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Project Title UV curing for producing cotton fabric with easy care 

Unfortunately, the study on using UV curing on the cotton fabric with easy care was not obtained 

any positive results on durable .press perfonnance. Therefore, the study was changed to focus on 

self-cleaning on the cotton fabric instead. The abstract below is about the perfonnance of self-

cleaning on the cotton fabric . 

Abstract: In this study, the colton fabric surface treated with Ti02 nanosol and heated under 

ultraviolet irradiation or under heat in conventional oven. Ti02 nanosol was prepared by sol-gel 

teclmique using titanium (IV) isopropoxide (TTIP) as a precursor under acid condition. Cotton 

fabric was immersed in the mixed solution of Ti02 nanosol prepared from various concentrations 

of 5-20% VN for 10 min and padded through the two-rollers to obtain about 80% wet pick-up. 

After that the padded cotton fabric was heated either under ultraviolet irradiation (UV) having 

II 2 
energy at 289 mJ/cm for 5 cycles or in the oven at a high temperature , JOOoC for 5 min. Then 

the treated cotton fabric was washed with water and dried at 80°C for 5 min before testing. Self-

cleaning properties including degradation of coffee stain, antibacterial and decomposition of dye 

and deterioration of physical properties consisting of tensile strength retention and yellowness 

index were all investigated . A scanning electron microscope and X -ray diffractometer were used 

to observe the morphology and composition of Ti02 coated cotton fabric surface, respectively. 

XRD patterns of the treated cotton fabric surfaces should anatase as the major peak of nano Ti02. 

The surface morphology of the treated cotton fabric revealed the Ti02 particles distributed over 

the fiber surface. The treated cotton fabric surface heated under UV and at high temperature had 

ability to decompose the reactive dye, but not as good on those antibacterial property and 

decomposition of coffee stain. Surprisingly, antibacterial property and decomposition of coffee 

stain were improved on the treated cotton fabric surface after re-curing at higher temperature 

(I50oC) for 5 min. This would imply that the curing temperature may affect the morphology of 

Ti02 particles and enhance the perfonnance of those two self-cleaning properties on the treated 

cotton fabric surface. However, the yellowness index and tensile strength retention were much 

, worse in recurred cotton fabric. 
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1'Yl'YllllJU 19f"i'l~II'l~ulJi'Wm~ 35 

d 
I'Il'JHYl 4.7 

d 
I'Il'JHYl 4.9 

, 


36 

v, , 

~l':iIP1'l~'W TTlP Yi 5 ll"~ 10 iJ"i'lflflmYivu~';lUfl'JllJ~V'W 100°C 

11l'W'J~U~nm~1l1'l0~1'ln'U 
.aQ.f' Q.I 1Q.,.>,c1 ~ j)d I'J} 

H"i'l V'lfflfn':ifl'WI'I'JI'IV f11':i UU II(l~m~'lf'Wfl'JllJll1"i'l V'l'UV'l Hl'Yll'lfHll'I.:J~ 'JU 

1'Yl'YIlllJU1 9f"i'l~fl'JllJl.ulJ,J'W ~lll'l O~l'l n'W 1l~'J vu tl'Juf'li1ul~Yl "'l'l1'W 
" 

2~ 0 '" Y Y d ° 289 mJ/cm llJ'W'ill'WJ'U 5 ':iVUl1':iVrlU~'JUmllJ':iV'W'Yl100 C 

36 

11l'W':i~U~nm 5 'W1Yi 

" v"a dd Q.I ~ 

H(l ':i lU~ 1'W fn':i'YI~ ftVtJ Ol':i I'Il'W I'lfVlltJfl'Yll ':i U'YI'l'lf'U ~ 

48 

Staphylococcus aureus ll"::; Escherichia coli I'I1lJlJ11'I':iSI1'W 

fn':i'YI~~VU'UV~ AATCC-147 57 
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Xl 

~Q.l1 QJ 'Q,lCI ~ ~d. til
~)1'n:JVi 4. I 0 r-I'fl fl.:Jrll nl 'j fI 'U \9l1\9l fl nl'j tJuu Cl~f1Wl'lf'U f111lJ!'I1 Cl tJ.:J''tHH r-Il'Yl\9l nU\9l'lf'lltJ 

1'YlYlll'utJlCJ1Cl~ 20 iJCl~~\9l'j~eu~JtJi''1i1tJ1~'VHi'.:J'Il'U 289 mJ/cm
2 

tn'U 
'" ... o ~ ~ y d o~ d 

1l1'Ul'U 5 'je'U'l1'jeeU\9l1tJfll1lJ'Jel..!'Yl100 C IU'U'j~tJ~nn15 l..!1'Yl 

" . 
m'i'JullfJ1mflUr-lifflvflfli'.:JVi 150°C Inl..!I1Cll 3 'U1Vi 

, 




... 


.. 

I 

. I 

d 
'U'I'l'l'l 1 

'U'I'l'ih 

(lntroduction) 

':::1 0 '" 11.1 m1lJllJ'UlJ111~::;m1lHnflty'\JtJ.;j m.;jf)l~ 

Ol'J91OlI~.;j"h~ 'la.;j'l'ltJ hwi1 1u~lltl'U~tJ.:JH'c1'1'Hfln1'U Ol'J l-ihYhu5n1Vln'UH111~::;fltJ.;jvi1 . 
d d. 01"" 1" '" 1 'j/ & I V d 

~ 

C\Ol'JtJ'UH'Uf)'VltJillliillJff.;j 'I'll li91tJ.:J '1f~~.;j.;j1'U 'UOl'JtJ'UlIli.:J1I~::;tJ'UH'Uf)f1tJ'U'\J1.;jlJ1f) 'UtJf)'llf)'U Ol'JtJ'U . "" 
d jJ jI,::i. (V.::t 0 1jI d " iI Q,.I 0 1vv d V J 

H'U f)911Vm1lJ'JtJ'U'Vl ff .;jV.:JlJ H~'Vll li mllJll '\J.:J1I'J .:J'\JtJ.:JHl91tJmHII~::;V.;j'Vl1 li HllJfll1lJf1J::;911.:JlJ1n'\J'U
" 

ol~Hf.;jfffl'UvhllJ911'UOl'JtJ'UH111'Vl'U Ol'J tJ'U H1~lVfI11lJrtJ'U I~ lJ 1~f 'UfI1llJ.w VlJl~lJlJln~'U1'U 
~ ~ . 

11.;jtJlW'J l::;Hll1 ~1'U Ol'JtJ'U~lvf.:Jfffl 'Uyj 'J 11 'J 9l}j H~vi 1111'fI1llJf1J::;~N'\JtJ.:JH1 

" !'1 '" 1"'" '" ••1 "1 "1 " ~ "'" c: 1 "0 '" '" '1'UtJV~.:J ill lJ'iHI'U'U 9llJ f)l'j'Ul'J .:JfftJ'U Yi 'J 11'j91I'UllJl '1f 'Um ::;'Ul'Uf)l'JtJ'UHl 111 f)'Uff .:J'VltJ I'U ) -l.:Jl'UUl.:J . 

~ltJV1.;j'\JtJ.:JOl'j91fUll'l.;j'h~'la .:J'I'ltJ 1'!5'U Ol) Hi'.;jffvln~mu'Ullli ri.;j~".;j.:Jl'U 1'Uf)l'Jm::;~mn'j 1'Vl'Vll" . 
ItJ VlJ 191tJtJ f) 1'lf~~ .:JliI'UIll1d.;ju5n~Vl'Vll.;jllff.;j~u llJl91f)III'l.;j(h1~ \)~.;j'U'UHl I~ tJ111'Hl~~l'UOl'j91 nlll'l-l 

I1'''ll1ff91.;jfflJU~''U Ol'JY] lfl11lJff::;tJl91'j tJVlrl tJ'U'U'U Hl 1~191tJu'j1f1'\)lnOl'j~f)~1.;j 'UtJ mllnif H1~91 nlll'l.;j 

" 1 '" 1 1 It'd Q,I (VQ V .oJ' d d 1 v v " d~lVff1'j 'Vl'VllI'UVlJ ~tJfJn 'lf~nV.;jllff~.;jfflJ'U91911'U'Vll'UI'1ftlll'UfI'VlI'j v ~9l1V rl1l1f'U'l1'U1UVtJlti'U 

f)1)flf1Ellfl11lJliI 'U 1~'\JfJ.:j f)1'j Hf.:Jffvl1'U Ol~ fJ'UH11~fJ91nll~.;j111'Hlthv}j fflJU91 n'U vUIl~::;vi1Ol) flf1E1l 
" 

Ol'j 91 fU I~.:J n'U V'U rl1l1 f UH1~lvllumf.;jl~lJliI 'U f)ln11ltJ 1ffl'JIfI}j~ ffllJ1'j ovi 1u5n~Vl n'U H1~lV 
~re)lJ'vf.;j911ri .:JlJl91nu~.:JM'LJ'UH1~lV Il~::; H~".:J.:J1'U mllJrtJ'U 'll0191 lfJ'U 1 'U f)1'j 11.;jU 5n~Vl'Vll.:Jlfl}j,11' 

In~~'Ufl1V1 'U 1m ':lffh:j'\JfJ.:JH1~lV }j H~Y] 1111'Yl'U n::; 1 ~1~'j I\)'U~ }jfJvlJl1'U Hl ~lVf:l OIU~V'U 1ulu'UYl'Un:: 
" " 

4'd ~ ~d d J 0 1 'j/ (V iI 0 vQ,I Q. IV1mllf1'U'lf'lf.:JIU'U~'U n::YllJfI11lJlI'\J.:Jm 'I lJl n'\J'U'I'l 1 lilf)~OlJll91 nl1 f)'\JfJ.:J~'Un::;'U tltJ~.:J 'I'll1li H~'\JfJ.:J Ol'j 

u'U~ln91~'UUtl@.:J u1irl1l1f'LJ 1'U.:Jl'U lUvif'l::;Yl~(lfJ.:JU lWlf.:JffvllJllil 'U llli ri.:J~".:J.:J1'U 1m.i 11'Vl'U~".:J.:J1'U 
" 

mllJrtJ'U~1~1'U f)1'jfJUHl ~.:J1il Ol'JfJ'LJ~ltJf.:Jffvll~fJ111'H1}j fflJU91 n'Uuu nV.:JfI.:J~fJ.:J i~fflJlfI}jn'Uv'U
" 

9l11~lJ~H1'Uf)l'j91 f)lIl'l.:Jn'U VUil1u U~Ml~lJfflJ 1'Vl'VllltJulJ 191tJtln 1'lf~~.:Jlil'U~ld .:Ju5mVl'Vll.:JlIff.:J 

l'llllJl1'Um'J9lf)II~.:J~lV ~.:J1'Uffm1::;~}jffl'J1'1'l'VllltJ VlJ 1~fJfJf)1'lf~ f .:Jffvl\)::;1um::;fl'Uff1'J 1'Vl'VllltJvlJ" . 
1~tJfJn1'lf~ln~liI'Ufll~fl'1lJtJ'UlI~::;1 ~~ ~.:J 1 ~~fJ1\)ff1lJl'J ovi1liUl~lil'U~111 .:JU5n1Vl 111'O'UfflJ n'Uv'LJ 

1I~::;fJ1'l'l::ln91ufin~ Vl'Vll.:Jlfl}j~'U i~OUl1~1HmtJf)9f(l'\J{).:Jf~h~lU }j H(lY] 1111'Yl'Un::; 1 ~1 ~'J 1'il'U~ }jlJlnlJ1U 

mailto:u'U~ln91~'UUtl@.:J
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..- '1'U 1m'H,.h~~1~ltJllJ~V'W IlJl1J'W'w'Uli::; 1 m1l(\'Wqf~Il~.:)m':)fl'hw'W1i::; lB1ml~'WcIt':)ll~mrn 1~V1nli~n 
.'1'''' <VQ<V "I""'&' ~""I '" "I "1 ...& ~ <V '.1"'''''''<V'Vll l1rnll"'~':)"'lJU~n'Wvu 1~~'U'W l'Yfn::;u::;'W'U f:Il"'l) 1'Yl'Yl11'WtllJ l~tH:Jn 19f~9f':)lu'WmI'Hu!lmV1'Vll':) 

II"'.:) IrlD\) nm ~~'W~1Vi'.:)iY~1mi'1Yi 1'1,rlnmJfin~ V11~)::;l1'j1,:)"'1) n'WUUnU~l~lVnD1~~::;Il"'~.:)~n~ 

9i'l'W'Yll'W~Dnl) UU 1~ n~::;I1J'Wnwwmllr11 i'.:)iYvi "'llJ1) f.1'I11lJl Hr~DDu~l~ltJ~ ~1'W nl)~ nll~':) '1,rli
'" '" 

1.2 l~t:l'lh~",.:)fi'UD':) 1m.:)nn I~Dffmn. 
ffmnm1lJl1I'W 1~'\ 'W nn '1'*i' .:)iYvi'l'W nl) DUI~D~ nll~':) '1,1H1~1t1li"'lJ1j~n'W UU II n::;Yi 1nl)

'" 
rmvuIVivll~nn'WUU'UD,:)H1~ltJ~~1'WnnDU~1vnn'l,*i'.:)iY~inUNn'UD.:)n'Wuu'UD':)~l~lv~~l'Wnn 

~ml~.:){h! ~~1vl1i nnDU~1vm1lJ~D'I..I~'1,*n'U..t11tl 'UD mll nil "'lJU~~l'W m1lJlI~.:)m ':)~fl':)Il1~D 
m1lJI11~D':) "'lJ1j~fll)~1'W'Y11'U14DUUflViI~v Un::;m1lJ"'1lJ1'j t:l '1'W nnYhm1lJ"'::;D1~':i DVI~D'U1~ 
~1v~'Wm':)'UD':)H1 ~::;Yilnnffn1l1IlJ~ t1UIl1VU~1tJl'lf'W fl'W 

1.3 'UDUI'U~'Utl.:)nnl')v 

., ':)1'W l')vill1J'W fll'j ~ ml~.:){h~ 'ilU'W ~1~lv~I~Yi1nnyJtl n'U11~ln1) ':)':)1'W lJluftll'vilt!'U cit.:) 'l'W 

~ ~ 

d. ~ ~ dO 'l. ~ "" fl':)ll1nD mllJll1nD':) fll)~l'W'Y11'W1'liDIIUfl'YlI'j v IIn::;mllJ"'llJl'jt:l 'W nWVllfl11lJ"'::;DlmDVluD'U~1U 

~'Wm':)'UD':) ~l~ ~1'W nn ~ nu~.:)rlll~ ~~tlU~1Ui'.:) iYui Uftl'U l~n nl) 'Yl~"'DU~1~lJ1lm tJUIl1UU flU ~n 
" 

" ~flll~.:)rlli~ ~~':)'Yltl~'lf1VYi 1'l11"l~H1~~1'U nn~ nll~':) rill~ 'illi"'lJU~'V1l':)~l'W fll'j Yilfl1llJ"'~D l~)DU 

IriV'U 1~~1U~'WID':) l1~Dm,Jlj91n'WUU~Dl~~liJ'W ltll~ 
l~':) ff.:)fllJ nl) ~ nU~':)~1vll'W 1'Yll.:)ilDl ~'il ::;11l'W nn l~lJ'Yll':)I~Dn 'I 'I1l.i'l 'W fll) N~~~~~nw~ 

ilfl.i'l~il1'mllJriYn'Uv.:) fll) fflJ H"'~U~ n~l':) fl'WDvn 1 tl ~ ':)D1'il ~ ::;liJ'U'Y11~I~V n '1,1 nu~mi'l '1'W nn 

l~vncJf()~~~nw~~ 11 m nl1 "lVl~lJlJ1 n~'W1~'1'Wv'Wlfl~ 
1~~~':)1l1~fi'DlJ fll) 'Hi'.:)iYu1Dl\l11l'W1l11 rlw~ ~~':)1'W '111l.i'l'W fll)DU ~l ,\,1nu~.:)'Yl() lln~Dl\l'lhv 

" 
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.,.­
(Survey of Related Literature) 

2.1 O11~nll~~n"UVU (Easy-care Finishing or Durable Press Finishing) 

O11~nll~~n"UVU 1'1l"U O11~nll~~rll!~ 'il~~'Vltl'lfU~"l1i~ !~tll~O11~1l"fml1H""r:YllJl1f.)Vh... 

. 
..., y q. y 'I 'i" I 

iJll't'i ~'U~,:j fIT'W1J'U'\.UHn'YI 1'\)1 flI iJU U'JI9Hl g&lUI 
v • 

Hl~l'll 'ill f)!~"u itll9l" " 1" ft'iJ!!"U 11Ull~ 'il~VU lf1'~ lV m1vu!n~.u"U!jjtl!~"Ulvf.)m1n~tl.. .. 
(amorphous 

1 

/
o 

H ~ 
~ H 

o 
/ 
5 

5 6 7 8 

... 


~"u1i~iHll111~11il~ft'lVhiilllCltJ"l"uU1!1rumyrull"U'lJtl~!~"Uiv~lV !U~V"u~"u1i~ 131~1!'il"u 1"U 

j) j) ~ i j) ~ '" 1 .. & '" 1 ...,1 "" .1 • ~ I 00 '" '" 

1 f1Hft'H:j'IJtl~ mH1V 11 !lJ"U 'Vi"U li ~ f111!!""U'Vl 91 ~'Vi"u li ~ f11111" "u'Vl'Vl!f)~'IJ"U 'ill n01l'VlllJ!] n'Wl nu 

11l1vlmi"U '1"U 1m ~ft'~Vl'IJtl~Hl~lV 'il~I~"u~"uli~~ijf11111!!o\l~1l1 ~1J1nnil~"u1i:::!~llfitl~"uli~ .. ... 
"11 '" 1 ...,1",.1 .'j)Oo .., '" "1j) .1, i j)"1''''
~3 ~1!'il"u 'Vi"uli~ f111!!""u'Vl'Vl!n~'IJ"U'il:::'Vl1 11IMlnl'm91n11n'IJtl'l'Vi"uli~ ~~Vln'IJ"U'Vl1 11 ~1lIn~011 

lf1~ tl"U ~lV'lJtl~~"u1i:::iJ ~·ml'lll~Hl~lV~~ n!!~~f1'1Vft'n lf1iJ~'l nci l1iJ rlCll'll i ~011 ln~l tlVVUU"UHl 
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-­
t I • v 

iri'-3-3fl'Ufl'l1fflJ~lVYh1 Vl'lJlldH'rllJw:l1lJ i ri'-3 Vi 1l1tYn':hlJ~Hrvh1 l1'':iflV'Ufl-3nl'j V'lJViln~~lJ 

t11 'U i~i~ n11!~fllVi Vtlfl'lJ'Ufl-3! fflJ~lV~ 1:l~lflV~ w,h 

2. ~ilJ1lJ ~ln~V1'Ufl-3!ff'U~lV !ff'U~lV~~ !n~V1ft' -3ll~ln~'jflVV'lJ l~lJlnn11'Ufl-31ff'U~lV~~ 
. S.I". 

'U 

. 
!n~V1\9l1 vl-3Ul'V'l':ildl lfflJ~lVVi~!n~V1UflV ll~lJ nl':i m~1l1V~1'Ufl-3!l ':i -3U~Vi~n1T¥111l1' 

". 
lJj:·mvh 1 l1''jflvv'lJVi!n~~lJ 

fil~ii'rlll·d'mi'l~lV~HllJnlHlnU~-3n'UV'lJ!l~1lJ~-3~1flVl-31i'U durable press (DP), 

~.d ,~ "'''' '" <V1IJ~1 9'j)
wash-and-wear, no iron, easy-care fabric Nl'Yl91nU91-3~1Vft'nnlJV'lJ1l~m~'jflVV'lJ t91 lJ'UUl~ t'l1 

: ~lV U~'j flVV'lJ~-3nri11\l~111V!1~1n~'lJlJll~ V'lJ!l1jJfllJ!~lJ 11 ~-31l1n nnin!I1:l~fl'lJUl1'-3 nJ~ 2.2 1l~ 
'U 

, " 
UcW 2 l1livhil1'ln~ft'ltli9fl~mJ iV-3i'U!fflJiV!9fmt 1(lft'~lJ

'U 'U 

Cellulose-OH + X-Reactant-X + HO-Cellulose 
~\ 1( 

" ~~' 
\ , 

\ 
\ , 

\ , 

Reactive groups 

1 
Cellulose-O-Reactant-O-Cellulose 

, 
',,­

Crosslink 
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... 


2 .2 'th ~lfl'Vl'\J tJ·HHH'1 fl!1~.:j n'W ihJ 

"(1'1'j~fl!I~~n'WrJ'U(I·6) "(1'lm'jflU,j~tJUf11~!'lJ'W 2 'lh~lflYl ;)tJ 

. " . 
I. "(1'1'j~f1!l~.:jn'Wv'UViiJ~'W511'WYll.:jlfiiJVi"(1'llJ1'jmJlJ~U~mJ"(1'1'jvJtJ{l1lJ~ 1~~ 

." . 
2. "(1'1'j ~ f1H~.:j n'W rJuYi h;iJ~ 'W511'WYIl.:jlfiiJvhJ ft~U~mmwvJ U {l1lJ ~1~~ 

(Formaldehyde durable press finishes) 

"(1'l'jCjlfl!I~.:j~ uvl'WU'j~lflYlifiJl1lJlnl1 cnV'lfiJ~ !l~~"(1'llJ1'j mJlml i'~~.:j 1'Wm~'U1'Wf11'j
'" 

~nH~~ n'W rJ'U1'W ~~"(1'111 m 'j lJ~~'VlU~iJVlJ1i'n'WlJ ln~ ~~ ;)U DimethyJol-4,S-dihydroxyethylene 

urea (DMDHEU) 

f11'j -N.:jlfi'jl~"'"(1'l'j DMDHEU vhl~l~vn1'jl'huun~Vl'j ~l1':l1.:j~1~ V!llJ~ lnlJutJn9fUlJ 1~ 

I~'W 4,S-dihydroxyethylene urea m)Tvi1Uun1vl~tJn'UvJu{l1lJ~'B~I~!'lJlJ DMDHEU "(1'1'j 

. " 
DMDHEU Vi'\J1Vuvl 'WI~.:jf11'jri'l{hlJ 1'Y!ui~~iJfi11lJ!~lJ'Ij''W'\Ju.:j"(1'1'j~.:jn~l1U'j~lJ1ru 46% 11'l111'W 

'" U 

o 
1/o o 0 /C~ 

HN NHII 
NH2-C-NH2 + H~-~H I I 

CH CH 

I I 
HO OH 

tlnljw:::~&fIlj'tlt).:jtTl'lYlnu~·:If)'UiJ'lJ DMDHEU 

1. 'fnCjlnu~.:jnlJv'tJ DMDHEU ~~UlJCjluriuvvJtJ{l1lJ~'B~UtJnmr1tJ'W~l.:j~l nm:iJtJ1V• 
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.. " 
2. 	 nl':iln~ilJ1i~11~!111,\Hl'Hn'j DMDHEU 'il~!n~Yif:lfljl1.niJYi""~n11 130°C ~lJ''ll 'Vll 

• 	 OJ OJ

." 	 . 
111'H'lYi~ nUvl~~1(mWW h;~l~llt.l~tl .n!jlf)1H)'Uf-liJnYi!~ Vfl11 "curing" 'VllJYi ""llJ1Hl 

" Yi~lmHhw l:J.i~lllllJ~tl~'Vllfll'H)'UHiJnntllJ l~lJllJO~ 6 1$)f:)lJ 

3. 	 ""n DMDHEU 'il~1:J.iu"flurimn.jf:){iJ"~'~~tltlmJl'~~lV 1l1~f:)lJtl'Um'j~m~vl~tllJ 
Q.I .Q.dt 
V'U'lflJfltllJ"l 

4. 	 f)1'j1'11lJ'YlllJvltl hydrolysis !I"~ chlorine ,\Hl~""l'j DMDHEU ~f)11'Uf:)~""1'j~flUvl~ 

tllJVm11tlJ~tlQilJ'll'j~!.n'Yl~~V1tllJ!'lilJ Dimethylolethylene urea (DMEU) 

~ 

DMDHEU 'UlJHl (% add-on ofDMDHEU) 

Lf 	 Q.J' Q.f 'jI qJ ~ ~ 'jI 'jIQ.J Q.I

I. 	 tl~f11f)1'jfllJ~1~tlf)1'j V'UUo~'j~~'Ufln V'U'Utl~Hlfl'UlJ UJtl!'rnJW,mH'UlJ'UlJ'Utl~m'j 

.r 
DMDHEU lJ1f)'UlJ 

'" 	 ... ,... ...... ~ 1 ,,,,,x .d 9 y1It.1'" .1'"
2. 	 tl~f11f)1'jfllJ~1~tlf)1'jV'U Uo~'j~fl'Uf)1'W'U'Utl~Hl'il~ lJfl'UlJ lutlfl ~lJtlu'jlJlrufll'j l'lf 

""n 	DMDHEU !nlJ 7% 'I11tl'll'j~lJ1ru 15-20% 'Utl~""l'j DMDHEU Yi'U1VtlcillJ1;~
OJ 

" 
3. mllJU~~U'j ~~lllJ 1'll11'1'Vl~ mllJU~~U'j ~vltlfll'j~llJUH~~ fl11lJU~~U'Hvltl!!H~fl 

31 .cs f I Q,I Q.I...-::II Q,I 'jI 'j) I 

4. Hl'YlHllJ fll'j~ flU~~flt.lV'U'il~lJf)1'jl1fl~1'Utl~HllJtlVf)11 2% 

~1!~.:l'm,rtin'lj'Ul;Tl'Hl"'UJ'U (Durable press catalyst) 

~1!1~~!lllJf)'jfl'il::llllJ~'J11 ~ufin~(mh'l1 fmn'j tllJV'U~l1~ N-methylol !,j'l'Vll'llBn~(n 
" tl'U'I1~1~~'jtlfl~O'IJtlWI10~ 1o""11'1!~1~lJ I'lllJrlllJ1lJU~flq'l:lYi11 "The stronger the acid, the 

faster the reaction" 
. 	 ." 

fll'j !~tl f)'lfiJ ~'lJtl ~~1!1 ~Yill1lJ1~{flJllJ fln'Vll'll B n~VliJll1 'fJ HoYirllflty fl~i1 
d Y 9 '1 0 lIty~ 	 ... " Y <V ,

1. 	 mllJ!1'IJ~UH'lJtl~mlJ 1tJ19fo'J Lo{f{fllJ1'j\l\1fl'Ylloltl tfl~1Vf)'jfl m'jl~'Q~'WlJmmIH 
... 

~1 i'iJfl11lJ1lllJ f)'j ~lJ1fl fl11lJU~~U 'j ~'U'e)~!~lJ1t1n'il:;\lfl'Vllo ltl"~11llJ1fl 
OJ 

2. {fl'j tllJ V'U'U1~'lfiJfliJfl11lJ 1tl~111lJ nn!nfl'll fi n~tIltl'Ul9f"~h ""'~fltllJ,j'l~i'l 
" I '1 "QI .c. .c.Q"::)' cl J 'jI 9. 'jI Q.I I dad 	 ~ 
~tl~ f)1'J1 'j ~ t11 tll'l 'j If)1'j !flflU!) f)'j til!n'IJlJ fl 'il:;I'l'e)~ 1'lf~1! 'j ~'YllJ fl11lJ1lJlJ m fllJ1fl 

'il:;'II'U1fl~f:)lJ1Jfin~tIl111'!nfll~!~ 1~lJ 
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. ~ 

" . 
f11V1l11Pl rHll'l.:J(;1'~.:J.,j'~fl.:JVi flril1 fin 1~~fl1oM~11-i.:J1,rm1J1~(;1'lJiifl11lJ ~hrltumh:J1J1fll~~ 
."

• u 

, 

.,j''lJlfl~m.J hrtlfin~tJllnfl~'W 1f1 ltrl~ii~rl1'Wflwvi1mUfl11lJU~.:JU 'j .:J'U~.:Jlff'W1V19fClQ hmr~uVif!fl 

I'vh~ 1)~Yh1~ fl'j fl~ 1~i''lJfl11lJUUlJlJ 1fl~f!~Hhl1 i''lJ11i 'W ~111.:Jtl fi n~ tJ1 fl rl UlJ flIW9f UlJfl Cl ~ i 'j ~ 

(Magnesium chloride) m~~Cl~UlJ flI'Wl9ftllJflClrl i 'jfl1~i''lJfl 11lJUtJlJ1J1fl rl1l1 i'uu 11J1'H'ltJ'W~111.:J 
" '" "" "" lJfl.:J'W 

"'" "" ,
'l!''Wfl~'W''lI'l!''W aluminum salt , ferric salt, zinc salt 

2. ltlJ flI'Wl~ UlJflrl ~ i 'j ~ iliii HCl fl'j ~'Vl'IJI'l~ III fl ifu Cl ~ fl11lJfl.:J'Vl'W 'Utl.:Jifl'l tlll ff.:J 1fl VI 'Q Vi 1~ 

iftl'j~I.f1'Vl direct dyes IlCl~ reactive dyes 

3 . IIlJ flI'W I9fUlJflCl tl 1 'j ~ ili1'li~':H1.:J~ 1tl.:J i 11J1 fl Ill'l ff11J1'j mvilJfl11lJ1tl.:J i 11~~1Ufln 

& v &~ ""1 9 J "" 1v V ,JlVilJ~W l1.f1lJ 'W fll'j ~'IJ H'W fl 111 ff .:J'U'Wl1 'j tl 'l!'l1m1 'W fll'j tl'IJ H'W flil1 tJ11'W 1'W 'U'W. .. ., . " 
4. IIlJ flI'W I9fUlJflrltl 1 'j ~ 11I'W ~111~YiiimllJ1tl.:J i 11f11J1fl~'W 1flVfll'j 1oM11lJ f)U fl'j fl'l!'U fl 

g'W"lI'li'W citric acid, ammonium chloride, aluminum salts 11lmi''W i'Wtl~1J1wd1mrtlV 

ff1'j f)'WV'IJ DMDHEU mlJl'j(lI'1llY'htlfin~ tJ1f)'IJ I9fCl Q1Clffll~1ff11.:J~'Wli ~~I'VItl{'j ~111H 

DMDHEU ltCl~I9frlrl1C'1ff., fl.:Jllfffl.:J1'W'jtl~ 2.4 .., fll'jlPlfllll'l.:Jf)'WV'IJ'IJ'WH1~ltJYl1'1~lfl(jfll'jl~ 

fl'j~'lJ1'W fllJ'U'IJ Ofl-tl'IJ 1l,r.:J-~'IJ m1fl (Pad-dry-cure method) 1fl Vfln ~lJ H1~lVC'I.:J i 'W ff1'j f)'W VUVi 1fl 

N-methylol reactants Vi1~lJ~1tJ~111.:JlllJflI'Ul9itJlJflC'l~ 1 'j~ U~1Y11fll'jtl'IJII,r.:J~ r,Jru l1.QiJtl'j ~lJlru 

100°C 11I'W'j~V~I1Cl1 S mYi 1l"~tlUH.uflH1~1t1~tlWl1.f1iJff.:J~ ISOoC 11~tlff.:Jfl11 'j~tJ~I1Clll\.J
If! 'U 'U '\f 

fll'j~'lJm1fltl'j~lJlW 3 mYi l1~~lJlflfl11;iI~mrtlV I~~ l,rlnfl~'Wli~~I'Vltl{l 'W 1m .:Jff11.:JH1~lU 

a i v "" v ~ dOl v v ~ , "" i v", lIJ ' "" i v
(;1'1'j DMDHEU IlJ~ 'l!'fl'IJH1H1U1)~lJHC'I'Vll l1H1H1V'Vl'WlPltlfll'jVU flfl UC'I~ llJlJHnYl1 l1 

Inflfl1llJll1~ ~'1 (yellowing) 'IJ'W Hl'U11lJlfllJfl ~'1m1lJ'U11'U~'1 H1V'Itl ~iWflW cyj'~ ffllJl'j (WtllJ i''IJ 

lIJV ""lIJ''''' '''''''v v~ v a lIJVo ,v ?I
lfl u,,~tJ'IllJlJHrlfl'j~'Vl'IJlPlm'QflffYlVtllJU'WH1mUfl1v 1'W~'11)lfl DMDHEU lfl'Wl1J1 'l!''11'UlU'W 

" . . 
Ylli,rii ffl'jtl 'j ~1.f1'V1'U H~1Pl tl ~ fl1J1i 'W 91tl'Vll'l fll'j Ii'1YiUIPl fll'l 1'1 f)'W 1'li'W 

Arkofin NDF, Fixapret CP Cone., Fixapret CV 11~~ Fixapret AP 11I'W~'\.J ,.h:::ffYlllmVi'Utl'lff1'j 

" Imhijtll1)ulPlf)~l'lf)'W '1tJ.u1'l U,,:::tl~lJ1ru fll'j i ~'U~'1ffl'j u"~~1d 'I U"~m1~tlrul1.f1iJ1 '\.Jfll'j. .. 
" 

UUU,r'1tl'IJ~.ufltll1)l'll'l f)'WI~ flUtlVU '"1UI'l11ff1J'lr'W 1)~ ~~IPl1)lfl'IJ~liYl ifl UI'l tl VH '1 'j nlPlllJ'IlmiYtJ 

