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ABSTRACT 
The utilization of natural zeolite as an adsorbent has taken much attention, especially on its ability for bioethanol 
purification. However, the purification of bioethanol using micro-size zeolite-based adsorbent only resulted in an 
insignificant increase in bioethanol concentration. Finding a new technique that can improve bioethanol 
concentration is quite needed. A necessary correlation between surface area and diameter size of the particle could 
be an excellent way to resolve this issue. The objective of this study was to prepare natural zeolite nanoparticles 
obtained from Pahae District using a technique so-called high energy milling (HEM) and to investigate its 
effectiveness for improving the concentration of bioethanol. In this study, unmilled zeolite of 44 microns size (325 
mesh), was used as a comparison. The result of PSA and BET confirmed the advancement of HEM technique for 
obtaining nano-zeolite, which improved the surface area of the particle, but on the other hand, reduced the pore 
volume and diameter. The comparison material showed that it has a greater porosity than the prepared nano-zeolite. 
Gas chromatography analysis showed that nano-zeolite was able to be used to improve the concentration of 
bioethanol. This study concluded that zeolite-based adsorbent, which has nanosized, gave a more reliable result than 
the micro-size due to the enhancement of the surface area of the particle.       
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INTRODUCTION 
Zeolite has known as a porous material, it has several practical applications, e.g., as a filter or water vapor 
adsorbent, polymer electrolyte membranes, and the size of zeolite plays an essential role in the water 
vapor absorption rate1-4. In the previous study, Pahae natural zeolite, which has 200 mesh had higher 
water vapor adsorption capacity than Cikalong natural zeolite. With the high adsorption capacity of Pahae 
natural zeolite, this porous material can be a promising material as adsorbent1. A filter-based composite 
prepared from Pahae natural zeolite and cocoa shells showed an improvement in the adsorption capability 
from 25 to 53.82%2. Another study using Pahae natural zeolite was focused on bioethanol purification 
using distillation and adsorption techniques3. The activated Pahae natural zeolite was able to adsorb water 
up to 53.82%. It was able to improve the bioethanol concentration up to 93.28% with a contact time of 60 
min3. 
The particle size of zeolite influences its adsorption capability, the smaller the zeolite particle size, the 
greater the surface area available for the adsorption, and this will affect the adsorption rate of material5. 
The activation process also plays an essential role in the effectiveness of zeolite capability. The 
effectiveness of zeolite’s adsorption depends on the number and size of the opened pore that available on 
the surface of zeolite6. In Indonesia, as an abundant mineral, zeolite is constructed by anionic 
aluminosilicate as the primary building unit. 



 
 Vol. 14 | No. 2 |1265-1272| April - June | 2021 

1266 
PAHAE NATURAL ZEOLITE NANOPARTICLES                                                                                                                           Susilawati et al. 

This study aimed to prepare Pahae natural zeolite nanoparticles and to characterize their effectiveness for 
purifying bioethanol. Several characterizations were already performed for determining the characteristic 
of the obtained Pahae natural zeolite nanoparticle, i.e., water absorption, SEM, TEM, EDX, XRD, BET, 
PSA, and GC. 

EXPERIMENTAL 
Material 
Pahae natural zeolite was obtained from Pahae District, Tapanuli Utara, Sumatera Utara, Indonesia, 
Sulphuric acid 96% was purchased from Mallinckrodt Lab Guard. Bioethanol which has 40% of 
concentration was provided by CV. Rudang Jaya. Ethanol of 96% was purchased from CV. Ampapaga. 
 
Pahae Natural Zeolite Nanoparticle Preparation 
Pahae natural zeolite nanoparticle was prepared using High Energy Milling (HEM E3D). Every 4.84 g of 
Pahae natural zeolite that was placed in the jar of HEM E3D was treated with 11 milling ball which 
weights 3.52 g of each ball7. Pahae natural zeolite that was not passed into the milling process was used 
as a comparison material which has 325 mesh of size. Both types of Pahae natural zeolite were chemically 
activated using sulfuric acid of 6% and the suspension was stirred at 70oC. After 4 h, Pahae natural zeolite 
was washed until the pH was neutralized and was dried in the oven at 100oC for one hour. The activated 
Pahae natural zeolite was then furnaced at 700, 800, and 900oC for 4 h3. 
 
Characterization 
Water sorption of the material was evaluated using ASTM C20-00, and it can be calculated by weighing 
the mass of material before and after soaking in water (Eq.-1). 
 

