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Jugusenszuumssainiowieuiiegndunmasouanifdena 1Wud audhidang wararusumusenisin
59 WU MTeFon TPNR sewina NR fiu TPU fidndau 95:5 theuuussantmidanauazanuduniusonisdn
wseves TPNR 1Ty uavanmsinueiavesasiiiunnudniuld wudn nsldens ENRSO anunsadaeiivaay
fulFszming NR #u TPU Tasazdiuldanaranuiunudeussieiigeiu ieifleutugnsensitlifuasia
aandiile warflaudfidenadifnd TPNR Aldens NBR Wuansifiuanudnle

AadAgy: easlunanafindanalawes s3sssumfmeslunatain arsdieiiiuaudiule
Abstract

Study of thermoplastic natural rubber (TPNR) based on natural rubber (NR) and thermoplastic
polyurethane (TPU) blends with the blending ratios of NR compound and TPU at 100:0, 95:5, 90:10, 80:20
and 0:100 by weight. The effect of compatibilizer types on the properties of TPNR were studied by using
epoxidized natural rubber with 50 mole% of epoxide (ENR50) and nitrile rubber (NBR) for 5 phr. TPNR
were shaped by using a compress molding to obtain test specimens for testing some mechanical
properties and abrasion resistance. TPNR with the blend ratio of NR and TPU at 95:5 showed a better
improvement of mechanical properties and abrasion resistance property compared to other blend ratios.
The use of ENR50 as a compatibilizer for NR/TPU blends gave a better compatibility of between NR and
TPU as an improvement of tensile strength compared to TPNR without any compatibilizer and a higher

mechanical properties compared to TPNR with NBR as a compatibilizer.

Keywords: Thermoplastic elastomer, Thermoplastic natural rubber, Compatibilizer
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1. uni

warafniutanidsnswaludinyszsrunlutagtu lidasdueiesussne vssafust wediiaes
JudruBidnnsoiind Judiusosud vidogUnsalmenisuwnd us Taenanafinanansauudld 2 Ussamudn 4 fe
wiesTumanadin (thermoplastic) uazinesluiafs (thermosetting) Fa¥anusiazUszinniaziigasuuazdofiunnss
fusenly usteidevan 4 vesmanafndaulvgfe Sarmuss wnindedlolauusinszunn Suhinidedamuntan
gialnituigenin medlunaraindanalames (thermoplastic elastomer; TPEs) #sagamaslunanasin Jan
yinifanuannsalunistusumilounanaiin uasilauiRdangusoutuadiesns Gsnsefeusranesluwaianing
Jufifeufenisuausenirameslunatadiniudanalawes (thermoplastic-elastomer blends) Wy 11u3daves
Pichaiyut uagamg (2012) lfinwiarunasiunaiadin lnenisdnennasiunarafinindesmu (thermoplastic
polyurethane; TPU) 1 maufug19s55um7@ sremafianisuauuuulniivazyinnisinwdninavesesaoswing
WANAAUTENIN 8195550IA (NR) U 8195350 ABNaNnles (ENR) naa1nnsfinenudn dunauves ENR / TPU
fussdalunisuay lgdavesds (Young’s Modulus) Avudumiuussfauagnisgesanionaaniou gedudle
Wigufiuniswan NR / TPU usilumanaufiuaudfaudinisgaduiasnigaendunu anudmumuseuspiaseuzdn
v InkazantinNEavguraNsingUegfvamediues lanudeuniinisueay NR/TPU

fifeTealafezimunysulpaussauzvesenssssuealagidonlineslunaradnlndgimunniy
BIAUTENOUMENIUNITUANA IneyN1sANYINITNSENTANEN SEnTNee1esTsumAtumasiunatainnedgsimu
Tneuthmnendndomaiaunesssurilifiaussousfigeu Idun garduFesansRidng uagaufumusens
g

2. 9QUszHIAYRINITINY
1. WeAnwdndiuiuauniunzanlun1sm3gug19s SN Ameslunaiasin
2. WeRnwdndnavesanstisinanuidniule (compatibilizer) AoantRenssssuvRmesiunaiadin

3. naswAzILITeTiAEdes

3.1 waslunardfndanalaues

wosTunaraindaralawes (TPE) viesnaumeilumaradndutanuianisfisauerautivesensuay
wanafniddaeiu TPEsefinanifndrsenamesiudn (thermoset rubber) feflautRnudangundie g TPE
%mmmLﬂﬁauuﬂadgﬂmﬂﬁdwL:ﬁaiﬁ%’mmﬂnisﬁ’mﬂmauanuazmmama“’uﬁuéamwLau"l,é’l,ﬁaLLiaﬂssﬁwﬁu
el luvassiiiendu TPE AfaudRvesveslunanafinae lnsasnasuiloldsuaudounazasndunudialade
Busaas Feaansatugd TPE fenszuaumasaudouriluildlunstuginesTunanafnld Wy nsvuaunis
8937 (extrusion) N3zUUNTIAILLRLN (injection molding) tTudu [1] nMswdsusnameslunaainlaeily
aunsawsenls 2 sUkuU fis nMsweuuuuung (simple blends) faniskanensiumesiunanadinlnenss 9199wl
nsldasiduudaiiny v ganudrfuliviedislunisszuiunsndn uazniswIeuwuulawiind (dynamic
vulcanization) FsagiinsldansTaeludiieliAnnsdenledusns shliAauaideusdlifleynednaieling
nsvanefvenslumeslunanaindideiu Inensvuaunmsianludvesensasintulussninainsnanfumesly
wanaRnfigaumgiige vhliAnmsusuUssantAamsmenmvesenameslumanain 1wy autAnisius audfidena
nsldnuiigamgiigauazanuuda [2]

3.2 Mmsnawglagmsidmaiamaslanataindardlames

NNUITEVBS Pichaiyut lazamy (2012) [3] ladnwienaneslunaiadin lnonisuieumeslunanainlng
g3 (TPU) 1 wauiug s ssuend memadanisiauiuuuninazinn1sfinyidnsnavedgwasssiinfe 81
5551%@ (NR) AU g1esssug1@dwenten (ENR) %ﬁﬁ;mgwmwé’ﬂmamﬁﬁﬂmLﬁ@ﬁ%ﬂ%’uﬂqﬁauﬁa ATUAIUNIUY
ADAIUTDU NTTULTILAYNITNILTANBUTINTEYINAINA8UBNlAENTAaRT NS lTdndIuTENI19e19 UMD S L
Wmaaﬂiwaﬁmuagjﬁ 30/70 uaz 40/60 Tngtmidn waannnisdnemudn grameslunaiafinannnisuay
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ENR/TPU fluseUnluniswan lugdauasds (Young’s Modulus) A3 ISRV ULSAUAEANAIUNIUABNN A6
fhonufeuriugedudofisuiveraneslumarainain NR/TPU usflumanduiugnamesluwanadin NR/TPU 4
autRaudRn1sgadulsarnIEBUTI AnLahIalunsiauataraudRaNAUNIURDNTTRATUAS Andens
wiosluwanasn ENR/TPU

Pichaiyut wazmniz (2011) [4] laFnwrdninaveanaianiswsensrueslunatafinfiuansneiusening
AsuaNLUUUng AunisuanuuulaundndYaniluedy (dynamic vulcanization) ENR ffu TPU fidnduivinfu
40/60uaz50/50 tlpanmnuudses TPU Uuusiandinisfuusinssunuazaudfidenaveserameslunatadnii
wisls anmsAnwnudn enanesssssunaswenlediumeslumanafinlndeTing seomeiansuauiuulni
wazn1snanLuulauindSarluedu (dynamic vulcanization) liannuudewes TPU Saanas Tunasiauds
ns¥uusnszunnuasANLBavguinty uilumanduduen fiinlugdavesds (Young’s Modulus) tan © wagnis
AngUans dnddlerfisuiu TPU u3qns edndlsmunmant@idenadtlaid (tuussis anuudeusauaznisdady
dlowa) inannswaniivhlduiisouses TPU iedusnnnit uenanidmuiiasildannseioudomaia
nskankuueiinuandiniena stress relaxation autinisgadulaznszaendny aaautAnsivawazay
fangu AliddlofisuiuiagildainnismdsudiomaianisuaunuulauifindFantluisdu (dynamic
vulcanization) uagdugruinguandliiiiuinnisnssaeivessivIousensnauuuulanfindtanluedu
AN

Kalkornsurapranee wagaay (2012) [5]1 lawwssusraneslunaradniannlug (thermoplastic
vulcanizates, TPVs) UsgdnSA1nad9nen9s35u91@ (natural rubber, NR) waginaslunaradnindgsmu lagld
waflaniswanuuulauniindfanluedu wazlddnudvinavesnistaniludiemuzdussuusngg I szuu
fuzduunf (conventional sulfur vulcanization system, CV) svuuragdufsussansam (semi-efficient sulfur
vulcanization system, Semi-EV) tagszuunnuzaulseansnin (efficient sulfur vulcanization system, EV) wuin
ms¥anluddeuzduuuy BV IfautRanudunuseussiefinndd szuu SEV uag OV auddiu waz TPV 7i%a
luddnszuy BV aefimnuiafissnennudougeiign vilvifungaulunswdon TPV uenanniainmsfine
autAves TPNR eFunainens NR wazens ENR WU 813 ENR Suszansaluniswausu TPU lédndnens NR
lesanvydnenludlulassaiiswesns ENR hlmAnsunsiseuazuiisendu TPU Usnaiussdayldaninens
NR e naniuiilndifeiu

3.3 gnsvaeiaAudiuld (compatibilizer)

anstaeifinaudiule (compatibilizer) fie wodweswielanediwes ifeuldiduasfuuduiioiy
anadriuldseninmedmesuandiliamnsadhiuldifietieiivanifivemedwesnay violdifieliAnnisnszane
fhitrvesansiniu (fillers) lunswIounediweineulngn Inevhluarstrediaanudriuld (compatibilizer) 1
ansanuseanlallu 4 Ussian fe [6]

1. vdenu3ensmalanediues (block or graft Copolymer)

2. W@ﬁm@%ﬁﬁmﬁmﬂu%’;LLﬁiﬂiaﬂlﬁﬁiaﬂﬂiLﬁmﬂﬁﬁ%m (nonreactive polymers containing polar groups)

3. wodluesMvyilsiduvdeduiiedlirienisviufiGen (functional/reactive polymers)