'U~.:JfflJ Ifliii 'W mjlJ N-methylol fl~ 11I'W ff1'j~ffllJl'j \ltl"fltlri~Uffl'j~rn'ltl{l1,,~l~~ ~'11~~11 

11I'Wffnri~ i.,rlnfllJ~l~ 'I ~'111~ DMDHEU 1)~tl"fltlritlvtl~lJlW'Utl'l'Wtl{l1n~ i~fl1~uUUlIl'lnV'I ili 

ffllJl'j\l i.~I~ tllPl fllll'l~ Hll~U i ,rijtl~lJlW flntlC'lfltlriuV'Wtl {lJC'I~ h~tJtlfllJllll'Wfn.JVl~ YI 1i.,rij.. 
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tT fl1,)VlHl1fl'1Hl1V'YiTut jlJfi~rl'WlI (j~111ff1'J !f)ij~')111 ~!~ tJ1.1 1mi ~!1l\.J ffl'J \9l flll~~ rl'W V'IJ~ ili 

u(jflucivvff1'JYjm.Jv{:IT(j~ i V~!~vtJ llJ1YlflllYl'W ffl 'J f1'WV'IJ DM DHEU 

o 

1/
C 

HOCl--1if "'N-CH20H + 2 Cell-OH 

I I 
CH CH 

I I 
HO OH 

1 
o 
II 
C 

Cell-OCH -if 'N-CH20-cen + 
21 
CH 

.: I 
HO 

I 

CH 

I 

OH 

(Nonformaldehyde durable press finishes) 

'VIV{:lTCl~ 'ff~!ll'Wffl'J!f)ij~!t1'WYjll !ll'Wffl'J~ nvi ,r!n~fll'J'J ~mm~eJ~~eJ~hl1tT~ ~eJ\9ll 

!I(j~~V!tm.J!~ tH1 (a mucous membrane) 'W eJ fl~lflifv~!~V'jlffl'JvJV {:IT(j~' B~ttl'W ffl'J tieJlJ~!~ ~ 
~1 fH)\.J\9l 'J lV~l~"l 'lJ eJ~ ffl'JYjll'VIeJ{:IT(j~ '1 ff~ Vi 1'1 ,r!~lJijf)1'Jrl'Wf)1nf lffl'J \9l fl!l~~ rl'WV'IJ~lll1~~i~ 

UCl\9lUcieJvvJeJ{:lTCl~ '1B~ ff1) f1'WV'IJ 1'Wu'J~t.fl'YJif~ij1m ~ff~l ,m~lVf)~~f1'IJ{1'l'J DMDHEU Miv 

& 0 0 ... 1qQ~ I IV .J od 

Dimethyl ethylene urea (DMeEU) C)$~!flfl~lfll'JYl1u!JmV1'J::;1111~ dimethyl f)'IJ glyoxal C)$~lJ

I l1~ifffl'JVf)~Cl~V~'1\.J~l!1l1'" ~ 4, 5 ffllJ1'JtH.ulVilt1BfWVlnlJl1~'1fffl'J eJfl~Cl'lJfl~!C)$Cl'J hffi~u~l 

1'j) 1 &'j.I1" 0' iJ 0'131-=> 0 

f)eJ'W'lJl~lJlfl !'IS'W fll'Jfl'IJVl'Wfl\9lfl~ 'lSflu!l1fllJff~f)eJ'W'lJ1~lJ1f) (hard to cure) Yll 'I1!flflfll'J'YJ1CllV 
• 'U 'U 

" . . 
fl11lJU~~1IH'lJeJ~!.ff\.J '1V~lVfl(jNlJ lfl 'WeJ fl~l flU rhn\9l fI!I~~~-Wffl'J DMeEU U~lij fflJ'l1~f1'W v'IJ'n 

• I 
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'" (7- 10) 'jI' ?t co d 9 'jI ~~ 
YiH) Butanetetracarboxylic acid (BTCA) Wn'l"lU11 STCA !UlJff15!fllJ'VH1'1lJl'H1 l'lH'\J'Wffl~ 

\9lnu~.:jn\HJul~ uodh.h~ ~'Vdjfl1'1"1'IJtJ'ln15!1JlJffl~\9lnU~.:jnlJ(Ju!'YitJu!'vhnu DMDHEU lwn1~ 

U(l~~1t~ .:jYitYilJl~fflJ 

Butanetetracarboxylic acid (BTCA) 

BTCA ~'l.h~f)tJuhM1tJl1~m{UtJcU~n (carboxylic groups) ~llJ1lJ 4 11~ 'ffllJl~m'li'1l'11 

ufin~tJlnul~~~t)ncUo'IJt)Wl$O~ Ioff l~hw~l1~m{utJcU~n 2 11~ fI1tJl~~1ri'luo~~Wl1tJi1~ 

tYilJl~fflJ ~~!n~!1JlJ!!tJlJ1~mtJ (anhydride) U~1t'li'1l'11Ufin~tJlnul1~l~~~ flncUo'IJfl'l!ff'W ltJ 

" 
!91oo iomn~H1J'WilJ1j~It)'CYI\9lt){ (ester bond) ~lJ U~1~~fllJmJ'lJt)'lm{urJcU~n miulJl J mJ 

'" '" '" 
" " 

11 ()'l~lmr'Wn~~!n~nl~ ~ 1lJ~1'IJrJ'lmJm{ut)cU~n 2 mJ!'Ii'1~1tJn'Wflnflf'l !n~I1JlJ!1 rJ'W i~~ltJIl~1 
'" '" 

"ok " 
!'Ii'll'1l'tJan~ tJlnU 1~~~ fl ncUo InIPII1J'WYllJ1i ~Wm\9lrJ{~'WlJllmJflnl1lJ'lilJ1i ~ ufin~tJl\l~!n~!ilJ14 

l~rJtJl'l.J iJ~ml'11111'ln~~1'lu111lJ lm'l'CY~l'l~ltlltJ n15ln~'l.Jfin~V1'IJrJ.:j STCA nUt9Hl~ 1o'ffllff~'l 

H~.:j~'l.J~ 2.5 
'" 

BTCA ')~rJQ1'Wn~lJ'lJrJ'l Polycarboxylic acids ~'llJt)n\lln BTCA U~1 ffl~'lJn~lJiiv'l 
.1 'jI & ~ co 
lJ~~nrJU~1tJ Tricarboxylic acid (TCA) Uo~ Citric acid (CA) 91'l'V)'l BTCA Uo~ TCA 1l~lJ 

" 'l.J'.i~iY'V)li fll'l"ln1~ l1JlJ 'ff15 \9lnU~'ln'Wvu IYitJul'vhnu DMDHEU U~'ffl~l1'l'ffrJ.:jnV'l ll.i'ffllJ1~ m.ul 
, ", 

lJllI'V)lJYi DMDHEU 1~ 1'1"1 ~ l~~ lf11'IJrJ'l'ff15l1'l'ffrJ'lrlrJ'W .ul'lU'I"I'l Iljt)t'l.J~ tJUIYitJU nu~ 1m'IJrJ'l 

", " 
DMDHEU ()'lUJJ.urJ~'IJ t) 'l 'ffl'.i 11'l 'ffrJ'l flmlllJ 'ff1'.iVlll.iu o~'l.J ri rJtJ'ff15Vi1:jYJ rJ{110 ~1~~ lJ t) n\lln14 

'l.J~lJlwm'.i 1~'lJrJ'l TCA I'i'tJ.:j 1~'l.J~lJlWrltJlJ'Ii'l.:jlJlmrlt)t'l.J~ tJUtYitJunu'l.J~lJlW f115 1~'lJt).:j STCA 

!~t)111'H1tl1tJ~\9l nU~.:j~1tJ TCA iJ 'fflJ,j~fl11lJm'V)lJ~t) nl~VU'lJrJ'l Hl tlltJIYitJul'vhnu'fflJ,j~ 

~.:jnri11'IJt).:jH1~\9lml~.:j~1tJ BTCA 111rJ DMDHEU ri1lJ'ff1~ CA l1JlJ'ffl'.ilfliJ~iJ'.ilm~f1I1~ 
" " 'l.J~~~'V)lifll'l"ln1'HlIlJ'ff15nlJvuulJil.i~l'vi1nU'lJt)'l'ff1'.i BTCA Uo~ TCA 1I~t)cillJ'\jlJ'I"ItJl~~

'" 
.1 co 0 9 'jI co. '" J 'jI "1 'jI '" , , '" '" (11-1 2) & 

lJt)n1l1f1lJ CA lJ~Cl'Ylllmf1~fl11lJtYiotJ.:j'IJlJUlJm'IJ111~110.:jmlJm'.i\9lnU\9l'lnlJtJu 91'l 

" , " 
In~~lJ!ut).:j"lf1l1l.il~~'.i t)ncUo'IJrJ'l CA In~m'.i U\9l f1l1'f)'lJtJ.:jYllJ1i~1I~1'ff~1'l11JlJilJ1i~ri~lJlJlll1l.i 

'" 'U . " ,
Yhl11'lm.:j'ff~l'l'IJrJ.:j CA l'l.J~tJlJl'l.JllllJ aconitic acid iJ~ol'111l1'ln~fl11lJtYi~tJ'l~lJ'UlJH1'IJ11 lijrJ 

http:ff1'.iVlll.iu
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H1- COOH H2C-C~ 

I /0 
.> 

Hi-cOOH 
HEAr Hi-! + 

Hi-cOOH Catalyst HC-COOH 

Ht=- COOH H~£-COOH 
1Cell-OH 

~ 
H2ic-o--cell 

H,-COOH 

H,-COOH 

H2C-COOH 

. . " 
tlf.11'11'j n911lJlJ Uf)1 ~ITI1 rllf.J'Yl 1'W'W f.Jlf.JllJVi ~:::Ufl1'\Jl! rl::: rl~i1ty111flJllHl1 ~V'IVi !n~~'W 

" l~f.Jf)1'j!~lJ'ffl'j'lfJtI 1'lf'W Triethanolammonium salts 111tl boric acid rl'lll1 !!~~1'J'lf1ml1riliJ 
, '" .d '" .% II) 'j) ,d d 0 'I 'j). I '" '" ~ , ... 

mlJ1HI 'lfJf.Jrl~fI11lJl11 rl tl'l'YHf)~'\J'W l~ 1191 f)lJ Hrl m :::'Vl'U'YIlll1lJ'j:::~'Vl1i fll'W f)1'j l'U'W ~1'J 91 f11WI 'I f)'W 

V'U'\Jtl'l~l'j CA ~tlU(\'1 flf)11l11lj'l~'lfJtlrl~i1U1111flJllJl11~tl'l'\Jtl'l~1'j CA ll1'umJrl'l fltl rl~ 
u . " 

U~lJ1Wf)1'Jlt'\Jtl'l~l'j CA rl'l u~11t BTCA 111tl TCA U~lJ1Wl~f)Utlm.ullJlU'Vl'WVi 'W'U",h1lliJ 
. . " 

'lf1m-WlJU'j :::~'Yl ~fll'W'\Jtl'l ~l 'j CA 1'W f)1'j l-WlJ~lJlI~f11'j'Yl'W~tlf11'jV'U'\Jtl.:)Nl ~ltlll1'~ ~'W II rl:::fI11lJ 

'j) M dd.% 'j) ,... <9 'j)21 II) 'j)... 'j)"l 'I ... & 'j) d 
'\Jl1'IJtl'lrnHltlf)~'IJ'W ~1m'lf'W f)'W t:1 '111lJlJty111'IJtl'l ~l'j CA l~ 'j'U f)l1 Uf) I'IJ I'W 'j::: ~'U 11'W 'Ill rl1f)911lJ 

!1~ 'ffl'j CA nV'IlliI'Ll'W~iJf.JlJll'f1:::v'IllilJf)1'jtll1J11tti'Wv'IH'W il1mUlJlf)Uf) l'Wtl91'ffl11 n'J'jlJ~ 'I. 
'Vltl 1'lf'WL~tl1ti'Wti'U BTCA 11'f1::: TCA lf1H~~l'1'Vll'llf1ij'IJtl'l BTCA, TCA Hrl::: CA l~u'ff~'1Hl'W 

'jU~ 2.6 Url:::l'W'ju~ 2.6 V'Il~u~~'11m':)'ff~vl'\Jtl'l Tartaric acid 1I'f1::: Malic acid ~~llJ1'Jt:1 
OJ .. 

I ~ iI d I I ~ I 'l1J r <"1 Y?t I Q,I QJ iii" 
~J'W aconitic acid t:1'1l1lJll:::lJl1lqJ carboxylic tlQt:1.:) 3 l1lqJ H91 IlJ'ffllJ11t:1l'lfllJ'W'ff1191nH91'1f)'Wf.J'U l~ 
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li',rut'W:i 1~iJUtu'l11eXTUfll1lJl'l1 tiu.:jVi 'il~ln~~tJ tlV1.:j:i tJ,j:i .:jlJ1f)'iltJ hi{f1lJ1:i t1 't.J 1{f1:i aconitic acid 
u • 

.-


J 

"I 

, 


lJ1' i'l~tJ{fn~f)u\9l.:j ntJ V'lJ leX 

H1- COOH 

Hf-CO~l-! 

Hf-COOH 


H:zC- COOH 


BTCA 


HO-Hf- COOH 

HO-HC-COOH 

Tartaric acid 

1 9J 

HF,-COOH 

I 
HC -COOH 

I 
H2C -COOH 

TCA 

HO-Hf-COOH 

H£ -COOH 

Malic acid 

,j" d ~ Yl 2.6 fI:i.:j{f:i1.:jYl1.:jlfllJ'\Jtl.:j Polycarboxylic acids 

H1- COOH 

HO-C -COOH 

I 

H2C -COOH 

CA 

H2,,-COOH 

C-COOH 

I 

H2C-COOH 

Aconitic acid 

~ld.:jfihri;ht11mn'inUU1J (Durable press catalyst) iim1'U polycarboxylic acids 

191-;ai .:j~~~t!~rl111 f'lJ{f1:intJV'lJ,j1~l.flYl polycarboxylic acids ;itl v11!i.:j lC)f!~UlJ 1~1,j 

yJU{flyJ~llJ ltJl~I~Yl (Sodium hypophosphite monohydrate (NaH2P02 .HP) catalyst) ~.:jl~tJ 

19111i.:j~iJ,j1~iYYl~m'VilJ1f)~{f~ itJ f)1:il'J.:j,j nn~V11~WJ1.:jm~1'Vi ~fI1{'lJuciiifln'lJlC)f'Hl 11l{f ii rHl.:d .. 

1111l1'r-i'1~~ml\9l.:jeX1V{f1:inWJ'lJ~.:jf)cilliJ{flJU~ntJU'lJ~~~{f~ r-i'l~~f)U~.:j~lU{fn BTCA ml~ii'. 
Y • 

<V I ~ d d Q.foCrt. G.I QI' do I Q.I 'j/ d I 'j/ I "do 
ml:i .:j'l1tJ ~tJ 'il~lJ {flJ'lJ~fltJV'lJlYl V'lJ1Yl1fl'lJ'lJtl.:jH1Yl~ flU~.:j~lV{f11 DMDHEU {fltJ '\Jm{fv'\Ju.:j 
y. y 

19111i.:j'l1iJ~ij ;iu en'il111il1'ln~f)111,j~UtJU,j".:jLQ~iYl~Vl~'Vi1~iY9T'llyJU{ (sulfur dyes) 'Utlfl'il1flU 
y • .... 

19111i.:j,j :i~lflYl Uii:i 1f11Vi~u'U .ul.:jl1'Vi.:j ~11H 

lC)fl~VlJyJU{f'yJ~llJ ltJi~H~Yl (Sodium phosphate monohydrate (NaH2P04 .HP) catalyst) ~.:jii 

11f11~~f)f)'hv111i.:j'l1iJ~ Sodium hypophosphite monohydrate 1l\9l1911Ui.:j,j1~lflYl~{fU.:j'il~lljiJ 

~mm ~Yl'lJ\9lULQ ~iY'\JU.:j r-i'l~VUlJ~lviY,j:i ~lflYl\9l1.:j"l U~~U.:jii'~w 'l1 iJDiu f111 U'Uf-rUf)~ ~ .:jlJ1f)ii rHl 
y y • 

111i l1'ln~f)11~'Ul'l1 tiU.:j~tJ'lJ'U Nl'\Jl11'Vi 'jl~ ii'UUl'l1fllji tJ f)1'jU'lJ ~iJ'nVi{f.:j riltJlIniYYl~fl1'Vi itJ. .. .. 
y 

f111ri.:jl{f1lJil1'Nlii{flJu~ntJUUt!ml~~19111i.:j'l1iJ~ Sodium hypophosphite monohydrate il1i~ 
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~ d 1 1 "'13 '" ~ d?t , I ltJ '" '1 ltJ d.d.
L'Vl'VllIlJtJlJ ~HHlfl "lf~ 'WH) L'Vl'VllLlJtJ!UlJffl':iul~flflUm)n !"lf~'lJfl\l !~'11~ l'Vl'VllLlJtJ'VlfltJ.. 

I~fl\l ~lfliifl11lJLffG tJl~ flffl'j tfliiL!~dh 1f11~ III 11lNlJ1m!fl ~1flV1\1 LGJflJ fllll'tJ~ tJlJ'W~\I\l1lJ!flii 
-' 

i lJm~UllJ flll L'i ·nJfin~ tll~lt1L! ff \I~t~ tlfl':l-i 1yj lVl11f1Vl1~ ff~ (Photocatalyst) ~\lfflJ,j~'Vl1\1~llJii 
vh111'iifllHJmnI 'Vl'Vl1IUtJlJl!fl~flU~\lUlJ ~lih·m'Yl11M~lffllJll tl'Yl lfl11lJff~tll~ l~~ltJ~l!fl\l 

. . " 
flU mul'Vll\l flll 11'W'VlU '111 tllhlJl1'*tlllJ ~1m tl\l1lJlfl1tl·nHu m fllfl'I'W fl i ,*1lJ flll ~lt~tl ~~lJ 'Vl~U. . 

" .
~l\l'l lJflfl~lnU V\lff1lJlltltJ1lJll,*tlllJ~ld \lu~n~tJl'Vll\lL!ff\lYi1,*tfl~flUBt~fll'Vll~ (electrode) 
. . " 

t-Wtl!~lJU 1:: ff'Yl il fll'W flll tWfltJ 1 i MllllJ 1 ell ~ ~ 1~lJ!1~:;tl tl flclfl ~lJ (electrolystic splitting of water) 

" 
i lJ \lllJ'Vll.:J~llJ photoelectrolysis cells l'W 11~ll nYlJ flll i '*.:JllJ'lJfl.:J l'Vl'Yl1!U V'lJfl.:J fll~ tlllJvllt~ \I 

QQ~ 3J 14 11) V QI d .& V I ~ ~I W

u~mVl~lt1Uff\l ffllJlltlff~U L~~.:J~U'Vl 2 .7 ''If.:J~:;'lf1t1.:J1lJ'Vl1.:J~llJfllHJl!'lHl fllll~.:JUfl~lJ 

. " .­
ffllJ l'j tltJ llJlfh,)~ fl~ lJ m~ lJ i lJ ~'111fl i lJ 11'tl\ltJ 1 11 Cl~ f1l1'Yl 1fl1 f1lfl'111' ff:;m~U~ ff'Yl ill~tlflll fh,)~.. . . 

t'lflJ 

" 
fI1{UtllJlJtllJtln 1"lf~ UCl~ff1~U~~flflU'W1n lell~lf11{ufllJ LlllJ~'W 'Wtln~lflUV.:Ji,*.:J1'WilJ~1'W 

nl'j'Yl1 i MJlff~m~u~ff'Ylil~~~ltJ!i'W f)'W 'W flfl~ln.:Jl'W'Yll.:J~l'W fflJ,j~~tlllJ hn~uIflm~ff~'lJtl.:J. 
I'Yl'VlltU tlU ~1 1'Vl'Vll1UtlV.:Ji'i~l~'lfU fllH1f1l'l1~ff .:JffllJ l'j tltJ llJ11'*111 'W ff111f1i1tlUt~ tlllfl.:J f)'W flll.. 


!1J~ 2.7 fll':i i,*\ll'W'lltl.:J ''Vl1'l1LUVm.:J~llJfll·Hll'Wvl1U~ \lUiin~tJl~lVU ff.:J 

(VilJl : httpllwww.photocatalyst.co.jp/e/tohaltoha.htm) 
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'lh~liI't11m.,'j i;l~\3N~ fl'Uf).,'j1't1mI'U£JlI'Vlf) f) fl' C)J~13 
I!J d 1 I!J" ?1 .k '" 0 ?1 .d I!J '?1 "" " .k '1m'YllltJtllJ 'fItHlfl 19f'flI1JtJff1'Hl-:J\9\1tJ1 1I~~I1JtJffl'Hl IlJl1JtJflt'J\9\f)l!tJ11tI 9f-:Jm~~~e~ tJ 

.1 d/ I!J " .oj I!J " 1 $I d/~u~~flIllJlJetJ1ImY (anatase) lIlJlJ~ tVl~ (rutile) 'l1'jf) lllJlJlJ~fl IflVl (Brookite) flHff'll-:J~~fl 

'\Je-:JlwVllllJtli-:J 3 IIlJlJ ff1lJl'Hlllff'fl-:Jm1i~1tJ~u'\Jf)-:J TiOt ~-:Jl~tJ1h~iJ'fIj1tJ~1'11~t'Jlme-:J~tJ• .. 
'I1~f)f)f)fl\9\~ ~'fI'lf)~ (Octahedral) 1m -:Jff~l-:J~iifll'1-:J 3 lllJlJiJfl11lJll\9\fl~1-:JntJIi1 f)-:JlJl~lflfll'liJ'fI 

. " 
'\Jf)-:J~1'\Jf)-:J'V'Vfl\9\~~'fIf)~.yh~ t'J-:J~'VntJiTtJlI\9\fl~NntJ 1 tJ 1 fl'l -:Jff~l-:J'\J'V-:J~~fllllJ1HltJ 11Vlff lfl'fl~lfl 

fll'l I~ tI-:J~1~'VntJ'\J'V-:J'V'Vfl\9\~~m f)~ 1'f1t'J1~ri1tJtlf)'fI'\J'V-:J 1I~~~f)f)fl\9\::; ~'fl'l f)~ ri1tJ 1tJ 1 m -:Jff~l-:J 

'\Jf)-:J~~ flIllJlJ~1VI rl'lfl'fl ~lflfll'l I~ tI-:J~1~f)ntJ 'tI'V-:JU'V fl\9\::; ~'fI 'l f)~ 1'f1 t'J 1~ri1tJ 'tI'VlJ '\J e-:J II~ ~::; f)'Vfl\9\::; ~ 

'fI'lU~ Im~rl1'11i'lJ 1m-:Jff~1-:J~iifl1llJlJlJ'lfllm1Ifl'fl~lflfll'll~ t'J-:J~1~f)ntJ'\Jf)-:J'Vf)fl\9\::; ~'fI'l'V" 1'f1t'J1~ 
.. <u .. 

l'1-:Jri1tJtI'V'flIl,,~ri1tJ'\Jf)lJ'\Jf)-:Jll~"::;f)ijfl\9\~~'fl'l 'Vm~ tI-:J~m')tJ 1m -:Jff~1-:J ~iifl'tle-:J lYl'YllllJt'Jl'1-:J 

UlJU IS lY1'llff'fl-:Jlm H1tJ 'lU~ 2.8 
<u 

600 f)-:Jflll9f"I~tlff -:J1tJ1,)t'J1 tJthwutJ iY1'Yi1fll'lffflEl1I~tllnlJ fll'l !U~t'JtJllU~-:J1 fl'l -:Jff~l-:J~~ fl~lfl• .. " 
'\Je-:JetJ11V1fflul~tJ~~ fl'\Je-:J 'l.. i'YIrl'fietJ'u'l-:JlJlfl l'l-:JlJl'vn 1::; 1m -:Jff~l-:J~iifl'\Je-:J lYl'YllllJt'J!~tJ~1UU'l" 

" . 
1m -:J ff~N~~fllllJlJ 'l 1Yl" tJ 'V fl~lflilv-:JiJ~1B U 'l em'! ~ 1t'J~11lU'l.yjiJ~" m ~Yl1J~mJ 'l ~ ~'YI1l'fll'Vl 1 tJ .. 

" . 
fll'll~ -:Jufin~t'J1'\Je-:J1I~~~1m -:Jff~l-:J~~ f)'\Je.:J lYl'YI1llJ t'J 'fl-:J~1eci1wlftJ ~tJ.yjr:h fll'l m~~lt1~l'\J'V-:J 

'j'Vl'ltJ '\JtJ1'fl'\J e.:JetJiI1fl~~ f) 1I,,~~rl1rlru~em::;lJ1tJ fll'l 'ff-:jIm 1~,.f~~fll 'YIYl11lJ t'J 
q" q <t u 

(b)Cal 

(c) 

~U~ 2.81m.:Jff~1-:J~~f)'tIe.:J1Yl'Yllliltl (a) etJ1l'Y1ff (b) ~IYl" (c) 1J~flifll'l 

(.yjm : http://ruby.colorado.eduJ~smyth/minltio2 . html) 

3 

http://ruby.colorado.eduJ~smyth/minltio2.html
http:fIf)~.yh
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.­

." 

fltl1 f)'\Jtl.:Jfl1'i'th'HU1~&i1'UlvJ1V1UfWllili.l~'\J~).:J1rl'rmu[J 16-17 

WI c1 ~ di '" 0 di .1 V '" '" " 
U'4.f11fl ~ 'YI'Y111'U tIllJ'U fflm.:)~rnJlC)j'.:)U 'j ~ f1tl'Ufl1t1Utl'UYHl':)':) l'\.HYU ,m tl'U fl U U tl'U 11n'l 'U C)j' 

o Ii) • .I_!il di '" :: '" 
(valence band) U"~lItl'Uf1l'j'Ulll"(Yn (conduction band) C)j'':)Ufl'UYH1':)':]1'U'Yl.:)fftl':)~~!Wf1tltlf1~1f1f1'U 

'j/ I I IV c1.r::::t 'j/ IV ~ I ~ 
~lt1l1tl'U'Jj'tlnl':)YHl':)':)l'U (band gap) 'YllJfI1l:lJf111':)"-I'fl':]l'In':]':)1'U (Eg) f1'Utl~ !l'I'j l~ll~'U'U 

m ~'U1'U f1l'j 1 rl 1\9lllfl\9l1~ ffl9i''UU,:) 1 'Yl'Yll!utI~~!fi~~'Ulrlm)'U .f11fl"-ltl.:) ~.:)I'i1 t.'h 'Ii ~ tl ffl 'j 1 'Yl'Yll!U tI. 

" " Ifi~~'U 'Utln~lnU h+ VB iJ':)ffllJl'jfl~':)l1~tlf'Uu!~n\9l'jU'W~lf1 IlJ!"~"ffl'ju'U'Yl~Vl~I~tI\9l'j':)'Ii~tl 
" . . 

ffllJl'jflVill-H'llJmf1"'Utl.:)'\.hVhf1l~~~~b'li~tl 1~~'j tln9f"Um)'U!U~(J'U lUl'L1'U 1~~'j tl n9f"!'j~rln. 
di c1 li)i 0.1"''''''''' di 1I

(hydroxyl radical; OH) C)j'.:J~~lJfl1llJ1'fl':] n ~nl'j'Yllu~n'HJ1~.:)C)j'':)~~ffllJl'jtlff''lti ~lJI"~""-Itl':] 

ffl'j 1~ ri1'UU!~ml'jtl'U~fl nm~~'U lumii'U;l\1lJf1WUl1rlVll~~lI'Yl'U~lt1rl'UJ~f1llru 
'U ~ cu u e CB 

UI~ n\9l 'j tl'U~ \l nm ~~'W ~~ 1 U U ~i 'WlItl'U nlHJ -I 1 rlVllffllJl'j flVi lufi fi~ tllnlJ IlJ n'l ~n tltl n9f!~'Wu~1 

Vil i -H'llJnl ~ntltln9f!~'Ulu~tI'W 1 U!1J'W,!!!U tl{'fltln 1C)j'~u tl'W 1 mJtl'W (superoxide anion; 0) ~.:) 

tl'WlJnUff'j~J':]fftl.:JiJU'j~iY'YI~.f11l'1 i'W nl'j fh,y~ffl'j U'U'Yl~ U~ l.:J"lI~(J'vh i-H'ffl'j U'W'YI~ U!fi~f1l'j.'" .. " .. 
ffmtlI'i1!1Jm.Jlll"~fl1{1J'fl'W '~tltlf1 1C)j'~1~1 'WVirr~ 1~(JVi1~m tln9f"!'j~rln!.ulVilUfio~ tJln'U 

1~1~'j !~'W~.:)!1J'W ri1'WU'j ~n'fl1J'U'fl.:Jffl'j U'U'Yl~ Uf1mm1J'W til "h'UC)j'!utl{tltln lC)j'~Utl'W lm.Jtl'W!'Ill 
" 

o • I '" "'''' '" " i '" c1 " ~"Ii) 1iJ" di 1-.11'Yllu~mtllf1'Ufl1'j'Utl'U 'Wffl'jtl'W'Yl'j(Ju"~nmmlJ'Wfl1'j1Jtl'W ~~tltln ~C)j'~ C)j'.:)m~'U1'Wf1l'j )"j \9l 

"''' Ii) c1 V & '" "''' '" di dt 1-.11 "''' 1Ifl\9l1nff\9l"-l tl.:J ~ 'Yl'Yll! 'W tI ~~flmtlfln.:] f1'U m ~lJ1'Uf1l'j ff.:]!fI'j l~'lill ff ':]'U'fl-:jl'l'Jj'C)j' ':]llJ 'W )"j t~UfI\9l1'(1 ff\9l 

~11J'U1j'j 'jlJ'Jj'l~17 fl1llJU\9lf1~N'j~Wjl.:J lml hVJ,,~.:)!1J'U1'i11~-:jufio~ tll'Yll':)lIff .:)\9lllJ1i 'j 'jlJ'Jj'l~n'U 

1'i11~ .:)ufio~ tn'Yll.:JU ff.:J~ '~rl'.:J!fl'jl~..1~'U'U'fl-:j 1 'Yl'YllIUtI'fl~\9l'j.:)~ ffl'J 1fin 1 'jVJ" '1 'WYi'll'!~'U1'i1,y'U 
II ff .:JtllYi\9lUI!~1Itl~ tI'W tilu n~fl1{'U'fl'U 1 ~U'fln 1C)j'~i -H'n'(1 lu!~ 'U tl 'fl n9f!~'UIl"~ f1'(1 1 flff~':)I~'W

" 
ffl'j'lh~f1u'Uu'W'YI~U\9l1lJ'jU~ 2_9 

'" 
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Harmless 

~ co. ~ 
Harmful / Light Light 

Co, 

• I 
,",oro"'_>.z. 

I' slarch+Oz 
H.o O'1lan1c compound 

.,; 
('VllJl : httpllwww.seasolutionsnano.com/What-is-Photocatalyst.gif) 

2.4 m::;UTWtllj 191cH1Hl 

') 18 ~ & .,; '" 0 '" <f ') ') ~ 
m::;'UllJnlj !91'H~ft 11J'\..Jm~'Ul'\..!nl'j'l1'\..J.:)'Y1'\..JtJlJ'\..JllJltY.:)lml~lH),Wfmn..Jl!'\..J !~tJl1J'\..J 

. . 
m ::;'U1'\..J tll'j 1,j~u'\..JtYm'\..J~ 'illf1'UCl':)l'I1ftl~l~ Ur111 "191(1" ~.:)(hu i muirf1'il::;mji'\..Jj,j'UCl.:)tYn

u .... 

