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n~~m''Uith::mA 

-11'1.{) ,)' vd G11lJ1 'Hl cl'1 L ~:U fl~'H 1~~1 tl~ L ~ B..:J:U1 n fl11lJ B'U Lfl~1:a1eue:J..:JlJ'VI11'Vl tl1~ tJ 
' ' 

B'IJ fl~1.lli51ti 'Vl'U'W~'U 1 ~ 'lJ LL 'IJ'IJ'Ufl'l m~lJ L ~B a-1 fllJ~G1..:Jf W11 tJ 1~ 11'1~ -1 n1~tl m::: ~'IJG1lJ~~fl'lJ::: 
'I , , \J 
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a'tJ.fl1f'l~'lrl Lbl;'l~ 1'VIL'VILUtllJ'tJ1L'WL-ff11'1'JVn'tJL(;ltJ1-&'Lf'l~a'l~i:UJ Internal mixer ~1mr't.l'u11'\Jvm1mn1~f'l'I~'I..J 
' 'IJ 

LLl;'l~L~a 11'1 L 1m m~f'l-:1~'\..J IJ,~1~-:Jt111 '\J;'W~'\J LLrl~f'l-:J~'I..JI')'Jmf'l~a-:~ compression moldino 1'11:WLL~W:W~'lla'l 
~ ~ ~ ~ 

Lf'l~tl'I'VI(;JG1a'U~~~t111 '\J'V1(;1G1a'UG1:W~L :a-:JnrJ L~a 11'1t~1'1f'l-:J~'\J u,~1~-:~t111 U'VI(;JG1a'UG1:Wu~h :a-:~nl;'l ~-:~if 'VI~G1a'U 
'IJ 

' ' C: II I 4 CV d I Q.J I d 

f'l11:WLL'll'l f'l11:WI'l1'tJ'VI1'tJI'le:JLL ~'1(;1'1 n1~ti'UI'l1L't.la'l~1nLL ~'In(;] f'l11:W'VI'tJ'VI1'tJI'Jan1~'ll(;lfl Lbrl~n1~L ~'ln1~LG1a:W 
• 'IJ 

e:J1tl IJ,rJ~tJ11J,e.i'tJtJ1'1f'l-:J~tJ1 U'VI(;JG1a'U'\J~~~'VIB.fl1'Wn1~iJ'U ~'I L (m1 LLrl~ L (a IJ, 'U f'lVi L~ tJ L(;l tltJ11 U'VI(;JG1a'U n'U L (a 
' 'IJ 

Aspergillus niger, Escherichia coti ~~"~ Stephylococcus oureus YlV'IG1'El'ULV'I!Jfn':i11~~~~'t.ltn~'U't.l';l1'1..1 

tl1~1~~iJL (a~11J,rl~L (vu, 'Uf'lViL~tl 1 't.ILL 'Uf'lViL~tl~~t111 tJ\J:w~mu~.niJ 3 7 a'll"l1LiijrJ L;tJG1 LiJ'WLJ"1 48 off'JL:W-:1 
' 'IJ 

~1m(m1~~\J:w~mu~.niJ~a-:J Ltl't.IL1"1 48 off11:w-:~ ~'ltJ1:W11Lf'l~1~v1~l;'lL~tJm~1m~tJ~'lla'l Inhibition 
' 'IJ 

zone ~ Lfl(;l;'t.l~a'U u,e.l't.ltJ1'1 ~1 n~" m~'VI(;l" a-:J"W'Ul1 ti1-:Jf'l-:J~tJm ~G1:w~ L :a-:Jnr11'11:W:W11'1~\i1't.l ai"'G11~m~:w 
'IJ ... ' 

LLe.i't.ltJ1'1U~'tJ (:wan. 23 77 -2551) ~'Elt11'1f'l'I~'I..J~'U(;l~G1:Wt11'1li~~:W"ll1~ 100 phr n'UG11~1'i1L~:W calcium 
'IJ 'IJ 

carbonate 80 phr 1'W~~'U'Un1~f'l-:~~tJmin1:w~t.l'U LL"~~"m~iJ'U~-:JL(m1LL"~L(au,'Uf'lViL~tJ "W'Ul1 G11'l~tl1'1 
'IJ 'IJ 

~L~:W't.I1L 't.l~'lflaan 1iij(;l1 ~~l;'lm~iJ'U~'I~~fll1G1mt11'1~ L~:W't.11L 'tJ 1 'VI'VI1L Uti:W 1(;laan1iiji) IJ,rJ~ LLe.i't.ltJ1'1~L~:W 
'IJ 

a~.fl1f'l't.I1L 't.I~-:JG1a-:J"l!ti(;l G11:W1 ~fl iJ'U ~'~ L (a ~1 A. niger 11'1 L tl't.l a~ 1'1 ~ LL~1 'tJ LL 'Uf'lVi L~tl ~ ~ G11:W1~fl ir'U ~'I 
bb'Uf'lViL~tJLbf11:W'U1f1 5. oureus 11'1~n11LL'Uf'lViL~mLm:Wrl'U E. coli L~tl'I:U1f1f'l11:WLLI'lf1~1'1"tla'IL~a~:wu,l;'l~ 

' 

"tla'l Lipopolysaccharides LLrJ~.ff't.l peptidoglycan ~-:Jd:u~"!hm1a-:Jn't.lm~(;l(;l;:W"tla'l ROS Lbr1~1aaa't.l 
'IJ 

hli. ~~~'1..1 L~v~:w~ iij"" ~Lm: L off1 hJ'l 'U L iijm;\1'1 ~~n~"m':iYl~"v~G1':i'll1~11v1~f'Vl~'ll-v1~~'U:w1~~~~'Uv~G11~m':i:w 
'I 'I 'U dol 'I 

Lbe.i't.ltJ1'1U~'tJ (:wan. 2377-2551) ~a fn'lf'l'I~U~'U(;l~G1:Wtl1'1li~~:W"ll1~ 100 phr n'U calcium carbonate 
'IJ 'IJ 

80 phr 1 'W~~'U'Un1~f'l-:J~'lll'11vn1:w~t.l't.l LLl;'l~'\J~~i1'VI5.n1"W1 't.lm~iJ'U~'IL (m1LLrl~L (au, 'Uf'lViL~tJ G11'l~ti1'~~L~:w 
'IJ 'IJ 

't.I1L 't.l~'lrlvan 1iij(;l1 ~~rl~~f1l1G11'l~t11'1~L~:W't.I1L 'tJ 1 'VI'VI1LUti:W 1(;laan1iiji) ~'11 't.IL (a~1LLl;'l~L(mL 'Uf'lViL~tl LuJ:U~ 
'IJ 

L~:wa~.fl1f'l't.11L 't.l 1 't.l~mm-:J LWtl'l 1 phr ~'l,!'t.I~'IG11:W1~flG11'\J11'111~mv1-:Jvtl;{vhm~'VI(;lrJ'El'IG11:W1~flt111 tJ 

~~1'1 L U'tJIJ,e.i'tJtJ1'1U~'tJ n't.l~'t.l 1 't.l~a'IJ1~1't.IL (e:J)11J,"~L (a IJ, 'Uf'lViL~tl 1;{ 
'IJ 
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m'lLLc.l'U~~'U~eml1~c.J~\91'<il1f1~1'l5111J"IJ1~lJf1':iJ~Ln~l'Uqj'VI1~'U':iJ1f1f111Li'l1'U Llla'l':iJ1nih~a11bba~ 

L :ffmL 'Ufl'Vib~~Lfi~~'U'U'ULLeJ'Um'l~'lL:ffm 'VI~1dG111J11f!rla 1 ~Li)~ L 1fll'i1'l11~0~~1ij'l1~iiLL'U1fi~~':iJ~L~1JG111~ 
G111J11mJ'U 8'1 L :ffa11 bba~ L :ffa bb 'UflVi L~ ~a'l1 tJ1 'U~1'l5111J"IJ1~ bba~ L ~a\J1~ ~ f11i11 m 'Uf111c.J~ 1i1 LLeJ'U~1'lU~'U ' ~ 

~a'l~1L~ ~ f111aanG1m ~1'lU~'U 1 ID~Ii111J1J11i11\i1'U LL~'U~1'lU~'U li111J1J11i11\i1'U"lla'l~1'l LLc.l'UU~'U (1Jan. 
" 'U dA 'U ... \I 

23 77 -2559) L~~f111i~~':iJ~vl1f111~'U1Um'lU~'U 1 -1f~1'lLLvl'l~iitJ~mru~'lU'UL~a'U~a~a~ 5 LLa~LLfla L~~1J 
~ ~ 

fl1~um 'UiilL U'UG111~1L~1J'VI~'l':iJ1n,Y'UvJ1f111fl'l1\JL~m111l~5'U 1 'Um1i~~dv!1m1bb \J1\J~1J1ru 'U1L 'U~'lfia 
~ 

an 1'11~ LLm~ 'U1L 'U1 'Vl'Vl1Li1~1l1~aa n 1'11~ L ~atJ-ruth'lG11JU~f111~'U 8'1 L :ffa11LLa~L ~abb 'UflVi L~~"tla'l~1'l 
' 

5111J"111~L~~':iJ1f1f111'Vl~G1a'UG11JU~Lifi'lnaLLa~m1~1'Ubb'UflViL~E.Jbba~L~B11Yl'U';h m'l~~'U1UiiG11l'U1iLifi'lna 
~ 

~1'U1J11i11~1'ULL~'U~1'l~~'Uii111J~n1'VI'U~bba~ii\J1~i1'Vl5.n1Y~1 'Uf111 ~u8'lL ~a11 Aspergillus niger 1~dJ'U 
a~1'l~ LLa~G111J11fi~'U8'lL~BLL'UflViL~mLn11J'U1f1'l Stephylococcus aureus1~~n11LL'UflViL~mLm1Ja'U 

Escherichia coli ~1'VI-rua'U.f11fl'U1L 'U~'lG1a'!"IJti~,Y'UG111J11fi~'U8'lL ~a11LLa~L ~aLL 'UflViL~~ 1~bbm iL .W~'l 1 
' 

phr ':iJ1f1'l1'Ui~ ~15'lG11Ul1G111l11ml1G11i11E.J1'lffi~ tJ1. m 'Uf111c.J~Ii1 bb~'UE.l1'lU~'Ufl'U~'U 1 'U~a'ltl1~G111l11fl ' ~ ~ 

~'U8'lL~B11LLa~L~abb'UflViL~E.J 1~ 

0 0 ., 

fl1ft1flru ., 
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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. The researcher therefore 

has an idea to add substances that can inhibit fungi and bacteria into natural rubber, namely 

zinc oxide nanoparticles and titanium dioxide nanoparticles. The amount of nanoparticles was 

varied and added into rubber formulation. Natural rubber ( STRS L) 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 (TISI) (TIS 

2377-2559: rubber flooring). The results show that mechanical properties of rubber flow mat 

was following the standard. In addition The ability to anti fungi was also obtained 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. \J'VI\h 

tl1-:J5~~:U"ll1~ (Natural Rubber) LU'UV1-:J~U1:u1lil1f1~'U Hevea Brazilliensis ~.:Ji1~'UthLill'llil1mi:u • 
LL1Jtl1LLa:U~"'Ia'U 1 'U'Vl1tlm:u~m1~~-:J L~avl1m~n~l'l~'Um.:Jtl1V1-:Jlil~ 1 'VI~:U1~-:Jat~ 1 'U~tl~~~~a~~at~ tl1t~1-:J~I'l 

'IJ 'IJ 

Yin~l'l1~lil1f1~'Um.:Ji1"'m~•ru~~"ll11-rr'ULL~~nL'i!at~1-:JLL~.:J (dry rubber content) tl~~:w1ru~at~~~ 30 

LL"ll1'U~at~a~1'Utl1 t1'1't!1tl1m.:Jvi't~ffitle.i1'Um~'U1'Uf11~~'UL'VI~tl.:J (centrifugation) lil'Um~'*.:J1~tl1m.:Jvli1 
tl~:w1rutJ1-:JLL~.:JL~:U~'ULtJ'U~at~~~ 60 L~tlf1l1 tl1m.:J-rr'U (concentrated latex) L~8-:Jlil1nti1m.:JiTitl~~'U 
tl1~1~ Yla~ 1vjl~tJI'l ~.:JL tJ'U~1L'VI~vl11 ~LL 'U~ViL~tllil~Llil~qjL~'U l~8~1-:J~11'1L ~1 1~LtJ'Un1"11"llUI'l~1-:J '1 L"li'U n1"11 

~1{'UeJ'U 11'laan1"111'i' n1"11i1L 'Vl'U LL~~Lfll'lf11~'UI'ILU1LL~~;;1-:Jn~'UL 'VI~'U f11~L~:U~1~LL8:U llJL iit~~.:J 1 Ulil~"li1t~~m~n 
'IJ 

~.fl1~"1J8-:Jtl1tl1-:J-rr'U 1 ~Lfi'U 1-Jt~'U1'U tl1-:J5~~lJ"111~~1:U1~t:l1off.:J1'U 1~~-:JyjLtJ'Utl1tl1-:JLL~~tl1-:JLL~.:J ll'ltl~1:J.J1~t:l 
't111tle.~~~LtJ'Ue.~~~nru'fi L"li'U n.:Jljam.:J n.:Jt~1-:Ja'U1irt~ L~'U~1t~t~1-:J~~'~ ~n1{J.:J t~1-:Jamnt~'U~ LLe.i'Um.:Jtl~'U 

1 , \J '\.1 

~~t~~1'U~1L~t~.:J 'VI~a e.~~~nru'fivi1m'U.:J1'Uria~~~.:J'VI~a1mm~:u tl~~L'Vlfi11'VlmtJ'Utl~~L'Vlfll~e.~~~m.:J5'U~'U 
'IJ 

'VI~.:J"lleJ.:J l~ f1~-:Jd'VIU1 tl.:J1'U.fl1~~~ 1~~tJ'U~'U'U 1 ~lj f11~ 1 off tl1-:J5~~:U"1!1ru 'Uth~ L 'Vlfi1L ~:U:U1f1~'U ll'ltl 1 ~ljf11~L ~:U .. . 
m~e.~~~tl1-:Jyjlj~f1tl.fl1~ fr~'U1e.J~~nru'fit~1-:Jll'ltl The Rubber Economist ~11'lf11~ru11m~e.~~~tl1-:J 

D~~:U"ll1~"1Ja.:Jl~f1lil~L~lJ~'U1'UeJ~~~ 3.7 Ltla{L~'U~~atJ 1'U"!i1-:Jtl 2560-2562 1:1~~~'\J 13.9 a1'U~'U1'UtJ 2562 
'IJ 

tl~1t~tl 2562 'Vl1-:J~1'U The Economist Intelligence Unit ~11'lf11~ru11 m~e.~~~tl1-:Ju~~:w"ll1~'Ua.:JL~nlil~ 

cJ.:J~.:J'Ut~1t~~1 2 L tla1L~'Um 'Utl 2561-2562 i1-:JLLirlil~i1tl~1n!Jm~ru~1-u'Ut1J1 ~.:Jria 1 ~Lnl'le.l'U~neqn1 WJi1.n1~ 

Lab :St~~~l'UeJam5t~.:J 1~ LL~~.fl11~LL ~.:JLLa.:J 1 'U.fli1.fl1~~~~'UaL:U~f11 f11~ L offt~1-:J5~~:U"ll1~lil~L ~:U~'UL\l~tl 2.3 
'IJ 

Ltla{L~'U~1'UtJ 

Lfll~~~nli~L~n [1J .. 
2561-2562 &' ~ _f1tl "'.,..,I "''\ 

lil1f1f11~"118~t:ltl'U~:U1f1'U'U 'U ~~L'Vlfi1Lfl1~~@li~Lf11'l b 'VIlJLL~~f11~L~'U b~"UeJ.:J .. 

