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Abstract: In this study, a carbon molecular sieve (CMS) was synthesized from
walnut shells, followed by physical activation of the carbon content of the
CMS. Adsorption of CO, and CH,4 onto raw and acid treated adsorbents were
investigated using two sizes, 300—600 and 600—1180 um. The adsorbents were
impregnated with two solvent mixtures of waste engine oil with kerosene and
with thinner at a proportion of 1:1 at 25 °C. The highest adsorption for CO,
and CHy4 was obtained at the suitable size of a group of CMS,, adsorbents,
with acid treated adsorbents being more efficient than the raw adsorbents. The
acid treated CMS5_3) sample adsorbed 0.925 mol CO, ¢! and 0.353 mol CH,
gl The results indicated that by decreasing the granulation size of group
CMS gy adsorbents, the adsorption capacities for CO, and CH,; were reduced
while increasing the granulation size of group CMS,) adsorbents resulted in
an enhancement in the adsorption capacity for CO, and CH4. Moreover, acid
treated adsorbents achieved enhanced adsorption capacity for CO, and CHy.
Further modifications reduced the adsorption capacity for CO, and CHy in
impregnated adsorbents, due to a decrease in surface area, pore volume and
pore size of the adsorbent.

Keywords: adsorption capacity; carbon molecular sieve (CMS); impregnated
adsorbents; acid treated adsorbent.
INTRODUCTION

Nowadays, adsorption and separation processes play a major role in various
industries, such as chemical, oil, gas, petrochemical, and biochemical plants.
With the advancement of adsorbents and process cycles, adsorption is currently
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1084 ZAHEDI et al.

used as an important and essential process in gas separation in various ind-
ustries. !

Carbon molecular sieves (CMSs) are adsorbents that perform the separation
based on molecular dimensions, which are interesting both theoretically and
empirically. In their carbon structure, they have narrow channels the diameters of
which are similar to those of the adsorbed particles. Therefore, these channels
allow the passage of such particles with diameter as large as the openings of the
channels and thus, larger molecules would not be stopped from the passage. The
use of CMS in gas separation processes has been known for decades. Chemical
processes have become increasingly interested in the development of low-cost
gas separation processes and gas separation technology is in quite close connect-
ion with CMS.2 CMSs are special classes of activated carbons that may exhibit
several advantages, such as excellent and sharp selectivity for the adsorption of
planar molecules, higher hydrophobicity, higher resistance to both alkaline and
acidic media, and higher thermal stability at high temperatures under an inert atmo-
sphere.3 They can be prepared from a variety of precursors, such as polymers,
coconut shells, wood, bituminous carbon, and other lignin cellulosic materials.*

In this mechanism, smaller particles have high potential and selectivity.
CMSs have narrow pores with a diameter size near to that of particles in the gas
mixture. In these narrow channels, the energy of the interaction between carbon
and gas molecules involves repulsive and diffusive interactions. When the chan-
nels are much narrower than the size of the penetrating molecules, repulsive
forces are dominant and the molecules need activation energy to pass through the
channels.?

Compared to other structures of molecular sieves, such as zeolites, CMSs are
among the most desirable candidates in the adsorption and separation of gases
due to typical advantages such as high hydrophobicity, suitable thermal and
chemical resistance against acids and bases, the stability of the carbon structure
in neutral environments, and low fabrication costs.-7

Having the above features as well as being cheap and abundant, agricultural
wastes are the most suitable raw materials for producing activated carbon, among
which are the following raw materials: Bagasse, rice bar, cardamom core, olive
stone, almond shell, apricot stone, cherry stone, grape seed,’ hazelnut shell, wal-
nut shell,” coconut shell,!0 pomegranate seed,!! etc.

In addition to agriculture, other polymeric and mineral materials, such as
worn tires,!2 waste newspapers,!3 coal,!4 efc. might also be used as raw mat-
erials. CMSs have not only been used for adsorbing methane, carbon dioxide,!5
carbon monoxide, and nitrogen, !¢ but also for separating multiple gas mixtures,
such as carbon monoxide-hydrogen—methane,!” methane—carbon dioxide,!8 and
methane-nitrogen.!°
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CO, AND CH4 ADSORPTION BY CMS 1 085

In this study, the CMS was prepared from walnut shell followed by physical
activation. Following the preparation of the CMS, it was granulated, acid treated,
and impregnated by waste oil mixed with various solvents in the proportion of
1:1. Then, the adsorption capacity of prepared samples for carbon dioxide and
methane was measured under the same conditions.

