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'QumWlf)'lJtJ1fllfl'1l'lJ'lJfl1ff9lfl (Air passive sampler 'I1~tJ APS) 1'lJ'U'QumW'\J'U1'fll'ln'VlI'lf l'Unu 

~n'iJ1'f1ff1~lJ'lVill'l'UtJ1fllfl'1'li'U llflff SO? 'I11tJ NO? tJumwif~tJ~UUH'UllJlJlm'U (Un~h;1'iJ1n- - . 
l'U'ltJ'U mvl'ltJ'U '111 tJl9l'l~ 1'1 ff) ~u ff1~ ~ ff11J1H1V11U i]fi1 tIlt1'lJ ffU lJ 'lVi'll I~m11~'lJ ff1~ lJ'lVill 

>J • 

1'U~1'U 1~tliMI'U fll~ l~~ tllJ APS 'lfiJ'fI'ImHi'iJ~ 1tUH'UllJ lJl'lJnl'\JtJ~lff'U'ItlfltJi1llJtJ{~ ~~'lJ'U 11 'UU'Vl'U 
• >J 

UH'UllJlJlm'Ull 'lJ 'lJ1~lJ Iff'U 'ItlfltJi1llJtJ{'¥i 1tl~~ tllJ'iJ1nffU 'l~'lltl'\JtJ~ l'U 'ltJ'U-6 (1-11'1111n 1 lJl'l n'l. ­

10,000 Dalton) 'I 'U~1V11'l~'lltlm'flvltJ{iJn~1m'Vli'liJi'lfll~n 1~~ ffil'U~~~tJw '11 iliJMtJ~ nUftnll1 
• 'U 

• >J 

il'iJ~tI'¥iUH'l~tJ'\J'U1'flU'lquiN'\JtJ~lff'U'ItI Muri fI11lJl,j'mj''U'\JtJ~ffl~'l:;mtl (15 - 35%1'f1t1t'hm!n) 

i'l11lJ~1~ffn61vlyh (10 - 20 kV) 1l'l~~~tI~lil~~~WJ1~Umm~lJ'\JtJ~'I1'ltJ'fIm~~ffUt1'lJ'Qumw 

~tJ~f'lJlff'U1t1 (5 - 15 em) fl'lJi1ffill1~~l'I1lJ1~fflJ'I'Uf)UffiJ'U1l1''U'ItI~tJ i'l11lJl,j'lJ,j''U 20 %1'f1t1 
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~~V11'lMMlff'U'ItI'\Jm'fl 50 - 60 nm 1~1~~tllJllJlJlm'U'\JtJ~lff'U'ltl'Ull'U'l~'lJ'Um:;'fI1llmtJ~1l'l:; 

1111uunntJ'lJ1'U'Qumw APS 'iJ1mf'U1111U'Vl'fl'ltJ~lfi'lJllflff N02 'l'U'lJntllfllfl' fll~'Vl'fl'ltJ~fl'lJi1 

m:;'fI1llmtJ~~Ulff'U1t1ml'UtJQff11J1HHn'lJU11J1WUflff N0 2 1~'l'U5'f1~ 1~lj1ni1m ~'fI1ll mtJ~ 

U'lJ'lJI~lJ ll'l~ ffil11~~ l'I1lJ1~fflJ '1 'U fll~ lfi'lJ~1tJd1~tJ1fllfl'rl1'l1f 'lJUflff N02 ~tJfll~ '1 tllJlJlm'U '\J tJ~ 

Iff'U'ltl'Ul1'U~ffiJ'U'l~'lJ'Um~'fI1llmtJ~'U1'U 45 'Ul'¥i ll'l~ 1tff1~'l~mtl'fl'flCJ5'lJ~u~:;ntJ'lJ~1t1 NaOH 
'U 

'j/ ~ 9J ~ j,I j,I d1 ~ 0 Q.I I 

l'\JlJ'\J'U 0.176 M ll'l~ NaI l'\JlJ'\J'U 0.416 M (80 % '\JtJ~i'l11lJl'\JlJ'\J'U'Vl 'lfff1'l1~'lJllH'UllJlJlm'U 

19l'l~ l'lfflJWn~l'U) 1l'l~~:;tI:;I1'l1~lfim11tJd1~'U1'U 120 i'11lJ~ 
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Abstract 

Air passive sampler (APS) or air diffusive sampler is a portable unit used for monitoring the level of 

air pollutants such as S02 and N02• The essential component of APS is an adsorption membrane 

(conventionally made from nylon, teflon or cellulose) containing deposited active agent that reacts 

with a specific pollutant. This research aims to prepare sheet of nanofibers with controlled size and 

morphology via electrospinning process and to use the nanofiber membrane as an improved 

adsorption membrane in APSs. The polymer used in this study was Nylon-6 (MW~10,000 Dalton) 

dissolved in fonnic acid. The electrospinning process was performed at room temperature using 

home-built equipment. Nanofibers size and morphology were studied as a function of solution 

concentration (I5 - 35 % by weight), applied voltage (IO - 20 kV) and a distance from the syringe 

tip to a grounded target, D (5 - 15 em). Electrospun nylon nanofibers with the size of 50-60 nm 

were obtained from the solution (20 % by weight) at 20 kV and the distance of 20 em. The obtained 

non-woven nanofibers membrane was spun onto cellulose filtering paper. The APSs containing 

nanofiber membrane were used to collect N02in ambient air. It was found that the APSs containing 

nanofibers could collect N02at the faster rate than those with standard cellulose filtering membrane. 

The APSs that yielded the best adsorption were those with membrane containing nanofiber 

electrospun for 45 minutes and the solution of active agents containing 0.176 NaOH and 0.416 M 

Nal (80 % of the concentration used for the standard cellulose membrane) and the sampling period 

of 120 hours. 

Keywords: Electrospinning I Nanofibers I Air Passive Sampler 
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4.3	 111:Y1I~ Filter membrane 111~m'llflf11'j~mUl1:yutv'U11u(l~uUm~1I111flH)~ 
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1.1 fl11'l.1{JlflWUn~'t1'l.11'l10..:J ..nlfl1)t1.. 

1'Uthl~Ulru 1i 'Ull'1f1 i 'U i!'1V (Nanotechnology) ili'~'lJl'1'lJll'1riHlty~il11'iJJ'U1f11'i'IJil'li!'1f) l~il'l\llf) 

'U1 i'Ull'lfi i 'U I!'1Vl~'UIl'1f11 'U i!'1V~nlJftH"I'I{~N '1 l'li'11i'1Un'U H!'1~l~u1'li'il'ln'lJf)Uff!N f)U 

QJQI rlQJ ~ ~ QJ "d.d d C1 i I
ff'llm1~l11ff~milH!'1l'1flWCVll'1lJ'IJ'UWH!'1f)lJ1f) l'U'i~I'I'lJ'U1 'UllJl'I'i (lh~lJ1W 10-100 m 'UllJm) 

l1 ~ illl1 U'lJ l'l'i 1'i ~ il'lJ il '-l fl1 fI 'IJ il 'lllJ l!'1 fl!'1l1 ~ il il ~ 1'1 illJ 'i 1lJ ~ 'l f) 1 'i ,yI'Il~ U'l il ~ 1'1 illJ U!'1 ~ IlJ l!'1 fl!'1 '1 'U 

~lHl1l1'l~~il'lf)U ili'ilei1'l()f)~il'lH!'1~HUW'h Vi 11MI m 'lff!1'l'IJtl'l1ffl'l~flWfflJU~yjlftlJ~'UiU11 
'lJ • • . .. . 

g) ~I .<=), 0' do ~ d ~ liJ g)d ~ QJ .c::S d I 'JJ 9 ~ I "" '" 
l'll'll'll'UY'lfff)ff IfllJ l1'itl'll'1flll1 \I'lll'llJf11'iH!'11'11ffl'll'1lJ flHff'i1'l1'U'i~I'I'lJ'U1 'U'IJ'UlJ1ll1tlff11J1'i(). 

'i' i 'i' ddli] 'JJ~ 9 "" "" 'JJ '" 'JJ '" 'JJ 9 ~ "d""0 

\l1f)m~m"'U1l'Ull'1f1 'U l!'1Ul'1lm'lJfl11lJff'U l\l\l'llJHl1U1U1lJl'llf11'ifll'lfl'UH!'1l'1lff'U lUff'llm1~l1l'1lJ 
'lJ 

'JJ' " ~ 'i' "". 'JJ 9 'i' ok "" 'JJ "" • 'JJ 9
lff'UH1'UJ;!'UUf)!'1N'i~I'I'lJ'U1l'UllJl'I'iI'iUf111 "lff'U ltl'U11'U (Nanofibers)" 9f'llJ'lJtll'lf111lff'U IU'IJ'U11'1 .. . 
tJ f)~fi tl iifl11lJl~'U'll1~'U ~ 'l um 1d1'U~'U l1fh~ tltJ~lJ1l'1 'i'IJ tl'llff''U 1u~ 'l H(I~tJf'lJtJ ~ 'lfJW fflJU~l'1 N .. . 

9 'JJd"" "" 0 Ii] _ 19 'JJ. 1 'i' d'1IJ 'JJ 1 0 • 11)
f)(I1l11'1'IJ'U \I'l'U1lU l'll'u'i~ IU'll''U 11'l1J1f)lJ1U l'll''U f)l'imtl'ltl'4fllfl'IJ'U11'11'11f)TlllJmil'U (Filtration 

of submicron particles) [3], l1!'1tll'll~tll'lll1UlJ (Vascular grafts) [4], 1ff~1JI'IHH(I (Wound dressing) 

[5] Itl'U~'U 

~ <V i1 'JJ 9 'JJ 1I)_.I_~ '" =" "''''' ok d9 'JJ9 '" 
u\I~'lJ'Um~'lJ1'Uf)UU'Ulff'UIUI'I1U lY'lY'llff()1'I (Electrospinning process) IlJ'U11il1'U'll'1I'll' l'Uf11'iH(l1'I 

<jI ~ of ~ lJl I ~liJ 'jJ 0 11) rI 'jJ 0 ~ rI 
Iff'U1um I 'U \l1f)l1 tl(lllJtl'i U(I~llJtl IlJ'U 1'U1J1 'U ll'l'U 1 ItJtJ'i ~Uf)1'I1'll'1 'U f)U l'll19f'i llJf)ff I (Il1~ U!'1~. 
flillJ ll1ffl'1 (l1ili'lllJtl{ 19f'i1lJmY lW~1ffl'll(ll1~). 

• 1 <I ~ Ii] '" <I
1. 'QumWfI1'lJf}lJill'l'i1f11'i 1l1!'1'IJil'll1tl!'1llJil'i 

2. l1 (Iill'l'lJ'i 'i ~ff1'i .. .. 
3. "]1~ilff1Ui vJYl1.,]1'lJ1f) 

4. lfl~il'l~1t1f\1~'livJYl1m~Uffm'l 
.. .. 

5. "]1~ilff1UivJYl1"]1!'1'lJ 
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i'l..l~ I.l U1:Y~~mYHf1~tJ~jJi)'lJi)~m ~U1'W ill'J~'W1~'W it/J]';ltIlyHhi:YGI9l 

~~U'J ~1:Y~f1'IJi)~~l'Wi,ytlii'fitJ ill'J 119l ~ mJ1~'W it/'Vli)~u.m{ 'J ~~U'W11 'W 1~t/m~u1'W ill'J ~'W1~'WitlJ]1t/ 

I yh~ l1:YGI9lU"~'U 11~'W itl'W 11 'W ~119l ~ t/lJ 1J]IUU'J ~ ~ il~i ~~1'WrU'W1lJlJ1U'J 'Wi 'W~u m rul9l 'J 11l1~lJ "Yill 

i'Wi)1illflU UU'Vl11:Y9i'Vl 

(Passive sampler) l'U-U'fl-U 

nl~UIl11i)ciNUUU'Vl11:Y9i'Vl (Passive sampler) 1.LJ'Wnf)l'Ji'Will'Jm1u1~fJWf11'Vlmillfll~utJ1fft/ill'J 

U'Vl~ 'lJtJ ~ 1:Yl'J lJ"Yill~'l.J-uI15 tl'-W Qi'WtJ1 illfl'~ 1'\..1 l,j'l~m ~~ 111 m i) ~~ '!1U 1:Y1 'J" ~"1 t/~ m 1J1 ~ 1:YlJ U't11'U1 

m~~ll1 mi)~~~~'l1UU't111 'l..lY\ 1ill'J 1:Yfi~ U't11U~'U11'l.Jl1fl'J l~M'I11'l.J~1J1W 1:Y1'J ~'fltl~ilWm1Um1lJ 

l,j'lJ,j''\..I~i) IU 
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Front Holder 

1.2.1 lYitl~f1EJ1f)l':i ll'l~ tl1Jl ~'W 1m ~'f11JlJl1'W 'il1f1l'ltl~IlJtl{'lfill'i~ 1~ '1 ~lt1l'l'1f1ilf1ill~f111'l':i ~tJ'Wti.:J 

1.2.2 lYitl~f1EJ1fHl'\Jtl.:J~11l1.h ~ 1~ '1 1'Wf)l ':i'V'hill~f111'l':i~iJ'Wti.:J~ij~tlfflli i 1'W 1'1'1t11'\Jtl~1 ~'W 1t1'W11 'W 

~lIJ ~ 
'1'1 AI'i 

1.2.3 lYitll1ll~'W lt1'W11 'W!'l.hh ~tlf1~'H'.:J1'WltJ'WllJ:lJlm'Wrl1'l1f'Ul'il'li'U~1':i:IJ"'WEJ. ~ 

1.3.1 l'ltl~l:IJtl{~l11:1Jl~f1EJ1 MW1 1'W"tl'W 6 (Nylon-6) 

1.3.2 ~f1EJ1~lmh~1.:J 'l1'Wf1l':i'Yhill~f111'l':i~tJ'Wti.:J~ij~tlffllii1'Wi'l'1t11'\Jtl.:Jl~'W1t1'W11'W~M 

i~llrl m1lJl.ulJ'lj''W'\Jtl~ ~l':i ,,~mtll'l tJ~l:IJtl{ m1:IJ~ l.:JfffllJiYHh ll"~':i ~ tI~l,h~':i ~l,d1~U mtll~ :IJ'IJtJ.:J 

l1"tJl'im ':i ~ ~1':i n'UfJumru':itJ.:Jf'Ul~'W 1t1 

104.1 i~.utllJ"~II~I'i~H"'\JtJ.:J~l11U':i~l~ 'l1'Wf1l':i'Yilill~f111'l':i~i1'Wti.:J~ij~tJffllii1'Wi'l'1t11'\JtJ.:Jl~'W1t1 

'W11'W~M 

1.4.2 i~I~'W 1t1'W11'W rl111 fuu 11UU':i ~qf1~'H'.:J1'W11l'Wl:IJ:lJlm'W rl111 f'U~l'Ii'U~l':i lJ"'WEJ 



2.1lnl'UAflflh..llt1U (Nanotechnology) [1, 2] 

"''''' i i ",d 0'."" ~ d" ~ ~ " 'Ul1'U1'VIfl i 'U i ~Ufltl l'VIfl 'U ~U'VInlJfflff'fl'Hll~ "l1'IJWI1Ufl'Ull~::::lfl[J1'IJtl~flUflU'iI~fll'j flU ff'jl~ 

'I1~tlflU1Iml::::'I11ff~~tlmw Ifl~tl~.ijmll~::::f.I~'fI.tiUl"l1~)j'IJ'Ul~I~fl:JJlfl"llm::::~1J'Uli'UllJ'fI'j 

ll; [JUl'vh fim ::::~Utll:lillfl'IJtl~1lJmQ~'I1~tltl::::'fI tllJ 'j 1lJi1~ flU tltlflllU U'I1~ tl fll'j ltlf1~tl~litlff~N1ff~ 
d 'I 111 d d .c:!t.Q 1 9 0 I d 'j) lJI 9J I 9J 
'VI tl [J 'U 'j::::~ U 'VIm fl:JJl fl'l1 'j tl flU I'j [J~ tl:::: 'fItl lJ ll~:::: lJm fl ~ I'U 'fIlll 'I1'U~ 'VI'fI tl~ fll'i I~ tl UN tl fl'fl tl~ ll~::::.. . .. 

" 
lllj'Uih 'Vll1'11'1 m ~ff~ N'lJtl~1ff~)jrll,1l fflJU~-Wlff'l:l~'U 1lJ1lm~${1'UYliYflff lfl)j 'I1~tl~1m'W ll~:::: 

o liJ.19"9 """.1 i 0'. "1" ~. "" liJ"ffl:JJl'itl'UlIU l'lf l'l1lfl~u'j:::: [J'If'U'fItl~ 'lffftl[Jll~::::l'WlJ\!~mm~lff'i'l:lifl'il l~ 

2.2 UJ'U1u'Ul1'U (Nanofibers) [3] 

"1 1 ~I iii "''''.1 ..I d ~ liJ "'" 1 ~I' i" 1Iff'U U'Ul 'Ulu'U'Ul 'U1'VIfl 'U ~UtlmullUU'I1'U~'VIfll~~ 1~'jUfl1llJff'U 'illu'UtlUN:JJlfl ~mff'U [J.. 0 

'Ul i'UlrJ'Ul1:¥'Ulu~)j'itlil~ I iJ~ ll~::::)j'IJ'Ul~lffmh'Uff'Uuflm~I'U'j::::~u'Ul i'U OJfl~ 10-100 'Ul i'U.. .. 
IlJ'fI'i : nm) 

Iff'UlU'Uli'U'lJtl~'Wtl~llJtl{ffl:JJlHlf.I~'fI'${'iIlfll'VIi'lili'l~N "l ~~if flU~~U~ (Drawing), fluH 

lllJ-WlJ-W (Template synthesis), fllmUfll'Wff (Phase separation), fll'itl'i::::fltlulm;1ltl~ (Self­

~ "1" I'L.L!M "" I'" '" ~ 0 ~assembly) ll~::::m::::U1'UflUu'Ulff'U U~1U ll'fl'llfftl'fl (Electrospinning) fll'iI\'iUUI'VI[JU'I1~flffli'lqj 

~l~ 'l ~fflJvr'U1ifiu11ifll'if.l~'fIlff'Ulu'U 1i 'U'lJtl~'Wtl~llJtl{ffllJU tlllff~~'${~~'fIl-'iN~ 2.1 ll~:::: 'fIl'j l~ 

l; 2.2 
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..,j _I"" "" :oi9 9Ji 9J 9 i dC> C>

~l':iH'YI2.1 llff~'Jfll711J'HJ'lJll'lU'lJll'li'l'Ui'l'Yl!'b' 'UfllHHWllff'U !U'U1 'U'Iun: [3] 

'" I'YIfl'Ufl 
iI iI 

fl11:IJ fll1'tnn 

'YIHl'Ylfll'U1tl(j 

fl11:IJiYl:1J1'ifl 

"tmJiYIM 

fll'nh .. 
oii1'~ 

fl11:IJ 

a::: m fl'ltl 

'" fll'i~tl~ 

fl1 UHrUJ1'ifl'l 'U 

fll'ifl11Jfl:IJ"'U 1~. 
lltl:::11J -iH"tl'J 

ltl'U'ItI 

"" '" fll7~'JU~ 
9J d1JlHI'JllTI X './ './ X 

191 'Q rI
fll 7 'b'1l:IJ 'VnJ'v~ 

9J d1JlHI'JllTI X './ './ './ 
fll7lwm'l'lff 9J d1JlHl'JllTI X './ './ X 

fll71J7:::fHllJ 

''U~1ltl'J 

9J d1J
lHl~IlTI X './ X X 

fll7~'UI~'U'U 

¢i'1ui'l'lyhff~19I 

..rtl'Jll~1Jl'U 

'f.jl9lff1l'!fln:IJ 
'./ './ './ './ 

'\J'Ul~1'i1'J 'l1'f1'~lU i~ufll7i~llljll'IJ'IJ~ 

1'i1'J1l'U 

'1 9J "j '" 9J C> 9J 'I i!'lHmtl'J:lJtl'UtlU ff1:1J1H)VjTIl9Ilff'U U'Ul 'U 

i'f1'i~Uff1:1J1H)1Jf'IJ1J~ 'JfJw ff:IJU~l'mmll'f1' 
9J 9J 

i ~Ufll 7fl1'IJi'J :lJfl11:IJ 1'\J:IJ'\J 'U '\J tl 'J ff1 7 TI::: TIlU 

fll'j 1J 7::: fltl 'IJ' 'U 

~1ltl'J 

fll'j~'Ul~'U lu'f1'1u n1J7:::iYl'l1iil1~~:lJfh llmi''UlJ'U ff1:1JlH)Vj~19I 

l'l'lyhff~19I 1~'U'lU'Ul i'U~tl1111TI:::nfl11:IJl'im~tl~M 
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2.3 fl1~'U1Ufll1irUHYUlfJ~1fJ'vlfh£YaVl (Electrospinning process) [3, 7] 

_I ".,11'" 0	 '" i1 '" 9 '" IJL.I_~ "".1 '" , '" Ii] '" ,'eJufl'H\.!'¥l 'IHYll1'j'IJm:;;'IJ1'Ufll'ju'Ulff'U ttJ~1tJ 1l"ll"llfff:lflu'j:;;mJ'IJ~1tJ3 ff1'Ul1t'lfl l~llfl 

1. lfl~tJ~fhu~ffmf'lvJVl1m~~~ (High voltage power supply) ~ff11J1'jf:lU7'IJfi1f111)J~Hffmf'1~11'1:;; 

f1 Hh IfI ~ tJ 'U i vJVl1't1 tJ ~ IfI ~ tJ ~f11'j ihhl!tJ tJ'l'U 'j:;;~ 'IJ iJ 'I ~ II tJ)J 11 (rnA) l1 i tJ ~ 1 fl11 lyj tJ i lJ 'l,rdl ~ 

tJ'Ufl'j 1m-dtJ~1I1fli vJVl1o)}tJfl i ~ 

2. l1 t'ltJ~1I n'1ff1l1 7 'IJ'IJ'j 'j~ ffl'j t'l:;;mtJ'Vw~1)J tJ{ (Capillary tube) ~ ~tJ1l1l.fl'UiJ lUfll1 7tJl1 t'ltJ~~~ til 

1~tJijitJ~liJ~lyjtJ 1,rl'ltJ~l)JtJ{~1tJd1~ff11J1'j f:I i l1 t'ltJtJfllJl i $\ 'l'U m w~'l~l1 t'ltJ~~~tJlff11J1'j f:I 'l~I~)J 

~~tJl~tJ~'j ~ri1'UliJ~ 

.1 "1 .,1 9 '" '" '" 1	 <k d Ii] '" '" '?t' "" 3.	 'eJ u flH\.! t'll1:;; '¥l I'If'j tJ ~ 'j 'IJI ff'U tJ (Collecting screen) "Il~)J l~ l1 m tJt'l flllW:;; 1'lf'U lU'UIIN'U l1 'j tJ 

d ~ .d j.I j1, ~ QJ c: ~ 
fl:;; II fl'j ~ 1t'll1:;; IU'U '0 fl fl 'I ~'¥l11)J~ 1tJ1IN'U1t'll1:;; "Il ~ff1)J l'j f:I f11'IJ fJ )JtJfl 'j 11':i1HJ 'IJ fll'j l11J'U 'tI tJ ~ '0 flflt'l ~ 

Ii] '" "" ::'1' 9 d.,1", 9 '" '" 9 "" '" 9 d i1 '" 
l~ l1'jtJtJ111Iu'UtJHffl'jt'l:;;mtJ (1'Ufl'jW'¥lfltJ~fll'jtl1lff'U ItJflflfl:;;fltJ'U!l1)JtJ'Ufl'IJ l'UmWfll'ju'Ulff'U 

'ltJlI'IJ'IJliI tJfl) l~ 'U ~'U l'ltJ ~ l)JtJ{~1mh ~tJ 1111.f1'U i ~~~ ff1 'j 'I:;; t'lltJl'l tJ ~l:lJtJ {l1 7 tJ l'l tJ ~ l)JtJ {l1 'I tJ)J!l1 '11 

I j1Ci1 d ollJiJ~	 9iJo d iJ OJ 

fll'j U'UI ff'U ttJ ff11J1 'j f:I '¥l1l:;; m:;; '¥l1 I~ '¥l ~ II 'U 1'j 1'IJ (1 ~ tJ11 ~ l1 M ~ 'IJ'j 'j ~ 111 '¥l11J)JI'I fl'U tJ tJfl'IJ II 'U1 'j 1'IJ 

lyjtJ ilJ1,rl'ltJ ~1)JtJ {~1tJ ~h ~l1 fl) 11'1:;;11'U1'UtJ'U ~~if~'U mhi'IJfl11)Jl1 i1~'tItJ ~l'ltJ~ l)JtJ {~1mh ~ ~'\.111J1 
'" 

't'U fll'j N~fllff'U 'ttJ'U11'U1~ tJfl'j:;;'IJ1'Ufll'j ~'Ulff'U1tJ~1tJi vJVl1ff~~ 11:;;1,rf111)J~Nffmf'lvJVl1~ff~ t1'IJ 
'" 

"" """ """ ..it 9 '"	 '.1 d Ii] '" ffl'j 'I:;; m tJl'l tJt'll)J tJ'j l1 'j tJl'ltJt'll)JtJ 'j l1 t'ltJ)J!l1 '11 ll'ltJ tl1 ffU 'I:;; m tJi1'l1J1 'j f:I 'Yj~tJtJ fl1l1 flu m tJI'tI)J I~ 

""	 " 1~ tJlI:;;~ tJ'Il1U'j:;; ~ i vJVl1'1l1'IJ 1fll.,r1iu 't'U ffl'j 'I:;; t'lltJl'ltJ~ 1)J tJ {II 'I:;; 'Il1 'I 'IJl.,r1t1'IJ'il1 fl7'IJ IW :;;'il1 fl7'IJ 

'" ' ''' "" ",..it .;. 9 "'.1 Ii] • .I-~, .1 ..it d Ii] • 1 "" 
)Jflll:;;~tJfl'IJff1tJ~'U (Ground) ~1tJ l)JtJl'i)J tl1u'j:;;~ 1l"ll"l111fl'tltJ~!l1i11u'j:;;~1I:;;lfli1tJ'U'¥llu'IJ'jI1W 
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<JJ 'II • I 'iI , 

W'U H1'\JtJ ~'\JtJ~1 If'01U'U lijtJll 'j ~'\JtJ~ fl111.1~ 1~ fiflUl W~11~1J'ii'U1I'U ii~ti llfU~11~ '1'111 MIf tI~'\JtJ~ 
~ ",d ~ d.cd..::k .cd OJ ~ ~ ~ d 

1:1'1'j 'o~ '01 U'Y4tJmlJDHl1JJ mUUmU!'\J1Hl~tl1 "I1~lJrlfllJ W~!lJ'U m ~1~ fl'OlJlfllVlfll'j lU M'UUD'O~ 'jD'j1~.. I 

1~'U ~flllW ~'l1'j ~ m 1 tI ltitJ ~1.11111flflU f.l~ fln'U '\J tJ~1J 'j ~~ I vl~l~lf)~~'U ~ U'I'1 'j ~ m 1t1ifli {lfl11flJ1t1 

t:I rI ~ ~ ~ I "lJi _~ J lJ1 od , .cdQ.I

'\Jtl~I'l'1t1!'Otl'j (Taylor's cone) llJtll'Y'llJD'j1J1rufl111J\9I1~rrfltlIVh"l1'\J'U I,Dtlfl 1:1'1'UtltJ~ ifl'U'il~lJfll) 
<JJ , I ~ 

• I dI ~ >i "" '" '" • I '" "" dI • 'I >i II) ••L!lj '" , ,
1:1'~ 1:1'lJ'\Jtl~u'j~'ilmfl'\J'U 'Vri ! lflfl~m ~f.l'Oflfl'U'\Jtl~u 'j ~'il'l'11'Y'l1J'\J'U 1:1' ~f.l'O !l1!IH'I'11~ !1'l'fl1lJfl1mflfl11. 0 . 
m ~~ ~ H1'\J tl ~ 1:1' U 'O~ m tI'Y'l tl ~ llJtl f '1'111 H'If)~ 1:1'1 fJI ~'1'1 (Jet) '\J tl~ 1:1'lJ 'O~ m tI'Y4 tl~ llJtl f ~~tl tJ fllJ 1 

'\JtU~l~tl1n'U~1'1'11'O~mtl'il~'j~ l'I1 tltJtlfllUl'I1 ~tlU~ltft'U1t1'Y4tl ~llJtl f flf)~ n 1.1 n'U tld1~ Illt~'U 'J ~ l1hJlJ 

lJ'UlnflflJih'fllltU~I1'l'UUlJUlft'Uitl~'~ilfll~'Yltl(Nonwoven) ~nu~ 2.1 i'U'lh~~'Y'ltl~llJtlf~~.. . 
'JJ .. I' ~ I 91 9J d c::: lIJ I d d ~I 

tltlflml11 fllJtJ~1Vl1t1'i111um mf)fIltlfll'Y'l1Vl1t1fl€ltl~'Ylfl111.1 l'j 1 !1.1 ~ ~ 'il~ Il1 'U 1:1'1'j 'O~ '0 1t1'Yl Vj ~tltlflmlfl~ 

fll'j 11\91 fltltl fll1'lW ff'U 1UiJ~lll m f)~ f lJ~~U 1:1'~~ 1'U 'j U~ 2.2 (fl) lI~ln fl1 ~mlJtl~fl111J1 ~ 11:1' ~ 1'Ufll'j.. .. 
r I I 'iI , r • 

r .::!{ .d dl.<d Q.I d ~ d d 

m tlfll'Y'lfll'j Ifl 'Otl'U'Vl'\Jtl~1:1'l'j 'O~ mtl'YlVj~tltlfllJ 1'U 'il~ 1:1'lm'j tl1:1' ~I fl'illl1 'U fll'j Ifl 'OtJ'U 'I'1'\Jtl ~ 1:1'1'j 'O~ m tI'I'1 
'jI , ''' ,

vi ~tJ tJ fl1J11 ilwft'U\9I 'j ~ 1'U 'lh~u 'j fl 'il1flU'U U fi ITlJl~'U li'l11 f)lVl'ii'U 'ill flU 'j ~~ 1vlih 1:1'fi \91 'l1tJ ~ill tl1 'U 

1:1'1'j 'O~mtl~~-:jtJf)fl1J1U t'l~I!'U 11:1''U 11.1 'vl~1'il~'l'111 H'lf)~fl1'j lfl~tl'U ~'\ItJ~ 1:1'l'J 'O~mtl~'ri~f)tl fl1J1~ l:U. .
 
.<::I 0Gl'JJ~ ~ 

. 
d. 
, 

'j/ Q.I QI Q.I jJ 'J/i '" '" 
11:1'fl tI'j 'Yl1 !l1! fl~ fll 'j Ifl 'OtJ'U 'Vl fl '01 tlfllJ fl1 'j 1:1'~ lJ~ \911 i'l m til! 1:1' ~tI fll 'j 1:1'~ lJ ~ \911 (Bending instabil ity) 

, ~ , 

'\I tl~ 1:1' lJ 'O~ m tll1vi ~tltl fllJ 1il 'il~ij ~ flll ru ~ fll'j 1:1'~ U~ I~'U 1:1'11.1 iJ~ i mJlJ ~~ fl'ON fll'j 1:1'~ U~tJ ~11 
'JI "' " I 

~ ~ iY'U f!~'\J tl ~ fll 'j Ii'l ~f)'U 11'\J tl ~ 1:1'1 'j 'O~ '01t1l1lj ~tl f)fl1J1l11~ 'U Ift'U \9i'j ~ i IVltll1 l! 'U1'\1 f)-:j f11 'j 1:1'~ UIVl 'il~ ij 

~f1lJW~I~'U'Vl'j~m1t1~~U1:1'IVl~1'UJu~2.2 ('\I).. 

SyrkJgt 
\ 

-::.::,/'.1
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U11 i U~ ff ~ ~Hl 'fi eJ 11 U 1~ lH'l ~ ~ Ui 1~11 eJ m~u lu~..r ~ U 11 i U1Itl ~ ft U "~,, 1U'V'ltl ~1:JJ tl {l!" ~ U 11 i U1I tl ~ 
'" 

m ~1J ,)Uf)l~ ~~~ ff')U aflU 11 itJll'd~~~ f1l~ ffm:ll nu tltlU.,j'l~UtlU~tl iJ 11iUftfll'l"lm ~ U1f1lfl'1IW~~U 

lffUlu 

....~ QJ o::::t ~ ~ G
2.3.3.1 ulH)[Jl1lflvHllmn'Hl::i:l1tJ'YHHlltHl";i (Polymer solution parameters) 

fJ WftlJlJ~ 11 eJ ~ft1 ~"~,, 1U'I"ltl~llJtl {iJ~H'l'fi tl fl ~ ~ 1J ')U fl1 ~ ~Ul ffU 1{J~1u 1yj~ lfti1~ ~ 1lJ..r.:JV~iJ ~,,'fi tl 

~flll W~Il(l~1IUl~lffmhu~UVfl" H'IJ tl~lffU lu~ l~ ftlJlJ~'lJtl.:J ftU "~(ll Ul'lH1lif l~l!ri Jnn!fl 

IlJl(! Q"H"~fl1llJ'I1{l~'lJtl~ftl~"~(llU 1!H~.:Jr:i111tl~ftl~"~"1U tl 1flWU llyj~l'IJtl.:Jftn"~,, 1U H"~ 

tl 1m~ l~~l"fl~~ fl'IJtl.:J~1't11"~"lU 

2.3.3.1.1 JnnrflllJ!i:lfJi:l!!i:l~fl1UI'l1{lVl"IJeJ~i:l'l":ii:l~i:l1tJ(Molecular weight and solution viscosity) 

iJ 11 i {J~ iJ f·J(j 'fi tlfl1llJl1 {l~'IJ tl.:J ft1~"~ (ll U'I"ltl ~llJtl{~ tl Jll1l!flllJl(! Q"'IJ tl~'I"ltl ~llJtl{ ~.:J 1~ ui11U 

IrlmhvHlallJtl{'b'i1~I~u1nu~iJJl'l1l!flllJl(! fl" ft ~ 1J1"~(ll Ulu~1l11"~(ll{J 'I"l1Jil11~iJfl11lJ'I1{l ~C') 
• '" I 

:IJlflfli1'l"ltlanJtl{~iJJll1l!fl hJl(!fl"~l flil ll"~#~ ~hf1UJlu m~U1U fln ~UlffU1{J~1uiyj~lfti1~~
• u 

~ . 
~ ~ tI'JJ d 0 <v ~ .et.do Q dl e. ~ V GI lJ) 'j)

fltl ftl~ "~"l{J'I"ltl"llJtl~~tl~lJU I'll U flllJl"fJmm~fl11lJl1U~'Vl1J1f1lYW.:J'I"leJ11'111~lfl~!1JU!ftU 1{J l~ 
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I I jJ $I til _~ o::::::t. ~ Q cd 0 jJ 

1'u 'J ~ 11 11;j fn ~ Ul'U flWU'Ulft'U 1U~lUI'Vhnfttl~'U'U ftU ~~ m UlJ~tl fll1fl tHHlllllJ1 flUm m'IJ 1J'Vll111 
" 

i 1J Iftfl ~I'Hlill1J tl {lfl~ fll'J U~ flltl tlfl i U U;j111flfU ll~ ~ 1'U 'J ~ 11 1H~ ft1 'J ~~ mu'Vl tl ftl1Jtl {lfl~ flU Ufl. 
tltlfl i uti'U lJdjfll'J I~UTt1'Uti'U (Entanglement) 'IJ tl;jft1U i 'lfi 1Jlftfl~'lJtl;j'Vltlftl1Jtl{l~tliltl;jti'Ufll'J'IJ 1~ 

tltlfllJ1flti'U'lJtl;jft1'J ~~m U~fi1~;j~;jtltlfllll 9t;jft;j~~1'11'ftU ~~ mmfl~fll'J~;jtltlflllllrJ'UI~'Ui~tl [h;j 

J111,:rflt 1J 1ft fl.~'IJ tl;j 'Vl tl ill1J tl {lJ ~ II ft~;j i1;jfll1 1JU11'IJ tl;j ft 1Ui 'If'Vl tl ill1J tl {II~~ U;j II ft~;j i1 ;jfll1 1J 11 11~ 
QI:: ~~ "'lJ]jJ.o::::tjJ jJ ~ olJ]!V

'IJ tl;j ftU ~~~lU'Vltl~11Jtl'J I~tlfl~ lU ~;j'U 'U 111fl~tl;j fll 'J I'Vl 1Jfll11J11'U ~'lJtl;j ftU ~~ m Uft11JU tl 'Vll I~ 

~ jJ jJ .:=::t,"" .J. 0 6) j).o::::t d QI QI I o::::::t. ".. J ~ t~ UflU 1'Vl 1J fll1 1J1'IJ 1J 'IJ 'U 'lJtl;j'Vl tl m1J tl'J "If;jlJ ~ 'l'l1 111 1J fll 'J Ifl Ul 'Vl'U fl'U 'IJ tl;j ft 1U i "If'Vl 0 m1J 0 'J III fl'IJ 'U lJ;j 

l111 '11'ft1'J ~ ~ ~ 1U\J flii ~ Otl flllll~ 'U1~'U mi l;jfi Ol'dtl;j 

flU I~Ul~'U ti'U 'IJ tl;j ft1 ut'lf'Vl tl ftl1Jtl {ij fll1 1J 'tinlrufi 0 ftU ~~ ~1 U'Vl tl ftl1Jtl {~vi;j tl 0 fllll 9t;j 111 fl ij
u • 

U~ llltu flU I~Ul~'U'IJ O;j ft1Ut'lf'Vl Oill1JO{~,r0 Ulll flll ft~;j 11 ij fll1 1J11 11~'IJ0;j ftU ~ ~ ~lU~ llll fl "1 
QI~ d. ~ lJ]jJd d
~;j'U'U ftU ~~ ~lUm'p0tlflllllJ~'lJ1~ Otl fl11 'J Oll~ fltltl fl I~l U'U 11 U~1ft fl "1 (Droplets) 'IJtl;j ftU ~~ mu 

.0:::.. ".. ~ .:::::), d jJ d.::::::t d Q .c::.. J 1..:::::t ~ .c::.. \II I 

'Vltl ~11J O'J 11 'J tllfl~l U'UI ft'U 1U'l'l 1J11J~U~ Ifl~'IJ'U 1l~11 1 fl1J fll11J 11 'U~ ft ;jlfl'U IU ftU ~~ ~ 1UtlllJ lJ~'Vl;j" . 
• 1 d \I) ~ '" ~ "".1 d' d '" \1).1'" '" 

tltlflllllJ1flumm'IJ 1J 1~[Ilfl 11'J Oft1'J ~~~lUtlllJll11;j~~umm'IJ1Jfltl'U'l'llJ~tlfll1~tltlfl IuU;j111fnU
" 

I I I , 

I.::!:I, .o::::t ~do o'liJ dl 

Kenawy llft~ fl tu~ [9] 'VlU 1111Jtl ftU ~~ m U1Jfll1 1J11 'U~'l'l~ 11J 1fl 'Vlll11 ft1'J ~~mU'l'll'j;j tltl fllllll~fl 

tl tlfll~l ~'U 11 U~l~ fl "1 fl';j'J u ~ 2.3 (fl) ll~~ldtll~1Jfll11J1111~~'UlllOfll~fl,rtlUllfi U;jtl d1 'U'Jfl;jfll11J
" " 

