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'11'Ui~ vd G111J1'Hl~1 L h "~1'1L~~f1 t1 ~ L ~eN ~1 n f'l111J tl'U Lf'l':i1~~~tl'11JVI11VI tl1"' t1 • • 
t:J'U "-s1't!u1il 'Vl'U~w.Ju 1~uLL 'U'Uui' (;! m-sll L ~mr'l f'l1J~a'l1 v.m v1~ tf'l-s'l m-sv n':i~~'UG11J"S':i{l'U~ 

, , \1\1 

uni~EJ L 'VlEJ '\.h::~1il:J'Uth::1J1t:U 2562 LL"::f'lru::iVIt111'!1G1(;1{ 1J\·ni'VlEJ1~EJtl'U"':i1'11u1ilffi ~f'l111J • 
tl'ULf'l':i1::~amuffi 'Un1-:iVi'1i~ tiLLa:~Lf'l~tl'lijtl m.Jmru ffi m umwi'11~tlf'l~'lif~tl'Uf'lt:UL~1'VIU1~ • • • 
~t:J-:~tl~'U~m';i f'lru::i'Vl t.I11'!1G11Jli 1J'V111'Vlm"' t.1 ~'U"':i1'11u1il~B1'U1 t.lf'l111Ja::~nn 1 um1vi1i~t1f'l~'ld 
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-nui ~ E.Ji1'H1vh n 1'Hl en u. uu u.G1~~~1~ u.l.l~l.l~ L ~ efi ~~u'ltl LL~um~tJl{u1 ul1e~~11.hv1-ru 
" " cr~~B1EJ L~EJ 1 ml.l LFI'l~~ b U\J~1'l~1\JU. tJFIViL~EJ '111 bb~\JEJ1~Fl~'lt11 ti'VI~~m..Jtl'l~~'VIGfl1'Vi n1'lEltJ ~~ b ~B'l1U.a~ 

\1'\J .. '\1 

L~€1U.tJFIViL~EJL~EJ'l111ti'VI~~€ltJtltJL~€1 Aspergillus niger, Escherichia coli Lba~ Stephylococcus aureus 

'VI~~BtJ L~E.ln1'l11~LL~\JEJ1~tJ\J~1\J B1~1'l~ih ~B'l1 u.a~L .feU. tJFJVib~EJ 1 \JLL tJFIViL~EJ~~'ll11 tiUl.l~mU~IllJ 3 7 
' " a~f'11L'Iim~m1 LU\JL1a1 48 i11l.l~ ~1\JL~m1~~Ul.l~mu~niJl1e~ LU\JL1a1 48 i1tl.l~ ~~'l11l.l11LFJ'l1~~t:.~a 

' " 
t~EJm'l1~'l~EJ~'1lB~ Inhibition zone ~Ln~~u'leuu.e.ium~ ~1nt:.~am'l'VI~aB~'VitJi1 m~FJ~'ltlm l1'~l.lu~ 

" 
L :a~na\Jl1l.ll.l1tll'l~1\JB\Jl~1~m'll.IU.~um~tl~u (l.!Bn. 23 77-2551) Fiem~FJ~'ltl~u~t:.J~l.lm~5'l'll.l"ll1~ 1 oo 

... • \1 'U 

phr ntJ~1'l~1L~lJ calcium carbonate 80 phr 1u'l~tJtJn1'lFI~~tlvi'l-ffn1lJ~5u u.a~e.mm'lEJtJ~~L.fB'l1U.a~ 
L ~Bu. uFJViL~EJ 'VitJi1 ~\Jl'lm~~L~lJ\J1 t u~~l'ieen 1'11~1l1't:.~am'lEi'tJ~~~~ni1~mm~~L~lJ\J1 t u 1 'VI'VI1L{jEJlJ 1{;1 

" " 
een 1'11~ LLa~LL~\JEJ1~~L~lJB~i11Fl\J1 t u~~~B~"IIil~~1l.l1'lt1EltJ~~ L~B'l1 A niger 1~L U\JB~1~~ u.~1 u 

LLtJf1ViL~EJ~~~1lJ1'lt1EltJ~~U.tJFJViL~mLml.ltJ1n 5. aureus 1~~ni1U.tJFJViL~mLml.latJ E. coli Ltia~~1nf111lJ 
' ' I 4 II a.J I' Cilc:lll d ._, c:lll QJ' 1.1 I c:.ICIII 

U.\Jln\Jl1~'1JB~WB~lJ LLG1~t:.l\J~ b '11G1G1 Lb tJfl'VIL 'lEJ LLn'llJG1tJ~~lJt:.l\J~'VI~\J1 LLG1~'11tJ'11€1\JlJ1nm1 Lb tJfl'VI b 'lEJ U.n'llJtJ1 n 
' 

LLG1~iiL~B~lJ.ffuuen'1JB~ lipopolysaccharides U.G1~-ffu peptidoglycan ~~l1'~~·thm1e~num'l~~~l.l"'JB~ 
ROS LLa~ 1eaeu 111'1l1'~1u L~al1'l.l L'!la"u.a~L .U11 'l.J1 \JL'!laa1~ ·•.nm.Jam'l'VI{;laB.:J1.1':itl1~11m.:JFJ.:J'lti~~Tu 

' ' " 
lJ1\Jl'l~1\J~(Jl~1~n'l'llJU.~\Jm~~~\J (lJBn. 2377-2551) RB m~fl-:J~tl~tJ(;lt:.Jf.1lJEJ1~5'l'llJ'tl1~ 100 phr nu 

calcium carbonate 80 phr 1u'l~tJtJn1'lfl-:J~ti~1EJn1lJ~nu U.G1~tl'l~~'V1Gm'Vi1um'lEJtJ~~L.fa'l1U.G1~L.fe 
.... tl Q .. 1 a.J ~ _,f Jl Clld C. I' 1 ( I --' ~ J' 

LbtJFI'VIL 'lEJ 'l~~'VI5fl1'Vi \Jn1'lEJtJmL '!IB'l1U.G1M "II BU. tJFI'VI L 'lEJ'lJB~'II~flBBn '11~ 'VitJ11~1lJ1'lt1EJtJEJ~L "I!B'l1 A. 

niger 1~Ltlue~1~~ U.G1~1uL~mLuFJViL~EJ~1lJ1'lEJtJe~t~~~L.fe s. aureus U.G1~ E. coli LL~Ln{;)L'IfuEi'ue~tl1 
l.IB~L ~u 1~ L ViEJ-:~ L~nuemL~~-:~i1 ~-:~l'ieen 1'11~'1l\J1~ 111 Lfl'l1'!!~~1111'lt1Ei'u~~L ~B'l1U.a~L .fmL uAVi L~EJ 1~L -dunu 
tltJ~~RBBn 1'!!~'1J\J1~B\JI11fl\J1 L \JU.~tl'l~~'VI5fl1Yi~1ni1L tie-:~~1n "tl\J1~B\JI11Fl\J1 t \J~~ii~u~~1111nni1 

' ' 
vi11l1Ln~ ROH 1~~~~li11l1'tl'l~~'VI5fl1Yi 1 \Jn1'lEJtJ~~~~ni1 

" 
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L tB€l'i1 LL"~L tBmL Uf'IVi L~fJlJf1n€11 ~Lii~Uqj'VI1~'UtJ'UU.~'UfJ1-:l~.:!L tBm 'VIci1ll~1111'i"'tl€11 ~Ln~ L 'if'l~1-:l 1 h!J 
~1~ EJ~-:l 1~iju, 'U1fl~~~ ~ L~11~1'i~~1111'imju 8-:J L tB€1 'i1 U."~ L tB€1 U. Uf'lVi L~E.I "-:! 1 tJ1 'UE.I1-:lf.i'i'i1l'tf1~ U."::: L ~€1 
\1 V tJ U II 

u'i::: t1 n \Pl1 m u m'it:.J ~ \PlU.~'U t~1~uflu~a.:J1111~ t1 m'iaan~ \Pl 'i t~1-:Jutlu 1m~ \Pl111111\Pl'i~1'U u.~um~uflu m11 
, \1 'U \1 Q 'U 

1!1(Pl'i\i1'U'1l€l.:JE.I1-:JLL~'UuYru (11an . 23 77-2559) t~t~m'i1~ml:::vhm'i€l€lf1 u. uu LLlJ~1!~u.":::~'U'iUE.I1-:JuYru 1-ff 
.u " \1 \1 

m.:J LL vi.:J~iiu~111ru~.:JU'UL ~Bu1em"::: 5 u."::: LLI'l" L ~EJ1lf'lTium 'U(Pl L U'U~1'ilii'1 L~1l'VI"'.:J~1 n~uvhm'if'l.:J'iU1~EJ 
" n111~"''U 1 'Uf11'i1~t~llvi1f11'iLL U'iU~111ru 1111f'l'i~-:!~€18 n1'tf~ L ~au-ruu'i.:J~11U~f11'irJU8-:JL tB€1~1U."~L eBa • 

LL Uf'lVi L~ ti'1J €1-:l tl1-:l li'i'i11'111 ~1~ E.l ~ 1 f1 f1 WVI ~ ~€ltJ ~11mi L ;a-:! nmL" ~ f11 'i ~ 1'U LL tJ PI Vi L~ tl U."::: L tB€1 'i1Y'ItJl1 E.l1-:l~~'U 
~tJij~1lmi L ;a-:! f1"~ 1'U111 m!1 'ULL~ 'U t11-:l~«'U (Pl11f~ tl1'VI'U~ U.":::iitJ 'i::: a'VI5 fl1Y'I1 'U f11'i rJ tJ &-:! L eB€l'i1 Aspergillus 

niger 1~LU'U€1~1.:!~ LL":::~1111'i(lrJtJ&-:!LeBmLuf'lViL~tiU.fl'i1ltJ1f1 Stephylococcus aureus 1~~f1l1LLUf'lViL~tl 
LLm1l"tJ Escherichia coli ~1'VI-rtJ€l'U.fl1f'l'U 11 'U~.:J~€l-:!'11U~~'U~1111'i"' rJU &-:! L tB€l'i1 LL"~L tB€lU. Uf'lVi L~EJ1~~tl • 
1m 'UU~111ru 6 phr ~::: 1l-i'u'i~a'VI5fiTYi~~ ~1f1-:!1'U1~ti~-:!~1Ul1~1111'iml1~(Pl'iE.I1-:!vTt~ tJ1 m 'Uf11'ic.J~(PlU.~'U 
E.11-:!U~'Uil'U~'U 1 'Uloi'€l.:JJ1~~1111'i(lrJtJ&-:! L tBm1u."~ L tB€lU. tJ f'IViL~EJ1~ 

" 

ABSTRACT 

Fungi and bacteria can grow onto the rubber floor mat due to expose to high moisture 

and water. In addition, they can case to many infection and diseases. In this research, designed 

mold to compress rubber formula and micro zinc oxide was added in rubber formala to obtain 

anti-bacteria properties. The amount of micro zinc oxide was varied from 3 to 9 phr. Natural 

rubber (STR5L) and calcium carbonate acting as filler were used in this study. Moreover, sulfur 

was used as curative. The mechanical properties of vulcanizate rubber was following Thai 

Industrial Standard Institute (TIS I) (TIS 2 3 7 7-2 55 9: rubber flooring) . The results show that 

mechanical properties of rubber flow mat was following the standard. In addition, the 

optimum anti-bacterial properties was enhance for 6 phr and it was ability to anti fungi such 

as Aspergillus niger. The inhibition of Gram- positive bacteria such as Stephylococcus aureus 

was higher than that of Gram- positive bacteria such as Escherichia coli. Based on the results 

of the research, it can be concluded that rubber formulas can be used to produce non- slip 

rubber sheets in bathrooms that can inhibit mold and bacteria. 

