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ABSTRACT

This thesis is to study about mixed Acrylonitrile-Butadiene-Styrene (ABS) with
Titanium dioxide (TiO,). The objective is to study the mixing ratio of ABS and TiO, for
E.coli antibacterial properties of the plastic. In this study, the Acrylonitrile-Butadiene-
Styrene (ABS) and titanium dioxide (TiO;) was mixed with the ratio of 100:0, 99.5:0.5, 99:1,
and 98:2 respectively. The specimens were prepared by using the internal mixer before
compression molding to make the plaque specimen. After that, The E.coli antibacterial
performance was performed according to JIS Z 2801:2010. The results showed that
bacteria were degraded by Photocatalytic activity. So the mixing ratio of ABS with TiO,
influenced to antibacterial property. In addition, the results showed that increasing TiO,
decreased the photocatalytic activity. The ratio of 99.5:0.5 of ABS and TiO, was the best
condition of this study. The mechanical properties when mixed titanium dioxide with ABS
by the ratio of 99.5: 0.5, the modulus and tensile stress were increased but if increasing
TiO,, both properties were decreased. When mixed titanium dioxide with ABS by the ratio
of 95.5: 0.5 and 99: 1 the strain was increased but if increasing TiO, the strain was

decreased.
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1. vinsduasiginatadn evaslalulasa-Oamledu-alaSunazifundnimdeyla
sonledludnsidiu 0, 0.5, 1, uaz 2 Wesdudlagtwmiin augisu mnu?uﬁﬂﬂ{)’m‘ﬁ'}ugﬂﬁw
NILUIUNIINADA (Compression)

2. nodsumssidauuaiiselngsddenuasgiu JIS Z 2801:2010

3. Aseiuaznaasunuan solumsiusatouuaiideanufizeinlnaanain

4. NAADUANUAMIINIENNAREWALA SEM wazauumaniana

1.4 YUABUNITANE

ko
]

JusaulunsmiunisAne daeil

v

1. AuAudeyauazunANLIATesne Mneates

2. Anwnaruannsanasdulldvesnsiiuguauiinisdudadouuaiise

)

3. Anw s msnaaeun1sdudauieuuaiielagdedaninuinsgiu JIS Z 2801:2010

)}

4. Anvnavesufiselwlammainuazladeoug flnasemsdudautowuaiise
5. fnwaudAnianmenin laedwszidiamaia SEM uavaudiniana
6. asunanlannnisifeuaznaass wieunliaueuuiniadledug nuludaidnng

UFulssuagnssuiumsiauisioly



1.5 Uszlawifianadnazldsu

1. Remmdiuglunaifiveruannge ssavsnmmsiudadeuuaiidovemanadin
9za3 lalulasa-Tamledu-alaSu (Acrylonitrile-Butadiene-Styrene,  ABS) Tmaifin1siiumns
Tnidleslaeenles (Tio,) sauludstadesieg fifnadenmssudutauuniise

2. Idnnuduiusuazanmeivunzaulunisneay ABS/TIO, iflausRdudatowuaiide

3. wyuianalauazUsedviamlumsdudautenuaiissanuinselnlawanglain

v
=) v

4. annsnhanuialainnauideidluvssgndldluniseinduanusiuaisisage vie
"dl L at l:; J’ al -l 2/
gunsalifesnsdugaiouuniisels
= < a aw o ol v [ = - o ot o 3
5. iansiwenlesunfaluaideduy Meadesiunanadin iotiluimuifiueed

AMuuaznolviinyselesisely
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2.1 AaNunIEYeINaalas (Polymer) [3]
a L4 = o = 1 <& 1 1 =l ]
WaAWBT U1AINAIWINTN 2 A1 A Poly Wai1 nananseuin Neros wiladn @runsenuae
- ¢ a a cdaa a oo I

wodlNes (Polymer) Lf]*umwa'm'i'mwulﬁﬂuawmmwﬂsﬁuﬂuanwm:ﬂLﬁu‘[maqammm’lwm Fain
PNNBFNBTNUINNEENT NeUBWET (Monomer) SMuuIINUNA 1 UsE T auR UM uTuse
laaus menedweasunrinerafinainuousasidusdafmerunaiuauidounony 1oy
wlanazwediedidu Wudu ualuvrswiefotnfnduainueusius SAuana1eiuLdaus ey

feg1uTu wodleawos wazlusiu Wudu

2.2 Ussuanvaanaawas [4]

[
i e =l

UTPLANYDINOANDT AT UNAILLNNIAN99 Leigiadl
" = &) ¢ @ =) =
n. wuseumaAadunue 1 2 viie fe

1. wodlwesessuvd (Natural Polymers)

=l alay

Wunedwesnintueinusisned awisanulaludediddavneils Tnenedwessssusi

9

1%
=t

| A oA da aae a & ) i a a ¢ - &
L‘ViaﬂuL‘Uuax‘mﬂmmmwaWUﬂﬂUE]’]ﬂEJﬂi:ﬁU’Juﬂ’]‘i‘Vl'NLﬂuﬂ'N‘] WLﬂﬂ‘UUﬂWﬂIUL?}’aﬁ LLazdn1Itnuy

avaulldusslaminuaiunneg fadu wedwessssuvndedanuuansiaiulumusinves

'
a

FalTinuazsunisiinuluddldin fedrmedwessssud Taun @uleie waglad uazlafiu
Wudu
2. WoAeIANATIEN (Synthetic Polymers)
Lﬁmmnmiﬁ'ami']sﬁ%u‘[mawwéﬁ’zEﬁ%'miﬁ"]m‘maumua%aﬁ’muumﬂmﬁwﬁﬁ%mmﬁ
meldanmzfmunzay ﬁﬂﬁuauaLuaﬁtﬁﬁwﬁuLﬁmﬁuﬁz‘[ﬂmauﬁﬁiaﬁunmaL{Juimaqawaﬁma%
Tnwansuouawesisnldiduansiadulunszuiunsdunnesinedwes Ae arslalasasvoudii
nanaagldannsndusuAULaY MSUONLAESISUNG 1y Loviiay alety Tnsiau hilanae

Ts@ (Dusu



9. wUaulaTassvewedmnes wseendu 3 wuu fe

1. wedwaswuuldy (Chain Length Polymer)

Ananuausesasuselanaumluldeny ﬁaLLama’lugUﬁ 2.1 lunsaindulanediues
upualeiardnsesaauAuluwuuae ldvarsuuu Maedranedwesiuudu Taun wedlefidu
wodlwsiau wodlillanaslsn weddlniu nedeaslalulnsd luasu waswedlefidumisvinian

Vs

guﬁ 2.1 Inssadawadiuosuuuidu (Chain Length Polymer) [3]

2. weAlesuuUA (Branched Polymer)

)
=

a ol a - W a v o & ' [
Wunedwesminanuauswastafuuanisniuavt insledunasldend Aananslugun
2.2 Asuananwedwasuedlavan vimlrliaiuisadnSaslanedwesiviniulauin Seilany

muiuLazgavaauvaIiBavguld mnumileir lassaiaddeuguldihediogumaiifisiy

gﬂﬁ 2.2 lnssasranadinesuuuis (Branched Polymer) [3]

3. WAWBIUUUINUR (Cross - linking Polymer)
Junedwesmiinanmadeulssszninlanedimesnilasaiuuuidy viauuuna
4 al [V | [ i v as P ' 1t a oo L% a I
oilasnulusaun awanslugun 2.3 sviussideulssseninlandniidiuiuies wedwesay
faniRtamguuazgoud uitildnnuiuseun wedwessuddsiandu wedwefuuuitumay

flgpmaenvadgullotuguudliamisavasuvianfouulacgusrals



JUN 2.3 Inssairanediuesneadiuesuuusiauwn (Cross - linking Polymer) [3]

] a ¢ & '3 1 = a =
A. UIRNNTUAYDINDUBLLDINIUUDIAYSENBU WURaNUU 2 4Us AD
1. Teluwediue3s (Homopolymers)
= a ¢ ' ¢ a o W ' a cala
D) waatuaiwﬂimawmmﬁﬂq YpsNaualuesYiaAeIng Wy wilt Wunediuesng
) & ¢ a a & - falal a g ¢
ﬂqﬂﬂaﬂixnaumaLﬂuuauamaiwaaalmuLﬂuwaamasmaimut,ﬂuuauamai
2. lawadlues (Copolymer)
Ap woAlwasnUsznaumieniiolans vemeusweaimeriaiuegistos 2 48n Wy wed
[ = £ @ . o [ = & o v
wamesuavnadtalus Wudu drunsulanediwesduunld 4 wuu
- Ianedwaiinuuuadu (Random Copolymer)
FDUIUUY  A-A-B-B-A-A-A-B-A-A-B-B-A-B-A-A-A-B-A-A-A-B-B-
- Ianadiasninuuuaduiu (Alternating Copolymer)
#7989 19U -A-B-A-B-A-B-A-B-A-B- #39 -(-A-B-)n-
- Tanadluesndauuuuien (Block Copolymer)
FDE9 LU -A-A-A-A-A-A-A-B-B-B-B-B-B-B-A-A-A-A-A-A-A-B-B-
- lawadwaindauuuly (Graft Copolymer)
f79819 11U -A-A-A-A-A-A-A-B-B-B-B-B-B-B

=y o 6 q’; = [ : @ é = = 1 =t 2/
arsdunsgmlluanaivuiaan uwinluanash A saannanvsoaglugUvandnle
wadmTunedweivuavesluanasn dmdnluianage %‘aﬁiamaﬁ%aqﬂugﬂwﬁﬂﬁaam"u GRD!
vosmedwesdaduanadniaeiiegshifuszidou (Unordered Polymer) wialdidundnisuni
@ a (4 as si = a‘ae! s =l s 1 = Y] 1 I
WadlNeIadngIU” (Amorphous Polymer) uaswedweidiluanadnisseiaisdaiuatiadu
s1llgu (Ordered Polymer) 3unin “wadwasnianuiiundn” (Crystalline Polymer) [5]

1. wowesnilanudundn (Crystalline Polymer)

[

luanavewneslunarainuaiaamisadasedniliiafuedradusadeunsaiiniy

wainle Wegnvinligampiiiindngumgivasuiven fethsvemedwesifinudundngs 1wy

WoALFAU waz PTFE 91nn1sAnwaie X-ray wuimwedwlasnianuidundnasivisdiuiidu

v



s 1 d‘ = . v a 1 4:1

odnug1u (Amorphous) wag duidundn (Crystalline) Yuagmeiu Tngdwilunanivuadn
wntusgiuulummg

i Fringed Micelle lsiadunanszurunisifiandn (Crystallization) 13 Anandiuves

s = Qe el 1 [ = s 4 I o = =

luanava1sq luanamdaiFesidniuedralussdeou Asguil 2.4 (a) udlunendaiingu]

d‘ B a o d s = = J = = _ s s
Lamella ainanyuddeinediundnvemedinesesuied winlunedwesiinainmsiusiives
wilsaneldluiana Aeszezuszan 10 nm ey Lamellae Fudulasiadafiugiuremed
¢ala Y P i ' a § o )

wesnfiaudundn AagUN 2.4 (b) Lazwul115EN219 Lamellae Ypanadinasdinsdidiuasy

e W oA w - . 4w 1w o ¢ & 5w y oA

luanaiifimsdnizeeiuuuhilussdeu visedugulusgmeialesidudlnodmiinvesdiud

Jundn anunsaruinldanaiunuiiuuvemediues

% Crystalline = ;”E;‘"—‘;’) X 100 (2.1)
c™Pa

e p Ap AvunUILUUYsIWeRILe SN IRl

Pa AR AMIMUIWINTEIWER TluSn vz adyg U

o

P¢ Ao muvunuiuvamedmeinildnuvuslundnauysal

—ANe
//\
(a)

JU 24 madasduanalunmsfiandnaiu (a) ngui Fringed Micelle

(b)

uae (b) ngud Lamellae [3]

2. wedlwesedmugiu (Amorphous Polymer)

wodluaiedngu (Amorphous Polymer) Usenauseluanafiosietialdiissidou
Tuianaegireiunnnnitlunanadndndn fsdunanafnnaniszsuausafosnia numudeulsm
ni1 wazWasuudasaualddesnitudinaglandt uenvninarafinUssianlufingndady

wanafniiliiyaviaauvaiusvsiifietgumainnwanaindousa Wity degrawarainliingn

9 9
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Uafeiiidvswaronisinndnvesnedied dfwoluil

1. mwdudeuredlassaiisluiana (Complexity) Anufundnazintuldiedmiunes
wesiillassadslifudou 1wy nedlediu Fdbiimjunuiifingnevienduuetezaeu Fso1aasiia
1aMsInGesisernlussiivuresansly

2. Sasmsidusta (Cooling Rate) Wlagniinliiifusiagetngazililuanavemediuesil
vanlumsdnidessanniu lemaiezinidundn Sstiunnni

3. 9aM1veNedIuelawdu (Degree of Polymerization) waﬁma%ﬁaw‘[ﬂmaQamamﬂ
aziilonaiadundnldeinnin

g = -

4. m3tdegu (Deformation) n1svirlvinedieiifigamgiiogseninanaransudduuas

q J

gamivasuval iansideguedatn 9 1wy msie avinbiluanavesmeduesinesn uay

L} Y

v o

dnssdlagatunniuinaulundnlafdu
5.mslimnuiau (Annealing) mslvimnusauiunediuesinsaiwedugiufigamyisnia

gampivasumaiiisadniesannsansziuliluanadnsosilmisthadusaifouwasindu

2.3 nMsiasuaaIuzvaIwaauas [6]
nsilasuaniuzvamediuesaiuisawuslaidu 3 Ussuan léun

1. gaungiinanansuddu (Glass Transition Temperature , T,)

a a §ala Y]

sdwesuansrgumgiinaansuddudunediwesifimsdnsvsaslaluanauvulsl

U

Wuszilou wie wodlwesodugiu foaumgiiiindt Te wedwedavidnvasluveuwdndrounn

Er q Y

=

(Glasslike) uds uazisz Wegnvilillaamgiisnnd Te win q anlivisedsvemedineios

Waguly 1y anuvuiwiy elugdavesninudaveu feguin 2.5

o

2. gunguviasiigl (Melting Temperature , T,)

Y

a fAﬂ'd

‘W@ﬁLlJE]‘S‘VIlJﬂ’JWJJLﬂuNEﬂ"USLiJgHUﬂﬂ’]USQ']ﬂ‘ﬂ@dLL‘ﬁﬁNﬁﬂLﬂu‘UﬂﬁLﬁa?ﬁE}mMQﬁwﬁaﬁJL‘lﬁﬁﬁ

u gaunqiiil siusysynintluianavesaeldnadinesazdouas ienediweslasuusduanass

Y

weurhuiuuaglvald aAnuuluswuazlugdavesruiavguiilndeud o annsgilivunzay

dmsunstugy wedwedmemaiagng q wu nsude n153adugy WWudu ganaeuvatveswed

=

wasua1eylin wanewannsed 2.1 wedlwe s luiididnuugiawdn (Semicrystalline) w3piindau

' 3/
= Y]

fllundnuazdiuedugiutuiuey wsuaninsivisuaniuziguuniivasumaduazgaumnadl

NANANSIUAYU



3. gaunilaaeda (Degradation Temperature , Tq)
aj = ar L3 1 1 a & -]
ngamgiigann q suszlarnaudszwitesmouluaeldnediues aunsagnvhateas uay

ilvinediweslnid gaungiidenani Aesaumalivesnisaaisds uenaini fAvesndiau $ed

dansbilewanuazuuafiy famnsavilinedwesiiamsaasdalduioglugamaiin

Crystalline

Semicrystalline

Density

Amorphous

Liquid

]
[}
1
1
I
1
1
1
I
1
I
I
I
i
I
I
I
|
]
1
1
|
]
I
I
1
I
I
1
1
1
1
1
|
1
1

T

Temperature

U 2.5 anwduiudssnineuvuuiufidisulumueamaiiveanediwes (6]

M50 2.1 Qoungil T, Uay T, vaanediweiunsuiln (6]

Polymer T (°0) Tel"E
Addition Polymers
Low — density (LD) polyethylene 145 - 120
High - density (LD) polyethylene 137 - 120
Polyvinyl chloride 175212 87
Polypropylene 168 - 176 - 16
Polystyrene 240 85 = L£b
Polyacrylonitrile 320 107
Polytetrafluoroethylene (Teflon) 327
Polychlorotrifluoroethylene 220
Polymethyl methacrylate (Acrylic) 90 - 105
ABS 88 - 125




o = a L3 = ]
AN 2.1 gunfal Ty, kag T, YBINaaLLDIUNTUn (s1) (6]

Condensation polymers

Polyamide (Nylon 6,6) 265 50

Acetal 181 -85
Polycarbonate 230 145
Polyester 235 bi:

Elastomers

Silicone - 123
Polybutadiene 120 - 90
Polychloroprene 80 - 50
Polyisoprene 30 =73

2.4 mMaiawadwas [6]

Ufisemsiianediuesisendt Ujisemediuelsiudu (Polymerization) Aenszuiuns
\Ainareansidlianavuialug (nedwed) 1nansiiiluanadn (ueuswed) msiisnediuels
wifu szinmeldannziag Wy e fisegumgiianusiu Wudu viliAndewedwede
finsaq Funnang ildunedweslussaminienediweiduassidefansannalovesnis
WinUiseuarlasiasiuaiivamediueiudy

annsaudeawelsiwdusenididu 4 Ussian fail

1. wedwelswdunuuty wionruuu

2. wodwelsiwfuuuugnlsusida viSeuiudh
3. wedwelswduluuleseiin
q

. wodwalswdunuulaasiiudu

2.5 MlTeianuaziauinveswediues [6]
mMsnneidneusimivesiaaiinudify wazldgnirluuszendldegraunivane
Tneiamzadrailunisfinifertufause §isen ansfafa gunsallwih mawndeuiin wagwe
dued ﬁugmmﬁLﬂiﬁsﬁmﬁ’ﬂﬂmm%@ﬁmﬂmeiawﬁaamqa (Bifinnseu riney vi3e lasew) finn
nsgnunseruRmiivesiiedis uaziluaungliiinnisaziounduvesmdsau deanuise

anldlunmsiwsisile weatadnsgrdnvasinminvsanedwes laun

10



2.5.1 Scanning Electron Microscopy (SEM) [7]
wadaildardidnnsouawnuluvuiinmiuesansdiiogis valiianisnszideresdién

=

a _ w o i o a
n30U (Scattered Electron) wagiAndgygainalelunisasrsniniiauisariuaiiudn SEM 3
¢ a v oa 1 a ¢ o a o w &, aa
Usslemimnnlunsnwiigaiuiamiesmediues ilesandiamesguazidunmaiuia
nsUszgndldmaiiatifivarnuate u Tidnwnsnssaneveadindfuvivasseglud Tassad
yasgnulunedimeiUssaning nsnesmiensuansanvasiaailfindeuiia nsuenaluwed
waskan uasdnuugnIwanveslamissnieianuazansilidnin [Hudu

NANAITVNIULBUATEY SEM azUsznausdlsunasnnindidnnsaudaiant1finan

a e P 2/ as | a g Ay w I o a [
dinaseuiietouliiussuu lnenqudianaseudiliainundaduiinazgnisadagaunini

& | a & | s = o [ 2/ I a e &

MNUUNgUBIaNATOUITHUAUGTIUTIMTIE (Condenser Lens) ievitlingudidnasaunanaiy
ddanmseu Fsannsauulisunvesdrdidnaseulnaviednldmudons windosnsainil
=l @ at 2o a a =l [ a O o oad s [ ‘
finnuaudnzdiuliddianaseuiivuiniin wiminiuddidnaseuszgnuiuszosinialaeiaud
1na¥mg (Objective Lens) aslduufinfusudidesnisfine udwinddidnnseugnninauy
FunuaniliAndidinaseuniiend (Secondary Electron) au Fadnyauandilinaseuyfegiil
wgniuiin wazwlaslududygramedidnnseniinduas gmilvahadunimuusaingsiem

sol wararursatuiinawainnuiselnsvieadlaae

2.5.2 MInadauanUmdeng (Mechanical Tests) [7]

AnduURITINaveeYan U ANWDY (Hardness) Auudause (Strength) Aanuwien
(Ductility) 1@+ Lﬂu%"aﬁwuan’jﬁ'ﬂﬂﬁuﬂ anunsfasfunenunIunLse nienduiiena
meuenfiunnsyyildfundesdisdn luaAmnssuquandfidanatl mudidanniian s
dewdenliTanla Anw dwsnilaztianiansaniie auaudRiinaveutu msiiedesinsude