II 'U1'U ftCl U1,j l~ 'U 'UCl':) II ~.:)~ l~ Uf111 "I'il ft " 

t 

.. 
I iI 0 , iI rI " 

(Hydrolysis) f11jfl1'Ull'U'\..J~1U'Ul (water condensation) llft~ f11'jfl1'Ull'U'U~1tJllClftf1Cl~Clft 

. " 
(Alcohol condensation) IP11lJtYlJf11jyj (1-3) ~.:)u 

-------> M-OH + R-OH .... .. ... . (I) 

., 

, " 0

tll'jm'Ull'U'U~1U'Ul : M-OH + HO-M -------> .......... (2) 


, " <f
tll'jfl1'Ull'\..J'U~lUllClftf1ij~flft : M-O-R + HO-M -------> M-O-R + R-OH .... .. .... (3) 


~.:) M 1~'U\91111'Vl'\..J ift'l1::; ~lij{hWJf'U Si, Zr, Ti, AI , Sn, Ce ri1'U OR 1~'U~l11'YI'U'UCl.:)Alkoxyl 

group 

. . ., 
iJ~~uyjij~C1~fltr\9l'jlf11'jln~,jnn~tJl'Vi"hfiUl fiCl pH V\9ljlri1'U'UCl':)lhw::; 1f1'11~ Clw'I1nil':U u ~ cu 

jI ". , 

nn 1:: ll::; U'U f11j mUfllJiJ 'il ~Ul'I1 ri lui 'U '(1'fll1::;'ViII~ f1~1':) n'U 'il:: ri.:) HftVi 1i t1'191ftll ft:; I ~lf1'Vi i~lJ. 
I ""' 

tYlJ1J~Il'(l~1fI'j .:)tY~1,:) 'Vi LlI'I f1~ 1,:) n'U ClCl f1 i,j i'U m::;'U 1'U f11 j H~I'IYi.:)'(1' fll1~'ViI~ 'U 191ft lift:; l'il ftlJJm'1i'l 

rim ::;'Ul'U f11'j Vil '1 t1'ut1'.:)'I1!mHl~ flW '11 nil~1~~ 1~H~\9lnWq{~ '11 ftl f1'11 ftlu'j,j II 'U'U 1'Ii'U I~'U iv 
'\I q cu 'U 

') "'') ~ <f '" .,j 0 ~ '" '" 0 '" .,j 19
lit) !'.it~lf1 91! 'j l'ilft fl'U fllfl H':) ll'(l~l"i '(llJlflft Cl'UI'YW'U llJll1J'U 11'1()~'U tYl'l1 'j Ufll'l tYl'l1 m jlJij'U"1. . . 
~t)1,j ~':)lltY~.:)lt)lH'1'Uj,j~ 2.10.. 

http:11J'\..Jm~'Ul'\..!nl'j'l1'\..J.:)'Y1'\..JtJlJ'\..JllJltY.:)lml~lH),Wfmn..Jl
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• 

• C()Od.(oOSahOOi ------­- -

---/ 
Solution Sol 

O'tprecU("'"~ (rolloi<l) AEtC)(J'" 
/\\ !\, " , i Simeo" 

Spr3y. d<p. 01 <;pin (oat / 
/ Draw " , , 

\ 0<)' oOo&bo~ ·io SQQDomCP 

( 
\ 

\.1\ \\\\1 ,Co..,ted slJb,.o;t.raw 
\ 

! 

Dense c""amiCFlIl<>rs 

Dense thin him 

d 
(mJ 1 http://www.llnl.gov/str/May05/Satchcr.htm!) 

m:;;'lrrw fll~ 1CJim,HHll'W m :;;1Jlh1 fll'.i~tJtJlJ'\.hlJll~~ tJlJ lvrYlll'UtJ iCJi(lIv1mhIJ1If1ftfl1JM 

~ i'" .,; .J 1" d lIJ ~i i 'JId d'UhI!tYhI tJl1'.ifl'U'WtY.:J'VHl CJi.:Jfll'.iI~'.itJlJ'Wl 'W 1'Yl'VllI'WtJtY1lJl'.im~'.itJlJ I~ ~tJf1l',i 'If Titanium (IV) 

" . .J 
tetraisopropoxide (Ti(O-iPr)4) 11l'WtY1'.i~.:J~hlViI~tJf111 precursor 1'Wm~11~fl1'W1W'Yll'Wfl(l 9$.:J 

.. 
11B01tJ1'U fl.:J f11'.i 10~ hl11 'W 1'Yl'Yl1Iij tJ i~11tY~.:J1 fl1 i 1'1 'W11 B01tJ1'Yl1.:J Iflii'Ufl.:JtYlJ f11'.i ~ (4-5) 

" I '" "'''' d d 1 lIJ d 'JI 'JI
lJ!JmtJ1'Yl1.:JlfllJ'Ufl.:Jfll~I~'.itJlJ'Wl hll'Yl'Yl11'WtJWW Titanium (IV) tetraisopropoxide precursor ~1t1 

m~1'W~1f120 

Ti(O-iPr)4 + Hp ----------> Ti(OH)4 + 4PrOH .......... (4) 


Ti(OH)4 ----------> .... .... .. (5) 

11B01tJ1'Y1l.:Jlflii'Ufl.:Jfll~ I~~ tJlJ'W 11 'W 1 'Yl'YlllijtJlldtJ Titanium (IV) tetraisopropoxide precursor ~lU 


Ufl'Yll'W fl(l20 ~.:J11 Bo~U1'Ufl.:J fll'.i 10~'W11'W 1 'Yl'Yl11 ij tJ 1~utY~.:JW111'1'W11Bn~U1'Yl1~lflii 'Ufl~tYlJ fll~~ 


(6-9) 


Ti(O-iPr)4 + 4EtOH ----------> Ti(OEt)4 + 4PrOH .... .. .. .. (6) 
.. 
Ti(O-iPr)4 + Hp ----------> Ti(OH)4 + 4PrOH l1'.ifl ..... .... . (7) 

Ti(OEt)4 + Hp ----------> Ti(OH)4 + 4EtOH ... ... .. .. (8) 

Ti(OH)4 ----------> Ti02 + 2Hp .. ........ (9) 


http://www.llnl.gov/str/May05/Satchcr.htm
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d ~4 ~ 20 & 0 "1 ~" ,,~~ I Y 
Gupta, K. UCl::::'VI11~1~tI f1'flEl1f11'j'Vl1m1111:Y::::m~ 1~~1t1\91'WW\l'tJB\lH1H1t1'V1\91flll\9l\l~1t1 

" i'Vl'VI1IUtllli~tWfl'''lf~ l~tlY)lflnl\9l~tllJlJll'Wi'VI'VI1Ifitllli~BBfli"lf~ 4 1~~1tJfl'W 1i\lu I. f11'j 

" , 	 1\91~ till 'W 11 'W 1''If'O i'Vl'Vl1IU till i ~BB fl i "lf~hn.J 1 2. f11'j 1\9I~ tlll'W 11'W 1 ''If'O i 'Vl'Vl11Utill i~wBfl i "lf~1 'W 

Itn11'U B'O 3. f11'j 1\9I~ till B'W fIlf1 i'Vl'VllIUtlll l~BBfl i9f~''Wl1'B\I'VI~rlB\I Uri:::: 4. fll'j 1~B'W.illf1 i'Vl'Vll. 	 . 

, 	 " 
I1r11 10 'W1fi 1l'O::::fll'jB'1H-n4flfi 100"C 1~'WI1r11 30 'W1fi '\1~\I~lfllT'WY)1f11'j'Vl~Vlll'Wvl~1t1 

Hydrothennal ~~ru '\1!Jil 97'C 1~'WI1m 1.5 ~1111.:j ri1'WB~fIlf1 i 'Vl'VlllUtill i~BBflI9i~~'\9I~ till 

.. 	 " 
o ::"t Q ..I $I ~ '" 	 • .1 "" Q $I J1 '" "I ~ ~ 

111'V11f11'j IlJ B 'W \91~ fllll Y'i II '0 1Mfl'l:l 1f11'j 9i~ ~W\JB.:jf1 'j 1'lJ f1111 Y'i'VI \9I~'lJ 'W H1 H1t1111U\9I1flWl I1flrl NII~.:j .. 
~lflHrlfln'Vl~'OB.:j'Vl'lJ-:i1'W1 1'W 191'0 i'Vl'Vl11Utill i~BBfl i9i~1'W1.11ihh::::iY'VI1lfll'Vlfl1ni1fl11111:Y::::m~ 

'tJ tl.:jB'WfIlf1 i'VI'VI1!U till i ~ B B fl i9i~~!~ fllll nmn'W'lf1.:j 3-4 nm 1~ fln 1\91~ tlll'W 11 'W 1''If'O i 'Vl'Vl1!U till. ~ 

" 
'. i ~ tl'Ufl i 9i~~1t1m::::'lJ 1'W n n 19irl!~ rl'\1.:j 1:YB.:j 1~ II 1:Y~.:j'lh ::::iY'Vl1l.fl1'Vl f)Wvi 1f111111:Y:::: m~~1t1\91'W1'U.:j 

, 
1:Y1'W 

" , 
'1h:::: iY'Vl 1lfll'Vl fll'j 1'1'1'W'Vl1'W !~BII 'lJ f1fi!~ tI £-Coli 1.~li1f11'j 'Vl~'O B.:j!~ 'Vl1:::: ~l~lt1fi\91 m !~.:j~1t1'W11'W 

," 	 " 
19i'Ol'V1'V11I'Wtlll i ~B tl f) i9f~fi !\9I~ till 1'W U1 'Vl'lJ -:i11:Y1111'j fI rI~1~m!'lJf1fil~ tl1i.:j flri 11l~ 96% 

21
Abidi, N. U rI::::fill'll'W i~li 1f11'H\9I~ tlll'W 11'W 1. 'Vl'Vl11Utill i~tlBfl i9f~~1t11~ 19f'O!~'OII~1 

U1111\9lfll!~.:j'O.:j'lJ'W ~1 ~1t1~1 tl1~ii'lJ fl~-B'lJIIl1'.:j-B'lJ HUf)~1:YfIl1::::fll'Jtl'UIIl1'.:j 60'C !~'W 11'01 10 

'Wlfi U'O::::f11'jB'lJHUn~ 150'C !~'Wn'01 5 'W1fi !!'O::::ftml1f)nli1f111111:Y::::tl1~~1t1\91'WW.:j 1~tlU1W1 

~1~\9Inl!~.:j~1t1'W11 'W 1 'VI 'VI llU till i~Btlfl 19f~1I~11J1li1l~tll.J~1t1f11l1yjll'O:::: I 1,r1l~.:j '\1 ~\I~lfllf'Wih 
" ",

~lfili lliltl'Wll1~ 1ml ff\I~1Vi'.:jiY~1 
", 

Hmh 1 fl!)-:i1'j B milB'W'¥i'.:jfl1l1 yjll'O:::: i 1,r1l~\l1:Y1111 'j fI n1')~'U tl fl 

l~fIltll'W 28 ~11ll'1 

.d ":::::'QJ 22 '1"0 & <) I Q.I QJ

Huang, K.S. !l'O::::'Vlll\ll'W1~tI !~'Vllf11'Jf1'flfj1"ff1'j'O::::mtl 19f'OH"ffm::::'\111\1"ff1'JfllWU 

Dimethyloldihydroxyethyleneurea (DMDHEU) tl'lJ1:Y1'j Tetraethoxysilande (TEOS)/Titanium 

(IV) n-butoxide (TTB) l\.Jflm1ri1'W~II\91n~l\1tl'W f11'jl\9l~tlll"ff1'j'O::::mtlH"ffll 19f'01i\lflril1i~'~ 
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, 


-' 

n1 ~V-3 llCl~mlJHnlJl'Hl i lJ fll'J~llJl11'UlnHU1'UV-3Hl~~h\.Jfll'J\PIflU~.:J1~ tJ'U~fH'mJ:11 1l1m-lClfll'J 
" I. ,.. v 

'YIIPICl tl-3Vi 1~'W'U'-,h !lJvvru 11 m:nlJ fll'J tl'U H.u fl~ .:J~lJlJ HCl Vi 1'111'~lJU~f)WJ'U'¥1.:J~m1~1111'-311Cl~liJUfl. " '" 
,.. ". V " tI 

d d
~~lJ 1'1.:JU1'W 'J 1~ f1l'J lfllPl,jfi fl~U1vllJ li ~ ltj5VlJ'U11.:JVi~ ~lJ fl11lJU'U.:Jm.:J'YI 

V JI •• , 
& 

'UlJ lJ Vfl1l1flU Hlll~1l1 ~V.:J~VlJ.ul.:JilPlllllJ !lJVvru11 fliHli~ lJ flnvum'1flmiYi 160'C. " " , v , 

TEOS/TTB 1lJ~1'J\PIfHl~.:Jf)lJv'UihhlJVi1111'~lJU~f)lJihJ fl11lJ11~.:Jll HVifl.:JIl1~V'UV.:JH1~~lJ Ijjv 

I """ •

,j~lJ1rumllJ1.ulJ.ulJ'UV-3 TEOS l~lJlJ1fl~lJ 'Vl.:JlJU11l11l'Ul'W'.i1~ilJ'J~uUVilJ TEOS/TTB 'lhuVil111' 

IfllPlvllJ 1i~ 1~ llP1'JllllJlvilJlJ1fl~lJ ~.:J~1lJ1'J \11,j'Jf1u1lJ f1l'J~llJl11lJ~Vf)lJv'U i 11'~~lJllCl~'lhU1vilJ 
mllJll~.:JllH~fl.:JIl1~V i 11'f)'UHl VVl-3 h O\Pl1lJlrlV,j~lJ1ru TEOS IvilJ~lJ 1,jlJ1f)ilJ tl\PI'J lri1lJ'IHl.:J 

, v v 

TEOS/TTB Vi 10: I lJ HClVi1't11'~lJU~f1l'J tllJV'UllCl~mllJll~.:J11 HVifl.:JIl1~V~VUCl.:J 'Vl.:JU11llJl'W'J 1~ 
" 

TEOS IfllPl fll'J ,JU19l111llJ f)cilJfi'VlJlJHClVi 1 i 11'tllJ fllfl i mU~lJ hi~llJ1'J \1U'YI 'J f)cJflJl.ul hnlJ 
q • u 

, " 
1m .:J~~l-3'Utl.:Jl~lJ 'tu l~lJ HClVill11'nl'J lnlPl,jfifl~Ulltj5tllJ'U11.:JlfllPl i~Ulf)~lJlJHCl m~'YI'U~tl.:J~lJU~ 

", . ".." 
~-3f)cil.:J'YI1.:J1~.:JCl'U lJV f1111 flU fll'JVilJ m~mfl'UV.:J SiOz UlJ-WlJ ~h'UV.:JH1ViI~lJlJlf)~lJlJHClVil't11'HllJ 

, v ,
a ~ & <jI I Q,I' 0 OJ Q,lQ <jJ do & I <J} do , 

mllJn1 Cl V.:JI'WlJlJ1fl'UlJ 1P11U!'lflJ fllJ ~111 'J 'U ~lJU\PIfll'J \PI1lJ 'YIllJ 11 ~ .:JU1 '1)1 f) 01 'HYf11:Jl'W'U 11 Hl'YI HllJ... 

d j.J~ Q.I 21 li1 <J}~ '1 $I '1.d I

Huang, K.S. UCl~'YIlJfj11lU - llPlfl'fl1:Jlf11'J 'If-31lJ'UV.:J~1'JCl~Cl1U ~9fCll'1)Cl'YIH~m~1111.:J~11 

tllJV'U'tlJtlmlri1lJ~11\P1fl~Nf)lJ'UV.:J BTCAImaleic anhydride (MAH) f)U~n Tetraethoxysilane 

(TEOS) ~fl11lJl.ulJ.ulJ U\PI fl~l.:J f)lJ ~1Um~U1lJ 011 19fCll'l)Cl11J:11U1 i U\PI f)11~.:J f)lJV'U Cl.:JU lJ Hl~lU 
"~d d Q,I <JI 6:!1 ... Ill) 'j) , 

1P11U11i f1l1'U'UVIPI-V'U1l11.:J-VU HlJ fl (Padding-drying-curing method) 1l1flH"011'Y1IP1ClV.:J~~U llPl11 
. " . 

f1l11-WlJtl\PI'J lri1lJ'UV.:J BTCA lJ HClVi 1i 11'V-3fl'l f11'J;jlJ 19l1~V f1l'J V'U~~iJ 1'W 'Jl~'lhU1~lJ,j fi fl~Ul'UV.:J 

" . 
esterification f)'U 19fCl " h~i~lJ1f)~lJ O1<H-WlJfl11lJl.ulJ.ulJ'UV.:J~11 TEOS lJri1lJli1'111' tl.:Jfl'101'J 

'V 

~ v " •
~lJI9l1~V f)n V'U'U fl.:JH1~ltl~'UlJl'lilJ f)lJ 'Vl-3lJ I'W 'J1~ f11'J IfllPlvllJ 1i ~U 1'YI V{11 Cl~vllJ li ~ i ~ llP1 1 I 'l)lJ l~lJ 
"" .. " 

lJ1fl~lJ lJVfl'l)lf)U011 1~lJ~11 TEOS V.:J!~lJfl11lJ11~.:J11HYifl.:Jll1ftV'UV.:JH1111'~.ulJ 11"~"\PI 
,'', " " .i CJJ ~ d Q c£ j.I ~ d I I '1 'jI <jI QJ d. d\r) " 

IllJ1 ~lJlJfl11lJll1Cltl.:J'YI1l~1f1IP1'UlJUlJHlyjlU'YIHllJfll1\P1flll\PI.:J l'llJVtlM 'Yl.:JlJI'W11~~11 TEOS 'YIlIPI 

• "~.I'I l' 0'1".1 "'''' " 'jI a& " • "Jd "1"\PIfl11\P1.:Jl'Ul l U llJ!9f1:11:1 1:1 ~'lf1 U'Yl1 ~ l1u 'J ~~'Ylli fll'W fll1\P11lJ'YlllJfl11lJ'J VlJ\PI'UlJ Vtl1.:J !'Jfl\PIllJtll 'If 
" 

mllJ1,j'lJ.ulJ'Ufl.:J~11 TEOS lJlfHfllJ i U OlJ HCl'Yll.:Jl~.:JClU~Vfl11lJ~lJ'IJ V.:JH1~ ~·hlJ 011 \PI fHl~.:J~1U 
I ," 1:11 I 

!'lilJ tllJ ~fll1~Vill1lJ l~'CYlJVil11''Vl.:J'CYlJU~ tllJ V'UUCl~mllJ11~.:J1l1.:JYifl'lll1 ~V1 1lJ'Vl.:Jfl11lJn1 ~fl.:JVi 

http:f)cJflJl.ul
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V I I I 

!n~~'W'IJ'W~hvh"lJ~nlJlnVi'CY~~tl 'CYfl11::;ViiJu~'nri1'W IlJn'tltl.:J BTCNMAH Vi 5:5 Hn::; 3% 'tItl.:J. . 

: 

'" I 


'CYl'j TEOS ~'CYfl11::;f)1'jtl'IJr-n1n~ l70·C ltl'W!101 2 'W1Vi 

Nazari, A. lICl::;VilJ~1~tl24 iI'1Ulltl1'CYnn'WtJ'IJ BTCA l1~tl CA ~.:JltI'W'CY1'jn'WtJ'IJ~ili 

un~ucie)tJyJtl{l1n~i~~l'l~tllJ~1t1'W11 'W iVl'Vl1!14tllJ i~tltln i91~~.:Jltl'W'CY1'j1'l1H i .:JUfin1til l'11.:JH 'CY .:J 

~iJ'j'lJr--I~mtl'W anatase ~iJ'tI'Wl~'tItl.:Jtl'WfI11'1 21 nm ~.:JltI'Wr--I.:JiYI'Vl1!14tllJi~tltlni9l'~'Yll.:JI9i.:Jf)1'jfl1
v • 

~r--I~~'j} In'IJ111'Yl Degussa lJl~ n!!~.:J n.:J'IJ'W Hl~lml~1'~hf)1'j tl'IJ r--IU nHl~ltlI'11t11~~H~ n~l.:J n'W 3 

1~ ~tl 1~~ 1 1,*n1)tl'IJr--IUn~1Vfl11lJ~tl'W~tlWl1fl~'CY.:J~ 180·C ItI'W!101 2 'W1Yi ff1l1i''IJ'CY1'j
• v v 

". . 
~tl'Wflnfli'.:J l~tI i ,*'CYfl11::;!'!5'W!~tl1n'W n'IJ1~Yi 1 'j}lnr--lCl f)1'j'Yl~{ltl.:J'CY'jull'1'h 'CYfll1::;f)1'jtl'IJ~unYi, 

" . 
i'*l1.:Ji'.:Jff UVA I!Cl::;mllJ~tl'W I'll tI n'W lli~Cl'tltl.:Jtl.:Jft'1f)1'j~'W1'l1I'itlf)1'j tJ'IJ'tItl.:JH1Vi~n ';hf)1'j tl'IJ 

r--IUnI'11vi'.:Jff UVA l1~tln1)tl'IJ~UnI'11t1mllJ~tl'WIYltl.:Jtlci1.:JI~tl1 f)1'jl'*'CY1'jn'WtJ'IJ BTCA llir--ln 

" ".
'CYllJ'tItl.:JH1ViH1t.Jn1'j~m!~.:J1'11t1'CYnn'WtJ'IJ CA 'Wtlm'Jln14 YilJlrn1~tl14tJ.:JII'1'CY'jU11, 'W1I'Wl'Yl'Yll 

h+ !!(l::; IU'j~'jtl'W ~'CYllJl'j tlYhm!l~ltI'W Lewis acid ~.:J!t1'W~';ni.:Jufin1V11'Wf)1'j!n~ufin1t11 

esterification 'tItl.:Jl1lim{'lJtlcU~n'tltl.:J'CY1'jn'WtJU BTCA l1~tl 'CYl'j CA n'IJm.n~'j~'jtlf)cU{l~.:J!t1'W
v v 

Paul, R. 

~ ~ ~ '" ~ ", "'1 '1 ~~ ", ~ 1 1 "'II] ~ '" '" !'CY'U~lVH1V'YlVtllJ'CYHn::;'Yl lJ ~tJtllJ'CY~1V'W1 'W 9I'Cl'tltl.:J ZnO 'Yl !~lJl'j}ln'IJ'jfJ'Yl Pulcra Chemicals 

U'j::;!'Ylft'Wtl'jl1'U l~vl,*'CYn!fl~tl'IJu'j::;lJ1ru 4% o.w.f. Yilf)1'j!fl~tl'IJ~tlrul1fliJ 80·C !t1'U!1Cll 60 , v 

'W1Yi H~1Yi1f11'jtl'IJ!llr-:j~ llO·C ItI'U!1Cl1 2 'W1ViI!Cl::;tl'IJHUn~ 150·C ltl'Wl1m 2 'W1Vi r--I{lf)1) 

'Yl~Cl tl.:J'CY'j U1~11 IA''W1'11V~ III VtllJff'CYllJ 1) tlV~If)1::;U~ lJlOltl'Wfllfl'tl tl-:j ZnO 1 ~lJ1nn11't1tl-:j, . . 
functional 'CY1'W 

. "" 
m::;'lJ1'W f)1)on llliJiJrumffll1i''IJ!A''W ~lVYiiJtl'Wfllfl'W11'W'tItl-:j ZnO 'Wtln'j}lnU t.Jn1~vncilJ14iJ-:ju, , 

1~'Y.hnl'j'Yl~'CYtl'IJ f)1'jl1 tl.:J n'W i'.:J~ ~1U'W Hl~lV~1m'!5'W n'W u~l ,*'CY1) I 'Yl'Yll!14 VlJ I~ tltl n 191'~H 'Yl'W 

ZnO i'W f)1'j 'Yl~{l tl-:j I~Yilf)1'j !fl~tl'IJH1~lV~VfllJ ~!m::; III VtllJ~~"'lV'W11'W 191'{l 1'Yl'Yll!14VlJ 

II] 1'"~ "''''1 "'"0!~utln 9I'~~1V11i 9I'm'j}{l H{l::;'Yllf)1'j'Yl~'CYtllJ!l'ltll11fl1 Ultraviolet Protection Factor (UPS) H{l::; 

ffnfJ1r--1{lm::;'Yl'IJ'tItl-:jf)1'jin~un1)t}tl-:jn'W i'-:j~V1~1m'!5'W n'W l~vYilf)1'jin~ 10 flf-:j ri1'WU~lJ1ru 
'U 
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" . . 
mH11'j'Yl~'Hl ,nnr:h ~l~lrJ-n~Vi 1111~vtllJ ilu,,~vtllJ ilVi\9l nul'i~~'w'(1'n'Yll! l4mJ 1~'V tl n 19f~'Vi'lrjl~ 

. . " 
~1 UPF miVi 50+ ul'iljjm111tJin~r-my'hl11'~1 UPF '\H)~~l~lrJ-n~'(1''V~tJ'j~lfl'Yl~~l~~~~I!~~~~l

'" 

, 
" " .

UmJ~~~1V'I1~~~1r-h'W fll'jin I0 fli'~ 'W'Vml1nUV~ l~yhfll'jffmm-l~n1'Yl'YllIUVlJ l~tltln 19f~Vi 
" .

IlJW-l~nmJlJ anatase (A) II~~ Rutile (R) 100% 1!~~5\9l'jld1'W'lJtl-lrl~n-n~'(1'tl~Vi 3:1 (A:R) I!~~ 
'" y M "'11) Y , , Y .J ~ "' 

1:3 (A:R) IfI~'VlJ~-llJ'WrllH1V'YlI~rll'Wf)1'j\9lnl!\9l-l~1V succinic acid 9f-lllJ'W\9l1 linking agent 'lJtl-l 

~l~lV~VtllJUCl~~ 1111~v'VlJ ~lf)rl~ fll'j'Yl~'Hl~V.lJll ~1~111 1~li'tllJ~!f1 ft tllJ~1!'J'(1'n 1'Yl'YllIU!'JlJ 
I r I V 

l~tltlnl9f~'tJ'j~lfl'Yll'il~"lii~l UPF Vi 50+ IICl~ljjtlih~lVil111~vtllJ~~mh11tJin 10 f1f-l nV-ll~ 

~l'IJtl~ UPF ~ 50+ ~1'11flJ~1~1!'J~VtllJil~lflfttllJ~1!'J'(1'1'j l'Yl'Ylllu!'JlJ i~tltlf) 19f~~iirl~nlluu 
. " 

anatase 100% ~~1~~1 UPF Vi 50+ ~lv~1111~in U~~lril'Wf11'jin 10 rl~ ~l UPF ~~Cl~~-ll'l1fttl 
o Q,I 'jI ~ d" d a fJ} 1 d lIJ II) ct".dd -=9 ~ 

32.97 '(1'1'l1'jlJrllH1V'Yl!'JtllJ'(1'!!Cl~lfl~tlU~1!'J 'Yl'Yll1'W!'JlJ !~tltln 19f~'YllJrlClnI!UlJ rutile 100% 'I1'jtl 
iI I V I 

5'f1'jl'rh'W-n-l'(1'tl~'IJ'V-l anatase I!Cl~ rutile ~~l UPF Vi 50+ -n~'lJtl-l~lViril'Wf11'jiml~~I11ril'Ufll'j 
d 

rutile lJ 

.. 

UCl~ril'Wf)'j~lJ1'Wf11'jUlJV~-tlUI!11'-l-tlUrlUn f)1'j 1'f11!'JlJ l'Yl'Ylllu!'JlJ l~tltln 19f~I9fm'f11!'JlJ 1~!'Jfll'j 

'I1V~'(1'l'j Cl~Cl1!'J Titanium tetraisopropoxide Cl-ll'tJl 'W'(1'1'j Cl~m!'J~llJ'W f)'j~~'tJ'j ~ntllJ~1!'Jf)'j\9l 
" .. 

l'W'f1~nuCl~m\9l'V~-1f~n 'I1~-l~lnirm11fl1'jfl'W'(1'1'jCl~mmlJ'Wnm 16 i'11lJ-l W tlW'I1fllJViI!'f1f)~l-l. " 
n'W 3 tlW'I1fllJ fitl 25'C 40'C I!~~ 60'C Irlm\9l1!'JlJm'j~~Cl1m1!'JlJrtlml~1 lh~l~l!'Jm~lJ1:u 

• OJ • 

.c:1dJ~ d 0'jJ' ~~ ~ 
'(1'1'j Cl ::Cl1!'J l 9f~'Yll\9l'j !'JlJ'IJ'WllJ 'Wnm 5 'Wl'Yl I!Cl~'W1rl1lJlrl1'W~ nn"~Iv.tlfllUfllJtJ 'j mw '(1'1'j Cl::~ 1!'J" . 

- " . 
U'W~l 'I1~~~lnir'Wyh111'~11tJ'W nCl1~ l~v111~11'tJt)lJri1'WUn'(1'UtllJ llJlUV I!Cl~Yilf11'j tlUI!11'~Yi80'C 

. " . 
IlJ'W!1Cl1 5 'W1Yi UCl::tllJrlunVi 120'C ItJ'WnCl1 3 'Wl-n 'I1~-l~lnir'W111~lYiri1'Wfl1'j\9lmlvi-lI!~11'tJ 

Cl.I Q,I ~ d <do " " " 'Yl~'(1'tllJfl1'jYi1f111lJ '(1'~tl1~'j 'Vmil'V'W~~'IJ'V~ ilu,,~ l1.u1!~ ~ f11'j !'JlJ!'J~I'lml!lJfI'Yll 'j VI! mlJlJln 

:: d & 11) d 11) 11) 0' y",
Staphylococcus aureus 'j llJ'Yl~\9l'j l~IGJSfI rlClnI!Cl~'IJ'Wl~'V'4fllfl'IJ'V-l I 'Yl'Ylll'W!'JlJ 1~'Vtl n !9f~lJ'W rl1'Yl 

-- ~ 1nrl~ f11'j'Yl ~~ 'V,:) '(1' llJl'j i:I'(1''j'tJl ~';i1 fll 'j 1'f11!'JlJ 1'Yl'Yl1IU!'JlJ hWtln 19f,l19fCl~• 
tlW '11 fllJ~lii rlClYi 1111'ln~'IJ'W 1~ eJ'Wfllfi 'lJtl~ 1'Yl'Yl1Iu!'JlJ hw'Vn 19f,l~1~ nnl1'IJ'W 1\91 tl'Wfllfi 

q 'Y <II q 

• I I V 

i 'Yl'Yl1IUVlJ 1\91eJtl n 19f,l-n1\9l1 VlJ-n eJW 'I1fllJ'(1'~ u~1'W'Yll~ n~lJ n'W rl~nViln\9l~'W 'lJeJ~1 'Yl'Yl11l4!'JlJ. '" '" 
". " "V 

l\91m)f)l9f~~::ln\9l~'WlJlnVi'Vru'l1j)iJ'(1'~ ~-lir'U f)1'jfh,)\91'jtlmileJ'W'lJtl.:)il-n~ Neolan blue 2 G U~~. "" 
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" 1'111~ .:J'VlN11ff.:JlJ1nff1lJ1'j ()'U~~'j tltllth)'w L Ml ~tl~l.:J 1~mjnn~1~ 1n11'IHJ.:J1'Vl'Vl11iJtllJ 1~tltln191~ 
. " 
nijm1lJllllJH~mrtltln11 ri1lJm'j'U~~'j tltllum.J'Utl.:J 11,.r!!~.:Jff1lJ1'j()n1~~tltln 1~l1lJ~LlJl1nl 20 

I QJ Q..I ~ dd " " 
60C ff1lJH'i'1m'j tllJtlW1HHllJfI'Vll 'j V 

" " • JI

ff1lJ1'j()VlJV.:Jl;jftlLM,rtlV~'11~ 98-100% f11t1LlJl1nl 2 'ih IlJ.:Jll'i'1~f11t1LI9lUff.:JV111'i'1~ff1lJ1'jmJUO.:J.. 
, 'jI ,.. v 

1~ 100% f11VLlJl1nl 5 i11lJ.:Jf11VLI9l11ff.:JV1 'lh~iY'Vl~flTWLlJm'jOlJV.:JI;jftlUlJfln11U~lJm;n1J.. .. . " " 
'UlJ 1~tlllfl1f1'Utl'l1 'Vl'Vl11ij VlJ 1~tlun191~ tlllf11f11'Vl'Vl1Iij VlJ 1~tltl n 191~n l~ n n11ff1lJ1'j () OlJ O.:J 1;jf 1.1 

tI " )I" • 

11lJfI'yiL1V1~~ n1l't1.:JiJ ltl 'j 1~ij-W'WYi~1YilJ1n 01117lJW.:J lJ tln~l n H'i'1 m'j'Vl ~ (1 tl.:J~.:J n~11 nlJ .:J1'W'lf~•
" . 

iJV'I '~ffml1 'lh~iY'Vl~fl1tlm'jV11f111lJff~m~~1V~lJltl.:J'Utl.:Jtl'4fl1f1lJ11lJ'YhlllJ anatase/Si02 l~v 

l~~tllJllllJUlJfl1f1f1tllJ lwiY~ l~v~ anatase ~~llllJl,j~tln~MlJ~~mlmH ~.:JH'i'1f11'j'Vl~Cl'tllJ 
" . 

