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NANOCRYSTALLINE HOT RUNNER 
NOZZLE TIP 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

SUMMARY OF INVENTION 

The present invention relates to hot runner nozzles, and the 
materials used to manufacture them. More speci?cally, the 
present invention relates to the use of nanocrystalline mate 
rials for hot runner nozzles. 

BACKGROUND OF INVENTION 

The state of the art includes various nozzles and tips for hot 
runner injection molding systems. Hot-runner nozzles are 
typically either a valve-gate style or a hot-tip style. In the 
valve-gate style, a separate stem moves inside the nozzle and 
tip acting as a valve to selectively start and stop the ?ow of 
resin through the nozzle. In the hot-tip style, a small gate area 
at the end of the tip freezes off to thereby stop the ?ow of resin 
through the nozzle. 

It is important that the nozzle tip provide the right amount 
of heat at the gate area to keep the plastic in a liquid state as it 
?ows through the gate, but also that it allows the plastic to 
freeze in a reasonable time when ?ow has stopped. To satisfy 
these functional requirements, it is desired to use highly ther 
mally conductive materials for the nozzle tip. The second 
critical function of the tip is that it should sustain high plastic 
pressures that may reach 40,000 psi (275 MPa) or higher. 

The requirement for nozzle tips to have a high thermal 
conductivity is contradictory to the requirement for an 
increased strength since most metals that transfer heat well 
are “face centered cubic” (FCC) metals such as copper or 
nickel. FCC metals are typically much weaker than “body 
centered cubic” (BCC) metals such as iron or chromium. The 
tip must also resist corrosion, and resist wear when used with 
plastics containing ?llers such as glass or other particulate 
materials. 
US. Pat. No. 5,208,052 to Schmidt et al. teaches a tip insert 

made from beryllium copper, having a high thermal conduc 
tivity, and a retainer made from titanium alloy having low 
thermal conductivity. 

For more wear-resistant tips, US. Pat. No. 6,302,680 to 
Gellert et al. discloses a tip insert made of a material, such as 
beryllium copper or tungsten carbide copper, having a com 
bination of thermal conductivity and wear and corrosion 
resistance suitable for the material being molded. The nozzle 
seal, which also retains the tip insert, is made of suitable wear 
and corrosion resistant material, such as stainless or H-13 tool 
steel. 
US. Pat. No. 6,164,954 to Mortazavi et al. also discloses 

the use of materials for the tip insert that exhibit high wear 
resistance and good thermal conductivity, such as carbide and 
tungsten carbide. Mortazavi also discloses the use of materi 
als for the retainer that have good thermal conductivity, such 
as Ti/Zr-carbide. 

US. Pat. No. 5,879,727 to Puri discloses a nozzle tip pref 
erably made of a material with a relatively high thermal 
conductivity, such as copper-based alloys. The tip threadably 
attaches to the nozzle, and a seal ring, made of relatively high 
wear resistant material such as H-13, 4140 or P-20 tooling 
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2 
metals, attaches to the tip through an insulator made of a low 
thermally conductive material such as titanium. 

SUMMARY OF THE INVENTION 

According to a ?rst broad aspect of the invention, there is 
provided a nozzle for an injection molding runner system, 
comprising an elongate nozzle body; and a nozzle tip and a 
melt channel extending along a longitudinal axis between the 
nozzle body and the nozzle tip. At least one of the nozzle body 
and the nozzle tip is made from a nanocrystalline material. 

According to a second broad aspect of the invention, there 
is provided a nozzle for an injection molding runner system, 
comprising an elongate nozzle body; and a nozzle tip and a 
melt channel extending along a longitudinal axis between the 
nozzle body and the nozzle tip. At least one of the nozzle body 
and the nozzle tip is coated with either a nanocrystalline 
material or a nano-composite material. 