L~~eJ.:JlJ'U aa~t:l~mtl1tl'U~ amt:l~mtJ1'U LL~~amt:l~'U'l~.:ltl1-:J'U8f1LL~~tl1-:J 1 'U ~1:Ui1-:Jt~1-:J8~ 1 'VIci~t:ltl'U~ 
tl1-:J~I'l LL~~tl1-:J~I'l'Ua.:J L tJ'Ue.J~~nru'fivit offt~1-:Jo~~:U"ll1~~~'U1'UlJ1f11 'Ui:11'Ue.J~:Utl1-:J~I'l1 m 'U 

~~~1'VIm~:U~I'IL~'U L~8~1~1-:l'l i:11'Utl1-:J~I'l"U8-:Jfit -ff'*1 1 tJ1 'U,;1~tJ~~~1l'U 
- mljam.:J'Vl1-:Jm~LL ~'VI~ L tJ'Ue.~~~nru'fivin:u~ f111:1-:Jaama.:Jlil1f1t~1-:Jaa n.:Jljam.:Jvie.~~~ 1 'Utl~~ L 'Vlfll 

' 'IJ ' 

1'Vlt~ tl~~na'U~1t~ mlja~~1lil h~ LL~~n.:Jljae.J1~~'~ Ll'lt~nJ,t~1-:J-rr'ULtJ'U~1~~-:J~'U • • 
- ~a.:JLvhm=t~atlmrurh·n ~a.:JLVJ1t~1-:JLL~~~'U~a.:JLV11Yivl,lil1nt~1-:Ju~~lJ"ll1~ ~1:w~.:Jatlmrurh~''U1-:J 

' ' 
"llUI'l ljl:11'Ue.J~:UviL tJ'UtJ1-:J5~~:U"ll1~ LL~~e-1~~ 1 'UU~~L 'Vlfl11 'Vltl 

" 
- ~~t~~1'U~1L~m 1-&'.:J1'U1'Um~~~L~t~.:J'Ua.:J'VIt!n"ll'iil'l~1-:J'l e.~~~nru'fim.:Jnci:uiinm~'t!1Li1:w1nn11 

• 
m~".:Jaan 

- e.~~\91nrucfivl-v~.J, L tJ'U&-J~\91nrucfivi&-J~\91~1n.J,m~-ll'U 
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"iJTVf"Jf1tn'IU.G'l~t11L oU1~1f1~1'1th~ b 'VIfll 1 ~f'Yd1:Wi~ n1 'Uf11~tJ~~'I1'Ub 'V!iJa'U"lJel'l~~'l tn'IYI1~1G11:W1~tlt111 tJ1 -if 
e.J~~J~~am~G1a'U m~~n tJ~~'I1'U 1~ L\J'Ua~1'1L -dwi''U 1~muY~1~e.J~~J~Ji'ru'tl~e.J~~J~~1ntn'lvla'IJ1 L "!i'U 1:wL~G'l 
~1'1f11CJ:W'U~tl, ~IJ!1 bb"lJ'ULViCJ:w G11'V!-rtJ~f1'VI1'1f11~bb'VI'VItl LU'Utii'U • 

- CJ1'1~a'lrJaG1~YI1'U (Elastomeric Bearings for Bridges) 'V!~mL~'Utn'l~a'!rJa£'1~YI1'U 

- CJ1'1n'U"l:I'U'V!~an'Um~LL'VIn (Rubber of Rubber Bumper) 1-ifLU'ULrJ~a'lua'ln'Um~L5CJ'J'V!~am~ 

m~u. 'Yin "lJa'IL~a 'V!~mml1m oU1~a~LVic.JtJvh 1 -1f1~J~t~~tJe.J~~J~1~~'~CJ1'15~~:w"l:l1~u.G'l~CJ1'1~'1Lr1~1~~ • 
- LL~'Utn'ltJeJ1'1LntJJ1 (Rubber Water Confine) LU'Ue.J~~J~Ji'ru'tlm'1~£'11:W1~t11-ifCJ1'15~~:w"ll1~tJ~a'l 

~ ~ 

£'1~~ L~mntJnnJ1tJ'U~'J~'U~LntJJ1UJ1~ L"!i'U ~'UtJ'U'VI~1CJ ~'UG'lf1-r'l1-ifLntJnnJ1~1'V!-rtJLf1~~m 1-if'I1'U1'U , 
G1'U1:W nar;iviLLG'l~~aa{'VI1 m 'U'I1'U"11G'ltJ~~'V11'U tJat11u~J1LaCJ"lJa'l1 ~'1'11'U~\Jl£'11'V!m~:w~hil>'11:WTmnmntJJ1 
1~ 1~CJ~'J 1 tJ1~J~tl~tJ'vtl m 'Uf11~tJa~~nmntJJ1£'11:W1~t11 -ilL U'UCJ1'15~~:W"II1~ 'V!~aCJ1'1~'1brl~1~~ VI~ a YIG'l1£'1~f1 . , 
'V!~a~11 tJbrJ~atJCJ1'1 

- e.l1CJCJ1'1 (Rubber Dam) 'V!~m~a'Utn'li:b'U1'Vl~e.J~\Jl~1f1tn'I~'1Lr1~1~~ 

- LL~'Utn'ltJ«'U (Rubber Floor Mat) £11'U 1 'V!uJe.J~\Jl~1f1tl1'15~~:W"II1~ 1 -iftJ«'U'V!~a'VI1'1L~'UtJ'Ue:J1r11~ , "' , 
h'I'11'U ~1'11'f1'11'U £'1'U1:WU'U1m~~'li{'U~~1tJLLG'l~i{'U~G'l1~L~CJ'I L~aua'!n'Uf11~~'U LLG'l~G'l~L~CJ'I~Ln~~1f1f11~ 

L~'U'V!~am~m~u. 'VIn[2J 1 'Uu~~u'UrJ'U 1 'VImac.J~1~J~~1nm~Y~rr~\Jln'V!n~:wa'lfi'ltl"'~ 1 ,6oo rl'U ~'~L iJ'Ua1L'V!\Jl . , . 
f11~\Jl1c.JeJ'U~tJG'1tl'l 1 'U nci:w"lJa'lf11~tJ1~L~tJ 1~CJ hi~'l1~ (Unintentional) ~a'l~1f1f11~tJ1~L~tJ~1nau~iL 'V!\Jl • • • 
'Vl1'1tl'U'U 1~CJ 11'U 3lJf1YitJ1'Unci:w~a'la1CJ~iJmCJ 60 m1'U1tJ LLG'l~f'Yd1:WL~CJ'I~~L~:WG'1'1~'U\Jl1:Wa1CJLLG'l~ , \J , , , \J , 

l!ntJ~~atJm~~'U~:W U.G'l~rl~'I'V!~'I~'U~:w:w1nn11 1 rJ~'I ~aCJG'l~ 1 o "l!a'lm~~'U~:wvh 1 ~m~~na~ 1 Y~n~n~aCJ , 
"'~ 2s "lJa'lm~tJ1~L~tJm~~nl>'1~ 1 Y~m~CJ'JoOa'lntJm'HaCJ~1~J~ m~~'U~:wl!mn~~'U 1'U~a~m~CJ 1~muY~1~ 1 'U , , 
~a'IJ1u.G'l~u'U 1~~1m V!l1ld~'~1~ilu. 'U1fi~~~~e.J~111CJ1-ltJi{'U~a-lJ1 nu~'U~1V!-rtJ~a'lmCJ [3] 

, \1 \1 \1 q 

1~CJ~'J 1 tJ1a~~t11:W11 m 'U'I1'Ui{'U~a'IJ161'J'U 1 '\)jf11e.J~\Jl~1f1 m~L dm tJ'U~L:W'U~ LLG'l~~'Uela'U L U'Utii'U . ·~ , 
~'11£'1~ L 'V!ciTTI£'11:W1~t1\'111oHLO~B'U\Jl11CJ~1f1 f11~~'U~:W 1~ u~~U'UiJ f11~ 1-if1a ~~1f1Yia~ L:Wa~:W1e.J~ IJl L U'ULL~'UtJ 

"t , " \J 

i{'U61'J'Ul'V!~e.J~\Jl~1n PVC YIG'l1£'1~f1e.JG1:wntJtn'l ~a:w1~'1ilm~tJ~~~n~J~1-i!tn'!5~~:w"ll1~ (Natural Rubber) 

:w1e.J~IJ!L tl'UCJ1'1u.~'UtJi{'UG11'V!-rtJ 1 i'I1'U 1 'U~a'1J1 LL~a~1'11 ~n1111:wm'lu~~:w"~~1~ilia~ac.J 1 'U~1'Um~ 1 i'I1'U~ , 

tiia'!~:w~l>'1ntJm1:w~'U L ~a'l~1n m'lu~~:w"ll1~il~'Uu~ri"ii'1'U'J'U:w1n1 'U 1:w LG'lnG'l ~'~~'Uu~r11 1~am~Ln~tJ nmc.J1 
\J , \J d.J 

ntJaan~L~'UU.G'l~ 1a 1111l'U vh 1 ~Ln~~'U5~~il'VIrr'I'I1'U~1 ~'ILO~f11~"lJ1~"lJa'I1:WLG'lf1G'l1~~1CJ [4] Ltl'Ue.JG'll ~Ln~ 
' 

u~'V!11 'Um~ 1 i'I1'U"lJa'lm'lu~~:w"ll1~~tiia'l~:w~antJm1:w~'U m1:w~'U'I!tJ11L tJ'Uu~~CJ~1~~~na 1 ~Ln~L ~a 
~1U.G'l~ L ~au. tJrJVi L~CJ ~'I L ~aG11~~~YitJ 1~ LLn Staphylococcus spp. ~YitJ~'J 1 tJtJ'U~'J'V!'I!'I L ~ad ria hr1'VI1'1 

~1'V!'I!'I'V!~aa~1'1£'11~~~~vl11 ~Ln~a1'V!1~ L tluvht tJ1'1"11U~ L "!i'U Methicillin resistant Staphylococcus 

aureus (MRSA) LU'UL~a S.aureus ~~a~aCJ1 Methicillin LLG'l~iJ~1~J~a~tJ'Ui{'U~U.~'I1~'U1'Ufi'l 9 ~tJ~1~ , 
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L<ffaan"ll-QV~fia Escherichia coli dJ'ULL'UfiViL~tJ~mJ'bJ'j~'IJ'UVl1.:JL~'Um'V!1'j"IJa-:JlJ'U~cJ LL~~tJ~tJ'Uae:Jnl.l1nu 
'\J • 

e:JlilliJ1'j~ L tJ'U L offa~dJ'U~1 L V!\Jl'V!~-!I"Ile:J-!Ie:J1 n1'jVJe:J-!I~l-!l LL~~e:J1V!1'jL tJ'U'~~ an~-!! LL 'UfiVi L~tJt!'U~1lJ1'jm sU11 tJ ne:J . ' 

vn~la~1.:J'j~'IJu/a1 v1~ 1 'U~1.:JnttJ~~~lJ1'jmnV~m'j~V~L <ffmL ufiViL~tJ 1~ 1~un nt'j~V~ L offa~~b'Vlt!.:J m'j~V~ 

L offa~'j~'IJ'UVl1-!IL~'UV!1tJ 1liJ n1'j~ VI L offa~'YJ1.:j L~'U'U61~11~ n1'j~V!L offa~Vl1-!1 L~'Ue:J1V!1'j n1'j~ L off a 1 'U m~ LL~L~e:JVI 

L tlw•i''U [5] ~.:j 1 'jfiL mhdal'ULtl'Ua'Um1tJ~e:JlJ'4~cJ LL~~L<ffmmhd~1lJ1'jmlil'1qJL~u L\Jl1~u'U~ltJ1.:j~~'U 
~1~ tJ~.:ji1 LL 'UlRV~1 'U nJ'j~VisUmh nV~~.:jnci11 1V~tJn1'j~VI1am~n1'jLflVI LL~~ Llil'1qJL~'U 1\Jl"IJe:J.:jL offa'j1LL~~ L off a 

LL ufiViL~tJ ~.:ji~m'j 1 'Unt'j~Vint'jLflV~L offai1 2 LL uu fia m'jvh 1 ~tJ1.:j~1'UVl1'U~moffa'j1LL~~L <ffmLufiViL~tJ 1V~v 

m'jvi11 ~~l"IJe:J.:jtJ1.:j~1lJ11t:lvi1m1lJ~~mV~~lLe:J.:j 1~ V!~m~vn11 ~LtJaf1.~1V~'j 1 'Wun (Superhydrophobic) 

LL~U~ml1'U-ff'U\Jltl'UnJ'jl~l:l LL~~BfYYI~~lTI fia nJ<j·~h1~m~i161lJU~U'U~~L;m1LL~~L;tlLL'UfiViL~l:l hmm'j 
'\J 

L~lJ~1'j~~1lJ1'jf:ltgj1V!~e:J U'U ~.:j L offe:J'j1 LL~ ~ L off aLL 'U fiVi L~tJ~.:j 1 tJ1 'Utl1-!1 ~.:jl~nt'jd~1 tl~ am~'Ul'U nJ'jt.J ~ \Jl 

t.J~\Jl.fi'ru'flu~~Ltl'U~tJalJ-r'IJ~.:jt!'U~~tJ~.:JL~an1~m'jt'J'IJ~.:JL<ffa11LL~~L<ffmLufiViL~tJ1'Um'j1~tJfi~.:Jd 1V~tJnJ'j 
'\J 

U1 ~~ 'j t'Ju ~·Hoff e:JL off a 'j1 LL~ ~ L off aLL 'U fiVi L ~ tJ 1~ LL n 'U 1L 'U 1 Vl Vl1 L U tJ lJ 1V~ e:J an 1'11 ~ (Titanium dioxide 

nanoparticle) LL~~'U11 'U~-!!Fle:Je:Jn 1'11~ (Zinc Oxide nanoparticle) L~lJ1 'UtJ1-!151'jlJ"1J1~ (STR5L) lil1n 

'j1tJ-!11'U'Ue:Jnlil1nlil~ 1 otl-!11'U~.:Jnci1llJ1LLal~1'j~.:J~e:J.:J L~avi1 1 ~ih.J'U1VIe:J'4Jl1fl L~n~.:Jlil'UL tl'U Nano particle 

lil~~1lJ1'jflir'U~.:JL<ffm1LL~~L <ffmL 'UfiViL~tJ 1~~ ~.:Jt!'U 1 'U-!11'Ul~tJd~.:J 1 i 'U11 'U 1 VlVl1LUtJlJ 1V~aan 1'11~ (Titanium 

dioxide nanoparticle) LL~~'U11'U~.:Jfi'aan 1'11~ (Zinc Oxide 1V~m<ffa'j1LL~~L<ffauufiViL~tJ~'l11m1iVlV~61e:J'U 
fia Aspergillus niger, E. coli, 5. Aureus. LV!tJL~e:Jvi1nt'je:Je:Jn~\Jl1tJ1-!IL~LV!lJ1~G11V!-rum'jvi1LL~'UtJ1-!I 

