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PREFACE

It is a great privilege for us to present the proceedings of the
3 ITB Graduate School Conference to the authors and
delegates of the event. The postgraduate education in ITB is a
locomotive for achieving academic excellence through
research, innovation, and scientific publications. The ITB’s
Graduate School Conference (i-GSC) is held by ITB’s
Graduate School and Institute for Research and Community
Service (LPPM) as a platform for scientific publications of
ITB postgraduate students whose basis is the results of their
thesis and dissertation research. The conference is also open
to academia and researchers from outside the university.

The responses to the call-for-papers had been overwhelming both from ITB and from other
universities. This conference invited 3 keynote speakers from ITB (Prof. Dr. Yudi Darma,
S.Si., M.Si.), BRIN (Dr. Deni Shidgi Khaerudini, S.Si., M.Eng.), and Monash University
(Dr. Ella Whateley). The organizing committee of the 3" IGSC also collaborated with eight
(8) ITB reputable Scientific Journals with various scopes of research. The submitted
manuscripts were peer-reviewed and parts of them were accepted for publication in the
journal. We are truly appreciating all the participants.

In the end, we would like to express our gratitude and appreciation for all the reviewers who
helped us maintain the high quality of the manuscripts. We would also like to extend our
thanks to the organising team members for their hard work. Last but not least, we thank all
participants and wish to see you on the next occasion.

We do hope that this conference activity can continue and support the advancement of
science, art, and technology in Indonesia.

Conference Chair

Dr. Kiki Adi Kurnia
On behalf of the 3™ IGSC Committees
21% December 2022
Bandung, Indonesia



Proceedings of the 3 ITB Graduate School Conference ISSN: 2963-718X
Enhancing Creativity in Research Through Developing

Innovative Capabilities

December 21, 2022

Proceeding Book
ITB GRADUATE SCHOOL CONFERENCE (IGSC)
Volume 3, 2022

Editors:
Prof. Dr. Eng. Suprijadi, M.Eng.
Dr. Yuli Setyo Indartono
Prof. Dr-mont. Zaki Mubarok

Reviewers:
Dr. rer.nat. apt Sophi Damayanti  Prof. Dr. Yasraf Amir Piliang
Deny Willy Junaidy, S.Sn., MT., Ph.D. Prof. Dr. Dwi Hendratmo Widyantoro
Dr.rer.nat. Rino Rakhmata Mukti, S.Si., M.Si.  Prof. Asep Kurnia Permadi, Ph.D.
Mohammad Farid, S.T, M.T, Ph.D.  Prof. Dr. Daryono Hadi Tj.

Prof. Dr. Eng. Nining Sari Ningsih, MS  Prof. Dr. Barti Setiani Muntalif

Prof. Intan Ahmad Musmeinan, Ph.D. Prof. Dr. Ir. Dermawan Wibisono, M.Eng.

Prof. Dr. Ir. Bambang Kismono Hadi Prof. Dr. Eng. Pradono

Prof. Dr. Umar Fauzi Prof. Ir. Johnner Sitompul, M.Sc., Ph.D.

Committee

Steering Committee . Prof. Dr. Eng. Suprijadi, M.Eng. (FMIPA, ITB)
Dr. Yuli Setyo Indartono (FTMD, ITB)
Prof. Dr-mont. Zaki Mubarok (FTTM, ITB)
Dr. rer.nat. apt Sophi Damayanti (SF, ITB)
Deny Willy Junaidy, S.Sn., MT., Ph.D. (FSRD, ITB)
Dr.rer.nat. Rino Rakhmata Mukti, S.Si., M.Si. (FMIPA, ITB)
Mohammad Farid, S.T, M.T, Ph.D. (FTSL, ITB)
Prof. Dr. Eng. Nining Sari Ningsih, MS (FITB, ITB)
Prof. Intan Ahmad Musmeinan, Ph.D (SITH, ITB)
Prof. Dr. Ir. Bambang Kismono Hadi (FTMD, ITB)
Prof. Dr. Umar Fauzi (FMIPA, I1TB)
Prof. Dr. Yasraf Amir Piliang (FSRD, I1TB)
Prof. Dr. Dwi Hendratmo Widyantoro (STEI, ITB)
Prof. Asep Kurnia Permadi, Ph.D. (FTTM, ITB)
Prof. Dr. Daryono Hadi Tj. (SF, ITB)
Prof. Dr. Barti Setiani Muntalif (FTSL, ITB)
Prof. Dr. Ir. Dermawan Wibisono, M.Eng (SBM, ITB)
Prof. Dr. Eng. Pradono (SAPPK, ITB)
Prof. Ir. Johnner Sitompul, M.Sc., Ph.D. (FTI, ITB)
Keynote Speaker : Prof. Dr. Yudi Darma, S.Si., M.Si. (FMIPA, ITB)
Dr. Deni Shidgi Khaerudini, S.Si., M.Eng. (BRIN)
Dr. Ella Whateley (Monash University)



Chief Executive
Secretariat Coordinators

Scientific Coordinators
Event Coordinators

Treasury Coordinators

Moderators of Program

Program Support Division

Informations Division

Logistics Division

Dr. Kiki Adi Kurnia, Ph.D. (FTI, ITB)
Dr. Windy Iriana (FTSL, ITB)
Housny Mubarok, ST.

Ani Hamidah Nurhayati, MAB

Diki Rustandi

Dr. Nur Ahmadi (STEI, ITB)

Maya Fitriyanti, Ph.D. (SITH, ITB)
Roslina Sawitri, M.Pd.

Nia Nuraeni S.Pd.

Santi, A.Md.

Budiman, A.Md.

Dr. Shofarul Wustoni (FMIPA, 1TB)
Rizal Dwi Prayogo (STEI, ITB)

Dr. Jihad Furgani (STEI, ITB)

Dr. Agung Budiyono (FTI, ITB)
Dr.Pipit Fitriani (FMIPA, ITB)

Dr. Agsha (FTI, ITB)

Dr. Mahesa Akbar (FTMD, ITB)
Dr. Faizal Rohmat (FTSL, ITB)

Dr. Alfredo Kono (FMIPA, ITB)
Moch. Saifur Rijal (28720304)
Muhammad Nauval Farras R (28721304)
Mandhalika Ayu Shania, S.T.

Irma Siti Rohimah, S.E.

Ali Hasan Asyari

Suyanto

Irvan Sidik

Rama Anugrah

Suwitno

lin Gumilar



Proceedings of the 3 ITB Graduate School Conference ISSN: 2963-718X
Enhancing Creativity in Research Through Developing

Innovative Capabilities

December 21, 2022
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Abstract. The dihedral group of order 2n denoted by D,,, is the symmetry group
of a regular n-polygon consisting of rotation and reflection elements and the
composition of both elements. We then construct a coprime graph of the dihedral
group with prime order. Many properties can be studied from this coprime graph
including the shape, spectrum, tree numbers, chromatic numbers, etc. By utilizing
the Python programming language, we can draw this graph and simulate the
properties concerning this graph to get more insight on it.

Keywords: coprime graph; dihedral group; spanning tree; python; network.

1 Introduction

Since the first coprime graph of a group was defined by Ma et al in 2014 [1],
research on these topics has continued to grow. Starting from looking at the
properties of coprime graphs from finite groups to special groups such as integer
groups modulo n, dihedral groups to generalized quaternion groups. In 2020,
Rina et al [2] examined the form of coprime graphs in the integer group modulo
n. In the same year Syarifudin et al examined the shape of the coprime graph in
the dihedral group, then continued to look at other properties such as the degree
of vertex, radius, diameter, girth, cliqgue number and chromatic number [3, 4, 5].
In 2021, Nurhabibah et al examined some properties of the coprime graph of the
generalized quaternion group [6]. In addition, the parameters of the coprime
graph in an infinite group were discussed, likes the so-called freedoms number.

Based on a lot of interest in obtaining properties on coprime graphs, for this
reason in this study a program will be made to simulate the properties on coprime
graphs. To be more specific to dihedral graphs with prime order, some of the
properties simulated in this study are graph shape, adjacency matrix, graph
spectrum, tree number and chromatic number.

Copyright © 2023 Published by ITB, ISSN: 2963-718X 1



2 Verrel Rievaldo Wijaya & Abdul Gazir Syarifudin

2 Main Theory and Results

First, we give some definition and known results regarding coprime graph of
dihedral group. Here and next, we will concern ourselves especially with dihedral
group of prime order.

Definition 2.1 (Dihedral Group) [3] Group G is called a dihedral group of order
2n, n >3 andn € N, if it is being generated by two elements a, b € G with the
properties

G =(a,bla® =e,b?> =e,bab™! =a™1)
Dihedrap group with order 2n will be denoted by D,,,.

From the definition it is easy to see that |D,, | = 2n and D,,can be written
as the set D2TL = {el a, aZ’ a3l R an_l; b; ab; azb; a3b, ey an_lb}.

Definition 2.2 (Order) [7] Let G is a group with identity e and x € G, the order
of x is the smallest natural number k such that x* = e and denoted |x| = k.

Theorem 2.1 (Order of Element in D,,,) Let D,,, be a dihedral group. Then the
order of its element is showed as follows

n
latb/| ={ged (i,n)’
2, j=1

j=0

where alb/ #edan 0 <i<n

Next, we give definition of some properties concerning the algebraic
graph theory that will be shown in the simulation.

Definition 2.3 (Coprime Graph) [1] The coprime graph of a group G, denoted
by I is a graph whose vertices are elements of G and two distinct vertices u and
v are adjacent if and only if (|a|, |b]) = 1.

Definition 2.4 (Adjacency Matrix) [8] The adjacency matrix of I'is the n X n
matriks A = A(T') whose entries a;; are given by

1, if v; is adjacent to v;
al-j = .
0, otherwise
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Definition 2.5 (Incidence Matrix) [8] The incidence matrix D of I', with respect
to a given orientation, is the n X m matrix d;; whose entries are

+1, if v; the positif end of e;
dij=f(x)=1{-1, if v; is the negatif end of ¢;
0, otherwise

Definition 2.6 (Spectrum) [8] The spectrum of a graph T is the set of numbers
which are eigenvalues of A(T), together with their multiplicities. If the distinct
eigenvalues of A(I) are Ag >A; > - > As_q, and their multiplicities are
m(1y), m(A;), then we shall write

o Ao /15_1>

Specrz(m(,lo) m@Ay) o mAs—1)

Definition 2.7 (Spanning Tree) [8] A spanning tree in T is a subgraph which has
n — 1 edges and contains no cycles.

Definition 2.8 (Tree Number) [8] The number of spanning trees of a graph I is
called a tree-number, denoted by x(I).

Theorem 2.2 [8] Every cofactor of Q is equal to the tree-number of T, that is
adj Q = k() J
with Q is a Laplacian matrix of I" and J is a matrix with all its entry 1.

Theorem 2.3 [8] Let the complete multipartite graph K, 4, .4, ., Where a; +
az + -+ am =n,thenk(Ky 0, q,,) =™ 2(n— a7 (n— ap)m™?
Theorem 2.4 Coprime graph of dihedral group D,,, n a prime number is a
complete tripartite graph K ,,_ ,. Furthermore, the tree number of this graph is
kK(Kin-1n) = 2(n + 1)""2n"

Proof.
The dihedral group with n a prime number can be partitioned into three partition
that is {e}, {a,a?,...,a™ 1}, and {b, ab, ...,a™ 1b}. These three partitions can
easily be seen to be coprime with each other. So, the coprime graph is a complete
tripartite graph K; ,,_; . Furthermore, using formula from Theorem 2.3 we get
the tree number of this graph is

K(Kin-1n) = 2n)*2(2n— 1" (2n— (n - 1))

=2n(n+ 1" 2nn?!

n—1—1(2n _ )t
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Definition 2.8 (Chromatic Numbers) [8] A proper coloring of a graph G is a
coloring of the vertices of G so that no two adjacent vertices receive the same
color. The chromatic number y(G) is the least integer k such that there is a proper
coloring of G using k colors.