According to a third broad aspect of the invention, there is 
provided a nozzle tip for attachment to nozzle for an injection 
molding runner system, wherein the nozzle tip is made from 
a nanocrystalline material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Objects and advantages of the present invention will 
become apparent to those skilled in the art upon reading the 
following detailed description of non-limiting embodiments 
of the present invention, in conjunction with the accompany 
ing drawings, wherein like reference numerals have been 
used to designate like elements, and wherein: 

FIG. 1 is a longitudinal cross-sectional view of a preferred 
embodiment of a nozzle of the present invention wherein a tip 
retainer is installed externally on the nozzle housing; 

FIG. 2 is a detailed view ofa portion ofthe view ofFIG. 1; 
FIG. 3 is a longitudinal cross-sectional view of another 

preferred embodiment of a nozzle of the present invention 
wherein a tip retainer is installed internally in the nozzle 
housing; and 

FIG. 4 is a longitudinal cross-sectional view of another 
preferred embodiment of a nozzle of the present invention 
wherein a tip retainer is brazed or welded to the nozzle hous 
ing, and the nozzle tip is attached to the tip retainer with a 
low-temperature brazing material, or by a form of welding 
such as electron beam welding. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to FIG. 1-2, a nozzle for an injection mold 
ing machine in accordance with a preferred embodiment of 
the invention is shown generally at 10. The nozzle 10 com 
prises an elongated nozzle housing 12 having a melt channel 
14 therethrough that is in ?uid communication with a source 
of pressurized molten material (not shown) in a well known 
manner. A nozzle tip 16 is installed at the proximal end 18 of 
the nozzle housing 12 so that a melt channel 22 which is 
formed in nozzle tip 16 is in ?uid communication with the 
melt channel 14 formed in nozzle housing 12. Nozzle tip 16 
further de?nes at least one outlet aperture 20 so that the 
molten material in melt channel 22 can exit nozzle 10. In a 
preferred embodiment, nozzle tip 16 is retained at the proxi 
mal end 18 of nozzle housing 12 by a tip retainer 24 that is 
removably af?xed to a proximal end 18 of the nozzle housing 
by threads 26 or their functional equivalent. Tip retainer 24 is 
preferably con?gured to receive and retain a nozzle tip 16 
when tip retainer 24 is screwed onto proximal end 18 of 
nozzle housing 12. In this embodiment, the nozzle housing 12 
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and tip retainer 24 are constructed, arranged and threaded 
such that the tip retainer 24 installs on external threads on the 
nozzle housing 12. In the embodiment shoWn, the noZZle 
housing 12 and tip retainer 24 are substantially cylindrical in 
cross section With substantially equal outside diameters so 
that a substantially cylindrical external heater 28 can be 
installed over noZZle housing 12 and tip retainer 24. Heater 28 
supplies heat to noZZle housing 12 and tip retainer 24 to keep 
the material in melt channel 14 and melt channel 22 molten. 

During operation of noZZle 10, heater 28 directly heats the 
noZZle housing 12 and tip retainer 24 Which transfer heat to 
noZZle tip 16 and the molten material in melt channel 14 and 
melt channel 22. As discussed above, enough heat must be 
supplied to noZZle tip 16 to open the gate at the beginning of 
the injection cycle and keep it open during the injection 
process. The tip must not be so hot that it does not alloW the 
gate to freeZe after packing is complete. 
As discussed above, the prior art injection molding noZZles 

typically use noZZle tips made from a highly thermally con 
ductive material, such as beryllium copper. The tip retainer 
and noZZle seal are made of materials With loWer thermal 
conductivity, such as various stainless and tool steels. 
According to the presently-illustrated embodiment, the 
noZZle tips are manufactured from a nanocrystalline material 
such as nanocrystalline copper, nanocrystalline nickel or 
alloys of nanocrystalline copper or nanocrystalline nickel. 
According to other preferred embodiments, other portions of 
the noZZles 10, such as the tip retainer and the noZZle housing 
can also be manufactured from a nanocrystalline material. 
Nanocrystalline materials are discussed in greater detail 
beloW. 

In another preferred embodiment, the tip retainer may 
thread into internal threads in the noZZle housing. Referring to 
FIG. 3, Which illustrates one such embodiment, in injection 
noZZle 110 the noZZle housing 112 and tip retainer 124 are 
con?gured With internal threads 126 in noZZle housing 112 
and mating external threads on tip retainer 124. The tip 
retainer 124 installs in the internal threads 126 to retain noZZle 
tip 116. 

Referring to FIG. 4, alternatively, in yet another preferred 
embodiment, the invention can be con?gured Without a 
removable tip retainer. In injection noZZle 21 0, the tip retainer 
224 could be an integral portion of the noZZle housing 212. 
When made of a different material than that of the noZZle 
housing 212, the retainer portion 224 may be Welded or 
braZed With high temperature braZing material to the noZZle 
housing 212. The noZZle tip 216 could be attached With the tip 
retainer 224 by braZing With a relatively loW-temperature 
braZing material Which Would still alloW noZZle tip 216 to be 
removed from tip retainer 224 by reheating the assembly to a 
temperature high enough to melt the loW-temperature braZing 
material, but not so high as to melt the high temperature 
braZing material. Alternatively, the noZZle housing 212 and 
tip retainer 224 could be one integral piece made of the same 
material. 

