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Abstract

This research investigated the effect of factors of sand to binder (S/B) ratio and sodium hydroxide
(NH) concentration on flexural strength of notched beam with filled FA-PC geopolymer mortar.
The tested results revealed that flexural strength of notched concrete beam with filled geopolymer
mortar as repair material tended to increase as expected. The factors of NH concentration
and S/B ratio for manufacturing geopolymer mortar flexural strength of notched concrete
beam. The geopolymer mortar made from 6M NH concentration showed that flexural strength
of notched concrete beam tended to increase with an increase in S/B ratio up to 1.25 after
which the strength tended to decrease. The geopolymer mortar made from 10M and 14M NH
concentration showed that flexural strength of notched concrete beam tended to decrease with
an increase in S/B ratio. The S/B ratio of 1.00 was the most suitable for use as repair material
due to its S/B ratio having higher homogeneity compared with the S/B ratios of 1.25 and 1.50.

Keywords:  Hybrid Cement; Sand to Binder Ratio; NaOH Concentration; Flexural Strength of Notched

Concrete Beam; Repair Material
N
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Abstract

The objective of this research is to design and develop smart doors to automatically screen people.
In this study, the organizers designed the system to operate according to three conditions:
1) detecting wearing a mask, 2) measuring body temperature, and 3) spraying alcohol to
sanitize the hands. When the consumer passes the 3-step verification, the door will open for
the consumer to pass. This smart door is operated by the corgi dude board and the arduino is
equipped with a temperature sensor, a sensor to detect a mask and an alcohol spray. From the
test, it was found out that smart doors can automatically screen people in 3 steps according
to the conditions that have been set. It took an average of 7.66 seconds per person to complete
the three steps of screening. It can screen up to 470 people per hour when working continuously.

The electricity consumption is 7.476 x 10 kilowatt-hours or equal to 0.0243 baht per hour.
Keywords:  Automatic Door; Screening; Microcontroller
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Study of Shearing Temperature on Characterization and Quality of Sheared Edge of SUS304 Austenitic Steel

Abstract

This research aims to investigate the characteristics and quality of the cutting edge of SUS304
stainless steel sheet with 1 mm thickness by hot shearing process. The shearing test was
carried out with a circular blanking die with a diameter of 20 mm and the cutting clearance set
at 8 percent of the sheet metal thickness. On the pre- blanking, the sheet metal was heated in
an electric furnace at 4 temperature levels, consisting of room temperature, 200, 400, and
600 °C. The verification of the characteristics and cutting edge quality of finished blank was
determined by region height values on the cutting edge using an optical macroscope, optical
microscope and scanning electron microscope. A Vickers hardness tester was used to
investigate the micro-hardness of the specimen cutting edge to assess the strain hardening
after shearing. The results showed that sheet metal sheared at room temperature had the
highest fracture region on the cutting edge and a tendency to deteriorate when the sheet metal
temperature increased. At the same time, roll over regions, shear surface regions and burrs
tended to increase with an increase in the shearing temperature which was in relation to the
hardness test results at the cutting edge. This is because the strain hardening index decreases
with increasing temperature. Based on the findings, this experimental data can be applied
to determine the optimum shearing temperature conditions for stainless steel sheet metal
blanking which is determined by the relationship between the sheet metal temperature which
directly affects the finished cutting edge quality.

Keywords: Blanking Die; Shearing Temperature; Sheet Metal; Cutting Edge Quality; Stainless Steel
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Abstract

The aim of this work is to study the damage from proton (H") and alpha (He*") particles
interaction with TiVNbTa, TiVZrTa and TiVCrTa alloys using stopping of ion ranges in matter
(SRIM) program version 2013. This program is based on the binary collision approximation
technique. The Ion distribution and Ion values ranging at 1 MeV while Mass stopping power
parameters at energy ranging 1 - 1,000 MeV were analyzed. The results of ion distribution
for H" and He*" particles with all alloys at 1 MeV of energy and penetration depth of 12 pm
showed that H* particles had more penetrating and damaging effect on the surface regions
of the three alloys than He*" particles and the ion ranges values corresponding to the ion
distribution values. The mass stopping power for TiVZrTa alloy had the lowest value.
These results indicated that TiVZrTa alloy was excellent H* and He?" shielding.

Keywords: Ion Distribution; lon Ranges; Mass Stopping Power; Alloy
NI
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Efficiency Comparison of Horizontal Low Head Spiral Turbine for Electrical Energy Production

Abstract

This research aims to design and develop a compact generator system using horizontal spiral
water turbines which can effectively gather waste energy from low flow rate water current
without potential differences. The basic spiral turbine design was carried out through Arc-length
Function (helix equation) to obtain spiral turbine prototypes for Laboratory testing. They had
three spiral blades with tilt angles of 15, 18, 21, and 30 degrees. There were tested in-line
flow tests with flow rates variations of 1.0, 1.25, 1.50, 1.75, and 2.00 m/s. The results revealed
that the three spiral water turbines with 21 degrees blade tilt had the most RPM, torque and
efficiency. This model could produce 457.09 RPM, 2.12 N.m of torque, and with 38.10 %
efficiency at 2 m/s water flow rate generating 24.2 W of electricity. The study results showed
potential development of the system and its enhancements to achieve better quality in the future.

Keywords:  Horizontal Spiral Turbine; Electric Energy Production; Turbine Efficiency
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51

https://ph01.tci-thaijo.org/index.php/rmutijo/index



N33 Wns.oeu avvInemansuazmalulad 19 15, auf 1, WATIAN - B 2565)
RMUTI JOURNAL Science and Technology Vol. 15, No. 1, (January - April 2022)
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Abstract

This study aimed to investigate changes in the bioactive compounds of mulberry juice by
pasteurization treatments during 3 months of storage at 4+2 °C. The results of sensory evaluation,
using a 9-point hedonic scale, showed that the highest color score, taste, odor, and overall
appearance of mulberry juice (Buriram 60 containing 40 and 50 %, 13 °Brix) was statistically
significant (p<0.05). The effect of 3 months storage at temperatures of 442 °C on degradation
of anthocyanin content, phenolic compounds and flavonoids in mulberry juice was determined.
The total phenolic, flavonoids, anthocyanin content decreased by 55.57, 55.16, and 65.64 %,
respectively. The losses of antioxidant activity in mulberry juice during storage determined
by FRAP and ABTS were 34.18 and 65.91 %, respectively. The mulberry juice samples were
analyzed by Ultra-performance liquid chromatography (UPLC) with a diode-array detector to
identify the polyphenols. The UPLC detected a decrease in gallic acid, hydroxy-benzoic acid,
vanillic acid, trans-ferulic acid, rutin, and sinapic acid (97.67, 94.61, 78.33, 96.99, 53, and
29.13 %, respectively) (p<0.05). This study could be applied as a guide to improving the
bioactive compound stability and antioxidant activity of mulberry juice, thereby improving
and promoting the development of the mulberry juice processing industry.

