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Abstract

The use of dolomitic aggregate in preparation of cementitious repairing mortar really depends
on their mineralogical composition and physico-mechanical properties. The physico-mechanical
properties and chemistry of the selected local dolomitic aggregates were evaluated and
compared with those of natural siliceous sand minerals. The studied dolomitic aggregates have
a convenient chemical composition to be used as a concrete aggregate. Whereas they show
relative variations in their physico-mechanical properties especially the grain size distribution,
which will of course reflect the characteristics of the repairing mortar mix.

The compatibility of some cementitious repair mortars characteristics casted by dolomitic
aggregates was assessed. Showed that dolomitic aggregate possess a clear effect on the
properties of cementitious mortar rather than the natural siliceous sand. Also, using of this
type of aggregates improves the compatibility with most commonly concrete used in Egypt by
justification of the cementitious mortar mix with the suitable admixture. Assisted that most of
the studied mixes show good compatibility with the casted concrete depending of appropriate
composition.

Keywords: Cementitious repairing mortar; Aggregate; Physico-mechanical properties; Dimensional
stability; Drying shrinkage; Compressive strength; Bond strength.

Kulcsszavak: Cementbazisl javitbhabarcs,; Adalékanyag; Fiziko-mechanikai tulajdonsagok;
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1. Introduction

Continuous rapid urbanization in Egypt was followed by the
appearance of concrete deteriorating problems. Repairs would
be successful in the long-term if original caused damages
are avoided by applying appropriate repairing materials to
resist the future deterioration, [1]. Having good experience
of repairing process with higher initial quality of the used
repairing material, results in postponement of repair and, in
the end, a reduction of the costs for maintenance and repeat
the repair. One of the most challenging and interesting tasks
in the field of concrete repairing is to choose and evaluate
local repairing materials used. Without knowledge about
building materials used it would not be possible to build safe,
efficient and long-lasting buildings. The performance of a
repaired concrete structure, and thus its service life, depends
mainly on the quality of the repairing material composite [2].
Today cementitious materials especially of Portland cement
represent the majority of our binding materials. Cementitious
materials are defined as compounds that are mixed easily
and react with water results in hydration products of calcium
silicates (C-S-H), which bind the constituents together. These
hydrated phases contribute to cement matrices densification
and thus, to improve the mechanical properties and durability
[3]. Cementitious repairing mortars mixed with local
dolomitic aggregate can offer a number of advantages such
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as availability, cheapness, easy production with large volume
and its compatibility with the older local common concrete.
Repairing materials only with cementitious binders can
provide acceptable protection to existing concrete structures,
[4]. Addition of different percentages of mineral admixtures
may also enhance the performance of a cementitious repairing
mortar thus improve the compatibility with concrete substrate.

Good bond between the repair and the existing concrete
substrate is a primary requirement for a successful repair [5].
This generally requires that the repairing material have high
strength, be well bonded and compatible with the substrate.
The final requirement is the repairing material should have
properties that enable it to be dimensionally stable relative
to the substrate [6-8]. This frequently requires that the repair
materials have a low drying shrinkage and that these materials
have a coeflicient of thermal expansion that is similar to the
substrate. Cementitious materials are locally available and it
can mix with any natural aggregate and additives. The selection
of a suitable additive to make a successful cementitious repair
mortar depends mostly on using a suitable elected aggregate.
In this case the set properties are strongly influenced by the
cementitious composites especially the characteristics of
aggregate used as discussed by [9].
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Quarries locations @

Fig. 1 Satellite image shows the locations of quarrying and samples, Ataqa area,
Suez City, Egypt
1. dbra A kéfejtés és mintavétel helyei miiholdképen, Ataqa teriilet, Szuez, Egyiptom

Oxide content (wt,%) OPC EPP CS
Sio, 20.61 74.69 50.6
ALO, 4.72 9.01 25
Fe,0, 331 0.59 9.7
Ca0 62.65 2.19 4
Mgo 212 0.01 25
SO, 2.8 0.04 0.009
Loss of Ignition (LOI) 3.11 1.48 1.05
Na,0 0.39 5.65 1.98
K,0 0.23 4.66 2.9
TiOo, 0.14 1
P,0, 0.03 0.001
Total 99.94 99.39 98.74
Ins.Res 2.71
Na,OEq 0.24
CA 5.98
CsS 51
c,s 22.05

Table 1 Chemical composition of the used OPC, EPP and CS admixtures
1. tabldzat Az alkalmazott OPC, EPP és CS adalékok kémiai Gsszetétele

2. Materials and methods

2.1 Raw materials used

Aggregate representative samples were collected from
different quarries stockpiles at Ataqa area- Egypt and coded
Dol.1, Dol.2 and Dol.3, (Fig.1). More than 150kg for each
aggregate type was collected to measure its performance in
mortar mixes for repairing concrete. Three aggregate samples
were elected and coded. A natural sand sample is collected
from Jabal El Sheeb quarry, 6th October City, Egypt.

The type of cement used was the Egyptian Ordinary Portland
Cement (OPC-CEMI with Rank 42.5) produced by Tourah
Cement Company. Its chemical analysis was performed and
found to agree with the standard specifications, (Table.1). The
mineral admixtures used were expanded perlite powder (EPP)
made in Egypt by the Egyptian Company for Expanded Perlite
(E.C.P.V.), Batch year 2016 and an import coal slag (CS) with
cement replacement percentages (5, 10, and 15%).

2.2. Aggregate evaluation

There is recommendation to add high quality aggregate
to repairing mortars according to [6].The chemical and
mineralogical investigation of carbonate aggregates were done
using Axios (PW4400) WD-XRF Sequential Spectrometer
(Panalytical, Netherland) and X-ray diffractometer, (model
X’Pert Pro, Phillips MPD - Manufactured by PANalytical B.V
Co., Netherlands - ISO 9001/14001 KEMA - 0.75160) provided
with (Cu) anode at 40 kv&30 mA with a scanning speed of 2° /
minute. The elected aggregates will be used in a repair mortar
mix should have a physical and mechanical characteristics
meet the ASTM C33 specification [10].

Mix proportions (kg/m?)

Mortar Mix

Cement Aggregate Water SP  Additive
M.Dol.1 571 1630 224 4.6
M.Dol.2 571 1630 224 46
M.Dol.3 571 1630 224 4.6
M.Sand 568 1622 223 45
M.Dol.C(MD.C) 571 981 644 224 4.6
M.D.C. 5%EPP 542 981 644 224 4.6 28.6
M.D.C.10%EPP 514 981 644 224 46 571
M.D.C.15%EPP 485 981 644 224 4.6 85.6
M.D.C.5%CS 542 981 644 224 4.6 28.6
M.D.C.10%CS 514 981 644 224 4.6 57.1
M.D.C.15%CS 485 981 644 224 4.6 85.6

Table 2 Mix proportion of the studied cementitious mortars (kg/m’)
2. tdblézat A vizsgdlat cementbdzisii habarcsok keverési Gsszetétele (kg/m?)

2.3. Mortars properties tests

The mixed repairing mortar was defined as all concrete
constituents with a smaller aggregate particle size pass
9.5mm sieve, i.e., aggregate <9.5mm, cement, water and super
plasticizer (SP), (Table2). For concrete substrate the proportion
by mass 1:1.9:3.6 (cement: sand: carbonate aggregate) trail mix
was used with W/ C ratio = 0.5, to gain normal concrete with
strength reaches approximately 41 MPa. For the substrate
and repairing mortars compressive strength test on 3 cubic
concrete samples for each mix were performed at ages of 1, 3,
7, 28 and 90 days. In each case, this test was carried out on
specimens following the procedure described by Egyptian
Code for the design of concrete structures [11]. Mortar
cubes water absorption was performed according to the test
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procedure ASTM C642 [12]. The procedure for determining
the coefficient of thermal expansion of repair mortars is used
where mortar prisms are exposed to temperatures ranging
from 5 to 60 °C [13]. The drying shrinkage test was carried
out according to ASTM C157/C157M [14], also slant shear test
according to ASTM C882 [15].

3. Results and discussion

3.1. Aggregates
3.1.1. Chemical and mineralogical composition

Chemistry of carbonate aggregate samples shows that CaO
is the highest recorded oxide followed by MgO (Table.3). On
the other hand, the sand aggregates show high content of SiO..
These facts are related to the mineralogical composition of
the studied aggregates. The carbonate aggregates are mainly
composed of dolomite and calcite; meanwhile the sand
aggregates are dominated by quartz (Fig.2). The carbonate
aggregates can be classified according to their MgO % into
dolomite (Dol.1&Dol.2) and calcitic dolomite (Dol.3), [16].
Dol.3 sample show relatively higher contents of SiO,, ALO,,
Fe,O, and loss in ignition than those of other carbonate
aggregates, that may be related to the presence of impurities.
All samples show low Na,O and K,O contents however the
sand recorded relatively higher alkali contents than carbonate
aggregates. SO,% is relatively higher in carbonate aggregates
than those of sand, however this percentage still in acceptable
limit (0.02-0.12%). On the other hand, carbonate aggregates
especially Dol.3 sample have unacceptable chloride limit
according to the Egyptian specification [11].

Oxide content (wt,%) Dol.1 Dol.2 Dol.3 Sand
Sio, 1.09 0.48 1.32 97.16
Cao 35.6 38.42 33.7 1.54
Mgo 19.3 20.61 18.7 0.11
ALO, 0.23 0.12 0.55 0.05
Tio, 0.07 0.07 0.06
Fe,0, 0.19 0.17 0.21 0.05
Na,0 0.11 0.04 0.13 0.19
K,0 0.04 0,02 0.06 0.11
P,0, 0.11 0.05 0.05
SO, 0.1 0.12 0.02 0.01
Loss of Ignition (LOI) 42.9 39.7 45.2 0.39
Total 99.74 99.78 100 99.97
Chloride ion(Cl) 0.06 0.09 0.1 0.09

Table 3 Chemical composition of the studied aggregates
3. tabldzat A vizsgalt adalékanyagok kémiai dsszetétele
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Fig. 2. XRD patterns of the different studied aggregates
2. dbra A vizsgdlt adalékanyagok XRD elemzése

100 =
<= 4,751.18mm U.L. // e
- LL / //
—a—Dol3
——Dol2 /
80 1 —— Dolt
—&— Dolc(Comb1+2) /
Sand
60
2
9
=
@
?
S
o
40
20
1 .
i aw
0
01 1 10 100

Sieve Diameter,mm

Fig. 3. Grain size distribution curve of the studied aggregates
3. dbra A vizsgdlt adalékanyagok szemmegoszlds gorbéje

3.1.2 Physico-mechanical properties
3.1.2.1 Grading

Using of well and densely graded aggregates is highly
recommended for repairing mortar, to reduce the required
cement paste and minimize the risk of debonding, via shrinkage
reduction [17]. Also, the grading affects the workability and
finishing quality of mortar and concrete [18]. The studied
dolomitic aggregates show variations in grain size distribution
(Fig.3). The grading curves are lined near the zone of size
number (9) limit according to ASTM D448 [19]. Dolomitic
aggregates are falling within the coarse sand size especially
sample Dol.1 when compared with the natural sand aggregate.
Sample Dol.3 exceeds the upper limits of the size number (9)
which disagrees with the concept of repair [20], while Dol.1
sample deviates toward the sand fractions and pass its lower
limit. Void contents increase with decreasing in aggregate size
to about (40%-50%) for fine aggregates [21]. This may lead
to higher amount of cement paste and more shrinkage. Dol.2
sample have a good grading distribution curve and in the case
of combined sample (Dol.C), the distribution curve is slightly
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shifted to sand size. This combination may be helpful to use
wide size range and mostly of smaller sizes as possible. Satoh
et al., [22] stated that the suitable sizes of aggregates should
line with treated roughness of the substrate surface for best
repairing. Such these dolomitic aggregates grading could
positively affect the aggregate interlock and may lead to good
bonding.

3.1.2.2 Bulk density

The bulk density of the studied dolomitic aggregate samples
ranges from 1.30 to 1.36 g/cm® with an average value of 1.32
g/cm?®. While natural sand sample shows the highest recorded
bulk density value (1.47 g/cm®) and considered the densest
aggregate (Fig. 4). That can be attributed to the smallest sand
fractions which help in fissuring and decrease voids space.
Recorded bulk density values are considered reasonable to
good mortar with normal weight which requires less cement.
It should be known that, normal aggregate weight will have
good workability and has been considered resistant to length
change due to drying [23]. Variation of bulk densities values
for dolomitic aggregates compared with sand aggregate
may relate to their angularity and abundance of coarser size
fractions. It is well known that, angularity shape of aggregate
is a very important factor that causes changes in the relative
density values as indicated by [24, 25]. Low bulk density values
can increase voids contents between aggregate particles [21],
leading to higher cement paste and so higher shrinkage. So,
samples with normal weight should be used and total volume
of voids can be reduced by using a combination of aggregate
sizes.

® Bulk density (g/em3)
18 17 m Water absorption (%)
1.6 - Fine materials(%)
i

194"

0.8

Value

06
0.4

0.2

Dol.1 Dol.2 Dol.3 Sand

Fig. 4. Correlation between bulk density, water absorption and fine materials values
of the studied aggregates
4. dbra A vizsgdlat adalékanyagok halmazsiiriisége, vizfelvétele és finomrész ardnya

3.1.2.3 Fine materials and water absorption

The percentages of fine materials (Fig.4) revealed that all
studied aggregate samples don’t exceed the value of 1%, except
sand sample. These values agree with the ASTM C142 limits
[26], that give chance to use such aggregates for a repairing
mortar. There is a direct relation between the water absorption
and presence of fine materials. All recorded values lie within
the standard limits [27, 28]. Dolomitic aggregates seem to be

relatively lower in water absorption than sand. Their values
are relatively close to combined substrate aggregates values,
which may enhance the compatibility. In addition to presence
of fines the high water absorption may related to the iron
oxide as deleterious substances which may contribute to more
shrinkage. The Drying shrinkage test in BS 812 -120 [29] is
limited to aggregate with water absorption less than 3.5%.
Length change seems to be caused by change in surface energy
of most aggregate due to absorption [23]. Generally, it shouldn’t
use aggregate with high water absorption which will not be
more safely in repairing of concrete. Since the mechanical
adherence with high water absorption may be prevented from
occurring as discussed by [30].

3.2 Mortar
3.2.1Physico-mechanical properties

Suitable repair mortar mix allows cementitious repair
materials to easily penetrate and hydrate into substrate
cavities. The slump values of fresh mortar mixes with dolomitic
aggregates ranges between 4.9 and 6.8 cm. While mortar made
with natural sand show moderate value equal 5.6 cm. Therefore,
all studied mixes are considered of medium workability. ACI
224.1R [31] recommended using of the lowest possible slump
to reduce shrinkage and avoid occurrence of cracks, so a
combination of dolomitic samples is more acceptable to use.

Dry density of studied mortar cubes already matches with
bulk density of aggregates and compatible with substrate (Fig.
5). Dolomitic mortars show similarity in dry density which
range from 2.39 to 2.41 g/cm®. Mortar with natural sand show
the dense value (2.42 g/cm?), that related to the good packing
shown by sand particles. The main causes of little difference
in weight between mortars may relate to grading, shape and
composition of aggregate, [21]. Spherical particles like natural
sand lead to good backing and so better workability, [32]. The
crushed dolomitic aggregates that yield grains with angular
corners cannot be workable enough like sand [18]. They still
have slightly compatible nature with the substrate density. But
when additives applied, EPP mortar cubes showed decrease
in dry density with increasing cement replacement unlike
CS mortars. That simply relate to the relatively high specific
gravity of such additive. Therefore high dosages affect on mass
unit compatibility with the normal concrete substrate.

Good adherence of mortar is recommended by using amix
with lower water absorption than the substrate [30]. It can be
observed that water absorption of all studied mixes is lower
than substrate value (Fig. 5). Mortar made with dolomitic
aggregates shows approximately similar values with an average
equal 0.9%. While the comparable sandy mortar shows the
highest water absorption value (1.5%) among all studied
mixes. This may be due to the higher percent of fine materials
in that aggregate which influence the concrete absorption,
[33]. To some extent, there is relation between the densities
of the studied mortars and their water absorption values. It
can be noticed that water absorption of mortars mixed with
EPP increase with decreasing density and increasing cement
replacement. This fact may be related to water uptake due to
the high surface area gained by these additives. EPP could be
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used in small quantities as a cement replacement due to its
high water absorption capacity [34]. However, in case of CS
there is a slight decrease with increase dosages and density
that means CS did not have the ability to excess water uptake.
This reflects that aggregate type and mortar composition may
influence water absorption of the produced repairing mortars.
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Fig. 5. Correlation between the values of dry density and water absorption of the
studied cube mixes
5.dbra A kocka mintdk siiriisége és vizfelvétele kozotti korreldcio

3.2.2 Dimensional stability
3.2.2.1 Length change (Dry shrinkage)

Cementitious mortar mix with an excess of binder may lead
to high shrinkage and mortar cracking. Therefore, excessive
shrinkage of a cementitious repair mortar can be a main cause
of the repair failure. There is a suggestion to use very low
shrinkage cementitious mortars for concrete repair by [35].
All studied mortar mixes show drying shrinkage ranging from
0.0053% to 0.01% after 28days (Fig.6), (Table 4); therefore,
they are considered very low shrinkage according to [36]. Also
they should be desirable since the point of view is “shrinkage
of a cementitious mortar should be less than that of concrete”
as mentioned by [7]. Dolomitic mortars showed relatively
lower shrinkage values range between 0.0053 and 0.0086%
after 28 days, and 0.0072 and 0.0092% after 2 months. While
the comparable natural sandy mortar showed the highest
shrinkage value (0.01%) after 28days between the studied
samples, then its value seems to be constant for 2 months.
However, it is considered acceptable since the repair mortar to
concrete substrate relation is (R<C).