Keywords : Natural Rubber, Anti-fungi, Anti-bacteria, Non-slip rubber floor mats 
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1. U\'11.11 

I'J1~5iil.J"lf1~ (Natural Rubber) LU'UI'J1~~H1l.J11111n~'U Hevea Brazilliensis ~~i1~'Ufl1LU~IIl1mill 
' LL1hl1LLBl.J~"'IB'U 1 'U'Vfh..Jml.J~n1 1~~~LdeWl1n1in1~~'UI'J1~J11'J1~1\l~ 1 Vlal.J1~~BEJ1 'UiUi:11iflBaaai'J J1m~1:1~ 

'II 'II 

~n1~1~1111n~'Um~i1~m~ru~~"1f11'1i''ULLadjdfam~LLl1~ (dry rubber content) tli~l.J1ru~aEJa~ 30 

LL "1f1'Uam.Ja~1 'UJ1 thu1J1m~vtl~ffi tl~1'Um~u1'Un1i~'ULVI~ l'.l~ (centrifugation) lll'Um~~~ 1~J1m~~i1 
tl~ll1UJI'J1~LLl1~L~l.J~'ULU'U~ema~ 60 L1EJni1 J1m~'li''U (concentrated latex) L~B~1111nJ1m~ffitJ1~'U 
J11J11a ~a~:~1~1au~ ~~LU'Ui:11LVI~'Vi'11l1LL'UflViL1EJIII~LIIl~tyL~'U11JlB~1~i1~L~11~LU'Ufi1"11"1fi1~~1~ '1 L"li'U ti1"11 

fl1{ua'U 1~aan 1'ilv1 ti1flli1L 'Vl'U LLa~Ln~mi'U~Lt.hLLa~~~n~'UL Vll5'U miL~h.Ji:11iLLBl.J 1l.JLUEJa~ 1tJ~~~~"li1EJfmn 
'II 

amVi"1fa~J1m~<U''U 1l1Lnu 11t~'U1'U m~uiill"lf1~~:~1mitJ1 off~1'U 1~~~~ L iJtJJ1m~LLa~ EJ1~ LL l1~ 1~EJi:11ll1itJ 
U11tlt:J~IJ1L U'Ut:J~!Jl.tlru;i L -d'U tl~lJBI'J1~ tl~I'J1~B'U1lJV La'U~1EJI'J1~V~ an 1 -u~ I'J1~~BitlEJ'UI'i' LL~'UI'J1~Uvr'U 

\ , \J \1 

i:11VYi1'U~1L~V~ VI~B t:J~IJl.fi'ru't1vtlm'U~1'UtlBi:1~1~VI~B11'11mill Ui~L'VlPI1'VlmU'UUi~L'V1Pie!t:J~IJlm~a'U~'U 
'II 

Vld~'!IB~ 1an~~ifVI'W1V~1'Uil1flf~ 1~i:1U'Ui:1'U'U 1l1:U mi 1 offm~uiill'i!1&i'l 'UUi~ L 'VlPIL ~l.Jl.J1fi~'U 1~ l'.l 1l1:UmiL ~11 
"' ' 

mit:J~IJll'.l1~~1l~nl'.lmVi ~l'll'U1t:J~!Jl.tlru't1m~1~EJ The Rubber Economist m~m1rui1n1it:J~!Jli'J1~ 
uiill"ll1~"1fm1anlll~L~ll~'U1'Ua!Jli1 3.7 Ltla{L<ii'UI'i'~atl 1tJ'll1~tl 2560-2562 ~i~~u 13.9 ~1'U~'U1'Uu 2562 

'II 

miHm~u11lJ"!!1~~~L~ll~'U1'Ual'li1L\l~EJ 3 Ltla1L<ii'Uil~atl 1tJ'll1~tl 2560-2562 ~i::~u 13.75 ~1'U~'UL'U 
'II 

tla1EJU 2562 'V11~~1'U The Economist Intelligence Unit fl1~m1rui1 n11t:JB!Jli'J1'15':i':ill"1f1~"1fa~1anl\l:: 

ir~fl~"1fmEJ~1 2 Ltla{L<ii'UIJlL 'UU 2561-2562 (i.:~LU!~~~~:Utl':i1n!JnT:mla1ii'Uty1 ~.:~na 1l1Ln~e.l'U!Jln-qn 1 'UIJiJmfl 

Le:JL «Bvl'l::-J''UBBnLUEJ~ 1~ LLa~.fl11~LL l1'1LL~~ 1 'UJliJ.fl1fla1~'UBLl.J~n1 n1i 1 otlE.11'15':i':il.J'ii1~-;J~L ~l.J~'UL\l~EJ 2.3 
'II 

Ltla{L<ii'UIJlL 'UU 2561-2562 1111nmi~B':itJEJ'Ui!l.J1n~'U 1 'Utli~L 'VlPILPii,;.~n~~~Ln~ 1 'VI~LLa~miL~u 11'1"1fa~ 
Lm,;.~nlll1an 

"' 
n1':i 1 otlE.11'1Yi1i11 'UBI'li:11VIniil.J mv 1 'UU':i~L 'VlPIUi~nB'U ~1E.I 

' 
- l'.l1~~a LU'Ut:Ja!Jl.tlru;i~i1lla~1mi~.:~aana~a~'tla.:~tl':i~L'V1PI1'Uu 2552 1~LLn ~mtJEJ'UI'i' ~a 

'II 'II ' 

Lfl~mu'U ~mtJ:ij'mmv'UI'i' ~mtJ:ij'mm'U LLa~~Bitl~'U'l~~m~'UBnLLa~m~ 1'U ':i1l.J(i~m~a~ lVIclitJEJ'UI'i' 

- m~~~LLa~m'lf~"llB'I L U'Ut:Ja!Jl.tlru;ivh offm~uiil.J"!!1~1ii'1'U1'Ul.J1n 1 'U~1'Ut:Ji:11J~.m£J~ 1m 'U 

~1Jli:11VIn':i':i1J~~L~'U Liae!1~1~ '1 ~'J'UI'J1~i'~"1fB~nL otl~11 tJ1 'U~11JltJi~lii'11'U 
- tJ~1lam~'V11~miLLVi'Vlfl LU'Ut:Ja!Jl.tlru;i~:U1Ja~1~~aama~~1nm~~a tJ~1lam~~t:J~IJ11'Utl':i~L'VlPI 

' 'II ' 

l'VlEJ tli~nau~1EJ tJ~lJBIJl':i'JIIlhfl LLa~m1la~1~~ 1~tJi1J1m~'li''ULU'Ui:11i~~~'U ' , 
II I'Ctl Jl .f t1 cJ o c::t. ~ ll".cal 

- iB~L'V11LLa~atlmrum.:r1 iB~L'V11V1~LLa~Vi'U':iti~L'V11'Vl'V11-;J1nm~u111J'!l11il 111J'Vl~atlmrunVI1'U1~ 
' ' 

"1fii~ i1~1'Ut:Jal.J~L tl'Um~u11ll"'l1~LLa~t:JaiJ11 'Utli~L 'V1PI1 'VlEJ 

- i:11VVi1'U~1L~v~ H~1'U 1 'Un1':i~1L~V~"1fa~'VI'Iin"1fi1~~1~ 1 t:Ja!Jl.tlru;im~ n~lldi1m1u1L '!i'11J1 n ni1 

n1i~'IBBn 

- t:Ja!Jl.tlru't1~a~J1 LU'U~a!Jl.tlru;i~t:Ja!Jllll1nJ1m~'!i''U 
.0 "" • I ~ .0 "" 'i "" ~ 1""" - i:1Bn1iL1V'Un11i:1B'U tluniniLLa~i:IBn1':iL1V'Un11i:1B'U ~~I'JL\lVi1~'V11'1~1'Un11LLVi'Vli'J ~~~~ '!111:1~ 

' ' 
lii'1Yi'Jnm~ LLa~U1L i1-;J1fi~1'1Ui~L 'V1PI1l1'm1ll!~ n 1 'Un1itl~~~1'UL VllJtl'U'!IB~IIl~~ V1'1W1i1i:11l.J1it1U11 tJ1 off 

~a!Jl~am1aa'U m1!ln tJ~~~1'U1~Ltl'Ua~1~L-d'Un'U1~m\lVi1~~~1Jl.tlru;i~~~l'l~~~1nm~~a~J1 L'll'U 1llL~a 
~1~n1Vl.J'U'l,;-fl , "'IJ11 LL"ll'ULViEJl.J aTVffu!ln'V11'1n1':iLLW'Vlfl LU'U~'U 

' 
- m~1B'Ifltli:1::W1'U (Elastomeric Bearings for Bridges) Vl~mL~'UV1'11tl'lfltli:1~W1'U 
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- CJ1'ltl'U'Il''UVI~anum:mvm (Rubber of Rubber Bumper) 1iLiJ'ULfl~a..:Jua..:Jn'UnTH5tn'VI~am~ 
m:mvm '!Ja'IL~a Vl~mm~moff1\la~LVim.Jvh 1-ffiiPlCl~h.Jc.J~IPl1~i'lcn..:J5~~lJ'Il'1~LL~~cn'l~'ILfl'i1~l1 

' 
- LL~'Ucn'l'llB1'1LnuJ1 (Rubber Water Confine) LU'Uc.J~IPl.ti'ru'lim..:J~~1lJ1'iCl1-tl'm..:J5~~lJ'Il'1~'ll~a'l 

~ ~ 

~'i~ L~mnunnJ1uutj1~u~LnuJ11l.J1~ L'liu ~utlu'VI'i1£J ~u~n-r..:JtiLnunnJ1~1VI-ruLn'r}\Jl'im ti..:J1u1u 
~ 

~'U1lJ nmi'vhL~~~~a1'VI1 m 'U'l1'U'Il'~U'i~'VI1'U tJmhu~J1L~tJ'!Ja'l t ~'l'l1'Ua\Jl~1VIm~l.lvjhJ~1lJ11CltlnLnUJ1 
' 

1~ t~v~11'lliiPlCl~uffimum'i'll~1~nmnuJ1~1lJ11Cl1iLuum..:J5~1lJ'Il'1~ Vl~am..:J~'ILfl11~l1 Vl~a ~m~~n ' ~ 

Vl~a~11ULflaat.Jtn'l 

- c.l1£Jtl1'1 (Rubber Dam) Vl~m~a'Utl1'1~1'U1VIqjc.J~\>l\11f1tl1'1~'1Lfl~1~l1 
- LL~'UCJ1'l~~'U (Rubber Floor Mat) ~1'U 1 Vlqjc.J~\>l\11f1tl1'15~~lJ'Il'1~ 1 off~~'UVI~a'VI1'1L~'UU'UeJ1fl1~ 

11'1'11'U ~1tJf1'11'U ~'U1lJU'U1 -m.~i'l~'U~~1ULL~~~'U~~1~LBtl'l L~aua..:Jtl'Uf111~'U LL~~~~L~CJ'l~Lii~\11f1n11 
L~'UVI~am'im~LL'VIf1 1uu\I\IU'Ufl'U1'VIm~CJ;i11Pl\11f1f111~~~\>lf1VIf1~lJ~'lii'ltJ~~ 1,600 fl'U ~'ILU'U~1L'VI\Jln11 

' ~ ' 
\Jl1tleJ'U~U~a'l1 'Uf1~lJ'lffi'ln11U1~L~U 1~ vhJ~..:Jh (Unintentional) 1a'l\11f1f11~U1~L~U\11f1aU~h Vl\>l'VI1'1 

' ' ' 
Cl'U'U 1~v 1 1u 3 lin~u1un~l.l~~'~mtJvlijmv 60 tJ~u1'll LL~~fl11lJL~tJ'l\I~L~lJ~'l~'U\Jl1l.lmmL~~uruVI1~ 

" \1'\1 , , " , .., 

~utJaCJ'!Ja'l~~'~mCJffi~-ruau1iL V1\Jl~'ln~11~a m~~n~~ 1 ~nLLIPln'!XnVI~aau~L Vl\>l'VI1'l~l.la'l ~'IL U'U~1LVI\Jl 
"" , , , \J , , 'I 

vi11'!.1ije)tJ111f11'ifl11lJYif111LL~~er\Jl~1f111L~tl:al\>lrla'UoU1'l~'llJ1f1 1 'ULL~~~tl 1~v 1 1 'U 3 '!Ja'l~~'la1EJUf1 
" ,, 'I 

'lli~~um'i~'U~l.l LL~~fl~'IVI~'l~'U~l.ll.l1f1f1':h 1 fl~'l ~aEJ~~ 10 '!Ja..:Jm1~'U~l.lvh1-Hm~~n~d ~n'!Xn~aCJ~~ 
~ 

25 'lla..:Jm'iu1~L~um~~n~~ 1 ~ m~v1-ffa..:Jnum1L~£J;ii~J~ m1~'U~l.lumn~~u 1 uvla~mfli'v 1~mo~1~ 1 u 
~ ~ 

'!.1a'IJ1LL~~u'U1~~1mVI\Jl.Q'~'l1~ijLL'U1fi~vl\l~c.J~\JlE.l1'1, l~u~a'IJ1n'U~'U~1VI-ru~~'lel1tl , ';j \J\1 'I 

