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Preface

Welcome Remarks,
Chair of the Steering Committee

It is a great pleasure to welcome all of you to Bali and to the International
Conference on Informatics, Technology, and Engineering 2019 (InCITE 2019)
held by the Faculty of Engineering, University of Surabaya (UBAYA) in
collaboration with The University of Adelaide, Australia and Sirindhorn
International Institute of Technology (Thammasat University), Thailand. The
first INCITE has been successfully held in Bali, Indonesia in 2017. We are very
delighted to host the second InCITE here in Bali, Indonesia again.

There are more than 75 presentations in this conference. We welcome
leading experts not only from Indonesia, but also from different parts of the
world. The experts will share the knowledge and experiences in the fields of
informatics, technology, science, and engineering. The main theme of this
conference is Enhancing Engineering Innovation Towards A Greener Future
in response to several world challenges including sustainable development,
global convergence of information and communications technologies,
climate change and global warming as well as the depletion of unrenewable
natural resources. We hope this conference will provide you a good
opportunity to get to know each other better and consolidate bonds of
friendship and mutual trust.

We would like to express our sincere gratitude to the Keynote and Plenary
speakers, International Scientific Committee, Steering Committee, and
Organising Committee for their huge efforts to make this conference
successful.

Thank you all for your support and attendance at InCITE 2019. Please enjoy
the conference and Bali !

Asst. Prof. Djuwari, Ph.D.
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Preface

Welcome Remarks,
Chair of The Organizing Committee

Welcome to Bali, Indonesia to all delegates and presenters. It is my pleasure
and privilege to welcome all of you to the 2n (second) International
Conference on Informatics, Technology, and Engineering 2019 (InCITE 2019)
held by the Faculty of Engineering, University of Surabaya (UBAYA) in
collaboration with The University of Adelaide, Australia and Sirindhorn
International Institute of Technology (Thammasat University), Thailand.

InCITE 2019 has received more than 75 papers to be presented in this
conference. All papers represent four following parallel clusters: Green
Design and Innovation, Green Manufacturing and Green Processes, Power
System and Green Energy Management, and The Role of IT in Innovation
Enhancement. Each cluster supports the main theme of the conference,
which is Enhancing Engineering Innovation Towards A Greener Future. The
engineering innovation is the key to increase our awareness in maintaining
the sustainable growth and development in the world.

The Organising Committee of InCITE 2019 would like to express our sincere
gratitude for the tremendous supports and contributions from many parties.
The supports from The Faculty of Engineering of UBAYA, keynote and plenary
speakers, our International Scientific Committee, the Steering and Organising
Committees are really acknowledged.

The last but not the least, thank you for your supports, enjoy the conference
and we hope through this meeting all of you can extend your networks and
collaborations.

Asst. Prof. Putu Doddy Sutrisna, Ph.D.




International Conference on Informatics, Technology and Engineering IOP Publishing

IOP Conf. Series: Materials Science and Engineering 703 (2019) 011001 doi:10.1088/1757-899X/703/1/011001

Conference Organizers

SCIENTIFIC COMMITTEE

Prof. Willy Susilo, Ph.D. (University of Wollongong, AUSTRALIA)

Prof. Dr. Anton Satria Prabuwono (King Abdulaziz University, SAUDI ARABIA)

Assoc. Prof. Oki Muraza, Ph.D. (King Fahd University of Petroleum & Minerals, KINGDOM OF
SAUDI ARABIA)

Prof. Ravindra S. Goonetilleke, Ph.D. (Hong Kong University of Science & Technology, PRC)
Assoc. Prof. Tan Kay Chuan, Ph.D. (National University of Singapore, SINGAPORE)

Asst. Prof. Aldy Gunawan, Ph.D. (Singapore Management University, SINGAPORE)

Asst. Prof. Hendry Raharjo, Ph.D. (Chalmers University of Technology, SWEDEN)

Assoc. Prof. Dr. A. F. M. Saifuddin Saif (American International University, BANGLADESH)
Asst. Prof. Itthisek Nilkhamhang, Ph.D. (Sirindhorn International Institute of Technology,
THAILAND)

Assoc. Prof. Akawut Siriruk, Ph.D. (Suranaree University of Technology, THAILAND)

Assoc. Prof. Avirut Chinkulkijniwat, Ph.D. (Suranaree University of Technology, THAILAND)
Assoc. Prof. Peerapong Uthansakul, Ph.D. (Suranaree University of Technology, THAILAND)
Assoc. Prof. Dr. Andi Cakravastia Arisaputra Raja (Institut Teknologi Bandung, INDONESIA)
Assoc. Prof. Dr. Anas Maruf (Institut Teknologi Bandung, INDONESIA)

Assoc. Prof. Yassierli, Ph.D. (Institut Teknologi Bandung, INDONESIA)

