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WO 99/07646 PCT/US98/16483

PROCESS FOR COLORING CONCRETE USING
COMPACTED INORGANIC GRANULES

Field of the Invention:

This invention relates to a method for coloring cementitious systems using
compacted inorganic granules, wherein said compacted inorganic granules comprise an
inorganic pigment and a dispersing agent. Particularly, the invention comprises a
method for coloring cementitious systems using compacted inorganic granules;
wherein said compacted inorganic granules are produced by a process consisting of:
(a) mixing at least one inorganic pigment and at least one dispersing agent, (b)
compacting the mixture, (c) milling the compacted mixture, and (d) classifying the
milled compacted mixture into at least three streams, namely at least one oversize
material stream, at least one undersize material stream and at least one product stream
of compacted inorganic granules; and wherein the coloring effect of the compacted

inorganic granules in the cementitious system equals or exceeds the powder standard.

Background of the Invention:

Inorganic pigments such as metal oxides, for example, iron oxides, are
conventionally used as coloring components in the construction, paint, plastic and
other industries. These inorganic pigments are incorporated for coloring into the
desired application system such as cementitious systems usually through intensive
mixing. Some key performance properties for the pigments are dispersibility of the
pigment throughout the application system, the coloring effect associated with the
pigment and the ease of handling.

The dispersibility is a measure of the ease with which the pigment particles can
be uniformly and intimately mixed in the application system. Poor dispersion of the
pigment particles can cause large agglomerates of pigment particles which may result
in surface imperfections, color streaks, non uniform coloration or incomplete color
development within the end product.

The color effect is a measure of the degree of coloration measured against a
powder pigment standard. The powder pigment standard being defined as the color
effect achieved in the application system using a crude inorganic pigment alone,

wherein the crude inorganic pigment is the inorganic pigment incorporated into the
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compacted iron oxide pigments of the invention. For example, to determine the color
effect of a product compacted pigment in a cementitious system, an equal quantity of
crude inorganic pigment in powder form and product compacted iron oxide pigment
would be dispersed into two separate but equal volumes of concrete. The color effect
achieved using the crude inorganic pigment powder represents the benchmark standard
to which the product compacted pigment/concrete system is compared.

The ease of handling takes into consideration difficulty associated with storing,
transporting and mixing of the pigments in the application system. The mechanical
stability of the pigments or granules is responsible for good storage, transporting and
dosing of the granules into a cementitious system. Mechanical stability is brought
about by high adhesive forces within the individual granules and depends on the
compaction pressure used in forming the granules. It should be noted that the goals
of achieving good dispersibility and good mechanical stability are counter to one
another.

A problem with many inorganic pigments like metal oxides is that they
normally do not disperse well in cementitious systems. Attempts have been made to
provide a pigment particle with enhanced dispersion and coloring properties for many
application systems. For instance, surface modifications of inorganic pigment
particles by coating the particles with inorganic additives are known for improving
coloring and processing properties in several application systems. For example see
European Patent No. 87113450.8 (Burow et al.); U.S. Patent No. 5,059.250 (Burow
et al.); U.S. Patent No. 4,053,325 (Vanderheiden); U.S. Patent No. 4,753,679
(Damiano et al.); U.S. Patent No. 4,952,617 (Ayala et al.); and U.S. Patent No.
4,946,505 (Jungk).

Another approach is presented in U.S. Patent No. 5,484,481 (Linde et al.).
This reference discloses a process for the coloration of building materials, including
concrete, using granulated inorganic pigments. The granulated inorganic pigments
used are disclosed as being compacted granules produced using four separate devices
in a particular sequence, namely a mixer, a compactor, a rough-grinder and a rotating
pan. The reference specifically teaches that the individual devices alone or in other

combinations do not lead to the granulated pigments according to that invention.
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Furthermore, the reference specifically teaches that there is no recycle of over- and
undersize material. In other words, the reference teaches that essentially all of the
material coming off the rotating pan is properly sized finished product.