~ d ~ I .c::.. ~il jJ 6) dod cd .o::::t QI ",Id ~ ~ ~ 
11'U~'l'l~ltlUlJ~lfl~lu'Ulft'U IU'l'l1Jl1J~U~ (Beaded fibers) ~;j'Ju'l'l 2.3 ('IJ) 1l~~I1Jtlfll11J11'U~11'Jtlfll11J

" " 
jJ iJ J d 0 6) jJlJ] iJ iJ '1 .d Q cd 

. 

d jJ 1.1] jJ jJ 6) d d .c::.. d d QI .d 
I'll 1J'IJ 'U 'IJ tl;j ftU ~ ~ m Uft;j 'IJ 'U fllJ ~ 'Vll 111 Ifllft'U IU'l'l 1J11JflU fI'U 0 U~;j lJ'U Ifll ft'U IU'l'l 1J m 'l'll 'J UU fI;j 'J U 'l'l 

" " 
OQl ~ ~ ~ j)j) ,lid 09j)1ll3J

2.3 (flIW~ ;j) ~l1JmflU IW~I1Jtlm11J11'Ufl11'Jtlm11J1'IJ1J'IJ'U'lJtl;jftU~~mUft;jlllfl'IJ'UfllJ~'VllI11 Ifl 
" 

1~'U1u~ij'IJ'U1~I~'UH1'UrY'U6flm;j~111w~'Ufl';j'Ju~ 2.3 (lJ ll~~ 11) ~l1Jihfl'u 
" u" 
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I 
jI jI 

(n) fI1Ull'tl},J'tI'U 2.5 wt.% 

I 
jI jI jI jI 

(fI) fl11lJ1't1},J'tI'U 7.5 wt.% (\I) fI11},Jl'tl},J'tI'U 10 wt.% 

jI jI 

(~) fI11},Jl'tllJ'tI'U 20 wt.% 

~U~ 2.3 1l~~\I~"'tItl\lfl11},Jl.,jlJ.,j'Ulfil\1"l ~iJlfimlmIW~rff'U i[J'tItl\ll~tl~W'Vl~TI'U 1fI i'JiI"lltl"ntl €ltl~ 

.d 
(Poly(ethylene-co-vinyl alcohol) : EVOH) 'VllJl : [9] 
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I .d.c:s a 'j) ~ £1 d d ~ J J.I 

Morozov ll"::;fItlJ::; [10] 'W'lJ 11 'ffl'J ,,::; "1 t1'Vl lJm llJ11'Ullflf)'U 'U 1'11P11 '\l ::;:lJI:lJll'lJllltW)'U'U IW::;I:lJf)m1 lJ 

m11l1~lJ~'U'j,j~ l'1'Uf)'1I~llUll'\l::;d'1llf11'i Ullf)f)n'\l'UliJ~{J'U'\llm,j~ 1'11'1 f1CllJ i lhrl'U 1'15 !l"::;~'1~f111lJ 
~ ~ 

11i'illl~:lJ:lJl n~'U ~'\l::;yh 111I~llUllUll'V'V n i~:lJln~'U '\l'U m ::;~'111J'U1~'U 1t1~fi'V'U.,j'1'115 t1ml'l'i iJ~ 2.4 
~ 

(n) I wt.% ('U) 1.5 wt.% 

(fl) 2 wt.% ('1)3wt.% 

d 
'Vl:lJl : [10] 
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~f111 lJl1 i'1 ~~ 1'ildhJ~ lJ1 W'tItl'l 1lJm fJ"'tItl'l~1'';1"~" 1VlJ 1flll~~ flU I~V1~'U fl'U 'tI tl 'l 'tY1 V1'Ii'W tlilllJtl { 

lhJ~ lJ1W UtlV ;J'll1 mUfI 11lJ"hih oOVl1 €lfl~iJ~'Ylll'W~~tlm ~'l.J1'U flU ~l~fl1~ 'j 'tYu'Uif'l'il~I~'Ull'j 'l~ 'l 

H1't1tl'l'tltl'lll1 ~1;J'llrl'Uf~m11',rln~I~~u~~'U 1l~~lrltlfl11lJl1i'1~'tY 'l~'U'iI~ '1'11''11'f11'j I~U1~'U fl'U'tItl'l 
'" 

'tY1 V1'liiJ H~ m fl~'U~ 'l '1'11 'l,r'tY 17 ~ ~ m U'W tl illlJ tl {~tl fl U~tl tl flm 'tY1 lJ 17 tl [j ~ tltl f1l il 'U Iff''U 'lv ii V'l.J I~ 
'" 

tlfh'll~lJ~ '1'11 'l,rl lJ IM~'tItl 'l~1'1'11 ~~mv m ~ 'il1UtlU~1 lJ'tY1V1'Ii'WtlilllJtl{ ll~~ Irlm'111 lJ'I1 i'1~'tY 'l~'U. '" '" 
31' II 31 dlJ) 31 J llJ jJ d .d V I 

'tI'U 1~ 1'tY'UH1'U~'UVfl~N'tItl'lI'tY'U 'lV'Yl 1~'iI~lJ1fl'tl'U~llJ IU~lV l'Utl'l'il1fl'tY1'j ~~mVlJfl11lJm'U'Yll 'U~tl 

f11'j fj~tltl fl~ 'lll~~ iJu~ mw lci'tl'WtlilllJtl{\lflri1Ul'Yl Iumfl~'U 

II 'j 'l m ~ 'I'11'j ~l111'l'tYU ~~~ 1Vll~~U'j ~ ~'l.J'U 'tYu ~~ m v~ \lflU~tltlflm'il ~lil'U ~1 n1'H'U~ flU m ~ 'il1V 

'lJ I '" 'lJ 'l dll) 'lJ ~ • 0 "" cl 1 :;"t"; "" 'lJ d 
'tItl'l'tl'U1~1'tY'UH1'Ull'UVfl~H'tItl'lI'tY'U V'YlI~ ll~~ 1'U'j~l11HflU'Ylltll~fl ~'j'tYlJ'UWItl1'i1lfl~I'tY'U'Yl 

'" 
jJ Q.I ...d 0'l~3131" c:":::1 31 I II d 

IWfltltlflm'il1f1l'tY'Ul1~fl (Branched fibrils) 'If'l'Yll '11 1~1'tY'U IV'YllJ'tI'U1~1'tY'UH1'Ull'UUflm'l'tl'U1~mfl~'l 
'" 

~f111lJ'I1 i'1~J'U I ~ U'j 1 fl gflU wri'tY1m 'j mh I U tlll'l.JlV flU m ~ 'il1V'tI 'U WI! ff'ur·h'U trW!fl~H ~ 

fttl'U ,j'Hll~ fl~l'l fl'Utl UH'if~I'il'U I~ tl UN I'j n~llJ 'l 'U 'l.J1'l m WIrlmn1lJ 'I1i'1~'tItl'l'tYU ~~ m viJft1~ 'l 
cl lI) '" "" 'lJd 'lJ "'lI)'lJ<S5'1 0'l'lJ'lJ~'"

mfl'Wtlfl'il~'tY1lJ17tl IU'tI~'tI11'l flU Ifl~I'tY'U'YlIWfltltl flm'ill f1l'tY'U '11 ~ fl 1~'iI'lllJ 'UH~'Yll l1l'tY'U IVlJ'tI'U 1~ 

c!l "" 2.3.3.1.2 Il'HVI.JH1'\1ij..:m11tl:::i,lUJ (Surface tension) 

d 0 'l 'lJ '" lI) " I '" '" lI) 'lJ 'lJ 0 'l 'lJ '" '" " I lI) ",I-~ 'l
fll'j'Yl'il~'Yll 'I1'tY17~~mVtlflU~tltlfll.lJV'lU1m'l.J l111HH~flfl'U'tItl'llJ'j~'ilIl'1TI1il1V'U1~'iI~~tl'l'Yll'" . 

"" '" <S "" ~ 'lJj 'lJ 1 d <S "" 'tY17 ~~~lU'WtlmlJtJ'j 'tY1m'j mtll'lf'U:::m 'l~ 'lH1't1tl'l'tYU~:::~lUI'll ~ ~U'Ylll H~ 'lH1't1tl'l'tYU ~~mu'iI::: 

jJ I' jI I I 

'1'11' ,r.w'U 'Vi H1~tll1 U'lml1UU~ m~ 'j ~~~ 'l ~'lU'Ulntll~lJfl11lJl,j' lJ,j''U'tItl'l1lJl~fJ~~1'1'11 ~:::m U'il:::'1'11 

31..::::1 $I ..<:::It. d ..::::S d:l J 0 jJ 0 I 

, 'I1lJll'U11'UlJ'tY 'l 'l 'U flU Ifl~llJ~'l.J~ 1l~:::mflfl11lJ'I1'U~lJ1fl'tl'U'iI:::'Yll 'l 'HlIH m:::'YlU :::'I111'l IlJl~ fl~'tItl'l 
'"

" ", 
q 

'VItl illlJtl {ll~:::';TVll ~:::m UlJlfl<\i'U ~'lU'Ulntl'tYU ~:::mUtlflU ~tltl fl1lJl~ fl~'tItl'l'tY1 U1'If'WtlilllJtl{'iI::: 
'" q 

ln~ f11'j fj~~1tltlflYll 'l ,r~1'1'11~::: ~lu'tY1m'jtlm:::'il1UlU..f11lJWfJ~'tItl'l'tY1U 1'Ii 'I'll'l,rU~lJ1W~1Y11 
'" ljJd dOJ

~:::mUlJll'U1 'UlJ'Yl~~~'l~'l'jU'Yl 2.5 
'" 
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f) 

~V'l19l1'1'11"~f11t1m~'\lltlV~~VU '1 '(1'1 til CJ$'Vw~I1.JV{mJnff~1l'fflJV (~) ~m1lJ'\'1'U~~1 

llJmfl"~'V'l19l1'1'11"~f11m1lJI9l1fl'U I~V'l'\l1f)~"~V'lm'l~'l~1 ~lJl : [3] 

f1l~ "~ll ~ 'l~'l~1~V'lff1~ "~f11t1Vl'\l'l'111~1 ~ tI 1~ff1~ "~,, 1tl'Vm~llJv{~fl11mI'U~~~1"'l 11 ~ V'1'1 1f1l~ 

l~lJI9l1'1'11"~(;\ltl~ii~11lH~'l~1~11'}$'U lVYl1'UV(;\ IlJ1il'UV" lll'U'fi''U (;\'llU~fflJ 11~V'I'11f1l~I~lJffU"~ 

m 'l~'l~1 (Surfactant) "'lltJ ~'\l~ l~H~'U1t1~1~tlUff~llfflJVl'}$'Ufl'U 

Fong ll(;\~flru~ [1 1] 'WU'hriV'I'11 f1l~I~~ tllJffU(;\~f11t1'Vw~mYl1i~'Uvvf)l'li~ 1~tlf)wu1'W()~WYl~~'U 

()() f)1 'li~,,~mtl1'Ul.f1 '\l~ 1~1 ff'U 't1~ ~1~~1i~ 1l~~1 1 riWYll'U V(;\M 1 tJ HfflJflmf1 1 ~tltJ~lJlrumYl1 ,.. . 
'U()(;\Yil riM 1 u~tJ~lJlru lJlf);i'U 'I'111,rtJ~lJlrul~~1i~,,~(;\'l'\l'Ul~lff'Ult1Yil~ tlUllm;~~'U1mff'U~l'U ,.. . 
fY'U6f)f11'lYilmu;i'U~1t1~'l~tJYi 2.6 
~ u ~ 
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.. 
(f) B'f1'Hri1U'UB.:jW'Y1lUm'1~m11ll'hf1'U 0.000 ('II) B'f1':llff1U'IIB.:jW'VI1UBil~m11I'vilf1'IJ 0.054 

.. 
(.:j) BI'I':llff1U'UB\lW'Y1lUBil~m111'Vilf1'IJ 0.260 

I 

..~........-",,­
(fl) B~)Tthl!'\JB.:jW'VI1UBil~m1l!'vhf1'IJ0.115 

..:J.o-":'-'=-' .. 
(11) B'f1'Hri1U'UB.:jW'VI1UBil~m1l!'vilf1'U 0.448 ('i1) BI'I':llff1U'IIB.:jW'Y1lUBil~m.hl'vilf1'IJ 0.702 

2.3.3.1.3 f)l'Jlh'1'Vlrh'llf).H1TH1:::mt! (Solution conductivity) 

m:::'IJ 1Uf)U ~l!lff'u1{J~1{Ji yJ~lfffll'll1JU m :::'IJ1U f)l ':l ~1 i'1u f)l ':l ~.:jtl~'UB\l ffl':l il::: ill{JViBilam{1 ~tI 

Blft{Jll ':l .:j~~f)f)U'\lB\l'l.h ::;~~ ~111U l'IJB\lffU il::;illUViBilllm{ ~.:j,iU111 f) ffl':l il::; illUihi1f)l ':l 'I111,yJ~1 
d ~ d ~ d'.::i ,1 cil ~ d.d ,1 3JQ 0 

'VI 'iJ: \l'IJ U f)1I ::;If)~'l.h::; ~'IJU ffl':l il::;i'!1{JVi Billlm':l 'YI1J1 f)'IIU f)U~.:j U~lI.:jllUJ:lJl f)'IJ U 'Y1l 111 ffl':l il::; i'!1{J~ f) 

ii~BBf) i 'l.1iJ\l'i11flf'IJ i~ 1l~111f)f)l ':l tl~'\JB.:jffl':l il::;i'1l{Jillff:lJ'lJHU~lI::;Yil 1,rlf)~I~~lJ~ i~ ~.:j,iu f)l':l
" 
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tI ~ 9 d d 31 l' llJ ~ 'j) e. d ,~ ~ & 
ff'WtlfH'll'1'Utl'11'i:1"U IU'VIWfHl'1mU 119HHJ1'1I'HWl111 \9Itl'1'VHl1'HU1'Vlfl1f11111'11'W~'Utl'1ffU't'l::;mUWw '11'1 
" 
'111 flm '1~ln~t!lflfl1111'11U~ff'11.11fltl1\l9Yl'Wll':i '1'V11'1lvh~11~ 'U'W l~HY'W '1U~tllt! Lhjl~flM ll't'l::;~ fflftUJ 

" " 
~ fltlVN'I1i1 '1fitl ~ 1fl1Hh 1 'l'Hh''W ffU 't'l::;mU'Vltli1111tl{I~11~'UVIl '1 '11' ~ lf11111~ Nr1fl6~'1 ~l'~tl '1 '11' 

.. "I ~d ~, ~ .,j 11] ~ , 9 ~ "I'"0 

ffl':i't'l::;mU\lfl'Q~tltlfl1.l11~flt!::;'t'l~'t'l'1~1Uff1mmm::;'VlU~1'Wtl'W l~llfl 'VIll'l1f1111111.llff\lU':i'Utl'1f11':i 
" 

'U'W1~'Utl'11 tltltl'W ~1~11't'l'11 'L1'1 'U ffl':i 't'l::; 't'l 1uij f-.l't'l~ tl ~mJ \,U::;'Utl '1HY'W '1v~ M~'1tf lrltll~ 111fl~tll '1Il~V11 
11] 0' 9 11] ~ ~ , d.. ~." d 

f1't'ltll':i~ (Sodium chloride: NaCI) 't'l'11'Wffl':i't'l::;'t11V\l::; 1~lff'W U'VI111ff'Wf-.l1'Wtr'WUflm'1'U'W1~Wfl1.l1fl 

'1 'U 'U\,U ::;~lrltll~11lfl~tl~ij 1 tltltl'W 'U'W1~ '1 my li'U lUll 'VI ffl~U11 I~ 1 g 1~':i It! 'U~tlffl~91(Potassium 
' ~ '1 d 11]~" ~, " '~9'

dihydrogenphosphate : KH2P04) 't'l'1 '1 'W'i:1'U't'l::;mU'VlU111ff'U U'VI1~11lff'Wm'Wtr'WVfl't'l1'1f1tl'W'U1'1 ~ml! 

1l't'l::;lrltll~1.Ilfl~tll'11l~mJ 1~[gl~':ilt!'W~tlffl~91 (Sodium dihydrogenphosphate: NaH2P04)'t'l'1'1'W 

11] ~ ~ '1 d .. ~,o' .1 '" 1 .. 11]
ffU 't'l::; mUt!::; I ~l ff'W V'VI1.Ilff'W f-.ll'W f1'W Uflm'1'U'W1~u 1'W flm'1 1'W tl'11.11'l 1fl '1I1~U11 IBtl tl'Wll't'l::;f1 't'l tl 

" 
h ~l tltl tl'Wij 'fffijtl::; \9Itl11l~ flfl11 i 'Vlll 'VI m~V111 tltltl'Wll 't'l::;~tl m~ \911 tltltl'U VIl '1 '11'iT'U ij fl1 ':i lfl~tl'U ~ 

. ... 
muhi'ff'W UI 1~~ lfl1U'Wtl fl 1~1.I1flfl11 11l'W f-.l't'l 1'11'ffU 't'l::; 't'l lV)1 \lfl~ ~tltl fl1.l1 ijm '1(j~ 1.I1fl~'Wlff'W 1U11 

" 
,~~ '1ij'U 'U 1~1~ fl ll't'l::; '111 fl9Ytl'1 fl 1 ':i 1~11~ 1 fll':i Ul1~~ l'Utl'1ffl':i 't'l::;'t'l 1V'Vl f tl11i1U't'l~11 ':i '1~'1~1'Utl'1 

ffU 't'l::; m Uffl11U \I'l'111 ~i ~ Vfl1':i l~ 11ffl':i 't'l~ll H~ '1 f'h li'W 1 \91 ':i ltlYl 't'l lU'W ~'t'l II tl1111.1lil V11f1 't'ltl h ~ 
"1.1 & 0 'I ~ gJ, 0' ~ 9 d 

(Triethyl benzyl ammonium chloride: TBAC) 't'l'1 IU '1I'1'V111'l1'U'W1~lff'Wf-.ll'Wtr'WUflm'1'Utl'11ff'UIU'VI 

1fI ~.d ~ 

1~11'U'U l~'t'l~'t'l'1mv 

Zhang II 't'l::;f1 \,U::; [12] 'VlU 111rlU'l'11 fl1':i l~ 11lfl ~ U1'1Il~ U11 fI 't'ltl h ~ 't'l '11 U '1 'U ffU 't'l::; m V'Vl Ui1ll'U 't'l 

" d I 0 1I'J ~~ ~ ~ d ~ 
Utl't'lflUgtl't'l (Poly(vinyl alcohol) : PYA) ffU't'l::;mU11f11fl1':i'Wl1~l'l11'Vl11'U'Wflt!::;lfl~U':i::;~U'W 

ffU 't'l::; m U'Vltl i1l1.1tl {~1.11 fl~'W fl1 ':i~ '1 (j~ ~'11~ 111.11 fl~'W 'l'11 1'11'ffU 't'l::; m U\I fl~ ~tl UfI1 UV'1'Q 1f1'fU1~ 
" 
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(n) U1lJ1rulfl~tl NaCI 0.05% (~) U1lJ1rulf)~tl NaCl 0.10% 

(1'1) U1lJ1U1ln~tl NaCI 0.15% en U1lJ1rulf1~tl NaCI 0.20% 

111 f)'fltl ~ f11 'H'VilJ flln'h I 'YHhJl'wii~'U tl11l'l'1lI Jl1 ~HJf)l'HU~f.J'Ufh pH 'U tl~ ff1HI~m f.J~'il~YhBI~n 

1mfftl'U,j~ 1'J1'U ff1H,~mf.JI'1HH'l1flfftl~~I\9l'l'l (Cellulose acetate solution: CAS) .fl1f.J'MfffI1d~IUff 
'U 

i 'jJ ~ GJ dd gJ I d' d' .c.::l. Q.I i .c:i ~IJ. J. 
'il~ lllff'U lV'I'llJlff'U~1'Ufl''Uf.Jf)'''H~'U1~H'lf)fld1IlJtll'l'lf.J'l.Jf)'I.J'Uffi1l1~'I'llu'Uf)C1H l'Utl~'il1n 

'U 

~11'1~~ 1~i)1"'1'I\9l1f) (Dielectric constant) ~tl~~1'1'11 C1~m V~ ~'" J;hf1t1!~tl f11'j ~'U!'ff'U IVJl1f.JI yJyhff~\9l 

1'J1'Uf)'U ffl'.i C1~C11t1~~mJu9ii~i)WI'I\9l1f)ff
'U 
~'il~ff1lJ1HHiJ~v'UmJ",~~nfJru~I~'Uitl iJl 1'J1'U f11'j "'~ 

"" "" d d 9J 'I ~I 9J ~ d' 9J I 1 9J 'I d d d 
,JnJlruf11'jlf)~llJ~U~'I.J'Ulff'U Itllu'U\9l'U llC1~f.J~lJ~"'\9ltl~'U1~lff'U V ~Ulff'U lVtl1'illJ~'U1~'I'lI"'f)C1~ 
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~,nf.ul 'j 1tJllll~1l.J~1'1'11,,~mtl~~~Hl~~ l~BIClfl~j fH"~ '1 Cl~ hJhmu Cl~Cl1 fJ ~tl111'1'11 IM'tfi~f11'j 
'lJ 

11J~tI'UmJCl~~~mll1~1'1'11Cl~mtl~i!tIlH'H"lJCl~hJliu N,N - Dimethylformamide (DMF) I~U~U 

2.3.3.2 ifilij(J'\I[)-1f)'J:::U1lmljNi1~ (Process condition) 

~1u1J 'j ~ ff1i'lty fltl f1'j:::U 1'U fl u1J'U 1~'U ItI?l1t11l'h~1{y~~tJfltlfh ~'Hi1 ~~fi tl iJ lI,)tlfll tlUtlfl~ft ~ rWfl tl 

(Y1'j ,,~mtl~\J fli1 ~tltlfllJ1111fl1Jmtll~lJll~1 l?lun fl11lJflNflf1ffl vJyh 6~'j 1flU 1 'HCl'IJtl~{YU Cl~Cl1t1 
.:::!to ~ QI iI 9 9J'" d dCi) <jJ

tlUJ 'H f1lJ'lJtl~ {YU Cl~Cl1t1 'I1U~'IJtl~'ij 1f1'j tl~'jUlft''U ltl 'IJU1~I{Y'U H1U fY'U tlflm~'IJ tl~I'IJlJ'Vl l'l1 llCl~'j::: tI~ 
, 'lJ 'lJ 

'j~ 'H 1 N1J Cl1t1l~ lJ'lJtl~'HmJ~u'j 'j ~(YU nUfJLlf1'i urH)~ful~'U Itl ~~tllI')tI~~ fHi 11l'H ri llf~ H"fl tl 

~ 31 9 31 , ~ ~ '" ,f

ClflElUJ :::U"~'IJ 'U l~'lJtl~1 {y'U ItiUfJ tlfl11 ullll tI'lJfJ~ {Y1 'j Cl~ Clltll1tl ClllJfJ'j 

2.3.3.2.1 fl11:lJ~Hftf)(J·":vHh (Voltage) 

tl~l'l1J 'j~fltlU~{hrity~~IUf1'j~U1Uf11'j~'UI'~UI tI?l1 tilvJVl1{Y~~ l?llln f11'j 'U Hi1fl11lJfl l~flf1ffl'I'll'll 

~ ~~ lJ 11J 'j ~~ fl~1 ~nu {Y1 'j"~ Cl1 tI 111 ~ ~ 1fl11lJfl l~flflvlvJl'l1 ~ ~ ~1I~ I'H ~tl1'U 11 ~ In~1J 'j ~ ~ UU 

{YU Cl~ Cl1 till Cl~ln~ {YU llJ1vJl'l1 f11t1'U tl fl~'U fl1Utll1J?l1t1 f1'j ~U1'U flU nUl~'U lfJ?l1t1lvJl'l1 {Y~~ 1I~ 
'lJ
 

I jI 1 jI
 

l7lJ~U~'Uti'jtlll'j ~'Vl N \1 vJVl1 IU{1'l'j Cl::m tI{y1lJ l'itlW l'11u::m ~~~ ~1'lJtl~{Yu Cl::mtll?l UCl:: D~~'U nu 

6~'j 1f11'j l'HCl'lJtl~{Yl'j Cl:: Clltl~tltlfllJ 1tf~1J Clltlt~ lJtJ fl$l1t1 ~~'H 1fl6~ 'j 1f11'j 1 'H Cl'lJfJ~ (Yu Cl::Cl1t1~1fl11 

'" . 11).1~ ~ • '1 31 31 11).1'" 9 <l 11) 31 
f11'jtl~tltlfl'IJtl~{Yl'jCl::Clltilutl~'ij1f1'jUlI::'Vlll'H Taylor cone 'H~1'IJ1Iutf1~ l'Ul'lJlJ I~ 

~~tl1 fl11lJfl 1~ flflVl vJVl1 ~ I ~l,r ll1J UCl:: {YU 11.J 1vJVl1 f11 tI'U tl flnHClflfJ fl U ~ ~V~ llCl:: fl11lJ Ii ~'lJ tl ~ 

{Yl'j Cl~Clltl~vi~tltl fllJ1111fl1Jmtll~lJ ~~ft ~HClf1'j~'Vl Ufltl'lJ'U l~llCl~'j1Ji l~'lJtl~Iff'U ItI~ i~ ft1'U lJ 1fltl1 
, 'lJ 

fl11lJfl1~flfl61vJl'l1~{Y ~1I~'I'11 I~{yl'j Cl~Cl1mfi~flulJ~tltlfl i~lJ1fl l~ tl~1I1flnl! 'j ~fl CltllJ1r~ lJ1fl~'U iu 
'lJ 'lJ 

{Y1'j Cl~mtl~~~tltl fllJ1 ft~HCl l~i~Iff''U ItI~~'IJ'U1~I~urh'Uy;!UVflClN~I~flCl~ nlJ~~D~'I'11 1~6~'j1 
jI ,'JI , 

QI 0 ..:::g 0 't j./lJ] iI j} ~ d j}.o:::g .c1 'jJ 'jI 9 'j/ d.c:t o::!I 
fll'j'j ~l'H tI'lJtl~~1'VllCl~ Cl1t1 ~ ~'IJ'U 'Vlll'H I~l{Y'U ItI'VlU 'H ~'IJ'U tlfl~ 1t1 tllm fl l'I1{yl'j Cl~ Cl1 t1'VllJ fl11lJ'HU ~ 

~ 1Ufl D~ fl ~ I ~tl1 fl11lJfl1~ flflVi vJvh~ (Y ~ ~1I~'I'1-1 I ~l fi~Iff'U ItIlWfltltl fllJ1111 mff'u 'H ~fll ?lltl'U HCl I ~ 
'lJ 

3J' " d lI] 3/.c1 d 
1{Y'UH1'U~'U tlflCll~'Vl l~lJ'IJ'U l~lCl flCl~ 

till,)tI~U ~iJHCl~tl'IJU1~1 ~U H1U fY'UVflCl1~'lJ tl~Lff'U Itl 1 ?llln'j ~ tI~11Cl1~{y1'j Cl~ Cl1 tlvi~tltl fllJ1111 fl
'lJ , 

d lIJ QI Q.I <jJ 'jJ .c1 o::!I Q,ll/)'jI J, ad 11] I 

Lim til'll lJ 11J tI~'ij 1 f1'j U 'H 1fl I 'I1l1m'U 1'Ulft''U ItllI~ lJ fl U tI~~ 1 I~ lJ1fl'IJ'·J fltl'U 'Vl1l~ ILI fltl~tltIU'U 'ij 1fl 
'lJ 

~ I , I 

'jtl~fU ~~lTUf11'j Hfl11lJfl1~flfl61 vJVl1Yi~1 '1 1I~1~'U fll'j Cl~fl11lJti~'IJtl~{Y1'jCl~Cl1 tlYi~~tltlfllJ1111fl 



18 

lhl1t1l~lJll~~ Yl11l1ff'U1lJ hHh ~f)'U ~-:J ll~ U'U'il~' ul'Yim ~ tI~I1~11'Ufll'j(j~"lIf)-:JffU~:;m tI~~-:J 
d ~ J, 91l1J 91 'iJ dod..::!l d 

f)f)f11J1lJ1f1Umm"lllJhi1Jlf1"l1 'U ff -:Jf-l~ 111 1~lff'U ItIlllJf-l11'jtlU 

, ~ 

fi1f111lJ~1-:Jfff1uirl~1 Vi ff 
'U 

-:J '~I~tI-:Jll~ff -:Jf-l~wmlmHu.:;'Y1 N f)l tlfl1'W'\J(J-:Jlff'U1tilvi 1'U'U ll~ {f-:Jff -:J f-l~ii-:J 
d "" iI 9 "" 0'", iI II) _!lj .d "" ,f, • iI 'I

f111:lJlll'Uf-l~ f1"l1f) -:Jlff'U Itl'Wf)~ IlJ(J'j f) f1~1t1 1~ tlff'U llJ I rln1'Y1 tf1~"lI'U 'j ~1111-:J m ~U1'Ufll 'jU'Ulff'U ltl 

~1t1i yJ~ 1ffilI9HI~Il1~ tlTU 11l11:lJl~ fl~"lIf)-:J'W(JftllJf) {I'U ff1 'j~~m tIlfl~ f1U ,r~l~ tI-:J~11fl'U f-lftf1 1'Ulff'U 

'I ., II) d • ~ 0' "" d ?\ "" iil.,j .'Iii 'Iii0

Itllll9Wtl1-:J 1'jf11911lJ 111f1 l'lffl11lJI9IHfl'f1t1ff-:JIf1'Uf1lJ~'Y11111f111lJlu'Uf-l~f1~~M ~ 1'U(J-:JlJ1f1f11f111lJ
'U 

Wl-:Jfff1U~ ff ,Ufl'U Yl11 l1f1 11 lJl'i -:J'\J f) -:J ffU ~~ ~ 1tI~vi-:Jf) f) f1lJ Hl1 f1um tll~ lJ ihi 11~ lJ,r''U ff -:JfW 1l1 
'U • 

2.3.3.2.2 em1ol'i'ilo'U'lJO"ff1'H'~t\1[J(Feed rate) 

ell9l 'j 1fll 'j il f)'U'\J(J-:J ffU ~~ ~ 1 tl11 ~f)ell9l 'j 1fll 'j' 11 ~'\J (J -:J ff1 'j ~ ~ m tllJ~ IrJ 'U ~101 11 'U~U ~ 1Jlw, '\J f)-:J 

ffl'j ~~~ 1U~ l~tI-:J'W(J~(Jm ~U 1'Uf1U fl'Ul ffU lt1~1t1' vHh ffill9l ~ -:JlJ~l'i'(J -:j~lJ~'U nf1Ufl11lJW Nfff1U 

1~(J ~lJ~ {f-:JfI-:J Yl11 l1lfl~ Taylor cone (JQ'~ Irl()l~lJell9l'j 1f)l'j il(JU ff1'j ~~~ 1t1lJ ~lrlU f-l~Yl11 l1'\J'U1~ 

IffU f,J,U fl'UUf1~ 1-:J'\J(J-:j1 ffU Itl11 ~(J'\JU l~'\J(J-:jIU~iJ~iJ'\JU 1~ I 11uJ~U~-:j 'jU ~ 2.8 1i1(J-:jlJ 1f1iJ ff1 'j~:;mtl 
'U " 'U 

U~ 1JlU11Jlf1(Jfi~umtll~lJ 1l~(Jfil-:J i 'j ~l9IllJ {f-:JfI-:jiJ~(J~ 1ti~l ~tl1f1U f)l 'j l~lJ~'U'\J(J-:j1 ffU filu fl'UUf1m-:j
'U 'U 

I I I 111 

"lI (J-:J IffU lt1 I'U (J -:j lJ 1f1ell9l 'j 1fll 'j il (J 'U ff -:j Iii (Jell9l 'j 1f1 U il (J 'U ff -:j lJ ~ Ylli l11 ff'U Itl Vi' l'i'iJ'\J 'Ul~ I 11 uJ~ 'U 
'U 'U " 
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(fl) ~~'J1fll'jlvm 0.5 mllhr. ('U) ~~'J1fll'jllHI 2.0 ml/hr. 

2.3.3.2.3 flW11<QiJ (Temperature) 

"j ~ ~ '1 ~ \I] • .I_'i '" '"0

Chidchanok Mit-uppatham IW~f1W~ [13] UJtl'Yllf1'j~'lJ1'Wfll'ju'Ulft'U l'J~1l'J !Y'f~lftfl~'Utl·rVWmtl 

tq 0' ..d ~ III v g) '1 dd 'JJ d Q ~ .c:.J 

1:lJ~ -6 (Polyam ide-6) 'I'l~W11 iJ:lJ~ .:I'l~ l~l ft'U l'J'I'llJ'U'U l~lft'U f-ol1'Ufj''Ul'J flm.:lWfl'l.:l 1'U tl.:l'll flf11 'jl'~'j:lJ 

" ~W 11 iJ lJ'U tl.:l ftl'j 'l~ m l'J'l ~ ft.:l f-ol 'l '1 '11'~~ 'J 1f11 'J 'J ~ Il1l'JlJ1 fl~'U ;.:1 ~ f-ol'l~ tl1J~ lJlW 'U tl.:l l1JW fJ 'l 'Utl.:l'V'ltl ~ 

UJtl{ '1'111'11'f11'J 1~l'Jl~'U'Utl.:lft1l'J 1CJi'V'ltl~l:lJtl{~fil'l~'l.:l ft.:lf-ol'l '1'11'ftl'J 'l~ 'l1l'J~fn1mrU~~~1'l.:l U'l~ 
.d ~ <v Q.I <jJ ~ 1Jl i/o J c!l ~ '1 ~\I]0 ~ 

IlJtlfn1lJ'I1'U ~'l~ 'l.:lll 'J .:I'Yll.:l1J'J ~ ~ 'l~ f-ol'l fl~'U I'll ft1'J 'l~ m l'J ftllJl'J f1l'J~tltlfl I ~~'U'U 'l.:lltl'Uf-ol'l'Yll '11 I ~ 

IlY'U '1l'J~ ~'U 'U l~ IlY'U ~ 1'U i;!''U Ufl 'll.:l ~ l~ fl 'l.:l~.:I ~ 1J ~ 2.9 II 'l ~ lritl tJW '11 iJ lJ ~ .:I~'U 'l~ l1J1~:lJ ~~ 'J 1fll 'J 
. . " 

"" '" 'i 0 '1 jJ.1 d '1 ~"" \1].1\1] ~ dIfl'ltl'U'I'l'Utl.:l 1:lJl'lfJ'l 'Yll 'I1U'J.:I'Yll.:lu'J~~ft1lJl'JfI~.:Iftl'J'l~ml'J 'I1l'J~tltlfl IU l~lJlfl'U'U 
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ii' c! (:j

2.3,3.2.4 'Ul!lVlHll!HnHJlWfH1H'UeJ-3I'UJl (Diameter of needle) 

'II' d' ~ d "''1 'II d' .i1 'II '1 'II 1II • .I_~ ~ 'II 'II , 
1'ff'U~T\HfWl'Jf11nUlll'J !'U'Utl.:Jl'U]JYl 'lnl::;]JN~~tlf)'J::;1J1'Uf)l';ilJ'Ul'ff'U l'J~1l'J ll"lyjl'fft1191 t1ll'ff'UNl'U 

" 
~ d d '1 ~Q d 0 '1 jJ1Jl jJ <jJ '1 d d d ~ ~ d d

fI''Ul'Jf1m.:J'U tl.:Jl 'U]JYl '}i]J'U'U WIW f1'i)::; Yll 11!~1'ff'U l'JYl]J'U'Ul~H~f1~.:J l'Utl.:J'i)lf11]Jtl'U'U WI'Utl.:J1'U]J'QI91l'Jl
" 

d 1 d d jI 0 '1"JJ .dI ~1... Q 

~191~.:J 'U'Ul~'Utl.:J11l'J~'ffl';i ~::;ml'J'Yltll'JlJml'J1'U]J'i)::;Wf1~.:J1911l'J Yl1 1111HI91.:JN1'Utl.:J11l'J~'ffl';i ~::;~1l'J1~]J 
" 

mf1~'U 111f11J~ 1JlWt1mJl1'1~l~'1,r O'1J'ffl';i ~::;~ltl~r¥hfi'U f)l';i 'i)::;1f119111J'U 'ffl';i~::; ~l tI~vi.:Jtltl f11Jll~~.:J 

Il1tl.:J f)l';i 11 ';i .:J'Yll.:J l1'1~l~r~]J1Jl f1~'W 'i)1f1 N~~.:J f1~TJ'ffl';i ~::;~ ll'J~vi .:Jtltl f11Jl~.:J1f!~il'U ~~ 1l'JfI11]Jl~ 1~ 
d d Q .:9 ~ ~ & '\I) d 91 'J} I ~ 

~~M 11~::; m::; U::; 11 mm f1~ tl 'Yl 'i) ::;1f1\91 f)l';i ~.:l U\911~]J 1Jl f1'U'U tl UN ~ ';i f1191l]J t1l1 'ff'U Nl'U t]''Ul'Jf1m.:J'U tl.:J 

old ol ~lJLI 0'1'11 111' 111 "'., dill'll
l'U]J]J'U'Ull91mf1'i)'Ulf)'U !lJ'i)::;Yll 11'ffl';i~::;~ll'J !]J'ff11Jl';it1 m~ililf11JlYllJml'J1'U]J 1191 

, '.1 " v .1 d v 'lI '12.3.3.2.5 ';i::;[J~'t'll-3';i~111HlJill£J1 'U]J'UeJ-311ileJVl1J':i 'Hltll'Hl1JfllJfl'Hl.l':ieJ-3':i 1Jl tll! [J (Distance from 

syringe tip to a grounded target) 

f1n 11J~ U'U II iJ ~.:J';i::; U::; '11 H';i::; 111 HiJ flll'Jl~]J'U tl.:J11 fltll91 m ';i ~ 'ffl';i O'1J tJiJ f)'J ur';i tl.:J f1JHYl.J' U~ N~ 

i~u~';i .:J~tl ';i::;l'J::;I1~ 1'1'U f)l';i U~II~::;f!11]Jm .:J'Uil.:J'ff'Ul]J11'1~1 '1'U f)l';i~'i)~N~1911ff'U 1l'J1~(J1 "1 'i)::;ll1il.:J 

'1'11ftl ';i~::; ~ ll'J~vi.:J tl tlf1]J l~ ';i::; U::; 11~1~]J 1f11 ~ U.:J~tl ~ 'i) ::;111',r1911111~::; ~1l'J';i ::;111l'Jtl tl f1 1 iJl~tl '1'111 ~ 

1ff'U 'fJ~U,r.:l 111f1~\91';i::; U::;l11.:J~.:J'i)::;111',r f)l';i 1f! ~tl'U ~'U tl.:J 'ff1';i~::; m tI~vi .:Jtlilf11Jl J'U~.:J 111 '1'111911111 

~::;ml'J';i::;111ullJ11]J\911ff'U'1l'J~1~~'i)::;11~tlm1]JO''U~.:l1.iJ~ 2.10 



21 

f11 'j ~~111 Hl~ m(l'j ~l '11 (llu'I1lJ ~ ll"~ ln~ f11'j I~tl mi tlllU 'tI tl~llfhHffU l(1iftl1lJd~h.J H,,~19i 'tlfll 'j 

l!l '1111 ~~lU 1Uf11'j111I'UU1fI 'j ~i l~lti(llJ ff1'11 of1Jl'd'tll~tllti(llJ~~tl~flU 1MUfl11m'l~ U~1 1l"~Ufl11lJ 

d I Q d: II) Id 1 Q.I 'j) I rI 'j) d 
f11'j liJ" (lU lliJ" n ~(I~ 'I11~tl1lJlJ~lJ '11 'j tl !lJ lJHMltl" flllW ~1l"~'tI U1~lffUH1U flU (lflm ~'tI tJ~lffU1(1'\'1

'U
 

'JJ 'jI 'jI I ,
 

M l1~iHjutJQIl'lJfJW fflJU~'tItJ~ffu,,~m(l 11l9imh~ h ~mlJ lijtl'j~(I~l,h~ti1~"~"~tl1lJ111 1MUI~~ 
" . " 

U~ ln~~u IUtl ~lJ1 fl ffU llJ lrHl1 'j ~'11 'h~iJ" 1m~lJ 1l'lJ'QiJ m t1h tJ~ of'lJ Iff'U1(1u ~ 1mfl~U 

" 
Iff'Ul(1U~tJu,j'l~,r tl(l lll'iU~lU 1<0tI'I1 mmlM ~'V'l'lJ11iJlJ<om '11 ril'UU H"l9itl~flllW~'tItl~Iff'U1m'l1utJullu 

iJlJll(l~~flri111'lfUil11lJ~U 'Jj'u~'tItl~m'jtl1fllfl1l"~fI11lJ~Utl1fllflIUU~U ;~~il11lJ~Uff~lJ~U 
'U 

Casper 1l"~f1W~ [14] 'V'l'lJ11Idtl1~'V'ltl~ei"lvJu (Po1ysolfone : PS) ,,~m(llul~w)'j~lBl~'jvJ~mu 
. ." 

