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Abstract—The purification process of biodiesel requires an adsorbent to reduce glycerin content releasing high purity
of biodiesel. The adsorbent must be affordable in source and process, readily available, and have high adsorption capac-
ity. This paper discusses utilization of silica aerogel from geothermal waste as an adsorbent of biodiesd to reduce glyc-
erin. The paper investigates the potential of a high silica content of geothermal waste as silica adsorbent by observation
of the glycerin adsorption capacity and its kinetics study. At the beginning, geothermal silica preparation was subjected
to the purification of geothermal silica waste using sulfuric add, sol-gel process, and drying process at ambient pres-
sure. This research was statistically carried out by varying the volume ratio of HCl to sodium silicate (3-5), drying time
(1-2 hours), and percent weight of silica (3-5%-w) using Design-Expert" Version 8.0.6 (State-Ease, Inc). The silica
product was characterized through BET, FTIR, XRE and XRD analysis. Analysis of untreated and treated biodiesel
used GPC, GCMS, and titration based on Indonesian National Standard (SNI) of No. 06-1564-1995. The optimum
conditions for preparation for removing glycerin in biodiesel was reached at ratio volume of HCl to sodium silicate of
3:1, 2hours of drying time, and 3%-w silica adsorbent. The optimum of surface area of the s ilica adsorbent and the
glycerin adsorption capacity can be attained at 371 m/g glycerin and 10+0.1 mg/g, respectively. Further meaning, the
glycerin concentration in biodiesel can be reduced from (4+0.10)% to (0.1£0.01)% sing the silica adsorbent per-
forming biodiesel characterization according to SNI in terms of glycerin content. The second-order pseudo model can
be used to describe the glycerin adsorption in biodiesel by determination of k at 0.0036 g/mg min at the optimum con-
dition preparation.
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INTRODUCTION with different kind of catalyst: homogeneous [13], heterogeneous

[13], and enzyme [14]. Several methods of the biodiesel

Energy demand considers to be dominated by fossil fuels at
around 80% [1]. According to data from Secretariat General of Indo-
nesian Ministry of Energy and Mineral Resources 2019, domestic
petroleum production decreased around 18% over the last 10 years.
Therefore, the Government of Indonesia declared Government
Regulation number of 79 in 2014 regard to the National Energy
Policy (NEP) to develop alternative energy sources. There are sev-
eral current studies focusing on alternative fuel for diesel engines.
The alternative energy diversification is denoted as biogas [2], bioeth-
anol [3], and biodiesel [4].

Biodiesel can help in achieving environmental sustainability. Bio-
diesel reduced the exhaust emissions of carbon monoxide, hydro-
carbon, and smoke intensity by 81%, 30%, and 26%. NO, emissions
decreased on an average of %% at all engine speed when compared
to euro diesel [5]. Therefore, biodiesel can be reflected as consider-
able interest in terms of environment friendliness. Biodiesel can be
produced by mixing long chain fatty acids from vegetable oil [6],
animal fat [7], used cooking oil [8], food waste leachate [9], mix-
ture of Rhizopus oryzae and Candida rugosa lipases [10], microalgae
[11], Jatropha curcas, Pungamia pinnata, soya bean, sunflower [12]
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production have been commonly prepared by ultrasonic
irradiation, microwave, batch process, and supercritical process
several [15]. Among these, transesterification is affimed as the
cost-effective method widely used for biodiesel production [12].

The presence of excess impurities, such as methanol, catalyst,
and glycerin, affects the quality of biodiesel [16]. The presence of
water in biodiesel can promote corrosion, trigger bacterial growth,
and reduce combustion heat. The presence of methanol residual in
biodiesel reduces flash points, viscosity, and density. The presence
of catalyst may damage the injector. While, from the presence of
glycerin in biodiesel can appear problems in storage by formation
of deposits in the nozzle and tank, and increase of aldehyde emis-
sions [17]. Therefore, biodiesel product must comply with SNI
(Indonesian National Standard) 7182:2015, ASTM D 6751, and EN
14214. The standard spedification for biodiesel fuel can be listed
such as minimum methyl ester content of 96.5%-w, maximum total
glycerin of 0.24%-w;, and maximum water of 0.05%-w.