Keywords: Mulberry Juice; Phenolic Acids; Antioxidant Activity
N

miouunalifulfeglunszna Moraceae wutgnlnemliluedon: Tusen noumiloniuonsmaeuls
punIvylsl ua:nivewinm waludsamAlne nueuinaremenuglaun nieusers (Morus alba)
nleuam (Morus nigra) waznieusums (Morus rubra) [1] lugadmnssuemsinsulsgunanium
PInNsTINgARdeuIIANIY 0y gandeuauus Tiigandeu tgavdeu usugnuteu ua:
wadgnniew [2] qnusieudaiinsesngnimeiimndisdnidu msUszneviluedn ssWaliuesd
srsuaulnlaeniiu Jesiulsamlauazvaemasn dncloduluduidongs annisiinuoanlen
pondadu (LDL Oxidation) qwéﬂniﬁwuaqsﬂaﬁmz‘[mﬂ%% DPPH Radical Scavenging Activity
uwaz35 Total Antioxidant Capacity ugvenyadas:lensendaisifa (Hydroxyl Radical, OH")
UfAsenatneandniu (Lipid Oxidation, LOO", LO", L*) lun3neenlad (Nitric Oxide, NO")
uargUileseanlodisiAa (Superoxide Radical, Os) 9m3dnved [3] lAnnassmeunugves
woulnlgeniiuiinsms q Tugnuouififinouns msuednuazssweulnloeniu wu msloeiifu
nalnalalen wasloenifAwaiunglalnalulan (cyanidine 3-0 - glucopyranoside ua: cyanidine
7-0-d-glucopyanoside) Imiiud wunsaluduginme 9 wu asaladudluwdn uaznsaloduthadinn
uaznInduNIGUeTiie Wunsmndn nsnd@nin Sqnsmamueuyadas: dmslnezdiu Gmiud 1)
uazluezdu asaunwulnmila Gmdud 5) uazlwsasendu Amaud 6) IMAUd (o - tocopherol)
sstszneviluedn [4] - [5] nodefinadegoan Wy anmsenEUzeNTad anmsinlsaums
nzfusuuniifuiulsa desiulsawmu wunsalesiu nsre:iily wssmdu q [6] Mumsasay
2a09AUN3E  MumTenEy  anmainufasoaineendndy  anmISNEUDOIRY  AANIIUW
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flosiulsannuaulaiin tesiulsaiila arenauiosdumsifialsannds udu 7] wenantu
guonuasiuednuizin laun s15lWladnydnuea (Photo-Catechuic Acid) ssmislansenda
wulednuedn (P-Hydroxybenzoic Acid) s191@anueda (Vanillic Acid) §13W1919813000TA
(P-Coumaric Acid) shaiweganuedn (Ferulic Acid) [8] ®saaalsaiinueadn (Chlorogenic Acid)
uazasAwdnueda (Caffeic Acid) wunsawnaanueda (Gallic Acid) esannau (Catechin) dsghu
(Rutin) nsAta33n (Ferulic Acid) astpadau (Quercetin) s1sur3taniiu (Naringenin) [9] 1uan

mwaluumﬂuwammwuamuﬂi mumfﬂ,uﬂi ‘Zﬂﬂi‘l/]ﬂﬂﬂ‘vmi‘IJLLUUﬂ’lTUiIﬂﬂLL‘IJUﬂuu”IE\Iﬂ
iy hduAu dweudla thngunszgawe’d thansedwess igandeu haeliwess hugwess
ihduzsn dumy Tesheslifvs:TonidugeamiissoengnmeanmiisAgnaesia  1dud
fsualsiueen ssuwoulnloeniiu @swaliwesn §1siuedn ImAusidams 9 Wy Imidue
Imiud Amiiud AdudAglunsuimammuedfusessad  uaztesiulsn  Tugnsmnssw
asinszuaunsudsgtimalimaesin lugamadnalifmndunan masdseanludomsuszma
i mavimiwalimaeeslsd dhnsligesd iwaldnsdes Wusu (101 mswaminalsifens
wmaweslsdiunsuumsimmzandislumsinogmaiuinmnedsdeouennmmmMaase1ms
aueNsNeIA & nau Widndusada [11] lugasmnssuemslaimsimandousuysguiiu
wanAmaE 9wy mavinbeald mesvimbwalddniy lusswiemsiiusisdsenignusieu
afinmadensmefinanuiwilesnninzneusazmaninde desnnaunidiiamssaeiined
s1siuednuazasuaulnloeiu Tugasmnssuemstsinszuaunmsudsgd Amemsldnunugo
(High Pressure Processing) mslénszuslnih (Pulsed Electric Field) msldnfuanuivuudansieil
msldnaululasn msnsesimsdonsesuuvlulasiiumiy mansesuvudaniuaiuiiensed
sdunsdeennmimalilaolidlinnuiou dwanendmiiu & ndw semdvesniwalildd [12]
nszvaumslinnuieusmmenszuaumsmaneslsdiensdudonsinusesoulatiuazdud
saunsdnanlsaluamsunlilihaadeaunidvomualuewns @unsaiIaueNAMAIEITOMS
Wy sdszneviluedn srsnaliuess ssweulnloeiin Imfiusiame q luhwalildn wasims
\fusnmmeismauiiduiigunni 442 °C [13]

mu’aﬁmummﬂi f\mﬂLwamm'iﬂﬂmmﬂmsmmﬂmLﬂuﬂwmﬁmmmuaﬂmﬂmmﬁ]miaa
E]\]ﬂ‘lh” neUMuIATILANEMIMUeUNadrssanhgavien  AnuddslmhmsAnmmaAsuula
qnamsmueuyadas: UsnamsosngnaneiinmiidiAn Wy sswoulnlomiiu @rsfiuedn
ssnaluesd swdssiiauazUSmnasesnsiuedniianasluszniunszuaumsiiviamigunai
4+2 °C iieiflutoyadmivgasmnssuihgnusiousaly

AFMIAMLIUNITIVE

1. mawmssusetsigasioumaiaeslsd
nupUEIBNUEYIING 60 wilauAudidenienlny unInedumalulaggunadEiy
Inenerduni oremsfiuies 60 Jundomssinis ANuENiuSesas 30 40 waz 50 smsmiaeslsd
muswe [12] fgamad 72 °C va 30 Jwi Aeumsussgaslumnuirivsiinlaudlianuseu
SnAsefinangil 72 °C a1 30 Jui
2. MINATEAMUUTENRUNS
HandmhgnsieunUsafiuanammodssamdnds mudinanesses [14] momnud
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nawu saeA dleduis wazanueulaesan Tneds 9-Hedonic Scaling Test 2M0UAUNINARBILUY
guluuRenanysal imsvsziinlnepnlusunmsdndudiuam 30 Au
3. msfinmesAlszneumaiAfizasgnusieu

31 Usmmsswaihueemimun  msAnmdSnamana usednemuameisnsvli
\And AruUons [15] dnhgavdoumaieeslsd 05 Tafans Winhnau 2.25 inaans ldlunasannaes
nnuAnssazmelmAsslunsauisiuiess: 5 NaNO,) dwau 0.15 fadans wgmdlidn
Uase1 6 wii nasarawegienaaslsn (AICL.6H,0) anugudusesa: 10 §1uu
0.3 fisdans wowasicliinUiasendunm 5 i wussaraeladonlansenladanudui
0.1 Tua $1w0u 1 fadans Inmeonsosawalasinlaiwesn 510 wiluwnas (UV 1800 Shimadzu
Spectrophotometer, Shimazu, Japan) Tnevitmsldans Quercetin (udsuInggIu (mg/g)