fle:JlJ 1 ~i1Vlfl'U~'UG11V!-r'Uej'~.:Je:J1tJ~~~lJ11t:1~1'U'j1LL~~LL 'UfiVi L~tl [ 6) 
'\J'\J ' 
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2.1 1~fl'lh::~.:a~'tla.:a 1fl-a·:m1-a1:5'v • 
2.1.1 b ~el'vl1f11'HJe:Jf161~~V1\11 ~b 'VIlJ1~~1'VI~'U f11~vl1 bb~·Jot.!Vl\lfle:JlJ 1 'VI~Yin\.t~'U~1'VI~'U~61\Ie:J1V~611lJ1~fi~1'U 

" \.1 \f 1 ...... 
~1bbf!~bb'Uf1Yib ~v 

2.1.2 b ~e:Jvl1f11~~'U1'U bb~'UVl\lfle:JlJ 1 'VI~Yitl'U~'U~1'VI~'U~61\Ie:J1V~611lJ1~fi~1'U~1bbfl~ bb 'Ufl-vib~V 
\f \.1,. , 

2.2 'tleJ'lJL'tlfl'tleJ.:a 1fl-a.:am-a1:5'v 
2.2.1 ~f1~1 f111b~~VlJ bb~'UV1..:Jfle:JlJ 1 'VI~~tl'U~'U~1'VI~'U~61..:Je:J1V~611lJ11fi~1'U11 bLft~ bL 'UfloVib~V 

"'IJ • 

2.2.3 ~f1~1~fl"tle:J..:J silver bbfl~ copper 'U11'U ~vl1..:J1'U~1lJtl'U~~..:J~fl~e:Jf11~~1'Ubb'Ufl-vib~V 

2.2.4 aanbbuu~~~.nru'tlu"~v11m1~'U1'llu~'Um..:~flalJ1'VI~~n'U~'U~1'VI~u~a\lmv~a1lJ11fi~1'U11bbft~ 
\J "" • .. .. 

bb'UfiYib ~v 

2.3 'VI'l'\1~ ~3J~~_!1'U (ti'1ii) Ufl::n'leJ'lJU'U1fi113JAfl'tleJ.:a 1fl-a.:am-a1:5'v 
fle:JlJ 1 'VI~~ b tJ'U1aV~~'ll1~nau~1EJ"tle:J\I~alJ'VI~ab U'Uf11~11lJtl'U"tle:J..:J6111lJ1nn'h 2 'll~~b.nYJ~iia..:~ri" 

' 
YJ1..:JLflii~u~n~1\ln'U'll1~nauL-ih~1EJn'U1aV~m~~~iiflrualJ'lJ~~btJ'U~bfil~ 'VI~a~n~ru~~~1~ruu1..:~a~1..:~ 

' ' "' 
bb~f1~1..:Jn'Uaan 1 'l1~1m~h.1 1V~V~11 'llfle:JlJ 1 'VI~~~~iii'aV~~b U'Ub -d'a'VI~ n (Matrix) ;\l~~a~~V~n'U~e:JlJ1e:J'Uan 

' " 
1aV~'VI~..:Jbe:J1 H bbfi~161V~b61~lJbL 1..:1 (Reinforcement materials) ~m~~1EJI'l1m.i1'Ub-d'a'VI~mT'U (Dispersed) . . " 
1aV~~b U'Ub -d'a'VI~n ~~~a..:~~u1aV~ b61~lJbb 1..:~1 ~aEJ1 'U1'll~1..:~~n1'VI'UV~ "tlru~~1aV~b61~lJbb ~..:~~~·1hm ~lJ'VI~a 

• , 'U '\1 , 

'll~u'll1..:~alJ'lJ~b~..:~n""tla..:~1aV~bda'VI~n1~a..:~~'U ;..:~1aV~ba~lJu1..:~m~ii~n~ru~btJ'Ub~'U1EJ na'Ua'U.n1fl 'VI~a , . " , , 
bf1~VI bbYI1f1e:JEJL'U161V~bda'VI~n (Base materials) e:J~1..:J1fi'VI~ b'1!11iin~ 'VI~e:J'VIe:J~blJeJ{ ~fl"tleJ..:Jf11111UfaV~ 

" ' . 
~1..:~n'U 2 'll1~b.f1Yib "111~1EJn'Uv111 ~flalJ 1 'VI~~iifl11lJbb ~..:~u 1..:1 1V~EJ11lJlJ1nn11 b~m -viEJ'Utl'Ufl11lJLL ~..:Jbb ~\l"tla\1 

l61VIbL~fl~'ll1~ b.f1YI1V~VG'l1~..:J • 
1a~b~..:J'll1~nau 'll1~nau~1EJ~1'U~1~qJ 2 ~1'1..1 1~bbn blJYI~n~ bLfl~ 6111b61~lJbL 1..:1 ~..:~J'Uti'Til1bb'Un 

i'aV~flalJ 1 'VI~~~1lJ"tJUV~"tla..:~1aV~~L U'ULlJYJ~n~~~a1lJ11fl'ii1LL 'Unaam tJ'U 3 th~L.nYJL~LLn 'VIe:J~blJa{flalJ 1 'VI 
' ' 

~~ (Polymer matrix composite, PMC) L'1!~1iinflalJ1'VI~~ (Ceramic matrix composite, CMC) 1fi'VI~ 

fleJlJL'VI~~ (Metal matrix composite, MMC) 

ti~~L.f1YI"tleJ..:J-J61V~fleJlJ 1 'VI~~ • 
'VIe:J~blJeJ{flalJ1'VI~~ (Polymer matrix composites ,PMCs) 1'11e:J~1..:J~~~.Orusn~'VI'UL~'U1~~1V"tleJ\I 

fle:JlJ 1 'VI~~n~lJd~a ~~~.Oru'tl~'Y11~1n 1 vhua{nma~1..:J '1 'VIeJ~LlJe:J{flalJ 1 'VI~~ii'VIa~blJa{;\lm~~~b U'U 

'VIfl1a~n 'VI~aEJ1..:JbU'Ub-d'a'VI~n LLfl~1i1'ai'JL61~lJbb1\11~'VImEJ"tJuV~ L"li'U L~'U1mLn1 b~'U1EJfl11ua'U L~'Ufi1V~ 
1fi'VI~ btJ'U~'U 
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L'1111iJf1fl€l:U 1 YI~IPl (Ceramic matrix composites ,CMCs) L 11-r~mL(;l~~'IJLfl~nufiB:U 1 YI~IPln~:ud~ 
~ . . 

fil€1 fl€l'Ut1~1PlLL(;l~fl€l'Ut1~1PlL~~:UL'VI~t1 ('IJ'IJ t111~ 'V111~ L'VI~t1L~'IJ) Ltl'IJ~1LL'Vl'IJ~YI'ULi1'W1~Yi'11'1J "llt1.1~~l~~ 
~ . 

L'1111iJnfla:u 1 YI~IP11~'VI,j'1 (advanced composite) iiL dB'VIamtl'WL'1111iJn LL(;l~1 -&'i'~~L~~:ULL 1-u U'IJL~'W1~ . , 

fiB:U 1 YI~IPln~:udl1ml1:u11 -&'-:~1'1J 1 'IJ~.t111~LL1~~a:u~i1Bru'VI.niJ~-:~ L "li'W n-:~~'W1 'U~~"llB-:JLfi~B-:J~'WIPl1avl'IJ L tl'W 
1 , 'U " 

1(;l'VI~fl€l:U 1 YI~IPl (Metal matrix composites, MMCs) fiB:U 1 YI~IPln~:udYI'U:U1t1 1 'IJ~~IPli1ru'tln~:u • • 
BIP1~1'VIm1:um'IJ~'IJI91 ;-:~fla:u 1 YI~IPln~:udffi(;l'VI~L tl'IJL dB'VIan L "!i'IJ B~(;liku~:u L tl'IJ~'W ~1'VI-ru-r~~L~~:uLL 1-:1 

, , '\1 .. 

"ll€1-:Jfla:u 1 YI~IPln~:udL U'Wl~~L'1111iJn~ L "!i'IJ n~:Ufi1TI u~ n~:u 1 'IJ 1m~ Ltl'W~'W i'~~fiB:U 1 YI~IP1~1:U11(1"111LL 'Wt1 , , , , , 

~a~~ahJ1~an~PJ1:uan'l'Jru~"llm~11L~~:uLL1-:J 1~LLn B'W.t11fl (Particle) L~'W1~ (Fiber) LL(;l~l~Lnai (Whisker) • 
[7] 

1~ ~511:U"Il1~ Yl€1~ L:uaiL U'IJ~11tl1~t1€l'U~'IJ'Vl~~"ll'IJ1~ 1 'VIqj~ffifi1-:J~-r1-:~L U'IJ'VItb~~1 L ~B:U~ Btl'IJL U'IJ 

~1~ ~1Tvh 1 'IXYIB~L:uBii1fl11:u LL ~-:~LL 1-:1 1ll~-:~'l!n i1m1:u'VI'W1LL 'll'W~1LL(;l~i1m1:u'Vl'IJ'V11'W~am1n~n~a'W m1 
~ 

L~~:uLL 1-:11 'IXYI€1~ L:uBir111m~~m1L~:uL~'IJ 1~ L~~:uLL 1-:1(;1-:J t 'IJYia~ L:uBi 1 '!Xdi~L u'W-r~~ L :a-:~·t.h~n€lu~i1fi11:U • 

~:Utii L :a-:~ f1(;lii~~ L tl'IJ~:Utii~1:U~ Ltl~~1 t1~:Utii"ll€l-:IL:U'Vl~t1'11YI€la L:UBi Lb(;l~~:U~"lla-:JL~'IJ L~ b~~:ULL 1-:1 

th~ t1€l'U tl'Wr-1'11 '\Xi'~~ L :a-:~'IJ 1~ t1€l'Ui1 fi11:U LL ~-:ILL 1-:1 L ~:U~'IJ:U1t1 n·;hi'~~YI€1~ b:UBi L ~€l-:1~1t1L~'IJ 1~ L~~:U LL 1-:Jr-1'1 . , 

'VI,j'1~-r'U LL 1-:Jm~r-11 LL~~1'VI-r'U1~~~~~~-:J~~J'IJ l~~ b:a-:!'th~na'U~~ijfi11:U~1:U11(11 'Ut111~~~-:J~~ 1~lJbtl'IJ 
'\1 , , " , 

1~ ~ ~ ~ ~ ~ -:!~ ~"ll €1-:1 L~'IJ 1~ L~~:U LL 1-:1 ~ 1'VI-r'U L:U'Vl ~ n'I!YI a~ L:U€1{ fl11i1 fi11:U b 'VI;j ~1'Vl'IJ'V11'1J:U1 t1YI €1~ ~~'\A €1'\X:U L~'IJ 
~ . . 

1m~~:ULL 1-:1 1-J ~11L~1:ULL 1-:11 'IJ1'1J€l'IJ.t11fli1~1'1Jb~~:Ufi11:ULL ~-:ILL 1-:1 1mlJ~b 'Vhtl'U1'tJb~'IJ 1m ~€l-:1~1t1fi11:U 1lJ 
~ , ~ 

~m ~€1-:J"lla-:!~11b~~:Ubb 1-:1 ~-:J~(;l~€lt111t11~~1~ bb 1-:1~-:!U~:U b~~ t1~11b~~:ULL 1-:11 'IJ1'1J€l'IJ.t11fll1~11~1 L~lJ 
~ . 

(Filler) 1~~ b :a-:~'th~t1€l'U~~i1fi11:U bb ~-:Jbb 1-:J:U1t1~'1Ja ~1-:J:U1t1 Li1B b 'IJ~~'U b Vi~u tl'Ufl11lJ'VI'IJ1 bb U'IJ~ b ~:U~'IJL Vi~-:~ • 
L~n,Ja~ r-111 '1Xfi11:ULb ~-:ILL 1-:!"'11LYI1~ (Specific strength) ;-:Jb tl'UeJIP111~1'1J1~'VIl1-:Jfi11:Ubb~-:!Lb 1-:J~Bfi11:U 

'VI'W1 LL U'W"llB-:11~~ L ~:u~-:~~'IJ ~-:~r-111 'IX~1:U11ml1i'~~L :a-:~'th~nBU1111 -&'~1'V!-ru-:~1'W 1fl1-:~~-r1-:~u1-:~"l!u~~~B-:J-ru , ~ , 

LL 1-:~m~r11~1l.l~-:~:u1m!n 1~ L "li'W L V'lBiuL~a1~1-:J 1 ~1V1-r'U L:U'Vl~n'IIYIB~ L:ua1~1:U11mL u-:~~a~BBm U'IJL:U'Vl 

~n'llb'VlBil:ub'IIIPl~-:1 (Thermosetting matrix) Ll.(;l~b:U'Vl~niL'VlBillJYI(;l1~~n (Thermoplastic matrix) ~ij 

fi11:U LLIPl n ~1-:~ n'W 1 'WYI')~ m1:u L :a-:~fl111l~B'W"llB-:JYI a~ L:U Bil~ ~ b 'VlBil:u L'IIIPl ~-:~ b U'IJYIB~ L:uai~ffifi1-:J~~1-:J bb uu 

~1-:Jbb 'VIbb(;l~i1~:uu~ u. ~-:~ b 'th1~ L~mn~'IJnn~~1m1b ~a:u 1~-:~ 111L(;l f1(;l'VI~Bm1u:ubL~1~~bn~m1fi-:~1'1JbL(;l~ 1ll d.J , ~ 

~1:u11m 'IJ~ ~'WLL '\J(;l-:~~'IJ~1-:~ 1~an ~1'WL 'Vlail:uYI(;l1~~m tl'WYia~ L:uB1~i11m-:~~~1-:~ LL uu L~'W'VI~B LL uu ~-:~ 
~1:U11(l'VI(;l€l:U L 'VI(;l11~ L~B1~-ru fl111l~B'Wb wuaBru'VI.niJ'V!(;l a:ub 'VI(;l1 i1~:utii L 'VIi1~1bb(;l~'Vl'W'V11'1J ~€1~-:Jbb 1~~B:u . ~ 

Q Q ~~~ q I 3 QJ .o::::!t. OCV Q~ II 

YIC)IPl m1:u b "1!-:J fi11:U1a'IJ'IJ ~ ~:U~(;IIPl a m~U1'W t111"ll'W 1'1J1 ~ ~ b "1!-:J'\.J 1~ n au ~1'VI1'U b:U'V11 n'll b 'Vlail:u L 'IIIPl ~-:~m1<ti'U 
~ . 
