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ALUMINUM-CARBON COMPOSITIONS 

RELATED PATENT APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/449,406, ?led Mar. 4, 2011. 

FIELD 

[0002] The present application relates to compounds and/ 
or compositions that include aluminum and carbon that are 
formed into a single phase material and, more particularly, to 
aluminum-carbon compositions Wherein the carbon does not 
phase separate from the aluminum When the aluminum-car 
bon compositions are melted or re-melted. 

BACKGROUND 

[0003] Aluminum is a soft, durable, lightweight, ductile 
and malleable metal With appearance ranging from silvery to 
dull gray, depending on the surface roughness. Aluminium is 
nonmagnetic and nonsparking Aluminum poWder is highly 
explosive When introduced to Water and is used as rocket fuel. 
It is also insoluble in alcohol, though it can be soluble in Water 
in certain forms. Aluminium has about one-third the density 
and stiffness of steel. It is easily machined, cast, draWn and 
extruded. Corrosion resistance can be excellent due to a thin 
surface layer of aluminum oxide that forms When the metal is 
exposed to air, effectively preventing further oxidation. Alu 
minum-carbon composites are long knoWn to suffer from 
corrosion due to galvanic reaction betWeen the dissimilar 
materials. 

SUMMARY 

[0004] In one aspect, the disclosed metal-carbon composi 
tion may include aluminum and carbon, Wherein the metal 
and the carbon form a single phase material and the carbon 
does not phase separate from the metal When the material is 
heated to a melting temperature, or sputtered by magnetron 
sputtering, or electron beam (e-beam) evaporation. In another 
aspect, the disclosed aluminum-carbon composition may 
consist essentially of the aluminum and the carbon. 
[0005] Other aspects of the disclosed aluminum-carbon 
composition Will become apparent from the folloWing 
description and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The patent or application ?le contains at least one 
photograph executed in color. Copies of this patent or patent 
application publication With color photograph(s) Will be pro 
vided by the O?ice upon request and payment of the neces 
sary fee. 
[0007] FIG. 1 is a comparison of the electron backscatter 
diffraction images of, as extruded, aluminum alloy 6061 and, 
as extruded, one embodiment of an aluminum-carbon com 

position, referred to as “covetic,” containing aluminum alloy 
6061 and 2.7 Wt % carbon. The tWo images in FIG. 1 have 
different scales. The top image has a 400 um scale and the 
bottom image has a 45 um scale. 
[0008] FIG. 2 includes an SEM image of a fractured surface 
of one embodiment of an aluminum-carbon composition that 
contains aluminum alloy 6061 and 2.7 Wt % carbon shoWing 
an unusually smooth fracture surface instead of the expected 
cup and cone fracture of ductile metals, such as aluminum. 
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[0009] FIG. 3 includes EDS Map images of a fractured 
surface of one embodiment of an aluminum-carbon compo 
sition that contains aluminum alloy 6061 and 2.7 Wt % car 
bon. The left image is an un?ltered image Wherein no carbon 
is visible and the right image is ?ltered such that the carbon is 
represented as red in the image shoWing the nanoscale distri 
bution of the carbon. 
[0010] FIG. 4 includes SEM images of an as extruded sur 
face of one embodiment of an aluminum-carbon composition 
that contains aluminum alloy 6061 and 2.7 Wt % carbon. The 
left image is an un?ltered image Wherein some microscale 
carbon is visible and the right image is ?ltered such that the 
carbon is represented as turquoise in the image shoWing the 
nanoscale distribution of the carbon. 

