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Abstract: Anaerobic co-digestion is proven to be a promising technology for enhancing the production of
methane. In this study, the biochemical methane potential (BMP) from anaerobic co-digestion of food
waste (FW) and cellulose-based food packaging product (CFPP) was carried out under mesophilic (35
+ 2°C) condition in a batch mode for 45 days. Three mixing ratios of these two substrates (FW/CFPP
100:0, 40:60, and 0:100 based on volatile solids (VS)) were studied with a substrate-to-inoculum ratio of
0.5. Sodium bicarbonate (NaHCO,) was also added to establish a stable anaerobic digestion process. In
addition, four mathematical models (Modified Gompertz model, First-order model, Monod model, and
Cone model) were employed to evaluate their suitability for predicting the methane production of the
examined substrates. Based on the obtained results, it is found that the maximum cumulative methane
yield was observed in FW/CFPP 100:0, followed by 40:60 and 0:100 with the values of 459.15, 381.79,
and 355.60 NmL/gVS, respectively. Among all the studied kinetic models, it can be seen that the
Modified Gompertz model was the most accurate and appropriate in predicting the methane production
of FW/CFPP 100:0 and 0:100. However, in the case of FW/CFPP 40:60, the First-order model was
found to be a better fit than the Modified Gompertz model. Besides, their kinetic parameters reveal that
the co-digestion of FW/CFPP 40:60 had a faster methane production rate than the mono-digestion of
FW or CFPP.

Keywords: Biochemical methane potential; Food waste; Cellulose-based food packaging product; Co-

digestion; Kinetics
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Modified 381.79 369.79 2491 0.00 - - 0.9903 -3.14 11.15
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Abstract: This research aims to develop packaging films based on a tannic acid (TA) and polyvinyl alcohol
(PVA) blend for the inactivation of bacteria on tilapia fillets. The weight ratios of PVA and TA blend were
divided into three parts: PVAS5/TAO, PVA5/TA5, and PVA5/TA10. In the case of tannic acid, 10% of
glutaraldehyde (based on the weight of PVA and TA) was used as a crosslinker. The experimental results
showed that the color of films increased with increasing tannic acid content because tannic acid was
brownish yellow. The thickness, moisture content, and water vapor permeability of the film tended to increase
with increasing tannic acid content. The mechanical properties of the film change with the increase in the
content of tannic acid in the film; the tensile strength and Young’s modulus increase while elongation at break
decreases. The analysis of FT-IR found that the increased content of tannic acid affected the film structure by
increasing the presence of hydroxyl (-OH) groups. The efficacy of film on the inactivation of bacteria in tilapia
fillets showed that the color of the fillets slightly increased with increasing tannic acid content after being
stored in the refrigerator at 4+2 °C for 7 days. However, increasing the amount of tannic acid inhibited
bacterial growth better. It was found that films with the weight ratios of PVA5/TA5 and PVA5/TA10 could be
used to store ftilapia fillets in the refrigerator at 4+2 °C for more than 7 days without the total viable bacteria

count exceeding the standard of the Thai Agricultural Commodity and Food Standard (< 5x10° CFU/g).

Keywords: Tannic acid; polyvinyl alcohol; tilapia; inactivation of bacteria; packaging film
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o eaa ' o A
mulussnnusindanyhdeusdld Wasmnuss
WudassdJisen ww nmsiialiseeendiatu
° v a @ & a a A A = Y
P ANEAA U 01 TIAANAUTAY N LN NIUT 896 b
[21] anE A UNNENTERING PVATA %89910MN3
X (% ' ' (% A A
IuUludandindns 9 ugasaagun 1 wudnd
aaTEIWN L Nay TA (PVA5/TAO) danuwasla
' & ) 4
Fauldsuss uaztduiita@edny anay TA

g ' 6 0 & a a 1A v v
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a | A & 4
ANUTUI TA NANYY 1489910 TA §RRAB9DY

e [22]

3.1.1 @14 (Color) LAZANHI
X & o & P
nnMaluUAdNUITI A nIaunuinNE
AUNWIR NALEANDTEA ANE ANLANGAIIVDIR
108993 LRZANNAWIVEINEY PVA baz TA Laadlu
137197 2 lapAsun laiand L* (anuaing a* (&
A A A ' o A a A
LA9) LAY b* (RunRed) Nuandens WalSoufiay
ANANNLANGIIVAIR AL TINNLIN MIANUTI A
P x . o .
TANUINT% LRINAGADAIAINNLANANIVDIF
Tausin (AE*) AR 9% 1wszis TA SRnResew
s WalIsufisunuaulaeves Jingjing Liao
Il&’ L = {
LRZATUE [10] ﬁmugﬂ‘ﬂé’um‘iqnwﬁ wNuils (TN) 91
o o o = <
ANA MAINHNALLILUDTIIUNFNNU PVA G3 TN XA
¥ Y o . oaa a &
AIA18ARILAY TA WU FFEIaRANTwaAN
a v o A a X @
USUN AU NT UV TN PLANDUT WA
FINAMVAWIVINANNUI NN DT FIUNAN
' A a X o ey &€ A
FERIINTARNWANAND RV AR AN T AN NRUN
ﬂl A‘ v N
WA uasNn Lﬁaamﬂlumiﬂ@aaamuqu
ﬂ%mmmmzmﬂﬁagﬁ 30 ﬁaﬁﬁmnﬂl,mmwi TA
flutaluianagy Tedsnalilduinan TA

AI J 3 v v s a o
RRINNVUTBLANUDEY ROAARIDINUITWIILVDI

{ o P ' [ X o ' '
31N 1 anwaAdufinauzning PVA uaz TA nasnnmadiugdludanaiudns g
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A19191 2 AT ANVUANAIVBIFLALTIN LAZANURUNVEINAY PVA Uaz TA Naanainens 9

DATEIN g AU

PVAITA L* a* b* AE* (Raaas)
PVA5/TAQ 87.7310.48 1.2610.34 5.8910.88 10.6410.23 0.08710.03
PVAS5/TA5 86.2210.72 0.3410.79 1.9913.15 11.0210.28 0.09010.04
PVA5/TA10 85.5210.93 0.4910.27 3.0912.63 11.77£0.45 0.09110.05

naneme luuwnas danuwandrsnunaifedudisiayiduanudeiuiosas 95

da Cruz uazAme [23] NANsATNUITIA MU
& A A = a 3 o
Wwauvaiiselasldlwdl faueanagednauny
unuiwiszguan (Cationic Tannin) NOAINEIW
6149 WaBUaATIEIRANAUIVILHBT baidl
a o A a v
unuiiudizauan nudunuiiudszauaniasaz 10

71 PVA S8882 5 710 % WUINAAN AWV
' ¢ a X A A a a
wHwARuRN U el T aunuiiulszguan

X A4 a v v av &
ANUK GINNLL%QI%Uﬂaﬂ@ﬂaaﬂﬂUlu@’lu’JaUu

3.1.2 YSmANNTWLATIAIINIITHNEIRY DI
Taun
' a & ¢ A
NANNINARBUAIUSNI AN NTUVIRNSNN
NRUTZHINS PVA Uaz TA luaainaiudrs g wuin
ﬂ§wﬁﬂ%mmmw%ua§ﬂwﬁw§ama: 4.73-11.58
(@15199 3) uaznuidTunmanuduseINay
N X § a { A
PVA Uaz TA LWNgIT% LHasan sty TA AL
A/ o v =) a dl a L
3% A lRUS TA sniiunenaziianwss
' o A & A o v A A
i'ssmungms'm@"l,a@ AR waN I TaNYIN
luwadiwosiunsn 8nnd TA g9U3znaudis
wy laasanda (-0H) Srwaunnn i ldiAanus:
lalavaunuluanavesile aduasiduinly
Twansnduaslanle vinlnAandaainusule
SNeflaguARENNA [23] TIZFOAARDINUNAVDI

é’@]‘ﬁﬂ’ﬁ‘%&l NI E]\“]VLE]‘ti’]

4 . - X e
M13197 3 A28 USHIUAIINTY LaZANBAT
N1IFNH W09 l0d 1 VaINAN PVA uaz TA A

AAMNFEINAN 9

IATIEIN Sanm WVTR
PVAITA ANNDY
(Fouaz) (NFN/ATILNAT 194)
PVAS/TAO 4.7310.24 311.43%1.02
PVA5/TA5 9.1410.56 564.4011.35
PVAS/TA10 11.5810.22 653.5113.55

ANLLAQ Tuunaad Jaauuandenuneadsednsd
fuddnfduanudeiuiona: 95
en L S« A wa A

guUanNIuwsHInvadladduwnitsluauian
o @ & o & ° [y
fanvasduuInAmsingniunlfluaudn
279117 laga1anNa ol TuNTHwed bt

& Ao ) . &
29N RUN AT 2INUNITUNTVIAMUTUNIY
v IA 1 =3 ¥

8111516 [24] TaazdinafdaninAuiitadanaa
TN 3 UWEAINANNINAFOUA18ATNNNITNEU LD
HvaaRsuNNENTENI1 PVATA ludainaineng g
WU Raundarunanwas PVASTA10 §805103
Furuvadloingega danaBudiuadleineg
a X @ . A A X A
IANTUWANEATIEINVEI TA ALY H 1Hasan TA
Jaidunafiwaininaglungufirauiin (Hydrophilic)
4 , - e ey ame ¥
Tainylaasenda (-oH) MidhAwladnuin wisy
wdawdudanaslunsgady [10]
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3.2 aNUALEINaYaINaw
< ' @ =< ' & o
Taona la1a NN IV I LHWA AN
NRAAAINUNUWNIUTBINENADAITNLABAIRIN
(Normal Stress) 2a3Aanluszninsnsvin lulgnu
MIPUEI UAZNNITTANTDIMNT A1NIDada o qa
¢ A @ o A ' &
1avaIRauneITasnuaNnudangusaildu
ﬁm%’umsqﬁmsﬁmms ﬁhu@him@é’amaomw
Sangutianiisnnuuduesfan (Stiffness) [9]
INHNANITIANITANUNIULTIA NTHAGD wazA
lugarvasfay usaalua13en 4 Asufinaw TA §
mmwéf’mmmmﬁagaﬂdﬁﬂﬁuﬁvl,&iﬁ TA U8y
. @, o ¢ a & =
sanalidlugarasfauindn anuudusived
& & a X P A @ &
AFNTNANTY Iuv MmN N5 001 U INaN AN
ANNHANEUVINANTIAARI FOAARDINUNAYDI
NMINARALUSNIUANNTULALOATINITURIUY DS
Y A v o A 4 A
1937 GInan1INAIN b9 AN L BLAY
- R . - -
USuos TA tWNa% TA liguisniianisigay
o v & a A
2771970 PVA laninua wazBninguaniisanann
UIITTRINWUTZANRIIL TNV NLA A L Taw
NUTILRINI PVA-TA Laz PVA-PVA §das1na
Aanuilaliy TA NU PVA Nimunzayazvinluiia
1 Ql J o v v
wisszwinluanaindu ldanudiuniuug

= A . ¢ ad o
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3.3n15Aevniasdadsznaunielaseaine
asWan

