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Abstract

It is well known that zeolite is an efficient metahs adsorbent. The excess charge of the zealitditg blocks i.e.
(AlO,)® and (SiQ)™ creating a negative surface charge that attratilroations. Beside the surface charge, zeoli als
has three dimensional pore structure and reasotenglg surface area which also can be used aspitsosites. Ease
of cation uptake make it suitable for many proceéth adsorption and desorption application. Thigdgt was
conducted to observe the sorption and ion exchhrbaviour of zeolite-betonite rings toward iron aadbalt cations.
The results shows that the adsorption patterneviollangmuir isotherm with the highest uptake catyasi 59,9 mg/g
for Fe(Il) and 57. 8 mg/g for Co(ll).

Abstrak

Perilaku Penyerapan dan Pertukaran Kation Bahan Isian dari Zeolit Alam. Telah banyak diketahui bahwa zeolite
adalah material yang baik untuk menyerap ion-igain. Kelebihan muatan dari gugus penyusun zedtit yAlO4)™>

dan (SiO4Y mengakibatkan permukaan zeolite bermuatan negatif ylapat menarik kation logam. Selain muatan di
permukaan, zeolite juga memiliki stuktur pori tdimensi dan juga luas permukaan yang cukup besak keperluan
adsorpsi. Kemudahan dalam mengambil kation mergadikeolit banyak dipakai di berbagai proses yang
mengaplikasikan prinsip adsorpsi dan desorpsi. IR@neini dilakukan untuk mengamati perilaku perggan dan
penukaran kation bahan isian zeolit berbentuk nirteirhadap kation logam besi dan kobalt. Hasil peraan
menunjukkan bahwa pola adsorpsi mengikuli persamhaagmuir dengan kapasitas penyerapan 59,9 mgid ion

Fe dan 57.8 mg/g untuk ion Co.

Keywords: cation adsorption, cation exchange capaeeolite packing

1. Introduction are maintain high concentration of microorganism fo
enhancing the efficiency of the process and avaishaout

In a conventional biogas reactor, organic wastewiate problem during a high substrate flow rate operafidn

flown into an air-tight chamber to undergo anaerobi On the other hand, the solid support propertiesmn

digestion by microorganism for reducing the organic adjusted to provide a suitable environment forrtiero-

content while producing biogas. The introduction of bial consortium. The modification could be done by

fresh feed in the same time removing the digested incorporating a suitable cations as the surfaceranic

substance out from the reactor. It is often in ghhi nutrientin the solid mediafor enhancing the attaehim
wastewater flowrate, the outflow of the reactorgaut of microbial film on the support [2-4].

a significant amount of the essential microbialsmtium

(washout) which will hamper the reactor efficiency. Zeolite as abundantly available natural resources i

considered as one of potential support since itHigis
To solve the problem, solid media is added inshid® t  porosity and ease of modification. The zeolite cttice
reactor for microbial immobilization. The immobiitz consists of three-dimensional frameworks of S&nd
ion on a support media provides many advantageshwhi  AlO, that are linked to each other. The combination of
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tetravalent silicon and trivalent aluminium createset
negative charge that is counterbalanced by theepoes

of naturally occurred cations (EaNa" and K" which

are exchangeable with other cations [5]. It wa®reul
that modification of natural zeolite by several aist
(Ni**, Cc&* and Md") could increase the biogas
production [2]. Meanwhile, bentonite is an alummiu
phyllosilicate (clay) consisting mostly of montritmiite.
Similar with zeolite, due to the replacement of
tetravalent silicon with trivalent aluminium theyé&
charge becomes negative andis mostly neutralized by
hydrated cations in the interlayer space which are
bonded by electrostatic forces to the internal ang$
and can be exchanged with other cations [6].

In this study, a mixture of natural zeolites wigmitonite

as a binder is shaped into Raschig rings and impreg
nated with C&" or F&* after calcination. The aim of this
study is to understand the sorption and desorption
profile of the packing to the cations. The propeoant

of the cation is necessary to the biogas applicatioce
very high concentration of the specific ion could b
harmful to the microorganism. By shaping the solid
media into rings, it is suitable for continuous kggtion
such as in a packed bed anaerobic filter.

