A method to prodyce pyrotechnical igniting mxtures (PCT/DE99/01160 -
amended version as annexed to the international prelimnary exam nation
report) The invention relates to a nethod for produci ng 'pyrotechnical
igniting mxtures on the basis of netal powders or netal hydrides,

pot assi um herethod ate pmetbiadimptapmical iBpdstiaghmisbbiregni ting mi xtures
are m xtur f i ter in nostly the powdery state whose conponents
consi st na?%?g/%égéégﬁg?ég"dﬁ@ﬁﬁ%?éiu?%ﬁﬁléngng agents. Wien a sufficient
gquantity of energy is supplied, e.g. in formof an igniting flane, an

oxi dation-reduction process is initiated: the .
The invention relates to a method for producing

pyrotechnical igniting mixtures on the basis of metal
powders or metal hydrides, potassium perchlorate and

binding agents.

Pyrotechnical mixtures are mixtures of solid matter in
mostly the powdery state whose components consist mainly of
reducing agents and oxidizing agents. When a sufficient
gquantity of energy is supplied, e.g. in form of an igniting
flame, an oxidation-reduction process is initiated: the
pyrotechnical mixture will burn away more or less intensely

depending on make-up and arrangement.

Pyrotechnical mixtures have numerous uses and are used, for
example, as igniting heads of matchsticks, in flare and
signal ammunition, in smoke and cloud bodies, in gas
generators, e.g. for safety airbags and in numerous other

‘arrangements in fireworks bodies.

Pyrotechnical mixtures are usually produced by dry mixing
of the individual components. If this is performed by hand,
the comminuted components are pressed through screens and
mixed thoroughly. In the case of mixing by machines, the
components of the pyrotechnical mixture are filled in the
unmixed state into the receptacle, with optional prior
comminution, and mixed in the same by stirrers, rotational
movements of the mixing receptacle or devices that apply
shearing forces. Suitable mixing devices are asymmetric
moved mixers, tetrahedral mixers, planetary mixers or

mixing apparatuses derived from or combined with the same.
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pyrotechnlcal m xture will burn away nore:or less intensely depending on
make- Up and arrangenent. Pyrotechni cal, i gniting m xtures have nunerous
uses and are used, for exanple, as igMi% ng heads of matchsticks, in flare
and signal anmunition, in snoke and cloud bodies, in gas generators, e.qg.
for safet szr@bagbnl@ﬂh NHXHURRY GRige mﬂr@n a19eshgensresulatei r breakaehodi es.
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conponent SGaaﬁubaE$6ﬁdlé hib @i fidried e@nsao‘ahdagﬂax esduﬁ:labneugbllyentntbhe case of
n1X|ng by nachlnes t he comﬁgnents of theevyrotechnlcal m xture are filled
in the unnFREJIEY SREXFRTS TREEM ddt SPSRiEH SFCEBRACLERI ot NcBREPnuti on,

and m xed bBobBEsSEHE D19kt ks, amﬁa}gwboﬁe&g%m pOtnbNSiAkhGd

receptacl e"or devices that app y shea forces SU|ta e m Xi ng
are asymetgentmbuedissakved fammahadm&enhzndmng pbentt eowpongets or m Xi ng

apparatuse%hggﬁiygds&éffag e rﬂhrgﬁg\géf%ekﬁeor g% soluble in the
same is already located in powder form in the pyrotechnical
mixture, so that on adding the solvent adhesive forces are
able to form which finally lead to the granulate form.
Special granulate mixers are provided for the formation of
the granulate form. The solvent is removed again by
subsequent drying, so that a pourable material is obtained

that can be apportioned.

When the components of the pyrotechnical mixture are very
fine or the energy stored in the same is very high,
measures must be taken in order to keep the hazards
manageable during production. The mechanical and thermal
sensitivity of these mixtures is often so strong, that
handling the same without suitable safety measures is not

advisable.

Numerous safety regulations take into account the
hazardousness during production. Accordingly, pyrotechnical
mixtures are listed according to groups of hazardousness in
the accident prevention regulations as issued by the social
insurance institutions against occupational accidents. The
regulations demand graded safety precautions in the
production of the mixtures. The two most hazardous groups
may no longer be mixed by hand. They are mixed
automatically behind protective walls or in a separated
room which is closed off from the control room by a

resisting wall. This type of production is usually called
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2 Pyrotechnical igniting m xtures are often used as granul ate, _
bécause they can be better poured and apportioned in this form Ganulation
is perforned by adding a suitable solve to the dry igniting mxture
and mixing in special receptacles. In this process the solvent can
al ready be“wonkaihgeundaert hecbridy'hg Egentappl idiss palivedifler fiprodrhe bi ndi ng

agent conponegt which is swellable with the sol vent
powdery components.,

If measures are taken during the mixing which reduce the
ignitability and the mechanical or thermal sensitivity of
the mixtures, reductions in the grading can be made for the
above breakdown into groups. One such measure is mixing the
components not in the dry state, but together with a
liquid.

