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Abstract : This research studied the effects of synthesis temperature, ratio of Zn(NO,),:TPA, the amount of
30% H,0, added, mixing methods and the rate of addition of triethylamine to the synthesis of MOF-5. It was
found that these factors did not give the effect on the % yield but on the morphology of MOF-5. The XRD
pattern of MOF-5 synthesized by using 2:1 of Zn(NO;),:TPA, 6 drops of 30% H.0,, dropwise addition of
triethylamine within 1 hr. and using magnetic stirrer is similar to that of MOCP-H previously reported in
literature. The synthesized MOF-5 has a size of about 800 nm. classified to a nanocrystal. The using of
meso-tetra(4-carboxyphenyl)porphyrin as organic linker provided a nanocrystal porphyrin-based MOF with
a size of about 50 nm. The BET nitrogen adsorption study reveals that porphyrin-based MOF has a mean
pore diameter of 0.6326 nm. classified to micropore.

E_E0114 PREPARATION OF A COMPOSITE OF TITANIUM DIOXIDE AND CARBON FOR
APPLICATION IN A CAPACITOR

hamalpom Mungthangtham', Orawon Chailapakul® and Aticha Chaisuwan®*

! Program of Petrochemistry and Polymer Science, Faculty of Science, Chulalongkormn University,
Bangkok 10330, Thailand.
* Materials Chemistry and Catalysis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand. E-mail: aticha.c@chula.ac.th

Abstract: The disposed bamboo chopsticks were employed as the carbon source in preparation of a
composite of titanium dioxide and carbon for application in a capacitor because of plenty of bamboo
chopsticks waste from restaurant in Thailand. A proposed preparation method contains 2 steps which are
impregnation of the bamboo powder with a solution of titanium tetraisopropoxide in 2-propanol and
subsequently carbonization at a required temperature. The carbonization temperatures were varied from 500
to 700°C. The XRD result showed the highly pure anatase phase in the titanium dioxide/carbon composite.
This method provided nanocrystals of anatase with about one half smaller crystal sizes than that prepared by
the conventional method which was performed in the alternative sequence of preparation steps. The crystal
size of anatase is affected by the carbonization temperature and method of preparation, Impressively, that the
structure of anatase was very stable even at 700°C although bulk anatase can readily transform to rutile
structure at 600°C. The results indicate that carbon can stabilize the anatase even at the transform
temperature. The adsorption isotherms of the composites show the characteristic of micropores. However,
the composite prepared by this novel method has less BET specific area than that prepared by the
conventional method. The composite can be applied further as composite electrode in electrochemistry.

E_E0115 EFFECTS OF ETHYLENE VINYL ACETATE WASTES AND SILANE COUPLING AGENT ON
IMPACT AND FLEXURAL PROPERTIES OF RECYCLED PVC/WOOD FLOUR COMP(XSITFS
Kralsom Thaithae', Monchai Tajan’, Wararat Kangsumrith' and Thanawadee Leejarkpai’

" Department of Industrial Engmeermg, Faculty of Engineering, Thammasat University, Klong Luang,
Pathumtham 12120. Email: joom_999@hotmail.com
*National Metal and Materials Technology Center, National Science and Technology Development Agency,
Klong Luang, Pathumthani, 12120.

Abstract: This study utilized EVA wastes from sports shoes sole manufacturer and silane coupling agent as
an impact modifier and flexural properties of recycled PVC/wood flour composites. Three types of EVA
waste are unvulcanized EVA, unvulcanized EVA/PE blend (80/20 % wt) and vulcanized EVA foam. The
composite samples were prepared by mixing recycled PVC, wood flour and other processing additives such
as Calcium carbonate (CaCOjs), Chlorinate polyethylene (CPE) and Diocthy! Phatalate (DOP) with varying
amounts of EVA wastes (10-30 phr) and silane coupling agent (5-20 phr). The mixture was mixed using
two-roll mill followed by compression molding. The effects of type and amount of EVA and silane coupling
agent on the impact and flexural properties of the composites were investigated. The experimental results
indicated that addition of 10 phr unvulcanized EVA provides the maximum notched impact strength whereas
addition of silane coupling agent significantly improves the flexural properties of the composites.

