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Abstract

In this study, it was investigated on the mechanical abrasion of mortars containing natural zeolite clinoptilolite. Bohme surface abrasion tests were
carried out to cement mortar samples produced with different cement replacement ratios (0, 10, 30 and 50%). The mechanical abrasion of mortars was
determined according to TS 2824 EN 1338. The results obtained from test series were compared with each other. The abrasion of mortars containing
clinoptilolite blended cement (C10) is 20.52% less than mortars with Portland Cement (PC).
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Klinoptilolit iceren Harc¢larin Mekanik Asinmasi

(o4

Calismada, dogal zeolit klinoptilolit iceren harglarin mekanik aginmasi incelenmistir. Farkli ¢cimento yer degistirme oranlartyla (%0, %10, %30 ve %50)
iiretilen ¢imento har¢ numuneleri iizerinde Bohme yiizey aginma testleri gergeklestirilmistir. Harglarin mekanik aginmast TS 2824 EN 1338'e gore
belirlenmistir. Test serilerinden elde edilen sonuglar birbiriyle karsilagtirilmistir. Klinoptilolit katkili ¢cimento igeren harglari (C10) asinmasi, Portland
¢imentolu harglardan %20.52 daha diistiktiir.
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1. Introduction
It is known that cement is the most used and produced building material in construction sector. The cement
industry is also responsible for both the high energy use as well as about 7% of the total CO, emissions in the world due
to its production processes. For this reason, it has become quite widespread the production of blended cement by using
natural or artificial pozzolanic additive material which is replaced with clinker. The application of blended cement
production increases performance of mortar and concrete. At the same time, it is obtained advantages such as reducing of

CO; emissions, energy saving and economy with this applications.

Natural zeolites have recently become widely used as additive material in blended cement productions. Because,
natural zeolites are pozzolanic materials containing abundant amounts of silica and alumina. When zeolite is replaced
with clinker at optimum ratio, they form additional binder components by reacts with Ca(OH), which is a result of cement
hydration. These additional binders improve strength and durability of mortar/concrete. Also, natural zeolites are

preferred to synthetic zeolites because of their reserve and economic status.

The natural zeolites formed by the alteration of the vitric pyroclastic deposits are more reactive materials than
the fly ash and furnace slags between mineral additives. Natural zeolites have reserve declared as hundred billions tons
in the world [1].

Clinoptilolite is a natural pozzolan and it is one of the valuable minerals of zeolite group. The clinoptilolite is a
zeolitic mineral species with chemical formula (NazKs) (AlsSiz072) 24H,0, which is rich in silica and contains alkali and

earth alkaline cations [2].

Abrasion is a physical and mechanical event that is slowly occurred. The reduction in size and mass occurred by
friction of abrasive materials on surfaces of objects that make contact with each other and move relative to each other is
defined as abrasion loss. Generally, the amount of abrasion depends on type of material, state of abrasion surface, friction

conditions and chemical effects of environment.

As a result of optimizations carried out on all of mortar/concrete components, it is known that the abrasion
resistance can be increased to desired level. Therefore, it can be possible to minimize damages caused from abrasion with
increasing properly of abrasion resistance of mortar/concrete in some cases such as pavement, concrete roads, factory

floor surfaces, water structures, chimneys etc.

In literature, there is a little study to examine abrasion resistance on mortar or concrete samples containing
clinoptilolite [3-5]. It is always an expectation that to minimize of damage caused by abrasion as a result of increase of
abrasion resistance of construction materials. Therefore, the influence of clinoptilolite on the abrasion resistance of cement
mortars was investigated in this study. The abrasion tests were carried out on mortar mixtures produced with different
cement replacement ratio (0, 10, 30 and 50%). And, pozzolanic activity of clinoptilolite were determined. The results are

compared with each other.
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2. Materials and Methods

The cement used in tests is CEM | 42.5 R type of Portland cement (PC) produced in accordance with TS EN
197-1[6]. The clinoptilolite were used as replaced material by cement. The clinoptilolite (C) that is type of natural zeolite
were obtained from Manisa/Gordes regions of Turkey. The clinoptilolite samples were finely grinded in a ball mill. The
amount of clinoptilolite used in mixtures were 0, 10, 30 and 50% of cement weight. So, the mixtures were produced with
the labels PC, C10, C30 and C50.