DETAILED DESCRIPTION 

[0011] Aluminum-based compounds and/or compositions 
that have carbon incorporated therein are disclosed. The com 
pounds or compositions are aluminum-carbon materials that 
form a single phase material, and in such a Way that the carbon 
does not phase separate from the metal When the material is 
melted. The metal herein is aluminum. Carbon can be incor 
porated into the aluminum by melting the aluminum and 
maintaining the temperature during the procedure at a tem 
perature above the melting point of the resulting aluminum 
carbon material, mixing the carbon into the molten aluminum 
and, While mixing, applying a current of suf?cient amperage 
to the molten mixture such that the carbon becomes incorpo 
rated into the aluminum, thereby forming a single phase 
metal-carbon material. The type of carbon for producing suc 
cessful materials is discussed beloW. 
[0012] It is important that the current is applied While mix 
ing the carbon into the molten aluminum. The current is 
preferably DC current, but is not necessarily limited thereto. 
The current may be applied intermittently in periodic or non 
periodic increments. For example, the current may optionally 
be applied as one pulse per second, one pulse per tWo seconds, 
one pulse per three seconds, one pulse per four seconds, one 
pulse per ?ve seconds, one pulse per six seconds, one pulse 
per seven seconds, one pulse per eight seconds, one pulse per 
nine seconds, one pulse per ten seconds and combinations or 
varying sequences thereof. Intermittent application of the 
current may be advantageous to preserve the life of the equip 
ment and it can save on energy consumption. Alternately, 
trials have been successful When the DC current Was applied 
continuously for about 3 seconds to about several hours, With 
the only limitation being the load on the equipment. Of 
course, this range encompasses and therefore explicitly 
includes any combination of about 3 seconds to each number 
betWeen several hours. 
[0013] The current may be provided using an arc Welder. 
The arc Welder should include an electrode that Will not melt 
in the metal, such as a carbon electrode. In carrying out the 
method, it may be appropriate to electrically couple the con 
tainer housing the molten metal to ground before applying the 
current. Alternately, positive and negative electrodes can be 
placed generally Within about 0.25 to 7 inches of one another. 
Placing the electrodes closer together increases the current 
density and as a result increases the bonding rate of the metal 
and carbon. 
[0014] As used herein, the term “phase” means a distinct 
state of matter that is identical in chemical composition and 
physical state and is discernible by the naked eye or using 
basic microscopes (e.g., at most about 10,000 times magni 
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?cation). Therefore, a material appearing as a single phase to 
the naked eye, but showing tWo distinct phases When vieWed 
on the nano-scale should not be construed as having tWo 
phases. 
[0015] As used herein, the phrase “single phase” means that 
the elements making up the material are bonded together such 
that the material is in one distinct phase. 
[0016] While the exact chemical and/or molecular structure 
of the disclosed aluminum-carbon material is currently not 
knoWn, Without being limited to any particular theory, it is 
believed that the steps of mixing and applying electrical 
energy result in the formation of chemical bonds betWeen the 
aluminum and carbon atoms, thereby rendering the disclosed 
metal-carbon compositions unique vis-a-vis knoWn metal 
carbon composites and solutions of metal and carbon, i.e., the 
neW material is not a mere mixture. The aluminum-carbon 

material is not aluminum carbide. Aluminum carbide, Al4C3, 
decomposes in Water With a byproduct of methane. The reac 
tion proceeds at room temperature, and is rapidly accelerated 
by heating. Aluminum carbide also has a rhombohedral crys 
tal structure. The aluminum-carbon materials disclosed 
herein, unlike aluminum poWder and aluminum carbide, do 
not react With Water. On the contrary, the aluminum-carbon 
materials made by the methods and With the materials dis 
closed herein are stable. 

[0017] Currently existing AliC metal matrix composites 
exhibit a galvanic reaction in the presence of Water molecules 
(even moisture in the air). The aluminum-carbon materials 
disclosed herein do not exhibit a galvanic response and are 
stable even in high temperature, salt Water corrosion testing. 
Moreover, the aluminum-carbon materials disclosed herein 
have been tested by advanced combustion techniques such as 
LECO combustion analyZers that operated in excess of 15000 
C. and no carbon is detectable. 

