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ABSTRACT

The purpose of this independent study is to improve productivity of noodle production process
of case study factory. From the general manager's interview found that the workload of the production
line and the number of employees is not balancing. This reflected the use of inefficiency production
resources. The product used in this study was 2 types include fresh noodle and semi-dry noodle. The
scope of this study ranged from rice cleaning process to packing noodle process. This study used quality
improvement, process analysis, time study, production line balancing, labor productivity, 7 wastes, 7
QC tools and Eliminate, Combine, Rearrange, and Simplify (ECRS). The study results indicated that
the improvement of fresh noodle production process can increase the efficiency of fresh noodle
production process 4.27 percent, decrease cycle time 8.13 percent, decrease number employee in this
production process 4 persons and increase labor productivity 41.57 percent. And the improvement of
semi-dry noodle production process indicated that the efficiency of semi-dry noodle production process
and cycle time are the same as 66.85 percent and 18.68 second per kilogram respectively due to the
limitations of the machine that no additional investment and packing process can’t be changed. But this
improvement can decrease number employee in this production process 5 persons and increase labor
productivity 16.59 percent.
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ABSTRACT

This research shows the usage of enzyme laccase to remove dicofol based insecticide. The
Laccase was extracted from Lentinus polychrous Lev. It was found that the purity of laccase increased
3.52 folds when passing through micro- and ultra-filtration system. The result of using this enzyme to
remove dicofol at 12 hours showed that the removal efficiency reached 100% at pH 7, temperature of
35°C, the activity of the enzyme at 4.32 U/ml and dicofol concentration of 1 mg/l. The kinetics study on
dicofol removal with laccase showed that the value of K was 2.52 mg/l and Vmax was 0.93 mg/l/min.
To determine the activation energy (E.), the temperatures in the range of 25-35°C were applied. The
value of E, was 5.45 KJ/mol. According to real environmental condition, the contaminations of NOM,
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Fe’*and Mn?* were investigated. At dicofol concentration of 5 mg/l and the concentrations of NOM,
Fe**and Mn?" in the range of 0-50 mg/I displayed that the removal efficiency increased when increasing
the concentration of Mn*". The removal efficiency reached 100% at Mn?* concentration of 50 mg/1.
In contradiction, in case of NOM and Fe?', increasing the concentration of NOM and Fe** trended to
decrease dicofol removal efficiency. The removal efficiencies at the concentrations of 50 mg/l were
62.43 and 45.32%, respectively. The results of inhibition study on NOM, Fe* and Mn*" showed that
NOM and Fe?* were uncompetitive and competitive inhibitors, respectively, meanwhile, Mn** acted as

a promotor for dicofol removal.
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ABSTRACT

Fish farming business at Tungyao village requires a heavily used of aerators to increase the
amount of oxygen level in water to the suitable point where fish can be optimally grown. As a result,
fish farmers suffer from a high electricity bill. This work aims to study the performance of the PV
system which is part of the hybrid load sharing system. The electrical energy from the PV system is
combined with that from the utility grid using a particular inverter that can select the source of energy
for the aerator system. During the daytime, aerator system mainly relies on the energy from the PV
system. If the energy from solar PV is not enough, the inverter extracts the surplus energy from the
utility grid in order to maintain the power level for the aerator system. From the testing, it was found
that the energy production from the PV system provided about 30.95% of the total energy required by
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the aerator system during the overcast days (average solar intensity < 350 W/m?). On the clear sky
(average solar intensity > 350 W/m?), however, the energy production from the PV system can replace
the energy utilization from the utility grid for 56.67%. During the testing period, the panel system
exhibited the average conversion efficiency and performance of 15% and 96.6%, respectively. Our
study has demonstrated that the hybrid load sharing system can significantly lower the electricity bill

especially on the sunny day.

Keywords: Hybrid load sharing system, Solar PV system, Aerator, Performance, Efficiency.
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ABSTRACT

The purposes of this research is to analyze plant layout of interlocking-bock pilot plant using
Mae Moh power plant ash for Mae Moh scale and local community scale. To develop a pilot plant,
Systematic Layout Planning (SLP) method was used to analyze the plant layout. Besides, the total
closeness rating (TCR) technique was applied to calculate for the lowest distance between departments
to confirm minimum transportation distance. After completed calculation, a pilot plant was built
structuring with the block developed. Then, machines were delivered and installed as designed in the
planned layout. It was seen that the transportation distance per a production cycle was 41 meters in a
265 square meters building. So that, the interlocking-bock pilot plant will be used as a learning center
for the community who interests in setting up an enterprise interlocking block production.
Keywords: Pilot plant, Interlocking block production, Mae Moh Power plant, Bottom ash
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ABSTRACT

The objectives of this research is to study about the shear lag effect and focus on stress
concentration for steel box girder with longitudinal stiffeners. All of models in this research used the
finite element method for studying the shear lag effect and the finite element mesh must be made with
carefulness to assess stress concentration. The study examines the stress concentration in a flange due
to the shear lag in a simply supported steel box girder by the three-dimensional finite element method
using shell elements under two loading conditions of uniformly distributed load along girder length and
concentrated load. Definitely, parametric study with respect to the geometry of steel box girder is used.
The dependency of finite element mesh is carefully emphasized. It is also reported that the stress
distributions in the flange are different from those of the elementary theory. Based on the results,
empirical formulas are proposed to calculate stress concentration factors due to the shear lag effect.

1. INTRODUCTION F

This study aims to investigate shear lag in
simply supported steel box girder with stiffener
under two loading conditions. The simply il
supported steel box girder is shown in Figure 1.
In the elementary beam theory, the normal stress ? L2 L2 ?
in the longitudinal direction produced by bending

deformation is assumed to be proportional to the (a) Side view of concentrated load
distance from neutral axis and uniform across the at the mid span

flange width. If the flange gets wider, this

assumption becomes invalid and a phenomenon w

called shear lag will happen.

The geometric properties of box girders are
shown in Figure 1 (c). The geometric properties
are half flange width (B), span length (L), height
of web (H), thickness of flange (t7), thickness of L2
web (tw), cross sectional area of the stiffeners (As)
and cross sectional area of flange (Ay).

L2

- =

(b) Side view of distributed load
along the beam length

Figure 1 Structural geometry of box girder
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(c) Cross section and
geometric properties

Figure 1 (Cont.) Structural geometry of
box girder

Empirical formulas for assessment of shear
lag effect are shown in term of the effective width
but this way cannot give the exact value of stress
concentration. Moffatt and Dowling [3] give the
meaning of the effective width is:

B o (M)
Where B. is the half effective width, and the
numerator is the integration of the normal stress
in the flange, oy, while the denominator is the
actual maximum normal stress in the flange due
to shear lag, oma. Yamaguchi, T., et al. [6] are
realized that the evaluation of the maximum
stress by the effective width approach invites
error by itself. So, in the present study, the
empirical formulas are proposed for evaluating
stress concentration factors obtained by the
present finite element analysis instead of the
effective width.

The AASHTO LRFD Bridge Design
Specifications 2010 [4] is used for design steel
beams. By varying the proportions of geometric
properties of the steel girder, the linear FEA is
performed. From the results of finite element
method (FEM), the proposed formula for
calculation stress concentration factor is
proposed.

For finite element models, the structure is
created by using 3D 4 nodes shell element. Due
to symmetry, this study uses a quarter of steel box
girder for analysis. In all analyses, finite element
program, MARC 2016 [5], is used. The square
elements are used in this study. The element
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meshes are used to learn about the effect of finite
element mesh on stress concentration and used to
reduce incorrect value by  multimesh
extrapolation method for all steel box girders
under two loading conditions.

2. Box girder to be analyzed

The stress concentration factors can be
evaluated in steel box girder underneath
concentrated load. Stress concentration factor, K
is the ratio of the maximum normal stress in the
flange due to the shear lag to that of the
elementary beam theory [6]. Previous researches
not have the way to calculate a precise stress
distribution that have the shear lag. And many
researchers do not give their loading condition
exactly [6].

In finite element models, a unique load in the
beam theory can be applied in various ways [6].
In this study, load conditions that make local
effects in the flange are neglected. For the
concentrated load, two loading models shown in
Figure 2 are adopted: Load C-1 is a concentrated
load at the middle of the web, Load C-2 is a
uniformly distributed load along the height of the
web, Load D-1 is a uniformly distributed load
along the centerline of the web and Load D-2 is a
uniformly distributed load along the beam axis
and the web height of every cross section [6].
Tenchev [1] is one of few researchers that
provided loading condition and he used Load C-
2 and Load D-1 for his concentrated and
distributed load [1].

L1

e

L~ |
Py '
i
1L~ Ll
(a)

(d)

Figure 2 Concentrated load (a) Load C-1,
(b) Load C-2; Distributed load (c) Load D-1,
(d) Load D-2



3. STRESS EVALUATION

The finite element model is analyzed by
finite element method, shell elements are used.
The analysis results of finite element mesh are
more powerful. The number of elements in
Figure 3 are 4,288, 17,152, 68,608, and 274,432
for mesh A to mesh D, respectively.

Mesh A
(17,152 elements)

Mesh D
(274,432 elements)

Mesh C
(68,608 elements)

Figure 3 Finite element meshes

The previous study is to learn about the
effect of element mesh. Figure 4 shows the
normal stress distributions in upper flange at the
mid span of steel box girder. In this Figure 4, orem
is the normal stress from finite element analysis
and Gbeam 18 the normal stress from the elementary
beam theory and constant value. This is the result
of box girder (H/L =0.05, B/H=0.4, T¢/Ty = 1.3,
AJA¢ = 0.3) under Load C-2 by four meshes,
mesh A to mesh D.
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Normal-stress distribution in upper flange

112 1.13
: —o—Mesh A (4,288 elements) A 1.10
g107  —o— Mesh B (17.152 elements) 0 1.07
S 1.02 —— Mesh C (68,608 elements) ;‘p 1.04
= Mesh D (274,432 elements)
=
& 0.97 e
' 5 /
0.20 40 060 | 080 1.00
x/B

The location of stiffeners

Figure 4 Normal stress distributions
in the upper flange

Figure 5 shows the variation of the normal
stress in the flange with respect to a
representative element size A. It is observed that
the four lines in the graph become almost straight
for small A. The linear extrapolation shown by
the dotted lines in the graph can be used to
estimate  the converged stress.  “This
extrapolation method is called the multimesh
extrapolation method” by Cook et al. [2].
Importantly, the four lines in Figure 5 are almost
straight, which is in accordance with the
description of Cook et al. [2].

23 —o— Edge of flange
K. )
g P —— 0.12B away from edge
& 1.18
= [~ —o— 0.25B away from edge
A .
© —#&— 0.37B away from edge
1.08
e
098 | —g—n - -
liicg——o o o
e A
0.88
0.00 0.05 0.10 0.15 020
A/B

Figure 5 Variation of normal stress
with respect to representative element size

4. PARAMETRIC STUDY

Stress concentration factor, K. stands for the
ratio of the maximum normal stress, Gmaxrem,
which is calculated by finite element analysis to
the elementary beam theory stress, Gueam. Figure
6 shows the normal stress distribution in the
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upper flange at the mid span of simply supported
beam with B/H= 1.0, H/L = 0.2 and T¢Ty = 2.5
is presented in Figure 6. K. increases with the
increase of Ay/Ar Cross sectional area of
stiffener, A, is equal to area of one stiffener
multiplied by no. of stiffeners (t; x ds x no. of
stiffeners) and cross sectional area of flange, Ar
is equal to two multiplied by area of flange (2 x
(2B + tw) X tp).

Concentrated load (C-1)

1] 2500 5000 Y500 10000
Upper flange width (mm)

Concentrated load (C-2)

0 2500 5000 7500 10000
Upper flange width (mm)

Distributed load (D-1)

0 2500
Upper flange width (mm)
Figure 6 The normal stress distribution
in the upper flange at the mid span of
simply supported beam

5000 7500 10000

The shear lag effect on simply supported box
girder with longitudinal stiffeners depends on
five factors:

a) Type of loading

b) Half flange width/height of web ratio of the
girder (B/H)

c) Height of web/span length ratio of the girder
(H/L)

d) Thickness of flange/web ratio of the girder
(T¢/Tw)

e) Cross sectional area of the stiffeners/area of
the flange ratio of the girder (Ay/Ar)

5. FINITE ELEMENT ANALYSIS

For the FEM model, the structural is
modeled by using three-dimensional 4-node shell
elements. It is noted that due to symmetry only a
quarter of the box girder is analyzed as shown in
Figure 7. The elasticity modulus of box girder
materials is E =2.06x10° MPa and Poisson’s ratio
is equal to 0.3. In finite element model of a
quarter of the box girder, the general rule for a
symmetry displacement condition is that the
displacement vector component perpendicular to
the plane is zero and the rotational vector
components parallel to the plane are zero. For an
anti-symmetry condition, the reverse conditions
are applied (displacements in the plane are zero;
the rotation normal to the plane is zero) [7].

N

S
[
Ira=a
e
Sy

Figure 7 A quarter of box girder

6. Effect of geometric properties

This study uses AASHTO Standard for
design initial dimension of steel box girder as
shown in Figure 8. The initial proportions are
H/L = 0.05, B/H=0.4, t/ty = 1.3, and AyJ/As= 0.3.
From the initial proportions can vary the
proportion, and the following values are
considered: H/L = 0.05, 0.1, 0.15, 0.2; B/H= 0.4,
0.6, 0.8, 1.0; ti/ty = 1.3, 1.9, 2.5. The longitudinal
stiffeners in a beam are considered: Ay/Ar=0, 0.3,
0.6, 0.9 in which Ag is total area of stiffeners on
each flange and Ay is area of the flange. And the
values of H, ti, t;, and d; are fixed equal to 2,027
mm, 12 mm, 12 mm, and 120 mm respectively.
The combination of all these values results in 192
models different from each other in geometry.



t=12mm

LI*IJ*LJ*LI#LI

E t=12mm d=120m ||

tw=9mm

H=2.027mm

| 2B=1.800mm

Span length, L = 40000 mm
Young’s modulus, E =206000 MPa
Poisson’s ratio = 0.3

Figure 8 Cross section and geometric properties

Figure 9 shows K. for the cross section of
AJAr= 0.9, t/ty = 1.3, 1.9, 2.5 under Load C-1
and Load C-2. Load C-2 makes larger K. than
Load C-1 constantly. K. value under Load D-1
and Load D-2 are not hardly different, but K.
value under Load D-1 is quite more than that of
Load D-2. For distributed load, Load D-1 is used
to study. The shear lag phenomenon associated
with a wide flange, it is expected that K. value
becomes larger as H/L increase.

(a) AJAr= 0.9, ti/ty=1.3
4.0 —8—— E/H=0.4, Load C-1
35 ) ," --#---B/H=04, Load C-2
3.0 = : A4 BEE06Load C
2.5 i -

__:. -=<---B/E=0.0, Load C-2

- ¥
o T .
.

& —%—— B/E=0.5, Load C-1

-— - —-B/H=08 Load C-2
—8— EBE/H=1.0, Load C-1

--8---B/E=1.0,Load C-2

0.20

Figure 9 Variation of K. with respect to H/L
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15 — & B/H=0.4,Load D-1
s - - 8- —- B/H=0.4, Load D-2
— & B/H=0.6, Load D-1
1.3
- - - -~ B/H=0.6, Load D-2
t‘rl_z — 4 B/H=0.8, Load D-1
11 / - 4-—- B/H=0.8, Load D-
— 8 B/H=1.0, Load D-1
1.0 ’
--#---B/H=10,Load D-2
0.9
0.05 0.10 0.15 0.20
HL
(b) AVAr= 0.9, ti/ty,= 1.9
4.5 — &+ E/H=0.4,Load ¢
37 A s . E/H=0.4,Load C-2
o 4 —&— B/H=0.6, Load C-1
29 ’,e" - - -- B/H=0.6, Load €2
v o - /::i
21 _-# % BE=08.lsad

.""" 4
__ ~ ' ----- B/H=0.8, Load C-2

"

13 —B— E/H=10,Load C-1
05 # - B/H=1.0, Load €2
0.05 010 015 0.20
HL
L7 —8&— B/H=04, Load D-1
— % — B/H=04,LoadD-2
L3
—i— B/H=06, Load D-1
— -4— B/H=06, Load D-2
2413
—— B/H=08, Load D-1
- = B/H=0E, LoadD-2
L1
—8— B/H=10, Load D-1
= ¥ = B/H=
0.9 B/H=10, Load D-2
005 010 015 020
HL

(C) AJAr= 0.9, tft,= 2.5

Figure 9 (Cont.) Variation of K. with respect to
H/L
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4.5
—s— E/H04, Lead C-]
JE
3.7 L7 - - B/E04,LoaiC2
) #
r
SR e B/H-06, LeadCil

— =4 = B/H=06, Load C-1
——4—— BE/H=028, Load C-1

— = — E/H=0E, Load C-1

—— E/H=10, Load C-1

= @ — EBE/H=10, Load C-2

0.5
0.05 0.10 0.15 0.20
HL
17 —8— B/H=04, Load D1
— = — B/H=04, LoadD-2
1.5
—t—— B/H=0.6, Load I-1
— -4 — B/H=056, Load -2
A3
——p— B/H=0.3, Load D1
- — B/H=08, LoadD-2
1.1
—8— B/H=1.0, Load -1
= B — B/H=1.0,LoadD-2
0.9
005 010 015 020
HL
Figure 9 (Cont.) Variation of Kc with respect to
H/L

Figure 9, 10, 11 and 12 show some more
characteristic results of K. and may be
summarized as follow:

1. K¢ grows with increase of H/L.

2. H/L on K is small for B/H equal to 0.4 under
Load C-1 and Load D-1.

3. B/H has considerable influence on K.: as B/H
become larger, K. increase in general.

4. B/H onKc is small for H/L equal to 0.05 under
Load C-1, Load C-2 and Load D-1.

5. K. grows with the increase of ti/ty for large
H/L.

6. K. grows with the increase of Ay/Ar for large
H/L.
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reregerss HIL=0.03, As/Af=(
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) A HL=0.1, Ag/Af=03
,.I._.' - - HL=0.1, Az/Af=0.6
y
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1.0 —o— HL-0.2, AvAS00
040 060 080 100
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Distributed load (D-1) """ BL=0.05, As/A8=0
e — 4 — HL=0.05, A=A#=03
- =0 - - HL=0.05, AsAf=0A
—o— HL=0.05 Az’Af=00

S HL=0.1, Az/Af=0
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14 A 5. HI=01 avas0s
—f HT=0.1, Az/Af=09

ﬁ TR HL=0.13, As/Af=]
_q =& — HL=0.15 AsA03

o

1.2 T s s HL=0.15, As/AF=0 4

A e HI-015a58209
S e HL=0.2, AsAS=0

A — HL=02, A/AE03
- HL=02 AsAS=06

0-0-.— HL=0.2 A<Af=09
1- 3

1.0
0.40

0.60 0.80
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Figure 10 Variation of K. with respect to B/H
(t'tw =2.5)



Concentrated load (C-1)
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Figure 11 Variation of K. with respect to t/ty
(B/H=1.0, AJA:=0.9)
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Figure 12 Variation of K. with respect to Ay/A¢
(B/H=1.0, t#/t,=2.5)
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Concentrated load (C-2)

|

—o—H/L =0.03

——H/L =0.1
1.50 ——H/IL =0.13
—o—HL =02
0.00
0.00 G'SDAS.-’AfO'GO 0.90
Distributed load (D-1)
158
——HL =005
138 ——HL=01

4
——HL =015

O
¢

. v

0.00 030, ,,060 090
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L 4——A&— *—0-HL=02

Figure 12 (Cont.) Variation of K. with respect

to AJ/Ar (B/H=1.0, ty/t,=2.5)

7. EMPIRICAL FORMULAS

For the discussion in the first section [6], the

numerical results give the below formulas:

Concentrated load (Load C-1):
o ()

Where

o (1+i_sf)1,l

e B
b,=0.832xIn (J—;) +2.77

¢,=-0.034x1n (:—f) +1.744

W

Concentrated load (Load C-2):
Ke=prap (i) +1
Where

o (1+ﬁ)1.2

Ag

b (B

2

3)
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by=1.756xIn () +6.101

w
¢,=0.053xIn (:—f) +1.202
Distributed load (Load D-1):

K =@xa;x (%)2 +1 )

Where
o (Hﬁ)l.ls

Ag
B\®3
a0y ()

by=1.225%In (:—;) -0.494 (:—va) +6.001
¢3=-0.041xIn (:_va) -0.006 (:—f) +2.371

W

It is noted that the above formulas are applicable
for 0.055<02,04<-<1.0,13<2 <25 and

W

As
OSESI.O.

