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ABSTRACT

A hot-runner system for use With an injection molding sys
tem, the hot-runner system including a hot-runner compo
nent, a material; and carbon nanotubes being combined With
the material. The carbon nanotubes are dispersed, at least in
part, in the material and the material includes a metal alloy.
The carbon nanotubes are dispersed in the metal alloy, so that
the metal alloy and the carbon nanotubes are combined to
form a CNT-metal composite material.
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15 Claims, No Drawings
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HOT-RUNNER SYSTEM HAVING CARBON
NANOTUBES

has a Wear-resistant diamond-type coating. The surface of the
tip melt channel that delivers melt to the gate area may also
comprise a diamond-type coating. NoZZle seal surfaces in the
gate area may also comprise a diamond-type coating. The
enhanced harness, smoothness and thermal conductivity of

TECHNICAL FIELD

these coated surfaces results in higher quality molded parts,
and easier to clean molding equipment that has a longer

The present invention generally relates to hot-runner sys
tems of inj ection-molding systems; more speci?cally, the

service life.
US. Pat. No. 7,217,311 (Inventor: HONG et al.; Published:
May 15, 2007) discloses manufacture of a carbon nanotube
reinforced metal nano composite poWder for use as grinding

present invention generally relates to a hot-runner system of

an inj ection-molding system, in Which the hot-runner system
includes a hot-runner component having a material and hav

ing carbon nanotubes combined With the material.

agent. The manufacture involves performing ultrasonication
of a solution having a nanotube and a metal salt compound,

BACKGROUND

calcining the solution, and reducing the composite poWder.
United States Patent Application Number 2006/0032243

Examples of knoWn molding systems are (amongst oth

(Inventor: GA-LANE CHEN; Published: Feb. 16, 2006) dis

ers): (i) the HYPET (TRADEMARK) Molding System, (ii)
the QUADLOC (TRADEMARK) Molding System, (iii) the
HYLECTRIC (TRADEMARK) Molding System, and (iv)

closes an injection molding device includes an injection unit
(10), a lock unit, and a control unit. The injection unit includes

the HYMET (TRADEMARK) Molding System, all manu

includes one or more pipeWays (18, 18') in the mold, and a
coolant received in the pipeWays. The coolant is a super?uid

factured by Husky Injection Molding Systems (Head O?ice

a mold (11, 11') and a cooling system. The cooling system
20

With carbon nanotubes suspended therein. A coef?cient of

Location: Canada).

viscosity of the super?uid is virtually Zero, therefore friction
betWeen the super?uid and the nanotubes is extremely small.
This enables the nanotubes in the super?uid in the pipeWays

An example of a manufacturer of carbon nanotubes (also
referred to as “CNT”) or CNT-composite materials is: Bion
eer Corporation, located in Korea (telephone in Korea +82
42-930-8777 or in the USA. 1-877-264-4300). An example

25

conduct more heat from the mold. In addition, the nanotubes

of an academic facility that studies nanotechnology is the

themselves have high thermal conductivity. Accordingly, the
thermal conductivity of the cooling system is enhanced. Thus,

Birck Nanotechnology Center of Purdue University, located
in USA. (telephone 765-494-7053). Examples of research

the molten material injected into the mold can be cooled and

organiZations involved in the research of nanotechnolo gy are:

(i) National Nanotechnology Infrastructure NetWork
(NNIN), (ii) Nano Science and Technology Institute (NSTI)

30

(Inventor: CZERWINSKI; Publication Date: May 1, 2001)
35

discloses a molding material handling component for a metal
molding system that has a component body made from an
alloy that is made contactable against molten metallic mold

ing material including molten alloy of magnesium.