LY

o 2 1 a dy 1 va o a g v ] d a
gunsallaq azamnsavhenldedavaendstuedivamautfidinavesianiiliinadeadns

o as

gunIniuue) Wuddgy

2.5.2.1 A713LAU (Stress) [8]

' '
1 =1

munndusTienudumneie wsdumunidluiefanidieussnneueniiunszvse
nilantgiunlagniluanuduaiuisawisoanlimduzsinniudnwuzesusifiuinsevi
1. ANULAULSIAY (Tensile Stress) LARTULTTILIIRININTEYRIR N AU LA N 1A AU

laawenguazusnileanliuenuineanainiudigui 2.6a
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2/ (5 B a =¥ P =l o 0”1 ar d’l’ ]
2. AMULAULTIDN (Compressive Stress) LAATULLBTLIINANINTZYIIAIRIAAUNUN

as -~ ar Vs & [ a
mednvaiiene g Al Tagilvuindua Agui 2.6b

v
@ [ o £ -

3. ANLAUKTIABY (Shear Stress) lddnydnwal t IinTuilieifiusaunsevinlvifamsauiy

o A A o [l s

s d a A =l 1 s
AUNUNNIARAYIN Lwaiﬁfaammaaumumnﬂumgﬂw 2.6¢ AAMNAUWLSIE0U (Shear Force)

E %4
=4 v a o a

14 A’ P L = a va b4 | a
WITAIYAUNAIAAAYIN A TIVUIUNUNANIVBILTILADU 'luVI'N‘LJQUFlﬂ’]’]@JLFIUﬁLﬂﬂﬁ]%ﬂllﬂﬂ 3 wuvu

Unsau 9 fu

1

: .‘“““---nﬂl 5 F—eumummmmnanl

' 1 ' 4 I

¥ 1 | i i
r—s s | Pt i

i i I :

¥ : { I.muuuuuu.n—@u

‘W“”"---ﬂ“ £

21 6y la [Tesiond : WEUEHW (Compeesrin)
P
2 fufdnnten
RBRRNRY N gl

P / L

C) usalon (Shoar

JUM 2.6 uansdnuaizveansinszyinviacieg [8]

25.2.2 ﬂ'nut.ﬂ%aml,aznﬁtﬂﬁﬂugﬂ (Strain and Deformation) [8]

ATAIATEA (Strain) e NMstABuLatgUT 9w AR (Deformation) Weflussmeusnan
n3gyin (NRANLAL) miL‘LJé"augﬂmaﬁaqﬁlﬂuwammﬂﬂﬁl,ﬂﬁ'auﬁﬂw'luﬁai'ﬂﬂ dednunizvas
Huanansaudadu 2 vfielvg q fe

1. mawAsuguuudanainviemnuaiuauuuAugy (Elastic Deformation or Elastic
Strain) Wunsiwdeuguludnuasidlevanusinssi esmenfasdevlmiilesanuavesannudy
wpReunduriiiumiady ilianaaguadalild fetheldun wanersde auie ruds
Udegasndulufivunawingy

2. ﬂ’liLﬂgngULL‘UUWmE@ﬂ‘W%Bﬂ’NNLﬂ%H@LL‘U‘UFNEU (Plastic Deformation or Plastic

Strain) \Wumsiasuguiifauihasanusnsgvhiuesnudrianidensgusemuiignivasuludy

U

lnvogmaumaauiliudlrvzlindulusumiasiu
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ar = =l

= | 5 - d’ld” o dl o =) v 1
anvnvilnaziingfnssunaddvugunsaesriiniuegiuusafiuinsyi wisauAuii
funndesifiedla ynliiuiiianisugy (Elastic Limit) ud Taquufazinginssufuguuuudan

[ I a

a . . Vv a | aw v a
@fn (Elastic Behavior) usitanuiduiunitiidanisfiugudianfaziianmsidousuuuunns

v
& a 4 v o owoa

nIoWUUNaddn (Plastic Deformation) UBNIINAIUATEATY 2 ¥TaTiual Falauasansn
& =5 @ = ¢ 1 a ' a =& a a w o
Usziavnils@anuluianussianindives wu wanafin Sendimnueieaidarafinagiidnuaed

st =i <

A o 1 1 s L7 = =) s
WeusiAvinusenssiriagasiinisaugy wiaglindulauidnuvasiniloudin nsinuas
AnamAMANILATERileY 2 dnuaizhs

[ a Ao vy = ' - a w . 5 v o
1. WUULEUASY AUASERRIAlARESENIT AuLATEaLBaEY (Linear Strain) agldldsle
o 0 o w 2 P ' = Y a g a 1
LTINNINTEMNAN WL T ULSIAINTBLTING AN989AILLASE ARELNAUAINEITWEs LU
ANYNLAL
2. WUULRBU 138n31 ANUASEALaY (Shear Strain) ldiunsdifiuseinseyiianwasdu
L3URDU ANYBIANNATEATLYINAUTE L TLAR LT LUA DI L8 29T ¥MIN9T TN
AudUSTEnIaANAUUALLATER (Stress-Strain Relationship) Tun1suans
ANMNANRUSSEIANAURasAuATen TuntasldidulAmnudu-auaien (Stress-Strain
Curve) #4lA31nnN15MaaauKIand (Tensile Test) unan Tnsaznasnaivasninuduluwnuds
wazANUATEAlULALLEY AtU 2.7 MIvndaulsits uenanvglinnudisiusseninanuidiu-
ANMULATYALAD FaaguansnmaInsalunsTulshwesian A wilenvesian

(Brittleness and Ductility) uagunansionalduenauanunsalunstuguvesian (Formability)

ATHAATUN

JUN 2.7 idulAsriAu-amATen (Stress-Strain Curve) wuuilgaasin (Yield Point) [8]
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2.5.2.3 NM1IMAHBULIIRN (Tension Test) [8]

Bnsmaasuiiu anhifedaiingnadeuinietiein 9 LAITUTINAYDIAILLALLA Y
anuedeaiiAniull udmaemludulAedegui 2.7 suinuazguisesiunnaeuiisng 4 fu
%uagﬁwﬁﬂmaﬁaaﬁu 9 UINTFIUAT 9 VBINTTNAABY LU WINSFIUVI ASTM (American
Society of Testing and Materials), BS (British Standards), JIS (Japanese Industrial Standards)
vizeusiuel wen. nmsgrusdndasignamnssulve) lddmussuauasguhesiunnaeuly Wil
iWelinavaansnageuidedald wiaufudinunainunilumsifinusanseyinenlide
nnnsfnvidulfrndu-anueien wuih Weduiduneaeusdiet 9 Suneaeuazdes 9
dneen udigaganils (3n A) Felurrdaruduiusssninemudu-anuaionssdudadiu

s 1

Al vililansmiiduidunse aunguesga (Hook's law) Fananinanuidududndulnense

L4
v e ] =l

AuALAIEn 90 A 1 1Sendiindadau (Proportional Limit) uaganeldindmnduil Yanay

' o

v oo a

wansnginssunsAugluuuBanadin (Elastic Behavior) ufeiiloUdasusinssyin Junaaeuay
nduluflvuamindy feiiunsenseihssluauiAuifndndu dunsmazeos 9 1A998N91A
idunse Taquangriinasdanauanmginssunisiugulasnidntesautga q vik (30 B) Funin
winganeu (Elastic limit) ‘#Qﬁgﬂﬁ’ﬁ]a‘ﬂﬂuﬂﬁﬁ’muﬂ’j’]ﬂ'ﬂuLﬁqujﬂ‘?}.f\]ﬂﬁﬁﬂﬁﬁﬂm‘iLL‘I.J‘i“ir‘lJm’J'i

(Permanent Deformation or Offset) Audaniiu Werhugailluudiianasimsdieuguoginnis

L]
]

(Plastic Deformation) anwagnsisusureInNAsEaLuUNaIaRntasundaslunueiinues
Taglulansvangvila 1y Wnwannd1A1Us (Low Carbon Steel) azifinnsiagugUoeig

= = a 19 & g, a a4 g o a al
10137 lnglidfimsiiuanudu (unesienvazanasidl) fign C Fudugaifinnsidsuguuuy
wa1din ga C W3en319an3n (Yield Point) LazA1veInIAuignilisenit AnuFugansn
(Yield Stress) 3@ Yield Strength 1 Yield Strength fifiuszlemifudmansunn imszidugauds
sgnhmgAnssumsAuguivngAnssunisagy uarlunsdlveslans

[ I [ = £ I & = L = 1 a o
wllumanuudwsgegniinddusslondlalagliinnadomeYanuareviay szgiiden
vosuad agliuansgansnegdaay uiiiiisnssmldlasfuuaainnadend 0.10 - 0.20% vos
AUENAMUALAY (Original Gage Length) idarniduruiuiunsiveiausnluaudadunsang
TAslumedue dsgil 2.8 Aanauduiigadailasinldunudinnuduanasnld aaudud
ilunATaFendt anaAuiigel (Proof Stress) 3eAuiAL 0.1 138 0.2% Offset

Aanandlugun 2.8
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» ¢
mumuigw

- - -

anuaY

0.1, 0.2% AMaTEn
(0.001 wia 0.002)

U7 2.8 WulAsmuAu-anuaisauuuiibifiyansin (8]

Y

VAINNgARTINLAT Tanasiudsusuuuunatainlaganuiuazaes 9 Wtegwd 9 vie
91998AINURIIAFIEA (37 D) AIMIUAUNTATLTENTT Ultimate Strength N3aAMLLALULTIAS
(Tensile Strength) FaiduArAr1uifiugegafifansznuldnoufiavaranieunnsanainiu

(Fracture) ilasananuatgyiinamisailsuzuadramarainlaun q Arrnuidugegel

1 k7

annsadnndanldnuld yenant mildildduisiTeuisunnaudRvesiagldsegdn m

1 ML (Strength) vaaTan wie MdvTaniu Tnevaly agmneferaudugsgniiian

v

nulgiies Myagnvine (0 E) vaansivl \Jugeiifaniianisunnvievinesnainiu (Fracture)

q 9

dmivlanzursviia wu wdnndrarsveusvielansnilun Avradulseds (Rupture

'
o

Strength) taggninarandugean inszidisiaeya D 1 ufinadnunsesiegimageuanad

o

MIANUNIEAUNIULTIRIENa 028 TUvE T TIAIAIUINAIYDIANULALIINAUTIV LA ALR L B

as

annauvgyhnmAgaULTIRY Anludvesnuduisanas daulandu 9 wu Taveiiuns

Fuzuidu (Cold Work) 1uda duazusnvinfignauidugean Taslifimsanvuiaiiuiinnadagang

gy 2.9a viwendgafiumindaguse (Brittle Materials) 1iu w31ila Aifin1sWasusdada

=g

warafntesunuseluiiiae drunsdivaiaaimdunalafinaziinuaninlanefidedn1sAIuLeY

9

g9fu fagu 2.9b
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ANUAY
aniau

anmuaioe anuaiee

U 2.9 WisuiisuidulAsanuiAu-amnuessavesTansizuay Tagwanain (8]

wiulAsruAu-anuaieail uenanaglduandArmuudauss as 9aAsIn (Yield Strength)

=

AMULAUGSEALAYAUIALUUTEABUAY Seazlduanaidng q ladndsl Ae
1. Avmwmiled (Ductility) Anldinvzueniduesiausd n1stini (Percentage Elongation)

uazn1sanNUNN1ARAYIN (Reduction of Area) lumsUjuiinlden %EL innndunsrvasannly

s =l s = = @ n.l" % <4 v = =] =l
N177I7 ﬂ?WNLWUEJTUE]\ﬂﬁﬂu?WL‘lJ‘L!W?UQﬂﬂ??ﬂJﬁ?ﬂﬂﬁﬂIUﬂ’ﬁ?}uE‘LJ‘?.IENN‘LI FIE)E]TJEG]QJFYJ']NWIUEJ'JGI

(%EL g9) AaanseluBugd wu 3a ATusd Auduain wam 1die widhianumidewh

v/

(e, Brittle) AvsiluTuguen viavilals W

s =l

2. Modulus of Elasticity or Stiffness aelafidadadiudaTaniinginssududaradn
aMIIEIUTEIINAMILAURBAMILATEAYZYINAUANAT AR Modulus of elasticity (E)
38 Young's Modulus 3 Stiffness sintlwiaendiu ksi (1 ksi=1000 psi) w38 kef/mm2 u3e GPa

fusemnsgyindunsuienSendnneiiidn Shear Modulus 38 Modulus of Rigidity (G) fn E

= =l

uag G vevianuiavylinvziidiaion uasilusuenaruausansgy (Stiffness, Rigidity) ves

Tde Uufe 01 E uag G dAge TaguzdsugUsdredaradinlaton uddh £ uas G s fufiay

Wagugledwdmadinldinn a1 E way G diusslondunndmivaueenuuuianiisessunse

S

A9 9 115799 2.2 pUaneiIeg 1A E wag G vestan s q 13
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ar
dhilvedyanan wszaoundaanse

d s ] 1 ﬂ; s i3 !
MITNN 2.2 MBENAIAI Las 1837a0vilna 9 [8]

i0) Modulus of elasticity Shear Modulus 10° psi
108 psi

Aluminium alloy 10.5 4.0

Copper 16.0 6.0

Steel (plain carbon 29.0 11.0

and low alloys)

Stainless Steel 28.0 9.5

(18.8)

Titanium 17.0 6.5

Tungsten 58.0 22.8

2.5.2.4 a1MuAY (Creep) [8]

s ]

v
Ioaw I o

Tandnlngleegneldussiuinssi witaviniidndangu mnfislium 4 uda f

pnaiansAsugUsdnnnvseuuunaradnld slltuegivgamalifld deusingnisaiigui

De

Send Ay Usinaesnnuduiinaviivegiusiinves¥ag Usinamesmnuidu guvnfiuay

v o =l a et 17 & o o
a1 mnlvanzivurautaziinaniiems aruAvasinduldaunsu 3 dusnsu sefuandlu

U 210

R GE

udt 1 it 11

o -

it 111

Rl LR ppe—

nm ()

gﬂﬁ' 2.10 w@ulAsmnudu [8]
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v v

4 quv o = a a =2y P o = '
ileldusensyhasiiasiinnuaion (OA) Tuviufl Ferenunason OA i Juagiuvin

vaedaquaran sl (Usinuvesusnseyh anuduwazenmgl) wavasiianuduiusiva

' i
@ a oa védv a

Modulus of elasticity (E) vasTaquu ndsnintuianfazisuinanudvlugui | fadasinisiie

Ll
=

1 g -4 s = = cll s -
ANUATEAILARY 9 anas (AB) Tudud Il (BC) dnsinisiinainaeienvzasiivazidusninisia
=l u. AJU a dy o =3 = c:"d 1 ..
AR ERgnlurueNTanin Creep Tu SasinisiinAaiuaienilisanda Minimum Creep
L B o a o PR § i < @ o
Rate 97nuUuLNBnIvun Il (CD) 8n51n15NAANULASEAILLALIUDLINTIALGY IWIAAVIANIDLAN

a - a P [ v ] ] d.f/ " o v o =l
sena i Wign D msiinnnuAvbidnluasdesmsuis 3 9u Juediuanzuasinandily fagu

Y

galll

mﬁw?agmgﬁm
-

ANUATUR

mé’uﬂagmg%

am ($ha)

gﬂﬁ 2.11 Creep Curve 7i Condition shaffu [8]

'
= o a

wuuu aliusansgyhivibiiinanuduviesamglgameasiinnnuAuauasy 3 1u ud

U

= ! =

WuarauanuAuvsegamgiiseziug 2 fulufesrliifnnisuanindu lunsdlaemaning

v

v 1

wei o1aianuAuIUld wiigamgiivies udlanzdluguaswinwiazlifnauui

] 2/ o

gaumgiinn uifhiguuniigaienadinld dalu msliwnlansvSelrsiinfigamgiasassoni

q Y] ] u v

ANANUR LN ARAUAUNINAITUIR Y

9
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2.5.2.5 a7131n349 (Toughness) [8]
AENsnvesiagnzgadunasnulilalagliiinnisunnin Send1 Araunge

[ wa v I

(Toughness) @alanuduRusAuAmaNTRAUANLLTusIKasAMWTletvesiu Tnefmuadn

9
v

1 w A v v 5 v =
Modulus of Toughness Wirfiufiunateldidulfmnudu-anuaseniildannsnagaunsas

fin Modulus of Toughness il zuansisuseneUTasvosianidesldauiliiAnnis

.

