N =

Daftar Lampiran C1

Hasil penilaian sejawat sebidang atau peer review karya ilmiah
Tabel of conten jurnal “Indonesian Journal of Chemistry” Vol 18,
No.1 (2018)

Bukti tim editor dari lebih 4 negara

Abstrak artikel dari 2 negara ke 1

Abstrak artikel dari 2 negara ke 2

Abstrak artikel yang bersangkutan

Bukti jurnal terindeks SCOPUS

Bukti abstrak artikel yang bersangkutan di SCOPUS

Bukti impac faktor (SJR) Scimago Journal & Country Rank

. Artikel lengkap yang bersangkutan

Hasil turnitin
Bukti korespondensi (https:/doc-pak.undip.ac.id/3073/2/C1_Kores.pdf )



https://doc-pak.undip.ac.id/3073/2/C1_Kores.pdf

Judul Jurnal limiah (Artikel)

Jumlah Penulis
Status Pengusul

LEMBAR

HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH : JURNAL ILMIAH

Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium

Bromide as Structure Directing Agent
3 orang
Penulis Utama

Identitas Jurnal lImiah a. Nama Jurnal Indonesian Journal of Chemisty
b.  Nomor ISSN 1411-9420 (print); 2460-1578 (on-line)
¢. Vol, No., BIn Thn Vol 18, No 1 (2018), Hal. 159 -165
d. Penerbit Gadjah Mada University
e. DOl artikel (jika ada) https://doi.org/10.22146/ijc.22197
f.  Alamat web jurnal https://jurnal.ugm.ac.id/ijc/
Alamat Artikel https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
url Turnitin: (5%)
https://doc-pak.undip.ac.id/3033/1/Turnitinl.pdf
g. Terindex Jurnal Internasional bereputasi (Q3) terindeks SCOPUS
(SJR=0,215)
https://www.scopus.com/sourceid/211002235367origin
=resultslist
Kategori Publikasi Jurnal limiah Jurnal llmiah Internasional
(beri v'pada kategori yang tepat) Jurnal lImiah Nasional Terakreditasi
Jurnal IImiah Nasional Tidak Terakreditasi
Hasil Penilaian Peer Review :
Nilai Maksimal Jurnal lImiah
_ Nasionz_:ll _ Na_sional Nilai Akhir
Kompqngn_ Internasional | Terakreditasi Tidak Yang
Yang Dinilai . o Teralgldltam Diperoleh
a. Kelengkapan unsur isi jurnal (10%) 4,00 4
b. Ruang lingkup dan kedalaman 12,00 12
pembahasan (30%)
c. Kecukupan dan kemutahiran 12,00 12
data/informasi dan metodologi (30%)
d. Kelengkapan unsur dan kualitas 12,00 11,6
terbitan/jurnal (30%)
Total = (100%) 40,00 39,6

Penulis Utama : 0,6 x 39,6 = 23,76

Catatan Penilaian artikel oleh Reviewer :

1. Kesesuaian dan kelengkapan unsur isi jurnal:
Isi artikel ini sudah memenuhi kelengkapan subuah jurnal ilmiah, unsur-unsur jurnal juga sudah sesuai dan sinkron.
Judul abstak, pendahuluan sampai kesimpulan lengkap. Nilai 4

2. Ruang lingkup dan kedalaman pembahasan:
Pembahasan pada makalah ini sudah baik. Metode penelitian dan hasil disampaikan dengan baik dan didukung oleh
referensi yang memadai. Nilai 12

3. Kecukupan dan kemutakhiran data/informasi dan metodologi:
Metode yang digunakan dalam artikel ini cukup mutakhir dan referensi yang digunakan sudah mencukupi dan
mutakhir (< 10 th), data baik dan dibahas dengan baik. Nilai 12

4. Kelengkapan unsur dan kualitas terbitan:
Terlihat jurnal ini berkuwalitas dan unsur-unsurnya lengkap mencakup cover, dewan redaksi dan daftar isi semua
memenuhi syarat jurnal ilmiah. Nilai 11,6

Semarang, 30 Maret 2020
Reviewer 1

Dr. Bambang Cahyono
NIP. 196303161988101001
Unit Kerja : Departemen Kimia FSM UNDIP


https://doi.org/10.22146/ijc.22197
https://jurnal.ugm.ac.id/ijc/
https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
https://doc-pak.undip.ac.id/3033/1/Turnitin1.pdf
https://www.scopus.com/sourceid/21100223536?origin=resultslist
https://www.scopus.com/sourceid/21100223536?origin=resultslist

LEMBAR
HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH : JURNAL ILMIAH
Judul Jurnal limiah (Artikel) Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium
Bromide as Structure Directing Agent

Jumlah Penulis 3 orang
Status Pengusul Penulis Utama
Identitas Jurnal lImiah a. Nama Jurnal Indonesian Journal of Chemisty
b.  Nomor ISSN 1411-9420 (print); 2460-1578 (on-line)
¢. Vol, No., BIn Thn Vol 18, No 1 (2018), Hal. 159 -165
d. Penerbit Gadjah Mada University
e. DOl artikel (jika ada) https://doi.org/10.22146/ijc.22197
f.  Alamat web jurnal https://jurnal.ugm.ac.id/ijc/

Alamat Artikel

https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
url Turnitin: (5%)
https://doc-pak.undip.ac.id/3033/1/Turnitinl.pdf

g. Terindex Jurnal Internasional bereputasi (Q3) terindeks SCOPUS
(SJR=0,215)
https://www.scopus.com/sourceid/21100223536?0rigin
=resultslist
Kategori Publikasi Jurnal limiah Jurnal llmiah Internasional
(beri v'pada kategori yang tepat) Jurnal lImiah Nasional Terakreditasi
|:| Jurnal Ilmiah Nasional Tidak Terakreditasi
Hasil Penilaian Peer Review :
Nilai Maksimal Jurnal lmiah
_ Nasionz_:ll _ Na_sional Nilai Akhir
Kompqn?n_ Internasional | Terakreditasi Tidak Yang
Yang Dinilai . o Teralgldltam Diperoleh
e. Kelengkapan unsur isi jurnal (10%) 4,00 4
f.  Ruang lingkup dan kedalaman 12,00 12
pembahasan (30%)
g. Kecukupan dan kemutahiran 12,00 12
data/informasi dan metodologi (30%)
h. Kelengkapan unsur dan kualitas 12,00 11
terbitan/jurnal (30%)
Total = (100%) 40,00 39

Penulis Utama: 0,6 x 39 = 23,4

Catatan Penilaian artikel oleh Reviewer :
1.

Kesesuaian dan kelengkapan unsur isi jurnal:
Lengkap dan sesuai dengan yang dipersyaratkan jurnal internasional.
Artikel yang dimuat, dibahas dan disusun secara lengkap. Nilai 4
Ruang lingkup dan kedalaman pembahasan:
Data yang disajikan dibahas dengan detil dan lengkap, disertai referensi pendukung. Nilai 12
Kecukupan dan kemutakhiran data/informasi dan metodologi:

Kualitas dan kuantitas pustaka baik, sebagian besar tahun terbit kurang dari 10 th (90%).
Metodologi disajikan detil sehingga bisa diulang peneliti lain. Nilai 12

Kelengkapan unsur dan kualitas terbitan:
Kualitas terbitan baik dan masuk dalam Q3, hanya ada beberapa gambar yang kurang jelas. Nilai 11

Semarang, 23 Maret 2020
Reviewer 2
—_=

==

Dr—s. Gunawan, M.Si, Ph.D
NIP.196408251991031001
Unit Kerja : Departemen Kimia FSM UNDIP



https://doi.org/10.22146/ijc.22197
https://jurnal.ugm.ac.id/ijc/
https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
https://doc-pak.undip.ac.id/3033/1/Turnitin1.pdf
https://www.scopus.com/sourceid/21100223536?origin=resultslist
https://www.scopus.com/sourceid/21100223536?origin=resultslist

LEMBAR
HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH : JURNAL ILMIAH

Judul Jurnal limiah (Artikel) : Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium
Bromide as Structure Directing Agent
Jumlah Penulis : 3orang
Status Pengusul > Penulis Utama
Identitas Jurnal lImiah a. Nama Jurnal . Indonesian Journal of Chemisty
b.  Nomor ISSN : 1411-9420 (print); 2460-1578 (on-line)
¢. Vol, No., BIn Thn : Vol 18, No 1 (2018), Hal. 159 -165
d. Penerbit :  Gadjah Mada University
e. DOl artikel (jikaada) : https://doi.org/10.22146/ijc.22197
f.  Alamat web jurnal . https://jurnal.ugm.ac.id/ijc/
Alamat Artikel . https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
url Turnitin: (5%)
https://doc-pak.undip.ac.id/3033/1/Turnitinl.pdf
g. Terindex :Jurnal Internasional bereputasi (Q3) terindeks SCOPUS
(SJR=0,215)
https://www.scopus.com/sourceid/211002235367origin
=resultslist
Kategori Publikasi Jurnal limiah \ /| Jurnal limiah Internasional
(beri v'pada kategori yang tepat) |:| Jurnal lImiah Nasional Terakreditasi
|:| Jurnal Ilmiah Nasional Tidak Terakreditasi
Hasil Penilaian Peer Review :
Nilai Reviewer
Kompqngn_ . . Nilai Rata-rata
Yang Dinilai Reviewer | Reviewer 1
a. Kelengkapan unsur isi jurnal (10%) 4 4 4
b. Ruang lingkup dan kedalaman pembahasan (30%) 12 12 12
c. Kecukupan dan kemutahiran data/informasi dan 12 12 12
metodologi (30%)
d. Kelengkapan unsur dan kualitas terbitan/jurnal (30%) 11,6 11 11,3
Total = (100%) 39,6 39 39,3
Penulis Utama (rata-rata): 0,6 x 39,3 = 23,58
Semarang, 30 Maret 2020
Reviewer 2 Reviewer 1
/ -
% 2
Drs. Gunawan, M.Si, Ph.D Dr. Bambang Cahyono
NIP.196408251991031001 NIP. 196303161988101000

Unit Kerja : Departemen Kimia FSM UNDIP Unit Kerja : Departemen Kimia FSM UNDIP


https://doi.org/10.22146/ijc.22197
https://jurnal.ugm.ac.id/ijc/
https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
https://doc-pak.undip.ac.id/3033/1/Turnitin1.pdf
https://www.scopus.com/sourceid/21100223536?origin=resultslist
https://www.scopus.com/sourceid/21100223536?origin=resultslist

10/15/2020

Vol 18, No 1 (2018)

Indonesian Journal of Chemistry

ISSN: 1411-9420 {print); 2460-15786 (online)

Published by Chemistry Departiment Universitas Gadjah Mada

‘Surang’ DIRECTORY O
.Q Scopus Bk [JOA moess
[ = Tt MOURNALS

Menu

Home About Login Register Search Current Archives Announcements

Home > Archives > Vol 18, No 1 (2018)

Statistics

Indexing & Abstracting

Vol 18, No 1 (2018)

Accredited by DIKTI No : 58/DIKTl/Kep/2013

Date : 22 August 2013

Indonesian Journal of Chiemistry

Vol 18, Ma. |, Febary 2010

FPLWE || ot | e

I
Table of Contents

Articles

The Modification of PVDF Membrane via Crosslinking with Chitosan and Glutaraldehyde as the Crosslinking

Agent
Romaya Sitha Silitonga, Nurul Widiastuti, Juhana Jaafar, Ahmad Fauzi Ismail, Muhammad Nidzhom
Zainol Abidin, Ihsan Wan Azelee, Mahesan Naidu

4. 10.22146/ijc.25127 ﬁmﬁ Abstract views : 2339 | E2 views : 2949

Physical Mixture Interaction of Acetaminophenol with Naringenin
Normyzatul Akmal Abd Malek, Hamizah Mohd Zaki, Mohammad Noor Jalil

< 10.22146//](:.26732ﬁmAbstract views : 1166 | =2 views : 1227

An Ellagic Acid Derivative and Its Antioxidant Activity of Stem Bark Extracts of Syzygium polycephalumMiq.

(Myrtaceae)
Tukiran Tukiran, Andika Pramudya Wardana, Nurul Hidayati, Kuniyoshi Shimizu

4. 10.22146/ijc.25467 ﬁm Abstract views : 2291 | =2 views : 2643

One-Pot Eco-Safe Saccharin-Catalyzed Procedure for Expedient and Convenient Synthesis of
Dihydropyrano[2,3-c]pyrazole, Tetrahydrobenzo[ b]pyran and Pyrano[2,3-d]pyrimidinone Scaffolds as a
Green and Versatile Catalyst

Farzaneh Mohamadpour, Mojtaba Lashkari, Nourallah Hazeri

4. 10.22146/ijc.28450 ﬁmﬁ Abstract views : 1750 | 22 views : 1674

Liquid Chromatography Mass Spectrometry (LC-MS) Fingerprint Combined with Chemometrics for
Identification of Metabolites Content and Biological Activities of Curcuma aeruginosa

Dewi Anggraini Septaningsih, Latifah Kosim Darusman, Farit Mochamad Afendi, Rudi Heryanto
4. 10.22146/ijc.25456 ﬁmﬁ Abstract views : 3240 | 2 views : 4581

Cytotoxic Triterpenoids from the Stembark of Aglaia argentea (Meliaceae)

Ace Tatang Hidayat, Kindi Farabi, Desi Harneti, Nurlelasari Nurlelasari, Rani Maharani, Ida Nurfarida,

https://jurnal.ugm.ac.id/ijc/issue/view/3154

1-6

18-25

26-34

7-17

43-52

35-42

{ SciFinder* - G(? O gle ¥4 Crossrof c‘ sinta [.j Sfiesearcn @

Journal History Contact

Subscribing on:

900

ARTICLE IN PRESS

List of the accepted articles
for future issues.

FUTURE ISSUES

Vol. 20, no. 6 (December
2020).

Focus & Scope

Author Guidelines

Author Fees

Online Submission

Publication Ethics

Plagiarism Policy

Editorial Board

Peer Reviewers

Order Journal

Visitor Statistics

USER

Username sriatun

Password | sessccces

[J Remember me

JOURNAL CONTENT

Search

Search Scope
All v

Search

Browse

» By lssue
> By Author
> By Title

» Other Journals

INFORMATION

» For Readers
» For Authors

» For Librarians

13


https://twitter.com/IndonesJChem
https://www.instagram.com/indonesjchem/
https://www.facebook.com/IndonesJChem/
https://jurnal.ugm.ac.id/ijc/issue/view/3161
https://jurnal.ugm.ac.id/ijc/issue/view/4420
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#focusAndScope
https://jurnal.ugm.ac.id/ijc/about/submissions#authorGuidelines
https://jurnal.ugm.ac.id/ijc/about/submissions#authorFees
https://jurnal.ugm.ac.id/ijc/about/submissions#onlineSubmissions
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#custom-0
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#custom-1
https://jurnal.ugm.ac.id/ijc/about/editorialTeam
https://jurnal.ugm.ac.id/ijc/about/displayMembership/421
https://jurnal.ugm.ac.id/ijc/pages/view/OJ
http://statcounter.com/p11261799/?guest=1
https://jurnal.ugm.ac.id/ijc/issue/archive
https://jurnal.ugm.ac.id/ijc/search/authors
https://jurnal.ugm.ac.id/ijc/search/titles
https://jurnal.ugm.ac.id/index
https://jurnal.ugm.ac.id/ijc/information/readers
https://jurnal.ugm.ac.id/ijc/information/authors
https://jurnal.ugm.ac.id/ijc/information/librarians
https://jurnal.ugm.ac.id/ijc/article/view/25127/18327
https://jurnal.ugm.ac.id/ijc/article/view/26732/19477
https://jurnal.ugm.ac.id/ijc/article/view/25467/18881
https://jurnal.ugm.ac.id/ijc/article/view/28450/19324
https://jurnal.ugm.ac.id/ijc/article/view/25456/18759
https://jurnal.ugm.ac.id/ijc/article/view/25052/18885
https://jurnal.ugm.ac.id/ijc/index
https://jurnal.ugm.ac.id/ijc/issue/archive
https://jurnal.ugm.ac.id/ijc/issue/view/3154
https://jurnal.ugm.ac.id/ijc/article/view/25127
http://dx.doi.org/10.22146/ijc.25127
https://jurnal.ugm.ac.id/ijc/article/view/26732
http://dx.doi.org/10.22146/ijc.26732
https://jurnal.ugm.ac.id/ijc/article/view/25467
http://dx.doi.org/10.22146/ijc.25467
https://jurnal.ugm.ac.id/ijc/article/view/28450
http://dx.doi.org/10.22146/ijc.28450
https://jurnal.ugm.ac.id/ijc/article/view/25456
http://dx.doi.org/10.22146/ijc.25456
https://jurnal.ugm.ac.id/ijc/article/view/25052
https://jurnal.ugm.ac.id/ijc/index
https://jurnal.ugm.ac.id/ijc/about
https://jurnal.ugm.ac.id/ijc/login
https://jurnal.ugm.ac.id/ijc/user/register
https://jurnal.ugm.ac.id/ijc/search
https://jurnal.ugm.ac.id/ijc/issue/current
https://jurnal.ugm.ac.id/ijc/issue/archive
https://jurnal.ugm.ac.id/ijc/announcement
https://jurnal.ugm.ac.id/ijc/statistics
https://jurnal.ugm.ac.id/ijc/pages/view/indexing
https://jurnal.ugm.ac.id/ijc/about/history
https://jurnal.ugm.ac.id/ijc/about/contact
sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight


10/15/2020 Vol 18, No 1 (2018)

Unang Supratman, Yoshihito Shiono

4. 10.22146/ijc.25052 ﬁm Abstract views : 1552 | EZ views : 1642

A Green Synthesis of a Novel Calix[4]Resorcinarene from 7-Hydroxycitronellal Using Microwave Irradiation

Ratnaningsih Eko Sardjono, Igbal Musthapa, lis Rosliana, Fitri Khoerunnisa, Galuh Yuliani

4. 10.22146/ijc.25466 ﬁlﬁAbstract views : 1601 | =2 views : 1683

Structure-Activity Relationship Study on the Ethyl p-Methoxycinnamate as an Anti-Inflammatory Agent
Ismiarni Komala, Supandi Supandi, Nurhasni Nurhasni, Ofa Suzanti Betha, Eka Putri, Syarifatul Mufidah,
Muhammad Fikry Awaludin, Mida Fahmi, Muhammad Reza, Nurkhayati Putri Indriyani

< 10.22146/ijc‘26162ﬁmAbstract views : 1884 | =2 views : 1964

Antidiabetic Activities and Identification of Chemical Compound from Samama (Anthocephalus
macrophyllus (Roxb) Havil)

Laela Nur Anisah, Wasrin Syafii, Gustan Pari, Rita Kartika Sari

< 10.22146/ijc‘25492ﬁmAbstract views : 1745 | =2 views : 2187

The Effect of Pseudomonas aeruginosa Addition on 1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)
Biodegradation by Brown-rot Fungus Fomitopsis pinicola

Atmira Sariwati, Adi Setyo Purnomo

4. 10.22146/ijc.25158 ﬁlﬁAbstract views : 1455 | E2 views : 1442

The Physico-Mechanical Properties and Release Kinetics of Eugenol in Chitosan-Alginate Polyelectrolyte
Complex Films as Active Food Packaging

Baiq Amelia Riyandari, Suherman Suherman, Dwi Siswanta

< 10.22146//]&26525ﬁmAbstract views : 1625 | E2 views : 1679

Synthesis and Characterization of Chitosan Linked by Methylene Bridge and Schiff Base of 4,4-
Diaminodiphenyl Ether-Vanillin

Ahmad Fatoni, Poedji Loekitowati Hariani, Hermansyah Hermansyah, Aldes Lesbani

4. 10.22146/ijc.25866 ﬁlﬁ Abstract views : 2607 | E2 views : 3322

Synthesis of Chalcone Derivatives and Their in vitro Anticancer Test Against Breast (T47D) and Colon (WiDr)
Cancer Cell Line
Chairil Anwar, Yogo Dwi Prasetyo, Sabirin Matsjeh, Winarto Haryadi, Eti Nurwening Sholikhah,
Nendrowati Nendrowati

L 10,22146//]6.26864ﬁmAbstract views : 1875 | E2 views : 2502

Synthesis and Kinetic Study of the Urea Controlled Release Composite Material: Sodium Lignosulfonate
from Isolation of Wood Sawdust-Sodium Alginate-Tapioca
Arif Cahyo Imawan, Yehezkiel Steven Kurniawan, Muhammad Fernadi Lukman, Jumina Jumina, Triyono

Triyono, Dwi Siswanta

¢ 10.22146//jc.26597.'ﬁm Abstract views : 1981 | =2 views : 1212 | == views: 1235

A New Thiourea Compound as Potential lonophore for Metal lon Sensor
Fatimatul Akma Awang Ngah, Emma Izzati Zakariah, Imran Fakhar, Nurul [zzaty Hassan, Lee Yook Heng,
Bohari Yamin, Siti Aishah Hasbullah

4 10.22146/ijc.27078 ."l‘lflflAbstract views : 1482 | B2 views : 1583

Synthesis of A Novel Carrier Compound Thiazoethyl Methyl Eugenoxyacetate from Eugenol and Its Use in
the Bulk Liquid Membrane Technique

Muhammad Cholid Djunaidi, Pratama Jujur Wibawa, Ratna Hari Murti
4. 10.22146/ijc.25075 ;ﬁm Abstract views : 1614 | =2 views : 1585

Improvement of Cycling Performance of Nay/3C02/3Mn4,302 Cathode by PEDOT/PSS Surface Coating for
Na lon Batteries

Yatim Lailun Ni‘'mah, Ju Hsiang Cheng, Ming Yao Cheng, Wei Nien Su, Bing Joe Hwang

&) 10.22146/ijc. 24893 1l Abstract views : 1760 | B2 views : 1727 Artikel 2 negara, abstrak terlampll‘

Spatial Distribution of Heavy Metals in the Surface Sediments of the Southern Coast of Pacitan, Indonesia
Defri Yona, Mochamad Arif Zainul Fuad, Nurin Hidayati

€ 10.22146//]::.22400ﬁmAbstract views: 1244 | E2 views : 1548

Activated Carbon from Spent Brewery Barley Husks for Cadmium lon Adsorption from Aqueous Solution

llesanmi Osasona, Kayode Aiyedatiwa, Jonathan Johnson, Oluwabamise Lekan Faboya

53-59 HPLC QSAR TiO2
adsorption

antioxidant catalyst

characterization Chitosan

&) 10.22146/ijc. 22422 1 Abstract views : 1439 | 2 views : 1765 Artikel 2 negara, abstrak terlamplr

https://jurnal.ugm.ac.id/ijc/issue/view/3154

60-65 eugenol extraction fly ash
immobilization kinetics
methylene blue molecular
docking photocatalyst silica
sol-gel synthesis

66-74 transesterification zeolite
Indones. J. Chem.
indexed by:

75-81

82-91 WL Ay

e
SOURCES
CATATION
INDEX
Nogye?
92-101
© SciFinder
102-107 DOA Jsmas
Google
108-115 -
g™ Crossref
¢ sint
Asinta
116-120
Indonesian Journal of
Chemistry
Chemistry
121-126 {miscellaneous)
best quartile
S|R 2019
0.24
127-136 powered by scimagajr.com
137-144
145-152
2/3


https://jurnal.ugm.ac.id/ijc/search?subject=HPLC
https://jurnal.ugm.ac.id/ijc/search?subject=QSAR
https://jurnal.ugm.ac.id/ijc/search?subject=TiO2
https://jurnal.ugm.ac.id/ijc/search?subject=adsorption
https://jurnal.ugm.ac.id/ijc/search?subject=antioxidant
https://jurnal.ugm.ac.id/ijc/search?subject=catalyst
https://jurnal.ugm.ac.id/ijc/search?subject=characterization
https://jurnal.ugm.ac.id/ijc/search?subject=chitosan
https://jurnal.ugm.ac.id/ijc/search?subject=eugenol
https://jurnal.ugm.ac.id/ijc/search?subject=extraction
https://jurnal.ugm.ac.id/ijc/search?subject=fly%20ash
https://jurnal.ugm.ac.id/ijc/search?subject=immobilization
https://jurnal.ugm.ac.id/ijc/search?subject=kinetics
https://jurnal.ugm.ac.id/ijc/search?subject=methylene%20blue
https://jurnal.ugm.ac.id/ijc/search?subject=molecular%20docking
https://jurnal.ugm.ac.id/ijc/search?subject=photocatalyst
https://jurnal.ugm.ac.id/ijc/search?subject=silica
https://jurnal.ugm.ac.id/ijc/search?subject=sol-gel
https://jurnal.ugm.ac.id/ijc/search?subject=synthesis
https://jurnal.ugm.ac.id/ijc/search?subject=transesterification
https://jurnal.ugm.ac.id/ijc/search?subject=zeolite
https://www.scopus.com/sourceid/21100223536
http://mjl.clarivate.com/cgi-bin/jrnlst/jlresults.cgi?PC=MASTER&Full=%22indonesian%20journal%20of%20chemistry%22
http://scifinder.cas.org/
https://doaj.org/toc/2460-1578
https://scholar.google.com/citations?user=iCuve5EAAAAJ&hl=en
https://search.crossref.org/?q=%22indonesian+journal+of+chemistry%22&type=Journal+Article&category=General+Chemistry
http://sinta2.ristekdikti.go.id/journals/detail?id=662
http://www.scimagojr.com/journalsearch.php?q=21100223536&tip=sid&exact=no
https://jurnal.ugm.ac.id/ijc/gateway/plugin/WebFeedGatewayPlugin/atom
https://jurnal.ugm.ac.id/ijc/gateway/plugin/WebFeedGatewayPlugin/rss2
https://jurnal.ugm.ac.id/ijc/gateway/plugin/WebFeedGatewayPlugin/rss
https://jurnal.ugm.ac.id/ijc/article/view/25052/18885
https://jurnal.ugm.ac.id/ijc/article/view/25466/18880
https://jurnal.ugm.ac.id/ijc/article/view/26162/18820
https://jurnal.ugm.ac.id/ijc/article/view/25492/18882
https://jurnal.ugm.ac.id/ijc/article/view/25158/19811
https://jurnal.ugm.ac.id/ijc/article/view/26525/18847
https://jurnal.ugm.ac.id/ijc/article/view/25866/18883
https://jurnal.ugm.ac.id/ijc/article/view/26864/20102
https://jurnal.ugm.ac.id/ijc/article/view/26597/20213
https://jurnal.ugm.ac.id/ijc/article/view/26597/19436
https://jurnal.ugm.ac.id/ijc/article/view/27078/18914
https://jurnal.ugm.ac.id/ijc/article/view/25075/18858
https://jurnal.ugm.ac.id/ijc/article/view/24893/18296
https://jurnal.ugm.ac.id/ijc/article/view/22400/18301
https://jurnal.ugm.ac.id/ijc/article/view/22422/17334
http://dx.doi.org/10.22146/ijc.25052
https://jurnal.ugm.ac.id/ijc/article/view/25466
http://dx.doi.org/10.22146/ijc.25466
https://jurnal.ugm.ac.id/ijc/article/view/26162
http://dx.doi.org/10.22146/ijc.26162
https://jurnal.ugm.ac.id/ijc/article/view/25492
http://dx.doi.org/10.22146/ijc.25492
https://jurnal.ugm.ac.id/ijc/article/view/25158
http://dx.doi.org/10.22146/ijc.25158
https://jurnal.ugm.ac.id/ijc/article/view/26525
http://dx.doi.org/10.22146/ijc.26525
https://jurnal.ugm.ac.id/ijc/article/view/25866
http://dx.doi.org/10.22146/ijc.25866
https://jurnal.ugm.ac.id/ijc/article/view/26864
http://dx.doi.org/10.22146/ijc.26864
https://jurnal.ugm.ac.id/ijc/article/view/26597
http://dx.doi.org/10.22146/ijc.26597
https://jurnal.ugm.ac.id/ijc/article/view/27078
http://dx.doi.org/10.22146/ijc.27078
https://jurnal.ugm.ac.id/ijc/article/view/25075
http://dx.doi.org/10.22146/ijc.25075
https://jurnal.ugm.ac.id/ijc/article/view/24893
http://dx.doi.org/10.22146/ijc.24893
https://jurnal.ugm.ac.id/ijc/article/view/22400
http://dx.doi.org/10.22146/ijc.22400
https://jurnal.ugm.ac.id/ijc/article/view/22422
http://dx.doi.org/10.22146/ijc.22422
sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Typewritten text
Artikel 2 negara, abstrak terlampir

