figure 7 is a fra.gmentary perspective view of .
the open end .of a fired shell having segment- -

© like pieces still adhering thereto.
* Similar characters refer to similar parts
throughout the drawing.
In Pigure 1-there is illustrated a conventional
shot shell comprising a body {1 and a head 2§.
-The body is a waxed cardboard tube and the
head a brass thimble-like structure. Within the
" head is e base wad 22, a battery cup 23, a primer
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cup 24, an anvil 25 and & charge of priming com-

posltiOn 28.

‘When in shells of this type the priming compo-
sition is ignited, as by striking the primer cup
with a firing pin, the flame thereof ignites the
charge of propellent powder $i{. Before firing,
an “over powder” wad 32 and one or more “filler”
wads 33 separate the powder 3i from the shot
constituting the charge 34.

In the present invention the end of the shot
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disc to the body closure. _

It will be obvious that by proper selection (of
paper 61) and regulation of adhesive strength
of the layer 41, there can be secured any degree
of “confinement” of the shell contents (includ-
ing the propellent powder) up to the limit of the
tensile strength of the body magerial (paper,
efc.). An accurate control of ballistics thus be-
comes possible. Unfortunately the strength of
suitable adhesives decreases with time, so that
the aforementioned control of ballistics is de-
pendent upon adhesive which does not begin to
weaken for long periods of time.

An advantage of this invention is illustrated
in Figure 6 by the indicia 62. This may indicate .
the size and character of the shot contained n
the shell. Conventional shot shell closures pro-

‘vide no means for accomplishing this purpose.

‘When the shot shell of this invention is fired,
both the adhesive and paper layers (41 and 61)
are ruptured as the body straightens to substan-
tially its original cylindrical form. Segment-like
portions 61f, 612 and 613 of the disc 64 remain
secu;ely aﬁixed to the body, as shown in Fig-
ure -

Specific examples o! the new adhesive composi-
tlons, and shot shells embodying the same, fol-
low. ’ :

E:cample I

A shot shell having a body surface of heavily -
waxed, very smooth, non-porous paper, was load-

ed. The open end was then partially closed by -

creasing and folding inwardly that portion of
the body above the shot charge.. The partly
closed end was then subjected to a rotating die
to press the folded material surface into & plane
substantially -perpendicular to the axis of the
shot shell cylinder and containing the end of the
side wall, thereby substantially completing the
closing of the shell.

Twenty-five (25) parts of the beta-naphthol
rubber product, prepared according to Example
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X of U. S. A. Patent No. 2158530 and 6.2. parts
of phenol formaldehyde methylamine resin pre<
pared according to Example I of U, 8. A; Patent
2,098,869, were dissolved in 81.2 parts of toluene.
Paper (35 pound .sulfite type) slightly heavier
than ordinary typewriter paper stock, was coat-
ed on one side with the resulting composition,
and the solvent removed. The adhesive leyer ob-
tained was 0.002 to 0.003 of an inch thick. A
disc of suitable size was stamped from the coated
paper and secured to the folded end of the shot
shell by means of heat and pressure.

Example II

Carry out the sealing of shot shells in the man~"

ner described in Example I, with an adhesive
prepared from beta-naphthol rubber product 25
parts, poly-beta-dimethyl-amino-ethyl methacry-
late 6.2 pa.rts, and toluene 81.2 parts.

Ezxample 111

Carry out the sealing of shot shells in the man-.
ner described in Example I, with an adhesive
prepared from beta-naphthol rubber product 25
parts, resinous reaction product of phenol, form-
aldehyde and methyl amine prepared. according
to Example I of U. S. A. Patent No. 2,098,863
(Harmon & Meigs) 6.2 parts, and toluene 81.2
parts. .

Example I V

ner described in Example I, with an adhesive pre-
pared by mixing until homogeneous a solution of

50 parts of beta-naphthol rubber product in 150°

parts of toluene and a solution of 2.6 parts of
the resinous reaction product of phenol, form-

aldehyde and methyl amine (see Example III) g

dissolved in 5 parts of foluene.
Example V

Carry out the sealing of shot shells in the-man- -

ner described in Example I, with an adhesive pre-
pared by mixing until homogeneous a solution
of ‘50 parts of: béta-naphthol rubber product in
150 parts of toluene and a solution of 5.5 parts
of the resinous reaction product of diphenyl
gusnidine, formaldehyde and methyl amine (the
preparation of which is described elsewhere in
the specification .under the heading “Group F”)
dissolved in 10 parts of toluene.

Example VI

Carry out the sealing of shot shells in the
manner described in Example I, with an adhe-

sive prepared by mixing until homogeneous a
solution of 40 parts of beta-naphthol rubber prod-
uct in 120 parts of toluene and a solution of 10

parts of triethanol amine phthalate product

(preparation described under Group G) in 90
parts of dioxan.