= ]

unnindae Jerimuatinzuaasiiuideunnsrsseninfaqumilonfinnuunsiguay fanuse

o 1o @ <
nliauunseeinme AguN 2.12 a uae b

> g '
Smine £ _
i’u.mﬁm
maten () snuaive
(a) (b)

UM 2.12 Modulus of Toughness was3anmiloanas Jagse [8)

2.5.2.6 A71u&1 (Fatigue) [8]

e TangnussdarninAinuulussgean (Ultimate Strength) tnnsevindulunduan

1 q Aufenvaziinmsunaninduld (esniinaruduie Fatigue Iy anudrilAnlutani

Wuamnvgiveanisidemevestudiuadesingeine 4 siznasnengauvesaiasing iy

<

\ATRIgUA adndsiad 1av szdsuiannusuasulladuududiu 9 ase ilmdsnisarduly

[ 2/

Fuarusne 9 veaduld vuaumsiieauaiuiasedsldidund"laddn uaainnsdnwinuin

u
o =

ANA1E MUY 2 SYeY D TTUTLINALLAASOLANTY WallauiAusIngud (Stress

Concentration) Tuuhmiu uaglussesiiaes dellausudilusunsesunnifaslniudes o

1 '
=

wilituinadnvwesiaganas Junsxisusinssidembeiuiigeniimauudussgegn Jan
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Aazuaninainiu drimunsiuiusevsesnnuduivingrludiunds (aeunfagldiian
10° s9u) AAnuduiazhliaguaninléisuauseuresmuduseuty 9 Fond

Fatigue Strength dmiulanglngianizninmén wﬁﬁhm’lmﬁ’uagjﬁmﬁa Fadldnrudusangy
1uds Lidrduausevresnsansyienfuninla Faqagliunneen maruduiizend

Endurance Limit

2.5.2.7 A21uL09 (Hardness) [8]

avmudaduamudiununisaisnyg (penetration) Wiamsidund (Abrasion) vas¥an
m’mLL‘ﬁa‘Uaaj"aﬁgl,ﬁmﬁuﬁ'umsﬁ’uﬁ'ruaaazmamLLas‘[maqama’luLﬁai’aﬂ WuReINUAUAII
udause ﬁaﬁummLL%qﬁmzLﬁmﬁai’ﬁqﬁmwmﬁqLL'iqqaﬁuﬂ"uﬁa winlaviguagigsdnazudania
winlwdwesnmaaeunnuudedieguaneTBusildiuinniiand 3 3% de

L. MINAABUAMULIIUUYTIUA (Brinell Hardness Test) 38m1s A Mgnueamdniisinu
nsyuudanedned swadurugudnas 10 wu. AnasuuAaEeuresianiineTa Tnelduse
3000 nn. dwmudanuds uaz 500 nn. dmsuTanseu Tneldiaan 30 3uit Wuwmsgiu a1nthy
Taduriugudnansvessesyu (indentation) theniildlumuan azldmeauudusauuiiiua
(Brinell Hardness Number) msnageuauudauuuiiuail bivmzausuiaauda ilesann
mmLL“ffa‘uaaﬁanmlﬁmnﬁ’ﬂuanmnﬁvé’qlajLmﬂaﬁ’u%ummaauﬁmaﬂfiwmmaﬁaaLj:u

2. MavadpuAILdLUUTEANa (Rockwell Hardness Test) nanadauuuuiindrefuns
nadeULUULIA uiliinadnniuasusalesndt Awewssilduareiin viorunmventinaay
Waeuls ﬁuﬁuamawmmmu%qLLU‘U'saﬂnaﬁﬁ]mﬁaﬂlﬂﬁmmsauﬁ’wﬁﬂmaﬁaﬂﬁ%maau
nsguraudarsmlagnsiniaies nanfe Meudnvessesnaadluiiu Avesiiavas

= o

a1 uansdrfaniinuudann FEnsmeaeuazliusainssindndesiia 10 nn. 9ntusziuLse
n3wviu Feonaasdidaus 60 -100 nn. ﬁuaejﬁwumuawﬁmaaﬁaﬂﬂ uaﬂmﬂf':é'af?}’ua%iﬁ’wﬁﬂ
vasTanflaznaaausig anafildervaadugnueaménuiemsitiisunsas msnageuuuuse
ﬂna“fj:‘HfaFJ"Nﬂ”i"Nm'Nstwaﬁmm'sﬂ'l‘Ei”"s’ﬂmwu%waﬁamﬁmha 9 lawnn a1 aansainaanu
wlevestagiimsvaseunuuuuaialild msldruasmnswmldinaduinnzsninens
mﬂL.F’)%iadLLﬁ%L‘IjE]\‘l%1ﬂiﬂ&lﬂllﬁ‘llu’lﬂLﬁﬂ%dlﬂﬁ’lﬁ’lﬂﬁ’)‘ﬂ@ﬁ%ﬁ%ﬂﬁﬂu
3. ManedouANNLdawuuIanes (Vickers Hardness Test) nsvnd@auwuuiAneshadie

Auusialuwiiiin ailddusnsdiuseniusildvefuiivessesna ussatuiitnailddy

iwwysgUUsslln usaiildiinsus 5-120 nn. Fuegiuanuudevesian
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2.5.3 AUNUABLIIAG (Tensile Strength) [6]

AIUNUABLIINITBINDAIWBS d1U15avedaUIINanvaenISEnaanyesiatadlislasunss
= [ a o W Y v .
Annieuen lagodemen 2 neunduwusiu e Aud (stress) LagALLATEA (strain)

AMILAY Ao usenldlunsaased et iuinings

. uss (F) -
ANUNAUY = T 2.2
uitwiia (A)

=i at 1

1 P i Y ' P vas =
ANLATEN (€) fie SrTdruseninanuenivasulisesinedilolduussireniny
g1suA LasanwgAnsIuAIAuLarAAS BavesTaqludnuusITuiuna Sns s

AMLLAUNTBLSIgNIviUf g1 linase nsEnvasiadn wieanuaSoaduagiemn

Aue Al AT

ANULATER = — = — (2.3)
AT AR L
. AMUAY o
lugda (Modulus) = ——— = — (2.4)
8 ANULATYA £

f19819 LU Wietiegussinmiduloumaaeau Tngldu safsednasniiaurinlimdule
vneanlaedty wiidleldusauafuuafegragd whbiiduledneanuaznusouseiegld
uineuiaznn lunsujiamlunisvedeuanuduiasmiuaienvesnadiwed fuegasly

U 2.13 o

= |
ATUA D819 (clamp)

Force Force

JUN 2.13 sUsMedavenedweinlivageuauiu uazauAIen [6]

ana’umﬁ’mﬂquﬁmﬁwﬁﬁu LLﬁ:ﬁﬁ]:ﬁQﬂﬁﬂﬁgﬂaaﬂﬁ’mLLi&ﬁi‘UH’iﬂLLﬂuau T
ToyalunasansNszninemuAuLazaIAsen (Stress-Strain Curve) dvSuNe 3o s
dnunradnees (Elastomer) Fuiinnistnoonlainodielddunsed ns’lwﬁlﬁﬁﬁﬂwmsﬁqgﬂﬁ 2.14
UENIINAUAULAZAIATEA udadallimeuiiuansautidnalseinsuvenedwes 3n 1y
Modulus %38 Stiffness FauanslneAdnsdiusenitanudularaaien (Wioauduly

FIusnveuduns M) wag Toughness Fauansausmumusiamsnindauandusuit 2.15
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Elongation at break

Break point

Stress
Y
Strain (elongation) ——————mm
guﬁ 2.14 AUAUNUSTEVINAMULAU- ATULATER [6]
(a) Soft and weak (b) Softand tough
st
Stress

(c) Hard and brittle (d) Hard and strong () Hard and tough

Strain ————————

U7 2.15 MmavedeuAunusiausIfeswedweSillauRsng q fu (6]

Toyanldnnnsmanuduiussenitmnudu - mnuasea Aofmanumusionssis a 9ave

(Tensile Strength at Break) #serildmuwediwasaly ayulilumsisiuans aisned 2.3
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< 1 ' =3 o s = XY
AITNN 2.3 AIAINNIUABLTING Bl IRV MTUNDELLETILY [6]

Polymer Tensile Strength (psi)
Polyethylene (L:ow to Medium Density) 1000 - 2400
Poly Ttetrafluoroethylene) 3500
Polyethylene (High Density) 4400
Poly (Dimethylsiloxane) 5000
Polypropylene 5000
Poly (Vinylidene Chloride) 8000
Polystyrene 8000
ABS Terpolymer 8500
Polyamide 9000 - 12000
Polycarbonate 9500
Polyesters (Cast) ~ 10000
Polysulfone 10200 - 12000
Epoxy Resin
Cast 12000
Molded 16000
Glass - filled Nylon 31000
Fabric — reinforced Epoxy Resin 60000 - 85000

2.6 AuguURvaIWaAwes [3]

YilavesaauiAvewedieiuliediningladunarenuniuiuauasiden Tusedu

Il
U el o s

wilunielulas Wuguaniiiieduisanvuzvesanelaonslasianglasiadsvemediwed u
sedunane Wuanaui@nesursdugiuemediwesileagluiiinsluszdunadunisesuie
woAnssulassiuveawedwed uduauauifluszdunisldou auauiRvemediuesanunse
Puunlaidu fadl
way | a wa ) "o - v a 1
1. guandiluniswuds Wupuandfivesdhsmsunsvieluanamdeululsiivinlaly
asazargvommedieilinnuddyunlunsimedwesiulddudedu
Ry a Y 18 a I =
2. yavaaumal yanasumatnldiunediwesldlinisiudsuaniuzainveaudadu
& = P S - ) = & & a ' =
vosna L lumslasungunanvisenwanuuzuveds vasussningavasunaindn
lunguuemmediveiduarzigavasumamdndaluiionfeddunsdveanesTlunarafndunes

Tuwanadasnaan i lugaumgigunnninasvasivan
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3. waAnssumsaay Tagiludrunauveswedweinsuauiuldiesninnisuasves
Tuanadnquansenuiidunanindeiianseitiusefudeudmiunsnausin Jusuuszuuda
Lilduuuldndearu wieBnedramils YaginauiuldfAnduasasanglalaivssu jduiug
sewialuanaiveuinufizonuudidumaenmsiusieulnstuasndnudassiiedeaty
MavinUTinesildulfveusazdulseney mnﬁu%u’tuisﬁ'uLauimﬂ"ﬁyuﬁ’uﬁwmumaaaqﬂ'm
fjwaniu mgluanavesmedwesiivuialnaniuaziiniusine fuasians
wnniluanaruindn Suuvedluanaiiferdeddudunauvemediweiilddasninuanily
drunanvesluianavinadnifduinasinfudmdeilumsnauSouioulddemiseusunns
dmivdiunauvomedine’ uagluanavuiadn fuuliuduturemdnudastly msua
asavanewedieiuavilinisavanevemediweiifnlfles arsazarowediwesiidudunuiios
niviwuluansazansvashinanasuindn luansavanefionns AnaudRvemedmaIiunlag
Ujisensswindviararsuazwedies lufinihazaiefid wedwefgneuazivsunasunniy
ussszwinluanavesihazarefumhedesavgainiusimelulianalufviazaneilid uss
meluluanaganiuazansazuad lusvhararsuwuuio vieanuziasavarowedwesdaiian
vosdulsydvsiiFeaiiasaduguiusmdnssvinluanave medwesiusviazanewiniuuse

meluluana sswiambedes Tuanziinedwesegluguindeignuni

v
e

4. mMsuania mnmnﬁwaqawwaﬁLua%ﬁNaﬂizwusﬁaﬂmauumﬁmummwaaLmai' ae
gnfuanfsniuaumiles Wewmnnsifiusuuvesaududeusioas ANNENBYEULAY
awé‘iy’u%ammma'luwaﬁLuaiwmsmssumumﬁ’mﬁﬂs&ﬁwﬁguqammwmﬂuwﬁmwsnssumu
Tnssaiemdn msanmnudundniisrtostumsiudnvaslusdawuunsyanmsizuas du
Usnaiifusdnuunadn degiivemansenuilifdesiuveuiuavednumemameninyes
wedlleiidu wedleRdumumuuiugeiszdunisunnisiauuduaddifunionuy wedle
AguAunuILIuETinTunAIIuIAdL S 1uLINA finnudangunituwazlalunisinfldu
wanain stimsuanfwemedwefidunuauiRdldsuunnanssnuesnisuani

5. anwensevuiavestanaiiwnidumsazansalaswe; Dunsdlfimvemediuesi
mhedesnnsuanie Fefiunliuanussserindluanauasniaifiondn nedweiuuuiuasin
1;1'1;51'Lmﬂﬁ'aaaiwaugsnﬁ&.wiﬁamauﬁ'ﬁ‘lnélﬁmﬁ"u wulaswefinnziinsuanfwnmiiouiu

6. Mmadiunanadlowwes msidiunanadlowesiwuliufinarudaveguvomediues wana
Atwestasvhluduluanavundniifianauifnaaiindofunedueiuazdifnludesinwes
wedwesndeulmldfuaranuffse sewinaefegeiimvemanandiwesiisatetunedls
lanaslsivienia #38 Aldldfuwaraidiesldvinie dwiianiunaraiuesldvindning =
Anuavgulaunnnii

24



2.7 WUUMSIHUvaInediuad [3]

E
LY

_ Ad L2 ala o a ] at 7
wadlwesndn1sldnuluiinusgdniutiu aunsanvseenmudnyuznianeninldaanui
9 9 A 4 wuu
v =3 a ¢ 1 o & = o A d v oo 1 g P
1. wiile \Dunedweinguiudauseiign Wesnniuiwidavesduloduivunidnun
ar = « = o [ 7 s 173 v E7 = o d'
maneawesiilusssiuusdumnunuduleliligean dilsTadidnvamamenmiigun
U WAL 9E
2. wanadn danuudausesesnnidule winisldnunatafiniiu aeiifiiannuniige 810
ge nndndulevarewin vinliamilouiudeusanindule urtasahwanafnludalsdanuu
winduly aswuntundasadosninuin
3. 97 dlgawiuAenudandugs FeldiFsuiiisuemuudanse wilinazandediae
wasldusnisiiadrieuwa (Elongation at Break) wazusiiafiamun (Load at Break) wi
uenniiwedweslunguildndudedinisfiusandulafme (Recovery Property) Fasasfinisiiiu

uwnidnmileaszuinldluanademaitienyan (Crosslink) Fagaidienansiasazegviaily

]
= 15 1

P a a My aw < = ' P a <
swzfiunzay Wesmnmnaiull erilassldnuvausudshidandu Tuvasfdwnaiuly fAae
leeenfidnwasiuiuly

4. @15asaN8maYa NG d1avantlazannng TdilugUvesmedinesiinszaesily
vaumnaddu 9 linasduinhazasvemeiiues vienszaedududiatuluin dnvaznsld
o & = v & - = a 4 a i @ U wal =
NupBun @iy waude vseasindiouinduY wedleslunauimssznsznedlifuazi
Anuannsalunms@enelaluaniisniuas vsaufgeandaulavse lifaunsafioztidnesly

\ieiu (Entanglement) fiudandus

2.8 UszdRanudusnvaswansiin [9]
Tt A.7.1868 (W./.2411) ¥19fiun (Printer) ¥1aeu5 uie John Wesley Hyatt léidumny
wanainvllausnvesanigewiniveiagased (Celluliod) w3s Cellulose Nitrate Tngnistien

Iwson@du (Pyroxylin) Foinihefiunsalunianauiunisys (Solid Camphor) idugn

s

oy = < o b =l v o s ¥ o =l o &
Ualden Fainuauaauinnluszesiy susdieriuilssmasingulithlnsendauluvinduian

\AADUR1 (Coating Materials) siean lafifunensagassdnnuladluldviudeniluuasuununis
Tdnauds ndsanidu dierlldvinszansasud aunsevislin.m. 1882 (w.A.2452) uSEn
Eastman laUssAwvinduiidunineuns n1sfnduwaradnlingavsinludaszezinainis

P

UNTEMITA.A.1909 (W.A.2452) Dr.Leo Hendrink Backeland ledununanainie

=l

Wusa -

Wesunanled (Phenol Formaldehyde) ndafusaluda (Phenolic) Tnsnisdunsigviueanu
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Wasunamlantiseiu warainwiln

i
= Ve

d d. Y o ¥ v
U3dnnudluseluinaslan m’l*ﬁmmunsmwm way

L |

v
=

| ! Ve = = 1 4‘ s é
gunsallwihau q deunladimsAananainlue q JusniFes q dwandumsed 2.4

ﬂ‘ o = = ] !
A1919% 2.4 Yiulanarafneiineing q [9]

A.A. Jowanadin Usznvndndeuai
nsauwium gniaidan wanain ussquaslanldviilu
1868 Cellulose Nitrate
Uaou (JeqUldozaidaunu) gnlades
Phenol - Formaledhyde randusinargunsallnil dufledunlie nuny (vied
0 (Phenolic) v Tvly
1909 Cold Molded Yy, Hefie
1909 Phenol - Formaledhyde wandusiuazgunsallnih sudledumie nevy (viind
(Phenolic) vin) Tlw
1926 Alkyd nAnfusuazgUnsallwih vhenadeuindinu
1926 Analine - Formaledhyde gunsailvivi
1927 Cellulose Acetate Haue3uU wanafinussgues
1987 Polyvinyl Chloride (PVC) fene nasidosena viess anglw PINUTIYVOUNAT
1y vImnsTufie vanusyEa
1929 Urea - Formaledhyde nanfniuargUnsallnih, naliidn
1936 Ethyl Cellulose wanfueiuaraUnsallni
1936 Acrylic Uelavan laud ndanlusela vesdrsie
1936 Polyvinyl Acetate g1eUsEnUtase N2
1938 Cellulose Acetate Butyrate WaaRnUsIyYes MulaTesle winndusnsus
1938 Polystyrene (PS) wilsilugidu dawunmed ndasussquiialavasiiu §
g wihnninsyind aduiny IWudun
1938 Nylon (Polyamide) dule dofh e dhusudminuesdend
1938 Polyvinyl Acetal nszanwaualglulsenu
1939 Polyvinyliecne Chloride WaraRNYILUIBInEUR (Uyila)
1939 Melamine - Formaledhyde EYIN NYUTUITIPOIMNS
1942 Polyester (Unsaturated) wAnnet Iuasnda wiu 3o soeud s1se1uth
o uavsdnfusmananuae
1942 Polyethylene (PE) VIR QINAERAN dananafnaenliwanasin
A.A. Yawanain Ussinvndndus
1943 Fluorocarbon (Teflon) 1 drufuiwin uiutussrheseesely
\3esdnsna Janindounsionsyne
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AJ =l o - - = J i
A1 2.4 Unullananadinatngng 9 (sa) [9]

| o - ) '
wruauunuAMNsauluAIeddns wwuuesly

1943 Silicone
gRAWNSIuNaTERnvae nadeunszanduan

1945 Cellulose Propionate naRnuUIIIYes Uinn

1947 Epoxy wAnSuslueindavilnfthenadeuinnm 1n3esils
wargunsal (Tool & Jijs)

1948 Acrylonitrile - Butadiene - w3esulnaviand nszihlddedh mnndutenuiing i

Styrene (ABS) Tasuadodldlvidn

1949 Allylic gunsallwi

1954 Polyurethane wasth minfies Tapuadeuialiiunzadn

1956 Acetal Fies dwsuihminuasdond

1957 Polypropylene (PP) wannfudien wilsniludidu Swummed gawanadin
UazN1vULWaaRn Su‘]

1957 Polycarbonate nsyanutvnveninduainia Taulwiasisus
nAuLLAniaR

1959 Chlornated Polyether 187

1962 Phenoxy UIN

1962 Polyallomer \Adasiunin

1964 lonomer wanafnussyisesilaviseuasiinu (Skin Packages)
gnnaau

1964 Polypropylene Oxide FUUAAeS

1964 Polyimide dwudwidn Sudugunsaifinesinh

1964 Ethylene - Vinyl Acetate EewataRnyav

1965 Patylene thenadoui

1965 Polysulfone wansnsilieianuanuioug

1970 Polyester (Thermoplastic) BudBdnmseing @ule Fduluans

1973 Polybutylene vierh

1975 Nitrile Resins NYULUITY
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2.9 wanadn [10]

a s = 1 Ao o Y v 3

wanddn danduarsuszneumnlalasmsueuniiuminluanags Ussnoudmeluanatig
fudeiuduluanaaeeig Usznaumesndin fe asueu lalasiau uareendiau uenvaini
al P & 1 ' s vy a = ° v o v &
anviisgpugudulsznaudes dlaun Tulnsiau vigessu rassu wasduzdu Wudu veass
wuhiimsldadn "wanadin® waz "wedlwes" lumnumnedeniu vielndidestu uaman "ol
wes" sinvunefsTanuszinnwanaiin e W@ule uazn1a dauin "wanadn® sgmuneisanswa
seninlndwesuazansifuuns Wy 8 answarafnlowes arsuinadesniw waziaaes fian

y

° 2/ = a W ¢ o a X Vel i 1 (Y] [y [ 2/
dunldenuundadueiduiagulaenmstuguliiizunsesineg wu & 91 uasdou Hudu

2.10 Usztnnvaswandin [10]

mnuUssiamveaaRnmuanUAnaNuiay aunsawlseenilu 2 Uszian fe

1. wasluwarafin (Thermoplastic)

wedweiUsznviarilanadiluanavesmeldindmefunvudunsvienuuidus &
wanslugudl 2.16 annsaazanelddludiavhavatsunrin Weldsuanudouszsouda uay
woouvanuvesnamiailonn luanavedlndwesiwutuegannsnindeuiimsuluunly
Petuidlelituanuiou uandeiuiasiasudem Janmsvasumaiuazifusadl arusaiin
navlundumnlalaglivi liauiinaaiivasmeneaiw vielassairsvesndwesivdeul vunn

s

Un

3Ui 2.16 TaseaivesmediwesussinnmasTunanadin (Thermoplastic) [10]

wanadnUssianilannsatuzulnenisdnvasiivarafingniilvidousiuasinaldseninm
Founaza iy liluluuiuuunfidesinadugusrmudents mendsaniinarafnluaidiau
Wuwifuiazgniliduds uazaemeenainudiud Idndndusiidsusenudoms aunse
luldenls Weliadaudramnsadinduiniledalilaenisun wagvasuseanuiowiiotu
[ = s M ol ' = N = = o w £ P 1 2/
sUlundndnueilwiladn uinarafnUszanifidodouas Iadrinvesnisldau feluauisald
nuguniigeld wzenainnmstadeadedegunsely Moy vanihaulimenzd iy
ldussaurfoudnniaiion
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2. wasluigaia (Thermosetting)

