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The present invention relates to the manufac-
ture of - charges, and cartridges containing
charges, for the slow generation of gas pressures.

In recent years, attempts have been made

5 to-produce cartridges, comprising combustible -

chirges, generating gas pressures in & slow and
progressive manner suitable for the operation of
mechanical devices of the kinds usually operated
by hydraulic or other means; for instance motor
10 car jacks, engine starters, fire extinguishers, and
other devices, Difficulty has been experjenced in
" producing suitablé charges for such an object,
particularly when considerable pressures are re-
quired; and the hitherto used charges have been
16 unsatisfactory in that they produced an unduly
high ratio of maximum-to final pressure; or de-
veloped: the maximum pressure in an inconven-
jently ‘short time; or yielded a large proportion
of solid residue after their combustion; or had
other disadvantages. - S
In" British  Patent: No. 454,081, however, sub-
- stantially ashless charges or cartridges have beén
described, -comprising a charge element capable
of ‘self-propagating combustion when ignited at
substantially atmospheric pressure or at the pres-
sure génerated by & suitable igniting imeans, and,
" adapted for direct ignition therefrom, a:further
charge element capable of self-propagating com-
bustion only when ignited at & pressure consid-

© g0 erably in excess of atmospheric. “Further charges

or cartridges are also described and' claimed
. therein in-which sdditional charge elements are
provided 'in - successive ‘ignition contact, each
charge element being capable of self-propagating

. 33 combustion’ when ignited &t the pressure pro-

| 4g 108" combustion’

" gressively generated by thie Preceding charge ele-
* ments, {ncluding the igniting mesans, but incapa-
ble of self-propagating combustion at the mini-
mum pressure required to ensure self-propagat-

“The present inventfon relatés to the provision

charge element"

of charges or cartridges for the slow generation -

of §as pressures for the above-mentioned gen-
43 eral objeécts comprising a combustion train ‘of
_ two ‘or more substantially -ashless combustible
“ charge élements of which at least one is an ele-

ment fncapable’ of supporting its own combus-

tioni when ignited locally at atmospheric pressure
50 by means ineffective to heat the whole of it sub-
~_ stantially above atmospheric-temperature,” but
%7 hevertheless capable of suppotting its own com-
Histion when ignited under the pressure gener-

‘Ated by the combustion of the preceding element

55 oF ¢lemients ndes pperating conditions; thp 19~

(CL 103—13)

vention thus relates in part to the provision of
substantially ashless charges or cariridses o
cordance with the invention dererited In 2
Patent 454,001, More particularly, the prescnt
invention is directed to the preparaiion of &
charge element constituting in a charge or car-
tridge of the kind described, one of the elemanta
incapable of supporting its own combustion when
ignited locally at atmospheric pressure.

According to the present invention a charges o
cartridge of the kind described comprices st
one element capable of ignition only at o
sure substantially in excess of atmospheric pres~
sure and consisting of compsacted nitro-gusni-
dine, if desired in admixture with a binding sgent
in quantity insufficlent to cause appreciable da-
position of free carbon under operating condi-
tions, :

In addition to the element or elements com-
prising- nitroguanidine, the charge or -

cartridge of the present invention may comprise

other elements in assoclation therewith.
Nitrogusanidine is not readily compzcted by it-
self, and the use of high compacting pressures,
e. g. several tons per square inch, Is necessary to
produce the density that ensures the charac-
teristic - superficial type of burning- desired. I,
however, the nitroguanidine is compacted with
the assistance of a hinding agent, the pressure
to compact the material, and ensure

suitable burning characteristics in the compacted

elements is substantially less. :

The binding agents are preferably non-bygro-
scopic, and are also preferably of such & naiure
that, when mixed with nitroguanidine, tey bumn
without leaving a solid residue. These agenis
may be either colloidal or non-colloidal in char~
acter; and it will be understood that methods
of application appropriate to the binding agent
i1i use are to be employed. :

- As most-of the generally available binding ma-~

terials-are (in the absence of oxidising agents)
less capable of supporting their own combwusticn
. than nitroguanidine, the effect of the incorpe-

ration of most avallable binding materials is fo 4

increase the minimum pressure at which the
composition is capable of propagating its com-
bustion.

