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ABSTRACT

Modification of chitin through graft copolymerization with
diaminomaleonitrile afforded chitin grafts (DAMN-g-Chitin). Potassium
persulphate (KPS) and ferrous ammonium sulphate (FAS) are combined in
aredox system and used asinitiator under N, atmosphere. Optimum condi-
tionsfor grafting were asfollows: monomer concentration [DAMN] =1.4
M, [KPS] =6x10%mol/L, T =75°C and t=2 h for 0.5g chitin. The imparted
cyano groups of the grafted chitin polymer chains (with degree of grafting
up to 234 %) were converted into amidoxime groups by the reaction with
hydroxylamine hydrochloride. The complexing ability of amidoximated
DAMNgraft-Chitin copolymer was investigated with respect to the ad-
sorption of Pb?*, Cd?, Zn?*, Fe*, Cu?, Ni?* and Co?* from aqueous solu-
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INTRODUCTION

Graft copolymerizationisamean of modifyingsome
polymeric materia stoimpart them new propertiessuit-
ablefor many applications. The nontoxic, biodegrad-
ableand biocompatible propertiesof chitinhave been
of interest in the past few decadesto awide range of
industria applications. Heavy metal ionsresultants of
the chemicd processindustriesare pollutantsthat have
received great attention of the governmenta organiza-
tionssincethey can beabsorbed by plantsand animals
and then concentrated in thefoods. It iswell known

that heavy metd ionsreleased into theenvironment are
highly toxictotheliving organismsand changeecol ogi-
cal balance by environmentd cycling*?.Variousmeth-
odsincluding reverseosmos's, ion-exchange, adsorp-
tion and electro-dialysi stechniques have been devel -
oped in order to remove or recover the heavy metal
ionsfrom all kinds of waste water™™. Many different
natural and synthetic materid swith chelating properties
have been devel oped for usein chemical processesin-
dustries plantsfor preventing operational problemsor
contamination of theenvironmentt. Also, chitin, itsde-
rivatives® and modified cellulosd® have been studied
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with respect tother ability to removeheavy meta sfrom
agueoussolution. Grafting of variousmonomersonplas-
tic chitin can successfully solvethe problem of prepara-
tion of polyfunctiond sorbentsand membranes™.
Recently, the adsorbents based on natural prod-
uctsand thelr derivatives deserved particular attentions
becauseof anincreasinginterest intheremovad of heavy
meta ionsfromwastewater. For example, crosdinked
amphoteric starch with quaternary anmonium groups
can effectively removeCr (VI1), Cu (Il) and Pb (11) ions
inagueous solution**Y, Theobtained materidsare con-
venient for wastewater treatment applications, since
they areableto absorb impuritiesvery fast dueto their
chelation and/or complexation abilitiesthrough their re-
active groups, such ascarboxylic acid, amine, amide,
nitrile, oxime groups, etc. Graft copolymerization of
hydroxyethyl methacrylate(HEM A) onto polyethylene
terphtha ate fibersand fabric using dibenzoyl peroxide
asinitiator and the conditionsaffecting on grafting yield
wereinvestigated™?. The capacitiesof Ni (I1) adsorp-
tionusing vinyl-2-pyrrolidonegrafted chitin from aque-
ous sol ution have been measured. Thegraft copolymer
VP-g-Ch showsan excellent ability for Ni (1) adsorp-
tion*%. The newlysynthesized starch graft copolymers
containing aminoethyl groupswas used for removing
Cu (I) and Po (I1) ionsin the aqueous solution by the
effective complexation of aminegroupwith Cu (1) and
Pb (11) ions. The effects of various parameterssuch as
metal ions concentration, adsorption time, adsorption
temperature and grafting percentage of thestarch graft
copolymerswereinvestigated. Moreover, theadsorbed
Cu (II) and Pb (I1) ions can be easily desorbed by treat-
ing with HCI solution and the desorption percentage
reached above 95% when desorbing with 1 N HCI
solution for 1 h at room temperature™®. Removal of
concentrated heavy metd ionsfrom agueoussolutions
using polymerswith enriched amidoximegroupswas
evaluated™. Synthesis and characterization of
diaminomd eonitrile-functiondized polystyrenegraftsfor
application in pervaporation separation were re-
ported®®. Synthesis, characterization and
amidoximeation of diaminomaleonitrile-functionaized
polyethyleneterphthalate (PET) or PVA graftsfor col-
lecting heavy metalsfrom wastewater were studied 617,
An ICP-AES method using a new spherical
Macroporous epoxy—polyamide chelating resin to en-
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rich and separate trace Ga (I11), In (111), Bi (I11), V
(V), Cr (1), and Ti (1V) ionsfrom sol ution samplesis
established*®. Graft copolymerization of vinyl acetate
with chitinwas effected using either theferrousion/hy-
drogen peroxideredox system or gammaradiation for
initiation. Resultsimply that theredox initiationissupe-
rior toirradiation; Snceit givesamuch higher graft yield.
Aswith celluloseand starch, thecericion hasbeena
useful initiation method for graft copolymerizing chitin
and chitosan with typical vinyl monomerd**-24, dueto
thesmilaritiesinthechemica structuresof thesepolysac-
charides. Carboxymethyl derivativesof both chitinand
chitosan arewater-soluble and exhibit alow toxicity!?.
Inthiswork the complexing ability of amidoximated
DAMNgraft-Chitin copolymer wasinvestigated with
respect to theadsorption of Po?*, Cd?*, Zn?*, Fe, Cu?,
Ni?" and Co?* from aqueous solution.

