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Cellulose nanofibres were extracted from kenaf fibres by using chemical 

treatments followed by acid hydrolysis. The kenaf fibres were chemically treated with 

three different concentrations of sodium hydroxide including 4%, 12% and 17.5%w/v. The 

treated fibres were subsequently bleached with hydrogen peroxide. The 12% NaOH 

treated and unbleached fibres were selected to be prepared white pulp by treating with a 

mixture of 30% hydrogen peroxide and glacial acetic acid. Cellulose nanofibres were 

finally extracted from the obtained white pulp by hydrolysis with sulphuric acid. The 

obtained white pulp and cellulose nanofibres had average widths of 10 fJm and 136 nm, 

respectively. The untreated and treated fibres, the unbleached and bleached fibres, and 

the white pulp were chemically characterised using Fourier transform infrared (FTIR) 

spectroscopy. Their crystallinity was determined using X-ray diffraction (XRD). Additionally, 

thermogravimetric analysis (TGA) was used to examine their thermal properties. It was 

found that hemicellulose, pectin and waxes were removed by the chemical treatments. 

In addition, large amounts of the lignin were removed by those treatments, especially a 

mixture of hydrogen peroxide and acetic acid being able to remove all lignin from the 

fibres. The chemical components of the unbleached and bleached fibres were all the 

same. The crystallinity index was lower for the untreated fibres than for the treated fibres. 

The crystallinity indexes of the unbleached and bleached fibres were similar, except 

those of the 17.5% NaOH treated fibres. Additionally, the untreated fibres had lower 

onset decomposition temperature than the treated fibres. The decomposition 

temperatures of the unbleached fibres also came close to those of the bleached fibres. 
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,. 	no 
~,Cbrt~I:-~f1.n.~f1.~t.p.t'~ Ij) gM.lrt@~~~~l'l.tl:-~1m~~mt.~l'l.1J1H-t ll~LrtL~~@M.ULrtt'~11 t'~1mLt~~Jf1.¥!~b'l1b'lb'lRs1 

~tl'l.~'~1L),A ~tl'l.~1ULI!.U@@ (SnOljdlOWV') l'l.L~ruE@l'l.1J1~l'l.t~~b'lr,LUl'l.1J1I:-Q~ULI!.U@l'l. l'l.~~~~~~r,LU 
no 

~t b'l1';11:-~::M~ }@rt1 ~@M.9tU~lArt1::b'l1mb'l1b'lb'lRs1t'L~ltI.::~~~I1Et.ta~l'l.~rt~mt.p.~LlJl'l.1J1ULI!.I:-@P1 11~t}rtLt.~ 
no 	, 

n.~Jftt'~L))Ij)~M.l	rt@~@ln.t l'l.1rt~,t.l*lr,L~l'l.Q'H-t @~1Q.~lJLI!.~b'l1b'lb'lRsm1Ll'l.~tl'l.~'U ~1' r,LUl'l.,CbI!.I!.~l'l.t 
(S'661 "le +Cl Ipeues ~TOOZ "le +Cl 8UCl:l) U~'1r,LU~l'l.~1A1:::b'l'1 ~L@ u~n~LU LrtlAt-b'lltl.'1 -.:::. 	I D F' I 

n.ll~@l'l.~t.~l1mf1.~tl'l.~'I:-@fl.~,CbI1~ru~r:I:-~ (OTOZ "le +Cl l!lell>l InpqV') (Cl+eJ 8U!SSClJOJd) 1j)~I':I~LU 
" 	" " 

