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The present 1nvent10n reletes te pyrepherlc'_ |

- elements and methods of making the same, and

1S espeelelly but by no means excluswely cOon -

cerned with the manufacture of ignition. or

sparking devices of small diameter, often called
“sparking flints,” for use in clgerette 11ghtere
| 'tereh and lamp lighters, and the like. -

- Sparking flints .are generelly,_made from an
'e,lley containing one or more of the rare earth
metals cerium, lanthanum, neodymium, ete. It
is customary to_employ misch metal, which is a
- mixture of the several rare earth metals, with
- cerium predominating. To obtain the desired
sparking properties, iron is generally edded_ 10
form an alloy with the rare earth metal or metals.

- Methods heretofore employed for casting this

pyrophoric alloy into sparking devices and small
diameter flints are recognized as being unsatis-
factory and expensive.  According. to conven-
tional practice, the molten alloy, melted in spe-
- eial-erucibles under a barium chloride pretectlve
cover, is peured into sheet iron tubes of approxi-
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of flint. Alfernatively, it may be advantageous
In certain applications to employ.tubes having a

- cross-section substantially greater than the de-

sired final size. In the latter event, following the
casting, the relatively large, filled tubes are re-
duced to the desired cross-section by swaging,
and thereafter, by suitable heat treatment, the
requisite metallurgical structure is obtained. |
- While the invention is well adapted to making
sparking devices or flints of various diameters, it
i1s especially suited to making the small-diameter
cigarette lighter flints which have been particu-
larly difficult to manufacture by conventional
methods. Accordingly, the invention will be de-
scribed in connection with the making of these
small- dlemeter flints, it being understood that
such description is illustrative rather than by
way of limitation to particular dimensions e,nd
cross-sectional shapes.

In the drawings illustrating the 51gn1ﬁcent
etepe in the carrying out of the invention, Fig. 1

is- a sectional view on a censmerebly enlarged

mately the same inside diameter gs the desired

finished size of flint. For c:tgerette llghter flints,
the tubes may be as small as 5%’ inside dlametel
Following the cestmg, the iron tubes are strlpped
from the cast alloy and the latter then cut - up
into flints. The stripping process is diffi cult and
time~consuming, and is wasteful of alloy, since
the tubes tend to adhere to the alloy, and the thin
reds are fregﬂe | |
One.of the eb;lects e:f the present mventlon is,
therefore to provide a new end improved method
of making sparking flints and similar ignition
devices, which method makes possﬂole the rapid
and economical productmn of small-diameter
ﬂmts possessing excellent sparking pr'OpEI‘tleS
- More specifically, it is an object of the inven-
| t1011 to provide a method of making sparking
ﬂlnts that avoids the necesmty for stripping the

~ tube from  the cest ﬂ111t met.el fellowmg the,

casting.

In accordance: WIth these obJeets the eastmg ef |

the melt into metal tubes or jackets is carried out
under conditions that insure a highly fluid melt
which repldly and completely fills the tubes
when poured. By suitable temperature control,

the metallurgical structure of the jacket or tube
ed tha,t its retention as part of

18 then so modifi
the finished flint causes no 1mpa1rment or mter-

ferenee with the sparking propertles

In carrying out the mventlen the tubes or
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scale of one type of tube preparatory to receiving
the fill of molten alloy: Fig. 2 is g similar view
following filling and heat treatment: Fig. 3 is a

- sectional view on an enlarged scale of another

type of metal tube into which the melt has been
poured; and Fig. 4 is. a Slmllar view of the same
tube after swaging.

