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Abstract

Hydroxide precipitation is ineffective to remove copper in copper complex
wastewater that used as a material of a variety of anthropogenic industries. The ferrite
process has been proposed as a promising strategy for copper complex wastewater
treatment by using strong oxidizer. However, it was found that the product consisted of
dominant amorphous structure of several metal forms. These problems can be reduced by
converting sludge to an isomorphous structure using a phase transfer reaction.
Thermogravimetric and differential thermal analysis was used to examine the temperature
condition. The annealed precipitate was compared with an as-prepared precipitate by X-ray
fluorescence and Fourier Transform Infrared spectroscopy. Sludge from the ferrite process
was sintered at 950 c,C for 2 hours. X-ray diffraction spectra showed that crystals of the
annealed precipitate was a tetragonal distortion inverse spinel. Further, sludge from the

ferrite process after sintering was more sTable; in addition, it was a potential catalyst.

Keywords: catalytic properties, recyclable copper, phase transfer reaction
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Introduction

Large amounts of copper complexes
are released into the environment, from
copper mining and other anthropogenic
activities (tannery, explosives and timber
industries), causes geochemical changes,
groundwater and surface water contamination
[1]. Thus removal of copper ions in wastewater
before discharge becomes necessary [2].
Recent research has shown that the ferrite
process stably confines copper to its
precipitate and the mass of the precipitate
is also much less than that produced by
hydroxide precipitation [3]. In this technique,
Fe” ions are added to copper wastewater
in an alkaline solution. In the alkaline
medium, with air bubbling, Fe”' changes to
Fe(OH), while the partial oxidation of Fe”
to Fe’. However, the precipitates were
amorphous forms [4].

| showed that the sediment from the
ferrite process can be transformed into an
isomorphous structure by using a phase
transfer reaction. In addition, the sediment
from the ferrite process can develop into
CuFe,04. Thermo-gravimetric and differential
thermal analysis (TG-DTA) was investigated
the thermal stability of precipitates by
elucidate the material purity and the
humidity presents in the sample. No major
weight loss that can be attributed to the
generation of stable crystallization. With
transformations during heat treatment of
As a

result, the experimental were analyzed

the un-annealed precipitates [5].

catalytic properties using analyzed instrument.

X-ray fluorescence spectrometer (XRF) is
used for elemental analysis of the annealed
precipitates. The intensity of each characteristic
related to element in the

Then,
Infrared Spectrophotometer (FTIR) is used

radiation is

material  [6]. Fourier Transform
to verify the vibrations in the tetrahedral
sites of structure [7]. Finally, an X-ray
diffraction spectrometer (XRD) is used to
identifying the crystalline and structure of
after

the annealed precipitates phase

transfer reaction [8].

The objectives were:

1. preparation of sustain-able copper
sludge after removing copper removal in a
ferrite process.

2. Characterization of catalytic properties

of this copper sludge.

Methodology

1.1 Material and reagents

Synthetic wastewater containing 2 gL’1
of copper ions was prepared by dissolving
7.86 ¢ CuSO, 5H,0O (Ajax Chemical, Australia)
and adding NH,OH (30% w/w), to achieve a
™ NH,OH molar ratio of 1: 4 and
with

reverse

adjusting the mixture to 1 liter
deionized water prepared by

osmosis in our laboratory.
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Air pump
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Warter bath — S —
Figure 1 Experimental setup
1.2 Methods Then, the air-dried sludge was annealed

1.2.1 Preparation of sustainable copper
sludge cu” solutions were treated by an
adjusted ferrite process [9].

The system consisted of a 100 ml
measuring cylinder, a temperature-controlled
water bath, a pH-meter, an air pump and a
bottle (Figure 1). 50 ml.

synthetic wastewater was put into a 100 ml

gas-washing
measuring cylinder in a temperature-
bath. The

measured by a pH meter (Metrohm model

controlled  water pH was
827). Next, the wastewater pH was adjusted
to 10, and the temperature of the water
bath to 70 °C, before 0.88 g of FeSO,7H,0O
was added to the measuring cylinder to
produce a reaction. The reaction time for
each experiment was limited to 90 minutes,
while air was passed into the solution.

Gas was trapped by 1 mol/dm’
Hydrochloric acid in a gas washing bottle.
The thermal stability of the precipitates was
determined in a Thermo Gravimetric Analyzer
(model Pyrisl PerkinElmer) between 80-990

°C.

with crystalline tempera-ture from Thermo
Gravimetric Analyzer for 2 h. Subsequently,
the annealed precipitate was determined
catalytic properties with instrument analysis.

1.2.2 Characterization of catalytic properties
of sustainable copper sludge

Determination of the precipitate obtained
from ferrite process were investigated with
an analyzed instrument. Elemental composition
of the as-prepared and annealed precipitates
were determined by X-ray fluorescence
spectrometry (Bruker model D8-Advance)
and the metal-oxygen bond vibrations
identified by Fourier transform infrared
FT-IR
Spectrum GX). Crystalline structure of the

spectrometry, (PerkinElmer model
precipitates after sintering was investigated
by an X-ray Diffraction spectrometer (Bruker
model D8-Advance) in the reflection mode,
using CuK, radiation (A = 1.5406 °A).
Diffraction patterns were collected in the
20 range from 10 to 80°, with a step size of

0.02°.
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Results and discussion
2.1 Preparation of sustainable copper sludge
after copper removal by a ferrite process
and differential
thermal analysis (TG-DTA) measured weight

Thermo-gravimetric

loss and subsequent transformations of the
copper sludge at a 20 °C/min heating rate -
see Figure 2. A first stage was observed at
50-105 ©°C, attributed to the
physisorbed water. A second stage in the
105-450 °C range combining with the first

loss of

stage. The first two stages combined led to
the total loss of about 36.04 % of the mass
between 50 and 450 °C. It can be the loss
of water physisorbed and oxygen. The third
stage, corresponding to loss of about 19.96
% of the mass between 450 and 750 °C
was attributed to loss of hydroxide. After
750 °C no significant weight loss was
observed and the endothermic peak at 950

°C was attributed to crystallization.
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Figure 2 Thermo-gravimetric and

2.2 Characterization of catalytic properties
2.2.1 Chemical composition
The chemical composite of the as-
prepared and annealed precipitates in
method section 1.2.2 is listed in Table 1.

differential thermal analysis of this study

The mole ratio of Fe: Cu: O should be
expressed as 2: 1: 4 theoretically. However,
a mole ratio of a composite in precipitates
does not follow the theory, but they show
1.45, 1, and 3.20, respectively.
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Table 1 The chemical composition of the as-prepared precipitate and the annealed precipitate

% Fe % % O Compton Rayleish Mole ratio:
Cu Fe: Cu:O
As-prepared a1.1 322 261 099 1.06 1.45:1:3.20
precipitate
Annealed 41.2 321 261 0.97 1.04 1.45:1:3.20
precipitate
Furthermore, the Compton and tetragonal phase transformation. It is

Rayleigh content of annealed precipitate
was lower than that of the as prepared
precipitate. It was hypothesized that the
structure of homogeneous than the as-
prepared precipitate [10]. The vibrations of
metal-oxygen bonds were identified in the
infrared spectra.

2.2.2 Confirming spinel phase

Figure 3 (a) shows copper-oxygen bond
stretching vibrations at the tetrahedral sites
in a normal spinel showed at ~575cm . As
in Figure 3(b), both
vibration of inverse spinel from iron-oxygen

shown stretching
ions of the tetrahedral sites showed at
~572 cm’ and copper-oxygen ions of the
tetrahedral sites showed at ~578 cm ' (7.
It was still possible that the character

of the annealed precipitate is more likely a

distorted by the inverse spinel ferrite.
According to this finding, the annealed
precipitate showed the feasibility of
catalytic properties. For this reason, it is
necessary to use XRD patterns to prove the
structure of the precipitates in a further
step.

2.2.3 Result of a confirming crystalline
and structure

Temperature of 950° C was used for
The

passed

annealed of precipitate for 2h.
sustainable copper sludge was
through by using phase transfer reaction.
The
annealed precipitate was identified by using
XRD. Their diffracted peaks of them are

represented in Figure 4.

crystalline and structure of the
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Figure 4 X-ray Diffraction patterns of the annealed

In these reasons, the XRD patterns of
the annealed precipitate shown in Figure 4
according to JCPDS Card NO. 00-04-0425

[11] so that it confirms the tetragonal

system. Nevertheless, it may be that copper
incorporation into the ferrite structure as
the tentorite structure represented by the
XRD pattern.

Table 2 The average value of lattice parameter, X-Ray density and volume of sample precipitate

Angle  sSin B

hkl doae = Lattice Volume X-ray
26) nh/2sin@ parameter  (°A)= a*a*c density
(°A) (gm/cm®)
30.8 0.2656 200  2.9007 a=5.8014 287.3156 6.6614
41.36  0.3153 004 2.1342 c=8.5367 c/a=1.4715

CuFe;04 where a = 58444 °A c= 8.6304 °A, ¢/a = 1.4767, V=294.79 and

density = 5.390 gm/cm’

The diffraction peak at 20 = 268°
corresponds to the (110) calculating d
spacing lattice para-meter(d,,.), the lattice
parameter, volume and X-ray density. The

result as shown in Table 2. plane, that at

38.28° to the (111) plane and at 62.56° to

the (113) plane, which matches well with
values for the most prominent peaks in the
standard JCPDS card no.45-0937. Therefore,
it can be considered that co-precipitation
with CuFe,O,.
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Conclusions

Copper in Cu(NH3)42+ forms a rather
stable complex, but, copper ions were
treated by ferrite process couple with
Thermogravimetric and differential thermal
analysis (TG-DTA). Temperature of 950° C
was used for annealed of precipitate for 2h.
The copper sludge is passed through a
phase transfer reaction to a sustainable
copper sludge form. A mole ratio of Fe: Cu:
O in sustainable copper sludge forms which
analyzed with XRF shown as 1.45, 1, and
3.20, respectively.

The IR spectra
absorption bands at =572 cm-1 and 578
cm-1. The XRD pattern was in accordance
with JCPDS Card NO. 00-04-0425 [10] so that

it confirms

shown tetrahedral

the tetragonal system. It
becomes the isomorphous structure and
stably confines copper. As a result, it is well
known sustainable copper sludge from
adjusted ferrite process that contains
transition metal components. It may be the

potential for use as catalysts.

Acknowledgments
We thank the Faculty of Science, King
Mongkut’s Institute of Technology Ladkrabang,
Rattana-kosin College for Sustainable Energy
and Environment, and the National Research
Council of Thailand for support of this
research.

Volume 8 / Number 2 / July - December 2020

References

[1] Al-Saydeh, S.A, M. El-Naas, and S.M.

Javaid, "Copper removal from industrial

wastewater: A comprehensive review,"

J. Industrial and Engineering Chemistry,
vol.56, no. 1, pp. 35-44, Dec. 2017.

[2] Thanh, NK, et al,

Magnetic Characterization of Copper

“Structural and

Ferrites Prepared by Using Spray Co-
Precipitation Method,” J. Nanoscience
and Nanotechnology, vol.16, no. 8, pp.
7949-7954, Aug. 2016. https://doi.org/
10.1166/jnn.2016.12750

[3] Jiang, S., J. Qu, and Y. Xiong, “Removal
of Chelated Copper From Wastewaters
by Fe”"Based Replacement-Precipitation,”
ENVIRON CHEM LETT, vol.8, no. 1, pp.
339-342, Jul. 2009.

[4] Heuss-ARbichler, S., et al,, “Recovery of
Copper as Zero-Valent Phase and/or

Oxide

Wastewater by Ferritization,” J. Environ.

Copper Nanoparticles  from
Manage, vol.181, no. 1, pp. 1-7, Oct.
2016.

[5] Haija, M.A,, et al,, “Characterization of
H,S Gas Sensor Based on CufFe,O,
Nanoparticles,” J. ALLOY COMPD, vol.690,
no.1, pp. 464 - 468, Jan. 2017.

[6] Uo, M., T. Wada, T. and Sugiyama, T,
“Applications of X-ray fluorescence

analysis (XRF) to dental and medical

specimens,” Jon Dent Sci Rev, vol.51,

no. 1, pp. 2-9, Feb. 2015.


https://doi.org/10.1166/jnn.20
https://doi.org/10.1166/jnn.20

sansirnismalulagigaamnass : unidnenanssinagIion

07 8 aUuil 2 1ABUNINYIAN — SHINAN 2563

[7] Wulanawati, A. and S. Mulijani, “Catalytic ~ [10] Liu, H., et al,, “Specimen Variation Effects

Activity of Fe;O, Transition Oxides from
Wire Plating Sludge Waste for Application
on Efficiency of Coal Combustion,” in

The 4th Intemational Seminar on Sciences,

on XRF Analysis by the Monte Carlo
Method: Thicknesses, Densities and
Particle Sizes,” J. Appl. Math. Phys.,
vol.6, no.4, pp. 628-639, Apr. 2018.