7.1 Accuracy of the proposed formulas

Figure 13 shows K. established by the
proposed formulas of Eq. (2), Eq. (3) and Eq. (4)
with the FEA results. To find the accuracy, the
percentage error of the stress concentration factor
calculated from this formula [1]:

_ Kepmp-Kerea x100(%)
FEA

& (%)
Where Kcemp and Kcrea are the K. values obtained
by the proposed formulas and the present finite
element analysis, respectively [6]. The accuracy
of the proposed formula for each loading
condition is calculated as mean square error by
the following equation [1]:

- 1 N 2
8_/ EZH &

Where ¢; is the error computed by Eq. (5) for a
present finite element result and N is the number
of the present finite element results for a loading
condition [1]. N in Eq. (6) is equal 192. Using Eq.
(6), the mean square error is 1.92% for Load C-1,
2.84% for Load C-2 and 1.41% for Load D-1.
Figure 13 shows K. due to proposed
formulas and finite element analysis for the cross
section of t¢/tw = 1.3 and Ay/Ar=0, 0.9 under Load
C-1, Load C-2 and Load D-1.
(a)te/tw = 1.3 and AJ/Ar=0

(6)
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Concentrated load (C-1)

20

—o— FEA (HL=005)
- =p = Emp (HL=0.03)

01'7 —&— FEA (HL=0.1)

M - =4 = Emp (HL=01)
14 = —&— FEA (H1=0.15)
- # — Emp(HL=0.15)

L1 —o— FEA (HL=02)

0.8 — @ — Emp (HL=02)

0.40 0'60B.-"H0‘80 1.00

Concentrated load (C-2)

——t— FEA (HL=003)
— = — Emp (HL=003)
——air— FEA (HL=0.1)
— =4 — Emp (HL=01)
—8— FEA (HL=0.15)
— 4 — Emp (HL=015)
—=o— FEA (HL=02)

= @ — Emp(HL=02)

040

0.60 0.80 1.00
BH

Distributed load (D-1)
1.4 ——g—— FEA (HL=005)
1.3 — = — Emp (HL=005)
—&—— FEA (HL=01)
1.2 — =4 = Emp (HL=01)
ol —8— FEA (HL=015)
11 — & — Fmp(HL=015)
1.0 —o— FEA (HL=02)
— = — EmpHL=02)

0.9
0.40 O'ﬁonI—IO'SO 1.00

(b)t/ty = 1.3 and AJ/As= 0.9

Concentrated load (C-1)

——— FEA (HL=005)

24
— =+ — Emp (HL=00%)
20 — 4 FEA (HL=0.1)
oF -4 — Emp (HL=0.1)
16 —m— FEA (HL=013)
—8— FEA (HL=02)
0.8 = @ = Emp(HL=02)

040 0_6DB;,HD_SD 1.00

Figure 13 K. due to proposed formulas and
finite element analysis
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Concentrated load (C-2) 8. CONCLUSIONS
4.0 Three-dimensional finite element analysis of
TRl steel box girder with longitudinal stiffeners is
3.2 Rk operated to show the shear lag effect. The stress
FEA EL=01) concentration factor, K. is used to determine the

o RO shear lag effect on stress concentration. Shell

= —&— FEA {11~015) elements are used for all models. Concentrated

1.6 M/’-—’;“ # = Bap(E1~015) load and distributed load are employed to various
——FRAEA~0D cross-sections of steel box girders. The results

0.8 = @ = Emp(H1~02) show that the stress concentration factor
0.40 O.6OB"HO.80 1.00 increases with the increase of proportions of
geometric properties. From the numerical results,

the empirical formulas are proposed to calculate

Distributed load (D-1) the stress concentration factors. And it is verified
15 —o— FEA (HL=005) that the results of proposed formulas are similar
~ -5 = Emp (HL=005) to the present finite element results.
01'4 —a— FEA (HL=01) For future study, it is recommended that the
A — EmpHL=0.1) study of stress concentration due to shear lag of
12 —&— FEA (HL=015) steel box girder with longitudinal stiffeners
— B — Emp(HL=015) should be compared with data from actual steel
A —o— FEA (HL=02) box girder sample.
0.8 = @ = Emp(HL=02)
0.40 0.60 0.80 1.00

BH
Figure 13 (Cont.) K. due to proposed formulas
and finite element analysis
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ABSTRACT

This paper presents an improvement of the data sorting method for reversible data hiding in QR
code images by applying an EVM technique to sort the prediction error values before embedding. The
order of the predicted error values was recalculated and is replaced the original local variance, which
was calculated from the four neighboring pixels to get the maximum possible PSNR value. The new
variance can extend the level of the pixel area to a maximum of 30 levels with 40 versions of the QR
code images that is used for testing. The results showed a more efficient sorting over previous methods,
especially small data embedding.
Keywords: prediction error; reversible data hiding; QR code; EVM
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. o ¢ d
m31ah 1 waansmsdadoya ex 1-30 voanw QR Code o331 40

Payload (kbits)

ex 20.00 119.20 367.20 367.20

PSNR Weight PSNR Weight PSNR Weight PSNR Weight
1 71.558 0.98431 63.792 | 0.98431 61.695 0.98431 58.918 0.97647
2 71.562 | 0.98431 63.816 | 0.98431 61.708 0.98431 58.916 | 0.97647
3 71.582 | 0.98431 63.817 | 0.98431 61.724 | 0.98431 58.925 0.97647
4 | 71.599 | 0.98431 63.816 | 0.98431 61.703 0.98431 58.919 | 0.97647
5 71.660 | 0.98431 63.822 | 0.98431 61.705 0.98431 58.922 | 0.97647
6 71.590 | 0.98431 63.821 0.98431 61.705 0.98431 58.913 0.97647
7 71.594 | 0.98431 63.830 | 0.98431 61.708 0.98431 58.919 | 0.97647
8 71.603 0.98431 63.821 0.98431 61.708 0.98431 58.920 | 0.97647
9 71.581 0.98431 63.825 0.98431 61.705 0.98431 58.921 0.97647
10 | 71.611 0.98431 63.822 | 0.98431 61.716 | 0.98431 58.930 | 0.97647
11 | 71.607 | 0.98431 63.826 | 0.98431 61.717 | 0.98431 58.926 | 0.97647
12 | 71.600 | 0.98431 63.831 0.98431 61.709 | 0.98431 58.932 | 0.97647
13 | 71.600 | 0.98431 63.828 0.98431 61.715 0.98431 58.927 | 0.97647
14 | 71.621 0.98431 63.823 0.98431 61.711 0.98431 58.919 | 0.97647
15 | 71.612 | 0.98431 63.847 | 0.98431 61.713 0.98431 58.927 | 0.97647
16 | 71.618 0.98431 63.820 | 0.98431 61.715 0.98431 58.928 0.97647
17 | 71.609 | 0.98431 63.820 | 0.98431 61.715 0.98431 58.922 | 0.97647
18 | 71.634 | 0.98431 63.829 | 0.98431 61.711 0.98431 58.922 | 0.97647
19 | 71.625 0.98431 63.823 0.98431 61.710 | 0.98431 58.923 0.97647
20 | 71.634 | 0.98431 63.831 0.98431 61.712 | 0.98431 58.930 | 0.97647
21 | 71.617 | 0.98431 63.820 | 0.98431 61.708 0.98431 58.927 | 0.97647
22 | 71.595 0.98431 63.832 | 0.98431 61.715 0.98431 58.921 0.97647
23 | 71.606 | 0.98431 63.828 0.98431 61.707 | 0.98431 58.923 0.97647
24 | 71.642 | 0.98431 63.828 0.98431 61.718 0.98431 58.927 | 0.97647
25 | 71.668 0.98431 63.829 | 0.98431 61.713 0.98431 58.926 | 0.97647
26 | 71.611 0.98431 63.829 | 0.98431 61.715 0.98431 58.926 | 0.97647
27 | 71.629 | 0.98431 63.833 0.98431 61.708 0.98431 58.932 | 0.97647
28 | 71.614 | 0.98431 63.834 | 0.98431 61.711 0.98431 58.927 | 0.97647
29 | 71.600 | 0.98431 63.829 | 0.98431 61.718 0.98431 58.930 | 0.97647
30 | 71.606 | 0.98431 63.828 0.98431 61.707 | 0.98431 58.932 | 0.97647
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Payload (20 kbits) Payload (193.60 kbits) Payload (367.20 kbits)
QR Code 5o R . PSNR . PSNR .

Image (dB) Weight ex (dB) Weight ex (dB) Weight ex
Version 1 55.575 0.98824 12 - - - - - -
Version 2 56.724 0.98039 30 - - - - - -
Version 3 57.703 0.97255 30 - - - - - -
Version 4 58.611 0.98039 15 - - - - - -
Version 5 59.409 0.97255 30 - - - - - -
Version 6 60.134 0.98824 12 - - - - - -
Version 7 60.824 0.97255 30 - - - - - -
Version 8 61.463 0.98039 15 - - - - - -
Version 9 62.068 0.98824 12 - - - - - -
Version 10 62.639 0.98824 30 - - - - - -
Version 11 63.118 0.98039 8 - - - - - -
Version 12 63.625 0.97255 12 53.649 0.97255 30 - - -
Version 13 64.056 0.98039 30 53.956 0.97255 8 - - -
Version 14 |  64.547 0.98039 15 54.471 0.97255 5 - - -
Version 15 64.957 0.98039 15 54.975 0.98431 30 - - -
Version 16 |  65.336 0.98824 30 55.367 0.98039 30 - - -
Version 17 65.710 0.98824 30 55.758 0.98039 12 - - -
Version 18 66.076 0.98824 12 56.115 0.97255 30 - - -
Version 19 |  66.419 0.97255 12 56.466 0.98039 5 - - -
Version 20 |  66.792 0.97255 30 56.814 0.98824 30 53.814 0.97255 12
Version 21 67.126 0.98431 30 57.139 0.98824 12 54.208 0.98431 15
Version 22 67.388 0.98039 8 57.447 0.98039 30 54.566 0.98039 12
Version 23 67.719 0.98039 8 57.751 0.98431 30 54.948 0.97255 12
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Version 25 68.276 0.98039 30 58.322 0.98039 8 55.532 0.98431 30
Version 26 | 68.554 0.97255 30 58.601 0.97255 30 55.799 0.97255 30
Version 27 68.822 0.97255 8 58.858 0.97255 30 56.068 0.97647 12
Version 28 69.076 0.98039 30 59.117 0.98039 5 56.326 0.97647 12
Version 29 | 69.309 0.97255 12 59.374 0.98039 8 56.575 0.98039 30
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Version 31 69.802 0.97647 30 59.852 0.98824 30 57.053 0.98824 30
Version 32 70.025 0.98039 30 60.074 0.98824 12 57.287 0.97255 12
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Version 38 71.326 0.97255 12 61.353 0.98039 15 58.551 0.97255 30
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ileuTasuuuiiaeslseldihimdinsnaa 240 MW (80% Load) uazfiasniswan 180 MW (60% Load)
v 1 v Y i

wanldnon 80% voamainsnanal Heat Rate vodlsa luliuainneninenaau 0.1% uazn 60% voiriaams

nanA1 Heat Rate voelsa iuminnzmiiei 12 avu 0.07%
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4 \ SO’ = a %
mmany: wsesgquinteu, Uszaninmisdlih, sasanudou

ABSTRACT

Mae Moh Power Plant Unit 12 is a coal fired power plant capacity of 300 MW. It has been
operated more than 20 years. The major equipment has degraded from this reason. The high pressure
and low pressure steam turbine has been change for new one to improve plant efficiency. From this
improvement, heat rate is better than that of before period by 0.85%. Then, it has the research about
increasing the extraction steam flow from turbine to heat up in feed water heater in case of 300 MW
power plant capacity. The result is decrease the heat rate about 0.116%. In this research focus on
increasing the extraction steam flow from turbine to heat up in feed water heater in case of 240 MW
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(80% Load) and 180 MW (60% Load). The result at 80% load is decreasing the heat rate by 0.1% and

at 60% load is decreasing the heat rate by 0.07%.

Keywords: Feed Water Heater, Power Plant Efficiency, Heat rate
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ABSTRACT

Nowadays, competitive companies require of short lead times, low costs and high customer
service levels to survive. The paper proposes an approach to reduce lead time and cycle time in the
process including identify employee's procedures and working hours as standard for provide an
operations procedures manual for the company. It is based on a case study of the Namdokmai mango
packing process of Shine Forth Co., Ltd. The problem can be divided into 5 problems. The researchers
have chosen to improve the 3 problems that most effect on company. First, they don’t have standard
time in procedures. Second, the employees work duplicate. Finally, employees don’t have clearly duty.
These problems were solved by process analysis and standard time techniques. The paper reports
numerical results that can reduce lead time by 30.5 percent from 95.2 to 66.2 seconds per kilogram and
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reduce cycle time by 42.1 percent from 30.4 to 17.6 seconds per kilogram. This result ensures that

company can be more efficient process.
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ABSTRACT

The objective of this research paper is to search for setup-time reduction in mold change of
injection process. From surveying in a plastic injection process, an injection molding machine in 260
tons capacity with two-nozzle type takes long setup time in mold change about 194.36 minutes. There
are two main activities 1) mold change: preparing tools, connecting water pipes and changing tool in
fixing clamp and 2) parameter adjustment. Quick changeover technique; separate internal activities
(those can only be performed when the machine is stopped) and external activities (those can be done
while the machine is still running), convert internal to external activities and streamline all activities, is
applied to reduce setup time. Internal activities with setup time five minutes more are selected then
utilize why-why analysis, visual control, tool replacement and preventive maintenance as improvement
tools. The result reveals that setup time is decreased from 194.36 minutes to 131.40 minutes. Reduction
time is 62.56 minutes which is 32.19%.
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ABSTRACT

One critical issue of low power distribution efficiency is that there is not enough substation.
This causes the electric power must be transmitted along the transmission line for a long distance which
periodically results in the instability of the electric power distribution. Therefore the objective of this
research is to analyze the electric power loss in the system. The electric power loss estimation is divided
into two parts. The first part is the electric power loss due to the power transformer in the substation
which is estimated from the electric power loss during unloading, loading and other factors. The second
part is the electric power loss due to the medium voltage transmission line which is calculated using the
power flow principle by Newton-Raphson method from the developed MATLAB program. Then the
estimated electric power loss is calculated in terms of money according to the time to build a new
substation. The result shows that the cost of electric power loss will increase over time. The hourly
electric power loss is 497.18 kW, equivalent to 2,542.35 baht per hour. The cost of electric power loss
will be taken into consideration of the case study substation construction at the appropriate time.
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ABSTRACT

The design and implementation of proportional-resonant (PR) controller for single-phase
shunt active power filters (SAPF) is presented in this paper. The control of SAPF is implemented
based on an indirect current control technique which employs the reference compensating current as
reference source current. Controller parameters are optimized through the use of Genetic Algorithms
(GA). The validation of the proposed control system is done through both simulation and experiment.
The prototype of a single-phase SAPF is developed and tested under a real supply voltage which
contains harmonics. Experimental results show that SAPF reduces the source current total harmonics
distortion (THD) to less than 5% which complies with IEEE Standard 519-2014.
Keyword: Single Phase Shunt Active Power Filters, Proportional-Resonant Controller, Genetic

Algorithms, Indirect Current Control
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ABSTRACT

This research aims to analyze the airborne gravity data accuracy using cross-over adjustment
for geoid determination in Chao Phraya basin. The data sets were categorized into the cases of with
and without cross-over adjustment. Both types of the data sets were then reduced to mean sea level by
means of downward continuation to be compared with terrestrial gravity data sets. The adjusted data
yielded the more accurate result. The root mean square (rms) value of it was 3.991 mGal while the rms
value was 4.485 mGal for the case of no data adjustment. The computed geoid heights using both
types of the data were compared with the geoid computed using GNSS/Leveling co-points. The geoid
using the adjusted data yielded the more accurate result. The rms value of it was 0.096 m. while the
rms value was 0.1 m. for the case of no data adjustment.
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Downward Continuation, Least Squares

= ° = d
2.1 ngugMIMUIUNIELDDEA

P

a a

=
Anilszmanga

AIN39391984

14 1 v d
ﬂ]ﬁl]q@?]ﬁ]ﬂﬂﬂ (ﬂl1ﬂL!ﬁﬂﬂ1\iﬁ$1’i'ﬂ\igﬂﬂﬂﬂ

~ o o ¢ a ¢ Ay a
sUN 1 anuduiiusveslan do0en LATNTITD19D4

a4

=~ v o a a o 4
z‘]J“I/I 1 ngasanudunusvosiilaniie doooa

.
a =2

a = J .
HaE N339361989 FaA21ugedenea (geoid

v Y
A o

IMINNVAD

'
a

undulation) fie szeziianuuunduaIng

= Jd A I d’l Y
NI mﬂmﬂuaumiwugm'lmw

(M

1 Y

{ 3 a
Tasil H, Aonwgeons inmainiiga P uuiiulan

Y a
h, AeANNgUNTTENIIEENBI AL N, AD ANNg

g A J

p
=~ 1 ' d,, a A J
g00IANITOAINNVUANANITUINNUFITODIALAS
dy a = o o = o Y
WUAINIIT MIAIuIanUIIaedgesaiuae ey
4 1
nouvesluTamudan (Molodensky’s theory) @3
< o o ~ ]
Wumsfuranuuiiasstesss TasrunszuIums
fMuraminnugiezueaned (height anomaly) @3
< aA a A a J
Wungunausorandesauyagiuvesa land lu
4 1A J o
mMsnasudlenIaa1sasgiItoosa lun1sAIuIw
el s A 0 Y
A1sanInNugeEessanyalag (Mvualmilu

Y
90 P) 9naunmsasil [7]

2



nU.QOD34 W.ANSYB3E lla: 15.ASUNU

& A A A "

e ¢, AvAnugeezupauean, H ionnugiensin
wasn 7 ldanuuuiiassnnugegilszmmdaay
(digital elevation model), Ag , A yinfezuonoan

A Y J a
waz v, Ao AW lNuAIINA

d d

2.2 msdSuusaanuaduuuiieulviiany
o 1 =3 I o
nanmsUsuuduuvaaiuadidunis ldndnns
a o o o [ P 9
naadiamaasuiImsmuwlsunddeyaninu iy
1 A Y Y a @ Y
anianltanugndes Taenguvesnmsdsunduuy

a A & a s
ﬁﬁ‘VILLﬂ'Jlj'll‘t]"lﬂﬁllﬂ'liwuj'luﬂ"lﬁaﬁﬂlmﬁ

Y=AX+e 3)
A = ' [ A ' A 4 12 @
e YAea1dainanioeninlasinnisseia
. ' a Jo a

(observation) A fAeanuaingaulszans X Ao
NAABTUBIAIMITINIABI NABININI VLA ¢  AD
J A oA = Pl
Aveaeaumsuuuiitou lv @Wou'lan

K, =KX (4)

A A J J ' J = 4
$\)3) KO 19 NNABITVOINIANNUANANVRIMNT LS

pzupaNod (free-air anomaly ¥ioleuden FAA)
& 1 9 1 a Ao o k4 Y
FudumanuTduarnannssialduas ldgnaanou

. . Ny
Tdfvuatmunzaulunisdiuiunugedoosan

@

' A A A Yq ¥ o =
A ﬂixwmmuauumaaﬂ"lﬂmﬂuimmq,

é
A Jdo a 4
K fAo waingdulszansvesaumson lvuay X

I a Iy
Wuamnstinesndeanisnay
2.3 msdSuungadaszrinauidy

v Y a Aov o v
EUE’JJ‘;I'ﬂﬂ’NlIIL!iJﬂ’NWﬂWTHQE’JWﬂWﬁVI'iﬂ’Jﬂh],ﬂ

v =

naan ladeyannaunsedd sxrhdualsoud

U
' a o

o A A Yy Ao o '
«'g@@]ﬂiwawu,ummwawmiwmaya‘nﬁqaﬂiuxlﬁaz
Fa

a A Y

<
uwrtuianuaudunsn annuiunisasivasy

-

ﬂmﬂ'lwﬂlﬂﬁ%@y‘ﬁﬁﬁﬂ’hﬁﬂ’J']iJﬂa']ﬂlﬂﬁ’é]qu']nlﬂ 1N
a =~ o v A A ¥
mim1smmqmmsmwwayauumumua - 115]!,!,@13

HUATUAZIUBDN - AZIUAN

144

ld; o ! a
511 2 nansaadase Iy

U a

vnglh 2 Wonldeglugdaumaduass fuun
1ua o1 (along-tracks) Avarun1si (5) nazuun
UMWY (cross-tracks) Adaumsn (6)

Y:

)
(6)

Ye,, =m¢, X¢,, +bc,

e y, fe A1 FAA finuniiuameuuaiivi m,
Y¢,, 19 M FAA funniusuynanniiuil muaz

A 1 a o @ A @
X fio MWSABTUBIANUFULAZ b AD yadaNY
= v VA Y ama d ¢
2.4 ngulumsaaneuesdisnaiiaInlgItaanual
noalanyy
o aa a I &
nanmsananuvaaviuainoalandu (least-

squares collocation) [1,5,6,11,13] gminnldlu

1 Y
ATAANOUAIDTNADIIIDY w%’auﬁwmﬂ%’ayamm

@

Tuareiannseina1eszauANgaaza 19 iare

@

v o Yy
N1TINALVINIYNU

9
Yoya

o=

Tagd1iladednyueN9anAvo
fifadariafy Tasli FAA vzdeqniiu
NITUIUMIAANeUateteAeilsagszAun Y
naedieszeznsafmnzausauns (7) so'lalil

- -1
Ag = CAgAg (CAgAg + DAgAg) Ag (7)

A oA 1o = 4 A =
o Ag fio AuIevensiesos UoNoaaNIAN

a

¥ ' A v Ay v v o
ABINITHIAN, Ag o "]éﬂ*l]i‘)ll“ﬁﬂqﬂ%WﬂﬂTiSQ’Jﬂ‘ﬂN



DIMA Cagag CAgAg.DAgAg ADINATAAIIN

wilsUsausauseuiemiiuignazadana uag

FENIIMFUNAAIEAULAE MTUNIUAISAY ANEIF

U

ad a
3. MY

4 k4
= v @ 1

F
v 9 J o o a
Glu‘Vi’J‘Ui’]‘lﬁ]gﬂﬁ"l’)ﬁﬂmuﬂ@uiuﬂ?iﬂ"ﬂﬁ]ﬂ@l%!’ﬁ

m3mseudoyan1u Iy 19iaNN 180 IMANNTUIHY

Anvisnimssadiadauall w.a. 2558-2560 Tawiin

9y a o

mgaﬂu3Jm1mﬁmﬁzﬁuazmnﬁam}mmwmm

]
~

o "y < Ay 1o
oua i]’lﬂuul!,‘llQmﬂya@@ﬂlﬂuﬁ@qﬁlzﬂﬂ@ ﬁlli)lla‘ﬂvlllm

U

]
A o

NnInN1g

U
)
U

SundgadaszrIauuItULazYoya

a U

€

n151
o ] o ' A Y A ' ' °
USUUNYAAATEHINLUITUAITAANUAT 1AZIINT
' oA 1 o Y  aa
aanauatedInaIlBIadgIzAuNzial uNa19dI87s

a7 s o = = o 9
ﬁﬁﬂllﬂ?ﬂﬂﬁiﬁlﬂ“]ﬁu ﬁaﬂﬂﬁ]uﬂ'ﬁlﬂiﬂﬂmﬂﬂﬂﬂ‘uﬂl}l‘ﬁ

9
@ A

anuTuosianissiamaiivauraziSeuioniy
ANgIBoaoAN 1d91nN1TAILINRUAB0B AN YA
1 d! ao Y o 1 dy
$2m Fanszuaums lumsiveamisoagy 1ddsae il
Tugin 3