EXPERIMENTAL
Steps for preparing the CMS using walnut shell

Walnut shells (5 kg) were used to prepare 300 g of CMS. First, the walnut shells were
wiped, crushed, and heated at 110 °C in order to remove moisture from the material. They
were then heated at about 300 °C for 60 min to remove all organic compounds. In the final
step, they were heated at 450-550 °C for 2—4 h to be converted into charcoal. All the above-
-mentioned procedures were performed in the absence of air.

In this research, the physical method was selected and performed for carbon activation.
Carbon was activated in two steps in a rotary furnace at 700-900 °C in the presence of water
vapor and carbon dioxide:

1. at 700-800 °C in the presence of water vapor;

2. at 850-900 °C in the presence of water vapor.

All preparation steps are presented in Fig. 1.

Selection and T | Activated
Preparation of Pr:)— l;f::i:l:"t Pyrolysis A&t};:g?i:; n Carbon
Raw Material P Synthesis

Fig. 1. An overview of the steps involved in the synthesis of activated carbon.20

By consuming some of the existing carbon and removing the bitumen-like materials
remaining from the pyrolysis phase, these reactions cause the opening, better expansion, and
formation of internal connection between the carbon pores. As a result, the internal area of the
pores was increased significantly.

The following reactions were used to convert carbonized materials into gases using water
vapor and carbon dioxide:

C+H,0 5 CO, +H, (1)
C+C0, 5 2C0O ©)
CO +H,0 5 H, + CO, 3)

Finally, 300 g of CMS was obtained.
Division based on granulation

The material was granulated using the following standard ASTM E00112! sieves to syn-
thesize CMSs with meshes of 300-600—1180 wm.

Division based on pH

Group CMS — raw. Following the preparation of the CMS, its pH was measured
according to ASTM D-383822 instructions. First, distilled water acidity was measured and
then 100 ml of distilled water was added to the beaker containing 10 g of activated carbon. A
gentle turbulence was created in the beaker using a magnetic stirrer and then the solution was
passed through a filter. The acidity, which was neutral (pH 6.5), was measured immediately.
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Group CMS — acid treated. Acid treatment was performed to release the pores from sedi-
mentary materials. CMS (100 g) was mixed with 100 ml of 0.1 M nitric acid solution and then
placed under a hood for 2 h at 90 °C. The mixture was then cooled and washed several times
with distilled water. Next, the mixture was filtered, and the acidity of the solution was mea-
sured immediately, which was acidic (pH 4.5).

Division based on modification

Preparation of the modifying solution. A mixture of waste engine oil with kerosene,
thinner, ethanol and benzine solvents was considered for modification. However, the mixture
of waste engine oil with ethanol and benzine was not selected due to the inability to process
and reduce the dimensions of the pores of the adsorbent. The waste engine oil was first passed
through a filter and chemical treatment (physical separation) was performed. The kerosene
and thinner solvents were separately mixed with waste oil at a mixing proportion of 1:1 and
the resulting mixture was thoroughly stirred. Then, the mixture was kept at 25 °C for 30 min
and then diluted and deposited. Finally, the deposited sludge was separated. Once the CMSs
were granulated, they were acid treated and impregnated. The CMSs were dried at room tem-
perature (25 °C) for 24 h. Then, the samples were placed in an oven at 125 °C for 2 h. Sub-
sequently, the samples were heated at 10 °C min’! to 500 °C and calcined at this temperature
for 1 h.

CMS modifying method. The prepared CMSs (1 g) were immersed in 50 ml of filtered
solution for 1 h and then separated from the solution using filter paper.

Drying and calcination

Encoding. Adsorbent samples were acid treated, impregnated and encoded based on the
granulation (Tables I and II).

