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1
CARBON-ENHANCED CEMENT CLINKER

ORIGIN OF THE INVENTION

The mmvention described herein was made 1n the perfor-
mance of work under a NASA contract and by an employee
of the United States Government and 1s subject to the
provisions of Public Law 96-517 (35 U.S.C. § 202) and may
be manufactured and used by or for the Government for
governmental purposes without the payment of any royalties

thereon or therefore. In accordance with 35 U.S.C. § 202, the
contractor elected not to retain title.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to cement clinkers. More specifi-
cally, the mmvention 1s a clinker product that has been
enhanced with carbon to improve the properties of concrete
manufactured using cement that includes the clinker prod-
uct.

2. Description of the Related Art

Over time, the leaching of 10ons (e.g., chlorine 10ns) 1nto
concrete structures corrodes and weakens metal supports
that are typically found 1n concrete structures. Corrosion of
the metal support shortens the usetful life of the structure.
Since chlorine ions are prevalent in a variety of sources,
most concrete structures are subject to chlorine-leaching-
based damage.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
increase the usetul life of metal-reinforced concrete struc-
tures by reducing i1on leaching into concrete.

Other objects and advantages of the present invention will
become more obvious hereinafter 1n the specification and
drawings.

In accordance with the present invention, a clinker for use
in cement manufacturing includes a cement clinker mixture.
The cement clinker mixture includes crystals of an element
that 1s less electronegative than carbon (e.g., iron, cobalt,
nickel, etc.) and carbon bonded to at least a portion of the
crystals.

BRIEF DESCRIPTION OF THE DRAWING(S)

Other objects, features and advantages of the present
invention will become apparent upon reference to the fol-
lowing description of the preferred embodiments and to the
drawings, wherein corresponding reference characters indi-
cate corresponding parts throughout the several views of the
drawings and wherein:

FIG. 1 1s a flow diagram illustrating the process for
producing a clinker product in accordance with the present
invention;

FIG. 2 1s a simplified process tlow diagram of a single-
reactor Bosch system that can be used 1n the production of
the clinker product; and

FIG. 3 1s a simplified process tlow diagram of a dual-
reactor Bosch system that can be used 1n the production of
the clinker product.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Referring now to the drawings and more particularly to
FIG. 1, a flow diagram 1s illustrated of a process used to
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2

produce a novel clinker product in accordance with the
present invention. The clinker product can then be used 1n
cement manufacturing. As will be explained further below,
concrete that includes cement manufactured to include the
novel clinker product described herein exhibits a slower rate
of 10n leaching as compared to conventional concrete.

In accordance with the present invention, a Bosch reac-
tion 10 1s supplied with hydrogen 12 and carbon dioxide 14.
As 1s known 1n the art, Bosch reactions generate a chemical
reaction between hydrogen and carbon dioxide that produces
carbon, water, and heat. For a description of Bosch reac-
tions, see (for example) Abney et al., ““The Bosch Process—
Performance of Developmental Reactor and Experimental
Evaluation of Alternative Catalysts,” 40 International Con-
ference of Environmental Systems, AIAA 2010-6272, 2010.
In the present mnvention, Bosch reaction 10 1s also supplied
with a cement clinker mixture 16 that could be ground,
supplied directly from the furnace of a cement plant, etc.,
without departing from the scope of the present invention. In
general, cement clinker mixture 16 1s any of a variety of
clinker formulations that can be used 1n the manufacturing
of cement. For purpose of the present invention, cement
clinker mixture 16 must include crystals of an element that
1s less electronegative than carbon. For example, such
clements include iron, nickel, and cobalt, with 1ron being
generally found in most cement clinkers.

Cement clinker mixture 16 1s provided to Bosch reaction
10 1n a ground form. While the particle sizes of cement
clinker mixture 16 are not a limitation of the present
invention, more of the electronegative crystal elements are
exposed for mixtures 16 comprised of smaller particles.
Accordingly, mixture 16 can be ground into small particles
thereol (e.g., on the order of approximately one millimeter)
for applications seeking to maximize exposure of the elec-
tronegative crystal elements.

As mentioned above, Bosch reaction 10 produces carbon,
water, and heat when supplied with hydrogen and carbon
dioxide. The reaction within Bosch reactor 10 can be accel-
erated 1n the presence of an 1ron, nickel, or cobalt catalyst.
Thus, the presence of one or more of 1ron, nickel, or cobalt
crystals in clinker mixture 16 serves to accelerate the known
Bosch reaction. In addition, 1t has been found that the carbon
generated during the Bosch reaction bonds to at least a
portion of the electronegative element crystals. The carbon
generated during the Bosch reaction process can take the
form of elemental carbon as well as allotropes of carbon
(e.g., graphite, graphene, amorphous carbon, carbon fibers,
carbon nanotubes, etc.). Accordingly, the word “bond” as
used herein as it relates to the relationship between the
generated carbon and the electronegative element crystals
includes covalent bonding, 1onic bonding, encasement or
capture of the crystals by carbon allotropes, etc. The dis-
persion of carbon 1n the clinker matrix can be controlled by
the particle size of clinker mixture 16. Ion leaching 1s
reduced 1in concrete made from cement that includes the
clinker product of the present invention. In general, 1on
leaching decreases with increased amounts of carbon as the
carbon “blocks™ (e.g., attracts, bonds, and/or traps) the 1ons
as they migrate through the concrete.