Biodiesel purification is divided into two methods: dry and wet
‘Wet method involves hot water-washing (18] to dissolve the con-
taminants. However, the water releases emulsion formation such
as soap which cannot dissolve free fatty acids. The biodiesel then
acquires low quality. In addition, aqueous effluent from wet method
can induce a detrimental environmental impact [19]. Contrary to
wet method, the dry method was developed using ion exchange
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resin [20] and adsorbent treatment. The adsorbents in dry method

are several types such as commercial magnesium silicate (Magne-

sol) [21,22]. However, the application of Magnesol at ndustrial level is
still restricted by high cost [23]. Therefore, alternative adsor-
bents have been investigated, such as starch [24], cellulosic [24,25],
rice husk ash, cow dung ash [15], and silica, such as fumed silica
[26]. Adsorbent for biodiesel purification have been investigated
using natural adsorbent derived from cellulose and starch from
many kind of sources (maize, potato, cassava, and rice). These
adsorbents release good feasibility and good efficiency in
discharge impurities compared to another technique by the
aqueous washing and another adsorbent of Select 450 [27]. In
addition, the removal of glycerin from biodiesel using sil-ica
achieved high purity of the resultant biodiesel [28,29] because
glycerin has a great affinity for the silica surface [30]. Recent
inves-tigations by researchers indicate the impurities removal of
biodiesel can be succeed by using the silica-based waste
products. [22]. Many sources of silica material can be found,
such as rice husk ash [31], cow dung ash [15], chamotte clay [23],
geother-mal waste [32-34]. Rice husk contains ~20% silica [31],
cow dung ash contains 23.56% silica, chamotte day contains
56.46% silica [23], geothermal waste contains 98.2% silica [33].
Therefore, geothermal waste can be used as a source of silica to
produce adsorbents for biodiesel purification.

The polar substances such as glycerin can be easily attracted by
basic and acidic adsorption sites of these adsorbents [15]. Glycerin
has a great affinity for the silica surface [30]. It is con-sidered to
modify silica to have appropriate physical properties [35- 39]. The
physical properties are expected to have a large surface area to
support the affinity of silica for glycerin [40-42].

The applications of silica are already broadened to many fields,
such as aerospace applications, heat insulation, construction [43],
adsorbent [44], brane [45], sensor, catalyst [46], and storage
media [47]. Silica has been used as an adsorbent for heavy metals
such as P, Hg, and Cd [48], water vapor [49], and biodiesel [41].

Silica precursors generally used are silicon alkoxide and sodium
silicate [50], alkyl-alkoxy/chloro silane (organosilane) compounds
[51]. Alkoxide precursors are very expensive and carcinogenic [52].
According to economic reason, sodium silicate precursor can be used
to replace the other precursors [53]. The natural resources assod-
ated with a source of silica are rice husk [22], wheat straw [54], and
geothermal solid waste [55]. The geothermal plants in Dieng gen-
erate geothermal solid waste of more than 10 tons/day and con-
tain approximately 10%-w of solids, which have been observed in
many utilizations [56-60]. It is a challenge to utilize geothermal solid
waste as a silica source by preparing silica aerogel as an adsorbent
of biodiesel to reduce the glycerin.

This paper discusses the utilization of geothermal silica waste from
geothermal plants to release sodium silica (water glass) as precur-
sor It resulted in the silica adsorbent for reducing the glycerin
content in biodiesel by using sol-gel process and ambient pressure
drying. After finding the glycerin adsorption capadity of the adsor-
bent, we examined the kinetic study for the adsorption. glycerin.
By determination of the appropriate kinetics model, it was obtained
by approaching the adsorption rate constant using pseudo-first
order and pseudo-second order.

EXPERIMENTAL

1. Materials

Sulfuric acid 95-97%, sodium hydroxide 97%, ethanol 96%, NalOQ,
9%, C,H,0, 99.5%, methanol were supplied from Merck. Hydro-
chloric add 37% was purchased from Mallinckrodt bromothy-
mol blue was purchased from BDH Chemicals, geothermal silica
waste was procured from geothermal plant in Dieng- Indonesia. Fry-
ing oil was purchased from marketplace with brand of PT Smart
TbkDistillated water was provided from institution laboratory.
2. Methods
2-1. Adsorbent Preparation

Geothermal silica waste was dried at 105°C for 24 hours [32].
Then, leaching process was conducted for 105 min at 100°C with
a ratio of 20% silica and H,SO, 1 :4 wiv [57]. Afterward, the leached
silica was washed using distilled water until neutral pH, then dried
at 105°C [58]. The dried silica at certain weight was contacted with
2N NaOH for 1 hour at 95°C to release 5%-w/w sodium silicate.
Later, the impurity solid was separated from filtrate of sodium sili-
cate. Afterward, the sodium silicate solution was mixed with 1N
HCL The solution was then introduced aging for 12h. The wet sil-
ica gel was washed until neutral pH [61]. The silica gel was then
immersed in ethanol solution at a ratio of 1:3w/v for one day.
Thereafter, the silica gel was dried at 70 °C for 1-2 h, subsequently
at 150°C for 1-2 h under ambient pressure drying [62].
2-2. Production of Biodiesel

The procedure of biodiesel preparation is referred to in previous
research [63]. Commercial frying oil was heated at 45 °C. Solution
of KOH 5%-w/w palm oil was prepared and mixture of the oil and
methanol was heated at 60 °C simultaneously with ratio of 6 mole
methanol to 1 mole frying oil. Then, the KOH solution was mixed
into the mixture for 1 h at 60 °C. Afterward, the solution was sepa-
rated in a funnel and let stand for one day to obtain biodiesel and
glycerin from the top and bottom layer glycerin of the solution,
respectively:
2-3. Glycerin Adsorption Analysis and Soap Analysis