This method is used particularly during the mixture of
pyrotechnical igniting mixtures. By adding solvents such as
water, pyrotechnical igniting mixtures can be produced with
congiderably fewer hazards than in the dry state. The
energy stored in the igniting mixtures is still so high,
however, that the effects of an ignition caused by an
accident prevent the processing by hand even in the wet
state. Moreover, the mass of the mixture quantity must be
kept low (usually under 100 grams), so that any ignition

even during production remains securely manageable.

A further difficulty in this method is the dimensioning of
the quantity of the liquid. On the one hand it must be
large enough to clearly reduce the hazard of an ignition
while mixing the pyrotechnical mixture. On the other hand,
any increase in the quantity of liquid also increases the
subsequent duration of drying. Moreover, the danger of
cracking and shrinkage cavitation increases during drying.
Cracks and shrinkage endanger the secure function of the

igniting mixture during its ignitiom.

Since the liquid is simultaneously dosed in the subsequent
dosing for the application during the production of the

mixture, but is not involved in the actual conversion of
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or .is soluble in the sanme is already |ocated i'n powder formin the

pyrot echnical mxture, so that on adding the sol vent adhesive forces are
able to formwhich finally |lead to the g%anulate form Special granulate

m xers are provided for the formation of the granulate form The solvent is
renoved agahe bgniubsgouertudeyitige kiogtivhtcentpmir aifl ¢heatdixitalrei s obt ai ned
that can be apportioned. ep.the co nents Qf the r ot echni cal

ni t1ng nREEr BeLPESGLRSLY] HEL AT HE ORGP core bon ARG CERBCRELyery

hi gh, neasyt@sngushe b8okakgn OHI)ﬁrﬂ?rsdéh kegrd ha 1hazaeds grarageabl e during
production. The nechanical and thermal sensitivity of these igniting

m xtures i ®latusassbaverbhg, sanatpreparting thwigenthe shbgegquentabl e safety
nmeasur es igﬁggh advi sabl e. Nunerous safety regul ati ons take into
account dzar dousness during production. Accordingly, pyrotechnical

m xtures are |isted according to groups of hazardousness in the accident

prevention_regul ations as issued by the social ) )
It is further known that "liquid paste-like mixtures for

pyrotechnical igniting mixtures with components of
different density, solubility or electric environment, e.g.
the formation of dipoles or charging in the same or
opposite direction, are relatively difficult to handle. In
the mixtures the various solid components have different
sedimentation speeds, so that after a short dwell time the
ligquid and the solids separate and make the reproducible

dosing of the mixture more difficult.

The invention is based on the object of providing a method
to produce pyrotechnical igniting mixtures of the kind
mentioned above with which the employed components can be
mixed homogenously and the hazard of an ignition can
simultaneously be reduced considerably and a reproducible

dosing is enabled.

This object is achieved in accordance with the invention by

the features of claim 1.

Accordingly, a homogenous suspension is produced from the
individual components for the pyrotechnical igniting
mixture with the help of a suitable liquid dispersing
agent, with said suspension being produced with the help of
ultrasonic sound. The mixture is dosed immediately
thereafter in this consistency, e.g. in igniters or on

igniting elements.
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|nsurance institutions agai nst occupational accidents. The regul ations
démand graded safety precautions in the production of the m xtures.

The two nobst hazardous groups nay 5 ' 3 no
| onger be m xed by hand. They are m xed automatically behind protective
wal | s or iftha gepanasigdesoof ik cdmployddsed idfd, firem tnbea(topbtkdérr oom by a
resisting wall. This type of production is usuall%écalled "wor ki ng under

security". °#hW§t§bth€§lﬁ??n%F¢I@hqcEOQR%FHRﬂMESI SFp&RenBEe | f neasures
are taken QH&&PQrtPEaﬂ1§b” f%Eé{%B%?3§dHiﬂéQ”%%%Q'bbtx mand the

mechani cal or thernal en5|t|V|ty

In accordance with the invention, a suitable quantity of
dispersing agent achieves both'an optimal mixture of the
components as well as a suitable viscosity of the
suspension for the subsequent dosing. The energy required
for the homogenous distribution of the components in the
suspension is introduced into the mixture by cavitation.
The cavitation is produced by ultrasonic sound with
frequencies preferably higher than 16 kHz. During the
implosion of the gas bubbles produced by the cavitation
temperatures of approx. 5500°C and pressures up to 500 bar
can be reached. As a result of the speed of the
disintegration of the gas bubbles in a time interval of
less than 1 us and by the small magnitude of the gas
bubbles which are usually smaller than 150 um, the cooling
speed during the implosion is so high that the heating of
the suspension remains negligible. The chemical effects of
ultrasonic sound have already been described by XK. S.
Suslick in the publication “Spektrum der Wissenschaft”,
Edition 4, pages 60ff, 1989, where essentially aspects of
the sono-chemistry of liquids and solid surfaces as well as

of suspended particles were examined.