32 Usmnasnstiuednmonnn malnsaasiueannmualuemslaeismsindtuas
Folin-Ciocalteau Method Aputasaindsees [16] wnhgnndeuswou 02 fadans el
Tunseanaaes MntwANEIazas Folin-Ciocalteu: 11 (1:10 v/v) s1wau 2.5 findans nolilvidin
UAAse 30 i andwdusmsaraelodsumiveaanuduiuiosas 0.75 (w/v) weuazasnld
WAnUFATen 120 wiiluiifin dadmsaanduudoil 765 wiluwns ldasaunainAnuduiu
0-1.0 daan3u/Aaans ua19uInIgl

33 wewlnlgendiusonun myinvSianennlgefiumaizoes [17] mmsainms
methalaemstememohgnmion 1 Taaans nmisessa:melnunadeunaslsn 1.86 n3u
weiniluhnan 980 finAwns U5 pH 1.0 selalasaasan wazusulindu pH 45 feladienezgmm
wWNDU 04 Tuans ?JLﬂmﬁaatimﬁwgﬂmiau 1.0 fingams UYSuuSimsnu NaH,Po, (Sodium Phosphate)
pH 1.0 uazu5ume KCl (Potassium Chloride) pH 4.5 UsutSmnnslila 25 fadans ilummaanauuss
munsesinawalaslafinesn 520 wa: 700 wiluwas mwnUSnauenlnlgefiuangumsi (1)

Total Anthocyanin = Acorrection x MW x DF x 1000 (1
e xL

e
Acorrection fiz MM IRANAULES = (A520-A700) pH 1.0 - A520-A700) pH 4.5
A520 uaz A700 = ATMIAANRULEINANINEIIARY 520 WITULAT 1Az 700 W luing
MW = ihntinbuanazesuenlnlzeniu (Meunv Cyaninin -3-glucoside 449.2 n3umalum)

DF = dndiuimmsiaeas
L = Aanunewes Cuvette (1 cm)
e = lua1sueugeumin (Molar Absorptivity) A1 26,900 (M™ cm™)

4. MafnmgVBMImueaYyRdNs:
41  maAnEiguemsmueyyadssmeds Ferric Reducing Antioxidant Power
(FRAP) msins:fignsmsmueuyadas:feds Ferric Reducing Antioxidant Power (FRAP)
Wumsinanussalumssvdiaanseuses Fe* wWu Fe* Tugduvuaisdsznaudedondii
Fe’" - TPTZ Complex (Fe** Tripyridyltriazine) Mifindumaizoes [18] ssa:aeluifane:dnn
Ulesamuduan 300 dadlua pH 3.6 (svlaeldarsazarelalnspasinanuidudu 1 Tua)
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§13 TPTZ (2,4,6-tripyridyl-s-triazine) Anuguon 10 dadlua lusisazarensnlalnsnaain
ANMWINTY 40 dadlua  wasdsazaiewesnaaelsn (FeCl.6H,0) tnSaumsnausslng
AoumsnAenAssIneinanlafene:Bwnnivlas 25 Tadans @sa:ae TPTZ dwau 25 Tnaans
uazansarmmeInANelIn 2.5 UaRAAT LANEIIENNABE19IUIN 0.25 JARAAT URILANEITHEN
fwu 475 Tadans wiuaciluisiaduom 30 wi mishleummaganaulaiiaue AR
593 wluwns meaalnsnlndimes 8e Shimazu 1800 UV Detector (Shimazu, Japan) #1113
nAReY 3 91 MWL % matudafisuasmuamdouinie msazaieninsgiu Trolox

42  mAnTEigYsMImueyysassimeis ABTS™ Scavenging Activity msiAsI:w
gnd mafueuNadas:iieds ABTS™ Scavenging Activity msiSzes [18] a3 ABTS™ w3
The 2,2 -azino-bis-3-ethylbenzthiazoline-6-sulphonic acid Lﬂuﬂ’li‘ﬁlﬁi’lﬂﬂiﬂiﬁﬁ]uuﬂﬂﬁﬂﬁ:ﬁﬂ1u1iﬂ
Vinaseuldiluszuuivhazaeaintn m3vens Stock Solutions zosssazate 2 mM of ABTS™
Solution lussazane 70 mM Potassium Persulfate 1hasazae Stock Solutions Uil 24 - 48 1lug
(sl 48 Hluamssdinnueaasnanh) ﬁqmmﬁﬁaam:ﬁwmﬁ Na,HPO, 12.H,0 (0.1 M) +
NaCl (0.818 %) + KCI (0.0015 %) wansnsaza1s ABTS™ uaztiwiesninnasoneuimanaaes
Twunsdsunoaauwives KH,PO, 0.1 M Usu pH 7.4 NnnturmMsiseasasazats ABTS
(1:6 v/v) yimsthianegwdiuiu 0.1 Jadans uauAus1sazas ABTS™ Usuins 3 Uaans
uwsdvluiiiin 6 Wi Tammsganauuasi 734 nm meaalrsTilnfines G%e Shimazu 1800 UV
Detector (Shimazu, Japan) AYINENTITRzR18 ABTS™ ua: ‘UWLW@‘;V}Lmaﬂmmnmﬂﬂaumms
NARBILNNBYINNINARBY 3 91 MIALIL % inhibition AuaNMsi (2) Weumsmuaudsuanie
§198:018141M33118 Trolox

(% inhibition = (AbS g1 = AbSgmpre) x 100 %

2)

Abscontrol
AbSipet = AIMIAANAULNIDOIAIDENIAIVAN
AbSgppe = AIMINANAULFIDBIAIBENY

5. mAwnziaua B numsiveanlungnvieumsaeslstmennses Ultraperformance
Liquid Chromatography (UPLC)

MsAsigiauacUsumssiuednniedsyiiuead  (Ultraperformance Liquid
Chromatography; UPLC) qu AcquityTM Ultra Performance Liquid Chromatography inain
dyarauvuInlnlalendaias Photodiode Array (Water Corporation, USA) ¥imuidsitAsIsn
AnLlagaInIsoog [19] ﬁﬂﬁmﬂmﬂumﬁwmimuﬁ?\hﬁ\?ﬁ 10,000 g Wuamn 10 wid ﬁam‘wﬂﬁ 4 °C
e liasaaela mﬂuuummﬂmL‘ﬂmummmaﬂmi mmmwuuvl,ﬂ Rotary Evaporator
(Buchi R124, B480, Japan) wammu 50 °C ynmsazaenduimeasnodndesusiuan 5 indans
ol 20 °C AeumsnARaUIMTAATIAE Mt umeamsliminneani (Gard Column) @il C18
2R (Waters, Symmetry #ila C18 zumiagnu 5 lulaswnas au1nanuend 3.9 x 20 dadwmnsg)
Aaneauidmiuinzieia C18 G%e Water 311AANNET 150 x 4.6 AafluAT AHIWIATATY
5 Wlaswns Aewnmsinnzinsosmeidensasemagngu 02 Lilaswns nmethod 10 Lilasans
Messuvdameiouuuda iR liandeuidums A fe nsne:dRnAnuduiuiesa: 0.1 a3 B
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ssozalaululasnisnsimsinadin 0.8 wa/wi Sudulians B finnuduiuiesa: 7 sranu
Wupududuzessns B iudewar 15 @nm 0 - 10 wii) uenududuzessns B iudewa: 35
@M 10 - 15 i) waniwanududusesans B Wiufosa: 55 (e 15 - 20 wiil) nasanmiu
Wupuduiusesss B iwtwindesa: 100 Giom 20 - 25 wid) dseeicld 15 wiit enmsa
AoRIATIvIATIANETIARY 280 wiluwas limsmareurilavesmsiiuedniism sy nasey
wuuldansumagiunmensn (External Standard) wazasi98uduninzosnInluefnAIunIsIANES
masguaslUlualoes (Spike Test)
6. saAnlFlumsiATzidoyn
gaanlflumsnageumulssamauds 1oun F-Test Tnglfunumsnaasouuy Factorials
in RCBD uazmsnaAsaumuAinemsnuiaumsnaaesiuy CBD Jinsiziuuundsusiumatien
(One - Way ANOVA) msil3suiiisuanadeiiiusegmuisoes Duncan ' Test fiszAuansidasiu
Sapm: 95 MMINAREY 2 TIMINARDY