.com, (iii) WWW.nanoWerk.com and (iv) WWW.nanohub.org.
US. Pat. No. 6,164,954 (Inventor: MORTAZAVI et al.:
Publication Date: Dec. 26, 2000) discloses an injection
noZZle apparatus that comprises inner and outer body por
tions. The inner body portion includes a melt channel and the
outer body is made of a pressure resistant material. The ratio
betWeen the inner diameter of the outer body portion and the
outer diameter of the inner body portion is selected so that a
pre-load or a load is generated When assembling the outer
body over the inner body. Preferably the assemble of the tWo
bodies is removably fastened to an injection noZZle body.
Preferably the inner body comprises a material With Wear

solidi?ed fast. This provides the injection molding device
With a high molding ef?ciency.
United States Patent Application Number 2008/0099176

located in USA. (telephone 508-357-2925), and (iii) Poly
tech & Net GmbH located in Germany (telephone: +49
(0)6196-8845027). Organizations providing neWs and infor
mation about nanotechnology may be found at the folloWing
Web sites: (i) WWW.aZonano.com, (ii) WWW.nanotech-noW

to undergo more turbulent How, so that the nanotubes can

United States Patent Application Number 20080206391

(Inventor: BOUTI et al.; Publication Date: Aug. 28, 2008)
discloses a noZZle assembly for an injection molding assem
40

bly has a noZZle housing having a melt channel extending
therethrough, a noZZle tip, and a retainer that retains the

45

resistant characteristics to Withstand abrasive or corrosive

noZZle tip against the noZZle housing. The noZZle tip is formed
of a precipitation hardened, high thermal conductivity mate
rial and a precipitation hardened, high strength material,
Which are integrally joined together to form the body. The
thermal conductivity of the high thermal conductivity mate
rial is greater than the thermal conductivity of the high
strength material, and the strength of the high strength mate
rial is greater than the strength of the high thermal conduc
tivity material. The high thermal conductivity material and
the high strength material can be precipitation hardened

molten materials. The apparatus of the present invention is
particularly useful in molding machines and hot runner
noZZles for high pressure molding of various materials at
normal or elevated injection temperatures.
United States Patent Application Number 2003/0145973

50

(Inventor: GELLERT et al.: Publication Date: Aug. 7, 2003)
discloses improved heated manifolds, heaters and noZZles for

55

The current state of the art provides knoWn hot-runners that
are in many cases performance limited by material properties
(such as, strength and thermal conductivity and/or Wear resis
tance) associated With hot-runner components that include
standard metal alloys, such as: PH13-8 (stainless-steel alloy),

60

BeCu (beryllium copper alloy), 4140 (steel alloy), Aermet
100 (carbon bearing high strength alloy), H13 (tool and die

together under the same precipitation hardening conditions to
achieve increases in the value of at least one strength aspect of
the high thermal conductivity material and the value of at least
one strength aspect of the high strength material.

injection molding, having a high strength metal skeleton in?l
trated With a second phase metal having higher thermal con
ductivity. Also disclosed is method of forming a manifold,
heater or noZZle preform and in?ltrating the preform With a
highly thermally conductive material. The invention also pro
vides a method of simultaneously in?ltrating and braZing
injection molding components of similar or dissimilar mate

steel alloy), etc.

rials together.
US Pat. No. 7,134,868 (Inventor: GUENTHER et al.:
Publication Date: Nov. 14, 2006) discloses an injection mold
ing noZZle With a tip portion in the gate area of the mold that

SUMMARY
65

According to a general aspect of the present invention,
there is generally provided (but is not limited to the folloWing
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technical features): a hot-runner system of an injection mold

ing system, in Which the hot-runner system includes (but is
not limited to): a hot-runner component having (but not is
limited to): a material, and carbon nanotubes combined With
the material. Other additional arrangements of technical fea

may be called: (i) a CNT-metal composite (if the material
includes the metal alloy), or (ii) a CNT-ceramic composite (if
the material includes the ceramic material).
Third Non-Limiting Embodiment
In accordance With the third non-limiting embodiment, the

tures are described in the Detailed Description of the Non

hot-runner system (of the ?rst embodiment) is modi?ed, such

limiting Embodiments provided beloW. The carbon nano

that the CNTs are dispersed, at least in part, in a coating, and

tubes are hereafter referred to, from time to time, as “CNT” or

the coating surrounds, at least in part, the material. Examples
of the coating are described beloW. In an alternative of the

“CNTs”. A technical effect associated With the general aspect
of the present invention is that the CNTs improve material
properties, such as (but is not limited to) longevity and per
formance, of the material of the hot-runner component in
comparison to knoWn and/or existing hot-runner compo
nents.