It is a further feature of the invention that the

components are mixed directly in the receptacle from which
the dosing is made immediately after the production of the
dispersion. This is easily possible by using respectively
shaped sonotrodes. The mixtures are produced in cartridges
which are thereafter inserted into a dosing apparatus. The

liguid mixtures are then dosed with slight pressure or by
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m xtures, reductions in the grading can be nmade for the above breakdown
into groups. One such neasure is nixing the conponents not in the dry
state, but together with a |iquid. Thi& method is used particularly
during the m xture of pyrotechnical igniting m xtures. By adding sol vents
such as watecuupyintecpnesared gidniiteyr Modaines oanohe ipndadesed Wt h
considerably fewer hazards than in the dry state. The energy stored in the
i gni ting n?i?ﬂ?%%sis still so high, however, that the effects of an
ignition caused by an accident prevent the processing by hand even in the
wet state. Moreover, the nmass of the m xture quantity nust be kept | ow
(usual |y ubderrded gpaprdvend sédimentatiipms icon corgnlduiongeffedusti on

remai ns segur manageabl e, further diffi [ty in this nethod is the
i mens: ont 4 SP%: FRUERENT £ 5PsrdoaAte RRFoc0n SPhe CORETHARES] FERREL be

| arge enougbntaig! €Bel Yo dire ey azth Pe MbjeatbRORoWREERafL ¥4Dg t he
pyrotechnical m xture. On the other hand, any increase in the quantity of

| i quid al s@sFhétebiéens e sound waves.

Filling and re-filling processes after the mixing are
avoided by performing the mixing directly in the dosing
receptacle. Such processes could lead to incrustations or
desiccated material on the walls, which should be avoided
under all circumstances due to the explosive character of

the mixture.

A further application of the invention by avoiding the
hazards which may occur during the mixing of larger
quantities is the dosing in a relatively small mixing space
of components of the igniting mixture which are mixed
preliminarily in suspension and which are not explosive or
marginally explosive and the subsequent f£illing or dosing
therefrom into an igniter shell. The mixing space can be
provided in this process with a sonotrode connection or a

mechanical sonotrode contact.

In this way, only as much of this actually hazardous
mixture is produced as is required for an igniter. The
production can be controlled mechanically in a more
economic manner at a cycle speed which is high enough for
series production. If a composition of the igniting mixture
is chosen of potassium perchlorate, zirconium powder, a
binding agent and a solvent, two suspension-like pre-mixes
can be produced which are not or only marginally explosive,

namely as the one component the potassium perchlorate
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subsequent duration of drying. Mreover, the danger of cracking and
shrinkage cavitation increases during d[ﬁing. Cracks and shrinkage endanger
the secure function of the igniting m xture during its ignition.

4 Since the liquid is sinmultaneously dosed in the subsequent dosing for
the ignitedidpersgdthe phedsciveant acind hes nhd weeondutomponehti niel ved in

the actual conversion of the ignitipng mxture, the liqujd content of the
m xture wg%rﬁﬁnb}l‘@c?‘%‘é‘%ﬁr Wﬁ%’fﬁ%{]gﬁﬁ _ _tso&l‘@&t_bewﬁiér ttéﬁnéﬁ-ﬁﬁﬁnﬂuri ng
the dosingagehtyal Peddp NoeassSatidd1ydie drtid Bo1FestUr s have the same
properties during the subsequent drying.
In summary, the method in accordance with the invention to
produce pyrotechnical igniting 'mixtures on the basis of
metal powders, metal hydrides, potassium perchlorate and
binding agents therefore consists of the following method

steps:

1. Weighing and filling the components or pre-mixes which
are not or only marginally explosive into a mixing or

dosing cartridge or metering cartridge;

2. production of the mixture in the cartridge or a small

mixing space by application of ultrasonic sound;

3. dosing of the pyrotechnical igniting mixture, unless
the mixing has been performed anyway in the receptacle
used for the application of the pyrotechnical igniting

mixture.

Thereafter the igniting mixtures are relieved of the
remaining dispersing agents, which is performed by drying

for example, and then supplied to further processing.

A compogition of the igniting mixture as illustrated by way
of an example is as follows:
55 ¥ zirconium powder
43 % potassium perchlorate
2 % Dbinding agent;

all percentage figures are given in percent by weight.

—_—
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It is further known that |iquid paste-like mxtures for pyrotechnical
ighitisng mxtures with conponents of different density, solubility or

el ectric environnment, e.g. the formati o of dipoles or charging in the sane
or opposite direction, are relatively difficult to handle. In the m xtures
the variogie 88ti8 ofOospDL@AtS0 dibyeerdirS ecent sedvaentbieoandpéeds, so
that after a short dwell tine the |liquid and toag sol i ds separate and nmake

t he reprodueidléyddsi Hae ofange ﬁx?%ﬂ‘é’ st & &Sl t, which again inpairs
the quality of the igniter. The invention is based on the object of
providing a nethod to produce pyrotechnical igniting m xtures of the kind
ment i oned @hoseiuwnt drwaichoninemengt dyhexi x dstisiess regpebsiNekyd are

honogenousl y, _the hazard_of an jgnitj.on.can,.simltanequs ced
consi der abpéegﬁHaQQYe‘ﬁ?%‘éiu%? b’f‘%t%gsi#be RN ggeit $%| EX’S?)]SE%?Q?S
achi eved i phageqAr aBRechbt réfe dHvia | Diddiddied eallyesief claim 1.

aliphatic compounds.