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Typewritten text
Artikel 2 negara, abstrak terlampir


10/15/2020 Vol 18, No 1 (2018)
Synthesis, Radiochemical Purity Control and Stability of Scandium-46-1,4,7-triazacyclononane-1,4,7- 153-158
triacetic acid (46Sc-NOTA)

Duyeh Setiawan, Iwan Hastiawan, Asri Nurul Bashiroh

¢ 10.22146//]'c.24467ﬁ‘|mAbstract views : 1835 | 2 views : 1542

Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure 159-165
Directing Agent

Sriatun Sriatun, Taslimah Taslimah, Linda Suyati Artikel yang bersan gkll tan
4. 10.22146/ijc.221 97ﬁmAbstract views : 1538 | E2 views: 2163

Hydrocracking of a-Cellulose Using Co, Ni, and Pd Supported on Mordenite Catalysts 166-172

Wega Trisunaryanti, Triyono Triyono, Ria Armunanto, Lathifah Puji Hastuti, Desinta Dwi Ristiana, Resi
Vita Ginting

4. 10.22146/ijc.26491 ."l‘lﬁflAbstract views : 2133 | B2 views: 2124

Density Functional Theory (DFT) and Natural Bond Orbital (NBO) Analysis of Intermolecular Hydrogen Bond 173-178
Interaction in "Phosphorylated Nata De Coco - Water"

Sitti Rahmawati, Cynthia Linaya Radiman, Muhamad Abdulkadir Martoprawiro
4. 10.22146/ijc.25170 fﬁm Abstract views : 1645 | =2 views : 2077

Molecular Docking Analysis of Ginger Active Compound on Transient Receptor Potential Cation Channel 179-185
Subfamily V Member 1 (TRPV1)

Fifteen Aprila Fajrin, Agung Endro Nugroho, Rina Susilowati, Arief Nurrochmad
4 10.22146/ijc.28172 fﬁm Abstract views : 1448 | =2 views : 1737

The Role of E27-K31 and E56-K10 Salt-Bridge Pairs in the Unfolding Mechanism of the B1 Domain of 186-193
Protein G

Tony Ibnu Sumaryada, Kania Nur Sawitri, Setyanto Tri Wahyudi
4. 10.22146/ijc.23934 fﬁﬂﬁAbstract views : 1391 | B2 views : 1582

Indonesian Journal of Chemistry (ISSN 1411-9420 / 2460-1578) - Chemistry Department, Universitas Gadjah Mada, Indonesia.

View The Statistics of Indones. J. Chem.

https://jurnal.ugm.ac.id/ijc/issue/view/3154 3/3


https://jurnal.ugm.ac.id/ijc/article/view/24467/18306
https://jurnal.ugm.ac.id/ijc/article/view/22197/18879
https://jurnal.ugm.ac.id/ijc/article/view/26491/18996
https://jurnal.ugm.ac.id/ijc/article/view/25170/18282
https://jurnal.ugm.ac.id/ijc/article/view/28172/18332
https://jurnal.ugm.ac.id/ijc/article/view/23934/18518
https://jurnal.ugm.ac.id/ijc/article/view/24467
http://dx.doi.org/10.22146/ijc.24467
https://jurnal.ugm.ac.id/ijc/article/view/22197
http://dx.doi.org/10.22146/ijc.22197
https://jurnal.ugm.ac.id/ijc/article/view/26491
http://dx.doi.org/10.22146/ijc.26491
https://jurnal.ugm.ac.id/ijc/article/view/25170
http://dx.doi.org/10.22146/ijc.25170
https://jurnal.ugm.ac.id/ijc/article/view/28172
http://dx.doi.org/10.22146/ijc.28172
https://jurnal.ugm.ac.id/ijc/article/view/23934
http://dx.doi.org/10.22146/ijc.23934
http://u.lipi.go.id/1180429766
http://u.lipi.go.id/1432796586
http://statcounter.com/
http://statcounter.com/p11261799/?guest=1
sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Typewritten text
Artikel yang bersangkutan


Bukti Editorial Team dari lebih 4 Negara

10/6/2020 Editorial Team

[ | | |
I“[I"“ﬂgla" Jﬂ"l‘“al ﬂt chemlsnly ISSN: 1411-9420 {print); 2460-1576 (online)

Published by Chemistry Departiment Universitas Gadjah Mada

o®, Scopus ‘h’v"i:" NOA s O Scifinder - Google e €NSTLA EisAesese (L1

Menu

Contact

Subscribing on:

Home > About the Journal > Editorial Team O ‘@' o

.. . . . . ARTICLE IN PRESS
Editorial Team (Terdiri dari lebih 4 negara sebagai editor) List of the accepted articles

for future issues.

FUTURE ISSUES

Vol 20 no 6 (December
2020).

Editor-in-Chief

Nuryono Nuryono, Laboratory of Inorganic Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia

Managing Editor

Dwi Siswanta, Laboratory of Analytical Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia

Editorial Board

Akhmad Syoufian, Laboratory of Physical Chemistry, Department of Chemistry, Universitas Gadjah Mada

Hideaki Hisamoto, Department of Applied Chemistry, Osaka Prefecture University, Japan

Dr. Hendrik Oktendy Lintang, Indonesia

Igmal Tahir, Laboratory of Physical Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia

Indriana Kartini, Laboratory of Inorganic Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia

Prof. Joe da Costa, Department of Chemical Engineering, University of Queensland, Australia

Dr. Maurizio Barbieri, Department of Earth Science, Sapienza University, Italy

Ming Cai, Tongji University, China

Muhammad Idham Darussalam Mardjan, Laboratory of Organic Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia
Pornthep Sompornpisut, Department of Chemistry, Chulalongkorn University, Thailand

Praveen Kumar Sharma, Department of Chemistry, Lovely Professional University, Punjab, India

Assoc. Prof. Dr. Roswanira Abdul Wahab, Department of Chemistry, Universiti Teknologi Malaysia, Malaysia

Dr. Saprizal Hadisaputra, Chemistry Education Division, Faculty of Science and Education, University of Mataram, Indonesia

Prof. Dr. Taghreed Hashim Al-Noor, Ibn-Al-Haitham Education College /University of Baghdad, Iraq

Tutik Dwi Wahyuningsih, Laboratory of Organic Chemistry, Department of Chemistry, Universitas Gadjah Mada

Satya Candra Wibawa Sakti, Laboratory of Inorganic Chemistry, Department of Chemistry, Universitas Airlangga, Indonesia

Tri Joko Raharjo, Department of Chemistry, Universitas Gadjah Mada, Indonesia Username sriatun

Winifred Uduak Anake, Department of Chemistry, College of Science and Technology, Covenant University, Nigeria Password | sssessees

(J Remember me

Administration Support

Djoko Prihandono, Department of Chemistry, Universitas Gadjah Mada, Indonesia
Aulia Sukma Hutama, Laboratory of Physical Chemistry, Department of Chemistry, Universitas Gadjah Mada, Indonesia
Aulia Ratri Hapsari, Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Indonesia

Search

Search Scope
All v

View The Statistics of Indones. J. Chem. Browse

Indonesian Journal of Chemistry (ISSN 1411-9420/ 2460-1578) - Chemistry Department, Universitas Gadjah Mada, Indonesia.

» By lssue
> By Author
> By Title

» Other Journals

» For Readers
» For Authors

» For Librarians

https://jurnal.ugm.ac.id/ijc/about/editorialTeam 1/2


https://twitter.com/IndonesJChem
https://www.instagram.com/indonesjchem/
https://www.facebook.com/IndonesJChem/
https://jurnal.ugm.ac.id/ijc/issue/view/3161
https://jurnal.ugm.ac.id/ijc/issue/view/4420
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#focusAndScope
https://jurnal.ugm.ac.id/ijc/about/submissions#authorGuidelines
https://jurnal.ugm.ac.id/ijc/about/submissions#authorFees
https://jurnal.ugm.ac.id/ijc/about/submissions#onlineSubmissions
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#custom-0
https://jurnal.ugm.ac.id/ijc/about/editorialPolicies#custom-1
https://jurnal.ugm.ac.id/ijc/about/editorialTeam
https://jurnal.ugm.ac.id/ijc/about/displayMembership/421
https://jurnal.ugm.ac.id/ijc/pages/view/OJ
http://statcounter.com/p11261799/?guest=1
https://jurnal.ugm.ac.id/ijc/issue/archive
https://jurnal.ugm.ac.id/ijc/search/authors
https://jurnal.ugm.ac.id/ijc/search/titles
https://jurnal.ugm.ac.id/index
https://jurnal.ugm.ac.id/ijc/information/readers
https://jurnal.ugm.ac.id/ijc/information/authors
https://jurnal.ugm.ac.id/ijc/information/librarians
https://jurnal.ugm.ac.id/ijc/index
https://jurnal.ugm.ac.id/ijc/about
https://jurnal.ugm.ac.id/ijc/about/editorialTeam
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/7048')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13285')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13284')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/22456')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13416')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/10222')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13896')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/22530')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/16216')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/21221')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13296')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/15073')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/24845')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/22381')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/14403')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/39015')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13283')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/13449')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/12800')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/31000')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/10223')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/21781')
javascript:openRTWindow('https://jurnal.ugm.ac.id/ijc/about/editorialTeamBio/21779')
http://u.lipi.go.id/1180429766
http://u.lipi.go.id/1432796586
http://statcounter.com/
http://statcounter.com/p11261799/?guest=1
https://jurnal.ugm.ac.id/ijc/index
https://jurnal.ugm.ac.id/ijc/about
https://jurnal.ugm.ac.id/ijc/login
https://jurnal.ugm.ac.id/ijc/user/register
https://jurnal.ugm.ac.id/ijc/search
https://jurnal.ugm.ac.id/ijc/issue/current
https://jurnal.ugm.ac.id/ijc/issue/archive
https://jurnal.ugm.ac.id/ijc/announcement
https://jurnal.ugm.ac.id/ijc/statistics
https://jurnal.ugm.ac.id/ijc/pages/view/indexing
https://jurnal.ugm.ac.id/ijc/about/history
https://jurnal.ugm.ac.id/ijc/about/contact
sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Typewritten text
(Terdiri dari lebih 4 negara sebagai editor)

sumardi.undip@gmail.com
Highlight

sumardi.undip@gmail.com
Typewritten text
Bukti Editorial Team dari lebih 4 Negara


10/6/2020

Indonesian Journal of Chemistry

Activated Carbon from Spent Brewery Barley Husks for Cadmium lon Adsorption from Aqueous Solution | Osasona | Indonesian Jou...

ISSN: 1411-9420 {print); 2460-15786 (online)

Published by Chemistry Department Universitas Gadjah Mada

G | DiEETBRY 0F
'g >Copus I_—,l l.;lfu..,J .’wmfﬁs

SOUROLS
CTATICN
[ =

Home > Vol 18, No 1 (2018) > Osasona

Abstrak artikel 2 negara ke 1

Activated Carbon from Spent Brewery Barley Husks for Cadmium lon
Adsorption from Aqueous Solution

4. https://doi.org/10.22146/ijc.22422
llesanmi Osasona(l*), Kayode Aiyedatiwa(z), Jonathan Johnson(3), Oluwabamise Lekan Faboya(4)

(1) Afe Babalola University, Ado - Ekiti
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(*) Corresponding Author

Abstract

This study investigated the feasibility of using acid activated carbon prepared from brewery spent barley husks for the adsorption of
cadmium from aqueous solution. The effects of operation parameters such as pH, contact time, adsorbent dosage, concentration and
temperature were verified. The amount of cadmium adsorbed increased with increase in solution pH, initial solution concentration and with
the amount of adsorbent dosed. A time of 5 minutes was required for attainment of equilibrium. The equilibrium data obtained were
analysed using both Langmuir and Freundlich isotherm models and the data were better described by Langmuir model with correlation
coefficient of 0.9183. The thermodynamic parameters revealed that the removal of cadmium by the activated carbon was exothermic and
spontaneous. Thus, activated carbon obtained from brewery spent barley husk can be employed as an economically viable low-cost
adsorbent for removing cadmium from aqueous solution.
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Cadmium;adsorbent; thermodynamic; equilibrium
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Improvement of Cycling Performance of Naj,3Co,/3Mn1,30, Cathode by
PEDOT/PSS Surface Coating for Na lon Batteries
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Abstract

The surface-modified Nay/3Co2/3Mny1,30, is coated with a conductive Poly (3,4-Ethylene dioxy thiophene)-poly (styrene sulfonate)
(PEDOT/PSS) polymer, and their resulting electrochemical properties were investigated as Na-ion battery cathode. The surface-modified
Naz/3C02/3Mn 1,302 cathode material exhibits a high discharge capacity and good rate capability due to enhanced electron transport by
surface PEDOT/PSS. The presence of PEDOT/PSS surface layer suppresses the growth of a resistive layer, while the dissolution of transition
metals of the active cathode materials is inhibited as well. The resulting surface-modified Na/3C02/3Mn 1,30, shows superior cycling
performance, which is much stable than the pristine one as being the Na-ion battery cathode.
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Sodium ion battery; PEDOT/PSS; cathode; surface coating
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Abstract

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using cetyltrimethylammonium bromide as structure
directing agent. This research used cetyltrimethylammonium bromide surfactant to invent the high porosity, surface area, acidity and
thermal stability of synthesized zeolite. The Silica was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si/Al (v/v) was
1, 15 and 25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x10 4M, 1x10°3 M and 1x10°2 M. The result showed
all of product have strong absorbance at 950-1050 cm™ and 620-690 cm™, 420-460 cm™L, double ring at 520-570 cm™, pore opening at
300-370 cmL. Vibration of -OH as silanol group or water was indicated by broad absorbance at 3400-3450 cm™L. The diffractograms XRD
showed that the product had high crystallinity. The composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium
102 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiOy quartz and contain 12.23% and 12.19% of Si, 4.17% and 13.18% of Al,
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide were homogenous and
regular in shape.

Keywords

surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
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The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using

cetyltrimethylammonium bromide as structure directing agent . This research used
cetyltrimethylammonium  bromide surfactant to invent the high porosity, surface area, acidity and thermal stability
of synthesized zeolite . The Silica was extracted by alkaline fusion using sodium hydroxide solution. The synthesis
was conducted by hydrothermal process at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h.
The ratio of Si/Al (v/v) was 1, 15 and 25, meanwhile the concentration of cetyltrimethylammonium bromide was
5x10"* M, 1x10"> M and 1x1072 M. The result showed all of product have strong absorbance at 9501050 cm™! and
620-690 cm!, 420-460 cm™, double ring at 520-570 cm™L, pore opening at 300-370 cmL. Vibration of —-OH as
silanol group or water was indicated by broad absorbance at 3400-3450 cm. The diffractograms XRD showed that
the product had high crystallinity. The composition of product on ratio Si/Al 1 with concentration of
cetyltrimethylammonium 1072 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO; quartz and contain 12.23%
and 12.19% of Si, 4.17% and 13.18% of Al, respectively. Observation on SEM revealed that the crystal produced using
cetyltrimethylammonium bromide was more homogenous and regular in shape. © 2018, Gadjah Mada

University. All rights reserved.
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si/Al (v/v) was 1, 15 and
25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x10# M, 1x103 M and 1x102 M. The
result showed all of product have strong absorbance at 950-1050 cm™' and 620-690 cm’, 420—460 cm’', double
ring at 520-570 cm’', pore opening at 300-370 cm'. Vibration of —OH as silanol group or water was indicated by
broad absorbance at 3400-3450 cm'. The diffractograms XRD showed that the product had high crystallinity. The
composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 102 M is sodalite, the ratio
Si/Al 15 and 25 are NaP1 and SiO; quartz and contain 12.23% and 12.19% of Si, 4.17% and 13.18% of Al,
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide was
more homogenous and regular in shape.

Keywords: surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
ABSTRAK

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setiltrimetilamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromida digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100 °C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500 °C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x104 M, 1x10° M dan 1x102 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950-1050 cm', 620-690
cm’, 420-460 cm-'. Vibrasi double ring pada 520-570 cm', pore opening 300—-370 cm'. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cm'. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO; kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan setiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur.

Kata Kunci: surfaktan; setiltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION bagasse. Production of sugarcane in Indonesia was

53,612,133 tons [2]. The compositions of sugarcane

Currently, there has been an attempt to utilize the
large amount of bagasse ash, such as the residue from
an in-line sugar industry and the bagasse-biomass fuel
in electric generation industry [1]. Sugarcane bagasse is
a solid waste produced in large amount from sugar mills.
Sugarcane milling industry produced 35-40% of
bagasse and Indonesia has large potential to produce

* Corresponding author.
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product are 52.9% of liquid waste, 32% of bagasse,
4.5% of molasses, 7.05% of sugar and 0.1% ash.
Generally sugarcane bagasse contained of 52.67%
water, 55.89% organic carbon, 0.25% total nitrogen,
0.16% P20s and 0.38% K20. When this sugarcane
bagasse is burned under controlled conditions, it also
gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiO2)
to be 64.65% [3]. According to Norsurayaa et al. [4] the
SiO2 content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation  polymerization under hydrothermal
condition [5]. Most researchers have investigated some
materials as low cost silicon and aluminum sources for
synthesis of various zeolites. Synthesis of NaA zeolite
from sugarcane bagasse ash [6], from kaolin waste [7],
NaP1 zeolite from high silica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized from rice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
mesoporous materials has been developed
continuously. As micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic molecules as structure directing agent must
have high chemical stability in order to resist in the
hydrothermal condition of the crystallization process and
must be soluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeolites have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFI using TMPD (N',N',N3 ,N3-tetramethylpropane-
1,3-diamine) and HMPD (N',N',N3,N8,2,2-
hexamethylpropane-1,3-diamine) as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there

have never been conducted researches using

cetyltrimethylammonium bromide (CTAB) surfactants
as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we
report the using of cetyltrimethylammonium bromide
(CTAB) as structure directing agent in synthesis of
zeolite from sugarcane bagasse ash as source of silica.
It would examine how the effect of the CTAB as
directing agent on shape of crystalline and crystallinity
of the product. As a comparison, zeolite from
sugarcane bagasse ash in the absence of structure
directing agent was also synthesized.

The important breakthroughs resulting from this
research that this research is uplifting a low cost
preparation of NaP1 zeolite from low cost materials.
The results of this study are expected to increase the
economic value of bagasse waste into high-value
material, because these products had many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
the field of material synthesis with renewable
resources. Finally by using bagasse as raw material to
make zeolite then the accumulation of waste in the
environment can be reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
Java. First step, Sugarcane bagasse was burned then
ashed in furnace at 700 °C during 4 h. Furthermore,
extraction by alkaline fusion step, 96 g of sugarcane
bagasse ash was reacted with about 300 mL 6 M
NaOH solution. The mixture was stirred at room
temperature for 24 h and filtered. The supernatant was
sodium silicate solution. Determination of the content of
SiO2, Al2Os and others oxide was conducted by AAS.
NaOH pellets, Al(OH)3 powder,
cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.

Instrumentation

The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation (A =
1.54184 A) at generator voltage 40 kV and current 40
mA. The simultaneous scanning electron microscope
(SEM) and Energy-Dispersive X-ray (EDX) were
performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average pore size of
samples were determined from N2 adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
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using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2. The thermal gravimetric analysis
(TGA) analysis of samples was determined using
LINSEIS STA Platinum Series, Platinum evaluation
V1.0.138.

Procedure

An early step was preparation of sodium aluminate
solution from dilution of 20 g sodium hydroxide in
100 mL aquadest. The solution was boiled, then 8.5 g
aluminium hydroxide was added into solution until
homogenous solution achieved. For preparation of
zeolite, a number of sodium silicate supernatant was
mixed with  sodium aluminate  solution and
cetyltrimethylammonium bromide surfactant (cationic
surfactant) solution. The compositions of precursor and
surfactant are provided in Table 1. The mixture was
stirred at specific duration until gel formed, the process
was continued by hydrothermal treatment in Teflon
container at 100 °C during 7 days (168 h), then aging
process at room temperature for 24 h. The final steps,
the precipitates were filtered, washed, dried, and
calcined at 500 °C for 5 h. The product was
characterized by FTIR and XRD. The provision code in
this research was given in Table 1.

RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al.
Thus, sugarcane bagasse ash is a potential source of
silica.

The success of zeolite synthesis is demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesis of
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing
agent is needed to find out of the influence. The FTIR
spectra of synthesis product were given in Fig. 1, 2, and
3.

It has been known that every type of zeolite has
two kind of specific infrared vibration, they are internal
and external linkage of tetrahedral (TO4). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 950-1250 cm™' wavenumber, whereas the
symmetric stretching vibration at 650-720 and 500 cm-".
Furthermore, the wavenumber at 1050-1150 cm-! was
asymmetric stretching vibration, 750-820 cm™ is
symmetric stretching vibration in the external linkage. All

Table 1. The composition of precursor and surfactant

Sample Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

A1 1 1 5x10# (1/2 cmc)

A2 1 1 1x10- (cmc)

A3 1 1 1x1072 (10 cmc)

B 15 1 0

B1 15 1 5x10 (1/2 cmc)

B2 15 1 1x10-3 (cmc)

B3 15 1 1x10-2 (10 cmc)

C 25 1 0

C1 25 1 5x10# (1/2 cmc)

C2 25 1 1x10-3 (cmc)

C3 25 1 1x1072 (10 cmc)
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Fig 1. FTIR spectra of synthesized zeolite with ratio
Si/Al (viv) 1 (A) without CTAB surfactant (A1) with
CTAB 5x10“* M (A2) with CTAB 1x103 M (A3) with
CTAB 1x102 M

B2 — S 1625 1957 ki

3428 !
— T B JE'

Transmitlance (@i,
-

1103 548

2800 2400 2900 2400 1800 1400
Wavenumber {cm 1)

Fig 2. FTIR spectra of synthesized zeolite with ratio
Si/Al (v/v) 15 (B) without CTAB surfactant (B1) with
CTAB 5x10“4 M (B2) with CTAB 1x10* M (B3) with
CTAB 1x102 M

Sriatun et al.



162 Indones. J. Chem., 2018, 18 (1), 159 - 165

Transmittance fa.u.)

;ﬂﬂ:/ 7 i
= a8
3445 i u

3900 3400 2800 2400 1900 1400 200 4100
Wavenumber (cm)

Fig 3. FTIR spectra of synthesized zeolite with ratio Si/Al
(v/iv) 25 (C) without CTAB surfactant (C1) with CTAB
5x104 M (C2) with CTAB 1x10° M (C3) with CTAB
1x102 M

of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a specific
fingerprint of zeolite type. The absorption at 500-650
cm' is double ring [20]. Double ring is specific character
of zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was formed
as synthesis product for all.

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule in the
synthesis process of zeolite, so it would be interacted
electrostatically ~ with  the  silicate/[SiO4]* and
aluminate/[AlO4]%> anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectra A1, A2, and A3 in Fig. 1, B1, B2, and B3 in Fig.
2, C1, C2, and C3 in Fig. 3. It could be clearly observed
that the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm-'. The lower absorption intensity of wave
number at 3400-3500 cm-' in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Besides that, the stronger bonding of Si-O-Si
and Si-O-Al in zeolite framework characterized by
increasing of intensity absorption bands at wave
numbers 950-1250 cm-! after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as
structure directing and all undesired organic compounds.
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Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with
CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

Thus the shape and pore size of modified zeolite was
expected homogenously.

Fig. 4 shows the pattern of diffractogram XRD of
synthesis product. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal
quality of material. It could investigate the kind of
synthesis product by CTAB different with synthesis
product without CTAB. In addition, the composition of
precursor also affected the kind of product. The
synthesis product by ratio of Si/Al (v/v) 1 without CTAB
was sodalite, because the XRD pattern has similarity to
the sodalite standard in Treacy [21]. The sodalite is
plain type of zeolite. The same product was obtained
on ratio Si/Al (v/v) 1 used CTAB as structure directing.
Although the product is the same but it is observed in
XRD that the using of CTAB makes the peak of the
diffractogram sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
synthesis product was NaP1 zeolite. The presence of
CTAB surfactant as structure directing was not affected
on the type =zeolite but on the main peak of
diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as synthesis product modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Fig. 5 is SEM photograph corresponding to the
synthesis product. From the XRD data, the products by
ratio Si/Al (v/v) 1 is sodalite and from the SEM it appears
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After treatment with CTAB

Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M
(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio

Si/Al 25 with CTAB 1x102 M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
A1 A3 B1 B3 C1 C3

(0] 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

that the materials had regular spherical crystal and
homogenous. At ratio Si/Al (v/v) 15 and 25 the materials
had the same type, rectangular shape with thin platy
crystal, however at ratio Si/Al (v/v) 15 has smaller in
size. It showed different shape to the ratio Si/Al (v/v) 1. It
could be investigated that the shape and size of
granular/crystal depends on the composition of
precursor, it means the ratio of Si/Al. The use of
surfactant CTAB as a directing agent affects the size
and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesis with

CTAB has a more porous, regular and firm form crystal.
The data’s from SEM consistent with the result to the
XRD, that the using of surfactant CTAB produce a
more crystalline materials.