,j'j~iY'Vl~fl1'Wf11'j'U~~'jtltllUtllJ111tliY'Iffn,j'jn 'WlJ11 tl'4fl1f1lJ11lJfltllJ ltliY~'Utl.:J anatase/Si0
2 

ij 

,j'j~ iY'Vl~fl1tl~~ n11'Utl'l tllJ •f11f1 i 'Vl'Yl11ij tllJ i~Utl n 191~l'Vl tI.:Jtl U1'11~ tl1 

. . 

d I I cv Q,I Q,I '" I 'jI d 

'VlHTWm'j~n11~.:J~1t1ff1'jf)lJtllJlJ'j~lfl'Vl 1,2,3,4-Butanetetracarboxylic acid (BTCA) ll(1~'Utl'lm'Vl 

" ~llJ m'j~f1Il~'1l'l'lffl'j nlJVlJ BTCA Tetraethoxysiland 

(TEOS)/Glycidylpropyloxytrimethox ysilane (G PTMS) LlJ 5~ 'j 1ri1lJ~ijfl11lJl.ulJ'ljlJ 'UU'I GPTM S 

" . 
1~ (r)~ ~lnu .:Jff1f)1'j;)lJ 19l1~tl nu OlJ 11 'i'1~f111lJI9l1lJ'Vl1lJ ~tl m'j '\l~() 1~V1~ ~1n14111 iTnn ffUll11t1 

.. .. u 

11"'1\)lnm'j'\l~tJl11lJ~llJ1lJ 12,000 'jtllJ 111tl 50,000 'jtllJ ff1lJ1'j()ff1,j1~11 ~l~rh'Wm'j~ml~.:J 
t " • • 

~1t1m'j BTCA tlUl'1!~tl1ijfflJU91f)1'jnlJvlJVi~~lJ!ijtll~lJf111lJl.ulJ.ulJ'Utl'l BTCA ~ln 3% 111 
". . 

l11u 6% 11'i'1~ffllJl'j()19l1lJ'VlllJ~tlm'j'\l~() 1~l'VlV'I 12,000 'julJI'YhiTlJ !tl'jl~Vi 50,000 'jtllJ~T¥i
OJ 

11 

~ n11~.:J ~1t1ffU n'W VlJI'Vl V'! tl UN 1~V11n~f111lJ 1~V111 V~lJ fi tl ~1'U1~ l11lJ ~ 

l1~n"lJ 
I " d 'Y d Y Q.I ,d~J ~ Q,IQJQ I • 

'VilJ11m'Vl~n11~'1~1V TEOS/GPTMS lJfflJlJ~ f)1'j ~llJ'VlllJ ~tlm 'j 'U~()'Vl~'UlJ'Vl tl~'j lff1lJ'Utl'I 
OJ 

TEOS:GPTMS ~ 30:30, 30:60 11"~ 0:60 ~'1llff~'111~1~~llJm'j~n11~'1~1Vffl'j"~nltll91m~(1ij 
oW H~V111MilJ ~1'UeJ 'I ~lijfflJU91nl':i I9lllJ'Vl1lJ~tlnl':i'\l~()~~~lJ ~1nH~ m'j'Vl~ (1 tl.:J~ 1~~.:J n~ 11YilJ 

OJ 

~1~tl1~ijlllJ1f111lJfi~~14mJ1ffU~~mtll91~I\)(1'Utl'l TEOS/GFTMS 1,j~nll~.:J!~lJ!91lJnlJm'j
" 11 • 

I Q.I QI ~ r ,.. QlQ" IQ.I" ,Q,I 
~ml~'1 nlJtllJ'UfJ'I mlllJlJ 2 'UlJ~eJlJ Itl fJ~11f)1'j~ llJ 'VlllJ ~fJm'j 'U~tJU~ ~ fflJlJ~m'j ~l'W'VlllJ~U 

Q,I " d , I V" • 
f)1'j tI'U'Utl'l m'Vl HllJ m'j ~nu~.:Ju lJlJ 2 '\llJ ~eJ lJ ij ~~llllJ tl U1'11 'j \) 1nH(1 m'j'Vl~ffeJlJVi 1~'W'U11 

• 11 

fflJU~nl':i nlJ UlJ'Utl.:J~lnV'lfl'ltlcillJ 'j~~lJYi~ lJ tl n\) 1nij11l{1H~'Ufl.:J f11'j19l1lJ'VlllJ ~ tlm'j'\l~()'UeJ'I ~1" .. 
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, , 

l1 ~1'W fll'j1l f1U~.:Jt{"HJ'j ~'U'U~'HlrilJV.:J1l 'ff1l.:J 'fflJU~l1~¢l1V!'Jft.J fl'W Il~i 'W'Yl1.:Jm.:J fl'W'U'llJ 111 rJlJlA tl1 

'ff1'j"~mtJ 195m~"'tItJ.:J TEOS/GPTMS 1n'l~'ff1'j"~Cl1tJfl'WV'U BTCA lJlH'ff'JJ1~1¢l1Vfl'W11n~Vhfll'j 
. y y v 

1IflU~.:J".:J'U'W ~lU'U'U'I1'W1ItJ'W 1~V1iiHm; 1111''fflJU~ f1l':i fl'W iJ'U'tI tJ.:J ~1¢ltl vn.:J tJ ril.:JlJ 1f1l1.:JU l'W 'j 1~ln1l 

tlQn~tl1fll'Hl1'UUU'W (condensation reaction) 1'W m::':'U1'W fll'j 195nii Hnvhi l1'fll'j 1n~tlfin~V1 
~ . 

~1.:JU'H'j~,\..t11.:J195nCl 
OJ 
1n'ff'tltJ.:J~lUn~ BTCA lli1n~~'W 11~tJci1.:J I 'j n\91111 ~1l1\91 f1U~.:Jt{1tJl~~.:Jf1ril'd 

~ . 
U'U'U'I1'W \91tJ'W 1~V1nV.:JfI.:Ju Ml.:J 'fflJU~ f11'j ~l'W'Yll'W~ Vf11'j '11~ \)ri tJ'W ~1.:J~l1 ~ 1'W 1'W 'j tl'U i 'W f11'j '11~\)

OJ OJ 

. . ~ 

TEOS/GFTMS ii r-wvhi l1'~1l1\91 f111~.:Jii'fflJU~f11'j~1'W'Yl1'W~tJf11'j '11~\)l1~ ~'W 
OJ 

. ~ 

'ffl':i"~n lV~.:J f1ri 11lJ 1'H tI~CI.:Ji 'W 'ffl':i CI~ m tJm \911 'W \91~ f1l1f1'.ll'JJ1~lJ'\j''W 0.04 M '11 ~.:J~ l'W'WY11fllHl'W 
I I 11 V • • 

'ffl':in~mtrrll'Wnm 48 i11lJ.:Jl1VUJ'HiliJ11'tl.:J 'H~.:J~1f1t!'WVl.:J1tJ1H~tJ~f1 48 i11lJ.:JlVitl~\PlJ'W1~iif1 
• OJ 

'tIV.:J 1'Yl'Yl1lU trlJ i ~ tJ tJ f1 ~195~ntJ'Wl11lJ1\91f1U~.:J CI.:J'U14 ~1~1t1¢l1t11~ fll 'j ~lJ 'ff1'j n::': mv 2 fI f.:J U"~ ~1'W. 
~ . 

m::.:'U 114 f11':i'U'U 5~ -tJ'Ull11'.:J -tJ'U ~ii f1 '11 ~.:J ~1f1t!'WY11fll 'j tJ'Uul1'.:Jl1 tJ UJ '11 illJ 60'C l~ 'Wnm 5 'W 111 
• OJ 

.. 

'jI ~ & 0 'jI ~ dlf) 'jI ' 'jI ''I d 

\9114W.:J'tItl.:J~1H1V 95.:Jfll'j'Yl~'fftJ'U~::':'W1N1H1V'Yl ~~\91ml\91.:JUn1lJl~lJ ~'W'ff1'jCl :i: n1tJ'ff methyl orange 
I V. tI • I 

"\.Jl111~l~14nm 30 'W1l1 ,.., ~.:J~1f1t!'W l11~1l1lntJ'WiYlJ111.:J1~fl1vi~!l 'ff .:J91'WtJ'Wl1iifl11lJtr11f1~'W 

464 nm Un::':Y11f1l':i 1~fl11lJ91~~1.:J'tItJ.:JiYlrltJl1mH1'W Itl ~1f1~" fll'j'Yl~"tJ.:J'W'U11 ~1~ ili~l'Wfll'j 

11 f1U~ .:J¢l1tr'W 11'W 195" 'tItJ.:J I 'Yl'Yl1lUVlJ l~tJ tl f1 i 95~ m1lJ91~ 'ilN 'tItJ.:J iY,,~ M IlhYl tr.:Juri 13 % '11 ~.:J 'il1f1 

l1m~l'W itl 3 411lJ.:Jfl1v1~1l'ff .:J91m)'W ri1'W~1~~114 f11'j \91f1U~.:J¢l1V'W11 'W 195n i'Yl'Yl1lUtJll 

l~tJtJf1 i95~ m1lJ91~'il1.:J'tItJ.:JiYn~".:J itlritJ'W.,r1.:JlJ1f1tl'j:i:ll1W 60% 'H~.:J'il1f1nmr-h'W itlm11 3 

411lJ.:Jfl1tr1~1l'ff.:J91W)'W 

o· 
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U'YIVi 3 


1~ ~ ll'UtJ n 1';) 1~rJ 


(Materials and Method) 


.. 
'YIl-:J h-:J-:JltJ'YJUnVUlJ \hH'I1fl'UU-:J~ltvhnu 137 fli'lJ/\Pi1';)l-:JllJm 1I,,::::iil'~tJ~lrJVtJlI":::: 

'JI 'J/ I 1 Q I ~ . " 
lft'tJ\PilrJ'Vl-:J\PiU\Pll'jl-:JtJ-:JI'YIlflU 65x60 

:v 31 I 0 Q.I .a do 

3.1.2 Titanium (IV) isopropoxide ~lfl111-:J'1tJft'1tJ~lfl~ tU. 91 . tUft'. 91tJUtJ 

'JJ ]I I 0 QI do d 

3.1.3 Sodium hypophosphite monohydrate 'illfl111-:J'1tJft'1tJ ~lfl~ tU. 91 . tUft' . 91tJUtJ 

'j/ ]I , 0 (l.I d d 

3.1.4 Butanetetracarboxylic acid ~lfl111.:J'1tJft'1tJ~lfl~ IU.91 .IUft' .91tJUtJ 

3.1.5 m~ltJ~~fl ~lfl u~1:i'YIIl~U9fm~mY ~ln~ 

3.1.6 

Q Q.I Q.c::t, d tI 0 Q..I 

3.1.7 Tetraacthyl orthosilicate ~ln U'j'fj'YIlfllJlfl" IUfl91I'Vl'jft' ~ln~ 

3.1.8 Ethanol anhydrous ~lfl u~1:i'YI Vi.9f. ft'tll'Vl'j flN 

'0 3.l.9 Magnesium Chloride ~ln u~1:i'YI Vi.~ . ft'tll'Vl'j nttl 

QQ,.I dd 0tl
3.l.l0 Citric acid ~ln U'j'fj'YI 'YI.91. ft'tll'Vl'j n~ 

3.1.11 Hydrochloric acid ~ln u~1:i'YI Vi.9f. ft'tll'Vl'j nttl 

3.1.12 Arrunonia Solution 25% ~ln u~1:i'YI Vi .9f. ft'tll'Vl'j fl~tl• 
3.l.l3 Dimethylodihydroxy ethylene urea ~lnu~1:i'YI1.w 9f flttl ~ln\Pl 

a'd9 :119 "" '" 
3.2 Utl mw'YI ~'lf ~tJfl1d1~rJ. 

... .... 
3.2.1 Imu.:J~lJU~ (Padder) 

'" ,&3.2.2 ImU-:JU11~tJn (Stenter) 

'" d3.2.3 'mU-:JUU~1 (UY TEC 12) 

3.3.4 ImU-:Jfl1tJ~ft'lJ (Magnetic Stirrer) '" 
~ d 11' 11"0 ... .1 .. .1 Q.I I

3.3.5 ImU-:Jron91ldrJ~nlln'jn'lftJ (X-ray diffraction) ~tJ D8 Advanced, Bruker AXS 

3.3.6 Ifl~U.:J Macbeth Color-eye 7000 rlll1i'u1~fl11ml1ilu-:J 1I"::::ltlV{I~tJl9l'fl1'jft'::::nUtJlIft'.:J 
'j/ a'. 

3.3.7 n"v.:J~"'YI'j 'j fl'tJIIUUft'U-:J n'j l~. 
3.3.8 tfl'jU.:J Crease recovery angle tester '" 

'" .3.3.9 Imu.:J Universal Testing Machine ~tJ LLOYD 

'" .3.3.10 Imu-:J UVIVIS Spectrophotometer ~tJ Specord SIOO 
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" 
3.3.1 ")'U IOH)'U fll'H~~ VlJ 1'Yl 'Yl11UV19f(l 

" .
fll';jI~~VlJl'Yl'YllIUV 19f(l vil hWfll';jl1v~Hn';j~wl'U Titanium (IV) isopropoxide (TTIP) Yi 

tJ1lJ1~';j~1.:J"l n'U (l.:J 1'U{l'1';j (l~ mv~tJ';j~m)U ltJ~,JV 5 iJ(l~~m 'Ufl.:jf)';j~fl~cJ1~n~iJmllJ1,jlJ,j'U• " . 
99.7% Yi(l~!~mrflV l1~.:j'illm.r'UI~'jJ 0.1 iJ(l(l~~';j'Ufl.:Jf)';j~I'U~1nYif1':l1lJ1,jlJ,j'U 70 % (l.:JltJi'U 

" , . 
'jI ?I QI cv <Q. iii'" '"..::3 'jI

{l'1';j (l ~ (l lVII mfl'U {l'1';i (l~(l lV1U'U';j~V::;l1m 30 'U 1'Yl 11 (l.:j 'illn'U-lH'WlJfl11m V'U 11 flU {l'1';j (l::;(llV'Yl 

(l::;,rflvltJ'il'U~.:jvUJl1niJ 80°C ml1fl'Um';j(l::;01{J~V UJ mlJ"1fliJfl.:J~ 80°C ~vltJflm~'U';j::;tI::;l1m
q 'U q cu 

, .. , 

2 i'11lJ.:J 30 'U1Yi l1~.:j'illflU'U til1'Yl'Yl1IUtll9f(lYil~~VlJl~lJ1'Vilfll';j~ml~.:jMU'UH'1 .., . 
l'Yl"IlIUV 19f(l 1~1~~ tllJ l~tlfl1';j 1~{l'1';j~.:J~'U TTIP YitJ~lJ1~';ilI~fl~l.:jn'U~l'jJ{l'mYiIl{l'~.:j.. 

1mH''U~l';jl.:j~ 3.1 ~.:jIl{l'~'HhutJ';j::;nvU'\JV.:j{l'l';j~l.:J"li'Ufll';jI~~VlJ 1'Yl'Yll1UV19f(l 

~l';i1.:JYi 3. 1 

tJ1lJ1m'UV.:J{l'1';j~i~ (ml) 
.d 

{l'~':i'Yl 1.. 
.d 

{l'~';j'Yl 2.. 
.d 

{l'~':i'Yl 3 
'" 

.d 
{l'm'Yl4
'" 

TTIP 5 10 15 20 

CH3COOH 5 5 5 5 

HN03 0.1 0 . 1 0 . 1 0.1 

HzO 89.9 84.9 79.9 74.9 

.. ,. 

tilH'l~lV'U'Ul~ 7x5 U1 lJ1~lJu'li(l.:j1'U 1'Yl'Yl11U tll9f(lYil~~ tllJ 'illn'C1'~':iYi l~u{l'~.:jlmHI'U. .. . ". . 
m':i1.:JYi 3.1 1~'U';j::;V::;I1(ll 10 'U1Yi l1~.:J'illflU'U tilH'lYi~lJl'Yl'Yll1Utll9f(lU~1lJlrh'Ulfl1V'I'Um)~. 

",. 1 • 

~1t1(lflfl~.:j (Padder) Yil~fl1UfllJfl11lJ~'U(llJmlHYi 1.8 nhfli'lJ!~1';il.:jI9f'U~llJ~':i rViVmUfllJ"'. . 
I I " • 

tJ1lJ1OJ{l'1';jYiV~U'UH'lYi(1t1fl11 % ;""et pick-up lHl~tJ';j::;lJ1UJ 80% l1~-:j'illflU'U tilH'lYi~l'Ufl1';j .., . 
1iuv~~1V(lflfl~.:J11~11tJvu~1v11lYiu~fl~1.:Jn'U 2 11l fiv VU~1t1fl11lJ~v'UYiVUJl1niJ 100'C 1~'U.. . .. 

o· 
11m 5 'UlYi 111V VU~1t1i'.:ji1t11~'V'l~.:j.:jl'U 289 mJ/cm

2 11l'U~1'U1'U 5 ':iVU (11lfll':if.)U~1t1t11'Vilfll';j.. .. .. .. , 

f.)UH'll'1.:J~l'Ul1,rlU(l~~l'Ul1~.:jUUlll'Ufll';j f.)U~1~1'U1'U 1 ';jf.)U) mr'l'illflU'U til~lYiH'lfll'H)U~1t1.. 
"" . " 

11ll'1.:j{l'V.:j ltJ~l'lti lltJril i11'{l'::;m~ U~1ti l~llJlf.)UU11'.:JYiVUJl1 niJ 80°C I'U'UI1{ll 5 'U1YiUflfli'.:j. .. 
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" 
i''W (X -ray diffraction: XRD 1'W D8 Advance, Bruker AXS) hHJ~,n.pH1'Un'W 1'W'lh~ 5-55 ()-:Jft'l 

u,,~ii voltage 40 kV !W~ current 40 rnA 

ojl~QJ I QI~':::" " " " 
'W 1r-l1'lfW I'l 1 () tJ1-:J'Yl1'l ","()'UlJ 11'l'j 1~~ n'l:J ijj ~Y'l'W ~1 1~ tJu 1<if'W ~1mJ HVJ~ ","()'UlJ1!fl ~ ()'U ~1 

. ". 
11~~ !-W()~a-ty~P'W lY1tJl'll() ~H1<if'W~'''HHh-:JYi'Yl~ ","V'U 

3.4.3 nn'Yl~","()'U","lJ'I1~~'Jj'ijfll1lJ!'l1~V-:J (Yellowness Index) 

1I'lfi1~'Jj'ijfll1lJm~()-:J'IlV'IH1~ltJl'lllJlJ1I'l'j)I1'W ASTM D 1925 hWU1H1lJ1'W'UeUV'Wfl'W 

o ~o (V 19./ 4 I v&' 

~l'Wl'W 2 'Yl'U !Wl'W11J11~flWlltJ!m()'1 Spectrophotometer 1'W Macbeth color-eye 7000 'U'WYlnm 

" . " 
~'Jj'ijm1lJI'H ~()'1'U'WH1<if'W~1()dHYI~","()'U 3 \Pl1!! 'HU-:J !W~-W1lJ1'H1fi1m ~tJ ('W ()n~lnijrJ-:J '~1,* 

Ifl~ v-:Jijv~'1ncil'd1~fi1nn","~.y{V'W'IlV'I!!"," '1~fll1lJtJ1Jfl~'W 360-400 'W 11 'WllJl'l'j !~VYI~","mJ';hii'­
" 1YlYI1Ii1tJVQ'U'WH1'H ~VlJ.Jvci1'1fl~1J''l Yhm'j1~m'Vl1~1'W m'jffmnIUV'Ivl'W) 

.. 
a QJ I cv 

3AA nn'Yl~","V'UV'IfI'lnnfl'W~1~vm'jU'U (Crease Recovery Angle) I'lllJlJ1ml1'W AATCC Test 

method 66-1990- Wrinkle Recovery of Woven Fabric : Recovery Angle 

" " 1~tJm'j~~H1<if'W~';wd1'1Y1~m)'U'Il'W 1~ 15x40 i)" i'lllJl'l'j ('\'1'1 I'lllJ II 'Wl~lVV'WII"::1I'W1~lV 

Q.I dlll"".s & aQ,l' QJ 

1~V-:JfI'lm'jfl'W1'l1'1lV-:Jm~1tJ!mV-:J Crease recovery angle tester CJ$'1V'IfI'lnnfl'Wl'llI'lVnntJ'U 

I Q,I a Q.I "a Q.I a Q.I 'J) I 

IYl1 n'U ~m 'U 1 n'll V-:J V-:J fl'1 m 'j fl 'W 911911lJ II 'W 1~1UU'W'U 1 n n'U V'IfI'ln 1 'j fI'W ~11'l1lJ II 'W 1~ lUY'l-:J• 

Q,lQ 'j) eS,., a 
3.4,5 m'jYl~","V'U","lJ'U91fl11lJ911'WILH~-:J~1tJ!mV-:J Universal Testing Machine 1'l1lJlJ1mll'W 

.. ASTM D5035 Standard test Method for Breaking Force and Elongation of Textile Fabric (Strip 

Method) 
. " . 

Q " 'jI 0 Q.I 

-W 1H1Yi 11'l1 tJlJ'Yl ~""V'U lJ l~~11I 'W <if'W ~1VVl-:J'Yl ~ ","v'UVi lJ'Il'W l~ X 6 'W1 11Cl1'WllJ11~mllJ 

91 & iI a. f,. Gt 'JI'jI 0 " Q,I 

9l1'WIIH~'1~1tJ!mV-:J Universal Testing Machine 1'W LLOYD t~tJ l'Jj'~lJ'Wll1'Wn (load cell) 'Il'Wl~ 
. . " 

1000 ih~'W Url~1,*U91'jlm'j~-:J[j~Yi 300 i)rli'lllJm/'WlYi Vi'j::tJ::m'j,)'U[j~<if'W-:Jl'W (Gauge length) 
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t. 

, y 

Yi 75 jj(l~tlJm vllm~'YIf1 'H)lJfll1lJ~lUUH~.:IU\J'Wl~V1frYl1.:1 hWU1~ltJrh.Jt'Vhu'U Uci'lrll'U1W l'il 

y y 

11im~'YIf1CYeJlJiil~~f1!!tln.ml1n Qi , K. U(l~YilJflW~~~hld26) lf1tJ~f1~l;mlTeJciN
'U 

'YI~HH)'U~-'U'Ulf1 I x I 1~'U~llJm ",un I ni'lJ lJl!!'lf~.:IilJ 50 iJ~ililm'tleJ.:ICY1'l(l~(llV~VeJlJ~ 

II'l~tJlJ 1I'lVm'l(l~mv~veJlJ~UeJflYi~ CIBACRON Red LS-B h-c 0.04 f1i'lJIill'l'liU'tllf1'1flJYi 
'U 

"V JI, • " , " 

ml.:l"lmllf1U'U ~.:I'tllf1V1.:1H"uYijjfll~lJ'l~tJ~nm 2 i'11lJ.:I ",".:I"lmJ'U 111'IJ1f1~.:ImillYiijvl.:l 
, Y 

CYl'lCl~mV~VeJlJYiII'l~VlJ 1~'W!fllJnlJ~1;lJ~lflcil.:1'Y1f1CYfllJlJll1.:lHi'U~ Color Assessment 
<u 

~ltJ1f1~fl.:l UVNIS Spectrophotometer 1lJ Specord SIOO VJn I il1lJ.:I "'UfI'llJ 8 il1lJ.:I 11Cl~111 
• • ., ill 

fi1Yi1f11~lJlflllJ1Wn"lJltlYifilfll1ll!.ulJ'\jlJ'tlfl.:l~'YIn. I i'1 ill.:l "'UfI'l'lJ 8 i'11m "'''.:I'llf1tJ'U vll 
Y , 

f)1'l'YIflClfl.:lVf1f1i'.:IU~!tl~v'U'lfiJl'l"'~flfl hn. 'U f)1'l\J lVU CY .:I1~lJ"'~flfllvJ D65 

Y Y.. Ct..c.t. d iii <jI Q.I ... I ~ 'lJ..:::::t. Q.I (20) 1 '" <> 'iI 
TlinWYlflCYfl'U'U Ifll'lfl!!lJ'llJl"lf1 Gupta , K. U"~'YIllflW~rjl"V flVI'lf1'1f'UHl'YIf1CYDlJ 

y , , 

'tl'Ulf1 5x5 !~'U~!lJm vl.:l~lYihi~llJf)1'll'ln!!~.:I!ICl~~lYi~l'Um'll'lm!~.:I~lVl'Y1'Y1l1!iiv19f(l !!(l~ 

t'h 100 iJ(lilill'l'l'tlfl.:lCY1'l(l~mVf)1uvJ~!I'l~Vll iflvi<umuvJril!~"'ltll'l':il!'UcymuvJ !'lfll'l'W (muvJ.. 
, y , 

ci'1'U) Yimlll l.ull.u'U 10 f1i'll/ill'l':i ", ".:I"lf1U'U ~ll~l'YIflCYfllJ i'UCY1'j "~mtJmuvJYitfl~Vll H!~'Un(ll. 

I , I • ," , 

i'11ll.:l u,,~rl'.:I!f1l'lm'lltl~tJ'Uutl".:I'tlD.:I~muvJvlttliiv'U ltl"UfI'llJ 8 i'1 ill.:l 'llntJ'Ull1fil KJS Yi 

1f1'~lJ1fll'U1Wm':i(lf1(l.:l'tlD.:Ifil KJS f)1':i1f1fil KlS 1f1~mlllV11f1~'U 400 'Ull'UUJI'l':i 

0" 

fll KlS W 0 i'11ll.:l 
.. 

fil KlS W 'lfl.:11m~N'l Yivllf11'j1f1 

l 
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jI 
~ 0:9 ad. 

3.3.8 fn'l 'Yl ~HH)'U fn'l m'U'Vl11H'lItlU'Ufl'YlI'HJ 
jI 

fll'l 'Yl~fftl'U ffl.J'lr~'Vll'l~l'U iii~lJl\91 'l] 1'U fn'l'Vl~fftl'U 2 lJl\91'l ~ 1'U ~lrJfl'U ;i tl lJl\91 'l ~ 1'U 

fn'l'Yl~fftl'U'lJtl'l AATCC Test Method 147-1998-Antibacterial Activity Assessment of Textile 

Materials: Parallel Streak Method ~'lihHlf)fn'l ;itl 1'l~~'U'Vl~fftl'Ul~'U'luiYl'I1~VlJ~m~l~li'IJ'U1~ 
'U 

" jI • 

f)i\:) 25 iJ"i)llJ\91m"~V11 50 iJ"i)llJ\91'l l1~'l'il1f)U'U11.:J9fm~11'l·:H)V1.:J'Vl~fftl'U1l1'u'U'Uliff~".:J'U'U. 
14tl!!'Ufllii1V~tlf)mm~lJn¥'UrJ11 60 iJ"i)llJ\91'j ~l'Ul'U 5 l~lJ ~.:J!!~"~I~'Ul1N'il1f)tl'U 10 

'U 

I JI iI iI jJ. 

iJ (l i)llJ\91'l M'U'U !!~lJ1lJlili tlll11'l I~ V.:JI~tl'ili)'U'Vl'1 vi 'U 'il1'Ul! ti1 l1~'l'Jlf)UlJ 111fn'l I'W 1~1~tl!tlll1li. . 
• jI • 

tlUll1fliJ 37°C 1~'U!1m 24 'lfl1lJ'l !!~1rl'.:J!f1\91·:illi'IJtl'UI'IJ\91'IJtl.:Jf11'jUm)~I~tl!I'Ufllil'1vlil'1Vf)11
• 'U 

.J " " 
Clear zone l1~tll11 9f'lI~lJ'lJtl'UI'IJ\91'IJtl'lfll'jv'UiT.:JI~tl!I'Ufllil'1vl11il1'I'il~t1JI~'U 1\91 ri1'U~f)lJl\91'l~l'W 

.J "'9 ~9 '" 
l1'U'l'Yl ~'lI ~'Ufn'l'Yl~fftl'Ufltl AATCC Test Method 100-1988-Antibacterial Finishes on Textile 

&.c::t Q.I ~ Q.I 9J ~ Q,I I .dCS d ~ 'j.I d 'j.I.c:t 

Materials 9f .:JlJl1" f)fn'jfl tl \91~ H1'l1'U \911tlV1.:J'Vl ~ fftl'U'VllJ 'IJ'U 1~ 4.8 19f'U \91 IlJ \91'j Hl'Yl 'Yl~fftl'U\91tl.:JlJ 
•• jI 

fl11lJl1'U1lilVi V.:J'W tlliffllJl'l tl 'il~~~I~tl 1 iJ" i) i)\91 'll~l1lJ ~ t11 N1lifll1lJ l1lJ1 il.i'Wtl ~ff1lJl'l tl111fn'l 
'U 

jI jI 

cMtl'U N11~l1mV'lf'U 1\91'1 Vl.IN-ll'U~f)£JUl~I'l.:Jf)ri111 ri"'l1'U'lJ1~~1!n~V1~1'U 1'U 2 'lJ1~ l1~.:J'il1f)U'U 
" "" !tl1'IJ1~U 'l f)lJ 1111fn 'l'Vl ~fftl'U ntl'U l1~.:J 'il1f)Nl9f'U 1'l1tlV1.:J'Vl~fftl'U 1~~~cM'UI~tl!tl11111.:Jl1lJ~!!~1 

'U 

jJ I "" if 

I~VlhlJl~N~1v'\.huyJ!yJtl{liU~lJl\91'l 100 iJ"i)i)\91'll1lJlilVitl1111l1'I~tll1 "~tltlf)lJ1 11 ~.:J'il1f)U'U. 
jI ". 

~~!tl1ff1'l"~mv<li'UlJl 0.1 iJ"i)i)\91'j!!~1,j1lJlI~tl'il1'l !!~1111f)nl'W1~I~tll~lJ'l~V~!1m 24 'lf11lJ.:J'. 'U 

jJ v, v & I d' v
l1~.:J 'il1f)U'UU'U ~1'U1'U 1fl hiJ 'lJtl.:Jl~tl!! 'U flli 1'1 vliIn~ <Ii'U ~ tl\911 'll.:JiJ n i) IlJ\9I'J 9f.:Jfl1'Ull'Yl'U~1V A 

.. ,'', JI I v 

ri1'U'lJ1~li 2 Yl.:Jltlll1 24 'lf11mntl'UU~1111\911lJ.;r'U\91tl'Ulil'l1]jtllJI~lJ!!,,~111fn'j~~I~tl'il1f)'lJ1~
'U 

11 v iI "'" v 

uti1lJl111fn'l I'W l~l~tl ~f)fl i'.:J U~1U'U ~llJ1'U 1 fl hiJ 'IJ tl'lI~tl!1 'U flli 1'1 vliln~<Ii'U 1~vl,rriliJ U'Vl'U 
jI jI jI 

~1V B l1~.:J 'il1f)U 'Ufl1'U 1tuiU tl{Ic]$'UVlfn 'l"~".:J'IJ tl.:JI~tlU 'U flli 1'1 V\911lJ ff\91 'j fn'l r11'U 1Ul l'l.:JiJ 100 (A­
" . 'U 

B)IA l~tlu'Ufllil'1 vli 1~111fn'j'Yl~fftl'U;itl Staphylococcus aureus 1~'U!I'Ufllil'1 V'llU~UmlJ'U1f) 
~ -=ld.at. 

(Gram positive bacterium) U,,~ Escherichia Coli 1'U'UU'Ufl'VlI'lV'll'U~UmlJ"'U (Gram nagative 

bacterium) 

-' 

". 
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(Results and Discussion) 

" f1l'jfffnn!,UfJ~~'U,\Hl~f1l'H~~ m/lvl'vl1!{jv 19f{lYl~fJlJ¢{1VbY1'jn'Uv'U BTCA !vifJ i oU'hJ f1l'j 

" " 11) nnffm'Hu'U~fJ'U!!'j n i 'Uf1l'jffmn!,jfJ~~'U 
~ jI do ~~ If( "I cI
~.:J~'U Titanium (IV) isopropoxide (TTlP) precursor !!{l~!~'jVlJ9f{lflfJ'U !~lfJfJn !91~191{l (Si0

2
­

., ., 
191{l) ¢{1VbYnl'i'.:J~'U Tetraethyl orthosilicate (TEOS) l1~~111mr'U!~mn'jn'Uv'U BTCA {l.:J1Lli'U 

"1l'l'Vll!{j V191{l l1 ~fJ~lJ "1l'l'Vll! {j V19f{l !! {l ~ Si0 -191{l !l11iJ H{l"llfJ~f1l'j!oU' Si0 -191{l !vifJ ll1'f1l'j V~~'U 
"., 

2 . 2 

"1l'l'Vll!{jV "1¢{~~'U l1~~111mr'U ~lJ~l{l.:j hJi 'UbY1'j HbYlJl1!~~ VlJ I¢{ 
q 

t. 