The dispersing agent preferably acts as a solvent for the
binding agent and preferably comes from the family of
aliphatic ketones. Acetone or methyl ethyl ketone have

proven to be suitable for this purpose.

I
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Accordi ngly, several honobgenous suspensions are produced fromthe

i idi visdual conponents for the pyrotechnical igniting mxture with the help
of, suitable liquid dispersing agents, with said suspensions not being
explosive or only marginally so. Said suspensions are m -mmjs“;%“uﬂ“,
quantiti es Qletifust he hel p of ultrasonic sound. R
dosed in this consistency imediately thereafter for the |gn|t%r M n¥the
respectively desired quantity, e.g. inigniters or on igniting el enents,

wher eupon the gdi §BER8ENHoRIBPEEUAI Ky IEFRMeEHT A Rgrdesed quarbirky.

on the basis of metal powders oxr metal hydride powders,

potassium perchlorate and binding agents, characterized
in that the powdery components of the metal powders,
the metal hydrides of potassium perchlorate and the
binding agents are mixed with a liquid dispersing agent
as a suspension under the application of ultrasonic
sound and are dosed in this consistency after the

production.

2. A method to produce pyrotechnical igniting mixtures on
the basis of metal powders or metal hydride powders,
potassium perchlorate and binding agents, characterized
in that the powdery components made of metal, metal
hydride, potassium perchlorate and the binding agent
are mixed with a liquid dispersing agent in a
suspension by using ultrasonic sound directly in a

housing receiving the pyrotechnical igniting mixture.

3. A method as claimed in claim 1 or 2, characterized in
that the employed powdery components of metal, metal
hydride and potassium perchlorate have a grain size of

< 50 um, preferably < 20 um.

4. A method as claimed in one of the preceding claims,
characterized in that titanium or zirconium, or their

hydrides, are used as metal.

5. A method as claimed in one of the preceding claims,
characterized in that the binding agent is chosen from

the family of the fluorinated polymeric aliphatic
R
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The apblication of ultrasonic sound on liquid.mxtures nade of several
conporents i§ known per se; in DE-Al1-27 12 603 for exanple, a nethod and an

apparatus for the nodification of the cA8racterist |H Imuﬂmmﬂ ve been
described, with the said several conmponents of the 1 IRl G 1 geni zed

E—

with the hel p abmpbtindsoni ¢ sound while flow ng througtf atpipe.s1t*is also
known from Sovi et patent applications 2050963 and 2056926 to use ultrasonic
di spersing mxers in order to thoroughly m x different conponents,

particul arlgy i B £BenbQodst ¥ifiRE&ain Ttk NHMIRNI AV ef Tty i S _
performed in all these m xing nethods Iin a continuous manner. A respective
dosi ng or dryi fAbjastctasidedetinntikaturithe slianensiog dentMactsves, at hese

net hods do nOtSSBQgigeﬁﬁggé?é?%§$¥¥%%%%¥é?SngiCh need to be considered in

the m xture of pyro?ec In accordance with the
I nvention the suspensions which are not explosive, or only marginally so,
are mxed in small quantities in_batches and dosed i nmediately after said
7. A method as claimed in one of the preceding claims,
characterized in that the dispersing agent is chosen

from the family of the aliphatic ketones.

8. A method as claimed in claim 7, characterized in that
acetone or methyl ethyl ketone is used as a binding

agent.

9. A method as claimed in one of the preceding claims,
characterized in that for the purpose of producing the
finished mixture of the igniting mixtures suspensions
of pre-mixes which are not or only marginally explosive
are produced from the individual components of the
igniting mixture, which thereafter are mixed in small

gquantities into the pyrotechnical igniting mixture.

10. A method as claimed in claim 9, characterized in that
the mixing for the pyrotechnical igniting mixture is

performed directly in a housing for receiving the same.

11. A method as claimed in one of the preceding claims,
characterized in that the mixture is made to oscillate

during the dosing.

