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ABSTRACT

A biopolymer-based composite was prepared from chitosan (CS), gelatin (GE) and
Fe;O4 nanoparticles. The Fe;O4anoparticles were synthesized by chemical co-precipitation
method from the reaction mixture of Fe(ll)/Fe(lll) ions in ammonia solution and loaded
into the chitosan beads. The beads were then encapsulated with gelatin and crosslinked
with glutaraldehyde (GLA). The obtained Fes; O, /CS/GE-GLA composite beads were
characterized by swelling test, SEM-EDX, FTIR and TGA. They exhibited good dimensional
stability in water, toluene and sodium chloride solution and possessed spherical shape
without an obvious sign of phase separation. An enhancement in thermal stability was
observed from the composites comparing to their homopolymers. Several important
parameters influencing the adsorption of Cu (Il) ions such as crosslink agent contents,
adsorption time and initial concentration of ion were evaluated. The adsorption capacity
of Fe;04/CS/GE-0.75GLA in agueous solution was measured using flame atomic absorption
spectroscopy (FAAS). The uptake of Cu (Il) ions on the polymer beads was found to follow

the Langmuir isotherm.
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dsUeysu

Uiz maivenlessenindluanaveslalagiueie
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NSAALASIAS MU UT LV BINBALIAA1 LSH (polysaccharide,

PS) 8 epicholro-hydrin

U;‘jﬁ%mmn%amismwdwﬂuLaqamaﬂﬂimmé’w Y-glycidoxy
propyltrimethoxy silane
msdeslssznindlinanaveslalanusg terephthaloyl
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N5in3NaUNIAULY Fe;0,@P(MA-L-Phe-OMe)
UA381n5w38u polyethylenimine-functionalized
poly(glycidyl methacrylate) Pfiandn superparamagnetic
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So8aYNISUINAIVBIFe;0,/CS/GE-0.5GLA Tusivinavany 3 via
S8arN1SUINAIVBY Fes04/CS/GE-0.75GLA Tudavinavany 3 wiin
FTIR awnasuveseyniauluminaenled (a), lalagu (b) uas
LwanAu ()

ATR-FTIR alnasuveadinnedwas CS-0.75GLA (e), Fes0,/CS-
0.75GLA (Nwag Fe;0,/CS/GE-0.75GLA (g)

TGA thermogram UaInWeaLLBSHE

DTG Thermogram YednaaLiesuay

AMENY SEM 489 CS-0.75GLA (a) #if&smens 50 uag (b) 10000
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AINENY SEM 289 Fes0,/CS/GE-0.75GLA (a) fifn&suens 50 uaz

(b) 10000 wWin
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TudagdunuhiinsUudouvedanendn wu uandley Mowas agii Usen wazdu q
TuwnanviadldfukasuuAunty  anrslngreinsUuilowinduainnisnsesuiunisngn T
AIAYAANNTIY LU geaunssunanlany wumaes dule (textile) @ sruewd Wudu  lane
wiinmaldnduasndauduiiviedundoy  lnsanivedsBsnsliindunsiereszuy
suMevesywinardnd  esnliaunsoaaedilaniedinm Weldsudhluwidnasauet
Tuseny ilwAalsadestsrNuRaUAR 9 U99818188981nANTSAYY Ton1Tidnlans
Tuthileangaamnssuegaiivss@nsam  Jalianudguazlisumnuauladinwduniiedns
foLleg (Hiroki, 2009; Li, 2013) waARANISAdntangiatoananninidvaleiomnenuy wu nns
annznoulasnszUIUNITIaAL (chemical precipitation) nisuaniUdsuleeeou (ion exchange)
Fesovdluda (reverse osmosis) NMsUrTRMBNaln1aIn N (biological treatment) LazA13
Andu (adsorption) Fanafiansgedulaneninlaeldfanfimediues (chelating polymer) 1l
ad = av Yo I I a = = [y a A ~ a 1
Tondsnlasuannuauladusgrnndoilssuiisuiumaliadug  WesnnszuILunITWan Ll
1 1 a Yal 1 6 o a v a a a a o W
gagn Tenlaung aansawsedlvivyilandueilldvateviin Tussdnsamlunismianlanslu
azuanidgulessud tuseuvesmsihluldidnlanslidudou ludesldaunsningen
wazanunsainauan g lasnvauas waziflowenliilesAUusznouveasullranILIN
aunIATEAUWILY (magnetic nano-particle) fazlidnuwazinufe aunsausnaenaINszuUtieg
p1aUsENEUMERzneaU w3e Joudwidnouy lndeuassinsilaslduiman viliagnandenisi
naululde (Li, 2008; Zhoua, 2008; Zhang, 2002)

a =) . & ! a ¢ al ' a .

WoANO3YININ (biopolymer) A nqunadiueiNaN1sadasaaulalusssuyd (bio-

degradable) Fandymuaiiwludsnndon dwlugudnaningiusssusfiduivuazdni
1 1 1% =] Y] A % % o (% A [ % IJ 4

W waglaa 13lwa dog Un nuvdes dumna dudends Waeniwuasy 1Wudu lalaguuas
warAudunediwes@inminanainaisissusegniduinunelusssund Inssasiuniveme
dweiuszneumgndilanduiianunsadawvasdmsunisidaulanainatstusgiuyiinues
Uffseuazansialinld Sudugnedwesiilasuauaulafnvinasihunldaumaiad wu Jag
muaun1sUanlasseuazle Jandinmsunnd 1dlugaamnssusimsuazen 1udu (Gaihre,