. The 'amount of binding agent that may be em-

ployéd in association with nitroguanidine accord- ¢

inig to'my invention is limited by the requircment
that the combustion of the charge element undzr
operating conditions should not preduce any sub-
stantial deposition of carbon. Nitrogusnidineg it~
self, although oxygen-deficient by 0.508 gm. oz~
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gen per gram, does not deposit carbon on combus-
tion: and, In general, deposition of carbon will
not occur if the total oxygen-defliciency of the
composition does not exceed about 0.35 gm. oxy-
gen per gram composition; the limiting value of
the permissible oxygen deficiency depending: to
some extent on the nature as well as the compo-
sitions of the binder. ' -

Guanidine nitrate is a substance which, when
compacted by pressure, is incapable of supporiing
its combustion when ignited locally at atmos-
pheric pressure, or even under: very considerably

increased pressure; and which is characterised-
by an even lower oxygen-deficiency than nitro--
guanidine (0.262 gm. oxygen per gram). Mix-.

tures of nitroguanidine and guanidine nitrate
containing more than about 20% guanidine ni-
trate can be satistactorily compacted by the use

of substantially lower pressures than are neces-

sary for compacting nitroguanidine alone; and
compacted mixtures containing nitroguanidine
and guanidine nitrate form especially useful
charge elements for the purposes of the present
invention. When guanidine nitrate is employed
as the binding agent, very considerable quantities
may if desired be introduced; so that charge ele-
ments having very considerably higher minimum
ignition pressures than nitroguanidine itzself may
thus be obtained. By employment of & succes-
slon of contiguous charge elements of increasing
guanidine nitrate content, if desired in conjunc-
tion with s final charge element of compressed
guanidine nitrate either alone or associated with
& carbonaceous ingredient, extremely high pres-
sures may be built up very slowly, and with the
intermediate development of maximum pressures
only slightly in excess of the final pressure.

If two or more charge elements prepared in

accordance with the present invention are to be

49 used in succession, it is of particular advantage

that the proportion of the binding agent should

be 20 adjusted, with respect to its effect on the
mintmum ignition pressure of the element, that
the pressure at which a given charge element
becomes capable of supporting its own combus-
tion is Jess than that at which the succeeding
charge element becomes capable of self-propa-
gating combustion under the operating condi-

It is also of particular advantage that the mini-
mum ignition pressure of a particular charge ele-
ment should not be considerably exceeding dur-
ing the combustion of the preceding elements of

thetraln.

It will be understood that there is used, in
association with the most easily ignited charge
element incapable of supporting its combustion

a gas-generating ele-
to bulld up the minimum pres-
element becomes self-
; and, if desired, this gas-generating
of a composite progressive

ing application Serial No. 59,630, flled January
17, 1936, which matured into Patent Num-
ber 2,090,608, Aug. 11, 1937.

Binding agents other than guanidine nitrate

“which also tend to increase the minimum pres-

70

(]

sure .at which the nitroguanidine can be ig-

may, however, be employed, for example,
cellulose derivatives, h waxes, resins,
gums, carbohydrates, fats and the like, or other
colloidal or non-colloidal substances, prefer-
ably those of a nature as to permit the formation
of compact elements when admixed with nitro-

B

. presence of other binding egemis may
the use of & somewhat larger proporilon of goini- 2

9,105,263

guanidine. These materials mey be employed
in the form of solutions in appropriate volatlic
solvents, which are subsequently removed In ony
convenient manner, or they may be applicd in
other ways. - o
‘SBuch materials usually have a considerably
higher oxygen deficiency than guanidine niirate,
and the use of such a qusntity as will preduce

_any significant carbon deposition on combus-

tion of the charge element is to be avolded.
I may also employ as a binding agent nliro-

-cellulose, gelatinised .with an inert gelatlniser,

and/or a volatile solvent,
“Unlike the other binding agents to which I

.have referred, gelatinised nitrocellulose dimin-

ishes the minimum pressure at which compacted
nitroguanidine can be ignited, consequently the
use in a train of elements containing successlve-

1y decreased proportions of nitrocelluless yieids

a serles of charge elements having successiveir g

higher minimum ignition pressures.