12. A method as claimed in claim 11, characterized in that

sound waves are introduced into the mixture.
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mxing, e.g. in the housing of an airbag i.gniter. In this way, an _
absol ut el y honogénous distribution of the conponents is achieved which is
mai nt ai ned even during the renoval of tR& dispersing agent fromthe |iquid
m xture, so that the formation of cracks and shrinkages are avoi ded and the
igniting prbperkttes of the igniter are reproducible. ~ The grain
sizes of the enployed solids, i.e. netal powder or netal hydrides and the
pot assi um perchl orate, are preferably smaller than 50 [err]m or snaller

than 20 [epti-BtechhfcaECOLARPERG B LAS T IVE MR o L3 1,3R:E gyantity of
metal powders or metal hydride powders, potassium
perchlorate and binding agents. In order to obtain a
homogenous mixture it is propoged to mix the powdery
components with a liquid dispersing agent in a suspension
with the help of ultrasonic sound and to perform dosing in
this consistency. The mixture into a suspension can algo be
performed directly in a housing provided for receiving the

pyrotechnical igniting mixture.



di spersi.ng agent achi eves both an optinmal .m xture of the conponents as well
as a suitable viscosity of the suspension for the subsequent dosing. The
energy required for the honbgenous distribution of the conponents in the
suspension is introduced into the m xture by cavitation. The cavitation is
produced by ultrasonic sound with frequencies preferably higher than 16

kHz. During they @R @ %oﬁi*&%e%ﬁrbﬂ@@hﬁﬁc&ioﬁéﬁf@i ddiedadeg tation

tenperatures of approx. 5500[err]C and pressures up to 500 bar can be
reached. As(RCT/@HAL/ 0dfléthe speadedl veleidnsant agnexédntofthde gas bubbl es
in atine intervalt.of l.ess than lF{yerr s,ang,%\; the sppl | magni tude of the
gas bubbl esHER tRRa]s RRGN T REEY e PXERAA2TEBR [ EPRPTY/ t he cool i ng speed
during the inplosion is so high that the heating of the suspension renains
negligible. The chenmical effects of ultrasonic sound have already been
descri bed HBhekingengisemn eelateshsopabnethedofior Specducing arynytssBwsiciadf t ",

ot SRS A58 W SRR LY RRBRE' ROUGIE e e

particl es usrdrielesy petassilin perahloraberafh@abim@ing ddentgwvention that

t he conponents
Pyrotechnical igniting mixtures are mixtures of solid matter
in mostly the powdery state whose components consist mainly
of reducing agents and oxidizing agents. When a sufficient
quantity of energy is supplied, e.g. in form of an igniting
flame, an oxidation-reduction process is initiated: the
pyrotechnical mixture will burn away more or less intensely

depending on make-up and arrangement.

Pyrotechnical igniting mixtures have numerous uses and are
used, for example, as igniting heads of matchsticks, in flare
and signal ammunition, in smoke and cloud bodies, in gas
generators, e.g. for safety airbags, and in numerous other

arrangements in fireworks bodies.

Pyrotechnical igniting mixtures are usually produced by dry
mixing of the individual components. If this is performed by
hand, the comminuted components are pressed through screens
and mixed thoroughly. In the case of mixing by machines, the
components of the pyrotechnical mixture are filled in the
unmixed state into the receptacle, with optional prior
comminution, and mixed in the same by stirrers, rotational
movements of the mixing receptacle or devices that apply
shearing forces. Suitable mixing devices are asymmetric moved
mixers, tetrahedral mixers, planetary mixers or mixing

apparatuses derived from or combined with the same.



are mxed directly in the receptacle from-which the dosing is nade _
.1 mmedi at'el y after the production of the dispersion. This is easily possible
by using respectively shaped sonotrodes. The m xtures are produced in
cartridges which are thereafter inserted,into a dosing apparatus. The
liquid mxtures are then dosed with sligﬁt pressure or by vacuuminto
prepared igniter housings or on igniter elenents.
7 In order to prevent sedinentations or coagulation effects in the course
of the dosing process, the cartridges which contain the igniting m xture
can be subjected to nmechanical oscillations or sound waves.
Pyrotechnical igniting mixtures are often used as granulate,
because they can be better poured and apportioned in this
form. Granulation is performed by adding a suitable solvent
to the dry igniting mixture and mixing in special
receptacles. In this process the solvent can already be
contained in the binding agent in dissolved form, or the
binding agent component which is swellable with the solvent
or is soluble in the same is already located in powder form
in the pyrotechnical mixture, so that on adding the solvent
adhesive forces are able to form which finally lead to the
granulate form. Special granulate mixers are provided for the
formation of the granulate form. The solvent is removed again
by subsequent drying, so that a pourable material is obtained

that can be apportioned.

When the components of the pyrotechnical igniting mixture are
very fine or the energy stored in the same is very high,
measures must be taken in order to keep the hazards
manageable during production. The mechanical and thermal
gensitivity of these igniting mixtures is often so strong,
that handling the same without suitable safety measures is

not adwvisable.

Numerous safety regulations take into account the
hazardousness during production. Accordingly, pyrotechnical
mixtures are listed according to groups of hazardousness in
the accident prevention regulations as issued by the social
insurance institutions against occupational accidents. The
regulations demand graded safety precautions in the

production of the mixtures. The two most hazardous groups may



Filling-and re-filling processes after the m xing are avoi ded by perform ng
-the mxi'ng directly in the dosing receptacle. Such processes could lead to
i ncrustations or desiccated material on the walls, which shoul'd be avoi ded
under all circunmstances due to the explogive character of the mxture.

