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Abstract. This study has been carried out to investigate the effect of the surface properties of Portland
cement, diatomite and zeolite on the performance of concrete composites. In this context, to describe the
materials used in this study and determine the properties of them, chemical, physical, mineralogical,
molecular, thermal, and zeta potential analysis have been applied. In the study, reference (Portland cement),
10%–20% diatomite, 10%–20% zeolite, 5+5%–10+10% diatomite and zeolite were substituted for Portland
cement, a total of 7 different cements were obtained. Ultrasonic pulse velocity, capillary water absorption
and compressive strength tests were performed on the hardened concrete specimens. Hardened concrete tests
have been done on seven different types of concrete, for 28, 56 and 90 days. As a result of experiments it has
been identified that both the zeolite and diatomite substitution has a positive effect on the performance of
concrete.
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1. Introduction

Cement and pozzolans have become common principal construction materials in today’s fast
developing construction sector. Due to economic and ecological factors, natural pozzolanic
materials like trass, zeolite, diatomite and pumice and artifical puzzolanic materials like fly ash,
blast furnace slag, bottom ash and silica fume are intensely used in the cement and concrete
technology. Some characteristics such as strength, durability and low permeability expected from
good concrete are closely related not only to mix proportions but also to cement properties. Some
pozzolans like fly ash, silica fume, blast furnace slag, rice husk ash, pummice, zeolite and
diatomite are applied in the cement and concrete technology to develop these characteristics
(Wang et al. 2011, Kocak et al. 2013, Gerengi et al. 2013, Gerengi et al. 2015, Goñi et al. 2013,
Yildiz et al. 2010). Diatomite and zeolite are natural and among the most abundant minerals in
Turkey.

Diatomite is a mineral described as consisting of the fossilized siliceous shell of the
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microscopic single-celled alga and possessing the structural properties of amorphous silica. There
are nearly fifteen thousand types of diatomite in the nature. Diatomites generally have the shape of
a round tray or a long fish. The size of them are 2-200 μm, when they are dry their specific gravity 
is 0.15-0.40, they contain 70-90% of SiO2 and are cellular materials with high water absorption
rate (Aruntas and Tokyay 1996).

Zeolite is defined as allophones that consist of alkali and alkaline–earth cations and have the
crystal structure. Zeolites have water molecules in their canals which is one of the most significant
properties setting apart them from other mineral groups. When they are heated at 100-350oC, these
water molecules leave the material continuingly without changing the structure of the zeolite.
Another important property of zeolite is ring canals (oxygen windows). These canals are full with
univalent and bivalent cations such as Na+, K+ and Ca+ with water molecules clinging on them
(Canpolat 2002, Serbest 1999).

The studies on surface and interface interactions between mineral additives like diatomite and
zeolite and cement are rather limited. However, it is important to explore not only the physical and
chemical but also the physico-chemical characteristics of the minerals. Because the surface
characteristics and their reactions in the process of hydration are important in terms of stating
consistency or inconsistency of the minerals with the cement. In this respect, it is very significant
to determine XRD, FT-IR, zeta potential and thermal properties.

In this study, it is tried to state the chemical, physical and mechanic characteristics of the
concrete produced with diatomite and zeolite substitution in which Turkey is quite rich. Besides, it
is aimed to determine the influence of mineral characteristics and their consistence on the
produced concrete via structural analysis techniques (XRD, DTA-TG, FT–IR, and Zeta Potential).

2. Materials and methods

2.1 Materials

In preparing the test samples, CEM I 42.5 R Portland cement (PC) diatomite and zeolite
produced by Bolu Cement Factory is used as a connecter in the concrete and diatomite from
Kutahya region and zeolite from Balikesir–Bigadic region are used as a pozzolan. Diatomite is
supplied from ASU Chemistry and Mining Firm and zeolite from a Turkish Zeolite Firm. The
physical, chemical and mechanical properties of the cement, diatomite and zeolite used in the
study are given at the Table 1.

0-5 mm crashed sand with 2.66 specific gravity and 0.615% water absorption rate, 5-19 mm
crushed stone with 2.69 specific gravity and 0.666% water absorption rate and 19-30 mm with
2.70 specific gravity and 1% water absorption rate are used. These are Asar River aggregates in
Duzce region.

In the study, well water from Doganli village in Duzce is used as mixing water. Moreover, the
type of fluid 70 produced by AYDOS Construction Chemicals Factory and new generation hyper
plasticizer with solid matter content of 34.32, intensity of 1.184 (20oC), pH value of 7.26 (20oC)
are applied as admixture for concrete.

