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 Abstract: Silica scaling is a common problem in geothermal power generation facilities 
which inhibits electricity generation. In order to provide a solution to this problem, the 
removal of silicate ions using CPEG-TOMAC (Chitosan-polyethylene glycol–trioctyl 
methyl ammonium chloride) membrane adsorbent was investigated for geothermal brine 
from Geo Dipa Energy, Dieng. The process is dependent on contact time, pH, and the 
concentration of silicate. An adsorption batch study that used adsorbents for the 
geothermal brine of the Dieng Geo Dipa reactor 28A showed that CPEG TOMAC at pH 
6 resulted in an adsorption capacity of 72.6 mg g–1. Furthermore, the adsorption of silicate 
ions onto the membrane followed pseudo-second-order kinetics and the Freundlich 
isotherm model. 
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■ INTRODUCTION 

The geothermal potential in Indonesia is relatively 
high, which is indicated by the 117 active volcanoes that 
spread across the country [1]. Furthermore, it is estimated 
that Indonesia owns 40% of the world’s geothermal 
energy potential or about 28.617 MW. However, only 
about 4.5% is being utilized as electrical energy [2-3]. The 
Dieng plant is one of the geothermal power plants in 
Indonesia with an installed capacity of 60 MW supplied 
by steam from eight production wells at four locations [4]. 
Silica scaling inhibits electricity generation and is also a 
common problem in geothermal power plants [5,7] 
because scaling decreases the flow capacity of geothermal 
fluid in the pipeline network. Chemical analysis of the 
Dieng brine indicated high silica and salt concentration. 

Silica solubility depends on many factors such as 
pH, temperature, and the presence of organic and 
inorganic matter [6]. The polymorphs of this compound, 
both crystalline and amorphous, have essentially constant 
solubility between pH 2 and 8.5 but increases rapidly from 
9 onwards [7]. However, the solubility is highly affected 

by temperature, i.e., 100–140 ppm at ambient 
temperature and 300 ppm at 70 °C [3,8]. 

There are numerous silica removal techniques, 
including chemical dosing of lime, aluminum, or iron 
salts, antiscalant [9-10], electrocoagulation [11-12], 
adsorption [13-14], ion exchange [15-16], and seeded 
precipitation [5]. Adsorption is a good solution for silica 
scale, which has a high capacity and is used for a specific 
pH level [17-18]. The mechanism employed in this 
process involved the removal of silica in ionic form from 
the solution by adsorption onto active sites on the 
surface of the adsorbent material. Aluminum-based 
adsorbents appear to give the best result [11,19]. 
Generally, metal based adsorbents harm the 
environment because of their toxic nature towards 
organisms, but the adsorbents based on organic 
compounds are environmentally friendly [18-21]. 

Rajeswari (2015) has successfully synthesized 
PEG/chitosan (CPEG) composite material, and it was 
used to remove phosphate from a water system [22]. The 
material can adsorb this ion because phosphate ( HPO4

2–) 
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is an anion that is attracted to the NH4
+ sites of the CPEG 

[22]. Silica dissolves in water as H2SiO4
–, and the 

composite material was discovered to be effective for 
removing H2SiO4

– in geothermal fluid from the Dieng 
Geo Dipa Power Plant. 

Trioctyl methyl ammonium chloride (TOMAC) is 
an emulsifier that increases the solubility of curcumin in 
chitosan-pectin material [23], and the molecules have 
hydrophilic and hydrophobic groups [24]. As a surfactant 
added in the CPEG, TOMAC does not form chemical 
bonding in the composite but forms micelles between the 
material components. In addition, it is estimated to 
increase the adsorption capacity of CPEG which is 
optimizable with TOMAC at certain concentrations and 
pH levels. 

■ EXPERIMENTAL SECTION 

Materials 

All chemicals were obtained from Sigma Aldrich, 
which includes chitosan with a 90% degree of 
deacetylation (80 mesh), polyethylene glycol, stock 
solution of silicate, nitric acid (HNO3 1 N), acetic acid 
(2%), and trioctyl methyl ammonium chloride 
(TOMAC). 

