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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA

HERAEUS ELECTRO-NITE CO. }
One Summit Square, Suite 100 )
Langhorne, PA 19047 )
)
Plaintiff, ) Civil Action No.
)
)
VESUVIUS USA CORP. ) JURY TRIAL DEMANDED
250 Park West Drive )
Pittsburgh, PA 15275 )
)
Defendant. _ )
COMPLAINT

Plaintiff, Heraeus Electro-Nite Co. (“Heraeus™) brings this Complaint for patent

infringement against Defendant Vesuvius USA Corp. (“Vesuvius”), as outlined below.

THE PARTIES

L Plaintiff Heraeus Electro-Nite Co. is a Delaware Corporation with its principal

place of business at One Summit Square, Suite 100, Langhorne, PA 19047,

2. Upon information and belief, Defendant Vesuvius USA Corp. (“Vesuvius”) is an

Illinois Corporation with its principal place of business at 250 Park West Drive, Pittsburgh, PA

15275.
JURISDICTION AND VENUE
3. This Court has subject matter jurisdiction over this action pursuant to 28 U.S.C.
§§ 1331-1332 and 1338(a).
4. Upon information and belief, this Court has jurisdiction over Vesuvius because

Vesuvius makes, imports, distributes, uses, sells, and/or offers to sell the infringing devices
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(defined hereinafter) with the knowledge and/or intent that the infringing devices will be offered
for sale, sold, or used throughout the United States, including the Commonwealth of
Pennsylvania.

5. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b} and (c) and
1400(b) because infringing activities took place within this judicial district and Vesuvius is
subject to personal jurisdiction in the Commonwealth of Pennsylvania by maintaining offices

and a principal place of business in Pennsylvania.

FACTS

6. Plaintiff is the owner of U.S. Patent No. 5,209,571, issued by the United States
Patent and Trademark Office (“IUSPTO”) on May 11, 1993 and entitled “Device for Measuring
the Temperature of a Molten Metal” (hereinafter “the ‘571 Patent™), and U.S. Patent No.
5,388,908, issued by the United States Patent and Trademark Office on February 14, 1995 and
entitled “Apparatus for Measuring the Temperature of Molten Metals” (hereinafter “the ‘908
Patent™).

7. The ‘571 patent is valid and enforceable. The term of the *571 patent is set to
expire on July 9, 2012. A true and correct copy of the ‘571 patent is attached hereto as Exhibit
A.

8. The “908 patent is valid and enforceable. The term of the *908 patent is set to
expire on July 9, 2012, subject to a terminal disclaimer. A true and correct copy of the ‘908
patent is attached hereto as Exhibit B.

9. Plaintiff is the assignee of all right, title and interest in and to the ‘571 and ‘908
patents and possesses all rights of recovery under the ‘571 and “908 patents, including the right

to sue for infringement and recourse for damages.
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10.  Defendant is engaged in making, using, offering to sell, selling, and/or importing
measurement devices for molten metal control, including, but not limited to, its Accucone ™
products, which are the same as or legally equivalent to the inventions claimed in the *571 and
‘908 patents (hereinafter “the infringing devices™). Upon information and belief, Defendant has
made, used, sold, offered for sale, and/or imported these products in the United States, and
continues to do so to the present day.

11.  Defendant has not obtained, a license under the ‘571 and/or the ‘908 patents and

is not authorized or permitted to use, manufacture, sell, offer for sale, and/or import the

inventions claimed in the ‘571 and/or ‘908 patents.

COUNT I
INFRINGEMENT OF THE ‘571 PATENT

12. Plaintiff realleges and incorporates by reference paragraphs I through 11 of this
Complaint as though fully set forth herein.

13.  The claims of the *571 patent are presumed valid pursuant to 35 U.S.C. § 282.

14. Defendant, in violation of 35 U.S.C. § 271, has been and is currently infringing,
contributorily infringing and/or actively inducing others to infringe the *571 patent, either
literally or under the doctrine of equivalents, by making, causing to be made, using, offering for
sale, selling, and/or importing into the United States, without license or authority, the infringing
devices. ’

15.  Defendant has willfully infringed and, upon information and belief, will continue
to willfully infringe the 571 patent by the making, use, offer for sale, sale, and/or importation of
the infringing devices unless enjoined by this Court from doing so.

16. As a result of Defendant’s willful infringement of the ‘571 patent, Plaintiff has

been damaged to an extent not yet determined.



Case 2:09-cv-02417-AB Document 1 Filed 05/27/09 Page 5 of 25

17.  Plaintiff is entitled to monetary damages adequate to compensate Plaintiff for the
infringement by Defendant, increased damages under 35 U.S.C. § 284, together with interest,
costs, and attorneys fees, and is entitled to enjoin Defendant from further infringement of the

‘571 patent.

COUNT II
INFRINGEMENT OF THE ‘908 PATENT

18.  Plaintiff realleges and incorporates by reference paragraphs 1 through 17 of this
Complaint as though fully set forth herein.

19.  The claims of the *908 patent are presumed valid pursuant to 35 U.S.C. § 282.

20. Defendant, in violation of 35 U.S.C. § 271, has been and is currently infringing,
contributorily infringing and/or actively inducing others to infringe the *908 patent, either
literally or under the doctrine of equivalents, by making, causing to be made, using, offering for
sale, selling, and/or importing into the United States, without license or authority, the infringing
devices.

21. Defendant has willfully infringed and, upon information and belief, will continue
to willfully infringe the ‘908 patent by the making, use, offer for sale, sale, and/or importation of
the infringing devices unless enjoined by this Court from doing so.

22.  As aresult of Defendant’s willful infringement of the ‘908 patent, Plaintiff has
been damaged to an extent not yet determined.

23. Plaintiff is entitled to monetary damages adequate to compensate Plaintiff for the
infringement by Defendant, increased damages under 35 U.S.C. § 284, together with interest,

costs, and attorneys fees, and is entitled to enjoin Defendant from further infringement of the

908 patent.
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PRAYER FOR RELIEF

WHEREFORE, Plaintiff respectfully requests all legal and equitable relief as may be

recoverable for the foregoing offenses, including:

triable.