Prof. Dr. Ali Altway (Institut Teknologi Sepuluh Nopember, INDONESIA)

Prof. Dr-Ing. | Made Londen Batan (Institut Teknologi Sepuluh Nopember, INDONESIA)
Assoc. Prof. Setiyo Gunawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)
Prof. Renanto Handogo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

Prof. Mauridhi Hery Purnomo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)
Prof. Nur Iriawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

Prof. | Nyoman Pujawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

Asst. Prof. Budi Hartono, Ph.D. (Universitas Gadjah Mada, INDONESIA)

Prof. Sarjiya, Ph.D. (Universitas Gadjah Mada, INDONESIA)

Asst. Prof. Nemuel Daniel Pah, Ph.D. (Universitas Surabaya, INDONESIA)

Assoc. Prof. Markus Hartono, Ph.D (Universitas Surabaya, INDONESIA)

Prof. Joniarto Parung, Ph.D. (Universitas Surabaya, INDONESIA)

Prof. Lieke Riadi, Ph.D. (Universitas Surabaya, INDONESIA)



International Conference on Informatics, Technology and Engineering

IOP Publishing

IOP Conf. Series: Materials Science and Engineering 703 (2019) 011001 doi:10.1088/1757-899X/703/1/011001

Conference Organizers

STEERING COMMITTEE
Chair:
Asst. Prof. Djuwari, Ph.D.

Honorary Members:

Prof. David Lewis, Ph.D.

Prof. Joniarto Parung, Ph.D.

Prof. Lieke Riadi, Ph.D.

Asst. Prof. Dr. Steve Kardinal Jusuf
Asst. Prof. Dr. Itthisek Nilkhamhang

Members:

Assoc. Prof. Amelia Santoso, Ph.D.
Mr. Agung Prayitno

Assoc. Prof. Emma Savitri, Ph.D.
Assoc. Prof. Markus Hartono, Ph.D., CHFP.
Assoc. Prof. Budi Hartanto, Ph.D.

Mr. Sunardi Tjandra

Assoc. Prof. Eric Wibisono, Ph.D.
Asst. Prof. Nemuel Daniel Pah, Ph.D.
Assoc. Prof. Elieser Tarigan, Ph.D.
Assoc. Prof. Jaya Suteja, Ph.D.

Prof. Joniarto Parung, Ph.D.

Assoc. Prof. Hudiyo Firmanto, Ph.D.
Assoc. Prof. Restu Kartiko Widi, Ph.D.

ORGANIZING COMMITTEE

Chair :Asst. Prof. Putu Doddy Sutrisna, Ph.D.
Vice Chair :Dr. Delta Ardy Prima

Secretary :Ms. Aprilia Karina

Treasurers :Ms. Dhiani Tresna Absari

Secretariat  :Maria Agatha E.Gunawan, Ph.D.
Asst. Prof. Lanny Sapei, Ph.D.
Mr. Rahman Dwi Wahyudi
Ms. Yenny Sari
Ms. Yuana Elly Agustin
Ms. Susana Limanto
Ms. Monica Widiasri

ez

ot




International Conference on Informatics, Technology and Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 703 (2019) 011001 doi:10.1088/1757-899X/703/1/011001

Conference Organizers

Program :Mr. Yunus Fransiscus
Ms. Melissa Angga
Mr. | Made Ronyastra
Mr. Henry Hermawan
Mr. Felix Handani
Ms. Indri Hapsari
Mr. Mochammad Arbi Hidayat

Website :Mr. Daniel Soesanto

Mr. Marcellinus Ferdinand Suciadi
Design :Ms. Tyrza Adelia
Sponsorship  :Assoc. Prof. Susila Candra, Ph.D.
Logistic: Mr. Arief Rachman Hakim

Mr. Muhamad Yulham Effendy

REVIEWER

* Prof. David Lewis, Ph.D. (University of Adelaide, AUSTRALIA)

*  Prof. Willy Susilo, Ph.D. (University of Wollongong, AUSTRALIA)

* Dr. Jingwei Hou (University of Queensland, AUSTRALIA)

* Asst. Prof. Hendry Raharjo, Ph.D. (Chalmers University of Technology, SWEDEN)

e Prof. Dr. Anton Satria Prabuwono (King Abdulaziz University, SAUDI ARABIA)

* Assoc. Prof. Oki Muraza, Ph.D. (King Fahd University of Petroleum & Minerals, KINGDOM
OF SAUDI ARABIA)

*  Prof. Dr. Winarto Kurniawan (Tokyo Institute of Technology, JAPAN)

* Dr. Wahyudiono (Nagoya University, JAPAN)

* Prof. Ravindra S. Goonetilleke, Ph.D. (Hong Kong University of Science & Technology, PRC)

e Asst. Prof. Dr. Steve Kardinal Jusuf (Singapore Institute of Technology, SINGAPORE)