Bogor , Indonesia, 2018, pp. 1-7. [11] Morris, M.C., et al, Standard X-ray

[8] Tajik, S. and S. Khodabakhsh, “Novel and
Feasible Synthetic Routes to Copper
Ferrite Nanoparticles: Taguchi Optimization
and Photocatalytic Application,” J.
Mater. Sci. Mater. Electron., vol. 27, no.
5, pp. 5175-5182, 2016.

[9] S.Kanokpon and U.Parnuwat, “Proficient
removal/recovery of copper onto
environmentally friendly fabricate copper
ferrite nanoparticles by using the adjusted
ferrite process,” in The Japan International
Conference on Recycling and Waste

Management, 2020, Japan, Osaka.

Diffraction Powder Patterns Section 20.
Copper Iron Oxide, ed. 20, Washington,
International Center for Diffraction Data,
1984.



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 8 / Number 2 / July - December 2020

The Priority Ranking Causes of Travelling Accidents in the
One Large Private University Area by Applying Delphi Method

Statistical Limitations
Kwanchanok Oonta-onl*, Nutchapongpol Kongchasingl,
Chakkarphan Sangsuwanl, Anuruk Tappakroni, Gritsada Sua-lam’

1Department of Civil Engineering, Faculty of Engineering,
Rajamangala University of Technology Phra Nakhon (RMUTP), Bangkok, Thailand
Email : kwanchanok.o@rmutp.ac.thl*, nutchapongpol.k@rmutp.ac.thl, chakkarphan.s@rmutp.ac.th1,

anuruk.t@hotmail.com1, gritsada.s@rmutp.ac.th1

Received: July 10, 2020
Revised: September 11, 2020
Accepted: September 22, 2020

Abstract

This exploratory research aimed to study and prioritize the causes of automobile
and motorcycle accidents in case one of the large private universities area. The primary
accident causes reviewed by all data traffic accidents in Thailand and 5 large universities in
Thailand. The suitable accident causes are suggested by 11 experts, working in a University
case study. They will be added to the questionnaires and handed on to 331 students, 42
staff, and 9 sellers by face to face data collection. This research result shows to 13 suitable
accidents causes by studying and divided into 8 priorities. Driving with alcohol intoxication
feel is the most priority with a mean value at 4.59. The accident caused by reckless driving
and insufficient illumination is obtained priority ranking in number 2 and 3 with 4.40 and
4.33 of average values respectively. The alcohol intoxication feeling is caused by careless
driving, and less driving vision, in various accidents cause may be both directly and
indirectly impacted by this problem. The results will help to guild the university manager
to decide the key to improve the causes of traveling accidents in the university area. It
should be more applied to other case studies and found out the differential way in the

future.

Keywords: Accidents causes, Priority ranking, University area, Travelling
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Introduction

The increased use of vehicles causes
traffic congestion and frequent accidents,
resulting in significant damage to both life
and property. Some even to the point of
disability is a burden to the family and
in vain. Traffic accidents have
deaths of Thai

skyrocketing in the top 10 in the world. The

society
caused the people
most common cause is due to careless
driving without wearing a helmet and
seatbelt, driving faster than the law, driving
while intoxicated, and talking on the phone
while driving.

of traffic

accidents in many researches include the

In  general, the causes
following major causes: 1) physical readiness
of a person, 2) vehicle readiness, and 3)
various environmental conditions [1]. The
behavior of the person who drives the
vehicle is one thing that should be solved
[2]. However, several causes of traffic
accidents were appropriately improved in
various case studies [3].

The compiled all data on the causes of
traffic accidents in Thailand about motorcycles
and automobiles [4 - 7] are integrated on
thirteen issues with common and different
items. Nowadays, these problems occur in
the university area. Many organizations tried
to survey the vehicle accident cause in
their areas. Thammasat University found
out thirteen causes occurred in vehicle
accidents [8]. Ubonrajathanee University
collected the data with 390 bachelor

degree students. They had 9 majors causes

that were impacting [9]. Driving behavior
(lack of knowledge or failure to comply
with traffic rules) was an important factor
for Srinakharinwirot University [10]. The five
items led students in the Suranaree
University of Technology had an accident
with a motorcycle [11]. Including, Silpakorn
University at Nakhon Pathom campus
obtained 4 issues impacting traffic accidents
in their area [12].

The case study of this research is one
traffic

accident. Most of the personnel, students,

university affected by its area
and others at the university travel by using
auto and motorcycles. They have obtained
a vehicle accident every year. Particularly,
the accident was highest happened to
many students. Therefore, the researcher
finds out the causes of vehicle accidents to
help administrators guide future decisions

about safe travel on campus.

Research objective
This exploratory research aimed to study
and prioritize the causes of automobile and
motorcycle accidents in case one of the

large private universities area.

Research methodology
Research procedure overview
This exploratory research has many
steps conducting will be more described

and showed to Figure 1.

- 10 -
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Define the research problem

and Scope

.

Review the literatures

(Causes of traveling accidents)

b

Develop the questionnaire

(By review and 11 expert)

v

Data collection (331 students, 42
staffs, and 9 sellers) and
Analysis the data (Delphi method)

v

Defining and prioritizing ranking

the causes of traveling accidents

et

Conclusions and

Recommendations

Figure 1 Flow chart of research

methodology

Case study
One of the large private universities
10 years with 16

faculties and 5 office buildings. They cover

established for over

an area approximately 1200 Rai (474 Acre)

and offered bachelor, master, and doctoral

Volume 8 / Number 2 / July - December 2020

degrees. Including, there are 15 dormitories
building to support its full student and
staff. Mostly, they use automobile and

motorcycle travel in the university.

Data related to vehicle accidents

The traffic accident causes of vehicles
internal and external university will be
integrated. The primary outcomes show to
12 factors are common and difference of
the causes reviewed from all data traffic
accidents in Thailand and 5 large universities
in Thailand.

These 12 problems are offered to the
11 experts, working in a University case
study. They are 3 transportation academicians,
1 head and 1 deputy of vehicle Division, 1
head and 2 deputies of analysis and Plan
Division, and 1 head and 2 deputies of a
security guard. They suggested to the
suitable causes with the case study. There
are 13 causes suggested in the list with easy
abbreviations as below;

C1: Driving with alcohol intoxication feel

C2: Reckless driving, such as using a
telephone while driving

C3: Driving experience

C4: Physical condition is not ready, such
as having chronic illnesses, using certain
drugs that cause drowsiness

C5: Violating traffic rules, such as turning
at the prohibited sign

Cé: Parkin prohibited areas

CT7: No public relations signs

Such as, no signs are indicating different

faculties

- 11 -
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C8: Traffic line deterioration

C9: Lack of traffic facilities such as roads
without traffic lines

C10: The availability of vehicle such as
car tires leak

C11: Broken branches blocking the road

C12: Insufficient illumination

C13: Rainy and slippery roads

The experts changed the wording, added,
and grouped more in some causes to be

suitable for the university case study.

Population and sample

This research has calculated the number
of samples by using the Yamane method
[13]. The case study has 7,079 students
separated to bachelor, master, and doctoral
degree, 877 staffs covered lecturers as well
divided to staff who are university alumni
and not, and 183 sellers sell things in the
cafeteria and flea market of university
separated to the current student part-time
and not. The totaling is 8,139 people. In
various samples will be calculated suitable
population to be the respondents of this

research by using the Yamane formula.

N
" 14N(e)?

When;

n is the suitable population

N is the total populations each sample

e is the accuracy values where 95
percent as equals 0.05 of discrepancy

Resulting, total suitable respondents (n)
are 382 people divided into 331 students,
42 staff, and 9 sellers respectively.

Data collection

This research used a questionnaire for
data collection. They will be shown to the
step as follows;

1. The suggested suitable 13 lists of
traveling accidents cause by experts will be
added to the questionnaires. And, experts
have to check the quality by trying to
evaluate these questionnaires.

2. The questionnaires are handed on to
331 students, 42 staff, and 9 sellers one
person per set, and they must be those
using automobiles and motorcycle on the
campus only.

3. All questionnaires are collected data
by face to face interview. In various
questions have 5 scales for respondent
choice assessment [14].

4. In various questions have 5 scales for
the respondent choice. The scales 1, 2, 3, 4
and 5 are represented to the significance of
automobile and motorcycle accidents in
the university case study at the most
important level, very important, middle
level, less important, and least important

respectively.

Data analysis

The
calculated and analyzed by applying the
Delphi method statistical limitations [15].
The mean value

answers of respondents are

should be not over
experts determined at 3.00 (this value is
from a coherent questionnaire assessment
of all experts with a mean of no less than

3.00 each question which is within the fair

- 12 -
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criteria from a full score is 5), the
differential between mode and median
(diff. Mo/Med) value is not exceeding 1, and
Inter-Quartile Range (IQR) has to be not
more 1.5. The limitations of these statistical
values help to cut some accidents causes
biased answer off. The item passed all
consensus statistical limitations will be
obtained priority ranking from average
values. Higher mean values are ranked in
order of importance. Data from the priority
analysis will be presented as a guideline for

the university case study in the next.

Results and discussions
This

comply with the research step, and the

part represents the outcome
data will be received discussing in the
sections of respondent answers and priority

ranking of accident causes.

Respondent answers
The total suitable respondents are 382
people divided into 331 students, 42 staff,

and 9 sellers. They have a similar
perspective on the accident causes.
Because, most of the sellers in the
university case study are the part-time
student, include the staffs who are
university alumni. Al of them drive the

automobile and motorcycle in  the

university area, and there are extensive

experiences with these issues.

Volume 8 / Number 2 / July - December 2020

Table 1 The percent of respondent general
data

Sample Group Age %
Bachelor
18-29 80.63
(308 people)
Student
Master
(331 24-38 4.45
(17 people)
people)
Doctoral
28-42 1.57
(6 people)
Total 86.65% out a total of 382 people
Alumni
Staff (34 &) 25-42 8.90
eople
(@2 Pece
Not Alumni
people) 57-65 2.09
(8 people)
Total 10.99% out a total of 382 people
Student part-
time 18-24 2.09
Seller
© (8 people)
Not Student
people) )
part-time 37 0.27
(1 people)
Total 2.36% out a total of 382 people

Respondent age is around 18-65 years
separated to students at 18- 42 years
covered bachelor, master, and doctoral
degree, staffs are 25 - 65 years covered
who are university alumni and some not
alumni and sellers are current student part-
time and some outside seller at 18-37
data

percentage value in various respondent

years. These general showed by
groups in Table 1.

Therefore, the discussion of this part
results will explain covering all 3 samples
which are most the student perspectives at

86.65%. Their responses are shown to an

- 13-
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overall statistical value with 13 accident

causes in table 2.

Table 2 Accident Causes (AC) response

Diff.
AC Mean IQR | Consensus
Mo/Med
c1 4.59 0 1.5 Yes
C2 4.40 1 1 Yes
c3 4.06 0 1 Yes
ca 3.95 0 2 No
c5 4.29 1 1 Yes
c6 3.89 0 1 Yes
c7 3.76 0 2 No
c8 4.06 0 1 Yes
c9 4.11 0 1.5 Yes
Cc10 4.08 1 1 Yes
c11 3.83 0 2 No
C12 4.33 1 1 Yes
C13 4.33 0 1.5 Yes

In table 2 showed average values by a
with 13

items are passed all

respondent answer accidents
The ten
statistical limitations consensus consist of; C
1-3, 5-6, 8-10, 12, and 13 respectively. The

outcomes showed to C4, 7, and 11 are not

causes.

passing consensus values. Because the
university case study has older students
and staffs focused on physical condition is

not ready (C4) [4], no public relations signs

(C7) [5], and broken branches blocking the
road (C11) [4], are resulted to their accident
situation [1].

Visibility and decision-making capabilities
including their physical health are not very
well with driving vision [6]. In contrast,
some young people overlook accidents
Thus,

outcomes of C4, 7, and 11 earned partiality

from these causes. the answer
by respondents. They have to cut off from
consideration.

Most people have an accident in
university with alcohol intoxication feel in
driving [11]. The camaraderie of seniors or
alumni and juniors led them to have the
party after finished work [7] and class [8].
Driving back into the university resulted in
an accident. Therefore, the mean value of
Cl is a very high response with 4.59. The
alcohol intoxication feel is caused by
careless driving, and less driving vision [3].
In various accidents, the cause may be
impacted both directly and indirectly from

this problem [9].