It has further been found that the carbon produced in
Bosch reaction 10 can also bond to the carbon that bonds to
the electronegative element crystals. These carbon-to-car-
bon bonds can occur via a variety of mechanisms depending
on the types of carbon as would be understood in the art.
This additional carbon can add to the weight percent 1n the
present invention’s clinker product ultimately output from
Bosch reaction 10. The additional carbon further improves
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ion blocking in a concrete material/structure made from
cement that includes the carbon-enhanced clinker product.

Depending on how the clinker product (output from
Bosch reaction 10) 1s to be used, it may be necessary to grind
the clinker product. In such cases, a grinder 18 can be
provided. Grinder 18 can also be supplied with additives
(e.g., gypsum or other ingredients used 1n cement manufac-
turing).

Bosch reaction 10 can be realized by a variety reactor
systems. By way of non-limiting examples, a single reactor
system and a dual reactor system will be described briefly
herein. More specifically, FIG. 2 1llustrates a single reactor
system where a single reactor 102 generates gas products
sent through a condensing heat exchanger 104 to remove
bulk water prior to being recycled back to reactor 102. FIG.
3 1llustrates a dual reactor system having a first reactor 102,
a condensing heat exchanger 104, and a second reactor 106.
In the dual reactor system, the gas products generated at
reactor 102 are processed by heat exchanger 104 and reactor
106 betore being recycled back to reactor 102 and/or heat
exchanger 104.

The above-described process can be a stand-alone process
that produces the clinker product, or can be readily incor-
porated 1nto an existing cement manufacturing facility. In
the latter case, the carbon dioxide could be extracted from
the smoke-stack gases generated by a cement manufacturing,
tacility. That 1s, the smoke-stack gases could be passed
through a carbon dioxide extractor/concentrator to provide
carbon dioxide 14 for Bosch reactor 10.

The advantages of the present invention are numerous.
The clinker product generated by the above-described pro-
cess has carbon bonded to the cement clinker mixture’s
clectronegative element crystals. The amount of carbon 1n
the carbon-enhanced clinker product can vary depending on
the length of time that the clinker mixture 1s maintained in
the Bosch reaction. As mentioned above, the amount of
carbon 1in the carbon-enhanced clinker product directly
impacts reduction in 10n leaching into concrete materials/
structures made from cement that includes the carbon-
enhanced clinker product. In general, the 10ons’ afhinity for
the carbon blocks 1on migration through the concrete
thereby preventing corrosive activity generally associated
with the presence of 1ons. In addition, the presence of carbon
in the concrete could provide electrical conductivity for
ancillary applications.

Although the invention has been described relative to a
specific embodiment thereot, there are numerous variations
and modifications that will be readily apparent to those
skilled 1n the art in light of the above teachings. It 1s
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therefore to be understood that, within the scope of the
appended claims, the invention may be practiced other than
as specifically described.

What 1s claimed as new and desired to be secured by
Letters Patent of the United States 1s:

1. A clinker product, comprising:

a cement clinker mixture to include 1ron crystals; and

carbon bonded to at least a portion of said 1ron crystals.

2. A clinker product as 1n claim 1, wherein said clinker
mixture comprises particles thereol not to exceed approxi-
mately 1 millimeter in diameter.

3. A clinker product as in claim 1, further comprising
additional carbon bonded to said carbon bonded to at least
a portion of said 1ron crystals.

4. A clinker product as 1n claim 1, wherein said carbon 1s
covalently bonded to said iron crystals.

5. A clinker product as in claim 1, wherein said carbon
includes allotropes of carbon.

6. A clinker product as in claim 3, wherein said additional
carbon includes allotropes of carbon.

7. A clinker product, comprising:

a cement clinker mixture to include crystals of an element

that 1s less electronegative than carbon; and

carbon bonded to at least a portion of said crystals.

8. A clinker product as 1n claim 7, wherein said clinker
mixture comprises particles thereof not to exceed approxi-
mately 1 millimeter in diameter.

9. A clinker product as i claim 7, further comprising
additional carbon bonded to said carbon bonded to at least
a portion of said crystals.

10. A clinker product as in claim 7, wherein said carbon
1s covalently bonded to said crystals.

11. A clinker product as 1n claim 7, wherein said carbon
includes allotropes of carbon.

12. A clinker product as in claim 9, wherein said addi-
tional carbon includes allotropes of carbon.

13. A clinker product, comprising:

a cement clinker mixture defined by particles thereof
having a diameter not to exceed approximately 1 mul-
limeter, said clinker mixture including 1ron crystals;

carbon bonded to at least a portion of said 1ron crystals;
and

additional carbon bonded to said carbon bonded to at least
a portion of said 1ron crystals.

14. A clinker product as 1n claim 13, wherein said carbon

1s covalently bonded to said 1ron crystals.

15. A clinker product as 1n claim 13, wherein said carbon
and said additional carbon include allotropes of carbon.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