L~~~::b'l1' H-1»@~1:-@~~'t'@fl.1AU'1::~f1. ~LUL@l'l.tl'l.~rtLtl!l ~tl'l.~mtn}rtLt.l!l n.J!lL~~Lnfl. ~1'Jft fu~L~I1Lt.~ 

~~~~I!.~~Lb'lltl.~tll'mf1.l'l.~LJL!'!.tll"@f1.~tl'l.~1U~1,r,LLJn.~l!1.L~ (1lOZ "le +Cl sewolj.l) ~U~1'::b'l1' 
no 	no 

l'l.~~M.' l'l.t}U~ ~b'l1b'lb'lRs1~Q' ~b'l1b'lb'lRs1L~b'l@11 @!tt.1I'mf1.~tl'l.~11:-@fl.~l!l1I:-LlAu~It1.n.@u::r,f1.~t-@ (900Z 

"le +Cl !lOljSV') l'l.~L!Am@~' S'-17 t'~~'Lb'ltmt ~Lb'lIt1.ULb'lltl.~~LlJL@M.LlJ~nt ~1j)111~b'l~ lS'-S'Z tL~n~L~ 
no 	no 

1:-@fl.t-Lb'lU~n~nLI':Il'l.~1~Lnfl.::b'l11 ~1j)rt1 S'"S'-L'£ t-llULrtl'l.~I:-@fl.I:-~rtLt.~~Ll'l.fl.~~llAl'l.M.~Lb'llt1.n' t.~1~t.~ 
, '" ., " f',f"!.~ 

Jft~1n.~mr,LrtL~t.lI" @f1.ULI!.I:-@p1 I!.tl'l.~rtLt.~n.~Jft~l:-plt1.~GQ.~LQ.rt~~g~tl'l.~mQ1t,1I11 @f1.~tl'l.~1 

It1.::Lr,l!l1t'~ 
, '" 

~1l'l.~mlln.~!:1m~~f1.m~' nLI:-~gf1.~@~ ~@f1.I:-~,:;rt l'l.p.1 M.LlJfl.~Llt1.fu~~~1~1@~rrt::b'l1' nLI:-~gf1.~@~ 
~L~~l'l.~i!1~'~t @~rtt H-~@~t'@~l!lm~l'l.@~U~~~LU~~'~t L),Arttt',@ ~LQ.I1r,~g~ln~,.?uL!'!.U@l'l. rt@~~t." I:-~ 

no , 

@~~~~l'l.Q':;b'l'1 	M.L lJt.~t'LIA~traLb'l~~@rlH,LrtL~ L~l'l.r-"Ll'l.lt1.rtLt.l!l~ UIjL~L~~~~~k-nQ'~LQ.rtr,r,g~tl'l.~1 

LJLI!.t-@~1 ~~Lr,::@ratn~1::b'l11 l'l.@n.}Ll!lratl'l.~' tll,,~tl'l.~' np., ~::Lr,l!l't'~~tl'l.~1H~LLJnlA'1~1A@~' I:-Lk~@~
. . 

"" " .. ~~~rt~WIt1.L~Ij)@::b'l"~l'l.~ llr,rt~Wl!1.L~~@ l'l.p.' rtr,WIt1.L~~@~Lb'lIt1.l'l.1LJ Lrtl'l.llH-t~~~M.lrt@l!l}@rt1 ~@M. 

. , 
i!1~1-l'l.11:-r", rt~~'~~1-l'l.Q'H-t LrtLr-r,LU n.~ltI.L~I:-@pm~I:-Lr@l!.tl'l.~rtLtl!ln.~~tQ.~ULI!.~LQ.rtr,r,g~tn~' 
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IWtl'UI'l'U "ill n,!'UUllJ 1 LLtJ m ~\ln~1'UJl "il~6'lllJl'Hl LbCJ m~'U1EJ b'll~~l~6'I~iJ'1J'Ullil b~'U~l'U~'U~nm\l bu~ CJ 
'\J '\J 

'lh~lJlru 100 'Ul1'UblJ~~ bb~~CJ11lJlnnl1 1 blJ1mblJ~~ 'U€ln"illndtJ\liJBn15'Vl~\l~6'llm~tl1m'Um~~~~ 

b~'U1CJ'Ul1'U 15dfi€l bf1~l€lf1-r"lJ~\l (Cryocrushing) 
'\J 

~\l btJ'U15~ L~'U1CJ"il ~tl n'V111~bb~'I~lJh EJ 

b'Ul~~L"il'Ub'Vlm LL~~iJm~1orrLL~'Ib5€l'U~mm~B~lCJ1'Um~LLCJn (Thomas et al., 2011) 

Cellulose suspensions 

Cellulose Lignin "~·.~I~f.~.~ ~i.!!!.. ....­ ~~,~~"Chemical U Itrasonication ~~ ·~A~• -. I treatments-H>. .- emlce.II I .u ose , ;;e!eo=1 
Original Chemical-J)u.-ifit'd Individuali7.ed 

wood fibers rellulose fibers cellulose nanofibers 

';itl~ 1 m~LbCJn b~'ULCJ 'U 11'UL'Il~~l~6'I"illm~'ULCJ1~~lCJm~'Ul'Um~'Vll'1LfliJ~llJ~ltJm~'Ul'Um~L~\ln~ 
'\J '\J 

(Chen et al. , 2011) 

jonoobi Lb~~flru~ (2009) Pimnm~ bLtJm~'U1tJ'Ul1'U\llm~'U1mJmLnl~ltJm~'Ul'Um~'Vll\lbfliJ 

Lb~~m~'Ul'Um~b~\ln~ llilCJ L'\J~tJ'UbYltJ'Ub~'U1CJ'Ul1'U~~l'Ubb~~b~~1'Um~'W€ln'1Jl1 b~'U1CJ'\Jmbn1tln~1'U 
'\J 

m~'U1'Um~v1'11~btJ'Ub~eJ11iltJUlb'\JcJ€ltJ~lCJ6'll~~~~lCJl'1lb~m.J1flmBnh~~iJfl11lJb.ulJ.u'U 15% LL~~6'll~ 

LbeJ'U'Vl~1f111 'U'U 0.1 % ~eJru'Vl[)ij 160 B'If'\1b'll"b66tJ6'I 'Ul'U 45 'lJ1Yl "illn,!'UU11'\J'W€ln'1Jl1 b~€l'1J-.5'Iil~n'ij'U
, '\J 

1S1 ... • ""!1 ~ l;' '" '" 1 1 ' • ~ SISI d d.J' d
€l€ln1IilCJ '1J6'll~bfldJ bL"l'UlbCJ€l'VlLIil~'\JLb'1Jb'U'Ulnm.J 'Ul'U 8 '1J1 lJ\l 'Un~1~€llJ1LtJ€l'Utln'U1~'\Jb'1Jlbm€l\l 

" 
m~"illtJb~€l (Disintegrator) ~f111lJ L~1 3000 ~€l'U!9l€l'U1Yl 'Ul'U 20 'U1Yl "illn'!'U'l111'\J~l'Um~'Ul'Um~ 

1f1~l€lfl-r'1J~'I bb~1~\l'l11b'\J~l'Um~'Ul'Um~1fl1lJm'UL'IloU'U (Homogenization) ~f111dJtii''U~'I (500 'Ul{) 

jonoobi bb~~f1ru~ (2009) 'V'l'Jl1b~'U1tJ'Ul1'U~~1'Ubb~~1~~1'Um~'WBn'1Jl1iJ'\J~mrub'll~~1~6'I 92.8% 
'\J 

bL~~ 82.6% mlJl;l1tii''U b~'U1tJ'Ul1'U~\l 2 '1J'ijlildiJb~'U~1'UP1'U~mn\l1n~Lf1EJ\ln'UlJln lIilEJ~1'U1'Vltu 
'\J ~ 

(lJlnnl1 70%) "il~iJb~'U~1'UP1'U~n~l\l€lEJ1'l.J~l\l 10-30 'Ul1'UblJ~~ ~1'Vl-r'Ub~'U1tJ~~1'Um~'W€ln'1Jl1 bb~~ 
'\J '\J 

20-40 'U11'ULdJ~~ ~l'Vl-r'UL~'ULtJm~~1'Um';i'W€ln'1Jl1 ~1'Ufl11lJtJl1'1J€l\l L~'ULtJBtJ1'U';i~tii''UblJlf1~LlJm 
'\J 

n1~Pin~lf1ru~m~ru~Lu'V'll~'Vll\l bfliJ'1J€l\l b~'U1tJ'Ul1'U'V'l'Ul1 flru~n~ru~ bu'V'l1~'Vl1\l bfliJ'1J€l'I b~'UltJ'U11'U~, , 

~1'U bL~~1~ ~1'U m';i'W €l n'1J11iJfl11lJ bL~n~l\l n'U LL~'V'l'Ul1~ n'ij'Utln'1J-.5'IilBBn"illm~'U1tJ L -d'Ub~EJ1 n'U fl11lJ 
'\J 

biJ'U~~n'1J€l'lb~'U1EJ~~1'l.JLLl;l~1~~1'Um~'W€ln'1Jl1ljrh 81.4% Lb~~ 79.2% mdJGlltii''U 'U€lml1ndtJ'I'V'l'Ul1 

b~'ULtJ'Ll1t'Uvtl~6'llm~tl"~lCJ~,)~lCJfl11lJ~€l'l.J~€lru'Vl[)n6'l\lnl1 200 €l'lP1WIl~ L;tJ6'I (351 bb~~ 348 €l\lP11 
, '\J '\J 

b'llm66CJ6'I ~l'Vl-r'UL~'l.J1tJ~~1'l.Jbb~~1~~1'l.Jm~'WBn'1Jl1 mlJGl1tii''U) ~\l6'l\lnl1nl'mmtJ ~1 ~l tJfl11lJ~€l'l.J'1J€l'l 
'\J 

b~'U1EJ'\J€l Lbn1~hj ~l'Um~'Ul'Um~ bbEJ n bbl;l ~~'I~fi''U'V'l'UdbiJ'U'\J~~ltJ"lJoJ~l'Vl-r'U m~ul1 '\J1orr n'U b'Vl€lf[lJ 

2 

http:Individuali7.ed


~ ~ 

n.L!HU~~~~1I:-L~~u~1muuLlw~~u~11~~1~~Jlg11:-~ll.n.Ul,jM,11IAJlg1~L~UL~LrtNmmt:lnn1 (%L "09) IAHL~l,j ~ 11 11 ~ ~ f" I f' I,;' .. ,YO 

G~1~GIl.L~L~UL~~~ %6"t7~ G~ (OtJX) uo!peJjjlp AeJ-X l,jGl,jIA'~l~~~U,l,j'~~~~1~~Jlgm1Ln.~tn.»'I:-GIl. 

U~t:ln.r;mLll,jL~ ~~rt1~l,j1rtt~L~II1.I:-12~~rtm1Ln. OOZ ~m'~lL~~~'1 ~~rtm1Ln. O£ rlH.. rt~~fb~L~U~n.~ 

n.L~n.~'~ ~W~~l~~Jlgm1Ln~tn.~'t}~Jt. (NP azaaJ~) I:-~11UG~m.r\l'I:-~11L~~LUn.ln,~W~t~~ll:-~11 . ~ ~ 

~tL~~~" ~UGJlg1L~~~~~LUn.ln,~WEot~~l~kl,jU~L!tn.tl~~L~~Wfb1L!tn.r-UL~ L n,lILfA1I:-L~-~Wn.l;' ~ ~ ~ 

rtLll,jL~~Jt.~Wn.~n.~UL!tn,lJ (S!SAle!o) ~~~p~~t~LUn.U\~Wn.L~fbtL!tl~" ~Ln. 01 nLn ~Ln.G~n,G~ . . ~ 

. ~ 

I:-~L~~ ~uGJlg1L~~~~~Lun.ln,~Wn.L~fbtL!tn,ClouL~ ~~~mJlg'~LI.!Ns 81 -~~" 01 -l:LJJ.1,ru~~ ~L:6:6:L 
. . ~ 

~ ~ ~ 

n.l~~~n.l L.r:~~Hr~~'~~llA.r~JlgtUG~~~trt~~'Jlg1 rt~t:l~L~~~~L~n.t l~~L~~wfbt~~l~~Jlg1 ~~'L!tl.lL~ 

~ 

rt~'~~llLIl.U~~~n.G~G'p-,~tUL~1A-~L~l,jG~1l.IL~~~1~~Jlgm1Ln.~tn.»m~~~' (t7lOZ) ~rul,j~~" !l 

il'u~lA.rt'}~rt1~~M,ntrt~'l~f.L~nl;'~1JbtL!t~~'~t:l~ 
• ~~~~ n.lJI:-L~p~GJl. Z 1'1.1Ln.~tn.~'I:-~ll.l~~~~'I:-LIA~LM,m~ruf'l,U~ru~uL~I:-GP,~" ~t1'1.1Ln~tn.~1l.I~"~LU 

n,kJ.1,L~lLIl.U G~~LUn.U1.~W~~~~~Ij~LrtL~~tL~ U,CloU Lrtn.lJ I:-L~U ~1' fttn.,tpI:-L]oLrtlL ~U~n,G~~IA~LUL~ 
• ~lLIl.UG~~LUn.L~ftt~mmL~~n.1Ln.~tn.~1L~fbf.~ (t7lOZ) ~rul,j~~" Iwue)j (600Z) ~rul,j~~" Iqoouor 

~~1u~'1~n.lLn.~tn.»mlJl~~mp.1(n.~L~rtL~lLIl.UG~~LUn.Lf1ftt~~'mL~~~tn.~mkJ.1,L~ ~~~mJlg'LI.!I:-~ 
~ ~ . 
 8S;£ ~~11 19£) ~~~'~Jlg'LI.!I:-G OOZ L~ur;.~l:LJlI1.ruG~nG~rtLll,j~l!fl~~L~~\}~LrtL~!fwn1Ln.~tn.~,~~" 

(600Z) ~rul,j~~" !qoouor ~~lu~"~n.1Ln.~tn.~mlJw~mp.,ruLrt~fbn.tu~t:lnr;mLll,j~lLIl.UG~f.LUn.L~ 

ftt~~'mLf1~~tn.»'pUL~UGn. n.lJI:-L~u~'mLll,j~lLIl.U~~~LunLf1ftt~~'mLf1~n1Ln~tn~'~GIl.~l,j'~LIA 
~ 

~LM,m~ruf'l,U~pl:-~ G~'rt~~~1UUn.ln.~W~l,tp~tn.~1l.IL~UGG~~Il.Uljn.Gu~L~n.M,n1Ln~tn~1t'GIl.~~'I:-LIA 

~LM,m~ruFl.U~ru~LFl.U~f.LUn.t n.~L~rtL~ f.~rtm1Ln. 17£-Z"Z ~~" ~~rtm1Ln. O"0~:-Z" 1 ~lP.n.tL~~lLIl. 
~ 

UG~f.LUn.Lf1ftt~~'mLf1~n1Ln~tn.~1t'GIl.I:-L~u~n.l.!nL~n.~'~Ln.ll.n.l~ (600Z) ~rul,j~~1' !qoouor ~~1 
~ ~ 

u~"~n.1Ln.~tn~mt~~l~~Jlg,ruLrt~fbn.~LfA,ruLrt~fb~n.~~tn.~mt~~l~~Jlg'pUL~UGn. n.~L~rtL~ %~'Z9 

~~" %O"8~ !ftlLIl.UG~~LunLf1ftt~~'mLf1~n1Ln.~tn.»1l.I~'mf.LrtL~n.~n.1LI'1.~ln~1U~"~~~LUn.ln.~W 

L~n,M,I:-~ ~l!flLIl.UG~f.Lun.Lf1ftt~~'mLf1~n.1Ln.~tn.~' n.~~1n.~~fb'nu~~WI:-~ !ft~~~1UL~UG~ 

n.1Ln.~tn.~1U~"f.Lun.kJ.1,L~ (Jap!Ollo::>ssewJadns) ~~~'~~I:-L~G~n,I:-G~~,~t (17lOZ) ~rul,j~~" !W!Je)j 

nr-~~'t-LIA.~LUn.ln,~WUL~G~f.LUn.G'L~~~UI:-8:'~Lun.ln.~wnl~ I:-rtll,Eo Z l:-12n.Ln.L~l'Eot~~" %+M ~ , , 

~z n.]ort]omLll,j~~~JlgtUG~~~trt~~'Jlg1~L~~~~L~~1 (t7lOZ) ~rul,j~~1' !W!Je)j nlJ~L~n.~~~L~l'~~" 

~JlgtUG~~~trt~~'Jlg1~L~~~~L~~Gll.n]ort]omLll,j~" (600Z) ~ru~~~" !qoouor ~~Il.~~~rt~n.~w~mp.' 

G~mr;'~1L~f.LU£~,H~~llll'mfb~tn.~,uL~n1Ln~tn~'U~"f.LULf'l,U~ (t7lOZ) ~rul,j~~'1 IW!Je)j 

n.~~GJl.~L~J.1,UL~J.1,~tU~~L~M, 
~ 

~ ~ ~ ~ 

rtJ}GIAmlJ~1fbt L!tIj~LrtL~~tn.~,~tL~ ~t~~~'~Jlg'LI.!I:-G OOZ L~UI:-~fbf.n.~~LUn.WLJJ.1,ruG~l~~,tpu~~L~M, ~ 
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n. , 
i:'rtll~ 'oZ 1..12lmQ1 ~~~mlls11..12!i:'B O~ t:lfli1,ruB~i:'~11~tl..,\A~121' i:'rtll~ zr flUb %1 \'1,E-rtE-1 (<;0<:5'>0 

C:/fll1 dl nS !Qi2+3w wnISSi2+od ~l..l2~l2~l..ltmlrt~fl.\l..!t~~lB~m~~~'fl.\l..!t\'1,~Ul..{!' i:'rtll~ 1 L12tml;1 

\'1,~Ul..!t\'1,tp.'1fl.ll..!tl~1' l..fl.~~fl.L!t~l~~l..B~~~t ~t,~UUB~fl.' i:'1..~Ul..l!rt~1 ~t\'1,~m~~lflH.LU\'1,Blfl\'1,].\'1,t~~ 

'oS'Z) ~B~1~i:'Bfl.1..~U i:'~l..~~ (~~~mRs1l..!.Ii:'B '0 LZ) \'1,1L\'1,~1n.~1i:'Bfl.n.Bkrtl..U~i:'1..IA.t,ltlI1LI2~rt~, t:lfll1.ruB 

I " " • " I 

n. 
~~m~I2!IA.'~~fl.\'1,t~l~UUB~fl.1Ul..{!'~~~12112I2f1,mll..\'1,~t\'1,~'l..RU~ (9102) 12>1 03 0 ~12'1 seMel1>l 

~t~U~ (~~~mlls'L!.Ii:'B 
n. n. , 

n. 
L~n.M.i:'Q9'ULI!UB\'1, %98'LSI L~~~~B~'~i:'BR.U~tmQml..l~L~U~~i:'~ %t7r '£8 B~\'1,ll..n~t\'1,~'i:'BR. 


U~I';1\'1,QmLl~ ~lflm~~lrtln.~~~ntt,L~rtl..t,~~~I2" ~lflrtmlL\'1, 08-02 i:'l..I:~U~\'1,~\'1,l..~\'1,~'~l..\'1,fl.~ ~Ul..rtu~, 


" ~1..\'1,fl.~~lI1.m'L~i:'Lk~t-~~1\'1,1;,~ruRu~~~~~12112I2f1,mlL\'1,~t\'1,~' l..~n.M.LRU~~l..UUl..{!' i:'~1,uB~mn.'1i:'~'1 

L,\A~LU~!}~IA.'~l~i:'~'1~tl..,\A~m1 U~'~L\'1,fl.I2~n.~\\'1,Q'~t~1\'1,~'U~11B~' i:'~"Lri:'l..!!-\'1,t ~L\'1, 01 \'1,1..\'1, \'1,E­

~'tJ.fI,ll..~~~~~tJ.~lA.mL~fl.tL!ti:'~t~" Ntll~ r l..~lmQ' ~l..\'1,B~n.B~ OOO'SIT t,~ml..l~~ J03z!U03aOWOH 

20 t ~lflll,ltl ~l.. (!, ~~U~1L,\A\'1,,tt U L I! \'1,~U 1..!t\'1,tfl-" fl.ll.. !tt,~" (u03aoAlJ) \'1, I! 1 B 1~~lu~2ot~~1U lfl" 
" ." 

~tl..,\AU[J~t\'1,~'LrtB~ i:'B~t:LfII1.ru@~i:'~"~tl..,\Al~" i:'~~ ~~l..~II1.\'1,~Ul..r~l~i:'l..~\'1,~Ul..l! ~~~mfl,'l..!.Ii:'B ~t7 
1'\ • no n. 

t:lfll1.ruB~ i:'rtll~ 1 \'1,L\'1, %+M t79 \'1,E-rtE-' U~~~~~W~l~~~~~~lQl~l..U\'1,ln.~W\'1,l..~fl.\l..!tUlj~~ll..ll. 

~~t\'1,~' i:'~~ ~~l..l2l11.\'1,~ULr~l~i:'l..~l~" ~~~mlls'l..!.Ii:'B OL t:LfII1.ru@~ i:'rtll~ 2 l..~lmQ' \fIJ r'o \'1,E-rtE-' 

}B~'~Dlfl~'~~Brt~~'fI,l~L~~~~l..~\'1,1 n: 1 B~ ~l..~~~~L~B~~l\'1,~ml~L~lfl~) (lODeN) ~~\ B~~rt~~'fI,l 

~l~ (UO!+i2:)!]! uaI 130) UBB\'1,!}U~l..!t~l..U\'1,ln.~W\'1,l..~fl.ll..!t~t~~l\'1,~' \'1,~Ul..r~l~I:-~~ ~~L~lI1.l:-l..~l:-~ 
n. , 

l~" I:-rtll~ Z \'1,1..\'1, I:-B~t:lfll1.ruB~ %+M S"L 1 ~~" %+M 01 \'1,E-rtE-'~lIs\UB~~Qlrt~~'lIsl~L~~~!.L~\'1,tp." 
n. , 

fl.t l..!t\'1,~Ul..{!' ~~~mlls'l..!.II:-B ~9 t:lfll1.ruB~i:'~,,~t n.B~~" l1s03w OL ~L\'1,Il.I:-W"~lflnl..~\'1,B~l..rt~B~'~L!t 

Ul..l!rt~'~~ll..~l..M.l:-l..~~\~B~'~ULI!~~l~~fI,m1L\'1,~l\'1,~'U~" (2102) ~ru~~I2" aUOLnunl1dwe>l 

~l..~~~l..,\Al,ltl\'1,t ~U~'~1\'1,~mr;'UBBU~'1~~" l,ltlrtln.~t\'1,~'~1L,\A~I!L~nE-rtE-ml..l~ 

2ol~l..UI:-~ %S"O B~rt~~l..rtIl1.1~\'1,E-rtE-mLl~L~n.M.~121' %~'Z ~~" %S"O B~ \'1,E-rtE-mLl~ Z LRU~ ('oWZ) 
n. 

~ru~~~" Il t}1:-~ uBBulfl"~~l~~fI,'I:-BIl.P»l~L~~ll..,\A~Lun.kIl1.L~L~uULrt\'1,l..l:-l:-~M.2oti:'B~\'1,Q'l..~i:'~ L~U 

n. n. n. " " 
t-~~tJ.lI1.rtLl~~n.n.~~~1L,\A~l!l..~UuLrtnE-rt!f1~~ll2~fI,'L~ ~\rt~~lfl1~~~1~l2l1sm11..n.~tn~'i:'Bll.rul..rt~fl.B~121';1 

n. , 
~~~1~l2l1s'i:'Bfl.\'1,!frt!fmLt~9'Ul..I!UBn ~lfl1 OOS' B~~~~Ul..rt~\'1,ll..\'1,~l\'1,~'t-Bll.rul..rt~fl.~W1B~'¥lU!}Q.ll..~~ 

