Proceeding

4 9§

e 28

The 2™ International Conference of
the Indonesian Chemical Society 2013

IC:CS 2013

Research in Chemistry for Better Quality of €Environmental

Universitas Islam Indonesia,Yogyakarta, Indonesia
October, 22 - 23" 2013

Abdul Kahar Muzakkir, Conference Hall
Universitas Islam Indonesia (Ull),Yogyakarta.
Kampus Terpadu, JI. Kaliurang KM 14,5 Sleman, Yogyakarta.




Proceeclimng

The 2™ International Conference of the Indonesian Chemical Society 2013
October, 22-23" 2013

Preface

The international conference is an annual conference of the Indonesian Chemical Society
(Himpunan Kimia Indonesia, HKI). In the year 2013, the mandate of the organizing
committee was given to the HKI Y ogyakarta branch and also supported by Department of
Chemistry of Universitas Negeri Yogyakarta (UNY), Department of Chemistry of
Universitas Gadjah Mada (UGM), Department of Chemistry of Universitas Islam Negeri
Sunan Kadlijaga (UIN Suka), National Nuclear Energy Agency (BATAN Y ogyakarta), and
Volcano Investigation and Technological Development Center (BPPTK Y ogyakarta).
For the year 2013, ICICS 2013 is hosted by Department of Chemistry, Faculty of
Mathematics and Natural Sciences, Islamic University of Indonesia, Yogyakarta from
October 22 — 23, 2013. This conference was also prepared to celebrate 70th anniversary of
Universitas Islam Indonesia.

The Sicentific Programme of 1CICS2013 comprises the following:

1. Invited Speaker 11 papers

2. A total 256 paper for parallels sessions
a. Organic Chemistry 32 papers
b. Inorganic Chemistry 43 papers
c. Physical Chemistry 37 papers
d. Analytica Chemistry 68 papers
e. Education Chemistry 23 papers
f. Biochemistry 43 papers

The breakdown of the presentation is as follows:

Session Oral Poster Total
Invited Speaker 11 0 11
Organic Chemistry 25 7 32
Inorganic Chemistry 38 5 43
Physical Chemistry 31 6 37
Analytical Chemistry 61 7 68
Education Chemistry 22 1 23
Biochemistry 34 8 43
Total 222 34 256

Yogﬁkarta, 25" November 2013
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Welcoming Address by The Organizing Committee

Assalamu’alaikum Wr. Wb.

Honorable Rector of Universitas Islam Indonesia
The distinguished invited speakers, and
All participants of the ICICS 2013

Welcome you at the 2nd International Conference of the Indonesia Chemical Society 2013 (ICICS
2013) this morning here at the Auditorium Kahar Muzakkir Universitas Islam Indonesia,
Yogyakarta. The international conference is an annual conference of the Indonesian Chemical
Society (Himpunan Kimia Indonesia, HKI). In the year 2013, the mandate of the organizing
committee was given to the HKI Yogyakarta branch and also supported by Department of
Chemistry of Universitas Negeri Yogyakarta (UNY), Department of Chemistry of Universitas Gadjah
Mada (UGM), Department of Chemistry of Universitas Islam Negeri Sunan Kalijaga (UIN Suka),
National Nuclear Energy Agency (BATAN Yogyakarta), and Balai Penyelidikan dan Pengembangan
Kegunungapian (BPPTK Yogyakarta). For the year 2013, the honor of hosting ICICS 2013 has been
given to the Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas
Islam Indonesia, Yogyakarta. This conference was also prepared to celebrate 70th anniversary of
Universitas Islam Indonesia.

The conference comprises both oral and poster presentation in English and Indonesian with
optional post conference publication of full papers in English in the Procedia Chemistry (Elsevier,
ISSN: 1876-6196) and Proceeding Conference for Indonesian language. There are 211 papers
presented orally and 34 papers presented by poster covering wide-variety subjects of chemistry.
We invited 6 Indonesian invited speakers, 2 Japan invited speakers, 1 Australian invited speakers, 1
Saudi Arabia invited speakers, and 1 Malaysian Invited speakers.

We hope you will enjoy a pleasant and valuable seminar at Universitas Islam Indonesia

Wassalamu’alaikum Wr. Wb.

Riyanto, Ph.D.

| SBN: 978-979-96595-4-5 iii



Procaacling

The 2™ International Conference of the Indonesian Chemical Society 2013
October, 22-23"" 2013

Opening Speech from the Rector of Universitas|slam Indonesia

Assalamu’alaikum Wr. Wb
The distinguished invited speakers, and
All participants of the ICICS 2013

Firstly, | would like to express my great appreciation to the Department of
Chemistry UIl as one of the organizers of the program The 2nd
International Conference of the Indonesian Chemical Society 2013 (ICICS
2013) with the theme “Research in Chemistry for Better Quality of
Environmental”. I am proud that this interesting event is being organized
and held in Yogyakarta.

As the biggest and the oldest private university in Yogyakarta, University Islam Indonesia is
committed to the excellence in research and teaching. Recently, we are preparing Ull as one of the
world class universities.

