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(54) MIXTURE FOR SUPPORTING SURFACING

(71) We, NICHOLSON REALTY LTD, a Limited Partnership in the State of Ohio,
United States of America, .of 5800 Monroe Street, Building F, Sylvania, State of Ohio
43560, United States of America, (assignee of JOHN PATRICK NICHOLSON), do
hereby declare the invention, for which we pray that a patent may be granted to us, and the
method by which it is to be performed, to be particularly described in and by the following
statement: ) .

This invention relates to materials which are capable of supporting surfacing such as
pavement bases. '

In road paving, at one time it was thought that the base for the surfacing material should
comprise a granular or gravel base. However, more recently, it has been concluded that
there 'was a considerable difference in the performance between such bases and
cement-aggregate ‘'or bituminous (asphalt)-aggregate bases. As reported in the Highway
Research Board Special Report 61E, titled The AASHO Road Test, Report 5, Pavement
Research, publication 954 of National Academy of Sciences - National Research Council,
there is a clear superiority of such treated bases over untreated bases. In recent years,
treated bases have become commonly known as stabilized bases.

In subsequent work, for example, use of asphalt mixtures in all courses of pavement
above the subgrade has been proposed, The Asphalt Institute, Information Series No. 146,
June 1968. Asphalt stabilized bases have become the most dominant stabilized base utilized
to support a flexible surfacing such as asphalt concrete. In addition, asphalt concrete has
found extensive use as a resurfacing material for concrete pavement.

It has also been proposed that a lime-fly ash-aggregate stabilized base be used in road
paving. Such a base consists of a mixture of proper quantities of lime, fly ash, and graded
aggregate at optimum mositure content, in which the stability is greatly enhanced by the
cementing action which results from complex chemical reactions between the lime and the
fly ash in the presence of water.

Stabilized bases are usually employed as base courses under wearing surfaces such as hot
mixed, hot laid asphaltic concrete. A wearing surface is necessary to resist the high shearing
stresses which are caused by traction, but the stabilized base provides the required stability
to support wheel loads.

A serious obstacle to the expanded use of stabilized bases is the high energy costs for
making the materials.

For example, it is well known that the production of portland cement which is used in
stabilizing bases requires substantial quantities of coal in manufacture. In fact, the United
States Department of Transportation has suggested that fly ash be substituted for a portion
of the portland cement utilized in concrete or cement-aggregate bases, Federal Highway
Administration Notice N5080.4, January 17, 1974.

The use of asphalt is asphalt-aggregate bases which is derived from petroleum processing
nﬁ)t only utilizes petroleum which is in short supply but also requires high energy to produce
them.

Similarly, the lime, fly ash and graded aggregate stabilized bases utilize lime which
requires coal in production. Such bases have been used in limited geographical areas of the
United States where they can compete economically because of availability of lime and fly
ash. :

Thus, the predominantly used stabilized bases utilize materials that are in short supply
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and require substantial quantities of energy to produce them. The materials may be termed
energy intensive. There is a need to avoid or minimize the use of such energy intensive
materials in road paving. c '

The object of this invention is to provide a mixture of materials for producing a stabilized
base comprising a hard, strong, durable mass capable of supporting surfacing which avoids
or minimizes the use of materials which are energy intensive and, moreover, utilizes
materials that normally are waste materials that are readily available.

According to the present invention there is provided a mixture comprising about 88% by
dry weight of pozzolan and about 12% by dry weight of cement kiln dust which, through
pozzolanic reactions occurring on setting of the mixture with water, produces a hard,
strong, durable mass capable of supporting surfacing.

According to the present invention there is also provided a mixture comprising 6 to 24%
by dry weight of pozzolan, 4 to 16% by dry weight of cement kiln dust and 60 to 90% by dry
weight of aggregate which, through pozzolanic reactionsn occurring on setting of the
mixture with water, produces a hard, strong, durable mass capable of supporting surfacing.

According to the present invention there is further ptovided a method of making a
stabilized load bearing material which comprises mixing about 88% by dry weight of
pozzolan, about 12% by dry weight of cement kiln dust and water, compacting the mixture
and permitting the mixture to react at ambient temperatures to produce a hard, strong,
durable mass capable of supporting surfacing.

According to the present invention there is still further provided a method of making a
stabilised load bearing material, which comprises mixing 6 to 24% by dry weight of
pozzolan, 4 to 16% of dry weight of cement kiln dust, 60 to 90% by dry weight of aggregate
and water, compacting the mixture and permitting the mixture to react at ambient
temperatures to produce a hard, strong, durable mass capable of supporting surfacing.