Example VII

Carry out the sealing of shot shells in the
manner described in Example I, with an adhe-
slve prepared by mixing until homogeneous a
mixture of a solution of 2.6 parts of diphenyl
guanidine formaldehyde resin (preparation de-
scribed under Group E) dissolved in 5 parts of
toluene, and a solution of 50 parts beta-naphthol
rubber product dissolved in 150 parts of toluene.

Example VIII

Carry out the sealing of shot shells in the man.
ner described in Example I, with an adhesive

85 the phenol-rubber product.

70 to 55%
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amine-dimethylol urea-dimethyl - ‘ether resin
(preparation described under Group K) dissolved
in 20 parts of dloxan to 8 parts of beta-naphthol
- rubber product dissolved in 24 ‘parts ‘of toluene.

8 Ezample IX

- Carry ot the sealing of shot shells in the mgnf
ner described In Example I, with an adhesive
prepared by dispersing in 83 parts of toluene by

10 grinding in a ball mill-for 18 hours, 16 parts of

beta-naphthol rubber product” and 4 parts of
dimethylol urea dimethyl ether-hexamethylene
diamine resin (prepara,tion described under
Group K).

15 The adhesive compositions are applied to the

~ sealing paper by conventional means, such as
brushes, rollers, doctor knives, etc., after which
the solvent is sllowed to evaporate. The films
thus deposited are non-tacky, waterproof and .

20 flexible. They are not adhesive in the dry con-

dition at ordinary temperatures, but when mois-
tened with hydrocarbon solvents such as toluene,
or when subjected to heat and pressure, as used
in conventional sealing procedures, they have ex-

o cellent adhesion to materials like the smooth,

waxed and ironed cardboand commonly employed
for shot shell bodies. ‘

The ratio of phenol-rubber product to amino
‘polymer may be varied over a wide range, depend-

. 80 ing upon the specific adhesive requirements. In
Carry out the sealing of shot shells in the man- .

general -the more amino polymer is used the
greater will be the storage life of.the adhesive
composition, that is to say, the stabilizing effect
is roughly proportional to the amount used with
Compositions con-
taining as low as 256% of phenol rubber product
to 75%. of amino polymer, and compositions con-
taining as high as 98% of phenol rubber product
and 2% amino polymer, have been found useful.

40 The preferred range is 2%-~25% amino polymer

and 98%-75% of phenol rubber product. The
improvement -obtained by _ using amounts of
amino polymer below the aforementioned lower
limit is detectable but has not been found to be

45 of any practical value.

_ Variations in proportions of any modifying in-
gredients of the ste.bilized composition are per-
missible.

The phenol rubber products are resinous,

50- transparent, thermoplastic, benzene-soluble de-

rivatives of rubber which are resistant to acids
. and alkalies, which do not adhere to rubber,
which have an impact strength similar to phenol
aldehyde resins, which impart a hardness to
55 rubber (when compounded therewith) like glue
and montan wax, and which are obtained by re-
acting rubber with a monohydric phenol which
contains no substituents other than halogen and
hydrocarbon radicals.. The phenol rubber prod-

60 ucts can be hydrogenated at temperatures in the

range 80°-200° C. in the presence of an acidic
catalyst.

The preparation of the phenol rubber product
is described in U. S. A. Patent No. 2,158,530

¢5 (Willlams), and in the interest of brevity, ref-

erence -is made thereto for details. For. con-
_venience it may be pointed out that the amount"
“of the phenolic material (phenol, naphthol, etc.)
may vary widely; the ordinary limits being 5%
(based on the rubber). The products
prepared by milling 5 to 20 parts of beta-naph-
- thol with 100 parts of rubber in the presence of
4 parts of sulfuric acid as a catalyst are pre-
ferred when the phenol rubber products are em-

prepared by adding 2 paris of n-butyl-dlethanol- 75 ployed in compounding shot shell adhesives, Al-
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“though this type of materlal was employed in
many of the specific examples, it is to be under-
stood that any one or a plurality of the products
- disclosed in said patent may be employed, when
desired.

The erude product (containing excess phenolxc
material) is preferred for-use-in shot shell ad-
hesive compositions, but good resuits have been
obtained when the excess of the phenol was re-
moved. Ordinary extraction procedures utiliz-
ing such materials as alcohol solvents, such as

ethanol and butanol, are suitable for removmg,

the unreacted phenolic material. The reaction
product may also be purified by dissolving in
toluene and precipitating the phenol rubber
product with ethyl alcohol (which retains the
phenolic body in ‘solution). Treatment of the
crude reaction product with formaldehyde ren-
ders the ‘excess phenolic material innocuous by
causing it to form.a phenol formaldehyde resin,
whose presence in the composition is not ordi-
" narily objectionable (because it does not exude
" or blush ocut as the free phenolic compound
would).