4. n1sviliiAnufasennsvdlanediuesuseneduelsiwduluseninenisuau (In-situ Grafting
Polymerization)

asteinaud1Aule (compatibilizer) Idgninanldiusgnaunsnarelunistisysuussanifvestan
neralfAty ensegradu Salaeh wavaay (2018) [7] Wdnwanudhfuldvesnswden TPNR anamedliany
Wgealse (polyvinylidene fluoride, PVDF) fugn45351%17 Tnewseuanstiefiunnudiiuldanenssssunisg
wlsluanasnenisnsdnediuiiaiwmiaiian (polymethylmethacrylate, PMMA) Tudndrufiunnsinsiu defes
av 3.5, 12 uaz 23 Taelua nsises TPNR ayyinnsuauens NR U PVDF isnsnaunsii 50/50 Sesaslaetinmiin
WU MsldenssssuvAnsminediufiainiaiian (NR-g-PMMA) L“ﬁuﬁ’ﬁﬂhEJWQ\IIMWJ’]%JL%ﬂﬁuiéfﬁ]%ﬁ%yjﬁdﬁﬁa’uﬁﬁiﬁl

The 4™ National Conference on Science, Technology and Innovation | 3



b AsUsEYLRTINTTEAUBRMWINGmEns nalulad wazuinnssuy asen 4
&N- 5C| = P SRR ” A
f |C—-‘a—;' = puyInemansuazvalulad unninendemaluladsivuseansyuns | 30 daau 2564

A AulFsEming PVDF wag NR vilviauaudinisiva auddena uazdugiuineiues TPNR fwdoulsd
FumaUSinaves PMMA lu NR-g-PMMA fiiadu

Pechurai kaganz (2008) [7] lalm3sue9sssufmesiunaiadnaing9sssusftunedefaustinaing
NuULUUES (high density polyethylene, HDPE) LazAnwdnsnavesanstaeifiuanudnfulaainnisiauys
1As9gs 19N edtaNauneNinsdu dd%ammé’aﬂqw, PhHRJ-PE) v'imﬁwﬁlL‘fJué’hLﬁ?ﬁlauimiwdﬂﬁgmmaqma
NR wag HDPE 91nn1sAne wudn audaildena laun anutAuideu (shear stress) wagainuniladou ( shear
viscosity) U84 TPNR 7a3eua1nn1siuausiens NR way HDPE 7isas1dau 60/40 fifin1siia PhHRJ-PE 1@wanstae
WinanudiulaTandafinninsldisanstioiuanudfuls venani msldanstieiunnudiuldeia
PhHRIJ-PE §3a1unsagisusulsandfidisninuudanie) (toughness) WagAusunIumiowssis i 3a1nves
TPNR 191

Kalkornsurapranee uagaas (2020) [8] ld@nwidninavesessssumdsauusluanailfiduasdioiu
AnudiulalunismIsn TPNR 91ne9sssuvfnagwoddnfidussAmmimsnniian (Polybutylene adipate
terephthalate, PBAT) iiloU§uussant@suanudaveuvesianuauszving NR/PBAT fidndau 40/60 ovarlng
danin warldanstaieiiunnudniulaludiunn 1 fevaslnenanain (php) aannsAnwmuin M3l MNR, NR-g-
PMMA uaz ENR-50 \Juansthesiunnudduldavdieliautiives NR/PBAT ftu iosainnisaudsinseadn
vospssTsumRIrsilensdanifinmududufiunnntu dwaliAnsunsisenioufises vyiladduvesns
sysuRARARUsIIanany PBAT

4. /515238
4.1 Anw1dnSnavasdndiuuaun
4.1.1 \W3PUYABNNIIA
m’%ammmamwnﬁuum’%aawamaﬂqﬂﬂf?iuﬂmEflfﬁqmmmauwnﬁﬁmamﬂumiwﬁ 1 Tnelutunoutoy
NEaNEE19s IR ansnsiu weranstestunsdeuiniiy Tngldinalumsunenauasnauasiaddnaridu
1281 8 Wl

M19199 1 gasnldlunsinsenensnaunig

dsiadl Ywiin (phr)
NR 100
Zn0O 5
Stearic acid 1
6PPD 1
TBBS 1
Sulfur 2.5

4.1.2 WT8UBISETINVRWDS IUNaEdRn

m’%aumaﬁﬁmﬁmaﬁuwmaaﬂﬁﬁé{“ﬂﬁ'guiwdwEmﬂamwnm‘ﬁumaﬁmwmaaﬂwaaﬁwﬁﬁmdau
95:5, 90:10 W 80:20 lnetimiin freirdowmaunuudafionngli 150 °C Tnsfitunounananduandumsai 2

4.1.3 156‘1’]5’3’2‘16'1’111&‘561”38Lﬂ‘%aﬂwﬁuﬁaﬂgﬂﬂéﬁ

wdmninensssurameSlunanadnliiu anduthenssssumameunarainiivienanduneu
7l 4.1.2 ymanansfudaarhuziudnadiuuaiesmanassgnnasuiidndiuiiuandumaned 1 Tagldinatluns
Wes 2 Uil
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a

A151971 2 TURBUNISHATULIITITUTIRLNBSIUNANERN

P
[

UMDY 1381 (W1il)
1. Tdespaunmsiiwsould wazvhnisuaite 3
Usuanunila
2.1d TPU asluluiesmay 11
U 14

4.1.4 NAFRUENUALIIABUNTIN

g19555umARNNAT TN sAmeslumarafnnedyTimulasssssunAmesTunatainnedy’
wudadanusingg Mwdeuldlunaaeuandinisanludseiaies Moving die rheometer (MDR) figauvindl 150 °C

4.1.5 FugUsneneung

%ugﬂmammmﬁﬂauwnﬁﬁiﬂﬁmnﬁumaﬁuwmaaﬂwaﬁg%fmuu,azmqaismwamaﬁuwmaaﬂwa
feSmudndiusingg fnseulaseniednd Wewioutuiethdmsunaaeuaudisie

4.2 Anwndvswavesansiiuanudniuld

4.2.1 WWSHUYIABUNIIN

WwSpue1sAeNIATEnsTdens ENR5O w3eena NBR iuansifiumnudnldiusua 5 phr fagasens
o RTLandlun1se 3 Insledesmaudosgnas Insludunoutiasnauaneenssssuni e1a ENRSO u3onng
NBR ansnszdu uazanstostfumsideuniiy Tagldnanlunisuasnsuasnaansiadifenannduam 10 i

A13197 3 ansensiilivilavasasiiuanudniulasisiu lewn ENRS0, NBR 9 5 phr

GREIGET wtin (phr)
NR 100
ENR 50 or NBR 5
ZnO 5
Stearic acid 1
6PPD 1
TBBS 1
Sulfur 25

4.2.2 \938U8195TIUYAWasTuNaEan

theuaeumsfiesesldlunantumeslumwarafinnedgsinudnduos:s uay 90:10 Tngtuiin dae
wdosmauuuLlniigaumngd 150 °C Tnsfidunsumsnauduandunsad 2

4.2.3 Tdmstanludéasiniosmauaosgnnae

sdsaninetssssumimeslumanainlidy sntnhensssumameslunarainfivisuanduneu
7l 4.1.2 wwanasiusaariuedudnefiueiemauassgnndsmuiidndiuiiuandunisd 3 Teldnatlunis
Wetu 2 Wi

4.2.4 agaUaNUAL19IAIUNIIN

thensssumnAneummsilifinsiumesimaafnnedgmunasesssumnameslumanainwoas’
wudndusineg MdeuldlunaaeuastBnisamludseinos Moving die rheometer (MDR) figaumadl 150 °C
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4.2.5 FugUsnneanas

Gﬁugﬂmaﬁiimwaﬂauwnﬁﬁlﬁﬁmitﬁmmaﬁuwmaﬁawaﬁg?wnuu,azmm%mﬁmaﬁuwma&ﬂwaﬁ
gimudnausing Mnsouldseiaiessati \Wiewseatusegadmsunnaouauinag

4.3 NagaUaNUALTING

4.3.1 NM5VAFBUANKYL (Hardness)

WIBUTUNAABUAILNIATEIU ASTM D 1415-06 udatiluiaaruudeseindos Shore durometer
¥ila Shore A

4.3.2 NMSNAFBUNITAIUNTUABLSIAS (Tensile strength)

WBBNTUNAAE UFUAILUATLUY C aannasgiu ASTM D 412 ilunadeudieiedas Universal testing
machine fedns1AISluNSAsT 500 mm/min figumgl 27 o

4.3.3 NINEBUNISENUTBRUU Taber (Taber abrasion)

WisNTUAABUFUANAL ALLASEIUL ASTM DA060 Tagldmaaay load 1000 g inrangasen 60
seusew# $11711000 soU wirathmiinfeuLazuEmadey uarfuINIAANEUTINSANTTe FaaunsT

1 uag 2
AUNSAUIUIAIANNAIUNTUNTANNTE
fufinisinvse (Wear index) = (hmitinrau-dwiinvds) x 1000) / 1000 (1)
hviinflguside (Weight loss) = (miineu-dwiinuds / dwiindew) x 100 2)

5. NAN15338

5.1 namsAnEBVENAvaSRdIuUAUA

nansnaAeUaNTRANLLTY AwFuNueuseRe sEazEn o gnun uegdatistezdn 100% wazadw
Funuiensdnnseuuy Taber ssssumAmeslumanadniivolnglidndiuseminsssssumnatunedein
Aumnsinaifu dauandlumsned 4

M13199 4 auURBINaveLEITUNAMBTTUNAERNIINNTIUAUAL ST TN ALAL BT lunaaRN N AT U

dnaqumngeg
100% Tensile Elongation .
NR:TPU  Hardness Wear Weight loss
Modulus strength at break h
(%wt)  (shore A) index (%)
(MPa) (MPa) (%)
100/0  27.33+0.58  0.5+0.03 10.46+0.32 788+3 0.18 1.32
N 95/5 37.33+0.58 0.71+0.02  18.20+0.86 762+1 0.11 0.82
90/10  33.33+0.58 0.77+£0.05  15.70+1.35 738+8 0.12 0.85
80/20  29.00+1.00  1.05%0.01 15.56+0.60 21l 1.00 7.19
TPU 0/100  93.33+0.58 11.36+0.07 51.25+0.73 533+1 0.0008 0.004

nuanIeaesiivanslun1sed 4 asiuindaiidi 95:5 ‘Lﬁwaﬁﬁqmamﬂﬁﬁudw 9195554 ANY TPU
anunsadiuldluseduds uaiiesainanindavesenssssumAtu TPU fuandnsiy siiliauU@iBanaves TPNR
anas wazdwalautinnudiumusensdnuseanamulusie Fadululein nsiuusunaves TPU viliAn
Asuenaves TPU vl TPNR Saudifianas
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14
(n)
12 4
TPU
T 10 - 1136
=
§ 8 4
3
o 6 4
=
£ q |
e
—
2 4 0.50
) = "
100/0 95/5 90/10  80/20
Rubber/TPU
() 60 (@) 1000
o 788
% TPU g0 | " %2 a8 -
m — -
& 51.25 3 x _
= 40 =
£ B 600 4
o 5 TPU
$ 30 e
=1 .
0} c 400 4 533
18.20
2 20 ; 1570 1556 2
@ 1046 I x £ 200
10 = o 7
0 0
100/0 95/5 90/10 80/20 100/0 95/5 90/10  80/20
Rubber/TPU Rubber/TPU

ad 1 audRdanavedesssuviAmeilunanafniulsdndiuensiumesiunarafinnededmu ()