12~~l..U\'1,ln.~wn.kll1.l..~rt~~l..rtll1.'~I:-~L);JL~ +u03w+e3J+03.Jd L,\A~l..U~~~W\'1,It-~ \'1, 11..\'1,~1\'1,~'~W11..,\A!.l..U 

\'1,1fu~L~IA.Ln.IA.r\~~I!i:'~ L~t:LfII1.ru@~ +u03wW03L+03.Jd l..,\A~l..U~I:-~ UBBU~'1~t L,\AU[J~I!\'1,B!!-~~Q\'1,~i:'~~' 

~~I! L~rt!fmLl~~tL~~" ~l..lfhBi:'Bfl.\'1,,Vrt~Urtl~~l..U~~'~l..Ui:'l..lfl.~,ll-fl.PI!~ i:'B~~~'~1! i:'~ (N.!Su03+ul) 

rt!fmLl~~¥lu!}Q.ll..~~~~~l..U\'1,ln.~wn.kll1.l..~ (SJ03>jS!l1MOUi2N) \'1, 11..\'1,U~I';1\'1,Q'ibt\'1,1L\'1,~l\'1,~'I:-Bfl. 

(ASOI0 LjdJo\fIJ) L~IA.~\'1,l..~ru~\'1,~~fl.1~l!l!l..Bi:'~ U~"~11..,\Au[J~121~12Q.m1Ln.~l\'1,~1 fl.\n~ml..\'1,l..~t'201ULII1. 

n. n. 
i:'Qt}Ul..I!UB\'1, ~B~U~' (~~~mfl,'l..!.Ii:'B 99Z) lA~l..~~B~'i:'Bfl.L~Ui:'~I:-~ ~~~mlls'L!.Ii:'B OLZ B~~~l~~fI,' 

" 

http:u03wW03L+03.Jd
http:L~t:LfII1.ru
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http:lU!}Q.ll
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bb~1~~1111tJ'U~bbr;'l~~~tJ~1'W\Jl~bLm~"UtJ1~ 0 .25 i1r;'l~h~\Jld bLr;'l~Lfi'U1tJf:l\l'Wr;'l16'f&in~mUV!.ni1 4 €J~F11, , ~ 

L"!lr;'lL~~6'f ~1nt1'W111l.11~~~1tJLFl~€J\ll~~1i Sodium hydroxide b-U~-UtJ 20% bbr;'l~ Anthraquinone 

b-U~-UtJ 0.1 % (e)\Jld1~1tJ~~LtJ~€Jnn~1CJ(;)€J6'f1dr;'l~m~~€J 1:20) ~€JruV!.ni1 170 €J~F11L"ilr;'lb~~6'f tJ1tJ 1.5, ~ 

i11~\1 L~€J1~L 'WFl&itJ ~nijtJ LLr;'l~b~i1L"1lm'l1r;'l6'ffl~m~€J~n~1'U1~~1tJ LLfI~~1~~1~~1nitJ "1nt1tJ111~1 
~ 

"U~~~nijtJ~~fll~~mdyJ€Jn"u11 ~~1i Sodium chLorite (NaCl02) L-UlJ-UtJ 1%w/v LLr;'l~tJ~\JI'hFl11~ 

LtJtJm~-~1\1"Um6'f1dfl~m~1~Lvhn'U 5 ~1~m~~~~&im-UlJ-utJ 10%v/v ~€JruV!.ni1 70 ~\lF11L"1lflL~~6'f, ~ 

tJ1tJ 1 i11~\1 G11'V1~'Um~'U1'Wfl1dyJ~n"u11t1tJ vh 2 d€J'U v!~\I'\nflt1tJ'Vl~'VlLlJtJvl~1CJ1'WLL'Vl6'f L~~~1~~d€Jn 

1"!l~ L-U~-UtJ 5%w/v ~€JruV!.ni1~€J\I LtJtJb1f11 15 i11~~ LLfI~~1\1b~€Jn1~~L~i1L"!lflfllf16'f~€Jn ~1nt1tJ, ~ ~ 

111~1~1tJm~'U1tJmd1~1~d~~6'f~1~m~s8'flyJ~m-u~-utJ 1%v/v ~€JruV!.ni1 80 €J\lF11b"!lm~CJ6'f tJ1tJ 1 
~ ~, 

i11~\1 LL~1~\I~1\1~1~~1mttJ LLfI~ Centrifuoe ~Fl11~L~1 10,000 d~'U(;)~tJ1Y1 ~~ruV!.ni1 4 ~\lF11;:, , ~ 

L"!lflb~CJ6'f tJ1tJ 20 tJ1Y1 vh.rrtJ\Jl~tJt1~tJm~vf\lfi1Fl11~btJtJm~-~1\1 i1fi1LtJtJflfl1\1 Lbfl~Lfiu1tJ~1L~€J 
V!~ fl L~~~ mdLn~~tJi)~1~l~db~'W~~V!11\1LG1'W1~ ~1nt1tJ111 bG1tJ1~m~tlfl ~"UtJ1~fI\I~1 CJ High-intensity 

uLtrasonic treatment 1~mL"!I1'W~1flitJ (tJ~~1m 120 mL) (Fl11~L-U~-UtJtJ~~~1ru 0.5% 1~~~1V!tifl) 

;\l1i'IX1~~"UtJ1~ 1.5 L"1l'W&ib~\Jl~ ~Fl11~~ 25 kHz btJtJnm 30 tJ1Y1 Lbfl~iJn1~Ltl~(JtJbbtJfI\ln1~\lm-tl~€J, 

400, 800 bLfI~ 1000 W 'W~€J~n'U1i~1\1~1LL~\l1tJm~'U1tJn1~t1 v!~\I~1nt1tJvh1~~1~m~'U1tJfl1~vh 
1.1 .4 a: d.J oQ, .r:::.I 

LLV!~LL'U'UL~~mL"u~ Lbfl~Ln'U'Vl€JruV!.n~ 4 ~\lF11L"ilm"!l~6'f, ~ 

Khawas bLfI~ Deka (2016) 'WU11LG1tJ1~tJ11tJb"!lflfllf16'f~L\Jl~~~1~t1tJiJ"UtJ1~b~nfl\lb~m~~n1~\1 
~ 

"U€J\I High-intensity uLtrasonic mi (0, 400, 800 bbfl~ 1000 W) ;\I'WU11LG1tJ~1tJF1tJ~nm\l"U€J~bG1tJ1CJ 
~ 

iJ"UtJ1~ 35, 32, 27 LLfI~ 20 tJ11tJb~\Jl~ Fl11~(J11"U€J\lLG1tJ1~m~~€J 589, 469, 385 bbfl~ 264 'W11tJb~\Jl~ 

e)\Jl~1~1tJFl11~~11bG1tJ1~~mG1tJ~1tJF1tJ~flm\l"Uel\lLG1tJ1~ 17, 15, 14 bbfl~ 13 ~1V!~'UFl11~btJtJ~~fl"U~\I 
~ 

bG1tJ1(JtJ11tJiJfi1~\lt130.5, 44.1, 50.7 bbfl~ 63.6% €JruV!.ni1b~~6'ffl1~1'11"UmLG1tJ1(J'W11tJ~~ 260.8, , ~ 

270.4, 279.9 Lbfl~ 295.3 ~\lF11b"!lflL~~6'f \Jl1~~1~U 

Sono Lbr;'l~Flru~ (2014) L\Jl~~lJL"1lflr;'l1f16'ftJ11tJFl~6'fI'1f1 (CelLuLose nanocrystaL) bbfl~b"ilflfllf16'f;:, ~ ~ 

tJ11tJlyJ'U~r;'l (NanofibriLLated celLuLose) ~1m~€JFl~1yJvl~1n1lJLd€JbL~\lbbfl~1lJbd€J~€JtJ~yJ€Jn'lJ111~~ 

L~m\Jl~~lJL"1lflfllf16'ftJ11tJFl~6'fI'1f1 L\Jl~CJ~~1fln1d1~1~~~~6'f~1~m~s8'flyJ~m-U~-UtJ 64% ~m\JV!.ni1 45 
~ ~ ~ ~ 

€J\lF11L"ilflb6/1m1 (e)\Jl~1~1tJL~~(;)~m~ ~€J 1: 10) ;\ltJ~1i~~J1t1V1~~1~m~ml1\1~1(J~1nitJ 10 bvh '\l1nt1tJ 

m~\I~1tJLL~tJm~~'Vl~\lnfl~vi1~1 flbG1tJ1mdl1 iJ"UtJ1~d'W~tJ 1.2 l~Fl~€JtJ Lb~1~\I'l111tJbL~fl\Jl~n€J'W€J€Jfl 
~ , 

1~CJ1iL"1l'W\Jl~Yh ~Fl11~L~1 10,000 ~~'UlJieJ'W1Vi LtJ'Wnm 10 tJ1Vi LLfI~~1\1~1~~1nitJ 3 Fl~\I ~\lfi1 

Fl11~LtJtJm~-~1\1tl~~1J1ru 2.5 ~1flt1tJ1111tJ~1tJm~'U1tJn1~1~eJ~1f1SB6'fn'U~1nitJ~'W m~vf\l fi1Fl11~ 
LtJtJm~-~1\11lJltl~CJtJbbtlr;'l\l Wlml1nt1 Song blr;'ltFlru~ (2014) 1~b\Jl~(J~l"!lr;'l~1r;'l61tJ11tJ1yJ'U~fI~1nfl1~ 

1~1~~~SB6'f~1m€JtJl"1lii btJtJL1m 72 i11~\1 ~1nt1tJ~1\1LG1tJ1(Jm~I~1CJ~1fl~'W1~(J1-tlL"!l'W\Jl~Yh~Fl11~b~1 

15,000 ';ieJ'U~~tJ1Y1 LtJtJL1m 10 tJ1Vi bb~1~\l1111tJ~1tJm~'U1tJfl1~e)fI\Jl'nl"!l-an~ LtJ'WL1m 120 tJ1Vi 
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(~~·vnt'\.J~mJfl~'U 20 1'UTVi LL~t~~V!1tV!~~'\.J~mJfl~'U 20 1'U1Vi) ~fl11lJ~ 20-25 n1~LM~i ;~1~~'U, 

miij~n~rutLL'U'U Lbm~ijL~L.l~lL.l~L.l~nm-:J 0.5 .Q11i output level 90% ;-:J1~r11~-:J 80-99 1\1l~ ~-:Jd 
.fI1"1!L.lt\lt'ew'1L.lel1-:Jt11 bb ~-:J\1l~eJ~mt'U1'Un1~ Sono bb1;1::flrut (20 14) ~'Ul1 b"/lJ;1J;11m'lL.l11'Ufl~~~1;1~

~ ~ ~ 

b\1l~~lJ1~n11-:J bb1;1::~11 5-8 L.l11L.lblJm bb1;1:: 200-400 'U11L.lLlJ\1l~ \1l1lJ~l~'U ~1'Ub"/l~~1~~L.l11'U1w'U~~~ 
~ 

b\1l~~lJ1~n11-:J 5-10 L.l11'UblJ\1l~ bb~::~11lJ1nnl1 1 llJfl~eJL.l 

Tang bb1;1::flru:: (2014) L\1l~~lJL.l11'Ufl~~~J;11mjb"/l1;11;11J;1~ (Nanocrystalline cellulose) \I1n1lJ 
~ 

lmfl~~~~lmjL"/l1;1~l1;1~ (Microcrystalline cellulose) bm~n1~Fh ;-:JllJlfl~fl~~~1;11mjb"/l1;11;111;1~(ln
\J ~ " 

1~1~~~~~~1~m~imr~~m-rrlJ-rrL.l 59, 61, 63, 64, 65, 66, bb1;1t 67 wt% 1'U"ln~nL.ln1;1lJ 3 fleJ ~ 
~ 

~ruV!~ij 50 eJ-:Jl"l1b"/l1;1b~~~ b-UL.lb11;11 90 L.l1Vl ~ijn1~~'Um'U\1l1;1eJ~b11;11 \I1m1'U'I111'\.J~1'U 
m::'U1'Un1~~~\1l'nl"/l{jn~ L.l1L.l 10, 20, 30, 40 bb1;1t 50 'l.nVl ~r11~-:J 100 1\1l1J! ~eJlJ1b~lJt11'\.J~1P1\11n 
1eJeJeJL.l b~eJV!~~m::'U1'Un1~hl'lm~~~ \I1m1'U1.J11'\.JL"/l'U\1l~vh~fl11lJL~1 11 ,000 ~eJ'U~eJ'U1Vl b-UL.lb11;11, 