Theorem 2.5 (Chromatic Numbers of D,,, Graph) [5] Let D,,, dihedral group.
Ifn = pflpgz p,'j{", where p; are distinct odd prime number then the chromatic
numbers of coprime graph of dihedral group is (m + 2)-partite.

3 Program Simulation

3.1  Python and Packages

In this paper, we will use programming language called Python to help simulating
some properties of graph. Python is one of the most popular object-oriented high-
level programming languages today and is widely used as a tool for mathematical
computing and data analysis [9]. Previously, Python has been used to generate all
subgroups of a particular group, for example Z,, [10].

Python contains package that can help us to work with studying graph and its
properties. Some of the packages that will be used in our program are the
following.

¢ numPy: fundamental package for scientific computing in Python

¢ math: provides access to many mathematical functions

e matplotlib: comprehensive library for creating static, animated, and
interactive visualizations in Python.

e tabulate: creating table from another data

e networkx: library for studying graphs and networks

We are running our simulation in computer with processor AMD Ryzen 5 3500U
with Radeon Vega Mobile Gfx, 2100 Mhz, 4 Core(s), 8 Logical Processor(s).

In [1]: dimport numpy as np
import networkx as nx
import matplotlib.pyplot as plt
from math import *
from tabulate import tabulate
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3.2 Group D,, and the Order of each Element

First, we simulate the code to generate the group D,, and the order of each
element as follows.

In [2]: # Initialization

print("======= ===== —==== ——=
print("Generating all the proper subgroups of D_2n")
print("======= ===== —==== ==="
n = int(input("Input n: "))
print("D_%d = " %(2*n), end="")
# Group D _2n
keys = []
for i in range(2*n):

if i==0:

keys.append(‘e")
elif i<n:
keys.append("a®" + str(i))
else: keys.append("a™" + str(i-n) +"b"™)
print(keys, "\n")

list_orde = {}
print('Order of each element"')
for index, i in enumerate(keys):
if index ==
orde = 1
elif index < n:
orde = int(n / gcd(index, n))

else:
orde = 2
list_orde[i] = orde
print('] {} | = {}'.format(i, orde))

Simulations with an example n = 11 will obtained the following results.

Input n: 11
D 22 = ['e", "a*l', ‘at2', 'a"3’, ‘at4’, 'a”s’, ‘a"6’, ‘a*7', 'a"g’, ‘at9’, 'a*1e’, ‘a®@b’, ‘a*lb’, ‘a"2b’, "a”3b’, 'a™4b’, ‘a"
5b', 'a"6b’, 'a"7b’, 'a"8b’', 'a“9b’, 'a*10b']

Order of each element
e | =1

a*1 =11

a2 =11

o
BN

M

o

| a~1eb | = 2
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3.3  Drawing the Coprime Graph

First, we check whether the orders of the two elements in D,,, are coprime or not.
If yes, then the two elements are connected by an edge in the graph. The following
code checks and generates the edges of the coprime graph.

In [3]: all edge = []

for i in list orde.keys():
for j in list orde.keys():
if i 1= §:
if ged(list_orde[i], list orde[j]) == 1:
all edge.append((i,j))

From the edge that has been obtained, the coprime graph can be drawn.

In [4]: G = nx.Graph()
G.add edges from(all edge)

plt.figure(l,figsize=(10,10))
nx.draw_circular(G, node_color = ‘aqua’,

with_labels=True, node size=500, font size=10)
plt.show()
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Figure 1 Coprime graph of Dihedral Group D,,



Properties of Coprime Graph of Dihedral Group

3.4 Adjacency Matrix, Incidence Matrix, and Spectrum

Determining the adjacency matrix and incidence matrix of a graph can be done

by utilizing the methods already available in the networkx package, namely

adjacency_matrix and incidence_matrix.

print(*Adjacency matrix of G is ")

In [5]:

‘\n")

print(nx.adjacency matrix(G).toarray(),

")

print(nx.incidence_matrix(G).toarray())

print(’Incidence matrix of G is

Adjacency matrix of G is

©111111111111111111111]
le0oOOOERLEEL1II1I11111111]
lovobeooeePeel11111111111]
100000OOBEREE1I1I111111111]
levo0o00O00LEEEE11111111111]
100000OOBEREE1I1I111111111]
100000011111 111111]
10900 0OORRPEE11111111111]
levo0o00O00LEEEE11111111111]
levoe000RPEE1I1I111111111]
le0oOOOERLEEL1II1I11111111]
1111111111100 000000000]
1111111111100000000000]
1111111111100000000000]
111111111110000000000 0]
1111111111100000000000]
1111111111100000000000]
1111111111100000000000]
1111111111100 000000000]
1111111111100000000000]
1111111111100000000000]
111111111110 00000000000]]

Incidence matrix of G is

e et e e e e e e e e e e e b e e e e e e

[

[ ) @ O «
[ o) [ )
[ ] — oo
-\ O o [ )
- @ [ o)
o B B~ o~ s ]
O i it
—

The adjacency matrix of a graph is symmetric and real, so its eigenvalues are

always real. The spectrum of this graph is as the following.
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In [6]: print('Spectrum of G is ')

unique_lambda = [np.real(i) for i in set(nx.adjacency_spectrum(G))]
unique_lambda.sort(reverse=True)

head = [['Lambda'], ['Count']]

for index,i in enumerate(unique_lambda):
head[@].append(’{:.2e}".format(np.real(i)))
head[1].append(list(nx.adjacency_spectrum(G)).count(i))

print(tabulate(head))

Spectrum of G is

Lambda 12.2 1.94e-15 4.11e-30 3.59e-67 4.74e-81 3.01e-85 © -5.71e-101 -1.9e-65 -6.79e-50 -7.25e-37 -1.52e-31 -1.

-10.5
Count 1 1 1 1 1 1 9 1

p
-
-
.

3.5 Spanning Tree and Tree Number

Here we show one example of a spanning tree by utilizing
minimum_spanning_tree method in the networkx package as follows.

In [7]: T = nx.minimum_spanning_tree(G)
plt.figure(1l, figsize=(10,10))

nx.draw(T, node_color = "aqua', with_labels=True,
hodeisize=50@, font_size=10)
plt.show()

Figure 2 Spanning tree of Coprime graph

the
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To find the number of all spanning tree of this graph we can use Theorem and
Theorem from section 2. Using Theorem 2.2, we must find the determinant of
cofactor of Laplacian matrix of the graph as follows.

In [8]: # Finding the degree matrix
degree m = np.zeros(shape=(2*n,2*n))

index = @

for i in G.degree:
degree_m[index, index] = i[1]
index = index + 1

In [9]: laplacian_m = degree m - nx.adjacency matrix(G)
laplacian m temp = laplacian m[:, :2*n-1]
laplacian_m_temp = laplacian_m_temp[:2*n-1,:]

kappal G = int(np.linalg.det(laplacian_m_temp))
kappal G

Out[9]: 2944291104429866221568

On the other hand, using the formula from Theorem 2.4 we get the results
In [1@]: kappa2 G = 2* (n+1)**(n-2) * n*#¥np
kappa2 G

Out[16]: 2944291104429867270144

We also try to calculate this tree number for various value of prime n and we
get the following result.

Tabel 1 The tree number of the Coprime graph

n Kk1(G) K2(G)

3 216 216

5 1350000 1350000

7 53971714048 53971714048

11 2944291104429866221568 2944291104429867270144

13 2453024964828541355485560832 2453024964828518209626025984

The actual real value of the tree number is the k, (G). The results we get for k; (G)
is different because of the error in Python when calculating the determinant of

big matrix. From this table, we can see that the tree number of coprime graph is
increasing very fast.
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3.6 Chromatic Number
The chromatic number of a graph can be determined with the following code.

In [11]: H = nx.greedy color(G)
color = list(H.values())
unique_color = set(color)
print('The chromatic number of graph is', len(unique_color))

The chromatic number of graph is 3

Based on the chromatic number, the code for coloring the graph so that the two
neighboring vertex have different colors is as follows.

In [12]: def get_cmap(n, name='prism'):
*'"Returns a function that maps each index in @, 1, ..., n-1 to a distinct
RGB color; the keyword argument name must be a standard mpl colormap name.
return plt.cm.get cmap(name, n)

cmap = get_cmap(len(unique_color))
new_color = []
for i in color:

new_color.append(cmap(i))

plt.figure(l, figsize=(10,10))
nx.draw_circular(G, node color = new_color, with labels=True)

N
" :"/{/A\&\%

S

‘?6 N

X 2999
AR

KA

Figure 3 Minimal coloring of the Coprime graph

4 Conclusion

Using the Python program, several properties of the coprime graph of the dihedral
group can be seen, including the adjacency matrix, spectrum, tree number and
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chromatic number. Simulation using python helps in illustrating the graph image
and minimal coloring of the graph. The tree number is also calculated with
various prime n by two different formulas to compare its results. As seen in the
table, the calculation of the tree number based on the determinant of the Laplacian
cofactor matrix is still not accurate due to computational errors in Python.
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Abstract. Hydrogen is one of the transition energy sources and has an important
role in the decarbonization of the global energy system. There are several methods
of generating hydrogen such as reforming hydrocarbon, electrolysis of water as
well as chemical reactions between active metals such as aluminum or primary
hybrid solution. Hydrogen production from aluminum can provide an alternative
way to produce hydrogen on demand. Hydrogen generator on demand is a
generator that can produce hydrogen as needed, in other words the generator will
only produce hydrogen when there is a demand. This research aims to design a
hydrogen on demand generator with a more minimalist dropping mechanism to
reduce blockage of aluminum powder so that it can overcome the weaknesses of
the previous system. The method used in this research is the VDI 2221, which is
a method with a systematic approach to solving problems and optimizing the use
of materials and technology which is expected to facilitate a design. The result of
this research is the design of a hydrogen on demand generator with a minimalistic
dropping mechanism. From the results, it can be concluded that the VDI 2221
method is very helpful and facilitates of the design process and the realization of
a hydrogen on demand generator design with minimalistic dropping mechanism,
namely an automatic opening system supported by spring.

Keywords: Hydrogen on Demand; Aluminum Waste; Hydrolysis; Generator Design;
VDI 2221.

1 Introduction

Hydrogen is one of the transition energy sources and has an important role in the
decarbonization of the global energy system in [1]. Hydrogen is also the best fuel
to get high performance from fuel cells in [2]. There are several methods of
generating hydrogen such as reforming hydrocarbon, electrolysis of water as well
as chemical reactions between active metals such as aluminum or primary hybrid
solution in [3]. Hydrogen production from aluminum can provide an alternative

Copyright © 2023 Published by ITB, ISSN: 2963-718X 12
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way to produce hydrogen on demand. Hydrogen generator on demand is a
generator that can produce hydrogen as needed, in other words the generator will
only produce hydrogen when there is demand. However, to date no sustainable
generator solutions have been adopted by industry or consumers as an
economically viable, financially attractive, and beneficial solution to society in
[4]. However, Avrahami et al in [3] argue that the method of dropping aluminum
powder continuously and controlled from time to time in two closed spaces has
the potential to produce hydrogen on demand. In his research, it was stated that
of the 5 design variations, the mechanism of dropping aluminum powder through
a rotating disc was the best mechanism with an average H, flow rate of 420
ml/minute, but had a weakness, namely the blockage of aluminum powder
between the discs, which interfered with the release of aluminum powder into the
water container (cartridge reactor).

The design in this research aims to make a new generator that is better at
refining previous research. Therefore the design of the generator must have more
value than the previous generator, such as in terms of the mechanism and
effectiveness of the generator. In designing a generator, a method can be used is
the VDI 2221 method. The VDI 2221 method is a method used to design a
product, including for designing hydrogen generators on demand because the
VDI 2221 method can be used to overcome problems in a design by optimizing
the material using and technology used in a design.Therefore, in this research
designed a hydrogen on demand production generator with an update on the
dropping mechanism with the aim of reducing the blockage of aluminum powder
so that the expected hydrogen production will be more optimal.

