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(54) IMPROVEMENTS IN J OINING METALS

(71) We, BRITISH STEEL CORPO-
RATION, a Corporation incorporated and
existing under the Iron and Steel Act 1967
whose principal office is at 33 Grosvenor
Place, London, S.W.1. England do hereby
declare the invention for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the following
statement:-

This invention relates to the production of
metal strip from metal powder and is particu-
larly though not exclusively concerned with
the production of strip of iron or iron alloys.

In one method for producing metal strip
from powder as disclosed and claimed in our
United Kingdom patent Nos. 1,212,681 and
1,257,032, the metal particles are dispersed
in a suitable fugitive binder to form a slurry
which is deposited as a coherent film onto an
inert support. While on the support, the film

-is heated, initially to gel the binder and sub-

sequently to dewater the slurry and leave a
metallic strip which ideally is flexible and
self-supporting. Subsequently the strip is
compacted to produce a “green” strip which
is then subject to a sequence of compaction
and sintering operations well known-in the
art to produce a final strip of the required
characteristics.

In an alternative method for producing
metal strip, the particles in dry form are con-
tinuously deposited from a metered source
into the nip between a pair of rolls effective
directly to produce the initial compaction to
green strip which is then subject to the

further compaction and sintering processes

appropriate to this route.

While the mechanical characteristics of
green strip obtained from the wet slurry pro-
cess and from the dry direct compaction pro-
cess do differ, they do display in common,
extremely  low flexibility and mechanical
strength and green strip is accordingly
extremely liable to disintegration when sub-

ject to mechanical strain.

Proposals have been made for overcoming
the poor mechanical properties of green strip
in strip from powder processes in general and
at the first sintering operation in particular.
These proposals include the use of a hover
furnace in which the green strip is supported
upon a cushion of gas rather than mechani-
cally supported together with means for
ensuring that the strip is fed through the fur-
nace without any induced stress or strain
liable to produce fracture, disintegration or
degradation of properties.

The problem of threading the head of
green strip inter alia through a hover or other
sintering furnace employed does however
remain and conventional solutions have
proved unacceptable. Attempts have for
example been made to apply techniques
known per se for feeding conventional hot
band or cold reduced strip through a furnace
such as a continuous annealing furnace, by
attaching the uncoiled head of the strip to the
end of a strip “leader” which already has
been threaded through the furnace in a pre-
vious operation. The leader is conventionally
secured to the production strip by welding or
by rivetting, an expedient which together
with other mechanical equivalents have been
found unsatisfactory for green strip particu-
larly since induced stress in the green strip
should be avoided. Another requirement is
that securement must be affected with the
on-line speed of the strip and the leader
being substantially matched.

According to its broadest aspect, the pres-
ent invention provides a method for securing
green metallic strip produced from metal
powder to means by which a strip end may be
supported for guidance along a selected path,
the method consisting of interposing bet-
ween overlapping regions of the support
means and the green strip end a non-beat
fusitive compound in aqueous form having a

~ water content which can be absorbed by the
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strip to an extent sufficient to enable the
compound to provide adequate adhesion for
support and/or guidance.

In the case where the porous strip is to be
guided through a heating furnace, such as a
hover furnace effective to produce sintering,
the aqueous compound is non-fugitive so
that apart from further loss of water no
decomposition resulting in failure of adhe-
sion is likely to occur.

In a preferred embodiment of the inven-
tion the non-fugitive aqueous compound is
an alkali metal silicate which can quickly be
applied between the head of the green strip
and the adjacent tail of a suitable leader
effective to guide the strip through the sinter-
ing furnace. Suitably the silicate or alterna-
tive compound is applied to the uppermost
side of the leader tail so as to provide addi-
tional support for the head of the green strip.

Suitably the alkali metal silicate is sodium
silicate. Aqueous sodium silicate unlike
organic adhesives does not possess true ini-
tial tack sufficient to produce the required
degree of adhesive securement between
green strip and a leader. However it is
believed that the progressive adhesive effect
of the silicate which is displayed after contact
with green strip is due to water absorbed by
the strip as a result of its surprising porosity.
This is believed to be the predominant
mechanism, since adequate bonding can be
obtained by the use of the silicate on green
strip produced by the dry route. However at
least one further secondary mechanism is
believed to exist in the case of green strip
produced by the wet or slurry route.

