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ABSTRACT

This research aims to study the mechanical properties of plastic composite
Acrylonitrile-butadiene-styrene (ABS plastic) reinforcements with TiO, used APTES
silane coupling agents as a surface improvement. The mixture design was applied to
study the Influence of three factors, namely factor A (ABS plastic), factor B (TiO,) and
factor C (APTES silane coupling agent). The condition of those factors were 99.4 < ABS
<9938, 0.1 £TiO2 £ 0.5 and 0.1 < APTES < 0.5 wt%. The specimens were prepared
with compression molding to test the mechanical properties according to ASTM D638
standard. The antibacterial properties were investigated according to JIS Z 2801:2010
standard by Photocatalytic activity using E. coli bacteria. The results showed that TiO>
using APTES silane coupling agent as a surface improvement influenced in the
mechanical property of composite materials. The special quartic regression models of
tensile testing are ¥; = = 0.006A + 0.508B + 1.241C + 4.816(10°)AABC - 0.057ABCC, ¥, =
0.007A + 2.866B + 1.375C — 0.003AABC + 0.624ABCC and ¥; = 0.008A + 1.868B - 0.737C
- 0.002AABC + 0.510ABCC respectively. The response optimizer of tensile strength was
20.69 MPa, Young's modulus was 1.51 GPa and Elongation at break was 1.29% in the
values 99.4 wt% of ABS, 0.19 wt% of TiO2 and 0.41 wt% of APTES silane coupling agent.
The confirmation experiment was done by hypothesis testing on the mean of
responses ¥y, ¥, and ¥5. The results showed that no difference statistic of 0.05 as a
significance level. The XRD pattern showed that the surface improvements of TiOz with
APTES silane coupling agent were symmetric with anatase phase. The clumping
decreases in TiO, used APTES silane coupling agent as a surface improvement. The
FTIR spectra showed peak for the Ti-O-Ti bonds. But not showed peak amino group
and hydroxyl groups. Antibacterial efficiency test of composite materials was increased

under UV light irradiation 30 minutes and the bacteria was reduced approximately 81%
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1.1 anuduniwazanudrAgyvasdym

Jagdausznouusziannaiafin (Polymer Composites) iudanifionldidu

IS LY

WAnAtuaineg naendulugramnssuesuduazgUnsaididnnsedng fleaanignan i
ansothluduaneivioniunsruaunsuiuugsiiuiaudie il dauaniRnudidomnis uus
sUdundnfasildnarnuans dmifnuisaganign (1] Taeaniaszney Yssnaude
eAUsTneu 2 asrUsznaudiddey Taun weailofiu (Matrix) shuhiidulaseasandnlsri
Yanuazilansyanevieinanszas (Reinforcement) simiififiuasniflsiumadonudioly
$¥anuiialmififnuautiffni fanudadu [2] wu msiuasinanaliftu wielvivand
aruudauss mnumumunieruannsolunisdaveululufiansdidtunienisifiuaus
msfudandeuueiieluntan oraldidulouluniotaneunimdudiuietunsludnumzns
ﬂ'ﬁzma&fﬂﬁﬁuLWaLﬁaﬁumaﬁa@ deanavievasmmiiiunefivdudasuiuiives
wAndiivseTan lneuussavs nmlunsianuazeoiaiuindiesies (Self - cleaning)
viesindelsald (3] Hudu ognalsioy nanafnvladdeulfifumadofuilinuandfieu
TuBesvesmnuudanse frrmmiengs numusensuussléd nusionsiansouesasiad
Tidnvaeriuintueuianudug denuaveindswasiafiosnmnisaufeuluanny
uawFofigamgiias [2,4] Fadunuauifvesnanainviinezeilalslasd-Oamladu-aladu
wionaann ABS Wunarafinirmnssulsyinvimesiunatafinussnaumesouaiesaniuy
3 ¥l (terpolymer) flaaandAtdutanizgniianldlunszviunisndnianluguves
wAnfasiva s udnvuznsiFnuiwndatiueenly Tusunisfmuauidnisna
vosmaanalintansnyhlinaneds Tnodudausnmsdaanegitaguulm nisldasdy
usia (Additives) viSewaaduusslnelivaniiluounaniedudian naonaunisthfansdaus
2 wfiatulUnansanity SdaudunafisdssdnsnmaundilneinaeudRiruresensilday
wdlvituYanuiollianaudRfidtundudu (5]

tagiu Tio, grldidumalasunsivdeasiduusdslugaamnssunanadiniivaeiia
andAnana esndnuaudaiafiosnmmataiigs, fumusenisinnieudia lidudiv
sodamanden thuiinun fanuuussaeuadlfifugusswfisemenadunisdosaais
ansBunIdunzuuaiize aEsuuse Tio, H3adutagiurauladmiunsldeulufuands
yananarautRmudonuafide [6,7] TiO, Jagnihulddnmlunuideesanfemndud
misiaaammwﬂﬁﬁsm'%aL%@I’iﬂﬁLmzaguuﬁuﬁwaﬁaaimachuﬂssmumiLi'q‘dﬁﬁ%mL%a
was (Photocatalytic activity) Tnenszuiumsiananaziintuusnaiuiives Tio, Lﬁagﬂ
nszdufBuas [3] TO, felanauddlinsBanzuazarudrfuldfsewiranadofiuiy
waauusstadoduiafeiddylumsimunauauifvesiandasznouusiilesan Tio,
LﬁuLWaLa'%mLiaﬁﬁﬁuﬁﬁaLLasmmﬁlwﬁ%qﬁ%ﬂuﬁmﬁmiLam’hami coupling agent %39



ansamIvUiseeUuanmiuinuaraiawssdnmierssninavailoiuiuiaeSuuseld
[8,9] warnuin @138MIVUHATEvln APTES %58 3-aminopropyltriethoxysilane 1Uuans
USuugsiuiivdiafianunsaannissaududunguieu (clumping) vaunaaduusliiuine
WenuwazldduarsiidnedaasuusdusnsuaznananniiialNuussf1unIunIShe, AL
MuMUsaNIsANNIaUMAzaNUTaUTUUTINgANTIUNSvale [10]
ndruanudrrgesdymdrsiuiadunuluns@nwaudfnisnavesiand
Usgneunanadnvlinezaslalslasd-Tamladu-alasiu viewanadin ABS lnewaulviniiuula
gonlen (TIO2) ANUNTUTUUTIRUEFIEasAAuUATen APTES dmsunisidenldianas
Uszneuialilanaaudinaniuisesnisdesdfsdadadendrdyvateusenis wu Yuna
9] A & & = aa a = aov
Fannldlumadanuiaslumanszaresindaslunssuiunisuds 31nnsAnwwiden
Aeoanudn MsmAAumEIzauvesnaduRaniandUss nevatusavilalagly
wATiAN15eNkUUN15VAaeY (Design of Experiments) Wuisndeulifinueendudou
wazau15aufURlaase Bnvedsaunsamivunseaurestadeninasofinusnovaussls
MUYl YIIN08NKUUNITVINBIUUAIUNEANS Mixture Design Fuduns
nnaaIA1YBINaansLUUTlinduildulosidudvesdiulsznauliiofoIn19nIsEAUSNS
1 lﬂl U a 'ﬂl o 1 U dl a v d‘l
dunanmzanvesdadelsUszaaiiethlugnismearanisnaisay lngluauidel
Tanmuuatadensefnusildlunisinw lawn naradnude ABS, lnwdeulaoanlen (TiO,)
1 aaa dyGJ o = wva ¥ d’j a a
waransamuufiseUssavlaway APTES wenanilduihmsfnunaudimuieuuniiseves
TARLBUTENOUNIUNTEUIUNTSLTIUJNTEUT U (Photocatalytic activity) TIuMANYIHA

aaa

YOI FUTUUTNURD TIO, AagansaaIuufizen APTES

1.2 ANavINELaEInqUsEHIATaINITANY

h Lﬁaﬁﬂmé’mwdaumamaﬁa@L%wszﬂaw?fwszﬂauﬁastmaaﬂsuﬁm ABS, TiO,
uagz APTES lagladudnniseanuuunisnaasduuvdliunegl (Mixture design) siaaut@niena
LazauUREuTouuaTiy

2. \ilefinwnavaansUuU IR TIO, muansgaIvUiseussianlaau APTES
FnasoauTinanawarandigudenuniise

3. WeAnwnsiiiuanTinienatazantidudeuuafisovemanainideUseneu
sinozrslalslnsd-Tamiladu-ala3u wienanain ABS Wuwladefiulnedl TiO, Hiunis
ﬂ%uﬂ’a;mﬁuﬁaﬁastiffjmmJg‘jﬁ%mUizm‘vﬂmau APTES \JuinaiaSuuss



1.3 aUUAFIUVBINITANEN

1. Samdunauildannisesnuuunismnassiinasoautininauazautisude
LUATISY

2. $nsndrunauvestandasznevludruiadefiunasivaiaduussluiund
WanzauIstefiuauTRmnavesag ATy

3. m'iﬂ%’wgqﬁuﬁu TiO, MeansAmIuUiseruseinnleiau APTES Jvdanane
authmenauarautRsuteuuafissves TandUsenauiing sty

1.4 Y2ULUANIS5IY

1. Jadeildlunisnnasivonan 3 Jodo Usznaudie wanain ABS, lmmdlewle
sanled (Ti0y) wazarsAauufaseuszianlaiau APTES lngdmuaideulyiade
nsaneliin 0.5 lumbewedduslnetmin

2. ﬂ'auv‘l’wmimamLLazﬁﬁugU%umumaauﬁwwmaanlﬂaulémm%ﬁ il 90
ssrwalua WWuna 2 Flug

3. g RFildnanegil 180 ssmwalioa AnuFIseUNaNT 60 sOURDUNT e
\A3DINEINaNERN (Internal Mixer)

‘. Sﬁugﬂ%mmmaauﬁwmémﬂmé’ﬂ (Compression Molding) ﬁqquﬁ 180 24911
wadea [nada 10 wiil fennsdwesiinsesnadalanglianudeuneusn (Preheat) 7
KA 2w, Lathun138nden (Pressing) Miian 3 w17t uazdadu (Cooling Time) #1111 5
U

5. Anwaudinenavesiandalsznau loun AaMuntusafs (Tensile Strength),
ALBAGALTIAY (Young's modulus) LLazmiwz%ﬁ’Jgaqwﬁqmm (Elongation at Break)
AULIRNTFIUNITNAGOU

6. AnunautRduiteuuaiifonuunsg1u JIS Z 2801:2010 HILATZUIUNITISS

UNASeauas (Photocatalytic activity)
1.5 IUABUVDINITANE

1. Anwideyaunaruanuitoussnnuiiieadeanieuisihnisesnuuunimaaes
wuuduna (Mixed design) WUy Extreme vertices faglusunsudniazy Minitab

2. AinwimaweutandeUsenaulasuusesiussneuvesiandu 2 dw Ussnaudie
waidlefuuazinansyats sudsdnuidnmadevanifimanaussantfdudouuaiise
AULINTZIUNTNAFDY

3. FsuesAUsznouvesiagdeUsznaulaelinarain ABS iuaiofiuuay TiO,
ﬁchumiﬂ%’wqﬂﬁuﬁaé"gamsgimwﬁﬁ?mmzLmﬂ,smau APTES \Juwlanszane



4. naueskUsEneuvesanddhefussihmaideiuuasaaiuuswhoinTe e
wanaRnuuuTauazyinnsgosanliitliuadndeiaiosusmanain

5. Lm‘%aﬁ?mmém%’wmaaué’aam‘%'mﬂmé’mgﬂma Dumbbells @usuAnw1auis
NINARATLASHUTUIIUILIN 5 x 5 Lwufiuns dmsuRnwiandadudowuailiiony
UINIFIUNTNAFOU

6. MAdaUTANIIUIZNOURIEN1TVIAEDULSIAY (Tensile Testing) MIUNIATFIU LAY
foyanansmaaeunazihdeyaluilaszsinanmsaifiionman s fimngauseilaidy
Response optimizer

7. ¥msveassdnadaiietuduransivansaulnevinisuundavestladeuas
AATIIANANITNABBIAILNITNAFBUANNATIN (Hypothesis Test)

8. AnwanweauzlASIAS1aNEN, Myjﬂqﬁ%’uﬁﬁﬁiyLLazé’ﬂwmzﬁmgm’iwmmaﬂ TiO, 7
sumsUFuUssiuingae APTES wasTandauszneuiiedould

9, wmaauamﬂ’ﬁﬁwm%@Lwﬂﬁﬁamuﬂﬁzmumstﬁ'w;’jﬁ%ml,%almﬂ (Photocatalytic
activity) lnglduuafisedlalaidunuafiSonuuuy

10. agﬂmamimamﬁwmmﬁlﬁmmm%’auaz%mauau;us WEOUT A NAUBUUINN
Tunsudla

1.6 Uszlagvunaindnazlasu

1. ednsrduimngauvesfandssznaunanainuiia ABS Ingialuusafe Tio,
fusuugsiuingae APTES felusunsudigagy Minitab

2. ilinsuanuduiudvesdnmdunanililunisdnvimietiadeidsusumiy
autinianavesianifesznau Taefinnsanuinuiufiidiuunninuesdusuainug
NsAnYIENwEdgIVINE

3. L‘f]ummﬁugﬂﬂumiﬁﬂmamﬁ@mNﬂaeuaﬁa@L%Qﬂizﬂauwmaaﬂﬁaﬁm ABS
Tnewau TiO, iusuusesfiuiafe APTES Wuduifiuaaudiludunisiesuusdiunvag
wanamnuin ABS MlHTulnseadranan

0. vldmsunalnuazdsyavsnmlunsfnwaudirudouuaiidelaglduuaiizes
TaladunuaiiBesunuusiunssuiunsissujisendisuas (Photocatalytic activity)

5. 1AnAnudenlssnurdnuazidunumisdunswaun agdauszneuiiterduy
Uselovtllumuanannnssusigg
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2.1 UI8MN8T09

2.1.1 N139BNLUUNITNAADILUUEAIUNEN (Mixture design)

WITeved Y. Rostamiyan wazaay [11] ¥n1sAnendnsiarunauilvungay
vosululausaneulndndifnasoandfinnalaelfinaiianiseenwuunisnaaesds Mixture
design wuu Simplex-centroid favuatladeildlunisnaaes X, (waafin HIPS) NITUNNEN,
X, (SiO; #308n1) wag Xs (Epoxy resin) 1nsillanoUaLI90dn1sNAa0e AN WIIFIUNIU
N19A4 (Tensile strength), AU UABLTIAA (Flexural strength), AITUATUNIULTION
(Compression strength) LayAINAIULIINTZENA (Impact strength) a¥19TununageUnL
117514 ASTM D638 (Madau Tensile strength), u1m3g1u ASTM D790 (nagau Flexural
strength), 1173511 ASTM D695 (nagou Compression strength) Wazu1nsgiu ASTM D256
(nAaeu Compression strength) 1ANANIINAABUNULT LtARBnSnatdadesiu 2 Uade
seminatladedanidutiade Epoxy resin Seflnadowsednumiunisia dautadowanadin HIPS
Autlady Epoxy resin AnasomIuynuasissfg, AIUAIUIIULIIOALAZANATULIINTEUNA
an e sedudndiunauiinfiaavesiladeienuaivinliinsmaaevantinisnanes
wilulgusanaulndnienggn (Maximum) o Y33y X1 (HIPS) Wiy 2.67 wt.% Uade X
(SiOy) AU 4.01 wt.% Waziade Xs (Hardener) iy 28 phr

U889 Amani Khaskhoussi kaganz [12] ¥1111998NLUUNITNNABIAIY
75 Mixture design Wngldaunisainuuuinaediiasievaudainiena JansniinidaUsenou
ALOs-ZrO,-TiO, Hiemdnsidrunanimuza fuatoulunisvaasivesilade X (TiOy)
WINAY 0.0027 < X1 < 0.1, U338 X2 (ALOs) 1711110 0 < X2 < 0.9973 wagUady X3 (ZrOy)
WU 0 < X5 < 0.9973 lneilnanauauadfa AN1SNAaaUANLLTS (Y1), AN1SNAADULTI
A4 (Y2) wazANISdeuLenaatangy (Ys) 3NKANITIATIERRUUTIA0INITNAZOUAIY
uBs wut X (TIoy) fiasenaneaeuiiosnnUium Tio, Mifisdudsnalieuudsvostan
anaseiitadedug Xo uae Xs Snanernuwduiisudnies Tudrunisvaaeuusaianud
Hady X, (TI0o) finadenisnadeunanindndsnasin 2 Yads feo Xi,Xo war Xu,Xs luvaied
mMnaeuNegdadavuilade X, (TiOy) dnasonogdadavejugeanogiuszana 3 %wt

UV Oscar Valerio wavamg [13] Anwianaudululavesnisway
waadn 3 e laln PGSMA, PLA waz PBS Tdndnn1seeniuunisnaassis Mixture design
LaTVNUIERANIIVIAGEIANAUNS Regression model TaefnuusIaes Tasfvuaiouly
naasvesladeindu 0.3 < PGSMA < 0.5, 0.3 < PLA < 0.5 uag 0.1 < PBS < 0.3 laua
ATVARBIINNA 26 NSNS (runs) TAEHANNITNAEULSSRILAL AMNISVAFDULSINTTUNA
HunanauauseInsmaaes INHaN1sIATIEInUT MafinUiinarestlady PLA fuase
ussPuazegdaBanty vazfinsiiinyiinanesiladoian 2 Jaduseninedady PGSMA uaz



U2y PBS dnalvuegdaniudavduvssiananas wazladnisvituneivesdade
PGSMA/PLA/PBS #135/80/25 wt% 991 lHA1n 15N @8 ULSIR9Lasnada uksInssunnd
Agedn (Maximum) firn1snaaeu Tensile strength vV 33.8 MPa, Tensile modulus
WU 1.47 GPa wag Izod impact WAy 159 J/m anuaiau
NAISANE9UBTETIA Y0998 IN100NLUUNISNABILUUATUNEN %D
Mixture design Wun LﬁuwﬁﬂmmﬁmaqmiaaﬂLLUUmsmamﬁmmsmﬂwmﬂizqﬂ@ﬂsﬁu
MemsasduLazinunsziutladtreedusznauiivhnsdnuildetamngey

2.1.2 msuiuugsiuRiafisasniuduiiseussnvlaay

NUIYYas Emi Ukaji uazaniy [14] ﬁwmiﬂ%’uﬂqﬁuﬁa TiO, A8A13AAIY
UfAseUszinnlaau 2 vlia lawn APTES waz PTES wssufegsludnsiau TiO, 1.5 nsu
somnadutu APTES wag PTES 1 0.0027 &1 0.1 luasiodns naaeulngtidneensluiuuas
uv 1funan 1 $lus wanisdnwinudn ansgarudfasen APTES THdszansainnisisa
UFASsBauasuaz muaunsalunstesiuied UV figandi

U3B89 Shadpour Mallakpour wazane [8] yinnsimseudandeusenau
Tndlafiaueanased (PVA) nawdeasoumauily TIo, fikunisusutssitufafeansamy
UiATeussianlatau APTES Tudiunnsdesasil 10 wt% nanisansinudn Usuianis
Usuugaituinvesansenmaulu TiO, ‘1'7iLﬁwﬁudawa‘lﬁmwwmLuiumgiamaﬂ%a (-OH) vo3
NanaAn PVA anas daumamﬁLe‘mzﬁmyjﬁﬁ%’umsﬂ%’uﬂqqﬁuﬁaé’aEJLwﬂﬁﬂ FTIR @5un
IuLaqa%qmi@:mwﬁﬁ'%&ngﬂ@ms?j’w%mmﬁyuﬁwaqmémﬂmiu TIO, meviylansanTauas
astusglanniaud daulimanadug vesansamudiseniaufisernisamuuiunazaiig
Wusylalasiau

348989 Ivan Bmardic wagan [15] vnsuiuUssiufinansoyniauily
TiO, agansamuUisenussianlaian APTES d1unseuIun1sleaiva Usuns 30, 60 wae
100 Wesiduslagimiin ué’ammfuﬁﬂmiﬂum%mLLazﬁWIﬁLLﬁQquﬁymﬂﬂﬂﬁL‘T]umm 24
Falus wansnrasuvilsifumsuiulssiuiindemaia FTIR Sinsesiesdusznaums
fluasdnvardugine fiAntu wut iewusysamssvieeyniauily TiO, uag APTES
(TiO-Si) vuiuRIv83 TIO,

31U39884 Fei Cheng LavAmy [16] ﬁwmié’f@LLﬂaqﬁjuﬂaawmmﬂu TiO2
(1n3A P25) Measaamvuinservssanlaan APTES naaeulaenisiuiadouiunseay
(Dip-coating) WU nsEAETirunsiauUasituRy T, dae APTES iAndumsasensening
flufin TIO, fu APTES dwiulaseadisvas APTES Usznauludenyilsddu NH,, SIOR):
swaAnusy Ti-0-Si finannssamsatuszninemy Silanol group waa APTES wagiiin
mylensonda (~OH) vuiufizves TIO;

smATevesiiia WBewavenn [17] imsduasizsi TiO, fMeonszuunislvalaa
Nt Tio, ‘1'7im‘%‘aulﬁﬂ%’wqaﬁuﬂaﬁaaaﬁfjmwﬁﬁ%wszLﬂwlezil,au APTES 75ty
Aty 1,3, 5 way 10 Wesidudlnetmiin uagidu APTES 0.5, 1.5, 2.5 uay 5 faaans
Tughvinazany Isopropyl alcohol auasazanelmaniu mﬂﬁ?uaumiﬁm%ﬂﬁﬁqmmﬁ 80



psrwaldoa Wuan 10 $alus 91Aran1sitaszinglsnduresanssnomaia FT-IR
Spectroscopy WU N1SEALAZNARIVOINUSE Ti-O 984 TiO, ﬁchumsﬂ%’wqaﬁuﬁaﬁw
APTES fin1stiauagviaiiuse Ti-O-Si kagiuse N-H

nnsAnidefiAsadesiiviinisuiussiuindsasauduiisen
Usziomletaunuin Tudupouniswdsuasusuussuiadiuanndenldisnsedeuasaiy
nszvrumslsaa dalituneulumawisumsideutedudeunasldnau iediunisan
fumeulunsiwdsuasiafimeiuuitnsusuussiiufinlngldiunssualvamatumnln
warNUT SERUNIRANTE TIO, unsusuussiiuinludasdufuniduluinadens
ilaffureauvindvieTanioniy

2.1.3 auUAneng

41UTYY89 Masami Hashimoto Lag Ay [18] v‘hmaﬂ%’uﬂjﬂﬁuﬁa TiOz
(Anatase) pagansanIvUfAsenlalausiin [y-(methacryloxy)propyll trimethoxysilane %50
y-MPS fisiutsung 40 Wesidudlnedmiin deaudfnnauasdnunelasasnagania
vaafandaUszneunaaRnya e Ao auAUMUILYNEY (HDPE) Han1sAnwImUudN Tanuds
Usgnay HDPE/TIO, fiknumsuiuussitufinge y-MPS Trinantsnaaovauifmanaiiuty
Taglan1snaaeuaufmuUILLSIAIgeT 65 MPa vaizitTandsus noudilaldusulse
Rl uuLssReil 49 MPa dwSudin1snaevuegdaussislidnisvaaeuil 10
GPa (Filunsufudgeiiuio) uasdt 7.5 GPa (liknun1sUSuUTNURY) Uaz9nkaNsAnY)
anuazlaseai19ganIARIuNaas FE-SEM WUl fia bridging effect sywihalaieu HOPE
U TiOz shwansamuufisenlaau

31UT98U09 Vu Giang Nguyen wagaug [19] Min1sAne1audAnienaves
wanaRNLBeUsENoUYtn LDPE (Low-density polyethylene) a3uusiang TiO, (Wd Anatase)
ﬁﬂ%’wqaﬁuﬁ’;é’aamiﬁjmﬂmamﬁm VTMS (Vinyltrimethoxysilane) Y3u1ad 0, 0.5, 1, 1.5
2,3, way 5 wWesidudlagtndn aud iy afretunudimsunaaevaudfninanis
1195571 ASTM D 638 nan1sfnwimudn anuudussisesmaiafinidsusenaveindi
wulfuiutuiviiasiou 0 39 2 Wesidudlasihnin wazAnismeaouiuuiliuanas
FausiUandt 3 wWeddudlpedinn

UITYVe Jayapalan Sudeepan uazag [20] NSANYINAYDINDALLDS
Wausgnau ABS/TiO. m'aauﬁ’amqﬂaLLazwqaﬂssmmm?{ammuﬁzijﬁuﬁaﬁszéfw%mm
Waw ABS 610 TiO, 0, 5, 10, 15 wag 20 Wefidudlnetmidn Jusuiuaiugusns Dumbbell
shape 1A 100 x 12 x 8 mm’® AUNIATFIU ASTM D638 feLATas Extruder bUUANG
Ao wanmsnageunu mmsvaseutegdausieiu vt unuiinaesidudlag
niinues TIO, Muiindu dwfuanimmeaouusefslirusiegegadl 10 Wesiduslng
hfnuasiuulduanasmudisu lunuiddeilfesuesuunldudnime aevussisiianas
Homnifndunsizenognesou (weak interaction) seurinainlaaiunsswazitanedweosiile
fiu FEmstusuiusuuuudnieinatenisnssnesuoasaidefiunanain ABS AU



suusaduidesfisnnuasiesionisdusaidudou (clumping) SwwildiuiAn de-bond 910
wlamanadnidofiurilirudumunsiiisanas

U809 Angel R. Torrado WazAelg [21] NSANEIBNENAVDIETALLAS
TiO, sioautAntsnavasnanaiin ABS ludnsidrudt 95:5 iwesifudlagtmiin Jusuduny
nodeuluiiameiiuandsiufie wwaneu (XY2) wazuuana (ZXY) fewdes 3D Printing
ﬁmummm%uwummmmgmmsmaauam{fﬁmaﬂa ASTM D638 Type V Nan15naget
autfienanudt usuiitugulusu Xz Wemmsauiimienagenindunuiitugluu
ZXY ARU5979 32.90 + 1.43 MPa UazANISEA o 99197 3.77 + 1.93 MPa 1199910
ANWUYNITNTZANWAIUDI TiO, LUV agglomerated @NNNTNAANAADUAUDIADLIIAILAY
WOANTTUNTAYTUNTIVOLTaN

UYL Matthew R. Skorski LazAtds [22] inn15AnwIauURnI9naves
FamuluBauszney TiO,-ABS Aszdutiunasay TiO se ABS 0, 1, 5 Lay 10 Wefldusdlng
thmiin %ugﬂ%umumaamwu Dumbbell shape MUNNTFIUNITVIAGOY ASTM D638 F7e
\A304 3D Printer XA NN1SNAdBUANTANINANUTT USunainan TiO-ABS #i 5 way 10
Wosiuiaetudn Wi madeuuseiaasussiniiistuanipuiilaldneas Tio, luvaed
USuaunau Tio,-ABS 71 1 1Wesidudlaetmin THarn1snaaeunseisuazusadnsiian
desanedidudnisfusatuduteures Tio, vmnsaulunarainidefuiinade
muaEInsamsiitauiRvInavesian

UITBVDITINGA warAme [23] YiNn1sANEBIUTEANTAINVDINOA LD INAL
syienanadnviinegailalslasa-Tamladu-alaiu (ABS) AU TiO, AeandAn1enalinszi
mmaaummuﬂmsﬁqLLasma@é’a%wjuﬁizﬁuﬂ%mmwam 0,05, 1 way 2 Wasisudlng
dhuiin wenesdUszna Ui fuseeses Interal mixture LLazﬁﬁugﬂsﬁumwmaaugﬂiw
Dumbbell a11u19531UN1INAFBY ASTM D638 droLa3esdananadin Compression
molding MANaNIANYINUT1 ANNuTanseRnazuogdadavguiisyfuUTutanam 0.5
Wesiguilaeimin T snaseugearivuiliianamuseiulsuamauves TiO, lag
Trirnnuudsusedsil 18 MPa wazAwondadaveudl 679.39 GPa

NNMsAnwLideiifetesesnsinvandAvienavesiandasenay
WUT SERUUTUINANT BN ANLAVT DA TSNS TIO, MifideautfAnninavesnaiadin
ABS TumnzauartiofisauTRuazUssans ameenanliidetusasnuin dothasifiuuds
Ti0, Tushunsufulgsituindeansgnuujaselutuailiniy 2 wWesidudlnedimin
AouvhmsneadlunaaRnazdiesivauRnazdsyavin i RB st uduiy

2.1.4 sudAdudeuunaiiGe
siTevenandnuel ygeen [24] vhnsAnvimginssusidouuaiiseres
g9 TIO, funistdudelulanauseislsana anduthunedouuuuiuesaian
dmsulfidutansudenisdundou Tnsvhnsduedouianunaiuads fszdudadaud 5
uay 10 wWasibud thiegsiavualfuuasshidleAnmngfnssunissniteuuaiiSeriiu



Uffselauanzlain Mnuanimadeunssdeuuniide £.coli fidu Tio, insefudndau
sy avBnmendeuuniiGedindld 100 Wosidusd aeldnmssuuagifina 120 wi

NP8 Yage Xing azAny [3] n1sAnwinavesauniauily TiO, #a
autRfudouuaiidovesiiduindlendu (PE) indoufldudeitsnianuuangfelusnsdu
PE (200 ¢) : TiO2 (2 wt%) 31nn1snadevausidiudenuaiiielnelduuaiidoviin
Escherichia coli a S. aureus Hun13a185adginan 30 wag 60 unii nan sAnwIawT
FrudouuniiGenu idulndlefdufiedeude TiO, Wssavinmlunsiudenuafise
fiRmunaasuasiiindy anssadudeuuaiievia Escherichia coli way S. aureus 16
gefifevaz 89.3 uag 95.2 MUY

uATeves Mireul Altan uazaz [25] ¥n1sAnwnaduidenuaiizeves
Yani3aUsznau Polypropylene/TiO, gnusuussituindealaiu-toniiau-Tiidu-aladunin
fisourusiuinadnueulalasd (SEBS-¢MA) uazansgruufiizensznmlaiau VIMS Tog
wesoynALIlY TIO; Assfuanandudu 1, 3 uay 5 wt% awddy dsuiagieoiniossn
Inuuuansguaraintuunnaaudasiaiesaanaiain MuueiiSeln Escherichia coli
Huwvaiislunsnadeundsnnduiusuluiuasidunat 2 Fluuagiuduou
BUVRHT5eATIn9NNsTULANIMNLNATEIUNIVAEY JIS Z 2801 IINNANSANTINYT
pansiudauUAi3sves Tan s nouulsiunumanszefuasanudiureseyniaun
Tu Imi’am%qﬂsuﬂau PP/TIO/SEBS-g-MA/silane fise éﬁjmmLsé’fuﬁﬁuﬂﬁﬂ%’wsaﬁuﬁﬁ'gEJ
TiO2 1/| 1 wto Tiuseandamnssudatonuafideiifuaglinisnszaesiialifumaile
iy \flesarneynia TIO, ‘I/Iﬂﬂ‘LJiU“LJNWUN’JWJEJmiﬂﬂ’JUUQﬂ3EJ”|‘1JiuLﬂ‘VIl“ULﬁ‘L! Auualilinfie
msrfudufoudmalivumeseyniadisunlngluadoiuuardanulionissuuas
Yz dulanuIade?

11433883 Carmen Fonseca WagAug [26] vinnswieuiagslseznauyia
woduanAauedn (PLA) lnsnauoyniauilu TiO, indouiandeUsznaufeiniasnauuuy
annae Tnoway Tioziué’mwﬁauﬁ 1,3, 5 uaz 8 wt% audau negeulagliluafiseviln
Escherichia coli Wag Lsuaﬁwum A. fumigatus unammmauiﬁlﬂimm White nght ey EJ’J
0 (UVA) iftefnyiantinissudamaasydiulnveadedidin iy LLUﬂVlLiEJMiE)L“Ua’i’I NN
msAnyInUd1 ngRnssunsnsyates TIo, lunanafniletiu PLA insndunan 8 wtos 1
Useansamnsdudinaaiyivlavesuueiiiowssdenganidufenasfivssum 94.3
wag 99.9 My MelanisSunase?