Meanwhile the chemical composition of products
synthesis in Table 2. Sample A1 and A3 are sodalite as
the product of synthesis. For sample B1, B3, C1, and
C3 are NaP1. The entire product showed that ratio of
Si/Al almost 1, these are consistent with the BET result
that this product is micropore material. The use of
surfactant CTAB as a pore directing agent increases the
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Fig 6. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
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Fig 7. TGA of the synthesized product ratio Si/Al (v/v) 1

number of ions silicate and aluminate that interacted to
form the product, so the using of surfactant is needed in
this process. This is appropriate to the Wang [22] that
the surfactants such as PEG (polyethylene glycol) and
CTAB play an important role during the formation of
nano crystal IM-5 zeolite.

BET (Brunauer—Emmett-Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysis is given in Fig. 6.
The isotherm could be classified as type | of Brunauer’s

classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively low 22.062 m?/g. This reveals the existence
only a small number of active sorption sites. The total
pore volume, V, was found to be 8.56x10-2 cm3/g and
average pore radius was determined as 7.737 A. It
means the NaP1 of this research has a micropore
structure.

The TGA (thermogravimetric analysis) graph for
the synthesized zeolite from sugarcane bagasse ash is
given in Fig. 7. From the figure, it can be seen that the
sample is lost the weight at temperature 120 °C, it
means the loosely bond or free water molecules from
product zeolite cage. Then the reducing weight also
occurred at 270- which is due to the decomposition of
the CTAB surfactant resides on the product zeolite
surface.

CONCLUSION

In this study zeolite were successfully obtained
from sugarcane bagasse ash by hydrothermal method
at 100 °C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiO4* and AlO4%> which
formed the zeolite framework. The ratio Si/Al 1 (v/v)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaP1. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1 still had micropores
structure.
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetylfrimethylammonium bromide as structure directing agent. This research used cetylirimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for &5 h. The ratio of Si/Al (v/v) was 1, 15 and
25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x104 M, 1x10°3 M and 1x10? M. The
result showed all of product have strong abscrbance at 950-1050 cnr' and 620-690 cm', 420-460 cm™', double
ring at 520-570 cm', pore opening at 300-370 cm-'. Vibration of —OH as silanol group or water was indicated by
broad absorbance at 3400-3450 cm'. The diffractograms XRD showed that the product had high crystallinity. The
composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 10 M is sodalite, the ratio
Si/Al 15 and 25 are NaP1 and SiO. quartz and contain 12.23% and 12.19% of Si; 4.17% and 13.18% of Al,
respectively. Observation on SEM revealed that the crystal produced using cetylrimethylammonium bromide was
more homogenous and regular in shape.

Keywords: surfactant; cetylfrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
ABSTRAK

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setilfrimetilamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromida digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100 °C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500 °C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x104 M, 1x10-3 M dan 1x10-2 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950—1050 cm™, 620-690
cmr, 420—-460 cm'. Vibrasi double ring pada 520-570 cm', pore opening 300-370 cm'. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cn’. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO» kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan sefiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur.

Kata Kunci: surfaktan; seliltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION bagasse. Production of sugarcane in Indonesia was
53,612,133 tons [2]. The compositions of sugarcane

Currently, there has been an attempt to utilize the product are 52.9% of liquid waste, 32% of bagasse,
large amount of bagasse ash, such as the residue from  4.5% of molasses, 7.05% of sugar and 0.1% ash.
an in-line sugar industry and the bagasse-bifhass fuel  Generally sugarcane bagasse contained of 52.67%
in electric generation industry [1]. Sugarcane bagasse is  water, 55.89% organic carbon, 0.25% total nitrogen,
a solid waste produced in large amount from sugar mills. ~ 0.16% PfDs and 0.38% K20. When this sugarcane
Sugarcane milling industry produced 35-40% of bagasse is bumed under controlled conditions, it also
bagasse and Indonesia has large potential to produce  gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiO2)
to be 64.65% [3]. According to Norsurayaa et al. [4] the
SiOz content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation  polymerization under hydrothermal
condition [5]. Most researchers have investigated some
materials as low cost silicon and aluminum sources for
synthesis of various zeolites. Synthesis of NaA zeolite
from sugarcane bagasse ash [6], from kaclin waste [7],
NaP1 zeolite from high silica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized from rice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
Mesoporous materials has been developed
continuously. As micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic molecules as structure directing agent must
have high chemical stability in order to resist in the
hydrothermal condition of the crystallization process and
must be scluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeolites have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFI using TMPD (N',N',N°,N*-tetramethylpropane-
1,3-diamine) and HMPD (NN N3 NB2,2-
hexamethylpropane-1,3-diamine) as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there

have never been conducted researches using
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cetyltrimethylammonium fBmide (CTAB) surfactants
as directing agent in synthesis of =zeolite from
sugarcane bagasse ash. Therefore, in this study, we
report the using of cetyltrimethylammonilin bromide
(CTAB) as structure directing agent in synthesis of
zeolite from sugarcane bagasse ash as source of silica.
It would examine how the effect of the CTAB as
directing agent on shape of crystalline and crystallinity
of the product. As a comparison, zeolite from
sugarcane bagasse ash in the absence of structure
directing agent was also synthesized.

The important breakthroughs resulting from this
research that this research is uplifting a low cost
preparation of NaP1 zeolite from low cost materials.
The results of this study are expected to increase the
economic value of bagasse waste into high-value
material, because these products had many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
the field of material synthesis with renewable
resources. Finally by using bagasse as raw material to
make zeolite then the accumulation of waste in the
environment can be reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
Java. First step, Sugarcane bagasse was burned then
ashed in furnace at 700 °C during 4 h. Furthermore,
extraction by alkaline fusion step, 96 g of sugarcane
bagasse ash was reacted with about 300 mL 6 M
NaOH solution. The mixture was stired at room
temperature for 24 h and filtered. The supernatant was
sodium silicate solution. Determination of the content of
SiOz, ALOs and others oxide was conducted by AAS.
NaOH pellets, Al{OH)s powder,
cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.

Instrumentation

The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation (A =
1.54184 A) at generator voltage 40 kV and current 40
mA. The simultaneous scanning electron microscope
(SEM) and Energy-Dispersive X-ray (EDX) were
performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average pore size of
samples were determined from Nz adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
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using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2. The thermal gravimetric analysis
(TGA) analysis of samples was determined using
LINSEIS STA Platinum Series, Platinum evaluation
V1.0.138.

Procedure

An early step was preparation of sodium aluminate
solution from dilution of 20 g sodium hydroxide in
100 mL aquadest. The solution was boiled, then 8.5 g
aluminium hydroxide was added into solution until
homogenous solution achieved. For preparation of
zeolite, a number of sodium silicate supernatant was
mixed with sodium aluminate solution and
cetyltrimethylammonium bromide surfactant (cationic
surfactant) solution. The compositions of precursor and
surfactant are provided in Table 1. The mixture was
stirred at specific duration until gel formed, the process
was continued by hydrothermal treatment in Teflon
container at 100 "C during 7 days (168 h), then aging
process at room temperature for 24 h. The final steps,
the precipitates were filtered, washed, dried, and
calcined at 500 °C for 5 h. The product was
characterized by FTIR and XRD. The provision code in
this research was given in Table 1.

RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al
Thus, sugarcane bagasse ash is a potential source of
silica.

The success of zeolite synthesis is demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesis of
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing
agent is needed to find out of the influence. The FTIR
spectra of synthesis product were given in Fig. 1, 2, and

It has been known that every type of zeolite has
two kind of specific infrared vibration, they are internal
and external linkage of tetrahedral (TO4). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 950-1250 cm' wavenumber, whereas the
symmetric stretching vibration at 650-720 and 500 cm'.
Furthermore, the wavenumber at 1050-1150 cm® was
asymmetric stretching vibration, 750-820 cm™ is
symmetric stretching vibration in the external linkage. All

Table 1. The composition of precursor and surfactant

Sample _ Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

Al 1 1 5x10# (1/2 cmc)

A2 1 1 1x102 (cme)

A3 1 1 1x102 (10 emc)

B 15 1 il

B1 15 1 5x10* (1/2 cmc)

B2 15 1 1x107 (cmce)

B3 15 1 1x102 (10 emc)

C 25 1 0

C1 25 1 5x10* (1/2 cmc)

c2 25 1 1x103 (cmc)

C3 25 1 1x102 (10 cmc)

Transmittance (a.u.)

1835 142

1103 088

3800 3400 2900 2400 1900 1400 a00 400
Wavenumber (cm')

Fig 1. FTIR spectra of synthesized zeolite with ratio
SifAl (viv) 1 (A) without CTAB surfactant (A1) with
CTAB 5x10“ M (A2) with CTAB 1x102® M (A3) with
CTAB 1x10Z M

B3
2380 1636 1435

Transmiltance (a.u.)

1108 888

3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm™')

Fig 2. FTIR spectra of synthesized zeolite with ratio
Si/Al (viv) 15 (B) without CTAB surfactant (B1) with
CTAB 5x10+ M (B2) with CTAB 1x102 M (B3) with
CTAB 1x102 M
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DETH AT

Transmittance (a.u.)

3900 3400 2900 2400 1900 1400 200 400
Wavenumber [cm)
Fig 3. FTIR spectra of synthesized zeolite with ratio Si/Al
(v/v) 25 (C) without CTAB surfactant (C1) with CTAB
5x104 M (C2) with CTAB 1x102% M (C3) with CTAB
1x102 M

of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a specific
fingerprint of zeolite type. The absorption at 500-650
cm' is double ring [20]. Double ring is specific character
of zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was formed
as synthesis product for all.

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule in the
synthesis process of zeolite, so it would be interacted
electrostatically ~ with  the  silicate/[SiO4*  and
aluminate/[AlO4]° anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectra A1, A2, and A3 in Fig. 1, B1, B2, and B3 in Fig.
2, C1, C2, and C3 in Fig. 3. It could be clearly observed
that the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm™. The lower absorption intensity of wave
number at 3400-3500 cm™ in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Besides that, the stronger bonding of Si-O-Si
and Si-O-Al in zeclite framework characterized by
increasing of intensity absorption bands at wave
numbers 950-1250 cm™' after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as
structure directing and all undesired organic compounds.

Indones. J. Chem., 2018, 18 (1), 159 - 165
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Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio SifAl 1 without CTAB (A3) Ratio SifAl 1 with
CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio Si/Al 15 with CTAB 1x10-2 M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x10Z M

Thus the shape and pore size of modified zeolite was
expected homogenously.

Fig. 4 shows the pattern of diffractogram XRD of
synthesis product. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal
quality of material. It could investigate the kind of
synthesis product by CTAB different with synthesis
product without CTAB. In addition, the composition of
precursor also affected the kind of product. The
synthesis product by ratio of Si/Al (viv) 1 without CTAB
was sodalite, because the XRD pattern has similarity to
the sodalite standard in Treacy [21]. The sodalite is
plain type of zeolite. The same product was obtained
on ratio SifAl (v/v) 1 used CTAB as structure directing.
Although the product is the same but it is observed in
XRD that the using of CTAB makes the peak of the
diffractogram sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
synthesis product was NaP1 zeolite. The presence of
CTAB surfactant as structure directing was not affected
on the type =zeolite but on the main peak of
diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as synthesis product modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Fig. 5 is SEM photograph corresponding to the
synthesis product. From the XRD data, the products by
ratio Si/Al (v/v) 1 is sodalite and from the SEM it appears
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Before freatment with CTAB After treatment with CTAB

c3
Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M

(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x10%* M (C) Ratio Si/Al 25 without CTAB (C3) Ratio
Si/Al 25 with CTAB 1x102 M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
Al A3 B1 B3 c1 c3

0 48.03 4578 53.14 53.09 53.20 42.59
Na 525 17.96 12.65 14.05 13.80 18.49
Mg 0025 0.34
Al 372 1897 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3:57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio SifAl 1 without CTAB (A3) Ratio SI/Al 1 with CTAB 1x10* M (B) Ratio SifAl 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x10* M (C) Ratic SifAl 25 without CTAE (C3) Ratio SUAI 25 with CTAB 1x10% M

that the materials had regular spherical crystal and  CTAB has a more porous, regular and firm form crystal.
homogenous. At ratio SiAl (v/v) 15 and 25 the materials  The data’s from SEM consistent with the result to the
had the same type, rectangular shape with thin platy  XRD, that the using of surfactant CTAB produce a
crystal, however at ratio Si/Al (v/v) 15 has smaller in more crystalline materials.

size. It showed different shape to the ratio Si/Al (v/v) 1. It Meanwhile the chemical composition of products
coud be investigated that the shape and size of synthesisin Table 2. Sample A1 and A3 are sodalite as
granular/crystal depends on the canB:sition of  the product of synthesis. For sample B1, B3, C1, and
precursor, it means the ratio of Si/Al. The use of C3 are NaP1. The entire product showed that ratio of
surfactant CTAB as a directing agent affects the size  Si/Al almost 1, these are consistent with thEBET result
and homogeneity of the product particles. In SEM it that this product is micropore material. The use of
appears that the crystalline product of synthesis with surfactant CTAB as a pore directing agent increases the
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Fig 6. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
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Fig 7. TGA of the synthesized product ratio Si/Al (v/v) 1

number of ions silicate and aluminate that interacted to
form the product, so the using of surfactant is needed in
this process. This is appropriate to the Wang [22] that
the surfactants such as PEG (polyethylene glycal) and
CTAB play an important role during the formation of
nano crystal IM-5 zealite.

BET (Brunauer-Emmett—Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysis is given in Fig. 6.
The isotherm could be classified as type | of Brunauer's

classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively low 22.062 m?g. This reveals the existence
only a small number of active sorption sites. The fotal
pore volume, Vp was found to be 8.56x10% cm?g and
average pore radius was determined as 7.737 A It
means the NaP1 of this research has a micropore
structure.

The TGA (thermogravimetric analysis) graph for
the synthesized zeolite from sugarcane bagasse ash is
given in Fig. 7. From the figure, it can be seen that the
sample is lost the weight at temperature 120 °C, it
means the loosely bond or free water molecules from
product zeolite cage. Then the reducing weight alsa
occurred at 270- which is due to the decomposition of
the CTAB surfactant resides on the product zeolite
surface.

CONCLUSION

In this study zeolite were successfully cbtained
from sugarcane bagasse ash by hydrothermal method
at 100 °C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiO4* and AlO4% which
formed the zeolite framework. The ratio Si/Al 1 (v/v)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaP1. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1 still had micropores
structure.
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The Effect of cetyltrimethylammonium bromide surfactant
in synthesis of zeolite from sugarcane bagasse ash

*Sriatun?, Taslimah?, Linda Suyati?

1Department of Chemistry, Faculty of Science and Mathematics, Diponegoro
University, Tembalang, Semarang 50275, Indonesia

*Corresponding author. Telp/fax: (024)76480824
Email Address: sriatun@live.undip.ac.id

ABSTRACT

The effect of surfactant in synthesis of zeolite from sugarcane bagasse ash was
studied. This research used cetyltrimethylammonium bromide surfactant to invent the
high porosity, surface area, acidity and thermal stability of synthesized zeolite. The silica
was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100°C for 7 days and calcination at 500°C for 5
hours. The ratio of Si/Al (v/iv) was 1, 15 and 25, meanwhile the concentration of
cetyltrimethylammonium bromide was 5.10-4 M, 103 M and10-2 M. The result showed
that all of products have strong absorbance at 950-1050 cmt and 620-690 cm1, 420-
460 cm1, double ring at 520-570 cm1, pore opening at 300-370 cm-*. Vibration of -OH
as silanol group or water was indicated by broad absorbance at 3400-3450 cmL. The
XRD diffractograms showed that the product had high crystallinity. The compaosition of
product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 10-2 M is sodalite,
the ratio Si/Al 15 and 25 are mixture of NaP1 and SiO2 quartz and contain 12.23% and
12.19% of Si, 4.17% and 13.18% of Al respectively. Observation on SEM revealed that
the crystal produced were homogenous and regular in shape.

Keywords: surfactant, cetyltrimethylammonium bromide, synthesis, zeolite, sugarcane
bagasse

ABSTRAK

Telah dilakukan kajian pengaruh surfaktan setiltrimetilamonium pada sintesis
zeolite dari ampas tebu. Dalam penelitian ini surfaktan setiltrimetilamonium digunakan
untuk meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika
diekstrak dari abu ampas tebu melalui penambahan alkali yaitu NaOH 6 M. Sintesis
dilakukan secara hidrotermal pada 700 ‘C selama 7 hari dan kalsinasi pada 500°C
selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and 25, sedangkan variasi
konsentrasi surfaktan 5.104 M, 10-3M dan 10-2 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat padadaerah bilangan gelombang
950-1050 cm1, 620-690 cm, 420-460 cmL. Vibrasi double ring pada 520-570 cm?,
pore opening 300-370 cm-L. Vibrasi gugus —OH yang menunjukkan keberadaan silanol
dan air ditunjukkan oleh serapan pada 3400-3450 cm-1. Data XRD menunjukkan bahwa
produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1
menghasilkan zeolite tipe sodalit sedangkan rasio 15 dan 25 menghasilkan NaP1 dan
SiO2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut mempunyai Si sebesar 12,23 %
dan 12,19 % serta Al sebesar 4,17 % and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis mempunyai bentuk yang lebih homogen dan teratur pada rasio
silikat/Aluminat 1dan 25.

Kata kunci: surfaktan, setiltrimetilamonium bromida, sintesis, zeolit, ampas tebu
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INTRODUCTION

Currently, there have been various attempts to utilize the large amount of bagasse
ash, such as the residue from an in-line sugar industry and the bagasse-biomass fuel in
electric generation industry [1]. Sugarcane bagasse is a solid waste produced in large
amount from sugar mills. Sugarcane milling industry produced 35-40 % of bagasse,
with sugarcane annual production of Indonesiawas 53,612,133 tons [2], so Indonesia
has large potential to produce bagasse. The compositions of sugarcane product are
52.9 % of liquid waste, 32 % of bagasse, 4.5 % of molasses, 7.05 % of sugar and 0.1 %
ash. Generally sugarcane bagasse contained of 52.67% water, 55.89 % organic carbon,
0.25% total nitrogen, 0.16% P20s and 0.38% K20. When this sugarcane residue is
burned under controlled conditions, it will produce ash containing amorphous silica of
about 64.65% [3]. According to Aida and Dewanti [4] the SiO2 content in sugarcane
bagasse ash from Tasik Madu sugar mills Industry slightly higher, that was 70.97%.
Considering large number of sugarcane bagasse and the high content of silica, triggers
the development of new procedures for its productive reuse, such as using as a source
of silica. In the recent decades, many efforts have been carried out to explore other
potential applications such as an adsorbent, fertilizers and cement mixture. So, the
accumulation of waste and environment pollution can be avoided.

There are many methods can be applied to increase the economic values of
sugarcane bagasse ash. One of these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small amount of aluminate. If the
sodium silicate solution was mixed with sodium aluminate solution, condensation
polymerization under hydrothermal condition may take place [5]. Mostresearchers have
investigated some materials as low cost silicon and aluminum sources to synthesis of
various zeolite. For examples, NaA zeolite from sugarcane bagasse ash [6], from kaolin
waste [7], NaP1 zeolite from high silica fly ash [8, 9, 10], from illite-smectite [11], from
aluminum solid waste [12]. Purnomo et al. [13] was synthesized NaX and NaA.

Meanwhile NaY fromrice husk silica was conducted by Jatuporn et al. [14] and from



bentonite by Faghihian and Godazandeha [15]. Synthesis of zeolite as micro-
mesoporous materials has been developed continously. Micro-mesoporous materials
zeolite was expected possess ordered mesostructure, porous, high surface area, acidity
and thermal stability. There are some variables should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and time in hydrothermal treatment
and the presence of structure directing agent (SDA)/template. The most versatile
variable to influence the product of synthesis was SDA, because they influenced on the
nucleation and crystallization processes during the formation the framework of zeolite.
The organic molecule as SDA must have high chemical stability in order to resist in the
hydrothemal condition of the crystallization process and must be soluble in synthesis
medium [16].

Selection the properties of SDAsuch as size, shape, flexibility and hydrophilicity can
lead to the framework of zeolite have channel with different dimensions. Severa
investigations have carried out using directing has controlled the morphology of MTT
and MFI using TMPD and HMPD as linier and branch molecule [17]. In addition SDA
also used to control the growth of crystal [18].

In this study, we reportthe influence of cetyltrimethylammonium bromide as structure

directing agent in synthesis zeolite using sugarcane bagasse ash as source of silica.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected from sugarcane industry in the region
of Klaten, Central of Java. First step, sugarcane bagasse was burned then the char was
ashedin furnace at 700°C during 5 hours. Futhermore, extraction by alkaline fusion step,
96 g of sugarcane bagasse ash was reacted with about 300 mL 6 M NaOH solution. The
mixture was stirred at room temperature for 24 hours and filtered. The supernatant was

sodium silicate solution. Determination of SiO2, Al2O3 dan others oxide was conducted



by AAS. NaOH pellets, AI(OH)s powder, cetyltrimethylammonium bromide powder, HF

and HClI solution were purchase from Merck.

Instrumentation
The equipment for analysis were used in this research: FTIR spectrometer Nicolet
Avatar 360 IR, X-Ray Diffractometer (XRD) Shimadzu, Scanning Electron Microscope

(SEM) FEI Inspect S50, Energy-Dispersive X-ray (EDX) spectroscopy EDAX AMETEX.

Procedure

An early step was preparation of sodium aluminate solution from dillution of 20 g
sodium hydroxide in 100 mL aquadest. The solution was boiled, then 8,5 g aluminium
hydroxide was added into solution to form homogenous solution. The next step is
preparation of zeolite. The predetermined amount of sodium silicate supernatant was
mixed with sodium aluminate solution and cetyltrimethylammonium bromide surfactant
(cationic surfactant) solution. The compositions of precursor and concentration of
surfactant are provided in Table 1. The mixture was stirred at specific duration until gel
formed, the process was continued by hydrothermal treatment in teflon container at
100°C during 7 days, then aging process at room temperature for 24 hours. The fina
steps, the precipitates were filtered, washed , dried and calcined at 500°C for 5 hours.
The products were characterized by FTIR and XRD. The provision code in this research

was given in Table 1.

RESULTS AND DISCUSSION

The aim of the ashing of sugarcane bagasse at 700°C is removing the organic
compounds and changing the inorganic compounds to metal oxide such as SiOz2, Al20s,
MgO, Ca0, Fez20s3and others. The content of silicaand alumina the sugarcane bagasse
ash is Si 70.82% and Al 1.04% respectively. This resultis much higher than the results
of the extraction silica by acid treatment, where silica content is only reached 21.053%

at 700°C [19]. It means that the extraction by alkaline is better than acid, although the



silica contents of bagasse and its ash are varied depending on the type of soil and
harvesting.

The purposes of temperature adjusting at 100°C for 168 h on hydrothermal process
was to control the rate of nucleation and crystallization. The crystallization times (1,
2,3,4,6 and 8 hours) on formation of zeolite Aunder 373 K, time of hydrothermal process
significantly influenced the crystallinity degree [20]. Actually, in this process the silica
alumina frameworkwas formed. The crystallinity of zeolite increased with the increasing
of hydrothermal time. Meanwhile, ageing time during 24 hours after hydrothermal
process for arranged and established the framework structure of zeolite.

Generally, the framework of zeolite had a negative charge, so it was neutralized by
some cation. In this case, the surfactant such as cetyltrimethylammonium was used for
structure directing of material, so the product would have different size and shape of
pore and more homogenous. Cetyltrimethylamonium as cationic surfactant would have
electrostatic interaction with the negative charge in silicate aluminate framework from
zeolite.

Cetyltrimethylammonium, TPAOH and PPDA surfactant were used as structure
directing agents in synthesis zeolite [21]. The cetyltrimethylammonium (CTA) is cationic
surfactant, the presence of cationic surfactantin solution would react rapidly with silicate
[SiO4]* and aluminate/[AlO4]°>- ions primary building units. Furthermore, they occurred
condensation polymerization and formed zeolite embryo. Surfactant as SDA determined
the type of polyhedral as which built the structure of zeolite completely. The illustration
of mechanism given in Figure 1.

Finally, the CTA*surfactant as SDA was disappeared fromthe zeolite structure by
calcination at 500°C during 5 hours. The surfactant would be decomposed into gas, and

leaving pores of materials.



Characterizations of product

Synthesis of zeolite on various of composition of sodium silicate and sodium
aluminate 1, 15 and 25 (v/v) has been investigated. The comparison between the
properties of synthesized product before and after modified with surfactant is necessary
to find out of the effect of modification. The FTIR spectra of products given in Figure 23,
2b and 2c.

It well known that every type of zeolite has two kind of specific infrared vibration,
they are internal and external linkage of tetrahedral (TO4). In the internal linkage, there
is asymmetric stretching vibration of TO4 (T = Si or Al) and appears at 950-1250 cm?
wavenumber, whereas the symetric stretching vibration at 650-720 cm-*and 500 cm-1.
Furthermore, the wavenumber at 1050-1150 cmr! was asymmetric stretching vibration,
750-820 cm? is symetric stretching vibration in the external linkage. All of spectra
indicated that all the products had Si-O-Si or Si-O-Al groups as a specific fingerprint of
zeolite type, but the presence of CTA surfactant did not affect significantly on the
function group of product. The absorption at 300-420 cm't is pore opening and 500-650
cm® is double ring [22]. Double ringis specific character of zeolite type, because it was
an external lingkage between polyhedral. From the FTIR data, the zeolite was
successfully formed as product.