TABLE I. Encoding of the acid treated samples

Calcination
Temperature, °C  Time, h

Sample code  U.S. STD sieve No.  Particle size, um  pH

CMS g, - - 6.5 - -
CMSz.2) 30-50 300-600 6.5 500 1
CMSr.3) 16-30 6001180 6.5 500 1
CMSa2 30-50 300-600 45 500 1
CMS(4 .3, 16-30 6001180 45 500 1

TABLE II. Encoding of the impregnated samples; calcination temperature: 500 °C;
calcination time: 1 h

Sample code Used sample Chemical treatment, proportion: 1:1
CMSrx) CMS g2 Oil waste:kerosene

CMS .3k CMS k-3 Oil waste:kerosene
CMSRr.o-1 CMSr.2) Oil waste:thinner
CMSRr.31 CMSR.3 Oil waste:thinner
CMS(a2x) CMSa0 Oil waste:kerosene
CMS(a3x) CMS( A3 Oil waste:kerosene
CMSs0.1) CMSa Oil waste:thinner
CMS(z.3.1) CMS a3 Qil waste:thinner
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CO, AND CH4 ADSORPTION BY CMS 1 087

Reactor tests

Description of gas adsorption method and the measurement device. Weighted and volu-
metric methods are two common approaches for measuring the adsorption equilibrium. In the
weighted method, the adsorption equilibrium is examined based on the measurement of weight
changes in the adsorbent sample during adsorption; while in the volumetric method, the abs-
orption equilibrium is measured through the difference in pre and post-absorption gas content.

In the present study, the adsorption of carbon dioxide and methane by the synthesized
adsorbents was investigated using a gas adsorption measurement device that was designed and
made based on the volumetric method. A schematic view of the device is shown in Fig. 2. In
this device, a tank was used for the adsorbed gas, and another tank was used as an adsorption
column. Furthermore, a water—ice bath was used to adjust the temperature. By adjusting the
regulator and opening the capsule valve, the gases enter the gas tank through a valve 1. By
reading from the digital display and pressure gauge, the gas pressure in the tank is set to 2 bars
through valves 1 and 4. All parts of the device, such as pipes, valves, fittings, gas tanks and abs-
orption columns, are made of steel and have a maximum pressure tolerance of about 40 bars.

—
Pressure
Transmitter

| Pressure Controller | ‘ Compute ‘

Water Bath g

Gas Charge Tank Sample Column
 Feed

Fig. 2. Schematic view of the device for measuring the gas adsorption capacity using a
constant volume—variable pressure (volumetric) method.

Measurement of CH, and CO; adsorption capacity

After exposing the whole system to a vacuum for 5 min, 2 g of an adsorbent sample was
placed in the adsorption column and its temperature was increased to 100 °C for 5 min. using
a heating jacket. Then the absorption column was again placed under vacuum to remove all
the gases adsorbed by the adsorbent. Next, the temperature of the absorption column was red-
uced to 25 °C using a water—ice bath container. By closing valves 2 and 4 and opening valve
1, the pressure of the gas tank was set to 2 bars by valves 1 and 4. After closing valve 1 and
recording p, the gas was allowed to occupy all of the available space between valves 1, 2 and
4 by opening valve 2. From this moment on, changes in the gas pressure with time inside the
system were recorded in a computer and continued until reaching the equilibrium state (P1).
In order to determine the adsorbed content, a control test was performed with helium and that
part of the pressure drop that occurs after the expansion of the gas in the system (dead vol-
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ume) that was not related to gas adsorption was deducted from the total observed pressure
drop in each test. The adsorbent volume was also measured and deducted from the volume of
the system.

After all the above steps, examination of the adsorption for carbon dioxide and methane
was commenced and the slope of the pressure variations with time were recorded until the
pressure remained constant over time.

Characterization of the adsorbents

Analysis of BET specific surface area of the CMS adsorbent selected in terms of ads-
orption capacity. The surface area, pore volume and pore size of the synthetic CMSs were
characterized by Micromeritix3020 instrument using the BET method. First, a certain amount
of the adsorbent sample was degassed at 200 °C for 2 h and then, desorption was performed in
the presence of liquid nitrogen.