ANIATIAATERRNBIR Usznaudanafia
wadiaWiToimrudneiudunnsesiUnlasalad
FTR) Wwinafiafldlunissuundszinm
sounid mefiunid uaswusziadluluanary
16 1211 ﬁnﬂgﬂ‘ﬁ' 2 LRAILFUFUNATND DI TA Uae
WuadnasuuoI NS UNENTZNIN9 PVAITA 71
009#IBA9 9 1NFUWLI IFuFIINATHYEs TA
TWUNY Wi EU C=C Stretching fanuE1Ina"
1,611 cm™ WIS T C-H Bending innagnInan
1439 cm™ SanuRaaNNB1IAE® 1,315 cm” 289
-OH Stretching 224l uadn'laasanda (Phenolic
Hydroxyl) WURAMNENIAaS 1,717 cm™ 189 C=0
Stretching ﬁﬁa%’ju‘flmmuﬁumjm:awﬁﬂﬁ
[10, 23] uazdawuny laasanda (-OH) feuen
aaw 3,204 cm” lagwuindandsunm TA fiann
%uazwuwg -OH 1nnin %myj -OH it aWus:
lalasinunuluan svasinle vinlvAduladae
anuanldinedasuiaonne [23] Fsezmoandas

AUNATBIDAIIMITUNIUVI LT

A19197 4 FULANI9INAVaINAY PVA Uaz TA NoaTa1ueng 9

an31dIm PVAITA Tensile strength

Elongation @break Young’s modulus

(unziaaa) (5a9az) (anziaaa)
PVASITAO 36.69111.58 145.42124.07 275.26149.64
PVASITAS 35.80114.51 122.79124.16 795.521157.86
PVAS5/TA10 44.321589 101.37125.88 1075.581465.26

nangwa luuwas fanuuandnunmiaiifednidiodayiszauanudaduiasss 95
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lunydl PvA5TAO (linaunsaunuiinuazldidn
fILTONVIN) 9ZWU C-O Stretching NANMNLNIAAK
2 ' @ o a
1,088 cm” Faagjlusslonanyas PVA naaidu
naa1ad ladiduanaiansng azvinli PVA
A ' a D g a ' a 6 '
Jandenumals TA indu iaglndwaizning
PVA-PVA PVA-TA uae TA-TA [23] WU NAAINY
B1IAA® 1,315 cm”’ Va9 -OH Stretching o 8 4
- A A X 4 4 o &
Auadnlaasendaiaudu Waldmadu TA v ndu
Iuﬂitﬁﬁ@ma:ﬂﬁmﬁamaﬁ WANUNITONY N
(Crosslink) 321319¢) PVA TALLa:ngm'i'mﬁvla@T M
IANWUN BTN R (C-O-C) NANNBIIARWT I
1,026-1,255 cm™ 184 PVA5/TA10 LLay PVAS/TA5
o X 4 o ' a
Wadu Waisunu PVASTAO (linaunsaunuiin
wae LA NENTTaNYINY) FOAARBINLUITLVRI
da Cruz uazAmiz [23] NANERATNLITIA U A
& A A a a [ .
wanuafiisulasltlnd lilaveanasadnaunuuni
=3 dl L 1 ] U J
iudszauinnaanaiud g wuanudulines

WWBZaZTNa (C-O-C) LTUN
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PVA5/TA10

T T T T T T T T 1
3700 3300 2900 2500 2100 1700 1300 900 500
Wavenumber (cm™)

311 2 IdusUnasuves TA uazidusUnauzad

ASUNFUTZWRING PVA/TA M908 IUA19 9

a A ' = & a_ A = v & a a
M1379N 5 ﬂf]aLLa::ﬂPJ'lﬁJLL@]ﬂ@]']\‘idﬂa\‘iai(ﬂUi’JN’Uﬂ\jLuaﬂa’]ua‘ﬂgﬂLﬂulu%ﬂﬁuqm%ﬂu 412 IFNL AT YR

WUwan 7 %

2678I% PVAITA L* a* b* AE*
dan'lsira 45.82+0.27 12.35+0.23 2.91£0.15 52.3540.20
PVAS5/TAO 46.37+0.38 10.78+0.39 4.6740.22 51.5840.27
PVAS5/TA5 37.2840.21 17.34+0.25 6.43+0.35 62.150.09
PVA5/TA10 32.1140.18 16.28+0.13 5.27+0.21 66.73+0.13

wananeg AE* luunias Sanuuandrinuniaiifedeiitbdaynzauanudeiuiass: 95
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34ninadovlszansninzasannatite
daia
3.41 anwmsuazerAvasiiialarhanacasy
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ANULANA90sFlas TN et ana 1wl

wsnAawin lUALTAEIWLIN A RvasitaUafiad

'
(=}

a1 L*a* b*uay AE*a % N 48.92+0.65,
A
13.58+0.53, 4.23£0.45 L8z 49.78+£0.44 SRR
ey wasiuIne lludiiugunnd 442
DIANTATUR LDULIAT 7 39 ANFLRZAINLANGNS
a @ A ' AN W v
2IRLAYTINVUFAINIANTIN 5 WuIUa b levie
a 1] =) QI J
ARUTAIANULANGAIIVDIRLADTINLNND W LWITE
A = o a a & o Al v &
ﬂmmnu"l:amm:nugtymsmml%aﬂmmmu
(61 L* aaad) danNvadroWan PVAS/TAO
suraasanFlas a3 ldlndiasanuiuusnann
fga iwnzmiieRsuazdosnunagydiives
Wiadan FuadiitadanfianvasiaNaunuay TA &
v & a A a X A A
ANV NIUANYTNI L TA NANTY LiasnLile
WU TA ¥inlw TA ﬁaﬁ“@nﬂuwaﬁmas‘ﬂajuﬁ
Ui (Hydrophilic) azany &IKa bavaIRaNGaN
WaUaLantas aanaaINUNa8d FTIR NWuUiN
- 4 . - &
nadn TA Avnduazwung laasandauin 4u

= ¥ oma X
ﬁ]m:a’muﬂ(ﬂﬂﬂwu
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342 YszandanzasilaNAanIIAIwLLG
S A dv =)
wuanSalwholaina
Aa & 1a A A Aaadaa
ANTIATERUS VI MV AILUAT SN TTA @
N91A4@ (Total Aerobic bacteria) F2835MITUHWIA
LLUﬂﬁL‘%Uﬁ’IL%ﬁ]Eﬂ 3M Petrifilm W31l %7 0 Lo
UarfiadisnuanuuaiiisonInuaiady 1.96x10*
A o A Ao A
lalafldonsn Gefduanldiinniasgiuves
FIRNIUNIATTIUEUA LN BATUAZ BTN TUAITIE
ANaw. 7001-2547 [25] Wathatausseanidu 3
naw leunt adanlairefldy (Non-fim) iadavia
auAaN PVA ldnas TA (PVA5/TAO) Laziitatan
RN NNHNIUTZRING PVATA (PVAS/TAS Las
PVAS/TA10) LNUNQMMANE 422 aaniraidos wiw
7% Namiﬁﬂmmmﬁugﬂﬁ 3 WU TIUIN
Ao & a & ° v A« o
LUAT SN IRN AN N UAINT IR A LTI
¥ . . X . . Mo e
Pu naanuibadm laines 3 74 dan i lavafaw
uaztlaNviassWay PVAS/TAO diiaagi 3.84x10°

U

1 - o o A a
waz 3.42x10° lalafidaniy @NNE1AY TITLA®

N1ATTI% UNDT. 7001-2547 A nuali doad
qﬁuw%ﬁwzmm"l,ajl,ﬁu 1x10° lalafidansu 39ladvin
mataelwing 5 e’y
sauluilamveflsufinauszning PVATA
sanndudimaaiydulavesuailSonamaeld
LiAuuiasnguanainizezaa 7 9u laod
8@3182% PVASTA10 Las PVA5/TAS laifiaa1u
wand1InuN9ad fedafiipddyfiszduaiia
\Tosiufouas 95 G9UUEATIEIU PVASTATO Uas
PVAS/TAS snansngudasuginisasaiulaves
wuafiSonsnualdlndifoeiu nan1sdudans

wigdvlavesuuafiseninua iaan TA 3aag
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Vv a & A A
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WATHUINWAZLNINAL be [27] \T% Staphylococcus
aureus, Escherichia coli, Streptococcus pyogenes,
Enterococcus faecalis L8 < Pseudomonas aeruginosa
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o & a a &
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1.5
1.25 )< A— PVAS/TAO
’ Vs —— PVAS/TAS
1 / —=— PVAS/TA10
2 / non-film
Z 0.75 /
o
o
0.5
0.25

a1 ()
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lugTLﬁuqmm“ﬁ 412 s atTas Wwa 7 3%
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Abstract: Presently, engineering molding technology has made significant progress, making it possible to
produce workpieces with modern tools and machines. Prototypes and unique work can also be done faster.
An engineering simulation program is necessary to produce, and precision molding is one of the
manufacturing processes that can produce complex workpieces or require detail without a machine. By the
way, there are a lot of defects that occur in casting workpieces due to shrinkage. In this study, the casting
designer is a simulation program that is necessary to investigate the flow behavior of molten metal for a track
shoe part. To increase work efficiency, develop production, and reduce costs, including accurately analyzing
trends in production. The flow behavior simulation result showed that the imperfections of the casting were
minimal in the second condition without damaging the workpiece, displaying a shrinkage of 0.039 percent
using a molten metal casting time of 23 seconds, and a molten metal casting velocity of 40 meters per
second. While the third condition, it is the least shrinkage, representing 0.023 percent. The imperfections of

the casting cannot be used.

Keywords: Investment casting; Casting process; Shrinkage; Cast designer; Track shoe
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Abstract: A building’s interior lighting system is one of high energy consumption. For the energy efficiency of
the lighting system, the application of both natural sources of light and artificial lighting are combined.
Therefore, in the proposed technique, the cooperation of the light pipe and dimming power LEDs stand with a
stable lux level. Then, light's performance is controlled by an artificial neural network (ANN). To investigate
the lighting performance of light pipe and dimming power LEDs, used as ANN ftraining and testing set. The
data for a room model area 14 m? (3.50 m x 4.00 m), 4 light sensors, are used as inputs of the ANN. It was
found that the lllumination level at 400 lux could be stable all day long even on a cloudy day with this system.
The results verify that this technique is an achievable technique. Moreover, approximately 17.70% of energy
saving was achieved by this controller. In this paper, according to a zone-defined priority desired maintained

illumination levels at each zone.

Keywords: Light Pipes; Dimmable LEDs; Artificial neural network
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Abstract: Fiber laser has considerable advantages; that is, high melting efficiency, high power, and power
density. However, during the welding process, if the thickness of the steel sheet is not stable or the process
has a defect, this could affect the control. To make the continuity in welds, the research is intended to
propose a quality control system for the real-time weld beads. The process involves the welding of the low-
carbon steel sheet by laser fiber of varying thicknesses of 0.5 to 1.0 mm. The infrared image processing is
used to determine the molten pool during the welding process. Then, this data is input to the adaptive PID
feedback control system in order to control the width of the weld bead quality (Uniform Weld Bead). In this
regard, the width of the molten pool is used as the main input parameter for controlling the power of the fiber
laser in accordance with the steel sheet thickness. The research results indicate that the adaptive PID can
control the power of the fiber laser so that the molten pool width is maintained within £1.0 mm. accuracy from
the setting point. Moreover, the experiment shows that the weld beads have full penetration and continuity.
The standard deviations of the thickness adjustment in the 0.5-1.0 mm. and 1.0-0.5 mm directions are 0.22
and 0.23 respectively. Therefore, the feedback control technique is appropriate for the automatic laser

welding of the worksheets with a thickness of 0.5-1.0 mm.