Despite the many prior attempts at improving pigment particle performance in
a variety of application systems, more effective means are constantly being sought. It
would be desirable to provide compacted inorganic granules containing inorganic
pigments for use in coloring cementitious systems, wherein the granules have a

coloring effect at least equal to that of the powder standard.

Summary of the Invention:
We have now discovered a method for coloring cementitious systems,

comprising: dispersing compacted inorganic granules in the cementitious system;
wherein said compacted inorganic granules comprise an inorganic pigment and a
dispersing agent; wherein said compacted inorganic granules are produced by a
process consisting of: (a) mixing at least one inorganic pigment and at least one
dispersing agent, (b) compacting the mixture, (c) milling the compacted mixture, and
(d) classifying the milled compacted mixture into at least three streams, namely at
least one oversize material stream, at least one undersize material stream and at least
one product stream of compacted inorganic granules.

It is an object of the invention to provide a method for coloring cementitious
systems, comprising: dispersing compacted inorganic granules in the cementitious
system, wherein the coloring effect of the compacted inorganic granules in the
cementitious system equals or exceeds the powder standard.

It is another object of the invention to provide a method for coloring
cementitious systems, comprising: dispersing compacted inorganic granules in the
cementitious system, wherein the compacted inorganic granules comprise a mixture of
at least one inorganic pigment and at least one dispersing agent wherein the mixture is
compacted using a force of between 500 to 1,700 psi (pounds/square inch).

It is another object of the invention to provide a method for coloring
cementitious systems, comprising: dispersing compacted inorganic granules in the

cementitious system, wherein the compacted inorganic granules contain iron oxide pigments.
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It is another object of the invention to provide a method for coloring
cementitious systems, comprising: dispersing compacted inorganic granules in the
cementitious system, wherein the compacted inorganic granules contain lignin
sulphonate.

It is another object of the invention to provide a method for coloring
cementitious systems, comprising: dispersing compacted inorganic granules in the
cementitious system, wherein the compacted inorganic granules are essentially water
free.

It is another object of the invention to provide a method for coloring
cementitious systems, comprising: dispersing compacted inorganic granules in the
cementitious system, wherein the compacted inorganic granules consist essentially of
at least one inorganic pigment selected from the group comprising all pigments as per
ASTM C979-82, preferably iron oxides, chrome oxides, cobalt blues, mixed metal
oxides, carbon blacks, titanium oxides and mixtures thereof; and at least one
dispersing agent selected from the group comprising all chemicals known as
plasticizers and superplasticizers as per Ramachandran, Concrete Admixtures
Handbook (Noyes 1984), preferably stearates, acetates, alkylphenols, cellulosics,
lignins, acrylics, epoxies, urethanes, sulfates, phosphates, formaldehyde condensates,
silicates, silanes, siloxanes, titanates and mixtures thereof.

It is another object of the invention to provide a method for coloring a
cementitious system, comprising: dispersing compacted inorganic granules in the
cementitious system; wherein the compacted inorganic granules have a particle size
between 30 to 80 mesh.

It is another object of the invention to provide a method for coloring concrete,
comprising: (a) providing compacted inorganic granules, wherein said compacted
inorganic granules are produced by a process consisting of: (a.1) mixing at least one
inorganic pigment and at least one dispersing agent, (a.2) compacting the mixture,
(a.3) milling the compacted mixture, and (a.4) classifying the milled compacted
mixture into at least three streams, namely at least one oversize material stream, at
least one undersize material stream and at least one product stream of compacted

inorganic granules; (b) mixing said compacted inorganic granules with concrete at
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conditions sufficient to form a homogeneous dispersal of said compacted inorganic
granules in the concrete; and, (c) allowing the mixture to set; wherein the coloring
effect of the compacted inorganic granules in the concrete equals or exceeds the
powder standard.

These and other objects of the invention are met by compacted inorganic
granules, comprising: an inorganic pigment and a dispersing agent; wherein said
compacted inorganic granules are produced by a process consisting of: (a) mixing at
least one inorganic pigment and at least one dispersing agent, (b) compacting the
mixture, (c) milling the compacted mixture, and (d) classifying the milled compacted
mixture into at least three streams, namely at least one oversize material stream, at
least one undersize material stream and at least one product stream of compacted
inorganic granules.