RESULTS AND DISCUSSION
In order to determine the effects of granulation, the number of moles of car-
bon dioxide and methane adsorbed by the adsorbent samples at a pressure of 2

bar at 25 °C were investigated and calculated using Eqgs. (4) and (5) and Excel
software:18

pV=nRT “4)
V —
. p(l?o P1,2,3,...,n) (5)
RT

where, p is the equilibrium pressure, p1 23, 5 is the pressure at different times
(atm), V' is the volume (L), T is the temperature (K), R is the universal gas cons-
tant (L-atm-K~1-mol-!), and # is the moles of adsorbed gas.

Granulation effects on the adsorption capacity of carbon dioxide and
methane. The results indicated that in the group CMS(4) adsorbents, the
adsorption capacity increased with increasing size, while in the group CMSy)
adsorbents, the adsorption capacity decreased with increasing size. The CMS(a_3)
adsorbent had the highest adsorption capacity for methane and carbon dioxide,
while the CMSa_».1) and CMS(r.3.) adsorbents had the lowest adsorption
capacity for carbon dioxide and methane, Tables III and IV.

TABLE III. Effects of granulation on the adsorption capacity for carbon dioxide and methane
(mmol g'!) by group CMS 4 adsorbents

CO, adsorption capacity

0.639 0.925 0.477 0.61 0.381 0.629
CH,4 adsorption capacity
0.343 0.353 0.191 0.248 0.114 0.343
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Effects of acid treatment of granulated CMSs on the adsorption capacity of
methane and carbon dioxide

The results showed that acid treated samples, as compared to raw (non-acid
treated) ones, have a higher adsorption capacity for carbon dioxide and methane.
As compared to the CMSr_3) adsorbent, the adsorption capacity for carbon diox-

TABLE IV. Effects of granulation on the adsorption capacity for carbon dioxide and methane
(mmol g'!) by group CMS g, adsorbents

CMSr. CMS .3 CMSgrok) CMSgiky CMSgom CMSr.3-1)
CO, adsorption capacity
0.620 0.600 0.532 0.41 0.534 0.524
CH,4 adsorption capacity
0.315 0.276 0.114 0.095 0.165 0.162

ide and methane of the CMS(a_3) adsorbent was increased by 54 and 28 %,
respectively. However, the adsorption capacity for carbon dioxide and methane
of the CMS(a_2) adsorbent was only slightly increased compared to the CMSr.7)
adsorbent. The reason for the significant increase in the adsorption capacity of
CMSs could be the granulation size in the acid treatment process. This is because
coarser granules have larger channels that make it possible for the acidic solution
to gain more access into the pores, which would result in more pores to be
released from sediments (as shown in Table V).

TABLE V. Effects of acid treatment of granulated CMSs on their adsorption capacity for
methane and carbon dioxide (mmol g'!)

CMS(R_Z) CMS(A_z) CMS(R_3) CMS(A_3)
CO, adsorption capacity
0.62 0.639 0.6 0.925
CH,4 adsorption capacity
0.315 0.343 0.276 0.353

Examination of the effects of impregnation on methane and carbon dioxide
adsorption capacity

The results suggested that the acid treated adsorbents have a higher ads-
orption capacity compared to the impregnated ones. In comparison to CMS(a ;.
T), with a granulation size of 300-600 um, which was acid treated and impreg-
nated with waste engine oil and thinner, CMS(a.2 k) with a granulation size of
300-600 pm, which was acid treated and impregnated with waste engine oil and
kerosene, had a higher adsorption capacity for carbon dioxide and methane. In
the other adsorbents, those that were impregnated with waste engine oil and thin-
ner had a higher adsorption capacity for carbon dioxide and methane as com-
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pared to the adsorbents which were impregnated with waste engine oil and kero-
sene (as shown in Table VI).

TABLE VI. The results of the effects of modification of the adsorbent on its adsorption
capacity for carbon dioxide and methane (mmol g!)

