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(57) ABSTRACT 

Disclosed is a preferred mold design for producing plastic, 
injection molded preforms, Which may be blow-molded into 
a container of a ?nal, desired shape. A preferred mold 
includes a combination of hardened material components and 
high heat transfer material components to provide a mold 
having good Wear characteristics, for a suf?ciently long use 
ful life, and to enable rapid cooling of the injected preform, in 
order to reduce the cycle time of an injection and cooling 
cycle. In some arrangements, the hardened materials may 
form a portion of the preform cavity thereby sloWing the rate 
of cooling in those areas and inducing a semi-crystalline or 
crystalline structure in the cooled preform. 
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INJECTION MOLD HAVING A WEAR 
RESISTANT PORTION AND A HIGH HEAT 

TRANSFER PORTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/705,748, ?led Nov. 10, 2003, Which 
claims the priority bene?t under 35 U.S.C. § 119(e) of US. 
Provisional Application No. 60/425,347, ?led Nov. 8, 2002, 
Which are hereby incorporated by reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates to molds for producing pre 
forms, Which are then molded into plastic bottles and con 
tainers, such as for containing beverages and the like. More 
speci?cally, this invention relates to an improved mold design 
having a combination of hardened material components and 
high heat transfer material components. 
[0004] 2. Description of the Related Art 
[0005] The use of plastic containers as a replacement for 
glass or metal containers in the packaging of beverages has 
become increasingly popular. The advantages of plastic pack 
aging include lighter Weight, decreased breakage as com 
pared to glass, and potentially loWer costs. The most common 
plastic used in making beverage containers today is PET. 
Virgin PET has been approved by the FDA for use in contact 
With foodstuffs. Containers made of PET are transparent, 
thin-Walled, lightWeight, and have the ability to maintain their 
shape by Withstanding the force exerted on the Walls of the 
container by pressurized contents, such as carbonated bever 
ages. PET resins are also fairly inexpensive and easy to pro 
cess. 

[0006] Most PET bottles are made by a process that 
includes the bloW-molding of plastic preforms, Which have 
been made by processes including injection molding. In order 
to increase the through-put of an injection molding machine, 
and thereby decrease the cost of each individual preform, it is 
desirable to reduce the cycle time for each injection and 
cooling cycle. HoWever, the injected preform must cool suf 
?ciently to maintain its molded dimensions before it is 
removed from the injection mold. Therefore, it Would be 
desirable to utiliZe high heat transfer materials to form the 
injection mold in order to rapidly cool the injected preform. 
HoWever, such high heat transfer materials are generally 
prone to rapid Wear When used in such an environment, Where 
high clamping pressures are necessary to maintain the inj ec 
tion mold in a closed position during the injection of molten 
polymer into the mold cavity. As a result, the potential of such 
high heat transfer materials have not previously been fully 
realiZed in the injection molding of preforms. 

SUMMARY OF THE INVENTION 

[0007] A preferred embodiment involves a preform mold 
having a cavity section and a core section movable from an 
open position to a closed position With respect to one another, 
Wherein, in the closed position, a clamping force is applied to 
the preform mold. Each of the cavity section and the core 
section de?ne a contact surface and a mold surface. The 
contact surfaces of the cavity section and the core section 
contact one another When the mold is in the closed position. 
The mold surfaces of the cavity section and the core section 
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cooperate to form a preform mold cavity. A portion of the 
cavity section forming the contact surface and a portion of the 
core section forming the contact surface comprise a hardened 
material. A portion of the cavity section forming at least a 
portion of the mold surface and a portion of the core forming 
at least a portion of the mold surface comprise a high heat 
transfer material. 
[0008] In one embodiment, the core section of the mold 
may comprise a core member and a core holder. The core 
holder de?ning the contact surface of the core section and the 
core member de?ning the at least a portion of the mold sur 
face of the core section. 

