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JULLUU multi core <i11£H'YlflUfll1h.J ') i.<i1Lui lEJ€l€llu.lmilm1lG'!LG'!iu. a:IJ~G'!iWll'UI1lJ11u.Jl~U. LLG'!::elG'!11l111'1! 


Ufl LLG'!:: (2) ,.ULLUU multi wall <i11£H'Ylflufli.fl€lfllu.lmilm1lG'!Liiliu. 1I1ltJhlf1111l'1!1u.LLiiI::eliil~m'Y1Lijwrlfl~

'II 

Abstract 

In this study, microcapsules were prepared into 2 categories: (1) multi-core micorocapsules 

which were prepared by various techniques, i.e. ionotropic gelation, w/o emulsification and 

ultrasonifiation, and (2) multi-wall micorocapsules which were prepared by ionotropic gelation. 

Chitosan and alginate were used as capsule polymers, span 80 was used as an emulsifier, and 

bentonite and fume silica were used as ethylene adsorbents. The results indicated that concentration 

and type of ethylene adsorbents, type of polymers, preparation techniques affected the properties of 

microcapsules in terms of size, pore diameter, surface area, crystal structure and thermal properties. 

According to spoilage testing, both multi-core and multi-wall microcapsules containing bentonite 

could slow down spoilage of banana better than control (without any ethylene adsorpbent). 
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'lfl'Ll.'V\1mr~~L'Ll.~ 1i11£JL'YlflU,fl ionotropic gelation, emulsion LL~::: ultrasonification 

3) 

4) 

d a..o ......... ,;'&::10 I • • 

f'(m!fl'Hu.~l'Ll.mrmeJn~1!Jn~fhl~~'Yl11f'('Ll.m~n~·Hl'Ll.LLlJlJ~fl\lml~ (Scannmg electron microscope) 

~nl!l-l'V\:Jl'J-:'n';'Ll.'Y1l\lLfl iit~£JL 'YlflU,fll'J L1rJ"fml'Ll.~yJ fl{lJ~'Ll.vhlL1~~Ll.Jnt~1~tnu (Fourior Transform 
~ ~ 

Infrared Spectroscopy) 
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L!?Ifl'l-U1 

LL~,"n1"ilillL","\I1," 
1 2 3 4 5 6 7 8 9 10 11 12 I 

1. L@l1EJlJLlJLfl'mmJ'l1~LfILfI'l11U 
'II I'llU1@lL~n<il-H.I L'YIflU,f1 ionotropic 

gelation, emulsion LL~:: I 
u Itrason ification 

I2. ~nl!r1~~'ll Eh''1fu'@lLL~::tl1:1J1ru'llfl.:J 

a'11i1@l@l'lflJ 
'II I 

3. ~nl!r1~~'llfl.:JfI~U ultrasonic 

a'rm::tum1L@l1EJlJ LLlJlJ~:JJ~';U I 
4. m1@l"iTlla'fllJLL~::iLm1::~'lllt1@l 

I
LL~::m1m::\J1EJ'llU1@l'llfl.:JLlJLm 


LLfltl'l1~ 

'II I 

5. m1@l11\Ja'fllJLm.:Ja'11.:J'YI1.:JLfl3J LL~:: 

Lm.:Ja'11.:J~~n'llfl.:JLlJLmLLfltl'l1~ I 
'II 

6. m1~nl!r1tl1::1~'YIifrn'Vm11nmnlJ I 
a'11@l@l'lflJ (Entrapment Efficiency, 

'II 

EE) 'llfl.:JLlJLmLLfllJ'l1~ I'II 

7. a'1tl~~m1'Y1@l~fl.:JLL~::LiiEJU11 EJ.:J1U, I 
m1i'ilEJ 

I 

I 


mailto:a'1tl~~m1'Y1@l~fl.:JLL~::LiiEJU
mailto:LL~::m1m::\J1EJ'llU1@l'llfl.:JLlJ
mailto:Eh''1fu'@lLL~::tl1:1J1ru'llfl.:J
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tWHEl1.tLLflU~L~i\.l. (microencapsulation) ~l1.tU"i"::nEl1J'h~ty 2 ~l1.t'VIbfn"J 'lJEl'li.2JtmLLflU~~ fiEl 

