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ABSTRACT
CONTROL PIN

A control pin (12) for controlling the flow of liquid metal in a casting process includes
an eclongate body member (34), the body member being madi at least partially of a
composite ceramic matenial that' mncludes a fibrous reinforcing material embedded
within a ceramic matrix. The body member (34} 18 preferably hollow and includ_es a

wear-resistant tip (36) at one end.
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CONTROL PIN

The present invention relates to a control pin for controlling the flow of liquid metal in
a casting process. In particular, but not exclusively, it relates to a control pin for

controlling the flow of nonferrous liquid metals such as aluminium and zinc.

A typical metal casting process i1s described in US Patent No. 3,111,732, In that
process, 'I.iquid metal 1s poured through a spout (or "underpour outlet™) intQ a mould,
where the metal freezes to form a billet or slab. The flow of metal throuzh the spout s N
controlled by a control pin (or “flow regulator”) thé.t. 1s located within the spout. {he
control pin may be raised to increase the rate of flow ofﬂneta;-hthi‘ough the spout, or

lowered to decrease or interrupt the flow of metal.

Control pins are generally made of a refractory material, which 1is able to withstand the
high temperature of the molten metal. The material must also be hard SO as to resisi
wear on the end of the rod, where it presses againSt the seat in the spout. One of the
most commonly used materials 1s dense fused silica (DFS). This material is quite tough
and has good thermal shock characteristics, but silica is wetted and attacked by liquid
aluminium and control pins made of this material therefore have to be provided with a
non-stick protective coating, for example of boron nitride. This coating has to be
reapplied frequently (for example every one or two pouring operations) and such pins

therefore have a high maintenance requirement.

Further, although DFS is quite tough, it is susceptible to cracking and these cracks tend
to propagate through the material during use. This can eventually cause part of the
control pin to break away and block the pouring spout. As a precaution against this, a
stainless steel wire is sometimes embedded in the DFS material to ensure that even if

the control pin breaks, the broken part can still be withdrawn from the spout.

Another disadvantage with control pins made of DFS is that they tend to have a high
heat capacity and have to be pre-heated prior to commencement of the metal pouring
operation, to bring them up to or close to the temperature of the molten metal. This

adds considerably to the complexity of the pouring operation and gives rise to the risk
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of a serious accident when transferring the hot control pin from the pre-heating oven to

the spout. If the control pin 1s not pre-heated, the molten metal can solidify upon

contact with the control pin, thus blocking the spout.

Other materials are sometimes used for the control pin including, for example, cement-
based refractories. Such materials are not wetted by the aluminium and therefore suffer
less damage and require less maintenance. However, they are fragile and arc casily
chipped or broken. Further, such pins have a high heat capacity and therefore need pre-

heating,

It 1s also known to make control pins from graphite. However, graphite =lers from

oxidation and erosion at the air-metal interface, whieh: Dmits the uzefal % of the

.~

control pins made fron: this material. Also, like control pins made of DES o comen:

based refractories, graphite pins have a lugh heat capacity and so require pic-nicating.

Another réﬁactory material described inr US 5,880,046 comprises an aciu:—:-uu:-; sCiutio
of phosphoric acid with'a mixture of wollastonite and colloidal silica. The material is
said to have good thermal insulation characteristics and very good behaviour with
respect to fnolten aluminium. However, it is quite soft and therefore not very hard-

wearing.

It 1s an object of the present invention to provide a control pin that mitigates at least

some of the aforesaid disadvantages.

According to the present invention there is provided a control pin for controlling the
flow of liquid metal in a casting process, the control pin including an elongate body
member and a wear-resistant tip at one end of the elongate body member, the body
member being made at least partially of a laminated composite ceramic material that
includes multiple layers of a reinforcing fabric embedded within a cast ceramic matrix.
In particular, but not exclusively, the invention relates to a control pin for cohtrolling

the flow of nonferrous liquid metals such as aluminium and zinc.

A control pin made of a laminated composite ceramic material is extremely tough

owing to the presence of the reinforcing fabric, which prevents cracks propagating
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through the material. Breakage of the control pin and blocking of the pouring spout 1s

therefore prevented.

The control pin includes a wear-resistant tip at the lower end of the elongate body

member, to reduce erosion by the liquid metal and wear from contact with the spout.

The composite ceramic maienal also has good thermal shock characteiistics and (s not
wetted or attacked by liquid aluminium. A control pin made of this material therefore

has a long life and a low maintenance requirement.

A control pin made of the composite ceramic matenal can also have 4 low heat capacity
and so does not have to be pre-heated prior to commence:ent of s metal pouring
operation. This greatly simplifies the pouring operation aud provides substantial cost

savings and satety benetits.