Priority ranking of accident causes

The ten items are passed all statistical
limitations consensus consist of; C 1-3, 5-6,
8-10, 12, and 13 will be prioritized by mean
values. They are showed priority ranking in
table 3.

- 14 -
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Table 3 The priority ranking of AC

Priority ranking AC
C1
C2
C12
C13
C5
9
C10
C3
C8
8 cé6

~N (OO AW[VL N |-

Driving with alcohol intoxication feel is
the number 1 impacted by accident [2] in
the university. Many causes of accidents
occurred from drinking some alcohol [11].
The intoxication feel led driver has reckless
driving [10] (C2) is ranked to 2. For example,
using a telephone while driving may build a
loss of concentration with normal people
[7]. But, the people who have intoxication
feel will be more loss of driving control.
led to the

causes of careless driving is most from the

Their Lack of consciousness

alcohol intoxication feeling [4].

Insufficient illumination [11] (C12) happens
in the cause study at number 3. The
entrance to the dormitory in the university
will have the most accidents due to lack of
lighting. Failure to install sufficient lighting
at the right place may result in accidents at
night [9]. The experts and

mentioned to the drinking people who are

respondents

received so often accidents in this area

when they back to the night with down

Volume 8 / Number 2 / July - December 2020

driving vision [2]. A rainy and slippery road
(C13) [12] is number 3 as well. The road in
front of the engineering faculty is so
slippery, it will be more slippery when
there is moisture from rain. A driver's lack of
consciousness  with alcohol intoxication
feeling often occurs this accident cause [8].

Violating traffic rules in the university
[9] (C5) ranked at 4. It prefers to accidents
in the morning and afternoon hours before
the class, rest for noon, and during the
night. The rush of students sent them to
violate traffic rules [11]. Particularly, the
accident during the night is from alcohol

and
of the
This accident caused is

intoxication ~ people who careless

ignoring the traffic regulations

university  [9].

happened to staff as well [10].
Lack of traffic facilities [8]

number 5.

(C9) is
Mostly, roads without traffic
lines and the lack of a prohibition parking
sign and lines often occur accident cause in
the university [12]. People parked their
automobile and motorcycle to over the
road and conceal the vision of the people
who travel [10]. Many drivers received the
accident collided with a parked vehicle [5].

The availability of vehicles [1] (C10) is
number 6. This accident caused happens
with a provincial student. Most of them
have to take the old motorcycle and
automobile from their hometown to use in
the university [9]. It lacks ongoing
maintenance. Sudden accidents may cause
them to lose driving control, such as tires

leak [11]. And, the accident from lack of a

-15-
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rearview mirror of a motorcycle often occurs
with students [8] who are intoxicated alcohol.

Driving experience [4] (C3), and Traffic
line deterioration [1] (C8) are together
obtained to priority ranking in number 7.
Uncertainty in making decisions because
some traffic lines deterioration may cause
traffic

dividing line is a major obstacle to the

an accident. Mostly, the unclear
driver's misunderstanding in the decision
[12]. It is similar to the cause of the lack of
driving experience focused on decisions
making of drivers [6]. This factor mostly still
happens with alcohol intoxication driver.
Parkin prohibited areas (C6) [12] is the
last ranking at number 8. The university has
some area should not park the vehicle such
as the curve area [11]. It has already red
and white color lines. The cause of the
accident is occurred from some driver park
the vehicle temporarily [7]. This cause is
not frequently happening due to a narrow
turning path. The people in the university
will be directing traffic jam when some

drivers park in the prohibited areas [9].

Conclusions

To have eligible items with a University
case study, the integrated accident cause is
from all data traffic accidents in Thailand
and 5 large universities are suggested by 11
experts, working in the case study. These
research outcomes, thirteen items maybe
only happened in a University case study
by the perspective of its 331 students, 42

staff, and 9 sellers. It should be more

applied to other case studies and found
out the differential way in the future. The
results will help to sguild the university
manager to decide the key to improve the
causes of traveling accidents in the
university area. 8 priorities are ranking with
10 AC passed consensus value. Driving with
alcohol intoxication feel (C1) is the most
factor other

significant impacted by

accident causes respectively.
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Abstract

Rice bran oil has high content of antioxidant which can be used as content in
cosmetic production. The Objective of this research is to apply rice bran oil for lipstick
productions. Two brands of rice bran oil from market were used as ingredient for producing
18 lipstick recipes. Antioxidant of ingredient mixed with rice bran oil was analyzed by DPPH
assay and these results were then compared to standards; ascorbic acid and BHT. Physical
tests, color test, dropping point, bending test, texture and moisture were tested for 18
lipstick recipes. Results of satisfaction test of 20 panelists were found that forty percent of
panelists were satisfied in the recipe number 8 (which was contained the ratio of rice bran

oil bran 1:coconut oil about 1:1, 70% propylene glycol, 3% synthetic color and 17% wax.)

Keywords : Rice Oil, Propylene glycol, Antioxidant DPPH, Lipstick, Satisfaction
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% Antioxidant activity =
[(ADPPH_ ABlank DPPH)_ (Asample_ ABlank sample)] X 100 (1)

(ApppH— ABlank DPPH)

o

Appi = AINIAANAULAIYBIAITALANY
DPPH

Mg = AMNIAANAULEIYBIFVINAZANY
RYRILE
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Hue = tan (b/a) (2)

Asudanamsneedidugsl
L = lightness (0 = black, 100 = white)

a = redness / greenness (+ = red, - = green)
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degree blue
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annJululy Saszvezdvainsegieiildseadun
nsvduiuduiiadiuns wdamiaade
nageusiuaUaRnwislul tnasiidnun fe
THaaoldlaiiiu 5 Taduns figungll 45 e
walGed (Wen.234, 2541)
2.3 mwmaaumqwam
nasudvaindiedrsluadida Ju
nszirgimeslufiwesasludvadniioss wan
iheenuvhindu dunesluilmesldaslunasn
noaedlvinszizwesluiiwesegmilonuvasn
naaes Ingnudatnluudensinfou duiin
oumaiifidegmasuazaievenas v 3
afa udwnanade inusiidnun Ae 9anen
Fodliisnnd 60 esrnaaidea (Wen.234, 2541)
2.4 nadeuiladuia
psreiiloduiavewan fdt Toun
AR LD (hardness) way AAILEAngY
(springiness) Feipded texture Analysis Tagle
TUsunsu Nexygen tay TA plus Tun1svageu
denld cylinder probe w1 36 fadiuns Tu
NINAFOU
25 wmaaw-mmjm%uéuaﬂﬁ’a o dn o
NagaUUsEdnSn KA uYinouLay
wdslduAnSaueitunsmageumIusTAEfe
ué YararnAuguty (hydration moisture)
Tngldin3aanaaauianida hydration moisture
(1 Dermalab COMBO)

3. ASNAABUANUNINBIILALAIUTEAELADS
YowWanA I luoaEIAS

nadeuauianelevesdvainlusiunau
& Anwdu mwmjw‘??u iloduia wazarumila
Tuenanasins 20 au fiffengdaust 18 Taulu Tae
Tinagaunislananduaiusiiusuiluinmuie
nevulaylvoraainsiwuuaeuauUseiiiv
anuianelalundnsaet Wioldnandueit 18
an3 Inefiszdunisliiazuu el 1 = touan 2
= PUley 3 = YOUUIUNANY 4 = YOUNIN LAy
5= %awmnﬁqm

4. NMTAATIZANEDR

T#lUswnsu IBM SPSS version 23 Tuns
AWINNERR tnswansdeyanisatifsanuily
Anadvesiiotamdsandonuunnsgu
fianaruderiufosay 95 (p < 0.05) lnsAun
28735 Duncan’s new multiple range test (DMRT)
Wunsiiesuiisunuu multiple ranges T4y
nguegaifivmaiiiy 1Wisuifisuvaneg
woufunieldmuulsusiuiivindy uayis
Tukey’s Multiple Comparison test Fadumain
lunsiSeuifigunaudaz ety LSD
wag Duncan’s usianansaidentdiungusiiagng
flunavindundelndidssiuTouiiouiiasg
meldanuuUsusmiivintu

NAN1538
1. HANSAUEULABATY

£ Y

NNITNAFBUGYVIBNITAUIUYADETE Uana
AU ICsy Fa9n5799 1 wudnen 1y, yaaiiu
w1 6 Usvinw flgnduanuanunsalunisiduans
G’huawaaaizé’nﬁ difusrdnadldusiam Bvie
i 1 fqunissiueyyadasyldfiian sesadun
Ao thfusadnildusin dved 2 Favis 2 1id

o w

AMULANANNUDE T T AYVEnRA (p<0.05)
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sosasunduitudundes drdusidild
wslam 807 1 naufuitunsndnludnsau
23 1:1 UaE 2:3 MUAIEU UonNNTBIMTIATIEN
A1 ICsp VBIENTUNTFIU INTUT (Ascorbic acid)
Wway BHT wanesiamnseil 1

2. NANITIATIRAN BULNNIEATN
HAUDINITIATIZVAIFVDINER S EUERN
uansdanngnadt 2 A1 L* eglutag 33.3420.00
i1 38.3120.00 Tnognsdl 14 fldrAruadng
uInfign wazgesi 7 fAranuainadesdign
wazrdiauLanNA1IN U1l e d1AgyN19ais
(p<0.05) AUaRniia 18 gns A1 a*  oglugas
11.44+0.00 § 26.36+0.00 Invgns#l 8 e
mmﬁqm LLazqmﬁ 10 ﬁﬁwﬁaaﬁqﬂ Avainita
18 gnsiindnuunnaaiuegrelidedrAgnia
add (p<0.05) A1 b*  eogluyae 1.2320.01 s
4.86+0.03 lagmsd 11 flAuniian uazgnsi
10 fiddesilgn Uafiniia 18 gnsdiaau
waNEAUY 1Nl dAYNISERR (p<0.05) wag
A1 Hue ogflutag 6.10 fla 13.73 Adafiniia 18
gnsillandifieniu As dune uazllndudud
TndiAsaruiilosandvainnngnsldduium
Wi
nan1siAsIeiiiloduiavesndafuel
dUafin fsnns19il 3 wudn 1) A1 hardness og
Tugas 12.78+0.81 4 27.1425.71 N Tnegnsil
15 fiF1gaan uazgnsi 8 fld1snan auamnita
18 ans Lufanuunnstsiueg1eldodAny
Meadif (p<0.05) A1 2) springiness oglutag
0.16+0.08 fi1 1.49+0.40 mm lnegnsi 17 &
A1gean wazgnsil 10 fershan aUainii 18
gns danuuananeiuegraiidedAynieaia
(p<0.05) 3) A1 Area aglutis 43.70£5.51 fi9
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91.84+5.50 Nmm laggnsil 13 fidgean uas
gnsfi 5 Saveiige Auafnita 18 gms faanu
uanEiueg19iiedAYNIEdA (p<0.05)

KANITLATIE AL TNTUTD AR Tl
auafn Wefiasanasieii 3 wuin A hydration
moisture  glutIe 191.38+4.61 i 324.75+
10.93 uS lagnsil 6 flengega uazgasi 16 4
Aean

3. Anufisnelavesdadin

nan1sUsELiuAMuRanelanasannsley
AUafin 1) sunduvesdndae wuinoraadas
darunienelalusyavides lnveanaing
dlngjidenavadngnsi 13 Feanduiosas
752)  fudveNdndug wul enananasi
anuawelaluszavun lngeraasinsaiulng
\donduadngmsi 8 daAnidudesas 40 3) sy
AINAUT ARSI WU ananatasiiaay
Hanelaluszavunn lavoraradasaiulng
\Fonavafingnsil 8 deAndusesar 40 4) fu
ﬂ’nmjm%umamﬁmﬁm% WUI1 91@nadAsl
ﬂ’J’liJﬁQWEﬂﬁﬂUﬁi‘iLLGiS%(;fUJJ’mﬁEj@ Tngenanasing
dnilvajidenavafingnsi 8 FsAnilusesas 50
5) fruiedulavenandae wui enanadiasd
Anuanelaluseauuiunans lngoranadns
dnilvajidenavafingnsi 7 JsAnilusesas 70
LAY 6) AUANILABINAR U NUIN eNanalAs
fanuiianelalusgauuiunans lngoranaiing
dnilvigjavadngmsi 7 Seamiduiesas 70 [5)

naauanelanud1sqlagsau AU
welslusziunnisnniigavesenanasing Amdu
Yovay 49.98 fie g3l 1 uavgmsii 8 Anidu
Yovay 33.32 Ao gnsil 2 gnsil 4 gnsil 7 uaz
an3?l 9 muddy
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A15197 1 A 1Csp V09UTUIN 6 UL LagansuInsgIunnaauneis DPPH

