Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2385048 C 2009/06/02

(11)(21) 2 385 048

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2000/09/20

(87) Date publication PCT/PCT Publication Date: 2001/03/29
(45) Date de délivrance/lssue Date: 2009/06/02

(85) Entree phase nationale/National Entry: 2002/03/13

(86) N° demande PCT/PCT Application No.: US 2000/040961
(87) N° publication PCT/PCT Publication No.: 2001/021549
(30) Priorité/Priority: 1999/09/21 (US09/400,667)

51) Cl.Int./Int.Cl. €048 36/00(2006.01),
CO04B 35/52(2006.01)

(72) Inventeur/Inventor:
KLETT, JAMES W. US

(73) Proprietaire/Owner:
UT-BATTELLE, LLC, US

(74) Agent: GOUDREAU GAG

DUBUC

(54) Titre : MOUSSE A BASE DE BRAI CONTENANT UNE MATIERE PARTICULAIRE

54) Title: PITCH BASED FOAM WITH PARTICULATE

(57) Abrégée/Abstract:

A thermally conductive, pitch based foam composite having a particulate content. The particulate alters the mechanical
characteristics of the foam without severely degrading the foam thermal conductivity. The composite Is formed by mixing the

particulate with pitch prior to foaming.

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




000 A A A

01/21549 Al

CA 02385048 2002-03-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
29 March 2001 (29.03.2001)

(51) International Patent Classification’: C04B 38/00,
35/52, CO8L. 95/00

(21) International Application Number: PCT/US00/40961

(22) International Filing Date: |
20 September 2000 (20.09.2000)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
09/400,667 21 September 1999 (21.09.1999) US

(71) Applicant: UT-BATTELLE, LLC [US/US]; 111 B

Union Valley Road, P.O. Box 2008, Oak Ridge, TN
37831-6498 (UN).

(72) Inventor: KLETT, James, W,; 10073 Delle Meade Dr1ve,
Knoxville, TN 37931 (US).

(74) Agents: NELSON, Gregory, A. et al.; Akerman, Senterfitt
& Eidson, P.A., 222 Lakeview Avenue - Suite 400, P.O. Box
3188, West Palm Beach, FL. 33402-3188 (US).

(54) Title: PITCH BASED FOAM WITH PARTICULATE

I 0T AT 00O A R

(10) International Publication Number

WO 01/21549 Al

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ.BA,BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK,
DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT,
LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL,
PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ,
UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
Cl, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
—  With international search report.

—  Before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

o (57) Abstract: A thermally conductive, pitch based foam composite having a particulate content. The particulate alters the mechan-
ical characteristics of the foam without severely degrading the foam thermal conductivity. The composite is formed by mixing the

=

particulate with pitch prior to foaming,.



Ul

-
-

25

CA 02385048 2007-06-01

WO 01/21549
PITCH

BASED FOAM WITH

PCT/US00/40961

PARTICULATE

CROSS-REFERENCE TO RZILATEZED APPLICATIONS

Not Applicable

3ackgrourd Cf£ The Tnvyention
The present invention relates to pitch kased foam, and
mor2 particularly to a pitch based foam which includes a
pDarciculaze which zlter
The extraordinary mechanical propertieg OL ccmmercial

— K -_ - — b S ~ -:.ﬂw,s 1';. 2 ~ —
caroen IZiners are qQue O the unicue gragshltic merphology o

the extruded filaments. See Edie, D.D., "Pitch and Mesopnase

Tipers," 1n Carpon Fibers, Filaments and Composites,

v .
-l
L

igueiredoc (editor), Kluwer Academic Publishers, Boston, rp.

(1590) . Contemporary advanced structural composites
exploit thnese properties by creating a disconnected network ol
graphitic filaments held together by an appropriate matrix.
Carben foam derived from a pitch precursor can be considered
to e an interconnected network ol ligaments or struts. As
such interconnected networks, they would represent a potential

alternative as a reinforcement in structural composite

materials.
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Recent developments of fiber-reinforced composites has
been driven by requirements for improved strength, stiffness,
creep resistance, and toughness 1n structural engineering
materials. Carbon fipers have led to signiiicant advancements
in these properties in compesites of wvarious polymeric, metal,
and ceramic matrlces.

.