3.1 mam3endoya

) Y 1A 4 yy

Foyannu Tduareianmeenaya lduinnms
FviaTavldinTealiu Beechcharft Super King Air
B200

91M7 ¥971 TAGS-6 (Turnkey Airborne Gravity

]
A

Y )
NIMsfnaansoIsiannu Ty 9NaNN1

System 6) [9] wazluvmziimssiiadoadigaingy
L A g oA o
Falinrhnlunmsarugy qua asr9dMIHIUUB S

TAGS-6 uﬁ@ﬂu;ﬂﬁ 4

145

Engng.J.CMU.(2019) 26 (3)

[

ayamsseiannuIduneinnmseine

S

= s =
wuuWsuesezueuoa

v

nﬁunimuazmwaam}mmwsﬁlaga

a 9 ana J J
UUIVUAITATNLA

l .................... |

msaaneutoyaFAA || msaaneudoya FAA

mlsvudasgszaunzia alilsuudasgszau

= J

1hunaediedsaan Nz unadieds

s < a s <
Llﬂﬂiﬂ@ﬂiﬁlﬂﬂfu ﬁﬁ‘ﬂllﬂ?iﬂ@ﬁialﬂ“}fu

y

=~ A v 9 Y A Av o
l‘]JiEJ‘]JL‘I/IEJ‘]JﬂD%ﬂHﬁﬂ’JmTuNﬂ’NWﬂWVIN?ﬂ

EAN
NMANUAU

y

= = ) sy ¥ o 1Y v
lﬂiEJ'UL‘VIEJ’Uﬂ’JWNQQEJ’EJ’E]EJ@WIVlﬂi]"lﬂﬂﬁﬂﬂ‘l’e]iuﬂﬂﬂT

= s '
YoRUANMYATIN

519 3 nszurumslunsive

b1}

+

()
s1ft 4 gUnsaliRedeslumsfianuiudoya
(M) in3eafiu Beechcharft Super King Air B200,
() garugulumsseia uaz (a) inSoefeianr iy

229N aNN1e1Ma TAGS-6



nU.QOD34 W.ANSYB3E lla: 15.ASUNU

()
514 4 (do) gunsaiihededlumsifianuRudoya
(n) 1n3ealiu Beechcharft Super King Air B200,
9 o o A oo v
(v) Angulumsssia uag (A) 1n309593AM 11N

3N anNn19e1Nd TAGS-6

Tunsfiunmune @amaniie-18) Fudas
sunbusgriniulszing 10 Alawes tazimstuaiy
HUIAAVIN (NANNAZTUODN - AZTUAN) Fausazinn
Swiefnlszna 50 Alawns Wise v dnyunme
u?mmﬁyuﬁa:mfu%’msxm Swanslugdii s Tuvae
95019 Tsunsu PiperPro  Failumonduasluns
muaumiﬁwmﬂlmm?‘m TAGS-6 uag Tsunsy
AGSys6 Wuzevauisilszuanadeyaniuliuni
favneemeaauatuinimsfaia N30Id YYD

A IS v A . A a [
Worll UM IvInaITuUNIU (noise) NNAIINNITIIIA

o—

=t

Foyafinnqaae 90 Juidi el IdFoyafivinzauaz
fauaimuiniiga drudoyaniuTdusaeiian
maiauiudeyanunnasuvesauznssumsns
i"ﬁﬂsﬁyuqﬁ .7.1984  (Federal Geodetic Control

Committee1984 nSoieugain FGCC1984) [10]

146

° v o Y 4 . g
Tagi1nssaiadenses Scintex  CG-5 iy

o J

1 4
13090951 Ian Ny T e NRANMAN LA NI UFURNT

wan laglszmsunina [11]

v Ve :
"IIE]Nﬁﬂ?-’!ﬂiﬂﬂ@}]@'ﬂﬂﬂ‘ﬂ]w‘lﬂ]ﬂ1ﬂ

1A

umﬁmllmﬂn

IHOTUMNYID

LY Bangkok

ftyanuol

— i

v ) ¥
510 5 vansdeyanuIiiue WHRANN O IMALAZ NN

C1) U
Y
J o

i mszen

a

a d
3.2 IpszHinseaenazmILRNAAMINYBITRYA
4
a 7 £3 o
Tums s znasnaeuIasAIUANAMMINIY
msthdeyaaunnmsseian Idunianneena
Y 1 3
wnsesdoyaiesdu eviadesuniu (noise) [11]
Ay v o o os/l o 9 o
nldnnmssaiaeen nnmiwmideyaliimsuaasly
A a v A
sivenslivensnaevdinsznanyuzveIng e

v Y
a A @

Y
1HeuAUEGM2008 1iiesdu 1doyannnseialdiull

= 1

s Tduuaznana 1 lunmaferdunse 1 Faa
ANUUANA1VDIA NN TN NHANN O IMA o8
EGM2008 liadsinu £10 mGal tazmianuainves

a

muail3 (spring beam) linasiiu £0.005 aavauiud

a £ '8 ' dy 3 | A yao Y o

Tu dsnunasimaribiuangidve ldsimsnaasania
aar & 1A = 9 9

anainfuminmingaungalumsldaisvaeudoya

= o =
veansuuHuINmIAuEalug i 6



Engng.J.CMU.(2019) 26 (3)

rd Block Area 1 Line 118: Gravity (90-Second Filtering)
8.7725 T T T T T T
T2 : : =1
% 87715 - 1
o771 . B EGM2008
: : : : Measured gravity
57705 L L
10:40:10 10:48:10 10:52:10 10:52:10 11:04:10 11:10:10 11:16:10
Time (Hr:Min-Sac)
Measured Gravity minus EGM2008 Gravity (Bias Removed)
10
! I I I I-ICImGaI<1CII:I‘9(: <+1IDmGaII !
5 N -

mGals
o

1 1 1
10:40:10 10:468:10 10:52:10 10:58:10 11:04:10 11:10:10 11:16:10
Time (HrMin-Sec)

Beam Centered at Zero-Position (30-Second Filtering)

0.08 T T T T
0 DO05<28%-unfiltered beam=+0 005 0.0z
= -0.005<100%-filtered (30s) beam=<+0.005
- - 0.01
a
0.01
0.02
oS I I
10:20:10 10:46:10 10:52:10 10:58:10 11:04:10 11:10:10 11:18-10
Time (HrMin:Sec)
Black 1 Line 118: QC Speed (70% < 1 m/s)
4 T T T T T
5L [ Aircraft speed _
0 Critical speed
= 2
5
f
o]

10:40:10 10:46:10 10:52:10 10:58:10 11:04:10 11:10:10 11:16:10

Block 1 Ling 118: QC Course (100% < 2 degrees)

2 T T T T T

sk [ Aircraft course
[ —— Critical course
& 1 _
&
a

=]

o]

= PR PR e e e e R — ——
10:40:10 10:46:10 10:52:10 10:568:10 11:04:10 11:10:10 11:16:10

Block 1 Line 118: QC Altitude (100% < 4 meters)
T T T T T

L [ Aircraft altitude

—— Critical altitude

’ﬁﬂﬁﬂﬁﬁﬂﬂﬂﬂﬁﬁﬁﬂﬁmﬂﬁﬂﬂ ]

10:40:10 10:46:10 10:52:10 10:58:10 11:04:10 11:10:10 11:16:10

Block 1 Line 118: QC Aircraft vertical acceleration (exceeding +-50,000 mGals) (100% < 4 counts)
T T T T T T

L B V= rtical acc.

Gritical acc.

the number of counts.
c - N W R

! ! 1 1 I ! L
10:40:10 10:46:10 10:52:10 10:68:10 11:04:10 11:10:10 11:16:10
Time (Hr:Min:Sec)

(v)
d’ o 1 o =X = 9 9 ' a Ao o @
31U 6 A79619 (n) MnseadaaramanfTeumeuteyaniu Tuun1NaNNTIIaN1eIMany EGM2008 o

(v) Mmsasndeumsauaznouveunsosiuluvazivia

< { o‘ 1 A 4 a v @

vingliszneudlensiuaasnnuiinefives AiauevoInNusa luuuIAsuAIe UL IR

A a o o ! - . 2 ! - ' A o o v 2 ¢

mspstuvasYalundazuurtiuluadsulsnasuy Tunaazuurtu a5y 4 asa iludu Funauand
a 1A =} ° a o J A g ~

0y 1 masaedui anuaNtayovoInamamiio-1d aananlanindeyainiumasgiunazivingauiga

Tungazuuriu luadsaresuny 2 esmluvuunile nMaanalumssianny Tduaeianneemeus

o' a [ YR 1 o 1 1 a aa P

14 nazarvminavevesnnugeduanzieialuuaay Uszmelne wzdauna ldnsmlngedad nAamumnuain

) ¥ v Y
uurtuluadsaaduny 4 was asiuaaandy MUUAITDIIAATDITUAAN T FUALINOUNAUIUITI

147



nU.QOD34 W.ANSYB3E lla: 15.ASUNU

A & A o q Y1 Y 1 a @ Y
wazuunesalimaii limanu Iduarananduuis 14
dunqiilosnnnanimemaluvuz dunaanimau
2o d o . '
Juiuluemavuiluszezg vldarnnuTduaae

[

' ' ' 4
finnnseia lainannuaaiamaeuiniu vinie1san
Y 19 a 9 a 2 o I A Y o 9
udrdeyaadodanaragedduiluiezdesdadoya
v 1 4
naaaeugenalimindeyaion 30 wesiwua
9 9 1
yoananualunurduiug imaanunaianaougaoy
o £ a0 o ~ 2 v A g 9y 9y Aa
Minsvudusviauuatuiulvime1d 1ddeyana
A
g
3.3 msinsanganaszrdaIty
v Y 1 A do o MY o a9 9o
doyanuIdunieiannsia ldnasaini ldii

msnsesdananiioiiumsuiadssunuiinannms

]
[

] A 9 Yy = ~
NATdYA !.WE]G],‘VIhlﬂ”llE)iJaVI!ﬂJﬂ%ﬁiJmeJﬂmﬂWWlﬂﬂ
v v
Qa

U

o

A Y A o @ Y
NgA VDYANNITDILL ’mmmgﬂmmmuamﬂimm
o ' a A 4 o q YV do '
@‘ﬂmmzwmmumumwﬂzﬂﬂﬁﬂlayamﬂuums

a A 4 0’/’ <

uuauiANuANduaI ansTulunisasivaol
AUNIMNDNIAIINAAIAIAADUYDITOYA 91NNT3
A 4 o v a A v
nsangadasenIndeyauuiiiumiie-14 (along-
track)  wazdeyauuiiuaziueen - azTuan
(cross-track) Tasmsisuuiyadadeisaasiua Juuy
=) d’ CY 4! = 9 1 Y 1
Hidoulvilsdy salunianguudrnianulduad
NANNI0INIANYAAATEHIUUITUAITTAINIY
' J 72 ' ' A A
uanNA U UAUIFIVUIAVBIAIANVUANAIIHT ON
o071 Annubeuvy  (bias) awaaslugdn 7 9
4 2
MeTuas NN aANgNAs Ul IAuYR N

MI5IIAN1991MA 1A91INATNIITUIAININADAUDIAT

T Aa &
ANNYAAANIHUANNAVY

Average S

31U 7 uaasgadasznnauuiiuioeiinmsam

a9

ey (bias)

148

NAINAIUNIAIANUTIIVUATUNNYAAA

]
A 1 AaA

Foudeouda azidonyadaniiniangalaeiio1an
A1ANVLANANUDITAAATZHANUUITUNRT DAY
ey (bias) Aeoigalasimiugadanliags
k4 v Y
doudenliuizanuazasouaguiunNIug ¥
= 1 o @ Y = d J 3

MIA3e (fix) AeuimsUsuduuuaanund vt
o @ 4 =

i lddsuudTasrlesuaums y =ax + b Tagh a Ao
AMudY (slope) waz b Ae A awnsaoulugl
youwasmiveri lUdnnaluTisunsy Matlab ive

9
YFuuddeyaniu Tduneiann1seIMANIHNAAIN
4 9
awv A v ' S

1o 2.2 Tuauideiivziaenyadananue 6 a1 iunya
asanaaslugli 8 Tasuaazyadaiinnuuanaisly
a A a I A o
v 2 Haauna Fuumnmanzaugalumsisuud
a ¢ a A v o ! < Yo o Wy
daiuatuuuiiou ludieay edralsnawgive lald
A o T a d" Ao @ = Y
wendmianyansnuiunilingiuseniold
A ] Y A a Ay e
iesvndoyannulduarananusnuidldsy

Waﬂﬁ$°VI‘]Jmﬂﬂﬁﬁuﬁ%!ﬁﬂuﬂl@ﬁlﬂ?@ﬂﬁuﬂ'@u{l}1ﬂﬂ1ﬂ

AyAnuel

4' = o Aa ' Y =~
sUn 8 HEAINITADNIAAANNAININLANA N UBING A

a a

ol lumsnsa



3.4 msaanevasediaderioamanuliudasiion
M 1A
TumsaanouasedisdariiosvastoyanimTiiy
dafinnmeema azhideyad Idinsasindenuas
Ysuudgadaszniautuuhimsaaneudoyaseia
fiszdumamdulszna 4,000 was aagiaszdy
nzimhunasdeszezniaiivingay Taoldsunsy

{l 1

S A a @
Gravsoft “dﬁxiL']_]LlI‘lli!LﬂﬁNﬂumﬂ%ﬂu@ﬂNLLWiﬁﬁ?ﬂ

v 9 S

o J )
lumsarauiiaedtesss [4] dmsudeyansiiu

U

Y KX o

ATLUIUNITAANOUAIBYNIADLITIDINAIVINING
4 a 4 1
wlseumeuiie a1z vinane 1
d
3.5 msInsIztiea
3.5.1 msnfSeuieunudeyannuldiualanan
X A
MANUAY
- a oy Y 1 a L a
manfFeufeudoyannuTduaanannanuay
@ A Y o l 1 2 9
nasnni laiinisaaneuasedieaeliiosvedoya
Y U Aa <3 Y Y Y 1
anuTdusiannseImanaz ladeyaniuIdunag
v v
WANNINeINANBgTzAUNZ Al 1uNA19 1IN UL
Y 9 U a I Y
YoyannuTiunriannenmaeeniluaesgmdoya
9 d' "o 3 Y @ 1 a @
o Yoyad lukimsdSuudyadaseniranuaduny

o

ayanitimslsvunyadaszrnauuniiu audoya

SRe D)

Fa v v '
AMANUAUTUEININANNIINTVURNUNNHITSTITA
Y Il

nanualszuia 2,000 wiya Fauaazuyaniany
a dy d'l g‘ Y 3// o
sz 5 Alawas Tuiunguiiudimsze aniui

Y dy a o 1
JoyanmiaNuauuIiinslszuiaainiely

) 9

(interpolation) tiveril#deyaniniiuaueglugluea

Y
nsalasl¥ldsunsy ArcGIS dmSuduaouns
~ ~ ya o A A A A A
nlFsuengivsaziaeninaosuiiy AsuuItun
a 1 I a A A
110 way 118 Tagnarsuudrdniduuurdund
Anyuzveteyanangatazegusnunivoyaniy

¥ A a ' A v
THua19MANUAUHUILUU N ANAITIND 1H N5
a d'

4
wieuieuiu  1ddszansnmuiniga daulunis

UsziiiumanazInizrinaniana lumsnlsoumeuss

I¥aunaoidedoanses root mean square (rms.)

¥ v
iosziiunnugnAsnsdums (8) ae i

149

Engng.J.CMU.(2019) 26 (3)

(®)

A A ' Av o o A '

we x a9 A1 FAA nsqanwoinmda, X A9 al
Ay Y v o & a A o 9

FAA fldanamsseianmanuay, n Ao NUIUVDYD

9 1
Wanua waseniiinisSeufieunszihidoya

]
=

o Ay
TMNHUAND VBN

U

uhmsdSundyadasgnnauuaiiu

A o k4 o ]

Foyanitimslsundgadaszriauaiiuuazdeya

a

Y
U a a a £L 7
ﬂ’JTlITffllﬂ’J\iWﬂWﬂ’]ﬂﬁuﬂu WIAATIZH IUANHULVDY

4 a ¢ =
ns1lieins1zrinugnAevesdoyalinilulylu
a = @ A 1w Ay Yo = = @
namadeanune lindsnni ladmsnlTouienin

v
tan

LY <
deyanyel

B uudu 110

. uuItiu 118

Bangkck

v A a
@ voyamanuUAY

RYRSTN]

! vy Yy 1 A
Ui 9 JoyannuTduareianneememaondoa)

Sa

a d' =} =} ) dy a
’U‘Ll!WE]L’iJifJUmfJ'Uﬂ’U"’lJ’fJiJ”ﬁﬂ1ﬂWLlﬂu



nU.QOD34 W.ANSYB3E lla: 15.ASUNU

d o [
3.5.2 ufRsuiiaunnugstessai ldenmsmiuiuny
A ¢ 1
AEoREATHNATIN
= = s
lunisilSeuiieunnugedessan 1dsnnis
o PV s o '
fMurmiunidessandiuialaninuyaian GNSS
wazA1szau Iagnacaini laiinisaaneuatodis
avtiiosvosdoyaniuldunlreianniserniaasg
o = = a A A a 2
sgaunzialiunanianuazdeamanun 1 aila a9

v
9 @

1< a A A o
Wuszeznsanmnzawiga [11] Tasihdoyaiaaes
A 9 A " (@ Y Y A o Y o '
ganedoyah lulsunduazdoyaiilSuniyadasznang
sduindviaunyiiaesdossd alumsfiuom

Fa v
uuuiiaestessdiiu vz ldnquiveslulamuan [13]
£ o o S| J [l o
FuTUMIMUINT008A TASHIUNTZUIUNTAIUIUN

. $

AugIezueaneaa (height amomaly) Faiu

nqufiansonanidosauydgivvesaland lunis
indeuienIamasdiitoood

nda1nnnInITAuIudessdnseSenin

o A= ea/’ 1
wuuSaedeoss Souiesndl imiudgnizuaums

= =3 o = sy Y [ & g
SIETSIN EJ‘]Jﬂ‘]Jﬂ’JHJZIQfJ’E)E]EJﬂﬂ”lﬂmﬂﬂu‘ﬂi’mcﬁlﬂu
v

]
A

MYANIMIANAN19I1D - neAaza1nu Itunog
E 1 H
WanawasTIusun 1 Taenyasaunaziiniinsg
2 9
Wenieuuinauguiudmszeniinamua 56 nya
' s
TagNIHIANULANA 190N NUFIo0EAT 1d91NNS
o o 1A <A 1 Y
fAurudumdessanyasulasauison Idein
Ed
auns (9) Al
e=(h-H, )-N 9)

Kolak MSL

{ ' s
Tagfl e Ao ANUUANAIAIINGITORYA, h A AW
gunilonsss ldnnmssaiadyanuainiion GNSS,
A o a d's} a o a
H_ f8anugeess inwasniidnadagaiuiiasn
ola

o A ~ sy ¥ o
meranua N A9 ﬂ’ﬂllf:(\iﬂﬁ)ﬁ]ﬂﬂ‘lﬂllﬂﬁ]']ﬂuﬂﬂi]'laﬂﬁ

= s
RIRIKN

150

4. HaMIIY
4.1 wamsufSeuifisunudeyannuliualsian

&’ a
MANUAY

[ 9 Y U a
lumsilSeuneunudeyanu IUNDIINAN

U

v ~

dy a o ° 1o @ Y
fﬂﬂWuﬂuuuIﬂﬂ%ZUWﬂl@NaﬂqN‘ﬂWfﬂil]ﬁ“UL!,ﬂ!Lﬁ%

doyaniimsdsudyadaszniauiuiaaneuasyg
szaungiathunars TumsilSeumevvesunazya
v v E4
doyasziaenuuriunangagouiiiu uideiez
9
a ) a L
@onuudinl10 waz 118 MimivihmaIns1zHn1g
aa 1 d' o v ﬂ' a
add lagmiaundsiadaes (rms) weoilsziliuninu

gnAvade ldwaneadaluasen 1

~ ' aa A = = v 9 9/
519N 1 ﬂ']“l/l'Nﬁﬂmil’f]!ﬂiEleEl‘UﬂlJ‘ll’f]yﬁﬂ’ﬂiJIuiJ

Y
ANNANMANUAY
nSauigutdeyamanudu (mGal)
yiladoya | Min Max | Mean | RMS
Tyvims
Y v -12.355 8.463 -0.096 4.485
J5uun
NMN3
v v -11.203 7.505 -0.246 3.991
J5uun

& = an d' \
WaINMSTeuMeUN1EDAINAITIN 1 Wun

doyaniimsSundyadasznituuiiuudinzin

U

AMUYNADI

1A a a % I
(rms) g 3.991 Haduna Falvua@n
vy AN o o o o ' A & A
ndeyai liimsdsuudyedaszrnauaiudgadin
(rms) ogh 4.485 fiaauna vanmsilseuiouaziou
3 1 = o o ' a
Thiiua deyanlansdsuufyadasenitauuiiu
A
udnfudawam limnnuuanaisvesainnuTiunag
nnnudaggadasznuduiinnunsedudi lndiu
Ay a Y S je Y Y A
WInTunNdeyaan wazdeyanlsvududlininm

o Aa 9 2
FUNUANUAULTUAIIUINUU



1037 10 nswluaasmsulSeuiisudoyaniu
Tduaseiiannemanitinslsueduas laddins
Ysvudvesunuadu 110 nazl118 fudeyaniuldiy
' a dy a &£ g a 9
aianmanuAY Fuunsiaisanguaindeya
A Tdunaeianisvianiee nms Ndeyanaaini
msulSeueuiundllinnudeandesiuuesdoya