Knowing that committee has selected outstanding speakers from various prestigious institutions. I
believe that all of the participants will enjoy the discussion of issue covered by the topic of this
seminar. Scientist have shown that the environment’s condition is increasingly critical, and human
industrial activities are largely to blame. In fact that environmental damage is a crisis we caused
together, therefore, a responsibility we all share together. We are deeply concerned with the issues
and opportunities in the internationalization of sciences for better life, sciences have to make better
quality of environmental.

Finally, I would once again like to thank the organizer for organizing this event, and to thank all the
participants attending this ICICS 2013 event as well as delivering their scientific presentations. I do
really hope that you can enjoy this seminar and have excellent stay in Yogyakarta.

Wassalamu’alaikum Wr. Wb

Prof. Dr. Edy Suandi Hamid, M.Ec.
Rector of Universitas Islam Indonesia
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Remarks by the Chairman of the Indonesian Chemical Society
(Himpunan Kimia Indonesia, HKI)

Indonesian Chemical Society (Himpunan Kimia Indonesia, HKI) is an
independent, nonprofit organization founded in February 1962 to
facilitate communication among Indonesian chemists and other

- professionals from chemistry related fields, and to promote the

‘ %; advancement of science, education, and application of chemistry to
LA support the better life of mankind. HKI organize activities to enhance
h\’:_ communication and collaboration among chemists in various
ARPLTE - B institutions in Indonesia, to disseminate new knowledge and research

¥t i BT b results in chemistry and related fields, to improve the knowledge and
skllls of chemlsts working in schools, universities, industries, research institutes, and other
sectors, to nurture a scientific temper on school children to ensure strong capabilities of future
chemists that are needed for humankind, and other activities that support its missions. HKI holds
various academic conferences, publishes several journals, supports the development of scientific
information systems in Indonesian; organize training for chemists in various sectors, etc.
The 2013 International Conference of the Indonesian Chemical Society will be the 2nd event in the
ICICS conference series, started in 2012, that brings together individuals involved in chemistry-
related fields (chemistry, pharmacy, environmental science, chemical engineering, molecular
biology, material science, education chemistry, etc.) or institution in chemistry-related sectors.
The First International Conference of the Indonesian Chemical Society 2012 is organized by East
Java Branch of HKI in collaboration with chemistry departments at several universities in East
Java: ITS, UB, UIN Maliki, UM, UMC, Unair, Unej, and Unesa.
ICICS 2013 will be organized by the Indonesian Chemical Society Yogyakarta branch. The
international conference was supported by the Indonesian Chemical Society (Himpunan Kimia
Indonesia, HKI), Department of Chemistry of Universitas Negeri Yogyakarta (UNY), Department of
Chemistry of Universitas Gadjah Mada (UGM) and Department of Chemistry of Universitas Islam
Negeri Sunan Kalijaga (UIN Sunan Kalijaga). For the year 2013, the honor of hosting ICICS-2013
has been given to the Department of Chemistry, Faculty of Mathematics and Natural Sciences,
Universitas Islam Indonesia (UII), Yogyakarta, Indonesia.
Congratulations to the ICICS 2013 committee for this conference.

Dr. Muhamad Abdulkadir Martoprawiro
Chairman of the Indonesian Chemical Society

ISBN: 978-979-96595-4-5 v



Precaeclimg

The 2™ International Conference of the Indonesian Chemical Society 2013

October, 22-23"" 2013

Committees

Steering Committee

© N W

Head of the Indonesian Chemical Society

Head of the Indonesian Chemical Society Yogyakarta Branch

Rector of Islamic University of Indonesia

Rector of Gadjah Mada University

Rector of Yogyakarta State University

Rector of State Islamic University of Sunan Kalijaga
Head of Geological Agency of Indonesia

Head of National Nuclear Energy Agency of Indonesia

Reviewers:

© N W

Prof. Dr. Hardjono Sastrohamidjojo (UII Yogyakarta)
Prof. Dr. Nurfina Aznam (UNY Yogyakarta)

Prof. Dr. Karna Wijaya (UGM Yogyakarta)

Prof. Harno Dwi Pranowo (UGM Yogyakarta)

Prof. Drs. Sahat Simbolon, M.Sc. (BATAN Yogyakarta)
Dr. Muhamad A. Martoprawiro (HKI)

Riyanto, Ph.D. (UII Yogyakarta)

Dr. Is Fatimah (UII Yogyakarta)

Editors:

v e

Dr. Noor Fitri (UIl Yogyakarta)

Drs. Allwar, M.Sc., Ph.D. (UII Yogyakarta)
Rudy Syah Putra, Ph.D. (UII Yogyakarta)
Dwiarso Rubiyanto, M.Si. (UIl Yogyakarta)
Tatang Shabur Julianto, M.Si. (UIl Yogyakarta)

I SBN: 978-979-96595-4-5

Vi



Precaeclimg

The 2™ International Conference of the Indonesian Chemical Society 2013

October, 22-23"" 2013

Organizing Committee
Chairperson
Secretary

Treasure

Programmer & protocol

Proceedings

Transportations and
Accommodations

Appurtenance

Logistic

: 1.
2.
3.

Ul B W N N O Ul A W R UG D W N -

UGl s W N

01
2.
3.

4
5
6

: Riyanto, Ph.D.
01
2.
3.

. Rudy Syahputra, Ph.D.
Cecep Sa’bana Rahmatillah, S.Si.
Siswanta, S. Pd.