Jszan iy dnsndau ICso (mg/ml)

1 Yhifusdmilduslon Bved 1 naufuthsiumzndn 2:3 15.13 + 0.53°

2 Yfusdmiliulom Bved 1 naufuthsiumzndn 3:2 11.33 + 0.21°

3 dhusdmitlduslom Bved 1 naufuthiunendn 1:1 12.92 + 0.78"

i Yhifusdmiliuslan St 1 1 7.32 + 0.18"

5 dhusimitlduslan dved 2 1 8.37 + 0.39°

6 thifudundes 1 10.27 + 0.61°
A190191931U Ascorbic acid - 0.02 £ 0.00
A15119551U BHT - 0.09 + 0.00

dyduazaiusena
MNMTIATIEVBTRIA T UEYYadasTy
ihifuirafisssiindieldfinisluseansdu
vinlfigninisdueyyadass DPPH  ganda
duiilugeansey wer3euiieuen IC,, 109

v
o

difusrdnniiléuslam 8%ed 1 fqnsnisin
oyyadaszliffgaiuaisuInggiu ascorbic
acid wag BHT wua1 A1 ICs, vauthsus1dai
T4u3lan 8vefl 1 Ao 7.32 + 0.18 fiadnfusie
fiadans Faslengandn ascorbic acid uaz BHT
wanslifiuinifusdnilivilandved 1 &
vinsueyyadasgldtiennin ascorbic acid
Uszan 366 Wi uasdigvdnisiuoyyadasy
laaendn BHT Useunes 81 11 (A1 ICs, Haed
gniFueyuadaseldiniiAiunn) iiesan
UFUve3ashnuLI00lse 1 usanIeansau
oyyadaszdug UssuazUszdvdamlaifvias
1INTFIU

Kasparaviciene wagaiy (2016) [6] nadsu
ﬂ’ﬁé’hua%aaaﬁwmﬁwﬂué’aﬁ%‘ DPPH wu1
ihifudvasesunazihiuudnefuiiniududy

10 Uaansuseiiadans 1A % antioxidant activity
Wity 34 wag 24.5 audey WeFeudisugr’
nsiueyyadaszvesisuinfaududu
ety nuihatusndnilduslaadviedt 1 uas
dhitusniilduslandsed 2 & %antioxidant
activity 1v11AU 71.58 wag 60.36 A1NA1AU
wanefamsed 1 dullEinddusdnaiiond
nsfueyyadaszannninitudvasesuuay
thifudnegu
IINNITANYINAVBINITNAABUIANYA
wazqaldste wuiwdndasiavaini 18 gns
Iodulumuinasivesuinsgiundndue
9NAMNTIH AD NN INAEUIALAIB LAY 5
fiaduns waggamenliliingy 60 esmiwalda
1N9UIIYVDY Kasparaviciene UazAe
(2016) [5] ihsunazuinddudrunanluns
vhavann Tagldiisdu 33.79 89 70 % uazuind
11.89 §4 33.11 % wansvaaeusioduia wuin
Usnanifusazuindiinasies hardness &1
wihifuagyinlian hardness antdesas udd
diuwindazshliien hardness Ligedu
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M19199 2 MTBATITRNBUENIINEAINYRIEUaRNAWATER ALAD Lavd

I 1 Fhﬂ’]‘ﬁl,ﬂiﬂz‘l;i‘l/ﬂ\mﬂﬂﬂﬁw
x ., [ Inslw q
Use g | undfu | wind | qn Y
ang fulna TG
LN v (%) (%) (%) neun : L* a* b* Hue
poa (% 99
(O
1 1 3 65 15 17 61 | 36.210.00° | 20.59+0.04° | 4.21x0.00" | 11.69
2 3 70 10 17 62 W | 37.11+0.000 | 20.72+0.05° | 4.30+0.00° | 11.86
3 3 75 5 17 61 Wy | 36.27+0.00" | 21.09:0.20' | 4.41+001" | 11.99
2 q 3 65 15 17 62 iy | 36.09+0.00 | 15.83+0.05 | 3.28:001 | 11.84
5 3 70 10 17 62 Wy | 37.60+0.03° | 21.54+0.01° | 4.66x0.00° | 12.4
6 3 75 5 17 62 W | 37.68+0.000 | 22.57+0.04° | 4.41+001 | 11.17
3 7 3 65 15 17 61 W | 33.36+0.00° | 14.52+0.09° | 1.92+0.00" | 7.53
8 3 70 10 17 62 W | 35.12+0.07" | 26.36£0.047 | 6.33x0.00° | 13.73
9 3 75 5 17 61 W | 36.45:0.00 | 21.06+0.11" | 3.79+0.01 | 10.25
q 10 3 65 15 17 60 | sw | 3699:0.01° | 11.440.10' | 1.23:001° | 1068
11 3 70 10 17 61 Wiy | 37.89+0.06° | 23.03+0.09° | 4.86+0.03° | 11.66
12 3 75 5 17 61 iy | 36.78+0.00" | 25.54+0.07° | 3.90+0.00 | 1097
5 13 3 65 15 17 62 | s | 3594:000" | 1570:004 | 2.73:0.01" | 9.93
14 3 70 10 17 61 iy | 38.31+0.00° | 22.30+0.02° | 4.74+0.01° | 11.79
15 3 75 5 17 62 W | 37.57+0.00° | 20.13x0.01" | 3.82+0.07 | 10.84
6 16 3 65 15 17 61 W | 36.32+0.000 | 18.40+0.05 | 3.44+0.04° | 6.1
17 3 70 10 17 62 W | 37.9020.00° | 2235001 | 4.56+0.01° | 12.06
18 3 75 5 17 62 W | 37.99+0.00° | 21.71+0.01° | 4.17+0.01" | 10.85

A15199 3 HANTIATITIANBULNIINIENNYBRUARNA UL LD FUNELAL ALY

N GRRETIOAY AUBAREY Wit Au%u (hydration

v (Hardness1) (N) | (Springiness) (mm) | (Areal) (Nmm) moisture) (uS)

1 1 14.51+2.42° 0.59+0.29" 56.05+8.24" 221.75+2.66
2 26.05+8.78" 0.67+0.04™ 78.17+7.46™° 270.88+3.74°

3 19.38+1.72° 0.44+0.23" 52.29+8.72° 291.00+5.28™

2 q 24.10+11.25° 0.25+0.07 50.11+7.23" 224.50+3.96
5 16.64+3.93" 0.54+0.33" 43.7025.51' 249.00+5.78"

6 14.13+1.43° 0.64+0.39" 52.99+5.01 324.75+10.93"

3 7 16.10+1.70° 0.60+0.32" 53.54+8.13" 246.38+3.35°
8 12.78+0.81° 0.95+0.06"" 52.73+1.62° 280.75+7.59°

9 14.35:0.94° 0.79+0.10" 51.86+3.61° 302.25+12.22"

4 10 19.53+3.14° 0.16+0.08° 62.12+4.38°"" 234.25+6.18""
11 19.47+1.48° 0.58+0.18" 64.81+3.26"° 244.25+2.43°"

12 21.39+1.80° 0.72+0.25" 76.50+4.86"° 256.75+1.83"

5 13 20.95+1.15° 0.77+0.20" 91.84+5.50° 236.13+9.58""
14 23.93+8.69° 0.53+0.33" 53.54+2.97" 260.63+4.17

15 27.14+5.71° 1.04+0.06™ 82.17+4.25" 281.25+3.67
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< ™ ' X 4 & .
G | e AULTY ANuBavgy il A21u%Y (hydration
B ° (Hardness1) (N) | (Springiness) (mm) (Areal) (Nmm) moisture) (uS)
6 16 19.28+3.04° 1.27+0.15 71.2125.20"° 191.38+4.61
17 21.02+1.04° 1.49+0.40° 79.2042.12° 227.75+2.79"
18 19.09+0.72° 0.72+0.20™ 82.40+3.14°° 291.23+4.41°

dlewfiausunaniisiu azsilden hydration
moisture gy AUaRngnsATiduRauvonis
3Jx‘w%Jnf\]xﬁﬂﬁﬁmiju%uumﬂd']gjmﬁhiﬁ
Ysfungndn Feauanita 18 g AAuuaneng
Aueg1elidod1Agyn19add (p<0.05) fauansly
Wmﬁi 3

aufanelalundnsueiavadin Tusundu
& anudu Anututu eduda wazaramila
nuonanalnsiianuiisnelalnesaulundnsiue
dUaRngnsi 8 undign 1uduiu 8 au 91n
onanadasiaun 20 au Andudesay 40 @
Usvneuseinsusndnitlduslnadvien 1 wauiu
dsuemdlugnsndn 11 $evas 70 Tnsfidu
lnaneadesay 10 dduAszisevay 3 uavuwing
AgeSoeay 17

AnAnssuUsENA
Y9YDUAMNIAINTTINYT antumalulad
wszaunAiAunmIaIanseafiatuayy
asiadl uaztasesdelunsinide wazveunw
Made laun ween@sunn waas weamEsaaned

SNy WIEIEANSh WENNITY
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UNAnga

vhsdduveadsainnisinnsiifegdrususnnuazddnenmlunisndalulewslng
nszurumsllslada mdnwadediiinguszasdiiofnulasaiuaraudinaainmeniwvedly
Tevsanmisinlsladarineg1n vistrunisinlsladafigamad 300-500 °C lunsufuaninmig
411 aginsuvanmdestusaeledeslensenlsdanududu 1M wagmunamdune 1 $2lug
wanAglulom$arnvhadnfidumsuTuanmuTinugsiiaavindu 68.41% tnetuin Tdainnis
neaaslnlsladaiiguuad 300 °C hnsieneiuuulszanu Sassnaudeauiu a1sssme
USinauesueunazidn Faildn 0.85 24.68 60.2 uay 14.27 muddu msAnwinuanifnazmy
flarduvadlulensinszilagiaies FTIR spectrophotometer wuvgilarduvesansduniduiim
\uAdy 1100 cm  wagansUsELv Aromatic lavadumius 1600-1450 cm” waziileAnwinmaudi
yadermdseduguresmmnudougs maruieugs (HHV) veslulewififisduan 12.16 MJ / kg
Wu 27.23 MJ / kg wuinlulennsiriunsuiuanmsneansiadiigaumail 500 °C Weranufeugs
fign namaidetlidiuimhednfiunsusvanmudviliifnujisewesasueludgendt dewa
e fuounsiigadunazUiinadianas iosanndanuiaiiveadeomaudagniiulslugy
AsupuANTazansIzve FeuiBiRamnganlunsuwsaninisiudemaadmauny vinlv
annsoanvesdenninadinUiinanniasdianufaieunszanannsmvhetnluiiladld

Aadgy : W, MIusuaniwieansiad, lulews, Inlslada
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Abstract

Rice straw is a potential agriculture waste to produce biochar by pyrolysis process.
The objective of this study is to investigate the physicochemical and energy properties of
biochar from pyrolyzed rice straw. The rice straw was pyrolyzed at 300- 500 °C. In the
pretreatment of rice straw, it was pre-treated with 1M sodium hydroxide and stirring for 1h.
The highest bio char yield of 68.41 wt.% was obtained by pretreated rice straw at pyrolysis
temperature of 300 °C. The proximate analysis was investigated including the moisture,
volatile, fix carbon and ash content which were 0.85, 24.68, 60.2 and 14.27, respectively.
The functional groups of biochar were characterized using FTIR spectrophotometer. The
energy content in term of high heating value of biochar and pretreated biochar was also
investigated the fuel properties. The high heating value of the biochar increased from 12.16
MJ/kg to 27.23 MJ/kg in the pretreated biochar at 500 °C. The results suggested that the
pretreated rice straw has a higher reaction of carbonization and decrease the ash content.
The chemical energies of solid fuels are stored in fixed carbon and volatile matter.
Consequently, this method can convert a great amount of rice straw waste to biofuel, it

can also reduce amount of GHG from rice straw open burning.