MATERIALSAND METHODS

Materials

Commercially availablechitin: (Surapon Foods
Public Co., Ltd., Thailand). Diaminomal eonitrile: (Hebe
Furan International Co., Ltd.) [Hebei, China(Main-
land)] wereused. Theinitiator, potassium persulphate
(KPS), ferrousammonium sulphate (NH,) Fe(SO,),
and other reagentswere Merck products. Stock solu-
tionsof 1Imgml* of Pb?*, Cd?*, Zn?, Fe**, Cu?*, Ni?*
and Co?** wereprepared. They werediluted and mixed
to give stock standard solutionsof 100 pg ml*andthe
standard sol utionswereused for al experiments.

Characterization

FTIR spectroscopy of the grafted chitin wasre-
corded with aVector 22 Fourier Transform Infrared
Spectrometer (Bruker). An ICP/6500 inductively
coupled plasmaatom emission spectrometer (Perkin—
Elmer) was used and the adsorption columnisaglass
tube (12 x 0.5 cm) containing 0.1g of resinin high-
purity water overnight. It isheld in place by cotton-
wool. Differentid scanning caorimetry (DSC) wascar-
ried out on aPerkin-Elmer DSC-2. DSC measurments
were performed in temperaturerange of 20450 °C at
thehestingrateof 10°C /min in a N, amosphere. Ther-
mal gravimetricanalysis(TGA) studieswerecarried
out using Perkin-Elmer TGA-7. Thermogramswere
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obtained intemperaturerange of 50-700 °C at a con-
stant heating rate of 10 °C/min under N, amosphere.

Synthesisof graft copolymers

0.5gof chitinwasmixedin 50 ml stopper round-
bottomed flask with water—dioxane mixture (1:1) fol-
lowed by the addition of diaminomal eonitrile (mono-
mer) and | eft overnight. Thereaction mixturewastrans-
ferred to a100 mL three-necked flask equipped witha
mechanica girrer. Thereaction mixturewaspurged with
nitrogen gasfor 30 min. Potass um persul phate (KPS)
and ferrousammonium sulphatearecombinedinare-
dox reaction initiator was added in therequired order
(molar ratio of ferrousammonium sul phate/potassum
persul phate (0.225/0.112 g/g) was added to the reac-
tion flask and the reaction mixture was continuously
stirred for 2 hours and nitrogen gas was allowed to
pass through the solution at 75 °C. At the end, the
grafted chitin wasremoved and subjected to soxhlet-
extractionfor 6 hwith methanol and distilled water, re-
spectively toremove the homopolymer. At the end of
the grafting procedure, homopolymer formed in the
grafting medium was preci pitated by the addition of
excess acetone, collected and driedinan ovenat 70
°C. Grafting yield (%) = [(dry wt. of grafted chitin —
dry wt. of original chitin)/ dry wt. of origina chitin] x
100. Grafting efficiency (GE) wasca culated asfollows:
GE (%) =[(wt. of graft)/ (wt. of graft + wt. of homopolymer)] x 100.

Amidoximation of pendant nitrilegroups

The obtained graft polymer, DAMN234-g-Chitin,
wasreacted withthemethanol solutionof hydroxylamine
hydrochloride, NH,OH.HCI, at 80°C in the presence
of triethylamine. During the amidoximation reaction,
samplesweretaken from thereaction vessel at certain
timeintervalsand the conversion to amidoxime struc-
ture wasfollowed by determining the changesin CN
triplebondsof polymer from respective FTIR spectra.
After amidoximation reaction was completed, the
amidoximated polymer taken from reaction vesse was
washed with distilled water andthendriedat 40°C ina
vacuum oven.