2009)
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wiluneulndsmedwesiautanniudewsoudiousu lulas- way wualas-reulnds (micro-
and macro-composites) WoaLNDS Lﬁaqﬁ]’maﬂgmﬂmmmzé’umiumm (nano-particles)
anunsainussBnmilenssninsianin (interfacial interaction) Aunealuesumindlaani dawa
TAnn1sUsuUssaudinemenn, audfidang waraudfniminusen

NUATpiFeInseIsunedweinauTinnlasiadiessunseninalalagu/anAuds
9IAUTENBUVBIBUNIA Fes0p VUIATEAULIIULLAT Lﬁaﬁwiﬂ%’@m%’u‘iawwﬁ'ﬂﬁluﬁ’lﬁa wazidu
sTunandsulessy Tnelduiisenmaideslesseninluanasiinse anduiesesiauds
maadl, andinneanudon, audinianieain waz@nwradesne o @nnaudunsa-lus
(pH), gaunadl, ALTUTY, %ﬁmmmmn%mimswdwimLaqa) ﬁﬁwadaﬂssﬁw%mwms@m%’u
Tangninuasnisuaniasuloseu

1.1) InguszasAvaslasanisive
1) Weduanzisianedmeinantinmlasaisunsenindalaeunazioaiu i
BIAUTENBUVBIBUNIA Fes0, YUINTEAUUIULAT
2) WnrwsiaudRuarUszavinmlunsgedulans uarnisimediwesuaunduslidn

1.2) YdULINVBILATINISINY

1) dupsrvidianediwesnandinnlassaineswnseninglalaey (CHI) waviaaniu
(GEL) fifloadusznauues Fe;0, TutTinaineg ffnsideslessewindluiana

2) FnszsiautAiniamenin auTiniaet waraudAinaudeueneaos ISty

3) AnwUsgAnsaannisgadu (adsorption) lavgveadinlanediues
3.1) AUANIATIEY tnenadaunsidendulansianizyiln (selectivity)
3.2) USnadwsedt Tnglinseivsunamesdanyiianansaidnlddetmiines

noaes

4) Anwusgansninnisednlanenin (desorption) anwediues wazn1siinausilyen

1.3) Nae)) LAzLUIANANYBNlATINTIY
1) laloau
= a e Aa a a A = I a ) & Y2
Wunaduastin wniusunaunnlusssusd  esanndussnusenausianialuasnds )

Usein N9 4 wazinuluvesdamiin wedwestinmuiatlasuanuaulawazgnfnuegiee

wa aa ¥

WeanszllantRnfvalesiu wu gesaaglamusssusd ey anusadtuladuiiods

v ¢ < o

vaarukazdnd TonSA1un1sasveneqauvse (anti-microbial activity) WAgNEAIUNIIIATEY
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vondeqdunisituegiuiafuneuenvansUsznns Wy wilnvesqdunid, anududuvedlale
g0, aundunsa-as, Fvinavans wesdmdnlmana [udu  (Hernandez-Lauzardo et al,
2008) lalpenudsiiteseslusuadinuuius warani@idnadeudiai faanusauiulge
autRdnamaildmeuiitondeulossewindliana  vlwlglalneuiiilassadiesounded
araudauss nudedvinazaneldity  dedrsvesanadenlosseminianadiniulalasuild
Tuw3de laun slutaraldehyde, epichloro-hydrin (Beppu, 2004) ua¢ triphosphate UjjAsen
madenleasgminduanadsuandlusuil 1.1-1.5

CH.pH cu,pu C}hOH c H»j)H
\NDH /[\ M & nu [\ ;
-::—u:l{qjg—
H H
CHaOH C'H-IDH LI[-:{J]I CHzOH
o o
oM on
NS )\ O\N >\u o KoH o
| [ N
N NHz NHs
|
CH !:!'.H
(CHzla [éu,,;g
L
I Il
MNHz N NH-
H 1;"
@qu\[\ “/R \Kﬂ'h" No
CHaOH HaOH CHz0H CHZOH

gﬂﬁ 1.1 Uﬁﬁ%mmiﬁaﬂmiwdwﬂuLaqasuaqlﬂimsmué’m glutaraldehyde (Beppu, 2004)

CH2 o C\H -CH-CH,CI

OH Jn
S -0-PS
CH,-0-CH, '?"’L'fCHz'C‘ _ CH,-O-CH,-CH-CH;
o |0 Lo | ©
OH —Q — *‘@ o- % NaC
OH _in = (I:)H n

gﬂf/’i 1.2 mMaAnlassaduuusLruswedLaaa1lsa (polysaccharide, PS) Aag epicholro-
hydrin (Paynel, 2013)
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CHyf OII

[e) “
OCH
1' / \ = | ;
4 O Hz(‘gCH*CII:—O—UIZCH:CII:~T:*OCII;
A 3
OCH;
i GPTMS
CH,0H
]
H
JH H |0\
k NH

Hs

QCH;

OH ) be ;

\
CH OH e
S 3 '1- —H; L(P; CH,C. § oH
PR e AN %
1—0OCH; m Si—OH Condenstaion —CH;CH;CH; /s —0- q. SHLCH;CH;—
OCH;4 OH S 4N o T,
T: R

JUN 1.3 Ufsenswenlesseninduanaveslalagiume

Y-slycidoxypropyltrimethoxy silane (Lui, 2004)

