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Abstract 
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Electrospinning machine can produce fibers with diameter in the nanometer range. The non­

woven fabrics were fonned and possess high surface-to-volume ratio. The electrospun fibers can be 

used in several applications such as for drug delivery system, wound dressing material, filter 

membrane for industries. The principle of this machine is the applied electric field from high voltage 

power supply which can adjust the amount of voltage from 0 to 30 kV are applied to polymer solution 

which served by nylon 6 solution in fonnic acid 85% contained in glass syringe through the needle 

which serve as electrode. Whenever the applied electrical force overcome the surface tension of 

solutions, the shape of the solution will change to cone shape or Tayler cone, and the jet will eject. 

And the splaying phenomenon will occur. The as-received fibers are in the range of 60 to 230 

nanometer. The average diameter of the electrospun fibers are increased with increasing the viscosity 

of the solution. 
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,)1 tJyhvh,, :;; mv cY1'U1h:;;lfl'Yl Separation I"':;; Multi- layer (1'llJ1HIIWfl'VieJilllJeJ{~~eJ~f111Nil1l1~'Ul'cr'U 1tJ 

eJeJfl~1tJ11if111!;~fl" 111eJ'Yl1~lflii (3) 
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Ni1~lff'U 1tJ 1 11ii'U'U l~l~fllJlfl~'U hJ~ fl ~nll 111 flllfl'Ulff'U 1tJ')1tJ1vHhcy()~ (Electrospinning 111eJ 

Q.I .f ~ ~ ;. ~.Q ~ .d.c:t". d' 
Electrostatic spinning) \l fl'Vi91J'U 1'U'UlJ 1 'Yl~'UI'U eJ~" 1flm:;U1'U f111'U (1'llJ1Hl N"~I(1''U 1tJ'YllJl(1''U N1ij''U tJ om'! 

'U'U1~I~flO.n:;';U'U11'U1lJ~1111ij~11tJfli1'U11 'U hhUij{(Nanofibers) ~~11lf111~'U'1 rr~ 1,j(1'llJll11Nil~ 1,) 
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• >' • 

1 1111 m t.t'ilii ~1'U lJl 17 fl1 ~ tJ 1 'U~i1~tJl :;; I'Ylfl'l1~" 1fl fllfl1! I"':;; fllflleJ fl'lf'U 'Vi tJ1tJ1lJii ":;~flll1fi''Ufl ~li ~tJ 
", , t 

11~ 1 'Ul1 eJ~ flll~91J'U 1Ifl1eJ~ijeJlI":;;ijtJ mru Vi1 ~ 'U flll Nil ~ . 
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fl11~iiN"~ eJ 1 flH(1'1 HII" :;; (1'lJU~ 'U eJ~1 ff'U 1 tJ 
• ", I 

m:;U1'U f111U'Ulff'U 1 tJ~1 tJ i YlYl1(1'()~ill~'U m:;U1'U fl11Vi i,j ci~tJ1fl'l7U,*eJ'U 1",:;iil1t'1111 fl 111 eJ~ . " " , , , 

"lfl 1 ~eJtJ mru1 'U f111 r-lil~ ~1'U 1'U U eJ tJ ~ fll1~tJ1lJ 1Ul 'UeJ ~'ViijilllJij{iiti llJ1U'Ulff'U 1tJ fi1 ~ 'U tJ1lJlUl ii-u' eJtJ . 
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" 
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(1'lJU~'Uij~'U 11 'U iYlIUij{ViiJ'U '1~" 1flm:;U1'U fl nil ,,:;ii6~~lcY1'U'Uij~fl11lJtJ11~ijlffWhfl''U 6fl"H'U~N 
" 

~'U (Membrane) ~ii!'Vil'U'U'U1~I~m:;;,;uilJ lfllllJ~l (Microporous) iifl11lJl1j'U!'Vil'U'l~ (High porosity) 
>' 

I",:;iiti 11117 flIlJl (S) "lfl.ueJ~';~flril1'U 11 'U i~lueJ{~~ (1'llJll11ti 1 '1tJ1 ~tJl:; 1 tJ'b''Ul~eJ ciHlJlfllJltJ i ~II ri 1 ~ 

1~'U1Ml~tJmru'Yll~f11111'Vi'Yl6 (I'lf'U 1M11lflll~~IIN" 1(1'flfl1UfJlJfllltJ,,~tJileJtJfJ1 I~'U~'U) 1~1~'U1(1'fh 
" . 

'Yl1~ fl 11 Iflll ~ 11 ~ tJfl1UfllJf11~tJ,,~tJileJ fJfJ1'il1I1lJ"~ 1 1111 ri~'b' (1'llJll11ti llJ 1Nil~I~'U IffeJ ~lViiJeJ~ n'U (1'n . 
lflii111eJ~il'U'Yl16i~ (I'lf'U 'I!~~1~'U11eJ~~1~~ 'I!~'Yl1111~~eJ~fllliJeJ~n'U(1'11Iflii I~'U~'U) 1~1~'Ulff'U1fJ ! 

J 
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• >' 

1(1'5lJfl1~.,j (Reinforcing fibers) lU1MlflfJlJ 1 'Vlff'VI'tl1 "1l~1(1'~fiihl1lfl1 tlIU1I1Cl ~ iifrnlJlI~'1mT'1 'I UCl~ 
~ '" .. .;... ~ 

ri Cl ~ fl ttl Cl1 fJ 'U '1 fJ fl lJl fl lJl ~ 

\)lfl~ flril'.llJlm11J'IlflJ~ J'I,j fJ~'UfJ'I m~U1'U fl l1D'Uril''U 1 [J~1[J i YlVl1(1'ii~w'l ~ flJ'I(1'mj~~~ 
IICl~fll1th IhH-Mlh:; 1 [J'lflf'U 111tJfll1'UfJ'I'U 11 'U iYlIUfJ1 ,h 1lf'1 flHfll1rl'~'1lfi~~'Ul'~fJ~\):;r-4~~lflrfJ'IiifJ~ 
, fl 'U fl 11D'UIIY'U 1 [J~ii"Y'U ~1fj''U6flCl1'1'U'U l"lfi fl 11lJ,f~ftfl1l1iJ \li V'UU'Ifl 1:;U1'U fll1 i~1I ri fl11lJl,jlJ,j'U 

'UfJ'I(1'l1 Cl:;Cl1[J'VlfJ~llJfJ 1 ~iir-4Cl~fJ!tJ1 Him:; 1 flH (1'f1'1'U fJ'IHY'U 1 [J ri1lf1UlflrfJ'lUfJlI Cl:; fl1:;U1'U fll1 r-4~~ 
>' 

'U fJ 'II 'VI flU fI U v'! \hj ii fll 1 ft fll:l1fl'U fl1 [J 1 'U tJ 'j :; I'VI fI' 
>' 

1 fI'j ~ fl l1U~'lfl1"11111\):;ltl'U lh:; 1 [J'lflf ~ fJfll'ji9lJ'U 1 
>' • 

1'V1 [J1f1'l~1I1Cl:;I'VIfil 'U 1Cl ti 'j1lJi'lfJ~(1'1lf m'jlJff 'l'VIfJ i'VI [J • 
, • til" 

ri1lf1U1~tlth:; (1' 'lrl'UfJ'l 1 fI'j 'l fll'jff 'ltJ'j:;~lI i'lfl1 fJ'lU'Ulff'U 1tJ~1V' YlVl1(1'ii~u ii')'lu . . 
. " ", 

2. 1l1fJ'VI"(1'fJUlfl1fJ'lU'U"Y'U'[J~1[JiYlVl1(1'ii~6''U'lf1'l'UfJ'lftmJ1YlVll91'lIl~ 5 0'1 25 kV 

1M fl 11 r-4~~lff'U 1 [J\) 1fl (1'l1Cl:;Cl1[J'VlfJ~llJfJ1u l'l'lfU" 1'If'U i'U ClfJ'U Itl'U~'U 

3. Il1fJftfllll1tJ1H 1 flH(1'f1'l 1!Cl:;'U'U1"'UfJ'llff'U 1v ~r-4~~ i~ 111flm:;U1'U fll1D'U .. 



( )IJ Ltt,L!! UL l\ U@@IJ U2 ~I1L lA.t~L@! L (G 0 1'0 

UIJmLU ttr1.l@M.! IJLtt,L!IIH t'@ !,tlittf1IM.@~ ttJ(,rt~mL 11~11 !'L,L!@ !'liL ttJ(,L~l\ (lU;)/\IoS ;)I!ll1IO/\-uON) ~ 1 IJ li!~!' 
t? JpIO tfI 1'0 1'0 ~ "" 1;:r 1=" "" 0((, (6L1 

. . " 
~!'LrtL,L!ftL ~~ ttJ(,IJLI1~I1L~t~tt~!;@rtlg@M.IJL 11~I1L~t~~ !9Wtt L ~rtlif1 L U @(W li!~!'~l\IJL 11~I1L ~t ~IJ ~ 1 

11£t' @!'~lil1l tt~IIPt'I1~!! ;@r1.It-tL ttl L tttt~!~ L (2lf!Al1IdS) fl @~ tt,¥1M. ~!U @@u Ii II~ l\ tt,ttUL l\ t'12 li tt,tt t I1li! 

" " 
NU"fltWt'@Jl.flLI1f1ULl\U@@ (l;)f) t'~~tt,¥IM.~!~!:t!~l\~1111 ;)uo:) 1OIAl1J. L~Ufl~!~@£li (;)dl1qS ;)UO:)) fltW 

t' !'lA.f1t tt~It'L~f1t~ ruflU 12~ U @@t~~~!'L U~!:t I ~L I1I1UL~~@l1liflL 11f1 rut! fl1~;@rtlg@M.t'@Jl.~1J lill L L~~l\ 

tl1liit'@Jl.tt~I~;@rtlg@M.t'@Jl. (nO!SU;)l ~l1JlnS) tt~t'~t-!,IIL~Ut-l! (;):)1OJ 111:)!1l:);)I3:) L~tAL t'LlA.H 1I~!:tlll L L~ 

~!,lrtL,L!;@ rtlg@M.flL 11~t!!'L,L! @~liWlilrt@t!li;@rtlg@M.I1~ II L tt@ It~t-l!t-l2L ~ L ~t-tL ~rtL Ii~ ~ L @~I 

tt~tt~1 

qUL ~tt~1 ~lil1l HU 1I~litt~1 rtfl t:,!:ll@ tt~ilflt ~rt ~@~~I1I1~L ttitli~t' gu U i} tt~! rtIJ t:1!:i}@ tt~lItt~' tt!'o' 
" . " ~ruflU I1flL I1li~ I rtt'J& (lOl:);)IlOO p;)pUnOlO) fl Ltt,L! 1I1!,t'@ !,t~ ttr1.llA.~ H 111 ttt-.lll~l! II !,ll1l1flL ~~@ I1li t'@fWLl!fl ~ "kJ::7-r ,,1'0 1'0 J?p I 1=" J.; I" 

t-Ltli:;!,ttf\,~U!~l\UAlA.1 rtLtl.,L!fl~l wlil!,@rtm@M.ttL~@rt~~&tl.~!'lA.l~111@ ttlittr1.l (P;)lS SS;)Ilf!111S) rttt,L! I r ~ n~I"'L\ I' ~ I I J' 1;7" J? ~ 

H U~Hi@£li t'~IIt'@lA. tt!'ol ~li111 tt~I~~,L!lflt~L~t'~ (;)polP;)I3) ~!'lA.l ~11I2ttL~fl ~ 1 Wlilt'@f\,tt~I~;@rtlg 