Indwesussinnilazilassadranduuuusnaum Fauamalugud 2.17 Faazvasuimadlaly
%umauﬂwsﬁugﬂﬂ%aLLﬁnLﬁwﬁu FilutuneutasiiufinsunedifaduliAeiuss denlaasening
Twana sliindwesiizuiiians launsavasumarlédnideldiuanuteu wasmnldsy
muspuguiuly asviliiusrsswinezsenlulianaunneen Ieasilifausivesannanduln

Awesnall

i

sUit 2.17 Tassaiavasmediwe fussinvinesTuemia (Thermosetting) [10]

nsNAANaIaANTlaeslUYRTLANANIINNaIaRnTdameslunatadin e ludunsuusn
o ° v oa aaa a o o ' = P a o v @ W ar
aeniliiAnujiserndwelsiwduiissursdiu insweulesluanaintutnudntes wazd
anunsavaslinalilslasuAusau wanIRIR1T1eN 2.5 Jausavuguaeldanuiuuay
gaungiaale WandnAneiiizusnemusaInIsuds Iinsgaumnilivssuna 200-300 ssrwaldes
= Y ' P < ° a w ¢ " @
Welilalassadauuuhauniaissuasudwss aursasuaniusoonainwuulaslidossel
\Bu llesnnudndusiezudeiegnmeluwiiad fuiunisTvianufeulunszurunisudananain
woiluennduviliianuistu shsainnssuaunsudananainmeslunana@inislianudouss
liwanafiniy wazviasuval waradnwesluwadisldnuasaudslilauisatuiunisuasy
waznandundndusiiniviesloda (Recycle) 198n wazdlanudausnnivly eviliwaradn

WAamsaanefvsalul legliifianisvasuwar [9]

= | ' a . 5
ANSNN 2.5 LAAIANUUANGTENINIUTTLANIWANERN Thermoplastic wagThermosetting [11]

Thermoplastic Thermosetting

1. WWulnaeshuuldunsonuuis 1. Wulndesuuuidenlu s auuugnaum

2. azgoumvisaviasuvadlalasuaudou | 2. azudeindielesuanudeau

3. e lmdunauaieanain 3. ludpasalmdunaueiroanainuauuy

wiwuy favduasdvgunsela

4. ldinunsenTndweslsisduluusiam 4. iinujnselndweslswdulunifian

5. dhuniluAalasmavaeuuaziugulndls | 5. llewnsathunSludale
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_ =Y ar =3 A’
2.11 nSZUAUNSHARNEAN sIWanaRN U AU [12]

ASTUIUNISNARNARN UNNATERN w‘%aﬂizmummﬂigﬂwamﬁﬂL{‘Jumiﬁﬂﬁwmaﬁm‘f‘]

s [ i | as

a =t a ar =] = e a e a  w ¢ alal 1 o
nanINlssudsiniidnuey Uutiansaidunaiadundnunndsusnaneaznieg aouansly

U

U7l 2.18

ASEUIUNITHER

= a =) a s L3 =
LUANAERNKTD S —> WARNUNNATEFN

HaRNUTWANERN

wanasnAauU1IIn

4 = - L L3 =Y
gﬂw 2.18 WNUNINNTZUIUNTHARNERNUNNAERN [12]

lumahliwanadniadugusising dusewilimarainegluaniuzvesiua Taveravily
waradniinnisasudisrnuieuniailinanadinegluanuransavane sailileldnanain
anunsaiaduguinemieg muﬁﬂwms%yuehuﬁmu@mmil,ﬁﬂgﬂi'wuaawamﬁ’mﬁwmﬁﬁﬂ VU
wlwuuneine ndimstugunanfasimaainaedosiunsuaunmsnaaidy Weldmunsans
3UTulA Tnglunanafinuszianinesuenaradnazifanisudsiniloldfuanudu Tuvasd

wanafnUssiaviesuesnaninniadeulesvesansledluiana (Crosslinking) nsvuIumsuanuie

laaa o w =

nsulsgundndasinarainiinatsds usisndrdguartenvhiulurenisenamnssuwaadin
laua nisdananadin (Injection Molding) n158A3A (Extrusion) n156m (Compression Molding)
mse1gleu (Transfer Molding) N1 (Blowing) nstiugusiieam¥eu (Thermoforming)

1530 (Calendaring) N1sgauuuYilavyu (Rotation molding) wagnsvida (Casting) usu

= cﬁ o o e =

2.11.1 MSASEANANERNINBNTEUIUNSHARNENA usiwanafn [12]

ﬂ”m,sﬁ'ﬂmwmaﬁnLﬁaﬂszmumswﬁmmﬁmﬁm%ﬁaﬂi:ﬁmum'il,nJ'i'gmeaﬁﬂ%’msﬁ’umauﬁ
o [t o = a I O s a o 17 o o = 2 = a (7 =
1l wawmssunaraingagludnvar ingiulmiounasiwndnlundaiuild Ineund
wanadniildlunszuiunisulsglasdesiinmsnanansialitend arsifiuwds (Additives) wane
vilaioUsulpandRvewdndueinarafnuagy uugannuannsalunsuusgunanainiiels
Ltﬂigﬂlﬁd'm"ﬁu nixmumim%auwmaﬁﬂLﬁaﬂssmumiuﬂsgﬂ%’aﬂiaﬂaué{w AMSUALDY NS
wanvnizdurauds (Mixing) mswanvaziidureamnamienisnentas (Compounding) way

nsviwanadnuia (Pelletizing)
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2.12 nM3rauu17a (Compounding) [12]

msaeuUndlunsraumsAnusieiladeg funanain Inewaradnazgnliiaiudousy
agluannzvasy mnﬁumnﬁmsiaLLaswmaﬁnwaangﬂuqﬂwaulﬁtﬂutﬁaLﬁaaﬁu wATANIS
peuUAnaradin annsaudssaniliunispenundiuung (Batch Compounding) uaznisaey

Unduuusiaiies (Continuous Compounding)

2.12.1 nspsuU1Isuuung (Batch Compounding) [12]
fegsanaiesrauUfLUYE Taun Lﬂdi‘lawaﬂ.lLLUUﬁENQﬂﬂé’d (Two-roll Mill Mixer)

i3esauwuUYaviatrsemannely (Internal Mixer)

f. LﬂéadNﬁNLLUUEIBQQﬂﬂgd (Two-roll Mill Mixer)

Lﬂ%iaqwammuﬁﬂixnauﬁwaﬂnéqaaaqn«?iqﬁnmﬂmﬁﬂwéaﬁ'ﬁmsmﬁauﬁﬂﬁﬁmmLL%J
Lavay QnngaﬁgqaaqﬁfuuﬂmLﬁuchuguéﬂa'm'swn'w 300 - 500 Hadluns uagAue1I5ENI1e 800
- 1,500 fladuns Ingnnsrumuiuuagyuaiunsiusisanusunndesdudntios Tuvaeiinig
wanaziinslifauieuuanwaradninufagnnisisans Tneanudouresgnnisnanyalian
Foulwihwmsenislvaisurenifou wiorhsudouunslugnnas Yedvenntemauuuui fo
aunsauaRiuANYNELALTEUNSHAN Y vesasiiuunsaswatainld aunsaviiniswasly
Usafiuansansiuld azaanlunisvianuazenn s sHaNL UL laRAR SeTludneas

Wi Gamnzdmiunisudszusielaguramaia 1y n1sda (Compression Molding) 13y

14

aidevonnsamanwull fie fuidRdesiivinuzlunisldindes uasiimnufifeafunisaeutg

1 nosimsdionan Ingmsewanadnlidilusgnsinarsssninsgnnasaue aruadiausly

e =1

' o v 5 a a A 4 v o -1
ﬂ’]iNﬂﬂﬂuuﬁ]ﬁ%ﬂ'ﬁQﬂaUﬂq\jmﬁl LLﬁxLﬂﬂﬂhﬁﬁjCy}Lﬁﬂﬁ'ﬁLﬂlf‘ﬁ'iaﬂ'TTl_JUL‘lJ@UIﬁN']EJLU@\‘]”"\]']ﬂLUUﬂqiNﬁﬂJ

Tussuuda

9. IAsawanLuulansainIamaunely (Internal Mixer)
\nsesnaENLUUiUsEnaumealsmes (Rotor) %aﬁﬁuﬁﬂﬂswﬁavLwﬁauﬁ’aqﬂﬂéﬁﬁi’ﬂmuam

gavssyegmeluiesnaniiamnsauiugumgiild TasldihiuSounsetnlvanyuiou Tamedis

v

asamyuauneiusiganmlumsmuiiausadiuls mswuvedsinesnelurewauyili

as

LﬁmLmLﬁaumﬂIuﬁawamqamn v linisnszanesvesansiiuuaslunanainindulas o

uansluguil 2.19 dedveanseanuuuil fie Maalunswaudu guitalisudusosifnueas

U

as

Lifimsgaydedaguiaiinnisuulou esnnsuauvilussuule suiauasanuasiaueuss

9

[
Y

nmsnaulundazarpudutuey dmsutaidsvednsemanuwuui fe Waisousadunisnay

lakagn1svinAuazaaeaunyinlden

31



;:;'Uﬁ 2.19 m‘%awammuﬂm (Internal Mixer)[12]

2.12.2 n1spayUIdwuUseLias (Continuous Compounding) [12]
Tnevhlun1sneudnsuusieiiaainliiniedndn (Extruder) wiairdasuinususn
(Co-kneader) uansluzufl 2.20 Feuszneudhsanguiefiuwaniivyued melunszuondain s
wuvesangyiliifeusadeunarnsindeusluyniaynmsesdiunan Juildnisauiniy
Tuszduiiazidonnitmsaentdiuuuny nsesdnsaildlunisnenudnanaiinineslindedn

'%'ml,wang@jl,flwé’n AULATDI09S ﬂLmuaﬂ'immauV’L%‘luﬂsmwlmaamsm'm“5ﬁﬁu1umsﬂau

Y1nuinin

soufuEIwaa@n

Gousnmiawrd arhaina 1

REFIETOFEL LR P EF S ERFIRIISIGL o CEE S F

- ;ﬁmuud;ruuamp\\ ”
SYAYV VIV Mamm.j”'

Federss o 5 s trit

Py
—

ndwuon

31]17'1' 2.20 Lﬂ"?"aammam'w (Co-kneader) [12]
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n.8A3ALUUANGIAYY (Single Screw Extruder)
laeialuiesesdaiauuuangiaerfililunisudsgunaradninldansuuusssun dsly
= ' v dy =l at a v oo qu () v oo
aunsanavansiinwisbiidndutiadirfuwarainld iessnmsmuvesansuuuiilinelviaa
“ =i s o . [ - W Y vt w & 6 o
wsadeunnwaiivzviliansifiuusisine ansnszedildfdssduluana uandusud 2.21
w O - o a = v ) 1Y
Ay nslfisesdminuuuangiasalumsaasndnanafindasosiulpsdnvazvesang Tnons

Wuduiuusudouvesany

\ Breaker

gﬂﬁ 2.21 Lﬂ%@ﬂﬁﬂ?ﬂLLUUﬂﬂELﬁlm (Single Screw Extruder) [12]

9. Lﬂ?aqé’ﬂ%mwuang@: (Twin Screw Extruder)

L | =

\w3eesnsauuvangaiinduszaninmnisnangeninasesdadauvuansifed viatlidesann
wsadouiinduanmsmyuvesangggeniy Inednuawmsmuuesangaildeanuy Toun n1svu

lufiemafigaiiu (Co-rotating Screw) kazn 15y uauniL (Counter-rotating Screw) Taglu

=Y

msvhneuUnawaadn dnlfiaTesdainuuuanganiidnvasnmsmyuesangguuumuluiianis
Wi wanslugui 2.22

Hotizontalty
positicned
twin screws

Motor

]

U 2.22 Lﬂ%‘aaé’m%‘mmuang@; (Twin Screw Extruder) [12]
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2.13 NITUUNIINADA [12]
nszuuMswUsgUNanainmenszuIunIINAdavsensenuuuriausdn Wumaiianig
wUsguiiiuiigainadanis Tneduiinisussgnildndiusnndeann Bakeland #ununis
dupsizviiuea wosunadled stulull a.a. 1908 udlullequidinsiimslémedailumsuussy
warafnedniteranalagianizegnedeanisuusuens (Rubbers wag Elastorers) wagwanain
Usslanivaduelan (Thermosets) i fuadnisdu (Phenolic Resin) 8wendisdu (Epoxy Resin)
wanilurlesinadlas (Melamine Formaldehyde) wazgi3unoiunadles (Urea formaldehyde)
WHusu uaﬂmnﬁé’qﬁsm’L’ff’lummﬂsgﬂma%mawmaﬁﬂ (Thermoplastics) ﬁLLUiEUI@EJLMﬂﬁﬂguIﬁ
810 1 Msudsjumesuenanainaeylndniiiniswanlvivessneg MsuUsgumesuanaaind
analawes waznmswdsyunanainhlawavaladudmiviududedidosnsauaziBoauiuou
sy dwdufredravemdnsaeiildainnszuiuntsnadn toud dou v 91y ey dind

W ndesussqaing ywide ynsene deduimin uwiwdss uazdniuveaaiesdnd Wudy

2.13.1 &nwaziasaennsn [12]

nssmumiﬂmé’mﬁumﬂﬁﬂmiLLU'igmeaﬁnﬁlﬁ%’u%’au Tagnann13v191uv94

a

o P o = =) s ' g as aa
NIBUMMINALBA Ao Madidavsensmanafinuisaluusivuy (Mold) melsianuiuiazaamgiin

[ J [l

wingay Welinaradnvasuuaslnaidrgiesvinenislunsinuy (Cavity) druusznoundnues

Y

1A399nATA (Compression Molding Machine) fie utiuwménda (Platens) $1usuaosyn Fausiu

& a v o

nisaunsaeasunTuadla (Movable Platen) druBnurunilaszgndafiniufl (Fixed Platen)

v v
= o

uwuvdmsunsulsguwanainisiaduasiullsnsgninfnduuiunandmisaeswnuiiuandlugy

91 2.23
N [
" /// — 7 J‘h‘ Flalez
iy PF I
i__"——_ g r/ 4
ST |,

o
ﬂz ! /:7/
... Chiricn
Pins

Mald
_..Cavity

Huat

and
Coolsg T4

Compeoundto be ol de|

[~+Flaten

Pasie _|

Rt Hylrauke
— — it

JUN 2.23 dudsenoundnveaioinasn [12]
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é‘u = L3 < [} 19 v !
wananiifalgunsalusznoudug Tauee laun
N. SEUUMITULARDY
P s [l M o ar L5 o s sy L7 s =
wiessndmuinglasumsianniaunsaveusalui®lngldusduainssuulonseanluy
E'] "‘I 1 3 ar : =g « ﬁu. e o v i & v s 6 o =l v
mMaAdeunuNuMangaduas wenanilssuuduimdsudaimminilunsiianusulunissnsnde

1
a = s =4

insasnasavumdnilfluiesufointseeiissuutuindeuiilinudulugas 5-100 fu dau
wnseanasaiililunugnamnssuasissuutuiadouiliaausilugas 10 - 4,000 fu Tnswun
waammé’u%ﬁuﬁwmmmLLcJumﬁﬂé’m%"'aﬁ‘uu'mag”lw&N 8 13 5 A3 vilnveq
wanain AuvuvesrlInandueiwanafin uarnislinuieuuninatadinneunisnasa

v, szuulirnudeunasvaeldu

izaxL';mm'i'w'lamsia'ﬁ’gﬁnwaanﬁﬂﬂé’mﬁu*ﬁuagjﬁ’ummwuwaqwﬁqwamﬁmﬂmmaww::
aéwqﬁqwmaﬁnﬂsxmwma{uammﬁtﬂuﬁuﬂwmm%’auﬁlﬁﬁLLas‘lum‘sﬂmé’méz’aaiﬁqquﬁﬁwmﬁ
inmsidenlgsssmineansleluanald (Curing) Samniudiavdenmatadinaslumiuvuulnenss
wiliszeziailumsnadauiuinn faduisnsiinslfaradeunninarafnnoutiduiuuy
ilevilvinaradnanunsalualdiiy anszoziialumsvi e ipinsliduas wavarunsoan

ANUAUALElUNISNAOR e

2.13.2 iansnseulrunisnaen (Compression Molding Cycle) [12]
NIEUIUNITNADALTUINNNTEALULUUAANUNRHULMEN S AYIsdDNY wadlvianudauun

wiwuumuriaveswaain laevhllgumgiiuduuudmsumsnnsamefuawnaziueamginns

9 Y

Qs a

Wnufisensidenlosvesatsldluana Jaoglutae 140 - 200 ssmuwaldoa Juduailaves
wanafn nasanduiufuingivivenveglugldanarafinvionswanaiin wianarafnaauuog
IngUTinamsidudesnizauivvuinvewdndus mntulauduuulaemdounsumdnsnas

oAUy Wanahnaziinn1IviaaunIeseuddlualdnguasing (Cavity) vesusduuy
dmiunanaiinmesuaignsiodeslindndusinarainegmeldrnusiuasauugiidssoznis
AuTEIzIAINITdN Wiemsiiaufiseinisidenlesvasasleluana (Cure Time) waawanadin
wie Sl L‘ﬁE)‘LﬁLﬁ61‘U{q]ﬁa‘iﬂ’lﬂ’?‘iL‘?IIEJJJIEJ\‘]LﬁﬂaEJ'%‘IﬁﬁJUv‘mE wdrnduausunieluwivuua
anasluvagimavaodu mnmiuiadauduuulasindouusiumdnsniu Uanuandus senan
winuy Felunsuanndnfusieanazfeadutriinanainuiwinesutesuds ietastuanny
Fovnevdomsbamvessdndost udiSuiumarainadumivuuiehanluipsnsdely

614 L.Lamlugﬂﬁ 2.24

35



MW

v
Y

= )
:Sﬂﬂ 2.24 YUABUNITEUIUNTNADA [12]

nsnAsANaIaRnuUIIATIoTARiIgvsaletdu Feenanliinnistleinvesineldfives

=y s & o vV a a’r‘ ] n' = =:' ] £ v 1 as dl'
nanAuevinliiAnsesyatu lnsawizegedanarainiililaliaiiuiounounisnadn wie
widgmiidndudesfiduneunislafine (Degassing Stage) Tneluvaizyinisnasadeaaiinisen
wlwvuigTuIuAuRuaeluwtiLuvanastisnufuusTeIna Wefesuimeeanluudlewin
nmnagasellaunarainudeia uenandagmmsiinfeuds svesinavesnsudeifisnina
AoauURvaManAuTINaIER ALY MNTEeIa1veINITLdwnve snanadnduAuluasyiiliag

Y a at (3 = v at

voIndndagines nandusnuauieulalud wasvihinndasasiandutiulauinty wevin

U

3
o a

vdanliudsinunuiuluoravihlvifinsesinld feavviilinansusigadiniauldniugn daiu

FuftRuisdesdinnudnng uasUssaunsaireutisgslunismuauiunsunisitaueg

paenLIan e lvausandnnaniusiwatann lansImuALS8InIS

2.13.3 WLUUEIUSUNTZUIUNISNADA [12]

LiLUUAmMEUNITUIUNSNASANENERN A AosTunsidendgeuiniinwanainuazansiiy
Ul ﬁ’aﬁy’ui’a@ﬁlﬁﬁwLLaJLLU‘lJmimwiaﬂ'amﬁ’uﬁaLLiaé’mqq MUARYUUNIIG NUABNIITAE wazvIu
somsnanseu wiwuuildlunssuiunisnadautseenidu 3 Ussuam fe