; OH : OH
NH, o NH, o
HO HO
HO HO. Onn,,
o NH. o
OH OH

NHCOCH,

H,C —CHCH,CI, heating
J .G — gHoHy

OH OH
fo) NH,* o NHCOCH3
HO
HO 0 %Ho
NH," o NH;
o

CH,
| [
CHOH CHOH
|
CH. e
+ 0 + o
NH, o NH, o]
HO HO
HO HO O,
o NH," o NHCOCH,
OH OH
i1
o—l% o— '\D-O_P o
o o
OH OH
o o NH, o - NHCOCH,
HO O %o O o
NH," o NH," o
o ? o C1>
HO— P\:o o CH, HO—PF=0 CH,
HO—P—0 ‘ o ‘
= CHOH HO—F=0 CHOH
o | (o) |
- CH, . CH,
HO—F=0 2 HO—R=0 J
o o) (e} [e)
NH," fo) NH," o
HO HO
HO HO. O,
o NH," o NHCOCH,
OH OH

gﬂﬁ 1.4 UiiEmaideslosszwindluianavedlalngusng epichlorohydrin-triphosphate
(Laus, 2010)
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2) Aandu (gelatin)

Jnoglungunedmestinn Wulusaudlsnislelasladaeaaiiau (collagen) Tufamnis
nsvgn satadieidolieaiiu (connective tissues) vasdnd Tassasraniivosaafuuansiegui
1.6 dnwaznanmenmidureuddusawas Wid W wazunulifisawd T dududsenay
voanaAn fusivaneuia 19U 1aTesd1919 81 0T uagilauniesy lnglanigiugnan nnssy
pmsiudunaniilngfignveaarfulaoaifudauiifondn edible gelatin #1419y
druusznoulueseindieg 1wy vuumny lerasy leidn 1udu naniilngsesasunde
gaamnssunisnanelegldiaarfulunsiedoudineuasndndusauya ﬁy’wﬁmmﬂsgalﬁmaz
uaUgadly  pH vesszuuiinamndelassaiisvesaadu 1wy eegluansazaronsamandudy
vosenluifiealossuuumelaluanavesaaiuasifistuaniuselslasausznidlusmounay
vajordilu (U 7) ilviiAn electrostatic repulsion szvindluanavesaandu uslileiaanfueg

Tuszuu pH Miduvasziananaluniwmsaiudu

(A) dX-@-Ka + 2 HNSCN c':—;:'f scug-@-gue
+ xu@.@-gms

(8)

CH,OHn cHon cHon

sU# 1.5 msidenlessninsluanaveslalawusig terephthaloyl thiourea (Ahmed, 2013)
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http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B9%E0%B8%81

i

=N CH N = CH=— = HN—— CH—C——N
=] 2 \LHJ IL CHy il
o i o
mN—TH—c—h—l’l_‘.H—c—n CH, CH, ﬁ M CH—|{|: N
CHy H LHJ L:U ] O
C——=NH;

MH;

UM 1.6 lassairuaiivenaaniu

H
COOH COOH
‘PL 4/ e NH3,H'L 4’

H

o —

{g‘dﬁ 1.7 lassasraaanduluaniiznsa (Wang, 2011)

wananilassadivaivesaafudiauisasaulatlaeufisenailivatvdnvmue wu

UFA3e1fU adipic acid dihydrazide (ADH) 1#lassa¥1eii3andn animated gelatin (flagud

1.8)

H
HoN-N
o O
MN 1
COOH H H
HOOC o
ADH 3 0
25°C,24h o]
H N-NH,
COOH N-N H
HoN HaoN
Gelatin Aminated gelatin o o
(A-gelatin) E_NHZ

sUN 1.8 Ujisenmsdaudadlassasiuniivesaaiiu (Lai, 2012)
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3) wodlesNaNLUUBWeSnIwsHaneduesiiniisa (interpenetrating polymer
networks: IPNs)

wodwesnauimssuanislunediues (homopolymer) doswiinndeunnnin Tngaea
Hosnilslulalunefiuesindrdgndnazianuousiueideiu vio tAaufasedoules
(crosslink) anelanedmefuiausnluvasiignuindeuselslunedwesinde UjAzeinis
WwIsuneAlesaLLUY IPNs Sogiefiunaeis sMedlfinieulslasivavenedmeuauly
aiddpiiAe full IPNs dalslumedmedaaessiin (CMC uay PEG) aggniiiliiAnnisidoules
sevisluanalagufAzervemyilsidululassaiuniveswedimesuararndonloaszning
Tuona wielldlelnsinafinaguiderhluldou fedunsumsduamsiuansduusmunimioliie
sonsidlarsgud 1.9

PNs SaudAfiunndrsainnedwesuan (polymer blend) 7lU fie asnsawSeslid
lassainauuusiawn  (crosslink)  vilvinswamdniuseninaaveselalunedwesiinlan
azansusaIsauINi (swell) lufwhazanefvanzanuisin Sanuudusannnimediues

nanThlUiwsealnawmadn melt blending (Huang, 2013)

Polymer A

" "o, Semi-IPNs

nw .
was®t et “-.o: Cross-linker for A
Ll

enw .
* ®agnt
an® == KL}
avw
» ‘t‘ Teun®
‘ae

\%\ Cross-linkers for A, B

Full-IPNs

i a a Y a s a N a s & as
EU‘VI 1.9 ﬂ'ﬁLGﬁ'EJlIWEJaLll@ﬁﬂiﬁﬁi']ﬂi']\?LWFLLUUEJULV@?LWUWWVI\“IW@aLlIEJiLu‘V]L’JiﬂLLU‘U

Semi- ey Full-IPNs

4) msgatulane (metal adsorption) lnewediues
nmagadulanguuiaminvemedwesilunssuiunsiiivssdnsnmegs  wanedmsuldlu
nsmdnlanenatewinluul UaAUeInIzUIUNTLIUTIUAUIEOU 9 (WU nsada  n15U1Un