Instrumentation 

The FTIR spectra were recorded on Shimadzu 
Prestige-21 FTIR spectrophotometer with the KBr pellet 
method. The other instruments used were AAS Perkin 
Elmer 400 and SEM-EDS FEI FEG Quanta 650. 

Procedure 

Preparation of CPEG composites 
Chitosan was dissolved in 2% acetic acid using a 

mechanical stirrer, while PEG was dissolved in distilled 
water in another beaker. Then, PEG was added to the 
chitosan solution and blended by the stirrer in a boiling 
water bath for 2 h. Afterward, extra chitosan was then put 
into the solution, shaken at 80 °C for 6 h. Finally, this 
solution was poured and cooled on a Petri dish for 3 days 
until the material was dried and then used as an adsorbent. 
Furthermore, the TOMAC added to the membrane 
mixture was varied as 0, 1, 3, and 5% by weight of the 
membrane. 

Adsorbent characterization 
The IR spectra of the membranes were recorded by 

Fourier Transform Infrared Spectrometer (FTIR), while 
the surface morphology and elemental composition of 
the adsorbent before and after the adsorption process 
were analyzed by using a Scanning Electron Microscopy 
(SEM). 

Adsorption experiments 
Batch adsorption experiments were carried out, 

where about 0.1 g of the membrane was immersed into 
50 mL of 20 mg L–1 adsorbate solution at the temperature 
of 90 °C. At first, the silicate adsorption efficiency of the 
membrane was studied with varying parameters of pH 
(3–9) and contact time (10–60 min). Then, the sample 
from PLTP Geo Dipa Dieng was interacted with the 
adsorbent in the same condition. 

Sampling method 
The sample was obtained from PLTP Geo Dipa 

Dieng, in which the temperature, pressure, and pH 
features of the location were measured before sampling. 
The water baler or dipper was rinsed twice, while the 
sample was stored in bottles and acidified to pH < 3 by 
HNO3 solution. 

■ RESULTS AND DISCUSSION 

Preparation and Characterization of CPEG 
Composites 

CPEG composite was prepared by using the same 
method as reported previously [22]. Fig. 1 shows the 
FTIR spectra of CPEG and CPEG-TOMA alongside 
PEG and chitosan. 

Fig. 1(a) shows the vibration peak of PEG, a 
polymer that shows a bending vibration of C–H at  
1456 cm–1 and –C–H stretching at 2869 cm–1. The 
vibrations peak of –OH PEG appears at 3500 cm–1. The 
vibrations of the functional group of chitosan in Fig. 1(b) 
show a characteristic peak at 1571 cm–1, stretching of 
C=O at 1656 cm–1, and hydroxyl vibration at 3478 cm–1. 
CPEG membrane shows that a characteristic peak at 
3424 cm–1 is attributed to stretching the vibration of  
–NH and –OH groups of the chitosan matrix, while the 
amide peaks of this polysaccharide are slightly shifted to 
1632 and 1525 cm–1. The shifts were possibly due to the  
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Fig 1. FTIR spectra of (a) PEG, (b) chitosan, (c) CPEG, and (d) CPEG-TOMA 

 

 
Fig 2. FTIR Spectra of CPEG (a) before and (b) after 
adsorption of silicate 

presence of hydrogen bonding between the amide 
carbonyl and the PEG hydroxyl. The absorption band at 
1382 cm–1 indicated the bending vibrations of C–H. 
Furthermore, the increased intensity of the peaks at 
around 2884 and 1100 cm–1 indicated the stretching 
vibration of the CH groups and the C–O–C of PEG. The 
disappearance of peaks at 953 and 839 cm–1 is attributed 
to the formation of CPEG as a composite material. 

IR spectra of the CPEG-TOMA membrane before 
and after adsorbing silicates are shown in Fig. 2. A peak at 
3472 cm–1 is attributed to –OH groups stretching 
vibration in the CPEG-TOMA matrix, while the one at 

1636 cm–1 indicated –NH vibration. Furthermore, the 
peak at 1119 cm–1 indicated the stretching vibration of 
the C–H groups and the C–O–C of CPEG-TOMA. 
Therefore, the three peaks have low intensity because  
–NH groups have interacted with the silicate anions. The 
active site of chitosan (–NH3

+) interacted with H3SiO4
– 

by electrostatic force, which affected the intensity and 
peak position of the –NH2 group. 