Dr. Noor Fitri, M.Si.
Masirah, A.Md
Yuni Ari Rahmawati, S.Ag.

. Sunaryo MD

. Lindung Prasetya Kurniawan, A.Md.
. Paidi

. Asih

. Vira Megasari Haqni, ST

. Thorikul Huda, S.Si. M.Sc.

. Krisna Merdekawati, S.Pd., M.Pd.
. Puji Kurniawati, S.Pd.Si., M.Sc.

. Bayu Wiyantoko, S.Si., M.Sc.

. Tri Esti Purbaningtias, S.Si., M.Si.
. Yuli Rohyami, S.Si., M.Sc.

. Dedy Sugiarto, S.Si.

. Jamalul Lail, S.Si.

. Ponimin, SE

. Agus Sri Untoro
. Sukadi
. Parwanto

. Drs. Sunarwi

. M. Achnaf, A.Md.

. Sigit Mujiarto

. Kuntoro Haryanto, A.Md.
. Dwi Mahmudi, BA

. Reni Banowati Istiningrum, S.Si.
Indriyani, A.Md.

Painem

. Syaida

. Sukirman

. Aprilia Risky Wijaya

I SBN: 978-979-96595-4-5

Vii



Precaeclimg

The 2" International Conference of the Indonesian Chemical Society 2013
October, 22-23"" 2013

Publication and : 1. Anang Susilo, A.Md.
Documentation 2. Sihono
3. Umar Hasyim
4. Christanto Yuwono
5. Suratmin

Supporting Team : Himpunan Mahasiswa Kimia (HMK UII)

| SBN: 978-979-96595-4-5 viii



Proceacling

The 2™ International Conference of the Indonesian Chemical Society 2013

October, 22-23"" 2013

CONTENT
Content Page
Cover i
Preface i
Welcoming addres by The Organizing Committee iii
Opening Speech from the Rector of Universitas Islam Indonesia iv
Remarks by the Chairman of the Indonesian Chemical Society v
(Himpunan Kimia Indonesia, HKI)
Committe Vi
Reviewers and Editors Vi
Content i
Invited Speaker
haobin Wang, St . . R
S aOb".‘ ang, S acl:.ey Graphene Supported Oxide Systems for Catalytic Oxidation of .
Indrawirawan, Yunjin Yao, . . . Xii
. Organic Compounds in Aqueous Solution for Water Treatment
Honggi Sun
Tatsufumi Okino ChemlstrY and biology of bltomlnated compounds XV
from marine algae Laurencia spp.
Heriyanto, Leenawaty Limantara | Chlorophyll and Carotenoid Prospects on Food, Health and Energy Xviii
Katsumi Kaneko Molecular Functions of 1 nm-Scale Pore Spaces and their sxviii
Application Potential to Sustainable Technologies
Aly; Intercalated and Pillared Montmorillontes from Unusual
. . Antiperspirant Aqueous Solutions: Precursors for Porous Clay .
Fethi Kool
ethi Kooli Heterostructures and Heptane Hydro-Isomerization Catalytic XXXI
Activities
Allwar, Ahmad Md. Noor, Mohd Charact(.erlzmg Microporous .Structures using N|trogen'Adsc.orpt|on-
L . Desorption Isotherm for Activated Carbon Prepared with Different XXXV
Asri bin Mohd Nawi . . .
Zinc Chloride Concentrations
Papers of Physical Chemistry
B. Piluharto, I. Oktavianawati, Effect Temperature Treatment on Physicochemical and Water 1.5
Istigomah Permeability Properties Of Polisulfon Modified Membranes
Endang Tri Wahyuni,
Nurochmah Centriasani, Study on Sequential Removal of Detergent and Cu(ll) lon in Waste 6-15
Siwitama Wiryawati, Water Using Photocatalytic Method with TiO2 Suspension
Sugeng Triyono, and Mudasir
F. Khoerunnisa, R. Futamura, T.
Fujimori, T. Itoh, D. Minami, K. X-ray Absorption of Well-Characterized Multi-Walled Carbon 16-21
Fujisawa, S. Mukai, T. Konishi, Nanotubes
M. Endo, T. Fujikawa, K. Kaneko
. . Effect of Temperature to The Waste-Glass of Vitrification Product
Herlan Martono, Aisyah, Wati and Stainless Steel Canister in The Interm Storage 2231
ISBN : 978-979-96595-4-5 ix