Advantageously. the reinforcing fabric comprises a woven f{abric. preferably made of

glass.

The composite ceramic material may include between two and 25 layers, and preferably

between 4 and 10 layers, of reinforcing fabric.

The matrix material may be selected from a group compiising fused silice. alumina,
mulli'te, silicon carbide, silicon nitride, silicon aluminium oxy-niiride, zircon, magnesia,
zirconia, graphite, calcium silicate, boron nitride (solid BN). alumintum nitride (AIN)
and titanium diboride (T1B,), and mixtures of these materiais The natrix material 1S
preferably calcium based and may include calcium silicate and silica. More preferably,

the matrix material inciludes Wollastonite and colloidal silica.

Advantageously, the control pin includes a non-stick surface coating, which may
include boron nitride, to reduce wetting by the liquid metal and reduce or prevent the
depositing of a skin or skull of metal on the surface of the control pin. Although the
provision of a non-stick coating is preferred, that coating does not have to be reapplied
as frequently as with control pins made of other some materials such as DFS, since the

composite ceramic material of the pin body is naturally non-wetted.

S-P550762c.wpd ' 7 October 2004
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‘The control may be substantially cylindrical and is preferably constructed and arranged

to be suspended substantially vertically in use. The control pin may have a suspension

point at its upper end and a seating at its lower end.

The elongate body member is preferably at least partially hollow. This reduces the heat
capacity of the pin, so that it heats rapidly on contact with the liquid metal, without
causing the metal to freeze. It 1s particularly advantageous for the lower portion of the

control pin, which is immersed in the liquid metal, to be hollow. The elongate body

“member may include a circumferential wall having a wall thickness in the range 1-

1Omm, preferably approximately Smm, to provide 2 iow heai capacity.

The wear-resistant tip is preferably inserted 21 icasi pasiwily into one end of the

clongate body member.

Advantageously, the elongate body member and the wear-resistant tip have
complementary locking tormations. The cowmplementary locking formations may
include complementary recesses on the elongate body member and the wear-resistant

tip, which are filled with an adhesive or cement.

The wear-resistant tip may be made of a ceramic material, and preferably from a
material selected from a group comprising ftused silica, alumina, mullite, silicon
carbide, silicon nitride, silicon aluminium oxy-nifride, zircon, magnesia, zirconia,
graphite, calcium silicate, boron nitride, aluminium titanate, aluminium nitride and
titanium diboride. Preferably, the tip is made of a non-wetting material with a low
coefficient thermal expansion, for example a cement-bonded fused silica refractory.

Advantageously, the wear-resistant tip 1s made from a material having a density in the

range 1800-3000kg/m?, preferably 1900-2500kg/m”.

Advantageously, the control pin has a length in the range 200-1000mm (typically
750mm) and a diameter in the range 20-75mm (typically 40mm).

Various embodiments of the present invention will now be described, by way of

example, with reference to the accompanying drawings, in which:
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Figure 1 is a plan view showing schematically the main components of a typical

aluminium casting installation;

Figure 2 1s a side elevation of a control pin located in an operational position within a

first kind of pouring spout (the pouring spout being shown in side section);
Figure 3 is a side sectional view of the control pin shown in Figure 2;

Figure 4 1s a side elevation of a control pin located in an operational position above a

second kind of pouring spout (the pouring spout again being shown 1n side section);

~ Figure 5 is a cross-section through a modified control pin, and

p RN

A typical aluminium casting iinstallati_ors ts shown schematically in Figure tand
includes a furnace 2, from which molten metal flows through a set of launders 4a,4b,4c
(or tfoughs) Ato a mould 6, which may for example be a direct chill mould. Between the
furnace 2 and the mould 6 various additional metal processing units may be provided
including, for example, a degassing unit 8 and a filter unit 10. Metal flows from the last
launder 4c¢ into the mould 6 through a down spout 12, the flow through the spout being
controlied by a control pin 14.

The down spout 12 and the associated control pin 14 are shown in more detail in Figure
2. The down spout 12 1s made of a refractory material such as dense fused silica (DFS)
and is conventional in design. The spout is tubular, having a cylindrical wall 16 with an

axial bore 17 and an outwardly extending flange 18 at its upper end. The lower part 20

of the spout has a frusto-conical external shape and internally has a frusto-conical seat

22, lead‘ing to a reduced diameter cylindrical bore 24. In use, the spout 12 is mounted
in the bottom of a launder 4c¢, so that molten metal within the launder can flow out

through the spout.