2 Method

2.1 Flow chart Research

The research flowchart explains the outline of the research implementation
methodology. The research sequence starts from; study literature, conclusions.
The research sequence can be seen more clearly in Figure 1.
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Start )

Study Literature

4

HOD Design using VDI 2221 Method

Conclusion

y
Finish )

Figure 1 Flow chart research of design generator hydrogen on demand.

2.2 VDI 2221 Method

The design method in the Design of Hydrogen on Demand Production Generator
Based on Aluminum Waste and Water Hydrolysis using VDI 2221 Method must
be systematic so that it can fulfill several aspects such as tool safety, ease of use,
ease of maintenance, and ease of repair. The VDI 2221 method (Verein Deutcher
Ingenieure) written in a book by Gerhard Pahl and Wolfgang Beitz entitled
Engineering Design: A Systematic Approach is a Systematic Method for Solving
Problems. In the VDI 2221 method there are several phases, namely:

e Phase 1: Classification of the Task (Clarification of the Task)

e Phase 2 : Conceptual Design

e Phase 3 : Form Design (Embodiment Concept)

e Phase 4 : Detailed Design (Detail Design)
The phases in the VDI 2221 method can be illustrated through the following
flowchart, see figure 2:
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3 Results and Discussion

3.1 Wish List

At this stage, an idea or wishes is carried out to realize a hydrogen generator that
meets the specifications. The list of inclinations is arranged systematically into a
list called a Wish List. Each specification is divided into 2 categories: D
(Demands) dan W (Wishes), See Table 1.

Table 1 Wish list.

DEMAND (D) /

PARAMETER SPESIFICATION WISHES (W)

Powder chamber height 163 mm
Water chamber height 296 mm
Diameter 150 mm

GEOMETRY

Can produce hydrogen 300 liter/minute

Mixer blade upper dan mixer blade lower
can operate together

Driver motor DC 30 RPM
Ball Bearing

Tank stainless steel
Elbow Plate

Steel

Wire springs

Hex and SHCS Bolt
Tank Acrylic

KINEMATIC

MATERIAL

Assembly system is easy to understand
ASSEMBLY ]

Easy to assembly - disassembly

Manufacture in workshop (subcontract)

Using standart part
MANUFACTURE

Easy to manufacture

Manufacture in college

Easy to operate

No special skills require
OPERATION

Safe to use

Full automatic

Easy to refill
MAINTENANCE

Easy to clean

PRICE Affordable for students

UOUUS0U0U0US00U0U0UU0USsS0000UDU0U0UDU U S 00O
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3.2 Abstraction

Abstraction is the formulation of the problem and analysis of the wish list. In the
abstraction there are 5 steps, namely:

1. Eliminate all wishes (w) statement, see Table 2.
Table 2 Abstraction 1.

DEMAND (D) /
PARAMETER SPESIFICATION WISHES (W)
Powder chamber height 163 mm D
GEOMETRY Water chamber height 296 mm

Diameter 150 mm

Mixer blade upper dan mixer blade lower
can operate together
Driver motor DC 30 RPM

Ball Bearing

Tank stainless steel
MATERIAL Elbow Plate
Steel
Wire springs
Hex and SHCS Bolt
Assembly system is easy to understand
Easy to assembly - disassembly
Manufacture in workshop (subcontract)
MANUFACTURE Using standart part

Easy to manufacture

Easy to operate

KINEMATIC

ASSEMBLY

OO0O0D0D0D0DU0D0D0D0DU0OD0D0OU0UO0O0OD0O0O O OO

OPERATION No special skills require
Safe to use
E fill
MAINTENANCE asy to refl
Easy to clean
PRICE Affordable for students

2. Ignore wishes that have no direct impact to the main functions and
constraints, see Table 3.

Table 3 Abstraction 2.

DEMAND (D) /

PARAMETER SPESIFICATION WISHES (W)
Powder chamber height 163 mm D
GEOMETRY Water chamber height 296 mm D

Diameter 150 mm D
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Mixer blade upper and mixer blade lower

KINEMATIC D
can operate together

MATERIAL Driver motor DC 30 RPM D

ASSEMBLY Easy to assembly - disassembly D

MANUFACTURE Using standart part D

OPERATION Easy to operate D

MAINTENANCE Easy to refill D
Easy to clean D

3. Change data quantitative into qualitative and make it a statement that is basic
and of high quality, see Table 4.

Table 4 Abstraction 3.

DEMAND (D) /

PARAMETER SPESIFICATION WISHES (W)
FUNCTION Generator can generate hydrogen on D
demand
ASSEMBLY Easy to assembly - disassembly D
MANUFACTURE Using standart part D
OPERATION Easy to operate D
MAINTENANCE Easy to refill D
Easy to clean D

4. The results of step 3 above are then made more general, namely:
»  Generator can produce hydrogen on demand.
» Generator uses standard parts so it is easy to assemble and
disassemble.
» Generator easy to maintain and operate.
5. Solve the problem in step 4 to be more neutral, namely the generator can
produce hydrogen on demand more optimal.

3.3  Conceptual Design

3.3.1 Create generator function structure

Function structure is the general relationship between the input and output
of a system that will carry out certain tasks. The function structure of the
hydrogen generator is described in the form of a block diagram showing
the input and output relationships as shown in Figure 2.

1
| |
: [signal In [ — 7> [Signal Out | !
| Generator 1
: [Energy In | = | Hydrogenon | = [Energy Out | :
I Demand I
: |Water+AIuminum PowderIn | ::> ::> |Liquid Hydrogen +Aluminum Hydroxide Out | :

1

Figure 3 Function structure generator hydrogen on demand
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3.3.2 Make the overall function of the generator

In this stage, a diagram of the overall function of the generator is described which
can be provide into sub-functions, which can be seen in Figure 3.

Water and
aluminum powder
enter into mixer

The motor rotates
and drives the mixer

blade to mix water | 4,

and aluminum

Generate liquid
hydrogen and
aluminum hydroxide

tank

powder

Figure 4 Sub function diagram of generator hydrogen on demand

3.3.3 Selection principle of generator function solutions

At this stage, we are looking for a principle solution to fulfill the sub-function of
the hydrogen on demand generator that was made before, which can be seen in
Table 5.

Table 5 Principles of sub function solutions.

No Sub Function Tool Part Principles Solutions
Functions | 1 m
1 Dropping For dropping Automatic
Mechanism aluminum opening
powder into system
water chamber (A)
2 Chamber Container to Mild steel Acrylic Stainless
hold water and (A) (B) steel
aluminum ©)
powder
3 Locking Components to
System bond the mixer iy
tank and powder
tank when Quick
assembled Release

System
A
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4 Motor Mixer blade :
drive o? i '
High torque  potor DC - Motor
motor DC  yinas angina  stepper
worm gear (B) ©)
12v
30RPM
with
encoder
(A

5 Holder Used to support
generator a hydrogen w \‘ y
generator \' Pipe
Elbow

Hollow ©
(A) ®)

From Table 5 several solution principles have been compiled, so that alternative
combination variants are obtained. Then it is selected again to be realized in the
right choice. Combination variants can be seen in Table 6.

Table 6 Principles solutions combination chart.

No Sub Function Variant | Variant 11 Variant 111
(A) (B) ©
1 Dropping Mechanism | FV N
2 Powder Tank 1A - 2B 2C
3 Pengikat antar tangki wi. 2
4 Motor 4A -..FB— ———— 4C
5 Holder generator 5A -5B - 5C

From Table 6 the combination principal chart of the solution obtained the
following concept combination variants:

Variant | =1A+2A+3A+4B +5B
Variant |1 =1A+2B+3A+4C+5C
Variant I11 =1A+2C+3A+4A +5A
Description of the variant combination of concepts I, I, and Ill can be seen in

Table 7 below.
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Table 7 Solution principle combination diagram.
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Variant Description

The mixer and powder tank uses mild steel material, uses a quick release, uses a
stepper motor and uses an iron pipe generator support and a dropping mechanism

uses a spring.

The mixer and powder tank uses acrylic material, uses a quick release, uses a fan
motor and uses a hollow iron generator support and a dropping mechanism uses a

spring.

The mixer and powder tank uses stainless steel material, uses a quick release, uses
a DC worm gear motor with encoder and uses an angle iron generator support and a

dropping mechanism uses a spring.

3.34

Choice of variant combinations

Combination selection is assessing variations with existing requirements in order
to get the best design concept, see Figure 4.

]

MERCU BUANA

TABLE OF SELECTION OF CONCEPTS FOR VARIATIONS
HYDROGEN GENERATOR

Decition Criteria :

(Y) Yes
" (N)  No
§ (?) Less Information
é [0} Check Specification
5] 5
g According to Overall of Function | -§
a According to Wish List (=}
2 Production Cost |
g Easy to Assembly
> Easy to Operate
Easy to Cleaning
Chamber Material Not Easy to Break
Variations A B C D E F G Remark Result
V1 Y Y Y Y Y N N Input water & powderin 1 hole N
Input water & powderin 1 hole, Cost is
V2 Y Y N Y Y N N more expensive because it uses pulleys N
& belts
V3 Y Y Y Y Y Y Y OK Y
Date : Nov 30, 2022 Name : Aditya Putra Widodo Postgraduate Master of Mechanical Engineering

Mercu Buana University

3.4

Figure 5 Selection of the design concept variations

Embodiment Design

From the results of the table selection of the concept design variation and
considering several factors to realize the design, it can be concluded that the best
variation for design hydrogen on demand generator is variation 3. Then the next
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step is to design sketch. The schematic design of hydrogen generator on demand

can be see in Figure 5.

Powder In

Motor

Powder Chgmber

Dropping Mechanism

\
Water In {

Water Chamber

T

Powder
Blade

] H2 Out

Mixer
Blader

Drainage

Figure 6 Design sketch of generator hydrogen on demand

3.5  Detail Design

Detail design is the final stage in a design namely in a documents that including
such as tool drawings, detailed tool drawings, part lists, material specifications,
operating systems, tolerances and other documents. The design generator made
using the Siemens NX 7.5 software application. The main components of this tool

can be see in Table 7.

Table 7 Main component of generator hydrogen on demand.

No Part Name Function

1 Mixer Tank To hold water and aluminum powder when
stireed

2 Mixer Blade To stirring water

3 Powder Tank To hold aluminum powder when stopped

4 Spring Holder Part of powder valve so it can be open/close as
automatically

5 Powder Valve To open-close aluminum powder hole

6 Cover Motor’s cover guard or safety guard

7 Motor Holder To hold motor

8 Mixer Upper Blade To sweep aluminum powder so that it falls into

the mixer tank area
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3.5.1 Shop Drawing
Shop drawing of generator hydrogen on demand can be see in Figure 7 and Figure
8 as follows:

i

Figure 7 Detail 3D of generator hydrogend on demand

DRIVER MOTOR
@ [DC MOTOR 30rpm]

86

0 /L_\
,

4

POWDER INLET- ™\ o _
J01 !9 Nl
= o <D N
@ NS
Vg ) %
O~V ;§ ;
@7 ;s
5 @—1 (EE /®
Y T
POWDER SEPARATOR - O ST 4
L o @~ v Mo > >
WATER INLET-— = = e L e i /\"'i 2
) <
©@)— & P Ay =S ¥
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\

FLUID CHAMBER~-__|

e S SAMAS

o3

@‘@ SECTION A-A <
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Figure 8 Detail assembly drawing of generator hydrogen on demand
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3.5.2

Part List of generator hydrogen on demand can be seen in Table 8 as follows:

Aditya Putra Widodo & Deni Shidgi Khaerudini

Part List

Table 8 Part list of generator hydrogen on demand.

No.