NRNSNARDILAZ I TN

1. grsmanamhgansieumaaeslsd

mawamhgnuloumsaeslsdimnzan naseudnlaeds 9-Hedonic Scale Tnelifmasou
Tagliiumatiadudag 30 A dauandlumaod 1 wodnhyamdeunusy3sug 60 Anuduiy
Soun: 40 wazSora: 50 fmamevdnlimsvensUlwmuANueUNAY & TeNA WeduA uazALTEL
Tresaugoan (p<0.05) ilosnnmslihgnudeuifinnudniuiesa: 40 danudsmdalud
wANmuAAnT wn:ligamienlusinaieslumsnanninhnuteurnudniufesa: 50 Aoy
mognaaasdsldimainhgnndeumaeslsdanuduiusesa: 40 Wmmaseudunely nud
ihgnndeumaeslsdlofiufionnagil 412 ssreades Mmemauidardudunauu 3 Weu
faun3gmavnaluenms (Total Plate Count Agar; PCA) uaziSinmiéiamsmonun (Potato Dextrose
Agar; PDA) liifiu 30 CFU/ml uazlunvuuaiiselaanesn (lulauansteys)

MmN 1 wansmaAdeumulszEmauRspe0gniloumsaesladnads 9-Point Hedonic Scale

Sovaaos 5 nAY IR deduia  Auzeulaesiu
1}11/111'61‘!%’88@: 30 6.53%0.68° 6.53+0.63°>  6.57+0.63°>  6.57+0.57* 6.57+0.57°
‘LETWJ'E]‘M%’BUE\]: 40  7.00%0.79° 6.97£0.81* 7.10£0.84* 7.10+0.84* 6.93+0.78
1}11/131'6‘14%’88@: 50  7.17+0.87° 7.00£0.79° 7.27%0.58 7.27+0.58* 7.07+0.83*

nnewin:  a, b, ¢ MmenwnlumileunuluuuimiianuuanmensadAlaIsUINEUANNLANMY
odANRfeMeI5 DMRT nszautadAmmuaann (p<0.05)

2. avAUszneuIIATizasgAVdien
S huesdlusemohgnmiaumaanslsdn 0 Weusimuniu 2.73+0.11 mg QF/
ml FW (Fresh Weigh) dvhmaifusaminnmai 442 someades funm 3 Weu wuthgnnieu
AUsmamsa hussnanasetsltusAyneana (p<0.05) wae 0.96+0.16 mg QE /ml FW
(@AasFeun: 35.16) AsgUR 1(n) USinafluedndl 0 Weudiusia 4.93+0.07 mg GAE/ ml FW
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deimsiivsamiigamad 452 oorgades unm 3 Weu wudnhgnudeudyFu
ssTiueRnanay (p<0.05) 2.74+0.06 mg GAE/ ml FW (aaas3esn: 55.57) fogui 1() senadesiu
HanInAReITey [4] wudnsunaasiluedn Usmamsnailuess Ysuaueulnloeiulunadn
ihgnmiewderumsmaeslsdivsmuananidesananuion  wandvsawliidunaiuu
AU uds eandlulneunusresssa lauesAinnsuANeRNYaIRUS SN dla AL
pzpeNuRzoumInLLAuSs sildmsngunaliuesd  uazssiluedniamssaredaiilesainuas
anuseu Tan: ludhodouusnannmssmeianoudion lusasdidadoui 3 anuSmalu
gnsiigys  msnaluwesdinuluganien Wy s33iiu Ruting @sieediiunilaalaled
(Quercethin -3-glucoside) dstpadnuunlatialnalalan (Quercetin-Malonyl-Glucoside) waz&19
Allandtin wedn Caffeoylquinic Acids Tuy3unaugy

=

25 2.18 2.02 T3
E:

1:5

[CRENVCRN RS

0.5

Total Flavonoid (mg QE/ml FW)
IS
S

Total Phenolic Content (mg/ml FW)

0 1 2 3
Time Storage (mounts) Time Storage (mounts)

(n) WarlwesAnsmun (Total Flavonoids)  (#) Wuednnanun (Total Phenolic Content)
U 1 @uAYsznaUMOLANTRgNNNBUITRTIINISIAUTNE

3. mawAsuuasueululgeniiu

ihanmieumaweslsd denmadiusanliludduiioamall 412 esreaides nares
Tugnmzdedlude 2 ludeudl 0 haamioufiviamsueninlemiiy 1.95+0.35 mg/ml FW
weud 1 Ysmaweulnloeriiunonie 1.34+0.44 meg/ml FW heudi 2 USuaweulnloeiiiu
1.17+0.33 mg/ml FW ua:lufougaie 0.67+0.58 mg/ml FW anasfesn: 65.64 Aoguil 2 ¥l
Usinmweulnlzeniiufivsinaanas  senadeoiunamsnaaeszes (8] lmhmsnaseumsidensais
peumsueulsloeiug:ninszuIuMsulIgUuanSTUIUMSNUINE WUINMIEAIVAIDBINIS
woulnlgenivluihgandounugdmmavinsniuszezom 8 Weu flaamgi 5 °C wudens
mssmedzesueulnlgeniiusenignmioudniu 5648 uaz 49.75 kI mol’ wensnvutagais
gusmsmuouyRaNss LTINS INMsuSnmTesa: 4.87 - 1601 ua: 447 - 33.57 swidunes [8]
Timanageumsgadognsnsmueuyadnszseniganiounazignvdeudniufigunniig 4
wudnARMIgEBgNEMIMueuNedFsT SN LIuMSAuS M 5 20 30 uaz 40 °C
Wuszozaar 8 heu  wulnaamsaatalzasiuaueulnloorduaaiossnilonsinusnm
Tnefivinmanasiosa: 1.96 - 74.55 uazanaciasn: 1.26 - 98.12 ueninuuinuiduzes [20]
msamesrasisueulnleeniiy sesgnndeusmismafivinmgunall 70 °C msamefized
saweulnloenfivlusrionszuaumafivinm losnnnszuaumsulsgUieanuieuds mawd
9oslad UazMAAUIAY AANMIEAIIAINLES DINTIEN UATADINION MIUANDBNTOINUSS LY
TuanassueulnlgeniusomaliSnamswoulnlonfiuivimuanas ssweulnlzeniuimuluhmion
Tawn ssloeniiaunsusululwalulzawmnglalnslulea (cyanidin 3-0 - C (6”-0-a- rhamnopyranosyl-
B -d-glucopyranoside) aslaeniiauniwmnglalwalulan (cyanidin 3 -0-B -d- glucopyranoside)
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[4] nennniugmussloaiiaun3laalaled (cyanidin -3 - o glucoside) sslaeniiAun3giululad
(cyanidin -3 - o rutinoside) shsn3latinunslnalaleil (pelagonidin -3 - o- glucoside) &1IW3loliAung
gululea (pelagonidin -3 - o- rutinoside) [21]