[0018] Without being bound by theory, it is believed that 
the carbon is covalently bonded to the aluminum in the alu 
minum-carbon materials disclosed herein. The bonds may be 
single, double, and triple covalent bonds or combinations 
thereof, but it is believed, again Without being bound by 
theory, that the bonds are most likely previously undocu 
mented bonds (i.e., a completely neW bond type or arrange 
ment of aluminum and carbon atoms not seen or found in any 
other material/compound). This belief is supported by tests 
Where the bond survives magnetron sputtering, a 15000 C. 
oxygen plasma lance, and a DC Plasma Arc System that 
operates at temperatures in excess of l0,000° C. The alumi 
num-carbon material is melted during these processes and is 
re-deposited as a thin ?lm of the same material. Accordingly, 
the bonds formed betWeen the aluminum and the carbon are 
not broken, i.e., the carbon does not separate from the metal, 
merely by melting the resulting single phase metal-carbon 
material or “re-melting” as described above. Furthermore, 
Without being limited to any particular theory, it is believed 
that the disclosed aluminum-carbon material is a nanocom 
posite material and, as evidenced by the Examples herein, the 
amount of electrical energy (e.g., the current) applied to form 
the disclosed aluminum-carbon composition initiates an 
endothermic chemical reaction. 
[0019] The disclosed aluminum-carbon material does not 
phase separate, after formation, When re-melted by heating 
the material to a melting temperature (i.e., a temperature at or 
above a temperature at Which the resulting aluminum-carbon 
material begins to melt or becomes non-solid). Thus, the 
aluminum-carbon material is a single phase composition that 
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is a stable composition of matter that does not phase separate 
upon subsequent re-melting. Furthermore, the aluminum-car 
bon material remains intact as a vapor, as the same chemical 
composition, as evidenced by magnetron sputtering and 
e-beam evaporation tests. Samples of the aluminum-carbon 
material Were sputtered and upon sputtering Were deposited 
as a thin ?lm on a substrate and retained the electrical resis 
tivity of the bulk material being sputtered. If the aluminum 
and carbon Were not bonded together, then it Would have been 
expected from electrical engineering principles and physics 
that the electrical resistivity Would be roughly tWo orders of 
magnitude higher. This did not occur. 
[0020] The carbon in the disclosed metal-carbon com 
pound may be obtained from any carbonaceous material 
capable of producing the disclosed metal-carbon composi 
tion. Certain carbon containing compounds and/ or polymers 
such as hydrocarbons are not suitable to produce the dis 
closed composition. The carbon is not in the form of a car 
bide, Which are conventional reinforcements for aluminum. 
Furthermore, the carbon is not present as an organic polymer. 
Thus, the carbon is not a plastic, such as polyethylene, 
polypropylene, polystyrene, or the like. 
[0021] Suitable carbonaceous material is preferably a gen 
erally or substantially pure carbon poWder. Non-limiting 
examples include high surface area carbons, such as activated 
carbons, and functionaliZed or compatibiliZed carbons (as 
familiar to the metal and plastics industries). A suitable non 
limiting example of an activated carbon is a poWdered acti 
vated carbon available under the trade name WPH® available 
from Cal gon Carbon Corporation of Pittsburgh, Pa. Function 
aliZed carbons may be those that include another metal or 
substance to increase the solubility or other property of the 
carbon relative to the metal the carbon is to be reacted With, as 
disclosed herein. In one aspect, the carbon may be function 
aliZed With nickel, copper, aluminum, iron, or silicon using 
knoWn techniques, but not in the form of metal carbides. 
While poWdered carbon is preferred, the carbon is not limited 
thereto and may be provided as courser material, including 
?aked, pellet, or granular forms, or combinations thereof. The 
carbon may be produced from coconut shell, coal, Wood, or 
other organic source With coconut shell being the preferred 
source for the increased micropores and mesopores. 
[0022] The metal herein is aluminum. The aluminum may 
be any aluminum or aluminum alloy capable of producing the 
disclosed aluminum-carbon compound. Those skilled in the 
art Will appreciate that the selection of aluminum may be 
dictated by the intended application of the resulting alumi 
num-carbon compound. In one embodiment, the aluminum is 
0.9999 aluminum. In one embodiment, the aluminum is an 
A356 aluminum alloy. In another embodiment the aluminum 