The glycerin adsorption analysis procedure adopted previous
research [64]. Certain amount of the adsorbent was added into
100 ml of the biodiesel and was then stirred at 120 rpm at 30 °C for
120 minutes. The glycerin content test was carried out using titra-
tion method with triplicate determination based on Indonesian
National Standard (SNT) of No. 06-1564-1995. Eight grams of bio-
diesel was dissolved in 10ml of distillated water. Bromothymol blue
was added as an indicator. The solution was acidified using 0.1 M
H,SO, until a yellow-green color. Then, the solution was neu
ized using 0.05 N NaOH until forming a blue color. Afterward, 1
mL of NalO, was added and the solflion was stirred slowly. The
solution was kept in a dark room at room temperature for 30
minutes. The solution was addﬂvh‘h 2mL of ethylene glycol and
allowed to stand in a dark room at room temperature for 20 minutes.
Subsequently, the solution was diluted with 60mL of distillated
water with bromothymol blue as an indicator: After that, the solu-
tion was titrated with using 0.5 N NaOH until a color of blue was
attained. This procedure was also conducted for blankssolution,
ie, reagents without any samples. The glycerin content was calcu-

lated by the formula in Eq. (1) as follows (SNI 06-1564-1995):
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_(Tl—Tz)xNx9_209

GC (%) -

(1)
where

GC  =glycerin content (%)

T, =volume of NaOH for sample titration (ml)

T,  =volume of NaOH for blanks titration (ml)

N =normality of NaOH (N)

W =sample weight (gr)

9.209 =glycerin factor

The glycerin content in percent weight can be converted into dimen-
sion unit of mg/L as concentration by using Egs. (2) and (3):

weight of Glycerol= GC (%) xweight of Biodiesel (2)
Glycerol concentration = Weight of glycerol (3)

Volume of biodiesel

Meanwhile, the soap produced during the biodiesel preparation was
analyzed by using a modified version of AOCS method Cc 17-79
[65]. The sample was dissolved in 100 mL of acetone mixing with
2% of distillated water Add 2 mL of the phenolphthalein 1% in
isopropyl alcohol was added. By using titration with 0.01 N hydro-
chloric acid, the sample had a color change from red to dear. This
required titrant was then called with A. Later, the solution was
added 1 mL of bromophenol blue indicator in 4% water. The solu-
tion color changed from blue to yellow. The required titrant of hy-
drochloric acid was designated as B. This second titration was
denoted as the amount of soap by using Eq. (4). The titration method
in triplicate measurements with reliability of 90% and confidence
interval of 95% resulted in soap adsorption during the glycerin ad-
sorption.

Bx0.1 %3044
L000x W

where:

B =the required hydrochloric acid in second titration (mL)
0.1  =the normality of HCI (N)

304.4 =the molecular weight of sodium oleat (g/mol)

W =the sample weight (g)

=g of soap/g of sample (4)

24, Experimental Design

The experimental was designed on statistical method using cen-
tral composite design with three variables: volume ratio of HCL to
sodium silicate as A with range of 3 to 5, drying time for each tem-
perature as B at 70°C and 150 °C (each temperature of 1 and 2
hours), and adsorbent weight of the silica as C with range of 3-
5%-w: These experiments were conducted in 20 experiments with
one response of q, Le., glycerin adsorption capadty (Table 1). Glyc-
erin adsorption capacity can be calculated from Eq. (5) with the
glycerin concentration conversion of Egs. (1) to (3). The responses
were performed in triplicate determination by titration in order to
calculate standard deviation, average, and standard error of mea-
surement with 95% of confidence interval (CI) and reliability of
0.9 for each response data. Experimental design was used to ana-
lyze the data using Design-Expert” Version 8.0.6 (State-Ease, Inc)
by using ANOVA (analysis of Variance).

Table 1. Experimental design

Run A B C q
1 3 2 5 5£0.10
2 3 2 3 10+0.06
3 3 1 5 5£0.03
4 5 2 3 9+0.10
5 4 1.5 4 7+0.10
6 4 1.5 2318 12+0.10
7 5 1 5 6+0.07
8 4 1.5 5.682 5£0.09
9 4 0.66 4 74020
10 5 2 5 6£0.10
11 4 1.5 4 740.10
12 3 1 3 10+0.10
13 4 2341 4 7£0.10
14 4 1.5 4 74010
15 4 1.5 4 7£0.09
16 5 1 3 9+0.06
17 5.682 1.5 4 7£0.10
18 4 1.5 4 740.335
19 2318 L5 4 6+0.042
20 4 1.5 4 7£0.184

A: ratio of HCI to sodium silicate (v/v)

q¢ the glycerin capacity adsorbed at time t (mg/g)
B: drying time (in hour)