N. WL UUBAKARA IS IUMIBULLULYAUI (Flat Form 5 Flash Mold)

Huwsluuvriladieiige fmmgeenndoniian wandugud 2.25 Tneundesldudnuandos
AifidnwasLuy Wy ulazey Wudy LfJuLL;JLLUUﬁaau'LﬁwmaﬁﬂlwaaaﬂlﬁLﬁaﬂmauJLLUUﬁ?;:Im
uvililifosldussdaunn defvesuduuuuseinnd As nseenuuulasnisnanaunsariiladng
ﬁﬁmﬁmmuaﬁwmgﬂ drudelde fe ndnsusiladiddoluuiy Auudusaies frnumun

laiaue wardasu (Flash) 11 vlsealduneunsanLaa LI UNEINSsUILNMSNnSa
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0 shoils /

75
74
N

SUN 2.25 wiwuudandndmusisruvdawluuueiiaui [12]

7. wikuuUadaniauiuuuriinuan (Sealed Mold %38 Fully Positive Mold)

Wuwldwvvrlianssdwiuwinuusandasasis fe seuliwarafinvasuazaslnassn
Teuigavioliliioanias wandluguil 2.26 Wesnnlifiseditannarainlvadueen Tneluuae
Unusinuutuivuuuuezdnasluluwivuuasssang 2 - 3 TafwunT n3aaude 20 - 300a81n5
wietavemmalilliwarainlvaduesnin Joilianunsndanaradndaenusugs lnswaadinae
Wisuusadurionun ilildndndasitdouiuasiinuudusafiviy uwiiteds do minlddan
waraRnuiniAulunsednasiliuiuuuuandaald uenani winvuussnnilides ol

2/ =

= o i § L 1 g: L ) = A ! al o
Nﬁﬁ]ﬂm%ﬁﬂﬂﬂﬂﬂiﬂiﬁmaSLaﬂﬂ Lﬁﬁﬂ%?ﬂ%?ﬂ‘L‘IJﬂ']'iﬂﬂﬂﬂLW)ﬁSﬂiﬂﬁU‘ﬁﬂMWﬁWﬂWﬂ'V]G]’Nﬂ‘lJ TN

¢ ol al i

Wilsindndaumindinnumunsiieiu silfenndensmusunmuniwednsausiltaihiame

N\ 7

' )

& : _\(;\ RN
-“}\_.\_\\::‘53“',\‘\\\
A i Al e RN

U 2.26 wivulndaviouduuuriinuan [12]

A. wiluuuehusenuvdeusduuueiafsuan (Split Mold %138 Semi - positive Mold)

E%
<=l

LL;JLL;UUstmwuasﬁé’ﬂwmsmauwmuag’im’maaaﬂ‘smw%’wﬁu wanslugun 2.27 Taglu

9

Jmgusniiuiuuuimigisunada waradndruAudianusaluwadueenuld udidowiuuudag

LAABUAIN DTS NI Unresialiuuigaslngasinadidlinanainluadusanlasnudiiednuiu

wHwUUTtnd winnzauiuuily wdnsSudnlatanuwliusaneanais
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JUN 2.27 wwuuedsznuviewiuuvadiafauan [12]

2.13.4 Yofuazdaidavainssuirunisnasn [12]

v @ <

wimaudsgumenssuiumsnadnzfumaiiadldiuuy uilulegduidadingldnu
dmiunisnaanandausinanainegninineun seiidesainnszuaumsnnsaiit sldiuiouiile
Wiguiunssuaumsulsguiemeiindug vansusens dail

1. wiwuulisagnuasudaladng

2. fimsgeydeTagiiosunn fio f3uvde Flash Ratutiosannuszunm 2 - 5% wit

3. luanavaswanafniinn1sdnieasialud (Reorientation) Wesunn tiesanlu sewing
nsnagaiemslvavesanainifieudntosiviiy

4. \psesnndnTisImgnnitaTesudsunaaineiingug

5. lliinduseeiden (Weld Line) uuiueu Sudusesfondifiugaunndesiiviiliiu o
wanvinladne

6. winuudmiunsyuaunmsnadalifiduaeieds (Runners) viathmanafn (Sprue)

wazUseaidn (Gates) vilvlidsessiwiiuuliueu

1

@l

faihinssuiumsnadeasiivelaiusoudaldndnuiudy wimaladfidede wWisunane
Usen1s iy

1. fngAvegluannzveuddenvauds vliAnaueTeaneluwdvuugannluvy
vinsnada Sdldannsaldvanduq wu Tave asuluwivuuld doswinasinlilansiinnisde
WeoazuinuuiAnnsdemeld Toililiannsandnndnsusiuuuiusomedails

2. ldaansandndunuidaududould

3. 1IA1VBYINININITHER (Cycle Time) Aoudnaen vilwidanisuans

4. NSHARYUNUIVUADIlTa WY
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2.14 wananazailalulasa-Tamladu-dlasu (Acrylonitrile-Butadiene-Styrene, ABS) [13]
a a a oy a o I vahlvu ! =t a

WuwanafinUssinniveslunanadin wiewarafinfivasulualddldfuunivate Fawanafin

valvasiidnvasuduiuszuaniindty vistddnvazudaninfesisnvuzsouiliognss
' a ' a o & a da & = o

uanaahin ABS uansnsanana@nimly imsgiluwanadinifinnuaunaniluSesnuuduay
AUl @nsorsanmguInled Mlilaaaudfinumudsusinssunnld wasdmusdensy
Wond pnudeu asieilldfniwanafinsssuaviall fdiegumaiiianunsaldauldnirede -20
periwalTvats 80 asriwaldud uasiiyavasimaigeegi 200 - 250 e vilanunsaldenly
anminauninla

lassainsveamanadin ABS launannsvifisemestuluwes 3 viafe dla3u (Styrene)
azAslalulnsd (Acrylonitrile) waglwalamladu (Polybutadiene) uansluguil 2.28 Faluluwes
i 3 wlladudwmadenmautivesaiadin ABS Tnvezaslalulnsddelimunnuiounasarsad
Tamladutrelifinumuniunsusinssmunssunn drualnudreliilonarafninufduiu
WA LaganTadausssunslddg dniudaunsauiuavudadiuveduluesis 3

wilauivelinanadin ABS lnauaudRnuiidents

I = &

AuaNURuYeINarain ABS Asliauwdussuasdavgu Fuduamaudfruveswaiadin

9 9
8

ABS HAuutanIusiug nmsuszgnanisldaulagldwanadin ABS tuanunsanaseusadudale
= =2 :’fl . i = i 1 2/ ' ' [l e '

Adamuglunistuaiunienaln Engineering n3e Mechanic 1au dasdar19q 14 nie n1v1e
arunsaurldlelunis outdoor Imifiasannilunandnaindlnsidey vinlvinaseanineinialan

[14]

{CHZ—- CH=CH —CH;HZCHZ— CH,— CH—CH;}ECHZ—— C{{]F
a '——l—] b c
CH,

!
CHCN

d

!

5U# 2.28 Inseasevaananadn ABS [15]
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2.15 nszurumslulanzazlada (Photocatalysis) [16]

nszvrumstilaazazladaduismsuilaildlunsuidanieriliasuiansnaluduas
01mA Famdnnisvesnszurunistilanezasladasynoudae 2 Suneu fo

1. Mamensegafinii (Adsorption Process)

Wumwanusavesasunsialunisiduanavieneaasssdegluvesuvamioufaliun
\N¥TULATAAUURITDIREATAA (Catalyst) Ui'mgm'itﬂu&uﬁl.ﬂummﬁaua’hamsmnwaamm
viaufaundiiavesvesnivisneaassdisendt fgngadu (Adsorbate) druvasudsiifinud
imzduFendt fgadu (Adsorbent) niamisduveslulanauuiesdserindudiousamng
menmvieseusimaniivieviaasesasiniu daunsyuiunsinlnasaslada MsgaduILLAn
nusmaaiidundn

2. M3agukad (Irradiation Process)

Lﬁaaumﬂa'ﬁﬁ'qﬁaﬁwﬁgﬂaumﬂﬂuamaq aflndsumihiund egandesritmdenu (Eg)

annsgnuivieymamsisininviliidnaseugnnszsu Wasuiieganauduuudludiney

v o (3

snduuwuun Mlriean1izsriauaaudidnasauiiinaudiuus Senii laa (Hole) daunudie
dydnwal h',p daudidnaseudignnsziulusglursudndunuud uwnusedydnual e, Azme
1 a <

dagnareisuasdansliladn (UV) asgnliiinduesdidnaseu () uaglea (h*) Fs8i8nnsou

U

wazleafiunumlumainjitersendinduisndu lnedidnaseu (e) annsainuiise3sndu

[
=i

nuansaunsginlminnisaneendnduans vinlianudufiviesassunsdanadla s

e + Mt — M

dulea (h*) amnsainufizereenBinduivansduniduielooousing q Tuthlgidu
h* + OH — OH"

nszvunsivlameaslada WunsyuaunmsildiussUfisen (Catalyst) 1S iAsenilduas

Falunszurunmaidaufisoumuuiidunuuiiswus (Heterogeneous Catalyst) fanisigafiianei

ot

sywindmuziideiuresssuuiifiinnimilaniug Inevilulnanavesansisiuazgngadu

(Absorbed) Tiuutinvesinisufisen udaufisenasiintuifvesiussujisen luanangnam

U

as a

FuaziinmsdsundadlunivesnsinitesiediinaseutasunaiuszuedianasyiSuaans

= =

msegisenlunszuiunisiilaazazladaiiluianasisini deiliiedaslydlanas
WindjRTendsdndudesfinwinaziiimnuidiladulnssadisvesasiedagn ansiesainaedl
LoUNGIUBLdBIAUAD LauINauT (Valence Band) wazuaumsihlwilh (Conduction Band)

uaundsisaesiitvgnuenaniulasiiuaudesitendaay (Band Gap) Faflmunine Eg Aueg)

a0



nszvaunsinlnazazladalueinisaa (Aqueous Phase) Ao nszurun1sn1sinle

a w ; ; ¢ o o o = @
p8N#AYY (Photooxidation) vesayn1aa1INIfiItNgNeLNIAYEILEY (Photo) Felindaeu

v

wirfunsegandndesinamdsnu Eg annsevufiamtheyniaansiaiah vilididnaseugnnssdu

=l P w ° ° § v a a a = ¢
Waguneganuavrnaudluduaunsirlida vildiAnanzaadidnaseuiivou 7aud
5end 1ea (Hole) unusedydnwal h',, diudidnaseuiignnszdulaglunounsilniliumy

v v w _ = _ a ) a a % oA a s
mvdnydnwal ey, B9 h'y, Way ey, amnsafznduinegluanmududnld Fonin Srendiudy

s

(Recombination) #uduilymindnguesnszurunsinineendwdy wasfiianinseniwe s

<

wasvaImal (Solid-Liquid hlerface) BLanmseued 1y nuilvsindoudievinwaunisdrlninlug
Aa5uBLanATaU (Acceptor) luansazane 1S8n71 SAndu (Reduction) vIedidnasousingli
(Donor) luansazangluglealuuauriaud Send1 eandiadu (Oxidation) FaleafiAntuluwauan

audduiiSudidnnsaudia (Strong Oxidation)

2.16 nidleulaaanlyn (TiO,) [16]

Inmdleudulansdimlunguunsuddu danduspiifleguinlulanusiinezeglugy

L= (3

! y @ o = =& daad i [
d15UsE¥nNauYawLs LLﬁ&'ﬁilEﬂﬁ]i‘]\?ﬁﬂﬂE]E)ﬂlJ']LW@IﬂmWLWLUUNUiﬁWﬁ FANHUITNTITLER ﬂﬂ']\‘iﬂﬂlﬂ

9

@

Inmilenviavsiiiavesmenfe 22 Fellnmsdaoivesdidnnseu Ae [Ar3d%s? uasivauiin
pxnou Ao 47.867 luduvasvuinezneulnnieniifafioznou 147 Alawns (pm) fign
vABHIAAYIALFIEN AD 1667°C uay 3285°C muadu Tuvasfimumnuiuiieamgiiviesd

4.50 gcm™ wagdlanmaunulni (Electrical Resistivity) ViQMﬂﬂﬁ 200°C f® 42.0 pQ-cm

U

sensimnsaugsliiiuanshilv dnvasfirveedmnie Ao asvihuiAsenlddsunanansitlaly

] '
= - =

lanz (Non-metal) Inslawizageds eandiau lelasiou wazlulnsiuiionmniigs dsaniuresnd

Y

iU (Oxidation State) mumiindnaziinTuunniign fe 4+ Feansuseneunaeilonaialuuin

& & ¢ = a v & -] v a
fime luanadnminlaeanleduasienszranlss wszianuresndwiuiy 4- asulassadie

b

%Lﬁﬂfﬁuwag’mgﬂ TiO, wag TiCl, Wudaulvg)
Inndlealneenluddnuiagifauautfduasisfnheionils Seiilaseads 3 wuu fs
uanaluguit 2.29 fe 3lnd (Rutile) Faillassadrandnuuuinnsyinuea (Tetragonal) Wuadindiny
uniigalusssud farunmmy uaziadiossenisasuulassoguugiifias sxuna (Anatase)
flassasamdnuuuimasyinuea (Tetragonal) WuedafinulusssumAviunats minlianudey
g 915 asmiwaidea wAsulassaimdnduuuging uazudalad (Brookite) flassadng
winuuueeslsseuda (Orthorhombic) Wurdaiinuliieslusssui finuativsdegamgiinn

Wngiilassahmdnifoninlddmivnszuiunmsmdaansdunidluhlasisnssdudiouasite

a1



1AS9Es1HANLUY aunauarging dedlinisdaissaivesesneulnimideuduivuesslsseud
& ! L3 L 4 1 s 3 1 v
(Orthorhombic) annnisalnnieulaeenledilassasudniiuanateiutudealulaseadawen

' wa o ) o
winglassaiailnaandinuansieiy duanslupmsei 2.6

v

5Ui 2.29 Taseasamanaslnmidleslnoanles [16]

nszuumsilanzazlada laoiiliideulaeenledfiduiuswfier fuandugui

2.30

5Ut 230 nalamsiAnuFiseTulnanslada (Photocatalysis) veslmmiieslnoanles [16]

nszvunsiilansezlada awsanansldng aunis

Light Absorption : TiO, + hv. — e + h'

Recombination : e’y +h*,, — heat
Oxidation R4+ b = R
Reduction MY+ e 2 M
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We  hv = 3yn1Avadla (photon)
h'w = lgafhiauduuus
e = Binaseuiineusnduuuud
R = luanavesansduvisd
M = lavewin

397 2.6 Wisuieuanwausauiivadlwnidelaeenledssuinglnduazeuna [16]

Property Rutile Anatase
Crytalline Orthorhombic Orthorhombic
Band Gap Energy (eV) 3.030 3.200
Hardness (Mohs) 6.0-17.0 55-6.0
Density (g/cm?) 4.250 3.894
Gibbs Free Energy (kcal/mole) -212.6 -211.4
Lattice Constant, a (A°) 4.593 3.784
Lattice constant, c (A% 2.959 9.515
Melting point (°C) 1858 Change to rutile at high

Temperature 800 °C

Bldanseuineudnduuuudsil fisenivesndiauiigainlnnifledlneenled vl

L3

luanasendiauasuduguiveseenlenisidadesu (07) diuleafiinauduuud awnsa

fubldanseunnluanaansdunsdnvuileuluasazanslilnenss wislansenda seewu (OH) vh

Wiifalansondaisiifa (OH) uazdwihliluanavesifigadeilumuiey lasenlemddoudule

U

v oa & P

nsondalsidameituiu ddlensendaishfadumiudidansouit anullunsiufisenss
LLasﬁmﬁwﬁamUI:JLaqawaqmséuw‘%é‘luaﬁazmaﬁ@mﬁmﬁwaa Inimdenlaesnled dau
sg‘drda%aaﬂlmﬁrﬁﬁﬁ’aﬁaaummmﬁ%ﬁwﬁﬁ%mﬁ LUlalu lalasiaulesesnles (H,0,) f
aunIs

20; + 2H' — H,0, + O,

lelasiaueseanlanfiinduduisudidansouds uazlalasiauadeanles awisavi

Uiiisesielule lneagyhuiiseniu e, vilviAnisida daunis

HO, + ecb — OH + OH
HO, + O, — OH + OH + O,

a3



o da ' =
2.17 Uadendinadanszurunisininaenslada [17]
Uadenilnasiensyurunisiwlnazazlada loun Ailiey (pH) ANULutuYesaynia i
leulaeanlyd gamgll Usunaeendiauazaty (Dissolved Oxygen) wasauidawoduas (Light

Intensity)
LAy (pH) Uszaninmvesnisuiunsivlaasnsdatuedfudfierluaisazarsds

'
=l ]

o o o L% =a aaa -ﬁ‘ I = 1
uthiefidAgdednsinsiinu it iiesnndrileviinaseauainsalunsganzyeans

as [

U'izna‘uﬁuw%‘éuazaﬁum‘%a‘ﬁﬁwaamuwﬁﬁ‘%ﬂ'1Lﬁﬂdﬂ’tﬂﬂisﬂWﬁ'}ﬁﬁW@ﬁqL‘iaﬂﬁﬁ%m W
wWasiluilerfiegavios Insandunaniinfiewshuasiimuaudlemitiovgedy

2. mududureseymalnideulasenles (Tio, Dosage) sumalmmisulnoonlesly
asavany vuihillilensendaisadarinufisen nazsaliAnU§ATemsminansuuiiou uas
vihidusianandianssunidlumsazans Sany Taemsaimsvesansdurisuayans
sflun3diuegiuuinanassuinvaseuma Inmdexlaoenled fufuiuitndadutosoniily
Uadsnsmununiafinuiiser wdvsualnmideleeenlediiuinivluluansasans szvinli
UifTelnlanvarladaanas ilosaneymalmndenlaeenlosarludnunaadideslugs
asazany vhliviinalnnioulneenlediignnssdudsounauduasUiinallensendaisada

31915

3. guugll Ujiselnlanasladaaziintudiogumgiiiindu eandnsinsiufizen

U

[

104 €7, ez h'y, Muasluileuluasazaredaminnitdnsnisnduunsuiiiulutves e,
hay h'y, wagoraliesnnnaudlunisyuiuvesluanaiuintudionamgiigeliu uay 919

Wounan msanasdeandanunszaulunisifise

v i
v

4. Ysunaueendiauazans (Dissolved Oxygen) dnsimsiinufAsoniistuiloninududy

o a

= a c%" = [ ] do w aa
vesvendiauazangluansazane Windu sendiuluddseneuiidfgluuffseinlnaznyaa

tr)

s

W31288nT U8 INruuiafnIfiten imihiigatu e, Areudntunuudvinliin
yUiaioanlundoey

5. ANULTNYBIUES (Light Intensity) iasarnanuduveuas (e wasnuseniiaae

s ! '
' =5

& & ! A aa = a W a & Y
Wurenlsa1 wieeunAkad 1 aeu Aflanud v findwu E = hv Andiu 1 aeusiu) &

£

PURHAIUNAINUTDILALAIATI B NS UV DIEIMUATIAN NS ENUNTINLE R uT e aR 9T

Y

Tanieilu Er satiu

WAV ILAIINUATRANTENU Er

Punulwnauiannszy - = — (2.5)
nwaauvamas 1 Trneu hv
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AIULTLUE

nnulineuinnnsenuse 1 3 = T (2.6)
'

1% | ] ar = aaa L csi s L é LY = aan
AnuNLdsniinadadnnain UjisenliinssduanudunasisnsnaioU §isen

aaa

wiludadulngnseiuanuduuasi ssfumnuduuanunans Sasimainuiisenasulsiu

£
as

o w - ) W a aaa 1w o
AIUITINNEADIVDIAIULYULLEA LLﬁﬁﬂi%ﬂUﬂ’J'ﬂJL‘UﬂLLﬂGE‘TQ aﬂ‘i']ﬂ']‘ﬂﬂﬂU{]ﬂiﬂqﬁlﬁlﬂ‘ﬂUHUﬁﬁﬂuL°Ull
o/ = & aay n‘ 4 =.'] = o A‘ 2/ .