MnmsAnuuifeiiisdowenisinuautidudouuaiide Tutuney
nawFeutanrietuaunouiinisinyandidananlastitunullfusasgTlunaiigg
WU SNEULNITNTEAEAILarSEAUNTNaNlUsnIIdIUR19Y 183 TIO, Tnanisdiudaie
wuATiSeTuAnnaiiy
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2.2 unagun1sAne1aINeUIENgIvas

MnnsAnemguiuazanideiiisadestreduilimsvisuimisdunisiiy
UseAvBnmandinanauazandimuideuuafidelvitunaafinuin ABS videTandotiuds
Hunaainimnssuusziavmeslumanadinfiliauaunalubesmnuudaazanumiengs
fatunsfivausinenawazausisudonueiidelitutagdenusidudosdinmaiuvie
nawTaniasuuseilianiRnsstunmaiivonuniidosnisdnm mnnsdnuanuidenuiy
TAQLATULSTS TiO, ﬁchumiﬂ%’wqﬂﬁuﬁaﬁwmi@jmwﬁﬁ%m APTES Gaansgmiudfisen
yintanunsoliussdninmnssafitonduasar desiusdrieyTléR Jagninadnyily
FuautRiudeuuaiiisegnninenns mawdentanluduneunisusuussiiuim To, fe
asamuUUiize APTES TutSunafimnzasietedeiddyafinade nmsivauiadsnanle
ﬁaﬁ?ﬂumu%’aﬁ%mﬁLﬁuﬁ%ﬁwmﬂﬁﬂmsaaﬂqumsmaaqLLUUdaumam (Mixture design)
uUszgndldlunmamsmmauivnzauuasimunseiuuiinanestadeildluniswa fan
LAy 0.5 Wefdudlpedmiin ilefnwandinisnaves Tandsusznauiivhns@inuia
ATFIUNAABULIIAS ASTM D638 warantRmudauunfiiioniuannsg i IS Z 2801:2010
HIUNSEUIUNISISIUR NI BIUaS (Photocatalytic activity)

2.3 azaslalslasa-Tamladu-alasu (Acrylonitrile-Butadiene-Styrene)

Junara@ndmnssudssmmeslunaiainfiauisadinduuivaeuldlundls 3
wanadnlUasidnvazudiununzwmniniewinatain ABS unnsrsanwanainiiill fe
Lﬁuwaﬁaaﬂﬁﬁ@mamﬁaLfrﬁuﬁiﬁmmama‘[,uﬁlaqmmuﬁaLLazmmmﬁmqq ASENINTUI
1o T ATaudRnuUnIUADNITSULSINTTUAN NUABAISAANTOUVDIATLAL NUAD
anuIndes SAnduUseavansvenasanuieusi nsediladusnmmemuteuiia i
Pegamgifenansalinuldniisie -20 fa 80 ssriwaiea uaziqpmasumangsayil 200
- 250 ssAwaidea foslilugnamnssusosudnasliingunsaididnnseding, indedld
w3adldlih Wesanfimunusenistatiuwasyhenuazeinde [27,28]

lassasavaenanain ABS lau1ann1sviufaservesiulues 3 vila As alnsu
(Styrene), oza3lalulnsg (Acrylonitrile) wazlnadmnledy (Polybutadiene) eluTuiadins
3 yilndudinadenuantRvomanadin laslulumefozailalulnsdeztagluiFosammy
Anusaularansiad, luluwestmladudiglidanunumuseussnsenunseunn daulauly
wosalsiunelhdonaafnifuiafifunuaraunsadauisgunssldineg nsfuaudis
LIINITUNNTDINAERN ABS a115091 1A LlagviNISAIUANTUINYBIBYNIAYN, N1INTLINY
uarlassadneania Snidanunsauiuidsudndruvedluluwediis 3 wlaliwanaind
AnsaRmLTiFaan gl
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CH,

Acrylonitrile 1,3 Butadiene

0

Styrene

gih‘/’i 2.1 ypuaWBsYDINANARN ABS [27]
2.4 lnnilsulaeanlad (Titanium Dioxide)

flansmaadife TiO; Wuasuszneveenlesvadlanglmniion gnuiudszgndldlu
sugnamnssuiuingg Wesanlifuiy smgauasiiadesammaniigeuasdnauia
Juansiesteinabdu (n-type Semiconductor) iilasainlulassaiiendnves Tio, fuay
199919909 0, Geiilaseafiaionun 3 uuv Téun 31nd (Rutile) flassadiandnuuy
Tetragonal WusNAgalussTNTA SinmAmutasiauaiesronisiasuilasiigumyd
g9, 83uNd (Anatase) HlATsas 1 eNdnuy Tetragonal wulusssuwifurunas nlvaau
Youfiguuniigeazivasulaseairmanduuuuging (Rutile) uazusalas ( (Brookite) il
Tseadandnuul Orthorhombic nuldtaelus st i firnuaiiesregaumgilivh n1sit T,
flesadawdnuazanauTRviuansatuty daliiianenmlunistiusassdmsunsld
nuFuAsnadeniuaneaiy

HagUuienldlaseaine Tio, wuveruna infAnwifuegneninewng lesainien
nsruderivginitlassadandnuuusing Feflanudeshlumadnufizeniigend nvad
fanuasalumsiinujizelnlauanilafings (Photocatalytic activity) a1eldnisang
¥4 UV Situfifindmne liduiiv Senuedosnanilnelduagauarangn [29-33]

Ui 2.2 Tessaandnlmmidloslasenlest (Tio,) Tne (a) 5lnd, (b) sxuva
way (o) uinlad [34]
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M19199 2.1 anaudinugIvvedinnllsulaseanlen (TiOo) [35]

Properties Anatase
Crystal structure Tetragonal
Band gap energy (eV) 3.2
Hardness (Mohs) 55-6.0
Density (g/cm?) 3.894
Gibbs free energy (kcal/mole) -211.4
Lattice constant, a (A°) 3.784
Lattice constant, b (A°) 3.784
Lattice constant, c (A°) 9.515
Melting point (°C) Change to rutile at high temp. 800 °C

sl 2.2 aandRtiugudisdaredlnnidoulaoonles (Ti0,) [30]
BET Absorption Band

) Crystallinity  surface edge gap
TiO2 Phase
(%) area wavelength  energy
(m? g™ (hm) (eV)
Amorphous TiO,  Amorphous - 499.00 381 3.25
Degussa P25 AR 80 (A), 20 (R)* 54.50 396 3.13
Anatase A 100 (A) 10.72 383 3.24

A: anatase, R: rutile
2.5 nszuaunsinlaaznzlada (Photocatalysis) [36]

nsvvIumstazAntudeasisimililananydadgnnas duseuasyd (UV) wduin
mm’aﬂﬁﬁ%aﬁﬂaﬂﬁu ansiesinlnuanzdas (S) loun TiOz, ZnO, Fez0s, WOs, AgPOq,
CdS wag ZnS Wudu asAsiaiaziluaundsueg 2 uau fie uauILAUA (Valence band)
wazuaunstluil (Conduction band) Tasuaundssu 2 unuiifiunurosiandaau (Band
gap) fruey FsmeazBeaunzvdnnsvesnszuiunslilanzaylata dadl

1. ansfefnilnlnuanzdadazgadunasiinnnse nusendanunasninnimse
wiriuuautesing wﬂwmaﬂmauimmmwLauammmuiﬂaLmumiumaﬂuama 213
nzdu BaFendn e, “I/IﬂWﬂ@L‘Uu%@ﬂ’mﬂi@%ﬁu@LaﬂGﬁEJUVlLLO‘ULQL@‘UE‘I fiFenin hi,

hv
S — e, + hfy (2.1)

2. aLaﬂmauLLavmuS égﬂ(ﬂiﬁllﬁl Uaeendaauaiiuiousanunlnedidnnseuay
Lﬂaauwiﬂjaml,mmwaamuﬁ E‘;] YoauaunTiIay MaJJE]Laﬂ(ﬂ'i’a‘U"i]”LﬂﬁBUVIIUE{@WLLMUG
UUE‘;lWUQQLLE]UL'JLaUﬁ
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3. N1559uAU (Recombination) veddianasouLazaudlanAIeu Bldnnsouiiogly
anmgnszduluuaunsiiuasgudidnaseuaasaiiansTuiiuazAendsuauiou
PBNUT AIANNNT

e + hf, = hv/ heat (2.2)

4. mimﬁauﬁmmﬂizq (Charge transport) 5LSﬂ@iauiuaﬂwuzﬂizéjuuawqm
dlanmsou f\]zl,ﬂ?iauﬁlﬂgi%aLL@IWLL@%LL@IW AU drusuansiaithvnelnaiinnns
avauvosdiinaseuiitiualnavionsluaifiovnliAnugaseTnlauenzlafndely dauansia
fivundnmsiedeuiivesBidnaseudzusnsnaiuasisinthvunelg avne1ainain
i Tassasnszauwly wazanuliiluszifeulasiadnavesans usu

5. Magaduthuuineynie dulvyjasilauansdariiausiidulelnsiaaneling
Sunas Sadutiadeiddgivweniastansnmwesufisenlnlauanglada diireyniad
autAdulelnsiiaa Uﬁﬁ%mﬁLﬁﬂ%uiwdwwqmﬁL’SﬂmsauLLamfm'%amm%ummmLﬁm%u
loeviliiineuyadase OH fsaunis

hi, + OH™ - OH (2.3)

6. NMsiineuuadase (Free radicals formation) BLénmsewinnisaianainluana
iluglnlnuanyaast (vaudidnaseutsfagrdidnasouainidy) Tuaums 2.3 ineyyadasy
0H ntudidnaseuariiomainiilauanydarlugoondauiioransegluiilfiineyya
fasy 0, fsaunis

ecp + 02 > 02 (2.4)
- Wnght ( uv
Light Adsorb pollutant
Hydroxyl » Pollutant | breakdown
nﬂuln:, &’ Lo! ::::;;:'mn adsorbs to by 31}'
radicle
i J’ le.l products
O desorb

surface
T|02 coated Membtane & or
e ir,
TiOg +hv = cb +h:’,b \ (b O@ ’CQ mineral acids)
HgO +hiy — OH* +H'

2H*
Og+ gy = Of—» HpOp —» OH*

Ti02 t:uaterl Membrane

UM 2.3 nalnnisifianszuiunistlananslagaves TiO,

91n3UT 2.3 TIO, Sunudesinefindne Uszana 3.0 - 3.2 eV FavilfiAnUATen
pondintufiiuszAnsnmdegnnssfuiisuatyd asifiuiroendiaunazinfidiusile
AnUiRseneendindu - Ienduves Tio: Taevhly TIO, Mdealdidusing (Pigment) fio wias
nd faflvwmoyniavansosulunsudedivuialng ninnaezunna waves Tio, Nl
autRmnudulnlauanzdadia fo wlaozuina Jsilvuiandnvuia 20 utluwng Jau
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Wsdlaunndwmasging lulagdulaiinmsiauuasyadudine Tio, vllanudulvlauany
dadfiuseavsnmiasuiaranansanssiumeasiveiiulilagldndnuntdosas

¥ 1%
Y

dwsunalnnisiineyyavesufiselnlauanslafaivuneundfgnavin 5 Tunou
Loun
1. M3uNsveIdidnaseuiignnIziumeuaias naudidnasouanuiisenanaunis

2. MagaduiT UL Tin nagadumsturieluanaeth
3. MaAnUfAZo LR Tuaunsi 2.3 uay 2.4

4. msﬂam‘da’asJa%aSaﬁmaw,ﬁﬁ%awaaﬂmﬂﬁuﬁ’; loun OH™ uaz 0,
5. ﬂmmiauyja%aizaaﬂmnﬁuﬁa

2.6 WAITUARLLES [35]

AALLENNNUTULAIDTIRIUTZNDUAILNAIIULAT I UTIIANEIABUAIIS A9l
2.4.1 UVC d¥33mug1aau 100 - 290 urluidns aduuasdeil diulngjgnaadu

Y
'

=

fhefrnlelaulufuusseinmea feduuasyiviouasdansllaianiidesislanauemaduas
88734 290 — 400 ULULUAT

2.4.2 UVB ftsnueniadu 290 - 320 ululuns eduuasasiinadofinniisily
fpdAanisnsedulunisad e

2.4.3 Visible light f99A270i819AEY 400 — 800 Wlulng

2.4.4 Infrared light S9sAre1IAEY 800 - 1,700 WiluAS

2.7 d@132uAU)n3en (Coupling Agents)

Huansuszneviitingiladdu dewldifumsiiiuaiaaduus (Reinforcing fillers)
detfinanuassalunsamieiseninmedmesuarilaaes simihfidounisamien
seninaedluianald saluienisadiuauannsalunisiainizuaznsnseatedilinuian
uenanildslfiiumandouiiuimdelfifuasusuussiiuinlisnde Uszansamlunisia
Lmzsuaqmi@jmuimauﬁ?u aﬂs@mﬂmau%ﬁwiﬁ%mﬁ’ul,amazﬁmLﬂwzﬁ’uwaﬂa%u AT
faFoafunuuiuislasdnumensBanizazdeulumulssnnvesans @uegiu
Uszinnvasansiiiy) induaneldnanednvasfinuiu (Inter-penetrating network %3e
IPN) ansmauguisen annsauuseenidu 2 aiia loun

1. Reactive Coupling Agents lﬁﬂumsﬂ%’uﬂqﬂuéammﬁuﬁﬂaLaaﬁ‘ axldansivae
unssBanieseninwedmesuariaiaes viliiAnnsdensussninaaeana luianaves
ansansmugUAsefiintulufAseuedussnausemiitedly wu janend, nasuan
Fan \Jusiu
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2. Non-reactive Coupling Agents Lﬁumiﬂ%‘uﬂqﬂLLi&ﬁﬂmﬁmsswiNW@aLM@%
wazilaiand Tnevmihiianussisinieasudnvariuiavesiiameshdulslnsindn (i
youth) WhAnnsEamiealasnisaiiussfigauuuiiunendmdofaiusylalasauiu
LLamé’quﬁ 2.4

“In situ” formation
[} &+ - Polar copolymer
functionalized (
polymer
{ ® \
— &
i Specific polar

Reaction at s x

Polymer B the interface Polymer B — Interactions

(a) (b)

JUN 2.4 Snvaizusidamiledseyinanediuesiuilaaes Iaefl (a) Reactive coupling

agents, (b) Non-reactive coupling agents [37]
2.8 ensauaunseUssimnleiau (Silane Coupling Agent)

Usznoulumeluanaveslaay deudwnldiunaainlavalssindlasiasianean

A® X3-Si-R-Y Iaa?l X %58 Alkoxy group Ao diuiliinU)Aseriuiunivesilaiass du R

& a ' a A ) y & | & | a

138 Alkly group A® @3UNLYBUAY Silkae Y 138 Organofunctional group AR @3UN

Aaufasendunediwes [37-39] dwsulusuideiladenldansmivguisenussanlaiay

(Silane Coupling Agent) @8 3 — Aminopropyltriethoxysilane %39 APTES laguansdnues
lassaanagantmiudndedy asguin 2.5 waglumsnan 2.3

N

C|) CHj

A .

H3C O $|W\NH2
HsC._O

gﬂﬁ 2.5 1A3985°9U99 3 — Aminopropyltriethoxysilane [40]

A3197l 2.3 AruanAves APTES [41,42]
Compound Formula Properties
Molecular weight: 221.37
Boiling temp. (°C): 217
Density (g/cm?): 0.94
Refraction coefficient: npys — 1.42

3 — aminopropyltriethoxysilane H2N(CH2)5Si(OCzHs)s
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2.9 YaanaNwIaTangeUTEnaU [43]

[

TanuauvseTanidausenay A nMsuiuvesaniuinndt 2 il lnedesduseney

]
a1 %

maaifsnaiunmanrd essnsuiuiaduiagmififiauaudduandluantagda n1g
saufuvastan 2 siindfeusszduuilunoulndn (Nano composite) Tuld n1svinTanids
Usgnovduunlnifioadrsndousvlgsantivisedisifaniuidndifneg Wy A
udaunss mmudanss mnusumunisiansou anuudsuaznsinluin Wusy Yagina
ﬁﬁumwLﬁuia@ﬁsauamﬁ’al,ﬁumaﬂLwiaxi’a@tfﬁ’wé’wﬁu WU JagUszinnaafniESuwsInae
Guloaedantfnieauudeusedid Sdwmdnn nunisfanseunaslfiduauauliih tae
psAUszneuUiidRvesTandesznoutsznouse
1. wiawileiu (Matrix) iuthilgedruaduusaddetilieglusumisidinun Tng

wunilesduadunssnnnmadeanmangungivionnutu Weanuudusuazuoniatos
nirduaiuuse wadefiudussduszneuiifiausiaides faagvhmdhiidusnarsdem
usaitlgludéduaiuuss waidefufieuld léun

1.1 wodimas (Polymen) 1luaniifesldifumadoiuiinguilifumesly
wanaRnuazesluenie Sonfasuansiniin Yaguauuvindnediues (Polymer Matrix
Composite) Fannaudfouliwodwefidumailofiuuiniian fo Yagdulowduaduuss
fosinvestaniduloufuasuuss Aelduldflugaumais Wewsoudeutumadonud
Dulanguazigsniin

1.2 Tavg (Metal) Usenousie exgiiviley, uuniliey, vesuas, Iniiauay
TangnaulsziamansUsgnaulfiasuussinduduleddulavsuasioniin douldiuiudn
gruINIALAY U EIuELR (SonTanuanviaid Tanuauumindlany (Metal Matrix
Composite) ¥38 MMC AnasdRisures MMC Asldauldngamaiias ieSeuiiisudy
Tannaumindnediues

1.3 19574l (Ceramic) FaauaunguiliFondn Yaquauiunindwodiuos
i

Y]

(Ceramic Matrix Composite) 3o CMC (udnngumilsildauladiigumniigs uaziiivin
wndnamisng ngulane ustednrinveawsniin Aedannusng

2. wlanseanevs edIuasuuse (Reinforcement) Ao duiidulassadiafiliaiy
udauseunfanmenindn Jan Mludusuusazinmmudusuasiogdags Mogwasdu
La‘%mmﬁﬁﬁﬁﬁylé’m Gulewlinenge wu w@ulouds, @uloasvey, @ulowevans WDudu &
Torafudulodensn wieduledu vennnieraduduletuiuliilassadauuusngeg
wariinsdneaivesdiniasuws Ui lnsduasuusasimiiiludiusuusmdn
vosTanwan IneSanuananinsnduwunaudnuazgusiswesiagimaanlidu 3 Ussian

Town

a &

2.1 Tanuauiasuusilagauniauaz Janidudang

[

LY A a = [ < o 3 '
’JﬂQNﬁNVILﬁimLLﬁﬂI@ﬂ@Hﬂﬁﬂ%i@’Jﬁ@L‘UULN@N\‘] Abunaanldu 2 naa

q

Tnenguusn Aenguiiinanundusilagnsnszaieeynia wavnguil 2 Aedaguaugusadu
dians Jaquauvia 2 nguazdanuuanseasanalnnsyilinineuudeuss Tnenguusnas
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Bumsiiiuauudausdussiveneuievuiaveseymadzidninn @il 2 Jaouanazily
davwelvg madiuanuudanssarerfensaemeuidussritadavesTanuauiumm
30 (Matrix)
2.2 i’aqwauﬁlﬁmmmlﬁﬂLLiﬁImamimzmaaumﬂ
faquaufifiuauudausddasnisnszaweyniad syaaazdaundn
un Tngvnavesdusiuguinansazegsening 10 - 250 uilumns eynaidiueuudass
drulvgjazidulanzoonles (Metallic oxide) finszaoieglumdng (Matrix) vieiaves
Faomédn lngoumafinszaesazlifinsdamiewdodoulosiuamindusiesla oyniai
nszeiegazyhniihilunsdinvinanisindeuiivesialaiatu (Dislocation) Bsazsivliian
faruudousefifindy
2.3 Jaowaugusradudong
FaomaniiIuslonsazysznoulufeeynaunalngdilifinadenisiin

Dislocation n3an sideusiiu (Slip) wilounguusnusazdnisfiuniovinlhAnauiilmidy
TngonduanfsiussrinsfaaiusautwiliAsauuduswioaudfdug Adeans 1Bns
vhianuanUszinnivhldleefudamwosTanvieauniavestanfidauudssaundniuwm
3nd yilildauiivsaosessiumn Tanuaunguilliun Tuudanilud Wudu Yanuaudlddu
dandlunisiasuanuudswieautasug fnatein daldun

1. Judn1slug (Cement carbide) w3awosifin (Cermet) Wudan
wauuszneulufsaynanseinvessiiinyiaudenszaeiogluumindidulans
fregsasTanuaunauiliun Meamuanslud fldiiedesiioluruin Safinmuautiauds
LATAVIABIIANEY Wagndesnsifiuaumdedlifuiianuansludoyr 938 1simees
faamumslusnandundlavaaduag Sadousstugalidusunseiidosnis anduliany
Sounulaveadnasuazatsnaedusmindioamiendevesisawmuensluduayilovdosly
wieih Taveasastaelidanau iR uuusinssunnldaty

2. viduianielnila (Electrical contact) 5’6@17‘i1%’tfﬂuwﬂwﬁmﬁaw
Iwhagdpsilandnaseninsanuiumunaideaduas s liiiiietleaaiunisdnnou
Faopaniiuszneuluseisamuiifimuiudisuasidanes (3w Wutauauiliaudive
Saomthdusfalnlinia Inonszuaunsndnaylnsamny

3. weduied (Polymers) feehswesiannauilduoynananiuned
wos 1wy manfueulugnsianludnliudnenssooud measueudldasiidnuaznauuazian
Wiga 5-500 uluiums Wuasluiloteifinanaudanse, vluad, anuuds, auduniu
Madend. sumusiensideniilesnisddansilaledn uasnuseruieugs

4. walanenaunas oraiilouasuwssmnendanounisiua (SiC)
Tl lugnanvinssuenasasud 19y gngu Wutaguandindnainnssuisiimslneifunsves
sic adluluezgiidoumanuman Tne SIC wlifinmsneonarasuanszaiefogludoves
ozgiiilon Fanavea SIC azdmnuudenszaremlunming
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2.10 nsEUUMsVUFUNANERn [44]

wanadndndutagifaudilunistusuiitiunn wansusinanainiindouasanuse
danlenldtudosiunssuiumandavatsdunou lnendndusivesmwaainutsoonidu 3
UszLan fie

1. 9uBugy 1 55 1w e, wimanafin (Rod) Wusiu

2. 1utiugy 2 iR dun wHufidy, wiunanain Dus

3. mwﬁugﬂ 3 4 Lﬂu&ﬁu%ﬂgﬂnﬂﬂi&ﬂ%i’mﬁu

Tnedlug) Taqwanafnazogluguresns (Power) viauin (Pellet) uasfiontugusin
nszUIUNTT 3 T3udn Ao n138aTugy (njection molding), n138aluaiiusy (Extrusion) was
M38nTugU (Pressing) Amsumanafnuuuriausiuannsndugiuy 3 GAlddenszuIuns
ﬂ@ﬁ@‘ﬁﬂ’gﬂ (Pressing), N13nA8AAMNTBY (Thermal Pressing) LLazﬂwséﬁu'gULLuuqﬁyfgﬂmﬂ
(Vacuum molding) Yanfiegluaniwuanuinaiazdusuuuy 3 37 tneldisnsfidendn

Reaction injection molding (RIM) k&% Liquid injection molding (LIM)

2.10.1 ﬂizuaunﬂinﬂﬁﬂ%uEU (Compression molding) [45]

L*TjJumﬂﬁﬂmsLLUigﬂwmaaﬂﬁlajﬁmm%’uﬁau aunsanUsgunanadinla it
Ussunmmessenpeananainuazmeslananaiin daussneundniiddauonniesnnda i
WHUENETTUSA S1uan 2 90 TnusumEnpuInasniAdouTituadls duBnuNuITgN
SaRniull wazdalidinuszneudug fiddny wu ssuunistueden MWssuunsiaulnewss
Fuansyuulensean duimifiduusaedeuliuiumansandeuiluiimmeduadlduagle
Aufulunsdndunutugy uagssuuliaudeunasudeifu vhuthilianniound
waraRNneuUguINLN iielimanadnlvaldntunazanmuduildlunisnadatueu

A UNE NN TNUTDINTEUIUNTNASABNAINANT IR LS B UL AL R
wesdnudananainsnaslundfiuiluUSuafivevanfuruauostuy antuLAdouLEHy
mﬁﬂé’mmﬁwmmﬁuua“amuﬂﬁﬁmmvfm (G?Tuasjﬁ’wﬁmaqwmaaﬂ) NANARNILLANANT
'viaauma’JLLaummmWaLﬁma Cavity 1@ m’mmum81uLmemwauamaq1ummum1mi‘waaL&Ju
wintudsuwusatuLasUasumEneen vhnnsUantusueenanusifiud dmsums
Uantusnuosniushtunuseudsiiteuiosud
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— .y

—— [~ Platen

Heat and Cooling  —__|_|
|

Mold Plunger

2
[T T e

[T Mold Cavity

Heat and Cooling =

|

Compound to be 1~

molded

Platen

Hydraulic
Pressure [T» f— |

L. Hydraulic Platen

5UN 2.6 diuUsznouradATaINADA [45]

2.10.2 nMsuszEnAlyanu

WANERIN

(%

1. d@unsaldaulafanatadnuszinnmmaslunalafnnuazinas luLsnma

2. Usglgviinisildldndnaunn lainesiduveaddluasiluaudesasud, vas

i, gunIallui wasdudiuvenniasiu

3. naaAnNNILY liua SHUAIUANTDITOLUS, NAIAIA, DINTBILUALADS

WasAUTUSOOUR LusU

2.10.3 YoRUaINTEUIUNTNABATUSY

wANNLAINe

1. unszvaumsulssunanadniildiuyugnniinssuiunsdue

%

2. iadusesvenvuIuuosnn Fudugnunnsesdanalitusuniugy

3. Warwdavguiinlumsoonuuuiudiu

a. elddnelumaingednwm

5. inAuRusnAaluliiuitdee

6. LLZJﬁ@Jﬁﬁ’M%JU%UEﬂ%UG’l‘ui’lmgﬂLLazmaGIbLﬁd’lﬁJ
7. \innsasydeiantiey

2.10.4 daidevasnszurun1snadadugy

JudIane

1. frdsnsuanpoudein Wesennaseunsuantunureudisldiaauy
2. lwanzdmsunmstugdiunuiifanududon

3. §iasinlulEosueInUUI LA ANLEN VDI RN

4. ms%{ugﬁ%ﬁmwﬁm%’uﬂ’]ﬁmam%umu’[,uﬂ%mmu'm LwngdmSunan
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2.11 NSTUIUNISHAUFEITLAULAS LUNAERN

é’m%’umzmumiwauamﬁmLwiﬂuwmaaﬂﬁﬁﬂﬂ%ﬁagjéfaaﬁ’u 235 Ao ISHAULUY
Batchifuiansuaussdusenauiioinsaiion uayisraunuusiewios (Continuous) Tneta3es
nanflddnsunisuannuunuy Teun wdesnauuuudn (Internal mixer) WazLA3OIUAADS
annas (Two rolls mill) drurieanauillddmiunaunuuseiiios Idun niesvineusainuia
NAEIUeULAEY (Single screw extruder) LLazLﬂ%maamé’m‘%mﬁmm%swuauﬁj (Twin
screw extruder) 1AgAIUNANATN %gﬂﬁﬂﬂé’uﬂ%wam

2.11.1 spsnaunuUTn (internal mixer)

JueFosfimngdmiunissauasiedfuaguszinnnediue S uens
Laznaadn ta3esnanLuudnUsEnoumeyaNay (Mixen) uazfliaiuqua1singy
(Electrical control panel) lagsguumuaAun1sieTuredaIosnay Useneusey gunsaidn
nszuadaluslA (Overload) wavgunsalusummisiseudmsunoime sndn dayanannEnaIn
manndndsnunszuaunsyundalidauuds fanmumusionisinuseuaznusienisde
nsadoasafifisigniidunsanioiva Ivesdmivangungiadldfessuundeifunas
annsnsgamnilafe 300 ssrmwaidea

gﬂﬁ 2.7 #HUUTENOUANI9) VRIYAKEM [46]
2.12 mMInaaauaNUAn1na (Mechanical Properties Testing)

auUfAniena (Mechanical properties) e anﬂiiuﬁi’aqLLamaaﬂu’nﬁaﬁLm
ABUDNLNTEIN LANITITUT 2.8 aziiiuin eflussneuenunngzyih TanaziAnmsiUadey
sUuazuanaginssuoenun Tawn auudeusy, anuudamseanuwmies JWudu nsdenld
i’aﬂiumuimﬂiiufu autRegausnifiansun fe audiniena Ima’;’aaﬁﬁmﬂ%’mufw
nduseafianunds mnuuduss viediaumdeniisane dmsunisnageuaudiniena
wamudnunzvesussillflunsmagevaunsauiseenidy 3 ¥iavowuss fail
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1. us3afin (Static load) manefls usanszvide Tanuaz Janogds 1wy nsvaaeulse
Alg

2. usaadu (Cyclic load) manefls ussnseyivetaniidvutaunndetu wagvieng
U NINAFBUAIINN

3. W39NTZUNN (Dynamic 3o Impact load) nunedis usenseviseanegasiagily
Viuiviule 1 MInedeULIINTEWNN

s9n1guan | Jdaudn auvAn19na padns mitﬂﬁaugﬂ

AT L5

-
AU

AULWTIE

sU# 2.8 audRmenanuansesniidefangnusiniguennseyi

mMswAsugUvesian Wetangnussmeusnnsyinagilimasnisiaeusuvieidesy
Y Fauvadu 2 v fo mMaAsugUegedeveuiaynsivasugUegisnns

1. mswasugUegsBaveu (Elastic deformation) Ainduiutandefiusaunnseih
ui T Annsasusunievun eddesusinszvineanianagnduganmiiuviendug
yuaUn Wy n1shnilenslvigaeenuaiudsguse vidsensaznauganinung

2. M31UABu3UeE1an135 (Plastic deformation) Lﬁm%uﬁufa@%’uLLsaLLé’aLﬁﬂms
Wasuguviderasureluanniu uasileudesusinszvioonid ageglinduganmiay

wionaugdan manliinsu 100% 1wy n1svevsesnaInlanelugusnwing

2.12.1 AMULAULBZANULATYA
AR (Stress) Fip wssshumunieluieYanfineneudumuussmeusn
funsgii LﬁalajiﬁLﬁmmnﬂ%ugﬂlﬂmmﬁu LL'ﬁqﬁmﬂszﬁwzgﬂﬂszmdﬂasmaaj’%am
paasfiuiinidaresiag annsoumudnunsresusiinssyinfuTanud dealiiAna
AUty 3 uuu TEnn AnuLAuRe (Tensile stress), AMLLAUSA (Compressive stress) Wag
ANAULEDY (Shear stress) LANIsgUTl 2.9 AnuAURIazANIAUSARL SULTIINNTZI
Tufiemsfigeanduiiuiindda duanuduidou ussiiunssyhazauusuiiuiivide
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(a) (b) (c)

JUN 2.9 (a) TansuusefufnanudulssfeusarBneenidudunss, (b) Jansuusadn
An anuAudasaznadndudunse waz (o) fansuusudeuinanuiduidou
waziUagugUduyude [47]

ANANTULVDILTINTLYMTULTIAINAZLTION aTaniAuLAuAadulalas@n
L USMI1dIUTENINILSINT LG DNUNNUNGR F9aUNT

Weo 0 = AnUAumaaInssy (Ib/in% N/m?)
F = usemnszyh@sannnuiunvdisa (b, N)
Ap = Nunthdinunengnusangzi (n®, m?)

ATANSULIHAOU ANUAURAATUNLATNLTINNTEINFBNURNRLN AT VLR N ULUL
LS9 ANANNTS

We T = anuaweu (b/in®, N/m?)
F = ussfnsgyhseainiunuavinge (b, N)
Ay = Wunmthdarafignusanseyin (n?, m?)

ANLLATEA (Strain) Ao N13LUABUTUIS (Deformation) vesTaniilefiisannnszyi
Tnsuvaduauniendangu (Elastic strain) wazAuLATEAN13 (Plastic strain) &1y
mnusendavguduniswasusludnvasideanusinseiudtagazndugsuifunounis
fuuss daumaessanuuanInswasusududnuugiilovdesusaud ananduluguune
WPl

mMymanuieaMmmnssumlsandindiuseswuaiiasuludesuiniiu ne
LismudnuaizLssinsyshld 2 wuu Ae mnaeSeadadu (inear strain) uazANLATEN
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a . = A Y a £ A o o = A | a a
120U (Shear strain) ANUATEATLFAUAATWTDTaASULTFTOLTINA dIuAATYALRRY
wiinTudloTanlasuusudeu lnuanuesungadunilannasaunis

-1, _ Al

L1 (2.7

do & = mnueSaadadu
I = ewendloldsunsenssih
Iy = mue1na (Gage length)
Al = augmiiasuly

ANMUASIALRBUM AN AIAUNTS

y = tanf (2.8)
Wo ¥ = AueIealaou
0 =unaguly
D
B E

2 A <

8

&

. Strain

SUT 2.10 N3 Stress - Strain vesTanilelFiuusads [48)

3INFUN 2.10 N5 Stress - Strain vasTanilolasunsfeIziAngasiLmasngg 7
aney Feuszneulume
A A o w A ' . L. I3 aa Y = o ]
0 A fe Andnfnrnudavgu (Elastic limit) iWuaniiauiAuEga Feiindiniy
AU o AN liTandeldivaeusuants dundsildleUdesussean Janasnduganin
WP
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90 B e 9aA3InUL (Yield stress point %38 Upper yield stress point) 1usinuvi

(%

FuauiansiUaguulaigued1enns Iuﬂizﬁmﬁﬂﬂé’mﬁuawﬁLLazﬂﬁuauﬂmﬂaN

e ).

‘Ll\‘i'TLWl@ﬁEJ‘ULﬂ@ﬂ’]iﬂﬂﬁnaaﬂ‘lﬂi@Lﬂ@ﬂ’J’W@JLﬂiEJ@VlLWlIGUU Imwmmmuamaq

2D

30 C A9 9AAINE9 (Lower yield stress point) Fusuniafitusunaaeuiians
Wasuuawhenuduiionauasasiilutiaadun

90 D Ao 9AAILMIUNILLTIFIgedn (Ultimate tensile strength) Lusumisd
Furuiinnudugsaaiianaunsonunuld wiodondug 41 anufumuissiis (Tensile
strength)

0 E fi gaumnsin (Breaking point) 1ugediianiinnsdnuiaudounniinesnain
i

TanusavylnaglyidnunreansmanufuazamATeasimnssiuanmaiy
faidatututafevatsn e 1wu asdusznaumaeivasTaniug viensyuiuniseuyy

U

Pudu

—

2.12.2 N1SNAFaULSINY (Tensile Test)

ABNINATIULIIAG
mmumsmaammmLUuﬂ1wlmaaunwsmmmmumwamam
T@&JMLLN@Wmeuumaﬂamaammm (Static load) ﬂ‘lJﬂSu‘VN’JﬂWU’]WeJ’EJﬂQ’]ﬂﬂu Fueu
naeUL IRl imansdnualy uansiaguil 2,11 %qaumuagﬂuaﬂwmuﬁuaqLmaqmaau Viehil
FusuazLInvesefine Tnemlugununegeunserdnlng fifuiivddndunsainay
FurumadeuLssiszdnisiimuaruiniieg Phduuasgiu lidesduruaduiiu
AUENA1Y, AINLENIVOITUIITAGEY wazdatvesanulfiusnauideniietuils auinves

Y
12
a

T Immjmmmaawmwuwmmﬂamummmmmmmmama (Gage length; Lo) 619
Nuitvdde (A) Humauduiudadivar Sendndini dndruvestusunngeu dmdu
mmwu%hmmgmﬂﬁmaau ASTM D638 ezmLUummgmmmumwmau@mamum
FaqUszinvmwanafnviaiinanansiafuisauas laina sAsgILNIadeuaninsn Taaud
LseRsvRLIan lavaInvang
sumeulunisnageuLsiiausienn1sNduunedoUILLATe
NaAeULE192 N5l aRe (F) Wiei5enan usanszdi (Load) waziiindesdioTan1sdnd
(Strain gage #3® Extensometer) amaguuﬁ?}jumumaau WeTaaueiuasuwladly
Tugraanenng aanduinn1stufindive swssiindueg1easinaneuazaueives
%umumaauﬁ@‘maamiuﬁawaame"mf] auﬂizﬁa%umummaaﬂmﬂﬁ’u [49]
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Load cell

C— 1

Extensometer

Specimen

Moving
crosshead

<= I&=5

[
%

U 2.11 gUATEILAENSAARITUNUNAABUUULASDIVIAABULS I [49)

2.12.3 auUATldINNIINAdULSIRY
dutisneg Rldannsmadeuuseieiuusznouldde anuudause o 0
A3N (Yield strength), AUATUMIULTIAY (Tensile strength), audRluani1izBaneu (Elastic
properties) LagAuwile (Ductility) Wudu

AULTLLTY B JAATIN
AIUKTILTS Q) 9AATIN W38 Yield strength wunedis '«gmﬁ’i’a@ﬁmi
WavugUednanns delfusanseyiiutaniuqaasnily Famaziinnsidsuguuarlaindu
ganmiin 100% Tudruvesseiulassairandnvesian 9ansin Aegailassaiiendniinnig
Hou (Slip) vesszuundn dadugansn Ferimmuudusaiifugadeudesswiumauasy
sUagadamejul (Elastic deformation) wagmsiuasugUeg1sans (Plastic deformation)

AUFIUNTUL IR
ANUAULLSIRY %130 Tensile strength AaAiAnaAugsgaiiian
Sula IG]EJW\]’]ﬂﬂi’W\lﬁ’mllLﬂHﬂUﬂ’J’]ﬂJLﬂiBfﬂIﬂﬁ]@%ﬂJﬂ’ﬂMLﬁuﬁx‘iﬁﬂ Aaga M LLﬁNmi‘UV} 212
23U w 90t FununndeuEiniaaenon (Necking) Tufludlam ugnuniuasiilonugnail
U Samedfufividnanasdosy aufnnmsuanin Ssuadasenanuduusiaii ana
AUNNGULTIRALEER (Ultimate tensile strength)
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Stress.

@

5UN 2.12 dnwagnisifin Necking Y048UNUNARBY 1 IAAIUAULIIFNEIER [47]

UINAHYDIANMUTANEY
uegdavesmudangu ¥3e Modulus of elasticity fis n1stasugy
yosTanluanneasidasusuilions Teeflidiiddaisonit uegdavesrudaveu vie
wagdaveada (Young’s modulus) 14 E \Judaydnual Arves E fudurauduvensi
ARILAULasALASEaluYsan 1 zlagy Anuduiusainarnluluniunguesge
(Hooke’s law) Aanisidsuntasvuinuaganudurosianlurisiifiangdanguasdl
gnsdmvsedndulaenswaiu feaunIs

Stress o
= =\ (2.9)
Strain €

N a = - = = o o
nsfinTanianisilfsusuiiioannnusieulusenuegdavednis
Waguguuegaaueinisideu (Modulus of rigidity) wagld G \Wudydnwel lned1ves G
aunsmlaRn Feaunis

T

G = (2.10)
Y

e T Ao enueuideu Juaewdu N/m?
Y feo anwaseaidou duedu N/m?
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2.13 n1snadauaNURARIuLYaLUATNISEA183TNT23TURAUNTE (Total viable
count) [50]

WATANIINTIVABURUATIS EMETTN5TURAUNSE NeuldnivapununInndndioe
FININDINNT UTUUAU NIDRANNUNNTULNADIAURANUBINNT ENNSUNISNAADUMELNATIA

4

aziiudnnulalail (Colony) MATeAUIAULIMTELTDNAIIINYIINITNAFD UM UTUADU

=D

]

a

FBurnsgiu Taelalall (Colony) laun 98un3d, 51 (Mold), Bad (Yeast) wazuuaiiisy
(Bacteria) laladuanunsavssiuladuadunalval Seauisoneadiuldmeniuan
WsaueaiuaInnsdeud Juiaeaidu Colony forming unit ¥58 CFU nMsuuswiulalatiay
SruauwadiioguuemaiisadounnsfoaglutesEming 30 - 300 Lwad feaTus LA
o

dmsulusitedldidenldunsgiunismadeu JIS Z 2801: 2010 Falunsgu
nManadeuYsEAvE MmN sueuuafieuuiiuiatan weladaunsnlunageuiutan
IéynUsginy 1y nanadn, lavevideissiin [49] fgaslunisfuanmdnudewueiiGed
Auln AeEUng

CXDXV
iV = T (2.11)

° A a dada 2 s
= MUIULLUANLIYNULBINGD 1 cm” YUITU

uulaladitulaeie
= A1 Dilution
Jsu1msva9u DI (10 ml)

1A

NUNVDILNUNAUNUReE Tvunm (4 x 4 cm?)