2. Methods

During the zeolite packing preparation,water wadead
gradually into a specific mixture of zeolite anchtmnite
powder under continuous manual mixing to produce an
extrude-able paste. The variation of zeolite:beitdon
ratio were 50:50 and 60:40. The mixture then excud
to produce a hollow tube with the outer diametep &f
cm and hole diameter of 1,0 cm, and then carefully
into ring shape of 3 cm in length. The rings theero
dried and calcined at 708C for 1 hour. The solid
materials was analysed using XRD Multiflex Rigaku
and Surface Area Analyzer Nova Micromeritics.

Before impregnation of the targeted cations, tmggi
was homoionized to become Na-zeolite/bentonitesting
Each different bentonite:zeolite ratio was separateo

four parts which each part consists of 4 rings (@db.
Then, each part rings was immersed into 200 ml NaCl
1M solution for 2 days. After the sodium ion exchan

the packings was removed and soaked into deionized
water for 1 day to remove excess Na ions beforen ove
dried and stored in a sealed container. Na coregtr
after immersion step was measured as well as in the
washing solution for calculating Na ion retainedid®

the solid which is provided in Table 1.

Cation impregnation after the packing has been homo
ionized by Na cations, a part of the rings will be
immersed in CoGlsolution to exchange the Na with
Co, and the other part in FeQolution (Figure 1). The
concentration of each solution was varied from @d.5

Makara J. Technol.

Table 1. Packing ID and Na lon Retained

ID zeolite:bentonite weight ion retained
(9) (mg/g)
la 60:40 25.85 38.03
1b 25.30 110.01
1c 25.40 79.13
1d 25.10 166.51
2a 50:50 31.30 36.26
2b 30.94 109.14
2c 30.50 35.12
2d 31.70 41.98

Figure1l. Zedlite/bentonite Ringsunder Cation Exchange

0.05 M. The concentration of each ion involved hie t
impregnated solution before and after immersion was
always analysed using ICP-OES Optima 8300 Perkin
Elmer.

The initial concentration of the selected ion ire th
solution before immersion of the rings & (ppm),
while Cq (ppm) is the concentration in equilibrium after
immersion. Thus the difference of the two conceitna
(C,) can be used for determining how much the uptake
of the cation by the media in gram of catiof) by
immersion in a specific volum¥ (I) of cation solution

(Ea.(2)).

Ca=Co- G 1)
_V.Cy
~ 1000 (2)

Then by knowingx, and also the weight of medien)
the cation sorption can be modelled using well kmow
equation of Langmuir (Eq.(3)) and Freundlich (E}.(4

Ce __ 1 ., Cs 3)
s G
Log [%j :IogK+[%j log Cs (4)

Total cation sorption in here is the combination of
physical adsorption and also cation exchange
mechanism. Even though the sorption mechanismen th
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zeolite and bentonite surface is complex, but the
equilibrium often can be sufficiently modelled by a
simple equilibria equation of Langmuir and Freucilli
isotherm [7].

3. Results and Discussion

Table 1 shows the nomenclature and dry weight ol ea
batch of packing prior NaCl immersion and washing.
Each batch contain the same number of rings (feith)
the similar size and shape. It is clearly seen that
weight of higher bentonite content rings is lardétis
interesting to note that capacity in storing Na isn
varied among the batch with the same ratio. It adnd
due to the variation of zeolite and bentonite proes
as natural products. Meanwhile, the general tréwavs
the higher zeolite content packing (1a-1d) hasearg
capacity of 98.42 mg/g in average, compared witrelo
zeolite rings (2a-2d) of 55.62 mg/g in averagealh be
said that zeolite is better in retainingNhan bentonite.
This figure can also represent cation exchangeoiigpa
(CEC) of the packing.

Analysis of solid media before and after calcinatieas

done using XRD and some solids were characterized -

using surface area analyzer. As shown in Tablde, t
surface area of zeolite and bentonite mixture ihmu
higher than bentonite alone. Micropore of zeolite
mixture is also larger that allows for higher asble
adsorption site for ionic moieties. From Table H &h
show that bentonite rich rings are not favouralde f
sorption and ion exchange. However, significant
bentonite content is necessary for gaining sufficie
mechanical integrity of the packing.

For XRD analysis (Figure 2), the natural zeolite
diffraction is match with mordenite pattern thuse th
natural zeolite contain mostly mordenite crystal
structure. Mordenite has better ion exchange capaci
then common natural zeolite crystal structure i.e.
clinoptillolite. Then, the calcination step doeg adter
any pattern instead of intensifying and sharperimg
peak. It can be said that the heat treatment ineréze
crystallinity of the solids.