Keywords: Laser welding; Feedback control; Image processing; Low carbon steel sheet
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Abstract: This research aims to study the effect of curing conditions on the strength development of mortar
made from alkali-activated fly ash with different calcium contents, which consist of high calcium fly ash and a
combination of high and low calcium fly ash. The setting time and the development of compressive strength
of the alkali-activated fly ash mortar under curing at ambient temperature and a temperature of 80 °C for
24 hours were investigated. The experimental results found that the calcium content in precursors affected
the setting time, with higher calcium content resulting in a faster setting time. Using a blend of high and low
calcium fly ash as a binder provided a longer setting time than the binder made with only high calcium fly
ash. The alkali-activated mortar made with high calcium fly ash as a binder had higher strength than the
blend of high and low calcium fly ash at ambient temperature. For the curing temperature of 80 °C, the binder
made from high calcium fly ash had lower strength than the blend of high and low calcium fly ash. The
compressive strength of alkali-activated mortar made from high calcium fly ash and low calcium fly ash in a
50:50 ratio with a curing temperature of 80 °C was 151, 168, 187 and 189 kg/cm2 at 7, 28, 45, and 60 days,

respectively.

Keywords: Alkali activated; High calcium fly ash; Low calcium fly ash; Compressive strength; Heat curing
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Cement Fly ash Sand Water NaOH ratio (%)
HFA LFA Solution
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Abstract: Vortex tube is the device that used for spot cooling. It uses only compressed air as the main
supply to induce the swirl phenomena inside the tube. It consists of the cold and hot end at the opposite
side of the tube. The cold outlet releases cold air that can be used for cooling application while the hot air
is dumped out as a waste. In this research, the vortex tube is designed and applied to cool down the
simulated heated volume with an electronic heater. The hot end of the vortex tube is modified with four
different numbers of outlets, 4 holes, 8 holes, 12 holes and 16 holes in order to achieve the best cooling
efficiency. The results show that the increasing number of hot outlet holes can decrease the cold end
temperature. The heat transfer rate inside the vortex tube is improved by letting the high amount of heat
escaped through the hot end with a mass flow rate whereas the vortex phenomena inside is still
maintained. In the experiment, the cooling of the heated volume using vortex tube can reduce the air
temperature inside the volume from 50 °C to the lowest at 38 °C during 60 minutes of operation which can

prevent the electronic failure due to the accumulated heat inside the box.

Keywords: Vortex tube; Cooling Application; Heat transfer; Turbulent flow
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1. Introduction

Vortex tube is a cooling device that used for a
limited space such as mining area, electronic boxes
and jet cooling for some machine fabrication
process. It generates cold jet flow which normally
uses as spot cooling which uses only the
compressed air supply as a main source. It is
maintenance-free with no use of refrigerant. Differ
from air cycle air condition system, it cannot use for
cooling a large volume space due to the size of the
vortex tube. It has to be small in order to maintain
the turbulent phenomena.

The vortex tube consists of two ends, a cold end
and a hot end which is connect together by the tube
according to Figure 1. The inlet is on the top side of
the cold end which also connects to the vortex
chamber that uses for creating vortex flow. The cold
air from cold end is used for cooling another device.
The hot end also emits the hot air by the second
law thermodynamic process for refrigerator, similar

to the condenser from a vapor cycle refrigeration
Air Inlet

Vortex Generator 1 Storage Chamber

.

ISSN (online): 2697-5548
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process. Contrastingly, this hot air normally dumped
outside as a thermodynamically waste.

Vortex tube is working by injecting the
compressed air into the inlet. Compressed air is
forced to swirl using the vortex generator which is
the tangential holes. These holes create the force
vortex air that move toward along the tube until it
reaches the hot end at on the other side. During the
process, compressed swirl air inside the tube is
continuously accumulated heat by friction between
moving flow and tube wall and the air temperature
is drastically increased. At the hot end, some air
can be escape through the holes as a hot waste air
but the rest of air is reversely move through tube as
inner force vortex core, creating double force
vortexes that flow opposing to each other. These
counter flows are transfer heat and particle from
each other, reducing pressure, density and
temperature of inner flow and conversely increasing
those parameters in outer flow [1]. At the cold end,

the cold swirling flow moves out which use for

Hot End Cap

T

Tube

]
4 | < —)
Air Outlet 1 ) Air Outlet 2
/ L |
Cold End Cap >

Fig. 1 Vortex tube component
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cooling device application. However, the flow has
small cross section area which is appropriate for
limited application. However, the flow has small
cross section area which is appropriate for limited
space application.

It is proved in the application that the vortex
tube cooling time has 17% cooling rate higher than
the high-speed industrial fan when applying with
[2].

interesting application is to apply with the avionic

steel welding cooling process Another
box inside the aircraft. The aircraft has bleed air
from air cycle machine air conditioning system
which is the high-pressure air that higher than 7 bar
[3]. It has potential to be a main supply source for
vortex tube. The air ventilates around the avionic
bay at the lower aircraft fuselage which is not
directly cooling the avionic box which might lead to
electronic failure during the operation. The reliability
curve which has the minimum failure rate is lie
within range of -15 °C to 50 °C for avionic device
[4]. Therefore, the cold air the vortex tube has the
possibility to temperature

accomplish range.

However, the vortex tube dimension must be
optimized.

Many researches attempted to increase the
vortex tube efficiency. The maximum COP yields at
the cold mass fraction ratio Eq. (1) from 0.5 to 0.7
[5, 6].

_ M. _ Cold outlet mass flow rate
He= M; air inlet mass flow rate

(1)
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Therefore, the vortex tube dimension must be
designed which is the variation of the cold end and
the hot end diameter. According to the vortex tube
guidance design [7], Length to diameter ratio (L/D)
is in range 5.24 to 54 and cold end diameter to tube
diameter (Dc/D) is in range 0.16 to 0.77. Another
parameter is the number of inlet nozzle which is
varied from 2 to 6 according to [8-10] to create the
inside the tube. the

turbulent flow However,

variaton of Dc/D is difficult to obtain. Some
researches use the variation of hot end instead by
varying the angle of the hot end conical valve. The
smaller angle improves the vortex tube performance
by increasing the cold mass fraction ratio [11, 12].
This research is focus on study the feasibility of
vortex tube application to cooling the heated
simulated heated box. The simulated heated box is
a representative of avionic box inside the aircraft or
electronic box that generate amount of heat during
operation process. The jet flow from the cold end is
injected into the heated box, then measure the
temperature reduction during the process. The hot
end of the vortex tube is also modified to identify

the appropriate condition for this application.

2. Experimental Procedure
2.1 Vortex tube experiment set up

According to the vortex tube guidance design
from [5-12], this research has selected and fixed the

L/D and Dc/D to keep it simple for manufacturing
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process and testing procedure. The tube has
350 mm. long with 15 mm. inner diameter which
give the L/D ratio of 23.33. The vortex tube for
this experiment is made of 5058 aluminums as
demonstrate in Figure 1. The vortex chamber has
outer size of 80 x 80 x 60 mm. with 6 mm. inlet
diameter and 55 mm. vortex chamber diameter.
The cold end has 6 mm. inner diameter which is
maintain the Dc/D at 0.4 mm. and 10 mm. outer
diameter connect to vortex chamber. In Figure 2,
the vortex generator has 6 tangential holes with 2
mm. diameter each. This chamber is sealed with
rubber gasket and tighten with 4 bolts fastener to
prevent air leakage.

The hot ends are divided in 4 designs which
show in Figure 3, each connect to the tube with
M21 thread. All of them contain the same inner
diameter of 31 mm. with 60-degree cone shape
end inside to separate the outer and inner
vortexes. The different is the number of the
circular pattern 1 mm. holes. Those contain 4, 8,
12 and 16 holes for each piece which is consider
in experiment. The increase of number for hot
end holes is to vary the cold mass fraction (u.)
from highest to lowest possible that can achieve
within the ring diameter. Then, the cold mass
fraction (y.) in each case is compared to obtain

their effects to the vortex tube performance

[8-10].

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.005

4 0 2 mm.

D15 mm.

Fig. 3 Four types of hot end designs, 16 holes,

12 holes, 8 holes and 4 holes

First, the vortex tube with different types of
hot end are tested with no heat load condition.
The vortex tube is clamped with the table inside
the 25 °C room temperature, then connected with
7 bar compressed air as an inlet. The
temperature measurement for both cold and hot
end are used type K thermocouple with an
accuracy of +1.5%. The measurement begin after
the inlet air is flow through the vortex tube. The
measurement time is increased from 0 to
30 minutes with 2 minutes increment. The digital

anemometer with a velocity accuracy of +3% is
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also used to measure the jet flow speed at the
same distant 6.5 cm. next to the cold end and hot
end. Finally, after finishing each experiment, the
vortex tube is left to cool down at least 10 minutes
to remove the excess accumulated heat until the
vortex tube wall temperature decreases to the room
temperature.

For additional information that can be used in
analysis, the wall temperature is measured at
30 minutes. The tube measuring point is divided
into 6 sections from the vortex chamber, 5 cm. for
each section. The results from this experiment can
aid the explanation of the accumulated heat of the
vortex tube during the operation. All tests are

repeating 5 times.

2.2 Heated volume experiment set up

The simulated heated box has sizing of
44 x 61 x 23 cm. with total air volume of
61,732 cm?® as shown in Figure 4. At top side of the
box, two of 16.7 mm. holes are drilled and
connected each other with plastic tube as an inlet of
the vortex tube cold air from cold end section. The
flow can escape through the opened channel at
both side of the box as a simple electronic box.
Inside the box is installed the heater as the heat
generator which can heat air inside the box up to
50°C. Type K thermo-couples are also installed
4 points inside the box, the vortex tube cold and hot

outlet as located in Figure 4.
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The measurement begins when the air

temperature is reached 50 ©°C. Then the
compressed air valve is opened to let the air
pass through the vortex tube and enter the box,
respectively. The temperature is measure at
every 2 minutes for 30 minutes long with the
best result hot end type from the first
experiment in section 2.1 without turning off the
heater. Similar to the vortex tube, the box is
also left to cool down at least 10 minutes until
the the

the

temperature decrease to room

temperature  before  beginning next
experiment. Similar to no load experiment, the
test is repeating 5 times. Then, all results are

analyzed and discuss in the next section.

Measurement Position

(Testo-830-T4 with a A!r probes)
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Fig. 4 Component inside the heated volume
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3. Result and Discussion
3.1Effect of hot end holes variation results
with no heat load

The cold end results are demonstrated in Figure 5.
The results show that the cold end jet flow
temperature trend has lowest value at starting point
then continuously increase over time, then reaches
the steady stage around 15 minutes. The sixteen
holes result is the lowest of all cases. Contrastingly,
the four holes has the highest jet flow temperature.
The experimental has average standard deviation of
0.18 after repeating 5 times with total amount of
17 points measurement in each case during
30 minutes interval.