W hazeanIInsiinui)isenaed Wetegaidnveinisindaudiena (Quantum Efficiency of
2 a1 v o o 2 1 o o & °

Degradation = &nduresnisaatsfmaiuiulnneudld) asdandifisssuaudunasi uag
s nf 2 i s v v  as k2

’1]3LLU?NﬂNUﬂU3?ﬂﬂﬁ€}\1‘UEN‘F’]']WNtﬂMLLﬁQﬁ‘JSﬂUﬂ’]’WQJWﬂJLL?NUTLlﬂa’NLLa%ﬂ%LLﬂiwﬂNUHUﬂ?’INL"UﬂJ

WA TEAUAULTILENES

2.18 aduuasnwulunasaniing [2]
wasuAnUIENaUMEKETlLEIIAINEIAAUANS q fail UVC finnnueniaay 100 - 290 wnlu

was uadlutasiilasinnazgngadulaefieleleuluusssennia astuuasgansillewaaiiundalan

v oy
'

WBLTENINYNANINLIAGU 290 - 400 UTULLAT

1. UVB fanugnindu 290 - 320 wilwuns waslursiivinlviAnaunionunnwasiims
dniau Jusimanivhlifouddeuss wasviliiRausddimlilavesiu

2. UVA fianueindy 320 - 400 uluiuns LLa&'lu‘aiNﬁv‘iﬂﬁLﬁmﬁaﬂgwLLﬂﬂTﬂEJn'ixé:u’l,ﬁtﬁ@
nsasauaiiy ualdvinlminnssniay

3. Visible Light finnueAdL 400 - 800 uluwng

4. Infrared Light fiaauenanau 800 - 1,700 unluwns

2.19 uuAil3y Escherichia coli (E.coli) [1]

Escherichia coli u3o8lala (feald¥ede E.col) unuaiiFelungulndvedu nduves
wuaiiselunsna Enterobacteriaceae fifisusnsioudy fadunsuauliadreavesuasiivuinidn
nowionaliviu doulugfiwadidvauazilasa avadilidudounnn Inefitasgumagii

= = a o I aa a Vel a a
WunzaNAe 30 - 37 seralead ansasylanluysaniwinieandiaukaslifioondiau oy

&

ausssuviludldvajvesdniuaziyed waiSevdaiiliinoinsieadevssiian visludin
) o A & H a el o - aa aw o v oa

wagding villidegaansvvaiseduln wuailse E.coli feiduuuaiiSefisunsedineliin

Isamaduemnslugiasinuagauun tnsdnlnglutigtiuduammlunisuuddeuems wu

11 WAL TanAN 9
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o s d d
2.20 9uUIeMNgITa9

- Japanese Standards Association Hﬁwummmijm JIS Z 2801:2010 Lﬂumﬂﬂ'ﬁgﬂuﬁw

[ = =l !

nadeunsiuleuuAfiFsuuiuiataginiou Wy nanAnsiwanadn winsusilany ua
wanduaiasniin [udu F38nsmeaeuinsguildsunmseensulussiuannadmuussiu
avmEnansauazUsEaninw msfudininaigivinvenaunidvieuuaiiFelunismaaeuly
Wi menunaldusesazesanisansiuaunuaiiise (% Microbial Reduction) Tnevinns
waﬂL%@Lmﬂﬁﬁﬂﬁﬁ]wmaauaqﬁuﬁwﬁwaﬁaqﬁaswmaau dndeuuaiideluduunan 24
Flue wazluausduvidvieuuafideiisendda (18]

- Kim wazAuz lauszgnansldsudszaninmees §iseTwlauwanglafinvaslmmileuls
oonledsmusniielsn mAdeiiedesveinsussgndldnudszaninmeesufiserlnlaun
nzlafinves lnnmflenlasenles Tususiidelsa Taokim wavaazldldndlnmioulnoonlys

a

(TiO,) TRUMeTU (Ag) uvinisande E.coli aulinsanguasiievasagesisalrud nu
ausaifiuyseavinmuesu fiseTnlauanglafinld uavdleldioannndu Ussavsaimlunissi
dolsauaruuadiBefasiintudeuiy [19]

- Silvia uazane lamageunuaunsadudeuaiide E.coli, S.aureus , P.putida uag
L.innocua ImEJ'lﬂiﬂ,wmLﬁﬂulﬂaaﬂlﬁﬁmﬁawuﬂ'ﬁuﬁmmwﬁﬂLLasﬁ'mﬁmaLLaag?ﬁna'l 180, 60,
30 wag 20 W muasu wuiw‘l“&'nmmwaagﬁmﬂﬁu DNIINITTOATINVBILUATISEARNAY [20]

- Zhang, H.J uaz Wen D.Z. fnwandRveslmnmileylneenles (Tio,) AlUsenais (Sb)
Tunsudauuaiide wuhiduunwedmnideylnoonles (TiO,) nmsiauwals (Sb) fu TiO,
annsadudamsiiauueitaeld Wy wuatide E.col annsamdnsuIudeuuaiideldnnely 2

o

Flus Tnoanededed [21]

Y
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UNN 3

A5 IUNISIVY

NUITEUYINMIAnwLariausLuIdmunsius uliewuniiSe Ecoli wewalasn

vaslalulasd-Ommladu-alasu (Acrylonitrile-Butadiene-Styrene,  ABS) lmwinasidues
P I3 . o i a a v o a aoa v

nnilleulaeenlan (TIO,) WBlANUTYANTAINLALAINLEINITOTUSINISLARLUATILIZ D 6

Ujisenlnlamanadin lnsduneuntsfinwiudneiagui 3.1

Compression Molding

. ) Mechanical
JIS Z 2801:2010 Physical Properties
Properties
y Y
Test for Antibacterial - Scanning Electron
i - ASTM D 638
Activity and Efficacy Microscope

Discussion and Conclusion

UM 3.1 Fumeulunisfne

ar



3.1 fuansiuanaiendununagay
3.1.1 Saquazaniaiiildluauide

1. \diawandin ABS (Acrylonitrile-Butadiene-Styrene) tnsa PA - 717C (ngu3em CHI
MEI CORPORATION Usewmelaniu)

2. salninitleulaeenles (nausem e asuwisdu s1im)

3.1.2 1n3asiiouazgunanl
1. \3oanaudiananadin Internal Mixture (iAdeananuuula)
2. \pSaanasanandin Compression Machine
3, |ASaeUAianaTERn
4. w3nstadiananadin
5. nuzdmsulddiawanadin

6. TOUANATT

3.1.3 TUADUNISLASENTUTY
wsgulinwanadn ABS lavinmsiiunslniviilesilneanleslusnsidiunay 0, 0.5, 1.0 uaz

2.0 (wt%) Aud iy Fedasrdrunay swandlumisied 3.1

1. Yadiananaiin ABS $1uau 100 nu

2. ddlawanadnfidaudaldiniosmausdananadn Internal Mixture nasunatadniuiian
6 Wil uasiinnslnndvilasenlednauiunarafinuasumaidn 4 wiit gaumgfinldluniswas
ag}i'ﬁ‘ 250 asralted ﬁumm‘iugﬂﬁ 3.2

3. dmanadninausunslnnielaoenled lalualssundanatadniterinisun &
uansluzuil 3.3 uazguil 3.4

4. virgde 1. - 3. leewdsusnadiunan ABS/TiO, W 0.5, 1.0 waz 2.0 laesnsn

' @ o
drunay Aaandlun1s1an 3.1

$15°99 3.1 SRsIdIUNENVDI ABS/TIO,

ansIdIUNEN ABS/TIO, (Wt%) ABS (n3u) TiO, (n5w)
0 100.0 0
0.5 99.5 0.5
1.0 99.0 1.0
2.0 98.0 2.0

a8



5. Fawanafin ABS/TIO, inautaSauda $1uau 40 ndy

6. wwatafinasuuuiuiwuy (Mold) lnaimwanainlvegnsinaraveusiuusiuuy Tdueiu
waiuuudn 1 wiuaeviv wasihueumdnnesannUsenusndu

7. diudundnnasaiiusenufuiananineasuuiaieanadanaiain Compression
Machine tileTuzuiueu Tnekigamgiifl 245 eswneaifea fan Preheat # 6 urfl 1nadn
wana@ind 4 u¥i way Cooling time 7 5 Al fauandlugui 3.5

8. vhata 5. - 7. Tnsasusnsiaaunay ABS/TiO, 10U 0.5%, 1.0% waz 2.0% augisu

9, thnanafnsunssuIunssaEsaunds arldiusuung 13 x 13 wufwas 1wl

o 1 J a oa s e = as
innsvadeusifeuuailiieluiesujURinag Anwidnwurautinianieninuasfnwidnuas

auuAnianiena sald

gﬂﬁ 3.2 HANAWATERN Internal Mixture

a9



o < = I a
E'Lhﬂ 3.3 lATDAATDIUALLANANERN

gﬂﬁ 3.5 lA3DINASANANERN (Compression Molding Machine)
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3.2 Anwranusnsalunisiusadeuuniises E.coli Uudusy
3.2.1 Taquazansiaiiildluauise
1. Phosphate Buffer Solution (PBS)
2. e E.coli wiln AIKL 1070
3. 9 iaBade Nutrient Broth (NB)
. eWslAbade Plate Count Agar (PCA)
. nTdsaie Tryptic Soy Broth (TSB)

4
5
6. Woanaged 95%
7. weanosed 70% (miurinAuazentuL)
8

_dndu (Distilled Water)

3.2.2 \n3ailauazgunsnl
1. vaeavnAaBInsaNH1IN UM 16 x 125
. Uimauna 10 faddns
- winvininsvune 250 fadans
- IMAUININTIUIR 1000 Jaddng
- vIngUrLY (Erlenmeyer Flask)
. nzligleanagea
lalmsUie
lulasteiid

. MUNELY (Petri Dish)

R el e - TN e N T ~ N T N G

10. Uninas

11. Ayl (Cuvette)

12. pzunsslavaonmnasy

13, unuwanadnla PET auin 4 x 4 lufilung

14. \w3osteaniBen 4 dumi

15. fusile @?&qmmqﬁ 85-37 *C

16. \A304 Spectrophotometer 8%a Thermo U Genesys 10VIS
17. \A383 Autoclave U Tommy

18. \A304 Biohazard Laminar Flow 3U HUB 120 S Boss Tech

19. 138915 (Vortex Mixer)
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3.2.3 F5wmsENa1TazanY

1. wisnomsideade Tryptic Soy Broth (TsB) luthndu Turiasausunasaun 250
fiadans neds TSB 23.5 ndu UuuSunmsdethnguy

2. w3pNansazas 1/500 NB luthndu luniainusunasaunn 1000 adans lneds
Beef Extract 0.03 n3u Peptone 0.1 5 waleideunaslse 0.01 n3u YSuuSunsderngy

3. \3Bud1sazany Phosphate Buffer Solution (@wiunmUsunande) Tuthndy Turinin
31195 1000 fadidns Tneteansluduunaslsd 8.5 n¥u wavgaansavarwan Stock Phosphate
buffer solution 1.25 #iaddnT UsuuSumsdedindu draldvasavnass wasnas 9 Jadans
377U 100 aen

4. w3enemsiisaie Plate Count Agar (PCA) Tnstaemsideadie PCA 22.5 ndu Usu
Usunssethngu 1 ams uasthlulimnudeundeuiuniuansazangliidniu

dmfuansasasidouuniiie Ecoli Aldmnaey aududuvendonyd 10° cel/ml

q'j al i . e [ n’.‘ as &
TunBUMIWEENATAZAELTe E.coli dmiunemaruuBuau uanwaguil 3.6

E.coli AIKL 1070

b

NA Slant

Incubate 18 - 24 hours

v

TSB Solution 50 mL

W
Incubate at 37 & 1°C for 18 - 24 hours

3UN 3.6 TunreunIiENasAzaIeLYa E.coli dmsununatuLTuITY

52



3.2.4 i?umaum‘smtﬁa E.coli Uu%‘uﬁu

funsunsanife E.coli vudua LAMAFaFUR 3.7

1. YANAEDIATUITUINIA 5 X 5 louflns Tnerihdusuguueaneses 70% 2 - 3 ads
uazedunuadusumzde Ltamaﬁagﬂﬁ 3.8

2. @mmiasmmﬁ;@ E.coli U31ns 0.4 fi38n3 venaemseanataduay wazausla PET
WA 4 x 4 WURng awuturuaslariatumisite LLamﬁquﬁ' 3.9

3. fh9umnsideds 2. iﬂawLLﬁaqﬁuizuui‘JmLfJunm 0, 5, 15 wag 30 Wi AmuaInu

4, ‘wﬁw'1nﬁﬂﬂﬁ""uLLaqgﬁmunm'ﬁ'ﬁwuﬂ thumsdessnanuasiuthnduiiusimann
lesau (DI Water) Usuns 10 fiaddns aduaiumsideuazivtiug numizdesuienszans
Ff

5. geansazateande 4. Usums 1.0 fiddns ldasluvasavnassiiflatsavats Phosphate
Buffer Solution U3w1ms 9 fadans Waldenadedeluaui 10° Cells/mL

6. gearsaza1saInde 5. Ui 1.0 83805 ldlusumnsde washmsinaedelin
MuUWEde

a o & & & o
7. WuemMslagae Plate Count Agar (PCA) aslu wazsaauemsiasudaudas
8. WlUunngamail 35 + 1 esrwadea Wuan 18 - 24 Falus
9. dudnnulalatiuazsieana lagdaulalaiimivlddesegssving 30 - 300 laladl

AV TULNILLD

PET film, 4x4 ¢cm
TiO,/ABS, 5x5¢ecm __..b...
3 Pt

.

,,"(f i .'-/ 3 A ! i
Phosphate Buffer Solution{PBS) 9 ml

2
s

JUN 3.7 Yunaunisade E.coli vuiuau
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1N
ot

U 3.9 dumeunisgaatsazanelewuaiise
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3.3 AnwanuAnianieniw

dwumsAnwauiiniemenmueanuddei Ihihdunilunegeuiinedeusanssunis
dan1sdeya andunaluladnszasundnitnummsainnseds Fevhnisasnaeulasadiadie
Lﬂ%:aaqam‘imiﬁLé‘nmauwudmns’m (Scanning Electron Microscope, SEM) ﬁqgﬂ‘ﬁ' 3.10 e
Anwinmsnszaredvedliniedlnosnlefluienaradn Tnevhnisiniununageuuazyinngs

iwdauvesuutui thiunulddesndssidwersnnasiieg nieurisiuiinam

= o a | . "
U 3.10 msaqqamiﬂﬁaLé‘nmsaun.l,uuamﬂ'im (Scanning Electron Microscope : SEM)

3.4 AnwautAniena

3.4.1 N1INAFDUUIIAY (Tensile Testing)
dmdunsAnmandiniananimaesuiveil Iiwanadn ABS Anaulmmielaeanlys

(TI0,) WiugUfenszuumsnasn ﬁw%’umu‘lﬂwﬂaauﬁamﬁumﬂﬂaﬁﬂnﬁu alunsveaey

amﬁ'ﬁL%anaﬁammﬁwawmﬁhﬁ1ﬁﬁﬂmiﬁﬂmauﬁ'ﬁﬁﬁﬂﬁm laun  ArmuAY AuLATen

(Stress, Strain) LLazﬁimaaﬁa"uaqﬁmm (Modulus) lagyinsvadeuniuuinsgiu ASTM D 638

Type | thiuauy FagUfl 3.11 lunadeuieiniesaaaunseia (Universal Testing Machine) A4

U 3.12 Falursvaaeuinsomaaounseia imsdudunuiidunisuanevisassiusessos

] ] '
= =l ow =

AN LAIVIINTSAAEATUITURIETASINITAITAT Fa5UT

U

3.13  UuinnsiasulUasuainsauas

TE8EEATDITUINUUIIIUNTING Y
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gﬂﬁ 3.12 \n3omadauusie (Universal Testing Machine)

JUN 3.13 M98 NVAADULTIA
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UNY 4

NANISALLUIY

4.1 wan13AnwAaEnsalunsiusadouuaiide ABS/T g
MnnsAneITensvadeulszansamnistududewuniils E.coli veananainesaslaly

lasd-Gamnladu-dla3u (Acrylonitrile-Butadiene-Styrene, ABS) finaulnnilealasenlas (Tio,)

Tudns1dauil 0, 0.5, 1 wa 2 (wi%) Audfy WefAnwimasen1sdudadsuuaiideain

aaa a s A
Uiisetwlaunaslafin sanansluaisied 4.1

o o & o ol il = .
M1519% 4.1 PUUBBLUATILSY E.coli MAulpuuwaiain ABS/ TiO,

\¥8 E.coli a1 lunisaneues UV

ABS/ TiO, (Wt%) . - - =
LSUAU 5 U 15 Ul 30 uIl

0 230 230 230

0.5 174 141 122

230
1 195 159 132
2 216 169 147

o dll 4 s 1 4 1
Ve Suutieniulassuing 30 - 300 leladl
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Unfayaainaisnainnaiunis wansmuduiussenindansidiunauves ABS/ TiO,

v o & Ld e yuy e @ = |
AU BLUATISE E.coli NTfuls ‘lmwamsmaaamgﬂw 4.1 uasgun 4.2

300 -
M 0 minute 5 minute 15 minute B 30 minute

250

200

150

E.coli counts.