C: weight percentage of the silica

3
The adsorbed glycerin capacity fcrgcperimerml data (mg/g) was
obtained by Eq. (5):
_V(C,-C)
T om

(5

where C, denotes the initial glycerin concentration (mg/L) and C,
denotes s the glycerin concentration at equilibrium (mg/L). V reflects
the volume of solution and m represents the weight of adsorbent
in biodiesel purification.
2-5. Characterization

The silica was characterized in the acid leaching and in the glyc-
erin adsorption by using XRD and FTIR, respectively. While the
treated and untreated biodiesel were analyzed by GCMS. These
characterizations were used to confirm the result of analysis of glyc-
erin and soap. Furthermore, the XRD instrument was used Pana-
Iytical (Type of Expert Pro). The FTIR analysis used Shimadzu
with type of IRPrestige21 by transmittance mode of acquisition.
The GPC analysis used TOSOH EcoSEC Elite GPC. The BET analy-
sis used the autosorb IQ Quantachrome Instruments from Anton
Paar The GCMS applied the GCMS type of TQ8030 from Shi-
madzu.
2-6. Calculation of k

'Ihc experimental data of kinetics study were analyzed using

pseudo-first order and pseudo-second order [66]. The kinetics study
was carried out using the adsorption test at optimum conditions
of the experimental design variables, at room temperature, and stir-
ring speed of 120 rpm. It was carried out by glycerin sampling

Korean ]. Chem. Eng.




every 10 minutes to obtain glycerin Q.Eption capacity until equi-
librium conditions. The experimental kinetics data were modelled
using pseudo-first-order (Eq. (6)) and pseudo-second-order (Eq.
@)
k

log(q.~q)=logq.~ 5555t (6)
where k; (1/min) is the adsorption rate constant in the pseudo-
first order, g, reflects is the glycerin capacity adsorbed at equilib-
rium and characterized by a constant glycerin concentration, and
q, (mg/g) is the glycerin capacity adsorbed at time t By means of
d
d—i versus (q.—q,), the adsorption
rnq:lonstant (k,) can be determined.

e pseudo-second order model can be expressed by Eq. (7)

the slope and intercept point of

Lt 1t
S
¢k, a.

where k, (g/mg-min) can be determined by plotting t/q, as the ab-

scissa and t as the ordinate.

(7)

qs

RESULT & DISCUSSION

1. Synthesis of Silica Aerogel

Geothermal silica waste was used as raw material to produce
silica aerogel through a precursor of sodium silicate. Geothermal
waste has an element content of silica up to 86.3% [33]. XRF anal-
ysis was carried out to determine the silica content in the geother-
mal silica waste. Based on Fig 1, the silica content in geothermal
‘waste was up to 80.7%.

S. Silviana et al.

Fig. 1 shows the results of XRF analysis. Based on the results, sil-
ica content from geothermal silica waste can be used as an adsor-
bent for biodiesel purification [41]. The adsorbent would be expected
to have a large surface area and have good affinity for the silica
surface. This properties will cause the adsorbent to be highly selec-
tive to remove glycerin in biodiesel purification [30].

However, the geothermal silica waste must be leached out of
impurities such as organic and metal oxides [33]. The add leach-
ing process can be described with following reactions using sulfu-

ric acid:
3H,S0,,y—>6H +3507 (8)
Fe,0,+6H +350] —Fe,(S0,)},+3H,0,, C)]

Fig. 2 shows that silica content after leaching process increases
up to 94.9% with decrease of heavy metal content. Meanwhile, XRD
analysis was carried out to determine the composition of the geo-
thermal silica waste. Fig. 3 shows the results of XRD analysis (pat-
terns intensity against 26). The absence of XRD lines with high
intensity shows the amorphous properties of silica. There were no
other XRD lines in XRD pattern, implying that the material con-
sisted of mostly SiO, Peaks 26 at intensity of 22.5" and 22.28"
show the amorphous of SiO, from before and after add leaching,
respectively [67)]. Fig. 3 shows the geothermal silica waste is more
intense after the acid leaching process. It reveals that the geother-
mal silica waste after leaching process has a higher silica content
than that of before leaching The XRD lines have broad peak in
amorphous material due to the presence of short-range order. Mean-
while, an amorphous XRD line of leached SiO, was shifted to lower
26due to increase of thermal treatment in the sol-gel process [68].

The leached silica was then reacted with NaOH to produce so-

result speckra 27-aug-2808 11:24:19

27-aug-2008 11:17:18 E 648
0 Skandardless 28,88 kil 113w Cnoned

Rir BB eec. 41480.7 opo

L2 24 26 48 68 2 L4 06 160 128

132 144 15,6 16,0 18,8 19,2 2.4 20.6 220 M8 5,2 2.4
kall

Fig. 1. XRF analysis of geothermal silica waste.