2.2 Methods

In the study as reference (PC) 10-20% diatomite, 10-20% zeolite, 5+5%–10+10% diatomite
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Table 1 The chemical, physical and mechanical properties of of PC, diatomite and zeolite

Materials PC Diatomite Zeolite Materials PC Diatomite Zeolite

Chemical composition, wt.% Physical and mechanical properties

SiO2 18.68 79.56 68.85 Blaine, cm2/g 4249 13640 5740

Al2O3 4.67 6.54 11.71 Specific gravity 3.17 2.28 2.18

Fe2O3 3.53 2.76 1.29 Setting time, minute

CaO 64.56 2.45 3.97 Initial 118 - -

MgO 0.98 0.79 1.06 Final - - -

SO3 3.00 0.48 0.18 Compressive strength, MPa

Na2O 0.14 2.63 0.29 7 days 29.6 - -

K2O 0.73 0.69 2.19 28 days 52.8 - -

S+A+F - 88.86 81.85

Loss on ignition 3.92 3.88 10.00

Insoluble residue 0.50 75.98 37.32

Free CaO 1.74 - -

and zeolite are substituted for Portland cement, so 7 different cements are used. The materials used
in the experiments are analyzed chemically, physically, molecularly, thermally and
electrokinetically (zeta potential).

The chemical analyses of PC, diatomite and zeolite are carried out with ARL 8680 S model X–
Ray spectrometer (XRF). Malvern Hydro 2000 G is used in the particle size analyses. Surface area
is determined with Toni Technik 6565 model Blaine device and specific gravity with
Quantachrome MVP–3 model. Mineralogical properties are stated with Rikagu miniflex model
XRD using Cu Kα (λ=1.54 A°) radiation. FT–IR analyses are carried out with Bruker Vertex 70
model. The materials are measured 400–4000 cm–1 in wave number spectrum with ATR device.

Zeta potential is measured via Zeta–Meter System 3.0 + device that works according to
electrophoresis method. 0.5 g samples from all materials are put in 50 ml pure water in different beakers
and mixed for 10 minutes to adjust their HCl, NaOH and pH values. After they have been retained
for 5 minutes for the big particles to settle in the water, their zeta potential is calculated. In all pH
values sufficient numbers of particles (at least 10) are calculated according to their movement
speed via microprocessor of the device and these findings are converted to zeta potential values, so
their average zeta potential values are determined.

Simultaneous Thermal Analyses of the samples (STA) are carried out at a heating rate of 20
°C/minute, so they reach 1000 °C maximum temperature. Nitrogen gas and samples of nearly 50
mg are used in the analyses. STAs are determined via Perkin Elmer S II device at the laboratory in
the department of Chemical Engineering in Dumlupınar University. 

For concrete mixture design, materials’ amounts to be put into the mixture are determined
within the framework of the method stated in TS 802 standards. According to the type and rate of
mineral additive, which is substituted for the concrete, seven types of concrete are produced. They
are encoded as R, 10D, 20D, 10Z, 20Z 5D5Z and 10D10Z according to the addition rate and the
used mineral additive. According to TS EN 12350-2, consistency of concrete in fresh concrete is
stated for each mixing group individually. The materials amounts of the samples in concrete
mixture of 1m3 and the characteristics of fresh concrete are given in the Table 2.
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Table 2 Material quantity in the 1 m3 for each concrete group

Materials
Specific
gravity

R,
kg

10D,
kg

20D,
kg

10Z,
kg

20Z,
kg

5D+5Z,
kg

10D+10Z,
kg

A
g

g
re

g
at

e

0-5 2.66 822 831 822 843 855 849 855

5-19 2.69 586 593 586 602 611 606 611

19-30 2.70 428 433 428 439 446 442 445

Total 1836 1857 1836 1884 1912 1897 1911

PC 3.17 400 360 320 360 320 360 320

Diatomite 2.28 - 40 80 - - 20 40

Zeolite 2.18 - - - 40 80 20 40

Hyper plasticizer 1.184 4.800 4.320 4.800 4.320 4.800 4.320 3.840

Water 1 139.7 139.7 123.3 139.7 123.2 139.7 124.2

The produced concrete is poured into 15x15x15 cm cubic molds without segregation. These
concretes are retained for 24 hours in the molds and harden, then, they are cured in 23±2oC water
for 28, 56 and 90 days. After the curing periods ultrasonic pulse velocity and capillary water
absorption tests are carried out on the hardened concrete samples. Compressive strength tests of
concrete are carried out up to the Standard of TS EN 12390-3.