@M.t'ELrtt' pui)~&'pt' l!t'l2L~L~t-t~ ~~ tt~~!:tmL@~flL!'litt~tt~t'@It~&~@~1 ~rt@m~ 1 rtt, 11~~!,ttl~@L~L~~ 

!,t~t:t' l!t' !,IIL~t-tL ~ ttlL ~ t'~liIlULM~t-t~,L! II~W t:UL & U @tl. ~t'~~H I1U9ttijL~tt,¥I~~L ~fl L it'¥'ll L!'L U t' @ ~ 
"" " I I I 

~l1l1fl·ltt,L!I~UI!,LUrt~I1W!'LU t'@Iitl.!,lU tl.tl1 ~ W U L & t'@ttlt1.t'LU!'Ii,L! II ~!, UL M. lA.l tl.f1I ~l! II ~ 11 tll! 1 U sz; t6 ~ " J;:7 j;:II' J;:7 1'0 ~-rv Lot J? ,P li;IO' 

~ I " " 

t'~ S ruLrt~!'f1t-t!'ottL~@~LL~I1£f1lHLrtL,L!~ (A1ddns l;)MOd ;)211110/\ q2!H) t'l!t'!'1IL~tAL~!:IL~t-~liIlUL&Lrt 

t' pui)~& (;)211lIo/\ qjj!H) t'l!t-l!L~L~t-tL t-@P.tttptt L ~t'~llL~Ll!l!UL~~@l1liflLl!f1UL&U@@tl1lilrt@l!li;@rtlg 

@M.t'@Jl.l!lil !'LUL!'Ii@rt~I1W~&lA.@M.mlil !'LUrt~l1t~I1I1~!,rtM @lil!t-.I!,l U tl.tl1~W ttL ~ I UL tU U I1IM@@!'H 
Ll 1'0 f' 'r k J;:7 ~ "ltlp I ? "" 

!'lirtll1l1rt I ruLrt~!,fl~L tl.Jl.U mlA.t-Ll!Ufl tt,ijum,L!lrt.tt~tl.LttL ~~@ I1liflL l!fl rut! !'l1fl ~l tl.1i ttr1.l lifllfl Lfl ~ '="" I'" p f' ,P ." J:I' " ,~ b> "t,i I"' lot; 

~ I:!rtJl.1 tl.JbI ttUflt~~ ru flU l!flL t!lirt&L@t-J& !,ll!t!UL~~@t!li ttf1l~ ru flU l!rtlA.~tl.JbLU ttl ~ @ ~ U I1U u:::& ttl l!lil 
'P'? I 1'1) '" .." po f' p J? 1'O"f" I J' . 

(p!nu l;)UIAIOd) tI1HIt-@Jl.tl.f1IlA.!'@rtm@M.fl~l ~l U (su0!lnlos l;)UIA10d) !,@rtm@M.flLI1~I1!,l,L!@!'li (SlpUI 
J? f"}" ~ " lP P '="" IP' 

l;)UIAIOd) tI1HIft@l!H;@rtlg@M.t'lt~lJL ~!'LrtL,L!lig~!'LU ttU-L~;@rt'g@M. !'lirtlt1.1 Lttl1~~WLrtU~It-L l!U 
" . 

fl ttij ttL ~ tt,L! 1ft li Lfl L tt,L! Iii l!~!'L U ttt I1:::W tt f1I Ii U,L!L lA.u. I fl t ~fl Ltl.,L! 1M. fl!,l U.!L tfl t ~fl L tt,L! i Ii 11 ~!,l U I' I tfI 1=716 ,,'aI' J? 1;10' h;-r'" "'" f1i ~ J:I"~ ((. t6 til' 

~f{,~:::tfltLUt'@f\,~I.MblWUl,ll ? ~ I'" '=" 

z I,Utl1 
"" 

v 
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>' 

(1'llJlHlIIU~'lh~,\Hl~ fl1)lf)fll.l11l.l1vJ!1J~{~~II'fiDCllrJHCH)~fI1ilml1~ 

\ll.lm~ ~~i1'1I1r-il.l)~~i'1J"Y'l.l1r1 ll~dJl.l 4 'li1~~1rJill.l;jeJ 'li1'1~1l.l (Base region) 'lh'llf)fll-ffl.l~'1 (Jet 

region) 'li1'1'Yil.lt1Jl.l~~rI (Splaying) IICl~ 'lil'1)~'1i'1J (Collection region) (8) 

'Ji'N!1U (Base region) 1~l.l'lil~lilJ'fi'l.lIrleJ'VteJilllJ~{Il1Cll~~eJ fHllflDCl1r1l1Cl ~Y'lfililClCll~ }j!D~ 1'1 

I~l.l'tn ~ mlr1 1 fl rlfll1lJI1l'IJeJ~'lJeJ~Il1Cll~ rl fl~~VfleJ eJ fl ~~I~lJ 1 D~llJlIl.lll1 fll.l'IJeJ~1 -ffl.l 'Yi~ 
~ . 

';'.JlnP'lHYurj.J (Jet regio1l) I~l.l 'li1~~1-ffl.l ~~\1 fl~ fl~~ fl~ 1 flD Cllrl'YlHml rI 1 D 5~1I~l.l )~~i'lJ hw 
" 

rl flll) ~'Yl1~ I ~th~-3 Vfl'fi ~ iD~ fl 'ti11 111-ffl.l ~lffl.l6fl Cl1~ 'lJeJ~I-ffl.l'Yi'lClflCl~ i D~ llJfl11lJ tJl1'IJ ~'1rffl.l 'Yi'lUl.l 1I'fi 
.... "'.. .. 

\l1flU )~~ 1 ~th~llJlIl.lli'ff}j flltJ 1 l.lI-ffl.l 'Yi~~~lJl flfl1111 1'1 tiflll1~ rll (Cohesive forces) fllrl 1 l.l1-ffl.l'Yi'l 'ti 1111 .. . 
I ff'U ~ ~ II ~ fl eJ ~ fll~ l.lI rl'l.ll ~ fl'l '11 Cl1 m rl'l.l 

,. " " 
';,.JHNru (Col/ectio1l region) 1~l.llJ1I1UI'YiIrl'l.l~~lill~fleJeJ flI~wl~tJUl.ll1 qflfl1) !fl ft~l.lii 'ti11 11 

ll" 9J 1 .J ~ 0 l'I~ l'I.1 9J •• 1 ~ 
_ ~!cyl.l tJ9I'~~1'Yl1Cl~ClltJ 1~)~ll1tJ lul1lJflllCl1 (1'~(1'lJ~rllJl.lmll.l Cll1~)eJn1J 

" 

Polymer Solutions 

or Polymer Melts A' 
.------,,/,..--____ ~Single Jet L~ 

>----L.-~~ 

~-----V \ 'f:S-
~ "" T aylo, Cone r HV 

Metal Electrode 

Fibers 

Metal Screen 
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, 'U ~ 1'U 1 i £J~ ~1'U lJ 1i:iVl elftllJel {ml1£J'b'U fI~ \l ml llJ 1Nft ~ tJl1 £Jm~U1'U fl1) D 'U I rr'U' £JtJl1£J tl ~1~ 1(1'~ \01 

Srinivasan(9) tMNft\01'U 11 'U tl~IUel{ 'lJel~VlelftVl1) 1YluCl~'Uml)~'Yl1Iel tllJ~ (Poly(p-phenylene 
. ~ 

terephthalamide) (PPT A)) IICl~Vlelftel~U~'U (Polyaniline (PA)) 1 fI £Iii fll)iJ'Ulrr'U '£JtJl1£J 1~~lCY~~u 
~ 

VltlftllJ eJ{l1~ CYel~ 'b'UflIU'UVl elftllJe){':h 1 ~~ 1 (Electrically conducting polymers) CY1) Cl~Cl1£J'Vi eJftllJel{ 

d tl.P<r , '" .., _.I"" ~ .., • ',!'I d.,i d 
C1'llJ1HlI~)£JlJ ;t Ifl£J 'lfflHl'b'Cl¥1)fl (Sulfuric acid) IlJ'U~1'Y11Cl~Cll£JII(l~Un~fl£J 'UlfClflflmuClCln'b'~lJ . . ~ 
DlJcyruru1fllfnU'U~1f11UfllJflnllfCl'IJfl~CY1)Cl~Cll£J IrieliJfl'U'~~1I1Hcy~''Ui1~ 12 O~ 18 nICll1(l~lIfi 

" u u ~ "II . " 
C1'n(l~Cl1£J 'l'i1'l1lnflIlH'Yl1~1~~1 (Electrical forces) 1!(l~liiflIlHUi:ilJlflfl11I1H~~r:b (Surface tension) 

" 'lJeJ~ CY1)Cl~ (ll£J'Viel ftllJfl{ ~~l'i1' 111 nflIff'U , £I lA' 1 fI £J~TYil(l~Cl1£J~~\l fln 1ifl fltlfl fl1£J' 'U ~hnh (Water bath) 

Iff'U'£J~,tJli:i'IJ'U1f1tlri1'U')h~ 40 onh~lJlru 300 'U11'UIlJ~) Im~ti1lJ1~fl1:n),Hl~II(l~ Im~lY!l~'lJtHlff'U 
~ ~ 

1fJtJl1£J1f1~fl~'Yl)1'Ucyihi''Uijmfl~'H)'U IlJ 1 f1)CY 1 f1tJ (Transmission electron microscope) IICl~lfI~fl~ijmfi~ 
... . .1 • .1 'I ... 0' .,i , '" odI " 'I '" ... 

)eJ'UfI¥1I1¥1)fll'Yl)lJl~fl) (Electron diffractrometer) 'b'~'ViU11lJNClflfl~ 'U IflHCY)l~ IICl~N(l~lflelmfi~)el'U 

~~II~) fli''U (Electron diffraction) iJ~'ViU11Ilfiitl'UnUlrr'U '£J~Nft~' 'U'Yll~fll)r1'l 
Kim IICl~ Reneker(IO) ItJlNft\01'U11'Ul~IUel{'lJel~'Vieli\lu'U<ilJfl11'b'Cl (Polybenzimidazole [Poly 

(2,2' -(m-phenylene)-5,5' -bibenzimidazole)](PBI)) 1 fI £Iii flnD'Ulrr'U' £JA'1 £I 1 ~~ 1CY~\01 1 tJI Nft~ nru ~i:i 
'" ?t ",.d '1 ''1 '" '" , .d tl "'''' "', 0' • 1 'I Clflllru~llJ'UN111IlJ Ifl'Ylel (Non-woven fabrics) ICY'U £Ill fllJ'IJ'U1f1ICY'UN1tr'U£JflCll~u)~lJlru 300 'U11'U 

IlJ~) ''Um~U1'Ufll)Ni\~~~(l~Cl1£JVltli\IU'U~lJfl11 'b'Cl A'1£J1~'UI~'U l~llJViflel~i~l1 ilJ~ (N,N­

dimethylacetamide) IICl~un ~ ''UtlltJ~ CY'U1lJ tl~~llnfl~'Ulriel~mJl~~lI1H~ ~ 1'Ui1~ 1 0 o~ 25 nl ClI1Cl~ 
flflilfl'U ~1'U ijmfi 111)fll Cllf~ (Metal Electrode) ~ ~lJel ri, 'UCY1)Cl~Cll£J'Vitli\llJel{ IICl~lrr'U 'tI~~fI fl U flvi~ 
'" " '" '" " 
elel flIriflll) ~111~ l~~ 1i:i~ llJ 1fl fl1111) ~~~ ;';1'IJa~CY1) Cl~Cll£J ml~ ~1 mr'U CYl)Cl~Clltl~~)~1lf tlflfl fl'tJlflJfI 