" ,Q.I Q.I 0 <V ~ Q.I I Q.I Vd 
'11 {l.:j 111 n'U'Ul'll f1l'j 1~fJ~fnf1l'j fl'U ~1~ fJ f1l 'j V'U"lIfJ.:j H1l'l 

q ':::::'Q jI 'jI .::l Y '.::'t d 'jI ~ 
t1 'jlJ1~';j) "lIfJ ·m'j~fJ~91~nfl11lJl"lI:JJ"lI'Ul'l 99.7% !!{l1flfJV'1fl'UI'IJ'U'j~V~l1m 30 'U1l'l 'Yl';jfJlJ~1V 

fifJm~lJ 1% (v/v) "lIfJ.:Jm~1'U~~n~fl11lJl.ulJ.u'U 70% 'Yl~fJlJi,.rfl11lJ~fJ'Un'UbY1';j{l~mv"1t111'U~.:J 

mll'l1.niJ~ 80°C !!{l~.yhf1l';jfl1'UfllJfJU!'l1.niJi ,.rml~ 80°C Yl~fJlJ n'Uf1l';jfl'UbY1';j{l~mv"1 t1'Yl~fJlJn'U 
q " q q " " 

1~'U';j~V~I1{ll 2 i11lJ.:J 30 'Ull1 

fll'HVl1£.JlJ Si02 lCUtl lHJ~ 10% (t1~lJ1~';j/t1~lJ1~'j) TEOS (l.:Ji'U 15% 1fJ'Vll'UfJ{l !!~1fl'U 

bY1';j{l~mm~'U'j~V~l1m 30 'Ull1 

fll"lIVl1£.JlJ Tio/sio 1CUtl ,,11Im sio 191ml'l{l.:Ji'Ull'll'l11{jv191{lllcr1Yi1fl1';jfl'UbYn{l~mVHbYlJl~'U
2 2

';j~v~l1mlPifJ~f) 1 i11lJ.:J 
". 

fll"lIVl1£.JlJ(;fl "ll.;iaH'Ufll"lVlmlvi~N1U1J1J.fruVla"'U~£.Jl tJ 1bY1 ';if)'U V'U BTCA ~fl11lJl.ulJ.u'U 8% 

(J1'11 't!n/t1~lJ1~'j) !~lJ{l.:J i 'U 1l'l'Vll!{j V191{l '11 ~fJ i'U TiO/Si0 191{l 1I~1Yi1fl1';jfl'U bYn{l:;mm~'U2

" ';j~v~l1m 30 'U1Yi 'I1~.:J111n't!'U tJ1~1 3.7 nflJ ~lJ{l.:Ji'UbYn{l~mm~'U';j:;v:;l1m 5 lnYi 1I~1Yi1f1l'j
q 

http:H'Ufll"lVlmlvi~N1U1J1J.fruVla"'U~�.Jl
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" I 	 • V 
.d Q,I 'JJ ~.t!t Y i 'JJd 	 .c:S QI Q.I 0 Y (LI d .d 

1J1JD~WnV~nml'lIYH)fI11JfJlJH1 11lJ % wet pick-up Yl 80% 11i:l'l~ln'W'W'W1lJlD1J~1V':i 'H"Q1 UCl;:; 

vi101':i1~D'Iff101':i;im;1IPiD 01') V1J'UD'H~1~H1'W O1':i\9lnulPi .Hh!~ ~ O1,)!\9I~VlJrt'l':i lv7v ii'i'W O1':i 

\9InulPi'l~li'W~'W\9ID'Wlfil.1hi'1ri\Ol1!~'1 sodium hypophosphite monohydrate (SHP) ~ ,u1J'W\Ol1d.:J 
Y '" 	 •1 

1:Y11111Jb'I'n t1'WV1J BTCA l'l'llJ!Yi':i l;:;!]jD i ri\Ol1!~.:J SHP Cl'l i ui 'Wb'I'l':iYiHb'I'lJ t11J 1YlYl l!lJ V191Cl11~D 
v Y 	 •• 

TiO/Si02-191i:l ~;:;!n\9lO1,)\9In\9l;:;nv'W imJ'W\9Iv'WlJ l~vi101,)Yl\9lClD.:J1U~V'Wrt'l') n'WV1JI1J'Wun 

t1,);:;!f1Yll1d'l;iDb'I'l':in'WV1J DMDHEU ~'1I1J'Wb'I'l')t1'WV1J~b'I'llJ1':iOUCl~uriDvyjD{l1Cl~1~~DvnlJ1 

i~ lJlUYl'Wb'I'nnUV1J BTCA O1')ii'b'I'l')nUV1J DMDHEU nll.1linniri\Ol1d'lulJnt'Wl9ivlJfHlvl':i~ 

~'111J'W~11~'1'UD'Ib'I'l')nUV1J DMDHEU l'1iunu ~'1HCl~1~i'Wri1'Wifi~i'W!lb'l'~'1HClW1 Hiu\9In1.:J~ 
4.1 ~1tJ!'1iUtlU Hi:101'jYl~ClD'I'UD'Inn ii'b'I'n n'WV1J DMDHEU nll.11~il1'Hi:l'UD'I01'j V1J~~n11 

'Uo'lb'l'ntlUV1J BTCA ~'11l.1h1vi101'jf1mJ1b'1'l'jtlUV1J DMDHEU !YilJI~lJun 

fll'l!YJ~m.Jil"l'l!;itl,,nlJfllWIf)!!vi.:JNmlJ'U 2 ,rlJl9ltllJ tJ1~1 3.7 n1lJ ~lJi:l'liUb'I'l'ji:l;:;i:ll{J BTCA ~ . 
Y 	 Y • 

fI11lJl,j'lJ,j'U 8% (tJl11t.Tn/U1lJl\9l':i) 11Jln;:;V;:;I1i:ll 5 mYi U~1vilO1'j1i1J'e)~~1Vi:lnnil'lI~Dfll'UfllJ
<u 	 • 

I. 	 jI ,... 

'JI i g/d 	 d 'JI 0 V d .c:t?l d i '" d cI
H1 11lJ % wet pick-up 'Y1 80% Ui:l:;JYl101':iD1J!l11'1Yl 100 D'IfflI9li:l19lVClI1JUI1i:ll 2 'W1Yl 'W'U'W'Wn 

y • 

1l.11~ii'\Ol1I'i'l 	 SHP l'1iUtlU 11~.:J~lnt.TutJ1~lYi\9lntllPi.:J~1Vb'I'l'jt1UViJ BTCA U~1lJl~lJ'uiYl. 
Q.I r 	 v.c::i, I & d t 'JJ~I . IQI 	 Q.I Q..o 

\911\91 Dm'j V1J'UD'IHlYl Hl'W f\1 'j \91 nU\9I.:J 91 .:JHi:l'U v.:J0'lff1n n flU \911\91 D n n V1J'U 0'1 H1Yl H1U O1'j \91 nU\91'1'. 

.J'IU1J1J~U\9ID'W!~V1!lCl;:;U1J1J 2 ~U\9IDU l~b'I''ju!m HiU\9I1'j1.:J~ 4.1 ~nlJru;:;fI1vuon'UD'IN1~i~• v y 

~ln01'j\9lntllPi'l i U 'li'u \91 OU lJ ~;:; ~ n'Ul\9l1~~1tJ!1i:l;:;111 ~D'I 

\91n1.:JYl 
d 

4.1 	 D.:Jff101'j~'W\Ol1IPiD01':i V1J'UD.:J Nl~H1U O1'j\9lntllPi.:J~1V lYlYll!lJ V191(\ 11~D 

TiO/Si02191i:l Yi~OlJ~1Vb'I'ntlUViJ BTCA 11~D DMDHEU U1J1J~U\9IDUI~V1 
v 

1!(I;:;'UD'Ib'I'ntl'WV1J BTCA U1J1Jb'I'D.:J'Ii''W\9ID'W 

-" 

" 

145 

293 

140 161 

t jI ~ j/ Q.I Q.J 

O1'j\9lnIL\9I.:JH1U1J1J 2 'U'W\9IDU~1Vb'I'l'jf)UV1J BTCA 86 105 

I 'j/ ~ d 'j/ Q,I QI 

O1'j\9lntl\9l.:J HlIL1J1J 'UU \9IDW~V1\911Vb'I'n nu V1J DM DHEU 133 141 

Inn\9lnt!IPi'lnUV1J~1Vb'I'ntlUV1J BTCA Yi 8% 5~\'nri1u hm'UD'I ~11~'1 SHP : BTCA = 0 .3: 1 vi1 

: O1,)D1JUl1''1~ 100 D'Iff1191m9ivmllw1i:ll 2 mYi !W;:;D1JHifn~1Vfl11lJ~DU~ 180 D.:Jff1191i:lI9iVCl 

d~u l'Hll 3 'W 1Yl 

• 
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". " 
1~ tll'jffn1:l1oU'Wl'ltJ 'iI'¥; "H),:j1'W tll'j ffn1:l1lti tJ,:j ~ 'W 

. " 
lJJ;1i'li'lI'l'j llKrYiltll'j fl'W {ll'j J;1~ mtlltl'W'j ~ v~nm 15 'WlVi ~'W 1~(yl'j n~ J;11vViltl'Wl'Wm~V10'W 

" . 
11 ",:j~ln,r'W1H''IJ pH 'UtJ,:j(yl'j n~mv ll1'ltl'W 4 ~1unHl1 ~ 1~ 'jflntJ!nVimlJJl.uJJ.u'W 38% mi,:j~lfl 
" ,r'Wfl'W(YnJ;1~n1v~tJhJ~flltl'WnV~nJ;11 45 'W1Vi 

f1l'HYl1£1lJ'tlT'H-r181,nUfl1'iYlf)lI~~~lU'lJ1J,)'UVl8lH~rJ1 Ul1r1'Yll!'UV19fJ;1~ ll'l1 VJJ i~~l n.ul,:j'IJ'WJJ1 

. " 
H'ffJJn,:ji'W'ffl'jJ;1~mVO'WV1J 50 lJni'li'lI'l'jViiifl'J1JJl.uJJ.u'W'UtJ,:j BTCA 8% l1~,:j~ln,r'Wfl'W'ffl'jJ;1~n1U 

" 1l1'l.ul0'Wltl'W'j~V~I1J;11'Wl'W 30 'WlVi 11~,:j~ln,r'WU1Hl 3.7 ni'JJ ~JJM"\..J'ffl'jH'ffJJltl'W'j~V~l1n1 5 
" I I v 

'WlYi 1l~1'.hnwu1JeJ~~1u~nni'l,:jl~tJm'IJfJJJHlil1'ii % wet pick-up Vi 80% 11~,:j~ln,r'WihH1JJ1 
I • II". 

tJ'lJf1'1Ui',:jiYU1Vi'Vl~,:j,:jl'W 616 mJ/cm
2 'Vl~,:j,:jl'WVii i'i'Wtll'j tJu~1uu11'WoU'Wl'ltJ'WUUtJun';i1Yiii'i'W.. .. 

v )I I • v 

oU'Wm fl'IJtJ,:j nn ffn1:l1lti tJ,:j~'W l'Vl 'j 1~ H1Vi ~lJ i 'W 1 'Yl'Y11lU U 19fnVil1'l1 VJJ ~1 fll tJ'Vll'W tJn,r'Wl1l1',:jl~ 1n':i1. 
.. " 
'UtJ,:jH1Vi ~lJ1'W 'ffl'j i 'Vl'VlllU U 19fnVil1'l1 uml1nm~ ~~n~'Vl~,:j,:jl'W'lJtJ~f11'j ii'i'~iYu1n,:j 'WtJn~lnu ,11. .. 


" ~tJ,:jtll'j ll1'tn~HJ;1 m ~'Vllll9f,:j J;1'IJ~tJmllJ'lJ1111n~fl11JJIl~,:j1l 'j ~'UtJ,:j H1JJ lfl~'Wln'W 111 11 ~,:j~ln,r'Wl11 
. "" 

nWr~tl~fl'1f11'jfi'Wv11~tJtll'j V'IJ'lJtJ~H1Vi i~~l'Wnn I'Inll~,:j oU'Wl'ltJ'WU nilll~ii fln l~JJl'i'1l ~,:j SHP 

n,:j l11i'W 'ffn H'ffJJl'lf'\..J n'\..J l'Vl'j l~iiHnYhil1'ln~f11'j1'l nl'l~fltJ'W 

fll''HVl1£1lJtTl'H-r181,nUfl1'iVlflU~,:j~lU1J1J 2 ,)'UVl8U U1Hl 3.7 ni'JJ ~JJJ;1,:jl'W{ll'jn~n1V BTCA ~ '. . 
y v . 

mlJJl.umJ'\..J 8% (ull1,rn/11!lJ1I'I'j) ltl'W'j~v~nm 5 'W1Vi 1l~1Yilfl1'jiJUeJ~~1Unflnii,:jl~tlfl1m)JJ" . 
Hlil1'ii % wet pick-up ~ 80% ll'tl'lYilfll'jtJ1Jlll1',:j~ 100 tJ,:jfl'll9fnl95Vnltl'W'j~v~nn1 2 'WlVi 'VlrtJJJ 

v • • I 

11,:jViiiI'i'1l~,:j SHP VieJI'I'jlri1'\..J lJJn'IJtJ,:j v11l~,:j SHP : BTCA = 0.3 : I llJ;1~ViilliiI'i'1l~,:j SHP 

" .
11~,:j~ln,r'WljlH1Vil'lnll~,:jf1'1U'ffl'j n'Wv'IJ BTCA 1l'tl'1JJ1~ml,:j i 'W i 'Vl'VlllUV 19fn Il'tl'TYi lnniJUeJ~. 

y y
V <!:to iI 0 tJ d QI cv 0 Q..I ~ Q..I I QJ 'JJ 
~1t1n nfln ,:jlln1'WllJltJ1J~1VU1 I ') tJU l1n,:j~l n'W 'W'Vllf11 'j 1~ tJ,:jfl'lfll')fl'\..J \PI1l'1tJ fll 'j V'IJ'UtJ,:j Hl Hn .. " 
'UtJ,:jtJ,:jfl'ltll'jfi'Wv11'UtJ,:jHl~~1'W nnl'lnll~,:j '~'ff')11ltJ1'1'1'Wl'lnl,:j~ 4.2 ~n1:lW~Hl~ i~~lntll'). 
I'Inu~,:ji'W~'Wl'ltJ'Wifv,:jfl,:jfl11JJll~,:jm ,:j'IJtJ,:jHl1f1'tlv ~,:jHl~~ 1,j~ fl'Ul~ '~~lU~1VijtJ lll'ilrltJiifll'j

" 

Lfl'Vll'W tl J;1ii HJ;1m ~'VlU~ tJfl11lJll~,:jll 'j ,:j'IJtJ,:jHl~1'I nll~,:jUtJ Vfl11'UtJ,:jHl~ if1'~ln nl'l 11'11 VJJ 1 'Vl'VlllU V 

19fn l'Wm~ ~,:j 1f1'ffmJ1l~JJl~JJ~tJrlll1 i''IJ tll';il1'I1VJJ' 'Vl'Vlllii U19fn1'W m'Vll'WtJJ;1 Hn'IJtJ,:jtJ,:jfl'lfl1') 

fi'W1Pi'1~t)f11 'j V1J'lJtJ,:jHl~ ~1'W fll'j I'Inll~,:j~1U i 'Vl'Vlllii U19fn~lI'l1 VJJ~1ULfl'Vll'W tJn ii HJ;1 'UtJ,:jtJ,:jfl'lfl1'j 

" " I 11

fi'\..J1'i'1~tJtll'j tJ1JU tJVJJ1n 'tl,:ju tJ1~ ~~ltI'Wl'Vl 'jl~ Ti(OH)4 Viln~~lJtJ1~ ~~l.ulYil11Uii!UlnU'ffl,) n'W 

tJu BTCA ll'Vl'Wn1'j i 11Yill1U 1~ltl'\..Jv11l1 ,:jl';;tJYilil1'ln~~'\..Jli ~11,:j1l11'j~1111,:j'ffl'jO'\..J V'IJ BTCA O'IJ 

" }I .J' d '" .1 "I" ~ "I ~ '''I '" " MH1Hltl '\..JtJn~lfl'\..J Ti(OH)4 'Vllfl~'IJ'\..JtJ1~~~ t11(Y'jl,:j'Vl'\..Jli~ t~ l\P1,)I~'\..Jn'IJl1lqJ HJ~')tJ9fJ;1'UtJ,:jH1H1V 

dI OJ .;. '" "I 1 " i" J & ' 'I "" '" , J & • i"U'Vl'W ~,:jI1J'\..Jnl'H'VllJ'Vl'\..Jli~ t~ \PI,)I~'W1J'\..JHl l1lJln'IJ'\..J~~tJ1~~~'ff,:jHn tl1H1V1J,:jlV'UlJ9f,:j'Vll l1tJ~fl'l 
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nl'j;hJI9l1~Bnl'j VlJt.:JUmlCl.:J ~.:J l~o~nJ~lJlru 'IIB.:J"'l':ii.:J~l-J TTIP ~lfl I 0 lJoilil\9l'jo~Hj.:Jm~B 
7.5, 5.0 110:::: 2.5 lJo ilil\9l'j\9l1lJ~1~lJ IIn::::o~nHlJ lruf11'j 1~f)'j\911~ 1\91 'jfloB~ flO.:J\9l1lJ"'\9l'j~I\9l~ tIlJ 

'" 
ImH\9l1lJ\9l1'jl.:J~ 4.3 lIo::::'~"'l'jnl-JVlJ BTCA 1\91Uhj1riI9l11~.:J'IIB.:J SHP 1'W'jl::::f11'j1riI9l11~\I SHP 

" .
lul~'li1uyh1 11'HO'llB\lB.:Jfl'lnl'jfil-J19l1~f) nl'j VlJ'IIf).:J~l~~l-Jl1~ fll11 111' HnYi'~!!\9lfl~l\1nl-Jf)f) n 1tJ 

t. 

145 

119 

98 

102 

95 

100 

r iI ;:; ..::::sd Q.I I iJ " d 

nl'j\9lflU\9l.:JH1UlJlJ 2 'IIl-J\9lf)'U'YllJ\9l11':i.:!U01f)lJ\911UU1 I H)lJ 97 
'" 

10 I 

"
.
':hii1 'Yl'Yl1Iii umJlJ'U ~lYi~-hl-J f11'j\9lflll~.:JUNl1~B lulIlJlJfl~11"1 1'W 'j 1::; Q::; Ul-J Ho 'II f).:J~ 1 f11'j",::;l'if)l-J 

'" 
!!"'.:J'IIf).:J~1'l-J'li1\1mllJU11fl~l-J 360-400 lJl1'UllJml~"'~'l.hf)1'11l-Jrtl~ 4.1 'il1flH0f11'j'Yl\91C1f).:J~ 

1~''U\9ll':i 1\1~ 4.3 f11'j 1\9l~ UlJ 1 'Ylmliiu 19fC1'W!f)lJ~';w",l':i n'UVlJ BTCA u~1UllJl\9lflll~\I~1~lUnl'j 
". " " 

f)U f .:JffV1U lJmJ'U \9lf) l-J l~U1 l~ f) 111'1~"'lJ1r9inl-J VlJ'II f).:J ~lfl.:Jl~ l-J 1tJ iu i~l'i'.:Jiil'W 'j 1::;~1B.:Jfl'lnl'j
'" 

,,, I I .d,QJI Q,I 31.:::5.. tjl QJQ.I 

flf)l-J'IIH111\l 'illflfl1B.:Jfl'l nl'j fll-J\9l1\9lf) fll'j UlJ'U B.:JH1'Yl H1l-J fll':i \9l flU\9l \I \911 U"'l':i fll-JUlJ BTCA f) U1.:J 

" I I , 

'Yl\91C1U\l.,j'lJ\9lUlJ~U iLJi~iJfll'jU1~lYi~llJnl'j\9lflUIPi.:J~1U"'\9l'jYi 4 YiUlJ~luf.:JffU1 lI~lUllJ1UlJ 
'" '" . . " 


~1UmllJ!f)lJYi 180°C 1~lJ!lC1l 2 lJ1Yi 'WlJ11~1'Uf).:JB.:Jfl'lfll'j;ilJI9l1~f)f)l':iVlJ!'WlJ~l-JlJ11~l-J 159 

I 
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. " . 
Q j) 9J 9J , .... 14::S QJ'.do do , & 

eJ'Iffl111fl 112 tl'lffl m'HVllJm)"eJ'U~'1t1fl'11lJ'HllH'lJl utlflm.:j'Ul'ml~JJN"m~'VI'U~'VN"fl'IJ'V'I 

eJ'Ufllfl i 'VI'Y1l1ii tI~mj'U'U ~l m)" ffflEJll 'UtJ)" ~ I~'U lil~ ll~.yhflnffflEJl!,~JJI~JJ~ eJ i tJ. ~ 

• 
~l)"l..:jYi 4 .3 

IYl)"tJ)"~fltl'U1'UIYm.. - 1 2 3 4 

:: 'jJ 

IYl)"~'1~'U TTIP 2.5 ml 5.0 ml 7.5 ml 2.5 ml 

ttl 'VI 1'U eJ " 40ml 40ml 40 ml 40 ml 

HCl 5ml 5 ml Sml 2.S ml 

IYnn'Uv'U BTCA 8% 8% 8% 8% 

: 
'Ul 52.5 ml 50.0ml 47.S ml 5S .0 ml 

'" d 

pH 'lJeJ..:jIY1)"'VII~)" tllJ 2 2 2 3 

"I OJ , OJ 

6-3fll fll':i flUfllf16fl1':iITU 103 99 98 112 

,,~ it"" ,- ...... - Hll'l UJ ~HllHll'jVlmIVl.:J 

v ~ , , v 
-- Nll'lNllHll'HlnIlVl.:JYI1£J\lm I 

370 380 390 400 410 

'" fllUml1fltlU (urn) 

. .
9J d , , do 

Hl'YlNl'Ufll)"~flll~'1~llJIY~)"'Yl 1-4.. 

N"~ iJl~.:j~tJ~ 4.1 eJcil'l,.j eJtlOIYllJl)" ()'U'Vfl lJ1m!l'1"r:ilnm.pnfl'IJeJ'I 1'Yl'YllliitleJ~'U'U~11'Vnl~fln 

~'V'U IY'U 'V'I~ tl m)" IY~Yltl'UlI IY '1'IJeJ'I ~l~ ~1'U m)" ~ flll~'1 II" ~~ ili ~1'U m)" ~ flll~'1nfl'11JJll~fl~1'ln'U 

I. 

g "7' 

;l! 
(0) 

;.~ 
H 
ICi 
V",.... 
c;:: 

~ c 

100 

80 

60 

40 

20 

0 

350 360 
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" \PlnH~'l ~l~lVi ~ihnJ'lr~ ntJ VlJ lJ1ulJlJ.utJ\PlutJl~v1J11Vfn':i UlJi''liYvl ~'lIJ1vutJ n~lJ l11'Y1fHlu'l 
. " " . 

l~lJl~lJi W)l':i 1\Pl~VlJ 1 'YI'Y11ltJ V19l''tl fi'1vm f1 flflfl i''l UIP! 'tl f1f111lJ l.ulJ.utJ'lJ U'l m f11 tJ \Pl ~ flVi1 '*'tl'lUV1'l 

lJlfl \Pll'n~~ 4.4 lfi''(I'':i11m':i fn':i 1\Pl~ VlJ l'Y1'Y11IUV 19fmYiu 1 '*, tJ fn':i\PlflU~'l~lU'tl:::'Yi1 fn':iUlJJI':wi''liY• 

" .
U1~1l::Jllf1U'lfl'lfn':ifltJ~1IP!Ufll':i VlJ lJ1'Yi1fn':i~1'l~1fi'1Vt'hU'tl:::'YilfnH)lJU~'lVi 80°C ItltJld"l 5 

" " " 
tJ 1Vi f11'.i 1\Pl ~VlJ ,,!\Pl':i "tJ U'l '(I'1':i \Pl flU~'li tJ.utJ \PlUtJ tJ'Yi 11f1t11~lJ mf1 U:::~~ n(l 'l1 tJ U1riUtJll~1~'lfi~w"l 

• I"" d 
. 31 31 ~ d.,., 

" & 131~ .1
l1Vf1 TTlP \Pl1lJu':ilJl\Pl':i'YI\PlU'lfn':iH'tl1f1tJ'(I'l':illJtJ':i:::V:::l1m S tJl'Y1 11'tl-.11l1f1tJtJll-.1 'lfullJ\Plf1f1 0.1 .. 

d 31131iJ'tlilil\Pl':i'lJtl-.1mf11lJ\Pl~fl~fl11lJl.ulJ.utJ 70% U'tl:::fltJ '(I'l':i~mtltJ ':i:::v:::ldm 30 lJ1'Y1 um 11f111lJ 

~utJl11~tlrul1f)ij 80°C Im:::fltJ'(I'lHHYlJl11'W~'t)lJnlJltI'W':i:::V:::I1'tl1 2.5 ~11lJ-.1. .. 

'(I'1':i11 ') :::n't)u 1lJ '(I'm .. I 2 3 

.:; 31 
'(I'l')\Pl-.1\PltJ TTlP S ml S.O ml 5.0 ml 

HN03 0 . 1 ml 0 .1 ml O.lml 

CH)COOH 5 ml Sml Sml 

'(1'1') ntJv'U BTCA - 8% -

., ., 
'(I'1':i n'UrJ'U CA 10% 

: 
lJl 100 ml 100 ml 100 ml 

'" d 

pH 'lJU'l'(l'l':i'YIlm VlJ 2 2 2 

"I OJ , OJ 11 .d , y d 

tH R 1 fll'Hl U Vl1 VI 8 fll':i[J'lHl 1 fl m 'YI~1 U fll '1 811VI 1£.1 ~p 124 115 117 

"I OJ , OJ Y d , Y v 
6-.1 R1 fll 'a flU Vl1V16 fll 'a£.lll'ill flm'YI~1Ufll '1611V11£.1fl111.J 'a 6U 

. 
111,J '11,J 1mY 

1l1nf.l"m':i'YIf1'tltl-.1~ lJ11'W\Pl1':i 1-l~ 4.4 ~1~H1tJ fn':i\PlflUIP!-.1fi'1V'(I'\Pl':i~-lflril1.u1-.1~tJ lJJ'(I'llJl'Hl'Yi1.. . " . 
f1l':iUlJfi'1vm1lJ~tll.J Vi '(I' -.1 lJ1I'W':i1:::iif.l'tl'Yi11~~11m1 tJ tl fl1l1 flU tl-.1fl'lfn':ifl'W~1IP!Unl':i v'UVi lfi'''tJtl-l.. 
~1~1'l nUIP!'lfi'1V'(I'l':i I'Y1'YllItJV 19l''tl1 lJ mf1ll:::'(I' 'l f1';hl~ mr't)Vldmm VlJ lVi VlJ nlJfi1U'lfl'lflnfllJ~1IP!U.. 
m,)VlJ'lJU'lH'1~l'lflll~-lfi'1V'(I'1':i I'Y1'YIlIUV 19l''' 'h.Jltl'Yl1Wl" UIP!UV1'l1') nlPlllJ f.l'tl'lJU-ltl-lfl'lf1l':ifltJ~1 

I I • ,., 

IP!V nn VlJ"tJV'l H'lVi H1'W fn ':il'l nulP!'l V'liifi1Vi11 N 1l1f1f111lJ ItltJ 1l~'lViYi'l~U'l f11':i 1'W'.i 1::: ll::: UlJ fln '1 '* 

.. 
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d ° 'til ~ 111
mmYll l1m'JV~BlJmfl'UB.:j!'Yl• 

YllIlJ v'h1B~1JlH~lfl'llJlHI 'Vi 1 i ~~fl':i11w f) 'HU~hili fl'l'j nlHJ1J I"'~fl'l'j nlJV1J BTCA fl'llJl'H1V~ 


BlJmfl'UB.:j l'YlYllllJV 1~~ f)11'UB.:jfl'l'J nlJV1J CA I~B.:j~lf)!uB{I~ml'UB.:jm'Jfl'~Y1BlJ Itfl' .:J~1f)11
• 

? 

~ 
;J 

,r.J 

~ 
'IZ 
II" 
r 
c: 

';!. 

80 

60 

40 

20 

350 360 370 380 390 400 410 
'. 

- -+- -	 thVi~1Unl'H)/)uPi" 
v1mY1Y11LUUL'11" 

. . . •. . . ~1v1~lUn11GlnuPi" 
v11i'1 Y1Y11LUui'11" 
LL .. :: BTCA 

- . - . 	~1v1~lUn11GlnuPi" 
v1lJ'1 Y1Y11LUUL'11" 
u .. :: CA 

" , 
~.:jYlli!l(l~ ll.ilifl'l'J nlJV1J 

" " 	 ,
f)1'Jftm-J1!,jB.:J~lJ';-mWlJ~B iu fiB f)1'Jftm-,n11m'J~~'Vilm'JB1J~':wf.:jiYV1I'LJlJ~llJ1lJfhB1J11~eJ

" 
" 

'tlJ f)l'iftmnlJ l~lileJf)f)1'J I~~ VlJ i'Yl'YllllJV 

1C)f(l'tlJm~!I~1'Vilf)1'JeJ1J~1Vf.:JiY~1~YHl.:JHU 289 mJ/cm
2 ~llJ1lJ 3 5 !I(l~ 7 'JeJU l1~eJ'Vilf)1'JeJ1J 

~1Vfl11lJ~BlJ~ 100°C ItllJ!1(l1 5 10 15 !I(l~ 30 mYl ~.:jBWl1fliJ~ 100°C ll.ili~m'Vil'tMHlimj'. " 
• 	 tI V • 

fl'~'JYl't~'tlJ f)1'J~f)!I~.:JHlrlll1f1Jf)l'jftml1 'tlJ';-lJ~eJlJlJ'~fl''J1JIfJ1 i 1'1lJm'Jl.:J 4.5 ~lm'mYlifl'tlJ" 	 . 
m'Jl.:J~ 4 .5 fl'n}'~11 IrleJ~llJ1lJ'JV1J 'tlJf)1'JeJ1Jf.:JiYv1IYilJlJ1f)~lJlif·m'Vil 'lMH1~HllJm'Jv1Jli. 	 " 

. , 

1!BV(l.:jlrleJ'Vilf)1'JeJ1Jfl1Vf.:JiYv1 7 'JU1J ri1ur-m'UeJ.:Jf)1'JU1J~1Vfl11lJ~UlJ~ 100°C ItllJ'J~V~11(l1~
" 

lJ llJ~lJ nli f'm 'Vi 1'lMH1111ilu.:JlJ If)~lJl''' ~ril'UU.:jB.:jf11f)1'J filJl'i'1~u m'J V1J'UU'IHl nll.il~u~f)~l.:jnlJ 



35 

~l'JNYi 4.5 ~n'\Hl-:j ~1'W1'W'JtllJ nl'J tllJ~1u1'-:j~U111~mlm1'W m'J tllJ~1Ufl11lJrtl'W~tl 
" 

a Q.I' Q.I 'JJ f a ~d I V 
tl-:jft'lm'Jfl'W~1~tlfll'JUlJ'lJtl-:jmUn~mmllJ!l1ntl-:j'IJtl':)I'ITYlVlflU~':)~1U ... 

1'Y1'Y111iiv 19fn~1~~UlJ 1'W fl'j ~ 

'. 

n'l'Jlh~fltllJ1mYVI'J 1 2 
" 

! " n'l'J~-:jVl'W TIP 5.0ml 10.0 ml 

HN03 0.1 ml 0.1 ml 

CH3COOH 5ml 5ml 

: 
'Wl 89.9ml 84.9 ml 

d d 

pH 'lJtl-:jn'1'J'YI1~'JUlJ 2 2 

3 'JtllJ 5 'JtllJ 7 'JtllJ 3 'JtllJ 5 'J tllJ 7'JtllJ 

117 117 110 117 126 112 

3 'JtllJ 5 'JtllJ 7 'JtllJ 3 'JtllJ 5'JtllJ 7'JtllJ 

8.37 8.69 8.83 8.34 9.42 9.77 

5 10 15 30 5 10 15 30 

'WTVi 

124 126 127 128 123 126 129 133 

5 10 15 30 5 10 15 30 
d 

"Ul'YI 'U1Vi 
d 

"Ul'YI 

7.16 8.41 8.56 8.63 8.07 8.25 8.40 8.80 

. .". 
ri1'WlU tl{l9f"U ~m'J n'~-nfl'U Iin' ':)'Iltl-:jHTViVlflU~':)~1V1'Y1'Y1l1iiu1'lfnYilVi~UlJ 'illfln'l'J91-:j!f1''U TTIP Yi 5 

Un~ 10 iJnni1~'J U~1tJl1JltllJ~1U1'-:j~U1~1"u1'W'JtllJ 3, 5, Un~ 7 'JfllJ l"ulln'~-:jltlll"u~l'Jl-:j~ 4.6 
" 

ri1'U ~nlU tl {19f"U ~m 'J n'~'Vi'fl'UUn' -:j~V1 flU~ ':)~1U1'Y1'Y111ii U1'lfn~':)flri 11U~ tllJ ~,)Ufl")llJ l'tl"U~ 

100°C l~'W'J~U~nm 5, 10, 15 lin~ 30 'U1Yil~un'~-:jltlll11"uVll'Jl-:j~ 4.7 
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d 
~l'jl~'Yl 4.6 

". 

(run) 

360 67.5 

370 69.3 

380 71.7 

390 74.0 

400 76 .5 

d 
~11H'Yl 4.7 

•. 