In practicing the mventmn according to one
teehmque thereof, metal tubes 8 are employed

- having an outside diameter substantially that of

40

45

o0

the desired size of the flint. For reasons of
economy these tubes are preferably formed of
thin sheet metal, generally of sheet iron al-

_theugh materials such as nickel, eopper alumi-

num or the like may be employed | -
Because of their manner of censtructlen these -
tubes have a narrow longitudinal seam. To pre-

| Vent the escape of molten alloy through this slit

or seam during the casting operation, the tubes
are prepared by painting or eoetmg the crack
with a. meterlal such as aluminum flake pigment
111 a resinous vehicle. The flakes of aluminum
serve to brldge the slit, as indicated at 10, to close
the seam and provide a continuous surface fer_
the reception of the protective coating. |

The tubes are then coated externally by
spraying, dipping or painting with a refractory
material which combines with the investment to

~ form a material that is relatively inert with re-

o spect to molten pyrophoric metal.

jackets into which the melt of rare earth metal is
poured may cenvemently have an eut51de che;me--_;_ |

o ter substantlally cerreSpondmg to the des1red .suze
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An example.
of a emtable material is.a glass such as lime glass

prepared in finely divided form by ball milling to _ "

a particle size predemma,tely below ten microns.
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and applied as a suSpension_ to the tubes, using

ethyl silicate, sodium 'silioate- or the like as the

suspending medium.

After this coating has drled the tubes are |
packed in the usual iron flask and an investment,

indicated at (2, poured around the tubes. A

_ '_2,528,406'
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'be passed through a oenterless grmder or sander '

- as a final surface-finishing operation.

As an alternatlve to the use of small d1am-

- eter, thin wall tubes, the tubes into which the

suitable investment 1s one predommatmg in

alumina and premously d1gested uuth hydro- _'

‘chloric acid.

- The flask, prior to the pourmg of the melt is
| heated to above 1800° F. by a suitable furnace.
" In this preliminary heating stage, the coating of
- finely divided glass is sintered with the invest-
ment to form a homogeneous coating or glaze 14
ective lining or barrier be-

that provides an e
tween the metal tubes and the surroundmg in-

vestment.

The melt of rare earth metal, prepared aooord—'

‘¢ible under a protective salt top, preferably con-
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melt containing the rare earth metal is cast may
be materially larger than the desired final size
of the flint. Thus, for the manufacture of flints

which are to have a finished cross-section of the |

order of Y’’ or smaller,.tubes having an out-
side diameter of from %'’ to '2'’ may be used.

‘For tubes up to about ¥4’’, a relatively thin wall
- thickness, corresponding to about 16 gauge, may

be employed. For the larger outside diameters,

. where the subsequent reduction by swaging is
to be more severe, a somewhat thicker wall is -

desirable. In general, g suitable wall thickness

- is that which provides somewhat more than .
| - 30% of the total weight of the cross section after
' ing to conventional practice in a graphite cru-

" tains. some iron but less than the amount cus-
tomarily provided for the usually pyrophorlo al-

- Joys. As a general 1nd1oatlon 10% to 10% iron
is ample. - :
The melt nay advantageously be raised to a
- relatively high temperature for the casting,
temperatures as high as 2300° F. bemg permis-
sible.
- passages in the jackets.

Upon . pouring, the melt rapidly fills the .
| By reason of the high
temperature of the melt and the preheating of

‘should be of seamless eonstruction,

filled with the melt. The tubes

and of iron

or nickel, with iron generally being employed.
In carrying out the casting, certain precau-

the tube has been

| tlons must be taken to prevent voids, since these

25

 bulence m1n1m1zed

give rise {o cracking of the tubes in the subse-
quent swaging operation. Casting techniques
which substantially ehmmate voids are those in

which escape of the air is facilitated and tur-
Vacuum .and tilt casting -

- methods are well sulted to accomplish this.

30 -

the mold to a temperative of above 1800° F.,

diffusion takes place between the metal tubes
- and the moiten alloy within. TIf the initial melt

temperature has been su

. Ticiently high, or if the
 mold after pouring is held for some time at an

elevated temperature, substantlally all the metal

of the tubes will become dissolved and dlf‘fused I

u_

throughout the melt. As a result of such di

- sion, the iron content of the alloy is raised to
the desired amount for proper Sparkmg quahtles

of the flints. -
- By reason of the ooatmg or glaze i4 on the

exterior of the metal tubes 8, a pr otective bar-
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Following the casting operation, the tubes 23

containing the reare earth metal fill 22 are sub-
jected to swaging ftr eatment employmg stand- -
ard swaging techniques and apparatus.
__ 'Suragmg operation, the jacketed rods are re-
5 duced in diameter to substantially the desired
‘diameter for the finished flints.
_through the swaging machine are generally re- -
. quired to enable the reduction to be carried out
in small steps.