%Water Adsorption Capacity =
  

 
 × 100%             (1) 

 
Bioethanol purification was performed using two different sizes of Pahae natural zeolite, i.e. 325 mesh 
and nanosize zeolite. About 50 g of Pahae natural zeolite was placed in beaker glass, and about 100 mL of 
bioethanol 40% was poured into beaker glass. While being stirred at 7 rpm under different contact times, 
i.e., 30, 45, 60, 75, and 90 min, the bioethanol was then evaporated using Rotary Evaporator with the 
rotation speed of 110-120 rpm at 78oC. The evaporated bioethanol was then analyzed using gas 
chromatography. The obtained concentration was then compared with ethanol 96%3. 
 

RESULTS AND DISCUSSION 
Water Adsorption Capacity 
The water adsorption capacity of Pahae natural zeolite was performed by following ASTM C20-00 and 
the result was shown in Fig.-1. 
 

 
Fig.-1: Correlation between Activated Temperature and Water Adsorption Capacity 
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Figure-1 shows that non-activated Pahae natural zeolite which had 325 mesh of size had the highest water 
adsorption capacity, and the lowest one was shown by activated Pahae natural zeolite nanoparticle at 
700oC, with the value of 98.29% and 57.02%, respectively.  These results concluded that non-activated 
Pahae natural zeolite had the highest water adsorption capacity than others prepared zeolite nanoparticles. 
The zeolite particle size influences the selectivity of zeolite, which molecules are allowed or disallowed to 
fill the zeolite pores. The smaller the zeolite particle, the more selective the adsorption on the surface of 
zeolite.8 
 
Morphological Analysis 
The morphological of activated and non-activated zeolite which had 325 mesh of size that captured using 
a scanning electron microscope (SEM) can be seen in Fig.-2. 

 
Fig.-2: Morphological of Pahae Natural Zeolite Surface -325 mesh: (a) Non-activated, activated at (b) 700oC, (c) 

800oC, and (d) 900oC 
 

Based on the SEM images (Fig.-2a), the contaminant can still be found at non-activated Pahae natural 
zeolite. The cleanest morphological surface was obtained after being activated at 700-900oC (Fig.-2b to 
d). A similar result was also found in the previous study, the cleanest surface was obtained after activating 
process.9 The non-activated zeolite had crumbly and amorphous characteristics. A different result was 
obtained after the zeolite was activated, impregnated, and calcinated; lamellar pores structured was 
obtained.10 This showed that the porous particle had a higher surface area and more potential as an 
adsorbent11. There is a strong correlation between the surface area of the adsorbent and the adsorption 
efficiency.12 
The morphological structure of Pahae natural zeolite nanoparticle was captured using Transmission 
Electron Microscopy (TEM). Figure-3 shows the morphological of activated and non-activated zeolite 
nanoparticles. The non-activated zeolite nanoparticle image had dark color in several parts indicating the 
presence of contaminants, while the activated zeolite at 700-900oC has less contaminant that concluded 
from the less presence of dark color.9 The activating process is an important process that influences the 
adsorbent properties.13 The dark color can also be caused by the agglomerate formation due to the 
hydrophilic properties of zeolite14. Zeolite which has a smaller particle size will have a higher surface area 
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and has high potential as an adsorbent, because the surface area of adsorbent plays an important role, 
especially on the adsorption efficiency.12 

 

 
Fig.-3: Morphological Structure of Pahae Natural Zeolite Nanoparticle: (a) Non-activated; activated at (b) 700oC, (c) 

800oC, and (d) 900oC 
EDX Analysis 
Zeolite is constructed by several elements, i.e., silicon, aluminum, oxygen, etc and binded several water 
molecules in its pores. Other elements that could be found in the zeolite structure are alkaline and alkaline 
earth metal groups. The non-activated Pahae natural zeolite which had 325 mesh of size was dominated 
by the presence of oxygen (51.3%), silica (22.1%), carbon (13.2%), and aluminum (6.8%) with the Si/Al 
ratio was about 3.25.  Meanwhile, the Si/Al ratio of activated Pahae natural zeolite 325 mesh at 700, 800, 
and 900oC were about 3.25, 2.64, and 3.57, respectively. The atomic composition of each activated zeolite 
325 mesh can be found in Table-1. 