CO, adsorption capacity CH,4 adsorption capacity
CMSaomy CMSpaoky CMS(a CMSao.my CMSank) CMS a0
0.381 0.477 0.639 0.114 0.191 0.343
CMSa3ky  CMSaam CMS3y | CMSas.ky CMS(asm) CMS a3

0.61 0.629 0.925 0.248 0.343 0.353
CMSgroxy  CMSrkom CMSr. CMSgroxy  CMSrgo CMSRr.
0.532 0.534 0.620 0.114 0.165 0.315
CMSgaxky  CMSraim CMS -3 CMSga.ky  CMSram CMS -3
0.410 0.524 0.600 0.095 0.162 0.276

BET special surface area analysis

The results of BET test indicated that acid treated CMS(a_3y sample with a
granulation size of 600—1180 pwm that had a higher adsorption capacity for carbon
dioxide and methane compared to the other adsorbents had a larger BET special
surface area compared to non-granulated, raw, acid treated CMS(g) (as shown in
Table VII).

Additional data related to adsorption capacities are given as Supplementary
material to this paper.

TABLE VII. Textural properties of CMS gy and CMS 4 3

BET surface ~ Micro pore area  Micro pore volume External surface area

Sample area, m? g'! m? gl cm’ gl m? gl
CMS g, 330 250 0.115 80
CMS (4.3 432 334 0.155 98

The performance of the prepared adsorbents are compared with those of
other adsorbents with almost similar components and operating conditions are
presented in Table VIII. The main purpose of the current investigation was to
enhance the adsorption capacity. According to Table VIII, among all listed pre-
pared adsorbents, CMS(4_3) has the highest adsorption capacity.

TABLE VIII. Performance of the four adsorbents and some other in similar works

Adsorption capacity, mmol g-!

Adsorbent p/kPa T/°C o, CcH, Reference
CMS 198.9 25 2.527 - 16
CMS S-6 40 27 0.352 0.412 24
CMS - 25 1.15 0.95 25
CMS 206 25 - 1.41 26
CMS-I 200 - 1.15 - 27
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TABLE VIII. Continued

Adsorption capacity, mmol g-!

Adsorbent p/kPa T/°C o, CcH, Reference
CMS-III 200 - 0.85 - 27
CMS-3K-12 292.5 - 2.364 - 28
C-102 100 25 0.003 - 29
CMS(A2) 200 25 0.639 0.343 Current work
CMS(A.3) 200 25 0.925 0.353 Current work
CMS 2.5 200 25 0.477 0.191 Current work
CMS(a.3.x) 200 25 0.610 0.248 Current work
CONCLUSIONS

The results of the present study showed that the CMS that was synthesized
from walnut shells was capable of adsorbing carbon dioxide and methane at a
pressure of 2 bar and a temperature of 25 °C. This CMS adsorbs more carbon
dioxide (with a molecular diameter of 0.33 nm) than methane (with a molecular
diameter of 0.38 nm).

The results suggest that the acid treatment of an adsorbent increased its ads-
orption capacity for carbon dioxide and methane. The adsorption capacity for
carbon dioxide and methane in the group CMSR) adsorbents (impregnated and
acid treated CMSs that are not acid treated) decreased with increasing granul-
ation size; while the adsorption capacity for carbon dioxide and methane in the
group CMSR) adsorbents (impregnated and acid treated CMSs that were acid
treated) increased with increasing the granulation size. The results showed that
the modification reduced the adsorption capacity. In all samples, the adsorption
capacity of the adsorbents was decreased after modification. The results of BET
analysis indicated that the acid treated CMS(a_3) with a granulation size of 600—
1180 wm had higher surface area, volume, and pore size as compared to non-
-granulated, non-acid treated and acid treated CMSR). The highest adsorption
capacity for carbon dioxide and methane was obtained with the CMS(4_3) sample
(0.925 mmol g! for carbon dioxide and 0.353 mmol g1 for methane).

SUPPLEMENTARY MATERIAL

Details of the adsorption capacity for carbon dioxide and methane to the adsorbents that
were impregnated with waste engine oil and kerosene are available electronically from
http://www.shd.org.rs/JSCS/.
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W3BOM
HUCIIMTUBAKE AIJCOPIILINIE YIJBEH-TUOKCHUIOA U METAHA HA CUPOBUM
YIJBEHUYHUM MOJIEKYJICKUM CUTUMA U MOIU®UKOBAHUM ITOMORY
HUCTPOLIEHOT MOTOPHOT VYJbA
REZA ZAHEDIi, HOSSEIN GHAFOURIANZ, YAHYA ZAMANIa, SHAHRZAD KHORAMNEJHADIAN'
v REZA DABBAGH*

