
 



Home

Volume 52, Iss. 6, 2017
Journal of Chemical Technology and Metallurgy

52, Iss. 6, 2017
ISSN 1314-7471 (print)

ISSN 1314-7978 (on line)

EDITOR-IN- CHIEF
Prof. Dr. Bogdana Koumanova
Tel: (+ 359 2) 81 63 302
University of Chemical Technology and Metallurgy
8 Kl. Ohridski, 1756 Sofia, Bulgaria
E-mail: journal@uctm.edu

 

SELECTED ARTICLES

International Conference

“Collaboration Seminar of Chemistry and

Industry (CoSCI-2016)”

 

5-6 October, 2016

Surabaya, Indonesia

 

Invited Editor

Dr. Purkan Purkan

 

Primary study of cellulose acetate hollow fiber as a green membrane applied to hemodialysis

Yanuardi Raharjo, Siti Wafiroh, Mahdya Nayla, Vita Yuliana, Mochamad Zakki Fahmi

 

Journal of Chemical Technology and Metallurgy

https://dl.uctm.edu/journal/web/
mailto:rumen@uctm.edu
http://dl.uctm.edu/journal/node/j2017-6/1_17_16%20Raharj%D0%BE_1021_1026.pdf
https://dl.uctm.edu/journal/web/


Composite beads of chitosan/bentonite as a matrix for phosphate fertilizer controlled-
release

Bambang Piluharto, Veinardi Suendo, Ida Maulida, Asnawati

 

Serum acetaldehyde as a potential biomarker for the detection of pathogenic biofilm
formation by Candida albicans

Masfufatun, Sumayyah Luqman Bayasud, Mei Shirli Yasinta, Ni’matuzahro, Afaf Baktir

 

The influence of ascorbic acid, creatine, and creatinine on the uric acid analysis by
potentiometry using a carbon paste modified imprinting zeolite electrode

Miratul Khasanah, Muji Harsini, Alfa Akustia Widati, Prihantari Mukti Ibrani

 

A novel spectrophotometric method for determination of histamine based on its complex
reaction with Cu(II) and alizarin red S

Miftakhul Jannatin, Ayu Nabila I.L, Ganden Supriyanto, Pratiwi Pudjiastuti

 

Application of ionic liquid dispersive liquid-liquid microextraction for analysis of n-
nitrosodipropylamine in salted fish

Aning Purwaningsih, Yanuardi Raharjo, Hendarta Agasi

 

Determination of chlorpyrifos pesticide by effervescence liquid phase microextraction HPLC
UV-Vis

Usreg Sri Handajani, Yanuardi Raharjo, Bagas Wantoro

 

Effect of aliphatic and aromatic hydrocarbons on the oxygenase production from
hydrocarbonoclastic bacteria

Sri Sumarsih, Ni’matuzahroh, Fatimah, Miranti Puspitasari, Meilisa Rusdiana

 

Identification of Candida species by assimilation and Multiplex-PCR methods

http://dl.uctm.edu/journal/node/j2017-6/2_17_17_Bambang_1027_1031.pdf
http://dl.uctm.edu/journal/node/j2017-6/3_17_18_Masfufatun_1032_1038.pdf
http://dl.uctm.edu/journal/node/j2017-6/3_17_18_Masfufatun_1032_1038.pdf
http://dl.uctm.edu/journal/node/j2017-6/4_17_19_Miratul_1039_1044.pdf
http://dl.uctm.edu/journal/node/j2017-6/5_17-20%20Ganden_1045-1050.pdf
http://dl.uctm.edu/journal/node/j2017-6/6_17_21_Aning_1051_1055.pdf
http://dl.uctm.edu/journal/node/j2017-6/7_17_22_Sri_1056_1061.pdf
http://dl.uctm.edu/journal/node/j2017-6/8_17_23_Sri_1062_1069.pdf
http://dl.uctm.edu/journal/node/j2017-6/9_17_24%20_Hermansyah_1070_1078.pdf
http://dl.uctm.edu/journal/node/j2017-6/9_17_24%20_Hermansyah_1070_1078.pdf


Hermansyah, Nurmalina Adhiyanti, Julinar, Kemas Yakub Rahadiyanto, Susilawati

 