9 =t o 9 Ay v
wndeeiiissla Tasmsasiaaeuiudoyad ldainms

U

o o N N A~ v
IIIANIANUAU mamuﬂumagamummﬂﬂﬁm

LY
o

AoudguazinsananuaenndoInuyoIdyaa

o9

Taguaasluglvosns lumsifSeuiioueiing

Engng.J.CMU.(2019) 26 (3)

v v
mmaauﬁ'ui}mﬁﬂmmmuﬁ ﬁ%’ﬂﬂﬁﬂizﬂﬂiﬂﬂ

9 =1

ganzemaAlusenimstiutiesNganazuIT Uy
Y

2 ] Fd
vzdevaguinuiunnideyaniaiudunuiiv
£ a o dy A A A
WoauAIs B lunuITeiaziaenuudtiuin 110 uaz

4 a ' ] Y19 £ a a
118 iiioAnziannyaziin landeyanianuauil
Y 2 2 [ [ ) 9 1
anulndiReaazaoanaeanuiuYeyan 1N THNDI
a A o o F4 1 o @ Y
nannemantinisdsouduas lddinisdioud
e NuNTeyanssianu Tiuaeianng
S A ! 9 = Y v 9
pImAulAMNINAUTINATOAAABINUYOY A

& A
MANUAU

20 -

15 A

10

10

15

20

-25 -

o oo T Sund
o [ Y
—hnsdsuun

& A
= =N1ANUAY

()

51 10 nswluaaamsulSeuieudeyannuTdunrsianneemaniimsdsuuduag lidmsdSuudyade

U U

K
seraauvesuatiu (n) 110 uaz (v) 118 AudeyannuTiudrsianmanuau

151



nU.QOD34 W.ANSYB3E lla: 15.ASUNU

15 4

10 4

-10 4

-15 -4

eee TmsdSund
° @ Y
— MU uLn

A a
===-N1ANUAU

i

()

' 9 Y 1A { o o 9 1o o F)
10 (a0) nywluaasmsnfSeuioudeyaniu Tduannanmeomaniimsliouduas lidmsdsouiyeda

@

a

k4
FLUINUUIDUVILUIVU (n) 110 waz(v) 118 ﬁu%’ayjammTﬁfummnwnmﬁmu

¢ A I3 @
4.2 nlSeuiisumanugedossai ldanmsmuIumy
1 a ¢t v
AdeREANHNATIN
7 o
lumsulSeuisuanugedessan ldnmssiuim

4
1 @ o

Y 1A I Ay Yo
NUNIYDDYANTHYATINUY Wﬂ\ﬁﬂﬂ‘l/lhlﬂﬂ1ﬂ”liaﬂﬂﬂu

A

v & v Ay (o Y P =
Guawauamﬁmﬂmﬂmlauaw"lwﬂiuummmauaﬂ
1

U U U

3

]
' = o

Fundgadaszniauatuasgszaunzialunaig
31 neudvgsiimsnlSeufieuszdeaiins

Feusoundn
o o = 4 9 “9’/ :!yl

MUV VT 1A090908AUDITDYATId0IgATIND U
Tagl¥T1/sunsy Gravsoft taziiunssumeuny

Y
WyATIN 119U 56 vy TunSnaguindmsze

v '
aA 3 a

£ 1 dyr:s‘ A 9
Fanyamaribiunyaniiaiszauneasi laninms
AUTZAVITI AIUAIM T IVLAZAIAN TN
a v o o :/I $ §
NANTIIAMUAVUNNUFUN 1 YOINTUUHUNNKG
o a 4 aa 1 4 o [
1Az NI NATILHHANIADA 1AW IAURATN 1A
d' a Y d'
@049 (rms) We1lsziiuanugndoananaluaisnen

2 Fauaaananaana lumslSeuneunania 56

152

@ Y = A o
Hiya i]%’d\i!ﬂﬂ"lﬂ’J”Iﬂ’NiJQQEIE]@fJﬂTIﬂ”IU’JmEMﬂ

d‘ o 2 Y Y 1 a é 9
ﬂga‘ﬂﬂ'lﬂ'liﬂi‘].lllﬂi]ﬂ@lﬂi%‘H'NQLLL!’J‘U‘H%QGI“H

e

@

:!' o d‘ a 9
URAEAGId09 (rms) (WolsziiunugndDa

.

1]
1 1=

A
NnaNINBYN

u

a 1 = 7

9.6 1FUNINNT FIUANNGIYDDYAN
o Y A 1 o [ k4 2 '
mmmmﬂeumg,a%”l.ummiﬂimmﬂﬂmizmw

a Y A o @ 1A
purtiulnanede didedes (rms) agn 10

a 4 9 Yy ' Y
LEUALUAT “]5\1?(3‘ﬂi]uclﬁl“l’iuil'lﬂ"l'lui‘]ﬂ@@\ﬂlﬂ\i

o ~ I o Y} A o o Y
l,L‘lJ‘lJEI]"I%’IENEJ@@EIWVIﬂTu'Jmﬂ’]ﬂﬂl@HaVWnﬂ']i‘l]iﬂLlﬂ

=)

Y v k4
adATzNILIUITY Andaziuiguiiudnszen
Y

<3| A Ao av Ay Yo
Qlﬂu‘WNVWﬂﬂWi'Jﬂflﬂulﬂiﬂwaﬂ'i%ﬂﬂﬁnﬂﬂl’ﬂ‘ﬂ
9

K- @

e

=

. L4
U (edge effect) Uoanga od19lsnauieling

q

=)

Ysuudgadasznnanniuvesdeyannuldunia

a

a o Y9 a 9 42}
WﬂWVI'N'f)']ﬂ']ﬂcﬂ']‘l‘ﬁ"ll@Hﬁuﬂ')']ilﬂﬂlﬁl‘lﬂﬂ'niﬂﬂ"llu

1 ¥ A o = = o ] ll o Y
aawaimmumuﬂiﬂumwﬂuwgmm EJE)lI‘VHGlW

74 o v a

mmgﬂéfawmmmqﬂ%aﬂwmmmmﬂmaya

o @ Y 1y Ay 1o Y ¥
‘ﬂ1ﬂﬁ°IJi‘]JLlﬂﬂﬂ’ﬂ%@yja%hﬂnﬂﬁﬂiﬂuﬂ



~ ' aa A = A = sy ¥
M990 2 ﬂWINﬁﬂﬁLZJE]UJﬁfJiJmEJ‘]Jﬂ’NJJQQEJ?JEJEJﬂﬂNlﬂ

MNAMIMUIURUABeD A NTYAT

= = day v o [
!ﬂ‘%ﬂumaummqmaaﬂﬂﬂ"lﬂmnmimmmnu

S a 1
MEVBANTINAITIN (M)

¥iavoya | Min Max | Mean | RMS.
Taivims
v v 0.710 1.354 | 0.940 | 0.100
5uun
SRTARF]
v v 0.693 1.303 | 0.934 | 0.096
Jsuun

drmn3ln 11 uaaaunugiuaz@iumiaves
Haa1991InMsSouifiounaniugedoosan 1da1nns
fMuruduaBesuaiionin1sasndouvyAIIN
o a ' :’ Y A ]
UIU 56 viyA VINUFNUIRINTLE NUTLHTH
1 09.: 1 a 4 1 <
sEHINnYaada 30 — 50 Alawas Fanyasuilu
T 4 v
NYANTAITLAVATINNIATFIUAIUTFUN ]
a < ' 1 ]
(FGCC1984) anunugiazifiudmyadiulvg
4 9
naviua 54 vya vudinaae liiny 10 wrudas uall
= o ' a £ '
Mgaaeanyanlyualandt 10 tyudiuas ¥99zog
a A dy A ' dy A T <3
Ve geaziuswguueiui eglsia
1 k4
ANuAaIRaeuYLIa T duHge19NAIINAIN
A i3 v oo A A
AmAAaoUYRIgYnIBinITIianTonnuAaIAAaDY

Yo o S gy
nndiaialuvaziunla

Engng.J.CMU.(2019) 26 (3)

153

50 45
45 -
40
35 4
=
g J
% 20 - B Frequency
= 15 A
10 -
5 4
0 i
0 5 10 15 20
AWAAIIAIINGA (B31)
(n)
e g0 ®
i N 4
» ® . @® LE
{ )
we e
! | @ o ®
e 0g © o 3
L] @ @
]
.. ' .
o &Y | @ o
0 ®
& = o o. ® @®
‘ & y
e, g
..‘
Aryanwod
HARANTEAL (W.) Bangkok
® 0.00025-0.0145 )
@® 00145-00398
®
@ oo
()

517t 11

a

(N) uwugNuaaInad 1 9INMsTouno

~ s ¥ o @ G I
ﬂ??uq\iﬂﬂ@ﬂﬂﬂqﬂﬂWﬂﬂﬁﬂ?u’)mﬂﬂﬂ?ﬂﬁ]ﬂﬂﬂﬂﬁl‘lﬂ

39 (V) MWUAAIGWHUIVDINYATINTIUIU 56

Y
nie Usnaguimdmsze




nU.QOD34 W.ANSYB3E lla: 15.ASUNU

5, a’gﬂ daudeyantimsdsuudyadasznitaudiiu i

mﬂmﬁfh”aaiﬂ"lé’fa'ﬁ’fayaﬁﬁmﬂ%ﬁﬁi‘]’ﬂmwm anugndes 3.991 fadina mnyasuiianin 56
Bnannanseruinms 391885550 lu Hya Gl”ﬁ:“ﬁf!'mf“%}mﬁzm "ﬁlmﬂ%mﬂﬂ“ﬁummqq
TasamswanuUsIanidenss nuazIBengIves dooodit Idnnmsdnmius doosdiivyaswrants
Uszimalnelidl w.#.2558-2560 Wadeyana Ty Ainngilaing hdeyaiimalfundyadassni
daafinnniserniauazdeyaniu Ifusaadfinn wduldmanugndesiiandt Tasfimanugndes
mﬂv'iv?uﬁuu?nmtcjmfu%ﬁwnm AILVIUNMIATINADY 0.096 a3 Glu""mg“ﬁ%@Haﬁ‘lﬁmmjﬂ%ﬂ“ﬁﬂﬂﬁﬂ
,’mgmuﬂuﬂmmw{;ﬂumﬁymg;u Tagnissa  seviuuaiiuiainiugndes 0.100 was @1u150
EGM2008 1 1#fudeyaduds lumsisuuiada aqll&uideiimssatadoyanuTdugaefiann
ot ud e artun e syl daugy oo 1w 8oy aﬁﬁmmgﬂé’fawméﬁuﬁai‘hﬁJu
(slope) vosdoyauurtumile =14 uaz nurdu foghnfuniyadasenhanni

azfuan - azdueen Ianuaudunin Mldanny

uana1veIInNu Tduaeianneeme (FAA) #

6. naanssulszmea

99 aszrhauaiufimIndiFssfunin uaziins miientiviidndvadldediidosnnldsuam
aanouateddeiioasgszaunziatunais 3635 781881939910 Wa.a. FoTand nsunee Wi
davuaiaealamdy lunisulFeuiousudeya Tassmsiaunuuinesdoosannuazidongaved
mﬂﬁuammsﬁ‘wamﬂﬁuauﬂnmm 2,000 nya  Yszmaln nIuALinIT neatammanasrin’ng
Tavazidonuuaiiufiafigaaewuaduuazed a v5nw maiéfuwuqmmﬁm{mm?ms5ﬂﬂ131‘fﬁzam§mau
fideyaniuTdudreianaiafiuaunuiniy  Dalszned . 2558-2560

A = = A a 7 '
WOAUAIT LW@Lﬂifmmﬁmwa LJJE)?JLﬂiWﬁWﬂ‘]JiWﬂQ’N

Y Y 1 a A 1 o o 9
UD ammiuuaNwﬂwmammﬁvﬂlummiﬂimm

oD

[1]
(2]

i
U
v 1 a 1 9 a a

adnsznIUITuIAIANNgNAeY 4.484 Haduna

1PNA1591909

Kotsakis, C. Least-squares collocation with covariance-matching constraints. Journal of Geodesy,
2007; 81(10): 661-677.

Pavlis, N.K., Holmes, S.A., Kenyon, S.K. and Factor, J.K. The Development and Evaluation of
the Earth Gravitational Model 2008 (EGM2008). Journal of Geophysical Research, 2012;
117, B04406, doi: 10.1029/2011JB008916.

Dumrongchai, P., Wichienchareon, C. and Promtong, C. Local Geoid Modeling for Thailand.
International Journal of Geoinformatics, 2012; 8(4):15-26.

Forsberg, R. and Tscherning, C. An Overview Manual for the GRAVSOFT Geodetic Gravity
Field Modelling Programs. National Space Institute (DUT-Space) and Niels Bohr Institute,
University of Copenhagen, Denmark, 2008.

Forsberg, R. A New Covariance Model for Inertial Gravimetry and Gradiometry. Journal of
Geophysical Research, 1987; 92(B2), 1305-1310.

Forsberg, R. and Tscherning, C. The Use of Height Data in Gravity Approximation by
Collocation. Journal of Geophysical Research, 1981; 86(B9): 7843-7854.

Heiskanen, W. and Moritz, H. Physical Geodesy. WH Freeman, San Francisco, 1967.

154



Engng.J.CMU.(2019) 26 (3)

[8] Serpas, J. G. and Jekeli, C. Local geoid determination from airborne vector gravimetry. Journal
of Geodesy, 2005; 78(10), 577-587.

[9] Micro-g LaCoste. TAGS Turnkey Airborne Gravity System. AIR IlI Hardware & Operations
Manual, 2010.

[10] Bossler, J.D. Standards and Specifications for Geodetic Control Networks. Federal Geodetic

Control Committee, Rockville, Mary Land, USA, 1984.

F
a o o v o g a 9 v o 9 ' a o @
[1 1] NNDWA ATIVY, FYINU WINNDI, ¥IA ﬁ?lliﬁ. Nﬁlﬁ'ﬂ\iﬁ‘L!‘Ui‘]\'iﬂ?ii\'i’Jﬂﬂ'JTNIHIJﬂ?QWﬂWV]"N’EﬂﬂWT aAIMIuUNIg

2

o o = J a ' o 9
ﬂ?u’J’Ll.l‘l’?1LL‘1]‘lli]1@1ﬂﬁﬂﬂﬂﬂﬂﬂimm@i\luﬂ%}11ﬂ|§$81. 375ﬁ75ﬁ'117ﬂ1/ﬁ753§)"ﬁ/@%/ﬁ 5$ﬂ$?ﬂﬁ!!ﬁ§5

misaumagimansunaszmaIne, 2560; 18: 269-280.

[12] Lemoine, F. G., Kenyon, S. C., Factor, J. K., Trimmer, R. G., Pavlis, N. K., Chinn, D. S., Cox, C.
M., Klosko, S. M., Luthcke, S. B., Torrence, M. H., Wang, Y. M., Williamson, R. G. Pavlis,
E. C., Rapp, R. H. and Olson, T. R. The development of the joint NASA GSFC and the
National Imagery and Mapping Agency (NIMA) geopotential model EGM96. Goddard
Space Flight Center Greenbelt, Maryland, 20771, 1998.

[13] Moritz, H. Advanced Physical Geodesy. Herbert Wichman Verlag, Karlsruhe, 1980.

155



Engng.J.CMU.(2019) 26 (3), 156-170 0188187 AONSSUAANS

UK1Ne1d81Bavinuy

) Engineering Journal
Chiang Mai University

=

msdszdiuigdnsiinvealsdliihiginsusefvasounid

v 4 v a
FINNURBIDLURIBLUIINAUIDNNAINUANNTBUIANAW

Life Cycle Assessment of Organic Rankine Cycle
Power Plant Combined with Centralized Drying
Room from Geothermal Energy

thdia deuaenlil naz Wigws lregnd=
Panisa Ondokmai and Nattaporn Chaiyat*
a @ o a @ 5§ Y ' o o o o v A ]
IMAGNAINUNAUNY WHINNGoNNTY 63 1 4 Muanuedrs SunedunIte 1ardarealn 50290

School of Renewable Energy, Maejo University, 63 Moo 4 Nongharn, Sansai, Chiang Mai, 50290
*Corresponding author: benz178tii@hotmail.com, +66(0) 882523088

% |
UNAAELD
Ao A Yy A v v o a a A v Y v
NN mansznudAudwnedenved 15 Wi iginsuseAuassunidsmwnu tesouuiannusiu
J @ a @ a o o Aa
guininwasiuanuieuldnan Tasldnanmalsziiviginsiiameldmasgiu 1S014040 uaz 18014044 Tu
a P y A y o 2 a a ] 9
MIAATIZHRANTETNUAUAUAdoNTURaNTInLa 10 Uszian Famsinsanszuuwaa liihiunnuiou
Usznouldae syvumda lihiginsuseduansdunidvmalszina 10 kW, uazdeseuuiamusugudvug
v ] b4 v
Uszunm 20 kW fiduadeuTasiimdouguugil 105 °C nazdasinms lvarfawia 3 Lis Afiognms 149w 20 y
niemithauvesmsraa lihswanudou de 1 MJ anmamsAnymud Usgansnmvesniswan Il
Anufouminy 24.97% luvmziinansznuaudunadeunnszuunan lihiuanudoulsznondls ns
' 9
nlasumlasanmgioimelauiiny 5.60E-02 kg CO, eq/MJ msaaasveatu o Tauliawiiny 2.62E-09 kg
a A g a 1 1 [ % a " W
CFC-11 eg/MJ mﬁmﬂmazmﬂuwymqmmwmgm]’nmmmu 5.91E-01 kg 1,4-DB eq/MJ msinan1iznen?
Vo uazepsnuenaIulA UMY 2.67E-04 kg PM10 eq/MJ matnanziunsaliauiiny 8.51E-04 kg SO,
a a a a :’ 1 Z’ 1 " o a g a
eq/MJ mssyanTaralnavesiiailuuvanivaiinumny 2.01E-04 kg P eq/MJ mstaniziduiy
" a Vo a { g a v S A o
aoAulAumiy 4.04E-05 kg 1,4-DB eq/MJ mstaanzillunivaenasihiaumny 6.79E-03 kg 1,4-DB
s A T - a a A 1w
eq/MJ msaaasueavaniiauiinu 1.89E-01 kg Fe eq/MJ uazmsanasvousomasoagaiinnniny 1.07E-
02 kg oil eq/MJ
o [ ST aa v @ a a A d 9 9 4 [ Y Ja
fmian: madszidiuinginidae, TselwihiginsussAuasdunsd, Weseuurawusmgud, wdsmuanuouldnan

ABSTRACT
This research studies environmental impacts of an organic Rankine cycle (ORC) power plant
combined with a centralized drying room from geothermal energy by using a life cycle assessment
(LCA) under the ISO14040 and 14044 standards to consider the 10 impact categories of the midpoint
environment impact. A combined heat and power (CHP) comprised of a 10 kW, ORC unit and a 20 kW
centralized drying room, which is driven by hot spring temperature and mass flow rate of 105 °C and 3
L/s, respectively, with life span at 20 y and functional unit as 1 MJ. From the study results, the CHP
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efficiency is 13.46%, while the environment impacts of the CHP system consist of climate change at
5.60E-02 kg CO,eq/MJ, ozone depletion at 2.62E-09 kg CFC-11 eq/MJ, human toxicity of 6.91E-01 kg
1,4-DB eq/MJ, particulate matter formation of 2.67E-04 kg PM10 eq/MJ, terrestrial acidification at
8.51E-04 kg SO, eq/kWh, freshwater eutrophication as 2.01E-04 kg P eq/MJ, terrestrial ecotoxicity of
4.04E-05 kg 1,4-DB eq/MJ, freshwater ecotoxicity as 6.79E-03 kg 1,4-DB eq/MJ, metal depletion with
1.89E-01 kg Fe eq/MJ and fossil depletion at 1.07E-02 kg oil eq/M1J.