., 0 ~., 'l 1 "'''' "'." , ., 'l
(Tetrahydrofuran : THF) 1l"1l'11fll'juUlffU!(I U'lJ'j'j(llfllfl'l'1lJil11lJ'Jj'UUtJ(lfl11 50 % 'V'l'lJ11IffU !(I 

I I • 'jI, 'JJ t 

til$llJ~U~1tiI1 (I'lJff~ lll'ilUtJ Uil11lJ~UI'W lJ~U 'V'l'lJ 11lJ~ln~'j'V'l'j U tiu~mJW~IUU 1~ fl" lJ'lJUW,jUlff'U 
" 'U • 

1 d'\J1'j)dl ~ ~J ~ ~d~ J .;"
(I'I'1iJu l~ 91 ~'tIU1~1l,,~m1lJ" fl'tltJ~~'V'l~ UlJ~I'V'llJ'tIU'PI1lJiJ'j mw fI11lJ'Jj'U'I'1l'V'llJm fl'tlU lJU m ~'1'1 ~ 

nlJ~1 IlUIU U flri lJ 1 '11 ru~n iJ ~ 2.11 ~~iff111lJ ~U UH" ~tl tl'PI 'j 1flU 'j ~l'I1 (I'tItl ~~ 1111"~ m(llU 
• U 'U 

~ rI 'j) 0 '<j/ 1 1 dod ~ ~ OJ 0 d \J1 'j) d d
ffU,,~mtl'V'ltJmlJtJ'j tlll'11flUUUlffU (I U'lJ'j'j(llfllfl'l'1lJil11lJ'Jj'Um 'PI1l'11,,~m(l'l'1'j~l'I1(1I~I'j1f)lJ~ 
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., ., 
(n) fl111J9fU < 25 % '"('tI) fl111J'l5U 31-38 % 

., ., 
(fl) fl111J'l5U'" 40-45 % '"(.:I) fl111J'l5U 50-59 % 

., 
(\I) fl111J9fU 60-72 % 

~U~ 2.1111ft'~WH'1't1tl.:lfl111J~U~l.:l C) ~ih·H'I~m1n'lolru::;'tItl.:llft''Ulv ~1J1 : [14] 

2.3.4 ~fllJW::;H~::;~'l.h\.:I'Uf),mf'U'l'.l'Ull'U (Nanofiber morphology) 

lntl 'ff f11 1::; 1'W f)l 'j Vl1 n 'j::;U 1'W f)l 'j ~'U! ft''U lv~ 1V1vJYl1'fff1 ~llU~ V'U 1U\I::; Vl11..rl~ ~n'lol ru::;ll~::; 'j tJi 1.:1 
" 

'tItl.:llft''U lvu11 'U~u~n~l.:1i1W)tln 1'!J U\lllV1J1.:1tlVl.:l~fl111Jam~''U .fii1Uf)l'j !n~l~~iJ~ iwft''U iv~.:I~ 
I lfj'j) iJ 3J iJ 'lIJ. c:: 'j) Q,I.d I ~ .& iJI 

nm1 ldlW1't11.:l~'U tlUl.:l l'jn~l1J 'j'!JllUU'tItl.:lHl''Uivu.:I1JlJlnn11UU 'l5.:1ium::;U1unUU'Ulft''Wiv
" 
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, 
~ 1 """" 2.3.4.1 !i:T~ tJ'YI1J'n"l1~ (Porous nanofibers)

'II 4 

tff'W '1t1~iitl'l~'Wtn~1)lnfll'j ~iitr;J1lJ4'W '1m~'wh:jm~'lJ1'\.lOuthJlff'W '1t1~1t1 '1vJVh ffO\Pl ll~mh:j '1 'j ~ 

\Pl1lJ cJ'lmh~tI~u~ii~Hnl1i,rtn~'jl'l'julUtff'Wlt1u1luBn~1t1 
'II • 

• I~ " 'I d"" 'I \I] "i "" d1U'YI 2.12 Uff~'ltffU ~tI'Vlm'Y'l'jU'Utl'lff1'j(1~(11UPLLA AU A~f1(1tl A'jlJl'VlU 'VllJl : [3] 
'II... 

'1 , ~ 

~ .etClv ~ ctv iI .q .Clt,

2.3.4.2 I[l'U tJ'YI1JM1:lW~U1J'W'l11tl1JM1:lW~f1t'11tJnJ1J~ (Flattened or ribbon-like fibers) 

IffU 'tI~nfJ tU~ifln~ 1) 1n fll 'j '1 '*ff f111~'un 1'j l'11 m ~1J 1U n 1'j ~UtffU lt1~ 1U i'Vl~ 1ffO\Pl~ ul1'WtlU ~ '1 

fll'j ln~ ~nfJtU ~t'lfuift'cttl '1 lJl 1)1 ml\Pl 'j 1nu 'j ~l'l1 U'Utl'l~1l'11fl~fl1U '1 U 'j nl11'lm ~'lJ 1'14 n 1'j ~UlffU'U 

~1ul'Vl~lffO\Pl 

.1'" " 'I i1 "'I" \I] • .I_~ "'" d "" ~ d
~u'YI2.13 Uff~'llffU I(1)lnm~'lJ1Ufll'juutffU IU~1U l'I"H'llffft\Pl'Utl'l PYA 'VllJflnfJtU~U'lJU 'VllJl : [3] 

ri·nrr'lJlffU'u~ii~nfJtU~u'lJu'Utl.:j PYA ifln~~U1)lnfll'jH PYA ~iiJllnrnllJlflQflUfl~fI11lJ 

t'lllJ'Il'Wff'l 'I'll,,rr)'\Pl'j 1f11'j 'j ~l'l1 u'U tl.:jJ1~1c~11l'W~Tvi1fl~ fl1Ufl~ fl'l l~tl'l1)l niifl11lJ'I'n1~ff '1 l'1 l' ,rlffU
'II 'II 

'U~l'~'liUcJ'llnncJ'liifl11lJ4Utl~~'l~'l'1u~~~~ln'U~nfJtU~ll'lJU"1 t~tl'l1)lf1ln~nUm~U'Vln ff1U 

nfl lnf11'j In~tffU'u~ii~nfJtU~tHllt1~'lJ'dutlff~'l'mU~2.14 
'II 
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( ) 

111 fJ~ 1J~ 2. 14 ~1J ~!dlll ~1'HU l'IJtl·nnHl~ rllfJ'YHl ilUJtl {~~ ·HltlfJ1J111 ~ ijm 'l 'l ~ L1HJ'lJtl;j~ 'nl1"~ rllfJ 

fJrllfJ!1J'Ui'U'lJtl;jU~~1JN '1 "h'UmfJl'Uu~11J'W'lJtl~m"1tl~~;j'l1J (a) lrltl~TVllrllfJ'l ~m fJtltl fJ1I1 fJ 

II fJ'U fJrll~1I~'I'111 11vltl~ MIl1J'W"~ v7'U ~'HU 1~Yl1l~11J~ fJ'U 111 f11~fJ" lJ mnm1J'U 1~~ ~~'l1J (b) 111 mY'U 
" 

1I~fJrllfJi1Jlll'U~1Ji1;jfltl1fJ~1Jfi'W~;j~1J (c) lw~'1'U1Jl~mWtl111ijfJ1'llfiYlvltll~fJ '1 ~'U~'IJtl1J~~ 2 

~l'U'lJtl~~1J,i'W~~nJ (d)... 

... 1 ~~~ v
2.3.4.3 li:Y'U tJ'YUJfl..Jfl1'Utf1'IJ1 (Branched fibers) 

g) d.c1~ ~ IfJ ~ Q.I ~ 'j) ~ ~ ~ g) w c:i 
I'CY'U ifJ'YllJ fJ;j n 1'U 'CY1 'II 1 IYl 'ill n m 'lIW n \9l1tltl n lJ 111J 'Ul 'CY'WW fJ1I1 fJ~'U NI'll tl;j I'CY'U 'H" fJ'IJ tl;j 'CY 1'l"~" 1fJ'Yl 

~~mlfJ1J1111n'HfJYl1J'l~~ 'I'11i11i~'CY1'l"~rllfJ~vi;jtltlfJlJ1 2 'CY1fJl~fJ '1 mllJfJ11'IJtl;j'CY1'l,,~mfJ~~~ 
eLI 0 I Id ,.:9 A'.::1 

tltl nlJ 11W~ fJ1'l 'l ~ mfJ'lJtl~'fl1'Yl1"~" 1fJ1I~11J" fJ'U u1J " ~'l1J'l1 ;jlm~1J )~~'fltl'H'W ;j'H'W 1fJ~'U'Yl 

_1.:1 'j) '1 o:::.L:::t~ 'j) .::1 
~U'YI 2.1511'CYYl..Jl'CY'W fJ'YllJn~m'U'CY1'IJ1'IJtl~ Poly(urethane urea) 'Yl1J1 : [3] 
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2.3.4.4 Itf'Ul[Jfhtl'U~u'UfHl1~ (Helical fibers) 

" . , 
~ 1 "" 0 1- 11~1 0'_1 "" "" '" 1ff'U tlll'IJ'IJ'Uffl:lJl'H1'U1 u '11 'Uf1l'HH)f1Il'IJ'lJj~'IJ'IJ Microelectromechanical tl~flunf1tl'IJ11If1t11f1'IJ 

d I ..:9 j} 'i QI .<::S 0 ~ d' I ~..:::....::1 

f1U:lJtl ~111 'U1l"~ j ~ 'IJ 'IJ f1lj '\J'U ff ~ til CJf 
. 
~ lff'U tI" f1lHIJ ~'U 

"
111 'ill fil'ltl" l:IJi)j Hffm ~ 1111 ~ l'l tl "Wl1 "'U 

tltlfilCJf~ (Polyethylene oxide: PEO) n'IJl'ltlili)~i1~wlr" ivJUflWeHfI (Poly(aniline sulfonic acid) : 

4 ~ld ... 1 ~ 'jJ 'jJ I ."

PASA) l:IJi) lu "tI'Ullu"~fl1l:IJl'\J:IJ'\J'U'\Ji)~ PEO 'il~ ffl :IJlHl fl1'IJfJ:IJ'\J'U lfllff'UH1'Utl'Utlf1" N'\Ji)~ loop 

i~ 

OJ '" 2.4 UW!l1t11'Yltll (Morphology) 

'jJ .,,~ d I dl ... 'jJ 

f1"tl~~"l1jjff'Utlmf1~jtl'UU'IJ'lJffi)~mlfl (Scanning electron microscope: SEM) CJf~ IflHffjl~l1l~ 

f1ltlflll'l,f'UmmJfl":IJ~~ ml:IJUl1 'U'Ulfl111tll~'UH1'Uff'U~f1fll~j U11~fIlfl'fifl'U1l~ (Cross-sectional
• 'U <U 

shape) ~ 111 HUi)~~h~'U 'itl U,,~ml:IJl1 iJf1'\Jtl~l~'U 'ltl 

~ 0'"" <:l ~ _ 1 "I 0' 1 "'" ~ ~ 0' "I "" 
f1"tl~ ~"11 j j ff'U i) m f1~j tl'UllJ'U uj ~ ItI'I1'U:lJl f1 'U f1U fff1111fl'U mll1l~ f1U Ul'l11 tI I" 11 ~ 111 til U,,~ 

1l1t1lfflff~{~f1l1flltlffl'\Jl Il'lj l~ffl:lJlHlrii)~1M':IJtl~n'lm 1l1l'l ~f111 tIJ ~'\Ji)~1l 'IJ fll1l'j tI i 1fff Il"~ 
'U 

"'" d J 'j "I .;, 1 ' <:l II) ~~ ~ 0' i ~ 
HMl1llj~f1tl'IJ'U'U11 'U 1"11~ CJf'l :IJtll'il:IJtl~Il1'U 1~f11t1f1"tl~~"mjff'Ulijj:IJfll fI 

2.5 mflurlfn'jVl'jl'i)l~rJU~tllTtl (Characterization of nanoparticles) 

!lJ .'" .. , • •2.5.1 fltW.:J1,lfl'YI'i'if'1'J..UHfHWI'H)UUUUiHl.:JmlVl (Scanmng electron microscope: SEM) 

~ 0'"" <:l • ~I';' 'l .9 '" d ~l - 1 "I 0', 'l 'l ~ 
f1"i)~ ~"l1j j ff'U tll"f1~ j tl 'U1l'IJ'IJ fftl~ m lfl Iu'U11'U ~ 'Ulm tl~:IJ tll1lu'Uuj ~ ItI'I1'Utl tll~:IJlfi 'U f1lj '11 

tln'lJltll1~i) 11m l~M~f111tIJ~i m ~ffr l~~"mfl'U i)~ 1~q I~ i)~'illf11M' flll'l~ih11l:IJ"~I~tlfI{j~ ~tl 

ffl:lJlHHM'Ujltl"~I~tlfI'Ui)~1~q~ii'\J'Ulfi 2- 5 nm i~ ifltl'l'U'IJl~i'Uiinl~~'\Jtlltl~~ 100,000 !'vil 

j 1:IJ~~j 1l~ i~'il~iifl11:uifll1N~ f1ff ~ ii:D~ flll'l~ l~'illf1 SEM U~iifl1l :uifll'il'U f1ilml'l~ i~'ill f1 
'U 'U 

f1i:\'tl~~m1'J'Jffl1'lin:Ufll~1M'ml'lI~'UIl'IJ'IJ2 :D~ Im~iinl~~'UtlltllYltl~ 1,000 rVIl 
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v '1J cat, Q , 

2.5. J.1 lHlf)f)1'j'IJ()~mHI~~t'lYI'j'HllHIHlflYl'HI'UII1J1HY()~f)'jlYl 

f1l';l'\'h:jl'W'lJel~ SEM 1l~I~lJlllflf)l';li1el'UfI11lJ9il.:Jflfl6i,rn'UFilament ll'U().:Jril Breakdown voltage 

dt I I.:::.d d cl ~d ~ ~cl 1.J 
lVWI).:jf1l';l tl fl~tlflelfJmflfll'1';Iel'W 9i.:JI1J'tHllflfll'1';1el'Utl ~lJiJlJ (Primary electrons) el tfl fll'1 ';I el'Ulli fll'U ll~ 

\]flliu l~fJH!fl'W15(Condenser lens) l~tln'UnlJ~lfll~fll'1';1tl'Wi,rll'Ullnj'U~'Ufl.:JlJliJ':llfl'U151vJnff 

fIl'W (Objective lens) llfl~ 1vJnfffl.:Ju'U~'U.:Jl'Ul~fJ Scanning Coilll~ltl'U~l'l1.:JflUi,rihfll~fll'1';1el'W 

lrt ~el'U~ 1tl'l'i'l~'U.:jl'UU'U) ~'U1U X -Y Vlli,rln~fttytyllli fll~flmel'Ui'J~fJiJlJ ftt)!t)!llli ifll~l.,jlti 

Detector ll~IIItl fl.:jl t1'U fttytyllli fll~ fl'Yl) tlUrt IIfl~tb1tl'IJ fJl fJftt)!tylllil~m':.:j 9iel i,r';I ~uufff l.:jfll'W 

U'Ullel Cathode ray tube (CRT) l~fJ~f1l';li~.:jl'U'l'i'lltlffllJlH)'Vllll)llil~llltl';l~rllflty ~,)lltl';l3 

~ jJ I cI ... 1 o<::::t. d 0 .<::':It. cl .<::':It. 0 

rtel 1. 'IJ'Ul~lff'UN1'Utr'UfJflfll.:jufllfJel!flfll'1':iel'U 2. m~llff'IJtl.:jfllel!flfll'1':iel'U3. ~lJm~lll.:j'IJtl.:jfll 

'" '" &
fll~fll'1':itl'U ~11ltl':il1.:j 3 ~lutl':ii111~iJfI11lJftlJ~'Ui9i.:jn'Uu,,~n'U 1'lf'U 'IJ'WWllff''U~1'UfY'U6flfll.:j 

'U 

LV--.J Electron gun 

I I I I Condenser lens 

I 
DL.-_......I 

D tectors 
BSE_ 

Sample _ 

1tl~ 2.16 llff~.:j~'Ul'1tl'Uf)l':iYil.:jl'W'Utl.:jlrt~el.:j Scanning electron microscope (SEM) ~lJl : [3] 
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'~ d
lui] 2.17 mY~~!i'1H).:I Scanning electron microscope (SEM) 'VllJ1 : [3] 

2.5.2 Energy dispersive X-ray spectroscopy (EDS) 

EDS l1~B EDX !~'-II'Vli'1Ui'11'\.H111i!m1~11f'Tjtl~lJ1tlnrmJhwH·i1:lJnUI'Vli'1Ui'1 SEM l~m'Vli'1ui'1 

if'i)~~ 11'i)1~'\H:IJlillf ~iY X-ray ~ltlft.:IBBf)1J1'i)lfHY11 ~1Bcil.:I1 '-11 n,dHf1U 1 ~~:lJV.:I~htnl1 
.::::-..d .a.e:::t. " .do 0'Q

BWf1~ 1B'-I !'V'lBUBf1tl 'j'lJ1illl!ft~B.:Ii'1tl1 ~f1BU'UB.:IffU 'Vl'-l11J11!m l~l1 

!rlB ff11 ~1Bci1.:I~m ~~:lJV.:I~1tJihih~f1~ Hm 1'111'l1U!~ f1~ 'j' B'-Il1 'l~'i)lf1B~~B:lJ~~hl1'\rl'UB~ffU 

~1Bcil.:I ~~1'111'l1lj'lfB.:I11.:I!f)~~'-I ~.:I'i)~tl f1l~:lJ1 'l1!~:lJ~1tJU!~f1~'j'B'-I 'i) 1f1~'-I~ff ~fd1 1~tJf111mtJ 
~ ~ 

'V'l ".:I.:I 1'-11'-1 ~ u'UB~f~ iY X-ray BBf11J1!~BfJft'V'l"~.:I1'-1~~Hn'-l1~l111.:Ifftl1'-1~'UB.:JUI~f1~'j'B'-I~.:J 2 

1~ tJ~'V'l"-:j-:j 1'-1~! tl ft-:j BB f11J1 'i)~! ~'-I" f11J ill ~ III'V'l1 ~'Um 1iHp!'-I '1 
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~1'VIflll'I tI{'UtI~ EDS X-ray 11~ 1~fI11:IJ 1.i':lJVl'U i 'j ~ 'W:h~lI~:lJlW f ~ff X-ray ~llIri ~tIti f):lJl1 Vi uu tlU 

QJ ~ .c:t <1'lJI9J' ~ OJ.c:t 
1'H'1~~1'U 'If'U~'\ltl~~I'VIflll'ltI'j 1~1If) Lithium-drifted silicon, Solid-state device l:lJtlHff X-ray 1'If) 

m~'VIUu'U~I'VIfll~ltI{l1~iJ1.i'G!G!lW l~tI~111mh~~~~11:I'U1.i'~~h'Utl1J'rHl~~1'U'UtI~f~ff X-ray 

o I'LA !II d
2.6.1 fll'nn IU &'II't11'lfll~u'tnlU 

... '" 2.6.1.1 01U1~I'YIUlJ (Medical prostheses) 

iJf)U lff'Utl1M'H'U 11'U i~lutl{ tlUtl1U1~1 ViU:IJ~'~fntlul'iftl,ttleJtI'U l'lf'U lHltl~l~tI~I'ViU:lJ 11:I'U~'U 

1~U~1 i 11 MiJ f)U 1-M11 fttl~l~tI~IViU:IJ~iJH1'U~1'U fj'UUf)ft 1~'U'U 1~ 111tY 1I~1'U 11 11~U'U1~f1l'j1~U~ 

fll1l1 it1itll'lU1U1:lJ~~lit'U i 11~f1l'j11111if1l'j~1l1:lJl~~:lJ rill1 ful'U f)1'j'lftl :lJ1I'Il':lJ11 fttl~&~tI~~iJ'U'U 1~ 

f)ft 1~ Ilft~ '\l 'U 1~ I~ f) 11 ft tI~l~tI~ 1'ViU:lJ iJ J~ ~ 11:1 'UIIU U 'VI1~ ;1flll'lllft~ 11 fttl~ l~tI~1 ViU:IJ~ 1.i'~ Ifl 'j 1~ tI 

~'U:lJl l1fttl~l~tI~IViU:IJ'lfu~1.i'~lfln~tI'l'11:lJl111f)1ff~~11Uf)11 1l'l~I\?1\?1'j::;"mmtl'U (Dacron)" 111t1.
 
~~tIti hltlY;~'U (Polytetrafluoroethylene : PTFE) H~\?1tl1u11if)n'VItl111t1ilf) ~~11lf)H~\?1tl1U11if)U 

'VIt111 ~ iJ!l~ f)f)'h i lJ iJ f) U f19f:lJ'Uti ~1~tI~:lJl m!f) II ft~ iJ f)WW l:1Jl1-M~ 1'U Uti Uf)1111 fttl~l~tI~'lfU ~~ 
I jJ • I 

llltl ilJ'U1'U:lJlUi tliJ flU H~\?1l1 fttl~l~tI~ 1Vi U:lJVi'l'11:lJl111f)~lmtl'U 'Vilfl ~ tlUtl1U 

111'j~'U (f1t1M1111'U/fJft\j1J'U) l~tI'lf1Uft~f)U9f:IJ'UtI~l~tI~ IIft~lfI ~tlUUll1a;1'U~,~tI1~tI~ tl'U f)U~~ 

l~tlBf)tl1U 'U tlf)111mf'UyM:lJIttl1Jl~111f)'U 11'U ',~IUtI{iT~~1:lJlHI'\.h:lJl~~tlUtl1U1::;IViU:lJ l~tlft~ 

fI11 :lJ1I\?1 f)'fi 1~'j ~1111 ~f111:IJ1I ~ ~'U tI~liftIlttl'Uti ~i 1~ f1l U:IJ'U llUnu tl1U1~1Vi U:lJ~ 11::;f1~ l;j1i 111'U i1~f)1U. 

.. .
<;' , QJ a a 

2.6.1.2 1fl'i'i'i1'i'iO'i'iU1l0'iIlWIllO (Tissue template) 
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2.6.1.31tT~il~lIfHl (Wound dressing) 

!ft'U 'IU'U 1i 'Ul'lfJ~UJ'D{ ff1lJl'HlviW'l~1J'UU1~IIHft 1vlll1:U'UIi~UI911 ~ ;~'lhu 'I,rHHftl11Ul~ 1 i~Ul1fl~ 
, iI ~ iI 'I i '" lIJ dI d .d.1 _il

HH'UHltifl'YlfJ'il1fllff'U U'U1 'U'il::;lJil'l~'U'\J'U1~ 500-1,000 IlJmfJ'U 'lf~!ftfll'lfJ'Yl'il::;uflUfJ~HHft'il1fl 

", , 
2

H1Jfllil1 UTI'U liN1li~~u~ 5-100 m ;g Hft::;'lhu'l'Ufll1~~i1J'\JfJ~ll1ft1 yh 'I ,rflU 'l ,rU1'YlNN1l1U~ij 

111 ::;ff'YlllfI1l'l~I~UlJ 

iI OJ d 
2.6.1.4 ~l'U!1'lfilW'YI 

i ~UtJfl~H'tl'1t~U1ij'\J'U l~l~fll'¥h 'l~i N fllUlJ~1l6~ff11J1 1 ti~~9flJ l~~lu~'U nin!'U flU '111'uuh'U 'Yl N 

l'ltl ~llJ tl{rff''U 'IU'U 1i'U mflUl1 ~fl fll 1 ~11VI91 1 1fll1 ft::; m U'\J fJ~tl~ fI1fl'\Jtl~U 1~ 'il::; l'rilJ~'U '\JfJ ~U1l1 ~ fJ 

l'l1l1::; (Carrier) flwvil'l,rU1mj'l'U lm~ff!1~'\J'U1~'U1i 'UllJI911ijl1muill 1'li'U fJ1JfllilU1Ifll::;fJ~~N1 
~ ~ ~ 

'\Jtl..:Jlft'U 'IU'Ul i mf~U1Hft::;l'l1l1 ::;fJ~'Iml1'\JfJ~lft'U 'IU'Ul i 'U!~U1~'U tl'Utl~ ~~U1Uft::;l'l1l1::; HfflJJ 1lJ tl'U 
~ ~ ~ 

" ''I .1 iI 'I iii'" ~ "".1 'I iI ''1.1 ii' iI ~ 'il 'I ""'" fJU 'U1ulff'U tU'U1 'Ulff'UI~U1fl'UHft::;'\J'U1ul'l1l1::; tl1tlU 'U1u'YlHflmU'YlfJl1lJI911U1fJU'\J1~ 1'U fffJ~11i 
'U " 'U 'lJ <u q 'U 

f!~Vl1Ulrl'Uil1H1J1J~J!fJ~flUlJ1fl~f!f1 tl~Nl 1 ~1911m1'Ui\1m~tl~flU ri~~h'Um i~UHlft'U 'IU'Ul i 'UeJ~ 

fJ~'I 'U ~'U!~ lJJ!'U 
" 

Q dt, d _~ r ~ ~ ~ ~ til I 'j) 'j) 

fll1 lJ!mtl~'lI1Ul11U'I'ill1 1 fJ'11~tJflUtl~1 l~fllU (Protective clothing) 'il1fll'llfJ h fll1 1 fJfll'lfl'lll IlJ 'I l1!'\J 1 

tii1~ fllU~~'Yl1~fll1 l11U 'l 'il l1~ fJfll1 9flJ~1'U'YlHN1l1U Irl'U ~ ~~fl'U i 1 i ftfl 'l,rfl11lJff'U 'I 'illrl'U Vimll ~ 

'11~11 flil fJ~ i H fll u~'I ~tl'U fJ Q'l 'U iJ 'il ~'IJ'U 'I~ri 1'U !r1'Ui 1~ ~i1J ; ~ ij.,j'fJ ~1 tl~ 'I 'U flU 1::; U1Ufl11lJ~'U 
~ ,~, I 

'" 0 ~.,. "" 'I iI .,. 21 iI 'I iI 11) ••I-~ .,. 0 'I illIJ iI iI 'I i '" '" Uft::;lJ'U1l1'Uflll'llJ'\J'U Hft'\JfJ~flU 'lIl'Ylil'UflflUu'U!ff'U U~1U tl"fV'/lfftil91'Yll l11~lff'U U'U1 'U'Yl!1U~ 

i1!t1'U of'U ; ~ijm1lJl'l1'U ff ~Hfl'\J'U 1~'\JfJ~1 l~fl ",1'1,rijfl11lJJ!1'U 'Yll'Ufll 1'Yl::;ft'Yl::;ft1~'\JfJ~ff11 lflij~ 
q 'U 'lI q 

31 • I I

.1 'I iI '" iI '" , iI 'I "''I iI ~ i ~ lIJ.10

u'UlJ1 l1mfllffff~ lJfl11lJI911'U'Yll'UflU1::;U1umfllff Uft::;il11lJ'lI'U1911fl11Iff'U IU'Yl t'llfl'U ~U'Yl1Iu 
~ 
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~""~ °:'111)" "''''''''''''.1 """" 'I " f117 !'ll'lffU !VlllYl1luU !ffflnJ~ (Filter) :U'lJtJ'fifHJ :Uu7~ffl1]jfi1~ !Uf117mtJ~~~H'l~f11Hl1UYl1UflU 

i 'I1'l'lJtJ~tJlf11f1'~l U7 ~iYl1ii fil~ iu f117 m tJ~JU~UtJ~fl'lJill1:U'l~I~V'fi'lJtJ~I~U iv f117 flml'lJtJ'4fi1il 

'lJUl'fiI~flfliU~fI'lJi:u1m1:U19l7 film tJ~~tJ~iJ'lJUl'fiI~fl~tJ"l fl'lJtJ'4fi1il~~tJ~f117f1m)'lJ iif117 I~:U 

• I "" "" 'I """ "" ""'" "" '" '" 'I" "'I 1 ~ 1 " II) " .,ju7~ffl1]jfi1l'lI'l1fl'lJ1911mtJn]j'l1U~fliltJ flU 1'll'lffU IVUl UIUU ilHff71~'lJtJ~ !ffmtJ~ IUtJ~\llfl 

vfu ~ ~hl9itJu~111191 7 ~~. ~lll fl'lJtJ~I~U 1VUl1U ih1M'iJm ~tj'filf11~~~hff~ ih1M'~1mtJ~~iJl~U1vu1 
~ ~ 

1UlrlUtJ~rlU7 ~fltJ'lJffllllHlflml'lJtJ'4fi1il~iJ'lJUl'fiI~flflil 0.5 i:umtJu i'f1~ 

tJtJfli9l'~'lJtJ~iu119171\lUU7~fltJ'lJ'f11ViUl91ffftJtJfli9l'~(NP) iUI91~fltJtJfli9l'~(NO) i'fiiu119171\lU 

imtJtJfl i9l'~ (NP3) iu11917 I\lU i~tJtJfl i9l'~ (N02) i'fi iu11917 I\lU l'fitJtJfl 19l'~ (NP) i'fi iu1m I\lUII91 

II) d' ll] II) 1 "" II) d' ,,", "" "" II) " I91HBtJfll9l''fi (NP4) ll'l~ 1'fi!U 19171\lUl~UtJtJfl!9l''fi (Nps) 9l'~fflU'I1U~lfl'fi\llflf1171~1l'I1:U'lJtJ~ 

14tJl~~~I9iH "l1'l5U nl9l' rilUMU II'l~NU I~U~U tJvHhnl911:U flUIU~VUllU'l~l1HliliJ'lJtJ~ 
" .

tJtJfli9l'~'lJtJ~iu 119171\lUei'lJ~tJU:IJ1fl ll~~~UtJ~fl'lJffU:U'lViEl~u "l1'l5U iB1'fi7il1{'lJtJu 1tJ 19l'u 

• I "" •.1 d' ~""" " "" , "" d' '" ~ d'.1
ff17u7~fltJ'lJIW~9l'mY'ltJ'j IUUI91U n:umff.flll~l1N]jn:U'll'll91 l'll'U llff~tJ1l1l91V flIUUtJ~ilu7~fltJ'lJ 

~l'11i1~I'l5UflU iu~if'\l~fl~l1m~l~ i UI91~ fltJtJfl i9l'~ (NO) IW~IU 119171\lU l'fitJtJfl i9l'~ (N0 ) iUI9I~2

fltJ tJ fll9l'~I'l'lUlI nff i uiJ ~hl 'I ~ fl ~U ~~ rilU III flldmi 1U5fi~ Vl'Yl Hlil iJ fl'lJtJtJ flclll\lU 1U tJ 1f11f1'\l ~ 

IU~VUl'l'lU i U 1 1917 I\lU i'fitJtJfl i9l'~ 1l'l~iJ~'ll9itJ:U'4El6~~~'lJiHil~Hl'fi~ntJiM'lfi'fi ~'l m ~11'lJ19i tJ 
"?I 1 '" '" 3 'I .;, 1 ''''' d 1 "" l!'lJ.fll~'lJtJ~f;'!luU 7il'l1~iltJ 190 Ilg 1m (0.1 ppm) IU7~V~l1m I 'll'1 :U~l91tJ1Ul1'111V \lltJ111flff 

iU119171\lUi'fitJtJfll9l'~I.,yliu tJvl~i7nI911:U \llflf117U7~"1:U'lJtJ~tJ~rlflUtJUl:uv1'lfl ~.f1'. 2515 ~ 
'" 11)" • I' "" " '" "" ".'1 1 '" , "" "" II) 1 II) II) d'

fl~~ 1 I91lflVl !'fiff~ul1 t1~1l:U\l~:Uf11711'fi'ltJ~fl'LIf;'!ulV 7il'l1'fill'l~~'lJl1flllflff!U 19171\lU !'fitJtJfl !9l''fi 

d 31 ';'1..::::!, °GljlClo .do J 1QQ.llJ] ,QI QI 

'm~'fi'lJ 190 Ilg 1m U7~V~ 1 'll'1 m :U~'lYl1 l'I1!fl'fi'l1'ltJ'fi'l:UI91UI9IUlllfl'lJU 11l91flV~ !:Uffl:UUm~'lJ 

l'f111'l1i'fi fI~JUil17iJf11711'fifftJ'lJl9itJ iu 
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_I <! <I Q

2.8.1 ()uf1·H\Hf1'l.Jfilmf1U'l.J'l.J'Wl~Clf'W 
q 

. . '" 
11hMlJ 191TElfh ~H lJ lJ'Vl1 ft~'Vl (Passive sampler) !{J'U 1~ 'YiellftlJf11 'j H'Vl'i 'Ut:l.:Jft1'j lJ C1~fJ 'YitJ'UlUt:l'U t:l ~ 
'1 ""dgJ" ,gJ\I],IW W \l]gJ ~ 
l~IJHflft'l'l91t:l.:Jf11HYflfJ1ft11J1HHm'j!'U1LUIJ.:JftUC1~(I1IJ~~91lJ(Coating solution) l~!t:l.:J A'Ut:l1f11fY 

, ~ 'QI (V.ci d IV d I cS.l jJ Q.I Q.f..d:0 Q;' 0 

~1'U!'U1t1m~~91lJ'I'l'UlJ ft1'j C1~(I11J'I'lll11J1~ ftlJ lW ·Hllfl'l'llflU!f1lJ911CJ 1J1.:JIft'j 'ilft'UHC11'U 1911~~91lJ'I'l 

'VhtJiFl~ 1J1 01J Hfift~ J{CJ.:J flU 11fl 'j 1~MltJ'I'11 flU ftO~~~ 'il ~ l~ft1 'j C1~(I1IJH~1~~t111tJ 'I'l~ ftCJlJ II 1 

tJ~ 1J1 Wft1 'j ~ J{CJ ~ f11 'j 'I'l 'j llJ fl11lJl~mi''U ~ tJ ltJ ~.:J flU! ~1J 1~ 1J11l IMlJI9l1tJ ~ 1~tJ1 f11fYl! lJlJ'Vl1 ft~'Vl ~ 

~ tJ~ tltJ tJtJ f1'j or~ tJ~'U ~'j 1fll \J fl ft1lJ U fl t11 flrilJ m Hi lllJ l~ 1~ flU hJq~ 1J1 fl'l'11i..rhiJ{tJ.:J H 
. '" 

~!~1J1')j'lty llJJ{tJ~flU hHh ~t1llnrf1l1J1 'I'11l'Hft11J1'jtl1!m 1~M'fJWfll'VlCJ1f11fYl~IU'UlJ~I1W fl11.:J 

II (I11J~ ~ HC1 ~ ft1lJ 1'j fl'l'11 flU InlJ11m 1~ M'fJ Wfll'Vl CJ 1flfYH 1J 1J ~tJl~ CJ.:J I ~I U'U 11 (11'U1 'U ~ .:J19l1tJ VH 

CJtJmW'Vl1ft~l'~Hft~.:JM~~'jtJ~2.19. ~ 

.Iet ,I "'~ ... d
~u'YI 2.]9 Hft~.:JtJumW!fllJtJ1f11fYHlJlJ'Vl1ft9l'Vl'I'l1J1 : [6] 

'" . 
tJtJ m WIMlJtJ1 f11fY'l5'U~i1tJ1ftlJll rifl f11'j 'I'11.:J1'U CJ ~N~llJ 1~ IJCJ 1ftlJflU!l'Vl i 'il1fllJ~ I1W 'Yi~fl11lJ!~lJ~'U 

'UCJ~Hfi ftft.:J ltJrilJ~ nw ~ ~fl11lJI~lJ~'U 'U CJ~Hfi ft~ 1 1~IJ Hftu C1~(I1IJ~~9TlJ~mlJ1~ftlJIYltJ~~9TlJ 
~ ~ ~ ~ 

!lnft~~CJ.:Jf11'j91n'il1~H llC1~~9l1"hlJ (Screen) ~'I'11'il1f1l11~fll~ ft'UlJ!YlCJ O'U~'UHC1~Il~'U mtJ.:JIYlCJ. 
C1~ flU N'U H1'U 'UCJ.:JCJ1f11fY (Turbulent) lJ~ I1W ~1'U llUl'litJ.:Jlil~I~CJln~f11 'j!l'Vl i (Diffusion) 'il~'I'11i..r 

!lfift~YJ.:J m ~ 'il11JCJ vi 'U CJ 1f11fYtl fl~~9TlJlJ'U fl 'j ~~ 1fJ m CJ.:J 
<II 'lJ ~ 'U 
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1'u fll'j Inmi1iHhmnff''U 1 ~'j 11l'U l'fliH)t119l'~i 'UU 'j 'j rnfllfY1 'fI£l111 'Vi 1ff9lvn!'U ff11m t1 i ~ffn (l~m£l 
QJ Ad .J ~ cfJ OJ ~ A d ~ ~ ~ A 

'fI'fI9l'U'I1 (l1£llh ~ Ifl'YIIl(l~'I1(l1£l11i fll 'j 9l' ~'YI ~'U 'U'U flUli'l'iiJ ~ :IHJ 'YI i '!f1'U fll'j \PI 'j 111 1 li'l'i 1~'I1 'I111h:lJlW 
" . . " 
Jl1 £l eJi ~ ff1:1Jl 'j t1 Uff'fl ~ I Jli 'U 'iln H l1 2.3 1'f1 £l i 'U ~ 1'U1,j£lUll ~ ff1:un t1 Hff1 'j (l~ (l1 £l Hff:lJ'j ~ '111 H 

19l'1~£l:Ulfl'fl'jiJfll9l'~ (NaOH) ll(l~ hl~£l:UliJ1iJ''fI~ (NaI) 

~'U \PIiJ'U I'U fll'j~'fI~U unffl 'U 1 'il'j 11l'U1'fI'U 'Ut1 I 9l'~lfi'fl1l1 flfll'j lfi'flU ijfijEll fl'U 'j ~'I11Hllnff I 'U 1'il 'j 11l'U 

I 'fI iJiJt119l'~i'U ill fllfY flU 19l' l~ £l:U I fl'fl'j iJ t1 I 9l'~ ~ ~l r1'U ~1'f1'f1~U unff I 'U 1 'il'j III 'U I 'fIiJ'U t119l'~ 1'f1 £lU 
'" ." " 

19l'1~£l:U'iJ 1 iJ 1'fI~l1j'U~1iJiJt19fI'flffltf",uiJ~1 'Utu'UiJ~ l'U l\PI'j '1'1 (N02"> uijfijfl1l11fi'fl~'Ull~l1j'U~~u 

3 I 

. " . 
llliJlff~ 11 ft'U fln I~U~1iJ~1~l'UiJ1fllfYU~1~1fl(l1~l1'f1'f1~Uunffl 'U 1'il'j 11l'U l'fIiJ'Ut1'9l'~ll~iJ~I'U'j u'UiJ~ 

(HNO) 1l1t1'U'U1l~'U1ffn(l~(l1£l'YIcrfl'flI'flIU11m1~'I1'111f111:U1'U:U'U'U'UiJ~1'U 1\PI'j'YI 9l'n1i'YIcr~'fI1fl 

" " " 
''U I~'j 'I'11l~t1m11I U fffl'fl 

" 
(Extraction) 1 'fI£lI ~J1 t1~'U ~~, 'U I~'j 'I'1ll~'UUl'U 'j u'UiJ~m'fll 'U\PI1ff 

" '" 
~ .od (l d QJ lJ) ~lJ) ~ fI ~ ~ lJ) 111 fI .oJ ~d d 

U(l~'j lf11\)t1fliJ 111'1111 HIO'flft (Colorimetric) 1'f1£lU1cr1'j (l~(l1£l~ crfl'flMlu'I11uijfij rn flU crl'j (l~(ll£l 

m'fl~mhu~t1 (Sulphanilic acid) ~~ll~t1(l1mil'Ult1ftiJI'fIiJ~19l'IU£l:U (Diazonium salt) U(l~ lflftiJ 

l'fIiJ ~ 19l'luu:u 'I111J ijojU1fl'\Jl~'U '11l1 ~ U'U 'Vim~'U l'fIillU'U''fI Ifl1 'fI 'jfl(liJ h~ (N-l-napthylethylene 

,It ~ 0 131"" cl l!)31'~:" cl31 '1 .J 
diamine dihydrochloride) (IU'U\PI1'Y11 'I1lfl'flcr) 1l~ 1'fl'l1:IJYl~t1'!f'U'UiJ~cr1'jcrUiJ:UliJ!9l' (Azo dye) 9l'~1l~ 

. " 
iJ ft'!f:U~ 1 'fI UfI11:U1~ :U'UiJ~ ftll~lil'U ui]mflflu fI11:U1~:U~'U'UiJ~1'U l'il'j '1'11 'U~1'U~H tli]fij rnl110'fl~'U 

I 'jJ I jI I 

lil'U~~'jUl1 2.20 'I1ft~1l1t1U'UU1cr1'j(l~(llUl1iJftU1U1'f1fi1t11'j'fl'flt1ft'Ullff~Jl1UlflriJ~
" '" 

Spectrophotometer ~'U 1U 
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'liil~'Utl'H)UmW. ~fl'l:lW:::'Utl,uhtiJ~ 
t'Yl'H'l:::i'll(J 

~~ciu.. 
Palmes-Type 

Diffusion Tube 
Open TEA 

Blatter 

Diffusion Tube 
Open Not reported 

Ferrn Badge 
Steel grid and Teflon 

membrane 

NaAs02Naii 

KIlNaOH 

Willems Badge PTFE membrane NaIlNaOH 

CEHALPHA PTFE membrane Under test 

Ogawa Badge Open TEA 

CSPSS Badge PTFE membrane CHEMIXTM 

Radiello Radial 

Symmetry Sampler 

Cylindrical Synthesised 

Micro porouspolyethylene 
TEA 

Krochmal Badge Polypropylene membrane TEA 

Yanagisawa Badge - TEA 

$,llf'.Jl;\lh( 
~w:.:ld 

/'-=-~'\, 

E{:)_~5 _/ '\. ..........
 