The relatively high shrinkage of natural sand mortar relate to
its relatively high absorption and more fines in that aggregate.
Grassl et al, [37] reported that the concretes shrinkage
depends primarily on the used aggregate properties. However,
some mineral admixtures are capable to reduce shrinkage as
documented by [38]. Mortars with EPP and CS after 28days
show drying shrinkage increasing reached to 0.0065 and
0.0072%, respectively with the replacement level 15%, although
they are still compatible with the substrate.
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Fig. 6. 'The change of drying shrinkage between the studied mortar mixes.
6. dbra A szdraddsi zsugorodds véltozdsa id6ben az egyes habarcskeverékek esetében
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Table 4 Shrinkage, thermal expansion coefficients values of the studied mixes and
their relations with the substrate
4. tdbldzat A vizsgdlat keverékek zsugoroddsa, termikus hétaguldsi egyiitthatéja és a ezek
kapcsolata a banydszott anyag ezen tulajdonsdgaival

3.2.2.2 Thermal expansion

Thermal stability of cementitious mortar and their
dimensional compatibility with existing substrate may impact
the repair success. Types of aggregates have main influence on
this property, [39]. Dolomitic mortars represent the relatively
lowest coeflicients of thermal expansion (4.87E-06, 5.18E-06,
and 5.44E-06) if compared with sand mortar value (6.56E-06),
(Table 4). Mortar sample MD.C (with combined aggregates
Dol.1&Dol.2) show good thermal stability and compatibility
with the substrate without any additives. EPP mortars show
gradual decrease of thermal expansion coefficients from
5.45E-06 to 5.18E-06 value. This may be referred to the good
thermal insulation properties of EPP. That gives EPP mortars
high chance to be used as a repairing material in spite of its
values are relatively lower than the studied concrete substrate.
Unlike CS, mortars show increase in the thermal expansion
values. The chemical composition with high alumina and iron
oxides of CS may contribute to their high thermal expansion.
Therefore, dolomitic mortars with high CS dosages and sand
mortar may be considered less thermally stable; however they
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have values close to that of the studied substrate. Such mixes
should be avoided especially in repair dolomitic substrate
because they may lead to poor bonding as recommended by
[40].

3.2.3 Strength
3.2.3.1 Compressive strength

There is a variation in strength between all repair mortar
samples (Fig. 7). This may relate to the difference in
mineralogical composition and shape of the applied aggregate
[25]. The strength ranges are 4.9-6.7, 9.4-18.7 and 24-30 MPa
in the early curing ages 1, 3 and 7 days, respectively. Whereas
the substrate strength value still considered the highest. The
higher substrate strength value in early ages than studied
repair mortars may be related to coarse aggregate size and high
aggregate/cement ratio. Furthermore, mortars strengths begin
to exceed the substrate strength where strengths increase to the
range 34-54 and 35-56 MPa during the later curing ages 28 and
90days, respectively. The high rate of strength development at
late ages can be explained by the good aggregate compaction
that increases mix cohesion by increase in hydration time. Also
most of these values can be compatible with substrate strength
purposes and classified according to EN 1504-3 [41] into R4
and R3, (Table.5). It can be noticed that the highest strength
values between dolomitic mortars (without mineral additives)
are shown by MD.C mortar sample through all curing intervals
1, 3,7, 28 and 90 days. The aggregates used in the mix of these
samples be sounded, have good grading and show relative high
mortar dimensional stability with good physico-mechanical
properties. Unlike, MDol.3 sample mortar is incompatible
with the substrate and displays lower strength value than the
other dolomitic samples. This may be related to poor grading,
abundance of large particles and poor quality of aggregate.
Dolomitic mortars strength did not exceed sand mortar
strength. This may be related to the high specific surface area
of the fine sand aggregate which lead to high bond strength
between the aggregate and cement paste and increase the
compressive strength [42]. Therefore, dolomitic aggregates with
high quality seem to be more suitable for repairing mortar mix.

The cement consumption and the compressive strength can
be adjusted by add appropriate amount of mineral admixtures.
EPP mortars show slight increase of compressive strength in
the early ages (1, 3, 7days) with cement replacement up to 10%,
and still lower than the control. At 28 days, they show the same
behavior, while in later age (90 days), strength increase than
the control mix up to 10% replacement. The strength decreased
with 15% replacement although all EPP mortars are compatible
with the substrate (Table 5). The cement replacement by 10%
EPP leads to the highest compressive strength values for all
samples after 90 days (Fig.7). It is shown that in case of EPP
dense mortar form due to pozzolanic effect, as [43] indicated
that perlite powder has a significant pozzolanic effect and is
a good active mineral admixture for mortar. Unlike, mortars
mixed with CS powder have relatively moderate strengths
and are classified as (R3). These mortars show slight increase
of strength up to 10% cement replacement at the early ages
and strength decrease with the high replacement (15%). CS

mortars show relatively higher strengths values than EPP
mortars only during the first day. That means CS plays a major
role as filler giving early dense mortar performance. The
compressive strength of mortars with different SC dosages at
28 days show the highest value (43 MPa) with 5% replacement.
Then the strength decreases gradually to (34 MPa) with
15%replacement. Therefore, coal slag is noticed to be reducing
the compressive strength with increasing replacement percents
and considered as undesirable for repair mixes. However, CS
mortars are still compatible with the substrate, (Table 5). In
general, the various behavior of repairing mortar compressive
strength is not evident alone for good repairing material
without bonding strength.
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Fig. 7 Compressive strengths of all the studied repair cementitious mortars at
different curing ages
7. Abra A vizsgdlt cementalapti javitéhabarcsok nyomészildrdsdga kiilonbézé
szildrduldsi korokban
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M.D.C (R4) R>C 28 Interface

Interface- with remains
M. Sand (R4) R>C 33 parts of C
Interface- with remains

M.D.C.5%EPP (R4) R>C 35 parts of C
M.D.C.10%EPP (R4) R>C 26 Interface
M.D.C.15%EPP (R3) R>C 24 Interface
M.D.C.5%CS (R3) R>C 26 Interface
M.D.C.10%CS (R3) R>C 24 Interface
M.D.C.15%CS (R3) R<C 22 Interface

Table 5 Compressive strength classification, bond strength and bond failure of the
studied mixes and their relations with the substrate
5. tdblézat Nyomdszildrdsdgi osztaly, kotési szildrdsdg és kapcsolati tonkrementel
tipusa a vizsgdlat keverékeken és ezek kapcsolata a bdnydszott anyag
tulajdonsdgaival
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3.2.3.2 Bond strength (slant shear test)

It can be noticed that there is a correlation between bond
strength and compressive strength, (Fig 8). The bond strengths
of studied cementitious mortars range from 20 to 33 MPa,
(Table 5). Most of the failure mode in the slant shear test was
through the interface. This indicates that the bond strength
between the cementitious repair mortar and substrate is
weaker than the strength of the continuous substrate and the
repair mortar themselves. Momayez et al., [44] predict low
adhesion for cementitious repair materials and estimate slant
shear values about 80% of the continuous sample. Therefore,
additive should be applied to increase the cementitious bond.

On the other hand, natural sand mortar shows the highest
bond strength value in all studied mortars. This may be related
to the size and grading of its particles, which in turn cause good
compacting and interlocking at the rough substrate surface.
Also, the investigated dolomitic mortars show variations in
bond strength. Since adherence occurs by penetration of the
mortar’s fine elements into the substrate’s pores and forming
a system of mechanical anchorage [30]. Mortars with good
quality and more properly fine fractions as MDol.l1 and
MDol.2 show relatively higher bond than the coarser MDol.3.
This means that the quality of the bond largely depends on the
repair mortar characteristics.
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Fig. 8. 'The bond strength correlation between all studied cementitious mortars with

different additives
8. dbra A kotési szildrdsdg korreldcidja az dsszes vizsgalat cementalapil, kiilonbozd
adalékanyagot tartalmazé habarcson

The selection of the repair mortars is based mainly on their
bonding strength which may influence by mineral admixtures.
Mortars mixed by EPP show bond strength decreasing from
35 (5%EPP) to 23 MPa (15% EPP). It is recommended that
EPP could be used in small quantities as a cement replacement
to prevent shrinkage and so debonding, due to its high water
absorption capacity [34]. In spite of EPP mortars show relative
decreasing in bond strength with replacement, however
5%EPP represents the highest bond strength value of all the
studied cementitious mortars (Fig.8). The replacement level of
all presented interface failure associated with partial damage
and attached to traces of substrate (Fig.9.a4). Good bonding
of such mix may be related to the EPP pozzolanic activity, as
filling voids of Interface Transition Zone (ITZ) which lead to
cohesion of cement to other particles, resulting in enhancement
of bonding to substrate.

40 . = 2019/2 = Vol. 71, No. 2

Mortars mixed with CS show relatively high reduction in
slant shear strength when compared with others. Replacement
with 15% CS shows the lowest value (22 MPa) between all
studied samples. The failure occurred only at the interface
where complete separation of substrate and repair occurred,
(Fig 9.b). The lack of pozzolanic activity in CS may be the
main reason of reduction in its bond strength. Also, relatively
high shrinkage observed by CS mortars may reduce bonding
efficiency by initial tensile strain induced in the repair [45].

. a) 5% EPP mortar sample shows interface failure with partial damage
and attached traces of substrate (right), b) interface failure with complete
separation

9. dbra a) 5%-o0s EPP habarcs minta feliileti tonkrementele az alapanyag részleges

tonkremenetele mellett b) feliileti tonkrementel teljes elvdldssal

4. Conclusion

Well graded and dense dolomitic aggregates will positively
affect interlocking and bonding by fissuring and decreasing
void spaces. Avoid aggregate with high water absorption due
to abundant fines, and iron oxides will be more safe in concrete
repair.

Properties variation of cementitious repair mortar is
due to variation in the used aggregates composition and
characteristics. The studied dolomitic mortars show more
dimensional stability than the comparable natural sandy
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mortar. This fact enhances the compatibility between dolomitic
repair mortar and the normal concrete substrate.

The different behavior of repairing mortar compressive
strength is not evident alone for good repairing material
without bonding strength. There is a correlation between bond
strength and compressive strength, most of the failure mode
in the slant shear test was through the interface. Therefore,
additive should be applied to increase the cementitious bond.
EPP added to dolomitic mortars is preferable than CS powder
for good adherence. In general, the more compressive strength
of dolomitic mortar contributes to increase the adhesion
strength.
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size. Silicon dioxide (Si0,) as a nanopowder filler has been added with 50 wt.% and different grain
size particles (0-150 nm), and studied the effect of these additives on viscosity, scorch time, cure
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1. Introduction

It is widely thought that, “Rheology” as a science, only used
for the applications of material science and engineering, but
in fact it is widely applied in other scientific fields such as
mathematics, physics, geology, chemistry, biology.., etc. [1-
2]. In materials processing, the rheological properties have a
considerable and important influence and through the stages
of using material (rubber as example) for many industries,
because of their impact on the development of the fabrication
and stability to operate of the product and performance in
the final form. Many scientific literatures were published
about the effectiveness of fillers or working conditions and
their relation to rheological properties of rubber [3-8]. Al-
Maamori in his Ph.D thesis investigated the mechanical and
rheological properties of rubber parts fabricated from NBR
with silicon dioxide and rise husk powder additions [2]. Al-
Maamori, Al-Mosawi and Abdulsada studied the effect of the
novolac nanoparticle additives (0-40 wt.%) on viscosity, max
torque, scorch time, and cure time of NBR/CR blends [9-10].
Al-Maamori and Al-Mosawi in a patent have been studied the
mechanical and rheological properties of rubber parts with
different amounts of cement and rise husk waste [11], Thomas
et. al. investigated the effect of adding TiO,, Ca,(PO,), and
layered silicate on the mechanical and rheological properties of
the nitrile rubber, where, they indicated that particle geometry
of additives have a clear effect on glass transition temperature
values for the rubber blends [12].

2. Methodology

a. Materials: Acrylonitrile Butadiene Rubber (30% AN)
and Chloroprene Rubber as a blend, silicon dioxide
nanoparticles (10-150nm).

Composite materials, Rubber.

b. Mixing process and samples preparation: The two
batches composition used in this article shown in Table.
1, and these two batches were prepared by roll milling
process with Comerio Ercole Busto Arsizio roll mill
machine. The samples were prepared as a disc shape
with 6 mm in thickness and 40mm in diameter and
6mm in thickness by using hydraulic mould at 1.4 MPa

pressure and temperature 150°C.

c. Calculating of rheological properties: Oscillating
disc Rheometer (Rheometer ODR 2000E ) was used
calculating of rheological properties according to
(ASTM D1646-68) standard and with operational
conditions 0.35 MPa bar pressure and 185°C in 6 min

[13].

d. Preparation of silicon dioxide and tests: The silica
nanoparticles were prepared by precipitation method.
Atomic force microscope (AFM) imaging was
performed for checking the surface roughness and
grains distribution (see Fig. 1 and Fig. 2).

Compounding Ingredients

Parts per hundred
rubber (pphr)

NBR/ CR 50/50
Silicon dioxide 0 and 50
Zinc oxide 3
Stearic acid 1
DOP 1
TMTD 1.5
6PPD 15
Sulfur 1.5
Table 1. Composition of batch
1. tdblazat A keverék dsszetétele
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Fig. 1. AFM imaging analysis for silicon dioxide grains
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3. Resluts and discussion

Fig. 3 and Fig. 4 represent the behavior of viscosity and max
torque as a function of silicon dioxide grain size respectively.
From these two figures we noted that viscosity and torque are
increasing as silicon dioxide grain size increases, because the
small grain size particles will diffuse more easily than large
grain size particles through the chains of rubber, therefore the
viscosity and torque will increase. On the other hand, the large
grain size particles inhibit diffusion process and rubber chains
movement. This means that the silicon dioxide is an active
filler, no wonder the viscosity is about double with the same
quantity as filler as rubber itself and triple with 100 pphr. The
torque is more or less proportional to viscosity; therefore the
torque increase can be taken as relative viscosity. The relative
viscosity increase is higher than calculated from the Einstein’s
law (n,, = 2.50, where @ is the volume fraction of dispersed
particles) therefore silicon dioxide has reinforcing effect.

The comparison between the results for fixed weight percent
of silicon dioxide of various sizes shows that the higher grain
size of silicon dioxide results in decreasing scorch and cure
times as shown in Fig. 5. This is due to the grain size which
resembles a measure for the specific surface area in contact
with the rubber, where as this area decreased (i.e. more fine
size contact area) results in decreasing in the physical bonds
with the rubber chains and causes reduction in both scorch
and cure times.
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Fig. 3. Viscosity vs. silicon dioxide grain size
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Fig. 5. Scorch and cure time vs. silicon dioxide grain size
5. dbra  Scorch és keményedési id6 a szilicium-dioxid szemcseméret fiiggvényében

4. Conclusions

1. The practical results showed that silicon dioxide has an
accelerating effect on the crosslinking reaction of rubber
blends.

2. The crosslinking will increase due to the interaction
between silicon dioxide and sulfur, where the scorch
process is about 3.6 times faster and the difference is
more than 40% if it is not present. Similarly, the cure time
is also shorter about three times.

3. Increasing grain size of silicon dioxide particles resulted
in higher viscosity and maximum torque.
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Abstract

The rationalization of technological parameters of products’ manufacturing based on previously
developed compositions of Slavsonite ceramics using a full-factor experiment of 23 type was
studied. Equations of regression that describe adequately the dependencies of selected reviews
(water absorption, dielectric permittivity, compressive strength) from grinding time and firing
temperature were obtained. Based on the conducted research, a technological scheme for the
manufacture of simple-shaped ceramic products that are capable of performing the functions of
protective radio-transparent structural elements has been developed.