[0009] In another embodiment, the cavity section may 
comprise a ?rst portion de?ning the contact surface and a 
second portion de?ning at least a portion of the mold surface. 
In some arrangements, the ?rst portion of the cavity section 
may comprise a thread ring and the second portion of the 
cavity may comprise a main cavity portion. The thread ring 
and the main cavity portion may each include a contact sur 
face that contact one another. The contact surfaces of the 
thread ring and the main cavity portion are preferably com 
prised of a hardened material. Furthermore, the main cavity 
portion may comprise a hardened material portion and a high 
heat transfer material portion. 
[0010] In one embodiment, an injection mold assembly 
comprises a cavity section that has a ?rst portion and a second 
portion. The ?rst portion comprises a hardened material that 
de?nes a cavity contact surface. The second portion com 
prises a high heat transfer material and de?nes a cavity mold 
surface. The injection mold assembly further comprises a 
core section has at least a core contact surface and a core mold 

surface. A portion of the core section forms the core contact 
surface that comprises a hardened material. The injection 
mold assembly further comprises a mold cavity that has a 
distal end and a proximal end that are formed by the cavity 
mold surface and the core mold surface When a portion of the 
cavity contact surface and a portion of the core contact surface 
are in contact. The distal end of the mold cavity is formed by 
the second portion of the cavity section. 
[0011] In one embodiment, an injection mold assembly 
comprises a mold cavity, a core section, and a cavity section. 
The mold cavity has an internal surface and an external sur 
face. The external surface has a region con?gured to surround 
a gate. A core section comprises a core member and a core 