The control pin 14 is substantially cylindrical in Shape, and 1n use 1S éuspended
vertically so that its lower end 26 is located within the cylindrical body 16 of the outlet
spout 12. The edge 28 at the lower end of the control pin is bevelled to provide a seal

when located against the seat 22 in the spout. The upper part 30 of the control pin is of

S-P550762c.wpd | | | 7 October 2004
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a slightly reduced diameter, and includes a horizontal mounting bore 32 from which the

pin is suspended.

As shown in Figure 3, the control pin 14 includes a hollow tubular body member 34
having a hard wear-resistant'tip'36 at 1ts lower end. The tip 36 has a head 36a that
protrudes beyond the end of the tubular body 34, and a body portion 36b that is

cemented or otherwise secured within the lower end 26 of the control pin 14.

The tubular body 34 ot the control pin 14 1s made of a composite ceramic material that

~includes numerous layers of a woven fibre reinforcing fabric embedded in a ceramic

matrix. The woven fibre reinforcing fabric is preferably made of woven glass. Various

materials may be used ifor the ceramic matrix, including fused silica, alumina, mullite,

"Ut*-

silicon carbide, silicon nitride, silicon aluminium oxy-nitiide, zircon, magnesia,

zirconia, graphite, calcium silicate, boron nitride, aluminium nitride and titanium

diboride, or a mixture of these materials. Preferably, the ceramic matrix includes

calcium silicate (Wollastonite) and s’ili-ca and comprises a mouldable refractory

- composition as described in US Patent No: 5,880,046, which is sold by Pyrofek, Inc.

under the trademark RFM.

In a preferred embodiment, the ceramic matrix is made from a composition consisting
essentially of 8% to 25% by weight of an aqueous phosphoric acid solution having a
concentration of phosphoric écid ranging from 40% to 85% by weight, said phosphoric
acid having up to 50% of its primary acidic functions neutralized by reaction with
vermiculite; and 75% to 92% by weight of a mixture containing wollastonite and an
aqueoﬁs suspension containing from 20% to about 40% by weight of colloidal silica,
wherein the mixture has a weight ratio of said aqueous suspension to said wollastonite

ranging from 0.5 to 1.2.

The tubular body 34 of the control pin 14 preferably has between 2 and 25 layers of the

reinforcing fabric, typically approximately 4 to 10 layers.

The tip 36 is preferably made of a hard, wear-resistant material that resists erosion from
the liquid metal and wear from contact with the spout 12. The material also preferably

has good resistance to thermal shock, a low density (approx. 1900-2500 kg/m’) and a

S-P550762¢c.wpd o 7 October 2004
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low coefficient of thermal expansion (approx. 0.7-1.0 x 10° mm/mm/°C). More
particularly, the density and thermal expansion values should be similar to those of the
matrix material, so that they are well matched. The tip 36 may be manufactured from 2
ceramic matenal, for example_ a fused silica refractory, dense fused silica (DFS),
5  alumina, mullite, silicon carbide, silicon nitﬁde, zircon, magnesia, zirconia, graphi'te,
calcium silicate, boron nitride (so.lid BN), aluminium titanate, aluminium nitride (AIN),

titantum diboride (T1B,) or silicon aluminium oxynitride (Sialon).

A particularly preferred material for the wear-resistant tip 36 1s a fused silica refractory
such as that sold by Pyrotek Inc. under the trademark Pyrocast X1., which in addition to
10 a fused silica aggregate .also includes other ingredients such as non-wetting agents and
cement. This maternal provides a number of significant performance advantages,
including high resistance to thermal shock, high erosion resistance socd dimensional

stability, easy cleaning and non-wetting properties.

The important physical characteristics of some of the above-mentioned materials are
15  shown below in Table 1, together with the comparative characteristics of the preferred

composite ceramic material, Pyrotek RFM™.

Table 1.

Pyrotek Density

Trademark

| Matenal Thermal expansion | Max. service

coetticient | temperature
mm/mm/°C x10° | °C

kg/m’

Composite REFM | 1600 '
20 ceramic - '

Fused silica Pyrocast ' 1900-1950

refractory XL '

Dense fused silica | Pyrocast 1760-1950

| DFS
Silicon carbide Pyrocast 2563 4.9 ~
' XL-SC |
25 Alumina Pyrocast 2565 5.7 | 1650
| AL2
39

Il

Silicon aluminium | O'-Sialon 2620
oxynitride

S-P550762¢.wpd | | 7 October 2004
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- Preferably, the control pin 14 is provided with a non-stick coating, for example of boron

nitride, to enhance its non-wetting properties.