Proceacling

The 2™ International Conference of the Indonesian Chemical Society 2013

October, 22-23"" 2013

Imelda Fajriati, Mudasir, Endang

The Influence of Cu(ll) on Methyl Orange and Methylene Blue

Tri Wahyuni Photodegradation Catalyzed by TiO,—Chitosan Nanocomposites 32-40
Is Fatimah, Hijrah Purnama . . .
Putra, Thorikul Huda, Imam T|02/Clay Based Ceramic Membrane for Nitrate Removal by Flow 41-45
. Adsorption System
Sahroni
Maria Ulfa, Indriana Kartini, lip Surface and Pore Structures of Gelatin Based Mesoporous Carbons
Izul Falah and Wega . . . . 46-54
. . Studied by Nitrogen Adsorption and Thermal Stability Methods
Trisunaryanti
Application and Characterization of Activated Carbon of Palm Shell
Masdania Zurairah Siregar and Multy Walled Carbon Nano Tube (MWCNT) as Adsorbent to 55-59
Reduce Metal Level of Hg
Pratiwi Pudjiastuti, Sri Sumarsih, .. .
Hery Suwito, JalifahLatip, g:yz::{ :ITid Molecular Structure of Erythrinine from Erythrina 60-65
A.M.Thunnissen, A. Meetsma, ystag
Puguh Setvopratomo. Yon Design and Performance Test of a Small Scale Crushing and
H_ag ono Yop * Briquetting Machine to Produce Fuel Briquettes from Municipal 66-78
2 Solid Waste by Densification Technology
Ridla Bakri*, Lina Mardiana and | The Syntheses of Ni/Zeolite Catalyst and Its Application in Benzene
Debby Noviana Hydrogenation to Cyclohexane 79-86
Rina Ristiana, Yayat Iman Simulation and Performance Ferromanganese Processing Tests with 37-96
Supriatna Single Electric Arc Furnace
Rodi *, Tak hi Hara, . . . .
N?):I:n::inI:hik:nia‘;?\Sd ISh:r?) Size-Controlled Synthesis of Nickel Nanoparticles Catalysts and
. ¥ ! & Application to Effective Hydrogenation of biomass-derived Xylose 97-102
Shimazu . .
into Xylitol
Rudy Situmeang*, R. Supryanto,
h{lltra .Septanto, Wasinton NixCo,Fe;..,0s Nanocatalyst : Preparation, Characterization and
Simanjuntak, Catalytic Activity on CO2/H2 Conversion 103-110
Simon Sembiring, and Anne- y y
Cecile Roger
Making Packing Materials with Mixed Biodegradable Plastics
Tengku Rachmi Hidayani Polypropylene and a-Cellulose Derived from Bagasse (Saccharum | 111-119
officinarum)
Tuty Dwi Sriaty Matondang, Pati Sagu Kelapa Sawit Sebagai Pengisi Pada Pembuatan Plastik
Basuki Wirjosentono, Darwin Kemasan Terbiodegradasikan Dari Polipropilena Tergrafting | 120-130
Yunus Anhidrida Maleat
Edy Widodo, Suryo Guritno, Sri Response Surface Models with Data Outliers (Case Study "Xanthan

. . 131-138
Haryatmi Gum Production")

Jaka Nugraha. Is Eatimah ComParlson of Linear Model and Probit Model on Photocatalyst 139-146
=axa TUgrang, Activity Modeling
Donatus Setyawan Purwo . .

, . . Catalytic Conversion 1-octadecanol to Flammable Component (1-
Handoko™, Triyono, Narsito, octadecene) Using ZSiA Catalyst in Fixed Bed Reactor 147-160
Tutik Dwi Wahyuningsih g ¥
Suyanta, Narsito, Endang Tri The Dependence of Cristallinity and Hydrothermal Stability of the
Wahyuni, Product in the Synthesis of MCM-41 on the Molar Ratio of | 161-171
Triyono, Sutarno K,50,/CTMAB

ISBN : 978-979-96595-4-5 X



hp
Highlight


Proceacling

The 2™ International Conference of the Indonesian Chemical Society 2013

October, 22-23"" 2013

Anis Kristiani, Nurdin Effendi,

Effect of Pretreatment by using Electron Beam Irradiation on Qil

Dyah Styarini, F Aulia, . 172-178
va .S ya.rlm . auzan Autia Palm Empty Fruit Bunch
Yanni Sudiyani
Theresia Mutia, Rifaida Electro - Spinning of Alginate/PVA and Gelatin/PVA Fibers for
s . . . 179-187
Eriningsih Primary Wound Dressing Application
Radna Nurmasarl, Urlpt.o Tr|s|:\o Synthesis of Macroporous Chitosan using Sodium Bicarbonate as
Santoso*, Utami Irawati, Novita .
. Porogen and Glutaraldehyde as Crosslinker 198-195
Ambarsari
Indra Gunawan*, Marhamni Computational Study of One Layer of Protonated Mordenite
Syaputra, Muhamad Abdulkadir | (H-MOR) as Ammonia and Water Molecule Adsorbent 196203

Martoprawiro

using Car-Parrinello Molecular Dynamics

ISBN : 978-979-96595-4-5

Xi




Procaaclimng

The 2" International Conference of the Indonesian Chemical Society 2013
October, 22-23"" 2013

Design and Performance Test of a Small Scale Crusher and Briquetting
Equipment to Produce Fuel Briquettes from Municipal Solid Waste by
Densification Technology

Puguh Setyopratomo™* and Y on Haryono?

YChemical Engineering Department, Faculty of Engineering, University of Surabaya, Indonesia
*Manufacture Program Study, Industrial Engineering Department, Faculty of Engineering,
University of Surabaya, Indonesia.