3 'Hl'lJ 5 'Hl'lJ 7 'Hl'lJ 3 'Hl'lJ 5 'j tl'lJ 71tl'lJ 

40.8 42.0 42.0 36.1 34.7 35 .6 

52.2 52.8 53.4 47.6 46.3 47.1 

60.4 60.8 61.4 57.0 56.0 56.4 

65 .8 65.7 66.7 63.4 62.4 62.4 

69.4 69.1 70.1 67.7 66 .8 66.6 

tl "Q" 'j) 'j) d ''j) t '" i! fl'j !9f'W ~ O1H"~'Yl tl'W II 'ff ~'IJ tl~ m'Yl~ nll~~~r)(J 'Ylml'W (J d d
9f"'YH~1(JlJ 'ill n 

Sol, I • 

'ffn~~~'W TTIP Vi 5 II"~ 10 11"~~~1Vitl'lJ~1(Jfl1llJ~tl'W 100DC !'lhj'j~(J~!1mVi 
, ... 

lI~n~l~n'W 

fI1llJ(Jl1 

..,; 
f1"lJ (run) 

'jJ 31 .c.S t 'jJ

% nn 'ff~'Yltl'WII'ff ~'lJtl~m'Yl~ nll~~m(J 

t'Yl'Ylllil(J19f"~ 5 11,,~ii~1~tl'lJ~1(JfI1llJ 

~tl'W IOODC 

'j) ~ .d I 'jJ

% 011 'ff~'Yltl'WlI 'ff~'lJtl~~1'Yl~ml~~~1(J 

'" "'''' d 'j) 

t'Yl'Ylllil(J i9f"~ 10 lJ""" \l1 1 'Yl tl'lJ~1(J 

fI1llJ~tllJ 100DC 

'" 5 Ul'Yl 
d 

10'Wl'Yl 
d 

15 Ul'Yl 
d 

30 'W 1'Yl 
d 

5 lJ 1'Yl 
d 

10 'Wl'Yl 
d 

15 lJl'Yl 
d 

30 Ul'Yl 

360 39.5 33.5 40.5 40.2 40.2 33 .2 32.6 34.4 

370 50.6 45.7 5l.8 51.5 5l.4 45.1 44.9 46.0 

380 59.0 56.0 60.1 59.7 59.8 55.3 55.3 55.7 

390 64.3 62.9 65.3 65.0 65 .3 62.4 62.5 62.2 

400 67.8 67 .8 69.0 68 .9 69.2 67.1 67 .2 66.8 

'ffl'J i'Yl'Yll1ilO 19f"'W~tllJ~1t1'ff1'j nWJ'lJ BTCA lm~ '1 ~'ffl'j 1'Yl'YllIU tI~ In'fl '1 'W nn 1~1 olJ~1t1111 sol­

gelltl'W~1Ij~t1Bnjtll'1l1n'lJ'ff1'JnwJ'lJ BTCA fI1{J'1~011tl'lJ~1t1i'~*~1 
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v • 

nl'iffmn1 'W,j't.l~ tl'W ~tl , 1.l~'l i ~I1J ~v'Wlih'HlJ1Vnl'JffmmlJ'W nl'J ffmn"nJU~'lJtl'l m 'j vl1fl11lJ 

ff~tl1~ i~~1V~'W Itl'l (self-cleaning) 'lJtJ'l~l~ Hl't..m1'j~nU~'l~1V' 'VlYllllJV 19l'Cl~ H1'W m'j tJU~1V 

f'l-ffV1I'U1 vUI-vivunU'lJtJ'lN1~H1'Wm'j tJU~1Vfl11lJ1tJ'WU'Vl'W i~{J'il~ffmnnn ffCllV~1'IJtl'l-ff m'j
'" v " • 

'IJ,)~'jtlVm1Umllvl IIft~m'j1Pi'1t.lYll'WI9!mlufI-vi11V 'j1lJvl'lffmnLl'lJtr~'Vl1'lmVmVnl1 itl 1'lf'W 
'­

Q.I d a jI .& ,:::i ~ ~ Q.I I Q.I CjJ ~ I I 

~'lf'Wfl11lJl'HftU'l fl11lJ~1'W1I'j 'l~'l'Vlfl'll'HfttJ IICl~U'lfl'1mHlt.l~1~tlm'j VU 'lJtJ.:Jf.ll'YH'Il'W m'j~nu~'l 

~1Vffn irl'YllIlJV i9l'ft~,~1 m.J~1Vm~ ~ft'IJtJ'lm'j vl1fl11lJLl'~tJ1~ 1~~1V~t.lItJ'l'IJtJ.:J Nl~Hl'i.lnl'j 

• v 

tJ1N1-vi Hl'W m'j ~ml~'l~1V l'YlYllllJV i9l'ft~1Vfl11lJl~lJ~t.l'IJtJ'lffn~'lIPi't.l TTIP -viu~n~l'l 

n'W~llJ~n1'l~ 3.1 itlllml~,1~nEJru~~iin'IJtJ'l i'YlYllllJV~tlVU'WN1~1tJ1f1~tJ'l XRD ~ftm'j
<u 

". . 
ff1lJ1'j (1ff'jtli~11 1m'lff1l.:J'lJtJ'lf.lii n i 'YlYllllJVU'W ~1-vi H1t.l nn~nll~'l iiY;fI 28 In~~t.l-vi9hll'H,j 'l• 

• Y I I ~ V 9J 

'. i'Yl'YllllJV 19l'Cl-viI~5vlJ~1vnnH' ff1'j~'lIPi''W TTIP -vifll1lJl,jlJ,j'W 20 iJClilil~'j ff1'W'Ylfl11lJ!'lJlJ'IJ'W 

~'W"l 'lJtl.:J TTlP 1,1t.lYifl~'lnri 111:U~tlvi~!'il'WUn~llJii1~Ufl11:I.JI~lJ~t.l'IJtl'l TTlP ~1oMl'Wm'j 
" " .

1~5VlJ''Yl'YllIlJV 19l'ft vl.:JlJ tJ 1'il 'il~I~ 'WI'VI 'j 1~ 1 'Yl'Yll! lJ u-vi tl VUt.l N1tJ1 'ilii ~iin 1 'YlYll!lJ U~ tlt.l,jl'ltJtJU 
<u 

'H~m~n ii~ftvl1 1l1'm'j~'j1'ilfftJUlft.lvl11~U1n 111'H fUN1~1:Ul~~·ht.lm'j~nll~'l (untreated) ~'l 
I~'W Nl~lU1i 'j 'jlJ~l 'il~ l:Ul,1 'WY;fI~~ll1 'H tl 'l~'l nri 11 

ff1'Wf.lCl'IJtl'l m'j11m l~,1lvl ff 1 'Yl'Yl1IlJ U'lJtl'lN1~ H1t.l m'j ~ nll~ 'l~1U1 'Yl'Yl1!lJ U19l'Clu",1tJU 

'JI 'JI.d 0 dj "'liJ'liJ'JI ""., 1I)".d.d
~1Ufl11lJ'jtJ'W'Yl 100 C !lJt.l'j~u~nft1 5 'W1'Yl IlJ 1~lIff~'l~Cl'IJtl'lmnlm1~'H XRD Itll 11 ru 'Yl'W 

(I'VI 'j l~Hft'IJtl'lm'j 11m l~,1V'l hj'~) IL~~nEJru ~Y; fl~ '~fl'll:UlI~ n~1'l'il1n'IJ tJ'l N1~Hl'W nn ~ nll~'l 

" , Y I I 

~tJ 11.lu'W il-iiiHCl m'j'Vl~Cltl'l-viIl~n~l.:Jn'WlJlmrn 1'VI'jl~~~Ut.l Hiin' 'Yl'Yl1IlJU-vi i~Ut.lNl-viHl'Wm'j 

'j.I 'j/ 9J clift I .ci I & 11) Q dl3J jI d II Q.I f " 

~ nll~'lll Cl1tllJ~1Ufl11lJ 'j tJt.l n IlJ'W 1'Yl 'il~II~ n~l'l nlJ HCl n I'Yl'Yl11t.l U'Vl ~u t.l Hl'Yl Hl'i.ln1'j ~ m!~'lmn 
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150 

'. 120 

~ 
§ 900 
u 
E 
Vi 
t: 

60~ 
..= 

30 

0 

10 IS 20 2S 30 35 40 45 50 55 

2theta (degree) 

'.ltJ~ 4.3 
'" . . " 

-vi ~1'U nl'.l ~1nIl~-:J~";ltJ I Vl'Ylllij t'J 19i(1-vil~LY1'.l1Pl-:J~'U TTIP . . 
.d ')J'j) I QJd. 91 Q.ldd 

'. Vlfl11:IJI'IJ:IJ'IJ'U1l1'1 f1I'1Nf1'UVltlUIPI1t'J'.l-:JLYt'J1 
'" 

Ii] v 0 CI '" dd d • .1 d • I dI 
~1PI'Yllnl'.lrrmJ1nl'.lLYmt'J1'11'IJtl-:JLY'.lUtlflVlY'lLYUIPI-:Ju'.l~!f)'Vl CIBACRON RED LA-B hoc 9i-:J 

if~-:Jf1ril1iJfllfl11:IJt'J11fl~'U~IPIIPIc)5'lJif:lJlf1~LYlPlmj~ 512 'Ul1'UI:lJI'1'.l l'U'.ltJ~ 4.4 I~ULYIPI-:J 
'U ~ '\.I 'U 

fll1:IJ-ffmi'U,j~Lij'UI~'UI'1'.l-:J'.l~l1'.i1-:Jml:IJI.,j:lJ'\j'U'\Jtl-:Jif CIBACRON RED LA-B hoc U(1::;fllnl'.llPll'1
'II 

" 11~-:J~1f)11'U I~Yhnl'.lllP1nl'.l LY(l1t'J1Pl1'IJtl-:Jmlltlfln~~-:Jf)ril1 OJ 9fl-:J!1mnUI'1f)~ HO'U 

" .
11~-:J~1f) 1~1ri~'U~1'VlIPILYtlUnl'1ml~-:J~1t'J1'Vl'Ylllijt'J19i(1(1-:J ltJl'U LY1'.l(1::;mtlm Utlfln~ Yllnl'.l lfl 

nl'.l LY(lltlIPl1'IJtl-:J if~ 11 tlflnvJ.flltll~l1 (l tllPlUfI' -:JQ1 U(l~11 (l fll'] D65 cJ1-:J~ tJ~ 4 .5 II LYIPI-:J nl'.l LY(1 ltlIPl1'IJfl-:J 

if mtll~ml t!lPItl1'IJfl-:J ~l~ 1'1 f)U~-:J~lt11'Vl'Vlllii tI 1 9i(l~fl11:IJ1.,j:IJ.,j'U~UI'1 f)~N O'U~tlU~1t'Jfl11:IJ!tl'U.. 

~1~1'1 ml~-:J~1t11Vl'Ylllijtl 19i(1~fl11:IJ 1.,j:IJ.,j'U~ 1I1'1f)~1-:JO'U~tlU~1t1fl11:IJ !fl'U 100°C ItI'U'.l::;tI~I1(11 

5 'Uln 

... 
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y = 21.687x 

• 
0.8 

Rl = 0.9955 
QI 

U 

c: 0.6 
III 

o- J:)... 
0
1l 0.4 
c( 

0.2 


0 


0 0.01 0.02 O.OJ 004 0.05 

Concentration( gIl) 

':i1.H14.4 
'II 

I Cl.I.::s 

CIBACRON RED LA-8 hoc IW~fI1f)1':i~~9f'I.J'Utl'l'CY ru 

'. 

mn (ih'UJ,,) 

'jJ 'jJ I 

f111lJl'UlJ'U'W19l1'l"l 

50 

45 

2 40 
OJ .s 35 
fl 30? 
r.I 
C'I 25;::s 

'C'I 
20 

~ 
~ 15 
r 
r 10~ 

5 

0 

0 2 4 6 8 10 

E
TI'P5m, 

--TIlP 10 ml 

......... TIlP 15 ml 

_TIlP 20ml 

':i1.J~ 4.5 
" 

.d 'jJ V.d r Q,I.d" " 0 =1t .::s 
'Ylfll1lJl'UlJ'U'W'Yl1lI9lflI9l1'lfl'W'Yltl'I.J~lt1f111'JJ':itl'W 100 C IlJ'W':i~tI~nm 5 'Wl'Yl 

... 




40 

50 ~~~~~~~~~~~~~~~~~~c-~~ 
45 ~~~~~~~~~~~~~~~~~ 

240 ~~~~~~~~~~~~~~ 
Cl 

g 35 m7~b"~~;-:-.iI~~F=-i=: 
~ 30 +n~"'-"-~1-"---,;i"-"-"-";'=~"""""'~:";""':'+-"ir""""
r.I 
~ 25po
5 20 
.~ 
;::z 15 

~ 1~ 1I1i~~~~~1I~~1I~1i1i1l1l 
O ~~~=-~~~~=w~=-~~~~~~~~~~~~ 

___ niP 5ml 

--TIlP 10 ml 

---+- niP 15 ml 

_n1P20ml 

o 2 4 6 8 10 

'jtJ~ 4.6.. f11'j{HntJI911·\H)~mttVfl'Yi~.tlltJ'~',.HH)~ D65 'lJtl~Hl~~H)I!~~~1V 

11'Yl'VllltJV lC)f('l~fI11lJl'IllJ'Il'U~tt~tl~1~O'U~tlU~1Vfl11lJ ~tJ't..! 100
0 

C 

1'1l'U'j::;v::;l1m 5 'U1Yi 

'. 

D65 'lJtl~Hl~~tltt~~~1tJ1'Yl'YllltJV lC)f('l~fI11lJl'lllJ'Il'U'lJtl~ TTIP 15 tt('l::; 20 iJ('Iilil~'j {h'UH1~ 

~tltt~~~1tJi'Yl'VllltJtJ lC)f('l~fI11lJl'IllJ'Il'U'lJtl~ TTIP 5 11('1::; 10 iJ('Iilil~'j f11n,.mtJI911'IJtl~iY~tttlflYi~ 

mtJ'~'11 ('Itl~ D65 ~ tl111~ mYtl mritlltJ~ tJu lYi tJuoueJ~ 'j lf11'j {Y('I lVI911'IJtl~ iY~ tt tlflYi~mtJ1~'I1 ('Itl~ 

tJi Hl~~ tlll~~~1tJ 1 'Yl'YllltJ v1C)f('l~fl11l.ll'lllJ'IllJ {Y ~YiU11ijeJ~ 'j lf11'j {Y('I lVI911'IJtl~ iY~ II tlflYi~ 'j 1~1~1 
'" 'II 

" fI11W'lllJ'Il'U'lJtl~m'jI91~~'U TTIP 15 iJ('Iilil~'j ijtln{YmvI911'IJtl~mtttlflYi~.tll(ll~'I1('1tl~ D 65 1~ 

TTIP 20 

" . 
ij" ilil~'j ll~1im i'u tln {yC'll(l1911'IJtl~m IItlflYi~m(l'~'11 ('I tl~ tJiU'U rJ~ 'j lf11'j {Y('I l(l1911Yifl11lJI'IllJ'Il'U

'II 

" " i~{Yu~u'U'tl~lfiv~ O'UlJltl 

.. 




--

41 

~'l(J1 'Yl'Yl1I'U (J 1C)f,,~mllJ1.ulJ ~ -:jlJ m.JJ lUlJ f)l'j ~(Il(J~'l'IJ tJ-:j iY~!! tJflViyJ fl1(J 1~'I1" tJ~ (J1 11 ,,::; '11"~~ 
~ ~ 

D65 1~n~ l~ 'ln11'IJ tJ-:j ~1~\91 fH1~-:j~'l(J ivl'VlllU (J I C)f"~mllJ 1.ulJ.u'W~1 'rh'W ~l~\91nll~-:j~';)(J 

1'Yl'Yl11U(J IC)f"~fl'lllJ1.ulJ.u'W'lJtJ-:j ITIP 5 11(\::; 10 lJ"ilil\91ml'j~"l(J~'l'IJtJ-:jiY~UtJflViyJfl1t'Jl~'I1"tJ~ 

tJ1~11J1'j tl'vil111'f)l':i ~mt'J~'l'IJ~-:jiYl~lJlnn11m':i ~"l(J~'l'IJ~-:jiY~!! ~flViyJfl1t'Jl~'I1"tJ~ D65 1rltll11' 
'U 

'j::;t'J::;!J(Ilf)1'j ~"l(J~'l'IJtl-:jiY~ UtlflViyJ'Wl'W~-:j 8-9 i''l IlJ-:j ~'1m':i~m(J~'l'IJtl-:jm !ltlflViyJfntJi~ 

'I1"tl~tJ1'IJtJ-:j~1~\91fHl~-:j~'l(J~1':i1'Yl'YlllUtJ 19$"~mllJ1.ulJ.u'W'lJtl-:j ITIP ~ 5 11"::; 10 D"ililm~mJ 
~ 

v . 

'ffn~-:j~'U TTIP Vi 15 ij"ilil\91'j U'ff~-:jf)l'j~"l(J~'l'IJtl-:jm UtlViyJfl1t'Jl~'I1"tl~ D 65 1~~n11 
. . v . 

l~m!tJm,jtlnJ~t'J1J1VitJlJfl1JVifl'lllH.ulJ.u'U'lJtl-:j'ffn~-:j~'W TTIP Vi 20 D"ilil\91'j lI~ffl'11i'1Jf)l'j 

'ff"lV~1'IJtl-:jiY~ !!tlflViyJfl1Vl~'I1"tl~t'J1J'U'lf'l-:jU 'j nrlJ'Ufl'lllH.ulJ.u'U'lJtl-:j~l':i;-:j~'U TTIP ~ 20 
~ 

ij"ililm ~l111~~n11 U~'lf'l-:j'l1"-:j'illn 5 i''l IlJ-:j'IJtl-:jf)lHHnt'J~'l'IJtl-:jiY~!!tlflViyJn1Jfl"lmilmllJ 
" . . 

l.ulJ.u'U'lJtl-:j'ffl'j~-:j~'U TTIP Vi 15 ij"ilil\91'jVil111~~n111~mrtlV 

---... niP 5 ml 

--niP 10ml 

-II- niP 15 ml 

_n1P20ml 

o 2 4 6 8 10 

'j'!J~ 4.7 
~ . . . 

.d. ""d I Qld "QJddO 

'Ylfl'lllJ1'IJlJ 'IJ'W'Y1U\91 n\911-:jn'W'Y1tl1J~'lVH'ffV'l'ill'W1'W 5 'j tl1J 
~ 

: 

.. 
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50 

45 

2 40 
CI 

§. 35 
1 TTlP 5 ml 

0 2 4 6 8 10 

"­ ~ 
r.I 
~ 

,;1. 

~ 
,~ 
;i 
r 
r 
It 

30 

25 

20 

15 

10 

5 

0 

-TTlP 10ml 

___ TTlP 15 ml 

_TTlP 20ml 

nJ~ 4 .8 nl'HHnV~1'tJtJ.:jiY~ lIf.lfl-nvhJtJ'Hhrl1V h;''I1r1tJ~ D65 ~\91mt~.:j~'";lV
<u 

l'VI'Vllt'UV 19$r1~fl11lJ!.umj'U~U\91n~1.:jnU~tJ'IJ~1Vf.:jiYvi ~lU1U 5 'ltJ1J 
<u 

9 9J .a. " .dd 

4.4 fl11lHYllJl'lt:) ~Utll'l\91lU'Vll'l.H'lftJU1Jfl·VH'lV 

H1~~lnU~.:j~1VI'Vl'VlltUV 19$r1Uft1111tll'ltJ1J~tJo!'I1fliJ 100°C t~U:i~v~nm 5 1.J1-n l1~tJ 
o <u 

• ",. v 

tJ1J~1vf.:jiYVi-nl'l~.:j.:j1U 289 mJ/cm
2 t~'W~lU1'\.J 5 'ltJ1JtJU tljtJU1H1-n\91tlU~.:j~1V{y1:i~.:j~U TTIP 

<u 

~ 5 Ur1~ 20 iJr1~il\91:i lJ1'Vl~{ytJ1Jtll'l~lU'VllW~mt'l.Jfl-nt~V Staphylococcus aureus ~.:j!~U 
" U1Jfl-nt~ VUmlJ1J1tl \91llJlJl\91'lllU'tJtJ.:j AATCC 1 00 ~r1'tJtJ.:jtll:i V1J V.:jl1~t~U tll'lrl1U10! 

• v 
'" 31 '"t U tJ.:j 111 tl tll'j 'Vl~ {ytJ1J tll'l \911U 'Vl1U t'l5tJ 

. " 
U1Jfl-nt~ V1J Ui1J {Yt\91'j \91i~'1-n 1~!f1~tJ'lJ~1V1'Vl'Vl1!UVl1~~tJ .:jU.:jHl'M'W ~1tJV1.:j'Vl~{ytJ1J fl1V 1~'I1 r1tJ~ 


Vi!~m~'Wm~~u tllni1.:j1'W'tJtJ.:j{y1'j 1'Vl'Vll!U v~tJv1J'Wi1Jm\91:i \91 hr!n~ihh~iY'Vliflll'lntJU tll:i 

<u 0 <u 

" v
'Vl~{YtJ1J nn ~1'W'Vl1'W!~m!1Jfl-n!~ V~.:j tl~ 111~U.:j H1~'W~1tJ V1.:j'Vl~ {YtJ1J~lU"~ 20 'W 1-n ~1V'I1" tJ~vi 

<u 

• v v 

ritJU111tl1'l'Vl~{ftJ'lJ f-l" tll'j 'Vl~{YtJ1J-n l~l~I~H{Y~.:j ~,,'tJtJ.:j tll'.i V1J V.:l t~tJ Staphylococcus aureus 

u~mh.:jl'j~.:lf-l,,~u{Y~.:jttJ1i1i'WnJ~ 4,9 ~h'l1f'lJH1~1~1~H1'Wtll:i\91tlU~.:j'~lhlJlu.:j~1V'I1"U~
<u 

11 " V , 

\91tlU~.:jyj.:j{ytJ.:lil1H,,'tJu.:jtll'jl~v1Jv.:jt~mt1Jfl-nt~V Staphylococcus aureus t'lf'Wt~lJ ~r1-nl~ U{f~.:l 

-;hn 1:i U.:j U{f .:l 11 1 tll1 " tJ~V1fl1Vi ~{Y fl11~ tl1:i 'Vl ~{fUU ~ tJ vi 'W {Y fl11~ 'tJ tJ.:j {Y1:i" ~ r11 V\911lJ 1.1 1\91 'j ~ 1U 
" 

Staphylococcus aureus {Y1'WHr1tll'j'Vl~{ftJ1J~1U!'l5m!1Jfl'Vl!'lV E coli 1J'W~1'Vl(PltlU(Pl'l~1V 'Vl'Vl1t'WV 

<u .. 
V v 

: 
'tJtJ.:l AATCC 100 -U'W tlnU.:j~1Vl1r1tJ~U1ntJuYi1tll'.i'Vl~{ytJ1J 1~i:if-lr1 i'Wtll'j~l!~m!1Jfl-nt~u 

<u 

" I 31 a dod. .31d I", d 

" " 1C)fr1Uft1U11J1Yi1tl1'j'Vl~{ytJ1J\911lJlJl\91:i ll'W AATCC-l 00 nl~u{Y~.:l~r1'tJtJ'ltl1'.i V1JV'l!~U E coli 

l'lfU flU ~.:lHr1~'ln~1111~U{f~.:jflll'l1J1'lri1'W' 'Wri1'W gu'tJU'l H" tl1'j'Vl~"tJ'l~ l~~tJ lLJi'WfllVl1~.:j 

.. 
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.. .. 
~ tv OJ ~ Q.c:I V ~.o::=t. 

UiHl-3N'il'Ufl-3fll1 11I£J1JrJ-3I't16!11Jfl'YU1£J Staphylococcus aureus V11£Jl1ml';i'YIVltT61J AATCC 100 

.. 

.. .. 
QJQJ~ ddnj~ 4.9 ULYfl-:JN(lf)l'j'Yl~HHlU'\Hl-:Jfll'j VUVWIHlUUfI'Yl!'j V Staphylococcus aureus 

<u 

I v • I I 

Yitlrul1fliJfll'j!'V-Il~!~crn 37°C !~'W'j~V~!101 24 i'11lN'tItl-:J~lYi~fH!~-:J~lV 
• 'U 

. .. 
lt1tl-:J~ltlNrlfll'j'YlflLYtlUf11'j1'i'1'W'Yll'W!~tlUUflYil1 V~ll.llJ1~'jll'W AATCC -1 00 i~N(ll;-:J 

.. . 
olJ ~-:J ill i~Yilf11'j'YlflTI'tllJ tll'J"l'i'l'Wl9fmllJflYi 11 V'Yl•tlfl 11 l.l !.umj''W 'tItl-:J TTIP Yiffml1 U~ ~~~-:J1J1 

I I " "do V 9J .d...::::::t. .<::\,Q .d QI QI .a 
!'V-IV-:Jfl11l.l!'tIl.l'tl'W'tItl-:J TTIP 'Yl 20 l.l(l(l(l~'j 1J1'YlflLYtl'IJ!'V-Itl111!l'W1'Yl1-:J'lJtl-:JNrlfll'j VUV-:Jl9ftl 

UlJflYi!1V 1l1mLJ~ 4.10 'thtll~l~Hl'Wfll'j~fH!~-:J~lVl'Yl'Yll!tjv 19frl~f111l.lL.ul.l.u'W'tItl-:J TTIP ~ 20 
<u 

Q Q,Q ,.. 0 ,: d 
l.l(lrlrl~'jUrl1'Wll.ll'YlflLYtl'IJ19ftl Staphylococcus aureus ~ll.llJ1~'jll'Wtll'j'YlflLYtlU AATCC-147 tl .. .. .. 
'V-IlJ':h 111}j Nrltlnl'i'l'W'Yll'W!~tl Staphylococcus aureus lnfl~'W (fll'j'YlflLYtl'IJ!~tl~-:Jtlril'J i~'\Jl~llJ1: 

Q.I' 'jJ d. I 0 

tl-:Jfl1 Vl1 rl tlfl ~1 tltl 'W 'Yl1 f11 'j 'Yl fl LYtllJ) 

". 
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'. 

" " U"'\91~~C'l'IJV~011 IllV1JV~!~VU1JflYil~V Staphylococcus aureus 

\9l1lJlJl\9l1SP'W AATCC-147 

'QI~J v~ 
"'1U011'Y1\91"'~1Jf)11VUtl~l9f~ E coli \9l1lJlJl\9l1~lU01':i'YI\91"'~1J AATCC-147 'lJv~m'Vl 

"0 
O1':i'Vl\91 "'~1J) r:-JC'l O11'Vl \91"'~uYi 

o 

i ~llll~ll"'\91~'IJ ~1J I 'IJ\9l'IJ tJ ~1 ~ V~tJ C'lV~ll~~ II1JflYi!~ vYi!~ V011 clear 
v " tI ",... " • 

zone In\91~U lI~fl1J111r:-Jn'IJ~~01101JiJ~l~v E coli In\91~Umtl11P1';u~1'Vl~"'~UYI~'IJ~~~lUYillll~ 

~lU O11\9l flU~~Un~ ~1~\9l flU~~~1 til 'Vl'Vlll oW tll95n~~ r:-Jn~ i ~tf'Il~ II"'\91~ltJ~ V1J lYi V1J flU 1 Wl1Vl1 ~~ 
o " " 

OflYi 111flr:-JC'lYiI~U"'\91 .:r:hf)11 V~~1Vl1ntJ\91t11iJr:-JC'l~tJ 011 V1J V~!~~U1JflYi!~ tI E coli U~fl~U illiJr:-Jn... 
" " 'U01)VUV~!~~U1JflYi!~tI Staphylococcus aureus 

o • " 

AA TCC-14 7 'Ill0r:-JnYi i~~·mril1~~ I~YilO1'j'Vl~n tJ~l'W~vuiJu r:-Jn01'j'Vl\91n~~Oflflf~11011 V.:J~l 
" " ~1t1lHH)~t'./ln~uYilO1)'Vl~HH)1J\9l1lJlJl\9l)~lU AATCC-147 iJ~nYil111ln~01)o1.HJw15~ E coli I~ 

~ ~ 

. . "iI 
11~~ ill ~10~n lunHi 4.11 l~tJllJl~lYillli~~lU01)\9l0U~-:JlJl"'~~;U l~tltJl~l;UU'jOlJ1Yil

'" 
" 0 

O11'Y1~ "'~1Jmtl i ~tIhiiJon V-:J~1Vl1 C'l~~tl1 -ff1U ~l;UYi ",~~Yi101'] V~ ~1Vl1n~~V1 n~uYi101)
'" '" 

'Vl~"'~1J ~lmtJ~ 4.11 ml1l1~lJ~~U~1Illl~tJf111lJU\9l0~1~ U~~nff1tJ i~v~Yil0n'YI~Hf~1J 1~",)tJ
'U II 'U q 

tq "QI d' 'jI.:i1 Ill) , '''1'' QI 'jJ .r:: ~ J d ~'jJ lrJ .::s.,9 '}J

Iflll1\9l~U ~1'Y1 lJ 1~\9lflU\9l~UC'l~ IlJ I~V~~1Vl1C'lV\9l~1llJtlI1J~9fUm'Vl~"'VU'lJUlJll1~lJV-:Jll1Ul9f~ 
I " " "

uUflYiI~t'.It~tJl'ffU~Vl'U~-:Jvcil~i~ll1UU"'~-:J",hllliJ~n0110nOuOwl1v E coli In~~u ll~rlmfu~l 
'j/, • , I II JI 

;uYi ",~~Yi!~U ~lYi ill i~\9lflU~~!'lfU flU U~ I ~Yi1O1':i V~~1t111 C'l ~\91t11 !U~ l1J\91;U ~l'Y1\91"'~1J~UlJ 1\91'" ... 
" ," JI 

Illl~ tJ!.Jftll!UflYiI~ t'.ItllunY''Wll1u~uYi,n\91~lJ1JU ~l'Y1\91"'V1J;UU1 n 111 flr:-Jn O11'Y1\91n ~~",~tJ 1~11 ~1 
I , • " " 

Yi illl~~lU 011 \9l ml~~~1t11 'YI'Y11IoW tll95nYi Ijj ~ tJ llJ lV~~1 tll1 nV\91t11iJ r:-Jn Yi 11 11,n\91011ouo-:JI.JfV ... 
" y " • I11') " t Q,I Q,I a ..:=s.c:l IV 1 '& QJ do a d c::I

E coli 1\91 U\9lO11V1JV~l9f~UUfI'VlI1t1 E coli tI.:J lJ(l~'lJtJ'Yllm\91~'IJ~1Jl'IJ\9l111~1~V~'YI'1t1fl11 clear 

." &" 
ZOne 1fl\91'IJU 

0. 

I 
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'. 

". .
'jtJ~ 4.11 m'l fll'j'Vl~HYtllJfll'j~l'\..!'Vl1'WI91tl E coli 'Utl'UhVi lDl~H1'W fll'jI'lf1!1I9i~m'l~Yi lD5~ 
" 

Q.lQ Q.I d. 'j) ~ " d d 'j) d . ''j) 

u1 f1r.m 'U tl~"(ylJlJl'I fll'j "(YC'lltJl'Il'U tl~ ml C'l ~ fll'j 1'1 1'W'Vll'WIGJftl !IlJfl'Vll 'j tJ'U tl~ 1'1 1'Vl 1'1 f1!11'1 \I~1 tJ 

1'Vl'Vl1I'wtJ 19fC'l~tllJ~ltJf~iYtJ1~YH1~~1'W 289 mJ/cm
2 ~l'Wl'W 5 'jtllJ '\1~tl tllJ~ltJfll1lJ~tl'W~ 

" 
100° C "(Y'jtJl~i1I'lii f1 1'Vl'Vl1IUtJ'\1~ tl'U'W l~tl'W mfl'Utl~ 1 'Vl'Vl1lutJ~!n~~'W I 'W"(Yml~l1 cl~u~l!"(Y~~. . 

