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Provide a pipe with a sealed end-102 

Insert a bar in the pipe 104 

Fill copper powder 106 

Form a wick structure 108 

Pull out the bar 110 

Add Working fluid, vacuum, 
seal the pipe 112 

Shape the pipe by bending or 
pressing 114 

FIG. 1 (RELATED ART) 
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Provide a pipe 202 

Shape the pipe by bending or 
pressing 204 

Insert a molding bar in the pipe 206 

Fill copper powder 208 

Form a wick structure 210 

Separate the molding bar from 
the pipe 212 

Add working fluid, vacuum, 
seal the pipe 214 

ST ART 
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Provide a pipe 302 

Shape the pipe by bending or 
pressing 304 

Insert a molding bar in the pipe 306 

Fill copper powder 308 

Separate the molding bar from 
the pipe 310 

Form a wick structure 312 

Add Working fluid, vacuum, 314 
seal the pipe 

ST ART 
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HEAT PIPE AND MANUFACTURING METHOD 
THEREOF 

BACKGROUND 

0001. The invention relates to a heat pipe, and in par 
ticular to a heat pipe and a manufacturing method thereof. 
0002. In the continued development of electronic 
devices, the number of transistors per unit area in an 
electronic device has increased to improve performance. AS 
working efficiency is increased, frequent turning on or off of 
the transistors causes Switch loSS, increasing the temperature 
of the electronic device. In recent years, as development of 
Semiconductors and IC design has improved, chip Speed has 
Substantially increased. Consequently, during operation of 
chips, heat energy is produced due to increases in clock 
frequency. Higher temperatures, however, lower chip Speed 
Such that performance deteriorates, and lifetime of the chip 
may be reduced accordingly. 
0.003 External fans and heat-dissipation devices are nor 
mally installed in electronic devices to dissipate exceSS heat 
and maintain working temperature. Since heat dissipation of 
the electronic devices can increase effective chip Speeds, fan 
Speed is increased to accelerate heat conduction. However, 
power consumption and noise level both increase accord 
ingly. AS well, heat-dissipation devices Such as heat-dissi 
pation fins, while improving heat conduction, reduce the 
available internal Space. Thus, currently, a heat pipe with a 
Small croSS Section and low temperature differential is often 
used to provide a relatively long distance for heat conduc 
tion without requiring additional power Supply. Further, 
compared to the heat-dissipation fins, the heat pipe occupies 
leSS internal Space, and thus, is widely used in electronic 
devices. 

0004 FIG. 1 is a flowchart showing a conventional 
manufacturing method of a heat pipe. In Step 102, a hollow 
copper pipe with a Sealed end is provided. In Step 104, a bar 
is inserted in the pipe. Since the pipe has a Sealed end, 
normally being outwardly protruding and conical, an end of 
the bar can be disposed on the top of the conical Sealed end. 
A gap is thus maintained between an inner wall of the pipe 
and the bar. The material of the bar is stainless steel, 
graphite, or other rigid materials. 
0005. In step 106, copper powder is filled in the gap 
between the inner wall of the pipe and the bar. Additionally, 
the copper powder can be further compressed and densely 
compacted according to the needs of manufacturers. In Step 
108, the copper powder is sintered to form a wick structure 
(or capillary structure) on the inner wall of the pipe. In Step 
110, the bar is pulled out from the pipe. In step 112, a 
working fluid is added, the pipe is vacuumed and the pipe 
opening is Sealed. Depending on different wick Structures, 
the Steps of adding working fluid and Vacuuming can be 
interchanged. In Step 114, the completed cylindrical heat 
pipe is bent and pressed flat, with the final shape thereof 
depending on the requirements of Subsequent heat-dissipa 
tion module design. 
0006 After manufacturing, however, in practice, the heat 
pipe, originally a Straight cylindrical pipe, is reformed to 
become bent or flat. A portion of the wick structures in the 
pipe near the bent or areas is consequently impaired, losing 
heat conduction function, by as much as 70% or more. 
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SUMMARY 

0007 Embodiments of the invention provide a manufac 
turing method for a heat pipe. The pipe is shaped before 
formation of the wick Structure therein to prevent damage to 
the wick Structure from Subsequent process, thereby retain 
ing heat conduction ability. 
0008. The heat pipe is applicable in a heat-dissipation 
module of an electronic device, being shaped according to 
requirements of the heat-dissipation module. In the manu 
facturing method, a pipe is provided and shaped. A molding 
bar is inserted into the pipe. A wick Structure is formed in the 
pipe before the molding bar is separated from the pipe. A 
working fluid is added in the pipe and confined therein. 
0009 Embodiments of the invention further provide 
another manufacturing method for a heat pipe. A pipe is 
provided and shaped. A molding bar is inserted into the pipe. 
The molding bar is separated from the pipe before a wick 
Structure is formed. A working fluid is added in the pipe and 
confined therein. 