From the hot end results that demonstrates in
Figure 6, the four holes result has the highest jet
holes is

flow the sixteen

the

temperature and

lowest. The results from the anemometer
measurement are summarized in Table 1 and the
cold mass flow rate and cold mass fraction in
Table 2. As the number of holes at hot end
increase, the flow speed at cold end decreases but
increases the flow speed at hot end which is also
explained by the vortex tube mass conservation of
mass (M; = M, + M,). The higher number of holes
implies that the hot end jet flow mass flow rate
increases due to the increase of flow velocity which
also reduces accumulated heat inside the vortex

tube by wall friction, especially at the hot end.
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Fig. 6 Hot end jet flow temperature with variation
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3.2 Wall temperature results

For additional results, the wall temperature is
measured at 30-minute operation time. From
Figure 7, the wall temperature in each case is
lowest at the beginning section (point 1), then
increasing rapidly until it reaches peak around

20 cm. length of tube in case 4 holes and 8 holes.
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After that the temperature trend start to decrease
toward the hot end which resemble to the result of
[13]. However, in 12 holes and 16 holes, the highest
temperature point is shifted toward the hot end. The
highest temperature is still be the 4 holes result and
the lowest is the 16 holes result. This can be
explained that the higher amount of flow can
escape at the hot end in the 16 holes case rather
than the 4 holes case, thus the accumulated heat
can evacuate through the hot end by the hot end

mass flow.

Table 1 Jet flow speed results from anemometer

Number of Jet flow speed (m/s)
holes Cold End Cap Hot End Cap
4 27.8 10.7
8 25.02 14.38
12 22.84 17.61
16 20.46 18.7

Table 2 Cold mass flow rate and cold mass fraction

ratio results

Number of Cold mass Cold mass
holes flow rate (g/s) fraction
4 0.96 0.96
8 0.86 0.87
12 0.79 0.80
16 0.7 0.71
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For the discussion, these results can be
concluded that the higher number of holes at the
hot end has better cold end temperature decrease
by increasing the hot end mass flow which also
decrease the hot end temperature. The escaped air
flow at hot end also carries the accumulated heat
with it and reduces the wall temperature, thus
improves the heat transfer process. In other words,
this can be also interpreted that the speed reduction
of the cold end in higher number of hot end holes
increases the amount of time for heat transfer
between two vortex cores inside the tube which also
promotes the decreasing of the cold end
temperature.

The key of the vortex tube design is to maximize
the hot outlet area that the accumulated heat inside
the vortex tube can be escaped by the amount of

flow rate and promoted the heat transfer rate
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between the outer and inner core vortexes which
resembles to the explanation from [13, 14]. From
the no load condition results, the 16 holes case has
highest hot end outlet cross-section area which
yields the lowest cold outlet and wall temperature
results from all cases. The 16 holes case has the
cold mass fraction ratio of 0.71 which in appropriate
range of the highest performance value. Therefore,
the 16 holes result is selected as a candidate for

testing at heat load condition.

3.3 Effect of hot end holes variation results with
heat volume.

When apply the 16 hot end holes design vortex
tube into the heated volume (simulated box), the
results show in Figure 8 that at the first 5 minute the
temperature inside the box is rapidly decreased
from 50°C during the operation of heater to average
at 40 °C. For 4 points of measurement of the
simulated box, the results are similar to each other
with variation of +1 °C. After the first 5 minutes, the
temperature result has insignificantly change during
the rest of the operation time (55 minutes later) with
the lowest temperature result at 38 °C average. The
cold outlet, hot outlet and wall temperature yield
similar results with the no heat load results Figure 7
in both trend and values because the vortex tube
cold air producing process has not involved with the
heat load similar to the application in [2]. The
experimental has average standard deviation of

0.16 after repeating 5 times.
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Fig. 8 Temperature of heated volume using
the vortex tube cooling with holes
3.4 Efficiency analysis
The efficiency of the vortex tube is calculated
using COP formula in Eq. (2), as refer from

researches [1, 5].

eCp(Ti — Tc)

om”-n

cop =

From Eq. (2), Y is the specific heat ratio of air
Pi/Pc is the pressure inlet to cold outlet ratio and (T;
— T,) is the temperature different between inlet and
cold outlet. The COP calculation result is
summarized in Figure 9. It is shown that the COP is
related to the cold mass fraction ratio. The cold
mass fraction ratio is also increased the
temperature different which also increasing COP.
The COP is increase when decreasing the cold

mass fraction to around 0.71 which resemble to
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results from [9, 12]. The explanation of these
phenomena is the lower cold mass fraction ratio
induces the temperature separation inside the
vortex tube which is the result in temperature
different which also describes in [13-15].

When applying load as the heat generated box,
the heat removing rate is 20 W from Eq. (3) which

is suitable for the limited volume application.

Q = McCo(Trinar — Tinitiar) ©)

From the study, it is show that the vortex tube
has the high enough heat removing rate that has
the possibility to apply with the aircraft avionic
box or the electronic box that generate heat. The
final temperature after steady stage cooling is
reduced to fit the avionic box operating
temperature range of -15 °C to 50 °C [3] which

also prevent electronic failure.
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4. Conclusion

This research is aimed at apply the vortex tube
with the heated volume such as electronic box by
varying different number of hot end outlet area. The
heated volume is simulated by using electronic
heater stored inside the box. The experiment let the
air from cold outlet of the vortex tube enters the box
after air in the box is heated up to 50 °C.

The results show that the highest COP is 0.068
at pressure inlet 7 bar with the cold mass fraction of
0.71 at no load condition. However, the vortex tube
has the potential to cool the simulated heated box
from 50 °C to 38 °C after 60-minute duration which
could prevent the electronic failure during the

normal electronic operating condition.
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Abstract: This research's objective was to evaluate the greenhouse gas emission reduction achieved by
recycling waste sorting in the College of Innovative Management Office, Valaya Alongkorn Rajabhat
University under the Royal Patronage through a low emission support scheme (LESS). The research
methodology is divided into two main parts: (1) Study and collect data on waste management within the
College of Innovative Management and (2) Calculate the amount of greenhouse gas reduction from activities.
The results showed that the amount of paper waste during the data collection period from May 2022 to
November 2022 tends to increase, with the highest amount in November being 835 kilograms, totaling 1,848
kilograms. When using the weight to calculate the amount of greenhouse gas reduction from activities, it was
found that greenhouse gas emissions can be reduced by as much as 10.484 tCO,eq. The Greenhouse Gas
Emission Reduction of the College of Innovative Management Office can support the green university of
Valaya Alongkorn Rajabhat University under the Royal Patronage. According to Long-term Low Greenhouse

Gas Emission Development Strategies (LT-LEDS) in Thailand.

Keywords: Greenhouse Gas Emission; Recycle Waste Sorting; Low Emission Support Scheme
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Abstract: This research aimed to study the adsorption performance of acid yellow 36 (AY36) from an
aqueous solution using granular activated alumina (GAA) prepared from aluminum scrap in a fixed-bed
column. The effects of GAA bed height (2-4 cm), dye solution flow rate (10-20 mL/min), and initial dye
concentration (40-60 mg/L) on the breakthrough characteristics of the fixed-bed adsorption were investigated.
The maximum adsorption capacity of the column was found to be 157.35 mg of AY36 per gram of GAA
adsorbent at a bed height of 4 cm, initial dye concentration of 50 mg/L, and flow rate of 15 mL/min.
The results revealed that GAA can be used as an effective adsorbent for the removal of acid yellow 36 in the
fixed-bed column. The flow rate affected the adsorption efficiency and adsorbent saturation time, which
depended on bed height and dye concentration. Thomas, Yoon-Nelson, and Adams-Bohart kinetic models
were applied to analyze the experimental data and calculate the characteristic parameters of the column

dynamics. The behaviors of the breakthrough curves fitted well to the Thomas and Yoon-Nelson models with

coefficients of correlation R?2> 0.89 at different conditions. These models can predict the adsorption capacity

in a fixed-bed column to be used in the design of dye wastewater treatment processes.

Keywords: Adsorption; Acid yellow 36; Fixed-bed column; Granular activated alumina; Breakthrough curve
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a:mm{mﬁﬂmaqaﬁa:ﬁﬂi:ﬁ; WWuaudasonia
fouuanlanan (Anionic Dye) Frfiaiiaruisn
nszanoealuinled Tlassaesznaue WDz
209 ulas19% (-N=N-) 15 00 TENI1979UR %
ozlsunén 219 adulaseadrslaslunes
(Chromophores) A i1l A a st uaala (1] 1u
mzmumiwaﬂﬁauifuﬁﬁawmamugﬂmﬁwﬁasJ
ﬁwﬂ%mmmﬂﬁﬂﬁﬁéaﬂuLﬁauagluﬁﬂLﬁﬁ W%
guuany laneninuazing Sesuduiiacdad
miﬂﬂﬂ'@]ﬁ’uﬁﬂﬁauﬂdama@mﬁaﬁuﬁaaﬂ
nanTENUdaFInIaaen Smianwunaluladnng
ﬂwﬁ'ﬂﬁ’]Lﬁmﬁalﬁlﬁqmmwﬁwﬁmmmmgmﬁm
Wmahan1TiNdan19n18nIW el uaziinaw
(Physico-chemical and Biological Techniques) WL§ias
matafldasinawanarnuludiudszansaw
dunu wazanaraldifiauaislwinnmnaznau [2]
Tasdulvgjiienlinszuiumsgadu itasend
ﬂi:ﬁ‘ﬂ%nwwlunwsﬂwu”mawwmﬁwrﬁ'ﬂiuLaqamaaﬁ
ﬁauﬁﬂ:ﬂuayﬂumsa:mﬂﬁﬁmmLiuiua@ad 15

a1t Ll unn susadiwasaele
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ANNABUITIIMALAza AN TUNG dnn3dnm
niznunIgaduidandinansgatusiadicglu
2 yluuufie MIgafuluunzAIauILLAT (Batch
Adsorption)I@ﬂﬁwmiﬁnmﬂaﬁ'ﬂﬁﬁwa@iami@@
TULT U ﬂ%mmmadmsgwﬁ'u anutduwnia-ang
AN UT U IR TRZAE nmua:qmwnﬂﬁﬁlﬂu
MIQATU ANFNAAVBINIAATUATZENT MW
ngadugigalaslfuuudtaaslelanaianis
g@%’u (Adsorption Isotherm) LT UL LUITINDIVD
Langmuir 4a2 Freundlich 52438 N1 a%ATAS
°Ila\‘m’1‘i§]@5fi'u (Kinetic Adsorption) [3] NIzUIUNIT
@ﬂfﬁ'ﬂﬁﬂgﬂuuu%ﬁuﬁa migwﬁ'ﬂuﬂaﬁuﬁm@ﬁu
LL‘UUGiEJLﬁad (Continuous Fixed-bed Adsorption) ﬁﬁ
ﬂaﬁ‘ﬂ@iami@ﬂsﬁ'uifua%iﬁ'uan'n:msvlmmwﬁxu
P0981IQATU ANNLTUTUVBIFITYNQAT U
(Adsorbate) é’m’m'ﬁ"lmmm:mmgwaaﬁ?umsg@1
TU I@ﬂﬁﬂmm'a@ﬂ%mnﬂLﬁ%Iﬁdﬂﬂigmffi’u%%a
BuniinIw lu3AN3 (Breakthrough Curve) Sfia
'mm'ma%mquaﬂﬁumsg@sﬁ'mmmimﬁawaa
msgn@@%’uuuﬁuﬁwaami@@ﬁﬁ'u (Adsorbent
Surface) LaztlIBULABUALLULTIADINIQATUES
Thomas, Yoon-Nelson 182 Adams—Bohart 32#7314
mmﬁuﬁumaamigﬂgwﬁ‘uﬁuL’smlumi@@sﬁ’u 39
MIANB LU IRBIN AT AMIEAS N IR a1
popsnalulfluszaugasmnsnld S9uide
aﬁ’wmumﬂﬁﬁﬂmmigwﬁuﬁsTamLaﬂTm fdaus
wonfinlunasuitiuad Imlf’ﬁmi@@%u"?fl,ﬂu
f30un3d 1w drunuiuduazlalaou [4-10] ud
osnmanaaeutusuduaslalamudsuaeud