DETAILED DESCRIPTION OF THE
NON-LIMITING EMBODIMENTS

Generally, a hot-runner system is used With an injection

molding system; the hot-runner system includes hot-runner

20

third embodiment, the CNTs are dispersed, at least in part, in
the coating, and the coating includes the metal alloy, so that
the CNTs and the coating are combined to form the CNT
metal coating. In another alternative of the third embodiment,
the CNTs are dispersed, at least in part, in the coating, the
coating includes the ceramic material, so that the CNTs and
the coating form the CNT-ceramic coating. It is understood
that the CNTs may be implemented or included, for example,
in the coating to form a composite material that is used in or
is part of the hot-runner component, and in this arrangement
the composite material may be called: (i) a CNT-metal coat

ing (if the coating includes the metal alloy), or (ii) a CNT

components (that are made With materials) that are knoWn to

persons skilled in the art, and these knoWn components (and/

ceramic coating (if the coating includes the ceramic material).

or materials) Will not be described here; these knoWn com

Another de?nition of “dispersed” is as folloWs: the CNTs are

ponents are described, at least in part, in the folloWing refer

ence books, for example: (i) “Injection Molding Handbook”
authored by OSSWALD/TURNG/GRAMANN (ISBN:

25

Fourth Non-Limiting Embodiment
In accordance With the fourth non-limiting embodiment,
the hot-runner system (of the ?rst embodiment) is modi?ed,

3-446-21669-2), (ii) “Injection Molding Handbook”
authored by ROSATO AND ROSATO (ISBN: 0-412-99381

3), (iii) “Injection Molding Systems ” 3rd Edition authored by
JOHANNABER (ISBN 3-446-17733-7) and/or (iv) “Runner
and Gating Design Handbook” authored by BEAUMONT

30

(ISBN 1-446-22672-9).

First Non-Limiting Embodiment
In accordance With the ?rst non-limiting embodiment, the
hot-runner system includes (but is not limited to): a hot
runner component having (but is not limited to): (i) a material,
and (ii) carbon nanotubes (CNTs) combined With the mate
rial. The material may include, for example (but is not limited
to): a metal alloy, and/ or a ceramic component, etc. The
de?nition for “combined” is as folloWs: to put or bring or join
together so as to form a unit, and/or to put or bring into close
association or relationship, and/or to make or join or unite
into one, and/or to come or bring into union, and/or to act or

to mix together; for example: CNTs may be: (i) formed in the
material of the hot-runner component, (ii) added to the hot
runner component by a deposition method, and/or (iii) coated

such that the CNTs are dispersed, at least in part, in the
material. In an alternative of the second embodiment, the
material includes a metal alloy, and the CNTs are dispersed in
the metal alloy, so that the metal alloy and the CNTs are
combined to form a CNT-metal composite material.
Examples of the metal alloy are described beloW. In another
alternative of the second embodiment, the material includes a
ceramic material, and the CNTs are dispersed in the ceramic
material, so that the ceramic material and the CNTs combine
form a CNT-based ceramic composite. Examples of the
ceramic material are described beloW. The de?nition of “dis
persed” is as folloWs: the CNTs are distributed or dissipated,
more or less, evenly or not evenly, through the material (in
part or completely). It is understood that the CNTs may be
implemented or included, for example, in the material to form
a composite material that is used in or is part of the hot-runner

component, and in this arrangement the composite material

such that: (i) the CNTs are dispersed, at least in part, in the
material, and (ii) the CNTs are dispersed, at least in part, in the
coating, and the coating surrounds, at least in part, the mate
rial. The fourth embodiment is a combination of the second
embodiment and the third embodiment. Yet another de?nition
of “dispersed” is as folloWs: (i) the CNTs are distributed or