The CEN (The European Committee for Standardization) standard sand in accordance with EN 196-1 [7] was
used in mortar mixtures. The sand-to-cement ratio is constantly 3 and water-to-cement ratio is constantly 0.5. It was used
superplasticizer (at 1, 1.5 and 2% ratios) complying with TS EN 934-2 [8] by adding to mixture water to recover of
adverse effect on mortar consistency of natural zeolites in mixtures. In the production of all samples, water that does not
contain organic substances and mineral salts that may be harmful is used. The flow values of mortar mixtures are about
150 £ 20 mm.

All mortar mixtures were prepared by applying the standard mixing, molding and curing procedures stated in TS
196-1. Samples was prepared in laboratory environment where temperatures are 20+2°C and relative humidity is 60+£5%.
The samples taken from molds after 24 hours from their productions were kept in the curing tank at a temperature of 21
+ 1°C until the test days.

Chemical composition of clinoptilolite was determined by X-ray fluorescence (XRF) analysis. This analysis was
carried out by using desktop XRF (EDXRF) device as percentage (%) with loss of ignition (LOI) amount on samples
prepared as pellet in laboratory of “General Directorate of Mineral Research And Explorations”. X-Ray Diffraction
(XRD) analysis was performed to determine mineralogical composition of clinoptilolite. This analysis was performed
using a ‘‘Bruker D8 Advance’’ diffractometer (with Cuk,-radiation and Ni filter) at 40 kV and 40 mA. The samples were
scanned from 26, 2 to 45°, at a scanning speed of 2°/min. The image for microstructure of clinoptilolite was obtained
using a FEI Quanta 400 MK2 Scanning Electron Microscope (SEM).

2.1 Test of Pozzolanic Activity

Pozzolanic activity can be defined as the ability to react with Ca(OH), of active silica which is in the pozzolan.

At the end of this reaction the amount of portlandite (Ca(OH),) is reduced, calcium silicate hydrate (CSH) is increased.

The pozzolanic activity tests were performed on 40x40x160mm prismatic samples. In TS 25 [9], the pozzolanic
activity test is defined as a characteristic determined in terms compressive strength of the mortar obtained by mixing
natural pozzolan which is grinded at a certain fineness with water, standard sand and calcium hydroxide (CaOH,). The

amounts of materials required to prepare three test samples for tests on pozzolanic activity are given in Table 1.
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Table 1. The amounts of materials for tests on pozzolanic activity.

Materials TS 25 The amounts for tests
Slaked lime (CaOHy) 1509 1509
Pozzolan 2x150x(density of pozzolan/density of CaOH,)(g) 2x150x(2.28/2.15)=318.14¢g
Standard sand 13509 1350gr
Water 0.5x (150+pozzolan) (g) 0.5x(150+318.14)=234.07g

The moulds of the prepared samples were covered with a glass plate to prevent evaporation. The samples were
allowed to stand at room temperature for 24 hours (23 *+ 2)°C. And then, they were left for 6 days in an drying oven at 55
+ 2°C without removing the moulds. The samples removed from the oven were left to cool until the room temperature

reached. Finally, the compressive strengths of samples were performed in accordance with TS EN 196-1.

2.2 Test of Abrasion Resistance

Three cube moulds of 70.7 mm were used for each mixture in abrasion tests. The mortars were produced by
using blended cements containing clinoptilolite. The abrasion losses by friction at the end of 28 days of the mortar samples

were determined by Bohme surface abrasion tests in accordance with TS 2824 EN 1338 [10] (Fig. 1).

Before tests, initial volumes and initial weights of samples were determined. The abrasive force of 294 N was

applied to samples placed on rotary disk of Bohme apparatus.

The samples were subjected to abrasive effect of 20 g corundum powder poured on friction path together with
operation of device. Total of 16 periods that each of them is 22 cycles were applied to samples. At the end of the test (at

the end of the 352 cycles), volumetric abrasion losses (AV) in samples were determined.

In calculations, it was used formula at (1) which denote AV (cm®/50cm?); volumetric abrasion loss corresponding

to ~ 50cm? abrasioned surfaces of samples, Am (g); weight loss at end of 16 cycles, p (g/cm®); density.

AV = Am/ p (1)

Figure 1. Bohme abrasion test device.

3. Results and Discussion

3.1 Some Properties of Portland Cement, Clinoptilolite and Blended Cements
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Some properties of portland cement (PC), clinoptilolite (C), blended cements (C10, C30 and C50) are presented

in Tables 2, 3 and 4. Densities of clinoptilolite is 32.37% lower than PC. Specific surface area of clinoptilolite is 27.07%

higher than PC. This situation depends on mineral structure, porosity and fragilement properties of zeolite. Cumulative

passing (%) of 45 pum sieve for Portland cement and clinoptilolite are 67.11% and 68.64%, respectively. Densities of

blended cements have decreased with increasing of zeolite ratios. Fineness of blended cements containing zeolite has

increased with increasing of zeolite ratios.

