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Lately, the membrane of porous ceramics begin to increase its utility since
it confains goed and supportive chemical subsiances, besides it is also
resistant fo heat and has stable force. However, its price is considered
quite expensive because this type of ceramics is made from materials
and is preduced through complicated process. This study aims at uiilizing
the use of natural zeclite materials as the material to use for membranes
which offers low price. This material can be used as a membrane because
of its unigue physical and chemical characteristics and it contains liquid
adsorbent. In this study, the natural zeclite was obtained frem Malang,
Indonesia. Porous ceramic sinfering is o process of ceramics making by
baking the ceramic at the temperature of around 700-900 °C. In this
study, the porasity and capillary velocity cylindrical perous ceramic were
investigated. Density and porosity of the material were measured using
the Archimedes method (ASTM C20). The capillary absorpiion coefficent
was calculated using the standard MSZ EN 1925: 2000. The result of
this study shows that the higher the sintering temperature, the greater
the density and the smaller the open perosity preduced in the process
which increases the capillary velocity. This phenomena occured due to
the greater driving force which makes the pores of porous ceramics made

of noiural zeolite and the copillary velodity is increcsed.
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1. INTRODUCTION

Lately, ceramic membranes have been widely used for its ability to drain
small droplets of fluid. To drain tiny water droplets in quite small amount
of certain fluid, it is necessary to use small hollow ceramics. Small cavities
aore expected fo be able o hold the metal content that has lorger sizes
in the water. Mostly, in the market of ceramic, the membranes mode of
aluming and zirconia were considered expensive since the manufacturing
process or the materials required long and expensive process. Recertly,
zeclite materials have been introduced in ceramics industry for its ability
to reduce heavy metal substances, Susanawati, et al. [2011]. For that
there needs to research the manufacture of ceramics made from natural
zeclite is used as o membrane. Because when the use of zeclite for water
filtration more use of large grains, this grain are that can move to produce
a large cavity as well.

Research on ceramic membrane of zeolite materials have been done
by previous researchers such as Histrov, et al. [2012] which in his study, he
used natural zeclite material from Bulgaria. The result of his study showed
that ceramics con be sintered ot temperature of between 800-1000 "C.
At the temperature of between 800-900 'C, porosity still occurred while
at the temperature of 1000 "C, the porosity no longer occured. San et
al. [2003] San ond Ozqur [2011] examined the use natural zeolite
with a mixture of quartz at o temperature of 250 and 1 000 C. The
result of their study showed that there were pores in the ceramic and they

exploined that the zeclite began to melt ot the tempercture 800 C.
Respati, et al. [2016] hod measured ceramic porosity zeclite using
Archimedes' principle and twe-dimensional poresity on sintering at the
temperature of 800, 850, and ?00'C. The compacting pressure on the
green part was set at the pressure of 25 MPa. The result of this study
exploined thot there wos porosity of around 28.13-47.61 %. Respati,
et al. [2014] have performed sintering aluming ceramic with mixed
zeclites. The percentoge of the amount of zeclite at 10-40 % affected
shrinkage of alumina. When the zeolite wos added with alumina, it
enlarged the ceramic shrinkage. In those studies, researchers still found
the existence of porous ceramics. The porous ceramics, which are used
os the membrane should be able to absorb water. Furthermore, water
obsorption can be determined by the capillary level of the material.

The capillary level is very important in a porous ceramic since it indicates
that the porous ceramic can be irigated [Juhasz et al. 2014]. Thus, under
cerfain conditions, it can be used os a membrane fo filter the water through
the applicafion of the zeolite ceramic.

This study aimed at exploring the characteristics of ceramics mode from
natural zeclite. The natural zeclite material was obtoined from miners zeclite
Malang, Indonesia. The natural zeclite ceramic has the choracteristic of
being sought to shrinkage, density, porosity and velocity capillary.

2. EXPERIMENTAL MATERIALS

Matericls used in this study were the natural zeolite from Malang,
Indonesia with the composifion of chemical analysis test of: 6.9 % SIO
11.43 % A|203, 4.59 % Fe,O,, 0.18 % TIO, 2.40 % CaO, 1.44 % MgO,
1.95 % K,0, 1.29 % Na,O.

3. EXPERIMENTAL METHODS

Matural zeclite powder wos screened with o 120 mesh sieve. Zeolite
powders under 120 mesh was then molded into o green body specimens.
The cylinder specimen shape with a diameter of 10 mm and a height of
20 mm is shown in Fig. 1. Compacting pressure on green body pressure
was set at 40 MPa. The heating process was done using an electric furnace
which temperatures were set ot 700, 750, 800, 850 and 900 'C, with
heating rate of 5 'C per minute and a holding time of & hours. The sintering
temperatures of 700-900 C were used considering the reason that when
the sinfering temperature limit of the porous zeclite ceramic goes more than
1000 °C, it will result to solid ceramic that have no porosity and canncot be
irrigated. Specimens were measured using Archimedhes” method [ASTM
C20) [Berger 2010]. Capillary absorption coefficient calculation was done
using the standard MSZ EN 1925: 2000 [Juhasz et al. 2014].