1Y

wegdafisvezdn 100 Wosldud, (U) AnuFumusieusds uaz (A) szezdn o 9a010

INNMA 1 HANITNAABUNUTN gRTe19sTIMANIITNTHAYN TPU HA1ANAUMURBUIIF taundn

ada ~ P % ' A o § va
g08NEITUNANINIHAN TPU 1H8931nlAsas19903 TPU 9xUsznaudigluanavemyaunuuugurinligl
ANNLDI TGl denndeiiu seesdn i gavInTignsenssssuwAilufinisnay TPU SAfigendniesann

lassadavesenssssurfazusznaumsluanavedlelaniu (Isoprene Unit) dofududunsainliaunsanans
audinnudangulasni

110
100
90
80
70
60
50

Hardness (shore A)

30
20
10

40 4

o *TPU
_ 93,33
7 37.33
27.33 = 35 29.00
- i) & C3
100/0 95/5 90/10 80/20

TPU content (phr)

il 2 enuudweessssunfmesiunanainfiulsdnduensiumesiunanafinnede i
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NANT 2 UARINANINAAOUAINLTIVBILNETTUYIANESIUNAERN NANITNAFDUNUIN NAIRINTLAY
TPU asluluenssssumd dawalianauudwesensssugfmeslunanafindaningau uazdranuudgadiand
dndiu 95:5

10

8 A 7.19
]
g &
£
=y
@
< 4
ES
2 4 132 . )
0.82 0.85 TPU
0 i e e = -0}
100/0 95/5 90/10 80/20
Rubber/TPU

Ad 3 USunsaesiegnsfigaideluresenssssundmesiunanainiuusdndiugnsiumeslunaiain

Y

LGRERIN

NG 3 LARINANITNAGDUANNAUNILUATANTToYRIsTTNYAMesTunaaAnfidnnsltens
55597 (NR) wamAumeslumwanadnnedgiivu (TPU) :nnnsvaaeuwuin Weldin TPU dngiu 95:5 fUsung
nsAnvseanas esan TPU dauaut@munisinnsedia Flushliens NR Snaautisumunimsedisdu uas
deifiuuiinames TPU fidndiu 80:20 yhlsiamauifugas iasananulididuvesssssumduay TPU Tuides
vosnuidudn

5.2 HANSANEBNENavesEIsRNANUEAULE

nanIedoUaNURANLDY AnuiuIURousAs szezln a gan ma@é’aﬁﬁwz@‘m 100% LazAI1L
FrunurenisanusonuU Taber Aldvdnvosasifiunnuidniulasisiu Iews ENR50, NBR 71 5 phr Pdndu
SE9EN9U TPU Wi 95:5 waz 90:10 muddiu sawanslumsiedt 5

A15199 5 auURLTINa0981955 LRSI NAARN T ITANS RN ANULTN A ULARN s Ea Y
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Abstract

This research was aimed to study brasserie development concept for post-wearing of
augmentation surgery with focuses on the demand and choices in purchasing the brasserie for post-
wearing of augmentation surgery, including the guidelines for designing the brasserie. The research was
undertaken by means of a survey, using a questionnaire as a tool to collect data from the research
samples, which included 50 people both women and transgender women. From the study, it was found
that 50 percent of the samples were female while the rest were transgender women. Most were between
the ages of 20 — 29 years old and 70 per cent were single. 68.00 percent were bachelor's degree
graduates and private employees, while most  of them, about 30 per cent, had an average income of
25,001 - 30,000 baht per month, and 100 per cent of them lived in Bangkok. Concerning the problems
and factors that affected the buying decision, it was found that most of the bra had a steel frame as a
component and special bra for post-wearing of augmentation surgery were not available. In other words,
special bra that fit the bust size was difficult to find. The key factors in relation to the bra buying decision

were: the comfort in wearing, the breast shape maintaining, the design, durability, and the soft and
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comfortable sponge as well as the good quality. The above information could be used as a guideline for

further development of the bra for post-wearing of augmentation surgery.
Keywords: Brassiere, Breast augmentation surgery, Wire bra
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The Development of Nursery Pots from Biomass Waste for the Root

Harvesting Plant
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Abstract

The purpose of this research was to study the guidelines for the development of nursery
containers for root crops by forming process rice straw, longan leaves and sugar cane leaves It is a 4-inch
non-heating pot. In the ratio of biomass waste to starch glue equal to 2 : 1 study physical characteristics
stability and degradation experimental results found the pot can hold its shape until the harvesting stage
of the experimental plant. which has a harvesting period of 45 days. The longan leaf nursery was the
most damaged when compared to the straw and sugar cane. The results of the biodegradation test of the
nursery pots found that the pots from rice straw and sugarcane leaves It took 32 days to decompose but
pots from longan leaves tend to decompose faster. It takes about 28 days. Therefore, the rapid
decomposition characteristics of pots from rice straw, sugarcane leaves and longan leaves demonstrate
suitability for utilization in seedlings of root crops. with a kindergarten period of not more than 6 weeks.
when the pots with seedlings are planted in the ground will be degraded It is useful to harvest root crops
that are not obstructed by the potted fibers that connect the roots of the plant. This will have a positive
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effect on the production quality and price of root crops. It is an environmentally friendly product and it is

the use of biomass left over from the agricultural sector for maximum benefit.
Keywords: Nursery pot plant, Degradation, Root harvesting
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Development of Hydraulic Plant Pot Press and Constructing Wooden

Planting Containers from the Male Inflorescence of Oil Palm
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Abstract

This study aims to develop a hydraulic system for compressing the bio-pots and to determine
the optimal ratio for the production of bio-pots from male inflorescences of oil palm. The parameters
used to test bio-pots include decomposition time, swelling, absorption and nutrient content that those
pots can release. The results of the development hydraulic pot compactor found that this tool can be
used with approximately 1 minute per pot production time. The ratio of raw materials between male
inflorescences of oil palm and coconut fiber (95: 5) was most suitable for pot making. The degradation
time results of the 28-day were 26.77%. The results of the swelling and water absorption at 14 minutes
were 21.27% and 52.50% , respectively. The nutrient released by the pots consisted of nitrogen,
phosphorus and potassium were 2.20%, 0.39%, and 2.30%, respectively. The results of this study can be
used as a basis for the development of a pot compactor and a guideline for adding value to agricultural

waste.

Keywords: Hydraulic Plant Pot Press, biological plant pots, male Inflorescence of Oil Palm
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Development of Paper Properties from Corn Stubble for Delayed
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Abstract

This research aims for develop and produce paper from corn stover to slow down the ripen of
fruits. By using corn stover, which consists of the corn husks, stalks, and leaves to transform with wooden
block into fiber papers. The production in this research are corn stover paper, corn stover paper mixed
with pandan leaf powder, and corn stover paper mixed with activated carbon. Create from block size 20 x
30 cm. The result of test in this study appear that corn stover paper mixed with activated carbon give the
best analysis results. With physical test, paper can endure the tear resistance weight equal to 100 g. Time
of absorption through surface of paper test equal to 3 minutes 43 seconds. And the result of slow down
the ripen of fruits test, which testing with Gros Michel banana in 15 days appear that the wrapped banana
with corn stover paper mixed with activated carbon has the slowest ripen process and lose weight
average 0.3 g. per day compare to non-wrapped banana, the wrapped banana with corn stover paper,

and the wrapped banana with corn stover paper mixed with pandan leaf powder.

Keywords: Corn stubble, Fruit retarding paper, Activated charcoal powder, Cavendish banana
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Study of water quality changes in Wat Sao Hin canal and Bang Pho canal to

prepare spatial proposals for water resources development and restoration.
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Abstract

This study aimed to investigate water quality changes in Wat Sao Hin canal and Bang Pho canal to
prepare spatial proposals for water resource development and restoration. This study was conducted to
explore water quality of Wat Sao Hin canal with a distance of 2 kilometers and Bang Pho canal with a
distance of 1.3 kilometers. The objectives were to study the change in water quality during each period
and to describe the relationship between parameters and water quality in the study area. Water sampling
was conducted twice a month. The water samples were collected at 4 locations in each canal from
March 4, 2021, to June 14, 2021 .The study surveyed the area in each canal by applying Geographic
Information System (GIS) to determine the location of the sample collection points by analyzing
parameters such as temperature, suspended solids (SS), pH, dissolved oxygen (DO), biochemical oxygen

demand (BOD), chemical oxygen demand (COD), total nitrogen, and total coliform bacteria. The analytic
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results were compared with the quality standards of surface water sources. It was found that the
dissolved oxygen (DO) was 2.1-2.5 mg/l, which was classified as Category 4 water quality. If considering the
BOD value at 2.3-2.9 mg/\, the water quality was classified as Category 4 water quality. When considering
total coliform bacteria of 762-1,362 MPN/100ml, it was classified as a Category 1 water quality. The spatial
proposals include that a summary of solutions was suggested by authors for public relations including
participation in the community for development and rehabilitation, such as organizing waste sorting
activities, collecting waste from water sources, coordinating with the community to prepare a sewage trap.
Including the installation of Primary wastewater treatment systems such as grease traps in houses or

restaurants and install the aerator in the area can be installed the machine.