holder. The core holder holds the core member, Which de?nes 
at least a portion of the internal surface of the mold cavity. The 
cavity section comprises an upper hardenedportion and a gate 
portion. The upper hardened portion forms a loWer contact 
surface and comprises a hardened material. The gate portion 
comprises a high heat transfer material forming the region of 
the external surface surrounding the gate, each of the portions 
de?nes a portion of the external surface of the mold cavity. 
[0012] In one embodiment, a preform mold assembly com 
prises a core section and a cavity section. The core section has 
a core contact surface formed of a hardened material. The 
cavity section comprises an upper portion and a loWer por 
tion. The upper portion comprises a hardened material and 
has an upper contact surface con?gured to mate and contact 
the core contact surface. The loWer portion comprises a high 
heat transfer material. 
[0013] In one embodiment, a method of forming a preform 
that comprises providing a core section that has a core contact 
surface formed of a hardened material. A cavity section is 
provided that comprises an upper portion and a loWer portion. 
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The upper portion comprises a hardened material and has an 
upper contact surface con?gured to mate and contact the core 
contact surface. The loWer portion comprises a high heat 
transfer material. A mold cavity is provided betWeen the core 
section and the cavity section. A moldable material is injected 
into the mold cavity. 
[0014] In one embodiment, a preform is formed by the 
process that comprises providing a cavity section that has a 
?rst portion and a second portion. The ?rst portion comprises 
a hardened material that de?nes a cavity contact surface. The 
second portion comprises a high heat transfer material and 
de?nes a cavity mold surface. A core section is provided that 
has a core contact surface and a core mold surface. A portion 
of the core forms the core contact surface and comprises a 
hardened material. A mold cavity is provided that has a distal 
end and a proximal end and is formed by the cavity mold 
surface and the core mold surface When a portion of the cavity 
contact surface and a portion of the core contact surface are in 
contact. The distal end of the mold cavity is formed by the 
second portion of the cavity section. 
[0015] In one embodiment, an injection mold assembly 
comprises a loWer portion, an upper portion, and a mold 
cavity having a distal end and a proximal end. The injection 
mold assembly further comprises means for mating the loWer 
portion and the upper portion, means for transferring heat at a 
?rst rate from the distal end of the mold cavity and a second 
rate from the proximal end of the mold cavity, and means of 
inhibiting Wear of the injection mold assembly When the 
loWer portion and the upper portion mate. 
[0016] In one embodiment, a mold insert comprises an 
upper portion that comprises a Wear resistant material 
adapted to contact and mate With a core section. Preferably, a 
loWer portion is adapted to connect With a cavity section that 
comprises a high heat transfer material and de?ning a cavity 
mold surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is an uncoated preform as is used as a starting 
material for preferred embodiments of the present invention. 
[0018] FIG. 2 is a cross-section of a preferred uncoated 
preform of the type that is barrier-coated in accordance With 
one preferred embodiment. 
[0019] FIG. 3 is a cross-section of one preferred embodi 
ment of barrier-coated preform. 
[0020] FIG. 4 is a cross-section of another preferred 
embodiment of a barrier-coated preform. 
[0021] FIG. 5 is a cross-section of a preferred preform in 
the cavity of a bloW-molding apparatus of a type that may be 
used to make a preferred barrier-coated container. 
[0022] FIG. 6 is one preferred embodiment of barrier 
coated container. 
[0023] FIG. 7 is a cross-section of an injection mold of a 
type that may be used to make a preferred barrier-coated 
preform. 
[0024] FIGS. 8 and 9 are tWo halves of a molding machine 
to make barrier-coated preforms. 
[0025] FIGS. 10 and 11 are tWo halves of a molding 
machine to make forty-eight tWo-layer preforms. 
[0026] FIG. 12 is a perspective vieW of a schematic of a 
mold With mandrels partially located Within the molding 
cavities. 
[0027] FIG. 13 is a perspective vieW of a mold With man 
drels fully WithdraWn from the molding cavities, prior to 
rotation. 
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[0028] FIG. 14 is a three-layer embodiment of a preform. 
[0029] FIG. 15 is a cross-section of an injection mold ofa 
type that may be used to make a preferred preform of the 
present invention. 
[0030] FIG. 16 is a cross-section of the mold of FIG. 15 
taken along lines 16-16. 
[0031] FIG. 17 is a cutaWay close up vieW of the area of 
FIG. 15 de?ned by line 17. 
[0032] FIG. 18 is a cross-section of an injection mold core 
having a double Wall neck ?nish portion. 
[0033] FIG. 19 is a cross-section of an enhanced injection 
mold core having a high heat transfer base end portion. 
[0034] FIG. 20 is a cross-section of yet another injection 
mold utiliZing a combination of hardened material compo 
nents and high heat transfer material components. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] The preferred embodiments described herein gen 
erally produce preforms With a crystalline neck, Which are 
typically then bloW-molded into beverage containers. The 
preforms may be monolayer; that is, comprised of a single 
layer of a base material, or they may be multilayer, including, 
but not limited to, those Which comprise a combination of a 
base material and a barrier material and a combination of a 
base material and RPET. The material in such layers may be 
a single material or it may be a blend of one or more materials 
so as to include blends of polymers and/or inclusion of an 
oxygen scavenging material. The provision of one or more 
barrier layers, or the inclusion of an oxygen scavenger in one 
or more layers, is generally desirable When the container is to 
be ?lled With a carbonated beverage or oxygen sensitive 
product. The barrier layer serves to prevent the ingress of 
oxygen into the container or the egress of carbon dioxide from 
the container. Additionally, multiple barrier layers may be 
