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TRACER MATERIALS IN CEMENTITIOUS COMPOSITIONS AND METHOD OF
IDENTIFICATION THEREOF

Technical Field of the Invention

The present invention relates to a method of identification of a cement-based material
for determining whether it is of a particular type or belonging to a certain producer and
a cement based composition comprising the tracer materials of said method. The
method incorporates use of specific tracer materials, admixed to various types of
cementitious products such as; adhesives, filling materials, insulation mortars, repair
mortars, grouts etc. The novel method allows determination of the source and type of
the product before/after the usage through a rapid and reliable way of analysis
comprising a pre-treatment step followed by a X-Ray Diffractometric analysis which
provides the capability of identifying the product both in powder form i.e. prior to
application and in hardened form i.e. after application on a building structure.

Background of the Invention / Prior Art

The present invention refers to cement-based materials comprising very fine trace
materials as an additive and a novel method for determining the producer and the kind
of cement based product comprising the tracer materials of said method.

Parallel to the tremendously high amount of application areas in daily life, cement and
cement-based compositions take an important role to constitute part in various types of
constructions. These widely used applications bring certain problems to the
manufacturers that require a full pursuit of their own products even many years after
application. There are cases where manufacturers are required to identify their own
products even long years after they are sold and applied on a building structure. A
major problem arises from the fact that producers are demanded to re-supply products
or compensate for losses of a consumer when a product fails to meet with
requirements specified by the producer itself or by government regulations.

When a cementitious product is applied on a building structure, it is generally very
difficult to identify the exact producer and the type of a product. From the producer’s
point of view, the case is always to be handled with utmost care as failure to comply
with the requirements is one of the major concerns of every reliable producer. It may be
the case that the product which was applied on a building structure and which later on
showed defects may be the product of a third party. Having a few pieces of
cementitious product in hand, it is generally very difficult and expensive to find the
producer and the type of a cement based product long years after application on a
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structure. As a second possibility, it may also be the case that the product which failed
to meet with the requirements is the product of concerned producer, but the type of the
product was inappropriate for application on the building structure for which the
consumer demands compensation. A third possibility is that the defective product was
produced by concerned producer and the type of the product was appropriate for the
structure on which it was applied. In all three cases, it is important to the concerned
producer to reliably identify at low cost whether the cement based material used in the
pieces of cementitious product in hand was his own product and if yes, was it of the
correct type for applying on the structure at which damage occurred.

Basically, a cementitious material includes a number of chemical admixtures
depending on their functions, such as; air-entraining, water-retaining, retarding,
accelerating and plasticizer additives. In addition to these, the present invention
proposes use of tracer materials within the cementitious composition, the tracer
particles being invisible or hardly visible to the human eye under normal conditions. At
this point, the present methods offer some tracer particles characterized in their
physical properties. These include using tracer particles having colors or sizes which
are different to those of the cementitious compaosition and the detection method being
based on distinguishing particles based on their physical properties using simple
techniques such as screening. One such method is disclosed in US 5,324,356 granted
to Goodwin et al. Goodwin basically suggested pulverizing and screening a buildingc
material e.g. pieces hardened cement based material to determine the absence or
presence of a tracer material within that building material. Other suggestions of
Goodwin are adding tracer materials which can be distinguished using their shape,
color, density, refractive index, insolubility and fluorescence effect. One of the major
drawbacks of using tracer materials identifiable by such physical properties is that the
identification process is likely to fail in case that a cementitious composition of any third
party naturally comprises an ingredient having physical properties similar to that of the
tracer material. Those skilled in the art will easily appreciate how difficult and non-
reliable it could be to find out the type and the producer of a cement based material
solely by means of separation in physical properties such as identifying color, shape,
particle size, density or solubility.

Reliability of the simple physical treatments based on the physical visibility of the
particles is quite doubtful and may easily cause failures during the detection
experiments. Assuming that tracer materials are identified using their shape or color, it
is possible that any hardened sample comprising a natural or foreign ingredient which
has a similar shape or color to that of the tracer material is likely to lead in an
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erroneous test result. It is quite common in latest products of the industry that the
products comprise particles such as fibers which are proposed to be tracers materials
as suggested by Goodwin et al. However, it is well known that many such products
comprise fibers for reinforcement purposes. Any such component is likely to confuse
the test staff as it is almost impossible to determine whether such particles are
reinforcement fibers or flakes of a third party product or alternatively, the tracer
materials of the concerned producer. Assuming that the tracer particles are identified
using their size, the identification method is the most primitive and thus most
questionable approach that could be employed. It is practically inappropriate to add a
tracer material which does not have near sizes to the filler. Under such cases, it is
generally not possible to obtain a trustworthy identification result. There is also no need
to mention that producing an imitation product is an extremely easy process in all three
aforementioned assumptions.