(a) a judgment that Defendant infringes the *571 and ‘908 patents;

(b) a permanent injunction enjoining Defendant, and those in active concert or
participation with it, from infringing the ‘571 and *908 patents;

(c) an accounting for damages arising from the infringement of the 571 and ‘908
patents by the Defendant and those in privity with it;

(d) an award of damages adequate to compensate for the infringement of the *571 and
‘908 patents, including, but not limited to, reasonable royalties, lost profits, and damages
attributable to price erosion, together with prejudgment and post-judgment interest
thereon, and costs fixed by the Court, as provided by 35 U.S.C. § 284;

(e) a judgment that the infringement of the ‘571 and *908 patents was and is willful,
and an avx;ard to Plaintiff of increased damages in accordance with 35 U.S.C. § 284,

() a declaration that this is an exceptional case and that Plaintiff be granted
reasonable attorneys’ fees in accordance with 35 U.S.C. § 285; and

(2) a grant to Plaintiff of any such other relief as the Court may deem just, equitable,

OT PIOpeT.

REQUEST FOR JURY TRIAL

Pursuant to Fed. R. Civ. P. 38, Plaintiff hereby demands a trial by jury on all 1ssues so



Case 2:09-cv-02417-AB Document 1 Filed 05/27/09 Page 7 of 25

Date; May 27, 2009

Respectfully submitted,

Byo//\% U/J//\/za/

Jason A. Snyderman (PA 1D No. 80239)
Lewis W. Schlossberg (PA ID No. 31773)
BLANK ROME LLP

One Logan Square

130 North 18th Street

Philadelphia, PA 19103-6998

Direct Dial: (215) 569-5774

Facsimile: (215) 832-5774

E-Mail: Snyderman@BlankRome.com

John D. Simmons (PA ID No. 202405)

William W. Schwarze (PA ID No. 62641)

PANITCH SCHWARZE BELISARIO & NADEL LLP
One Commerce Square

2005 Market Street - Suite 2200

Philadelphia, PA 19103-7086

Telephone: (215) 965-1330

Direct Dial: (215) 965-12638

Facsimile: (215} 965-1331

E-Mail: jsimmons@panitchlaw.com

Attorneys for Plaintiff
Hereaus Electro-Nite Co.
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Exhibit A
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open end and a closed end. The thermocouple element
U.S. PATENT DOCUMENTS has 2 hot junction located proximate the closed end of
3,232,794 2/1966 Kort_cm ................................ 3747179 the retainer member. The retainer member is positioned
g";?ig?z 1?; ig_‘ﬁ 33"15 ---------- ;;g; ;gi within the housing and is smaller in size than the hous-
v, 108l ... ing to define a cavity therebetween. The cavity is sub-
g’ggz'gg? lgﬁg'ﬁ %:zkseta] """" iggﬁgg stantially filled by a protective material which includes
4012,708 7/1978 Daney ... . 136/31 @ metal oxide component and an oxygen reducing com-
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DEVICE FOR MEASURING THE TEMPERATURE
OF A MOLTEN METAL

FIELD OF THE INVENTION

The invention relates to a thermocouple device for
measuring the tempearature of a molten metal and, more
particufarly to a thermocouple device in which the
thermocouple element is protected against chemical
attack.

BACKGROUND OF THE INVENTION

The temperature of molten metal processes may ex-
ceed 3000° F. Thermocouple devices for monitaring the
temperature of a molten metal must resist deterioration
when subjected to high temperatures and a highly reac-
tive molien metal environment while providing accu-
rate temperature measurements for controlling the tem-
perature of the mel1.

Typically, a thermocouple consists of a positive ele-
ment and a negative element joined at each of their
respective ends such that a2 measurable electric current
flows in 2 continuous circuit through the elements de-
pending upon the temperatures of the two junctions at
which the elements are joined.

The positive and negative elements may, for example,
be formed from wires of different metals. The combina-
tion of a positive element of platinum/30% rhodium
and a negative element of platinum/6% rhodium is
useful for measuring temperatures ranging from about
1600° to about 3100° F. Another typical positive ele-
ment/negative element thermocouple combination is
platinum/13% rhodium and platinum, which is suitable
for messuring temperatures ranging up to about 2700°
F.

The positive and negative elements are joined at a hot
junction, which is subjected to the temperature of the
molten metal. The positive and negative elements may
e joined by eny means that will ensure good electrical
contact when in use. Typically, the positive and nega-
tive wires are twisted together and welded to form the
hot junction.

The metal components of the thermocouple, particu-
larly platinum, are expensive. Therefore, it is desirable
1o shield the elements from the harsh environment of
the molten metal to prolong the useful life of the ther-
mocouple and lessen the frequency at which the ther-
mocouple must be replaced, as well as to ensure the
accuracy of temperature measurements. Consequently,
in industrial applications, the thermocouple is usually
placed within a protective tube. '

In the prior art, there is disclosed a clesed-end protec-
tive tube which encloses a thermocouple element. The
thermocouple element may be formed from platinum.
The protective tube is disposed in a protective outer
sheath consisting generally of a heat-resistant metal
oxide and graphite. An annulus or cavity is generally
formed between the exterior of the. closed-end protec-
tive tube and the interior of the protective outer sheath.
Unfortunately, silicon monoxide and carbon monoxide
may be formed in the cavity of such a device when the
device is subjected to the high temperatures of the metal
melt. These highly corrosive and reactive gases may
penetrate the material of the closed-end protective tube.
Carbon monoxide may increase the porosity and dam-
age or destroy the protective tube. A damaged tube
permits silicon monoxide to react with and damage or
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destroy the thermocouple element. The temperature -

measurements derived from the damaged thermocouple
element may be faulty or nonexistant.

Also disclosed in the prior art 1§ a thermocouple ele-
ment encased in a closed-end ceramic coated imperme-
able molybdenum tube. The tube is embedded in a pro-
tective sheath consisting of a plurality of ceramic layers,
the concentration of molybdenum decteasing in each
successive outer layer. The layers compensate for tem-
perature gradients afong the length of the molybdenum
tube. The ceramic coated tube is embedded in a protec-
tive sheath by a ceramic mass. In addition to being
extremely expensive and difficult to produce, this de-
vice is susceptible to mechanical damage during routine
handling.