Various phenols in addition to the hydroxy-
benzene and beta naphthol of the examples, for
-instance ' chloro-phenol, cresol and dihydroxy-<
diphenyl, may be employed in the manufacture
of the phenol rubber product, as indicated in
" the patent just discussed. One or more phenolic
‘materials may be used in the reaction with the
rubber. Catalysts other than the sulfuric acid
- and dihydroxy-fluor-boric acid, for example, or-
ganic sulfonic acids, hydroxy-fluorboric acid and
boron ' trifluoride, may be employed.

The phenol rubber products of this invention
may be designated by a variety of names other
than those already mentioned, for example, “rub-
ber alkylated phenol,” “phenol modified rubber,”
“rubber substituted phenol” and “phenol rubber
condensation product.” The terminology em-
ployed is intended to apply only to the type oi
‘material obtained according to the aforemen-
tioned U. S. A. Patent No. 2,158,530. These
names are not to be construed broadly enough
to-cover isomers or like derivatives of rubber
which might -be obtained by using phenol or phe-
nol sulfonic acid in a simple catalytic capacity.

The ‘amino-nitrogen-containing polymers ca-

pable of being formed into coherent films, soluble !

in organic solvents and in 2% aqueous acetic
acid and insoluble in water can, for convenience
be divided into sub-groups, as follows:.

- (A) Resinous polymeric coherent-ﬂlm-formmsr

reaction products of phenols, aldehydes and ma- !

terial from the group consisting of ammonia,
primary-amines and secondary amines;

2,300,367

reaction products of diaryl (especially diphenyl)
guanidine with aldehydes (especlally formalde- -

_hyde) and amines (primary or ‘'secondary) ;

[+
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~ (B) Resinous polymeric coherent-film-forming -

" amino alcohol esters.of material from the group
consisting of acrylic acid and acrylic acid sub-
‘stituted .in the. alpha position by 8 hydrocarbon
radical; -
©) Resmous polymenc coherent-ﬂlm-formmg
reaction products of ammo phenols w1th alde-
hydes;

" (D) Resinous polymeric cohierent- film-forming

GO
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reaction products of alphyl: ketones' (aliphatic -

and alxcychc) with formaldehyde and material

from- the group consisting of ammonia, pnmary_
amines, secondary amines and tertiary amines;

(E) Resinous polymeric coherent-film~-forming

‘reaction’ products of diaryl (especially diphenyl)

guanidine with aldehydes (especxally formalde—
hyde) H
(W Resinots polymeric coherent-film-forming

G Resinous polymeric coherent-film-forming
amino alcohol esters of polycarboxylic acids;

(H) Resinous coherent-film-forming aromatic
amine aldehyde resins;

(I) Resinous polymeric coherent- ﬁlm-formlng
reaction products of vinyl ketone polymers with
material from the group conslstmg of ammoma
and amines;

(J> Resinous polymeric coherent-ﬁlm-formmg
reaction products of piperazine, aldehydes (espe-
cially formaldehyde) and phenols;

(K) Resinous polymeric coherent-ﬁlm-forming
reaction products of dlmethylol urea dlmethyl
ether and amines;

(I.) Resinous polymeric coherent-film- formmg
reaction products prepared by treating poly-
vinyl chloroacetate with secondary aliphatic
amines;

(M) Resinous polymeric coherent-ﬁlm-form-
ing products resulting from the reaction of urea,

‘formaldehyde, and lower aliphatic (in which the

substituent radicals have less than 5 carbon
atoms) primary or secondary amines, especially
methyl, dimethyl, butyl and dibutyl amines;

(N) Resinous polymeric coherent-film-form-
ing products obtained by polymerizing, in the
presence of catalytic proportions of stannic chlo-
ride, the reaction product of epichlorohydrin,
with materlal from the group consisting of am-
monia and primary aliphatic amines;

(0) Resinous polymeric coherent-film-form-
ing reaction products of phenol-lignin with di-
methyl amine and formaldehyde;

- (P) Resinous polymeric coherent-film-form-

ing products obtained by the catalytic hydro-

genation of resins having ketone groups at su-
peratmospheric temperature and pressure in the
presence of material from the group consisting
of ammonia, prlmary amines and secondary.
amines; and .

(Q) Resinous polymeric eoherent film-form-

3 ing reaction products of protein ‘material. from

the group consisting of lower aliphatic aldehydes
and-lower aliphatic ketones and amines having
less than 9 carbon atoms, in which the amino
nitrogen is joined to the aliphatic carbon. )

These related highly polymeric amino nitro--
gen-containing substances, which are prepared
synthetically, form a distinctive group.. Since
the corresponding monomers do not accomplish

“the end desired, it is clear that their effectiveness

is dependent upon polymeric form.
Details of the preparation of these basic amino
nitrogen- contaxmng polymers are summarized

below.