~l"i"~l~ru~m"i"\JElcim!.Jl1.tLLflU"1l~ ~'lL1!.Jnil flElf (core) 'VI1El internal phase LL~::~.nr'l~V:EJ'I.~'2J~'lElci"i"El1J 
ILl III II!J \I 'iI \I 

.. .. 
lEl~~(wall) 'VI"i"El(shell) 

fl Elf(core )'VI1El(internal phase) 

~ ~ 

1. LL1J1J~2J';1.tL~!.J1 (single core 'VI1El core-shell-Encapsulation) ~l"i"~l~ru-n'l'VI2J~\J::rln 
• " 'II 

. d
encapsulation) ("i"U'Yl 1.2 'lJ)

'II 

http:LL1J1J~2J';1.tL~!.J1
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n single core 

d 
(Y1lJl : http://e-book.ram.edu/e-booklf/FY463(50)/FY463-4.pdO 

m::1J1'U.nTn'l;n~fl m::1J1'U.n11'Y11~Lflii (chemical process) LLll::m::1J1'U.n11'Y11~nll (mechanical 

process) 

http://e-book.ram.edu/e-booklf/FY463(50)/FY463-4.pdO


Max
Encapsulation Particle 

Technique 
load(%)

Methods size(lJm) 

Simple 
<60

20-200 


coacervation 

Complex 
70-90


5-200

Chemical 

coacervation 

Molecular 
5-10


5-50 


inclusion 

<40
Spray-drying 1-50 


10-20

Spray chilling 20-200 


Mechanical 
6-20


Extrusion 200-2000 


60-90

Fluidised bed >100 

d
'Vun : http://e-book.ram.edu/e-booklf/FY463(50)lFY463-4.pdf 

http://e-book.ram.edu/e-booklf/FY463(50)lFY463-4.pdf
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IiIllJ1!1111fl'lJEhl~1"l~1f1qjYlm::,;)l[Jlu,~1"li1ncn~ l~LLri 

1) 1!1111mtl~u,m::,;)l[Ji11u,,rl (oil-in-water 'VI1El o/w) 

2) 1!1111fl,rlm::,;)l[Ji11u,,rl~U, (water-in-oil 'VI1El w/o) (Schubert et aI., 2006) LLL'l:: 

3) Ei~L'liu,Yl';tJiElu,lh::nEltJ~1[J1!1111flElcil~,rEl[J 3 1!1111fl ~\lLIiI1[JlJhWn1"l'l'hlrui~L'liu,LLtJtJ 

21!1111fl'lJEl\l o/w 'VI1El w/o Ei~L'liu,m::,;)l[Ji11u,1!1111flYll1iL'Jilnu, (JU~ 1.3) 

phase I: 

hydrophilic liquid, e. g. water 

phase II: 

lipophilic liquid, e. g. oil 


oil-in-water water-in-oil water-in-oil­
olw w/o in-water (w/o)/w 

inverted 
micelle

emulsifiers are surface active 
substances with hydrophilic and lipophilic 
groups 

stabilizer. are macromolecular substances, 

which increase the viscosity of the continuous 

phase. 

Some substances (e. g. proteins) are both, 

emulsifier and stabilizer. 


n1"lc..l ~ iii llJLmLLfl U ~L'l ~ El ~ LlJ Elf~1 [Jl1i coacervation Llil [J rr1 lU ~nm:: 'I'h lU ~fEllJ "J ntJ 

m::tJ1u,n1"lLn<il~ El ~LlJ Elf1."lL'lf-iU, ~\lL'Ylflil.fln1"l~ El ~LlJ Ell "H'lfiu, ';)::1i'lJU,1<ilLLL'l::"lU11\1'lJ El\l ElU,111flllJLm" , 



"lJu,lcn.::ilJL:IJtWHlHl' (Kiatkamjornwong et aI., 2000; Omi et aI., 2001; Nuisin et aI., 2003; Nuisin et 
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~1'V11Ul~n11L@l1t13Ji.3JtmLLflU'1!LHLUU complex coacervation Lihtm::lJ1'U,n11 coacervation 
" 

h : ut . ... 1. III C 

.md pi! 