The avoi dance of the hazards which may occur during the m xing of |arger

quantities ds LBAgBLXiY ASxBHOWEHahQ! BhdeatdVentdeen sbcdmieldiMe! y
smal | m xing space of conponents of the igniting nixture which are
m xed prel i%aHGRG | prorestipensiahlaingrwhieh aar eepatraes@l oxiore whighr gismal |y

expl osi ve S nt.filli r dosi t herefrom.into igniter
shgl | . Theaén%(%ér:cg §%§cg%§§n%‘g p?og&%c?g‘d ]ig%onﬂ % Br 5EEE V1 En ¥ ﬁdngﬂfjo%e
connecti on ypeél NBEhapreduckawet r ode cestatly chhlagcordaRkany t hudde-

invention, preferably only as _much of this actually hazardous m xture is
produced asS§@5iddi + dis applies primarily for dry powdery components.

If measures are taken during the mixing which reduce the
ignitability and the mechanical or thermal sensitivity of the
mixtures, reductions in the grading can be made for the above
breakdown into groups. One such wmeasure is mixing the

components not in the dry state, but together with a liquid.

This wmethod is wused particularly during the mixture of
pyrotechnical igniting mixtures. By adding solvents such as
water, pyrotechnical igniting mixtures can be produced with
considerably fewer hazards than in the dry state. The energy
stored in the igniting mixtures is still so high, however,
that the effects of an ignition caused by an accident prevent
the processing by hand even in the wet state. Moreover, the
mass of the mixture quantity must be kept low (usually under
100 grams), so that any ignition even during production

remains securely manageable.

A further difficulty in this method is the dimensioning of
the quantity of the liquid. On the one hand it must be large
enough to clearly reduce the hazard of an ignition while
mixing the pyrotechnical mixture. On the other hand, any
increase in the quantity of 1liquid also increases the
subsequent duration of drying. Moreover, the danger of
cracking and shrinkage cavitation increases during drying.
Cracks and shrinkage endanger the secure function of the

igniting mixture during its ignition.



for a single or a fewigniters. The production can then be controlled
~mechanically in a nore econonmic manner at a cycle speed which is high
enough for series production. If a conposition of the igniting m xture is
chosen of potassium perchlorate, zirconi gm powder, a binding agent and a
sol vent, two suspension-like pre-m xes can be produced which are not or

oo Ly 9 ok L NS T Sk L Q1RO WP Y

zi r coni um phwdaeyg dieparsedigmitde during the gptodemttiom tdf tdiee mixdiuge ,agent

al r eady beibr‘l‘g; Cysssr%tvefmiro 'vt'ehcia isr(xj le/r?entaictual conversion of the igniting
mixture, the liquid content of the mixture must be precisely
definable and must also be kept constant during the dosing.
Only in such cases will the igniting mixtures have the same

properties during the subsequent drying.

It is further known that 1liquid paste-like mixtures for
pyrotechnical igniting mixtures with components of different
density, solubility or electric environment, e.g. the
formation of dipoles or charging in the same or opposite
direction, are relatively difficult to handle. In the
mixtures the various solid components have different
sedimentation speeds, so that after a short dwell time the
liquid and the solids separate and make the reproducible
dosing of the mixture more difficult, which again impairs the

quality of the igniter.

The invention is based on the object of providing a method to
produce pyrotechnical igniting mixtures of the kind mentioned
above with which the employed components can be mixed
homogenously, the hazard of an ignition can simultaneously be

reduced considerably and a reproducible dosing is enabled.

This object is achieved in accordance with the invention by

the features of claim 1.

Accordingly, several homogenous suspensions are produced from
the individual components for the pyrotechnical igniting
mixture with the help of suitable liquid dispersing agents,
with said suspensions not being explosive or only marginally

so. Said suspensions are mixed in small quantities with the



In summary, the method in accordance with-the invention to produce
pyrotechnical igniters with an igniting mxture on the basis of netal
powders, netal hydrides, potassium perchlorate and binding agents therefore

consists of the follow ng nmethod steps: 1. Wighing and filling the
conmponents or pre-nixes which are not or only marginally explosive into
a mxing Omelp @LQSIGQtQaééﬁiégescﬁfndmt heNOnLRAFbFd d4&  dodedP! fHUGIH QN of
the m xture in the cartridge or a snall mxing space by application

of uItrascﬂﬂ&Slséf@!iW imgedéatehy therrefpgrotfashnibel igmitemgini xthe e,

unl ess the e in the rece tacle used
for the appﬁ égt ion o tr#;esgi)% ec%n%g‘ltyl’gnl |gr1 m]ﬁnd‘r% on

igniting elements, whereupon the dispersing agents are

removed from the dosed quantity.