Keywords : Rice straw, pretreatment, bio-char, pyrolysis

- 08 -


mailto:prangtip.kae@rmutr.ac.th

The Journal of Industrial Technology : Suan Sunandha Rajabhat University

unin

radundanamsnisinensndnluginie
widgayiusenidesla  MlAuaenied
arnnssiuisndusiuauninds 740.95 -
1,111.42 dusiol lagUndudinied1iazgn
AManlaen s luussenailiinuaiy
19EaInden nszurunisinlsladadons
garefIniaainlusouvesa1sdunsgaela
ussomaitlifioondiou gumgiilnlsladang
Tu%79 300 89 900 °C [1, 2] mslnlsladaduy
Fnsignldednaunsnarslunsnanlulens
wevisufanmannnedn lulewnsAenanins
yosudefifinnsveuduasdusznoundndslaun
nnsinlslada (3] lulevnsaunsainluly
USuussnunmvesiuiieldlunisnisinens
FrawuAwaniviardnd Funauseianld
uazaszyaresanunsolfiduingiudasiluns
nanlulonsla [4] [5-7] TulevsTaiunldduy
Tudgadu iesanannsondnlagldingiuds
AuvagUseian s1angn wardlaudinsmenin
aadifif ondogady Nuiiie Tasadnedia
sngurALdn vil3eURATeN uawdl pH figs [3,
5] wenannilulewsanunsathluldidusgs
UfAse e duansaadulundnmaisaujisen
Tunuusznnianugze1aLiaduasIe nan
T muazinduimannuiadunsey
snvalulonnsdianunsadudomasdunisiun
Tusiuavidudliunanlunisuanluinain
Tsdlalhanuiu wszinuautiidudomas
fif ensograty daunuiwdun sy
a9 warausaundoslas [8]

Taosaluudaniesdnauseneulusie
ansuszneumslulawmsanediuesfiilasdsns
Fudou Faurhednsndudesitunssuiunis
VSvanmilesdudioansiail anudeu uaz
asaiifuiumudeuiiorhanslasiadrase
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aanewuszvesasUsEneuaniu [7] fuided
nsnwrimedndndudesiunszuiuns
U%’Uammﬁ”@ﬂﬁmﬁaLﬁmmmwmmmamﬁm%
\esninvhsthrududunaiifivinalanzngy
alkali  ganinwiindu ilethlduusanimma
anufoududuannnueanisiioinauazyinli
Usgavsnmlunisaanedimeannusounaziug
lyilamas [4, 9-12] Jindo wavAmue (2014) 1e
Anwanvagnianiennnaziaiivesluloys
MnTananaswila nuiriigamnilnlslada
400-800 °C lulayrsanvedadiusunugean
figauudl 400 °C uazilesduszneuves SO,
lulassadrsveslulewis Guzman
2015 l#fnwosdusznovvesnatafiiunis
aanefnemuseunuulawaznateidug
NUIHLATIE5 19904 SIO,, alkaline waz alkaline
earth USanaigs deanannhluidufanmeuny
nquieTiindld Huang uazaaiz (2017) lavi
mslnlsledansneuhidssomiusedouasd
deuiitondnlulews wuitnsiinTauaaan
Usinalulen$ uaziilotnlulen$luvese
a1sazaensa Usinadavenidn (Cu, Zn uae
Ni) dUSunauanaa[13] Rizwan wazay (2020)
Usuussanmlulenfarnvsiridieduans
Uuugaiulaenisusuanindeasuazinlsla

AT ATUY

Fafigauundl 500 °C wuhiufifaiutuen
12.26 1Ju 581.13 m*/g Faausar 4 du
a1suSulsRuvsetangadula [14] lagund
ua2UTuad alkali - metals Tunnsginasnse
9n31UA581 devolatilization wagilkasionis
waudasemswntudivedlulevis nisveans
pg1MITEITATANENIANSBLUE denarinli
USurandianasuasifinaininudeu (HHY)
[4, 15]uenanil unaideslensonles lafea-
lansenled waslnunadeulansenled gnld
Juasiailunszuaunisuuanimdesdu
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anluiwaglaa (lignocellulose) AdEsa[14]
fngusvasivosnuideifeAnwinmandinis
ANUAIN N19LAS LLaSQmauﬂ’amwﬁmvﬁy@Lwéq
vaslulevsiildannszuiunisinisladawas
VSuanmifesduvoinadnn ondtegradu
18 ANENY LazAALSeU Hahnnsving
F199inunsltalsladadululevisaiunse
Wl dundnsaueilunagaainnssule

IgUITaIRAvaINITITY
1. 1ilofnwigumgifvanzanlunisudn
Tulansarnwisdafiusuaninssasniiniy
nsyuIuAsInlslada
2. \ilofnuanauifivaaiiuazaiuou
ya9vadaivuanmlunisyalulddude
LNAIALNIU

s2108UII98

1. dnghu

vsi1 RS) Ailumsmaasdldanyjaunlu
Janinunsugu Ussinelne drog19nausiinis
NAADIITHIUNITANAIALA AT UA LA VUIA
ouma 1 fa 3 fafiuns ndminduihmetng
Wun1suaLazanuisneulugeuiifigumngd
105 °C (uran 24 d2lus wdsntiuhdedng
unAulunwuzUnfiguungiivies wsdnafirnu
AsEUMITFULEIT M STEAs ST
nautuansazanelafeulensonlonnnududu
1 Tuan4 ludmdau 2 do 1 Tnovmidn ooy
Tamsonles se vhed1) Wunan 1 92lus vdsen
HunsTUIUMSTIE UL It TS
Usuanmidesiu (PRS) vdsnduiietsld
ouludousnegamail 105 °C Wunan 24 Falus
Mndufvluggannuduiiesenisiinges
folu

2. msnaaaslnlslads
gaumaiinldnszurumslnlsladaniadng
(RS) warhsdfiunmisusuanimidos (PRS)
1#uA 300 400 waz 500 °C AIMAABIFLIN
nsiingavldadlulutieag@ida (crucible)
wagUariitetlaafunisviiufAzendueondiau
o ninginnlasldsnsnislinnusoud
10 °C siounit iilefagaundiifnuundiegnaas
gn¥nulifigaumgiasiiifuiiar 2 dalug
w&aanasunanda lulevdfiunszuiuns
T19AULAILYNUIBONILLA UK QNARYUNYI
adluggananutu dedininuazifuluae
wanadna e lnefinandn (vield) vodly
Town$agdrurunandnsdminuedly
Towsfrunssuaunsinlsladasdedminuos
Wistnfuanduaunisi (1)

Y1(%) = M1/M2 *100 (1)

99 M1 A U1yt NYaan 9 INHIUNSEUIWANT
Inlslada; M2 Ae dninuean et13nUEY
AssuIUNSnlslada

3. anwuzaNRvesingfv
N193tAT1ERUTU AT UUUSE N
(proximate analysis) NAFDUANNNINTFIL ASTM
(ASTM) Tnefimsiaseyiusinaemnuai (ASTM
E871) My iAsIzuiUIunaasseivie (ASTM E872)
MAMTAATIERUINIUAITUDUAIH (ASTM EST2)
warMSIATIEAUIHIAUET (ASTM D1102/D3174
04) nan153As1zENd MUty
8.7% @1358L18 70.73% 8AISUBUAIAT 7.49%
wazidn 13.02% Taetuidn warildaudeu
12.16 Mi/kg Tagvimyilaiduludnegeing
dwazlulevismemaiianisusnsuanesy
Bunsusn (FTIR)  Taeldidoulvlunishnsie
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o & v A A Av .
aall n1sneaaeuldinIesiiedvie Perkin Elmer
Spectrum100 Tulviug transmittance  wagawnu
{1 i -1ooA a ¢
VY3900 600-4000 cm’ LiOATIVIATIEN
nflendu
n3UTNeunInvesiulersaglindes
fa & !
qanssAudinaseunuudeInsia (SEM)  Tu

v
a

msfnwdananslugui 1 NNty
Y9191 U dnwauriuindugngu

P
q

'
a =

annsaUszgndldfunugeduaisuaiiy @
AOAARBINUNUITY Rizwan Lagaue (2020) [14]
ﬁm%wmﬂﬁuaagw;ul,l,asﬁuﬁﬂasuquaﬁﬁnﬁ
HunsUSuanmazyinnsanwiluanwidenely

JUN 1 SEM wansituilavesnadninduunn
auUNA 425 Pm Maeveney 500 (i

Nan1339Y

1. wandnluloyns

Tngluudindnfusimiuvesuds
voaunamazkiannuisenlnlsladauazufa
Faduaziviinuiunniaiueenly [2, 16]
wandnvedlulowfigamniisnsuansguil 2
NHANIINAaeINUINananvadlulayIFain
nslnlsladavhadniigamai 300 fs 500 °C &
A19gluyae 22.79 -28.02% wt. lagiiuTunn
aeanfiguugd 500 °C wan1sAnwd ity

Volume 8 / Number 2 / July - December 2020

FgUNRNIANTLIN 300 §4 500 °C lidina

AonsanasvesnananluleviseesivdAy

BRS-biochar
O Treated biochar

Yield (%)

Z
%
1

Temperature (°C)
JUN 2 wandalulevsuazlulovisnusuann
Ngaun I uAneiu

lunsuSuanmmaaivesnatianuing
UsunaluTesnsannnisinlslada ifuduis
46.88-68.42 %wt. uagnuUanailulewnsiivsy
anMUTINugIEATonmgi 300 °C HansUTU
annieansaiiiievzarsdanilailurisin
daaliinuansivowhsd iy nanismnaes
Aituhnsinlsladaigumadsliiunul
Town$iigenin Feemnsathlulddmsumsiunson
Juduswfisemsedmadulunagaamnssy

5

2. pauanvnvasluloys
AINTHATIBVUTUIUNGUATRUUU TN
(proximate analysis) vasnsd1nazlulows
wansaglunsed 1 uazlévadeuniaunnsgiu
ASTM (ASTM) mmﬁsxqﬁ'lﬁuri AaTerdsune
ALY (ASTM  E871) AT neiUSunauansseine
(ASTM  E872) ALAs51¢hUSHIUATISUBUAIAT
(ASTM E872) uagiiasnesiU3anadan (ASTM D1102)
USurmansuounsinasUsunandnduaii
VauendeUSunamdsnuue aomnd e suds
drulSinaassemeduaiildevenng sy
Tuiowmasdinaroifuuida venaniusuim
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ATSUDUAIAILATUSUIULONEINITAUIUDND S
yaruazdndrufiarnisanisinlugdlely
Fownds ifleviinisinlsladavnsdnigungd
qﬁumﬂ 300 £19 500 °C USsnauansseweluly
TownsTiAranasudusunandfiusuadiiady
LﬁaqmmﬂLﬁaqquﬁlwiﬂa%aﬁqﬁuﬂ%mm
miauw?éﬁaaﬂw\lwﬁnLﬁmmiaawﬁ’mméﬁu
Tnsssuminds lulevsileunannslnlslada
vheinaslivFinaumnsueuga (12 desnnlulewns
fauantiaruisafudemdeiisiquaind
AUV IULVNNGNIUEY kazaansauadala
Famnzdmunsinlulendfudemaduns
wrlvsuaviJudrunanlunisudnlniiain
T5alonaudiundelsslniihdwna [17]

a a ¢
M15799 1 NAN1FILATIZMLUUUTSUIUUDINS
17 Tulaws waglulevsnusuanin

Tulawnsannnedng

PIGEEY N aamgll (°0)

Uszauad (Yowt) 300 400 500
ALY 343 0.72 0.19
AN3IEVY 28.58 29.44 22.75
ANIUDUAIR 43.57 52.31 55.85
W 24.41 1752 21.19
Arrnuou (Kizkg) 19.67 22.95 23.13
Tulawnsannusdafivsuann

AATIRLUU aamgll (°0)