Y

> < O N =Z

JUN 2.13 dnwagluaSeREulavuUINLYe
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2.14 wuaiisedlala [52,53]

wuaniSedlala wse E coli (Escherichia coli) \unuatiseunsuauy fdnwaesUsa

2 \ ) | o v o ¢ = ° % N & PP
Juvieu andeegludldvesaunardnd nuiluduiuuinlugannse sewmsidalusend
AudAgylunIInTIamLUATi S B oA UANANA NI TUTENEN Sueii 199 TaglH Ty
1 dy a 1 a o s gj = dy a a =) 1 d! 1 a
Usglunisesuieimanduatue dnsvwlauainuuaniisenseld dsluaninzsenieuns
AN a ' v a | a Aad ay o ] & " a
wuaiisudlalalunaliinlsaunasiinlsalalunsaiigiduduunnseawseegluaniien
S9N1YBOULD Immmﬂmiaaiﬂlm slUNENTYadeioIzdIunee Léuu 1o, nseinzuay
Jaae vdntuLuaiSay A5198156199 LARN1SBALATY ﬂU’eJ’JEJ’J”‘L!‘L!‘] warynaewas
o¥oaethiluiian
WolauuaTseLgTen1ewardanaliiinlsARAWoTN ANYMEDINITIUKTIIY
WnAy TneTuediuanmsnenigvausazaunlasueianeliiangueinisiddey 1 in
nsfadenmadutaaniz, WenualesdnaulumsnuaziineIn1sessae Wusu

U 2.13 dnwaizguiisvesuuniiFeslala [54]
2.15 M5ATITFRUAMENUAAIY) Vo TaqIdeusEnay

2.15.1 AsATERLATIES19NEN

X - Ray Diffraction 38 XRD iluwmalian1siasiziautfvasian, Suwun
anvay, muanysallasiaiunanTetasusEney, a1siaivseusindsvaridealaseasng
wanuuUle ansnsadiaseiseddlans i durasuds (Solid) vwioiluns (Power) maliaiiaz
T4a309 X - ray Diffractometer 1duin3asiiolunisnsratnlaendnnisiieunisnsiaia
Frothedomailad azendnisiasuuresdidiend annsevuludfegeivinnisiasien
mMeluadesazifngatn (Detector) Favhminfisuamuduanisdiond Minainnsinm
wazidsauuluyudingg Tngase (26) msL?:mwwum%’a?naﬂsﬁ%%uaﬁuaqﬂ‘UszﬂaULLaz
Tnsead1evesiagsiivinnsiesz i %’agams"?meﬁﬁlﬁmﬂmsmqﬁmé’wmmﬁﬂﬁ%aﬁ
sULUU (Patten) Yaaognsiiuannaify [55]
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2.15.2 Myaaseivigvlandu

Fourier Transform Infrared Spectrometer 38 FTIR L‘ﬂumﬂﬁﬂﬁm%'uwmg
lafdunarlnssadluianavesansdiiesns Jaseildftaudnuamuasndaiunm aunsn
nrafaansdegnsldvadiduresnds, venvaiuasfng lngardendnnisluianavesans
fheghagnganduanisdlurisduriien fenueniadusiieg iliiussluluanainnsdu
uazvisu usnateyaiuainafy Jsmnsudazaiadinnuanizianzasiianefuiimaiu
FelueAdeilldidenldinios Fourier Transform Infrared Spectrometer (FTIR) @sdafvos
mansa¥adiomaieid Ao Wifoyanmuaiifauysalusrannsonmaaoumviovansneg 14
foltdmiunneaouasdnunmiledudulasaiavesansiedg [56]

2.15.3 MsATIRRENYULAUFIUINEN

Scanning Electron Microscope %38 SEM 1Uundesqanssaudianasounuy
doansin WdwsuAnwdnuurlassaievesTag Snwaeiiuim wesuiieuniavesiieds
ffvundnlusesululasvsesesuulule fsgsiufaevensgeda 1,000,000 i1 lagndas
anIIALLUUADINTIN (SEM) d1msunanni1sulsdaaraininves SEM LARIINE e
Bidnmseugnnazduninunasiniauamnnssnuluiifunuuasvianeenainiiuinvesuay
arufivosduasdiinnsougnuszananaitududyaun milliustoyavesdnuasiiuin
UUTLITL (Morphology) wiaTagiviin1snsaatn (57 dwulusuisetasldndosqanssm]
ddnaseunuUdeInsIa (SEM) lun1sfinwdnuardugiuine1ves TiO; (\nIAgAaIMNTIH)
ﬂ'auLLawé’qﬁv‘iwmaﬂ%’uﬂ@ﬁuﬁaﬁaamiﬁjmuﬂﬁﬁ%m APTES, finwanuaiedugiuing1ves
T BaUsenauus nMTesUANTNVAIINTIINNSYIAAE ULTIRIANLANATEIL ASTM D638 Waz

ANWALAMIIUINGTUNUIUINA 5 x 5 [wuRlung Algnaaeuaudffudenuniise
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2.16 N1522NLUUN15NAABY (Design of Experiments) [58]

Funsnaaeuiisindaiedeseiodnerinisasuulasidnusing (input
variables) Tuswwﬁaﬂizmumiﬁau%ﬁﬂmLﬁammmﬁaLﬂml,l,azﬁ'f‘fﬁamlwphm fivile
Aansidsunasvesuadnsld (Responses) annszuuiiindsdnwlneduusind (input
variables) wiadu 2 ndu e suusfiaauauls (Controllable variables) wayshudsiisuniu

(Uncontrollable variables)

Aausnasunula

X1 XZ XS XP
v v vy s
st y r HASWSTLA
AILUTUNTT nszUUNSVsasTUURaula
(Responses)

(Inputs) - gl
e R

FnUsiimuaulils

JUN 2.15 anuduiusseninemiuusingg lussuunauls

nstnunfuUsiiniuanlduasfauusiieuaulildtusgfussuuusag szuu lu
mumLLUsmeﬂmlmlmmamiumu SnasifdeuiuauangenTus s 11 GHIALY
aveq, ATNTUELINS, grumgfinieuen mamumaqaﬂﬂimmaivwmmmeﬁmum
mzdesliminsziaszTgelunismuau daufuusiaivauld 1wy fuivesingdu,
\A30asnslalunsuae, WHNIUAIUAY, qmwgﬁﬁisﬂumﬁwam usu dmsunisesnwuy
NINAaBIIBNARIMY (Process or Product design) uusaemu 3 d@u fie

1. N1599NLUUTEUY (System design) fia 35n15181AUIN TN IAENTLAL
Amnssumvszgndldlunszuaunis iilevinisesnuuusnuududu Taesuuuignrvue
TngmsrivuasiEusuvssnunmidosnsvesrdnfusivionsyuiuns

2. MI0BNUUUNITIAAES (Parameter design) A IBnnsAnw il unuaz ey
Afirfianneldanmzdoulifivmnzanlitunssuiunis Wy msdemnsiiveslunisdus
dielviedossusfuthiudestian, nsfaununszanlidvuaweffuiidesnis Wudu

3. 1seenLUUANTiARLRe (Tolerance design) fia 33015 MuATIIvTonaARIled
mnzanlunszuumssaniiazyilinunimmsadngs warAldarenasneignisldausgn

2.16.1 Us2laduan1500nluUnN1SNAaeg

e o o

lunisesnuuunisnaaes Ingussasdndrdanunsaasule dadl

o

1. MvuaswUsiinauaula (X) NiiBvsnagegn sensiuasunlasvasdiuds

Y9

nauaund (Y)
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2. fvuarveadadeiimunuls () Aifidvdnasesiuusmovauss (¥) iilo
Tnavesrvesiulsnouaussdialndifsafuantmneidosnsinniign

3. muswestladefimunuld (X) Mnasorvesfuusnovauss (v) ng
TrauudsUniuves Y Sarfesiian

4. fvuaAvesiadefiaiuaulals (X) Aflnadervesiiuysnevausa (¥)
dlelinansenuvesiulsiinualilld (2) fleeiian

2.16.2 Yauuzirlun1509nUuunIsnages

dmiudeuugimienagnslunmssenuuunismaasaiiloiiuussavsnmuas
AnugndasrasnIMnaes kit uidowihaudila dwielud

fanUsmoudauas (Responses) Ao FLUISHAGNS (Outputs) 158N WMENIY
aunmiidesnsmuauliduluasnasguidesmsinywieauls

U39y (Factors) Ao fhuusiudn (Inputs) MAluszu Tasuvadu 2 ngu fe
Hadvieuauls uaztladofiamuaulals

seAuilade (Levels of factors) Ao d1urudvestadefiuasululunis
npaeanile 1y gumnAfildlunismeass Ao 100 °C, 500 °C waz 900 °C Fanu1eA21HIN
Safuaumgiiiiinisfnsiivomn 3 sedu

FBU{UR (Treatment) Ao Fodmundmivyniladoiinisdneilunis
naaeaniler wu lunsmaassiidnu fdads A uazdads B 7 2 uay 3 seduasiiBUfUan
Hululfunndnaiu 2¢lén 2 x 3 = 6 Bn1ameaes tufe SuATURTRIIULULY szwindy
Hanuvaszauvesladelunisnaaes

n1IMARBYEn (Replicate) Ao MaudIIuNIITAResE N Fuvtves
nsMaaes LileUszanuAmmuianaInveInITaass (Random error) Falagvilunaildain
nMsvaaesimuadeafuesilaldunnsnetumniin Swailédanmsmaassdiduandng
ﬁ’umﬂﬁ’uuamdﬂﬁmmamwamLﬁmﬁuga AR41704199AUTENBUTBIN1TNAA DTN
[esanenafinansenuandssunau (Noise) ililldfasandssansenusonisvaaes

uionns (Blocking) e msuUinsnmasseeniiudaue titetlosfuranszny
nnimgAuiifienaunndng Ingazlddmsunsdifiidedinvesingau iWefimmdndusedy
fngAvunnimilidendmivansesnuuunisvaaes ansathuUssgndldiunsddug 1o
1t a0, wifne videiateadns s

nsviuuUEu (Randomization) Ae MseanuuUNsNARBvhlsa UM
nanosusaradafunuudy (Random) videnisnszaefuuududassiioannudibeswes
AIIEGER

AsNAARsiisIuMLINaTs (Center points) Junsmeaeuiiiensivaeuin
aunnsANELTUSTlFaInA1ToRNLUUATMIAABTiANNIANE AN Yi3BN1TIATIZNHBINS
aunsidulAaifinentndsaes (Second order) vdolsl
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2.16.3 USSNNYBINITNAABY
a101503UUNUTEANTDINITNARRALA 5 Useian mudeyainsiuifedfy
JEUUTNQUILEIAYRINITNAGDY el i

=

1. MINAABIALIMEDNTNARB LR IASLTE? (Single experiment) A®
mnaeslunsaiitimeassdinudlalunszuiunisiidosnsing waznsuistadodiddny
Tunszvrumavnaeaiesiu wiesiaummesniauisuuamomandasidugniing

2. nM1sNARBBENeABLilas (Continuous experiment) Ao N13NARBLIE
anAIN5LUABULUAY (Variation) Tunszuiun1svaaes Tasilidvunelunisusudse
NSPUIUNSTITALY

3, N1SNARBILUUAAN (Screening experiment) A® N13NAABIAINTU
Anwnsruiunslmifdsiaundunill Bunssuiunsfifienududounasinassiini
dnlalunszurunisties dmsuinguszasduesnisnaaesd Ao nereuuiuniean
seavideavassulsrietadtlunsrviunsieldsuiuiadofivmngan waranunsarh
msnasesldaslunsmaaes tedmuarfimngauigafiazldlunssuaumsidnusely

4. N1INAABILUULAILIN (Focusing experiment) el miwmaaﬂﬁﬁﬂﬁﬁu
Tnefldhmnesiuannudesmslunsuidamiiiety Snssmundisvanzaalsiudes
fiffaanisAnu

5. M5NAABLTIENU (Sequential experiment) Ao NsMAABTIITUAN
nszuaunsiadladne aunsauvadudumeunionssuiunisges 1 viliiitadeiiane
iuﬂwwmﬂul,wiaz%umumm'j'mﬁmaamw?ﬁuq e ududoanvanszuruniseonmdu
d1u9 Lazvinn1sneassninuniade sntudaiunsandudetmunvesnss vaunislu
amsaiiielianinsavhmsnynszuiumsvieszuuiitiunalvajinnldeiduma iR

2.17 N1999NLUUNITNAABDILUUAIUNEY

Mixture design {unisnaaesdinsiziaivesradnsiduilsiduiiidudedidudves
druuszneu (Components) Inefinguszasdilemdndrufivang anvosiadoideuiunm
Faust 2 Jadetuly Tnenasudiuamesadoromnesfondu 1.0 duw vido 100 wWosiug
Tun1seenuuumsvnastuUduRauiidunmssenuuuiuinouausssevidesin de
seduvestladvldidudasyradu Wededondsy TunsnnaosdiUSnadaduiiiuduazvili
Jodeduq fUsunadndivanasdediamuuandisainnisnaaesuudulaedwuszdudass
pianu
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[

5UN 2.16 s2UURTRYIANITOBNKUUNIINAREY Mixture design (Trilinear coordinates) [59]

[

AMSUUTANVBINUNITORNLUUNITNAABILUUAIUNANYTO Mixture design Hsiail

1. LHUNITNAABIUY Simplex - Centroid
\unsvnaesiisidnduvestadowidunniiade wasidmeasaviniu 29- 1 3
éqmaawizﬂaulﬂéjaa'«gmﬁﬁuﬁaumamﬁm (Pure component) #14¢) dndnvosdmaasd
sragusauduvoulumdn wLMITnaesEitesirlunseenuy Tnedndiuvesdmnans
aagluyinfeniu (s813ne 0 fu 1) [60]

g‘th?i 2.17 wHUNISNARBILUY Simplex — Centroid

4 =1 Xl
/i
1. X :X:l X-_X-_-] | % — . |
X1 =Xz=73F ] o 1 272 ¢ | X1 =X=19
) ! ' 1
6 | Otk == Mg == &
n=Xx=X3~ || X =X=XK53=8 =§ F—T0 1 3 4 3
x;=14 — wy=1 x;=1¢ = bxa=1
= X,= 175 | |
A2 =AT Xy =X3=; T X3=X=;
i3=1

5UN 2.18 Megrammaaednil 3 uag 4 3AUsENBULUY Simplex - Centroid
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d' 1 Y] [y} VY @, 1 =

L19991NNNSNAADILUVEIUNEYN AILUTVRINISNABBITINAULATY 1.0 d7U %58
100 Wastdud Tud1uni1sIes129nIs0nAnReYaINIINAARLNEMIAMUFUNUSTE NI ILUS
ANULAEAWUTDATY HRail

JURUUNSOAnRELNEY (Linear Regression Model)

E(y) =X, Bixi

gULLUUﬂ’]ﬁmﬂaaﬁﬁﬁﬂam (Quadratic Regression Model)
E(y) = XL, Bixi + L X Bijxix

JURUUNSaRnREMATEINLUULAY (Full Cubic Regression Model)
EQ) =X, Bx;+ X Z?<j Bijxix; + ZZ:‘L]' 5ijxixj(xi + xj) iy ZZ?<j<KZ/3ijk XXXy

sUuUUNMsanaeeiasELLuULAY (Special Cubic Regression Model)
E(y) = XL, Bixi + X Bijxix; + X< X Biji Xi %Xk

2. LHUNIINAABNLUU Simplex - Lattice
Wunisneaeslaeiiiine (Coordinate) WWouununie A {gm} udiudsenay
A9 VBINITNABDY TATAILITOAIUIIZAUTDILARZAILUST PA1NEUNT

AL (2.12)

8 [

1
Xi = 01;;

We i=1,223,..4
m = dndiuusaziadsain 0 — 1 %30 0 - 100 Wasidus

gndrag1alunsainisnaasefidl 3 993y (m = 3) fifa (Coordinate) AlaLTu
1 L7 3 a o dl v 1 2 o U L]
AUUTENBUVDY X1, Xo kA X3 satid Afanlaazidu 0, 5 ey S A lnaduaugaly

(Y]

N1SNAADIVNUAAINITOAIUIULARINALNST F19T)

_ (g+m-1)! - (q+1)...(q+m-1) = 4)(5) — 10
m!(q—1)! (1(2)...(m) L@E)
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SUTl 2.19 usunsMAABILUY Simplex — Lattice

x=1 x =1

] o

/". | / \ -

/ N A o 8y, =k x =1

R / X1=3 :
\ X 2=0 & % x,=0

@ = F TN, WL
mn=1 x=0 x;3=1 x=1 Xysad

A [3,2] lattice A [3,3] lattice

A [4,2] lattice A [4,3] lattice

JUN 2.20 Fag1annaeiill 3 kae 4 pIAUTENOUVBILNUNITNAGDY Simplex - Lattice

3. LLNUNITNNaBILUU Extreme Vertices

Junrsveaesiiifesifinuuudndrunseiidosin Summeanuin seiuveusiay
Yadeladndudeadu 0 - 100% wauely oralu 30 - 40% n3e 15 - 25% (Jusu ladinng
UszgndniseonuuunisvaaessiuvdunalUlflusuideiemdndruiianzauveans
nnaes fous 2 Jadeauly laggnaaeausaninuasnItdunauveudazUadelunis
naaogla

nsfifidulszneutnsiavideynivesdmeassinareutuiasveua Weviins
fnseuuinaidululy LLUUf\i’ﬂaaaafmﬂ'ﬁaaﬂLLUU%i@JL“T;JugiJamm?ﬁm wiAndugunany
YA ENYDINITODNLUUANTNIAGBILUY Simplex Wi deldansnsavhnisnaaeld sy Salé
finsl#38n1500nUUU D-Optimal unu iiednnsesgavesimnaassiiegmeliieulsdadiia
Taazdanssanaianuaiidululdfansossyfifnld lnsgafignidenuinaassdes
Uszneuluse 1HuA 9auensmvasgunaneivaen (Extreme Vertices), 3aMananasnu (Edge
Center), 9nRsnansguammasy (Overall Centroid) Waz9AULLNUYDIAUNLEILIVTBUAL

auNnIvesFUaImALL (Axial Point) usiy
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Ul 2.21 9avesdmaansnyiBnisesnuuy D-Optimal
2.18 NMSNAHBUFNURAFIY

N1sNAaRUANNAZIUY (Hypothesis Testing) L?Ju%%mmﬁwaaaﬁaL%qay;mu Ayl
ndushegulnensduATIaeUIIAIITlmesTessErIng (WU p, o2) Wilumuiidade
asdulivioll deadondadomnudieg Afetestulssnnsdonadussomiafudio uds
FowhnsnsiaaeutiuisesGeni1 auufg (Hypothesis)

2.18.1 duuRguana (Statistical Hypothesis)

g Yeadevisedenuiiieiteatulssvinsniayanieunnnii 49919
Juasaiselunla nasmdneunsedoaguindnasdaiuaimseliauisarilalaenis
d153991nUsEnINamun BslunnslJuivinlaeiniiesainivedndnaluisesrasyaains, Lian
wazsuUszana Fsinasunaainnaumegeiduinainusennsnanwkazlivdnnisnagey
auudgIuntiglunsiesvimiAineu lnedeajuasil 2 wuu Ao Ufasauufgiu was
gousuanufigiu drmnuangiunlaainngusiegnsldnssiuanufgiunaslyd azaguledn
Ufjsasauufgnu (Reject Hypothesis) waginmnnanguiiliainnguiiognmseivauufignu
sl ivseaenaaas avasuladngensuanuigiu wseenananladlindngiuneiiazidede
< 1 & e " b = a a gj Y o [ = 1 1 &
Wueg19eu (Fail to Reject Hypothesis) mammgmwmhmmumsmaauuag 2 @ AD

1. auufg unan (Null Hypothesis: Hp) iWudaauufgiuiiasduiediu

a s = = ] v & o A . o oV 1A

Wisilmesvesusnninilsyavseninnin wanslmdiiutsaninilusgludagduuasdalad
nsiasunUasla wwsssnunenseyluanuigiunandnazly = (wiiu) wanedsaningasiy
Vs vayandLAY

2. guuAgIuniaaen (Alternative Hypothesis: H;) Lﬁu%aammagmﬁ
Feduiieuandiiiuisaniniiiinisasuulamiefudsiiasdoudifonisnsiodoy
isosneiissyluauuigiumadonsinazld > @nndn), < (ewndn) uiie # (siwinu) wile
wansdanndsuulasiiindudaas Benlfiadosmnsladuiusgfuingussasduninis
nadouIFesnsaTvaeunsUasunlasiuluiemnsla (58]
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M990 2.4 NMIIEUURFTIUNANLATAUURAFIUNNAEDNUVBINITTNBS |, 02 Uaw p

n3lUsTYINT 1 YN nIUITYINT 2 YN
o o SNNAgIUnEn AUNAFIU ANNAFIUNAN  FNNAFIUNIGLADN
(U ERHIEEE a
(Ho) naLaan (Ho) (H1)
(H1)
Aaay Hy:ps o Hy:py =z # dyg
(W) Hy:p=H, Hy: ps o Ho:py —pz = do  Hy:py — iz > do
Hy: <l Hy:py —up <dg
AN H, : 6% # 0,2 H;: 0,2 # 0,2

2

— 2
WUsUs  Hp: 02 =0¢*> Hy:0%2>0,2 Hoi01"=0; Hy: 0,2 > 0,2

(02) H; : 6% < 0,2 H,:0,? < 0,°
Hodu Hy :p#po <~ N Hy :py —p, # d
) Hy:p = po Hy:p > po 0PLTP2=C%  Hy:p—p,>do

Hy:p <po Hi:pi—p2<dy

2.18.2 %y'umaumsmmaauauuagﬂwmmiﬂﬁma%
MIvadoUALAz YT TnefTinules lunisvaaeu éun Aede
(W), ANULUsUTIU (02) wazdndiu (p) Fasznauluane 6 Tuneu fail
1. MsMvueauNAgIunan H
2. NSMVUARLNAIUNINGEN Hy
3. A1SEONIZAUTUERAY a

o w

4. N15AIMUAUTIUINGA (Critical Region) AUTEAUNBE1AYUAENIST

>
[
Y

AIEUNAFIUNINETDN Hy (EUURFIUMUUNIBAEIVTOARINN)
5. MIAUFETNA N LazAMNMAERATIIAgEU
6. MsthAadanldanmsfualude 5. Wsuifsuiuuinainganude
4. wninanagunadsdl
6.1 tnegluusndngm asUfjiasanugiunan Hy
6.2 DREUBNUSIANGY AouTUaNLAgIUNEn H,

JUN 2.22 N15NAFRUANLAFINKUUMNLALINTRABININVDINITUANUA Z, t Uay X7
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mmﬂw 2.22 WAMINISNAFDUANNRFTIURUUABINIG (WU Hy @ L # W) WUIIUTIN
Inguvseanidu 2 du wazdudiuilénsn «/2 druvinalunseenduasdiuiils
ns N 1 - aIummzﬁmimaauammagﬂmm‘umaLﬁmé’m‘uu (WU Hy @ 0> o) NIDBUUNIY
WENUENS (U Hy < W) WU’j’m‘%L’Jm%qmﬁLﬁaaﬁWULﬁaaﬁuﬁaﬁwuuu (Upper) #39
Fuane (Lower) Seiuiildns iy a @uusnumssensuasiiiuilldns 1 - o

2.18.3 @1 p - value
iumumaumimaauaummmmwwSmJmaﬂumiaﬁﬂwa SERLHENGED
Ufasauuignuvdn Hy tu awfinnsanandaddfiduiamnnduiegnandiouiud
AINge dAadRsAunndvseMAuAduysalvesrIngs (Anegluusiiningn) awUfas
H, winnAadiadanteeninadrduysalvesdnings (anegluuaesusv) sveasuiu Hy
ALY NITNAADUANNRFIULUUADINNIVBINITHINEDY Z 28l

Zy = |zqs2|  a3UN Ufias Hy
Zy <|zqs2| @3 weusu Hy

Sn3Builsldlunsaguna azfinnsanaind p - value fildanngusnegig
WSeunsuAuIERUted1Ay a A1 p - value Li“]uﬂ'wmmm%LﬁuﬁaﬂﬁqmﬁﬁwiﬁﬂﬁLaﬁ
auudgiuvan Hy 16 dsazfunuinziduiiaenadesfuarad fndumainngusiesig
dmsulusunsulunisinsgimeadidiulnajazianinanisinsziieradnuazan p -
value M3figuAT p - value fiu « azagmnsonIazUnaINNIT Nz lidealamsnaile
meIngauUIEuLigU
1A p - value fiAtpenivsewiniuseRutd1Ay a avUasauudigiuvdn Hy

[

0171 p - value fAunnInseautudAy a vensuanuAgiuvan Hy

o

2.19 N159AT1ZIANUBUSUSIUY

ANOVA (Analysis of variance) Huisnsesirseuaudsunlasiionassiiniy
ﬁﬂ%%Uﬂa:mUSS%Wﬂiﬁﬁﬂwﬂg?ﬂLLG]I 3 sqm%uiﬂ Taglanud Ay iunIsAn¥IAINLANGI9YD4
ANRRETOIUTZVINT (g, Hy,ofhy) %ﬂﬁmmmﬁaw%asﬁaﬁﬂuuﬁazmju IR DRT
mmLLUiUsau‘w%ammﬁuuﬂﬂu%@uﬂaﬁﬁmmﬂ 2 unasne

1. Yadufnun (Treatment) utladefiaulafny annsomuauvdefvunineg
neaeudafeiludnuasle arunsndsusunmaassvesdadedld WeldAnuwnansemy
vostladuiriinaserdann (Observation) fiusiusuet

2. Yaduuandeuduq (Error) 1uiadedug Maegludsiaulafinyt liaunsa
muautiademails datlatomariinansenudemdanaiiiusunudeduiy
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MsleszianuuUsUsuanizdedeiideanisanwiisatladeiies (One Factor)
22136AIINITIATIZRAMULUTUTIULUUNILALT (One-way Classification ANOVA Model)
& 1 Uaduil a 53U (a Levels) n30fl a Treatments usiazszufinsgusegauniiioTnen
faLne é’ﬂ‘wmwaﬁagaﬁié’mﬂmidmﬁaEJEJ’N (Randomization) 9g138n1971 Completely
Randomized Design 138 CRD uslun1svaassiiiinisimuniladsaiunu (Blocks) tiletae
A9ALNEIUBIAINTURNULUS (Source of Variability) 3158011 Completely Randomized
Block Design 38 CRBD

2.19.1 Completely Randomized Design %38 CRD

Msnnasaluy CRD 1un1smaassdusegiaszuinsfidne ey
nansznuvestade 1 ﬂa%’aﬁﬁwa&iamé’amw‘%a%’agaﬁﬁﬂm yi; Wneusaznguusznaume
feesvun ny We i unuduusziuvesiladefidinun (Treatment No) winiu 1, 2, ., a
wag j wudnnuaiavesnsvaseslulsazdu (Sample No) Wit 1, 2, ., n; Tudaums
AAT1ERANLUTUTIUNIMARBILUY CRD Buduainnisinwiaruiuuusiiiatuludoys
Tnedeyaudazfazlivindu aunmuainanuuaninwesdadefiidsdne (Treatment)
vioauuansavestadedug fuenmileveunvesnisfing (Eror)

M3199 2.5 dnyazteyainlilunisiemsesinnnuuwlsusm

Y, AdaLNn NasIU Alaae
Uadendnun 1
(yi,- ) (yi,) (}’i.)
1 Y11 Y12 - Y1in V1. V1.
2 Y21 ¥22 - Yan N3 Vo.
a Ya1 Yaz -« Yan Ya. }_7a4
Ve y.

ALLANAI9YDS 2 anmnfidsnalideyaudazdalaiiviadu Weviinisfiansan
aIAUsTENaUVRIaYaNazi FxnuinUsenauluime 3 du laun

1. Aadeian ()

2. nansenuandadedidnm (t;)

3. nansynunndadeuindeudue (€5)

Yij = U+ T+ & (2.13)

dlo i =12 ..,auwj = 1,2,...,n(nsdveslszens)
ey =y + G —3) + 3 + ¥ (h5dlvesined)

gl y;; = Teyaniliannnisvaaessesladefnwidii ( Tun1sveaesasad j
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g = Mndweitindmiunnevesdadenfnw
7; = Wsilwesnldesuretadefnudin i
& = Mdwesnldesurelafeuindendus vesladednwidin i luns

NAADIATIN |

gnInNIAMI A8 RULLIATINLASNATINYDIANTEUNENAAIER (Sum of
Square) #59 SS Hlanslun1sAIN fall

Andesuuansgu = Andesuuantadefne + Andeavuantafeuindeuaun
=0, =y)+t 0 ty) =y, -7,
NATINVDIANTBILUUENANEIEDY 13837 Sum of Square (SS)

oy Total Sum of Squares (SS7) = XLy X1 (vij — ¥.)?

Treatment Sum of Squares (SSv) = XL, X% (v, — ¥ )* = m; 2 (Vi — 7.)°
Frror Sum of Squares (SSg) =YX X1 = ¥i)?
Ferfuazle SST = SStr + SSE (2.10)

AUTUNITNIALRALVDINATINAIAIEIED (Sum of Squares) LLFINIT ALRABVD
AaEes 130 Mean Square (MS) #1laa1n

Sum of Square

Mean Square =
9 Degrees of Freedom

SS Y (vi—-7)>
Treatment Mean Squares (MSy) = tr 3 i 2i=1(Vi~¥.)
daftr a-1

SSg Zél:l Z?:l(yij_yi,)Z
Error Mean Squares (MSg) = — =
af g a(n—1)

1u%y’umauﬂWimaauamﬁgmmﬁmeﬁmmwiﬂmu (Analysis of variance) 3%
Usznau 6 sumauitdday Taun

1. MsmvusauuAgIuvan Hy

2. MSMVUAALNATIUNIGERN Hy

3. MIdenseautisdfy a

4. MSAVUAUTIAANGANITHINEIUY F



5. NMIAIUIUANEDR Fy 211011519 ANOVA

A15199 2.6 M1519 ANOVA Tunsainuunneieg1awinnu

41

LAAIVDY . 29FiN MGG EN ANEDR
. NASINVDIAINIA9EDY - <
AMUNULLUS 285 1288 (Fo)
a —2 2
Y= y i y SS
tUadednud —t_ = a—1 ”1 MSyy
iomoan a— sy
HYadouandoud SS; —SS (n—=1) S5k
YLINADUDY - a(n — —
" T 4 a(n—1)
a n 2
Srif e
NASIY NI an —
(i £ Y4 an
i=1 j=1

6. NMIATUNANITNAFBUANNFAFIU

01 Fy < Fp g1 n-q 38U gousvans@giuvan Hy S9uansin
1. Tadendnwliiinaderdunn y;; e

2. anvganauuLUsiuteyanisnaaesinandadewindendun
3. fnaderasuszrnsudaznguliuansiany

01 Fy > Fy 18- 387U Uiasauudgiuvan Hy 29uanadn

1. UadeiifinwnilnasieAdaunn y;; 38

2. anvanauunUsnntadenfnuuazUadeunindenduy
3. AaRgYeIlTEIINTIAaENaNlANLANANTY

2.19.2 Completely Randomized Block Design %38 CRRD

Wunisneassfiinisaiugu (Vdon) dauusuiesdandalfiinaana
aanadeulunisvaaes Inetadefidnw (Treatment) S1uru a Uade uaziitadonuay
(Block) $1uau b ufien Tudureunsnazdnumdans 1 A nmsdusedianusasdade
Tuudazuien Tasnmsmmsiesegieruulsinulssanigmiiond 2 dade fe Tate
Anwiuazadeniugy Fa38ni1n193AI1E%ANLUTUTINLUUARINA (Two — Way
Classification ANOVA Model) &ydnualaneg funusdunauasanads wandlunnsed 2.7



a2

M13199 2.7 dnwaizteyanlilunsliesiginnuwlsusiu

o = Uademauny .
Uaefnun : ALRRY
B, B, ces B ces Bp

Y11 Y12 Yij Yib V1.
2 Y21 Y22 ¥2j Y2b ya.
i Vi1 Vi2 Yij Yib Vi,
a Ya1 Yaz Yaj Yab Va.