Part Name Of Part Qty Remark

1 00-Mix-01 [Mixer Tank] 1 Manufactur

2 00-Mix-02 [Mixer Blade] 2 Manufactur

3 00-Mix-03 [Powder Tank] 1 Manufactur

4 00-Mix-04 [Spring Holder] 3 Manufactur

5 00-Mix-05 [Powder Valve] 3 Manufactur

6 00-Mix-06 [Cover] 1 Manufactur

7 00-Mix-07 [Motor Holder] 1 Manufactur

8 00-Mix-08 [Mixer Blade Upper] 1 Manufactur

9 00-Mix-09 [Spacer] 1 Manufactur

10 00-Mix-10 [Shaft] 1 Manufactur

11 00-Mix-11 [Collar] 1 Manufactur
Cl12  Ball Valve 1_2 Bbpl2 1 Commercial Part
C13  Clgn5-40.0 3 Commercial Part
C14  Elbow 90 Deg-Sgpelh15a 1 Commercial Part
C15 Fag Bearing, 6201.27r 1 Commercial Part
C16  Fag Bearing, 6202.2zr 1 Commercial Part
C17  Fhcs Screw, Mjx10 12 Commercial Part
C18 Hex Bolt,M5x15 6 Commercial Part
C19 Hex Bolt,M6x15 8 Commercial Part

High Torque Motor Dc Worm Gear 12v 30 :

C20 Rpm With Encoder 1 Commercial Part
C21  Inner Snap Ring, M32x1.2 2 Commercial Part
C22 NutM3 12 Commercial Part
Cc23 Outer Snap Ring, S 10x0,6 1 Commercial Part
C24  Outer Snap Ring, S 12x1 1 Commercial Part
C25  Pkws4 3 Commercial Part
C26 Set Screw, M6x10 7 Commercial Part
C27  Shos Screw, M3x10 4 Commercial Part
C28  Shcs Screw, M6x10 4 Commercial Part
C29  Wire Spring Wm8-10 6 Commercial Part

4

Conclusion

Based on the results and discussion described above, it can be concluded that the
VDI 2221 method is very helpful and facilitates the design process and the
realization of a hydrogen on demand generator design with a minimalist dropping
mechanism, namely an automatic opening system supported by spring
system. In this research the method used is VDI 2221, so it is necessary to carry
out further validation using the taguchi method to prove that the design is fit for
purpose and is feasible for making a prototype. In addition, further research is
needed to determine fluid dynamics or reactions that occur inside generator using
computational fluid dynamic (CFD).
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Abstract. Agung volcano is an active stratovolcano located in Bali, Indonesia. It
is the highest volcano on Bali at 3142 m a.s.l. Samples are collected along the
flanks and represent each lava unit. In term of petrology, samples are porphyritic
high alumina basalt, basaltic andesite and andesite with inhomogeneous
phenocrysts of plagioclase, clinopyroxene, orthopyroxene, olivine, amphibole and
titano-magnetite. Plagioclase phenocrysts frequently show fine sieve, resorption
surface, coarse sieve and oscillatory zoning texture. Augite and enstatite
phenocrysts display texture less zone and monotonous crystal zoning. Olivine
phenocrysts are less abundant and present reaction rims of Mg-rich of
orthopyroxene and titano-magnetite or Ca-poor clinopyroxene. Hornblende
micro-phenocrysts just found in AD 1963 andesitic lava. They have reaction rims
composed of augite, feldspar and symplectitic intergrowth of titanomagnetite.
Plagioclase, pyroxene and olivine phenocrysts frequently display increases in Mg
or Ca contents within mid-crystals. Dissolution, resorption and reverse zoning
suggest open system magmatic behavior of repeated mafic magma recharge and
also mineral-magma disequilibrium.

Keywords: Agung volcano; disequilibrium; magma recharge; open system.

1 Introduction

Indonesia is one of the most densely inhabited nations and home to hundreds of
volcanoes. Most volcanoes belong to the Sunda volcanic arc, stretching from
Sumatera to Banda Island as the result of subducted the Indo-Australia plate
beneath the Eurasia plate. One of the active volcanoes is the Agung volcano on
Bali Island. It had recorded effusive and explosive eruptions with the average
eruptive frequency of one VEI >= 2-3 eruptions per century [1]. The biggest
eruption was in 1963, following 120 years of dormancy, which caused a thousand
fatalities [2]. Here we employ petrological and geochemical studies on lavas from
the AD 1963 eruption to before the AD 1040 eruption of the Agung volcano

Copyright © 2023 Published by ITB, ISSN: 2963-718X 27
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(Table 1). The data is used to understand the magmatic process beneath the
Agung volcano as the minerals respond texturally and compositionally to
changing magmatic environments.

Table 1 Lava units of Agung volcano [3] and the samples position.

Age Stratigraphic Unit Eruption

L Lava Flow | Sample Position
Activity

Relative Absolute Khuluk | Gumuk
AD 1963 Al14 | BEL-1 & BEL-4
rxua A3
SLLLA12 | GATUA

AN MTG-3

Al10 | GA-180805 MT

IAae | GADA 1

AD 1040 £ 40 A8
Quarternary Agung | Pawon | Flank | [ # BPW-2

I A7 |DTHA

A6

. s
B A4 |GATD 1
— %

B~
I~

AD 1830 * 40

2 Geological Setting

The Agung volcano situated at latitude 08°20°20” S and longitude 115°30°30” E
dominated the eastern part of Bali (Figure 1). It is one of the volcanoes in the
western area of the Lesser Sunda in the central part of the Sunda volcanic arc.
The oceanic crust that subducts beneath Agung volcano is some of the oldest in
the Indian Ocean. It lies approximately 300 km north of the Java Trench and is
situated about 162 km above the Benioff Zone [4].

115°27'0.000°E 115°300.000°E 115°33'0.000°E 115°3610.000°E
= 75 Sy v T3 T

S.000'0.8T08

5.000'0.128

\ i :
115°270.000°E 115°300.000°E 115733'0.000°E 115°36'0.0007E

Figure 1 Sampling points map overlain onto a DEM. The inset map shows the
location of Agung volcano (red) on the Bali Island.
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Based on the geochemistry data, the affinity magma of Agung volcano is calc-
alkaline series which are typical of those many Sunda volcanic arc. Based on
discriminant diagrams (immaobile trace element; La, Ce, Sm, Nb, Th, Y, Zr, Yb)
for intermediate volcanic rocks, the tectonic environment of the Agung volcano
is an island arc (Figure 2). The Quaternary eruptions of the Agung volcano
generated basaltic to andesitic lava in composition and pyroclastic fall or flow
deposits around the flanks.

8.0

I High-Sc
- Low-5¢

continental rift + ®GA-TD 1
ocean-island

4.0 A island
] B DTH-1

1 + BPW-2
0.0

DF2

A GA-DA1

| m GA-180805 MT
-4.0 1 continental

arc

4 MTG-3

+ BEL-1

-8.0 T T T T T T T T T % BEL-4

DF1

Figure 2 Discriminant diagram [5] to identify tectonic environment.

3 Methodology

Lava samples were prepared for petrology and mineralogy analyses. The optical
microscope was used to obtain important information on mineral texture,
abundance, and distribution. Polished sections, which were carbon coated, were
used to examine mineral chemistry. The analytical instrument used to obtain
mineral chemical composition was scanning electron microscope-energy
dispersive X-ray spectroscopy (SEM-EDS) JEOL JSM-IT-300. We used back-
scattered electron images to identify the compositional changes. Point and line
analyses on olivine, pyroxene, plagioclase and titanomagnetite were acquired
using 15kV accelerating voltage in high vacuum mode and ZAF correction
procedure.

The samples were cut to remove the weathered surface before whole-rock
composition analysis. Major element compositions of whole-rock were analyzed
using an X-ray fluorescence spectrometer (XRF) and trace element compositions
of whole rock were analyzed using ICP-MS/OES. Eight samples have LOI values
<0.01 wt.% and one sample has LOI of 0.28 wt.% (Table 2).
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Table 2 Major and trace elements data for lava of Agung volcano.

Sample GA-TD1| DTH-1 | BPW-2 | GA-DA1 GA-:\;}?SOS MTG-3 | GA-TU1 | BEL-1 BEL-4
Lava Unit [3] Al4 Al7 Pl Al9 Al10 All1l Al12 Al14 Al14
Major elements (wt.%) recalculate dry

Sio, 57.69 54.59 54.43 60.09 53.59 52.41 51.43 58.53 57.61
TiO, 0.80 0.85 0.86 0.68 0.97 1.03 1.20 0.73 0.79
Al,04 17.40 20.58 20.76 17.35 18.13 19.64 17.78 17.39 17.27
Fe,0st 8.31 7.75 7.61 7.31 10.11 9.67 11.57 7.68 8.22
MnO 0.19 0.17 0.17 0.18 0.19 0.19 0.21 0.17 0.18
MgO 3.29 2.47 2.52 231 4.25 3.72 4.98 3.17 3.50
Ca0 6.99 8.71 8.76 6.63 8.26 8.88 8.56 7.12 7.35
Na,0 343 3.32 3.44 3.33 2.99 3.14 2.92 3.25 3.21
K,O 1.60 1.29 1.18 1.86 1.24 1.09 1.11 1.71 1.61
P,0s 0.29 0.27 0.27 0.28 0.27 0.23 0.24 0.26 0.27

LOI (wt.%) <0.01 0.28 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Trace elements (ppm)

La 15.00 12.30 12.40 20.00 11.20 10.50 11.30 15.70 15.50
Ce 31.60 26.80 26.20 42.50 24.80 22.60 24.80 34.30 34.00
Sm 4.50 3.60 4.10 5.10 3.70 3.70 4.20 4.30 4.70
Nb 5.10 3.30 3.70 4.60 3.80 3.30 2.90 5.10 4,90
Th 3.57 2.29 2.69 4.51 2.31 1.98 1.89 4.06 3.98
Y 23.60 21.90 21.50 28.10 20.70 21.30 22.30 23.10 24.10
Zr 118.00 89.50 87.90 163.00 85.90 80.10 83.40 126.00 125.00
Yb 2.90 2.30 2.50 3.10 2.30 2.50 2.70 2.90 3.10
4 Result

The lavas of Agung and its flank eruption fall into three main groups; (1) high
alumina basalts, (2) medium-K basaltic andesite, (3) medium-K andesite. They
are distinguished based on SiO,, Na,O and KO variation diagrams. In addition,
two magma types are identified based on scandium (Sc) content, i.e. high-Sc (>20
ppm) and low-Sc (<20 ppm) (Figure 3).

High alumina basalt (Figure 4). The high-Al basalt is inferred to be A12 lava
unit. It dated to AD 1843+-40 [3]. This lava is designated based on SiO; content
of 51.43 wt.%, more than 17 wt.% of Al.Os; and high-Sc (>20 ppm). It has
porphyritic texture consisting of olivine (Fo65-76), plagioclase (An38-86), a
small amount of augite (Mg#67-81) and enstatite (Mg#67-72). Olivine
phenocrysts have zoning and frequently with thick reaction rims of pigeonite.
Plagioclase phenocrysts are normal zoning from core to rim-crystal but
compositional inversion in mid-crystal. Moreover, they dominantly display fine
sieve texture, coarse sieve texture and glomerocrysts. The characteristic of Al-
enrichment is due to the more prolonged episode of clinopyroxene or olivine
crystallization before the appearance of plagioclase [6].
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Figure 3 (a) Total alkali (TAS) [7] and (b) K>O versus silica [8] classification
diagram for lava of Agung volcano.
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Figure4 (a) and (b) Photomicrographs of basalt (GA-TU 1). (¢) and (d)
Photomicrographs of basaltic andesite (MTG-3). (e) and (f) Photomicrographs of
andesite (BEL-4). Ol, olivine; PI, plagioclase; Px, pyroxene; Opq, opaque mineral.