The present invention comprises a thermocouple
device which provides protection against chemical at-
tack by the harsh molten metal environment. The de-
vice also prevents formation of reactive gases, such as
silicon monoxide or carbon monoxide within the de-
vice, which are capable of damaging or destroying the
thermocouple element. By increasing the life expec-
tancy of the thermocouple element, the present temper-
ature sensing device provides more accurate tempera-
ture measurements which enable the melt 1o be more
closely controlled. By increasing the lifetime of the
thermocouple element, the device may be replaced less
often and the associated costs of replacement, such as
disassembling and reassembling process eguipment,
may be ameliorated.

SUMMARY OF THE INVENTION

According to the present invention, the above and
other deficiencies of the prior art are alleviated or elimi-
nated by the present device for measuring the tempera-
ture of a molten metal. The device comprises a thermo-
couple element, a housing comprised of 2 heat-resistant
material and a retainer member for receiving the ther-
mocouple element. The retainer member has an open
end and closed end. The thermocouple element has a
hot junction located proximate the closed end of the
retainer member. The retainer member is positioned
within the housing and is smaller in size than the hous-
ing to define a cavity therebetween. The cavity is sub-
stantially filled by a protective material comprising a
metal oxide component and an oxygen reducing compao-
nent.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following
detailed description of preferred embodiments of the
invention, will be better understood when read in con-
Junction with the appended drawings. For the purpose
of illustrating the invention, there is shown in the draw-
ings embodiments which are presently preferred, it
being understood, however, that the invention is not
limited to the specific arrangements and instrumentali-
ties disclosed. In the drawings:

FIG. 1 is a schematic of a side elevational view of a
thermocouple device in accordance with the present
invention, in which the oxygen reducing component is
a powder;

FIG. 2 is a schematic of a side elevational view of an
alternative embodiment of the thermocouple device of
the present invention, in which the oxygen reducing
component consists of a plurality of rods;

FIG. 3 is a schematic of a side elevational view of an
alternative embodiment of the thermocouple device of
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the present invention, in which the oxygen reducing
component consists of wires;

FIG. 4 is a schematic of a side elevational view of an
alternative embodiment of the thermocouple device of
the present invention, in which the oxygen reducing
component consists of pellets; and

FIG. 5is a schematic of a side elevational view of the
thermocouple device of the present invention, in which
the oxygen reducing component is a tubular sleeve.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawings, wherein like numerals
indicate like elements throughout, there is shown in
FIGS. 1-5 several preferred embodiments of a thermo-
couple device, generally designated 10, for measuring
the temperature of a molten metal in accordance with
the present invention.

The device 10 may be used for measuring the temper-
ature of a variety of molten metals, such as steel, etc.
The present thermocounple device 1€ may be used to
measure molten metal temperatures ranging from about
2500° F. to about 2950° F., and generally up to about
* 3300" F. The temperature range which the device 18 is
capable of measuring is a fanction of the component
materials of the device 10, among other factors.

As best shown in FiG. 1, the device 10 includes z
thermocouple element, a portion of which is indicated
generally at 12, Typically, the thermocouple element 12
consists of a positive element and a negative element
(not shown). For purposes of the present discussion, in
FIGS. 1-5 the positive element is shown as a positive
wire 14 and the negative element is shown as 2 negative
wire 16,

The positive wire 14 and negative wire 16 are typi-
cally formed from two different metals, such as plati-
num, 2 mixture of platinum and rhodium, chromel,
constantan, iron, alumel and copper, for example. The
thermocouple element 12 may be enciosed in a twin
tube {not shown) to separate snbstantially the entire
length of the positive wire 14 from the negative wire 16.
The twin tube may be formed from alumina, as is well
known to those of ordinary skill in the art.

The positive wire 14 and negative wire 16 of the
thermocouple element 12 are connected at a hot junc-
tion (not shown), which is subjected to the elevated
temperature of the metal melt. Generally, the hot junc-
tion of the thermocouple element 12 may be formed by

twisting, welding, or clamping the paositive wire 14-and
the megative wire 16. One of ordieary skill in the art
would understand that the hot junction may be joined
by any means that would ensure good electrical conti-
nuity when in use.

For purposes of clarity, the twin tube and portions of
the positive wire 14 and negative wire 16, including the
hot junction, which are positioned within a retainer
member 24 of the device 10 are not showa in the draw-
ings. These components of the thermocouple element
12 are well known to those of ordinary skill in the art
and further discussion thereof is not believed to be nec-
essary, The retainer member 24 and other components
of the device 18 will be discussed in detail below.

The thermocouple device 10 also includes a housing
18 comprised of a heat-resistant material. Preferably,
the heat-resistant material comprises graphite and 2
metal oxide, such as alaminum oxide, magnesium oxide,
silicon oxide, zirconium oxide and mixtures thereof,
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The housing 18 is generally cylindrically-shaped and
has a closed end 20 located proximate the hot jenction
of the thermocouple element 12 and an open end 22
spaced away from the hot junction. Preferably, the
housing 18 is generally cylindrically-shaped to ensure
uniform heat transfer across the wall of the housing 18
and to minimize temperature gradients along the length
of the housing 1B, although the housing 18 may be
formed in a variety of shapes. The housing 18 may be
formed by any method well known to those of ordinary
skill in the art, such as casting, molding, pressing, ex-
truding, etc.

The thermocouple device 10 also includes a retsiner
member 24 for receiving the thermocouple element 12.
The retainer meraber 24 may be formed from a ceramic
material, preferably aluminum oxide.

Referring to FIG. 1, the retainer member 24 is prefer-
ably generally tubular to ensure a uniform temperature
gradient along the length of the retainer member 24,
although the shape of the retainer member 24 may be
varied as desfred in keeping with the spirit and scope of
the present invention. The retainer member 24 has au
open end 26 and a closed end 28. The closed end 28 of
the retainer member 24 is located proximate the closed
end 26 of the honsing 18. The hot junction of the ther-
mocouple element 12 is located proximate the closed
end 28 of the retainer member 24.