In preparing these charge elements, howrsver,
the proportion of gelatinised nifrocelluloss em-
ployed is less than that which wn:ld render the
charge element capable of supp rilng iis ¢
bustion when Iignited locally al atmospheric
pressure and temperature, 1. e, less thon about
7.5% when used as the sole binding agent. Ths

Payereny
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inised nitrocellulose. When making such allre- ‘

~ gelatinised-nitrocelluloze  compost-
tlons, it is particularly important that the ch
elements should be compacted to a buls deasity

129 vhsreins

greater than about 1.2 gm/ml. ia order to avold oi

the risk of an exc’ “ively high rate of combus-~

If desired, a proportion of gelatinised niiro-
cellulose may be included in a chorge elemont
comprising nitroguanidine and o binding
of the kind that raises the minimum ignliion
pressure of nitroguanidine, in order to faciitinte
binding. -

Instead of nitrocellulcse, we may use ntiro-
starch, nitrodextrin or nitro-slgin to prosduce a

D

similar effect, or any similar collcidable nitrated
te.

Nitrozuonidine in the loose form cap bo
composed by moderate healing at almonp
pressure, but under thecz conditions it Ie
appreciable residue. The charge clemon
prising the present invention, when buinsd un-
der the Increased pressure necegsary for thelr

Yy
CA0

-ignition, sre substantially ashless, snd producs

a satisfactorlly high permouncat gos voluma,
which may exceed 700 cc. psr gm. esleuladod
NT.P

the present invention may comtain, in ad 5
to the binding material and tho nitroguaniding,
other materials capable of modifying the oura-
ing properties of the nitroguanldine, preferably
20 that the composition remalins ashless vndor
operating conditions. :

_In order to disclose my inventlon more clanrly,
reference is made to the eccompanying drawing
which represents a sectional elevation of & cox-
tridge according to my inventica.

Referring in detail to the varlous numbored

L3NS
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parts of the drawing, the papsr chell ! lz a g

standard uniined {2 bore papsr shob gun enso
having a metal base 2, & roceazed cordbontd
base. wad 3 and a cap chamber 4 conteining tho
cap 8. A venting hole § is provided in the side
of the cage near the bass of the cortridss, thus
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ples,
charge elements in accordance with the present
invention are described.

in the form of solid cylindrical pellets, each oc-
cupying practically the full internal cross-section
of the cartridge case, which is 183 mm. in

8
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through the turnover end of the case
tiation of the cap and
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the aoetone is subsequently eliminstcd by deying
the pellets for a few days in an ovea of £5°-~48° €.,
This pellet, 178 mm. in dlamcter, bos o bulx
density of approximately 1.5 gm./ml. and mis:{

satmospheric pressure, but becoms £o when Ignited
ai & pressure of approximately &9 Ib./cq. tn. T3
pellet is loaded Into the cartridse cace co thab
one end is In contact with the cordlie dlsg deo-
scribed above, and the cartridge case is clos
a thin Celluloid disc secured by the usual typ2 ¢
shotgun turnover or crimp. .

The cartridge generates a maximum pressuis
of approximately 1500 Ib./sq. in. in about 8.5 ecec.,
the final pressure being about 760 1b./cq. in. The
lattor figure is equivalent to an average gos Ficld
of approximately 980 ml./gm. measured of 750
mm, pressure and 50° C. The loading density Iz
0.052 ¢m./ml.

Ezample 2

In this example the cartridge cose and gos-
generating elements are as described in Exomple
1, except for the disc of Ardeer cordite which
weighs 06 gm.; the maximum pressure of 120
1bs./8q. in. being developed in about 1 sce., the
final pressure being 75 1bs./sq. in. The cariridse
contains in addition four charge elements in 2c-
cordance with the present invention, the fHrzb

slating of a 1.3 gm. pellet of the 150:5 nitro-
guanidine:nitrocellulose compocition made as
described in Example 1, the compacting pressure