Keywords: slavsonite, radiotransparent ceramics, full-factor experiment, dielectric permittivity,
dielectric loss tangent, water absorption, compressive strength, pressing pressure, grinding time,
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1. Introduction

The prospect of products’ manufacturing based on Slavsonite
(strontium aluminosilicate — SrALSi O,) is in the ability to
combine a complex of dielectric and physical-mechanical
characteristics of this material, such as radiotransparency, high
strength, temperature resistance, and to have a low cost of raw
materials. Slavsonite, besides the low dielectric permittivity
value € ~ 6.2...6.8, has the lowest dielectric loss tand ~ 0.0001 ...
0.0002 from among the crystalline phases, suitable for creating
radioceramics [1].

Such materials are most often used when creating protection
elements for aircraft antenna transmitters under high
temperature and mechanical loads. For radiotransparent
ceramic materials, low dielectric losses (tand < 0.001) and high
stability of properties with temperature changes are typical. For
example, the dielectric permittivity of sitalls does not change
by more than + 1%, and the tangent of dielectric loss increases
by no more than + 20% when the temperature changes from -
60 ° to +1,200 °C [2].

The relevance of the study is creation of high-strength
products of simple shape from the developed masses of
radio transparent material based on the crystalline phase of
Slavsonite.
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2. Analysis of literature data and problem
statement

The problem of creating densely sintered materials, firstly,
lies in the difficulty of consolidating the dispersed powder after
its synthesis. Scientists from many countries are involved in
solving this problem, using various methods.

Researchers in the study [3] considered titanium oxide,
zircon and glass as additives for sintering glass ceramics of
cordierite composition. It is established that the minimum
values of porosity (2-5%) are samples with the addition of
glass, and its sufficient amount is 5 weight % (wt.%).

The author [4] obtained stoichiometric Slavsonite glass
ceramics using cold isostatic pressing and sintering. In this
case, the specific gravity of the material reached 94% and 97%
of the theoretical.

The effect of various heat treatment modes on the sintering
density of slavsonite glass ceramics is described in the study
[5]. This work is relevant because the density of the material
obtained becomes a critical factor in its application. For this
study, the strontium aluminosilicate composition was used,
which forms monoclinic Slavsonite as the primary crystalline
phase already at a temperature of 1,200 °C.
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In the study [6] the synthesis of Slavsonite by the sol-gel
method and the preparation of high-density glass ceramics was
carried out. The peaks of this crystalline phase begin to appear
clearly on the radiograph of the synthesized material already at
a temperature of 1,100 °C and at 1,250 °C the Slavsonite of the
monoclinic syngony makes up 100% of the entire crystalline
phase.

At the previous stages of research, the influence of the
method of magnetic-pulse pressing (MPP) was studied [7].
The apparent density determined the effect of this method on
the degree of sintering of the samples and the completion of
the Slavsonite formation, and the amount of SrALSi, O, in the
phase of the samples’ composition annealed at a temperature
of 1,250° 1,350° and 1,450 °C, depending on the intensity of
the impact action (number of cycles). According to research
results, compared with the properties of the samples created
by the method of static semi-dry pressing, it was found that
the use of MPP significantly improves the characteristics
of sintering the samples: the effect of 6 cycles of percussion
and firing at a temperature of 1,250 °C is equivalent to a
temperature rise on 120 °C. This method of formation on
the processes of formation of the slavsonite phase at a given
burning temperature is almost negligible: the increase of the
Slavsonite amount using MPP does not exceed 2%.

It is important to note that the synthesis of Slavsonite
takes place in the presence of a liquid phase in the above
works. Liquid phase sintering is the most common process
in ceramics technology, especially with the participation of
aluminosilicates. The melt formed during ceramic firing plays
the main role; it dissolves the raw materials and is the source
of the new crystalline phase. Therefore, it is possible to control
the synthesis process by changing the characteristics of the
melt (viscosity, surface tension, activity).

In the study [8] the effect of additives of B,O, and P,O,, which
are glass-forming oxides was studied, but in this case they also
played the role of mineralizers, reducing the temperature of
crystallization to the beginning of Slavsonite 1,020 °C.

In the study [4] the preparation of high-strength ceramic
materials with low values of dielectric properties is described.
Moreover, it is said that the additives B,O,, LiF, Cr,0O,, and
ZrSiO, contribute to the transition of Slavsonite from the
hexagonal form to the stable monoclinic form. This is due to
the cracking of the ceramic body, possible at the stage of cooling
during the polymorphic transformation of the hexagonal form,
which takes place with an increase in volume on 3%.

Analyzing the methods of obtaining materials on the basis of
Slavsonite are considered, it has been found that in most cases
they are obtained by glass-ceramic technology, which requires
additional energy costs for the transition of the hexagonal
form of Slavsonite to the monoclinic form. In previous studies
in studies [1, 9] the compositions of Slavsonite ceramics
were developed, corresponding to the specified indicators
of properties. Thus, in further studies it is advisable to carry
out the selection of the optimal method of slavsonite powder
consolidating to create products of simple form.

3. The purpose and objectives of the study

The aim of the study was the development of technological
parameters for obtaining simple-shaped products from the
developed masses of densely sintered, radio-transparent
material with high mechanical properties with two-stage
ceramic technology based on the crystalline phase of Slavsonite.

To achieve the goal, the following tasks were set:

= to choose the optimal binder and its amount from

among the solutions of dextrin and methylcellulose;

= to investigate the influence of the grinding mode of

the synthesized material, the pressing pressure and the
firing temperature on the studied properties;

= to develop a technological scheme for the manufacture

of simple-shaped products from the developed
ceramic radio transparent materials on the basis of the
conducted complex of studies.

4. Materials and research methods

Selection of the binder material was carried out by a separate
experiment, while other parameters were made in a fully
factorial experiment. The pre-synthesized ceramic material
based on the crystalline phase of Slavsonite was ground in a
planetary mill at 400 revolutions per minute with a grinding
time of 15 minutes. For the study, dextrin and methylcellulose
were selected as a binder in an amount from 1 to 3 wt. % with
pace of 0.5% for dextrin and in an amount from 2 to 4 wt. %
with pace of 0.5% for methylcellulose. The amount of binder
was injected with more than 100 wt. % of the mixture pre-
dissolved and aged for 24 hours in water in an amount equal to
8% of the humidity of the press powder. Samples were formed
in the form of cylinders with a diameter and height of 25 mm,
at a pressing pressure of 30 MPa with the previous pseudo-
granulation at a pressure of 50 MPa. Samples were kept for
24 hours at room temperature, after which part of the series
was dried to a moisture content of not more than 0.5% and
burned at a temperature of 1,300 °C, and another part of the
series was used to determine the strength of the raw material.
Determination of strength was performed by the method of
compression and the effect of the binder and its amount on the
degree of water absorption was determined on the scorched
samples. The results of both studies are shown in Table 1.

Binder additive and its content, wt.%

Properties Dextrin

Methylcellulose
2 25 3 2 25 3 35 4

Compressive
strength of raw 031 054 0.76 097 109 092 175 205 218 233

material, MPa

Water
absorption,%

014 029 033 058 0.75 049 027 031 0.57 0.9

Table 1 Results of the study of the effect of the binder
1. tdbldzat A kétbanyag hatdsa az eredményekre

The data obtained indicate that the optimal binder is
methylcellulose in an amount of 3 wt.%, since an increase in its
amount with an increase in strength will lead to an increase in
the value of water absorption by more than 0.5%.
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Experiment Planning

For carrying out an experiment of establishing the best
technological parameters, a full-factor experiment of type
2% was used, in which factors were grinding time, pressing
pressure and heat treatment temperature.

To clarify the experiment, it was decided that a point with
the following zero values of the factors should be chosen as
the center of the plan: grinding time is 15 minutes; pressing
pressure is 30 MPa; firing temperature is 1,325 °C. The interval
of the grinding time varying is 5 minutes, the pressing pressure
is 10 MPa, and the firing temperature is 25 °C. Figure 1
illustrates the arrangement of experiments of type 2° in three-
dimensional space.

Firing
temperature, °C

[]
[ ]
. a1 20
Pressing 10 L) -1 | Grinding
pressure, 40*1 esl time
MPa ' in_
-.20 min

Fig. 1 'The arrangement of experiments of type 2°in three-dimensional space
1. dbra 23 hdaromfaktoros teljes faktordlis kisérleti tervelrendezés hdrom dimenziés
térben dbrdzolva

In accordance with the developed natural plan of the
experiment (Table 2), samples by the classical technology were
obtained. The grinding of the synthesized mass was carried out
in a planetary mill to a residue on sieve Ne0063 not more than
1.5%, it was thoroughly mixed with a binder solution, and the
humidity of the press powder was 8%.

Factors in natural form

. Cipher
COm_posmon sample Grinding  Pressing Firing
cipher in the series time pressure temperature
X, min y, MPa z,°C
0-8 20 40 1,350
0-7 10 40 1,350
0-6 20 20 1,350
3 05 10 20 1,350
::(;)):nposnlon 0-4 20 40 1,300
03 10 40 1,300
0-2 20 20 1,300
0-1 10 20 1,300
09 15 30 1,325
2.8 20 40 1,350
2-7 10 40 1,350
2.6 20 20 1,350
B 2.5 10 20 1,350
::;»rnposnlon 2.4 20 40 1,300
23 10 40 1,300
2.2 20 20 1,300
2-1 10 20 1,300
2-9 15 30 1,325

Table 2 Plan of the experiment in its natural form
2. tabldzat A kisérleti terv eredeti formdjdban
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The formation of semi-finished products took place in two
stages, the first was granulation, formation of briquettes at a
pressure of 50 MPa, followed by “wiping” through a sieve Ne
05; the second stage included pressing of the specified samples
at a pressure of 20, 30 and 40 MPa. The next steps were drying
in a drying oven and firing at a temperature of 1,300°, 1,325°
and 1350° C with an exposure of one hour at the maximum
temperature. The plan-matrix with natural values of factors
according to the selected interval of variation is shown in Table 2.

5. The research results of indicators of obtained
ceramic samples

During the experiment, the main technological properties of
radiotransparent ceramics, such as water absorption, dielectric
permittivity and flexural strength were determined (Table
3).The obtained results were processed with the Excel software
application. For each experiment series, adequate third order
equations that characterize the dependencies were obtained:

“grinding time - pressing pressure - firing temperature —

water absorption”,

“grinding time - pressing pressure - firing temperature —
dielectric permittivity”,

“grinding time - pressing pressure — firing temperature —
flexural strength”

Dependencies with coded factors for different series are:
for a series of composition “0”:
W, % =0.579 - 0.155x - 0.263-y - 0.119-z + 0.063-y-Z -
0.019-x-yz (1)
£=6.565 + 0.081-x + 0.059:y + 0.158-z + 0.032-x-y + 0.023-y-z
2
0, MPa = 48.69 + 6.233x + 3.612:y + 9.841-z + 2.019xy +
0.983-x-z + 0.809-y-z + 0.12-x-y-z (3)
for a series of composition “2”:
W, % = 0.079 - 0.022:x - 0.066-y - 0.007-z + 0.01-x-y + 0.01-x-z
(4)
£€=6.327 +0.053-x + 0.045-y + 0.027-z + 0.029-x-z + 0.021-y-z +
0.029-x-y-z (5)
0, MPa = 50.875 + 5.371x + 1.524:y + 0.798-z + 1.977-x-y +
0.703-xZ - 0.348-y-z + 1.499-x-y-z (6)

For equations 1 - 6:

T (Grinding time, min.) — 15

x = c
P (Pressing pressure, MPa) — 30
y =
10
t (Firing temperature, °C) — 1,325
- 25

The analysis of the obtained regression equations for the
two compositions allows us to estimate the influence of the
technological parameters of obtaining the sintered material
with high strength characteristics. Thus, the influence of
factors on water absorption for both compositions is similar:
an increase in the grinding time increases the water absorption
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values, and the pressing pressure and the firing temperature
decrease the water absorption values. Negative coefficients
with factors for indicators of the dielectric permittivity of
both compositions are observed. This indicates that with
increasing the values of the studied parameters, the dielectric
permittivity will also increase, which is most likely, caused
from the glass phase increasing. Moreover, it should be noted
the different importance of the parameters when affecting
the dielectric constant: for the composition “0” the more
important parameter is the sintering temperature, whereas
for the composition “2” the more important parameter is
the grinding time. For clarity, the diagram (Fig. 2) shows the
significance of the influence of parameters on the studied
properties. The effect of factors on the bending strength indices
for both compositions is completely different. Only the effect
of grinding time increasing is common, which is expressed as
a strength decreasing. The increasing of pressing pressure and
the firing temperature have a positive effect on the strength for
the composition “0”, whereas increasing of these factors reduce
the strength characteristics for the composition “2”.

From the diagram in Figure 2, it can be seen that the
significance of factors is more different for individual properties
as compared with significance for research compositions.
Water absorption for both compositions is most influenced
by pressing pressure. Whereas, the dielectric permittivity and
strength characteristics of the composition “2” are influenced
more by the grinding time, at the same time the dielectric
permittivity and strength characteristics of the composition
“0” are influenced more by the firing temperature. This fact
can be explained by a large amount of glass phase in the
synthesized material, which contributes to a more dispersed
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2. dbra

I
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Comparative chart of the coefficients for individual factors in the
“technological parameters — properties” equation

Osszehasonlité diagram a technoldgiai paraméterek - tulajdonsdgok
egyenletében taldlhat6 egyes tényezdk egyiitthatdirél

[
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Pressing pressure, MPa
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40

w
w

Pressing pressure, MPa
[ (78]
w [=]

powder during the same grinding time. b 20
10 12,5 15 17,5 20 10 12,5 15 17,5 20
Grinding time, min Grinding time, min
Cipher Sample Properties Water absorption W.%
o ===eooe== Dielecti ttivi
Composition  sample Water Dielectric ~ Bending —_—— - Bg,ﬁfngcpﬁfjg? Iﬁrm’;a
cipher in t_he absorption permittivity, Power Limit,
SEres W, % € o Mila Fig. 3 Dependence of water absorption, dielectric constant and power limits for
0-8 0.08 6.89 72.3 bending samples of the composition “0, scorched at temperatures 1,300 and
g 1,350 °C from technological parameters
o7 0.44 6.72 536 3. dbra 1300 és 1350 °C-on égetett “0”-s dsszetételii hajlité mintdk fiiggdsége a
0-6 0.53 6.69 59.2 vizfelvételtdl, dielektromos dllandétol és teljesitménylimitektél
. 0-5 0.79 6.59 49.0 16 b
c(‘)’m"°s't'°“ 04 0.23 6.58 4838 . =D \ N N I N I Y
«O» — i % Rty W
03 0.51 6.30 34.5 £ N A od & LFN fc Wy | % A
. S X - i 5 \
0-2 0.86 6.42 39.4 £ “’-;‘ Qosi { g o0 .\‘_\
0
01 119 6.32 32.7 U ~ i 20
=% e 7, T H [=% '~
09 0.57 6.34 471 2 |'% : \\ a| 2 “_\4 I'e s I\
2-8 0 6.52 62.4 2 o AN N @ ﬁ 5 oo I N
EBT% ) 1R ™ T
27 0 6.32 48.3 % . k.
\ 013 . : 015 © e
26 0.12 6.31 53.1 20 1\ : 204—=
25 0.17 6.27 47.9 10 125 15 17,5 20 10 125 15 175 20
Composition ] Grinding time, min Grinding time, min
«2» 24 0 6.35 571 Water absorption W.%
2-3 0.05 6.30 46.8 ========= Dielectric permittivity, £
2.2 011 6.34 52.4 —— - = . — Bending power csx, MPa
21 0.19 6.21 44.0 Fig. 4 Dependence of water absorption, dielectric permittivity and tensile strength
29 0.06 6.22 495 in bending of samples of the composition “2” scorched at temperatures 1,300°

Table 3 Properties of the experimental compositions

3. tdbldzat A kisérleti Gsszetételek tulajdonsdgai

and 1,350 °C from technological parameters
1300 és 1350 °C-on égetett “2”-s osszetételii hajlité mintdk fiiggdsége a
vizfelvételtdl, dielektromos dllandotdl és teljesitménylimitektol

4. dbra
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The use of the obtained models allows predicting the
indicators of water absorption, dielectric permittivity and
strength of materials with sufficient accuracy that will be
manufactured using the selected compositions and according
to the specified technological parameters.

For graphical interpretation of the obtained data, the
diagrams with lines of equal values for water absorption,
dielectric permittivity and bending strength were constructed
for extreme values of the firing temperature factor. Excel
software was used for this purpose (Fig. 3 and 4).

The results of the experiment showed that within the selected
interval of variation of technological parameters, an increasing
of the duration of synthesis products grinding, pressure of
semi-dry pressing and firing temperature of products the water
absorption is decreasing, the flexural strength is increasing,
when storing dielectric permittivity values within 6.25 ... 6.9.
This effect is caused by the amount of melt that compacts the
material increasing. The influence of individual parameters on
the properties of samples of ceramics of the composition “2”
is more pronounced: strength indicators are more influenced
by grinding time, and water absorption is more influenced
by pressing pressure; it is especially clearly observed with the
firing temperature increasing to 1,350 °C.