The retainer member 24 is positioned within the hous-
ing and is smaller in size or diameter than the housing 18
to define a generally annular cavity 30 therebetween.
The cavity 3¢ bas an upper portion 32 having a diameter
generally greater than the diameter of a lower portion
34 of the cavity 30. The vpper and lower portions 32, 34
are connected by a sloping trancitional area 36, as
shown in FIG. 1. One of ordinary skill in the art would
understand that the upper and lower portions 32, 34 of
the cavity 30 may have equal diameters or the lower
portion 34 mey have a diameter which exceeds the
diameter of the upper portion 32, as desired.

The diameter of the cavity 30 is generally larger than
the outside diameter of the retainer member 24, and
preferably about 8-15 mm. The cavity 30 extends from
the closed end 20 of the housing to the open end 22 of
the housing 18 opposite the closed end 20. The closed
end 20 of the housing 18 is the end of the thermocouple
device 10 which is immersed in the molten metal for
temperature measurement,

The cavity 30 is substantisily and preferably com-
pletely filled by a protective material and sealed with a
+ plug 56 of a material such as cement. The protective
material includes a metal oxide component and an oxy-
gen reducing component. The metal oxide component
may be selected from the group consisting of aluminum
oxide, magnesium oxide, mavganese oxide, titanium
oxide, vanadium oxide, zirconium oxide and mixtures
thereof. Preferred metal oxide components include alu-
minum oxide, which is relatively inexpensive, magne-
sium oxide and zirconivn oxide.

As shown in FIGS. 1--5, the metal oxide component is
preferably in the form of a powder 38, although one of
ordinary skill jn the art would understand that the metal
oxide component may have any shape or form, such as
a tube which substantially surrounds the thermocouple
element 12. In the present embodiment, it is preferred
that the metal oxide component be in the form of a
powder having an average particle size or diameter less
than about 250 pum, however the metal oxide powder
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may consist of a variety of different sized particles, as
desired. .
The oxygen reducing component of the protective
material prevents the formation of corrosive and reac-
tive gases such a5 silicon monoxide and carbon monox-
ide which may damage or destroy the retainer member
24 and thermocouple element 12, The oxygen reducing
component reacts with oxygen to suppress the forma-
tion of any oxide gases, such as silicon monoxide and
carbon monoxide, and thereby prevent damage to the
retainer member 24 or thermocouple element 12.
Preferably, the oxygen reducing component is gener-
ally evenly distributed throughout the cavity 30 at least
proximate the closed end 28 of the reteiner member 24,
The metal oxide component promotes even distribution

of the oxygen reducing component throughout the.

cavity 30.

The oxygen reducing component may be selected
from the group consisting of aluminum, magnesium,
manganese, titantium, vanadivm, zirconjum and mix-
tures thereof, Preferably, the oxygen reducing compo-
nent is aluminum.

The oxyger reducing component of the protective
material may take a variety of physical configurations,
or combinations of different configurations. For exam-
ple, the oxygen reducing component may be selected
from the group coasisting of powder 40, granules, and
mixtures therecf. As best shown in FIG. 1, the oxygen
reducing powder 34 and metal oxide powder 40 may be
intermixed to substantially fill the cavity 38 and form a
protective barrier between the housing 1B and the re-
tainer member 24 to prevent damage or destruction of
the retainer member 24 and thermocouple element 12.

Generally, it is desirable to avoid direct contact of the
.0xy¥gen reducing component and both the retainer
member 24 and housing 18 to prevent formation of a
heat bridge which could expose the retainer member 24
to uneven thermomechanical stress. By intermixing the
metzl oxide powder 38 with the oxygen reducing com-
ponent and by using only oxygen reducing components
{powder 38, granules, eic.) which are substantially
smaller than the dimension of the cavity 30, the heat
bridge effect may be minimized or avoided.

In an alternative embodiment best shown in FIGS, 3

and 4, the oxygen reducing component may be embed-.

ded in the metal oxide of the protective material. The
oxygen reducing component may comprise one or more
generally continuous wires 42 (only two shown for
clarity), which may encircle or partially encircle the
retainer member 24 best shown in F1G. 3, or a plurality
or dispersed pellets 44 or grains, best shown in FIG. 4.

As best shown in FIG. 2, the oxygen reducing com-
ponent may additionally or alternatively be selected
from the group consisting of one or more rods 46 (only
two being shown for clarity), ribbons, wire wrap, and
mixtures therecf. The rods 46 whick extend along a
substantial portion of the length of the retainer member
24, particularly proximate the closed end 28, may be
embedded in the metal oxide powder of the protective
material at spaced locations around the circumference
of the retsiner member 24.

As best shown in FIG, 2, the rods 46 are prefarably
generally parallel to the longitudinal axis (not shown) of
the retainer member 24. One of ordinary skill in the art
would understand that the rods 46 may be positioned,
for example, at an angle to the longitudinal axis so long
as contact of the rods 46 with the retainer member 24
and housing 18 is inhibited to prevent formation of &
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heat bridge between the retainer member 24 and hous-
ing 18 and to provide a substantially uniform thermal
gradient along the length of the device 10.

As best shown in FIG. 5, in another alternative em-
bodiment, the oxygen reducing component may be 2
generally tubular sleeve 48 which at least partially en-
compasses the metal oxide component or powder 38 of
the protective material. The tube or sleeve 48 may have
perforated cylinder walls {not shown). In the present
embodiment, it is 8lso contemplated that the metal oxide
of the protective material may be formed in the shape of
a tube (not shown). With reference to FIG. 8, & metal
oxide tube may be positioned within the sleeve 48 of the
oxygen reducing componeat, for example. Alterna-
tively, the tube of metal oxide may be positioned to
substantially surround the sleeve 48 of the oxygen re-
ducing component (not shown). One of ordinary skill in
the art would also understand that = plurality of metal
oxide and oxygen reducing sleeves may be used in ac-
cordance with the present invention. For example, an
outer sleeve 48 of an oxygen reducing component may
surround alternsting inner tubes of metal oxide and
sleeves of the same or other oxygen reducing compo-
nents (not shown).

The form of the oxygen reducing component is not
restricted to the groups specifically discussed above,
such as powders, granules, wires, pellsts, tubes, discs,
etc.