In either of the embodiments of FIGS. 3 and 4, heater 28 
could be an external heater such as that illustrated, or it could 
be made integral With noZZle housing and tip retainer, as is 
Well knoWn in the art, since the noZZle housing and tip retainer 
are unitiZed. The invention encompasses all of those embodi 
ments as Well as any other tip/noZZle housing combination 
Wherein the tip is retained against or in the noZZle housing. 

In all the embodiments above, optional noZZle seal 30 is 
a?ixed to the proximal end of tip retainer 24, 124, or 224, and 
has a ?ange 32 Which contacts and seals against the mold (not 
shoWn). It should be noted, that one of ordinary skill in the art 
is familiar With a myriad of con?gurations for noZZle seals 
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4 
and the like that may include a bubble area 34 formed betWeen 
?ange 32 and noZZle tip 16 Where molten material is alloWed 
to collect to enhance thermal insulation of the noZZle 10 from 
the mold. The present invention is not limited to the one 
con?guration shoWn and described herein, but contemplates 
all knoWn con?gurations for noZZle seals and the like. 
As discussed previously, nanocrystalline materials are 

used to form parts of the hot runner noZZles, and in particular, 
the noZZle tip. Preferably, a face centered cubic metal such as 
copper or nickel is used in a nanocrystalline form. Most 
metals are formed of many randomly oriented crystalline 
regions, commonly referred to as “grains”. Conventional 
nickel and copper have grains With an average siZe greater 
than 10,000 nm. Nanocrystalline materials are formed by 
reducing the average siZe of grains Within the material, Which 
in turn causes the boundaries betWeen grains to make up a 
larger part of the material. Nanocrystalline materials have 
grains that are equal to or less than 100 nm on average. 
Preferably, the ?nal grain siZe of the nanocrystalline form of 
the material is less then 50 nm on average, and in one embodi 

ment, preferably less than 30 nm on average. 
FCC metals are particularly desirable for nanocrystalliZa 

tion, as they typically have the high thermoconductivy 
desired for hot runner noZZles. Conventional, unalloyed cop 
per can have a thermal conductivity of approximately 400 
W/mK), and conventional unalloyed nickel has a thermal 
conductivity of around 55 W/mK. Beryllium copper alloys 
can achieve thermal conductivities of around 250 W/mK. 
Nanocrystalline materials retain most, or all of their thermal 
conductivity. In contrast, alloys of BCC material like H-l3 
steel have thermal conductivities of 25 W/mK or less. 
As discussed previously, a short-coming of FCC metals is 

that they are relatively Weak, having ultimate strengths of less 
than 500 MPa. NanocrystalliZation of an FCC metal increases 
the amount of grain boundaries Within the material, typically 
increasing the material strength While substantially retaining 
the high thermal conductivity. Nanocrystalline Cu or Ni can 
exceed the strength of the majority of high strength steels 
currently in use (such as H-l3 steel). Nanocrystalline copper 
has been manufactured With an ultimate strength approaching 
l 500 MPa, and nanocrystalline nickel has been manufactured 
With an ultimate strength exceeding 2000 MPa. It is contem 
plated that alloys of FCC metals can also be manufactured in 
a nanocrystalline form, so that nanocrystalline copper alloy or 
nanocrystalline nickel alloy could also be used for some 
embodiments. 

It is contemplated that a nanocrystalline material can 
include grains of substantially differing siZes in different 
ratios. For example, according a preferred embodiment, a 
nanocrystalline copper could be made With 75% nanocrystal 
line grains and 25% microcrystalline grains (i.e., grains hav 
ing an average siZe greater than 100 nm) dispersed around the 
material. 

In at least one preferred embodiment, the noZZle tips 16 are 
machined from bulk nanocrystalline nickel or copper stock. 
To create the bulk nanocrystalline stock, conventional metal 
stock is ?rst nanocrystalliZed via one of several methods, 
Which commonly involve the application of large shearing 
strains to the stock While under high pressure, Which is gen 
erally knoWn as severe plastic deformation (SPD). This treat 
ment can be achieved via extrusion, bending, equal channel 
angular extrusion, tWisting, or rolling. It is contemplated that 
the SPD treatment may be applied to the Working stock mul 
tiple times to achieve the right siZe of nanocrystalline crystals. 
Another possible treatment involves rolling the stock and 
subsequently loW-temperature annealing the stock. Other 
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methods of manufacturing bulk nanocrystalline materials 
include powder compaction and electrodeposition. 