10 'U1Vl bb1;1::~1-:J~1~t11'\.J~1P1\11nleJeJeJL.l 5 flf-:J Lb~1'l.h1tl~1'Um~'U1L.ln1~1~eJt11;1~~n'Ut11niL.lbUL.lL11;11 

2 1'U ;~f11fl11lJb-UL.lm~-~l-:J~eJ 7.0 \I 1 n,!L.l'll11 '\.J~1'Um~'U1L.ln1~'Vh1~bb~-:J bb 'U'U b~eJmb~-:J L.l11L.l 

.. ... 1 ~ 'i..J.. 1 ".." 1 d 1 1fl1~\Jl1;1 1;1'Ub"/lJ;11;1 b1;1~'Vlb\Jl1~lJ ~lJfl11lJm1-:J bb1;1tfl11lJm1 ~m\J1;1~ 10-20 L.l1 'UblJ\1l1 bb1;1:: 50-150 L.l1 'U 
~ 

LlJ\1l1 \1l1lJ~1~'U 'UeJ n\llndcJ-:J'V'l'Ul11m-:J~~1-:JllJb1;1 n1;1"IJeJ-:Jb"/l1;11;111;1~bV!ijeJ'Un'U~-:J1L.lmru~~1L.ln1~1~1~~ , " 
~~~~1~m~LLJ;1~51;1\1l11161f-wn~ 

IV dtI1.2 'dVifl "a~~.:jfil• 
dd "1'i 1 "1 "'i ... ..J .. "'11..J• L'V'leJP1m~nn1~bb~m~L.l ~L.l1bL.lL61fJ;11;1 J;1~\I1m~'U ~'\.JmLm b~m'UL.lV1tl1lJ1ru"IJeJ-:JL~L.l ~'U1 'U'Vlbb~n 

~ 

1~LVl~'Un'U1~~~L1mvtli 

• b~eJPin~l~n~ru~b\J~ltVmn1~.fI1~ 'Vl1~bflij LL1;1~~lJ,j'~'Vl1-:Jfl11lJ~eJ'U"lJeJ~b~L.l1~L.l11'UL"/l1;11;111;1~ 
d .. 1" 

~ 

'VlL\1l~~lJ ~ 

1.3 'tJB'Ub'tJVln1"a1~tJ 

Pin~1n1~u~nL~L.l1~L.l11L.lL"/l~~11;1~\I1nL~'U1~tleJun1"1!-W~~eJn"IJ11u1;1~1~~eJn"IJ11~1~
~ 

mt'U1L.ln1~1~1~1~~~~1~m~ l~m,J'U~'\.J~lJ1ru"IJeJ-:JL~L.l1~'U11L.l~LL~n1~bVl~'Un'U~t~::L1mmi ~llJ~-:J 

Pin~1~n~ru~L\J'V'l1~'Vl1-:J m~.fI1'V'l 'Vl1-:J Lflij LLJ;1~~lJ~V11~fl11lJ~eJL.l"IJeJ-:JL~L.l1~'U11L.lm~ 

1.4 t1"a~ltJ'f'1l~fil1~';h~~1;{-r'U 

V1~1'Ut)~n1~LL~m~'U1~'U11L.lL"/l~'f11'f1~\I1m~L.l1v'\.Jemn1 ~llJ~-1"'n~ru~b\J'V'l1~V11-1n1~.fI1~ V11-1 
~ 

bfllJ bb1;1~~lJ~~V11\lfl11lJ~eJL.l"IJmb~'U1EJL.l11L.l~bWn1;) b~ml11tJ1i'\.J1t1EJ"1!'U1'U1~~'V'leJ~ blJeJ{fleJlJ 1 'V'l5\1l, 

Bn~-:JcJ-:J~llJ1~ml11tI1i'\.J~::ltJ"llL.l1'U~1'U~'U ~ b~lJlJ1n~L.l 
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I 

.". """.". 0 """ """ QJ

'U'VI'VI 2 d15~1b't.A'Un1';jd~£J 

2.1 	1t9lf:l~'Ubba~~1'H~ijm<ij
~ 

• 	 L~'Ultl,jmLfl1 (Kenaf fibres, KF) \l1nmi~LLllu1'U~1'Ultl'\JmJ1'U\;)eJmLt1'U ~.U1'Ufi'eJ eJ.LijeJ~ \l., 
, 


"lJeJ'ULLn'U 


• 	 161lL~tI~1~~~eJn161l1'l (Sodium hydroxide, NaOH) LL'U'UL~~ Lm~1Lf1~1~~ (AR grade) \l1n 

'U~';V1 CARLO ERBA Reagents tb~LVlI"1B~1~ 

• 	 1~1~~L"il'UL,jeJ1eJeJn161l1'l (Hydrogen peroxide, H20 2) 30% Lm~lLf1~1~~ (AR grade) \l1n 

'U~';V1 CARLO ERBA Reagents tb~LVlI"1B\;)1~ 

• 	 m~Lm'H~tI~eJ~~~n (Glacial acetic acid, CH 3COOH) Lm~1Lf1~1~~ (AR grade) \l1n'U~';V1 

CARLO ERBA Reagents U~~LVlI"1Bm~ 

• 	 m~~~~~n (Sulphuric acid, H2S04) 96% bm~lLf1~1~~ (AR grade) \)1n'U~';'Vl CARLO 

ERBA Reagents U~~LVlI"1B~1~ 

2.2 	n1<Jbt9l"iVlIblil'UbV\l1ntlemn1 

2.2.1 n1~rheifiF11ZmJ'VJ~'VJuj'un 

II1~L~'UlCJumbn1 (KF) 1~ijf111~m1u~~~1ru 5 L61l'U&iL~m LL~~n1~~~~~nu~n~&i~~1n'UL~'Ultl 

~J1mr'UoJ1L~'Ultl1Ui~tY1V!oJn Lb!K1~~ LL"1I1'U~1~~~mtll61lL~tI~1~~~eJn161l1'l1il~~1~1~-iJ1~~1~ ~eJruV!flij 80 
, 	 'IJ 

eJ~1"11L61l~b;gtl~ 'U1'U 3 i1l~~ v!~~\l1n.j'U1K1~~1t1tY1n~'U\l'Um~~~ rl1f111~LiJ'Um~-\ph~"lJeJ~tY1mi1K1~ij 

rl1U~~~1ru 6-7 a1V!-r'UBm1G'11'UL~'UlmieJ~1~~~~1CJijrl1 1:50 b~'U1t1~~1'Un1~'VhB~f111m1V1~V1Lif'Uvi 

LL!K1\l~(1noJ11ueJ'Ul~LL~~~eJruV!flii 90 eJ-:l1"11L61l~ b;gCJ~ ~eJII11eJ~1-:lb~'Ultiumbn1~~1'Um~'U1'Un1~
'IJ 	 , 'IJ 

~-:ln~11 f111~L-iJ~-iJ'U"lJeJ~~1~~~mCJ161lL~tI~1~~~eJn161l1'l LL~~'iii'1'U1'Uf1~-:l"lJeJ~ n1~V1~V1Lif'UviLb~~-:l1'U\;)1~1-:l 
~ 1 

d 	 .d QJ I IJ' 1 DI II..J I 0 Cl.I 1 C"..::::.I 1.1 C" 1I 1.1 

\Jll~l,:jVl 1 "1IeJ\;)1eJtl1-:l"lJeJ-:lL~'U tlumbmVl~1'Un1~V11eJ~f11 ~'UVI~V1b~'UVi f111~L"lJ~"lJ'U"lJeJ~~1~~~mtl 

161lL~tI~1~~~eJnhl'lmi LL~~'iii'1'U1'Url~-:l"lJeJ-:ln1~V1~V1bif'Uvi 

~a~'lmh~ fl'lll1L'till'ti'U'tJel"l NaOH (%w/v) 
o ~ iC:II" t

"ill'U 'l'U fl ~"I 'tJ el,:j m ~'VI 'l'VI bll'U'VI 

KF-T4 4 3 

KF-T12 12 1 

KF-T17.5 17.5 1 
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2.2.2 n1'iWfJnff1'J 

LL"Ii L~'U1mJ'€l Lln1~eJ l'Un l';i'Yh B ~ fll1{;1ti'Vl~'Vl L~'Uvl{;1-:J1 'U611 ';i{;1 ~{;11 CJ 1~b~ ';i L\I'U LiJ'€l{,€),€l n1'1l~ 

(hydrosen peroxide) ~-:Jijfl11lJL"IllJ"Il'U S%v/v ~'€lru'Vl.niJ~'€l-:J 'Ul'U 24 i1blJ-:J ~-:J'11\'!~'€l'Ud\l~LtJ'Um';i , " 
"li1CJ"ll~~~nij'U'€l'€ln\l 1 m~'UlCJ~h CJ \11 n'!'U'l111iJ~1-:J~1 ml1ni'U \I'Um~vi'-:Jf'ilfl11lJ LtJ'Um~-~1-:J"ll'€l-:JJ1~ 
li~1-:JLL~1ijf'iliJ'a~lJlru 6-7 LL~1~-:J'l111iJmJl~LL~\l~'€lru'Vl.niJ 90 '€l\lf!11L'1lm~CJ61 ~'€l~1'€l~1-:J"llmL~'U1CJiJ'€l , " 
LLn1~eJl'Um'a'YhB{;1fll1{;1ti'Vl~'VlL~'UvlLl{;1~~llJ~1CJ m'a'V'l'€ln"ll11 LL?I~-:J1'U~1':i1\l~ 2 

9l1';j1'1~ 2 ~'€l~1'€l~1'1"ll'€l\lL~'UlmJmLn1~eJl'Un1'fVllB{;1fll1{;1ti'Vl~'Vll~'UvlLl{;1 ~ ~llJ~1 CJ m'a'V'l eln~n1 

~eJ~'Hl~1'1 
fl11lJb'YilJ'Yi'U"lleJ'I NaOH (%w/v) vjHi1'Um';j'Vl~'Vlbli'Uvi 

tieJ'Un1';j'WeJn"ll11b~'U1fJ 

KF-T4-B 4 

KF-T12-B 12 

KF-T17.S-8 17 .S 

2.2.3 n1'il~~El3Jldf)i1ff1'J 

L~ 'UlCJ iJ'€l LLn1~ eJ l'U nl';i'Yh B{;1 fl1hti'Vl~'Vl L~'Uvl~1 CJ?ll ';i{;1 ~{;11 CJ b'1l L~ tJ lJ1~~'a'€l n1'1l~ L"IllJ"Il'U 

120/0w/v (KF-T12) (1 n'l11lJl LL"11'1 'U611'a{;1~" ltJ ~61lJ';i~'Vl"h'l?ll'a"~"ltJ1~bm L \I'Ul tl'€l{'€l'€ln1'1l~L"IllJ"ll'U 
" 

300/0w/w LL"~m~Ln" L~tJ"'€l~68~n (GLacial acetic acid) 1'UB~'al"1'U 1: 1 ~'1B~'al"1'U"llmL~'U1tJ~eJ 

?ll';i{;1~"ltJijf'il 1:S0 LL{;1~1~mu'Vl.niJ SO mf!11L'1l"L~tJ?I 'Ul'U 3 i1blJ\l 'Vl~-:J\l1m!'U~1\l~"wJlni'U , " 
\I'Um~vi'\lf'i1fl11lJ LtJ'Um~-~1-:J"lleJ-:JJ1mi~1-:J LL~1ijf'i1iJ':i::lJ1ru 6-7 \11 n'!'U'l11 L~'U1CJ1iJmJ1~ LL ~-:J~ 

~ru'VlJJiJ 70 '€l-:Jf!11L'1l"L~tJ?I ;-:J~'€l"lleJ-:J~1eJ~1-:Jl~'UltJffi~ L~tJn11 "KF-T12-M" 

2.3 n1"5LLam~'U1m.J11'ULIij~~1~~1\11an"5~'U1'Un1"51eJ1\11"5~~~~';mn"5\11
'IJ 

i-:J L~'U1CJiJeJ Lln1~eJ1'Um::'U1'U m'a L~~ tJlJ L~eJ~"ll11 (KF-T12-M) lJ1 L"Ill m::'U1'Un1';i1~b~'a~~?1 

~1tJm~m~ea''''V'I~n~eJru'Vl.niJ~1 (iJ';i~lJlru 7 ± 2 '€l-:Jf!11L'1l"L~tJ61) ~-:JmllJL"lllJ"Il'U"ll'€l-:Jm~m-«~eJ
" , " 
..~ d Q~ ~ ~t:: I I d.J .Q.lJ oQI 

600/0w/w LL"~1J'Um'U'VleJru'Vl.nlJm LU'UL1m 1.S "1l1blJ\l \lln'U'U\J'Um'U~'€lL'U'€l\l'VleJru'Vl.nlJ'Vl'€l\leJn 1 
, '\J 'Ij \J 

i1blJ\l ~1'Vl~'UBml"1'UL~'U1tJ~ml1'a{;1~~ ltJijf'il 1:8 'Vl~\l\lln~'U~~tl~ n~cJTVhm'aL~ eJ\l1\l?ll';i~ ::mtJ 

~1tl ~1-:J~1CJJliJ'alf!1'9Jln1eJ'€l'UiJ~m~';i 1 L vil"l.1tl-:JiJ~lJl~';i?ll'a"~"lCJ~1tl~1\l \llm!'U'l111 tl LL"1I'1'Uel1-:JJ1 

l~'U LL,,~tl~'Uf'ilfl11lJ LtJ'Un'a~ -~1\l"l.ltl-:J?l1'a~::mtJ1~ijf'i1'J';i::lJ1ru 4.S-6.S l~tJli?ll'a~::mCJl'1lL~CJlJ 