Keywords: Life cycle assessment, Organic Rankine cycle power plant, Centralized drying room,

Geothermal energy
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change, CC); kg CO, eq
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= misanasvedtule Igu (Ozone depletion,

OD); kg CFC-11 eq
a A a 4

= mapangiluiydogunwuyyd (Human
toxicity, HT); kg 1,4-DB eq
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(Particulate matter formation, PMF); kg PM10 eq
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acidification, TA); kg SO, eq
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(Freshwater eutrophication, FE); kg P eq
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Sou'ldgns 22.26 kW flsza@ninn 56.16% ¥t
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p1maneluresld dremsnruguanal liihdmsy
2y ) v 4 g a
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Parameter Data
ORC system

Hot water entering the boiler (Tpw ;) [°C] 109.9
Hot water leaving the boiler (Tiw,o) [°C] 99.04
Heat source capacity (Quw,1) [kW] 76.49
Cooling water entering the condenser (Tcpw.) [°C] 30.00
Cooling water leaving the condenser (Tcpw,o) [°C] 36.40
Heat sink capacity (Qc) [kW] 42.80
Refrigerant pump power (Wgp) [kW.] 1.41
Oil pump power (Wop) [kW,] 0.49
Gross power output (Worc,g) [kWe] 9.40
Net power output' (Worcen) [KW.] 7.57
ORC efficiency® (Morc) [%] 9.53
Centralized drying room

Hot water entering the heating coil (Tuw,) [°C] 80.79
Hot water leaving the heating coil (Tuw,o) [°C] 71.72
Heat source capacity (Quw,2) [kW] 38.80
Fan power (Wgn) [kWe] 0.84
Net energy output (Qpry) [kW] 22.26
Efficiency system® (o) [%] 56.16
CHP system

Net power output* (Wepp) [KW.] 6.73
CHP efficiency’ (newr) [%] 24.97

Remark:' Woren = Wore.a— Wro— Wop
* Nore = (Wore.a— Wre — Wop) x 100 / Qpaw,i
} Nory= Qpryx 100 / (Quw.2— Wan)
*Wenp = Wore — Wrp— Wop— Wi
*Newr = (Wore — Wre— Wop— Wean)+Qbry) X 100 / Qpaw sacal
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M1 2 wamsdsziiumansznunedunadouves s i igussauassunid [14]

Environmental  Construction Operation Decommissioning phase Total Emission Unit
impact phase phase Recycle Landfill Lifetime 1 kWh
CC 3.39E+04 5.90E+04 -6.47E+04 5.02E+03 3.32E+04 1.32E-02 kg CO,eq
OD 3.45E-03 2.94E-05 -1.44E-04 4.48E-04 3.78E-03 1.50E-09 kg CFC-11 eq
HT 2.77TE+04 3.12E+02 -3.27E+03 2.79E+03 2.75E+04 1.09E-02 kg 1,4-DB eq
PMF 5.91E+01 1.42E+00 -2.69E+01 1.28E+01 4.65E+01 1.85E-05 kg PM10 eq
TA 1.48E+02 2.58E+00 -9.42E+01 1.73E+01 7.40E+01 2.94E-05 kg SO, eq
FE 1.48E+01 2.13E-01 -1.40E+00 2.26E+00 1.58E+01 6.29E-06 kg PO, eq
TET 2.90E+00 2.11E+01 -1.06E+00 2.15E+01 4.45E+01 1.76E-05 kg 1,4-DB eq
FET 4.35E+02 7.39E+00 -6.45E+01 8.53E+01 4.63E+02 1.84E-04 kg 1,4-DB eq
MD 1.75E+04 3.73E+01 -2.33E+03 4.53E+03 1.97E+04  7.82E-03 kg Fe eq
FD 9.64E+03 1.15E+02 -5.68E+03 1.47E+03 5.54E+03 2.20E-03 kg oil eq

lumsiszifiumanssnunedanadenvesifos
ouu LI mWgud Fsansandannmdon’d 22.26
kW Tagldunasanufounnwasauanuiouldnan
fiogmslFanumaeaipingdinfad 20 y szoznaims
M9 12 h/d saginanu 350 dy ansomaanaaan
anuiould 1,869,840 kW/Lifetime

wamsdsziiunansgnunedunadeuvesrios
puur U wgudlunszuIumsaie nansynuaiu
Tnajdenaldifadiumaiiannsiiiufivdequaimn
wyud msRamneifuiiseunai naznismsanas
vounin Funannmslfaqsziamudniuau
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i’?umaunﬁﬂimﬁmzmﬂﬁmm 100 L dwsuuvias
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amudoudundanuiifaiueTaosTsumna sedana
Inansznuiiaaaulunszuiuns iAo uded mams
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cmmﬁa?fyuqamqmﬁ“l%’am nARamMIInTzHIY
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Total Emission

Environmental Construction Operation __ Decommissioning phase Unit
impact phase phase Recycle Landfill Lifetime  1kWh

CC 3.24E+04 1.42E+04 -7.58E+03 7.03E+02 3.97E+04  8.64E-02 kg CO,eq
OD 1.02E-03 6.78E-04 -1.61E-04 3.11E-04 1.85E-03 4.03E-09 kg CFC-11 eq
HT 9.82E+03 2.39E+03 -5.59E+03 1.19E+02 6.74E+03 1.47E-02 kg 1,4-DB eq
PMF 4.70E+01 5.59E+00 -4.62E+01 6.20E+00 1.26E+01 2.74E-05 kg PM10 eq
TA 1.25E+02 2.54E+01 -3.73E+01 3.99E+00 1.17E+02 2.55E-04 kg SO, eq
FE 5.89E+00 2.50E+01 -2.56E+00 4.64E-02 2.83E+01 6.17E-05 kg PO, eq
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MD 9.28E+03 1.74E+03 -1.06E+03 2.67E+01 9.94E+03 2.16E-02 kg Fe eq
FD 8.44E+03 2.11E+03 -1.68E+03 2.72E+02 9.14E+03 1.99E-02 kg oil eq
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OP Oil pump RP Refrigerant pump
ORC Organic Rankine cycle
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ABSTRACT

The objective of this research is to study the relation between the straightness of aluminium
and the cutting force ratio during the aluminium turning. The dynamometer is installed on the turret of
CNC turning machine in order to monitor and obtain the cutting force. The relation between the
cutting force ratio and the straightness is investigated under the cutting conditions, which are the
cutting speed, the feed rate, the depth of cut, the tool nose radius and the cutting force ratio. From the
experimental results, when the cutting speed and the tool nose radius increase, the straightness will
improve. The relation between the dynamic cutting force and the straightness profile can be verified in
the frequency domain by using the Fast Fourier Transform (FFT). The results showed that the dynamic
cutting force and the straightness profile appear at the same frequency. Therefore, the cutting force
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ratio can be used to predict the straightness during the turning process. The relation has been proposed
and model by applying the exponential function. The multiple regression analysis is utilized to
calculate the powers of the model by using the least square method at 95% confident level. From the
model, the feed rate was the most significant factor affecting the straightness. The model has been
verified by the cutting tests that the straightness can be predicted by the high accuracy of 89.13%
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ABSTRACT
The main objective of this research is to determine tablets film coating sequences on parallel
machines such that both the completion time (makespan) and the number of tardy jobs are minimized.
The underlying tablets film coating problem investigated in this paper is one of production planning
problems that requires considerably long periods of cleaning and setup whenever production orders,
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i.e. drugs, have been changed. As these times vary and depend on the previously coated drugs,
inefficient planning may eventually lead to delivery delay. We show that this problem could be
transformed into the Vehicle Routing Problem with Time Window (VRPTW), where a variable arc
exchange heuristic is devised to solve such a problem. Our proposed heuristic is a 2-phase one, where

the initial solutions are constructed from easy-to-implement dispatching heuristics, i.e. Earliest Due
Date (EDD) and Longest Processing Time (LPT); and, once completed, they are then iteratively
improved by a series of improvement operators — 20PT, RELOCATION, and SWAP —mimicking the
concept of Variable Neighborhood Search (VNS) until no improvement could be found. The results
from our proposed heuristics are comparatively good, when compared to those of the optimization
model, in terms of solution quality as the gap is less than 2% for instances of 10-30 orders; but, they
require much less computation time, which is crucial from a practical point of view. Though the
optimizer fails to provide the optimal solution when the number of orders increases to more than 40,
due to run-out-of-memory error, the proposed heuristics are still be able to provide acceptably good
solutions within an acceptable period of time.

Keywords: Job scheduling, Vehicle Routing Problem with Time Window, Heuristic
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Ng = 518M3501 ©503uMsHan F0iU5Iudegnd190a
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Ng=,1.2,....IN|
4 N Aa
M = inFoundoulaunnasan
M=1,2,..., M|
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e Starting time for the depot
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<— Customer
Vehicle Route
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Y @ a y Y o =
ngan1sAuK aeesuielaalresiaiion (Pseudo

code) Aauanaluzili 6

Pseudo Code for the Proposed Heuristic

1: Input: A network of size N, where N > 1
2: Find an initial solution using EDD or LPT
rule

3:z=true

4: while z = true

5: Call 20PT

6 if no better solution is found

7 terminate 20PT

8: else

9: return a better tour as a new solution
10: call 20PT (Back to Line 5)

11: endif

12:

13: Call RELOCATION

14:  if no better solution is found

15: terminate RELOCATION

16: else

17: return a better tour as a new solution

18: call 20PT (Back to Line 5)
19:  end if

20:

21:  Call SWAP

22: if no better solution is found
23: terminate SWAP

24 z = false (terminate)

25:  else

26: return a better tour as a new solution
27: call 20PT (Back to Line 5)
28: end if

29: end while
30: return best-found cost-minimizing solution

~

a @ o
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Proposed Heuristic
Number EDD LPT Optimization
of orders based based
avg. time avg. time
10 3.47 2.22 0.66
20 9.18 13.71 13.92
30 67.15 68.45 83,960.16"
40 122.93 225.12 >
50 309.16 | 308.23 -
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Run-out-of-memory error.
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No. of Optimization EDD based heuristic 94 Difference of
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10 3,715 0 3,715 0 0.00%
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MITAMs1IMSHE EDD based heuristic | % Difference LPT based heuristic %Difference
- of solution of solution
Week ey quality® quality®
Makespan | #Tardy | Makespan | #Tardy Makespan | #Tardy
job job job
1 6,500 4 6,450 2 -0.77 % 6,390 2 -1.69 %
2 5,390 1 5,220 0 -3.15% 4,925 0 -8.63 %
3 2,430 0 2,405 0 -1.03 % 2,145 0 -11.73 %
4 5,620 2 4,920 0 -12.46 % 5,190 0 -7.65 %
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Proposed Heuristic
Week Number of orders EDD based LPT based
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2 40 52.52 124.39
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4 40 145.96 188.59
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ABSTRACT

The objective of this research is to improve a production process of Enamel paint. This
research has an aim to reduce proportion of production cycles that needs quality improvement related
to touch dry time over limit with the lowest the quality improvement cost. This research applied Six
Sigma methodology, consisting of 5 phases: 1) Define phase: select and define important problem. 2)
Measure phase: analyze the accuracy and precision of touch dry inspection system. 3) Analysis phase:
brainstorm and select input factors for study, which were stirring time and drier quantity. 4) Improve
phase: find out optimum stirring time using Two Proportions Z-Test and optimum drier quantity using
Central Composite Design of Experiment (CCD). 5) Control phase: confirm experimental result after
improvement and set up a control plan. After improvements, it was found that the proportion of
production cycles that need unnecessary quality improvement over limit over one time reduced from
72% to 21% and saved the quality improvement cost of 171,084 bath per year.
Keywords: Enamel Paint, Touch Dry, Hypothesis Testing, Central Composite Design (CCD)
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MInsNnaeusedInUdves AIAG [10]

Attribute Agreement Analysis

Within Appraisers
L33esament Rgreement
Ippraiser $# Inspected
1 12

353 €1
(717.91, 100.00)
2 100,00 (77.91, 100.00)
3 12 12 100.00 (77.91, 100.00)
# Matched: Appraiser agrees with himfherself across trials.

Percent
100.00

# Matched
12

Each Appraiser vs Standard

Assessment Agreement

Appraiser # Inspected # Matched Percent
1 1z 12 100.00

95% CI
(77.91, 100.00)
2 12 100.00 (77.91, 100.00)
3 12 12 100.00 (77.91, 100.00)
# Matched: Appraiser’a aasessment acro3s trials agrees with the known atandard |
Aszesament Disagreement
Appraiser # NG / G Percent # G / NG Percent # Mixed
1 a 0.00 a 0.00 a
2 a 0.00 a 0.00 a

a

Percent
0.00

2 0.00

3 a 0.00 a 0.00 0.00

# NG / G: Rssessments across trials = NG / standard = G.

# G / NG: Rssessments across trials = G / standard = NG.

# Mixed: Assessments across trials are not identical.

Between Appraisers
Assessment Agreement
# Inspected # Matched Percent 958 CI
12 12 100.00 (77.91, 100.00)
# Matched: R11 appraisera’ assssament3 agree with each other.

All Appraisers vs Standard
Lagessment Agreement
# Inspected # Matched Percent 95% CI
12 12 100.00 ({77.91, 100.00)
# Matched: All appraisers’ assessments agree with the known standard.
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Pareto Chart of Factor
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Fadulaiidsuuds (R-Sq  (adj)) iy 76.72%
Fuaaslugilii 7
Proportion (Y1) =0.0010-0.4160 A-0.1231 B -

0.1231 C+0.1704 A*A+ 0.1704 B*B
+0.1704 C*C

(6)
Regression Analysis: Proportion (Y1) versus A, B, C
Enalysis of Variance
Source OF hdj 55 kdj M5 F-Value P-Value
Regression & 3.82513 0.83752 11.43 0.000
L 1 2.36385 2.36385 42.39 0.000
B 1 0.20711 0.20711 3.71 0.07&
C 1 0.20711 0.20711 3.71 0.0746
L*R 1 0.41833 0.41833 7.50 0.017
B*B 1 0.41833 0.41833 7.50 0.017
C*C 1 0.41833 0.41833 7.50 0.017
Error 13 0.72487 0.05578&
Lack-of-Fit 8 0.72487 0.09081 * *
Pure Error 5 0.00000 0.00000
Total 13 4.55000
Model Summary
s B-3g |R-sgi{adj) | R-=g({pred)
.236134 | 54.07% T8.72% 26.21%
Coefficients
Term Coef SE Coef T-Value P-Value VIF
Constant 0.0010 0.05963 0.01 0.852
I -0.4160 0.0639 -6.51 0.000 1.00
B -0.1231 0.0639 -1.393 0.076 1.00
[ -0.1231 0.0639 -1.33 0.076 1.00
L*R 0.1704 0.0622 2.74 0.017 1.02
B*B 0.1704 0.0622 2.74 0.017 1.02
C*C 0.1704 0.0622 2.74 0.017 1l.02
Regression Egquation
Proportion (Y1) = 0.0010 - 0.4160 A - 0.1231 B - 0.1231 C
+ 0.1704 R*L + 0.1704 B*B + 0.1704 C*C
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Total cost (Y2)=73113 + 6178 A+ 1086 B
+2920 C+ 1392 A*A + 400 B*B + 1054 C*C

-240 A*B + 206 A*C (7)
Regression Analysis: Total cost (Y2) versus A, B, C
Analysis of Variance
Source DF 2dj 33 Bdj M5 F-Value P-Value
Regression 8 6895241350 86905244 2685.01 0.000
Y 1 521242421 521242421 15895.49 0.000
B 1 16101741 16101741 49.10 0.000
c 1 116483239 116483239 355.21 0.000
L*L 1 27925488 27925488 85.16 0.000
B*B 1 2309424 2309424 T.04 0.022
c*C 1 16021511 16021511 43.86 0.000
L*B 1 460800 460800 1.41 0.261
A*C 1 339554 339554 1.04 0.331

Error 11 3607231 327930
Lack-ocf-Fit [ 3607231 601205 * *
Pure Error Bl o o

Total 13 698849181

Model Summary

5 R-3g Iml R-3g(pred)

572.652 |99.48% 99.113% 97.013%

Coefficients

Term Coef 5E Coef T-Value F-Value VIF

Constant 73113 234 313.04 0.000

6178 155 39.87 0.000 1.00

B 1086 155 7.01 0.000  1.00

ol 2320 155 18.85 0.000 1.00

A*n 1392 151 9.23 0.000 1l.02

B*B 400 151 2.85 0.0zz l.02

Cc*C 1054 151 6.99 0.000 1.02

A*B -240 202 -1.13 0.261 1.00

R*C 208 20z 1.0z 0.331 1l.00

Regression Eguation

Total cost (¥2) = 73113 + 6178 R + 1086 B + 2920 C + 1392 R*RL
+ 400 B*B + 1054 C*C - 240 R*B + 206 RA*C
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ABSTRACT

The acidification of protein wastewaters was investigated under different operational pH values
(4.14 — 7.09) at ambient temperature. Synthetic whey, yeast and yolk wastewaters were used as the
substrates. Three lab-scale continuously stirred tank reactors (CSTRs), each with a working volume of
2 L, were employed as acidogenic reactors. They were operated at a hydraulic retention time (HRT) of
4 h with a substrate concentration around 2 gCOD/L, corresponding to organic loading rates (OLRs)
of 12.9 — 14.7 gCOD/L- d. Whey wastewater was the most sensitive to pH with the maximum
acidification efficiency of 30.9% and acidification rate of 3.88 gCOD/L- d at pH 4.14. The highest
acidification efficiency and acidification rate of yeast wastewater were found in neutral pH range
(7.09) at 4.6% and 0.52 gCOD/L- d, respectively. Yolk wastewater was better acidified in slightly
acidic condition (pH 5.52) with the maximum efficiency and rate at 4.6% and 0.38 gCOD/L- d,
respectively. When comparing the system performance with no pH control condition of each
wastewater, pH adjustment is not necessary. The results of this study confirmed that pH adjustment
cost could be saved in the acidogenic CSTR of the two-phase anaerobic treatment of the protein

wastewaters.

Keywords: Acidification efficiency, Acidification rate, CSTR, pH, Whey, Yeast, Yolk

1. Introduction

The imbalances of acid-forming bacteria
and methane-formatting bacteria caused the
accumulation of intermediary acid products
which provided the inhibition of methanogenic
bacteria. This rationale led to the separation of
the acidogenic and methanogenic phase into
two-phase systems [1-2]. The anaerobic two-
phase reactor needs a significant amount of a
high total chemical oxygen demand (TCOD)
content in the influent substrate for the
fermentation process. The acidification converts
organic matter in the influent wastewater into
volatile fatty acids (VFAs) by acidogenic
microorganisms. VFAs are the intermediate
products from the fermentation process which
were further converted to methane in the
successive methanogenic reactor [3-4].

Acidification process is mainly influenced
by a series of operational parameters, such as
HRT, OLR, pH and temperature [5]. The pH
affected the bacterial growth rate while pH
changes may cause a drastic variation in the
relative number of different species in the
heterogeneous population in the acidogenic

reactor [6]. Many studies found the influence of
pH on the acidogenic process inferring that a
slightly acidic pH near 6.00 improved the
reactor performance for acidogenesis bacterium
[7-8]. Wang et al., [9] found that high VFA
production could be obtained by fermenting
food waste seeded with anaerobic sludge at pH
6.00.

The process of anaerobic digestion
undergoing a high OLR could be tended to
deterioration even failure due to direct inhibition
and VFAs overload. More often, process
instability could be affected by rapid changes in
feedstock composition or OLR and unsuitable
pH range [10-11]. Han et al. [12] operated
multistep sequential batch two-phase anaerobic
treatment for the food waste and found a
suitable pH range between 6.50 — 7.00 during
the acidogenic step. The favourable pH
conditions in acidogenesis were 5.20 — 6.50,
while they were 6.60 — 850 for
acetogenic/methanogenic bacteria in dairy
manure treatment [13]. Nevertheless, the
information on the effect of the acidification
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process under various pHs is rather limited in
protein wastewater.

Many studies have been carried out on
acidification of wastewater such as dairy, cheese
whey, starch, lactose and gelatin. A few full-
scale reactors have been applied to treat
wastewater [7], [14 — 19]. The information on
acidification of protein wastewater is rather
limited although many industrial and
agricultural wastewaters contain appreciable
quantities of protein. Protein is degraded slower
than carbohydrate but faster than fat. Type of
protein in wastewater, HRT, substrate
concentration and pH were essential factors
which affected the acidogenic process. The
slowly biodegradable matters were found in the
protein and fat-containing wastewaters which
decreased the performance of the reactor [20].
Treating protein - rich wastewater often results
in the formation of scum which accumulates
inside the reactor and causes sludge to wash out
[21].

Proteins are composed of carbon, nitrogen,
and oxygen. Each protein had a polypeptide
backbone and associated with each peptide. In
which a peptide and its associated side group are
called an amino acid. There are 20 amino acids,
and the variations in lengths and arrangement
determine the different protein. The type of
acidogenic fermentation was different for each
kind of protein, so it was probable that the
conversion pathways to VFAs from proteins
would be different. Soluble protein can be
hydrolyzed to amino acid then to NH,-N,
pyruvates, and other products. Pyruvates can be
transformed directly into VFAs or lactate, which
can also be converted to VFAs [22]. Three types
of synthetic protein wastewaters which generally
found in industrial processing were investigated
in this study, i.e., whey (dairy, cheese, bakery),
yeast (beer, fermentation process), yolk (animal
feed, bakery, ice cream). The objective of this
study was to investigate the effect of pH on the
acidogenesis of the above mentioned three types
of protein wastewaters in CSTRs under ambient
temperature.

2. Material and methods

Synthetic protein wastewater was daily
prepared from a mixture of tap water (90% by
volume), protein substrates for carbon source
and domestic wastewater from Chiang Mai
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University (CMU) wastewater treatment plant
(10% by volume) for micronutrients and trace
elements. The domestic wastewater was weekly
collected from equalizing tank and stored in 4
°C room before utilization. Tap water was stored
overnight to reduce residual chlorine. Three
types of protein substrates, i.e., whey powder
(Cottage farm ®, USA), yeast extract (Marmite
®, UK) and yolk powder (Yok Intertrade,
Thailand) were mixed with tap water and
domestic wastewater to the required Chemical
Oxygen Demand (COD) concentrations. Total
Kjeldahl nitrogen (TKN) and total phosphorus
in synthetic wastewaters were analyzed and the
COD: N: P ratios were 100: 2: 1.2, 100: 6: 1.8
and 100: 4: 1.2 for whey, yeast and yolk
wastewaters, respectively. It indicated a
sufficient macronutrient ratio for the bacterial
grow at 100: 2: 0.2 [3]. The characteristics of
protein substrates were analyzed by the Bureau
of Nutrition, Department of Health, Thailand as
presented in Table 1.

Table 1: The characteristics of protein
substrates based on 100 g of wet weight (n = 3)

Type of substrates

Parameter Unit
Whey Yeast Yolk
Carbohydrate g 75.9 25 2.3
Protein g 10.6 39 29.9
Fat g 1.9 <1 61
Water g 4.8 31.9 3.7
Other ash g 6.8 3.1 3.1

The digested sludge from an anaerobic
sludge digester of CMU wastewater treatment
plant, (20.5 gVSS/L) was used as the seed
sludge in CSTRs. The seed volume (1.08 — 1.25
L) was mixed with protein wastewaters at
ambient temperature for two weeks before
loading. Three CSTRs, made from 15.24 cm
PVC pipe with 20 cm height which giving a
working volume of 2 L, were used. The influent
stored in a 20 L plastic tank equipped with a
circulating pump was introduced into each
CSTRs by a metering pump. A centrifugal pump
was used to circulate the liquid content in a
CSTR to provide the complete- mix condition.
The effluent flowed from each reactor to a 20 L
plastic effluent tank. Each CSTR was coupled
with 350 mL water replacement plastic bottle
submerged in 500 mL beaker to collect the
biogas. After the system reached the steady
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state, i.e. effluent VFA fluctuations within 15%,
data during steady state conditions were
investigated.

