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The fast growth of the various industry caused increase waste and contributes the pollution
of aquatic environment™®, Heavy metals are known to have high toxicity and carsinogenic
which tends to affect the lives of humans and other living beings. This is because heavy metals are
very difficult and furthermore they are resistant to bacteria or decomposition processes which result
in excessive accumulation of concentrations in the aquatic environment exposed by heavy metals
continuously'™!', Cadmium is one of the most toxic and harmful metals. This is dangerous for
humans because in relatively small quantities can lead to death in poisoned creatures. This is due to
the biological systems of the human body, these metal are non-essential . Industrial activities
involving cadmium use include textile industry, battery manufacture, metal coating, paint / color
ink, printing, agrochemicals etc.'* !
Most about studies adsorption process of heavy metals using adsorbents as rice husk ash'>"?2! fly
ash'*1718 coal fly ash'3'®, peat and mollusk ¥, activated carbon'’, moringa oleifera bark'' have been
done. The adsorption process about used of adsorbents such as rice husk ash, fly ash, peat and
mollusk shell, chitin??, algae ** have been widely used in the release of Cadmium in both wastewater
and aqueous solution using fixed bed column studied is report'>'*. But the use of volcanic ash as an
adsorbent to removal Cadmium has not been used. There are only a few studies that have used
volcanic ash as an adsorbent *%%, Base on recent situation the main objective of this research was to
determine the adsorption capacity of silica gel from volcanic ash Sinabung as an adsorbent to
removal cadmium from aqueous solution by fixed bed column method including flow rate, pH, and
concentration of Cadmium.

EXPERIMENTAL
The volcanic ash was taken from four villages at Kecamatan Simpang Empat- Karo District,
those are Desa Beras Tepu, Sigarang-garang, Kuta Gunggung, and Kuta Rakyat. The villages
distance is around 3, 4, 5 and 6 Km to the top side of Sinabung Mountain. Then, it was brought to
research laboratory of Chemistry Department- University of State-Medan. Subsequently, it calls as a
sample.

Characterization of Volcanic Ash
The sample was sieved to generate the homogenized sample (200 mesh). After that, the sample was
characterized with XRF.

Synthesis of Silica

20 gram of volcanic ash was soaked into 120 mL HNO3 for 24 hours. Then, it was dried on the
oven at T = 120° C and 6 hours and its weight were recorded. Subsequently, the volcanic ash was
destructed with 156 mL NaOH 4M until the viscous at the furnace. It will be carried out at 500
°C and 30 minutes. After that, it was added 200 mL water for 24 hours.Finally, the solution was
filtered and characterized by using AAS. It is denoted as Na-Silicat (Na2SiO3)

Synthesis of Silica Gel

20 mL Na-Silica solution was put into porcelain. HCl 3M was gradually dropped on Na-Silica and
stirred until the white gel was formed and pH gel was neutral. Then, silica gel was filtered and
rinsed with water until its pH was neutral. Finally, silica gel was dried into the oven under
conditions T = 120 °C for 6 hours. Silica gel was characterized by using AAS, FTIR, XRD and
Surface Area Analyzer, respectively.

Fixed Column Adsorption Studies of Cd(II)

Silica gel that had synthesized used as adsorbent using fixed column method. The column that was
used has the diameter of 1.7cm and the amount of silica used in each study was 0.5 grams. The
respective concentration of Cd(II) solution flowed through the column with the respective amount
flow rate and pH value. The effluent solution then collected every 15 minutes and the concentration
was measured to calculate the adsorption capacity of each study to determine the optimal amount of
flow rate, initial concentration, and pH value of column adsorption.
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XRD patterns show broad peaks at 20 = 20-24°. It indicates silica that the XRD data of
volcanic ash from Kuta Rakyat, Kuta Gunggung, Sigarang-Garang, Beras Tepu is shown the 20
number of Beras Tepu is lowest among the others (20 = 21.8800) with a diameter (d) = 4.05889 A
(0.4059 nm). On the other hand, 20 number of Kuta Rakyat is highest among the others 20 =
24.2600 with d = 3.66582 A (0.3665 nm). XRD data also shows that the silica is amorphous which
it is possible to be applied as adsorbent %,

Analysis of BET

Characterization of silica surface area is characterized by BET aims to determine the pore radius
and surface area of silica gel. Base on XRD data, silica gel of Beras Tepu is so special due to crystal
and the 20 number. Therefore, the BET number is determined. Figure-6 presents the nitrogen
adsorption/desorption isotherms measured for the silica.

The results showed that the average pore radius of 1,5469x10" A, pore volume total of 2,900 x 10!
ml/g for pores smaller than 1387.4 A (Radius), surface area 374,994 m?/g. Base on The
International Union of Pure and Applied Chemistry (IUPAC) that the silica gel is micropore™.
Compared with previous research, the synthesis of silica gel from sands of S{)uthem Tunisia, which
is specific surface area exceeded 340 m*/g*' is much wider, so it is suitable for use as an adsorbent
in the adsorption process.
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Fig.-4: FTIR Spektra of Silica from A.Kuta Rakyat, B. Kuta gunggung, C. Sigarang-garang, D. Beras Tepu

Fixed Column Adsorption Studies of Cd(II)

Effect of Influent Flow Rate

An adsorption study was carried to determine the optimal flow rate of Cd(Il) adsorbate in the
column adsorption. The flow rates variations were 3mL/min, 4mL/min, and SmL/min. The
adsorbate concentration used was 24 mg/L and the pH of influent was adjusted to 5. The
experimental parameter is described in Table-2. In order to determine the optimal influent flow rate,
the breakthrough point and the adsorption capacity of each column study are calculated. The
breakthrough point of each column study is shown in Fig.-7.

The result shows that the adsorption capacity of Cd(Il) is increasing flow rate 3mL/min to flow rate
4mL/min then decreases in flow rate 5mL/min. An increase in flow rate reduces the metal ion
solution treated efficiently until a breakthrough point and therefore decrease the contact time
between the metal ion and the silica gel. When the flow rate decreases, the contact time in the
column is longer, pore diffusion then becomes effective. Thus metal ions have more time to diffuse
to the porous of silica column and the better adsorption capacity is obtained®>. However, the
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increasing adsorption capacity from flow rate 3mL/min to 4mL/min is happened due to the optimal

effect of silica gel, where from experiment the optimal adsorption capacity obtained is at flow rate

4mL/min.
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Fig.- 5: XRD imange of Silica from A.Kuta Rakyat, B. Kuta gunggung, C. Sigarang-garang, D. Beras Tepu

Table-2. The experimental Parameter of Adsorption Study Using Different Flow Rate

SO . W— Fixed Bed Column Adsorption Experimental
P . ) Experiment 1 Experiment 2 Experiment 3
fluent Flow Rate (mL/min) 3.00 4.00 5.00
Influent Cadmium Concentration (mg/L) 24.00 24.00 24.00
Silica Gel (g) 0.50 0.50 0.50
pH of Influent Solution 5.00 5.00 5.00
Service Time (min) 180 180 180
Total Cadmium Solution Treated (L) 0.54 0.72 0.90
Total Cadmium Adsorbed (mg) 9.879 | 10.690 9.806
Adsorption Capacity (mg/g) 19.759 | 21.380 19.612
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Fig.- 6: Isotherms Data Measured at 77.350K
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