3. Findings and discussion

Chemical, physical, mineralogical, molecular, thermal and zeta potential analyses are carried
out to state the characteristics of the materials used in the study. Moreover, slump value, ultrasonic
pulse velocity, capillarity coefficient and compressive strength tests are carried out during pouring
of concrete. The findings of these experiments are given below.

Fig. 1 Particle size distributions of PC, zeolite and diatomite
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3.1 Chemical analysis

PC includes a high rate of CaO, but a low rate of Al2O3, Fe2O3 and SO3 components. The main
component of diatomite is SiO2 and its SiO2/Al2O3 percentage by weight (S/A) is 12.17. The main
component of zeolite is also SiO2 and its S/A rate is 5.88. The fact that the rate of Na2O is higher
than the rate of K2O in diatomite shows that it is rich in Na+ ions. The fact that the rate of K2O is
higher than the rate of Na2O in zeolite shows that it is rich in K+ ions. Beside, according to ASTM
C 618, total of S+A+F which is supposed to be minimum 70%, is almost 89% in diatomite and
82% in zeolite. Their pozzolanic properties are chemically observed affirmative (Table 1) (ASTM
C 618-85 1985).

3.2 Physical analysis

Particle size distribution, Blaine values (specific surface areas) and specific gravities are
determined in physical analyses. The particle size distribution of PC, diatomite and zeolite are
given in the Fig. 1.

The figures of the particle size analysis prove that diatomite has finer particle size. According
to their 90% subsieve fractions, the particle size of PC, diatomite and zeolite are 50, 13 and 280
µm respectively. Considering the particle size analysis the finest material is diatomite followed by
PC and zeolite (Fig. 1). According to Blaine values, diatomite is the smallest material followed by
zeolite and PC (Table 1).

Considering specific gravity values, PC is 3.17, diatomite 2.28 and zeolite 2.18, thus, zeolite
has the lowest specific gravity (Table 1).

Fig. 2 XRD analysis of PC, zeolite and diatomite [1: Alite (3CaOSiO2), 2: Belite (2CaOSiO2), 3:
Tricalcium aluminate (3CaOAl2O3), 4: Brownmillerite (Ca2(Al,Fe3+)2O5), 5: Quartz (SiO2), 6:
Clinoptilolite, ((Na,K)6[Al6Si30O72]20H2O), 7: Cristobalite]
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Fig. 3 FT-IR spectrum analysis of PC, zeolite and diatomite

3.3 XRD analysis

XRD analyses are carried out to determine the mineralogical structure of PC, zeolite and
diatomite used in the study (Fig. 2).

PC is crystal and composed of alite–tricalcium silicate (3CaOSiO2), belite–dicalcium silicate
(2CaOSiO2), tricalcium aluminate (3CaOAl2O3) and brownmillerite (Ca2(Al,Fe3+)2O5). XRD of
zeolite’s mineralogical composition shows that it has a crystal structure of quartz (SiO2) and
clinoptilolite ((Na,K)6[Al6Si30O72]20H2O) (Blanco et al. 2006). With its form of silica, diatomite
is composed of cristobalite (Fig. 2) (Jia et al. 2008).

3.4 FT–IR analysis

Thanks to the results of FT–IR of PC, zeolite and diatomite, the surface structures of the
molecules are stated and given in the Fig. 3.

In FT–IR spectroscopy the atomic vibrations forming solid cages are observed in 400–1600
cm–1 region, the molecular vibrations in 1600–4000 cm–1 region. The result of the FT–IR analysis
of PC proves that there are vibrations in the wave numbers 459, 500, 600, 660, 892, 1150, 1446,
1689, 3400 and 3640 cm–1. Al–O bonds accompanying Si–O produce 459 and 500 cm–1
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Fig. 4 DTA and TG analysis of PC, zeolite and diatomite

symmetrical vibrations. Si–O bonds in solid cages are in the form of symmetrical vibrations in the
wave number 892 cm–1. Sulphur–Oxygen bonds (S–O) showing the plaster work in CEM I 42.5 R
cement are observed in 600, 660, 1150 and 1689 cm–1. CO3

–2 is seen in 1446 cm–1. Water ions and
molecules in its structure are found in the wave numbers 3400 and 3640 cm–1 (Fig. 3) (Gomes et
al. 2005, Govin et al. 2006).