The invention recognizes that the particle size of the compacted inorganic
granules and the compressive force used to compact the granules affect the
dispersibility and coloring affect of the granules in the cementitious system to which
the granules are added.

These and other advantages of the invention will become more apparent in
connection with the following description of certain embodiments of the invention as

disclosed in non-limiting examples.

Detailed Description of the Preferred Embodiments of the Invention:

The following detailed description is of the best presently contemplated mode
of carrying out the invention. The description is not intended in a limiting sense, and
it is made solely for the purpose of illustrating the general principles of the invention.
The various features and advantages of the present invention may be more readily
understood with reference to the following detailed description.

The invention is briefly, a method for coloring a cementitious system,
comprising: dispersing compacted inorganic granules in the cementitious system,;
wherein said compacted inorganic granules comprise at least one inorganic pigment
and at least one dispersing agent; wherein said compacted inorganic granules are

produced by a process consisting of: (a) mixing the at least one inorganic pigment
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and the at least one dispersing agent, (b) compacting the mixture, (c) milling the
compacted mixture, and (d) classifying the milled compacted mixture into at least
three streams, namely at least one oversize material stream, at least one undersize
material stream and at least one product stream of compacted inorganic granules; and,
wherein the coloring effect of the compacted inorganic granules in the cementitious
system equals or exceeds the powder standard.

The compacted inorganic granules of the invention may be dispersed in a
cementitious system using well known processing techniques.

The at least one inorganic pigment used to produce the compacted inorganic
granules may be selected from the group comprising all pigments as per ASTM C979-
82; preferably iron oxides, chrome oxides, cobalt blues, mixed metal oxides, carbon
blacks, titanium oxides and mixtures thereof; most preferably iron oxide.

The at least one dispersing agent used to produce the compacted inorganic
granules may be selected from the group comprising all chemicals known as
plasticizers and superplasticizers as per Ramachandran, Concrete Admixtures
Handbook (Noyes 1984); perferably stearates, acetates, alkylphenols, cellulosics,
lignins, acrylics, epoxies, urethanes, sulfates, phosphates, formaldehyde condensates,
silicates, silanes, siloxanes, titanates and mixtures thereof; most preferably lignin
sulphonate.

The dispersing agent should be added in sufficient quantity to provide
compacted inorganic granules comprising between 0.5 to 10 wt% dispersing agent;
preferably between 2 to 5 wt% dispersing agent; most preferably when the dispersing
agent is lignin sulphonate, about 3 wt% dispersing agent.

The at least one inorganic pigment and at least one dispersing agent are mixed
using well known techniques. For example, the components may be mixed using a
continuous turbulizer with volumetric feeders attached for each component.
Alternatively, the components may be mixed in a thirty gallon ribbon blender for 20
to 30 minutes at about 50 revolutions per minute. The components could also be
mixed in a 10-20,000 pound drum blender for 10 to 20 hours at 2 to 5 revolutions per

minute. These examples are not intended in a limiting sense, and are provided solely
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for the purpose of illustration. Those skilled in the art will understand that other
methods of mixing could be utilized.

The mixture of at least one inorganic pigment and at least one dispersing agent
may be compacted using known compaction techniques. For example, the
components may be compacted using a Hosokawa Bepex MS-60 compactor. The
compaction force used to form the compacted inorganic granules should be in the
range from 500 to 1,700 psi; preferably, the compaction force should be in the range
from 500 to 700 psi. Preferably, the gap size between the rollers should be about
0.04" and the roller speed should be about 5.5 to 12.5 revolutions per minute. Most
preferably, the compaction force used should be such that the coloring effect of the
product compacted inorganic granules in a cementitious system exceeds the powder
standard.

The material discharged from the milling step preferably has a particle size
distribution between 12 to 400 mesh with a yield of about 40% having a particle size
between 30 to 80 mesh. The compacted material discharged from the milling step is
classified according to size using known techniques. For example, the compacted
material may be classified using a screener (i.e., Kason Screener K48-2-CS) with a
top 30 mesh screen and a bottom 80 mesh screen with both clearing rings and a sweep
brush.