In general the products of group A are pre-
pared by reacting an aldehyde (preferably’ form-
aldehyde) with the appropriate nitrogen com-
pound (ammonia or -aming) in aqueous solution

.to give a methylol derivative (of the ammonia
- or-amine), Which is then reacted with the phenol

in question. The resin separates frorh the solu-
tion as it is formed, and is usually washed with
water before drying. The detailed preparation

“of these resins is disclosed in.the patent litera-

" ture, see for example, U. S. A. Patent No. 2,098,869
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(Haimon & Meigs), particularly Examples A—1,
A-T7.and A—8, U. S, A. Patent No. 2,168,335
(Heckert), particularly Example A—6, U.. S. A.
Patent No. 2,168,336 (Heckert), particularly Ex-
ample  A—2, U. S..A. Patent No. 2,031, 557
(Bruson) and U, S. A. Patent No. 2,053,092
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(Bruson). The preferred combinations are the
reaction products of: i

‘ . Mols

(1) Phenol ——-- 1

Formaldehyde , 2

, Methylamine 1
(2) Phenol - -- 05
Formaldehyde.__ 14
Dimethylamine._ —- 04
Ammonia._ e 0.5

(3) Phenol «—o——_- e ————— 1

Formaldehyde. e oo 2

Piperazine oo 1

(4) Beta-naphthol — e 1

Formaldehyde oo oeeeeee e 2

] Methylamine _ oo 1

(5) Phenol .- — 1

Formaldehyde. - - oo -2

N-aminoethyl morpholine.....____.____. 1

(6) Phenol e 1

Formaldehyde.. oo eeem 2

Ammonia.__ ... e ——————————n -1

(7) Phenol « el 1

Formaldehyde. oo e 2

. Eihylene-diamine ___-__ . ___.__.. 1

(8) Resoreinol oo oo -1

Formaldehyde.__-_..._ e —— e 1
Methylamine. . oo 0.5

(9) Diphenylolpropane - e 1

Formaldehyde..___ e ————— e e 4

Dimethylamine. ..o oo 2
(10) XY1enol e 1-
Formaldehyde_ ool 1.8
Diethanolamine ... - 0.6

In general the polymeric amino nitrogen-con-’

taining bodies of group B are prepared by react-
ing the appropriate amino alcohol with the
methyl ester of the acrylic (or alpha-substituted
homolog, preferably methacrylic) acid, distilling
‘off the methanol (thereby forming the mono-
meric amino alcohol acrylate or homolog), and

polymerizing (by any suitable means, such as.

heat, light or peroxide catalyst). The prepara-
tion of polymeric esters of this type are disclosed
in detail in U. S. A. Patent No. 2,138,763 (Grav-s).
The polymerization procedures described in U.
S. A. Patent No. 2,138,762 (Harmon) are quite
suitable. The preferred esters include poly-
(beta-diethylaminoethyl-methacrylate), poly-
(beta-dimethylaminoethyl-methacrylate), poly-
4- (beta-methacrylyloxyethyl) -morpholine, poly-
(beta - dicyclohexylaminoethyl - methacrylate),
triethanolamine-monomethacrylate, and the like.
Preparation of the resins falling in category C
is described in detail in U. S. A. Patent No. 2,147,-
789 (Graves). The preferred product of this
group is that obtained by reacting meta-diethyl-
- amino-phenol with formaldehyde. )
* The resinous products of group D are, in gen-
eral, prepared in the same manner as the pre-
ferred material-which is the reaction product of
acetone, formaldehyde and metnylamine. To
prepare this material, a solution of 5 parts of tri-
sodium phosphate (NasPOs:12H20) in 50 parts
. of water was mixed with 50 parts paraformalde-
~ hyde. The mixture was cooled in ice, and a solu-
tion containing 19 parts (0.61 mol) of methyl-
amine dissolved in 50 parts of acetone, added. A
vigorous reaction set in, and cooling was neces-
~sary. After the initial reaction was over, the
mixture was heated on a steam bath over a re-
flux condenser for 134 hours. It was then al-
lowed to stand overnight. A soft brown, resinous
mass resulted. This was well mixed with water

10
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to remove unreacted materials, separated from
the water and dried. The final product was an
amorphous, orange-colored solid soluble in glacial
acetic acid and not precipitated upon dilution of
this solution with water. This resin was par-
tially soluble in alcohol, chloroform and dioxan,
and was insoluble in acetone, ethyl acetate and
toluene. R

The resinous products of group E are in general-
prepared in the same manner as the preferred
material which is the reaction product of diphenyl .
guanidine with formaldehyde. To prepare. this

.- material, 43 parts (0.2 mol) of diphenyl guanidine

156
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was mixed with 48.6 parts (0.6 mol) of 37% form-
aldehyde solution, and the mixture allowed to
stand with occasional stirring for 18 hours at a
temperature of 50° C. The mixture set to a.
sticky, taffy-like mass which became progres-
sively harder and more brittle. Afier 18 hours,
the resinous mass was ground under cold water,
filtered, washed with water and air dried, The
final product was a white, amorphous powder
soluble in dilute (2%) acetic acid and toluene.
The polymeric basic amino nitrogen-containing
bodies of group F are in general prepared in the
same manner as the preferred material which is
the reaction product of diphenyl guanidine,
formaldehyde and methylamine. To prepare this
material, a solution of dimethylol methylamine
(1 mol) in water was made by passing 31 parts (1
mol) of methylamine into 160 parts (2 mols) of
379 formaldehyde solution cooled with ice. ‘The