35

dissipated, more or less, evenly or not evenly, through the
material (in part or completely), (ii) the CNTs are distributed
or dissipated in the coating that is applied to the material, or

(iii) both (i) in combination With (ii).
Carbon Nanotubes (CNTs)
40

CNTs are related to graphite. CNTs possess the folloWing

mechanical properties: (i) high tensile strength, (ii) highly

45

?exible (can be bent considerably Without damage), (iii)
highly elastic (approximately 18% elongation to failure), (iv)
high thermal conductivity, (v) loW thermal expansion coef?
cient, (vi) high aspect ratio (length is approximately 1000

50

time the siZe of the diameter), (vii) high Wear resistance, (viii)
hydrophobic coating, (ix) loW friction coating. The molecular
structure of graphite resembles stacked, one-atom-thick
sheets of chicken Wire; this arrangement provides a planar
netWork of interconnected hexagonal rings of carbon atoms.

to the hot-runner component.

Second Non-Limiting Embodiment
In accordance With the second non-limiting embodiment,
the hot-runner system (of the ?rst embodiment) is modi?ed,

distributed or dissipated in the coating that is applied to the
material.

In conventional graphite, the sheets of carbon are stacked on

top of one another, alloWing them to easily slide over each
other. This is the reason Why graphite is not hard but feels
greasy, and may be used as a lubricant. When graphite sheets
55

are rolled into a cylinder and their edges joined, they form
CNTs. Only the tangents of the graphitic planes come into
contact With each other, and hence their properties are more
like those of a molecule. CNTs come in a variety of diameters,

60

lengths and functional- group content. The CNTs may include
a tube of graphite, a one-atom thick single-Wall nanotube, or
a number of concentric tubes called multi-Walled CNTs.
When vieWed With a transmission electron microscope,

CNTs appear as planes, Whereas single Walled CNTs appear
65

as tWo planes; in multi Walled CNTs more than tWo planes are
observed, and can be seen as a series of parallel lines. There
are different types of CNTs because the graphitic sheets can
be rolled in different Ways. There are three types of CNTs:

US 8,459,983 B2
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Zigzag, Armchair, and Chiral. It is possible to recognize
zigzag, armchair, and chiral CNTs just by following the pat

sprue bushing, a valve stem, a mold gate insert, a screW, a

valve, a stem bushing, a mold slide, a piston cylinder, etc.

tern across the diameter of the tubes, and analyzing their
cross-sectional structure. When CNTs crosses grain bound
aries, the CNTS act as anchors betWeen adjacent and distant
grains and the result is a structure for the hot-runner compo

Functional Grading

nent that is tougher than conventionally-used materials. Also,

CNT-Ceramic Coating is functionally graded by varying the

In accordance With a variant of any of the embodiments and

alternatives described above, the CNT-Metal Composite or
CNT-Ceramic Composite and/or the CNT-Metal Coating or

because of their high thermal conductivity, a CNT-metal com

amount of CNTs and/or the amount of the particles of ceram

posite also has higher overall thermal conductivity than the
base alloys into Which they are dispersed in.

ics and/or the amount of the metal alloy, through the hot
runner component so that a property of (or properties of) the

Functionalization of CNTs
CNTs are insoluble in many liquids such as Water, polymer
resins, and most solvents. Thus CNTs may be dif?cult to

hot-runner component is varied, at least in part, through the
hot-runner component. For example, the CNTs, and/or the
material (the metal alloy and/ or the ceramic material), and/or
the coating are functionally graded through the hot-runner
component. For example, the hot-runner component may

evenly disperse in a liquid matrix such as epoxies and other
polymers. Functionalization is a process for making “func
tionalized” CNTs (that is, functionalized carbon nanotubes
are CNTs that have been processed so as to become more

easily dispersible in liquids, etc.). The process of functional
ization includes physically and/or chemically attaching cer
tain molecules or functional groups With the smooth sideWalls