Based on the conducted research, a technological scheme for
the simple-shaped products manufacturing from developed
ceramic radiotransparent materials has been developed (Fig. 5).

I Preparation of the initial components of the charge |

Technical Strontium Intensifying
Alumina Quartz Carbonate || Additive
| Dosing || Dosing || Dosing | Dosing |

I Grinding (ball mill to complete passage through sieve N2 0063) [

|Moistening the press powder with a dextrin solution (W = 8%) [

| Formation (semi-dry pressing, 20 MPa) |

Drying (drying oven', 110 ° C, 3 hours)
Firing (muffle furnace:, 1,250 ° C, 2 hours)

Grinding (planetaIry mill, 20 min.)

Formation (semi-dr;r pressing, 20 MPa)

Drying (drying overI, 110 ° C, 3 hours)

I |
I |
I |
I Moistening press powder with carboxymethylcellulose solution (W = 8%) I
I |
I |
I |

Firing (silica oven, I,250 °C, 2 hours)

Fig. 5 The developed technological scheme for the radiotransparent ceramics
creation

bemutaté folyamat dbra

6. The discussion of the results

According to the results of comprehensive studies, the
following technological parameters of production are
recommended: slavsonite firing at the stage of synthesis at a
temperature of 1,250 °C with an hour-long exposure; fusion
products grinding for 20 minutes in a planetary mill to get
particle sizes of not more than 0.15 mm; moisturizing with
4% solution of methylcellulose to become 8% the powder
moisture; forming of semi-finished by semi-dry pressing at a

50 . = 2019/2 = Vol. 71, No. 2

pressure of 40 MPa; products’ firing at a temperature of 1,350
°C with an hour-long exposure.

The properties of the developed compositions of
radiotransparent ceramics that meet the requirements for
radiotransparent materials and the characteristics of GOST
20419-83 [10] for a similar material from celsian are shown in
Table 4. For the mass on the basis of the composition “0” with
the addition of 1 wt. % Li,O : SnO, the marking HRC-0 was
made, and for the mass based on the composition “2” with the
addition of 1 wt. % Li,O the markings HRC-2 was made (HRC
- high-temperature radiotransparent ceramics).

GOST
20419-83
(subgroup

420
celsian)

Require-
ments for
RTC

HRC-2

Properties

Apparent density, Not less Not less than

kg / mé 2960 2,880 than 2,700 2,500

Water absorption, % 0.08 0.13 0.5 Less than 0.1

Dielectric permittivity 6.42 6.07 B Less than 10

at 1 kHz ’ ’

Tangent of dielectric Less than ’
0.017 0.012 10* - 10?

loss angle at 1 kHz 10?2

Spgcific volume 59104 3.2.104 104 _

resistance, Ohm - cm

Bending power, MPa 72.3 62.4 80 60

Operating 1,500 1,300 . 1,200

temperature, °C

Table 4 Properties of the optimal compositions of radiotransparent ceramics
4. tdbldzat Az optimdlis sugdrzds dtereszt§ kerdmia Gsszetétel tulajdonsdgai

7. Conclusions

Compositions of raw materials and technological principles
of the ceramic radiotransparent materials manufacturing
from them have been developed. According to the results of
comprehensive studies, the following technological parameters
of production are recommended: Slavsonite firing at the stage
of it synthesis at a temperature of 1,250 °C with an hour-
long exposure; fusion products grinding in a planetary mill
for 20 minutes to get particle sizes of not more than 0.15
mm; moisturizing with 4% solution of methylcellulose to
become 8% the powder moisture; forming of semi-finished
by semi-dry pressing at a pressure of 40 MPa; products’ firing
at a temperature of 1,350 °C with delay with an hour-long
exposure.
The developed materials are characterized by the following
properties:
= the HRC-2 composition: dielectric permittivity is &
=3.67 ... 4.12 and the dielectric loss tangent is tand =
0.0073 ... 0.0091 (at 26 — 37.5 GHz) water absorption
is 0.13%; apparent density is 2,880 kg/m?’; flexural
strength is 62.4 MPa; volume resistance is 1.1 - 10"
Ohm - cm); maximum temperature of operation is
1,200 °G;

= the HRC-0 composition: dielectric permittivity is € =
4.93 ... 5.26; the dielectric loss tangent is tand = 0.0097
... 0.0122 (at 26 - 37.5 GHz) water absorption is 0.08%;
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apparent density is 2,960 kg/m’; flexural strength is
72.3 MPa; volume resistance is 5.9 - 10" Ohm - cm;
maximum operating temperature is 1,500 °C.

The resulting materials comply with the requirements of
GOST 20419-83 for products made of Celsian ceramics (class
420) and meet the requirements for radiotransparent materials.
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Abstract

The present study has selected one important antibiotic compound in a microcrystalline of
ceftriaxone (CRX) and then it was converted into nano-particles (NPs) by lyophilization (freeze-
drying method). The CRX NPs was characterized by electrochemical analysis using cyclic
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voltammetric method by glassy carbon electrode (GCE) in human blood serum medium. It was

found that CRX has oxidation-reduction current peaks at 0.9 and -0.75 V respectively, while the
cyclic voltammogram of CRX NPs was illustrated the reduction current peak at -0.75 V and the
oxidation peak cannot be seen, so this phenomena explains that CRX NPs act as antioxidant
antibiotic in serum medium. Also, the study included the electrochemical behavior of nano
antibiotic CRX NPs in different pH and concentration. Scanning electron microscopy (SEM) and

atomic force microscopy (AFM) was applied.

Keywords: ceftriaxone, cyclic voltammetry, antibiotic nano-particles, serum medium
Kulcsszavak: ceftriaxon, ciklikus voltammetria, antibiotikum nano-részecskék, vérsavéd kozeg

1. Introduction

Currently scientists have been studied the redox process of
nano antibiotics to find the mechanism of oxidative effect in
whole blood or serum media of in vitro study [1-6].

Ceftriaxone, sold under the trade name Rocephin, is an
antibiotic useful for the treatment of a number of bacterial
infections. Ceftriaxone is commercially available as a white
to yellowish-orange crystalline powder for reconstitution, the
structure of ceftriaxone is shown in Fig. 1 [7].
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Fig. 1. Chemical structure of ceftriaxone micro-particles
1. dbra  Ceftriaxone mikro-részecskék kémiai szerkezete
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Electrochemical studies have been carried out on ceftriaxone
by glassy carbon (GC-CNT) electrode modified with carbon-
nanotube in a phosphate buffer solution, pH="7.40. Cyclic
voltammetric technique was indicated that the oxidation
process is irreversible and diffusion-controlled. The number
of electrons exchanged in ceftriaxone is oxidized via a one-
electron step of oxidation process. Diffusion coeflicient of
ceftriaxone was found to be 2.74 x 10° cm? s™'. Ceftriaxone has
a detection limit of 4.03 x 10~° M in the study [8].

Electrochemical sensor based on the use of Nafion/MWCNT
modified screen-printed carbon electrodes (SPCEs) was used to
study this antimycobacterial drug in human urine and human
blood serum samples. Nafion/MWCNT-SPCEs provided
excellent biocompatibility, good electrical conductivity, low
electrochemical interferences and a high signal-to-noise ratio,
providing excellent performance towards ETB quantification
in microvolumes of human urine and human blood serum
samples [9].

Cyclic voltammetric technique was used to determine
ceftizoxime by a modified glassy carbon electrode with a film
of nano-diamond/graphite nano-mixture decorated with Ag
nano-particles (AgNPs/NDG/GCE). The prepared modified
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electrode has good electrochemical properties such as simple
preparation, high sensitivity, excellent repeatability and
reproducibility and long-term stability [10].

Ceftizoxime (CFX) is used to reduce the infection caused
by both gram-negative and gram-positive bacteria. The
study included silver and gold nano-particles (Ag/AuNPs)
on 5-(5-bromo-2-hydroxybenzylidenamino)-2 mercapto-
benzimidazole and GCE was used to determine the
electrochemical properties of CFX with good results of the
detection limit which was calculated to be 2.0 x 10 — 12 M.
Also, the experimental variables such as deposited amount of
the modifier suspension, pH of the supporting electrolyte and
accumulation potential and time were optimized [11, 12].

In this study, the electrochemical analysis was included cyclic
voltammetric technique to determine the chemical properties
of ceftriaxone at micro- and nano-particles in blood serum
medium.

2. Experimental

2.1. Preparation of ceftriaxone nanoparticles

Lyophilization (freezing method) was used to prepare
ceftriaxone nano-particles by dissolving 0.75 g of ceftriaxone
micro particles in 150 ml of distilled water. The ceftriaxone
suspension was cooled and the ice crystals of pure water formed
at -18 °C. The second step involved blending the ice from the
frozen product by passing thermal air from the lyophilization
tool rack to the frozen solution in the flask, and leaking the
flying ice and water vapor through the dried part of the product
to the surface of the material. Water vapor is transported from
the product surface through the chamber to the condenser, and
the water vapor condenses on the condenser. At the end of the
sublimation step a porous dam is formed. Its pores correspond
to the areas occupied by ice crystals. The third step is drying
that involves removing the absorbed water from the product.
All steps must be continuous for about 48-72 hours [13].

2.2. Materials

Ceftriaxone compound in the form of yellowish powder
was bought from HANGZHU Ruijiang Chemical (China) and
blood samples were extracted from healthy humans which
received from the center medicine of Baghdad City was used in
the analysis after separation of the serum from the whole blood
by electric centrifuge type 8-1 (3000 cycles/min) . Deionized
water was used for the preparation of aqueous solutions. All
the serum of blood samples were diluted with deionized water
by a ratio of 1:9 mL (serum: deionized water), 10 mL of diluted
serum was replaced in the cyclic voltammetric cell.

2.3. Apparatus
2.3.1. Cyclic voltammetric technique

Instrument series EZstat (Potentiostat / Glvanostat) from
NuVant Systems Company (USA) wasused. Theelectrochemical
analytical cell was connected with the potentio-stat device and
monitored through a program that was installed on the PC to
conduct periodic voltammetry (CV). Silver electrode contains
silver/silver chloride (Ag/AgCl in 3 M KCl) and platinum wire

(diameter 1 mm) was used as reference and counter electrodes
respectively. The glass working carbon electrode (GCE) was
used in this study after cleaning by polishing with an alumina
solution and treated with ultrasonic water path for ten minutes
for measurement performance.

2.3.2. Lyophilization instrument

Lyophilization instrument from LABCONCO Company
(USA) was used for the preparation of ceftriaxone nano-
particles from micro-particles by deep freezing technique as
shown in Fig. 2.

Fig. 2. Lyophilization instrument, LABCONCO Company (USA)
2. dbra  Liofilizdl¢ késziilék LABCONCO Company (USA)

2.4. Scanning Electron Microscopy (SEM)

Fig. 3 shows the Scanning Electron Microscopy of the
prepared ceftriaxone nano-particles which illustrates the
morphology details of the nano-particles as spherical forms
with diameter range of 20-38 nm.
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Fig. 3. SEM of the ceftriaxone nano-particles
3. dbra Ceftriaxon nano-részecskék pdsztizo elektronmikroszkdpos felvétele

2.5. Atomic Force Microscopy (AFM)

Atomic Force Microscopy technique was used to identify the
diameter of the nano-particles. The diameter of the prepared
ceftriaxone nano-particles was found as average diameter of
115 nm, shown in Figs. 4 and 5 together with Table 1.
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Di(zr:‘t)e:er Volume (%) Cum(l:/iz)ztion Di(z::c)aier Volume (%) Cum;:/!)?tion Dam;e:er Volume (%) 0um(t:/:e)ation
60.00 0.32 0.32 100.00 9.39 23.30 140.00 17.80 87.38
70.00 1.62 1.94 110.00 13.92 37.22 150.00 12.62 100.00
80.00 5.50 744 120.00 15.86 53.07
90.00 6.47 13.92 130.00 16.50 69.58

Table 1. Diameter (nm) of the prepared ceftriaxone nano-particles
1. tabldzat Ceftriaxon nano-részecskék dtmérdje (nm)

13.88nm
12.00nm
10.00nm
8.00nm
6.00nm
4.00nm
2.00nm

Onm

..\L.esm

CSPM Title
Topography

Pixels = (432,420)

Size = (3610nm,3510nm)

Fig. 4. AFM of the ceftriaxone nano-particles
4. dbra  Ceftriaxon nano-részecskék AFM felvétele

Granularity Cumulation Distribution Chart

Percentage(%)
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Diameter(nm)

Fig. 5. Cumulative distribution diagram of ceftriaxone nano-particles diameter
5. dbra Ceftriaxon nano-részecskék dtmérdjének kumulativ eloszldsa

3. Results and discussion

3.1. Effect ceftriaxone micro- and nano-particles on blood
serum components

The comparison study between the micro- and nano-particles
of ceftriaxone was characterized in blood serum medium by
cyclic voltammetric technique at GCE as working electrode and
Ag/AgCl as reference electrode. Fig. 6 illustrates the oxidation
current peak of ceftriaxone micro-particles at 1.0 V potential
which disappeared in nano-particles form of the compound.
But, the reduction current peak of ceftriaxone in both micro-
and nano-particles was still present without any change in the
blood serum medium. So, the ceftriaxone nanoparticles act as
antioxidant reagent in blood serum medium. It can be used
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as antibiotic for different bacterial diseases without any side
effects in the human body [14].

Current

S0uA 7 7 7 7 7 7 7
-2V -15V -1V =500mV ov 500mV v 15V n
Potential
Fig. 6. Cyclic voltammogram of ceftriaxone micro- and nano-particles in blood

serum medium at GCE as working electrode and Ag/AgCl as reference
electrode

6. dbra  Ceftriaxon mikro- és nano-részecskék ciklikus voltammogramja vérsavo
kozegben; méré elektréda: GCE, referencia elektréda: Ag/AgCl

3.2. Effect of different serum pH on ceftriaxone micro- and
nano-particles

The normal blood medium has a neutral pH=7 especially
with the ceftriaxone micro particles and oxidation-reduction
current peaks were found at +0.9 and -0.75 V respectively,
but in the same pH (7) with ceftriaxone nano-particles
reduction current peak was found at -0.75 V and disappearing
the oxidation peak as shown in Fig. 6. So the ceftriaxone
nanoparticles act as anti-oxidative antibiotic reagent.

3.2.1. Acidic medium

It was found from the results that acidic (pH=3) serum
blood medium affected the electrochemical properties of
the oxidation-reduction current peaks of the ceftriaxone
micro-particles which acted as oxidative antibiotic reagent
as shown in Fig. 7. Also, the same phenomena was found in
the ceftriaxone nano-particles in acidic (pH=3) blood serum
medium as shown in Fig. 8.

3.2.2. Alkaline medium

It was found in the results with alkaline (pH=12) blood
serum medium that for both the micro- and nano-particles
of ceftriaxone the oxidation current peak disappeared and the
reduction peak enhanced as shown in Figs. 7 and 8, so we can
consider the alkaline medium of the blood serum as a good
medium for anti-oxidative antibiotic reagent of ceftriaxone.
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Fig. 7. Cyclic voltammograms for different pH (acidic and alkaline) blood serum
medium with ceftriaxone micro-particles at GCE as working electrode and
Ag/AgCl as reference electrode

7. dbra  Ceftriaxon mikro-részecskék ciklikus voltammogramja eltéré kémhatdsii
(savas és ligos) vérsavo kozegben; mérg elektroda: GCE, referencia elektréda:
Ag/AgCl
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Fig. 8. Cyclic voltammograms for different pH (3 and 12) of blood serum medium
with ceftriaxone nano-particles at GCE as working electrode and Ag/AgCl as
reference electrode

8. dbra  Ceftriaxon nano-részecskék ciklikus voltammogramja eltéré kémhatdsii (spH
3 és 12) vérsavé kiozegben; méré elektroda: GCE, referencia elektroda: Ag/
AgCl
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Fig. 9. Cyclic voltammogram of the ceftriaxone nano-particles in blood serum
medium with and without AA with GCE as working electrode and Ag/AgCl
as reference electrode

9. dbra  Ceftriaxon nano-részecskék ciklikus voltammogramija aszkorbinsavval és
anélkiil vérsavé kozegben; mérd elektréda: GCE, referencia elektroda: Ag/
AgCl

3.3. Effect of ascorbic acid on ceftriaxone nano-particles in
blood serum

One of the anti-oxidative reagents is ascorbic acid (AA)
that can be used in electrochemical analysis, especially the
voltammetric technique, to determine the oxidation-reduction

current peaks of ceftriaxone nanoparticles in blood serum
medium. Fig. 9 shows the influence of AA on the enhancement
of the cathodic current peak of the nano-particles of the
antibiotic in blood serum medium which is enhanced and
another reduction peak appeared to increase the anti-oxidative
effect gaining the free radicals from the blood medium through
the process. So, it can be said that using AA solution with nano
antibiotic drug of ceftriaxone provides more safety [15].