" solution was added to 215 parts (1 mol) of di-
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.on baking at 110> C. for 10 hours.

phenyl guanidine, and the mixture stirred for 15
minutes. This gave-a dough-like product which
was allowed to stand for 22 hours to complete the
reaction. At the end of this time the mixture
became a hard, resinous mass. ‘It was ground
under cold water, filtered, washed with water,
and dried over calcium chloride in a vacuum
desiccator. The reaction product was a white
powder soluble in acetone, ethyl acetate, chloro-
form, dioxan and toluene. )

The resinous products of group G are, in gen-
eral, prepared in the same manner as the pre-
ferred material which is the reaction product of
triethanol amine and dimethyl phthalate. To
prepare this material, a mixture of 149 parts (1
mol) of triethanol amine, 194 parts (1 mol) of
dimethyl phthalate and 800 parts of benzene was
charged into a reaction flask, and & solution of 2
parts of sodium in 16 parts of methanol was added
in small proportions during the course of the re-
action as a catalyst. The mixture was heated at
a temperature of 130°-155° C. for 9 hours. Dur-
ing this time a binary of methanol and benzene
distilled off. When the theoretical amount of
binary had been collected in the receiver, the re-
action was stopped and the benzene distilled off
on a steam bath under reduced pressure. The
residue was a viscous oil which, upon cooling, be-
came 8 soft, resinous mass. The resinous prod-

‘uet was soluble in 20% acetic acid, and films

flowed from. this solution became hard and brittle
The resinous
reaction product was soluble in dioxan, 90% ethyl
aleohol, 90% acetone and chloroform, and was
partly soluble in toluene.

Preparation of the resins falling in category H
is described in detail in British Patent 342,325.

The preferred reaction product In this group is -

that from aniline and formaldehyde.

Synthetic resins falling in class I are generally
prepared by reacting polymeric vinyl ketones with
ammonia or primary amines.. The conditions of
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the reaction and the products are described in
detail in U. S. A. Patent No. 2,122,707 (Balthis).
The resinous products of group J are in general
prepared in the same manner as the preferred
material which is the reaction product of formal-
dehyde, piperazine and phenol. To prepare this
material, 162 parts (2 mols) of agueous -37%
formaldehyde was cooled to 15° C., and 190 parts

(1 mol) of piperazine hexahydrate in 200 parts of.

water added drop-wise at such a rate that the

temperature did not rise above 23° C. The reac-

tion vessel was cooled in ice, then 94 parts (1 mol)
of phenol in 20 parts of water was added all at
once and the ice bath removed. The reaction
vessel was then raised to a temperature of 35° C
and allowed to stand over night. A light plnk
sticKy resin, which was washed ‘with watef, was
obtained.

The polymeric substances of group X are, in
. general, prepared in the same manner as the
preferred materials which are the reaction prod-
ucts of dimethylol urea dimethyl ether with
. n-butyl-diethanol amine and with hexamethyl-
enediamine. -

To prepare the first of these materials, 80.5
parts of n~butyl-diethanol amine and 74 parts of
dimethylol urea dimethyl ether were mixed and
heated in an atmosphere of nitrogen in a bath
maintained at 150°~160° C. for 1.5 hours. Meth-
anol (28 parts) was evolved during this time, and
& clear, light-yellow resin, soluble in dioxan, tri-
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-scribed in U S. A. Patent No. 2,063,153
(Greenewalt). -

The amine polymers of group Q are, in’ general
prepared in the same manner as the preferred
species whose properties and mode of preparation
are disclosed in U. 8. A. Patent No. 2,143,023
(Meigs). -

Instead of simple polymers, interpolymers may
be prepared, for instance, by reacting methyl
methacrylate and methyl vinyl ketone in the pres- °
ence of ammonium hydroxide or reacting beta-di-
cyclohexyl-aminoethyl methacrylate monomer
and beta-dimethylaminoethyl methacrylate mon-
omer together under suitable conditions, or re-
_acting dicyclohexylaminoethyl methacrylate with
“inethy! vinyl ketone under suitable conditions.
Other equivalent polymeric materials, such as
copolymers, may also be used, provided their
solubility characteristics are as previously set
forth.

The two classes of basic amino-mtrogen—con-
taining polymers which have given the most satis-
factory results are the polymeric amino-alcohol
esters of alpha-substituted acrylic acids described
in U, S. A, Patents 2,138,762 (Harmon) and
2,138,763 . (Graves), and the resins obtained-by
reacting phenols, formaldehyde and amines de-
scribed in U. S. A. Patent No. 2,098,869 (Harmon &

. Meigs).
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chilorethylene, dilute aqueous acetic acid and -

hydrochloric acid, was formed.