* Assoc. Prof. Tan Kay Chuan, Ph.D. (National University of Singapore, SINGAPORE)

e Asst. Prof. Aldy Gunawan, Ph.D. (Singapore Management University, SINGAPORE)

e Assoc. Prof. Dr. A. F. M. Saifuddin Saif (American International University, BANGLADESH)

e Asst. Prof. Itthisek Nilkhamhang, Ph.D. (Sirindhorn International Institute of Technology,
THAILAND)

e Assoc. Prof. Akawut Siriruk, Ph.D. (Suranaree University of Technology, THAILAND)

e Assoc. Prof. Avirut Chinkulkijniwat, Ph.D. (Suranaree University of Technology, THAILAND)

e Assoc. Prof. Peerapong Uthansakul, Ph.D. (Suranaree University of Technology, THAILAND)

e Asst. Prof. Dr. Phuong Lan Tran Nguyen (Can Tho University, VIETNAM)

e Assoc. Prof. Dr. Anas Maruf (Institut Teknologi Bandung, INDONESIA)

e Dr. Khoiruddin (Institut Teknologi Bandung, INDONESIA)

e Assoc. Prof. Dr. Veinardi Suendo (Institut Teknologi Bandung, INDONESIA)




International Conference on Informatics, Technology and Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 703 (2019) 011001 doi:10.1088/1757-899X/703/1/011001

Conference Organizers

REVIEWER

* Assoc. Prof. Dr. Andi Cakravastia Arisaputra Raja (Institut Teknologi Bandung, INDONESIA)
* Assoc. Prof. Yassierli, Ph.D. (Institut Teknologi Bandung, INDONESIA)

* Prof. Dr. Judy Retti B. Witono (Universitas Parahyangan, INDONESIA)

* Asst. Prof. Budi Hartono, Ph.D. (Universitas Gadjah Mada, INDONESIA)

* Prof. Sarjiya, Ph.D. (Universitas Gadjah Mada, INDONESIA)

* Asst. Prof. Dr. Hendri Himawan Triharminto (Akademi Angkatan Udara Yogyakarta, INDONESIA)
* Assoc. Prof. Dr. Djoko Budiyanto Setyohadi (Universitas Atmajaya Yogyakarta, INDONESIA)
* Prof. Dr. Ali Altway (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Prof. Renanto Handogo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Prof. Mauridhi Hery Purnomo, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)
* Prof. Nur Iriawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Asst. Prof. Astria Nur Irfansyah, Ph.D.( Institut Teknologi Sepuluh Nopember, INDONESIA)
* Prof. Dr-Ing. | Made Londen Batan (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Assoc. Prof. Setiyo Gunawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Prof. I Nyoman Pujawan, Ph.D. (Institut Teknologi Sepuluh Nopember, INDONESIA)

* Asst. Prof. Rr. Poppy Puspitasari, S, Ph.D (Universitas Negeri Malang, INDONESIA)

* Asst. Prof. Ratna Surya Alwi, S.T., M.Si., Ph.D (Universitas Fajar Makassar, INDONESIA)

* Prof. Joniarto Parung, Ph.D. (Universitas Surabaya, INDONESIA)

* Prof. Lieke Riadi, Ph.D. (Universitas Surabaya, INDONESIA)

* Asst. Prof. Nemuel Daniel Pah, Ph.D. (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Markus Hartono, Ph.D (Universitas Surabaya, INDONESIA)

* Asst. Prof. Dr. Hazrul Iswadi (Universitas Surabaya, INDONESIA)

* Asst. Prof. Gunawan, Ph.D (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Dr. Evy Herowati (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Dr. Amelia Santoso (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Eric Wibisono, Ph.D. (Universitas Surabaya, INDONESIA)

* Asst. Prof. Dr. Joko Siswantoro (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Dr. Budi Hartanto (Universitas Surabaya, INDONESIA)

* Asst. Prof. Dr. Delta Ardy Prima (Universitas Surabaya, INDONESIA)

e Asst. Prof. Jimmy (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Lisana (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Dr. Emma Savitri (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Restu Kartiko Widi, Ph.D. (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Akbarningrum Fatmawati (Universitas Surabaya, INDONESIA)




International Conference on Informatics, Technology and Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 703 (2019) 011001 doi:10.1088/1757-899X/703/1/011001

Conference Organizers

REVIEWER
* Assoc. Prof. Akbarningrum Fatmawati (Universitas Surabaya, INDONESIA)
* Asst. Prof. Putu Doddy Sutrisna, Ph.D. (Universitas Surabaya, INDONESIA)
* Asst. Prof. Djuwari, Ph.D. (Universitas Surabaya, INDONESIA)

* Asst. Prof. Elieser Tarigan, Ph.D. (Universitas Surabaya, INDONESIA)

* Assoc. Prof. The Jaya Suteja, Ph.D (Universitas Surabaya, INDONESIA)