is 6061, 5083, or 7075 aluminum alloys. 
[0023] In another aspect, the single phase metal-carbon 
material may be included in a composition or may be consid 
ered a composition because of the presence of other impuri 
ties or other alloying elements present in the metal and/or 
metal alloy. 
[0024] Similar to metal matrix composites, Which include 
at least tWo constituent parts4one being a metal, the alumi 
num-carbon compositions disclosed herein may be used to 
form aluminum-carbon matrix composites. The second con 
stituent part in the aluminum-carbon matrix composite may 
be a different metal or another material, such as but not 
limited to a ceramic, glass, carbon ?ake, ?ber, mat, or other 
form. The aluminum-carbon matrix composites may be 
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manufactured or formed using known and similarly adapted 
techniques to those for metal matrix composites such as poW 
der metallurgy techniques. 
[0025] In one aspect, the disclosed aluminum-carbon com 
pound or composition may comprise at least about 0.01 per 
cent by Weight carbon. In another aspect, the disclosed alu 
minum-carbon compound or composition may comprise at 
least about 0.1 percent by Weight carbon. In another aspect, 
the disclosed aluminum-carbon compound composition may 
comprise at least about 1 percent by Weight carbon. In another 
aspect, the disclosed aluminum-carbon compound or compo 
sition may comprise at least about 5 percent by Weight car 
bon. In another aspect, the disclosed aluminum-carbon com 
pound or composition may comprise at least about 10 percent 
by Weight carbon. In yet another aspect, the disclosed alumi 
num-carbon compound or composition may comprise at least 
about 20 percent by Weight carbon. 
[0026] In another aspect, the disclosed aluminum-carbon 
compound or composition may comprise a maximum of 1%, 
5%, 10%, 15%, 20%, 25%, 30%, 35%, or 40% by Weight 
carbon. In one embodiment, the aluminum-carbon compound 
or composition may have the maximum percent by Weight 
carbon customized to provide particular properties thereto. 
[0027] The percent by Weight carbon present in the com 
pound or composition may change the thermal conductivity, 
ductility, electrical conductivity, corrosion resistance, oxida 
tion, formability, strength performance, and/ or other physical 
or chemical properties. In the aluminum-carbon compound or 
composition it has been determined that increased carbon 
content increases toughness, Wear resistance, thermal con 
ductivity, strength, ductility, elongation, corrosion resistance, 
and energy density capacity and decreases coe?icient of ther 
mal expansion and surface resistance. Accordingly, the cus 
tomiZation of the physical and chemical properties of the 
aluminum-carbon compounds or compositions can be tai 
lored or balanced to targeted properties through careful 
research and analysis. A uniqueness of the aluminum-carbon 
material is that it can be tailored through the processing 
techniques, in particular the process may be tailored to orient 
the carbon to enhance certain properties such as those listed 
above. 
[0028] The formation of the aluminum-carbon composi 
tion may result in a material having at least one signi?cantly 
different property than the aluminum itself. For example, the 
aluminum-carbon composition has signi?cantly enhanced 
thermal conductivity With a signi?cantly reduced grain struc 
ture When compared to standard aluminum. 
[0029] In one embodiment, the carbon is present in the 
aluminum-carbon material as about 0.01% to about 40% by 
Weight of the composition. In another embodiment, the car 
bon is present in the aluminum-carbon material as about 1% 
to about 10% by Weight, or about 20% by Weight, or about 
30% by Weight, or about 40% by Weight, or about 50% by 
Weight, or about 60% by Weight of the composition. In one 
embodiment, the carbon is present as about 1% to about 8% 
by Weight of the composition. In yet another embodiment, the 
carbon is present as about 1% to about 5% by Weight com 
position. In another embodiment, the carbon is present as 
about 3% by Weight of the composition. 
[0030] Accordingly, the disclosed metal-carbon composi 
tions may be formed by combining certain carbonaceous 
materials With the selected metal to form a single phase mate 
rial, Wherein the carbon from the carbonaceous material does 
not phase separate from the metal When the single phase 
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material is cooled and subsequently re-melted. The metal 
carbon compositions may be used in numerous applications 
as a replacement for more traditional metals or metal alloys 
and/ or plastics and in hereinafter developed technologies and 
applications. 