Aade (¥;) ¥ V2 Y R A y

[
Y

peRUsENaUTaLausaYAIUTENEUVBINIINARBIRUY CRBD dviaviun 4 du Ag
1. Aadeavue (u)
2. wansznuandadudnw (t;)
3. nansevuandatearuguundeu (B))
4. nansgvuandaduwindendug (&)

ﬁ\‘i‘ifu%lﬁiﬂ yij =u + T; + ﬁ] + gij (215)
doi = 1,2,...,a uasf SR AR (hyelvesUszansg)
oy, =9+ G +¥)+ (T +5)+ iy — ) (NSalUDIPBE19)

N13999889UY CRBD WANAIIIINNITNARBILUY CRD Asediinansenuandade
AIUANLIINLNY ToeT

B; = wisdimesnldesureladeniuausii j (3e Block Effects 7 f)

ANJYUUTNIVUA = ANDELUULL DI NUa38fANw + ANl wuiLlosantade
muax + Andesuullesandadenindaudus

Wiy, -y =0,-97)+ G -9)+@ij -y —5;+7)
oty SSp =SS, + SSy; + SSg (2.16)
PANNITIATIENAMULUTUTIUNTNAFBILUU CRBD HANUAAIEATINUNITNAADY

WUU CRD 98619 7un1991519 ANOVA Taefinsiinadnuiuiusaindaduniuaudiu e
nyaaeugladendnyivsetadenivauinaderdunn (y;) el
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A15719% 2.8 71579 ANOVA JAs18%AunUsusunIsvaasaluy CRBD

LAAIVDY e - .. o AEDR
. NASIUVDIAINAED S D9ANDETY ANa9aDIREY
AMUNULUS (Fo)
Sy y? SS MS,
U =2 L. . _ 1 tr T
JagAnwn 2, 5 p a — s,
Sy y? SS MS
) i . bl bl
—k_ - b—1
Jadumiuau ; 2 " ab — s,
Uade SSg
o SS-—SS;,,. — SS a—1b-1
a b 2
y
2N X0\ &
NS . Z Y Y ab—-1

2.19.3 Faulun1sAeszinnuwsusau (Model Checking)
1umimaauama§mmiwiﬁusuaqmLaﬁaﬂssmﬂi&g«,l,@i 3 Usznnstuld
vidamsiiasiedanunlsusiuannsavilaty fesdideulvdmiunisnsinaeunou douly
Tumsimsgrnnauysusiu lawn
1. Yszanaih a &y 1n15HaNuAUUUNF (Normal Distribution)
2. A1AULUTUTIUUDILAREUTEUINTABIYINAY AD 0,2 = 0,2 =...=

3. nMsguiiegNuazgnnUsyrInssealudasysaduy

TunsmageuAeulunsieszsinuulsusuwestoyaiindiudnasiy
Fusseizedudiatu S3smsasiesausil

1. nsmuttazdusuuun® (Normal Probability Plot)

2. N3195¥9149A Residuals AUTEAUTITBULAZLIUTIUBUNITNIZANUUDIAT
Residuals

3. N5 NIE1I19A Residuals Aua1munIsneasd (Time or Run order)
2.20 msamam%ué’uuazawﬁuﬁ

nsAnmANuduRSsEninsfuUsviiedasedaus 2 ftuluanmsadisiuuly
nsvuieAvesinlsaglimaiansadd Ao n15IlATIEN1sanaes (Regression Analysis)
Tunsmanisalifuasfosendesuuunnuduiussenineaulsny (Dependent Variable)
fusuUsdase (Independent Variables) flonafiunnndn 1 dauus

drimual ¥ 1 Jusuusnu waz Xq, Xy, ..., X, \usuusdase laed k Husuds
ffauduiusfuduls ¥ eSursarnuduiusssninasiuwuslasisaunisonnes



aaq

(Regression Equation) Y = ¢ (X1, X3, ..., Xi) muamm%mﬂwmwgﬂLL‘U‘UGU@Q
ANMUFUNUSLAD 898U VN UI8A189ILUSANN Y ans uAueIRlklsddsy X

2.20.1 NMsanaauLdaLduat1sd1e (Simple Linear Regression)
JuisnnseSunganuduiusiBudunsesyringdudsites 2 61 Ao fuus
fasz X AuiuUsnn Y &1 (xg, v1) (6, ¥2) o (on, yp) Wudegadiuiu n @'ﬁiﬁmﬂmi
naass MLls X azannsaimuanienuauaiifesnis lnsvagiidauds ¥ 10unaiildain
mMsvaaes Fudunisornsadaduetriiedunisdugudmiunsiemgimaunisanaes
dvsvaunsanneeidaduegiieazeglugy

Vi = ﬂO + ﬁlxi + & (2.17)
Toedi B, = Szuzdaunu Y

Sy = APLGU (Slope)
g = AMMIuAAALAFIUBE19EN (Random Error)

NALNITNIITN0S By way By Wumisfiwesiildnsiuan Fedududes
USEUIUAINSIRMDIAEFIUTEUIUAT By Uar B NANARINAINIABITENINAIELAR V;
wazefildanaunIsanaee y; dwiu g MnauN1TaAnee 13un Residual fe Wuszeyiing
199 (x;, ;) Wiudunss 9 = By + B, FuFenin Wdumnsennnos (Regression Line)

NIMWATINAAEBS (Sum of Squares) WATNATINVBINAAMITENINAIUUS
(Sum of Cross - Products) fdgydnuaiuasnasigg #adl

NATINNNAIADIUIAIUTREATE X = Sy = 2 (; — )2 = X1 2 — % r, x)?
HATINANERIYRINYTEATE Y = S, = XIn (v — V) = X vi? — % r . v)?
HATINVBINAAMTENINNIUT X, Y = S,y = Xieq(t; — 0 (Vi — ¥)

N1SVAEUANNAFIUYINITTWTANTY By vile 2 35 Tneldadfnaaeu
t nIvanANAgaU F (11519 ANOVA)

357 1. Wadhnasou t
%u’umauﬂfliéjqamagmﬁgq 6 Tumau Usznoude
1. Hy : By = 0 (Fuds X wez Y lafimnuduiusiu)
2. Hy : By # 0 (fuus X uag Y danuduwusiu)
3. MUUATLAVRYFIRYVDINITNAZFDU A



way t < —ta

4. ushanngn t > t%,n—z -

5. A ty = —Li—

VMSE/Sxx

6. aguna 01 [to] < ta ., wvouTuALNAFIUVAN H
=3

-2

o1 [to] > ten avUiasanungIuan Hy

-2

359 2. ¥aannaaau F (#1579 ANOVA)

TURDUNITAIAULAFINIG 6 TuRDU UTEnousie
1. Hy = By = 0 (fauds X uay ¥ laiflanudunusiv)
2. Hy : By # 0 (Fuus X uaz Y danudunusiv)

45

3. MUUATLAVLLFIAYVDINITNAFOU a

4. USUANINGA F > Fyqpos

5. AEDALEA1319 ANOVA JATAMANEns Fy Wananinisea 2.9

A137991 2.9 7m1519 ANOVA 999159980 UaUNASIUYINISTiwesAuty [

LIREIVDY J % ;& 4 Adnn
. NASIUVDIAINIAIEDY N\ ANa9E9LRaY
ANUNULUT e (Fo)
n
N1500098 N W [ SS MS
. SSp-="By (inz_g_ﬂ g MSy = £ _“R
(Regression) 47 n 1 MSg
mwma'}ffaau MS;
ndaTdue S8 TR DR n-2 SSg
(Error) n—2
n
AT SSr =Sy, = Z yZ —nye A'Tn 1
i=1

6. asuia 01 Fo < Fy 1 -2 dzwausuanudgiuvan Hy
01 Fo > Fo1n-2 wufasauuigiuvan Hy

TunN153AT1E1AI59 ANOVA anmnvedannuiususiulunisyimneunain 2

2 . o A Ao g va d'
awe Ao 91nN15aAneY (Regression) warandadudus MilvinAluaainedey (Eror)

HATINVDINARNNAIADITENINAMIUE P; 59U ARASTRIMULUINIL Y (W30 ) 138nin

SSk (Regression Sum of Squares) kA¥NATINVDINARINAIADITENINTOYR y; TOUT AN

ue P; 138011 SSg (Error Sum of Squares) WAENATILYIINUA 138n71 SST (Total Sum

of Squares) FuRU SSg + SSi
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2.20.2 NMINAFUANULNUILEUVDY Model

WA IR UANINNNE BNVDIEUNNTANNBY (Regression Model) Wusn1s
WAsed Lasadl

1. N59LAT1ZAT Residuals
A1 Residuals & = y; — §; 4o 1 = 1,2, .., nlaefinn y; WJuardang
wa 95 durUszanadildanaunisannss nsimsiziien Residuals asldnsnaauitonlydn
AuAaIALAABY (Errors) Sin15uanuasiuy NID (0, 0%) n3old N3 Residuals AUAT §;
Lanefagui 2.24 orauansliiiudu 4 sUuuu fe 3U (a) nszarefiogisasiiane
(Satisfactory) Feuansliiiuinisuanuasuuudnf (Normality) mmz‘ﬁgﬂ (b) ns9ns78
(Funnel), 3U (o) fiusyg (Double Bow) waggy (d) laifuiadu (Nonlinear) Seuanslsifiu

<

feanuliung Tanwauziduguwuu (Pattern)

(a) nszawiieEsaiaLD (b) msansg

e
.
.
Sl vy
o® % .. o o
*® 20 e oo . ® .
T ® ss o oid b siTili] Ko an s Hé el 3 1 1
0 e s o 00 o 0 e o . e
e Y-/ IO ey +

(c) Ausyg (d) liifudadu

gﬂﬁ 2.23 03979 Residuals fum §;

2. Lack - Fit Teat
< o Y a o
Wun13nTIadeufiluun1sannes (Regression Model) anuyuzve9
AnuduiusImIngauiuteyansell endiegunsdluanslugui 2.24 Yayariu Regression
Model luifiaanmmunauiu Juwiliuiliidudaduvesdoya Fadianudaudeivannis
0ANULTUAUATS

Ul 2.24 ns1mlfeg1snsnsaaaou Lack - Fit Teat
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3. Coefficient of Determination
Coefficient of Determination %38 r2 \uAduuszansnisdnauls gn
Tolunmsiengianumuzaulunisinaulavesaunisanaee (Regression Model) 11iiaau
wngauiuteyanield Tneidnduuseansnissndula (r2) fdsaus 0 89 100 Wodidus
warlfidud inanuduiusiBadusswiedus X uay ¥ TgnsnsATLIN il
2 _ SST=SSE _ SSR

S5 55 (2.18)

2.20.3 anaunustdudu (Linear Correlation)
ANAUNUSAD FITAAIIUAUNUSTENINFILUTAILA 2 da3ulUqnd

ANMUAUNUSAULINVI DRI dUUTLANSNLY INAIUEUNUSUINAI U TLAINIAILUST
Sunidn dudseansandunius (Correlation Coefficient) v p aunsawInlaINgns Al

_ Cov(XY) _ E(XY)-E(X)E(Y)

Ox0y Ox0y

(2.19)

(% s

A5 UANUTELIVIFUUT AN ANAUNUS (p) Ao duUszANdandunus
#18E19 (Sample Correlation) #38  @nunsaduIulANgns il

1 L xi—X)i-y)
(T iR 09

AERHT T, 5 [[Ba)s T8k
= m==f /sw 14 /SST (2.20)

| (% a ‘§ L% U 6 o 1 I IS DA g.J/ | = 14
ANANUTEANTANAUNUTAIDYNY K138 7 UATFILA -1 09 1(-1<r<1) a1

r

r = 0 vie -1 muneauInduannosi LN g eude liflanunainiadeulas LA3eane
vIn (+) wansisAwessauUsiaassinsiasuuladtUlufianaientiu druniesmneay
) WumswasuuasUlufiameunduiu den r €ilad 1 10 nuneanundauduius
fMuludadudia widilnda 0 mneaufieuduiusidadulesuazdn r = 0 wuneAy
Nlaifipudunusidudunany



a8

r=-0.90 r=-0.50 r=0.00
y Y ¥ &
X X X
r=0.50 r=0.80 r=1.00
Ll
Y Y g Y
X X X

SUT 2.25 Snwaugiegnavesadulsyavsanduriug ()
2.21 Wenduanunenwala (Desirability Function) [61]

Desirability Function tduileidudmsunisiansananisfimungay (Optimization)
¥ aad a ! = = ! Ao ! ! o [ ! & 4
meIsiuneuaues Armuianelavien d dilAegsendng 0 - 1 dwiudn d Mlumugd
VUIETIHANDUANBIYBINITNAAD VDT UBNAMTBTOUATDINTERUTU d1mSUA1 d 11nndn
AuY MuelaaneUaNeITaINITAdavatluve ulnveInIsEaNsula uaziA1 d deiniu
il neananauaueIrasNIadevegluveulunnseauTuag1vaNysal fanduaui

1 &3 A

walagnuuseaniu 4 sULULAD

1. 891nB9A (The larger, the better) dmsunsnisiiamdiulsnanauauodiaAIuin
Mg (Maximization) #eidu d; (y;) andewssaunisseludl

di(y) =0 Vi <L
di(v) = G=H™ L <y < U (2.21)
di(yi) =1 y; = U;

3

do L; A9 veuwsandnsu y;

U; Ao VOULAUA WY Y

W; Aa umdndmsu y;

Py

D
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weight=0.1

loweer baound target
5UN 2.26 Aniwiin W; agiinasiagusieansmldanndsd

2. 89Up889R (The smaller, the better) dmsufaInIsIrAIRLUSNARBUANDILAN
Weedign (Minimization) Wnenflsitu d; (y;) gnilerusauniseeluil

diy) =1 Vi< L

i—Li~ x:
d;(y) = (h)x‘ L <y <U; (2.22)
di(y) =0 a2

do L; Ao veuwsasdvmiu y;
U; A9 90uunuudnsu y;
W; #9 dmdindmsu y;

weight=10 weight = 0.1

!

target upper hound

5UN 2.27 Andwiin W; agilnasiegusiansmigadeydan

3. AnafeAfANgn (Nominal the best) dwsulunsaimvuadndivaneg (Target)
Yosrdulsnanauawedlilagen nenrleidu d; (y;) gnilenudsaunisealuil

di(y;) =0 Vi <Ly
ViLi\y.
d;(y;) = (Ti_zi)xl Li<y; <T;
(2.23)
ViLjy
di(y;) = (r;)xl L=y =U;

d;(y;)) =0 yi = U;
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A J

do L; Ao vaulwsandmiu y;

3

i P19 YBULAULAWSY Y

i D UUUNEINU Y;

2

weight= 0.1 weight = 0.1

weight=10

lowwer bound ? upper bound
target

5UN 2.28 Andwitin W; aviinasiegusnnsviAinasheriniign

4. wuuitednin (Constraint) dwsulunsalawiiulsnansvaueegnelidednin
L; < y; < U; Weginitandu d; (y;) gnileussauniseeluil

d;(y;))=0 i < L;
di(yi) = yi <L <U; (2.24)
d;(y;)) =0 yi =2 U;

Wo L; Ao woulwnandiniu y;
U; A9 19Uauudvsu y;
W; #e dwmtindmsu y;



unii 3
YUNDULALITNITANTUIIU

a

TuunilaznafetuneunarBmsaniunuidelaesunnfnwdeyaresnuisy

a

AgI709 Na9RINTUNINITRRNRUUNITNARDILUUAIUNEN (Mixture design) ¥07anLE4

'
a0

Usznaunanadinviineraslalsingd-Uimladu-dlaIu visewaradin ABS laenau TiO, MKy
sUsuUIuRndEansanUUATen APTES feldsunsuduiagy Minitab vidanniuway
psAUsznevvestaniidieiy fauszneudismadefiuuasilaiaiuussdieoinioman
wanaRnuuula (Internal Mixer) %é’ﬂmﬂﬁudaaaqﬁﬂimaui’ﬁ@é’wLﬂ%@WﬂWﬁmaﬂLLaz
a¥9unudmSUnagaUReLASeINATA (Compression molding) ioAnunaae vantAvg
nawaznagouantRduteusaiforunszuIunsiseUfATedeuas (Photocatalytic
activity) InelduuafiSedlelaifuuuaiiBduuuy snseseudnuusdugiuineves
AT IMUNUTELANVRIENSUALBIAUTENBUNIUATITRTIaR I UsENaY

3.1 N1599NKUUNISNAADYLALIAATNIERRIAINTTY

ATl nseenLUUNINAaBILUUdILNEN (Mixture design) wuuiidesiia
3BUUY Extreme vertices [iteAnundnsnavasurayladondnadeaudfinianavesiands
UsENauUnaIann ABS LasuusInag TiO; ﬁﬂ%’wgqﬁuﬁaﬁaaaﬂiﬁjmngﬁ?m APTES Anviun
Hadeilddmiunmananosionun 3 dade ldud Jade A (nanafin ABS), Jae B (TIO) uae
U238 C (a3amuUfisen APTES) diunanauauanizes Y lun15vnasife Nsnnasunss
fa leiun Y1 AeAAa uudensedia (Tensile Strength, MPa), Y2 Rafuagdaussfa (Young's
modulus, GPa) Lag Vs ﬁaﬁi’liwz%qqqmﬁﬁ;mm (Elongation at Break, %) fviuaciouly

Hadelauiau 0.5 Tunisesifudlagvivin wandlumisian 3.1

AN5197 3.1 kansUavslarseAuYaatate Nl gluN1998NLUUNISNNADY
seauUade (Factors levels)

U298 (Factors) 3 ” )
32AUM (Low level) szaug (High level)

A - wang@n ABS (nSu) 99.4 99.8
B : TiO2 (n5%) 0.1 0.5
C : #13AAIUUSN381 APTES (Hadans) 0.1 0.5

NapenLUUNsTAaesmLtauluduldsnsdmaNt a7 nsveass (runs) ¥
A15NARBIE (Replicate) wanue 3 ase dedeulunisvnass wanslunised 3.2 uay
WUUIN889 Mixture Design meé’fagﬂﬁ 3.1 TuN13MA80938LH0N JULUUNITNARBILUUEY
(Random) ndsniuinisfuteyauilulssmananvadfifiedinseiuinevausuay
mssduTimnzanveusazadt



M13197 3.2 FIRENPNTIMUVENEMTUNITVARDY

RunOrder Factors Tensile Testing
A : ABS B : TiO: C : APTES
1 99.4 0.1 0.5
2 99.8 0.1 0.1
3 99.4 0.5 0.1
il 99.4 0.3 0.3
5 99.6 0.1 0.3
6 99.6 0.3 0.1
7 99.5 0.2 0.2
8 99.4 0.1 0.5
9 99.8 0.1 0.1
10 99.4 0.5 0.1
11 99.4 0.3 0.3
12 99.6 0.1 0.3
13 99.6 0.3 0.1
14 99.5 0.2 0.2
15 99.4 0.1 0.5
16 99.8 0.1 0.1
i 99.4 0.5 0.1
18 99.4 0.3 0.3
19 99.6 0.1 0.3
20 99.6 0.3 0.1
21 99.5 0.2 0.2
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Simplex Design Plot in Tensile Testing

ABS
99.8

99.8, 0.1,0.1

99.6,0.3,0.1 99.6,0.1,0.3

99.5,0202
®

99.4, 0.5,0.1 994,03,03 994, 0.1,0.5
@
0.5 994 05
TiO2 APTES

U 3.1 wuudiana Mixture Design
3.2 NMsLAENIENLBIUTTNOY

nswnTeutanieusznou ABS lnenau TIO, friunisudulsiiuiadeansdaiu
UFA3e1 APTES TuauAfeillfutsesdusznounestandssznauidu 2 da Ao wladofiu
(Matrix) wazlansyanevseinaLasaunss (Reinforcement) wanassgud 3.2 Tngldmdnnns
RNLUUNTIAABILUUAILHAL (Mixture design) n1st3safusunnaeuluduiaiuussi
nsUSuUTIiiuin TIO, sheansamuufiser APTES uarludriadofiutananain ABS 1u
ouldnuBurauviinianay guuadilldluniseu e 90 sseneadea e 2 dalus
Mniuthosddsznausne naudssfusseseanuuula (nternal Mixture) wiialsily
dumanszaeannsonssneidifumadonulfoduaiuaue Suiunoulunisnioua

oM uLasNanszane SIUDITUADUNITIAS IUTUIULALIT N SNAdaUzaSUgTuTatal

JanBeUsenau

| |

]
wiaLlanu wlanszane

. !

wandhn ABS

w & o . ¥
o - .. - " UsuUsainuin TiOz e APTES
(wanaanazailalulafa-Gamladu-aladu)

JUT 3.2 uansesAusznaunswsenianidalsenay
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3.3 N3USUUTIWURD TiO, A8 APTES

3.3.1 Yaquazasiaiinliluanuide
1. Imnnfleulasenled (TIO,) nsAgnaImnssy (INUTEN tAllfuan Aoy
Uaisdu $15n)
2. 3 - azdilulnsialasienondlaiau 98% (3 - Aminopropyltriethoxysilane)
(3MNUTEN S.M. CHEMICAL SUPPLIES CO., LTD.)
3. 19YNUBA 99% (NUTEN Inwauiaiaiiug 1in)

3.3.2 \nTesiiouazgUnsal
1. WS BamuaNsaTaIs BT LIMaN
2. ILNNRUNO G
3. Unines vum 600 Jadans
4. \3esdsasinfiogvasiden & s
5. DIULLAUENT LATTOUANEANT

5Uf 3.4 3 - ofilulnsfialasionendloiau 98% (APTES)
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3.3.3 fumpunisuiuuseinuin

1. 93 TIO, muUSuadns1dr1ulun1snan1sennuuunIsnaass a1s1ed 3.1
USuUsinsmeivinansansomuea nuasavazate e iumeLesesnIuasaransum
ushwdnifunan 10 wi

2. \uansgmuuisen APTES (3 - sxillulnsiialasienandlyiaw) agratre
muUSinasnsdulumsenisesnuuunisnaans wieututluniuasazanesaiioslndn
Auduiian 30 uf

3. danslute 2. vhnseulsiidasthidinngamgiadianmgil 110 ssm
wabea Wuna 4 Fluusrialigamgiives

a

5UN 3.5 nngaumngias

Y

3.4 LH3PUVUINUNAGDU

Tusumeumanisudusunagou airdununnaeudmiuneaeuansimana lay
$1989mLmITIUNITAdEY ASTM D638 uarAnuandidudeuuaiise Tnes1sdemy
1IMTFIUNTNAARY JIS Z 2801:2010 YASHEUNAERAN ABS wag TiO, ﬁﬂ%’uﬂqﬁuﬁaé’w
a1358AIUUNNTEY APTES 101998 AUmU8ns1dIUKEIIINN1TOBNKUUNITNARDILUUATUNEY
un99dl 3.1 Sefaquaransiafuazduneumawientuelunuide Ied

3.4.1 Yaquazasiaiinldluauide
Lidanatafin ABSLnTm PA-717C (WoeUT¥N CHI MEI CORPORATION
Uszineldniv)
2. TiO, feunsusuUssiiuinge APTES



3.4.2 \n3asilanazgunsnl
1. in3eamasiananafin Internal Mixer 1 MX500-D75L90 (¥94uiEn
CHAREON TUT CO., LTD.)
2. \pdBauAnanafn
3. ipdeanadananadin (Compression molding)
4. idesuadiananain
5. ideadvansiadl 2 fumis
6. Mauzdmiutadenatadin

Uil 3.7 TIO, Tinunsusuusiiufase APTES
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M19197 3.3 audinuguveslndeulaesnlyn (Tio,) Mldlumuidy

ltems Specification Test Results
Purity More than 98% 98.75%
) Not lower than

Whiteness color compare with standard Conformed

standard
Tinting strength compare with standard % More than 100 122.0
Matter volatile at 105 C% m/m Less than 0.5 0.3
PH of suspension, aqueous solution

6.5 -8.0 7.1
retained %
Oil absorption ¢/100 ¢ Less than 26 22
Residue on sieve 45 um %m/m Less than 0.1 0.06
Solvent suspension content in water %

Less than 0.5 0.04

m/m

M19197 3.4 audinugIuves 3 - avllulusialasievendlaiau vse APTES

Test Specification
Appearance (Color) Colorless

Appearance (Form) Liquid

Infrared Spectrum Conforms to Structure
Titration with HCL 98.0 - 102.0 %

Color Test > 25 APHA

Purity (GC) > 98.0 %




M13197 3.5 AAUTRNUFIUYDINANERN ABS
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ISO Test Test
Properties Unit PA - 717C
Method Condition
Melt Flow Index MUI/10
1133 220 °C x 10 Kg ) 16
min
Mass Density 1183 23 °C g/cm’ 1.06
50 mm/min, yield MPa a4
Tensile Strength 527
50 mm/min, break MPa 33
Tensile Elongation 527 50 mm/min % 30
Flexural Strength . 2 mm/min MPa 69
Flexural Modulus 2 mm/min GPa 1.9
23 °C Notched KJ/m? 25
Izod Impact Strength 180/1A .
-30 °C Notched KJ/m 12
Charpy Impact N 23 °C Notched KJ/m? 27
Strength -30 °C Notched KJ/m? 13
. . 1 Keg, 50 °C/hr °C 103
Vicat Softening Temp. 306
5 Kg, 50 °C/hr ) o 98
1.8 MPa 1 82
Heat Distortion Temp. 75/A Unannealed
1.8 MPa Annealed O 97
Coefficient of Linear
; 11359 8.8 x 10-5
Thermal Expansion
Flammability 1.5 mm
uUL-94
HB
Mold Shrinkage 294-4 % 0.4 ~0.7
Symbol 1043 > ABS <
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8 90 °C 71 2 4las

i ABS l wIowaNnanain | | gRMgil 180 °C
(Internal Mixer) ' Au525aU 60 rpm

<« HuTERLESULI (TIO,, TIO/APTES) aunue
\ 4

NALDIAUSZNDULINMIENU
(Uszanes 10 w1d)

[y Yl [
Uﬂ?ﬁﬂi%ﬂ%ﬂ?@@ﬂ
il W iy
\ 4 1 a v ° 1
2 180 °C |
1 1
2o [ UE L nouda 2 Ui |
AUUgUIUIY [t . QN A\
¢ : AU 3 UM :
! v & a !
! ALYU 5 UM '
\4 hooy - F-—7“-@&§-- |
1
o 1 - Tensile strength :
NAFDULLIIAN ! !
s 4 All ' - Young's modulus 1
ensite testin
8 E - Elongation at break |
1

\4

AATILVHANITNAGRUN WATALAEMFURUUANNTS

AN89@09 (Quadratic model)

gufuranisnaaaulasasuna

' |

AFFADUAUTUINGN, —
o - o ew NAFADUANUNF1ULYD
TAssas1ananag Ny -
2o o LUANLIY
NdALY

3UN 3.8 asudunsumsinseniandalseneunayisnismagey
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3.4.3 TuRBUASKFIWATERAN

1. shudfawanadin ABS ldeulanutui il 90 ssrwaidua Junan 2
Hlas

2. Faflawanafin ABS waz TIO, ﬁﬂ%uﬂqqﬁuﬁaé’w APTES m13A1519N19
DONLUUNINARBINTIT 2. NamFelATeaNaNLUUTA (Internal Mixture) gaumgRdililuns
wamagTl 180 parmwaldua uaza NS seulunsHaNegil 60 souseund luan 10 uni

3. wdsniuthmanaiin ABS wag TiO, ﬁU%’Uquﬁuﬁ’;é’w APTES dluun
sheedosuminmanadin

4. nsvesessudnlude 1. - 3. Inewdsudandunauilfosniuunis

NARDINIUANTIN 3.1

U 3.10 LATDIUANANERN
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3.4.4 VUNBUNISLATENTUIY
1.\ Und3ng Breaker, Main Switch M831A384 kag1aundmsutunouly
nsvaeLdu (Cooling)
2. Honlnuan15vnauATedsn tnaidenlnuanaiain Asgaungildmsuasng

Y
' 14

uadl 180 ssriadea sarmiivesveeiadlnglimiuteudeusatugy (Preheat)
2 w1, naﬂum'ﬁé'meﬁugﬂ (Pressing) 71 3 Ut wazliBusieg1asimgs (Cooling time)
showviumaeiuiina 5 Wl

3. 5¥nIeseguunll Mudfiunlivy Plate lngvuinvesudiuidnivasng
Fuaudvuin 165 x 20 x 5 fadmns wsunaraaniiiiuniseutiuim 6 n3u indeadly
wsifiusisio 1 gy Usznu Plate Baunuvunsifinsitlunsduwviudadiwaznaly Up 7

€

P =J)

funTesfiodntunu

4. 9¢1#Fus1u3UNse Dumbbell dusunaaouandiiviang drutusudld
yasouaNSAsudouuaTi3odusunssdinaendnauuin 5 x 5 wufiuas

5. ddnlufed 3. Wnewdsudasdiunauresianiildainniseonuuunis
ZGRN

e ]

- e 2|

g‘l.l‘ﬁ 3.11 \A30Inndnnaain (Compression Molding Machine)



JUN 3.12 Juaudmiunegeuaudiiniena

5UN 3.13 Juaudmiunegeuauiiriudeuuniise
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3.5 n1sAnwIEaNUANI9NG

3.5.1 N5NAEBULSIAY (Tensile Testing)

Mé’amﬂm%'w%umugﬂmﬂ Dumbbell dudunagevaudiniana ndsantu
thauaulunageuanieIas Static Materials Testing Machines (Zwick/Roell) Type 8506
$19890 UMM IFIUNITIAGEY ASTM D368 Madauiuaiusiuiu 3 afa de 1 Feulunis
nAaes dnsunismadeuiiunsnsuialunisidl 50 fadwnsdouit wazsveziuves
Funuit 50 fadwns Wetamueniivdeuuladulurannuening fewihnsnadeudu
FuruiimunicUaetidesnuiiessssaiiudinnisaEatusudesnsinisied fnua
MNATmndey ndantunstuinAmewsdifintuegsainanonarauenives
Furuiidnoenlutitveetseng aunsyRitunuIIn nan1sTAdeURfeIn1T AT Z9t ThuA
AAuuTansads (Tensile Strength) Fadludruenfisauifugegaiifananuisaiuls, An
UoRFAWIIRI(Tensile Modulus) LHumNsinauudaunIweianuazauaINIsalunIsag
susadiotanldsuuse Tnouagiaussisdifuduosauduszninanudusazaueiondi
Waoa1NNIIN (Stress-Stain Curve) LLazﬂ"ﬁsaz%qqqmﬁﬁ;mm(Elongation at Break) 3
Judrivsuenfemnumilevesian

|
]
(“T‘“

ey
—

;s‘dﬁ 3.14 1A399VAADULIIRT (Tensile testing machine)
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[V Y
(Y

U 3.15 MsAnssTusuRouyhnsneaey
3.6 N13ATIETUIANVIUTENBY

3.6.1 AATRNIATIATIINENVBITER
vn1siiaszndnvazlassaiundnves fanimIeals laun TO, (nsn
NANNNTIH), TiOﬁstmsﬂ%’quﬁuﬂaé’w APTES wayJdnLdaUsenaunanain ABS wel
TiO, iUsuUssfiufafe APTES #aeia3eq X-Ray Diffraction (XRD) 8%e SHIMADZU/Japan
$U XRD - 6100 uansssguil 3.12 Wiednuwiseavidenierivdnvaslasaamdnvesudas
wafiAniy WiouduinMnuazasUNanIvngey

5Ufl 3.16 1A303 X-Ray Diffraction (XRD) [64]
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3.6.2 AnTelasaieiugiuvasian

n1sdsunUsennvesansiudanalseneulaednseianvaen1stnafami
yoavjilerfdu (Functional group) semriasananafinidoiu ABS fuaieBunss TIO, iy
nMaUFuUsuRIde ansdAIuU AT APTES andevdnnisgandunduiddulsnsndie
W38 Fourier Transform Infrared Spectrometer %39 FTIR Lﬁaﬁﬂmimqa%ﬁqmﬁﬁug’m
vos¥an swfinsunfiefiddyvestandsenavssniadofiuuas maauusly
dasrdrusngg fildainnisesnuuunimaass ué’ammﬁuﬁwmaﬁ’uﬁmmwLLazaqﬂmami
AT

g‘dﬁ 3.17 w304 Fourier Transform Infrared Spectrometer %38 FTIR [65]

3.6.3 AATIERENUUHUFIUINE
AnudnyardugIUIVe19IendeI9anssAlBanATaULUUABINTIA (Scanning
Electron Microscope) ¥3e SEM uanasaguil 3.18 Insuisdnuwais@nuiduaesdiu dausn
Anwndnunirauniatas Tio,, Tio, flunisuiulgaiiufindeansaeuUfazen APTES Tu
LWaLi‘f@ﬁuLLazdauﬁaaaﬁﬂmﬁﬂwmzﬁuﬁaiaaLmnﬁmaﬁa@ﬁmumﬁmaauLﬁa@'jwé’ﬂwmz
fuRusnnsesrovesTanidnvaziduedils udndurinsduiinnmuazaunanis
AT

JUN 3.18 Ndp39anIsAUBIaNATOULUUARINTIA (SEM) [66]
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3.7 MsAnwaNUANULTBRUATIISY

wuaiiSeilinaaeulunuideilio wueiide Escherichia coli e Blala (I#suns
AULATIENIINAULYAANNTTUNEAT dn1TumAluladnszaaunaldAunIsaInnsedl)
HuuuaiiFenisusaduvieu Tvuadnuarliaiiavosuagliannsaseafiusenia 3
wadienasidnuaslasiadefilidudon wigldnluanmifeondiauuarifloendiau
9NBINNULINTFIUNTNAGRU JIS Z 2801: 2010 (mmgmﬂnimmaauﬂizam%mwmié’f’mﬁ@
wuAiBsUuNURYaR) YiinisnaaeuBusuiiognsay 3 Tu de 1 deulunismaaes lneven
FouvafiFedlaloasuutunuunn 5 x 5 iwufiuns AnvauiRdudeuuaiiGevesiands
UsznousunszurunsiielfAsendauas (Photocatalytic activity) Fe¥angunsaifildly
9Ty wetumeulunmieumwasnadey e

3.7.1 Saquazansalilusnuide
1. wuafisedlalawdn AIKL 1070
2. 1msLaEade PCA (Plate count agar)
3. 91NslasTe TSR (Tryptic soy broth)
4. Beef extract
5. Peptone
6. laifenpaalsn (NaCl)
7. dndu (Distilled water)

3.7.2 \n3silauazgunsn
1. nagsflulasdmTuTuLasgIvUIn 74x50x45 9. Lazinvaonliluuninges
2. naeaUV-B au1n 18W (lagusem @%iea dawalusang 311n)
3. fgif Biohazard laminar flow i;u HUB 120 S Boss Tech
a. wietsrnudule (Autoclave) fu Tommy
5. fuamwzido
6. wSaaiusuwuaTiSe
7. 1A309%9 2 ums
8. AziiENleaNeTDa
9. lulasUium
10. iapANAABINSBNR VUIA 16 x 125 Tadluns
11, umLde (Petri dish)
12. QUL%EJLG‘??@
13. eanguaay ue 125 dadans
14. 9Anes vuIe 250, 600 ke 1000 Uadans
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JUT 3.20 naesitukasdmsusunasgInseushlaefnvasngJuusingas

3.7.3 FoIR38UE1TAZANY

1. wisnemsiasade PCA Tnads PCA 22.5 ndu USudsunnsseninduly
iaUsunsuuie 1000 fadans drlulrmnusounayniuvenslmdniu

2. N msia e TSB Tneds TSB 15 nfu Ysudsunasieunauluyin
IUSUINTVUIA 500 Hadans

3. 1@3u01MSIAE e D Nutrient ager (NA) Tne4a Beef extract 1.25 n¥y,
Peptone 2.5 n¥u, NaCl 1.25 n$u way PCA 15 n3u USuUsinmsternnduluainusunns
una 250 fadans Wrluliauseunarniuemsinnu aneldvasannasiviasnay 10
Ua8ans
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4. \W3Buasazae PBS (Phosphate buffer solution) Tnada NaCl 8.5 n¥u
WAXAAAITAZAN8AIN Stock Phosphate buffer solution 1.25 fadans USuuuinsaiei

nauluIninusuns 1000 fadans angldvesnnnasaviasnas 9 adans

dnueuuaisedlalanlimageu anudutuveudeuuailseagussunm
10° CFU/ml Tuppumsinsguansazaneuuaiseslaladmiunngey wansisguin 3.21

wuaiiSedlatavde AIKL 1070

v

$aNBNNSLAYTBD NA slant

v

Uuiigaungil 37 °C
Wuan 24 $lus

A158¥a18 TSB 50 mL

'

Uniaamnil 37 °C Wuian 24 Tl

9 Y

JUT 3.21 TupeuMTsENasaraeLeuwuATiedlaladmsurenaIuLTuY

JUN 3.22 ansasaneuuaiisedlaladmiunenasuuguiy
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¥

JUT 3.23 Juauwn 5 x 5 lwuins dvsunaaeuaudimuieluaiiise

3.7.4 Jupoumsaadoslalavudusu
1. #uidodlaladuguilnidoadlue iAo aio Nutrent ager wagrluvuly
sdeiigamgd 32 + 0.5 sarmwaidea Wunan 24 Falus
2. Beidolute 1. adluansavans TSB wasiluvsluguuidofigungi 32 «
0.5 aamiwadoa (Junan 24 Hlus
3. vharuazeintunulneiiusnuiuueanased 2 - 3 A%t waynstunuag

e

TuamumnzLde

1. gaansazansuveiiFeslalaluto 2. Usuns 0.4 indans aswudueuuas
NuHUlE PET 9u1a 4 x 4 [ufling ﬂsznwu%umuuasﬁﬂﬂ%’uLLmLLmeﬁﬁJunm 0, 5,
15 wag 30 W17 MUEINU

5. vidsaniaudath DI Usuaes 10 fiadans asluamumizide Uaduaziugn
MumzEelruuafiSeslalauutunuNas L DI

6. Ipasasazatsuuafiseslalafinnududu 0.1 0.01 0.001 way 0.0001
MuanU Ingaaaisazatey PBS UTuins 9 fiaddns e liididuszladiegeansavane
wuaiiedlalafidudu 0.1 Wi waggaasazatsuuaisedlala Usuns 0.1 dadans aslu
ansazany PBS wehlidniuazlaseg s £.coli Mdudu 0.01 wh wazynisidoasmnuaisu

7. inasazarsuuaiSedlalalude 6 finanuideans 10° Usuns 1
fadans adluamumzide wemsidsade PCA wazpour plate seauNsTIIeMTLAENTe
PCA U4 ﬁﬂlﬂﬂuﬁqmuqﬁ 32 + 0.5 sarwalded Wue 24 0 waseeuna



wuaiiSedlalavie AIKL 1070
(PMUUTUT 10° CFU/mL)

}

a a ‘:
NYAANTALANYLUANLIY 0.4 ML a9YuIU

)

SuwaegdNm 0, 5, 15, 30 W MUY
(WUNTEUIUNSLIIUGATE LT E)

70

v

a a =
ANENTAYABLUATISE 1 mL uazidoang
ANMUNYY 107 - 10° CFU/mL

11 DI 10 mL

!