Using tracer materials having a specific weight which is different to that of the
cementitious composition might be practically possible only if the tracers have a lower
specific weight. However, one should also keep in mind that natural fillers having low
weight are already used in many types of cementitious products, which accompany the
fact that such products will not be identifiable among many of the third party products.

If the case is that the fluorescence effect of the tracer materials are sought, then the
identification process would be more reliable compared to above mentioned
assumptions whereas the process would require use of generally very expensive
materials as the tracers. Alternatively, if the tracer materials are identified using their
insolubility, then the identification method is again very questionable. Any natural or
foreign content which is found e.g. in a hardened sample collected from a failed site
and which is insoluble, may lead the identification process in an erroneous result.
Under such a case, one should assume that all cement based products comprising
non-dissolving agent should certainly belong to the concerned producer, which is no-
doubt an erroneous.

The present invention aims to provide a method in which detection of tracer materials
are conducted in the molecular level rather than in the macro level of physical
properties. None of the present methods offer such reliable and efficient tracer
materials and/or detection methods thereof applicable to cement-based compositions.
The present invention offers an extremely reliable combination of specific tracer
materials and their detection method including an XRD (X-Ray Diffraction) analysis in
which specific identification parameters, namely the distance between atom row planes
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of crystal lattices (d) and the intensity of diffracted light (l) are determined with a
precision not open to debate.

Objects of the Invention

One of the objects of the present invention is to provide an efficient method which
enables a producer of cement based materials to identify reliably his product and its
type before or after use on a structure.

Another object of the present invention is fo provide a tracer material identification
method, in which very fine tracer materials admixed in a cement based composition
can be identified, such identification taking place in the molecular level.

Another object of the present invention is to provide novel process for identifying tracer
materials in a cement based composition, in which tracer materials show particle size,
shape and color characteristics which are substantially similar to those of said cement-
based composition.

A further object of the present invention is to provide a tracer material identification
method in which the tracer materials admixed in a cement based composition are
identified using their crystal structure.

A further object of the present invention is to provide a tracer material identification
method in which the tracer materials to be admixed to the product can be selected from
a group of elements which can not be naturally encountered in the products of other
producers.

A further object of the present invention is to provide cement based material
comprising at least one tracer material which is identifiable by the method of the

present invention.

Summary of the Invention

The objects of the invention are achieved through use of specifically determined tracer
materials such as talc, albite, orthoclase, chloride, zeolite, mica, vollastonite, barite,
profillite, bentonite, serpentine, chromite, borax, kolemanite etc. These additives take
their place inside the formulation of cement-based materials to which they are added
and allow a reliable identification by means of XRD (X-Ray Diffractometry) either before
use or after application on a structure, even followed by long years.
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The type of the tracer material shall be appropriate for use within the cementitious
compasition and be detectable either in powder form prior to use or after setting. It is
important that selected tfracer particles are chemically inert and do not indicate an
amorphous structure in X Ray diffraction. The method may be applied to both
powdered and already hardened structures, comprising a number of pre-treatment
steps such as removing foreign materials (soil, stone, dust, mortar etc.), washing the
residue with a concentrated acid, filtration, drying, burning and finally analyzing in an X~
Ray Diffractometer. The pre-treatments applied before the XRD analysis serve to the
purpose of obtaining precise results in the diffractometer.

XRD detection is conducted by subjecting the residue in an X-ray field, measuring the
distance (d) between the atom row planes of the crystal lattices and the intensity (1) of
the diffracted light using the rays diffracted from the residue. The distance (d) and the
light intensity (1) values for each kind of the tracer material selected for use in the
method of the present invention are known and shown on charts comprising such
predetermined data as in the case of ASTM charts. Values obtained from the
diffractometer are then compared with the values shown on the chart and used to
determine whether the residue comprises or not and, if yes, the type of the tracer
material used by the concerned producer.

Brief Description of the Figures
Accompanying figures are given solely for the purpose of schematically exemplifying

the principle of the method of the present invention.
Fig. 1 is a schematic 2-dimensional demonstration of an x-ray diffraction occurring on a
residue material surface intended to simulate, by way of an example, an X ray being

diffracted on plane surface of a residue and rebounded with a specific light intensity.

Detailed Description of the Invention

Cement-based materials are compositions generally comprising 30 to 60% Portland
Cement, aggregates and additives like cement-based adhesives, filling materials,
insulation mortars, repair mortars, grouts etc. which are used for different purposes in
constructions through use of a setting or a hardening component, generally water.
Hydrolysis occurs in the structure of the formulation as soon as the hardening agent
contacts the cementitious material. At this stage the calcium aluminates, calcium
silicates and other compounds are hydrolyzed and pH of the composition increases
immediately to over 12 and a large amount of heat release occurs due to the release of
alkaline hydroxide (OH) ions. At this point said specifically selected tracer materials
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perform a highly resistant property against those highly alkaline pH values and against
hard conditions having the ability to stay in the structure for many years and coinciding
to micro level particles of cementitious and additive phases.