FILATEUIUNISNNTINN N1SANASNBUMEEISAT) A aunsaldaulsiewazasain  Tagwe
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oynanediwosluhiidosmstita AdildAnenisgedu vievdesliindidesnistrinluasinu
nodutismiiussgeymanedued iuisnsilideddaunsaigisn sialiuns Yagwediwesild
gadulanzudnanunsaiiandn (desorption) Tanzeenannfmihlnemsuaniasulossuazii
ndusrldalaan

nalnwesnisgaduistuanlassadaadvemedesiiivilaidula Ssusoifnusdn
Wil (interaction) fulesouvedlanyls fegns Wy poly(glycidyl methacrylate-glycine) (5U
i 1.10)  leeeuvedlavewiinfigngaduuuivihveswediuesaunsavineenlagldansazans
nsn wazthnaunldgadulmile

CH; CH
(I) ('l)

(:‘H: (:‘Hz
Il()—(l‘—-ll H-(l‘—OH

(|‘“z (l‘H;
H—f\ll rl\'—H

ﬁqHz

//C\ / \ /C\

gﬂﬁ 1.10 msgadulavgntinlag poly(slycidyl methacrylate-glycine) (Chen, 2007).

dwiulalneudedvgiledduiiioshreufAtonannsafaussdamieadvlavgleseuls
wanenaln atituegfusiinlooou, pH way ssdusznauvasansazarefldgady Tuaneitily
msgadulavtlossuifinanviediu nefinglansonda (Iasiamsiidumis C-3) Prowaiuliifn
LLiq?jﬂmﬁmadwéauﬂ Fu (Guibal, 2004) ﬂalﬂma@@%'uﬁl,ﬁulé’ lawn ion exchange
/electrostatic attraction, chelation wae ternary complex (Yu, 2013) ﬂalﬂﬁgﬂﬁﬂwﬁuaz
thiaueuniiande chelation laglulnsiausznenvesmyiodufaiiusedu Cull) leseu uay
mﬂamaﬂ%aﬁl,ﬁmman'asJIU'ﬁmau (release proton) sLAAlABRIALTUAIY  Tuansazany pH
< 6.5 diniian1suYaduiusening protonation uag chelation veenafiediu  chelation ve4

lavglesoulaglalnsugninauslay “bridge model” w3a “pendant model” Fagudl 1.11

Y
YUDYNUANWULVDILIITALNLLIAR YUY

Y
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(b
CH,O0H .0,

HO: NH,
N

N
AN

Cu

/N

H,0 H,0

0
0~ CH,OH

sUTl 1.11 Chelation szvislalamuiaz Cull) looou (a) “bridge model” uaz
(b) “pendant model” (Yu, 2013)

Huang, Kang, Wang uaz Wang (2013) w3suidinlelasiaadiillasadieuuy semiPN Tu
asazans lngmaiansnsmldmenusidanazyfizonmadenvndianaveslalasu (CTS),
NIRaLASAN (AA), Laafu (GE) a8 N,N’-methylene-bis-acrylamide waa1n FTIR @wnasuuas
nFeTesnansadudulaitiinnisnivdvesteusiuesasuuaslgnanves CTS wazane
lgluanavesaanfuunsndiiilulassainawes CTS¢-PAA  wavnmalla SEM wuinlalasiaadl
faguse dnvazfunsanasvunadninetu lelaseafifleadusyney 2 wt%GE Tiszansam
nsaadu Cu(ll) iaaauqqﬁqmvhﬁ’u 261.08 Mg/g LATUAIIINNIUNTTUIUNITAATULAZNTYE
looouiitothndunlddrianun 5 afa fansszandaimnsgadu 95.2% ieifisuiuaidudu
JauAaninIadudennaediu pseudo-second-order Lﬁaaf\nmﬂumi@m%’umqmﬁﬁ'ﬁ@mﬂ
nyflandu Msiesgviniginaiia FTIR wag X-ray photo-electron spectroscopy (XPS) Wu31
Anansusenaunisaiveanyileidy -COO™ uag -NH, waziinnisuaniUasulessudadunaln
ndnlunsgady wedwosiwisuldanmuideiiuonainaztisannislinedmosdunsnzi
wisnanuaniaeitlnsdeunds Sudumsimntaggeadusuuuulvsifinanannnediwesdanm
anene

uananidafiauifeiing ion-imprinted chitosan d1usulfutangady uranium (V)
FslsiausnalnmsiAnussdamirsznirslalamuiiu UOL) uay Po(l) looousaguil 1.12 waz

1.13 puanu
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OH H;COCHN

_—OH /SL:'&/ NH’
U"%/ UO;2+ for chelation, Fey0y

HO on HO
—_—
glutaraldehyde for crosslinking
NH; OH H, o
xo% «;Sx,
HO OH H.COCHN
OH HiCOCHN
ﬁ:& QT «f::&,
HD @/ f%/
2 .
UO . } removal of uranium(VI)
o ,
NHT
«%ﬁ ’ﬁ%« s
H;COCHN HO

OH H;COCHN L

%ﬁéﬁ“%ﬁfﬁ*
f: o ?

e

MNH; OH )

o T A,
‘““Djﬁ:%/o cf'"&/ /ﬁ/
HO
HO H;COCHN NH:

OH OH

JUN 1.12 Maiiausadanilensening ion-imprinted chitosan lAss@inasaumuay
Uo(I) leau (Zhou, 2012)