The results of FT–IR analysis of diatomite show that there are vibrations in the wave numbers
468, 619, 798 and 1080 cm–1. Si–O–Si bonds produce asymmetrical vibrations in the wave
numbers 468 and 1080 cm–1. In the structures Al–O–Si bonds are in the form of vibration in the
wave numbers 619 and 798 cm–1 (Fig. 3) (Skripkiunas et al. 2007, Sprynskyy et al. 2010).

Finally, the results of FT–IR analysis of zeolite shows that there are vibrations in the wave
numbers 452, 600, 800, 1000, 1639, 3390 and 3600 cm–1 . Si–O–Si and Si–O–Al bonds produce
vibrations in the wave numbers 452 and 1000 cm–1. In the structure Al–O–Al bonds are in the form
of vibration in the wave number 600 cm–1. Si–O–Si bond is in the form of symmetrical vibrations
in the wave number 800 cm–1. Zeolite water (H–OH) is stated in the wave number 1639 cm–1 and
the vibrations attaching to the water with hydrogen bridges (OH) in the wave numbers 3390 and
3600 cm–1. According to the studies, while interpreting the wave numbers 500–800 cm–1 of FT–IR
spectrums, it is emphasized that there are clinoptilolite peaks in the wave number 602 cm–1 and
heulandite peaks in the wave number 594 cm–1. In this study, the group in the wave number 600
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Table 3 % Weight loss in the various temperature ranges of PC, diatomite and zeolite

Materials 0-200°C 200-400°C 400-600°C 600-800°C Total

PC 0.341 0.216 0.240 1.689 2.432

Diatomite 0.582 0.135 0.087 0.811 4.343

Zeolite 7.582 2.997 0.890 0.269 11.385

Fig. 5 Zeta potential of PC

Fig. 6 Zeta potentials of zeolite and diatomite

cm–1 proves the existence of silica–rich clinoptilolite (Fig. 3) (Karakaya 2006, Blanco et al. 2006,
Mozgawa 2001, Perraki and Orfanoudaki 2004).

3.5 Thermal analysis

Differential Thermal Analysis (DTA) and Thermal Gravimetry (TG) curves of PC, zeolite and
diatomite are given in the Fig. 4. Weight loss in various temperature ranges is calculated through
the data of the curves in the Fig. 4 and they are shown in the Table 3.

As it is seen from the DTA curves, while endothermic peaks appear at 127, 410 and 753 °C in
PC and at 75 and 152 °C in zeolite, there are no obvious peaks in diatomite (Fig. 4). When
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examined the weight loss at various temperatures, zeolite has the most abundant stoma and biggest
dehydration of the physical and chemical water in its structure, followed by diatomite and PC.
While the obvious peak showing decarbonization of carbonate phases (CaCO3) is observed at
753°C in the cement, there is no obvious peak in diatomite and zeolite (Fig. 4). In terms total
weight loss, zeolite is ranked as the 1st (11.385%), diatomite the 2nd (4.343%) and PC the 3rd
(2.432%) (Table 3).

3.6 Zeta potential

Zeta potential measurements for PC are given in the Fig. 5, the ones for diatomite and zeolite in
the Fig. 6.

The researches show that the surface charge of the cement is generally negative (Yildiz et al.
2010, Viallis et al. 2001, Yoshioka et al. 2002), but may be positive (Nachbaur et al. 1998,
Termkhajornkit and Nawa 2004) depending on its structure. According to the results of
experimental studies, it is seen that PC (Fig. 5), diatomite and zeolite (Fig. 6) hold negative ions.
At the same time, Ca2+ ions in PC approach PC towards positive ions depending on pH increase.
The reason why PC has negative ions is because of SO4

2– ions coming from gypsum (CaSO4) and
CO3

2–, OH– and Si–O bonds in its structure (Fig. 3). Therefore, Ca2+, H+, OH– and SO4
2– are the

ions determining the potential of PC.
When the zeta potential of the pozzolanic materials are examined, both diatomite and zeolite

have negative ions in all pH values. While the surface charge of diatomite decreases from –29 in
pH 8 to –18mV in pH 12, zeolite increases from –6 in Ph 8 to –29 mV in pH 12 in terms of
absolute value (Fig. 6).