. To prepare the second of these products, 29
parts of hexamethylene diamine and 37 parts of
- dimethylol urea dimethyl ether were mixed and

gently heated in a distilling vessel in an oil bath

_until 7 parts of ‘methano] had distilled. The

resinous residue in the distilling vessel was
washed with water, dissolved in concentrated hy-

drochloric acid, and precipitated: with aqueous
sodium hydroxide.. The precipitate was filtered,
washed with water and dried. A white, amor-
phous powder, which was soluble in butanol and
dilute aqueous acetic acid, was obtained.

The resinous products of group L are prepared,
for exampie, by dissolving 15 parts of di-n-butyl-
amine and 10 pafts of polymeric vinyl-alpha-
chioroacetate in 80 parts of ethylene glycol-mono-
methyl ether, allowing the solution to stand in a
closed vessel for 2 weeks, pouring into 350 parts
of water, flitering off the resin which separates,
end drying it. The product prepared in the man-
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ner just described is an orange-colored rubbery .

_ mass soluble in acetone, ethanol and toluene and

in 2% aqueous acetic acid. About 13 parts are

obtained by this procedure. , ,

The resinous products of group M may be pre-
pared by dissolving two molecular proportions of
urea in three molecular proportions of 37% aque-
ous formaldehyde, adding one molecular propor-
tion of dimethyl (or other alkyl) amino-methanol
dissolved in water (40 parts per mol of com-
pound), and heating for about 13 hours. Evapo-
ration of water leaves a white basic resin,

The resinous products of group N are prepared
by the procedures described in U. 8. A. Patent No
1,877,251,

The resinous products of group o are prepa.red
by the process of Example B of U. S.
. No. 2,122,433,

The coherent-ﬁlm-forming resinous products of

A. Patent
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The latter products which are dilute acetic
acid soluble resins, and with which may be classed
the very satisfactory phenol formaldehyde piper-
azine resins, are obtained by 'reacting a phenol
containing . carbon, hydrogen and oxygen only,
and having at least 2 unsubstituted nuclear posi-
tions ortho or para to the phenolic hydroxyl with
formaldehyde and a non-aromatic primary amine
containing less than 7 carbon atoms. A molecu-
lar ratio of amine to phenol of not less than 0.5:1
and not greater than 1:1, and a molecular ratio
of aldehyde to amine not greater than 1:1 in this
reaction, give especially desirable results.

The specific compounds which are preferred for
the purposes of this invention, are beta-di-n-
butylaminoethyl methacrylate polymer; 2-amino-
cyclohexyl methacrylate polymer; triethanolam-
ine mono-methacrylate polymer; 2-(diethyl-
amino) -cyclohexyl methacrylate polymer; 4-
(beta-methacrylyloxyethyl) morpholine polymer;
beta~dimethylaminoethyl methacrylate polymer;
beta-diethylaminoethyl acrylate polymer; beta-
dicyclohexylaminoethyl acrylate polymer; 1-
(beta-methacrylyloxyethyl) piperidine polymer;
the resin obtained by the hydrogenation, in the

5 presence of ammonia, of polymerized bis-(4-

ketocyclohexyl) dimethylmethane: the resin ob-~
tained from the hydrogenation, in the presence
of ammonia, of polymerized methylvinyl ketone;
the reaction product of polymeric methyl alpha-
methylvinyl ketone and cyclohexylamine; the re-
action products of polymeric methylvinyl ketone
and aqueous ammonia (or cyclohexylamine,
ethylenediamine, hexamethylenediamine, and the
like); the resin obtained by reacting cyclohex-
anone with formaldehyde and methylamine; the
resinous reaction product of acetone with formal-
dehyde and butylamine, and -phenol-formalde-

" hyde-hydrazine resin, cresol-formaldehyde-tetra-
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group P are, in general, prepared in the same

manner. as the ‘preferred individual polymers
whose properties and mode of preparation are de-
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ethylenepentamine resin, phenol-formaldehyde-
ethylenediamine ‘resin, phenol-formaldehyde-
dodecylamine resin, phenol-formsldehyde-thio-
ures resin - and creso]-formaldehyde-melamine
resin, ’

The polymeric basic. amino nitrogen-contain-
ing substance may be introduced into the phenol



- 'rubber product and compositions containing the
same, in any desired manner. - Ordinarily the in-
corporation is made by the use of a mutual sol-
vent or by milling, but grinding, kneading, and
other conventional mixing procedures are satis-
factory.

The adhesive compositions may be applied to
the ammunition parts (paper or other medium)
as solutions (used in a broad sense to include
both true solutions and pseudo-solutions, which
latter are in reality colloidal suspensions), emul-

stons, melts without any solvent, and melts with -

reduced amounts of solvent.