Mixing solution Electrospining Crosslinking Ion mprinting
)
b c
Chitosan
T
by R o
N 7N \
OH NH; OH NH; off ‘wi: OH N OH ‘NW, OH

@ Representing a cavity
5UN 1.13 msiiausadamiledsening ion-imprinted chitosan

TAs9as199wmay Pb(l) Tesau (Li, 2013)
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o

5) wodwesmeulndnfifantfuiwindmiunsldnuiuiangadu

A LY o (%

fofvesTangadulungunedueireslndniifiayutRusivin Ao aunsousniaggedund
mslfnueenanssuuihiiadiothnduanlddldnelaglfusingn  Feunddesinifimdsan
thdaudilusihunsnsesfiousntaggaduoonin ﬁammﬁaammfmij’]ﬂiu%umauﬂ’ﬁﬂ’lﬁ’maq
Wla

femAdevansatuilddnyuieiuianuluesindnfifiauifusivin 1wy Ge uavan
(2012) w38 Fe;0,/amino-propyltriethoxysilane/acrylic acid-co-crotonic acid  WazlAsIEH

UszAninmmsgadulanelossu niuvaausnalnnisgadulidsuansluun 1.14 (Ge, 2012)

i 2+M~. I~
HOOC = ‘00C
%0, Hooc ooc 2- - -00C
~ - 2+
HN Oy fOC Mh”'OOC
HOO ot - HN Metal ions (M2*) }—}N
i “COCH -00 0 20\1- --00 /g
c > ¢ 2 LOn.
OO 0 pH:'pszc OO C o 0 E Oo‘
T f g 9 o ¢ J
‘ = .0 8 “Mz+
2+N'E f:"|7‘+

sUl 1.14 m3gadlavelosoulneaquluneslndnsening Fe;0,/aminopropyltriethoxy-

silane/acrylic acid-co-crotonic acid (Ge, 2012).

Jinazany (2016) Imsouiangaduidandiutiimansialug vie Fe,0,@P(MA-L-
Phe-OMe 1agn135n5196 poly(N-methacryloyl-L-phenylalaninemethyl ester (P(MA-L-Phe-
OMe)), amino acid-based Unaun1AUILY Fe,0, AigusAfanadalswtu ﬁauam’lugﬂﬁ 1.15

Tanaeduilgnesnuuuiiteldlu solid phase extraction (MSPE) dwsu 2,4-dichlorophenoxy

acetic acid wag 4-chlorophenoxyacetic acid %aLﬁuaﬁﬁmmmisﬂumiﬂwaﬂmsw%aﬂaa

£ (%
o

il mavnanAdeiuansliiiviniang aduddiaudfudmanifidnanimlunisunlulgenuiu
MSPE lad  TneuseBamierszninansiidesnisinsisikasianaaduiiuwuy hydrophobic
way 1uusaviin electrostatic

Sun wazANEITY (2013) lem3eada poly(slycidyl methacrylate) Nfaudaslaseasng
Iniinylandunes polyethylenimine wardlauu® superparamagnetic Insufisensanandlugy

71 1.16 nuinda superparamagnetic Aoulnaniiuseansnimnisgadu Crvl) leaougad
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492.61 mg/g wavanusatnauanltEInaaInvEaIsaITazaty 0.5 mol/L NaOH wag 2 mol/L

NaCl
“CH,
MA-L-Phe-OMe,

AIBN, 80 °C, 24 h

Q_OHM—PS. Q-

Fes04 Fe;0,@MPS

gﬂﬁ 1.15 maeseueaun1AuIlY Fes0,@P(MA-L-Phe-OMe) (Ji, 2016)

I 1 - ", § o ~~NH ™, % g
polymerization H.N ST | - NH,
% R S R — WO/\W L — u;?ﬁ\nf\v\m_

IJ!

g S
S g

GMA PGMA PGMA-EDA

in-situ Lopn.mpllau on

wdwmw

m-PGMA-EDA

ﬁ
%‘r"” rﬁ"n"w vy CocH
whw\w
H
% Hae "‘-"A‘ Mg . H“‘"? ! [v]

/“'\” /—‘-\\i‘ﬂ-\_\_,‘i“
9 Vﬂ L _+OCH
,w-N ~u “ nnn %??—\NAVN
M -v"‘m; T, qx \_g()cm
U DCH; : H 07 0DCH;
m-PGMA-PEI m-PGMA-EDA-MA

;J‘lJ‘ﬁ 1.16 UfATenswIen polyethylenimine-functionalized poly(slycidyl methacrylate)
fifaudn superparamagnetic (Sun, 2013)

Marroquin, Rhee ag Park (2013) latnTouunlumnoulnd@nssning Fes0/multiwall

carbon nanotube (MWNT)/ chitosan lagasnsseinesavinazans (solution evaporation) @l
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€980 WU Fe;0, wag MWNT denalviiinnisusudgsaudiinisinluil, audfdeng was

auvAneeuiauvesunluneulngdn ununmLaninsnsetulureulndnLansiguil 1.17

3; 9000 , O
o Q %

S o SJJ\)O""Q
Po 9, -’ojow %9 Jo\)a
Juo\)"; %50, aojg,o
+8;ﬁa”’° JJJJQQ‘)" +
?g” 90 0 9 L ea ©
byo203 0 5 %
CEN Jooo°°° "9 0% o
R b JJJQJJJOJQJ\)
9 0 059,000

MWNTSs FesOq Chitosan

-Ultrasonication
-Stirring
-Heating/Vacuum

gﬂ‘ﬁ 1.17 TumpUNSH8Y Fes0/multiwall carbon nanotube/chitosan unlupedlnasm
(Marroquin, 2013)