In another preferred embodiment, the nozzle tips 16 are 
machined from a common metal stock, but are subsequently 
treated With a nanocrystalline coating. For some embodi 
ments, nozzle tips With a nanocrystalline coating may provide 
a less expensive alternative to solid nanocrystalline tips While 
providing much of the bene?t. A nanocrystalline FCC metal 
can be applied via coating, or a nanocrystalline ceramic may 
also be used. Coatings may also prove attractive should the 
supply of nanocrystalline material be limited. The nanocrys 
talline coating is typically applied via electrodeposition, ther 
mal spraying, plasma spraying, pulsed laser deposition or 
variants of chemical vapor deposition (CVD). 

While the above discussion contemplates the use of a 
nanocrystalline material for nozzle tips, it is also contem 
plated that nanocrystalline materials can be used for other 
portions of the nozzle assembly, Where a combination of 
thermal conductivity and strength is desired. For example, the 
tip retainer can also be manufactured from a nanocrystalline 
material, often having a different thermal conductivity than 
that of the nozzle tip. For nozzles that have a unitary housing 
and tip body, the Whole housing and tip structure can be 
manufactured from a nanocrystalline material. 

Those of skill in the art Will recognize that the invention is 
not limited to nozzles using hot tip style gates, but that it also 
encompasses nozzles using valve gates, including pin valve 
gates and slide valve gates. 

Non-limiting embodiments of the present invention can 
provide a nozzle for an injection mold runner assembly that 
use parts made of nanocrystalline materials to achieve a high 
degree of thermal conductivity While also bene?ting from a 
high material strength. In particular, nozzle tips can be 
machined from a nanocrystalline material. 

The description of the exemplary embodiments provides 
examples of the present invention, and these examples do not 
limit the scope of the present invention. It is understood that 
the scope of the present invention is limited by the claims. The 
concepts described above may be adapted for speci?c condi 
tions and/or functions, and may be further extended to a 
variety of other applications that are Within the scope of the 
present invention. Having thus described the exemplary 
embodiments, it Will be apparent that modi?cations and 
enhancements are possible Without departing from the con 
cepts as described. Therefore, What is to be protected by Way 
of letters patent are limited only by the scope of the folloWing 
claims. 

What is claimed is: 
1. An injection molding nozzle for an injection molding 

runner system, comprising: 
a nozzle body; and 
a nozzle tip; and 
a melt channel extending along a longitudinal axis betWeen 

the nozzle body and the nozzle tip; 
Wherein the at least one of the nozzle body and the nozzle 

tip is made from a nanocrystalline material. 
2. The nozzle of claim 1, Wherein the nanocrystalline mate 

rial is forrned from grains, and a majority of the grains are 
sized less than 100 nm. 

3. The nozzle of claim 2, Wherein at least 75% of the grains 
are sized less than 100 nm. 

4. The nozzle of claim 3, Wherein at least 75% of the grains 
are sized less than 50 nm. 

5. The nozzle of claim 4, at least 75% of the grains are sized 
less than 30 nm. 
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6 
6. The nozzle of claim 5, Wherein a remaining percentage 

of the nanocrystalline material has a grain size of at least 100 
nm. 

7. The nozzle of claim 2, Wherein the nanocrystalline mate 
rial is a nanocrystalline form of a face centered cubic metal. 

8. The nozzle of claim 7, Wherein the nanocrystalline mate 
rial is one of nanocrystalline copper, a nanocrystalline copper 
alloy, a nanocrystalline nickel and a nanocrystalline nickel 
alloy. 

9. The nozzle of claim 7, Wherein the nanocrystalline mate 
rial is forrned from a non-nanocrystalline material using one 
of severe plastic deformation, poWder compaction or elec 
trodeposition. 

10. The nozzle of claim 2, Wherein the nozzle tip is retained 
against the nozzle body by a tip retainer. 

11. An injection molding nozzle tip for attachment to a 
nozzle for an injection molding runner system, Wherein the 
nozzle tip is made from a nanocrystalline material. 

12. The nozzle tip of claim 11, Wherein the nanocrystalline 
material is formed from grains, and a majority of the grains 
are sized less than 100 nm. 