Xylanase enzyme from a local strain of Pseudomonas stutzeri

Purkan Purkan, Emma Huruniawati, Sri Sumarsih

 

Study of a catalyst of citric acid crosslinking on locust bean gum

Wuryanto Hadinugroho, Suwaldi Martodihardjo, Achmad Fudholi, Sugeng Riyanto

 

Production and characterization of sulfonated chitosan-calcium oxide composite membrane
as a proton exchange fuel cell membrane

Siti Wafiroh, Abdulloh, Winda Kusuma Wardani

 

An excellent way to prepare conductive glass using a simple glass plate aiming a promising
solar cell

Harsasi Setyawati, Handoko Darmokoesoemo, Hamami, Faidur Rochman, Ahmadi Jaya
Permana

 

Partial oxidative synthesis of fluorescent carbon derived from local bamboo leaves

Ahmadi Jaya Permana, Abdul Haris, Harsasi Setyawati, Mochamad Zakki Fahmi

 

Stability of coordination compounds obtained by reduction of copper(II) halide and 1,3–
bis(diphenylphosphino)propane (DPPP)

Nike Prilil Puspita Sari, Lis Siaturohmah, Effendy, Fariati

 

Phenolic compounds from Aquilaria microcarpa stem bark

Alfinda Novi Kristanti, Mulyadi Tanjung, Okky P. Rahayu, Erika Herdiana
 

Electrochemical degradation of naphthol AS-BO batik dyes

http://dl.uctm.edu/journal/node/j2017-6/10_17_25_Purkan_1079_1085.pdf
http://dl.uctm.edu/journal/node/j2017-6/10_17_25_Purkan_1079_1085.pdf
http://dl.uctm.edu/journal/node/j2017-6/11_17_27_Wuryanto_1086_1091.pdf
http://dl.uctm.edu/journal/node/j2017-6/12_17_28_Siti_1092_1096.pdf
http://dl.uctm.edu/journal/node/j2017-6/13_17_29_Setyawati_1097_1100.pdf
http://dl.uctm.edu/journal/node/j2017-6/14_17_30_Ahmadi_1101_1104.pdf
http://dl.uctm.edu/journal/node/j2017-6/15_17_31_Nike_1105_1110.pdf
http://dl.uctm.edu/journal/node/j2017-6/16_17_33_Alfinda_1111_1115.pdf
http://dl.uctm.edu/journal/node/j2017-6/17_17_34%20_Muji_Harsini_1116_1122.pdf


Muji Harsini, Suyanto, Yhosep Gita Y. Y., Lilik Rhodifasari, Handoko Darmokoesomo

 

Silica-methyltrimethoxysilane based hydrophobic coatings on a glass substrate

Alfa A. Widati, Nuryono Nuryono, Indriana Kartini, Noah D. Martino

 

Chitosan-based neem seed extract nanocapsules: a new approach on enhancing its
effectiveness as an insecticide delivery agent

Mochamad Zakki Fahmi, Hery Suwito, Achmadi Susilo, Elika Joeniarti, Anninda Mughniy
Rahayu Jaswdi, Nindayu Indrasari

 

Confusarin and nudol, two phenathrene group compounds, from Dioscorea esculenta L.
and their antioxidant acitivities

Nanik Siti Aminah, Ratih Hidayah, Mulyadi Tanjung

 

Drug delivery hard shell capsules from seaweed extracts

Pratiwi Pudjiastuti, Muhammad Al Rizqi Dharma Fauzi, Handoko Darmokoesoemo

 

Organic template free hierarchical ZSM-5 prepared by desilication

Hartati, Alfa Akustia Widati, Aning Purwaningsih, Alfinda Novi Kristanti, Anggarani Nur
Oktavia

 

Modification of gresik’s dolomite to CaO•MgO nanocomposite as a catalyst for synthesis of
biodiesel from tamanu oil

Abdulloh Abdulloh, Alfa Akustia Widati, Oditio Arizal

 

 