Usiigamndl 37 °C 18uan 18 - 24 Al

U ‘&J a
UULYBLUANLIYLLAS INYUINUNA

Pour plate

5UT 3.24 Juneumsatdeuuaiiieslalauuguiy
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sUii 3.25 wietlseudule (Autoclave)

T R I | B P

|

|

gﬂﬁ 3.26 (giTBiohazard laminar flow



undi 4
NanN1sNnaadazn1sanusiena

suAfelhnsmamunimeaediaglindnniseenuuunismasosiuudusanuie
Mixture design selusunsudniagy Minitab lneimuaiadeidsusmnaldlunismaass
Hanue 3 Jade leun Y93 A manadnwile ABS), Uiy B (TiO2) wazlady C (@1saAy
URATeN APTES) tilemdmsauiviansauiidssalidnsnaaeuandiniana leud
udausadls (Tensile strength), ANuagaAWLIIA (Young's modulus) wazAnszezBasgaandi
97977 (Elongation at break) fffiafian aniumisussdusznovvesTanilionaaouauiin
f199 sannasunadeu luduseumanisuesduss nevresTandssznaudmiveiide
dldwanadin ABS Wuadofiuwaz TIO, iunisufuussfiufindsansdaivufisen
Uszinnloiau APTES Wuiwaaiuuss vnssaussduszneuidneiuseiaios Intemal
mixer gaumgiifilinanesdusznouirietusgii 180 ssrwadva ndrantusiontuny
NAdaURI8LASEe Compression molding viteldvaaevandinienanazaudidiuge
LUATiSEn LIRS INNTAgeY Msunmsinesdmsuaindunulaglianuoudeusn
G?Tugﬂ%ua’m (Preheat) 71 2 W1l alunisen (Pressing)ﬁ 3 917l LazavdsLiutuuy
(Cooling Time) 71 5 w1# s uddu

dufusidenisAnuluuniazutseandu 3 daw ludeusniBunisinudnvue
AUgIUINYIVBUNAATULIIVBY TIO, Wag TiO; Vimumiﬁwqaﬁuﬁﬁaaaﬂiﬁjmuﬂﬁﬁ%m
APTES, Tassaialaiifindusnisiinmeing e duiidfyuostanildietuusadand i
wisalld luidefiaesdunisnaaouandAniinamuuinsgiu ASTM D638 filéainnis
ponLUUMIMAaBILUUdILHaY thieyailalulnminanmeaifuazmanuduiugsening
AP03T93AUAIN 1IN UANTANIINANIBNITILATIZINIT0A008 (Regression Analysis)
uansnduS s e d e otladvesTaniauseneuiunaneuaueileriilug
Msvnanzvetusazdadefivanganivihlvisnisvaaeuantivienasidiivangauian
savhnsBusunanisageudnaiefildannisiinssiuasidegarinedunisine
auﬁ’ﬁé’ml,%yaLLUﬂﬁL?EJr;huﬂizmumn'ﬁ'wﬁﬁ%ﬂl,%aLLaa (Photocatalytic activity) a1y
WwIgIu JIS Z 2801:2010
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4.1 NAN1INTIVHIUFUFIUINGINIY SEM

v
A a

Wie819 TIOz wa TiO, NUTuUTeiiuiameasaaIuUfiten APTES lunsiadeu

<

aNuUEdNFIUINGIAI8NA899aNITANBLANATOULUUADINT1A (Scanning Electron
Microscope) %38 FE - SEM 1915130 5U#t 4.1 uae 4.2

_mm i an »
200nm  Mag= 20.00 KX EHT=10.00 kv S|g
WD = 8.4 mm_hieizo Reducton = Fiel A9

200nm Mag = 20.00 K X EHT=10.00kV S\gnaLA SE2
WD'= 8.5 mimfiss Feshrbon » Bl iy

Dae zsuw;'ms lan |

aaa

sﬂw 4.2 am'ﬁ’m'mwuaa TiOs MU’EUUN‘WUN’JWJEJa’liﬂﬂ’JUUg]ﬂiEﬂ APTES #ifn&avene
20000 11

HANTITIATIENNUIN Anvausdguinel Tio, ﬁl@imumiﬂ%'wiaﬁuﬁ'sé’wmiﬂ'
AUUATeN APTES uaﬂwmviﬂi’mmaumaﬂamm'ﬁﬂsvmsjmLLavstmvﬂuﬂauW
vimLLuuiaumaﬂwmuaummm ﬂauﬂuLUuﬂwLummﬂiummaauM TIOz“U‘UﬂLﬂ’iﬂ
qmamﬂﬁwsamsmmlﬂ duudnuugdugiuingn Tio; wmuﬂwsﬂiwngummami@
mUUFATeN APTES wazfinnsandugiuinetlugui 4.2 wuin nwazoynia Tio, Aeutng
nauwariifnn1sBanisivuudufiuiy fenvardanisfuroudimuiuaziinnisdus
Lﬁuﬁauﬁamaqmﬂmiﬂ%’Uﬂqﬂﬁuﬁaﬁaaam‘jmwﬁﬁ%m APTES
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4.2 nan1snsadaulaAsas1ungn8 XRD

11 TIO, wag TIO, NUTuUTsiuiImeansanivu]isen APTES Mwseuldluiiasiey
lassadrananigmaianisideiuussdiongniainses X-ray Diffractrometer %58 XRD
Wiguigulaseaiianaves TiO; uag TiO, Ai1un1sUsulTesiuianlsatsgaulgisen

APTES LLaméﬁgUﬁ 4.3

TiO,

10000

500 ||
7 | ‘ | H
(e ] m—) - U 1t Ul J‘ A ho ]
c i
2 TiO,/APTES

5000 o
I
; J L _U\JL J _JUL J\ M e
3 4 0 7

2Theta (deg)
3UN1 4.3 XRD pattern ¥84 TiO uaz TiO, MUFUUTaNURIMEasAAIuU)izen APTES

pan1s AT zsinufiansiauTdionduas TIO; Way TiO, fHIuNUT U
FuasgaIuUiizen APTES IRnmaszuumaniyy 2Theta (20) WAy 25.45° uag 25.35°
n3sfusELIUNEN (101) dwdulassadrananes Tio, HiunisusuUssiuiafoasgeny
UfAzen APTES depalunaasuning (Anatase) Fofinsanandundsfiavasnsinsi 2
AsINANLLLALN LT 2Theta (deg) SlAulndidesvioauunsiulnsiadrama Tio, fedui
thunld saflagifiuin TIO, deuwssndsivinisusugsituindsansdauUfasen APTES
laildsnanelnssaialakeduiiinnly
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4.3 wan13nsasaungentudle FTIR

W3gH TiO,, TIO, MUTUUTINURIMIEasAAIUULNTET APTES wagnanain Ass Hay
TiO, MFuUsanuiIsae APTES lWAlasevisemaiadunsusaaninsalnlvse FTIR e
= 1 & o z-:l' o U U d‘ a b4 ¥ d‘ =) ,1
Anwmyilandundrfguesianinieuls lnsuansdeyalavadunse Wavenumber (cm™)
waznisgavesiusyluluanalugui 4.4 - 4.6

110—
%T |

100— -

Ti-O-Ti

T U B e N T N N TRET i BT T iiml T U e
4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
Tio2 liem

;s‘dﬁ 4.4 FT-IR spectra ¥4 TiO2

2 8
T4 Y i

=

3

I T [N A O SR I A

8

|
|
|
4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
TIOHAPTES

SUT 4.5 FT-R spectra ¥89 TIO; fiu§uussifuiasg APTES
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o w

Han13AA s lad duiidrAyves TiO, wag TIO, UTuUgsiuiafmgansAaIu

o
aaa

UAAZe1 APTES Inansiessvimiloudufe wuilauansnmsdaiussimiloufufe T-0-Ti
stretching waany TIO, nelulanana Using Wavenumber #1939 500 - 800 cm™ dwidums]
lafdues TIO, iUfulssiuindeansgnuUfAser APTES nufiananinisdaiusy T-O-Si
stretching 9843 Si-OH, 1us¥ Si-O-Si stretching Y@ SIO, Uagiusy C-H stretching 189
nl CHs usilinuiiauansn1s8nniuse N-H bending ¥y Amino group fiu O-H bending
voamy H,0 viiegnuatanglulinana enaflesnnludunounisuiuussiiuinuassion
amsdumwieasuanuzanveamad i luveudddgumnfiuasuanius vosansige
Auld fiedenanidsliusngnieluluiana

I cn C=N
Si-O-Si

95
Ti-O-Si

Ti-O-Ti |

|
! C-H bending
20 ‘
\
|
[

1 \
R T [ e T T TR N T R e g I
4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
ABS. APTES 1fem

[%
=1

5UT 4.6 FT-IR spectra Yawanafin ABS waml TiO, iUSuugsiiuinge APTES

AN AT ledTuinureananain ABS naw TiO, iUSuUgeiiuinfie APTES
WUNALEAIN15BATUGE Ti-O-Ti stretching Y0413 TiO,, WusE Ti-O-Si stretching ¥@4w] Si-
OH, #iusy Si-O-Sistretching ¥84uy SiO,, WSy C-H stretching ¥aeny CHs, Wusy C-H
bending vaamy} CoHs Uagiuse C=N stretching ¥aany nitrile neluluiana waglinuiia

LanIn158AWuse N-H bending ¥8913] Amino group U O-H bending Y813 H.0

W UNANITIATIEIYe TiO, NUTuUTINURIMYasAAIUUfATe1 APTES
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< = = ~
4.4 NaNIINAFIUAIMULLYILIININIDHNANDUAUDN V)

4.4.1 M5IFBUANIUMANIZHULAZAATIZHNAINNULUTUTIUVDIRUUUINGADY

NANTIVFOUAIAINUNANAINVDIAILUUANRDIIN Residual plot ANITNAZDU
AVIULDIUTIAT UARIFIFUN 4.7 - 4.9

Percent

Normal Probability Plot

(response is Tensile strength)

05 0.0

Residual

¥ L R i -

0.5 10

gﬂ‘ﬁ 4.7 Normal probability plot YBINANAFDUAULTILTIR

Residual

1047

051

Versus Fits

. .
-»
H
16 7 18 19
Fitted Value

(response is Tensile strength)

21 2 23

JUN 4.8 Versus fits YBINaNAADUAITILLTINTIAT
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Versus Order
(response is Tensile strength)

05

00

Residual

05

Observation Order
JUT 4.9 Versus order 38IHaVIAGBUAILLIILIIF

91507 Residual plot v8anaNAdoUALTISIAs 9ngUR 4.7 Normal
probability plot tlun1snsIvdUANUNAvEITEYA (Normal distribution) Wud1 Han1s
NAABINANITNAABINTEIN8FTINELdU Regression a1ngU#l 4.8 Versus fits 1Tun13
ATIABUANALATEYRIMNIUSUTIL lawudnwaimsnszneivesteyaiidese anasvie
Aty Faaguin danufianaeesdeyadiaauiuisusiunsiiuazaingud 4.9 Versus Order
Junisnsasaeuaiuludaszaesdinnuianainvastaya lunuiguwuureiriaiiy
AamanaiAntu 3935071 Residual vesHanagumILSssRsdniudasedety nan
Tnsasuie linuaruinunivesdeyaaansathdoyatlUldTiasedls

devhnisliasginnununzauvesanuusiasedne Residual plot N
NNTIATILHAIIUMNIZANYRIFURUUIINOIVIAD AV INARDUANBIANULTILTIFINTD
7, Tushuuudiassaunisanaes Special Quartic Regression Model Tnpansfigiuildlunis
yadoUdmsUIULIUT A0

AUNRAFIUANNITOANRY Special Quartic Regression Model

Ho = BiBiBiiBi°B;i*, Bi“B;* =0
Hj : ﬁiﬂjﬁijﬁizﬁjz P ,Bizﬁjz # 0 agheiden 1 g

Tnef i Ao Jade AB uaz C
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n1InAERUAN Lack-of-Fit vadinuudtaelunisnsisdeuwas Buduing
Luudnaeeaviinsneaeviiiinnumangauiudeyansely lnsanudgiunldlunisveaey
dmsumuuuasiinal
Hy : suvuiaeeanizauiutoya
H; : suuudnaeddmunzauiutoya

A15199 4.1 Naﬁ/]']ﬂﬁﬁaéf’lLLUUﬁ’]ﬂ@Q%@QNﬁVIﬂﬁ@Uﬂ’J’]&JLL%QLLSQﬁQ

Adjusted Predicted
Source Std. Dev. R-Square
R-Square R-Square
Special Quartic 0.43 0.9822 0.9777 0.9671

9INM15297 4.1 NaNEDRYBIFILUUSIAINUIT AduUszananisindule
(R?) wazArdulszavsnssinaulaviune (Predicted R?) veawansmaaeumuudoussfieilen
qmaﬂﬁmﬁwﬁﬂﬂé’ 1 wansiduuusaestiiusauuusiasdimngay dmiurdudseans
nssnaulafifinnsusuud (Adjusted R?) A1 uiukanIIIRILUUTIaBIEINNTa Bs Uy
anuduiusseninatladefivhnsfnunsuraneuauesnwduseialfeg s

A9 4.2 HAIATIZRAIANULUSUTIUVBIHANAFDUAI LTI TIA

Source DF Seq SS Adj MS F P
Regression a4 164.66 41.17  220.65 <0.001
Linear 2 153.00 17.05 9140  <0.001
Special Cubic 2 11.66 5.83 31.26  <0.001
ABS*ABS*TIO2*APTES 1 6.44 1.49 8.00 0.012
ABS*TIO*APTES*APTES . 5.22 5.22 28.00 <0.001
Residual Error 16 2.99 0.19
Lack-of-Fit 2 0.55 0.28 1.58 0.240
Pure Error 14 2.43 0.18
Total 20 167.65

HANISILATIZRATUULUIUIIUAILUUSI1a09028 Analysis of variance
(ANOVA) Wanasiasns et 4.2 wuin FULUUMNSERRUOIHANBUALOIAILLDILIIF VDI TanT
Usznaufimnumnzadlufuuudiass Tnefinnsanainm pvalue vosfuuusiasfissiv
WodAny (o) 0.05 A1 p-value HA1toN31 0.05 FaUuas Hy Msauumgiuvan wanein
Uady A (manain ABS), Uade B (TiOy) wazdade C (a1saniudisen APTES) iidninasie
nampUaLeIr LRSI TiseiuTedfty 0.05
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NANITILATIZIAT p-value B9 Lack-of-Fit wui1 NszdutlediAsgy (o) 0.05

1 a0 1 = 1 a & a U 1 a o & L%

A1 p-value HAINNI1 0.05 Felaiufias Hy wisauufgiunanuansindisiulsnietade

281U ENTIAITANUAUNUS N UNANDUAUDILAL AL UUINaDIR AUzl AT Use lasimanis
PUNERANDUAUDIAINULTILTIA

4.4.2 JURUUANNIINITONADEVIINANDUAUDIAUUIINIIAS (V4)
NAILATITANITNIFULUUALNITNITONNDEVDINANBUAUDIAI UL I TIA
é’m%’u@f’muuﬁwamﬁ’wé’qaaqquﬁmwaﬁa@@wizﬂauﬁ Induuszaniveameuiiady
Fovun uansdiansned 4.4

=] v a £ < = >
A9 4.3 ANFUUILANTNITNANDYVDINANDUFUDIAINULLTILTIANG (Yl)

Term Coefficient estimate
A : ABS 0.006

B: TiO2 0.508

C: APTES 1.241
A*A*B*C : ABS*ABS*TIO*APTES 4.816%10°
A*B*C*C . ABS*TIO*APTES*APTES -0.057

Aduusyansreaneutadenieg 910n15199 4.3 idsuduaunisannes
WevhuneANanaUauaIikanImNLduRussEn AR asaRSe 7, fudade A, B, C
LaZ LMoYV TINYINRUA LAAIFENAIST 4.1

171 = 0.006A + 0.508B + 1.241C + 4.816(10°)AABC — 0.057ABCC (a.1)
Tned A = Naa@anutn ABS

B = TiO2
C = an3gAIuUgn3e1 APTES
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a e‘dy a
4.4.3 NANITAATISANURINDUAUDY
11@UANS Mixture regression UBINARBUALBIANNLTILTIRIUSD 7 Alaunld
Tun13M7 Mixture contour plot AASHANTIATIENAIFUN 4.10

Mixture Contour Plot of Tensile strength
(component amounts)

ABS
99.8
Tensile
strength
[ ] < 15.0
M 150 - 165
[0 165 - 180
180 - 195
| 195 - 210
W 210 - 225
[ ] > 225

05 994 0.5
Tio2 APTES

U 4.10 Mixture contour plot YBINaNAABUAINLTILIIAY

(% ]
a A aa a !

fi9sai197n Contour Plot esfiufiianeuausasiuindnuiiaidennds
venanmefimunzauvesladeiivhlainnuudwssiaesautinienaliainisneaasud
1ANI7 22.5 MPa 91n1uasIAS1E9 Response Optimizer Tuluswnsudsagu Minitab i
wiszRuan sz auvasusar Jadeleun Jade A: wanafin ABS, Jady B: TIO, wasdade
C: ansgmUUfAZe APTES Mlildrmuudaussiannnin 22.5 MPa
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4.5 HANINATIUNDNTHULTIPINTOHANBUHUBY T,

4.5.1 M5B UANIUMANIZAULAZIATIZHNAINNULUTUTIUVDIRUUINGDY

NARTIVFDUAIAIIUNANAIAVDIALUUANGDIIN Residual plot ANITNAZDU
UBNRAWTIAY Uaneseguil 4.11 - 4.13

Normal Probability Plot
(response is Modulus)

99

95
90

704

Percent

-0.2 -01 00 0.1 0.2

Residual
g"dﬁ 4.11 Normal probability plot mamamaauuag}é’auwﬁa

Versus Fits
(response is Modulus)

|
Q10 ° |
0k, @

Qoo+ B, = A)fL STAL BN B S f o ol L e &

Residual
S
.

-Q05 *
-010
-015

020! .

10 12 14 16 18
Fitted Value

U 4.12 Versus fits Y09HaNAGRUNDANANTIA
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Versus Order
(response is Modulus)

Q10
Qo5
Q00

-005

Residual

-010
-Q15

-020

Observation Order

5UN 4.13 Versus order Y0IHaNARBULBAALITIAY

91501 Residual plot Y9 INaNAFEULBAEARTIAT 9IN3UT 4.11 Normal
probability plot Lﬁumsm'sﬁ]aaummﬂﬂamaﬁaa&a (Normal distribution) Wu1 Wan1s
NAaINNA1sNAABINTE8FNGInd1HY Regression 91n3UR 4.12 Versus fits tTun13
RTIABUANAATISYRIANIYSUTIU lainudnuaizansnsyatesvesteyaiides anasviie
Findu aasuin dranaiianatnvesdeyainanuuususauasiiuazainguil 4.13 versus
Order \UunsasiaaeuauludaszratArniuianainvesdoya lunuliguuuuvesan
AN NIy F9a3U1 Residual venannaounegdaisifidmumudassiody
navilavasUie linuensfmnfvestoyaaunsairdeyatlulifnsgild

dlerhnsiasein Nz aLYes L UUS1a09e Residual plot AN
YNNITUATIENAIUIIUIAUVBIFURUUTINBIN AT AYDINGNBUANBINBNRAKTININTE P,
Tusuuudrassaunisannes Special Quartic Regression Model Tnganufgiuililunis
nadoUdmiUsULUUS R0

AUNRAFIUENN50ANDY Special Quartic Regression Model

Ho : BiBiBiiBi°Bi°, B:i°B;i* =0
Hy = BiBiBiiBiBi%, Bi°B;* # 0 esnaiow 1 ¢

Tnedl i Ao Yads AB uag C
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n1InAERUAN Lack-of-Fit vadinuudtaelunisnsisdeuwas Buduing
Luudnaeeaviinsneaeviiiinnumangauiudeyansely lnsanudgiunldlunisveaey

AUSUFILUUINRBILAIH

Hy : suvuiaeeanizauiutoya
H; : suuudnaeddmunzauiutoya

A15197 4.4 HaN9ENRFILUUTIARIVBIHANAADULBARALIIAS

Adjusted Predicted
Source Std. Dev. R-Square
R-Square R-Square
Special Quartic 0.08 0.9362 0.9202 0.8982

N9 4.4 nanNEBAveILUUTIaBIWUI mduUTEANSsTaaule (R)
LarAduUszans msinaulaviung (Predicted R?) YDINANITNAABUAI LU TIATIAE
waglfeniidnlng 1 uaneinfuuusaesidufauuusiaesiuunzeay dmdumdulseans
nseinduladifinisusuud (Adjusted R?) Srrgaduiunansinduuusiassanansassung
m’mé’uﬂ’uﬁ‘iw'mfja%’aﬁﬁwmiﬁﬂmﬁ’umamauaumuaaé’auiaﬁﬂﬁa&mmmzam

M13199 4.5 HAATILVAIAULUTUTILVBINA VNGB UL DARATIRY

Source DF Seq SS Adj MS F P
Regression 4 1.65 0.41 58.67  <0.001
Linear 2 1.06 0.37 52.87  <0.001
Special Cubic 2 0.59 0.30 42.02  <0.001
ABS*ABS*TIO2*APTES 1 0.41 0.39 56.03  <0.001
ABS*TIO*APTES*APTES g 0.18 0.18 2587  <0.001
Residual Error 16 0.11 0.01
Lack-of-Fit 2 0.42 0.02 4.13 0.390
Pure Error 14 0.07 0.01
Total 20 1.77

HANISILATIZRATUULUIUIIUAILUUSI1a09028 Analysis of variance
(ANOVA) Lansfisan51371 4.5 Wuin JULUUNSafAvesHane UaLe N gdaus e s ianids
Usznaufimnumnzadlufuuudiass Tnefinnsanainm pvalue vosfuuusiasfissiv
WodAny (o) 0.05 A1 p-value HAtond1 0.05 FaUuas Hy M5auufgiuman wanedn
Uady A (manain ABS), Uade B (TiOy) wazdade C (a1saniudisen APTES) iidninasie
NanBUALBIBNAAR TS AUTudATy 0.05
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NANITILATIZIAT p-value B9 Lack-of-Fit wui1 NszdutlediAsgy (o) 0.05
1 a0 1 = 1 a & a U 1 a o A L%
A1 p-value #AINNI1 0.05 Felaiufjias Hy wisauufgiunaniansindifiwlsnietade
281U ENTIAITANUAUNUS N UNANDUAUDILAL AL UUINaDIR AUzl AT Use lasimanis
NUNYHARDUAUDINDRAALTIA

4.5.2 JULUUANNIINITNANDLYDINANDUAUD NGNS (V)
HAILATIENNNTMNFURUUALNITNITOANDLVBIHANDUAUDILOATAL TR MTY
é’hLLuua‘haaqﬁwﬁqaanLLUUﬁLﬁwmi’a@L%qUizﬂauﬁ e dusAniveaneniladofiovmn
LARIIANT19T 4.6

= o a £ ) = &5
1919 4.6 ﬂ?ﬂll‘ﬂﬁgﬂﬂ/lﬁﬂﬁﬁﬂﬂﬂaEJ%@QN&G]@UE‘?U@Q@J@@@&LLN@Q (YZ)

Term Coefficient estimate
A : ABS 0.007
B: TiO2 2.866
C: APTES 1.375
A*A*B*C : ABS*ABS*TIO*APTES -0.003
A*B*C*C . ABS*TIO*APTES*APTES 0.624

Aduusyansreaneutadenieg 310n15199 4.6 idsuduaunisannes
IRV MUEANANBUANBINLANIANAURUS TEINAUBARARTIRInTe T, Audade A, B, C
LaZLNeNVDIUIIYTINVIIRUA LAAIFFUAITH 4.2

172 = 0.007A + 2.866B + 1.375C — 0.003AABC + 0.624ABCC (4.2)
Tned A = Naa@anutn ABS
B =TiO;

C = an3gAIuUgn3e1 APTES
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4.5.3 NAN15IATIZUNURINDUEAUDS

W1aUN"3 Mixture regression YaeHanauaAUBINoRdaLIRwTe ¥, 1ildlunis
¥ Mixture contour plot WaAIKANITIATIZVAITUN 4.14

Mixture Contour Plot of Modulus
(component amounts)

ABS
99.8

Modulus

< 08

08 - 1.0

M 10- 12

W i12- 14

M 14- 16

[ ] > 16

05 994 05
Tio2 APTES

gﬂﬁ 4.14 Mixture contour plot maamamaawa@é’amﬁq

#91584791n Contour Plot vesiiuiiinnevaussasfiuidiuiiaileunds
vananEiminzanyestadeiviliAruegdaussisvesandinsnaliainisnaaeud
1NN 1.6 GPa 91 HuaE A3 1291 Response Optimizer lulusunsud3agy Minitab 1ile
wsgduanefivur auvedudar Yadeldun Jade A wanafin ABS, Uade B: TiO, wazilade
C: ansgmuUAzen APTES Wil i megdaussiannnin 1.6 GPa
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4.6 NMINAHBUTLELEAAIFIEANYNVIAYTONANDBUE U 7,

4.6.1 M5IFBUANUMNIZHULAZAATIZHNANAMULUTUTIUVDIRUUINADY

HANTINADUAIAIURANAINYDIAILUUT1AB991N Residual Plot NsnAdey
SrevlaMgeangnun Uanewiagun 4.15 - 4.17

9 9

Normal Probability Plot
(response is Elongation)

Percent

Residual

35U 4.15 Normal probability plot YeiNanaaausyesdnfgannnvIn

9 9

Versus Fits
(response is Elongation)
= e 1D 1% & . - - - - -

. .
= .
] Q05 |
'-g ™ . & :
2 oo+ -- ~ 0 ol R o e
.
.
-0
. »
*
-010 L]
.
L
015
08 Q9 10 1.1 1.2
Fitted Value

'
a

5UN 4.16 Versus fits VIHaAFRUILYLEAMEIEATIFAUA

9 9
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Versus Order
(response is Elongation)

020
Q15
Q10

005

Residual

000
-005
-Q10
-015

Observation Order

a

UM 4.17 Versus order 104HanAaeUsserdnsiigagniianuin

q q

fia13an Residual plot veananadeUTEEsdnfigeaaiignuIa anguil .15
Normal probability plot Lﬁumiﬁi?ﬁ]aaummﬂﬂa%aﬁauﬁ (Normal distribution) wu71
NANSNARBIYNNTVIAABINTENEFININAI#U Regression 99n3UT 4.16 Versus fits 1dunns
ATvAeUANLERsTRsmLLUTUTIL liinudnuagnsnssanedivestoyatires anawmie
Findu Seaguin AenuRinnaiatesdeyaiiniuuususiuasiiuagainguil 4.17 Versus
Order tlun1snsradeuaudassvesdArnuianainvesdoya lunuizluuuvesan
AuAAnAIPARTY Faa5U Residual wesHannaeusyardamgeandiaauin iy
Saswseru nanlpsagUie linuariaunfvesdeyamansathdoyat Ui Tinsedld

dlevhnsiaseinnmnzanve L uUs1aeedie Residual plot AN
wihmslieneinumnyauvesgUiuuiaswniainvemanauausiszuzdnfngeaaiyn
vave 2 Tuduuudiassaunisanney Special Quartic Regression Model Ingasfg i
THlunmsveaeudwiuguuuusiaesiifed

AR IUANNITOANRY Special Quartic Regression Model

Ho : BiBiBiiBi’B;i°, Bi°B;* =0
Hy : BiBiBiiBiBi°, Bi°B;° # 0esnaiion 1 ¢

Tnef i Ao Jade AB uaz C
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A1SNAADUAT Lack-of-Fit ¥93fuUIIanddun1snsIvdautasfudulIng

° A o . Y 41 ! a =
LL‘U‘U"U’]@@Q‘WW']ﬂ']ﬁVl@a@Uu@Jﬁ'J'nJLﬁﬂqgaNﬂUﬂJ@NﬂaW§@1N IﬂﬂﬁmﬂmﬁqumiﬁUﬂqimﬂﬁ@U

AUSUFILUUINRBILAIH

H, :

A15197 4.7 HaN9EDRAFILUUTIARIVBIHANAADU T UL EARIENENTIRAA

muvuhassvinzauiuteya
H; : suuudnaeddmunzauiutoya

Adjusted Predicted
Source Std. Dev. R-Square
R-Square R-Square
Special Quartic 0.10 0.7676 0.7095 0.5974

dl aa o ! ! L a A‘ U a 2
PMNATIN 4.7 HaNNENAVDIUUUTIaBINUIT AdNUTEANSNISAnaUla (R%)

wazAnduUsEansn1sAnaulavitung (Predicted R?) vanan1snnaeusses Bnfigdanignun

a Y A v 1Y v ° 2 o o a ° YR
Nﬂ’]%‘jQLLagiwﬂqWL%{Lﬂa 1 LAA9IFLUUINADIULTUAILUUINADINLUUZFN d1UTUAN

duuseavanisiindulaninisusuun (Adjusted R?) dAaduiulandInfluuinasanse
arungAuduiusTenInetadeiinsfinuniunanauauetseerdamaananvinlaegs

NS

M131991 4.8 HAILATILVAIANULUTUTINYBINAVIAZRUTYEE ERRIENEn1I9nUIn

Source DF Seq SS Adj MS F P
Regression 4 0.48 0.12 13.21  <0.001
Linear 2 0.36 0.13 1436 <0.001
Special Cubic 2 0.12 0.07 6.74 0.008
ABS*ABS*TIO*APTES L 0.00 0.11 12.15 0.003
ABS*TIO*APTES*APTES 1 0.12 0.12 13.44 0.002
Residual Error 16 0.15 0.01
Lack-of-Fit 2 0.02 0.01 0.82 0.459
Pure Error 14 0.13 0.01
Total 20 0.62

HANISILATIZYAITUULUIUIIUAILUUSI1a09028 Analysis of variance
(ANOVA) uansfsnsnadl 4.8 wuin gUnuunsaiiivesnanauaussszazBadigegaiignuia
vaeianBausznauiinnumanzanludinuudiass lagiia1sanana p-value Y0967
wuuiaesfisedutioddn (a) 0.05 A1 pvalue daniosndn 0.05 Fsufias Hy videauufg
wan wanadndady A (manadin ABS), Uady B (TiO,) uazllady C (ansdaiuufjizen APTES) 4
Svnarenanevausssrazdafgiaagnuiniisesutedny 0.05
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NANITILATIZIAT p-value B9 Lack-of-Fit wui1 NszdutlediAsgy (o) 0.05
1 a0 1 = 1 a & a U 1 a o A L%
A1 p-value #AINNI1 0.05 Felaiufjias Hy wisauufgiunaniansindifiwlsnietade
281U ENTIAITANUAUNUS N UNANDUAUDILAL AL UUINaDIR AUzl AT Use lasimanis
IMUYHARDUAUDITE UL EAREIAATIIAYIN

4.6.2 FULUUANNI3N1I0NNBEVDINANBUAUD ST zENfIgegATignvIn (7;)
NAAILATIZNTNFULUUALINTNTANABETBIHARB UALDITE B TnfIgRTIn
ﬁmmé’m%’uéfamei’ﬁamﬁwé’ﬂaaaLLuuﬁmwaﬁaaL%wwﬂauﬁ I¢ien duuszAnsveane
Hadoviamun uansiensnadi 4.9

'
a

A19197 4.9 AduUselvsnisanneyveinanauauesrusamaanignun (V)

L] 3

Term Coefficient estimate
A : ABS 0.008
B: TiO2 1.868
C: APTES -0.737
A*A*B*C : ABS*ABS*TIO*APTES -0.002
A*B*C*C . ABS*TIO*APTES*APTES 0.510

Aduusyansreaneutadenieg 910m15199 4.9 idsuduaunisannos
ey AMHARBUANEIILANIAIUALTUSTE NI NIt Uz Eafgeanfignvnnse % Aulade
A, B, C taztnouvadlade sauvianun Laninsaunisy 4.3

173 = 0.008A + 1.868B — 0.737C — 0.002AABC + 0.510ABCC (4.3)
Tned A = Naa@nnutn ABS
B =TiO;

C = an3gAIuUgn3e1 APTES
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4.4.3 HAN15IATIZVNURINDUEAUDS

a

a1 Mixture regression YBdHaRDUAUBITE UL EAMIGIENInUIANTe T;
Wlglun13m Mixture contour plot UaAIHANTIATIEVAIFUN 4.18

Mixture Contour Plot of Elongation
(component amounts)

ABS
99.8

Elongation

< 08

08 - 09
Moo - 10
M 1o - 11
Wi - 12
[ | > 12

05 99.4 05
Tio2 APTES

al

35U 4.18 Mixture contour plot ¥8IHanAae U EzEAMIEIEATIIAYIA

9 q

#91584797n Contour Plot vesiuiiinevauasasfiuiifuiiddounds
venannimngauvesdadeiviilinsserdnigeaaiigavinvesaudimanalsiainig
naFeUTINNNIN 1.2 Wesius antuazdinseit Response Optimizer Tulusunsudnsagy
Minitab tlenseduanyfimuizauvosuaastadelann Jase A: wanafn ABS, Jady B:
TiO; wagdady C: ansgrIuuisen APTES Minlrldenszesfasiigeaniignuinunnnii 1.2
wWosldua
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4.7 NSUITEAUINTIEIUNNUZHUVDINITNATDULSING

MIMsERUsT@LNaL Iz auvosTanssenaunanaiin ABS La3uLTIsae
TiOz ﬁﬂ%’uﬂwﬁuﬁaﬁaUaﬁi@jmwﬁﬁ%m APTES ¥Nn1531AT12%918 Response optimizer
lngAnuaadinungvesnanauduss v, %, way ¥; (Goal) Lﬁummnﬁqm (Maximum)
iesanndiosnislimmmaaeuussiswesiandesynauiiiigegn dmsunansuaussy
WA ITegeuluYI 18-22.5 MPa, NaROUANBINOAALTIAIILRRIUIAT
nMsnaaeuluras 1.0-1.6 GPa uazHanouaussszozdniigagniignuindzfiniandinis
nageulutia 0.9-1.2 Weosldud awdidu Iddfminzauvesudazadeiiinaseinis
NAABULIIR U0 AR TeUsENaU uanssams1eil 4.10

A19199 4.10 Response optimization Y8INITNAAOULTIA

Response optimization

Parameters

Goal Lower Target Upper Weight Import
Tensile Maximum 18.0 22.5 22.5 1 1
Modulus Maximum 1.0 1.6 1.6 1 1
Elongation =~ Maximum 0.9 &2 d=2 1 1
Global Solution
Components
ABS N 99.4
TiO2 = 0.19
APTES = 0.41

Predicted Responses

Tensile = 20.69 , desirability = 0.596711
Modulus = 1.51, desirability = 0.843662
Elongation = 1.29, desirability = 1.000000

Composite Desirability = 0.795507
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Optimal [1:ABS []Ti02 [ :APTES
D: 07955 High 99.80 0.50 0.50
e Cur [99.40] [0.1889] [0.4111]

Low 99.40 0.10 0.10

Composite
Desirability
D: 0.7955

Tensile
Maximum
y = 20.6852
d = 0.59671

Modulus

Maximum
y = 1.5062
d = 0.84366

Elongati
Maximum
y = 1.2851
d = 1.0000

gﬂﬁ 4.19 Optimization plot YDINANAFDULIIF

nan15nseaudatediinuizaudae Response optimizer f\]mgﬂﬁ 4.19 Lang
Optimization plot YDIHANAADUKIIAIIAATIUTENBUNAIERN ABS LaTUKTIAIE TiO, by
maﬂ%‘uﬂqqﬁua’gé’wmiﬁjmwﬁﬁ‘%m APTES uanaf15¢Aulad81nnan1sAUINeIY
TUsunsud3agy Minitab wui sedusasdrunanvestlads ABS 71 99.4, Yo Tio, 71 0.19
Wosiuflaetwiin wasiladuansgniuufisen APTES 7 0.41 Wedidulastmiin fisedu
dnsdrunanasna A uIeveINana UANDIANNLTLSIRe (7,) wiidu 20.69 MPa, A1
NULVDINANBUAUDINBANARTIAY (V) WU 1.51 GPa WagAVINUNEUBINARDUALDITEEY
Iasgegaiignun (%) Windu 1.29 Wefidus audndu Tnedid1 Composite desirability
viomaufianelalnesan (D) SAVnfu 0.8 FIuanII HARBUALEINITNARBULIIFIVDY
Yandausznevildoglureunnissonsulussdumuiionelafidsliauysal
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4.8 NSEUTUNANAGHDU

dloldatadefimunzanainiznismssfusnsdiunauiinuizausdie Response
optimizer S1dusasinsnaasuiiofusudnassdaiunisnvaeunrugniesueasssiu
ShandunauesTandsUsenaunanain ABS LauusaR TiO, frunsusuussfiuiafe
asgrUUFATeN APTES Slandimiananssmudivinnnsiinseilivdelsl Tasvinnnsuuuden
HaTaUAENAAEULIITIMLLINTEIUNTNAFDU ASTM D638 ¥nnsnaasstsedoulunis
NAADITIUIU 5 A1 (5 Replicates) néouvaiUseulunansnnassasuasan1snaaesily
PnAvhuedeileidu Response optimizer Wiaidun1snsinaeuildanisnadeuunsang
(Tensile Testing) HAIMULANANIINNANITILATIZNAINIUIEAIN Optimization plot wiely
lngldisn1snaaauauufigiu (Hypothesis Test) #3835 One-Sample T-test lun1snsiaaau
dnsuAn1snnaeurINanavaues 1y, ¥, uay ¥, wanslupsneit 4.11

A1519%1 4.11 NANISNAADULSIAINANIZ LU EL

Responses

Run Tensile strength Young's modulus Elongation at break
(MPa) (GPa) (%)
1 23.29 1.50 1.16
2 21.91 1.53 1.10
3 23.03 1.47 1.35
4 19.23 1.39 1.26
> 21.20 1.44 1.21
X 21.73 1.47 1.22

vnanisnaaeulunissd 4.11 manedsvesdeyadas Summary report Tu
Tusunsudi§asy Minitab ntiuvhnismaaeuasmfgiude3s One-Sample T-test 4113y
auufsilfiisuifisuanuunnsinsresAiadsnmeaounanouauerILTL TR Lans
Fostolut]