The oxygen reducing component may comprise
about 5% to about 95% by volume of the protective
material. Preferably, the oxygen reducing component
comprises about 15% to about 75% by volume of the
protective material. More preferably, the oxygen reduc-
ing component comprises about 259 to about 65%, and
most preferably about 40% 10 about 50% by volume of
the protective material.

To assemble the device 10, the thermocouple element
12 may be inserted into the retainer member 24 prior to
or after insertion of the retainer member 24 into the
cavity 30 of the housing 18. The cevity 30 may be sub-
stantially filled with the protective material prior to or
subsequent to inserfion of the retainer member 24 into
the cavity 3. The metal oxide and oxygen reducing
components of the protective material may be inter-
mixed by any means well known to one of ordinary skill
in the art prior to, during, or after insertion into the
cavity 30, For example, if the meta} oxide and oxygen
reducing components of the protective material are
both in powdered, granulated or pelletized form, the
components may be intermixed by a conventional
mixer, sach as 2 commercial food mixer available from
Crypto Peerless Ltd. of Birmingham, England, for ex-
ample. g

When the oxygen reducing material is in the form of
rods 46, as shown in FIG. 2, the metal oxide powder 38
and retainer member 24 may, for example, be positioned
in the cevity 30 prior to insertion of the rods 46 5o that
the rods 46 may be aligned substantially paralle] to the
retainer member 24 in a longitudinal direction. To as-
semble the embodiment shown in FIG. 3, the wires 42
may be wound around the retainer member 24 prior to
inserting the retsiner member 24 into the cavity 30 and
the subsequent addition of the metal oxide component.
Alternatively, when the oxygen reducing material is in
the form of a sleeve 48, shown in FIG. 5, the sleeve 48
may be inserted into the cavity 30 prior to or after inser-
tion of the metal oxide component and retainer member
24, for example.
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As best shown in FIG. 1, after inserting the retainer
member 24 and protective material into the cavity 30,
the cavity 30 may be substantially sealed by a plug 50
which sorrounds the open end 26 of the retajner mem-
ber 24 and fills part of the upper portion 32 of the cavity
3. The plug 50 is preferably formed from a material
such as cement. The open end 26 of the retainer member
24 may be inserted into the plug 50 prior to insertion of
the retainer member 24 and plug 50 into the cavity 30.
One of ordinary skill in the art would understand that
the methods of assembling the device 10 set forth above
are examples of the various methods of assembly and
are not intended to be limiting.

From the foregoing description, it can be seen that
the present invention comprises a device for measuring
the temperature of a molten metal. It will be appreci-
ated by those skilled in the art that changes could be

made to the embodiments described above without '

departing from the broad invention concepts thereof. It
is understood, therefore, that this invention is not lm-
ited to the particular embodiments disclosed, but it is
intended to cover all modification which are within the
spirit and scope of the invention as defined by the ap-
pended claims.

i claim:

1. A device for measuring the temperature of a mol-
ten metal, said device comprising a thermocouple ele-
ment, a housing comprised of a heat-resistant material,
and s retainer member for receiving the thermocouple
element, said retainer member having an open end and
a closed end, szid thermocouple element having a hot
Jjunction located proximate said closed end of said re-
tainer member, said retainer member being positioned
within said housing and being smaller in size than said
bousing to define a cavity therebetween, said cavity
being substantially filled by a protective material com-
pnsmg 4 metal oxide component and an oxygen reduc-
ing component.

2. A device according to claim 1, wherein said heat-
resistant material comprises a metal oxide and graphite.

3. A device according to claim 2, wherein said metal
oxide of said heat-resistant material is aluminum oxide.

4. A device according to claim 1, wherein said re-
tainer member is ceramic. ’

5. A device according to claim 1, wherein said re-
tainer member is generally tubular.
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6. A device according to claim 1, wherein said metal
oxide component of said protective material is selected
from the group consisting of aluminum oxide, magne-
sium oxide, manganese oxide, titanium oxide, vanadium
oxide, zirconiuvm oxide, and mixtures thereof.

7. A device according to claim 1, wherein said metal
oxide component of said protective material is atumi-
num oxide.

8. A device according to claim 1, wherein said metal
oxide component of said protective material is a pow-
der.

9. A device according to claim 1, wherein said oxy-
gen reducing component is selected from the group
consisting of aluminum, magnesium, manganese, tita-
oium, vanadium, zirconjum, and mixtures thereof.

- 10. A device according to cleim %, wherein said oxy-
gen reducing component is aluminum.

11. A device according to claim 10, wherein said
aluminum comprises about 15% to about 70% by vol-
ume of said protective material.

12, A device according to claim 10, wherein said
sluminum comprises about 25% to about €5% by vol-
ume of said protective material.

13. A device according to claim 1, wherein said oxy-
gen reducing component comprises about 5% to about
95% by volume of said protective material.

14. A device according to claim 1, wherein said oxy-
gen reducing cotoponent is selected from the group
consisting of powder, grannles, and mixtures thereof,

15. A device according to claim 1, wherein said oxy-
gen reducing component is embedded in said metal
oxide component of said protective material, said oxy-
gen reducing component being selected from the group
consisting of wires, pellets, grains, and mixtures thereof.

16. A device according to claim 1, wherein said oxy-
gen reducing component is selected from the group
consistivg of rods, ribbons, wire wrap, and mxxtu.res
thereof,

17. A device according to claim 16, wherein said
oxygen reducing component comprises a plurality of
rods, said rods being generally parallel to a longitudinal
axis of said retainer member.

18. A device according to claim 1, wherein said oxy-
gen reducing component is a sleeve which at least par-
tially encompasses said metal oxide component of smd

protective material.

* % % ¥ @
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[57] ABSTRACT

Apparatus for measuring temperatures in molten metals
are known with a thermocouple arranged in a closed-
end ceramic tube, wherein the junction of the thermo-
couple is located near the closed end of the tube, and
with an outer protective casing which swrrounds the
closed-end tube and forms an annuvlus between the
closed-end tube and the inner surface of the protective
casing, the pratective casing being substantially refrac-
tory metal oxide and graphite. To create a temperature
measnring apparatus in which the thermocouple is pro-
tected by simple means from chemical destroction and
thereby increases the life expectascy of the thermo-
couple, the annulus is substantially filled with a metal
oxide powder and an oxygen-reducing means, the pro-
portion of the oxygen-reducing means being approxi-
mately 3% by volume to approximately 93% by vol-

ume.