* Assoc. Prof. Dr. Susila Candra (Universitas Surabaya, INDONESIA)

* Asst. Prof. Sunardi Tjandra (Universitas Surabaya, INDONESIA)

* Asst. Prof. Yuwono Budi Pratiknyo (Universitas Surabaya, INDONESIA)

CONFERENCE ORGANIZING COMMITTEE:

FACULTY OF ENGINEERING, UNIVERSITAS SURABAYA

DEAN BUILDING TB 2, RAYA KALIRUNGKUT

SURABAYA, 60293, INDONESIA

PHONE: +62-31-2981150, FAX: +62-31-2981151

E-MAIL: incite@unit.ubaya.ac.id

WEBSITE: https://incite.ubaya.ac.id; http://teknik.ubaya.ac.id




Table of contents

Volume 703
2019

« Previous issue Next issue »

International Conference on Informatics, Technology and Engineering
22-23 August 2019, Bali, Indonesia

View all abstracts

Accepted papers received: 6 November 2019
Published online: 5 December 2019

Preface

OPEN ACCESS
Preface

=+ View abstract '?_‘-I PDF

OPEN ACCESS
Peer review statement

+ View abstract & pDF

Papers

Green Manufacturing and Green Processes

OPEN ACCESS

The use of blockchain to support sustainable supply chain strategy
J Parung

+ View abstract ) poF

OPEN ACCESS

Green chemical engineering: challenges in chemical industrial processes for a better life

L Riadi

011001

011002

012001

012002



OPEN ACCESS

Xylanase production from combined Reutealis trispermawith potato dextrose broth by Tricodherma reeser. the effect of
pretreatment

Y E Agustin, L Riadi and T P Utami

+ View abstract ) PDF

OPEN ACCESS

Regulatory performance of two different tuning methods for milk cooling control system
R Agustriyanto

+ View abstract % PDF

OPEN ACCESS
The solubility correlation of azobenzene derivatives in supercritical carbon dioxide: a short review
R S Alwi and A S Iryani

=+ View abstract @ PDF

OPEN ACCESS

Container storage tariff policy analysis using combining game theory and system dynamics approach
A G Budianto and B Wirjedirdjo

+ View abstract % PDF

OPEN ACCESS

Effect of NR-g-cellulose coupling agent into NR-cellulose composite dispersibility and its physical properties
H Handayani, A Cifnadi, A S Handayani, M Chalid, S Savetlana and M Christwardana

+ View abstract % por

OPEN ACCESS

Formulation and characterization of chitosan-alginate freeze dried matrices loaded with oleoresin extract of red ginger
E A Krisanti, A Safiya and K Mulia

+ View abstract ) PDF

OPEN ACCESS
The effects of electroculture on shoot proliferation of garlic (Allium sativum 1.)

012003

012004

012005

012006

012007

012008

012009

Von Louie R Manguiam, Ashley Marie N. Margate, Rose Danielle G Hilahan, Harold Gian L Lucin, Kristopher Ray S Pamintuan and Adonis P Adornado

+ View abstract ) PDF

OPEN ACCESS
Preparation and characterization of polyvinyl alcohol-chitosan-tripolyphosphate hydrogel for extended release of anti-
tuberculosis drugs

012010



OPEN ACCESS

A review of a machine design of chocolate extrusion based co-rotating twin screw extruder
P Pitayachaval and P Watcharamaisakul

+ View abstract ) POF

OPEN ACCESS

Tofu wastewater treatment through a combined process of coagulation-flocculation and ultrafiltration
P Prawati, A Oktariany, 5 5 Putri, | Aditya and 5 Kartohardjono

+ View abstract ) POF

OPEN ACCESS

Carbon emission modelling in container terminal operations planning using a system dynamics approach
D N Prayogo

+ View abstract ) POF

DPEN ACCESS

Effects of initial concentration, adsorbent mass, pH and temperature to personal care products waste removal with activated
carbon as adsorbent

H R Priyantini, L Riadi, C Effendi, F Effendi and A Mitayani

+ View abstract & PDF

OPEN ACCESS

The integration of social responsibility into business operation” case study of Indonesian manufacturing industry
E D Rinawiyanti, C Huang and S As-Saber

+ View abstract & POF

OPEN ACCESS

A kinetic study of oil-in-water emulsion formation stabilized by nce husk ash and lecithin
L Sapei, 5 W Kumiawan and A P Siantoro

+ View abstract % POF

OPEN ACCESS

A systematic Iiterature review for developing sustainability assessment tool: formulating the state of the art and future direction
Y Sari, A Hidayatno, A Suzianti and M Hartono

+ View abstract % POF

OPEN ACCESS

Controlled release fertilizer based on starch chitosan encapsulation
E Savitri, E Purwanto, A N Kodrat and E Yonathan