\::::.-_--..:5f/- ," ." 

~/~/J 
11 r.J 
·~-v/··,.( 

H:>':C Ie !': ,:"r.,Ll 

¥~:rtd..c:olortd 

Arc d:~'l!: 

~-[ 1-!"".pd1.1h~.t:­
E1;I~t I!!"flt-dl.am.uv 
d1hy'~ oc:l-..lon ~ 



34 

Chidchanok Mit-uppatham llfl~flW~ [13] 1~I\9l1t1:JJlff'Ulti Polyamide-6 (PA-6) hwl~m~1J1'Ufll'j 

fl'Ulff'U lt1~1t1 IvJYJ 1fffl\91 llfl~ I ~~fl'Jol1~fl'IJtJ'Iff'W i1'U 1'Yltl1~tJ ~fl'Jol1fJWff:JJU91'IJtJ'I ff1'j fl ~fl1t11'i 1'1 "1 

(fl11:JJ1'li':JJ'li''U fl11m1'U~ ll'j'l~'1~h llfl~fI1n11IvJYJ1) l~tll~ Optical scanning (OS) llfl~ Scanning 

.c:9 ,dt 'JIiJ .: ~d~': 
electron microscopy (SEM) 'If'l'J~'W1J111:JJtJfl11:JJ1'IJ:JJ'IJ'U'lJtJ'IffU fl11:JJ'I1 'U~ fl'J~I'W :JJ'IJ'Ufl~fl1t1~'1'IJ'U 

Q.I Q.I cI ~.;. iJ iJ .c:9 .e:. ~ J I 11) _~ 
\911 :JJfl11:JJff:JJ'W'Ulill1J1J Exponential Ilfl~l:JJtJI'W:JJfl11 :JJ1'IJ :JJ'IJ'U ll'j '1\91 '1~1'J~1'W :JJ'IJ'Ull\91 fll'j 'U

0 

1 IvJYi 1'J~ 

d dill.d ~ ~ .e:. J , j/ Gl dt ~ J 
fl~ fl'lI'WtI'Ilfl fl'U tJ tI ~ tI'Yl fl11:JJ 'H 'U ~\9I1'J ~ Ifl~ 'H tI~'IJ 'U 1J 'Ull~'U 'j tJ'I'j 

QJ

1J 1ff'U ltl llfl~l:JJtJ fl11:JJ'H 'U ~ff 'I'll 'U 
'IJ 

.c:9 I.e:. 1fJ ~ I d d 1fJ iJ iJ d d iJ ~.;. J d d 

'J'U tl '1fll1 flt] \91 'H tI~ 'J ~ 'H 1t1 !'!J l'H fl tJll\9ll:JJ~ 1J~llfl~ !~1 ff'U lt1'Yl1 'j tl1J tllfl11:JJ 'H 'U~m:JJ'IJ 'U1:JJ~ 1J~ 'J~ 

fl~fl'l 'IJ'U 1~lff'Ufh'Ufl''UUflfl1'1'IJtJ'I1ff'U lt1'J~ 1mu~'U llfl~ flU ~fl'Jol nfl'Hufll:JJlfl flfll'il ~tI 'W1J1m 1'J~ 
'IJ U • 

l1J iJ iJ 'jJ d I Q.I & dod iJ 'jJ J d~ .d -: Q.I 

'H 1 !~ 'J 1flfl11 :JJ1'IJ :JJ'IJ'U 'Ylll\91 fl\9ll'l fl'U'lJtJ'I PA-6 'If'l ffU fl~fl1t1'Yl:JJfll1:JJl'IJ:JJ'IJ 'U ff 'I'll 'U flfltJ:JJ'U l'H'U fl 
'IJ 

i:JJ1fl fl fl ff 'I ~'1J'U1 ff'Uf·hml''UUfl fll'l'IJ tJ'I1ff'U lt1~ I~ 'J ~ n'IJ 'U 1~ 1mu ~ '11U'U fll1:JJ ff'mimill U1J 
q cu cu u 

dt ~ ":::'1 iJ QJ ..:::."" 'j), d' iJ 9 old 

Exponential1lfl~1:JJtJl'W:JJt.lW 'H iJ:JJ 'Hfl1J ffU fl~flltl'WtJm:JJtJ'j 'J~'W1J11lff'U H1'Uij''Utlflfll'l'IJtJ'Ilff'U !tI:JJ 

d dt 0 Q.I rI~ 0 6) 'jJ d

'IJ'U1~lflflfl'l 1:JJtJ'U1ffnfl~flltl'IJtJ'I PA-6 ~ff:JJfl1J m-creso llfl~m~vJtJ'j:JJfl 'Yl11'HffUfl~fl1t1:JJfll1:JJ 

~ J iJ I rI iJ d ,J A

'H'U~1J:'1'IJ'U 1ff'U~1'Uij''Utlflfl1'1'IJtJ'I1ff'Ult1:JJ'IJ'U1~lm1!'IJ'U llfl~'J1flfll'jI\9l:JJ Inorganic salt (NaCI, LiCI 

llfl~ MgCI2) fl'l i '!Jl'U ffU fl~flltl 'J~liJ'Ufll'j lYi:JJf1lnll IvHh111'f11Jff1'j fl~flltl 1111,rO\9l'j1fll'j l'I1fl 

.;. J iJ I d' iJ d lJ] 9Jd ,J
1'W :JJ'IJ'U Iff'Um'Uij''Utlflfll'l'IJtJ'llff'U lt1'Yl !~:JJ'IJ'Ul~ lmy'IJ'U 

Deitzel llfl~ fI W~ [18] 1~~fl'Jol1Hfl'IJ tJ'Iih.ijtI'IJ tJ'I m ~ 1J l'U fl U fl 'Ul ff'U lt1~ 1 til vJYJ 1fffl \9IU~ n 
• >' 

lm '1J:Yf1 '1'IJtJ '1'U 1i'UivJl1JtJ{ i~tll~ (Poly(ethylene oxide) : PEa) lin'Ill'HUfll:JJlflfJfl 400,000 

g/mol l11:JJ 1fl~ flltll mf11U'U ff1 'j fl~fl1t1'WtJ ~1:JJtJ{~l11:JJlfffl'Jol1 i ~tlfll1:JJl'li' :JJ'li''U'IJ tJ'I J:YU fl~fl1t1'WtJ ~ 

l:JJtJ{~fffl'Jol1tJul'U'Ih'l4 ~'1 10 wt.% llfl~fll1:JJ1'i1'1ftflUlvJYJ1tJul'U'lh'l5.5 ~'1 15.0 kV 'J1flflUfffl'Jol1 
'IJ 'IJ 

'W1J 111ff'UH1'Uij''UUflfl N'lJtJ'Ilff'UlmYi:JJ~'UlrltJ J:Y1'j fl~ flltl'WtJ ~1:JJtJ{nfl11:JJl'li':JJ'li' 'U \1' 'I ~'U llfl~ fl11:JJ1'i 1'1 
I I jI. :ill 

ftflUlvJYJ 1nfi1911 1~tI'H 1flfl11 :JJ1'i1'1 ftflUlvJYJ 1nfi 1911 ~ 'J~ ntJ1,rlfim~~u~~'U U'UIff'U 1tilt! :JJ~ 'U~ 1t1 

Kenawy llfl~fltu~ [9] 1~I\9ljtl:JJlff'Ulti (Poly(ethylene-co-vinyl alcohol) : EVOH) l~tlH 

m~1J1'UflU flU! ff'U lt1~lt1 I vJYJ 1J:Yfl\91 'W1J 11'IJ'U 1~1 ff'UH 1'U fl''U Ufl fl1'1l ~ till! ~tI'IJ tJ 'IIff'U lt1nri U ~'111 1'1 
'IJ 

i • >' 
.c:9 j/ I d' dill.c:9 IQ./ 'jJ iJ 

0.2 flm tl'l 8.0 flm llfl~'IJ'U1~1J:Y'U~1'Ui;!'Utlflfll'l ~tlmfltl'IJtJ'I1J:Y'U tI'IJ'UtJ~fl1Jfl11:JJ1'IJ:JJ'IJ'U'lJtJ'I 

J:Y1 'j fl~ fl1t1 llfl~ J:Y1:JJ 1'j tll111ff'U lt1i '!J '!J'j ~ ~fl~l ~1 'U 'Yl1 '1:Jhfl1'W'Yl Nflnil'W 'YlUl ~ 
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Jll-IlYtl hJl~fJ~~lJfr"l9itli4''U~h\JtI~!tf'U'lti$11t1!l1f1'Lhl Optical microscopy (OM), Field emission 

scanning electron microscopy (FESEM), Atomoc force microscopy (AFM) lW::; Gel permeation . 
.0=9 , ~

~ 

9 <jJ I Y Cl d~
~ 

~ d 

chromatography (GPC) 1l1tlf)1'H'I'f1'llTI'lU11f1111J'lf'U !'Um'W1f11R'Utltlf111 25 % lff'U !tllI::;1Jl'l'Ufnl'l 

'j 1uii tlU U~::;lrltlf1111J4'U 'l 'Um 'j tIlf11Rmtltl11 30 % ltf'U 'ltllI::; lJi4''U~h~ lJ'i't'n'U lil~~'U ~~,f'U!rltl 
.. q 

f1111J4'U 'l'Uun tIlf)1m~1J~'Ull::;'ih 'l11'il1'U1'U~Y'l~'U !~w,h'U tr'U 6tlm~'tItI~~ Y'l~'U U~::;tlU m ::;1l1t1~1 

'tItI~'jY'l'j 'Ul~1J~'U U~::;U~Y'lU11t~lJf1111J4'Umtl~'U ffu~::;mtlll::;lJJ111l! tl l1JWtl~ff ~~'U l,itl~1l1tl 
'U ~ q 'U 

ltf'U '1t1~ lJ'j Y'l'j'U tlO1J 1tl1J1 tI ~ ~lJ~tl'll W::;~l11 ~tI'U ti'U tlOl'Yj tI~l~ mYtltI 'l'U 'j 1Ji NlW::;'tI'U 1~ U~::; lJtlU cu q 'U 'U 'U 

GPC 111J1m!tl l1Jl~fJ~fitl'UU~::;11 ~~m::;U1'U f11'j ~'Ultf'U 'ltlJl1t1 i't'l~l ffU91 Y'lU11fitl'Uu~::; 11~~ 

m::;u 1'U f)l'j ~'U!tf'U'ltlJl1t1 i 't'I~lffu91 i1JlJtlwyh~1t1ff1t119iY'ltl/;ll1JtI{'tItI~ PS 

Xinhua Zong U~::;f1W::; [19] !911t11JI1J1J!U'j'U1l1tl Amorphous [Poly (D,L-lactic acid) : PDLA] ll~::; 

Semi-crystalline [Poly (L-lactic acid) : PLLA] Jl1t1m::;U1'Uf)l'j~'U!~'U'1t1J11t1i't'l~lffU91 ff111fu 

_I "9 ~ -"'I ~ d " II) ~ 0 "'" "" "d d • ~ 9
IJ'j::; ~ tl91 !'If!IJ 'U 1 ffl'J'lf1i11Y'l11 N tlU UY'l11 tI !~ 111 f)1'j Rtl'lll Y'l U 11Jl91 tJ 'j 111J H~91 til ff'U !tl1l1tl SEM 

Y'lU 111rltJf1111Jl,j'1J,j''Ul~ 1Jff ~~'U 11::; i Jlltf'U 'ltl~!fff)tI'j m tl~'UU~::;ltf'U r·b'U R'U6tlm~lJ'tI'U WI '1 11 uJ~'U 
.. .. u . ~ ~ 

U~::;I]jtJf11 11J19i1~ fttlfr'! 't'I~ 1ff~~'U 'ih'l 11'1 ~'U~1'U R'U6tlm~lJ'IJ'U 1~ 111 uJ~'U!i'U ti'U Uri::; f)l'j!~ 1J!tliltJ 
.. .. u 

1'lil~tl1Jf1~tI h~ (NaCI) 1l::;!1I'UtlUl~1Jtl 'j::;~ 'ih 'l11'ltf'UltllJ'tI'U 1~1~'U~1'Utr'U6tl~N~lJ'tI'U1~1~ tl~~ 

U~::;r)91'j 1f)l'j i 11~'tItJ~ffn ~::;mtlY'ltJ/;l!1JtJ{ff ~~'U lldh'l11'ltf'U 'ltllJ'tI'Ul~!tf'U ~1'U R'U6tlm~~'l11 uJ~'U 
.. .. u 

i1 ~ 9 ~ II)n.l-~ "" 0 9 ~ d -"'I "'" d i "" " 
m::;U1'Uf)l'jIJ'Ulff'U !tI~1t11Y'lY'llfff,)~ 1l::;111!11 PLLA 111IJ'UH~tl 1J Tg U~::; Tm ~~~~ !~tl1!m1::;11 

1l1tl DSC U~::; X-ray lrltll~1JtIl~~'1'U!1J1Jlm'U1l::;ff11JUf,)tl~~1JrltJtli$11'U3 i1 i1J~ l111J1::;tiUf)l'j~~ 
~ . 

"" d d 
l'lftll1'j1~n1 

Chidchanok Mit-uppatham U~::;f1W::; [20] iJl!911t11Jl~'U'1t1Polyamide-6 (PA-6) i~tI'li'm::;U1'Uf)l'j 

~'U!tf'UltlJl1t1 i't'lvhffU91 lW::; iJ{fftl'lllH~'lJtJ~fftIJ !1'U111t11 ~tlfftl'lllf.!W ff1JU~'tItJ~1J'j ::;1.fl11't1t1~f1111J 

I9iHfttl6i 't'I ~1 ~ 'lM'u ti ffU~::; m tI 1~tltl11l1l::;ltl'U f1111Jfl 1~Rtl6i 't'Ivh'lfU tlU 1tl 111t1r1U 1~tI '1 i' 

Scanning electron microscopy (SEM) Y'lU111l::;'t11 '1 11'ln~f1111JU91tlI9i1~'lJtI~ffW!1'U111t1l1W::;'IJ'U1~ 

'tItI~I~'U Itl 1~tl111tl!t1'U f1111J19i1~fttlfJl 't'I ~l'lfU~~U !tf'Ultl~ H/;l91 i JllI::;lJ~tl'lltIJ::;d~I'Ultf'UUU'UU~::;lJ 

'IJ'U1~ 'lmytl11f1111JI9iNfttl6!'t'IVh'lfU~U1tl ~~lJ~fl'lltIJ::;ltl'U!tf'U tlrl1J 



36 

~ "" ~ 9 "" ""1 i i '" ~ iJ' ~ 9Baumgarten [21] i 'fl~H'l911ff'U IUVHHW~m ~ 'U fn"~ (Polyacrylonitrile) 'fl1Um~U1'UflU 'Ulff'U IU 

~ i -~ "" d 1 9 'JJi "" '" Ii] '" oj ~ 0 "" '"'fl1U 'VJl'llfffl91'U 'fltll'lf 'fl11JYl~'VJenm 11J'fl (Dimethyl formamide) lil'U911'Y11~~mUVHl~I1Je:J1ll~~ 

HI~fllJ1H~'Il e:J~iJ 'iI ~Ufi1~'l ~iJfi e:J'Il'U l'fllff'U~l'Ut!''UUflm~ lW~fl111Jtll1'1le:J~1 ff'U ~~(Jet) 1 'fluiJ'iI ~U 

mci1rl'i¢111o fl111Jl.,j' 1J.,j''U'Ile:J~ffU ~~mtl~e:J~I1Je:J{ fllmJ~u'UIl1JMff fll~m 1 tIlfllfl''IlW ~'I'11flUiJ'U 

lff'U'Iu eJ9111flU i '11 ~'Ile:J~ffU ~~mUVHl~I1Je:J{Il~~1J11J1W 'Ile:J~fl111Jfi N ftflul 'VJ~1 'ill flfll 1 fffllJ 1 

r;' c:., .<:9 'j) jJ ..<:!t d .<:!t 

'Ile:J~ffU~~~lU 1.7 Vle:JU9f (Poise) 'iI~m~~HfI~fl111Jl'll1J'Il'U20 wt.% 'I11e:J1Jfl111J'I1'U'fl'lle:J~ 

'" • d 'JJ 'JJ .c9 ~ 
ffu~~mu 215 ~e:JU9f 1l~~~U11Ylfl111Jl'll1J'Il'U'Ile:J~ffu~~mu17.5 wt.% ll~~ 20 wt.% 9f~IU'U 

fl111Jl.,j'1J.,j''U'Il e:J~ ff11 ~~m u~iJfl111J'I1U 'fl ff ~ U~'I'11 'I11'i1'1'11 ~~ mtl1 ~l'I1 Ue:J e:J fl 'ill fll ff'U 'Iu1 ~ ff1Jm wu~ 
~ ~ 

I I I 'J/ 

'1'11 'I11'1ff'U lt1ln'fl~'fl fl'U 'IlW~'I'11flUiJ'Ul ff'U 'Iu 'Il'U 1'fl'll e:J~lff'U~h'Ufl''U6flm~'Ile:J~lff'U IuliH~91 l~I'W1J1i'U 
~ 

"" d 'JJ "" iJ' 'JJ '1 'JJ Ii] n.1_~ "" 
Hongliang Jiang 1l~~flW~ [22] fl'fllJ1flUI911U1JI1J1J11J1'U'fl1t1lYlfl'UflflU 'Ulff'U IU'fl1U nm1fffl91 

I I ~ 'j/ 

~U111'flfl';IlYl1'Uff11J11f1il'U11l'Ulff'U lui¢1dje:J~~muI'UthDMSO/U1 lW~DMSO/DMF llU~flU 
d .<:!t d.c:t 'j) tf : I 'j) d

Yl'flM~lil'U 391e:J'Ufle:J 91e:J'UVl I lIfl1t11Jlff'U1U'il1fll'flfl9fllfn"'U~~mU'U1~U111ff'U'IU'iI~1J1J1J (Bead) 

'JJ d 'JJ 'JJ .J Ii] old ~ '" Ii] 'JJ1 ...
'Ue:JUVlfl111Jl'll1J'Il'U 0.75 g/ml Hp 'Il'U 11J 1l~~'YI1fllH-lff1J 1J191'UflUl'flfl'lillfn"'U l'fl 'flU91H fle:J 

'JJ I dli] 'JJ d 'JJ' '" 
Bovine serum albumin (BSA) ll~~ Lysozyme lff'U UVlI'fl'il~1J'Il'U1'fllff'Um'Ut!''Utlflm~~'fl~~ 

I'de:J~ 'il1flI1l'U flU I'Yi1J1J 1 ~~ 111'tlll ffU ~~mu 91 e:J'U ~ 2 191~ U1Jl ff'U lU'il1 fll'fl fl';IlVl1'U ~~~ 1U'I 'U 

: .c9 'JJ , ",,' oj 'JJ 9 Ii] 'JJ d 

DMSO/DMF ll~~ DMSO/'U1 9f~ DMSO 91e:J~1J1flfl11 40% m'il~iJ'Ulil'Ulff'UIUI'flll~~1911t11Jfle:J1J 

1~iY9111J1Jlmm~w:h~Hydrophilic tlU Hydrophobic fie:J l'flfl'lfllfn"'U/PLGA I'U DMSO/DMF 'iI~'I'11 

'IHff1JU~1 ~~ fl ~'Ile:J ~l ff'U 'Iu~~'U 1l~~91 e:J'U ~ 3 191~ U1Jlff'U IUl1J 'YI1fl1W91-1'fl fl'lfll Vl1 'U ll~~ I~e:J 1J 1t1~ 

llUU Photo-crosslink H DMPA 1% 11l'Ui111~1J1Jilf11U1'Y11~llff~ 1~e:J1J1Jiln1U1'Y11~llff~'Q~91!111 

1e:Jm91 (UV) 11l'Ul1m 2 1'U ~U1111J1Jlm'U5~fl~11Ji1~1J1flfl'"h 1 l$ie:J'U 
~ 

Ramakrishna 1l~~flW~ [23] i¢1H~911ff'U'Iu Poly(L-lactid-co-caprolactone) (P(LLA-CL» (70/30 

wt%) ¢11t1m~U1'UfluiJ'Ulff'U'IU¢11Ui'VJ~lffil91rl'l'fltl'l~ Dichloromethane (DCM), N,n­

dimethylformamide (DMF) ll~~ i ~ 1~'U (Pyridine) 1 'flU'iI~iJerm l'ff1'U'Ile:J~fllmff1J~Il\1l flfi1~tl'U~ 

'QW 'I11JiJ11'e:J~Il~~fl111J~'U m 1 U1fllfl' 11l'Ui1'1'11~~mUVlB~I1JB{ 1l~~U 11J1~fllJ 1ffW~1'U1Vltl1 MilO 

1~'U~1'U t!''Uuflm~'Ile:J~lff'U lt1ll~~~fllJw~~mi1B'U fl'U (Uniform) 'IlB~lff'Ult1~U11H~'Ile:J~~111iJl91B{ 

fi B fl.Wff1JU~'Il B~ ffU ~ ~~lU~B~ 11J e:J {(fl111Jl'li'1J.,j''U 'Il B ~~ e:J 11l1J B{ J11'1'11fl11J 1ft tl~. ll~ ~ 

fl111J ff11J11 tI 'I 'U fll 1 11'1 'U i 1U1'YI1~ 1 'VJ~ 1'1l B~'fI1'1'11 ~~ ~ 1U) II ~ ~ ff tl11~'IlB ~ fll H~l191 (fl111JfiN 

fffl6i 'VJ~111~~1J11J1\911'1le:J~eJ9111flWl~B'U)'Ile:J~m~U1'Ufll1 H~91 iJH~fie:Jri'w~1'U1Vltll ~ ~'iI~ff11J11fI 
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ff~ t11~hHlf-llHJ iJ'UtJ,Ul'.i ~ lJ 1'U fll'H-l~~HY''UifJ (Process map) ! ~fJ 1J~l'llJ"h ml'UtJ'Hl WffllU~'UtJ\I 

ff1'.i 'tl ~ 'tl1 fJl'ltJ ~lll tJ{1~ 'Ul'l1 '.i 1iJ l~tJ {~Ufl1111 J;h rlty i 'U fll '.i f11lJ fjll trw !1'U1'¥l fJ111 1fl fl11 ff il11 ~'U tJ\I 
" .. 

~ .r::9 ~,f'JJ QJ ~, .c:t i~i ~ 
fll 'H-l'tl ~ II 'tl~ 1J 1fl fll '.i ffflll1l'll'.i 111 l~tJ '.i 'U 1\1 ~ 'U '¥l \I 'I111~ 1J~ l'llJ 11 ffill1~ (Condition) '¥l1J ~ 'lI 'U fll '.i u'U 

'jJ 9 ~ G) 9J ~ G1 9J 'jJ 'jJ d ~ d lIJ 'jJ ~ QJ 0 cS.c:t I 0 

Iff'U lfJfltJ !'lI HM-PLLA'lS\lff1lJ1HI !'lIfI11lJl'U1I'U'U'¥l~1'¥lq'~!~1l'tl~I'tltJfl~1'¥lHl~mfJ'¥lllfl1fll'.i'U1 

. . " 
1 vlYl1Yit! \I 9f\l1J~ ff \I f-l'tll Mln~f11111'11'U111 U'U'UtJ\ltI '.i ~ ~ t! \I ~\lU'U ffl'.i 'tl~ mfJl'ltJ~llltJ{1J~ ff1lJ1 Hl~~ 

"". "1.1"1 ~ 9 ~ ~I '" 0 '" '1' ... "1 ... .,. ...;
fJ11'11'.itJ'Yj\ltJtJfl!U !~t!\I 1l'tl~1J~!'lI DCM lu'U~1m'tl~mfJ'I1'tlfl !~fJ1J~I~lI !l'l'.i~'U (Pyridine) l'VltJ 

1l4lJfhfll'.i'U11vlYl1!~fJ~~'.i1ff1'U'UtJ\I DCM/pyridine (20/80 wt.%) ~\I'l'i1iMfll'.i'tl~mfJ'UtJ\ll'ltJ~ 
"rf 'j/ 'jJ d ~ d d 0 GI 'jill) 'j/ 'jJ Gl d.c:t d ~ QJQJ d , 

11ltJ'.iffll\j'.iW 1l"~f111111'U1I'U'U'¥l~1'¥lq'~'¥lm!'I1!~lff'U !fJ'¥lll'tlflllW~'¥ll'l1l1tJ'Ufl'U(Uniform) 11m 

I '" ~ I 0' 1 d '''' 1 ~ . '" 0'1/L,1_!!i
ImfllJ I wt.% ll'tl~lff'Uf-ll'Uff'UfJfl'tlNfllfJ 'U1'UlIlmfllJ 0.21 mm, 'I1f11111~NffflfJ rrfrll 10 kV,

" 
..... 1 <I QJ 'jJ Gt ,d I d I Q.I 

~umW'.itJ\I'.i1Jlff'UIfJ (Grounded plate collector) 1J~tJ~'¥l'.i~fJ~'I11\11J1m'UlIlmfllJ10 cm ll"~ 

ff1'.i'tl~mfJl'lfJ~lllfJ{1J~U~m1fll'.illfJ'UI.,j'11UI'VhtilJ 0.1 mm/hr. 1l~1lrlm.1l1UfffJ\I TEM 1J~l'llJ11 
~ 'jJ 9 dd 'jJ r 0' d.c:t d ~ ll] 'iJ..... 1 0 d 

ff1lJ1Hm'tl~lff'U IfJ PLLA '¥lll'U'U1~lff'Uf-ll'Uff'UfJflm\l'¥lll'U'U1~I"fllJ1flflfJ !~u'.i~fflJf-l"ff11'.i1J9 nm 
" 

Park ll'tl~f1W~ [24] Mflflll1fffll1~~Ul'l1:U1~fflli'Ufll'.if-l~~Iff''Ui'U'U1!'U!~fJ1J~f-l~~llff''UlfJl'U'tlfJ'U6 

1J1flfl'.i~lJ1'U fll'.i ~'Ulff''UlfJ~1fJ lvlYl1 ff~~ ll'tl~ l'U"fJ'U 6 'U1!'UV,jm~fJ{1J~ Hhff''U ifJ'U1!'U~UIff'w-h'U 

':!'UUfl'tlN 80-200 nm 1l,,~'l'i1fll'.i'I11fhU'.i~ff'¥lll flll'll'U fll'.i mfJ\lll"~f11111~'U~'tl~"\I~fl~l'U'11 it \I 

dl l~lIJ ..::::t 'j/'jJ j,li"'~' 
'UfJ\lfll'.ifl'.ifJ\I 1J1flfll'.iffflllll'llJ1111lfJ !'U'tlfJ'U 6 :Ufl11111'U1I'U'U IS wt.% Iff'U fJ1J~1I'U'U1~lff'Uf-l1'U 

"d t .e::-dd .Jtd 'j/'j/dl 'jJ1 

,:!'UfJfl'tlHI'ij'tlfJ 80 nm ll~1J~lfl~lll~1J~lIlfllJ1fJ1l'tl~I:UfJll'lllfl11111'U1I'U'UtI\I24 wt.% Iff'Uf-ll'U 

d' 'jJ , dl I ll] l.c:t d .c:t ~ J ~ I I do

,:!'UfJflm\l'UfJ\llff'UifJ1J~f1tJfJ"l 'I1'U1t1\1 200 nm 1l~1J~ llJ:Ulll~1J~lfl~'U'U Im~lllfJ'.i~fJ~'I11\11'Ufll'.iU'U1I 

UfJfJ1J~'l'i-llMlff''U 'fJl~ lI1J1.:J'tl\l ll"~U'.i~ ff'¥lll fll'Vl i'U fll'.i fl'.i fJ \I'll fJ\I 1 'U "fJ'U 6 'U1! 'U Vlm~fJ{ uri ll'VhtilJ 

99.993 % U~~fl'"j1fl'.i~~111fl'.ifJ\I~'U1fJfJ~~11U 
" 

Ryu ll"~f1W~ [25] l~f-l~~Iff''UlfJl'U''fJ'U6 (Nylon 6) ~1fJm~1J1'Ufll'.iiJ'Ulff''UlfJ~·;lfJ'vlYl1ff~~if 
'1' 1~ ..1 0'... ,It '" 0 ... 0' "1 ~"" .,. '" '" ...
l~fJ 'lIfl'.i~Y'lmllfl (Formic acid) IU'U~1m'tl~"lfJl'lfJ'tllllfJ'.ill"~ l~ffflll1IflfJ1fl1JffW!1'U1'¥lfJ1 

" . <1.1.<::10 9 'j/ (;'j r lIJ 'jJ~ .c:t~ 

(Morphology), 'U'U1~'UtJ\I~ (Pore size), l'l'U'¥lf-l'J (Surface area) ll"~fjWfflllJ~'UfJ\lfll'.i1'I111flfff-ll'U!~ 

dllJ 'j/ r 'j/ 9J ~ d' ~ 
(Gas transport) II 'tl ~ 1J 1 fl f-l" fll '.i '¥l ~"fJ.:J '¥l I~ 1J ~ l'llJ 11 f-l "'U tJ \I f11111 I'll 11'11 'U 'U fJ\ll'lfJ m:u fJ '.i (f11111 'I1'U ~ 

'U fJ \ll'lfJ ~l:UfJ{) 1J~ Uf-l "~tJl ff''U ~1'U ff'U Ufl'tl1\l'UfJ\l1ff''U lfJfJ ~ 1\I1Il fl ll'tl ~ 'l'i 1fll '.i flflll11l411 l~11 1J ~l'llJ 11 f-l" 
" 

'j/ 1 d' 'jJ.d I ~ dA 
'UfJ\llff'Uf-ll'U ff'UfJfl'tlH'UfJ\ll ff'U ifJ1J~ 1If-l"~ fJ'U'U 1~'U fJ\I'.i, Brunauer-emmett-teller (BET) l'l'U '¥l f-l1,

" " 
"'... 1~ ~ , "1 ~ IJ]

ll'tl~fjW ffll1J~'UfJ\lfll'.i 'I111flfff-l1'U 1~'UfJ\I !'U"fJ'U 6 

" Ifl~fJ\llfl'.i ~\lU'.i~lff1iq''U [6] ll'tl~ Murad ll'tl~f1W~ [26] !~fJlfl~fJ\llfl'.i '~'l'i1fll'.ilU~fJlJlYifJlJll~'U 

"'.1 ~ ...; 9 ~ '" ~ "1 '1' "1
fl'.itJ\ltllfllff 3 'lI'U~ 1J'.i~fltJlJ~1fJ Teflon Filtrate ll'tl~ Cellulose ll'lfJ 1'lI~nu1~llflff I'U 1~'.iI1J'U l~ 
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1IJ,f <:'J <V "I!"'IJ 1IJ,f"j. I'" '" ~ d IIJ ~ '" "j '" ool "" 
t)tlf) ~'lf~Il(l~Ilf)ff'lHHntl'j !~tltlf) ~'lf~ l'Yttllu'jEJUI'VWU'tItlll(lYl ~~flUlmtl~lltJlflUtJlfl1fl"Ij"U~ Active.. 
sampler i~EJ'loMl1ml~Uf1,;ltJdl~ 3 ')j'll.l~Ul1m 3 l~tlU H(lfll'jffml1'YtuilllHumtJ~tllfllfl'~~ 3 ')j'i!~ 

~llu11ulll uhrY1fl'YI1~I~EJ1tlUtlU,j'tlll(l~~n\J1~ M i~EJrilfflHYm1Un (Correlation coefficient) ~ 
'II 

IIJ ~ "I ' .d "j .1'" '" '" .d IIJ ~ '" '1 ~ "" d'9
~~tl~ IU')j'1~ 0.82-0.85 'lf~llltJlu'jEJU1YlEJUflU Ferrn-type 'lf~ G.P.Ayer !~IMf) l'IHYlflUflU IUfll'j 

'" <:'J IIJ i IIJ 1IJ,f <:'J '" •• I!"'IJ 1IJ,f .d , IIJ ~ • .1 ,fd
~'j1\J1~Ilf)ff tU ~'jl\JU !~tltlfl !'lf~ll(l~llf)ff'lfmnt)'j t~tltJf) l'lf~ 'lf~111fll l~ 0.85 llff~nlf,JumWYl 

'1~~lll~'j )I1U 'lml'Ii'1EJ~tlU 1l(l~lrttll1..Ji EJUIl1EJUU'j ~iYYl1j fll'Yt'IJtJ~IlHU mtl~~~ 3 ')j'i!~ ~1EJ11i fll'jYl1~ 
I , , SJ 

ffil~ (ANOVA method) yh~f1Ufl11111';mju 95 % 'YtuilllHUmtl~l1~ 3 ')j'i!~ h1'ril,rEJfflftty 

~'" '" . IIJ~· "" 'l~ .1 ,fool(Significant) '1f)mflEJ~f)U ff1U Murad 1l(l~flW~ !~YI1fll'jfl'f)ll1 ')j'~lUf,JUmWlf)Utl1fllfl'IlUU 

'Yt 1 ffClf'Yt '1 U f) 11 11 fl 'j 1 ~ 11111fl11111;J mi'U 'IJ tl ~ II fi ff i tli 'lfU hlEJ ~hu f11 f)'j tl ~ tll fll fl''l ~ 

Polytetrafluorethylene (PTFE) ff1U ffl'j (I~(llEJ~'1oM~~'lfU'1U\J~tl~'1u~U'lJtl~1U1~'j l1i~EJHm~~nl 

mtl~mJU1'lf(l~i (Iff 



d. ~ <::::10 0 " <::::IoQ,l rlOQ,l

3.1.1 lmtl~'lf~ ('Ylfl'UtI~ 2 ~l11H'U~) ~'U Pl 3000 mll'Yll~l1lCltl~ 111f111 

3.1.2 lfl~tl~i'~ ('YlflUtI~ 419i1llml~) Saratorius analytic ui17'Yl ''IIlltl'U~f1Vlf111.h hi''U 

3.1.3 
dt I d <::::10 Q.I 0 Q,I 

3.1.4 lmtl~f11'Ull~lH~f1 mll'Yl VELP Sciencetifica 111f111 
d Y <::::10 <::::10<::::10 

3.1.5 m::Utlf1~l1t1111f11 (Glass syringe) 'IJ'U111 5 ~~~~191~ 

<l '" ..
3.1.6 l'IJU~l1t11 (Syringe) lUtl~ 21 

" 
3.1.7 f,!umw~tl~i'm~'U1t111UUI91~
 

3.1.7.lll~'Utl::f1i~f1'IJ'U111 12 X 12 1'll'U~IUI9I~ H'U1 0.3 1'll'U~IUI9I~
 

r <::::10 Q <::::10 

3.1.7.2 llf.l'Utl::'jUl'UtlU'IJ'U111 10 X 10 1'll'UI9IIUI9I~ 

_I .. ~ 9J 1
3.1.8 t;JlJf1HU~tl~~Ulff'U t111UUHlJ'U 

I <::::10 Q Q <::::10 'j/, <1' <::::10 

3.1.8.1 llf.l'Utl~~Ul'UtllJlJm1Utll1 26.5 1'll'UI9IIUI9I~ ll~~lff'Uf.ll'Ufl'Utlf1~H 13.5 1'll'UI9IIUI9I~ 
~ ~ 

3.1.9 m~11111'rltl~t1 

3.1.1 0 f,!umWmUfJ1Jt)I9I~lf11~ 'H~'IJtl~ffn~:;mtl 

3.1.11 lfl~tl~fhlUl1ffmJi'rlyhm ~~ ~ (25,000 VDC Hi~h Voltages) 
'j/ <1'<::::10 d , d. i1 

3.1.12 f1~tl~~~'Yl~m'Utll~f1I91~tl'UllUUfftl~m111 (Scanning Electron Microscope SEM) t1l1tl 

Hitachi i'U. S-3400N 

i1 <::::10 Q,I 0 Q,I 

3.1.13 ~mufJUm~tI1f11fl mll'Yl Sanplatec 111f111 

<::::10 <::::10 <::::10 d <::::10 

3.1.14 Q~'W~lffl9lf1'lf'Ul1'11U~tlfl 'IJ'U111 7.5 X 15 1'll'UI9IIUI9I~ 

3.1.15 lfl~tl~ijtlfflUf11191~UfI 22 (Spectronic 2i
M

) f.l~19I111t1Ui17'Yl Labomed ~ltll1 

3.1.16 lfl~tl~5~19I~11'11Uf1 

3.1.18 1l~'U f1 ~ tl ~ tl1 f11fl'lfU 111 'Yl 'rl~tl 'U lJ'IJ'U 1111 ff''U ~ 1'U fl'U 6f1 ~ N 25 iJ~ ~IUI9I ~ ll~ :;'IJ'U 111 ~ 
~ ~ 

'ulmlul9I~ 
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3.2 nnuu..!""
 