Compound | Si K Ca | Cr Mn | Fe Cu | Zn As | Br Eu | Re Pb |
Conc 80,7 | 8,37 | 363 (0079|007 | 482 | 015 | 014 | 0,69 | 057 | 03 0,2 03
Unit % % % % % % % % % % % % %
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3]

27-mug-2828 11:25-89

L2 24 36 48 68 7.2 64 96 188 12.8 132 144 156 168 168 192 204 2.6 220 248 25,2 26,4
feald

Compound | Si K Ca Mn Fe Cu Zn As Re |
Conc 949 | 049 | 0,97 |0,066 | 3,17 |0,080 0,03 | 012 | 0,1
Unit % % % % % % % % %

Fig. 2. XRF analysis of geothermal silica waste after leaching process.

—&— Raw silica
@ Leached silica

2 theta

Fig. 3. XRD analysis of geothermal silica wasteand geothermal sil-
ica waste after leaching process.

dium silicate solution with the following reaction [43].

Si0,+2NaOH-»Na,0 Si0,+H,0 (10)

The sodium silicate solution was added with 1 N HCl for gelation
process including hydrolysis and condensation process [69]. The
gelation process with HCI follows the following reaction.

Na,O §i0,+2HC1->Si(OH)+ 2NaCl an

The aging process was carried out by soaking the silica in etha-
nol after the gelation process. The aging solvent using ethanol must
have a low vapor pressure to minimize silica shrinkage [43]. The
pores of silica gel will contain the solvent The aerogel properties

are obtained when the solvent can be removed without any struc-
tural changes.

Based on previous research [44,70], the sol-gel process condi-
tions such as the volume of HCl may affect the properties of silica
aerogel The drying time also affects the porosity and diameter of
the silica aerogel [71]. Physical properties such as amorphous struc-
tures and large surface area can support silica in its application [54].
2. Experimental Design

This statistical method produces an equation model using Anal-
ysis of Variance (ANOVA) to determine the effect of each inde-
pendent variable and the interaction between these variables on
the response. Table 2 shows the analysis of variance with the qua-
dratic model as a result.

P-value was used to determine the significance of the variable
on the response. The equation model is considered significant if
the p-value is less than 0.05. Table 2 shows that the p-value of the
model is <0.0001; therefore, the model is significant. Table 2 also
shows that variable C and the combination of AC and C’ released
a p value <0.05. Therefore, this variable has a significant effect on the
g, response. Fig. 4 shows the interaction of AC on the g, response.

The insignificant Lack of Fit value can be seen in Table 2. The
requirement for a good model shows the compatibility of the yield
response data with the model.

The difference between value of predicted R” and adjusted R’ is
given as less than 0.2 according to Table 3. It was intended that the
predicted value of the yield response data closed to the actual
value. The precision value attained was around 46.2309. Further
meaning, that the chosen model was feasible with of more than 4
of the precision value. An actual equation from the model as fol-
lows:

Korean ]. Chem. Eng.
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Table 2. ANOVA
Source Sum of Squares dr Mean square F-value p-Value
Model 6443 9 7.16 154.22 <0.0001 Significant
A-Ratio HA 0.0339 1 0.0339 0.7303 0.4128
B-Drying time 0.0234 1 0.0234 0.5032 0.4943
C-Adsorbent 59.88 1 59.88 1289.97 <0.0001
AB 0.0099 1 0.0099 0.2137 0.6538
AC 0.3985 1 0.3985 8.58 0.0150
BC 0.0803 1 0.0803 173 0.2178
A’ 0.0028 1 0.0028 0.0610 0.8100
B* 0.2190 1 0.2190 472 0.0550
c 3.85 1 3.85 83.00 <0.0001
Residual 04642 10 0.0464
Lack of fit 0.2773 5 0.0555 148 0.3377 Not significant
Pure error 0.1869 5 0.0374
Cor total 64.90 19

Sum of squares: the sum of the squared deviations from the mean due to the effect of this term

Mean square: the variance associated with that term determinated by dividing the sum of squares with the degree of fredoom.
F-value: the effect of curvature relative to the badkground noise.

p-Value: the probability value that is associated with F-value.

3D Surface

Factor Coding: Actual

qt (mg/g)

Design Points:
@ Above Surface
(O Below Surface

460794 - 11.8364

e
B
X1= C: Adsorben ¥
X2 = A Ratio HCI
Actual Factor
B: Drying Time = 2
C: Adsorbent (%w)

A: Ratio HCI (<)
Fig. 4. Surface interaction of adsorbent weight and volume ratio HCl/sodium silicate.
,=26,85140— (0,836474A)— (0,876689B) - (6,82264C) - 5
+(0,070431AB)+(0,223189AC) ~ (0,223189BC) RSME= Jz__w(}' rdicion~Yexperimens) (13)
—(0,01401 3A%) +(0,493046B°)+(0,517057C%) (12) n

The RSME value provides the error between actual and experiment.
The actual q, can be calculated by Eq. (12). The root squared mean RSME value >0.5 indicates an inadequate model This model pro-
error (RSME) value can be determined by Eq. (13) [72]: vides RSME value <0.5 (RSME=0.15). Therefore, this model indi-
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Table 3. Value of R*

Table 4. Effect of the HCl ratio on the surface area of silica

Predicted R
0.9626

R Adjusted R’
09928 0.9864

Adeq precision
46,2309

R*: a measure of the mean variation according to the model

Adjusted R squared: R-squared adjusted for the number of
parame-ters in the model relative to the number of point in the
design.