Uszanad (Yowt) 300 400 500
ALY 0.85 0.68 0.24
ansIive 24.68 23.45 22.40
ASUBUAIRT 60.2 62.39 67.25
W 14.27 13.48 10.11
Arrnuou (Kizkg) 25.02 25.23 27.19

nnanvaaes anslumsei 1 USina
ansszveiieglululewsiogludis 19.67% fs
29.44% Taeinidn FaUSunmENsTEMEEIN15a
WasulUdund dadididundalussniig
nszuaunstnlsladals wazidosouiiou

wanAnusiduluTemsszrindnlsladagamgd
Muazenmgiigemuii eguuniilnlsladas
wudvsinalulesnsfiunnniuasnulsune
asszveInnineumgiinlsladafigudnies
wariuSunaanssymeanaadiotnned iy
MIUSUENNAEANSIN LN ST UL IS lada
low3suiisuauandinimdanusening
Tulevrsannnszuiunsinlsladannedny wag
Tulo3finunssuiumsusuanmeuasazans
loneulansanlan annan1snnaswAIAILSaU
gadlulensnuritlonsinunszuunsnislada
fonmgigeu llensflFasdusinuemtou
flgstu 10 12.16 Mi/kg 1Hu 19.67-23.13 Mi/ke
darftsufutagauniadiadadudilaicny
nssvumsinlslada uenandlulevdanuneng
finunszuunsUSuanmidosdugeansavany
Tnideslensonled Saraudougaiutudy
25.02-27.19 MJ/kg %qﬁmqnﬂdﬁnmaﬁ'ﬂmt.ax
%amaé’ﬂLﬁmﬁiﬁiﬂumﬂqmmﬂﬁu FeTuna
a“wﬁm?ﬂ%tﬂul,%aLwﬁwmmuﬁﬁhmm%fauagi
Tu23 4810-5500 Kcal/Kg 1130 20.13-23.02 Mi/kg
[18] ﬁgqﬁmﬂmamimamaqﬂiﬁdw Tulewsann
n3EUAUNITT ULz aufias il dy
i’mqﬁm%@Lwaqiﬁmﬂmamimmammﬁmswﬁ
vyfladdulneinies FTIR fawansluguil 3 wa
ﬂ1smmaaa‘wuwgﬁqﬁ%uwé’ﬂﬁmeuﬂ?uﬁqaﬂdﬂ
KA1 1100 cm’ Fevyilaiduiinuuiinaay
AAugendn 1100 cm” zuanadungiladduves
ansdun3d uaznyilesdduinuunanavaiusi
1911100 cm WuvyjileAtuvesansetunid
HANISNAABIVDY Guzman wavAuy (2015)
wuinansedunidaznuuinatasaiuiisinii
1100 cm ' [19] Fsaennassiuaudsedainy
wyjﬁqﬁ%bu Si0, fiusiaavaAdudininda 1100
e lelulomsiunssuaunisinlsladad
guvgiigaty agliunnguyilsdduuinaia
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AAUIINNTY 1100 cm | wielinuansuszneu
Useianansdunidnqulalasaisueu widanuy
a15unIgUsTLan Aromatic lHuSasandu
Faust 1600-1450 cm (bands at 1461 cm’) uaw
wun1sduYevy Carbonyl flavadu 1644 cm’
Tnefiansuszinv Aromatic wag ny carbonyl
WWuasuszinmdunsdaennaseiuanwuy
paAUsENEUVRIA1SUTENBUUSELAN Lszfaz;ﬂaa
hemicellulos mstulawasn wazaniiu [19] lag
Fnnadniiasussaniifussdussneundn
LU
Tulowifrunssurunsyuanmid asdy
maaildrsaiafionisalanssanilatdesn
ngﬁ'ﬂaﬁ%wimm CH  fiUsuadiuniy
esunannldarsazatsdsziananslunis
USuugsesdausenaumeail Tuvagidednuny
vfilsriduuszian C=0 fvsinaiiantovas n)
flasduuszinn Aromatic  SUSuIaLANT U
oananasazaeleioulensenlesily
mmmamwyjﬁaﬁ%uﬂizmw C=0

char-500-treated

N
1461 ~ 101100
char-500 [

char-400
e

A‘ R NP2

char-300

% Transmittance

PRS-raw

4000 3500 3000 2500 2000 1500 1000 500
Wave number (cnr?)

JUN 3 WaIATI8 FTIR spectra vastulonii
NunsEUIUNS IS ladakarnsuSuan

PNMITEVBI Guzman TenuIlulenns
Airunszuaunisinlsladaioungd
49031 500 °C azaunsavinanelasasnees
hemicellulose cellulose uag lignin 19 lng
é’qmmvl,é’mmmamimaawgﬂaﬁ%’uéw’%é
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Usewnn Aldehyde Carbonyl wag Aromatic
Mmeluiigisgamgi 500 °C

dyunan1Ivaasg

nAseinanlulerdainnszuaunis
lwiila%aWWaiﬁaﬁqmmﬁ 300-500 °C 1T
2 $lus U%mmluiam%ﬁlé’fagﬂwﬁw 22.79
592802 % Tagvimiin Arudeunedlulowns
ﬁﬁﬁgqﬁmﬁaLﬁauﬁ’uﬂnﬁnmmdw 60%
wonndusinalulew$ildunanniskiu
nszuauntsUiuusudesfunaiidae
ansavarelainoulansenlyn agdusun
a9iuds 68.02 % Tnetutin figamgd 300
°C 1‘1%6(11%‘1‘71'16717mmi‘uaumﬁaﬁqqsﬁuﬁﬂﬁ
‘U%m1am"1m'm%fawuaﬂiuiasmi‘ﬁmﬁqa%uﬁﬂ
27.23 MI/kg msUsuanmidesdiusneansazane
andladonlansonlasaruisafinusuien
Tulomsildannszurunisinlsladale et
\osunainasazareleienlansonlen
aru1snanvsuialanzdaniladiniy
psAUsznouvaaily ndrueiivondowas
wdegnifuliluguafueunsiiuazansszine
Failulewifinunisusuanmdosiusae
ansiedlensanunsathunldidudemawdaie
M dudomdmaunuls

AnfnssuUsznA
ANEITEVRYDUANM AUEIAINTTUNS Y
wazAIuIndon AnzdAINIINAIANS
UMINYIUNWATANANT INYWIAATUNILEY
ﬁammwﬁméawm%qma
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Abstract

The energy is a major factor in the economic development of many countries.
However, the energy from fossils began to decline gradually. Therefore, renewable energy
is an important part that can help reduce the use of fossil energy, especially in
transportation systems that use a lot of energy. This article focuses on studying the power
production efficiency of solar panels installed on the vehicles. The energy production of
solar panels installed on vehicles was compared with the energy on solar panels installed
on the ground with 80 W solar panels. The results show that the efficiency of solar panels
installed on vehicles is 65.5% and the solar panels installed on the ground are more
efficient at 90.37%. Indicating that the installation of solar panels on vehicles causes the
efficiency of electricity production to decrease. The movement of vehicles and shadows is
obscured; therefore, the efficiency of energy production was reduced. However, the
planning for the installation of photovoltaic power generation systems on electric vehicles

must be well planned in order to have sufficient energy for service.

Keywords : Power production efficiency, Solar panels, Vehicles
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Abstract

This paper presents an integrated collector storage solar water heater with a mixed
asphalt absorber plate. It consists of a clear glass cover, an absorber plate made from
mixed asphalt, storage tank and insulations. The storage tank contains 100 L of water and 1
m’ of absorbed area. The measured data showed the maximum mixed asphalt
temperature and maximum water temperature in the storage tank are 67°C and 63°C,
respectively. The maximum and minimum hourly efficiencies are 62% and 20%,
respectively. Additionally, the mean daily efficiency is 43.5%. The result showed that the
mixed asphalt absorber plate is effective to provide thermal performance of integrated
collector storage solar water heater with mixed asphalt absorber plate.

Keywords : Integrated collector storage solar water heater, Mixed asphalt, Storage tank,
Absorber plate, Thermal performance, Efficiency

- 49 -



msarsavintamalulaggaainass : snianenagsanaIgIin

07 8 aUUfl 2 1HBNNINGIAN - THINAN 2565

unin

WF1usase 1 ind S und s unaunudiil
nslifuegraunsvargluynvivilanidesain
Juwradandsnuiiazernuazannsaasudy
Wé’qmuﬁﬂﬂﬂ%ﬂiximﬂé’fﬁy’ﬂugﬂwé’wm
Il [1] wagnasauainuseou [2] Tuurensdl
anunsaldsundsaunasorfingiJundaeu
T fundsnuanudou (3] waziilosnin
Uszinalnoifuuszimafidsoguunuandugud
ansilenfederfindiadsotudssana 17 MY/
m'-day [4] Sfnenmlunstnd s uuaseing
Tlguselanila

gunsaidmdundnirfeulasldndsau
Lasefinduie “Latouintndoundeauunas
91find” 1 ugunsaliignesnuuuiitelsiazaan
fon1sualuldeu Fandesindifoundeanu
wasoind iUz uadewiihdeus s
fsuSadeninguuunauS U [5] wingauniu
siilifeanisgungligann fe Ussanas 50-
60°C w3aUsvan 80-90°C lunsaligased
WunuuiiidenSeduazdunuUamuuuuinni
wiledulul e 2556 [6] g “ersuzmey
dusagU” wamdusiuisdending Jaduiand

¥ v
=

Fuzling 11PN Tedieuazazaunuseuls
7 soulud w2558 [7] 1diaue “w3owinid
Youndaruuasorfindlagliausoulinaundes
yamdnn” Mmannsnisunsedausouainla

¥
t% =

VieensziUaanasasssdanuseulviiuune

wamﬁamﬁu’qagﬂﬁuﬂ 299lATIAS 19 NF AT
nansnaaoInandliiiuinasessingnfou
w§suuasofindlaeldainutouldnszidos
INFIAT ANUITAAAAINTOUIINAITUNTIE
anufeunnliviesnsudowhuiimaiudgi
tuldlugae 5-40 W/m’ uazangamgiludosin
ofietade 5°C Snadsanunsonanindeululy
Usslemtinnelun$adould wdaantulud 2019

(8] way 2020 [9] lnAnw1aussauslTImIUTou
YauAewifeundsnuuatonfing wuuld
gaurnegrandsududsuSiduarnisannis
AELYIAMUSBUNIUNTIALAENTUTELTUNS
wwsugaand lnsfndaadosihtdoundsy

a L3 ¥ o [ I v v v a
SNSRI LLUUI%EJ’NM%G]@EJE{’]Lﬁ’\]E“UL‘ULHﬂ’)TU Nd

fiflvunn 0.5%1.0 m’ VundRITIuVAEaU 910
nan1snagauLanslifiuinaiowiniifou
nasuuaseinduuuldesuzaosdniagud
aussausdeninuiouge Snfaanunsaiu
Uix&;ﬂﬁﬂﬁ?’ﬂm&mﬁaﬂﬁy’wuuﬁqmﬁﬁmﬁaNamﬁw
SouuazannsanewauTouruingitula
Ustanas 5-12 W/m” uagilszeganmumuuszana
257

S whideundnuuae finduuusay
115U @ induas earauAILSoUTINLY
ey [10] Purdewinifoundnuuaseniing
Aflgunsalifosuaranmisgaydoanueudive
Mufuvedeustwinsfiiudidorinduasd
ALAUANUSOU LLaz'ﬁuﬁaamﬂé‘u%ﬁLﬁumuﬁ
adlunisiivaussousdannuiouvanaiad
¥ith¥eundsunasonfindg= lud  e.e. 2010
[11] I¥Anwaussouzvenaiosinihioulnely
Aiganduseduvuaouil Mnanuduinén
WisuLflsuiuuruganduseduuunsuSoud
ManuHLndn lneadiawuuiiassnisansin
Audsunuvaniazldaadiiedinsz i
aussousidinnufeuvendoaintiidou
NAINULENDITNE 1NASANWILUUTIADYIN A
nsuInATosrtfounuulFurugandunuy
asuansaaawmanudeuliiuilugiasas
ANuFaulafniuiuaAndusduuuwk UL oY
wdontiu 1T 2019 [12] 1évmaesdnunisle
LLNu@mﬂé‘mmuaauﬁum%‘laqﬁwﬁﬁauwé’ﬂmu
WAt MInduLuUYIUINISASUS e induavds
AvauANUSIULIMIEAU INNSANYILARI LA

-50-



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Fiuiusuganduisduuuaeuwiliinludazan
Auseullguuniiluyle 58-78°C uagdl
Uszandnmidisanusaulugig 59-67%
unauiladnvidmaanddenmznoy
wandsadusganiusidvenaioainiion
NAMURERTRELUUYINNSFaS U Ting
wariidrauAlusauld1aieiu lnen1smnaed
aylaifinsimdsnuaudeudiasaunisluds
azauAudouve Ao dintin Yo undeeu
wasefind= luldaunasndisn1snnass

(a) ATV DUNINUKEIDTIRE

Volume 8 / Number 2 / July - December 2020

IngUsTaAvan1sive
WeRnwaussausdrudourenadewh
51%’auwé“muumawﬁméLwUUﬁmmiéfﬁu%ﬁ?{
o findlazisazananusoudmenulagldens
ugneenandnsATuTgnAuSE

aunsalildlumnaassuangul

9
v
o o

insesinFeundsnuuaseinduuuysanns
AfuTedemnduaviazananuoudiieiu
Tngldonamesnandniadusnganaussd A4
Tumsvaassuandugui 1 (a) uaz (b)

TS | ] =‘1 17141
HHLZADEHANT G uptanszanla

T4 INU 1N v
7

Tep
-

$
N N
¥ [ 1

BGottom famzauanwion

T Tl

(b) AMNFAYINILENEINUTENBU

JUT 1 1AS0nUSouUNS LA INSUUUYSNNSHITUST iR duas diasauna1us ot
memineliensuzneenandnsadudganiussd

Favenuuuuazaiidlag “gaiuns” uag
ANIUNTNAGDUNEIANTVINUITINAUTENIN
“EANTUNG”Y Uag “@1v13vINNSINNITNINGINT
91A15” ATANUAUNIIUAENS LATNISORNLUY
unIngaumalulagssusnasaulnduns Tu
U7 1 (b) wansdruUsznauTanaiosiniiou
iAo find 1 Feusznausieudule
nszanlanul 0.004 m F8931991n1AUIA 0.05
m euERRENANENSaWY 0.03 m Yt
Judgandused dazaunnuiowininnan
farludarun 0.0012 m FudusuiivGinmsuss
10X1.0X0.1 m’ (1 100 L e 100 kg iioaau
WLUYYBALN 1000 kg/m3, [5]) Aaed1usu

ddeunaztasdmiuiirfeululduselod
auluiuAUSoulsEnaumelilunul 0.0762
m LagieliulAd D ULHUEETDUAIINS B UATY
Wemun 0.01 m

au@awﬁamuﬁm%laqﬁwfﬁauwé’wm
WD MR LUUYTUINITAITUTd N uaz s
azaumusoudineiulagldersnounau
dsuludgandused 1u§U‘1'7i 2 LagINEUNIT
ausnundsu ezl

-571-



msarsavintamalulaggaainass : snianenagsanaIgIin

07 8 aUUfl 2 1HBNNINGIAN - THINAN 2565

- - Y =)
§9d01i00 (Qui - (Tectag)D ANUTBUTYEAD (O

My
(Qstor)

| v
IN [
Iy o

g vunluazgana § awn [
i\ " N
1 I~
| B
!