"Corresponding Author; E-mail: puguh_sptm@yahoo.com, Tel: +62-31-2981158, Fax: +62-31-2981178

Abstract

It is generally acknowledged that burning of fossil fuels and deforestation are major contributors to the
global warming and anthropogenic climate change. Behind coal and oil, biomass is the third largest
energy resource in the world. Biomass from plants can serve as an aternative renewable and carbon-
neutral raw material for the production of energy. One of the least-expensive biomass resources are the
municipal solid waste. To be suitable used as a solid fuel, the solid waste should be densified in order to
increase its density. Pelleting, briquetting, extrusion and agglomeration processing are methods
commonly used to achieve densification. The goal of this research work is to design a small scale
crushing and briquette-making equipment which is appropriate to produce fuel briquettes from municipal
solid waste. The design analysis of the crusher resulted in 1,5 hP power consumption for laboratory scale
crusher. The result of the performance test show that the crusher capacity is about 25 kg/h and the
dimension of the solid waste cut is in the range of 6,1 — 6,8 mm which is suitable for fuel briquette
formation. Bulk density briquettes produced is still low at 113.7 kg/m® due to low compression resulted
by human power. The resulting fine after shaking the briquetting is quite small , i.e. 9.99%, showed that
tapioca starch is acts as a pretty good adhesive. The result of water content measurements indicate the
briquette meet the water content standard for briquettes from solid waste, while calorific value obtained
from the measurement has also already met the minimum standards of caloric content for briquette
originating from solid waste.

Keywords: briquette, densification, fuel, solid waste

I ntroduction
Burning of fossil fuels is acknowledged as the main contributor of the global warming. Global
warming is one of the serious environmental problems facing the world's population today.
Global warming causes many changes in natural conditions such as storms, hurricanes, floods,
droughts and forest fires. Beside that, it also caused many adverse impacts such as a fast polar
ice melts, an increase some pest and disease vectors in a wide range and activities, disruption of
water supply in some areas, which al lead to a disturbance of human life.

The cause of the global warming is the increase of the Green House Gas (GHG)

concentration in the atmosphere. One of the components of Green House Gases generated from
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human activities is carbon dioxide (CO,). Concentration of carbon dioxide in the atmosphere is
increasing rapidly due to the combustion of fuel oil / fossil, coal and natural gas.

International conventions related to global warming issue is the Kyoto Protocol On
Climate Change, where the convention is intended to reduce Green House Gas emissions, reduce
dependence on fossil fuels and encourage the use of renewable energy. Kyoto Protocol also
encourages cooperation between developed and developing countries to achieve sustainable
development by using a Clean Development Mechanism (CDM).

Behind coa and oil, biomass is the third largest energy resource in the world. Biomass
from plants can serve as an aternative renewable and carbon-neutral raw material for the
production of energy. One of the least-expensive biomass resources are the municipa solid
waste. To be suitable used as a solid fuel, the solid waste should be densified in order to increase
its density. Pelleting, briquetting, extrusion and agglomeration processing are methods
commonly used to achieve densification. Biomass and waste —based renewable energy
technologies can take a key role in combating global warming and other problems associated
with fossil fuels.

Production of fuel briquettes from municipal solid waste components is aimed to recover
the combustible components of the waste and to be converted to briquettes which is can be
used as a substitute or supplement of energy source. In this case the use of fuel briquettes which
is produced from municipal solid waste can be seen as the embodiment of clean development
mechanism and in line with the Kyoto Protocol.

Fuel briquettes from municipal solid waste become one of an attractive aternative to
address both global warming and the problems of urban solid waste management. The benefit
gained is not only improving the quality of the world environment, but also reduce loss of the
local economy potentia (Jidapa Nithikul, 2007).

Research, development and applications of production of fuel briquettes from municipal
solid waste in Indonesia could also be viewed as a manifestation of Indonesia's support to the
implementation of the Kyoto Protocol, to which Indonesia is one of country which has signed

and even has ratified the Kyoto Protocol.

ISBN: 978-979-96595-4-5 67



Procaaclimng

The 2" International Conference of the Indonesian Chemical Society 2013
October, 22-23"" 2013

The goal of this research work is to design and to conduct a performance test a small
scale crushing and briquetting machine which is appropriate to produce fuel briquettes from
municipal solid waste.

Literature Review

Solid waste can be classified into several groups, the largest group is municipa solid waste (
MSW) which consist of materials from household/residential waste and waste from commercial
activities (commercia waste). Other groups are industrial waste, and construction waste
(Nickolas J., et a., 2002). Municipa solid waste is the least homogeneous, because it consist of
amost all types of waste / remnants of materials used by the public, ie: food, organic waste,
paper, plastics, fibers, rubber, leather, metal, glass and other inorganic materials. Disposal of
municipal solid waste become a big problem in many citiesin the world, including in Indonesia.

The most desired municipal solid waste management hierarchy are: reduce, re-use,
recycle, utilize as an energy source (energy recovery) and disposal into the land (landfill), as
shown in Figure 1 (Eduardo Ferrer, et al., 2005).

Preferably

A
Reduce

Recycle - Composting

/ Combustion With Energy Recovery \
/ Landfill & Incineration Without Energy Recovery \

Figure 1: Municipal solid waste management hierarchy

Densified
— Refuse
Derived Fuel
(DRDF)

Until now land filling is the most widely used option, but besides require large tracts of
land this method also cause environmental problems namely pollution of soil, water and air as

well asincrease greenhouse gas (GHG) emission due to the production of methane gas.
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Increasing the impetus for re-utilization or recovery of materials and energy and the need
for aternative disposal other than land filling of municipal solid waste, has been growing interest
to convert solid waste into fuel. Utilization of waste into a source of energy has become a serious
attention from time to time as the cost for disposal (landfill) and environmental health issues is
increasing in developed countries, including in Indonesia.