1~EJ~11 'lli~~vl'l11l-l11 m 'U'l1'U~'U-H'a'IJ1~1'U1VIflic.J~\>l\11f1 m~L itm U'U~LlJ'U~ LL~~~'Uela'U LU'U9i''U ' ·~ ~ 

~'~i~~L Vl~1d~1lJ11ClYi11 ~Ln~e!u\Jl'i1 EJ \11nm1~'U~lJ 1~ u \l~uuijm~ 1 -ff1~~\11n~a~LlJa1lJ1c.~~\JlL uuLL~u~ 
~'U~1'U1VIqjc.J~\Jl\11f1 (Polyvinyl chloride: PVC) ~~1~~nc.J~lJtlt.JtJ1'1 ~alJ1~'lijf111U'i~~ntJI1-tlm..:J 
511lJ"!11~ (Natural Rubber) lJ1c.J~\JlLU'UEJ1'1LL~'Utl~u~1VI-ru1i'l1'U1u~a..:JJ1 LL~a~1..:Jhn\>11lJ£n'l511lJ"!I1~ 

" ijoffa~aEJ 1 u~1um11 -ti..:J1uvl91m~l.lc1~nufl11l.loffu L ~a..:J\11f1£n'l511l.l"!l1 ~ij ~u5~ri ~1'U1'UlJ1n1 u 1lJL~ n~ ;'~ 
\J ' 

~'U5~~11 ~af111Ln~'ll~ n~ tl1 nuaa n~iL \I'ULL~~ 1a 1'11'U vh 1-H'Ln~~'U5~vjij~~'l'l1'U~1 ~'!Ln~ n11'!J1~'1Ja'l 
'i 1"'' ~I 1"'"'."1 1 1"' .,.,J., .,..,., .!{ .!{., , ~I 
~lJL~f1~ ~'11tl L u'Uc.J~ VILf1~uillVI1 'Uf111 "!1'11'U'!Ja'l£n'l511lJ'IJ1\Jl'VI\Jla'l~lJCJ~f1Ufl11lJ"!I'U fl11lJ"!I'U'UU11Lu'U 

U\I~EJ,G11~qJvlna 1 ~Ln~L ~a'i1LL~~L off aLL uf!ViL~EJ ;'IL ~a~1~qJvl~u 1~LLn Staphylococcus spp. ~~u~11 'll 
uutj1VItJ'l L ~a-dna 11fl'VI1..:Jtj1VItJ'IVI~a~~1'~~1~~'r}~vh1-H'Ln~mVI1~L uu~~ U1'l'll'il~L 'llu Methicillin 

resistant Staphylococcus aureus (MRSA) LU'UL<ffa S.aureus ~~a~aEJ1 Methicillin LL~~ij;ii\Jla~U''U 
~uvlLL '!.1..:J1~'U1'Uii'l 9 ~'ll~1l1 L ~aan"!IU~~a Escherichia coli L U'ULL UflViL~tJ~av"l 'U1~UU'VI1'1L~'Ua1VI11 

• • \J 
~ • I • I ... ::, .!{ .. ~I cf .... I ::, ... ... 

'!Ja'llJ'U~EJ LL~~ u~ u'Uaaf1lJ1f1U a\1\111~ L u'UL "!la'VIL u'U~1L VI\Jl'VI'U'l'!Ja'lm f111'VIa'l11'1LL~~ el1VI1~L u'U~'r} an 
' ' ' 

i'ILL UflViL~mr'U~1lJ11Cl L off11 una L 1fl1 'ULL 'VIU'VIm~UU~1i'l~1'lf11CJ L ~a'l\11 nLL UflViL~CJLL~"~'Il'U~ijLL VI~ 'I~ a~ 
' \J 

LL~~n~ 1n m1na 11fl~1..:Jnu 1 'll £Jn~1a~1'11~uu/a1 EJ1~ 1 u~1'lm£Jvl~1lJ1~mn~m1~~L ~aLL uflViL~v 1~ 1~ LLn 

f111~~L <ffavjtj1'VItJ'l f111~~ L offavl1~UU'V11'1L~'U'V11CJ 1\J n11~~ L <ffavl'VI1'1L~'UU~~11~ f111~~ L offa~'V11'1 L~'U 
m'VI1~ m~~iL offa1 um~LL~Laa~ Ltlu9i'u ;'~ hflL'VI~1d~1uLuue!utJ~11v~al.lu~6 LL~~L<ffmVI~1d~1lJ11Cl 
L\l~ruL~u 1~P~1~uuch EJ1'luYru~i~EJ~'~ijLL u1fi~ 1 um1~~-ffml1n~~'~n~11 1~·EJm~~~ 1am~m1Ln~LL~~ 

.., \J \J 

... "''i .!{ .!{ "'"' ......... 1 ... ,t... "" "1"' ., 
L\11qjL\Jlt.J~\Jl'IJa'IL'IJ'a~1LL~~L'Il'eJLLUFl'VIL1CJ '1f'l15f11~ 'Uf11~~~f11'iLf1~L"!IalJ 2 LLUU Fla f111'VI1 'VIEJ1'1\Jl1'U'VI1'U 

~m <ffm1LL~~L <ffaLL uflViL~fl 1~vmwh 1-H'tj1'!Ja.:JEJ1'1~1lJ11Clvi1fl11lJ~~m ~~1La.:J1~ 'VI~m~EJn·:h '1fL 'llai 
\J 

1~l~~tvlun (Superhydrophobic) LL~eJ'la~1u~'U\Jla'Um1i~v LL~~an'VI~'lifi ~a m1vh1-H'EJ1'lij~l.lu~ 
e!u 8'~ L <ffa~1 LL~~L off aLL uflViL~EJ 1~EJm~L~lJ~11vl~1lJ1'iCl~1'VI~ae!u 8'~ L ~m1 LL~~L ~mL uFlViL~V~.:J1 tJ1 'UV1.:J ;'~ 



; 
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15m'jd~ 1 v ~a m:anu fl1'j~~\Jl ~~ \JlJlru,; u.~~ L uu~ v a11 ~u ~-:n!uen~v~"l L~a n15m'i ~u &"lL ~a 'j11J.~ ~ L ~a 
" 

LL UflfiL~EJ L 'Ufl1'jl~Vf1~-'l.Q' 1~EJn1'j'l11a1'j~U&"l L ~m ~eJ'j1LL~~ L ~eJ IJ. UflfiL~EJ 1~ LLrl 'U11 'U 1 VIVI1L ilv111~aan 1'11~ 
(Titanium dioxide nanoparticle) LL~~'U11'U~"l~eJeJn1'll~ (Zinc Oxide nanoparticle) L~111'UV1-'l 

fi'j'j1J'IJ1~ (STR5L) lil1m1V"l1'U'UeJmnnlil~ 1 <Hnu~"l m=i 11111LL~1a1'j~-'JaeJ"lL~avh 1 \1lj'!J'U1~eJ'Ufl1f1 L~ n~"l • 
lil'ULU'U Nano particle lil~a11111Cl~U&"lL~eJ11LL~~L~mLUf1ViL~V1~~ ~"lJ'U1'U"l1'U1~v.Q'~-l1-H 'U1L'U1VIVI1 

Lilv111~aan1'll~ (Titanium dioxide nanoparticle) u.~~'U1L'U~"l~eJan1'l!~ (Zinc Oxide 1~m~eJ11LL~~ 
L~mLuf1ViL~v~'l111111iVI~aau ~a Aspersillus niser, E. coli, S. Aureus. t~m~uvhm1veJn~\Jl1lJ1-:j1\1 
L "'111~~1"'~u m1vi1 LL~'Um"l f1 a111 'ViaVIfi''U~'U~1"'~u~a.:J mv~a11J1'jtt ~1'1J'j1 u.~ ~ u. u f1Vi L~ v 

"" . 



.r d 
2. L\JVL"iiN 

2.1.1 tltlf1U.'U1JLUJ~:u~ 

2.1.2 ~1'1-1 LLli~:u'Vi1 ~ L '\t1:U 1 :::~:U tl1J n1'i~'U 'ill LL" :::vi1 n1 'i~'U'lD LLe.J'Utn-1 tl'U~'U 
" \J 

2.2 'Uil\Wt191'Uil~ 1fi'Hn1-a1~a 

2.2.1 'Vll11~e:J1Jfl'J1:U~1:U1'l~ 1 'Un1'l~1'U'l1 LL":::LL1JFIViL~EJ 

2.2.2 e:Je:JnLL1J1JLLli~:U~LL":::~I11vi1LLli~:u~ 

2.3 'Vl'J'tf~ a:u~;j!1'U (ti'1ii) ua::n'im.Ju'U1fi11:UAfl'Uil.:l 1fl'i.:lm-a1~a 

8 

Fle:J:U 1 'Vi~l'l L tJu1~~~Ll'i:::nau~1EJ'lle:J.:J~~lJ'V1~m U'Un1'l'l1lJtl'U'lle:J-1~1'ilJ1nn11 2 Ll'i:::Lfl'Vl~ila.:Jf1 
'Vl1-1 LFiil~ LLI'l n ~1-1 tl'U tJ 'l::: nau L -ih~1 EJ nu1 ~111~1~~ :::ii Fl ru~:uu~ ~ L U'UW Ll'l't!t '\t1~e:J"' fl't!tru:::~ ~119' n 11J1-le:J~ 1-1 , , ·~ 

LLI'lf1~1-ltl'Ue:Je:Jn 1Ll~1nL~lJ 1~EJ~11 LlFie:JlJ 1 'Vi~l'l~:::il1~111~L U'UL lla'V1"'fl (Matrix) ~.:J~:::a~~111tl'U~e:JlJ'le:J1J~n 
, \J 

1~111'\t1~-1LB1H LL!;l:::1~111L~~lJLL'l-1 (Reinforcement materials) ~m:::~1EJ~1e:JEJL'ULlleJ'V1"'mTu (Dispersed) 
• , \J 

1~111~L tl'ULlle:J'V1"'fl ~:::'ie:J-11'u1~111L~~lJLL 'l -11~a~1 'U'iD11-l~rl1'\t1'UI11 'lJru:::~1~111L~~lJLL 1-1~:::·1h ElL ~:U'\t1~e:J 
" " \J \1 • 

Ll1'uLl'i-l~lJU~L ;a-lfll;l'lle:J-11~111L ll e:J'V1an 1 ~~-l~'U ~-11'~111L~~lJLL 'l-le:Jl~iJan~ru:::L tl'UL~'U 1EJ ne:J'Ue:J'Ufl1Fl '\t1~e:J 
• • \1 • • 

Lfl~\11 LL'Vl'ifle:JEJL'U1~111Llla'V1an (Base materials) e:J~1-'1"'V1::: L'll'l1iln~ 'V1~e:J'Vie:J~LlJBi ~"'lle:J.:Jn1'l'i1lJ1~111 
\J , , 

~1-:ltl'U 2 Ll'i:::Lfl'VIL "111~1EJnuvi11 ~Fie:J:U 1 'Vi~l'lilFI11lJLL ~-'LL 1-1 1111EJ11lJlJ1nn11 L~m ViEJunUFI11lJLL ~ .:JLL 'i.:J'lle:J-1 

1~111LL~":::tJ'i:::Lfl'Vl1111EJ~1~-1 , 
1~111L:a.:JL11:::nau tJ1:::nau~1mbu~1Rru 2 ~1u1~un L:U'Vl~n'll LL!;l::: ~1'lL~~lJLL'l-' ~_,Ju51~1LL'Un . .., 

-r~~FialJ 1 'Vi~~l'l1lJ"llill11'lla.:J1~111~L uuL:u'Vl~n'l1~:::~1lJ1'l~~1LL 1.maam t!u 3 tJ1:::Ln'Vl1~LLn 'Vie:J~LlJa1FialJ 1 Vi , , 
~1'1 (Polymer matrix composite, PMC) L'll11ilf1FieJlJ1Vl~l'l (Ceramic matrix composite, CMC) 1"'\11::: 

Fle:JlJ1Yi~l'l (Metal matrix composite, MMC) 

th:::Lfl'Vl'lle:J-11~111FleJlJ 1 "t'l~\fl , 
'WeJ~LlJe:J{rm:u1"W~l'l (Polymer matrix composites ,PMCs) ~1e:J~1-l~~l'lnru'fi~Yi1JL~'U1~~1EJ'lleJ-1 