E_E0116 DEVELOPMENT SAA PAPER COATED WITH TITANIUM DIOXIDE POWDERS
Hathaithip Ninsonti'", Sukon Phanichphat’ and Pusit Pookmanee'

' Department of Chem:stry, Faculty of Science, Maejo University, Chiang Mai, 50290, Thailand
&mm] i_hathaithip@hotmail.com

* Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai, 50200, Thailand

Abstract: Titanium dioxide (TiO;) powders were synthesized by the hydrothermal route and used the
starting precursors as titanium isopropoxide (TifOCH(CHs),]4), ammonium hydroxide (NH;OH) and nitric
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Effects of ethylene vinyl acetate wastes and silane coupling agent on impact and flexural
properties of recycled PVC/wood flour composites
Tnans Wnowst waosssi S s ndund® amimd feduqnd’ uns sunfl fannie?
Kraisomn Thaithae', Phasawat Chaiwutthinan’, Monchai Tajan’, Wararat Kangsumrith' and Thanawadee Leejarkpai’
unAnga
- : L g - - - 3 e
msAneiituninivsseiaulfiaes@vn  (EVA) AINNIELauNITHEANUIBIWINTIRIUALANS
Uszauloeu anlduslemiduaimlfulgansfuusanszunnuasnisldse sesdninellifiouiagn
x lo . : ' B o s
TuaniagninduatlnAs i ezl Tnowme EVA Al w1540l 3 11a Ae EVA Ridelaing
. ; R "
nssunun1sdaatiud arseauszudng EVA uay tndefiaundalddunszuaunsdaalud wazliy EVA
a - ¥ o - - | e i elelelel 0w -y - '
frunszinunisdamlududs  InevnawouieteiaguanssninefisTindunglodaldlua s
- o - -
Y arsduusietun Tdlunsedalidion Taowlnfunums EVA usransszandlaeu (ldhsda 0-
i 3 gy 8 | o "

30 phr) WiAFesnanuULABIgNNAT sntisinhlTugdannFesdatiugdauaansfeunasinnisineua
= . N . ,
Y999tiATed EVA wardnsdouiian Aeandiinisiuusenszunnuasnslfwerseiuliifion wudinig
& i o ¢ ; ; d- ol ¥
B EVA Figelsitnunszuauniaianud Ysunns 10 phr WA umuseusanszunniigangn wananid

Gl e I N T e
fanudnsfusinlszanlasuiinair i Bnnslivesesiaqnanilaninauedaiulddn

ABSTRACT

This study utilized EVA wasles from sports shoes sole manufacturer and silane coupling
agent as impact and flexural modifier of recycled PVC/wood flour composites. Three types of EVA
wasle are unvulcanized EVA, unvulcanized EVA/PE blend (80/20 % wt) and vulcanized EVA foam.
The composite samples were prepared by mixing recycled PVC, wood flour and other processing
additives with varying amounts of EVA wastes and silane coupling agent (0-30 phr). The mixture was
mixed using two-roll mill followed by compression molding. The effects of type and amount of EVA
and silane coupling agent on the impact and flexural properties of the composites were investigated.
The experimental results indicated that the addition of 10 phr unvulcanized EVA provides the
maximum notched impact strength whereas the addition of silane coupling agent significantly
improves the flexural properties of the composites.

Keywords: EVA, Silane coupling agents, Wood flour, Composites
Joom_989@hotmail.com
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Department of Industrial Engineering, Faculty of Engineering, Thammasat University.
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National Metal and Materials echnology Center, National Science and Technology Development Agency.
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e nimanafnurdstupdauunlfduaunn by i ATnLaiUddee
[1-2] vuiulifeudmivaudefieed WeanBununs Wi ianaudnfiny wifuannis 4l
winsd] fansifunndigeey Aevszann 1,954,000 usiedl st luszwinanszuaumg
rAnlamanzetnetlden iR Binasnnawludon Wigninnduiaginiunamnniigaie 1
snsuenana Taefinniluedaduliuiveliafeg erfidulisa (Plywood) Sindsnnan@n 231,000
susial] wivlfinf@As (Particleboard) fiMdannsu@dn 950,000 suselluszusiudnmieW (Medium
density fiberboard) Hrin@ansuan 563,000 susall WedlunsamBunnaszuss mineInss i
W Andsslomletnadud  UssneududaauananmeilunanadnuasiduloansssmAdiauRi
Tamavatfoufumanorzningy  annsotugluasiaulspnsldiadondld magn viwiinin

pis

aunsntissasedaeiinndonm Lignianelnanen Yaon visunssdu Saduvauainliianuan

- i o x S R
weslunaradnuasidulusrsuanfldiuacuiioniunldauminty [3] dnfueuddaiainnisdneiia