Analytical procedure

The mixed standard solutions of Pb?*, Cd?*, Zn?",
Fe*, Cu?*, Niz* and Co?* are pipetted into beakers (100
500 mL). Thesolutionsare passed through theadsorbing
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columns(containing DAMNZ234-g-Chitin) & aflow rate
of 4mL min. Theanaytesaredesorbed from each col-
umnwith10mL of 2M HCl solutiona aflow rateof 1.0
mL min™. Subsequently, theionsinthe 10 mL of eluate
aredetermined by | CPspectrometer. The conditionsfor
analysisby ICP-AES are: forward power 1100 W, ar-
gon plasmagasflow rate 14 L min?, argon nebulizer gas
flow rate 1.0 L min?, argonintermediate gasflow rate
0.6 L min?; wavelengths: Pb?* 220.350 nm, Cd?**
226.499 nm, Zn?* 213.855 nm, Fe* 259.933 nm, Cu?*
324.747 nm, Ni#" 231.602 nm and Co** 228.612 nm.

RESULTSAND DISCUSSION

Gréft copolymerizationof chitinwasachieved a vari-
ouspolymerizationtimes, kegpingthemonomer, initiator
and temperatureconstant at [DAMN] =1.4 M, [KPS]
=6x102mol/L and T =75°C, respectively. As shown
in(Fgurel), graftingyield percentagefirgt increased with
increasing polymerizetiontime; andthen leveled off, reach-
ingtoamaximum graftingvalueof 234 %at 2h. Thisis
attributed tothe diffusion of monomer and initiator mol-
eculesinto chitin chains. Within therangeof 40-90°C,
keeping monome, initiator and polymerizationtime con-
gant, Figure2 showsanincreaseinthegraft copolymer-
izationyield va ueto about 234 %. Theenhancement in
thegraftingyid dwithincreasngtemperaturemay bedue
totheenhancement of chitinswelability andthediffuson
of theinitiator and themonomer into chitin chains. Al so,
formation of homopol ymer indicatesthelevding off of
thegraftingyielda 75°C.
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Figure 1: Effect of time on grafting yield and grafting
efficiency. [ DAMN] =14M, [KPS =6x10" 2moal/L, T =75°C.
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Figure?2: Effect of temperatureon graftingyidd and grafting
efficiency. [DAMN]=1.4M, [KPS]=6 x10" 2 mol/L and t=2h

Figure 3 reved ed that the graft copolymerization
yiedincreasesastheinitiator (KPS) concentrationin-
creasesfrom 3 x 102to 6 x 102 mol/L, and then de-
creases with higher KPS concentration. Thus, potas-
sium persulfate (K PS) and ferrousammonium sulfate
(FAS) arecombined in aredox reaction that ultimately
produces hydroxy radicals being ableto form chitin
macroradicals (scheme 1) capabl e of initiating graft
copolymerization. However, usinginitiator concentra-
tion higher than 7x102mol/L, lead totermination reac-
tions of thegraft copol ymerization. The percentage of
graftingincreaseswiththeincreaseincatayst (NH,) Fe
(SO,), concentration up to 12x10 and then startsde-
creasing (Figure 4). Redox reaction producesFe (111)
ionsand active siteson chitin chains, thereby increase
thegraft yield up to certain concentration of catalyst.
But beyond this concentration, the grafting yield de-
creases. Thisisattributed to theformation of large num-
ber of Fe(l11) ion which promotethe premature termi-
nation of the growing grafted macromol ecul e
Fe?+ 0,5—0—0—S0, -»Fe*+S0,2+S0,™
SO, +H,0—»HSO, +HO"
Chitin%H +HO—Chitin’

Scheme 1: Chitin macr oradicalsby redox reaction

Theeffect of monomer concentration on graft co-
polymerizationisillustrated in Figure 5 which showed
that thegraft copolymerizationyield riseswith increas-
ing DAMN concentration up from 1 - 1.6 mol/L, pro-
ducing 234 % grafting yield. With further increasein
diaminoma eonitrile concentration thegraftingyie d de-
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Figure 3: Effect of initiator concentration on grafting yield.
[DAMN]=14M,T=75°Cand t=2h.
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crease. The decrease in the grafting yield at higher
DAMN concentrations may be dueto the adsorption
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of monomer on the chitin surfacein excessveamounts,
which preventsdiffusion of theinitiator moleculesin-
sidethechitinresulting inlowering thegraft yield. It
may be also attributed to the increase of the homo-
polymerization rather than grafting at these high mono-
mer concentrations.