Keywords: Spatial proposal, Geographic Information System (GIS), Standards for surface water sources,

Dissolved oxygen (DO), Total coliform bacteria (TCB)
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Potential Energy of the Fuel Briquettes from Young coconut shells
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Abstract

Young coconut shells are a byproduct after processing coconut juice, which can be used to
produce a solid-fuel. using firewood or charcoal made of timber in the natural forest. The solid-fuel from
young coconut shells was prepared by using a wet glue powder as a binder then was compressed by
using a briquette machine. The black coconut briquette was stable after exposure to the sun. The average
of the briquette combustion rate was at 11.24 g /min. There is no eruption, smut, smoke, and odor by
using the young coconut shell briquette to start a fire. To sum up, a young coconut shell has a high
potential as an alternative biomass material for producing a briquette, especially for household and

general grill shop.
Keywords: energy, fuel briquette, young coconut shell
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The development of the antioxidant Covid-19 disinfectant product

from Khlu’s flower extract
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fvinazaneinsindulnanoa iuszezinan 3 fu thansadafildfinnziviinauasssneuiiuedndeis FCR uag
Uszifiugvslunsdueyyadaszdieds DPPH wuiansainanaenvgiansusznaufiuedn 3,105.44+41.50 GAE
fadnsusieansann 1 8ns uazlianuanunsalunisinuenyadassifieuwinindudivingu 0.21 dadnsusieliading
Igvhmaaugnanansusisnideldalain-19 sUuuuassiaanueanesedinand e aiiunnugudunayas
aftnanaonag Mnmaveasumufisneladendndusinuigidsmmaaeuis 20 euiiigunindBurounanfaeii
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Abstract

The aim of this study was to evaluate the total antioxidant capacity (TAC) from Khlu’s flower
(Pluchea indica (L.) Less.) extract, which is an edible flower in Thailand. The extract was used to develop
as an antioxidant ingredient for the Covid-19 sanitizer. The flower was collected from Phanthai Norasing,
Samut Songkhram Province. The blossom sample was extracted with propylene sglycol for 3 days and
then the total phenolic compound was determined by the FCR method. The TAC was also assessed by
the DPPH assay. The result showed that the total phenolic compound of the extract was at
3,105.44+41.50 GAE mg/ L of extract whereas the TAC from the flower extract was found to be at
0.21+0.02 equivalent vitamin C/mL. The antioxidant flower extract was developed as a semi-gel alcohol-
based product for the Covid-19 disinfectant. According to the sensory evaluation from 20 healthy
subjects, the developed product was accepted not only for the disinfection but also as comfortable skin,

not sticky, and moisturizer for dry skin with extraordinary antioxidant properties.
Keywords: Edible flower, total antioxidant capacity, Khlu’s flower, semi-spray gel alcohol, COVID-19
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Fausdud w.a.2563 Mlanwdfumsszuinessguussedhalaia-19 fusssnssiuumaieduauie
\WeuardnmmadeTinfiutu vilvdaudesnisudndasifiaunsoedelfesailsyansamluiomaiadu
061999 lnglownzalUsdvielaauoansesed ogdlsiinu nslindnfusidinandsdidndsznouduteanssedves
q Ay awrtlfAnnansevudefavils iy maszaeifes MIdhiau 91n13du wis wi Sudufunguedsaimds
uenninsldignslunisudniisuusvielddunauiilimnzanddnsenziaatoaneseddailiinaunien
wiuezuuy warliaunefvdannnsldifunaiuy Wendndssaymi vareq auersssusuivdeuldldase
weanosedunudsenalillyisimuzamnnin esnmahaeidolalaia-19 asfeddinalumsduiaesis
Yow 30 Funit feiy nanAuTiueanessedizdaslussmeiduiuly WewAdyminaluniseiadldimun
wanfusiasdnaaueanasediinaussaafiuar iz ansatanaenugfidgsmueyuadasy

2. F/NINAABY/ATN15IY
%umaumsaﬁ’maﬂﬁugi Tngvinsiiunenug Ananizdiunen Fadin 5 ¢ avadelnslndu lnanea (propylene
glycol) 20 mL 1Juman 3 Su Yaduedeunissdaeaiuss 1,000 rpm Wewsnninuaransatn Wansadadiles
AnseiUnamsUszneuiiuednseis FCR wazUssiduqrdlunssnueyyadasysneds DPPH
nsmURInuEsUsEnouTlueaniiamundieds FCR $198991n38amsg1un09 15014502-1 (Determination
of substances characteristic of green and black tea part 1: content of total polyphenols in tea-colorimetric
method using Folin-Ciocalteu reagent) lngansazane Folin ciocalteu reagent 10%v/v Laz@1sazan Sodium
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HAYBIANAINNTOIUNTITAUB LN ADATEY0ETANNINABNUGIAETT FCR Uagds DPPH lnen1siinsiey
Unnaanmueyyadassiilaenaiisuiunivhnasg e ududuressanasgunsaunadn (Wil 3) uaznsn
weamestn (il 4) namsAleTeiUTInam i ueyYadETE WanaiInaT 2
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Understanding of Platinum Dissolution in Acidic Media using Cyclic

Voltammetry
inee wetu! uay siina duanssa’

Ui Ivenmansiily angivemansuazmalulad univendesadgasuns Jminasuns
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UNANED

miama&maqﬁaLi'wf]ﬁ%muwaﬁﬁuL‘?;Juﬂzymé’wﬁaﬁﬁm%ﬂumaéﬁamﬁq Tnsanziwadidemdnin
Wouanudsulusnouililanzunaitudufuseiite lnensdnvdnlngjaldisnistndmiin veadalud
Tavy Pt fimelundoutunsedndlinduisey wu nslimaiansipmasdivisusumedauaadnlns
w3 Fadumaiedidedliiniosiiosiauns muadeidlsinauenislimedatiugumaniinihdomaialendn
Tunsdidtenwnsaaeivestalii Pt Swansnasewilimsuianalrvesufisenmsamedavesiali
Pt wazaninsafuIMMUTINA0EABNYEY Pt Tidanesale

AEnARy: Nsdaneivewnaiity Ilnihunaiity leadnluvumes wadiwemas
Abstract

Dissolution of Pt electro-catalysts has been a major limitation in fuel cells, especially in proton
exchange membrane fuel cells (PEMFCs). Typical investigations of Pt dissolution were performed by
measuring the weight loss of Pt electrode during the potential scan; for example, time-resolved
electrochemical measurement coupled to an inductively coupled plasma mass spectrometer (ICP-MS).
However, such technique is expensive and requires high investment costs for maintenance. This article
presented a simple electrochemical method, cyclic voltammetry, for study the Pt dissolution in acidic
media. This method was successful on the interpretation of the degradation mechanism and quantitative

determination of the dissolved Pt atoms.
Keywords: Pt dissolution, Pt electrode, cyclic voltammetry, fuel cell

1. uni

Iuﬁ’{li}ﬁ'u L%aéL%aLwad%ﬁﬂL?Jl’eJLLaﬂLUgEJuI‘Umau (Proton Exchange Membrane Fuel Cells; PEMFCs)
Wuuvamdsnuildduanuauladusgran esniiussaninmgslunisasundsnuniiffniveglu
domadlalasauliundsnilaii (1-3] wadiemdswindouandsulmeuldsunmaimunauannsailuld
yamsilnsfuumamdamilusuwmugld [4] uioghdlsinuwadFomdsadeddsumaiaunioandununis
wAnuarBaegnisldan TaslanzedrsBaeaditomdsiildunafitud ufussu§Azen (platinum (Pt)-based
electrocatalysts) Tad1AaUAN %aaLszfaéléz“?aLwaaﬂszmm’fﬁaé’mwL%fasuaqﬂﬁﬁ%maaﬂ%wﬁﬁﬂ%’u (oxygen
reduction) 7i4auplng (cathode) 1A vueluA (anode) uagAuAMUTDIFISWHATEN Pt [5]
Fodrfndousnlasunisuilueesderdesaufistagiulasmsiaundisajisotlusuvestansuanyos Pt (Pt-
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based alloys) [6-11] usifes1ini3asnisiden (degradation) YosiseUfAsen Pt Ssmadulgmndnvesnsiaiun
wadiFounds sstliflesanndeyaifnfunssuiunsdenvesiauisjiten Pt SsnadufionifisstuegIadilaiannsn
whanlgluniseaniuudansaufisele [12-16]

nsidouvewinswiisen Pt fidaualnaifieadestuufasendidninseondindu (electro-oxidation) uay
UfAzensaass (dissolution) wes Pt FufiuufAzendisiannududeu [17] waziRntuiivnuiestaliiii
dudatvansaraedidninsled Fdliieatestudlseneuduvenvaditomnas wu euandeuleseunag sy
nswud (current collector) Msfnwnsaaeses Pt Taevialuazyhmsmiminves Pt Avdeuudadidluvned
finssennusadndlifiuadalni wu nsldmaianistamaaiinisauiumeio waaunlnsiuas (mass
spectrometry) [18] imAiiA electrochemical scanning flow cell (SFC) s3uf1U inductively coupled plasma
mass spectrometer (ICP-MS) [19] wmafindianlnsiaifaniond-a3ada urluuiatud (electrochemical quartz-
crystal nanobalance; EQCN) [20] wazn15tinisAruissieng e ilesidutianinunuiwiy (density functional
theory; DFT) [21,22] %au‘]umaﬁﬂﬁé‘faﬂ%m%aﬁa%uqaﬁﬁﬁmuwa fiumeulunisinsieidudeu wagldnanly
NTAATIZARALLATENFIDEADUT U

’Lumu‘iﬁaﬁlﬁﬂwmﬂﬁﬂﬁuﬂmmmﬁlw%ﬁaLwﬂﬁﬂlemﬁﬂhmmm%' (cyclic voltammetry) Ingn1531e
dndlitludnuafuseu (cycle) Witdalnihudrianszualwiihiintunldlunisdnuinisaaresaves Pt lu
asavanenin Suumedailifinnududou mawSeuvadiadliinligeen MWaalumsialiuuuasiosons
Aneht Wnglunisinuilldasazaronsadaiiasn (500 Wuasararedidninslad esnluansazaneiiasl
nsmilendnlaunaluunsy (cyclic voltammogram) fidaLau annsassysiumisvesnsiinufiselsedsgndes
wiug wazihunlgmranunuikiuyssglnihasaudmsunisiineanlen (accumulated charge associated
with Pt oxidation; Qpo) A asnsdngluiinsng q InemsduinsansileadnlunaluunsuludsiiinufAzen
didnlnseendinduves Pt waztrsiinUiAzendnduvesunaitusonled (Pto) Ingldlusunsy GPES Fau
Tsunsudmiumuaumisiredndlniuas anssualniilumaialendnlumunnd etuiiesginsaaed