£25
=
E
=15
e
g o
S 1
(=]
R= )
505
2
g
0
< % 1 2 3 4 5

Time Storage (mounts)

U2 meanaszasssuaulnlaeiuszniemanusnenganisumasslsd

4. qudmImuoyyRdFsTasgAdien

gnsmamueuyadaszaanihgavdeumaeeslsdlusminmafusamiimsinmaie
3% FRAP minmsifvsanlugiduiigumai 4+2 °C Tuideud 0 ihgnmioumaeeslsddqnslums
Mueuyadas:Aieis FRAP Sewua: 95.53+0.93 qndmsmuauysdss:dinsiasuulaslneiigns
fusunadsszanasluionil 1 Soua: 79.96+1.59 Mnuugnsmueuyadsszanaioudl 2 Seun:
58.30+134 1Heuil 3 anaviena: 32.47+0.05 (aARsNAeuLINTaBa: 34.18) Foguil 3(n) quBMIAU
aunndaszvoniganieumaeeslsdfieds ABTS Radical Scavenging Activity luifioudl 0
fignafmueuyadassiieds ABTS Sewa: 79.01+1.08 gnadudseuyadasanacluionil 1 Soua:
70.46+0.85 \ouil 2 Seua: 61.72+1.3 uazidioudl 3 Seua: 52.07+135 MuEFL (@ARITIAFDULIN
Sounz 65.91) (p<0.05) FsgUi 3(1) sonARBITUNAMINARBIZDN [7] qEMIMUpLYRaNs:TaN gD
duduivsmasaadeinmsiiuinmiloanai 25 ua: 35 °C mAnuduiuaIoieilidug
Ufii5e1¢e35 DPPH Radical Scavenging Activity w3af1 IC50 aifiusasuiunan 90 Ju
fimswdsuudaofisodntes [211 wuhgnmsmueuyadaseoignusieusis ABTS Radical
Scavenging Activity ﬁqwéﬁmm‘ggaﬁﬂi: 3.84 - 20.73 mg Trolox g ua:35 DPPH Radical
Scavenging Activity fign5fusuyadas: 3.62 - 12.91 mg Trolox [22] Wigansisufiutsguaas
ATUIUMIMNEeTled asnnsmhnsuIuMaALIIm dmsdamemesssmueyyadas: Wy
Imiug ssituedn arsueulnloeniu sswaliuesd Weweuss ANwSeu uazeendiau umu
nalnmsmueuyadaseosasiiuedn ssweulnloeniu Wesnnmsnguanidnasansoli
lalasiaueznennemsiiuoyyadaszuazieloudiaansen s13NsdudseuyaasaIToUyaas:
Tuszuy ABTS ua:35 FRAP ueninuuuiimsnauiluedndosmnsaiinslouuusessisiiuends
yiliAnmawdesliliheunneressou 23]

5. mawAsuulariiauaziSnamsiuedn

mafnmmsiRsuulaofinua:Ummeesssiueanluihgansioumaaeslsdlusni
mafiuinmiigamail 442 °C fuszezoe 3 Wiou Aol 2 wuhas Gallic Acid Usmnaugusu
fimuniy 35.16+0.18 pg/ml FW idevhmsiiusasthgnmsieunuhiBinm Gallic Acid anaowie
0.8240.02 pg/ml FW (p<0.05) (apaviean: 97.67) &35 Hydroxy-Benzoic Acid #i3uim
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39.14+026 pg/ml FW dievmaivsnsniiuszeznm 3 deu filsmaananmie 2112008 pg/ml FW
(@naosesn: 94.67) USmmes Vanillic Acid fUSmausudiu 9.43+0.07 pg/ml FW lwieud 3
fSinauanag 848009 pg/ml (ansiesa: 78.33) Usmausns Trans-Ferulic Acid USmaudusu
3292058 pg/ml FW luifieud 3 fuSmmanas 0.99£0.05 pg/ml FW (@nasiesa: 96.99) U
&1 Rutin 7.34+0.07 pg/ml FW luifienil 3 SuSmmanas 3.45£0.12 pg/ml FW (anasiesa: 53)
wa:es Sinapic Acid fUSmaudusuiduySua 38.2120.73 lwieudt 3 fuSumanas
27.08+029 pg/ml FW (apasiosa: 29.13) sanAtasiunamsnaaasgas [21] wuhdSmassiuesan
filuhgnnsdon lHuA @13 P-Catechuic Acid luhgnvdouanwandouiuiion wuinSunaanas
Sowaz 66.18 luthgnndouainnansieunusism nudas P-Catechuic Acid ansiesn: 75.88
Tudteud 3 fuss P-Hydroxybenzoic Acid luthgnnsleuionuszihgnvseusmanasiess: 61.11
fua1s Vanillic Acid luwihgamisusnmanasin 61.11 lwganieudmanassosa: 57.14
13 P-Coumaric Acid Tuaufians Ferulic Acid wenantudionuss Chlorogenic Acid ua:
&1 Caffeic Acid Weainilos [4] wunsaiuedn 2 #in G- uaznanmieouamiin) uazWaliuaed
lAun &5 Rutin §15 Glucoside &5 Quercetin-Malonyl-Glucoside uaz&ns Caffeoylquinic Acids
Tuv3umge ouddeaes [21] nuginvesarsiuednlunansen laun @15 Chlorogenic Acid
35 Ferulic Acid a3 P-Coumaric Acid 35 Sinamic Acid uazsns Caffeic Acid uenainiiu
guwus1s Hydroxy-Benzoic Acid &9 Gallic Acid &1 Vanillic Acid waz [3], [24] wunwila
uazUIamnsauednlugnnuen wua1s Gallic Acid @15 P-Catechuic Acid &35 Catechin
&19 Epigallicatechin Gallate 15 Caffeic Acid &5 Epicatechin &35 P-Coumaric Acid &15 Rutin
&3 Ferulic Acid &3 Quercetin &35 Naringenin mMus1AU MARaNINARBIIAULANESHUDEN
nmerilaivsnuantesas esnastivednifloweuss Anuseu Tan: sendiou sunIndin
maunnaanvadluana M lndvsumanas [25]

95.53

8 g =
1 =) = 2 IS
S b= S =
= =
B [ =
=
1 2 3 4 i @ : ¥
Time Storage (mounts) Time Storage (mounts)
(M) SDURZVBINITULIOUYNINTZ (v) 5088009 ITVIDUNADHTT
AI835 FRAP A1835 ABTS*

U 3 guemamueuyadasraeiignileu

Mywn 2 Madsunlaslsmnassiueinvesihgnnueumawoslads:niemsiausnm

- . - 0 AU 1 heu 2 ou 3 ou
JUATIFITNUDAN
(ug/ml FW) (ug/ml FW) (ng/ml FW)  (ng/ml FW)
Gallic Acid 35.16+0.18* 24.40+0.22° 6.20£0.10° 0.82+0.024
Proto-Catechuic Acid, nd nd nd nd

