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Abstract of the Disclosure

Thermal conductivity of glasswarc forming blank molds and blow molds of Ni-
Resist ductile iron is selectively controlled by formation of compacted graphite in the mold
microstructure during preparation of the melt and casting of the mold bodies. Specifically, with
2 Type DS Ni-Resist ductile iron according to ASTM-A439.84, compacted graphite is selectively
foaned in the cast microstruchue of the mold body by reducing the magnesium and sulphur
concentrations in the iron composition to the range of 0.01 t0 0.04 wt % magnesium and 0.00 tg
0.01 wt % sulphur, and adding titanium to the iron composition in the range £ 0.10 1o 0.25 wt
% titanium. Whereas formation of compacted graphite in the cast microstructure s normally
considered to be undesirable for glassware forming molds, it has beeg found that formation of
2 small but appreciablc amount of graphite provides the opportunity selectively to tailor the

thermal conductivity characteristics of the mold body.
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AUSTRALIA

PATENTS ACT 1990

COMPLETE SPECIFICATION

FOR A STANDARD PATENT

ORIGINAL
Name of Applicant: Owens-Brockway Glass Container Inc.
Actual Inventor: David L. Lewis’
Address for Service: BALDWIN SHELSTON WATERS
60 MARGARET STREET

SYDNEY NSW 2000
CCN: 3710000352

Invention Title: GLASSWARE FORMING MOLD AND METHOD OF
MANUFACTURE

The following statement is a full description of this invention, including the best method of
performing it known to me/us:-

File: 35852AUPQ0
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GLASSWARE FORMING MOLD AND METHOD OF MANUFACTURE

The present invention is directed to glassware forming machines, and more
particularly to a glassware forming mold and method of manufacture in which the
microstructure of the mold material is tailored to obtain desired heat transfer
characteristics.

Background and Objects of the Invention

Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms part of
common general knowledge in the field.

The science of glass container manufacture is currently served by the so-
called individual section machine. Such machines include a plurality of separate or
individual manufacturing sections, each of which has a multiplicity of operating
mechanisms for converting one or more charges or gobs of molten glass into hollow
glass containers and transferring the containers through successive stations of the
machine section. Each machine section typically includes one or more blank molds in
which a glass gob is initially formed in a blowing or pressing operation, one or more
invert arms for transferring the blanks to blow molds in which the containers are blown
to final form, tongs for removing the formed containers onto a deadplate, and a sweepout
mechanism for transferring molded containers from the deadplate onto a machine
conveyor. U.S. Patent 4,362,544 includes a background discussion of both blow-and-
blow and press-and-blow glassware forming processes, and discloses an
electropneumatic individual section machine adapted for use in either process. In the
past, the blank and blow molds of a glassware forming machine have generally been
cooled by directing air onto or through the mold parts. It has been proposed in U.S.
Patents 3,887,350 and 4,142,884, for example, to direct a liquid, such as water, through
passages in the mold parts to improve heat extraction.

Mold material for manufacture of quality glassware must have the following
characteristics: good wear properties, good thermal cycle resistance to cracking, good

mechanical
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properties, good glass release properties, ease of machineability, ease of repair, and econoric
feasability. Ductile iron, which is defined as an iron in which free microstructural graphite is in
the form of spheres, has been proposed for use as 2 mold material to manufacture glassware in
which reduced thermal conductivity (as compared with gray iron for example) is desired. Specific
examples of glassware, for which ductile iron is typically employed as the mold material, are
containers that require only a small amount of heat removal in the mold equipment, such as
cosmetic and pharmaceutical bottles. However, ductile iron has not been employed in
manufacture of molds for larger containers, such as beer bottles, because of its reduced heat
transfer and thermal cycle resistance properties. Ni-Resist ductile iron has been proposed for )
glassware manufacture. The increased nickel content of Ni-Resist ductile iron contributes to
improved glass releasc properties. However, standard austenitic Ni-Resist ductile iron does not
exhibit desited thermal conductivity and resistance to thermal cyclic cracking,

EP 1084994A2 published March 21, 2001 discloses that the mold body or bodies
(either blank mold or blow mold) for an individual section glassware forming machine may be
constructed of austenitic Ni-Resist ductile jron. Suchductile ironis preferably a Type D Ni-Resist
ductile iron in accordance with ASTM-A439-84, but modified to possess increased silicon and
molybdenum contents. Type D2-C iron is a disclosed example. Silicon content is preferably in
excess of 3.0 wt %, and most preferably is 4.20 + 0.20 wt %. Molybdenum content is preferably
in excess of 0.5 wt %, and most preferably 0.70 = 0.10 wt %. The increased silicon content
decreases the thermal conductivity of the mold material, The increased molybdenum content
improves thermal cyclic resistance to cracking. The increased nickel contentcharacteristic to Ni-
Resist materials improves glass release properties. The austenitic Ni-Resist ductile iron
composition of that application also yields desirable wear and other mechanical properties, ease

of machineability and repair, and desirable economnic feasability. Austenitic Ni-Resist material also
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provides a more stable microstructure than gray iron, for example, up to a temperature of
1400 F.