The application of ultrasonic sound on liquid mixtures made
of several components is known per se; in DE-Al-27 12 603 for
example, a method and an apparatus for the modification of
the characteristics of a liquid have been described, with the
said several components of the liquid being homogenized with
the help of ultrasonic sound while flowing through a pipe. It
is also known from Soviet patent applications 2050963 and
2056926 to wuse ultrasonic dispersing mixers in order to
thoroughly mix different components, particularly in the
foodstuff area. The homogenization or mixing is performed in
all these mixing methods in a continuous manner. A respective
dosing or drying of the dosed mixture is not provided.
Moreover, these methods do not consider any safety measures
which need to be considered in the mixture of pyrotechnical

igniting mixtures.

In accordance with the invention the suspensions which are
not explosive, or only marginally so, are mixed in small
quantities in batches and dosed immediately after said
mixing, e.g. in the housing of an airbag igniter. In this
way, an absolutely homogenous distribution of the components
is achieved which is maintained even during the removal of
the dispersing agent from the liquid mixture, so that the
formation of cracks and shrinkages are avoided and the

igniting properties of the igniter are reproducible.



Theréafter the igniting mxtures are relieved of the remaining dispersing
‘agents, which is perforned by drying for exanple, and then supplied to

further processing. A conposition of the igniting mxture as illustrated
by way of an exanple is as follows: 55 % zi rconi um powder 43 %
pot assi um perchl orate 2 % binding agent; all percentage figures are

given in peffeedrdidh Wi fHY .of the employed solids, i.e. metal powdkr or
metal hydrides and the potassium perchlorate, are preferably

smaller than 50 pm, or smaller than 20 um.

In accordance with the invention, a suitable quantity of
dispersing agent achieves both an optimal mixture of the
components as well as a suitable viscosity of the suspension
for the subsequent dosing. The energy required for the
homogenous distribution of the components in the suspension
is introduced into the mixture by cavitation. The cavitation
is produced by ultrasonic sound with frequencies preferably
higher than 16 kHz. During the implosion of the gas bubbles
produced by the cavitation temperatures of approx. 5500°C and
pressures up to 500 bar can be reached. As a result of the
speed of the disintegration of the gas bubbles in a time
interval of less than 1 us and by the small magnitude of the
gas bubbles which are usually smaller than 150 um, the
cooling speed during the implosion is so high that the
heating of the suspension remains negligible. The chemical
effects of ultrasonic sound have already been described by K.
S. Suslick in the publication ™“Spektrum der Wissenschaft”,
Edition 4, pages 60ff, 1989, where essentially aspects of the
gsono-chemistry of ligquids and solid surfaces as well as of

suspended particles were examined.

It is a further feature of the invention that the components
are mixed directly in the receptacle from which the dosing is
made immediately after the production of the dispersion. This
is easily possible by using respectively shaped sonotrodes.
The mixtures are produced in cartridges which are thereafter
inserted into a dosing apparatus. The liquid mixtures are
then dosed with slight pressure or by vacuum into prepared

igniter housings or on igniter elements.



The ratio of solids to dispersing agent is variable and is usually in the
range of 70 to 80 % solids. Titaniumor zirconium or their hydrides
respectively, are preferably used as netal. The binding agent is preferably
chosen fromthe group of the fluorinated,polyneric aliphatic conpounds.

The di spersing agent preferably acts as 4 sol vent for the bi ndi ng agent and
preferably cones fromthe famly of aliphatic ketones. Acetone or nethyl

et hyl ketone have proven to be suitable for this purpose.
In order to prevent sedimentations or coagulation effects in

the course of the dosing process, the cartridges which
contain the igniting mixture can be subjected to mechanical

oscillations or sound waves.

Filling and re-filling processes after the mixing are avoided
by performing the mixing directly in the dosing receptacle.
Such processes could lead to incrustations or desiccated
material on the walls, which should be avoided under all

circumstances due to the explosive character of the mixture.

The avoidance of the hazards which may occur during the
mixing of larger quantities is the mixing as provided for by
the dinvention in a relatively semall mixing space of
components of the igniting mixture which are mixed
preliminarily in suspension and which are not explosgive or
marginally explosive and the subsequent filling or dosing
therefrom into an igniter shell. The mixing space can be
provided in this process with a sonotrode connection or a

mechanical sonotrode contact.

In accordance with the invention, preferably only as much of
this actually hazardous mixture is produced as is required
for a single or a few igniters. The production can then be
controlled mechanically in a more economic manner at a cycle
speed which is high enough for series production. If a
composition of the igniting mixture is chosen of potassium
perchlorate, zirconium powder, a binding agent and a solvent,
two suspension-like pre-mixes can be produced which are not
or only marginally explosive, namely as the one component the
potassium perchlorate dispersed in the solvent and as the

second component the zirconium powder dispersed in the



10 . . _ (New) clainms:- 1.- A nethod for producing
pyrotechnical igniting m xtures on the basis of netal powders or netal
hydr.i de powders, pot assi um perchl orate and bi ndi ng agents,’
characterized in that suspensions arg produced fromthe individual
conponents of the pyrotechnical igniting m xture with the hel p of