However, current applications of carbon fibers heas
evolved from structural reinforcement to thermal management 1in
application ranging from high density electronic modules to
communicacicn satellites. This has stimulated research into

novel! reinforcements and composite processing methods. HEign

thermal conduc:sivity, lcw weight, and low cceifficient of

thermal expansion are the primary concerns in thermal

management applications. See Shih, Wel, "Develcpment of

Carbon-Carpon Composites [or Electronic Thermal Management

Applicaticns," IDA Workshop, May 3-5, 1994, supported by AF

Wright Laboratory and AR Phillips Laboratory and Engle, G.B.,
"High Thermal Conductivity C/C Composites for Thermal
Management,” IDA Workshop, May 3-5, 1924, supported by AF
Wright Laboratory and AR Phillips Laboratory. Such
applications are striving towards a sandwich type approach 1in
which a low density structural core material (i.e. honeycomb

or foam) is sandwiched between a high thermal conductivity

facesheet.

Structural cores are limited to low density materials to

ensure that the weight limits are not exceeded. Unfortunately,
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carbon foams and carbon honeycomb materials are the only
avallable materials for use in high temperature applications
(>1600°C) . High thermal conductivity carbon honeycomb
materials are extremely expensive to manufacture compared to
low conductivity honeycombs, therefore, a performance penalty
is paid for low cost materials

Typical foaming processes utilize a "blowing" technique

to produce a foam of the pitch precursor. The pitch is melted

and pressurized, and then the pressure is reduced.
Thermodynamically, this produces a "Flash," thereby causing
the low molecular weight compounds in the pitch to wvaporize
(the pitch boils), resulting in a pitch foam. See Hagar,
Joseph W. and Max L. Lake, "Novel Hybrid Composites Based on

Carbon Foams," Mat. Res. Soc. Symp., Materials Research

Society, 270:29-34 (1992), Hagar, Joseph W. and Max L. Lake,

"Formulation of a Mathematical Process Model Process Model for

the Foaming of a Mesophase Carbon Precursor," Mat. Res. Soc.

Symp., Materials Research Society, 270:35-40 (1992), Gibson,

L.J. and M.F. Ashby, Cellular Solids: Structures & Properties,

Pergamon Press, New York (1988), Gibson, L.J., Mat. Sci. and

Eng All10, 1 (1989), Knippenberg and B. Lersmacher, Phillips
Tech. Rev., 36(4), (1976), and Bonzom, A., P. Crepaux and E.

J. Moutard, U.S. patent 4,276,246, (1981). Additives can be
added to promote, or catalyze, the foaming, such as dissolved
gases (like carbon dioxide, or nitrogen), talc powder, freons,

or other standard blowing agents used in making polymer foams.
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Then, unlike polymer foams, the pitch foam must be
oxidatively stabilized by heating in air (or oxygen) for many
hours, thereby, cross-linking the structure and "setting" the
pitch so 1t does not melt, and deform the structure, during
carbonization. See Hagar, Joseph W. and Max L. Lake,
"Formulation of a Mathematical Process Model Process Model for

the Foaming of a Mesophase Carbon Precursor, Mat. Res. Soc.
Symp., Materials Research Society, 270:35-40 (1992) and White,

J.L., and P.M. Shaeffer, Carbon, 27:697 (1989). This 1s a

time consuming step and can be an expensive step depending on

the part size and equipment required.

Next, the "set" or oxidized pitch foam is then carbonized
1n an 1nert atmosphere to temperatures as high as 1100°C.
Then, a final heat treatment can be performed at temperatures
as high as 3000°C to fully convert the structure to carbon
and produce a carbon foam suitable for structural
reinforcement. However, these foams as just described exhibit

low thermal conductivities.

Other techniques may utilize a polymeric precursor, such

as phenolic, urethane, or blends of these with pitch. See

Hagar, Joseph W. and Max L. Lake, "Idealized Strut Geometries

for Open-Celled Foams," Mat. Res. Soc. Symp., Materials
Research Society, 270:41-46 (1992), Aubert, J. W., (MRS
Symposium Proceedings, 207:117-127 (1990), Cowlard, F.C. and
J.C. Lewis, J. of Mat. Sci., 2:507-512 (1967) and Noda, T.,

Inagakl and S. Yamada, J. of Non-Crystalline Solids, 1:285-

302, (1969). However, these precursors produce a "glassy" or

4 -
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vitreous carben whicn deoes not exhibit graphitic structure
and, thus, has a very low thermal conductivity and low
stiffness as well. See Hagar, Joseph W. and Max L. Lake,

"Tdealized Strut Geometries for Open-Celled Foams," Mat. Res.