".iU~ 1.5 nG'li.nn11Ln~ complex coacervation 
" 

d 
'r13J1 : Madene et aI., 2006 

mailto:1'V11Ul~n11L@l1t13Ji.3J


C Hp H CHp H 

H<:H ~) 0 

H~ 

H NHCCH, H 
I 
0 

m 

hydroxyl group (-OH) -;l1'\.l,1'\UJ1ny'hM~1~Tmln~tl5n1£J11~~lml1J~bbn'\.l,'Vll'lltJ'lf'il~ l~tJ~~1J~~lil'\.l, 

hydrophylicity lll'l::ln~t1nn1tJ1i.~~h.f'lfl1J~11~ll'lnl'llh::'ill'l1J 1'\.l,1t1 protonated form lll'l::!T.:Iii~~1J~li1'\.l,
~ II 'I 'lJ 

~l~ll'l1Pl (chelating properties) i.~~n1Jh'Vl::1'\.l,n~~1i"llPl'l111'\.l,~,r'\.l, (III), , 

' 0 

~ 
n

0 

Column Chlomatography, Dialysis lll'l:: Ultrafiltration lil'\.l,~'\.l, 

d _9 ~ .-.,l d tI "r:l. .
Laminaria) <JI.:IllJ'\.l,'V-Hll'll~El1'11~~ltJtJ11 (linear unbranched polymer) 1::nEl1J~ltJ p-(1~4)-hnked D­
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mannuronic acid (M) and a-(1-H)-linked L-guluronic acid (G) ("itl~ 1.7) (http://www.lsbu.ac.uk/
'" 

'" """1 ~ d" 1 d '" '" .9 d '" water/hya lg .html) 3J ,UJlHl tl.n1"ia'''i1\1L~ Gl'YlLL'lJ\I Ua'Jl11::'Yl3JLL¥l Gl L'lHJ3J QEl El mULGl::LlJUL~ Gl'YlLa'tHJ"iIii,Elf1113J 

i'ElU ~\larn1iLuua'1"iL~3Jf1111..I'iU(Thickener) (http ://www.fao .org/documents/show cdr.asp?url f ile=1 

"1 d ~ Q d", , ~"d.." . , ~.. 1
f1113J"l"ElU U'lJm::'YlElGl~LU~'Yl3Jm M a'\I ~:: b~L~Gl'YlE.J~'V\E.JUm1 (more-elastic gels) ElE.J1\1 b"in~13J Ua'Jl11::'" , 

(Huguet, M.L. et aI., 1996 a; Huguet, M.L. et aI., 1996 b) "i13J'ltli'i\lnl"ia'i'1\1 polyelectrolyte 

~~1 .f~.f .1' ~ 1 '1. 1complexes nlJ b¥l ~'lf1U UElm1nUE.J\la'13J1"itl'lJU"ilJ"i13JnlJ poly-L-Iysine ~E.JElE.J U"ilJ'lJEl\l alginate-poly­
'" 'lJ 'lJ 

L-Iysine microcapsule (Kumar, M.NVR., 2000) 

I 

http://www.fao.org/documents/show
http:http://www.lsbu.ac.uk


I 

I 

ill iill EJ Uiil::'lGj''lfl~ ~ ~~ ~ iil btl ~ EJUltl (http://teacher.snru.ac.th/surachaUadmin/documenUuserfiles/SU 2. 

I 

http://teacher.snru.ac.th/surachaUadmin/documenUuserfiles/SU


I
EI CU-CLUSTER-ADVANCED-~-<f~-<fQ1 
I 


EHlmilu. 2 U"i"::Lll'Yl~E1 climacteric LLGl:: non climacteric i~LL~~hlh~\9J'l"i"l~~ 1.3 hl£JU"i"::Lll'Yl climacteric 

I 

I 

I 


elmln1"i"Vll!.Jh I 

(ml C02/kg/hr) 