Table 2. Properties of portland cement (PC).

Chemical composition (wt.%) Physical and mechanical properties of portland cement
SiO; 19.53 Density, (g/cm®) 3.12
Al,O3 5.33 Initial set, (h) 2.50
Fe,03 3.56 Final set, (h) 4.15
CaO 62.26 Volume expansion, mm 2.00
MgO 0.99 Specific surface (Blaine) (cm?g) 3210
SO; 3.02 The compressive strengths 2days  7days 28 days
Loss of ignition 3.06 (MPa) 32.30 44.60 53.00
Over sieve 45um 90 um 200 pm
(%) 3289  12.15 2.73

Table 3. Properties of clinoptilolite.

Chemical composition Clinoptilolite (wt.%0) Physical properties
Sio, 64.70 Clinoptilolite
Al,0; 11.21 Density, (g/cm®) 2.11
Fe,03 1.38 Blaine (cm?%g) 4079
CaO 2.08
MgO 0.79 Over sieve (%)
Na,O 0.38 45um 31.36
K20 3.78 90 um 11.51
Loss of ignition 11.80 200 pm 257
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Table 4. Properties of blended cements.

Physical properties PC C10 C30 C50
Specific surface (cm?g) (Blaine fineness) 3210 3408 3664 3898
Density, (g/cm®) 3.12 2.75 2.72 2.46

3.2 Pozzolanic Activity of Clinoptilolite

Pozzolanic activity of clinoptilolite are given in Table 5. According to Table 5, in TS 25, one of the conformity
criterias for pozzolans is the 7 day compressive strength of samples prepared with lime-natural pozzolan mixture. The
limit value of the compressive strength is at least 4 MPa. In test study performed for clinoptilolite, the average compressive
strength value for the lime-zeolite (pozzolan) mixture samples was determined as 9.02 MPa. It has also been emphasized
that the sum of SiO; + AlbO3 + Fe;03 in TS 25 should be at least 70% by mass. The value of this total was found to be
77.3% for clinoptilolite. At the same time, the specific surfaces of the pozzolans should be greater than 3000 cm?/g. The

specific surface of pozzolan which is used in this study were found to be 4079 cm?/g for clinoptilolite (Table 3).

Table 5. Pozzolanic activity of clinoptilolite.

TS 25 limit values Clinoptilolite
Lime-pozzolan mixture 7 days compressive strength > 4MPa 9.02 MPa
SiO,+AlLO3+Fe,03 wt. content >%70 %77.30
Specific surface area > 3000cm?/g 4079 cm?/g

In pozzolanic activity tests. Because of the specific surface of natural zeolite were below of portland cement
fineness, the reaction which is between pozzolan and lime was increased. It is thought that, this situation was lead to an
increment at value of pozzolanic activity. These value show that the zeolite used in study have an usability potential as a

pozzolan.

3.3 Mineralogical Composition of Clinoptilolite
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Diffraction angle (2-Theta/degrees)

Figure 2. XRD diffraction patterns of clinoptilolite.

Figure 3. Scanning Electron Microscope (SEM) image of clinoptilolite sample.

XRD diffraction pattern and SEM image are presented in Figs. 2 and 3. The modal-mineralogical composition
of the sample determined by XRD analysis is given below.

Clinoptilolite (Silicate - Zeolite Group Mineral) (80-85%), Opal-CT (Opal-Kritobalite / Tridimite) (Silicate -
Silice Group Mineral) (10-15%), Quartz (Silicate - Silice Group Mineral (% <2) ), Feldspar (Na and K-Felspat)
(Silicate %Feldspate Group Mineral) (<2%), lllite-Mica (Silicate-Clay-Mica Group Mineral) (% <5) The main component
in the sample (> 50%) is “clinoptilolite” that is a zeolite group mineral and is a member of hoylandite-clinoptilolite
isomorphic series. The ratio of clinoptilolite in the sample is 80-85%. As other minerals; opal-CT is a certain rate, illite
mica, quartz and feldspar are low and trace rates According to the mineral modal ratios at the mineralogical composition
results determined by the X-ray diffraction analysis (XRD) of clinoptilolite sample, the sample is characterized by zeolite
industrial raw material. When the diffractogram and SEM image of zeolite is examined, as seen that zeolite contains
clinoptilolite as dominant minerals and zeolite is crystal structure. The sample confirms the requirements of national and
international standards for zeolite (clinoptilolite) applications.
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3.4 Abrasion Resistance of Mortars

Abrasion losses AV (cm®/50cm?) are given in Table 6. Abrasion losses variations for mortars are presented in
Fig. 4.