, , " , 
'11 1 lf1tJ1lrr'U 1 tll1 II 11 ~IICl~1I ~~~1 (Solidified) ~flCl~U'UIlr-i'Utl~~IU tllJl1~lJU'Ut1 flfli\~ 6~)lfll)iJ'Ulff'U 1£1 

CY1lJl) fltJi'U' A' ~lflfl11lJlI) ~'lJtl~CY'U llJ '~~1I1Cl~6~) 1fll) 'If(l'IJtl~ cyn(l~Clltl'Vitli\llJtl{ 'IJ'Ulfl'IJfl~lrr'U~l 

ft'U6fl(l1~'lJtl~lrr'U '£J1f11A'~lfllfl~fl~tl~~tllJlJflhtl{CYllJ 1 mCY 1 fitJ (Atomic force microscope) IICl~lfi~tl~l1 
~ 

)l'UCYlJ'lfi''UijlClfi~)tl'U IlJ 1 f1)CY 1 f1tJ (Transmission electron microscope) 
. " 

Fang IICl~ Reneker(I 1) lA'1i'll1fiufiflniJ'Ulrr'U 'tlA'1t1'~fhcy~~u' 'Ufll)Ni\~lrr'U1t1~lg'Uw (DNA) 

~?t "" 0' d '1 '" '" , .d d "', 0' d ,,'.1 odI 
'b'~IU'U'VitlClllJtl)'Yl1~'b'1fll'Vi 1~1C1''U £Jl1lJ'IJ'U1f1IC1''UN1'Utr'U£Jfl(l1~lClfllJlfltl~ 'U'b'1~u)~lJlru 50 fI~ 80 'U1 

1 'UllJ~) II ~~ ~ 1 fl fll)~flll1'IJ'U 1f111Cl~!tJ~ l~'lJtl~lrr'U '£JA'1 £JIfI~tl~ fltltJ~fi flClIlJ 1 mCY 1 f1tJ (Optical 

Y rlJt::J.' . ..J. 
microscope), flClel~~Cll1nft'UellClfi~)fl'UIIUUCYtl~m1f1 (Scanning electron mIcroscope) IICl~IfI)tl~ 

l1)1'U C1'lJ'lfi'U ijlClfi~)tl'U IlJ 1 fi)CY 1 fitJ (Transmission electron microscope) iJ~'ViU11Infll~fliifl (Bead) U'U 
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, ~ 

f11 £J lvh~ l(1il~ V'! iil'HlilIlH) {~ flmntJ'lfU ~-¥i ~1f1 p.jil~ I~WcY'U 1 £Jf11tJ1'VlflU flU ~1f) ~lWIf'U l'Hlilwl1ft'U 

'eHlfl ~hf1 (Poly(ethylene oxide)) 'Ylf)ilI1Unllf)nflf)Hf)ft (Poly(vinyl alcohol) lC))'n~ In(1f):;;!~~ 

(Cellulose acetate) 'Ylf)illlnfl~flWqf~ (Poly(Iactic acid) 'Ylf)ilf):;flll n ll'U Im·ft (Poly(acrylonitrile)) 

1~'U9i'U (5,12) 

fl 15 ~fl1:l1p.jn'U f)'1il \H1 tJ~l'1'1 ~ii~f) m:;1J1'U fl nfl'U IcY'U 1 tJ~1tJ hh~l(1il~ V'IltI'U ~ flll'U1'Vl1'1l1rt \l~ 

'jtlj1\l~llJ~~f)\lfl11'~ ~WIf'U Deitzel IIn:;flW:; (13) i~';lfln1~tJ~fl1:l1p.jn'Uf)'1il\J~tJ'Uf)\lm:::1J1'Uflnfl'U 
" 
IcY'U 1tJ~1tJ hh~1(1i)~6~ii~f) 1 flH(1!1'1'Uf)'l'U11 'U il'll1Jf){ 1 fltJ1 ~'Ylf)ftlf)l1ft'U66fl 'C))'~ (Poly(ethylene 

>' >" 

oxide) (PEO)) 11ll1l1flllJlnfln 400,000 fli'lJIllJn n:::n1tJ1'Ull11~'U(1nn:;n1tJ'Ylf)ftIlJf){-¥ill1lJl~mll fl11lJ 
, >' 

1,j'lJ'\j'U'Uf)'1 (1nn:::n 1tJ'Yl6ftllJ6{-¥i~fl1:l16ri1 'U 'lh'l 4 ~'1 1 0 Itlf){IC))''U~l fl tJll1l111 fl II n:::tl1lJlW'U6'1~flrJll'1 
" 

~ 1~~1 'U'1f1'1 5.5 ~'1 15.0 nln l1n~ \J1fl fl111 ~ tJ'Yl1Ji 11cY'U ~1~'U 6 fln 1'1'U6'1lcY'U 1 tJI~lJ~'U!rlf) (111n:::n 1t1'Ylf) 
" " 

~llJf){iifl11lJl,j'lJ.,j'U (1 'l~'U II n:::~fl6il'lvhiiri1~ 1 1 f\tJl11i1~fl6i l'Ivhiirh~ 1 fh::: rif) 1 ,r!nf\l~flUfl (Bead) ... 

" Baumgarten (1 4) 1~p.jil~lcY'U 1 tJ'Ylf) ftf):::fllI n I'U 1'Vl1ft (Polyacrylonitrile) ~1tJ1'VlflUflU 1 fltJ1flflllJ 

l1nl'lf){lJllllJ~ (Dimethyl fonnamide) !~'U~Tthn:::mtJ'Ylf)ftllJ6{ IIn:::i~~fl1:l1p.jn'Uf)'lil\J~tJ~1'l'1 ~ii~f) 
>' 

'U'U 1f\lcY'Wr-h'U 1j''U6 On1'1 II n:::fI11lJ tJ11'Uf)'llcY'U ~\l (jet) 1 f\ tJil \J ~ tJIl1ft1U I~II ri fI11lJl,j'lJ,j''U'Uf)\l(1nn:::n1tJ 

'Yl f)ft IlJf) { fl111 tl~ tJ'U II tl n 'I (1 fn'Yl1J n tJ1 fl1~'Uw:::fi 1 fl11 fl'UI cY'U 1 tJ ij ~ 11 fl11 i l1 n 'U f) 'I (115 n:::n 1 tI'VW ft IlJ f) { 
", t •• 

II n:;tl1lJlW 'U f) \l ~fl6i l'I vh \J 1 fl fl111 ~ tJU 'Yl1J i 1fl n! nf\! cYU 1tJ-¥i ii 'U'U 1f\1~ fllJlfl \J :::'Yl1J-¥i (111 n:;mtJ-¥iiifl11lJ 



Qd ",I ~ ~ 

3.1 11ifl11u1:::~l:I! 

3.1.1 ~1Jmur~'.nUfl1n.h:::~l:Ii 
Irlrtl-l~U"YU1fJ~1fJi~vh~i)~6~1lJ1Hl~~IIU-l~1Jmru~1.nUfll11J1:::~l:Iitltlfll~U 5 "hU~1fJnU 

'~lIri 

4. tlll m ur rl11JrllJ fl11 i lfC\\ltl-l ~lHl:::c\lfJ')'ItlftnJ tl1 . . 
5. mJmur1tl-l1'1J"YU1fJ~~Ui~ . 

tI tI tI 

fl11tltlflllUU 1Ic\:::fl11~~I~~fJlJtl1Jfl1ur't1-l 5 ri"JUU ij11fJc\:::I~fJ~ ~-lU . 
., . ,., 

1 ~ fJ't11111J~mJl ~.yhli ~ 1fJ 1 11 n1J~11 C\:::C\ 1fJYi tl ftllJ tl1 IY1lf 1'1J fll1UUIIYU 1 fJ~ 1fJ i vHh cri) ~ 6i1 ~:::ij 
tI tI • 
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~leJQ1u'li1-l.,y-lIl~ 5 fi,:j 30 iilC\ l1c\~ fi'-l,:rUlrl1tl-l~lfJilHhIlH~-l (High voltage power supply) ~llJl1tl 
tI • • 

U1'1J~ll~.,y-l!l~ 0 fi-l 30 filC\ l1c\~ 1IC\:::ij~fl6i~Vhtltlfll~U~fl6i"lVh~H (DC) 1Ic\:::1l1tl-l~lfllrl1tl,:j~lfJ 
tI • tI 

'~~1IlH~-l\lU1~ 30 filC\ l1c\~IIC\:::I~U~fl6i~~1~HU iljij~ft~'u1J1:::!'m~i'VlfJ 'Vl1-lM1J1:::~l:I~~-la-l~eJ 
" " .. 

, " , " " 
n -l1 ~fJlU ')'11::: 1 ~fJ11rm:::l~ tI~\ltl-l~tllUli.,y-l1J11i'Vl IIC\:::\ltl-llrl1tl-l ~ltl i~~lIlH ~ -luijfi'-lU . " 

• tI 
.octev &!t.Q,I 

ntllU'Vl~-l1J1l:1'Vl : 1096 NORTH U.S . HIGHWAY #1, ORMOND BEACH, FLORIDA 32174, 

USA 
, .. 

1U'Utl-llrl1tl-l : Gamma model D-ES30PN1M692 . 
'" .... 

~ruc\fll:lru:::\ltl-llrl1tl-l : 

Input Voltage : 90-240 V AC ; 50-60 Hz 

" Output Voltage : ~fl6ivJ~leJtlfln1lJ1Hl~ ' ltJ 'vJl~'t1-l'1fl1~1J1fl (Positive Supply) lf1tl 
tI 

'lfi1~C\1J (Negative Supply) 1~fJ~llJl1tl1J1'1Jfill~.,y-lIl~ 0 fi-l 30 

filCll1Cl~ lf1tl 0 fi-l -30 filCll1Cl~ 
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Output Current: 200 llJ lfl'HI~lJ{j ~'1I~Uri1~~1I11lJl::fflJnlJfll ·n.hlJl1~'11W,j~'11l1fl\1::hil~u 

e)U~'ilEJ~eJ~1~'11U 

. " . 
ftfl1HU ::~~'1lflr eJ'I ~ 1tl1vh~lm 'Iff 'lUll Ml'I~'1 1unJri 3.1 " .. 

lH'l~"\l"tl1'll''W,,"t1'1 (glass syringe) ~U1" 50 iiftiiii~'i \hlJl1~I~Ul1fteJ"milm1l1~'1I~U 
tJlJmw~1 ~lJ'i 'i \1 ffl'ift::ft 1tJl'teJiillJ~ { tJilJlW ffl'H'l::ft 1rll't~iillJ~{~1 ~eJti1 U'lh'ltJ 'i::lJlW 10-50 . . .. 
ii"'ftft~'i ~'1if;u ~cinlJ1J~lJl\lI ~~'1lcYU 'tJ~~6'1 fll'i '~1lJ U ~fl\11fll1ft6" \l "tl1'll''W''l! 0111 ft1 illtJ~I~U .. 
tJlJ mWf) fl'll''W''l1-ct'l~ ff1lJl'i ml1lJl 1 ~tJn\1 ff1'i ft::ft 1tll't 6 iillJ6 {'1 ~ 1" tl 1 U'Jf1'1 II 'i fl~eJ'I fll'itJ'i::~lli' . . . 
ihtJ~~u 1" 1 iiftiiii~'i 1~U1lJ1 1 ~ltlUl1ft6"fl1ilftft11 llC'l:: ~lJlcYUC'l1"fl6'111"'1~nill1t! l~I~U ~lftfll fl'i" . 

l1f1ll~lJfll'iiluuh~ 1 tl;nil 111'iJl1 tJ"~6'1ffl'ift::ft1tll't6iillJ6{tJU nlJlcYu ltl~lU1U lJlfl 

.1 .. "41'J1 .. "':F ~ .1 ""'1'J1 ... " ul:flll!\1'1 'll'11C'l6" U "tl1'll'U"" n11lJU ~umw fl 'll'lJn~ffl'iC'l::ft 1tll't6ftllJ6'i !lflU 

1 U'll'''6tJ mw ifl~ \l',,'ti16tJ mw rll111lJ1Hl1ft6" \l" tll~'1'ti1\11fll'tC'llff~ fl . . . 
" 

11H''''6'' \l fI r.l1\11flll U1i'lI~UII U1U 6U 1" 1!C'l::ff1lJ1JfltJ1lJ 'i::fllJfl11lJ'1 '1~eJ'Il1C'leJ" \l" fJ1\11fl!lUri 1'1 1 ~ 

I~m):: 1~Ul 1 tJ~fllll~C'l~6'1~U l"lcYU 1 fJ~iJ~6'i:: r.I::fl1'l'i::WJ l'ltJC'llfJ!~lJ\l" fJlnlJll~U 'i6'11lJlcYU 1fJ 1" fJ 
" . . 