20

of the CNTs Without signi?cantly changing the desirable
properties associated With CNTs. The production of robust

composite materials requires suf?ciently strong covalent
chemical bonding betWeen ?ller particles and the material
matrix, rather than much Weaker van der Waals physical

25

bonds Which occur if the CNTs are not properly functional

ized. Examples of functionalization methods include (but not
CNTs. Functionalization methods can create more active
30

CNT-Metal Composite or CNT-Ceramic Composite
The CNT-metal composite may also be called a CNT-metal
poWder; examples of the CNT-metal composite are as fol
35

higher conductivity and higher strength for the hot-runner
component, such as (but not limited to):
folds, and/or (ii) higher Wear resistance
component, such as (but not limited to):
stems, tips, screWs, valves. An example

nozzle tips, mani
for the hot-runner
bushings, nozzles,
of the CNT-Metal

40

poWder is manufactured by Bioneer (located in South Korea).
The CNT- based ceramic is formed by dispersing CNTs into
a ceramic material, such as oxides (alumina, zirconia, etc),
non-oxides (carbides, borides, nitrides and silicides) or com
posites (particulate reinforced oxides and non-oxides com

The description of the non-limiting embodiments provides
non-limiting examples of the present invention; these non
limiting examples do not limit the scope of the claims of the
present invention. The non-limiting embodiments described
are Within the scope of the claims of the present invention.

loWs: a CNT-copper alloy, a CNT-nickel alloy, a CNT-alumi

num alloy, a CNT-steel alloy including stainless, etc. The
CNT-metal composite has technical advantages, such as: (i)

be realized, and (iv) an other end portion that includes only
the ceramic material that include no CNTs so that improved
insulation may be realized While using a loWer cost item.

limited to): chopping, oxidation, and “Wrapping” of the
bonding sites on the surface of the CNTs.

have: (i) an end portion that includes a higher amount of
CNTs mixed With a copper alloy poWder so that a higher
thermal conductivity may be realized, (ii) an inner diameter
of a passageWay de?ned in the hot-runner component is
coated With the ceramic material combined With the CNTs so
that the thermal insulation and the strength of the passageWay
and may be improved, (iii) a core that includes a carbon steel
alloy combined With the CNTs so that improved strength may

45

The non-limiting embodiments described above may be: (i)
adapted, modi?ed and/or enhanced, as may be expected by
persons skilled in the art, for speci?c conditions and/or func
tions, Without departing from the scope of the claims herein,
and/or (ii) further extended to a variety of other applications
Without departing from the scope of the claims herein. It is
understood that the non-limiting embodiments illustrate the
aspects of the present invention. Reference herein to details
and description of the non-limiting embodiments is not
intended to limit the scope of the claims of the present inven
tion. Other non-limiting embodiments, Which may not have
been described above, may be Within the scope of the
appended claims. It is understood that: (i) the scope of the

posites).

present invention is limited by the claims, (ii) the claims

CNT-Metal Coating or CNT-Ceramic Coating
The CNT-metal coating is a coating that includes the metal
alloy in combination With the CNTs. The CNT-ceramic coat
ing is a coating that includes the ceramic material in combi
nation With the CNTs. A technical effect for using the CNT
metal coating and/or the CNT ceramic coating With the hot
runner component is (but is not limited to): (i) reduced Wear,
such as (but not limited to): gate, tips, stems, nozzles, gate
inserts, mold slides (ii) improved resin ?oW (such as a mani
fold channel), (iii) reduced Weepage (such as, but not limited

themselves recite those features regarded as essential to the

present invention, and (ii) preferable embodiments of the
50

only by the scope of the folloWing claims:

55

a hot-runner component, including:
a material selected from the group consisting of a metal

such as (but not limited to): a stem and/or a bushing, (v) a
60

such as (but not limited to): piston cylinders.
Hot-Runner Components
Examples of the hot-runner component that may include a
CNT-composite material and/or a CNT-based coating in the
folloWing hot-runner components (but not limited to): a
nozzle tip, a nozzle housing, a manifold, a melt channel
de?ned by the manifold, a bushing, a manifold bushing, a