The classified material may be separated into at least three streams.
Preferably, the classified material is separated into at least one undersize material
stream containing those granules having a particle size below 80 mesh; at least one
oversize material stream containing those granules having a particle size above 30
mesh; and at least one product stream containing those granules having a particle size
between 30 to 80 mesh.

The undersize material in the at least one undersize material stream may
preferably be recycled back to the process wherein the at least one inorganic pigment
and at least one dispersing agent are mixed.

The oversize material in the at least one oversize material stream may

preferably be regranulated and classified with any oversize material regranulated, any
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undersize material may be recycled back to the mixing step, and the remaining
material may be combined with the at least one product stream.

The compacted inorganic granules used in the method of the invention should
be essentially water free. Particularly, the compacted inorganic granules used
preferably should contain less than 0.3 wt% water.

In one preferred embodiment, the invention resides in a method for coloring
concrete, comprising: (a) providing compacted inorganic granules, wherein said
compacted inorganic granules are produced by a process consisting of: (a.1) mixing an
inorganic pigment and a dispersing agent, (a.2) compacting the mixture, (a.3) milling
the compacted mixture, and (a.4) classifying the milled compacted mixture into at
least three streams, namely at least one oversize material stream, at least one
undersize material stream and at least one product stream of compacted inorganic
granules; (b) mixing said compacted inorganic granules with concrete at conditions
sufficient to form a homogeneous dispersal of said compacted inorganic granules in
the concrete; and, (c) allowing the mixture to set; wherein the coloring effect of the
compacted inorganic granules in the concrete equals or exceeds the powder standard.

In the following examples, compacted inorganic granules were produced
according to the invention. Comparative testing was conducted to demonstrate the
improved dispersion and coloring properties of the compacted inorganic granules
compared with a powder standard.

In particular, testing of the coloring effect was carried out in cement according
to the following method:

(a) mix 1151 g sand (yellow play), 575 g course aggregate (1/4" calcite),

and 4.5 g pigment for one minute;

(b)  add 150 g cement (Keystone type I) to the mixture and mix for one

minute;

© add 105 g water (Easton City) to the mixture and mix for two minutes;

(d)  prepare two pucks from the final mixture;

(e) allow the two pucks to cure for twenty-four hours in a humidity oven;
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@ measure the color effect of the pigment by placing the pucks on a CS-5
Spectrophotometer in multipoint mode and taking three face color
readings per puck.

The above procedure was used to prepare two sets of pucks. The first set of pucks
contained crude inorganic pigment powder and the second set of pucks contained
product compacted inorganic granules. The pucks produced using crude inorganic
pigment powder were taken as the standard to which the pucks containing product
compacted inorganic granules were compared.

The instant invention is now illustrated by way of examples, which are
intended to be purely exemplary and not limiting.

Example 1

Two K-tron volumetric feeders were set to feed a TCJS-8 Turbulizer. The
feeders were pre-set to yield a mix of 97% red iron oxide (RB-4097) and 3%
lignosulfonate (823 Lignosite). The turbulizer speed was set at 2500 revolutions per
minute and the discharges were directed into a high force feed screw running at 70
revolutions per minute. The discharge from the screw was feed to a MS-60 roll
compactor set up having a 0.04" gap, an 18 amp load, and a 900 psi compaction
force. The throughput rate was 900 Ib./hr. The compacted material discharged from
the roll compactor was in the form of compacted sticks which were subsequently
milled in a Disintegrator mill model #RD-8-P32 running at 1000 revolutions per
minute with 22 hammers and a 0.085" screen. The output from the mill was feed to a
Kason screener model #K48-2-CS with 30 mesh top screen and an 80 mesh bottom
screen with an operational sweep brush. Of the product collected from the screener,
43.43% was product material having a particle size between 30 and 80 mesh.