~tJmw rll111lJ11'l11C'l~" \l "fJ1U ~ 11~mieJ'I'ti1~1 fJ1Mlril~Ul't '" lff~ fl 1~eJ1~eJ'I n U fll'iU1l vHll 
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3. 1.1.3 ~ I nfl hn ~ 

, ~ 

Ifl1~~ ~ 1V \Il'h~ 111 'j" ~ ~ ~ 1J1~~I~lJU ~ V1U 

1I1'1'~~~~'unJ~ 3.2 
" 

.d ..::i A 'jI d.oe( 40 ,,~~ ... 1 " .0l:Io fI 
!1.h13.2 '\1n~~ ~ ~ V1'b'U ~"f)1" n~I'UlJ~ ~ Vl'Vl'Yl 1'\1 'U l'YlllJ'U ~lJ mru 'm~ ~l'I'nn~n1rJ"" ~nllJ£)'j" 

"n~ijmfl i'Yl'j"~ ~llJih~'U 

.1 " , ... ., 3.1.1.4 ~umru fl1'UfllJtln '\1n'U~~l'I'nn~n1V""~nllJij'j" . . 
tlnm'UfllJtln ''\1n'U~~l'I'nn~n1fJ .... ~ftllJ~{ 1 ruf11'j"fl~n1'b"'U i ~m~'Un~ ',j1'U'\1n~~ U ~V1~ • 

~fl~fl1'b'11 u i ~'j" I~U~~~tllJl~ltltl~ fl1'b' i~v~'j" ~ "n~I~~ hfu11J1ru tli'j" i'\1n'U~~n1'b'~U~~V~~ ml1tltl~ 111' 

~U1lJlru~fl~~ 1 U'ti1~'\1~~'U~~ tl1'j"u'j"~~~i'~~ if11~~1U1'Ufl1'UfllJtln i'\1n'U~~ fl1'b' (Flow meter) ~~ .. . 
1I1'1'~ ~ ~~'UtU~ 3.3 



II 

I~ el~ ~ 1 fllfl r el ~iJ'UI ~'U 1 rlfl1r1 1 ~YlleYO~~ lfllh:;~ll i~'Uiflfl i fli~'flr el~ 1 'U ft flll OJ :;1I'U1'U el'U I~ el 

~el~n'U fll'jl1 rI~'UfJ~eYl1rl:;rllrl'YH)ftI1Hlf~'UI~fJ.:JlJl~ltlm.:J 1 Ullri1.:J'UfJ.:J 1 rltl 'b'flfJtJmru H).:Jf1JI~'U 1t1~~ . . 
,., , I I tI 

irll'il 1 'UII'U 1i.:J l~fJ'j fJ.:J f1JI~'U 1 rliii]'UfJfJ tllJl 1 'Ul1l.11'U fJ'U 1 flUII~'U H)~f1JI~'U luul i'1I~'U elrliilU Ull ~ el .. . " . 
tl1JC'I'lrl~'U ~ 1 tllfl 1 fJ.:J ~ lrl 1 ~YlllI HeY.:J ft tllltu :;'UfJ~'b'flfJtJmru 'jfJ.:Jf1Jl~u lUUlleYfl.:Jrl.:J 1 U 'jtJii 3.4 U elfl ~lfl 

~ " " ~ 

II~Uel~iiIU rill eY11111\ltillJl1 i'1~U ~tJ mru 'jfJ.:Jf1Jl~u lUll ft1 1eYfl~I~U 1 rll1:;'b'Ufl~U ~ ~ 1 fltillll'vill~u 
~11 mru 'jfJ.:Jf1Jl~u 1u liu II~U'YIfJ.:Jllfl.:J ~:;lItlH8\1iiIUU1J ~:;lItlHIl1~ fl~ijfl1111~'U8.:J';fJ.:J~:;1I tlH'UU 1fl 

~1~'l I~U~U ~.:J ~ltltl1'j'YIfl eY81J 1eYfl,milif eY111l'Hl'Vi111U1~'j8.:Jf1JI~U 1u '1 ~~ 1I~1'~8fl1111eY:;fl1 fl 1 U 