Predicted R squared: the prediction measure of the model by a
respon value.

Adequate precision: a range measure of predicted response with
its associated error.

RMSE: Root-Square-Mean FError: the standard deviation of the
residuals (prediction error)

gt mooe:

- W (g - Qa2

4 6 8 10 12
qtesp

Fig. 5. q, from the experiment and the statistical equation model
for RMSE calculation.

cates an adequate predictive model. It is shown in Fig. 5.

Fig. 6 shows that the analysis of variance (ANOVA) releases equa-
tion model complying with eligibility criteria. The equation model
revealed that the actual data approached the predicted data. Mean-
while, on the residual vs predicted graph, the data distribution was
located within the boundary. Moreover, the optimum variables
have been executed for 100 mL the biodiesel using the ratio of HCl
to sodium silicate (A) at 3, drying time (B) of 2 h, 3%-w the silica
adsorbent (C) releasing q, of (10£0.061) mg/g with triplicate mea-
surements of the glycerin analysis and reliability of 90% with 95%
of confidence interval (%CI). Further meaning that the glycerin
concentration of biodiesel decreased from (4+0.10)% to (0.10+
0.012)% with the same condition of statistical data.

3. The Effect of HCI Volume on Surface Area of Silica Aero-
gel and Glycerin Adsorption Capacity

The experiment was caried out at the optimum drying condi-
tion (2h) to determine the effect of HCl volume on the surface area.
The volume ratio of HCI to sodium silicate was used in range of
3-5. Concentration of HCI affects the size, shape, specific surface
area, and pore volume during the hydrolysis and polycondensa-
tion process [62]. Acid or base was used as a catalyst in hydrolysis
reaction. The level of acidity influences the reaction [47]. Table 4

Volume ratio of HCL Surface area
sodium silicate (m"fg)
3 371
5 109

shows the variation of the volume ratio of HCl to sodium silicate
in gelation process.

Increasing the volume ratio of HCI to sodium silicate (3-5)
reduced the surface area from 371 m¥g to 108 m”g. The addition
of HCl develops silica size to smaller due to the aggregation pro-
cess on the silica aerogel microstructure [73]. Aggregation of the
polymerized silidc acid during hydrolysis and condensation (gela-
tion process) generates negative impact by reducing the mechani-
cal properties of silica due to the limitation of the interfacial area
[74]. Aggregation process can reduce the surface area of silica [75].
The effect of the HCl volume ratio on the glycerin adsorption capac-
ity (q,) response is visualized in Fig. 7. Decreasing volume ratio of
HCI, increasing the glycerin adsorption capacity (q,).

4. The Effect of Drying Time on Surface Area of Silica Aero-
gel and Glycerin Adsorption Capacity

The experiment was executed o conditions of the volume
ratio of HCl to sodium silicate at 3 to determine the effect of dry-
ing time on the surface area. It can be seen in Table 5. The porous
silica as the result of hydrolysis and condensation reactions in the
gelation process is acquired with Si-O-Si bonds. These bonds can
trap solvent such as water or alcohol. Drying process addresses to
remove the solvent from gel [47]. Ambient pressure drying was im-
plemented in this research. Ambient pressure drying was intended
with solvent evaporation and drying process at high temperature
(maximum 200 °C) and atmospheric pressure. The silica aerogel
preparation was statistically performed by varying the drying time
(1h and 2 h) for each temperature of 70 °C and 150 °C and con-
stant volume ratio of HCl to sodium silicate (at 3).

Table 5 exhibits that increase of drying time could increase the
surface area, i.e, 242 mlfg to 371 mlfg. Pore diameter of silica in-
creases with increasing the drying time [71]. The pore contained
solvent of water or alcohol would be evaporated. Therefore, the
solvent can be replaced with air or CO, [76]. Substitution of sol-
vent with air or CO, provokes the silica to become lighter with a
large surface area. The evaporated solvent in the former silica gives
increase of the surface area with longer drying time. The effect of
drying time on the glycerin adsorption capacity (q) response is
revealed in Fig. 8 Longer drying time increases the glycerin ad-
sorption capacity.

5. Effe Adsorbent Weight on Glycerin Adsorption Capacity

The effect of the adsorbent weight on the glycerin adsorption
capacity glycerin was investigated during the adsorption process.
The weight ratio of the silica adsorbent was applied in a range of
3%-w to 5%-w under adsorption conditions at room temperature,
atmospheric pressure, and stirring speed of 120 rpm for 2 hours.
Increasing amount of the adsorbent resulted in decreasing the
glycerin adsorption capacity glycerin. Fig. 9 reflects that 3%-w sil-
ica has glycerin adsorption capacity up to (10£0.06) mg/g, while

Korean ]. Chem. Eng.
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Fig. 6. Response data analysis from experiment and model (a) predicted vs actual, (b) residual vs predicted.