Table-1: Elemental Composition of Activated Pahae Natural Zeolite-325 Mesh 
Atom 700oC (wt.%) 800oC (wt.%) 900oC (wt.%) 

O 45.2 47.6 46.5 
Si 26.0 27.2 26.8 
C 11.7   6.0 10.3 
Al   8.0 10.3  7.5 

 

The Si/Al ratio of non-activated zeolite nanoparticles was about 3.86 with the atomic composition: 
oxygen (45.85%), silica (25.47%), carbon (15.88%), aluminum (6.59%).  Meanwhile, the Si/Al ratio of 
activated Pahae natural zeolite nanoparticles at 700, 800, and 900oC were about 5.41, 6.22, and 3.70, 
respectively. The atomic composition of each activated zeolite nanoparticle can be found in Table-2. 
The decrease of Al content in the zeolite was affected by the dealumination of zeolite15 and it improved 
the hydrophilic properties of zeolite.16,17 The lower the Al content in zeolite, the more enhance the Si/Al 
ratio. This phenomenon can be caused by the addition of sulfuric acid during the preparation.9,18 Zeolite 
with high Si content will have hydrophobic properties and a high affinity to the hydrocarbon.19 The 
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presence of carbon atom in zeolite is predicted can adsorb gas, i.e., water vapor. Based on the Si/Al ratio 
of Pahae natural zeolite, Pahae natural zeolite can be categorized as modernite type which has the 
intermediate capability to adsorb water. This result was supported by the previous studies that mentioned 
modernite type of zeolite can have a wide range of Si/Al ratio, i.e., 4.4-5.520 and 6.6-10.5.17 Another study 
confirmed that zeolite with the small Si/Al ratio showed a strong affinity to water and ethanol molecules 
proven by the better result of water adsorption study than using zeolite which has high Si/Al ratio.21 
 

Table-2: Elemental Composition of Activated Pahae Natural Zeolite Nanoparticle 
Atom 700oC (wt.%) 800oC (wt.%) 900oC (wt.%) 

O 48.73 46.88 50.04 
Si 29.75 29.45 32.27 
C  9.81 13.03   8.98 
Al  5.49   4.73   8.71 

 

X-Ray Diffraction (XRD) Analysis 
X-Ray Diffraction (XRD) analysis of zeolite can be used to determine the presence of crystalline and 
amorphous regions on its structure. Figure-4 shows the diffractogram of activated and non-activated 
Pahae natural zeolite 325 mesh and nanoparticle. 
Rietveld analysis on the diffractogram of Pahae natural zeolite (Fig.-4) confirmed that non-activated and 
activated Pahae natural zeolite nanoparticle at 700oC was consisted of two types of zeolite, i.e., modernite 
and keatite, while the other activated Pahae natural zeolite nanoparticle was only consisted by modernite 
type. The lattice crystal information of modernite and keatite type zeolite can be seen in Table-3. 
 

 
Fig.-4: Diffractogram of Pahae Natural Zeolite (a) 325 mesh: non-activated, activated at 700°C, 800°C, and 900°C, 

(b) Nanoparticle: non-activated, activated at 700°C, 800°C, and 900°C. 
 

Table-3: Lattice Crystal of Pahae Natural Zeolite 
Mineral Name: 
Chemical Formula: 
Crystal System: 

Mordenite 
Al1.956 Ca0.466 H34 K0.24 Na0.69 O31.18 Si10.044 
Orthorhombic 

Space Group: C m c 21 
Mineral Name: 
Chemical Formula: 
Crystal System: 

Keatite 
SiO2 
Tetragonal 

Space Group: P 41 21 2 
 
The previous study showed that zeolite can be constructed by several types of mineral, i.e., mordenite 
with 2θ = 25.6405° and 2θ = 27.7193°, clinoptilolite with 2θ = 22.2211°, quart was also found in the 
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zeolite with 2θ = 26.2564° and montmorillonite with 2θ = 21.8120°.22 The obtained diffractogram of 
zeolite in this study showed the presence of amorphous structure23 due to HEM treatment that was used in 
this study transformed the zeolite granules into fine powder. This process caused the decrease of zeolite 
crystallinity or the level of the order became smaller and there were more diffraction collisions due to the 
diffractogram become thickened.19 This result was supported by a study stating that the fresh zeolite 
(without activation treatment) showed a high crystallinity property than the activated zeolite.24 
  

Brunauer Emmett Teller (BET) Analysis 
The BET analysis on activated and non-activated Pahae natural zeolite was performed to determine the 
surface area, pore radius, and pore volume that present in the treated zeolite. The BET result can be seen 
in Table-4. 