'Department of environment, Damavand Branch, Islamic Azad University, Damavand, Iran, “Department of
environment Engineering, Tehran North Branch, Islamic Azad University, Tehran, Iran, 3Gas research
division Research Institute of Petroleum Industry (RIPI), Tehran, Iran u *Materials & Nuclear Fuel Research
School, Nuclear Sciences & Technology Research Institute (NSTRI), Tehran, Iran

YrbeHH4HO MoneKysnacko cuTo (CMS) je CMHTETH30BaHO M3 JbyCKke Opaxa, y3 HaKHagHy
(usHuKy axkTHBalMjy YI/beHHYHe KomioHeHTe. HMcnurtaHa je apcopnuuja CO, u CHy Ha
CHUPOBOM ancopbeHCy, ka0 U Ha aAcopdeHCy TpPeTHpaHOM KHUCETHHOM, KOpHIIhemeM IBe
BennuuHe, of 300-600 um u 600-1180 um. AncopbeHCH Cy MMIPErHUPaHH UCTPOLIEHUM
MOTOpPHHM yJbeM Of Kepo3eHa ca paspehuBauem y omnHocy 1:1 Ha 25 °C. HajBuiua BpegHoCT
ancopnuuje CO, u CH, nobujeHa je mpu 1norogHoj BelUYUHU ancopdeHca u3 rpymne (A), mpu
YyeMy Ccy ce Horbe NoKa3aad OHU TPEeTHPaHHW KHUCETMHOM HEero CUpoBU. KHUCETMHOM TpeTHpaHH
y3opak (A-3) amcopbosao je 0,925 mol CO; ¢! u 0,353 mol CH, g'1. [Tpema pesynraTuma,
CMameme BeTUUMHE rpaHynanyje rpyne (R), agcopnunonn kananuretd CO, u CHy cy ce cma-
BUITH, JOK je moBehame rpaHynanuje kox rpyne (A) ysehano agcopnunonu kananutet 3a CO,
and CH,. IlrtaBuile, KUCEIMHOM TPETHpaHU ancopdeHcH yBehanau cy ancoOpILHOHM Kamna-
puteT 32 CO, and CHy. Hama mopudukanvja ymamHia je aZCOPHIMOHM KalauWUTeT KO
UMIPErHUpaHux azncopbeHaca, 300r ymawHuBama DacHONOXHUBE IOBPLIMHE, 3allpEMHHE U
BEJIMUMHE TIOpa afcopoeHca.

(ITpumspeno 4. centembpa 2019, pesunupano 14. janyapa 2020, mpuxsaheno 16. janyapa 2020)

REFERENCES

1. J. Soon Tan, F. Nasir Ani, Sep. Purif. Technol. 35 (2004) 47
(https://doi.org/10.1016/S1383-5866(03)00115-1)

2. T. Orfanoudaki, G. Skodras, I. Dolios, G.P. Sakellaropoulos, Fuel 82 (2003) 2045
(https://doi.org/10.1016/S0016-2361(03)00172-8)

3. T. Horikawa, J. Hayashi, K. Muroyama, Carbon 40 (2002) 709
(https://doi.org/10.1016/S0008-6223(01)00157-9)

4. R. Arriagada, G. Bello, R. Garcia, F. Rodriguez-Reinoso, A. Sepulveda-Escribano,
Micropor. Mesopor. Mat. 81 (2005) 161
(https://doi.org/10.1016/j.micromeso.2005.02.005)

5. A.F.Ismail, L. I. B. David, Membr. Sci. 193 (2001) 1 (https://doi.org/10.1016/S0376-
7388(01)00510-5)

6. E. Robens, in Studies in surface science and catalysis, A. Dabrowski, Ed., Elsevier,
Amsterdam, 1999, p. 191 (https://doi.org/10.1002/vipr.19990110318)

7. W. Flank, T.Whyte, Perspectives in Molecular Sieves Science, American Chemical
Society, Toronto, 1998 (https://doi.org/10.1021/bk-1988-0368)

8. 0. Ioannidou. A. Zabaniotou, Renew. Sust. Energy Rev. 11 (2007) 1966
(https://doi.org/10.1016/j.rser.2006.03.013)

9. A. Aygun, S. Yenisoy-Karakas, I. Duman, Micropor. Mesopor. Mat. 66 (2003) 189
(https://doi.org/10.1016/j.micromeso.2003.08.028)

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.
21.
22.
23.