In one embodiment of the wet or slurry
route for producing metal strip from powder
methyl cellulose used as the fugitive binder
material has its pH adjusted to increase the
rate at which viscosity of the slurry stabilizes.
The pH of green strip so produced is about
8.2 and is believed to induce precipitation
from the silicate of hydrated silica gel which
complements the absorption effect of the
porous green strip. An increase in the rate at
which the silicate develops adhesive proper-
ties may accordingly be produced by adjust-
ing the pH of the green strip to induce pre-
cipitation. The onset of adhesive action may
be further improved by promoting a gelling
action of the silicate for example by the
introduction of an additive such as a
polyhydric alcohol.

Suitably the non-fugitive compound con-
tains a filler or other aqueous adhesive effec-
tive to impart some degree of flexibility to
the bond between the green strip and the
leader when heated on passing through the
sinter furnace. In either the dry or in the
slurry route, the green strip is sintered at a
temperature of about 1150°C. Sodium sili-
cate for example suffers a transition to a glass
at this temperature and becomes brittle to

the point where a risk of failure of the bond is
likely to occur. A suitable filler such as an
inorganic clay silicate used in concentrations
of up to 50% by weight can reduce the brit-
tleness sufficient to reduce the risk of such
failure.

In an alternative embodiment the action of
the adhesive may be supplemented by inter-
posing a suitable brazing compound between
the potentially contiguous regions of the
green strip and the leader. Conveniently the
brazing compound is applied in particulate
form preferalby pre-mixed with a flux and
may be constituted of a copper/nickel or
copper/iron alloy or suitable alloys of silver
which can melt and form an effective joint at
the sintering temperatures used.

An embodiment of the invention will now
be particularly described by way of example
with reference to the accompanying drawing
which schematically illustrates a number of
stations in apparatus for producing iron strip
from powder. ) ,

Referring to the drawing, the apparatus
comprises a station indicated generally at 2 at
which a slurry 4 of iron powder and methyl
cellulose binder is retained in a suitable ves-
sel for deposition onto an inert substrate.
The slurry may conveniently constitutes mul-
tiples of 300g of methyl cellulose treated
with glyoxal as a solubility inhibitor together
with 12 litres of water containing specific
slurry and wetting agents.

Af station 2 the slurry 4 is transferred by
way of train of rollers 6 and 8 onto a coating
roller 10 arranged uniformly to deposit
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slurry to a selected thickness and width onto

the region 12 of a continuous belt 14 of inert
metal such as stainless steel looped around
drums 16 and 18. Drive applied to at least
one of the drums feeds the belt through a
drying furnace 20 effective initially to gel and
subsequently to drive off water from the
slurry; this emerges from the furnace as a
flexible and self-supporting strip which can
be continuously peeled off from the pretre-
ated and polished surface of belt 14.

At station 22, the metallic strip is applied
to the nip between a pair of rolls 24, 26
effective to produce the first stage of com-
paction to green strip which emerges down-
stream of the nip at on-line velocity. To
thread the green strip through the sintering
furnace 30, indicated as a hover furnace, a
leader of conventionally cold reduced strip is
initially threaded so as to extend to a point
adjacent the rolls 24,26. A gun 36 ideally
supported to lay down discrete longitudinal
strips of adhesive is arranged to dispense a
metered quantity of aqueous sodium silicate
onto that region of the upper face of the
leader which will underlie the head of the
green strip emerging from rolls 24 and 26.
The silicate is selected to match the porosity
of the green strip and ensure that an adequ-
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ate degree of adhesion is obtained as quickly
as possible.

At the point of overlap the leader has been
accelerated by the pair of drive rolls 32 and
34 respectively disposed at opposite ends of
the furnace 30, so as to produce velocity
matching and avoid induced strains in the
green strip when adhesively secured to the
leader by way of the silicate.