"0 11]:11:11 • :II 11]:1111]' '" '" dill]:IIdd:ll d 
fll1lJ"(Y1lJlHl !'Wfll'j'Vl1fll1lJ"(y~tl1~ !~~ltJl'I'Wltl\l'Utl\ll!I'IC'l~~l'W !~ !lJ!'\1lJtl'Wf1'W 9f~ !~'Vl'W 1'I1'Vl 

1'If1l!I9i~~ltJ1'Vl'Vl1IUtJ 19fC'l1 'W "(Yml~~~mi11 l! "(y~~fll'j "(YmtJI'11'Utl~iY1l!tlflYi~ CIBACRON RED 

" " " 
LA -8 h-c 'l~~ !l19i1 'W'Vl1~ f1~lJfl'WfllJ 1l-imlJ1Hlll"(y~\I"(ylJiJ~fll'j VlJV~I91tl!!lJflYiI1 tJl1~"(ytl~'Utl~fll'j 

'Vl~"(ytl'U1'I1lJlJll'I'j)l1'W'Utl~ AATCC 100 l!C'l~ AATCC 147 '1~ 

4,5 fll1lJ"(Y1lJl'j til 'W fll'j 'U~~fl'j 1lJ fll!!~ 

H'1~ 1l-i '1~H1'W fll'j 1'1 f1!!I9i~~ltJ1 'Vl'Vl1IUtJ 19fC'l tllJ H'1~1'I f1!!19i ~~ltJ '1 'Vl'Vl1IUtJ 19fC'l ~fll1lJ 

." . 
tl'U~":Wfl';l1lJ ~tl'WYi 100°C lJ1Yi1fll'j IUtl'Wfl'j1lJ f11ll~ 1'IC'l'Utl~fll'j~~ilJfll!!~u~'I'milH'lYi '1l-i'1~ 

" . " " 
1'1 f1!II9i\l~ltJ1 'Vl'Vl1IU tJ 19fC'l u~~~cUlJ f11!! ~ 1 ~utltJf1i1'Utl~ H'lYiI'l f1!!I9i~~ltJ '1'Vl'Vl1IUtJ 19fC'l l'l~U tllu u~ 

" 
1~'Wl'VI 'jl~H'l~ 1~Yilfll'j 1'1 f1 1119i~~ltJ 'l 'Vl'Vl1IU tJ 19fC'lii"(ylJiJ~'Utl~ f11'j l~ 'W hydrophobic lJl f1f1il'Utl~ H'1 

~1l-il~H1'W f11'jI'lf1!!I9i~ ~~ii I'IC'lYi11 '11'fll'j ~~ilJfl'j 1lJ f11!!yJ'Utl~ H'1~ H1'W f11'jl'l f1!!I9i~~ltJ1'Vl'Vl1IUtJ 
" 

19fC'l~~ilJfl'jllJ fllll~ 1~I,j'lJ lJl f1 f1il lll9ilrltlU lNl~ Hl'W f11'j 1'1 mll9i~ IIC'l~ iliHl'W f11'j 1'If111I9i~lJl'illtJ 
" : 

~1tJ'\1C'ltl~tJ1 !!C'l~'\1C'ltl~ 065 l!"t1'1Yi1f11'jfl1'W1rufilltJtl{I91'W~'Utl~fll'jC'l~C'l~'Utl~fh KJS ~fll1lJ 
" 

tJl1fl~'W 400 'W11'W!lJl'I'j 'VIlJi1 ItJtl{I91'W~fll'jC'l~C'l~'Utl~fi1 KJS 'Utl~H'1~1Dl~Hl'Wfll'jI'lf111I9i~ii 

f11'jC'l~C'l~'Utl~ KJS UtltJlJlf1lrltlnmHl'WltJ 8 i11lJ~ "h'W'Utl~H'1~Hl'Wfll'jI'lf1!!I9i~~1tJl'Vl'Vl1IUtJ 

19fC'l~1~ 20% TTIP ~tllJ~1tJf~iYtJ1'\1~tl~1tJfl11lJ~tl'W~ 100°C !!"(y~~fllllJ;~ul~'Utl~fl'jllJf11!!~
" 

". 
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u'ff.:jmv1~'I1"tJ~r D65 fl.:jI!Ml.:j1tJ1H1h!':i'lJ~ 4.12 1'WYll.:jfl"UO'W !rim.JllJllllVI!'ff.:j~lV'l1"tJ~V1
~ ~ 

H'l~Hl'W fl1~~fll!\9l.:jI!"~tJU~lVmllJjtJ'W~ 1OO°C 'Il~91~'Ill.:j 1~!~lfll1'IJtJ.:jH'1~tJU~lVf.:jiYV11~v~
~ ~ 

'Illfl~l'IJtJ.:j KlS ~"~".:j'ffllJl~()"~"'11~!~lfll1fl'l~U 'ff~'11'W~tJ~ 4.13 
~'. 
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"
,
fflJ1J~'Yll.:Jf11t1fl1'Vl 'U tl.:J ~lYi~ flll~.:J~1t1 i 'VrvlllihJ1'1f" i~Yilf11'Jffmll'tl.:J'l1lJ~ 3 ~llJ~1(1tllJ 

" , , 
IU~mJIYimJ fflJ1J~'Yll.:J f11(1fl1'Vll1.:JffllJ'UtN ~lYi tl'U~1(1mllJftllJYiU~fl~l~tllJ 'J~'l1l1.:J tl'IJ¢i'-;wi'.:JiY 

ad '" 2 ?I gJ gJ d 0 ?I a0 

tll'Yl'Vli:l.:J.:JllJ 289 mJ/cm 11Jl.Hl1lJ1lJ 5 ':itl'UII"~tl'U~l(1f111lJ'JtllJ'Yl 100 C IUlJ':i~tI~l1i:ll 5 lJl'Yl 
" 
~i:ltl.:Jf1'lfll'J¥llJ~l~tl fll'J V'U II" ~fll~'b'UmllJ!'l1 ~tl.:J'UV.:J~l~~flIl~.:J~1(1i 'Yl'YllIU tI 1 '1fi;l~mllJ 

l.,j'lJ.,j'lJ~lI~fl~1.:JnlJllt\'lv'UmllJftllJ~1t11li~u~fl~1.:JnlJ i~Uff~.:J1V1111lJ~1'Jl.:J~ 4.8 ~i:lfll'J 

IIlJ 11UlJ iUllJYlf1''Yll.:JI~ tlltllJil'IJ fll':i l~lJfll1lJl.,j'lJ.,j'lJ 'U tl.:J TTIP rillJ V.:Jf1'lfll':i ¥llJ ~1~ tl fll':i V'U 

'Utl.:J~l~HllJf11'J tl'U~lt1f111lJ f illJ 1 MfllV.:Jf1'lfll':i ¥llJ~1~ tl fll'J V'U 1 ~ tlfl1'Vl ':i llJ~ ~ fll1'UV.:J ~l~V'U 

¢i'l(1i'.:JiYtl1 lI~tldl.:J i 'J n~llJ flltl.:Jf1'lf11':i ¥llJ ~1~ tl f11'J V'U ilii¢i'~ i U flll'U tl.:J ~l~ ilii¢i'HllJ f11'J 
" 

•• ,.. • v 

fln 1 i'u~lJl~'J'Utl.:JTTIP YiI'WlJlJlfl~lJ fll'Utl.:Jtl.:Jf1'lfll':i¥llJ~1~tlfll':i VUV'U v~utltli:l.:J UlJnV1llll~ 

'l1lJlt1mllJl11j~lJ 'Ii~ i~ 1~':i 11l'\..Hn~~lJlJlfl~.:J~lJ 'Ii~~.:Jfl~11tllllll~lJl1l1fl Ti(OH)4 ~ffllJl'Jmn~ 
~lJ 'Ii ~i~1 ~':i 11llJ tl'U 'l1lii ~~ ':i tlcUi:l'U V~ ~l nl1JlJ i U i ~ II i:l~ '1lJ'Yll.:J fl1:i'IJ tllJOl1j~lJ 'Ii ~ i ~1 ~)11l'WlJlfln 

'" 

2 Qj 0 .,. gJ gJ d 0 ?I a 
mJ/cm IUlJ1l1lJ1U 5 'JV'U 'l1'JV tl'U~1t1mlmtllJYI 100 C IUlJ'J~(I~l1m 5 lJl'Yl 

ri1lJ~i;lf11'J'Yl~i;ltJ.:J'UV.:JfI11lJl9i'lUII'J~~.:J~fI.:J1'l1 ~U~Uff~.:J '1 U'JU~ 4. I 4 f11'JU'IJ¢i'1t11.:JiYtll 

" " 
" 

, 
<U 

1j ~i:l~tJfll':iYi li;lltlfllllJlI~.:J II 'J .:J'UtJ~~lUtJ(I l1.:JUI'Vl 'J 1~fllfl1llJl9i'llJU 'J .:J~~Yifl.:J!'l1 ~tlV.:JfI.:Ji flt\'lfitl.:J 

IV ~ d 'J.I" .c.i d 'jI ~ .d a I..:::S 1 ~ 
fl'U 100% tlfll1lJ'Ylfl11lJl'UlJ'UlJ'Utl.:J TTIP 'Yl 15% lJfl11lJ~llJlI'J.:J~.:J'Ylfl.:JI'l1i;ltJtltl'Yl 95% II~ IlJtl 

<U 

.... Id d cv " 'jI Q.I 
" 

I 'jJ Y <do
, 0 d .c:::t. 

lu'WUI'Yl(l'Ufl'Uf111 U'U~1Vfl11lJ 'J tllJ lJlJ 1l~'Vl'Ul1f11'j tl'U~1t1fl1llJ HllJ'Yl 100 C lJ ~i:l'YllWIf.:J i:l'U 

I • " I • " ",..'jI .& d a 'jI.d d.dl ~ 'jI V Q & Q.I.d 

mllJ~llJUH~.:J'Ylfl.:J!'l1 i;l tllJ tlV'Yl ff~ 1Ii;l ~ ll~~'UlJIlJ tlfl11lJ l'UlJ'UlJ 'Utl.:J TTIP l'VllJ ff .:J'UlJ 'Yl.:JW)1'il 'il~ 
• <U 

, " 
l1JlJl'Vl 'J l~1jU~lJlru ~lJ 'Ii ~ i ~1 ~ 'J 11llJYiln~~lJ n;wJl.:J'l1li i ~~ 'J tlcUi:l'U tl.:J ~llli;l ~'\1lii ~~ 'J tlcUi;l'Utl.:J 

<U '" 

" " 
i 'Yl'YlllU vYin1lJlJ lfl~lJ 

.
. 
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~l':il.:JVi 4.8 	 fHHl.:Jffl fll ':i fi'W ~'.Wh)f)l':i O'IJ 11"::;rilfi91ii fl1111m ~U.:J '1Hl.:J ~l~~ tlU~.:J~1V1'Yl'Yll1ii V 

iCJ1"~fl11111,jlJ'\j'U~!l~ fl~l.:J n\mrlTtJ'IJ~1Vf.:JiYV1~'Yl~.:J.:Jl'W 289 mJ/cm
2 

Ifl'U.. 
o ~ <JJ 'j) d 0 ?I 	 d 

1l1'U1'U 5 H)'IJ'\1':itHl'IJ~lVmlmtJ'U'Yl100 C lU'U':i::;v::;nm 5 'Ul'Yl 

... "" '"U~lJW1':i'IJtJ.:J TTIP (ml) tJ.:Jffltlnfi'U~l~tJflnOU (0) ~ 91'U W.IllJ m " tJ ~ 

31 "" 31 31 31 "" 31 31 
tJ'IJ~1VV1 tJ'IJ~lVfl11mtJ'U tJ'IJ~1VV1 tJ'IJ~1Vm1mtJ'U.. .. 

o(~l~llilfi'~tl11~.:J) 145 145 4.52 4.52 

5 121 9 .01 137 7.69 

10 126 134 9.07 7.73 

15 119 146 8.70 7.91 

116 9.6820 120 9.16 

120 	 - - - ­,-------------- --.--.------------------------------------~ 
I • uv 

0 

I .c 100 I~HIgh lem~10.. 
~ 

...Q) 
c 

80
Q) 

a::: 
..c:.... 
01 60 
C 
Q) ...L. 40

CJ) 

.! 
'iij 20c 
Q) 

I ­
0 

untreated 5 10 15 20 

Concentration of TTIP (ml) 

mllJ~l'U11 ':i .:J~.:J~fI.:Jm ~tJ'lJtJ.:J~l~~ tl11~~~1V1'Yl'Ylllii V1CJ1"~mllJl,jlJ,j'U~1~<-J 

~1~tJu~1vf~iYv1~'Yl~.:J.:Jl'U 289 mJ/cm
2 lil'U~1'Ul'U 5 ':itJ'IJ... 

'" 31 	 31'" O?l "" 
'\1'.itJtJ'IJ~lVfll1mtJ'U'Yl 100 C IU'U':i::;v::;nm 5 'Ul'Yl 

I • 	 I So' 
o 'jJ .ctlJ] '''l j} t 'j/ ..::i ." 11) .:::1 '1 d <JJ 'j/ <JJQ.I 

'Ul~1'Yl !lJ !~~tl11~.:J11"::;~l'Yl~tltl~.:J~lV !'Yl'YllI'UV !CJ1"'Ylfll1lJl'lJlJ'IJ'U'UtN~n~.:J~'U TTIP 
. 	 . . 

d. I <V 	 d 'j/ 'JJ d I ClI 4:!l ClI .r:::::t. ", d 

'Yl11~ fl~H tl'U 11 "::;'Yl tJ'IJ ~1 Vfl1111 ':i tJ 'W'Yl11 ~tl~ 1.:J tl 'Ulllfftlfl1~ru j 1'U TYl VI'IJ tJ.:J H1111l::;lJfll1lJU~ tl 

I... I 1 ok "131 "1 ~ _I'" 	 "",{31 31 ,{
U~.:J fl'U tJtI1.:J '.iCJ1.:J~" !~U~~ .:J1tJ1 !1 !'U ':i u'Yl 4 .15 ~1tl~"'UtJ.:J fll':i 11fl':i 1::;'\1 ~lVtl" tJ.:J ~ n'Yl':i ':iff'UU'IJ'IJ.. 	 . 

II • 	 ," 

~'l~'U TTIP Yill~ fl~1.:Jn'U llil~Il~~.:J (h1'tM'Uil.:JU1lJ1ru~i1tl'IJtJ.:J l'Yl'YlllijVYiIl~ fl~1.:J n'Ullltl'llmi'~ 

·. 
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c\f11HU :::nY'tJ l(J'\Ju~H'l~ l11l~~ltJ fll') ~fl!l~~ 

l~tJ l(JiJc\mlru:::~fivtJ'\~l~l~ (J'U lliiJm~mfl ifl"l 

'" • :y 1
lfl1:::~flV~'UtJmtJ (J 

'J/'JI Q.I'J/ .d 
mllJl'\JlJ'\JtJ'\JeJ~~l'.i~~~tJ TTIP 'VI 10% 

". 
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<jJ iI Q.f <jJ .c:t 
mllJl'\JlJ'\J\J'\J~'Hn'l\9l~\9l\J TTIP YI 20% 

nHi 4,15
" 

. . 
<jJ Qdd I Q.I do Q.I I 

\9l1t11liYlII\9lfl\9lNfl\JYltll(j~'\Jtlltl 5000 IYll 

•• • v 
"" jJ '" 'jJ ~ d 1 "''l jJ jJ jJ '" jJ 'l ' 

1\J~~\JlflV-llYl\9lflU\9l~mtl tYIY111lW 9H1Yi !'l1mllJl'\JlJ'\J\J'\J~~m'l\9l~\9l\J TTIP !\J'l11~ 5­
. .­

20% tJ~lJl\9l'l/tJ~lJl\9l'l U~1~'U'fi'1t1i'~iYQ~'h1~~mJ'fi'1vfl11lJ~~\JYi 100°C U\J Uff\9l~fl11lJffllJlHl 

1\J flU ff{lltl~1'\J~~iY~ II ~flVi 'Vl i'fi'fi~\J ,j'l~~ U~ fflJU~Y11~'fi'1\J~ \J '\J~~ tll 'll11f111lJ ff~m~ i'fi''fi'1V 

. . .­ d jJ jJ 

Ufl ~~iKyhtll'lftflfjlIYilJl~lJ 1~Vlm~h¥i\9lflll~~'fi'1vffl'l~~I'i'\J TTIP Y1f111lJl'\JlJ'\J\J 20 % 

U~lJl\9l'l/tJ~lJl\9l'l ~ 1'fi'~'U'fi'1vi'~ffV111~~~'U'fi'1t1mllJ~~\J~ 100°C mYi ltll'l ~'U'fi'1t1f111lJ~~\J~ 
" 

I V • I " 

Brul1.fl~ff~Yi 150°C liJ\Jnm 3 \JlYi~tlfli'~ 1~~111~11\J~1'fi'V-I~fl'\J~~1Y1Y11!iJtlYilmu~\Jlw~ 
q cu tv CJ 


" ". V
Q.I~ <jJ Q,I ~ ... .1 jJ ~ d d. dd& " 

mll\J~u ff~~fflJ'U\9lYll~~l\J tll'l '\J \J~m l'U 'l ~V!lJ fl\J tll!ll't 1I{l~ fll'l \9l1\J'Yll\J 1'l1~Il'UflYlI 'l tlYI~'\J\J'Ul~ 

1~~!tJj V'UlYitl'Ufl'U'\J~~Hl~ ~,h\J tll'l\9ltlll~~u~l1ii'fi'Yiltll'l ~'UV-liifl~ 150°C ~flflf~ ~~YHl'\J~~I'Vlff 
iYlYllliJ V fflJU~flUYi lfl11lJ ff~m~ 1'fi''fi'1t1\9l\JW~ fflJU~YIl~ flltlill'W II ft~rl'ru ]P\J1'Y1t11'\J~'lH~tl 

' . 
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• I SI I 

I YlYll~ii UU'U ~lnl uYi ~ flUI'l ~1I1u I YlYll~iiU19H'IYi ll1Yllfll:i tlU HU flfl flfl ~~ ~1Ufl111J f tl'UVi tlU! 11 nil 
• 'U 

" 
ISOoC iJml'IJfl~fll:iYl~fftlU~~~tl1'tlii 

<> " 0.1 lfJ '" '" .c: ,'" lfJ '" 1 "'. 001 '" 4 .8 HfI fll:i 1~m l~'I1l Y"i ""'lJfl ~ ~ Yl'Vll~'U U'lJ 'U HlYl ~ flU~~~ 1 U !'Yl'Ylll'U V "ItcH! fl11! Cl~'Yll f1l:i flUH'U nfln 

flf~~ 150°c 11l'U1101 3 'U1Yi 

. . " 
d 

t.J 1~lYi ~1'U fll:i ~ flU~~ ~1V! 'Yl'Yl lliiV1 '~lHlYiiifl111J1.,r1J.,r 'U 'lJtl~ m'W1~~'U TTIP 'Yl 20% 

"tJ11Jl~:i/'tl11Jlm u~1fluII1v~~iY~1'11~tlfl'lJ~1VmllJf1l'U~ 100°C t.J llll tl 11 HU n~1Ufl111Jfll'U 

flflflf~~llu! 11 nil 150°C 1l~1t.Jll'tll~m 1~11'"mlu!::;H~fl'IJll~ !'Yl'YllliiU~flVU'U~1~1Vlfl~tl~ XRD 
• 'U 'U 

Hflf1l'jllml~tlH~n'IJtl~ 1'Yl'YllliiVillmfl~1l~ XRD 1~"":i'l1ltll '1~~:i'tl~ 4 . 16 ~~d~'Ufln 
• 'U 

20% 

. " . 
U~fl111Ji~11l 'U 'lJll~Yl fl'IJ ll~~lYi III~1'U fll:i llU HUnfl nfli'~Yillu! 11 nil 

• 'U 

O~.c.1 Q.I ,djl ck ?I Q.llI}VI & lfJ ,d,::1, 3Id 
150 C 'U'U 'Wflll::;'1f~ 11l'U fl111fl n'UfJV9I~mllll::;'lJtlmu'U'Uv 1~11Hfln'IJfl~ 1'Yl'YllI'UU'YlflVU'UH1'Yl 

'U 

" . .,. 
HUflflflfli'~YitlU! 11 nil 150°C iimllJi~11l'U'lJ1l~YlflYi~fl111~mj'llVliitll'tl~V1JlYivUtl'lJ'lJtl~~lYi1~ 

• 'U 

, " , 
~1'Ufll:iflUII1Vfl11lJffl'UYi 100°C IHl~tlUHU flflflfli'~Yi flU! 11 nil 150°C 

• 'U 
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VJ 

E 
;::l 
0 

S 
c 
"§ 
~ c 

HJ~4"16 
'" 

250 c 

r 
I 

200 

150 

100 
TTIP 20% 

--------. UV cure 

5 10 15 20 25 30 35 40 45 50 55 

2theta (degree) 


nJ~ U1JIYi Ullf-Jiin 1'Vl <YmiJumH~l~lU~Hll-Jnn \PlnlllPl.:J~1tJ l'Vl'Vll!iJu 1C)j"~~ 

tl1J~1UU1 fi'tmii n'IHl.:J 1'Vl'Vll!iJ U1JW~l ~lU~Hll-J f)1'j \Pl nll~.:J~1U1'Vl'Vll!iJu1 C)j"~
'U 

• y • 

Yitl1J~1ui'.:JEu11l~~tl1J f-Ji1n~nfli'.:JYi 150°C 
'" 

250 c 

'§'200 
c 
;::l 
o 
S 
c 
"§ 
~ 150
.5 

100 

5 10 15 20 25 30 35 40 45 50 55 

2theta (degree) 

., . 
tl1J~1Ui'.:JEQ11l~~tlm~i1n~nflf.:JYi 150°C t11Jf-Jiin'lltl.:J l'Vl'Vlll14U1Jl-J 

H'l ~lU~Hll-J f)1Hl nll~.:J~1U1'Vl'VllliJ U1C)j"~~tl1J~1Ufl11lJftll-J 
. ., . 

VllOOoC u~::tl1Jf-Ji1n~nflf.:JVlI500C 
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,.. . 
1vl'V11I'WtJ lctfnll~1I1n~Yl1f11'.it)'lJI!'n1nvfWd'-:jYi 150°C l~'Unm 3 'U1Yi 

lrlUtJ1~1~\9lnU~-:j~1Vhl'Vl11ijtJ ictfCl~ 20 iJCl{lil\9l'.i~t)'lJ~1vi'-:liYtJl~'Wri-:jnw 289 mJ/cm
2 

'" 
I I " I 

~l'U1'W 5 '.iU'U 'I1~t)Yitl'UYi 100°C dj'Unm 5 l-J1Yi 111lJ1tJ'lJl!,n1nvnfli'-:lYi 150°C 1~'UL1n1 3 'U1Yi 

>I. • 

~UaflYi~mtJ '~'I1CltllltJll1-:1'IJ t),:j'Hl11~Yil'llm'.i U'U v-li1 mro ~ 'hiiflYl 1f)1'.i U'U m1f)Yi
'" 

'I • I ",; • & • 'I 'jI .. dd d • .1 d J' d d 'jI

ULYll-:l1u-i ~ 'U '.ilJ'Yl 4, 19 'l~'W'U11f)1'.i tl'lJ ~'U f)'lf1V ~ 11 f11'.i (;1'{llV\9l1'IJU-:I!:Y'.i Utlfl'Ylnll'IJ'U!'VW-:l1{j mwu 
" 

.. 
",., ,.,,,

I'vilU''U 1, 'U 'lf1-:1'11ri-:l'IJtl-:l fll'.i LYn1VI'l1 U~' 'U 'lf1-:jU '.i n'IJu-:I f)1'J 'ffCl1VI'lI'll'U iliU\9l f)~l-:ln'\.JlJ1f)'I1'U l1-:1ij 

tl 1~ 'l~!~'U!'W '.i 1~f1111l LY1111) tll 'U f)1'.i LY(llUI'l1'IJU,:j iY~ II tlfl Yivl 'IJ U,:j~l~\9l m!~'1~1V i 'Yl'Yll!ijt,lctfCl~ 

" I I, 

l,1'Uv-lCl'Yll,:jfllUij miH-H\9l1 ~'Ufl1'H~ tl n~l'Yi\9l nU~,:jfl1V i 'Vl'Y1llij Vi ctfClYi fI 1111 l,jmj''U Yi 5 lin Cl {l\9l'j 
. ,.. 

U{l~tJllJlm.mi1f)Yi 150°C l~'WL1m 3 'WlYi U{l:::Vilf)1'.i'YlllLYtl'lJf)1'jmnVI'l1'IJU'1iY~UUflYivlVf)f1i',:j 

• y ,.. 

iliii nn lU~U'WmJ M nU!:Yll'1 ':h n n LY{llVI'l1'IJU '1iY iJJI~~l.J mJn'U v-l~f)'lJU,:j 1'Yl'Yl11ijVII~;j'W m.in'U 
'" ,.. . '" 

('1i' mJ1'\ 1 mY1'Wij 'l~ftn'hlllVi1l1~1I 1, 'Wmuml-:j.. 

== 40Cl 

§. 35 

~ 30 
iii 

;:I 25

P 
~ 20 
~ 15 
r­
:E 10 

5 

o 

50 ~~~~~~~~~~~~~~~~~~~ 

45 ~~~~~~~~ 

o 2 4 6 8 10 

_uv 
--..- UV + 150C 

_High Temp 

- +-- High Temp + 150C 

f)1'j !:YCllVI'l1'IJtl,:jiYmv11'1''11 (l U'fWl 'lJU 'H~h~\9l f)U~,:j~1V 1'Yl 'Ylllij Vi ctf1'\.. . ,.. . 
d 'JI 'J} .et. ~~ n,I do 9J Q.I ~ d ~ Y <jJ

'Ylfl111lt 'lJ1I'IJ'W 20 111'\ (l 1'\\9l'j'Yl-:j'Yl U'U1l1V'J -:I'ffV1 '11) tl U'U1l1Vfl111l'.i U'\.J.. 
" . 

U~1l'l1f)1)u'Uv-liinvf)f1i''1Vi 150°C 
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50 


45 

- ~ ::: 40 

Cl .s 35 

~ 30 
r.I 

il 25;:l 

~ 20 

;i 15 
r 
~ 10 

5 

0 

0 2 4 6 8 10 

':i11~ 4.19 
'U 

_uv 
__ UV + 150C 

_High Temp 

_... - High Temp + 150C 

" . 
util'nlfll':i ~'U vfW n~nfl~'1Yi 150°C 

" . 
4.10 flJllJ I.YllJ 1'HI 11..1 fll':i 1'i'1'U'Vll'UI9fml'UflYil~ V'U~'1~lYihi~l'U fllHlnU~\lJI"w1'VlYm-UV 191"U"~ 

" .
Yilfll':i~'Ur-rWn~f)fl~\lYi 150°C lil'Ul1m 3 'U1Yi 

, • 'j/ t 

lij~ulH'lYi~ml~'1~1Vi'Vl'vm-uu191ml"~UllJl~'UHi1fl~flfl~\lYi 150°C 1~'U!1"1 3 'UlYi lJl 
" tI tI • 

'Vl~H"~'U fll':il'i'l'W'Vll'WI9f~U'UflYil~ V~\ll9fV Staphylococcus aureus Yi 1~'Wll'UflYil~uumlJ'U 1fl lm~ 
d ::tt d d ~ iI Qd .&.t::i 

Escherichia coli ( E. Coli) 'VllU'WU'Ufl'Vll':iVUfl':ilJ,,'Uvnm'l ~1V1lifll':i'Vl~I.Y~'U AATCC 100 9l'l~~ 

II tI Y " I 

':i lU\ll'W H"'U ~\lfll'j V'UV'Il9fml'UflYil~ U1~ 'W 'j ~ V~'U~'U I'U~'Utl\l fll':i V'U V\lI9f~Yil~ Vfl11 "clear zone" 

iI .a dQ QI " " 
~lflH" flWY1~I.YV'U fll'j ~1'W'YI1'Ut'lf~U1Jfl'YIl'j !:rYl\lI.Y~'1~ llJlJlm!1'U fll'j'Vl~I.YV'U AATCC 

" . . 
100 U,,~ AATCC 147 ij~'1~vhJ-u H"fll'j'Yl~m)uYiUI.Y~'1W1H1'U~uYi 4.20 UI.Y~'1H"nn 

1'i'1'U'Vll'Wl~ml'UflYil~ VmlJlJl~':i~l'W'UV\l ATTCC 100 ~lmmfln'Yl~I.Y~'U~i~V'Ifl'lll.J{fllJl'jtl 
II tI Y I 

HI.Y~'1fll'j-V'U V\lI9fml'UflYi l~ Vl1'11.Y~\I 'JlH~mh'l1'j U~rll 'I1i''U H" fll'j'Yl~I.YV'UYiYil~llJlJl~'jll'U'U~\I 
)I v " I II " 

AATCC 147 ~'U".hHCl'U~\lfll':i1'i'1'W'Vll'WI9f~l1\1I.YV'Ivu1'W 'IlwYimlJl':itlV'UV\I iJl H~V\I 'l.Jl~m.i1'W'u'W 

'J'\.J'Vl 4.21 !lJll1'W':i~V~ clear zone Ifl~'U'W U~lJH"fll'W'UU\lI'b'ml'Ufl'Yll'jV!~ 'W'j~~'U11'U\I HCl'Yl 

'U 'U 

• tI " I 

YiUI.Y~'1'U~'U1'U~'U~,:jfll'jV'UV\ll9fml'\.JflYiI~vYiI~rJfl11 .. clear zone" ~\l1I1.Y~\llmH1'W'ju
'U 

4.21 ~lfl 
.cS lq , d Q J Id QI ~.: d d ~"1 Q..I .c6 .d 

~~ 
'U 

U{f~\llmH1'U'ju~ 4.2 I m~~:;111'UH" ll.Ji~I~'Uun ~\I {f)Ul'lI'UHClfll)':ilV\ll'Wfll':i'Vl~I.Y~'U~'JllJl
'U • 

" "Y I 

~lm~111UlYi11 fi~~ fll) YiYi 1fll'j 'Yl ~ bf~'U fll ':i 1'1'l'U 'Yll'U Irff~ "'UflYil~Ul1\I {f~,:jm:tJ~1 'j 1 '1Yi 4.9 
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UJ !1(l1 ~ 0 4111.1\1 U(l:::l11lJl Staphylococcus aureus Escherichia coli 
" .

!'Yll:::!~uYiuualfl:Jj 37°C rllu. ., 

~l~l,jl~rhUfll'l\9ltlU~\I~"W 
, 'Yl1'1l1ij (J 19)'(l 

,,4'" d <j}ci 'v d 
rll'Yl\9lflU\9l\l\9l1t1 TiOz-sol 'VI 20 ml rll'VI\9ltlH\ll\l\9l1t1 TiOz-sol 'VI 20 ml 

flui'\liY~1 + U'UHi1tl~ 150°C u'U~ 100°C + U'Urli1tl~ 150°C 


nlYi 4.20., 
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" ..
V OJ ~ 11 QQ 

N'tHlWYlVliHl'Ufl1"Hl1JtJ-3'\H>-:J&'1H) Staphylococcus aureus V11tJ1Iifl1",j'YImn)1J'tI~-3 AA TCC-147 

--~ 

I I • I 

9,/dl Id. Y .::::s 31£11 ld V 
Hl'Vl Hl'W m'l' \91 fH!\9I~'Vl mJ \9I1VV1 Hl'Vl Hl'W m'l' \91 flU\9l~'Yl UU\9I1Vfl11lJ 

" " .Y <J} d Q.I d 

!!~~u'UmvmlmU'WUflm~'Vl 
'jJ d
n)'W'Vl 

° 
100 C 

'jJ 'jJ
U~~U'U\9I1Vfl11mu'W 

ISOoC til'W11~1 3 'W1Yi 
" .

flflflf~Yi ISOoC tll'W!1nl 3 'WlYi 
.. 

QJ V ~ 11 ~.cI 

Ntlfll",j'YIVltf~1Jfll",jtJ1JtJ..:]'tI~":]!'1H) E coli V11tJ1Iifll",j'YIVl(l'~1J'tI~..:] AATCC-147 

" .9J 'j) d (l.J Q 

!!~~U'U\9I1Vm1mD'WU flm~'Vl 

ISOoC !i1'W!1nl 3 'W1Yi 

'jJ d ° 'jJ 'jJ
'l'U'W'Vl lao C U~~U'U\9I1Vfl11mu'W 

" . 
flflflf..:]Yi IS00C 11l'W!1nl 3 'WlYi 

9J ~ dd QI " " nJ~ 4.21 !nY\9I~H~'Uu~m'l' \9Il'W'Yll'Wt'lHHI'UfI'YlI'l' V'Yl 'HH)":]\9I1lJ1J1\91'J]1'W'UU~ AATCC-147 
" 

" U1fWO~'l'lV~1'W''W\9I1'l'1~~ 4.9 {1'~,jl~';h m'J'Vl\9l{1'V'U~1m9iu Staphylococcus aureus 
, , . ". 

'Vi'U';h~lYiYllm'l'\9IfHl~~~1V1'Yl'Yll!UV19f~Yi 20 ij~~~\9I'JUa1~11J1U'U HU fHcWlJflflflf..:]Y1 ISO °C 
v " ,." v 

H{1'\9I~H~'UU":] m'l' V'UV":]t9iu~~ fl~11I ~,jl~ u~V.:J l11ij,j 'l'~ii'Vlllml'lYitti V..:] 'Vi vYi ~~U{1'\9I":]fll'l' V'UV.:JtGUD 
" , V. I 

~":]fl~l')i1.:J.,j''WYiij'l'~V~ clear zone Ifl\9l.u'W ff1l1f'UH1Y11ll1~r·h'Wm'j\9lfl!!~~~1vl'Yl'YlltUv 19f~Y15~ 

~1Vlf~U\9IV1~1'W ~~ 20 'W1Y1ou'Wli1fll'l''Yi\9l{1'U'Ul'IU',h ~l~ III rh'W fll'l\9lfH!~.:J~":] fl~11nV~ III 
'" 

if " " " 

H{1'\9I~H~'UU~ fln V'UV":]t9iu Staphylococcus aureus tfl\9l.u'Wu~mh~h ffllffUt9iu Escherichia coli 

20 
" " . , 

U{1'\9I.:JH?1'UU'lm'l' V'U v~l9iu Escherichia coli 1~uNu~v~ 1llij,j'j~ii'Yi1l ml'lYiltiv.:Jl'lUY1u~U{1'\9I~m'J 

vu8~t4u~":]flri11i1'l~'W~ij'j~V~ clear zone tfl\9l~'W 91~H~~I~'UD'lH1~~h\.Jfll'j\9lfl!!~~ua1UUHUfl 
V I 11 " tI 

flflflf'lYi ISaaC II"'\9I~H?1'UV~fln VUV~I9iu!t'UflY111 V Escherichia coli 1~t'li'Wt~V1n'WtlUtGUu 
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Staphylococcus aureus rlll1flJ~1~lul~~1'Wm'lI'lfl!!~'l~1Vl'Yl'V11!iiv 19f?lU?l:!:t.illJleJ'l~1VmH)1'l 
.:::s" I I w QG.I QI ~ .Jd 0 <JJ I 

V1~1'W(l:!: 20 'Wl'YlntJ'W'Yllnn'Yl~rn)lJ 'W'U11 Hl~'ln?l11nV'lU'Cl'~'lH?l"tJ'lm'lVlJv..:J!"Jj'tJ Escherichia 
'" 
coli 1~~1m'lf'Wfi'W ~'lri1'Wif~::;!!I'lf1~NtilJm'l'Yl~'CI'tJ'U"tJ'l!~tJ Staphylococcus aureus ~tJl~~:!: 

" " 'CI''l,jl~il on eJ..:J~1tJl1?l U~ tJ1 nu'WYi lm'l'Yl~'CI'tJlJij H?l '1 'W m'l V'UV'l!~tJ Escherichia coli l~u~lllli. '" 

Hmh115'U Staphylococcus aureus \9l1lJlJl\9l'l]1'Wm'l'Yl~'CI'tJ'U"U'l AATCC 147 u~N'1~1ul~Hl'W 

f1l 'll'l nU~'l~1tJI'Yl'Ylllii V19fn u (l~ III l~li f1l'l eJ'll1 Cl tJ~ tJ1~1'W.. (l:!: 20 'W lVi ntJ'W f.ll~'Yl~ 'CI'tJ'U ~~ lu'W'U 
y y 

'I '" '" '" IfJ ~ fl11lJ'CI'llJl'ltl !'Wm'ltJ'UtJ'l!'lIU Escherichia coli !~ 

y y 
~ ~ <d.o::S QJ ~ 

~l'lHVi 4.9 HmltJ'll'Wf)l'j'Yl~'CI'tJ'Um'lm'W!"Jj'tJu'UfI'Yl!'lV'Yl'l"Jj''W~ Staphylococcus aureus 

U?l:!: Escherichia coli mlJlJl~'l]l'Wf1l'l'Yl~'CI'tJ'U"tJ'l AATCC- ]47 

Test Microorganisms Sample T (mm.) W (mm.) 