P o = o 3 v
E'U‘V' 2 ﬁuﬁ]awaﬁﬁ’lumﬁ]wnuﬁau"’l

Bin = Eour = =22 (1)
Lﬁ@

Ein = (tQ0sp) 14, (1.1)
Eput = Qusesur + Quoss (1.2)

tie Quseful = mfcw (Tw,out - Tw,in)

Qloss = ULAp (Tasp -T)

dE¢y dTy
dt WEW ae

(1.3)

Tnonisnnassiaylitngdsunnudoud
avauneludiazaunnuioureaniawinhiou
nasuwaseinds WlUselond Quepu = 0
wnuAnluaung (1) wagdnguaunistndagle

mwcwd% = (1yasp)1Ap — ULAp(Tasp — Ta) (2)
e

dT,,
My Gy — =

SYUUMIaNaIUANNSaunavaunielussuy
(W)

Aan1silasunyasnasanuly

(T4 @asp) 1A, AONFI1URAIDNTINSTIQN
annaulagiinanaussd (W)

UpAp(Tasp — Ta) ﬁawé’wumm%auﬁgiylﬁ&l
N58UU (W)
Tnei

m,, fo Mavennludazaunnuiou (ko)

¢, Ao Amutousuwzresi  (4.19
kJ/kg. °C) [5]

Tasp AD Qmmﬁﬁamwmaawauﬁu%ﬂ
(°Q
gaumiloniAwIndew (°C)
SuUszavsnnsderinunsyan
Qqsp B uﬂax%wéawgmﬁmmmwwa&1
AGHGATRE)

I e $deniindsamuuitusiu (W/m)

4, o fufisuiidoniing (m)

U, fie duuszAnsnisgaideainuiousiy
(W/m”. °C)

Uszansamidainudouaissiefures
Lﬂ%‘laqﬁwfw%fauwé“mw,l,mmﬁméuwyiwmi
FSU S9d017ingd LasdasauAuSouY1nei Y
lngldensuznesnaudnsadudigandused
AwalAan

[= )2\

n - QStOT -
wol ™ i Iy 1Apat

My Cw (Tw—f—Tw—i) (3)

e

Mwor A8 UszAnEarmideainuieuiaie
seflunsdifilifnndanuninudouiionlld
Uselovy (%)

T, o guvgiilufiarauaiufoud
nagavngveInTsavauauiou (°C)

T,_; A9 Qmmﬁfﬂuﬁﬂazammm%uﬁ
naBuduYesNsazauaNSau (°C)

52108U357398
Ui ildviinsnaaevaNssauL Y
Lﬂ%@qﬁwﬁﬁauwé’wuLLaqawﬁméLLuugimWﬂWi
fsuSeEoinduaztsasauanusaudnleiu
lngldensuznasnaudnindudigandused lu
msneassndiiazyhnisnageulnenaaioi
th¥oundnuuaionfings lunuassuiunay

-50.-



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

TidmdsnunnuSeuasaulUlausylewsy naon
F19781N15MAA84 (24 Fa139) wazneaeslugas
LU UNAN-LU Y

gunsaldmiunsiaiauasduiindeyanis
veaesUsznaudae arewesluduia vl K
(#19m1530: 0-1250°C) Aemsadnfuiasosudin
Yoya (Hioki: Model 8422-52) gunsalinm13ed
91798 (Kipp & Zonen: Model CMP11) uagtiuiin
Fouann 9 10 Wil naon 24 2l

Tia T
A T]_Z:Il-z 2y s
[ Ti4 To4
N v N
Tis T»s )
Ti6° ® T :\"
L30em 10 20em =
o 1w ¥ ¥
(@) ANLEAIHLAUINAIUUY
® Tomb Trp, Tog L0
Tr2, T2z — Tr3, T2z
T14, Tog
Tis, Tos ™
® Trs Tos ::
™)
‘ 50 cm T T17, To7

(b) A NLAAIA AU TAA UL
gﬂﬁ 3 LLamqﬁWLLwﬂqamﬁaqﬂﬂiiﬁ

JUN 3 wanshunisingumgiinldainnis
NARDIUTENBUAIY QUNYURINTLINAIUUY
(T, 1op) QUNHAINTLAINANUAN (T, o) QUNYH
Y8991901MA (T, o) DUNYHY UL ADLNEL
°o @ aa o v
ﬁ’]L'ﬁ](Tasp) gaungildnsazanausou  (Ty,)
gaungiuludsavaunusou (7,) way gumail
AUIUAUAIINTOUAIUEN (T, p)  TIEIWI50
AwInAgviliadeuwsazeiumialaain

Tiog+ Ty
Tgtop = - 2

T1—2 + TZ—Z
Tg,bat = T

Volume 8 / Number 2 / July - December 2020

Tys+T,.
Tt o :%

Ty s+ T,
TaSp — 1-4 2 2—4

Ty g+ Ty s
Teror :%

T+ Thg

w 2

Ty +T,.
Tines :%

WNan1539e

MsnAde LA S aung snuuaseing
wuuysanNsiasuTdeindwasdsavanaiusou
Wiheiulagldenugneenaudnsaluinaniu
598 \WeRnwdsaussoundinnudou Tufuds
s 9 Aiddy Ao gamgiishgandused gamgl
th¥ounayUsyansnmdsmuseuvenaioi
thfeundsnuuasefinduuuysanms

1. @nMgeINALINaDY

U 4 wansAnguvglienniAwIndouuas
Ar5sdeniing aziulainlufinansznuainiand
\innsiadeuivesius mmﬂ?ﬁﬂgﬂa%ﬁmax
fuld

a
3
I

mbient temperature ( C)

Solar intensity
— Tamb

2

Solar intensity (W/m)

1200

~ 1000

r 800

- 600

400

w w
S G
I I
P

25 1 r 200
Time (hr)
I 0

20 L T T T [

6:00 8:00 10:0012:0014:0016:0018:0020:0022:00 0:00 2:00 4:00 6:00

3UN 4 nswdsunlasinisdeniinduas
RV R RRRGTRTRLH]

= a

FeAnTedonfinduavamungiionniFwinaey

' 2 o
g9gAagi 950 W/m” uay 36°C mud iy uae

-53-



msarsavintamalulaggaainass : snianenagsanaIgIin

07 8 aUUfl 2 1HBNNINGIAN - THINAN 2565

Tutiaian 18:00-06:00 U. gaungienAkInaex
fAnanaanuYasm
2. NMSNTENYPUNYI
NnNsaTianazuiinteyanisnaaes

Y
A va  a

paentIaan 24 il Wesdenfindnnnsenu
17'iﬁ’gnimﬂéfmuummsauﬁawquﬂawau
(pd) aangﬁ?unmé’au nsvangandussdeniing
(a) warhasnddanu (z) NTgaNwaYYN
Anndufiee1uznoaNaudsa (ra

WansasauauSountelugtsusnosnay
dusa mﬂﬁumwmyaumadaunglﬁaﬁmﬂww
uzneenaudnsa lWginszandulunazeine
fleglurosineernia awdeuiivdeeime
gaugmeenand SRt uRiAuULY i sas Ay
mm%auuaxm'wammm%fau”lﬁﬁuﬁﬂﬁagﬂuﬁq
ﬁﬂﬁqmmﬁmaqﬁmﬂlwﬁu

9
o —— Tg
80 1 E Tg, top
| :i: ,w-“"m\ Tg, bot
70 g AN =~ Tair gap
£ / —
601 & 7 Tasp
Vs — Tamb
/

Time (hr)
T

10 T
6:00 800 10:00 12:00 1400 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00

S‘U‘VI 5 msmaammaaammumﬂiuﬁm
qmmmammmmm PN UL ADLNEL
a5 wavenmgdenAuwanaoy

Tusudl 5 wamenisiasuntasgamgiin
NTLAINAIUVULALAUES gaungiienialu
Fo4i190IMALAL QNN ARENANATT
ziuladnlugianan 8:00-17:00 u. 9UNQIRT
nszanauvuiliA1tesninguvginIngean
Fuana eilidlesninfanszanduumAnnis
gayideauseuainmsmianuseulagauuay
nswanivasussdnnuseussrinsdaunndeniu

) vinlw

AANsEaNFIUULYB LA BINN FoUNS 99y
waseinduuuysannis Tudiuvesgumngiing
nszanAuansligungguinannsazauAIm
foumeluionszandruniaaznisuanidaoy
SedanuSeusyuineiiensusneunaudLsaiy
Anszanduans wasdndiuinainenniesoudi
agludesdnseinianediduiaduianszan
Auane v liRanszansuasdigumngiasan
ol 75°C i 13:50 u. wazndaaniuae
Fugangifianszanidiuuuuagiuaniag
fr1anasegedeifoansyiiadlndoungd
DINALINADY

Iudauamwnﬁawauvmaawauﬁ’n%a Y
5'1JLL‘U‘UE]€L!‘V1mJ 3 A TWANATY fia 924
191 6:00-8:00 . gaumngliensuznesnand 15l
qquuagm 33°C mqqququumnmmaau
9¢) 6.5°C 92471 2 71 800-18:00 . grumgiienae
nesnandSafia it uodaraiiesauie 67°C
‘17'1'na’1 13:50 . LLazqmmﬁamawuﬁq 50°C ﬁLaaﬂ
1800 . UWAzdIsil 3 71 18:00-6:00 U. Nl
rauznoenaNdsafidanatesnedn q Felutag
731 qunglousnesnandisadaunnsis
ngaumngiienniAwinden oy 7.5-13°C Wadl
Wnananuasnsalunisiniiuanuseunas
graonmstemanuseuliiuenAwIndey §
‘wqﬁﬂisuﬁﬁaﬂdw mm@aaqmwmw (Thermal
inertia) §901981984luT0 3nagamAIM (Thermal
mass) a'nNaiﬁqmmﬁmaqﬁﬂuﬁnaxammm%u
Tugaedi 1 fAgendtgumgiienniAwindeun g
LUy

- 54 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

— Tasp
° Tstor
“Tw

~— Tins,b

~— Tamb

=
=
|
Temperature ("C)

Time (hr)
10 T T

G0 500 1080 1200 1500 1650 1500 2000 20 000 200 500 610
gﬂﬁ 6 mim?alwuﬂammmgﬁmmmaa
d15a3U gamniifazanauiougamgiily
fearaunuiou gaumiauiuiuaiay
gunniienAkIndey

a

SUN

U

6 wansguuieuznoenaNdnsa
pumgdinduvudsarauaiuiou gumgi
Tudsazauaiiudou sziuldindiaa 8:00-
13:50 W AU BUA BN NULADERANF T
KuRauuuresisarauauSeuliudluds
avaunnuFeuldd viligamnligsaniionsyaes
wand e Aaduvuiarauaudounaziily
feavauanusau asﬂiﬁl 67°C, 64.5°C way 63°C
AIUAINYU UATUAIINLIAT 13:50 U. gaungil
greuznoaNaNd L3 saumgiiduuudazay
anu¥ounargungiiludsasauaudoudan
ANRaIOLNT ¢ nsgItaaa 17:30 W, 81euzAee
nand3afgunnfianasiiniifasuuuds
avaun1ufounasinlufiazanaiinioy
idesainnisaiemanufouanesuznesan
dusalitueniauindenuasansdeniindnn
eI DR e U ST P
UIUINS TA1AAAY AN
drugampfauiufidudisveseiowin
FOUNTIURADIANILUUYTUINITY A2
gamgilndidssivaumgioniauindeunaon

q
v v
o o

WeTunsiifiesannsgyideainuieunauiu
RIVEREGRIVRIIHRE

Volume 8 / Number 2 / July - December 2020

7000 70

1 Qstor  — Efficiency
6000 i

2

Qstore and I (W/m -hr)

60

5000 - S0

Efficiency (%)

4000 F 40

3000 - 30
2000 20

1000 7 10

o

Time (5f) ©

7:00-8:00
8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00
15:00-16:00
16:00-17:00

anusauavanludaraunnusau
97nduarlseansnmaaninuseu

U

e =SD.