Indonesia with a population of around 250 million in 2012 and more than 6% economic
growth rate has accelerated urbanization and industrialization. Levels of waste production per
capita is strongly linked with the economic progress of a country. For countries with medium
incomes, waste production rate is approximately 0.80 kg/capita/day (WA Wan, et a., 2009). It
requires serious attention of the government to collect, process and dispose of the waste safely.

Commonly, municipal solid waste was collected and managed by local government
authoritiesmunicipalities. The waste is mainly derived from household waste, while the rest
come from commercial waste and industrial waste (Defra, 2007). Along with the growth of the
urban population, the amount of municipa waste is also increasing year by year and resulting in
an increase problems related to the difficulty in managing the provision of area for land filling
and environmental pollution. Michael H. Eley & Gerad R. Guinn (1994) states that there are
several ways to convert municipal solid waste into useful fuels, such as direct combustion (direct
burning), pyrolysis and anaerobic treatment (anaerobic digestion).

Production of fuel briquettes from municipal solid waste, in principle, is a separation of
components that can be burnt (combustible) from materials that can be recycled (recyclables)
and materials that are not flammable (non-combustible). Components that can be burnt are
widely known by the term of "refuse-derived fuel" or RDF. Basically, processing the municipal
solid waste into fuel briquettes through a series of treatments that include sorting, drying,
destruction/size reduction (shredding) and the formation of briquettes (briquetting).

One of the disadvantage that limit the use of biomass as an alternative fuel to produce
energy is the low bulk density, which only ranged between 80-100 kg/m® for rice straw and grass
and up to 150-200 kg/m® for biomass sourced of wood (woody biomass). The low bulk density
of biomass resulted in difficulties in storage, feeding, transportation, and use. Moreover, the low
bulk density of biomass aso be a problem when it is used as a companion fuel (co-firing),

because it creates difficulties in feeding and cause the combustion efficiency low. Densification
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became one of promising option to overcome these problems. During densification, biomass is
mechanically compressed, increasing its density to be approximately 10 times larger. To make
the briquettes component are bind strongly to each other, the use of binder material was needed.

The fuel briquettes which are produced from the waste consists mainly of organic
materials such as municipal waste plastics, paper, wood and other organic materials, so that the
briquettes containing flammable material fraction higher than the waste materials to be
processed.

Fuel briquettes from municipal waste can replace coa in the industrial sector and has
been successfully used as fuel steam generators (boilers) with high efficiency and clean
emissions. The resulting briquettes considered quite solid, has a heat content of approximately
equal to the heat content of coal and economically can be transported to the center of the
combustion facility to be converted into energy, such as steam power plant (SPP), steam boiler,
and industries that require fuel. Furthermore, monitoring activity in the combustion facilities and
pollution control can be integrated (Lai Wei-chum). The process has made fuel briquettes from
municipal waste to be potentially used as a fuel and recently seen to be a good alternative
solution in the management of municipal solid waste. Another advantage of converting urban
waste into fuel briquettes are reduced land requirement for landfill.

Materialsand Method

Flow diagram of manufacturing process of fuel briquettes from municipal solid waste was
presented in Figure 2. The first stage of the workflow process is screening the municipal solid
waste to separate the small particles which mostly consist of sand, soil and food waste. The next
stage is manually separate the waste and to be divided into 4 groups, i.e.. 1). The recyclable
materials (mainly plastic, glass and metal); 2). The non-combustible materials such as bone,
stone, ceramics, etc..; 3). The organic materials which has high water content (fresh leaves,
vegetables, and other agricultura products) which are generally derived from household waste
and waste from traditional markets.; 4). Material with high calorific value (plastic, paper, rubber,
wood, leather, etc..). The group of materials that can be recycled will have economic value in
accordance with the price of recycled materias prevailing in the market. While the group of

ISBN: 978-979-96595-4-5 70



Procaaclimng

The 2" International Conference of the Indonesian Chemical Society 2013
October, 22-23"" 2013

organic material which has high water content is then fed to composting process to produce
compost that is also has high economic value as afertilizer and soil conditioner.

The group that will be processed into fuel briquettes are materials that have a high
calorific value, which is generally made up of plastic, paper, rubber, wood, leather, etc.. Against
these groups, if necessary drying was performed to a certain moisture content prior to be fed into
shredder/size reduction to obtain materials with size less than 40 mm. The final stage is the

formation briquettes by densification technology.

Inert / Non-Combustible
(bone, stone, ceramic, etc)

N7/

High Moisture Content

Organic Material (leaf, . Fertilizer /
Composting

Recyclable Material (plastic, glass,
metal, etc.)

Municipal
Solid Waste
(MSW)

Screening Separation

¥

Sand, Soil, Food Waste

Compost

vegetable,agricultural
product etc.)