According to current technology, the blank molds and the blow molds of
an individual section glassware forming machine are designed entirely separately from
each other to obtain the most desirable thermal and other properties under the differing
conditions in which the molds separate.

It is an object of the present invention to overcome or ameliorate at least
one of the disadvantages of the prior art, or to provide a useful alternative.

Summary of the Invention

According to a first aspect of the present invention, there is provided a
mold for a glassware forming machine that comprises austenitic (Type D5) Ni-Resist
ductile iron having a magnesium content in the range of 0.01 to 0.04 wt %, a sulphur
content in the amount of 0.00 to 0.01 wt %, and a titanium content in the amount of 0.01
t0 0.25 wt %.

Unless the context clearly requires otherwise, throughout the description
and the claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”. '

According to second aspect of the present invention, there is provided a mold
for a glassware forming machine that is of austenitic Ni-Resist ductile iron with a
microstructure having an appreciable amount of compacted graphite and consists
essentially of carbon in the amount of 1.50 to 2.40 wt %, silicon in the amount of 1.00 to
2.80 wt %, manganese in the amount of 0.05 to 1.00 wt %, phosphorus in the amount of
0.00 to 0.08 wt %, nickel in the amount of 34.0 to 36.0 wt %, chromium in the amount
0f 0.00 to 0.10 wt %, molybdenum in the amount of 0.00 to 0.80 wt %, magnesium in
the amount of 0.01 to 0.04 wt %, sulphur in the amount of 0.00 to 0.01 wt %, titanium in
the amount of 0.01 to 0.25 wt %, and balance iron.
Preferably, at least 40% of the graphite in the microstructure is compacted graphite.

According to another aspect of the present invention, there is provided a
method of making a mold for 2 glassware forming machine that comprises the steps of:

(a) casting the mold of an austenitic (Type D5) Ni-Resist ductile iron
according to ASTM-A439-84, and

(b) selectively controlling thermal conductivity of the mold during said step

(a) by selectively controlling magnesium content of the mold in the range of 0.01 to 0.04
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wt %, sulphur content in the range of 0.00 to 0.01 wt %, and titanjum content in the
range of 0.01 to 0.25 wt %.

Thermal conductivity of glassware forming blank and blow molds of Ni-
Resist iron is selectively controlled by formation of compacted graphite in the mold
microstructure during preparation of the melt and casting of the mold bodies.
Specifically, with a Type D5 Ni-Resist iron according to ASTM-A439-84, compacted
graphite is selectively formed in the cast microstructure of the mold body by controlling
the magnesium and sulphur concentrations in the iron composition to the range of 0.01
to 0.04 wt % magnesium and 0.00 to 0.01 wt % sulphur, and adding titanium to the iron
composition in the range of 0.10 to 0.25 wt % titanium. Whereas formation of
compacted graphite in a cast ductile microstructure is normally considered to be
undesirable for glass container forming molds, it has been found that formation of a
small but appreciable amount of graphite provides the opportunity selectively to tailor
the thermal conductivity characteristics of the mold body.

Advantageously, at least in a preferred form, the present invention provides a
general material that can be used for both the blank molds and the blow molds of an
individual section glassware forming machine, with the heat transfer properties of the
molds being tailored at the time of manufacture by selectively tailoring the metal
composition prior to casting the mold bodies.

Detailed Description of Preferred Embodiments

Mold bodies for a glassware forming machine (either blank mold or blow
mold bodies) are constructed of austenitic Ni-Resist ductile iron in accordance with the
presently preferred embodiments of the invention. Ni-Resist ductile iron is a ductile iron

that has a high
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nickel content. Type D5 Ni-Resist cast ductile iren according to ASTM-A439-84 has the
following composition: 1.50 10 2.40 wt % carbon, 1.00 t0 2.80 w1 % silicon, 0.05 to 1.00 w1t %
manganese, 0.00 to 0.80 wt % phosphorus, 34.0 1o 36.0 wt % nickel, 0.00 10 0.10 wt %
chromium, 0.00 to 0.80 w1 % molybdenum, about 0.03 10 0.06 wt % manganese, about 0.01 wt
% sulphur, and balance iron. In accotdance with the present invention, the magnesium and
sulphur concentrations in the melt or “heat” prior to casting are reduced to the range of 0.01 to
0.04 wt % magnesium and 0.00 t0 0.01 wt % sulphur, and titanium is added to the melt or “heat”
in an amount to yield a titanium concen.tration in the range of 0.10 to 0.25 wt % titanium.
Reduction in the magnesium concentration increases the tendency of the graphite structure to be
compacted rather than nodular. Likewise, reduction in sulfur enhances the formation of
compacted graphite. Addition of titanium increases the tendency of the graphite to assume
compacted rather than nodular form and aids i the formation of compacted graphite, All three
elements must be controlled to ensure repeatability of the microstructure.