4. Conclusions

Ceftriaxone compound was converted into nano-particles
and studied by cyclic voltammetric technique to find the
electrochemical behavior in blood serum medium at different
pH and with ascorbicacid solution. It was found that ceftriaxone
micro- and nano-particles can be considered as antioxidative
antibiotic reagent in alkaline blood serum medium which
showed two cathodic current peaks to appear and the oxidation
current peak to disappear in the cyclic voltammogram. The
study was indicated that ceftriaxone compound in both micro-
and nano-particles are good antioxidant antibiotic reagents in
alkaline blood medium especially with ascorbic acid.
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Abstract

The calcium hydroxide (CH) and the calcium silicate hydrate (CSH) are the main hydration

Abdullah OGRETMEN

products of Portland cement (PC) paste. The CH product causes the durability problems in the PC
paste due to the leaching Ca?* ions. Silica fume is an effective pozzolan to consume CH in the PC
paste. It is only effective to convert all CH to CSH if used in excessive amounts in the PC paste.
Some problems arise related to segregation, mechanical or physical properties when it is used
in excessive amounts. In this study, the optimum limestone powder amount was determined to

improve these problems in the mixtures.

Keywords: self-consolidating mortar, limestone powder, silica fume

Kulcsszavak: ontomorodd habarcs, mészkoliszt, szilikapor

1. Introduction

Self-compaction concrete (SCC) was firstly used in Japan
1990 and it has been effectively used in construction industry
since this date [1]. SCC has the same main ingredients similar
to the conventional concrete although the amount of powder
in SCC is high compared to conventional concrete [2]. SCC is
described as an easily flowable concrete having no segregation
of its ingredients. In the fresh state, SCC is easily spreaded
and fills moulds without compacting [3-4]. Many researches
have been performed on hydration of mineral admixtures,
mixture design and workability in SCC since it was invented
[5]. The fresh SCC effectively covers the reinforcing bars as
well as perfectly filling the moulds. The homogeneity of SCC
is better than conventional concrete. Filling moulds, covering
reinforcement bars and providing homogeneity of SCC is
only possible by improving the rheological properties of the
fresh SCC. The fresh SCC mixture should have enough plastic
viscosity as well as low viscosity. The improved flowability and
packing behaviour of fresh SCC can be obtained by adjusting
amounts of the superplasticer and the powder amount [6].
The paste amount in SCC is also higher as compared with
conventional concrete. Therefore, SCCis alandfill area for some
powders having health and environmental hazards [3]. The
maximum size of powder used in SCC is less than 0.125 mm.
The used amount in it varies between 380 and 600 kg/m’ [2].
The viscosity of SCC mixture increases when the interaction
between powder particles increases because of the increase of
powder amount. The powders make the solid section richer
in SCC and the coarse aggregates are well covered by mortar
[7]. The use of only Portland cement (PC) as powder in SCC
is uneconomical approach. Another problem is that the use of
high amount PC brings the durability problem in the concrete.
That is why, the determined amounts of fly ash (FA), silica fume
(SF), granulated blast furnace slag (GBFS), limestone powders
(LP) etc. replaced with PC are used in the SCC as powder. Some
quarry powders used in SCC has also been popular nowadays
[8]. Some properties of fresh and hardened self-compacted
mortars (SCMOs) were investigated. The effects of SF or LP on
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mortars or concretes were detailed given in literature review
as below. Ye et. al. [4] showed that LP did not contribute in
the chemical reaction in the cement paste system. This was
confirmed by using thermal and BSE image analysis. They
also pointed out that LP acted as an accelerator during early
cement hydration. The high performance concretes having
high durability properties were produced by using SF [9]. SF
having effective pozzolanic properties produced discontinuous
and impermeable pore structures in the cement paste system
as compared with those without SF [10]. Cheng and Feldman
[11] urged that SF accelerated the hydration of PC in the early
hours because of released OH" and alkali ions to the pore water
in the paste. In the first hours, there was an increase in C,S
and C,A hydrations. Feldman and Cheng [12] reported that
the compressive strength of cement paste was decreased in the
low water/binder ratios (water/binder: 0.25) when SF content
increased. In high water/binder ratios (water/binder: 0.45), SF
effectively increased the compressive strength at 1 and 180 days
of age. The reason of the high compressive strength obtained
in concrete with SF was the decreases in pore diameter, CH
amount and the improved interface between paste and aggregate
[12-14]. Rao [15] also investigated the effect of SF in the paste
and mortar. The setting time, air content and workability were
decreased when SF increased in these mixtures. The early
drying shrinkage of mortars increased with the increase of
SF amount while there was no any change in the late drying
shrinkage. Similar results related to the drying shrinkage were
found by other researchers [16-17]. Vikan and Justnes [18]
performed some tests on the PC paste or mortar containing SF
or LP. The viscosity of PC paste increased with the increase of
SF amount, but decreased with the increase of superplasticizer
amount. LP also decreased the viscosity of PC paste. It was
argued that the LP distributed the PC particles more effectively
than the SE. The LP had not any chemical reaction with the
PC and it behaved as an inert material. In their work, the 9%
LP addition effectively improved some properties of paste.
Diamantonis et al. [19] made some rheological tests on the PC
pastes with the natural pozzolan, SE LP and FA or with their
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combinations. The addition of fine materials to the PC paste
had a great effect on its viscosity. PC replacement with 40%
LP improved the viscosity. Thus, it was proved to be the best
powder. On the other hand, the SF and natural pozzolan did
not show the desired effect wanted in the decrease of viscosity.
LP was the preeminent powder among the powders tested. The
LP greatly improved the particle packing and the deformability
of the cementitious paste and reduced the amount of mixing
water in the SCC [20]. The PC replacement with 10% LP
improved the compressive strength of pastes and reduced
the amount of superplasticizer [21]. The LP had an improved
effect on the packing, workability and stability of concrete
mixtures and hardened properties of concrete by making the
seeding points in the PC paste for the CH and CSH in the
early hydration stage [22-26]. The LP improved the interface
between PC paste and aggregate, and increased the density of
PC paste [27-28]. The LP improved the shrinkage and creep
deformations by influencing the interior moisture of concrete
[29]. The LP having appropriate grain sizes generally improved
the compressive strength of concrete [30]. It was found that
the LP additive contribution to the early compressive strength
was higher than both the FA and SE The PC replacement
with the 30% LP decreased the mechanical strengths in the
mortars. It was argued that the PC replacement with the 5%
or 10% LP was convenient in the mortars [31]. It was also
suggested that the use of SE, FA and LP combinations in the
mortars was more effective than the use of them separately
[31]. The LP contributed to the improvement of cement grains
distribution and enhanced the stability of the mixture when
used in concrete or mortar [32-33]. It was noted that the LP
was very effective on the concrete rheology and provided the
better cohesion and plasticity in the concrete [32]. Neto and
Campitelli [34] used a two-point test technique to characterize
the rheology of PC paste with the LP. They observed a decrease
in the yield stress of cement paste when LP amount increased.
It was reported that the PC replacements with 5 to 28% LP
effectively reduced the water bleeding and did not adverse
effect on the air entraining [35]. The ultra-fine LP reduced the
superplasticizer amount and enriched the workability of high
performance concrete [36]. Kounakoft et al. [37] reported that
the addition of LS or SF to the concrete increased slightly the
slump-flow values in concrete. They urged that the flowability
and the segregation resistance of concrete could be improved
by replacing a certain volume of PC with an identical volume
of LP or SE

The durability of Self-Consolidated Mortars (SCMOs)
was increased when the SF or F-class FA converted the CH
to CSH in PC paste. Therefore, the high amount of SF was
needed in SCMOs to consume the CH effectively. When the
SF in SCMOs was high amount in mixtures, the segregation
problem occurred in fresh mixture. It was reported in earlier
studies that the segregation problem occurred in the SCC or
SCMOs when PC replacement with the SF was higher than
15% by weight. Therefore, the aim of this study was to find the
optimum LP amount when PC replacement with SF was 25%,
and to investigate its effect on some properties of SCMOs.

2. Materials and methods

2.1 Properties of materials used

The type of PC used in this work was CEM I 42.5R. The SF
and LP were used as powders. The LP was used in mixtures
after sieved from 150 pm mesh. The chemical compositions of
materials are given in Table 1. The densities of PC, LP and SF
were 3.10, 2.54 and 2.25 g/cm’® while their specific surface areas
were 2047, 2186 (cm?*/g) and 20000(BET), respectively. The
density, pH value and solid ratio of High range water reducer
(HRWR) used were 1.06, 7.03 and 35.52%. The river sand had
the maximum grain size of 2.36 mm and the water saturated
surface dry density of 2.65 g/cm® was used. The percentages
of sand by weight satisfying ASTM C33 [38] were 10, 20, 30
and 40% for 0.15-0.30, 0.30-0.60, 0.60-1.18 and 1.18-2.36 mm,
respectively.

Weight
)

" Cad Si0, ALO, Fe,0, Na,0 K0

PC 6359 18.90 515 336 031 0.77 157 2.65 0.02 3.59
LP 51.79 219 043 0.07 0.82 0.02 134 0.04 0.01 43.60
SF 1.30 8314 049 024 064 262 424 1.04 018 4.77

Table 1. The chemical compositions of materials
1. tablazat A vizsgdlt anyagok kémiai Osszetétele

2.2 Sample preparation and tests

Five series of SCMs mixtures named as the Control, SF25,
SEF25LP5, SF25LP10 and SF25LP20 were prepared as given in
Table 2. While the PC replacement with the SF was 25% by
weight in the SF25 mixture, the Control mixture contained
only PC as binder. The SF amount was constant in the mixtures
containing the PC, SF and LP while the PC replacements with
the LP were 5, 10 and 20% by weight. The PC replacements with
the total of SF and LP were 30, 35 and 45% by weight in the
mixtures LP. The mixture proportions were given in Table 2.

WB W PC SF LP Sand HRWR
Control 0.46 294 640 1293 1.28
SF25 0.46 294 480 160 1224 832
SF25LP5 046 294 448 160 32 1218  8.32
SF25LP10 046 294 416 160 64 1212 832
SF25LP20 0.46 294 352 160 128 1200  8.32

Table 2. Mixture proportioning of used materials (kg/m’)
2. tabldzat A felhaszndlt anyagok keverési ardnya (kg/m?)

The minimum PC amount was selected as 352 kg/m’ to
satisfy EN 206-1 [39] requirement which was 340 kg/m’.
The water/binder ratio (W/B) was selected as 0.46. During
the preparation of fresh mixtures, the powder materials and
sand were mixed for 1 min. as described in ASTM C109 [40].
Then, HRWRA and water was poured on these materials. The
mixture was further mixed for 4 min. Following EFNARC
standard [2], the suitability of fresh mortar mixtures was tested
by the mini-slump and V-funnel apparatus. The specifications
of mini-slump and V-funnel flow apparatus were given in
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detail in EFNARC standard [2]. In the mini slump test, the
frustum was placed on a flat surface and filled with mortar.
Later, the frustum was lifted upwards. Thus, the diameter of
the spread mortar was measured on perpendicular to one
another. The average diameter was calculated from these two
measurements. In the V-funnel flow test, the mortar was filled
into the V-funnel flow apparatus. The gate at the bottom of the
apparatus was opened and the discharge time (t) of the mortar
was measured. The moulds were filled with fresh mixtures and
they were demoulded after 24 hours. All samples were cured
in water at 23 °C until testing. ¢75x150 mm cylinder samples
were used to determine compressive strengths after 7, 28 and
90 days. The dry unit weight, water absorption and sorptivity
tests were also performed on the ¢75x150 mm cylindrical
samples at the age of 90 days.

The drying shrinkage tests on the mortar samples were
performed in accordance with ASTM C596 [41]. This test
method determined the change in length on the drying of
mortar bar with dimensions of 25x25x285 mm. The moist
cure of samples was made in the moulds for 48 h at 23 °C in
water. Then samples were removed from moulds and cured in
the lime-saturated water for 24 hours. The samples were taken
from the water at the age of 72 hours and their surfaces were
wiped with damp cloth. The lengths of samples were measured
by the comparator. Then the samples were placed in the air
storage for 25 days. The length readings for each sample were
performed at 4, 11, 18, and 25 days of air storage. The length
change of each sample at each age of air drying was determined
by subtracting the initial length from the reading taken at each
age of air drying.

The viscosity values were measured by Brookfield DV-E
model viscometer having a smooth-walled concentric cylinder.
At lower stress values, the slip in the wall occurred and this
condition caused the low yield stress measurements. The slip
was most pronounced at the low strain rates, which led to
unusual low viscosity readings. The influence of slip decreased
while the deformation rate increased. Therefore, the viscosity
measurements were conducted at different rotational speeds.
The mortar mixture was poured into the pot of the viscometer.
The average viscosity values were measured by upwards and
downwards of each rotational speed steps. The unit weight,
water absorption and sorptivity tests were also performed on
the ¢75x150 mm cylinder samples by following ASTM C642
[42] and BS EN 772-11 [43].

3. Results and discussions

3.1 Slump, flow, segregation and rheological properties

All of the SCMs were produced to obtain a slump flow
diameter of 25+1 cm by adjusting the dosage of HRWR
admixture. As shown in Fig. 1a, the Control mixture made slight
segregation between the sand and paste. In the SF mixture,
there was an over segregation among the water, sand and paste.
It was reported in earlier studies by different researchers that
the segregation problem occurred in the SCMs or concretes
when the PC replacement with the SF was higher than 15%
by weight. Therefore, the segregation of SF25 mixture was an
expected event. The water bleeding occurred at the outermost
of flow ring as shown in Fig. 1b in the SF25 mixture. The slight
segregation also occurred in the SF25LP5 mixture. When
compared with the SF25 mixture, the segregation of SF25LP5
mixture was different than that of the SF25. The segregation
occurred between the sand and paste in the SF25LP5 but there
was also slight water bleeding on the outermost of flow ring as
shown in Fig. Ic. As shown in Figs. 1d and Ie, the SF25LP10
and SF25LP20 did not show any segregation and their surfaces
were considerably smooth.

Li and Kwan [44] reported that the addition of LP into the
concrete would increase the cohesiveness of mix to avoid
segregation. Turgut et al. [45] showed in their newly developed
segregation testing device that LP effectively prevented the
segregation of SCC when compared with the SF and FA
powders.