Guide for Authors

http://dl.uctm.edu/journal/node/j2017-6/18_17_35_Alfa_1123_1128.pdf
http://dl.uctm.edu/journal/node/j2017-6/19_17_36_Zakki_1129_1134.pdf
http://dl.uctm.edu/journal/node/j2017-6/20_17_37_Nanik_1135_1139.pdf
http://dl.uctm.edu/journal/node/j2017-6/20_17_37_Nanik_1135_1139.pdf
http://dl.uctm.edu/journal/node/j2017-6/21_17_38_Pratiwi_1140_1144.pdf
http://dl.uctm.edu/journal/node/j2017-6/22_17_39_Hartati_1145_1149.pdf
http://dl.uctm.edu/journal/node/j2017-6/23_17_40_Abdullah_1150_1156.pdf
http://dl.uctm.edu/journal/node/j2017-6/24_Guide_for%20autors_1157_1158.pdf


 

Log in or register to post comments

https://dl.uctm.edu/journal/web/user/login?destination=/journal/web/j2017-6%23comment-form
https://dl.uctm.edu/journal/web/user/register?destination=/journal/web/j2017-6%23comment-form


Home

Editorial Board
 

EDITOR-IN-CHIEF

Prof. Dr. Bogdana Koumanova

University of Chemical Technology and Metallurgy, Bulgaria

S.J. Allen,

Queens University of Belfast, UK

N.Yu. Bashkirceva,

National Research Technological University,
Kazan, Russia

M. Bojinov,

University of Chemical Technology and
Metallurgy, Bulgaria

V. Bojinov, University of Chemical Technology
and Metallurgy, Bulgaria

J. Carda,

University Jaume I, Castellon, Spain

D. Danalev,

University of Chemical Technology and
Metallurgy, Bulgaria

V. Dimitrov,

Bulgarian Academy of Sciences

N. Dishovsky,

University of Chemical Technology and
Metallurgy, Bulgaria

S.J.C. Feyo de Azevedo,

Universidade do Porto, Portugal

M. Jitaru,

 

I.P. Mazur,

Lipetsk State Technical University, Russia

D. Mehandjiev,

Bulgarian Academy of Sciences

E. Mihailov,

University of Chemical Technology and
Metallurgy, Bulgaria

L. Mörl,

University “Otto-von-Guericke”, Magdeburg,
Germany

B. Nath,

European Centre for Pollution Research,
London, UK

A.B. Nayzabekov

Rudny Industrial Institute, Rudny,
Kazakhstan

L. Petrov,

Bulgarian Academy of Sciences

S. Piskin,

Yildiz Technical University, Istanbul, Turkey

A. K. Pogodaev,

Journal of Chemical Technology and Metallurgy

https://dl.uctm.edu/journal/web/
https://dl.uctm.edu/journal/web/


University “Babeş -Bolyai”, Cluj-Napoca,
Romania

S. Kalcheva,

University of Chemical Technology and
Metallurgy, Bulgaria

F. Keil,

Hamburg University of Technology, Germany

T. Koinov,

University of Chemical Technology and
Metallurgy, Bulgaria

T. Komatsu,

Nagaoka University of Technology, Japan

J.M. LeLann,

Institut National Polytechnique,École nationale
supérieure des ingénieurs en arts chimiques
et technologiques, France

S.N. Lezhnev,

Rudny Industrial Institute, Rudny, Kazakhstan

A. Mavrova,

University of Chemical Technology and
Metallurgy, Bulgaria

Lipetsk State Technical University, Russia

G. Radeva,

University of Chemical Technology and
Metallurgy, Bulgaria

A. Di Schino,

University of Perugia, Italy

M. Simeonova,

University of Chemical Technology and
Metallurgy, Bulgaria

V. Stefanova,

University of Chemical Technology and
Metallurgy, Bulgaria

D. Stoilova,

Bulgarian Academy of Sciences

N. Tsarevsky,

Southern Methodist University, Dallas,
Texas, USA

I. Turunen,

Lappeenranta University of Technology,
Finland

L. Vezenkov,

University of Chemical Technology and
Metallurgy, Bulgaria

Log in or register to post comments

https://dl.uctm.edu/journal/web/user/login?destination=/journal/web/eb%23comment-form
https://dl.uctm.edu/journal/web/user/register?destination=/journal/web/eb%23comment-form


also developed by scimago: SCIMAGO INSTITUTIONS RANKINGS

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Journal of Chemical Technology and
Metallurgy