Thus, the composition of the mold bodies in accordance with the presentinvention
is: 1.50 10 2.40 wt % carbon, 1.00 to 2.80 wt % silicon, 0.05 1o 1.00 wt % manganese, 0.00 to
0.08 wt % phosphorus, 34.0 to 36.0 w1 % nickel, 0,00 t0 0.10 wt % chromium, 0.00 to 0.80 wt
% molybdenum, 0.01 to 0.04 wt % magnesium, 0.00 to 0.01 wt % sulphur, 0.01 to 0.25 wt %
titanjum, and balance iron. Reduction of the concentrations of magnesium and sulphur, and
addition of titanjum, produce compacted graphite in the microstructure of the mold bodies. The
concentration of compacted graphite in the mold microstructure s selectively controllable by
controlling the magnesium, sulphur and titanjum concentrations in the melt or “heat™ prior to
casting, Thus, the same basic melt can be used for producing either blank or blow molds, with
the heat transfer characteristics being tailored for either blank or blow mold implementation by

selectively controlling the concentrations of magnesium, sulphur and titanjum.
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There have thus been disclosed a mold and method of mold manufacture that fully
satisfy all of the objects and aims previously set forth. In particular, simultaneous selective
reduction of magnesiumand sulphur concentrations, and addition of titanium, in an austenitic Ni-
Resist ductile iron provides for selective control of heat transfer characteristics of the mold body
by selective formation of compacted graphite in the cast microstructure of the mold. Thus, the
same basic Ni-Resist cast ductile iron composition can be used for either blank or blow me lds,
with the heat transfer characteristics being tailored by selective control of these minor
constituents. Modifications and variations to the mold and method of manufactuse will readily
suggest themselves to persons of ordinary skill in the art. The invention is intended to embrace
all such modifications and variations as fall within the spirit and broad scope of the appended

claims,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A mold for a glassware forming machine that comprises austenitic (Type D35)
Ni-Resist ductile iron having a magnesium content in the range of 0.01 to 0.04 wt %, a
sulphur content in the amount of 0.00 to 0.01 wt %, and a titanium content in the amount
0f 0.01 to 0.25 wt %.
2. A mold for a glassware forming machine that is of austenitic Ni-Resist ductile
iron with a microstructure having an appreciable amount of compacted graphite and
consists essentially of carbon in the amount of 1.50 to 2.40 wt %, silicon in the amount
of 1.00 to 2.80 wt %, manganese in the amount of 0.05 to 1.00 wt %, phosphorus in the
amount of 0.00 to 0.08 wt %, nickel in the amount of 34.0 to 36.0 wt %, chromium in
the amount of 0.00 to 0.10 wt %, molybdenum in the amount of 0.00 to 0.80 wt %,
magnesium in the amount of 0.01 to 0.04 wt %, sulphur in the amount of 0.00 to 0.01 wt
%, titanium in the amount of 0.01 to 0.25 wt %, and balance iron.
3. The mold set forth in claim 2 wherein at least 40% of the graphite in said
microstructure is compacted graphite.
4. A method of making a mold for a glassware forming machine that comprises
the steps of:

(a) casting the mold of an austenitic (Type D5) Ni-Resist ductile iron
according to ASTM-A439-84, and

(b) selectively controlling thermal conductivity of the mold during said step
(a) by selectively controlling magnesium content of the mold in the range of 0.01 to 0.04
wt %, sulphur content in the range of 0.00 to 0.01 wt %, and titanium content in the
range of 0.01 to 0.25 wt %.
5. A mold for glassware forming machine, said mold being substantially as
herein described with reference to any one of the embodiments.
6. A method for making a mold, said method being substantially as herein

described with reference to any one of the embodiments.

DATED this 11th Day of June, 2002.
OWENS-BROCKWAY GLASS CONTAINER

Attomney: RUSSELL J. DAVIES
Fellow Institute of Patent Attorneys of Australia
of BALDWIN SHELSTON WATERS
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