The existence of silicate on the CPEG membrane 
before and after adsorption was confirmed using SEM-
EDS, as shown in Fig. 3. The EDS spectra confirmed the 
adsorbent composition after the adsorption process. 
However, the elements such as C, O, N, and Cl still 
appear because they are the main constituent of the raw 
material. After the process, silica (Si) present as the 
dissolved form in the geothermal fluid was absorbed 
onto the CPEG with 1% TOMAC. In addition, the 
membrane also had a high-intensity chlorine peak as the 
Geo Dipa Dieng plant has a chlorine type reservoir with 
relatively high chloride ion concentrations. 

Effect of TOMA Addition 

Fig. 4 shows the SEM images of the synthesized 
samples with the variation of the TOMA concentration. 
The TOMAC addition to the CPEG resulted in the 
change in the porosity of the material, but no significant  
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Fig 3. SEM image of (a) CPEG-1% TOMA, (b) adsorbed silicate on CPEG 1% TOMA, and EDS spectra of CPEG 1% 
TOMA (c) before adsorption, (d) after adsorption of silicate 
 
change in regards to that effect was shown upon 
increasing the concentrations of the surfactant from 1 
until 5%. 

Effect of pH 

The effect of pH was determined at three different 
levels namely pH 3, 6, and 9. The variation was conditioned 
based on the geothermal reservoir condition, i.e., acidic 
condition at pH 3, neutral condition at pH 6, and basic 
condition at pH 9. The adsorption of silicate by the CPEG 
composite membrane at various pH levels is shown in Fig. 5. 

The results indicated that the pH of solutions had an 
influence on the adsorption of silicate onto CPEG. The 

highest adsorption capacity obtained at pH 6 was mainly 
due to strong electrostatic interaction between the 
positively charged sites of the adsorbent. In this case, the 
adsorbent is suitable to remove the silicate anions of the 
Dieng Geo Dipa brine. 

Effect of Silicate Concentration 

The effect of the initial concentration of silicate on 
the adsorption capacity of the adsorbent is shown in Fig. 
6, and these data were used to determine the adsorption 
isotherm model. Increasing silica concentration reduces 
the percentage of adsorption, but the membrane’s 
capacity elevates by  increasing the initial  concentration.  
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Fig 4. SEM image of CPEG membrane (a) 0% TOMAC, (b) 1% TOMAC, (c) 3% TOMAC, (d) 5% TOMAC 

 

 
Fig 5. Effect of pH on the adsorption capacity of the CPEG 
composite material 

 
Fig 6. Effect of silica concentration on the adsorption 
capacity of the material 

 
At a low amount of the compound, the membrane still has 
abundant active groups to ensure that almost all anions 
are attached to it subsequently. The increase in 
concentration caused the number of active groups filled 
with silicate anions to elevate reaching the maximum 

level, which results in the inability to bind more 
adsorbate. The continuous increase in the attached 
silicate anions caused a rise in the interaction with the 
available active sites. The increase in the interaction 
continues until the surface of the adsorbent is saturated, 
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or when the active site is no longer available. Based on 
these data, an adsorption isotherm model was 
determined. The adsorption isotherm helps describe the 
interaction between the adsorbent (CPEG composite 
membrane) and the adsorbate (dissolved silica), the 
surface properties of the adsorbent, and its capacity. The 
isotherm models used in this study are the Langmuir and 
the Freundlich models. 

The silicate adsorption capacity of the CPEG 
composites was been evaluated using the Langmuir 
isotherm model as given in Eq. (1): 

e e

e L max max

C C1
q K q q

= +  (1) 

The linear plots between Ce/qe vs. Ce are capable of 
providing qmax and KL information. 

Freundlich isotherm model is an empirical equation 
based on adsorption on a heterogeneous surface, and its 
logarithmic form is given in Eq. (2): 

e e f
1lnq lnC lnK
n

= +  (2) 

Freundlich isotherm constants 1/n and Kf were 
calculated from the slope and the intercept of the plot of 
ln qe vs. ln Ce, which are related to the measure of 
adsorption intensity or surface heterogeneity and capacity, 
respectively. The constant values for both models (Table 
1) show that the adsorption of silicates on the membrane 
of this adsorbent follows the Freundlich model. 