" . 
fmti1iu~lU ltJ~tlll1~1UIfl1fJ.:J~mfl~'jfJUII1J1JrifJ.:J m1fl (Scanning electron microscope) II~Utl~iiIU Ull 

~~~ fll~tltl 1 11' ti 1111 1 i'1~U ~tJ mru 'jfJ.:Jf1JI~U 1 tI 1 fltJl1ft.:J ~ltl tll1iJ'UI~U 1Ullft1 eY11111\liflll~U el~iilu rill 
. " . 
Yiijl~u 1 riel ~1 tJ~fl1JU Ilviu11.:Jiui1fJ tiH (Stub) 'UfJ.:Jlfl1fJ.:J ~mfl~H)UII1J1JrifJ.:J m1fl '1~l1Uii II rl:;U el fl 

" . 
\llfliim;u elrliilU Ullij'j 1fl1fl tl tll11 eYfl'b'U fl 6U ll1tl ~.:J '1flti 111 11 i'lflufJtJ mru 'jfJ.:Jf1JI~U 1u 

" "" " 
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~ , ~ I 

ft mHU :; '\J~-:j~tJ mru'ti'-:j 5 'b'~ ~-:j.yj flril1lJl11ft1 IIft:;fln~~~tJmrul'1-:jl1lJfl!.,j'1~1fJfl'U n~~ 1 11"i~!~'U .. . 
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3.2 fll'J'Yl fHHlU 

IfI~ eJ,:j~'Ulff'U 1 rJfl1rJ '1 'Vh"llLri)~ifllfl111lJ1 1 ~'VI~ LreJU flU fl n~'UI ff'U 1 rJ '1 'U Cl eJ'U 6 ~,:j'Vi eJftllJeJ1'lfii ~ if 
, , " 

I~'U 'VieJftllJ eJ Hlii rJlJ111lJl 1 ~ 'U fll'j fjft~lff'U 1rJ 1 'U'VI1,:jfll'jfi' 1~ 1'U 1'UlJ1 fl 1 ~ rJI~~ I'U Cl eJ'U6 -n111lJl'VI~ LreJuu 

" 
'1fli'UfI11lJeJ'UlfI'j1:;11 \l1fl ui17'V1 WI~rJ h~luf)1 ~lfl~ Im~ AFC-2002 ~11 nn! flllJ1Cl flCll~ rJlh:;lJ1ru . . 
17,000 ~,:jlm~iflil'Ulm~~'VI1,:jui17'V1 1~ 'Ufll'jfjft~lff'U1t/l'UClf)'U1 'U'VI1,:jfll'jfi'nY1 hI 1'U'lf1,:jfll'j'VI~Lrf)U 
Ifl~f),:j~'Ulff'U 1rJfl1rJ hh~lLri)~if I~~ ''UClf)'U 6 if'~111lJ1Cl:;Cl1f.11 'Um~vleJ1ii flI,JlJ,J'U 85% 1 ~f.II~1f.1lJLr1'j 

• II " • 

(\:;(\1 rJ-nfl11lJ1,JlJ,J'U 20 IUf)11'1f'U ~1 ~ tJl1l'HU fl 11(\:; 1 ~fl11lJ1f)'U'j1lJi,:jfll'jfl1'Ulft mYeJ tJ I~f) 'lf1 rJ 1 'U fll'j 

f.l11~'UfllClfll'V1'j~ l~rJ~eJflUlfI~f),:j~lrJ'vl.yhIlHLr,:j IICl:;ilf)'U~mJlvl.yhuilJlru 20 filCll1Cl~~1'UfllClfl .. 
" , " h1'l ~ U ri1'U1I~'U 'j eJ,:j i' u"~''U 1 tJ-nlll'UII~'U f)~iilu f.llJ i~~ f) flU Lr1f.1~ 'U IICl:; 'fl~,:j ~u fl'j ru 'j eJ,:ji'Ulff'U 1 f.I 111' 

111,:j \l1flU Cl1f.11~lJ ~ ~ tJ1111'U 'j:;tJ:;'VI1,:j 10 1'1f'U ~llJ~ 'j 11 ft,:j \l1fl~mJlvl.yhll H ~,:j 1~ n flUft f) rJ~l'U fllClfll 'VI'j~ 
• ", I I 

l~rJI~lJ~,:jIl~ I fih l1Cl~ \I ·..Jm:;i,:j~,:j 20 filCll1Cl~ ~llJc11flU 'ViUl111rJ~'UeJ,:jLrnCl:;Cl1tJ'Vif)ftUJf)1\l:;lilJ 

l1J~ tJ'U \11 fl ft flf! Ul :;11I'U'VI 'j,:j flCllJlll'U 11 f.I~~~'jU11,:j11l'U'VI 'j ,:jfl'j1 f.I~'U IICl:;lfi~fll'j'Yi'U Lr l'J l1 ::: mtJ'Vi f)ftllJ f) 1 .. 

111' ~ ~ "'" ,~",.d "'$I 1 .;. .x" '" .d ~ .x d 
I fI \11 fl fl1 'j Ifl fll U 'U ~ CllJ Lr'U 11U'U II fj 'U f) 'j lJ I'U tJlJ'Yl 'j f),:j 'jU 1C1''U tJ II Cl:; IlJ f) 11 Cl1'U 1'U 'U 'U ~ CllJ Lr'U 11'V11 fl ~ 'U'U fl \I:; 

nu~ lJlUl lJl fl~'U II Lr~,:jft fll:lru:;'Uf),:j fll'j Ifi~lff'U 1 tJU'UII~'U 'j eJ,:j i'ueJ~iilu f.llJ '~fl,:j!U~ 3.6 

!U~ 3,6 Iff'U1tJl'UClf)'U 6 ~fjft~ 1~u'UII~'Uf)'jiilutJlJ'jeJ,:ji'Ulff'U1tJ l~rJ1~'j:;tJ:;l1m 30 1'U1-n 

1 'U fll'j~'Ulff'U 1 tJfl1tJ i vl.yhLri)~ 
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3.3 flnl~,nU 

rllld'u I 'U 1 fl) ~ fllnh:;~llilfl~fl~D'Ulff'U ItJ~ltJ ~I vl~lffil~if ml~\l1fl~~1h:;~1lf1~~Y'H~1VlJ 
~pJmru~I~rlllt1Ulfl~fl~ 11ft:;~fl'I!~~:pJmru~l~'l IoU l~ltJn'U IIftlti1IU't'1~ffflUnUff1Hl:;cntJl'U(lfl'U 6 

" " " , , 
IIftlU'U ,j''U~ij'U~fl IU'Ufl~ 1 fl) ~flnu '~lIri fll)~flll1il\litJriiir-l(l~flm:;ul'Uil'Ulff'UltJ~ltJhHhffil~ 

, , , " 
1m:; \l1fl fll)'t'1~ffflU flnil 'Ulff'U I [J ~Ui 1 il\li Vrirl1fll1j I 'U fll) Ifi~lff'U Ivriii'U'U 1~1~ fllJlflU fifl fll1lJloUlJ 

oU'U'Uij~ff1) (l:;(lltJ~fliillJij1 ~~J'U't11~flW :;Nu):;~llfl Y'11~ff1)(l:;(l 1V I'U (lfl'U 6 I 'U m~~fl1ijfl ~llJ~ 1~ .. .. 
tlrilllJlllftl I 'U 'lfl~fl n't'1~ffflUlfl~fl~ Ifl'U ffn(l:;(llVl'l ijr;llJfl1~I.n 'Utl1)~tlll1il \Ii tJ~~flri1l 1 ~ [Jii~'U 

. . " 
91 ij 'U I 'U fl n~fl1:J 1il \l i V'Ufl~ fll1lJloU lJoU 'U riii~ ij m :;Ul 'U fl nil 'UI ff'U I tJ~ ~U 

d 

3.3 .1 f!1)I9I)tJlJffn(l~(llEJ 

. " 
1~1VlJffn(l:;(llvi'U(ltJ'U 6 I'Um~~ij1ijt1loUlJoU'U 85% rifll1lJloUlJoU'UI'U'lfl~i~lI~ 10 ~~ 46 lue1 • 
". " 

l'b'u~l ~ tJu llfU fl 1 ~v I iii fll)t11'U I~ flU fl m..;'ij'lfl tJ I 'U fll) (l:;cntJ IIft:;U 1ffn(l:;(l 1tJ i U't'1~ ffflU'(YlJU~~~U 
... o<i 1 I:iJ .;. . 

fll1lJlf'U~'Uij~'(Yn(l:;cnv : fl'flll1 ~v 'iflfl)fl~ Brookfield ~'U DV-III programmable rheometer 

. " o<i ~ o<i 1 (jI ~ .or:!( • 

IIH~~N1'Ufl~'(Y1)(l:;(lltJ : fl'flll1 ~tJ l'iflfl)ij~ Tensiometer)'U KIOT (KRU SS) . 

3.3.2 tlnD'Ulff'UltJ~ltJhHh'(Yil~ 

I 'U ~'U9Ifl'U fll)D'Ulff'U 1 tJ~ It! i vl~ l'(Y il~ i ~fll UfllJ '(Yfl1l:;~ 1~'l ~I.n'U fll)D'Ulff'U 1£1 1 ~ [Jii)ltJ 

fj/. ~ d ~ <I:l. ~ tI 
'U'U1~Iff'Um'UfI''UtJfl(l1~'Ufl~I'UlJ~~tJ1 : 0.47lJi'l(lllJ~) (IUfl) 26) .. 
U1lJl9l)'Ufl~'(Y1)(l:;(lltJ~U))~ I'Ulf(lij~U~V1 : 1 0 ij(lr;r;~) 

U1lJlt!I'Ufl~~mJivl~1~"rllri'(Yn(l:;(lltJ : 21 fil(l ll(l~ (U):;~Ulfl) 
_I d d o<i' ..,:iJ I .. 

):;tJ:;'t'11~\l1tlu(llm'UlJ~~[J11Nllr-I'U)flnUIff'U V : 10 1'b''U~llJ~) 

~ d 

: 30 l'U1't'1 

o<i .., :iJ I 
3.3.3 fll)fI'flll1(l flll W :;1I(l:;'U'U1~'Ufl'lIff'U £I 

r-Ir;~ nUl ct1~ 1 ~ \11 tl fll)D'Ulff'U I tJ~l £I I vl~l'(Yil~ \I:;U llJl~flll1cl tl1:JW:; II (l:;'U'U 1~ ~ltJflft fl~ 
riA' ,.do 

~tlm)fI'Uijmfl~)ij'UIIUU'(Yfl~m1~ (Scanning electron microscope) 'Uij~ JEOL ~'U JSM 5200 fll)I~)tJlJ 
" . 

;UilflVWvh i~l~tJi~lIfi'U ij(liiIl1tJlJU1I1Wriiilff'U ItJfl ri'U'U1~U):;lJlUl 5 x 5 ii(lr;llJ~) IIftlU1IU~~(l~ .. ~ 
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'" " , 
1J'UII'Yi'U11'li'U~";n)~1'l (Stub) \Jlflu'U':hltlli'\ft'f)1J'YI'f)'l~1V!i'l1'f)'l Ion Sputtering 'U'f)'l JEOL 1'U JFC-

llOOE 

SEMAFORE 1 ~v1'U 1 tJ1I1fl'HH)~ 1 li'1~i'l1111tJl1'Ut) .ml''Ui'l1111tJl1lJl911!1'U~tJ11flfJt)ri1'U flWl IIft1;'l ~ltl 

1f1'U'U lf1i'11111 fl1\:J'U'f) ·:mY'U 1v \J~l'i 1 1 li''YI11Utll'U'U lf1'Ut)'lln'U ~l'Utj'U Oflft l'l'Ut)'lln'U 1 tJ 1~ 1 flVtJ1lJltU'Ut)'l 
, ,.. tI I 

ny'U 1vli1f1'U'U lf1i'11111fr~HiHj~ l'U1'U 80 In'U ln1'l \J 1 t1U'U \.h 1 tllfltlll \1 ft v'Ut)'l'U'U lf1ln'U~l'UrY'UOflftl'l 

I. 

:C 10 
. ::::J 
o 
E • 
o 

~ ~ 

'" 

'lon q~D tOaD '~Il. IICD I .I ~D f20.D I2tlD 13Q.D 

Diome1er 'Of fibers 
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"" 'lJ'YI'YI 4 

f)l"H)lhJ~ltlj:.jQ 

IfI~ V~~'UlA'U 1 fJ~1fJ hh~ 1cyo~~'lh~~l:IfI ~ 1~111lJl 1 flu fl n ~1i'i~IA'U 1 fJ~n~U 1fll~ fllJlm~~'lJ 
. " 

l.lll 'UllJ~1 lflfJ'YlVftllJV{li111lJl 1fluf)lmft~lA'u 1mh'\11'lJ 1 flHf)l1U 11~lIri IU"'VU 6 ""':; 1~~fll:ll~m 

~6~lhJ\j' fJ~ rilr1t1!~iJ ~"'~V m~'lJ1U f)l1~UIA'U 1fJ 1 ~II ri fI11lJl,Jmju~v~CY11 "':;'" 1 fJ'Yl 6ftllJ 6 { 

. " 
CY11"'~ftlfJ1U"'6U 6 1umfll'lV{iifll,JlJ,Ju 85 Itl6{IC)fU~ linfl11lJl,JlJ,Ju1u'jh~i~lI~ 10 ~~ 46 

ItJ6{IC)fU~1 flfJJ1m1 fl 1~111lJ1~fll:l1fl11lJ'\1i1flll"'~"H~~N1\1V~CY11"'~"lfJ 1~~"'')~~111~~ 4.1 ""~ 
"CYfl~ fl11lJ rrlJ~U lh~'\111~fl11lJ'\1i1 flll "'~1I1 ~~~N1\1 6 ~ CYn"'~" 1fJ n'lJfl11lJl,JlJ,JU ~6~CY11"~'" 1fJ IU,,6U6 

hntlli 4.1 
" 

" hw 111m1 fl 

fI11lJ ,,JlJ,JU \I 6~ CY1~ ,,~'" 1fJ 