]
oo -

il pauiRidanavesliifionsnTnaids wald uasenedaansd fndunn 14wl TaeAnmians
gaaFunnurmeinullianzime uar 1B naasaslssaulney Aesuifnisfunsnszunnuazng
Wesoredlifiey  WilsnAmsnvaniummi U demdinniu uanmnﬁﬁqLﬂums‘ﬁﬁﬁ@mﬁﬂh’f
nvinliRsslenidunstaeindndavieldannssuaunsdn Waysdrifudan weedadunisen
Fnudaadaamzinid  nliusivans  ussieduwuonisluninisnlszgndldu i pean®

denaveanediuefuaustingu
aunsaluayisng

1. QA
1.1 1Ak PVC (Scrap PVC)
sinrectutiddnanortatuegiunisfatsan Wy dRssnamutassaiesusouldd
2 giia Ae TialAnaiTadlla (Close-cell structure) uaraialasaairwnaditla (Open-cell structure)
[4] dwiuamAseildiden 733 nsadan Flunssarandndsiuiuia FeanansorinlUdanldia
mouenuazmely Wy wiidies szaue # siihedydneaiuastinelamansine Pusildan
NILLAUNTHAR A RnTaLLELTE THAWITHA (Free foam) BeiiTasaairauuuaaditle
1.2 ualal (Wood sawdust)
ualdiandugnamnm duiagwieldidunangrawnssumediined  nsulspllflasnisiia lu
Fepazaunstideneentn FehunAsed @enunld 2 1iin Ae wdlionammdsey aellonanddu

— ; . e e
uwazfinisUiuilgeRandlilauns ud NaOH, ut Silane erindn ilimaglaa Antiu Magludiols
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1.3 ianaulafiaezBing (EVA)
Ideniinsainfusasdinim  duamvasldnlFannszuaunsadalugasdnuu EVA ey
uawﬁ'\iﬁ'&mﬁugﬂ ﬁqum‘gﬂeﬁmﬁugﬂ (Compression molding)
1.4 A9LANULAY (Additives) MFumasefinesBoaswiolus

o o 2
9190 1 grauasBnuanaiinldlunmaseinisuglivem

Materails phr (parts per hundred)
Scrap PVC 100
TLS (Stabilizer) 3
PA-20 (Processing aids) 10
CS (Lubricants) 1
Ac-508 (Blowing agent} 1
PE-wax (Lubricants) 0.4
CPE (Impact modifiers) Oand8
CaCO, (Filler) 10
DOP (Plaslicizer) 4
paldfenannsddiv 15
aalfinamnadgeu 15
Silane (Coupling agents) 0,5, 10, 20 and 30
EVA 0,5, 10, 20 and 30
EVA/PE (80/20) blend 0, 5, 10, 20 and 30
EVA foam 0,5, 10,20 and 30
EVA+Silane (Coupling agents) 5 phr 0,5, 10, 20 and 30
EVA+Silane (Coupling agents) 10 phr 0,5, 10, 20 and 30

*phr: parts per hundred of resin by weight.

2. 98ms
2.1 MSHANWBALHASAUAITIANUAY (Polymer compounding)
ihistaeshad usauiuasll FaawFastumanuuuauiage (High speed mixer) uaa 5
» ] L - L L
W AT HANFEATRINANKLLASIGNNRY (Two roll mill) Aeguuniiszninegnnds Taugnnds
L3 v - L - i - =l o ;
Fumiin 170 asmeadus Aunds 160 awrnalfua Yamsuamduiaan 15 uil uszinsiugl

x a4 - A ) ,
FuruiieinlveseusaniRidina g HiATeadndugll (Compression molding) e 19 un
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2.2 MSNARBUANLRAIBING
2.2.1 NARBL AHATUNIULIINTZUNN (Impact strength) AHMATEIL ASTM D 256

2.2.2 nagau anRAMNATUNIUNTTIANE (Flexural properties) AMUNIATIM ASTM D 790

HANISNARRILALINTON

HANSNARAUANITAAIINATUNIULSINTEUND

- — v ia =
aanna Ui 1 Weawfuuifioy Anunuusanszunnvaedimefnanndnn liinas liuazifses
TuaSunnu 30 phr