The dimensions of the spout 12 and the control pin 14 may of course be varied
according to the capacity of the casting installation. Usually, the control pin will havé a
length of approximately 200-1000mm (typically 750111m)- and a diameter of 20-75mm
(typically 40mm). The wall thickness of the tubular body 34 will normally be between

| and 10mm, a thickness of Smm being typical.

in the apparatus shown in Figure 4, -t'he control mn 14 is identical to that shown i
Figures 2 and 3. The outlet Spout 112 s ofa difterent df?ﬁi‘i}g[‘i,\ having 2 ﬁ‘z,'sst(>-coi.a£s‘ra§
seat 122 ‘at its upper end, above: « cyhndncm ool 1. Tne sxiernal wall of the snoa
112 includes an upper part 116 that is frusto-co.ical in shape and a lower wlmdm.,al
pait :20. The control pin may be seateu againsi the seat 122 o mterrupt e ﬂow of

liquid metal, or raised to allow a controlled flow of metal through the spout.

Because the upper tubular part of the control pin 14 is made of a laminated composite -

material, including a woven fibre reinforcing fabric, it is extremely strong and tough.

Even if small cracks develop in the ceramic matrix material, these do not propagate

owing to the presence of the woven glass reinforcing fabric.

The control pin 14 also has a low heat capacity, owing to the fact that the tubular body
24 18 hollo\w and has a low mass Although the tip 36 1s solid, it 1s largely insulated by
the sﬁrrounding wall of the tubular body 34 and, being relatively small and of low mass,
it also_has a low heat capacity. The control pin 14 therefore draws very little heat from
the molten metal tlowing through the spout 12, with the result that it 1s not generally

necessary to preheat the control pin 14 prior to pouring.

The ceramic matrix matenial 1s not wetted by the molten aluminium and, although the
provision of a non-stick coating (e.g. Boron Nitride) is preferred, this can be applied

much less often than is necessary with control pins made of some other materials, such

as DFS.

The ceramic tip 36 is very hard wearing, and therefore provides a good seal against the

seat of the spout, even after many uses.

S-P550762¢c.wpd | | | \ 7 October 2004
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A method of manufacturing the control pin will now be described. First, the ceramic
matrix material is made up by blending together the components of that material, for

example as described 1in US Patent No: 5,880,046. The component materials may, for

example, consist of approximately 60% by wt Wollastonite and 40% by wt solid

colloidal silica. These materials z;ire blended together to form a slurry.

The hollow body 34 of the control pin 14 is then constructed in a series of layers on a
mandrel, by laying precut grades of woven E-glass cloth onto the mandrel and adding
the slurry, working it into the fabric to ensure full wetting of the fabric. This is repeated
to build up successive layers of fabric and matrix matenal, until the desired tiickness 1
achieved. Each Iayer typically has a thickness of“appr,oxi.nmte:}’y linm and the control
pin shown in Figures 2 and 3 wonld t‘\,épis::al.ly aave approximately S layers of é’:heg%ass

reinforcing fabnc

“Dnce the product has achieved the desired thickness, it is machined in green (anfired)

form to shape the outer surfacc of the tubular body 34. The tubular body 34 1is then
removed from the mandrel and placed in a furnace to dry. After drying, the ceramic tip
36 1s mnserted and glued into pléce using a suitable adhesive. The control pin 1s then
subjected to final finishing and tcttering p1°0cesse$, and a non-stick coating, for example

of boron nitride, 1s applied.

Although control pins of numer(ﬁus'di'tfel‘ent lengths are required by different foundries,
we have found that in practin; the tubular body 34 of the control pin 14 can be made up
in advance to a limited number -of standard lengths, and these tubular bodies can then be
cut to length as required. After cutting, a ceramic tip 36 of the appropriate diameter is
inserted into the open end of the tubular body 34 and glued in plabe with a suitable
adhesive. A non-stick coating of boron nitride can then be applied to the complete pin
14. This method of production allows the tubular bodies 34 to be mass produced in
advance and held in stock until required, thereby significantly reducing both the

manufacturing and storage costs.

A modified form of the control pin 14 and the wear resistant tip 36 is shown in Figures

5 and 6. The control pin 14 haS three annular grooves 40, which are provided on the

S-P550762¢.wpd . - 7 October 2004
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internal surface 42 of the tubular body 34 towards the lower end 26 of the control pin
(only the lower end of the pin being shown). Each of these grooves 40 has a semi-
circular cross-section. Three more annular grooves 44, also semi-circular in cross-

section, are formed on the external surface of the body portion 36a of the wear-resistant

tip 36. The two sets of grooves 40,44 are complementary to one another and are

de&gned so that when the tip 36 1s fully inserted into the end of the hollow control pm

- 14 they are aligned, forming three annular channels of circular cross-section. When the
tip 36 1s glued into place, the glue fills these channels, forming a mechanical lock that

“prevents removal ot the tip 36 from the control pin 14.