~1~~ ~~~~ , ,'IJ 

10 ;35 


20 22 
 I 

15 25 


8 8 
 I 

16 155 


60 40 
 I 

22 35 


23 20 


15 

I
5 


13 


21 


I 

I 

I 

I 

I 


U"i":: Lll 'Yl ~ Gl i.~ ·lfU~~Gli.~ 

climacteric LLElULUGl 

E1::11n11~ 

mTl!.J 

:IJ::L~E1 

:IJ::l-h~ 

11E1 

d 
~lGl 

... 
:IJ::L'lI ElL 'Yl11l 

Non climacteric E1~U, 
:IJ::U11 

i:IJ 

i1Ju::"i"~ 

d ~ 
'Yl:lJ1 : ~!.J'll'Gl Ln~lYl, 2528, VlUl 115 


E1ru.Vlllii tc)
, 'IJ 

23 


20 


20 


20 


20 


20 


20 


10 


20 


20 


21 


15 


http:elmln1"i"Vll!.Jh


I 
""""1"l1U~3Jnl'n\l~t!!l{;iuL(;1 (growth regulator) ~11m1J~:lJnTlb~1qjl~1Jt!il1J1~'ll"U!il~13J11tl 

m::~l1,V!1E1!J1Jtf~mdV!lrJh
q 
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thu.n'l~\uru.~ (activated carbon) ~u. (bentonite) 
I 
I 
I 
I 

I 
I 
I 
I 
I 
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d IU'YI'YI 2 

LLf1tl'1l'iil~d£.lm::lJ1Unl':i lonotropic gelation 
'IJ I 

1) nrrf)\l~iil'Yl';j';j1'f,r5Liilml"HmLL1J1J~ehm';jl~ (Scanning Electron Microscope; SEM) , 

2) nrrf)\l~iil'Yl';j';jI'f,r (Optical microscope) , 

d . 

I3) Lmf)\l Founer Transform Infrared spectrometer (FTIR) 

d
4) Lmf)\l High Ultrasonic Probe 

5) Lf1~f)\l Zetasizer 1U S, I 
6) Lf1~f)\l Master sizer 1U S, I..... 5".:=. I I • • •

7) niilf)\l~iil'Yl';j';jI'fUmiiln~';jf)ULL1J1J~f)\l~IU (Transmission Electron Microscope; TEM) 

d .
8) Lmf)\l X-ray diffractometer I 


I 


I 
I 
I 
I 
I 
I 

I 
I 
I 



1. ~.:J;~m (fume silica) 

2. ~ULlJutYlh~ (Bentonite) 

3. ffl'i~~LL'l.:J~.:J~h (surfactant) : span 80 

4. t'J)'L~rJlJel~~m~ (Sodium alginate) 

4, 5, 6, LL~:: 1 0% t~mil'lP,ibn'1J El.:Ji,flt~'J)'lU LLiiI::H'ffl'iiil::iillrJt'J)'L~rJlJi,lI~·Hlni,'J)'~L'lilJ'lrU 10% LUUffl'l 

~n~::nElULLmJ'J)'iili,flt~'J)'lU ~.:J'lU~ 2.1 J.:Jdr'il'vm~1~fldllJL1d'lEllJlum'lu.!u '1Jm~'1J El.:JLojflJLLiiI::el~'llm'l
'lJ 'lJ 
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~U~uh"syringe L211J 25G 

o 

o 

'Under stirrina condition" 

l'iltJH~l"iiil::iilltJi,fll'il'll'l'\,1. 2% Lllu,l!)mmil L~3J~u,LlmlYli.u.<if1u,U13Jlm 0.1,0.5,1.0,3.0,5.0, LLiil:: 

6.0 n13J ~ fl ~l"iiil::iill tJi,fll'il 'll'1U, 100 ii iil ~~'il"i VI tJ'il~l"i~ ~3Ji,fll'il'll'1u,iil-\l1u,llhnliil::iilltJ 1 'Yl ~~u,~-\lLllu,l!) 

mmil~u, ~:iJ span 80 ~~3Jflti1u,U13J1mffltJiil:: 0.51'iltJu13J1'il"i Lllu,~1"iiil'ilLL"i-\l~-\I~hVl1fla~iilo'fi'Vhmemf
" 

I 

I 




(;]1mh tl1"fhhm~~mt1 tB3J1!;1~(ml) 

ml:IJb-n:IJ-n'U.LflLen 'll'1 'U. 2.0% 

15 
U1:1J1 m&i 'U. 0.1-6 %'llEl.:JLflLen 'll'1 'U. 

ml:IJL-n:IJ-n'U.'llEl.:J span80 0.5% U1:IJlen'i'i1:IJ 0.5 

LYl~~'U. 84.5% 84.5 
'II 

~ml:IJL11'iEllJ 1000 rpm, ElmVlll iJ'iKEl.:J , L1~11'U.m'im'U.~~:IJ 1 -i1L:IJ.:J 
• 'II 