Country Bulgaria  -   SIR Ranking of Bulgaria 15
H Index

Subject Area and Category Chemical Engineering
Chemical Engineering (miscellaneous)

Engineering
Industrial and Manufacturing Engineering

Publisher University of Chemical Technology and Metallurgy

Publication type Journals

ISSN 13143859, 13147471

Coverage 2013-ongoing

How to publish in this journal

Join the conversation about this journal

Enter Journal Title, ISSN or Publisher Name  

Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Chemical Engineering (miscellaneous) 2012 Q3
Chemical Engineering (miscellaneous) 2013 Q3
Chemical Engineering (miscellaneous) 2014 Q3
Chemical Engineering (miscellaneous) 2015 Q3

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

2012 2013 2014 2015 2016 2017 2018

Chemical Engineering (miscellaneous)

Industrial and Manufacturing Engineering

https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=BG
https://www.scimagoir.com/rankings.php?country=BGR
https://www.scimagojr.com/journalrank.php?area=1500
https://www.scimagojr.com/journalrank.php?area=2200
https://www.scimagojr.com/journalrank.php?category=1501
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalsearch.php?q=University%20of%20Chemical%20Technology%20and%20Metallurgy&tip=pub
http://dl.uctm.edu/journal/node/61


Bilal 1 year ago

Dear Sir/M'am,

measures the scienti�c in�uence of the average article The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 0.350
Cites / Doc. (4 years) 2013 0.453
Cites / Doc. (4 years) 2014 0.614
Cites / Doc. (4 years) 2015 0.563
Cites / Doc. (4 years) 2016 0.485
Cites / Doc. (4 years) 2017 0.659
Cites / Doc. (4 years) 2018 0.583

( )

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2011 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2011 8.33
2012 12 50

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
N it bl d t 2011 0

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2011 0
Uncited documents 2012 45
Uncited documents 2013 109
Uncited documents 2014 164

← Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.scimag

B

0.2

0.4

0.6

0.8

2011 2012 2013 2014 2015 2016 2017 2018

0

90

180

2011 2012 2013 2014 2015 2016 2017 2018

0

0.4

0.8

2011 2012 2013 2014 2015 2016 2017 2018

0

10

20

30

2011 2012 2013 2014 2015 2016 2017 2018

0

200

400

2011 2012 2013 2014 2015 2016 2017 2018

0

200

400



Can you please let me know why ı can't open the website of the journal?

reply

Elena Corera 1 year ago

Dear Bilal,

sorry, but unfortunately we cannot help you with your request, SJR has no relation with

journal's website. 

Best regards,

SCImago Team

Salim Kaiser 1 year ago

let me know the present status of my manuscript“Corrosion behaviour of Al-12Si-1Mg automotive

alloy in acidic, alkaline and salt media with trace of Zr”

reply

Salim Kaiser 1 year ago

Dear Sir

Please let me know the present status of my manuscript entitle

“Corrosion behaviour of Al-12Si-1Mg automotive alloy in acidic, alkaline and salt media with trace

of Zr” 

kind regards.

Salim Kaiser

reply

Elena Corera 1 year ago

Dear Salim, we suggest you contact the journal directly. Best Regards, SCImago Team

Vinay 1 year ago

Dear Sir/M'am,

Can you please let me know the procedure for publishing a research paper in your journal.

E

S

S

E

V



Regards

Vinay

reply

Elena Corera 1 year ago

Dear Vinay, in the link below you will �nd the information corresponding to the author's

instructions of this journal. Best regards, SCImago Team

http://dl.uctm.edu/journal/node/61

Leave a comment

Name  

Email
(will not be published)

 

Submit

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci�c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.

I'm not a robot
reCAPTCHA
Privacy - Terms

E

https://www.google.com/intl/en/policies/privacy/
https://www.google.com/intl/en/policies/terms/


Developed by:

 

Powered by:

Follow us on @ScimagoJR

Scimago Lab, Copyright 2007-2019. Data Source: Scopus®

http://www.scimagolab.com/
http://www.scopus.com/
https://twitter.com/ScimagoJR
http://www.scimagolab.com/
http://www.scopus.com/


Hartati, Alfa Akustia Widati, Aning Purwaningsih, Alfinda Novi Kristanti, Anggarani Nur Oktavia

1145

 