The 30 to 80 mesh product compacted inorganic granules collected off the
screener were mixed in a concrete system and its coloring effect was compared to that
of a powder standard. Specifically, the product compacted inorganic granules were
mixed in a concrete system using the following procedure:

(a) mix 1151 g sand (yellow play), 575 g course aggregate (1/4" calcite),

and 4.5 g pigment for one minute;
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(b)  add 150 g cement (Keystone type I) to the mixture and mix for one
minute;
©) add 105 g water (Easton City) to the mixture and mix for two minutes;
(d)  prepare two pucks from the final mixture;
(e) allow the two pucks to cure for twenty-four hours in a humidity oven;
® measure the color effect of the pigment by placing the pucks on a CS-5
Spectrophotometer in multipoint mode and taking three face color
readings per puck.
The above procedure was used to prepare two sets of pucks. The first set of pucks
contained crude inorganic pigment powder and the second set of pucks contained
product compacted inorganic granules. The pucks produced using crude inorganic
pigment powder were taken as the standard to which the pucks containing product
compacted inorganic granules were compared. A visual color observation of the two
sets of pucks determined that the pucks produced using product compacted inorganic
granules were redder and had a brighter hue than the pucks produced using crude
inorganic pigment powder. The visual observation is confirmed by the
spectrophotometric data.
Example 2
A batch ribbon blender model #IM-16 was charged with 48.5 1bs. of yellow
iron oxide (YO-2087) and 1.5 Ibs. of lignosulfonate (823 Lignosite). The constituents
were mixed for 30 minutes. The resultant mixture was fed into an MS-60 compactor
set up with a stick roll surface having a 0.04" gap, a stick roll rate of 5.5 revolutions
per minute, an 18 amp load, with a compaction force of 1,000 psi and with a vacuum
system engaged. The output from the blender was fed into a high compression screw
feeder set at 75 rpm and 5.5 amps at no load. The throughput through the screw
feeder was 1,500 Ibs./hr. The screw feeder discharged into an RD-8 granulator set at
750 rpm having 22 hammers and a 0.85" screen. The granulated material was feed to
a Kason screener having a 30 mesh top and a 50 mesh screen bottom and both a
sweep brush and clean rings operating. Of the product collected from the screener,

29.2% was product material having a particle size between 30 and 50 mesh.



WO 99/07646 PCT/US98/16483

11

The 30 to 50 mesh product compacted inorganic granules collected off the
screener were mixed in concrete system and its coloring effect was compared to that
of a powder standard. Specifically, the product compacted inorganic granules were
mixed in a concrete system using the following procedure:

(a) mix 1151 g sand (yellow play), 575 g course aggregate (1/4" calcite),

and 4.5 g pigment for one minute;

(b) add 150 g cement (Keystone type I) to the mixture and mix for one

minute;

(c) add 105 g water (Easton City) to the mixture and mix for two minutes;

(d)  prepare two pucks from the final mixture;

(e) allow the two pucks to cure for twenty-four hours in a humidity oven;

® measure the color effect of the pigment by placing the pucks on a CS-5

Spectrophotometer in multipoint mode and taking three face color

readings per puck.
The above procedure was used to prepare two sets of pucks. The first set of pucks
contained crude inorganic pigment powder and the second set of pucks contained
product compacted inorganic granules. The pucks produced using crude inorganic
pigment powder were taken as the standard to which the pucks containing product
compacted inorganic granules were compared. A visual color observation confirmed
by spectrometric data of the two sets of pucks determined that the pucks produced
using product compacted inorganic granules were yellower and brighter than the pucks
produced using crude inorganic pigment powder.

The invention having been disclosed in connection with the foregoing
embodiments, additional embodiments will now be apparent to persons skilled in the
art. The invention is not intended to be limited to the embodiments specifically
mentioned, and accordingly reference should be made to the appended claims rather
than the foregoing discussion, to assess the spirit and scope of the invention in which

exclusive rights are claimed.
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What is claimed is:

1. A process for coloring a cementitious system, comprising: dispersing
compacted inorganic granules in the cementitious system;

wherein said compacted inorganic granules comprise an inorganic pigment and
a dispersing agent;

wherein said compacted inorganic granules are produced by a process
consisting of:

(@) mixing an inorganic pigment and a dispersing agent,

(b) compacting the mixture,

© milling the compacted mixture, and

() classifying the milled compacted mixture into at least three streams,
namely at least one oversize material stream, at least one undersize material stream
and at least one product stream of compacted inorganic granules; and,

wherein the coloring effect of the compacted inorganic granules in the

cementitious system equals or exceeds the powder standard.