FlellJ 1 'W~\flfl~lJil~a ~~I'!Ji'ru'fi~vi1~1fl L ~ L 1JeJ{n"1~~1-1 1 'VieJ~LlJBiFie:JlJ 1 'Vi~l'!iJ'Vie:J~LlJe:J{~.:Je:Jl~~::: L tl'U 

'Vi"1~~n 'V11m.n.:JLU'ULlle:J'V1afl LL":::1-ff1~111L~1lJLL1-1L~'V1"1EJ"!IUI11 L"li'U L~u1mLn1 L~'U1EJF11i1JB'U L~'U"1111 , 
L"'\11::: L U'U~'U 

L'll11ilf1Fie:JlJL'W~I'I (Ceramic matrix composites ,CMCs) L11~~mL":::A''ULFIE.Itl1JfleJlJL'Vi~l'lfl~lJi1'~ " , , 
~a Fle:J'Ufl~l'lu~:::Fiaun~I'IL~~:UL'V1~n (Llu n11111 'Vl11EJ m~m~u) LU'U~1LL'Vl'U~Vi1JL~u1~~11Ll 'llru:::~1~111 

\J , 

L'll11ilnFie:J:U 1 'Vi~l'l~l11'\t1U1 (advanced composite) ilL lla'V1"'m U'UL'll11iln u"::: 1"1i1~~L~~lJLL 1-1Ltl'UL~'U1EJ 
fle:JlJ 1 Vi~l'lfl~lJill!nU1lJ11 ~-11'U1 'U~fl11:::LL 1111~eJlJ~iJeJru'V1flil~-1 L "!iu tl-l~'U11J~ 111'llel-1Lfi~B-1EJ'UI'ILB~'U L tl'U 

• , \1 \1 

... 
\fi'U 

1~'V1:::FIBlJ 1Yi~l'l (Metal matrix composites, MMCs) fleJlJ 1 "t'l~l'ln~lJil'ViulJ1n 1 'U~~I'I.ti'ru<tin~lJ 
BI'I~1'V1m11Jtn'UEJ'UI'i' ~-'fle:JlJ 1 'Vi~l'ln~lJilffi~'V1:::L tluL lla'V1an L "liu B:::~ilLiiEJlJ L uu~u ~1'V11'u1~111L~1lJLL 'i.:J 

• • 'U • 

'lleJ-lfle:JlJ 1 Vi~l'ln~:uilL uu1~111L'll11lJfl~ L "liu n~lJFI1fl u~ fl~lJ 1 'U 11'11~ LU'U~'U 1~111FiellJ 1 'W~\fl~1lJ11~~1LL 'Ufl , , " " , 
~e:JEJ~BLLlL~~fll'l1lJ"'fl~ru:::'lJe:J.:J~11L~1lJLL1-:JL~LLn B'Ufl1fl (Particle) L~'ULEJ (Fiber) LL!;l:::i~LnBi (Whisker) , 



• 

• 
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1~EJ611ll'!l1~ ~tl~Lllerh U'UG111'th~ntJu~hJ'Vl~EJ"ll'U1~ 1 'VIqi~ffii'11-:JG1~1-:JL Uu'VIli1 EJ~1 L ~tlll~m1uL uu 

a1 EJm1vh 1 '!X~tJ~ Lll tJ~i1m 1ll LL ~.:~ LL 1.:1 hla.:~un i11'111ll'VI'U1 LL llui1LLa~i11'111ll'VltJ'Vl1'U~ tJm'in~n~tJu m 1 
'\J 

LG1~lJLL 1.:11 'iXV'ltl~Llltl~Vi11m~EJn11L~lJL~'U1ma~lJLL 1-:Ja.:J 1 'U~tl~Llltl~ 1 'iXLfi~ L lJui'a~L iJ.:~th:mtJ'U~i11'111ll 
' 

LL ~.:JLL 1-:Jll1n~u 1~EJ~11 tJL~u 1ma~lJLL 1-:Jri1'VI-s'u1a~Lil.:~tJ1~ntJ'U~tJ~LlltJ{l!m uu L~tJ1EJ~i11'111llLL ~.:~LL 1.:~a.:~ 
• '\J 

L ~tlvl1'VIU1m 'Un11-s''ULLa~m~\11EJ LL 1-:Jm~v\'1 1~EJ1a~ L ~..:JU1~ntJ'U\I~i11'111lJLL ~.:ILL 1..:JG1..:!~&1~~1lJLL 'U1n11 
' '\J ' 

L~EJ.:J!Ji'1"lltl.:J L~'U1EJ LG1~lJLL 1..:! n11LG1~ll LL 1..:Jll vl11 'iXLll'Vl~n'!!~tl~ Llltl~ G11lJ11fl-s''U LL 1..:ln1~Vh 1~a..:J~'U 1~EJ hJ 
'\J 

LU~EJ'U1U~1~ 
'\J 

alltm L :a~ nail \1 ~ L uualltm ~1ll~ Ln ~ \11 n alltm"ll tJ~ Lll'Vl ~ niV'ltJ ~ Llltl~ LLa ~alltm"ll tJ~ L~'U 1v La~ll LL 1~ 
U1~ ntJ'Utl'Uvl 11 ,X') G1~L iJ~tJ1~ ntJ'Ui11'111lJ LL ~.:ILL 1~ L ~lJ~'UlJ1n n·;hi'a~~tl~ Llltl~ L titJ~\11 m~'U 1v LG1~ll LL 1-:Jvl1 . ' 
'VIU1~-s'u LL 1-:J m~v\'1 LL~a1VI-s''U1~EJ~ ~~a..:Ja~,!'U 1a~ L iJ~tJ1~ntJ'U\I~i11'111l.JG11lJ11fl1 'Un11~~ G1..:JG1~ 1~11Lfi'U 

'\J , , '\.1 , 

1~ EJ~ ~~?I..:JG1~"lltl..:l L~'U 1EJ LG1~lJLL 1..:! a1'VI-s''U Lll'Vl~n'!!~tl~ Lll tJ{I'111i11'111ll L 'VIU£.11'Vl'U'V11'UlJ1f1~tl~\l~litJ'!XlJ L~'U 
'\J ' ' 

1EJ L?l~lJLL 1..:! 11 G111LG1~lJLL 1..:! 1 'U1Utl'Ui111'1i1~1'ULG1~lll'111l.JLL ~..:JLL 1..:! 1~11~LVhn'U1U L~'U 1EJ L titJ..:J\11nl'111ll 111 
\1 ' '\J 

~m titJ..:J"lltl..:JG111LG1~lJLL 1..:! ri.:~~a~ tln11n1~\11£JLL 1~~..:! il£JllL~EJnG111LG1~lJLL 1.:11 'U1Utl'U.fl11'111G1111Ji'1L~ll 
\1 ' 

(Filler) 1?~~ L ~.:JU1~f1tl'U\I~i11'111ll LL ~..:JLL 1-:Jll1 n~'Utl~1..:lll1m~m U~EJ'U L Vi EJ'U tl'UI'111ll'VI'U1 LL \Ju~ L ~ll~'UL VJEJ..:J 
' 

L~nUtJEJ v\'11 'iXI'111lJLL ~..:JLL 1.:1"ii1L~1~ (Specific strength) ~..:JL uuel'm1ri1'U1~'VI11-:JI'111lJLL ~..:JLL 1-:J~tll'111ll 
'VI'U1Lb li'U"lltl.:Ji'a~ L ~ll&1-:J~'U ~.:~v\'11 '1XG11ll11floU11a~b ~.:~th~ ntJ'Ull11 offri1'VI-ru.:~1u 11'11-:JG1~1-:J'U1-:J'Ilil~~~tl..:J-s''U 

' \1 ' 

LL 1-:Jm~v\'1m11~-:JlJ1 nun 1~ L "liu L vJtJiilL \ltJ{~1-:J ~ ri1VI-s''U Lll'Vl~n'!!~tl~ LlltJiG11lJ11mL U..:J ~tl£Jtltlm U'ULlJ'Vl 

~n'IIL'VltlilllL'Il~~.:J (Thermosetting matrix) bba~Lll'Vl~n'IIL'Vltlilll~ma~n (Thermoplastic matrix) ~ij 
m11J LL~n~1..:J nu 1 u~~~m1ll L ~..:JI'111ll~tl'U"lltl..:JV'l tJ~ LlltJi1~ EJ L 'VltJilll L 'll~~..:J L uu~tJ~ LlltJ{~ffil'l 1..:Ja~1.:~ LL uu 

~1..:JLL 'VILLa ~nallu~LL ~..:J L tJ11~ L~mfi~tJl)fi~EJ1m1L ~tlll 1EJ.:~ 1llLafla'VI~tJm1ul.JLL"1\I~Lfi~m11'1..:J~tJLLa~ 111 

a11J11m tJ~ tl'ULL tJa..:J1'\.J~1.:~ 1~iin ~1'UL 'VltJilll~ a1a~ m uu~tJ~LlltJ{~i111'11~G1~1-:J LL 'U'UL~'U'VI~tl LL uu ~..:! 
\1 

?11ll11fl'VIatllJL 'VIa11~L~tl1~-s''U1'111ll-rtl'UL 'V!Utltl()J'VI.flij'VIa tllJL 'VIa1 i1al.Jtm L 'VIUtl1LLa~'Vl'U'V11'U~tl~..:JLL 1~"tlll 
' '\J 

~ n~ n11ll L =a.:~l'111ll-rtl'U.Q' \l~i1~a ~tl m~'U1'U fl1 1~'U1U1 a~ L :a..:JtJ1~ n tl'U a 1'VI-s''U Lll'Vl~ n'!! L 'Vltl illl L '1!~ ~..:! n11~'U 
"I " ' 

1U1?t~ L =a.:~u1~ n tl'U\1~ L U'U fl11~ ?llJG111LG1~lJ LL 1..:! 1 ,XL 'li'1 tl'Ulltl'U tllll tlTI 'ULL11~ll~ ntl'U~-:v~v\'11 'IXLn~tJN1~m 
'\J ' ;.I 

Ll'li1L ~tlll 1v..:J L U'U 1f11.:~a-r1-:JLL 'U'U~1-:JLL 'VILLa~'VI"'..:l':il1n~tJ nn~m~ua~1a~ L =a..:Ju1~ntl'U\I~ Ln~fl11fl.:J1U~..:J';)~ 111 :w , , '\J 

a11J11m tJ~tJ'ULL tJa..:J1U~1..:J 1~iin 1 tJ"llru~~ m1~tJ1tJ1'a~ L =a.:~tJ1~ntJu~ Lll'Vl~n'IIL U'UL 'VltlTillV'ima~ n,!u \1~ 
'\J '\J ' 

1 off 'VI~ nm'j 1 '1Xf111ll-rtl'UL 'VIUtltl()J'VI.flij'VIa tlll L 'VIa1 LLa~~'U'jUntl'U~-:v~v\'11 'IXL~'U!Ji'1a.:~ L ~mn~fl1'jf1..:J'j'\.J 1~v(i'1 
, 'll , '\J 

'VI~.:J';l1nf1.:~1tJLL"1 'l~-s'ul'111ll~tJuanf1~-:~ri1u~L tluLll'Vl~n'lin';l~a1lJ1'j(l'VIatJlJL 'VIa1 'l~iin m'j~';)~ L~tJn1 iLll'Vl 
'\J 

~n"ll'llil~ 1~,!u~utJ~nualJUii1 um1'\.J'i~t1n~1 off.:~1uL tlua1~ru 
'\J ' " 

f1G'l 1n f111~ 1 L ~tl LL 'U f'lVi L ~£.1 LLG'l ~ bacteriostatic 1~ tl~..:l L U'UL tJ~ n 1 1a-r1.:~tJ!) fi~ tl1 tltl n~ L ';l'U 

(Reactive oxygen species :ROS) 'j1lJ5-:J1H1~1L':il'ULUtJitJtJf1L'Il~ (H202), oH- (tJ'UlJG'l Lll~'jt)f1~G'l) LLa~ o2-,.., 
2 

( '1l L tJ tl~tltl n1'1l~) ROS L U'UU';l~ tl a1~ ruri1'VI-s''U na Lf1'VIG'l 1 tJ'\.J'i~ n1'i11ll 5..:! 1'111ll L~tl'VI1 tl"ll tl..:J~U..:J L'lla~ 
'U " 