, .... , oj! ... 

fl1fl11lJ'\1U fl\lfJ ~ CY1Hl ~l1 1fJ filII H~~ ~1\1 fJ~ CY1~ l1 ~l1 1fJ 

" iUl16U 6 (%l~wl1l'\1Ufl ) ... " (I C))'U ~ 'Yl 6 fJ CY) (iil1ftihilJ/~l~l~llJ~~) 

10 39.2 41.6 

12 59.2 41.8 

14 82 41.9 

16 113 42.1 

18 157 42.3 

20 209 42.6 

22 277 42.8 

24 358 43.1 

26 463 43.3 

28 592 43 .5 

30 738 43.8 
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>' 

1~!nl 111'Ufl (~fl) 

. ~ "'" 
mIlH~'lN1'Ufl .. nnHl::Clltl 

>' 

I'UClfl'U 6 (% hWl.hlfl1fl) (ijCl~U 1~'U/~1'i HllJ~'i) 

32 926 43.9 

34 I332 44.1 

36 1463 44.2 

38 1693 44.2 

40 2425 44.3 

42 2782 44.5 

44 3389 44.3 

46 3992 43.9 

4500 45.0 

4000 44.5 

3500 44 .0 

-0: 3000 
43.5 ~-

...) 

-.S 43.0 
::;; ... 

6: 2500 
'f;l 

;> 
~ 2000 r 
C' 
Ii: 

:';J). ... 
42.5 ~J 

u 

42.0 3' 
Z 

1500 --41 .5 ~ 
1000 41 .0 

500 40.5 

0 40.0 

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 
~ ~ 1 

fi1'l1~L'lJ~'lJtJ'lJ!l~~11ft:;ftl£.J tJft'1ltJ 6 (%wt) 

to tl~ 4.1 ml~1I CY~'lfl11lJalJ~'U lh ::l1'h:jfl1 1lJl1i1~ IIC1::1I H~'l;:h'Ufl'l CYl'iCl::Clltl ti'UfI11lJl,j'mJ'U'Ufl'l 
• >' >' 

CYl'iCl::CIltll'UClfl'U 6 fifl11lJl,j'lJ'1j''U''Ui1'l~'lIl~ 10 ij'l 46I1Jfl{I'b''U~1~tll.hlfl1fl 
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4.2 f)l'l~tlfJ1cl tlllru~nl'U1[J I'U (H)'U 6 ~ 1~\lltllflr~'l~'Ulff''U 1[J~·;ltJ l'Yh~lffi1~ 

cltlllru~'U~'l tll'llfi~I~'U1[J I'U "~'U 6 ~ I~ \lltllflr~'l~'Ulff''U 1[J~·;ltJ 1vHhffi1~ ~fl11lJl,jlJ,j'U 1 'U'lh\l 
~ ~ 

9i~II~ 1 0 ~\l 40 11.J~{1C])''U~1 ~[Jthm.r tl II ff~\l~'l fll'Vlriltl\lltltl~~'l\l"'YInrrt16Iftfl~'l~'Ulluuri~'lmlf\ 1'U . 

~ ~ 

tl) 10 %l~[Jthm.rtl 'U) 12 %l~[Jthm.rtl 

~ ~ 

fl) 14 %l~[Jthm.rtl \l) 16 %T~[Jt.hl1t.rfl 

!'ll~ 4.2 fll'Vl \l1tl tlft'~'l ~"'YInrr'\.r6Iftfl~'l~'U1l uuri~'l m l~ IIff~'l cl tlll ru ~'U~'l tll'llfi~Iff''U 1t1 i 'U "~'U 6 

~ 1 ~ \11 tltll'l~'Ulff''U 1 tI~1[J i VJVhffi1~ 
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., ., 
\1) 18 %hwl1nnTfl u) 20 % hwl1nllm 

., ., 
'11') 22 % hUJl1l'lllT fl C))') 24 % hW11111U fl 

., ., 
OJ) 26 %lm111111Ufl ty) 28 %hW11111Ufl 
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" " tj) 30 %if1tJUl'Hii'fl g) 32 % if1tJUl'Hii'fl 

" " ~) 34 %i~WUllnrfl .. crl) 36 % i f1 tJu llf ii' fl 

" " 911) 38 %if1tJUllfii'fl ru) 40 % if1tJUllfii' fl 
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.. .. 
~) 42 %hHllh'tn1n ~) 44 %hWlh'H'un 

.. 
0) 46 %1~Hllh11l1n 

nJ~ 4.2 fll'Yi\11nm\J~~\1C1'Y1'jHr,r~mfl~'H)UIl1Jlni~~mWt IIffiil~ftm:ltlI~'U~~m'jlniilnY'u1t1iulH)U 6 . . 
~1~\11nnnflu"Y'u 1t1~,;ltI i~~lffii~ (~~) 

\11nfll'Yiri -,tI'U~~nft6~\1C1'Y1nfi,r~mfl~'j6UIl1Jmi~~mliil1unJ~ 4.2 liluftmHU~'U~~m'jlniil . ~ 

nf'U1t11uC1~U 6 ~ij'UUWllffU~lUflu6nC1HI~mJln \11fllfl~~~flUlffU1t1~';lfJi~~lffii~ liiltl1~ftn6i~Yh 

11'j:~1J1n 21 nlC1 bC1~ il~u1li'ti1JffnC1~C11tliuC1~U 6 1umiil~~1iin~fl111J1,j1J,jU~Wl IH1J'j~tI~lil~ 

~:lfil~II~U'H)~f1JlffU 1t1ti1J~mfll'YI'jiillilu'j:tI:'YI1~ 1 0 l'b'U~I1J~'j 1IC1:1 ~'j:tI:I1C11 1unnfl'UlffU1t1&u 
, I " "1 

mn 30 1Ul.n l~tI'Yi1Jil.nffnC1:C11tlfl111J1,j1J,ju~h1U'ti1~i~!I~ 10 O~ 18 %liiltllh11l1n (nJ.n 4.2 n.-\1 .) .. 
i~1~lfi~lIffU1t1iuC1~U 6 1I~lfiiilm'jviu'U~~ffl'jC1:mtliuC1~U 6 ~~flIilU~~tI l'YIfliiflm'jlfiiillftliil'UU1~ 

igfl1Jln'U~~ iu C1~U 6 ~1t1 i~~lffii~tflilUI'YIfliifllfit~~lll i ulh:tln~1i1u m'jviu ffl'jC1~C11tl 1 li'lilu ~eJ tI • 



tl. fW L rt rt MI I) L l!;: l!!,l,L! t-@ n. ~ tl.1-I. rtL t, !!lIMn ~ ~ ~. 
" . . 

ttn.ULrtrtMllAl)l tl.,L!It-@n.t-Ll!UI)tl.ij tl.L~ tl.,L!It-@n.~L tl.f1.t-ll tl.1-I.1;:l\ t-.Ib L lAl 000'0 I t-QI)LI) n.t-m U ~LW t-@,LHU11 
r ~ ~" 1" " ~ P of" I 1'0 0 .'~ 

tt@ !.~Ym@ tl.kH.!.lAl!& t-@l!UULl\ML U t-~,L! II t'v lAMLU I) u~tl.n.ful-l.llAt-L l!U I) tl.ij tl.L~ tl.,L! m;:l\ ~ I tt[!lA.flL nUl 0:;;,1' (f. f" (6 1'1 f"' ,II ." p "11 I f' if' 

ttn.t-Q ~ tl.l-I.rtL t,Yrtt-tl.1-I.1) tl.U@@!.1-I. tl.n.u L rtrtMIM.n.rtn.mLWrt 9 tl.@l!ttl fJll!;:l! !.L,L!@rtILU1.M;:l\ttULWITt r ~ ... f' ~ ... ~ r :"' ('6 ('6'" '" ~ I or 1'" I" 

ULl\ tl.L.~!.~Lrttl.I1It-l)pIL~t-~t-~,L!lItALWf1.!tl.l (leq 10113) ~Ll!M~~rtLtYtl.,¥Jf)~l flltl.,¥It-@MLl!U~ttijttL~ 

tt,¥j~L tl.n.t-Bn.fl ~ ti 1L~f1.11 9 tl.Bl! tl.~ fll tl.,¥1M. ~!.L U tl.\k l~flLl!;:l!!.L,L!t-@n.tl.~rt~mL t YH ~l-l;:!.J tl.~rtprtLU~ 

t-~,L! II £Ov ~tAL wf1.! ;:ml lOv ~t-L!,l~ tl.l t-~t-~.L!IIM.LK!. ~Lrt tl.11It-fl plL ~;:l! IIfl l tl.,¥It-Bn. t-L l!U9 tl.ijtl.L~tt~1 

N~n.1) ~ tiIL~t-Bn.l!~~L tl.,¥1 08 ~rtl-l.t-t~ j}~L tl.n.~1~1) l tl.,¥lM.t tl.L ~ 1)l!Jf)l tl.,¥IM.f1.tl.~~~I~(!~~I~ft~ nrn~ 

rt~mLtYt-Lf1.;:l!1I I) B ,tt~(!~~1 mLrt£f1.~ tL ~ ut-~ tl.~rt~mLwt-t!btl.l 9 tl.@l!tl.Vll tl.,¥IULl\ t-BP.I~t-1l u.tt" 
. " ,. 

Lttl)~l % 9v t-~ O£ ~1It-~t-t!btl.ltl.~rt~mLtY~ 9 tl.Bl!tl.~I)Ll!;:l!!.L,L!ULl\tl.[!~l)ltl.,¥It-Bn.t-Ll!U~tl.ijttL~tt~1 
,4 tC I •• 

t-@ n.~L tl. n.~ t;: l\fl ~l ~ ll,L!L 1..lU.1 fl t ~I) l tl.,L! 1M. IT t-B WI U L l\ tl.IT lA 9 tl.@l!tl.1 fll tl.,L! 1t-@n.t-Ll!Ufl tl.ij tl.L~ tl.,L! I~L ttf\ 
1'0 ~ ~-I'''' Ll" " if 'r Lf f" lI\" 1" " 

~l!.L U tl.\k l Lrtqt U n~ ~ ~LW t-@Pf1.f1.IItl.B!. ~ Yl!I~.!Ug!.lAl!& t-B~UUL l\ 9 tl.@l!tl.l,fll tl.,¥Jf)L ~MLU 

~!:l,L!L ~ tA~ flt ~fll tl.,¥1M. ~t-@ ~ YluL l\ ~l, ~ 9 tl.@l!tl.t1fll tl.,¥lt-@n.~L tl.n.L RU~!.LU n 

~~f1.~ @~~U~ub;:!.f1.f1.~qt 

lHL rtL,L!;:l\ t-.Ib ttn.rtMI;:l\ U L~ tt~ t-@n.Ltl.l-I.rtLtY tl.n.u Lrt tl.LttL l!tl;:fl;:!'j(,lfl ~lflltl.,L!IM.ITL II @ lA~ I rtl lA.umt-J 
° f' r:"' ~ ('6 ~ r ('6 ('6 If ('6 ('6 ",. kf" ('6 • 

ttf1l;:mRUl!rt;:ml rtl!Ut-ttl.f1l~~Ltl.l-I.lAtl.Mrttl.~ll,L!LI..lUI flt~l)ltl..uIM.IT!.LUULl\~llA 9 tl.@l!tl.1 I)ltl.,L!1 f1.~U! J? 1'& po ~ ",,, P Jp' P J:P 'Co' ~-r'" L\" ,,1..,;' " lil J;:lt' L,,,,,, • 
I /'I " I. 

rtL~ttn.ULrtrtMIt-Ll!tjfltl.ijtl.L~tl.,L!I~Ltl.n.rt;:l\flltl..L!I~1I flltl.,L!IM.f1.~f1.~rtlf1.Mrtl;:l\ ell _o~ lOv lAf1.!) Utt" 
f" ~ I' I" J:7 t6 I .'" J:7 piLl f"'" 

Lttl)~l %9v t-lltl.l\ 8£ tl.n.rtn.IftLtYlAB!.l-lf1.1 tl.n.,L!fl@M~tl..lb1 OOL I mLrt;:!.f1.ULrtt-Q~tl.l-lftLtYrt 9 tl.B l! ttl 
; 5=-' "" f" Jp' k 1'1' 'Co' ,.,.. p k 

I)Ll!:!l!!.L,L!BrtI;:ml I)t ~ tl.n.u L rt~\'~f1.~rtlt-@ n.H l!U l)tl.ijtl.Wtl.,L!I~L t\n.rt~l\:!l! II t-l!~t!;:l\flltl.,L! lM.f1.ttn.~U1 
~ ('6 r f"'" ~ 1" ('6... ('6 r ... 

lt~ f1. ~ rtlt-L t I-I.;;!. t-L I-I.;:I);:!. tl. n.rt MI!.@rtm@MI)Ll!;;l!!.L,L! t-Bn.~ tl.1-I. rtL tY B rtlL t f1. M fl ~ ll,L! L I..l tA I I) t, ~I) l tt,L! m[! 
f' P Pl' r ~ I' bo' .... 'r' I ,II --~... k" " I 

!.LU UL l\ tl.n.~UllAI)Ltl.,L! 1M.f1. ~f1.~rtl~UI!.L UL RUij !,lUL lA~ I ( ) 2uOd I)~l tl.n.t-QLYrt!.BrtmBMflL l!;:l! !.U!t-@n. 
..t -f' " p P 'Co' po" L1 ~[ r I f='1' "0' 

~ttH.rtLtYBrtlt-l!~l!mLrt!.f1.rt;:l\tl.flltl.,L!IM.f1.tl.n.~UllA~f1.~rtI ("tA:, -OJ(, lOv lAf1.!) Utl.l-lLtl.fl~l% 9£ ttn.rtn.1 
I!iJ' 'r 'Co' P r " r"O' f" P P f" 1'0; " " 