The experiment was conducted from
February to July 2016. The CSTRs were started
up at 24 h HRT before stepwise decreased to 20,
16, 12, 8 and eventually 4 h which was
maintained throughout the study. Three parallel
experiments for whey, yeast and yolk
wastewaters were operated under the influent
substrate concentration of 2 gCOD/L. The
influent in each reactor was adjusted by 4 N
HCI, 4 N NaOH or 4 N NaHCOs to the required
pH condition. The reactor’s pH (similar to
effluent pH) in each CSTR was adjusted as
follows: reactor 1 (whey wastewater) 4.18, 5.49
and 6.50; reactor 2 (yeast wastewater) 4.50, 5.57
and 7.09; reactor 3 (yolk wastewater) 4.55, 5.52
and 6.56. For comparison, data from the similar
experiment of three wastewaters without pH
control at 4 h HRT during January — February
2016 are included. They are parts of the study
on the effect of HRT on acidification without
pH control and results are presented elsewhere
[23].

The influent and effluent samples were
collected from the influent and effluent tanks,
respectively. All essential parameters, i.e., COD,
pH, suspended solids (SS), volatile suspended
solids (VSS) and VFA were analyzed according
to Standard Methods [24]. VFA compositions
(acetate, propionate, butyrate, i-butyrate,
valerate, and i-valerate) were also analyzed as
follows; firstly, a 5 mL of the filtered sample
was acidified with 4 N phosphoric acid to a pH
less than 3 to convert the fatty acids to their
undissociated forms (i.e., acetic acid, propionic
acid, butyric acid, etc.). A 1 uL of the acidified
sample was analyzed for acetic acid, propionic
acid, i- and n-butyric acid, i- and n-valerate by
Agilent 680 Gas Chromatograph (GC) with HP
—FFAP column of 25 mm % 0.32 mm x 0.5 pm
and a Flame Ionization Detector (FID). The
temperature of the column, injection, and
detector were 80°C, 200°C and 250°C,
respectively.

To assess the acidification efficiency (AE)
and volumetric acidification rate (AR), a mass
balance on COD of influent and effluent VFA
concentration and VFA converted to biogas
were done at steady state condition using
Equation 1 - 3 [3, 25] as follows:

216

COD acid — efﬂuentCODVFA — inﬂuentCODva
+ CODcpy (D
_ CODacid
AE= influentCODnon—-VFA %100 (2)
CODacid x flow rate
AR = Volume of reactor (3)

CODyr, is the fraction of COD presented as
VFAs (mgHAc/L) and calculated from
theoretical COD  equivalent of 1.066
gCOD/gVFA. CODnon-yga is the total COD
minus CODyga. CODcyys 1s the fraction of COD
converted into methane gas in which it was
neglected in this study due to very low and no
methane production at 4 h HRT.

The overall performances of the system
under the varied operational conditions were
evaluated for the statistical significance analysis
by using Minitab®. The significant test as p-
value was examined at a confidence level of
95% [26].

3. Results and discussion

The results of the study including data
without pH control [23] are summarised in
Table 2. The acidogenic CSTRs were operated
at 4 h HRT, corresponding to OLRs 12.9 — 14.7
gCOD/L- d. The substrate composition
presented in Table 1, resulted in various influent
characteristics. Yolk powder had a much higher
SS and VSS values while whey wastewater gave
the distinctly highest VFA concentration.
Although the target influent COD was 2 g/L,
deviations during the experiment led to slightly
different values. The influent temperatures were
in the range of 25.1 — 35.2°C. The effluent
temperature which was the same as the reactor’s
temperature was measured instantly in the
effluent pipe and found to be lower than the
influent and be within mesophilic range (20 -
40°C). Due to the seasonal change in Chiang
Mai, Thailand, the ambient temperature usually
dropped during winter (November to February).
The effect of temperature at the study range was
not much, possibly due to rather high operating
temperature, i.e., 25.1 — 31.8°C. Yu et al. [7]
reported that the effect of HRT on the
acidogenesis was more significant than the
effect of temperature. The CSTR treating whey
wastewater had been operated at OLR 13.2 —
13.9 gCOD/L- d with influent COD 2,199 —



2,321 mg/L while the pH values in the system
were varied at 4.18, 5.49 and 6.50. The typical
variations of influent and effluent concentration
are shown in Figure 1.
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Figure 1. COD concentration variations of whey
wastewater during the study

Alkali was added to the influent to raise pH
values. However, the effluent pHs were always
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lower than the influent. The effluent pH 4.18
was initially planned for 4.50, but it suddenly
dropped during the last period of investigation.
The influent Filtrated Chemical Oxygen
Demand (FCOD)/COD ratios of whey
wastewater were in the range of 0.87 to 0.92
which were not much different from the
effluent FCOD/COD ratios (0.78 — 0.96).
The high FCOD/COD ratio indicated the
high proportion of soluble organic matter.
The effluent COD was not much different at
each operating pH, i.e. 1,556 — 1,685 mg/L.
The COD removals of whey wastewater in each
operational pH condition were not much
different, in the range of 23.6 to 33.0%. In the
acidogenic reactor, major COD removal was not
expected but the transformation of complex
organics and VSS to solubilized VFAs and other
intermediates [3].

Table 2: Performance comparison of whey, yeast and yolk wastewaters in the acidogenic CSTRs at

various pH values

Whey Yeast Yolk
Parameter Feed/pH
4140 418 5.49 6.50 4.50 5.57 6300  7.09 4.55 5.52 6250 6.56
OLR  gCOD/L-d  13.8 13.9 133 13.2 13.0 12.9 14.2 14.2 13.5 13.1 13.2 14.7
Temp. () Influent  25.5t1.5 34.1£0.3 31.5£0.7 31.540.23 32.240.29 31.5+1.7 25.1%0.6 35.2+0.6 29.742.72 31.6+£0.6 25.9+0.2 34.6+0.0
Effluent  25.543.1 31.4+0.5 29.2£0.5 28.5+0.03 29.0+0.28 29.2+1.7 25.1+0.4 31.8£0.4 27.810.49 29.2+0.5 24.9+0.5 31.3%0.1
o Influent  6.62+0.1 4.46+0.05 6.83£0.08 6.91+£0.07 4.56+0.12 5.35£0.1 6.45+0.04 7.52+0.08 5.08+0.05 5.77+0.05 6.64+0.14 7.59+90
Effluent  4.14+0.1 4.18+0.12 5.49+0.07 6.50+0.03 4.50+0.08 5.57+0.1 6.30+0.06 7.09+0.08 4.55+0.03 5.52+0.08 6.25£0.28 6.56+99
Influent 2299428 2321497 2224486 2,199+38 2,163£9  2,150+£95 2377+42 2375488 2,257+80 2,188+23 2203+£51 2451490
(ﬁgg) Effluent  1,685+52 1,556+84 1,574+81 1,681+131 1,803+39 1,147+149 1429+36 14294234 1,5454#51 1,590+23 1,920+121 1,521+99
% removal  26.7 33.0 29.2 23.6 16.6 46.7 39.9 39.8 315 273 12.8 37.9
FCOD Influent  2,000£109 2,101£117 2,052+68 2,011£30 2021432 2,018+71 1,893+91 2,054+£80 2,054+76 2,026+50 1,985+135 2,133+46
(mg/L) Effluent 1562478 1,364+105 1224+64 1,618+131 1440441 1,108436 1,214+£38 1,144+£86 1,465+42 1437437 1,775£102 1242490
Inflent ~ 363£20 411434 238443 336+21 7311 60£92  326+7 20311 78852 1345£74 1903+52  1,262+96
SS(mg/L)  Effuent 201435 401115 235421  206+28 4246 54+19 150+8 ND 351£56  985+107  872+189  978+172
% removal  44.6 2.4 1.3 387 42.5 10.1 54.0 ND 55.5 26.8 54.2 22.5
Inflent 341427 389431 ND 305+21 64+9 58£74  288+7 193+3 742447 1339+78 171873 1164£76
VSS (mg/L)  Effluent  184+£34 376+109  ND 200+£37 38+6 51£18 13647 ND 334461 949105 814+£225 876+138
% removal  46.0 33 ND 34.4 40.6 12.1 52.8 ND 55.0 29.1 52.6 24.7
Influent  193£23  213£30  113+4  223+2 60£1 5745 40+4 53+36 50+2 49+4 22+4 48+1
(ngIF:c/L) Effluent ~ 800+£52  787+232  304+7 28616 76+2 74+£13 106+2 13948 87+4 11242 7945 8243
% increase  314.5 269.5 169.0 283 26.7 29.8 165.0 162.3 74.0 128.6 128.6 70.8

Remark: NA = No data available, (1) = Results without pH adjustment [23]

Yeast wastewater (Table 2), with 2,150 —
2,377 mg/L of the influent COD and the
FCOD/COD ratios of 0.80 — 0.94 were treated
at the operational pHs of 4.50, 5.57, 6.30 and
7.09. The COD removal was rather similar (39.8
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—46.7%) at pH 5.57, 6.30 and 7.09 whereas, it
dropped to 16.6% at the low pH (4.50).

The influent COD of yolk wastewater were
in the range of 2,188 to 2,451 mg/L with
FCOD/COD ratios of 0.87 — 0.93. The operating
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pHs of the system were adjusted at 4.55, 5.52
and 6.56, including 6.25 from the non-pH
control condition. The COD removal varied
without a distinct pattern at 12.8 — 37.9% with
the maximum value of 37.9% at pH 6.56. The
influent and effluent FCOD/COD ratios were
higher than 0.90 except at the pH 6.56. Besides
methanogenesis which was minimal in this
study, it was still unknown on which reactions
or mechanism be responsible for COD removal.

In whey wastewater, the influent SS
concentrations were 238 — 411 mg/L with high
VSS/SS ratios of 0.91 — 0.95 representing the
high proportion of biodegradable solids. The SS
and VSS removal of whey wastewater greatly
fluctuated at 1.3 — 44.6% and 3.3 — 46.0%,
respectively, with effluent VSS/SS ratios of 0.92
—0.97. The influent SS concentrations of yeast
wastewater were lower (60 — 326 mg/L) with the
influent VSS/SS ratios of 0.88 — 0.97. The SS
and VSS removal varied a lot at 10.0 — 54.0%
and 12.1 — 52.8%, respectively with the effluent
VSS/SS ratios of 0.90 — 0.94. Yolk wastewater
had highest influent SS concentrations of 788 -
1,903 mg/L with the VSS/SS ratios of 0.90 —
0.99 which indicated the less soluble of yolk
powder than whey powder and yeast extract.
The SS and VSS removal of yolk wastewater
fluctuated at 22.5 — 55.5% and 24.7 — 55.0%,
respectively, with the effluent VSS/SS ratios of
0.90 — 0.96. The effluent VSS removal indicated
that the organic matter in influent VSS was
solubilized in the acidogenic reactor by the
acidogenic microorganisms [27]. However, new
cells of acidogenic bacteria also added up to
effluent VSS concentration.

The biogas production of whey wastewater
was found in small quantities at pH 4.18 and
5.49 as 6 and 3 mL/d, respectively, and none of
the biogas production at pH 4.14 and 6.50. Yeast
wastewater at pH 4.50 and 5.57 produced 1 and
3 mL/d of biogas whereas, at pH 6.30 and 7.09
gave no biogas. For yolk wastewater, the highest
of biogas production was 5 mL/L at pH 6.25.
The others pH had 1 — 3 mL/d of the biogas
production. According to Hanjai et al. [23],
methanogenesis was suppressed at HRT of 8 h
or lower in the CSTRs treating whey, yeast and
yolk wastewaters. In general, the acidification
had a better performance with the less biogas
production at the low HRT.

The variations of influent and effluent VFA
concentrations of three substrates are shown in

Figure 2. The effluent VFA was the result of the
net value of VFA produced and consumed while
the influent itself also contained VFA from
protein substrate production. The average
influent VFA  concentrations of whey
wastewater (Figure 2(a)) were the highest of the
three substrates (113 — 223 mgHAc/L). The
effluent VFA extremely increased to 800 and
787 mgHACc/L at pH 4.14 and 4.18, respectively
whereas at pH 5.49 and 6.50 it slightly increased
to 304 and 286 mgHAC/L, respectively.
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protein wastewaters during the study



The average influent VFA of yeast
wastewater was 40 — 60 mgHAc/L while the
average effluent increased to 74 - 139 mgHAc/L
as presented in Figure 2 (b). Yolk wastewater
had the lowest VFA concentrations (22 — 50
mgHAc/L) whereas the average effluent VFA
increased to 79 — 112 mgHAc/L (Figure 2 (¢)).
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Figure 3. VFA increase of whey, yeast and yolk
wastewaters in the acidogenic CSTRs at various
pH values

The percentage of VFA increase during the
study is shown in Figure 3. Low pH was found
to be favourable for whey wastewater
acidification with a distinct pattern of an
increasing percentage of VFA production
towards lower pH. The maximum percentage of
VFA increase was 314.5% at pH 4.14, a
condition without pH adjustment of the influent.
The percentage decreased to 169.0% and 28.3%
while the pH of the system was reached to 5.49
and 6.50, respectively. The acidic pH range
enhanced the increasing of VFA production
more than the neutral pH range in whey
wastewater. Bengtsson et al. [17] found the
optimum pH at 5.25 — 5.50 for VFA production
in the acidogenic reactor of dairy and cheese-
whey wastewater.

The percentage of VFA increase of yeast
wastewater sharply rose as pH approaching
neutral range, i.e. 165.0 and 162.3% at pH 6.30
and 7.09, respectively. Yu and Fang, [5] found
the high VFA production at pH 6.00 — 6.50 and
12 h HRT in the acidification of the gelatinous
wastewater. On the contrary, the study of
pharmaceutical wastewater which had a high
protein similar to yeast, using the acidogenic
CSTR at OLR 14 gCOD/L- d of Oktem et al.
[28], the highest acidification efficiency was
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found at the operational pH 5.50. At acidic pH
range (4.50 and 5.57) of yeast wastewater, the
percentage of VFA increase was rather stable at
26.7 —29.8%.

The percentage of VFA increase of yolk
wastewater rose up at higher pH to a maximum
of 259.1% at pH 6.30. It was then dropped to
70.8% at pH 6.56. The acidic condition was
suitable for the acidogenesis of whey and yolk
wastewaters whereas the neutral condition was
worthy for yeast wastewater. Elefsiniotis and
Oldham [29] reported that the variation of pH
between 4.30 and 5.20 did not affect VFA
production and COD solubilization of primary
sludge, but higher pH level (5.90 — 6.20)
affected both parameters in acidogenesis. In
additional, Demirel and Yenigun [16] found the
higher pH levels from 6.00 to 8.00 affected the
dominant microbial populations in an acid
reactor treating dairy wastewater. According to
the results obtained as presented in Table 2, the
highest percentage of VFA increase in all
wastewater occurred under influent without pH
adjustment. It can be concluded that pH
adjustment is not necessary for whey, yeast and
yolk wastewaters.

The VFA compositions were calculated
from individual acids, analyzed by GC over total
VFA which was analyzed by titration. The
essential VFA products produced in the
acidogenic phase are critical because they affect
methanogenesis efficiency [30]. The total VFA
composition in this study were less than 100%
which revealed that other intermediates were
also present in the experiment. The main VFA
compositions of the influent whey wastewater
were 31 — 53% butyrate, 22 — 30% acetate and
11 — 17% propionate at all pH conditions except
at pH 6.50 which had no acetate. For yeast
wastewater, VFA consisted mainly of 29 — 63%
propionate, 15 — 46% butyrate and 8 — 11% i-
butyrate and i-valerate. In the meantime, the
VFA composition of the influent yolk
wastewater fluctuated with various VFAs such
as i-valerate, i-butyrate, acetate and propionate.
The effluent VFA compositions of whey, yeast
and yolk wastewaters are shown in Figure 4.
The complex substrate was broken down into
the fermentation products modified to the
consecutive methanogenic reactor. Short-chain
acids such as acetate, propionate, butyrate and
valerate were found to be the main product
under fermentation.
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In the effluent of whey wastewater, acetate
and propionate were found as the predominate
with butyrate as the inferior at the acidic pH
(4.14 and 4.18). At increasing pH (5.49 and
6.50) butyrate was the main VFA composition
with acetate and propionate as the inferior. At all
pH conditions of whey wastewater the small
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quantities of i-butyrate, i—valerate and valerate
were found except at pH 4.14. In general, the
acidic pH favoured the production of alcohols
whereas the neutral pH favoured VFA in the
acidification of lactose [31]. Zoetemeyer et al.
[32] investigated glucose acidification and found
that the VFA distribution was not influenced by
the pH change. Acetate, butyrate, and i-butyrate
were the main VFA products at pH 6.00 - 6.50
but at pH 4.50, they were propionate and
ethanol. The distribution of product distribution
was possibly due to the shift of the microbial
population in the reactor [33].

Yeast wastewater had an extreme shift of
VFA composition in the effluent with i-valerate
and i-butyrate as the main VFA products with
the small quantities of acetate, butyrate, and
valerate at acidic pH (4.50 and 5.57). At the
neutral pH (7.09) butyrate and propionate were
predominant with fewer quantities of i-butyrate,
i-valerate and, valerate. At pH 6.30 propionate
was the main VFA composition with acetate and
butyrate as inferior.

Meanwhile, The predominant VFA
compositions of the effluent yolk wastewater
varied in each pH conditions which was butyrate
at pH 4.55 and 6.56, acetate at pH 5.52 and
propionate at pH 6.25. Butyrate and propionate
were found in all pH conditions whereas acetate
was found only at the acidic pH condition (4.55
and 5.52). The composition of wastewater was
the fundamental characteristic which affected
the VFA product and needs to be taken into
account when VFAs were produced [34].
Carbohydrate is the main organic matter in the
fermentation substrate which found in whey
powder. The polysaccharides were firstly
degraded to glucose, then pyruvate which was
an important intermediate product before
utilized to produce acetate and butyrate by the
enzyme actions [35]. Protein has been found to
be degraded faster than lipids during the
hydrolytic-acidogenic stage but slower than
carbohydrate [36].

The acidification efficiency and
acidification rate obtained during the steady
state of all protein wastewaters under various pH
values are shown in Figure 5. Whey wastewater
was the most sensitive to operational pH than
yeast and yolk wastewaters with the
performance sharply dropped at higher pH
condition. = The maximum  acidification
efficiency and acidification rate were found at



pH 4.14 to be 30.9% and 3.88 gCOD/L- d,
respectively. The values steadily decreased to
13.2% and 0.4 gCOD/L- d at pH 6.50.
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It is hypothesized that a high proportion of
carbohydrate (75.9%) in whey powder plays an
important role in acidification. The higher
acidification efficiency found in dairy effluent
or synthetic dairy wastewater was realized as the
results of carbohydrate and other easily
degradable contents which found to be
hydrolysed faster. However, yeast wastewater
had an opposite trend with slightly increasing
values at higher pH.

The  acidification  efficiencies and
acidification rates in acidic conditions (pH 4.50
and 5.57) were not much different, but they
increased to 4.6% and 0.52 gCOD/L- d at pH
7.09, respectively. The slightly acidic pH was
suitable for the acidification of yolk wastewater.
The maximum acidification efficiency (4.6%)
and acidification rate (0.38 gCOD/L- d) were
found at pH 5.52 while pH 6.25 also gave a
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slightly lower performance. The acidification
efficiencies at pH 4.55 and 6.56 dropped to
2.7% and 2.5%, respectively. Comparison of
three protein wastewaters indicated that the
acidification efficiency was significantly higher
for whey wastewater at the acidic pH. The
neutral pH was favourable for yeast wastewater
whereas the slightly acidic pH benefited to the
yolk wastewater. According to, ANOVA at
individual confidence level 98.93% the
performance of the study without pH
adjustment, i.e. pH values for whey, yeast and
yolk wastewaters at 4.14, 6.30 and 6.25,
respectively, were better than the conditions
with adjusted pH in the system. The pH
adjustment is therefore not necessary for protein
wastewaters as recommended by some research
work [5, 28]. In the protein wastewater
treatment, there is a naturally high buffer
incapacity to resist pH change and pH
adjustment is not beneficial in terms of the
economic aspect. The acidogenic CSTR is an
important part of the two-phase anaerobic
treatment. This study confirmed the effect of pH
on acidification of protein wastewater. The
result obtained can help to optimize the design
and operation of full - scale CSTR.