2. The process of claim 1, wherein the mixture of inorganic pigment and

dispersing agent is compacted using a force of 500 to 1,700 pounds per square inch.

3. The process of claim 1, wherein the mixture of inorganic pigment and
dispersing agent is compacted using a compaction force which results in compacted

inorganic granules having a coloring effect that exceeds the powder standard.

4. The process of claim 1, wherein the inorganic pigment is selected from
the group comprising iron oxides, chrome oxides, cobalt blues, mixed metal oxides,

carbon blacks, titanium oxides and mixtures thereof.

5. The process of claim 1, wherein a sufficient quantity of dispersing
agent is used to provide compacted inorganic granules comprising between 0.5 to 10

wt% dispersing agent.
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6. The process of claim 1, wherein the dispersing agent is selected from
the group comprising stearates, acetates, alkylphenols, cellulosics, lignins, acrylics,
epoxies, urethanes, sulfates, phosphates, formaldehyde condensates, silicates, silanes,

siloxanes, titanates and mixtures thereof.

7. The process of claim 1, wherein the dispersing agent is lignin
sulphonate.
8. The process of claim 7, wherein a sufficient quantity of dispersing

agent is used to provide compacted inorganic granules comprising between 0.5 to 10

wt% lignin sulphonate.

9. The process of claim 1, wherein the compacted inorganic granules are

essentially water free.

10.  The process of claim 1, wherein the compacted inorganic granules

contain less than 0.3 wt% water.

11.  The process of claim 1, wherein the compacted inorganic granules
consist essentially of

at least one inorganic pigment selected from the group consisting of iron
oxides, chrome oxides, cobalt blues, mixed metal oxides, carbon blacks, titanium
oxides and mixtures thereof; and,

at least one dispersing agent selected from the group consisting of stearates,
acetates, alkylphenols, cellulosics, lignins, acrylics, epoxies, urethanes, sulfates,
phosphates, formaldehyde condensates, silicates, silanes, siloxanes, titanates and

mixtures thereof.

12.  The process of claim 1, wherein the compacted inorganic granules in

the at least one product stream are sized between 30 to 80 mesh.
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13.  The process of claim 1, wherein the compacted inorganic granules in

the at least one product stream are sized between 30 to 50 mesh.

14.  The process of claim 1, wherein the compacted inorganic granules in
the at least one undersize material stream are recycled back to (a) where they are

mixed with inorganic pigment and dispersing agent and compacted.

15.  The process of claim 1, wherein the compacted inorganic granules in

the at least one oversize material stream are re-granulated.

16.  The process of claim 15, wherein the re-granulated material has a

particle size between 30 to 80 mesh.

17.  The process of claim 15, wherein the re-granulated material has a

particle size between 30 to 50 mesh.

18.  The process of claim 15, wherein the re-granulated material is mixed

with the compacted inorganic granules in the at least one product stream.

19. A method of coloring concrete, comprising:
(a) providing compacted inorganic granules, wherein said compacted
inorganic granules are produced by a process consisting of:

(a.1) mixing an inorganic pigment and a dispersing agent,
(a.2) compacting the mixture,
(a.3) milling the compacted mixture, and
(a.4) classifying the milled compacted mixture into at least three
streams, namely at least one oversize material stream, at least one
undersize material stream and at least one product stream of compacted

inorganic granules;
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(b) mixing said compacted inorganic granules with concrete at conditions
sufficient to form a homogeneous dispersal of said compacted inorganic granules in
the concrete; and,

©) allowing the mixture to set;
wherein the coloring effect of the compacted inorganic granules in the concrete equals

or exceeds the powder standard.
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