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1u1a~b:a-:j\J)~nvu~~LiJ'Um1e.JalJa11b£'1~lJbb1-:j1l1L"Ii'1nulJv'UvblJvfl'ULLlJYilJ.Wnv'U~~~vh1l1Ln~ufin~~1 
" • 'd.J 

Lfli1L ~ellJ 1~-:j b iJ'U 1fl)-:j£'1~1-:j bb U\.1~1-:jbb V!bL~~V!"'-:j~1f1~U nn~m~'U£'1 ~-ra~ L :a-:j\J)~f1elU~ ~ Lfl~ f11)fl-:j)\J~-:j~~ 1lJ 
~ , , 'U 

£'11lJ11fJ b u~ ~'U bL \J~-:j)U~1-:j 1Jlan1 'U"lJUJ~~f111~'U 1U1a~ b :a-:j\J)~ f1elU~ LlJ'Vl~f1~L iJ'UL 'VlvfllJ~~1£1~ mY'U ~~ 
" " , 

1 "li'vtc;r nm11l1'm1l-l~v'UL wuvvruvtflilvt~vlJ L vt~1 LL~~~'U1\Jnv'U~~~.Yh 1l1 Lv'UI'i''J~-:j L yjmfi~ m1fl-:j)\J 1~~~1 
, ~ 'U 'U 

V!"'-:j~1f1fl-:j1U LLiK11Jl-rufl11lJ~el'UBf1fl~-:j~'J'U~ L iJ'ULlJ'Vl~f1~rl~~£'11lJ11fJV!~ellJ b V!~11Jlan f111~~~ Lilvn1 "li'LlJ'Vl 
" 

~n.ij"llij~ 1~,!'U~'Uv~nual.loo 'Uf111U1~~ntn1 "li'-:j1'UL U'U~1~qJ [8] 

f1~ 1nf111tgh L ~el LL UflVi L~V bb~~ bacteriostatic 1~ ~~-:j L 'IJ'U1 U~ f111£'1~1-:j\Jl]f1~~1elelf1~JL~'U 
(Reactive oxygen species :ROS) 11lJfi-:j1~1~1L~'ULUvivvn1'1l~ (H202), OH- (V'I~lJ~1~~1vf1~~) LL~~ 02-

2 ( %JL \Jvivvn1'1l~) ROS L iJ'UU~~~~1~qj~1vt-ru n~ 1nvt~1~U1~f11111lJfi-:jm1ma~vt1~"lJeJ-:je.JtJ-:j L'll~~ 

L<\leJ-:j';J1mJl]n~U11~Wh~ ZnO f111fh~'~\ll]~lJVl'U~, f111'filJ~1'U"llB~L~tl~lJL'Il~~.yiL~lJ~'U, f111Yh1~Ln~ 
UqJvt1.fl1~ 1 'UL'Il~~"lJeJ-:j NPs L -cteN~1nm1~qJLamL 1-:j~-:j~~"llm 1 u1tnv'U ~-:jLvt~1dt111 u~m1lJeJv'ULLv"lJtl-:j 1l-l 

1 'Vlflel'UL~~~ f1111 V!~.fl1~1 'UL'Il~~ LL~~f111U~~U~el~"lJeJ-:jL'IJ~~ f111elelf1~L~oU'U~-:jVh1 ~Lfl~f111~U8-:jf111 

L~U 1tn"lJeJ-:jb'IJ~~ LL~~f1111'11~"lJeJ-:jL '11~~1 'U~£'1~[9] 
' 

(b ) 

Solubtllt) nfZn::- mto tbc mcdtum 
l"Onl!Ut'h the tx.!tL"fl3 

~u~ 2.1 fl11lJ~lJ~'U~1~vt11-:j (a) B'V15~~"lJeJ-:j~111ilLtweJi ZnO-NP ~,r1L iJ'UI'lvm1tnvU£'1'UeJ-:j~1'UL~v 
" 
LLUflViL~mL~~ (b) n~1n~biJ'U1\J1Jl~LLtnf11'11-:jtl'U"lJeJ-:jfl~f111lJ~1'UL~aLLUflViL~~ ZnO-NPs 1JlLLrl : f111rlel 

ROS, Zn2
+ f111U~~U~v~'Vi'1h1LiJ'U ZnO-NPs L"li'11UL'ULLUflViL~~bb~~f111Ln~1'VlvhG1iltn 

~1vt-ru TiOrNPs ~~Ln~n~1f1f111~1'UL~aLLUUL~~1tl'UtlUf1~1f1"lleJ-:j ZnO-NPs LL~~~~Ln~1Jl~L~el 
i1f11101VLLG1-:jeJ~\'111111m~tn L~lJ LL 1f1~-:jLG1~lJf111Lfl~elelf1~L~oU'U"lJeJ-:jeJ-:jrlU1~f1elU [ 1 0] e.J~ f11~'VlU"lJeJ-:jf111~1 

L~elbb UflViL~~"llel~ Ti02 1~ ~vf11 ULn~~1f1f111G1~1VI'i'1"lJeJ-:jL~el~lJ.ff'U'Uelf1"lJeJ-:jLL UflViL~~ 1~~el'UoW'Ul5"lJeJ-:j 
' . 

u!Jn~~1velf1~L~'U (ROS) ~-:j~'J'U1vtqjLU'Uel'4lJ~1~~1elf1~~ (OH) ~-:jt111U~f111Ln~ phospholipid 

peroxidation [11] fl11lJ n11vt'I!1'VJ1-:j1'VJ ~ 1 f'l1G1 tn-1' LL~ ~ L 'Vlfl1 'U 1~ ~'VJ1-:j f111 LL ~'VI ~1 'UU~ ~U'Uvl11 ~ 
• 

tJ f11'Vl ~11"11?!tnivvf1 LL UU£'111~1'ULL UflVi L~V~-:j Lfl11~vt1 'U~eJ-:j\Jl]u~ f111L yjel 1 "li'~-:j.f11~ 1 'ULL~~.fi1~'Uel f1'VJ1-:j 

f111 bb ~'VI~ ~-:jd"li1 ~ L ~lJfl11lJG11lJ11fJV!~ 1~ 1U LL UU~-:j LLI'ifl11lJ L~u{h~ L ~11~ f111~ ~ L ~el 1 U~'U fi-:j f111 
" 

L ~~qJL~u 1tn"lJeJ-:j¥i"lle.J~ LL~~~'U~h"llv~e.J~tnnrusri rn11-ti£111~1'ULL uflViL~u \JlL ~lJatn11rn1vthv~"lleJ-:j~~i1;a1tn 
" 
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~~n1':i(;1f11 L~~ 1 tJn1':iLYn~tJ~ mL~~ V'U o~nT:iL~'U bl'l"l.Je:J~ LL 'UflViL~ ~'U'-I~'-1~1"l.Je:J~t:-J~ l'l.firu'f1 L ~e:Jfl11lJG1~ en~~~ 
~·~ ~ 

~'-~ 611\-1~uv~,t~~1L\l'Vl1~"l.le:J~t:-J~I'!.firu'f1·nllil~m':i1-ff~1t~~~e:J~m':i ~1vci1~L"Iit~ 'll~ve:~nri1~~m~e:JTil~e:J~m1 , 

m1'11mnt~~ll1n~t~611\-1~'Um':i~1t~LL uflViL~~ 1t~L \-1~v~'Vi1t ~Lfi~fl':i1'U LL~~n~t~ 1t~"l.lru~~~t:-JG1lJ611\-1~u~e:~~J~ 

\-1~e:J~eNfl~1e:JT'il~e:J~n1':iLU'-In11'11v~tl'-IL~e:J':i1L'Vl':i1djm1lJ~'-ILfi~~'-161~1LG1lle:J~1~ 
1t~tJ 2015 Hanafi Ismail LL~~fltu~ [12] 1~~m.·.nt:-J~n11~1'-IL~e:JLL'UflViL~~"l.Je:J~e:JW11fl'-11bU 

' 
Ag - doped Ti02 1t~Lvlll~1~5':i':ill'll1~ .m~L~G1i11YlLLG1~~lle:J~L~t~1~ fl1':i~~Lfl':i1~~1&1~t~1b'-1~1t~~~"iiYlLUt~ 

~1t~1-.ij~~U1&1t~ 1-'il~~~mn 1~~t1n1-.ij~~~t~1t~ll1nll1t~1t~\-1~1 ~~utJ 1 &1~t~11t~~Yl'UlJ1n~G1~~~ 1 ~n'Vl~~1t~"il~ , , '"'I , 

"ii'Vl1~LLn e:Jt~I11flt~11t~~m1e:~i LL~~e:Jt~~wt t~11t~1'Vl'Vl1LU~ll1~e:~e:~n1az~~ LL~~ t~11t~~~l'le:~e:~n1az~~ m1~mnd , ' 

v ' 

Ti02 Ti- doped A'?,- doped NRLF \) n t:-J ~ \1\ :U 'U \1\ 1 l.l 1 t1 n 1 ':i W ~ \1\ Vi i -.ij n n 'U ~ ~ ~ ~ n l1 

"Dunlop" ~~ L Ut~L 'VI f!Ufl~ijtJ':i~~'Vl5i11YllJ1n~~~ 1t~ n11vi1 NRLF "l.l e:J~ n11tJijir~~~~t~lJ1 e:l'4i11fl 

'-11bt! Ti-2 "l.le:J~ Ag-doped (Ag-Ti02 NPs) ~':i1lle:J~Lt~1vlll~1~5':i':ill'll1~ (NRLF) LLG1~~h1L~t~11ijq'Vlilt~m':i 

~1'-l~~"ii'Vl~~~'-li11~ L~LLG1~~lle:J~L~'-I ~1u1-.ij~ffi~vhm':i~n~nn1':i~~Lfl':i1~~ Ag-Ti02 NPs LL~~fl1':i':i1lJ~1 
LU'-1 NRLF Ag-Ti02 1'61~ NRLF ~tJ~utJ~~LL~11~~'Un1':i'Vl~G1e:J'Ub~~n111Lfl':i1~~ SEM-EDX, n111Lfl':i1~~ 

XRD LL~~ fl1':i'Vl~G1e:J'Ufl11lJ 11~e:JLL 'Uf!ViL~~ N RLF ~~1'-lfl1':i~~ LL tJ~~Yl'U11ijq'Vl~~1'-l~~-a'Vl1t~m':i~e:J~1'-IL ~e:J 

Staphylococcus epidermidis LL~~ Staphylococcus aureus L~e:JLL'UflViL~mLn':ilJ'U1nLL~~ Escherichia 

coli (611~~'-1~ HB101, DH5d) L~e:JLL'UflViL~mLn':ilJ~'U L'-1~1t~1-.ij~"Ue:J~L':i1fle:J'-I\-1U1.Q'L':i1Yl'Ul1n1':i':i1lJ~1tlU 
' 

"l.le:J~e:l'4I11fl'-11b'-IL~'-I'U~~'Vl~G11lJ1':i0~1'-IL~e:JLL 'UflViL~~ LL~~ L~e:J':i1L ~LLn NRLF [13 -14] L~m ~1 1 .Q'L 11 

':i1~~1t~11n1':i':i1ll~1tl'-I"Ue:J~ ZnO '-11b'-1611ll1':im&1~ll'l'Vl~~1'-IL ~e:JLL 'UflViL~~"l.Je:J~ 1 vlll~1~Yl1':i15':i':ilJ'll1~1~ 
m.h~lJ1n 

L'Utl 2013 Warinthorn Chavasiri ~~~~flru~[151 \~~n~nm':itJ1\JtJ':i~f!ru&1l.l~m':it1v~nt~~~~~1 ' . ~ 

LL~~~1UL ~e:J LL 'UflViL~~"Ue:J~m~u':i':ilJ'll1~lrutile(R)-Ti02 '-11L Ufle:JlJ'Vle:J~I'IL'-I~ffi~ijm':i61111"il fn':iLI'l~~lJ LL~~ 
~m~1~UJG1ll'U1i"Uv~m~5':i':ilJ'll1~/fle:JlJ'Vle:J~\Jl'-11b Ufle:JlJ'Vle:J~I'l (NR I n-Ti02 (R)) L Un1':i~m~ndm':iLI'l~~lJ 
e:J '4 i11 fl '-1 1L '-1 1 'VI 'Vl1 L U ~ lJ 1 ~ e:J e:J n 1 '11 ~1 ~ e:J e:J n 1 '11 ~ ( n-Ti02 ( R)) 1 ~ ~ 'U n 1 ':i -.ij ~vi 1 ~ '-1 L U '-1 fl ~ ~ LL 1 n b ~ ~ 

ultrasonication LLa1'1111tJ1-ffnu~1~5':i':ill'll1~ (NR) m':i~n~1B'Vl5Yl~"l.le:J~ n-Ti02 (R) ~ij~e:JtJ':i~~'Vl5I11Yl 

L ;a~ n~ n11'11e:1~ tl'-1~ ~~ ~1 LL~ ~ ~ UJG1lJU~ ~ 1'-1 L ~e:J LL 'UflVi L~~~ij~ e:J Escherichia coli (E. coli) LL~ ~ 
Staphylococcus aureus (S. aureus) 1~nn~n~1L~e:Jli'!OtJ':i~G1~flbt~fl1':iLtJ~~'ULVi~'Ufle:JlJb'Vl~l'l NR LL~~ 

~ ' 
NR I micro-Ti02 (R) nnn-.ij'~LI'l~~lJLL~~tJ':i~LiJt~t:-J~L "lit~nt~ "il1nfl1':i~n~1Yl'Ul1l61~L ;a~tJ':i~ne:J'U'-11btlfle:JlJ 

~ . 
Yle:J~\Jl"Ue:J~~1~5':i':ill'll1~lrutile-Ti02 (NR I n-Ti02 (R)) ~ijtJ~ll1tu"Ue:J~ n-Ti02 (R) LL\Jln~1~tl'-1 n-Ti02 (R) 

~ij"UU1~e:J'4I11f!L\l~~~ 73 nm 1~~'Un1':iL\Jl~~ll"il1n micro-Ti02 (R) NR ~nt:-J61llL"Ii'1n'U n-Ti02 (R) LL61~~1~ 
L ~t~5~tJ':i~~'Vl5i11Yl~m '-lfltu61lJU~ L ;a~ n~ L "lit~L~ ~1 tl'Un11'11 e:J~tl'-1~~~~1 LL~~flUJ61lJU~~ 1'-IL ~e:J LL 'UflViL~~ . ~ . 
tJ':i~~'Vl5i11'VlL ;a~n~"Ue:J~fle:Jll 1 Yl~l'l NR!n-Ti02 (R) 1~~'Um':itJ~utJ~~~1~n1':iL ~lltJ~mru n-Ti02 (R) 1 ~ 