100

05 1 2
ABS/TiO, (wt %)

P o & al ooy v a
JUN 4.1 InnuisuuaiFenduld meldaaiateuasyiiiven o, 5, 15 was 30 wiil

250

J.
B o
200 T
@ —

P —
E 150 .
g %
3 100
i ~@—Ti02(0.50%)/ABS ~ —m—TiO2(1%)/ABS .- TiO2(2%)/ABS

50

0

0 5 10 15 20 25 30 35

Time (minute)

UM 4.2 anuduiusduiuwuadisentule mulaanlunisaneueasyives ABS/TIO,

MOS8 0.5, 1 uas 2 (Wt%) miuansu
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o | o o X " a 2 <
31N3UN 4.1 Uaz3ua 4.2 nansmageuni1sdudaute E.coli vaawanadin ABS/TiO,# 0.5, 1
el = o as ] a 4
uaz 2 (wi%) nglanisanenasyinian 5, 15 uag 30 wil mudsiu wuitnisnaaeuduauile
s d =l o s A E\I dy 1 v
lpfuni1sangueasgiinan 0, 5, 15 uaz 30 Ui Auasu nsaguasgIlunaiiiiududmali

° Y ; o w W <
e E.coli anae auadiv aagui 4.3

5 Ui 15 Ui 30 w1

{‘ 216 cotony ' }

3UN 4.3 Usglivinmnisdugadas E.coli vemmanannesaslalslasd-timlndu-alaiu
(Acrylonitrile-Butadiene-Styrene, ABS) Nnaulnniieulnasnlus (TiO,) Tu
§A31EUT 0, 0.5, 1 waz 2 (Wt%)
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mMsnagaulssaninmn1sdudate E.coli veswanainazaslalslasd-Timladu-alasy
* . & 4 =l i al 1 n‘
(Acrylonitrile-Butadiene-Styrene, ABS) Tnaulvinifisulasanlas (Tio,) Tudnsidud 0, 0.5, 1
o & a B vy ¥ o 1 o &
uay 2 (wto%) nadeulasireuuniiily E.coli mrududuideiuduegin 10° CelvmL Tnevude
) a & d X egu & o o
NYAIUUTUIUIUIN 5 x 5 1wufuag Tuatumwisdis wasdslvnszangimduaunaziiluaie
add a A o @ o i . o i Y]
WelaEgInLIan 0, 5, 15, 30 w1 iafinwUadevesdnsiarunaLveq ABS/TiO, NUNANDNITEUELN
dl’ = =l = aa _a o al
WeuuaniTzanujiselwlaamain audsu
ﬂ" ] d’l dhl = v o s 14 1 1
NgUN 4.1 wuh Welsusuiiiualinanaanudiduainnsaisuasiing1ineg uanaiues
= o oo o & ' o ¥ . o 1
ghdulladendwaidwmadeanisanatvessiuiuliie E.coli Laz9InIUN 4.2 wudl nseay

. o v - v o & M vad
Innideulasenlad (TIO,) 71 0.5% Tiussavanmnissudade E.colj ¢iaTan

4.2 an3AneAuENTUANIINIEATW
A 17 174 ./ fa 1
1NFUN 4.4, 4.5, 4.6 uag 4.7 leannisfnwisendesqansimisidnaseuluudanig
a o 9 = . d ) =
(SEM) vaanaa@inABS nnauiulminiieulaeanled (TiO,) vednwinisnszateivedlnniie
lneenld (Tio,) lullewarafin drefdsvensvesndes 5000 win Taswuireyniaveslmnien
3 5 =l e a = é (7] 1 = L3
lasanled (Ti0,) fidnvaiznisnszaeiveseynaiainateiu uanvilnioslneonles
(Tio,) fimsnszangdrlulilewaradin ielisuivanwardugiuineveswanain ABS Aliildna
lnndealasanled (Ti0,) uazdnwaznisdanizssuineuniavesinmiledlasenles (Tio,)
s s dv a d{' = =l L3 - =l a o = |
nuAllawardin ABS LeUiuamanveslmnilenlaeenlad (TiO,) Anaufusinaiain ABS
Wi denaliifidnuaizdugivinervestunuiinudugwiuiagy
-1 v w | al '3 . oA a
wenaninisinizmiusgnineyninvednmiloulasenles (Tio,) wuinieusuia
Infleulasenled (TI0,) iiisAuasviWssesdudaiuseniteyniadafuuntu dwalinisg

ingnguiuveseunIAlinsnIznguiuR waznszaefm iy
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=l ) a a
UV 4.4 dugIngrvemaradin ABS

aynA TiO,
GLIRY)

Wanemn ABS
(Fan)

5UA 4.5 dugivenueswanain ABS/TIO, 0.5%
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JUA 4.7 Fuguivenveawanadin ABS/TIO, 2%

62

ayn1A TiO,
(217)

wandaan ABS
(dan)

ayna Tio,
(d@219)

walamn ABS
(&a)




4.3 wamsAnwnuautaning

nMivedevaniiidinavesmediues AsdidyreinisnadeuanTtAgIuLsRe feduy
vadeuanlnajaiisunsa dumbbell Feagldannisnieudusunuusiig 9 %uaq'ﬁ’uﬂssl,nwum
140 ﬁm%’wu‘i%’aim?awﬁmmﬂnnismumiﬂmé’ﬁﬁwmsﬁnmgmauﬁ’amqnaﬁuwmaan
ABS Finauiulnimioulaoenles (TiO,) ¥MSNAADURIIAY (Tensile Test) TINTNAFBULIIR
\Wunmndeuarmdunsavesianisumuieusiidaananiudeuiiavinnisidanin de
zUtuanlalagAIAULAL AIaATen (Stress, Strain) Ltasﬁmagﬁﬂﬂuaaﬁumu (Modulus) Taeil

o =
NANTVAROU AIUERIlUAS19T 6.2

< v d . ' o & a
A9 4.2 ALAU (Stress) AULATEA (Strain) WasAMBAIAYDIAUIIU (Modulus) Yoy

|
ey
n31dU Stress (Mpa) "
. Strain (%) | Young's Modulus (Mpa) %38 (N/mm?)
(Wt%) %38 (N/mm?)
0 16.725 2.2 597.435
0.5 18 4.31 679.3855
1 17.2 5.925 403.802
2 16.95 2.8725 459.709

A a = : = s a 1 wa o

Wennsanaunalvideulaesnled (TIO,) Mnauiunaiaiin ABS WUAANURLTING
iy o FY] 1 = 3 a P s 1 a0
ATUWTIAG Falaun AuudelLsaRa (Tensile strength) VBINAERNLBNENBUNIAAINGTAN

uanAY 81allennaneynialndeulaeenles (Tio,) liflauaudAdunisiasuus e

[V Y]
1 =

Vainaeynmabiillealasenlad (Tio,) Misunnaiu vilvdwiviwmtihdduduiionu manadin

i LN -] s : o YV a cI s s v = 1 v -
ABS) anaq LLEISLfIEJIWLL‘i\‘iﬂiSVHﬂ‘l.l‘liu\ﬂuvri‘lmﬂﬂﬂ’.lWﬁJﬁﬂ%ﬂﬂWi]ﬂiULL'N fatuIdmalunanann

ABS Winaueumalnmiilsulasanles (Tio,) feuudaussanas
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S

NaYB3AIANLTILTAF (Tensile strength) wudn ARG usfsasiidngedy (il
Usinaeymelnmidlenlasenled (To,) fiusuianiudy A mndauseiesiiangegaiilonas
symalnnilenilasanled (TIO,) funanadin ABS 1 0.5 wi%) uaziiwunlianauiiowiiueynin
nndleslaeanled (TIOy) Ainauudmanadn 7 1 was 2 (Wt%) audsy G'fmam'lugﬂﬁ 4.8

ravesrANuAIEndidisTudlanauounelnmidedlasenles (TIO,) Auwanadn ABS
710.5 uay 1 (wt%) udilenamaynialnndesilasenled (Ti0,) undussilfauiaionanas
fauamdlugud 4.9

HaveIrmegdanudaveureInaiadin ABS naneynalnillulneenles (TiO,) 7
0.5 (Wt%) fidrguaauaziivualivanas WeinuTamausynialninidedlasenled (Tio,) #s

uﬂm’lugﬂﬁ 4.10

182

13

18

178

176

174

Stress (MPa)

17.2

0 a5 1 15 2 25
Composition ABS/TiOz

U7 4.8 HanvegeuTEnIAIIAY (MPa) AUufua
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Young's Modulus {(N/mm3)

Strain (%)

800 -

700 -

600

500

400

300 -

200 -

2.8725

¥ T P

0 0.5 1 1.5 2 25

Composition ABS/TiO,

o ' a Y-y
JUN 4.9 nan1INAdeUTENINAUATER (%) AUFuaru

679.3855

597.435
459.709
403.802

o 0.5 1 15 2 2.5

Composition ABS/TiO,

UM 4.10 mamanadeusEnINAmenaa (N/mm?) Auguau

65



YN 5

A5UNaN15AL NI

5.1 dyUnan1saniiueulvy
5.1.1 nan1sAnwIAmEnsalunsiusudenuaiite ABS/TiO,

AT livinisAnudssansnmnissududouunaiide Ecoli Yaanadfnesaslaly
lnsa-Tomladu-alaiu (Acrylonitrile-Butadiene-Styrene, ABS) finaulmimilaalnoonles (TIO,)
Tusnsrdaudl 0, 0.5, 1 was 2 (wid%) Augddu mnﬂ#uﬂwlﬂmaumqﬁﬁaﬁﬂmwaﬁiamié’usﬁwﬁa
wueiiieanugizelnlammddn wudr mnnsmeuasyIniatdneg deldaanouasyiun
Tu Sasnssentinvenuniiduanas mude a3Ulein ABS/TIO, 71 0.5 % Tiuseavsnn uaw

A ] a s 3 ¥ =l =l 1/ l:‘
anmsimngaudmivnisdudureuuaiiieldangn

5:1.2 wamiﬁn"eﬂﬂmaﬁﬁmamsmw
= 2/ EY fa a 1 a = ar
INNIIANYIINIYNABITANTIAUBLENATOULUUABINTIA (SEM) UDInanadin ABS NHaunu
Inndeulaaenled (TiO, ) ieAnwinisnszaeiasmniovlasenles (Tio,) u ienatadn
1 =l L2 N =l W o/ =J :') s d'
wuneynipvalninileulaeenled (Tio,) i ANWYIUENIINTTIIYAIVAIDUNIANAUNAUDNY LD

=

Ysunaunauvadnieulaeenled (Ti0,) Mnaufudiiwatafin ABS fiiudu denaliiidnwos

dugiveveduruiinulugnguiniuiasilisverdudatussnineyniaaiuuindy

wenanildedmalininnie nguiureseuniadinsimznguiud uazsnssanelfiudy

5.1.3 Nan1sAN¥IAMEUANING

n. Amudusai Wenaneynialvimdeslaeenlast (Tio,) Auwanaiin ABS Tushsrdau
99.5:0.5 A uuausededinuiutu uanieonauounelnmiioulasenles (Tio,) funarain
ABS Tudmsndau 99.5:0.1 uae 99.5:0.2 Arauudeusededvnltiuanas

v. faaien Wenauoynalnmidieulaeenles (Tio,) fumanadin ABS Tusnstaau
99.5:0.5 uay 99.5:0.1 MunATeAzda ALY waziiloriivyTunaounialmnielaeenlad

(TiOy) wnfuiinualiavinliaranuAsenanas
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A. AegaaAmBangureanaiain ABS naueynalnmisulaeenled (Tio,) 99nans
oA a ¢ . ) a o | o
naasswuInlenaueymalnnileulaeenlys (Tio,) Auwanadin ABS lushsndu 99.5:0.5 fdn

1 at = 1 = ) 2 a a = & .
PBRAAANNEANELZIER Lavasiiamtanaulaiiuuiinueunalnnidedlasenles (Tio,)

5.2 folausuuz

1. lutuneunisvadeulliswuaiiseduiueu Tunsvgageasuudurunivenliag

a = i o g o d v a a
UL NANA9YDTUIU Lwa‘lwwaamﬁan'sza]wlmmmuqmu,axLﬂuﬂﬁmUﬂmﬁmwam
&€ EJ o o 1 L} ¥ 1
2. gunsainneg Mmianlelunisvedeudssdzenn mIsgUnsaliieg lusndenau ainu
[ @ o o o o 1y = = o l'-'-' =

andsniuteddgussnisnianvinlinanivaassiinanaia vieraiarasuluanauduasa

3. neunadeuldaluATielug Biohazard Laminar Flow (FUasnie) msilavaenyiioy
Tuguasautioidiung 30 witiae

4. feunsvEAEeaUUT UL AITThAIAYe I LUSELeanesedLALe AISANY
iATefinsdenfindy TuFesweassansamvefiserlnlnanidanvedlymioale
oonlays Tudusiudaln

5. mitinsfnvmaneynalnmilodlaeenlad (Tio)funeduesUssuanduuy PVC uas
PE uiieldlunsansiunu Uiuupsandinedes uaviuguidundndomiaugtanunseldonls

6. msldansuTuuiaiavieldansfunssiidoninasuszau (Coupling Agent) &a9z47e
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5 Testing method
5.1 DBucteria to be used for test

The species of bactoria 1o be used for the test shall be as follows, and the test shall be
carried out on respective bacteria,

a) Staphylococcus aurous
b} Hscheriehia coli

Exnmples of bacterial steain to be used for the test are shown in table 1, If the bactes
rial sirain is contribuled by the ageney of culiure collection other than that shown in
table 1, it shall be obtained from member agencies of World Fedesation for Culture
Collections (WFCC) or Japan Saciety for Culture Colleetions (JSCC), and it shall be the
bacterial strain of the same sories as that shown in table 1.

Tuble 1  Bacterial atrain used for test

DBM 1376

| NCIB 8545

Preservation num-
Type of bacteria | ber of bacterial Agency of culture colloetion
- sirain »
Sraphyiococens | ATCC 65380 American Type Culture Collection
avreus FDA 200P Food amd Drog Administration
| NBRC 12752 Bioresouree Information Center, Dopartment of Big-
technology of Nutionil Institute of Technology and
Hvaluation -
CIP 53,158 Colleeiion des Barteries det Tnstitet Pastour Deuteche
8M 846 Sammlung von Mikmorganizmen und Zellkulturen
Gmbh
NUCIB 8625 | National Collection of Industrial and Marine Bacterin
§ Litd.
Escherielia eoli | ATCC 8759 American Typo Cuiture Colleetion
NBRC 3972 Bioresource Informution Center, Department of Bio-
technology of Nutional Institute of Technology and
Fyvaluation
CIP 53,126 Colleetion des Bacleries delTnstitut Pastour Denische

Summluog von Mikroorganismen und Zelikulturen
(imbh

Natienal Collection of Tndusteial and Murine Bacteria
Lidl.

5.2  Chemicals, materials, instruments and apparatuses

The chemicals, materials, instruments and apparatuses used in this Standand shall
be as follows, unless otherwise designated.
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Ethang) {CaHaOH)
Boef uxtenct

Poptone

Hodinm chloride (NaCl
Purilied wator

Agor

Yeast exiract
Teyptone

Glucose

Caseln peptone
Saybean peptone
Lawithio

Nemiomie surfactant

Chunrantesd resgentsnecilied in JI8.K 8101 or superior

Eormicrolial tast
Far migrobial tosl
Cunpuntoed reagent specificd in J18 K, 8150

Conkorming io.the.reference of the 15th revised Japancss
Guavanteed repgent specified in JI8 K 8263 or superior

For.microhinl test
Formicrobial tesk
?m,mﬁm&g&&

J}?gmmmmm

o

Platinum loop
Dey-hoat stovilizer
Autoclave

Radery. cabinet

pH moter
Chenmical balanee

Clean binch

Mansuring pipete

G%mi@ﬁmmnmﬁgé am;is K 8180
slopper. ele

With a loop of about 4 mun at the point

Capable of keeping the temperatore from 160 °C to 180 *C
Capable of keeping at 121 °C in temperature (corrsponding
to 103 ki*a in pressured
.;ﬂmzingmr.{mfmﬁmﬂmi&mismmjﬁﬁamwmm
leng

Conforming 1o JIS 7 8802

Having performance conforming 1o J18 K 0050 or equiva-
lent

For mcrobial test

Having precision conforming to J18 K 0970 o Class A in
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Incubator Capable of keeping the temporature & 1 *(

Petri dish kia&e a&' glam wasth abm:t 9(} m orf imuko ;ﬁamnwr ar
Stomacher pouch Eszmmm;ghzm

Film mm%mmmmmm ot affesting. micro:

bial growth and that doos not sbsorb water but with goed
adherence, the thickness ol which. isnot snesiliod

5.3 Method of sterilization
The glasswarce such as test tube and measuring pipetie to be used shall be washed
sufficiently with alkaline or neutral detergent, rinsod sufficiently with water. then
dried and storilizod with dry-heat, or sterilized with high-pressure stoam, The method
of stevilization shall be in aceordnnce with the following a) or b). The case where the
platinum loop and the test tube are sterilized with flame shall be in sceordance with
the following ¢).
#) Dry-heat sterilization {)b;m 1o be sterilized shall be placed in a dry-heat steri-
lizer for 60, min or more in the hetexpesatune ol 170.2C.0e 120 min or more
MMmﬂm_mmw,mnm sm.vr mmm@mm

b) High pressure steam sterilization Water is put in an sutoclave, and the objects to
be sterilized which ave in a metal net basket shall be placed on s motal net shelf in
the autoclave. The kid of sutoclave is tightened, heated, and kept at temperature of
121 *C teorresponding to 103 kPa in pressure) for 15 min to 20 min. After healing
insuspended followed by naturally eooling to 100.°C.or under. the. exhaust valve is
opened to draw off the steam. The stexilized ohieets shall be taken out after open:
ing the lid. and vooled on.a.clean bench.or. in 4 saloty. gabinel, if necessury. Inorder
to. keep the autaclave clean from. contamination. by, cultwre. medivm_or, processing
chemicals.itshallbe washed with.omuteal determent il necassary, and rinsed. sulli:
¢iontly with waler,

e Flame.sterilization.... The ehiecis or parts.to. be sterilized shall e nlnced into. o gos
ar.alenhol Oome. For a_platingm b, it shal) be red heated suliciently, and for.a
test tube, it shall be touched with the Dame for 25 or 3.5,

B4 Culture medium, ete.

The cullure medium, ete. of which the composition is as follows shall be used. A com-
mewially available sriicle may be used, if it Is of the same composil ion.

a} Nutrient broth [1/500 autrient broth (17500 NB)  Prepared so that 3.0 g of beef
extract, 100 g of peptone and 5.0 g of sodium chloride which are weighed out by
the chomical balance shall be added to 1 000 ml of purifind water or ion-exchanged
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b)
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water, then mixed and dissolved completely, and diluted 500 times with purified
water. The pli thereol shall be adjustod o 6.8 Lo 7.2 (25 °C) with a sodium hydrox-
ide solution or a hydrochlovie acid solution by using the pIl meter, and it shall be
storilized with high pressure steam, If it s not used immediately after preparation,
it shall be presorved at a temperature of 5 °C {o 10 °C. 1/600 NB that has been kept
for one week or longer after praparation shall not be wsed,

Nutrient agar Prepared so that 5.0 g of beef extract, 10,0 g of poptone and 5.0 g of
sodium chloride shall be added to 1 000 ml of purified water or fon-exchanged wa
tor, sond miged, The pH thereaf shall be adjusted to 7.0 to 7. 3 {25 ‘("} vnth @ mitum
hydroxide solution or a hydrochloric acid solution. 15.0. g ol ler agar shal
ndded and dissolved by heating, a cotton stopper shall be put, nm! it abnil be amr
Hlized with high pressure steam, If it is not used immediately after preparation, it
shall be preserved at a temperature of 5 *C to 10 *C. The nutrient agar that has
been kept for one month or longer after preparation shall not be used.

Plate count agar  Prepared so that 2.5 g of yeast oxtract, 5.0 g of tryptone and 1,0
# of glueose which are weighed out by the chersieal balanes shall be added to 1 000
ml of purified water or im-exchanged water, and mixed, The pH thereof shall he
adivated Jo 7.0 to 7.2 (25 °C) with o sodiom hydroxide selution or a hydrochlorie
acid solution by using the pll metor, 15,0, 0f powdar.ngnz shall be added and dis-
solvad by heating, and it shall be sterilized with high prossure stoam. I it is not
used immedintoly after preparation, it shall be preserved at o temperature of 5 °C
th 10 °C. The plate count agar that has been kept for one month or longer after
praparalion hall not be used.

Slani culture medium  Prepared so that 6 ml to 10 ml of the nutrient agar of b)
which has been preliminary warmed and dissolved shall be poured into a test tube,
a eotton stopper shall be put, and it shall be sterilized with high pressure stoam,
After sterilization, the test tube shall be piasced in # elean room ui a slant of about
15* to the horizontal plane, and the content shall be solidifiod. If it is not used im-
mediately after preparation, it shall be proserved at a tomperature of 5 °C to 10 °C.
I there is no condensed water, the content shall be dissolved and solidified again,
then used. The slant culture medium that has been kept for one month or longer
after preparation shall not be used.

SCDLP broth  Prepared so that 17.0 g of easein peplone, 3.0 g of soyhean peptone,
5.0 g of sodium chlovide, 2.5 g of disodium hydrogen phosphate, 2.5 g of glucase and
1.0 g of lecithin which are weighed out by the chemical balance shall be added to 1 000
ml of purified water or ion-exchanged water, then mixed and dissolved, Then, 7.0 g
of nonionie surtactant shall be added and dissolved, The pit thereof shall be ad-
justed to 6.8 to 7.2 (25 °C) with a sodium hydroxide solution or a hydrechloric acid
sotution by using the pl meter, and it shall be steriliced with high pressure sieam.
If it s not used immediately afrer preparation, it shall be preserved at 5 °C to
10 °C. The SCDLP broth that has been kept for ane month or longer alter prepara-
1o shatl not be used,

Phosphate buffer solution Prepared so that 34.0 g of potassiun dihydrogen phos-
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phate which is weighed aut hy the chemical balance shall be added to 300 mi of pu-
rified water or jon‘exchanged waicr, then mixed and dissolved. The pll thereof
shall be adjusted 1o 6.8 10 7.2 (25 °C) with a sodium hydroxide solution or o hydro-
chlaric acid solution by using the pil motor. Further, purified water or fon-oxr
changed water shall be added to make it 1 000 ml, and it shall be storilized with
high pressore steam. The phosphate bufler solution that has been kept for one
month or longer alter proparation shall not be used,

#) Phosphate-buffered physiologieal saline The phosphate huffer solution of ) (0,85 %
sodium chloride solution) shall be diluted 800 times with physiologieal suline, If
necessary, it shall be dispensed into test tubes or Brlenmeyer lasks, cotton stop-
pers shall be put, and it shall bo sterilized with high-pressure steam, If it is not
used immediately aller proparation, it shall be preserved at 5 °C to 10 *C. The
phasphate-buffered physiological saline that has been kept for one month or longor
after preparation shall not be used.