Effect of Contact Time 

Fig. 7 shows the adsorption capacity of the CPEG 
membrane with 1% TOMAC for silicate ions at various 
contact times. 

Fig. 7 shows that the adsorbent, CPEG composites,  
 

reached saturation at 60 min and remained almost 
constant afterward. Thus, the PEG/CPEG composites 
were found to be suitable for the adsorption of silicate 
ions from bulk solution onto the active sites of the solid 
surface, and the minimum time required for this process 
was 60 min. Through modeling, the qt vs. time 
experimental data was more suitable with the pseudo-
second-order adsorption kinetics model compared to 
the first-order. The second-order model produced an R2 
value of 0.9923 with a qe value of 40.0 mg g–1 and k2 of 
1.13 × 10–3 g mg–1 min–1. 

 
Fig 7. Effect of contact time on the adsorption capacity 
of the CPEG membrane with 1% TOMAC 

Table 1. Parameters for Freundlich and Langmuir 
isotherms for CPEG 

Langmuir Freundlich 
qmax (mg g–1) 45.46 Kf (mg g–1) 2.21 

K (L mg–1) 5.2 × 10–4 N 1.64 
R2 0.9382 R2 0.9858 

Table 2. Information on the sampling location 

Information 
Location of Sample 
Reactor 30 Reactor 30A Reactor 28 Reactor 7B Reactor 7C 

Latitude -7.1938 -7.1938 -7.2035 -7.2014 -7.2006 
Longitude 109.900 109.900 109.900 109.88 109.88 
Altitude 2094.69 2094.69 2108.84 1948.74 2178.32 
Pressure (bar) 0.76  0.76 0.76 0.76 0.76 
Water Temp (°C) 89.3 89.1 90.5 91.0 91.0 
Air Temp (°C) 21.0 21.0 20.0 20.0 20.0 
pH 6.22 6.19 6.15 6.24 6.26 
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Table 3. Comparison of the silicate ion adsorption capacity of CPEG with other reported adsorbents 
Adsorbent  Adsorbate Adsorption capacity (mg g–1  Reference 
Gallic-acid modified resin Silicate 4.64–4.94 [25] 
Cation resin  Silicate 6.6  [16] 
Geothite  Silicate 6.12  [26] 
AA101 T20 Silicate 5.0  [11] 
AA101 T30 Silicate 7.5  [11] 
Ferrihydrite  Silicate 34.2  [27] 
CPEG Silicate 72.6 The current study 

 

 
Fig 8. Effect of TOMA concentration on the adsorbent 
material capacity to adsorb silicate from the geothermal 
fluid of Geo Dipa 

Application of CPEG on Geo Dipa Dieng Geothermal 
Brine 

Geothermal fluid was obtained from Geo Dipa 
Dieng, and the reservoir condition is shown in Table 2. 

The adsorbents were tested to remove silicate from 
the geothermal fluid. Fig. 8 shows the effect of TOMAC 
concentration on the material capacity. The adsorption 
capacity was high when the concentration of TOMAC was 
1%. This effect is mainly due to the strong electrostatic 
interaction between the positively charged sites of the 
adsorbent and the silicate anions and their entrapment in 
the pores. A comparison of the adsorption capacities of 
CPEG with other materials is given in Table 3, which shows 
the advantages of the adsorbent being developed. 

■ CONCLUSION 

In summary, CPEG composite materials were 
studied with different parameters, and the silicate ion 

adsorption capabilities of these adsorbents were also 
investigated. The number of ions adsorbed elevated with 
increasing concentration of silicate. The optimum pH 
for the adsorption was pH 6, which is the average level 
for geothermal fluid. The adsorption isotherm data fit 
the Freundlich model, while the reaction rate followed 
second-order kinetics. The adsorption capacity (qe) of 
the prepared CPEG membrane with 1% TOMAC was 
72.6 mg g–1, higher than the other adsorbents. The results 
obtained in this study illustrated that PEG/Chitosan 
composites are promising materials for silicate ion 
removal from aqueous solutions in geothermal systems. 
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