TUTBULAZA WY UG %‘dvlﬁﬁmsﬁnmmi@@ﬁﬁ'u%ﬁ@

The Journal of Industrial Technology (2023) volume 19, issue 3

115

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

aumdusnsefiunsd n ms@@%’umuiwﬁﬂ
A5y au-08 w1 [11] wazawisonwnunle
WA N IHAaaIgaduagiwInuiud (Activated
Alumina) #3aunusinagiium (y-Al,LO,) A uaonly
Sﬁ'u%auua:l‘ﬁﬁunuﬁw I@mm%‘sumﬂmwagﬁlﬂw
(Aluminum Scrap) #2835M3ANAZNEY LASNARDY
ﬂi:ﬁwﬁmwmigwﬁ‘uﬁﬁaumﬁamaéﬁ@% wuun
dpagdwinudud legatia 98% muluiian 20 wifl
ﬁmJ@lamig]@%’uaaﬂﬂﬁaaﬁ'ﬂvlaisﬁma‘?uLLadLﬁﬁ
anuamnInlunmIgaduidauniasuada 36 1o
§98@ 125 mg/g LLa:ﬁfﬂauﬁna@?nn‘sg@%’uﬁﬁaﬂu
fINTAFANRBINUAANUNILoUAURB NN LY
[12] saiuluanispitssladnmwniszansawms
QaTuFdanniadLeTa 36 wuudaiiiasluaasuid
mmﬁaﬁma@ﬁ’asJLﬁ(ﬂagﬁmﬁwﬁuﬁﬁm’%wmmﬂw
apflifion lasddudsnnugevesue 6amnitna
LRz AN VT WS VAUV IRITRZADE AN ANE
nINLILIAN] WodeehUsansnwaesnis
g]@ﬁﬁ'u%'ﬁauﬁamﬁ@a;‘qjﬁmﬁ'wﬁmﬂmmimﬁaﬂu
ADRNTILLAGY uwazdnwanumunInlunigady
PBIFNINATUFIFAUTDUINBUAVUIUI18DIVDS
Thomas, Yoon-Nelson L.as Adams—Bohart LﬁiaL‘flu
wwanslunisasnuuunszuannstintasigele
sz@TﬁJqmm%ﬂssuﬁmmsnﬂﬂﬁ'@ﬁﬁauiuﬁuﬁﬂ

USIasnnle

2. ABMTANHINWIVY
= ¥ - a
2.1 103UNEITATAURL N LARDILDTA 36
Fdauinfasuada 36 (Acid Yelow 36; AY36)

2890319 Ajax Finechem Pty Ltd. 1 u&dausiia
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waulaaau gasafl CisH,N;NaO,S uaaluans
375.38 g/mol ﬁ@hmig}@ﬂﬁuumﬁmm B1IAA
FIFA (A 414 NM ANHHZNIINIBATNUAS
lassasvaiitan AY36 LLE(@]G@T\‘};S‘]Jﬁ 110384
asazanndsan AY3s umsazmuassmdiulilu
9aF ATaNUTITw 100 mgil saptingw U5y
@1 pH 3 sremsazansnialalasaaasn [12] wald
TumaesoumsazansadaunianuguTwsudy

40, 50 uaz 60 mg/L MURIAL

IO
NaO—S~

00

3111 ANBUTNIINUATNLELIATIRTIIVBS

FIDULARDILDTA36

2.2 m'%smmigwﬁ'nLﬁmagﬁmﬁuﬁuﬁ
m’:‘m%maJmag}zﬁmﬁ'xu”u@Tmmﬂmgﬁﬁmulu
NIl s sIeIHuT g IAnasnawTian:
MR R IWIseRrIwan [12] lag
nIszansasagiiiiioudinlndonlaasen’lod
Wt 3.0 M luganaiw 1:1 laasazanslmbay
23dlLua (NaAl(OH),) J3ud1 pH 6.5 WAzt
mia:myﬁ'qmﬁgﬁ 45 °C 1Jura 24 Talug
Lﬁaiﬁlﬁ@mamaaagﬁl,ﬁﬂuvlamanvlsnﬁ (AI(OH),)
v‘hmiﬂsamaumﬁqmﬁgﬁ 550 °C L wi1an
3 g lus ldnsagiivnududd ildamed
#181A384 X-ray Diffractometer 3% Bruker D5005,
Germany w141 XRD pattern maaagﬁmﬁu VUG

RO0AS0INL IATIRIIIY asunuanagiiug (y-Al,0,)
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LLa‘:%Lﬂi’W&ﬁ‘ﬁuﬁﬁ’JLLa‘:“llu’](ﬂEWE%@T’J ]
Lﬂ%la\'i Surface Area and Pore Size Analyzer fllﬁa
Quantachrome 3% Autosorb iQ, USA WUINTARA
N191LW12 (BET Surface Area) 286 m?/g U3u1a3
V8IJWIU (BJH Pore Volume) 0.36 cm®/g uae
YWIAIWIU 5.03 nm U3 LA TR YU AV 8
2uN1AAIY L@304 Particle Size Analyzer §% 8
Beckman Coulter 3% Delsa Max, USA W11 Y
mmﬂagmmaﬁm 2.554 um
nTasouidaagduinuadiud (Granular
Activated Alumina) I@mmmaumagﬁmﬁuﬁuﬁ
Auwadifiiaueanagaa (PVA) AN NT 1
5%wiw t48a318% 10 g 6ia 4.5 mL (82a18 PVA
Twihuaslwanuouanunserisazananua) 99 PVA
Fwi i uansbamiien (Binder) Saualunis
fadalaa ’ﬁw’l,umiﬁugﬂmagﬁmﬁ'&lﬁum"tﬁlﬂu
e [11] Fin1sniunanaunsznasuanduida
ﬁﬂﬂauﬁqmﬁgﬁ 100 °C 1Jul281 1 hr LazTaL
HI%AZWNTITUIA 300 pm Liaagiiuinududil

AMURUILULTD (Solid Density) 2.97 g/mL %dﬁ

ANBIUSNIINN slmwm”agﬂﬁ 2

()

311 2 AnwmiENINMBNWYes (a) Laseaiiiou

(b) weagRmINNTUG uaz (o) iaagiiunuaiud
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2.3 msgwﬁ'u‘l%ﬂaﬁ'uﬁmmﬁa
ﬂaﬁ'uﬁﬁslﬂumsgﬂsﬁ'u WU ARIiNd e
'ViaLLrT'Jﬁﬁ“um@Lﬁ%ﬁﬂ%g%ﬁﬂﬁﬁdﬂﬂﬂiu 1.14 cm
AIINGY 28 cm daudwomamaé’uﬁmﬁﬂyLLﬁaLﬁia
ﬂaoﬁ'umwgmamauﬁmagﬁmﬁ'&lﬁuﬁ lag
m‘sql,ﬁ@agﬁmﬁuﬁum“luﬂaﬁmﬁmumwuga (Bed
Height) fif"ua wazuITLdauiI N a w09
Lﬁ@agﬁmﬁ‘uu”u@ﬂﬁiaﬂaaﬁ'umim:mmjaal,ﬁcﬂ
agﬁmﬁ‘uﬁu@ﬂm:msfl,ﬁl,ﬁ@ﬂ'ﬁvlmmaamia:mm
pginganLENe Yinsauanazanpfsay AY36
vl:mmiw;jﬂaé’uﬁmnﬁmdwaanmaﬁmmu (Up-
Flow) la Usl,"ﬁﬂ?ugmi’mmm:mﬂ (Peristaltic
Pump) muqué’mwmﬂm RNITNARBILAZLAL
8138281862089 U198 ABIRUA T1aTIEH
ANMULTNTUIRE DN AY36 ‘ﬁ'mﬁaaglumiazmﬁ
®281A%389 UV-visible Spectrophotometer & #
HACH 4 DR-6000, UK flA9131n9ad% 414 nm

2.31 ﬁattﬂiﬁﬁwa@ianﬁ@mﬁnﬁ.&au

1. ANNNFIVDILLA (Z) 2, 3 UAT 4 cm $ID
Wisuwinuulavasdeagiimnudud 1.27, 1.90
uaz 2.53 g MNEaU lapaIuguaanmlnazas
fIazauEaneafi 15 mUmin ety wsuan
294F88 AY36 Lua1Iazany 50 mg/L

2. 8aTM I InaTasanTazana oy (F) 10,
15 Waz 20 mL/min ay&1au laaldainuiduau
536 50 mg/L ANNFITBILLA 3 cm

3. e uTwiSudnuesdson AY36 lu
81382818 (C,) 40, 50 WAz 60 mg/L AMNEIAL
I@zlmqué'm'm']svlmmaamsazmﬂﬁﬂ”aumﬁ

15 mL/min ANNFIVILUA 3cm
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2.3.2 "3Lﬂi’\:ﬁmsgﬂ%ﬂuﬂaé’uﬁmmﬁa
ﬂizﬁﬂﬁmwmaqmig@ﬁﬁ'ﬂuﬂaé’uﬁm@]ﬁa
suIndansdlaanniwiusany laowien
3= C,/C, fiuam tile C, waz C, 1uaaw
Lﬁuiumaa?iﬁaméuﬁuuazmwé’omigﬂﬁuﬁ'nm
t ANR19U LaznaaanIIWIZNHINg (C, - C) NU
87 t fuImA1BuAINsAINARALdNTWIR e
A7 mﬂ%mmmigwﬁ’uﬁzww@ , Qi (MQ)
ﬂ'%mmmaaﬁﬁauﬁ"lﬁmﬁﬁgmaé‘uﬁ, My (MQ) UAE
wWasifudnisindaddan (% Dye Removal) @9

FUNTT (1), (2) e (3) ANEA [13]

F

ttotal
Qtotal = 1000 t=0 (Co_ Ct) dt (1)
Co F ttotal
Mtotal = 1000 (2)
Qiotal
%Dye Removal = —— x 100 @3)
Mtotal

Wa Fiduwaasnsleua (mL/min) wag (C, - C)
Wuwanududusaiddaungnaady (mgll) uaz

o HUAMIFIUNIgATUTIIRNG (min)

AN INT0lUN1I9a T FIgaeILA
(Maximum Capacity Adsorption), Q,, (mg/g) W8z
mmmﬁ’m‘fumaaﬁﬁauﬁmﬁaag (Unadsorbed Dye
Concentration), C,, (mg/L) ﬁm’sma’mms@@%’u
luﬂaﬁ'uﬁmﬂﬁaﬁﬁ’]gjam's:amqa AIFNNTT (4)
Uaz (5) MURAU [13]

Qtotal

Q

€q

(4)

m

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.007

Mtotal - Qtotal

C X

o 100

®)

F ttotal
Py A v P e o gd
g m aa mmjadmi@ﬂsnmamagumﬂmumﬂ

ussﬂuﬂaﬁ'wﬁmuquwaqm@ (9)