being sufficient to produce a density of the polict o

of 1.4 gm./ml. The second charge elcment, loaded
in contact with the first charge element, consisis
of & 3.3 gm, pellet of & 75:25:2.6 nitrogunniding:
gusnidine nitrate: nitrocellulose compeooition of
bulk density approximately 14 gm./ml.
diameter also 17.5 mm. In msking this composi~
tion the guanidine nitrate is first sleved through
an 80 mesh B. 8. sleve and the nitrecallulose is
added to the mixture of nitrozuonidine and
guanidine nitrate in the form of a solution in

acetone, as used In Example 1, the three com-~

ponents being then thoroughly incorporoted, and
shaped by pressure in & die. The buik of the
acetone is removed by stoving at 36-45° C. for o

come self-supporting when ignited lecally, Ths
third charge element, loaded in contact with the
second charge element, consists of & 3.1 gm. poiict
of a compacted 30:50:2.5 nitroguanidine:giani-
dine nitrate: gelatinised nitrocellulese compes!-
tion compressed to a bulk density of approxl-
mately 1.4 gm./ml., the diameier of the pailet
being about 182 mm. The pellet is made in o

manner similar to that described above for the |

second charge element, and requires a pressure of
some 000 Ib./aq. in. before it become gelf-sustained
when ignited locally. . The fourith charge cle-
ment consists of & 9.2 gm. pellet of a 28:75:3.5
nitroguanidine:guanidine nitrate: . gelotinized
nitrocellulose composition made as -doscribed
above for the second charge element, the bullk
density and diameter of the pellet belng approxi-
mately ‘14 gm./ml. and 182 mm, respoctively.

‘This pellet becomes self-propegating - when ig-

nited locally at a pressure of some 689 B./cq. in.
‘When tested in the apparatus dezcribzd this car-
tridge develops & maximum pressure of sbout
1400 1b./8q. in. in approximately 82 sce., the Gnal
pressure being about 1200 Ib./=q. in. The Iabier

AEBY T

being loaded in contact with the cordite diss con~
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is equivalent to an average

porature of 80° C. The total
tridge is 17.9 gm., glving &
£,112 gm./ml. in the

g8~
gsnample are the same as
amples 1 and 2, except that 1.2
cordite, 183 mm. in diameter
contact with the
gucing elements of this cartridge produce & max-
imum pressure in the

ib./sq. in. in approxima

being about
mained of the charge comprises a
clement of a compacted pellet of & 100:5
suanidine:acetone-soluble cellulose acetate
position loaded in contact with the 1.2
of Ardeer cordite. The bulk density and
cter of this pellet, which is made
of acetone, are 1.1 gm./ml. and 17.7 mm. respec
tively. When fired in the apparatus deacribed
this cartridge develops a maximum pressure o
about 1100 Ib./aq. in. in approximately 14 seconds,
the final pressure being 700 Ib./sq. in. The last
ﬂgumueqmmentto:n“eruemﬂeldot

%

s

B
B

of loading and the preliminary gas-producing
clements are the same as described in Example
3. 'The first charge element in accordance with
the present invention, loaded in contact with the
disc of Ardeer cordite, consists of a 5.7 gm. pellet

§

clement, loaded in contact with the second, com-
pﬂmu&.&mmdsmwzmzl
nitroguanidine:guanidine nitrate:acetone-soluble

Y developed in approximately 45 seconds, the final

pressure being about 1500 Ib./sq. in., the latter
being equivalent to an average gas yleld of about
575 ml./gm. at atmospheric pressure and 50° C.
The total charge in the cartridge is 18.7 gm., giv-
ing a loading density of 0.117 gm./ml. in the above

2 ppparatus.

£ed

Example §

In this example, the method of loading and
the preliminary gas-generating elements are the

9,165,908

same as in Example 1, except that a 1.5 gm. diz2
of Ardeer cordite is employed. Tals
gas-generating elements develops o mos

of about 260 1b./eq, in. and & JAnal

sure of sbout 160 Ibs./sq. in. in the cios

charge element consisting of & 8.9 gm. pzil

100:2.8 nitroguanidine:gum-trogocanii, e
sition, the bulk density and dlamstor 6
138 gm./ml. and 183 mam. 7o

with the dicc of Ardesr oo
by a thin Ccliuigid
usual type of sliottun twrm
composition the gum, trozs
water, 1 gm. of gum 0 8
the solution incorpsrated with #
nitroguanidine. The componiil
is compected in a die, and the pslists are grist
in an oven for a few days at 35-40° C.