0010. The pipe can be shaped by bending or pressing flat. 
Further, Some protrusions are formed on a Surface of the 
molding bar to maintain a gap between the inner wall of the 
pipe and the molding bar. The molding bar and the protru 
Sions have the Same material as that of the wick Structure So 
that the molding bar and the protrusions become one part of 
the wick Structure during formation. Alternatively, before 
Separating the molding bar from the pipe, the protrusions are 
heated to vaporize or liquefy. The molding bar has flexible 
material Such that the molding bar can be easily withdrawn 
from the pipe. The molding bar has a lower burning point 
than the wick Structure So that the molding bar is separated 
from the pipe by being heated to vaporize or liquefy. 
Alternatively, the molding bar, Soluble in an organic Solvent, 
can comprise organically Soluble material Such as an organic 
polymer, Soluble in an appropriate Solvent Such as acetone, 
So that the molding bar is Separated from the pipe by being 
dissolved in the organic Solvent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The invention can be more fully understood by 
reading the Subsequent detailed description in conjunction 
with the examples and references made to the accompanying 
drawings, wherein: 
0012 FIG. 1 is a flowchart showing a conventional 
manufacturing method of a heat pipe, 
0013 FIG. 2 is a flowchart showing a manufacturing 
method of a heat pipe according to a first embodiment of the 
invention; and 
0014 FIG. 3 is a flowchart showing a manufacturing 
method of a heat pipe according to a Second embodiment of 
the invention. 

DETAILED DESCRIPTION 

First Embodiment 

0015 FIG. 2 is a flowchart showing a manufacturing 
method of a heat pipe of a first embodiment of the invention, 
in which, in Step 202, a pipe is provided, and the material of 
the pipe includes plastic, metal, alloy, or non-metal materi 
als. In this case, a copper pipe is provided as an example. In 
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Step 204, the pipe is shaped according to the Subsequent 
manufacturing requirements of a heat-dissipation module. 
The pipe can be shaped by bending or pressing. 
0016. In step 206, a molding bar is inserted in the pipe 
with a gap maintained between the inner wall of the pipe and 
the molding bar. The molding bar is a flexible material 
allowing easy withdrawal from the bent or pipe. A plurality 
of identical-sized protrusions, formed on the Surface of the 
molding bar, allow not only the gap between the inner wall 
of the pipe and the molding bar to be maintained, but also 
maintain constant gap Size throughout the pipe. 
0.017. In step 208, copper powder is filled in the gap 
between the inner wall of the pipe and the molding bar. In 
step 210, a wick structure is formed therein. The wick 
Structure is preferably a mesh wick, fiber wick, Sinter wick, 
or grooved wick, formed by Sintering, gluing, filling, depos 
iting, and So on. In this embodiment, the copper pipe is used, 
and thus, copper powder or other metal alloy powder is filled 
in the gap between the inner wall of the pipe and the molding 
bar before Sintering to form the wick Structure. The copper 
powder can be further compressed and become densely 
compacted before Sintering So that the wick Structure of 
varying porosity or Structure is formed. Also, different filling 
materials may require corresponding Solvent or chelating 
agents to increase density of the copper powder, whereby, 
before Sintering, drying or removal of Solvent or chelating 
agents may be required to remove the Solvent or chelating 
agents. 

0.018. In step 212, the molding bar is separated from the 
pipe, and in Step 214, working fluid is added and vacuum is 
then performed. The pipe is Sealed and working fluid is 
confined and flows in a closed space of the Sealed pipe. The 
working fluid can comprise inorganic compounds, water, 
alcohol, liquid metal Such as mercury, ketone, chlorofluo 
rocarbons (CFCs) such as HFC-134a, or other organic 
compounds. Generally, the most frequently used working 
fluid is water. Because the Surface tension between corre 
sponding fluids differs with wick Structures, the Sequence of 
adding the working fluid and vacuuming can be inter 
changed, followed by Sealing the pipe. 