2.3.3 u,fumi"maams@m%’u‘l%ﬂaﬁuﬁmmﬁa
mﬁLﬂﬂzﬁmi@Wﬁ'usluﬂaé'uﬁmﬂﬁdmﬂ
ﬂﬁwmmwgl,fluéaém”fg@iam‘saammu
ﬂs:mumi@wﬁ'uLﬁﬂl*’ﬁﬁﬂmﬂmmmm‘mlumi
Qﬂsﬁugaqﬂmﬂ‘l,@i”am's:ﬂg’jﬁﬁmsﬁtﬁmﬁaaﬁ’u
ANFIVOILLA 8AIINITIAALAZANNLTUT U
Sudwrasznsazany [5] laswsouiiaunsiw
LWIANIIINNIITNARDINIATUR DY AY36 8
ms@@%’uLﬁ@agﬁmﬁ'uﬁuﬂuﬂaé’uﬁm@ﬁa
AVLUUIIRDIVDI Thomas, Yoon-Nelson LLae

Adams-Bohart

3. Wan13vunazanlsuna

a

TFURSDN AY36

¢ a

BLUan

msﬁﬂmﬂi:%ﬂﬁmwmsgﬂ
drodaagiuinuidudluaady Ind
3 dauls fle ANEITEILA 8ATINTIRALAS
AT ITHS IR uTasI AT e A SN Tidnasans
QaTuAToN Han1IANHINTINLILIANZVBINNINA
fouluﬂaé’uﬁmﬂﬁﬂ@slﬁ'mum'smmiﬂwg
(Breakthrough Time), tz (min) fdasrdInainu
g% C,/C, = 0.05 memﬁ’L*’ﬁ’Lumsgm%’umﬁLL@i
Léuﬁmumzﬁ;{lmmmmsnlumi@@ﬁﬁ'uﬁa'«g‘@
336 (Saturation Time), ts (min) Ai8ATIEIRAA

LNTH C,/C, = 0.99 URAIAIAITINN 1
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dl e~ A v v =3 a 04 a 04 6 nl ldl s 1
MN1319N 1 Naﬂ’]iﬂﬂa@dﬂ’]i@ﬂ‘ﬁﬂﬁﬂaﬁ\l AY36 @]'JEJLSJ@]@Q&I%’]ﬂ&J&I%@ﬂuﬂaaN%LU@]%\‘mafl"l’Jz@l’JLLﬂiﬂﬁd5]

Z F

C m Qrotal Mrotal Adsorption Q, Ceq tg ts
(cm)  (mL/min)  (mg/L)  (9) (mg) (mg) (%) (mg/g) (mg/L) (min) (min)
2 15 50 1.27 150.26 630.00 23.85 118.32 38.07 10 840
3 15 50 1.90 252.02 832.50 30.27 132.64 34.86 50 1110
4 15 50 2.53 398.09 1035.00 38.46 157.35 30.77 135 1380
3 10 50 1.90 290.28 720.00 40.32 152.78 33.70 75 1440
3 15 50 1.90 252.02 832.50 30.27 132.64 34.86 50 1110
3 20 50 1.90 204.69 850.00 24.08 107.73 37.96 25 850
3 15 40 1.90 240.09 780.00 30.78 126.36 27.69 60 1300
3 15 50 1.90 252.02 832.50 30.27 132.64 34.86 50 1110
3 15 60 1.90 272.50 855.00 31.87 143.42 45.69 40 950

3.1 ANFIVAILUA
Nami@@ﬂﬁ’uﬁﬁau AY36 @Twagﬁmﬁ‘mﬁumﬂlu
o & A Aa
AoAN KLU ARINTANFIVLILLA 2, 3 LAz 4 cm
Lﬁwwi'lﬁ‘umamaaLﬁmagﬁmﬁ‘uﬁuﬁ 1.27, 1.90
Uaz 2.53 g AURIAL Immuqué’mwmﬂmmaa

FIRTAUFEDNAIN 15 mL/min ANVLTNTHEING 1

50 mg/L ugaInanIWLuIaNng 93U 3 uaz
- . {2 X
M3 1 WUIANUFIVBSUATIANTUN 2 - 4

&

° va = A o o a X A
cm ml%umamaam@a@umﬂwumwmu 294
A X . %
nauIangAanain 10 1w 135 min wazles
AI L J
nmﬁaq@aummaam@mmm’m 840 1Ju 1380
4 .
min sﬁaﬁmwmmmlums@@%ugaqwadm@
A X = = o
LWNYKIN 118.32 mg/g L 157.35 mg/g Anle
' A A X A \ e A |a
enugsvesuanNuinis Ui Au YT
VBIRNIQATUN N ﬁwwumw@@muimaqaa
U U l&/ o v a a L QI z
danlaundn mlﬂuﬂimmmwmig@wmem
27N 23.85% 10w 38.46% Tiduualdulunag
Lﬁmﬁ'umuﬁé’slﬁuﬁlﬁmsgﬂﬁumwﬁ@ﬁ'ulums

qaduFfanlunasuiiuaiis [2, 7, 14]

3.29031N13 bazadd1ITazau AL aN
HAN1IATUFTaN AY36 @T’ma@ﬁmﬁ’uﬁuﬁ
luanasuidiuafisfidsnsnnislng 10, 15 uas
20 mL/min awiey lagldenuigutusuduses
fou 50 mg/L ANUFIVEILLA 3 cm LHAIHA
nawlusang @T@gﬂ‘ﬁ' 4 48Ta13I9N 1 WUIN
msa:am?ﬁaﬂ%amﬁr@jﬂaé’wﬁﬁﬁmwmﬂ%a
10 mL/min ﬁé’ﬂwm:mwmmﬂwgﬁﬁuﬁua 814
119 81LUIANS 75 min nmﬁ;@ﬁwé’waam@
1440 min LLG:ﬁﬂi:ﬁﬂ%ﬂ’]Wﬂ’liﬂWfﬂ 40.32 %
lumm:ﬁ'msgﬂéﬁ'uﬁgm'}mﬂ%a 15 LAY
20 mL/min ﬁﬂi’lwmmwgﬁﬁuifuas‘wmm%ﬂu
AOWSNA ﬁﬂﬁﬁnmmmwgﬁﬁwﬁmﬂu 50 WA
25 min LLazﬁnmﬁaqsﬂﬁlmﬁwaamm%’si‘}(utﬂu
1110 WAz 850 min ANEGU 135 Liiasansa
m‘svl.%mﬁugaifu nalumsanslanuiaan e
U”amﬁﬁ;jﬁvuﬁwmmig]@sﬁ'uagﬁmﬁ'wﬁuﬁmm
v‘h’[ﬁﬂﬁgwﬁ'mﬁmfuvlwauymi LLa:“?'l'ama:aw@ga

ﬁ'\‘lmﬁmmLiuiumaaﬁﬁauﬁvlajgﬂgwﬁ'umﬁaaglj'
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1.20 1.20
1.00 1.00 AMMMAA
CR o
0.80 0.80 M e
S S .-P"'
Lo60 K Lo0.60 A o
© S PN °2cm o P )
Cod ® 10 mL/min
0.40 o AAAA a3cm 0.40 f:" o @ 15 mL/min
(=1 .
0.20 In; AAAA Adcm 0.20 o ..o. A 20 mL/min
Y] o'
000 B* 0.00
0 400 800 1200 1600 0 400 . 800 | 1200 1600
Time (min) Time (min)

31 3 ﬂi’]WLUSﬂﬂgﬂﬁ@@%’Uﬁﬂ”ﬂu AY36 Nilann  3Un 4 mwvxlmmﬂ;i"uam'rsg@%’uﬁﬁau AY36 N1

FIBILUAGINY (Ba7M71a 15 mL/min BATIMTIARAINY (AT 50 mg/L
AMNLTUTHIINAY 50 mg/L) ANNFIVDILLA 3 cm)
dawaiﬁmsg@%’uﬁﬁaﬂ@i’gaqm@mmn 152.78 mglg 1.20
A s a v =
\Wia 107.73 mg/g TInanIgaduifau AY36 d 1.00 .
v A a ao d vo 0.80 AL
whldudsnunuissau 2, 7, 14] lasldaanms 3
. L 060
Tnanligaiullminzanivanugevesuamansa S ra o 40mg/l
N A a o g o Py ' "? 050 mg/L
NSz ANT MM IaaTu RN 0.20 / 460 mg/L
U .
& v a u [y 0.00
3.3 ANNLTNVWITNARVDIFITAzA RN 0 200 800 1200 1600
o Ao ) a o @ Time (min)
HanIaduFton AY36 daoagiiuinududly
U 1 U dl o A v
AaaNluatINTa U TuTuIS AU FT BN 40, 31U 5 nWluIangveINIgaTURDY AY36
50 uaz 60 mg/L auday lasldaannyinanif Aflenuidntwsududiny @anmina
15 mL/min A1U§IVBILLA 3 cm WHAIHANTIN 15 mL/min ANUFIVBILLA 3 cm)
o a a ) a .
WIANg @93l 5 UATAITNN 1 WUIIMITAN 34 wuudrassmsgadulwaaaniiuais
v v a v o X a o o
ANMUTNTWITU AR IA NN UTHANNRBALLIAN NAMTAATEANINILTAN Y8 TQaT LR

"?ﬁmﬁﬁ"%ﬁmlﬂ 60 1w 40 min uazINTIA gy Av3e ﬁamﬁ@agﬁmﬁ'w”u@“luﬂaﬁ'uﬁm@ﬁo
dumvesuaIiun 1.300 "ﬂlu 95(‘)3”“” LRGN mﬂms‘ﬂ@aa\amUsl,sf'fama:ﬂﬁu”ﬁmiﬁﬁmim
lﬁLﬁmfwmmLiuﬂTuL%uﬁuﬁmwuﬁwa@ia AUAMUFIVANLA SATINTIAA UAZAUTNTY
mmmmsnlums@@sﬁ'ummLmﬁqg@ﬁmﬁL%Ti‘fu SuduvasaTacauddon AY36 iauiunsw
LLazﬁama:juqammﬁmmLiml”uﬁﬂ’afﬁ \WIANIAWUULUFIA8I283 Thomas, Yoon-Nelson
WasaguInduann 27.69 1w 4569 mg/l T98 | 0. Adams-Bohart 636

wid l@anuauiseau [2, 7, 14]
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341 uuyu$1aed Thomas lEiuntsgadulu
aasulluafisNondoranniyaanasasljizen
suauaadlasfinslnanuuniaidon (Plug Flow)
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Experimental data

Thomas model

z F (o} Q, Ky Q,, R’
(cm) (mL/min) (mg/L) (mg/g) (mL/mg min) (mg/g)

2 15 50 118.32 0.1560 115.01 0.9041
3 15 50 132.64 0.1520 150.49 0.9212
4 15 50 157.35 0.1220 168.21 0.9323
3 10 50 152.78 0.1060 160.70 0.9196
3 15 50 132.64 0.1520 150.49 0.9212
3 20 50 107.73 0.1480 152.86 0.8852
3 15 40 126.36 0.1325 141.16 0.8986
3 15 50 132.64 0.1520 150.49 0.9212
3 15 60 143.42 0.1433 155.59 0.9480
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Experimental data

Yoon-Nelson model

z F c, tiom, Kyy T R

(cm) (mL/min) (mg/L) (min) (1/min) (min)
2 15 50 105 0.0078 194.76 0.9041
3 15 50 240 0.0076 381.25 0.9212
4 15 50 470 0.0061 567.43 0.9323
3 10 50 480 0.0053 610.64 0.9196
3 15 50 240 0.0076 381.25 0.9212
3 20 50 210 0.0074 184.05 0.8852
3 15 40 390 0.0053 447.00 0.8986
3 15 50 240 0.0076 381.25 0.9212
3 15 60 210 0.0086 328.48 0.9480
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Experimental data