According to DLVO theory (Skripkiunas et al. 2007, Gabrovsek et al. 2006), interactions of the
particles with each other depend on their surface charge and the distance between them. Due to
electrical double layer and Van der Waals forces the particles that have surface charge of between
–25 and +25 mV are magnetized to each other as they approach to each other (Gabrovsek et al.
2006, Drazan and Zelic 2006). In the exact opposite situation, they disperse. However, when the
particles with different surface charge show up, opposite or equal charges emerge in addition to
the events mentioned above. In other words, while the particles electrostatically charged opposite
pull towards each other, the particles charged equally push away from each other. Here, PC whose
media–pH is about 12, diatomite and zeolite in the same media but individually are supposed to

Fig. 7 Slump test results of concrete specimens
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push away from each other. However, because the surface charges of the pozzolans are –25 mV,
so very close to –25 and +25 mV values, electrical double layer forces and Van der Waals forces
with minor effect come into play (Nachbaur et al. 1998, Gabrovsek et al. 2006, Pan et al. 2002).
Thus, it can be said that pozzolans are consistent with PC. But, if zeolite and diatomite are used
together, the influence of its negative surface charge is considered to be a bit more inverse.

3.7 Slump test

While the samples are being prepared for the study, it is aimed to make a mixture design with a
slump between 7 cm and 10 cm. Slump test results belonging to the produced concretes are given
in the Fig. 7.

In the light of the data, the slump amount is 7 cm in the concretes with PC, 10D, 10Z and 20 Z
codes, 7.8 cm in the concrete with 10D10Z code, 8 cm in the concrete with 20D code and 9.3 cm
in the concrete 5D5Z code (Fig. 7).

3.8 Capillary water absorption

A graphic is drawn between the averages of water amount absorbed per unit area (Q/A) and the
square root of capillary water absorption durations (t0.5). Capillarity coefficients are obtained from
the curves of the graphs and the average capillary coefficients of capillary water absorption test
results are given in the Fig. 8.

As a result of the experiments conducted, it is found out that at the end of 28 days the concrete
sample with 10D10Z code has the highest average capillary coefficient (4.8x10–4 cm/s0.5) and the
concrete sample with 10D code has the lowest average capillary coefficient (3.6x10–4 cm/s0.5), at
the end of 56 days, the concrete sample with 10D10Z code has the highest value (4.5x10–4 cm/s0.5)
and the concrete sample with 10Z code has the lowest value (3.4x10–4 cm/s0.5), at the end of 90
days, the concrete sample with 20Z code has the highest value (3.9x10–4 cm/s0.5) and the concrete
sample with 10Z code has the lowest value (2.6x10–4 cm/s0.5) (Fig. 8). According to the findings,
there is an inverse relationship between the increase of hydration period and capillarity coefficient.

Fig. 8 Capillarity coefficients of concrete specimens
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Fig. 9 Ultrasonic pulse velocity of concrete specimens

Fig. 10 Compressive strength of concrete specimens

The researches show that the produced concretes have a low capillary spaces and their quality
is good (Ghrici et al. 2007, Siddique and Kadri 2011, Topcu et al. 2009, Kelestemur and Demirel
2010, Kelestemur 2010).

3.9 Ultrasonic pulse velocity

Ultrasonic pulse velocity test results of the produced concretes are shown in the Fig. 9.
As a result of the experiments conducted, it is found out that at the end of 28 days the concrete

sample with 10Z code has the highest ultrasonic pulse velocity (4.19 km/s) and the concrete
sample with 5D5Z code has the lowest ultrasonic pulse velocity (4.12 km/s), at the end of 56 days,
the concrete sample with 10Z code has the highest value (4.25 km/s) and the concrete sample with
5D5Z code has the lowest value (4.14 km/s), finally, at the end of 90 days, the concrete sample
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with 10Z code has the highest value (4.39 km/s) and the concrete sample with 10D10Z code has
the lowest value (4.19 km/s) (Fig. 9). According to the assessment of the quality of all concrete
samples produced up to the ultrasonic pulse velocity values by Whitehurst (3.5–4.5 km/s), they
belong to the good category of concrete (Erdogan 2010).

3.10 Compressive strength

Compressive strength test results of the produced concrete samples are given in the Fig. 10.
When the test results are examined, it is obvious that compressive strength of the concrete

samples depend on type of mineral additives, substitution rate, particle size, specific surface areas
and hydration duration.