provided to re?ne barrier properties or provide desirable 
structural properties. For the sake of convenience, the barrier 
layer Will be referred to in the singular, but is intended to 
include multiple barrier layers Where appropriate and desired. 
[0036] At least one of the preferred embodiments is pro 
vided With a barrier layer as described above. As such, the 
description may often refer to a barrier coated preform or 
?nished bottle. References to barrier coated preform, hoW 
ever, should not give the impression that the present invention 
is con?ned only to multilayer preforms and containers Which 
comprise a base layer of PET and a second layer or barrier 
coating; monolayer preforms comprised of homopolymers or 
copolymers of PET or other such crystalline polymers and 
polyesters, multilayer preforms having more than tWo layers, 
preforms having at least one layer comprising RPET, and 
other such permutations including the materials noted above 
may also be made to have the crystallized thread and/or neck 
components described herein. 
[0037] Furthermore, the embodiments described herein 
speci?cally describe use of polyethylene terephthalate (PET) 
but many other thermoplastics, including those of the poly 
ester type may also be used. Examples of such other materials 
include polyethylene naphthalate (PEN), PETG, polytetram 
ethylene l,2-dioxybenZoate, copolymers of ethylene tereph 
thalate and ethylene isophthalate, and Polyamide Blends, and 
recycled materials, such as RPET. 
[0038] In especially preferred embodiments, “high IPA 
PET” is used as the polyester Which is barrier coated. As it is 
used herein, the term “high-IPA PET” refers to PET to Which 
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IPA Was added during to manufacture to form a copolymer in 
Which the IPA content is more than about 2% by Weight, 
preferably 2-10% IPA by Weight, more preferably 3-8%, most 
preferably about 4-5% IPA by Weight. The most preferred 
range is based upon current FDA regulations, Which do not 
alloW for PET materials having an IPA content of more than 
5% to be in contact With food or drink. If such regulations are 
not a concern, then an IPA content of 5-10% is preferred. As 
used herein, “PET” includes “high IPA PET.” 
[0039] The high-IPA PET (more than about 2% by Weight) 
is preferred because the inventor has surprisingly discovered 
that use of high-IPA PET in the processes for making barrier 
preforms and containers, provides for better interlayer adhe 
sion than is found in those laminates comprising PET With no 
IPA or loW IPA. Additionally, it has been found that interlayer 
adhesion improves as the IPA content rises. Incorporation of 
the higher amounts of IPA into the PET results in a decrease 
in the rate of crystallization of the high IPA PET material as 
compared to PET homopolymer, or PET having loWer 
amounts of IPA. The decrease in the rate of crystallization 
alloWs for the production of PET layers (made of high IPA 
PET) having a loWer level of crystallinity than What is 
achieved With loW-IPA PET or homopolymer PET When they 
are made into barrier preforms by similar procedures. The 
loWer crystallinity of the high-IPA PET is important in reduc 
ing crystallinity at the surface of the PET, i.e. the interface 
betWeen the PET and the barrier material. LoWer crystallinity 
alloWs for better adhesion betWeen the layers and also pro 
vides for a more transparent container folloWing bloW mold 
ing of the preform. 
[0040] While a non-crystalline preform is preferred for 
bloW-molding, a bottle having greater crystalline character is 
preferred for its dimensional stability during a hot-?ll pro 
cess. Accordingly, a preform constructed according to pre 
ferred embodiments has a generally non-crystalline body por 
tion and a generally crystalline neck portion. To create 
generally crystalline and generally non-crystalline portions in 
the same preform, one needs to achieve different levels of 
heating and/ or cooling in the mold in the regions from Which 
crystalline portions Will be formed as compared to those in 
Which generally non-crystalline portions Will be formed. The 
different levels of heating and/ or cooling are preferably main 
tained by thermal isolation of the regions having different 
temperatures. This thermal isolation betWeen the thread split, 
core and/or cavity interface can be accomplished utiliZing a 
combination of loW and high thermal conduct materials as 
inserts or separate components at the mating surfaces of these 
portions. 
[0041] The cooling of the mold in regions Which form 
preform surfaces for Which it is preferred that the material be 
generally amorphous or semi-crystalline, is accomplished by 
chilled ?uid circulating through the mold cavity and core. In 
preferred embodiments, a mold set-up similar to conventional 
injection molding applications is used, except that there is an 
independent ?uid circuit or electric heating system for the 
portions of the mold from Which crystalline portions of the 
preform Will be formed. 
[0042] Preferably, the preforms and containers have the 
barrier coating disposed on their outer surfaces or Within the 
Wall of the container. In contrast With the technique of Slat, 
Which produces multilayered preforms in Which the layers are 
readily separated, in preferred embodiments disclosed herein 
the thermoplastic barrier material adheres directly and 
strongly to the PET surface and is not easily separated there 
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from. Adhesion betWeen the layers results Without the use of 
any additional materials such as an adhesive material or a tie 
layer. The coated preforms are processed, preferably by 
stretch bloW molding to form bottles using methods and con 
ditions similar to those used for uncoated PET preforms. The 
containers Which result are strong, resistant to creep, shrink 
age and are cosmetically appealing as Well as having good 
gas-barrier properties. 
[0043] One or more layers of a barrier material are 
employed in carrying out the methods of and making the 
articles according to preferred embodiments. As used herein, 
the terms “barrier material”, “barrier resin” and the like refer 
to materials Which, When used to form articles, preferably 
have key physical properties similar to PET, adhere Well to 
PET, and have a loWer permeability to oxygen and carbon 
dioxide than PET. 