Hy: u=20.69
H; : u #+ 20.69

Ine? U AeARdsNsNAdBUANLTILTIRN
A157199 4.12 Nan151ATIEI One-Sample T-test YBIHANAADUAULTILTIAN

Variable N Mean StDev SE Mean 95% CI T P

Tensile

5 21732 1.635 0.731 (19.702, 23.762) 143  0.227
strength




95

Boxplot of Tensile strength
(with Ho and 95% t-confidence interval for the mean)

19 20 21 22 23 24
Tensile strength

JUN 4.20 N51% Box-plot YeINaNadoUAIINRIITIAY

Na3LAS 1Y One-Sample T-test lum15197 4.12 Inn1snadeuaNufgIu Lile
1915047171 p-value @3U71 wanauaued P, Aearuudaussda Tidn p-value 11nnit 0.05
faduidlaiufias Hy vioauufgiundn aunsoagUlddnlddanuunnsisvesdiadony
wdensefsuagRiansanainguil 4.20 3w Boxplot 91nnsuAaeianun 5 ase Tikad
TndlAssiuAYIUNEaINAITILATIZRE Response optimizer iU 20.69 MPa

AUNAFIUNIAUTEULTNEUAIULANFIYBIA1ARE YBINANDUAUDIN AR AL TIAILARY
lonastaluil

Hy: pu=151
Hy : p # 151

lng# p ARARRINTNARDUNBRNALTIFY

A1 4.13 NaNSIATIZI One-Sample T-test YDINAVIAHOUNDYAANTIF
Variable N Mean  StDev SE Mean 95% ClI T P

Young's

5 1.466 0.0541 0.0242 (1.3988, 1.5322) -1.82 0.143
modulus
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Boxplot of Modulus
(with Ho and 95% t-confidence interval for the mean)

T T T T T
140 142 144 146 148 1.50 152

Modulus

5UN 4.21 n319 Box-plot VBIHANAABUNBAREIIA

Ha3LAS12Y One-Sample T-test lum15199 4.13 91nN15VAGOUANURFIY LTD

#2151 pvalue 43091 nanauaues ¥, Avuaadauseds 111 p-value 11nn31 0.05

aetudliufias Hy v3eaunfgiunan aruisoaguladnlidaiuunnsisiuuasanade

UBARALTIAWATNAITUINFUN 4.21 N33 Box-plot 31NNIINAGDINIMUA 5 AT T1iKaT

Y

TndlAssiuAYNUIEaINAITILATIZIAY Response optimizer 11U 1.51 GPa

auURFITLRUS UL UAIULANGA1IYBIANR AL YD IHARD LB TE e BnfIgegniiyn
10 w30 P uanslanssoludl

Hy: p =129
Hy :p #1.29

al

1989 U ABARALNSYINADUSLELERMIAIdnIanYIn
U 9 9

M13199 4.14 Nan153AT1ER One-Sample T-test YaIHANAAOUTTEEEAREAENNIIAYIN

Variable N Mean StDev  SE Mean 95% (I T

P

Elongation
5 1.216  0.0956 0.0427 (1.0974, 1.3346) -1.73 0.158
at break
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Boxplot of Elongation at break
(with Ho and 95% t-confidence interval for the mean)

T T T T T
1.10 1.15 1.20 1.25 130 135
Elongation at break

'
a

5UN 4.22 n319 Box-plot VBIHANARBUTELEAMEIAATIIAYIA

Ha3LAS12% One-Sample T-test lum15199 4.14 91nN15VAGOUANURFIY LD
#150A7 pvalue #3071 KanaUaweY ¥ Aosruzdniigegannvia e p-value 11NN

0.05 Aetiudsliugieas Hy wiauudgiuman anunsaagulanlifirnuwansisiuvesaaie
5y nfIgIanTIgnvInLaEia1snaINgUT 4.22 n31 Box-plot IINNITNARBITIVILA 5

v
[

A9 TinanlnaAgsduaIiIuIg91nn153LA12%A98 Response optimizer LAY 1.29
wWosliud
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4.9 HanAFaUaNUANINAYRIHNTIUSENBY

4.9.1 HANAFDUKSTING

Tun1svedeuautanIINanIuLInIFIU ASTM D638 Y0anatasn ABS Mlik1UNT3
NALLWALESULTY WanIAeguT 4.23 TR INAdeUANLLTILIRNteendt lagdnAnis

[
=1

naaouldinfy 14.12 MPa uazilenauilaaiuuss TIO, Minunsusuussituiafoanse
PUUAzen APTES adlulumadlofunuin Wuanmaaeuaruudusfeiigadulngad
msmaaeuldviniu 23.29 MPa uansfaguil .24 i dunaannisuasaaduuss To,
mumiﬂ%’uﬂ'gdﬁuaaé’aamﬁa‘@jmngﬁ%m APTES lusamausauiimnzaudisy fusngdou
wanafin ABS 99.4, TIOz 0.19 waransgeuURisen APTES 0.41 wWosidudlastmiin fuavh

TanunsaiuaudRnIenavasnalafnsinila

16 4

14 -

12 4

10 4

Stress [MPa]
=]

T T T T T T T T 1
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Strain [%]

JUN 4.23 n31luansnuduiussnInm s ALLaY ANLLASIAYBINAIARN ABS

25

20 +

-
w
I

Stress [MPa]

[
o
I

T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2
Strain [%]

JUN 4.24 nsmluansnnuduiusseninenuiularAUATEnYeiandaUsenau s i
Smrdunan ABS 99.4 : TiO, 0.19 : APTES 0.41 weiidudlagyiviln
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4.9.2 WadugIuINg1veLiaadalsenay

FethTusmufiunismegeuussislunsnaeudnuagduguineiimses
WANTNTIRTLUNISNAAOUT SRS IdIUNANTIMLNZ NN HATIE Y Response optimizer
fhendosganssatBidnasounuudesnsia (SEM) Af1dsuens 2000 uag 5000 1 Lanas
SUT 4.25 ua 4.26

nudnvazvonaiuanianudoidossznitanadofuiumaiasuusdy
Snwafidaaudiovhnisuiuussiuiamanssats T, #2 APTES Iaginaiasuusegnun
ﬂqmé’wmaﬁaﬁmﬂudw‘img udlefiansanainguuinusesuaninvesTagnudnvae
fugru TIO, fiusnglumaidefuifudnuas dvnduiidufounsd Fadululdiinms
nszedvesaaiuLsudiumaidofiunanain ABS ludesiionuazdlonaiin de-
bond szarinaia [20] frewsinaaiuusdnssnedludowarain ABS Taldflusedy
Twana Snuisannmerasnanluduneunisusuugsiuildgamailunsiniouasias
Lﬁuiﬂﬁaﬁwam'amﬂ'ﬁqﬁ%’uﬁﬁwﬁmﬁv‘iwﬁﬂﬁa%qLLiqﬁmmﬁmsdeLWaLﬁaﬁuﬁmWaLa%uLm
erduiddgIdlivnngluluana

gl o Ly [ . g oo+
2pm Mag= 2.00KX EHT=10.00kv Signal A= SE2
-

Date :28 Nov 2018 ]w
I WD = 8.5mm Noise Raduckion = Pljelavg) _ APOmreSEs=3000um

JUT 4.25 dugnuineusinasesunninvasianidalsenaunaiaiin ABS La3uusieY
TiO, MUSUUTINUEIPIEasAAIUUAATEN APTES MIN18svens 2000 i
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A ¢ e R (R, : i

. 3 - g 4 - Wl "
1pm  Mag= 500KX EHT=1000kv Signal A= SE2 Date 28 Nov 2018 ULBU
| — WD = 8.5mm  Noise Reduction = Pixel g, Porre 5izs = 30 004

JUT 4.26 dugnuineusasesuanintasiandalsznaunatain ABS LasuIIiY
TiO, NUTuUTeNuRwIgansamuUisen APTES inasvens 5000 il
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4.10 nansAnwandAiuYaLUANFeva TaTIUsENaY

TusdensAnmandiduteuuaiiie adedusunaasulnenauianlusng
drunauisefudnsidrunaunanain ABS 99.4 : TiO, 0.19 : APTES 041 1Wasifudilag
whwiin Fadusamdnufivangasnnmsiinsesinaadivne 5 x 5 leufuns ANUUINTZIY
JIS 7 2801:2010 \ileAnwiaudiduidonuaiidsriunszuiunisissujaisondsuas
(Photocatalytic activity) IaglduuaiiSedlalailuwuaiiSeduiuy Tun1snaasun
msazaneidenuaiifedlalavenasuuiurundanniuitunuluiusayiinm o, 5,15
LA 30 W9 MNEIGY

2um  Meg= 250KX EMT=800K  SignelA=SE2 Norse Rackichon = Freme k. By LljJ
I WD = 10.56 mm Aperture Size = 30 00 um ste 11 Mey 201

JUN 4.27 duguinenvesianilinaaeuaniinuideLuafiseiunTsuINnsseuaTen
Wanes Afgevene 2500 Wi

nanaaovautasmiewuafioslalaveswatafin ABS WIsuifisuduTan.ds
Usenoufteesusnandaunan ABS 99.4 : TIO, 0.19 : APTES 0.41 wWedidudlnesvwiin viases
flanmzuasiag UVB i S1uaunuefi3sanasneldinissuuaseiidiutu uaznelinistu
waseIfinan 30 wift YanBesenauiissdudnaidunandindn annsafudenuafizelae
AnfuiesidudnsanaeiuuaiBsaunsniudeuuniiieldgeda 81 wWedidud Rarsan
1N3UT 4.28 wanaesidudveuuniiiodlalasziiuiinaiain ABS Tiuszansainly
nsrUrUNSTIUfATendisuasdninfandssenouiifinisnauaiaTuusedasinla
UsvAvsnnlunsiudeuuaiiSeslalaanas
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H= ABS

B ABS 99.4:TiO020.19 : APTES 0.41 wt%

120 -

T T T
o o o o
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'
=

M13199 4.15 Innusueilisendulsvesanadin ABS anelanisunaeinng 0, 5, 15 uae

30 Wil
LA lunIs3uLES LuASeAUTAULAUNIZL YO TIIaNA199
0 U
5 4
15 udi

30 W
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M19197 4.16 IwruwuaiieniulavesiandausenouiiseAudnsaiunay ABS 99.4 : TIO,
0.19 : APTES 0.41 Wesi@usdlagmin aeldinssunasedfiag 0, 5, 15 way
30 W

[ { = g { 1
LA lunIs3uLES wuARBENAULAULIUNIZL BB TILIAAN99)

0 w9

5 U

15 U7

30 W
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AJUNaNIITNAABILATUBLAUDLUY

sifedinisnieutagdeuszneu ABS la3uussdng TIO, Ausudssiiuiinge
APTES 1dmdnn1seeniuun1snaassuuudmunauUssgnaltlunsmsedudnsdud
wangauvesiandsuszneulnefinnsanaindvinavesiadeiiviinisdnuinazmsiases
At Response optimizer LLawmauamﬁ’aﬁmﬁaLmﬂﬁﬁamummgm JIS 2 2801:2010
dunsruINnsssUisendeuas nolduueiiesialaduwuafidesuuuy nenainids
Anwmyilaidures TiO, TiO ﬁﬂ%’uﬂﬁﬁuﬁaﬁw APTES sauvialassadraianas Snwns
Suginewestandesznoufinieald ansnsnasunamsvaaodldssd

5.1 agUnan1ivnaasg

1. Taqu@aUsgnaunalain ABS LU TiOz ﬁwwumsﬂ%’wﬁﬁuﬁaﬁwmi@j
mUURATEN APTES anunsalfinantanienale lefiaisanainAinisneaeuyesian.ds
Usgnaunanainadin ABS Alildrunisuiuussiiuin sisionatuegfuuiauassiinves
ansgAIUUATeTIY

2. TiO, fikunsUiudssiuindeansdauufisen APTES fdvEwaronanauauos
visonsnaaeuantRMenaisyfutiodifay 0.05 laln Anuudsusedls, uondaussiuasszes
nshgsaniigavin

3. HANFAIATITAMTTAUSAT AU AL IvIzauve s TanIBaUsEnauNaaRn ABS
LESULTINE TIO, Viﬂ%’uﬂqmﬁuaaé’aemiﬁjmwﬁﬁ%m APTES l@iAviungranauauadmy
UILTIR iy 20.69 MPa, ﬂ'w‘hmawamauauamamé’mmﬁq Wy 1.51 GPa Lagfn
vungRanoULeIIT LY aﬂmammmmm WU 1.29 % szAusnstduNaNwanafn ABS
7l 99.4, seRUSMIEIUNEL TiO 71 0.19 uae svmuamwmumaummmuﬂﬁﬁ%m APTES
0.1 Wosdudlastmiin shnisdudunanaaeufianiagszdusnsndrunandsndiiuas
adeUALLAFIUA AN ITAdeULTIAe Tiun Armudaussis, wegdausifsuazszozdn
fgegaiignvin wuin HansmageveTeliifinnuunnsisvesAdenisaaeunsi 1ng
191500191061 p-value MnAndn 0.05 Selsiufiasaunfigiundndo Aladsvesnmagey
usaRe daduTsaguimansnageuantiniinavesTandasznoulsifanuuandstudiseiu
HedAgy 0.05

4. MsAnwlassasisvawasdugiuinginiomaiia XRD wag SEM v94 TiO, nou
wazndevinnsUiulssiuinginadumassunna (Anatase) Fvagudinisufudgeiiuiings
ansAmuURA3e1 APTES lullfdamarelassadramla Tio, dafufivinanld drudnusdugu
Ineved TIO, ndsvhnsusuugaiui Tio, Suinfunduioufianas
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5. MsAnwvgilsiduiidifydiemaia FTIR vos TIO, neulazndwinisusuuss
flufindeansgauuATen APTES wuftauaninisiinvosiusy Ti-O-Ti stretching 1advy
TiO, wifloudu usndsainitinisusudssiuialdwufiafldusnguisdiufoiusy N-H
bending ¥8a1s] Amino group iU O-H bending ¥aevy H.0 gnuatanieslulaanandsain
yhnsUsuUgsuRdemsgmuUiiTen APTES

6. #uguinervestuuiiiiunIsageuLsIRegnaTITde uieInATA SEM Wy
ANy AUF Y Tiozﬁﬂifmgﬁlummﬁj@ﬁjuﬁL?Jué’ﬂwmzﬁma%’UGT?L?;Jumjuﬁaumaehu N3
nszeiveaEuusifumadofiunaradin ABS FuduiFesdionn aasuuseds
nszmesludenanain ABS 1aliRlussduluanauaziloniaiin de-bond seyrinama

7. msfnwiaudidiuidouvedidedlalaveatandsusenouiiunszuiunisise
UAT839uas (Photocatalytic activity) ﬁLLuaIﬂmﬁamaammammﬁuumg%ﬁ'Lﬁ'wﬁu
annsndudeuuadiSeldasiaduosidudnsanasosuuafiied 81 Wodidud neld
M3FulAETINaN 30 wnil

5.2 YDLEUDLLUY

1. TudumounsusuliuRuazdesihasiwiniewdsuaausvoamailnly
suaaufﬁamﬂsﬁqmmﬁﬁhj@uﬁﬂﬂﬁahjLﬁu 110 9FaLTod eI NINaRaNI1TIAIIEN
niiilaguindAymewaiia FTIR wardnwadugiiingmewmaia SEM

2. lun1sfineninerlinusatuin1sm seAUTATIEIUNAN TN AU VDI TANLT S
Usgnaui 99.4 : 0.19 : 0.41 Weasidualagumin Wudadiuiuizaunltaainnisdnen
AedupIsin1sAnylueduy WAL Wy n1sAnwannituRtuulagInneyudura
(Contact angle) MARTIU

3. AnwmgAnssunisgaduvesianiiiun1suTulTanuianie APTES lagldimaiia

= < Y 1 1 =
BET Method tveiduuselevilunisiuvsegndldauluanaimnssusiigg ludveanisfinm
auURfULToLUATIFENIUNTEUIUNISLSIUASE1LTMaS (Photocatalytic activity) §4madl
¥ o w [ dl £ [~ [ % ) %
JoINNnvRINasULERLaIntun1snaeuldvass UVB 1Jundssuwas tusunisiibuly
nulaasemsiawn i@ safin lutaasinge Visble light 1o
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Abstract: This research aims to study of
mechanical properties and antibacterial behavior of
acrylonitrile-butadiene-styrene (ABS) composites by
mixing Titanium dioxide (TiOz) with internal mixture
at 245 °C for 6 min and prepared the workpieces
with compression molding at 245 °*C were
investigated according to ASTM D 368 standard. The
result of mechanical properties of tensile strength

is 18 Mpa and modulus is 679.39 Mpa are higher
than ABS Plastics that not mixing with TiOz In
addition, The antibacterial of ABS/TiO; composites
with Photocatalysis reaction were investigated
accordine to JIS Z 2801: 2010 standard and
successfully provided the best Photo-antibacterial
with an approximately 53% decreased in £-coli for
30 minutes.

Keywords: Acrylonitrile-butadiene-styrene,
Titanium dioxide, Photocatalysis reaction, E.coli
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A TUVRheinland”

Produkte

Products
Priifbericht - Nr.:  0114084381b1 001 Seite 1 von 6
Test Report No.: Page 10f6
Auftraggeber: Chi Mei Corporation
Client: No.59-1, Sanjiazi, Rende Dist., Tainan City 71702, Taiwan, R.O.C.
Gegenstand der Priifung: ACRYLONITRILE-BUTADIENE-STYRENE COPOLYMER
Test ltem:

Bezeichnung:

POLYLAC® PA-717C

Identification:

Anlieferungszustand: apparent good Eingangsdatum: 2018-11-28

Delivery condition: Date of Receipt:

Priifort: TUV Rheinland (Shanghai) Co. Lid.

Testing location:

Priifgrundlage: According to RoHS (recast): Restriction of the Use of Certain Hazardous

Test specification: Substances in Electrical and Electronic Equipmeni, 2011/65/EU last amended by
{EU) 2015/863: Total Content of Lead, Cadmium, Mercury, Chromium VI,
Polybrominated Biphenyls, Polybrominated Diphenyl Ethers;
and Benzylbutyl phthalate (BBP), Dibutyl phthalate (DBP), Bis(2-ethylhexyl)
phthalate (DEHP), Diisobutyl phthalate (DIBP) and
Halogen (Fluorine, Chiorine, Bromine, lodine)

Priifergebnis: The test results are the measurements, stated in the test report.

Test result:

gepriift: tested by:

——

kontrolliert: checked by:

{ . / /

FEAANA A 42" Y ). V. iy )

{ i i b S (TN S e

& / /
2018-01-02 Fanny Lin 2019-01-02 Tammy Wang
/Project Coordinator /Assistant Manager

Datum Name/Stellung 1] h Datum Name/Stellung Unterschrift
Date Name/Position Signature Date_ Name/Position Signature
Sonstiges/ Other Aspects:

Test period: 2018-11-29 — 2019-01-02

Abkiirzungen:  ok/P = mupdcm;i-‘_fyundfaau Abbrevistions: ok/P = passed
fail/F = entspricht nicht Prifgrundiage fail /F = falled
n.a. /N = nicht anwendbar na./N = notas

Dieser Priifbericht bezieht sich nur auf das 0.g. Priifmuster und darf chne Genehmigung der Priifstelle nicht
auszugsweise vervielfiltigt werden. Dieser Bericht berechtigt nicht zur Verwendung eines Priifzeic

TUV Rheinland Tawan Lid. Sofllines
4F., No.758, Sec. 4, Bade Rd., Songshan Dist., Taipei 105, Taiwan, R.O.C.

Tel:+886 2 2172-7000 Fax: +B86 2 2528-0018
Mail: service-gc@tuv.com © Web: www.twn.tuv.com
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Produkte
Products

Test Report No.

0114084381b1 001

Customer Chi Mei Corporation
Test Method Total Cadmium, Lead, Mercury, Chromium
- Ref. to IEC 62321-4:2013 and IEC 62321-5:2013
Chromium (V1)
- For Metal material - Ref. to |IEC 62321-7-1:2015
- For Plastic or Electronic material - Ref. to IEC 62321-7-2:2017
- For Leather material - Ref. to EN ISO 17075-1:2017
PBBs, PBDEs - Ref. to IEC 62321-6:2015
Sample LoD POLYLAC® PA-717C
Material plastic/off white
Lab.-No. TCL181129-12
Cadmium (Cd) markg 2 nd.
Lead (Pb) ma/kg 2 nd.
Mercury (Hg) mglkg 2 n.d.
Chromium VI (Cr Vi)™ ma/kg 8" nd.
Sum of Polybrominated
biphenyls (PBBs) (9N | e
Monobromobipheny! mg/kg 5 n.d.
| Dibromobiphenyl malkg 5 nd.
Tribromobiphenyl mg/kg 5 nd.
Tetrabromobiphenyl mglkg 5 n.d.
Pentabromobiphenyl ma/kg 5 nd.
Hexabromobiphenyl mglkg 5 nd.
Hepilabromobiphenyl mgkg | 5 n.d.
Octabromobiphenyl mg/kg 5 n.d.
Nonabromobiphenyl ma'kg 5 n.d.
Decabromobipheny! markg 5 n.d.
Sum of Polybrominated
diphenyl ethers (PBDEs) M99 | - ih
Monobromodiphenyl ether  mg/kg 5 nd.
Dibromodiphenyl ether ma’kg 5 n.d.
Tribromodiphenyl ether mg/kg 5 nd.
Tetrabromodiphenyl ether mg/kg 5 nd.
Pentabromodiphenyl ether  mg/kg 5 n.d.
Hexabromodiphenyl ether mg/kg 5 nd.
Heptabromodiphenyl ether  mg/kg 5 n.d.
Octabromodiphenyl ether mag/kg 5 nd.
Nonabromodiphenyl ether ma/kg 5 nd.
Decabromodiphenyl ether mg/kg 5 nd.

Notes:

- n.d. - not detected

- n.a. - not applicable

- LoD - Limit of Detection

- mglkg is equal to ppm (parts per million)
- * method detection limit according to IEC 62321-7-2

-*Once the total Cr content in metal/ plastic or electronic sample is found o be exceeded the limit, the Cr (VI)

content will be confirmed with reference to IEC 62321-7-1:2015/ IEC 62321-7-2:2017

cd Cr(vi) Pb Hg PBBs
Maximum
permizsible Limit 100 1000 1000 1000 1000
acc. to 2011/65/EU
(mg/kg)

28
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A TUVRheinland”

Produkte
Products
Test Report No. :  0114084381b1 001 2018-01-02
Customer : Chi Mei Corporation
Test Method . BBP/DBP/DEHP/DIBP - Ref. to IEC 62321-8:2017
Halogen - Following EN 14582; determination by |.C.
Sample LoD POLYLAC® PA-T17C
Material plastic/off white
Lab.-No. TCL181129-12
’Eenzylbutylphthalate (BBP) mg'kg 50 nd.
Dibutylphthalate (DBP) mg/kg 50 nd.
Diethylhexylphthalate (DEHP) mg/kg 50 n.d.
Diisobutylphthalate (DIBF) mg/kg 50 nd.
BBP DBP DEHP DIBP
Maximum permissible
Limit acc. to (EU) 2015/863 1000 1000 1000 1000
(mg/kg)
Sample LoD POLYLAC® PA-717C
Material plastic/off white
Lab.-No. TCL181129-12
Halogen Unit LoD Result
Fluorine (F) mg/kg 50 nd.
Chlorine (CI) mg/kg 50 n.d.
Bromine (Br) ma/kg | 50 nd.
lodine (1) mgrkg 50 nd.

- n.d. - not detected

- n.a. - not applicable

- LoD - Limit of Detection

- mg/kg is equal to ppm (parts per million)




A TUVRheinland”

Produkte

Products

Test Report No. :  0114084381b1 001 2018-01-02
Customer . Chi Mei Corporation

Testing procedure:

RoHS (Pb, Cd, Hg, Cr(VIy)

Sample pretreatment

Sample measurement

| PbiCdiHg 4 Cr(vl)

Cutting/Weighing Cutting/Area calculation "
Cutting/Weighing 2

‘ !

Microwave digestion

Boiling water extraction "
Microwave digestion 2

. '

Filtration

Filtration

3 l
Totally dissolved 7 z

Add diphenyl-carbazide for color
development

A

ICP-OES or AAS A

r Compare the color of sample solution
with different concentration of Cr{VI) "

- Measure the absorbance at 540nm by
Issue data UV-Vis 2
Y
Issue data

Notes: " For metallic material
2 For non-metallic material

125
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Produkte

Products

Test Report No. : 0114084381b1 001 2018-01-02
Customer . Chi Mei Corporation

Testing procedure:

RoHS (PBBs/PBDEs, DEHP/DBP/BEP/DIBP)

Sample Pretreatment

y

Cutting/weighing

A4

Sample extraction

h 4

Concentrate /
Dilute Extracted solution

Filter

Analysis by GC/IMS

Issue Data

56

126



127

A TUVRheinland”

Produkte

Products

Test Report No. : 0114084381b1 001 2018-01-02
Customer . Chi Mei Corporation

Testing procedure:

Halogen

Sample pretreatment

Cutting/Weighing

Bomb combustion

A

Absorption solution

h

IC analysis

Issue data

--- End of Test-Report ---
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CHIMEI Safety Data Sheet

< according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
FRNERHBERAE
CHI MEI CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

[ Section 1. Identification of the substance/ mixture and of the company/ undertaking |

1.1 Product identifier
Product name: POLYLAC ®
This safety data sheet pertains to the following products:
PA-707, PA-709, PA-T0O9A, PA-T09N, PA-709P, PA-709S, PA-T09K, PA-T09H ,PA-716, PA-T17C, PA-T26, PA-T26M, PA-T27,
PA-737, PA-746, PA-T46H, PA-T47, PA-TATF, PA-TATH, PA-TATR, PA-TATS, PA-749, PA-T495 PA-T56, PA-T565, PA-T56H,
PA-757, PA-TSTN, PA-T5TH,PA-TSTF

1.2 Relevant identified uses of the substance or mixture and uses advised against
Relevant identified uses: Mixture used for the production of molded plastic articles

1.3 Details of the supplier of the Safety Data Sheet

Supplier: Chi Mei Corporation
Address: 59-1, San Chia, Jen Te \Village
Tainan County
Taiwan R.0.C.
Telephone: +886 6 2663000 Ext. 1347
Email: service@mail.chimei.com.tw

1.4 Emergency telephone number
Emergency telephone : +886 6 2663000 Ext. 2501

| Section 2. Hazards identification
2.1 Classification of the substance or mixture
Classification according to Directive 67/548/EEC or 1999/45/EC: Not classified as hazardous (polymeric state)

Classification according to Regulation (EC) N*® 1272/2008 (CLP): Not classified as hazardous (polymeric state)
2.2 Label elements
Not labelled as hazardous

2.3 Other hazards
vPvB/PBT assessment: not avallable

[ Section 3. Compositionfinformation on ingredients

3.1 Composition of the substancel preparation

Subslance or Preparation Substance
Content
CAS » Name " content
9003-56-9 Acrylonitrile-Butadiene-Styrene copolymer >98 %
Additives =2%

Impurities Contributing to Hazard ~ None

Page 1 of 10
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Safety Data Sheet

according to EU 1907/2006 (REACH) and 1272/2008 (CLP)

CHIMEI

FRUARBRHARLT

CHI MEI CORPORATION

Revision Date: June 1,2015

Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015
3.2 Additional information:
Reach Info:
Pre-registration No. Registration No.
Acrylonitrile 05-2117149456-38-0000 01-2119474195-34-0045
01-2119457861-32-0006
01-2119457861-32-0007
Styrene 05-2117149462-45-0000 01-2119457861-32-0057
01-2119457861-32-0065
01-2119457861-32-0081
Buta-1,3-diene 05-2117149467-35-0000 01-2119471988-16-0044

3.3 For full text of R- and H-phrases: see section 16

| Section 4. First-aid measures

4.1 Description of first aid measures

General notes: Remaove affected persons from the danger area, at the same ime ensuring your own safety. Remove all
contaminated clothing immediately

Following inhalation: In case of gases evolving from melted resin, move subject to fresh air. Treat symptomatically

Following skin contact: In case of pellets or powder, wash with water. In case of smelt, wash affected skin area and clothing with
plenty of (soap and) water. Seek medical advice

Following eye contact: In case of pellets or powder, flush with plenty of water for at least 15 minutes. Seek medical advice if any
dust particles still remain.

In case of gases evolving from melted resin of high temperature, flush with plenty of water for at least 15 minutes. Seek medical
advice if necessary

Following ingestion: Induce vomiting. Rinse mouth with water. Seek medical advice if necessary
Self-protection of the first aider: -

4.2 Most important symptoms & effects both acute & delayed

Dust: Skin imitation, eye irritations and redness

4.3 Indication of any immediate medical attention and special treatment needed: -

Treat symptomatically.
(Decontamination, vital functions)

| Section 5. Fire-fighting measures

5.1 Extinguishing media
Suitable extinguishing agents: Water, foam, dry chemical powder
For safety reasons unsuitable extinguishing agents: -

Page 2 of 10
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CHIMEI Safety Data Sheet

SRMERGBELT according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
1,5

CHI ME1 CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC ® ABS Version 1 Print Date: November 30, 2015

5.2 Special hazards arising from the substance or mixture: -

5.3 Advice for firefighters
Protective equipment: Self-contained breathing apparatus

Further measures: -

5.4 Additional information: -

[ Section 6. Accidental release measures

6.1 Personal precautions, protective equipment & emergency procedures

Pellets or powder remained on ground may cause slipping
Wear protective equipment
Ensure adequate ventilation
Keep away from ignition sources
Keep unprotected persons away
6.2 Environmental precautions

Gather pellets and powder thoroughly to avoid birds or fishes taking from draining water.
Da not allow product to reach sewage system or water bodies. Inform respective authorities in case product reaches water,
sewage system or sil

6.3 Methods and material for cantainment and cleaning up

Recovery if not contaminated or disposal

6.4 Reference to other sections

See Section 7 for information on safe handling. See Section 8 for information on personal pratection equipmant.

[ Section 7. Handling and storage

7.1 Precautions for safe handling
Protective measures: -
Measures to prevent fire: Prevent from fire around handling area

Measures to prevent aerosol and dust generation: maintain good housekeeping standards to prevent accumulation of dust. To
avoid dust explosion resulting from the existence of powder, electrostatics eliminators and grounding should be fixed to such
equipment as air transferring pipes, bag filters and hoppers. Use electrically conductive filters for bag filters.

Measures to protect the environment: -

Advice on general occupational hygiens: -

Page 3 of 10
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CHIMEI Safety Data Sheet

according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
FRNERHBERAE

CHI MEI CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

7.2 Conditions for safe storage, including any incompatibilities

Technical measures and storage conditions: Keep the material at a coal dry place. Protect from direct sunlight, rain and violent
temperature fluctuation. Fire is inhibited around storage area.

Requirements for storage rooms and vessels: -
Suitable materials and coating: -

Unsuitable materials or coatings: -

Further information on storage conditions: -

7.3 Specific end use(s)

Recommendations: -

[ Section 8. Exposure controls/personal protection

8.1 Control parameters
Exposure Limits:None established

8.2 Exposure control

Appropriate engineering controls: Install eyes washer and shower in the place of operation. Provide local exhaust ventilation
system. Ensure compliance with applicable exposure limits
Personal protection:

- Respiralory protection: Wear masks for cleaning molding machines

- Hand protection: Heat-insulting gloves when handling molten form

- Eye protection: Wear safety glasses for general purpose. Wear chemical goggles for cleaning molding machines

- Skin and body protection: Gloves necessary for handling melted resin

- Hygiene measures: Wash hands after handling

8.3 Environmental exposure controls

Product related measures to prevent exposure: None specific

Inatruction measures to prevent exposure: None specific

Organizational measures to prevent exposure: None specific

Technical measures to prevent exposure: None specific

Environmental exposure controls: Do not allow product to reach sewage system or waler bodies

Page 4 of 10
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Safety Data Sheet

CHIMEI according to EU 1907/2006 (REACH) and 1272/2008 (CLP)

FRUARBRHARLT

CHI MEI CORPORATION

Product name: POLYLAC @ ABS Version 1

Revision Date: June 1,2015
Print Date: November 30, 2015

| Section 9. Physical and chemical properties

9.1 Information on basic physical and chemical properties

Appearance Physical state: solid, granulate S
Odourless ornegligihle .

Colowr Nawral oroffwhite e

Odour threshol Mo \\NI [/ // /.~ e

pH Mot applicabi o » —

_Melting point / freezing point not determi N,

Initial beiling peint and boiling range Not appli _" , —ay. B T A—
Flash point A04°C - VW A
Evaporation rate Not appli oo b, B w— Al

[ Flammabity (soi gas) —__ Notavallable _ | o SR
Upperflower flammability or explosive limits ﬁghf{qpanwp powder) . L
Vapour pressure Ar_" 5 W LN T
Vapour density NUT b

Relative density (H0=1) J3J1-10gkn |\ W WA e
Bulk density Not available P A b N YD TN
Solubility(ies) Not soluble \ 8 B’ . s
Partition coefficient (n-octanoliwater) EETANGYEM Tl aR B A
Auto-ignition temperature 466 A VAN T =
Decomposiion temp VLY Ao .|
Viscosity I —

Oxicizing propertes Ly 7 ¥

9.2 Other safety information: -

| Section 10. Stability and reactivity

10.1 Reactivity: Non-reactive under normal handling and storage conditions

10.2 Chemical stability: Stable under normal handling and storage conditions
10.3 Possible hazardous reaction: -

10.4 Conditions to avoid: Avoid excessive heat, flames and all sources of ignition
10.5 Incompatible materials: not applicable

10.6 Hazardous decomposition products: not applicable

Page 5 of 10
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CHIMEI Safety Data Sheet

SRARBROHBRLT

according to EU 1907/2006 (REACH) and 1272/2008 (CLP)

CHI MEI CORPORATION

Revision Date: June 1,2015

Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

[ Section 11. Toxicological information

11.1 Information on toxicological effects
Toxicological effests:

Acute foxicily (oral): Lack of data.

Acule toxicity (dermal): Lack of data.

Acute toxicity (inhalative): Lack of data.

Skin corrosion/irritation: Lack of data. May cause irritations.

Eye damage/irritation; Lack of data. May cause irritations.
Sensitisation to the respiratory tract: Lack of dala. Not io be expected
Skin sensilisation: Lack of data. Not to be expected

Germ cell mutagenicity/Genotoxicity. Lack of data. Not to be expected
Carcinogenicity: Lack of data. Not to be expected

Reproductive toxicity: Lack of data. Not to be expected

Effects on or via laclation: Lack of data.

Specific target organ toxicity (single exposure): Lack of data.

Dusts: Irritaling to eyes, respiratory system and skin,

Specific target organ toxicity (repeated expasure): Lack of data.

Other information

Styrene:
- Harmiul if inhaled. Causes damage to organs through prolonged or repeated exposure.
- lung damages
- May be fatal if swallowed and enters airways.
- Causes serious eye irritation. Causes skin irritation.
Acrylonitrile:
- Taoxic by inhalation, in contact with skin and if swallowed.
May cause cancer. Suspected of damaging the unbom child.
- Causes skin irritation. May cause an allergic skin reaction. Causes serious eye
- damage.
1,3-Buladiene:
May cause cancer. May cause genetic defects.

Symploms

Dust:Can cause skin, eye and respiratory fract irritation.

The melted product can cause severe bumns.

Thermal treatment, Processing:

Irritating to eyes, respiratory system and skin.

In case of ingestion: Swallowing may cause gastrointestinal irritation and pain of guts.

Page 6 of 10
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CHIMEI Safety Data Sheet

= according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
FRMAERHBRAE
CHI MEI CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

[ Section 12. Ecological information

12.1 Toxicity

Method Results ; [Reterence

Short-term aquatic toxicity

| Based on available data on the constituents the classification criteria are not met
'lLG{SO]m;o =5.78 mg# (additivity and summation method, toxdcity information available for 92,5 % of the mixiure)

Long-term aquatic toxicity
Based on available data on the constituents the classification criteria are met and the mixture is therefore classified as Aguatic Chronic 1
NOECiure = 0.0078 mg/ (addifity and fion method, toxicity informat ilable for 78 % of the mixture)

12.2 Persistence and degradability

Further details:
Biodegradation; Product is not readily biodegradable.
The product is likely to persist in the environment.

Effects in sewage plants:
In sewage treatment plants it may be separated mechanically.