rtLwt-~tl.l\ f1.~tl.~tt~'U.ttI-l.Lrfl~l % II ~1It-~tl.~rt~mLtY~tl.l\I~~~L ~UIt-gll!.LrtL,L!t-~ I)t:tU~:t~ ~g~~ 9 

tt@l!tl.1 I)Ltl.,L!IM.I1. (pe~a) ~f1.~rtI~UI;:l\tl.n.t-Q~tl.l-lrtLWlALtf1.Mt-fltl.ULl\U@tl. ("tilov lAf1.!) flLtl.,L!If1.UiJBttf\ 
"'" p P 'Co' r Jill' f' • 1'01" f"" ",. 

ULrttl.ttl.L~ 9 tl.Bl!tl.~ t-@n.~I)H.~t-E~1I ULrt mLrt£f1.fll tl.,¥I~~m~lu .ttH.Lrfl~ 1 % Ol tl.~rt~mLw~fl~ 1 tt~ 
UL rt rt MI ~ tl.1-I. rtL tY rtfl L l!;: l! !.L,L! B rtlM. n. ~ U 1ft!.1;: l\ tl. tl.!. ~ rtlM.l L tt f1.~;; W m ~ L tl.n. 9 tl.@l! tl.1 fll tl.,L! I 

~ J;7 J:7 '; l' "O';=";: IT> P " " 

(0) ULrtU~I~Ltl.n. (PldOlp) ~fl~ltl.~IU@@flLl!;:l!!.L,L!t-@n.~fll-l.flLl!f1.ULl\ (l~[) 

t-~l~tl.,¥It-@n.t~ U ~ II !.LU UL l\ ~~ It-~ U L rtL ~~ p.H. rtLW~fl L l!;:l!!.L,L! B ~IM. ~~~I;: l\ tl. rfl L l!;:l! !.L,L! N~n.fl @~ ~~ I 

n: 



fll'n:j~ 4.2 ~Cl'\Jf)'lrlll~~rJ'\Jf) ,mY't~~1l.lrl"u6mn:j'\Jf) ,ml'U'rJl'U(H)'U 6 ~1~~1f)f)11tJ'U"l'U'm.r':whHh 
" . " " 

cYiifl-¥ifl1l111oUlloU'U''U'lf1'l~'lIl~ 30 ~'l46 %hW'lll'HUf) 

~ ~ 
f11llJl'\JlJ'\JU'\Jt)'l 

cYl'Hl::n1V''U(HI'U 6 

" 
(% l~Wtlll1Uf) 

30 

32 

34 

36 

38 

40 

42 

44 

46 

... 
(;;: 300 ;<: 

;l 
v-- 250 ("" 

2-
;J 200 

~ 150 
"7 
~ 
i" 100 6: 
("" 

;! 
i" 50 
;J 

-1 ... 

~ 0 
("" 

-(3;; 

28 

• ~ fjI. tI 
rlll rl V'lI1J 'U lllfl1" 1 'U '\J t) 'l1-cY''U flll ~ cW'\J f)'llff'U ~lU tj'U von 1,:) .. 

'\Jf)':)I-cY''U1rJl'Unt)'U 6 ,0' ~ 1 
~1'Utl'UtlOn1':)'\Jf)':)lff'U tl 

('U 11 'UllJfl1) ('U11'Ulllfl1) 

66.0 4.35 

79.0 6.92 

83.1 5.24 

86.0 5.51 

96.3 7.14 

116.1 10.14 

141.9 16.73 

170.7 21.86 

231.9 21.53 

30 32 34 36 38 40 42 44 46 48 

f'l,)1l.JL.;rl.J.;r-U'jJt1'1~1j~:;~1rJ (% Li1lrJJ1"nrn) 

11J~ 4.3 m1~11 cY~'lfl1111 tllll~\nh~l1i1'lrl11 ~ ~ rJ'\Jf)'lI-cY''U ~1'Utl'U6f)Cll'l'\Jf)'lI-cY''U 1 rJ I 'UClf)'U 6 ~ I ~ ~1f) 
f)l1 tJ 'Ul~'U 1 rJ~1 rJ 1 ~141cYiifl f)1Jfl1l111oUlloU'U'\J f)'l cYnCl~CllrJ 1 'U Clf)'U 6 

23 

I 
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" " n) 36 %hwl.l1m1n 'U) 38 % l~tJlhlnr n 

" " fl) 40 %1~tJlhm1n ~) 42 % l~tJllllnrn 

" " \l) 44 % l~tJllllnrn \1) 46 %l~tJl.l1lfun 

nJ~ 4.4 f)l'Vi\llnnc1'eJ~\)Cl'YI1'Hrtf~mfl~·H)'\..Il!1J1JrieJ~ml~ fhti~'UtJltJ 10,000 I'vh 'UeJ~nY'\..l'tJi'\..lm)'\..I 6 ~ . . .. " 
i~\)lnf1l11J'\..Inl''\..I'tJ~'W i'VHh",o~ l1fl111J1,j'1J,j''U'UeJ~'''l1Cl:::ClltJ''U'Ih~ 36 i1~ 46 % 1 ~tJlhlfU n 
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m:;U1'U fl1111l.l1cl''U 1tJ~";lfJ hHhClil~ (Electrospinning lf~ij Electrostatic spinning) I~'U m:;U1'U 
>' 

m:;U1'U flnUI~'U 
• >' 

"'" .1! 1 4i • • '" 5/ 1 5/ "'" "'tI"'" 5/ 1 5/ 1 ""' ... m~U1'Ufl1Hlft~hl'U tJl1 lJtJ~tJlflC))'UC))'ij'U 't'~ijftllJij1 1lJ1W'UfltJ IIft~ 't'1:;tJ:;l1ftl 'Ufl1HIft~ft''U • 
''n11:;fl11lJI11 1 'Ufll111l.l1~'UIcl''U 1tJCl.:j j:-jft~ nw ct1~j:-jft~ I~ijft' fll:lW:;I~'UIIN'U~l~ i1ii~l1fl (Non-woven .. 
web) ~.:jClllJ1Hllh itltl1::tJfl~1~.:jl'U liD 'ltJ~1 ~ 1 'l Viji~11ri1'U~fl.:j-d''U~~1~fltl1lJl~1~fl.:jIcl''U 1 Vcl ~ . .. 

I , " , 

IIn~IIN'U~lYij:-jft~ i~ijft'fll:lW::I~'UIINl.lIfjij t1'U (Membrane) Yiij1~1'U~'U l'll~ fllJlfl ijfl11lJl~'U1~1'U Cl.:j ij 
'" • '" • 'V 

>' • 

,hm! flI1Jl ~.:jClllJ11mhj:-jft~nW ct1Yi il1t11 ~tl1:; 1 tJ't''U1 ~fl ril.:jlJlfllJltJ 1'If'U 1Cl'lfl1UfllJfl11t1ft'ltliHlVVl . . 
1ft'''~flll~.:jIlj:-jft 1Cl'lfl1UfllJflntlft'ltl~fl tJVlrt.illllJft~ I~'U ~'U . .. 

• • >' 

rlllf)' u~tI mw fl11ill.llcl''U 1 tJ~ 1 V i vlYhClil~Yitl1:;~l:l i1'U 1 fl1.:jfl nu tl1:; flijU~1V~tI mull! ft~ 

l1tlflfll1~fl.:jfln11'UIcl''U 1V,).:j~fl itlif Clnft:;ftltJ~flftllJfl{~~ 1'U 1m ~flnifi~lIri Clnft:;cnr; i'Uftel'U 6 1'U 

tlHI~fl{iifll.,j'lJ.,j''U 85% ~:;t) flun~flri1 'U If ftfl'l \i 'l Vl't'U'l1l 01~'Ul'l 50 iiftftft~1 1 'l Vijl~lJ\i 'l Vlllf fi fl .. . .. 
IUtl{ 26 lf~flijlcl''UN1'Ufr'U6flftHtlftlm~lJ 0.47 iift~llJ~1 'tlllfUl~I~'U~lftfl 1l11'l IIft:;ijfl11fl1UfllJfl11 .. . 
'"n~fl~ Cll1ft:: ft 1 tJ~ fl ftllJ fl{ ~1 Vfl11fl1UfllJ fl111lf ft 'U ij ~ n lC))' II 'U 1 ~11 ~'U~tI~fl VNll.ll.,J lltl fllV 1'U lfftij'l . .. 
Utlrnl101 1'lv1~i1t1i'Ufl1UfllJflnilfft~fl.:jnlC))' (Flow meter) ~lfllr'U~fl6lvl~lfhft'.:jCl.:j1'U·lh~ 5 ~~ 30 . .. 
nllll1n~ ~lfllfl~fl.:j~lVivl~lIlH~.:j (High voltage power supply) ~.:jClllJl1t)tli'Utl1lJlW~fl6lvlYhi~ 

'::~n~fl'U 1li't1UCl11ft:;ftltl i'Uftij'U 6 1 'ltJN1'U itlU.:j~mfl 1l1H\ ri1'Ul11.:j~1'U~H.,j'llJt1utlftlm~lJ\i'lVl~:; 

nIlFi'Ufl~iiIU VlJ~.:jI~'UIIN'U 1 ftlf:;'t'U'llfi1.:j'tlllfU l~I~'UIIN'U 1 fl.:ji'UIcl''U 1tJ~ ~:;j:-jft~ i~ 1'l VIIN'U tl~iilU VlJ 

dtnlJl1t)tli'u'~fl'U itllJl '~I'~fll;j'U fl11t1i'U1::tJ:;l11n:;lf11.:jtlftltJ~mflll11'l t1UIIN'U 1 fl.:ji'U1cl''U 1v II ft:; 
" " , 

Ufilltl~iilutJlJU ~:;~fl t1UClltJ~'U lijtl 1 'ln~llJYi h~~lfhft'.:j~ .:jYiilfl'U 1 li' ~UCl11ft::ftltJ i 'Uftfl'U 6 ClllJl1t)'tll 

'i'OtlIlHl11~i~~1 (Electrical force) ~~fl11IlH~~~1 (Surface tension) ~U~Cl11ft::ftlVi'Ufttl'U 6 ~::'tll 

nrl1Utl~tl.:jCl11ft::ftlV~U1I1W tift lm~lJ\i 'ltJlln'lfl11 fj'li1flfl fl ijft' fll:lW ::1t11 HI~'U 1t1l11.:j flnv (Cone .. .. 
• >' 

shape) 11~flYiI~tlfl11 Taylor cone 11ft::\l::ln'll~l.lIcl''U~.:j (Jet) fltlfl\llfltlftltJ~tl.:jClnft::ftlVl1Hm1vlr'U 

l1ti'~VlflJ'U~:;II~ flijij flI~l.lIcl''U ~ij V (Splaying) i~l~l.lIcl''U 1tJ I 'Ufttl'U 6 'U'U l'll~ flU'UIIN'U1ij.:ji' UIcl''U 1 V 
,,, '" 

ft'nft~ftlvi'Uftij'U 6 1'Um'lvltl{iiflYifl11lJl.,JlJ.,J'Ui.:jll~ 10 ~~ 46 % 1'lVUllflrfl i~l.hlJlil'UI~'U 
~,~ .1 .... -'1 5/5/ ""4 "'~?t -'1 
K'l11 Ut11tJm~U1'U 'U I~ tlfl'fll:llj:-jft~~Nfl11lJl'UlJ'U'U'Uij.:j Cl11ft~ftltJ lf1flij fl'U Vlf'U .:jIU'U fl11f1'fll:llj:-jft'Uij.:j 

"11lJl1i1"'Utl~Cll'Hl~ft ltJ~ij~fl fl n I n'll~l.lI cl''U 1 tJ II ft::'U'U l'l'Ufl~Icl''U 1 tJ~ i~ 1'l Vfl1UfllJtl1lJlW ~fl6lvl~1 • 
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• • y 

21 nhllHl~ W'l ~ 1 0 l'1fU~llJ'fI'j'flTmh~lJ \11flm'j~fl1:l1VllJ 'hYimllJl.,j'lJ.,j'U 'f1 1frh 20 % hwl1nllm if~ 

\1~ln~l'cl'u1£JIWH)U 6 1I~ln~ I~Ul1£J~'\JU1~lftfl~lU1UlJlfllJUIIMUH)~flJlffU1£J1I'VlU ~f111lJl.ulJ.uU 20 

" 
%IM111mm I~U~UltJ\1~lfi~lffU1£JIU(ltlU 6 '\.IU1~lftflll(l~ijl~~iJ~ (Bead) tJ'jlflUtlQlJWffU'tJ~nnu 

d<dJ' .c:. .,i ~ ~ ~ ~.d "" ~ 
lJlfl 1I(l~llJ~lJ~U \1~(l~tJ'jlJ1UHHllJ~f111lJl1U~lVllJlJl fl'\JU \1U fl1:;'Vl~'Vlfl11lJl'\.IlJ'\JUtJ'j~lJ1W 38 % I ~tJm 

" . 
l1U fl \1~ i1il'tlJl~~iJ~ll1ri lU 1I(l~ \11flfll'j1~'\.IU 1~'\J~~1 ffU M1U ~U6fl(l1~'\.ItI~1 ffU 1 £J IWl t1U 6 l'tlJl1IihHYl'j ... 

'" "" .% ........ ..;. .% "1";' .% " '1 
ft~ft 1£JlJfl11lJl'\.I)J'\JU iH'\JUl1'jtlfl11lJl1U~ll'tlJlJlfl'\JU '\.IU l~'\.ItI ·mru tI\1:;Il'tlJlJlfl'\.lU~1 tJ I 'W'\.lUl~'\JtI~ ... 

Bf'U'tJ~ln~\11flC1'n(l:;(lltlIU(ltlU 6 fl11lJl.,j'lJ.,j'ui~lI~ 30 tl~ 46 %lfltlJlmln \1:;I'~lJ~U\11fl 66 \1Utl~ 
239 m IUllJ'fI'j 'fIlmh~lJ 
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I 1 . , ", • 

I'UfJ 'Hllfl lu i flHfl1:i;'\nh::~lJj'lfl1fJ-3ihmy'U1fJ~'WlyjvhCY0916u I~'U iflHfl1:i1l11lJl1~nfJ-3 ~-3 