The apparent viscosity and RPM (Rotation per Minute)
relationship of mixtures were shown in Fig. 2a. The viscosity
of Control mixture was the lowest in all mixtures while those
of the SF25 and SF25LP5 were higher. It could be said that the
5% LP did not decrease the viscosity of SF25LP5 mixture and
did not effectively improve the rheological properties. The
rheological properties of SF25LP10 and SF25LP20 mixtures
were improved when the PC replacements with the LP were
10 and 20% in the SF25 mixture. The increase of LP amount
decreased the viscosity value in the mixtures and this result
was consistent with that of Vikan and Justnes [18]. Another
important thing was that the HRWR amount stayed as constant
although the water/binder powder ratio was the same in the
SF25, SF25LP5, SF25LP10 and SF25LP20 mixtures. It was
expected that the HRWR amount should have increased due
to the increase of powder amounts in SF25LP5, SF25LP10 and
SF25LP20 mixtures. This showed that the LP dispersed more
effectively the PC and SF particles than the HRWR. Vikan and
Justnes [18] also found that the LP dispersed the PC particles

SF25

Control

Fig. 1. Slump flow and segregation of SCMs
1. dbra Az SCM tartalmii mintdk teriilése és szétosztdilyozéddsa
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more effectively than that of the SF in their work. As shown
in Fig. 2b, the V-funnel flow time of mixtures with LP was
decreased as compared with the SF25 mixture.
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Fig. 2. Rheological properties of mixtures
2. dbra A keverékek reoldgiai tulajdonsdgai

3.2 Compressive strength

In Fig. 3a and b, the compressive strengths of samples
are shown at 7, 28 and 90 days. At these time points, the
compressive strength of Control sample was higher than those
of the other samples containing the mineral admixtures. The
decrease in the compressive strength at the 7 day was the
proportional with the increase of LP amount. The compressive
strengths of SF25 sample at the 28 and 90 days were lower than
those of the Control sample at these time points. Moreover, the
compressive strengths of SF25 sample were nearly identical at
the 28 and 90 days although it was expected an increase in their
values because of the pozzolanic effect of SE It was pointed
out earlier that the segregation occurred in the SF25. Why did
the compressive strength decrease in the SF25 sample although
the SF had an excellent pozzolanic property as mixed with the
PC? Why did the compressive strengths increase again in the
SF25LP5, SF25LP10 and SF25LP20 samples as compared with
the SF25 sample? The analogy of decrease or increase in the
compressive strength was shown in Fig. 4. As shown in Fig. 4,
the PC and sand particles moved downward as the SF particles
moved upwards because of segregation in the SF25 sample.
The PC and sand amount were lower while the W/B ratio and
the SF amount were higher in region 1 above the dotted line
as compared to region 2 below this line. Thus, region 1 above
the dotted line was firstly fractured because of the low strength
value. It could be said that the SF did not efficiently show the
pozzolanic effect because of higher SF and lower PC amounts

in region 1. Another reason of strength decrease was the higher
W/B ratio in this region. In the SF25 samples containing the
LP, SF was uniformly distributed among the PC, LP and sand
due to the effect of LP. As shown in Fig. 4b, the increase in the
strength at the 90 day in these samples with LP might be due
to the pozzolanic effect of SE Chen and Kwan [46] argued that
the LP particles might have acted as nuclei for precipitation
of CSH, which increased the degree of PC hydration. They
also reported that the LP reduced the bleeding in the concrete
mixtures and thus, improved the bond strength of interfacial
transition zone between the aggregate and mortar surface.
Another thing was that the compressive strength increased in
the SF25LP5, SF25LP10 and SF25LP20 samples as compared to
the SF25 sample although the PC amounts were decreased in
the samples with LP. As given in Table 2, the PC amounts were
480, 448, 416 and 352 kg/m’ for the SF25, SF25LP5, SF25LP10
and SF25LP20 samples, respectively. The highest compressive
strength increase at 90 days as compared to 28 days as percent
was in SF25LP10 sample.
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Fig. 3. Compressive strength variation of samples
3. dbra A vizsgdlt mintdk nyomészildrdsdgdnak vdltozdsa id6ben

3.3 Fresh-hardened unit weight and water absorption-
sorptivity

The fresh and hardened dry unit weight values of samples
were shown in Fig. 5a. The fresh and hardened dry unit
weight values of the Control sample were higher than those
of the other samples with the SF and LP. This was the expected
because the density of PC was higher than those of SF and
LP. The unit weight values of SF sample was the lowest due to
the increase of paste volume in the mixture. The interesting
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4. dbra Az SF25 valamint az LP tartalmii SF25 mintdk torésképe

situation occurred in the SF25LP5, SF25LP10 and SF25LP20
samples. It was expected that their unit weight values were
lower than that of the SF25 sample due to the lower density of
LP (2.54) as compared with the PC (3.1). The PC replacements
with the total of SF and LP were 30, 35 and 45% in the SF25LP5,
SF25LP10 and SF25LP20 samples. Moreover, the PC amounts
were effectively decreased in these samples. The unit weight
values of SF25LP5, SF25LP10 and SF25LP20 samples were
higher than that of the SF25 sample. This could be originated
from the various grain sizes of the SF and LP causing a good
packing. The LP particles filled the pores between the large PC
particles and the density of paste increased [27-28,47].
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5. dbra

Fresh/hardened dry unit weights and water absorption/sorptivity of samples
A mintdk friss / megszildrdult siiriisége valamint vizfelvétele / kapilldris
vizfelvétele

The water absorption and sorptivity of samples were shown
in Fig. 5b. The lowest water absorption was obtained from the
SE25 sample while the water absorptions were the highest
in the SF25LP10 and SF25LP20 samples. The increase in the
water absorption of samples with the LP could be originated
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from the porous structure of LP. As shown in Fig. 5b, the
sorptivity had an optimum value in the SF25LP5 sample.
Then, the sorptivity increased due to the increase of LP in the
SF25LP10 and SF25LP20 samples. The sorptivity of Control
and SF25LP20 sample were nearly identical. A hardened paste
structure with fine pores due to the LP could be occurred in
the SCC [48]. Thus, the capillary forces increased due to the
increase in the total area of pore surface in the hardened paste.
The sorptivity values of high performance concretes produced
by Bharatkumar et al. [49] varied between the 0.62x107xcm.s°
> and 1.47x10°xcm.s*°. Tasdemir [50] also performed the
sorptivity tests in the concretes with the LP, SE, FA and stone
powder and reported that the sorptivity values varied between
0.46x10°xcm.s** and 0.77x10°xcm.s®. In this work, the
sorptivity values varied between 0.60x10°xcm.s® and
0.45x10*xcm.s** and were near the reference [49,50].

3.4 Drying shrinkage

The drying shrinkage (DS) values at 4, 11, 18 and 25" days
are shown in Fig 6. The DS values of all samples increased with
time. The DS value of SF25LP10 was the lowest at 4" day while
that of the SF25 was the highest at 4" and 25" day. At 4™ day, the
DS value of Control sample was lower than that of the SF25. It
was interesting that the DS values of the Control and SF25LP10
samples were nearly identical at 4™, 18" and 25% days. Setter and
Roy [16] and Rao [17] found that the SF significantly increased
the DS of concrete. They also reported that the SF did not
increase the DS at later ages while increasing at early ages due
to the starting of pozzolanic reaction effect of the SE. One of the
reasons in the increase of the DS was the surface tension on the
secondary CSH gels occurred with the reaction between the CH
and SE. It was reported that the specific surface area of LP affected
the DS of concrete [51-52]. The density of micro-structure of
hardened paste increased when the specific surface area of LP
was higher than that of the PC. Thus, the DS of mortar with the
LP was decreased. As seen in Fig. 5a, the fresh and hardened
unit weight values of SF25LP10 sample were higher than those
of the other samples with the LP and SE. This showed that the DS
of SF25LP10 sample was low due to its dense structure. Adam
and Race [53] investigated several cements with the additions of
grounded or blended LP. Their data indicated that the addition of
2 to 5% limestone in Type I or Type II cement could significantly
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increase DS at 4" day. In this study, the DS values in the samples
with the LP at 4" day were lower than those of the Control and
SE25 although the LP amount increased in the samples. Dhir et
al. [54] reported that the general trend for the DS was a reduction
with the increase of LP amount in the PC concrete. Barrett et al.
[55] investigated the DS of PC containing up to the 15% LP. They
showed that the measured autogenous shrinkage in the PC and
the PC containing LP systems were nearly equal.
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Fig. 6. Drying shrinkage
6. dbra A mintdk szdraddsi zsugoroddsa

4. Conclusion

The paper dealt with optimum LP amount in SCM with 25%
SF to improve some properties of SCM. The optimum amount
of LP was found 10% in SCM containing 25% SE. 10% LP used
in SCM increased the compressive strength by preventing
segregation and decreased the drying shrinkage of SCM. Water
absorption and sorptivity values of SCM increased in 10% LP
compared to SCM with 25% SF but they were acceptable levels.
The rheological properties of mixtures were also improved at
10% LP amount.

References

[1] Hayakawa, M. - Matsuoka, Y. — Shindoh, T. (1994): Development and
application of super —workable concrete. Proceedings of International
RILEM workshop on the special concretes — workability and mixing, 1994,
2:183-90.

[2] EFNARC, Specifications and guidelines for self-compacting concrete,
English ed. European federation for specialist construction chemicals
&concrete systems, 2005.

[3] Khayat, K. - Hu, C. - Monty, H. (1999): Stability of self-consolidating
concrete, advantages, and potential applications. Proceedings of International
RILEM symposium on self compacting concrete, 1999, 1: 143-52.

[4] Ye, G. - Liu, X. - De Schutter G. - Poppe, A. M. — Taerwe, L. (2007):
Influence of limestone powder used as filler in SCC on hydration and
microstructure of cement pastes. Cement and Concrete Composites. Vol.
29, No. 2, pp. 94-2.
https://doi.org/10.1016/j.cemconcomp.2006.09.003

[5] Oh, S. G. - Noguchi, T. - Tomosawa, E (1999): Toward mix design for
rheology of self-compacting concrete. Proceedings of International RILEM
symposium on self compacting concrete, 1999, 1: 361-72.

[6] Skarendahl, A. - Tangtermsirikul, S. - Kamal, K. - Petersson, O. (2000):
Self-Compacting Concrete-State-of-the-Art Report of RILEM TC 174-
SCC. RILEM report, 23.

[7] Sari, M. - Prat, E. - Labastire, J. E (1999): High strength self-compacting
concrete original solutions associating organic and inorganic
admixtures. Cement and Concrete Research. Vol. 29, No. 6, pp. 813-8.
https://doi.org/10.1016/s0008-8846(99)00037-x

[8] Galetakis, M., - Soultana, A. (2016): A review on the utilisation of quarry
and ornamental stone industry fine by-products in the construction
sector. Construction and Building Materials. Vol. 102, pp. 769-81.
https://doi.org/10.1016/j.conbuildmat. 2015.10.204

[9] Neville, A.M. (2011): Properties of Concrete, 5th edition, Longman,
Pearson Education.

[10] Bayasi, Z - Zhou, J. (1993): Properties of silica fume concrete and
mortar. ACI Materials Journal. Vol. 90, No. 4, pp. 349-6.
https://doi.org/10.14359/3892

[11] Cheng-Yi, H - Feldman, R. F. (1985): Hydration reactions in Portland
cement-silica fume blends. Cement and Concrete Research. Vol. 15, No. 4,
pp. 585-2.
https://doi.org/10.1016/0008-8846(85)90056-0

[12] Feldman, R. E - Cheng-Yi, H. (1985): Properties of Portland cement-silica
fume pastes II. Mechanical properties. Cement and Concrete Research. Vol.
15, No. 6, pp. 943-2. https://doi.org/10.1016/0008-8846(85)90083-3

[13] Cohen, M. D. - Klitsikas, M. (1986): Mechanisms of hydration and
strength developments in Portland cement composites containing silica
fume particles. Northeastern University.

[14] Cohen, M. D. (1990): A look at silica fume and its actions in Portland
cement concrete. Indian Concrete Journal. Vol. 64, No. 9, pp. 429-38.
[15]Rao, G. A. (2003): Investigations on the performance of silica fume-
incorporated cement pastes and mortars. Cement and Concrete Research.
Vol. 33, No. 11, pp. 1765-0. https://doi.org/10.1016/s0008-8846(03)00171-6

[16] Setter, N. - Roy, D. M. (1978): Mechanical features of chemical shrinkage
of cement paste. Cement and Concrete Research. Vol. 8, No. 5, pp. 623-34.
https://doi.org/10.1016/0008-8846(78)90045-5

[17]Rao, G. A. (1998): Influence of silica fume replacement of cement on
expansion and drying shrinkage. Cement and Concrete Research. Vol. 28,
No. 10, pp. 1505-09.
https://doi.org/10.1016/s0008-8846(98)00127-6

[18] Vikan, H. - Justnes, H. (2007): Rheology of cementitious paste with silica
fume or limestone. Cement and Concrete Research. Vol. 37, No. 11, pp.
1512-17.
https://doi.org/10.1016/j.cemconres.2007.08.012

[19] Diamantonis, N. - Marinos, I. - Katsiotis, M. S. — Sakellariou, A. -
Papathanasiou, A. - Kaloidas, V. - Katsioti, M. (2010): Investigations
about the influence of fine additives on the viscosity of cement paste for
self-compacting concrete. Construction and Building Materials. Vol. 24,
No. 8, pp. 1518-22.
https://doi.org/10.1016/j.conbuildmat.2010.02.005

[20] Bosiljkov, V. B. (2003): SCC mixes with poorly graded aggregate and high
volume of limestone filler. Cement and Concrete Research. Vol. 33, No. 9,
pp. 1279-86.
https://doi.org/10.1016/s0008-8846(03)00013-9

[21] Felekoglu, B. (2007): Utilisation of high volumes of limestone quarry
wastes in concrete industry (self-compacting concrete case). Resources,
Conservation and Recycling. Vol. 51, No. 4, pp. 770-91.
https://doi.org/10.1016/j.resconrec.2006.12.004

[22] Pera, ]. - Husson, S. - Guilhot, B. (1999): Influence of finely ground
limestone on cement hydration. Cement and Concrete Composites. Vol. 21,
No. 2, pp: 99-05. https://doi.org/10.1016/s0958-9465(98)00020- 1

[23] Bonavetti, V. — Donza, H. - Rahhal, V. - Trassar, E. (2000): Influence of
initial curing on the properties of concrete containing limestone blended
cement. Cement and Concrete Research. Vol. 30, No. 5, pp. 703-8.
https://doi.org/10.1016/s0008-8846(00)00217-9

[24] Nehdi, M. (2000): Why some carbonate fillers cause rapid increases of
viscosity in dispersed cement-based materials. Cement and Concrete
Research. Vol. 30, No. 10, 1663-69.
https://doi.org/10.1016/s0008-8846(00)00353-7

[25] Nehdi, M. - Mindess, S. - Aitcin, P. C. (1998): Rheology of high-
performance concrete: effect of ultrafine particles. Cement and Concrete
Research. Vol. 28, No. 5, pp. 687-97.
https://doi.org/10.1016/s0008-8846(98)00022-2

[26] Ghezal, A. - Khayat, K. H. (2002): Optimizing self-consolidating concrete
with limestone filler by using statistical factorial design methods. ACI
Materials Journal. Vol. 99, No. 3, pp. 264-72.
https://doi.org/10.14359/11972

[27] Tragardh, J. (1999): Microstructural features and related properties of self-
compacting concrete. Proceedings of International RILEM symposium on
self compacting concrete, 1999, 1: 175-86.

Vol. 71, No. 2 = 2019/2 = . 63


https://doi.org/10.1016/j.cemconcomp.2006.09.003
https://doi.org/10.1016/s0008-8846(99)00037-x
https://doi.org/10.1016/j.conbuildmat. 2015.10.204
https://doi.org/10.14359/3892
https://doi.org/10.1016/0008-8846(85)90056-0
https://doi.org/10.1016/0008-8846(85)90083-3
https://doi.org/10.1016/s0008-8846(03)00171-6
https://doi.org/10.1016/0008-8846(78)90045-5
https://doi.org/10.1016/s0008-8846(98)00127-6
https://doi.org/10.1016/j.cemconres.2007.08.012
https://doi.org/10.1016/j.conbuildmat.2010.02.005
https://doi.org/10.1016/s0008-8846(03)00013-9
https://doi.org/10.1016/j.resconrec.2006.12.004
https://doi.org/10.1016/s0958-9465(98)00020-1
https://doi.org/10.1016/s0008-8846(00)00217-9
https://doi.org/10.1016/s0008-8846(00)00353-7
https://doi.org/10.1016/s0008-8846(98)00022-2
https://doi.org/10.14359/11972

épitoanyag - Journal of Silicate Based and Composite Materials

[28] Billberg, P. (1999): Fine mortar rheology in mix design of SCC. Proceedings of
International RILEM symposium on self compacting concrete, 1999, 1: 47-58.

[29] Belarbi, N. - Pons, G. - Perrin, B. (1997): Delayed behaviour of concrete:
influence of additions and aggregate characteristics in relation to moisture
variations. Cement and Concrete Research. Vol. 27, No. 9, pp. 1429-38.
https://doi.org/10.1016/s0008-8846(97)00125-7

[30] Petersson, O. (2001): Limestone powder as filler in self-compacting
concrete-frost resistance and compressive strength. Proceedings of
International RILEM symposium on self compacting concrete, 2001, 2: 277-84.

[31] Turkel, S. - Altuntas, Y. (2009): The effect of limestone powder, fly ash and
silica fume on the properties of self-compacting repair mortars. Sadhana.
Vol. 34, No. 2, 331-43. https://doi.org/10.1007/s12046-009-0011-3

[32] Bombled, J. P. (1986): Rhéologie du béton frais: Influence de l4jout de fillers
aux ciments. Proceedings of 8th International Congress on the Chemistry of
Cement, 1986, 4: 190-96.

[33] Escadeillas, G. (1988): Les ciments aux fillers calcaires: Contribution a
leur optimisation par létude des propriétés mécaniques et physiques des
bétons fillérisés. Doctoral dissertation, Thése de Doctorat de I'Université
Paul SABATIER, Toulouse.

[34] Neto, C. S. — Campiteli, V. C. (1990): The influence of limestone additions
on the rheological properties and water retention value of Portland
cement slurries. In Carbonate additions to cement. ASTM International.

[35] Brookbanks, P. (1989): Properties of fresh concrete, performance of
limestone filled cements. Proceedings BRE/BCA seminar, Garston. 1989: 4.