3.2.1 llHHJ'U 6lflHl AR U1llY1lf)I~fJ1l'hUtl1~ltl~ (lJ'I11'lf'U)
 

3.2.2 m~yJtl1iJfl (HCOOH) lm~ AR U1llY1 Ajax Fine Chern Ultl~
 

3.2.3 J'lU11ff1l1flltltltl'U (De-ionized water: DI)
 

3.2.4 1~I~fJlJ'~~1tlfl'~~(NaOH) lm~ AR U1llY1 Lab-Scan Ultl~
 

3.2.5 1~I~fJlJ'tl1tll~f1 (NaI) lm~ LAB U1llY1 Asia Pacific Specialty Chemicals Ultl~
 

3.2.6 1~I~fJlJl'Ul~1~(NaN02) lm~ AR U1llY1 Asia Pacific Specialty Chemicals Ultl~
 

3.2.7 llJY11'Utlft (CHPH) lm~ AR U1llY1 Ajax Fine Chern ~ltl~
 

3.2.8 m~~ftyJl'iHifl (C6H7N03S) lm~ AR U1llY1 Asia Pacific Specialty Chemicals Ultl~
 

3.2.9 m~yJtlffyJtl1fl (H
3
P04 ) lm~ AR U1llY1 Ajax Fine Chern Ultl'fl
 

3.2.10 la'U-'I1i1HI'Ul'lYiftlaY1Yi~'U '~lf)iJ'U l'fll~1'fl'Jflfttlh~(CI2HI6CI2N) lm~ AR U1llY1
 

Panreaz Ultl~
 

3.2.11 fll~''U 1~111l'U fI11lJU1q'Y1i 99.995% U1llY111l'l1flo;lltl1 (U'J~lY1fflY1fJ) Ultl~
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.c:l '4 iI 9.1
3.3.1.1 fll"iI\ll"im.Hn·H1~nl[J I~ntl~ 6 fI1UJI'Ull'U~ 15 wt.% 

i'.:lhHltltl 6 111 15 flfll 1ri1mJ11l'JtJ'lfll'Vi1JtlWI 250 :iJftftftl'll'J Ilft~l~mn'Jft~mUflHIl'l{){:iJfl 
" " 

100.00 :iJftftftl'll'J 1l"'1'\.hltJ~tI~f1111Jl~1'J{)U 50 'J{)U~{)tllVi lltlfl11ffl'Jft~mUll~ft~mUltltll'd'{) 

I~U1ntl 

.c:l VI g,I iI
3.3.1.2 fll"iI\ll"i[Jll(fl"in~nl[J I~ntl~ 6 fI1111I'Ull'U~ 20 wt.% 

i'.:lltlft{)tI 6 111 20 flill 1ri1t11J11l'JtJ'lfll'Vi1Jtllll 250 :iJftftftfl'J Ilft~l~llffl'Jft~mUfl'Jlll'l{){:iJfl 
" " 

100.00 :iJftftftl'll'J 1l"'1't111tJ~tI~ml1Jl~1'J{)U 50 'J{)U~{)tllVi lltlfl11ffl'Jft~ftlUll~ft~ftlUltltll'd'{) 

et " iI iI3.3.1.3 fll"iI\ll"i[Jll(fl"in~nl[J I~ntl~ 6 fI1111I'Ull'U~ 25 wt.% 

i'.:lltlft{)tI 6 111 25 flill 1ri1t11J11l'JtJ'lfll'Vi1Jtllll 250 :iJftftftl'll'J Ilft~l~llffl'Jft~ftlUfl'Jlll'l{){:iJfl 
" " 

~ ~~ iJ 0 111 'd. d I «=i I ~ ~ 
100.00 llftftftlVl'J IW1t11 ItJUtl'VIfl111Jl'J1HIU 50 'J{)UIVI{)tll'VI lltlfl11ffl'Jft~ftlUll~ft~ftlUlUtllt!{) 

'" ~ 11lU1fltl 

d " iii!3.3.1.4 fll"iI\ll"i[Jll(fl"in~nl[J I~atl~ 6 f11111I'Ull'U~ 30 wt.% 

i'.:lltlft{)tI 6 111 30 flill 1ri1t11J11l'J1hll'Vi1Jtllll 250 :iJftftftlVl'J Ilft~l~llffl'Jft~ftlUfl'Jlll'l{){:iJfl 
" " 

100.00 :iJftftftlVl'J 1l"'1t111tJ~tI~f111lll~1'J{)U 50 'J{)U~{)tI1Vi lltlfl11ffl'Jft~mUll~ft~mUltltlni{) 

.e:s " iii!3.3.1.5 fll"iI\ll"i[Jll(fl"in~nl[J I~ntll! 6 fI1111I'Ull'U~ 35 wt.% 

i'.:lltlft{)tI 6 111 35 flill 1ri1t11J11l'JtJ'lfll'Vi1JtI1ll 250 :iJftftftlVl'J Ilft~l~llffl'Jft~mUfl'Jlll'l{){:iJfl 
" " 

100.00 :iJ ft ftftl'll 'J II "'1thI tJiltl ~mllll~1'J {)U 50 'J {)U~{)tI lVi lltl fl11ffl'J ft~ mUll~ ft~ ftlUltltlni{) 

'" ~ 11lU1fltl 
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1) ml"llfl.:.Jfl11tll.,j'tl.,j'l!"IlthltTTHI~~1(J'lHlfll! 6 

o .Id ~ ~ ?t 
'Yllf)THlJ'ltl'Uf111lJl"IllJ'lJ'U'lJtJMTH1~mtll1J'U 15 wt.%, 20 wt.%, 25 wt.%, 30 wt.% 1I'l~ 35 wt.% 

~llmll~1J 1'fw~':i~t1~lh.:.J':i~11"h.:.JU'lltll~tl'lJtJ.:.J11'ltJ~m ':i~1.Yn t11JQ1J mw':itJ,rr1Jl'~'Uitll-tl'U 10 em 

!I'l~f111lJ~1~ffmflvlvhl1j'U 15 kV 

2) H~"Ilfl.:.Jfl11tl~Hftfl(J'vJ.yhrh,r 

111f)l':ilu~t1'Uffmflvlvhl~'U 10, 15 !I'l~ 20 

11 'ltJ~1J ':i ':i ~1.Yn t11JQumw':i tJ.:.Jf1J 1ff''U itll~'U 

wt.% 

, '.1 '" .., .1 d .., 91 1
3) H~ "Ilfl.:.Jj~(J~'I1l.:.Jj~'t111.:.J'U ~ lUI"Il tl "Ilfl.:.J 't1 ~ fl Vl1J j"HltTlj fl1J f,! 'U fl'HUj fl.:.Jj 1J ItTl! (J 

111f)l':iIU~t1'U':i~t1~liH':i~wh.:.J11'ltJ~m':i'il1.Yl':it11JtJumw':itJ.:.Jf1JIff''Uitll~'U 5, 10 !I'l~ 15 em. .
 
~llJ~l~1J 1~t1~f111tl~1.:.Jffmflvl.yhl-tl'U 20 kV 1I'l~1.Yl':i'l~'l1t1'¥ltJi'illJtJ{~f111lJl.,j'tl.,j''U20 wt.% 

... '" ,
flI~flVljfll!II1J1JtTfl.:.JfljlVl (Scanning electron microscope: SEM) 
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... _I <i".., '1 1iI _I'3.3.3.1 m'JI~'J[J:tJf,!Ufl·HU!f)'l.J~1fl[JH VIti 'lIfl'J:::Vllllfl'Jfl,;jluUl 9 

1. 111m:::mllfl'Hl~ Whatman IlHl{ I 'UtJ1VllfftuhtJijtJ6mm 25 iJll~~'i1'j ~1~~1t1J1 DI 2 f1f~ '[VIti 
.., ., 

i;;ft:IJfhJm:::Vl11lmtJ~lIfl1~1tJumfltJ{'UtJlVl 50 iJll~~'i1'j 11'li:l111 DI tJQl1~ 2 ilmfltJ{ 'i11:IJih~lJ 
., , 

2. ~1,;j~1t11:IJ'I'11tJtJll 1 f1f~ '[ VlfJftlJm :::VlUJ mtJ,;jllfl1,;j ltJumfltJ{l1ii:lI:IJ'I'11tJtJlllI'l'1tJ 

3. U1m:::Vl1ll mtJ,;j~l11fl11:IJff:::tJ1V1I1~111,;jll~'1tJtllVll'llllff~fl 1I~1U1tl1V1'1 i:l'1tJ~fI1lJ fJ:lJm 'j fJ1fllft 

flltlhi'fffll1:::m 'j tIlfllftl tJ 'fIon l1ltJ1ltJ m:::VlUJ mmlln~~,.,1'1'1 

<:l d 3J 3J '13Ji '" '" '" <:l ?I 9 3J '" 4. IfllJm:::Vl1llflHH'I'11111~lIll1 1 tJQ~l'lmff'i1fl'lftJVI'Ii'l.JlltJfllIll:::uVl !l1fftJ'I'1 

, . .. 
... _I <i".., , ~iI iI 'I It...... -"I .., 0

3.3.3.2 m'JIVI'JtI:tJ~Ufl'JWlfl'l.J~1tl[JH'YI!'lIltT~ 1[J l~ Utl~ 6 'YI:tJfl'J:::VI111fl'Jtl,;jlu~mfllil~ 

1'i1~ tI1J '[Vltl1~1 'litJl~fJ1fiWllJ 3.3.3.1 III'i HIfftJ itl'1tJMtJ 6 ~um :::VI 111 m tJ~l1:ltJ~1;1~tJlI m.! 

m:::Vl1llmtJ,;j~11U 

3.3.3.3 m'JI~1[J:tJtTnU::: Ul[J~VleU'l.J 'Vi~tltTl'j U:::Ul[J"l'l.Jfl'j:::Vl11lfl'jtl,;j (Coating solution) 

i',;j '['liI~tl:IJ1BVlHlfll'li~ 0.44 flflJ 1tJUfllfltJ{'UtllVl 25 iJll~~'i1'j IIll:::oi~ '['liI~fJ:lJltl '[tllVl~ 3.95 
., 

flflJ itJumfltl{'UtJ1Vl 25 iJll~~I'I'j ll:::llltl~1tlU1 DI l~mrtltlll~1r-H":IJll'litJ'U1V11V1U~:IJ1'i1'jlm::: 

uflJ 1H:IJlI'I 'j ~1 tII:IJ 'I'11tJtlll1l tJ ()'1~Vl1V1U~ :IJ11'1'j 

3.3.3.4 'fhfl1'JilVltT1'JU:::Ul[J~VleU'l.J'1~u~mm50 1:tJlmuVl'J U,;j1U'l.J~IU,j~~VleU'l.J'Utl,;j~Ufl'Jo1lf)'l.J 

.., , 1 '" <i - I' '" iI '1 It ...... 
. 

-", .., 
.. 
0

V11tl[JH (~'l.J'JI1Wtl~[JflUH'Utl,;jfl'J:::Vllllfl'Jtl,;jluum'JtlltT~ [J l~ Utl~'Y1 :tJfl'J:::VI111fl'J tl,;jlu~V11fl1 

o "~I r 4 IV IV ~ 'QJ3.3.3.5 ~llutTtl,;j SEM Il'ltl~'U~lVlIIU:::m'Jfl'J:::1l1[Jm'Utl'ltTl'JU:::U1[J~VlC)I'l.J(lflUfl) 'l.J~IIH~~VlC)I'l.J 

l11flU IU~ fJtJlI Ull'lfl11 :IJl,rll,rtJ'Utl~ ff1'j II :::llltlVlVl9TlJ~i;;\1 VI ll'l1UlJ 'l..JIfftJ 'ltlltJ lltltJ 6 ~u m :::Vl1ll 
'U 

m tl'll1:ltJ ~1;1~tJ '[ Vltl'1nufl11111,r:IJ,rtJ ~~lll~l~tl~'U'U 1VllIll::: fll'j m :::1l1fJ~1'Utl'lH~ mfl~tl '[Vltl '1;; 

~'I'1f1iJfI SEM 



44 

3.3.5.1 f)l'i1~1(J1J(J"Hl~tll(J~l111 ,"1f)~iT (I~1(J1J"tnhJf)~ flf~~l11f)l'i11~tl6~) 

i'lm~imhiHlf)2.00 f)flJ lI(j:;I~'U-l1dHI'UVfYim~'I'1¥i~'Ui~HJlJ'U i~i~l~'ji'l(jtlh~ 0.05 f)flJ 

''U1jf)lf)tl{~'U1~ 25 iJ(j~~~'j (j:;mtJ~1tJlr1 Dr l~mrtltJ 1I1mf'Ull1u~m~vltlftvltl7f) 2.00 iJ(j~i1~'j 
" (j'l''U~1~1~U71J1~'j~'U1~ 250 iJ(j~~~'j 1I€l'1Uf1JU71J1~'j~1tJlb Dr 1I'UB'l~~1~U71J1~'j 

3.3.5.2 f)l'iI~'i(J1J(J1'itl~tll(JI"III~(J1J'" .. ''''di'i'~~I'U1J'UU 0.05xx M'" 616 Ivt6mf)l'iltl6l1N(Jl'itl~tll(J';"0'" 

1J1~'i91U 

i'll"lll~tJlJitlltli~~ 0.1975 f)flJ ''U1jf)lf)tl{~'U1~ 25 iJ(j~i1~'j (j~mtJ~1tJJ1 Dr l~mrtltJlI€l'1Uf1J 

U71J1~'j~1tJJ1 Dr ''U~1~1~U7lJ1~'j~'U1~ 250 iJ(ji1~~'j 1I'UB'l~~1~U71J1~'j 

3.3.5.3 f)l'i1~1(J1J(J1'itl~tll(J1J1~'i91U1"111~(J1J'U'~'iJi 0.0250 M 

i'll"lll~tJlJi'Ui~Hl 0.1725 f)flJ 'l'U1jf)lf)tl{~'U1~ 25 iJ(ji1i1~'j (j~mtJ~1tJJ1 Dr l~mrtltJlI€l'1Ufu 

U71J1~'j~1tJJ1 Dr 'l'U~1~1~U7lJ1~'j~'U1~ 100 iJ(ji1i1~'j 1I'UB'l~~1~U71J1~'j 

3.3.5.4 f)l'i1~1(J1J(Jl'itl~tl1(J1J1~'i91U1"111~(J1J'U'~'iJi 50 /-lM (Working standard) 

lhu~ft1'j(j~mtJ1I1f)'li'tl3.3.5.3 U71J1~'j 0.20 iJ(ji1i1~'j (j'l'm.l1~1~U71J1~'j'tl'U1~ 100 iJ(j~i1~'j 

1I€l'1Uf1JU71J1~'j~1tJft1'j(j~mtJ l"lll~tJlJitlltll~~ 1I1f)'li'tl 3.3.5.2 1I'UB'l~~1~U71J11'1'j 

3.3.5.5 f)l 'i I~1 (J 1JmJu~~ aUUiTTH -rUIftU~16[h~lIft(J' u 1~ 'i IlIU'~66f)'"II ~ IItl~ f)l'i l1111Utl~ ri 
" , 

1. '\'hf)1'j€l'l'lIl~'U~~iml1lJ'li'tl 3.3.3.1 1I(j~ 3.3.3.2 1I1f)l!'Ul1l1l~'U~~i1Jlii~u~ft1'j(j~mtJ~~i1J(j'l 
~ ~ ~ 

lIJ.1 0 lIJ.I.I if,~ ~ Q ifQ lIJ~'l "" "" "" Q d "" 0
!U 'U1 !uu'j~f)tl1JI"II(j(j l1m1J1I(j11f11J1'If(jmf)1Jtl1f)lfl' 11 'UfN'\'jmft~f)'l1'U~'lf1J(jtli'l'l'1tlWl1.fllJ 4 C. . ~ 

2. 1.'hI'lfmfl~1Jtl1f)lfl'~1~7tJlJi111€l'1 i U~~~'l ''U~~I~UI'i1tld1'l 

3.3.5.6 f)l'i(Jf)~IIf)(J<v <:11'" , ~66f), "II~tl1f)(Jl'im6(JHlltl~IIUtl~fld <v, dU ImitlU 

" . 
1. dJ~tl'l'\'jmft~f)'l1U~~U~tJj;11l€l'11huI'Il1l Dr 5.00 iJ(ji1i1~'j (j'l1J'Ulff'U'tJi'U(jtl'UlilJm~~nlmtl'l 

Itlmi1J1~'UII(j~ m~~1'1:lmtl'lIUci1 "lll(j~ icivltl'ltl1f)lfl'tltlf)1I1f)tl'l1l~ 'lM'ftU'I'1 ucitltJii''lH I ti'U 

2. U1tl'l~1J~tli'liUfttl~~tl'l'UD1'l'f)(jl'lf11'lfUi'llfl'Ul1mi'lt '1 i1 llJ '1 

3. 11l~tl'l'\'jmft~f)'l1U~~U~tlflll€l'11hu~ ft1'j(j~mtJ1I1f)'li'tl 1. 1J1 3.00 iJ(ji1~~'j (j'll'Ul1(jtl~'I'1~(jtl'l 

4.111u~ft1'j(j~mtJ~Yh'lM',f)~iY (Coloring solution) 2.00 iJ(ji1~I'I'j (j'liU l'Ud1'lM'~1 
" " ,~""lIJ~5't '" lIJ~ .1'" 5't '" • if~ 'lllJ'''''''5. ~'l'l'1'l I1llJ'Ul1m 30 'U1'1'111~ l~ft1'j(j~mmu(jtJ'Ulu'Uft'l1lJ'\'j ft1'U1I1J(j'li'll'ltl'l ft IlJlJft 

~ 



45 

thtJ~ffl'Hl:;;~1[J:lJl~'I~1'U'lJ0'll'Ul~'jl1f111lJl,JlJ'Il'U 50 llJ1m 1lJ~ 1l1fl,JO 3.3.5.4 ll~:;;ffl'j~:;;m[J 

19f1~[JlJlO 10l~I'11l1fl,J0 3.3.5.2 ~llJ~l'jl'l~ 3.1 ~'li'U'I1~O~'V1~M'ltJ~:lJlm 10 iJ~~~~'j ll~:;;I~lJ 

ffl'j~:;;m[J~'v'hil1'ln~fftJ~:lJl~'j 2 iJ~~~m 1'U[hll~:;;i'lvf'lH 30 'U111 

'JJ 'JJ 
tJ~:lJl~'j'UO'l tJ~:lJl~'j'UO'l ffl'j~:;;m[J tJ~:lJl~'j 

f111lJl'UlJ'lJ'U 
ffl'j ~:;;m[J:lJl~'ji1'U ffl'j~:;;m[J NaI Coloring nlJff~V11[J. 

'110'1 NOz ' (J..lM) 
NOz - 50 J..lM (mL) (mL) reagent (mL) (mL) 

30 3.00 0.00 2.00 5.00 

28 2.80 0.20 2.00 5.00 

26 2.60 0.40 2.00 5.00 

24 2.40 0.60 2.00 5.00 

22 2.20 0.80 2.00 5.00 

20 2.00 1.00 2.00 5.00 

18 1.80 1.20 2.00 5.00 

16 1.60 1.40 2.00 5.00 

14 1.40 1.60 2.00 5.00 

12 1.20 1.80 2.00 5.00 

10 1.00 2.00 2.00 5.00 

8 0.80 2.20 2.00 5.00 

6 0.60 2.40 2.00 5.00 

4 0.40 2.60 2.00 5.00 

2 0.20 2.80 2.00 5.00 

0 0.00 3.00 2.00 5.00 
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'l'1lf1U I~U~1tHh .:Jllflcri 'U l\91'i I'il'U i~HH)f) i 9f~~crtlli1 \9I'i 1'ill~fJW flTYHllmff'lltJ.:Jf)'j:IJfl1 UfJ :IJ:IJflYlEl 

~i.:JtJ~1'U crtll'U ~'l'1lm'i i l.hElWUI'll\9l'i lEI g{\!'iW::; tl'U'U1.h ::;'liltJY1ff .ij.:J111~f1~.:Jl'I'll'l "1 l~u'l'1lm'i 
'J/ 'J/ 'J/ 31 

I~U~1tJVH 3 flf.:J~tJm'ifYf1E1l11~fl::;iJ'il.ijU llfl::;~1tJV1.:J 1 flf.:JI~Uflf.:Jfl::; 3 cif1 1~m~u1'U'lh.:Jl1fll 

I~U1n'U 



f1'j ~U1l.! tl1~ ~l.!l~l.! iV~1vl yJyhfti1l9l~fJiJf1'jru~u~~m)u 1U~1V (1) Ifl~tl'lnll'U~~otf'lyJyhm 'l~ '1 

(2) 'I1fltl~~~tl1rln-d'um~~'Vmill:utl{1'11tl~1'l(3) Ifl~tl'l~l.!m'ltl~~~Vl ll"~ (4) fJUf1'jru~tl'lfU!~l.! 

iv ~'l~U~ 4.2 (0) ~'l~mJtlI~'Utl'ltlUf1'jru~tl'lfU!~l.!iV~2 UUUfttll!UUlnO;'liJfl~ IW~UUU\il0'" , 

'I1lJl.! ~'ltU~ 4.1 rll'11fUil.!tl1~'Yl~"tl'lftllJ1H),y~II9l~V:UfJUf1'jrul'il'l "l il.!f1'j~U1l.!tl1~~l.!l~l.!iV 

~1v'yJyhft()19l M~'l~U~ 4.2 'I1~'lulmfl.!'Y11f11~~~i'l1'!iJl.!l~l.!iVl.! 1ll.!tltl01Jl 
" 

(fl) \ilOUUUI'1'lUO~ 

" 
(0) \ilOHUUI'1'lUfl~ ('U) \ilOHUU'I1lJl.! 

" 
('U) \ilflHUU'I1lJl.! 
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l~un f11)ulHy''WirJlJ1 h.jvilHfI~tl'JJ (Coat) 11'lJ hj'lJ'Wm~~l'fJf1H)~ i~tJm~~1'fJmtl~'il~1t1'W~1Jl 

~'W (Support) nf'WitJ'W1 i'WtlQ ml~lrltlUlhJ~lJi'WfflHl~mtJ~'il~'Vhi,rffl)O~mtJ~~'lJ'WHY'WitJ'Wll'W 
"oli]'1"?t'" "'''' d "'ao"'&"'l .1 "'I I""U'l~m~~l'fJmtl~ml1'Wl ttl tG)$llJ'W'PI1~~"l5'lJ~~)U'V1 4.3 U'l~tlm1il1'W-:lfltl f1W\J'W)Ulff'W ttJ'Wl 'W!11 

" " " 
ih1mJru~!rJ'W~'W 1'W~f1'fJW~ Nonwoven sheet 'illf1J'W~~UH'WI'ff''WitJ1,riJ'IJ'W l~!'Vhn'lJm~mEJ mtl~~ 

'H!t1'U~1~~GJi'lJffl) lJ'lYlEJ uti'1U1UH'Wl~'W 1u'Wl i 'W~~~ Mlu'H!t1'W~1~~GJi'lJ i~tJ'PI) ~~~)U~ 4.4 
'U 'U 'U 
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'j)lm'lJ~ 4.3 IW~ 4.4 'Vi 'l.J'h1:¥'Uitl'Ul hrlJ'Um~m1:lfl'H)~ihlfl1:lUl~I~'UU~'Uir'IJn~'H'U1IW~ili'IJWI 
" 

'HrtlU~ fl'l1fl i~~lt1 'lJUI ~~I1:¥'U '1t1'Ull 'U'l.J'U tlQlJl'W mJvJtlmHJ~fl1:lUl~~ltl'Ull~'U'I..m '1 ~.:j()l'j)'j)~'lJ1~ 

'H~ tlU~ fl'l1 fl i~~lt1 1l1tl~'j)lfll1:¥'U itl'l.J'U m ~m1:l m tl.:j'j)~ii m ~~ 11:l m tl~ltl'U i(1'lhtlJ1~'Utl~l'11 i 11' 

" 
'tYil'U~~ i~llfl~I-ff'U '1t1'U11 'U ili'IJ1~'Hrtll'lJ'n~ i~~lt1 ~.:j,:r'U \).:j'tY111n m.J 1i 'lJ'1~d~'U Filter membrane 

i~l'1'UYi 'lJUI~~t-ff'U '1 tI'Ul1 'U'lJ'U tlfllJl'W tlllvJtltlft'j)~'tYil'U ~~ i~U'tl tI~.:j 'j tl 4.4 ('IJ) llfl~'IJ 1~'H ~ tlll~ fl'l1fl 
" " 

i~~lt1 \).:ji(mtl'Ull~'U Filter membrane i~tl1f) \)~ilil'H1Jl~'j)~ih1JlHltl'U Filter membrane i~ 

~.:jtf.u i'U fll'j 'VI~fltl.:j<fi'fli tl'j)~ '1~1~ fll'jt111-ff'U '1t1'U11 'UYi'Ulfl~tl'l.Jl'1'l.J i tl'lJ'U m~~l1:l mtl.:j 

l'11 fllHlii~I-ff'U itl'Ull 'U llfl~fffl1:l1i(111'lJ'j ~ii ~fl~tl'IJ'U l~Ufl~ 1.'lJi l~'IJ'fl.:jt-ff'U itl ~ ~i(111'lJ'j ~fffl1:l1'j)~ 

'lJ'j ~fltl'l.J i 'lJ~1tJ m1111'li'1l'li''U'lJtl .:j'tYnfl~flltJ m11J~ 1'1 l'lfltflvJvh Ufl~'j~ tI~'l'h~'j~'H'h:J'l.JflltJt~1J'lJtl~ 

'Hfltl~m'j~'tY1'j tl'l.JiJ'lJmtlhtl.:jf'l.Jt-ff'U itl ml1t11 ','lJri'fl.:j~1tJtfl~'fl.:j SEM t~'flfffl1:l1'IJ'U1~llfl~1.'lJi 1.:j 

W "'"l Wi
'lJtl~lft''U tI'VI l~ 

~ 9 W W W , ~ d'UJ "I.'i ' ,
fll'j'VI~fltl.:j !~tI !'l5f11111t'IJ1l'IJ'U 15 wt.% f1111J~1.:jflfltl ll"fn1 10 Ufl~ 15 kV llfl~'j~tI~'H1.:j'j~'H11.:j 

'lJfl1t1l~1J'lJtl.:j'Hfltl~m'j ~'tY1'j tl'lJiJ'lJm t1h tl~f'l.Jt1:¥'Uitl 5 llfl~ 10 em 'j)1 flfll'j 'VI~fltl~'Vi'l.Jl1tritlttlltn~ 
gJ 9. d £1' d ~ V d ,d Q,I.c:2 d I 

t'tY'U !tI'U11'U'j)~1Jtft'tJ.:j~llfl~l'H'UfIl'Vi'l.J'U~lflt'l.J'Ulft''U'tY'lJ11m~'j)1t1tlQ'VI~lm'l.J CJl'.:j'Vl'j~tI~m.:j 5 em 'j)~ 

i~t -ff'U itl~[h ilifi'fl till11''1 1l1'fl.:j'j) 1flii 'j ~ tI~'VI1.:j~U'tl tI\)~ l'11 i 11'i(1l'11fl~ flltl~'flci'1'U'tY1'j 'tY~ flltlln~ fll'j
" 

"l n l"l W9 • I'" '" W '" ,~.,. • "l W W 9 '1 n I'" W
'j~l'HtI'fltlf) lU!~ l'Uu'j1JlUl'VI'U'fltl llfl~'VIm11J911.:jflf)tI 10 kV 'Vi'lJ11l~I'tY'U Itltltlflll1 'UU'j1JlW'Utltl 

"" "In.l.'i "'i w",· W i W.I III n.I.'i '" "'.1'" W "" '"0
t'Utl.:j'j)lf)ml1JUH'lJtl~'tY'Ul1JlY'll'f1'V1 'H1JfIl'Utltl 'VI1 'Hu'j~~ IY'll'f1'VI'tYnfl~flltl1Ju'j1JlW'Utltl 'j).:j1J 

~ '.1 "'W • 9W , .1 d "lWW & IIIW~ 
llH~flm~'H11~u'j~~'VI'Utltl 'tY.:j~fll'H'tY1'jfl~mtl'Vj.:jtltlf)1Jl'j)1f)uflltJt'IJ1J l~'U'fltlM CJl'.:jll'tY~.:j l~~~ 

~1'j1.:j~ 4.1 Ufl~1.'lJ~ 4.5 ~~J'U'tYfIl1~~t'H1Jl~'tY1Ji'Uf)n~~t-ff'U'1t1i'Ufltl'U6 titl f1111J~1.:jl'lfltflyJ¥l1 
I I d Q.I aI Q/ 9J.d g,J 0 

15 kV llfl~'j~tI~m.:j'j~'H':m'lJmtJt'IJll'IJtl.:j'Hfltl~m'j~'tYnf)'l.JiJ'lJmUl'jtl.:j'j'lJl{l''Uitl'VI10 em IW1'U1 

0"'"l W"l. I "" W W "l' "l. I 
{l'fIl1~'VII~ IU'VIlflnflfl1:l1mml1Jt'IJ1l'IJ'U'lJtl.:j'tYnfl~fl1tl l'Ufltl'U 6 ~tl IU 
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v v 
fl1UJl'\J~'\J'U'Hl-:l 

(;ll'H'~~l[J (;l iln~ffi,n'Ufll'i,hDI~f) lm(;ltl'U~-:l 

''U~el'U 6 (wt. %) 

~~U~lh.:l (em) 

, "''' ml:lJ~l.:lfffW (kY) 

5 

10 

5 

15 

to 

to 

10 

15 

15 5 fl'l-dtu::;lI'l::;U~:lJltu 

'J} 'i d 
1 

'J}
'IJeJ.:lHY'U U'Yl ~ 

11lf1 eJ Ull rr.:l 

U'l::;U~:lJltu 

hif1eJulIrr.:l 

IW::;U~:lJltu 

'J} 

UlN!W::; 

r 'J}, HJltulff'U 

'J} 

UlNU'l::; 

U~:lJltu 

'J} 'i 'J}
!ff'U U'UeJU 1~'U lU:lJlfl 'im!eJu 1~'U'iU:lJlf) 

, I (V d' I I (V d' 

(fl) ~::;U::;l1l.:l 5 em 1I'l~m1lJ~1.:lfYflU 10 kY ('II) ~~U::;l1l.:l 10 em U'l::;m1lJ~1.:lffflU 15 kY 

.I~ , '" .1"" 'J)'ldllJ'J} 'J}'J}d'l'J}
~u'YI4.511ff~.:l.f1WH)lUSEM 'IJeJ.:l'lfl£jtu~lI'l~u~lJ1tu'IJeJ.:l!ff'U~U'YlI~ (m1lJ!'IJlJ'IJ'U'YlI'li ]5 wt.%) 

4.3.1.2 fll'ifl f11n'Hl(;l ill1~~1'\1~1::;(;l~l'Ufll'jIVlj[J~I~~IU'i'U lVl[Jfl fll:lUHl'\Jel-:lU'il~[J~l-:l 1 ~ijm'~el 

iJ'w91'U1'Y1[Jl'\Jel.:llrY'Ul[J1'U i'lel'U 6 

"" v v IlJ
4.3.1.2.1 fll'iflf)l:l1~~'lJel-:lfl11~!'IJ~'IJ'U'lJel.:J(;l1'i~~i'l1[J1'U~el'U 6 

o 1 'I 'J} 'J} 'J} , '" ""'t •. I_~ d " 
'Yl1fll~'Yl~'leJ-:I ~U l'lifl11lJ!'IJlJ'IJ'U 15-35 wt.% fl11lJ~Nfff)U l1"Il"i1m'Yl 15 kY 1I'l~~::U~l11-:l~::l111-:l 

.1 d '" .1 " '" 'J} 'I d ''J}
umUl'IJlJ'lJeJ.:ll1'leJ~m~~ff1m'lJflumtu 10 em '\J1flf11~'Yl~'leJ-:ll'4'lJl1.fll'Vl'IJeJ.:llff'U~eJ.:l~'lJ!ff'U IUfl.:l'Yl 

1tJ1'U'leJ'U 6 ~!cIl:lJl'\J1f)f11HieJ-:I SEM '\Jdj5mltu~11I'U~'U1'U5fl£jtu::;Nonwoven mat U'l::;~fftu~l'U 

1'Yl U1~11~ fl~ 1-:1 f1'U ~fll1lJ!.,j'lJ.,j' 'U 'II eJ.:lff1 ~ 'l~ 'lltJ~l-:lf1'U 1~ tJ'Vl'lJ·h~eJm1lJ!.,j':lJ.,j''U'lJeJ-:I ffU 'l~ 'lluii 

,~~ 0 'j/i/t d' 'JJ dl~.tX'JJ .d ~ d'Q/ 

fl1!'VllJ'IJ'U '\J::'Yl1I'll 1ff'UN1'Uff1.Wflm.:l'IJtl.:llff'U1UlJml'VllJ'IJ'U~lU~.:l~ U'Yl 4.6 11'1::; 1'U flU 11fl ~ l~l1'IJ'U 1~ 
~ ~ 



51 

'lJ'" 'lJ '1 '" ltj'lJ 'lJ 'I 'I ' & '" ?t 0 ltj ''lJ •
IftlHnl-lf1''UtlfHll'l'lltl.:llff'U tlftllJ1'Hl1~ A~\JlfHft'U Atl l'Wfll'V'ltl1t1 SEM 95.:l1~11J'U\Jl'U1'WIlJ'Wtltlf111 

'" 
50 1~'W ll(;j~I~'Witl~l~tlf)l~\)~lrJ'WI~'W1t1~tl~lrJ'Wl~'WI~tl1'1 ri1'Wl~'W 1t1~~'W n'Wll"'1In~f11111lJ~1 

IrJ'WI~'W 111 uill(;j~I~'U 1t1~ijlil~iJ~ln~~'W \J~ l1J'll11J11~ llKJ'lll'IJ'U l~l~'U ~l'Wff'U6f)(;j WlJtl.:lI~'W 'ttl 
u '" 

'lJ 'lJ 
.:l) mUJl'IJlJ'IJ'W 30 wt.% 

'lJ 'lJ 
fl) mllJl'IJlJ'IJ'W 15 wt.% 

~tl 15 kY ll(;j~ 10 em) 



52 

30

"" 
~ 2j-i

); 

·i 
~ '0 ~ ~ 

~ 
~ 
~ ~i 1 '" 
~ 2l 

.~" -!~ 120 " ! 1 ....~ ,'= '5 I. ,." ~ 
E 

E.'= E. 
E .•..:£1 

-I 

... 
...... 

....7: 

25 )0 35 ~ ~ SO 55 W M 70 75 W 85 ~ 95 100 
40 45 ~ 55 60 65 711 75 80 i!5 '}(J 95 100 IOj 110 115 120 

'UlllP\INll Hltl~\.lUnflH"tJ~rNtJ10 (nm) 
"UlJ lfll~N'\l{I'UonnH'uo~uYlJ 10 (nm) 

~ ~ ~ ~ 

f) fl111J!'\J11'\J'U 15 wt.% '\J) fl11111'\J1J'\J'U 20 wt.% 

16,-----­

, . 