ORGANIC TEMPLATE FREE
HIERARCHICAL ZSM-5 PREPARED BY DESILICATION 

Hartati, Alfa Akustia Widati, Aning Purwaningsih, 
Alfinda Novi Kristanti,  Anggarani Nur Oktavia

ABSTRACT

Organic template free hierarchical ZSM-5 were synthesized using desilication.  X-Ray Diffraction (XRD), Fou-
rier Transform Infra Red (FTIR) spectrometry, and N2 adsorption/desorption analytical techniques were applied to 
characterize the physicochemical properties of the solid synthesized. Hierarchical ZSM-5 of a molar composition of 
100SiO2:1.25Al2O3:1800H2O was obtained at a hydrothermal temperature of 175°C for 36 h. The analytical results showed 
that the hierarchical ZSM-5 had a mesopore surface area, a pore volume, and a pore diameter of 42.752 m2/g, 0.186 cc/g, 
and 3.810 nm, respectively.

Keywords: hierarchical ZSM-5, desilication, organic template free.
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INTRODUCTION

Zeolites are microporous crystalline solids of unique 
properties such as a thermal stability, a high acidity, a 
good selectivity, and  a high ion exchange capacity. 
Therefore, they can be used as catalysts, adsorbents, and 
ion exchange agents [1]. Natural zeolites often contain 
impurities that can cover the pores or active sites, so 
activation is required for their elimination [2].

Synthetic zeolites are generally made through a 
crystallization process of sodium aluminosilicates gels. 
In this case, a mixture of sodium silicates and sodium 
aluminates [3] is the source of silica and alumina for 
zeolites synthesis. Synthetic zeolites are commonly 
applied in industries because of their high purity and 
uniformity of particle size.

In general, ZSM-5 zeolites are synthesized using 
structure directing agents (SDA). Tetraprophylammonium 
hydroxide (TPAOH) is the most effective substance as 
a SDA [4]. Although TPAOH provides a good crystal 
structure, it also causes economical, health, and 
enviromental problems because it is expensive, toxic 

[5], and promotes air pollution in the the course of the 
calcination process [6, 7].

Most of ZSM-5 zeolites are prepared of a micropore 
size. Microporous ZSM-5 has limitations in respect to 
molecular diffusion due to steric effects, especially in case of 
bulky molecules [8]. There are many attempts to overcome 
this problem referring to the development of mesoporous 
ZSM-5 and hierarchical (microporous and mesoporous) 
ZSM-5. Meso-sized pores are expected to facilitate the 
reactants mass transport into the active site of the zeolite.

Mesopores can be obtained in zeolites with the 
addition of a cationic surfactant as a mesophase template. 
The surfactant can be eliminated, as is done by Goncalves 
et al. [9], Barakov et al. [10], Hartati et al. [11], or Jian et 
al. [12] upon completion of the synthesis process. However, 
the use of cationic surfactant results in air pollution, and 
which is why alternative methods are needed. Desilication 
is an easy method applied to the synthesis of various types 
of mesoporous zeolites, for example Mobile Five-1 (MFI) 
[13], Mordenite (MOR) [14], and Beta Polymorph A (BEA) 
[15]. Desilication can provide a controlled mesoporous 
structure maintaining Bronsted acidity [13].
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In this research, ZSM-5 was synthesized using 
tetraethylorthosilicate (TEOS) and sodium aluminosilicate 
without structure direchting agent or seeds. The 
resulting microporous ZSM-5 was then converted into 
a hierarchical (mesoporous and microporous) ZSM-5 
through a desilication process.

EXPERIMENTAL

Anhydrous sodium aluminate (NaAlO2, Sigma 
Aldrich, 50 %), tetraethylorthosilicate (TEOS, Merck, 
99 %), sodium hydroxide (NaOH, Merck, 99 %), ethanol 
(C2H5OH, Sigma Aldrich, 99.8 %) and distilled water were 
used. Approximately 0.375 g of NaOH were dissolved 
in 10 mL of distilled water and then gradually mixed 
with 0.256 g of NaAlO2 in a plastic beaker. The solution 
was then added dropwise to 14.1 mL of TEOS as a silica 
source and 10 mL of distilled water. Thus a mixture of 
a molar composition of 10Na2O : 100SiO2 : 1.25Al2O3 : 
1800H2O was obtained. It was stirred for 5 h and aged for 
19 h. Subsequently, it was transferred to a stainless steel 
autoclave. The latter was sealed and heated at 175oC of a 
varying time (24 h, 36 h, 48 h, and 72 h). Then the solids 
obtained were washed with distilled water to pH 7 using 
centrifugation techniques and dried in an oven for 24 h at 
100°C. Thus microporous ZSM-5 was obtained.