+ View abstract & POF

OPEN ACCESS

Price and inventory policy strategy model in a price sensitive dual channel supply chain structure considering product
substitution

R Y H Silitonga and N Christina

012012

012013

012014

012015

012016

012017

012018

012019

012020



Green Design and Innovation

OPEN ACCESS
Green dynamic capability for enhancing green innovations performance in a manufacturing company: a conceptual framework
R Amaranti, R Govindaraju and D Irianto

+ View abstract @ PDF

OPEN ACCESS

Combined structural equation modelling - artificial neural networks model for predicting customer loyalty
M A Hadiyat

+ View abstract ) PDF

OPEN ACCESS

The use of consumer behavior to identify the flow mapping of waste cooking oil: A finding from Semarang, Indonesia
S Hartini, D P Sari and A A Utami

+ View abstract X PDF

OPEN ACCESS

Perceived kansei and performance-based usability impact on satisfaction for web-based applications
M Hartono

+ View abstract ) PDF

OPEN ACCESS

Measurement of student satisfaction and loyalty using service quality model for higher education (HedQual) at industrial
engineenng department University of Pelita Harapan

N Hartono, Laurence and B F Tjahjadhi

+ View abstract X PDF

OPEN ACCESS

Expertise-based decision makers' importance weights for solving group decision making problems under fuzzy preference
relations

E Herowati

+ View abstract X PDF

OPEN ACCESS

Organic-inorganic nanocomposite membranes for molecular separation and bioapplications
J Hou, P D Sutrisna, L Li and V Chen

+ View abstract ) PDF

012023

012024

012025

012026

012027

012028

012029



OPEN ACCESS

Tensile Properties of Kenaf Fiber by Alkalinization Treatment: Effect of different concentration
Ismojo, K A Zahidah, E Yuanita, E Kustiyah and M Chalid

+ View abstract @ PDF

OPEN ACCESS

How do the Indonesian ecologically conscious millennials value upcycled clothing?
C A Parung

+ View abstract %) PDF

OPEN ACCESS

Passive design implementation as sustainable development approach on vertical housing case study: Sentra Timur Residence
T Riotama and H Herdiansyah

+ View abstract & pDF

OPEN ACCESS

Development and usability evaluation of virtual guide using augmented reality for Candi Gunung Gangsirin East Java
| M Ronyastra, | Hapsari and F P Pani

+ View abstract L) PDF

OPEN ACCESS
The Role of Ergonomics in Suporting Supply Chain Performance in Manufacturing Companies: a Literature review
N Sampouw and M Hartono

+ View abstract @ PDF

OPEN ACCESS

Fluazinam Potential as a Fungicide in Liquid Culture System for the Growth of Haematococcus pluvialis Microalgae
J R Witono, V Novianty, H Santoso, A Miryanti and A J Kumalaputri

+ View abstract 4 PDF

012030

012031

012032

012033

012024

012035



Power System and Green Energy Management

OPEN ACCESS

The use of pyrolusite to remove Pb and Cd in aqueous solutions: 1sotherm and thermodynamic
Y Fransiscus, M W B Kembie and N M Tanusaputra

+ View abstract 4 pDF

OPEN ACCESS
Power generation in a plant-microbial fuel cell assembly with graphite and stainless steel electrodes growing Vigna Radiata

K R S Pamintuan and K M Sanchez
+ View abstract % PDF

OPEN ACCESS

Gas sensitive properties of Zn0O nanorods formed on silicon and glass substrates
VV Petrov, A P Starnikova, Y N Varzarev, K A Abdullin and D P Makarenko

+ View abstract @ PDF

OPEN ACCESS
The study of the properties of lead zirconate-titanate films on silicon substrate after halogen lamps rapid thermal annealing

V'V Petrov, A'S Kamentsev, V V Polyakov and Y N Varzarev
+ View abstract 5 PDF

OPEN ACCESS

Temperature Dependence of Electrical Properties of Zn0 Nanorods Amray
V'V Petrov, Y N Varzarev and K A Abdullin

+ View abstract ) pOF

OPEN ACCESS

The kinetics oxidative degradation of chitosan in formic acid with the presence of hydrogen peroxide
E Purwanto, J Connor and Y Ngothai

+ View abstract @ PDF

OPEN ACCESS

Drying of celery leaves (Apium graveolens L.) using a PV/T solar dryer
L Sapei, E Tarigan, D N Sugiarto and D Gianluca

+ View abstract ) PDF

OPEN ACCESS
Mass transfer kinetic model and removal capacity of acid blue 29 adsorptions onto activated carbon

L S S S R S

012036

012037

012038

012039

012040

012041

012042

012043



OPEN ACCESS 012044
Utilization of rice straw and used paper for the recycle papermaking

N Suseno, T Adiarto, M Sifra and V Elvira
+ View abstract % PDF

OPEN ACCESS 012045
Current Perspectives and Mini Review on Zeolitic Imidazolate Framework-8 (ZIF-8) Membranes on Organic Substrates