Staphylococcus aureus NZINI o 

'jI 'jI"; ° 'jI ~ d 

U'U~1tJfI11mu'W'Yl ]00 C + tJ'U~1tJfl11mtJ'WtJf1 

NZ/I o 

" . 
U'U~1tJ5'liYtJ1 + tJ'U~1tJfl11lJ~tJ'WBOflf'lVi ISOoC 

'" 

NZII o 

Escherichia coli NZII o 

Hl~Hl'Wf1l'll'lnuvi'l~1Vl'Yl'V11IUV 19f?l~ 20 ml Vi 

U'U~1Vfl11lJ~tJ'W~ ]OOoC + tJ'U~1Vfl11lJ~tJlJflf1 

NZII o 

y • 

tJu~1Vf'liYV1 + tJ'U~1Ufl11lJ~tJlJflf1f1f'lYi ISOoC 
'" 

NZII o 

NZ = No clear zone 

NI = No inhibition of growth under the sample 

I = Inhibition of growth under the sample 

The following fonnula was used to calculate result 

W = (T-D)/2 where: 

W = width of clear zone of inhibition in rum 

T = total diameter of test specimen and clear zone in mm 

D = diameter of the test specimen in rum 
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" .
fli'~Yi 150°C l~lJrnll 3 lJ1Yi 

~lmtl~ 4.22 1I(l~ 4.23 IItl~~fI11lJ~~~1~'IJ~~mlUmllyJ'IJ~~Hl~~llJm'j(PInll~'l~1V.. 
hl'YllIUV 19f"~ 20 iJ(li1i)m~yhm'j~U~1vi''lffV1111~~U~1Vfll1lJf~lJItl~vuIYivunUfI11lJ~~.. 


I " • 	 ).I I 

~l~'IJ~~m lunu IIyJ 'IJ ~'l H1Yi ~llJ m 'j (PI nll~~~lV19f(ll1'l tl~~Yi-w llJl~U ~nJn~lVfI11lJ f ~lJ flnfl i''lYi 

150°C l~lJn"l 3 lJ1Yi mtJ1~11(l~~V:SIl(l~11(lUfl D 65 (PIllJih~U 'YlUl1m'j~U~fUn~lVfI11lJ.. 
)of 	 • tI " 1I 

'JI d Q.I 4' I 0 	 i 'jI Q.I .. .I.c:1i ~ Q " "I 'j/d & Q..I i " '" 
'j ~lJ ~nflHlJ tlllJ'l!'1V'Vll nm'j 'IJ ~flfl 'j lU mil-n'VlllJ ~'\.J (PIflUtH-n~U n lfl~'IJ'\.J'Vl ~mtJ (PI11(l~flV111" ~ .. 
11(l~fl D65 

'jtl~ 4.22.. 
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, . :~: ',,~~,,~ -:/- -­

. . " ~11"" 

I.·~/~~~~~~====~========~========:0."o 	 2 4 6 8 

lime(h) 

'jtlYi 4.23.. 

o.~: 
o 2 4 6 

Time(h) 

" . 
IIftTVhnu~mI'Unflnfli'~Yi 150°C 

:••. •• .,.. . ...~.- •. ,_.,~ ._ •. ,~• •. •. 7 . ·. · • .,. :." . ' : :-: :: :-' " ,,".'. '. 7 .• 
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! 
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" " / .../,-' 
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-.-Untk . IC d 

- ___ - uv 

-.-- ooc 

• • "• •• • UV+ tSOC 

- • ..-. lODe +150C 

-+---Unlr~afed 

- .... -uv 
- ...- -IOOC 

· ·· .· ··uv· ~oc 

. ..• . . lOve + ~oc 

" . 
IIftTVhmnnHfunflnfli''lYi 150°C 
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. , " . 
4.12 'ITlJl1~'YIl\lnltJfll'W"tIfl'lH\Vi~nu~'1~':w i'Vl'YllltJV 191"I'Vi'Y'hfll'H)u~fWnBf)fi:l':I'Vi 150°C 1~'W 

'" 11013 'Wl'Vl 

Ho"tleJ'I'ITlJl1~'YIl\ln1Vfll'W~ i~'IT1UWlHi'W~~l'll\1~ 4.1 0 nl'lflUH~n~'"wfl11lJ~fl'WBn 

" . . 
fl:l\Iii Hfl'vi 1111''ITlJl1~'YIl.:j nlVfll'W"tIeJ'IH1Vi Hl'W nu ~ nU~'1~1V i 'Vl'YllltJ v191'oii ~1fl1llJrI1 ~fl'lVi 

l~lJ~'W ~\I'\1lJ1V() \I \l~rl'\I In~m1lJ!'\1 i1 fl \lU'W H1 i~cjf~I\l'WlJ lflt\l~'W ff1'W~1fl\lfflfll 'lflmI1~ flfll'l 

",,,,.1 d ~ OQ"'lIJ°"l~O 01~"'" '" 1 0'.1 ~M '1~ 0 ... 
vtJWU'Ulon'WflV ll~f1V\I ~lJ ~~'b'1V'YIl mfl~'W'W1i~ m111"'U'Vl"tl'WU'WH1H1V ~~ 1'W'l1~mfl\lff1nl'lfl'W 

~1~fln1'l VU"tIfl.:jH1nV\lfl\l~1f111"t1fl\lHl~ il.li~H1'W fll'l~fI!l~\lfl~1'l mv (145°) 

d aWl W IW.c::l .a jld IV 

~1'l1'1'Vl 4.10 H" fl'lfflnl'l fl'U~1~Wn1'l VUUo~fl1~'b''Wfl1llJ!'\1'' fl'l"tlfl\l Hl'Vl ~nll~ \I~1V 

i'Vl'YllltJV 191'(1~ 20 lJ(1~~~'l~flU~1V:l.:jifv1~'Wft'l.:jl'W 289 mJ!cm
2 

ltl'W.. 
o a V Vd o~ ot::I 

'ill'W1'W 5 'lflU'\1'lflflU~1Vfl1llJ'leJ'W'Vl100 C IU'W'l~V~!1(11 5 'W1'Vl 

" .
1l~1'U1WllJ1fluHijflBnfl:l\lVi 150°C Itl'Ul1m 3 'W1Vi 

flUHijfl~ 150°C 

Itl'W!1(1l 3 'W1ViBn 

~ ~ 

flU~1 Vfl11lJ'l fl'W 
~ ~ 

flU~1Vfl11lJ 'l fl'WU"~ 

fluHijn~ 150°C ltl'W 

" 
11"1 3 'W1ViBf1fl:l'l 

... '" 0 

~Nff1fll'l f1'W ~1~fl 

fll'lVU 

116 135 120 133 

9 .68 16.79 9.16 12.53 

Q.I Q.I c::t. dc::t. fI'"" rI I " .d. ''jI
4.13 (1f111W~'ITW j 1'W 1'Vl V1'Vl11m 1~'\1 ~1Vf1(1 fl'l ~(1'Vl'l 'lff'WllUU 'ITfl'l m l~"tIfl.:jHl'Vl~ nUYl\l~1V 

". . 
l'Vl'YllltJV 191'oVifluHijf1Bf1fl:l'lVi 150°C ItlW1"1 3 'WlVi 

I • ,,, , 

lhH1Vi~nl1~\I~1V i'Vl'YllltJV 191'"VimllJL'Ii'lJ'l~'U 20 lJ,,~~~Vi'~flUHijnBf1f1:l'lVi 150°C 

Itl'W 11 (1 1 3 'Wl'n II ~1lhlJ1fffl'l~1Vn~fl'l ~o'Vl 'l 'l fftJU UU fffl'l m 1~1~fl~rl'W j1'Wl'VlVl"tlfl'l Hl':hii 

0.... • lIJ .d lIJ ~ _llIJ ~1 _Id "'" 0' ~ ~ 0' 
m1lJII~ml~\lf1'WfltJ1\1!'l 91''1 !~tl1u !1 'W~u'Vl 4.24 \llnHon1'l1Im1~'\1~1Vf1"fl'l~"'Vl'l'lff'WllUU 

fffl'lm 1~ il.ltlllJ l'l ()~ \l~Ufl f1mllJU~f1~l\l"tlfl'l H~ f1 i'Yl'YllIU V~UYl n~1'1 fl'W i ~flU1'1cjf~1 \l'W U~fll'l 
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. . 

V d , I " Q aq d 0 'jJ d I V Q Q~ 0 

f-ll'Ylf-lll.Jn1'.il'1nlll'1\lWltJ TTIP 20 lHHH11'1'.i 'Yl'Yll ~1'Ylf11'.il'1nll~WI1tJ TTIP 20 lJCHH1~'.i 'Yl'Yllfl1'.itl'lJ 

• • Sf 

'.ilJ~ 4.24 ff'Ul ]1l.Jl'VltJl'\Jtl~lYi I'1nll\Ol\lJ{1tJ i'Yl'Yll1U tl 19f(lYifl11lJ l~lJ ~l.J '\J tl\l{fl'.i il\l~ l.J 
'" 
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tJ'Vl'Vi 5 

~nJH'Hll'jYlmH)'1. 
(Conclusions) 

" . . 
~1'W n1'j~ flllvi'l~1t/lY1Y11tU V l"lf"Hnflf11'j t~1 tJlJ 'IHl'l~l'j ~'1v1''W 'UtJ 'I TTIP Vifl11lJt,)lJ ,)'WViIl~ flvi 1'I 

.. . .. 
n'W i'W'lh'l'j~l1i1'l 5-20% mi'l1l1flU'WlhHl~lVlJ1~lJ. l'W 1Yl'vmuv 1"lfnVil~1 VlJ~'WUft1l'11fllHJlJH1 
d I , "<J) ~ iI 11 3J CV Q 4!:Sd GI 

YlHl'W fll'j~flU~'I~1Vfl11lJ'jtJ'W 2 'j~lJlJ fltJ'j~lJlJ fll'jtJlJWWfl11lJ':i ()'W~1V'j 'I~V1Y1'YH1'l'l1'W 289 
OJ 

2 <J) <J) d 0 ~ ~0 .Q

ml/cm '01'W1'W 5 'j()lJ Hn::;'j::;lJlJf11'j()lJ~1Vfl11lJHJ'W'VltJru'l1.fllJ 100 C tlJ'W'j::;v::;nm 5 'W1'Vl 
• OJ 

SI I • • 

11 cr'l'OlflU'W'W 1H1~lVVif-il'W fll'j ~ flUvi'l~1V i YlYIltU Vl"lfnii tJlJ~1Vfl11lJ ~tJ'W i 'W 1~ ii H~ flvi 1'1 n'W i u 

" u~flvil'ln'W'UtJ'I TTIP H~1tJlJ~1Vm1lJ~tJm1'1 2 'j::;lJlJ~u'j::;iY'VlTIm'Vryh ll1iY1tttJfliirhHllV~1i~ 

un::;fll'j~mV~1'UtJ'IiY1HtJflVi~'UtJ'IH1~~flHvi'l~1Vm1lJt')lJ')'W'U()'I TTIP ~ 15% '111(}~ 20% '0::; 

II fll'j (Ymv~1'U()'IiY~~fli1lJlm~~mJ1VlJtVi tllJ nlJ'U() 'I H1~~~flU~'I~1 Vfl11lJt')lJ'Ij''W 'U ()'I TTIP ~ 

. " 
TTIP ii 5% fll'j{Ymv~1'U()'IiY1utJflVi~ln~~'Wmtl'lv1'l1n()~ltI1UCl::;l1n()~ 065 ri1'Wfll'j(llJ~1V 

" . . OJ 

fl11lJ ~(l'Wll'I 2 'j ::;lJlJiill1nlJ H1Vi ~1'W fll'j~ flUvi'lU {Y~ 'I fll'j {Y Cl1V~1'U ()'I iY1lH)flVi~ i~t'lf'W n'W 

. " . 
rl1'11i'lJ fll'j 'U,)~m llJ 'j ()Vfllu~iil~ ()'W lJ 'W H1 ~lV '01 flHCl fll'j'Vl ~Cl ()'I {Y'j•U'~i1 H1Vi ill'~ 

",. " I 

'O::;~ {ylJU~'U()'Ifll'j ill'lf()lJ'W 11VilJlJlfl~'W ~'Il'11i 11{YllJ l'j () ~~ilJf11U~ i~~ fli1'U()'I Hl~lVii ill i~ 
OJ 

I ". if I v 

~1'W fll'j ~fluvi'l-n~ ~lJU~'U(l'l fll'j")j'()lJ'W llJlflfli1 llim'J 1 Hlll'l{y()'IYil'111~ ()'W fllU~lJ 1'Q lVU (Y 'I~1U 

l1Cl()flU1UCl::;l1ntJfI 065 'VilJi1 5mlfll'j~~llN'U()'1mllJfllH~~'I~'Olflfh KlS ~n~n'l'U(l'lHl~
OJ OJ 

G) Q,J<jI".d ,'jI~ dl.d 'j/'JI d .d ~ " 
I'WYlN~Hfl'W'UllJ H1Y1~flU~'1f11U LYIY111lW "lfnYlfl11lJt'UlJ'U'W TTPI YI 20% YI()lJfl1Ufl11lJ':i()'W 
.. . . 

ll'l 2 'j::;lJlJ {yllJl'j()fh,)~mllJfllU~i~u'j::;lJlru 50% l'W'lf1'1'j::;tI::;ncn 8 '11'11lJ'I llimu1ulJl-nUlJ 

nlJ'U 'ilflfl'jllJ fllU~'U()'I Hl~ ill '~~1'W fll'j ~ flU~'1 {YllJ 1'j () 01,)flfl'j llJ fllll~1~~lfli1 10% 
v v 

o Q..I " ~ ..::::sa lti"o.:::9 " ~ 
(yll1'jlJ f1l'l~l'W'Vll'W l")j'()UlJflYI t 'j U 1~'Vll fll'j fl'fl'hl1 fll'j ~1'W'Vl1'Wl")j'tJ'U()'I Staphylococcus 

'" i <J) 0 'j) a" ..::t. d 

aureus UCl::; Escherichia coli UCl::;V'I flYllfll'jYlfl{y()lJfl1'jm'WYl1'Wt")j'()UlJflYlt'jU~llJ:JJl~jl'W'U()'I 

AATCC-IOO Un::; AATCC-147 'i)lflHClfll'jYlflCl()'1{Y~ui~11 ~llJ:JJl~'.i j1'Ufll'.iYl~{Y(llJ'UU'l 
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" " y y 

n'l 2 'j::::UU ~bjmlfl'lvHltll'jVUV'II;tHl'lJf1ViI1t1l1'11:l'tJ'IU~tlci1'lifl 
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ABSTRACT 

In this study, we studied the self-cleaning performance of the cotton fabric surface 

treated with Ti02 nanosol and heated under ultraviolet irradiation and under heat in 

conventional oven. The treated cotton fabric surface heated under UV and at high 

temperature had goof ability to decompose the reactive dye , but not very good on 

those of decomposition of coffee stain and antibacterial property. Surprisingly, self­

cleaning properties on antibacterial property and decomposition of coffee stain got 

better on the treated cotton fabric surface after re-curing at higher temperature 150a C 

for 5 min. This would imply that the curing temperature may affect the morphology of 

Ti02 particles and enhance the performance of those two self-cleaning properties on 

the treated cotton fabric surface. XRD patterns of the treated cotton fabric surfaces 

showed anatase as the major peak of nano Ti02. The surface morphology of the 

treated cotton fabric revealed the Ti02 particles distributed over the fiber surface. 
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Ti02 nano-particles were compared with those of treated with commercial Ti02 

(Degussa P-25) with acrylic binder. Abidi et aJ. (3) prepared titania-nanosol from 

tetra butyl orthotitanate in ethanol to treat cotton fabric and used hydrothermal 

treatment on the treated cotton fabric by boiling it in water for I h. Qi et al. (4-5) were 

prepared Ti02 sol by titanium tetraisopropoxide as precursor under nitric acid at 

different heating temperature from 25-60° C _fo_r 16 h. Wu et a!. (6) used tetrabutyl 

titanate as a precursor in ethanol and treated the cotton fabric with this prepared 

titania sol, and then heated the treated cotton fabric at 60°C for 5 min and cured 

ISO°C for another 5 min, after that hydrothermal at 70°C for 3 h was done on the 

treated cotton fabric before the self-cleaning properties were tested on the treated 

cotton fabric. 

For our study, we also investigated the efficiency of self-cleaning performance 

of the cotton fabric surface treated with Ti02 nanosol and heated with two different 

conditions either under ultraviolet irradiation or in conventional oven. Ti02 nanosol 

was prepared by sol-gel technique using titanium (IV) isopropoxide (TTIP) as a 

precursor under acid condition. The unique point of this study which is different from 

the other studies is to apply ultraviolet irradiation for converting TTIP sol to Ti02 

nano-crystals . Self-cleaning properties including degradation of coffee stain, 

antibacterial and decomposition of dye were investigated . The scanning electron 

microscope and X-ray diffractometer were used to observe the morphology and 

composition ofTi02 coated cotton fabric surface, respectively. 

MATERIALS AND METHODS 

Materials: The plain weave 100% cotton fabric was desized, scoured and bleached 

from the textile factory. The fabric characteristics had the warp density of 65 

yarns/cm and weft density of 60 yams/cm and the fabric weight of 137 g/m2
. 

Titanium (IV) isopropoxide (TTIP) used to prepare the sol was purchased from Xenon 

arc. Nitric acid (70%) and acetic acid (99.7%) were purchased from Labsystem. All 

chemical reagents were used as received . 

Titania-nanosol preparation: Aqueous solution of TTIP was prepared by mixing the 

TTIP precursor at various concentrations 5-20 % v/v in 5% acetic acid (99.7%) and 

0.1 % nitric acid (70%). The mixed solution was heated to 80°C and stirred 

simultaneously at this temperature for 2.5 h. 
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Fabric treatment: Cotton fabric was immersed in the mixed solution of titania­

nanosol for 10 min and padded through the two-rollers to obtain about 80% wet pick-

J up. After that the padded cotton fabric was heated either under ultraviolet irradiation 

(UV) having energy at 289 mJ/cm2 for 5 cycles or in the oven at a high temperature, 

100°C for 5 min. Then the treated cotton fabric was washed with water and dried at 

80°C for 5 Q1i..n before testing. In addition, the effect of re-curing condition at 150°C 

for 3 min on the 20% TTIP treated cotton fabric were also studied to observe the 

impact on the efficiency of self-cleaning properties on re-curing treatment condition. 

X-Ray Diffraction (XRD): The crystallinity of the titania formed on the treated 

cotton fabric was studied by angle X-ray diffraction (D8 Advance Bruker AXS) with 

scan mode operating at 40 kV and 40 rnA and diffraction angle (28) between 5-55°. 

Scanning Electron Microscope: The morphology of titania on the treated cotton 

fabric was investigated using scanning electron microscopy. 

Dye decomposition: Dye decomposition experiment was assessed by analyzing the 

decrease in concentration of CIBACRON Red LS-B h-c during exposure to either UV 

lamp or Daylight 65 lamp. 

Coffee stain removal efficiency: The tested samples were immersed in the coffee 

solution at the coffee concentration of 10 gIl for 1 min. Then the coffee stained 

samples were dried at ambient condition for 2 h. The coffee stained cotton fabrics 

were irradiated under UV lamp or under daylight 65 and taken to measure KlS at 400 

nm at 2 h interval until 8 h . Percent of decreasing KlS were calculated and reported as 

the coffee stain removal efficiency. 

Antibacterial activity assessment: The antibacterial properties of the untreated and 

treated cotton fabrics were evaluated by method according to AATCC test method 

147-1998. Staphylococcus aureus, a gram-positive bacterium and Escherichia coli, a 

gram-negative bacterium were two types of bacteria used for testing. 

RESULTS AND DISCUSSION 

XRD Spectroscopy 

The crystal phase composition of the Ti02 particles formed on the cotton fabric 

treated with Ti02 nanosol prepared at various concentrations of TTIP between 5-20% 

(v/v) by sol-gel method was determined by XRD. XRD patterns of titania particles 

formed on either untreated or treated cotton fabrics are shown in Figure 1. As shown 
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in Figure 1, it can be observed the peak at 28 = 25.28° which is related to anatase 

phase on 20% TTIP treated cotton fabric dried under UV irradiation. Meanwhile, the 

intensity of the peak at 28 = 25 .28° was observed less clearly on the other cotton 

fabrics treated with lower concentration of TTIP than 20%. The untreated cotton 

fabric did not appear the major peak of anatase particles. XRD results from Figure 1 

could be concluded that the content of anatase crystallites formed on the 20% TTIP 

treated cotton fabric was larger than that of the other concentrations of TTIP treated 

cotton fabrics . 
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Figure 1. XRD patterns of titania particles formed on either untreated or treated cotton 

fabrics with different concentrations of TTIP at 5-20% V N. 

XRD patterns of Ti02 particles form 20% TTIP treated cotton fabrics under non re­

curing and re-curing are shown in Figure 2. It can be seen that the intensity of the 

peak at 28 = 25.28° on re-curing treated cotton fabric is a little bid higher than that of 

non re-curing. This could be confirmed that re-curing at higher temperature on the 

20% TTIP treated cotton fabric might increase the crystal of Ti02 particles formed on 

the treated cotton fabric. XRD patterns in Figure 3 show comparison of the spectnun 

of the 20% TTIP treated cotton fabric dried with UV irradiation and re-curing at 

higher temperature with the spectrum of the 20% TTIP treated cotton fabric dried 

with high temperature at 100°C and re-curing at higher temperature at 150°C. As 

shown in Figure 3, the intensity of the peak at 28 = 25.28° related to anatase 
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crystallites on the treated cotton fabric under heating condition of UV irradiation and 

re-curing at higher temperature is higher than that of the treated cotton fabric heated at . , 
high temperature of 100°C and re-curing at higher temperature. This would be 

implied that the different combined heating condition may affect the crystalline size 

on the treated cotton fabric and may impact on the performances on self-cleaning 

properties on the treated cotton fabrics. 
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Figure 2. XRD patterns of titania particles formed on 20% TTIP treated cotton 

fabrics dried with UV irradiation and with re-curing at higher temperature. 
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Figure 3. XRD patterns of titania particles formed on 20% TTIP treated cotton fabrics 

dried at different conditions either UV irradiation or high temperature at 100°C with 

re-curing at higher temperature. 
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Dye decomposition activity 

Figures 4 to 7 display the rate of dye decomposition of the treated cotton fabric . 
w",. treated with various concentrations of TTIP between 5-20% under either UV lamp or 

D65 lamp, respectively. The decrease in the concentration of the red colorant of 

CIBACRON Red LS-8 h-c was observed in the descending concentration of TTIP in 

titania sol treated on the cotton fabric under UV lamp or 065 lamp. Interesting points 

as shown in Figures 4 to 7 are that the dye decomposition under D65 lamp the 15% 

TTIP treated cotton fabrics with different dry-treatments either UV irradiation or high 

temperature at 100°C has a slightly better in decomposition ability than that of the 

20% TTIP treated cotton fabrics. In contrast, the 20% TTlP treated cotton fabric had 

the rate of dye composition a little bit faster than that of the 15% TTIP treated cotton 

fabrics at a first four hours of dye decomposition under UV lamp, after that the rate of 

dye decomposition of both 15% TTIP and 20% TTIP treated cotton fabrics was come 

closer to each otlier after 5 hours of dye decomposition under UV lamp. According to 

the results of dye decomposition, it could be concluded that the cotton fabric treated 

• with 15% or 20% TTIP dried with UV irradiation or high temperature at 100°C had 

ability to decompose reactive dye better than those of the cotton fabrics treated with 

lower concentrations of TTIP at 10% and 5%. The reason of these results could be 

because the treated cotton fabrics having more anatase particles had beneficial for 

enhancing the photocatalystic activity to decompose the reactive dye of CIBACRON 

Red LS-B h-c. 
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Figure 4. Dye decomposition under UV lamp on the treated cotton fabrics heated at 

100°C for 5 min. 
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Figure 5. Dye decomposition under D65 lamp on the treated cotton fabrics heated at 

100De for 5 min. 
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Figure 6. Dye decomposition under UV lamp on the treated cotton fabrics heated with 

UV irradiation. 
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Figure 7. Dye decomposition under D65 lamp on the treated cotton fabric heating 

with UV irradiation. 

The effect of re-curing on dye decomposition under D65 lamp or UV lamp of 20% 

TTIP treated cotton fabrics are shown in Figures 8 to 9, respectively. The results 
.. 

shown in Figures 8 and 9 appear that the re-curing treatment provided dye 

decomposition activity a little bid better than that of those non-recurring treatment. 
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Figure 8. Dye decomposition under 065 lamp on the treated cotton fabrics with 

different drying condition either UV irradiation or high temperature at 100°C with 

re-curing at higher temperature 150°C for 3 min. 

9 



~ , 

50 

45 

=a, 40 

.§. 35 
c: 

O ~~~~~~~~~~~~~~ 

_UV 
0 30 
;J ___ UV + 150CC1I 25b _ _ c: _High Temp
CD 
u 20 
c: --- High Temp + 150C
0 15
0 

CD 10 

~ 

5 

o 	 2 4 6 8 10 


Time (h) 


Figure 9. Dye decomposition under UV lamp on the treated cotton fabrics with 

different drying condition either UV irradiation or high temperature at 100cC with 

re-curing at higher temperature ISOcC for 3 min. 

Antibacterial activity 

The 20% TTIP treated cotton fabric dried with UV irradiation or high temperature at 

100cC were taken to re-cure at higher temperature at ISOcC for 3 min. The 20% TTIP 

treated cotton fabrics without re-curing and with re-curing at higher temperature were 

taken to conduct the test according to the Standard Method of AATCC-147. The 

results of antibacterial activity on those treated cotton fabrics are shown in Figure 10. 

As shown in Figure 10, it can be concluded that re-curing the treated cotton fabric at 

higher temperature enhanced the ability to inhibit the growth of Staphylococcus 

aureus but the inhibition ability was still not as good as to see a clear zone. This 

ability of inhibition was not observed on untreated cotton fabric and 20% TTIP 

treated cotton fabric without re-curing at higher temperature . For Escherichia coli, all 

those tested cotton fabrics showed the inhibition on the growth of Escherichia coli. 

This was because the UV lamp used to expose the tested sample before testing having 

the lamp intensity high enough to inhibit the Escherichia coli but not for the 

Staphylococcus aureus. 
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Antibacterial activity on Staphylococcus aureus testing followed by testing method of 
AATCC-147 
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Figure 10. Antibacterial testing on the 20% TTIP treated cotton fabric dried with UV 

irradiation or high temperature at 100°C were taken to re-cure the fabrics at higher 

temperature at 150°C for 3 min. 

Degradation of a coffee stain 

The cotton fabrics treated with 20% TTIP and then dried with UV irradiation or with 

high temperature at 100°C in the oven were taken to stain with coffee. The coffee 

stained on the treated cotton fabric were exposed to the UV or to D65 lamp for 8 h 

and measured the KlS at each 2 h interval and calculated the % decreasing of KlS on 

the coffee stained cotton fabric. In addition, the untreated cotton fabric and the 20% 

TTIP treated cotton fabric dried either UV irradiation or high temperature at 100°C 

with re-curing at higher temperature were taken to stain coffee and also studied the 

rate of degradation of the coffee stain on these cotton fabrics as well. Figures II and 

1 1 



•• 

-...I 

12 show the degradation of coffee stain under UV lamp and under D65 lamp on 

different types of cotton fabrics including untreated cotton fabric, 20% TTIP treated 

cotton fabrics dried with either UV irradiation or high temperature and those two 

treated cotton fabrics with re-curing at higher temperature , respectively. The results 

obtained in the Figures 11 and 12 can be concluded that the % decreasing in KJS of 

coffee stained untreated cotton fabric was not changed very much . This means that 

the coffee stain on the untreated cotton fabric was hardly to decompose under UV or 

D65 lamp. The coffee stained cotton fabrics treated with 20% TTIP and then dried 

with UV irradiation or with high temperature at 100D C in the oven show some 

degradation of coffee stain under UV and D65 lamps about 50% of KJS decreasing. 

But the rate of degradation of the coffee stain on the 20% TTIP treated cotton fabrics 

with re-curing at higher temperature was much faster than that of the 20% TTIP 

treated cotton fabrics without re-curing. The decreasing of KJS was about 80% on the 

20% TTIP treated cotton fabrics with re-curing. The rate of degradation of the coffee 

stain under D65 was faster than that under UV lamp. 
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Figure 11 . Degradation of coffee stain under UV lamp on the treated cotton fabrics 

with different drying condition either UV irradiation or high temperature at 100D e 
with re-curing at higher temperature 150°C for 3 min. 
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Figure 12. Dye decomposition under D65 lamp on the treated cotton fabrics with 

different drying condition either UV irradiation or high temperature at 100°C with 

re-curing at higher temperature 150°C for 3 min. 

SEM observation 

.. The SEM images of untreated cotton fabric and cotton fabric treated with titania 

nanosols at different concentration of TTIP precursor dried with UV irradiation and 

with high temperature at 100°C, and also 20% TTIP treated cotton fabric with re­

curing at ISO°C are shown in Figure 13. The surface of untreated cotton fabric was 

clean and smooth. The surface of treated cotton fabrics with TTIP precursor at 

different concentrations of TTIP had some deposited titania particles on the fiber 

surface. The amount of deposited titania particles on the surface of treated cotton 

fabrics tended to increase when the concentration of TTIP precursor used in preparing 

in titania sol was increased. While the SEM images of the 20% TTIP treated cotton 

fabrics with re-curing at higher temperature at 150°C and without re-curing do not 

show any changes much more clearly on morphology of Ti02 nano-particles on these 

treated cotton fabrics. Therefore, it was very hard to tell if there was anything changes 

on the Ti02 particles on the treated cotton fabrics after re-curing treatment. 
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Figure 13. SEM images on different types of the cotton fabrics: untreated cotton 

fabric, treated cotton fabrics at various TTIP concentrations and dried with either UV 

or high temperature at 100°C, and 20% TTlP treated cotton fabrics dried with either 

UV irradiation or high temperature and re-curing at higher temperature. 

CONCLUSIONS 

Self-cleaning performance of the cotton fabric surface treated with Ti02 nanosol and 

heated under ultraviolet irradiation and under heat in conventional oven. Self-cleaning 

properties including degradation of coffee stain, antibacterial property and dye 

decomposition were all investigated. The treated cotton fabric surface heated under 

UV and at high temperature had ability to decompose the reactive dye, but not very 

good on those antibacterial property and decomposition of coffee stain. When the 

c 20% TTIP treated cotton fabrics were taken to re-curing at higher temperature 150°C 

for 5 min and conducted to test on the self-cleaning properties again. The results of 
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self-cleaning properties on those treated cotton fabrics with recurring treatment were 

better than those of non-recurring treated cotton fabrics. This would imply that the 

~ 	 curing temperature may affect the morphology of Ti02 particles and enhance the 

performance of those two self-cleaning properties on the treated cotton fabric surface. 

XRD patterns of the treated cotton fabric surfaces showed anatase as the major peak 

of nano Ti02. The surface morphology of the treated cotton fabric revealed the Ti02 

particles distributed over the fiber surface. 
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