13 Claims, 2 Drawiag Sheets
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APPARATUS FOR MEASURING THE
TEMPERATURE OF MOLTEN METALS

FIELD OF THE INVENTION

The invention relates to an apparatus for measuring
temperatures in molten metals with a thermocouple,
which is arranged in a closed-end ceramic tube, wherein

the junction of the thermocouple is located near the.

closed end of the tube, and with an outer protective
structure which surrounds the closed-end tube while
forming an annuius between the closed-end tube and the
inner surface of the protective structure, the protective
structure comprising substantially refractory metal
oxide and graphite.

BACKGROUND OF THE INVENTION

Such apparatus are known, for example, from the
German utility model GM 74 19 633. Described therein
is a closed-end tube which encloses a thermocouple, in
& protective structure of refractory metal oxide and
graphite. Between the closed-end tube and the protec-
tive structure a ring slot is formed. The thermocovple,
which is arranged in the closed-end tube, is made of
expernsive materials such ag platinum, for use with the
high temperatures existing in molten metal. Bspecially
with continuous temperature measurements, which are
necessary for constant control of the molten metal, the
thermocoupie is not fully protected inside the described
apparatus, especially since reactive or corrosive gases
enter through the structure which surround the thermo-
couple and can thereby destroy the structures and the
thermocouple. Therefore multiple replacements of the
thermocouple can become necessary. Under the influ-
ence of the high temperatures in the molten metals,
silicon monoxide and carbon monoxide, for example,
are formed within the protective structure of the appa-
ratus, and these permeate the tube of aluminum ozide
which surrounds the thermocouple, Hence, the carbon
monoxide increases the porosity of this tabe, whereby
the tube is slowly destroyed. The silicon monoxide
reacts with the thermocouple wire, so that this is de-
stroyed and the temperature reading is faulty or can no
longer be determined.

An additional apparatus of similar means is known
from GB-B 2 193 375. This apparatus has 2 thermo-
couple with a closed end which is enclosed by an imper-
meable molybdenum tube coated with ceramic. This
molybdeoum tube is very expensive and is complicated
to manufactnre, In order to avoid destruction through
thermomechanical stresses, the molybdenum tube is
encased with several ceramijc layers, which have an
outwardly decreasing amount of molybdenum. These

" layers serve, among other things, to compensate for the
temperature gradiemt alomg the molybdenum tube.
‘These ceramic layers and the molybdenum tube can
indeed also be destrayed by reactive gases, such as
carbon monoxide or silicon monoxide.

SUMMARY OF THE INVENTION

The object of the present inveation lies in the con-
struction of a temperature measwring apparatus,
wherein the thermocouple is protested by simple means
from a chemical destruction and thereby the life expec-
tancy of the thermocouple is increased.
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The object is achieved by the invention, starting from .

the above-characterized apparatus, with the annulus
being substantially filled with 2 metal oxide powder and

2

an oxygen-reducing means, wherein the proportion of
the oxygen-reducing means is approximately 5% by
volume to approximately 95% by volume. This oxygen-
reducing means prevents corrosive or reactive gases,
such as silicon monoxide or carboa monpoxide, from
reaching the closed-end tube which surrounds the ther-
mocouple, and from destroying this tube as well as the
thermacouple itself. Silicon and carbon are formed
upon oxidation of the reducing means, and these do oot
aitack the thermocouple nor the surrounding tube.

Suitably, the oxygen-reducing means is in the form of
a powder and mixed with the metal oxide powder. This
allows a uniform distribution of the oxygen-reducing
means in the ansulus and ensures high effectiveness of
the agent.

It is also possible to provide the oxygen-reducing
means in the form of rods which are particularly ar-
ranged parallel to the closed-end tube. Also possible are
embodiments of the oxygen-reducing means in the form
of wires, pellets and/or grasunles, which are embedded
in the metal oxide. Another possibility for placing the
oxygen-reducing means in the anoulus is to form this
agent as a tube around the metal oxide powder. The
tube can have closed or perforated cylinder walls. The
tube-shaped arrangement of a powder is also possible.
Also a combination of various forms of the oxygen-
reducing means is possible.

Generally, the form of the reducing means is not
restricted to the stated forms. Indeed, the reducing
means should be disiributed over the entire annulus to
maximize effectiveness. It should only be avoided that
the reducing means connects directly with the closed-
end tube and the protective casing, since such a connec-
tion can lead to thermal bridges, which can subject the
closed-end tube to an uneven thermomechanical load.
A corresponding isolation from the metal oxide powder
ooours.

The metal oxide powder which is jocated in the annu-
Tus may suitably comprise an oxide or a mixture of vari-
ous oxides of the group aluminum oxide, magnesium
oxide, zirconium oxide and titanium oxide. The use of
aluminum oxide has proved especially suitable, since
this is also very inexpensive.

Advantageously, the oxygen-reducing means com-
prises of at least one of the metals aluminum, magne-
sium, zirconium and titaniem. Especially suitable is the
use of aluminum due to its reduction potential. This
material is also particularly inexpensive.

Suitably, the aluminum content, taken at the time of
the filling of the ananlus, should be approximately 15%
by volame to 70% by volume, and preferably approxi-
mately 25% by volume to 65% by volume.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary of the invention, as well as
the following detailed description of preferred embodi-
ments, will be better understood when read in conjuac-
tion with the appended drawings. For the purpose of
iliustreting the invention, there are shown in the draw-
ings embodiments which are presently preferred, it
being understood, however, that the invention is not
Himited to the specific arrangements and instromentali-
ties disclosed. -

FIG. 1 i5 a schematic representation of the apparatus
with oxygen-reducing powder;

FIG. 2 is a schematic representation of the apparatus
with rod-shaped oxygen-reducing means;
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FIG. 3 is a schematic representation of the apparatus
with wire-shaped oxygen-reduciag means;

FIG. 4 is a schematic representation of the apparatus
wherein the oxygen-reducing means has the shape of
pellets or granules; and 5

FIG. 5 is a schematic representation of the apparatus
with tube-shaped arrangement of the oxygen-reducing
means.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The apparatus shown in FIG. 1 for measuring tem-
peratures in molten metals has a thermocouple, which is
arranged in the usual manner in a ceramic twin tube (not
shown). This is surrounded by a closed-end aluminum
oxide tube 1. The junction of the thermocouple is near
the closed end of the aluminum oxide tube L.