P D Sutrisna, E Savitri, N F Himma, N Prasetya and | G Wenten

+ View abstract 2 PDF

OPEN ACCESS 012046
The Influence of water and catalyst leach process toward propane oxidation on MoVTeNb catalyst

R K Widi

+ View abstract % PDF

The Role of IT in Innovation Enhancement

OPEN ACCESS 012047
Requirements analysis for the disaster logistics inventory information system to improve the effectiveness and efficiency of

handling emergency response periods

N U Handayani, D P Sari, Y Widharto and G Basyir

+ View abstract Z PDF

OPEN ACCESS 012048
Anchored instruction ITS: a novel approach to make learning programming interesting and effective

B Hartanto and J Reye

+ View abstract 2 PDF

OPEN ACCESS 012049
The evaluation of academic website using eye tracker and UEQ: a case study in a website of xyz

A H Kusumo and M Hartono

+ View abstract Z PDF

OPEN ACCESS 012050
Computer vision system in measurement of the volume and mass of egg using the disc method
M Widiasri, L P Santoso and J Siswantoro

+ View abstract 2 PDF



IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

The Influence of water and catalyst leach process toward propane
oxidation on MoVTeNb catalyst

To cite this article: R K Widi 2019 IOP Conf. Ser.: Mater. Sci. Eng. 703 012046

View the article online for updates and enhancements.

This content was downloaded from IP address 203.114.224.21 on 06/12/2019 at 06:47


https://doi.org/10.1088/1757-899X/703/1/012046

International Conference on Informatics, Technology and Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 703 (2019) 012046 doi:10.1088/1757-899X/703/1/012046

The Influence of water and catalyst leach process toward
propane oxidation on MoVTeNb catalyst

R K Widi

Department of Chemical Engineering, University of Surabaya, J1. Raya Kalirungkut,
Surabaya, Indonesia, 60293

E-mail: restu@staff.ubaya.ac.id

Abstract. The effect of the water stream to the propane oxidation on diluted MoVTeNbD catalyst
has been investigated. The present work has elucidated that careful operation of high throughput
instrumentation can be used in various beneficial ways to speed up the discovery process of
improved catalysts in other forms than enabling efficient trial-and-error testing of compositional
variations of a given catalyst system. The result shows that the addition of massive amounts of
water to the feed should have a negative influence on the kinetics, as water will compete with all
other polar molecules in the system for adsorption sites. This work also investigated the effect
of catalyst leach process toward propane oxidation. From the result, it can be described that
catalyst leach process tends to reduce the phase of the catalyst that responds to the total oxidation
of propane. This work also proposed the reaction network and gave the comparison between the
propane oxidation reaction kinetic using leached and un-leached catalyst. The result showed that
the activation energy of the acrylic acid formation on the leached catalyst was slightly higher
than that of on un-leached catalyst. On the other hand, the activation energy of the carbon dioxide
formation on the leached catalyst was much higher than that of on un-leached catalyst. It can be
described that the leaching process to the catalyst can reduce the phase of the catalyst responsible
for the total oxidation of propane.

Keywords: MoVTeNb catalyst, propane, oxidation, water, leach process

1. Introduction

The oxidation process using a catalyst has developed into a very important technology in the modern
chemical industry. One of the important processes that utilize this technology is the functionalization of
aromatics and alkanes, due to the advantageous economy and the easy processing. Acrylic acid is one
of the most important catalytic oxidation products, in which its consumption in 2020 is expected to reach
8,000-kilotons. Acrylic acid is widely used in the industry as intermediate for polyacrylates and
methacrylate esters production. These products can be used for various purposes, such as super
adsorbents. Acrylic acid is presently factory-made from propylene in two steps via acrolein in a gas
phase using special catalysts which the yield up to 80% [1]. Despite the promising yield of the product,
the price of propylene has seen attention being drawn to develop a method for producing acrylic acid
alternatively by direct oxidation of propane in the presence of a catalyst. One of the promising catalysts
that are widely studied is a mixed metal oxide, such as MoV TeNb catalyst [2-7].
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The problem that is still faced in the utilization of this catalyst is the control of the complexity of
the reaction network consisting of consecutive reactions and parallel reactions [3, 8-10]. The phase-in
MoVTeNb which is responsible for the production of acrylic acid from direct oxidation of propane is
referred to as “M1” phase [2, 4, 11-13]. Mo and V are very suitable for the oxidation of alkanes via
alkenes to carboxylic acids [14, 15]. Some results of previous studies have reported the proposed
reaction mechanism [3, 9, 16], as well as the structure of the catalyst during the reaction [4, 17-21]. The
presence of water in this oxidation reaction provides a reaction advantage as has been reported by
previous researchers [3, 22-25].