Adams-Bohart model

z F c, Q, Kag Nas Q. R*
(cm) (mL/min) (mg/L) (mg/g) (mL/mg min) (mg/mL) (mg/g)

2 15 50 118.32 0.0460 226.75 76.35 0.5565
3 15 50 132.64 0.0600 202.17 68.07 0.6460
4 15 50 157.35 0.0580 189.30 63.74 0.7457
3 10 50 152.78 0.0500 183.68 61.85 0.7528
3 15 50 132.64 0.0600 202.17 68.07 0.6460
3 20 50 107.73 0.0620 211.01 71.05 0.6075
3 15 40 126.36 0.0775 178.54 60.11 0.6173
3 15 50 132.64 0.0600 202.17 68.07 0.6460
3 15 60 143.42 0.0517 267.80 90.17 0.7062
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Abstract: The paper presents the prediction of the flexural behavior of deteriorated concrete beams
reinforced with carbon fiber sheets by a finite element model. The program ANSYS was chosen for the
analysis. The results from the finite element model in terms of the load-deflection relationship are compared
to results tested by the previous researcher, it was found that analytical results consistent with test results.
Therefore, the model can effectively predict the flexural behavior of deteriorated reinforced concrete beams
strengthened by carbon fiber sheets. The developed finite element model was used to analyze the effect of
other variables on the beam flexural behavior, namely the compressive strength of concrete, tensile strength
of reinforcing steel, and number of carbon fiber sheets. The results show that the effect of concrete
compressive was not significant for maximum carrying load capacity for beams in all cases. The tensile
strength of steel has a significant effect on the load-carrying capacity. As the number of CFRP layers has
been increased, the deflection of the degraded reinforced concrete beam repaired and strengthened with

CFRP sheet decreased and load load-carrying capacity of the beam significantly increased.

Keywords: Finite Element Method; Reinforced Concrete Beam; Degraded; Strengthen; Carbon Fiber Plate
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Abstract: Dyeing from natural sources is gaining increasing interest due to its outstanding merits of being
environmentally friendly. Assam tea leaves are natural products and are easy to use. The oxidation process
is a chemical reaction that leaves turn color from green to brown. The characteristic of color is used for
product dyeing. The research is divided into 3 sections. In Section 1, the comparison of color value between
the dyeing woods from Assam tea leaves and teak color which measurss the difference of color space by the
CIE Lab system. Section 2, the dyeing wood from Assam tea leaves is coated by sanding sealer and lacquer
that is compared with teak color. In the last section, find the optimal parameter for extraction of wood dyeing
that includes Assam tea leaves, Sodium Hydroxide, water, boiling time, and dyeing time. The research is
tested by 2 full factorial design. The results of section 1, the dyeing rubber wood from Assam tea leaves
displayed light brown and dark brown depending on the extraction ratio. The color value includes the L* value
is 34.16 — 54.14, the a* value is 8.74 — 15.85 and the b* value is 12.05 — 24.21. In section 2, the minimum
value, maximum value, and average value of color space are 2.02, 13.90 and 4.53, respectively. In the last
result, the experiment shows that boiling time’s not effect on color space is statistically significant. The
experiment was determined by Assam tea leaves, 40 grams, Sodium Hydroxide, 10 grams, water, 400
milliliters, and dyeing time, 4 times that are the least differential value at 1.47. The general observer is unable

to determine the difference in color.

Keywords: Assam tea leaves; Wood dye; Teak color; Full factorial design

The Journal of Industrial Technology (2023) volume 19, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech
143



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

1. N
(=) v :é d'
gasnnyseiinesliidugamwnasumilef
ImvzaailwnIasaanatnvsaiadiiunanian
wiamghalan vliifadgymiluiginswasnisinld
Arunaudsgtinls ldeewsduwiagdunanlu
&a ¢ & vaa kg '
gasmnItueifiiae’ e ldifdon mumoula
WUTa L aiNNRa D wWashIasan Qu'%lnﬂ
mm'wLﬂ%LWﬂ%ﬁL%aﬂﬂﬁﬁiﬁﬂﬂgﬂ ANINIZWW W
qmm%mimm%ﬁmaﬂﬁmawwma:ﬁaamﬁ'ﬂmm
iwﬁaﬁ'&q@m%mmﬁuﬁn q@mﬂmiuﬂmuﬁn
wazgasnIsndaisin ludiugaainnisw
waifinefidugamnnysndmesifinldunldus:
Uindysqumwliifadszlomianndiga (1] luns
% % v o =% v A 6 v 1 o
naunwliannIe liAmesaninisssean ldiaane
nivglaedwdaifianieltlugamnnssunisda
SenJanunigandasnyiy [2] wanaini Wan
A L a § L Lo a
unilluiagaundslasuanuiisuludsznalng
d v Cild o 1 ] v v o
8] Belignnddwinoagluiasamanianldan
v A 1 v s il 6 v
thwSewri ldanthugnuasesdnsgaannnyalal
A A ' Y vo A Aa Ada
wialgund lian e.0.4. wazldanAdgnuuiidund
wisFauaasanTvinan Sunin 1Wan wa. lay'ldn
Ruutihanviwesiwesandnladan a.0.4. uazldan
[-%] a v o aA g/ U 1

8. ANEMeFUaIEN 0.0.1. i Faaundn
la¥an wa. haseniany 30 - 40 O [4, 5] uaziialad

winsziNdasnin

a & v A ' a o &
E‘T“]JQGL%EIVLNNNG@IE]EﬂLLU‘]J‘UE]GN@@].ﬂm‘V]

'
a o

v ) a 4 A
A9l 1 Wesiiees wIaaasanad 99

FznTURewuLUaIAINNIZUIUNITHE R [6]
nszulwnsdeuFidunitslutuaauniInia

wathiaadldads § 2 juuy A mydaufuulal

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.009

(Wood Stain) kazn138 a8 RILazLRa w8 (Wood
Dye) laannsdanfiauaziasuladasinlA &0
A A A o v Al v a o &a
WasnldanGuaunian g aNa L nanmuin
lggaudldldunannanszdunnaswdnisnauniu
NnaAduLazfusanas FndnRungasmnIsy 1w
lasmnuaddniagyd udazifedasldinaiialums
@ A o = vt A o Ao oA
Fouatneinyiazlafaunaasms adanldn
F3mineluiasaanadnmItnruadaudszinnuasg
Tinvimsdon Fldanaulngandufinasseunss
Amunznuladan a.0.10. swldan w.a. nadavas
' a A o v o A o Ao @
atdudntosandy luwnmenaunwdatingdon sl
wiidguTaglundenliprmnafifideldidug
A ' o A [ A o A
indaddauuandnazlf 1 (n) Ansnuzidauaziafou
uAsuFLUAL T waasaazUa 1 @) Wevinaida
A o ' & oA vaa o A '
fefavoan wuin e LN el FeanfudIuandn9ain
flaianiduadannn usesaazui 1(a)
°m@‘1"1Lflum%aﬁumﬁﬁmsuﬂnﬂmﬂﬁq@lu
Tan Aadugaaininnniniosas 55 VaININRAT
rialan lasanawuisflindas uislaidu
2 W uElng 9 o n§UWUITIaFT (Assam

Tea) UANUNUTT1AU (Chinese Tea) [7] §11ATU

no
A‘I i

[ Wil
i

ad Ve o o
a.fiieldinasdan
ettt

‘ ad e, Y o 4
HARLuB\lﬂJnauUQN VAINWUSRYUDN

3111 anwae lnawindenaeafdaniad

The Journal of Industrial Technology (2023) volume 19, issue 3

144

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

UszmalnsluwaNunnnawitonanuuwazid winas
ﬂ@ﬂmaamﬁmaqmsﬁuﬁj TagAToaay wzlan
WNNiNsesaz 80 vasUsum [8] DatduNtriadiin

ada o = ° < X
mmﬁwﬁwuwmmuﬂigmﬂumm Nt

@
o

mmﬁugaﬁﬂumua:dua’%uLﬁmgﬁwwu annsg
8977 ﬂamm‘sﬁﬁﬂmﬂhmluqmm%mmm’%‘adﬁu
9] 898 Usznaunaaivesmasd Indl uaasiia
anngn Geaunduiduansn wdvmaeslu
nNITUIBNINRaTeRaNIz U EANN R NaEN
auysalvinldaisanmdugneandladuaz
e fAsemuiwduanslunduiiosyiaud s
g udtinenaunas [10] Imshe iautaneeug
Tltdselomilunmsdandnaanaile [11]

]

nssUIwMInads anansIsuTa e I laan g
anudnTuimnsuin ludaundanuaiand g v 4
W8T HANNINARDY 1T SATFIUNEN 138N
lumsduanad gungdl Vsunmsnsnldara Wudu
wazinlUSadnEa2832 UL CIE Lab Wiian/3auifisy
amnuesasEnanald [12-14]

ati NuIspitlevnmsfnemewndiaay
Amanzanlumisnasssaudlionlumsasy e
Iegondldonennldenalnddesiuliannds
inansenmassieiinseanuuumMInases lay
\asduimuannimasilglunmasas wasvin
mMISoufisuanudsvasaFannllanalatng
I@mﬁaﬁ'ﬂﬂm%fsiwmuﬁiﬂﬁaxlﬂuummﬂums
Lﬁ'ugamvlﬁmamimanﬁummﬁanlumﬂﬂﬁ

PN b

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.009

2. Jaq auUnsntuaziSmmaaas
2.1 Jaauazailnot
11_|°ma°'a§'uﬁ%’]ﬁﬁ]gﬂﬁmumzu'sumnﬁu wan
wazauuis indalmdsulaasenlod (NaOH) w3a
indaloalW uazinazana [15] LLﬁ@]\‘l@T\‘Jgﬂ‘ﬁl 2
mineaaadltieiwliznawinuseann (Rubber Wood
Finger Joint Board) ﬁﬁﬁmﬂvlﬁsmwwmm@iaﬁm
nwusnmi ldasaraWudarlwidwurulng

I

ammwiivasuswliniiannesasduuuuis (8C)

(% <

a k2 =) a A o v
lagfld nidacisasalddgditadniay
laiisenlily ludlalsd srumrdudazdon lfauas
Fyaultlniadntoy ulwlTdrwIaANR KA

16 VaRLNAT

2..N&a NaOH

nlumaasudusagy
31 2 awaqm'*ﬁ’lum‘imam

2.295MNAaas
NINARBIASIRAINUANITNT 1D AAAIN
ﬁma@iaqmmw%‘ﬁvlﬁa’mﬂ'ﬁaﬁ'@ﬁmnmé'aﬁm
321 5 wisdwas Usznevaary USuam
lusneady USumina=ana tnaa NaOH
J202MAY kazdwansalunstanidianiIm
TUAUN1INARDI9:1FNNTONUULNANTNARD S
(Design of Experiment) L%GLLWﬂﬂaL%EJaLLU‘UﬁquJSﬂi