90 95 100 105 110 115 120 125 IJO 1)5 140 1.\5 ISO 155 160 165 170 
75 !iU !IS 90 95 100 105 110 115 1~ 125 lJO 

"\Jlftl~H1\J~OI1i\H'\l8.JtiYu'V{run) 
'U\J191liruH11... tJ\JtnflN'\JfHl~ lo(nm) 

~ ~ ~ ~ 

1'1) 1'11UJl'\J11'\J'U 25 wt.% ;j) fl111Jl'\J11'\J'U 30 wt.% 

12 

110115120 1251JO US 140]451 ~ 155161llo\SI7U In ISO 1115 )901952DI.J105210 

'\llJ UU~Hl\.. uuOmlH'\ltHIm... to (001) 

~ ~ 

'\l) fl111Jl'\J1J'\J'U 35 wt.% 

"jU~ 4.7 UJ;Y~-:Jri1f)l':im~'\l1(Jm11J~'\JtJ-:J'\J'U1~lff'U~hufl''UiJmn:l'\JtJ;jH¥'U'(J1'UIltl'U6 ~~"t1mHlI~ 
" 'U 

ttl'U Nonwoven mat ~~'UtJQf)1Jm111t.ij'11.ij''U'\JtJ-:JJ;Y1':i(\~f11(J1'U''tJ'U 6 (J;Ym1~~'~''Uf)l':i 
" "'''' 'YI~"tJ-:J'U1'1tJ 15 kY U(\~ 10 em) 

'\l1 f)iU (f)-'\l) 'Vj1J".h~fl111Jl.ij'1J.ij''U~1 "l '\l~~f)1':i m ~'\ll(J~l'\JtJ-:J'\J'U l~lff'U~l'Utr'UiJf)(ll-:J~H1'11Jf)";h 
g) ~ ~ .cd ~ ~ d Q-' ~,d' d 

fl11111'\J11'\J'U~-:J "l 'If-:J'YIfl11111'\J11'\J'U 30-35 wt.% 11f)1':im~'\l1(J~1'\JtJ-:J'\J'U1~tJ;Y'UrJ1'Utr'U(Jf)f11-:J'YIm1-:J 

lJlf) t,1tJ-:J'\l1f)~fl111Jl.ij'11.ij''U~ -:J~1111"~f11(JtJ1'\l':i~!'I1(J~linl1, 11'tff'U 'm~f) "l tf1~f)l':i 1J1':i 11J~1f)'U 

111'11'1 ~'t ff'U '(J~ ~ '\J 'U 1~ i 11 qj ~'U ~-:J,!'UtritJ 1'11111 l.ij'11.ij''U '\J tJ -:J J;YU (\ ~ (\ 1(JlJl f)~'U '\l ~ 'Vj 1J 11tff'U ~ 1'U 

.. ~ i dId ~ & ~ .J 1'jJ dQI

fl''U(Jf)f11-:J'\JtJ-:Jm'U (J'\l~lJmtlwm'Vj11'\J'U'\llf) 56 nm t1J'U 163 nm 'If-:JUJ;Y~-:J ~ ~-:J':itl'YI4.8 
'U 'U 

v 
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180
 

165
 

150 .-'" ~ E
;:>: -5 
~~ ., L35..­
'" ;:>:;r 

~\C 120 
~ ;; 
;:>: '" L05 ­;r ;r.. .. ..... 
;r (to 

-,(to 
.,'" c 90-., 

;:>: 
~ 11:- 75

-'" 
60 ­

45 -t---,...-------,-----,-----r---- ­

10 15 20 25 30 35 40 

11'1::; 10 em) 

,I'" I j} I 0' j} 9 II) ,j} ~I j} ~ j} j}

'il1fl'JlJ'I'l 4.8 'VfIJ11'\JU1~lffUmUflUUflm_J'\Jtl_JlffUIU IUMU 6 fltlU'\J1_JllJUlffU~'HflUfl11lJl'\JlJ'\JU 
'" '" 

'\Jtl_Jff1'J(l::;(llUiU(ltlU 61~um'Vn::;'li1_Jfl11lJl.,r1J.,rU~~1ff1U~fl11lJl.,rlJ.,rUff_J35 wt.% 'il::;lflumJu
'" 

j} "j j} j} II) cO , J, 9 j} j} 9 '" II) j}1I) 'cO d 
'il1fllffU~'J_J IW::;llJtlfl11lJl'\JlJ'\JU'\Jtl_Jffn(l::;(llU IU(ltlU 6 lJflllJ1fl'\JU ff_J~(l l'l1lffU IU'I'l l~ IlJlJllJ~ 

~ I 'jJ I 

do Clt, c!l j) I d' "l d j) Gl Q iii Ic!l 'JJ.:!:I I 

U~lfl~'\JUll(l::;'\JU1~lffU~lU flUUfl(lH I~Ulil (lU'\Jtl_J1 ffU IUlJ'\JUl~ 111UJ'\JU~1U IUtl_J'il1flfllfl11lJ 
'" u 

l.,rlJ.,rU ~lJ1fl~U 'il::;'1'11 111'ij ~1fl111J11 U~IYilJ~U~1U ~ _J'I'1-1 111'fll'J I~U1'VrW1U'\Jtl_Jff1U1 CJiijlJ1fl~U ~_J 

l'l-I111'ffn '1::;(11 u'W tl~~lJtl {~tl 
'" 
fl~~tHlfllJ1ff1lJn tl n~tl tlfll~ Ul~u 1u~11 UUll(l::; i~ijdj~lj~lfi~~u 

.dI ... I.:=::t. ~ " oI:::l. tid. d c!l" 0 GI 'JI Q.I 0 'JJ ~ 

IW::;1JlJ 'J 1J1 WIU tl ff1 'J 'W tl (lllJtl 'J 'I'l ~ flil ~tltl fllJ1lJ1 fl'\J U 'I'll 111 11 'I
Q.I

_J'il1 fl~ 1'1'11 'I::; mu'J::; l'I1 Ull(l 1 'il::; l'I1 (ltl 

~ Clt, d' J , , j) j} , cO "" I ~ 'JI 0 j) 9J 
IUtl'Wtl(ll1Jtl'JlJ1fl'\JU ff_J~(l 'HlffU UlJ'\JUl~'I'l mYlJ1fl'\JU IW1Ul~(l'\Jtl_Jfl11lJl'\JlJ'\JU'\Jtl_J 

ffn (l::;muiU (ltlU 6 ~i~i 1J1oM'ffml1~(l'\Jtl_Jfl111J~1_JffmJl 'Vh~h~tl itJ 

o 1 , j) I ~ ~ • .I.~ j} j} ,,; " 
'I'llfll'J'I'l~(ltl_J I~U 'lffl11lJ~1_JflflU I1'fl"ll 10-20 kV fl11lJl'\JlJ'\JUfl_J'I'l 20 wt.% U(l::;'J::;U::;11H'J::;1111_J 

.1 d ~ .1 0' '" j} 9 ,,; II) j} , 
lJ(llUl'\JlJ'\Jtl_J11(ltl~m'J~ff1'Jf)UQlJfl'JW'Jtl_J'JtHffU IUm'l'l 10 em 'il1flfll'J'I'l~(ltl_J'il::; l~il1'Wmu'\Jtl_J 

I~U 'U'il1flfln fftl_J SEM ~_J~1J~ 4.9 1l(l::;'WU11Idtlfl111J~1_JffmJll'ltl1~1oM'ij~1IYilJ~U'il::;'I'11111'I~U 
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f1) ml:IJ~HffmfhHh 20 kV 

iU~ 4.9 Hft~-:]fll~~lV SEM 'lJEl-:]ml:IJ~l-:]fff)UhHh~H(ftfll1::;~Hi'Wf)l'j'YI~'ltJ-:]iffiEl20 wt.% 

lW::; 10 em) 

.4() 45 W ~~ • ISS 10 15 tlO U 9iJ ?,S IW lOS 110 II~ 120 

\IU 'Kotlthl~1\.Jij'11Gnn11\10~lrf\llV(nJll) 

"~ ~ 55 00 M ro J~ ~ ~s w 100 IQ) 

'Ill.! 1~ltI'\IJ-~1\J'J\l6t1(\H\ltHlrfu 10 (nm) 

f1) ml:IJ~l-:]ffmJhHh 20 kV 

1U~ 4.1 0 Hft~-:]ri If)l'j f)'j ::;1l1Uml1J~'lJEl-:]'IJ'Wl~!ff'Wf-il'WfI''W6f)m-:]'lJEl-:]l'ff'W
~ ~ 

iu '1 'W 'lEl'W 6 ~)j~f)1:I\,U::; 

lU'W Nonwoven mat ~~'WtJQn1Jml1J~l-:]ffmJlyJyh~H (ftfll1::;~Hi'Wf)l'j'YI~'ltJ-:]iffiEl 

20 wt.% lW::; 10 em) 
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. " , 
111mU (fHl) 'Vltrh iifll'H!'j ~ 111fJ'\Jt:l~'\J'W1~ltfW'lfJli'lmi'lflfJ~tllJ~~,:rlJf111lJ~1~fffl6'1vl-rhlii~11~ 1li 

" 
~ t:lfJii fHl~t:l fll 'j fl 'j ~ 111 fJ'\J t:l ~ '\JlJ 1~ Ift'lJ ifJ l'l'i 1tlU H{l'\Jtl ~ f111lJ 1;JlJ;JlJ'\J tl ~ ft1'j {l~ (llfJ ll{l ~ Idtlf111lJ ~ 1~ 

. " ,
fffl6'1vl.yhli1~lJ1fl~lJl1~'Vlu,.,hlft'whlJ,:!lJ6flm~'\Jtl~lft'lJ1fJl1~ii~lm~fJ{l~{l~111fl III nm l~lJ 70 

nm ~~llft~~1~~~'ju~ 4.11 
" 

120 

-it 
;::! 

E 110 
;::! 
.~ -=.,.,. ­..... 100
'"r ;::! 

.~ 
~ .,. 
;::! ­

.,.r '".,.r 90 

r :;;:'" ., r.::
'.'"<:: '";::! 80 

-Ii: 11:' 

70 

60 

10 15 20 25 

mllJ~11ffmr (kV) 

,t • 'JJ 

111muli 4.11 'VlU"hlij't:lf111lJ~1~fffl61vlVl1lii~ii~11J1fl~lJl1~ri~H{l i,r'\J'W1~Ift'lJH1lJfllJ6mn~l~fJ 
" " 

I t I 'JI 

m~fJ'\Jt:l~Ift'lJ 1fJij~11~fl{l~~1fJ n.1t:l~111fl~1f111lJ~1~fffl6'1 vlVl1lilJ1fl~lJl1~l'111,rlfi~u 'j~ ~ 1vlVl1tltltl~ 
d Q Q ~ 0 1!iJd QI I ot:S 0 i:iJ Q ~ IV Q d' 
'YlH1'Vltl{lllJt:l'j lfJtl~ m l1lJllHH{lfl'j ~l11HU'j~ ~~ ~ l1~m mfl~flnfJ~~ 1'\Jtl~fl'j~ll ft'Vltl{lllJtl'j 

UJlJl:iJ J Q.I~ ii' ~ .d:iJ ~.dld 'jJo

tltlfllU l~fJ11'\JlJ ~~lJlJ'\JlJ1~lftlJH1lJ,:!lJfJflm~1~muM'\Jtl~lftlJ1fJl1~lJf11l{lfl{l~1l{l1'W1H{l'\Jtl~ 

gI gI II] d II] gI ~ ,~ "'11] nol.~ II] 11 gI "" ,
f111lJl'\JlJ'\JlJ'\Jtl~ftn{l~{llfJ IlJ{ltllJ 6 'Yl l~flUf111lJ~HflflfJ IYll"lllt 'lfflflEl1H{l'\Jtln~fJ~l1H 

'j~wh~umfJl~lJ'\Jtl~l1M~m'j~ftUtlUtlumw'jtl~i'1Jlft'lJifJ'\Jtl~ftu{l~mfJ1lJ{ltllJ6 ~tl1u 

"'l ".. '" ... .1 d ...:11 '14.3.1.2.3 nTHl nEl1fHl'1l0~"i~[J~l1H"i~l11Hut11[JI'lltl'llO~'I1j:H)Y1U"i"i [Jill:Y1"i nU~Uf)"iW"iO~"iUIl:Y'\..I 

'Il0~l:Y1"it1~t11[J''\..It10'\..l 6 

l'11f11'j'Yl~M~ 1~fJ1~'j~fJ~lh~'j~w:h~umfJl~lJ'\Jtl~l1{ltl~m'j~ftU tlUfJUfl'juh tl~i'Ulft'lJifJ 5-15 

em m1lJl;JlJ;JlJf1~~ 20 wt.% 1l{l~f111lJ~1~ffflillvlVl1f1~~20 kV 111flfln'Yl~{ltl~11~1~f11'Vlri1fJ'\Jtl~ 
gI i I OJ.d , ~ ,.d j}od" d J 0 'j) 'j) , 

IftlJ fJ111flflnfttl~ SEM ~~'jU'Yl 4.12 1l{l~'VlU11IlJtl'j~fJ~l1H'Yli'lflJf11l'VllJ'\JlJl1~'Yl1imftlJH1lJ 
" 

... gli"'" :II'''' gl111]gI
fllJfJflm~'\Jtl~lftlJ fJlJf11{l~{l~~1fJ ll{l~fln m ~111fJ'\Jtl~'\JlJ 1~lftlJH1lJ fllJfJfl{ll~'\Jtl~lftlJ fJ IlJ{ltllJ 6 
" " 
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f1) )~(J~lh~ 15 em 

~u~ 4.12 llfY~~m'Vlcil(J SEM 'Ut:l~)~(J~l'h~)~lr:h~tJill(Jl~1J'Ut:l~lHlt:l~m)~fYl)n1J~tJmuheJ~f1J 
. " 

~ 'I 11] "''I ~'1 "'''' lfY'U !(J'Ut:l~fYl'Jil~m(J l'Uilt:l'U 6 (fYmd~'Vl!'If !lH11n1~il'el~'UfI'el 20 wt.% Hil~ 20 kY) 

, "
... 

l , 
1O 

". 
j ~ 

l!) ".. 
~ 
0 

~ -" i 
'IS 'j " .t§ 1" 
! f' " 

~i " ~ "5 
~~ ~ 

c ~ 

90 95 100 lOS "0 115 120 125 I.~ 1.\5 l·tI) I-1S lXi 155 160 4' ~ ~ 00 M M 75 ~ 85 90 ~ 100 105 

'JlIllitlth.lHllJf!uUnf'llJ1.lfHI!fU"lti (nOl) V1J 191Irl'UH1UatJonnHltl41 lflJ lv (lUll) 

~ 45 ~ 55 ~ M ro 75 W U ~ 

""1~(.'1JIoi1\J~u6rml~\l'Nlrf\110 (1II'n) 

f1) )~(J~lh~ 15 em 

·n.J~ 4.13 HfY~~f11f)l)m~'ill(Jml1J~'Ut:l~'U'Ul~lft'U~l'Ufl'UUfml~'Ut:l~lft'U
~ ~ 

l(Jl'Uilt:l'U 6 ~~~fllJW~ 

1~'U Nonwoven mat ~~'Ut:lQnm~(J~111~)~'w:h~tJm(Jl~1J'Ut:l~l1ilt:l~m)~fYl)n1J 
if ~ ~ 'I 11] d'l ~'1 ":,,,

~tJmW)t:l~)UlfY'U!(J'Ut:l~fYl)il~m(J!'Uilt:l'U 6 (fYmd~'Vl !'If !'Uf)l)'Vl~il'el~'Uflt:l 20 wt.% 

Hil~ 20 kY) 
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1l1fl~U (fl-fl) 'VnJ11~'j~tI~l,h~ 5 em ijflnm~1l1tl~1'IJtJ~'IJ'U1~lfflHhu~'Uilmm~fl11~liitJ~1l1fl 

'j::;tI~ ri 1~ ~UtJtl1111M'lff'U 1t1[J~ llillM'~ ~ ~1111 M'lff'U lt1lJU 1lJ~1t1'Uln~1tJ'Ul ff'U 1t1~ii'IJ'U 1~ 1'11 qj~'U 
I • I I iI
 

.<:SI jJ Q.I clod iI jJ Cit .... Id 'd , .<:SI d QI
 

"lf~ 1)::; fl 'lltlfl1J flHll 'Ylfl 11lJl'IJ lJ'IJ'U ff ~ !'U 'j u'Yl 4,7 (11) ff1'U 'Yl'j ::;tI::; 'I11~lJ1fl'IJ'U ll~lJfll'j m::; 1l1tl~1'IJtJ~ 
" " 

I ,., I I 'jI I 

d Q.I Q.I ~ 1 4G1 j}d I.<:SI ,'j) I r.I iI Gt d 1 .c:I 

'IJ'U1~'Ylll fl1J 'l~ ~~'U 'UllJtJ'j ~ tI::;'I11~ 'Yl !'l$lJi'lllJ1fl'IJ 'U 1l::;'W1J111ff'U fn'U fl''U tI fl'l N'IJ tJ ~l ff'U ltIlI::; lJ i'llIlHW 
" 

~ ~ IlJ 'JJ ~ .1'" 
'l~'l~1l1fl 129 nrn lU'U 60 nrn "lf~llff~~!~ ~~'ju'Yl4.14 

" 

140 

130 
;:I

.J: 120E 
~§ 5 ­.. '" 

110 
~ 

iF' 100""' ~§ 
~ ..
 
;:I GO 90 

iF'~ .. ­

80 
iF' 

C.... ""'
'" '''''" 70 

­

;:I':: 
­

11:­
.~ 60 

50 

0 5 10 15 20 

;::: tI:::";1~;:::,., 11~ \J,n til~~'lJO~'"l1O~m;~l'I'1'j 

tlUQ\Jfl'jtlhO~i'1Jll~lJ1t1(em) 

".iU~ 4.14 m1yJllff~~m1mYlJ~'U£'j::;wi1~'j::;tI::;ri1~'j~'I111~Umtll~lJ'lJtJ~'I1'ltJ~m'jllff1'jt11J 
~ . 

tJU m ru'j tJ ~f1Jlff'Ult1t1mhm ~tI'lJtJ~'IJ'Ul~'lJtJ~lffmh'Ufl''U 6fl'l1~'lJtJ~ lff'Ult11'U 'ltJ'U 6 . " . ., 
"'9 'JJ9 "'''' 

(ff.fll1~'Yl A'I$ A'Ufll'j'Yl~'ltJ~'UfltJ 20 wt.% ll'l~ 20 kV) 

1l1mU~ 4.14 'WU111rltJ'j~{/::;ri1~ii~1lJ1fl~'Uri~r'Hl'M''IJ'U1~jff'Ufoh'Ufl''U6flm~i~tlm~tI'lJtJ~lff'U'{/ii 
" " 

'G iI ~ ,d J oGljJdt ~ <Ie:. ~Q.I.c:l g)'j)

i'llmfl'l~~1t1 l'UtJ~1l1m::;tI~'I11~'YllJ1fl'IJ'U'i)::;Yl1 ! '11 UJtJ m::;ll ff'WtJ'll]JtJ'j lfl~fll'j tI~~11l~m ::;tI::;1'I1lff'U 

~ Q.I 14 lIJ 'j) J QI ~ 'j) I r.I d jJ.<:SI .c:I r d
lt1t1~~1tJtJfl !U !~lJ1fl'IJ'U ~~'U'U'IJ'U l~lff'Ufn'Ufl''Utlflm~ i ~tlllWtl'IJtJ~lff'U lt1'i)~lJi'llmfl'l~ 

" 

l'U fll'j 'Yl~'ltJ~ifll~ltl'Ufll'j i'Yml1f-j'l'IJtJ~ih~{/~h~'1 ~iif-j'l~tJ'IJ'U l~lff'Ufoh'U ~'U6 fl'll~ i ~UlU ~ tI'lJtJ~ 

lff'U 1t11'U'I tJ'U 6 1'lf'UI~tl1t1'U t1Ulh.,j'tJ 4.3.1 1l~'l'i1fll'jIU~{/'UU1fl~'~1l1flU1fl~~~Ufl~IUltJ'UU1fl 

'JJ 0: '" 
111J1J'I11J'U 1l'l::;'I1lJ'U~1t1m1lJln'jtJU 50 'jtJU/'U1'Yl 
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". II II \II
4.3.2.1 fll·H'fl1:l1fHl'Ut)-:.Ifl1UJl'UlJ'U'\.l'Uf),:jl;l1"H'~tll£J l'\.ltlf)'\.l 6 

Yl1f)l':i'Y1~HH)-:I hW'1~fI11lJl,j'lJ,j''W 15-35 wt.% fI11lJI911-:lfYnrJ1vHhfl-:l~ 15 kV ll(l~':i~{J~'},hn~'w:h-:l 

Umm~lJ'Utl-:l'Yi(ltl~m':i ~l;ll':i flU~U f1':illl':iCJ-:lfUl-ff'W 'lVfl-:l~ 10 em ~l1nf)l':i'Y1~(ltl-:l'V'lU 11il1'V'l'Utl-:ll-ff'W 

'lV!mw'W 6 ~!~lml1nnl':iritJ-:I SEM ihrmj\'u~f)l':i1i~i1V-:I~1~~~'Wfttll-ff'W'lVU~I~'Wl-ff'W'llJ1n~'W 

lmdhY\.Ui 1'Wi'Y1 Vl~ll~ nl91 1-:1 fl'U ~f111lJl,j'lJ,j''W 'U tl-:ll;ll':i (l~(l1 V191 1-:1 fl'W 1~ V'V'lU11 ~rltlfl11lJl,j'lJ,j''W 'Utl-:l 
• 'jI I 'jI • 

do 1 0<::),.:9 0 lit iJ 9J I cI <JJ d' .<::It. ..::£ V "Id'1 Q.J 

l;l1':i(l~mVlJfIll'V'llJ'U'W'il~'Y11l'Yill;l'Wf-l1'Wfl''Wvnm-:l'Utl-:lll;l'U(JlJfIll'V'llJ'U'W~1{J~-:I':iu'Y14.15 lW~f)l':i 
~ ~ 

'j) 'j) 'j) 'j) 

n) fI11lJ1'UlJ'U'W 15 wt.% 'U) f111'lJI'UlJ'U'W 20 wt.% 

'j) 'j) 'j) 'j) 

f1) fI11lJl'UlJ'U''W 25 wt.% -:I) fI11lJ1'UlJ'U'W 30 wt.% 

'j) 'j)

'I) fI11lJl'UlJ'U'W 35 wt.%
 

_I'" 0 'j) II i "''I 'j)'l
tun 4.151ll;l~-:lil1'V'lm{JSEM 'Utl'lfl11lJl'UlJ'U'W'Utl-:ll;l1':i(l~(l1t1'W(ltl'U 6 (l;lf111~'Y11'l5 'Wf)l':i'Y1~(ltl-:l 

"d""'Ufltl 15kVlm~ 10em) 
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JO ----, l5,------------------, 

.~ 
~ 
;;

'Ig
::: 
~ 
n 
c 

C 

~ 
"-.; 
~ 
~~ 
" £' 

" 

'" 
" 
10 

" 70 

I 

J 
" .. " 90 95 100 IOJ 110 115 

1J\JlilltnJr.h\Jf1U6onH'U6.J11YlJ 'ltJ (nm) 

90 95 100 IOj 110 115 11(J IB 1)0 IJj 1"'0 

w WltK\JNllJfJ1Joni'lH'Ua~llflJ'D (nm) 

145 I~ 

iJ jJ 

fl) ml1Jl'lJ1J'lJ'U 25 wt.% 
jJ iJ 

-:I) ml1Jl'lJ1J'lJ'U 30 wt.% 

" JO 

·z 
~ 25

20·z"
1 
~ g 

" 
~" 

1
20 

" 

~ ";" 
'~~ " "";; " ·t~" 

~ 10 

~ )0'5 ~ '5 
~ 

,p Eo"c ~ 5 ­

20 " 30 l) 40 4) SO " 60 " 70 35 40 ~ ~ 55 00 M m 75 ~ 85 

"\J'flln\JNllJ~6nl'lH'\Ithllii\J'lJ (11m) '\IlJ l~nlH.jl\J~·lHlflfn~'\Jtl~{~\J 10 (nm) 

iJ iJ 
f)) mllJl'lJ1J'lJ'U 15wt.% 

iJ jJ 

'lJ) ml1Jl'lJ1J'lJ'U 20 wt.% 

16 

14 

-i e: " 
" 101.; 

8 

~'I '~ 4 

c 

110 1)5 120 125 110 1.l5 140 145 150 155 160 165 170 17.5 180 

iJ jJ 

'il) mTlJl'lJ1J'lJ'U 35 wt.% 

)1J~ 4.16 1l{y~-:lr11f11':im~'illt1ml1J~'lJtl-:l'lJ'U1~rff'U~1'Ufl''U6mm'lJtl-:ll-ff'U1t11'Ucw'U 6 ~ihlf)1JW~ 
~ ~ 

ltl'U Nonwoven mat ~~'Utlcif)'Jml1Jl~1J~'U'lJtl-:l{yl':i'fl~'fllt11mw'U6 ({Ym1~~H1'UfI1':i 
~ 

" "'''' 'V1~'fltl-:l'Ufltl 15 kV lW~ 10 em) 

'illf)~1J (f)-'il) 'Vnr:h~fI111Jl~1J~'U~11 'il~iif11':i m ~'illt1~1'lJtl-:l'lJ'U1~1-ff'U~1'Uy;!'U 6f)'flH~llflU wh 
V'jI .:9 i!Q.I d ViJ d Q.I~~ V9J 

fI111Jl'lJ1J'lJ'U {y-:l1 9f-:l'il~flmtlf)Umruml1Jl'lJ1J'lJ'U'lJtl-:l':i1J'V1 4. 7 ~-:I'U'Ul1Jtlml1JI'lJ1J'lJ'U'lJtl-:l{Yl':in~nlt1 
~ ~ 

J I 9J I tI 'jJ Cit did ~ J ::'I ..d tr]CV 
lJlf)'lJ'U'il~'WU11l{Y'Um'Ufl''Utlf)m-:l'lJtl-:ll{Y'U ~t1'il~1Jml'iWtll'W1J'lJ'U'illf) 40 nm lU'U 148 nm 9f-:lll{y~-:lI~ 

~ 

~-:I':i'!J~ 4.17 
~ 
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170 

150 -

;:! 

-~ 
;:! 

,.~ .,. 
'"' i? 
cs: 
; 
i?.,. 
'"' i? 
<0 

',(TO; 

~ -c;: 

E 
-=­<0.­
;:! 

,.~ .,. 
'"':; 
~ 
C 

-<0 
;:! 
11:­

130 

110 

90 

70 

50 

30 

10 15 20 25 30 35 40 

mllJt~lJ,j\.j'J5~l'I'n<l:;l\1~ (wt%) 

, " 
'j)'" 'j) 9 Ii] "'9 'j)'l '" '" 

'U'Ul~'UtJ-:llft'UN1'Ufl''Utlfml-:l'UtJ·mY'u IfJ 1'UC1tJ'U 6 (ftm1~'l'1I'lf 'Uf11'j'l'1~,ltJ-:l'UfltJ 15 kV 
'U 

llCl~ 10 em) 

,I'" , 'j),.. 'j) 9 Ii] ~I 'j) ~ 'j) 'j)

'inmu'l'1 4.17 'YlU11'U'Ul~lft'UN1'Ufl''UfJflCll-:l'UtJ-:llft'UIfJ I'UCltJ'U 6 'iI~lu'Ulft'UI9IHflUml:lJl'UlJ'U'U'UtJ-:l 
'U 'U 

1fI "A <jJ 'JJ 1IJ.c:t , J r <jJ 'jI '1 dllJ 'JJ
ftnCl~CllfJ I'UCltJ'U 6 llCl~llJtJml:lJl'UlJ'U'U'UtJ-:lftnCl~CllfJ I'UCltJ'U 6 lJfIllJ1fl'U'U ft-:lNCl'lYilft'U fJ'l'1l~ 

lIJ Ie! d .c:t ~ J 'JJ' d d 'jI '1 '" 'l.J 9J 'JJ 0

IlJlJllJ~U~ Ifl~'U 'UllCl~'U'U l~ Ift'U Nl'U fl''UfJ flCll-:l 1~ fJm ClfJ'UtJ-:l1 ft'U fJlJ'U'U l~ 11 UJ'U'U ~1 fJ llCl1'U IN Cl 
'U U 
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, . . ~ 

~1.Hi 4.18 H'ff~Flflll'lrilti SEM 'lJil.:JfI11:lJ~1.:Jfff1U1'YhhViH('fffll1~l1i~iuf11nwl'1.'lil.:JiHiil20 wt.% 

HCl~ 10 em) 

~5 60 6.5 7(l 75 so R5 90 95 100 105 110 35 ~ 45 ~ " 00 M m 1~ W U 

'11I1WlltfUH1U~tJ6nn 1~":rHn;U 1u (11m) 1IU WtIHu~lUU\lOflnH'\lO.J1 NU '1(,1 (nm) 

M ~ U ~ 55 00 M ~ n ~ U 

l\Il'Jtllflj~lufJ\jUnnl~ltHltfu 10 (nfll) 

fI) fI11:lJ~1.:Jfff)U1yJvh 20 kY 

'nJ~ 4.19 H'ff~.:J~1f11'jm:;;'ijlt1f111:lJ~'lJtl.:J'IJ'U1~nYU~lUfYUVf1m.:J'lJil.:JnYUitilUCltlU 6 ~iJ"mjiU:;;.. .. 
11:lU Nonwoven mat ~~UtHJtl1JfI11:lJ~1.:Jfff)U1yJvh~H('fffll1~~HiUf11'j'Yl~fttl.:Jtffiil 

'U 

20 wt.% lW~ 10 em) 
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'Il1m U (fH1) 'Vnrhlhn:i m ~ 'Il1eJ'tItl'l'tllnrJHY'U1eJ~1 fHl'lfi eJ'Itl'U r1'1,!'U fI11lJ~1'1ffflV~ 1~'Il~ i~riewij 
'U 

N€'I~tlflU m ~ 'Il1eJ'tItl 'I'tI'U1rJlff'U1mvil tlU N€'I 'tItl 'I fI11lJ I;]1..1;]'U 'tItl'l ffT:i €'I~ €'I 1 eJ IW ~ Irl tl il11lJ~ 1'IffflV~ 
., .. 

1~d 1.0::9 I ~ I tI 'jI 9 .<:::t, do ?I.0::9 
'lflJil1lJ1fl'tl'U'Il~l'lU11Iff'UN1'UfY'UeJfl€'lN'tItl'llff'U!eJ'Il~lJil1m€'leJ'f'lrJ'f'l'l'lllfl80 nm IU'U 56 nm "11'1 

'U 

85 ,----------------- ------- --- ----- - ---------------- ---- ----------------- ------, 

80 

75 

70 

65 ­

60 

55 

50 +----------,------,---------,--------------1 

10 15 20 25 

ml1J\'il~~f)iJ (kY) 

'Ill m U~ 4.20 l'lU rhlrltl il11lJ~NffflViVh~l't1tl'lffU 'f'l~€'I1eJi 'U 'f'ltl'U 6 ij ri11J1fl~'U 'Il~ ri 'IN'f'l1M''tI'U1rJ 
'U 

~' 0' i d ~ 1.<:::1' d 'jI 'jI 0 'jI 'j/
Iff'U N1'U fY'UeJ fl €'I 1'1 rJ m ~ €'I eJ'tI tl 'II ff'U eJlJil11'f'l fl'f'l 'IrJ1 eJ U'f'l1'U 1 N'f'l'tltl'l il11lJl 'tIlJ'tI'U 'tItl'l1:'l'U €'I~ €'I 1 eJ 

'U 

i'U €'Itl'U 6 tlUil11lJ~ l'1ffflV1vHh i u1'*flfllm-l€'l'tltl 'I ':i ~ eJ~l'i 1'I':i ~11 i1'1U'f'llm~lJ'tI tl'll1 'f'ltlrJ1J ':i ':i ~ffU 

tlUeJUflHU':itl'l1Ulff'U 1eJ'tItl'lffU'f'l~€'I1eJi 'U'f'ltl'U 6 ~tl i U 

.ei I tI " '" tI .:r "'!II,,!4.3.2.3 fll'jflfll:lUU'l'HH'j~fJ~'t'iN'j~'t'i11'l ~lfJl"tl,m'lmH)~U'j'j~ft1'jflUfJ fl'j W'j e"l'l'jUIft'U IfJ "e"l'l 

ft1'j~~~lfJ'l-I~e"l'U 6 

o i 1~ , '.1 01 ., tI 0' ., ~ 1
'VllflU'YlrJ€'IeJ'I rJeJ 'If':i~eJ~111'1':i~1111'1lJmm'tllJ'tItl'l11'f'ltlrJUn~ffUflUeJ flHU':itl'l':iUlff'U eJ 5-15 

~ ~ d , ., o'IIJ •.I.~ d II) ~ , 
em il11lJl'tllJ'tI'Uil'l'Yl 20 wt.% 1l'f'l~fI11lJm'lfYfleJ 11"fY'/lil'l'Yl 20 kV 'Il1flflU'YlrJ€'Itl'l'll~IrJfIll'l(lleJ'tItl'l 

, I I I iJ 
~ 1 ' ., tid I .a l.d II 'jI.<:::t 1 ~.0::9 0 1~ ~ ,

Iff'U eJ'Il1flfll':ifftl'l SEM rJ'I':i 'Yl 4.21 U'f'l~l'lU11IlJtl':i~eJ~111'1'Yl!'lflJil1ll'llJ'tI'U'Il~'Vll 11l1:'l'UN1U 
'U 

0' ~'1d' ~ ~'o' ~'111) 
fY'UeJfl'f'll'l'tltl'll ff'U !eJlJil1€'1rJ€'I'IrJ1eJ U€'I~ fll':i m~'Il 1eJ'tItl 'I'tI'U1rJIff'UN1'U fY'UeJfl€'ll'1't1tl'llff'U !eJ !'U 'f'ltl'U 6 
'U 'U 
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fl) 'i~V~lh:J 15 em 

~U~ 4.21 U{1'~-:jfll'VirilV SEM 'lJa-:j'i~v~l'il-:j';j~<w:il-:j1JmVl~lJ'lJa-:j<lHja~U':i'i~{1'l';jn1J'Q1Jmw'ie)-:jf1J 
. .­'lJ ~ \I] "'~ 'lJ~ "'''' lff'U IV'lJa-:j{1'lnl~mV I'UfW'U 6 (fffll1~'I'1I'li l'Um';j'l'1~~a-:j'UfW 20 wt.% UCl~ 20 kY) 

50 ~~ f:JJ 65 70 75 so &5 ~ 9.5 100 105 JIO ~ ~ ~ 50 55 ro ~ ro " ~ ~ 

\r\J WllnlJH1\la\.lOOl'l'~'\lO~Iti'u 10 (rim) WUtld'UWllIO'J00ftH'lIOll!f\.dtl(f\llI) 

l
 

fl) ';j~V~l'il-:j 15 em 

'j1J~ 4.22 U{1'~-:j~lm';j m ~\llVfl11lJg'lJa-:j'lJ'U l~n¥'Uf.il'Ufl''UUf)Cll':)'lJa-:jlff'U IVI 'U ~a'U 6 ~lj"f)lltu~ 
~ ~ . .­

~ d..::::9 I Q,I , ' .... 1 ~ ev .... 1 a' 
llJ'U nonwoven mat 'I'1'lJ'U aQf)1J';j~tJ~'I11-:j';j ~111 NlJmm'lJlJ'lJa-:jl1Cla~1J';j ';j ~{1'1';j f)1J'QlJmtu 

. .­
'" 'lJ 1 \I] "'~ 'lJl "'''' ';ja':)';j1Jl{1''U V'lJa.:){1'l';jCl~mv I'UCltJ'U 6 ({1'fll1~'I'1I'li 'Uf)l';j'l'1~~a-:j'UfltJ 20 wt.% UCl~ 

20 kY) 
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I ~ I J 0 'j) Q.I 'j) G) .c::2 'j) Q.I

'111fl~ U (fl-f!) 'W'lJ111:lJD'l ::;tI::;l1l ~1J1 f)'\J'U mill fll'l m::; '111t11'l1'\JD~'\J'Ul~lft'U Itlllf!'IJfl ~ 'Il'~ 'II::;f! m tlf)'IJ 

.<:::! I d Q.I ::'.,A 1 d 'j)o<::! I J I 'j) l,f 'j) 

mUll ::;tI::;l1l~'\JD~'lUYI 4.13 ~~'U'Ul:lJtJ'l::;tI::;l1l~YIh:lJfIllJl f)'\J'U 'II::; 'W 'IJ 111ft'U r-l1'UfY'Uti f)m'l'\JtJ~lft'U 
" " 

90
 

;: 80
-'" ;::l 
E 
5"E.,. ;:>. ­

(;:) 70 
? "E

;::l 

.,. "" ;:; (;:) 
? ? 60.,. .,.,...(;:) 

;:> c;: '" -,'"
? 

';:> 
;::l 50 

~ -.:' 
­

-'" 
40 

0 5 10 15 20 

1::~::Ml~1::1111~1J,nm~:tJ'lJll~1l1l11rJm1~l'm 

;i1JQ1Jm\lhll~i'1.J~ffW1v (em) 

'jU~ 4.23 m 1'VJllft~~f!11:lJff:lJvr'U1h::;1l 11'l'l ::;tI::;l'h'l'l~ll11~Ufl1t1l~:lJ'\JtJ'l1lfltJ~'IJ 'l'l 'IIft1'l t1'IJ 
~ . 

QU m U!'l tJ'lf'IJIff'U it1t1mhm~ tI'\JtJ ~'\J'U 1~'\J tJ ~1'tl''U~1'U lJ''U6flfl1'l'\JtJ'll ff'U itl1'U fltJ'U 6 
. " "'9 ~9 "' ...

(ftfll1~YI I'll' l'Ufll'lYl1H'ltJ~'Uf!tJ 20 wt.% llfl~ 20 kV) 

r j/ • I !JJ 
jI 9 .do I GJ 'j) QJ ~ .do .o::::t, d ~ 'j)o<::!.c:g'j), 9 

'\J'U1~lft'U ItlYlllf!'IJfl~fl11fll'l 1'Il''i!lflll'IJ'lJI'l'l I'UD~'111fl'\JW~Ylll:lJ'U'II~lfl~fll'l~~tllllft'U tI 11l~'\J'U lim: 

~ d d 'j)Q.I 0 0 'j) jI 'j) J ~ Q.I Q.I 'jI

'\JW~~'lfl'll~:lJl1fll i 1l1'l1Y11fl~ flltl'l ~lll tltJtJfl Yl1 i II lft'U it111ll ~'\J'U 'II'lfl~i1tl!1l1 fll'l 'l1:lJ1'l1fl'U'\JD'llft'U 

itlff ~r-lfl hl'lff'U itlii fll'l m ~ '111 tI~ 1~~~'U llfl~ 5'l'W 'IJ11 fll'l ffmnr-lfl'\JD ~fI11:lJl.,rmj''U fI11:lJ~1'lflfl6
 
. i 9 ~ lq ~ ~ 9 d", d • 9 ~ :: &
 

llfl~ntl~l11~ lltlfll'l 1'Il''illflll'IJ'lJlllJ'U'II~1~lft'U ItlYI:lJ'\J'U1~mflfl'lfl11fll'l1'Il''illflll'IJ'lJI'l'l 'Il'~'II~llft~~
 

flU IU~ tI'IJ lVi tI'IJ'\J'U1~ Iff'U~l'U lJ''U 6f)flN'\JtJ~1 ff'U it1'l ~ II 11'l'i! 1 fill 'IJ 'IJ1l :lJ'Ullfl~ 'i! 1 flll 'IJ 'IJi'l ~~~ U ~ 

4.24, 4.25 llfl~ 4.26 
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1>1 I"
 

150 I'U
 

-~ 130	 .~ 130 

>€ !	 .i; ] 
~110	 110 

~	 .i;i	 ~ 
OJ	 9U 

~	 ~ >1	 70,I 
~	 .1 ., 
.~	 ,~ 

~ 

-~ ". '0	 -~ >0 

30	 +--~--~-~-~-----! 30 +-----~-_,_----~-----' 

10 20 25 30 10 .JI'" 

" 
(n) UlnllUUI'1~	 ('IJ) UlnllUUmrU 

_I'" _I'" '" ~.	 ~ 1 ~0'	 ~ 
'jul1 4.24 II ff~~n 1'J!u 'HJUI'YI tlU'IJ'U l~Hff'U fHU i'fU fJnill~'IJ EJ ~l ff'U tI'lJEJ ~ i'l1llJl'IJ lJ'IJ'U 'lJEJ ~ ffl'H'l~ ill tI 
~	 ~ 

no 

>€ ! 110·i 
~ 1m 

~ 
OJ'i 

~ 

" WI
'~.-:1 

>1 

61 

~
 
" 

. - -----_._-_._,-,. ­

-i '" ] 
~
 

~
 

~i " 
~	 ." 7<1 

~ 
,~.; 
~ 

" 
E• 60 

.~ 

" 
~o 

10 15 20 25 10 15 20 25 

fl11m1,,,ff'mJ (kV) fl,111J,}Hffno (kV) 

" 
(n) UlnllUUI'1~ ('IJ) \!lnllUU111fU 

I4U 

130 

!-i 120 

110 

.i; '00'I 
~ 

'0 ~ 
,~ 

70 
~:i 

~ 

". 00 

'U 

. 
~14 

'jul1 4.26 IIff~~ nl'Hu 'J tlUI'YI UU'IJ 'Ul~ IffW-n'U 1'l'U tlmn:J'lJEJ ~l ff'U lU'lJEJ ~ 'J ~ U~ 111~ 'ill n('ln£J W~'IJ EJ~ 
~	 ~ 

5 10 15 

':::0:::11 1-.l':::1111-lUZ'llt1l ~lJ'\JO"jl1 rlfJrlU,,, Vrr,] 

nUlpJo1W'](J"j]Ullt1l1t/km) 

" 
(n) UlnllUUI'1~ 

... I~ do 'j) I 

'" 

1
-i ! 

80 

~
 

~
 
7. 

l\~ 

00~ 
.. " 5 
~ '0P-:1 

40 

5 10 15 

':::O::Ml"j1:1111"jtJr"m~lJ'Qll'(11110~m'~l'l'11 

nUQtlmuhO"j;Ul l'flJl 0(L'IT!) 