l~mtlfll'1lI11LoUlJoU'U SO%w/v \l1fl'!'U'l11 hJL 'Vl1~"\l1'U(1\ll~eJ::1~~?I LL,,~'1111tlLL"Ii~\l1 'UJlfli'U (Ltl~tJ'UJ1, 

iJ';i::mru 10 ';i'€l'U) ~eJ~1mh:m1'U1tJiJmLfhv1eJl'Um~'U1'Um';i~-:Jnr;i11L'1tJn11 "KF-T12-M-A60" 
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2.4 n1~~n't!}1~n't!}ru~bQ'W1~'VI1,m1~.fl1'W'tIel.:l b~'lJl~ 

~n'l3ru~vn'lrnCJ.fl1'V'l LLli'l~"lJ\.I1I'lfl11~ n11'l"lJ'El'l L61'WlCJPin'l311I'lCJl-b'nll€l'l~li'lVl';i';iP1~B La n~';i€l'WLL'U'U, 

~€l'lm11'l (Scanning electron microscope, SEM) ~~€l Hitachi i\.l SU3500 ~'lfi1fl11lJ~1'l~n~vn-b' 

d'lBLan~';i€l'W (Accelerating voltage) f)tl 5 kV cl1'I''1~'U'Vln~1mh'lL61\.11CJ CJnL1'WL61\.11CJ KF-T12-M­

A60 ~'l1-b'fi1fl11~~1'l~n~vnid'lBLanm€l'Wf)€l 15 kV ~'ld~1€l~1'lt;1nLflatl'U~1CJVl'El'lt:.Jc;'I~n'U'V'l1mL~CJlJ
'\J 

ntl'WVl1rn';i1 Lfl';i1~l1~1mfl~€l'l~'lmh1 ~1nJ\.I11'l"lJ\.I11'l b61\.11CJ~1 CJ"Il€l~ii bL1{ ImageJ b~m.nfi1 btl~CJ'lJ€l'l 

fl11lJn11'l"lJ€l'l L61'WlCJ 

2.5 n1~~n't!}1 ~n't!}ru~'VI1.:lbAij'tlel.:l b~'lJl~ 

V!,J-W'l ni'WVl1'l bflii"lJ'El'l L61\.11CJ1 bfl';i1~t-1~1 CJ bfl~€l'l~ L~CJ{Vl~1'W~tl{lJB\.I~';i1L ~l'lc;'lL\In1Vl~ihlJl€l{
'\J '\J 

(Fourier transform infrared spectrometer) ~~tl Perkin Elmer i'W Spectrum One 1I'lCJ1'li'LVlfl-ufl 

Universal Attenuated Total Reflectance (UATR) ~'l1bfl~1~V!1'W-d1'l 4000-515 cm-
1 

2.6 n1~~n't!}1A11:Ubtl'lJt:J~n'tlB.:lb~'lJl~ 

m1~LtJ'Wt:.J~n"lJ€l'lb61\.11CJPin'l311I'lCJ1'li'Lfl~€l'lb€l n"llL ~~~~ LL ~~ni\.l (X-ray diffraction) ~~€l 

Bruker 1'W D8 ADVANCE 1I'lCJmbn\.ll\.1"/h:J"lJ€l'l 28 ~~V!'i1'l 5-60 €l'lP11 m1lJ~1'l~mJLLli'l~m~LLc;'Ivn'li', 

fi€l 40 kV LLli'l~ 40 mA lJl1~J;\'1~'U 

fi1fl11lJLtJ'Wt:.J~n"lJ'El'lL~'W1CJ (Crystallinity Index, Crl) 1"11'W1rulI'lCJlic;'l~rn~'U€l'l Segal ~'ld 
1002 - lam

Crl = 
1002 

... 0 .J .J .J it .J 8- 1 "" 001I'lCJ 1002 fltlfl1 Intensity Vla'lVlc;'ll'l "Il-:J€lCJ \.I"1l1-:JVl 2 u~~lJ1ru 22.0 - 22.5 €l'lP11 LLli'l~ lam fl€lfl1
", " 

Intensity ~~1~c;'Il'l ~'l€ltJ1\.1-dl-:J~ 28 \J';i~mru1nlln'U 18.0 - 18.5 tl'lP11 fi1~1"11\.11ru1~flru 100 ~~1~ 
, " '\J 

fi1fl11~LtJ'Wt:.J~n"lJ€l.:jL~'W1CJ1'WV!,.hm\J€l{Leii'Wii (Segal et al., 1959) 

2.7 n1~~n't!}1~:uU~'VI1.:lA11:U~el'lJ'tIel.:l b~'lJl~ 

n1 ~c;'Ili'l1 tJ (1)1 ~1 CJ fl11~ ~€l'W'lJ tl.:j L61\.11CJ1 Lfl ';i 1~l1~1 CJ Lfl~tl.:j1 bfl ';i1 ~ t-1'c;'I~\J~Vl1'l fl11lJ ~€l \.I 

(thermooravimetric analyser) ~~€l NETZSCH 1'W 209 F3 ~'ldL~\.I1CJ1;lnVll'lc;'l€l'U~mlJV!fliJ 35-700 
::, , 'U "I 'V 

€l'lP11L"Ilfl L"i1CJ c;'I ~e)(;l'n rn~1~fl11lJ~mJ 10 €l'lP11 L"Illi'l L"i1CJc;'I~tl\.l1Vl fl1CJ1~'U';i';i CJ1 rnP11'W1mL~\.I ~1\.1 

fl~~L'ijli'l (Crucible) vn'li'11'l(l)1€l~1'lVl1~1ntl~~iJ\.I1 (Al203) 
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'U'VI~ 3 t;I~n1';j1~EJ bb~~el.fhJ';j1EJ t;I~n1';j'VI~Wtel~ 

3.1 ~n~ru~vilW1~'VI1.:jn1t1fl1WeueNb61't.!1t1 

b~'WlmJmbn1yj~1'Wfl1~'Vi'15~fl11ml'V1~'VmJ1.!Vibb~11~fi1'lJhJ1ru"lJeJ-:J b~'Wlcl'vtt~ (yield) eW1'W'lh-:J 
" 

tb~lJ1ru 69-73% 1~mL(I)~~fl11lJboUlJoU'W"lJeJ-:J(;'l1~~~mvvi1oU llJ1m~CJ~~bbl'lfl~1 ,ffiwJn LL~~L~ml1L~'W 

lvl11-:J fl~11lJ1vT1fl1~'V'leJn'i.l11 'V'lu:h1~fi1'tJ~lJ1ru'i.leJ-:Jb~'Wtvm~U~~lJ1ru 97% ~1V!-rtJ L~1.!lvueJ LLn1~ ~1'W 

fl1~vT15~fl11~'I1'V1~'V1blJ1.!Vi~1V NaOH LoUlJoU'U 12%w/v Lb~~thIJ1bl'l~VlJL~€l~€l (KF-T12-M) ~tJrhiJfh 

U~lJ1ru"lJ€l-:JL~'Wlvm~ fi€lU~~lJ1ru 85% l11-:JbL(;'l~-:Jl'Wm~1-:J~ 3 

d ,.,J ,.,J • I'" " 1 . 1 ".,J "" 1" ... ,1'l1'a1.:!'V1 3 fl1Lu!;lmL~~fl1LtJV-:JLtJ1.!lJ1m\i1'U'i.I€l-:J u~mruL(;'l'U Vu€lLLm'V1LI'l~CJlJ ~v!!;l-:JCJ1'Um~m'Ufl1~
"" 

col 

'V11-:J LfllJ 

L~'Ulv 

,d "~ II "I
1"11L06'lV'tle:J.:!u'alJ1WLi;l'U bV 

d '"'VIL(;l'W1J1"~ (%) 

, d 
1"11L'U v.:! L'U'U1J1(;l'Hi1'U'tI e:J~... 

m1J1WL~'\.,nvviL(;l'iV1J1~ (%) 

KF-T4 

KF-T12 

KF-T17.S 

72.5 

69.0 

71.2 

1.23 

2.08 

5.50 

KF-T4-8 

KF-T12-B 

KF-T17.5-B 

97.1 

97.4 

96.7 

2.51 

2.22 

2.35 

KF-T12-M 85.2 4.35 

'atlvi 2 L~'UltJ'U11'Ubstl~~1!;l(;'lm~~1m~'UlmJeJLLn11\11tJ~1'Um~tJ1'Wfl1~'V11.:Jbl"liJbL~~fl1~1~1~~~68~~1CJ 
" \J 

m~ (KF-T12-M-A60) 
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~1Vf-r'IJL~'U1Cl~t,h'Um~vhel"f111m.1Vl~VlL~'UvlLLmm1~L\rl~mJL~eJLL~1 ~\j~.J1vhll1~1~lm~sa?lii1Cl 

tl .J tl 1 0"'" 1 I , tl"" " 1 .,ImVi (KF-T12-M-A60) LL?lVI\j1'U~ Vl 2 ~'IJeJ ?I~~fl 'Ull1dVl1LLVf\j "il\j ~?l1~1~f1Vf1fl1 ~~1ru'lJeJ\jL?I'U ClVl 
\J , 

L\rl~Cl~11?i' Lb,,~ijt:.J~vh1~EJ\j1~?l1~1~f1i Lfl~1~~~n~ru~Vl1\jbflij fl11~ LtJ'Ut:.J~n Lb~~?I~tr&iVl1\jfl11~-reJ'U 

'lJeJ\j L~'U1CJ11?i' ~\jPin~11I?i'LQ~1~~n~ru~Vl1\j n1CJm~'lJeJ\j L~'U1CJ~\jn~11 

~rufj1'UiVlCJ1'lJeJ\jL~'U1CJtlmLn1 (KF) L~'W1CJtlmLn1~~1'Umwhel~fl11ml'Vl~'VlL~'Uvl (KF-T4, KF­... 
., 1 tl ".,I I 0... 1 ~... ,,~ ..1T12 bL~~ KF-T17.S) L?I'U CJ eJbLmVlt:.J1'Ull1dVl1eJ~fl1 ~'UVldVlb~'UVlLb~~n1dY'eJn-U11 (KF-T4-8, KF-T12­

"1 ".,I, 0 ... 1 ..... "~ .. .,je< ( )B LL~~ KF-T17.S-B) L?I'U CJtlmLmVlr:.J1'Un1~Vl1eJ~fl1 ~'UVl~VlL~'UVlbL~~n1~b\9l~CJ~LCleJ?I-U11 KF-T12-M 

Lb~~L~'U1CJtleJLbn1~~1'Umdvhe1~fl11mlVl~'VlL~'Uvlu~~n1dL(p)~Clm~eJf1'lJ11~1~~\jn1~1Hl~~~sa?l1?i'1CJm~ 

(KF-T12-M-A60) bL?I~\j1'U ~oJ~ 3 - ~oJ~ 11 \rl1~(;{1~'IJ "il1n~rufj1'U1VlCJ1'lJeJ\jb~'U1CJtlmbn1 ~'IJ11 ~1 
\J \J ... 

'lJeJ\jb~'U1CJ~~1'Um~'IJ1'Un1dl~~ (KF) ijfl11~b~CJ'IJ~1nnl1b~'U1CJ~~1'Um~'IJ1'Un1~Vl1\jbflij ~\j~1'lJeJ\j 

L~'U1mh'Um~'IJ1'Um~'Vl1\jbflij Lb?lVl\j1~L~'U{l'lJeJ\jL~'UlCJ'lJ'U1~ L~n ~ ~~1 

dtl~ 3 ~rufj1'Ui'VlCl1'lJeJ\jb~'U1CJtlmLnl (KF) ~fh~\j'lJCJ1CJ 200 wh (i1CJ) LL~~ 1,000 LVI1 ('lJ11)
\J '" 

dtl~ 4 ~rufj1'U1VlCJ1-UeJ\jb~'W1CJtlmLn1~~1'Unl'whel~fl11mlVl~Vl L~'Uvll?i'lCJlsnL~mJ1H~~eJnh(;iL-U~-U'W 
\J .. 

4% (KF-T4) vln1~\j-UCJ1CJ 200 wh (i1E.J) bb"~ 1,000 wh ('lJ11) 
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~t1~ 8 ~ru~i1"l.!1V1~1"1JeJ-:J b;;1\.J1~t1mbn1vieh"l.!m~vhe)~f111m1V1~VmJ"l.!vl~1 ~hb~m.J1ij~~eJfl1"1lilL-rrlJ-rr"l.! 
'II ... 

12% bb~~\911lJ~18m~v.JeJfl"1J11 (KF-T12-8) vin1~'1"1J818 200 Lvh (~1CJ) LL~~ 1,000 Lvh ("1J11) 

~t1~ 9 ~ru~1"l.!1V1tJ1"1JeJ'IL;;1'"l.!1CJlJmbn1vi~1"l.!m~'vhe)~f111m1V1~V1L~"l.!vl~1CJ1'1l b~CJlJ1ij\91~eJfl1"1lilL-rrlJ-rrtl 
'II ... 

17.5% bb~~\911lJ~1tJm~v.JeJfl"1J11 (KF-T17.5-8) vin1~'1"1JtJ1CJ 200 bvh (~1~) LL~~ 1,000 LVI1 ('tI11) 