‘When tested in the closed veescl, this cariy
develops a maximum pressure of about 878 ib./c
in. in approximately 16 seconds, the &nal prac
being about 690 lb./sq. In. The latler iz equly
alent to an average gas yield of about 859 ml./gx
at atmospheric pressure and o temporal
50* C. The total charge in the carirk
gm., glving & loading density of 0.0%
when fired in the closed vezzel.

EBramgple 6

The preliminary gas-gencrnting olsmoent
the same as in the preceding exnmples, tha
of the disc of Ardeer cordite belng 1.1 gm.
system of preliminary ges-gencrading alem
produces & pressure of 170 1b./zq. in. in appro
mately 1 sec. and a final presours of abeub 118
Ibs./sq. In. Two contigucus charge clamsnts in
accordance with the present invention ore wosd
in the cartridge, the first of these, peat to the
of Ardeer cordite, weighing 7.0 gms, and oz
ing of nitroguanidine compacted with 2345

&G

ment is prepared

from the finely divided nitroguomidine ang
acetone solution of the sald resincus mater
The density of the dried charge elgmoent is
gm./ml. and the diameter 182 mm. The & ¢z
charge element which is comtizucus to th ’
already described, consists of 545 gms. of
sure-compacted mixture of cqual trelzhis of
divided nitroguanidine and gusnidine ni
In this case no volatile material iz used to
the compacting, which 18 efectcd by
alone. The density of the compocted ®
is 1.47 gm./ml and the diameter 182 mun.
minimum pressure at which thls sccond ¢
element will propegate its combusticon is5 ¢
what in excess of 880 Ibs. per cguare inch.
cartridge produces & maximum prezsure of 3
Ibs. per sq. inch in about 43 szcends, the do
pressure being 1150 Ibs. per co. Inch. This
pressure corresponds to an average g§o3 6¥0
of about 900 ml. per gram of charge caleuin
atmospheric pressure and 59° C.

As many apparent and widaly dificrent emb:
ments of this invention may b2 mode w
departing from the spirit therect, it i3 to &
derstood that I do not Umit myzif to the ¢
going examples or descriptions except as

o

Y

‘cated in the following patent clnims,

I claim: .
1. In a combustion charge for the slow genera- 14
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tion of gas pressiire eomprldn( & multiplicity of
charge elements, one o which is incapabie of sup-
porting its own combustion when ignited locally
at stmospheric pressure by means ineffective to
heat the whole of it substantially above atmos-
mheric temperature but capable of supporting its
own-combustion when ignited under the pressure
generated by the combustion of a preceding ele-~
ment under the conditions of operation, & com-
10 bustible element ‘comprising compacted nitro-
suanidine,
2. Inseombuntlonchmefortheuow lenen-
tion of gas pressure comprising a multiplicity of

&

charge elements, one of which is incapable of -

15 Supporting its own combustion when ignited: lo-

cally at atmospheric pressure by means ineffective -

$o heat the whole of it substantially aboye atmos-

pheric temperature but capable of supporting its

g%m combustion when ignited under the pressure
‘o Generated by the combustion of a preceding ele-

ment under the conditions of operation, & com--

bustible element comprising éompocted nitro-
guanidine and a binding agent.
3. The invention of claim 3, in which the nitro-
55 guanidineis in admixture with * non-huroocopﬂc
binding agent.

4. The invention of claim 2, in which the bind-

ing agent is free of solid residue uponeombustlon
cf the charge. -

as b, 'lheinventlonofcla.im2 in which the bind-
ing agent is capable of supportinz its own com-
bustion.

6. The invention of claim 2, in which the bind-
ing agent has & lower oxygen deﬁclency than

‘Y Theinventionofcwml.inwhichtbemtro-
guanidine is in admixture with a hinding agent
comprising a carbonaceous ingredient.

8. The invention of claim 1, in which the nitro-

4p guanidine is in admixture with a binding agent
‘comprisng acetone-soluble cellilose acetate.