Figure 1. Dimension green part specimen

Shrinkage was calculated through the ceramic volume data and the
volume of green paorts data. The equation used to measure was the
equation 1.

ey = 0

o
Where Vgisfhevcﬂume ofthe green part and V_is the volume of ceramics.
The shrinkage of weight measurement employed the equation 2.
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Where W, is the weight of green parts and W._is the weight of the
ceramic. The bulk density was calculoted using equation 3.
— Win air
wik = - 3)
’eoral
Where W, is the ceramic weight in the air and V__ is ceramic bulk
volume including porosity. As for the apparent density was calculated
using Equation 4.
—_ Win air
Pcppcrsnr = Avarer

(4)

Win air=Win water

Where W isthe ceramic weight soaked in the waterand p,_ isthe
density of water. Open poresity calculated using equation 5.

V; n
Popm porosiey — 1- I:’+W x 100% 5)

rotal

Where V' is the real volume and how fo find V was using the
apparent apparent
equation 6.

— Win air=Win warer

l'f:ppcrmr - (&)

Pwater
The procedure of measuring the capillary velocity wos done by dipping
the tip of the specimen on the surface of the water. The time used to do the
process of creeping water unfil the water soaks specimen was measured
recorded. The capillary velocity was calculated by dividing the high off the
water sooks specimen by the time required to do the process.

4. RESULTS

The average bulk volume of the green body specdmens at o sintering
temperature of 700, 750, 800, 850 and 900 C respectively were found
at2.53, 2.48, 2.48, 2.40, and 2.49 cm® while the average bulk volume of
ceramics were 2 45, 2.37, 2.35, 2.18, and 1.91 cm®. Avolume shrirkage in
a row were 3.37, 4.60, 5.01, .30, and 23.41%. While the shrinkage of the
weight were 5.67,5.93,6.42, 970, ond 13.82%. The average bulk density
zeclite ceramic in a row were 1.22, 1.25, 1.25, 1.43, and 1.43 g/cm®.
Value shrinkage is presented in the graph as shown in Fig. 2. Shrinkage
increases at was the sintering tfemperature increases and begins to rise
sharply at the temperatures of around 800-900 C.

¥ oK g

shrinkage, %
o

=

850 TS0 B50 250
Sintering temperature, °C

Figure 2. The correlation between sintering temperature and shrinkage

This shrinkage occurs because the sintering temperature increased,
making the driving force to shrink pores becomes greater. This shrinkage
occurs becouse the increased the sintering temperature creates a driving
force to shrirk the pores to become larger [Li and Pan 2013). Shrinking
pores were then followed by the process of letting out the air from grain
which makes the specimen shrink. This shrinkage hoppens due to the
increasing density of the ceramics. This was evidenced by the density
measurement.

By using the Archimedhes method, apparent density at sintering tem-
peratures of 700, 750, 800, 850, and 900 'C were obtained and

resulted to the overoge of apparent density at 2.21, 2.22, 2.23, 2. 24,
and 2.38 g/em®. Graph bulk density and the apparent density are
illustrated in Fig. 3. This graph shows that the higher the sintering tem-
perature the higher the density which increased sharply ot a tem-
perature of 00 'C.
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Figure 3. Relationhip between the sintering temperature and density

The results of density measurements indicate that when the increasing
natural zeolite ceramic meets with the increasing density, it will produce
stronger ceramics. In relafion to the stronger bond, the decreased
porosity ceramic also results to decreosed strength. To determine the
open porosity, the researchers employed the Archimedes principle to
measure it. Open porosity refers to the porosity which is associated with
the surface. It is believed that the decrease on the open porosity will
offect the pores to be decreased into smaller sizes.

Open porosity wos colculoted for each successive temperature of 44.8,
44.2, 441, 439, and 40.1 %. Fig. 4. describes the increase on sintering
tempercture cousing smaller porasity which falls sharply ot o temperature

of 900 C.
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Figure 4. Relation of sintering temperature and porosity

The decreased open porosity indicates that the holes in the ceramic are
getting the fewer in amount or smaller in size. These results go in line
with the result of the research done by Histrov et al. [2012] and Respati
et al. [2016]. In this study, we tried to add one more testing variable
which was the capillary velocity which had not yet connected with the
porosity in previous research. If the size of the smaller pores will then
make the absorption of water more guickly intervening even though the
water content less. The speed of water absorption can be measured
through the capillary velocity.

The results of the measurement on capillary velocity were obtained
successively 2.30, 2.32, 2.38, 3.37, and 5.31 mm/min as shown by
the chart in Figure 5. Meanwhile, he capillary velocity goes faster with
increasing sintering femperature and the temperature begins to rise
sharply at the temperature of BOO-900 "C.