\911~1-:Jvi 4 LLIi'1(rJ'If111lJfl11-:J"1JeJ'Ib~"l.!1tJtle:mn1vi~1"l.!bb~~1~~1"l.!m~'\J1"l.!m~V11-:J Lf1iJ f111lJfl11-:J 

"1JeJ'Ib~"l.!1tJtlmbfhvt1~~1"l.!m~'\Jl"l.!m~V11'1bf1iJ (KF) iJfl11J~~1J1ru 86 1lJ1f1~LlJm ~1'V1-rUb~"l.!1tJtlmLn1vi 

~1tlmTvl1e)~f111~'L1V1~V1L~"l.!vlb.y;tJ-:Jm~'\J1"l.!m~b~tJ1 (KF-T4, KF-T12 Lb~~ KF-T17.5) iJm1lJfl11-:J 

1"l.!"l11'1 48 - 71 1lJ1f1~LlJm 6'11"l.!L~"l.!1tJtlmbn1vi~1"l.!mdYhe)~fl11m1V1~V1L~tlvlLL~~m~v.JeJfl"1J11 (KF-T4­

B, KF-T12-B Lb~~ KF-T17 .S-8) iJf111lJfl11'11tloU1-:J 38 - 43 1lJlf1dblJ\91~ tleJflIil1fldb;;1'tl1tJvi~1tlmd 

vl1e)~f111m1V1~V1L~tlvlLL~~m~L\91~tJlJL~eJ~"1J11 (KF-T12-M) iJf111lJfl11'1t1~~lJ1ru 10 1lJ1mblJ\91~ 6'11tl 

L~tl1tJvi ~1tlm~vl1e)~ f111m1V1~V1 b~tlvlbL~~fl1~ b\91~CJlJ L~eJ ~1lJ~'1fl1~1ij1\91d~681i'1~1 tJ m~ (KF-T12-M­

A60) bbli'1~-:J1"l.!~t1vi 11 iJf111lJfl11-:Jtld~lJ1ru 136 tl1hJblJ\91~ 
\J 
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~t1~ 1 0 c;1UHi1'W1VlCJ1"lJeJ~ L;;1'W1CJtlmLnl~eJ1'Wf11~'Vi'1e)(lfl11(l'l1Vl~VlL3J'Wv1lill CJ1'1lb~mJ1~\il~eJn1'1Jtii'L-V1J-V'W 
\I d.J 


II d d doQ./ '(") ,
12% bb(l~\9l11J\illCJm~'U1'Wn1'H\W;jtJ1JbCJeJ (KF-T12-M) Vlf11(l~"lJCJ1CJ 200 bVl1 '1J1CJ bb(l~ 1,000 bVl1 

("lJ11) 

~t1~ 11 c;1ru\i1'W1VltJ1"lJeJ~ b;;1'WtmJmbnl~eJl'Un1~'Vi'1e)(lfl11(l'l1Vl~Vlb3J'Wv11il1CJ1'1Jb~CJ1J1~meJn1'1ltii'L-V1J-V'W 
\I d.J 

12% bb(lt\9l11JlillCJmt'U1'Wn1~b\9l~tJ1Jb~eJ Lb(l~1~1\il~~6B"lillCJm\il (KF-T12-M-A60) ~fh~~"lJtJ1CJ 

30,000 LYh 

b;;1'WtCJ~eJ1'W m~'Ul'Wn1~Vl1~bfliiiifll11J n11~UeJCJ n11 b;;1'W1CJvnlJeJ1'Wm~'Ul'Wn1~Vl1~Lflii t'W mru 
~ b;;1'WtCJ eJ 1'Wn1~'Vi'1e)(lfl11~'I1Vl~Vl b3J'Wv1~fll11JL-V1J-V'W b vhn'W ~'U11L;;1'WttJ~eJ1'Wf11~'V'leJn"lJ11iifl111Jn11~ 

UelCJ n11 L;;1'WtCJmlJeJ1'W n1~'V'leJ n"lJ11 'WeJml1ndL~ml1L;;1'W1CJ1J11m'Wf11~ L\9l~tJ1J b~eJ ~'U1111ilL;;1'W1tJ~11ilii 

"lJ'W1\ilfll11Jn11~UeJtJ(l~ b~eJ~~lniin1~t m~1\il~b~ btl eJ{eJeJn1'1l1il~11Jn'U m\ileJ~6B&int 'Wm~'\n'Wn1~~~mi 11 

IilltJ 
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(Jl1"i1{jv1 4 fl11lJ n1"'~"lJB'IL~'W1CJDB LLn1~~1'WLL~~1~~1'Wm~U1'Wnl'Wl1'1LfllJ 

L~'Ui.lI 
1'l1111n11{jL~'Ui.1I (11111'l"iLlI(Jl"i) 

~1~1~~• 
• d 

1'l1LQ(;lt) ~1~.:I~~ 
\I • 

KF 47.8 85.8 ± 54.9 260.3 

KF-T4 

KF-T12 

KF-T17 .5 

11.0 

37.4 

9.4 

57.6 ± 24.2 

71.0 ± 25 .6 

48.3 ± 23.2 

104.5 

130.0 

118.6 

KF-T4-B 

KF-T12-B 

KF-T17 .5-B 

8.6 

12.9 

9.1 

42.5 ± 13.2 

36.7 ± 13.5 

42.1 ± 22.6 

69.8 

71.6 

79 .0 

KF-T12-M 5.1 10.2 ± 3.7 25.2 

3.2 r;rf)~ru~'VI1~bflij1JB~b~'UlfJ 

f{n~ru~Vl1'1 Lflii"lJ tl'l L~'W1CJDB bbn1~~ 1'WLL~ ~1~ ~1'W n'.i~'U1 'Wn1"iVl1'1 LfllJ~1lJ1'H1 ~n~n\l1 n 

B'W¥l"i1L"i~~LDnlJ1-rlJ"lJB'I L~'WLCJ ~'1d~'U¥l"i1L"i~~L D nlJ1-rlJ'lJB'I b~'U1CJDemn1 (KF) L~'W1CJDmLn1~~1'Wf11"i 

'Vhe)~fl11~~Vl~VlL~'Uvi (KF-T4, KF-T12 LL~~ KF-T17.5) b~'W1CJDBLLn1~~1'Uf11"iyhe)"'fl11~~Vl~VlL~'Wvi 
•• 1 II 'I II d , 0'" 1 ~ "" II (

bb~~f11"iY'lBn"lJ11 (KF-T4-B, KF-T12-B bL~~ KF-T17 .5-B) L~'\.HCJDmLmWJ1'Uf11"iVl1B~fl1 ~'UVl"iVlLlJ'WYI 

"" d ~ 1 d dbb~~f11"iLmtJlJLCJtlG1"lJ11 (KF-T12-M) LL~~..:J 'W"iDVl 12 - "iDYl 14 
" " 

B'U¥l"i1b"i~~L D nlJ1-rll"lJtl'l L~'W1CJDB LLn1~.:l~ ~1'W bb'" ~1~~1'Wn"i~'U1'U f11 "iVl1.:l bfllJ bb~ ~.:loW fl~ 3,338 
1 

em-I (O-H stretching vi brat i ons1'WL"1f~",1~~ L~iiL"1f",~l",~ bL",~iinij'U) , 2,897 cm- (C-H stretching 
" " 

1vibrations1'WL"1f",~1~~ L~iiL"1f",~l",~ LL~~iinij'W), 1,638 cm - (O-H bendino vibrations b~€l~,\)1nf11~
"" :> 

J/ -1 1 1 -1 ~~fl11lJ"1!'W) , 1,423 cm (-CH2 and OCH in-plane vibrations 'WL"1f~~ ~~), 1,366 cm (C-H 

bending vibrations 1'WL"1f"'GJ1",~) , 1,317 cm-
l 

(-CH2 wagging vibrations 1'WL"1f~~1~~), 1,026 ­

1,160 em-I (Pyranose ring skeletal L'WL"1f",~lm'1) LL~~ 895 cm-
I 

(COC, CCO LL"'~ CCH 

deformation LL"'~ stretching vibrat i ons1'WL"1f",~1",~) (Da i & Fan, 2010; Moran et al., 2008) 

B'W¥l"i1L"i~~LDnlJ1-rlJ"lJB.:l L~'W1CJDmLn1vtl~~1'Un'.i~'U1'Wf11"iVl1.:lLflii (KF) LL~~.:loWfl~ 1,734 cm-
1 

(C=O stretch ing vibrations '1Jtl'l'V!~ ketone bb"'~ carboxyl1'WL~iiL"1f",,,,1(;l~ L~n~'W LL"'~LLlni) (Dai
\I \I 

& Fan, 2010; Li & Pickering, 2008; Moran et al. , 2008) 1'W"lJru~~~'W¥l"i1L"i~~LDn(Jl-rlJ'tItl.:lL~'W1CJ 

tJ-V LLn1~~ 1'Un'.i~'U1'Uf111Vl1'1 LfllJ1~tJ11n!)~fl~'1mil1 LL~~'111 f11~tJ1'Un11Vl1'1 LfllJv11i~1lJ1'H) fl'1~~ 
L~iiL"1f",,,,l,,,~ L~n~'W Lb"'~Lbin"llenln,\)1m~'W1CJ\Jmbnd11i1

" 
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~'. '.~. ... .. .... KF-T12-M\\/1 

4000 3500 3000 2500 2000 1500 1000 500 
Wavenumber (em") 

'ltl~ 14 ~tJyj~lb~~6'Htln~-r1J"tJe:l..:!b~t.!tCJ KF, KF-T12, KF-T12-B bb~~ KF-T1 2-M 
" 

b~'Uttltle:l bbn1~eJ1um~'Vhe)~ F111ml'Vl ~'Vl b~'Uv'i~ F1111J boU1JoUt.!IJl1..:! tlt.!~'VIlJVl..:! n-B''U'Vl1-:1 bF1~"tJe:l-:l 
" 

b~'Uttl b'VIile:ltJtl'U b~e:l..:!~lnY1F1~t1~l n{]t t.!~tJyj~l b~~~ bun~-r1J"tJmb~UtCJ~-:lmh1F1~1CJtl'U1J1n t.!e:ln~ln-d 
t'U n ~ ru"tJ e:l-:l b~'U1 CJ ~ eJ 1t.! m ~'Vh -e1'~ F111~-w'Vl~'Vl b~uv'i~ F1111J boU1JoU'U IJi 1-:1 tlt.! bb ~ ~ eJ 1 t.! n 1 ~ yj e:l n"tJ 11,rt.! 

U~ln{]~~b-d'Ub~CJ1tl'U b~t.!1CJ~eJ1'Un1~'Vh-e1'~F111~-w'Vl~'Vl b~'Uv'ibY1CJ..:!it.!~e:l'Ub~CJ1 ~n~..:!~..:!'W'U'i1~t.!yj~1b~~ 

~ bun~-r1J"tJe:l-:l b~t.!1CJUe:l bbr:1~ eJ1t.! n1~'Vh5~ F111~-w'Vl~'Vl b~'Uv'i LL~:: b~'UtCJUe:l bbn1~eJ1Um~'Vh-e1'~ F111~-w 

'Vl ~'VlL~'Uv'i LL~:: m'lyj e:l n"tJ11 bL~ ~-:lY1F1~ 1Jl1 bb 'VI'll..:!1n~b~ CJ..:! tlt.!1J 1 n ;..:!:61-H'b~t.!".h'VIlJVl..:! nit.!'Vl1-:1 bF1~"tJe:l-:l 
" 

b~tJ1CJ~..:!ml11 b'VIile:lt.!tl'U 

mh..:! 1 ~f)1Jl11J'VIlJVl-:l nitJ'Vl1..:! bF1il"tJe:l..:!L~UtCJ~eJ1'Un1~'Vh-e1'~F111~-w'Vl~'Vl b~tJv'i bb~:: b~t.!1mJe:l bbn1~ 
" 

eJ1'Un1~'Vh-e1'~F111~-w'Vl~'Vl b~t.!v'i bbm~n1~yje:ln"tJ11,r'U bblJl nIJi1..:!~1 n b~t.!1CJ~eJ1t.!m~'Vh-e1'~F111~-w'Vl~'Vlb~t.!v'i 

bb~::m~blJl~CJ1Jb~e:l~"tJ11 ~..:!Ln~1~~ln~'Uyj~1L~~~LUnlJl-r1J~bb~nIJi1..:!tl'U ~'Uyj~1LWI~LtlnlJl-r1J"tJe:l-:lL61t.!1CJ~ 

eJ1'Un1~.yh-e1'~F111~-w'Vl~'VlL~'Uv'iLL~~n1~L~~CJ1Jb~e:l~"tJ11 (KF-T12-M) 1lJu~ln{]Y1F1~ 1,597 em' I (C=C 

aromatic in-plane vibrations ~11Jtl'U C=O stretching vibrations tu~nij'U) , 1,505 cm· 
l 

(C=C 