Meanwhile, bentonite diffraction pattern shows mont
morillonite structure peaks which also improvedeaft
calcination. The zeolite/bentonite mixture afterl-ca
cination pattern shows a combination between morde
nite and montmorillonite peaks. It is confirmedtttiee

Table 2. Porosity Profile of Selected Samples

Porosity
Zeolite:bentonite B.E.T  Total vol.  Micropore vol.
(m’g)  (cclg) (cclg)
50:50 26.1 0.076 0.0123
0:100 10.3 0.032 0.0042
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mixture is only a physical mixture without any cheat
or structural transformation.

For Fé* impregnation, the adsorption and desorption
behaviour of the media in different Fg@bncentration

is shown in Figure 3. Similar to the sodium ionpimm
capacity in Table 1, the uptake of Fe(ll) also kigfor
packing with more zeolite (1a-1d). The differené¢he
performance is larger for lower concentration. phafile

of sorption at the high concentration region idl sti
increasing, thus the packing does not reach satongét.

The desorption of Fe ion during washing is reldtive
small due to strong attraction of the negative anefof
the packing to the cations especially in low cotregion.

At high concentration the desorbed ion is observabl
due to weaker attraction of the surface which lieaaly
occupied by cation layer.
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Figure 2. XRD Pattern of the Solids
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Figure 3. Sorption Profile of Fein Various Concentration
(d) Indicate Desor ption
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The superiority of packing with more zeolite is cals
shown in Co sorption (Figure 4). However, the’Co
sorption profiles are nearly steady in the higltiahi
concentration region which indicates saturated
condition. The desorption of Co(ll) is observakidigh
concentration, similar to the Fe(ll) isotherm plesi

From Table 3, it can be said that Langmuir equaison
well fitted with the isotherms due to lower R scpdhar
value than Freundlich isotherm. It indicates thag t
attracted cations cover the available surface ofitee
bentonite packing in a monolayer arrangement.

. 7000
@ © €0:40 1c®
£ S
5 @ 60.00 |® 5050 1b 1\5
2% 0 €0:40 (d) 8 8
2L 5000 |gege0q
S E 5050 (d)
B % 4000 1d
53 ° o 8
55 8 2a
S © 3000 2 o
© o
£ L 24
20,00
0.00 0.05 0.10 0.15 0.20

initial Coion concentration in solution {ppm)

Figure4. Sorption Profile of Coin Various Concentration
(d) Indicate Desor ption

Table 3. Isotherm M odél Fitting

: : R
Cation Ratio Langmuir Freundlich
Fe 60:40 0.944 0.853
50:50 0.890 0.860
Co 60:40 0.975 0.840
50:50 0.988 0.860
Table 4. Result Comparison
Ref  Materials Shape and lons Max. capacity
treatment (mg/g)
[8] cement Raschig rings, Pb(ll) 85.0
kilndust;  calcined
zeolite;
bentonite
[9] Bentonite  Powder, acid Cu(ll) 3.8
treated Pb(ll) 6.5
[10] mordenite  Powder, Na- Ni(ll) 53
homoionized
[11] Kaolinit;  Powder, Fe(lll) 28.9
montmoril  calcined Co(ll) 28.6
lonite Ni(lI) 28 4
This  Zeolite; Raschig rings, Fe(ll) 59.9
study bentonite  calcined Co(ll) 57.8

Makara J. Technol.

Table 4 shows the comparison of the maximum cations
uptake capacity of materials from several previous
experiments with this study. It is shown that the
prepared packing from this study has relativelyhhig
maximum capacity compared with the others.
Meanwhile, the rings of cement dust with zeolitel an
bentonite have the highest capacity due to a sgtierg
effect among the three components [8]. However to
prepare the packing, it requires more ingrediemd a
longer processing stages than this study. Tablésal a
confirms that bentonite only has relatively low alg
capacity toward the ions that can be improved by
mixing with high surface area and ion exchange
capacity materials such as zeolites.

4. Conclusion

The prepared packing of zeolite and bentonite shaws
good sorption capacity of metal ions which is ségor
essential nutrient storage in the bacterial imnimdl
application. The storage capacity can be alteradhbying
the zeolite content inside the packing.
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