Several PaSSEs

As many as eight passes may be
desir able where g substantlal reduction in diam-

eter is to be aooomphshed as from %'’ down to
B outside diameter.

The reduction in diam-

N eter during ‘the swaging naturally causes a

rier is provided against the escape of the molten,

| hlghly active alloy, after diffusing through the

tubes or jackets,

ment material surrounding the tubes. Such

barrier not only prevents oxidation and contam--. o

ination ‘of the alloy, but it also results in af-
fording a smooth exterior finish to the cast rods.

- The coating being continuous, it is immaterial

into contact with the mvest- .'

“marked increase in length, so that a relatively
5 long rod results from the initially shorte1 but
larger diameter tube and therefore more easﬂy

- filled tube.

whether the tubes employed are 1mt1a11y seam-
‘less, or are of seamed or rolled-up construction.
Instead of employing an initial melt temper-

: ‘ature sufficiently high to insure that substan-
- tially all of the metal in the jackets is diffused
into the melt before the temperature of the

ot
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melt and mold falls below the temperature at

which diffusion takes place for the then exist-
“ing ratio of iron to rare earth metal, additional

external heat may be provided SO that the dif-
fusmn is carried substantially to completion. -
- The appearance of the grticle, in section, fol-

| lowmg the diffusion between tube 8 and ﬁ_’ll i6

is as shown in Fig. 2. No boundary exists be-
tween the tube and the fill,

provided by the lining or glaze 4.

- After the mold has been allowed to cool slowly,
it may be broken open to separate the invest-
The llnlng. .

ment and lining from the cast rods.
has ‘but slight tendency to adhere to the rods,

- hence the separation is acoomt)hshed ‘with rel-*
75

- atively little difficulty. If desired, the rods may

60

The swaging may be carrled out hot usmg_ -

rods heated to between 1000° F. and 1500° F., a
temperature of apprommately 1400"” . bemg
suitable. On the other hand, the swaging may
be done cold, with highly Satlsfaotory final re-
sults and general simplification of the swaging
operation. Because of thée brittle character of
the rare earth metals, the swaging, when done

- on unheated rods, causes a certain amount of
- crumbling or breaking up of the metal within
the Jacket.

‘However, the nature of the swaging
operation is suoh as to cause the jacket to main-
tain compressive forces on the meftal within the

~tube, during the process of transverse contlac-
o 131011 and axial elongation.

69

since the iron or
-~ other metal of the tube has substantially dif-
fused throughout the fill, mthm the barrler'-
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- 'T'o impart satisfactory. spalkmg properties to |

‘the swaged and jacketed rod, appropriate heat
_ In most  instances, this
will be carried out in a manner that not only

- causes the rare metal fill to be remelted. but also
_results

treatment is required.

in substantial diffusion between the
jacket metal and the fill, thereby enhanemg the
iron content of the pyrophoric alloy..

The heat tr ealing operation is preferably car-

‘ried out with the axis of the tube substantially

" ~vertical, in order that there may be no voids as

“ the crumbled and cracked

fill melts into a com-

pact mass. Furthermore, if local heating, as by

By the
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should be from bottom to tob of the tube. Thus,

- the tube may be lowered through a high-fre-
- quency heating coil which rapidly brings the tem-
- _perature of the rare earth metal to the melting
point, beginning at the bottom and progressing
- upwardly, The tube ends should be plugged or

erlmped to seal o |

" the rare earth metal fll.
Since- it will generally be found advantageous

- not only to carry out the swaging on unheated
- articles, but also to employ for the casting a melt.

that:is deficient in iron in terms of good sparkmg

 quality, the heat treatment will in most cases in-
~volve not merely raising the temperature above
the melting point of the fill, but also providing

the proper conditions of time and temperature

- for appreciable diffusion between the fill and the
tube or jacket. By way of example, an anneal at

1800° . for about fifteen minutes will generally

provide adedquate diffusion between the jacket

metal and the molten fill. It is not practical to

effect complete diffusion of the jacket metal,
however, since the molten fill may sweat out lo-

cally and escape through the jacket, even though

~ the temperature be maintained below the actual
- melting point of the iron tube.