12.3 Bioaccumulative potential
To avoid bioaccumulation plastics should not be disposed in the sea or in other water environments,

12.4 Mobility in soil
no data available

12.5 Results PBT & vPvB assessment

According lo the revised Annex XlIl of regulation (EC) 1907/2006 and {EC) 253/2011: No information available on the product
as such

12.5 Other adverse effects:

General information: Do not allow to enter into ground-waler, surface water or drains.

12.7 Additional information: -

[ Section 13. Disposal considerations
13.1 Waste treatment methods

Product / Packaging disposal: Dispose in accordance with the current local regulations.

Waste codes according to European Waste Catalogue: -

Waste freatment-relevant information: Inadequate incineration may generate toxic gases such as CO, HCN, AN and SM
Sewage disposal-relevant information: -

Other disposal recommendations: -

Page 7 of 10
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CHIMEI Safety Data Sheet

. according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
FRUARBRHARLT
CHI MEI CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

| Section 14. Transport information |

ADR/RID
14.1 UN number
Not applicable
14.2 UN proper shipping name
Proper Shipping Name: NOT REGULATED
14.3 Transport hazard class(es)
Not applicable
14.4 Packing Group
Not applicable
14.5 Environmental hazards
Not considered environmentally hazardous based on available data
14.6 Special precautions for user
Special Provisions: no data available
Hazard identification No:no data available

ADNR/ ADN
14.1 UN number
Not applicable
14.2 UN proper shipping name
Proper Shipping Name: NOT REGULATED
14.3 Transport hazard class(es)
Not applicable
14.4 Packing Group
Not applicable
14.5 Environmental hazards
Not considered environmentally hazardous based on available data
146 Special precautions for user
no data avallable

IMDG
14.1 UN number
Not applicable
14.2 UN proper shipping name
Proper Shipping Name: NOT REGULATED
14.3 Transport hazard class(es)
Not applicable
14.4 Packing Group
Not applicable
14.5 Environmental hazards
Not considered environmentally hazardous based on available data
14.6 Special precautions for user
EMS Number. Not applicable
14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code
Not applicable

ICAQ/IATA

14.1 UN number
Not applicable

Page 8 of 10
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CHIMEI Safety Data Sheet

according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
FRMAERHBRAE

CHI MEI CORPORATION

Revision Date: June 1,2015
Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015

14.2 UN proper shipping name
Proper Shipping Name: NOT REGULATED
14.3 Transport hazard class(es)
Not applicable
14.4 Packing Group
Not applicable
14.5 Environmental hazards
Not considered environmentally hazardous based on available data
14.6 Special precautions for user
no data available

| Section 15. Regulatory information
15.1 Safety, health and environmental regulations flegislation specific for the substance or mixture

Authorization and / or restrictions on use: None
Other EU regulations: The following substances are under European Seveso regulation:

Substance Seveso category Other Seveso categori Seveso Categori
Acrylonitrile 2 A 10%<C<20%

Buta-1,3-diene o - U AL, W™ A
= L N ey .

Other national regulations: -
15.2 Chemical Safety Assessment

For this substance a chemical safety assessment is not yet required.

Section 16. Other information
16.1 Indication of changes
Version 1: First issue according to Regulations (EC) 1907/2006 (REACH) & 1272/2008 (CLF)

16.2  Abbreviations and acronyms

AGS Ausschuss fiir Gefahrstofie LowW List of Waste
AF & Factor MARPOL | MARine POLlution
BCF BicC: jon Factor MIE Minimum Ignition Energy
CAS Chemical Abstract Senice NEC European Commission number
CMR_| Carcinogenic, Mutagenic and Reprotosc NFPA National Fire Protection f
CSR__| Chemical Safely Report NIOSH National Institute of Occupational Safety and Health
DFG German Research Foundation NOEC No Obseved Effect Conceniration
[ DNEL | Derived No Effect Level NOELR__ | No Observed Efiect Loading Rate
EC European Commission QECD Organisation for Economic Co-operation
and t
EC50 | Effective Concentration OEL Occupational Exposure Limit
{required to induce a 50% effect)
EEC European Economic C i OSHA Occupational Safety and Health A
EWC European Waste Catalogue Code PET Persistant Bicaccumulable Toxique
IDLH Immediately Dangerous to Life or Health PHEC Previsible Non Efiect Concentration
1BC jonal Bulk Chemical QSAR Quantitatr Activity Relat
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CHIMEI Safety Data Sheet

according to EU 1907/2006 (REACH) and 1272/2008 (CLP)
TFREARBOHBRLE

CHI MEI CORPORATION
Revision Date: June 1,2015

Product name: POLYLAC @ ABS Version 1 Print Date: November 30, 2015
Koe SollfWater Partiticn Coefhc STOT Speciic Target Organ Taxicity
Kow | Octancl/Water Parfiion Coefficient TClo Toxic Concentration Low
LC50 | Lethal Concentration 50 TDLo Toxic Dose Low
D50 | Lethal Dose 50 UN United Nations
LEL Lower Explosive Limit uvca Unknown or Variable Composition Complex
Reaction Products, or Biological Materils
LL100 | Lethal Loading vPvE very Persistent, very Bioaccumulative
LOEC | Lowest Observed Effect Concenr

16.3 Key literature references and sources for data

http:/fesis.jrc.ec.europa ew/
http:/fecha europa.eu/
http:/fgestis-en.itrust de

16.4 Relevant R-phrases and/or H-statements (number and full text):

H220  Extremely flammable gas R10 Flammable

H225  Highly flammable liquid and vapour R11 Highly flammable

H226  Flammable liquid and vapour R12 Extremely flammable

H301  Toxic if swallowed R20 Harmful by inhalation

H311  Toxic in contact with skin R23/24/25  Toxic by inhalation, in contact with skin and if
H315  Causes skin imilation swallowed

H317  May cause an allergic skin reaction R36 Iitating to eyes

H318  Causes serious eye damage Ra7 Initaling to respiratory system

H319  Causes serious eye imitation R38 Imitating to skin

H331 Toxic if inhaled R40 Limited evidence of a carcinogenic effect

H332  Hamiul if inhaled Rt Risk of serious damage to eyes

H335 May cause respiratory imitation R43 May cause sensitisation by skin contact

H340 May cause genelic defecls R45 May cause cancer

H350 May cause cancer R46 May cause inheritable genetic damage

H351 Suspected of causing cancer RE0G3  Very loxic o aquatic organisms, may cause long-term
H400  Very loxic to aquatic life adverse effects in the aqualic environment
H411  Toxic lo aqualic Iife with long lasting effects R5163  Toxic to aqualic organisms, may cause long-lem

adverse effects in the aqualic environment
16.5 Training advice: -

16.6 Further information: According to the guidance version 2.0 for monomers and palymers from the European Chemicals Agency
dated as of April 2012, the classification of the polymer takes into account the classification of all its constituents, such as unreacted
monomers. These constituents in fact should be taken into account for classification of the polymer. This means that the same
classification methods as for mixture should be applied to polymer substances.

In order to determine a classification for the studies about the water soluble fraction as well as the absorption should be performed on
the polymer as such.

To the best of our knowledge and beliaf, the informati ined herein is accurate and obtalned from sources beliaved to be refiable. No representation is made that
the information is complete or the material is suitabile for all purposes. The final defermination as o the sultability of the user's infended use of the material is the sole
responsibiiity of the user. All matenials may present unknown hazards even when used in common applicaions and accordingly, it is the sole responsibility of the user
to understand and address all potential hazards, including those identified herein. The information set forth in Sections 11 and 12 reflects dala available as of the dale
hereol. t is anticipated that such data will be updated.
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CHIMEI
FREERHERAT

CHI MEI CORPORATION

No. 59-1,

SAN CHIA, JEN TE DISTRICT, TAINAN CITY, TAIWAN

TEL: +886-6-266-5000

FAX:+886-6-266-5555~7

General ABS POLYLAC® Characteristics PA-717C

ik GENERAL
it i Mt it
PROPERTIES TESTMETHOD | TEST CONDITION UNIT PA-T1TC
BRI 200 °C, 5 Kg : 13
Melt Flow Index Ra 220 °C. 10 Kg g
L
Mias Dataiie D792 23°C - 1.04
EE
Uasinesh D785 - R Scale 115
R E (JEAR) > Kg/em® 430
Tensile Strength (Yield) o el Ibfin? 6100
IEEE "
Tensile Elongation Bese Nk - 30
Ka/em® 720
Fle: 'Hfgg b D790 2.8 mm/min
xural Strengt Ibfin? 10200
SphEE R 2 10* Kglem® 25
Flexural Modulus Feo 2.8 \yyrmen 10° Ib/in® 35
Kg-cm/cm 25
6.4 mm, 23°C ) y=
1ZOD WA ik :
D256 (Notched)
Izod Impact Strength Kg-cm/cm 29
3.2 mm, 22°C
ft-Ib/in 54
BEREEE °C 104
Vicat Softening Temp. Beas P °F 219
G 95
mEE ) 1.8 MPa Annealed °F 203
Heat Distortion Temp. 1.8 MPa °C 85
Unannealed *F 186
UL MMEE
UL Flammability AL - R Ll
April 21, 2014

MNotes : These are lypical properties only and are not to be construed as specifications. Users should confirm

results by their own tests.

The above stalement is based on our current level of knowledge and covers the above produ

directly s

and plied by CHI MEI

CORPORATION at the date of i issue. CH'I MEI CORPORA'I'ION makes no warrantics, whether express or implied, and assumes no llabll:ty in connection

with any use of above i P the g, CHI MET CORPORATION shall in no event be held obligated or liable for any claims
due to or arising from (i) any provi igr ials and/or parts, which are incorporated or adopted in the products; (ii) any combination
of the products with material not provid ‘ar thorized by our {iil) any modifications to the products which are made or directed by customer; (iv)
our p with the ificati andfor designs provided by customer; (v) any anu trust, unfair competition and/or other unlawful

acuonsefromﬂbym or (vi) any defects, infringement, breach and/or violation which are arising out of customer’s faults or otherwise not solely and
directly aunllmb]: 1o CHI MEI CORPORATION. In no event will CHI MEI CORPORATION be liable for any indirect, special, exemplary, punitive, or
({including lost profits) of any nature whatsoever whether arising out of the purchase, shipment, unloading, handling, or use of any

pmdnc‘lﬂrwm'wim
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CERTIFICATE OF ANALYSIS and SPECIFICATION

Product Identification

TITANIUM DIOXIDE

Handling and Storage

Keep in a tightly closed container, stored in a cool, dry, ventilated
area. Protect against physical damage. Containers of this material may
be hazardous when emptv since thev retain product residues (dust.

Synonyms: Titanium (I'V) Oxide; C.1. 77891
CAS No.: 13463-67-7

Molecular Weight: 79.87

Chemical Formula: TiO2

WILLSO . .
WILLSON — HarIagzhou,':hlgi?a:gzgh%l; hanget & Export-Co,, Lid
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| BATCHNO: 20140801 MFG DATE: 01 AUGUST 2014 EXP DATE: 01 AUGUST 2018 ]
ITEMS SPECIFICATION TEST RESULTs |
| Purity More than 98% 98.75 % '
| Whiteness color compare with standard Not lower than standard Conformed
Tinting stre:ngth compare with standard % More than 100 122.00
Matter volatile at 105 C% m/m Less than 0.50 0.30
PH of suspension, agueous solution retained % | 6.50 — 8.00 7.10
Oil absorption g/100 g Less than 26 22
Residue on sieve 45 um%m/m Less than 0.1 0.060 A\
Solvent suspension content In water % m/m Less than 0.5 0.040

THIS PRODUCT IS CONFORMED TO THE SPEICIFICATION

APPROVED BY
MR. YANG { ;‘

NET WEIGHT: 25 KGs

Other Information

NFPA Ratings: Health: 1 Flammability: 0 Reactivity: 0

| Transport Information

| Not regulated.

| Accidental Release Measures

| Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in Section 8. Spills: Sweep up and
containerize for reclamation or disposal. Vacuuming or wet sweeping may be used to avoid dust dispersal.

First Aid Measures
Inhalation:

Ingestion:

Skin Contact:

irritation develops.
Eve Contact:

Remove to fresh air. Get medical attention for any breathing difficulty.

Not expected to require first aid measures, If large amounts were
swallowed, give water to drink and get medical advice.

Immediately flush skin with plenty of soap and water for at least 15
minutes. Remove contaminated clothing and shoes. Wash clothing before
reuse. Thoroughly clean shoes before reuse. Get medical attention if

Immediately flush eyes with plenty of water for at least 15 minutes,
lifting upper and lower eyelids occasionally. Get medical attention if

& 1niifiun
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SIGMA-ALDRICH o

3050 Spruce Street, Saint Louis, MO 63103, USA
Wi WWW, Sig| com

Email USA: techserv@sial.com

Outside USA: eurtechserv@sial.com

Product Specification

Product Name:
(3-Aminopropyl)triethoxysilane - =98.0%

Product Number: 741442 0 Cis
CAS Number: 919-30-2 "‘-‘CM_‘“ [“- "
Formula: C9H23NO3Si

Formula Weight: 221.37 g/mol

TEST Specification
Appearance (Color) Colorless

Appearance (Form) Liquid

Infrared Spectrum Conforms to Structure
Titration with HCI 98.0 - 102.0 %

Color Test > 25 APHA

Purity (GC) > 98.0 %

Specification: PAD.1.ZQ5.10000020462

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained In
this publication. The current Specification sheet may be available at Sigma-Aldrich.com. For further inguiries, please contact Technical Service.
Purchaser must determine the suitability of the product for its particular use. See reverse side of invoice or packing slip for additional terms
and conditions of sale.

10f1
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SIGMA'ALDRICH sigma-aldrich.com
Material Safety Data Sheet

Version 4.0
Revision Date 03/12/2010
Print Date 10/04/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name © (3-Aminopropyl)triethoxysilane
Product Number 440140

Brand : Aldrich

Company . Sigma-Aldrich

3050 Spruce Street
SAINT LOUIS MO 63103

Usa
Telephone ;. +1800-325-5832
Fax :  +1 800-325-5052
Emergency Phone # © (314) 776-6555

2. HAZARDS IDENTIFICATION
Emergency Overview

OSHA Hazards
Target Organ Effect, Harmful by ingestion., Corrosive

Target Organs
Nerves., Liver, Kidney
GHS Label elements, including precautionary statements

Pictogram

Signal word Danger

Hazard statement(s)

H302 Harmful if swallowed.

H313 May be harmful in contact with skin.

H315 Causes skin irritation.

H318 Causes serious eye damage.

Precautionary statement(s)

P280 Wear protective gloves/eye protection/face protection.

P305 + P351 + P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if

present and easy fo do. Continue rinsing.
HMIS Classification

Health hazard: 3
Chronic Health Hazard: *
Flammability: 1
Physical hazards: 1
NFPA Rating
Health hazard: 3
Fire: 1
Reactivity Hazard: 1
Potential Health Effects
Inhalation May be harmful if inhaled. Material is extremely destructive to the tissue of the mucous
membranes and upper respiratory tract.
Skin May be harmful if absorbed through skin. Causes skin burns.

Aldrich - 440140 Page1 of 6
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Eyes Causes eye burns.
Ingestion Harmful if swallowed. Causes bumns.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms . 3-Triethoxysilylpropylamine
APTES
Dow Corning® product Z-6011
Formula : CgHo3NO3SI
Molecular Weight ;. 221.37 g/mol
CAS-No. | EC-No. [ Index-No. | Concentration
3-Aminopropyltriethoxysilane
919-30-2 ] [213-0484 | 612-108-00-0 ] |-

4. FIRST AID MEASURES

General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.Move out of dangerous area.

If inhaled
If breathed in, move person into fresh air. If not breathing give artificial respiration Consult a physician.

In case of skin contact
Take off contaminated clothing and shoes immediately. Wash off with soap and plenty of water. Consult a physician.

In case of eye contact
Continue rinsing eyes during transport to hospital.Rinse thoroughly with plenty of water for at least 15 minutes and
consult a physician.

If swallowed
Do NOT induce vomiting. Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a
physician.

5. FIRE-FIGHTING MEASURES

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary.

Further information
Under fire conditions, material may decompose to form flammable and/or explosive mixtures in air.

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Use personal protective equipment. Avoid breathing vapors, mist or gas. Ensure adequate ventilation. Evacuate
personnel to safe areas.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Soak up with inert absorbent material and dispose of as hazardous waste. Keep in suitable, closed containers for
disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Avoid inhalation of vapour or mist.
Normal measures for preventive fire protection.

Aldrich - 440140 Page 2 of 6
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Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place. Containers which are opened must be carefully resealed
and kept upright to prevent leakage.

Moisture sensitive. Store under inert gas.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Respiratory protection

Where risk assessment shows air-purifying respirators are appropriate use a full-face respirator with multi-purpose
combination {(US) or type ABEK (EN 14387) respirator cartridges as a backup to engineering controls. If the
respirator is the sole means of protection, use a full-face supplied air respirator. Use respirators and components
tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).

Hand protection
Handle with gloves.

Eye protection
Tightly fitting safety goggles. Faceshield (8-inch minimum).

Skin and body protection
Choose body protection according to the amount and concentration of the dangerous substance at the work place.

Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end of
workday.

9. PHYSICAL AND CHEMICAL PROPERTIES

Ignition temperature
Lower explosion limit
Upper explosion limit
Vapour pressure

Density
Water solubility

Relative vapour
density

Appearance
Form liguid, clear
Colour colourless
Safety data
pH no data available
Melting point no data available
Boiling point 217 °C (423 °F) at 1,013 hPa (760 mmHg) - Iit.
Flash point 98 °C (208 °F) - closed cup

no data available
0.8 %(V)
4.5 %(V)

<13 hPa (< 10 mmHg) at 100 °C (212 °F)
133 hPa (100 mmHg) at 155 °C (311 °F)

0.946 g/cm3 at 25 °C (77 °F)
no data available

7.64
- (Air = 1.0)

10. STABILITY AND REACTIVITY

Chemical stability
May decompose on exposure to moist air or water. Stable under recommended storage conditions.

Conditions to avoid
no data available

Aldrich - 440140 Page 3 of 6
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Materials to avoid
Strong oxidizing agents, Acids

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx), silicon oxides

11. TOXICOLOGICAL INFORMATION

Acute toxicity
LD50 Oral - rat - 1,780 mg/kg

LD50 Dermal - rabbit - 3.8 g/kg

Skin corrosion/irritation
Skin - rabbit - Severe skin irritation - 24 h

Serious eye damage/eye irritation
Eyes - rabbit - Severe eye irritation - 24 h

Respiratory or skin sensitization
no data available

Germ cell mutagenicity
no data available

Carcinogenicity

IARC: Mo component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

NTP: No component of this product present at levels greater than or equal 1o 0.1% is identified as a known or
anticipated carcinogen by NTP.

OSHA: Mo component of this product present at levels greater than or equal to 0.1% is identified as a

carcinogen or potential carcinogen by OSHA.

Reproductive toxicity
no data available

Specific target organ toxicity - single exposure (GHS)
no data available

Specific target organ toxicity - repeated exposure (GHS)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation May be harmful if inhaled. Material is extremely destructive to the tissue of the mucous
membranes and upper respiratory tract.

Ingestion Harmful if swallowed. Causes burns.

Skin May be harmful if absorbed through skin. Causes skin burns.

Eyes Causes eye burns.

Signs and Symptoms of Exposure

Material is extremely destructive to tissue of the mucous membranes and upper respiratory tract, eyes, and skin., spasm,
inflammation and edema of the bronchi, pneumonitis, pulmonary edema, burning sensation, Cough, wheezing, laryngitis,
Shortness of breath, Headache, Nausea, Vomiting

Additional Information
RTECS: TX2100000

12. ECOLOGICAL INFORMATION
Toxicity
no data available
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Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product

Observe all federal, state, and local environmental regulations. Contact a licensed professional waste disposal service
to dispose of this material. Dissolve or mix the material with a combustible solvent and burn in a chemical incinerator
equipped with an afterburner and scrubber.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION

DOT (US)

UN-Number: 2735 Class: 8 Packing group:; Il

Proper shipping name: Amines, liquid, corrosive, n.o.s. (3-Aminopropyltriethoxysilane)
Marine pollutant: No

Poison Inhalation Hazard: No

IMDG

UN-Number: 2735 Class: 8 Packing group: Il EMS-No: F-A, S-B
Proper shipping name: AMINES, LIQUID, CORROSIVE, N.O.S. (3-Aminopropyltriethoxysilane)
Marine pollutant: No

IATA
UN-Number: 2735 Class: 8 Packing group: Il
Proper shipping name: Amines, liquid, corrosive, n.0.s. (3-Aminopropyliriethoxysilane)

15. REGULATORY INFORMATION

OSHA Hazards
Target Organ Effect, Harmful by ingestion., Corrosive

DSL Status
All components of this product are on the Canadian DSL list.

SARA 302 Components
SARA 302: No chemicals in this material are subject to the reporting requirements of SARA Title Ill, Section 302.

SARA 313 Components
SARA 313: This material does not contain any chemical components with known CAS numbers that exceed the threshold
(De Minimis) reporting levels established by SARA Title Ill, Section 313.

SARA 311/312 Hazards
Acule Health Hazard, Chronic Health Hazard

Massachusetts Right To Know Components
No Components Listed

Pennsylvania Right To Know Components
CAS-No. Revision Date
3-Aminopropyltriethoxysilane 919-30-2

Aldrich - 440140 Page 5 of 6



146

New Jersey Right To Know Components
CAS-No. Revision Date
3-Aminopropyltriethoxysilane 919-30-2

California Prop. 65 Components
This product does not contain any chemicals known to State of Califomia to cause cancer, birth defects, or any other
reproductive harm.

16. OTHER INFORMATION

Further information

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice or packing slip for additional terms and conditions of sale.
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CCS SUCCESSPRODUCTS COL LTD.

SPECIL LAMP UVB

Product Features

UV-B radiation is harmful to human skin and eyes.
These lamps are therefore only available for medical

and industrial applications.

aD
/L
1 / I
| A
B i
C
I 1
Watts Cap/ A B C D Useful life
il w hase MAX. MAX. MAX. MAX. h
UVB [OWTS 10 Gl3 3315 338.6 3457 25.0 2000
UVB ISWTE 15 Gl3 4374 4445 451.6 280 2000
UVB I8BWTS 18 ‘ Gli 589.8 596.9 604.0 280 2000
UVB 30WT18 30 G13 894.6 901.7 9088 28.0 20060
UVB 36WT8 36 G13 1199.4 1206.5 1213.6 28.0 2000

305/152 3.1 A.UNINAIKEY .10 2.ayn5U5IMS 10540
Tel : 02-752-1878 Fax : 02-752-0261 E-mail : ces_success2010@hotmail.com

www.cessuccessproducts.com
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ANARUIN A
NINTFIUNMINATRUANURMULTBUUATIEGY JIS Z 2801:2010



JIS

JAPANESE
INDUSTRIAL
STANDARD

Transiated and Published by
Japanese Standards Association

JIS Z 2807

(SIAA/JSA)

Antibacterial products — Test for
antibacterial activity and efficacy

ICS 07.100.103:11.100:83.080.01
Reference number @ JIS Z 2801 : 2010 (E)

PROTECTED BY COPYRIGHT 13 8§
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72800 0 2010

Date of Establishment:  2000-12-20

Date of Revisiont  2010-12-20

Dale of Public Notice in Oflicial Gazette:  2010-12-20

Investigated byt Japanese Industrial Standards Commitiee
Standards Board

Technical Committee on Consumer Life Products

JIS 22801 : 2010, First English edition published in 2011-12

Translated and published by: Japanese Standards Association
4-1-24, Akasaka, Minato-ku, Tokvo, 107-8440)  JAPAN

In the event of any doubts arising as to the contents,
the ariginal J1S is to be the final authority.

o J5A 201

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized
inany torm or by any means, electronic or mechanical, including photucopying and ricrofiling without

permission in writing from the publisher.

Printed in Japan MNH N

PROTECTED BY COPYRIGHT
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£ 2801 2 2010

Foreword

This translation has been made based on the eviginal Japancse Tndus-
trial Standard vevised by the Minister of Economy, Trade and Industry
through deliberations at the Japanese Industrial Standards Committees
as the result of proposal for revision of Japanese Industrial Standard
submitted by Society of Tndustrial technology for Antimicrobial Articles
(S1AA)Japanese Standards Association (JSA) with the dralt being af-
tached, based on the provision of Articie 12 Clause 1 of the Industrial
Standardization Law applicable (o the case of vevision by the provision
of Article 14,

Consequently JIS 7 2801 © 2006 15 veplaced with this Standard.

This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard
may conflict with a patent right, application for a patent after opening to
the public or utility mode! right which have technical properties. The
relevant Minisler and the Japanese Indusirial Standards Commillee are
not responsible for identifying the patent right, application for a patent.
afller opening Lo the public or uiility model right which have the said
technical properiies.

(ii)

PROTECTED BY COPYRIGHT



JAPANESE INDUSTRIAL STANDARD JIS Z 2801 : 2010

Antibacterial products — Test for
antibacterial activity and efficacy

Introduoction

This dapanese Industrial Standard has been prepared based on the first edition of
1SO 22196 published in 2007 with some modilications of the Lechnical conlents 1o meet
technology teend, actual situation. ete. in Japan.

The portions given sidelines or doited underlines are the matters in which the con-
tents of the original Tnternational Standard have been modified. A list of modificabions
with the explanations is given in Annex JA,

1 Scope

This Standard specifies the fest for antibacterial activity and efficacy to bacteria on
the surface of antihacterial produeis (including intermediate producis) of plastic prod-

photecatalyst products.

Secondary effects of antibacterial efficacy such as fungal resistance, odour prevens
tion and biodeterioration ave not covered by this Standavd.

he products so delermined that the test method for te
should be applicd from theiv usage, shape. ele., clause 10 (
st ol JIS 1, 1902 may he applied,

NOTE 2 The International Standard corresponding to this Standard and the
avmbol of degree of correspondence are as [ollows,

ISO 22196 @ 2007 Plastics — Measmremont of antibacterial aceivity on
Plastios surtaces (MOD)

In addition, symbols which denote the degree of correspondence in the
contents between the relevant International Standurds and JIS are IDT
(identical), MOD (modified). and NEQ (not equivalent) according to
ISONEC Guide 21-1.

2 Normative relerences

The lollowing standards contain provisions which, through reference in this Lext, con-
stitute provisions of this Standard, The most recent editions ol the standards (includ-
ing amendments) indicated below shall be applied.

JIS K 0050 General rules lor chemical analysis

SIS KO0 Sterdized plastie petry dishes

PROTECTED BY COPYRIGUT

153



154

8

Z 2800 12010

JIS K 0970 Piston operdtod micro-volumetric apparal us
JIS K AR00  Chass I iologieal sately cabineis

JIS K 8101 Eithanol (99.5) (Reagent)

JIS K 8150 Sodium chioride (Reagont)

JIS K 8180 Hydrochiorie acid (feagent)

JIS K 8268 Agar (Heagond)

NS K 8576 Sodium hydroxide (Reagent)

JIS K 9007 Potassium dibydrogen phosphate (Reagent)
JIS K 9017 Dipotassinom hydvogenphosphate (Reagent)

JIS R 3505 Volumetric glasswaro

JIS 7 8802 Methods for determination of pif of aqueous solutions

3 Terms and definitions
For the purposes of this Standavd, the following terms and definitions apply.
3.1 antibacterial

a state where the growth of bacteria on the surfaces of products s inhibited

3.2 antibacterial agent

agent that inhbits the growth of bacteria on the surfaces of produets by using it di-
rectly or as a compounded agent

3.3 antibacterial treatment

3.4 antibacterial product

product on_ which antibacierial treatment has been performed
3.5 antibacterial activity

value which shows the dillerence in logarithmic values of number of viable hacteria
between the antibacterial product and the untreated produet after inoculation followed
by incubation ol bacteria

3.6 antibacterial effectiveness

effectiveness ol antibacterial product defermined from the antibacterial activity

1 Aniibacterial effecliveness

The antibacterial product is determined that it has the antibacierial effectiveness,
when the antibacterial activity thereof obtained according Lo the testing method of this
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Standard is 2.0 or more.

in addition, the value of over 2.0 may be applicable to the determination of antibaes
tevial effectiveness upon the agreement belween the parties concerned with delivery

5 Testing method

5.1 Bacteria to be used for test

The species of bacteria (o be used for the test shall be as [ollows, and the test shall be

carried out on respective bacteria.

a)  Staphylococeus aurcus

by Lscherichia coli

Examples of bacterial strain to be used for the test are shown in table 1. 1 the bacte
rial strain is conteibuled by the ageney of eulture collection other than that shown in
table 1, it shall be obtained from member agencies of Werld Federation for Culture
Colleetions (WFCC) or Japan Society for Culpure Collections (JSCC), and it shall be the

42801 1 2010

bacterial strain of the sume sevies as that shown in talle 1.

Table 1 Bacterial sirain used {or test

Type of bacteria

Preservation oum:
ber of bacterial
strain

Agency ol culture collection

Staphviococeus
HUPOUs

ATCC 67380
FDA 2008
NBRC 12732

CIP 53156

American Tvpe Culture Collection

Fond and Drg Administration

Bioresowrce Information Center, Depavtment of Dio-
technology of National Institute of Technology and
Fvaluafion

Colleciion des Bacteries delInstivut Pastouwr Deutsche

NBRC 5972

CIP 33,126
DEM 1576

NCIB 8345

DEM 316 Sammlung von Mikroorganismen und Zellkulturen
Gmibh
NCIB 8625 National Collection of Indusirial and Marine Dacteria
L,
Bschersehia coli | AVCC 8739 American Type Culture Collection

Bioresource Information Center, Department. of Bio-
iechnology of National Institute of Technology and
Ivaluation

Collection des Bacteries de UTnstint Pasteur Devische
Sammluog von Mikroorganismen und Zellkulturen
Gmbh

Natiomal Colleetion of Industrial and Marine Bacleria
T.ad.

5.2 Chemicals, materials, instruments and apparatuses

The chemicals, materials

ipslruments and sppuratuses used in this Standaed shall

be as follows. unless otherwise designated.
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Ethanol {C.Hs0OH)
Beef exiract
'eptone

Guaranieed reagent specified in JIS K 8101 or superior
Ly

Par microbial

ierolial rest

Guaranteed reagent specified in J1S K 8150

Purilied water

Agar

Yeast extracl
Tryplone
Glucose

Casein peptone
Sovbean peptone
Lecithin

Nonionie sucfactant

I

dihvdrogenphos

Guaranfeed reagent specified in JIS K 8263 o sunerior
For microbial test

Far microbual test

For.migrobial Les!

Tor microbial test

For microbial test

For microbial test

Polyoxyethylene sorbitan monoeoleate
_IPalysorbate 80 (Iweenf0)]

Hal0)

Guaranleed reagent specified in JIS K 9007

Dipotassinm hydrogenphosphate (K11PO

Sodium hedrexide (NaQLD Guaranteed reagent specificd in J1S. K 8576

Hydrechloric acid (HC)

Cotfon.stopper

Platinum loop
Dry-heat sterilizer

Autoelave

Safot

pH meter

Chemical balance

Clean bench

Measuring pipette

slopper, ete,

With a loop of ahout 4 mm ai, the point

Capable of keeping the temperature from 160 °C to 180 °C
Capable of keeping at 121 °Cin temperature (corresponding
to 103 kPa in pressure)

Having performance conferming to JIS K 3800 or cquivas
lent

Conforming toJ1S 7 8802

For microhial test

Having precision conforming to JI8 K 0970 o Class
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lnecabator Capable of keeping the temperature £ 1 °(

Petri dish Made of glass with about 90 mm of inside diameler, or
conlorming 1o No. 90A or No. 908 specificd in J 1S K 0950

Stomacher pouch LFor microhial test
Stomacher For microbial test,
Film Maiegial such_as polvethylene [ilm not affecting micro-

5.3 Method of sterilization

The glassware such as tost tube and measuring pipetie to be used shall be washed
sufficiently with alkaline or neutral detergent, vinsed sufliciently with water. then
dried and sterilized with dry-heat, or stevilized with high-pressure steam. The method
of sterilization shall be in accordance with the following a) or b). The case where the
platinum loop and the test tube arve sterilized with flame shall be in accordanee with
the lollowing ).

i) Dry-heat sterilization Objects 1o be sterilized shall be placed in o dry-heat sieri-

lizer for 60 min or more in the case of the iemperafure of 170 °Coor 120 min or more
inthe case of the temperature of 160.2C. Aller the completion of div-heat steriliza:
tion, if the colton stopper or the wrapping paper. of objeets to be sterilized is wetted

with water, that instrument shall not be used,

b} Uigh pressure steam sterilization Water is put in an autoclave, and the objects 1o
be stevilized which are in a metal net basket shall be placed on a metal net shelf in
Lthe autoclave. ‘The id of autoelave is tghtensd, heated, and kept at temperature of
121 °C {corresponding to 103 kPa in pressure) for 15 min to 20 min. Alter heating
iz suspended followed by paturally, cooling or under, the exhy :
openea to draw ofl Lthe sieam, The sterilized objects shall he taken out alter open-
ing the lid, and cooled on a clean bench or in a safeiy cabinet, if necessary. Tn order
to_keep the autoelave clean from confamination by eulture medium or processing
chemicals, it shall be washed with neuiral detergent il necessary, and rinsed sulfi-
cienlly with waler,

¢} Flame sterilization__The obiecis or parts to he sterilized shall be plaged into.n gas

test aube, it shall be touched with the flame for 25 or 8 5.

5.4 Culture medium, ete.

The cu ture medium, ete. of which the composilion is as follows shall be used. A com-
mercially available article may be used, if il is of the same composition.

a)  Nutrient broth [1/500 nutrient broth (/600 NB)l  Prepared so that 3.0 g ol beel
extract, 10.0 g of pepiome and 5.0 g of sodium chloride which are weighed out by
the chemical balance shall be added ta 1 000 ml of purified water or ion-exchanged
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b)

)

@)

waler, then mixed and dissolved completely, and diluted 500 times with purified
waler. The pll thereo! shall be adjusied Lo 6.8 1o 7.2 (25 °C) with a sodium hydrox-
ide solution or a hydrochlorvic acid solution by using the pl meter, and it shall he
sterilized with high pressure stean, 1F it is not used immediaiely after preparation,
it shall be preserved at a temperature of 5 °C to 10 2C. 14500 NT3 that has heen kept
{for one week ov longer after preparation shall not he used.

Nutrienl agar Prepared so that 5.0 g of beel extract, 1,0 g of peptone and 5.0 g of

sotdium chloride shall he added ro 1 000 ml of purified water or ion-exchanged wa-
ter, and mixed. The pH thereof shall be adjusted to 7.0 to 7.2 (25 °C) with a sodium
hydroxide solution or a hydrochloric acid solution. 15.0 g of_powder. agar shall be

ilized with high pressure steam. TF it is nol used immediately after proparation, i
shall be presevved at o temperature of 5 °C to 10 °C. The nutrient agar that has
been kept [or one month or longer alter preparation shall not be used.

Plate count. agar Prepared so that 2.5 g of yeast extract, 5.0 g of tryptone and 1.0
¢ of glucose which are weighed out by the chemical balince shall be added 10 1 000
ml of purilied water or ion-exchanged water, and mixed. The pH thereol shall he
adjusted to 7.0 to 7.2 (25 °C) with a sodium hydroxide solution or a hydrachlorie

solved by heating, and it shail be sterilized with high pressure steam. Tf i g not
used immediately aftee preparation, it shall be preserved at & temperature of 5 °C
to 10 °C. The plate count agar that has been kept for one month or longer afier
preparation shall not be used.

Slant culture medium  Prepaved so thai 6 ml to 10 ml of the nuirient agar of bl
which has been preliminary warmed and dissolved shall be poured into a test tube,
a colton stopper shall be put, and it shall be sterilized with high pressure steam.
After sterilization, the test tube shall be placed in a clean room at a slant of about
15° to the hovizontal plane, and the content shall he solidified. 1 it is not used im-
mediately after preparation, it shall be preserved at a temperature of 5 °C to 10 °C,
If there is no condensed waler, the conteni shall be dissolved and solidified again,
ihen used. The slant culture medium that has been kept for one month or longer
after preparation shall not he used.