4. Conclusions

Based on the results obtained, the following
conclusions can be drawn. At the same range of
COD concentration, whey wastewater had high
VFA while yeast wastewater had high SS
concentrations. Whey wastewater was the most
sensitive to operational pH with decreasing
acidification efficiency and acidification rate at
higher pH. Yolk wastewater preferred slightly
acidic condition while yeast wastewater was
better acidified at neutral pH range.
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ABSTRACT

Quality processes control plays an important role not only in Electronics industry but also in
the electronics piece parts manufacturing. Printed Circuit Board (PCB) fabrication is one of the
beginning processes to produce the electronics piece parts that is required a sophisticated quality
control inspection technique. This is to ensure that defective PCBs can be rejected in early stages
which it is resulting in higher manufacturing cost than that beginning rejected PCB screening out. An
automation of Printed Circuit Board’s quality control inspection with a digital image processing
technique is one of the introduced methods that it is not only solving that mentioned higher cost but
also eliminating an inspection error from human eyes inspection method because it provides higher
efficiency, accuracy and less time. One of steps in Digital Image Processing that plays an important
role, and also determines the accuracy of PCB quality inspection is Image Segmentation. This research
presents a comparison of different image segmentation techniques for PCB quality inspection, in
which there are 4 methods as follows 1) Global Thresholding, 2) the Adaptive Thresholding, 3) K-
means Clustering and 4) the Fuzzy C-means Clustering. There are a total of 500 images of PCB’s that
used as the input of this experiment. In this study, the Intersection over Union, Accuracy, Precision,
Recall and Elapse Time parameters are used to evaluate the performance of those 4 methods
mentioned above. The results show that the Fuzzy C-means Clustering and K-means Clustering
methods provide the accuracy of 98.57 % and 97.43% respectively, in which they are better than other
methods. Even though the Fuzzy C-means Clustering method gives the best accuracy but it takes much
longer processing time than others. Therefore, an improving of K-means Clustering method that
provides the second best in accuracy is initiated. In order to improve the accuracy of K-means
Clustering method, a dividing of cluster with two iterations under K-means Clustering method is
evaluated. The results show that mentioned improving method provides better accuracy of 98.38%,
while processing time is slightly increased. Hence, Improve K-means clustering method is considered
as an appropriated method for further study and analysis as well as to use for PCB’s quality inspection
in piece part electronics manufacturing.
Keywords: Image segmentation, Image processing, PCB Inspection, Threshold, Clustering
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ABSTRACT
Titanium dioxide immobilized on montmorillonite (TiO,-MMt) was prepared and used for
removal of malachite green dye (MG) from aqueous solution. The TiO,-MMt was characterized by
various techniques such as specific surface area and average pore size by BET method and BJH
method, respectively, morphology by SEM images, active functional groups by FTIR, and crystalline
structure by XRD. The experiment was divided into 2 parts. First, the adsorption of MG was studied.
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It was found that the highest MG removal of 97.0% was obtained under a certain condition, pH of 5.0,
contact time of 240 min, initial dye concentration of 300 mg/L and temperature of 55 C. Adsorption
isotherm was better fitted by Langmuir’s equation. Kinetic data followed the pseudo-second order
equation. The thermodynamic study noticed that the adsorption is endothermic process. Second, the
photocatalysis of MG was carried out. The saturated MG loaded TiO,-MMt was radiated by a UVC

light with intensity of 2.752 mW/cm® at 254 nm for 24 hours. It was found that the percent MG
removal was 16 % higher than that of the adsorption only. From the above results, TiO,-MMt was
used effectively as adsorbent and photo-catalyst for MG removal from wastewater.
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TiO2 vuituin MMt

~ = ~ P 1a s a ¢
2N 1 aszuaumsaselnnuiienlasen lsauuusauvoudueiala lud

2. JaquazIsmMInaaea

2.1 M5l

asazaneInnuileuionenled (Ti(OBu)s)
lolsInsiauoanesed (C;HsO) nsaluasn (HNO;)
pz¥naozd lau (AcAc) laton Tuaniiu (C,H,1NO,)
wou'leasaemuea ansaaussAsiIgia laswnia
wonTuilonTuslud (CTAB) mmu?qm?mnniw
96% 131M FlukaChemika usauwoudueiala’lugd
(MMt) 9110 D380 Ineiiddewniifuvigaavnssuy
N9
2.2 maesenlnmutisalaeenlsanTswnnsauseus
wo3alalud

w3sua1sazale Innuiley -laten1Tuariiv
(TiDEA) Tlasdinasazarelnnuiieniiionlya
SmL loTaInsfiauoanosed SmL  uagiingu
30 mL ashudfinnesuiia 100 mL vniudunsaly
a3n 1 mLuaz ezddaezdlan I mL AUNEUAIY
19594nIUAITAZAIOUDULLIHANAIINISIT 0

a gy

< { y g a
600 rpm 1uar 10 hr Ngangiiios nasniiuay

u

TatemTua1iiv 5  mL AdUNAUAI8IATEINIY
1 I < I
dsazanguuLIYMan ANWSI591 600 rpm Wluan

10 hr iguugiives uduAvarsaausdsis CTAB
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4 ]
0.15 g ﬂ?uwﬁﬂﬁ'ﬁﬂlﬂ%ﬂﬂ\iﬂﬁuﬁ1§!,L‘]J‘U!Lll!fl’iﬂﬂ

AMNN5259Y 600 rpm Hunat 4 hr ldmsuviuase
DEA —-Ti- CTAB

Wwsau MMt undudaoueulaasaieniuea
ildudafigamgiives udniusdu MMt 1 g'ld1d
Turinlsieinlesey 20 mL mMuraudlenieany
AFuUiImManaNUII5eu 600 rpm1flunar 4 hr
neamsuvIvansy DEA - Ti-CTAB uunsau MMt
flazveail 70°C  udanunaudienieaniuds
AMwITITeL 600 rpm et 5 hrildTumde
a5 3,000 tpm a1 5 wdi thawiiy
aznouneuiigumgil 105°C iflunar 1 hr il
gaungil 500°C 1iluna 4 hr vz 1ddagadu TiO,-
MMt (TMMt) fanmii 1 $im3snse DEA - Ti
CTAB uu MMt a1suvivass DEA - Ti-CTAB
dwTouwradigunasives MMt udufams
wanildou'leoou nagnszuIUMIQATUMIINIEN N
waziilothimarniei 1 Tuanaves DEA-Ti-CTAB
gnoand lad lihiluTuanaves TiO, ﬁ?aaﬂuuﬁuﬁa
MMt FalSuamsaausaisinezudasmuans
nszagaya TiO, Ruansafuuuituiiives TMMt

sinfuhasgadu MMt uaz TMMt 4

Y

a s wa Y a s A
mmwwqmﬁuummamﬂmw UlﬂLLﬂ NITIAIICHNUN



D.00ADUM 18: D.OUWL

RIS UMIZIAZIUIAYDIFNTUINGY AI0IATBINNTIZH
Y

WunAwazyuInvegwiy (Surface Area and Pore

. a Jd o
Size Analyzer) mM3IATIEHAUTIU A20nd04
da 4 1 .

ANITIAUDLANATOUUVUADINT 1A (Scanning

ElectronMicroscope: SEM) a1+ Insaas1anan

v A a ¢ = v ad ¢

AUIATDINATILHNTIAENUUVOISITONY (X-Ray
. a S 1y do A

Diffractometer:  XRD) n133asigvinyilanyun
o 4 a o 4 s A

d1igy droiaeaiSesnsudiesududsusa

dlalasalnil (Fourier-transform infrared

spectroscopy: FTIR)
Ans12¥n Point of zero charge (3ahiilszy
a g o @ o a a
ganiiilugud) vosdrgaduuazddon Tauldit Tuda

@ @

weaRdu (Solid addition method) IEEREEERT
31 0.1 g dnaslumsazals NaCl fanududu
0.1M #1100 mL siimsisual pHy (Wew
Sudu)a e fu 1dud 2, 4, 6, 8 uaz 10 §av
asazars HNO; uaz NaOH fina dudn 0.1 M
i livgdremieavsmuasiuiinnumiasey 200
rpm iiluna1 24 hr figaivigil 60°C wésnmifnih
Jam1 pH; (Tosgaie) udimsndeansmsznig
pHy — pH; (vouaay pH 14 9) taza1 pHy 1103
naaeadidnnte udnldeunnududuvesaisazae
NaCl liilu 0.01 M
2.3 msmsanmsazaeddon
ddouurarlaviniu eenwiian Aaada
(Malachite green oxalate crystal: MG) Ugasnig
19 [(CasHasNa)(C2HO) ], CoHo04 vimiinTurana
My 927.02  g/mol mmanﬂﬁuﬁ@ﬂ«?mmqgﬁ
90 (Amay) 100 611 nm TnseadeTuanavesd
fou MG uaaa13lunmund 2 msazarwaden (Stock
solution) ¥t 1,000 mg/L azgniasenlaoiins
Fadfon MG $1um 1.0 g Auaaluindulinn
| L wdwmniuimseienmsazaneddeniinn
Wuduaie 9 auiidesnms Taedimsienrainsied

Y v Y v ¥
ﬂ’JHJL"U3J"IJ‘L!"IJENﬁﬂ@uﬂ’Jﬂﬂ1iﬁi'l\1ﬂ§11/‘lu'li§lijﬂs1u
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(Standard curve) 53 ¥319AINITQANAULAY
(Absorbance) AuaNududuvesddon Jaa1ns

ganduumidroniesgi-iaibamialas Il lalines
(UV-Vis-Spectrophotometer) [17]

ch.,lh CHg 0 0
‘ HO  OH
| 0O 0

0 d
N,CHg

CH;

2

i 2 TassaaTuanavesddou MG [18]

2.4 Anunifadeiiiinanemsivaadonlaanszuaums
gadusaznszuaumsiilauanslada
= a A v A9
msfnylszansmmmsgagudden MG aw
Wudwsuduvesaisazareddon MG iy
200 mg/L U3uasvesddon 100 mL pH-3.67 (pH
g‘ A o A <
o aduniziiTudn) AnwF13ouveIn1InIU
200 rpm 581981 1UN3gadY 24 hr Ngavngil 35°C
Argadu 2 wila 1dun MMt waz TMMt
Ao o = o . Aaa
(Mhdsdnymazianuiudus ugnse)
= @ 1 A A ' o k4 '
Anw1ilaveares Nlimanenisgady Tdun

a a

= 1T A Q' 9 =
MTANHIDNTNAVDIATNLDFLTUAU 3-9 NISANHYI

]

answavewnadudia 0-24 hr msAnyIOnIwaves
amuduuddeusudu 100-500 mg/L uazmsdiny
SnEwavosqungdl 25-55°C uonvindi Anyle Ty
(NOUNITRATY JaUNAMAATNITAAGTY LAz Ty
lawiindnisgady mmfuﬁwﬁa@ﬂcﬁuﬁgnﬁaﬁ'aﬂﬁ
doulddnuimsidaddoudronszuiums Inlaun
az'ladalaeld5ed UVC finnwenaau 254 nm iy
y
12124 hr  vwasnduiundneimsaedy Taeii
Fug9fAse TMML 0.1 g figaduddounen it
ﬁqmwgﬁ 60°C  udaniwmauiumsazais 0.1 M

HNO; 15105 100 mL  $inmsiveidiensoven
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. ) . .
U IUAANEI50U 200 rpm tiuaar 24 hr i

%Removal = (C"C_Ct) x100% (2)

gungh 25°C i hjuendaselgaser TMMt oon 2

TaoniodrIUNIZAIYNT03 GF/C vua 47 mm uay “ v o “y 2
. o N 4 Tag Co ADANMIINTUVOITTOMTUAY (mg/L)C,
asazaeauilauiammsganauuaaazlasu " v wy 4 "
v vy v . Ao aANwduduvesddounailag (mg/L) m Ao
ANNVVTUAIBNTINIATFIY NINTUANBINTAYHY - e 4 -
UTunavesdigadu (g) naz V. asliuiasves

Vv
wazmsihnduinlddn . - oo
a1saza1e (L) wenvinidiuisliuianisgadun

anuansalumsaaduiinailag (q; me/g) 1 .
¥ A MEE annzanga (q.. mg/g) 1alaen)aeudnls C, u

o { sl
mmmmuam“lﬁ'%mﬁumiﬁ 1 lLﬁZL‘l]fi]iL“]fu@] ] - 2 < Y v “y A
qun1sn 1 UJ'L! Ce «NuJummwmummaﬂauﬂﬁu@a

n13819a (%Removal) awisadiuinldlasls (mg/L)

qunsn 2
_ V(=)
m

qc (1)

3. Wwansnnaog

3.1 MsAnHIANANHAUTNIMENN

Y

d‘ A d’a o d‘ a A o w A o
MA319N 1 WUNRIUNY VUIAUBIFNIUIRAY wazdszansnmmsmiad MG UBIFA1TQAHU

M39AdY ﬁuﬁﬁn"uwwa ﬂ%mﬂsmmg‘wwb mmﬂgmumé# .
(m2 /g) (cm3 /e) (nm) YoDye removal
MMt 48.80 0.096 16.88 93
TMMt 14.25 0.058 2145 353

Hnewa: * MuraInaumsved BET uag ™ Auimnuitves Barrett-Joyner-Hanlenda (BJH)

Signal A = SE1 EHT = 16.00 kv
File Name = 7-5loc2.tif | Spot Size = 150

a) b)

EHT =15.00 KV
Spot Size = 150

WD= 12mm

Signal A= SE1
Mag= 5.00KX

WD= 12mm
File Name = 2-5lcctif —

Mag= 5.00K X

| scikku 1‘ SCI KKU

,wi 3 msfndnyazduguInedigadu a) MMt b) TMMt
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Y
g A

NHANITAUATIZTHAUNAIT U USHaT uay

vagngwnis danaasluaised 1 nud TiO,-

4 v
MMt fiiufiad umzuazlsumgnyuiosniusau

1 Yy 9 !
MMt uativuiagngumaslugni Medienviioswnain

& { a . . ' 9
TUADUMTININUN NG (Calcination) danald

1a A <3| @ <3|
SWEHﬂJ@QLﬁﬂulﬂﬂﬂ'ﬁﬁﬁﬂlli')lllﬂuﬂ‘Llﬂa']mﬂuz‘Wiu

a

a

ﬁﬁmum“lmﬁu uammﬁaunm TiO, figanadiin
MeuNYBILIAY MMt mm%'ﬂﬂﬂﬂf%unguwm
@n'3 Mg doiiuisumenoluTassatravews
du MMt 'l Snvaiziguiidamaldituiisunsias
UY311a33n3Uvee TiO-MMt aaad tagivuiagngy
waelngiiu FufuaunalduSinunsgaduiden
MG anad

mﬁmawﬁﬁﬂymz‘ﬁuﬁammﬁ’s@ﬂvﬁuﬁ'wm?m
SEM 'l&namsTinniziidanmi 3 wuh fufives
HIAU MMt(@mwﬁ 3 (a)) Nanwmzugusz sy
Niduszfey Feuiutun uaglignguvuiaan
ﬂizmﬂagiﬁaﬁ?uﬁ’; [19] iifeiiarsminingis SEM
v03 TMMt (@m‘wﬁ 3 (b)) wum fufinves TiO,-
MMt fianyuziou I8 uaugniuvinaantiosniy
fufinvesusau MMt M Aufiqavigigs
(500°C) 1fluanvg ¥ gnguvuraanveusauiia

[

| [l a
m‘mmmiauﬂuﬂmmﬂugwqumumlwiy Haging

Y '
A Aa

MIgYAENUNA ammwmﬂungummmﬁﬂ"l“JJ [20]

o
m

‘V“memh’ L%W |r’ M -y

,W Mo v

by Wi th'-w* ‘WW* Wi Sl L T

MMt

o) 0~ =~ . -
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

2-Theta (deg.)

mwﬁ 4 XRD pattern 183 MMt 1ag TMMt
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el o T Ty e 1534 789
\ '- k
| b/ Iy —
\ / "\\ Pan
Y . ~ N\
Ay o rousady MMt
3433 1644 1384
1046 g1 356 168
o wasgady MMt
3620
900
W eugafu TMMLt
_____ 321
467
1633 i naagady TMMt
3631 3431 1430 ¥
1042
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (CM1)

{ o a ¢ 1y do N o o
MNN S am3wwwm\hﬂ%uvnmﬁﬁwmﬂuﬂ FT-IR w99n19a5u MMt uag TMMt

NOULLHAINTQATY

densanan1sns1z XRD fauaasluniw
i 4 wuh wamsdinzd XRD patternlmm%fﬁ”ﬂ{’;ﬁ
ANudeandeeiy JCPDS 21-1272
(Anatase TiO,) $11852131 120 fifin 25.22° uas

54.27° ¥09 TMMt gudumsilsingeguelnseaiig

card no.

ozuund [21] HONINE AN AOARRE IR
v04 Thamaphat et al. (2008) cfiwzu“lmm"?%ﬂdw
findl 25° waz 54° Gmslsngegveslasaadivesu
wmaved TiO, [22]

namsianzinyiladduniunidiomaiin
FT-IR voada9adty TMMt neuuazvaimsgadylu
AR 5 W

IR-Spectra ¥09 MMt naaslifiduny O-H
stretching fi%4#in 3623 — 3452 om™ wy H-O-H
bending fifin 1637-1534 cm™ w3y FeO-Si fifin
789 cm™ $9914398v09 Mansor Bin Ahmad et al.,
[2010] &s31891u3w3 O-H stretching 1ngfias
fin 3619-3425 cm™ w1j H-O-H bending 1l51ngji
$29¥in 1637- 1502 cm'’

243

IR Spectra weidIgaty TMMt 1l5ingiia
Tugae 3,000-3,500 cm’ Fuflufiafindefiduiug
ﬁumsé{bmmu O-H stretching ﬂlmmj H,O uag Ti-
OH wj C=C stretching fifin 1,630 e’ @i
fustussumsdunuy O-H bending veany H,0 fin
figratlszuna 500900 cm’ Fusludiafindrauayd
ﬂammwmﬂ’fmmﬁﬂqamnﬁumﬂﬁﬁuﬁufﬁumi
é}”mmu Ti-O stretching Eummj TiO, apAndoIn
AWiTeves Wile Bevdzern uazamy [2559] c‘?ﬁzu
luaiseneamsisingiialugie 3,000-3,500 cm’
O-H

stretching veany H,O wuag Ti-OH wazduuny

4 Y A A Yy Aoy o da o
FUYUNANNINATUNUTOUNTT ULV

O-H bending # 1650 cm™ wazwulnseadiaves
TiO, fiuanan1s a0 9iusy Ti-O stretching
fisingfinlugae 500- 900 cm’

IR Spectra ¥83A39Ady MMt naamsgady
wy vy AI-OH fifia 3620  cm’ w3 H-OH
stretching fifin 3433 cm’ 1y C-O bending fifin
1,046 cm™!
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Wy Si-O-Al waz Si-O-Mg 1singiiaas fin
556-468 cm’ uazusedamileszning MGy
MMt fo ny C=C stretching nqu Aromatic rings
¥09 MG fifin 1644 cm™ %y} C-N stretching ngu
Tertiary amines 189 MG fifin 1584 cm™ uaz
Si-0*"*"-MG"

sauAIN VeI MG

9101y Si-O  bond 1AAIINN3
U Si0, w8y MMt

- < [ | @ @
916 cm™ ilumsduiuin MG gneaduun MMt #

aa
NNA

NUITevee Qingging Wanget al., [2012] IR
Spectra ¥9339a%U TiO,- PAN/O-MMT %3910

d‘ a L4 T oo @ 1
13199 2 Wﬂfﬂi'JLﬂiWZWW%JjV\IQﬂGHu"U@Qﬁ’J@,ﬂ%U

gaduddon MB Ay Si-O bond 1Ana1NN35Iud)
Fuwea MB fiu SiO, #ifia 912 cm™

IR Spectra vo3dIgasy TMMt Haamsaady
wuvy OH-bending #ifin 3631 cm” wy H-OH
stretching fifin 3431 cm’ ny CH; fifin
1,430cm” %13} C-O bending fifin 1,042 cm™ wy]
Si-0-Al uaz Si-O-Mg Usngiivaeiia 521-467
em” nazuseBamilenszning MG uag TMMt Aoy

C=C stretching nqu Aromatic rings fifin 1,638
cm’ [4]

Band range (cm™) Functional groups Possible constituents Reference
MMt TMMt
3623 -3452 | 3500-3000 | O-H stretching Alcohols, Mansor Bin Ahmad et al., (2010). [23]
douaady (stretching, Free OH)
h 1637-1534 1630 H-O-H bending Alkene, (stretching, Paul D. and Daniel N. (2013). [25]
C=C stretching non conjugation)
- 500-900 Ti-O stretching TiO, Wang,G.et al., (2012) [26]
789 - Mg-Al-OH stretching Magnesium Mansor Bin Ahmadet al., (2010) [23]
3620 3631 Al-OH OH-bending hydroxyl groups Djelloul Bendaho et al., (2015) [27]
3433 3431 H-OH stretching H,O Djelloul Bendaho et al., (2015) [27]
1644 1638 C=C stretching aromatic rings Qingging Wang et al., (2012) [14]
- 1430 CH; CH Bending Paul D. and Daniel N. (2013). [25]
Vibrations
1584 - C-N stretching amide II band Qingqing Wang et al., (2012) [14]
HaganL tertiary amines
1046 1042 C-O bending carbonyl and carboxyl | V.M. Muindel et al., (2017) [28]
916 - Si—O bond silicones Qingqing Wang et al., (2012) [14]
556-468 521-467 Si-O-Al Aluminosilicate Haithem Hadjltaief et al., (2018) [29]
Si-O-Mg magnesium silicate

Fureraaluasedi 2 madsinguesnymsduuy
Ti-O stretching ¥033 TiO, lu IR Spectra 9462
gad ifumstuduldinluanaves TiO, aSewuus
f1 MMt s mamjiladuituiuneunihil 1653
srwnuransiseludnbazidedtu iufe n3nd
TiO,-MMt [30] Iim3is1ng Tuanaves TiO, eguu
fufmouenves MMt iFufy
3.2 Anniladuiifinademsminadonlaanszuau
MIALY
3.2.1 dszansmmmsimdaddon

HaYeIRIAAdty MMt uaz TMMt o @a132M3

nanesnianududusudu 200 mg/L  naduia

24 hr a1 pH=3.67 wu dednyulTeuiien

@

nesiFudmsmdadfon MG wui1 MMt uaz TMMt
TlesiFudanmsiaa MG iy 93% uaz 53%
Ay daaasluaied 1
MInauIdnsalgnser TMMt  dawaln
UszAnimmmsgaduiton MG anauienfSouiion
Auusau MMt uaegna lsfa TMMt azgaia 14
Tumsfnyimsdesaalealonszuiums W lauans

Tagaael1) iosrnnszurumsdenaninalnlums

o

1WaFGoNIANANAINTZUIUMIATY TAgNTZUIY

1< [l <
Yumsdooaarvddonlitvuialuanaanas uaz 18

o—

A o ¢ y o ¢ ¢
ﬁ(ﬂﬂmmﬁﬂﬂ’]ﬂ!ﬂuu’] ﬂ']ﬁﬂﬂullﬂ@ﬂﬂul"ﬁﬂ oy

q

=

A s o g '
#159UUNT Y ﬁ"Juﬂi85‘]J’J‘Llﬂ1§@ﬂ“lf‘ﬂl‘ﬂ‘hlﬂ1§ﬂ181f]u

29 @ = 9 @
lI’JC”’IﬁfJ?JlIi]'lﬂ’Jgﬂ1ﬂﬂ]ﬂﬁlﬂﬁ3]1ﬂﬂiﬁul’gﬂu’]§]ﬂ'lﬂ
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voaufaniniu nazduilude a3z lunsdosaared

douao 11

3.2.2 msanmanswam pH Aemshdnadon
nlefidudnsmiad MG qeiuiion pH iui

1in 3 lda s Lﬂaﬁc?méfmiﬁﬁﬂqdqmﬁﬂeﬁuﬁ pH 5

v < YA oA
(97%) usod19lsnain ieiiunal pH ganiii

v a9

szansnnmsnvaddonanad LaaInannwi 6

100 ~
90 -
80 -
70 -
60 -
50 A
40 4
30
20 -

% Removal

pH3 pH4 pHS pH6 pH7 pH8 pHI

Time (min)