~~~t~il~tJ~lJ1tu~L\-1ll1~&1lJ~ 5 phr (~~~1t~9le:~~e:~m11t~"l.le:J~~1~) "il1mTt~~~~~ ue:~n"il1ndflvllb'Vl~l'l NR!n-
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1 ~ bbti'U fl1'l~~i'U 1'11'1-I..J au~~ 1 f1G'1 btl nl'l-r11 ATR-FTI R, fl11 bbl'l f1~11"lla'l~'U~1 bb~ ~ 1'1 tllG'111~ L ~.:! f1~'V!rr'l~ 1 f1 
v ' 

f111\l1tl-r'l~~1 fl11tl11f1!J~1"lla'l n-Ti02 (R) LLG'1~'1fi'lfl1'ltl-rutJ~'Ia~1-:Ji1irm11~fY~1tlf11'l\l1tl-r'l~ UV L~a 

LYltJ'Un'U NR vl1lJ1~'U11~ n-Ti02 (R) vl~1~qjf111~'UI'la11L'Vl~l'l NR!n-Ti02 (R) LLG'1~'11~Li1'Ufi'l~tllG'111tJ~ 

~1'\JL~e:JLL'UI'lVlL~r.Jvli1tl1~~VJ5.fl1Ylnu Escherichia coli (E. coli) LL~~ Staphylococcus aureus (S. 

aureus) ;'1Ltl'U~tllG'111~~1'UL~mL'UI'1Vlb~r.JvlLL~.:JLLf1~'1"lla'l nanocomposites vlLI'l~tl11H tl~111ru 1 phr 

"lla'l n-Ti02 (R) 1'UI'la11L'Vl~l'l NR!n-Ti02 (R) vlLI'l~tl11HG11111'ltt1etlLtl'U-l'G1~~1'UL~aLLUI'1YlL~tJ1~ 
1'UtJ 2014 H. Ismail LL~~!'lru~ [16] 1~Pim~nfl1'lLG'1~11(]V1~~1'UL~e:JLL'UI'1VlL~tJ"lla'ILYI11tl1'1l11'l11"1!1~ 

1~ tlf111e.JG'111n'Un'Ua'U.fl11'1'U1L 'U~'Iflaan111l~ L~'V!~ LL~~aan111l~"lla'l L~'V!~ L tl'UG'11'l~1'U~~aa'Vlvi~~ nn'U~111 L tl'U 
' ' v 

L 1"'1'U1'U 'V!~ '11 'UU11vn 1~'Vl~~1'U-;u"'"iiYiLL"'~v'U.f\1flvvf1 1'llv)"!lv'I1"''Vl~'Vl"'1tJ"Il'\lV\'l111fi'l Silver, ~old, • • 
aluminium, Ti02, MgO LL~~ CuO 1~'V!~aan111l~~1'U~~"ii'Vlvli'~nn'U~LL~~1~~L~'U111m~a'l~1n~ruG'1:u~vi 
'I.JTvl'l"lla.:!Yl1f1lJ'U LLlJ11n~ 1n~1'UL ~aLL 'UI'lYlL~tJ"lJa'I'U1L 'U ZnO ~'la~'l~'V!11'1fl111'111~G'1a'ULL~1G'1~'U1L 'U v • 

ZnO 1~ LLG'1~'1 n~ f11111~1'U~~"!i'Vlvl~1 'U f1111 otl-:11'\JLL~ ~ 1 'Ue.J~I'lflru.f!~ 1'1 "1 f1~ 1nvl~1~fYvl'l~ 1 'Uf11'l~1 

L~a~~'UVJ~t~1~t~ ZnO ~afl11e.J~I'l1~1~1L~'ULtlaiaan111l~ (H20 2) ~1nm1Ln~ 1 Yl11'11'1~1'111~~n rn1Pimn 
' 

U1'1;ff'U~'IYl'tJ'i1f11'le.J~I'laan~L~'Utll)n~tJ1 (ROS) 1~r.Ja'4fl11'1'U11 'U ZnO G'111111tl 1~1'la'UnUL'll~~ LL'UI'lYlL~tl 

LL~~'Vll 1 ~L&/!~~1'11tl 1~ 1 'U'UV11'11111.Q'i1m1a5'U1tlf111~-:ILI'111~~LL~~!'lruG'111'U1i"tla'la'Ufl11'1'U1L 'U ZnO vl'l111a~ • • v 

1 'UL11Vl~f16f1"tla'IL Yl11tl1'1l11111"1!1~ (NRLF) Ylttntl-rut tl~r.J'ULL~~f1111'11'UI'111 NRLF ttf1e.J~I'l~'UI'l1:U15m1e.J~I'lvl 
v ' v 

~~f1n'U~~a15 Dunlop ;'IL tl'U15m'lvlL~ana 1~LL~~tl1~'V!~~vlG1~ 1 'Ufl11'Vll NRLF ~'ILL~G'1lJtl 1 'U11tll fl1'l v • 

~.:JLI'111~~LL~~rn1\\'1 LL 'Unrr m~ru~"lla'l1 Yl11 r.J1'1l11111"1!1~"tla'l ZnO-nanoparticle ;'~ L tl'U~"l'Utl'l~nau"l!a'l 

tl1'1 (NRLF) 1~a5'U1t~111 'U'UV11'111l.J.Q' a'U.fl11'1'U1L 'U ZnO ttm~:ULoU1111Ltl'UG'111rle:JL~~tl~11fliJL~r.Jf111LLVl'Uvl 
, " .... '\1 

v'U.f\1fl ZnO-microsized 1'U"llru~vi~1mh'lfl1Ufl11"!lv'l NRLF ttfl'G'\~1'1~'\JLvw\llL~lltl'U.f\11'1 ZnO 1V\ "' 
q , " , I 

n~m1:U~1'UL ~aLL 'UI'1ViL~tJ"lJa'l~1a~1'1 NRLF Vl~'G'Ia'U~'IL ~'1tl~111tllLL~~L~'II'ltll.fl1Yl 1~r.Jfl11Vl~G'1aU!'111l.J b 
' " "' "' ~m"iia Staphylococcus aureus L"iiaLL'UI'lVlL~tJLLm:wu"lnLL~~ Escherichia coli L"BmLUfiViL~mLm:U~'U 

NRLF vlLLm "lJ 1~t~ nanosized ZnO i1m1~'UB'Im1L~~fYL~'U 11'l"tla'IL~e:JLL'UI'1VlL~tJ 1 'Urrm~ru~viLL~'ILLf1~'1:U1f1 
1'UtJ 2013 Boonchai Seentrakoon LL~~I'lru~ [15] Pimm~t~1n'UI'lruG1:ul1'~"llmf111tJa-:Jn'U-r'l~ • 

UV vlL ~l.J;'ULL~~fl11~'U 8'1 LL 'UI'lVlL~tl 1 'Utl1'1fi'l1l.J"Il1~vle.JG'11111 VI~ L Yl11~1'1tll"lJa'ltl1'1l11'l11"1!1~i1oUe:JL~tJU1'1 
v • 

tl1~rn1 L "ti'U W'IJl):;~"l 'UG'11t~ 1~"lla-:Jm'll111:U"Il1~ 'Vi'1 1 ~Ln~l'111:u1a'l11~a!'111:u~a'U LL~~LL"'~ uv Ltl'U~'U 
ia L~t~d'Vi'1 1 ~r.J1'1Ln~fl11L~a:uG'1.n1Yl L ~a'l~1mn~ photo-oxidation 1 'U~'\Jfi:;~vli1a t~'t 'UG'11tl 1~1:uL~n~ 

v v • 

~'I~'U ~'11~L~:UG'111~~iu-r'l~r.J1 L"li'U Ti02 and ZnO 'Uafl~1ndtl'l:;~VJ5fl1Yl"tla'la'U.fl1!'1'U11'U Ti02 ~'I v v • 

G'111111tl~U 8-:~ LL 'UI'lVlL~tl 1~af1~1tl 
1'UtJ 2003 Kayano Sunada LL~:;!'lru:; [17] 1~Pin~1L~tJ1nun~1nm1~1L~mL'UI'1VlL~tJ'U'ULLe.i'U~~11 

vlLI'l~a'U~"ltl 1 VlLVlLUtJ111V1aan111l~~1tlLLG'1'1 Yl'U'J1 tl~:U1tllL'll~~vl~'li1"!i11'l"lJa'IL~a E. coli 'U'U~'U~"l"lla'l~~l.J 
~VJ~-:Jm:w~'ln-a''U"tJa'IL 1~1 LLI'lL~e.J~vi'tlliVJL~'UL~aVJVJG'1au1G1V1vlLI'l~au~1tJ 1 VJL VJL .Ut~111V1aan111lV11 'Uvli:iVJ'V!~a • 
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Lria1i conventional soda-lime glass (SLG) Lth.J~1'Hfl~fl'\J~1.fl1~1~rn~'VlVI~fl'U~'JtJ~\l~ UV LL~i1'U'Vl1\l 

l'l~\l"!i'1lJ Lda1 ~fl11:U~fl\l~-)1\l'U'U~~:U~Lfl~fl'U 1 'Vlb 'Vlb oU~:U 1V~flflfl1~~Lb~VI\l1 v1Li1'Ufl1~~1L ~fl~'JmL~\lLdm~"~ 

i'Jm1:UL"!i':U"!i''UL~:U~'U 2x105 CFU/ml L~"~Ofl~18~1\l~lJ'U~ru.rn~1 'UL1"1 90 'U1Vi .fl1~1~~.fl11~'VlVI"8\l 
'IJ 'IJ 

1'UtJ 2008 Yang Liu LL"~flUJ~ (18) 1~~fl'l~nL~~1tl'U'rl~~m~:Ufl1~~1'UL~flLL'UflViL~~"'J8\l~:U~~i'J~ 
~~'U 1~~m~n~~:Uflfl:U L ~~l'l-flL~~1tl'Ufl1~vl1\l1'U"'lfl\lfl1~~1'UL~mL 'UflViL~~ LVI~ 1-ff fluorescence label • 
method LVI~ 1 i E. coli dJ'UL ~a1 'Ufl1~'VlVI~fl'U~~:u 1 'VlL 'VlL -u~:u 1V~aan1~~~il~~~'U"'J'U1VI L~ mL~V~'l1 ~L i1'U(i\l 

'IJ • 

th~~'V1~.n1~1 'Ufl1~~1'UL ~mL 'UflVi L~~ L ~a\l"iJ1nYr'U~~1~~\l t:.~~nil"'J'U1V~L~n v111 v11a'l11~mJ!)n~m:u1n 
~\l,!'U fl1~L~:U Ag ~1:U1~mJ~'UtJ~\lfl11:U~1:U1~0 1 'Ufl1~~1'UL~fl"ii~'U'Vl~~1~ • • 

1 'U tJ 2008 Chamorn Chawengkijwanich LL" ~ Yasuyoshi Hayata [19] ~ fl ~1 L ~ ~ 1 n 'U ~ ~ :u 

oriented-polypropylene (OPP) vh_T't~B'\J;)'dUl'V\~'V\~'\1u:u\~BBfll~ci\~YiB1m'U'lJ';i';i~llru.fitn~1';i '\J';i';i~nru.fi 

.fl1~~'Ufl1~~WJ'U1"ii1flL 'Vl L 'Vl L -u~:u LV~Ban1~~~il"'l'U1VI"'J'fl\lfl'U.fl1fl~~1\ltl'U~B\l"'J'U1VI LL"~'VlVI~fl'U E.coli 1 'U 
' 

~"flVI'VlVI"'fl\l LL"~'VlVI~fl'U"ii~\l.fl1~ hi'LL~\ltJ~~~~~~fl\l"1J1JVI f.ia fl1~'VlVI~fl'Ufl1~EJ'U8\lL ~8 E.coli ~'WlBfl1~ 1 off ... 
LL~\lLtJ'UI'i''Jd\ltJnn~m1'Ufl1~~1L~fl"'J8\l~~:ULfl~fl'U1'VlL'VlLoU~:U1VIflflfl1~~ LL"~fl1~m~~'U~1mL~\l UVA "i11fl 

' 

1'UtJ 2018 T. Ali LL"~flru~ (20) ~fl~11'i''Jd\ltJ!)fi~mLL"~fl1~EJ'U8\lfl1~vl1\l1'ULL'UflViL~~"'J8\l81i.fl1fl 
Ti1-xAgx02 (o.oo < x < o.o8) ~ni1'lLm1~'VILV~~1m~"L"ii" "!la:IJ"~1'U1mymv1Li1'U11 a'4.n1fl'U1L'U~m-;m{ 
L tl'UI'i'1 d\ltJ!)n~~1LL"~ L tl'UI'i'1 EJ'U 8\lfl1~vl1\l1'ULL 'UflViL~~~~:U1fl L -d'U E. coli, Pseudomonas aeruginosa, 

Klebsiella pneumoniae LL"~ Enterobacter Cloacae 

2.4 "a1-;i\flij ~\ln-;iN\\"'~~ijn1-;i~iv 

\l1'Ul..ij~ffi~tJ~'UtJ~\l~:U~fl1~EJ'U8\lL~m1LL"~L~flLL'UflViL~~"'J8\lV1\lB~~lJ"1J1~ L~8tJ~~~fll'l1m'U 
' ' 

2.4.1 a1·nflii 

.,. ... "' "' ~1~Lfl:U flUJ"fl~UJ~ t:Jt:J"\01 
' 'IJ 

~1\lLLvl\l STR 5L fl11:U'V!'U1LLt.i'U : 0.93 g/m3 P J RUBBER CO.,L TO . 
... ... ' .. 0 

t;\fl~UJ~ : LL'Vl\l~'U1\0l1t;l 

mV~~L~~~fl (Stearic fl11:U'V!'U1LLt.i'U : 0.85 g/m3 GSP Product Co.,L TO 

acid) 
... .. 
"fl~UJ~ : t:J\l~"'J11 

~._,fl'flBfll~~ (ZnO) fl11:U'V!\nLLt.i'U : 5.60 g/m3 GSP Product Co.,LTO 
... .. 
"fl~UJ~ : t:J\l~"'J11 



; 

1~L'UtJL61j1'Ylm~a 1~ 

61fa1YII'i (MBTS) 
~ Q.l Clo 

tJ11JtJ'W111VltJ 

(Paraffin oil) 

tJ1L tJ~-:~I"laan 1/ijl'i 

(nano-ZnO) 

fl111l'VItJ1bbtJtJ : 2. 71 g/m3 

fi111J'VItJ1bbtJtJ : 1.19 g/m3 

Gtn~ru~ : t-~~n~-u11 

fl111l'VItJ1bbtJtJ : 0.90 g/m3 

~n~ru~ : "UeNb'V!a11~ 

fl111l'VItJ1bbtJtJ : 5.60 g/m3 

Nanopowder <100 nm particle size 

fl111l'VItJ1bbtJtJ : 4.26 g/m3 

vvfl161j~ (nano-Ti02) Nanopowder 21 nm particle size 

(PDA) 

Nutrient agar (NA) 

P J RUBBER CO.,LTD.-

LINKWELL RUBBER 

CHEMICALS (QINGDAO) 

CO.,LTD. 