The zeolite which was modified by CTA surfactant has similarity to the absorption
region of zeolite synthesized without surfactant. It was showed that the calcination
treatment at 500°C to the modified zeolite by CTA has removed and decomposed the
CTA as structure directing agent and all undesired organic compounds. Thus the shape
and pore size of modified zeolite was expected to be homogenous.

Figure 3 shows the pattern of XRD diffractogram of product synthesis. Every
inorganic material has specific shape and structure crystal, as characterized by the

diffractogram patterns.



The instensity of diffractogram indicated the crystal quality of material. It could be
observed that type of product synthesized by CTA is different with that synthesized
without CTA. In addition, the composition of precursor also affected the type of product.
The product obtained from synthesis by ratio of Si/Al (v/v) 1 using CTA as structure
directing agent was sodalite, it is a plain type of zeolite. The same product was obtained
on ratio Si/Al (v/v) 1 without CTA. If the ratio of Si/Al (v/v) increased to 15 or 25, the
product synthesis was NaP1l zeolite. The presence of CTA surfactant as structure
directing did not affected on the type zeolite but on the main peak of dif fractogram.

The shifting of 28 and the changing intensity of peaks at sodalite and NaP1 were
known from the Figure 3. All of the peaks on NaP1 diffractogram which synthesized by
CTA shifted to higher angle. Overall the intensity of peaks increased, thus it was
concluded that the product modified by CTA was more crystalline.

Figure 4 is SEM photograph corresponding to the product synthesis by ratio Si/Al
(v/v) 1 as sodalite and 25 as NaPl. Both of the materials had regular crystal and
homogenous. It can be observed that the shape and size of granular/crystal depends
on the composition of precursor, it means the ratio of Si/Al. Meanwhile the chemical
composition of the synthesized zeolite are shown in Table 2. Sample A3 that is
synthesized zeolite with ratio Si/Al (v/v) 1 and concentration of CTA 1.102 M was
sodalite that containing 17.96 % Na, 18.97% Al and 17.04% Si. For sample C3 with ratio
Si/Al 25 (v/v) was NaPlcontained 18.49 % Na, 17.25% Al 16.60% Si. The decreasing
of silicain the product NaP1 was caused calcination treatment at 500°C. The remainder

of silica was transformed to be SiOzquartz.

Conclusion
The presence of CTAsurfactant as structure directing at concentration 10 times CMC
of CTA did not affect the type zeolite, but shifted slightly the 2 theta to higher angle. The

zeolite modified by CTA are more crystalline than that obtained without CTA.
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Table 1. The composition of precursor and concentration of surfactant

Sample Ratio of Precursor (v/v) Concentration of

Code Sodium Sodium CTAB (M)
silicate aluminate

A 1 1 0

Al 1 1 5.104 (1/2 cmc)

A2 1 1 1.10-3 (cmc)

A3 1 1 1.102 (10 cmc)

B 15 1 0

Bl 15 1 5.104 (1/2 cmc)

B2 15 1 1.10-3 (cmc)

B3 15 1 1.102 (10 cmc)

C 25 1 0

C1 25 1 5.104(1/2 cmc)

Cc2 25 1 1.10-3 (cmc)

C3 25 1 1.102 (10 cmc)

Table 2. The chemical composition of synthesized zeolite

Element Sample A3 Sample C3

Wt % At % Wt % At %
O 45.78 57.66 42.59 54.87
Na 17.96 15.74 18.49 16.57
Mg 00.25 00.20 0.34 0.29
Al 18.97 14.17 17.25 13.18
Si 17.04 12.23 16.6 12.19

) B 3.57 2.3

K ) ) 1.16 0.61
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Figure 1. The mechanism of zeolite framework formation by CTA* as structure
directing
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Figure 2a. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 1 (A) without CTA
surfactant (A1) with CTA5.10*M (A2) with CTA 1.10-°* M (A3) with CTA1.102 M
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Figure 2b. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 15 (B) without CTA
surfactant (B1) with CTA5.10-4M (B2) with CTA 1.10-3 M (B3) with CTA1.102 M
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Figure 2c. FTIR spectraof synthesized zeolite with ratio Si/Al (v/v) 25 (C) without CTA
surfactant (C1) with CTA5.10-*M (C2) with CTA 1.10-3 M (C3) with CTA1.102M

Intensity

10 20 30 40 50
2 theta (°)

A A3 B B3 =—(C —(C3

Figure 3. The pattern of diffractogram synthesized zeolite (A) Ratio Si/Al 1 without CTA
(A3) Ratio Si/Al 1 with CTA 1.10-2M (B) Ratio Si/Al 15 without CTA (B3) Ratio Si/Al 15
with CTA 1.10-2M (C) Ratio Si/Al 25 without CTA (C3) Ratio Si/Al 25 with CTA 1.10-2M



Figure 4. The SEM image of synthesized zeolite
(A) Ratio Si/Al (v/v) 1 (B) Ratio Si/Al (viv) 25
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The Effect of cetyltrimethylammonium bromide surfactant
in synthesis of zeolite from sugarcane bagasse ash

*Sriatun?, Taslimah?, Linda Suyati?

1Department of Chemistry, Faculty of Science and Mathematics, Diponegoro
University, Tembalang, Semarang 50275, Indonesia

ABSTRACT

The effect of surfactant in synthesis zeolite from sugarcane bagasse ash was
studied. This research used cetyltrimethylammonium bromide surfactant to invent the
high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica
was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100°C for 7 days, ageing process for 24 hours
and calcination at 500°Cfor 5 hours. Theratio of Si/Al (v/v) was 1, 15 and 25, meanwhile
the concentration of cetyltrimethylammonium bromide was 5.10-4 M, 10-* M and10-2 M.
The result showed all of product have strong absorbance at 950-1050 cmt and 620-690
cml, 420-460 cm 1, double ring at 520-570 cm-?, pore opening at 300-370 cmL. Vibration
of —OH as silanol group or water was indicated by broad absorbance at 3400-3450 cnr
1. The diffractograms XRD showed that the product had high crystallinity. The
composition of product onratio Si/Al 1 with concentration of cetyltrimethylammonium 10-
2 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO2 quartz and contain 12.23%
and 12.19% of Si, 4.17% and 13.18% of Al respectively. Observation on SEM was
known that the crystal shape of product on ratio Si/Al 1 and 25 with concentration of
cetyltrimethylammonium 10-2 M was homogenous and orderly.

Keywords: surfactant, cetyltrimethylammonium bromide, synthesis, zeolite, sugarcane
bagasse

ABSTRAK

Telah dilakukan kajian pengaruh surfaktan setiltrimetilamonium pada sintesis
zeolite dari ampas tebu. Dalam penelitian ini surfaktan setiltrimetilamonium digunakan
untuk meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika
diekstrak dari abu ampas tebu melalui penambahan alkali yaitu NaOH 6 M. Sintesis
dilakukan secara hidrotermal pada 100 °C selama 7 hari, ageing selama 24 jam dan
kalsinasi pada 500°C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5.104M, 103 M dan 10-2 M. Hasil penelitian
menunjukkan bahwa keseluruhan produk menghasilkan serapan yang kuat pada
daerah bilangan gelombang 950-1050 cm-t, 620-690 cm-?t, 420-460 cm-?. Vibrasi double
ring pada 520-570 cm-, pore opening 300-370 cml. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cmr
1, Data XRD menunjukkan bahwa produk sintesis mempunyai kristalinitas tinggi. Pada
rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit sedangkan rasio 15 dan 25
menghasilkan NaP1 dan SiO2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23 % dan 12,19 % sertaAl sebesar 4,17 % and 13,18%.
Hasil SEM menunjukkan bahwaproduk sintesis mempunyai bentuk yang lebih homogen
dan teratur pada rasio silikat/Aluminat 1dan 25.

Kata kunci: surfaktan, setiltrimetilamonium bromida, sintesis, zeolit, ampas teb
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INTRODUCTION

Currently, there has been an attempt to utilize the large amount of bagasse ash,
such as the residue from an in-line sugar industry and the bagasse-biomass fuel in
electric generation industry [1]. Sugarcane bagasse is a solid waste producted in large
amount fromsugar mills. Sugarcane milling industry produced 35-40%o0f bagasse and
Indonesiahas large potentialto produce bagasse. Production of sugarcane in Indonesia
was 53,612,133 tons [2]. The compositions of sugarcane product are 52.9 % of liquid
waste, 32 % of bagasse, 4.5 % of molasses, 7.05 % of sugar and 0.1 % ash. Generally
sugarcane bagasse contained of 52.67% water, 55.89 % organic carbon, 0.25% total
nitrogen, 0.16% P20s and 0.38% K20. When this sugarcane bagasse is burned under
controlled conditions, it also gives ash having amorphous silica. After sugarcane
bagasse converted to ashes, the content of silica (SiO2) to be 64.65% [3]. According [4]
the SiO2 content in sugarcane bagasse ash from Tasik Madu sugar mills Industry
slightly higher, that was 70.97%. The consideration of a large number of sugarcane
bagasse and the content of silica, caused the development of new procedures for its
productive reuse such as using as a source of silica. Inthe recentdecades, many efforts
are being carried out to explore other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of waste and environment pollution
can be avoided.

There are many methods applicated to increase the economic values of sugarcane
bagasse ash. One of these methods was extraction by alkaline fusion. This extraction
produced silicaas sodiumsilicate and a small amount of aluminate. If the sodiumsilicate
solution was mixed with sodium aluminate solution would be occurred condensation
polymerization under hydrothermal condition [5]. Most researchers have investigated
some materials as low cost silicon and aluminum sourcesto synthesis of various zeolite.
Synthesis of NaA zeolite from sugarcane bagasse ash [6], from kaolin waste [7], NaP1

zeolite from high silica fly ash [8, 9, 10], fromillite-smectite [11], from aluminum solid



waste [12]. NaX and NaA [13] NaY was synthesized from rice husk silica [14] and
bentonite [15]. Synthesis of zeolite as micro-mesoporous materials has been developed
continously. As micro-mesoporous materials zeolite was expected possess ordered
mesostructure, porous, high surface area, acidity and thermal stability. There are some
variables which should be controlled in synthesis processes such as the ratio of Si/Al,
temperature and time in hydrothermal treatment and the presence of structure directing
agent (SDA). The most versatile variable can be used to influence the product of
synthesis was structure directing agent, because they influenced on the nucleation and
crystallization processes during the formation the framework of zeolite. Organic molecul
as structure directing agent must have high chemical stability in order to resist in the
hydrothemal condition of the crystallization process and must be soluble in synthesis
medium [16].

Selection the properties of directing agent such as size, shape, flexibility and
hydrophilicity can lead to the framework of zeolite have channel with different
dimensions. Several investigations have carried out using directing has controlled the
morphology of MTT and MFI using TMPD and HMPD as linier and branch molecule [17].
Directing agent also used to control the growth of crystal [18].

Based on previously studies information, there has never been conducted
researches using CTAB surfactants as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we report the influence of
cetyltrimethylammonium bromide (CTAB) as structure directing agent in synthesis
zeolite using sugarcane bagasse ash as source of silica. Itwould examine how the effect
of the CTAB as directing agent on shape of crystalline and crystallinity the product. As
a comparison, zeolite from sugarcane bagasse ash in the absence of structure directing
agent was also synthesized.

The important breakthroughs resulting from this research that this research is
uplifting a low cost preparation of NaP1 zeolite from low cost materials. The results of

this study are expected to increase the economic value of waste bagasse into material



into high-value material, because this products had many potential applications such as
an adsorbent, catalyst and fertilizers. In addition this study also to contributing to the
field of material synthesis with renewable resources. Finally by using bagasse as raw

material to make zeolite then the accumulation of waste in the environment can be

reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected from sugarcane industry in the region
of Klaten, Central of Java. First step, Sugarcane bagasse was burned then ashed in
furnace at 700°C during 4 hours. Futhermore, extraction by alkaline fusion step, 96 g of
sugarcane bagasse ash was reacted with about 300 mL 6 M NaOH solution. The mixture
was stirred at room temperature for 24 hours and filtered. The supernatant was sodium
silicate solution. Determination the content of SiO2, Al2Os dan others oxide by AAS.
NaOH pellets, Al(OH)s powder, cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.
Instrumentation
The equipment were used in this research: stirrer, bar magnetic stirrer, oven, furnace,
grinder were used on synthesis process. FTIR spectrometer Nicolet Avatar 360 IR, X-
Ray Diffractometer (XRD) Rigaku Multiplex, Scanning Electron Microscope (SEM) FEI

Inspect S50, Energy-Dispersive X-ray (EDX) spectroscopy EDAX AMETEX,

Procedure

An early step was preparation of sodium aluminate solution from dillution of 20 g
sodium hydroxide in 100 mL aquadest. The solution was boiled, then 8,5 g alumunium
hydroxide was added into solution until homogenous solution achieved. The next step
is preparation zeolite, anumber of sodium silicate supernatant was mixed with sodium

aluminate solution and cetyltrimethylammonium bromide surfactant (cationic surfactant)



solution. The compositions of precursor and surfactant are provided in table 1. The
mixture was stirred at spesific duration until gel formed, the process was continued by
hydrothermal treatment in teflon container at 100°C during 7 days, then aging process
at romtemperature for 24 hours. The final steps, the precipitates were filtering, washing
, drying and calcinating at 500°C for 5 hours. The product characterized by FTIR and
XRD. The provision code in this research was given in table 1.

Table 1. The compaosition of precursor and surfactant
Sample  Ratio of Precursor (v/v)  Surfactant

Code Sodium Sodium CTAB (M)
silicate aluminate

A 1 1 0

Al 1 1 5.104(1/2 cmc)

A2 1 1 1.103 (cmc)

A3 1 1 1.102 (10 cmc)

B 15 1 0

Bl 15 1 5.104 (1/2 cmc)

B2 15 1 1.10-3 (cmc)

B3 15 1 1.102 (10 cmc)

C 25 1 0

C1 25 1 5.104(1/2 cmc)

Cc2 25 1 1.10-3 (cmc)

C3 25 1 1.102 (10 cmc)

See in article vol .17 how tables are formatted

RESULTS AND DISCUSSION

The aim of the ashing of sugarcane bagasse at 700°C is removing the organic
compounds and changing the inorganic compounds to metal oxide such as SiOz2, Al20s,
MgO, Ca0, Fe20sand others. The content of silicaand alumina the sugarcane bagasse
ash is Si 70.82% and Al 1.04% respectively.

The purposes of temperature adjusting at 100°C for 168 h on hydrothermal process
controlled the rate of nucleation and crystallization. The effect of crystallization times (1,
2,3,4,6 and 8 hours) on formation of zeolite A under 373 K has been known that the long
time of hydrothermal process influenced the crystallinity degree [19]. Actually, in this
process the silicaalumina framework was formed. The crystallinity of zeolite increased
with the increasing of hydrothermal time. Meanwhile, ageing time during 24 hours after

hydrothermal process for arranged and established the framework structure of zeolite.



Several factors that influence in the synthesis process of zeolite are the type of
precursor, reactant, volume of surfactant, temperature of reaction, aging time and
organic template. Generally, the framework of zeolite had a negative charge, so it was
neutralized by some cation. In this case, the surfactant such as cetyltrimethylammonium
was used for structure directing of material, so the product would have different size and
shape of pore and more homogenous. Cetyltrimethylamonium as cationic surfactant
would be interacted electrostatic with the negative charge in silicate aluminate
framework from zeolite.

Cetyltrimethylammonium, TPAOH and PPDA surfactant were used as structure
directing agents in synthesis zeolite [20]. The cetyltrimethylammonium (CTA) is cationic
surfactant, the presence of cationic surfactant in solution would be reacted rapidly with
silicate/[SiO4]* and aluminate/[AlO4]> ions primary building units. Furthermore, they
occurred condensation polymerization and formed zeolite embryo. Surfactant as
structure directing determined the type of polyhedral as which built the structure of

zeolite completely. The illustration of mechanism given in Figure 1.
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Figure 1. The mechanism of zeolite framework formation by CTA* as structure
directing (the letters in figure are too small, unreadable)



Finally, the CTAB surfactant as structure directing was disappeared from the zeolite
structure by calcination at 500°C during 4 hours. The surfactant would be decomposed
to be gas, and leaved hole. This hole was pore of materials. Above explanation is
discussion, not result
Characteristicszatters-of products

It was investigated synthesis zeolite on various of composition of sodiumsilicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison between the properties of
synthesized product before and after modified with surfactant is needed to find out of

the influence. The FTIR spectra of product synthesis givenin Figure 2a, 2b and 2c.
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Figure 2a. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 1 (A) without CTAB
surfactant (A1) with CTAB 5.10*M (A2) with CTAB 1.10-3 M (A3) with CTAB 1.102 M
Should the curves be color? The lines and scale are not clear/contract
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Figure 2b. FTIR spectra of synthesized zeolite with ratio Si/Al (v/iv) 15 (B) without CTAB
surfactant (B1) with CTAB 5.10“M (B2) with CTAB 1.10° M (B3) with CTAB 1.102M



Should the curves be color? The lines and scale are not clear/contract
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Figure 2c. FTIR spectra of synthesized zeolite with ratio Si/Al (v/iv) 25 (C) without CTAB
surfactant (C1) with CTAB 5.10*M (C2) with CTAB 1.10° M (C3) with CTAB 1.102M
Should the curves be color? The lines and scale are not clear/contract. a.u. should be
used for transparence unit.

It has been known that every type of zeolite has two kind of specific infrared
vibration, they are internal and external linkage of tetrahedral (TO4). In the interna
linkage, there is asymmetric stretching vibration of TO4 (T = Si or Al) and appears at
950-1250 cmt wavenumber, whereas the symetric stretching vibration at 650-720 cm?
and 500 cm?. Furthermore, the wavenumber at 1050-1150 cm? was asymmetric
stretching vibration, 750-820 cm! is symetric stretching vibration in the external linkage.
All of spectra were indicating that all the product of synthesis had Si-O-Si or Si-O-Al
groups as a specific fingerprint of zeolite type. The absorption at 300-420 cmt is pore
opening and 500-650 cm® is doublé ring [21]. Doublé ring is specific character of zeolite
type, because it is an external lingkage between polyhedral. Fromthe FTIR datas, the
zeolite was formed as product synthesis. The presence of Cetyltrimethylammonium
surfactants has significantly affected the intensity and patterns of absorption at the
wavenumber 950-1250 cmand 3400-3500cm-. The lower absorptionintensity of wave
number at 3400-3500 cm! in the CTAB modified zeolite showed the low levels of silanol
groups in the sample, where this corresponds to the formation of framework of zeolit.
Beside that, the stronger bonding of Si-O-Si and Si-O-Al in zeolite framework
characterized by increasing of intensity absorption bands at wave numbers 950-1250

cm! after the addition of CTAB.



In the FTIR spectra of zeolite modified by CTAB surfactant, no new absorption
was observed. The spectra has similarity to the absorption region of zeolite which
synthesized without surfactant. It was showed that the calcination treatment at 600°C to
the modified zeolite by CTAB has removed and decomposed the CTAB as structure
directing and all undesired organic compounds. Thus the shape and pore size of
modified zeolite was expected homogenously.

Figure 3 shows the pattern of diffractogram XRD of product synthesis. Inorganic
material has different shape and structure crystal, due to the diffractogram pattern was

characteristic.
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Figure 3. The pattern of diffractogram synthesized zeolite (A) Ratio Si/Al 1 without CTAB
(A3) Ratio Si/Al 1 with CTAB 1.10-2M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al
15 with CTAB 1.102M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with
CTAB1.10°M

Should the curves be color? The lines and scale are not clear/contract

The instensity of diffractogram indicated the crystal quality of material. It could
investigated the kind of product synthesis by CTAB different with product synthesis
without CTAB. In addition, the composition of precursor also affected the kind of product.
The product synthesis by ratio of Si/Al (v/v) 1 without CTAB was sodalite. The sodalite

is plain type of zeolite. The same product was obtained on ratio Si/Al (v/v) 1 used CTAB

as structure directing. Although the productis the same but it is observed in XRD that



the using of CTAB makes the peak of the diffractogram sharper and the product more
pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the product synthesis was NaP1
zeolite. The presence of CTAB surfactant as structure directing was not affected on the
type zeolite but on the main peak of diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known from the Figure 3. All of the peaks
on NaP1 diffractogram NaP1 as product synthesis modified by CTAB shifted to higher
angle. Overall the intensity of peaks increased, thus it was concluded that the product
modified by CTAB more crystalline.

Before treatment with CTAB
vi TR .
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'««_"T’. )% v
f’ - e A ‘ &
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Figure 4. The SEM image of synthesized zeolite
Figure 4 is SEM photograph corresponding to the product synthesis. From the XRD

data, the products by ratio Si/Al (v/v) 1 is sodalite and fromthe SEM it appears that the



materials had regular spherical crystal and homogenous. At ratio Si/Al (v/v) 15 and 25
the materials had the same type, rectangular shape with thin platy crystal, however at
ratio Si/Al (v/v) 15 has smaller in size. It showed diffrerent shape to the ratio Si/Al (v/V)
1. It could be investigated that the shape and size of granular/crystal depends on the
composition of precursor, it means the ratio of Si/Al. The use of surfactant CTAB as a
directing agent affects the size and homogeneity of the product particles. In SEM it

appears that the crystalline product of synthesiswith CTAB has a more porous, regular

and firmform crystal..The datas from SEM consistent with the result to the XRD, that

the using of surfactant CTAB produce a more crystalline materials.

Meanwhile the chemical composition of products synthesis in Table 2. Sample
Al and A3 are sodalite as the product of synthesis. For sample B1, B3, C1 and C3 are
NaP1. All of the product showed that ratio of Si/Al almost 1, these is consistent with the
BET resultthat this productis micropore material. The use of surfactant CTAB as a pore
directing agent increases the number of ions silicate and aluminate that interacted to
formthe product.

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
Al A3 B1 B3 Cl C3

o 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al | 372 lsg; | 1081 |1147 [1152 | 17.25
s | 326 1704 | 1118 |11.69 [11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

See the published article in Vol 17 to format Table

BET (Brunauer—Emmett—Teller) method is used for multimolecular adsorption
on solid surface, so the surface area of a material can be known with a surface area
gauge that uses the BET method principle. The measurement of surface area with BET

model used nitrogen as adsorbate. This measurement is based on isotherma



adsorption data nitrogen at a temperature of 77.35 K. Isothermal adsorption with BET
principle is a type physical isotherms. BET analysis is given in Figure 4. The isotherm
could be classified as type | of Brunauer’s classification showing closed hysteresis loops.
The calculated surface area of the prepared zeolite is relatively low 13.508 m?/g. This
reveals the existence only a small number of active sorption sites. The total pore
volume, Vp was found to be 5.28x10-3 cm3/g and average pore radius was determined
as 2.261°A. It means the NaP1 of this research have a micropore structure.
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Figure 4. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
Should thecurves becolor? Seethe published article in Vol 17 to format curve (without
grill).

The TGA (thermogravimetric analysis) graph for the synthesized zeolite from

sugarcane bagasse ash is given in Figure 5. From the figure, it can be seen that the
sample is lost the weight at temperature 100°C, it means the loosely bond or free water
molecules from product zeolite cage. Then the reducing weight also occurred at 270-

400°C wich is due to the decomposition of the CTAB surfactant resides on the product

zeolite surface.
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Figure 5. Thermogram of the synthesized product ratio Si/Al (viv) 1

Shouldthecurves becolor? Seethe published article in Vol 17 to format curve (without
grill).

Conclusion

The presence of CTAB surfactant as structure directing at concentration 10 times
CMC on synthesis zeolite from sugarcane bagasse ash improves the porosity and
crystallinity of the product zeolite, but in this reseach the product still has micropore

structure. Too short conclusion
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ABSTRACT

The effect of surfactant in synthesis zeolite from sugarcane bagasse ash was
studied. This research used cetyltrimethylammonium bromide surfactant to invent the
high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica
was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100°C for 7 days, ageing process for 24 hours
and calcination at 500°Cfor 5 hours. Theratio of Si/Al (v/v) was 1, 15 and 25, meanwhile
the concentration of cetyltrimethylammonium bromide was 5.10-4 M, 10-* M and10-2 M.
The result showed all of product have strong absorbance at 950-1050 cmt and 620-690
cml, 420-460 cm 1, double ring at 520-570 cm-?, pore opening at 300-370 cmL. Vibration
of —OH as silanol group or water was indicated by broad absorbance at 3400-3450 cnr
1. The diffractograms XRD showed that the product had high crystallinity. The
composition of product onratio Si/Al 1 with concentration of cetyltrimethylammonium 10-
2 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO2 quartz and contain 12.23%
and 12.19% of Si, 4.17% and 13.18% of Al respectively. Observation on SEM was
known that the crystal shape of product on ratio Si/Al 1 and 25 with concentration of
cetyltrimethylammonium 10-2 M was homogenous and orderly.

Keywords: surfactant, cetyltrimethylammonium bromide, synthesis, zeolite, sugarcane
bagasse

ABSTRAK

Telah dilakukan kajian pengaruh surfaktan setiltrimetilamonium pada sintesis
zeolite dari ampas tebu. Dalam penelitian ini surfaktan setiltrimetilamonium digunakan
untuk meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika
diekstrak dari abu ampas tebu melalui penambahan alkali yaitu NaOH 6 M. Sintesis
dilakukan secara hidrotermal pada 100 °C selama 7 hari, ageing selama 24 jam dan
kalsinasi pada 500°C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5.104M, 103 M dan 10-2 M. Hasil penelitian
menunjukkan bahwa keseluruhan produk menghasilkan serapan yang kuat pada
daerah bilangan gelombang 950-1050 cm-t, 620-690 cm-?t, 420-460 cm-?. Vibrasi double
ring pada 520-570 cm-, pore opening 300-370 cml. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cmr
1, Data XRD menunjukkan bahwa produk sintesis mempunyai kristalinitas tinggi. Pada
rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit sedangkan rasio 15 dan 25
menghasilkan NaP1 dan SiO2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23 % dan 12,19 % sertaAl sebesar 4,17 % and 13,18%.
Hasil SEM menunjukkan bahwaproduk sintesis mempunyai bentuk yang lebih homogen
dan teratur pada rasio silikat/Aluminat 1dan 25.