[0044] Once a suitable barrier material is chosen, an appa 
ratus and method for economically manufacturing a container 
using the barrier material is necessary. One important method 
and apparatus involves using an inj ection molding machine in 
conjunction With a mold comprising a mandrel or core and a 
cavity. A ?rst layer of a preform is molded betWeen the 
mandrel and a ?rst cavity of the mold When a molten polyester 
is injected therein. The ?rst layer remains on the mandrel 
When the mandrel is pulled out of the cavity, moved, and 
inserted into a second mold cavity. A second layer of the 
material, preferably a barrier layer or a layer comprising 
barrier material, is then injected over the existing ?rst preform 
layer. The mandrel and accompanying preform are then 
removed from the second cavity and a robot removes the 
preform from the mandrel. While the robot cools the molded 
preform, the mandrel is available for another molding cycle. 
[0045] A number of barrier materials having the requisite 
loW permeability to gases such as oxygen and carbon dioxide 
are useful in preferred embodiments, the choice of barrier 
material being partly dependent upon the mode or application 
as described beloW. Preferred barrier materials for use in 
barrier coatings include those Which fall into tWo major cat 
egories: (1) copolyesters of terephthalic acid, isophthalic 
acid, and at least one diol having good barrier properties as 
compared to PET, such as those disclosed in Us. Pat. No. 
4,578,295 to Jabarin, and Which is commercially available as 
B-010 (Mitsui Petrochemical Ind. Ltd., Japan); and (2) 
hydroxy-functional poly(amide-ethers) such as those 
described in Us. Pat. Nos. 5,089,588 and 5,143,998, poly 
(hydroxy amide ethers) such as those described in Us. Pat. 
No. 5,134,218, polyethers such as those described in Us. Pat. 
Nos. 5,115,075 and 5,218,075, hydroxy-functional poly 
ethers such as those as described in Us. Pat. No. 5,164,472, 
hydroxy-functional poly(ether sulfonamides) such as those 
described in Us. Pat. No. 5,149,768, poly(hydroxy ester 
ethers) such as those described in Us. Pat. No. 5,171,820, 
hydroxy-phenoxyether polymers such as those described in 
Us. Pat. No. 5,814,373, and poly(hydroxyamino ethers) 
(“PHAE”) such as those described in Us. Pat. No. 5,275,853. 
The barrier materials described in (1) above are referred to 
herein by the term “Copolyester Barrier Materials”. The com 
pounds described in the patents in (2) above are collectively 
categoriZed and referred to herein by the term “Phenoxy-type 
Thermoplastic” materials. All the patents referenced in this 
paragraph are hereby incorporated in their entireties into this 
disclosure by this reference thereto. 
[0046] Preferred Copolyester Barrier Materials have FDA 
approval. FDA approval alloWs for these materials to be used 




