294 Pt Tushnansnfaniwdunse

2. N15NARY/I5N1598

inesfleuargunsaiiasgimaniiliiiiusznaude wdeslnmutloauny su AutoLab PSTAT30 vau
SruAUlUsSWATY GPES (US¥ Eco Chemie BV, Usemalulsosuaus) wadailvihiléidunuu 3 salnit (nwd 1)
Usgnausedaluiinldaiu (working electrode) luusulany Pt vdalndnadaladfifiduiugudnans 3 mm
(U3 Metrohm, Useimaainiwesuaus) asstuannuvislany Pt ﬁué’aaamﬂﬁmé‘aﬁuﬁwm Pt l@NWIZUSLI
wiide (wanslunni 1) wislane Pt (USEM Metrohm, Ussinaainigosuaus) gﬂi%Lﬂu%’ﬂWﬁﬁ‘th (auxiliary
electrode) warlddalniih Ag/AcCt luansazane KCLidudu 3.0 M (UsE Metrohm, Ussimeaadmeosuaus) 1y
Fali181981 (reference electrode) wragalsinmuuiindalningnadililumideiandudalnieia Ag/acct
ﬁ’]ﬂ%’m&i’mﬁﬂEﬂ,?\lﬂ”lﬁi’]EJﬂ’WIUﬂ’]iﬁﬂ‘t}’]ﬁlﬁQﬂLﬂgHULﬁuﬁWﬁﬁﬂﬂﬁﬂﬁU%’ﬂWﬁWﬁ?Q@J‘Uﬁﬂiﬁi@iwu (Reference
Hydrogen Electrode; RHE) titeanuazminlunsensdeiunuidoduuazyhnismaassiigumai 25 °C ansazane
nandafia3ngnliiluasararedifininsladlaewisnainnsadailaindudu 18 M (nInnuTnT1e USEM Merck,
wosudl) Beneeiusenlessu (deionized waten auldansazanedudu 0.5 M thansazanensndaiisnidudy
0.5 M Tdludeuiududniaesneu 99.995% (USEM R.B. Gases 31in, Usemalne) asludunan 30 uiineuriinis
naapsuarszinimeaassiielililuanaveudaniie 4 lusmaudeuadluasazaredidnlnslad anduih
Falwilwisanunseadluansavanedidnivsladsuandunini 1

ymsudndsuiouuuialnildnulaesednd i (potential, £) seesednmudleauanundaldiiley
N Pt Fianusadngladia 0.04 - 1.44 V (anodic scan) wazan 1.44 — 0.04 V (cathodic scan) adugaanusig
ﬁ’ﬂﬂ“lﬁ/\lﬂwﬁasuiiwdwﬂmﬁmLLf‘w”a"LaImsmu (0.00 V) waznsiiaufaeendiau (1.5 V) Wuisseudiuau 100 seu @oe
Snsustlumadsummusnsdndlaiin 50 mv/s Samnzantusamiswefiseniidetuidalui vilanen
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aaedeuvean1sduiinsansmileadnlaumaluunsy vdwnidnsmleednlundluwnsufiliudeuwas vnsane
Fndlfundalaiinldou Pt Dunseuiieusedngluidaus 040 v Sdasiauuesanusnedndlii (upper
potential limits; Eirmi) 8119 4 1A 0.90, 0.95, 1.00, 1.05, 1.10, 1.15 waz 1.20 V (0l 3) titefnwmavesdngluiiie
N3aa8fIUeY Pt

T nuTlodwam

Sl

FNHD1984
Pl

a1saraty H,S0, 1 iudu 0.5 M

A 1 wadediliihiia 3 lndwaznsiedatuesolnnuTloalan

3. NAN1VAABILALRAUTIENA

nsmlleadnlaumaluunsuvesda il ldnu Pt vialndasasaluasazarsnsadainsnidudu 0.5 M uans
Tunmil 2 nnsmezdiulinfiunaifanumusdunszualada (current density, /) Fet 2 Usta Tdunfiany
sefndliln 0.04 - 0.40 V wagiinrusednglndh 0.40 - 1.44 v dwfunsmiaumuuiunseualiiifiiedui
Awsnsdndlnil 0.04 - 0.40 v wuinildnwasiduaiianusnsdndlwinuszana 0.12 (Iagedn Al uaz C1) uag
0.26 V (39g3dn A2 wag C2) Fsaeandasfumdndlniuinsgiu (9) vealfiiornisgaduvedlelnsiau [23-25]
Tuvauzdinsarunmuudunszualnihfintuiinusisinglaii 0.80 - 1.44 v ey anodic scan denndes
fuadnglalinnnsgiuresujizensendindures Pt fuuanduaunisi (1) uwag (2) [26,27] daunsviAnuvuiuuy
nszudlaifihfiiatuiinnudisdndluih 0.72 v mafu cathodic scan WWuufAsedounduresiiseneendindu
04 Pt vidpUFATe I nTuLes PtO funansluaunsd (3) [20,28]

Pt+H,O ——>PtOH + H + ¢’ (1)
PtOH——>PtO + H' + e (2)
PtO + 2H" + 26" ——>Pt + H,0 (3)

dlednedndlndidaus 0.40 V aufiern Fum daust 0.90 81 1.20 V agldnslendnTounluunsudennd 3
vmninnsduiitnsansnaudadugiu (@udstlunimi 3) udamnsie sasusilunisidsuranusnadng i
(scan rate, lUNSANWEWIARY 50 mV/s) aglarinunuLtul szl (0) Fauansluannisd (@) Fadudle
sufitnsnnsinludiuvesiiagiu anodic scan waz cathodic scan w&a1sAaesnsnIlun1sasuAIALAI
Andlniaglaaanumunuiuusgrlnihdmiunisiinesnled (Oeo) wazaumuiwiuuszlnidmiunisidn
panlan (Qp) MINAITU
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= —I(J - jd (@)

0.60

Al

anodic scan
0.30 A2 1. a2 Ol

0.00

-0.30

Jj (MmA/cm?)

cathodic scan

-0.60 ‘

-0.90

-1.20 T T T T T T
0.00 020 040 060 0.80 1.00 1.20 1.40
EV)

i 2 neleadnliwnaluunsuvedlane Pt luasavarensadailasnidudu 0.5 M figamgil 25 °C

0.60

0.40
0.20
0.00
-0.20

Jj (mA/cm?)

-0.40
-0.60

-0.80 T T T T T T T

0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30
E(V)

awit 3 nsllerdnlaunaluunsuluraiiiaufisenoondindures Pt uazUAzen3AnduLes PtO N Fimsind 9
ﬁqmmﬁ 25 °C

dle j fearunundunszualnil (mA/cm?) v Asdnsudalunisiuasunnusisdndglndia (mv/s) £ fanausig
dnglaidliundalai () wae jo Aerrumuiunsudliiidliieatestuuiisenend (non-Faradaic current
density) Tunsiuaiflguszanaai jo. = 0 mniinswasurududuresansavanedidninsladasyilien j uay jo
wWasululufiemadentu anududuresansazarsdidninsladainasedn 0 Tesuin amd 4n) wansraly
vuiuUsEaliihdmiunisiineenlad (Qro) wazarmumuiktuyszalwirdmiunisindneanled (Qw) 7 Fim
F19 9 NASIANUINTTD Bt R Qpro axTANRYTY LLamﬂﬁLﬁudflLﬁaLﬁumﬂmNﬁﬂﬁlﬂ/\lﬂﬂﬁm%ﬂw% Pt 9%
WaufiTeneentintuves Pt v3einn1sgaduras oxygenate species (OH™ Way 0%) anAumNENASA (1) wae
) Guqaamﬂaaqﬂumsqusuumaammmsnamlw%ﬂLuaqummmﬂma“lﬂﬁ’mﬂmmLm'] laglymatin EQCN
[20] LLaxaamﬂaaaﬂUﬂ”ﬁmmmmLﬂwmuﬂﬂﬂqmm (fractional surface coverage) U89 OH ™ Whag o [29] Tu
VAU e geuffoddmmmnuinssglnindmsunstineentss (Om) snnfiuduifu

N5 Qpro WAL Ot 71 Eie 8119 9 TUAINF 4(0) WU Qpr AxdlAmINNTN Qrro HuABTY cathodic scan &
misldanumuuiulsyglihdmsunisindeesnleduinnitanumnuiuyssylihdmsunisiinesnled Ay
ynutulszglwihduiudnarifedesiunisaaevesdaluih pt nanismasesddlfifiuiinisaansvedans pt
Aetudlafinsanausnsdingliifihvestalaifin (cathodic scan) dudufuiiiauiiseddndu denndosfunans
vaaesiiiausuImnsaatsedlany Pt faemaia inductively coupled plasma mass spectrometer (ICP-MS)
Turaugiidnissredndladin [5,18,30] %aiﬂaamﬂﬁaaﬁuﬂﬁﬁ%mmiamaﬁnaﬂ,am Pt ﬁgmauaﬁawﬂwﬂﬁtﬂu
UAseneen@iadu (Aineu anodic scan) sauansluaunisdi (5) [31,32]
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Pt, —— Ptfajq +2e (5)

seSurelsinnisaanesveslans Pt ieddestunisiineanleduedlans Pt ndnfeanaunsil (1) uay (2) dle
dudnglafilFundaluih pt asfnnispadutes OH uay O vuiluinvedlany Pt ezmeuesRENBIILYAILAY
uwnsnasllufiufinves Pt udanieanilfiAneznonves Pt fignesndlad (oxidized Pt atoms) Fudussmeuitlsl
s [30] efinsananusednglniinvestaluii (cathodic scan) ¥ilsi OH way OF fignduuufavedlany Pt
swisezmeunes Pt figneendladugnosnaindalwihuazavarsadduasazanedidninslad InsUsunaveseznes
99 Pt fignoendladviouTununsaansivestaliily Pt annsomldanuamiesening Qro wag Qs (Qp-Qro)
Fauanslunmd a@) Tnenuidaluils pt Sn1saaredasmagawituiianussdnglaii 0.90 uay 0.95 v ifleufia

200 14
Q) 2 12 ]® ©o60o0o
150 & -
N’E\ ] g 5 10 ]
. g g
< 100 ] =l il
= ] ¢ 206 4
LSy s C')& 4 ©
] Q Q E
] 2 - o O
] o © ]
O T T T T T T T T T O T T T T T T T T T
0.80 0.90 1.00 1.10 1.20 1.30 0.80 0.90 1.00 1.10 1.20 1.30
El'\mit (V) Elimit (\/)

a

AW 4 (n) HAVDY Eirmt 518 Qpro (#) Ua Opt (O) WAz (V) KAV Eimt 718 Qpe—Qpro Nigaumnnil 25 °C

U

A15°99 1 uezneNYes Pt idanadilunininua1sdnglninmng o

IUIULABNVBY Pt Naatanlu (atom/cm?)