~ L L· d .d ~ "L ~ d'll'U.l~m'im::'ill!.J'll'U.l~El'U.1l1fl Lfl en'll'l'U. ~!.JmVl'U.~Ylfl~'U.El~en'il 'll''U.flml:IJrI~.:J 0, 25, 50, 75 LL~:: 85% 
• 'II 

d a 0 ......... 0 .:::10 Ii' 


bVl1!.J.:Jml:IJb'i1~EllJ~.:J (ultracentrifuge) bb~::YllLLVI.:J~1!.Jm::lJ1'U.m~ freeze dry Yllmd1Lml::VI'll'U.l~LL~:: 

inl!l-m::El'U.mfl1'U.~llTI··HL'll1'U.~ El!.J1'U.~1'ii1n ~1.:JJlntf'U.~1 !.JLfl~El.:J Zeta sizer LL~::1i TEM m1'il~EllJ
• 
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(Fourier Transform Infrared Spectroscopy, FTIR) 

~1t1Lf1~fl,j Fourier Transform Infrared spectrometer (FTIR) 'iu. Spectrum 400, Perkin Elmer l!1l!.J~ I
• 

I 
I 
I 
I 

I 

electron microscopy, SEM) 

I 

I 

'il~Yl111'1,r5L~n!ll1flu.LLl.Jl.Jtifl,jml!1l (Scanning electron microscope) • I 

I 


spectroscopy, XRD) 

I 
I 
I 
I 

I 

I 




Q ,Q.,Q. 0 ,Q. Q..o d......d . . . . . I,.. 

~l.'HHH'l"iLL~:::'Yllm"i1Lwn:::'VI'YlU'YlmtJbfl"iEh'l Laser Particle Size Distribution Analyzer, 1u Mastersizer S 

d"long bed ver. 219, tJ'VIl.1 Malvern Instruments Ltd 

Analysis, TGA ) 

,.. .... .d. 	 . .d.... ~ I. I 	 ,Q. 

Lfl"i1'V1(;l1tJbfl"i1l'l Thermal gravimetric analysIs 1U TGAlSDTA 851e tJ'VIl.1 Mettler Toledo (;l'lLL(;l~ru.'VI.IJ~ 

6.1 	'J.'hni1tJmi~L,ju~n LL~:::Yilml~~:::m~ l~tJbL'1ilu~T'i~:::~ltJ Sodium hypochlorite Li~iu 
" 

200 ppm mu 2 Ul-n ,nmfuLL'1ilu~l"i~:::~ltJ 0.5% Citric acid 5n 2 Ul-n rillUU11tJ~'lliLLi'l~ 
llru.'VIlliiill'l Lrl 1lLL i'lLLi1ul~1.t'lJl'V1irmL~:::1Jwill~{l'l-ntJ~iil~lfl"iLLfltJ'11~m"i"illlcilutJ1~1ru. 2 nf~ 
q '\I 	 q q '\I q '\I 

;'lLn~m"iLtJ~tJULLtJ~'lLL~:::JwYinJl'V1,;rnlulu~ 2 6 LL~::: 8 ~l~lih~1J 
6.2 ulni1tJ~Yilml1.1~:::1l1~LLi1 1~~'llulmLn11Jwill~lmLLfltJ'11~tJ1mru. 2 nf~ il(;lli~u,'Yl, " 

~ .ld.1 " 1" '" '" '" ~ , ~ d ~ .r 1 'i" ~ d "'1.1
~'lLn~mdLu~tJULLu~'l'lJ1l'ln~1tJ LL~::: 'lH'lJ~U~m~~Ln1J~11lm'lm'11mn(;l'lJU UbmLn1'Yln 2 1U L'V'IllUl bu" , 
lLfl"i1:::'If'VIltJ1~1ru.ml ~Li~iu'lJ 1l,l1il'11Lll'Yl1f~U~1 tJbfl~ll'l Gas Chromatography (GC) 

http:lLfl"i1:::'If'VIltJ1~1ru.ml
http:l'lLL(;l~ru.'VI.IJ
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I 