CALDIC THAILAND L TO 

GSP Product Co.,L TO 

GSP Product Co.,LTD 

Sigma-Aldrich Pte. Ltd. 

Sigma-Aldrich Pte. Ltd. 

Pvt. Ltd. 

HiMedia Laboratories 

'th:ma'IJ~1V btl'UL~tJ 611161tl~-;J1mda; Pvt. Ltd. 

Muller Hinton broth 

(MHB) 

Escherichia coli 

Staphylococcus 

aureus 

611161tl~-;J1fi~61~ i'tJ NaCL , 
~ d J J "' 

btltJ61am'VI11Lavwtm t11~naumv 

~1~~n~-;J1mda bfl~tJ 1~1~11aa~ 

LLU'~ i't.~ • 
~1EJ~tJB ATCC 25922 

~1EJoWtJB ATCC 25923 

~--------------r-----------------------~ 

Aspergillus niger 

HiMedia Laboratories 

Pvt. Ltd. 

- Vlll1Elb'VI~ , 

1 ~a~mh1&n'W'IJ 1~ tJ 

~~11~~11tnt.1a1n1~ 

15 
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2.4.2 

L~~m.JtJ1~'Ei11l.J"111~ STR sL LL~~G111LflffiutJ~l.l1ru~LL~rwh~nu (LLG1~~~~~111~~ 2.2) '111 

f.l1~~~1tJ'U~e.JG1l.J1'WLfl~a~ Internal Mixer (1\J~ 2.3) L~f.lrlTVI'W~fl11l.JL~1"1Ja~hL~a{ 60 1a'U/'W1Vi ~ 
"U 

aru'VI.niJ so a~Pl1 LU'WL1~1 2 u1Vi LLa1L~l.JG111~1m~~u m~LG1~tJ~mL~~~~ri"aan16!!~ ~~1tJ'U~e.JG1l.l 
' "U ' 

5n 2 u1Vi 'VIrr~~1nt!uiii~L~l.JG111~1L~l.l LLfi~L~tJl.lfi1{'Umu~ J1l!uvn11~u LL~~a11~'U~~L~a11LL~~ 

L ~mL 'UfiVi L~tJ u11 u~~ri"aan161!~ V1~au11 u 1 'VI'VI1L utJl.l 1~aan16!!~ ~~ 1 tJ LLa1'U~e.JG1l.ll'ia5n 2 u1Vi 

'VIr;i~~1fltf'Wiii~L~l.JG111~1d~LL~~G1111~fi11'W'il DPG, MBTS LL~~i~L'Wa{ 'U~e.JG1l.J 2 'W1Vi LLfK1iii~u1m~~ 

'U~ e.J G1l.l La~~ LLa 1 a an~ 1 mfl ~a~ LL~ ~ '1111 tJ~~ 1 ~\ uu LL~'W ~1 tJ Lfl ~a~ Tow-Roll-Mill ( 1\J~ 2. 3) 
"U 

n1~'U1'Wfl11~~fl~11LLG1~~1 'W 1\J~ 2.2 ~1fltf'U~~1 ~L~'WLLa'JU11tJLn'U1'W~LL'Ii L~ma~'U1ULL~~u11 tJ 
"U "U "U 

... " ~.c~to ~ II t 4 odil atc::t 

'VI~G1a'UG1l.J'U~ L "ll~fl~ LL~~G1l.J'U~ fl11~1'W'VI1'W~m "11e:l11 LL~~ L "lle:JLL 'Ufi'VIL 1f.l 

1 
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d 
2.2 LL!;1~·:18.:Jrlth:mm.Jl;11'HfliJml~'tfllJ1ruvf't m 'IJ n11'U~~l;1:W ~1~1~'VI 

-v.:~ri"th~nv'U phr 

i;11?11CJ1\I Control Normal nano-Ti02 nano-ZnO 
'IJ 

STR 5L 100 100 100 100 

Stearic acid 1 1 1 1 

ZdJ 3 

CaC03 80 80 80 80 

Paraffin oil 5 5 5 5 

DPG 0.3 0.3 0.3 0.3 

MBTS 2.5 2.5 2.5 2.5 

Sulfur 1 1 1 1 

nano-Ti02 1,2 
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~tl~ 2.3 Gi'n~ru~Lfl~eJ.:! Internal Mixer .. 

~tl~ 2.4 Gi'n~ru~Lfl~eJ.:! Tow-Roll-Mill .. 
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2.4.3 15nTnVI'ifl11~1mhm~~nT';i'VIflflv\Jfl11~ L ~.:Jn~ 

tl1\lfle:J&.J\J11t9i~1~~ 1 fl fl11\J~ t:Ji.'ll.Jl.J1'Vl~i.'le:J\J b ~e:JV!11~ tJ ~ b 16'11b 'W fl11fi\11\J~') tJ bfl~e:J\1 
'U 

Moving Die Rheometer (MOR) vn .. d1 tl1\lfi\I~\Jvln6'11 12 'W1Vi vlflruV!1Jl3 10 e:J\IPI1 ~1fl,!'W;s\IU1tl1\lfle:J&.J 
\J11t9ivi'V111\Jbd6'11b'Wfl11fi\I~\J&.J1~'W~\J~1mfl~e:J\I Compression molding IJl1&.JbblJ'W&.J~"lle:J\Ibfl~e:J'I'Vl~r.1e:J\J 

~1\11 ~\1~\J~ 2 .. 5 

l\J~ 2.5 ~n~ru~bfl~e:J\1 Compression molding 

(a) (b) 

(c) 

ltl~ 2.6 (a) oB'W'Vl~i.'le:J'Uf111l.Jvl1'W'V11'W~e:Jfl11oU~~ (b) oB'W'Vl~r.1e:J'U Compression set (c) oB'W'Vl~r.1B'U 
fi11&.Jvl1'W'V11'W~mb 1\1~\1 (Type C) 
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• ....,. "'" ., ' ... .r .r "'" ... 2.4.4 1iln1 "H~"W~~1e:JV1.:JU.~~n1~VJ~ae:JtJn1~~11JL 'tie:J"nLL~~L 11VLL tlfiVI L ~V 

~'U1'1J EJ1~fle:J1l'IJT'dl"i'~1 EJ bfl~tl~ Compression molding hw1 i LLliVill~"iltl~~'U'Vl~H'l tl'IJ 
\1 

Tensile strength bb~'J~~ 1 ~ii"ll'U1~ 1 IJ1111~b"l!'U~b111Jl) a~E.Jvl1n11'Vl~~tl~.J1 3 .J1) lil1mY'Wth L'IJ'Vl~f.1tl'U 

'IJ1~ ~'V15 Jl1i'l f11 1 ~ 1'U'V11'U b ~e:111 bb~ b ~elbb 'IJ fiVi b~ EJ tl'IJ b ~tl Aspergillus niger, Escherichia coli bb~ ~ 

Stephylococcus au reus L~E.Jn111 bfl11~~b "ii~fJUJJl1i'IL~vl11'1111~eJ5'1J1EJ 1 n 'U15m1~~1Jl ell 'IJd b\Jl~E.Jll 

Mueller hinton Broth HLL~~b~llb~eJ 5. aureus ~~L'IJJl1EJ1~f.1Jl11~'1J~eJ~b~tl tlll~tlt"U'VIJliJ 37 eJ~i311 
' \1 

'U1'U 24 -B'1111~ 1t~~tJlJ 'VIa~lil1f1Dlllil'Ufi1'1JL1~Tlh1'1J'VI1m1llL'Yi'll'Yi''U 1m~ o.s McFarland ~'JEJ 00600 
\1 

lil1f1,!'U't11 100 LlJ Lfi1~\Jl1 "iltl~ u. 'UfiVi b~EJ,!'Ull1'VIV~U.~~vi'11 ~m~lil1Vtl~1~f.1~1Lf.1lltl'U'Uiil1'U1'U Muller • 
Hinton 11~~'UV1~"il'U1~ 1 IJ1111~b"l!'U~b11\Jl1 ~~'IJ'Uiil1'Ub~eJ '1111 'IJtJlJ~e:Jru'V!JliJ 37 tl~i311b"l!~b~VG'l dJ'Ub1~1 

• \1 

24 i11ll~ ~~1'1J~ 2.7 lil1n,!'Uv'i1m1~~LniJlu.~~,:r'WVimm1~vm11~La'Ut.hi31'U~nm~"lleJ~'IJ~L1rum1~'1J~~ 
\1 \1 

n11blil~qjb~'IJ LIJl"lleJ~b~VLb'UfiViL~v (Inhibition zone) "ileJ~LbtJ'Uv1~~11~~~1 'IJ ~.~.~~v'i1i'U\Jltl'Ub~mn'U-dnu 

b~mb'UfiVib~V E. coli 

..... 

n11'Vl~G'leJ'U'IJ1~~'V15Jl1i'l1 'Un11~1'Ub ~e:111 1~v'l11b ~eJ Aspergillus niger ll1b~ v~U'Utl1'VI11 
Potato dextrose agar (PDA) ~~UJ'VI.fJi3~eJ~btl'Ub1~1 5 l'U lil1f1,!'Ub\Jl~VlJG'l11U. "IJ'J'U~e:JV"iltl~f.1'1Je:J1L~tl 
11 (Spore suspension) ~1Vn11b~lJtl1n~'U'IJ~eJ~b~eJ~~1'Uiil1'Utl1'V111b~V~L~eJ LL~11ivh~L~VL~tl"ll~ 

\1 

f.1'1JeJ1'1J'U~'J'VItJ1eJ1'VI11't111 'IJmeJ~~'J V~1"i.111'1J1~L ~tl bLVf1Ltl1La'U 1V"lltl~ L ~eJ11tleJf1 L~lJ Tween 20 

~ 1'U'J'U 2-3 'VIV~ L "il~ 11 ~L -ff1 tl'U 't11G'l11LL "i.I'J'U~tlV"i.ltl~€.1\J e:~1L ~tl111 'IJ IJ1111ilU'IJ~1'U'J'Uf.1'1JeJ1~1 v 

Haemacytometer LL~1'1Jr'U~'J vtl1n~'U'IJ~e:J~L ~e:~1 ~iiwnm -ffl.loff'U~ 106 f.1'1Je:~1/iJ~~~m (( ~1'U'J'U 
G'l'IJe:~1/5) x (1/4) x106

) UL'IJIJlf.111LL"il1'U~eJV"ileJ~L~eJ11 'IJ~mm 1 iJ~~~m ~~1'U'VI~e:J~tl1'V111 PDA 

'IJ~mm 9 iJ~~~m L"i.1~11~CJG'llltl'U~'JVLfl~eJ~ Vorter Mixer lil1f1,!'UL'Vl~~'IJ'Utl1'V111 POA ~LL~~~'JLL~'J 
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1 'W"il1'W81'\111~L~ ~N L ;ff€J~,:j 111 ~en'\111~LL ~,:jLL6i~ ~1VloU181'\111~LL ~,:j u1 LLc.J'IJm,:j~ Ll'l~mJ 11m11~iJ'W~1'\IloU1 

81'\111~ LL6i~U~L;ff€J~tl(U'\Il.fliJ~€l~ LD'WL16i1 48 offlL~~ vr~~tl~ 2.8 vl1f11~~~Lnl'lLL6i~U'WVimm11'ltJf11~11'1 . " " 
L~'WC-J11i'!'W~n6i1~"ll€l~iJ~L'Jtuf11~EJiJ~~f11~L"il~ruL&iiJ Ll'l (Inhibition zone) "ll€l~L;ffm1 

" v 

'IJ111JH 
11U~ T"ccn 20 2·3l1U~ 

111illllllllll::: 14o511m; lltmll~ 
illJOl1115 ·m1tru;~ 

2.4.5 ~tln~ruLLa::Lfl~v.:Jijvvrtm'Wm~'VI~~wu 

U1JillJ1lJ1Yllu{1,1"1~ 

1 o• rnJof1ii11iiiim 

l 

,. . 
0111l'JIH'I11'VU1 

'\ll~,:j"iJ1 nvl1n1~iJI'lc.J61~ tJ1-:j tliJ611~ Lfllj L~ tJiJ ~m.J LL~l"il~~ €J,:jU11 tl'VI1'161€liJ'\11161~U&i L "fi~ n6i LL6i ~ 

tl ~~~'VI5 .nTt'l m~ ~1'W'VI1 L ;ff€1~1 LL6i~ L ;ff€1 LL iJ rtvh ~ tJ 11'1 tJ m~'VII'l61€liJ 61l.lu&i L-a~ n6i"ll €1~ m-1ljvi'-1~ 61lJD~ fl11lJ 

'VI'W'V11'Wvl mL ~~~~ (Tensile strength) fi11~'VI'W'VI1'Wvl €1 m~~n'\11~€1 (Abrasion resistance) m~ tJiJ ~1 
• 

L ~ €l~"il1 nLL ~ ~n 1'1 (Compression set) m~d~ m~L~€1~€11 ~ (Ageing Deterioration) LL6i~fl11lJ LL ~-1 
(Hardness) (LL611'1~1'WI'11~1~~ 2.3) 
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"" ... ... ' 
~rYm~ ~~"~ ';i'U 

'II • 

Universal Testing CG Engineering Ltd.,Part. A024A 

Machine (UTM) 

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

Compression set CHAREON TUT Co.,Ltd. PR1D-W280L280 

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

Moving Die Rheometer MICRO VISION ENTERPRISES 577 

VIS Spectrophotometer Mesu Lab Instruments (Guangzhou) ME-V1200 

Co.,Ltd 

"" "' ... ' 
~1"\';itl~ ~~"~ ';i'U 

'II , 

Hot Air Oven Becthai Bangkok Equipment & Chemical VF260 

Co., Ltd. 