According to the compressive strength test results, it is stated that at the end of 28 and 56 days
the concrete samples with 10D10Z code have the lowest compressive strength and reference
concretes have the highest compressive strength. It is found out that at the end of 90 days the
concrete samples with 10D10Z code still have the lowest value but the concrete sample with 10Z
code has the highest value. When the compressive strength tests carried out at the end of 28 days
are taken as basis, according to mortar samples carried out with reference cement, the concrete
samples with 10D, 20D, 10Z, 20Z, 5D5Z and 10D10Z exhibit a strength decrease of 8.4%, 19.6%,
11.4%, 19.5%, 17.6%, and 21.1% respectively. When the compressive strength tests carried out at
the end of 56 days are taken as basis, according to mortar samples carried out with reference
cement, the concrete samples with 10D, 20D, 10Z, 20Z, 5D5Z and 10D10Z exhibit a strength
decrease of 2.2%, 12.2%, 3.7%, 15.8%, 12.4%, and 20.2% respectively. When the compressive
strength tests carried out at the end of 90 days are taken as basis, according to mortar samples
carried out with reference cement, while the concrete samples with 20D, 20Z, 5D5Z and 10D10Z
exhibit a strength decrease of 15.8%, 8.3%, 10.7%, and 18.1%, the concrete samples with 10D and
10Z code exhibit a strength increase of 0.1% and 2.4% (Fig. 8). When the rate of 10% is taken as
basis, this fact proves that both diatomite and zeolite substitution increase compressive strength in
the future hydration phases due to their pozzolanic properties, the concrete samples with diatomite
and zeolite substitution acquire strength more slowly compared to the reference concrete. Besides,
it is obvious that the compressive strength of the concretes in which diatomite and zeolite
substitutions are used together is much lower compared to the compressive strength of the
concretes in which diatomite or zeolite substitutions are used separately. It is because of the fact
that due to diatomite and zeolite potentials have negative values; these pozzolans cannot show
enough positive surface property (Fig. 6).

According to the compressive strength test results, it develops in consistency with both
ultrasonic pulse velocity and capillary coefficients at the end of 90 days, it is determined that the
compressive strength of diatomite and zeolite for 10% substitution leaves the reference concrete
behind even a little. Moreover, it is thought that more durable concretes can be produced by
making no concessions to strength due to the fact that there are just a few capillary spaces (Fig. 8).

4. Results and recommendations

To sum up the results of chemical, physical, mechanical, mineralogical, molecular, thermal and
zeta potential analyses relating to using diatomite, zeolite or various combinations of both in a
high strength concrete;
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• As a result of the chemical analyses, it is stated that diatomite and zeolite are positive in terms
of puzzolanic characteristics (S+A+F≧%70),

• As a result of the XRD analyses, zeolite has a crystal structure composed of quartz and
clinoptilolite and cristobalite consistent with the silica form of diatomite, Portland Cement has a
crystal structure of the main components such as alite, belite, tricalcium aluminate and
brownmillerite,

• As a result of the particle size analysis, the particles of zeolite are coarse, the ones of PC are
medium and the ones of diatomite are fine,

• According to their specific gravities, PC weighs 3.17, diatomite 2.28 and zeolite 2.18, thus,
zeolite has the lowest specific gravity,

• According to the zeta potential of the materials, PC, diatomite and zeolite have negative
surface charge in all pH values,

• The slump amount in the concrete mixture prepared with the reference and pozzolan
substituted cements is about 7 cm, thus, the concrete of plastic consistency is produced and the
cohesion in all types of concrete is fine, no disintegration is observed,

• Ultrasonic pulse velocity values depend on concrete type and age, as hydration day increases,
ultrasonic value increases accordingly in the concrete samples,

• In all media, as hydration age gets along, water amount absorbed via capillary channels
decreases and develops in consistency with ultrasonic pulse velocity values,

• The compressive strength values of the concrete samples depend on material type, substitution
rate and concrete age; the speed of strength acquirance of the diatomite and zeolite substituted
concrete samples is slower than the one of reference concrete; compressive strength values
develop in consistency with ultrasonic pulse velocity and capillary water absorption values.

As the results of the tests, it is stated that both diatomite and zeolite substitutions have a
positive influence on the produced concrete samples and the most proper substation rate is
determined to be 10%. In the concrete samples produced up to this rate, especially a 90–days
compressive strength results turn out to be better than the ones of reference concrete. Besides, the
fact that capillary water absorption rates turn out to be very low in these substitution rate makes us
think that it is possible to produce not only high–strength concrete but also highly durable one.
Although Turkey is rich in diatomite and zeolite, their use is very limited. It is thought that both
diatomite and zeolite may be an alternative to the materials in the artifical pozzolan category like
blast furnace slag, fly ash and silica fume which are widely used in the concrete sector.
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