Hydroxy-Benzoic Acid 39.1440.26* 36.13+0.14° 14.27+0.79° 2.11£0.08¢
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Mywn 2 MsidsuwlasySunaasiueanvesiignuieuniaeslsds:niemsinuinm (Ae)

finmesssiiuaan 0 thau 1 hou 2 1hau 3 ey
(ug/ml FW)  (ug/ml FW)  (ug/ml FW)  (ug/ml FW)
Vanillic Acid 9.43+0.07% 9.27+0.08° 8.61+0.03¢ 8.48+0.09¢
Syringic Acid nd nd nd nd
Trans-Ferulic Acid 3.29+0.58* 1.98+0.07° 1.10+0.05° 0.99+0.05¢
Rutin 7.34+0.07* 5.92+0.06° 3.94+0.19° 3.45+0.12¢
P-Coumaric Acid, nd nd nd nd
Naringin, nd nd nd nd
Sinapic Acid 38.21+0.73° 35.76+0.67° 29.59+1.61° 27.08+0.29¢

wnewin:  a, b, ¢ Mdnwsnlumleumilutuineulinnuunnmomesdfdenieuiey
ANNUANAIBRIANRAEAIBIS DMRT Ns:AuladAymusann (p<0.05)

dyUnaLazanUsena

maiusnwnihgnndeumaweslsdigmungi 42 °C Tumaauiarhdvuuuls ildaensafivinm
ihgnvdeulmiusezom 3 Weulaeliniide mwa’tmﬁmmmmmqwﬁmnmmwaﬂuaﬂm 1t
asfiuedn ssweulnlzeniu smsalinesd wonINULLEIGNE MIAUBLLADFIZAARIAIY
msfnTiauaUSnamsiuednmeamaiin UPLC wunas Gallic Acid &5 Hydroxyl- Benzoic
Acid §15 Vanillic Acid &35 Trans-Ferulic Acid ®15 Rutin uaz&13 Sinapic Acid anadluy3mnugs
Wieldidudeyaiiugudmsvonamnssmigavdeudely  dsiulugasmnssumsudsgtiganteu
msimsliussadmiiedooiuusy  eondluuazanuioun  evandesmsanasossseangnina
Fammuazsnsmueuyadas: anmsgaismsivednluhganioulusmiomafivsnm
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Abstract

The objectives of this research are: 1) to develop an interactive program using augmented
reality technology from problems in Java computer programming for people with hearing
impairments, 2) to assess the quality of the program with experts and 3) to assess the satisfaction
of the hearing-impaired students toward the program. The sample group used in this research
was 10 students with hearing impairment from Computer Science Program, Surindra Rajabhat
University, obtained by using purposive sampling technique. The research instruments were:
1) the interactive program using augmented reality technology from problems in Java computer
programming for people with hearing impairments, 2) professional quality assessment form
for assessing the quality of the program and 3) satisfaction assessment form for assessing the
satisfaction of students with hearing impairments toward the program. The data was analyzed
by using mean statistics and standard deviation. The research results showed that: 1) the quality
assessment results from the experts as a whole were at a high level (} =4.51, S.D.=0.57)
2) and the satisfaction assessment results of students with hearing impairment as a whole was
at a high level (X =3.97, S.D. =0.97).

Keywords: Interactive Program; Augmented Reality Technology; People with Hearing Impairments
UniI
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aluladiaiionsss (Augmented Reality w5 AR) Wumaluladinsuelanuwionnandugds
(Real) whiulanadion (Virtual) Tasriumegunsal uuan ndeeiieiie Aeuiiwes 3auAumsld
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uaz3Ale [2]
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Abstract

The objective of the study was to prepare coated cotton fabrics with chitosan (CS) and
montmorillonite (MMT) composites to improve the antibacterial activity. CS-MMT composites
were prepared by ion exchange technique. Cotton fabrics were coated with CS-MMT composites
by dipping and drying in hot air oven. Different numbers of coatings (1, 5 and 10) were then
examined. The chemical composition of coated cotton fabric with CS-MMT composite was
analyzed by FTIR and the morphology was observed by SEM. The results indicated that
CS-MMT composite could be attached to cotton fabrics. The antibacterial activity was
quantitatively assessed by using the AATCC 100: 2004 test method. The result revealed that the
cotton coated with composites 5 and 10 cycles showed 95 - 99 % microbial reduction against.
After 5 washing cycles, the CS-MMT composite retained on cotton fabric had an antibacterial
activity up to 28 % for Escherichia coli and 35 % for Staphylococcus aureus.

Keywords: Cotton; Chitosan; Montmorillonite; Composites; Antibacterial
VNI
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dh (NH,) sillwdnsmwissquanuusneld SssnansafindunsiseniustiogasuuniiGednlsznovie
lawenedugalsn waslusiudoiitoay Tnoilidinanuiemeseniogasuuniise sowaligas
LL‘UﬂﬁL%'ﬁgﬂé'uéu'm,l,aﬂsimmiaLﬁ]?ifﬂﬁ (51, 8], [14] TaeUs=ansammssudeidouuaiisonasiie
IARBUABLNEER 5 uaz 10 Sou HUsTANEMWMsTusadouuATiGans 2 winladiReeiy Aenulums
nageulsrans mMwmsimudeuuaiiisoresinihonaeunouneiaadn JndIARoUABUNDER
s1mu 5 seuluAnwluduneudnly

6. MmsnasaulszAnEMWMsMuTauuATiSsTeRihanRoURB NN EANRITN

wami‘nﬂaa‘uLﬁaﬂiztﬁuﬂizﬁw%mwmsﬁu5\3mwﬁfyLﬁu‘[m"aam??mwﬂﬁ[,%'ﬂuuﬁwﬁm
MipRoufsnouneini i 5 seu usrihludnmuninggiue I1SO 105-C06:2010 (E) METHOD
BIM éasuaunselumsdn liud 5 10 uaz 20 30 Aomsiod 4

M3 4 USnupesgdunsoniulamauannFuRa AU NARBUSIIMUIRUNIDNINUTUAYL (0 UIN)
URINIGATIE (24 Tlun)

SPERTNMINARIVBILUANLSE (Y% reduction)