Incubator Sheldon Manufacturing, Inc. 1915 

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

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

Compression Machine CHAREON TUT Co.,Ltd. PR 1 D-W280L280 



3.1 ~a'tle~.:~a1':ii1 Lfi~~a.:~~afie~a~Ui L ~.:~na 
3.1.1 'lfUfl'tleJ.:Ia1':ii1Lfi~ 

23 

~f!f11':i'Vl~f!e:J.:!':i~Vrh:~ China Clay tl'U Calcium carbonate 1'Utl~l.J1ru 60 phr ~'Ul1 China 

"' ~.J • 1"' ad .J1 ... "" Clay 1'VIfl11l.JLL"IJ.:!'Vl 44± 1 Shore A LLI'l Calcium carbonate 'VIfi11~LL"Il.:!'Vl 48± 1 Shore A 611.:1 nmmJ.:~ 

tl'Ul.J11'l'Hi1'U l.Je:Jfl .23 77-2551 ~n1'VI'U~LLfl~LtJ'Ui;111vl1LfilJ~i1mfilJtJ~lJ1UJL dmn.:~fle:JlJU11~ '1i1flfl~ ... 
~'U'Vl'U~.:! 1~\~e:Jfl{;1~1m.:~ffi .1f Calcium carbonate L tJ'Ui;111vl1 LfilJlJ1...11f111'Vl~f!e:J.:!~e:J 1 'U.:!1'U1-.ij'flfi~.:!.Q 

, 'II 

3.1.2 'lfi~1W'tleJ~a1':ii1 Lfi~ 

1 'U fl11'Vl ~fl e:J .:~.01-?f Calcium carbonate L tJ'U (;11 1 vi'1 L filJ 1 'U {;1\Jl 1 fl 1.:1 1~ fl'Vl ~61 e:J.:! ~1 fl fl1 1 
'II 

Ltl~fl'ULVJfl'UU~lJ1W"Ile:J.:!i;11':ivl1LfilJLtJ'U 60 70 LLfl~ 80 phr l'11f11':i'U~~{;1lJLLf!~~'U~tlLYlv'Vl~G1e:J'Ufl11lJLL~.:! 
1 .c:::i cv d .:i ~ Q..~oQ,..o:::a. dv 

"lle:J.:! fl1.:! LLI'lf!~i;11'11 LLfl~lJ~fl fl11'Vl~fle:J.:!~.:!~111.:!'Vl 3.1 61l.:!fl11lJ LL "IJ.:! LL61~i;1lJ'UI'l L "11.:1 flfl'Vll'le:J.:!fl1':il'l1lJlJ11'11;)1'U 
'II ... 

lJe:Jfl. 2377-2551 ~e:J {;1lJ~"Ile:J.:!~I'l1fl1.:!~iitJ~lJ1Wi;11':ivl1LfilJ ~.:!,j'U 0-.ij'fJ~.:!L~e:Jfl~l'l1fJ1.:!~ijtJ~lJ1UJi;11':i 
vi'1LfilJ 80 phr 1 tll'11fl1':i'Vl~flv.:~~e:~ 1 'U~'U~e:J'U5~ 1 tJ L ~e:J.:!\J1n1~iim':i'Vl~fle:J.:~~mr(;1 LL~1 1 ~fl11lJi~n~ 

L 'VIlJ1~i;1lJLLflfl11 1 .?f.:11'U 

i;1~1fl1.:!/{;1lJ~ 60 phr 70 phr 80 phr lJ1~1;)1'U lJe:Jfl . 
'II ... 

Hardness (Shore A) 46 ±1 48±1 49±1 50+5, -4 

Tensile strength (MPa) 16±0.5 15±1 14±0.3 ~4 

Compression set (%) 12±1 14±0.5 15±1 <40% 

Abrasion (mm3) 41.3245 40.3233 45.6557 <500 

~ ~ ... ~ ~ I{ ' -- ... :.., :; :I :I ...... 
3.2 ~a'tleJ.:I'U1 L 'LI L VIL VIL 'l.IE.IlJ Lflelelfl L'ilflfleJa~'Ufl L 'tf.:lnaua::m':iV'UV.:I L 'lfeJ':i1LLa::L 'lfeJLL tJfl'VlL ':iV 

\J1flfl1':i'Vl~amLtJ'Ufl1':i'Vl~i;1e:J'Ufl1':i~1'UL~e:J':i1 LL61~ LL'\.Jf!VJL~fl "1Je:J.:!fl1.:!5':i1lJ"111fi~~1'Ufl11fl'l':itJ1~mfilJ 
'II 

Titanium nanopartides ~tl~lJ1ru 1 LL61~ 2 phr ~1lJ~~1~'1~111'1~ 3 .2 \J1fl~61fl1':i'Vl~f!e:J'I~'U11 

f11{;1lJtJfi L "8'1flfl~1~~1'UlJ1~':i;)1'Ufl1'1U~'U lJe:Jfl . 23 77 -2551 LL61~ iiLL 'U1 LoUlJL YilJ~'UI'l1lJU~lJ1W"Ile:J'I 
... 'II 

Titanium nanopartides ~LfilJ~'Ui'I.QL~11~ fl11Li;1~lJLL 1.:!'Ue:Jfl\J1fl\J~~'Utl'UU~lJ1W"Ile:J'Ii;111Li;1~lJLL ':i'l~'l 
;ff'Utl'U"Il'U1~"1le:J.:!i;11':ivl'HfilJ~.:! Titanium nanopartides ii"ll'U1~'U1L 'Ui1LI'lv1~'1-.ij~LtJ'Ui;111Li;1~lJLL ':i'I~'W 
L'!i'Utl'U LL61~'Ue:Jfl\J1fl.Q'I'l1lJ11fl'I1'U"Ile:J'I Yage Xing ~'li;11lJ11Cl~1'UL~e:J11LL61~LL'UfiVJL~fl1~~fl~1fl ~'I\J1fl~61 

' f111'Vl~f!e:J.:!LLi;1~'1~.:!~tl~ 8 ~'I\J~U':i1fl!J Inhibition zone Li)~;ff'UL~fl L61l'U.Q\J~U'I'Ue:Jflfi'lm1lJG11lJ1':iCI 1 'Ufl1':i 

~'U&'IL ~e:J11LL61~ L~VLL 'Uf!VJL~fl"lle:J'ILL~'Ufl1'1 L~fl"IJ'U1~"1Je:J'IL61!'Ul'l1fl11l~ hwifi l~L~'U~1'UPI'U6flm'I"1Je:J'I 
'II 

Inhibition zone ~Lfi~;fi''ULL~TU1lJ1Ltl~fltl'U LL61~LLi;1~'1f111'U~111'1~ 3.3 ~'Ul1 fl1':i~1'UL~e:J11LLfl~LL'UflVJL~fl 



.. 
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i1LL tn 1 U'J L ~lJ~'UIP11lJL1~1LL~~'IJ~lJ1UJn1'H9ilJ Ti02 nanoparticile (NPs) ~n1ib'IJ'U6'11'HJU8-:J6'1Tvr1'u 
LL urrVi L~v1 'U'J-:Jn11-:J1'Jl.I~-:JLL ufiViL~V LLn1lJU'Jnbb~~LL ufiViL~v LLn1lJ~u flu.t6'1lJU9i"lJa-:J"lJa-:J1 'VIL 'VIL iivl11~ 

' 
aan1~~ (Ti02) NPs 6'11lJ11mn~~'U1~~1mL6'1-:J '1Jfin~v11YI1\Jlfl~(;n1~9invh1~Ln~a'Ul.l~a6'11~~1n Ti02 NPs 

6.J •'IJ 

~-:Jdria 1 ~Ln~ 1~~1an~~a'Ul.l~a6'11~ ( OH) ~6'11lJ11(ltJ1m1 iL ~a~~aan~L~'U 1 ~L U'U 1aaa'U~L 'IJaiaan 1~~ 
''IJ 'IJ 

n~ 1nd~~\Jl ROS (OH, 0 2- bb~~ 0 2-) 6'11lJ'IJ1~L.f1'VI~6'11lJ11mUm'UL~a~lJL~~r;l"lJa-:JLL UfiViL~VLL~~tJ11 'IJ~ 

n11\Jl1V"lJa-:JL~~r;l OH· LU'U ROS vr"'n~i1flru6'1l.lml~1'ULLUfiViL~Vbb~~b1'6'1"lJa-:J Ti02 NPs L~a-:J~1nm1Ln~ , 

peroxidation a '4lJ ~a 6'11 ~LVI iih d ij ~~~a Lipopolysaccharide, peptidoglycan LL ~ ~ phospholipid 

bilayers f1U.16'1lJU"'9i~~'UflU 1 YI1\Jlfi1\Jl11~9in"lJa-:J Ti02 'Uan~1nd~u·;hm1~1'UL~a11LL~:::LLUfiViL~f.J LLn1lJU'Jn 

~~ 1 ~~~~lJ1nnl1LLn1lJ~U~-:JdL U'U~~lJ1~1n'VI~1f.JU~~f.J u~~E.Jvr"'n ~a fi'J1lJLL\Jlm•h-:J 1 'Ufi'J1lJ'VI'U1"1Ja-:JLlJlJ 

L U 1'U Lb~ ~ fi'J 1lJ 1 'J"lJa-:J LlJlJ L U1'U ~a ROS LL U fiVi L ~ E.J LLn1lJU'J n£1 L~a~lJ L~~ r;l' Lb~ ~ ~11-:J'IJ 1~ nau ~'J E.J 
' 

peptidoglycans, teichoic acid LL~::: Lipoteichoic acid ~L~1:::1~~1Vnl1Lrim'IJ~E.JuLVivunu~11-:JL~~r;l~ 
Q.l II 4 .oCll ,d.q .d II ~ • • ~ • .d. ~ 
~u~a'U"lJa-:Jbb Ufi'VIL 1E.J bbn1lJ~U'VIlJLE.la'IJ!l.l"l!'U'Uan"lJa-:J l1popolysacchandes LL~:::"l!'U peptidoglycan 6'1-:J'U 

~:::·zi'JE.JUa-:Jtl'Un11~~~lJ"llm ROS LL~::: 1aaa'U 1llL ~cJ1'UL~a~lJL~~iA'LL~:::LoU11 'IJ1 'UL~~~1~ 
'IJ ' 

3.2.1 'U1L'LILVILVILUVlJLtlaanl4111.l'tfi1J1W 1 phr 

~1nm1'VI~~a-:J~u11 m-:Ju11ll"l!19im i'W11 'U 1 'VI'V11L iivll 1~aan 1'ij~L U'U6'1111:i'u8-:JL ~a11LL~~L~a 
bbUfiViL~E.J1'U'IJ~lJ1UJ 1 phr 1~~~n11'VI~6'1aU6'1lJU9iL"tl-:Jn~~-:J\Jl111-:J (LL6'1~-:J~-:J\Jl111-:J~ 3.2) ~~n11'V1~6'1au 

6'1llmlL"tl-:Jn~1~rhn11VI~6'1aU~LU'U1'1Jml.llJ1\Jl1~1'U lJan. 2377-2551 i1m1L'IJ~E.J'ULL'IJ~-:J"lJa-:Jrhffi~L~n'!JaE.J ... 
1ll 1~ LL\Jln~1-:Ja~1-:Ji11:! E.J6'11~n ~~1n6'1\Jl1E.J1-:J.ffilJ 1~L9il.la'U.n1fi'U11 'U L ~a-:J~1ni1m1L9il.la'U.f11fi'U11 'U 1 'U'IJ~l.l1ru~ D~ \J 'II '\ 

-U'a E.J ~~m11:Ju8-:J L ~a11 LL~::: L ~mL ufiViL~v"lla-:JLLcJ'UE.J1-:J ~Ul1LLcJ'UE.l1-:J~~6'1lJ'U11 'U 1 'VI'V11L UE.JlJ 1~aan 1~~ 1 

phr 6'11lJ11(li:JU8-:JL~a11bb~~L~e:JLLUfiViL~V1~ (LL6'1Vl-:J~-:J~'IJ~ 3.1) ~-:J~~i1-:JLn\Jl1~~1nn11'1J11n!)"lJa.:JL~'Un11 

I:Ju8-:J1au 1 LLcJ'UE.J1-:J (Inhibition zone bb6'1Vl.:J~.:J\Jl111-:J~ 3.3) 1~E.J1aU 1 LL~'UE.J1-:J~:::Lii~t~'UI:i'U~.:J~'U1'U 
&11'Ud~::: hJi1m1L ~~'Y L9iu 1\Jl"lla.:JL ~a11LL~~L ~mL ufiVi L~E.JU'U~1'Ue:J1VJ11L~ E.J.:JL ~a 

3.2.2 'LI1L'LILVILVILUV1JLtlaanltz1Am1J1W 2 phr 

~1nm1'VIV1~a-:J~u-J1 E.J1-:Ju11ll"l!19im i'W11 'U 1 'VI'Vl1L UE.Jll 1~aan 1~~L U'U6'1111:i'u8-:JL ~a11LL~:::L ~a 

LLUfiViL~E.J1'U'IJ~lJ1UJ 2 phr 1~~~n11'Vl~6'1aU6'1lJmlL"tl.:Jn~~-:J\Jl111-:J (LL6'1~-:J~-:J\Jl111-:J~ 3.2) rhn11'Vl~6'1au 

al.llliiL "tl.:Jn~L ~lJ~'UL~n-U'av~1n~\Jl1~L9ilJL ~E.J.:J 1 phr ~~ L~'U 1~11al.lu"'9i L"tl-:Jn~i1LL'U'J 1 UlJ~~~'U\Jl1lJ'IJ~lJ1ru 
"lla-:J'U11 'U 1 'VIL 'VIL iivll 1V1aan 1~~~L ~l.I~'U~~m11:Ju8-:JL ~B11LL~:::L ~mL ufiViL~E.J (LL6'1VJ.:J~.:J1'1J~ 3.1 LL~:::\Jl111-:J~ 

'IJ 

3.3) ~Ul1bbcJ'UE.J1-:J~~6'1lJ'U11 'U1'VI'Vl1LUE.Jl11V1aan 1~~ 2 phr 6'11lJ11(li:JU8-:JL~a11LL~~L~e:JLLUfiViL~E.J1~~n-J1 
LLcJ'UE.J1-:J~i1'1J~lJ1'U11 'U 1 'Vl'Vl1LUE.JlJ 1V1aan 1~~L ~V-:J 1 phr L ~m~1n'IJ~lJ1u.t~mnn11~-:J~11 ~LiiVJ Reactive 

oxygen species (ROS) 1~lJ1nn11~-:J6'11lJ11(li:JtJ8-:JL ~a11LL~~L ~e:JLLUfiViL~E.J 1~l.l1nn11 
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t 

• 

; 

c.J~ fl11'Vl~6fel'U 
"""' "" 61:W'U\9lb"l.l\ln~ :wem. 