=

[ [

High Caloric Value

Material (plastic,

rubber, leather, Drying Crushing Bricketting
wood, paper)

Fuel
Brickett

Figure 2: Process flow diagram of the manufacturing of fuel brigquettes from municipal solid
waste
At this research work design a small scale crushing and briquetting machine which is

appropriate to produce fuel briquettes from municipa solid waste was done. Performance test
was conducting to examine the ability of each machine, afterward. Artificial municipal solid
waste which its composition close to the composition of the combustible component of

municipal solid waste was used as was presented in Table 1.
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Table 1: The composition of the artificial waste used in the experiment

Component % weight
fresh organic origin 60
paper 15
plastic 15
wood 5
textile 3
rubber & leather 2

Each component was dried under sun light to reduce its water content up to less than 10
% before it was fed to the crusher. Refer to composition as presented in Table 1, all cut materials
then mix. As a binder material, tapioca starch-water mixture was added to the mix material. The
final step is to prepare a certain amount of mix material which proper to the volume of
briquetting-making equipment’s mold. In this work ratio of the starch, water and dry raw
material was varied to investigate the best ratio of it.
Results and Disscussion
Design of crushing machine
Based on the identification of crusher requirement for lab scale, it is determined that the crusher
specificationsis as follow: capacity: 25 kg / h, the maximum propulsion motors. 2 HP, maximum
overall dimensions: 90 cm X 50 cm X 150 cm . Diagram of the designed crusher by part and its
physical view were presented in Figure 3.
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Figure 3: Diagram of the crusher by part and its physical view

At the crusher, there are some parts that receive the critical load which needs to be
analyzed the resistance when certain load was applied. The critical load could potentially cause
damage to the component itself or other components lead to crusher malfunction. Furthermore,
in the crusher there are some parts that can undergo critical load i.e. the cutting systems, and
motion systems and the connections of crusher body/frame. Rotating cutter is the most
important part of the crusher, because the size reduction process carried out by the rotating cutter
blades. Based on the calculation, it need rotation of 280 rpm to proceed 25 kg solid/hour.

At this crusher, cutting system applied multistage shear forces, so that the required
cutting force is not as strong as in direct cutting. Because the solid material gradually cut then 1
cm cutting cut was assumed. This crusher is intended to cut solid materials whose have extreme
yield strength 55 Mpa. The result of crusher specification was shown in Table 2.

Table 2: The crusher specification

Parameter Specification
Overdl dimension (length, depth, (90 x 50 x 140) cm
height)
Weight 80 kg
Motor power 1,5 HP, 1 phase, 1450 rpm
Cutting bled material High carbon steel
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Number of rotor blade 3 pcs
Number of rotor blade 2 pcs
Transmission system belt pulley
Number of pulley V belt 1 set
Rotation ratio 1:3

Design of briquetting equipment

Based on the identification of briquette molding requirement for scale research scale, the
specification of briquetting equipment was as follows: propulsion systems. manual, cavity
number: 2 pieces, mechanisms. moment arm, compression System: compression, overall
maximum dimension: 300 mm X 500 mm X 600 mm, length of arm moment: 400 mm.

The briquette-making equipment are designed from the stage of concept development,
concept selection by scoring methods and screening matrix using several criteria. The obtained
concepts of briquette-making equipment and its physical view was shown in Figure 4.
Performancetest of the crusher
The purpose of this prototype testing is to determine whether the crusher is designed and
produced can work properly in accordance with defined specifications. The expected
performance of the crusher is capable cutting through dense material (organic waste, paper,
grass, etc.) to produce 10 mm cut size with cutting capacity of 20 kg/hour.

As much as 1 kg of raw material which is a mixture of solid waste (dry leaves, wood
scraps, paper, cardboard, cork, etc..) fed into the crusher. The time (t) during the process of
cutting 100 seconds, When the rate of materia flow reach steady state, the cut product which
was produced for 100 seconds was collected and weighted. Result of the test performance of the

crusher was presented in Table 3.
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Figure 4: Diagram of the briquette-making equipment by part and its physical view

Table 3: Result of performance test of the crusher

Experiment Time, t Mass of cut, G Capacity (kg/hr)
number (seconds) (kg) 3600
0=
1 100 0,70 25,20
2 100 0,73 26,28
3 100 0,72 25,92
4 100 0,71 25,56
5 100 0,74 26,64
6 100 0,76 27,35

Crusher capacity test results are shown in Table 3, which ranged from 25.20 kg/h up to
27.35 kg/h. Thus the target of designed capacity, which is 25 kg/h, is reached. Variations of the
capacity test results as in Table 3 was due to un-uniformity of solid material to be processed in

the crusher during the test.

The expected size of the crusher output is smaller than 10 mm. Target size is strongly

influenced by not only the size of the gap (the gap between the barrel wall and the radius of the

rotor blades) but also by the size of the hole screen.
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Testing of the prototype crusher, with a sampling size by 16 pcs, resulted in cut pieces
size varies between 6.06 mm op to 6.80 mm, and the average size is 6.43 mm. Thus the size of
the crusher output is sufficient to meet the expected technical specifications which is less than
10 mm.

Performancetest of the brigquette-making equipment

To produce briquette, three components are mixed which consist of solid waste, and tapioca
starch —water mix as a binder. While the solid waste used in this work is artificial waste
consisted of a variety of materials prepared to represent the composition of real municipal solid
waste and are presented in Table 1. The composition of tapioca starch , water and soild waste
was varied and shown in Table 4. The image of raw material cut and the resulted briquette was
shown in Figure 4.