24.
25.

26.

27.

28.

29.

CO, AND CH4 ADSORPTION BY CMS 1 093

M. K. B. Gratuito, T. Panyathanmaporn, R.-A. Chamnanklang, N. Sirinuntawittaya, A.
Dutta, Bioresour. Technol. 99 (2008) 4887
(https://doi.org/10.1016/j.biortech.2007.09.042)

S. Ucar, M. Erdem, T. Tay, S. Karagoz, Appl. Surf. Sci. 255 (2009) 8890
(https://doi.org/10.1016/j.apsusc.2009.06.080)

D. Kalderis, S. Bethanis, P. Paraskeva, E. Diamadopoulos, Bioresour. Technol. 99 (2008)
6809 (https://doi.org/10.1016/j.biortech.2008.01.041)

K. Okada, N. Yamamoto, Y. Kameshima, A. Yasumori, J. Colloid. Interface. Sci. 262
(2003) 194 (https://doi.org/10.1016/S0021-9797(03)00108-5)

R. C. Bansal, M. Goyal, Activated Carbon Adsorption, CRC Press, New York, 2005
(https://doi.org/10.1201/9781420028812)

X. Song, L. Wang, X. Ma, Y. Zeng, Appl. Surf. Sci. 396 (2017) 870
(http://dx.doi.org/10.1016/j.apsusc.2016.11.050)

Y. Park, D. K. Moon, D. Park, M. Mofarahi, C.-H. Lee, Sep. Purif. Technol. 212 (2018)
952 (https://doi.org/10.1016/j.seppur.2018.11.069)

Z. Mousavi, H. R. Bozorgzadeh, Iran. J. Chem. Chem. Eng. 36 (2017) 71

L. A. M. Rocha, K. A. Andreassen, C. A. Grande, Chem. Eng. Sci. 164 (2017) 148
(https://doi.org/10.1016/j.ces.2017.01.071)

Zh. Yang, W. D. Wang, Zh. Meng, Y. Li, Sep. Purif. Technol. 218 (2019) 130
(https://doi.org/10.1016/j.seppur.2019.02.048)

S. M. Saufi, A. F. Ismail, Carbon 42 (2004) 241
(https://doi.org/10.1016/j.carbon.2003.10.022)

ASTM EO0011: Specification for wire cloth and sieves for testing purposes (1996)
ASTM D1388: Test method for stiffness of fabrics (1996)

R. H. Perry, D. W. Green, Perry’s Chemical Engineer’s Handbook, McGraw Hill, New
York, 1999

T. Kim, S. Vijayalakshmi, S. Jin, K. Dong, Indian J. Chem. Technol. 10 (2003) 298

D. Liu, H. Yi, X. Tang, Sh. Zhao, Z. Wang, F. Gao, Q. Li, B. Zhao, J. Chem. Eng. Data
61 (2018) 2197 (https://doi.org/10.1021/acs.jced.5b00742)

G. Watson, E. F. May, B. F. Graham, M. A. Trebble, R. D. Trengove, K. I. Chan. J.
Chem. Eng. 54 (2009) 2701 (https://doi.org/10.1021/j¢900224w)

M. Viaduva, V. Stanciu, UPB Sci. Bull., B: Chem. Mater. Sci. 69 (2007) 95
(https://www.scientificbulletin.upb.ro/rev_docs_arhiva/full45363.pdf)

A. Arami-Niya, T. E. Rufford, G. Birkett, Z. Zhu, Micropor. Mesopor. Mat. 244 (2016)
218-225 (https://doi.org/10.1016/j.micromeso.2016.10.035)

A. Wahby, J. Silvestre-Albero, A. Septlveda-Escribano, F. Rodriguez-Reinoso,
Micropor. Mesopor. Mat. 164 (2012) 280-287
(http://dx.doi.org/lO.l016/i.micromeso.2012.06.034).

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