~ CU-CLUSTER-ADVANCED-.;o'-<i'.;o'-<i'm 

I 

I
.cl 

lJ'Yl'YI 3 


I 

I 


1. n1'nGl~lI3J13Jr~'nl~t1~1iI 2$"111 multi core ~'m'YI~"~ ionotropic gelation.. 
I 


I 

I 

I 

I 

I 

I 




n) 1%, 'lJ) 4%, f1) 5%, -1) 6% LL~:: 'il) 10% W/W'lJfl-1U13J1rnLflt@1'lflU, 

n) 1%, 'lJ) 4%, f1) 5%, -1) 6% LL~:: 'il) 10% w/W'lJfl-1U13J1rnLflt@1'lflU, 



I 
EI CU-CLUSTER-ADVANCED-r;i-<fr;i-<fm 

I 

.1 , • I~ • I ~ ~ .1 ~ T 'I .. "', .1. I " 
Cill,l\J'Yl 3.1 'V'l1Jl1lJ':IJ1ru. yield 'lJEl\Jbb~lJ'lfiilEliil,;)b'U,Cil'Yl1Jdd,;)Cil'U,b1J'U,b'Yl b'UoCil :lJmbo,iil1.JlJ,:::IJ1ru.,El1.Jiil:: 70.27'" , 

I 
I 

I 

I 


'lJ'U,lCilEl'U,m~ ('l:IJImb:IJCil'), I 
ilmh\J 

bb~tl'lfiil eJiil~b'U,Cil1Jd,,;)~'U,b1J'U,l 'Yl'1 'U,.; 1 % ,'" 

bb~tl'lfiileJiil~b'U,Cil1Jdd';)~'U,b1J'U,l 'Yl'1'U,.; 2%,'" 

bb~tl'lfiileJiil~b'U,Cil1Jdd,;)~'U,blml'Ylh'; 4%,'" 

bb~tl'lfiil eJiil~b'U,Cil1Jd,';).n~m 1 % ,'" 

bb~tl'lfiileJiil~b'U,Cil1Jdd';).n~m 2%,
'" 

bb~tl'lfiileJiil~b'U.Cil1Jd,';).n~m 4%,'" 

yield (%) 

76.3 

74.3 

60.2 

52.2 

34.8 

57.9 

,;)lnm'V'lnl1.J 

1,415 

1,038 

1,094 

na. 

na . 

na. 

,;)In master sizer I 
1,490 


1,387 
 I 
1,678 

I 
na . 

na. I 
na. 

I 
I 
I 
I. .1", , .1, .1 'I 1 ~ .f ."1 .1"1 1 .1 ~:,,, ~ 

sizer 'Yl:IJm'lJ'U,lCilbo,iil1.JEl1.J'Yl 1,387 -1,678 b:IJ ~,b:IJCild 'Yl\J'U,blJ'U,~iil,;)lnmd'Yl b:IJ ~dbb~lJ'lfiil~~'lf1J'U,lbbiillbn~
'" '" '" 

I 

I 


I 





I 

131 CU-CLUSTER-ADVANCED-,..'-oc,..'-ocrn 

2. n1'n(;l~mJl3JT~·m~t1'1l~ '1l"(;I multi wall ~"HJL'I'I~"~ lonotropic gelation 
'" 

I 

I 



yield ~M 

i1mh.,1 yield (%) 

"lJ1,1,1~Hl1,1,mfl (t~1mul!iI"i"), 

'inn 111 'V'H:h rJ 'inn111'r'lfi1rJ 

LLmJ'1!iilai'l~m!il-1f11!i1'1!11,1,~:I:i~1,1,LlI1,1,11'111,1,'; 
'lJ 

1% 

74 .6 
1,344 1,424 

tl ~ ~ 1 1 d"'~ 1 1 ..LLfi '1!iilEliil'ilL1,1,!iI­ fI !iI'1!1WYl~~1,1,LlI1,1, '1'1 1,1,!iI 
'lJ 

2% 

83.0 
1,156 1,493 

LLfltl'1!iil5ii1~m!il-1f1 1!i1'1!11,1,~:I:i~1,1,Llm1'1'111,1,'; 
'lJ 

4% 

74 .9 
1,509 1,518 

LLfltl'1!iil5ii1~m!il-1f11!i1'1!11,1,~:I:i:n~m 1 % 
'II 

34.2 na . na. 