With the increasing of the velocity capillary it was expected that the
holes were very small pores that can filter out dirt water that were larger
than the pores hole. Finally, the effect of temperature sintering were the
sintering temperaiure increases, then moke the size smaller pores so
velocity capillary were also increcsed.
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Figure 5. Relationship of the sintering temperature and capillary velocity

Fig. & describes the porosity which influences the capillary velocity.
The greater the porosity the larger the pores, making the absorption
of the water becomes slow. Therefore, to moke o rapid fluid flow which
is better in filtering heavy iron impurities, it is required to create o
membrane with small holes in larger area. The material weight will
become heavier due to the volume shrinkage which are greater than
the shrinkage weight.

5. CONCLUSION

This study showed that the effect of increasing sintering temperature
makes the noturol zeclite ceramics density and porosity decreased, yet
it slit pores smaller which increases the absorption force. The result
of this study suggests that the temperature sintering of notural zeclite
ceramic should be set at around 700-900 °C to perform better in
water absorption. The high increase on the sintering temperature will
make the size of the pores becomes smaller, making it possible for the
water to be well absorbed since the particles of the water are smaller
than the pores.

References

[Berger 2010] Berger, B. The Importance and Testing of Density’ Porosity/
Permeability/ Pore Size for Refractories, Proceeding of The Southern African
Institute of Mining and Metalurrgy Refractories Conference, pp 101-116
[Hristov et al. 2012] Hristov, P, Yoleva, A., Djambazov, 5t., Chukovska,
I, Dimitrov, D. Preparation And Characterization Of Porous Ceramic
Membranes For Micro-Filtration From Natural Zeolite, J. the University of
Chemical Technology and Mefallurgy, 2012, Vol. 47, No. 4. pp 476-480,
ISSN 1314-7471

[Huhasz et al. 2014] Juhasz, P., Kopecsko, K., Suhajda, A. Analysis of
copillary absorption properties of porous limestone material and its
relation to the migration depth of bacteria in the absorbed biomineralizing
compound, Per. Pol Civil Eng, 2014. Vol. 58, No. 2, pp 113-120, ISSN
0553-6626

[
£s
£,
£ .
s3
]
= -
22
=
51 * Capillary Velocity
[
38 40 42 ad 48
Porosity, %

Figure 6. Relationship between porosity and capillary velocity

[Liand Pan 2013] Li F, and Pan, J. Modelling “Nano-Effects” in Sintering,
in: R.H.R. Castro and K. van Benthem (eds.), Sintering, Engineering
Materials, Vol. 35, SpringerVerlog Bedin Heidelberg, 2013, ISBN 978-3-
642-31008-9

[Respati, et al. 2014] Respoti, 5. M. B, Scencko, R, Irawan, Y. 5,
Suprapto, W. Effect of Weight Percentage Natural Zeclite on Alumina
MNatural Zeclite Ceramic Matrix Composites Shrinkage (in Indonesian),
Praceeding of Nofional Seminar on Science and Technology 5, Semarang,
25 Juni 2014, Semarang: Faculty of Engineering, Wahid Hasyim University,
pp 90-94, ISBN 978-602-99334-3-7

[Respati et al. 2016] Respati, 5. M. B., Soencko, R., Irawan, Y. 5.,
Suprapto, W. Effect of Low Temperature Sintering on the Porosity and
Microstructure of Porous Zeclite Ceramic, Applied Mechanics and
Materials, June 2016, Vol. 838, pp 219-223, ISSN: 1662-7482

[San et al. 2003] San, O., Abali, 5., and Hosten, C. Fabrication of
Microporous Ceramics from Ceromic Powders of Quartz-Natural Zeolite
Mixtures, Ceramic Intemational, 2003, Vol. 29, pp 927-931, I1SSN 0272-8842
[San and Ozgur 2011] San, O., and Ozgur, C. Sintering Effect on the
Microstructure of Glassy Porous Ceramics, &th IATS'11, 16-18 May,
Elang Turkey, 132-135,

[Susanawati et al. 2011] Susanawati, L. D, Suharto, B., and Kustamar
Decrease confent of Heavy Metals in Water Leachate by Zeclite Media
Method Using Batch and Cortinuous Method (in Indonesian), J. Agrointek,
October 2011, Vol. 5, No. 2, pp 126-132, 155N 1410-4121

Contacts

5Sri Mulyo Bondan Respati, ST. MT
Wahid Hasyim University

Faculty of engineering

JI. Menoreh Tengah X/22, Sampangan
50236 Semarang, Indonesia

tel: +62 24 8506680

e-mail: bondan@urwahos.ac.id

MM 5CIENCE JOURNAL | 2017 | JUNE | 1805




Capillary velocity of natural zeolite porous ceramic in different
sintering temperatures

ORIGINALITY REPORT

6% 3% Ao, Oy

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

3%

* Sri Mulyo Bondan Respati, Rudy Soenoko, Yudy
Surya Irawan, Wahyono Suprapto. "Interfacial Shear
Stress with Pull-out Test at Zeolite Ceramic Matrix
and SS316 Single Fiber", Matéria (Rio de Janeiro),
2018

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



Capillary velocity of natural zeolite porous ceramic in different
sintering temperatures

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3