‘The closed-end aluminum oxide tube 1 is placed in a2
protective casing 2 made of refractory metal oxide, such
as aluminum oxide and graphite, This protective casing
2 has for the insertion of the closed-end aluminum oxide
tabe 1 a hollow cavity longitudinal to the protective
casing 2, which opens at the end of the protective casing
2 opposite from the closed immersion end. Through this
so-formed opening the aluminum oxide tube 1 with the
thermocouple is inserted into the protective casing 2.
The diameter of the hollow cavity is approximately
8-15 mm larger than the diameter of the aluminum
oxide tube 1. The thus-created annulus 3 is filled with a
mixture of aluminum oxide powder and aluminum pow-
der, wherein the proportion of the aluminum powder at
the time of filling is approximately 40% to 50% by
volume,

The apparatus shown in FIG. 2 is distingnished from
that in FIG. 1 in that the reducing means is not in pow-
der form but in the form of alumiaum rods 4, which are
arranged approximately parallel to the alaminum oxide
tube 1, which encases the thermocouple. These alumi-
nunt rods 4 are embedded in the aluminum oxide pow-
der, It is also possible to arrange the aluminum rods 4 in
any other way, but the arrangement parallel to the alu-
minum oxide tube 1 is the most effective in respect to
the reducing action.

A similar apparatus is displayed in FIG. 3. The distin-
guishing feature of this apparatus is that the reducing
means is arranged in the form of wires § in the alumi-
num oxide powder.

Another possible form of the oxygen-reducing means
is fllustrated in FIG. 4. Here the reducing means is in
the form of pellets or granvles 6 of aluminum embedded
in the aluminum oxide powder.

Another possibility is illustrated in FIG. 5, but this
does not exhaust the multitude of possibilities of arrang-
ing the oxygen-reducing means. The oxygen-reducing
means is arranged as an aluminum tube 7 around the
aluminum oxide powder. In the drawing the aluminum
tube 7 is only illustrated in cross-section. It can have
cylinder walls which are ciosed or perforated in any go
desired manner. A tubular arrangement of metal pow-
der is also possible.

Dhuring heating of the apparatus in the molten metal,
as for example in molten stee), the oxygen-reducing
alominum melts. A downward running of the molten 65
aluminum into the closed tip of the protective casing 2
is prevented in that the molten alominum immediately
enters into the hollow spaces made by the aluminum

30
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4
oxide powder and is thereby hindered from a down-
ward movement.

The present invention may be. embodied in other
specific forms without depasting from the spirit or es-
sental attributes thereof and, accordingly, reference
should be made to the appended claims, rather than to
the foregoing specification as indicating the scope of the
invention.

1 claim:

1. Apparatus for measuring termperatures in molten
metals with a thermocouple, which is arranged in a
closed-end ceramic tube, wherein the junction of the
thermocouple is located near the closed end of the tube,
and with an outer protective casing which surrounds
the closed-end tube while forming an anaulus between
the closed-end tube and the inner surfzce of the protec-
tive casing, wherein the protectve casing comprises
substantially refractory metal oxide and graphite, char-
acterized in that the annulus (3) is substantially filled
with a metal oxide powder and an oxygen-reducing
means, wherein the proportion of the oxygeu-reducing
means is approximately 5% by volume to approxi-
mately 95% by volume.

2. Apparatus for measuring temperatures according
to claimm 1 wherein the oxygen-reducing means is 2
powder and is mixed with the metal oxide powder.

3. Appuaratus for measuring temperatures according
to claim I whereby the oxygen-reducing means is in the
form of a plurality of rods (4).

4, Apparatus for measuring temperatures according
to claim 3 wherein the rods (4) are arranged approxi-
mately parallel to the longitudinal axis of the closed-end
tube (1),

§. Apparatus for measuring temperatures according
to claim 1 wherein the oxygen-reducing means is in the
form of wires (5) which are embedded in the metal
oxide powder.

6. Apparatus for measuring temperatures accordiog
to claim I wherein the oxygen-reducing means is in the
form of pellets or granules (6) which are embedded in
the metal oxide powder.

7. Apparatus for measuring temperatures accerding
to claim 1 wherein the oxygen-reducing means sur-
rounds the metal oxide powder as a tube.

8. Apparatus for measuring temperatures according
to claim 1 wherein the metal oxide powder comprises
an oxide selected from the group consisting of alumi-
pum oxide, magnesium oxide, zirconium oxide, titanium
oxide, and mixtures thereof.

9. Apparatus for measuring temperatures according
to claim 1 wherein the oxygen-reducing means com-
prises a metal selected from the group consisting of
aluminum, magnesium, zirconium ang titanium.

10. Apparatus for measuring temperatores according
to claim 1 wherein the metal oxide powder comprises
aluminum oxide.

11. Apparatus for measuring temperatares according
to claim 1 wherein the oxygen-redacing means is alumi-
num.

12, Apparatus for measuring temperatures according
to claim 11, wherein the aluminum is present in an
amount of approximately 15% by volume to 70% by
volume at the time of filling of the anoulus.

13. Apparatus for measuring temperatures according
to claim 12, wherein the aluminum is present in an
amount of approximately 25% by volume to 65% by

volume.
* & & % ¥
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action in this court? ves NGE/

3. Does this case invalve the validity or infringement of a patent already in suit or any carlier numbered case pending or within ane year previously

yesO NOIE’

terminated action in this court?

4. 1s this case a second or successive habeas corpus, social securily appeal, or pro se civil rights case filed by the same individual?