AIENs
E.coli S.aureus
iiheilamuadeu 0 0
#n 5 A3 28 35
0 10 A3a 0 13
%1 20 A34 0 2

ynmsnagoulsransmwmsmudouuaiioresiihoindounounoRanasdn  wu
miheinnuasmesnsuneianasdn UszansamlumsmudewuaiiSeiimandmas evaniihe
fnnuAsimeneuneanlalaTuuaensuesalalus  Wethlumunsauiumsdnasiinailisnsaiou
naneonaniie Tnegnauaznalnmsdudsaiunidueslalnaunanaueuiusuaznouneinges
lalaznu wudr pH fimunzaudmsumslivs:leniveslalaguaissmnim pKa veslalagiu
(pH < 5.5) waznszvaumsdnazdimainssdndonidume Fadumsusuieunnlalnguds:quin
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(NH,) dulalegmdss:lusivszg (NH) dodudsz@ndnmmsdudsieuuaiiisevaslalagiy
Joudswumumainlslaudusenye:ily  Sevilalalamuliugnsgnivesarstuaubauunite
Uszandmnmssvaudewuaisezesddeninfourauneadndoimanag [2],[8]

unagl

mam3eniiheifivs@nsamlumstudndeuvaiie  Tnedsmandeuiannounednlalngiuua:
woun-uesalalusn Tnglisnsmdmlalasuususuedalalud Ao 2:1 (astimin) Jinsransas
TAssasumoaiizosidhaifouneunedn  uazdugiuinenzosmrhairRouasunesn  waAsliwum
AouweRAsNITaommzuuniheliR  uasisuiRsudndouuaiiseldednsiivsaminm  mihamaou
foReuNeRRTIUIL 5 ey 10 sou siUsramsmwmsmumswiaivlnteadeuueiisenin E.coli
unz S.aureus ligofodoua: 955 - 99.7 snnyesiululalreimmnsanaentingaduuaiiseld
iniheaReuMmeneuwen  sxiinnuTmanss uasdanumRniniumusiwuseulumsaRounE
msfinwssamsmmmsmudenuaiisovasiihanasumenounedniuin 5 sou wasmsdanu
anusnsalumsmuidouuafieimandmay Weswiuseumsdnini

AnAnIsNsemMeA

VYOUAMNUETUSUUIIUITIINUNINGINENTAYaVUA Y51 sulszanmaela Ye:d1t 2563
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Abstract

This research aimed to develop bio-foam from banana sheath and cassava starch (81 cultivar)
with natural waxes as coating agents for food packaging. This research proposed to produce
food containers from banana sheath by using cassava starch (81 cultivar) as a binder. The bio-foam
was prepared by dissolving the cassava starch (81 cultivar) in water with the concentration of
10 % (w/v) at 95 °C for 20 min and mixed with 350 g banana sheath. The bio-foam was formed
in a mold by a hot compression process at 100 °C for 30 seconds. The bio-foam container was
removed from the mold and coated with three types of natural wax , namely bee wax, soy wax,
and coconut oil wax, in which the variation on wax content (5, 10 and 15 g) was also studied.
The physical and mechanical properties; water absorption, moisture absorption, oil resistance,
compression test, puncture strength, morphology analysis and the degradation of the bio-foam
were evaluated. The results showed that the appropriate wax type and content for coating the
bio-form was 15 g of bee wax. The water absorption and moisture absorption decreased while
the oil resistance, compression test and puncture strength increased compared with the control
sample. Morphological analysis of the bio-foam coated with bee wax showed a smoother
surface than the one without the coating. The degradation study of the bio-foam samples buried
under the ground showed 20 - 52 % degradation in three months. Bio-foam containers from
banana sheath and cassava starch (81 cultivar) coated with natural waxes was biodegradable
which can help reduce the amount of waste and can be used as foam trays, souvenir packaging

and foam coasters.
Keywords: Bio-Foam; Banana Sheath; Cassava Starch; Natural Wax; Food Packaging
VMU

TuweglmsuduusssiarmaaRnifims linmuiudnounn Wesnnsmgn uasthvdnw windsan
m3lfouTnunedalasumsni isnsagessmeliuazimsUsesmsdoiumsie - sonaliniam
Mudswanfonmun Momniusssiaisessmelimossmi vielwuiiam Bio-foam) Jalu
FnmodennilslumsianlinaunuTiumemsmantinsdon Tnemslinefwesmosssuma wu
uily fethaiu wilsiushuznas [11 - 21 wilang [3] wilsinne uazudlofunss [4] dudu udlnis
fnannnuiladfissesnodios yilsuiRmuanuudouss msfmumuivn uwazuaninde [5] Jofood
maUSulpnuaniAzosTiuutle Tnemansuiannnsssunidodegnmnnaeniin laud lalagu [6]
ysailonnsssuea (7] duiu deteimmamauialiuimwlimm:funslinunniu
msansaTMIgAduANyEy TlUfsSulsRnsuiimenalifou noudde [8] TARmmmsnFen
adnmanuisiudimdmsudulosssunuazlalaey  WenAgouANNMUMULTIAG WU
maduSinamedulowalalreminnty mldmanuimumuussfogesy  uandidiuhdam
HauvAmenalaafeenulnumemsmwedslasu  wuRsaiuouide [9] lafnwmsmegaumstosaais
aemsdonavluiu  wudlnudimuudsniudiumdsnaudulonnguessdnisagesaaislatey
MusTINIATesa: 80 - 85 Tuszaziam 90 Tu BmsmsudulesssunAtieUsulsnmaiTAmona
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poslngInmlagnme  uaza1nedde [10] Anwimawsenludimmanedoduai:naonaniaule
mndnausedeumelaie  wohmsindeulshsheuSuusliwuinmwiianuasnsalumsazaeen
danagUsendannudasluh  wazmanuimumunsldsseigoniiudnmildlfaieuselois
nnfedvesmslinedwessssumadoiinnulandu uiinsredowindonsosliudanm fHemnil
MidssAnmmananlininmanisnsssami Ao Wilsnnmuniie desnnnmeiimsugaiumly
Tuiesdu  adelivs:Tomilimnaumudsin W uwawa wuhmuadedusuiivsnasileegnn
dnvazressilomunimeh hiidnsaseuinEeien  InmsuiRmisiuszsinnuudousodufiy
dreaeanuudouss numu wazbismedudesdlui [111 dvesAUszneumaniivesnundie
Uszneumeigaglassoss: 31 uasefiaglassesa: 15 [12] Fssulafahdulonnmunimedhiaaman
Tumsnanlrlutiam walduilsiudnngs oiug 81) Wudmdsa desnniduiisivnzlgaann
Twhualanailse Sondnanys Tdudszneusesmslulansags sliianinmlifuaziinnumiionnnb
Tasano3de [13] IinmmsianussadanansulonwfennSouwaldutloiusndsdoimig
duilsza widlasnTnuimnilimiuerlinudemssiduseneswad Jeduilufoanieudis
losssued  essnsaldemsiolidunmlinuiulaglisgy  aogunsadulidemslusming
mslinu HedohmsnmmaedevTiumwielosssuna Wiud lofio (Bees Wax) lotamios
(Soy Wax) uazlathiiuuzni1 (Coconut Wax) daviiuianiilinnsssumi ieusudsdliliudanm
AuAnlmiusianauTAfmumM UMb uazanmsgaduhestiudanm [14] - [16] uazvimadugy
TnenszuiumssntugUimeanuson  anuAnmaAmsuiAimemenm  uazmonazastriu@am  1iud
MIgATIh MIgATUANLTL MIMUMUINIRL MINUATSEL MIFMUIMULIINA MIMUNLLIIDE
Anwanvardugiine uafnnmstessamszesudmn Beliudmnildnnemideiiduwme
lumsliianiamnsaanmsneliiindgmasuinden  naunuliuiindnnanefmesdonszi
danaliidudeyaiugulumaianmananinuiinwielflugnsmnssudely