Medium-K basaltic andesite (Figure 4). The samples of medium-K basaltic
andesite consist of Al7, Pl, Al10 and Al11 lava units. The group ranges from
52.41-54.59 wt.% SiO;and identified as low/high-Sc type. All rocks of this group
are aluminous rich. Phenocrysts of this group are composed of olivine (F059-79),
plagioclase (An43-85), a small amount of augite (Mg#70-77) and enstatite (65-
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76). Olivine is zoned, often with reaction rims of clinoenstatite and symplectitic
intergrowth of Fe-Ti oxide or pigeonite. Plagioclase phenocrysts are normal
zoning from core to rim-crystal but compositional inversion in mid-crystal. They
frequently display coarse sieve texture and glomerocrysts in all samples and fine
sieve texture, resorption surface and rounded zone corner in several samples.
Compared with the pyroxenes of high-Al basalts, the pyroxenes from basaltic
andesitic are less Al-rich and slightly less Ti-rich. Moreover, they show a slightly
increasing in Mg content in the mid-crystal.

Andesite (Figure 4). Al4, Al9 and All14 lava units have andesitic composition
with 57.61-60.09 wt.% SiO.. The andesites are phenocryst-rich (28-43% volume)
and dominated by plagioclase. The plagioclase phenocrysts (An30-86) are highly
sieved (dominantly by fine sieve texture), oscillatory zoning and compositional
inversion of Ca within mid-crystal. Rarely olivine is present (<2% volume) with
reaction rims of clinoenstatite and pigeonite. Augite, enstatite and
titanomagnetite phenocrysts are found in all the samples. Only in Al14 samples
(lava of 1963 eruption), amphibole and xenolith are present. In general, the
amphibole phenocrysts are hornblendes. They occur as micro-phenocrysts and
appear to be the product of late-stage crystallization in H,O-saturated condition.
They have reaction rims composed of augite, feldspar and symplectitic
intergrowth of titanomagnetite. Moreover, olivine xenocrysts with the highest
forsterite content (Fo95) are found in the andesite xenolith in Al14 samples.
These olivine xenocrysts are more magnesian than the other olivine phenocrysts.
The high forsterite content of olivine may have crystallized from ultramafic rocks
of presumed mantle origin [9].

Based on its stratigraphic position [3] the samples likely correspond to Al4, Al7,
Pl, Al9, Al10, Alll, Al12, and All4 lava units (Table 1). Lavas of Agung
changed in composition throughout the eruption from andesite to basaltic-
andesite and basalt i.e. the basaltic magma of the AD 1843 eruption differentiated
into andesitic composition of the AD 1963 eruption. This open system behavior
of Agung volcano includes magmatic recharge (mixing) recorded in minerals
composition and micro-textures.

Crystal zoning reflects compositional changes in the mineral from core to rim-
crystal [10]. Plagioclase, olivine, and pyroxene phenocryst of Agung’s lava
record normal zoning from core to rim-crystal but there are compositional
inversions within mid-crystals. This condition suggests a more calcic magma
injection, often considered to be synonymous with the recharge of more mafic
magma, during the solidification process. It can be interpreted as open system
process.
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Plagioclase phenocrysts display a wide range of textures for investigating magma
dynamics (Figure 5). Dissolution surfaces are found in most plagioclase
phenocrysts and are described as coarse sieve and fine sieve textures. Coarse
sieve interprets as a result of dissolution by the varying rate of adiabatic
decompression during magma ascending into the shallower magma storage.

.‘l A
Resorption |

surface

Oscillatory Wi?

\ 1
zoning

-Glomerocryst

“Oscillatory.
zoning

Figure5 (a)-(e) Photomicrographs of various micro-textures in plagioclase
phenocrysts. (f) Line analysis of plagioclase phenocryst show increases of Ca
content in the mid mineral.
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However, fine sieve interprets as a result of dissolution due to reaction with more
calcic magma [11]. These sieve textures are frequently found at the core, mid or
rim of plagioclase phenocrysts. The resorption surface is frequently found as the
irregular surface at the outer edge of the fine sieve domain and the fine oscillatory
zoning. Moreover, the fine oscillatory zoning is developed from the dynamic
process such as crystallization from melt that was undergoing rhythmic changes
in temperature or P(H20) or composition and kinetic process such as local
incremental diffusion-controlled kinetic growth at the crystal-melt interface in
response to near equilibrium condition [11]. The presence of fine sieve texture
and resorption surface are evidence for the recharge of more mafic magma into
the shallower magma storage.

Olivine crystals can respond to diffusional re-equilibration, forming reaction rims
or dissolution. These processes indicate open system behaviour [10]. Many
olivine phenocrysts of Agung’s lava have reaction rims of clinoenstatite or
pigeonite, some texture less (Figure 6 and 7). Olivine phenocrysts in the basaltic
andesitic lava also show symplectitic intergrowth of titanomagnetite within
reaction rims of clinoenstatite or pigeonite (Figure 7). It serves as evidence for
disequilibrium and indicates a different state of oxygen fugacity during
crystallization from core to rim [12].

Figure 6 Reaction rims of olivine phenocrysts. (a) Photomicrograph of olivine
phenocryst with thick reaction rim of pyroxene. (b) BED image of olivine
phenocryst with thick reaction rim of clinoenstatite.

Orthopyroxene rim of olivine phenocrysts in basaltic andesitic or andesitic lava
suggests mixing between basaltic and more silicic magma. Moreover, many
olivine phenocrysts show a slightly increasing in Mg content in the mid-crystal
that indicate recharge of more mafic magma during crystal growth. The presence
of olivine crystals in intermediate to silicic magma is often taken as evidence for
influx of more mafic magma [10].
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Figure7 (a) BED image of of olivine phenocryst with reaction rim of
clinoenstatite.and symplectitic intergrowth of titanomagnetite. (b) BED image of
xenocryst olivine (F095) with lamella of lower forsterite content in the AD 1963
andesitic lava. (c) and (d) Line analyses of olivine phenocryst show slightly
increasing in Mg content in the mid mineral.

Volatile-bearing minerals such as hornblende are particularly useful tools to
constrain the syn-eruptive magma ascent rate because they become unstable as
the concentration of dissolved water in the melt decreases during decompression.
If magma ascends at a sufficiently slow rate, reaction rims of
pyroxene, plagioclase and Fe-Ti oxides may develop around a hornblende crystal
where it is in contact with melt [13] [14]. Hornblende with thinner reaction rims
was interpreted to have originated from the main pulse of ascending magma,
whereas the population of hornblende characterized by thicker rims was
interpreted to have originated from batches of leftover or stalled magma in
conduit [14].

Hornblende phenocrysts are only present in andesitic lava of the AD 1963
eruption. There are two types of hornblende phenocrysts, i.e. with thick opacitic
rim and thick reaction rim of augite, plagioclase and symplectitic intergrowth of
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titanomagnetite (Figure 8). First, the opacitic rim is described by the appearance
of fine-grained magnetite [13]. This condition suggests a prolonged
disequilibrium state when the magma ascended into storage depth outside
amphibole stability. Second, thick reaction rims of augite, plagioclase and
symplectitic intergrowth of titanomagnetite interpret to result from a heating
event of leftover magma. Reaction rims are composed of orthopyroxene and
plagioclase, with lesser amounts of Fe-Ti oxides produced during decompression
[15].

Figure 8 (a) Opacitic rim in hornblede. (b)-(d) Photomicrographs and BED
image of thick reaction rim that composed of augite, plagioclase and
titanomagnetite.

5 Conclusion

Agung volcano has three group of magma composition, i.e., andesite, basaltic-
andesite and basalt. During the eruption before AD 1040 and AD 1963 there were
changing magmatic composition from andesite to basaltic andesite, then basalt
and andesite. The combined results between petrological and geochemical
analyses show strong evidence for open system characteristics and disequilibrium
condition between mineral and injected magma or leftover melt.
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Plagioclase phenocrysts record wide range of textures and composition. There are
many various micro-textures in plagioclase that can be described. Many
plagioclase and olivine phenocrysts in all three groups are zoned from core to rim
with compositional inversion in mid. Plagioclase phenocrysts dominantly display
sieve texture and resorption surface due to dissolution and fine oscillatory zoning
or glomerocrysts due to convective flow in the shallower magma chamber.
Olivine phenocrysts display three types of reaction rims. i.e. pigeonite reaction
rims, clinoenstatite with or without symplectitic intergrowth of titanomagnetite
and texture less crystal. These textures may support the open system behavior and
disequilibrium between olivine and the leftover magma in the magma chamber.
Hornblende phenocrysts are only found in the AD 1963 andesitic lava. It strongly
indicated that the AD 1963 andesitic magma was differentiated from leftover
more mafic magma. Other evidence that supports this interpretation is thick
reaction rims of augite, plagioclase and titanomagnetite in hornblende due to the
heating event of leftover magma. However, thick opacitic rims suggest mineral-
melt disequilibrium during magma ascending.
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Abstract. It is known that Sr, Ti, B, and Mg can modify the microstructure of the
A356 aluminum alloy, and the heat treatment process causes spheroidization of
eutectic silicon. This experiment presents the effect of modifier elements and heat
treatment on microstructure and microhardness. The A356 aluminum alloy is
modified with a combination of elements containing Sr, Ti, B, and Mg. The
microstructure analysis of the modified A356 aluminum alloy revealed that the
size distribution of the a-phase and eutectic silicon particles that form spheroid Si
particles varies depending on the combination composition. Comparisons between
unmodified and modified alloys show that the aspect ratios of the a phase and the
eutectic silicon particles are different. The modified A356 aluminum alloy's
microhardness can be improved. This could be related to the aspect ratio of the a
phase and eutectic silicon phases, spheroidization of fine eutectic silicon, and
precipitation hardening.

Keywords: A356 alloy; microstructure modification; micro hardness.

1 Introduction

AIl-Si casting alloys have an important role in the field of cast aluminium alloys.
One of them is the A356 aluminium alloy, which has been widely used in the
automobile, aerospace, and engineering industries because of its excellent cast
ability, weld ability, high corrosion resistance, and various other desirable
properties. Currently, the hypoeutectic alloy A356 (Al-7% Si—0.3% Mg) is used
as a casting wheel product that is commonly used in the automotive. However,
as-cast A356 aluminium alloy consists of coarse primary a-Al dendrites and
acicular-shaped eutectic silicon, which degrades the mechanical properties and
limits its industrial applications. The mechanical properties are determined by
controlling the microstructure of the alloy. [1].
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Currently, casting wheel A356 aluminium alloy is processed through gravity die
casting (GDC) and low-pressure die casting (LPDC) techniques. The composition
of the metal alloy, casting process technique, cooling rate, and heat treatment will
influence the high-quality of casting wheel. The high requirements of casting
wheels specification standard are Ultimate Tensile Strength: min. 277 MPa, Yield
Strength: min. 200 MPa, Elongation: min. 7-12 %, and Hardness: 80 — 95 HB
[2][3]. According to ASTM B108 standard, A356 aluminium alloy material after
the heat treatment process T6 has mechanical properties for Ultimate Tensile
Strength min. 260 MPa, Yield Strength min. 150 MPa, and elongation min. 3%
[4]. It demonstrates that increasing the strength through heat treatment is
achievable, nonetheless the ductility of the A356 aluminium alloy is still poor,
this needs to be accomplished.

The parameters affecting the microstructure, strength, and ductility of as-cast
alloys are complex from a metallurgical perspective. The resulting
microstructure, depending on solidification processing variables, heat treatment,
and the addition of alloying elements. Strength will increase with a reduction in
grain size only if the production of small grains does not increase the amount of
micro porosity and the percentage of second phase. In order to improve the
quality of cast Al alloys, grain refinement has generally been employed to
decrease grain size and modify grain morphology from columnar to equiaxed, for
example, by adding Ti and B. Some researchers observed that adding relatively
small amounts of Sr can also modify the eutectic structure [5][6]. In order to
create Mg-Si precipitates, Mg is a key alloying element added to Al-Si alloys.
[7]. Therefore, the modifier is expected to result in a finer equiaxed structure,
which improves secondary phase dispersion, castability, and mechanical
characteristics. It also increases feed during solidification and lowers shrinkage

porosity [8].