Eurie (V) flgaumgl 25 °C
0.90 13x 10"
0.95 foplict
1.00 2on10y
1.05 Ei
1.10 etk
1.15 o
1.20 g i

aushedng il gy 1.00 uay 1.05 V Usunanisdaneiwestalidi Pt aviiudunasasiiauiisnny
Aafndluiinmindy 1.20 V ussghalsinag Usuianisaanasavestaluia Pt lumen Qr—Qro @11ns5a1asn
Anamsnuszaouves Pt iaanedly lagendernnumuiutuyssqluiindusdmiunisiiedsnduses pt
(210 uC/cm?) warANURUILL YR AaNTasiuRY Pt adalndasasdalayd (1.3 x 10'° atom/cm?) [29] Fauansly
997 1
4. unagy

wadalsnanlunueidadumadaiugumaeiliihaunsathuldinsn msaaesvosdalifinlane

v
o LY

Ptluasazarensalalaglifesandanisiniinitnvesintvinimelumemaiawuaauninsiuss Ysuiunis
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aanedesialiih Pt anmnsaswalFnuadiisesnuvuiuUsg Iiihdmiumsiineenleduazanu
puuLuUszg ihdmIun1sinoenled (Qx-Oro) nenuitnisaanefvesdalnihy Pt axifndusiefinsanaay
sadingliiastaliil (cathodic scan) Tasidunisaansiaesesneu Pt figneendladiliiades wazuimms
aefesdaluih Pt asiiutudleasfnuuvesanusnsdndlniufisduain 0.90 s 1.05 v ndsandutiuna
nsaanesavestalundi Pt agasiaud 1.20 V uenaninanisvaaesiemedaleadnlunuiundsanunsnian

¥ '
A A

ATUIUMNAUINBEABNYDY Pt Naaneilusnenuiivesiatninlasoneie

5. inAnssuUszne
NuipidSmanlasaed fiduvereunmausinemansuazmalulad amivedesivigasuns lu
N3gIEAVINAEAINAUEETUAY LY
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[T

andwavawmydwanlenlugnsssuvnawanlannrenisusuleaudininanaznig
A21U50UVBINDALAARNLDTA
Influence of Epoxide Group in Epoxidized Natural Rubber on Improvement of

Mechanical and Thermal Properties in Polylactic acid
v a 13 U 1* 5 . 6 1% il - QVL a A 1
nanu wnavgdena Josney Uauun’ way 2lalissal augna

'avianmansanamnIsy AugInetmanskasinalulad univeidumalulagsuinanssuns
" Email: kantima.ce@rmutp.ac.th

UNANED

nAfeiiiguszasdiiiofnymavosiinumyBwenludidey lusssssuwddnenled ENR) Aildans
UFuugsant@nenanaznisanuiouvesneduaniniendn (PLA) Inenisldens ENR inN5AN19N15AT Fie ENR25
uay ENR5O uawfinisuduildsutiunmnindinens daus 0 fs 30 %lasnin dwiviuneunisnisutuau
nAdaU PLA wavens ENR gﬂmaml,as%ugﬂﬁwLﬂ%mamzw% LazlATeIdnLTIRL Amdfy nsdsunlas
autAves PLA gnuszliiulagn1snaaauwsany usanseunn uazwmaliadnivaisulisaaunuiawaaeiiing (DSC) 31N
NANSNARBY WUTN MSLANENS ENR Snashlaudenuvuusedia areamglinsiasuaniuzadiont gamgiins
\Fandn wazeunalinisvasuimaivesmeduaninuedaiuuiliudianas waifinaumUNIULIINTELNN 819
ENR25 §iUszAnSninlunisuiuusausanssunnuinniiens ENRSO Usunmunydwonledfifintudinasile
UsgdvBnmnisiasumaiinnanvesneduaniniednmenisiiug19sssuasnenleniiuuiliudana

AAAfY: WeAuaARNWETA B1esITUTIRENENlYR autRnina audEnieeuseu
Abstract

This research work aimed to study the effect of the epoxide group in epoxidized natural rubber
(ENR) on the mechanical and thermal properties of polylactic acid (PLA). ENR in commercial grades used
is ENR25 and ENR50. ENR contents were varied from 0 to 30 wt%. For specimen preparation, PLA and ENR
were melt-blended and sheet-formed by using an internal mixer and a compression molding machine,
respectively. The changes in properties of PLA were estimated by tensile and impact testings and
Differential Scanning Calorimetry (DSC) technique. The result revealed that the addition of ENR led to the
decreases in tensile properties, glass transition temperature, cold crystallization temperature and melting
point of PLA but enhanced impact resistance. ENR25 was effective for improving the impact strength more
than ENR50. The content of the epoxide group in ENR suppressed the effectiveness of ENR for increasing
the crystallization of PLA.

Keywords: Polylactic acid, epoxidized natural rubber, mechanical properties, thermal properties
1. uni
Yamasznanainlanaradudyminalansulianuddyundius e Wesanvesnanannadulug

I A Y a A e ' 2 av v A0 N= | = |
Wuveendesaaslaein wasiuSuiaiuiuag1esins? ImamﬂizmmmlmﬂizLumwaswmamﬂmgﬂﬂaaammq
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wnaynsHUTInamnngs 5-13 Sududed (1] uwmemadsdmiunisuililamusswanain Ae nstimanadin
F101m (Bioplastic) ianusagesaasldfie33n19390m (Biodegradable) unldmaununaradinnianisén
(commodity plastics) fidauassianaininsiullns ey weauanfinueda (Polylactic acid, PLA) tJunildlu
wanafnanmildusadeniiuiauls ilesinneduandnuedaiunanafindanmdisinuudeuss uaziinuns
sUs19g4 usiegnalsfinu weduanAnuedndiiidesesluiFosweininulny armudeusinssunnléen wagiisin
Aoutnege [2-0] FefudsdionAdodununilsiivhmsfnsisatumsuulgsanumilen uaganumuusnszunn
yosmeauanAnueadadiagiofiuvainuansds Wy mstiasnanadloiwes [5-7] msiiweauanAnuedauHeL
fuwodiuesulindu [8-9] waznafulavesens [10-11] dmuvauideidesnaidenldorssssumadnonled
(Epoxidized Natural Rubber, ENR) 11%11115U5UU§9a10RAnuUs18uasAnUnuLsanssunnvaInaiLaafinlaga
iesanensssumadnenledidugsildinanmsdauussrsssmmnadelivinamnlulsemelng uazaiaiimgd
wanlwd (Epoxide Group) #3394 IUB8NEBLIU (oxirane ring) TuanesssuvIRdnanled waznylansanda
(Hydroxyl group) vaanedLanAnuedaaunsaiausinsginsenananumenuselalasiau ( Hydrogen bonding)
vaeusslalna-lalna (Dipole-dipole force) é’faﬁ?umiﬁaeg'suaamﬂ'SWaﬂlqﬁ@ﬁaawﬁdauﬁhsﬁﬂﬁmnmmmLsﬁwﬁ’uim”
fumeduaninuedaldiiuogned dfulunuifedivihnsinvnavemydnenleditdudoadunudiuld
JENINENETIUNRD NN YA kA NoFUaARNKETAITNaaEtlIRaN1TUTUUTauTRNIeNa

nAfeiiingusrasdiieviinsfnyinavesuiinamydwenludidegluisssumadwenlediddens
USudeantRnnuinilen wazanunuusinszunnueaneduaninuedn wazdnisuiuasulininensssunias
wonled IneviNTUTHEIUNAMIENITNAGBULIIFAN UIINTEUNN waznTIaaevantineauioumewmaiaanive
[IUTBAALNUINLAADILIIYVVIS (Differential scanning calorimetery, DSC)

2. F/NMAABY/IABNTINY

2.1 IngRuuazansiall

2.1.1 WoALAARNLOTA LNTA 4043D FRSUNAATANLUUIALSEIR 2 fiANI9 (Biaxially criented films)
21NUTEN Nature Works LLC (USA)

2.2.2 gres55uvIAswenled S1udu 2 1nse Ais ENR25 waz ENR50 daduinsnenssssusaignainly
WinuAsesnendindu 25 wag 50 %mol mudiu Kanlaeu3em Wadvddans 91 @ww)

2.2.3 laRafiamefoanles v03u3Tw Sigma-Aldrich (USA) Wdwsurhmiiluasideules

2.2 %uQGUﬂﬂiNﬁﬁJLLﬁZ%ﬁgU%’u\ﬂu%ﬂaanaaLLaﬂaﬂLLEJ‘?]@LLaSEJNﬁii&l‘tﬂaﬁwaﬂl‘Uﬁ‘

2.2.1 SunsumawusIRanUIdsIinswaAuARRNUDIALAESs STV RBWaN YR

founstesuasneNUIRFosinsiessINTAsNenlys 1nsn ENR25 wag ENRS0 usihnisuaiitoan
yusluana (mastication) Insnslfieesnauuuuszuuda §u MX75-TQ vesuitm wiayim d1in Hanmgdl 80
pamuadoa foaruisvedanes 70 seudeul Wuian 10 wifl vdsnduiahensddanuniafianaudin
witsnansaonUd Ineisuduanindinnoduaafinuedaiiiunseulaminduiedou flgnmgf 70 osmwaidea
Wunan 12 $alus meausmivessssumnasnenleduazansideslodlamiumeseenladmelniemanuuussuy
Un figaumgdl 170 asrmnwaldoa anusisevvedlsinesifu 70 seuseundt vinsuauansneuUnMdunan 10 wif
TnefimsusuAsudndiurosssssuriawonlys fausd 0 - 30 %lagun

2,27 %’uﬂauﬂﬂsﬁugﬂ?gj’mmmaauwaaLuaéwamzquawaﬁu,aﬂﬁnu,aéimLLazmeﬁssumaﬁwan‘wﬂ‘

ﬁwmiﬂaumqﬁiwiwqwaaLLaﬂaﬂLLaxEmﬁﬁmmaﬁwaﬂlﬁ‘m‘mﬁwmﬁadémm%ué’mgjau flgaunail 70
ssmieaidoa Wuna 12 dalus wdsmnduiaseesunduhnmstugdifuiununaseuieiniessatugusie
Ay Btfo Cometech Ju QC-601T 4B3U3EM Cometech Ustimaldviu vhnsdatugueaudu 500 Yaud
fom319ia Tlgamnd 150 esawaidea uian 6 uiil wasvhnmavdeBudieth Wuan 4 wid dmsuusifasid
Hlumanientununnaeunsfed198an1uumsgIu ASTM D638 WUy Type IV uazdua umA@a ULSNTZULNN
9198WUNIATFIU ASTM D256
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2.3 SunaunisnasoUaNTA