The present invention comprises a number of steps for precisely detecting the
existence of a tracer material in a residue to provide an indication for the producer and
type of the product. These steps include removing the solid bulk materials (soil, sand,
stone etc.) around the residue, washing the same using any strong acid e.g. HCI,
drying, burning and finally locating the residue in an X-Ray Diffractometer. Preferred
tracer materials of the present invention are talc, albite, orthoclase, chloride, zeolite,
mica, vollastonite, barite, profillite, bentonite, serpentine, chromite, borax and
kolemanite in very fine form.

Aforementioned pre-treatment steps are, selectively and as necessary, applied to a
hardened composite sample, aiming to obtain a relatively pure material for a precise
identification in the diffractometer step. Assuming an aged residue of cement based
product in hand, the sample is to be cleaned out from the rough materials and
preferentially washed out in a strong acid, such as hydrochloric acid. The acid-wash
substantially provides removal of cement and filing materials from the sample.
Subsequently, the sample is optionally washed with water, filtrated and dried. It is of
utmost importance during these steps that the tracer material sought in the sample
should of a type insoluble and non-reactant to the materials involved in these
treatments or shortly, the tracer material shall be capable of retaining its crystal
structure during the pre-XRD treatments. Organic materials are removed by optionally
burning the sample for a preferred duration of 1 hour at an elevated temperature
between 250 to 650 °C. It is found out during the tests that burning the sample is not an
essential step of the identification process, but it is preferred due to the fact that the
tracer materials are frequently surrounded by organic components which reduce the
detectability of the tracers in the x-ray diffractometry. A clear tracer component which is
free of organic materials can be more sharply detected in the XRD analysis while
accompanying the additional benefit of adding a lower tracer content in the cement
based composition.

It is further noted during the laboratory experiments that the amount of organic
compound content can be used in combination to existence of a tracer material to
determine the type of a product. The amount of organic material can be measured
during the burning step.
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It is guaranteed by the pre-XRD treatments that all the minerals and other foreign
materials which may inadvertently affect x-ray diffractometry are removed. It is further
more stated that aforementioned pre-XRD treatments are found to be helping the tracer
material concentration in the sample increase. In return, this feature provides the
advantage of freedom to use a lower amount of tracer content in the final product while
still remaining in the detectable limits.

It is obvious for those skilled in the art that X Rays can easily detect minerals and
inorganic materials having formal crystal shapes. X Rays are conventionally created in
a vacuum tube and emitted from an anode electrode. The regularly ordered atoms of
the lattice structures of the minerals diffuse the X Rays causing interferences and
consequently these indicate the proper constitution of the secondary dispersion of the
emission. Bragg Law is employed to understand the diffractometry behavior during the
XRD analysis. According to the same, X Rays should come through a mineral with a
definite angle and the difference of distance between the incoming and outgoing rays
should be equal to a multiple of the wave length.

(BA'+ CA’=nA)
The Bragg Law further defines that :

nA=2dsin®
in which

n, is the diffraction coefficient

O, is the diffraction angle

A, is the X Ray wave length

d, is the distance between the atom row planes in the crystal lattice.

In the exemplified X Ray diffraction analysis, it is aimed to determine two single
parameters. One is the distance (d) between the main atom row planes in the crystals
and the other is the X Ray diffraction light intensity (I) about the plane. Table-1
indicates four different d and | values for each tracer material to be used with the
present invention.
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Talc 9.34 3.12 4.66 248 100 100 90 65
Albite 4.03 3.22 3.66 3.20 100 25 20 20

Orthoclase | 3.24 3.29 4,22 216 100 65 65 55
Chloride 711 475 3.57 14.13 | 100 100 100 35
Zeolite 3.48 3.22 9.10 6.61 100 100 90 90

Mica 10.00 |3.35 2.60 250 100 95 85 7%
Vollastonite | 2.98 3.83 3.52 3.31 100 100 80 80
Barite 344 3.10 212 2.10 100 97 80 76

Pirofillite 3.05 9.16 4.46 241 | 100 40 40 40
Bentonite | 15.00 | 4.50 5.01 3.02 100 80 60 60
Serpentine | 7.30 3.63 2.52 2.42 100 75 18 10
Chromite 251 1.08 147 1.60 100 90 80 60
Borax 257 2.84 4.86 3.96 100 53 47 40
Kolemanite | 3.13 5.64 3.85 2.55 100 50 50 50

Table-1) d and | for the elements of the present invention

In accordance with the present invention, the sample to be put under X-rays is
preferentially brdught into powder form in order fo increase the intensity of the
reflection. Each mm?® contains approximately 110 particles and their different locations
provide intensive reflections. The X Rays, generated in the generator part of the XRD
equipment with high voltage, are directed towards the pulverized sample and the
diffracted X Rays with definite angles are converted to electronic data by means of a
sensor located on a mobile goniometry arm. Each mineral and each crystallized
material has a characteristic spectrum, which is also indicated in ASTM charts. Mineral
identification is achieved through a brief comparison of experimental analysis results
with the values e.g. indicated on ASTM charts.