Kata kunci: surfaktan, setiltrimetilamonium bromida, sintesis, zeolit, ampas teb
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INTRODUCTION

Currently, there has been an attempt to utilize the large amount of bagasse ash,
such as the residue from an in-line sugar industry and the bagasse-biomass fuel in
electric generation industry [1]. Sugarcane bagasse is a solid waste producted in large
amount fromsugar mills. Sugarcane milling industry produced 35-40%o0f bagasse and
Indonesiahas large potentialto produce bagasse. Production of sugarcane in Indonesia
was 53,612,133 tons [2]. The compositions of sugarcane product are 52.9 % of liquid
waste, 32 % of bagasse, 4.5 % of molasses, 7.05 % of sugar and 0.1 % ash. Generally
sugarcane bagasse contained of 52.67% water, 55.89 % organic carbon, 0.25% total
nitrogen, 0.16% P20s and 0.38% K20. When this sugarcane bagasse is burned under
controlled conditions, it also gives ash having amorphous silica. After sugarcane
bagasse converted to ashes, the content of silica (SiO2) to be 64.65% [3]. According [4]
the SiO2 content in sugarcane bagasse ash from Tasik Madu sugar mills Industry
slightly higher, that was 70.97%. The consideration of a large number of sugarcane
bagasse and the content of silica, caused the development of new procedures for its
productive reuse such as using as a source of silica. Inthe recentdecades, many efforts
are being carried out to explore other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of waste and environment pollution
can be avoided.

There are many methods applicated to increase the economic values of sugarcane
bagasse ash. One of these methods was extraction by alkaline fusion. This extraction
produced silicaas sodiumsilicate and a small amount of aluminate. If the sodiumsilicate
solution was mixed with sodium aluminate solution would be occurred condensation
polymerization under hydrothermal condition [5]. Most researchers have investigated
some materials as low cost silicon and aluminum sourcesto synthesis of various zeolite.
Synthesis of NaA zeolite from sugarcane bagasse ash [6], from kaolin waste [7], NaP1

zeolite from high silica fly ash [8, 9, 10], fromillite-smectite [11], from aluminum solid



waste [12]. NaX and NaA [13] NaY was synthesized from rice husk silica [14] and
bentonite [15]. Synthesis of zeolite as micro-mesoporous materials has been developed
continously. As micro-mesoporous materials zeolite was expected possess ordered
mesostructure, porous, high surface area, acidity and thermal stability. There are some
variables which should be controlled in synthesis processes such as the ratio of Si/Al,
temperature and time in hydrothermal treatment and the presence of structure directing
agent (SDA). The most versatile variable can be used to influence the product of
synthesis was structure directing agent, because they influenced on the nucleation and
crystallization processes during the formation the framework of zeolite. Organic molecul
as structure directing agent must have high chemical stability in order to resist in the
hydrothemal condition of the crystallization process and must be soluble in synthesis
medium [16].

Selection the properties of directing agent such as size, shape, flexibility and
hydrophilicity can lead to the framework of zeolite have channel with different
dimensions. Several investigations have carried out using directing has controlled the
morphology of MTT and MFI using TMPD and HMPD as linier and branch molecule [17].
Directing agent also used to control the growth of crystal [18].

Based on previously studies information, there has never been conducted
researches using CTAB surfactants as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we report the influence of
cetyltrimethylammonium bromide (CTAB) as structure directing agent in synthesis
zeolite using sugarcane bagasse ash as source of silica. Itwould examine how the effect
of the CTAB as directing agent on shape of crystalline and crystallinity the product. As
a comparison, zeolite from sugarcane bagasse ash in the absence of structure directing
agent was also synthesized.

The important breakthroughs resulting from this research that this research is
uplifting a low cost preparation of NaP1 zeolite from low cost materials. The results of

this study are expected to increase the economic value of waste bagasse into material



into high-value material, because this products had many potential applications such as
an adsorbent, catalyst and fertilizers. In addition this study also to contributing to the
field of material synthesis with renewable resources. Finally by using bagasse as raw

material to make zeolite then the accumulation of waste in the environment can be

reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected from sugarcane industry in the region
of Klaten, Central of Java. First step, Sugarcane bagasse was burned then ashed in
furnace at 700°C during 4 hours. Futhermore, extraction by alkaline fusion step, 96 g of
sugarcane bagasse ash was reacted with about 300 mL 6 M NaOH solution. The mixture
was stirred at room temperature for 24 hours and filtered. The supernatant was sodium
silicate solution. Determination the content of SiO2, Al2Os dan others oxide by AAS.
NaOH pellets, Al(OH)s powder, cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.
Instrumentation
The equipment were used in this research: stirrer, bar magnetic stirrer, oven, furnace,
grinder were used on synthesis process. FTIR spectrometer Nicolet Avatar 360 IR, X-
Ray Diffractometer (XRD) Rigaku Multiplex, Scanning Electron Microscope (SEM) FEI

Inspect S50, Energy-Dispersive X-ray (EDX) spectroscopy EDAX AMETEX,

Procedure

An early step was preparation of sodium aluminate solution from dillution of 20 g
sodium hydroxide in 100 mL aquadest. The solution was boiled, then 8,5 g alumunium
hydroxide was added into solution until homogenous solution achieved. The next step
is preparation zeolite, anumber of sodium silicate supernatant was mixed with sodium

aluminate solution and cetyltrimethylammonium bromide surfactant (cationic surfactant)



solution. The compositions of precursor and surfactant are provided in table 1. The
mixture was stirred at spesific duration until gel formed, the process was continued by
hydrothermal treatment in teflon container at 100°C during 7 days, then aging process
at romtemperature for 24 hours. The final steps, the precipitates were filtering, washing
, drying and calcinating at 500°C for 5 hours. The product characterized by FTIR and
XRD. The provision code in this research was given in table 1.

Table 1. The compaosition of precursor and surfactant
Sample  Ratio of Precursor (v/v)  Surfactant

Code Sodium Sodium CTAB (M)
silicate aluminate

A 1 1 0

Al 1 1 5.104(1/2 cmc)

A2 1 1 1.103 (cmc)

A3 1 1 1.102 (10 cmc)

B 15 1 0

Bl 15 1 5.104 (1/2 cmc)

B2 15 1 1.10-3 (cmc)

B3 15 1 1.102 (10 cmc)

C 25 1 0

C1 25 1 5.104(1/2 cmc)

Cc2 25 1 1.10-3 (cmc)

C3 25 1 1.102 (10 cmc)

See in article vol .17 how tables are formatted

RESULTS AND DISCUSSION

The aim of the ashing of sugarcane bagasse at 700°C is removing the organic
compounds and changing the inorganic compounds to metal oxide such as SiOz2, Al20s,
MgO, Ca0, Fe20sand others. The content of silicaand alumina the sugarcane bagasse
ash is Si 70.82% and Al 1.04% respectively.

The purposes of temperature adjusting at 100°C for 168 h on hydrothermal process
controlled the rate of nucleation and crystallization. The effect of crystallization times (1,
2,3,4,6 and 8 hours) on formation of zeolite A under 373 K has been known that the long
time of hydrothermal process influenced the crystallinity degree [19]. Actually, in this
process the silicaalumina framework was formed. The crystallinity of zeolite increased
with the increasing of hydrothermal time. Meanwhile, ageing time during 24 hours after

hydrothermal process for arranged and established the framework structure of zeolite.



Several factors that influence in the synthesis process of zeolite are the type of
precursor, reactant, volume of surfactant, temperature of reaction, aging time and
organic template. Generally, the framework of zeolite had a negative charge, so it was
neutralized by some cation. In this case, the surfactant such as cetyltrimethylammonium
was used for structure directing of material, so the product would have different size and
shape of pore and more homogenous. Cetyltrimethylamonium as cationic surfactant
would be interacted electrostatic with the negative charge in silicate aluminate
framework from zeolite.

Cetyltrimethylammonium, TPAOH and PPDA surfactant were used as structure
directing agents in synthesis zeolite [20]. The cetyltrimethylammonium (CTA) is cationic
surfactant, the presence of cationic surfactant in solution would be reacted rapidly with
silicate/[SiO4]* and aluminate/[AlO4]> ions primary building units. Furthermore, they
occurred condensation polymerization and formed zeolite embryo. Surfactant as
structure directing determined the type of polyhedral as which built the structure of

zeolite completely. The illustration of mechanism given in Figure 1.
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Figure 1. The mechanism of zeolite framework formation by CTA* as structure
directing (the letters in figure are too small, unreadable)



Finally, the CTAB surfactant as structure directing was disappeared from the zeolite
structure by calcination at 500°C during 4 hours. The surfactant would be decomposed
to be gas, and leaved hole. This hole was pore of materials. Above explanation is
discussion, not result
Characteristicszatters-of products

It was investigated synthesis zeolite on various of composition of sodiumsilicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison between the properties of
synthesized product before and after modified with surfactant is needed to find out of

the influence. The FTIR spectra of product synthesis givenin Figure 2a, 2b and 2c.
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Figure 2a. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 1 (A) without CTAB
surfactant (A1) with CTAB 5.10*M (A2) with CTAB 1.10-3 M (A3) with CTAB 1.102 M
Should the curves be color? The lines and scale are not clear/contract
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Figure 2b. FTIR spectra of synthesized zeolite with ratio Si/Al (v/iv) 15 (B) without CTAB
surfactant (B1) with CTAB 5.10“M (B2) with CTAB 1.10° M (B3) with CTAB 1.102M



Should the curves be color? The lines and scale are not clear/contract
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Figure 2c. FTIR spectra of synthesized zeolite with ratio Si/Al (v/iv) 25 (C) without CTAB
surfactant (C1) with CTAB 5.10*M (C2) with CTAB 1.10° M (C3) with CTAB 1.102M
Should the curves be color? The lines and scale are not clear/contract. a.u. should be
used for transparence unit.

It has been known that every type of zeolite has two kind of specific infrared
vibration, they are internal and external linkage of tetrahedral (TO4). In the interna
linkage, there is asymmetric stretching vibration of TO4 (T = Si or Al) and appears at
950-1250 cmt wavenumber, whereas the symetric stretching vibration at 650-720 cm?
and 500 cm?. Furthermore, the wavenumber at 1050-1150 cm? was asymmetric
stretching vibration, 750-820 cm! is symetric stretching vibration in the external linkage.
All of spectra were indicating that all the product of synthesis had Si-O-Si or Si-O-Al
groups as a specific fingerprint of zeolite type. The absorption at 300-420 cmt is pore
opening and 500-650 cm® is doublé ring [21]. Doublé ring is specific character of zeolite
type, because it is an external lingkage between polyhedral. Fromthe FTIR datas, the
zeolite was formed as product synthesis. The presence of Cetyltrimethylammonium
surfactants has significantly affected the intensity and patterns of absorption at the
wavenumber 950-1250 cmand 3400-3500cm-. The lower absorptionintensity of wave
number at 3400-3500 cm! in the CTAB modified zeolite showed the low levels of silanol
groups in the sample, where this corresponds to the formation of framework of zeolit.
Beside that, the stronger bonding of Si-O-Si and Si-O-Al in zeolite framework
characterized by increasing of intensity absorption bands at wave numbers 950-1250

cm! after the addition of CTAB.



In the FTIR spectra of zeolite modified by CTAB surfactant, no new absorption
was observed. The spectra has similarity to the absorption region of zeolite which
synthesized without surfactant. It was showed that the calcination treatment at 600°C to
the modified zeolite by CTAB has removed and decomposed the CTAB as structure
directing and all undesired organic compounds. Thus the shape and pore size of
modified zeolite was expected homogenously.

Figure 3 shows the pattern of diffractogram XRD of product synthesis. Inorganic
material has different shape and structure crystal, due to the diffractogram pattern was

characteristic.
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Figure 3. The pattern of diffractogram synthesized zeolite (A) Ratio Si/Al 1 without CTAB
(A3) Ratio Si/Al 1 with CTAB 1.10-2M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al
15 with CTAB 1.102M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with
CTAB1.10°M

Should the curves be color? The lines and scale are not clear/contract

The instensity of diffractogram indicated the crystal quality of material. It could
investigated the kind of product synthesis by CTAB different with product synthesis
without CTAB. In addition, the composition of precursor also affected the kind of product.
The product synthesis by ratio of Si/Al (v/v) 1 without CTAB was sodalite. The sodalite

is plain type of zeolite. The same product was obtained on ratio Si/Al (v/v) 1 used CTAB

as structure directing. Although the productis the same but it is observed in XRD that



the using of CTAB makes the peak of the diffractogram sharper and the product more
pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the product synthesis was NaP1
zeolite. The presence of CTAB surfactant as structure directing was not affected on the
type zeolite but on the main peak of diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known from the Figure 3. All of the peaks
on NaP1 diffractogram NaP1 as product synthesis modified by CTAB shifted to higher
angle. Overall the intensity of peaks increased, thus it was concluded that the product
modified by CTAB more crystalline.
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Figure 4. The SEM image of synthesized zeolite
Figure 4 is SEM photograph corresponding to the product synthesis. From the XRD

data, the products by ratio Si/Al (v/v) 1 is sodalite and fromthe SEM it appears that the



materials had regular spherical crystal and homogenous. At ratio Si/Al (v/v) 15 and 25
the materials had the same type, rectangular shape with thin platy crystal, however at
ratio Si/Al (v/v) 15 has smaller in size. It showed diffrerent shape to the ratio Si/Al (v/V)
1. It could be investigated that the shape and size of granular/crystal depends on the
composition of precursor, it means the ratio of Si/Al. The use of surfactant CTAB as a
directing agent affects the size and homogeneity of the product particles. In SEM it

appears that the crystalline product of synthesiswith CTAB has a more porous, regular

and firmform crystal..The datas from SEM consistent with the result to the XRD, that

the using of surfactant CTAB produce a more crystalline materials.

Meanwhile the chemical composition of products synthesis in Table 2. Sample
Al and A3 are sodalite as the product of synthesis. For sample B1, B3, C1 and C3 are
NaP1. All of the product showed that ratio of Si/Al almost 1, these is consistent with the
BET resultthat this productis micropore material. The use of surfactant CTAB as a pore
directing agent increases the number of ions silicate and aluminate that interacted to
formthe product.

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
Al A3 B1 B3 Cl C3

o 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al | 372 lsg; | 1081 |1147 [1152 | 17.25
s | 326 1704 | 1118 |11.69 [11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

See the published article in Vol 17 to format Table

BET (Brunauer—Emmett—Teller) method is used for multimolecular adsorption
on solid surface, so the surface area of a material can be known with a surface area
gauge that uses the BET method principle. The measurement of surface area with BET

model used nitrogen as adsorbate. This measurement is based on isotherma



adsorption data nitrogen at a temperature of 77.35 K. Isothermal adsorption with BET
principle is a type physical isotherms. BET analysis is given in Figure 4. The isotherm
could be classified as type | of Brunauer’s classification showing closed hysteresis loops.
The calculated surface area of the prepared zeolite is relatively low 13.508 m?/g. This
reveals the existence only a small number of active sorption sites. The total pore
volume, Vp was found to be 5.28x10-3 cm3/g and average pore radius was determined
as 2.261°A. It means the NaP1 of this research have a micropore structure.
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Figure 4. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
Should thecurves becolor? Seethe published article in Vol 17 to format curve (without
grill).

The TGA (thermogravimetric analysis) graph for the synthesized zeolite from

sugarcane bagasse ash is given in Figure 5. From the figure, it can be seen that the
sample is lost the weight at temperature 100°C, it means the loosely bond or free water
molecules from product zeolite cage. Then the reducing weight also occurred at 270-

400°C wich is due to the decomposition of the CTAB surfactant resides on the product

zeolite surface.
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Figure 5. Thermogram of the synthesized product ratio Si/Al (viv) 1

Shouldthecurves becolor? Seethe published article in Vol 17 to format curve (without
grill).

Conclusion

The presence of CTAB surfactant as structure directing at concentration 10 times
CMC on synthesis zeolite from sugarcane bagasse ash improves the porosity and
crystallinity of the product zeolite, but in this reseach the product still has micropore

structure. Too short conclusion
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ABSTRACT

The effect of surfactant in synthesis zeolite from sugarcane bagasse ash was
studied. This research used cetyltrimethylammonium bromide surfactant to invent the
high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica
was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100°C for 7 days, ageing process for 24 hours
and calcination at 500°Cfor 5 hours. Theratio of Si/Al (v/v) was 1, 15 and 25, meanwhile
the concentration of cetyltrimethylammonium bromide was 5.10-4 M, 10-* M and10-2 M.
The result showed all of product have strong absorbance at 950-1050 cmt and 620-690
cml, 420-460 cm 1, double ring at 520-570 cm-?, pore opening at 300-370 cmL. Vibration
of —OH as silanol group or water was indicated by broad absorbance at 3400-3450 cnr
1. The diffractograms XRD showed that the product had high crystallinity. The
composition of product onratio Si/Al 1 with concentration of cetyltrimethylammonium 10-
2 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO2 quartz and contain 12.23%
and 12.19% of Si, 4.17% and 13.18% of Al respectively. Observation on SEM was
known that the crystal shape of product on ratio Si/Al 1 and 25 with concentration of
cetyltrimethylammonium 10-2 M was more homogeneous and orderly.

Keywords: surfactant, cetyltrimethylammonium bromide, synthesis, zeolite, sugarcane
bagasse

ABSTRAK

Telah dilakukan kajian pengaruh surfaktan setiltrimetilamonium pada sintesis
zeolite dari ampas tebu. Dalam penelitian ini surfaktan setiltrimetilamonium digunakan
untuk meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika
diekstrak dari abu ampas tebu melalui penambahan alkali yaitu NaOH 6 M. Sintesis
dilakukan secara hidrotermal pada 100 °C selama 7 hari, ageing selama 24 jam dan
kalsinasi pada 500°C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5.104M, 103 M dan 10-2 M. Hasil penelitian
menunjukkan bahwa keseluruhan produk menghasilkan serapan yang kuat pada
daerah bilangan gelombang 950-1050 cm-t, 620-690 cm-?t, 420-460 cm-?. Vibrasi double
ring pada 520-570 cm-, pore opening 300-370 cml. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cmr
1, Data XRD menunjukkan bahwa produk sintesis mempunyai kristalinitas tinggi. Pada
rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit sedangkan rasio 15 dan 25
menghasilkan NaP1 dan SiO2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23 % dan 12,19 % sertaAl sebesar 4,17 % and 13,18%.
Hasil SEM menunjukkan bahwaproduk sintesis mempunyai bentuk yang lebih homogen
dan teratur pada rasio silikat/Aluminat 1dan 25.

Kata kunci: surfaktan, setiltrimetilamonium bromida, sintesis, zeolit, ampas teb
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INTRODUCTION

Currently, there has been an attempt to utilize the large amount of bagasse ash,
such as the residue from an in-line sugar industry and the bagasse-biomass fuel in
electric generation industry [1]. Sugarcane bagasse is a solid waste producted in large
amount fromsugar mills. Sugarcane milling industry produced 35-40%o0f bagasse and
Indonesiahas large potentialto produce bagasse. Production of sugarcane in Indonesia
was 53,612,133 tons [2]. The compositions of sugarcane product are 52.9 % of liquid
waste, 32 % of bagasse, 4.5 % of molasses, 7.05 % of sugar and 0.1 % ash. Generally
sugarcane bagasse contained of 52.67% water, 55.89 % organic carbon, 0.25% total
nitrogen, 0.16% P20s and 0.38% K20. When this sugarcane bagasse is burned under
controlled conditions, it also gives ash having amorphous silica. After sugarcane
bagasse converted to ashes, the content of silica (SiO2) to be 64.65% [3]. According [4]
the SiO2 content in sugarcane bagasse ash from sugarcane juice industries in Shah
Alam, Malaysia much higher, that was 88.19%. The consideration of alarge number of
sugarcane bagasse and the content of silica, caused the development of new
procedures for its productive reuse such as using as a source of silica. In the recent
decades, many efforts are being carried outto explore other potential applications such
as an adsorbent, fertilizers and cement mixture. So, the accumulation of waste and
environment pollution can be avoided.

There are many methods applicated to increase the economic values of sugarcane
bagasse ash. One of these methods was extraction by alkaline fusion. This extraction
produced silicaas sodiumsilicate and a small amount of aluminate. If the sodiumsilicate
solution was mixed with sodium aluminate solution would be occurred condensation
polymerization under hydrothermal condition [5]. Most researchers have investigated
some materials as low cost silicon and aluminum sourcesto synthesis of various zeolite.
Synthesis of NaA zeolite from sugarcane bagasse ash [6], from kaolin waste [7], NaP1

zeolite from high silica fly ash [8, 9, 10], fromillite-smectite [11], from aluminum solid



waste [12]. NaX and NaA [13] NaY was synthesized from rice husk silica [14] and
bentonite [15]. Synthesis of zeolite as micro-mesoporous materials has been developed
continously. As micro-mesoporous materials zeolite was expected possess ordered
mesostructure, porous, high surface area, acidity and thermal stability. There are some
variables which should be controlled in synthesis processes such as the ratio of Si/Al,
temperature and time in hydrothermal treatment and the presence of structure directing
agent (SDA). The most versatile variable can be used to influence the product of
synthesis was structure directing agent, because they influenced on the nucleation and
crystallization processes during the formation the framework of zeolite. Organic molecul
as structure directing agent must have high chemical stability in order to resist in the
hydrothemal condition of the crystallization process and must be soluble in synthesis
medium [16].

Selection the properties of directing agent such as size, shape, flexibility and
hydrophilicity can lead to the framework of zeolite have channel with different
dimensions. Several investigations have carried out using directing has controlled the
morphology of MTT and MFI using TMPD and HMPD as linier and branch molecule [17].
Directing agent also used to control the growth of crystal [18].

Based on previously studies information, there has never been conducted
researches using CTAB surfactants as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we report the influence of
cetyltrimethylammonium bromide (CTAB) as structure directing agent in synthesis
zeolite using sugarcane bagasse ash as source of silica. Itwould examine how the effect
of the CTAB as directing agent on shape of crystalline and crystallinity the product. As
a comparison, zeolite from sugarcane bagasse ash in the absence of structure directing
agent was also synthesized.

The important breakthroughs resulting from this research that this research is
uplifting a low cost preparation of NaP1 zeolite from low cost materials. The results of

this study are expected to increase the economic value of waste bagasse into material



into high-value material, because this products had many potential applications such as
an adsorbent, catalyst and fertilizers. In addition this study also to contributing to the
field of material synthesis with renewable resources. Finally by using bagasse as raw
material to make zeolite then the accumulation of waste in the environment can be

reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected from sugarcane industry in the region
of Klaten, Central of Java. First step, Sugarcane bagasse was burned then ashed in
furnace at 700°C during 4 hours. Futhermore, extraction by alkaline fusion step, 96 g of
sugarcane bagasse ash was reacted with about 300 mL 6 M NaOH solution. The mixture
was stirred at room temperature for 24 hours and filtered. The supernatant was sodium
silicate solution. Determination the content of SiO2, Al2Os dan others oxide by AAS.
NaOH pellets, Al(OH)s powder, cetyltrimethylammonium bromide powder, HF and HCI

solution were purchase from Merck.

Instrumentations

The sample functional group is determined by FTIR spectrometer Shimadzu.
The diffraction patterns of the samples were measured by X-ray diffractometer (XRD)
Rigaku Multiplex with Cu Ka radiaton (A = 1.54184 A°) at generator voltage 40 kV and
current 40 mA. The simultaneous scanning electron microscope (SEM) and Energy-
Dispersive X-ray (EDX) were performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average pore size of samples were determined from
N2 adsorption isotherms at liquid nitrogen temperature (-195,7 °C) using a
Quantachrome NovaWin, Quantachrome Instrument version 10.01. The thermal
gravimetric analysis (TGA) analysis of samples were determined using LINSEIS STA

PlatinumSeries, Platinum evalustion V1.0.138.



Procedure

An early step was preparation of sodium aluminate solution from dillution of 20 g
sodium hydroxide in 100 mL aquadest. The solution was boiled, then 8,5 g alumunium
hydroxide was added into solution until homogenous solution achieved. The next steps
were preparation zeolite, a number of sodium silicate supernatant was mixed with
sodium aluminate solution and cetyltrimethylammonium bromide surfactant (cationic
surfactant) solution. The compositions of precursor and surfactant are provided in table
1. The mixture was stirred at spesific duration until gel formed, the process was
continued by hydrothermal treatment in teflon container at 100°C during 7 days (168 h),
then aging process at room temperature for 24 hours. The final steps, the precipitates
were filtering, washing , drying and calcinating at 500°C for 5 hours. The product
characterized by FTIR and XRD. The provision code in this research was given in Table
1.

Table 1. The composition of precursor and surfactant
Sample  Ratio of Precursor (v/v) Surfactant

Code Sodium Sodium CTAB (M)
silicate aluminate

A 1 1 0

Al 1 1 5.104 (1/2 cmc)

A2 1 1 1.10-3 (cmc)

A3 1 1 1.102(10 cmc)

B 15 1 0

B1l 15 1 5.104 (1/2 cmc)

B2 15 1 1.103 (cmc)

B3 15 1 1.102 (10 cme)

C 25 1 0

C1 25 1 5.104 (1/2 cmc)

Cc2 25 1 1.103 (cmc)

C3 25 1 1.102(10 cmc)

RESULTS AND DISCUSSION

The aim of the ashing of sugarcane bagasse at 700°C is removing the organic
compounds and changing the inorganic compounds to metal oxide such as SiO2, Al20s,
MgO, Ca0, Fe20sand others. The content of silicaand alumina the sugarcane bagasse

ash is Si 70.82% and Al 1.04% respectively.



The purposes of temperature adjusting at 100°C for 168 h on hydrothermal process
controlled the rate of nucleation and crystallization. The effect of crystallization times (1,
2,3,4,6 and 8 hours) on formation of zeolite A under 373 K was known that the long time
of hydrothermal process influenced the crystallinity degree [19]. Actually, in this process
the silica alumina framework was formed. The crystallinity of zeolite increased with the
increasing of hydrothermal time. Meanwhile, ageing time during 24 hours after
hydrothermal process for arranged and established the framework structure of zeolite.

Several factors that influence in the synthesis process of zeolite are the type of
precursor, reactant, volume of surfactant, temperature of reaction, aging time and
organic template. Generally, the framework of zeolite had a negative charge, so it was
neutralized by some cation. In this case, the surfactantsuch as cetyltrimethylammonium
was used for structure directing of material, so the productwould have different size and
shape of pore and more homogenous. Cetyltrimethylammonium as cationic surfactant
would be interacted electrostatic with the negative charge in silicate aluminate
framework from zeolite.