2.3.1 YUABUNSNAFOUAIUAILNIULSIAS

N1INAADUANUATUNIUKTIAVINNITNAFBUD BN IULIATFIN ASTM D638 %umumaaugﬂmdﬁmua
LUU Type IV iA201819108 25 fadlns wagyn1svadeuselAIavadaulsais 8% Shimadzu Ju AGx plus
¥93UFEW Shimadzu Ussimadiu mudalunmsindewvesiiduiiunu 5 Sadwnsiewd Tusnunaaeuildluns
NAFBULAaYEnS Ao 7 FuNUNAEDU karvnITENURaNIMAdeU UsEnausae AINBAFARAINATUN LKA
(Tensile modulus) ANAUFIUVULIIREER (Ultimate tensile stress) wazAnUasidudn1stnda o gavin (%
Elongation at break)

2.3.2 YUABUNSNATOUAIUAILNIULSINTZUNA

N1SVAADUAIUATUNIULIINTZUNNYIINITNAGBUT1BIAUNINTFIY ASTM D256 LTUN15Nad0 UL
ASTATINUUU Izod FUNUNAGOULSINTEUNATIRIUASYsesUn Suunatuau 13 x 64 x 3 fadwns® Thnmsnadeu
AU VLGNS RN ELAS 0MAFEULSINTZWNN B%e Zwick Roell éu Hit5.5P ﬁi’ﬂuau%umumaauﬁiﬁﬁumi
NAAULARZEAS AB 7 Funumadeu wavinsenuransnageuduimsnuiiviliunuinanisuantnse
AUMAUNUNAFOU

2.3.2 Fumsumsiesziauiinanuieudeniodmnimesuideasunuiiunasiiines

mMsmseiauTininnudeuvetununadeu Tngldiadosinmesuidsaaunuiunaeiives 8o
Netzsch $u DSC-204F1 494UT¥W NETZSCH Uszinagasiiu annziildlunismeaeu Ao vinismeaeunield
anmzhilasiou flguvndl 25-200 esmwaidea sesnsnsiaiuieu 10 ssmiwaiBoasound iinsiinsz
wiA1guvginisildsuaniuzadiouia (Glass transition temperature, Tg) gumadinisiinndn (Cold
crystallization temperature) 3aviaauiiad (Melting temperature, Tm) wagUsuundnvasnedianfnwedaly
Furuweduaninuedniidnisidinens ENR USunwane fu dmsunismandesiduinisiiandn (Percentage

crystallinity, o) annsomuallaRsEuns 1
Hy,—H 100
= m_cc 1)

(]
Hpy, Wpra

Wedl Hyn Ao aveuiaUlunisuasuwas (Melting enthalpy) YeRUNUNAFOU
Hee Ao Aauiallunisiinnanluseninanismageu
Hn® Ao Aeuviatlunisvasimas dmsunsdl PLA fifluSunamdn 100 % dedimviniu
97.2 J/g [12]
Wi o dadlaeiminvemeduaninuedn

3. NANINARBIUATBAUTIENE

U 1 wansnaveInsinessssumAaHenled N3 ENR25 waz ENRSO (USsunaumBwonled 25 uag 50
%mol MuARU) USunausineg AudiilseAuegdaninusiuniunssiswemeduaninueda Tnsfinisusuiaoy
USinaunaifuessssumnidnenled fus 0 81 30 %lasthviin 1nwan1side nuih naBuesssunAbnenles
finasilvrmendannudumuussisiivualiuanas nmsanasvesdmondanuiunuLsiaionnain ens
sssumsnenlesidutagifiauasgutiesnimeduaninuedn duunavesuSunamydnenlys wuin nsdinng
\ugsssumAdwenled 1nsn ENRSO SAwondannuduniunssieiiganiinsdnsinsnssssumnadnenled
\n3n ENR25 shsthumanzenssssumidnenlasifusinumnenlefunaziimanmaimandsuaniusadiout
gen9nsdlens ENR fislmywenladties Juinlionsssunadnenles insa ENRSO autfinuasguiigeninens
sysumRdNenlys 1A ENR25 [13]
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UM 1 AnuendanuiuniuLssiameduanfnuedniinsiineesssuwadnenles 1nsa ENR25 uay ENR50
UTuausnge) iy
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L 2¢ENR25

L A-ENR50

UTS (MPa)
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ENR Content (wt%)

UM 2 ArAuiunIuLTRtasganasunlaciivemeduanfinuednniinisiine1esssuyiAdnenled 1nn
ENR25 waz ENR50 Uunausings) i

Uil 2 wansravesnsiinessssumAsnenlys 1nsa ENR25 wag ENRS0 USanausine Audifidesiainy
FumuusIfegsgavemeduaninueda nnsnuansliiiiuil Aanuduniulssigegaiuunltuanas e
USanaugnasssuiswonlediiumniy drunavesUsunamydnenlenlugnesssuyd wudl MANUAIUIULIIR
geanvansdininfuessssuvAbwenles 1nsn ENR25 uas ENR50 Suualiudlndidssty ssdoradumsne
Usnamgdnenlasfiiutulusssssumasnenleddsariliautianuiuniunssieesenssssufsnonledd
Aranad tlesanaunsnfnandnluseminemslduusaisldenninntu uiegndlsfinig srssssumasnenled nse
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ENR50 AfiUSsnaumfdnenlesfiunnnitanunsadniuladfuweduandnuedaunnitenssssumadwenles tnse
ENR25 laganunsainusensgyimnaaiseninamyaumusendisulusssssunadnenled uazvylansendaves
woauandnuada [14] sheilads 2 Uszmstnedu Ssenasinavinliimanudumuussisgeanveameduaniinuedni
{Bug1esssumAdwenlest tnsa ENR25 wag ENRSO fiendiliunnsinaiu dvsunavesnsifuenssssunasnenles
iR ENR25 waz ENRS0 USinausing fufifderndesidudnistas o yanveIneduanfiniednduduanly
i‘U‘VI 3 TINNANTITE WU Awesiduinmsiing a gavndunliuanas Weuimaenssssumadwenledifisnn
u Famadainaniianuaenndesfunavesdiniudiuniunssisgegn uaznavosuSuamydnenlodlueng
535w wud LifinaderUesidudnisdad a gaviauiniin TnRoTsainAimdeuvainsdinsiuens
sssumAsnenlest 1nsa ENR25 way ENRSO fldfinseunaueglutiafiodty sniunsdnisifiuenssssumnasnen
Lol 1nsm ENRSO U3ana 20 %lnenintdn fifleiesiudnisdai a uauandsainnsdmaifinenssssuenis
wanlws 1nsn ENR25
dmsunavesUTnumsiiuenssssumasnenleduazUSnauemydnenlusifideautRnusunuss
nszunn Wussuanduguil 4 99nuan53ds wuin nsiAnesssumAsnenledddiutislunisuiuusenng
Funuusinszunnuaswoduaninueda Tnsnut maiuesssumnsnenlednsdingm ENR2S uay ENRSO
U3 10 %lasthwiin duavhlidenusunuussnszunifingatunniign tnedamufumuusinssun
Wngandnsaiuneduandnuedailaifinisifngns 619 % wag 74 % mud iy uiiiloUTINuNANEISTIIAD
wonleduinndn 10 %lasdmin wud1 Araudumuusinszuniuuldudianas vaderadunsizinens
sssumAswonlufinnuniindeutnegs wasilladuensuinamnnt 10 %lneutn Seilenadensos s
uagnszedalaliftinndy dwariliissaviamnisgaduuss uastenssaousdldanas dmiunaveuiun
vyfawenledidsommiusunuusanszunn wud weduarRnuedaninisiAneissssumadwenles 1nsn ENR25

12

2«ENRZ5

.

5 ~ENR50

%Elongation at break

0 10 20 30 a0
ENR Content (wt%)

UM 3 Andasidudinisind a gavinveaneduanfinuedaiiinisiiuessssuviddnenlen tnsa ENR25 uay
ENR50 USunausinge i

fn3UFUUTIAIANAUMULTINSEUNNINIINSENISRNeNsTSHYIABNENLed 1nTA ENRSO agetniau il
\umsizerssssumadwenled 1nsa ENR50 fegamaiinisivdsuaniuzuiunnnitenssssumasnenles 1
ENR25 Fsiiwavilvienssssuyadwenled 1nsa ENR5O danugavguioanitensssuwiaswantes insa ENR25 910
Ndues Wan wagans wudn enssssuvaswenlus tnsm ENRSO fiiunisanludiidngamglinsivasuanuy
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AEBL Uszana -1.5 ssrwailea wazenssssuviAsnenles 1nsa ENR25 fiinunsianiludiidgamgiinig
Wabuaauzad et Ussana 22.5 ssrnwaided [15]