L titJ.:J';J1n'\.Jl)n~m1~'VI11.:~ ZnO fl11ti1~~tJl)~ll~'UB, n11~ll~1'U"lltl.:JL~tl~llL'IlG'l~~L ~ll~'U, f11'ivl11 'iXLn~ 
U'1J'VI1mv 1 tJL'Ila~"lltJ..:J NPs L tim';l1nfl1'jaruL~tJLL 1-:J~..:J~~"lltJ.:J 1 '\.J'j~tJu ~..:JLV1~1-du11 tJrim11Je:itJu LLtJ"lltJ..:J Lll 

'\.1.., '\J '\J 

1 'Vll'ltl'UL~~EJ fl11L'VIa.fl1t11 'UL'Ila~ LLG'l~f111Ua~tJ~tJ£J"lltl..:JL'Ila~ f111tltlf1~L~-a''U~.:Jvl11 'iXLn~ fl1'ifl'U8-:~m1 
... 1 ~ ~ d 
L~'U ~"lltl..:JL'IlG'laLLG'l~fl11~1tl"lltl..:JL'IlG'1G'1 ~'U'V1G1~[16) 

' 
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~tl~ 2.1 f'l'J111"'11WtJfi1~Vrh~ (a) ~'VI5VH'l'lleJ~'Vl111ijL\Jlcl'i Zn0-NP ~,J1L UtJ~eJn11\JleJ'U~tJB~~TUL~B .. 
LLURViL~mL~~ (b) n~1n~LUtJhJ1~~LL\Jln~1~n\J'lleJ~n~m111~1tJL~BLLUf'lViL~tl Zn0-NPs 1~LLn : n11rlB 

ROS, Zn2+ m1'lJ~~l'U~eJtJvi11~LUtJ Zn0-NPs L'li11LJ1tJUURViL~mL~~n11Ln~1~vh~~\Jl 

a1~~U TiOrNPs ~~Ln~n~1nm1~1tJL~BLLUUL~tl'JtltJflUn~1n'lleJ~ ZnO-NPs U.m~~~Ln~L~~L~€1 
iim1U1tlLL~-3eJ~\Jl111'JLBL~I'IL~11U1m1~L~~11n11Ln~€lun~L~<fftJ'llm€l~fl'lJ1~n€JU[ 17] t:J~n1~'VIU'liB~n11'Sh 
L ~tm uRViL~tJ'llu-3 Ti02 t~u.X1 1 'thn~~1nn11~~1 tJ~1'llu-3L~u~11.fftJ,.mn'llv-3U. uRViL~ tJ t~tJu'4.XtJ~'llu-3 
LJljn~tJ1eJ€ln~L~tJ (ROS) ~~i.11tJ1'VIqjLUtJ€l'41J~1eJmvn~~ (OH) ~~t111'lJ~n11Ln~ phospholipid 

peroxidation f'l1111nT1'VIU1'VI1~l'VItl1m~\JliLL~~L 'VI I'lL tJL~V'V11~m1u. 'Vl'VIt~1 tJU~~utJvi11 ~uni'VItJ1fll1~1'li 
eJBnLL UU~11~1tJLL Uf'lViL~tl"'~ Lf'l)1~'VI1 tJ~v~LJljmim'lL ~u L .ffovr~mtJ 1 tJ LL~~fl1tltJeJn'VI1~ n11LL 'Vl'VIfl ~~if"li1 tJ 

L ~11m 111~11111(l'VI(;I1tJ~'lJ u uu ~ ~ LL~ m111 L ~uth tJ L 'Vl11~ m1~~ L ~B 1 'lJ~tJ~-3 n11L ~~t1JL~u Ll'l'lltJ~Vl'llt:J~ LL(;I~ 
~tJCl'J'liB~t:Jal'lfiru'tl n11 1 .ff~11~1tJU UflVi L~tl 1~ L ~1JeJI'l)1n11eJ~1B~'ll€l~~~ij~!j\Jl (;I~ n1)~fll Li1tJL tJn11 .. ..·~ 

L 'Vl1~\J(;I n 1.1.(;1 ~ vu 8~ n1)L~U Ll'l'tl €1-3 LL UflVi L ~EJUtJ~tJCl'J'lltl~t:J a \Jlnru'tl L ~B fl'J111~~m ~~~;ttJ a1'VIi'U~ tJCl'J .. 
L\J'Vj1~'liB~t:Jal'!.firucth'J11~~m)1otl-31tJ~~mm) ~'JB~1-3L"!itJ '11~Bvnn1~-3n1tlB1~~€l~n11n1)U€J~tltJ~111n , 
~tJa1'VIi'Un11~1tJLL Uf'lVi L~tl 1 tJL 'VI~B~vi11 ~Ln~f'l)1U LL~~n~tJ 1 tJ'llru~~{;t:J~1Ja1'VIi'U~v~J1'VI~B'l~B~f'l~'JB1~ 
~€1~ m1L utJm1u a~ ti'tJ L ~m1 L 'Vj 11~ii R1111~tJLn~~tJ~~ 1 L~11 €1~1 tJ 

1tJtl 2015 Hanafi Ismail u~~f'lru~1~¥in'li1t:J~n1)~1tJL~€JLLURViL~tJ'lleJ~BtJ.fl1f'ltJ1LtJ , 
Ag - doped Ti02 1tJL~11tl1~fi))1J'!I1~ mt~1~~fl1'VjLL~~~11u-!lL~tJL~ n1)"'-!lLf'l)1~~1~~tJ1LtJ~1tJ~(;I~'VjLUtJ , , 
~1tJi:ilt~~tl1~tJ 1~~-3¥imn t~t~U'ni:il tJ,)'1tJ'JtJlnn1.11tJ1tJ'VI~1 t~~utJ 1 ~~tJ1 t tJ~'VjU1J1n~~~~-!l 1 ~q'VI~~1tJ~ (;I 
~'Vj 1~LLn €ltJfl1RtJ1LtJ~~nai LL~~€ltJ.XtJ5 , tJ1LtJL'VI'V11Lilt~11L~€l€ln1'il~ 1.1.(;1~ tJ1LtJ~~f"i'avn1'il~ m1Pim~nd , , 
ii11'lfl'lJ1~~~flL ~€l"'-!JLfl11~~1~~ L ~11tl1~n1111'111~~1tJ~(;I~'Vj ( NRLF) ~1tln111111~'JtltJ'liB~€ltJ.fl1f'ltJ1 L tJ . , , , 
Ti02 Ti- doped Ag- doped NRLF ~ n t:J a 1'1 ;f tJ \Jl 1 11 1 5 n 1 1 t:J a \Jl ~ j :il n n tJ ~ L ~ tJ n 11 

"Dunlop" ;~LUtJL'VIf'lijf'l~ii'lJ1~~'VI5.fl1'Vj1J1n~~~1tJm1vi1 NRLF 'liB~n11'lJlju~~~1tJ111 B'4.fl1f'l 

tJ1 L tJ Ti-2 'liB-!l Ag-doped (Ag-Ti02 NPs) ~1111B~L tJ L ~l.Jtl1~n1111'!11~ (NRLF) LL~~-!l 1 ~L ~tJ11iiq'VItl tJn11 

~1tJ~~~'Vj~~~tJmtJ1~LL~-!l~1leJ~L~tJ -!l1tJl:ilt~if1~vi1m1Pin'li1n11"'~Lf'l11~~ Ag-Ti02 NPs LL(;I~n111111~'J 
LUtJ NRLF Ag-Ti02 1'~~ NRLF ~LJ~u'lJ1~LL~11~~um1'VI~~€JUL~tJm11LR11~~ SEM-EDX, m11LR11~~ 
XRD LL(;I~n11'VI~1.1eJUf'l'J111L 'J~BLL Uf'IViL~tl NRLF ~~1tJn11~~LL LJ~~'VjU-.J1iiq'V1~~1tJ~~~'Vj1 tJn11~eJ~1tJL ~€1 
Staphylococcus epidermidis LL(;I~ Staphylococcus aureus L~eJUURViL~mLml.IU'JnU.~~ Escherichia 

coli (~1£J.XtJq HB101, DH5d) L~BLL'llf'IViL~tJLLml.I~U 1tJ-!l1\Jl:iltJ'liB-3L 11nvtJ'VIU1ifL11'Vj'\J':hm11111~1tltJ 
'tl€l~€l'4fl1f'ltJ1 L tJL~tJU~~'VI~1.111111fl~1tJL ~€11.1. URViL~tJU.~~L ~B)11 ~Un NRLFL~m ~'J '1 ifL 1111tl-!l1tJ11n11 

1'J11~1tl\J'liB~ ZnO 'U1 L tJ~1111'H'IL~~1.1q'VI~~1tJL ~BLL URVi L~tl'tlm L ~11tJ1~'Vj1)1fi1111'111~1~ €J~1~111n 
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1'Uu 2013 Warinthorn Chavasiri LL(;l~flru~L~Plm~nm'J'lJ~'UU'J~flrual.nJ~nT~UeJ·:Ifi''U~~atJiLL(;l~ . . , 
~1'UL ~tiLL 'UI'lVJL~t.I"!Jtl~t.I1~5'J'JlJ'111~Irutile(R)-Ti02 'U1L 'UI'ltll.!Yl€1~~ 1 'U~·d\~iin1'J~1'J1~n1'JL~~tllJLL(;l ~ 
PimnRrual.l~"!ltl~t.I1~5'J'JlJ'111~/I'ltllJYlti~~'U1L 'UI'ltll.!Yltl~\91 (NR I n-TiOz (R)) 1 'Un1'JPim~T0n1'JL\Jl~t.llJ • 
t1 'U.f1 11'1 'U 1L 'U L VIVI1 L ii t.1 lJ LVI t1 t1 n L'il ~LVI t1 t1 n L'il~ ( n-Ti02 (R)) L~ ~'U n1'J ~ V~l'i 1~'U dJ'U 1'1 ~ ~ LL 'J n LVI tJ • 
ultrasonication LL~TU1L U1-H'ti''UtJ1~5'J'jlJ'1!1~ (NR) fl1'~Pim:I'1BVIfi'Vi(;l"lJtl~ n-Ti02 (R) ~ii~eJU'j~~VIfim'Vi 
L =8 ~ n" n1 'JU tl~ tl'U ~~a t.1 1 LL(;l ~ 1'1 ru a l.JU~ ~ 1'U L ~ t1 LL 'U fl Vi L ~ t.1 ~ ii ~ t1 Escherichia coli (E. coli) LL(;l ~ , . 
Staphylococcus aureus (S. aureus) L~QnPin't:I'1LvierJI'ltlU'J~a~l'lL'Ufl1'HU~t.I'ULVlt.I'UI'ltllJLVl~\Jl NR LL(;l~ 
NR I micro-TiOz (R) n"n~VIL\Jl~t.ll.JLL(;l~'lh~Lij'Ue.Jm'I!'Ufl'U ~1fln1'JPifl't:I'1Yl'IJ'hJaV~L=8~\J'J~flti'U'U1L'UI'ltll.J , . 
Ylti~\Jl"lle:J~t.I1~5'J'Jl.J'111~Irutile-Ti02 (NR I n-Ti02 (R)) ~iiU~l.J1W"lle:J~ n-Ti02 (R) LL\Jlfl~1~tl'U n-Ti02 (R) 