Table 6. Volumetric abrasion losses and densities of mortar.

Mortars PC C10 C30 C50
Density (g/cm?®) 242 2.14 211 191
AV (cm®/50cm?) 11.84 9.41 10.27 11.62
14 3

- - -
11.84 = Abrasion loss @ Density 11.62
12 L 25
9.41 10.27

10 ®
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Figure 4. Abrasion loss and density variation for mortars.

The volumetric abrasion losses for mortars with blended cements containing clinoptilolite (C10, C30 and C50)
were 20.52%, 13.26% and 1.86% less than mortars with PC, respectively. In other words, it has been found that the
abrasion losses of mortars with blended cement are less than mortars with PC for all replacement ratios. This positive
effect in abrasion resistance is probably performance increasing occurred at aggregate-cement paste interface and cement
paste due to pozzolanic reactions of zeolite. Also, as clinoptilolite replacement ratio increases, the densities of mortars

decrease.

4. Conclusions

1. Since the density of clinoptilolite is lower than that of Portland cement, the densities of mortars produced by blended

cement containing clinoptilolite are less than that of mortars produced by Portland cement.
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2. The properties of natural zeolite clinoptilolite investigated in this study such as pozzolanic activity, mineralogical

structure, high silica-alumina content, high specific surface, low density are sufficient for sustainable blended cement

productions.

3. The abrasion losses of mortars containing clinoptilolite were lower than that of mortars containing portland cement

for all replacement ratios.

4. Alarger number of studies should be carried on zeolites named clinoptilolite obtained from different regions to reduce

amount of cement and to improve of cement performance.
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Genisletilmis Ozet