Nguyen, Tran waz Tran (2010) wssudalalaeiu/ Fe;04 WIR0UAIATEAULIIUNL
antRudiidn  wansdnwoun1AuIluLed Fes0, nauuazmaaadeumslalagiunuindaining
Juwimdndudiaddndifisaiu (54 emu/g) loinnisindeusun1AuluLed Fe,0, metuved

lalgnutuunannididmareantfnnuluwivinvesreulndnils  lalawuneguuiiuiy
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voseymauluYes Fes0, vimihilumsgaduleseulavemiin Ao Pb() waz Ni)  lng
UszAnSn1wnsgadu Ph(ll) wae Ni(l) geanivinfu 63.33 wag 52.55 mg/g AW 7l pH 6 uaz
gumgivies ndeyansgadunuiaenedesiunaudeslolumesu dslosoulansiigngaduuy
Hvasmaulndnaiunsansiageulanismaiia Scanning Electron Microscope (SEM) wag Energy
Dispersive X-ray (EDS) smiddeiiuandliifiuindinlalagmmununluiidauihudmdniildfies
ansaindn Pb(l) waz Ni() lesau widtennsaihlUlimsaleselaneninaun ukiasld
2el]

Huang, Shi, Yang W&y Zhang (2009) lﬁﬁﬂwwiﬂimmﬂaﬂwﬁmﬁL%amimsw'jwimaqa
#8 epichlorohydrin wagdautduiivdn iethluldlunisgadu culn loseu ety
Fis1eaidaemain Infrared spectroscopy (IR) wandliifiuininnisadeunaznisidenles
sendnsluanaegeiiusednsam a]1ﬂﬁ?uﬁmsnmi@m%’uﬁlumsasma pH 6199 2 13879119AU
wuhaneungandniunsgadu Cu(l) leseu fie pH vesansazas 6.0 wagnatlunisg
#u 60wt msgatuilulumuuandioslelumen Feild1 R2 Wity 09951 finnududuves
a15azans Cull) 100 mg/L lalaguasulndniiuszdnsamnisgadumiihu 78.13 me/g wax
JAUAIANSNIIYATUNUIIFRAAGITU first-order Langergren rate equation laga1unsave la
Tnmuneslndnsoansazats HCL (0.1 mol/L) titeshnduldlusilaanansagady cull) lossu

[ [

Flenanun 10 AS

1.4) Yszlevuandnazlasu
1) MuININNT: WeUNIAN3FINIRElaeANuluTansIvINTg MishiaueranuIde
Tunudszygaiieidussdanuilunsidusely

2) wirwunldusrlesiannnaniside: dnidy ddnszaulSyyinsuasdudinfne

UAANITVDMILNUITY uaznihsnuniuiaveugualiedtudwindes

24



uni @

ASANUUNISIAVY

2.1 \aesiiouazgunsnl

1. 1384 Flame Atomic Absorption Spectrometer (AAS) i;u NovAA 350 UTHv
Analytikjena

2. \p309 Fourier Transform Infrared Spectrometer (FT-IR) U System 2000 U3¥W
PERKIN ELMER

SRGEY pH meter

4. \p30q Scanning Electron Microscope (SEM) §u LEO 1450 VP

5. \nsestianadion 4 fuma Ju FX-2000i, 1A309d 2 Fuis Ju FX-2000 U3 A&D
Company

6. wiseatunmuualmdnlnilh (magnetic stirrer), w3aslinnudeu (hot plate) U KA
C-MAG HS7

7. fauawufou (hot air oven), Ju OF-01E US¥w BENDER

8. lulasUium aunm 10-100 pL

9. yngunsaidmiuiAnURze UszneusenisugdmiuiAauiizen (reactor), 1a3ed

AU (mechanical stirrer), ABULALLEDS, WBSLUTLHBS warluwanIu (stirrer)

2.2 @13.A3l

1. nsalumsn (nitric acid, HNOs) 1nSALATIZY USEN MERCK

2. NSALBTRN (acetic acid, CH;COOH) 1NATLATIEN US®N MERCK

3. ngensanlan (glutaraldehyde, GLA), AMILTNTY 25% (w/w) Tt USM SIGMA
ALDRICH

4. ppUias(ll) luwse (copper (1) nitrate trihydrate, Cu(NOs),.3H,0) 1NSATLATIZY
US¥N QREC

5. lalngu (chitosan), medium molecular weight USH% SIGMA ALDRICH

6. Lwa1AU (gelatin) USEN MERCK

7. laihzumaslsa (sodium chloride, NaCl) tnsaatas1zit usew J.T. Baker
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8. leslansenlan (sodium hydroxide, NaOH), US®" RANKEN

9. ngdu (toluene, C;Hy) LNTATATILI UTEN MERCK

10. @nsavaneueulutie (ammonia solution, NH,OH) 1NSA3LASIEY US®N QREC

11. . uea (methanol, CH;OH) 1nSAN15AT USEN RANKEM

12. losou (1) masalsa wasglawmsa (ron () chloride Tetrahydrate, FeCl,4H,0)
UIHN QREC

13. losou () maslsa tenwzlawmsa (ron (lll) chloride hexahydrate, FeCly6H,0)
UIEN QREC