[36] Nehdi, M. - Mindess, S. - Aitcin, P. C. (1997): Statistical modelling of the
micro filler effect on the rheology of composite cement pastes. Advances
in Cement Research. Vol. 9, No. 33, pp. 37-46.
https://doi.org/10.1680/adcr.1997.9.33.37

[37] Kounakoff, B. A. - Hanzic, L., - Ho, J. C. M. (2017): Limestone and
silica fume to improve concurrent flowability-segregation limits of
concrete. Magazine of Concrete Research. Vol. 69, No. 23, pp. 1189-02.
https://doi.org/10.1680/jmacr.16.00387

[38] ASTM C33 (2018): Standard specification for concrete aggregates.
https://doi.org/10.1520/C0033_C0033M-18

[39] BS EN 206-1 (2013): Concrete: Specification, performance, production
and conformity. https://doi.org/10.3403/30257890

[40] ASTM C109 (2016): Standard test method for compressive strength of
hydraulic cement mortars (using 2-in. or [50-mm] cube specimens).
https://doi.org/10.1520/C0109_C0109M-16A

[41] ASTM C596 (2018): Standard test method for drying shrinkage of mortar
containing hydraulic cement. https://doi.org/10.1520/C0596-18

[42] ASTM C642 (2013): Standard test method for density, absorption, and
voids in hardened concrete. https://doi.org/10.1520/C0642-13

[43] BS EN 772-11 (2011): Methods of test for masonry units. Determination
of water absorption of aggregate concrete, autoclaved aerated concrete,
manufactured stone and natural stone masonry units due to capillary
action and the initial rate of water absorption of clay masonry units.
https://doi.org/10.3403/30215381

v

ba

[44]Li, L. G. - Kwan, A. K. (2015): Adding limestone fines as cementitious
paste replacement to improve tensile strength, stiffness and durability of
concrete. Cement and Concrete Composites. Vol. 60, 17-24.
https://doi.org/10.1016/j.cemconcomp.2015.02.006

[45] Turgut, P. - Turk, K. - Bakirci, H. (2012): Segregation control of SCC with
amodified L-box apparatus. Magazine of Concrete Research. Vol. 64, No. 8,
pp. 707-16. https://doi.org/10.1680/macr.11.00144

[46] Chen ]. J. - Kwan A. K. H. (2012): Adding limestone fines to reduce heat
generation of curing concrete. Magazine of Concrete Research. Vol. 64, No.
12, pp. 1101-11.
https://doi.org/10.1680/macr.11.00193

[47]Barnes, H. A. — Hutton, J. E - Walters, K. (1989): An introduction to
rheology. Elsevier. https://doi.org/10.1016/b978-0-444-87469-6.50005-6

[48] Valcuende, M. — Marco, E. — Parra, C. — Serna, P. (2012): Influence of limestone
filler and viscosity-modifying admixture on the shrinkage of self-compacting
concrete. Cement and Concrete Research. Vol. 42, No. 4, pp. 583-92.
https://doi.org/10.1016/j.cemconres.2012.01.001

[49] Bharatkumar, B. H. - Narayanan, R. - Raghuprasad, B. K. -
Ramachandramurthy, D. S. (2001): Mix proportioning of high
performance concrete. Cement and Concrete Composites. Vol. 23, No. 1,
pp. 71-80. https://doi.org/10.14359/9807

[50] Tasdemir, C. (2003): Combined effects of mineral admixtures and curing
conditions on the sorptivity coefficient of concrete. Cement and Concrete
Research. Vol. 33, No.10, pp.1637-42.
https://doi.org/10.1016/s0008-8846(03)00112-1

[51] Van Khanh, B. - Montgomery, D. (1999): Drying shrinkage of self-
compacting concrete containing milled limestone. Proceedings of
International RILEM symposium on self compacting concrete, 1999, 1: 227-38.

[52] Klug, Y. - Holschemacher, K. (2003): Comparison of the hardened properties
of self-compacting and normal vibrated concrete. Proceedings of International
RILEM symposium on self compacting concrete, 2003, 3: 596-05.

[53] Adams, L. D. - Race, R. M. (1990): Effect of limestone additions upon
drying shrinkage of Portland cement mortar. In Carbonate additions to
cement. ASTM International.

[54] Dhir, R. K. - Limbachiya, M. C. - McCarthy, M. J. - Chaipanich, A.
(2007): Evaluation of Portland limestone cements for use in concrete
construction. Materials and Structures. Vol. 40, No. 5, pp. 459-73.

[55] Barrett, T. - Sun, H. - Villani, C. - Barcelo, L. - Weiss, J. (2014): Early-age
shrinkage behaviour of Portland limestone cement. Concrete International.
Vol. 36, No. 2, pp. 51-7.

Ref.:

Turgut, Paki - Ogretmen, Abdullah: Optimum limestone powder
amount in mortars with over silica fume
Epit8anyag - Journal of Silicate Based and Composite Materials,
Vol. 71, No. 2 (2019), 58-64. p.
https://doi.org/10.14382/epitoanyag-jsbcm.2019.11

The aims of the ec-siliconfl are the creation of an interdisciplinary European and worldwide forum on the silicon and
silica content materials and fostering of collaboration among scientists, researchers, PhD students, engineers as well
as universities, research institutions and industry.

We hope to see and welcome you in Hungary in the Beech Mountains at Miskolc-Lillaflired in October 7-11
www.ec-siliconf.eu
Further information can be obtained from conference secretariat by email: euro.siliconf@gmail.com

, 2019.

= 2019/2 = Vol. 71, No. 2


https://doi.org/10.1016/s0008-8846(97)00125-7
https://doi.org/10.1007/s12046-009-0011-3
https://doi.org/10.1680/adcr.1997.9.33.37
https://doi.org/10.1680/jmacr.16.00387
https://doi.org/10.1520/C0033_C0033M-18
https://doi.org/10.3403/30257890
https://doi.org/10.1520/C0109_C0109M-16A
https://doi.org/10.1520/C0596-18
https://doi.org/10.1520/C0642-13
https://doi.org/10.3403/30215381
https://doi.org/10.1016/j.cemconcomp.2015.02.006
https://doi.org/10.1680/macr.11.00144
https://doi.org/10.1680/macr.11.00193
https://doi.org/10.1016/b978-0-444-87469-6.50005-6
https://doi.org/10.1016/j.cemconres.2012.01.001
https://doi.org/10.14359/9807
https://doi.org/10.1016/s0008-8846(03)00112-1

The ICCC 2019 will present cement and environmental development worldwide and renowned
experts from all over the world are invited to present their work at the Congress. The scientific
programme will cover the topics of the newest and the most important research and development
describing cement and clinker chemistry (incl. kiln process technology), the nano and macro properties
of the clinker and cement, hydration processes, the impact of additives and admixtures, leaching
processes, the behaviour of trace elements, microscopy outputs, alternative binders, durability
of concrete, standards and codes, as well as modern laboratory instrument equipment.
The Congress will consist of many plenary lectures and parallel sessions on a variety of topics, offering
to the scientists, researchers, producers and users from all over the world the opportunity to meet,
to present and to exchange their research results and knowledge.

September 16-20, 2019

www.iccc2019.0rg




épitoanyag - Journal of Silicate Based and Composite Materials ©

Lignit pernye alapu geopolimerek
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mechanikai tulajdonsagainak
szabalyozasa vibracios tomoritéssel
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Kivonat

A geopolimerek tomoritése a betontechnolégiaban alkalmazott médszerekkel torténhet, Ggymint
déngolés, csomoszolés, vibracios tomorités, kompaktalas. Jelen tanulmany a lignitpernye alapd
geopolimerek vibraciés Gton torténd tomoritésével foglalkozik. A pernye fobb tulajdonsagainak
(szemcseméret-eloszlas, fajlagos fellillet, nedvességtartalom, asvanyos és kémiai Osszetétel)
meghatarozasa utan a tomoritési paraméterek valtoztatdsanak (motor excentricitas (amplitddo),
frekvencia, tomoritési idd) a geopolimer probatestek mechanikai tulajdonsagaira gyakorolt
hatasat vizsgaltam. A probatestek egytengelyl nyomoszilardsaganak és testsirliségének
meghatarozasa 7 napos vizsgalati korban tortént. Az eredmények alapjan megallapithatd, hogy
a tomoritési paraméterek valtoztatdsa a probatestek testsiirliségében nem okozott jelentds
eltérést, az értékek 1,4-1,45 g/cm® kozOtt valtoztak. A szilardsagvizsgalati eredményeknél
azonban kimutathatd volt a paraméterek moédositasanak hatasa (az értékek 7,9-12,8 MPa
kozott valtoztak). A vizsgalatok eredményei alapjan tomorség és nyomoszilardsag szempontjabol
optimalis tomoritési paraméterek a kovetkezok voltak: excentricitas 10%, motorfrekvencia 50 Hz,

tOmoritési idd 1 perc.

Kulcsszavak: lignit pernye, geopolimer, vibracios tdmorités, nyomoszilardsag, testsiirliség

1. Bevezetés

A geopolimerek olyan 4j tipust, félig-kristalyos,
haromdimenzids szerkezettel rendelkezé szervetlen polimerek,
amelyek szilard aluminoszilikdtok vagy alkali szilikét tartalmd
anyagok lugos (NaOH, KOH, Na-szilikat, K-szilikat) vagy savas
(foszforsav) aktivalé oldatban valé oldasaval és reakcidjaval
allithatok eld. Alapanyagként természetes vagy mesterséges
aluminoszilikat asvanyi anyagok, illetve ipari aluminoszilikat
melléktermékek/hulladékok (igymint er6mii pernye, salak,
agyag, vorosiszap, metakaolin, perlit, tiveg vagy ezek keverékei)
hasznalhaték [1-6]. A geopolimerek tulajdonsagait az
alapanyag Osszetétele és reaktivitdsa, valamint az aktival6 oldat
Osszetétele [6-10] mellett a kezelési hOmérséklet és idé [11-13],
tovabbd az alkalmazott toméritési modszer is nagymértékben
befolyasolja [13, 14].

A geopolimerek (illetve geopolimer betonok) tomoritése a
betontechnolégiaban alkalmazott moédszerekkel valdsithat6
meg, melyek a kovetkezék lehetnek: vibraciés tomorités,
csOmoszolés, dongolés valamint nagy nyomdson torténd
tomorités (kompaktalas) [2, 8, 12-15]. A durva és/vagy finom
aggregatumot nem tartalmazé geopolimerek esetén elsésorban
vibraciés tomorités az elterjedt.

Chindraprasirt és mtsai [12] lignit pernye alapt
geopolimerek bedolgozhatosagat és szilardsagat vizsgaltak
kiilonb6z6 koncentraciéju NaOH (10, 15, 20 M) és Na-szilikat
oldat eltér6 ardnyd keverékét alkalmazva. A prébatestek
tomoritését vibracids asztalon végezték 10 s-ig. Az eredmények
alapjan megallapitottdk, hogy a NaOH mennyiségének és
koncentraciéjanak novelésével csokkent a geopolimer paszta
bedolgozhatdsaga és ezaltal a probatestek szilardsagértéketi is.

Zivica és mtsai [14] nagy nyomdason (300 MPa) kompaktalt
metakaolin alapi geopolimerek és kézi tomoritéssel
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eléallitott referenciatestek tulajdonsdgait hasonlitottak ossze.
Eredményeik alapjan arra a megallapitasra jutottak, hogy
a nagy nyomdason tomoritett probatestekben megnétt az
azonos méretli pérusok mennyisége, és egy sokkal finomabb
poérusszerkezet (atlagos porusméret 59 nm) alakult ki benniik,
mint a referencia mintakban (4tlagos pérusméret 814 nm).
Tovabba azt is megfigyelték, hogy a tomorités homogénebb
szemcseszerkezetet eredményezett, melyet a szemcsék
feliiletének oldasaval és ezéltal nagyobb foku geopolimerizacids
folyamattal magyaraztak.

Cheng és mtsai [15] szénmeddd alapu geopolimerek
eléallitasi koriilményeit és tulajdonsagait vizsgaltak. A
kisérleteik sordn az aktivalo oldat/szilird anyag arany mellett
a NaOH koncentracié és NaOH/Na-szilikat arany hatdsat
vizsgaltdk. A geopolimer paszta tomoritését vibracids asztalon
végezték 60 s-ig a kotSanyagban 1év6 levegd eltavolitdsa
érdekében.

Jelen tanulmany a pernyealapu geopolimer tomorségének
vibraciés uton torténd szabalyozasaval foglalkozik. Az
elvégzett vizsgalatok kiterjedtek a vibracids asztal motorjanak
excentricitds és frekvenciamodositasaval, illetve a tomoritési
idé valtoztatasaval a mintatestek nyomdszilardsagaban
és teststlirliségében bekovetkezd valtozasok detektalasara.
Emellett vizsgdltam tOmorités hatdsdra a geopolimer
anyagszerkezetében bekovetkezd valtozasokat is.

2. Anyagok, vizsgalati médszerek

Kisérletek soran lignittiizelésbdl szarmazé nyers erémiii
pernyét hasznaltam, amely fébb jellemz6it az 1. tdblizat
tartalmazza. A pernye kémiai Osszetételének meghatdrozasa
rontgenfluoreszcens spektroszkopia elemzéssel (XRF) tortént,
amelynek eredményét a 2. tdbldzat mutatja.
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Szarmazas Matrai Eromii (Visonta, Magyarorszag)
Nedvességtartalom (%) 0,27

Halmazsiirliség (g/cm3) 0,72
Szemcsesilirliség (g/cm?3) 1,93

X, (UM) 10,8

Xg, (UmM) 52

Xgo (M) 119,3

Fajlagos feliilet (cm?¥/g) 1152

1. tdbldzat  Lignit pernye jellemzbi
Table 1. Properties of lignite fly ash

Komponens Pernye alkoté mennyisége, m/m%

sio, 481
ALO, 14,42
Fe,0, 10,97
Na,0 0,37
K,0 1,66
Ca0 11,76
Mgo 3,34
TiO, 0,492
PO, 0,264
MnO 0,171
Sso, 0,575
LOI* 2,2

egyéb 5,678

*zzitdsi veszteség 950 °C-on (Loss on ignition at 950 °C)

2. tabldzat  Lignitpernye kémiai osszetétele (XRF vizsgdlat alapjdn)
Table 2. Chemical composition of lignite fly ash (XRF measurement)

Az elemzés alapjan megéllapithatd, hogy a pernyében 1évé
§i0,/AlL O, ardnya 3,34, valaminta SiO,, AL, O, és Fe,O, tartalom
a pernye mintegy 73,49 m/m%-at adja. Emellett a mintaanyag
relative magas CaO tartalommal (11,76 %) is rendelkezett.

A mintaanyag asvanyos Osszetételének meghatarozasa
rontgendiffrakcids  szerkezetvizsgalati modszerrel (XRD)
tortént. A pernye {6 asvanyos Osszetevéi a kovetkez6k voltak:
kvarc (20,34%), maghemit (4,22), hematit (3,91%), anhidrit
(7,08%), albit (4,71%), albit K0.16 (5,58%), CaO (1,61%) és
amorf rész (52,5%).

Asztal hasznos feliillete 700 x 900 mm (0,63 m?)

Motor tipusa Italvibras MVSI 10/310-890-I

Motor teljesitménye (50 Hz) 0,35 kW

1000 1/perc (frekvenciavaltoval

Motor fordulatszama (50 Hz-en) szabélyozhatd)

Excenter stlyok a bezart sz6g allithato (0-180°)

Centrifugalis er6 (50 Hz) 3,14 kN

3. tdblézat  Vibrdciés asztal miiszaki jellemz6i
Table 3. Technical characteristics of vibrating table

s

A geopolimerek eléallitdsahoz haszndlt aktivalo szer 8
M-os NaOH és viziiveg (Na,SiO,) oldatok keverékébdl allt. A
NaOH oldatot 99,99% tisztasagu szilard NaOH granulatumok
desztillalt vizben val6 oldasaval készitettem, mig a viziiveg
2,7% K,0O-ot, 13,7% Na,O-ot, 25,3% SiO,-ot és 58,3% H,O-ot
tartalmazott.

A geopolimer prdbatestek tomoritésére szolgald vibracids
asztal f6bb miiszaki jellemz6i a 3. tdbldzatban talalhatéak.

3. Kisérletek

A tomoritési vizsgalatok soran elészor a geopolimer pasztat
allitottam el6, amely a lignit pernye és az aktival6 oldat 2 percig
torténd keverésével tortént. Az aktivald szer/pernye aranya
(L/S arany) 0,82 volt. A geopolimer paszta Osszetételének
és hokezelési korilményeinek (hémérséklet, kezelési idd)
megvalasztasa korabbi kisérletek eredményei [9] alapjan
tortént. A kapott pasztat el6re kiolajozott, 35 mm atmér6jti és 65
mm magassagi miianyag hengeres formakba toltttem, majd
vibracids asztalon killonbozé paraméter bedllitdsok mellett
(motor excentricitas, frekvencia) egy percig tomoritettem.
Tomorités utan a probatestek hokezelése tortént, amelyet két
lépcsSben hajtottam végre. ElGszor a geopolimereket 24 éran
keresztiil leveg6tdl elzarva, kondiciondlé kamraban 23 °C-
on téroltam, majd elektromos kemencében 6 déran keresztiil
30 °C-on hokezeltem. Hokezelést kovetéen a probatestek
tarolasa a nyomoszilardsag-vizsgalat elvégzéséig kondicionald
kamréban tortént 23 °C-on és 90%-os paratartalom beallitdsa
mellett. A szilardsagvizsgalatra 7 napos korban keriilt sor.
Minden esetben 5 db probatestet vizsgaltam, és a kapott
eredmények atlagértékét diagramon abrazoltam. A vibracids
asztal tizemi paramétervaltoztatiasa mellett a tomoritési id6
hatasat is vizsgaltam. A kisérlet soran 0,5; 1; 2; 3; 5 és 10 perces
tomoritést alkalmaztam. A prébatestek nyomoszildrdsaga
mellett ~meghataroztam azok testsiiriségét, valamint
Fourier-transzformacids infravoros spektroszkopia (FT-IR)
elemzéssel a szerkezetiikben - tomorités hatdsara- bekovetkezd
valtozasokat.