Table 4: The composition of raw material and binder

Composition (percent weight)

No.
experiment tapioca starch water solid waste
1 6,6 26,6 66,8
2 9,9 25,8 64,3
3 12,5 25,0 62,5

Figure 4: Image of the raw material cut and the resulted briquettes
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To determine the quality of the resulting briquettes 5 parameters of quality testing that
unit/true density, bulk density, amount of fine detached after shaking, water content and heating
value. The profile of 5 test results to the parameters presented in Table 5.

Table 5: The profile of 5 test results to quantify the quality of the briquette

ExNO. _ M easured parameters
mgﬁ? " Truedensity Bulk Density Fineafter Water content Caloric content,
' (gricm®) (gricm®) shaking (% w) Dry Basis
(%) (Kcallkg)
1 0,2307 0,1205 4,84 4,8 4497
2 0,2287 0,1074 12,19 4,7 4098
3 0,2111 0,1134 10,97 6,5 4414
AV 02235 0,1137 9,99 53 4335

Bulk density measurements resulted in that bulk density of the briquettes produced is still
relatively low at 113.7 kg/m3 with average true density per unit briquettes is 223.5 kg/m®. The
low bulk density is due to the low compression pressure because it is done manually by human
power. To increase the bulk density increased compression pressure using a hydraulic or
pneumatic system is needed. While the durability index measurements showed that after shaking
in the plastic tub for 2 minutes flakes (fine) that dislodged of the briquettes is less than 10% i.e.
9,99%. This indicates that the tapioca starch binder/adhesive fit enough to sustain briquettes do
not dislodged into pieces when shaking was applied on it.

The result of water content measurement meet the standard briquettes produced from
solid waste that is below 25% , while the calorific value resulted from the measurement also
satisfy the minimum standards of solid waste briquettes ie. 3600 Kcal/kg. In this experiment,
after produced by briquette-making equipment, the briquettes are dried under the sun for about 2

hours to reduce its water content.

Conclusion
Crusher resulted from the process design capable to proceed the municipal solid waste at
capacity from 25.20 kg / h up to 27.35 kg / hour. Size reduction by the designed crusher meet

the expected technical specifications to produce solid waste cut to less than 10 mm size. Bulk
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density briquettes produced is still low at 113.7 kg/m® due to low compression resulted by human
power. The resulting fine after shaking the briquetting is quite small , i.e. 9.99%, showed that
tapioca starch is acts as a pretty good adhesive. The result of water content measurements
indicate the briquette meet the water content standard for briquettes from solid waste, while
calorific value obtained from the measurement has also already met the minimum standards of
caloric content for briquette originating from solid waste.

Aknowledment

The authors would like to thank to The Institute for Research and Community Services,

University of Surabaya for the financial support in this research work.

References

Defra, 2007, Advanced Thermal Treatment of Municipal Solid Waste, Department for
Environment Food and Rural Affairs, UK.

Eduardo Ferrer, et al., 2005, Fluidized bed combustion of refuse-derived fuel in presence of
protective coal ash, Funded by the European Commission through contract ENK5-
CT2002-00638.

Jaya Shankar Tumuluru et al., 2010, A review on Biomass Densification Technologies for
Energy Application, INL - Idaho National Laboratory, US Department of Energy.

Jidapa Nithikul, 2007, Potential of Refuse Derived Fuel Production from Bangkok Municipal
Solid Waste, Master degree of engineering thesis.

Michael H. Eley & Gerald R. Guinn, (1994), A New Processing System For The Production of
Improved Refuse Derived Fuel and Recyclables From Municipal Solid Waste, National
Waste Processing Conference Proceedings ASME.

Nickolas J, et a., 2002, Energy recovery from New York City solid wastes, ISWA journal:
Waste Management and Research, 20, 223-233.

W. A. Wan, et a., 2009, Co-Combustion of Refused Derived Fuel With Coal in a Fluidized Bed
Combustor, Journal of Engineering Science and Technology Vol 4, No.1, pp. 122-131.

Wei-chum Lali, et al., Pyrolysis of Biomass and Polymer Mixtures — Municipal Solid Waste as an
Example, Chemical Engineering, University of Washington, Funded by The Department
of Energy USA, Contract No. XK-7-07224-1.

ISBN: 978-979-96595-4-5 78



9 Himpunan z W G

Kimia ol o

e Indonesia ' -
|

UNIVERSITAS}'I”SLAM INDONESIA

fe’ttcﬁcate

Present to

,
v P
f ] y |’

Puﬁuh Setyopratomo 1
s -
Presenter‘

The2

AugltorlumApdul Kahar‘ ‘ Ir i
| Yogyakartéﬁ 2 23"‘ Gctab ',= i \

M’ “ b@?"

i —' {, I:‘u y 'ﬂ!"”* m hm“ \s ” J l"'“ o Wit I* o @
¥ *mﬁ\ - i o VAN A oY }CS :

A. Martograwlm 9 “'llf At “ Riyanto, Ph.D.

Dr. Muha
President Organizing Committee

Indonesian Chemical Soc:bt,y wﬂ,‘m ﬁ =1 A % Chairman