.
G

Nl

N

mﬂﬂﬁagaﬁlﬁmﬂmsmmaaqmmmﬁmm
AMBINuANNSauarauneludEsaunUSou
LAY NEIULARTRGAANNTENULASE YL
Lousnedilus é’QLLamﬂugﬂﬁ 7 ssfiuldinily
feanunsaazauauseulalugig 700-2,500
W/m’.hr (7:00 - 12:00 1.) Laguds 12:00 1.
nsazaunINSouiatananiesainaded
oindinnsenuirsesindoulidnanas

uenaniiluguil 7 dauanarruszansamn
\Farudousiodalusveaaissingifou
NARMUARTIRGLUUYINNSFaS U Ting
wazfeazauausawdmeiulagldetsnes
nandnSaduisused Tumsanaseansam
Faanudoustodlusesnioaingnfou
NHWIULAIRIARTUUUYTUINTT Tuduan
MAn§rnuddoriindiinnnsenuuuiiuiisunes
‘TJ’eNLﬂ%ﬁ]ﬂﬁﬂﬁ’]%’E)UWT:}JNWULLaﬂ@’]ﬁﬁlgLLUUUuim’]
M54 Q) WATNAINUAMUS DUz ALl UG sATEY
ANNSOU  (Qseor) %qﬁmqqqmasﬁﬂqmﬁ 62%
WA 20% mudsy (Nsdilddmdsnuninudou
Wldnunasnnismnass) wazilethdesyaundn
AUsEavsnmdrnudounie e Tureusdes
v‘hﬁﬁauwﬁwwuummﬁméLLuuyimWﬂﬁﬂ
asalddndsnuanuseuldlduselos azla
ArUszanS Sy deueds e Tureunses
ﬁﬂfﬁauwﬁwmLmeﬁméLLuuyimwmﬁﬂ
Winfiu 43.5%

-55-



msarsavintamalulaggaainass : snianenagsanaIgIin

07 8 aUUfl 2 1HBNNINGIAN - THINAN 2565

dyduazaiusena

mMsAnwIAIsMSeundInuLaeTing
wuuysan1Tasusidenfinduasisazay
ANuSautnmefulagldensunesnandnsa
Hushiuged thuitensiudsauaunsalunis
AnndussdveteausnoenandsaLanTaTaY
auSeuvesiludsasaunudeu dslunsAnu
adaiilgviinisinunlagldimdanuaiudou
avanluteazauainudoululdusslovuain
ANSANYINTIUINE19ULARRaNdNLSH
ANNaNsaluNIsARnduANTeU uazaen
aufeulifuilugiazauninudouldaan
‘1??&GT@@mﬂﬁu%faﬁﬁﬁwmﬂmﬂmmaamamﬁﬂL%ﬁ]ﬁa
anunsavzasnsaemanudeuliiundey
I@Aseuiy Jeazdiuldainnanisnaasdly
1344381 18:00-6:00 U. UNNTLNULADYNAN
fifeesguvniiganingamgiiduwindounaon
Fraan Mlvigungioaugnesnaudiiuas
aungfith ludvavauaufouduiuysidue
feUszansnmTinnutouvenaIosinhieu
NAMUMARITRGWUUYTNINTFATUTIERNTing
wazfazauausawdmeniulagldetwsnes
nandSududisused vinldesusnesnay
dnsafimnuiiaulalunisinlvidudigandu
£eddmtuiniasinthfoundnunasening
WUUYININIGY

RIGIGIIE

dvsumsAnwadewininfeundeuas
917induuuyTINISATuTedofinduas s
avaumnusoudmeiulagldenusnoenay
dsadusiuded luadeilifunsAnwlngla
dmdsnuanuseuarauludsavaunusoul
TaUselond msaAnuiaueuuzlunfsiold fo

1. Anwnadosinideundinunaseniing
wuuysannsasusidenfinduazdeazay

ANuSautnmeiulagldensuzneanandsa
Dushdused lunsdifivmdsnuanudouazay
Tuldusslowy Aensinisinavestirdeud
LANAINAIY

2. MIveNLULLAZTLAS DTN S UNg Y
WA duuUYsINSASUS e induasds
avaumnusoudmeiulagldenusnoenay
dsaduisuyed Wldnusutueinsiioan
AIN1SANEWMANNTBULINGD1ANT

3. Anwdnuissugmand Wieusudugaduy
Tunisinedewhihfoundnunateninduuy
YsuMIiisuiideniinduazdeazauninuou
Wslenulneldersurnosnaudisadu
Aasusedluussyndldaulunsdeng 9 wu
thustnende ernnsilegende was/viediinay

AnAinssudszna

HlTeuvavauam “aafiung”
(switched2020@gmail.com) ﬁiﬁmmaqmiwﬁ
Tun1soenuuULAIo i oundeeny
WA nduuuysUINITAasUTdefinduay
feazauANsaudmeiulnglde1ssnesNay
dsaduiiiused wagliuatvayudmsy
NAsed naldduusdndaivnisdmdy
NUITY

References
[1] S. Phiraphat,

Puangsombut, “Experimen-tal study of

R. Prommas and W.

natural convection in PV roof solar
collector,” Intemational Communications
in Heat and Mass Transfer, Vol. 89,pp.
31-38, December 2017.

[2] T. Cheewanantachai and W. Puangsombut,
“Solar sauna room,” E-Nett 2552, National
Conference, Nakhon Pathom, 2552,

(SE04).

- 56 -


mailto:switched2020@gmail.com

The Journal of Industrial Technology : Suan Sunandha Rajabhat University

[3] S. Phiraphat, “Enhancement of photovoltaic

performance by air circulation channel”,
Ph.D. Thesis (Sustainable Energy and
Environment), Rajamangala University
of Technology Rattanakosin, Nakhon

Pathom, TH, 2017.

[4] N. Vatcharasatien, J. Hirunlabh, J. Khedari

and M. Daguenet, “Design and analysis
of solar thermoelectric power genera-
tion system,” International Journal of
Sustainable Energy, Vol.24, No.3, 2005,
pp. 115-127.

[5] J. A. Duffie and W. A. Beckman, Solar

Engineering of Thermal Process, A

Wiley-Interscience  Publication, New
York, 1980.

https://www.researchgate.net/publicati
on/326735132_kheruxngthanarxnphlang
ngansaengxathitybaebchiyangmatxypen

tawrabrangsixathity, 2556

[7] https://www.researchgate.net/publication

(8]

/344239288 SWH-RT, 2558

J. Pukdum, T. Phengpom and K
Sudasna, “Thermal performan-ce of
mixed asphalt solar water heater,”
International Journal of Renewable
Energy Research, Vol. 9, no. 2, pp. 712-

720, June 2019.

-57-

Volume 8 / Number 2 / July - December 2020

[9] J. Pukdum, K. Sudasna and T. Phengpom,

“Experimental study on heat gain
reduction and economic evaluation of
mixed asphalt solar water heater,”
Journal of Engineering an Applied
Science, Vol. 15, no. 1, pp. 327-334,

2020.

[10] M. Smyth, P. C. Eames and B. Norton,

“Integrated collector storage solar
water heaters,” Renewable & Sustainable
Energy Reviews, Vol. 10, no. 6, pp. 503-

538, December 2006.

[11] R. Kumar and M. A. Rosen, “Thermal

performance of integrated collector

storage solar water heater with
corrugrated absorber surface,” Applied
Thermal Engineering, Vol. 30, no. 13,

pp. 1764-1768, September 2010.

[12] T. A. Yassen, N. D. Mokhlif and M. A.

Eleiwi, “Performance investigation of an

integrated solar water heater with

corrugated absorber surface for domestic

use,” Renewable Energy, Vol.138, pp.
852-860, August 2019.


https://www.researchgate.net/
https://www.researchgate.net/

msarsavintamalulaggaainass : snianenagsanaIgIin

07 8 aUUfl 2 1HBNNINGIAN - THINAN 2565

174 1 t%4 v o/ v dy =
n1sanAUsauNuiasldnasanlneldnseilasnaunsnsesungannie
AIqN5 Sefimasuw, Augt uudasied’, sun atudenyn’

U weudSant $1im auustudume wemann waunangl ngame
U3 9nde 3 e 91in BeofALINNT 38 OULTALINNT SUMas NFUNNe
*auzaannenssuuazniseeniuy aminerdomaluladnszasuindmszuasivile
Email: thermalcomfortable@gmail.coml*, switched2020@gmail.com
Received: October 6, 2020
Revised: December 3, 2020
Accepted: December 7, 2020

unAnge

nszifasmeuninszuisoniadugunsaififisaviamlunsannisazaueudouluiiud
viedldndsniuay EN‘U’J‘EJ@@WJ’]&J'}?E)UN’WEJ’]LWG]’]IJL‘U’]ﬁﬂ’]EJIﬁJE)’]ﬂ’]Sﬂ%LU@Qﬂ@UﬂiminWmmﬂﬂﬂ
aiwq‘uufuﬂﬂﬂauﬂmw,ﬂmaw%ﬂumﬂiumimamﬂivwawaﬂm oeszunsemAvesnszien
AeUN3AsSTUIBEINATTuLIN 0.009 m’/ tile ventilator uazn1ssyurgaInIAdunIssEUIBeINeA
wuUsTINTR thuvndadnasmdsgnasretulnglitanialy nidudufudugsduasdnndmis
#lunsindanszidesaouninszunseinia wdsatunasouidundinmssdaingides 25 s
anMsfnwnandliifuingungionnaveddudinvonsulomouninssuiseniadia

tesninsudesneuninialuvssinn 1-4°C femniianenufouinuiineusediluadg
melugmslduszan 4-60 w/m’ shlsiiulaldinssdosnouninszusenmaiisnsnisssung
pATigedsashsiuduumsUdsuresonaiuiiuiivedivdannldidussed deduiave
wusinssdesreuninsrunsomeadimiunsesnuuilumidmnssuaranitinenssy eganisin
nszifasmeuninszuisoniatieUssvdaliihdmiuiaiesufuemeald

o

Addgy : nuilasraun3ngsuieeIna, vedldvaan, anusouriuiiweu, $auiunisiasueinia,

o

BNINNITITUIYBINTA

- 58 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Volume 8 / Number 2 / July - December 2020

Attic heat gain reduction using a concrete tile ventilator

Kongrit Juengpimonyanoni*, Dittha Nonthiworawongz, Thana Ananacha’
"'sand Built Co.,Ltd. Ramkamhaeng Rd, Huamark, Bangkapi, Bangkok
2Arch G Tech Co., Ltd., Soi Patthanakarn 38, Patthanakarn Rd., Suanluang, Bangkok
3'Faculty of Architecture and Design, King Mongkut’s University of Technology North Bangkok

Email : thermalcomfortable@gmail.com1*, switched2020@gmail.com

Received: October 6, 2020
Revised: December 3, 2020
Accepted: December 7, 2020

Abstract

A concrete tile ventilator is an effective device to reduce the heat accumulation in
attic space and also reduced heat gain through the ceiling into the indoor. A concrete tile
ventilator has been built from concrete which is the most common material used in the
manufacturing of roof tile. The vent area of each concrete tile ventilator is 0.009 m’/ tile
ventilator, and natural ventilation was applied. Two small houses were built using common
materials. One of them surved as a reference house, and another one was used to install
the tile ventilator. The roof was a gable roof with 25 degree of inclination angle. The results
from this study showed that the attic air temperature of a concrete tile ventilator was
lower than the common concrete tile by about 1-4°C. With this reason, it is reduced the
hourly ceiling heat gain into an indoor by about 4-40 W/m’. It could ensure that, the
concrete tile ventilator is a high ventilation rate that improve the number of air change
through the attic space. Therefore, it is highly recommended for engineering and architectural
designs of building components. Finally, installation of tile ventilator will use to save

electricity cost for air conditioner.

Keywords : Concrete tile ventilator, Attic, Ceiling heat gain, number of air change, ventilation
rate
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