13. The nozzle tip of claim 12, Wherein at least 75% of the 
grains are sized less than 100 nm. 

14. The nozzle tip of claim 13, wherein at least 75% of the 
grains are sized less than 50 nm. 

15. The nozzle tip of claim 14, Wherein at least 75% of the 
grains are sized less than 30 nm. 

16. The nozzle tip of claim 15, Wherein a remaining per 
centage of the nanocrystalline material has a grain size of at 
least 100 nm. 

17. The nozzle of claim 12, Wherein the nanocrystalline 
material is a nanocrystalline form of a face centered cubic 
metal. 

18. The nozzle tip of claim 17, Wherein the nanocrystalline 
material is one of nanocrystalline copper, a nanocrystalline 
copper alloy, nanocrystalline nickel and a nanocrystalline 
nickel alloy. 

19. The nozzle tip of claim 17, Wherein the nozzle tip is 
retained against a nozzle body on [an by] a tip retainer. 

20. An injection molding nozzle for an injection molding 
runner system, comprising: 

a nozzle body; 
a nozzle tip; and 
a melt channel extending along a longitudinal axis betWeen 

the nozzle body and the nozzle tip; 
Wherein the at least one of the nozzle body and the nozzle 

tip is coated With one of a nanocrystalline material and a 
nano -composite material. 

21. The nozzle of claim 20, Wherein the at least one of the 
nozzle body and the nozzle tip is coated With a nanocrystal 
line material using one of electrodeposition, thermal spray 
ing, plasma spraying, pulsed laser deposition or chemical 
vapor deposition. 

22. An injection molding [a] nozzle tip for attachment to a 
nozzle for an injection molding runner system, Wherein the 
nozzle tip is coated With [a] one of a nanocrystalline material 
and a nano-composite material. 

23. A hot runner nozzle comprising at least one component 
madefrom a nanocrystalline material. 

24. The hot runner nozzle ofclaim 23, wherein the nanoc 
rystalline material isformedfrom grains, and a majority of 
the grains are sized less than 100 nm. 

25. The hot runner nozzle ofclaim 24, wherein at least 75% 
ofthe grains are sized less than 100 nm. 

26. The hot runner nozzle ofclaim 25, wherein at least 75% 
ofthe grains are sized less than 50 nm. 
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27. The hot runner nozzle ofclaim 26, wherein at least 75% 
ofthe grains are sized less than 30 nm. 

28. The hot runner nozzle ofclaim 27, wherein a remaining 
percentage of the nanocrystalline material has a grain size of 
at least 100 nm. 

29. The hot runner nozzle ofclaim 24, wherein the nanoc 
rystalline material is a nanocrystallineform ofaface cen 
tered cubic material. 

30. The hot runner nozzle ofclaim 29, wherein the nanoc 
rystalline material is one ofnanocrystalline copper, a nanoc 
rystalline copper alloy, nanocrystalline nickel and a nanoc 
rystalline nickel alloy. 

3]. The hot runner nozzle ofclaim 29, wherein the nanoc 
rystalline material is formed using one of severe plastic defor 
mation, powder compaction or electrode deposition. 

32. The hot runner nozzle ofclaim 23, wherein the at least 
one component comprises a nozzle body. 

33. The hot runner nozzle ofclaim 23, wherein the at least 
one component comprises a nozzle tip. 

34. The hot runner nozzle ofclaim 23, wherein the at least 
one component comprises a tip retainer 

35. A hot runner nozzle wherein at least one component 
comprises a nanocrystalline material. 

5 
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36. A hot runner nozzle assembly comprising at least one 

component that is at least partially coated with one ofa 
nanocrystalline material and a nanocomposite material. 

37. The hot runner nozzle assembly ofclaim 36, wherein 
the at least one component is coated with a nanocrystalline 
material using one of electrodeposition, thermal spraying, 
plasma spraying, pulsed laser deposition or chemical vapor 
deposition. 

38. A hot runner nozzle comprising at least one component 
that is at leastpartially coated with one ofa nanocrystalline 
material and a nanocomposite material. 

39. The hot runner nozzle ofclaim 38, wherein the at least 
one component comprises at least one ofa nozzle body, a 
nozzle tip, a tip retainer and a melt channel. 

40. The hot runner nozzle ofclaim 38, wherein the at least 
one component is coated with a nanocrystalline material 
using one of electrodeposition, thermal spraying, plasma 
spraying, pulsed laser deposition or chemical vapor deposi 
tion. 