Yes[ NO‘E’
CIVIL: (Place ¢ in ONE CATEGORY ONLY)
A. Federal Question Coses: B. Diversity Jurisdiction Cases:
1. O Indemnity Coatract, Marine Contract, and All Other Contracts 1. O {nsurance Contract and Other Contracts
2. O peLA . 2. O Airplane Personal Injury
3. [ Jones Act-Personal Injury 3. O Assault, Defamation
4. O Anitrust 4. [ Marine Personal Injury
5. Er Patent 5. Bl Motor Vehicle Personal Injury
6. O Labor-Management Relations 6. T Other Personal Injury (Please specify)
7. [ Civil Rights 7. O Pproducts Liability
8. 3 Habeas Corpus . 8. O Products Liability -—— Asbestos
9. [1 Securities Act(s) Cases g. O Al other Driversity Cases
10. O Social Security Review Cases (Pleasc specify)

i1. © Alother Federal Question Cases
(Please specify)
ARBITRATION CERTIFICATION

: (Check appropriate Category) ,
1, Lewis W. Schlossberg , counse] of record do hereby certify:

m' Pursuani to Local Civil Rute 53.2, Section 3(¢)(2), that to the best of my knowledge and belicf, the damages recoverable in this civil action case
excecd the sum of $150,000.00 exclusive of interest and cosls;

[0 Relief other than menetary damages is sought

Attomcy -at-Law Attorney LD.#
NOTE: A trial de novo will be a trial by jury only if there has been compliance with F.R.C.P. 38.

T certify that, to my knowledge, the within case is not related to any case now pending or within one year previously terminated action in this court

except as noted above.
pate:__5/27/2009 7 U // VAN o773

Attorney-at-Liw Attorney 1L.D.#

CIV. 609 (6/08)
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APPENDIX G

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF PENNSYLVANIA

V. E Civil Action
: No:

DISCLOSURE STATEMENT FORM
Please check one box:
[ The nongovernmental corporate party,

, in the above listed civil action does not have any parent corporation and
publicly held corporation that owns 10% or more of its stock.

[E{ The nongovernmental corporate party, _ HERAEUS ELECTRO-NITE CO.
in the above listed civil action has the following parent corporation(s) and
* publicly held corporation(s) that owns 10% or more of its stock:

HERAEUS, INC.. A NON-PHBEXC COMPANY, 13 HERAEUS ELECTRO-NITE CO."3
~—PARENT_GOMPANY '

5/27/ 2009 Z; [, }/\/\/)ph

Date Signature S

Counsel for: HERAEUS ELECTRO-NITE CO.

Federal Rule of Civil Procedure 7.1 Disclosure Statement
(a) WHO MusT FILE: CONTENTS. A nongovernmental corporate party must file
two copies of a disclosure statement that:
(1) identifies any parent corporation and any publicly held corporation
owning10% or more of its stock; or

(2)  states that there is no such corporation.

{(b) TiME To FiLE; SUPPLEMENTAL FILING. A party must:

(1) file the disclosure statement with its first appearance, pleading,
petition, motion, response, or other request addressed to the court;
and ‘

(2)  promptly file a supplemental statement if any required information
changes.
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APPENDIX G

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF PENNSYLVANIA

V. : Civil Action
: No:

DISCLOSURE STATEMENT FORM

Please check one box:

a The nongovernmental corporate party,
. in the above listed civil action does not have any parent corporation and
publicly held corporation that owns 10% or more of its stock.

of The nongovernmental corporate party,  BERAEUS ELECTRO-NITE CO.

©in the above listed civil action has the following parent corporation(s) and
publicly held corporation(s) that owns 10% or more of its stock:

HERAEUS, INC. A NON-PHBEIC COMPANY, 1S HERAELE ELECTRO-NITE CO."8
PARENT COMPANY

5/27/2009 I < L S
v (%

Date Signature

Counsel for: HERAEUS ELECTRO-NITE CO.

Federal Rule of Civil Procedure 7.1 Disclosure Statement

(a) WHo MusT FILE; CONTENTS. A nongovernmental corporate party must file
two copies of a disclosure statement that:

(1)  identifies any parent corporation and any pubilicly held corporation
owning10% or more of its stock; or

(2)  states that there is no such corporation.

(b) TiIME To FiLE; SUPPLEMENTAL FiLiNG. A party must:
(1)  file the disclosure statement with its first appearance, pleading,
petition, motion, response, or other request addressed to the court;
and ‘

(2) promptly file a supplemental statement if any required information
changes.
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APPENDIX I
IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF PENNSYLVANIA
CASE MANAGEMENT TRACK DESIGNATION F ORM
HERAEUS ELECTRO-NITE CO. : CIVIL ACTION
V.
VESUVIUS USA CORP. : NO.

Tn accordance with the Civil Justice Expense and Delay Reduction Plan of this court. counsel for
plaintiff shall complete a case Management Track Designation Form in all civil cases at the tine of
filing the complaint and serve a copy on all defendants. (See § 1:03 of the plan set fortli on the reverse
side of this form.) In the event that a defendant does not agree with the plaintiff regarding said
designation, that defendant shall, with its first appearance, submit to the clerk of court and serve on
the plaintiff and all other parties, a case management track desiguation form specifying the track to
which that defendant believes the case should be assigned.

SELECT ONE OF THE FOLLOWING CASE MANAGEMENT TRACKS:
(a) Habeas Corpus — Cases brought under 28 U.S.C. §2241 through §2255. ()

(b) Social Security — Cases requesting review of a decision of the Secretary of Health
and Human Services denying plaintiff Social Security Benefits ()

(c) Arbitration — Cases required fo be designated for arbitration under Local Civil Rule 53.2. ()

(d) Asbestos — Cases involving claims for personal injury or property damage from
exposure to asbestos. ()

(e) Special Management — Cases that do not fall into tracks (a) through (d) that are
commonly referred to as complex and that need special or intense management by

the court. (See reverse side of this form for a detailed explanation of special
management cases.) : (\/{

(f) Standard Management — Cases that do not fall into any one of the other tracks. ()

L= J/W

5/27/2009 Lewis W. Schlossberg . Heraeus Electro-Nite Co.
Date - Attorney-at-law Attorney for
215-569-5473 215-832-5473 schlossberg(@blankrome.com
Telephone FAX Number E-Mail Address

(Civ. 6603 10/02