4. Eredmények

4.1. Motor excentricitas (amplitado-kitérés)
valtoztatasanak hatasa

A motor excentricitdsinak valtoztatasaval a vibracids
asztallap x és y iranyu kitérésének mértékét (amplitudéjat)
tudjuk moédositani. Az 1. dbra jol szemlélteti, hogy a
vibromotoron  talalhatd  excentersulyok  pozicidjanak
modositasaval hogyan véltozott az asztallap helyzete vibracio
sordn. Az excentricitds mértékének novelésével az asztallap
horizontalis (x iranyu) és vertikalis (y irdnyu) kitérése 20%-os
excentricitas értékig novekedett, majd ezt kovetden az y irdnyu
kitérésben kismértékd csokkenés mutatkozott. Ezzel szemben
az asztallap x iranyd kitérése az excentricitds mértékének
valtoztatasaval novekedett. Ez a valtozas az

In(Y) = 0,054 * X - 1,017 (1)

exponencidlis  fliggvénnyel jol jellemezhetd, ahol a

determindcios egyitthat6 értéke R?=0,982.
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1. dbra  Vibrdciés asztal amplitiddjdnak vdltozdsa az excentricitds fiiggvényében
Fig. 1. Variation of amplitude of the vibrating table as function of the eccentricity

A 2. dbra a prébatestek egytengelyli nyomoszilardsag és
teststirtiség értékeit abrazolja a motor excentricitas valtozasanak
fiiggvényében. Az abra alapjan elmondhato, hogy a vibraciés
asztallap amplitad6 véltozasanak mértéke hatassal volt a
geopolimerek nyomdszilardsagara, mig a teststiriségiikben
nem tortént jelents valtozas, azok atlagosan 1,42-1,43 g/
cm® kozotti értéket vettek fel. Az excentricitds mértékének
novelésével a geopolimerek nyomodszilardsagaban névekedés
tapasztalhatd egy bizonyos értékig, majd csokkenés figyelhetd
meg. A legnagyobb szilardsagu geopolimer (12,8 MPa) 20%
excentricitds beallitasnal késziilt.

Fontos megjegyezni, hogy az irodalom alapjan a pernye alapt
geopolimerek szilardsdga a nyersanyag Orléssel megvalositott

mechanikai aktivaldsaval fokozhato [16-18].
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2. dbra  Geopolimer nyomészildrdsdgdnak és teststiriiségének viltozdsa az
excentricitds fiiggvényében
Fig. 2. Compressive strength and specimen density of geopolymer as function of the
eccentricity
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A tovabbi vizsgalatot 10%-os beallitds mellett végeztem,
mivel magasabb excentricitdsndl (20 és 25%) az asztallap y
irdnyd kitérésében bekovetkezd ugrasszert novekedés (1.
dbra) a vibracios asztal rogzitését hosszabb tizemeltetés esetén
karositotta volna. Tovdbba a nyomdszilardsig értékek relativ
szorasa (4. tabldzat) is ennél a bedllitasnal volt a legkisebb
(9,4%), mig a szilardsag értékek kozotti legnagyobb eltérés
15%-o0s beallitasnal mutatkozott (23,1%).

o 2

Testsiirliség relativ
szorasa [%]

Nyomoszil. relativ

Motorexc. [%] i [T

5 13,7 0,8
10 9,4 0,4
15 23,1 0,3
20 11,9 0,4
25 16,5 0,60

4. tabldzat  Geopolimer nyomészildrdsdgdnak és testsiiriiségének relativ szordsa az
excentricitds vdltoztatdsdval
Table 4. Coefficient of variation of compressive strength and density of geopolymer as
function of the eccentricity

4.2 Motorfrekvencia valtozas hatasa

Adott excentricitas (10%) és kiillonb6z6é motorfrekvencia be-
allitas mellett tomoritett geopolimerek nyomdszilardsagaban
és teststiriségében bekovetkezd valtozasokat a 3. dbra szem-
1élteti. Az abra alapjan megfigyelhetd, hogy a rezgésszam (frek-
vencia) névelésével a geopolimerek 4tlagos nyomoszilardsaga is
novekedett. Ugyanakkor az is megallapithato, hogy a vibracids
asztal tul alacsony (<40 Hz) és til magas (60 Hz) rezgésszamon
val6 tizemeltetése a geopolimerek mechanikai stabilitdsira mar
kedvezétlentil hatott. Ezekben az esetben a geopolimerek 10,07-
10,71 MPa kozotti nyomoszilardsaggal rendelkeztek. Ezzel
szemben 45-55 Hz kozott késziilt probatestek szilardsagértékei
11,31-11,53 MPa tartomanyban mozogtak.
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3. dbra  Geopolimer nyomészildrdsdgdnak és teststiriiségének vdltozdsa a frekvencia
fiiggvényében
Fig. 3. Compressive strength and specimen density of geopolymer as function of the
motor frequency



épitdoanyag - Journal of Silicate Based and Composite Materials

"o

A geopolimerek teststirtiségében nem tortént jelentds
valtozas, azok 1,42-1,45 g/cm® kozott valtoztak. Legnagyobb
teststirisége (1,45 g/cm®) 50 és 55 Hz-en késziilt probatesteknek
volt. (Ezekben az esetekben mértik a legnagyobb
nyomoszilardsagokat is.)

Az eredmények alapjan megallithatd, hogy a legmagasabb
nyomoszilardsaggal rendelkez6 geopolimerek a vibracids
asztal 45-55 Hz frekvencia tartomanyban vald tizemeltetésével
allithatok elé. Tovabba a probatestek nyomdszilardsaganak
relativ szérasa ezekben a tartomanyokban nem haladta meg a
13 %-ot (5. tdbldzat).

Motorfrekvencia Testslirliség relativ

Nyomoszil. relativ

[Hz] szorasa [%] szorasa [%]
25 5,8 0,7
30 9,6 o7
35 14,9 0,5
40 12,8 0,4
45 10,9 0,3
50 12,8 0,6
55 10,6 0,5
60 12,4 0,7

5. tabldzat  Geopolimer nyomészildrdsdganak és testsiiriiségének relativ szordsdnak
alakuldsa a motor frekvencia vdltoztatdsdval
Table 5. Coefficient of variation of compressive strength and density of geopolymer as
function of the motor frequency

4.3 Tomoritési id6

Mivel 50 és 55 Hz-en kozel azonos tulajdonsagu geopolimerek
készithetGek, ezért a tomoritési id6 valtoztatasanak hatdsat 50
Hz (halozati) frekvencia (és 10% excentricitds) beallitdson
vizsgaltam.

A vizsgalat eredményeit a 4. dbra szemlélteti, mig a
nyomoszilardsag és testsliriiség értékek relativ szdrasat a 6.
tdblazatban foglaltam Ossze. Az abra alapjan megfigyelhetd,
hogy a geopolimerek nyomoészilardsaga egy adott tomoritési
ideig (1 perc) novekedett, majd ezt koévetGen 5 perces
tomoritésig csokkend tendenciat mutatott. Ezutdn ismét
szilardsagnovekedés tapasztalhatd. Ez a fluktuacié vélhetéen
a hosszabb ideig tartd tomorités hatdsara a keverékben
bekovetkezd aktivald oldat- szilard anyag bizonyos mértéki
szétvalasaval magyarazhaté, ami rendezetlen geopolimer
szerkezet kialakuldsahoz vezethetett. A legnagyobb szilardsagot
1 perc tomoritési idénél mértem (11,73 MPa), mig legkisebb
szilardsaggal az 5 percig tomoritett probatestek rendelkeztek
(7,92 MPa). A geopolimerek testsiirlisége a tomoritési id6
novelésével, 2 perces tomoritésnél érte el a maximumot (1,45 g/
cm?), ezt kovetden az értékiik nem véltozott. A nem tomoritett
geopolimerek teststirtisége atlagosan 1,42 g/cm’ volt.

A geopolimerek nyomdszilardsag értékeinek relativ szorasat
megvizsgalva (6. tabldzat), megallapithato, hogy az 4tlagtdl valo
legnagyobb eltéréssel a tomoritetlen és az 5 percig tomoritett
geopolimerek rendelkeztek, mindkét esetben az eltérés 20%
folotti volt (21,1 illetve 29,6%). A tobbi esetben az eltérés 15%
alatt maradt (6,7-14,2%).

1.6
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4. dbra  Tomoritési id6 hatdsa a geopolimer nyomoszildrdsdgdra és testsiiriiségére
Figure 4.  Effect of compression time on the compressive strength and specimen density

of geopolymer

Testslirliség relativ
szorasa [%]

Nyomoszil. relativ

Tomoritési id6 [min]

szorasa [%]

0 211 0,3
0,5 12,6 0,8
1 14,2 0,3
2 9,8 0,6
3 14,2 0,3
5 29,6 0,4
10 6,7 0,6

6. tdbldzat  Geopolimer nyomészildrdsdgdnak és testsiirliségének relativ szérdsa vdltozdsa
a tomdoritési idg fiiggvényében
Table 6. Coefficient of variation of compressive strength and density as function of the
compression time

4.4 FT-IR eredmények
4.4.1 Excentricitas

Az 5.
geopolimerek FT-IR spektrumdt mutatja. Az abran lathato,

dbra  kilonb6zé  excentricitdson  tomoritett
hogy az egyes spektrumok kozel azonos lefutasuak. Eltérés
leginkabb az 1415 cm™-nél jelentkezd sdvokban (csticsokban)
mutatkozik, amely karbonit jelenlétére (O-C-O kotések
nyujté rezgéseire) utal [19]. E savok intenzitasa 10 és 20%
excentricitashoz tartozé geopolimereknél volt a legkisebb,
amely magyarazatul szolgalhat a magasabb nyomdszilardsag
értékekre (10% exc.-nal 11,4 MPa, mig 20% exc.-nal 12,8
MPa). A geopolimerek 15% excentricitasndl is még atlagosan
11,5 MPa nyomoszilardsaggal rendelkeztek, viszont az értékek
ebben az esetben igen nagy relativ szérast mutattak (23%),
ami az egyes probatestekben fellép6 karbonat képzédés okozta

szilardsagcsokkenés miatt kovetkezhetett be.
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5. dbra Kiilonbozé excentricitdson tomoritett geopolimerek FT-IR spektrumai
Fig. 5. FT-IR spectras of geopolymers (compression on various eccentricity)

4.4.2 Frekvencia

Ha a kiilonbozé frekvencidn tomoritett geopolimerek FT-
IR spektrumait megvizsgaljuk (6. dbra), megallapithato,
hogy azokban nincs szamottevd eltérés, a savok szélessége és
intenzitasa is kozel azonos volt. Mind a 3360 cm™-nél és 1645
cm’-nél jelentkez6 OH-HOH koétésekhez (viz), mind az 1416
cm’-nél jelentkezé O-C-O kotésekhez (karbonat) valamint a
955 cm-nél 1évd T-O-Si (T=Si, Al) kotésekhez tartozd sdvok
(csticsok) intenzitasa és szélessége azonosnak tekinthetd.
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6. dbra Kiilonbozé frekvencidn tomoritett geopolimerek FT-IR spektrumai
Fig. 6. FT-IR spectras of geopolymers (compression on various frequency)

4.4.3 Tomoritési ido

A 7. dbra a kilonboz6 ideig tomoritett geopolimerek FT-
IR spektrumdt mutatja. Az dbran lathat6, hogy az egyes
geopolimerek spektrumaiban itt sincs szamotteve eltérés. Ez
alol kivételt képez az 5 percig tomdritett geopolimer spektruma,
amely kissé elkiiloniil a tobbitSl. Eltérés leginkdbb az 1401
cm’-nél jelentkezdé csticsndl mutatkozik, ami kissé nagyobb
intenzitdsu, mint a tobbi probatest esetén. Fontos megjegyezni,
hogy a geopolimer 5 perces tomoritésnél rendelkezett a
legkisebb nyomészilardsaggal (7,9 MPa), ami vélhetéen a
jelentésebb karbondatképzédés miatt kovetkezett be. Tovabbi
eltérés a 950 cm! kornyékén jelentkezd csticsok intenzitdsaban
mutatkozott, ami a T-O-Si (T=Si, Al) kotések aszimmetrikus
nyujté rezgéseire utal. Geopolimerizacié szempontjabol ennek
a cstcsnak a valtozasa (csiicsmagassag és szélesség) jellemz6 a
geopolimerizacié fokdra [20].
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7. dbra  Kiilonbozé ideig tomoritett geopolimerek FT-IR spektrumai
Fig. 7. FT-IR spectras of geopolymers (compression on various compression time)

5. Megallapitasok

A kutatémunka soran geopolimerek vibraciés tton torténd
szabalyozasaval foglalkoztam. Vizsgaltam kiilonb6z6 tomoritési
paramétereknek (excentricitas, frekvencia, tomoritési id6) a
geopolimerek mechanikai tulajdonsagaira gyakorolt hatasat.

A kisérletek eredményei alapjan megallapithaté, hogy
ezen paraméterek valtoztatdsa jelentds hatdssal volt a
geopolimerek nyomoszilardsagara, mig a teststiriségben nem
volt lényeges valtozas. Az excentricitds novelése a vibracids
asztallap nagyobb mértéki x és y iranyu kitérését (amplitudo
valtozasat) eredményezte, amely valtozas a geopolimerek
nyomoszilardsagaban is novekedést mutatott.

A motorfrekvencia véltoztatdsa soran megallapitottam, hogy
a rezgésszam novelése a geopolimerek mechanikai stabilitésat
javitotta, ugyanakkor tal magas (60 Hz) frekvenciaértéknél
szilardsagromlds kovetkezett be. Optimalis tartomdny 45-55
Hz kozott volt.

A tomoritési id6 is jelentds hatast gyakorolt a geopolimerek
tulajdonsdgaira. A tul révid (<1 perc) és tdl hosszu (>2 perc)
ideig tarté tomorités relative alacsony szilardsagu (<10 MPa)
geopolimert eredményezett, viszont az optimalis tomoritési id6
(1 perc) megvalasztasaval 11,7 MPa szilardsagii geopolimert
allitottam el6.

Az FTIR mérések eredményei alapjan megéllapithato,
hogy a tomoritési paraméterek valtoztatdsa a geopolimerek
szerkezetében = nem  okozott  jelentds  atalakulast.
Geopolimerizacié szempontjabdl fontos savok (csticsok) mind
intenzitasukban mind szélességiikben azonosak (vagy kozel
azonosak) voltak. Uj sévok nem jelentek meg egyik esetben
sem.

Az eredmények alapjan tomorség és nyomdszilardsag
szempontjabol optimalis tomoritési paraméterek a kovetkezék
voltak: excentricitds 10%, motorfrekvencia 50 Hz, tomoritési
id6 1 perc. Ezen paraméter-beallitdsok mellett atlagosan 11,73
MPa nyomoszilardsagu geopolimer allithat6 el6, amely érték
a tomoritetlen geopolimerek szilardsagahoz képest (9,49
MPa) 23,6%-o0s szilardsagnovekedést jelent. A geopolimerek
teststirisége a fentebb emlitett beallitasokkal atlagosan 1,44
g/cm?®, ami kismértékdi novekedést mutat a tomoritetlen
geopolimerek stirtiségéhez képest (1,42 g/cm’).
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Control of mechanical properties of lignite fly ash
based geopolymers by vibrating compression

The compression of geopolymer (and geopolymer concrete)
can be performed by the usual methods used in the
concrete technology, like compaction, tamping, and
vibrating compression. This study focused on the vibrating
compression of lignite fly ash based geopolymers. After
the determination of the main properties of fly ash (like
particle size distribution, specific surface area, moisture
content, mineral and chemical composition) the effect of
changing compression parameters (eccentricity, frequency
and compression time) were investigated on the geopolymer
properties. The uniaxial compressive strength and specimen
density were measured at age of 7 days. Based on the results
can be stated the changing of compression parameters
resulted just a slight change on the specimen density (the
values were between 1.4-1.45 g/cm3), but the compressive
strength of geopolymer changed significantly (the values were
between 7.9-12.8 MPa). Optimal compression parameters
were the following: eccentricity of 10%, motor frequency of
50 Hz and the compression time of 1 minute.

Keywords: lignite fly ash, geopolymer, vibrating compression,
compressive strength, specimen density
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