Vanous other mochﬁ ations of the: mventlon are possxble some of which w1ll now be

descrlbed

The ceramic tip 36 may be attached to the tubular body 34 in & number of different

ways, for example by means of an adhesive, or cbmplementary screw threads on the tip
and the body, or by a locking pin that extends through complementary apertures in the
tip and the body. Alternatively, .the tubular body 34 may be cast in situ around the
ceramic tip 36, the enclosed part of the tip having locking formations to prevent any
separation of the two parts. It is also possible to provide a removable tip, secured for
example by means of complementary screw threads, so that it can be replaced in the

event of excessive wear or damage.

Although it 1s preferred that the whole of the body 34 is tubular, it may alternatively be
solid or only partially tubular, ahd the tubular part may if desired be filled with another
material. Further, although it 1s preferred that the whole of the body 34 is made of the
same composite ceramic material, parts of the body may be made of other materials.
For example, the upper part of the control pin, Whioh does not come into contact the

liquid metal, may be made of .a'wide variety of materials.

S-P550762¢c.wpd | 7 October 2004
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CLAIMS

. A control pin for controlling the flow of liquid metal in a casting process, the
control pin including an elongate body member and a wear-resistant tip at one
end of the elongate body member, the body member being made at least
parti'ally of a laminated compoéite ceramic material that includes multiple layers

of a remnforcing fabric embedded within a cast ceramic matnx.

2. A control pin according to claim 1, wherein the reinforcing fabric comprises a

woven reinforcing fabric.

3. A control pin according to claim 1 or claim 2, wherein the reinforcing fabric is

made of glass. '

3, A control pin according to any one of the preceding claims, wherein the
composite ceramic material includes between 2 and 25 layers, and preferably

between 4 and 10 layers, of reinforcing fabric.

S. A control pin according to any one of the preceding claims, wherein the matrix
material is selected from a group comprising fused silica, alumina, mullite,
silicon carbide, silicon nitride, silicon aluminium oxy-nitride, zircon, magnesia,

- zirconia, graphite, ,calcium silicate, boron nitride, aluminium nitride and

titanium diboride, and mixtures of these materials.

6. —A control pin according to any one of the preceding claims, wherein the matrix

material 1s calcium based.

7. A control pin according to any one of the preceding claims, wherein the matrix

material includes calcium silicate and silica.

8. A control pin according to any one of the preceding claims, wherein the matrix

material includes Wollastonite and colloidal silica.

9. A control pin according to any one of the preceding claims, wherein the control

pin includes a non-stick surface coating.

-STPSS 0762¢c.wpd 7 October 2004
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A control pin according to claim 9, wherein the coating includes boron nitride.

A control pin according to any one of the preceding claims, wherein the elongate

body member 1s substantially cylindrical.

A control pin according to any one of the preceding claims, wherein the elongate

body member is at least partially hollow.

A control pin according to claim 12, wherein the elongate body member

includes a circumferential wall having a wall thickness in the range |-10mm.

A control pin according to any one of the preceding clatms, wherein the weat-
resistant tip 1s inserted at least partially into one =nd of the elongate body

member.

A control pin according to any one of the preceding claims, wherein the elongate

body member and the wear-resistant tip have complementary locking

formations.

A control pin according to claim 15, wherein the complementary locking
formations include complementary recesses on the elongate body member and

the wear-resistant tip, which are filled with an adhesive or cement.

A control pin according to any one of the preceding claims, wherein the wear-

resistant tip 1s made of a ceramic material.

A control pin according to claim 17, wherein the wear-resistant tip is made of a

-

material selected from a group comprising fused silica, alumina, mullite, silicon

- carbide, silicon nitnide, silicon aluminium oxy-nitride, zircon, magnesia,

zirconia, graphite, calcium silicate, boron nitride, aluminium titanate, aluminium

nitride and titanium diboride.

A control pin according to any one of the preceding claims, wherein the wear-

resistant tip is made of a material having a density in the range 1800-3000kg/m”>,
preferably 1900-2500kg/m”’. .

S-P550762¢.wpd . 7 October 2004
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20. A confrol pin according to any one of the preceding claims, wherein the control

pin has a length 1n the range 200-1000mm.

21. A control pin according to any one of the preceding claims, wherein the control

pin has a diameter in the range 20-75mm.

S-P550762c.wpd ' - - 7 October 2004
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