5.5 Preservation of bactoria

Bastaria.shall he teansferved nsentically.. A safefy cobinet shall he used. if necessary,
Both. the original stxain.and, the slant colture medivm (utrient agar) of 5.4 4) to be
teapsferred shall be hellin.one hand,. the stem of the platinum loon shall be beld.in
the sther, hand,.and. the. colion stopper shall be pulled oui with_this hand. then the
meouth of the test tube shall be storilized with. Name. The platinum loop shall be. steril:
ized with flame, the tp of the platinum. loop. shall be put in the condensed waler part
an.the new slant eulture medium 10, be cooled, The, bacteria. shall be serapned out from

the part ol original strain by using this platinum leop, and shall be streaked on a frosh
bant e =y

The methoed thereol shall be sueh that. as. shown.in fgure 1. the tip of the platinum
loop, shall be put in the condensed water.to. disnerse the bacteria, and a_steaighi. line
shall be draven aslant to the upper parl with the platinum. loop.or the tin of the plati:
nwm. oo shall be put in the sondensed water. agnin.and o, zigzag Loe shall bo. deawn
aslant. to the upper. part. with the platinum loop,

The mouth of the test, tube shall he stovilived again with fame, and a_cotton stopper
shall be put as it was, The platinwm, Joop. wsed shall be_sterilized with flame, The
teanstorred slant enlturn, medinm, shull heincubatod At s tempernture of 35 °C £ 1.°C
for.24. b 40 48 h in tho incubator, then it shall be stored at 5 *C to 10 *C. Within one
month of the iransfer, the next (ransfer shall be carvied out in a same way to be the
passage culture. The number of passages shall be up to five times counted fram the
original steain obtained from the ageney of culture collection. Furthermore, that kept
for one month or more from the last tennsfor shall not be used for the following trans-
for,

For_the bacterial strain obtained from the agency. of vuiture. collection which_has
heen, preserved by methods such s Ivephilization and freezing for long life preservn:
tion, the number of passages eudtured from the oviginal strain to prepare the presiaved.
hacterial strain shall be considered s the numbee of possages ol the, preserved hoctor
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hacterial strain is used for the. test, it shall be vsed up.to
umwmm,a"mm;&mm by subteacting the number.of passages. ol the

Condensed wator

N Blant eultuee
medinm
Figure 1 Transfer of bacteria

5.6 Test operation

Bacteria shall bo handled asoptically, and attention shall be paid (o the contamina
Lion of testing personnel, instraments and working environment with bacteria as fol:
Jows, A safety cabinet shall be used, if necessary,

a) Pro-incubation of test bacteria  One platinum loop of bacteria shall be teanslorred
from the preserved bacterial strain of 6.5 to the slant culture medium of 5.4 4), and
incubated at a tomporature of 35 °C = 1 °C for 16 h 1o 24 h in the incubator. For-
ther, from this incubated bacterin, one platinum loop of bacteria shall be trans
ferved to a fresh slant culture medium and incubated at a temperagture of 35 *C
1°C for 16 b o 20 h,

b} Preparation of test piece  The prepuration of test. piece shall be as follows,

1) The flat part of the product shall be cut into 2 square of 50 mm £ 2 mm twithin 10
mm in thickness) and mude as the test piece of standard size. If it is difficult or
impossible 16 cul the product into this square, a test piece of shape and size other
than specified may be used i il can he covered with a Glm of the surface nrea of
400 mow? to 1 600 mm®,

2)  Untreated Lesl picces shall be cub out from the antibacterial untreated product or
the film. Among six untreated lest pieces, three shall be used for the measure:
ment of number of viable bacteria immediately after inoculation with test inoeus
lum and another three shall be used for the measurement of nomber of viable
bacteria afler the incubation for 24 b,

S I untrented test pieces connot be propared. the ilm of 5.2 may be wsed, Attention
shall be sofficiently paid to contamination with micro-organisms, mutual con
tamination between products and filth for the preparation of Lesl picces, It is de
sigable to sample the tesl pieces rom the product itsell, but i it is diMieult 1o
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o)

d)

el

propare Lhe test piecos bocause of the shape of the product, test pieses may be
prepared from the product separately processed (o a plute shape with the snme
raw material and the processing method,

. scribed numm.ﬁmm!ed mnmm ;zmmmm
uﬁﬁ%mwm&mmmmm“ﬁ.m
thee film shall be altornatively. used for the measurement of number of vinbhle bic

fexin. immediately, after inoculation. with. test inoeulum., When, half the number
(Lo nisees) sannetbe prepared. te Glm.shall be.vsed for all,

maanma 01‘ test mm Mmm@ tost piece o h) shall be lightly wined
__ et g absorhent_cotton immersed in ethanol two or three

If lﬂmnges such as ﬂnﬁ«mng of test piece, dissolution of surface evating and efu-
tion of components ocewr after these treatments and it is considered that these
treatments affect the test results, the test piece shall be cleaned by nnother appro-
printe mothod, or used wa it is without cleaning,

Proparation of test inoculum  One platinum loop of bacteria of the test bacteria
pravincubated in a) shall be dispersed evenly in a small amount of 17500 NI of 5.4
a), and the bacteria concentration shall be estimated with diveet microscopic ob
servtion or other approprinte method. This inocculum shall be diluted with 1300
NB appropriately and adjusted so that the buctaris concenteation becomes 2.5 x 106
to LU x 10 eells/ml, and this shall be used as the test inoculum. If the tesh inoeas
Ium is not used immediately, it shall be cooled on ice (0 *C) and shall be ased
within 2 h after storage,

Inoculation with test inoeulum  The inoculaiion with test inoculum shall be as fol-
lows,

1 Each test piece of ¢} shall be placed in a sterilized petri dish making the tost sur
face up. The test surfce shall be the surlace of the product on which antibaetesinl
treatment is performed. Even when the antibacterial treatment is processed to a
dapth, the erogs section shall not bis used as the test surface,

2} BExactly 0.4 ol of test inceulum of &) shall bo taken with mieasuring pipette and
instilled onto each tost pioce in the petri dish, The volume of inoculoted inoculum
on the test piece whose slze is other than the standard size shall be proportionally
divided by the ratio of the area of covering film, Even if the test piece is of the
standard size, when the volume of incenlum based on the provision is inoculated
on the test picee of very good wetiability such as cornmics, tile, enamel and glass,
the film may move at o small slant and the inoculum may escape from the erdge of
the film. In this ease, the volume of inoculatid inoculum may be reduced up to 114
of the specified volume, However, even when the volutie of inoculated inoculum is
redduead, the bacteria concontration innculated on the test piee shall he .2 x 107
103 2.0 ¢ {Heellsfony®,

31 'The instilled test inoeutum shall be covered with u film, the film shall be wently
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pressed so that the test inoouluny spreads across the (ilm while paying attention
so thiat it does not spill uver from the edge of flm, and the lid of the petri dish
shall be placed Gee figure 2). The standard size of {ilm shall be the square of 40
mm = 2 mm. If the test piece is not that of the standard size, the sizoe shall he ad-
justed so that the film can be placed within 2.5 mm to 5.0 mm from four sides of
the test piece, but the size of film shall not be reduced fo less than 400 mm?, Fur
thes, il it is difficult to adhere the Gilm closely since the shape of tost piece is not
flat, il the test incculum spreads over the iest piece without covering the Mm
sinee the test piece is hydrophilie or water absorbent ar the like, the process of
covering the Glm may be omitted. When the eovering process of [ilm is omiliod,
the standard size of test piece which is propared in 5.6 b) 1) shall be the square of
40 mm = 2 mm (within 10 mm in thickness).

On the inocolation with test inoculum, if it is dificult to provent the leakage
beyand the edges of the film on the case where the surface of snmple is very hy-
drophilic and the like, the volume of inveulum may be reduced up to 0,1 mk In
this case, Lhe concentration of bacteria cells in inoculum shall bo incressed ko
provide the same aumber of haeterial colls as that of inoeulated inoewdum of nor
mal volume,

Linit © mm

. 1.4 mi of test
Tosl ymk Film: insoeulum
\ /

PR e sy | T
VAR v
w2 |
02

Lid of petri dish

Potri dish ™

)

Film

Sy
N

0.4 il of tost
inneulum e,
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Figure 2 Instillation of incculum on test piece and covering by film
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f)  Incubation of inoculated test piece with test inoculum The petri dish containing
the inoculated test piece with the test inoculum (three untreated test. pieces and
three antibacterial test pieces) shall he incubated at a temperature of 35 °C £ 1 °C
and a relative humidity of 90 % or more for 24 h£ 1 h,

NOTE: 'The antibacterial effectiveness of a product is evaluated from the an-
tibacterial activity obtained from the test at the incubation tempera-
ture specified here; however the test at the temperature established
considering the actual use of the antibacterial product {such ss a room
temperature) may be carried out together, if agreod upon all parties
concerned with delivery.

#) Wash-out of test bacteria inoculated The wash-out of test bacteria inoculated
shall be as follows.

1

b))

Test piece immediately after inoculation with test inoculum  For three untreated
test pieces immediately after inoculation with test inoculum, the covering film
and the test piece shall be placed on another peiri dish respectively with caution
so that the inoculum does not spill. By adding 10 ml of SCDLP broth of 5.4 ), the
inoculum on the untreated test picce shall be washed out with a moasuring pi-
pette at least four times, and this wash-out inoculum shall be recovered com-
pletely. The washings shall be immediately proceeded to the measurement of the
number of viable bacteria.

Test piece after incubation For the test piece after the incubation of B, the test
bacteria shall be washed out in a similar way to 1). The washings shall be imme-
diataly proceeded to the measurement, of the number of viable bacieria.

Kor. the washout of test bagteria. the method, such that the covering film and the
lesih pigce.are. placed_in_a sterilized stomacher. pouch. by using sterilized iweezers
with.cantion.so that.the inoculum does not. spill, 10.ml of SCDLP broth in 5.4 e) is
added with. s measuring pipetie and. the test piece and the covering film. are
kneaded sufliciently with hands or an extractor (such_as stomacher) for the mi:
erobial test.is applicable. Or if other methods show g recovery rate equivalent to
ar.superior. to. the_method above, such. methods may. be used. 17 it is dilficult to
wish out the test bacteria with 10 ml of SCDLP broth becnuse of the size und
characteristics 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 taken with a measuring pipetic and added in a
test tube containing 9.0 ml of phosphate-buffered physiclogical saline of 5.4 g), and
sufficiontly mixed. Then, 1 ml shall be taken from this test tube with a new meas-
uring pipette and add in another test tabe containing 9.0 ml of phosphate-buffered
physiological saline, and sulficiently mixed. These procedures shall be repeated to
prepare 10-fold serial dilutions. 1 ml each of the washings and cach dilution shall
be dispensed into two sterilized petri dishes. To each_petd dish, 15.ml to 20 ml of
the plate count agar. of 5.4 ¢) warmed at 46 °C 10 48 °C shall be added and suffi:
cienfly, mixed. By placing the lids, the petrt dishos shall be left as they are at a
room temperature. After solidifying the culiure medium, the petri dishes shall be
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trrnedd over, and incubated in the incubator at o temperature of 85 *C =1 °C for 40
b to 48 h. Alier incubation, the number of colonies in n serinlly diluted petri dish in
which 30 (o 300 colonies appear shall bo measured, as a cule, If the numbor of color
niog iy loss than 30 in the agar plate dispensed with 1 ml of the washings, tho
mumber of colonies shall be measured for this plate. IT there are not any colony
formations in any agar plate, then "< 1" shall be recorded. Further, if the number
of colonies is not inversely proportional to the dilution ratio, sinee it is considered
that the formation of colonics is inhibited by the effects of the antibacterial agent,
the number of viable hacteria shall be determined using & method which forms
eolonics without being affected by the antibacterial agent with the use of an inac-
tivating agent or dilution.

NOTE:.. For.the_methods of adoption..of the. aumber. of colonies other. than
siecified abeve, refer to L2 Microorganism tests, ) Viable cell count. of
hacteria, (1) Pour. plating methed of Standard Method of Analysis. for
Hygienic Chemists (2005) editad by, \he_Pharmaceutical Socisiy ol daz
nan.orChaptar 2 Bacteria 2, Sneilage.indicator. hacteria, 1. Total bac:
bexinl count.of Standard Mothods of Analysis.in.load Safety_Reguls-
fion. (2004), supervised by, the. Eovisonmental Health. Bureay _of the
Ministvy.of Health and Wellave, Jansn.

5.7 Caleulation of number of viable bactoria
The number of viable bacteria shall be obinined by counts of colonies measured ac-
eording to oquation (1).
LxDEV s
A
where, N: number of viable bacteria (per 1 em? of tost piece)
€1 eount of eolonies Giverage count of eolonies of two petei
dishes adopted)
D= dilution factor (that of dilution dispensed into petri
dighes adopted)

1 wolume of SCDLE hroth used for wash-out {ml)
A1 surfaee area ol covering (ilm (om?)

Tt sasewhere the covering film,is omitted in 5.6 2). 31, A shall be the surfage avea
{em® of the antibueterial togt piece or the untreated Lest piece,

The, nuymber of visble bacterin shall be expressed with two significant figures by
rounding. off the third significant figure, When the count of colunies € is "<1%. €is
taken.as 1% and the aumber of viable bacteria shall be calewloted cocresponding (o ¥,
A 2al il e, For example. when Vis 10.ml, /A4ix. 16.em® and £2is 1. it shall be ex:
nressed as T<ilL630,

58 Toest results

The test resuits shall be as follows.

N=

q-=w—-w.ﬁ-ie’nw.rw-ﬁ:nsulmuiu»as.ﬂvnkuemen.--,utwr-vef{l)

a) Determination of conditions of test validation Whon the {ollewing three test con-
ditions are all satisfiad, the test shall be determingd Lo be valid, Unless all the con-
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ditions nre sutisfied, the test shall be determined to be vot valid, and a relest shall
be carvied out,

1) The following equation (2) is established for the logarithmic value of the number
of vinble bacteria immedintely alter inoculation on untreatod test piove,

M £ 0.2 vilﬂkh-iqni(Avmi»l.ﬂ-sn’lc1w1~wuan-&;wﬁm-&‘euenani-wnwaduwv!lilomnmns;u{m
'Eiﬂl?m

whore, L..° maximum logarithm number of viable bacteria
L ©  minimum logarithm number of viable bacteria
Luerns  average of logarithm numbers of viable bacteria of three
fesl pieces

2) 'T'he average of the number of vinble bacteria immediaiely aller inoeulation on the
untreated test picce shall be within the range of 6.2 x 107 to 2.5 x 10% collsfem?,

) The number of viable bactevin on untrenied tost piece aftor 24 h shall be nol less
than 62 cellsfem? for all three test pieces, When a film iy used for the unireated
test piece: however, the number.of viable vells of bacteria after 24 b shall be not
less than 6.2, 102 collsfom? for all three (esl pleces.

b} Caleulation of antibacterial activity When the test has been determined o be
valid, the antibacterial activity shall be obtained sccording to equation (3), The
value shall be recorded to the fiegl decimal place by rounding the second dicimal
place down, When the number of viable bacterin is "<0.63", it shall be taken as
"0.63" and the average of logarithm numbers shall be calenlatod.

ﬂ f{,’ u-—{; } {d {} } U ll!!ld'tI"bn’l\f&l‘za!rb!l!k‘llknk'ﬂ—w{:ﬁ
whure, &0 antibuelerial activily
Uyt average of logarithm numbers of viable bacteria imme
diately after inoculation on untreatod test picces

I average of logarithm numbers of viable bacteria after in-
oculition on unireated test pisces alter 24 h

At average of logarithm numbers of viable bacieria allor in-
oculation on antibaeterial test pieee affor 24 h

6 Record of test results

The following matiers shall be lstod in the test vesulis of antibacterial products sueh
as plastic producis,

a)  Number or title of this Standand
b Commmerment dicte of bost

e} Type, size, shape and thickness of antibacterial-treated test picce and untreated
test ploce

d} Type, size, shape and thickness of hilm
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Type of test bacteris

Preservation number of bacterial strnin
Volume of test inoculum inoculated
Number of viable bacteria in test inoculum
Cleaning method

Respective value of Uy, U, 4; and antibacterial activity of 5.8 b), identification of
laboratory, name and signature of head, and date of test report

- Any deviation lrom this specilicaiion

Bibliography
JIS L1902 Testing lor antibactevial activity and efficacy on textile products
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1. nadauwIIne (Tensile Testing)

1.1 naaTenusiunagay
INSILTUNAABUAILNINTFIU ASTM D 638- 03 Type | elddmSunatainiasuiss

(Reinforced Plastics) Antunagauaindalwiuesnatauuy imerdu wazdady 2 wua fe dany

) @ v v oW v 2 Vo e e o I
WUINTTWY Uaziwvavesniswutdulowny dalwiauin 25% 165 mm’ wal3aiduanuluyiily

[ YY) o v ow o]
lAadeinsenn fagui .1

(a

d = 9 a =
UM 0.1 FuNUAMTUNAFRULTIAY

1.2 Fannagau
NAABUAINNINTEIU ASTM D 638 Type | wilawata@niasuuse )Reinforced

. s =1 (] nu ] @t v =
Plastics) me3un 2.2 uaz 9.3 91w 4 Funagausouuuuasiuinisein Iaeld snsusan 5 uuy/.

o o ] @’ - = v e d
W MrunGauge Length Tums Auaauviniu 50 Sadiuns lakanisvaaeafiagun v.4, 2.5, .

=
6 WasMIT NV 2.1, 9.2 uay 9.3

JUN 0.2 InSoamadaunssie (Universal testing machine)
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Modolus of elesticity(Mpa)

800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00

4 -¥] 1
JUN 9.3 f981avndoulsIn

0O 0.5 : 4 2

TiO2 Ratio (% )

U .4 ApgAERILEAnE Y (Modulus of elasticity)

YBINANERN ABS wau TiO, 0-2%
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Yield strength(Mpa)

Elongation at break(%)

18.50

18.00

17.50

17.00

16.50

16.00

1550

7.00 -

400 -

3.00 -

1.00 -

o 05 1 2

TiO2 Ratio (% )

P ! v = 4
JUN 9.5 AIAUAUNILLIIRL 2 9aAsIN (Yield strength) )

VBINAERN ABS ey TiO, 0-2%

0.00

O 05 1 2
TiO2 Ratio (% )

]
v =

3UN 0.6 Wesldudnisindafigaun (% Elongation at Break) )

9

YaINaNaRn ABS wasl TiO, 0-2%
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P « o o i
MIINN 2.1 Lﬂa':’t%ummiﬁmmmmmm(%ﬂongatzon at break)

Uuauued Tio2 9%Elongation at break ﬁ’lLﬁENL‘lJuu’lm‘Jg’lu
0% 220 8.2
0.5% 4.31 0.28
1% 593 0.38
2% 2.87 3.43

P v = .
ATINN 2.2 AUATUNIULIIN Bl 9aAsIN(Yield strength )

UTnaves Tio2 Yield stress (Mpa) Fhl,ﬁmmummgﬁu
0% 16.73 1.86
0.5% 18.00 0.88
1% 17.20 0.61
2% 16.95 0.39

= o = 1 o
A9 1.2 uegadnuEganegu(Modolus of elesticity)

Usuuwes Tio2 uegaa )Mpa) ﬁﬂLﬁaaLuummgm
0% 573.44 109.57
0.5% 679.39 o ¥R
1% 403.80 27142
2% 459.71 36.56
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