('IJ) UlnlIUUl11,J'U 

tI 'jJ <it 'Q.I 

'J EJ ~fmff''U 1t1~~ l~ 11'U 
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I 

4.4 f)1'iftm:l1f..J~"U0,:n]'i)llt.l~h~ 9 ni1f..J~~0tlW!n.{j'YIt.ll"U0~AtlU't.I'U~0U 6
 

"" !II "1 .,t "" .. "" 4.4.1 fl1'Hfl~HI"i!m't1~H~~lW1 (Beaded nanofibers) 

<'l !lI !lI iii 
4.4.1.1 f)l'H'Ifll:llfH''Il6'1fl11lJl'IllJ'IlU'll6'1nl'H'~~lUIU~6U 6 

1l1flflWlci1U SEM YlU11Irltlfl11lJl'li'lJ.,j''Uiirl11J1 fl~'U 1~~U~ll~l11fJl1J mnml'l'UL1:Y''U lfJ~11 fJU~~~ 1J~ 
.J! ~ d j/ 'j) 9J I ~ c:: .c::t I j/ 111",1 0 9 ~ ~ 

4,27 l'Utl~1l1flllJtllJfl11lJl'UlJ'U'U'UtlfJ"1 fIlfl11lJ'I1'U~'Utl~ftU~~mfJflll~lJfl1'UtlfJ ~ u m l'I1Ifl~flU 

l~fJ1'W'Ul~WJ1~ft1fJ i CJfUtlfJ 1'U'Uw~~m ~H~m~WJ1~1J'j~~ii1J1fl ~~'l'i1l11'ft1U iCJfi Yl~llJtl{lil~flU 
Q.I 11] I~ QJ ~ ~ 9 Q.I ~ ~ d d ~ J 1l] ~ .a .c::t j/ 'j/ J 0 

f1mUfl1 IlJU~f11IU'Ulft'UIU ~~'U'Ull~lf1~llJ~U~U'Ulft'U 1u'U'U l~ U~~llJtllJfI11lJl'U lJ'U'U1J1 fl'U'U ll~m 
)I 1)1 , 

111'ft1fl11lJ'I1U~'Utl~ ftU ~~m uiiri11J1 fl~'U~1U 'I'i 1111'ft1U 1CJflil~ flU IflU1'W'U n'U 1J1 fl~'U 'Vw'Vi 1l~ lli 

lil~f1l'jflmuI'i1tltlfl1l1fln'U ~~'l'i1111' ft1U 1CJfl Yl~llJtl{lil~flU V~1'i11l'l'Ulff''U lu~11 UU 

!lI ~ , • ~ o'IrJ ",1_9,l "''I ~ II) ,
f11l:l.H'UlJ'U'U 20 wt.%, 25 wt.%, 30 wt.% H~~ 35 wt.% fIlfl11lJfl1~fI'flU Il'll'41'Vl1'lf 10-20 kV 1l~ IlJ 

.ol::), d d 'j/ 1 I d. 'j/ 3J I d. 'Q.I ~ _~ .l::;), d
Ifl~llJ~U~U'Ulft'U U ft1'U'Vlfl11lJl'UlJ'U'U 15 wt.% 1l~YlU11'Vlfl11lJflHfI'flU1l'll'41 10-20 kV ll~lfl~llJ~ 

)I I I • , 

U~~'U~~~ 1J 'Vi 4.2 8 ~ ~1l~ Hft~~ 111'11l'U11 flU 11J~U'U UlJ ~~rilf111lJ~ l~flmfll'l~l'Vi 1 ~lliiJ H~~tlflU 
~ j/ CiI ..:L::td d 

Ifl~lft'U IU'VllJllJ~U~ 

<'l "_I .. OJ _I ~ OJ!lI 1
4.4.1.3 f)l'iftmnfl ~'Il6'1'i~U~'Hl'l'i~'I11NU~lUl'IllJ'Il6'1'11MYllI'i'i iJi;'\'l'i flllt}um 0I'i6'1'i 111nu U'Il6'1 

n1'i~~~lU'U~6U 6 

t 1 ' .... 1 d 
wt.%, 25 wt.%, 30 wt.% IW~ 35 wt.% fIl'Utl~'j~U~111~'j~'I111~umm'UlJ'Utl~'I1~tl~1J'j'j~ftUflU 

~1Jmwn)~fulff''Ulu'Utl~ft1'j~~mul'Um)'U6 ~ 5, 10 U~~ 15 em f11lJih~U ll~llilil~I~~iJ'flU'U 

Q.I 
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'J} l.d 'J,J$' rod 1 ~ e.ddJ~ d urw IV i,'Y1h1'Vltl11lJl'UlJ'UhI 15 wt.% 'il::;VlU11'Vlnv::;m~'Vl~ 5, 10 tw::; 15 em 'il::;IfWlllJY1UY1'UhlY1~t1J'Vl 

<9 i ,., d. , '~I d ~ .1 0' ~ ,., i \I) '''' 
4.29 CJj'~1li,'YY1~ ytmhl1n::;tI::;m~':i::;111NumtJl'UlJ'U(J~ml(JY1m':i tI llJlJ~i,'Yn f)U'Quf)'HU 'H)~':i Uli.'Yhi 

r'H1~(Jf)l':i InY1I~Y1iJY1iY1I'ilhlmij(JhI ihl f)'HU f)l':i Itl~tlhlll1Jfml1tl11lJt'lJ' lJ'IJ'hI'Uil~i,'Yl':i{1::;mtl 1hi r1ilhl 6 

,., ,., 

f) tl111Jl'UlJ'U'W IS wt.% 

" "'''' hlf1il 20 kV IW::; 10 em) 
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I 

fl) mllJ~il.:J~f)VlVHh 20 kV 
I • I fjJ 

~t1n 4.28 mY~.:Jm'YlcilU SEM 'UtJ.:JmllJ~l.:J~f)Vll'HhYiH(ffm1~l1Hhjf)l'j'Y1~i:'W.:JtjfitJ15 wt.% 

l!~~ 10 em) 

fl) 'j~U~lil.:J 15 em 

~t1~ 4.29l!ff~.:Jfll'Ylrilt1 SEM 'Ut:l.:J'j~tI~lil.:J'j~'\,dl.:J'!Jmtll~lJ'Ut:l.:J'\HW~m'j~ffl'jtl1JeJ'!Jmw'jt:l.:Jf1J 
, '" 

~ ~ Ii] "'i ~i "'''' Iff'W ltl'Ut:l.:Jffl'j~:i:mtll'Wi1t:l'W 6 (fffll1:i:'Y1 'b' 'Wf)l'j'Y1~~t:l.:J'Wflt:l 15 wt.% l!~~ 20 kV) 
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III fl f)l 'j fffl1;ll ~H' 'lJ tl.:lUll 11tI (f111lJl.ulJ.u'U f111lJ~ l.:lfff1lJ'l vJ~ 1 It '11~ 'j ~ t1~ ri l.:l 'j ~ 1111.:lD m m ~ lJ 'lJtl.:l 

11 '11 tl~ U'j 'j ~ ffl 'j nu fJD fl 'j ru'j tl.:l f U1-ff'U itl) 'YjU 11 fll 'j ID~ t1'U11 D'11.:lrllfllllJ l.ulJ.u'U 'lJ tl.:l ffl 'j '11 ~ '111tl 

1'U'11t:J'U 6 ihm~t:Jf1l'j In~ln~iJ~U'UI-ff'U itllJl fl fl11rllf111lJ~ l.:lfff1lJ'lvJ~l ~W~ 'j ~ t1~ri l.:l 'j ~111VID'111tl 

l~lJ'lJt:J.:ll1 '11t:J~U 'j 'j ~ff15 nUfJD m ru'j t:J.:lfUI-ff'U itl 1t'1t:J.:l'J 1flfl 15 ~iJrllmllJl.ulJ.u'U'lJt:J.:lff15 '11~ '111tl~~ 1 

nll ~111i,rrllf111lJl1i1~'lJt:J.:lff15'11 ~mtl~ 1JJ ff.:l'Yj tJfll tI ~.:l111i,r f)l'j 1~t11'W'U nu 'lJt:J.:l ff1t1 1951'Yj ~llJt:J{ 
" 

1JJI'Vitl.:l'Yjt:J i'U'lJW~~ltHH"m~1111.:lD'j~~iJrl1lJlfl~'U 111i,rff1t1 195h'j~llJtJ{f1'111t1~11JJ11~~lU'U 

1-ff'Uitl ~.:j111i,rlfi~ln~iJ~ln~~'U1t'11~tJf1ll1~H'11l1i1.:l~t:J ff15'11~mtliJll'j.:l~.:l~limhu'UltJ.:l ~.:ll1-li,r 
", " 

ln~ f)l'j If)l~ fl~lJlfi~I.u'Uln~iJ~U'UI-ff'Uitl1fltJ flfll tI fl.:ll!'U f11'j l~ lJ i ,riJf111lJl1 i1~lJl fl~'U 1~ tI fl 15 

l~lJm1lJl.ulJ.u'U'lJt:J.:lffl'j'11~'111t1 11~tJ111f)l'j'11~m .:l~.:l~l'lJt:J.:lffl'j'11~mtl 1~t1f)l'j l~lJ~1111'11~mtl l1~tJ 

f1l'jI~lJlf1ftt:JI'li'U lf1ftt:Jl'liI~t1:JJf1'11t:J1'j'f1 '11.:l1D It'1tJ.:llllflD'j~~iiff'j~~ln~~'U'J~111i,rm.:lH''m~111N 

D'j ~ ~iJrlllJl fl fl1111 'j.:l~ 1~lnll~111i ,rfl15 In~ln~iJ~U'Ul-ff'UitJlfi~ 1flVlfl~'U 

"" 91 "I ?I 91 ..4.4.2 f)l'HfWIf)l'JHYlfl'Uel,:mn,..IltHHlfHulU{;ll!HHl 9(Microfibrils) 

~ "l ~ ~ .od V ~ <V d .:2 Y <it d Q.I 'j} q
f)l'Hfl~ Mierofibrils ll~'YjU ~~llJt:J:JJml:JJI'lJ:JJ'lJ'U~.:l "l ~.:liD'Vl 4.30 'If.:llff'U Itlt:Jl'Jll~ltl'U:JJ~'lJt:J.:llff'U Itl 

Vcl 9J~~ d 093Jd 'j}9d ~.d.d I 

lff'UWfl "lIWll:JJt:llfl~f)l'j'ijfl'lJl~1l~'Vl1111l11'Ulff'U ItlWfl "llltlflt:Jt:JfllJll1'jt:J'VlI'jtlfll1 Mierofibrils 

J'UltJ.:l 1t'11~ff11l1~~111i ,rlfi~ Mierofibri Is It'1tN III fl~m1lJl.ulJ.u'UlJl fl~'U rll f111:JJ11i1~nll~lJl fl~'U 

flltl 111i,rffl'j '11~mmn~f)l'joW.:lt:Jt:J fllJl1 fltl1fl~'U fl.:lJ'U 1'i't:J.:l i ,rml:JJ~l.:lffmJ'l vJ~ll.u11D ff.:l~.:l ll~oW.:l 
q " q 

."-,I,,. '. - , "I ' 0.(' 

'''..1, '~)f() .\: '. :.'.'",'.'~", ,~ ~ f""" '\ \ . ". '. ,' .' ..., , 
'I. "'-'.... ,

, 

.,''~.".\,"/ { 
.,. '. .' \. , I.. 

• --< ';-\:...........,'.'-... \" -.... ~ ." , 1t" ~.~ '.' ' ..' ~.
'.. -'-:- - '-:-'- \.." -:,.I,' . 
' ," -1:~' 

'~ -"', \ .. '··r· >,',~ t' \~ ......' -.', . ,\
~!~,'l,:.t~:,.).""".,",; " ','.:;'1 

'j) 'j) 'j) 'j) 'j) 'j)

(fl) mllJl'lJlJ'lJ'U 15 wt.% ('lJ) fllllJl'lJlJ'lJ'U 25 wt.% (fl) fll1lJl'lJlJ'lJ'U 35 wt.% 

.Iei 'j) 'j) da' "" 'j) 'I ~ 'j) Q d'l 'j)

iu'Yl 4.30 llff~.:lH'11'lJt:J.:lfllllJl'lJ:JJ'lJ'U'V1lJ~t:Jf1l'jlfl~f1lm~fl'lJt:J.:llff'UItlt:Jt:JfllUUlff'UWfl "l (ffm1~'VlI'lf 

i'Uf1l'j'V1~'11tJ.:l~tJ 15 kV 1t'11~ 10 em) 
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,
 
<:I <!! <:S OJ <:I OJ <:S <!! 

4.5 fll"H~'nnJ Passive sampler !'VH)f1fll:Jl"UU1VlU~~fll'H)Vl!'nJ~~1"UO~H~mfl~O 

1u 'tlTj~~~l[J~Vleir'U 

IrlerVllf11'j ItJ~ V'lJI~V'lJ m~~lllJ flHl-:l19HW 1~1:Y~1 i tJ tl'l.Jl'ff'W Ivi'W ml'W~ 1:YU'WMi tJ'lJ'W m~~llJ m eJ-:l 
" 

l~vI ~m~~ llJ meJ-:llu'W1911Jl~'W'V'j'lJ1mY''W IV i 'W ~eJ'W~1:Yu'W ~-:l i tJ'IJ'W m ~~llJ meJ-:lll~i:h~'W IV~lJ 

'IJ'W l~l~ fl fl11 fl'j ~~ llJ fl'jeJ-:lI9i~~1 ~ 1:Y~1 i tJ 1Jlfll{1eJ-:l1l1flfl'j ~~llJfl'j eJ-:l~1 i tJ 'iJ~lJlff'WH1'Wfl''W6fl~1-:l 
" " 

'IJ'W l~ I 'I1tY~lJ'IJ'W WI !t1 'W mhv i1JfI 'j eJ'W rh'W!ff'W Ivi'W ~eJ'W~1:YU'W~-:l 1 tJ'lJU m~~ llJ m tl-:lll~ lJ!ff'W 

Hl'Wfl''W6flm-:ll'Wm11v'Wll'W!1J'Pl'j~ntJ~ 4.31 ~-:lJUI~U IviuM'W~1:YU'W~-:litJ'lJ'Wm~~llJmtl-:l 
" " 'JJ ')I I iI 

'l I'; ~I ~ 0 "'''' "'''' I I'; ~ '" 11)'; "" 
I~V 'lIm~~llJmtl-:lllJ'Wmfll~U 1l~1J'V'jU'Vl~1 'Wf11'j 'I11:Yl'j~~~lV~~9i'lJ (lfl~eJ) !f11~ 1~1J1fl'IJ'W 

~.:]J'WU-:l'l'1"IIl1~~95'lJ1J~Y1lJ (NO,) i~1J1f1f111m~~llJmeJ-:l!9i~~1~1:Y~1itJ 
"" " 

!rleJ'l'11f11'jU~1:Yl'j~~mV~~95'lJ (1:Yn~~mmflittl) ~-:l ltJI'Wm~~nlmtlw)$~\! 1~1:Y~1 ltJtl'lJm~~llJ 

meJ-:l~'l'111J11l1fl!ff'W IV i'W~eJu~1:Yu'W ~-:l i tJ'lJum~mlJ m tl-:l 1~VI ~m ~mlJ mtl-:llu'W1911Jl~u IU 

tJ~1J1w~n"htlu 'V'j'lJ11~m~~llJmeJ-:l!9i~~1~1:Y~1 i,J'lJU1~'lJeJ-:llf1ittlll~ii'IJU1~ ImU!W~!f11~tlU!uu 
" u 

f1eJ'W'I1rtl!U'WUNU U-:l'l'11 I l1ii~'W~r~h 1'W f11'j~~95'lJ1J~Y1lJ i~l!eJv~':] ft1U!ff'W IV 1'W ~tlU~1:Yuu~':] i tJ 
" 

i~~f111'lJ'Wm~~llJmtl-:l!9i~\! 1~1:Y~1itJ u~~m~~llJmtl.:]~ii!~'Wlvi'W~eJu 6 tlQ'iJ~1:YllJlHl'l'11111 

!f1iteJd1~f11'j 1f1l~~~'Wrh i~1Jlflf111m~~llJ m eJ-:l!9i~\! 1 ~1:Y~1 i tJ'l'W tJ~1J1W 1:Yl'j ~~~ lV~~95'lJ~1 ~ 

!'\'hl~1J 'l'11'l11~~95'lJ1J~Y1lJ (NO) MlJlf1~'W ~-:lU1:Y~-:lM~-:l~tJ~4.32 
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u'J::;m)'U~':HJi'lil~tJlJieJ~H)n"l'li~ 0.22 ilJ"~Bilmn'Ui'li1~tJlJ"lBiB"l~~0.521lJ"~Bilm l'i'U11 

~ .ct cj q I ,dnl QI .::::9 ~ d 

'lJ'U1~'lJtl ~~" mn"tl'l::;lJ'lJiJ 1~ !11 UJtltJ'YIu 'J::;lJ1W 9-10 nm 1m::; f11'J m::; '11 tJm'lJB~ ~"mn"tl n'l::;lf11::; 
u " 

niJ11liJn~lJ '1 ~~~u~ 4.33 (n) !W::;llliJ~~mn~tl'lJ'U1~lmy1 ~~ntl~'UiJl"ffiJ'1tJl1~B!lliJ~~mn~B~ 

ij'lJ'U1~'1l1t))l1mtJ '1 ~~nlJ1l~tllJ~tlniJ~~~U~ 4.33 ('lJ) 

(n) foliimn~B!f11:::tliJllllJn~lJ ('lJ) ~iimniiB'lJiJ1~ 111t)) 1 foliiml,,:::~~mniitl~ 

ij'lJ'U1~ '111 t))11 "ltJ '1 ~iinlJ1l~tllJ~tltliJ 

'jU~ 4.33 Un'~~'lJ'U1~U"::; f11'J m::; 'I1tJ\9l1'lJtl~rl~mniitl~f111lJloU'lJoU'iJ'lJB~n'1'J,,::;mtJ~~ei'U~ 
" " 

~ dGJ. VGJ d " ~ 

M"I'J (n'.f111:::'Y1 ~'l5 !iJf11'J'YI~"tl~iJ fltl 20wt.%, 20 kY U"::: 15 em) 
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1 'li1~VlJ l~~'H)f) I 9i~ 0.22 lml~tJijI'l1fl'lJ19iI~V1JI-v 1e:J l~~ 0.52 hHl~tJij\Pl1 'W'lJ1l ~~ f1lf)~mj'.:jlJ 

'IJ'U l~ ill uill~~lf) l~ fl'Ul ~'U f)ri lJ ~.:jJ'U~.:j l~l1l flU 'Yl~ ~ tJ.:j i';;{f fl1 d~'lJtJ.:j 011 {fU'Ulft'U itlI 'U ~tJ'U 
u	 • 

l~~ 0 0% 'lJtJ.:jfldllJl~mj''U~i';;rlll1i''lJllH'UllJlJlm'UI'li~~h{f1J1\Pl1.ijl'U) \Ilf)~~01'j'Yl~~tJ.:j\l~ 

'W'lJ1l'IJ'U l~If)~tJ \I~lJ'IJ'U 11'l~1~f)f)lltitJ lJ'IJ'Ulmh ~lJ1ru 3-4 nm 111tJ .:j\llf)01'j~HfldllJl~lJ~'U~ 
~ 0 i ~ .:9 d lJ] ~d d d Q.I 6l.e.t ~I d d 
1'I1~.:j\l~'Yll l1'IJ'Ul~'lJtJ.:j~~ f)'Yl l~lJ'IJ'U 1~'Yl1~ f)~.:j ll~~ 01 'j f)'j ~\Il V\Pl d'IJtJ.:j~~ f1lf)~tJ\I ~ I01~llJ'UllJ~l~ f) 

CO] tJ~'lJ'Ulft'Uiv~.:j~tJ~ 4.34 

<jJ v cv .d	 <j/ 'JJ aJ d 
(f) ml1JI'IJ1J'IJ'U'lJCl.:j{fl'j~~~lV~~'li'lJ'Yl	 ('IJ) mllJl'IJlJ'IJ'U'lJtJ.:j{fl'j~~mV~~'li'lJ'Yl 

tJ'j~f)tJ'lJ~dV l'lil~tllJl~mtJf)l'li~ 0.22	 tJ'j~f)tJU~dtl1'lil~tllJl~mtJf)l'li~ 0.022 

llJ~~tJijmfl'lJl'lil~tllJltJltJl~~0.521lJ~	 IlJ~~t)ij\Pl1flU l'liI~VlJ ltlltJ ll'l~ 0.052 

hJ~~t)~I91'j (1 0% 'lJt).:jmllJl~lJ~'U~H 

rlll1i'UllH'UlJ lJlm'UI9i~ ~ 1 ~{f1J1191 'j 'l1'U) '" .. 
,	 . '" 

_I '" A ~ '"	 d '" "'i Vi<V	 '" 
~lJ'YI 4.3411{f~.:jf)1'jllJ'jVUI'YlVU'IJ'Ul~1l~~f11'jf11~\I1VI911'IJtJ.:j~~f1lf)~t)({ffl1d~'Yl 'If 'Uf11'j'Yl~~t).:j'U 

'"	 15 em)flt) 20 wt.%, 20 kV ll~~ 

ci"Jv AI"IV' iV ci V	 V <V ci AI v<V 

\Ilf)f11'j'Vl~~t)'1'Yl 1~{f'jlJ A~dlm'j 'If{fU ~~mUI'I~9iU'YlmllJl'IJlJ'IJ'U {fl'j ~~ ~lV~~'liU'YllJ1~ f)t)U~dtl. '"	 '" 
0.022 IlJm{I'liI~tllJl~~'jt)f)l'li~IW~ 0.0521lJm{1'liI~tllJlt)It)l~~ 00% 'lJt).:jmllJl~lJ~'U~'1~ 

.	 . 
rlll1 i'UllH'U IlJ lJ IU1 'Ul'li~" 1 ~ {f1J11'1 'j 'l1'U)	 11 ~ t)~ 1f)1lfl1l1J!oUJJoU'U 'lJt).:j fYU ~~ m tI~~ cifu li

'" ..	 '" 
tJ'j~f)tJU~dV 19iI~VJJh~'jt)f)l'li~ 0.22 IlJ~~tJ~\Pl'jflU19iI~VlJlt)It)l~~ 0.521lJ~~tJij\Pl'j i'Uf11'j 

l~u~dmjl.:j()lf)1fHlUU'Wl{f~'Wrlll1i'UllflfYl'U 1\Pl'j 1\l'U l~tJt)f) l'li~ 
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hHlU l~m11tlehrtJlfllflllUU'l'llff;Ynf'UI~yhfll'j;;Yf)1J1il'iJ:iju~~~tlI uif NCl'IJtl~'j~U~I1Cll~'1~'1'U 

fll 'j ffU'UUY''U '1u I'U Cltl 'U Cl~U'U m ~~11J m tl~ NCl'IJ tl ~fI1l:U l,j':UoU'U'IJ tl~ ff1 'j Cl~ Cll u~~971J llCl~ ~Cl'IJtl ~ 
" 

'j ~U~11Cll~ '1 ~'1 'U f)1'j I~Ufl1tlUl~ l~tl;;Yf)1J 1NCl'IJ tl~U7:U 1W f)l 'j~~971Jffl'j:U ClVl1J 'j ~lf 11~lff'U '1u 
" 

I'UCltl'U~tlU1J'Um~~11Jmtl~n1Jm~~11Jmtl~~1 '1 I U llCl~lflfffll1~~llfm~ff:u'1'Ufll'j l~ml1tlUl~ 
" 

tllf11flll1J1J'I'llff;'I'lff1l111Jllnffl'U1 ~'j l'iJ'U I~tltlf) I CJ5<f1 ~~'iJ~llff~~'j1UCl~liju~~~~tl I uif 

f11'j l~lJ~1tlUl~tll f)lflll1JU'I'llff;'I'lI~tl~'j 1'iJ1~lflU7 mw llnffl 'U 1~ 'j I'iJ'U I~tltl f) i CJ5<f1 J'U 'iJ~ '1~lff'U 

'UI 'U Cltl'U~ij m ~~11J m tl ~liJ'U fl1Jl~'U tl~IlCl~ m~~l1J m tl~IU ~l '1 1~uYi If)l'j ffU'Ulff'U '1u I 'U Cltl'U 

?I do 0 Q.I 

Cl~1J'Um~~l1Jmtl~lu'UI1Cll5, 10, 15,20,25,30,35,40,45, 50 llCl~ 60 'Ul'Yl \lll:UCll~1J llCl~fffll1~ 

"" 'V, ~I 'V '1 lIJ '" 'V 'V ~ 'Yl '11 'Uf)l'jffu'Ulff'U U I'UCltl'Ufltl 20 wt.%, 20 kV llCl~ 15 em llCl~fI1l:Ul'IJ:U'IJ'U'lJtl~ff1'jCl~CllU~~CJ51J 

~u'j~f)tl1J~1U 0.0221:UCll{ICJ51~U:ulel~'jtlf)iCJ5<f111Cl~ 0.0521:UCll1iCJ51~U:ultl Itll~'f1 (10% 'lJtl~ 

fI1l:lJl,j':u,j''U~'1~ffllf11JllH'Ul:U:Ulm'U1CJ5ClCllClffm~'j'il1'U)l~uYi1f)Ul~1J'1'Ufn1J11Cll120 ~1 1m (5" .. 
1'U) llCl~Yilf)l'jl~1J'I1il~Cl~ 3 oil ~~'iJ~llff~~I~~~'jtJ~ 4.35 

" 
.- ---------.-.-------.-.--.-------.-------.--.- ----10.060 

-0.055 

;'i 
.~ 

c 
~ 

<>: 0.050,.... 
'S'" 
0' 

-Z 0.045 .,.
 
'"
 ~ 

"!: 
0.040 ~Z 

c" 

'" 
0.035 

0.030 !--,---------,-­

o 5 10 15 20 25 30 35 40 45 50 55 60 

~~ V~11"1~1,n U fml'ltllHffu lv (Ulli) 

~tJ~ 4.35 llff~~fI1l :uff:u~'U'Ii'j~w:h~'j~U~11Cll~H'1'Uf)l'j ffU'Ulff'U '1uI 'U Cltl'U Cl~U'U m ~~l1Jmtl~ 

nU:lJ1CllI'H~'lJtl~I'Ui~'jYi' ('iJlf),j'tl:IJCl'IJtl~~Ul~~ fl. 1) 
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"I"" ~ i/ '" ''''' d 'i/ 9 II] d , i/ II] II] 0'\!lfl'ju'Yl 4.35 llft~~ 111l11'U11'Yl'j:;tI:;rH'l1 5-60 'Ul'Yl 'YflJ11lft'U Itl 1'U~f)'U:lJfll1J1~lll1~'\HJ~ 1'U 1~'j'Yl 
'U 

I , ';tJ I , 

:IJlflfrh m :;~lElm f)~ l'Uf)~'il1fllff'U luI 'U ~f)'U 'il:;'lhmYl:IJY'J'U ll~hYi'Hl'U flU ~~i1JftU :IJ~Ylll h1'iJfi 1 
'U 

J.d d d I 'jI 1.rl 1IJ tI ~ d.Jt d ~ 
:IJlfl'\l'U 111:l:;'Yl'j:;tI:;l1m 45 'Ul'Yl :IJfl11J1~1l11~'\If)~ I'U 1~'j'Yll'UU'j:lJlW:IJlfl'Ylft~. l'Uf)~'il1fl:IJU'j:lJlW 

i/~d ""o~i/ ~ "" <!t 11]' ~~ , , i/9
lft'U Itl'Yl'YWll1:1Jl:;'il~m Il1ffU ~:;mtl~~9f1J (H~ fllfl~f)) l:!Jlfll:; fl'Ul1J'U fl~ :IJf)tl1J'Ulft'U IUll~:; ft1:1JlHI 

'U • 'U 

• r j/ I , ';tJ 

lfll:;lllff'Ultlll t1fll11Jmj~l'Uih~l~ ll~djY'J'Ul1~1l1 Htl 'U flU ~~i1JffU:IJ~Yllli~:IJl fl~'U inl1hl1n~ 

..; d d" I'" i/ 9 11]" I i/ 

'U 'U 'U 

'j/ • I I 

flU~~ilJftU:IJ~Yllll~:IJlfl~'U lli:l:;l1 50-60 'U1l1 )jfi11J1~1l11~'\If)~I'UlmvlllI'11fl11 
'U 

45 'U1l11:1~:IJl 

1 "" '""" ~ ~0
l'Uf)~'il1fl'Yl'j:;tI:;nm50-60 'Ul'Yl fJ1'il:IJU'j:lJlW'\If)~lft'U IU'Ul 'U'Yl:lJlf)lfl'U IU'Yl1111ffu~:;mtl~~9flJ 

'U 

ln~ flU lfll:;f)U~~'U ~1'\1f)~lff'Ult1111:l:; fJ1 'illfll:; n'Ul~'U flci:IJ I ~ i nl1111ln~flU ~~ilJffU :U~Ylllllfi 
'U • 'U 

flci:IJf)UlJ'Ulff'U ltlll~:; ft1:1Jl'j m.,j'l I Ulfll:;mjlJ'Ulff'U ltl~f) U~1'U ci N l~ ~~l11111)jflu~~ilJ ftU :IJ~Ylll 
q .... 'lJ.... 'lJ 

" llflftl'U hm'il'U l~f)f)fl19f~1~:IJlfl~'U 

fll'j l~mi1f)U1~fJ1flll'1'lllJlJl'I1ft~l'Il'vjf)m1'il1~l11U~:IJlWllflftl 'U1ml'il'U l~f)f) fl I 9f~J'U'il:; 1~lff'U lt1 

I 'U 1:1 f)'U ~)j fl'j:;~ 111 m f) ~11J 'U ~1;1~ 'U f) ~ll ~:; fl'j:; ~ 111 fl'j f) ~ lUci 1 '1 1~ tI'il:; 1 ~f111:1Jl.,j':IJ.,j''U '\If) ~ 
~ ""u i/ffU1:I:;mtl~~9f1J'Yl 'j:;flf)lJ~1t1 0.22, 0.198, 0.176, 0.154, 0.132, 0.11, 0.088, 0.066, 0.044 111:l:; 

0.0221:IJ~~f)il~'j'fl1:IJi11~lJn1Jl9fl~tI:lJIf)If)i~~0.52, 0.468, 0.416, 0.364, 0.312, 0.26, 0.208, 

0.156,0.104 111:l:;0.052 l:U~~f)il~'j ~1:IJi11~lJ (100,90,80,70,60,50,40,30,20 111:l:; 10% '\If)~ 

fI11:IJ l.,j':IJ.,j' 'U ~ Hff1l11'lJ ll~ 'UllJ1J lm 'U 19f1:l ~ 1 ~ ff:lJl ~ 'j jI 1'U) 111:l:; ff m 1:; ~ 1~l 'U flU ffU 'Ul ff'U ltl 

l'U1:If)'Urif) 20 wt.%, 20 kV 111:l:; 15 em 1l~:;'j:;tI:;l1m~Hl'UflUftll'Ulff'Ultl~~lJ'Um:;~l11mf)~45 
I :it • , 

'Ull1 l~tll11fll'jl~lJl'UflllJnm 120 oih1m (51'U) 111:l:;Yl1fll'jl~1J'IfU~1:I:;3 '111 ~~uff~~I~~~'jUl1 
'U 

4.36 
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."-_.-:----'llJ1l!llJ 
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". 
;::l 0.12 • _~~~...~m~OlllJm'H 

0.11 

0.10 i····· 
." 

0.09 -t---,-­
10 20 30 40 50 60 70 80 90 100 

:v :v .... 91 ioI .d 
ml11I'IJll'IJlJ'IJ!l~rrlHl~cnv~'J'II1J (% 'lJO~ml11t'IJll'IJlHl 

, 'li'rinff1JH~hJllllll1JnJl'llCltl hrrllWll! llJ) 

d 1 .J. 'j) 9J Q.I d , J 0 1jJ 'jJ lJ} lJ} ,f 

\l1mU'Vl 4.36 'Vl'IJ111:JJtlm1:JJ1~:JJ~'U~tl·HnHI~m[l~~9f'IJ:JJflnJlfl~lHI~'Vl1l11J1'llll1~~tl~ ~'U ~\9l'j'Vl 
~ ~ 

~ 1 I T 

iif'hm f)~'U;11[1 I'Utl~lll f)ffU 'l~m[l~~i'IJI1~I'U~TYi~~i'IJi,rffU :JJ'lVlllmlf)l~'IJ'Ulft''U1[11 'U 'ltl'U Yiii 
~ ~ 

m~~lll mtl~ltl'U~1J1~'UtlQIW~ m ~~ 111 m tl~IUci1 "l ~~"f'Uf.1'liifl11:JJl~ :JJ~'U~tl~ff1'j 'l~m[l~~i'IJ 
~ ~ 

mf)~'U nll~l'h 1,rlfl~ f)U~~i'IJ ff1'j :JJ'lVlll i;lm fI~'U ll'l~'Vl'IJ",hfil1J1'lll,r~~tl~ i'U i \9l'j v1\I ~iifilm f) 
~ 

d "j 1 ~ ~ ~ ~ do I ~ i ofi '" 11( 11( of
'Vlq'~ l:lm 'lIm1:JJ1~:JJ~'U~tl~ffU'l::;m[l~~9f'IJ'Vlu'j~f)tl'IJ~1[1 0.176 :JJ'lU 9f1~[I:JJ Itl~'jtlfll'l5~ ll'l~ 

ofi '" liJ i 11( of ~ ~ d') ~ 0 ~ , i0.416 i :JJm'j 'l51~[I:JJ m tll~~ (80% ~tl~m1:JJ1~:JJ~'U'VlI'llffll1'j'IJIlf.l'UI:JJ:JJI'IJ'j'UI'l5'l~ 'lff:JJ11'1'j~1'U) 

I~ tl~lll f)~'U l~'\Jtl~f.lii f)lf)tlmj~ii~'U 1~~ i~1 l1 qjlfl'U i Ull'l~ f.lii flU~ i~ If)l~~ 111J'U ~tl'U ;~ vili,rii 

~ d ~ d9 9J OJ ~ 111 3J e% ,d 'j) g) OJ d 9J 
'Vl'U'Vlf.l1'Vl I 'lIi'U f)l'j~~'I5'IJ ffn :JJ'l'Vlll l~mf)'\J'U 1l\9l'Vlm1:JJl'\J:JJ~'U~tl~ff1'j 'l~m[l~~'I5'IJ'Vll.h ~ f)tl'IJ~1[1 

'U ~ 

0.198 i:JJm{i'l5I~[I:JJi~~'jtlf)i9f~ ll'l~ 0.468 i:JJm{i9fI~[I:JJitl itli~~ (90% '\Jtl~m1:JJ1,j':JJ~'U~i~ 

ftll1 of'IJ liN 'U 1:JJ :JJI 'IJ 'j 'U19f'l 'I i'l ffm m lll'U) IW~f1111l~,j':JJ,j''U '\J tl~ffU 'I ~ m [I~~i'IJ~u 'j::; fltl'IJ;l1 [I
'U .. 'U 

i'l5I~[I:JJitl~'jtlf)i'l5~0.22 i:JJMitl~\9l'jti'IJi'l5I~[I:JJitlitl1~~ 0.52 i:JJ'l~tl~I'1'j 1l~'Vl'IJ11iifil1J1'lIl,r~ 

11( 11( of d ~. ~ ~ ~ dol ~ i ofi '" liJ 
~tl~ 1'U 11'1'j'Vl'Vl'Utl[lf)11m1:JJ1~:JJ~'U~tl~ffU'l~'ll[l~~'I5'IJ'VlU'j~f)tl'IJ~1[1 0.176 :JJm'j 9f1~[I:JJ ltl~'j 

~ 

11( of i ofi '" liJ i 11( of ~ ~ d1 ~ 0 ~ •

tlf) 1'l5~ ll'l~ 0.416 :JJ'lU 'l51~[I:JJ m tll~~ (80% '\Jtl~f111:JJl'\J:JJ'\J'U'Vl 'lIffll1'j'IJIlf.l'UI:JJ:JJI'IJ'j'U 
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ff1 UJ rl~lJ ~~tl tJ '1 :JJlfl~'W (ntl'Wlft''W fl'.i1'VJ \1 ~iJ~ 1~.:J q'~) 'li1.:J~iJtJ~:JJlUJ f)l'.i ~~i'lJ ff1'.i lJrl~lJ~:JJl fl 

~q'~ (l ft''W f)'j 1~ iJ~ 1 ~ .:Jq'~) II rl~ 'li1.:J~ iJtJ~:JJl UJ f)1'.i ~~ i'lJ ff1'.i lJ rl ~lJ ~ rl~ rl.:J ('11 ~.:J \11 f1l ft''W f)'j wJ iJ 
jI , ., • 

~1~.:Jq'~) ~.:J'l!'Wll~tl(j'WeJ'mmf)l'.il1~rlB.:JVi'~'lJtl.:JttJVi 4.36 ~.:J'\.h!tJci1tJm'W SEM !yjtl~f)l'.if)'j~\11U 

~1'lJtl.:JN~fllfl~tl'lJtl.:JUl91rl~'li1.:Jfl11lJ!.jflJ.jf'W'lJtl.:Jff1'.irl~rl1U~~i'lJ~.:J'.itJ~4.37 Url~ftfllJ1 
'U 'U 

<'. I 0 ~ • I"" ~ ~ 0 ~ .J i 
tl.:JfllJ'.i~fltl'lHll.:J '1 'lJtl.:Jffl'.irl~(IltJ~~9iUUrl~lJ'.ilJ1UJ'lJB.:JfI11lJl'lJlJ'lJ'W~1.:J '1 ~1tJ EDX 9i.:J 'Wf)l'.i 

11~rltl.:Jif\1~~tJ~:JJlUJ'lJtl.:J1i1~'tlltl'~~ (n l,jm\11fli'Wff1'.irl~(IltJ~~i'lJtJ'.i~fltl'lJ~1U NaOH Url~ 
'U. 'U 

NaI UI911i11lJ !tlltl !~~iJfI11lJ'I1'W1Utl'W'lJB.:J~I~f1~ ~ .:Jfll1l11"M-Wfll.jflJ~i~I\1'Wfl111i11lJ 19iI~tJlJ'.i tl'W~ 
d .: ~ I 11l 11I" cs o'l~d 

(Na) Url~1i11lJ 19iI~UlJtl1\1\1~tJ'W!Utl'W:JJl\11f1ffl'.itl'W U~1i11lJ W ltl ~~~\1~:JJl\11f)'jWI\1'W~m1'W'W9i.:J\1~ 
UI~QI d .d <j/ 0 I d lq d dQ,I

Uff~.:J 1~~.:JttJl1 4.38 Url~~1'.i1~11 4.2 Url1'\.!lfll\11f1~1'.i1.:J114.2 ItJ'Wrltl~f)'j1~~.:JttJl14.39 

H ~':I~:~ 7.., 
~ 

;:~-~I O:~'::If"\W­

<j/ V ~ d 
(f1) fI11lJl'lJlJ'lJ'W'lJtl.:Jff1'.i rl~(IltJ~~9i'lJl1 

tJ'.i~f1tl'lJ~1tJ 0.044 IlJrl1{19i!~tJlJ!~~'.itlf1 

h~ Url~ 0.104 llJm{l'll'l~tJlJltlltl!~~ 

(20% 'lJtl~fI11lJ!.jflJ.jf'W~Hrlmi'lJw-i'\.HlJlJ 

!'l.J'j'WI9irl~lrlff:JJl~'.ij1'W) 

~ ~ dQ,I 

('lJ) fI11lJ!'lJ lJ'lJ'W 'lJtl.:Jff1'.i rl~(IltJ~~'ll''lJl1 

tJ'.i~f1B'lJ~1tJ O.l761lJm{1C»'I~lJlJh~'.itlf1 

1'll'~ !lrl~ 0.4161lJm{I'll'l~tJlJ!tlltl'~~ 

(80% 6\HJ.:Jm1lJl.jflJ.jf'W~Hrl1'11i 'lJU~'WllJlJ 

1'l.J'j'W!'ll'rl~ 1rJff:JJl~'.ij1'W) 

(f1) fI11lJl.jflJ.jf'W'lJtl~ff1'.irl~mtJ~~i'lJ'lJtl~ 1'll'!~tJlJ'~mtlfl ''ll'~ 
'U 

0.22 IlJrll91tl~~'.in'lJ 1 'll'1~lJlJ'B ltl !~~ 0.52 IlJrll91B~m
 

~tJ~ 4.37 uff~.:Jm'Wci1tJ SEM 'lJtl.:Jf)l'.if)'j~\11tJI911'lJtl.:JN~mfl~tl'lJtl.:JUI91(l~m1lJ!.jflJ.jf'W
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No 

fl11tll.ytl.yli''Iltl'iffl'HI~n l[J~Y1cU1J (% 'Iltl'ifl11t1 

iI iI milo OJ , 1
!'Iltl'llU'YI 'lfffl'H'i1JIIHUltltllmUIClm{J nff 

tIlYl'i!lU) 

~ 

1-Jll1ii'O (%) 

0.2 3.71 

0.8 13.68 

1.0 16.44 

20 
." 
Q
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'il1flr-Hlf11':iYl~m)~~I~'il1flf11'Hhtlfll~SEM 1l'f1~yh EDX Wl.rhrleJfl11lJl,j'lJ,j''U'\JeJ~i:Y1':i'f1~mtl~~ 
'" ~ ~ 

9flJnth lJ1fl.u'UU~lJ1W'\JeJ~H~f1lflileJnth lJ1fl.u'U~1t1 ..11hllf1ileJ~~ n'UliJ'U 1l~'U TI~ri ~H'f11 'l1'f11 ':i~~9flJ 
'" 

l'U 1~':iI'il'Ul~eJeJfll9f~fieJf111lJl,j'lJ,j''U'\JeJ~i:Y1':i'f1~'f11U~~9flJ~U':i~fleJlJ~1U0.1761mn{I9fI~UlJl~ 
'" 

meJf119f~ U'f1~ 0.4161lJ'f11{19f1~t1lJleJ leJl~~ (80% '\JeJ~f111lJl,j'lJ,j''U~Hri1l1-rlJU~'UllJlJlm'U 

19f'f1~ l'f1i:Y1J1~':ii1'U) 

, ~ 

f11':i l~lJ~1mh~mf11fl'UlJlJ~1i:Y~~IVieJ~':i1'i11~mU~lJ1WUni:Yl'U 1m1'il'U l~eJeJfl i9f~u'U 'iI~ 1~uy'U iu . ~ , 
l'U 'f1eJ'U linm ~~ III m eJ~lll'U~1fh~'U eJti~I'f1~ m ~ ~lll m eJ~1 Uci1 "l 1~ U'il~ 1 ~':i ~u~ I1mlii~1 'U f11 ':i 

d Q.I I ~ "l o::!i 

lf1lJ~1mmflllJl1m 24, 72,120,168,216,264, 312 1l'f1~ 360 'lf1 !lJ~ l1':ieJ 1,3,5,7,9,11, 13 U'f1~ 

., 0 ., "'1 !IIi :::'t!ll 1 Ii] ....15 1'U mlJ'f11~lJ IW~i:YfIl1~Yl 'If 'Uf11':ii:Yu'Uli:Y'U U !'U'f1eJ'UfleJ 20 wt.%, 20 kV 1l'f1~ 15 em U'f1~ 

d1 !II') :::'t!ll 1 "'!II !II .,
':i~U~l1mYl 'If !'Uf11':ii:YU'Uli:Y'U t1'f1~lJ'Um~~lllmeJ~ 45 'U1Yl U'f1~fl11lJl'\JlJ'\J'U'\JeJ~i:Y1':i'f1:;mU~~9flJ 

'" 
~U':i~f1eJlJ~1U O.1761lJ'f111i9fI~t1lJi~~':ieJfll9f~ U'f1:; 0.4161lJm1i9fI~t1lJleJ leJi~~ (80% '\JeJ~ 

, ~ , 
fl11lJl,j'lJ,j''Ulii~ri111-rlJ 1l~'UllJ lJlm 'U19f'f1'f11 'f1 i:Y1J1~ H1'U) 1l'f1:;..11f11':i I~lJ'lfU~ 'f1:; 3 911 9i~'iI:;Ui:Y~~'" 
M~~~u~ 4.40 

0.23 
0.22 
0.21 
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0.18 ' 
0.17 'I 
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0.15 ' 
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0.12 ' 
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0.07 
0.06 ­
0.05 
0.04 ' 

.•.. I 

I 
I 

I 
--.----,-,----~--~~~'-~~~.T~ 

.. 

