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(54) METHOD OF DETERMINING THE CONTENT OF POLYMER MICROFIBRES IN CEMENT 
COMPOSITES BASED ON UTILISATION OF THE BUOYANCY PHENOMENON

(57) The present application relates to a method of
determining the content of polymer microfibres in cement
composites based on the utilisation of the buoyancy phe-
nomenon. The method is characterized in that a cement
composite sample containing microfibres is crushed to
grains less than 1 mm in size, the crushed mixture is
flooded with a liquid with a density greater than that of
the microfibres, but less than the density of the cement
matrix, and after mixing and sedimentation the microfi-
bres are collected from the surface, whereupon a portion
of an inorganic acid is added to the solution to set free
any microfibres bound to the cement matrix, and after

mixing additional microfibres are collected from the sur-
face, wherein the addition of acid and collection of mi-
crofibres operations are repeated until no microfibres
come up to the surface, and then the microfibres thus
separated are dried and weighed, and in case they are
contaminated, they are additionally ignited at the poly-
propylene decomposition temperature, as a result of
which the microfibres will decompose and only impurities
remain whose weight after weighing is subtracted from
the dried microfibres, and the final result obtained will
indicate the content of microfibres in the tested sample.
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Description

[0001] The invention relates to a method of determining content of polymer microfibres in cement composites, in
particular in concrete and mortar.
[0002] Polymer fibres added to cement composites, according to PN-EN 14889-2 are classified as microfibres - class
1 with diameter less than 0.30 mm and macrofibres - class 2 with diameter greater than 0.30 mm. The macrofibres are
added to concretes and mortars to increase their tensile strength, while the role of microfibres is to reduce the shrinkage
cracks. The additional classification of microfibres in the above standard relates to classes Ia and Ib, i.e., single and
fibrillated ones, respectively.
[0003] The use of fibres for concrete on an increasing scale sometimes forces to perform checks of how much micro-
fibres have been actually dosed. Macrofibres over 0.30 mm in diameter, steel or polymer ones, can be separated from
the concrete mix by washing on a sieve or from hardened concrete after it has been crushed, in compliance with PN-
EN 14488-7:2007 "Testing sprayed concrete. Part 7: Fibre content of fibre reinforced concrete.".
[0004] The application of the above method to polymer fibres with much smaller diameters, less than 0.30 mm, and
mostly shorter lengths, is impossible. A literature survey did not show publications on testing methods allowing for
determining content of microfibres in mortars or concrete. At present, there are no standardized testing methods allowing
for determining the content of polymer micro-reinforcement dispersed in cement composites.
[0005] A method of determining content of polymer microfibres in cement composites based on utilisation of the
buoyancy phenomenon, according to the invention is characterized in that a cement composite sample containing
microfibres is crushed to grains less than 1 mm in size, the crushed mixture is flooded with a liquid with a density greater
than that of the microfibres, but less than the density of the cement matrix, and after mixing and sedimentation the
microfibres are collected from the surface, whereupon a portion of an inorganic acid (including but not limited to, e.g.,
hydrochloric, nitric, sulphuric, phosphoric acid) is added to the solution to set free any microfibres bound to the cement
matrix, and after mixing, additional microfibres are collected from the surface, wherein the addition of acid and collection
of microfibres operations are repeated until no microfibres come up to the surface, and then the microfibres thus separated
are dried and weighed, and in case they are contaminated, they are additionally ignited at the polypropylene decompo-
sition temperature, as a result of which the microfibres will decompose and only impurities remain whose weight after
weighing is subtracted from the dried microfibres, and the final result obtained will indicate the content of microfibres in
the tested sample.
[0006] Preferably, water is used as a liquid to flood the crushed composite sample.
[0007] Preferably, hydrochloric acid is used as an inorganic acid.
[0008] Preferably, the dried contaminated microfibres are ignited at 500630°C.
[0009] The solution according to the invention allows for accurate determination of the content of microfibres in the
tested sample, and thus in the concrete or mortar used.
[0010] The method according to the invention is explained in detail in the following embodiment.
[0011] A minimum of 500 g of hardened and dried mortar or not less than 1 dm3 concrete should be taken for testing.
Then, the collected sample should be crushed and ground to grains of about 0.5 mm and smaller in size. Weigh approx-
imately 500 g of the sample with an accuracy of 0.01 g (ms) and place in a glass beaker with a capacity of about 3 litres.
Flood with about 1.5 litres of water. Mix gently the whole using a glass rod or other resistant to alkali and acids. After
the content has slightly stabilised, using a plastic or glass spoon gently collect the floating microfibres from the surface
and transfer quantitatively to a 250 ml beaker. While stirring, add 50 ml concentrated hydrochloric acid to the solution.
After the turbulent reaction has stopped, stop stirring and leave for about 2 minutes. Collect another portion of microfibres
from the surface into a previously prepared beaker. Repeat the acid addition and fibre collection operation three more
times. If addition of the last acid portion does not result in fibres further coming up to the surface, dispensing of the acid
can be stopped.
[0012] The contents of the beaker with the collected microfibres should be filtered under vacuum through a prepared
filter. Wash the filter with distilled water. Transfer the filter with its contents into a Petri dish and dry at 80°C for a minimum
of 4 hours. After cooling down in a desiccator, weigh the whole on an analytical balance with an accuracy of 0.0001 g (m1).
[0013] Ignite empty quartz or porcelain crucibles at 500 6 30°C for 1 hour, then cool them down in a desiccator and
weigh. Determine the residue after igniting at 500°C only the filter that was used for filtration of the microfibres, with an
accuracy of 0.0001 g (m2).
[0014] Transfer the previously dried filter with microfibres quantitatively to an empty, ignited and weighed crucible and
weigh with an accuracy of 0.0001 g (m3). Place the crucible with a ceramic lid into an furnace at 500 6 30°C for 2 hours.
After 30 minutes, remove the lid from the crucible and continue heating the crucible without cover. After cooling the
crucible down in the desiccator, weigh the crucible with an accuracy of 0.0001 g (m4).
[0015] Calculate the content of microfibres in mortar/concrete with the following formula:
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wherein:

M - content of microfibres in mortar/concrete [g/kg],
m0 - weight of Petri dish with dried filter [g],
m1 - weight of Petri dish with dried microfibres and filter [g],
m2 - residue after roasting the filters themselves at 500°C [g],
m3 - weight of empty crucible [g],
m4 - weight of crucible with filter and microfibres after igniting [g],
ms - weight of mortar/concrete sample used for testing [g].

[0016] If the content of microfibres is to be given per unit volume, as is often the case for concrete (kg/m3), the density
of the hardened mortar/concrete should be determined in advance. Then the content of microfibres is determined with
the formula: 

wherein:

Mv - content of microfibres in mortar/concrete [kg/m3],
d - density of mortar/concrete [kg/m3].

Example of performed mortar test

[0017] A mortar sample weighing about 2 kg was dried at 80°C and crushed to grains smaller than 1 mm in size.
527.47 g of crushed mortar (ms) was taken and transferred to a 3 dm3 beaker. About 1.5 dm3 of water was added and
mixed. After the suspension had partially settled (about 2 minutes), the fibres were collected from the surface to another
empty 250 ml beaker. 50 ml concentrated hydrochloric acid was added to the mixture. The whole was mixed using a
glass rod. After partial settling of the suspension, the surface-floating fibres were collected into the previous beaker. The
acid addition operations were repeated three more times. Adding the last portion of acid and mixing did not result in
further fibres coming up to the surface.
[0018] Using a vacuum filtration set, an empty filter was prepared and washed with demineralised water. The filter
was then dried in a Petri dish at 80°C. After cooling down in a desiccator, the dish with filter was weighed (m0 = 59.0087
g). The collected fibres were filtered through a filter thus prepared and washed with demineralised water. The filter with
fibres was then transferred to the same Petri dish and dried at 80°C. After cooling down in the desiccator, the whole
was weighed (m1 = 59.8963 g). The weight of contaminated fibres was: 0.8876 g.
[0019] Loss on ignition of the filter at 500°C was determined (m2 = 0.0015 g). The empty crucible was ignited and
weighed after cooling (m3 = 17.5403 g). The filter with fibres was placed in it. The whole was ignited at 500°C for 2 hours
(for the first 30 minutes under cover). After cooling down in a desiccator, the crucible was weighed (m4 = 18.1169 g).
The weight of impurities remaining after ignition was: 0.5766 g.
[0020] The content of fibres in the tested sample was: 0.8876 - 0.5766 = 0.3110 g.
[0021] The content of fibres in the tested mortar was: 0.59 g/kg.
[0022] The volume content of fibres in the tested mortar after prior determination of the density of the tested mortar
(2060.43 kg/m3) was 1,21 kg/m3.

Claims

1. Method of determining content of polymer microfibres in cement composites based on utilisation of the buoyancy
phenomenon, characterized in that a cement composite sample containing microfibres is crushed to grains less
than 1 mm in size, the crushed mixture is flooded with a liquid with a density greater than that of the microfibres,
but less than the density of the cement matrix, and after mixing and sedimentation the microfibres are collected
from the surface, whereupon a portion of an inorganic acid is added to the solution to set free any microfibres bound
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to the cement matrix, and after mixing additional microfibres are collected from the surface, wherein the addition of
acid and collection of microfibres operations are repeated until no further microfibres come up to the surface, and
then the microfibres thus separated are dried and weighed, and in case they are contaminated, they are additionally
ignited at the polypropylene decomposition temperature, as a result of which the microfibres will decompose and
only impurities remain whose weight after weighing is subtracted from the dried microfibres, and the final result
obtained will indicate the content of microfibres in the tested sample.

2. Method according to claim 1 characterised in that water is used as a liquid to flood the crushed composite sample.

3. Method according to claim 1 characterised in that hydrochloric acid is used as an inorganic acid.

4. Method according to claim 1 characterised in that dried contaminated microfibres are ignited at 500630°C.
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