In this paper, we will discuss the effect of the presence of water on catalytic reactions and the effect
of the leaching process on diluted MoVTeND oxide catalyst. Water is believed to have an indirect role
in the process of propane oxidation reactions to acrylic acid. The leaching process is believed to effect
on the phase composition of M1 and M2 in the catalyst which has a very important role in the oxidation
reaction mainly related to the reaction network of propane to acrylic acid.

2. Experimental

2.1. Materials

The materials used for catalyst synthesis were Telluric acid (Aldrich), Ammonium metavanadate
(Riedel-de Haén), Niobium ammonium oxalate (Aldrich), Ammonium heptamolybdatetetrahydrate
(Merck), Aerosil300 (Degussa). The gases used for reactants were oxygen and propane (MOX).

2.2. Instrumentation
Nanoflow catalytic reactor is one of the equipment that is used for this high throughput experimentation
study.

2.3. Procedure

Preparation of MoV TeND oxide catalysts and kinetic studies was carried out according to the procedure
described previously, and some kinetics data were also reported previously [4, 5, 7]. The catalytic
reaction was done by presenting a small quantity of catalyst (0.1 g) mixed in SiO; to a total volume of
0.5 ml. The high total flow rates (15 mIN/min, GHSV = 1800 h™"). The reaction rate is calculated by
Equations presented below:

%vol x total flow x d x 60
Mr x catalyst weight

Reaction rate (mol/h. gcat) =

(D
Where Mr is molecular weight and d is density.

To study the effects of water dependence, the concentration of water varies and other concentrations
are fixed. To determine activation energy, the oxidation reaction was studied at four different
temperatures, namely, 653, 663, 673 and 683 K. After taking the natural logarithm of the equation, it
can be seen that a plot of In k versus 1/T should be a straight line whose slope is proportional to the
activation energy.

Ep

k = Ae wr )

Where k is the rate constant, T is the absolute temperature (in Kelvin), A is the pre-exponential factor,
Ea is the activation energy for the reaction, and R is the universal gas constant.

3. Result and Discussion

The characteristic of the MoVTeNb oxide catalyst has been reported in our previous work [4]. The
catalyst consists of two main phases namely M1 and M2 phases. M1 phase is more related to the structure
of Mos04 and is responsible for the oxidation process of propane to acrylic acid, while the M2 phase is
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more related to the orthorhombic variant of HTB structure which is responsible for the total oxidation
process of propane to COx. Based on catalyst characterization, it shows that the M1 phase is more
dominant than the M2 phase.

3.1. Effect of water
There are several opinions about how water affects the performance of the catalyst and the distribution
of products, such as by facilitating desorption of oxygenating from the catalyst or modifying the catalyst
structure. The present study has substantiated that the modification of the catalyst surface required for
partial oxidation by water concentration in the feed is a fact for the systems studied here. The beneficial
effect of water in helping to wash off the partial oxidation products and to protect them from over-
oxidation by blocking sites next to the adsorption site of the freshly formed products and so inhibiting
the access of activated oxygen from neighboring sites have also been identified in the present study.

To interpret this point, kinetic investigations were lead with water as the varied feed component.
The rate of propane disappearance and acrylic acid formation were calculated and plotted against the
water concentration (see Figure 1 and 2).

0.8 0.55
07 ..4653K TR
7 +— 05 +—|A
SO —+ 663 K . m ° | 0663 K
e T |-e673K et L 045 —[®673K A -
905 41— 683K [ ] —_—r— - 683 K = —
£ " M § o4 g T —_——
= @ 0. 0
=1 2===d £ ..
£ heemme=== i =
03 £ 0.35
2 N -
S02 3 03
o —— 4
0.1 —_———
-3 025
0 ; y . q y y y . 02
0 2 4 6 8 10 12 14 16 0 é 1'0 1'5
water concentration, mol/l .
water concentration, mol/l

Figure 1. Rate of propane disappearance with  Figure 2. Rate of acrylic acid formation with
respect to water concentration at 653, 663, 673, respect to water concentration at 653, 663, 673,
and 683K and 683 K

The reaction stoichiometry for propane to acrylic acid isCsHs+ 2 O,— C3sH,COOH + 2 H,O. From
the result above, the rate of propane disappearance (Iprop dis) and acrylic acid formation (raa form) from
the selective oxidation of propane over this catalyst with respect to water concentration can be
determined by the equation (see table 1).

In all cases, a small value of the reaction order with respect to water was obtained. This is
unexpectedly taking into account that water is a reaction product in all processes considered here and
that it will control the processes of C-H activation leading to (intermediate) OH groups. The addition of
massive amounts of water to the feed should have a negative influence on the kinetics, as water will
compete with all other polar molecules in the system for adsorption sites. It has to be assumed that the
integrity of the catalysts requires its surface to be covered to a substantial extent with water. On such a
surface the additional water created during the reaction of propane will not affect greatly the coverage
and hence will not lead to a significant reaction order detectable by formal kinetics. In contrast to current
opinion, the low values of reaction order do not imply that water cannot interfere with the reaction
kinetics.