EXAMPLES 

Example A1 - 1 

[0031] A reaction vessel Was charged With 5.5 pounds (2.5 
Kg) of 356 Aluminum. The aluminum Was heated to a tem 
perature of 16000 E, Which converted the aluminum to its 
molten state. 

[0032] The agitator end of a rotary mixer Was inserted into 
the molten aluminum and the rotary mixer Was actuated to 
form a vortex. While mixing, 50 grams of poWdered activated 
carbon Was introduced into the vortex of the molten alumi 
num using a vibratory feeder. The poWdered activated carbon 
used Was WPH® poWdered activated carbon, available from 
Calgon Carbon Corporation of Pittsburgh, Pa. The carbon 
feed unit Was set to introduce about 4.0 grams of carbon per 
minute such that the entire amount of carbon Was introduced 
in about 12.5 minutes. 
[0033] A carbon (graphite) electrode af?xed to a DC source 
Was positioned in the reaction vessel to provide a high current 
density While the mixture passed betWeen the electrode and 
the grounded reaction vessel. The arc Welder Was a Pro-Mig 
135 arc Welder obtained from The Lincoln Electric Company 
of Cleveland, Ohio. Throughout the period the poWdered 
activated carbon is introduced to the molten aluminum, and 
While continuing to mix the carbon into the molten aluminum, 
the arc Welder Was intermittently actuated to supply direct 
current at 3 1 5 amps through the molten aluminum and carbon 
mixture. The application of current to the mixture continues 
after the carbon addition is completed in order to complete the 
conversion of the aluminum-carbon mixture to the neW alu 
minum-carbon material. 
[0034] TWo plates of aluminum-carbon material Were 
poured after application of the direct current. A hood With a 
?lter positioned above the reaction vessel captured thirteen 
grams of the un-reacted carbon. 
[0035] After cooling, the aluminum-carbon composition 
Was observed by the naked eye to exist in a single phase. The 
material Was noted to have cooled rapidly. The cooled alumi 
num-carbon composition Was then re-melted by heating a feW 
hundred degrees Fahrenheit above the melting temperature 
and poured into molds, and no phase separation Was 
observed. 
[0036] Furthermore, testing shoWed that the aluminum-car 
bon composition had improved thermal conductivity, fracture 
toughness, and ductility in plate, When rolled into a thin strip, 
and When extruded into rods, signi?cantly reduced grain 
structure, and numerous other property and processing 
enhancements not found in traditional aluminum. 

Example A1-2 

[0037] The same procedure as described in Example A1-1 
is duplicated for this example, except that the temperature of 
the molten aluminum Was maintained at about 13700 F. (2300 
less than example A1-1). 
[0038] The melt at 13700 F. Was very smooth and the color 
throughout the run Was much darker than example A1-1 With 
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a smooth surface throughout. Only nine grams of un-reacted 
carbon Was present in the ?lter associated With the reaction 
vessel. 

[0039] TWo plates of aluminum-carbon material Were 
poured after application of the direct current. After cooling, 
the aluminum-carbon composition Was observed by the 
naked eye to exist in a single phase. The material Was noted to 
have cooled rapidly. The cooled aluminum-carbon composi 
tion Was then re-melted by heating a feW hundred degrees 
Fahrenheit above the melting temperature and poured into 
molds, and no phase separation Was observed. 

Example A1 -3 

[0040] Eight pounds of aluminum alloy 5083 Was added to 
a reaction vessel preheated to 100 degrees above the melting 
point of the alloy. Once the alloy Was molten, the agitator end 
of a rotary mixer Was inserted and actuated to form a vortex. 
While mixing With the rotary mixer, poWdered activated car 
bon Was introduced into the vortex sloWly by a vibratory 
feeder until the reaction vessel contained an aluminum car 
bon mixture having 5% by Weight carbon. The poWdered 
activated carbon used Was WPH® poWdered activated car 
bon, available from Calgon Carbon Corporation of Pitts 
burgh, Pa. 
[0041] A carbon (graphite) electrode af?xed to a DC source 
Was positioned in the reaction vessel. Throughout the period 
the poWdered activated carbon is introduced to the molten 
aluminum, and While continuing to mix the carbon into the 
molten aluminum, the arc Welder Was intermittently actuated 
to supply direct current at 379 amps through the molten 
aluminum and carbon mixture. The application of current to 
the mixture continues after the carbon addition is completed 
in order to complete the conversion of the aluminum-carbon 
mixture to the neW aluminum-carbon material. 

[0042] TWo plates of aluminum-carbon material Were 
poured after application of the direct current. After cooling, 
the aluminum-carbon composition Was observed by the 
naked eye to exist in a single phase. A hood With a ?lter 
positioned above the reaction vessel captured thirteen grams 
of the un-reacted carbon. 