£ 2 B Gl

3 T * TiFinnald

2
AIVIUTINTZUNN (kl/im )
]

Lifu CPE AN CPE \#is CPE

LiduEva  BiAuEVA @ EvA
qns

=l ' = ;- -
719 1 Arrumuusanszunn (Impact  strength) TeewedmefaanIngn TuiAnaaldiuaifinnalsd 30 phr

g o _ b s ; G g v '
Tugns¥ilsiidis CPE uarlsidis EVA Anfildfisndaudnannindideeiu usidledis CPE Suduans
4 i @ i Ao & ol
YfulpasaiRlunisfunsanszunnluzun 8 phr uaziiin EVA fidelishmnszusunsdamlud Suilu
- = 1 - : £ L3 £ 3 nl 3 o s
Taawaeldannisuarnuraayin hafiann 10 phr vl AYAIUMUUSINSEUNNIANTY ANNERL UAE
dewudnmadsealidaaly Arvmnamuusanszunnaeanedefrenindn  drnanasethadiulddaiau
i PRI [ I v ¥ : &
{asan wlidluiagfnaunn (Hydrophilic) Aady  aliReamnmogaduinls lussndnanssuaunisiu
7 uarluszwdanimegey  lesannanuay annsndillaiiuselalasau (Hydrogen bonding)
fumylonsanda (-OH) wessaglaalunaliild wnuinainiustlalaniauszvdne aaliveanaglas
3 - - = - L3 L] - - . = 13 dl - :
Fauiuied 3alnavinli andAdinavedianuan SA18aa (5] wazatadiamRuIAINaALNNiasiaTY
& Jo g g v e oy .
melwguridesinmsldnld Aldldimunislfulpidvihliiiadesintuewdnama  waesdn
5 i 5 , 4 ;
ANNVUUIINTIUWN HANEEARIEARIILNNAY 184 Bledzki UAL Gassan [6] TIWLNTAAALITEY A
Arnuusanszunn ludaguaussudnwedwef uas Wulsssruoanldlfdunalfudpiadauisn

HATBINITUANDBNTBINUGY (Debonding)

509

177



Lo 7 i - - L 1
FIAnRLNTIUMIAR TR IAINTIIMART rn1u1:1_n.|r|1.11mn1nnaw1’iwmamnrmmns n3afl 47

(2a) lsiiAin CPE was EVA (2b) \fiu CPE, Tsifiu EVA (2¢) \u CPE uaz EVA

- 8 dn v
317 2 2a-2c lanainqaniraemedweirenIngn Nlidiaundld

(3a) lsiiAn CPE uaz EVA (3b) W#iu CPE, laliAn EVA (3c) WA CPE uas EVA

o a i s
g1 3 3a-3c TanatreqaniaraanefiueirenIngn Miauualdluliuan 30 phr

angli 2 werplil 3 wuinndnel SRR R IA Ui Sesihafinty
sewinaareaiiTuasadlyl Wasnniiuacueliiiusyssuianeftiudouss sonficlusewinemsiu
gula ffuneunsldinante uas vaalfiuiag Fesanansttiafanusnnsolunisvaiuazaudi
Fumnsineiu AsdearinlFAntesinedussdinama [7] Tudau (3c) wudnunasay EVA annTniden
Uszanuiuimazesiia W@ FenmillFaesadesiunaessunimdang uarldineufunqsfovesnalsl

. o " al
Tneinmsudsing NaOH uazut Silane lanadauandlunsmsii 4

-
wn

n’E* * \fiuCPE,
3 i Ry EVA
=
§ 251 .2 t 4 AN CPE,
2 I Tidn EVA
5 I :

a MLig
g o i i i 1&![?"CPE.
< Taidn EVA

LihfAnlp@ wiNaOH us Silane
mstunlganehi

- ' - .
gUW 4 AvAMULIINTZUNN (Impact strength) 1aawedmaiaauTndn oy

uazuds n1aulFunlgensliifaeisine (1% Tnendwinyeanald)
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] >
msdfulgeianaliidiaeAEnas ud NaOH uas ut Silane fiffunnuansuliudge 1% Taedmiinues
2 o o ban
uliflaevinllwudn Avaaunuusenszunn Suwaliniuaudnties aumanvinliFaumuusnIzWwN
" 4

cal X o ] : ; o
Lidntvetiiulifaag e1adeamnain Auaumsy Methoxy fities dwalilimadealoaiudoniusy