5 Soc. Svmp., Materials Research Society, 270:41-45 (1892).
One technique developedtby the i1inventor oI the present
inventicn, and 1s fully disclosed in commonly assigned U.S.
Patent No. 6,033,506. It overcomes these
limitations, by nct requiring a "blowlng" cr "pressure
10  release" technigue to produce the foam. Furthermore, an
oxidaticon stabilization step is neot reguired, as 1n cther
methods used to produce pitch-based carbon. This process 1s
less time consuming, and thersfore, will be lower in cost ancd
casier to fabricate than the prior art above. More
15 imporcancly, this process 1s unigue 1n that 1t produces carpon
foams, such as shown in Fig. 1, with high thermal
condéuctivities, greater than 58 W/meX and up to 187 W/meX.
Altering the m=2cnanical charxacteristics, such as tns
density, ccmpressive strength, and the like, of the carbon
20 foam produced using the inventor's method, however, requires
altering the process parameters, such as the temperatures and
pressures at various stages of the process. This can affect
the thermal conductivity of the final foam product. Therefore,
it 1s desirable to produce a highly thermally conductive foam
25 in which the mechanical characteristics are altered while

maintaining the high thermal conductivity of the foam.
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Summary Of The Invention

The invention provides a thermally conductive, pitch
based foam having a particulate content. The particulate
alters the mechanical characteristics of the foam without
severely degrading the foam thermal conductivity.

The invention further provides a thermally conductive
pitch based foam composite comprising a thermally conductive
pitch based foam; and a particulate intermixed 1n said pitch
based foam.

The general objective of the present invention 1s to
provide a pitch derived foam having a high thermal conductivity
and altered mechanical characteristics. This objective 1s
accomplishing by mixing particulate with pitch materials prior
to forming the foam. The particulate alter the mechanical
characteristics of the foam without severely degrading the foam
thermal conductivity.

The foregoling and other objects and advantages of the
invention will appear from the following description. In the
description, reference 1is made to the accompanying drawings
which form a part hereof, and in which there 1s shown by way

of illustration a preferred embodiment of the i1nvention.

Brief Description Of The Drawings

Fig. 1 1s a micrograph 1llustrating pitch based foam

without a particulate; and

Fig. 2 1s a micrograph 1llustrating pitch based foam

incorporating the present invention.
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Detailed Description Of The Invention

Particulate in a high thermal conductivity pitch based
foam can significantly alter the mechanical characteristics of

the resulting foam composite while maintailning a high thermal

...6a_) -



tn

fmd
-

20

25

WO 01/21549

CA 02385048 2007-06-01

\ ¢

PCT/US00/40961

conductivity. As shown 1in Fig. 2, the particulate (socme of
which are designated by arrows) 1is integrated into a pitch
Fased thermally conductive fcam, such as fully disclosed in

U.S. Patent No. 6,033,506 which 1s commonly owned by the

assignee of the present application.

The foam composite can be formed by placing pitch

macerials, such as in the form of vowder, granules, or

cellets, and varticulate i1n a ccntainer

My

| —_—

orming a dry mixture.
The mixture can be solvated 1f desired. The particulate can ke
any matarial whiclhl Cces not decompose at the processing
temperatures reguired to form the carbon foam composite.
Praeferably, the particulate is carpon fibers, such as

cclivacrvinitrile (PAN) based carpon fibers, pitch based carben

fibers, vapor crown carbon nano fibers, carbon nano-tubes, and

The mixture 1s heated in a substantially oxygen-iree

’

environment to avold oxldation ¢of the pitch materials during
heating. Preferably, the mixture 1s heated in a furnace whicnh
has been evacuated to less than 1 torr. Alternatively, the
mlxture i1s heated under a blanket of 1inert gas, such as

nitrogen, to avoid oxidation of the pitch. The mixture is

heated to a temperature approximately S50 to 100°C above the

softening point of the pitch materials causing it to melt.
| ™
For example, where Mitsublishi ARA24 mesophase pitch is used, a

temperaturse of 300°C is sufficient. Alternatively, the pitch

F N
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1s melted as described above, and the particulate is mixed

into the melted pitch.

If the mixture i1s heated in a vacuum, once the pitch

materials are melted, the vacuum is released to a nitrogen
blanket. The pressure inside the furnace is then increased up
to about 1000 psi, and the temperature of the system is then
ralsed to cause the evolution of pyrolysis gases to form a
viscous pitch foam composite. Although raising the pressure to
about 1000 psi is preferred, the pressure may be lower to
provide a less dense foam composite, or higher to provide a
higher composite, if desired. The preferred temperature for
foaming will depend upon the precursor pitch used. The
preferred foaming temperature range for ARA24 mesophase pitch
1s between 420C and 520C. Most preferably, the foaming
Cemperature range 1s between 420C and 450C.