Adding grain refiners to casting processes for aluminium alloys is a common way
to achieve grain refinement. According to some published research, grain refiners
with particles of TiAl3, TiB2, and AIB2 refine aluminium alloys more effectively
than those with only a single particle [9][10]. The effective on grain refinement
of aluminium alloys have been observed through the addition of Al-Ti-B refiner.
By addition of Sr will modify the eutectic silicon microstructure which can
improve the mechanical properties of the Al-Si alloy. Sr has been observed to
change the morphology of the eutectic Si phase from a coarse plate to a fine fibre-
like network [6][11]. Furthermore, through T6 heat treatment on A356 aluminium
alloy, the morphology of the eutectic silicon particles can alter from plate shape
to spherical. Thus, this morphology significantly affects the mechanical
properties of aluminium alloy, particularly its ductility [12][13]. However, prior
research concentrated on the modification mechanism and/or altering the heat
treatment process in order to increase the tensile strength and ductility. In this
article, it is our aim to study the influence of element Sr by adding AlISr15, after
that the effect of grain refiner by addition of ALTAB Ti80 and AITi5B1 to form
Ti and B which influence on grain refinement, and Mg by adding Mg 99% Ingot
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to form precipitate on matrix o phases. Heat treatment T6 from solution treatment
and aging treatment have been performed to modify the microstructure of A356
alloys and to improve the microhardness.

2 Experimental Method

2.1  Preparation

In this experiment, the A356 aluminium alloy ingot was melted in a 200 kg
electric resistance furnace at 720 £+ 10 °C. The molten metal was treated with the
flux to remove impurities that cause slag to form at the melt's surface, and
nitrogen gas was used for a degassing process. Then, the liquid metal was poured
into a 1.25-kilogram capacity tiny crucible. The Ao (A356 aluminium alloy ingot
melt) melt is designed to be used as a baseline for comparison with additional
elements. The A356 aluminium alloy will then be changed by adding AlSr15
(0,75 gr.) for A1, ALTAB Ti80 (1,25 gr.) and AISr15 (0,75 gr.) for A2, ALTAB
Ti80 (1,25gr.), AITi5B1 (1,5 gr.), and AISr15 (0,75 gr.) for Az, and ALTAB Ti80
(1,25 gr.), AlITi5B1 (1,5 gr), Mg (1,5 gr), and AISr15 (0,75 gr) for As. Optical
Emission Spectroscopy (OES) Shimadzu was used to determine the chemical
compositions of the alloys, and the results are shown in Table 1/

Table1 Chemical composition of experimental alloys analysed by OES

(wt.%).
CHEMICAL INGREDIENT (%)
ITEM ] ]
Si [Mg|Fe | Mn | Cu |Zn| Ti | Sr
IAO (A356, base alloy) 7,05(0,43|0,09 | 0,002 | 0,002 | 0,02 | 0,14 | 0,010
A1 (A356 + AISr15) 7,03]0,29 0,09 | 0,003 | 0,002 | 0,02 | 0,14 | 0,010
IA2 (A356 + ALTAB Ti80 + AISr15) 7,02|0,37|0,08|0,003 0,002 |0,02]|0,14 | 0,008
A3 (A356 + ALTAB Ti80 + AITi5B1+ AlSri5) 7,04 (0,38 |0,09 | 0,003 | 0,002 |0,02|0,14 | 0,008
A4 (A356 + ALTAB Ti80 + AITi5B1+ AlSr15 + Mg) | 6,96 | 0,48 | 0,09 | 0,003 | 0,002 | 0,02 | 0,14 | 0,010

2.2  Casting Process and Heat Treatment

According to ASTM B-108, the specimen test was carried out by pouring an
aluminium melt into a permanent mould. Two sample bars were generated from
each casting, as illustrated in Fig. 1. (a). The molten alloys are shown in Fig 1(b)
being brought into the crucible before being poured into the permanent mould
using the gravity casting technique. Before casting, the mould was heated to
300°C. For each of the A0, Al, A2, A3, and A4 conditions in Fig. 1(c), five
castings were made one after the other in 15 minutes. The T6 heat treatment,
which includes temperature of solution treatment and artificial aging, was applied
to the cast specimen test after it had been maintained at ambient conditions for at
least 24 hours. The first stage involved solution treatment for the solution
condition (530°C £ 20°C), which was immediately followed by an immediate
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water quench to room temperature. The aging treatment (160°C + 20°C) was then
carried out, and it was followed by air cooling.

Figure 1. (a) The Permanent Mould is made according to ASTM B-108,
(b) Manual gravity casting (c) Sample Test

2.3 Characterization

Specimen ¢9 mm round test rod that has been split in half for microstructural
analysis. Using a Keyence optical microscope (OM), a. The specimens were
examined using OM after being ground using standard methods. After polishing
without employing an etching solution, OM observations were made, and the
results of metallography using OM were measured using the image J software
program. According to ASTMN E384 standard, the ratio of the long diagonal to
the short diagonal in the micro-Vickers hardness test is 7:1. This test is performed
using a Knoop Indenter in the shape of a pyramid to identify the two separate
diagonals, long and short. The properties obtained from 3 to 5 samples are the
basis for each data point presented with a standard deviation.

3 Results and Discussion

3.1 Microstructure

Figure 2 illustrates how the addition of Sr, Ti, B, and Mg affected the
microstructure of the as-cast A356 alloy. Due to the high solute content of the
alloys with an amount of Si of ~7 wt%, it was discovered that Al Phases were
dominating. As-cast A356 aluminum alloys modified with AISr15, ALTAB Ti80,
AITi5B1, and Mg are each shown in Fig. 2 with their different OM morphologies.
While the o—Al phase in the heat-treated condition exhibits dendritic
development into an equiaxed structure, the a—Al phase in the cast condition
exhibits coarse dendrite morphology. Primary a-Al phases and eutectic silicon
phases respond differently to heat treatment following solution treatment and
aging treatment than when mixed with as-cast A356 aluminum alloys. After
solution treatment, it was demonstrated that the eutectic silicon microstructure
may transform from fine fibrous to fine spherical structures. In comparison to
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other samples, the aging treatment can significantly affect microstructure.
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Figure 2. shows the microstructures of the materials A0, A1, A2, A3, and A4 before (as cast),
after solution treatment, and after aging treatment (as heat treated), 1000x magnification.
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In the A356 alloys with various combinations of Sr, Ti, B, and Mg, the optical
micrograph analysis in Fig. 3 illustrates the size area of the primary a—Al phase
and the Si eutectic phases, respectively. In the as-cast A356 alloy, the primary o—
Al phase exhibits coarse dendritic morphology, and the statistical distribution of
a—Al phase size area and Si eutectic phase size area were calculated using the
Image J program. Figure 3 demonstrates that the size of the a—Al phase area has
a comparatively small size in the as cast state compared to the combined
aluminium alloy, but the size of the Si eutectic phases area has a relatively big
size in the as cast state. In comparison to the AITi5B1 or ALTAB Ti combination,
the distribution size area of the primary a-Al phase is slightly altered.

The distribution size area of the a -Al phase is unaffected by ALTAB Ti80 and
AITi5B, which is in accordance with expectations that the A356 alloy will have
grain refinement. According to the majority of research, AI3Ti precipitates will
be created when Ti atoms in the A356 alloy react with Al atoms in the melt. AI3Ti
particle size increased with an increase in Ti content [14][15]. The initial o—Al
phase should therefore be able to be decreased by it. The size area distribution
after solution treatment and after aging treatment (as heat treat), the size area
distribution of o—Al phase on Fig 3 has increased compared to as cast and the size
area distribution of Si eutectic phase has decreased compared to as cast.
Therefore, the mechanical properties of cast aluminium alloys are depended on
grain size, phase distribution, secondary phase grain, and precipitation hardening.
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The microhardness between a—Al phase and Si eutectic phase in figure 4 shows
that in the as cast condition, the eutectic phase has a higher hardness than the o —
Al phase. After heat treatment, the microhardness increases in both phases and
the o — aluminium phase showed a higher hardness than the eutectic phase. This
is consistent with the several research that the effect of heat treatment T6 can
increase grain size. As a result of the addition of Mg the Mg2Si intermetallic

Figure 3. The curve in the a phase size area distribution and the Si eutectic phase size area
distribution (as cast and as heat treated: After Solution Treatment and After Aging Treatment)

compound is formed which causes increased hardness.

According to Figure 4, which compares the microhardness of the Si eutectic phase

and the a - Al phase under as-cast conditions, the eutectic phase is harder than

the -aluminium phase. Figure 4 demonstrates that, under as-cast conditions, the
eutectic phase has a higher hardness than the o - Al phase after the addition of the

components Sr, Ti, B, and Mg via the material of AITi5B1, ALTAB Ti80,

AISr15, and Mg. The size area distribution of the o - Al phase on Fig. 4 has grown
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compared to as cast, and the size area distribution of the Si eutectic phase has
decreased compared to as cast following heat treatment (as heat treat). As a result,
grain size, phase distribution, secondary phase grain, and precipitation hardening
all affect the mechanical properties of cast aluminium alloys.
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Figure 4. Results of Micro Vickers Hardness
(as cast and as heat treated: After Solution Treatment and After Aging Treatment)

4 Conclusions

The chemical composition of the A356 aluminum alloy did not alter significantly
with the addition of a mixture of components, including AITi5B1, ALTAB Ti80,
AISr15, and 99% Mg Ingot.
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The results of the structural study demonstrated the impact of changing Sr to
produce Si precipitates with a fine fibrous morphology under as-cast
circumstances. The morphology of the precipitates changed to spheroidized Si
after the heat treatment (solution treatment and aging treatment).

Results from the Micro Vickers Hardness test reveal that the eutectic phase is
harder than the a-aluminum phase. The two phases' hardness increased after the
T6 heat treatment process, with the hardness of the a-aluminum phase increasing
significantly and exceeding the eutectic phase in hardness.
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Abstract. Energy is an absolute necessity in human life and its availability has a
significant influence on the progress of development. One of renewable energy
sources exist all the time is geothermal. The magnetic method is one of the
advanced exploration techniques in geothermal observations. Magnetic methods
are used to determine the magnetic properties of rocks and subsurface geological
structures based on magnetic field anomalies. Knowing the subsurface geological
structure will be very helpful in interpreting the basic system and faults that may
be used as a path for geothermal fluids to escape. This study is an analysis of the
magnetization of the earth’s surface from the acquisition of magnetic susceptibility
values. Geothermal causes the value of the magnetic anomaly to be low because a
demagnetization process removes the rock’s magnetic properties. Mag2dc
software is used to determine the earth’s subsurface structure in 2 dimensions. In
the modeling obtained, there is magnetic susceptibility contrast which is negative
and that is at a depth close to the earth’s core. This area indicates the existence of
a geothermal source. In the modelling there are three types of rocks that make up
the subsurface structure: granitic, volcanic, and sedimentary rocks.

Keywords: geothermal; magnetic method; modeling; susceptibility.

1 Introduction

Energy is an absolute necessity in human life, and its availability significantly
influences the progress of development. Indonesia's energy needs have so far
been supplied from fossil energy sources such as oil, gas and coal. This fossil
energy source is not environmentally friendly because it produces pollution that
increases global warming. Apart from being less friendly to the environment, the
availability of fossil fuels will also gradually run out if they are continuously
used. Therefore, geothermal energy is a renewable energy source that is widely
available in Indonesia that can provide energy for all time. One of the most
extensive renewable energies in Indonesia is geothermal. Geothermal is 40% of
the contributors to geothermal potential worldwide, spread over 299 locations in
Indonesia [1], (Sugiharta, et al. 2013). According to UU No. 27 of 2003

Copyright © 2023 Published by ITB, ISSN: 2963-718X 50
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concerning geothermal energy, geothermal resources are thermal energy source
contained in hot water, steam, and rocks along with other minerals and gases, all
of which cannot be separated in a geothermal system.