In one embodiment of the present invention the pozzolan is fly ash. _

This invention will now be further described with reference to the accompanying
drawings in which:

Figures 1-3 are curves of compressive strength versus age at test for various compositions.

Figure 4 is curves of energy requirements for various pavement materials. :

In accordance with the invention, the pozzolanic load supporting composition utilizes
cement kiln dust.

The solid waste generated by cement manufacture is primarily kiln dust. This dust
contains a mixture of raw kiln feed, partly calcined material, finely divided cement clinker
and alkali metal sulfates (usually referred to as sulfates). There is economic value in
returing the dust to the kiln, but when the alkali content of the returned dust is too high for
the product clinker to meet specifications, the dust must be discarded. Up to about 15% of
the raw materials processed may be collected as dust and of this about half may be low
enough in alkalis to be returned to the kiln. The rest is usually stockpiled as a waste material
which must be disposed and may be a nuisance and possibly a hazard.

Although the chemical reactions occurring in the resultant cement kiln dust are not well
known, typical cement kiln dust has a chemical analysis as follows:

Si0,
Al,O3
Fezog,
CaO

Loss Ignition
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7 " Range »
Ingredient Low % High %. " Average %

SiO, 28.5 165
ALO; 9.6 435
o 6 L ge
a . : .
MgO 3 2.34
SO5 2 ‘ 7.07
Na,O 3.18 0.78
K,0 2623 5.52

Loss on
Ignition 32.0 - 16.0
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When mixtures made in accordance with the invention and mixed with water to produce a
pozzolanic reaction have been tested in accordance with the specifications given in ASTM
C-593 for fly ash and other pozzolans for use with lime, it has been found that the
compositions meet or exceed the specifications.

The term “fly ash” as used in connection with stabilized bases is well known and as used
herein is intended to indicate the finely divided ash residue produced by the combustion of
pulverized coal or lignite, which ash is carried off with the gases exhausted from the furnace
in which the coal is burned and which is collected from these gases usually by means of
suitable precipitation apparatus such as electrical precipitators. Those finely pulverized
ashes resulting from combustion of oil and from combustion of waste materials in a large
incinerator or natural pozzolans can also be utilized in the methods described herein
providing their chemical compositions are reasonably similar to pulverized coal fly ashes.
The fly ash so obtained is in a finely divided state such that usually at least 70% by weight
passes through a 200-mesh sieve, although incinerator ashes may be considerably coarser.
Fly ash may be considered an “artifical pozzolan”, as distinguished from a “natural
pozzolan™.

The term “aggregate” as used in connection with load supporting compositions is also
well known and refers to natural or artificial inorganic materials most of which are
substantially chemically inert with respect to fly ash and lime, and substantially insoluble in
water. Typically aggregate may comprise limestone, sand, blast furnace slag, gravel and
synthetic aggregate.

Aggregates can comprise a wide range of types and gradations, including sands, gravels,
crushed stones, and several types of slag. Aggregates should be of such gradation that,
when mixed with cement kiln dust, fly ash and water, the resulting mixture is mechanically
stable under compaction equipment and capable of being compacted in the field to high
density. The aggregate should be free from deleterious organic or chemical substances
which may interfere with the desired chemical reaction between the cement kiln dust, fly
ash and water. Further, the aggregate should preferably consist of hard, durable particles,
free from soft or disintegrated pieces.

It has been found that a preferable mixture comprises:

Per Cent by
Dry Weight

Cement Kiln Dust 8.0%

Pozzolan 12.0%
Aggregate 80.0%
- Total 100.0%

However, the mixture for use in road stabilizer bases may vary as follows:

Per Cent By
Dry Weight

Cement Kiln Dust 4 - 16%
Pozzolan 6 - 24%
Aggregate 60 - 90%

As indicated above, tests were conducted in accordance with ASTM C-593. More
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specifically, the test specimens. were molded using a mechanical compactor, having a 10
pound hammer with an 18 inch drop. The material was placed in the molds in three equal
layers, and compacted by 25 blows per layer. The machine has a revolving turntable to
evenly distribute the blows over the surface of the layer being compacted.

After molding, the samples were carefully removed from the molds, weighed, and sealed
in plastic bag, labeled for identification, and placed in a constant temperature oven at 100°F
to cure until tested. Two cylinders of each mix were marked for testing at 7, 14 and 28 days
of curing. After removal from the oven, the samples are submerged in water for four hours,
removed, and allowed to drain on a non-absorbant surface, capped and tested within one
hour after removal from the water. The capping compound used is “Hydro-Stone” a lime
based, quick-hardening compound. Plate glass was used to obtain even, parallel caps on the
test specimens.