Table-4: BET Result of Pahae Natural Zeolite 325 mesh and Nanoparticle 
No. Treatments Surface Area  (m²/g) Pore Volume (cc/g) Pore Radius (Å) 
1. 325 mesh (non-activated) 14.479 0.031 16.366 
2. 325 mesh (activated 700°C)   9.955 0.020 16.289 
3. 325 mesh (activated 800°C) 10.570 0.026 18.165 
4. 325 mesh (activated 900°C)   2.298 0.010 64.206 
5. Nanoparticle (non-activated) 17.687 0.035 16.321 
6. Nanoparticle (activated 700°C) 20.721 0.041 16.283 
7. Nanoparticle (activated 800°C) 17.474 0.039 16.281 
8. Nanoparticle (activated 900°C)   3.969 0.010 16.369 

 

Table-4 shows non-activated Pahae natural zeolite 325 mesh had higher surface area and pore volume 
than the activated Pahae natural zeolite of 325 mesh. On the other hand, the activated Pahae natural 
zeolite at 700oC showed a higher surface area and pore volume than the other treated Pahae natural zeolite 
nanoparticle. The agglomeration that might occur during the physical activation can be the main reason 
for this phenomenon. The previous study showed a similar phenomenon where the higher surface area 
was found at the zeolite which had a particle size of 38 µm (400 mesh) than zeolite that had a particle size 
of 75 µm (200 mesh).16 Agglomeration is a unification of small particles to create bigger particles through 
physical interaction. Agglomeration also caused data misinterpretation, i.e., specific surface area, due to 
the gas adsorption during the BET analysis occurred in the agglomerate particle, not in the single-particle 
of zeolite.7 
 

Particle Size Analyzer (PSA) Analysis 
Table-5 shows the average diameter of all treated Pahae natural zeolite that was determined using PSA. 
Non-activated Pahae natural zeolite nanoparticles had the smallest diameter which about 118 nm. 
However, a different result was obtained on the Pahae natural zeolite of 325 mesh, the activated zeolite at 
800oC has the smallest diameter, which about 251.9 nm. The HEM treatment plays an important role 
during the physical treatment, especially 10 h of the milling contact time can improve the effectiveness of 
particle collisions for obtaining particle with nanosize.25 The top-down method using HEM can cause 
agglomeration if the process is done excessively. 
 

Tabel-5: The Average Diameter of all treated Pahae Natural Zeolite 
No. Treatments Average Diameter (nm) 
1. 325 mesh (non-activated) 274.6 
2. 325 mesh (activated 700°C) 814.1 
3. 325 mesh (activated 800°C) 251.9 
4. 325 mesh (activated 900°C) 1499.0 
5. Nanoparticle (non-activated) 118.4 
6. Nanoparticle (activated 700°C) 306.8 
7. Nanoparticle (activated 800°C) 1074.7 
8. Nanoparticle (activated 900°C) 637.4 

 
The increase of activation temperature can induce the increase in diameter of zeolite particles due to the 
solidification of the sintering effect. The desorption of Si and Al atom has an important contribution to 
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enhancing the porosity of zeolite, but due to the sintering effect, the result of this desorption effect cannot 
be seen. As the result, the higher diameter of zeolite particle was obtained at higher activation 
temperature.26,27 
 
Bioethanol Purification 
Gas chromatography analysis was performed to determine the purity level of bioethanol after treated with 
Pahae natural zeolite of 325 mesh and nanoparticle, and evaporating process. Table-6 shows the 
concentration of bioethanol after treatments. 
 

Table-6: Bioethanol Concentration after treating with Pahae Natural Zeolite 325 mesh and Nanoparticle 

 
The optimum result of bioethanol concentration was found at the 45 min of contact time using Pahae 
natural zeolite nanoparticle, with the increase in bioethanol concentration was about 88.97 %. This result 
was supported with the PSA and BET result, where this treated zeolite has a smaller particle size than 
Pahae natural zeolite 325 mesh, i.e., 118.4 nm, and the higher surface area, i.e., 17.687 m2/g. The contact 
time of zeolite with bioethanol influences the final concentration of bioethanol. The longer the contact 
time the more water and bioethanol that will be adsorbed on the zeolite surface, this caused a decrease in 
the increase of bioethanol concentration. 

CONCLUSION 
Pahae natural zeolite nanoparticles can improve the water adsorption capacity during bioethanol 
purification. This can be seen in the PSA analysis, the treated zeolite has 118.4 nm of particle size and 
17.687 m2/g of the surface area using BET. The ratio of Si/Al from EDX analysis confirms the presence 
of modernite in the Pahae natural zeolite, and this is supported by XRD analysis that confirms the 
presence of modernite and keatite. The treated Pahae natural zeolite nanoparticle has the potential to 
adsorb water vapor in bioethanol products. There is a significant result during the water vapor adsorption, 
the nanoparticle zeolite can increase the concentration of bioethanol up to 88.977 %, while the zeolite 325 
mesh is only 36.877 %. 
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