In forming solutions and melts containing small
amounts of .organic liquids of the phenol rubber
product-amino polymer compositions, aliphatic,
aromatic and chlorinated hydrocarbous are suit-

able. The préferred substances are benzene,
toluene, xylene, tetrachlorethane, kerosene and
related products. . '

In preparing the adhesive compositions, vari-
.ous adjuvants or augmenting agents, such as
‘resins, plasticizers, waxes, colors, etc., may be

. incorporated when desired.
The preferred resins (natural, synthetic and
semi-synthetic) include rosin, hydrogenated
"rosin, hydrogenated rosin derivatives, ester gum,
pitches, cumarone indene resins, alkyd (poly-
hydric alcohol-polycarboxylic acid reaction prod-
uct) resins, damar, and the like. Such materials,
individually and in combination, compound read-
ily with the phenol rubber product. Although

resins generally improve homogeneity and ther- -
. moplasticity, it is not always desirable to have a

resin present. When the presence of resins is
desirable, one or more may be uséd.

 The preferred plasticizers (sometimes improp-
erly referred to as softeners) are dibuty]l phthal-
ate, tricresyl phosphate, chlorinated parafiin,
dixylyl ethane, chlorinated diphenyls, hydrogen-

ated methyl abietate, diethyl-toluene sulfon-.

amide, camphor, hydrocarbon oils, and the like.
One or more of materials of this character may
be present in the adhesive composition, or mate-
rial of this character may be omitted.

One or more waxes (used generically to include
waxy substances like paraffin wax, as well as true
waxes which are monchydric alcohol esters of
higher fatty acids) may be added to enhance the
adhesive and other characteristics of the phenol-
rubber product-amine polymer compositions, as
desired.

The adhesive composition may be applied to

the shell body and dried before sealing instead of -

to the sealing dise, or may be applied to both, as
convenience may dictate.
The shell bodies and sealing discs may be made

of materials other than paper, for example, re-

generated cellutose, if desired.

The molecular weight of the amino- polymer
(basic resin) has some effect on its power to
stabilize the phenol rubber product. Resins giv-
ing low viscosity solutions at high (50%) solids
contents, are preferred. These factors should be
taken Into consideration in compounding the
adhesive, it being desirable, for example, to
utilize resinous materials of high softening point
to aid in producing adhesive compositions of high
softening points, and vice versa.

Many of the advantages of the present inven-
tion are apparent from the foregoing part of the
.specification, The bond between the shell body
surface (wazed cardboard) and the sealing disc
(paper) remains firm-at temperatures which are
reached at rapid ﬁring (up to 120° F—49° CJ).

2,800,367
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. The adhesive and sealing dlsc remain firmly

5.3

secured to the shot shell body after firing, so that
no deposit or residue accumulates in the gun
barrel, The sdhesive composition seals the junc-

" ture of the folded closure against the entrance of -

moisture. The sealing means effects an improve-
ment in pattern, eliminating “blown” patterns
(one in which the shot scatters widely). The
sealing means characteristics may be correlated
with the characteristics of the powder, primer

. and loaded material to eftect loading economies
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" and improved ballistics.

The sealing means has
thermoplastic characteristics and adheres to the
shell material with adequate and controllable
tenacity. The adhesive of this invention elimi-
nates the necessity for special treatments of the
shot shell body such as abrasion, roughening of
the surface, removal of a substantial portion of
the waterproofing oil contained in the surface,
ete.,, to facilitate penetration by the adhesive.
The adhesives of the present invention do not
have objectionahly low softening points, and are
able to withstand shock. Approximately a 25-
fold improvement in adhesive ageing life (at
65° C.) is hereby obtained. The adhesives do
not have to be used when freshly prepared.

As many apparently widely different embodi-
ments of this invention may be made without
departing from the spirit and scope thereof, it is
to be understood that this invention is not limited
to the specific embodiments thereof except as
defined in the appended claims.

I claim:

1. A shot shell comprising a. body, an end
closure integral with said body, and a moisture-
proofing and ballistic controlling member seal se-
cured to said end closure, said seal comprising
essentially a thin disc adhesively secured to said
end closure by means of phenol rubber product
diluted with a small amount of basic amino
polymer capable of being forced into coherent
solid films which are substantially insoluble in
water and 5% aqueous ammonia and soluble in
29, aqueous acetic acid and organic solvents,
said phenol rubber product being a reaction prod-
uct of rubber and one or more phenols, contain-

ing 1% to 5% of the phenol material chemically

combined with the rubber which is resinous,
thermoplastic, benzene soluble, acid resistant,
alkali resistant, which does not adhere to rub-
ber, which has an impact strength similar to
phenol aldehyde resins and which imparts a hard-
ness to rubber like glue.