SCDLP broth  Preparved so that 17.0 g of casein peptone, 3.0 g ol soyhean peplone,
5.0 g of sodium chloride, 2.5 g of disedium hydrogen phosphate, 2.5 g of glucose and
1.0 g of lecithin which are weighed oul by the chemieal bulanee shall be added to 1 000
ml of purified water or ion-exchanged water, then mixed and dissolved. Then, 7.0 g
of nonionic surfactant shall be added and dissolved, The pIT thercof shall be ad-
justed to 6.8 to 7.2 (25 °C) with a sodium hydroxide sclution or a hydrochloric acid
solution by using the pH meter, and it shall be sterilized with high pressure steam.
1f it is not used immediately after preparation, it shall be preserved at 5 °C to
10 °C. The SCDLP broth that has been kepi for one month or longer alter prepara-
tion shall not be used.

Phosphate buffer solution Prepared so that 34.0 g of potassium dihydrogen phas-
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phate which is weighed out by the chemical balance shall be added to 500 miof pu-
rified water or jon-exchanged water, then mixed and dissolved, The pll therveol
shall be adjusted 1o 6.8 1o 7.2 (25 °C) with a sodium hydroxide solution or a hydro-
chlarte acid solution by using the pHl meter. Further, purified water or lon-ex
changed water shall be added to make it 1 000 mi, and it shall be sterilized with
high pressure steam. The phosphate buller solution that has been kept lor one
month or longer after preparation shall not be used.

2) Phosphate-buffered physiologieal saline  The phosphate buffer solution of ) (0.85 %
sodium chloride solution} shall be diluted 800 times with physiological saline. If
necessary, it shall b dispensed into test tubes or lirlenmeyer lasks, cotlon stop-
pers shall be put, and it shall be sterilized with high-pressure steam. 11 it 35 not.
used immediately after preparation, it shall be preserved av 5 °C o 10 °C. The
phosphate-bufiored physiological saline that has been kept for one month or longer
after preparation shall not be used.

5.5 Preservation of bacteria

Both. the.
transferred shall be held inone hand, the stem of the platinum loop shall be h )
the other hand, and the cotton stopner shall be_pulled ouf with this hand. then the

1

on_the new slant culture medinm to be cooled. The bacreria shall be seraped out [rom

the part of original strain by using this platinum loop. and shall be streaked on a fresh
slanf culture medium,

loon_shall be_put in the comdensed water to disperse the bacteria, and a straighi line
shall be drawn aslant to the upper part with the platinum_loop. or the fip ol the pla

num_ Joop ghall he put in. the
asla) pDEr. Iy h.the pls

The month of the test tube shall be sterilized again with lame. pnd o cotton slopper
shall be put

it was, The platinum loop used shall be sterihized with [lame, The
trapsferred slant cuiture medivm_shall be ineubated at a temperature of 35 °C £.1 °C
for. 24 b fo A8 h.in the incubater, then it shall be stored at 5 °C Lo 10 °C. Within one
month ol the transler, the next transler shall be carried out in a same way ta be the
passage culture. The number of passages shall be up to five times eounted from the
original strain obtained from the agency of culture collection. Furthermore, thal kept
for one month or more from the last transfer shall not be used for the following trans-

lor,

ageney.of enlture_collection which. has

For_the bacterial strain_oblained from the

aeen proscerved by methods such as Ivophilization and freczing for long life pro -
ultured from the original strain to prepare the preserved
2
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nis used for the test, it shall be uze

If.this. preseryved bacler:

Condonsed water
N
N
‘\..

= Slant culture -
medinm

Figure 1 Transfer of bacteria

5.6 Test operation

Bacieria shall be handled aseptically, and aliention shall be paid to the contamina-
tion ol testing personnel, insiruments and working environment with bacleria as [ol-
lows. A safety cabinet shall be used, if necessary,

a) Pre-incubatlion of test bacteria  One platinum loop of bacteria shall be transferred
from the preserved bacterial strain of 5.5 to the slant culture medium of 5.4 d), and
incubated at a temperature of 35 °C = 1 °C for 16 h to 24 h in the incubator, Fur-
ther, from this incubaied hacteria, one platinum loop of bacteria shall be trans
ferred o a fresh slant culture medium and imcubaied at a temperature of 35 °C =
1°Clor 16 hto 20 h.

) Preparation of test piece  The preparation of test piece shall be as follows.

1)

o,

The flat part of the product shall be cut into a square of 30 mm = 2 mm (within 10
mm in thickness) and made as the test plece of standard size. 10 s difficult or
impossible 1o eut the produet info this square, a lest piece of shape and size other
than specilied may be used il it can he covered with a (ilm of the surlace area of
A00 mm? Lo 1 600 mm?,

Untreated test pieces shall be cutl oul [rom the antibactegial untreated product or
the (ilm. Among six unireated lest pieces, three shall be used for the measure-
ment of number of viable bacteria immediately after inocalation with test inocu-
lum and another three ghall be used for the measurement of number of viable
bacteria afler the incubation for 24 h.

I untreated test pieces cannot be prepared. the film of 5.2 may be used. Atrention
shall be sulficiently paid to contaminaiion with micro-organisms, mutual con-
Lamination between products and (ih for the preparation of test pieces. 1 s des

sirable 1o sample the lesl pieces [rom the product itsell, huat if it is difficult. (o
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prepare the test picces because of the shape of the product, fesl pleces may be
prepaved from the product separately processed lo a plate shape with the same
raw material and the processing method.

nnol be prepared and hall the

vibed number of nntrealed fest piece
Athree pieces) can_ be prepared, the three unireated lest pieces shall he
¢ ' 24 h.and
the film shall be alternatively use able bac:
teria_immediately alter inoculation. with test inoculum, When hall the number

number
dfor the n

rement ol numby

e pieces) cannol be prepared. the Glm shall he used for all,

Cleaning of fest piece  The whole
with pharmacopeia gauge o
times,.and dried completely,

If changes such as softening of test piece, dissolution of surface coating and efu-
tion of components oceur after these leeatments and it 1s considered that these
treatments affect the fest resulis, the test piece shall he eleaned by another appro-
priate method, or used as il is without cleaning.

surface of test picce.of h) shall be lightly wipel
nt i

hanol two or three

Preparation of test inoculum  One platinum loop of bacteria of ithe test hacteria
presincubated in a) shall be dispersed evenly in a smail amount of 17500 NB of 5.4
a), and the bacteria concentration shall be estimated with diveet microscopic ob-
servation or other appropriate method. This moculum shall be diluted with 14500
NB appropriately and adjusted so that Lhe bacterin coneentration becomes 2.5 x 10°
to 10 =% 108 cells/iml, and this shall be used as the test inoculum. I the test inoeu-
lum is not used immediately, it shail be cooled on ice (0 °C) and shall be used
within 2 h after storage.

Inoculation with test inoculum  The inoculation with test inoculum shall he as fol-
lows.,

1) Each Lest picee of ¢) shall be placed in a sterilized petei dish making the test sor
{acc up. The test surlace shall be the surface of the product on which antibacterial
treatment is performed. Even when the antibacterial treatment is processed to a
tepth, the eross section shall not be ased as the test surface.

2y Fxactly 0.4 m) of test inoculum of d) shall be taken with 2 measuring pipette and
instilled onto cach test piece in the petri dish. The volume of inoculated incculum
on the test piece whose size is other than the standard size shall be propovtionally
divided by the rafio of the avea of covering film. Even if the Lest piece is of the
standard size, when the volume of inoeulum based on the provision is inoculated
on the test piece of very good wetlability such as ceramics, tile. cnamel and glass,
the film may move at a small slant and the inoeulum may escape from the edge of
the film. In this case, the volume of inoculated inoculum may be reduced up to 144
of the specilied volume. However, even when the volume of inoculaled inoculum is
reduced, the bacterta conceniration inoculated on the test picee shall be 6.2 x 1P
to 2.5 % 1H cells/om?®.

3} The mstilled {est inorulum shall be covered with a film, the film shall be gently
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pressed so that the fest inoculum spreads across the film while paying attention
s0 Lhat il does nol spill over from the edge of [im, and the lid of the petri dish
shall be placed (see figure 2). The standard size of film shall be the square of 40
mm = 2 mm. Il the test pieee is not that of the sinndard size, the size shall be ad-
justed so that the film ean be placed within 2.5 mm to 5.0 mm from four sides of
the test piece, hut the size of (ilm shall not be reduced to fess than 400 mm?, Fue-
ther, if it is difficult to adhere the film closely since the shape of test piece is nol
Mat, if the test inoculum spreads over the test piece withoul covering the film
sinee the test piece is hydrophilic or water absorbent or the like, the process of
covering the (ilm may be omitted. When the covering process of [lm is omitted,
the standard size of test pieee which is prepared in 5.6 b) 1 shall be the square of
40 mm = 2 mun (within 10 mm in thickness),

On the inoeulation with test inoculum, if it is difficult 7o prevent the leakage
beyond the edges of the film on the case where the surface of sample is very hy-
drophilic and the like, the volume of inceulum may be reduced up to 0.1 ml. In
this case, the concenlration of hacteria cells in inoculum shall be increased o
provide the same number of bacterial cells as that of inoculated inoculum of nor-
mal volume.

Lnir.: mm

0.4 ml of test

Tesl piece Film., inoeulum
N i ; Lid of petri dish
\ ) k
| » \ Y / 5 — }/
4042
Petni dish - 1
5042

Film,_

0.4 ml ol lest
inoculum

e

40.£2
50:£2

Tesl piece X

Potri dish =

Figure 2 Instillation of incculum on test piece and covering by film
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Incubation of inoculated test picee with test inoculum  The petri dish containing

the inoculated tesl picce with the test inoculum (three untreated test pieces and

three antibacterial tesi pieces) shall be ineubated at a temperature of 35 °C £ 1 °C

and a relative humidity of 90 % or more for 24 h 1 h,

NOTE:  The antihacterial effectiveness of a product is evaluated (rom the an-
tibacterial activity obtained from the fest at the incubation tempera-
fure specified heres however the lest at the temperature established
considering the actual use ol the antibacterial product (such as a room
temperaturve) mayv be eavried out together, it agroed upon all parties
voncerned with delivery.

Wash-out, of test bacteria inoculated The wash-out of test hacteria inoculated
shall be as follows.

1) Test piece immediately after inoculation with test inoculum  For three untreated
test pieces immediately after moculation with test oculum, the covering film
and the test plece shall be placed on another peiri dish respectively with caulion
30 that the invealum does ot spill. By adding 10 m! of SCDLP broth of 5.4 @), the
inoculum on the untreated test picee shall be washed out with a measuring pi-
pette at least four times, and this wash-oul inoculom shall be recovered com-
pletely. The washings shall be immediately proceeded to the measurement of the
number of viable hacteria.

2} Test picce alter incubation  Tor uhe test piece after the incubation of f), the test
bacteria shall be washed out in a similar way to 1), The washings shall be imme-
dintely pracesded to the measurement of the number of viable bacteria.

5 Forthe wash-out ol lest bag

Lot ]m-'w | piru,yll in q

the meihod such that the covering (ilm and the

'n}:uun" uu)( L‘ro \md I,ho va-L piece .a_u_;{ |
tlv with hands or an extractor (such
l)nlgml tost is applicable. Or if other methods show o recovery rate cquivales
ov_guperior_ o the method above. suchonethods may be used, 7l is dillieult to
wash oul the test bacteria with 10 ml of SCDLEP broth because ol the size and
characieristics of the test piece, the volume may be inereased,

h} Measurement of number of viable bacteria by agar plate culture method  Exactly

1 ml of the washings of g} shall be faken with a measuring pipetic and added in a
test tube containing 9.0 m! of phosphate-buffered physiological saline of 5.4 g), and
sufficiently mixed. Then, 1 ml shall be laken from this tesi tube with a new meas
uring pipette and add in another test tube containing 9.0 ml of phosphate-buffered
physiological saline, and sulficiently mixed. These procedures shall be repeaied o
prepare 10-fold serial dilutions. 1 ml each of the washings and each dilution shall

he dx'\]:@n\(-(l into two *slr wwilized pL tri :Imh(“« Tao eac h pet n dish, 15 ml 1o ,{() nj af

llv ])l.u,m;., th(’ lidls, rh(- []LI,II (l]th Shd" be left as thr\y arc at a
room Ipmperaiuw After solidilying the cullure medium, ithe petri dishes shall be
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turned over, and incubated in the incubator at a temperature of 35 °C = 1 °C for 40
h to 48 h. Alter incubation. the number of colonies in a serially diluled petri dish in
which 30 to 300 colonies appear shall be measured, as a rule. 1f the number of colo-
nies is less than 30 in the agar plate dispensed with 1 ml of the washings, the
number ol colonies shall be measured for this plate. If there are not any colony
formations in any agar plate. then "< 1" shall be recorded. Further, if the number
ol eolonies is not inversely preporctional lo the dilution ratio, since il is considered
that the [brmation of colonies is inhibiied by the cffects of the antibacterial agent,
the number of viable hacteria shall be determined using a method which [orms
colonies without being affected by the antibacterial agent with the use of an mac-
tivating agent or difution,

NOTE Mo the methods. of adoption. ol the.pumber_of. colo sher than
ied ahove, reler to 1.2 Microorganism tests, 3) Viable cell count of
in. (1) Pour plating method o

Lor hacteria, 1. Total bae:
Lm'ml mum ul b(? nd,;ud Mvthm}c nE An,ﬂ $18_1n ll‘ood ‘-;a_l'oi v R gu]d

Iv!,in,iﬁ,l,rx ,m_‘ H

5.7 Caleulation of number of viable bacteria

The number of viable bacteria shall be ablained by counts ol colonies measured ac
cording Lo equation (1),

C' x el
A
where, N number of viable bacteria {(per 1 em? of tesl piece)

€ count of ealonies (average count of colonies of Ltwo petri
dishes adopted)

D dilution factor (that of dilution dispensed into peti
dishes adopted)

Vi volume of SCDLP broth used for wash-out {m1}

4t surlace area of covering filin (cm‘-)

laken as ”1" and ..he n_l,!ml)er ol vmb]e nar:lpr
A2 at thal Um voexamnple, when Vs 10 m
pressed as

5.8 Test results
The test. results shall be as [ollows.

a) Determination of conditions of test validation  When (he following three test con-
ditions are all salisfied, the test shall be determined ta be valid. Unless all the con-
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ditions are satisfied, the test shall be determined to be ot valid, and a retest shall
be carried out.

11 The following equation (2} is established for the logarithmic value of the number
ol viable bacteria imupiediately after inoculation on univeated test piece,

where, L.t maximum logarithm number of viable bacleria
1
Lovan avervage of logarithm numbers of viable bacteria of three

Lest pieces

an & minimum logarithm number of viable bacteria

2)  The average of the number ol viable bacteria immediately after inoculation on the
untreated test piece shall be within the range of 6.2 % 108 t0 2.5 x 10" cells/em®

3) The number of viable bacteria on unireated test piece alter 24 h shall be not less

il

t coi_however, the number of viable cells o
lass than 6.2 x 102 cellsiem? forall Lhree fest pieces,

Caleulation of antibacterial activity When the test has been delermined o be
valie, the antibacterial aciivity shall be obtained according to equation (3). The
vilue shall be recorded to the lirsl dectmal place hy rounding the second decimal
place down. When the number of viable bacleria is "<0.63" il shall be taken as
*0.63" and the average of logarithm numbers shail be caleutated.

R=(U, —U )—(A4 -l )=U 4

where, R untibacterial nctivity

4,0 average of logarithmm numbers of viable bacterin imme-
diately after inoculation on untreated test pieces

t 0 average of logarithm numhers of viable bacteria after in-
oculation on unireated test. piecos after 24 h

A+ average of logarithm numbers of viable bacleria alter in-
oveulation on antibacterial test picce after 24 h

Record of test results

The following matiers shall be listed in the test resulis of antibacterial produets such

as plastic productls.

b)

c)

d}

Number or iitle of this Standard
Commencement date of tosl

Type, size. shape and thickness of antibacterial-treated test piece and untreated
fest. piece

Type, size, shape and thickness of film
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¢) Type of test hacteria

) Preservation number of bacterial strain

g} Volume of tesi moeulum inoculated

h} Number of viable bactoria in test inoculum
i} Cleaning method

P Respeetive value of U, &, 4, und antibacterial activity of 5.8 b), identification of
laboratory, name and signature of head, and date of test roport

k) Any deviation from this specification
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*%% Basic Data Process *¥#%

# Data Infomation
Group
Data
Sample Nmae
Comment
Date & Time

# Measurement Condition
X-ray tube
target
voltage
current
Slits
Auto Slit
divergence slit
scatter slit
recelving slit
Scanning
drive axis
scan range
scan mode
scan speed
sampling pitch
preset time

# Data Process Condition
Smoothing
smoothing points
B.G.Subtruction
sampling points
repeat times
Kal-a2 Separate
Kal a2 ratlo
Peak Search
differential pointa
FWHM threhold
intensity threhold
FWHM ratio (n-1)/n
System error Correction
Preclise peak Correction

. ss e es we

s e ss e

e % S8 58 %8 p—y 85— 88 8 p— 85—

ChE-KMITL-2018
20180328_1
T102/APTES

Sukanp

03-28-18 10:15:15

Cu
40.0 (kV)
30.0 (mA)

not Used
1.00000 (deg)
1.00000 (deg)
0.15000 (mm)

Theta~2Theta
20.0000 - 80.0000 (deg)
Continuous Scan
2.0000 (deg/min)
0.0200 (deg)
0.60 (sec)

AUTO ]

0.050 (deg)
30 (par mil)
2

YES ]
NO ]
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JUT 9.2 Jayananisvnageu TiO, USuusaiiurime APTES fiewmatla XRD (se)

o de e

Basic Data Process

d
(a)
3.49681
1.88767
2.36951

d
(A)
3.49681
2.42116
2.36951
2.32403
1.88767
1.69610
1.66303
1.49058
1.47827
1.36205
1.33636

Group : ChE-KMITL-2018
Data 20180328_1
# Strongest 3 peaks
no. peak 2Theta
no. (deg)
1 1 25.4517
2 5 48.1673
3 3 37.9419
# Peak Data List
peak 2Theta
no. (deg)
1 25.4517
2 37.1026
3 37.9419
4 38.7136
5 48.1673
6 54.0219
7 55.1864
8 62.2330
9 62.8099
10 68.8801
11 70.3980
12 75.1565

1.26311

dede de

I/11
100
31
21
I/11
100
21
31
20
19

15

11

FWHM
(deg)
0.15860
0.14840
0.15140

FWHM
(deg)
0.15860
0.13840
0.15140
0.14590
0.14840
0.14800
0.15090
0.15260
0.15390
0.15480
0.15390
0.15350

Intensity
(Counts)
4693
1451
990

Intensity

(Counts)
4693
287
990
316
1451
937
874
146
684
289
315
500

Integrated Int
(Counts)
44790
12407
8797

Integrated Int
(Counts)
44790
2249
8797
2716
12407
7923
7637
1508
6236
2667
2758
4380
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5UN 4.3 dayananisnaaau TiO; USuusaiiurime APTES saewmaila XRD (se)

<

1HCPS)

1(cPS)

1(CPS)

1EPS)

1 CPS)

16PS)

Group: ChE-KMITL-2018

Data: 20180328_1 >

JL i oL o
AN i 9] A
oha B 1

‘Thats-2Thets (deg)
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sUN 9.4 Yoyaranisnaaeu TiO, sewnalla XRD

*%%* Basic Data Procesa %%

# Data Infomation

intensity threhold

FWHM ratio (n-1)/n
System error Correction
Preclse peak Correction

30 (par mil)
2

YES ]
NO ]

Group : ChE-KMITL-2018
Data t 20180328_2
Sample Nmae : Tio2
Comment : Sukanp
Date & Time : 03-28-18 10:49:37
# Measurement Condition

X-ray tube
target :t Cu
voltage : 40.0 (kV)
current : 30.0 (mA)

Slits
Auto Slit : not Used
divergence slit : 1.00000 (deg)
scatter slit : 1.00000 (deg)
recelving slit : 0.15000 (mm)

Scanning
drive axis : Theta-2Theta
scan range > 20.0000 - 80.0000 (deg)
scan mode : Continuous Scan
scan speed g 2.0000 (deg/min)
sampling pitch : 0.0200 (deg)
preset time ] 0.60 (=ec)

# Data Process Condition

Smoothing [ AUTO ]
smoothing polnts 119

B.G.Subtruction [ AUTO ]
sampling points 1 9
repeat times : 30

Kal-a2 Separate [ MANUAL ]
Kal a2 ratlo : 50 (%)

Peak Search [ AUTO ]
differential points : 9
FWHM threhold :t 0.050 (deg)

[
[



JUT 1.5 Jayananisageu TiO, mewaila XRD (via)

*%%* Basic Data Process

Group : ChE-KMITL-2018

Data 1 20180328_2

# Strongest 3 peaks
no. peak 2Theta

no. (deg)
1 1 25.3463
2 5 48.0694
3 3 37.8376

# Peak Data List
peak 2Theta

no. (deg)

1 25.3463
2 36.9964
3 37.8376
4 38.6042
5 48.0694
6 53.9228
7 55.0911
8 62.1361
9 62.7125
10 68.7861
11 70.3093

12 75.0730

d
(R)
3.51111
1.89128
2.37580

d
(A)
3.51111
2.42786
2.37580
2.33037
1.89128
1.69898
1.66568
1.49267
1.48033
1.36368
1.33782
1.26431

dede de

I/11
100
33
22
I/11
100
22
33
20
19

14

10

FWHM
(deg)
0.14010
0.13080
0.13050

FWHM
(deg)
0.14010
0.12000
0.13050
0.13240
0.13080
0.13470
0.13550
0.13390
0.13310
0.14480
0.13770
0.14170

Intensity

(Counts)
5399
1764
1164

Intensity

(Counts)
5399
345
1164
346
1764
1057
1032
174
782
330
371
544

Integrated Int
(Counts)
46339
13776
9155

Integrated Int
(Counts)
46339
2530
9155
2770
13776
8645
8795
1675
6461
2737
3000
4634
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5UN 1.6 Yayananisnaaau TiO; mewaila XRD (fe)
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[[=27]
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Group: ChE-KMITL-2018

Data: 20180328_2 >
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A15797 2.1 VOYANANITVINGRIRIILLTILIIAT
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Tensile strength

StdOrder RunOrder PtType Blocks ABS TiO, APTES

(MPa)
1 18 1 1 99.4 0.1 0.5 17.02
2 1 1 1 99.8 0.1 0.1 15.29
3 10 1 1 99.4 0.5 0.1 23.46
il 4 2 1 99.4 0.3 0.3 22.52
5 17 2 1 99.6 0.1 0.3 15.37
6 7 2 1 99.6 0.3 0.1 19.35
7 8 0 1 99,5 .2 0.2 18.02
8 11 1 1 99.4 0.1 0.5 17.40
9 14 1 1 99.8 0.1 0.1 15.08
10 15 1 1 994 0.5 0.1 23.12
11 12 2 i 99.4 0.3 0.3 21.37
12 19 2 1 Q604 0.3 14.91
13 21 7] 1 9360 073 0.1 19.21
14 16 0 1 ) A Vi 0.2 17.79
15 1 1 99.4 0.1 @b 16.97
16 1 1 3%.89 0=l 0.1 15.22
| xn 20 1 g 99.4 0.5 0.1 21.87
18 13 2 1 99.4 0.3 0.3 21.81
19 9 2 1 99.6 7 0.1 0.3 15.12
20 2 1 99.6 0.3 0.1 18.92
21 2 0 1 99:5,7°0.2 0.2 17.96




M13199 9.2 TOLAHANTNARBINBATATIFY
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Young’s
StdOrder RunOrder PtType Blocks ABS TiO, APTES modulus

(GPa)
1 18 1 1 99.4 0.1 0.5 1.79
2 1 1 1 99.8 0.1 0.1 0.82
3 10 1 1 99.4 05 0.1 1.05
il 4 2 1 994 03 0.3 0.97
5 17 2 1 99.6 0.1 0.3 1.05
6 7 2 1 99.6 0.3 0.1 0.77
7 8 0 1 99.5 0.2 0.2 0.84
8 11 1 1 99.4 0.1 0.5 1.72
9 14 1 1 99.8 0.1 0.1 0.96
10 15 1 1 99.4 0.5 0.1 1.21
11 12 2 1 994 0.3 0.3 1.04
12 19 2 1 9 0stotd 071 0.3 1.11
13 21 2 1 99.6 0.3 0.1 0.89
14 16 0 1 995 0.2 0.2 0.79
15 1 1 994 0.1 0.5 1.68
16 1 i 99.8 0.1 0.1 0.91
7 20 1 1 99.4 0.5 0.1 147
18 13 2 1 994 0.3 0.3 1.08
19 9 2 1 99.6 0.1 0.3 1.09
20 2 1 996 03 0.1 1.02
21 2 0 1 995 02 0.2 0.83
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a

M15199 9.3 YOLAHANTTNARBITLULEAMIGEANIYAUIA

9 9

Elongation
StdOrder RunOrder PtType Blocks ABS TiO, APTES at break

(%)
1 18 1 1 99.4 0.1 0.5 1.06
2 1 1 1 99.8 0.1 0.1 0.83
3 10 1 1 99.4 05 0.1 1.07
il 4 2 1 994 03 0.3 1.19
5 17 2 1 99.6 0.1 0.3 0.78
6 7 2 1 99.6 0.3 0.1 0.98
7 8 0 1 99.5 0.2 0.2 0.90
8 11 1 1 99.4 0.1 0.5 1.12
9 14 1 1 998 0.1 0.1 0.91
10 15 1 1 994 0.5 0.1 1.33
11 12 2 1 994 0.3 0.3 1.06
12 19 2 1 9 0stotd 071 0.3 0.89
13 21 2 1 99.6 0.3 0.1 1.07
14 16 0 1 995 0.2 0.2 0.84
15 1 1 994 0.1 0.5 1.15
16 1 i 99.8 0.1 0.1 0.71
7 20 1 1 99.4 0.5 0.1 1.09
18 13 2 1 994 0.3 0.3 1.23
19 9 2 1 99.6 0.1 0.3 0.74
20 2 1 996, 0.3 0.1 0.86
21 2 0 1 995 02 0.2 0.74
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M157197 .1 1an15 Run Melusunsudiazu Minitab HanadoUAILwdesIAg

Regression for Mixtures: Tensile strength versus ABS, TiO2, APTES

Estimated Regression Coefficients for Tensile strength (component
proportions)

Term Coef SE Coef T P VIF
ABS 14 0 * * 25.95
TiO2 2136 159 * * 20.88
APTES -932 231 * * 44.08
ABS*ABS*Ti02*APTES -567961 200754 -2.83 0.012 113.86

ABS*TiO2*APTES*APTES 334186437 63160308 5.29 0.000 103.45

S = 0.431929 PRESS = 5.51882
R-Sg = 98.22% R-Sg(pred) = 96.71% R-Sg(adj) = 97.77%

Analysis of Variance for Tensile strength (component proportions)

Source DF Seq SS Adj SS Adj MS F P
Regression 4 164.660 164.6599 41.1650 220.65 0.000
Linear 2t B0 £ 998 34.1031 17.0515 91.40 0.000
Special Quartic 2 11.662 11.6621 5.8310 31.26 0.000
ABS*ABS*Ti02*APTES 1 6.439 1.4933 1.4933 8.00 0.012
ABS*Ti02*APTES*APTES 1 SZ83 2. 2229 Sn 2229 28.00 0.000
Residual Error 16 2.985 2.9850 0.1866
Lack-of-Fit 2 0.551 (0¥ 5,510y 0.2753 1.58 0.240
Pure Error 14 2.434 2.4343 O 213 9
Total 20 167.645

Estimated Regression Coefficients for Tensile strength (component amounts)

Term Coef
ABS 0.143206
Ti02 21.3614
APTES -oZ3Mr9y 1
ABS*ABS*TiO2*APTES -0.00567961

ABS*Ti02*APTES*APTES 3.34186
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Regression for Mixtures: Modulus versus ABS, TiO2, APTES

Estimated Regression Coefficients for Modulus (component proportions)

Term Coef SE Coef T P VIF
ABS 1 0 * * 25.95
Ti02 287 31 * * 20.88
APTES 137 45 * * 44.08
ABS*ABS*Ti02*APTES -291984 39006 -7.49 0.000 113.86

ABS*Ti02*APTES*APTES 62417756 12272034 5.09 0.000 103.45

S = 0.0839236 PRESS = 0.179743
R-Sg = 93.62% R-Sg(pred) = 89.82% R-Sqg(adj) = 92.02%

Analysis of Variance for Modulus (component proportions)

Source DF Seq SS Adj SS Adj MS F p
Regression 4 1.65283 1.65283 0.413208 58.67 0.000
Linear 2 1.06086 0.74472 0.372361 52.87 0.000
Special Quartic 2 0.59198 0.59198 0.295988 42.02 0.000
ABS*ABS*Ti02*APTES 1 0.40977 0.39465 0.394651 56.03 0.000
ABS*TiO2*APTES*APTES 1 0.18220 0.18220 0.182201 25.87 0.000
Residual Error 16 0.11269 0.11269 0.007043
Lack-of-Fit 2 0.04182 0.04182 0.020912 4.13 0.390
Pure Error 14 0.07087 0.07087 0.005062
Total 20 1.76552

Estimated Regression Coefficients for Modulus (component amounts)

Term Coef
ABS 0.00663345
Ti02 2.86586
APTES 1.37446
ABS*ABS*Ti02*APTES -0.00291984

ABS*Ti02*APTES*APTES 0.624178
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Regression for Mixtures: Elongation versus ABS, TiO2, APTES

Estimated Regression Coefficients for Elongation (component proportions)

Term Coef SE Coef T P VIF
ABS 1 0 * * 25.95
Ti02 187 35 * * 20.88
APTES =74 51 * * 44.08
ABS*ABS*Ti02*APTES -154052 44201 -3.49 0.003 113.86

ABS*TiO02*APTES*APTES 50989866 13906250 3.67 0.002 103.45

S = 0.0950994 PRESS = 0.250676
R-Sq = 76.76% R-Sq(pred) = 59.74% R-Sq(adj) = 70.95%

Analysis of Variance for Elongation (component proportions)

Source DF Seqg SS Adj SS Adj MS F P
Regression 4 0.477955 0.47795 0.119489 13.21 0.000
Linear 2 0.356084 0.25979 0.129897 14.36 0.000
Special Quartic 2 0.121870 0.12187 0.060935 6.74 0.008
ABS*ABS*Ti02*APTES 1 0.000279 0.10986 0.109857 12.15 0.003
ABS*Ti02*APTES*APTES il 50 {1 2015 92 & ‘Opgi=2Midb0 ORI 21 5% ™mily3. 44§ Oh. 002
Residual Error 16 0.144702 0.14470 0.009044
Lack-of-Fit 2 0.015236 0.01524 0.007618 0.82 0.459
Pure Error 14 0.129467 0.12947 0.009248
Total 20 0.622657

Estimated Regression Coefficients for Elongation (component amounts)

Term Coef
ABS 0.00804021
Tio2 1.86821
APTES -0.737192
ABS*ABS*Ti02*APTES -0.00154052

ABS*TiO2*APTES*APTES 0.509899
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A1579% .1 #an15 Run saglusunsudnsazu Minitab nanageu Response optimization

Response Optimization

Weight

Parameters

Goal Lower Target Upper
Tensile stre Maximum 18.0 22.5 22.5
Modulus Maximum 0.8 1.6 1.6
Elongation Maximum 0.9 1.2 1.2
Global Solution
Components
ABS = 99.4
Tio2 = 0.201010
APTES = 0.398990
Predicted Responses
Tensile stre 20.9390 , desirability =
Modulus = 1.4554 desirability
Elongation = | AABL Yy desirability
Composite Desirability = 0.811859

Import
1 1
1 1
1 1

0.653120
0.819311
1.000000
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M15797 .1 wan13 Run selusinsudniagy Minitab msvnaeuauufignu

One-Sample T: Tensile strength

Test of n = 20.69 vs # 20.69

Variable N Mean StDev SE Mean 95% CI T P
Tensile strength 5 21.732 1.635 0.731 (19.702, 23.762) 1.43 0.227
One-Sample T: Modulus

Test of p = 1.51 vs # 1.51

Variable N Mean StDev SE Mean 95% CI T P
Modulus 5 1.4660 0.0541 0.0242 (1.3988, 1.5332) -1.82 0.143
One-Sample T: Elongation at break

Test of p = 1.29 vs # 1.29

Variable N Mean StDev SE Mean 95% CI T P
Elongation at break 5 1.2160 0.0956 0.0427 (1.0974, 1.3346) -1.73 0.158
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JUM .1 N9 MUARAIANNFINUSTENINNANUALLAE AR AV TARLTIUTENBUNTEAY

JUM 1.2 n9uanemUENTLSTE NI NANLIAULAE ANUATEAYRTANTIUTENB UTISE AU
9n3EIU ABS 99.4 : TiO; 0.1 : APTES 0.5 484N INARBUAIIN 2
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JUT 8.3 nTuanImNdENiuSTEnINANUAULAE ANUATEAYRTARTIUTENB UTISE AU
9M3IEIU ABS 99.4 : TiO, 0.1 : APTES 0.5 489n13MARBUAIIT 3
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JUN 80.4 N3 MLARIANNENTUSTENINIANLALILAE ALASEAYEITA TN UTE N UNTE AU
oMU ABS 99.8 : TIO2 0.1 : APTES 0.1 ¥83mnadeuassil 1

Stress [MPa]
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08
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JUM 0.5 nTUaRImUENTLSTE NI NANLAULAE AULATEAYRITARITIUSENB U TS AU
9M57dU ABS 99.8 : TiO2 0.1 : APTES 0.1 ¥94MINAHDUATIN 2

Stress [MPa]

-0.2

T
0.4
Strain [%]

JUN 8.6 NTUaRIANENTLSTEMINANLAULAE AAATEAYRITARITIUsENBUTISE AU
9M3EU ABS 99.8 : TiO, 0.1 : APTES 0.1 484N1TNARBUAIIH 3
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nsAuIlasiaudnIsanasvaLUAiitse E.coli 31nmssudasanausgd

o o o [ Aa Ao 1 ¢ @ ¢ o : o A

dvfumsiuinduukuaiisenduldluniisesidud Wieihduauluiuuayin
A9 Ll AnwanURMUTBRUATISEHIUNTEUIUNITSIUAATENTUES (Photocatalytic
activity) aunsamuwiailaann

R ae Ao s a‘l’wmuumﬁL%'aﬁiam%ﬁmmmi%’uLLaaﬁ (1alat)
uLUASENTUle (%) = —— ————— x 100
Fnnunuafiereusuuased (Talatl)

F9g19NSANIAUUBSIHUANTANAIIINNITFULENEIVDTUNUNNIAIANY LiTefine
wa v & A a ) a ' ¢ & & ° A A ~
anURi e uAfSevesTansUsenauluniieUasidud lnsduauiuaiiisenan 0 ui
° Aa a v a A o v = v o N a W ~
FUULUATIS S UAUVBINANERN ABS MulaanAIaauIIukUAiSuwiniU 284 Talall
v O ° A a Ao oM\ A | A ) ~ W
FatU uuBUATISeNTUlseaeNIa NS ULAS 5, 15 wag 30 W19 Windu 263,
251 way 148 laladl anuasiu Wetunaaduiuasigud azlan

R . — M 263 lalail
Frunuwuaiiseiina 5 wil (%) = =—— X 100 = 93%
284 1alail
° N A a 251 alail
FrnunuafiFeina 15 mi (%) = =—— X 100 = 88%
284 laladl
g ) A 1481ﬂ1au
FrunuvaiiBeinar 30 wiit (%) = N ——X 100 =52%
ALaU

fruuuvefiGeuduvesandssynouisedusasidiuna ABS 99.4, TiO, 0.38
uag APTES 0.22 Wasifudlaetmin fuldaniedefusuiuuuaiidewiniu 261 Teladl
SrurunuafiSefidulaadefinainisfunas 5, 15 waz 30 Wil wiadu 183, 125 uaz 49
Teladl mud ey wWethundnduedidud agle

. b o - 183 Taladl
Frnunuafizeina 5w (%) = —— x 100 = 70%
261 1aladl
o PR = 125 Taladl
Frnuiuafizeiina 15 nit (%) = —— X 100 = 48%
261 lalad
. A - 49 \alail
FrunuwuaiiBeiina 30 wiit (%) = Telii X 100 = 19%
ALaU

A v ) a A | f & & 1w ' v o
WIoADIN1INIIUERIINTSanasuadwuaselunthaasigusvinduwinlaldidi 100
v o s & & aa A | aa o & =
avdudnwlesfusiuaiiisennalag vunganuinuailssandiegsilanasiis (100 -
93) = 7 WastHud (NSMTUIUVDINAIERN ABS Fuuasg NN 5 uii)
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