Table-2 is a typical ASTM chart prepared upon XRD identification of a certain mineral,
four conventional d and | values, exact diffraction list and surfaces and
crystallographic-chemical-instrumental information used in the XRD.
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Example 1

A contractor informed that a repair mortar applied 3 months ago on the exterior wall of
a sports hall failed at site and that the consumer demands warranty repair. Sample
pieces or failed mortar in hardened form was brought into the laboratory and subjected
to hydrochloric acid bath. The residue is then washed, filtrated and dried followed by a
burning process at 400°C. Upon pulverization the residue was put into a Philips 1040
X-Ray Diffractometer having a CuKc anode with 36 kV 16 mA high voltage. A separate
goniometric instrument with a speed of 1° 2@ / min was employed for measuring angles
of diffracted rays. The diffractometer was operated at 4 x 102 CPS (x-ray photon flow
per second). While the repair mortar of the producer comprised talc tracers, the XRD
analysis resulted no content of talc in the residue. It is understood that the contractor
used a third party repair mortar in the exterior construction of the failed site.

The present invention proposes a very reliable identification method even in very low
tracer material concentrations in the sample. Having the capability of reliably identifying
tracer materials in very low concentrations, producers are able to reduce material costs
while at the same time producing end products which comprise less foreign content to
deteriorate desired features of a cement based composition.
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While prior art methods essentially adopt some simple approaches such as sieving,
floating, coloring, sizing etc. of tracer materials for further detection, the present
invention introduces instrumental analysis conducted in molecular level. The novel
process of the present invention also allowed the producers to reliably identify their
products before or after application in a building through use of specific tracer materials
which are capable of retaining their crystal structure throughout the entire identification
process. The novel process of the present invention has also provided use of said
tracer materials which show particle size, shape and color characteristics which are
substantially similar to those of said cement-based composition in which they are
added. These highly efficient tracer materials include, but are not limited to talc, albite,
orthoclase, chloride, zeolite, mica, vollastonite, barite, profillite, bentonite, serpentine,
chromite, borax, kolemanite which are specifically selected for cementitious materials
and which do not show an amorphous characteristics.
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Claims :

1. A method of identifying a cement-based composition comprising at least one
tracer material which is non-amorphous and which is capable of retaining its crystal
structure in the following steps that comprise:

a-) removing, through use of a strong acid, cement and additives of a sample
comprising said cement based composition,

b-) washing the residue of step a) and optionally filtrating and drying the same,

¢-) preferably burning the residue at an elevated temperature in the range of
250°C to 650°C,

d-) subjecting the residue under x-rays and measuring the angle and intensity
(1) of the diffracted rays,

e-) comparing obtained data with pre-determined data of specific tracer
materials and determining whether and which tracer material is included in the sample.

2. A method according to Claim 1 wherein the residue is pulverized prior to
subjecting under x-rays of step d).

3. A method according to Claim 1 wherein said tracer material is selected from the
group of consisting of talc, albite, orthoclase, chloride, zeolite, mica, vollastonite, barite,
profillite, bentonite, serpentine, chromite, borax and kolemanite.

4. A method according to Claim 1 wherein said tracer material being admixed to
the cement based material shows an inert characteristic at substantially high pH values
in the cementitious media.

5. A method according to Claim 1 the cement based composition comprises
between 0.1 to 5% by weight of said tracer material.

6. A method according to any of the preceding claims wherein the outcome of step
c) is treated in an x-ray diffractometer having a goniometric instrument for measuring
the angle of rays.

7. A method according to any of the preceding claims wherein the amount of
inorganic compound content is used in combination to existence of a tracer material to
determine the type of a product.
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8. A cement based composition comprising at least one tracer material which is
identifiable by the method of claim 1.
9. A cement based composition according to Claim 7 wherein said tracer material

is selected from the group of consisting of talc, albite, orthoclase, chloride, zeolite,
mica, vollastonite, barite, profillite, bentonite, serpentine, chromite, borax and
kolemanite.

10. A cement based composition according to Claim 7 or 8 wherein said cement
based structure comprises between 0.1 to 5% by weight of said tracer material.

11. A cement based composition according to Claim 7 wherein said tracer materials
show particle size, shape and color characteristics which are substantially similar to
those of said cement-based composition.

12. A cement based composition according to Claims 7 to 10 wherein the
composition comprises at least two tracer materials having different crystal structures
for coding the type of a product.
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