9. A combustion charge for the slow generation
of gas pressure comprising an arrangement in
szrial order of a plurality of charge elements in

45 lgnition relationship with each other at least one
o which supports its own.combustion when lo-
cally ignited under atmospheric pressure by
means insufficient to heat the whole of the ele-
ment to a temperature substantially above atmos-

53 pheric, and at least one of which does not sup-~
port its own combustion when subjected to such
‘Iznition means at atmospheric pressure and comi-
vrises compacted nitroguanidine.

10. A combustion charge for the slow genera-

7o Hon of gas pressure comprising an arrangement
in serial order of a plurality of non-hygroscopic
ashless elements in ignition relationship
with each other at least one of which supports its
own combustion when locally ignited under at-

43 mospheric pressure by means insufficient to heat

agent,
11, The invention of claim 10 in which the
charge ‘element containnig nitroguanidine is of

such composition that its negative oxygen bal-

7o ance does not exceed about 0.35 gm. per gm.

ummummn‘hﬁlm.

. guanidine in such a proportion that the cnynsn on

_ ed with a binding agent comprising en

" with each other at least one of which supporss o

binding agent is a colloideble nitrated earbehy
drate in the colloid condition,
13. The invention of cleim 10 in

Thich e

-binding agent is a colloid.

14. The invention of claim 19 in
vinding agent is guanidine nitrata.
-15. The invention of claim 10 ln wihich ibo
binding agent is gelatiniszd nitrosoiinissa,
16. The invention of claim 19 in whiz
binding agent is acetone-scluble collules
~17. The invention of claim 10 in whist
ment comprising nitroguanidine is eox
& density not less than 1.2 srams poy &
18. A combustion charge for the slow
tion .of gas pressure comprizing an o «M
in serial order of a plurslity of oshlc
groscopic charge elements in icniticn 1o
with each other in which each élament sy
its own combustion when locally igniisd
the pressure produced by the combustien of
preceding elements under the congit icm of )

0

bustion under the pressure at which Ebe mmw
ately preceding element first supports its o
eombustion and in which at e ass; oac @? the

20. The lnvention of claim 10 in 'tm.&h ihe

<

nitroguanidine is assoclated with a binding ssont

e

having & higher oxygen deficlency than alire-

deficiency of the element &s a whole dogs

ceed about 0.35 gram oxygen per gram.
21. A combustion charge for the slow yen

tion of gas pressure comprising an asrang

nob gx-

own combustion when locally 1gmma wndor
mospheric pressure by means insufision? o
the whale of the elements to o temporoturs
stantially above atmoepheric, and ot lanst o
which does not support its own combusiic
subjected to such ignition means ot a,mf
pressure and comprises nitregusnidins oo

compound having a higher orgzom ¢
than nltrocm.nidlne and incanchle of ¢
ing its own combustion cut of contach

22. A combustion charge for the alow g
tion of gas pressure comprizing sn arran
in serial order of a plurality of non-hyzro
ashless charge elements in igniticn relaotio:

2845

own combustion when locally ignited under at- ag
mospheric pressure by means insuilcient o heoot
the whole of the element to a temperaturs sub-
stantially above atmospheric, and at le2ss one of
which does not support its cwn combustion
subjected to such ignition means at atme
pressure and comprises nitregunnidine comp
with & binding agent comp*ismg solatint
trocellulose up to 15% of tun welent of
element.
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CERTIFICATE OF CORRECTION.
Patent No. 2,165,263. T July 11, 1939.
o : JOHN MACFIE HOLM, .

It 1s heredby certified that error appears in the printed spocliilisanion
of the above mumbered patent requiring correctionas followa: Page 2, £izeb
column, line 52, for the word wexceeding" read exceeded; pogo L, firsk col-
wan, 1ine L, Exsmple L, for "1l gm./ml." read 1.hh gn./ml.; oad Bhab
the seid Letters Patent should be read with this correction thorainm thob
the same may oonform to the record of the case in the Patont 0fficc,

S8igned and sealed this 5th day of September, A. D. 1939,

Henry Van Arsdealec,
(Sead) Acting Commisslonor of Pnionisc,