Giris: Ingaat sektoriinde en ¢ok kullanilan yap1 malzemesinin ¢imento oldugu bilinmektedir. Cimento ayn1 zamanda
iretim islemleri geregi hem yiiksek enerji kullanimindan hem de diinya toplam CO emisyonlarinin yaklasik %7’ sinden
sorumludur. Bu nedenle giniimiizde klinker ile yer degistirmeli dogal veya yapay katki malzemeleri kullanarak katkili
cimento {iiretmek oldukca yaygmlasmaktadir. Katkili ¢imento uygulamasi, har¢ ve betonun performansini da
artirmaktadir. Ayn1 zamanda, bu uygulama ile CO, emisyonlarinin azalmasi, enerji tasarrufu ve ekonomi gibi avantajlar
elde edilir. Dogal zeolitler, son zamanlarda katkili ¢imento tiretimlerinde katki malzemesi olarak yaygin bir sekilde
kullanilmaktadir. Cuinki, dogal zeolitler bol miktarda silisyum dioksit ve aliimina igeren puzolanik malzemelerdir. Zeolit
belirli oranlarda klinker ile yer degistirdiginde, puzolanik 6zelligi geregi, ¢imentonun hidratasyonu sonucu meydana gelen
Ca(OH); ile reaksiyona girerek ilave baglayici bilesenler meydana getirirler. Bu ilave baglayicilar har¢ ve betonun
dayanim ve dayanikliligini iyilestirir. Dogal zeolitler, sentetik zeolitlere rezerv ve ekonomik olma durumlari nedeniyle
tercih edilirler. Klinoptilolit, dogal puzolandir ve zeolit grubunun degerli minerallerinden biri olarak anilir. Asinma ise,
yavas meydana gelen fiziksel ve mekanik bir olaydir. Har¢ ve beton bilesenlerinin timii iizerinde yapilan
optimizasyonlarin bir sonucu olarak, asinma direnci arzulanan seviyeye c¢ikartilabilir. Boylelikle, beton yollar, fabrika
taban yiizeyleri, su yapilari, bacalar gibi bazi yapilarda har¢ ve betonun aginma direncinin artmasiyla asinmanin neden
oldugu hasarlar1 minimize etmek miimkiin olabilir. Literatiirde, klinoptilolit igeren katkili ¢imento kullanilarak tiretilen
harg ve beton numuneler {izerinde asinma direnci incelemeleri cok az sayidadir. Yap1 malzemelerinin asinma direnglerinin
artmasinin bir sonucu olarak aginmanin sebep oldugu zararin minimize edilmesi daima arzu edilen bir durumdur. Bu
calismada, klinoptilolit igeren katkili ¢imento kullanilarak iiretilen har¢ numunelerin aginma direngleri incelenmistir.
Yontem: Calisma konusu klinoptilolit, Tiirkiye’ nin Manisa ili, Gordes il¢esinden standardina uygun incelikte Gordes
Zeolite A.S. tarafindan 6giitiilmiis olarak temin edilmistir. Har¢ numunelerin hazirlanmasinda kullanilan malzemelerin
tanmimlanmasi i¢in XRF (X-Rays Fluorescence Spectrometer), XRD (X-Ray Diffraction) ve SEM (Scanning Electron
Microscope) inceleme yontemleri kullanilmistir. Dogal zeolitin puzolanik aktivitesi TS25’ e uygun olarak belirlenmistir.
Asinma testleri farkli ¢imento yer degistirme oranlartyla (%0, %10, %30 ve %50) {iretilen har¢ karisimlar {izerinde
gerceklestirilmistir. Asinma direnci deneylerinde 70,7 mm boyutlu kiip kaliplar kullanilarak iiretilen har¢ numunelerin 28
glin sonundaki siirtinmeli hacimsel asinma kayiplari Béhme ylizey asinma test yontemi ile belirlenmistir. Deney
serilerinden elde edilen sonuclar, birbirleriyle karsilastirma yontemi kullanilarak irdelenmistir. Sonuglar ve Tartigma:
Klinoptilolitin yogunlugu, Portland ¢imentosundan %32,70 daha diisiik, 6zgiil yilizey alani ise %27,07 daha yiiksektir.
Cimentodaki zeolit katki oraninin artmasiyla katkili ¢imentolarin yogunluklar1 azalmakta, incelikleri artmaktadir. T25’
deki puzolanlar i¢in uygunluk kriterleri geregi, kireg-dogal puzolan karigimiyla hazirlanan numunelerin 7 giinliik basing
dayanimi en az 4 MPa, 6zgiil yiizey alaninin 3000cm?/g’ dan daha yiiksek ve igerigindeki SiOz + Al,O3 + Fe;O3 toplaminin
kiitlece en az %70 olmasi gerekmektedir. Klinoptilolitin basing dayanimina bagli puzolanik aktivitesi 9,02 MPa’ dir.
Ozgiil yiizey alam 4079 cm?g ve SiO; + Al,O3 + Fe;0s toplami kiitlece %77,30” tiir. Bunlara goére caligmada incelenen
dogal zeolit klinoptilolit, puzolanik aktivitesi, mineralojik yapisi, yiiksek silisyum dioksit- aliimina igerigi, yliksek 6zgiil
yiizeyi, disiik yogunlugu gibi 6zellikleri ile siirdiiriilebilir katkili ¢imento {iretimleri i¢in uygun 6zellikler tagimaktadir.
Puzolanik aktivite testlerinde dogal zeolitin (klinoptilolit) 6zgiil ylizey alaninin portland ¢imentosu inceliginin altinda
olmasi nedeniyle kire¢ ve puzolan arasindaki reaksiyonu artirmistir. Bu durum puzolanik aktivitenin degerinde bir artisa
neden olmustur. Buna gore, calismada kullanilan dogal zeolit puzolan olarak kullanilabilir potansiyele sahiptir.
Klinoptilolit igeren katkili ¢gimento kullanilarak tiretilen harglarin (C10, C30 ve C50) hacimsel asinma kayiplari, portland
cimentosu kullanilarak iiretilen harglarinkine (PC) gore sirasiyla 9%20,52, %13,26 ve %1,86 olmak iizere daha azdir.
Asmma direncindeki bu pozitif etki, muhtemelen zeolitin puzolanik reksiyonlar1 sayesinde, ¢cimento hamuru ve agrega-
¢imento hamuru ara yiizeyinde meydana gelen performans artisidir. Ayn1 zamanda, klinoptilolit yer degistirme orani
arttik¢a harglarin yogunluklar1 diismektedir. Sonug olarak; bu ¢alismada, klinoptilolit katki igeren katkili ¢imento
kullanilarak tiretilen har¢larin aginma direnglerinin %30 katki oranina kadar arttigi goriillmektedir.
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