Second Embodiment 

0.019 FIG. 3 is a flowchart showing a manufacturing 
method of a heat pipe of a Second embodiment of the 
invention. The Steps of the Second embodiment are similar 
to those of the first embodiment. In step 302, a pipe is 
provided, preferably a copper pipe. In Step 304, the pipe is 
shaped according to the Subsequent manufacturing require 
ments of a heat-dissipation module. The pipe can be shaped 
by bending or pressing. 
0020. In step 306, a molding bar is inserted in the pipe 
with a gap maintained between the inner wall of the pipe and 
the molding bar. In step 308, copper powder is filled in the 
gap between the inner wall of the pipe and the molding bar. 
Additionally, according to the size of copper powder grains 
and porosity of wick Structure, other manufacturing StepS are 
implemented. For example, after filling the copper powder, 
the copper powder is compressed. Different filling materials 
may require corresponding Solvent or chelating agents to 
increase density of the copper powder, whereby before 
forming the wick Structure, drying or removal of Solvent or 
chelating agents may be required to remove the Solvent or 
chelating agents. 
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0021 Furthermore, in step 310, the molding bar is sepa 
rated from the pipe. In Step 312, a wick Structure is formed. 
The wick structure is preferably a mesh wick, fiber wick, 
Sinter wick, grooved wick, formed by Sintering, gluing, 
filling, or depositing, and So on. Lastly, in Step 314, working 
fluid is added therein and followed by vacuuming. The 
opening of the pipe is Sealed to complete production of the 
heat pipe. Because the Surface tension between fluids differs 
with wick Structures, the Sequence of adding the working 
fluid and Vacuuming can be interchanged, followed by 
Sealing the pipe. 

0022. In the second embodiment, the molding bar is 
Separated from the pipe before forming the wick Structure, 
and the Steps can be interchanged depending on different 
manufacturing requirements. The molding bar is flexible 
with a plurality of protrusions formed on a Surface thereof. 
Furthermore, the molding bar may have a lower burning 
point than the wick Structure. Alternatively, the molding bar 
may comprise a material Soluble in organic Solvents, Such as 
an organic polymer. 
0023. Since the molding bar comprises a flexible mate 

rial, the molding bar can be easily withdrawn from the pipe. 
Furthermore, because a plurality of protrusions on the mold 
ing bar are the Same material as that of the wick Structure, 
the protrusions are sintered and become one part of the wick 
Structure during formation of the wick Structure. The pro 
trusions may also have a lower burning point than the wick 
Structure, Such that during Sintering the protrusions are 
Vaporized or liquefied. 
0024. If the molding bar comprises a material soluble in 
an organic Solvent, the molding bar is dissolved by the 
organic Solvent. For example, while the organic Solvent is an 
organic polymer, the Solvent is acetone. 
0025. In conclusion, in embodiments of the invention, the 
pipe is shaped before forming the wick Structure in the pipe. 
Since after formation of the wick structure there is no 
Subsequent process of the pipe, the wick Structure can be 
preserved. Thus, the heat conduction ability is increased. 
Furthermore, the heat pipe produced by the manufacturing 
method is applicable in any heat-dissipation module of 
electronic devices. The pipe can be initially shaped accord 
ing to requirements of different heat-dissipation modules So 
that the contact area between the heat pipe and a Surface of 
an electronic device is maximized to increase heat dissipa 
tion. 

0026. While the invention has been described by way of 
example and in terms of preferred embodiment, it is to be 
understood that the invention is not limited thereto. To the 
contrary, it is intended to cover various modifications and 
Similar arrangements (as would be apparent to those skilled 
in the art). Therefore, the Scope of the appended claims 
should be accorded the broadest interpretation So as to 
encompass all Such modifications and Similar arrangements. 

1. A tie-layer adhesive composition comprising: 

(a) 80 to 95 weight percent or more, based on the weight 
of the composition, ethylene-Cls C.-olefin copolymer 
base resin having hard and Soft phases that form a 
network structure, density of 0.925 g/cm or less, melt 
index from 0.3 to 5 g/10 min and which when in the 
pelletized form, exhibits a reduction in ER of 10 



US 2005/0235494 A1 

percent or more to a final ER value of 1.0 or less upon 
rheometric low shear modification or Solution dissolu 
tion, and 

(b) less than 5 weight percent, based on the weight of the 
composition, modified polyolefin which is an ethylene 
C. C.-olefin copolymer having a density of 0.905 to 
0.965 g/cm grafted with 0.5 to 2.5 weight percent 
ethylenically unsaturated carboxylic acid or ethyleni 
cally unsaturated carboxylic acid derivative. 