Cetyltrimethylammonium bromide (CTAB) and polyethylene glycol (PEG)
surfactant were used as structure directing agents in synthesis zeolite nano-zeolite IM-
5 [20]. In this study only used CTAB surfactant with the concentrations less than CMC
(Critical Micelle Concentration), equal to CMC and higher than CMC. If the
concentrations of surfactant less than CMC the surfactant molecules will be bilayer, but
if the concentrations equal or higher than CMC the surfactant molecules will be
micelles/sphere. Part of the non-polar group interacts inside the layer if bilayer or the
sphere if micelles, while the polar part is the positively charged ammonium part outside.
The positively charged of CTAB surfactant in solution would be interacted
electrostatically with the with silicate/[SiO4]* and aluminate/[AlO4]> anions primary
building units. Furthermore, they occurred condensation polymerization and formed

zeolite embryo. Surfactant as structure directing determined the type of polyhedral as



which built the structure of zeolite completely. The illustration of mechanism for high

concentration of CTAB given in Figure 1.
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Figure 1. The mechanism of zeolite framework formation by CTA* as structure
directing

Finally, the CTAB surfactant as structure directing was disappeared from the zeolite
structure by calcination at 500°C during 4 hours. The surfactant would be decomposed
to be gas, and leaved hole. This hole was pore of materials. A bilayer-shaped of
surfactant provided zeolite framework with more Si-OH. Whereas in the micelles-shaped
of surfactant produced the zeolite framework Si-O-Si or Si-O-Al was preferred. This can
be seen in the FTIR spectradatas on Figure 2a, 2b and 2c. It seems to be discussion,

not result. Please revise in order relevant to sub title: result and discussion.



Characteristics of products

It was investigated synthesis zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison between the properties of
synthesized product before and after modified with surfactant is needed to find out of

the influence. The FTIR spectra of product synthesis givenin Figure 2a, 2b and 2c.
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Figure 2a. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 1 (A) without CTAB
surfactant (A1) with CTAB 5.10*M (A2) with CTAB 1.10-3 M (A3) with CTAB 1.102M
(scale is too small)
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Figure 2b. FTIR spectra of synthesized zeolite with ratio Si/Al (v/v) 15 (B) without CTAB
surfactant (B1) with CTAB 5.10“M (B2) with CTAB 1.10°M (B3) with CTAB 1.102 M (scale is
too small)
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Figure 2c. FTIR spectra of synthesized zeolite with ratio Si/Al (v/iv) 25 (C) without CTAB
surfactant (C1) with CTAB 5.10*M (C2) with CTAB 1.10°M (C3) with CTAB 1.102M (scale
is too small)

It has been known that every type of zeolite has two kind of specific infrared
vibration, they are internal and external linkage of tetrahedral (TO4). In the interna
linkage, there is asymmetric stretching vibration of TO4 (T = Si or Al) and appears at
950-1250 cmt wavenumber, whereas the symetric stretching vibration at 650-720 cnr!
and 500 cm. Furthermore, the wavenumber at 1050-1150 cm! was asymmetric
stretching vibration, 750-820 cm is symetric stretching vibration in the external linkage.
All of spectra were indicating that all the product of synthesis had Si-O-Si or Si-O-Al
groups as a specific fingerprint of zeolite type. The absorption at 300-420 cm-t is pore
opening and 500-650 cm is doublé ring [21]. Doublé ring is specific character of zeolite
type, because it is an external lingkage between polyhedral. Fromthe FTIR datas, the
zeolite was formed as product synthesis. The presence of Cetyltrimethylammonium
surfactants has significantly affected the intensity and patterns of absorption at the
wavenumber 950-1250 cmtand 3400-3500cm-?. The lower absorptionintensity of wave
number at 3400-3500 cm in the CTAB modified zeolite showed the low levels of silanol

groups in the sample, where this corresponds to the formation of framework of zeolit.



Beside that, the stronger bonding of Si-O-Si and Si-O-Al in zeolite framework
characterized by increasing of intensity absorption bands at wave numbers 950-1250
cmt after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB surfactant, no new absorption
was observed. The spectra has similarity to the absorption region of zeolite which
synthesized without surfactant. It was showed that the calcination treatment at 600°C to
the modified zeolite by CTAB has removed and decomposed the CTAB as structure
directing and all undesired organic compounds. Thus the shape and pore size of
modified zeolite was expected homogenously.

Figure 3 shows the pattern of diffractogram XRD of product synthesis. Inorganic
material has different shape and structure crystal, due to the diffractogram pattern was

characteristic.
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Figure 3. The pattern of diffractogram synthesized zeolite (A) Ratio Si/Al 1 without
CTAB (A3) Ratio Si/Al 1 with CTAB 1.10-2M (B) Ratio Si/Al 15 without CTAB (B3) Ratio
Si/Al 15 with CTAB 1.102M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with
CTAB1.102M
The instensity of diffractogram indicated the crystal quality of material. It could
investigated the kind of product synthesis by CTAB different with product synthesis

without CTAB. In addition, the composition of precursor also affected the kind of product.



The product synthesis by ratio of Si/Al (v/v) 1 without CTAB was sodalite. The sodalite
is plain type of zeolite. The same product was obtained on ratio Si/Al (v/v) 1 used CTAB
as structure directing. Although the productis the same but it is observed in XRD that
the using of CTAB makes the peak of the diffractogram sharper and the product more
pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the product synthesis was NaP1
zeolite. The presence of CTAB surfactant as structure directing was not affected on the
type zeolite but on the main peak of diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known from the Figure 3. All of the peaks
on NaP1 diffractogram NaP1 as product synthesis modified by CTAB shifted to higher
angle. Overall the intensity of peaks increased, thus it was concluded that the product
modified by CTAB more crystalline.
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Figure 4. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al
1 with CTAB 1.10-2M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1.10-2M (C)
Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with CTAB1.102M

Figure 4 is SEM photograph corresponding to the product synthesis. From the
XRD data, the products by ratio Si/Al (v/v) 1 is sodalite and from the SEM it appears that
the materials had regular spherical crystal and homogenous. Atratio Si/Al (v/v) 15 and
25 the materials had the same type, rectangular shape with thin platy crystal, however
at ratio Si/Al (v/v) 15 has smaller in size. It showed diffrerent shape to the ratio Si/Al (v/v)
1. It could be investigated that the shape and size of granular/crystal depends on the
composition of precursor, it means the ratio of Si/Al. The use of surfactant CTAB as a
directing agent affects the size and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesiswith CTAB has a more porous, regular
and firmformcrystal. The datas from SEM consistent with the result to the XRD, that
the using of surfactant CTAB produce a more crystalline materials.

Meanwhile the chemical composition of products synthesis in Table 2. Sample
Al and A3 are sodalite as the product of synthesis. For sample B1, B3, C1 and C3 are
NaP1. All of the product showed that ratio of Si/Al almost 1, these is consistent with the
BET resultthat this productis micropore material. The use of surfactant CTAB as a pore
directing agent increases the number of ions silicate and aluminate that interacted to
formthe product.

Table 2. The chemical composition of synthesized zeolite

Element Wit (%)
Al A3 Bl B3 C1l C3
o 48.03 45 78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16

Ca 0.16




Description: (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1.10-2M (B)
Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1.10-2M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB1.10-2M

BET (Brunauer—Emmett—Teller) method is used for multi molecular adsorption
on solid surface, so the surface area of a material can be known with a surface area
gauge that uses the BET method principle. The measurement of surface area with BET
model used nitrogen as adsorbate. This measurement is based on isotherma
adsorption data nitrogen at a temperature of 77.35 K. Isothermal adsorption with BET
principle is a type physical isotherms. BET analysis is given in Figure 5. The isotherm
could be classified as type | of Brunauer’s classification showing closed hysteresis loops.
The calculated surface area of the prepared zeolite is relatively low 13.508 m?/g. This
reveals the existence only a small number of active sorption sites. The total pore
volume, Vp was found to be 5.28x10-3 cm3/g and average pore radius was determined

as 2.261°A. It means the NaP1 of this research have a micropore structure.
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Figure 5. The isotherms adsorption of the synthesized product ratio Si/Al (viv) 1 (lines are
too tin)

The TGA (thermogravimetric analysis) graph for the synthesized zeolite from

sugarcane bagasse ash is given in Figure 6. From the figure, it can be seen that the
sample is lost the weight at temperature 100°C, it means the loosely bond or free water
molecules from product zeolite cage. Then the reducing weight also occurred at 270-
400°C wich is due to the decomposition of the CTAB surfactant resides on the product

zeolite surface.
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Figure 6. Thermogram of the synthesized product ratio Si/Al (v/v) 1 (there is notlegend for x

and y axis)

Conclusion

In this study zeolite were successfully obtained from sugarcane bagasse ash by
hydrothermal method at 100°Cfor 168 h. The type of zeolite was determined by the ratio
of Si/Alin term the SiO4* and AlO4%> which formed the zeolite framework. The ratio Si/Al
1 (v/v) produced sodalite, while the ratio Si/Al 15 and 25 produced NaP1. The presence
of CTAB surfactant micelles in synthesis zeolite from sugarcane bagasse ash could
improve the homogeneity and crystallinity of the product zeolite. It means the product
has homogeneous and orderly structure. Butthe introduction of CTAB micelles in the
synthesisfailed in terms of generating the mesopores structure because both of sodalite

and NaP1 still had micropores structure.
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Synthesis of Zeolite from Sugarcane Bagasse Ash
Using Cetyltrimethylammonium Bromide as Structure Directing Agent
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JI. Prof. Soedarto, SH, Tembalang, Semarang 50275, Indonesia
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100°C for 7 days, ageing process for 24 hours and calcination at 500°C for
5 h. The ratio of Si/Al (v/v) was 1, 15 and 25, meanwhile the concentration of cetyltrimethylammonium bromide was
5x10“M, 1x10°%M and 1x102 M. The result showed all of product have strong absorbance at 950-1050 cm'* and
620-690 cm, 420-460 cm™, double ring at 520-570 cm?, pore opening at 300-370 cm*. Vibration of —-OH as
silanol group or water was indicated by broad absorbance at 3400-3450 cm™. The diffractograms XRD showed that
the product had high crystallinity. The composition of product on ratio Si/Al 1 with concentration of
cetyltrimethylammonium 102 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO2 quartz and contain 12.23%
and 12.19% of Si, 4.17% and 13.18% of Al, respectively. Observation on SEM revealed thatthe crystal produced
using cetyltrimethylammonium bromide were homogenous and regular in shape.

Keywords: surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
ABSTRAK

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setiltrimetilamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromide digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100°C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500°C selama 5 jam. Variasi rasio silikat/aluminat (v/iv) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x10“ M, 1x10° M dan 1x102 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950-1050 cm™, 620-690
cm?, 420-460 cm. Vibrasi double ring pada 520-570 cm?, pore opening 300-370 cm™. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cm®. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO:2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan setiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur.

Kata Kunci: surfaktan; setiltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION

Currently, there has been an attempt to utilize the
large amount of bagasse ash, such as the residue from
an in-line sugar industry and the bagasse-biomass fuel
in electric generation industry [1]. Sugarcane bagasse is
a solid waste produced in large amount from sugar mills.
Sugarcane milling industry produced 35-40% of
bagasse and Indonesia has large potential to produce

bagasse. Production of sugarcane in Indonesia was
53,612,133 tons [2]. The compositions of sugarcane
product are 52.9% of liquid waste, 32% of bagasse,
4.5% of molasses, 7.05% of sugar and 0.1% ash.
Generally sugarcane bagasse contained of 52.67%
water, 55.89% organic carbon, 0.25% total nitrogen,
0.16% P,0s and 0.38% K»O. When this sugarcane
bagasse is burned under controlled conditions, it also
gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiO2)
to be 64.65% [3]. According to Norsurayaa etal. [4] the
SiO; content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation polymerization under hydrothermal
condition [5]. Most researchers have investigated some
materials as low cost silicon and aluminum sources to
synthesis of various zeolites. Synthesis of NaA zeolite
from sugarcane bagasse ash [6], from kaolin waste [7],
NaP1 zeolite from highsilica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized fromrice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
mesoporous materials has been developed
continuously. As micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic molecule as structure directing agent must have
high chemical stability in order to resist in the
hydrothermal condition of the crystallization process and
must be soluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeolite have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFI using TMPD and HMPD as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there
have never been conducted researches using
cetyltrimethylammonium bromide (CTAB) surfactants as
directing agentin synthesis of zeolite from sugarcane

bagasse ash. Therefore, in this study, we report the
using of cetyltrimethylammonium bromide (CTAB) as
structure directing agent in synthesis zeolite from
sugarcane bagasse ash as source of silica. It would
examine how the effect of the CTAB as directing agent
on shape of crystalline and crystallinity the product. As
a comparison, zeolite from sugarcane bagasse ash in
the absence of structure directing agent was also
synthesized.

The important breakthroughs resulting from this
research that this research is uplifting a low cost
preparation of NaP1 zeolite fromlow cost materials.
The results of this study are expected to increase the
economic value of waste bagasse into high-value
material, because these products had many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
the field of material synthesis with renewable
resources. Finally by using bagasse as raw material to
make zeolite then the accumulation of waste in the
environment can be reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
of Java. First step, Sugarcane bagasse was burned
then ashed in furnace at 700 °C during 4 h.
Furthermore, extraction by alkaline fusion step, 96 g of
sugarcane bagasse ash was reacted with about
300 mL 6 M NaOH solution. The mixture was stirred at
room temperature for 24 h and filtered. The
supernatant was sodium  silicate  solution.
Determination the content of SiO», Al.Os and others
oxide by AAS. NaOH pellets, AI(OH); powder,
cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.

Instrumentation

The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation
(A = 1.54184 A) at generator voltage 40 kV and current
40 mA. The simultaneous scanning electron
microscope (SEM) and Energy-Dispersive X-ray (EDX)
were performed using JEOL JSM 6510/LV/A/LA. The
BET surface areas, pore volume and average pore size
of samples were determined from N adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2. The thermal gravimetric
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analysis (TGA) analysis of samples was determined
using LINSEIS STA Platinum Series, Platinum

Procedure

An early step was preparation of sodium aluminate
solution from dilution of 20 g sodium hydroxide in
100 mL aguadest. The solution was boiled, then 8.5 g
aluminium hydroxide was added into solution until
homogenous solution achieved. For preparation zeolite,
a number of sodium silicate supernatant was mixed with
sodium aluminate solution and cetyltrimethylammonium
bromide surfactant (cationic surfactant) solution. The
compositions of precursor and surfactant are provided in
Table 1. The mixture was stirred at specific duration until
gel formed, the process was continued by hydrothermal
treatment in Teflon container at 100°C during 7 days
(168 h), then aging process at room temperature for
24 h. The final steps, the precipitates were filtering,
washing, drying and calcination at 500°C for 5 h. The
product characterized by FTIR and XRD. The provision
code in this research was given in Table 1.

RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al.
Thus, sugarcane bagasse ashis a potential source of
silica.

The success of zeolite synthesis is demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesis
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing
agent is needed to find out of the influence. The FTIR
spectra of product synthesis given in Fig. 1,2 and 3.

It has been known that every type of zeolite has
two kind of specific infrared vibration, they are internal
and external linkage of tetrahedral (TO.). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 950-1250 cm™ wavenumber, whereas the
symmetric stretching vibration at 650—720 and 500 cm™.
Furthermore, the wavenumber at 1050-1150 cm™* was
asymmetric stretching vibration, 750-820 cm™ is
symmetric stretching vibration in the external linkage. All
of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a specific
fingerprint of zeolite type. The absorption at
300-420 cm™ is pore opening and 500-650 cm™ is
double ring [20]. Double ring is specific character of

evaluation V1.0.138.

zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was
formed as product synthesis for all.

Table 1. The composition of precursor and surfactant

Sample Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

Al 1 1 5x107 (1/2 cmc)

A2 1 1 1x10°3 (cmc)

A3 1 1 1x102 (10 cmc)
B 15 1 0

B1 15 1 5x107 (1/2 cmc)

B2 15 1 1x10°3 (cmc)

B3 15 1 1x102 (10 cmc)

C 25 1 0

Cc1 25 1 5x107* (1/2 cmc)

c2 25 1 1x1073 (cmc)

C3 25 1 1x102 (10 cmc)

Transmittance (a.u.}

3487

1103 988

3900 3400 2900 2400 1900 1400 ano 400
Wavenumber (cm)

Fig 1. FTIR spectra of synthesized zeolite with ratio
Si/Al (v/iv) 1 (A) without CTAB surfactant (A1) with
CTAB 5x10* M (A2) with CTAB 1x10° M (A3) with
CTAB 1x102M

B3 x
2360 1836 1435

1628 1427

Transmittance (a.u.)

1103 883

3900 3400 2900 2400 1900 1400 ano 400
Wavenumber (cm-)
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Fig 2. FTIR spectra of synthesized zeolite with ratio S/Al
(v/iv) 15 (B) without CTAB surfactant (B1) with CTAB
5x10*M (B2) with CTAB 1x10* M (B3) with CTAB 1x10°
2

M

Transmittance (a.u.)

3900 3400 2900 2400 1900 1400 900 400
Wavenumber {cm™)

Fig 3. FTIR spectra of synthesized zeolite with ratio Si/Al
(v/iv) 25 (C) without CTAB surfactant (C1) with CTAB

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule inthe
synthesis process of zeolite, so it would be interacted
electrostatically with the silicate/[SiO4* and
aluminate/[AlO4]*> anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectraAl, A2 and A3in Fig. 1,B1, B2and B3 in Fig. 2,
C1, C2and C3in Fig. 3. It could be clearly observed that
the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm. The lower absorption intensity of wave
number at 3400-3500 cm™ in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Beside that, the stronger bonding of Si-O-Si and
Si-O-Al in zeolite framework characterized by increasing
of intensity absorption bands at wave numbers 950—
1250 cm after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as
structure directing and all undesired organic compounds.
Thus the shape and pore size of modified zeolite was
expected homogenously.

5x10* M (C2) with CTAB 1x10° M (C3) with CTAB
1x102M

18.96 ¥
14,000 24.35 217.62

32.6494.76 37.06 42.81 c3

14.00 2435 27.62

E 21.44 32.784.7837.18 4287 B3
g 18.78 27.37
E 324634 405 88 42.63 B
=
] 14.00 24,35
31.55 34.64 4275
A A3
o 2453 3191 3¢
43.29
L™ o o A 2
10 15 20 25 20 38 40 45 50
2 theta (deg)

Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with
CTAB 1x10° M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102M

Fig. 4 shows the pattern of diffractogram XRD of
product synthesis. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal
guality of material. It could investigate the kind of
product synthesis by CTAB different with product
synthesis without CTAB. In addition, the composition of
precursor also affected the kind of product. The product
synthesis by ratio of Si/Al (v/v) 1 without CTAB was
sodalite, because the XRD pattern has similarity to the
sodalite standard in Treacy [21]. The sodalite is plain
type of zeolite. The same product was obtained on ratio
Si/Al (v/v) 1 used CTAB as structure directing. Although
the product is the same but it is observed in XRD that
the using of CTAB makes the peak of the diffractogram
sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
product synthesis was NaP1 zeolite. The presence of
CTAB surfactant as structure directing was not affected
on the type zeolite but on the main peak of
diffractogram. The shifting of 28 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as product synthesis modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Fig. 5is SEM photograph corresponding to the
product synthesis. From the XRD data, the products by
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ratio Si/Al (v/v) 1 is sodalite and from the SEM it appears
that the materials had regular spherical crystal and
homogenous. Atratio Si/Al (v/v) 15 and 25 the materials
had the same type, rectangular shape with thin platy

crystal, however at ratio Si/Al (v/v) 15 has smaller in
size. It showed different shape to the ratio Si/Al (v/v) 1.
It could be

investigated that the shape and

Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x10°2 M
(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio

Si/Al 25 with CTAB 1x102M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
Al A3 B1 B3 C1 C3

(6] 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x10 M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x10M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with CTAB 1x107°M

size of granular/crystal depends on the composition of
precursor, it means the ratio of Si/Al. The use of
surfactant CTAB as a directing agent affects the size
and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesis with
CTAB has a more porous, regular and firm form crystal.
The data’s from SEM consistent with the result to the

XRD, that the using of surfactant CTAB produce a
more crystalline materials.

Meanwhile the chemical composition of products
synthesis in Table 2. Sample Al and A3 are sodalite as
the product of synthesis. For sample B1, B3, C1 and
C3 are NaP1. The entire product showed that ratio of
Si/Al almost 1, these are consistent with the BET result
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that this product is micropore material. The use of
surfactant CTAB as a pore directing agent increases the
number of ions silicate and aluminate that interacted to
form the product, so the using of surfactant is needed in

60.0 —de— fdsorption

this process. This is appropriate to the Wang [22] that
the surfactants such as PEG and CTAB play an
important role during the formation of nano crystal IM-5
zeolite.

=8— Desorption

0.6 0.8 1.0 12

Relative Prassure P/Pg
Fig 6. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
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Fig 7. TGA of the synthesized product ratio Si/Al (v/v) 1

BET (Brunauer-Emmett-Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysisis given in Fig. 6.
The isotherm could be classified as type | of Brunauer’s
classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively low 22.062 m?g. This reveals the existence

only a small number of active sorption sites. The total
pore volume, Vpwas found to be 8.56x10°2 cm®/g and
average pore radius was determined as 7.737°A. It
means the NaP1 of this research have a micropore
structure.

The TGA (thermogravimetric analysis) graph for
the synthesized zeolite from sugarcane bagasse ash is
givenin Fig. 7. Fromthe figure, it can be seen that the
sample is lost the weight at temperature 120 °C, it
means the loosely bond or free water molecules from
product zeolite cage. Then the reducing weight also
occurred at 270- whichis due to the decomposition of
the CTAB surfactant resides on the product zeolite
surface.

CONCLUSION

In this study zeolite were successfully obtained
from sugarcane bagasse ash by hydrothermalmethod
at 100°C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiOs* and AlOs> which
formed the zeolite framework. The ratio Si/Al 1 (v/v)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaPl. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1 still had micropores
structure.
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Synthesis of Zeolite from Sugarcane Bagasse Ash
Using Cetyltrimethylammonium Bromide as Structure Directing Agent
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si#Al (v/v) was 1, 15 and
25, meanwhile the concentration of cetyitrimethylammonium bromide was 5x104 M, 1x102% M and 1x102 M. The
result showed all of product have strong absorbance at 9501050 cm' and 620-690 ¢, 420-460 cnr, double
ring at 520-570 cm?, pore opening at 300-370 cm'. Vibration of —OH as silanol group or water was indicated by
broad absorbance at 3400-3450 cni'. The diffractograms XRD showed that the product had high crystallinity. The
composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 102 M is sodalite, the ratio
Si/Al 15 and 25 are NaP1 and SiO; quartz and contain 12.23% and 12.18% of Si, 4.1 7% and 13.18% of Al
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide were
homogenous and regular in shape. . _/:U_— 74

Keywords: surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse A - vf?(z_
Lo AL

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setilt ‘méamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromide digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100 °C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500 °C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x10* M, 1x10° M dan 1x10% M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950-1 050 cm’', 620-690
cm-!, 420-460 cnr*. Vibrasi double ring pada 520-570 cm’, pore opening 300-370 cm. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cnr’. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO; kuarsa. Pada rasic Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan setiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur, e o

ABSTRAK

Kata Kunci: surfaktan; setiltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION

Currently, there has been an attempt to utilize the
large amount of bagasse ash, such as the residue from
an in-line sugar industry and the bagasse-biomass fuel
in electric generation industry [1]. Sugarcane bagasse is
a solid waste produced in large amount from sugar mills.
Sugarcane miling industry produced 35-40% of
bagasse and Indonesia has large potential to produce

* Corresponding author.
Email address : sriatun@live.undip.ac.id

bagasse. Production of sugarcane in Indonesia was
53,612,133 tons [2]. The compositions of sugarcane
product are 52.9% of liquid waste, 32% of bagasse,
4.5% of molasses, 7.05% of sugar and 0.1% ash.
Generally sugarcane bagasse contained of 52.67%
water, 55.89% organic carbon, 0.25% total nitrogen,
0.16% P20s and 0.38% K:0. When this sugarcane
bagasse is burned under controlled conditions, it also
gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiOz)
to be 64.65% [3]. According to Norsurayaa et al. [4] the
SiO2 content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation  polymerization under hydrothermal

condition [5]. Most researchers have investigated som :

materials as low cost silicon and aluminum sources;

0
synthesis of various zeolites. Synthesis of NaA zeoITEe/__
|j from sugarcane bagasse ash [6], from kaolin waste [7],

NaP1 zeolite from high silica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized from rice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
Mesoporous aterials has been  developed
continuously. /As ) micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic moleculgSas structure directing agent must have
high chemical stability in order to resist
hydrothermal condition of the crystallization process and
must be soluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeoliteC have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFI using TMPD and HMPD as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there
have never been conducted researches using
cetyltrimethylammonium bromide (CTAB) surfactants as
directing agent in synthesis of zeolite from sugarcane

Indones. J. Chem., xxxx, xx (x), xx - xx
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bagasse ash. Therefore, in this study, wg/report the
using of cetyltrimethylammonium bromide/(CTAB) as
structure directing agent in synthesisy
sugarcane bagasse ash as source of
examine how the effect of the CTAB as directing agent
on shape of crystalline and crystallinityjthe product. As
a comparison, zeolite from sugarcane bagasse ash in
the absence of structure directing agent was also
synthesized.

The important breakthroughs resulting from this
research that this research is uplifing a low cost
preparation of NaP1 zeolite from low cost materials.
The results of this study are expected to increase the
economic value 0(;’ \.'u"c'astipfE bagasse, into high-value
material, because t pr d many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
he field of material synthesis with renewable

./ resources. Finally by using bagasse as raw material to

. make zeolite then the accumulation of waste in the
environment can be reduced.