~ii"li'U1VIti'U.f11flLU~tJ~ 73 nm L~~'Ufl1'JL\Jl~t.ll.J~1n micro-Ti02 (R) NR "ne.Jal.JLeU1tl'U n-Ti02 (R) LLaV~~1~ . , 
L ~'Uii~U'J~~VIfi .f1 1'Vi~ ~1 'Uf!Wal.JU~ L ;h fl(;l L 'll'UL~ t.l1 tl'U fl1'JU e:J~ tl'U~ ~a tJi LL(;l ~ 1'1 rual.JU~~1'UL ~tl LL 'UflVJL ~t.l . , . 
U'J~~VIfii11YlL:S~fl(;l"!leJ~I'ltll.J L Yl~\91 NR!n-Ti02 (R) L~~'Un1'JU~'UU'J~~1t.lfl1'JL ~l.JU~l.J1W n-Ti02 (R) 1 ~ • 
~~~'Uii~u~l.J1ru~Lvrm~al.l~ 5 phr (~V~~1'U~a~amb'U"lJB~m~) ~1mT'U"V~"~ 'Utlfl~1ndl'lt~l.J L Vl~\91 NR!n-

TiOz (R) ~ Ll'l~tJl.J H,!'Uii1aV~ua~ ti''U~~atJi \J'j~ Lij'URrual.J'U"i m'Jut~~ti''U~~atJi"!JB'I'U1L 'UfleJl.JVlB~~ LV~tJfl1'j 
, " , 'U 

1 VI LL"'Ufl1'JVI V~.a''U fl1i'Ue:JU(;l ~1 fl a L U n ~~l.J ATR-FTIR, fl1 'J LL\91 fl~11'!J e:J'I~'U~b LL(;l~!'lrual.J'U1iL :S.:~ fl(;l'V!"''I~1 n , . 
fl1'jfJ1t.l~'la~1 fl1'jU'j1f1!)~1'!JtJ~ n-Ti02 (R) LLaV~'Iii.:Jfl1'jU~'UU1~m.h~iititJ~1~qj~1tJfl1'jfJ1t.l~~a uv Lda 

LVitJ'Utl'U NR ~hi1~'1J'j'J~ n-Ti02 (R) ~~1~run11,!'Ufle:Jl.J L 'Vi~\91 NR/n-Ti02 (R) LLaV~.:~1 ~L~'Uii'll'lrual.Ju~ 
~1'UL~tJLL'UflViL~tJ~iiu~~~VIfi.n1Vltl'U Esc~erichia coli (E. coli) LL(;l~ Staphylococcus a~reus (S. 

aureus) ~'ILU'UfoJWal.Ju~~1'UL~e:JLL'UI'lVJL~t.I~LL~~LLfl~'l"lltl'l nanocomposites ~L\Jl~t.ll.IH U~l.Jru 1 phr 

"!It!~ n-Ti02 (R) 1 'UI'lal.J L Vl~\91 NR!n-Ti02 (R) ~L\Jl~t.ll.J Ha1l.J1'Jf1 1 aHLU'U1aV~~1'UL~aLL 'UI'lVJL~tJ L~ • 
1 'UU 2014 H. Ismail LL(;l~flru~ L~Pifl't:l'1fl1'JLa~l.J~VIt~1'UL ~aLL 'UflVJL~tJ"!la'IL yjl.JtJ1'1li'J'Jl.J'111~ LV~t.l 

fl1'je.Jal.J tl'Utl'UB'U.f111'l'U1L 'U~~f'iaanL"II~ L(;lvr~LL"~aanL'Il~"!la~ L(;l'V!~Ltl'Ua1'J~1'U~"=iiVl~~~ nn'U~l.l1L U'U , . , 
L 1 (;l1'U 1'U vr~.:~1 'U'IJ'j'Jm L(;l vr~ ~ 1'U ~ "=iiVl LL(;l ~ a11.n 11'1B an L 'll~'!J B'IL(;l'V!~vr" 1 tJ'!Iii Vl'J1l.J ii.:~ Silver, gold, 

aluminium, Ti02, MoO LL(;l~ CuO L(;l'V!~BtlflL'Il~~1'U~(;liiVl~~~fltl'U~LL"~LVIVIL~'Ul.J1flL~tl'l~1fll'lrual.JU&i~ 
~ ' " 'I 

t.h~'I"!IB'IYl1 fllJ'U LL~11fl(;l Lfl~1'UL ~€1 LL 'UflVJL~t.I"!JeJ~'U1L 'U ZnO fl'l mh~'VIl1'1 fl1'J\Jl'n~aa'U LL~1aV~'U1 L 'U , . 
zno L~ LLaV~.:~n~m'jl.J~1'U~"iiVl~~1 'Ufl1'J1 -H'~1'ULL"~1 'Ue.J~\Jl.tiru't1~1.:~ 'l n" Ln~~1~tlJ~'1V~1 'Ufl1'J,j1 

L~B"ii~'UVI~EJLV~t.l ZnO ~Bfl1'Je.J~\JlLHLVI'JL~'ULUaiaanL'Il~ (H20 2) ~1flfl1'jLn~'[y([\Jll'l~\Jl1L(;l~fl fl1'JPifl't:l'1 • 
'U1~~'Ufi'~Yl'U11m'Je.J~\Jlaan~L~'Utl~n~m (ROS) LVltJa11mfl'U1L 'U zno all.JTW L~tJ~a'Un'UL'IlaaLL 'UflViL~tJ 
LL(;l~l'i11 ~L'IJ(;la\Jllt.l 1~ 1 'U'UVIfi1111l.Jdiim'Jafi'U1tJfl1'j~.:J Ll'l'J1~v;LL(;l~flrual.J'U1i"Ua~a'U.f111'l'U1L 'U ZnO ~'j"Jl.JeJ~ . . , 
1'ULl.JVI~fl'if"Ua'IL yjl.JtJ1'15'J'Jl.J'111~ (NRLF) ~"flU~'ULU~t.I'ULL(;l~fl1'jfl"J'UI'll.J NRLF "fle.J~\JI~'U\Jl1l.Ji5m'Je.J~\Jl~ , . , 
~~fltl'U~~ai5 Dunlop ~'ILU'Ui5m'J~L~a~a L~LL(;l~U'j~'VfflVI~'1V~1'Ufl1'Jl'i1 NRLF ~'ILL~alJtJ L'IJ'j1UJ fl1'J 

~'ILI'l'J1 ~v;LL(;l~ m'J,J 1 LL 'Ufl"' n't:l'ru~"!la~ L yjl.J t.1 1'15'J'Jl.J'111~"Ua~ ZnO-nanoparticle ~'I L U'U~1'UU'j~fl 8'\.J"!l a~ 
t.11'1 (NRLF) L~afi'U1tJL1t'U'UVIfl11l.Jd B'U.f11fl'U1 L 'U ZnO f1flL~lJLeU1l.J1LU'Ua1'Jnm~"U~l.J.nij'[V~tJfl1'JLLVI'U~ , " .... " 
B11i11fl ZnO-microsized 1'U'IJW~~~1a~1~1'11'Ufojl.J"!la'l NRLF ~na~l'I~'ULV~t.illh~l.Jel11i11fl ZnO 1V~ '1 
n~fl'j'jl.J~1'UL ~aLL 'UI'lViL~t.I'!J8'1~1tJ~1'1 NRLF VJV~aa'U~~L :S.:~u~l.J1WLL(;l~L :a~l'lW.f11Vl LVI tJfl1'jVJVIaeJ'Ufl11l.J L1 • 
~m~a Staphylococcus aureus L~BLL'UflVJL~tJLLml.J'U1f1LL(;l~ Escherichia coli L~BLL'UI'lViL~tJLLml.J(;l'IJ 
NRLF ~LLm "!l LV~t.l nanosized ZnO iifl1'jfl'IJ8.:~m'JL ~~tyL~'U L\Jl'IJB'IL ~aLL 'UI'lViL~tJ 1 'U"'n"Mru~~LL ~.:~ LLfl~'ll.llfl 

Boonchai Seentrakoon LL(;l~flru~ Pin't:I'1LMtnti''URrual.Ju~"!ltl'lfl1'jUEJ'Itl'U-r.:~a UV ~L~l.J~'ULLa~ • 
fl1'Jfl'U8.:~ LL 'UfiVlL~t.l 1 'Ut.I1~5'J'Jl.J'111~~e.Jal.J'J L VIa L Vl'J1~1'lW"lleJ'It.l1'15'j'jl.J'1!1~iiimatJ'U1'1U'J~fl1'j L "!i'U ~'U5~~ , . , 
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1 'U~1t~L'ii'llt~-ltn-11l11l.l"l11~ vh 1 ,XLfi~P~m1l.lit~-1 b~t~~11l.l~t~'U LLa:::u.~.., uv LU'U~'U 'lim~vdvi11 ,Xc.n..,Lfi~P~m1 
L~tll.l~mVlL~tl-1~1mn~P~ photo-oxidation 1'U~'Ull:::fi~ijt~v"l'U~1tJL"1iLl.!Lana ~..,Ju ~.., 1~L~l.l~111Pl~P~.a\ri ..,~ 

"' \J " \J 

v1 L'li'U Ti02 and ZnO 'Utlfl~1fldth:::aV15.f11Vl'lltl-lti'U.f11~'U1L 'U Ti02 V-1~1l.l11Clfl'U~-1LL'UF1ViL~tJ1~~fl~1tl 
~ . 

Kayano Sunada u.a:::~ru::: 1~Pifl'!i1L~t11 nun a 1nfl11~1L =fft~ LL u~ViL~ti'U'ULL~'UVMl.l~ LF1ati'U~1 t1 

1 VlL V1 L ilt.Jl.J 11Pltltlfl1"11~~1 tJ LL~-1 Vl'Ui1 tl~l.J1WL"11a~~fl-lij~1 ~'lltl-1 L =fft~ E.coli 'U'U~titi1'llti-1Yl~l.J a !Pia-lml.J 

Vl-1ni''U'lltl-l L 1a1 LLI'l1~~a~11li'IPIL~'UL~t1Vl!PI~ti'Ul~IPI~L~ati'U~1tl1 VlL V1 L ilt.Jl.J 11Pltltlfl1"111P11 'U~ij!PI'VI~t!L~t11 if • 
conventional soda-lime glass (SLG) LU'U~11L~at~u~hrnv1~m1V1Y\~ti'U~1t.J'i-1~ UV LL~L'UV11~~·wu1l.l 

L~t11 ,X~11l.J rit~~~i1-l'U'UYl~l.J~ L~a ti'U 1 V1 L VlL ilt.Jl.J 11Pltltlfl1"1l~ LL~IPI-1 1 ,XL ~'U fl11~1L =fft~~1tl LL~-1 L~m"'la~ij~11l.J 
Lifl.JoU'UL~l.l~'U 2x105 CFU/ml L"'la~~fl~1t1~1-l~l.l\j1W.fl1t11t.tL1a1 90 'U1Vi .fl1t11~~.fl11:::Vl!Piatl-1 

Yang Liu u.a:::FJru::: 1~Pin'!i1 L~m tl'UVl(]~fl11l.lfl11~1'UL =B't~u. tJFJViL~tl'lltl-lYll.l~ ~ij~Vl1'U 1~Pin'!i1 
Yl~l.l~tll.l 1 Vla~dL~mnunwvi1-11'U'IJtl-lfl11~1'UL~mLu~ViL~tl LIPitJ1 if fluorescence label method L~P~t.Jtii 
E.coli L U'UL ~t~1 'Ufl11V11Pl~t~uYl~l.l 1 V1 L VlL ilvl.l 1~P~ t~t~n1"1l~~ihVl1ti'll'U1IPIL~n u.~!PI-1 1 ,XL i1'U~-1th:::aVJ5mVl1 um1 

~ . 
~1'UL=ffmL 'U~ViL~tl L ~tl-1~1fl«'U~~1~~~ ~aflij'IJ'U1!PIL~fl vi11 ,Xit~-111\Plt~tl~fi~t.J1l.J1fl ~-1J'U fl11L~l.J Ag 

~1l.l11Cltl'iuth-1m1l.l~1l.l11ClL 'Un11~1'UL ~t1~~'UV1~t1i.~ • • 
Chamorn Chawengkijwanich LL a ::: Yasuyoshi Hayata Pi n '1i 1 L ~ t11 n 'U Yl ~ lJ oriented-

polypropylene (OPP) ~L~ati'U~1t.JL V1LV1Lilt.Jl.J L!Pitltlfl1"1l~L ~tiL m ti'U11~.ti'ru.fim'VI11 'U11~Ii'ru.fim~-rum1 
~~'U1~1n 1 VlL VlLilt.Jl.l 1~P~t~tlfl1"1l~~ij'IJ'U11Pl'lltl-lti'U.fl1~~1'11-ln'U~ti-1'1Jti11Pl u.a:::Vl!PI~ti'U E.coli 1 uvrat~IPIVl!Piat~.:~ • 
LLa:::Vl!PI~ti'U~~..,mv1~ LL~-1tl1:::~'\i~~m'11il~P~ fit~ fl11V11Pl~ti'U fl11V'U t.., L ~tl E.coli ~1 v15m11 ifLL~~ L uu ... 
~1d-1t1fifi~m 1 um1~1L ~t~'llmYl~ l.JL~at~u 1 VlL VlL uvl.l 1~P~t~t~n1"11~ u.a:::m1m:::~'U~1vu.~.:~ uvA ~1nvrat1~P~ • 
LL 'U~F11avl~1 tiVl"'-1.:!1'U~flti'UeU1-1 ~1 ~11l.J LFl~ti!PI t1 tlfl~LIPii'U~Lt)!PI~1 fltl1.~l,jaa~1:::'1J eJ-1 tleJfl~L ~'U.fl1t.IL 'UL "'I a~ 
~-1Lfi1P1~1flfl11Vl:::a~1'U'llti-1LL~-1 UVA vi11,XL"11a~'IJeJ-1L=fft~ E. coli L~ti'VI1tl • 