The desilication process was carried out by introducing 
0.176 g of microporous ZSM-5 to a mixture of 20 mL of 
water and 10 mL of ethanol placed in a plastic beaker. 
Then 20 mL of 0.125 M NaOH were added dropwise. 
During this process the plastic beaker was covered with 
aluminum foil to prevent evaporation. The mixture was 
transferred to a polypropylene bottle and heated for 24 
h at 100°C [16]. The product obtained was washed with 
distilled water until pH 7 and dried for 24 h at 80°C.

The structure of ZSM-5 was determined by X-Ray 
Powder diffraction (XRD) at a wavelength 1.54056 Å 
using a Philip Analytical X’Pert PRO of 2θ = 5 - 50o and 
Cu Kα radiation. FT-IR spectra (Shimadzu IR Prestige 21 
spectro-photometer) were used to  identify  the structure 
of ZSM-5 and the functional groups present. The pore 
properties prior to and following the desilication were 
studied using nitrogen absorption/ desorption (Nova 
Quanthacrome 1200E).

RESULTS AND DISCUSSION

The X-ray diffraction patterns of ZSM-5 synthesized 
in absence of an organic template with hydrothermal time 
varying at 175oC is shown in Fig. 1. It is evident that no 
ZSM-5 but an amorphous solid is formed within 24 h. 
The time increase to 36 h results in ZSM-5 synthesis. 
This is verified by the sharp peak at 2θ of about 7o - 9o 
and 22o - 25o (Fig. 1b). Fig. 1b shows a peak at ca 6 o - 7o 
which is characteristic peak of mordenite [14]. The 
sample obtained within 48 h (Fig. 1c) shows a diffraction 
pattern similar to that in Fig. 1.b, but with an additional 
peak at ca 27o indicating the formation of quartz 17]. 
At 72 hours, Quarts dominates  ZSM-5 in case of 72 h 
hydrothermal time as evident from Fig. 1d. 

The data presented shows that the hydrothermal time 
increase leads to a lower crystallinity of MFI structure 
and promotes the formation of quartz and modernit. 
This is so because no structure directing agent of MFI 
is used [18]. Furthermore, quartz formation is facilitated 
by high NaOH concentrations of NaOH as reported by 
Prasetyoko et al. [19]. The characterization by FTIR 
spectra is aimed at determining the constituent bonds 
of the zeolite framework.  Peaks appear at 468.67 cm-1, 
796.55 cm-1,  1097.4 cm-1 and 1629.74 cm-1 appear in 

Fig. 1.  XRD pattern of ZSM-5 synthesized at 175oC for  a) 24 
h;  b) 36 h;  c) 48 h; d) 72 h  (¡ - mordenitе, r -  quartz).
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case of hydrothermal time of 24 h. Peaks appear at 445.53 
cm-1, 545.82 cm-1, 781.12 cm-1, 1080.06 cm-1, 1236.29 cm-1 
and 1629.74 cm-1 when the treatment is within 36 h.  The 
peaks in the spectra recorded in case of hydrothermal time 
of 48 and 72 h are outlined at identical wave numbers, 
i.e. at  457.10 cm-1, 545.82 cm-1,781.12 cm-1, 1083.92 
cm-1,   1238.21 cm-1 and 1629.74 cm-1. These results are 
similar to those reported by Cheng et al. [5]. The band at 
around  450 cm-1  illustrated in Fig. 2 shows the bending 
vibration of Si-O and Al-O, the band at around 1100 
cm-1 is indicative of the asymmetry stretching vibration 
of Si-O-Si, that at around 800 cm-1 is ascribed to the 
symmetric stretching vibration of Si-O-Si, while the band 
at around 550 cm-1 is typical for the five membered ring 
of the pentasil structure. All FTIR data obtained is listed 
in Table 1. It is evident that no ZSM-5 ris synthesized 
within hydrothermal time of 24 h, i.e. no bands at around 
550 cm-1 and 1200 cm-1 characteritic of MFI structure 
are seen.  Thus the  FTIR data  obtained support those 
of XRD analysis. 