@

~ v o & ' P o Ay
NN 6 aAnuFuRutszrulesiuamsidaddon
v Y
fumiemsuduvenindeddon MG

flganigi 35°C voa TMMt

u

Mstiuduvesaszansannsmiad o
Tugra pH 3-5 ifeaunvinmisidind pH aziilef
YTunavesTlsaseu (H) lussazatvanas el
iTUsaseudanzutadusudlszquin MG lums
ATOUATDY Active  site iogag 197114 MG
A30UATEY Active site 11Ty iflofn pH gand 5
YszAnimmmsisadfenanas uazanasedraunnile
A pH  ogluwie 6-9 Haiifioannnysnaves
aasonlad looou (OH) Feazidh luBamilortumny
flafFunilszquanvesddon MG i ldadem iy
Tuanadi lifiszq (Neutral solute) 34 luiaunsoid
lasounsod Active site iiilszq1d dnvaziguiiin

v a9

v a a ° g {
1Fszansaimmsminddovanaauazianily 0%

A1 pH 9
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m3adndgauiommiesinlilszaiinves
fgaduiiiugud (Point of zero charge, pzc) i1 pH
<pH,.c uﬁmdmizﬁ;ﬁ'ﬁammﬁa@wf?mﬂuﬂixqmn
Tunansefudhuniionn pH >pH,,. ﬂﬁzﬂﬁﬁwmﬁa

@Wﬁmﬂuﬂszfgau [14] 91AHaNINAABINDI 4399

aq Y

%1 TMMt §A1 pH, (1110 8.0 Fedansazanoiily
Tunszuaumsgadull pH < pH,,. uamdwﬂﬁzﬁgﬁﬁa
voudagaduaziauduuamiemld lumsgady
fou MG Faildszquanaises Wnadszdniamns
@ﬂ«ﬁuéh

Taeiiala) i pPH,e gﬂﬁmﬂ%xﬁaﬁmimwmﬁﬂ
miiiediaalasauadn (Electrostatic  interaction)
szrindagngaduiudgaduiniunalouanlums
gadunie i udedialsia nanisnaassluauide

¥ A

4
1wy dsganimmnsgaguliaigalusie pH <
g & A = ~ adg a
pH,. afio1aiiioananusWamiierdian lasauaan
n Y o 1Y) 1 = A
lildiiunalandnvesmagady uaerveziing lndug
[ @ 1 a a g
Wunalandn gy msifaaisdsznemFadou
N1582a1Y

(Complexation dissolution)

(Dissolution) uag msanaznau (Precipitation)
<
Hudu
= a a Y Y a oy 1
3.2.3 MSANHIINEWAVBIANMUYNVULIINAUADNG
o v AaYy
Manadon
= A a Y ¥ A 9
INMIANBIBINTNAVDIANIWTNTUITUAUAD
o v = o A
anuasalumsgadulananisdnyidsnini 7
nuddigady TMMt Uaduaiuisalunisgady
ay A & A v v Ay 4 & .
fdou tvymleamduduvos@dounnaulugia
Y 1 v
150-300 mg/L ndanniuiermuanududugand
300 mg/L Y3unamsgaduag limamsnlasuuilas
4299 s 1o o A A o 9 A Yy
Fay1HHUN drgadunanIduad ulea NN
9
yoaddouniy 300 mg/L deriu anududuvesd
gounvuizanlaun 300 mg/L d991u338v09
Chowdhury and Saha [2010] WuIMINuAIN

Y 9 o q ¥ o A 2 =
mmummmﬁazmwﬂwmi@ﬂmm‘wmu LWiW::L’]Ju
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MINYOATINTDYNYIA FUNAVINANULANAIIVD
anuduuansuuiigaduiuasazate
3.2.4 msfAnyIdNINaveIaIneMsMInatioN
INAITANYIONTWAVRIIANTUATAD
K2 9 = [ d‘
anuansalumsgadulanamsdnyidenini 7

1 a = A dgj d'
WUIN “]Jill1mﬂ15ﬂﬂ“HUE‘TEJE’JIJLWM%HG]HJ?%EJZHQTV]

[ =

1 F4 9
Lﬁll%u 1u%3ﬂ££iﬂﬂ ﬂ31Nﬁ1N1§ﬂ1uﬂ1ﬁﬂﬂ VITINNUU

061939015 1ileann s ndagady G
il luanavesdfonannsadludanz 1qusiile
nawullaudagan wfiw?nmﬁuﬁﬁwmﬁa@ﬂﬁu
Sudnl@eTuanavesddonseillsuamsgadui
iutufivadndos uazvzdngaugamsgadnlunm
240 w1 A991uITsae9 Igbal and Ashiq [2007]
Wy iileivszeznalumsgaduiildnsgady
g Tudrausnmsgaduiiadaun iiesain
nsRsuveIANUTNTY (Concentration gradient)
Tuensazaregs wagiihauuivesdigadudning

9 o

9
Mldgaduddonlauin vawiniumsgaduszanas

u

Y A 1 :;I v Ay 14
UG TNNITTANAD lWﬁ'lg'Vl'J'NLWa'luu@ﬂ“lf‘UﬁEl'E']llhl'J

fuuda [2, 33,34]

250 1

200 -

OV 0l
_ P
g 150
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TMMt HaN1TNAADIVEYAUININADANUAUNIT

Jou o 4
aunamanssuauriuioy (Pseudo-first order
d o [ =

model) AUNITIAUNAAITATOUAVADILNYY

(Pseudo-second order model) [36] tuuI180913
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TunpuiiMunons1 (Rate of limiting step) &3

wulenuannsn 5

dge
dt

=k1(qe — q¢) )

a2 A Ao v o &£~
N9 kj(min™) A9 A1ANNDNTIDUAUHUUNYN
o 4

vou Lagergren q. i U5maddonludgadun
anzduaa (mg/g) Lﬁa%ﬂgﬂﬂlmﬁumﬂﬁlﬂu

iduaga ozl

In(q. — q) = In(qe) — k4t (6)

upuiraesmsgaduiFinamansouauaeiion

@ [

= a 1 @ @ I
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uhdedesvoIiuinIveiIgadunIeIndIgnga
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FERINMINgATULAZNUAIVEIAIgAT T uTUADY
fmuadas1 (Rate of limiting step) Faliqunis

wuldenuanmsi 7

44e
dt

— 2
= k2(qe — q¢) (7)
A& . A ' Ao v o
N4 ky (g/(mg.min)) A9 ANNINDATIOUAV D
o gﬁaiﬁ”ﬂgﬂmmﬁumﬂﬁ'gﬂmﬁumq vt lanu
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t 1 t

de - koq}
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fum qe i 1801nmsnaasaasasimsgaguinag
ApAndvInUANMIOATINSRAFUUAUaDUTEN TRl
a1 R? 1ifeun3n 0.9992 uazai q. AfIMIMaIN
unuiianslndifsaium g, i ldnminaasuansiy

9931N159AFUVDINIIAAFUTINAINATZVIUNITAA

u
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FUNuAl (Chemisorption) [39] 1aza1na13 191184
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A15199 3 Wﬁwﬁma{f’uaaaumiﬁuﬁuwﬁuﬁammz

aumssuaudeuiouueimsgaduddon MG voq
TMMt

qaumgi Geexp Pseudo-first order
O (mg/g) ki Gecal R’
(min™) (mg/g)
25 187.89 0.74 91.96 0.9511
35 200.53 0.43 54.99 0.5811
45 225.26 0.64 91.50 0.8808
55 250.00 0.44 41.33 0.4915
qamgl Gocen n Pseudo-second order =
o ’ 2 qe,cal
© | ™ | @mgmin) | (mg/e)
25 187.89 0.18 192.31 0.9985
35 200.53 0.21 204.08 0.9992
45 225.26 0.16 232.56 0.9986
55 250.00 0.26 256.41 0.9994

. d [
3.2.7 wamsansuneslalandinaveamsgadiv

ﬁnmxﬁmﬁuwé’wm mm%’au l!’d%ﬁﬂi&ﬂfﬂi

rlasundaindeaiuddaseu1nsgin A G

maasunlaseunail A, K uazmsalasuulag
U INTasgu AyS' Famsilaoundaandaan
9as52unsg1u (Standard free energy, A, G) Ao
LﬂﬁﬂumJaqwﬁwmﬁﬁsxmmﬂﬁﬁ?mﬁzﬁwﬁumﬂéf
mmgmw%ﬁﬁﬁéﬂé}uxﬂca"ﬂullﬂgﬂumswa@ﬁmcﬁﬁ
anzaasgu (25°C uaz 1 atm)

dunsmatasundasndsnusaszuiaigiu
(Standard Gibbs’ free energy change equation)
ugduuvaumn 9

(AwsG)=-RTIn K )

10 AwsG. Ao Maasunlaandsnudase

a3 (kJ/mol) R Ao Arnsiivesusaiianmiiy

a C4

8.314 J/mol* K uaz T Ao gunguauysa (K) K

&

A 1 A s J
9 AAINUIFUMITHaUNYT (L/g)
maldsuutlaseumatlingsgiu (AwH) Ao

o v 4 a =
ﬂTiHJﬁEJ‘LlLL‘]JﬁQﬂ’HiJiﬂu“l/llﬂﬂi]']ﬂﬂ1i1/lfﬁ1€°]

'
aaa o =)

4 o a I A
paftlszneusinlgnseiunenaiiuaisilszneunie

4
=3

sgrianilainaiumeldannzuasgiu (25°C uag
1 atm) uazdSurauanudounriudimiseonain

a & = o =
seUvnaUU IUNsEUIUMTAANNAUAIN
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mafasundaseuInstinasgiu (AS) Ao
USmanvavendennu lidussifesvveaszuy
A =\ [ = A kA A
geszuniianuluiluszifonge touInsifoeliaige

'Y = (] | 9 kA A
gmmiwum'sm"lmﬂuizmEmu'aa wuInsdngelian

4
A 1 K

v Y
alaganouInstecimanedgiuniveouniall uay

v
a =3

Ny

aaa

gavgdl Fansiialfasernsifatuneldaninz
WA (25°C uaz 1 atm)
mimfimumaﬂmmgm (AM,SHD) wazeuIng
05511 (Ag,S) a1mnsann1a lnssruna ldeina
AnudFuuazyadauny y 91nmsaiiensimsznin In

K, fu T dwaadluaumsdi 10 [40]

AgasS.  AggsH®
In K fodsS _ adsL

(10)

1119 AugsH A0 malasuntlasiounmailuiasgiu
(kJ/mol) uag AuS fe maasunaseulngd
' { o '
wasgiu (kl/mol * K) R Ae masiueaunaiial
iy 8.314 J/mol * K uaz T Ao quuglauysel
K) K Ao arasivesaumsuadios (L/g)
= o a 4 [
msanyunes lulauiindvesnisgadulag
furamsilasunamasnudasznnsgu (AwG)
naumsmsldsunilaandenuodizuiasgiu
(Standard Gibbs’ free energy change equation)
A = ' o Aa 4 a 4 yy
ofAnIMINTZUIUMIgATUMIRATUA W TINA UL IR

10anse 1y uazazina 1 lunanialadiulranis

nasuntlaseumallingsgiu (A H) vnaunsi 9

A

denlSumanufeuiidiuidiesnsinszuy uag
ﬁmamﬂmﬂﬁlﬂuuﬂmmuimﬂmmgm (AussS)
fiaun1s 10 (Gibbs-Helmholtz  equation) tive
Havendanny ludussiievvesszuuinialaly

Armala
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35199 4 ndudasznnsgIuvesmsgaduddon

MG Taol¥dqadu TMMt Higainigiiaiee

ganigii (C) AussG' (kJ/mol)
25 -7.28
35 -10.19
45 -13.57
55 -16.23

lua13199 4 wud msgaduddon MG aaodn
aady TMMt lugeguugil 25-55°C 01 Ay G
1< 1 1 aaa a g a
Wusrav uaasn Ugnsennadnlaecluianiely
y v 2 Y o aw A
YN (Spontaneous) FIXDANNDINUITUIVYDUE)
=~ [ . < @ o
imsgaduddon MG Taeld TiO, iiludagadu [41]
uazmsAnyINsgaduddon MG Taeld Calatropis
gigantis bank carbon 1fludgad [42]
usz’ 1<} v o ]
vIniu wasanslANuduRUTIzHIe In K
ful/T dsumsqaduddon MG Aredaqady
TMMt ugasfanmi 10 (R* = 0.9976) 11na13190
5 WuNFIgUHgN 25-35 'C Ay H 1038295
A 0 g J
TMMt §81 AgeeH SauuUIn 1aaanseuIums

v Y ° s
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. o a2 o
lLazﬁﬂWﬁ@ﬂﬂJWﬂ llﬁﬂ\i'ﬂ‘ﬂa\uﬁiﬁlﬁuﬂ15@ﬂ“ﬁﬂﬁgau

asgady TMMt iimsulasulasioonn

d' a J o a d¢ v
MIeNn 5 W"IiTlJLGIi’J5"1]?]Qlﬂﬂiiﬂqﬂu1ﬂﬂﬁﬂ15@jﬂ%’ﬂﬁ

fiou MG Taglddgadn TMMt

ungil AwsH (KJ/mol) | AuS
25-35 +82.94 +0.30
8 -
y=-9.9754x +36.411
6 R?=0.9976

0 T T T T T T T 1

3 305 3.1 315 32 325 33 335 34

Y/Tx10% (1/K)

H v o & ' o
M 10 ANuauusszrig In K du 1/T

migaguddon MG Taglddagadiu TMMLt

a

CY

HANANAY
guUngl loTameonnvuuadios loTamouuuuvlguas
(-C) | gu(mg/g) [ ki (mgg) | R® |ke(L/g)| n R
25 188.68 18.88 0.9960 | 110.99 | 11.66 | 0.9616
35 204.08 53.48 0.9997 | 126.71 | 11.83 | 0.9771
45 227.27 169.50 1 154.49 | 13.39 | 0.9011
55 250.00 384.62 1 110.99 | 5.79 | 0.8990

3.2.8 wamsanunlelamennmsgadiv
"laim‘naummmasﬂﬂcﬁu ( Adsorption
isotherm) WuaunisildeTureanuduiusves
NIEUIUMIRAF Iz IS e signgadud
anMzavganulsmnudigady dwisoesuienaln
wazllszanimmmsgadu lumenvesnnuauisaly
M39Ad (Adsorption capacity) aumsiiionldie

o = 4 .
ToTaimounisgadvaesuauiios (Langmuir

adsorption isotherm) GT;amﬁ@ﬂcﬁmﬂmmu%mﬁm
(Monolayer) ﬁu17;'iNmmm%%ﬂéfwmﬂmaqa
miﬁﬂymsms%m?ﬂaﬁwmﬁagn@ﬂcﬁmﬂmmm‘;u
e [43] wagdnuuunils fe ToTamounisgad
v9aWjuay (Freundlich adsorption isotherm) &
a%uwmzmums@ﬂcﬁmmuﬁyuﬁawaw%u

4 Y v
(Heterogeneous surface) tiionududuvoais
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4 o g A & to w Yo
mindu msgaguniuaunuy lusie [44] uaaalaas

aumsi 11 wag 12

_ kiqmaxCe
de = 1+k;Ce (11)
ge = ks C'" (12)

108 Quax 10 UTHNUMIGAFVVDIAIGNY ATV LY
‘ﬁuﬁ’J"]Jﬂﬂﬁ?@ﬁ“ﬁﬂtlﬂﬂ%ﬂlﬁﬂ’)@ﬂﬁﬂ (mg/g) wag kg
fomasiivesauiiosanadi ke fomasiivesnisgady
((mg""™L"")/g) Faduiiusfundsauiuszuazn
ifludraed Fenaaslfidudsussiinszgiisgndn
Turanavesdigngadudienes d1n > 1 uaaedn i
usIHaNIEIN TuanavesdIgngAFuAIeiues 01 n
dhlnd 0 uaashitufivesdigaduiinnm iifuile
ReIUge Asannmanduiusvesaun1snanoe
iwudu (linear regression correlation, R?)

nnnsdnmud deu MG iilegngadiu
TMMt wpanssumigaduaziiiuliainleTamow
msgaduvenauiesiazvesljudy [45] uaiiny
aeandesny leTsmneumsgaduuuuiauiiofuinni
wldagd 183 nadnssunsqaduvesdagaduiiu
;ﬂmmmi@ﬂcﬁmﬂmmuﬁ?uﬁa%gmﬁm (Monolayer
adsorbed model) HEAIRInIad 6
3.3 nszvaunsiilaunnzloda

m3Anlsz@ninmuesdnslgnser TMMt

]
@

= v v ~ o =~
mmmﬁwﬂlﬂmﬂimmqmw uaaeaanInnm 11

250
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90 -
80 -
70 -
60 -
50 A
40 4
30 -
20 -
10

u Adsorption

B Adsorption+
Photocata.

photocatalytic

%Removal
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i 11 Uszansnmmsimand MG @e
aszuums I Tauaas laGaanududus uduvea

asazratoddon MG 400 mg/L 1na124 hr

@ @

v nianyInszuIugadundltaihidlgady

u

TMMt ndawinszuIums W lauaas lade won a

gl 60°C voa TMMt Hilszanimnlumsgady

a CY U
]

luniiadszuna 58.85%

fou MG 1iiganonenazAnuInsdosaaisddond

£ A Y 9 =
BUXADAINIVNUVUUDIAN

o w Q. 421 0 d' =1 [ o o 9
AININANNVY 16% WDINIUNUNITNIVANIY

NILVIUMIQATUINEIDE19AE)

70

60 |

% Removal

B Photocatalysis

B adsorption

adait 1 Winsaf 1 Wdnsad 2
i 12 dszansamwmssidadden MG
Ea
Tums 1941 vea TMMt denszurumsgadunas
Aszurums 19 Tauaas lagananududusuduadou

400 mg/L 17a124 hr gavigil 60°'C



namsanyminedu Iaoldnsaluasn (NHO;)
0.1 M wuinlsz@nsammsniosuves TMMt asadi
1 uaz 2 W10y 44% uazd3% auaiau uaznsi
ndu 1941909 TMMt 118 Tasii lunaaeu
Yszansamlumsgaduuaznszuiuns IdTaun
azlagaiianny nanlumsniefad 24 hr finnw
Wudusuduvesddon MG 400 mg/l guvgii 60°C
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Y Y v
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é’faﬂms@,ﬂﬂi?uﬁmﬁa 57%  (a9a3 2% ) uag
Uszansammsmdaarems I lauaas ladanmae
15%

Uszaninmmsidadremsgaduimae 20% (anaq

' Y 9 '
(anad 2%) uaziideriunlddiasan 2

37%) wazsza@nimumisiiaaiems I launasla
Fanunae 0% (anav 15.2%)
A13190 8 uaaamsilseuneuanuainisnly
mimsaddon MG Tasnszuiugadusiuiy
a Av A T 9
nszuaums I Tauang lafauesauiseous neunth

v
=1
U

N Taquszianouq lunszurumsqadunaznszuaums i la

unaz lade
w5 Preparation Adsorption Photocatalysis Reference
method pH contact Photocatalysis whia % MG
Cy time % MG time removal
(mg/L) (h) removal (h) uay
uv
Zeinab M et
TiO, - - 16.77 0.5 65 0.5 uvC 80 al., 2015
[46]
TiO C.C.Chen et
2 sol-gel - 50 4 - Uv 99.9 al., 2007
nanoparticles [47]
Au/NaNbO; E.S. Baeissa
nanocomposite hydrothermal | - 100 - 87 0.67 uv 94 2016 [48]
Vinod
PAZSWP sol-gel | 7 | 14 - 29.55 3 uv | 7287 Kumar
nanocomposite Gupta et al.,
2015 [49]
Tio,*MMt sol—gel 5 400 24 59 24 UvC 75 This study
4. asiduansnaass waz (211) (JCPDS No. 21-1272) araady TMMt
ussu MMt tae TMMt Sivuimsumeznngy  lsesaniamlumshidaddouqage iy 97% i

48.80 m* /g uaz 24.568 m’ /g HFunasgngusom
0.096 wag 0.058 cm’/g uazmmﬂgwqumﬁﬂ 16.88
uaz 21.45 nm awd1au MsansIziale SEM wui
fufifinves TMMt  HidnwaiziiGeuiu msdinsied
FT-IR fiatsingueenyilsidu Ti-O stretching vos
¥y TiO, Tu IR Spectra ¥94 TMMt iffumstuduld
71 Twanaved TiO, Ysingedlu MMt uagnis
A5 XRD wut MMt malaezuimalaoaziia
fgwmiaszinm 25.22°uaz 48° wea TiO, (101)
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0% 5 szezandigangane 240 i anududu

300 mg/1 uazqaunigiin 55°C
csy Y @
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ABSTRACT
The main objective of this research was to design the service for large enterprise customer
requirements toward Provincial Electricity Authority: a case study of PEA Sadao, PEA Hadyai and
PEA Songkla Province. This research was conducted by using finding data as a model and developing
the service pattern based on visions of PEA. Therefore, this research was focused on design the service
for customer to achieve the highest possible level of service satisfaction in accordance with the visions
of PEA by applied Quality Function Deployment Technique which is one of the techniques focusing
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on customer and service design to meet the customer requirements. In addition, the findings of Quality
Function Deployment (QFD) Technique applied revealed that the 13-technique objectives of customer.
According to the satisfactions assessment, a case of using previous technique aspect as a future
framework service design, a result showed that an average satisfaction of respondents was highest
level at 4.08 (81.60%). Expectantly, the research outcomes would contribute to service design
improvement as to further accommodate and support user requirements.
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