The invention claimed is:
1. A hot-runner system for use With an injection molding

system, the hot-runner system comprising:

to, valve bushings), (iv) improved hydrophobic properties,
loWer friction coating for use With the hot-runner component,

present invention are the subject of dependent claims. There
fore, What is protected by Way of letters patent are limited

65

alloy and a ceramic alloy; and
carbon nanotubes being combined With the material.
2. The hot-runner system of claim 1, Wherein:
the carbon nanotubes are dispersed, at least in part, in the
material.
3. The hot-runner system of claim 2, Wherein:
the carbon nanotubes are dispersed in the metal alloy, so
that the metal alloy and the carbon nanotubes are com
bined to form a CNT-metal composite material.

US 8,459,983 B2
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4. The hot-runner system of claim 2, wherein:
the carbon nanotubes are dispersed in the ceramic material,

12. The hot-runner system of claim 1, Wherein:
the carbon nanotubes are functionally graded through the

so that the ceramic material and the carbon nanotubes
are combined to form a CNT-based ceramic composite.

material so that a property of the hot-runner component

is Varied through the hot-runner component;
the material is functionally graded through the hot-runner

5. The hot-runner system of claim 1, Wherein:
the carbon nanotubes are dispersed, at least in part, in a

component so that another property of the hot-runner

coating, the coating surrounding, at least in part, the

component is Varied through the hot-runner component;

material.
6. The hot-runner system of claim 5, Wherein:
the carbon nanotubes are dispersed, at least in part, in the
coating, and the coating includes a metal alloy, so that

the carbon nanotubes are dispersed, at least in part, in a

coating, the coating surrounding, at least in part, the
material; and
the carbon nanotubes are functionally graded through the

the carbon nanotubes and the coating are combined to
form a CNT-metal coating.

7. The hot-runner system of claim 5, Wherein:
the carbon nanotubes are dispersed, at least in part, in the
coating, and the coating includes a ceramic material, so
that the carbon nanotubes and the coating are combined
to form a CNT-ceramic coating.
8. The hot-runner system of claim 1, Wherein:
the carbon nanotubes are dispersed, at least in part, in the

coating so that yet another property of the hot-runner

component is Varied through the hot-runner component.
13. The hot-runner system of claim 1, Wherein:
the carbon nanotubes includes functionaliZed carbon nano

tubes.
14. The hot-runner system of claim 1, Wherein:
20

material; and
the carbon nanotubes are dispersed, at least in part, in a

coating, the coating surrounding, at least in part, the
material.
9. The hot-runner system of claim 1, Wherein:

25

the carbon nanotubes are functionally graded through the

a Valve stem,

a mold gate insert,
30

is Varied through the hot-runner component; and
the material is functionally graded through the hot-runner
component so that another property of the hot-runner

a piston cylinder.
35

coating so that a property of the hot-runner component is

Varied through the hot-runner component.

15. An injection molding system, comprising:
a hot-runner system, including:
a hot-runner component, including:

the carbon nanotubes are dispersed, at least in part, in a

coating, the coating surrounding, at least in part, the
material; and
the carbon nanotubes are functionally graded through the

a screW,

a Valve,
a stem bushing,
a mold slide, and

material so that a property of the hot-runner component

component is Varied through the hot-runner component.
11. The hot-runner system of claim 1, Wherein:

a melt channel de?ned by the manifold,
a bushing,
a manifold bushing,
a sprue bushing,

material so that a property of the hot-runner component

is Varied through the hot-runner component.
10. The hot-runner system of claim 1, Wherein:
the carbon nanotubes are functionally graded through the

the hot-runner component includes any one of:
a noZZle tip,
a noZZle housing,
a manifold,

a material selected from the group consisting of a
40

metal alloy and a ceramic alloy; and
carbon nanotubes being combined With the material.
*

*

*

*

*