- ' - =i - a - al el
maaiiszuinmaiBnadesuslemaianlfuln douiuiadunedlsseaou ffvwinluana

a7 Mematies deuavinlilantanisiuiu (Entanglement) Taiwed leaeamuiuaduviindiives [8].

fauwnuasana1s 3ainldArAamuusenszunnuue i lidaauuantn daua mlunﬂﬂgﬂfi 4

antildinie EVA 3n 2 afla Aa EVA nauiy PE Agelildtimunszuaunsianhd (80720
Taeninuin) uastry EVA Airnunszusunisdamhudude snufoudoufiunisdinee EVA fitelito
nszuaunsdamlud annmasesluneusu TaoFulufiuin 0-30 phr ldnanismasesdauanaly
nﬂﬂgﬂﬁ 5

—
E
-3
235
= —4—EvA
s
2 3 —#— EVAPE
S
4
= —&— EVA Foam
= 25 7
=1
[
o
[

0 5 10 20 30
W (phr)

17 5 uBsuiieuniaEiaee EVA, EVAPE (80/20) Blend uas Trisl EVA

fiuALMULTINTZUNN (Impact strength) Taanadineinaningn

WuINITRNAE EVA uaz EVA/PE Rfelununszuaunisdant g TulBunne 10 phr Widamanu

G 4 4,
“ ugy 3.38 kd/m® mud1dy lusnsfinisAs EVA Foam Wik

NUUFNITUNNGITgARE 3.5 kd/m
v - u i 6 8w - | ) a_ W
nszuauntsiaan lududn Tugaevinlddtmanumuussnszunnifingu uinduiidasaadntion uliun
4 4 . B T . 5
Pldaqly Hessinnisnszanesnes Wy EVA Widtuwyiing uiseifiatuldonn mezdiunszuaunmeda

; S == Qi
g FanniRed e lulnsaireres Eva RdlivinlWaanumunsanssunniiuau

nam -

HAMINARAUANTAANNAMUNMUNSIALIE
L] - 4 - [ - L3 . ¥
Iavammasssiaoniain EVA Aidaliiunszuaunisdamlud uazanlszanu Silane (Aminoethyl
aminopropy! trimethoxy silane) TuFuAnusawe 0-30 phr uaznageuaNTRATRA UM TANe Tona

fauanaluns gyl 6 uazgui 7
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(MPa)

Ada

1

Araudaug

10

60

50

40
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30

3uneu (phr)

—— s EVA,

iy Stane

—E— FHEVA,

Silane 10 phr

—&— [Ru EVA,
Silane 5 phr

—H— iy EVA

. 7 P S
gﬂﬁ 6 AnAuLTausalAeae (Flexural strength) TaanedwainauIn@n My Filler 0-30 phr

(MPa)

uandalre

1Funn (phr)

—— Tifu EVA,

(A Silane

—8— 151 EVA,

Siane 10 phr

—— (Fy EVA,

Silane 5 phr

—¥— iy EVA

= ) - ow - - al -
717 7 Auendaléee (Flexural modulus) vesiwdwafmening@n Miéx Filler 0-30 phr

- - . a . X i . -
mnn?ﬂﬂzﬂﬂ 6 ua:;ﬂﬂ 7 WU NN7AN Silane (Aminoethyl aminopropyl trimethoxy silane) %

o a v a -
sunn 10 phr WiAnAuudausalAase (Flexural strength) uaznandalfisan (Flexural modulus) ganian

78 86.99 MPa, 4386.23 MPa AMN&1AL uasnafiniaw EVA 7 5 phr WarauiRanusumiunisidse

; & o 22 o
(Flexural properties) g4nin1siAdwAY EVA 1 0, 10, 20 waz 30 phr AUNn3AY Silane NUFu08 10 phr

- e . » » IR 1 ' G W e
Huai i AnauTRAusiununsldwe danmuduedradiulddneu

a5

AINHANITVARBINLAY  TARRITTNWaAN CPE, \ww EVA uasiw EVAPE Widabitu

2 : AL L i P
nszuaunsdam g Watarmnuusanszunniindy luansiininda Ty EVA fidtunszuaunisiaan

o & L ) I'A' ; 1] a wd g
Tududa ligoevildaraumuusnszunnifiniu winduiiAianas

madnnlfdanalidrnunuusenszunnilAtaaas anlasaingania wudiniadnesldly
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