Examples of various tests and compositions are as follows:

10
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The results of the tests are summarized in Figures 1-3.

As shown in Figure 1, mixtures containing cement kiln dust vary but in each instant
produce a base that is stabilized.

As shown in Figure 2, the addition of additives or admixtures generally do not affect the
itrength exc(:lept that a retarder tends to prevent the early development of strength as might

e expected.

As shown in Figure 3, the strength of mixtures including cement kiln dust compare
favourably with a lime, fly ash, aggregate mixture. In addition, even a mixture of cement
kiln dust and fly ash produces a stabilized base.

Thus, the mixtures of the present invention result in a stabilized base that is comparable
in strength and required performance characteristics to cement-aggregate or lime-fly
ash-aggregate stabilized bases and yet are not energy intensive. The mixtures of the present
invention cost less than the predominantly used asphalt-aggregate bases. Also, the use of
mixtures of the invention releases asphalt for use in resurfacing or as a heavy industrial fuel.

Figure 4 is a curve showing the BTU’s per mile versus thickness for various road paving
materials taken from Highway Research Circular titled “Fuel Usage Factors for Highway
Construction”, Number 158, July, 1974. It can be seen that asphalt concrete and cement
type mixtures require substantial energy and only granular base or sub-base of aggregate
has minimal energy requirements in hauling, spreading, compacting and finishing. Since the
mixtures of the present invention utilize waste materials, namely, cement kiln dust and fly

~ ash, the energy requirements for making a stabilized base are only in hauling, spreading,

compacting’and finishing. As a result, the mixtures of the present invention have minimal
energy requirements and thereby obviate the energy intensive materials of prior stabilized
bases. ' '

The mixtures of the present invention utilize cement kiln dust which is a waste product
that is relatively available from cement plants and fly ash which is readily available from
power plants.

WHAT WE CLAIM IS:

1. A mixture comprising about 88% by dry weight of pozzolan and about 12% by dry
weight of cement kiln dust which, through pozzolanic reactions occurring on setting of the
mixture with water, produces a hard, strong, durable mass capable of supporting surfacing.

2. A rnixiure as claimed in claim 1, in which the pozzol_an is fly ash.

3. A composition which comprises a mixture as claimed in claim 1 or claim 2 and
Portland cement. :

4. A composition as claimed in claim 3 in which the amount of Portland cement'is 1%
by dry weight based on the weight of the mixture.

5. A mixture comprising 6 to 24% by dry weight of pozzolan, 4 to 16% by dry weight of
cement kiln dust and 60 to 90% by dry weight of aggregate which, through pozzolanic
reactions occurring on setting of the mixture with water, produces a hard, strong, durable
mass capable of supporting surfacing.

6. A mixture as claimed in claim 5 comprising 12.0% by dry weight of pozzolan, 8.0%
by dry weight of cement kiln dust and 80% by dry weight of aggregate.

7. A m‘ixture as claimed in claim 5 or claim 6, in which the pozzolan is fly ash.

8. A mixture as claimed in any of claims 5 to 7 including calcium chloride.

9. A method of making a stabilized load bearing material which comprises mixing about
88% by dry weight of pozzolan, about 12% by dry weight of cement kiln dust and water,
compacting the mixture and permitting the mixture to react at ambient temperatures to
produce a hard. strong, durable mass capable of supporting surfacing.

10. A method of making a stabilized load bearing material which comprises mixing 6 to
24% by dry weight of pozzolan, 4 to 16% by dry weight of cement kiln dust, 60 to 90% by
dry weight of aggregate and water, compacting the mixture and permitting the mixture to
react at ambient temperatures to produce a hard, strong, durable mass capable of
supporting surfacing.
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11."- A method as claimed in claim 10, in which the pozzolan is fly ash. )
12. A mixture as claimed in claim 1 and substantially as hereinbefore described with
reference to the accompanying drawings.
13.. A mixture as claimed in claim 1 and substantially as hereinbefore described with
5 reference to Example V. 5
14. A mixture as claimed in claim 5 and substantially as hereinbefore described with
reference to any of Examples I to IV or VI to XV.
15. A mixture as claimed in claim 5 and substantially as hereinbefore described with
reference to the accompanying drawings.

10. : 10
W.P. THOMPSON & CO.,
Coopers Building,
Church Street,
: Liverpool, L1 3AB,
15 : Chartered Patent Agents. 15

Printed for Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,from
which copies may be obtained.
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