After initial contact rolls 32 bring the tail
of the leader into intimate contact with the
head of the green strip and increase both the
area over which the bond is produced as well
as the area over which water is absorbed
from the sodium silicate dispensed by the gun
36.

While it is difficult to define the porosity of
any particular sample of green strip obtained
from a specific slurry composition, and there-
fore the water content of the silicate, it has
been found that sodium silicate containing
62% by weight of water can provide suffi-
cient adhesion within the time period permit-
ted by green strip progressing at an on-line
velocity of about 30m per minute.

Within the sinter furnace 30 the silicate
rapidly loses further water and forms a glass
effective to maintain the bond between the
strip and the leader. The relatively small
thickness of the silicate glass layer produced
by compression at rolls 32 is sufficient in
most cases to prevent failure when the bond
passes through the nip between the drive
rolls 34. Any onset of failure can however be
reduced by the additional use of a filler or by
the use of brazing techniques hereinbefore
described.

It will be appreciated that while the inven-
tion has been described with reference to
sodium silicate any alkali metal, silicate or
indeed any aqueous non-fugitive compound
capable of providing adhesive properties on
water loss may be used. It will also be
appreciated that while the invention has
been described with reference to a hover fur-
nace sintering may equally be produced with
a furnace of conventional type without
departing from the scope of this invention.

The use of the invention avoids the need to
mechanically secure green strip to a leader
moving at the same velocity and conse-
quently reduces the strains inhereent in the
mechanical methods previously proposed.
While a leader of cold reduced strip has been
described, any suitably rigid member may be
utilised to support the metallic strip for gui-
dance.

It will also be apprecmted that while the
invention has been generally described with
reference to the use of a gun to dispense
metered quantitities of silicate for adhesive
purposes, various modes of applying adhe-
sive may be employed. For example an air-
less spraying technique has been found par-
ticularly useful in overcoming difficulties

arising from the application of adhesive and
is especially useful in relatively large plant.

WHAT WE CLAIM IS:-

1. A method for securing green metallic
strip produced from metal powder to means
by which a strip end may be supported for
guidance along a selected path, the method
consisting of interposing between overlap-
ping regions of the support menas and the
green strip end a non heat fugitive compound
in aqueous form having a water content
which can be absorbed by the strip to an
extent sufficient to enable the compound to
provide adequate adhesion for support
and/or guidance.

2. A method as claimed in claim 1

wherein the metallic strip is supported for
guidance through a heating furnace and the
compound is non-fugitive at the tempera-
tures produced in the furnace.

3. A method as claimed in claim 2
wherein the compound incorporates a mater-
ial effective to impart flexibility to the bond
between the strip and the support means.

4. A method as claimed in any preceding
claim wherein the compound is an alkali
metal silicate.

5. A method as claimed in claim 4
wherein the silicate incorporates an additive
effective to promote gelling.

6. A method as claimed in claim 4 or
claim 5 wherein the alkali metal silicate is
sodium silicate.

7. A method as claimed in claim 5 or
claim 6 wherein the silicate incorporates
polyhydric alcohol.

8. A method as claimed in any one of
claims 4 to 7 wherein the silicate incorpo-
rates an inorganic clay silicate.

9. A method as claimed in claim 8
wherein the inorganic clay silicate is incorpo-
rated in concentrations of up to 50 per cent
by weight of the compound.

10. A method as claimed in any one of
claim 4 to 9 where the pH of the silicate is
adjusted to promote gelling.

11. A method as claimed in any preced-
ing claim wherein the compound is dispensed
onto the upwardly facing surface of the sup-
port means.

12. A method as claimed in any preced-
ing claim wherein a brazing compound is
interposed between contiguous surfaces of
the metallic strip and the support means so as
to form an additional bond during heating.

13. A method as claimed in any preced-
ing claim wherein the strip and the support
means move with substantially matched vel-
ocities during bonding by the compound.

14. A method as claimed in any preced-
ing claim wherein the metallic strip is of iron
or an iron alloy.

15. A method for securing metallic strip
produced from metal powder according to
claim 1 and substantially as hereinbefore
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described.
G. RENTON
Chartered Patent Agent

an
Agent for the Applicants

Printed for Her Majesty's Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1980.
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