LLfltl'1!iileliil~m!il-1f1 1!i1'1!11,1,~:I:i:n~m 2% 
'II 

27.7 na. na. 

tl ~ ~ 1 1 d '" ~~ LLfi '1!iilEliil'ilm!il­ fI !iI'1!1Wr'l~'1!iilm 4% 
'lJ 

53.2 na. na. 

01 ~ d '" ~"1 '" d,d "1 dEl1,1,111f1"lJEl.,1LLfllJ'1!iiI '151,1,~ multi wall 'YIL!iI"i"rJ~ b~ !ilrJ~"lJ1,1,1!i1LuiilrJElrJ'YI 1 ,336.33 ± 176.62 b~ fl"'mJ!iI"i" L~El 
, 'II 'II 

d '" .::, d, d "1 d",
LfI"i"El.,1 master sizer Elnfl"i".,1'r'l1l11 El1,1,111f1~m"lJ1,1,1~LuiilrJ 1 ,478.69 + 48.86 b~ fI"i"L~!iI"i" '1!.,1~"lJ1,1,1~, ­



~ CU-CLUSTER-AOVANCEO-wt-ctwt-ctrn 





~ CU-CLUSTER-ADVANCED-d-lfd-lfm 

3.11 ) 

n 'lI 



0.1 83.3 

0.5 85.3 

1.0 85.1 

3.0 82.1 

5.0 57.4 

6.0 n/a 



~ CU-CLUSTER-ADVANCED-.;i-<f.;i-<frn 

~.tCIo r:t I d 0 Q; I 


~~'V1"i""i"I'IUflL,m~l''HnUL1J1J1.nl .:Jn·:nCil 'V1m~--1'llrntJ 50 L'V11 n . 0.1, 'll. 0 .5, ~ . 1.0,--1 . 

3.0, ';}. 5.0 LL~:: u . 6.0 (fEw~::1Ci1mtlV1.rn~mimJ1lJ1Ci1"i"~1"i"~::~ltJi.~lCi1'lflU) 

I 



~ 1"'" ~ "t ~ d dm::'ill£J1'U.~T'j"@l1nGll,HEl'Yll'U.ElGl UGl:: 'VIf1Gl'U.ElGl'il'll 'l!'U.f1ml:1Hl~-.l 0, 25, 50, 75 LLGl:: 85% amplitude 'Yl 
'II 

mailto:U.~T'j"@l1nGll,HEl'Yll'U.ElGl


I 
~ CU-CLUSTER-ADVANCED-~-ct~-ctQ1 

I 

I 

I 

dml:mb'l~"lJa~l'I~uelG'l<ilflt'll'UI'I b1G'11 "lJU1<ilaU1l1I'1bUG'lEJ fil1h::'il 'tvl~l
• • I(% amplijude) (min) (nm) * (mV) 


0 0 458±5.54 15.06±1.45 


25 15 342±1.5 13.31±1.07 
 I 
30 250±0.8 12.40±0.67 


50 15 305±2.0 12.85±0.53 
 I 
30 300±2.0 13.01±0.30 


75 15 218±1.6 10.38±0.67 
 I 
30 187±2.4 11.54±1.53 


85 15 154±3.2 11 .22±0.48 
 I 
30 165±1.25 10.10±1 .63 

I 
I 
I 

I 
I 
I 
I 
I 

http:10.10�1.63
http:165�1.25
http:11.54�1.53
http:10.38�0.67
http:13.01�0.30
http:12.85�0.53
http:12.40�0.67
http:13.31�1.07
http:15.06�1.45
http:458�5.54
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~ CU-CLUSTER-ADVANCED-.t-<f.t-<frn 

I 
I 

alginate 

1608 

- - 1 % clay alginate 
-- 2% clay alginate 
-- 4% cia al inate 

4000 3500 3000 2500 2000 1500 1000 500 

wavenumbers (cm-1) 

'Yl1\1bfliilul:IJlmbbflu~Sl "iJ:::b~w;h ii~n"lJ€J\lelSl~bwnU'nnlJ,rurl@\1bbYlti\l 3426 1640 bbSl:::1432 cm-1 

lmtbf1rJ\ln~1JfhrlllbUf'll'l\l~"iJ1'W1~Sl'l<il'nrJ\l1uH (Pongjanyakul T, et aI., 2007) bbSl:::U11n!J~n"lJ€J\I~url 