=
2.3 F/N159Aa9
2.3.1 msé’uﬂiﬂ:ﬁaqmﬂmiu Fe;O, (Fe;04 nanoparticles)
1) Asyagunsaldmsunmaindisen lnglduvisniudatgnanaiinguassenau Tusis
AIUALYUNYI (water bath)
2) w3suasaranenauseninaleseu (1) aaslsd tenwelawnsn watlosou () Aaalsd
waszlanse nglduisaainlessutiuins 75 faddnsidudvhazans anduiludunau 5
d a S A Y o v
Wil wagledian 15 uiivseauansazaeniulag
3) ansazaneiilamasiniunaukaiidiyaviugizen Inevinistuniumeiiniui
AYILEY 800 sBURDWIT gaungll 50 esrnwada UfAsesdulunieldaniglulnsauiy
=
L3871 30 U

a

1) iFuansazansuenlinivadluegsrini Yaeslrufisodiulufigumgil 50 eaem
wadsaiduna 6 Falus aneldanylulpsiau

5) ileyniauuinuily Fe;0, Moenldnnmenavlaglfuisusimdnlunisuen

6) &remznaudietnusiranlesuauaisazatedl pH WWunans uazdwrediowmiuea

Uszana 3 ass thldevlugevanayinaigamail 55 ssrueadeaduia 24 43lus

2.3.2 nawseulalagulalunadiued Inglingandanlediduamnteulassznineluana
(CS/GLA homopolymer)

1) wisuansazanglalngu 2% (wA) lunsauedandudu 5% (vAv) Jumuliazateidu
ieiieniu

2) Winlelmeilneansazanslalamuludui 1 vesaduasazaelnioulensenles
Aty 0.5 wasedns Ingldlvsadaunn 5 Hadans, iuaneues 18 aun 1.5 47 uaziluniu
athesaLiios
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3) dhudinlalasuiinsenldluedetinduaudl pH Hunans

1) dwulalpmuitinmadenlesszrinluana shldlaonsiusialalasuiiedouldug
Tuansazanengaiadled (glutaraldehyde, GLA) 0.5%, 0.75% (w/v) waztuniusgisdelilos
Hua 05 Flus

5) N304 ward e sazanedAusondsingdu 1 af

6) iluauiiguuadl 55 asawadea Wunan 18 Falus Fadwiin

2.3.3 nanseadinnadueslalagiw/eynauilumianaanlys aeulndn laeld ngansadlad
Li‘]umﬂ%aﬂmizwhﬂuLaqa (CS/Fe;04-GLA composite)

1) nswssnasavarslalagiu 2% (wi) Tneddlalpguararelunsaueddndudu 5%
(v/v) sl dundldaranafuiemendu

2) ueunmaulumdnesnlesd Govaglasiminveseyniaulumdnoonlediiniu
12.5%) asluansazangludud 1 tiluduniu 5wt waglailen 15 uiil

3) thansazanglalpeuludud 2 neradluansazansleiolensenladidudu 0.5 Tua
#08m3 USuns 250 Tadans InsldleSeduunn 5 Taddns, Wudneuesd 18 vuia 1.5 07 way
Jumueteraios

8) ihidalelnmuneyindniiwsenldludeseinduaudl pH Wunans

5) ddinlalaguaesindniiniouldlutunoud 4 duudluasazanengeadiled
(GLA) 0.5% (w/v) waztluniusgssoriiondunan 0.5 42lus

6) n504 wazdadinnouTndndiorinngy 1 ade

7) thldeuiiguuail 55 ssrwaiea WWunan 18 dalug Sufiminin

2.3.4 mawssadanadwasiaulalnwiu/eumauilumanasanled /vaiiu Tneldngansad
ladidusmadeulesszwinaluana (CS/Fe;0, /GE-GLA polymer blend)

1) wisnarsazarelalagiu 2% wAa) lunsawedfndudu 5% (vAv) daludunauly
avaneduieoatuduna 18 $7lus

2)ldouniaulumineanled Gesaglastminveseyniauluminoonlydviifu
12.5%) asluansazaneludud 1 thluduniu 5 wit waglaien 15 uiil

3) mswdeudalalnslneasazarslalasuludud 2 nonadluansazarelaiouls
asonladdudy 0.5 Tuasedns Ingldlesaduunn 5 05805, Wudnowued 18 vua 1.5 i1 way
Jumusterailes

4) ihdalalagurenlndnfinisulaluarsistnauaull pH Wunans
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5) N5RIMERZINTY kaztuinuindn Ghudndanedwesuuzilen)

a

6) WstuansazataaAuiudy 20% wa) thlutununaglfaudeuiioamgil 50
osrniaidea unan 05 $las

7) wisudlawanlalagm/eymaulumdnesnled Asandu tidawediefnIusildly
il 5 utasarareiaatiu 20% (wa) Wunm 2 Falus mnthanitlunsesuasdng

8) thidanediwesnaunenlndnivSolsuudluasazatongaiadled (GLA) 0.75%
(wA) uaztlumuegnaseiionduna 05 $lus

9) n30s wavdadnnedweiieingdu 1 a

10) Willeuigamadl 55 ssrnwadea Juian 18 Falus Suitnumin

2.4 Jipsesduiinaniivazauiininisnnveuianediues
2.4.1 nMsuruAaluansazany (Swelling test)

Anwilnedaseghadanediwes thunmegeunsuanfagieinguy, Ingdu uaglulfey
Aaolsd fgnumgiivios tufinnsidsunlasiminveadanedmesfinaid 4 mntudiun

%swelling AYaNATA 1

%swelling = [(M,-M;)/M;] x 100 (@un159 1)
deo M, e dmdndlanediesisudu (g)
M, Ao duninidianediuesudsuiudiluansazats (g)