";I __--..-:t. I 

... 
.•... 

.. 

o 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 

'\JeJ~~1':i1~li fl.7) 
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1)1 mu~ 4.40 llff~~1l1'l1hd1hU1Ui1lm~I~1J~1e:Hh~lllf)~U1)dh1l1'lJ1i111l1'~t1tJ~I U l~':i't1iiti1 
'U 

J 3J.Jt ~ d J d 01~.<:::t, \1)11 J, I ,.<:::t, I 

III f)'\JU~1[1 lU tJ~1)l f)[I~lfl1JU1U '\J U f)1)~'I'l1 'I1lf)~ ff1 nH'l'l'llUJ1If)1~ I~lll f)t1U ll~ 1)~'l'l1J 11m r-H'~N 

':i~11":h~l~u1[11UiltJuti'1Jm~~111mtJ-:l1)~iiti1UtJ[liI-:l1U'1h~ 216, 312 llil~ 360 i1l:lJ~168, 264, 

~1:lJ'fl1~tl l~tJ-:l1)1f)n~I~1JltJUl1mUlU~UtJ11)'I'111l1'u tJ~ltJU1~ft1U'lJtJ-:lI~U1[1IU i1tJu~iim ~~111 m 

~1;1~U tJ~llil~m~~111 mtJ~luri1 '1 tJl1)1)~I~ :lJln~ f)1':i~~cil1J ff1':i :lJilVl1Illl f)1)Uln~ f)1':i ~ml1U1-:11 U 

Ul-:lft1U ~-:I'I'111l1'flu~~cil1JtltJ~ff1':i:lJilVl1Iiiu~lllill ~UtJ[liI~ 
'U 

1) 1f)H iI f11 ':i 'I'l~i1tJ ~ 1U ~ tJU 'if1)~ ff':i UM11 ~lU1Ui1lm~I~U~1tJUN~ll1lll~ff:lJ 1U flU ~~ciluIInff 
• 'U 

lUl~':iI1)Ul~tJtJf)1C)$~fttJ120 i1lm 

1)1 flHii f11':i 'I'l~i1tJ~~~ 3 1l1)~[lff1lll':itlff':iUl~11 m ~~ 111 m tJ~~ijl~U 1[1UllU 'IJtJ~ I UiltJUtJUff1lllHl 
• 'U 

I~U U~:lJ1 illll nffl U 1~ ':i 11)U l~tJtJ fl lC)$~l~1u fJ~ ':i 1~1 ~ 1 fl11f)':i ~~ 111 fl':i tJ-:I~ 1 Iu 1U ff f111~~ 

Il1lJtJu ti'u IIi1~ ff f111~~ Il1lll~ ff:lJ 1U flU I~U~1tJUNtJ1f11ffll1J 1J'l'llff9l'l'l ft1l1f1JllnfflU1~':i 11)UI~ 
lJ] d' ~ ~ d13J .c::.. <jJ d <jJ <jJ

tJtJf) 1C)$~UUf1tJ ':i~[I~l1m'l'l 'Jj'1Uf11':ifftJUlffU1[1i1-:1uUm~~111mtJ~ 45 Ul'l'l f111:lJ1'IJ:lJ'lJU'lJtJ~ 

ff1':iil~m[l~~cil1J~U':i~f)tJ1J~1[1 0.176 1:lJm{lC)$I~[I:lJl~~':itJf) lC)$~ llil~ 0.416 l:lJm{lC)$1~[I:lJltJ1tJ 
'U 

l~~ (80% t1tJ~f111:lJl,j':lJ'\ju~1~ft1l1fUll~UI:lJ:lJlmUlC)$i1~lilfflllm~lU)llil~~lU1U'~'1lm~I~1J 

~1tJUN 120 i11:lJ~ (51U) 



ct 0 V v ""'i 1l)!lI!lIG) 'i
5.1.1 fll"iU'I'itIlJ Filter membrane ffl'l1"i1J~~~1Jffl"ia.H''Vfi:l!~tH'Hff'\..HtI'Ul!'U 

'llmHlf1l'Jl1~HHl.:l'ViU':hf1l'J1~1UlJ Filter membrane rinrfU'fl'fleilu1.11'JlJi'lVlll i'flUl,*l~u lmnlwm'J 
" 

" 1,*1nfl1nl11~uluU1 i UVh.jlfl~Dm;UI UUUm~'fl111mD.:I i'flUlJm~'fl111 mD.:II1Jmi1'lhmh~UI~U 

luu1 iu 

"" ~ '" 'j) 'j) ' ''' d'1IJ ,,1_9:1 "_I oj
'l1 flf1l Hl'f)ll1 r-l i'l'UD.:Iu 'l'lU (fI111Jl 'U lJ'U U fI11lJ~ l.:1ffflU Il"Il"I1 lli'l~ 'J ~ U~ lfl.:j'J ~ 'H 1 Nu m m 'UlJ'U D.:I 

'HM'flm 'J 'l1.1U nUDU m W'JD .:IfUI~U 1U) ~lJlIli'l~D'UU l'fll~mhufYUVfli'l N i 'flmll~U'UD.:Ilrl'u 1fJ 
q q " 

" .hw DU 6 i'fl tl1 '*1l1 flllJWIUU~.:IU fl~lli'l~ llUU 'H lJU 'Vi U11 1.1 il11~ Vll'H m ~ 1.1lJ1U flU 1.111 Ulrl'U 1fJ 
q 

IUi'lD'W 6 i'l.:lu'Wm~'fl111mD.:IfiD fI11lJl-u'lJ-u''W 20 wt.% fI11lJ~l.:1RflUlWVl120 kV lli'l~'J~U~tiN 

'J~'H11.:1UmfJl~lJ'UD.:I'Hi'lD'flm'J~1.1UnUf,!UmW'JD.:Iful~u1u15 em 

• I • ~ 

'l1 flf1l'J ffflll1'ViU11l:1flllW~'UD.:IVl'J D.:Ifulrl''W lfJVlllJ'W UU1J 'H 1;J'W 'l~vl1 1,r1~'W lfJflm 'J ')'fl11 fJ.:I~1Vl~~'W 
. " 

lli'l~ flflU m ~ 'l1 fJ~1'UD .:I'U'W 1'fl1 ~'Wfh'W fY'Wvflm.:l'UD.:II~'W 1fJVlllflUi'l.:lfl11fl1'J1'*1l1 f)IlUU~.:I llm;rJ.:I
" 

'Vi U11 fl1 'J ff f) 111 r-l i'l 'U D.:I f1111Jl-u' mj' 'W f111lJ ~ 1.:1 Rfl VI WVl1 II i'l ~ 'J ~ fJ ~ ti 1.:1 'J ~ 'H 1 1.:1 U m fJ I~ lJ 'U D.:I 

'" .1 0' '" 'j) '1 i '1 'j) IrJ 'j) 'j) '1 .d "" 'j)'
'Hi'lD'flm'J~1.11'Jf)Uf,!uf)'JW'JD.:I'JUl1.1'WIV 'flfJfl1'J l'}jll1flllUU'H~'W'l~ l'fll1.1'W IUl1lJ'U'Wl'fllt'l''W1Il1'W 

fYUVflm.:l~I~f)i'l.:l f)11fl1'J 1'*lllflllUui.:l 
" 
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... .
ii' t::tt::t c:I t::t5.1.4.1 fnllflVlHTll £lYltl!t1V1UVI 

... ~l iI.. iI ii'5.1.4.2 fll'ilflVlfll'illflmH>flIullUYlllllfl 9 'tIlll£l 9 Ill'Willfllll'll £l (Microfibrils) 

.<::ll U] 9J A Q j/ j} db] '1J ~. • ~ 1q 'j/~ d 
fHWWI Microfibrils l'lU 1~!lJtllJfl11lJl'lJlJ'lJlHY.;j'1l1fl~I'Hnl !~lllflf11'Hfl~ Mlcrofibnls fltl !~l'l'UV1 

'U 

.:=:..,J J lQ d '1J d 
1'nV1:lJl fl'IJ'UII9111~ lJfl11 lJlI'IJ.;j1l 'j.;j'IJ tl.;j 11:Y'U 'ltlV1fl~ M 

. 
<01 o<!I <"l OJ <01 OJ <"l o<!I'5.1.5 m'H~'HJtJ Passive sampler !'VH)f1f)'I;l1'U'W.l~u~~m·HI~!·HJ~~1'U6~~HHUmH)'W. 

. . " 
'iJlfl fll'j fffl1l1l'lU'":h m ~~ Til m tl.;j111kff''U 'Itl i 'U fltl'U 6 l'iu mi1:Yl:lJl'j tl'Vll 'l..rlfl~tllf)~ f111!f11~11.yj'U~h 

'U 

M:lJlflfl11 m ~~11l m tl.;jI'1lflfl 1 fl1:Yi1 i u'l'U U~:lJltu1:Y1'j fl~ fl1t1~~eiu~ 'I oM'l'l'i11~lJ~nl1 'l..r~~eiulln1:Y 
'U 'U 'U 

i'U1 91 1 !1l'U!~tltlfl i'1l~'~:lJlfl~'U 

~ ""'" '" '" """I '" 1 lJfl1'j"'1 '" 11) 11) '" 1 lJfl11"'1 '" 11)'1IUV1lJfl11lJ!'lJlJ'IJ'UV1u'j~fltlU~1t1 0.022 '1I!~tllJ nJ~ltlfll'1l~ lIfl~ 0.052 '1I!~UlJ I() 

1 () i~~ (l0% 'IJ().;jfl11:lJ1.,j'lJ.,j''U~H;ff1ld''UIIH'UllJ:lJIm'UI'1Ifl~ 1 fl1:Y:lJl911j1'U) 'Yi i()~lfl11fl11lJ 

!.,j'lJ.,j''U'IJ().;j1:Y1'jfl~mu~~eiu~Unfl()U~1U hl~UlJ!B~'jtlfl !'11~ 0.22 1 lJfll'i() i!911 flU 1'11I~ulJi() 1() 

i~~ 0.52 1 lJfll'i()i!911 'I'U fll'H~UCP)1()d1.;j()l f11fYIIUUl'l11:Y;l'lffm7Ulln1:Y!'U 1 911111'U !~()() fl! '11~ 
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'ill flf'Hl fll'j 'l'l~Hltl'l~'I 3 il'iJ 'iltlff11J1Hlff'j uhi11m ~~lfl m tI'I~ ih ff'U 1t1'U1i mltl 'I i 'U ~ tI'U mj'il~ , " 

ff1lJ 1'j (IInuu~lJ1W IIoffi 'U i \91 'j I~ 'U i ~tItI fl i 'll~i ~1 'U tl\91 'j 1~I ~ 1 fl11 fl'j ~~ 1£1 fl'j tI'I~1i u 1'Uff.f) 11 ~ 

l~tl1f1'Ulm~u~ lJ1W ffU IfJij~ 1~uu~ lJ1WUti tlfl11 ~'II~ 'U1ff~~~~U ~ ulh~ ff'l'ln.fll'Vl1J1 flfl11 , " 

U'j~fltlU~1t1 0.176 ilJm{['llI~tllJirJ~'jtlfli'll~H~~ 0.416 ilJm{i'lll~tllJitlitli~~ (80% 'UtI'I 

'" '" clq '" '" 'i cl q d0f111lJl'U lJ'U 'U 'l'l I 'lfffl'H 'j U llH'UllJ lJ IU 'j 'U l'll~ ~ ~ fflJ 1\91 'j ~ 1'U) II~ ~ 'j ~ tI~11 ~ 1'l'l1l11J1~ fflJ 1'U fll 'j!flU 

1'i1mh'ltl1fllffHUU'Vl1ff9i'Vl~tI120 i'1 ilJ'I (5 1'U) 

• I jI I 

5.2.1 fI1Hl1fll'j 'l'l~~D'II\9IjtllJlff'U itl'U1i 'U1'U ff.fll1~tIlfllff1l11 'I I'UD'ImflliitlD1fllff:if'Ulff'UitlYii~ 

tI1~~~ili1l11'1 lltl'1'l'111Mlff'U'tIln~flu'j 1lJl'i1 f1'U i~ 

5.2.2 fI1 'j 'l'11 fl U 'l'l~ ~tI'Iluj tlUlYi tlU u 'j ~ ff'l'l n.fll 'Vlfl U Inu til fllff'j ~ ..d 1'1 'lJ~ 'Vl1ff9i'Vl~ ij 'U1t11 'U 

Vi'D'I\9Im~ (Filter pack) f1Um~~lflmD'I~Ulff'Ult1i'U~D'UD~ 
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...; ~ ~.., ...;~ .,~ ::'1" ~ ~ ., lrJ lrJ ..d 
~Tnnl n.lllff~~ml:lH'nJl'l'U'6':i~'I111,n~fJ~mn'Yll'lf l'UfIl':iffu'Ulff'U lfJf)1J:IJ1"ll'l1~'H)~ ~'U 11'1':i'Yl'Yl 

., ., ~ d. 1 ., 1"1 '" lrJ lrJ"
ml:IJI'\J:IJ'\J'U'\JtJ~fflnl~f11fJ~~9f1J'Ylu':i~f)u1J~1fJ :lJf11':i ItJ~':itJfll'll'I'111"~0.022 9f1~fJ:IJ 

'" "1 '" 11) 1 11) .. ., ., d~., 0 ~ ,

0.052 1:lJf11':i 9f1~fJ:IJ IU U 11'11'1 (10% '\JtJ~ml:IJ!'\J:IJ'\J'U'YlI'lfffl'l1':i1JllH'UI:IJ:IJl1J':i'U 

19ffl~1flff:lJll'1':i ~1'U) llfl~'l'11fll':i lflmi1tJfh~I~'U':i~fJ~l1f11 5 1'U 

'1~£I~11 ~lffi,fl'U fll'1 nu'U 

!tll!1£1 
, ... '" mnl 

m~lll1~'\Ie~''U'~'1l1'(ug) . , 
... '" ... '" mn2 ~1n3 

, 
'"fll!iUm 

I 

0·'U111 0.0368 0.0368 0.0370 0.0369 

'" 5 'Ul'Yl 0.0384 0.0380 0.0384 0.0382 

'" 10'Ul'Yl 0.0396 0.0398 0.0394 0.0396 

'" 15 'Ul'Yl 0.0411 0.0413 0.0411 0.0412 

'" 20 'Ul'Yl 0.0434 0.0438 0.0434 0.0436 

'" 25 'Ul'Yl 0.0465 0.0467 0.0463 0.0465 

'" 30 'Ul'Yl 0.0491 0.0491 0.0491 0.0491 

'" 35 'Ul'Yl 0.0520 0.0514 0.0518 0.0517 

'" 40 'Ul'Yl 0.0536 0.0536 0.0536 0.0536 

'" 45 'Ul'Yl 0.0562 0.0564 0.0564 0.0563 

'" 50 'Ul'Yl 0.0549 0.0549 0.0551 0.0549 

'" 55 'Ul'Yl 0.0545 0.0543 0.0543 0.0543 

'" 60 'Ul'Yl 0.0540 0.0540 0.0536 0.0539 
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') ~U~ 11 U1m,n'U.fll') nil'U. mUll'tf~'UD~''U.'\>I,)~ (ug) 

1i;¥'U.1u 
. 

QJ ...

mnl 
. 

QJ ...

mn2 
. 

9l1ii3 
, .. 

flllilUU 

. ... o 'U1Yl 0.0353 0.0353 0.0353 0.0353 

... 
5 'U1Yl 0.0366 0.0360 0.0362 0.0363 

... 
10 'U1Yl 0.0368 0.0368 0.0368 0.0368 

... 
15 'U1Yl 0.0384 0.0382 0.0382 0.0382 

... 
20 'U1Yl 0.0403 0.0405 0.0403 0.0403 

25 'U1l1 0.0419 0.0423 0.0423 0.0422 

... 
30 'U1Yl 0.0453 0.0457 0.0451 0.0454 

... 
35 'U1Yl 0.0482 0.0482 0.0482 0.0482 

... 
40 'U 1'1'1 0.0511 0.0513 0.0511 0.0511 

... 
45 'U1Yl 0.0530 0.0534 0.0536 0.0534 

... 
50 'U1Yl 0.0529 0.0525 0.0523 0.0526 

... 
55 'U 1'1'1 0.0519 0.0519 0.0521 0.0520 

... 
60 'U1Yl 0.0515 0.0515 0.0515 0.0515 
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'j o''j '" II) 'j II) 0' ~ ~ ~ 0 v ,"'1
0.052 11H'l1'j 19l'11WlJ leJ leJ I~WI (10% 'UeJ,,'jfl11lJl'UlJ'UlJ'l'J 'lH1'1l1HJllHlJllJlJlU':ilJ 

19l'ftft1ftff:lJ1~ H"llJ) llft~'I'11fll'jl~mr:ltlUl,,'jlilm~t1~l1m5 1lJ" .. 

j~[J:::n lll'ri'hrl 'j.,! nTHTU'j.,! 

la'j.,!1t1 OJ "" VI1Y11 

mllll,",,'j'IJ~H''j.,!'V1jii (ug) 
, , 

OJ "" OJ "" 
V11Y1 2 V11Y1 3 

• .J 
f111'illltl 

o' 'Ul11 0.0376 0.0372 0.0372 0.0374 

'" 5 lJl'l'J 0.0393 0.0395 0.0397 0.0395 

'" 10 'Ul'l'J 0.0413 0.0409 0.0411 0.0411 

'" 15 'Ul'l'J 0.0430 0.0424 0.0422 0.0425 

20 'Ul11 0.0447 0.0451 0.0443 0.0447 

'" 25 'Ul'l'J 0.0471 0.0469 0.0465 0.0468 

'" 30 'Ul'l'J 0.0498 0.0500 0.0492 0.0497 

'" 35 lJl'l'J 0.0527 0.0527 0.0527 0.0527 

40 lJll1 0.0548 0.0546 0.0552 0.0549 

'" 45 lJl'l'J 0.0568 0.0568 0.0568 0.0568 

'" 50 'Ul'l'J 0.0561 0.0561 0.0561 0.0561 I 

'" 55 lJl'l'J 0.0558 0.0558 0.0558 0.0558 

'" 60 'Ul'l'J 0.0555 0.0555 0.0553 0.0555 
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if if 
mUIIM'--1'11tl--1lU'Vl'Itl'lltl--1 I mUIIM'--1'11tl--1'U'Vl'Itl'lltl--1 

I 
mUJI'IIlJ'IIU'IItl--1 

.., 
lc:Yul[J'uutlu (ug) m::VlllJf)'Itl--1 (ug)ffl'I U::Ul[J~VlC)l1J . . .,; . , .,; 

(*) 
.., .. .., .. .., .. , .., .. .., .. .., .. 

Vl1'Y1 1 Vl1'Y12 Vl1'Y1 3 flWilU[J Vl1'Y1 1 Vl1'Y1 2 Vl1'Y1 3 flllilU[J 

10 0.1036 0.1032 0.1034 0.1034 0.0997 0.0995 0.0993 0.0995 

20 0.1141 0.1141 0.1141 0.1141 0.1080 0.1082 0.1084 0.1082 

30 0.1274 0.1270 0.1276 0.1273 0.1204 0.1208 0.1202 0.1205 

40 0.1400 0.1398 0.1402 0.1400 0.1319 0.1319 0.1319 0.1319 

50 0.1516 0.1516 0.1516 0.1516 0.1425 0.1425 0.1427 0.1425 

60 0.1605 0.1611 0.1609 0.1608 0.1504 0.1506 0.1502 0.1504 

70 0.1724 0.1724 0.1728 0.1725 0.1605 0.1607 0.1611 0.1607 
I 

80 0.1842 0.1842 0.1840 0.1841 0.1695 0.1697 0.1699 0.1697 

90 0.1792 0.1792 0.1792 0.1792 0.1662 0.1666 0.1664 0.1664 

100 0.1772 0.1772 0.1772 0.1772 0.1645 0.1649 0.1649 0.1648 
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\?1l'n3~ fl.5 U{1'fl-3ml:lHh.JVl'U,r'j~ldNf111:lJ1.,j':lJ.,j'mJu-3{1'1'j€l~mtl~flcH1JnU:lJ1ml'lr-3'\JU-31'Ul~'jl'1 

~'j~t1~l1m~'fl'Ufll'j{1'i1'Ulff'U1t145 ml; ll,,~Yilfll'jl~mr:'mh-3ltltJ'j~t1~l1m51'U 

y y 

m tlU'11-3 'II t1-3,'U,\?1"j-ri 'II t1-3 m tlU'I1-3 'II t1-3' 'U'\?1"j -ri 'II t1-3mUJl'll}.l'll'U'IItI-3 
.., 

1l:¥'U1(J''Utltl'U (ug) fl"j~ml:lfl"jtl-3 (ug)l;l'l"itl~tll(J~~eu1J 

, , .J . , .J 
(*) .., "" .., "" fll'tl3 

.., "" fl1;l2 .., "" \?11f1 1 \?11f1 2 flllUtl(J \?11f1 1 \?11f13 flllUtl(J 

10 0.1082 0.1082 0.1080 0.1082 0.1013 0.1013 0.1013 0.1013 

20 0.1181 0.1181 0.1181 0.1181 0.110 1 0.1101 0.1101 0.1101 

30 0.1309 0.1309 0.1309 0.1309 0.1220 0.1220 0.1220 0.1220 

40 O. I418 0.1420 0.1418 0.1419 0.1319 0.1319 0.1323 0.1321 

50 0.1516 0.1516 0.1512 0.1515 0.1407 0.1405 0.1405 0.1405 

60 0.1611 0.161 I 0.1609 0.1611 0.1493 0.1493 0.1493 0.1493 

70 0.1714 0.1714 0.1710 0.1713 0.1585 0.1585 0.1581 0.1584 

80 0.1842 0.1842 O. I838 O. 1841 0.1685 0.1685 0.1681 0.1684 

90 0.1793 0.1793 0.1793 0.1793 0.1655 0.1655 0.1655 0.1655 

100 0.1753 0.1753 0.1757 0.1754 0.1620 0.1620 0.1624 0.1621 
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I 

iI iI 
mUl!'I1~'IJa~'U'~jl1''IJt''l mUIl'l1~'IJa~'U'~jl1''IJa~fl1UIl'IJlJ'lJU'IJa~ 

«1jU~U1U<:!~ci'U uru1u'uuau (ug) flj~~lllflja~ (ug) 
, . , , . , 

.OJ "" OJ "" OJ "" 
, 

"" OJ "" OJ "" OJ "" , "" 
(*) ~1Y11 ~1Y12 mYl3 fllli1UU mYll ~1Y1 2 ~1Y13 fllli1UU 

10 0.1138 0.1136 0.1134 0.1136 0.1023 0.1025 0.1027 0.1025 

20 0.1248 0.1252 0.1250 0.1250 0.1137 0.1135 0.1137 0.1136 

30 0.1340 0.1342 0.1340 0.1341 0.1253 0.1255 0.1253 0.1254 

40 0.1457 0.1461 0.1461 0.1460 0.1347 0.1349 0.1351 0.1349 

50 0.1552 0.1548 0.1550 0.1550 0.1436 0.1436 0.1436 0.1436 

60 0.1635 0.1635 0.1637 0.1636 0.1507 0.1509 0.1509 0.1508 

70 0.1724 0.1726 0.1730 0.1727 0.1595 0.1595 0.1595 0.1595 

80 0.1833 0.1829 0.1831 0.1831 0.1679 0.1677 0.1677 0.1678 

90 0.1795 0.1797 0.1797 0.1796 0.1655 0.1651 0.1651 0.1652 

100 0.1763 0.1763 0.1765 0.1763 0.1624 0.1624 0.1622 0.1623 

'" • I '" '" '" 9J 9J d'9J 0 ~ • 1
l1mtll11~ * fltlIIJtl'.iICb"U~'lJtl~fl1UJI'lJ1J'IJ'Ul1 'IHYll1'.iUIIH'UllJlJIU'.i'UI9l''fHI 'fHYlJH1Hl'U 

... 'U 6.lI 
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m'JH~ fl.7 llff~,,:Jfl11lJtYlJ~Un'j ~111N'j ~U~l1m~I~1JI911fHh,,:Jtl1J:JJ1ft!lM,,:J'IH),,:J IU1191'j 11~f111lJ 
31 31 ~ d. I 31 ; if; '" 111 111 if 

l'UlJ'UU'Utl,,:JfflHI~mU~~9f1Jl1lJ'j~fltl1J~1U0.176 IlJftn 19f1~UlJ !~~'jtlfl !9f~ !lft~ 
'U 

; if; '" 11); 11) if 31 31 dl31 0 ~ ,

0.416 IlJm'j 19f1~UlJ!tl!tl !~~ (80% 'Utl,,:JfI11lJl'UlJ'UUl1 'Il'ffl11'i1JllHUllJlJl1J'jU 

19ffttjl ftff:JJlI91'j~lU) llft~'j~U~l1m~',*lufll'jffiJU1~ulu45 mfi 

. 
o .., '" 

i11U1U1UYl mtlll'l1~'Ua~'u'g)'J~'UtH 
".., ,

lflUmaUl\i fl'J~~nlfl'Ja~ (ug)ltVulu'utlau (ug) 
, . . . . ..., .. .., .. Q.,I 4:t ,~, '".., '" .., '".., '" g)1Y1 3 g)1Y1 2 g)1Y1 3 fllliltlUmYll mYl2 fllliltlU mYll 

0.0632 0.0630 0.0632 0.0631 0.0608 0.0612 0.0610 0.0610 

0.1425 0.1425 0.1340 0.1344 0.13413 0.1425 0.1425 0.1340 

5 0.1731 0.1729 0.1729 0.1729 0.1572 0.1570 0.1568 0.1570 

7 0.1850 0.1846 0.1844 0.1847 0.1704 0.1700 0.1702 0.1702 

9 0.1998 0.1998 0.2002 0.1999 0.1850 0.1854 0.1850 0.1852 

11 0.2097 0.2091 0.2093 0.2094 0.1966 0.1964 0.1962 0.1964 

13 0.2187 0.2187 0.2185 0.2186 0.2105 0.2103 0.2103 0.2104 

15 0.2211 0.2209 0.2209 0.2210 0.2166 0.2166 0.2162 0.2165 
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. . . 
et IV If' .<:::t d Q,I r Q,I iJ lJ] til a'.<:::tQ..I' 

gJ11Hn n.s llff~.;jfl11lJ fflJl"l'U 'fi'j ~1111.;j'j ~(J~l1m'Vllf)1J~ 1tHJHf)1J:IJ1"1l11.;j'IJfl.;j I 'U l~'j 'Vl'Vlfl11lJ 

l.,1'mJ'U'lJfl.;jffl'j ,,~m{J~flei1J~tl'j ~f)tl1J~1{J 0.176 llJm{l'li1~{JlJi~fl'jflf)i'li~ ll"~.. 
0.416 llJm{l'1iI~{JlJifll tl i~~ (80% 'IItl.;jfl11lJl.,1'lJ.,1''U~H'ril11f1JllH'UllJlJlm'U 
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Abstract 
Air passive sampler (APS) or air diffusive sampler is a portable unit used for monitoring the level of air 
pollutants such as S02 and N02. The essential component of APS is an adsorption membrane 
(conventionally made from Nylon, Teflon or cellulose filtering membrane) containing deposited active 
agent that reacts with a specific pollutant, to the degree accordingly to the pollutant concentration in 
air. This research aims to prepare nanofibers sheet with controlled size and morphology to be used 
as an improve adsorption membrane in APSs. Nylon-6 (MW -10,000 Da) solutions (15 - 35 %wt) in 
formic acid were prepared at room temperature. The electrospinning was performed at room 
temperature using the home-built equipment (with the voltage from 10 to 20 kV and distance from 
syringe tip to a grounded target (D, from 5-15 em). Nanofibers size and morphology were studied as 
a function of solution concentration, applied voltage and the syringe tip-to-target distance. 
Electrospun Nylon nanofibers with the size of 80 - 90 nm were easily obtained from 20 %wt solution 
at 20 kV and the distance of 10-15 em. The obtained non-woven nanofibers membrane supported on 
filtering (cellulose) paper were used to study the deposition of reactive agent in APS. 

1. INTRODUCTION 

In recent years, air diffusive or air passive sampler (APS) have gained increasing attention because 
they are simple, lightweight and cheap and can be operated without any power source. Each APS is 
equipped with an adsorption membrane deposited with an active agent that can react with a specific 
pollutant in air and changes into an inert substance to the degree according to the pollutant 
concentration. Amount of the resulting inert substance is then analyzed quantitatively to obtain the 
corresponding concentration of the pollutant. APSs have been widely used for monitoring the level of 
air pollutants such as S02 N02 and ozone. One limitation for APS is due to its low pollutant 
adsorption rate. It thus requires as long as 12 - 48 hours for collecting each APS sampler. Normal 
APS use Nylon, Teflon or cellulose filtering as adsorption membranes. The filter paper contains non­
woven micro-size fibers whose surface is a deposition area for the active reagent. It is well known 
that surface area determines the rate and extent of any heterogeneous surface process. Thus, it is 
very advantageous if the adsorption membrane contains large surface area for the deposition of 
active agent. 

Electrospinning utilizes the action of high voltage potential to added large surface charge to polymer 
solution. When the surface repulsion force surpasses surface tension of liquid, a polymer jet is 
ejected from the surface of conical meniscus and nanofibers are formed. The electrospinning 
technique can easily produce nano- or submicron-scale fibers (diameter range - 20 - 30 nm to 
microns). Morphology and size of nanofibers can be tailored based on the various parameters such 
as solution concentration, applied voltage, distance from syringes tip to a grounded target [4-7]. The 
resulting electrospun nanofibers are useful in various applications include filters, membranes, would 
dressing, tissue engineering scaffolds, sensors reinforcing fibers in composite material and catalysts 
[10-13]. 

This research aims to prepare non-woven sheet or mat of nylon-6 nanofibers to be used as an 
improve adsorption membrane in air passive sampler. It is believed that the enhanced surface area 
due to very small fiber dimension will provide larger surface area of the deposited active agent. 
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2. EXPERIMENTAL PROCEDURE 

2.1 Preparation of polymer solutions 
Nylon 6 was obtained from Asia Fiber Public Co., Thailand. Electrospinning solutions were prepared 
by dissolving nylon 6 in formic acid (15 to 30 wt.%) at room temperature and gently stirring for 6-10 
hr. 

2.2 Electrospinning process 
The electrospinning was performed on the home-built electrospinning equipment in the 
Nanomaterials Research Laboratory (at KMUTT). The equipment setup is shown in Fig. 1. A 
polymer solution was placed in a 5-mL syringe attached to a 21-gauge needle and a flow-rate 
controller. The positive electrode of a high voltage power supply (HVPS) used was connected to a 
metal end of the syringe and the negative electrode was connected to grounded aluminum-foil target. 
The experiments was performer at room temperature using the applied voltage from 10 to 20 kV and 
the distance from syringes tip to a target (D) from 5 t015 cm. 

2.3 Morphology study 
The morphology and diameter of electrospun nylon 6 nanofibers was observed by scanning electron 
microscopy (SEM, JSM-5800, JEOL Co., Japan). 

Syringe pump 

Flow rate controller HVPS 

Collector screen 

Fig. 1 Experimental set-up for the electrospinning. 

3. RESULTS AND DISCUSSION 

3.1 Preparation of nylon 6 nanofibers 

3. 1. 1 Effect of polymer concentration 
Series of Nylon 6 solutions with concentration ranging from 15 to 35 wt. % were prepared in formic 
acid. The SEM micrographs of nanofibers (Fig. 2) show different morphology. Formation of spindle­
like beads on fibers was found for 15 wt. % solution. As the concentration increases, the morphology 
changed from beaded to uniform fiber structure and the average fiber diameter increased from 47 to 
205 nm (Fig. 2) The larger fiber size is the result of more mass transfer to the spun fiber at higher 
solution concentration. 

3.1.2 Effect of equipment parameters (applied voltage and distance from syringes tip to a target) 
A series of experiments were carried out when the applied voltage was varied from 10 to 20 kV and 
the distance from syringes tip to a target was varied from 5 to 15 cm. The results were shown in 
Fig.4. It can be concluded that the average diameter of nanofibers decreases with an increase in 
applied electric field or the distance from syringe tip to the target. The higher voltage increases the 
surface charge and generates repulsive force between polymer chains, causing more chain 
stretching. Increasing the tip-to-target distance also causes smaller average fiber diameter due to an 
increase flight time (and length) of the electrospun nanofibers. 

3.1.2 Effect of equipment parameters (applied voltage and distance from syringes tip to a target) 
A series of experiments were carried out when the applied voltage was varied from 10 to 20 kV and 
the distance from syringes tip to a target was varied from 5 to 15 cm. The results shown in Fig.4 
indicate that the average diameter of nanofibers decreases with an increase in applied electric field or 
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the distance from syringe tip to the target. The higher voltage increases the surface charge of 
polymer and generates repulsive force between polymer chains, causing more chain stretching. 
Increasing the distance from a syringe tip to a target distance also causes smaller average fiber 
diameter due to an increase flight time (and length) of the electrospun nanofibers. 

From all of the above experiments, it can be found that nylon nanofibers with the diameter of less 
than 100 nm can be easily prepared from 20%wt solution at 20 kV and the distance between syringe 
tip to target between 10 t015 em. These conditions were used to prepare nanofibers map for the 
adsorption membrane of the air passive samplers. 

a) concentration 15 %wt. 
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Fig.3 Average diameter of nylon-6 nanofibers as a function of a) solution concentration, 
b) applied voltage and b) distance from syringes tip to a grounded target 

3.2 Nanofibers mat as adsorption membrane for air passive sampler 
3.1.2 Morphology of a filtering (cellulose) paper and NaOH (active agent) deposited on the paper 
A filtering paper is a common adsorption membrane used in an air passive sampler. The filtering 
paper is made of cellulose microfibers with diameter in the range of 5 to 10 mm (shown in Fig. 5a). 
After treating with NaOH solution, NaOH was found deposited as a solid lump coated over the ­
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cellulose fibers (Fig. 5b). NaOH does not form crystalline solid due to its high water adsorption 
(hygroscopic property). 

(a) cellulose filtering 
a er 

I (d) NaOH deposited on 
nanofibers 

Fig.5 SEM micrograph (5000x) of the filtering (cellulose) paper and nylon nanofibers, with and without 
NaOH deposition. 

3.1.2 Morphology of nanofibers supported by filtering paper and NaOH deposited on nanofibers 
Morphology of the electrospun non-woven nanofibers mat supported on filtering (cellulose) paper is 
as shown in Fig. 6a. After treating with NaOH solution, NaOH was found deposited as droplets 
(diameter around 0.5 - 1 micron) on nanofibers. Although nanofibers have much smaller size, small 
NaOH crystals were not formed on the nanofibers due to the hygroscopic. 

4. CONCLUSION 

The nylon 6 nanofibers were successfully prepared by the electrospinning. Higher solution 
concentrating favors the formation of uniform nanofibers without beads. The diameter of the 
electrospun nanofibers increases with increase of the solution concentration and decreases with 
increase of applied voltage and distance from syringe tip to target. Electrospun nylon-6 nanofibers 
with the size of less than 100 nm were facially obtained from 20%wt solution at 20 kV and the 
distance of 10-15 cm. NaOH solid deposited on the nanofibers as droplets (0.5-1 micron size) and 
deposited as a solid lump on the common cellulose filtering filter. The size of solid NaOH deposited 
on nanofibers was smaller than that of common fibers but it cannot takes the full advantage of nano­
dimension due to the hygroscopic nature of NaOH which prevents formation of nano-size crystals of 
the agent on the nanofibers. 
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