T. Ali u.a:::~ru::: Pim~1~1d-1tl~fi~mu.a:::m1vu8..,m1vi1-11'ULL'U~ViL~tJ'IJtl-1eJ~m~ Til-xAgx02 (0.00 < x 

< 0.08) Clfl"'-1L~11:::'V111PltJ1iTI"'lm~a '!ieJl.Jari1t.t1 vrni:Bl ,XL i1'U11 ti'U.f11~'U1 t 'U~m 1eJ'h U'U~1d-1tlnfi~mLLa::: 
\1 , ·~ • ':..1 

L U 'U ~ 1 f1 'U 8-1 n 11 'vi 1-11 'U LL 'U ~Vi L ~ tJ ~ ~ l.l 1 n L 'li 'U E. coli, Pseudomonas aeruginosa, Klebsiella 

pneumoniae u.a::: Enterobacter Cloacae 

2.4 aTnflii ~tJmruu.fl::1~m1~hiv 

2.4.1 ft1'iLflii 

... "' ~11L~l.J I'JWam~ru::: 

t11-:!LLvl.:J STR 5L l'l11l.J'VI'U1LL1l'U : 0.93 g/m3 

m!PI~L~tl~fl (Stearic ~11l.J'VI'U1LL1J'U : 0.85 g/m3 

acid) Appearance : White solid 

~-lf0ltlt1fl1"11~ (ZnO) ~11l.l'VI'U1LL1l'U : 5.60 g/m3 

Appearance : White solid 
... ~ 

F111l.J'VI'U1LL1Jti : 2. 71 g/m3 
LL~aL"'Itll.J~11'Ut!Lti~ 

(CaC03) Appearance : white powder 

"' ... 
~c.Ja~ 

P J RUBBER CO.,L TD. 

GSP Product Co.,L TD 

GSP Product Co.,L TD 

-
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1~~il~ti'Tu~hJ (DPG) fi111J'\,l'IJ1LL1..hJ: 1.19 g/m3 LINKWELL RUBBER 

Characteristics : white crystalline CHEMICALS (QINGDAO) 

powder CO.,LTD. 

1~LU'\JL'l11'Vlm~~1~ fl111JVI'\J1LL'Il'\J : 1.54 g/m3 CALDIC THAILAND LTD 

-a'~lvM (MBTS) ~n~ru~ : C-J.:JaLVI~t~.:Jeit~'IJ 
" ti1lJ'\J'VI1~1Yl'\J fi111JVI'\J1LL'Il'\J : 0.90 g/m3 Made in China 

(Paraffin oil) ~n~ru~ : 'tlti.:JLVI~11?1 

-a'm'Vlt!1 (Sulfur) fi111JVI'\J1LL'Il'\J : 2.0 g/m3 GSP Product Co.,L TD 
., d ... .. 
~n~ru~ : ezJti'ILL "!J.:J~L Vl~ti.:J 

'IJ11 '\J~.:Jf1t~t~n 1'111'1 fl111JVI'\J1LL'Il'\J : 5.60 g/m3 Sigma-Aldrich Pte. Ltd. 

(nano-ZnO) Nanopowder <100 nm particle size 

Appearance : White powder 

'IJ11 '\J 1 'Vl'V11LUt~1l 1~ fl111JVI'\J1LL'Il'\J : 4.26 g/m3 Sigma-Aldrich Pte. Ltd. 

tltln1'l11'1 (nano-Ti02) Nanopowder 21 nm particle size 

Appearance : White powder 

Potato dextrose agar 
a ~ J'd v v tV 

L U'\Jti1VI1~L~ t~.:J L "!lti'Vlth~ nt~um t~1J'\Je.l~'l HiMedia Laboratories 
" (PDA) LL~~\11t;nm~n 1 'Vl~~ Pvt. Ltd. 

Nutrient agar (NA) ~ .J' .K Qd 1 ~1 LU'\Jti1VI1~L~t~.:JL"!lmLufl'V1L~t~ ~I:.I'V11 u HiMedia Laboratories 
" 'h~nt~u~11:.1 Luu1~'1J ~1~~n~~1m.Ut~/ Pvt. Ltd. 

?11~~tl~';l1fl~~v) 1'\J NaCl 

Muller Hinton broth 
0 " .r 

dJ'IJ~tlti1VI1~L~I:JWiltl U~~flt!U~11:.1 HiMedia Laboratories 

(MHB) ~1~~n~~1mtlt1 LI'I.;'\J 1H1~~1~a1Pl Pvt. Ltd. 

LLU'I l'\J 

Escherichia coli ~11:.1~'1J5 ATCC 25922 -

Staphylococcus ~11:.1~'1J5 ATCC 25923 -

aureus 

Aspergillus niger ~11:.1~'1J5 ATCC 6275 -
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2.4.2 13m'lUfte.lif11 

Ll1l~tJ11tn~li'l'l11'!!1~ STR 5L tuu~a1'HfliTI:utl:S1!1ru~u.l1lmh~nu <u.a~~~~m-s1~~ 1) 'li1m~~~ 
1tJu~t:.Ja1J1'LILf'l~tl~ Internal Mixer Ll'ltJfiTVI'LII'If'l111JL~1'tm~am~ 60 -sau/u1Vi ~tlru'VIflii 50 CO LiJ'LIL1~1 

'U ' 'U 

2 u1Vi LL~1L~1lif1'l~1m~,Ju mi'ILa~t~:Smt~~~~f'iaan1'111'1 ~~1tlu~t:.Ja11~n 2 u1Vi 'VI~~"1mXu~~L~1la1'l 
' 

~1L~1J LLfi~L~tl1Jfi1{UtiL '1..1111 J1lJ'LI'Vn11W'LI LL~~if1'leJU~~L ~tl'l1LL~~L ~tiLl. UfiViL~tl 'L11L 'LI~~f'itltlfl1'!11'i' 'VI~tl 
u11 u1 'VI'VI1LiltJ1l 11'1aan1'111'1 ~~ 1 tltL~1u~t:.Ja1J~a~n 2 u1Vi 'VI~~"1mru~~L~1la1'l~1d~LL~~a1'l1~fl11ui 

"' •• 1 ~ .. " _. o .,1 ~ " d o 1tJ"" 1 " ~I DPG, MBTS LL~~'ii~Lrl€11 Ul'lt:.JalJ 2 'LI1'VI LL~1"~'LI1tn~'VIU~t:.Ja1JLif'S"U.~1tltlfl"1nLfi'Sti~LL~~'LI1 1~ 'VILu'LI 

u.cJu~-mLfl~tl~ Tow-Roll-Mill ~~1 ~L~'LILL~'ll111 tltnu 1 u,JLL 'll L ~a-sa~u'ltlu.~~'li11 tl'VII'IaeJualllliiL :a~n~ 
'U 'U 

1 

tl~f'itJ'l~fltiU phr 

amt11~ Control Normal Micro-ZnO 
" 
STR 5L 100 100 100 

Stearic acid 1 1 1 

ZnO - 3 6,9 



\ 

a1un1~vu~n1~ ~~11~~1~~BU~11~51U • 
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CaC03 80 80 80 

Paraffin oil 5 5 5 

DPG 0.3 0.3 0.3 

MBTS 2.5 2.5 2.5 

Sulfur 1 1 1 

nano-Ti02 

'ltl~ 2.3 ~n~ru~Lfl~tl'l Internal Mixer 
'U 

'ltl~ 2.4 ~n~ru~Lfl~el'l Tow-Roll-Mill 
'U 
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2.4.3 1Gn1'iLPI~t111fl'lilfh~ua::nT'Ivtflilil\Jii11UML<ti~na 

U1EJ1.:JI'l€llJU11~~L(;J~EJlJ11LL~11U\11L1G'l1n111'l~~U~';HJLI'l~B~ Moving Die Rheometer (MDR) u~1~.:~ti1 
E.11.:Ji'lBlJU11~~'VI11'UL 1G'l11 \lfl111'l.:J1ULL~11 'li~u1'li~1 ml'l~B.:J Compression molding ~llJU~~lJ.W'UB.:JLI'l~B.:J 

" " 
'VI~aB'U~I.:J1 ~.:J~U~ 4 

atJYI 2.5 ~m~w~LI'l~eJ.:~ Compression molding 

(a) (b) 

(c) 

"'tiYI 2.6 (a) ~'U'VI~amJI'l11lJlilTU'VI1\l~eJrn1'!i'~fJ (b) ~\l'VI~amJ Compression set (c) ;fiu'VI~aeJ'UI'l11lJ 
" " 
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2.4. 4 ifin1'lL91'itl11fl1£lfh'l LLfl::n1"iVIflav\Jn1"ifl1UL ;fil"i1LLfl:: L ;filLL \JflfiL'itl 

~'U~UEJ1-3i'ltllJU11~~1E.ILi'l~tl-3 Compression molding LlilEJtiLL1l~lJlhm-3i'UVllili:ltl1J Tensile 
... ... 1".. 2 0 ~ ·' ·' ~ - ... ..r % .. .. ... % strength ~~a1~1il 'VIlJ~'U11il 1 em 'U1~uVllili:lti\Ju'l~"V1Gfi1'Wf11'~m'UV11'U~<Utl'l1LLn~"llml\Ji'l'VIV~EJf1\JL<titl 

Aspergillus niger, Escherichia coli ua:: Stephylococcus aureus LlilEJf11"ilLi'l"i1::,L;i~~rumv.1~vi'1~111~ 
tlG\J1EJ11lu1fim"i~~,;tJ1ud L~1EJlJ Mueller hinton Broth HLLa::L~lJL~tl 5. aureus a~1umEJ1~am1:: 
'llat~lilL~v ulJ~vru'VIflil 37 ·c u1u 24 41tlJ~1u~ulJ 'VI~-3~1nulJ~'UI'l"i'UL1a1u11'll'VI1m1lJL-u'lJ-u'u 1m~ o.5 . ... " 
McFarland ~1CJ 00600 -;u1n,juoJ1 100 ~L 'lltl~LL\Ji'lViL1CJ,j'UlJ1'VIEJiilLLa::vi'11~m::-;u1EJeJ~1~i:IJ1Li:llJtl'U'U~1'U 
1u Muller Hinton 11-3€um-3'll'U11il 1 cm2 a-3\J'U';ij1'UL~eJ U11'llulJ~eJt'\J'VIflil 37 tl~I'I1L'l!aL~CJi:ILU'UL1a1 24 
' ' " 
41 t11~ ~1 n,!uv11 m1~~ Ln ~ LLa::uuVi n t:Ja Llil EJm"ii'lil L~uc.h~'U6 na 1-3'llt~~u ~L 1 rum1Ei'u ~~ f11"iL -;u~ qJ L~u t~"ll tl~ L :fft~ 
LLUi'lViL1EJ (Inhibition zone) "lltl~LL~um~~11·:m~ 1 'll ua::vi'1~'U~eJ'UL~EJ1nudnuL:ffvu UflViL1CJ E. coli 

..... ..... 
1 

Vllili:ltl'UU"i::aVJGfi1'Vi1'Lif11'l~1'UL~m1 LlilEJU1L~tl Aspergillus niger lJ1L~EJ-3'U'Utl1'VI1'l Potato dextrose 

agar ( PDA) ~ ~t'\JVI-Qil~tl~ L U'UL 1 a 1 5 i'u ~ 1 n,!u L~ 1 EJlJ 1:11 'l LL "ll1'U a tl EJ "ll tl~ all vi L :ff tl 11 (Spore 

suspension) ~1EJf11'lL~lJJ1n~u'llatllil L :ffva~ 1 u-;u1'UeJ1'VI1'lL~ EJ-3L ~tl LL"11 ilA1~L ~m :fft~~lila'llt~1uuc:i1'VIU1 
eJ1'VI1"iU11'llmv-3~1EJ~1'1111'U1-3L~mLEJf1Ltl1L~'U1EJ'lleJ-3L~tl'l1tltlf1 L~lJ Tween 20 liJ1'U1'U 2-3 'VIEJiil L'll~11'\X 
L 'li'1nu U1i:l1'lLL 'll1'UatlEJ~tl~i:l'llt11L ~eJ"i11 'll~'l1~ll'ulil1'U1'Ui:l'lltl1~1 EJ Haemacytometer LL"1U~\J~1 ml1 