2.4.2 psreilaseadramaail: FTIR spectroscopy
a o Y ~ o | ] a ¢ ° o S o
aLﬂ'ﬁwwIﬂNmquLﬂmaﬂmamﬂmeaamaswau Iﬂ&J‘Lﬂl‘U‘Uﬂﬂ‘U KBr annuuandu

Wi KBr-disc AauibuAAs181N91989AaY 400-4000 cm'™

2.4.3 AAT1ZH Scanning electron microscopy (SEM)
dugineveudanediuesnaugninsieisiemaiin Scanning electron microscopy
Tngtlanedwasinuu stub MNUURNUNURIIANDRLLBSAIENDY LarIATITRSNYULIaLIn

[

weRlesHir IUVYIFINE
2.4.4 AA5129 Energy-Dispersive X-ray spectroscopy (EDX)

IATzinIesaUszna way Usuasiaiiegludiegrudanefines Jeauns0nsig

WATIVbAne s9luseu (B) wmeisiieu (U)
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2.4.5 3A5129 Transmission electron microscopy (TEM)

dugnuiveweseynauiluaneenlengniasizisieg leeilunszanedily 1o
musauazledianidunan 30 wilitelildneaasssfiaios antuneniiegisaauuazunsg
W3IUAIBET (Cu TEM grid) neutnluiiasne

2.4.6 1A1294 Thermogravimatric analysis (TGA)

n1s@nen1saatedailesainaiudeu (thermal decomposition) waziadiesnIn
(stability) vesshegraidinnediues Tnsdnvidfausagamad 30 &1 700 ssrmwaiBea Tusnsnsli
AMNSEU 10 ssrwalduaneud nMelaanizlulasiau
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unii ©

NAN152gkazanUsne

3.1 nMsdaasizieyniaunlumansanlad (Fe,0, nanoparticles)
3.1.1 Ujfsennisdaasizieyniauiiuiwanaenlyd

NFUATIEN Fes0, TWINBUNIATEAULIIWINIAENSINAZNBUTIN (co-precipitation)
s¥wing Fe?* uay Fe* lopausivaunisielud (Davaran uavame, 2013)

2FeCl, + FeCl, + 4H,0 + 8NH; —— Fes04 + 8NH,CL

(%

3 ca o Y v [ a a o o [ PN
sumauluvdneanlenndunseils danvazilunmeden Saan wanwiagun 3.1

JUN 3.1 synpulumdneenleanidunssila

3.1.2 FTIR axnasuvasayniaunlumwanasnlas

-0H, 3390

4000 3600 3200 2800 2400 2000 14600 1200 800 400
-1

Cm

JUN 3.2 FTIR alnasuveseunawiluminesnles
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9In3U7 3.2 FTIR awnasuveseunieunlumanesnles Usingfinfiussuna 585 cm’?
Junisduvesiuse Fe-O wazUszunas 3390 cm ilumsiiniuszaes ~OH 91910 AUTY
vuimthveseunrulmdnesnles Fe,0, (Huang uaz Az 2012)

3.1.3 XRD vasaymaulumanaanlea

Nan1sBATIEReunIAuIlmdneentyddie XRD uanAIzuN 3.3 wudia 26 7 30.15°,

35.58°, 43.15°, 57.00° uaw 62.64° Faaeniiu XRD pattern 109 Fe,0, luauiseiisenunou
i1 (Huang Wag g, 2012)

Intensity

25 30 35 40 45 50 55 60 65

Degrees 2- Theta

sUfl 3.3 XRD patterns ayniaulumanesnles
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3.5 FTIR dwnnsuvasiinnadiues

! -C-0, 1090

O-H, IN-H 3400 N-H, 1548
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| i l-C-N, -N-H, 1586
-O-H, -N-H 3400 -C=0, 1654]
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g'ih‘?i 3.13 FTIR alUnasuvesoynauilumanasnled (a), lalseau (b) uway waiiu (o)

910 FTIR awnnsuveseymaunlumdnoonled (3Ufl 3.13a) wuirilavadu 3390 cm'’
Usngiin O-H stretching, Mauadu 585 cm™ Usingiin Fe-O bond d w3y FTIR awnnfuves
lalmenu (5UA 3.13b) nuifawaauyszana 3400 cm® Usngiinnisainnisdeuiufiuves N-
H wag O-H stretching lulassa¥raveslalnseiu tavadu 1548 cm® Usingfin N-H bending
yeslofiy, lauAdaU 1406 cmlUsngfin CH, bending uag flavuadu 1090 cm™ Usngiin C-0
stretching Fednndasulassadraiivommiietdgiu (repeating unit) Tuluanavedlalangiu
Lay FTIR aaniuuesaaniu ('gﬂﬁ 3.13¢) WuITiiauAAL 3400 cm? Usingiinnineves O-H
stretching Fousfufu N-H stretching, 1auAdy 2935 cm Usingiin C-H stretching, LaAAY
1654 cm UsIngiin amide () 189 C=0 uay LavAdu 1586 cm Usangiin amide (I) vaa C-N
wag N-H
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3.6 N13ANEEREININNIAINTDU (TGA) vaslianadwas
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0.75GLA WuMSaefanIIA L Feureneg sy IEuRuYeINTIATIE (40-200°C) ALy
Sovay 7 vesimiindiun Fufnnmsssmevesaruiuluiiegimedius ﬁqmmﬁqﬁuwu
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11921AnAA cross-linked degradation U83lATIATISHUUTINY (Lopez Wagae, 2008)
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Mag= 50X WD= 10mm  EHT=1500kv  Signal A=SE1

Mag= 100KX WD= 8mm EHT =15.00 kv Signal A = SE1
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