Table 5. Effect of drying time on the surface area of silica

Drying time (hr) Surface area (m*/g)
1 242
2 371

5%-w silica has glycerin adsorption capacity up to (5+0.10) mg/g.
The important factor in biodiesel purification by adsorption pro-
cess focuses on the unsaturated adsorbent surface [77]. Therefore,
the increase of the adsorbent amount in biodiesel purification does

not correspond to the increase of the glycerin adsorption capacity
due to inadequate surface area of the adsorbent.
6. Characterization

The optimum condition of adsorption process in biodiesel puri-
fication was investigated by using Design-Expert” Version 8.0.6
(State-Ease, Inc). The optimum condition was reached at ratio of
HCI to sodium silicate at 3, drying time of 2h, and 3%-w silica
adsorbent. The molecular weight of biodiesel used (220 g/mol) was
obtained from the GPC analysis. The glycerol content of untreated
biodiesel and treated biodiesel was confirmed by the GCMS anal-
ysis in Fig. 10 and Fig 11, respectively. Fig. 10 visualizes the glyc-
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Fig. 7. Effect of the volume ratio of HCI versus q, at 3%-w of adsorbent and drying time of 2h.
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Fig. 8. Effect of drying time on q, at 3%-w of adsorbent and ratio of HCl/sodium silicate of 3.

erol content in the untreated biodiesel at retention time of 50 min
giving 0.46% area as DI-(9-Octadecenoyl-glycerin, while Fig. 11

prompts reduction of the glycerol content in the treated biodiesel
releasing without any glycerin. It can be inferred that the silica
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Fig. 10. GCMS analysis on biodiesel.

adsoyf@nt can adsorb the glycerol due to affinity of the silicgegard compounds were also adsorbed on silica particles via hydrogen
with the existence of OH groups on the silica [78]. The organic bonds forming between sylanol groups in the silica network and
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Fig. 12. FTIR analysis on silica after adsorption.

Ed:uxyl-gmups of the organic compounds [79]. Based on previ-
ous research [78], silica behaves as a non-selective adsorbent of high
capacity that can adsorb different impurity types, which makes it
an excellent adsorbent to purify biodiesel.

Fig. 12 displays the FTIR analysis of leached silica and the silica
adsorbent after adsorption. The FI'[R spectra shows the increase
of the IR band at 3,400-3,420 cm™" irfffilies O-H stretching as the
glycerol as well as a IR band of 1,739 cm™" due to C=0 stretching
of the glycerol. The IR bands of 2,810-2,950 cm ™ and 1655am™
reflect as CH stretching and C=0O from the glycerol, respectively
[80]. The resulting silica shows affinity for glycerol in accordance
with previous research [30]. The presence of glycerol was assigned to
the IR band of 2,800 cm '-2,990 cm ' and IR band of 1,675-1,500

an” [81]. While, 1,400-1460 cni can be assigned to -COH bend-
m@rrespondmg as primary alcohol [82]. The appearance of the
IR band at 465 cm™ was due to the angular deformation of Si-O-

Time (min)

Fig. 13. gelxioﬁrﬂmﬂercurveand pseudo second order curve.

Si [23]. The IR band of 1,093 cm™" appeared from the stretching of
the asymmetry of the Si-O-Si group [83]. However, the soap anal-
ysis was confirmed by using AOCS method Cc 17-79 to obtain
soap in oil [65]. It was obtained that soap in untreated biodiesel
attained (0.004+0.001) g soap/g sample, while the treated biodiesel
earned no soap in sample. Even though, Fig. 12 does not occupy
the existence of the IR band of soap significantly in silica used due
to small amount of soap in untreated biodiesel. It was confirmed
from previous research that a biodiesel refinery can be solved in
one single stage using silica adsorbent by reducing impurities such
as methanol residual, water, glycerin, free fatty acids, and soaps [78].
7. Kinetics Study

The adsorption rate constant can be obtained using kinetics stud-
ies by determination of glycerol content at certain time [84]. The
kinetics studies provide demand of silica adsorbent to adsorb glyc-
erol in certain amount of biodiesel at certain time. Determination
of the adsorption rate constant requires the appropriate equation
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model, such as pseudo-first-order and pseudo-second-order [16].
Fig. 13 shows curves of the pseudo-first-order and pseudo-sec-

ond-order to obtain the adsorption rate constant (k). Table 6 shows
the value of R* for both equation models. 1