(2% Full Factorial Design) luudazw1snfitaas

The Journal of Industrial Technology (2023) volume 19, issue 3

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY
VL@Tﬂszqﬂ@Tﬁnmmﬁﬁ'ﬁﬁaﬁ'@msﬂ”auﬁ@‘haﬁ%vﬁﬂ
gananninniuw [16] FITAUNATINIU 2 ITAU
R sm"mfi’m,azizﬁ'mp LEAIAIATIIIN 1 N3
naasdiunanalTuauuFuYIalazinmMImanes
WNNU 2% YN 32 N1Inaasd Lazriin1Inaaes
F18117% 5 A9 TITINUA 160 NMINARSS
a131997 2 1 Iuer8819M1T08NUULNIINARSS
I@ﬂluﬂaé’mﬁmmﬂum‘mmmajmmu‘mé’ﬂaﬁﬁ
(StdOrder) aasniigaadug1aun1Imanssass
(RunOrder) uazaaasuudraunatlazidu
winfwasnlglummanssiuanaanwialsls
MIARUAIIAUNITNAa8I e u lFB1InI1
UITEUIWIAAMUNIG 1.20 LUAT BUWIAANLND
2.40 a3 NaauLvaaniduuRblaIsunaan
YU1A 30x30 LTUALNAT 3111 32 UHW laslu
waazuruiNnIuLenutess 1w 5 19 99
a2l rasdmsunsanananue 160 Tas
A8819NILAILURIRNATRILDNFILHINNS
FulUT S FAUURISIHIN 60 NTW Fapingzona
U3uno 400 TaRAAT UL WAITNTANLNE
NaOH 1115 5 n3% euduszoziaan 10 wift wle
asunavinnsawinlumuiUseslwiiuaaaslu
DIIVEGR myanadileenduaasimarminas
RV LLH@]O@T\‘JE‘U“?{ 3 pasannwinasanan lealy
Fandenamslsudsimuniulisasnsend (B)
FIWI% 2 78U LLaﬂdﬁdgﬂﬁl 4 udazzoufialy
Uszunm 5 U1 usvinnitafdaneanday
F1&=819 LLam@ﬁEﬂﬁ 5 e llwasoullafinans

laiMivuaaudiaumInaaadn 1 lua19n 2

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.009

3N 3 RIENANN T DFTN

311 5 (Faddandudazana

The Journal of Industrial Technology (2023) volume 19, issue 3

146

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

’

UNAMNITY

M1319%0 1 AU aﬂ%ﬂ'ﬁ“ﬂ@]ﬂﬂ\‘i

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2023.12.009

wINeas

o a ¢
ELAUNINLADY

]
o

an &9
A USanawlumaaan 2 40 n3W 60 N3u
B USinauiszana 2 300 4aRANT 400 RNGT
c wndaloaonlaasanlod (NaOH) 2 5 N34 10 N3
D 3282186 2 5 w17l 10 w17l
E shwansaulunmam 2 2 30U 4 38U
A15197 2 ABEIETLNINAREINI 160 MINARDS
StdOrder RunOrder Juzneadn  USaasin  IN&A NaOH 3:uza@n  31172wm
(n3%) (Nafan9) (n3%) (¥11) (s0u)
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L, @ b AE
(n3x)  (Nadams)  (nIN) (w11) (s01)

1 60 400 5 10 2 52.88 1152 2290 6.83
2 60 300 5 10 4 46.03 12.29 21.28 2.97
3 40 300 5 10 4 4418 12.08 20.56 4.03
4 60 300 5 5 4 40.66 12.28 18.18 8.02
159 60 400 10 5 4 41.34 12.00 21.74 5.39
160 40 400 5 5 4 4526 1112 19.73 4.19
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1 37.84 11.18 18.51
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3 35.89 10.73 15.11
4 38.40 12.83 20.06
5 36.76 10.63 17.31
\ade 37.18 11.51 17.66
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M1319% 5 61 AE 299mMINanadninige 32 NMInassd

. o lumosdn USanakn inSia NaOH szaztvmnduswanm  AF linnarsiadouiia AE vinssiafouiia
! (n3w)  (NadE@3)  (NFA) (w1fi) (3@Y) Max Mean Min Std Max Mean Min Std
1 40 300 5 5 2 7.84 513 4.27 162 1252 1010 7.26 2.14
2 40 300 5 5 4 9.98 7.86 5.35 205 1249 8.05 427 376
3 40 300 5 10 2 537 3.7 2.56 1.36 1595 1253 10.18 2.36
4 40 300 5 10 4 11.51 6.61 2.92 3.67 1757 953 3.69 539
5 40 300 10 5 2 7.01  3.89 2.36 199 1711 1266 7.56 4.49
6 40 300 10 5 4 7.80 5.89 3.05 2.04 1442 977 6.30 3.16
7 40 300 10 10 2 8.00 6.22 3.97 2.01 10.21 803 6.65 1.48
8 40 300 10 10 4 10.06 9.58 8.64 055 1011 7.76 6.05 1.54
9 40 400 5 5 2 557 3.52 2.55 133 16.88 13.09 7.32 3.85
10 40 400 5 5 4 10.08 4.74 2.51 3.08 1449 1137 9.01 215
11 40 400 5 10 2 6.15 447 3.21 1.36 16.80 15.26 13.23 1.68
12 40 400 5 10 4 486 3.78 2.51 1.00 18.48 1236 7.87 4.24
13 40 400 10 5 2 587 3.57 2.18 154 1352 1118 597 3.07
14 40 400 10 5 4 10.11  8.28 5.86 189 1120 686 340 3.50
15 40 400 10 10 2 498 3.59 242 1.02 16.89 1271 852 3.76
16 40 400 10 10 4 777 435 1.47 255 1298 1092 930 1.59
17 60 300 5 5 2 6.05 4.04 3.03 120 13.21 1113 855 1.73
18 60 300 5 5 4 8.27 6.59 3.11 211 10.91 8.99 8.14 1.16
19 60 300 5 10 2 6.61 5.06 3.51 1.24 1154 875 545 228
20 60 300 5 10 4 5.67 4.20 2.97 1.02 12.07 1019 755 1.84
21 60 300 10 5 2 7.86 5.13 3.65 1.69 17.44 1218 9.47 3.26
22 60 300 10 5 4 12.96 10.88 7.95 2.23 9.16 6.30 3.08 3.03
23 60 300 10 10 2 10.58 8.39 4.95 2.32 8.42 6.66 4.14 1.59
24 60 300 10 10 4 16.80 13.51 10.79 2.78 6.91 4.24 226 1.84
25 60 400 5 5 2 8.16 4.46 2.44 230 1957 1429 952 3.61
26 60 400 5 5 4 6.02 4.25 3.32 113 11.80 10.34 8.70 1.40
27 60 400 5 10 2 731 583 3.73 147 1873 16.18 10.88 3.18
28 60 400 5 10 4 6.28 4.48 2.85 139 1417 1097 715 2.69
29 60 400 10 5 2 6.97 4.70 1.91 221 14.41 1015 7.52 257
30 60 400 10 5 4 9.68 7.31 5.39 203 1117 856 590 232
31 60 400 10 10 2 269 212 1.81 0.38 15.83 1283 952 261
32 60 400 10 10 4 15.55 9.52 7.1 344 13.04 885 366 347
Lﬂsﬂ 8.14 5.80 3.89 1.81 13.75 1040 713 271
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nfuanan (Main effect) wuin drsnuadlu
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M15199 6 MIALaNzRANNLLTLUTIN (Analysis of Variance)

Source DF Adj SS Adj MS F-Value P-Value
Model 31 971.53 31.340 8.16 0.000
Linear 5 511.07 102.214 26.60 0.000
luan 1 36.52 36.520 9.51 0.003
ﬁmzmﬂ 1 120.05 120.047 31.25 0.000
1N&a NaOH 1 124.42 124.419 32.38 0.000
IAdN 1 4.16 4.159 1.08 0.300
FIUINIBY 1 225.93 225.927 58.81 0.000
2-Way Interactions 10 230.12 23.012 5.99 0.000
lumhazann 1 1.00 1,000 026 0611
lup*inda NaOH 1 45.78 45.781 11.92 0.001
Ly aandu 1 6.23 6.228 1.62 0.205
luan §uausey 1 2.56 2.556 0.67 0.416
“iﬂﬁ:mﬂ*mﬁﬂ NaOH 1 23.98 23.978 6.24 0.014
ﬁwazmm*nmﬁu 1 17.45 17.452 4.54 0.035
ﬁm:mﬂ*ﬁﬁmmau 1 12.89 12.894 3.36 0.069
1N&aa NaOH*Laanew 1 15.83 15.831 4.12 0.044
\naa NaOH*$wausay 1 100.96 100.963 26.28 0.000
NAANIWIRT 1 3.44 3.437 0.89 0.346
3-Way Interactions 10 170.98 17.098 4.45 0.000
'Lusm*ﬁ']azmm*mﬁﬂ NaOH 1 32.42 32.423 8.44 0.004
‘Lum*ﬁmzmﬂ*nmﬁu 1 247 2.467 0.64 0.424
mnzrhszanasmausay 1 0.12 0.123 0.03 0.858
nMNT*N&aa NaOH *1anas 1 0.04 0.039 0.01 0.920
nnT*naa NaOH *$1uinsay 1 40.42 40.421 10.52 0.002
MNTIRIFUIUINIDY 1 2.43 2.431 0.63 0.428
“iﬂaza’m*maﬂ NaOH *12a16u 1 74.48 74.485 19.39 0.000
hazena*inda NaOH *$1wausau 1 9.00 9.001 2.34 0.128
ihazaar i uiusay 1 0.01 0.014 0.00 0.951
1N&@ NaOH *anau*d1uwiusan 1 9.58 9.580 2.49 0.117
4-Way Interactions 5 52.99 10.599 2.76 0.021
‘Lum*ﬁﬂaxmm*m&@] NaOH *1adu 1 1.78 1.781 0.46 0.497
lurrhazenainia NaOH *huwausay 1 1.24 1.244 0.32 0.570
‘Lum*i{'lazam‘nmﬁu‘ﬁ‘hmusau 1 35.58 35.584 9.26 0.003
luzn*inda NaOH “Ladu i winsay 1 14.38 14.384 3.74 0.055
ihazananinia NaOH *lssiursuausen 1 0.00 0.001 0.00 0.987
5-Way Interactions 1 6.36 6.360 1.66 0.201
lurrhazena*inia NaOHadu s mansay 1 6.36 6.360 1.66 0.201
Error 128 491.77 3.842
Total 159 1463.30
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Abstract: ABC Co., Ltd., a garment manufacturer operating as an Original Design Manufacturing (ODM)
company, is currently facing issues related to delayed delivery, resulting in a decline in on-time delivery
performance, discounted rates due to late delivery, and increased air freight costs. The primary cause of
these problems, identified through the analysis of last year's records, is factory production delays. Therefore,
We chose the sample product that was recorded to have the highest amount and value of damage from
delayed delivery as a sample for this study. The results of the study found that before the improvement, there
were 30 stations in the production process for the sample product models. The average takt time was
106 seconds per unit, with a production capacity of 272 units per day in 1 working day of 8 hours, which is
considered to be a production efficiency of 54%. After improving the production process and rebalancing
production. Using the principle of Line balancing and ECRS techniques can help to reduce the steps and
waste that occur in the production process. Rearranging work steps This includes distributing subtasks to
nearby stations to balance waiting times at each station. The results were found that the production process
was reduced to 28 stations, with the average takt time reduced to 77 seconds per piece which made the

increase in production capacity to 374 pieces per day and a production efficiency of 80%.

Keywords: Production Efficiency; Line Balancing; Waste
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