©f—

eolite from
ica. It would

EXPERIMENTAL SECTION
Ko vers

f// Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
Java. First step, Sugarcane bagasse was burned
then ashed in furnace at 700 °C during 4 h.
Furthermore, extraction by alkaline fusion step, 86 g of
sugarcane bagasse ash was reacted with about
300 mL 6 M NaQH solution. The mixture was stirred at
room temperature for 24 h and filtered. The
supernatant  was sodium silicate solution.
Determination’\the content of SiOz, AlOs and others
oxidet by AAS. NaOH pellets, AI(OH)s powder,
cetyltrimethylammonium bromide powder, HF and HCI
I /Solution were pufchas

L wat FM%??/T; rj(
o

Instrumentation
The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
v of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation (A =
1.54184 A) at generator voltage 40 kV and current 40
mA. The simultaneous scanning electron microscope
(SEM) and Energy-Dispersive X-ray (EDX) were
performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average pore size of
samples were determined from Nz adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2, The thermal gravimetric

7
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analysis (TGA) analysis of samples was determined

using LINSEIS STA Platinum Series, Platinum
evaluation V1.0.138.
Procedure D?

An early step was preparation of sodium alunminate
solution from dilution of 20 g sodium hydroxide in
100 mL aquadest. The solution was boiled, then/8.5 g
aluminium hydroxide was added into soluti until
homogenous solution achieved. For preparationi/zeolite, 4
a number of sodium silicate supernatant was mixed with
sodium aluminate solution and cetyltrimethylammonium
bromide surfactant (cationic surfactant) solution. The
compositions of precursor and surfactant are provided in
Table 1. The mixture was stirred at specific duration until
gel formed, the process was continued by hydrothermal
treatment in Teflon container at 100°C during 7 days
(168 h), then aging process at room temperature for
24 h. The final steps, the precipitates were filtering, |,
washing, drying and calcination at 500°C for 5 h. The
product;characterized by FTIR and XRD. The provision ¥~
code irﬁlis research was given in Table 1.

wi s
RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al
Thus, sugarcane bagasse ash is a potential source of
silica.

The success of zeolite synthesis is demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesisi
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing

agent is nee to find out of the influence. The FTIR
spectra ot'product synthesisjgiven in Fig. 1, 2 and 3. HETE
It has been n that every type of zeolite has

two kind of specific infrared vibration, they are internal
and external linkage of tetrahedral (TO4). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 850-1250 cm' wavenumber, whereas the
symmetric stretching vibration at 650-720 and 500 cm.
Furthermore, the wavenumber at 1050-1150 cm' was
asymmetric stretching vibration, 750-820 cm' is
symmetric stretching vibration in the external linkage. All
of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a specific
fingerprint of zeolite type. The absorption at
300-420 cm is pore opening and 500-650 cm' is

’)m/b Y /@s“'? &%ﬁﬂ LoC @i~

.. o / g
/} -"f{t’{‘é (Q ? ![f---x,j,f_g,p J ape z"{ a7 /1- @d@g /"(_Q/{

Table 1. The composition of precursor and surfactant

Sample Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

A1 1 1 5x10* (1/2 cmc)

A2 1 1 1x107® (cmc)

A3 1 1 1x102 (10 cmc)

B 15 1 0

B1 15 1 5x10 (1/2 cme)

B2 15 1 1x10® (cme)

B3 15 1 1x102 (10 cmc)

C 25 1 0

C1 25 1 5x10% (1/2 cmc)

c2 25 1 1x10® (cmc)

C3 25 1 1x102 (10 emc)

a.)

i)

Transmittance {;

3487

1103 488
900

3900 3400 2800 2400 1900

Wavenumber fcm™)
Fig 1. FTIR spectra of synthesized zeolite with ratio
Si/Al (viv) 1 (A) without CTAB surfactant (A1) with
CTAB 5x104 M (A2) with CTAB 1x10° M (A3) with
CTAB 1x102 M

1400 400

Transmittance [a.u.}

3800 3400 2800 2400 1900 SO0

Wavenumber fcnr')
Fig 2. FTIR spectra of synthesized zeolite with ratio
Si/Al (viv) 15 (B) without CTAB surfactant (B1) with
CTAB £5x10* M (B2) with CTAB 1x10° M (B3) with
CTAB 1x102 M

1400 400
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3300 3a00 2800 2400 1800 1400 800 400
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Fig 3. FTIR spectra of synthesized zeolite with ratio Si/Al
(viv) 25 (C) without CTAB surfactant (C1) with CTAB
5x104 M (C2) with CTAB 1x10° M (C3) with CTAB
1x102 M

double ring [20]. Double ring is specific character of
zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was formed
as product synthesis for all.

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule in the
synthesis process of zeolite, so it would be interacted
electrostatically  with  the  silicate/[SiO4* and
aluminate/[AlOs)> anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectra A1, A2 and A3 in Fig. 1, B1, B2 and B3 in Fig. 2,
C1, C2 and C3 in Fig. 3. It could be clearly observed that
the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm'. The lower absorption intensity of wave
number at 3400-3500 cm™' in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Beside that, the stronger bonding of Si-O-Si and
Si-O-Al in zeolite framework characterized by increasing
of intensity absorption bands at wave numbers 950—
1250 cm! after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as
structure directing and all undesired organic compounds.
Thus the shape and pore size of modified zeolite was
expected homogenously.

‘produ
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Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with
CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio SifAl 15 with CTAB 1x102 M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

Fig. 4 shows the pattern of diffractogram XRD of
product synthesis. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal

u of jial. It could investigate the kind of

(produc sw@e.{i_sc by CTAB different with4 product

esisfwithout CTAB. In addition, the composition of
precursor also affected the kind of product. The product
synthesis by ratio of SW/Al (v/v) 1 without CTAB was
sodalite, because the XRD pattern has similarity to the
sodalite standard in Treacy [21]. The sodalite is plain
type of zeolite. The same product was obtained on ratio
Si/Al (viv) 1 used CTAB as structure directing. Although
the product is the same but it is observed in XRD that
the using of CTAB makes the peak of the diffractogram
sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
synthesisfwas NaP1 zeolite. The presence of
B surfactant as structure directing was not affected
on the type zeolite but on the main peak of
diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as product synthesis modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Fig. 5 is SEM photograph corresponding to the
product synthesis. From the XRD data, the products by
ratic Si/Al (v/v) 1 is sodalite and from the SEM it
appears that the materials had regular spherical crystal
and homogencus. At ratio Si/Al (v/v) 15 and 25 the
materials had the same type, rectangular shape with thin
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Before treaiment with CTAB

After irealment with CTAB

C

3

Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M
(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio

Si/Al 25 with CTAB 1x102 M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
A1 A3 B1 B3 C1 Cc3

0 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio SWAl 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M (B) Ratio SW/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x10% M (C) Ratio Si/Al 25 without CTAB (C3) Ratio SifAl 25 with CTAB 1x102 M

platy crystal, however at ratio Si/Al (v/v) 15 has smaller
in size. It showed different shape to the ratio Si/Al (v/v)
1. It could be investigated that the shape and size of
granular/crystal depends on the composition of
precursor, it means the ratio of Si/Al. The use of
surfactant CTAB as a directing agent affects the size
and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesis with
CTAB has a more porous, regular and firm form crystal.
The data’'s from SEM consistent with the result to the

XRD, that the using of surfactant CTAB produce a
more crystalline materials.

Meanwhile the chemical composition of products
synthesis in Table 2. Sample A1 and A3 are sodalite as
the product of synthesis. For sample B1, B3, C1 and
C3 are NaP1. The entire product showed that ratio of
Si/Al aimost 1, these are consistent with the BET result
that this product is micropore material. The use of
surfactant CTAB as a pore directing agent increases
the number of ions silicate and aluminate that
interacted to form the product, so the using of surfactant

Sriatun et al.
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Fig 6. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1

100 0.02 only a small number of active sorption sites. The total
pore volume, Vp was found to be 8.56x102 cm®g and
98 average pore radius was determined as 7.737°A. It
1o means the NaP1 of this research have a micropore
96 structure. M AR
z The TGA (thermogravimetric analysis) graph for
E,_: 94 . the synthesized zeolite from sugarcane bagasse ash is
. ’ given in Fig. 7. From the figure, it can be seen that the
gégz g2 sampie is lost the weight at temperature 120 °C, it
] = means the loosely bond or free water molecules from
é% B product zeolite cage. Then the reducing weight also
occurred at 270- which is due to the decomposition of
88 the CTAB surfactant resides on the product zeolite
-0.08 surface.
86
CONCLUSION
84 -0.08
0 100 200 300 400 500 GO0G 700

o s f In this studby zeolite wher: shucl:jce;?fully Iobtameg
. . e rom sugarcane bagasse ash by hydrothermal metho
Fig 7. TGA of the synthesized product ratlo{%IIAl VM1 a100°C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiO+* and AlO+%> which
formed the zeolite framework. The ratio SI/AI 1 (viv)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaP1. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1 still had micropores
structure.

is needed in this process. This is appropriate to the /
Wang [22] that the surfactants such as and CTAB |
play an important role during the forfmation of nano
crystal IM-5 zeolite.

BET (Brunauer—Emmett-Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysis is given in Fig. 6.
The isotherm could be classified as type | of Brunauer's
classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively fow 22.062 m?/g. This reveals the existence
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Synthesis of Zeolite from Sugarcane Bagasse Ash
Using Cetyltrimethylammonium Bromide as Structure Directing Agent
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si/Al (viv) was 1, 15 and
25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x10“ M, 1x10* M and 1x102 M. The
result showed all of product have strong absorbance at 950-1050 cm™ and 620-690 cm?, 420-460 cm™?, double
ring at 520-570 cm™, pore opening at 300-370 cm%. Vibration of —~OH as silanol group or water was indicated by
broad absorbance at 3400-3450 cm™. The diffractograms XRD showed that the product had high crystallinity. The
composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 102 M is sodalite, the ratio
Si/Al 15 and 25 are NaP1 and SiO:z quartz and contain 12.23% and 12.19% of Si, 4.17% and 13.18% of Al,
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide was
more homogenous and regular in shape.

Keywords: surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
ABSTRAK

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setiltrimetilamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromida digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100 °C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500 °C selama 5 jam. Variasi rasio silikat/aluminat (v/iv) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x10“ M, 1x10° M dan 1x102 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950-1050 cm™, 620-690
cm?, 420-460 cm. Vibrasi double ring pada 520-570 cm?, pore opening 300-370 cm™. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cm®. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO:2 kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan setiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur.

Kata Kunci: surfaktan; setiltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION

Currently, there has been an attempt to utilize the
large amount of bagasse ash, such as the residue from
an in-line sugar industry and the bagasse-biomass fuel
in electric generation industry [1]. Sugarcane bagasse is
a solid waste produced in large amount from sugar mills.
Sugarcane milling industry produced 35-40% of
bagasse and Indonesia has large potential to produce

* Corresponding author.
Email address : sriatun@live.undip.ac.id

bagasse. Production of sugarcane in Indonesia was
53,612,133 tons [2]. The compositions of sugarcane
product are 52.9% of liquid waste, 32% of bagasse,
4.5% of molasses, 7.05% of sugar and 0.1% ash.
Generally sugarcane bagasse contained of 52.67%
water, 55.89% organic carbon, 0.25% total nitrogen,
0.16% P,0s and 0.38% K»O. When this sugarcane
bagasse is burned under controlled conditions, it also
gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiO2)
to be 64.65% [3]. According to Norsurayaa etal. [4] the
SiO; content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation polymerization under hydrothermal
condition [5]. Most researchers have investigated some
materials as low cost silicon and aluminumsources for
synthesis of various zeolites. Synthesis of NaA zeolite
from sugarcane bagasse ash [6], from kaolin waste [7],
NaP1 zeolite from highsilica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized fromrice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
mesoporous materials has been developed
continuously. As micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic molecules as structure directing agent must
have high chemical stability in order to resist in the
hydrothermal condition of the crystallization process and
must be soluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeolites have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFlusing TMPD (N*,N*,N? N3-tetramethylpropane-
1,3-diamine) and HMPD (N, N4, N3 N3, 2,2-
hexamethylpropane-1,3-diamine) as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there
have never been conducted researches using

cetyltrimethylammonium bromide (CTAB) surfactants
as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we
report the using of cetyltrimethylammonium bromide
(CTAB) as structure directing agent in synthesis of
zeolite from sugarcane bagasse ash as source of silica.
It would examine how the effect of the CTAB as
directing agent on shape of crystalline and crystallinity
of the product. As a comparison, zeolite from
sugarcane bagasse ash in the absence of structure
directing agent was also synthesized.

The important breakthroughs resulting from this
research that this research is uplifting a low cost
preparation of NaP1 zeolite from low cost materials.
The results of this study are expected to increase the
economic value of bagasse waste into high-value
material, because these products had many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
the field of material synthesis with renewable
resources. Finally by using bagasse as raw material to
make zeolite then the accumulation of waste in the
environment can be reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
Java. First step, Sugarcane bagasse was burned then
ashed in furnace at 700 °C during 4 h. Furthermore,
extraction by alkaline fusion step, 96 g of sugarcane
bagasse ash was reacted with about 300 mL 6 M
NaOH solution. The mixture was stirred at room
temperature for 24 h and filtered. The supernatant was
sodium silicate solution. Determination of the content of
SiO», Al,O3 and others oxide was conducted by AAS.
NaOH pellets, Al(OH)s powder,
cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.

Instrumentation

The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation (A =
1.54184 A) at generator voltage 40 kV and current 40
mA. The simultaneous scanning electron microscope
(SEM) and Energy-Dispersive X-ray (EDX) were
performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average p ore size of
samples were determined from N, adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
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using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2. The thermal gravimetric analysis
(TGA) analysis of samples was determined using
LINSEIS STA Platinum Series, Platinum evaluation
V1.0.138.

Procedure

An early step was preparation of sodium aluminate
solution from dilution of 20 g sodium hydroxide in
100 mL aquadest. The solution was boiled, then 8.5 g
aluminium hydroxide was added into solution until
homogenous solution achieved. For preparation of
zeolite, a number of sodium silicate supernatant was
mixed with sodium aluminate solution and
cetyltrimethylammonium bromide surfactant (cationic
surfactant) solution. The compositions of precursor and
surfactant are provided in Table 1. The mixture was
stirred at specific duration until gel formed, the process
was continued by hydrothermal treatment in Teflon
container at 100 °C during 7 days (168 h), then aging
process at room temperature for 24 h. The final steps,
the precipitates were filtered, washed, dried, and
calcined at 500 °C for 5 h. The product was
characterized by FTIR and XRD. The provision code in
this research was given in Table 1.

RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al.
Thus, sugarcane bagasse ashis a potential source of
silica.

The success of zeolite synthesisis demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesis of
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing
agent is needed to find out of the influence. The FTIR
spectra of synthesis product were givenin Fig. 1, 2, and
3.

It has been known that every type of zeolite has
two kind of specffic infrared vibration, they are internal
and external linkage of tetrahedral (TO.). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 950-1250 cm™ wavenumber, whereas the
symmetric stretching vibration at 650—720 and 500 cm™.
Furthermore, the wavenumber at 1050-1150 cm™ was
asymmetric stretching vibration, 750-820 cm™ is
symmetric stretching vibration in the external linkage. All

of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a
specific

Table 1. The composition of precursor and surfactant

Sample Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

Al 1 1 5x107 (1/2 cmc)

A2 1 1 1x1073 (cmc)

A3 1 1 1x102 (10 cmc)
B 15 1 0

B1 15 1 5x107 (1/2 cmc)

B2 15 1 1x10°3 (cmc)

B3 15 1 1x102 (10 cmc)

C 25 1 0

Cc1 25 1 5x1074 (1/2 cmc)

c2 25 1 1x10°3 (cmc)

Cc3 25 1 1x1072 (10 cmc)

Transmittance (a.u.}

3487

1103 888

3900 3400 2900 2400 1800 1400 ano 400
Wavenumber {cm™)

Fig 1. FTIR spectra of synthesized zeolite with ratio
Si/Al (v/v) 1 (A) without CTAB surfactant (A1) with
CTAB 5x10* M (A2) with CTAB 1x10° M (A3) with
CTAB 1x102M

B3 &
2358 1636 1438

Transmittance (a.u.)

1103 883

2900 3400 25900 2400 1900 1400 a0 400
Wavenumber (cm)
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Fig 2. FTIR spectra of synthesized zeolite with ratio S/Al
(v/v) 15 (B) without CTAB surfactant (B1) with CTAB
5x10*M (B2) with CTAB 1x10* M (B3) with CTAB 1x10°
2

M

Transmittance (a.u.)

3800 2400 2900 2400 1900 1400 900 400
Wavenumber {cm)

Fig 3. FTIR spectra of synthesized zeolite with ratio S/Al
(v/v) 25 (C) without CTAB surfactant (C1) with CTAB
5x10* M (C2) with CTAB 1x10° M (C3) with CTAB
1x10°M

fingerprint of zeolite type. The absorption at 500—-650
cmis double ring [20]. Double ring is specific character
of zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was formed
as synthesis product for all.

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule inthe
synthesis process of zeolite, so it would be interacted
electrostatically with  the silicate/[SiO4* and
aluminate/[AlO4]*> anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectraAl,A2,and A3inFig.1,B1,B2,and B3in Fig.
2, C1, C2, and C3in Fig. 3. It could be clearly observed
that the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm*. The lower absorption intensity of wave
number at 3400—-3500 cm™ in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Besides that, the stronger bonding of Si-O-Si
and Si-O-Al in zeolite framework characterized by
increasing of intensity absorption bands at wave
numbers 950-1250 cm* after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as

14,00 13.96 o 2762

32.6434,76 37.06 42.81 c3

18.84 2417 4
21.26 3?'4‘34.5?36_88

42.57 c

= 14.00 . 24.35 27.62
= 327
= 21.44 84.7637.18 4287 By
E 18.78 27.37
= 32.4634.406 88
E
14.00 24.35
31,55 34.84 4275
A A3
14.08 24.53 391 3608
‘ i f‘ I\ 43,29
19.99 28.4 38.03 A
h A ok
10 15 20 25 30 35 40 45 50
2 theta (deg)

Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with
CTAB 1x10° M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio Si/Al 15 with CTAB 1x102% M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

structure directing and all undesired organic
compounds. Thus the shape and pore size of modified
zeolite was expected homogenously.

Fig. 4 shows the pattern of diffractogram XRD of
synthesis product. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal
quality of material. It could investigate the kind of
synthesis product by CTAB different with synthesis
product without CTAB. In addition, the composition of
precursor also affected the kind of product. The
synthesis product by ratio of Si/Al (viv) 1 without CTAB
was sodalite, because the XRD pattern has similarity to
the sodalite standard in Treacy [21]. The sodalite is
plain type of zeolite. The same product was obtained
onratio Si/Al (viV) 1 used CTAB as structure directing.
Although the productis the same but itis observed in
XRD that the using of CTAB makes the peak of the
diffractogram sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
synthesis product was NaP1 zeolite. The presence of
CTAB surfactant as structure directing was not affected
on the type zeolite but on the main peak of
diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as synthesis product modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Sriatun et al.
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Fig. 5 is SEM photograph corresponding to the
synthesis product. From the XRD data, the products by
Before treatment with CTAB

> 5 > -'";‘

ratio Si/Al (viv) 1 is sodalite and from the SEM it appears

After treatment with CTAB

Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x10% M
(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio

Si/Al 25 with CTAB 1x102M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
Al A3 Bl B3 Cl C3

(0] 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x10~ M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x10”M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with CTAB 1x10”M

that the materials had regular spherical crystal and
homogenous. Atratio Si/Al (v/v) 15 and 25 the materials
had the same type, rectanqular shape with thin platy
crystal, however at ratio Si/Al (v/v) 15 has smaller in
size. It showed different shape to the ratio Si/Al (v/v) 1. It
could be investigated that the shape and size of
granular/crystal depends on the composition of
precursor, it means the ratio of Si/Al. The use of
surfactant CTAB as a directing agent affects the size

and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesis with
CTAB has a more porous, regular and firm form crystal.
The data’s from SEM consistent with the result to the
XRD, that the using of surfactant CTAB produce a
more crystalline materials.

Meanwhile the chemical composition of products
synthesis in Table 2. Sample Al and A3 are sodalite as
the product of synthesis. For sampleB1, B3, C1, and

Sriatun et al.
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C3 are NaP1. The entire product showed that ratio of

Si/Al almost 1, these are consistent with the BET result
60.0

=== Adsorption

that this product is micropore material. The use of
surfactant CTAB as a pore directing agent increases the

=8—= Desorption

0.0 0.2 0.4

0.6 08 1.0 12

Relative Pressura PiP,
Fig 6. The isotherms adsorption of the synthesized product ratio Si/Al (v/v) 1
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Fig 7. TGA of the synthesized product ratio Si/Al (v/v) 1

number of ions silicate and aluminate that interacted to
form the product, so the using of surfactant is needed in
this process. This is appropriate to the Wang [22] that
the surfactants such as PEG (polyethylene glycol) and
CTAB play an important role during the formation of
nano crystal IM-5 zeolite.

BET (Brunauer-Emmett-Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysisis given in Fig. 6.

The isotherm could be classified as type | of Brunauer's
classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively low 22.062 m?%g. This reveals the existence
only a small number of active sorption sites. The total
pore volume, Vpwas found to be 8.56x10°2 cm®/g and
average pore radius was determined as 7.737 A. It
means the NaP1 of this research has a micropore
structure.

The TGA (thermogravimetric analysis) graph for
the synthesized zeolite from sugarcane bagasse ash is
givenin Fig. 7. Fromthe figure, it can be seen that the
sample is lost the weight at temperature 120 °C, it
means the loosely bond or free water molecules from
product zeolite cage. Then the reducing weight also
occurred at 270- whichis due to the decomposition of
the CTAB surfactant resides on the product zeolite
surface.

CONCLUSION

In this study zeolite were successfully obtained
from sugarcane bagasse ash by hydrothermalmethod
at 100 °C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiOs* and AlOs> which
formed the zeolite framework. The ratio Si/Al 1 (v/v)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaPl. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1l still had micropores
structure.

Sriatun et al.
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Abstract
The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium
bromide surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite.
The Silica was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by
hydrothermal process at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of
Si/Al (v/v) was 1, 15 and 25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x104 M,
1x10°3 M and 1x10°2 M. The result showed all of product have strong absorbance at 950-1050 cm™! and 620-
690 cm™L, 420-460 cm™, double ring at 520-570 em™L, pore opening at 300-370 cmL, Vibration of -OH as
silanol group or water was indicated by broad absorbance at 3400-3450 cm™L. The diffractograms XRD showed
that the product had high crystallinity. The composition of product on ratio Si/Al 1 with concentration of
cetyltrimethylammonium 102 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO5 quartz and contain
12.23% and 12.19% of Si, 4.17% and 13.18% of Al, respectively. Observation on SEM revealed that the crystal
produced using cetyltrimethylammonium bromide were homogenous and regular in shape.
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Abstract

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using cetyltrimethylammonium bromide as structure
directing agent. This research used cetyltrimethylammonium bromide surfactant to invent the high porosity, surface area, acidity and
thermal stability of synthesized zeolite. The Silica was extracted by alkaline fusion using sodium hydroxide solution. The synthesis was
conducted by hydrothermal process at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si/Al (v/v) was
1, 15 and 25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x1 04 M, 1x1 03 M and 1x102 M. The result showed
all of product have strong absorbance at 950-1050 cm™! and 620-690 cm'1, 420-460 cm'1, double ring at 520-570 cm'1, pore opening at
300-370 cmL. Vibration of -OH as silanol group or water was indicated by broad absorbance at 3400-3450 cm™L. The diffractograms XRD
showed that the product had high crystallinity. The composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium
102 M is sodalite, the ratio Si/Al 15 and 25 are NaP1 and SiO, quartz and contain 12.23% and 12.19% of Si, 4.17% and 13.18% of A,
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide were homogenous and
regular in shape.

Keywords

surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
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ABSTRACT

The purpose of this research is to synthesize zeolite from sugarcane bagasse ash using
cetyltrimethylammonium bromide as structure directing agent. This research used cetyltrimethylammonium bromide
surfactant to invent the high porosity, surface area, acidity and thermal stability of synthesized zeolite. The Silica was
extracted by alkaline fusion using sodium hydroxide solution. The synthesis was conducted by hydrothermal process
at 100 °C for 7 days, ageing process for 24 h and calcination at 500 °C for 5 h. The ratio of Si/Al (v/v) was 1, 15 and
25, meanwhile the concentration of cetyltrimethylammonium bromide was 5x10# M, 1x103 M and 1x102 M. The
result showed all of product have strong absorbance at 950-1050 cm™' and 620-690 cm’, 420—460 cm’', double
ring at 520-570 cm’', pore opening at 300-370 cm'. Vibration of —OH as silanol group or water was indicated by
broad absorbance at 3400-3450 cm'. The diffractograms XRD showed that the product had high crystallinity. The
composition of product on ratio Si/Al 1 with concentration of cetyltrimethylammonium 102 M is sodalite, the ratio
Si/Al 15 and 25 are NaP1 and SiO; quartz and contain 12.23% and 12.19% of Si, 4.17% and 13.18% of Al,
respectively. Observation on SEM revealed that the crystal produced using cetyltrimethylammonium bromide was
more homogenous and regular in shape.

Keywords: surfactant; cetyltrimethylammonium bromide; synthesis; zeolite; sugarcane bagasse
ABSTRAK

Tujuan penelitian ini adalah membuat zeolit dari ampas tebu menggunakan setiltrimetilamonium bromida
sebagai agen pengarah struktur. Dalam penelitian ini surfaktan setiltrimetilamonium bromida digunakan untuk
meningkatkan porositas, luas permukaan, keasaman dan stabilitas termal. Silika diekstrak dari abu ampas tebu
melalui penambahan alkali yaitu NaOH 6 M. Sintesis dilakukan secara hidrotermal pada 100 °C selama 7 hari,
ageing selama 24 jam dan kalsinasi pada 500 °C selama 5 jam. Variasi rasio silikat/aluminat (v/v) adalah 1, 15 and
25, sedangkan variasi konsentrasi surfaktan 5x104 M, 1x10° M dan 1x102 M. Hasil penelitian menunjukkan bahwa
keseluruhan produk menghasilkan serapan yang kuat pada daerah bilangan gelombang 950-1050 cm', 620-690
cm’, 420-460 cm-'. Vibrasi double ring pada 520-570 cm', pore opening 300—-370 cm'. Vibrasi gugus —OH yang
menunjukkan keberadaan silanol dan air ditunjukkan oleh serapan pada 3400-3450 cm'. Data XRD menunjukkan
bahwa produk sintesis mempunyai kristalinitas tinggi. Pada rasio Silikat/Aluminat 1 menghasilkan zeolite tipe sodalit
sedangkan rasio 15 dan 25 menghasilkan NaP1 dan SiO, kuarsa. Pada rasio Si/Al 1 dan 25 berturut-turut
mempunyai Si sebesar 12,23% dan 12,19% serta Al sebesar 4,17% and 13,18%. Hasil SEM menunjukkan bahwa
produk sintesis yang menggunakan setiltrimetilamonium bromida mempunyai bentuk yang lebih homogen dan
teratur.