• 1 phr 2 phr 

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

Tensile strencsth (MPa) 14.59 15.28 ~4 

Elongation at break (%) 615 609 ~150 

Compression set (%) 11.33 19.71 <40 

Abrasion (mm3) 35.0309 41. 6895 <500 

Aging 

-Tensile strength (MPa) 13.46 14.07 -25% 

- Elongation at break (%) 589 596 -50% 

- Hardness (Shore A) 54 53 -5 

• Inhibition zone (mm) 

6119l1V1\Ir1\11tJ Escherichia coli Staphylococcus aureus Aspergillus niger 'IJ 'IJ 

48 h 72 h 48 h 72 h 48 h 72 h 

Control 10.83 11.67 11 12.17 17 17.5 

n-TiO 1 phr 
2 

10.67 11.5 14 16 14.5 15 

n-TiO 2 phr 
2 

11 11 11.67 12.33 25.5 26 
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~ w cl 
~tJ~ 3.1 IJ,~~-!l~~fl11fl'U~-!IL ~m1LL~~L~elLL'UF1ViL~V'llel-!l'l.!1 1 'U 1 'Vl'Vl1L Um.J 1~-eJeln 1~ij 
" 

., ., 
b). ~~fl11fl'Ufl-!IL~el S. oureus 

c). ~~fl11fl'U~-!IL~el Aspergillus niger 

~ ... .. 1 .. . ..... Q "' ~ J J """" 3.3 ~~'tlti./I'LI'l b 'LI~./IAtltln ~~Witi~2J'Ufl L 'ti.:Jn~u,~~n'l~f.J\JE.I./IL 'tltl'a'l LL~~L 'tlt!LL 'UA'VI L 'af.J 

"'il1nfl11'Vl~~mLU'Ufl11'Vl~~el'Ufl11<ii'1'UL~m1 u,~~ LL'UAViL~V 'llel-!!CJ1-!!ti11l.J"I11~~~1'Ufl11Fl.:J1tJ1~m~h..J 
" 

Zinc oxide nanoparticles ~tl~l.J1fl.l 1 u,~~ 2 phr \Jl1l.J~\Jl1~-!l\Jl111-!l~ 3.4 "'il1n~~fl11'Vl~~el-!l~'U'i1 fl1 

~l.Jllii L :a.:Jn~m~~1'Ul.J1m~1'U~1-!ltJ~'U l.JeJn. 23 n -2551 LL~~ A11l.JLL ~.:Ji1LL 'U'l 1 ul.JL ~l.J~'U ~')'U~l.Jtm~'U 61 
"' " I 

i1LL'U11Ul.J~~~~-!! b~el-!!"'il1n Zinc oxide NPs 1l.JL"Ii!;111~1L~l.JL~~l.JLL1-!! LLiiiLU'Ui;111~1m~<iJ'U1'U~\Jl1CJ1-!! i1 
• 'IJ 

~1'U"Ii1~1-H'L 1m 1 'Ufl11Fl-!!1U ~1-!!i'U~-!!LLiiihJvi11-H'(;1l.J'IJ~L;a.:Jn~'llel-!!~1-!!~~'U ~~fl11fl'U~-!! L ~el11 LL~~ L ~el 
= " 

LL'UFJViL~~ 'llel-!!CJ1-!!Fl-!!1U~b~l.J Zinc oxide NPs ~'U';h i;11l.J11(lfl'U~-!!1~~-!!L~m1Lb~~L~mL'UF1ViL~~ Ln~1~'U 
" 

fl11fl'U~-!l~otl~L"'il'U~\11'UL~eJ11LL~~L~mL'UAViL~~ LL!;1~.:J~\11U~ 3.2 LL~~'ll'U1~'llm Inhibition zone 1~1~~\1 
" 

LL!;1~\IL 'U\Jl111-!l~ 3.5 L ~eJ\I"'il1n ZnO L U'UL~ijFleJ'U~nLI'leJi v'h 1-Hi1m1l.J bliieJA11l.JV11Fl~'Ui'U L~eJ1~1'ULL!;1\I 
fl'llel\l~lL~nmeJ'U"'il~nn!;1~1-!!~'U'U'U~'UC31'llm ZnO L'HciTQneJLoHLn~ ROS 1~mu~1~ OW, H20 2 LL~~ 0/-
" 'IJ 

~\I~'UL~eli1l.Je:i'!;1tl'UF111l.JV11Fl~'Ui'U (L "li'ULL!;1\I) vh LoHLn~fl11!;1~1\l ROS ~11~b ~1 u,~~iJtJ1~~'VlB.fl1~~\I~'U 

1~ 1~1L"'il'UL tJ-eJ-5-eJ-eJn 1~ii!;11l.J11m oU'1~L'I!~~1 tJ1FJ1~1eJI'lLL~~vh;na-eJ-eJiLLm 'U~~Iii1\11 'UeJn"'il1n-dm1Lfi~ lipid 

peroxidation !;11l.J11mn~~'U 1~'U'UL~e:JoHl.JLL 'UAVi L~m11LoHF111l.Ji;1l.J'U1uJ'lle:J\ILl.Jl.JL 'U1'U~~~\IU~~~\I~~ 1-H'Ln~ . " 
fl11!;1~1 ~ L ~~ ~'Ue:J n"'iJ1n-d~'U-'i1 fl11fl'U ~\ILL 'U A Vi L ~ mLn1l.J'U1 n"'il~ 1-H~~ ~l.J1 n n11 LLn1l.J(;l'U~\1;1L U'U~~l.J1"'il 1 n 

'HmVU"'il~~ U"'il~~'H~n fie:~ AJ1l.JUI'lnlii1\11'Um1l.J'H'U1'llel\1Ll.Jl.JL'U1'U U(;l~F111l.Jb'lleJ-!!Ll.Jl.JL'U1'Uiiiv ROS 

LL'UAViL~mLml.J'U1niiL~eJ~l.JL~miu"~~u\ltJ':l~ne:J'U~bv peptidoglycans, teichoic acid LL(;l~ lipoteichoic 

acid ~L "'il1~ 1~~1 ~ n11 b~e:J b tJ~V'U L Vi~'Utl'U~U\1 L'l!~~~i'UieJ'U'lle:J\ILL 'UFlViL~~ LLn1l.J~'U~iib~eJoHl.J.ff'U'UeJn'lleJ\I 
• 

Lipopolysaccharides LL~~.ff'U peptidoglycan ~\1;1"'il~"li1atlv\ltl'Ufl11~~;l.J'llel-!l ROS Lb(;l~ 1veJeJ'U 1l.J 1-H'~1'U 
" 

L~el~l.JL'Il~~Lb~~L eU11 tfl 'Ub'll~~1~ 
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3.3.1 'IJ1L'IJ~-:~f'lvvnl~~m~1ru 1 phr 

~1flfl1'j'Vl~~e:J'lYflJ'J1 V1'15'j'j1J"lf1~vit itn 1 'IJ~'lfle:Je:JflL'i!iiL tl'U~1'j~'IJ~'IL ~m1LL~~L ~aLL 'Ufl'VlL~EJ 

tut1~111ru 1 phr 1~t:-.~~fl1'j'Vl~~a'Ua1JlliiL:a'~n~~'~;1 (LL£1~'~~'~1'11'j1.:J~ 3.4) a~lliiL:a'ln~m~1hiLLI'lfl~1'l~1n 

Fh£11JmlL ;a'lfl~"lle:J'l£11'11ffi1Jija'U.fl1fl'U11 'UL~1J~'IL tJ L ~e:J'l~1fliifl1'jL~1Je:J'U.fl1fl'l.J11 'ULtJ'U"iJTU'd'UUe:JEJ LL~~L tJ'U " . , 
£11'j"lfU~L~EJ'ln'Un'Uffia'1 'U £11'J'jEJ1'lfl'd'Ufl1J~'lL1Jije.J~ n'U£111'\J~ L :a 'In~ e.J~ fl1'j~'IJ ~'IL ~m1 LL~~L ~aLL 'U flVi L~EJ " . 
(LLG1~'l~'l'jU~ 3.2 LL~~I'l1'j1'l~ 3.5) yj'\Jl1£111J1'jf1~'\J~'lL~~'lL~e:J'j1LL~~b~e:JLb 'UflVib~EJ bn~ 1'il'Ufl1'j~'IJ~'l~ 

" 
-ff~L ~'U~'l1 'UL ~e:J'j1LL~~L ~aLL 'UflViL~EJ 

3.3.2 'U1L'IJ~-:~r:mnl~~m~1ru 2 phr 

~1flfl1'j'Vl~~e:J'lyj'\Jl1 EJ1'ltJ'j'j1J"lf1~vit iu11 'U~'lfle:Je:JflL'i!vlL tl'U£11'j~'IJ~'IL ~m1Lb~~b ~aLb 'UflViL~EJ 

tut1~111ru 2 phr 1~t:-.~afl1'i'Vl~£1a'Ua11'lMl:a'lna~'ld (LLa~'l~-:tl'l1'i1-:tvi 3.4) auiML:a-:tnavil~LtJultll'l111 
..,;..,. 1 ~u cv~.K 

1J11'J'j~1'U 1Je:Jfl. 2377-2551 bL~~~~~'l~1fl~I'J'jEJ1'l'Vlbl'l1Je:l'4.fl1fl'U1 'U 1 phr b~fl'Ue:JEJt:-J~fl1'jEJ'IJEJ'lL"llm1LL~~ 

L ~aLL 'UflViL~EJ (LLG1~'l~.:J'jtJvi 3.2) yj'\Jl1£111J1'jf1~'\J~'lb ~e:J'j1bL~~L ~aLL 'UflViL~EJ L~ 1~EJ:U~Lfi~ 1'11'Ufl1'j~'IJ~.:Jvi 
" 

fll1'lfll1£11'J'jviL~1JLViEJ'l 1 phr LLG1~'ll1£11'J'jrJl'lvib~1Je:J'U.fl1fllJ11 'U~'lfle:Je:JflL'ilii 2 phr ijt)'j~a'Vl~.fl1yj1'1Jfl1'j " " , 
~'U~'IL ~e:J'j1bb~~L ~aLL 'UflVlL~EJ L~~n11~1'J'jEJ1'lviL~1J'U11 'UfB'lRe:Je:JflL'i!iiL ViEJ'l 1 phr (Lb£1~'l~'li'J1'j1'l~ 3.5) 

~1-a1-11~ 3.4 LL£1~-:Je.J~ fl1'j'Vl~G1e:J'U£11Jllii L :a'ln~-ua.:Jm'ltJ'j'j1J"lf1~vi't i'U11 'U~'lfiaan1'iliiL U'U£11'j~'IJ~'IL 'ifa'j1 

LL~~L~e:JLL'UflViL~EJ1'UtJ~1J1W 1 LL~~2 phr 

e.J~fl1'j'Vl~G1e:J'U .......... 
G11J'UI'JL'll'lfl~ 1Je:Jfl. 

1 phr 2 phr 

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

Tensile strencsth (MPa) 15.75 14.97 :?.4 

Elongation at break (%) 619 604 :?.150 

Compression set (%) 11.98 13.21 <40 

Abrasion (mm3) 46.6682 49.2719 <500 

Aging 

- Tensile strength (MPa) 14.18 14.43 -25% 

- Elongation at break (%) 605 593 -50% 

- Hardness (Shore A) 54 53 -5 
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Inhibition zone (mm) 

61mcn~fl~~u Escherichia coli Staphylococcus aureus Aspergillus niger '\J '\J 

48 h 72 h 48 h 72 h 48 h 72 h 

Control 10.83 11.67 11 12.17 17 17.5 

n-ZnO 1 phr 11.17 12.17 11.67 12.83 18 19 

n-ZnO 2 phr 9.83 10 11.67 11.83 36 36 

.. 

a) b) c) 

"' "' 
b). ~~m~V'UV~L:aa 5. aureus 

c). ~~m~V'U~~L~fl A. Niger 
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r.n.:~ LLc.h.t'IJ~'U~B.:J~1cJU B.:~ L ;ge111 u.m~ L ;ffB LL ufilVi L~~i.11:U11ml'l~~:u 1~~1 ~fl11'1..hm.:~u11:U"!11~:w1t:.Ji.1:U 
'II 

nu'U1L 'U~.:JrlBBn1'1ll'i'LL6'l::;'U1L 'U 1 'VIVmu~:u 1~aan1'1ll'i' LL6'1::; 1 i1.111~1 L~:UL U'UU.fi16'1 L~~:ufil1ium 'UI'l~1'U1'U 80 

Phr ijm1:u L 'VI:U1::;1.1:u~61~~~::; 1 iL U'U~1-:J'IJ~'Utl'U~'U 1 'U~B-:1~1 611:U11tt~'UcJ'U 1~~1f1fl11'Vl~61aum1:w LL ~.:~ 
• 'II 

(Hardness) fi111:U~1'U'Vl1'U!JimL1 ·:lf1~eJ~ (Compression set) fi111:U~1'U'Vl1'U!JimL1-:J~.:J (Tensile strength) 

LL6'1::; fi111:U'Vl'U'Vl1'U IJi a m1"li~ tt (Abrasion resistant) U.6'1::; 611:U11 tt ~'U cJ'U 'IJ 1::; ~'Vl5.fl1Yl fl11 cJU B.:~ L ;ffa 11 LL6'1::; L ;ff eJ 
'II 

LLUfi1VlL~~1~~1~fl11'Vl~i.1e:JUtlUL;ffe:J11 A. niger LL6'l::;L;ffe:JLLUfi1VlL~mLf11:UU1f1 5. oureus LL6'J=:;LLf11:U6'1U E. coli 

1~~~-:!Lf11'l~1f1LII1l'UcJUB.:~ (Inhibition zone) ~Lfl~~'U1e:JU'lLL~'U~1-:J YlU11LL~'Um.:J~c.J61:UtlUm~.n1fil'U1L 'U~-:1 

61e:J~"!!U~611:U11ttcJU~~L;ffa11 A. niger 1~LU'Umh~~ LL6'1::;611:U11ttcJU~~L;ffmLUfi1VlL~~1~~~b;ffa 5. oureus 

LL6'J::; E. coli LL!Jifl11cJU~~~::;ij'IJ1::;~'Vl5.fl1Yl:U1f1f1111'UL;ffB S. aureus 'IJ1::;~'Vl5.fl1Ylfl11cJUB~-d'Ln~~'U~1f1 
fl11~m~.fl1fil'U1L 'U~~61a~"!!U~611:U11ttU.I'lf1~1U.~1Lfl~LU'U Reactive Oxygen Species (ROS) ~~L "1i'11 '1Jvi1 

'IJ~fi~~1tlUC-JtJ~Ll1116'1~"lle:J~ L;ffa vi11 ~LII1!6'1~ L~~'V11~ U.6'J=:;IJ11~ 1 'U~~~ 'U1L 'U~~r1aan111111'i'LL6'1::;'U1L 'U 1 'Vl'Vl1L U~:U 1~ 
e:JBf1111111'i'i.11:U11tlcJU~~L :fi'm1U.6'l::;L:ffau. UfilVlL~~ 1~u.m m 'UU~:U1UJ~1L fl~~ 1 phr 'Ue:Jf1~1nffi~vi1fl11'Vl~6'1B~ 
flU 1:u Lfi11~~r1aan1'1ll'lffi m 'U611'l1m~:U11Jl1;i1'U YlU11i.1:U11tlcJU~~L :ffm11~L U'UeJ~1~~bL6'1::;611:U11tlcJU~~b :ffa 

'II ... 
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