Table 6 sums up the appropriate equation model with respecq:
pseudo-first- and second-order model. The regression value (R')
of the pseudo-seconprder closed to 1 and posed higher value of
R’ than that of the pseudo-first-order [85]. The pseudo-second-
order can be properly used to describe the adsorption process in
biodiesel purification according to other researches [35,54]. Fig. 14
reflects a comparison of the g, value based on the pseudo-first-order
and the pseudo-second-order with the experimental g, value. It
revealed that pseudo-second-order model met properly the exper-
imental q, value. Table 7 provides the comparison of the values of
R’, g, and k from previous and current studies. High q, value indi-
cates high adsorption capacity as well. The g, value was ined
from this research of (10+£0.02) mg/g and (39+0.01) mg/g for pseudo-
second-order and pseudo-first-order, respectively. The g, value is
higher than the q, value of the previous research [64]. The adsorp-
tion rate constant (k) of pseudo-second-order from this research
(k=0.0036 g/mg min) released lower than k value from previous
research (k=0.0763 g/mg.min) [35,36,49]. The lower k value indi-
cates the less glycerol adsorbed per gram of silica adsorbent at cer-

Tabel 6. Kinetics study
Equation model Parameter Value
Equation Log(q,—q)=—0.355 t+1.6892 (8)
Pseudo-first-order k (1/min) 007715
R’ 0.8497
Equation qi =0.0652 t+14633 9)
- t
Pseudo-second-order k (g/mg-min) 00036
R’ 0.9948

R a measure of the amount of variation around the mean explined by the model

q.: glycerol capacity adsorbed at equilibrium (mg/g)
q;: glycerol capacity adsorbed at time t (mg/g)
k: adsorption rate constants

Table 7. Comparison of kinetics studies with previous research

Kinetics model

Pseudo first order

Pseudo second order

Adsorbent type Reference
, (mg/, 2 . (mg/ 2
X q. (mg/g) R k q. (mg/g) R
exp. exp.
Chamotte clay 0'0,6 1,326 097 0.000 1; & 1,326 099 [23]
/min /mg-min
Sugarcane bagasse 02 3,1 L 7.939 072 0.0763 g 8.163 0.89 [64]
/min /mg-min
0.0105 0.000082
Activated carbon 7 0.281 0.89 ) & 0.294 0.97 [66]
/min /g-min
007712 0.0036
Silica aerogel i 39+0.014 0.85 8 10£0.019 0.99 This research
/min /mg-min

R* a measure of the amount of variation around the mean explined by the model

k: adsorption rate constants
q.: glycerol capacity adsorbed at equilibrium (mg/g)
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tain time. While the adsorption rate constant (k) of pseudo-first-
order released 0.0772/min in this research. Therefore, the silica aero-
gel adsorbent from the geothermal waste confirmed to retain a good
performance based on the R?, q,, and k values in this research.

CONCLUSIONS

The lower HCl/sodium silicate ratio and the lower percent weight
of adsorbent could increase the glycerin adsorption capacity in
glycerol adsorption process in biodiesel using the silica derived
from geothermal waste. Moreover, the longer drying time and larger
surface area could increase the glycerol adsorption capacity. The
silica was also confirmed by characterization of FTIR, BET, XRD,
GPC, GCMS to prompt the adsorbent capability. The optimum
condition of the silica preparation based on statistical analysis released
with surface area of 371 m’/g and glycerol adsorption capacity of
(10+£0.06)mg/g. This condition was attained at ratio volume of
HClI to sodium silicate at 3, 2hours of drying time at each tem-
perature of 70°C and 150° d 3%-w adsorbent of the silica.
The kinetics study affirmed the pseudo-second-order equa-
tion model can be used to describe the glycerin removal in bio-
diesel purification using the silica adsorbent.
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LIST OF ACRONYMS AND ABBREVIATIONS

B :the required volume of hydrochloric add in second titra-
tion of the soap analysis [mL]

C,  :glycerin concentration [mg/L]

C.  :glycerin concentration at equilibrium [mg/L]

GC  :glycerin content [%]

h :hour

k,  :adsorption rate constant in the pseudo-first order [1/min)]

k,  :adsorption rate constant in the pseudo-second order [g/mg-
min]

N :normality

g :glycerin capacity adsorbed at equilibrium [mg/g]

q  :glycerin capacity adsorbed at time t [mg/g]

rpm :revolutions per minute

R®  :a measure of the amount of variation around the mean ex-
plained by the model

T, :volume of NaOH for sample titration [ml]

T,  :volume of NaOH for blanks titration [ml]

V  :volume of solution [mL)]

W :sample weight [gr]

BET :Brunauer-Emmett-Teller

FTIR : Fourier Transform Infrared Spectroscopy

XRF :X-ray fluorescence

XRD :X-Ray Diffraction

SNI  :Indonesian National Standard

GPC : Gel permeation chromatography

GCMS: Gas Chromatography Mass Spectrometry
NEP :National Energy Policy

ASTM: American Society for Testing and Materials
ANOVA : Analysis of Variance

RSME : Root Squared Mean Error
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