Desilication is a post-treatment of a zeolite aimed at 
a  selective extraction of silicon atoms from the zeolite 
framework. It is worth adding that the the aluminum 
framework does not disrupt during this process because of 
the basicity provided by NaOH presence. In this research, 
the desilication is carried out using NaOH solution. 
Sodium hydroxide is a good desilicating agent when 
compared to organic bases such as tetrapropil ammonium 
hydroxide (TPAOH) and tetrabutyl ammonium 
hydroxide (TBAOH) because the desilication process 
with their participation is considered less selective [20].

 The XRD diffraction patterns in Fig. 3 show 
specific peaks at ca 7o - 9o and 23o - 25o. This provides 
the conclusion that the process conducted decreases 
the zeolite cryrallinity  but still preserves ZSM-5 
MFI structure. The NaOH treatment affects crystal 
morphology through facilitation of mesopores formation. 
In fact the morphological changes of the zeolite crystals 
increase with NaOH concentration increase [21]. 
According to Groen et al. [22], the optimum conditions 
of desilication refer to 0.2 M NaOH,  temperature of 338 
K and duration of 30 min. 

Table 1. FTIR data referring to ZSM-5 synthesized.

Fig. 2.  FTIR spectra of ZSM-5 synthesized at  175oC 
for  a) 24 h;   b) 36 h;  c) 48 h; and  d) 72 h.

Fig. 3.  XRD pattern of ZSM-5 a) prior to desilication 
and  b) after desilication.

Hidrothermal 
Time 

Wavenumber (cm-1) 
Bending 

vibration of 
Si-O and Al-

O 

Five 
membered 

ring 

Symetric 
stretching 

vibration of 
Si-O-Si 

Asymmetry 
stretching 

vibration of 
Si-O-Si 

TO4 
tetrahedron 

units 

bending 
vibration of 

–OH 

24 h 468.67 - 796.55 1097.42 - 1629.74 
36 h 445.53 545.82 781.12 1080.06 1236.29 1629.74 
48 h 457.10 545.82 781.12 1083.92 1238.21 1629.74 
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The FTIR spectra are shown in Fig. 4. A similarity of 
the pattern is observed in Figs. 4a and 4b. This indicates 
that the framework structure is not changed during the 
desilication process. 

Тhe nitrogen absorption/desorption curves of a 
sample of ZSM-5 prior to and after desilication are 
shown in Fig. 5. In Fig. 5 was also listed about curves 
of pore size distribution of ZSM-5 after desilication 

process. It is evident that the curve of ZSM-5 prior 
desilication  is of type I, which is typical for microporous 
solids. The insert in Fig. 5c shows that the pore diameter 
is ca 3.436 nm, while the surface area of the mesopores  
is ca 65.797 m2/g (69.44 % of total surface area). It is 
also evident that the pore volume is ca 0.232 cc/g, while 
the micropores surface area is ca 28.954 m2/g. Fig. 5b 
indicates that the curve of ZSM-5 after desilication 
corresponds to  type IV. The latter is typical for 
mesoporous solids (Groen et al., 2005). The distribution 
of the pore diameter is between 3.8 nm and 8 nm (Fig. 
5d), while the mesopores surface area is ca 42.752 m2/g 
(86.84 % of total surface area). The pore volume is 0.186 
cc/g, while the micropores surface area is found equal 
to 6.475 m2/g. It is small but  nevertheless it shows that 
ZSM-5 considered differs from that prior desilication.

CONCLUSIONS

Hierarchical ZSM-5 can be synthesized without 
organic templates by the hydrothermal method at 175o 
C for 36 h. Quartz is evidenced as an impurity by the 
XRD diffraction pattern in case of a longer  synthesis 
(72 h). The formation of ZSM-5 is also supported by the 
FT-IR spectra obtained. The formation of mesoporous 
ZSM-5 is proved by nitrogen absorption/ desorption and 
pore size distribution curves recorded.
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