f1~'UUatllilL~tl1~ill'l11lJL'!i'lJoU'U~ 106 autJ{/ilaaa~'l ((liJ1'U1'Ui:IUt11/S) X (1/4) x106
) U~U~i:l1'lLL~1'UntltJ 

'lltl-3L~tl'l1 u~mm 1 ilaaam a~1'U'VIatlliltl1'VI1'l PDA U~lJ1m 9 ila~~m L~~11~t:Ji:llJtl'U~1CJLi'l~eJ~ 
~ cl .. ... " 1 J' % ~ 1!:"1 " .. - ... Vorter Mixer ~1f1'U'ULV1a-3\J'Utl1'VI1'l PDA V1LL'!J~~1LLa1 Wil1'UeJ1'VI1"iLaEJ-3L'l!tlV1~ 1 ~'VItl1'VI1'lLL '!J~LLa::t:J1'VI'U1 

tl1'VI1"iLL ~~ u1 LL~um~~LIJI1CJlJ 1111111~'U'U~1'VIli'1 tl1'VI1'l ua::ulJL ~tl~ml.I'VIflil~t~~ L U'UL1a1 48 41 t11~vi'1 
• \1 

f11'l~~Lf11JlLLa::uuVim.m LlilEJf11'li'lil L~'U~11'!'!.16 na1~"1Jtl~\J~L 1t'\Jf11"iEJ\J~~ f11'lL ~~(\! L~\J t~ (Inhibition zone) 
" X 

'!Jtl-3L'l!tl"i1 



~" 
Q!U~II.]lJlJO~ 48 'lllJ . 

rii1JtllO~lJ!Iii'11150~~1Vrr1 
'IJ11'\J1~ 

11U~ Tween 20 2-3 11UI'I 

tiomlf1Ulhnktl 

mon11l!ll'l::t~Ol11lmnoon~ 
nuonm 1ohfu;~ 

2.4.5 Lfl~v.:Jih:~u.a::am1::ffl;il'Um1VIflavu 

U1Ji1lnwnlof1'li"J~ 

1 o' ff1 luftiiniiiim 

tiilH~Oll I mi 1H111'11110~ 
0111n11K1t'll!h 
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V1t.9'~~1 nvh flWUVI~~l.J tm tlU ~11 Lflij L1EJU -!aEJ LL~1~:1 ~a~'ll11 U'VlVI ~aUV11~l.J~ L ;i~n~ LL~:iU1:i~'VlG.fl TVl 

fl1'.i~TU'Vl1L :ffa11 U.~::L:ffmL Uf1ViL1EJ 1VIEJfl11'VlV!~aual.J~L ;i~ fl~'Ua~EJ1~ij~~tl ~l.JU~f111l.J'Vl'U'Vl1'U~aLL 1~~~ 
(Tensile strength) f111l.J 'VI 'U 'Vl1 'U ~a fl1 1 ~ fl 'VI1 a (Abrasion resistance) n11 ~ u 1'1 1 L ~ e.J ~ ~ 1 n LL 'H n VI 

(Compression set) fl11d~fl11L~e.Jl.Ja1~ (Ageing Deterioration) LL~:if111l.JU.~~ (Hardness) (U.aVI~1'UVI111~ 
~ 3) 

.. ... ~ I 

Lf11e.J~ ~~~VI 1'\J 
" ' 

Tensile CG Engineering Ltd.,Part. A024A 

DIN Abrasion Go Tech Engineering Co Ltd GT-7012-D 

Compression set - -

Hot Air Oven Becthai Bangkok Equipment & Chemical Co., Ltd. VF260 

Shore Durometer B.N.C.TOOLING Co.,Ltd. SLX-A 

Incubator Sheldon Manufacturing, Inc. 1915 

Moving Die Rheometer MICRO VISION ENTERPRISES 577 

Internal Mixer CHAREON TUT Co.,Ltd. MX500-TQ 

Compression Machine CHAREON TUT Co.,Ltd. PR10-W280L280 

Tow-Roll Mill CHAREON TUT Co.,Ltd. ML -D200L450 

VIS Spectrophotometer Mesu Lab Instruments (Guangzhou) Co.,Ltd ME-V1200 



3.1 ~ii\'Uil~i11"ii·ui\1Ji!f!~~"9iua1J~I.;l .. ma 
3.1.1 11Utl'Uv{li11"iM'JL9\1J 
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c.~~n1'~'Vllil~t1~1::"vrh:J China Clay nu Calcium carbonate 1'Utl1lJ1ru 60 phr 'ViU11 China Clay 

1~fl11lJLL~'l~ 44±1 Shore ALL~ Calcium carbonate 1~fl11lJLL~'l~ 48±1 Shore A ;'l1n~L~V'lnUl.l11Jl1fj1'\.J 
lJan .23 77-2551 ~fi1VI'Uiil LL~:: L U'Ua111ii'1 L~lJ~ttbm ~lJtl1lJ1ruL if am~fle:JlJU11~ 'li1 v~lil~'U'Vl'U~'lL~ L~ an;m 

' " 
m'lvi'loH Calcium carbonate LU'Ua111ii'1L~lJlJTVhm1'Vllil~e:J'l~a1'U'l1'Uiivfl~'ld 

3.1.2 m1J1W'Uv{li11"iM'JL9\1J 

1'Um1'Vllil~a'lffi<ff Calcium carbonate d~I'Ua111ii'1L~lJ1'Uamm'l LlilV'Vllil~a'l(;)1vm1Ltl1vmVivu 
\1 

tl1lJ1ru"!lma111ii'1L~lJLU'U 60 70 LL~:: 80 phr vl1n11Uiilc.JalJLL~::;1'U1UL~tl'VllilauUfl11lJLL~'l'llu'ltl1'lLL~~::aiJI1 
" " q cv .J .J ~ UC~ooC'to dv 4 

LLa::lJc.~am1'Vllilau'llil~11111~'Vl 3.1 'l.l~fl11lJLL"ll'lLLa::alJu~J~L'Mna'Vl~J~a~m1111lJl.l1m~1'U l.lan. 2377-2551 fltl 

al.lu~'lla'la~J~1V1'l~ljtJ1l.l1rua111ii'1L~l.l ~'~,r'U ~1iv~'lL~anamv1'l~ljtJ1lJ1rua1;1ii'1L~l.l 80 phr 1uvi1m1 
" " " 'Vllil~a'l~a1 'U.ff'U~J~a'U51i11 tl L ~a~"il1n 1~ljm1'Vllil~a'l~l.le1aLL"11 ~fl11l.l'mn~L Vll.l1::al.ILLnm1 1 oH'l1'U 

" 

\1 

a\Jl1V1'l/al.lllii 60 phr 70 phr 80 phr lJ1\Jl1fj1'\.J l.lun. 
" ... 

Hardness (Shore A) 46 48 49 50+5, -4 

Tensile strength (MPa) 16 15 14 :;:.:4 

Compression set (%) 12 14 15 <40% 

Abrasion (mm3
) 41.3245 40.3233 45.6557 <500 
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'1 •• 'l .. , 'I , • -- !'I "' :: ,.f ,.f "" "" 3.2 ~a't.ltl-:1 U1 Lfl~llij.:Jfltltlfl L'9Jflfltla1J'UfiL ll.:lflaUa~n1~tJ'UtJ.:JL 'tJtl~1Ua~L 'tJtl U 'Ufi~L ~tl 

"1 nt:.~~ fl11'V1VI~B~'Vltrl1 a:u\ML :a~n~'tla~ E.l1~R~'HJ1:u 1~11 fl11L tl~ £JlJLL tl~~ 1 tl"1 nam~L~:u'li~fiaa n 
~ ~ 

L'1l~iLlJU~:U1NUfl~ (LLG1VI~ 1lJ~111~~ 3.2) tl1~~V1Gfl1YI1lJfl11EJ'U~~ L ~m1 LL~~L ~mL tJRViL~£J'llB~'Ii~fiaan1'1!vi 
1 d 1 

_, ~ S 1 v ~ • c:t 1 .f qq .., ~1"' 
(LLG1VI~ lJ~1'l1~Vl 3.3) Vltl11G11:U1'l'"'£ltl£l~L "!!m1 A. niger VIL UlJelE.l1~VI LL~~ lJL "!!BLL tlfiVIL 1!:JG11:U11!:Jtl!:J~ VI 

~~L~v 5. oureus LL~~ E. coli LL~LnVIL'IJlJVtl~~h1:ua~L~lJL~Lfi!:l~L~mJB!:J LLaVI~11 'li~fiaanL'IJvi'lllJ1VIL:U 
Lfl) 1'1lviG11:U1)'"'EJtl~~ L ~m1 LL~~L ~e:JLL tJRViL~!:J 1~L "lilJtllJ ntJ'Ii~fiaa n1'1lvi"!JlJ1VI e:JlJ[l1fllJ1LlJLL~tl'i~~V1Gfl1Vl~1 
rd1L ~8~"1fl 'lllJ1VItllJfi1RlJ1LlJ"~jj~lJ~~1:U1flfll1Vh t ~LnVI ROH L~~IS~vi~ t ~tl1~~'V1Gfi1'Vl1lJfl11EJtl~-!! , 
a~rr:h 
~ 

a1JUiL~·ma 
w lfl~~o~~fivan \'91.1 
3 phr 6 phr 9 phr 

Hardness (Shore A) 49 48 49 

Compression set (%) 15.35 21.74 13.05 

Inhibition zone (mm) 

afl~tJ1.:~fl.:~'i\.l Escherichia coli Staphylococcus aureus Aspergillus niger .. .. 
48 h 72 h 48 h 72 h 48 h 72 h 

Micro-Zno 3 phr 9.5 12.5 10.5 12 24 25 

Micro-Zno 6 phr 10.5 12 10.5 11.5 23 23.5 

Micro-Zno 9 phr 11.5 13 9.5 11 28 28.5 
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Control 

9 phr 

a) b) c) 
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m.:~ LL~'UU~'U~v.:~J1 Ffu8.:~ L ~v11 LLG'l~L ~eJLL U fiVi L~m;m.J 11{1 L(;l~E.J:W 1~ ~1E.l fl11t.i1E.l1.:!511l.J'l11~l.J1~H'l:W tlU 
" 

u11 u~.:~Fiaan 1'll~LLG'l~'U11 u 1 V1V11L iit~:w 1~at:Jn 1'1!~ LLG'l~ 1 o&'G111~1L~:WLU'ULLflm~m.Jfl11umu(;l~1'U1'U 80 phr 

1111 '\.J~u1'\.J ~1 E.JLL1Jihrr'l'1m • .,~~ljm1vt:Jn LL uu 1 ~1j1vE.J'U'U'I-1~t:Jlj'lb.J~'U:w1 vi11 ~J11 'I-1G'l~ll~1'Ut.J~ (;lnru'ri'1~~1E.l 
'IJ " • 

Ldmrt off-:~1uL uu~G'l-:~1t~ L '\.1~E.JuLL~1Lm~~~ Lvh~11J~'U ijfl11:w L '\.11J1~G'l:w~G'l~~\l~ 1 o&'L tl'Um.:~u~unu~u 1 u 
\1 \1\J • \J 

~a.:~J1 G111J11{1~'Ufi'U1~\11nfl11Vl~G'ltlUfi111JLL ~.:~ (Hardness) fl111l~h'UV11'U~tlLL 1-:~n~el'~ (Compression 

set) fi111J!Ji'1'UV11'U~mL1-:J~.:J (Tensile strength) LLG'l~fl11l.JV1'UV11'U~tlm1.U~{l (Abrasion resistant) LLG'l~ 
" 

G11l.J11{1 ~'Ufi'U'\.J 1~~V1G.f11V'I fl11fiU 8.:~ L ~tl11 LLG'l~L ~tlLL UfiVi L~ t11~~1 tlnWVI~G'ltlU tlU L ~tl11 A. niger LLG'l~ L ~tl 
LLUfiViL~mLm:wu1n 5. aureus LLi;'I~LLml.J(;'JU E. coli 1~E.l"'.:! Ln(;l\11n1'ii'Uf5u8.:~ (Inhibition zone) ~Lii~~'U 
1tlU '1LL~'UE.11.:! V'lu ·:hLL~'Utl1-:!~tJG'll.JtlUtl't~.f11fi'U11 'U~.:!G'ltl.:l'l1U~G111J11{1FfU8-:~L ~tl11 A. niger 1~dJ'Utl~1.:!~ 
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