Geothermal, which is widely spread in the territory of Indonesia, can be identified
by several kinds of exploration activities carried out by researchers. VVarious type
sort of method and geophysical surveys can be used in the search for potential
geothermal areas, one of them is the magnetic method. Geophysical
investigations apply the principles of applied physics to determine the structure
and composition of layers within the earth to find potential geothermal sources in
an area [2], (Sarkowi, 2010). This investigation is applied by knowing the
physical properties of rocks below the surface. Anomalies found in the rocks can
predict the potential of geothermal systems. One of the geophysical methods used
to investigate the existence of a geothermal system is the magnetic method [3],
(Loper, 2007).

The magnetic method is a method that uses the basis of measuring variations in
the intensity of the magnetic field on the earth's surface caused by anomalies of
magnetic objects (rocks) below the earth's surface. This research uses the
magnetic method. The magnetic survey shows the various states of the magnetic
field at the location to be measured. The magnetic method is often used in the
field because it is cheaper and easier than other geophysical methods [4],
(Telford, 1990).

This study uses the magnetic method. The research data processed is the data
from a geophysical survey from the United States Geological Survey (USGS) in
the Blue Mountain and Pumpernickel Valley north-central Nevada using the
geomagnetic method. The field data collection took place in August 2012. The
data were processed using the following software: Microsoft Excel, Surfer 20,
Magpick, and Mag2dc to obtain anomalous object models.

2 Research Methodology

2.1 Measurement

Magnetic data were taken using two magnetometers (in this case, the Proton
Procession Magnetometer) where had mapped one tool to measure the magnetic
field at the Base Station (BS) for measuring the daily variations and another tool
to measure the magnetic field in the field had been mapped in the form as grids.
The frequency of the proton precession is directly proportional to the strength of
the magnetic field ([5], Kearey et al. 2002 [6], Lowrie, 2007 [7], John et al. 2011).

Measurements in the field are carried out in several stages. First, the PPM
instrument is calibrated. Then, daily magnetic field measurements in the Base
Station are carried out every minute interval that is determined and adjusted to
the needs of the measurements. Several corrections are made in measuring the
magnetic field to determine the daily variation of the magnet, after obtaining the
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magnetic field data. In collecting data in the area, the data recorded is the
magnetic field data listed on the tool, the position of the measurement point using
GPS, and the time of measurement.

2.2 Correction

The magnitude of the magnetic field measured at station point is the contribution
of the earth's main magnetic field, the external magnetic field, and the anomalous
magnetic field. To obtain the strength of the anomalous magnetic field generated
by the rock under each surface measurement point, it is necessary to make
corrections to the main magnetic field and the external magnetic field, which is
also measured through PPM. The corrections made include the following;

1) Daily correction (diurnal correction) is a correction to remove the
influence of the external magnetic field, especially from solar activity.
The daily correction is obtained from the variation of the magnetic field
strength over a spesific time interval at the base point corresponding to
the measurement time of each station point. If there is a decrease in the
strength of the magnetic field, it must be added for the reduction to the
measurement result at the station point, and vice versa.

2) Topographic correction is a correction to eliminate the influence of the
magnetic field due to topographic differences. There is no general rule in
this correction, but if it is considered that there is no magnetization, the
correction made only refers to the difference in elevation.

3) IGRF correction is a correction to eliminate the influence of the main
magnetic field. This is necessary because the main magnetic field of the
earth changes with time [8], (Broto, 2013).

The final result of the magnetic method is the strength of the magnetic field after
correction. With the equation:

_ (tn—tin) .

Hdaily - (tfi_tin) (Hfl Hm)
Where t represents time, H represents the measured magnetic field, index n
represents the n™" data, index in represents the initial data at the base station, index
fi represents the final data at the base station.

This daily correction (Hgq;;,,) Can be positive or negative. If the value is positive
(Hgairy), subtract the value of the measured magnetic field (Hy,.) at that time
from this daily value. If the value is negative (Hgqi1,), then add the measured
magnetic field value (H,:) at a certain time to this daily value. The corrected
magnetic field (AH) can be written by the equation:

AH = Hyor £ AHdaily

Susceptibility is the degree of magnetism of an object by the influence of a
magnetic field. To calculate the magnetic susceptibility value at the measurement
point, this can be obtained from the equation:
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_AH

K
H

with,

K = Magnetic field susceptibility at the measuring point
AH = Magnetic field anomaly at the measurement point (nT)
H = Average magnetic field over the measuring area (nT)

The value of susceptibility is significant in looking for objects that have
anomalies because of the variation in the characteristics of each type of mineral
or mineral rock.

4) Upward continuation aims to eliminate local influences still present in
the data and look for the effects of regional anomalies. The higher the
data continuity, the more local information is lost, and regional
information is more precise. Upward continuation should be
manageable because it can reduce the local magnetic anomaly value
from the magnetic source.

2.3  Data Interpretation

Data interpretation is carried out in two ways, that are quantitative interpretation
and qualitative interpretation. Qualitative interpretation is based on regional
anomaly contour map analysis, while quantitative interpretation is performed
using Mag2dc software.

Qualitative interpretation aims to predict the presence of anomaly-causing objects
and to localize areas that have anomalies. Quantitative interpretation aims to
determine the shape and model and depth of anomalous objects or geological
structures through mathematical modeling.

On the local contour map that has been obtained, a line is drawn that crosses the
lowest anomaly and the highest anomaly (line section) on the contour map. This
trajectory can be created using Surfer20 software. The trajectory data obtained is
input data for the Mag2dc software as an anomaly cross-section. In Mag2dc, a
match is made between the observed curve and the model curve in forming the
subsurface layer with a forward modeling approach (matching the model profile
with the field data profile) using the trial and error method. Magnetic
susceptibility values for rock types are obtained by adding up the magnetic
susceptibility contrast values for rock types obtained by adding up the magnetic
susceptibility contrast values for rock types to the average magnetic susceptibility
value.
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2.4 Research Flow Chart
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Figure 1. Research Flow Chart

3 Result and Discussion

3.1  Magnetic Anomaly Distribution

The data obtained from the research area are in the form of latitude and longitude
coordinates in the decimal degree coordinate system, as well as the total magnetic
anomaly value resulting from daily (diurnal) and IGRF corrections. So, before
carrying out further data processing, the decimal degree coordinate system is
converted to Universal Transfer Mercator (UTM), namely easting and northing
coordinates in meters. The aim is to make it easier to read the contour map maker
software. In Figure 2, the contours of the total magnetic field show variations of
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different magnetic field anomalies based on the color scale. This anomaly value
describes the difference in the susceptibility of rock layers beneath the surface of
the area. Thus, the contrasting magnetic anomaly on the contour map indicates
the possibility of a potential geothermal source below the surface so that it can
continue that data processing. Anomaly values are grouped into three groups,
namely: high anomaly shown in yellow to red (-6 to 14 nT), moderate anomaly
shown in light blue to light green (-26 to -10 nT) and low anomaly depicted in
color purple to blue (-46 to -30 nT).

Intensity
(nT)

Latitude (m)

403600 403700 403800 403900 404000 404100 404200 404300

Longitude (m)

Figure 2. Total anomalous magnetic field.

3.2  Magnetic Data Interpretation

Based on the magnetic anomaly and rock susceptibility obtained, magnetic
anomaly modeling is made to interpret the subsurface structure. The initial
modeling step is in the form of 7 lines sections in Figure 3, representing all
anomaly contours.
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Figure 3. Modeling trajectory on local anomaly contour area

3.2.1 Magnetic Anomaly Modeling

Quantitative interpretation is needed to describe the subsurface structure from the
measured data. Quantitative interpretation aims to determine the lithology of the
research area. Interpretation is carried out by making a geomagnetic cross-
sectional model using Mag2dc software by inputting data in table 4.1 so that
Figure 4.4 will be obtained, which has a translation in the form of an image
showing the susceptibility and color values based on rock layers. In conducting
numerical modeling, several parameters of the earth's magnetic field are required
in the study area, which include the IGRF value (51,722 nT), declination angle
(64.5°), inclination angle (-14.5°), as well as several modeling parameters. Look
at the picture below.
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Figure 4. A-B Path Modeling

Based on the results of subsurface geological modeling of A-B slices and actual
regional geological information in Figure 4, rocks with a susceptibility range of
0.0000 to 0.000, which are blue, are suspected of sedimentary rocks such as
argillite, mudstone, metasediment, and slate types. Rock layers with red
susceptibility 0.0195 are considered gabbro or diorite rock types. At a depth of
100 meters down to 1000 meters, the susceptibility values of several layers show
negative values of -0.000 and -0.006. It is caused because the rock is
demagnetized. Rocks with a negative susceptibility value are suspected as rocks
with geothermal potential, which is indicated as a path passed by the hot fluid
flow underneath.
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Figure 5. C-D Path Modeling

From the results of the C-D modeling and based on the basic geological
information of the area in Figure 5, the red, blue and brown rock layers with a
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susceptibility 0.0000, 0.000, 0.0001, and 0.0005 are presumed as sedimentary
rocks such as argillite, mudstone, metasediment, and slate rock types. The rock
with susceptibility 0.001 is presumed as volcanic rock which is basalt rock types.
The rock with susceptibility 0.006 is presumed as granitic rock which is gabbro
or diorite rock types. In rock layers with negative susceptibility values, namely -
0.000, -0.001 and -0.006, it indicates that the rock is demagnetized. This rock
layer is marked as a path of hot fluid under the surface of an area with geothermal
potential.

¥ FREEWARE - Magade for Windows
System Options _Edit the Model _Inversion Options _Display Options _ About _Help

15,

Misfit = 438

Figure 6. E-F Path Modeling

From the results of the E-F modeling and based on the basic geological
information of the area in Figure 6, the red rock layer with a susceptibility of
0.0195 is suspected as a type of gabbro or diorite rock. Blue rock layers with a
susceptibility range of 0.0000 and 0.0005 are presumed as sedimentary rocks
such as argillite, mudstone, metasediment, and slate rock types. The rock with
susceptibility 0.001 is presumed as volcanic rock which is basalt rock types. The
rock with susceptibility 0.005 is presumed as granitic rock which is granite rock
types. Rock layers with negative susceptibility, namely -0.001 and -0.005 indicate
that the rock is demagnetized. This rock layer is marked as a path of hot fluid
under the surface of an area with geothermal potential.
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Figure 7. G-H Path Modeling

Based on basic regional geological information, the G-H modeling results in
Figure 7 show that rock layers with a susceptibility 0.0000, 0.000, 0.0001 in
brown are suspected as sedimentary rocks such as argillite, mudstone,
metasediment, and slate rock types. The rock with susceptibility 0.0024 in red is
presumed as volcanic rock which is basalt rock types. The rock with susceptibility
0.006 in blue is presumed as granitic rock which is granite rock types. The rock
with susceptibility 0.0035 is presumed as granitic rock which is granodiorite rock
types. Rock layers with a depth of 100 meters to 1000 meters with a negative
susceptibility of -0.000 and -0.006 indicate that the rock is demagnetized. This
rock layer is marked as a path of hot fluid under the surface of an area with
geothermal potential.

[E# FREEWARE : MagZdc for Windows - a
System Options _ Editthe Model _Inversion Options _Display Options _Abeut _Help
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S

Figure 8. I-J Path Modeling
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From Figure 8, the results of the I-J modeling and based on actual regional
geological information, the blue layers with a susceptibility 0.0001, 0.00000 are
suspected as sedimentary rocks such as argillite, mudstone, metasediment, and
slate rock types. The rock with susceptibility 0.001 in red is presumed as volcanic
rock which is basalt rock types. The rock with susceptibility 0.006 in blue is
presumed as granitic rock which is granite rock types. In rocks with negative
susceptibility, namely -0.001 and -0.006, it indicates that the rock is
demagnetized and is a path for the geothermal fluid underneath.

[E# FREEWARE : MagZdc for Windows - a X
System Options _Edit the Model _Inversion Options _Display Options _About _Help

N CE
15 Ny

Figure 9. K-L Path Modeling.