~-3ihjfJICY'UfJlI'U::~~::1l11'll1 fl'U fl1:i'llfu'll~ -3~'ll mru1'U "hm;H'1lttfJ~WJ'U l~ru f11'Vl'UfJ-3m::U1'U f11:i~'U 
IcY'U 1 fJf1'1 fJ I yj vhcyo 9lif1 ,r~~-3~'U ,j -3ih1fJn::l~ fJ~,j-3if 

L ~'ll mru un~ 'Vl ~iillJfJ {'I11fJ'1'1n~~fl1iJ nn1~ . . . ~ ~ 

fl1':i u'Unl''U 1 fJf1'1fJ hHhcyo916u CY1lJl:iO 1 f1~ nml-3'Vl~ftllJfJ {'11 n fJlJl'I1 n 1 (Polymer 
~ . 

melts) IIn::CY1:in::n1fJ')'l~iillJ ~{ (Polymer solutions) ,j-3-u'Un~~ 1,rfl111if.ll~'U I'll mil-3fl11-3'U11-3 CY1lJ1':iO 

~1.HcY'U 1 fJ~lfl')'l~iillJfJ{l1 fl'lfU~ I~ ~-3fl1:i'll:i::~lJ ''If~~tJ mru1 ,rfl11lJ~ ~'U nU'~fJftllJfJ { IttfJ'Vh 1 11')'l ~ii 
~ ... " .. . ~ 

n,jfJ {'11 n fllJl'I1 n1 ~1 mil-3 'Vl ~iillJ ~ {llfl1:i ~fllJ l'll:i::lfll1U I'li'U 'Vl fliiwiift 'U 'Vl~iii 'Vl'j ~ft 'U I~'U ~ 'U 

2, ~'ll mrufl1UfllJfl111'11mJfJ-3CY1Hl::n1fJ'VlfJiillJ~{ . . 
Ittfl 1 11 fl1:i m UfllJfl1':i 1 '11 n'U~-3 CY1':in::n1fJ~~fJ fllJ 1 ~lfl'lln 1m~lJ ~ ~fJ1t1 fl~ fl-3l1ti'U 61~-3 . " 

~u fl1~ H'iJlJ1i1'11fu'I1nfl~~ ~fJ1 (Syringe pump) 1~'U~'llmru mU~lJfl1':i l'I1n 1I~1 'U i flHfl1':iif~-3 Iltilf1' 
,.. 1 C1I ,.. I So' 

~fl~fll'Vl :i 1:: Iii' fl-3 ~1 flUlJ'lfU ~U ih 1mcy -3lJ1fl II n::U-3I~'U i flH fl1':ill fl ~1 'U ')'U11~ nfJ-3 CY1lJ1:iO'll:i:: tJ fl~1 ~ 
" " . 

3. ~'llmru:i~-3fu"y'U1fJ 
, . . ,., 

~'llmru 1~-3furcy'U 1fJlllfli1fJ'Ullm-l'U l'lllJllf1'IIUUtl flflft-3 (Roller) fJ1~1l1lJl 1 fl'U fl1':ii~ 

I~UlcY'U 1fJ~r-lii911f1' Ittfl1~-3fu'll1lJlrunY'U 1fJ lf1'lJ1fl~'U IIn::U-3fl1~'Vh 1 11nY'U1mfi~fl11i~i1 tJ-3~11~lJlfl 
~U~1tJ 

~ . . 
'U ~fl~lflUfl11 i~'\'l1'1f~fl1UfllJfJru 'I1fliil'n~ 1 11m llJ~fJ'Unu:i::1J1J II ~::'lhtJ'\'ll 111lfi~f11:i 

" ".." 
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flli'lN'U1fl 

'IJ'Ul~'lJtl ·mY''U'tI ('Ul1'UllJYI'j) 

70 64 68 59 

75 64 70 65 

64 52 61 70 

71 64 76 65 

68 64 68 69 

68 65 65 65 

70 64 60 64 

68 68 73 69 

65 70 70 61 

71 66 60 65 

68 69 65 69 

62 70 68 72 

71 58 58 69 

71 65 66 65 

73 64 70 61 

65 68 65 58 

60 65 65 72 

62 64 72 61 

64 64 67 66 

64 69 59 65 
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'IJ'UlflH~'U iv ('Ul1'UllJ~~ ) 

89 70 85 86 

79 71 74 77 

75 89 85 94 

77 66 82 93 

72 87 87 71 

75 73 87 77 

74 73 83 84 

68 80 87 86 

69 91 79 86 

69 76 74 86 

65 92 84 82 

75 70 79 87 

69 80 78 79 

73 79 79 80 

74 76 87 82 

77 73 73 81 

74 72 76 86 

75 79 78 79 

70 88 84 79 

69 79 81 92 

" 

M O 01~ 10 0 12_5 750 11.5 .:t fl 12.5 16 0 17 5 «] 0 92.5 ~ 

OlOmete r ;) 1 lioer1 
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~'\.ml~V~l~U 1 (1 (U 11 Ul1J91~) 
85 85 85 91 

83 83 85 88 

79 84 79 89 

88 80 82 84 

85 85 88 79 

80 88 l!6 77 

88 85 89 72 

88 89 89 86 

82 88 72 73 

80 79 95 89 

79 80 86 82 

72 76 87 89 

85 73 85 80 

89 86 78 95 

73 86 75 85 

88 83 81 85 

81 85 83 81 

75 87 84 88 

78 79 l!6 86 

75 84 80 77 

Otomc!er ot fibers 
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jI q 7 jI jI .1 '" '" 'Ilum'llEJ ,mru IO'iJ1m'fI'H'I::mu U"EJU6 flJml'llJJ'IlU 36 luEJ'il'1fU~ 

~'\..I1~~V.::lln''\..I' (J ('\..I 11 '\..IllJ"~) 

79 85 92 78 

99 83 87 79 

85 87 79 87 

73 87 87 80 

93 91 97 82 

84 85 83 89 

91 92 92 79 

87 90 76 88 

87 87 83 85 

78 87 89 85 

83 98 83 81 

87 81 82 86 

85 85 80 98 

82 88 92 75 

93 80 97 88 

97 85 85 85 

85 83 94 85 

83 85 83 79 

85 90 88 87 

83 92 92 83 

~ ~---------------------------, 

,. 

! " 
15 10 

5 
o 
~ . 

n.!'> 15.0 17 ::. fIO.O 82.5 85.0 81.5 Q()O 9'2.5 ~.O 97.5 lOO.O 

DIometel o f fibers 
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99 

99 

87 

88 

88 

76 

87 

90 

87 

93 

85 

104 

101 

92 

81 

99 

105 

88 

93 

" 

5 o • 
E « 

75.0 

71.';) 
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~lll~~f) ,m~ll1{J (ll 11 lll1J~'j) 
98 92 105 

105 96 97 

98 107 92 

103 103 108 

107 84 97 

105 96 103 

87 90 98 

91 105 106 

93 101 86 

101 88 105 

97 103 100 

101 96 104 

105 94 92 

106 88 102 

101 104 82 

96 94 94 

99 97 98 

103 103 102 

90 93 97 

90 97 92 

OJ.O &50 00 0 100 0 lQS.O 

81.';) .-, 100 ~ 101.5 

Diameter 01 flber~ 
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"' 1 ., j/ j J .," " 'IIlJm'llfNJiJlJ (JfJ1nff1'J,,::m{J llJ"fllJ6 fi'J1:JJI'll1J'II 14 40 lIJfl'il'1flJ~ 

~'Ul~~cHln'U' ft ('U11'UllJm) 

II:' 117 III lOS 

124 117 121 102 

126 121 110 114 
114 120 119 134 

120 123 122 120 
I\() 122 127 118 

109 101 122 124 

IIX 119 129 111 

II:' 121 120 106 

III 101 122 113 

113 101 124 103 
10C) 139 110 116 

116 107 100 120 

10~ 159 121 118 

lOX 144 119 III 

109 107 128 131 

97 98 108 114 

IIX 115 113 122 

114 117 110 113 

117 123 III 106 

lO 

" 

Std. [)ey '" 10.14 

Mean '" 116.1 

N - 80.00 

IOJO 110 11 '"'' 150.0 IOIl-O 
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jJ 1 1 jJ j ' • I <' <' 
'IlU1~'IlfJ.JurU (jf)1nff1'HI::~ W U~fJU6 f'I1UJI'lllJ'Il /1 42 lUfJ,)I'1fU~ 

~'Ul~~ tl -3I~'U'(J ('Ul1'UllJfIll 

151 137 140 121 

152 136 139 124 

146 130 167 128 

161 147 144 119 

134 172 182 120 

160 147 125 123 

182 143 175 116 

124 123 166 110 

152 171 130 132 

ISH 130 152 130 

125 129 156 143 

131 128 171 147 

IIX 139 131 129 

12X 134 120 142 

144 134 146 130 

143 157 175 !60 

123 150 151 151 

157 141 146 138 

144 152 143 130 

123 175 124 123 

" 

\~_O 130 180 0 
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jI 1 1 j/ j/ .1 '- .-
'Uum'UrNurw I'Jfl7nff1Hl::ml'J l./ilEJU6 fl7WI'U1J'UU 44 luEJ'jI'1fU~ 

~'Ul~~tNln'U'v ('Ul1'U11J¥l~) 

21 6 175 197 177 

211 164 145 194 

176 219 188 185 

164 160 208 165 

176 166 176 164 

190 164 197 136 

191 131 170 127 

201 158 186 155 

164 148 186 163 

173 11{9 193 199 

176 191 184 1)1 

14X 170 171 150 
160 161 169 182 
217 170 155 142 

17X 148 158 156 

167 164 154 166 

182 124 174 155 

152 129 168 141 

192 138 147 162 

209 205 176 164 

125.0 I ~ O l.e!i_O 1560 1060 I ~" 1850 19!1.0 206 0 ]l~O 

I,XIO I~ O lfJ.ll 1000 I l.I I 180.0 l('()O 2000 2 100 noo 

OiomelC' of fibers 
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~Ulf1~t)~ I~U'V (U l 1UllJfI'j) 

n4 207 236 262 

242 256 218 252 

270 259 218 257 

213 230 220 229 

22 1 ')2 1 224 207 

247 222 209 223 

244 202 226 213 

205 224 209 241 

21 X 216 202 218 

21 X '2 57 273 246 

204 252 213 233 

246 209 247 220 

_ 205 '205 267 229 

209 '203 216 240 

254 '212 259 214 

223 . 277 236 243 

273 216 240 214 

196 254 268 242 

247 248 224 206 

246 '242 I 228 252 

-

- - -

1 
< 

/ 
~ 
- - '\ 

V 
I , \r-

- -r\ 
I - ~ -

~ f~N=: 
Std. Dev • 21.!)J 

Moon • 23 1.9 

N < 80.00 

1(X)O ~100 • . 00 230.0 . IJU ~o 20000 2100 280,0 

Diomelc 0 1 flDElrs 
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