21081725298

1. mamsenutsnniiduszvngs (Wug 81)
Anudasmads [17] Taediudilzvde (Aug 81) lAsuAnueuAsziInnenIng d1ne
Tanahlss dominawy3 thvsiudiznds (iug 81) MohAnuazen mienFensen milimiududn
ldiuazidenduin Enswisiureiumnn 1:2) Wuna 2 wii mendeeilunealn (Sharp,
EM-ICE 2, dsandlng) asessnuiunsheldliulsnnaznen sniimaiusesmaimuuueanud,
mMunznouulsmelarsnwmludalng (98 -100.5 %, Sigma-Aldrich) Soaa: 0.5 @n318IU 1:5 Tnenhwin)
Wi 30 Wi Wluduedes (Centrifuge) MANSITEUWNAD 3,000 rpm Hunm 10 wiit fesethnau
2 sou wanhuisnlaloufmedevaniou (Memmert, UN 110, dszmAwasiiu) figunail 60 °C
dunm 8 #alue hwnualiandenuazsourunzunss vssqnoutiilumausaiaia uazfvsam
Tulageanuduiigunaiiveowndy 28+2 °C
2. MmawssuEulenmunae
fAautaomais [18] thiunimethhivianasenusn Wisummewasziion muausdumnn
gunedios doninany3 idundenaenniueen MoiANNEzIn imundenuiuiugn
nniuivldlumousaicda WwetlU1flutudely
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3. mImIsNmlIEaunIamsEAN:
azmuiloiudlnds (Wug 81) anudniudesa: 10 Tnetmiindeusmng luindu
USmns 1,000 fiadans WianuSeuiigunadf 95 °C e 20 widi Ausussazmsuiognnane
wWuasazasuodonls
4. mswsnanMSIUEUlomMunaIsRaRIUsza
Faudaomads [19] doiminmundae 350 a5y dusaudussazaeutodenla a1miu
idelusenluh ielfidenszaeotomsinane dugUuursuliomn 20 x 30 wuRmng Aoduou
Tiunaiiunm 24 s aendunuesnINAzuATIABANNIZIAT T
5. matadeulussINmA MmenIessATusUMmeaMuTeay
Faudaomads [10] wdaumandouAisssumanaleie ladamies W3S noiudu
$1in MetlATln peadnmats dszandlng) uazloiiiunzn3n Naturel, u5dn age 110, Usznalne)
USmaegioa: 5 10 uaz 15 asu anuwmaslyouiuou ﬁwlﬂé’ﬂﬁugﬂmﬂuﬂﬂmﬂéaﬂﬁyugﬂ
maanusou (lasuanueAsRinnAudEeuIUsTIATEgNINOWEY 9 MuWe TULITURNLA
gunaifion doninany3) fiaanadi 100 °C vimssamolidunmusznm 30 Jui FgU 1 thiuonu
ganYIAWiTNR Muuzimumstugtwinhlumnuaniigamall 30 - 38 °C e 1 Halus dewiily
NATDUNNTAA 9

U 1 mIdnzugmennusenzasmsnanliuinmanlomunaisuacutsiuas (Wug 81)

6. AnmpmEntAIMoMn  uasmsnazeslnutimwannlomunmsuazutsduazvay
(Wug 81) wiasiAdaumelasssui

msnAgoUaNTANIAATUANLTY (Moisture Absorption)

Aulaonmids [20] TrethBunuown 14 x 22 x 1.5 wufimwas sldamuiumeieuaniou
flgaunad 10522 °C 1w 1 s dobhmindunureunagey (W) antuihdunuunivlula
AfgnzANNTuFuInSSena: 7552 qunaill 28+2 °C unm 24 Hlug iiunumisimin
waomanaseu (W,) Tnsusazalsgoinmsnaseu 3 91 ouiiniminfasuwaooesiuunage
uazAIMMA S BER:MIRATuATINTY Aosumi (1)

[% o & W - W
IRURTMIAATUANNDY = wa() (D
W,
MsvAdeuaNTANMIAATNWT (Water Absorption)

Anuasmuds [21] Tnehdusuomn 14 x 22 x 1.5 wufmns nlaanudumegouaniou
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flgunad 105+2 °C luna 1 dalus dohmindunudeunageu (W) ihlewdadnliiownmiiu
finmelusosdusmamn ihlewddldudiliousniunm 1 e ilewdsnaeiulusesmous
methadlunm 180 wif hiumumninhminnasmanagey (W,) Tnsudaziegoimsnageu 3
ﬁuﬁﬂﬁmﬁﬂﬁmﬁﬂuLLUanﬂaﬂﬁumuwﬂﬂauLLa:ﬁmammﬁn%’aaa:mi@ﬂﬁuﬁw Fosumsd (2) [22]

SeuaznmanAdui = M><100 )
: W,

mMInAgaUMIAMUMULILTY (Oil Resistant)

FnutaemAs 23] Taehdunuamn 14 x 22 x 1.5 @ufmng NULAsmsamuaainmse
Wi 2 05 Mouuiuny niunemisiuigaslduunemaeaugy uazdonamsaiduriuld
geothiulUdnszameen Tufinnamhiuumnunszmsoaidualumsmumuisiusestiudnm

MIANHIAUNNTANIING MIAUMNULIINA UAzMIMUMULIILDI (Compression Test
and Puncture Strength)

Anszilngldindos Texture Analyser (Stable Microsystems, TA-XT2, UszinAdung)
NANDUMTAIUNIULTINALTAIIALDULNULUY  (Flat Plate Compression Test) [24] &iunasou
msfmumuusnzliiain HDP/CFS wa: HDP/90 Heavy Duty Platform fngumuliifizuin
2.5x 2.5 wuAwng InsuAazegoimsingzi 3 41 [25] - [26]

msfinsansudug1Ine (Morphology Analysis)

msfinmdnsuzneduguingzesiunageulzaTIadefmendesganssmiuuyliugg
#inamosle (Stereo Optical Microscope, modelSZX16-DP21, ﬁjﬂu) T T
Funu TBM3eNTunuemA 2.5 x 2.5 cm AARITUNLULWINIIIuNuSUMAseeeglugie 100x

msnazaumInuANusou (Heat Resistance Analysis)

Fautaoaeds [27] ensasseuludnmmneaslinmwlumuanusmumuanuseu
ffwnlimadeqidesnnanuieu  Tashdunumetoneumomeululasonlaglimainih
700 oA lunan 5 Wil dednnadnsazmaAsulagUe uazansazm ey

Anmdasmstosaaarasiugu

idunuawa 14 x 22 x 1.5 wufimns dandaihmindununounagey (A) anduiily
HoadluAuson TaeanuduEudusesiusniy 24 Taethviin vsseAuasludownzgmma 80 x 48 x 50
wuRmRs uwazRtueleunUsanm 10 wufses Juom 3 deu gamgh 3242 °C Taena
Tuisn wasbifimsWih Tufinmswasuwanihminunu B) gamuauilife Tiuwedslaiu (PS)
TufinNaMINARBILAzAMLILNSERERAIBTEITUIY Aaaumsi (3) [28]

%4 1 A - B
SRURNITURBERIY = %XJOO 3)
7. MIIATIZANANIIEIA

MIAAATENANINDALATIZAMEUsUNsN SPSS® version 12 (SPSS Inc., &#3gatian)
LA ILATIZRANNLYTUTIUMEIS Duncan’s New Multiple Range Test N3:AuAuLzaiuiaeas 95
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NARNISIVLLURZNITOEUIUNR

1. wanmsANAMENTAMIMENN  uasmsnazasliuimwainsulonmunsisuasutoiv
sznay (Wug 81) wiauadoumulasssuni
nmaei 1 usAsRamAteuMIARTuANNTuLazmInnduhaes i manEile
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