- - 1% clay alginate-chitosan 
-- 2% clay alginate-chitosan 
-- 4% cia al inate-chitosan 

1000 5004000 3500 3000 2500 2000 1500 


wavenumbers (cm-1) 



aCU-CLUSTER-ADVANCED-<;:o'-cf<;:o'-cfm 

4000 3500 3000 2500 2000 1500 1000 500 


- - multi core 
--multi wall I 


I 


I 

I 



-- 1% clay multi core 
-- 2% clay multi core 
-- 4% cia multi core 

~ 
'00 
c 
Q) 

C 

o 455 10 30 35 4015 20 25 

angle (°29) 

-- 1% clay multi wall 
-- 2% clay multi wall 
-- 3% cia multi wall 

o 5 10 15 20 25 30 35 40 45 

angle (°29) 



~ CU-CLUSTER-ADVANCED-~-cl~-clrn 


-- 1% silica multi core 
-- 2% silica multi core 
-- 4% silica multi core 
-- 1% silica multi wall 
-- 2% silica multi wall 

4% silica multi wall 

o 5 10 15 20 25 30 35 40 45 

angle (28) 

I 



(%) 

2 
(m Ig) (ml/g) 

2.19 0.0040 72.61 

2 2.10 0.0040 71.58 

4 3.53 0.0072 82.10 

1111mbbflu6Jl'Gl multi wall 1.50 0.0021 57.33 
'II 

2 1.48 0.0022 60.37 

4 11.24 0.0269 95.57 

dl~u5n1rn carbonization (~U~ 3.21) 



6 CU-CLUSTER-ADVANCED-~-<f~-<fbTl 


80 

200 400 600 800 1000 

-
~ 

::R.0 

(/) 
(/) 

.Q ..... 

.!: 
0> 
"(j) 
~ 

temperature% (oC) 

bbt'l:: multi wall '!.J'l"'l"":jJ~U 4%, 

I 

I 
I 
I 



I 

ff)tJGl~'lJ f),nhv\'lXn~'Vm/hJ (%) 

"l~ tJ~blGll 
L:IJ1mbbflu'll'Gl "1iit~ multi core L:IJ1mbbflu'll'Gl"1iit~ multi wall 

'U 'U 

(lU) Control 

1% clay 2% clay 4% clay 1% clay 2% clay 4% clay 

2 0.36 0.26 0.29 0.26 0.40 0.29 0.34 

6 1.27 1.19 1.14 1.09 1.03 1.05 1.18 

8 1.73 1.83 1.62 1.51 1.58 1.44 1.61 



BCU-CLUSTER-ADVANCED-Q'-cfQ'-cfQ1 

2.0 

-;::l 1.6 
s:-" 

o;J 
r 
~ 

-~~ 1.2 
a~ 
~ 

'o~ 0.8
H 
«D 
o;J 

~~ 
0.4 

0.0 

0 2 4 6 8 


mn (1'U.) 


-+-Control ___ 1% clay multi core 2% clay multi core 


~4% clay multi core __ 1% clay multi wall -+- 2% clay multi wall 


I 

I 




~~GJ1'IJ (%) o 2 6 8" 

'lf~fl1'IJfI:JJ q q 0 

Multi core 2 

4 

Multi wall 2 

4 

.d 'i.I .d .d .J' I. ,Q 6'Q.; I Q.; 

fl'U~1mfl'Hh'J gas chromatography ,]),.:J"lJ~'UEI~~:::'VI11.:Jm~~E1~flnTnbfl~1:::'VI~.:Jnfl11 bbfl:::'illnm~~.:Jbn~ 

m~btJ~ £J'UbbtJfl.:Jr1bn~;f'U ('ill~l.:Jr1 3 .8) 'il:::b~'U';i1 ~1"lJ E1.:Jni1£Ji,lJbnmEi £Ji.'VI~bb~ btJ~ £J'UbU'U~b 'VI ~ E1.:J b~1;f'U 



• • 

BCU-CLUSTER-ADVANCED-co:i-cfco:i-cfm 

ill ifl'Htfl1.J~(1'1fiJ~ multi core 

'1f~fl11Jflll 

1% ~'U 2%~'U 

o 

2 

6 

8 



I 

· lJ'Y1Yi 4 
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