aromatic in-plane vibrations t'U~niju) bL~~ 1,236 em' I (C-O stretching vibrations "Ue:l":!'VI~ 

acetyl 1'U~nijtJ) (Garside & Wyeth, 2003; Kubo & Kadla, 2005; Sgriccia et al., 2008) 611'U 

~t.!yj~lb~~~Ltln~-r1J"tJe:l":! b61'U1CJ~'U~ ~Pifl'l!m1u tl~1n{)YlF1~.:JnG'i11 ~-:I,rUL61U1CJ~ KF-T12-M ~-:lb~'UL61t.! 
tCJ~ijtl..:!flU~~ntl'U"Utl-:lL611~~1~~ LY1CJ..:!tl~l-:1b~CJ1 ~l'V1-r'Ub~iJb611~~1~~ ~ nu'U b 'Wn&i'U bb~:m1n"llflnrhoj'~

" " " 
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5 15 25 35 45 55 


2 Theta (degree) 


ti d .... ~ "'1 ~ 'VI 17 XRD bb'V'j'VIb'Vl~'U"ll'V-:lb61'U tl KF, KF-T1 2, KF-T12-B bb"~ KF-T12-M 
\l 

1'U.rrWJ'l'V'U n1~ b\Jl~mJ b~'U1tlijn1~ b'\.J~'UbVi tl'U~"\l1 fln1~~'VfI"ll1d b~'U1tl~ij~'Vfn1lJ b\J'U~~fI bb"~ 

l~~"~-:I~mhd1'\.JoU1-:11'l'U ~-:I b~'VfI~\l~"(ilm~'Ud'Un1~~'VfI"ll1d1'U.rr'U\Jl'V'Un1~L\Jl~1:JlJL~'Ultl L~'V-:I\l1 fl1~~" 
1m1Lfitl-:ln'Un1~h]~'VfI"ll11 b~m\J'Un1~"(il~~tl~ b1mmi"-:I 'U'VfI\llf1.Qijn1~b'\.J~tl'ULb '\.J"-:lf111lJ boUlJ"ll'U"ll'V-:I 

NaOH mm'Un1~vl1e)"f111".J'Vl~'VlL~'UVi vr-:lVllJ(il 3 f1d1lJL"lllJoU'U ;-:I'V'l'Ul1n1~1i NaOH L"lllJ"ll'U 4 %w/v 

G'\1V1-r'Un1~'Vl~'VIblJ'UVi\lliJ1'U 3 f1~-:I bL"~n1~1i NaOH b"l1lJ"I1iJ 12 %w/v G'\l'VI-r'Un1~'Vl~'VIblJ'UVi\l1iJ1iJ 1 

f1~-:l1~~"mmi\fimn'UlJ1f1~ bb,,~1~~"~fll1n1~1i NaOH L"I1lJ"I1iJ 17.5 %w/v ~-:lL~'Vm~'U11:J KF-T1 2 

lJ11i~fI~1f1l'H\Jl~tllJL~'V~"ll1d1'U.ff'U\Jl'V'W~'V1'\.J b~'V-:I\l1f1611lJ1~fl-d1 tl"m~tl ~ bd" 11'Un1~ b\Jl~tllJ1~ vr-:l.Q 

f111lJ b\JiJ~~ fI"ll'V-:I b~'U11:Jij~"~'Vf111lJ bb ~-:lbb~ -:I"ll'V-:I b~'Ultl ~-:lvh1~ijn1~~fI~lf11~b\Jl~1:JlJ b~'Ultll(il tlfl1~ 

vl1e)"f111".J'Vl~'VlblJ'UVibb"~n1~L\Jl~tllJb~'V~"llld (KF-T12-M) 

1'Umru"ll'V-:I b~'U1tl~~1'Un1~'VI~vlLlj''UVibb"~fll'H\Jl~tllJ b~'V (KF-T12-M) ijf111lJ b\J'U~~fl61-:1f111b~'W 
\l 

ltlm3J~1'Um~'Ud'Un1~'Vl1-:1 bf1ij (KF) V1\lb~'V-:llJ1\l1f1f11~bn(il'V'VfI~b(iliiJ"ll'V-:lL6fmi:11i:161 ~vh1~bn(ilfl1~
\l 

b'\.J~tl'Wbb'\.J"-:I"llmVl~~-:lni'U (Marsh & Wood, 1945, cited in Abdel Moteleb & El Aka bawy, 

1999) bb"~"(il degree of polymerization ;-:I\lln(ilfl1~bf1~'V'U~"ll'V-:lll.lL"fl"L'll,,~l"61 (Graminiski, 

1907, cited in Sandy et al. , 2010) 
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~Tl1-3vi 5 f'l11~JLth.J~~f1't1B.:J bi'U1mJe:mn1~~1'Ubb~ ~hJ~1'Um~'U1'Uf11WI1.:Jbf'liJ 

bli1'ULfI 
Intensity (count) 

fi1fld1~JLtJ'U~i'if1 (%) 
lam 1002 

KF 67 .2 283 76.3 

KF-T4 

KF-T12 

KF-T17 .5 

35 .7 

18.6 

37 .9 

177 

94.2 

124 

79.8 

80.3 

69.4 

KF-T4-8 

KF-T12-8 

KF-T17.5-8 

35 .7 

39.2 

29.6 

173 

195 

119 

79.4 

79 .9 

75 .1 

KF-T12-M 16.0 81.8 80.4 

3.4 n1';if;1m~I'H;t1JU~'VI1.:jfl111J~mJ'tJeHI b~'Ut~ 

TGA bb~~ DTG bVlBfhjbbm~'tIB.:Jbi'U1tJtJmbn1 (KF) bi'U1tJtJmLn1~~1'Uf11~vi1e)~f'l11m1Vl~Vl 

blJ'Ul1 (KF-T4, KF-T12 bb~~ KF-T17 .5) bi'U1tJtJmbn1~~1'Uf11~vi1e)~f'l11~.JVl~VlLlJ'Ul1LL~~f11~yJBf1't111 

(KF-T4-8, KF-T12-8 bb~~ KF-T17.5-8) bi'U1tJtJmbn1~~1'Uf11~vi1e)~f'l11~.JVl~VlLlJ'Ul1Lb~~f11~L\1\~tJ~ 
.. ... 1..1 tJ..I, "" ... .... .... 1 tJbtJB~'tI11 (KF-T12-M) bL~~.:J 'U~tJVl 18 - ~ Vl 23 ~1'UBru'VI.fl~f11~~mtJ\1\1Vl1.:Jf'l11~~tl'U'tIB.:JL~'U tJ B 

\I \I , \I 

... ..1, 1" ... 1 ..I
LLm'Vl~1'Ubb~~ ~~1'Um~'Ul'Uf11~'Vl1.:Jbf'l~bb~~.:J 'U\1\1~1.:J'Vl 6 

~1 f1 f11 ~ Pi f1~1'V'l'U11 b~'U1tJ tJ B bb n1~~1 'U f1 ~~'Ul 'U f11 ~'Vl1.:J bf'liJiJB ru 'VI.fl ij f11 ~L~~ ~ ~ 1tJ 1ll1'Vl1.:J. " 
f'l11~~B'U (Tonset) ~.:Jf111Li'U1mJmLnTml.l~1'Um~'U1'Uf11~'Vl1.:JLf'liJ -X.:J.Q T onset 'tIB.:Jbi'U1tJtJmLn1~~1\J

" 
m~'U1'Uf11~'Vl1.:JLf'liJiJrh1f1~bfltJ.:Jn'U ;.:JBtJl'U·lh.:JtJ~~~1ru 333 - 337 B-3!111b~m;tJ~ ;.:Jf11~~~1tJIll1

" 
'Vl1.:Jm1~~B'U'tIB.:J L~'U1tJtJtlbLnl~1l.l~1'Um~'U1'U f11~'Vl1.:J Lf'liJiirh~1f111 buwm~1 f1 n 1~G1~ 1tJIll1't1B.:J 

~f1{j'U~BtJl'Ub~'U1tJ~.:Jn~11 (Zhao et aL. , 2010) 'UBml1f1.Qb~'U1tJ~.:Jf1~11EJ.:JiJB.:JritJ~~f1B'U'tIB.:J
" 

bftijb~~~1~G1 ;.:Jiif11~G1~1tJ~1'Vl1.:Jf'l11~~tl'U1'U"1h.:JBru'VI.flijtJ~~~1ru 280-320 B.:J!111 b~~ b~tJ~ (Han et" , " 
aL., 2007) 
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Vl1'i'Nlvi 6 aru'V!fliim~"'6'11tJIJi'1'Vn'lf)';mJ~e),W"lJm~~'W1cJ\Ja ~~n1vi~1'W ~~6'1::;1,j~1'Wm::;'U1'Wfl1Wn'l ~fl~ , " 

~6i''W1~ 
aru'VIflijfl1'i~~1~~1'V11~fl11~~m.l (0C), " 

Tonset Tmax TEndset 

KF 270.7 360.8 376.6 

KF-T4 332.7 359.2 375.6 
----­ - ----------------­ ---------------­ ---.----------.--­ ---------.------_ . . 

KF-T12 337.1 366.4 384.8 
----------------------­ ---------------­ - -- ­ -­ ---------­ -­ -­ ---­ -­ --- - -­ ---­

KF-T17.5 336.0 365.1 380.5 

KF-T4-B 332.9 361.6 378.1 
-----------------.----­ ---------------­ -----------------­ - - - - - - - - - - - - -­ - - - _. 

KF-T12-B 336.6 367.8 383.2 
---------­ -­ ----------­ ---------------­ -----------------­ ---------------_.- . 

KF-Tl 7.5-B 332.9 365.8 382.9 

KF-T12-M 335.2 358.6 372.4 
- - --­ --­ -­ ------­

ci1'Wm~"'mtJIJi'1'V11~fl11lJ~a'W"lJaw~l6'16'116'1"'fia_d1'1aru'V!fliitl~::;lJ1ru 320-380 a'lf'lWllm~tJ6'1" ,,, 
(Keshk & Haija, 2001) ;~~tJ'W~Vlvi~~'W1tJ~fhmu'V!fliim~"'6'11tJIJi'1'V11'1fl11lJ~el'W"''I'''Vl (Tmax) lVltJ T'Tlax 

" , '\J '\I , 

"lJel'l~~'W1m~'1vi~1'WL~6'1::;1,j~1'Wm::;'U1'Wf)1~'Vl1'1~flii iifh1'W_d1'1t1~~lJ1ru 359 - 368 a'lf'lWll6'1~;tJ6'1 

611Vl1''U Tmax "lJm KF-T4, KF-T4-B ~L6'1~ KF-T12-M ii~11mKLfitJ'In'U Tmax "lJa'lL~'W1tJtlmLn1m,j~1'W 

m~'U1'Wfl1~'Vl1'1Lflii (KF) ~'1d Tmax "lJa'l KF-T12, KF-T-12-B, KF-T17.5 LL6'1::; KF-T17.5-B ~~11,j 

LLIJlf)1Jl1'1n'WlJ1mJf) ~~lJliifh"''If)';h Tmax "lJel'l KF Ldmtl1tJ'U~VitJ'U Tmax "lJa'l~~'W1~~1'Wf)1~'Vher6'1fl11m1
" 

'Vl1'Vl ~~'Wvln'U Tmax "lJ a 'I L~'W1tJvi~ 1'W f)1~'Vher6'1 fl11m1'Vl1'VlL~'Wvl LL6'1~ fl1~Ylelf)"lJ11~ fl11lJ L~lJ~'WL 'Vh n'W 

'W'Urh Tmax "lJa'lL~'W1tJl'l'lf)~11~~11m~\fitJ'In'W 

~ru'V!JJii~'W~Vl m~"'6'11 tJtil1'Vl1'1fl11lJ~el'W (TEndset) "lJa'l L~'W1tJ~~1'WLL6'1::;1,j~1'Wmt'U1'Wf11~'Vl1'1 
Lflii ii~11'W_d1'1t1~::;lJ1ru 372 - 385 a'lf'l1~6/jm;tJ'" 'Waf)~1f)d~1f)f11~Pim!l-1'W'U11 TEndset "lJa'lL~'W1tJvi 

~1'Wf11~vi'1er6'1fl11m1'Vl1'Vl~~'WvlLL6'1tf11~LIJl1tJlJ~~a (KF-T12-M) ii~1~1vi",Vl Ldmtl1tJ'ULVitl'U TEndset "1Ja'l, 

~~'W1tJ~1'Wf11~vi'1er6'1 fl11m1'V1~'Vl L~'Wvln'U TEndset "lJa'l L~'W1tJ ~1'Wf11~vi'1er6'1fl11m1'Vl~'V1 L~'WvlL~6'1~f11~Yla f) 