The temperature inside the furnace is then raised to a
temperature sufficient to coke (harden) the viscous pitch foam
composite which when the ARA24 mesophase pitch is used is
about 500°C to 1000°C. This is performed, preferably, at about
2°C/min. This heating rate is dependent upon the size and
shape of the pitch derived foam in the container or mold.

Preferably, the temperature inside the furnace is held for at
least 15 minutes to achieve an assured soak.

Once the viscous pitch foam composite is coked, it is
cooled to room temperature. Preferably the foam is cooled at
a rate of approximately 1.5°C/min. During the cooling cycle,
pressure 1s released gradually to atmospheric conditions.

Preferably, the pressure inside the furnace is released at a
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rate of approximately 2 psi/min. The molded pitch based fcam
is then separated from the container. Prior to cooling, the
foam composice can re further processed to provide additicnal
properties, such as by densifying the foam. For example, the

melded foam can ce heat treated te 1050°C (carbonized) under a

ni-rogen blanket, and then heat treated 1n separate runs to

A

2500°C and 2800°C (graphitized) in Argon.

In the examples below, using the method disclosed above,

rticulate comprising carbon fibers 1s mixed dry in a

1)
O
U

furnace, and then foamed at the pressure
iicated. The resulting pitch derived foam composite 1S

= temperazurs of 1000C at a rate of 0.2C/min €O
carbcnize the composite, and then Ifurther heated from 1000C to

2800C at a rate cf 1C/min and scaked at 2800C for two hours to

i 4§

grapnitize the IZoam composite.
A pitch based fcam composite was formed by mixing 65
™
grams of Fortafil 3(C) milled 400 micron Iibers, a
polyvacrylnitrile based carben fiber, and 200 grams of ARAZ4

mesophase pitch to produce a foam composite having a mass

fraction of fibers of approximately 33%. The composite was

foamed at a pressure of 1000 ps1.

Example 2
A carben foam composite was formed by mixing 37.7 grams
of Fortafil 3(C) milled 400 micron fibers and 749.8 grams of

ARA24 mesophase pitch to prcduce a foam composite having a
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mass fracticn cof fibers of approximately 5%. The composite was

foamed at a pressure of 1000 psi.

Example 3

A pitch based foam composite was formed by mixing 38

N

crams of Fortafil 3{C) milled 400 micron fibers and 750 grams

N

of ARAZ24 mesophase pitch to produce a foam composite having a

mass fraction o fibers of approximately £%. The composite was

1§

J
O

amed at a pressure cri 1C00 ps1i.

Example 4
A pitch based foam composite was formed by mixing 30
grams of Amoco DKD-X 400 micron fibers and 270 grams of ARA24

mesophase pitch to produce a foam composite having a mass

fibpers of agrrcximately 10%. The composite was

=D raccicn Or
foamed at a pressure orf <400 ps:i

Example 5

y-—
.-

A pitch basec Ifoam composite was formed by mixing 30

-

T™
2 grams of Amoco DKD-X 400 micron fibers and 270 grams oi ARA24

mescphase pitch to preduce a foam composite naving a mass
fraction of fibers of approximately 10%. The composite was

foamed at a pressure of 600 psi.

Examole 6

PJ
(J]

™
e
4 »

pitch based foam composite was formed by mixing 30
grams cf amoco DKD-X 400 micron fibers and 270 grams of ARAZZ

mescphase pitch to produce a foam composit2 having a mass

-10 -
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fraction of fibers of approximately 10%. The composite was

foamed at a pressure of 800 psi.

Example 7

A pitch based foam composite was formed by mixing 30
grams of Amoco DKD-X 400 micron fibers and 270 grams of ARA24
mesophase pitch to produce a foam composite having a mass
fraction of fibers of approximately 10%. The composite was
foamed at a pressure of 1000 psi.

Example 8

A pitch based foam composite was formed by mixing 6 grams
of Applied Sciences Pyrograph III Vapor Grown Fibers, a vapor
grown carbon nano fiber, and 400 grams of ARA24 mesophase
pitch to produce a foam composite having a mass fraction of
fibers of approximately 1.5% . The composite was foamed at a

pressure of 1000 psi.

The ftollowing Table 1 compares the densities,
compressive strengths, and thermal conductivities of Examples
4-8 to graphitized pitch based foam. The characteristics of
graphitized pitch based foam without a particulate content is
designated in the table by a "*". The sample indicated with a

"**! was and all other samples were graphitized at 10°C/min.