2. A shot shell comprising an integral wax
impregnated body, an end closure, and & mois-
tureproofing and ballistic controlling member seal
secured to said end closure, said seal comprising
essentially a thin disc adhesively secured to said

end closure by means of beta-naphthol rubber
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product containing 2%-75%.of basic amino poly-
mer capable of being formed into coherent solid
films which are substantially insoluble in water
and 5% aqueous ammonia and soluble in 2%
aqueous acetic acid and organic solvents, said
naphthol rubber product being a reaction prod-
uct of rubber and one or more phenols, contain-
ing 1% to 5% of the phenol material chemically
combined  with the rubber which is resinous,
thermoplastic, benzene soluble, acld resistant, al-
kali resistant, which does not adhere to rubber,
which has an impact strength similar to phencl
aldehyde resins and which imparts a hardness
to rubber like glue. :

3. A shot shell body comprising, an end closure
integral with the side wall thereof, sald end

-~
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closure being sealed with beta-naphthol rubber
product containing 25% resinous. reaction prod-

uct of phenol, formaldehyde and methylamine, °
said naphthol rubber product being a reaction

product of rubber and one or more phenols,
conteining 1% to 5% of the phenol material

chemicaily combined with the rubber which is

resinous, thermoplastic, benzene soluble; acid re-
sistant, alkali resistant, which does not adhere

to rubber, which has an impact strength similar i0

to phenol aldehyde resins and which imparts a
hardness to rubber like glue. :

4. In 8 shot shell, the combination comprising a
substantially cylindrical body of wax impregnat-
ed deformable material ‘and an exterforly planar
end closure integral with sald body and flush
with the end thereof, and comprising a plurality
of abutting segments and folds joining said seg-
ments, sald closure including the segments and
folds being integral with said body, and a seal for
sald end closure comprising essentially a thin
disc adhesively secured to sald end closire by
means of phenol rubber product diluted with a
& small amount of basic amino polymer capable
of being formed into coherent solid films which
are substantially insoluble in water and 5% aque-
ous ammonia and soluble in 2% aqueous acetic
acid and organic solvents, said phenol! rubber
product being a reaction product of rubber and
one or more phenols, containing 1% to 5% of the
phenol material chemically combined with the
rubber which is resinous, thermoplastic, benzene
soluble, acid resistant, alkali resistant, which does
not adhere t{o rubber, which has an impact
strength similar to phenol aldehyde resins and
which imparts a hardness to rubber like glue.

5. In a shot shell, the combination comprising
& substantially cylindrical body of wax impreg-
nated deformable material and an exteriorly
planar end closure Integral with said body and
flush with the end thereof, and comprising & plu-

rality of abutting segments and folds joining.

said segments, said closure including the seg-
ments and folds being integral with said bedy,
and a seal for said end closure comprising essen-
tially a thin disc aghesively secured to said end
closure by means of beta-naphthol rubber prod-
uet contalning 2%-75% of basic amino polymer
capable of being formed into. coherent solid films
which are substantially insoluble in water and
§% agqueous ammonia and soluble in 2% aqueous
acetic acid and organic solvents, sald naphthol
rubber product being a reaction product of rub-
ber and one or more phenols, containing 1% to

»5% of the phenol material chemically combined u
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with the rubber which is teslnous, thermoplastic,
benzenée soluble, acid resistant, alkali resistant,
which does not adhere to rubber, which has an
impact strength similar to phenol aldehyde resins
and which imparts a hardness to rubber like )
glue,

6. In a shot shell, the combination comprising
a substantially cylindrical body of wax impreg-
nated deformable material and an exteriorly
planar end closure integral with said body and
flush with the end thereof, and comprising a "
plurality of abutting segments and folds join-
ing said segments, said closure including the seg-
ments and folds being integral with said body,
and a seal for said end closure comprising essen-

" tially a thin disc adhesively secured to sald end
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closure by means of beta-naphthol rubber prod- -
uct containing 25% resinous reaction product of
phenol, formaldehyde and methylamine, said
naphthol rubber product being a reaction product ..
of rubber and one or more phenols, containing
1% to 5% of the phenol- material chemically

" combined with the rubber which 1s resinous, ther-

moplastic, benzene soluble, acid resistant, alkali
resistant, which does not adhere to rubber, which
has an impact strength similar to phenol alde-
hyde resins and which imparts a hardness to -
rubber like glue.

7. In ‘a shot shell, the combination compris-"
ing a substantially cylindrical body of wax im-
pregnated deformable smooth cardboard and an
exteriorly planar end closure integral with said
hody and flush with the end thereof, and com-
prising a plurality of abutting segments and folds
Joining sald segments, said closure including the
segments and folds being integral with said body,
and a seal for said end closure comprising essen-
tially a thin 35 pound sulfite paper disc adhe-
sively secured to said end closure by means of
phenol: rubber product diluted with a small
amount of basic' amino polymer capable of be-

.ing formed into coherent solid films which are

substantially insoluble in water and 5% aqueous

. ammonia and soluble In 2% aqueous acetic acid
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and organic solvents, said phenol rubber product .

- being a reaction product of rubber and one or
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more phenolg, containing 1% to 5% of the phe-
nol material chemically combined with the rub-
ber which is resinous, thermoplastic, benzene
soluble, acid resistant, alkall resistant, which
does not adhere to rubber, which has an impact
strength similar to phenol aldehyde resins and
which imparts a hardness to rubber like glue.

JESSE HARMON.