2. The adhesive composition of claim 1 having a melt 
index from 0.5 to 5 g/10 min and wherein the modified 
polyolefin (b) is an ethylene-O-olefin copolymer grafted 
with maleic anhydride. 

3. (canceled) 
4. The adhesive composition of claim 2 wherein (a) is a 

copolymer of ethylene and hexene-1 having a melt index of 
0.5 to 2.5 g/10 min. 

5. The adhesive composition of claim 4 wherein (a) has a 
density of 0.910 to 0.920 g/cm and melt index of 0.5 to 1.5 
g/10 min. 

6. The adhesive composition of claim 2 wherein (b) is a 
grafted high density polyethylene copolymer having a melt 
index from 0.5 to 20 g/10 min and density from 0.945 to 
0.965 g/cm. 

7. The adhesive composition of claim 6 wherein (b) is 
grafted with 0.75 to 2.2 weight percent maleic anhydride and 
has a melt index from 4.5 to 8 g/10 min. 

8. The adhesive composition of claim 2 wherein (b) is a 
grafted linear low density polyethylene copolymer having a 
melt index from 0.5 to 20 g/10 min and density from 0.910 
to 0.930 g/cm. 

9. The adhesive composition of claim 8 wherein (b) is 
grafted with 0.75 to 2.2 weight percent maleic anhydride and 
has a melt index from 4.5 to 8 g/10 min. 

10. The adhesive composition of claim 2 which contains 
95.5 to 99.5 weight percent (a) and 0.5 to 4.5 weight percent 
(b). 

11. A multi-layer barrier film comprising a barrier resin 
layer wherein the barrier resin is Selected from the group 
consisting of ethylene-Vinyl alcohol copolymer and nylon 
and adhesively bonded thereto a tie-layer adhesive compo 
Sition comprising 80 to 95 weight percent or more, based on 
the weight of the composition, ethylene-Cls C.-olefin 
copolymer base resin having hard and Soft phases that form 
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a network structure, density of 0.925 g/cm or less, melt 
index from 0.3 to 5 g/10 min., and which when in the 
pelletized form, exhibits a reduction in ER of 10 percent or 
more to a final ER value of 1.0 or less upon rheometric low 
Shear modification or Solution dissolution, and less than 5 
weight percent, based on the weight of the composition, 
modified polyolefin which is an ethylene-Cls C-olefin 
copolymer having a density of 0.905 to 0.965 g/cm grafted 
with 0.5 to 2.5 weight percent ethylenically unsaturated 
carboxylic acid or ethylenically unsaturated carboxylic acid 
derivative. 

12. The barrier film of claim 11 produced by extrusion or 
coextrusion processes. 

13. The barrier film of claim 11 wherein the tie-layer 
adhesive composition has a melt index from 0.5 to 5 g/10 
min and the modified polyolefin is an ethylene-C-olefin 
copolymer grafted with maleic anhydride. 

14. The barrier film of claim 13 wherein the base resin is 
a copolymer of ethylene and hexene-1 and has a melt index 
of 0.5 to 2.5 g/10 min and the modified polyolefin is a 
grafted high density polyethylene copolymer having a melt 
index from 0.5 to 20 g/10 min and density from 0.945 to 
0.965 g/cm. 

15. The barrier film of claim 13 wherein the base resin is 
a copolymer of ethylene and hexene-1 and has a melt index 
of 0.5 to 2.5 g/10 min and the modified polyolefin is a 
grafted linear low density polyethylene copolymer having a 
melt index from 0.5 to 20 g/10 min and density from 0.910 
to 0.930 g/cm. 

16. The barrier film of claim 11 wherein the tie-layer 
adhesive composition is adhesively bonded to both sides of 
the barrier resin layer. 

17. The barrier film of claim 11 comprising a further 
polyolefin resin layer wherein the polyolefin resin is Selected 
from the group consisting of low density polyethylene, 
linear low density polyethylene, high density polyethylene, 
ethylene-Vinyl acetate copolymer, ethylene-acrylic acid 
copolymer, ethylene-acrylate ester copolymer, ethylene 
methacrylic acid copolymer, ethylene-methacrylic ester 
copolymer and ionomer and wherein the tie-layer adhesive 
is disposed between the barrier resin layer and Said polyo 
loefin resin layer. 