liquid di speisiait ,a0eits. thbt bhisRiidgSURRRNS| lSeady b¥IhGh @8A%d in
expl osive or only marginally so, belng m xed by using ultrasonic sound,
t hat i mmeditdtee|sp laferdy. the mxing the mxture is dosed in this

consi stency in the desired quantity, and thereafter the dispersing
agent I's renoved fromthe dosed quantity. 2. A nmethod as clained in

claim1, chatiagtmhazef thet hrithble in SusPeDEiQNSwafe Thied RentSiond to

ultrasonic sound in the desired quantity directly in a housing for

recei vi ng tAfeduce pyrotechnical igniters with an igniting mixture on
the basis of metal powders, metal hydrides, potassium
perchlorate and binding agents therefore consists of the

following method steps:

1. Weighing and filling the components or pre-mixes which
are not or only marginally explosive into a mixing or

dosing cartridge or metering cartridge;

2. production of the mixture in the cartridge or a small

mixing space by application of wultrasonic sound;

3. dosing of the pyrotechnical igniting mixture, unless the
mixing has been performed anyway in the receptacle used
for the application of the pyrotechnical igniting

mixture.

Thereafter the igniting mixtures are relieved of the
remaining dispersing agents, which is performed by drying for

example, and then supplied to further processing.

A composition of the igniting mixture as illustrated by way
of an example is as follows:
55 % zirconium powder
43 % potassium perchlorate
2 % binding agent;

all percentage figures are given in percent by weight.



pyrotechnical igniting m xture. 3. A nmethod as clainmed in claim1l or 2,
characterized in that the enpl oyed powdery conponents of netal, netal
hydr.i de and potassi um perchlorate have a grain size of < - 50 [err]m
preferably < 20 [err]m 4. A nethod ag claimed in one of the preceding
cl ai ns, characterized in that titaniumor zirconium or their

hydrides, apf USel; §SoFRRhids to dispersing agent is variable ahd is
usually in the range of 70 to 80 % solids.

Titanium or zirconium, or their hydrides respectively, are
preferably used as metal. The binding agent is preferably
chosen from the group of the fluorinated polymeric aliphatic

compounds .

The dispersing agent preferably acts as a solvent for the
binding agent and preferably comes from the family of
aliphatic ketones. Acetone or methyl ethyl ketone have proven

to be suitable for this purpose.



5. A nethod as clained in one of the preceding clains, characterized in
that the binding agent is chosen from the famly of the fluorinated

pol ymeric aliphatic conmpounds. 6. A nethod as clainmed in bne of the
precedi ng cl ai ns, characteri zed in thjtaQ:1 t he di spersing agent acts as a
sol vent for the binding agent. od as cl ai rred y'g Hum
precedi ng cl ai s, characteri zed | n t hat the dispersi '

from the fam |y of the aliphatic ketones. 8. A net hdd s'cld'inéd *n
claim?7, characterized in that a@Ewneleyimeet hyl et hyl ketone is used as
a di spersing agent . 9. A nethod as clainmed in one of the preceding

cl ai s,

1. A wmethod for producing pyrotechnical igniting mixtures on
the basis of metal pdwders or metal hydride powders,
potassium perchlorate and binding agents, characterized
in that suspensions are produced from the individual
components of the pyrotechnical igniting mixture with the
help of liquid dispersing agents, with said suspensions,
which are not explosive or only marginally so, being
mixed by using ultrasonic sound, that immediately after
the mixing the mixture is dosed in this consistency in
the desired quantity, and thereafter the dispersing agent

is removed from the dosed quantity.

2. A method as claimed in claim 1, characterized in that the
suspensions are mixed by using ultrasonic sound in the
desired quantity directly in a housing for receiving the

pyrotechnical igniting mixture.

3. A method as claimed in claim 1 or 2, characterized in
that the employed powdery components of metal, metal
hydride and potassium perchlorate have a grain size of <

50 pum, preferably < 20 um.

4. A method as claimed in one of the preceding claims,
characterized in that titanium or zirconium, or their

hydrides, are used as metal.
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characterlzed in that the mxture is made-to oscillate during the

A nmethod as clainmed in claim$9, char ac“ﬂmﬁmnmml‘ﬂ“ll
sound waves are introduced into the m xture.

dosing. - 10.

5.
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A method as claimed in one of the preceding claims,
characterized in that the binding agent is chosen from
the family of the fluorinated polymeric aliphatic

compounds .

A method as claimed in one of the preceding claims,
characterized in that the dispersing agent acts as a

solvent for the binding agent.

A method as claimed in one of the preceding claimsg,
characterized in that the dispersing agent is chosen from

the family of the aliphatic ketones.

A method as claimed in claim 7, characterized in that
acetone or methyl ethyl ketone is used as a dispersing

agent.

A method as claimed in one of the preceding claims,
characterized in that the mixture is made to oscillate

during the dosing.

10. A method as claimed in claim 9, characterized in that

sound waves are introduced into the mixture.