From Figure 9, the K-L modeling is the point of intersection of the locations of
the sections AB, CD, and KL so that at the end of the meeting of the three tracks,
they are in the exact location and show the same rock structure. In the blue rock
layers with a susceptibility 0.0000, 0.0001 are suspected as sedimentary rocks
such as argillite, mudstone, metasediment, and slate rock types. The rock with
susceptibility 0.002 in blue is presumed as volcanic rock which is basalt rock
types. The rock layer with a red color with a susceptibility of 0.0195 and 0.0143
is a type of granitic rock which is gabbro or diorite rock types. Rocks with
negative exposure is -0.002 demagnetized rock and is indicated as a path for
geothermal fluid flow.
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Figure 10. M-N Path Modeling

In Figure 10, based on the M-N modeling results and actual regional geological
information, blue rock layers with a susceptibility 0.0000, 0.000, 0.0004 are
suspected as sedimentary rocks such as argillite, mudstone, metasediment, and
slate rock types. The rock with susceptibility 0.001 is presumed as volcanic rock
which is basalt rock types. The rock with susceptibility 0.006 in blue is presumed
as granitic rock which is granite rock types. The rock with susceptibility 0.0035
is presumed as granitic rock which is granodiorite rock types.are suspected of
argillite, mudstone, and sandstone types. In the red rock layer with a susceptibility
of 0.0195, it is supposed that it is a type of gabbro rock. The rock with
susceptibility 0.00422 is presumed as granitic rock which is granodiorite rock
types. Rocks with negative susceptibility, namely -0.000 and -0.001, are
demagnetized rocks and are geothermal fluid flow paths.

4 Conclusion

Based on the results of data processing using the magnetic method of magnetic
field anomalies on the surface of the Blue Mountain and Pumpernickel Valley
area of north-central Nevada, it can be concluded that there is a magnetic anomaly
with a maximum magnetic value (positive value) and a minimum magnetic field
value (negative value) indicating there is geothermal potential underneath.
Through forward modeling carried out with Surfer 20, Magpick, and Mag2dc
software, it can be found that there are rock layers below the surface of the area
in the form of argillite, mudstone, sandstone, and gabbro which is the rock which
has been altered due to high temperatures resulting in a decrease in the value of
the magnetic susceptibility of rocks, and sedimentary rocks of shales or shales.



Analysis of The Subsurface Structure 62

Acknowledgement

The authors thank the U.S. Geological Survey for providing the magnetic data.

Ponce, D.A., 2012, Geophysical studies in the vicinity of Blue Mountain and
Pumpernickel Valley near Winnemucca, north-central Nevada: U.S. Geological
Survey

Open-File Report 2012-1207, 14 p.

References

[1] Sugiharta, A., Elny, Sumaedi, Lihu, I. J., Tatang, Aminuddin, A. H.,
Winarti, S., Buku Informasi Pemanfaatan Jasa Lingkungan Panas Bumi di
Hutan Konservasi, Direktorat Pemanfaatan Jasa Lingkungan Hutan
Konservasi, Bogor, 2016.

[2] Sarkowi, N.M., Buku Ajar Pengantar Teknik Geofisika. Lampung:
Universitas Lampung, 2010.

[3] Loper, David, Depth to Curie Temperature. Encyclopedia of
Geomagnetism and Paleomagnetism, 2007.

[4] Telford. W. M., L. P. Geldart dan R. E. Sheriff., Applied Geophysics,
Second Edition. Cambridge University Press: USA, 1990.

[5] Kearey, P., Brooks, M. & Hill, I., An Introduction to Geophysical
Exploration, Blackwell Science: UK, 2002.

[6] Lowrie, W., Fundamental of Geophysics, Cambridge University Press:
Newyork, 2007.

[7] John M. & Asger E, Field Geophysics, 4th ed., John Wiley & Sons Ltd,
West Sussex, P019 8SQ, United Kingdom, 2011.

[8] Broto, S., T. T, Putranto, Aplikasi Metode Geomagnet Dalam Eksplorasi

Panas Bumi, UNDIP: Semarang, 2011.



Proceedings of the 3rd ITB Graduate School Conference ISSN: 2963718X
Enhancing Creativity in Research Through Developing
Innovative Capabilities

December 21, 2022

Limestone Resources Estimation using Standardd€ies
Belt as Domain Constraint Banten, Indonesia

Ahmad Nur Taufiqurrahman 3", Antoni Sahar?, Asep Heri Patria Kesumajand &
Dwiharso Nugroho*

PT. Geo Stroonndonesia, Pinus Raya 2Bandung 40294 Indonesia
2PT. Gama GrougBantenindonesia
3Master of Geological Engineering ProgramgBlty of Earth Science and Technology,
Institut Teknologi Bandung, Ganesha 10, Bandung 40132 Indonesia
4Faculty of Earth Sciese and Technology, Institut Teknologi Bandung, Ganesha 10,
Bandung 40132 Indonesia
"Email: technical@geostroom.com/ahmad.taufiqurrahman@hotmail.com

Abstract. There was scarce literature discussing the estimation of limestone
quarry using carbonate platform components as domain constraints. Many
estimation studies heavily focus on geostatistical methods. This study offers a new
perspective on raw material resoer estimation. Carbonate deposits from
Pamubulan area are divided into three carbonate platform elements, namely
platform interior, platform margin, and platform slope. Twelve different limestone
domains were constructed. These solid model act as comstiainfurther
estimation stages. The bimodal nature of CaO and MgO grade from the entire
limestone edifice is successfully separated by the domains. Using inverse distance
weighting as an estimator, 220 million tons of limestone suitable for cement raw
matrial can be calculated. Only limestone with more than 40% CaO and less than
5% MgO is included in the calculations. Another notable feature is-drigthe
limestone bisected by lograde material. Leaving complex and challenging
environment for mining pragttion.

Keywords: 3D solid model carbonate platform inverse distance weighting
Pamubulan.

1 Introduction

Our governmented by President Joko Widodo has increadkd budget for
developing masimfrastructureThis stefs believed to be one dfiefundamental
elements that caraise economic growthBetterinfrastructure can speetings
up and redue distribution cosd, leadng to a better price forthe community.
Populationin generalwill benefitgreatly from this situation arfechally improve
natioral welfare.
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Infrastructurdike toll roads, airports, terminals, bridgesd seaports require a
large number of materials, one which is cement. Cement production uses
natural resources as raw maasiincluding limestone, sandstgraad claystone.
Comprehensive infrastructure development requires support Higim profile
cement industryDetail recordsof the potentialand resources of these raw
materials, especially limestorarevery importantThis can only be achieved by
sound mineral resource estimation.

Mineral resourcesstimationis a series of activities intended to bugédmineral
depositsmodel whetherasan exploration targetbasefor a feasibility studyor
optimizeminingprocessn Glacken andruemarn1]. The corestepof estimation
is geological modelingpractitionersoften limit this activity becauseof the
complexity and significant amount oftime required.In addition, mining
producersftenprefer more exprestecisions.

Suggestioa camefrom Mackenzie and Wilsoim [2], andCowanin [3], who
encourageegardinggeological conceptas essentialé geological modeling.
Modelsthat complywith geologicalprinciplesare more appropriate as a basis for
domainingand interpretatiorat the estimation stage. This good practice and

will not change, although various methods of analysis and interpretation continue
to evolve.

The research areia locatedin Pamubulan are®anten Province. It is paof PT.
Gama Group exploration mining license. Area extent from 3.5 km WE to 1.2 km
NS in size or around 4.2 Km

2 Geological Setting

Physiograpically research areean be included in Central DepressiRinge
Zone in Van Bemmela in [4]. According to Sujatmiko and Santosa [5],
research locatiors part ofthe Limestone Member of Citarete Formation (Tmtl)
consising of limestone, marl, and sandstone. This formatiosureaformably
above the Sandstone Member of Cijengkol Formation (Toj), dominated by
sandstone, conglomerate, breccia, tuff, and coal. It ogdnid uff Member of
Citarete Formation (Tmt) that constitateof tuff breccia, sandstone,
conglomerate, limestonand tuff

Those form#ons stretch from WNW to ESE direction with relatively homoclinal
structure. Two medium size anticline occurs in the northwest area.-Stipgke
fault dissect the studylocation in a relatively nortsouth manner. While one
large reverse fault limgtsouhern boundary of limestone formati¢figure 1).



Limestone Resources Estimation using Standard Facies Belt 65

Cijengkol Formation was recognized toveaangel in age from Early to Late
Oligocene and interpreted to have been deposited in deltaic to marine
environment, according to Sukargizal.in [6]. An unconformityrest inthe upper
boundary of this formation, separating it fraime later Neogene Formation
represented by Citarete Formatiavhich has Late Oligocene to Early Miocene

in age.The euption of Old Andesitd/olcanoat this time makes thisarbonate
deposit has an interfingering relationship with its volcanic counterpart. This
formation indicates a shallow marine deposition such as littoral thatsshow
deeper sequence upward avasderived from southern source area.
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Figure 1 Map showing regiorageology from the researched area. Rocks
spreadingverecontrolled bythe WNW-ESE folds axis and relatively nortsouth
strike-slip faults.

3 Data and Method

Datacomes from detaddrocksdescriptionoriginating from 15 drill holgooints
complementedby 67 surface geological observation locations. Toigbth as a
whole reached 1697.5 meters. Topographic surveys were caati¢sroughout

the study area accompanieddnllar coordinate dat&om all drill points. There
were 538 rock samelintercepts sent to the laboratory. XRF analysis was carried
out to determine the levels of CaO and MgO from sheples The average
lengthof samplesvasabout 2.7 meters with a minimush50 cm and a maximum

of 4.5 m.
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Estimation begins with the develognt of a conceptual geological modéthe
site area This concepial model is the basis for makirsglid modek (domain).
This is an interpretation and correlation between raekdosophically similar
rock sequences with similar geochemical propewi¢h equivalentstrike/dip or
position, are interpreted as the saomét and will becombinel and correlatd. In
this study the rock sequences were analyzed, interpreted, and classified
according to the standard facies belt from Wilgb®@75)in Schlager (2005])7].
Standard facies belt range from marinéttd namely1) basin; 2) deep shelf; 3)
toe of slope; 4) slope; 5)@Emargin; 6) sand shoals; 7) normal platform interior;
8) restricted platform interipand 9) platform evaporate. Bimplify the model
created, facies belts are comln® platform margin (bet 5 and PM),
platform interior (bek 7 and &PI), and phtform slope (be#3 and 4PS.

In practice to createa domainis to ®lectseveralcrosssectiors between drilled
points These2-dimensional sectiorsct as canvas wraw the upper, lower, and
lateralboundaries of each intercept of ghreviously interpreteéacies beltype
Oncetheyareformed, the lines are connected between sections, thus forming a
threedimensional shape. Thext step is to close or triangulate each sifiie
shapes that havieeencreated andcombined. The result is a 3D shape of a
limestone bodysingle facies belt featuré)at is closed on each sidadso itis

called a solid modelhich hasa volumeunit.

The next stage is the creationtbé blocks model. This model takes the form of
many blocks that occupy thremensional space, have volume, and theiidxd
are bound to the X, ywndz-axis. Each unit can be filled with various kinds of
datg such agheestimated value ahineral/element gradéensity, rock name,
or resource category. The size of tlecks model used is 100 x 60 x 3 meters.
Theblocksextend westeastollowing regional rockspreaihg. There are 26,516
blocks built into the model.

The result of the main estimation work isn@del consisting of a set of blocks
whose center point (centroid) has an estimation value.oDtie method that

are widely usedto process estimatiois theinverse distance weight. IDW
method withan exponent of 2 as sugsfed by Babak and Deutscah [i8] was
implemented to estimatthe CaO and MgO content ahe study areaThe
minimum number of samples used in the calculation is 3 and can be up to a
maximum of 15.

Mineral resources dhis area willbe divided into several levels, according to
their areas proximity to the drill hole points.Corresponihg to JORCin [9],
resourcs from highest(nearest)to lowest (farthest) statusare divided into
measured, indicated, and inferred. Tistance of the area offluence wll refer
to Muchaet al in [10], that probably a development fromd&vden in[11], by
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