a15197 1 wansautAnIsnuSeuvamednaninuednfiinisiuessssumisnenls 1nsn ENR25 uas
ENR50 U3unaudt 0 10 wae 30 %laerimtin Inevinnsnsiadeusioiniasinmesuifvaaunuiunassimed an
A1519 WU mqmmﬁmim?{wamumé’wLLf’hﬁLLmIﬁumamauﬁaﬂ%mmmﬂammﬂLﬂummﬁu wattonaidu
msziagsiadumaiiuniiweduaninuedaunsnegseninsaneleneauaninuedndeldrutieliluanaves
weduanAnuednansaviiufldihenniudeldsuanuieu dmiunavesiinamydnenledlsifinansenusen
paumgfimaidsuanuadieutn dwsugamaiiniiandn wuih naifuesssumnidwenleduimuanntugive
ihlvAeamgiinisiiandnvaineduaniniedaiiwildud1anas wazn1sanavesganginisiiandnd sunsdl
MsiinenssssuAswenles tnse ENR25 fasiniinsdinisiiuenssssumasnenles 1nsa ENRSO wiiiaaniy
WIIz819sTINYIABNENlYA 1nTA ENRS0 daudangutaunitensssuyadnenles tnsa ENR25 (aungiinig
Wabuan U AdeuAvete19sssuRSNenles 1nsA ENR50 Saunnninenssssumfswenles 1nsn ENR25) 343
dwinbiansldluanavemeduanfnuedainnisdnisesiudundnldeinnit Agumgiaanasuaivemed
wanfnuedn wui nsdnndugssaAsnenledinaviliiAnfinganasuval 2 fie Liea1nnsiduens
sysurpdnenlesinarihlminndnluszwinnisliarudoulussuitmsmagousoindesnnmosudsaaunuis
weaosfwesliienniu fngevasumanfigumgiivinti 150 sswadea iufinwemdnluzuuuy o vndiie
aymaaummﬁqmm_]ﬁqaLﬂuﬁﬂmaqmé’ﬂiugﬂLLUU o %qLﬂuwﬁﬂﬁLﬁmsfuiuszmwmssﬁugﬂfgumwmaau [6,16]
dusuesidudnsinandnvesneduaniniedn nuin nstn1siAneesssUvIRdnenles 1nsm ENR25 dnavinli
UBinamdnvesweduaniinuedaiiiiiuanniy widleusunaenadfivannnii 10 %lagtmidn wuih msiienEnves
woduaninuedasuiaanas daunsdlinisifinenssssurddwenles tnsa ENRSO fwaviliusuiandnvesmed
wandnuedediuunliumanas dvsunaresmsiandniunnaefuseninensdnisiivenssssuisnentes e
ENR25 uag ENR50 nadlanvisidudediuiunsdliaamaiimaianin Ao enssssusfdnenlen insa ENR50 Ay
gangutiaunitenssssuviianenlen tnsa ENR25 Jlinavinlianeldluanavenadianfiniadainnsdnse i
Wundnldoannindues navesUSunananvemeduaninuednninsainisiinenssssudsnenles tnsa ENR25
waz ENRSO FillumanannuSunamesnisiuenslinaiidenadosiumanuiiumiuusinssunn fe nsensiiven
s3suIRdwenles 1nsn ENR25 U5 10 %lasthmidn Iinadhdanuduniuussnssunngsiigauasdangeny
ns@nsAnenUsEIm 30 %lastinidn nadinaiAeudsdenndesiunavesUsuIunEn Turasfinisiduens
s3suERINenlYA 1nsA ENRS0 WUI1 AIANNAIUNIULIINTEUNNAMSUNTENSIANE19USHM 10 way 30 %lag
Yt fuansnsiliiinntin SsmaginaniiiunliufidenndosiunavesUSinandnduiioatu

A15197 1 auURN19ANSPUYBINBALAARNLETANTINNSANY19SITUTRDNEN YR 1NSA ENR25 way ENR50 USunal
70 10 W@z 30 %LAgUIMIN YINN15RSIVFBUMLLATIRNINBLIS LT ARLNURILARDS TW DS

T Tc Tm
ENR . . . . AH-AH. %Crystallinity
content CO (58] (@)
(Wt%)
ENR25 | ENR50 | ENR25 | ENR50 ENR25 ENR50 ENR25 | ENR50 | ENR25 | ENR50
0 62.1 62.1 118.5 118.5 152.1 152.1 1463 1453 17 1u5if:
10 59.8 59.9 109.8 113.0 | 148.0/154.5 | 147.5/154.0 | 3.11 0.90 3.56 1.03
30 58.4 58.6 107.9 112.5 | 147.9/154.6 | 146.8/153.0 255 (. 0.65 3.48 0.96
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JUM 4 ArAuAIuLsINSELNYBINadLaRRnLeIANln1sANg19sTTuTIABNeNlYd LA ENR25 uay ENR50
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4. unagy
amﬁaﬁ"&ﬁvﬁlumﬁﬂmwamaamitﬁmsJNﬁiimmES‘W@ﬂlﬁﬁﬁﬁﬁﬂ%mama,g;Swaﬂlﬁjﬂ‘ﬁmmLLmﬂsiNﬁuﬁﬁwa
ARaN URAMUAIUNIULIIAY AUATUNIULTINTZUNN WazauTRnsauiouveneduaninieda laiin1s
UsuiasuuSinmuessssunionenled Mnuan1sise ansnsoagUnaldfail
- wavesinasnssssumadnenled wuth mafuenssssRswenlufuiianiuntuinayilia
UDAFAAVIUATUVULTIAG AIAINFUNIULS IF9gEn ANUBSUNTERT 1 an gunglinis
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Effects of Adding Natural Fiber and Surface Treatment on Water Absorption

and Thermal Properties in Polylactic acid
fadiun wringdena’ wag 15y fazdu?

'avianmansanamnIsy AugInetmanskasinalulad univeidumalulagsuinanssuns
ZANNINYAANS A NALUIATRIMINA Y ANEINYIFENSWALINALLLAT UINENFUWALULATSITLIAANTTUAT

" Email: kantima.c@rmutp.ac.th

UNANED

£
v

middeilifumsfnyinavesnsidudulotuasnsen wagnsuiuussiudulefeassnendloauid
Giami@mbﬁuﬁwLLazamﬁ'ﬁmamm%@waawaﬁLLaﬂaﬂLL@%@ (PLA) Fusrumnazou PLA wagTandasznouiiingg
fnsowindulolufianafoagniugudeniodauseiu uazgnussdiunadionisageunsgaduinnagns
AnsgvideiniesuTeaaunuianaeifivg (0SC) Mnuans3de wui Ansgeaduihiuuliufugetuded
maduduleviuasunsieal luvasiimsuivussiuduletuasnsonieasdwondleaus e usulganumy
sotvesTandsszney dwiunavesantivisaruiou nui madmduleduasumeaiinayilieg angd
nsAsuanuzadsuta wargavasumadidanandntes udlinarilidgumngininiandnddgduasd
USunaundnues PLA duuiliuanad LuaqmﬂmimaqsuaaLauiawuﬂawummaLuaamﬂﬂﬂmmwmsmmmaﬂﬁuaq PLA
msusuusiudulefifianuendeiiosheasdnendluauinavhlinindasdnues PLA ialdenuiniu esn
mMsBameszrinalaiaeiaddludavanamsinEesiaves PLA

AdAey: woduaminuedn LdulesTuR NSUTUUTIRY nsgeduin audiniseinueu
Abstract

This research work was to study the effects of adding sisal fiber and surface treatment by epoxy
silane on water absorption and thermal properties of polylactic acid (PLA). Specimens of PLA and
unidirectional fiber-reinforced composite were processed by a compression molding machine and
evaluated by water absorption measurement and differential scanning calorimetry (DSC) analysis. The
result showed that water absorption tended to increase by adding sisal fiber whereas surface treatment of
sisal fiber by epoxy silane improved water resistance of composites. For thermal properties, the addition
of sisal fiber led to slight decreases in glass transition temperature and melting point and decrease in
crystallinity whereas the cold crystallization increased. Because the presence of continuous fiber might
interfere with the crystallization of PLA. The surface treatment of continuous fiber with epoxy silane led

to difficult crystallization. The good interfacial adhesion interrupted PLA aligsnment.

Keywords: Polylactic acid, natural fiber, surface treatment, thermal properties, water absorption
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mL.WlmmﬂﬁuaxwawaaﬂﬁéaaaawiﬁmﬂLﬁuuﬂﬂsﬁu weduanfnuwedn (Polylactic acid, PLA) ilunatafindnnini
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$oude \flesanwoduaninuadalutaniliveuti (Hydrophobic material) usidulothumsurseaidutani
FoULh (Hydrophilic material) Fafianulidniumdasiadunifiesdmaseaudfinang

ATl Usrasdiiofnynaresnaduduletuasunnenl warnisusulgsindulefeansanend
loiauiifiioriniagaduti (water absorption) uazastivisanuieuremeduaniniedn TnsmsUssiiunaauls
nANusoumemeliadniWelsuTsaaLnuilsLaaeI NI (Differential scanning calorimetry, DSC) Lazn153n
AN13RATULh 1 Faaaaeinen Mudunan 5 fu
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2.1 IngAudasasiall

2.1.1 waduaARnwadn t1nsn 4043D dMSUNAANANLUUINLSEI 2 RAN19 (Biaxially criented films)
9INUTEN Nature Works LLC (USA)
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Uhurasursieal Tnefidonianisén Ae KBMA03 wazdidevnuiadl Ae 3-lnadnendnseiia lasumendleau (3-
Glycidoxypropyl trimethoxysilane)

2.2.4 n3ARzdAn 91nUSEY unuuld Ussmalve) S1dn gnldlunisusuannudunsa-wa Tusewing
Fupounsuiuusiduleduasnsealiawendleay
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nsUfudssRndulethuasuneaitufuanmaiidiletiuasunseaineuldautu fegdevauiou
wvuiiinau flgaumad 80 ssrnwaia wunsefaiminasi waginiswisuasazarsdwondlsiau KBMA03

AMITLTY 0.5 Blagtuninvesaisazate laglduinau wazlinsiiunsnezdfnLedaiiovinniiiusuan pH 1A

P

Wiy 3 Tnedinsmuansazaisnaeniaifeseaniuududn (Magnetic stirrer) Wuwian 30 Wil wievilans?
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2.4.1 managaun1IgaduYin

msmaaumigm%’uﬁw@TwLﬁumﬂmaﬁw%umuwaﬁuaﬂamw%m wazdunuTandssenouneduaninuode
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2.4.2 NM3ATIRFARUANTANI9ANTOUY
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AAT8LAY (glass transition temperature, Tg) Qmwﬂ“ﬁﬂﬁlﬁﬂwﬁﬂ%mﬂﬁﬂ’g’m%au (Cold crystallization
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X = D=y — )
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Prototype of a greenhouse with clean energy automatic control:

the foundation technology for Ban Laem Pho, Phitsanulok

auURg weraderuy
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AdALY: 159139U NEMUAz DN
Abstract

The prototype of a greenhouse with clean energy automatic control: the foundation technology
for Ban Laem Pho, Phitsanulok. Major components of the proposed greenhouse comprise of ventilation
fan unit, watering unit, temperature controlling unit, and clean energy. The result of the research to
tested Hong Kong Kale, Cantonese, Hong Tae Cantonese and Chinese cabbage. Chinese cabbage yielded
highest average yield (1.94 kg.), Hong Kong kale (0.68 kg.), Cantonese (0.44 kg.) and Hong Tae Cantonese
(0.33 kg). Greenhouse was unable to protect against saw-crawling pests. The Greenhouse costs were
99,554.52 baht. It was expenses at 549.6 baht, yielding 6.71 kg of vegetables, income of 1,006.51 baht and
break-even point of 218.84 ke.

Keywords: greenhouse, clean energy
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