Kata Kunci: surfaktan; setiltrimetilamonium bromida; sintesis; zeolit; ampas tebu

INTRODUCTION bagasse. Production of sugarcane in Indonesia was

53,612,133 tons [2]. The compositions of sugarcane

Currently, there has been an attempt to utilize the
large amount of bagasse ash, such as the residue from
an in-line sugar industry and the bagasse-biomass fuel
in electric generation industry [1]. Sugarcane bagasse is
a solid waste produced in large amount from sugar mills.
Sugarcane milling industry produced 35-40% of
bagasse and Indonesia has large potential to produce

* Corresponding author.
Email address : sriatun@live.undip.ac.id

product are 52.9% of liquid waste, 32% of bagasse,
4.5% of molasses, 7.05% of sugar and 0.1% ash.
Generally sugarcane bagasse contained of 52.67%
water, 55.89% organic carbon, 0.25% total nitrogen,
0.16% P20s and 0.38% K20. When this sugarcane
bagasse is burned under controlled conditions, it also
gives ash having amorphous silica. After sugarcane
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bagasse converted to ashes, the content of silica (SiO2)
to be 64.65% [3]. According to Norsurayaa et al. [4] the
SiO2 content in sugarcane bagasse ash from sugarcane
juice industries in Shah Alam, Malaysia much higher,
that was 88.19%. The consideration of a large number of
sugarcane bagasse and the content of silica caused the
development of new procedures for its productive reuse
such as using as a source of silica. In the recent
decades, many efforts are being carried out to explore
other potential applications such as an adsorbent,
fertilizers and cement mixture. So, the accumulation of
waste and environment pollution can be avoided.

There are many methods applicated to increase
the economic values of sugarcane bagasse ash. One of
these methods was extraction by alkaline fusion. This
extraction produced silica as sodium silicate and a small
amount of aluminate. If the sodium silicate solution was
mixed with sodium aluminate solution would be occurred
condensation  polymerization under hydrothermal
condition [5]. Most researchers have investigated some
materials as low cost silicon and aluminum sources for
synthesis of various zeolites. Synthesis of NaA zeolite
from sugarcane bagasse ash [6], from kaolin waste [7],
NaP1 zeolite from high silica fly ash [8-10], from illite-
smectite [11], from aluminum solid waste [12]. NaX and
NaA [13] NaY was synthesized from rice husk silica [14]
and bentonite [15]. Synthesis of zeolite as micro-
mesoporous materials has been developed
continuously. As micro-mesoporous materials zeolite
was expected possess ordered meso-structure, porous,
high surface area, acidity and thermal stability. There are
some variables which should be controlled in synthesis
processes such as the ratio of Si/Al, temperature and
time in hydrothermal treatment and the presence of
structure directing agent (SDA). The most versatile
variable can be used to influence the product of
synthesis was structure directing agent, because they
influenced on the nucleation and crystallization
processes during the formation the framework of zeolite.
Organic molecules as structure directing agent must
have high chemical stability in order to resist in the
hydrothermal condition of the crystallization process and
must be soluble in synthesis medium [16].

Selection the properties of directing agent such as
size, shape, flexibility and hydrophilicity can lead to the
framework of zeolites have channel with different
dimensions. Several investigations have carried out
using directing has controlled the morphology of MTT
and MFI using TMPD (N',N',N3 ,N3-tetramethylpropane-
1,3-diamine) and HMPD (N',N',N3,N8,2,2-
hexamethylpropane-1,3-diamine) as linier and branch
molecule [17]. Directing agent also used to control the
growth of crystal [18].

Based on previously studies information, there

have never been conducted researches using

cetyltrimethylammonium bromide (CTAB) surfactants
as directing agent in synthesis of zeolite from
sugarcane bagasse ash. Therefore, in this study, we
report the using of cetyltrimethylammonium bromide
(CTAB) as structure directing agent in synthesis of
zeolite from sugarcane bagasse ash as source of silica.
It would examine how the effect of the CTAB as
directing agent on shape of crystalline and crystallinity
of the product. As a comparison, zeolite from
sugarcane bagasse ash in the absence of structure
directing agent was also synthesized.

The important breakthroughs resulting from this
research that this research is uplifting a low cost
preparation of NaP1 zeolite from low cost materials.
The results of this study are expected to increase the
economic value of bagasse waste into high-value
material, because these products had many potential
applications such as an adsorbent, catalyst and
fertilizers. In addition, this study also to contributing to
the field of material synthesis with renewable
resources. Finally by using bagasse as raw material to
make zeolite then the accumulation of waste in the
environment can be reduced.

EXPERIMENTAL SECTION
Materials

In this research sugarcane bagasse collected
from sugarcane industry in the region of Klaten, Central
Java. First step, Sugarcane bagasse was burned then
ashed in furnace at 700 °C during 4 h. Furthermore,
extraction by alkaline fusion step, 96 g of sugarcane
bagasse ash was reacted with about 300 mL 6 M
NaOH solution. The mixture was stirred at room
temperature for 24 h and filtered. The supernatant was
sodium silicate solution. Determination of the content of
SiO2, Al2Os and others oxide was conducted by AAS.
NaOH pellets, Al(OH)3 powder,
cetyltrimethylammonium bromide powder, HF and HCI
solution were purchase from Merck.

Instrumentation

The sample functional group is determined by
FTIR spectrometer Shimadzu. The diffraction patterns
of the samples were measured by X-ray diffractometer
(XRD) Rigaku Multiplex with Cu Ka radiation (A =
1.54184 A) at generator voltage 40 kV and current 40
mA. The simultaneous scanning electron microscope
(SEM) and Energy-Dispersive X-ray (EDX) were
performed using JEOL JSM 6510/LV/A/LA. The BET
surface areas, pore volume and average pore size of
samples were determined from N2 adsorption
isotherms at liquid nitrogen temperature (-195.7 °C)
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using a Quantachrome NovaWin2, Quantachrome
Instrument version 2.2. The thermal gravimetric analysis
(TGA) analysis of samples was determined using
LINSEIS STA Platinum Series, Platinum evaluation
V1.0.138.

Procedure

An early step was preparation of sodium aluminate
solution from dilution of 20 g sodium hydroxide in
100 mL aquadest. The solution was boiled, then 8.5 g
aluminium hydroxide was added into solution until
homogenous solution achieved. For preparation of
zeolite, a number of sodium silicate supernatant was
mixed with  sodium aluminate  solution and
cetyltrimethylammonium bromide surfactant (cationic
surfactant) solution. The compositions of precursor and
surfactant are provided in Table 1. The mixture was
stirred at specific duration until gel formed, the process
was continued by hydrothermal treatment in Teflon
container at 100 °C during 7 days (168 h), then aging
process at room temperature for 24 h. The final steps,
the precipitates were filtered, washed, dried, and
calcined at 500 °C for 5 h. The product was
characterized by FTIR and XRD. The provision code in
this research was given in Table 1.

RESULT AND DISCUSSION

In this research, content of silica and alumina in
sugarcane bagasse ash is Si 70.82% and Al 1.04%
respectively, this shows that the method of extraction
with alkali NaOH 6 M is effective to extract Si and Al.
Thus, sugarcane bagasse ash is a potential source of
silica.

The success of zeolite synthesis is demonstrated
by the fingerprint absorption of FTIR from the
synthesized material. It was investigated synthesis of
zeolite on various of composition of sodium silicate and
sodium aluminate 1, 15 and 25 (v/v). The comparison
between the properties of synthesized product before
and after modified with surfactant as structure directing
agent is needed to find out of the influence. The FTIR
spectra of synthesis product were given in Fig. 1, 2, and
3.

It has been known that every type of zeolite has
two kind of specific infrared vibration, they are internal
and external linkage of tetrahedral (TO4). In all products,
there can be observed the internal linkage, there is
asymmetric stretching vibration of TO4 (T = Si or Al) and
appears at 950-1250 cm™' wavenumber, whereas the
symmetric stretching vibration at 650-720 and 500 cm-".
Furthermore, the wavenumber at 1050-1150 cm-! was
asymmetric stretching vibration, 750-820 cm™ is
symmetric stretching vibration in the external linkage. All

Table 1. The composition of precursor and surfactant

Sample Ratio of Precursor (v/v) Surfactant CTAB

Code Sodium Sodium (M)
silicate aluminate

A 1 1 0

A1 1 1 5x10# (1/2 cmc)

A2 1 1 1x10- (cmc)

A3 1 1 1x1072 (10 cmc)

B 15 1 0

B1 15 1 5x10 (1/2 cmc)

B2 15 1 1x10-3 (cmc)

B3 15 1 1x10-2 (10 cmc)

C 25 1 0

C1 25 1 5x10# (1/2 cmc)

C2 25 1 1x10-% (cmc)

C3 25 1 1x1072 (10 cmc)

Transmittance {a.u.)

3487

1103 858

3900 3400 2900 2400 1800 1400 a00 400
Wavenumber {cm™)

Fig 1. FTIR spectra of synthesized zeolite with ratio
Si/Al (viv) 1 (A) without CTAB surfactant (A1) with
CTAB 5x10“* M (A2) with CTAB 1x103 M (A3) with
CTAB 1x102 M

B3 5
2369 1635 1435

Transmittance (a.u.}

1103 988

3800 3400 2800 2400 1800 1400 900 400
Wavenumber (cm™')

Fig 2. FTIR spectra of synthesized zeolite with ratio
Si/Al (v/v) 15 (B) without CTAB surfactant (B1) with
CTAB 5x10“4 M (B2) with CTAB 1x10* M (B3) with
CTAB 1x102 M
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Transmittance {a.u.}

3900 3400 2900 2400 1900 1400 900 400
Wavenumber {cm}

Fig 3. FTIR spectra of synthesized zeolite with ratio Si/Al
(v/iv) 25 (C) without CTAB surfactant (C1) with CTAB
5x104 M (C2) with CTAB 1x10° M (C3) with CTAB
1x102 M

of spectra were indicating that all the product of
synthesis had Si-O-Si or Si-O-Al groups as a specific
fingerprint of zeolite type. The absorption at 500-650
cm' is double ring [20]. Double ring is specific character
of zeolite type, because it is an external linkage between
polyhedral. From the FTIR data’s, the zeolite was formed
as synthesis product for all.

When the cetyltrimethylammonium (CTAB) as
cationic surfactant is used as a directing molecule in the
synthesis process of zeolite, so it would be interacted
electrostatically ~ with  the  silicate/[SiO4]* and
aluminate/[AlO4]%> anions primary building units. This
interaction depends on surfactant concentration. The
effect of surfactant presence can be observed on
spectra A1, A2, and A3 in Fig. 1, B1, B2, and B3 in Fig.
2, C1, C2, and C3 in Fig. 3. It could be clearly observed
that the presence of cetyltrimethylammonium (CTAB)
surfactants has significantly affected the intensity and
patterns of absorption at the wavenumber 950-1250 and
3400-3500 cm-'. The lower absorption intensity of wave
number at 3400-3500 cm-' in the CTAB modified zeolite
showed the low levels of silanol groups in the sample,
where this corresponds to the formation of framework of
zeolite. Besides that, the stronger bonding of Si-O-Si
and Si-O-Al in zeolite framework characterized by
increasing of intensity absorption bands at wave
numbers 950-1250 cm-! after the addition of CTAB.

In the FTIR spectra of zeolite modified by CTAB
surfactant, no new absorption was observed. The
spectra have similarity to the absorption region of zeolite
which synthesized without surfactant. It was showed that
the calcination treatment at 600°C to the modified zeolite
by CTAB has removed and decomposed the CTAB as
structure directing and all undesired organic compounds.

14,00 18.96 o 2162

32,644 76 37.06

42.81 c3

3?'d§d.5236_88
14.00 2435 2762
21.44 32.784 7637.18 4287

1878 27.37

13.87
32.4634.4085 83

Intensity {a.u.)

21.32

14.00 24,35
31,55 34.64 4275
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14.06 24.53 3191 e 5
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k A A
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Fig 4. The pattern of diffractogram synthesized zeolite
(A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with
CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3)
Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25
without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

Thus the shape and pore size of modified zeolite was
expected homogenously.

Fig. 4 shows the pattern of diffractogram XRD of
synthesis product. Inorganic material has different
shape and structure crystal, due to the diffractogram
pattern was characteristic.

The intensity of diffractogram indicated the crystal
quality of material. It could investigate the kind of
synthesis product by CTAB different with synthesis
product without CTAB. In addition, the composition of
precursor also affected the kind of product. The
synthesis product by ratio of Si/Al (v/v) 1 without CTAB
was sodalite, because the XRD pattern has similarity to
the sodalite standard in Treacy [21]. The sodalite is
plain type of zeolite. The same product was obtained
on ratio Si/Al (v/v) 1 used CTAB as structure directing.
Although the product is the same but it is observed in
XRD that the using of CTAB makes the peak of the
diffractogram sharper and the product more pure.

If the ratio of Si/Al (v/v) increased to 15 or 25, the
synthesis product was NaP1 zeolite. The presence of
CTAB surfactant as structure directing was not affected
on the type =zeolite but on the main peak of
diffractogram. The shifting of 26 and the changing
intensity of peaks at sodalite and NaP1 were known
from the Fig. 4. All of the peaks on NaP1 diffractogram
NaP1 as synthesis product modified by CTAB shifted to
higher angle. Overall the intensity of peaks increased,
thus it was concluded that the product modified by
CTAB more crystalline.

Fig. 5 is SEM photograph corresponding to the
synthesis product. From the XRD data, the products by
ratio Si/Al (v/v) 1 is sodalite and from the SEM it appears
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After treatment with CTAB

Fig 5. The SEM image of synthesized zeolite (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M
(B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB 1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio

Si/Al 25 with CTAB 1x102 M

Table 2. The chemical composition of synthesized zeolite

Element Wt (%)
A1 A3 B1 B3 C1 C3

(0] 48.03 45.78 53.14 53.09 53.20 42.59
Na 5.25 17.96 12.65 14.05 13.80 18.49
Mg 00.25 0.34
Al 3.72 18.97 10.81 11.47 11.52 17.25
Si 3.26 17.04 11.18 11.69 11.90 16.6
S - 1.68 1.74 1.63 3.57
K - 1.67 0.44 0.55 1.16
Ca 0.16

Description: (A) Ratio Si/Al 1 without CTAB (A3) Ratio Si/Al 1 with CTAB 1x102 M (B) Ratio Si/Al 15 without CTAB (B3) Ratio Si/Al 15 with CTAB
1x102 M (C) Ratio Si/Al 25 without CTAB (C3) Ratio Si/Al 25 with CTAB 1x102 M

that the materials had regular spherical crystal and
homogenous. At ratio Si/Al (v/v) 15 and 25 the materials
had the same type, rectangular shape with thin platy
crystal, however at ratio Si/Al (v/v) 15 has smaller in
size. It showed different shape to the ratio Si/Al (v/v) 1. It
could be investigated that the shape and size of
granular/crystal depends on the composition of
precursor, it means the ratio of Si/Al. The use of
surfactant CTAB as a directing agent affects the size
and homogeneity of the product particles. In SEM it
appears that the crystalline product of synthesis with

CTAB has a more porous, regular and firm form crystal.
The data’s from SEM consistent with the result to the
XRD, that the using of surfactant CTAB produce a
more crystalline materials.

Meanwhile the chemical composition of products
synthesis in Table 2. Sample A1 and A3 are sodalite as
the product of synthesis. For sample B1, B3, C1, and
C3 are NaP1. The entire product showed that ratio of
Si/Al almost 1, these are consistent with the BET result
that this product is micropore material. The use of
surfactant CTAB as a pore directing agent increases the
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Fig 7. TGA of the synthesized product ratio Si/Al (v/v) 1

number of ions silicate and aluminate that interacted to
form the product, so the using of surfactant is needed in
this process. This is appropriate to the Wang [22] that
the surfactants such as PEG (polyethylene glycol) and
CTAB play an important role during the formation of
nano crystal IM-5 zeolite.

BET (Brunauer—Emmett-Teller) method is used for
multi molecular adsorption on solid surface, so the
surface area of a material can be known with a surface
area gauge that uses the BET method principle. The
measurement of surface area with BET model used
nitrogen as adsorbate. This measurement is based on
isothermal adsorption data nitrogen at a temperature of
77.35 K. Isothermal adsorption with BET principle is a
type physical isotherms. BET analysis is given in Fig. 6.
The isotherm could be classified as type | of Brunauer’s

classification showing closed hysteresis loops. The
calculated surface area of the prepared zeolite is
relatively low 22.062 m?/g. This reveals the existence
only a small number of active sorption sites. The total
pore volume, V, was found to be 8.56x10-2 cm3/g and
average pore radius was determined as 7.737 A. It
means the NaP1 of this research has a micropore
structure.

The TGA (thermogravimetric analysis) graph for
the synthesized zeolite from sugarcane bagasse ash is
given in Fig. 7. From the figure, it can be seen that the
sample is lost the weight at temperature 120 °C, it
means the loosely bond or free water molecules from
product zeolite cage. Then the reducing weight also
occurred at 270- which is due to the decomposition of
the CTAB surfactant resides on the product zeolite
surface.

CONCLUSION

In this study zeolite were successfully obtained
from sugarcane bagasse ash by hydrothermal method
at 100 °C for 168 h. The type of zeolite was determined
by the ratio of Si/Al in term the SiO4* and AlO4%> which
formed the zeolite framework. The ratio Si/Al 1 (v/v)
produced sodalite, while the ratio Si/Al 15 and 25
produced NaP1. The presence of CTAB surfactant
micelles in synthesis zeolite from sugarcane bagasse
ash could improve the homogeneity and crystallinity of
the product zeolite. It means the product has
homogeneous and orderly structure. But the
introduction of CTAB micelles in the synthesis failed in
terms of generating the mesopores structure because
both of sodalite and NaP1 still had micropores
structure.

Sriatun et al.



Indones. J. Chem., 2018, 18 (1), 159 - 165 165

ACKNOWLEDGEMENT

Sriatun, Taslimah, and Suyati, L., gratefully
acknowledge financial support from The Directorate of
Research and Community Service, Ministry of Research,
Technology and High Education via Grants Compete
Award (Number: 84-68/UN7.5.1/PG/2014)  and
Chemistry Department of Diponegoro University for the
facilities to carry out this research.

REFERENCES

[1]1 Srinivasan, R., and Sathiya, K., 2010, Experimental
study on bagasse ash in concrete, Int. J. Serv.
Learn. Eng., 5 (2), 60-66.

[2] Indonesian Statistics, 2012, http://www.bps.go.id.

[3] Hanafi, A., and Nandang, A., 2010, Studi pengaruh
bentuk silika dari ampas tebu terhadap kekuatan
produk keramik, Jurnal Kimia Indonesia, 5 (1), 35—
38.

[4] Norsuraya, S., Fazlena, H., and Norhasyimi, R,
2016, Sugarcane bagasse as a renewable Source
of silica to synthesize Santa Barbara Amorphous-15
(SBA-15), Procedia Eng., 148, 839-846.

[5] Cardoso, A.M., Paprocki, A., Ferret, L.S., Azevedo,
C.M.N., and Pires, M., 2015, Synthesis of zeolite
Na-P1 under mild conditions using Brazilian coal fly
ash and its application in wastewater treatment,
Fuel, 139, 59-67.

[6] Moisés, M.P., da Silva, C.T.P., Meneguin, J.G.,
Girotto, E.M., and Radovanovic, E., 2013, Synthesis
of zeolite NaA from sugarcane bagasse ash, Mater.
Lett., 108, 243—-246.

[7]1 Maia, AAAB., Neves, R.F., Angélica, R.S., and
Poéllmann, H., 2015, Synthesis, optimisation and
characterisation of the zeolite NaA using kaolin
waste from the Amazon Region. Production of
zeolites KA, MgA and CaA, Appl. Clay Sci., 108,
55-60.

[8] Kazemian, H., Naghdali, Z., Kashani, T.G., and
Farhadi, F., 2010, Conversion of high silicon fly ash
to Na-P1 zeolite: Alkaline fusion followed by
hydrothermal crystallization, Adv. Powder Technol.,
21 (3), 279-283.

[9] Babajide, O., Musyoka, N., Petrik, L., and Ameer,
F., 2012, Novel zeolite Na-X synthesized from fly
ash as a heterogeneous catalyst in biodiesel
production, Catal. Today, 190 (1), 54—-60.

[10] Musyoka, N.M., Petrik, L.F., Fatoba, O.0., and
Hums, E., 2013, Synthesis of zeolites from coal fly
ash using mine waters, Miner. Eng., 53, 9-15.

[11] Baccouche, A., Srasra, E., and ElI Maaoui, M.,
1998, Preparation of Na-P1 and sodalite
octahydrate zeolites from interstratified illite—
smectite, Appl. Clay Sci., 13 (4), 255-273.

[12] Sanchez-Hernandez, R., Lopez-Delgado, A,
Padilla, I., Galindo, R., and Lépez-Andrés, S,
2016, One-step synthesis of NaP1, SOD and ANA
from a hazardous aluminum solid waste,
Microporous Mesoporous Mater., 226, 267-277.

[13] Purnomo, C.W., Salim, C., and Hinode, H., 2012,
Synthesis of pure Na—X and Na—A zeolite from
bagasse fly ash, Microporous Mesoporous Mater.,
162, 6-13.

[14] Wittayakun, J., Khemthong, P., and
Prayoonpokarach, S., 2008, Synthesis and
characterization of zeolite NaY from rice husk
silica, Korean J. Chem. Eng., 25 (4), 861-864.

[15] Faghihian, H., and Godazandeha, N., 2009,
Synthesis of nano crystalline zeolite Y from
bentonite, J. Porous Mater., 16 (3), 331-335.

[16] Almeida, R.K.S., Gémez-Hortiglela, L., Pinar, A.B.,
and Peréz-Pariente, J., 2016, Synthesis of ferrierite
by a new combination of co-structure-directing
agents: 1,6-bis(N-methylpyrrolidinium)hexane and
tetramethylammonium, Microporous Mesoporous
Mater., 232, 218-226.

[17] Lee, H.J., Kim, S.H., Kim, J.H., Park, S.J., and
Cho, S.J., 2014, Synthesis and characterization of
zeolites MTT and MFI, with controlled
morphologies using mixed structure directing
agents, Microporous Mesoporous Mater., 195,
205-215.

[18] Hasan, F., Singh, R., Li, G., Zhao, D., and Webley,
P.A., 2012, Direct synthesis of hierarchical LTA
zeolite via a low crystallization and growth rate
technique in presence of cetyltrimethylammonium
bromide, J. Colloid Interface Sci., 382 (1), 1-12.

[19] Su, S., Ma, H., and Chuan, X., 2016, Hydrothermal
synthesis of zeolite A from K-feldspar and its
crystallization mechanism, Adv. Powder Technol.,
27 (1), 139-144.

[20] Weitkamp, J., and Puppe, L., 1999, Catalysis and
Zeolites:  Fundamentals  and  Applications,
Springer-Verlag Berlin Heidelberg.

[21] Treacy, M.M.J., and Higgins, J.B., 2001, Collection
of Simulated XRD Powder Pattern for Zeolite, 4"
rev. ed., Elsevier Science.

[22] Wang, L., Yang, W., Xin, C., Ling, F., Sun, W.,
Fang, X., and Yang, R., 2012, Synthesis of nano-
zeolite IM-5 by hydrothermal method with the aid
of PEG and CTAB, Mater. Lett., 69, 16—19.

Sriatun et al.



ISSN : 1411-9420 (print) / 2460-1578 (online)

Indonesian Journal of Chemistry

Accredited by RISTEK-BRIN No. 85/M/KPT/2020

SURAT KETERANGAN
Yang bertanda tangan di bawah ini:
Nama : Prof. Dr.rer.nat. Nuryono, M.S
Instansi : Departemen Kimia FMIPA Universitas Gajah Mada
Kedudukan : Editor in Chief Jurnal Indonesian Journal of Chemistry (1JC) UGM
Alamat :JI. Sekip Utara, BLS 21, 55281, Senolowo, Sinduadi, Kec. Mlati,
Kabupaten Sleman, Daerah Istimewa Yogyakarta 55281
E-mail : nuryono_mipa@ugm.ac.id

Menerangkan bahwa artikel yang berjudul Synthesis of Zeolite from Sugarcane Bagasse Ash Using
Cetyltrimethylammonium Bromide as Structure Directing Agent yang terbit pada Jurnal Indonesian
Journal of Chemistry (1JC) Vol. 18 No.1 benar-benar merupakan paper final yang dihasilkan dari review
manuskrip yang disubmit dengan judul mula-mula The Effect of Cetyltrimethylammonium Bromide
Surfactant in Synthesis of Zeolite from Sugarcane Bagasse Ash. Perubahan judul ini merupakan
rekomendasi setelah proofreading akhir paper layout, sebelum terbit, untuk meningkatkan relevansi
antara judul dan isi penelitian yang dilaporkan.

Demikian surat keterangan ini kami buat dengan sesungguhnya, agar dapat dipergunakan

sebagaimana mestinya.

Yogyakarta, 17 Oktober 2020
Yang menerangkan,

SSN 141
[ A nat Nuryono, M.S
“ﬁﬁﬁﬁ” _ﬁeflndonesmn Journal of Chemistry

s INDONE SIAN JOU RN#.L UF ‘CHEMISTRY

O Google DOAE

Department of Chemistry, Universitas Gadjah Mada
Sekip Utara Yogyakarta Indonesia 55281 Phone/Fax: +62-274-545188
Email: ijc@ugm.ac.id

Website: https://jurnal.ugm.ac.id/ijc

e




	Microstructure Characterization of Natural Magnetite from Sand Marina Beach by High Energy Milling
	by Sriatun Sriatun

	Microstructure Characterization of Natural Magnetite from Sand Marina Beach by High Energy Milling
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	by Sriatun Sriatun

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor



	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	by Sriatun Sriatun

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	by Sriatun Sriatun

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor



	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	by Sriatun Sriatun

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Synthesis of Zeolite from Sugarcane Bagasse Ash Using Cetyltrimethylammonium Bromide as Structure Directing Agent
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