-11 -
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Table 1.
Example Foaming Density Fiber Compressive Thermal
Pressure Content Strength Conductivity
(pSi) (g/cm3) (%) (MPa) W/ mK

4 400 0.25  10.0 0.61 58+

5 600 0.32 10.0 0.93 43F

6 800 0.44 10.0 1.65 80F

7 1000 0.51 10.0 2.68 69%F

8 1000 0.39 1.5 0.75 68%

* 400 0.25 0 - 51F

* 600 0.39 0 — 75F

* 800 0.48 0 — 105%

* 1000 0.57 0 2.1 14 9%

* 1000 0.57 0 - 187t

tgraphitized at 1°C/min
fgraphitized at 10°C/min

It will thus be seen that a highly conductive pitch based
foam which includes particulate can be formed using the method
disclosed above. As shown in Table 1, the foam exhibits an
altered mechanical characteristics while exhibiting high
thermal conductivities comparable to a pitch based foam
without the particulate produced with this same general
method.

Examples 4-7 demonstrate that density and compressive
strength 1s affected by foaming pressure even when the fiber
content 1s 10% of the foam mass. Comparing Examples 7 and 8 to
the carbon foam without a fiber content shows that the thermal
conductivity of the foam having a fiber content falls within
the range of thermal conductivities exhibited by the non-fiber
content fiber foam. Further examination of Example 8 reveals
that a fiber content as low as 1.5% of the foam mass can

affect both the density and compressive strength.

~12-
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Although the mechanical properties were not significantly
increased (an in most cases decreased) it is believed that
nano-tubes will result in a significant increase in strength.
Carbon nano tubes have a diameter several orders of magnitude

= smaller than the fibers used here and will most likely serve
to bridge microcracking formed in the foam ligaments. Also,
they have orders of magnitude higher strengths (over 100 times
that of steel) and therefore will likely results in improved
strengths;

10 However, 1increasing strength is not always the desire.
In some energy absorption applications, having a reduced but
controllable strength is desired. The goal of this invention
1s to demonstrate that strength (or other properties) can be
modified 1n ways other than changing the operating variables

15 (pressure, heating rate, temperatures, etc.).

While there has been shown and described a preferred
embodiment of the invention, it will be obvious to those
skilled in the art that various changes and modifications can
be made therein without departing from the scope of the

20 invention defined by the appended claims. For example, non-

fibrous or metallic particulate may be used.

~13-
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CLAIMS

What 1s claimed is:

1. A thermally conductive pitch based foam composite
comprising:
a thermally conductive pitch based foam; and

a particulate intermixed in said pitch based foam.

2. The thermally conductive pitch based foam composite
of claim 1 in which said particulate is intermixed into said

pitch based foam prior to foaming.

3. The thermally conductive pitch based foam composite
of claim 1 in which said particulate is a carbon fiber, carbon

nano-tube, or carbon particulate.

4 . The thermally conductive pitch based foam composite

of claim 3 in which the carbon fiber is selected from the

group consisting of polyacrylnitrile (PAN) based carbon

fibers, pitch based carbon fibers, and vapor grown carbon nano

fibers.

5. The thermally conductive pitch based foam composite
of claim 1 in which the composite foam has a thermal

conductivity of at least 43 W/mK.

6. The thermally conductive pitch based foam composite

of claim 1 in which the composite foam has a thermal

-14 -
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conductivity divided by density of at least 132

(W/meK) / (g/cc) .

7 . The thermally conductive pitch based foam composite

of claim 1 1n which the composite foam has a particulate mass

of at least 1.5%.

8 . The thermally conductive pitch based foam composite

of claim 1 in which the composite foam is formed using the

method comprising the steps of:

placing a pitch into a container;
milxXilng a particulate with said pitch in said
container to form a mixture;

heating said mixture in an oxygen-free environment

to melt said pitch 1n said mixture;
further heating to cause the evolution of gases to

form a viscous pitch foam; and

heat treating said viscous pitch foam.

9. The thermally conductive pitch based foam composite

of claim 8, 1n which said particulate is mixed with said pitch

after said pitch is melted.

10. The thermally conductive pitch based foam composite
of claim 8, in which said step of further heating to cause the

evolution of gases 1s conducted while said mixture is under

pressure.

-15-
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1/2

Figure 1. Foam produced with-out particulates (neat).
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2/2

Figure 2. Foam produced with 400 mm PAN-based carbon fibers.
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