"lJ11vim1lJL~lJ.u'WL'Vhn'W 'W'U'h TEndset "lJa'lL~'W1tJ~'If)~11~~11mi'~fitJ'In'W lVltJ~1 TEndset "lJa'lL~'W1tJvi 

~1'Wf11~'Vl~'Vl ~~'Wvl~htJ NaOH L-rrlJ~'W 40/0w/v ~'1viYlaf)"lJ11 ~L6'1::;1,jyJelf)"lJ11ii~1~1vi"'~LdmVitl'Un'U~6'1, 
II " d

"lJel'lfll1lJL"lJlJ"lJ'Wel'W '1 

25 



0/008 ruLJt~!'[1u~t':lnr;mLl~L~~fJl!ll (V'J-ZU-:J>O lLn.~@~mfJ~~'!'LU 

~'J11 /\jM%n HoeN ~l~1An~11A~IAf,LUnL~~r.lln~mll~r.J~,~ulu~l':lnr;mLl~L~~ (n1--:J>O /\jM%Z 1 

HoeN fJl~1An~'IA~IA!'LUnL~~fJtn~'L,llbM.~UL~U@n /\/MO/OC;"L 1 HoeN fJl~1An~'IA~IA!'LUnL~~fJtn~' 

~Bn.wwnln~Wr.J r.Jtn~'~Bfl.U~l':lnr;mLl~B~'JI':l~~lr.Jln~1~Bfl.lLn.uB~f,LUnl~ [:~, ~LIAf,Lunt.Ib~W 

t\ 

nL~rtl~~ln~'~Bn.L~u~IJL~~~61'~LIA!'LUntlb~f,UnL~~tlj" @[1~ln~1~@n.u~t':l nr;' rtL l61 

nUnBrtll1,'IArt~, ~LIA~ruRU'Jrt tLn.UB~f,LU~'J" IAnrt, 1Af,1An,'J' L6I'JBLIAf,LU ~ 5=1" F"J1::7 "'10' 	, " PO.P h ", 0 

t\ 

~'J" 1An~'IA~IAr-'JlL~'J~LlA!'LUnL~~r.Jln~mkIl1,L~ n~L!A'1J'J1'J'JRs, ~Bn.IbBU~!'[1~~B~r.Jt:1-,~~~ tLn.~B~1 

t\ 

rtr.l~~'!'LUn,llb~W@~l!lrtll1,~~~lfJtn~'UL~UBBn,nU ~l!l~LylJ!'LrtLIJ~~~'~LIA!'LUn.llb~W~~~ ~BB~1I1,1 

t\ 

nl~~LIbn,nU~~~Q~" ~1~ln,~WL~UBBll'U~"~'J11 n,~UM.' n,nU~ lJ'Jl'J'JRs'Gij'l!l~L,kJlJf,LrtLIJ B~n.~~ 
" 

r.Jtn,~'~Bn.~61'~LIA~ruRU~@~'Jt':l~llj'1@[1UL~r.Jln,~m~~~'!'LUn~~I.t ~L~~61'~LIA!'LUn,tlb~W 

!,l1lrtmlLn, 9£1 mLrt~!'[1~L~UrtLt~l!lLn,n. 

t\ 

~r.Jln~1UL~rtr.J~~'~~ l!lW ~t~IJP!~!'l!llijl!'LUn,llb~WfJl~IJ'Jl'J'JIMn,l Ln,r.Jl n,~,um, !'LUlbkIl1,L~ 

~l~tn~'~Bn.&-L~UrtL t~l!lLnn.l!l'JlJ!'LrtLIJlLn.U B~!'LU 

L~IbM. ~tn~1tLn.UB~!'LU&-BIl.t1lwnt ~l!lt!'LUn,tlb~wnL~ftl~r.Jln~1~Bn.l~1b1l1b~~mr.J~[1' Bpm~rt~' 
, 

~f,Il.!'ll.rtLl~~r.Jln~'N~n.t~~l LlAlL~U~~~~1~LIA!'LUn,llb~WL~IbM.~QpUL~UBn, !'11lrt1!'~11l1 0 1 ruLrt~!'[1 

B~l!l~~~Br-~~m~L~UrtLt~l!lLn,fl.~ (IN-ZU-::J>O B~mr.J~11l1!'LU~'J"1An,~'IA~IAr-'J1L~'J~LiA!'Lun,L~~r.Jl 

n~'L~IbM.~l!ll !'11lrt1 !'~lrtllb~~!'l!lLn,n.~tL~u~~~ln,~,&-~ ~~'&-LIA!'LUn,llb~Wn.L~~r.Jln.~'t'Bn.&-L,¥UrtLt~ 

UL ~~lI1lU'~~ ~'JU~'l!l Ln,fl.[:r.Jtn,~,»l LiAB~'rtr.J~I1l'f,LU ~'J"1An.~'1A~1Ar-'JlL~'J~LiAf,LU~'J" lLn.UB~!'LU 

~'J"1An,~,1A~1Ar-'JlL~'J~LlA!'LU 1An.~'1A~1Ar-'JlL~'J~LlA!'LUL~IbM.LRU~!'LUUL~ ~'JU~'l!lLn,fl.[:r.Jln,~,»l LlA 
t\ 

B~'~~'&-LIA!'LUn,tlb~Wn,r;'~fJtn,~mfJ~I1l'!'LUn@l1ln~n,L~;::~ ~'Jl'J'JRsm1 Lnr.Jl n,~m~~I1l'!'Lunt 

~l~ln,~'&-Bn.n,B}rtLt6l~LIA~rtlJ~'J" U~t':ln,r;' rtLt~ ~~'&-LIA~ruRu~~~L!'~'~lJ!'LrtLIJ~l&-~rtl!' 
, " 

~lrtr.l~I1l'~~ln,~'~Bn.ruLrt~[1L~LlI1,lJf,LrtL~rtWl LiA~~ ~ln~'~»"LlA!,LUn, t ~!'!'~[1BIbM.llj'1@[1r.ltn.~'UL~ 

1J'J1~'JRsm1Ln,~tn,~mr.J~I1l'!'LU~" 0/069 L~ur.J@r-rtlL~~n.~~lrtr.J~~'~r.Jtn,~'&-Bfl.ruLrt~[1L~n.M. ~~1~LIA 
t\ 	, 

!, LU nu"\:::W r.J l~tlj11 B[1n,~1U L ~IJ 'Jl'J 'JRs1r.Jln.~1Um,!,LU n.~~~lfl.f,~lJf,LrtL~~B'Jl!lIA!' LU 'Jt':l U L ~ 
" 

r.Jln,~,&-@fl.n@}rtL l~~LIA~rtlJ~'J" U~t':ln,r;mLl~ ~~,~LIAn.BU~!'fI.~~@&-~rtt!, 

" t\ 

~W~tn~'t'Bn.&-L~urtLt~l!lLn,n.@~~~IJ'Jl'J'JRs1~tn,~1Ur.J"2-W'~~,&-LIA!,LU nllb~W~Bn.n.IA~W'JI':lLRU~~l!ll 

n. 
l!lWr.Jl~~~~!'l!llijl!'LU~'J" ~~,~LIA!'Lunllb~W2-t r.Jl!l11J'J1'J'JRsm1Ln,~tn~,ur.J"!'LUn,r;'n.r.J~~nLt' 

" 

" tb 	" 
~n.11Bn.~1B~~~1V~tt~r.B/Llf1,ruQ>~~11 ~~~tLU~t:1r.t~ 17 	~1A.n. 

• 
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'€l ru'VIfl~ n1':i"l~llli'l ~1tJ (1]1 'Vl1 'I f1111l-r'€l'W"lJ '€l'l b?l'W1tJ~'hJ ~1'W m~"J1'W n1 ':i"'Vl1'1 bflij (KF) ~1 nl1"lJ'€l 'I , " 

b?l'W1tJ~ ~ 1'Wn':i"~"J1 'W n1 ':i"'Vl1 'I bflij b~'€l 'I':il 1 n b?l'W1tJ~hJ ~1'W n':i"~"J1'Wn1~1~ 1 ij '€l 'Irl tJ~ ~ n '€l"J"lJ eJ 'I 

b~~ b'/!~~1~li'l bb~:::~ n-u'W'€l ~ ~1 tJ ;'I'€lru'VI.fl~ n1~li'lmtJ (l]1"lJeJ'I'€l'lrltJ~~ fleJ"J b'VI~ld~l nl1 eJru'VI.fl~ n1 ~ 
\J \J' \J , \J 

li'lm tJ (l]1"lJ'€l'l b'/!~~1~li'l;'I btJ'W'€l'l rltJ~::: n'€l"J'VI~n"lJ'€l'l b~'W1m~'I~~ l'Wbb~:::1l.i~ 1'Wm~U1'Wn1~'Vl1'1 bflij
" 

4.1 ilru'VI1/iltJii'l~·Hil/bb~~'ti'e:m1'l..!ilbL'U~'" . 
'I1'W1~tJdYl"J~tJli'l~~f11'Wn1~1ibfl~'€l'lvl1bb'IX'Hei'€lmb~\lbbU"J~qJqJ1n11"1 (Freeze dryer) ~1'V1-r"J 

n1~vl1bb'IX'IL~'W1El'W11'Wb'/!"1~1"1li'l b~eJ'I':il1m~'W1Elvtl~ijJ1'V1UmU1bb~~ij'U'U1~b~n1l1m~~'J'W11'ULllm b~eJ 
" 

1in1~vl1bb'IX'I~hmfl~'€l'l~'In~11 vl11'lXb~'U1tJ?f11l1~""n~~b-rr11tJ~~ll bb~~ijt:-J"1vl11'lXbfl~eJ'I~'Ifl~11 bn~ 
" " 

f11111b~tJ 'VI1Ell~ ;'1 ~1 btJ'U91'€l'lij~~~tJ n':i"tlJ.zhtJ 1 'W n1~~nm~.fl1f1"lJ'W1 ~ b~ n1l1 n 11l.i1'IX~'Im~':il1 tJ1 'W 

':i"~'VI11'1n1':i"vl1bb 'IX'I ~'Id-rr'€l~ln~"lJeJ'Ibfl~eJ'I~in"J'I1'W1~tJd~'€l1l.iij"lj~eJtJm~h~llb~1l~'In~11, , 

'W'€ln':il1nd'l1'W1~tJdijn1':i"1ibfl~'€l'l high-intensity ultrasonic processor ~'IX'€l Sonics i'W 

vex 750 (Model: eV334) ~ij~1~1l (probe) "lJ'U1~b~'W~1'W~'W~nm'l 13 ~~~Lllm f11111~ 20 kHz 

bb'€lYl~':il~~i~'€l 80% (n1~'1 tJ':i"~lllru 80 1~wi) 'W1'W 30 'W1V11~mfl~'€l'l':il~vl1'11'W 20 1'W1VibL~~'VItJ~" , 
., ... "'~. I d .v d d. d ... 1 1 1 d, ~ 120 1'U1'Vl li'l~"J bub':i"'€ltJ'l ':il'Wm~'Vl'lL1m'Vlbfl':i"eJ'I'Vl1'11'WfI':i"U LYl'€lLLtJnbli'l'W tJ'W1 'WLf/l~~ ~li'l'Vlt:-J1'Un1'H~ ~':i" 

~~li'l~1tJm~Lb~11'IXij"lJ'W1~L~n~'I~n 1~tJijn1':i"1ieh'lJ1Lb~'I~11l~1tJ ;'IYlUUqJ'VI1"lJeJ'In1':i"tJ'WLtieJ'W"lJeJ'I 

1'Vll'Vll'i1tJllt:-J?fll (Ti-6Al-4V) 1'W(I]1'€l~1'1b~'U1tJ'W11'W~L~~tJll\~ ~'IdLtJ'Wt:-J~1l1':il1n~1~1l'U'€l'llfl~'€l'l ~'Ivl11 'IX, 

1l.i ij n 1 ':i"1lfl ':i" 1 ~ ~ t:-J ~"lJ '€l 'I L~ 'W1tJ 'U 11 'U Lf/l~ ~1~?f ~1~'VI~'I':il 1 fl ~ 1 'W fl ~ ~"J1 'W fl1 ':i" high-intensity 

ultrasonication ~ n~'IV'lYl"Jl1':i"~ ma1~1~1i~1'V1-r"Je)~~-r11'/!-Ulfl~'Ul~1l:ff'W ':il~m 'Vl L'Vl b'i1Elll t:-Ji.'Ill 

tJ'ULti'€l'UnUL~'W1tJ'U11'U~b\Jl~Elll1~'WtJ~lllrul~1l1l1fl"l1'U~1El 
'€l~ I'll~ n\Jl11l'l1'W1~tJd~fl'l'}1 fl1':i" lltJ f1L~'W1tJ'U11'Ul,/!~~1~li'l':il1f1L~'W1tJtJmln11'ULoGeJ'I91'W ;'1

" 
i.'I11l1':i"ml11tflm'Wn1':i"-W\PlJ'U111i'€ltJ'€l~'I1'W1~m~tJ1n"Jn1':i"b\Jl~tJllb~'U1tJ'W11'Wb'/!~~1~?f':il1nb~'W1tJtJmLn11'IX 

" 
ij"lJ'W1~ L~ fl~ 'Ill 1 fl"l1'W 1~tJ~1l1ru1l1 fl ijm11l btJ'Ut:-J ~ flli'l'l bb~~ijli'l1l,j'~'Vl1'1f1111l-reJ'W~~11i eJ1 tJ l~tJij n1':i" 

" 
tJ-r"JtJ~'I15vh~~fl'l'}11tJ bb~1 'VI~'€l1i15~'W1'Un1':i"bbtJfl b~'W1tJ~'Ifl~11, 
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