For acrylic acid a strong dependence of the reaction order on temperature is observed, showing at
low temperatures a slightly beneficial and for high temperatures a slightly inhibiting effect of water. As
the C-H chemistry should not be relevant, it may be concluded that at low temperatures the beneficial
washing off effect is at work whereas at high temperatures the site competition effect prevents the
optimization of the surface coverage with other species than water indicating that water desorption must
be a strongly activated process.
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3.2. Effect of leach process

For further development of the catalyst system, two conclusions can be drawn. It is very important to
design the dilution of the active phase in such a way as to maximize the hydrothermal stability and to
optimize the heat management of the entire catalyst. Concerning the active phase, it became evident that
a single phase is essential as then the chances to bring about a single type of active sites, capable to
perform minimum consecutive total oxidation the selective oxidation of propane. To this end, leaching
and nanostructuring of the surface are suitable concepts. To clarify this point, a reaction mechanism has
been proposed (Scheme 1, [7]) and then it will be compared the amount of energy activation of the
propane oxidation reaction using unleached and leached catalysts.

Ea
» total oxidation
» acetic acid
Ea - Ea
Ea
=|] propene

Ea= activation energies in kl/mole. K

Scheme 1: Schematic representation of the reaction network

Overall, this propane oxidation reaction consists of three parallel processes paths. These processes
are one main path that produces the desired product, acrylic acid. The other pathway is the total oxidation
of propane to carbon dioxide, and another pathway is the process of desorption of propene. One thing
that is quite good in this reaction process is that the total oxidation pathway of propane requires a fairly
large activation process, so it is technically quite difficult to occur. The proposed reaction mechanism is
consistent with the presence of 2 types of active catalyst sites referred to as M1 for the partial oxidation
pathway to produce acrylic acid and M2 for the total oxidation pathway.

To further understand the effect of washing or leaching the catalyst on the presence of phases
responsible for the formation of acrylic acid, activation energy calculations for each process are
presented in table 1. This washing is intended to reduce the M2 phase which leads to a total oxidation
reaction. It is expected that the reduction of the M2 phase in total in the catalyst material will be
dominated by the M1 phase which pushes towards selective oxidation so that the desired product will
be produced more.

Tabel 1. Comparison of activation energy in each process of selective propane oxidation using leached
and unleached MoV TeNbD [5,7]

Processes Rate of reaction () Activation Energy (kJ mol™)
Unleached catalyst Leached catalyst Unleached catalyst Leached catalyst

Propane disappearance  k[C3Hs]'%° [02]%* k[C3Hzg]"% [02]%2! 21,8 273

Propene formation k[C3Hg]"% [02]%% k[C3Hzg]"% [02]%% 62,7 40,9

COx formation k[C3Hs]'% [02]2 k[C3Hs]!%0 [02]%3! 123,2 177,3

Acetic acid formation ~ k[C3Hs]*?2 [02]%* k[C3Hs]%%3 [02]%4? 46,9 91,6

Acrylic acid formation  k[C3Hz]*%° [0,]*!! k[C3Hz]** [02]%% 32,9 30,3

From table 1, it can be described that the process of removal (conversion) of propane requires slightly
higher energy in the reaction using leached catalysts. It can be logically explained that the washing
process causes several active catalytic sites both M1 and M2 phases to be washed away. The reduced
active site will complicate the process of propane removal/conversion. However, in the process of using
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leached catalysts, it appears that the formation of propene is easier. Propene is an intermediate product
which will immediately turn into the next oxidation product, acetic acid, and acrylic acid. The formation
of acetic acid which is a by-product requires higher energy, while the formation of acrylic acid as a
product of the main reaction pathway requires lower energy. This proves that the washing process is
quite successful in eliminating the M2 phase which is responsible for the total combustion of propane.
This is supported by the calculation of the activation energy of COx formation which shows a very high
increase. This suggests that COx formation is difficult. On the other hand, converting propane towards
propene and continuing towards acrylic acid is even easier. This confirms that the washing process
succeeded in reducing the M2 phase which is responsible for the total oxidation reaction of propane to
COx. In addition the washing process successfully maintains the M1 phase which is responsible for the
selective oxidation reaction of propane to acrylic acid.

4. Conclusion

In general, this study has provided a phenomenological framework for understanding the action of
MoVTeNb in propane oxidation catalysis. It was found that there are two types of reaction sites present,
one of which requires the presence of excess water to function. The extent to which these sites will be
present depends on the details of the bulk material nanostructuring and can be modified by synthetic and
post-synthetic steps. One of these steps is the washing process. Parallel reaction pathways for partial
oxidation need to be treated more carefully so that acrylic acid can be produced optimally.
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