Alternatively, the filled and swaged tubes may

Upon heating to

phoric alloy, thus permitting diffusion between
molten alloy and the tube to be carried substan-

' -2;528,4061 .

‘ _'mductlen or res:tstanee heatmg, is employed fer_ B
~the heat treatment, the travel of the hot region

6

ment, casting a melt of pyrophoric rare earth al-

loy into the tube, and maintaining the alloy in
molten condition within the tube:until diffusion

~and alloying between the tube and the fill has

It
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-proceeded substantlally threugh the tube te the '

protective barrier. |

2. The method of makmg sparklng ﬂlnts from
pyrophoric rare earth alloy which comprises ap-
plying to a thin-wall metal tube having a seam a

metallic flake composition to bridge said seam, o
-coating the exterior of the tube with finely di-
- vided glazing material, surrounding the exterior .-

of the coated tube with an investment, heating
the tube to convert the eeatmg to a homogeneous

glaze to form a protective barrier between tube
‘and investment, casting a melt of pyrophoric

ratre earth alloy into the tube and maintaining

- the alloy in molten condition within the tube un-
til diffusion and alloying between the tube and

the fill has proceeded substantially threugh the

tube to the protective barrier.

3. In the manufacture of small_-dlameter'

- sparking flints from pyrophoric rare earth metal,

~be cut up into convenient lengths and coated on
 their outer surface with the protective glass or
| glazme composition above described and packed
 in graphite or refractory mvestment with the
- tube. ends suitably. plugged.
~ 1800° F'. or above, the coating is converted to a
homegeneeue barrier ‘i;'elat.wel;f,:r mert to the pyro-

30

the steps of casting molten pyrophoric metal into
a tube of metal of the iron group, and thereafter

applying heat to the filled tube in the presence -
of an inert protective coating on the exterior of
fect diffusion and alloyving between

the tube to ¢
the pyrophoric metal and the tube, the diffusion

‘and alloying being carried substantlally to com-

pletion to the protective mert eeatmg on the ex-
terior of the tube,

‘4. In - the manufacture of small- d1amete1
sparklng flints from pyrophoric rare earth metal,
the steps of casting molten pyrophoric metal into
a tube of metal of the iron group, swaging the

~ filled tube to reduce the cross-section thereof,

tially to completion without r1ek of sweat out and, |

escape of the pyrophoric melt.

In those cases where diffusion has net been

 carried substantially to completion, it is prefer-
- able to remove the outer portions of the tube
metal, in order that the soft, undiffused portions
- may not interfere with proper sparking qualities.
of the flints.
- readily be accomplished by a centerless grmdmg.
- or-a sanding operation. | |

Removal of this outer portion may

I have thus described as my mventlen methods

- of making pyrepherle elements wherein the metal
~tubes into which the pyrophoric melt is poured
- are thereafter incorporated in the melt, either
wholly or to a substantial degree by alloymg'
therewith, thus eliminating the need for strlppmg
‘the tube from the

i1l followmg the castmg oper-
ation. -
I claim as my invention:
1. The method of making sparkmg
pyrophoric rare earth alloy which

an investment, heating the tube and investment

~ to convert the coating to a relatively homogene~
~~ ous protective barrier between tube and invest-

40

. Numker

ints from
comprises -
-coating the exterior of a metal tube with a mate- -
rial relatively inert to a pyrophoric melt, sur- ,,
rounding the exterior of the coated tube with

60

ing on the EXtEI ior of the tube.

and thereafter applying heat to the filled tube in =
the presence of an inert protective coating on the -

exterior of the tube to effect diffusion and alloy-
ing between the pyrophoric metal and the tube,
the diffusion and alloying bemg carried substan-

tially to completion to the protectwe inert coat-
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