Example A1 -4 

[0043] In another example, the methods of Example A1-3 
Was repeated, but aluminum alloy 5086 Was used as the start 
ing material and 3 Wt % carbon Was added during the process. 
The resulting neW aluminum-carbon material Was poured 
into multiple molds for further testing. After cooling, the 
aluminum-carbon composition Was observed by the naked 
eye to exist in a single phase. 
[0044] Samples of an aluminum-carbon composition made 
accordingly to the procedure of Example A1-1, but contain 
ing aluminum alloy 6061 and 2.7 Wt % by Weight carbon 
based on the total Weight of the sample. The samples Were 
examined using various techniques, including electron back 
scatter diffraction, SEM and EDS Mapping. As shoWn in FIG. 
1, the electron backscatter diffraction images demonstrate 
that the aluminum-carbon composition tested contained met 
als of much smaller “grain siZe” than the grain siZes shoWn in 
the aluminum alloy 6061, especially considering that the 
aluminum-carbon composition had to be enlarged onto to a 45 
um scale to see the individual “grains.” 
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[0045] Referring to FIG. 2, a sample from the same alumi 
num-carbon composition Was again imaged using scanning 
electron microscopy. HoWever, a fractured surface of the 
sample Was vieWed. 

[0046] Referring to FIG. 3, a sample from the same alumi 
num-carbon composition having a fractured surface Was ana 
lyZed by energy dispersive spectroscopy. The fractured sur 
face provided an EDS Map as shoWn in the left image of FIG. 
3. The EDS procedure Was adjusted such that the carbon 
Within the aluminum-carbon composition appears red in the 
right image, Which is an image of the same portion of the 
fracture surface shoWn in the left image. 
[0047] Referring to FIG. 4, a sample from the same alumi 
num-carbon composition Was imaged using a scanning elec 
tron microscope. The images in FIG. 4 are of a surface of the 
composition as extruded. The left image is a standard SEM 
image. The right image is ?ltered such that the carbon is 
visually represented by a turquoise color. As can be seen from 
the images, a nanoscale distribution of the carbon intercon 
nected by or through “threads,” a “matrix,” or “netWork” of 
carbon is evident. 

[0048] Furthermore, testing shoWed that the aluminum-car 
bon composition had improved thermal conductivity, fracture 
toughness, and ductility in plate, When rolled into a thin strip, 
When extruded into rods or Wires, cast, signi?cantly reduced 
grain structure, and numerous other property and processing 
enhancements not found in traditional aluminum. 

What is claimed is: 
1. An aluminum-carbon composition comprising alumi 

num and carbon, Wherein the aluminum and the carbon form 
a single phase material, characterized in that the carbon does 
not phase separate from the aluminum When the single phase 
material is heated to a melting temperature. 

2. The aluminum-carbon composition of claim 1 Wherein 
the aluminum is an aluminum alloy. 

3. The aluminum-carbon composition of claim 1 Wherein 
the carbon comprises about 0.01 to about 40 percent by 
Weight of the material. 

4. The aluminum-carbon composition of claim 1 Wherein 
the carbon comprises at least about 1 percent by Weight of the 
material. 

5. The aluminum-carbon composition of claim 1 Wherein 
the carbon comprises at least about 5 percent by Weight of the 
material. 

6. The aluminum-carbon composition of claim 1 Wherein 
the carbon comprises at most about 10 percent by Weight of 
the material. 

7. The aluminum-carbon composition of claim 1 Wherein 
the carbon comprises at most about 25 percent by Weight of 
the material. 

8. The aluminum-carbon composition of claim 1 further 
comprising an additive that imparts a change to a physical or 
mechanical property of the composition. 

9. An aluminum-carbon composition consisting essentially 
of aluminum and carbon, Wherein the aluminum and the 
carbon form a single phase material, and Wherein the carbon 
does not phase separate from the aluminum When the material 
is heated to a melting temperature. 

10. The aluminum-carbon composition of claim 9 Wherein 
the aluminum is an aluminum alloy. 
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11. The aluminum-carbon composition of claim 9 wherein 
the carbon comprises about 0.01 to about 40 percent by 
Weight of the material. 

12. The aluminum-carbon composition of claim 9 Wherein 
the carbon comprises at least about 1 percent by Weight of the 
material. 

13. The aluminum-carbon composition of claim 9 Wherein 
the carbon comprises at least about 5 percent by Weight of the 
material. 
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14. The aluminum-carbon composition of claim 9 Wherein 
the carbon comprises at most about 10 percent by Weight of 
the material. 

15. The aluminum-carbon composition of claim 9 Wherein 
the carbon comprises at most about 25 percent by Weight of 
the material. 