Conversion of chitininto graft copolymer using
diaminoma eonitrileasmonomer inthe presenceof ini-
tiator (KPS) and further modificationinto amidoxime
dructureareachieved. Thefind sepistheamidoximetion
of nitrilegroupsof grafted polymer. Nitrilegroupswere
converted to amidoximegroupsby usng hydroxylamine
hydrochloridein the presence of triethylamine. The
unique advantage of this polymer isthat it contains
double amidoxime groups per repeating unit and an
additional diethylene spacer unit between neighboring
amidoxime groupsin each monomeric unit. Thereare
two attempts??2%of preparation of resins with
diamidoxime unitsper repeating unit sofar al of which
completely differ from our approach. FTIR spectros-
copy of chitinand grafted chitinisshownin Figure 6
which showed a peak at 3343, 3407 and 2265 cm*
assignableto (NH,), (NH) and (CN) groups, respec-
tively. Bandswerereveded at 2922 cm* (C-H stretch-
ing), 1436, 1052 and 1736 cm* (arisingfrom C-C, C-
O and C=0, respectively). A characteristic strong band
appearing at around 3495 cm'* correspondsto O%H
gretching vibrationsof thehydroxyl group of chitindis-
appear in grafted and amidoximated chitinindicating
theactivesitefor propagating step. Presence of apeak
assignableto CN group in thegrafted chitinindicated
high efficiency of grafting process. Also, apesk at 2873
cm! assignableto CH stretching of CH,, wasfound.
Glasstransitiontemperatures(Tg) for chitin (237 °C) %
, chitin graft 183 °C and amidoximated chitin 164 °C
areillustrated in Figure 7 which show only one Tg for
each copolymer. It is postul ated that the wide endot-
hermic peak at temperaturesbel ow150 °C was a result
of thelossof moisture. Glasstransition temperature of
the grafted chitinislower than glass temperature of
ungrafted chitin. Thisisdueto avariationof chainflex-
ibility inherited from methylenelength. A decreasein Tg
vauesisobserved asaresult of grafting indicating the
incorporation of polydiaminomaeonitrilechainsinamor-
phous copolymerswith higher thermd stability. Besides,
the presence of side groups a ong the chainscan also
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makethe chainsstand off from one another and lead to
theincrease of thedistance of chainsand freevolume
reducing Tg. Thisalowsthepolymer chainsto become
moreflexibleand movepast oneancther easily at lower
temperature. Theeffect of grafting onthethermal sta-
bility of the prepared copolymerswas studied using
thermo-gravimetric analysis (TGA). Figure 8 shows
TGA thermogramsof ungrafted chitin, DAMN234-g-
Chitin and amidoximated chitin. A continuousweight

e %

<

Transmittan

Wave number (Cm™)
Figure6: FTIR spectraof ungrafted- Chitin, DAMN-g- Chitin
and amidoximated DAM N234-g- Chitin
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Figure7: DSC thermograms of ungrafted chitin, DAMN
234-g- chitin and amidoximated DAM N234-g- chitin
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loss confined to asingle-step degradation pattern has
sgnificantly comparable degradation temperature (Td)
vary asaresult of grafting. Ungrafted chitin recorded a
degradation temperatureat 373 °C, while grafted chitin
recorded 395 °C. This means that chitin grafts are more
thermally stablethantheun-grafted chitin. Amidoximated
chitin, however, showsbetter thermal stability having
main degradation step recorded at 406 °C. Thisther-
mal stability would maketheamidoximated chitin suit-
ablefor many practical applicationsFigure?.

Recovery and separ ation of heavy metals

Sincep-chitinisamore hydrated structurethan o-
chitin, chitin sampleswith high 3-structure content are
more hydrophilic supports. Moreover, due to much
wesaker intermol ecular hydrogen bonding ascribableto
the parallel arrangement of the main chains, s-chitins
aremorereactivethan a-chitins®!. The possibility of
using theobtained materid swaseva uated over severd
sorption/ desorption cycles. Kinetics of sorption/des-
orption of metal ionscould not befollowed by gravi-
metric studiesbecausethat requiresremova and drying
of thesamples periodically, which affectstheaccuracy
of theresults. Thus, aspectrophotometric techniquewas
applied. With thistechnique, itiseasy to determinethe
absorbed/ desorbed amounts of metal ionswithout re-
moving and drying the samples. Equa concentrations
of mixed standards are diluted to equal volumesand
enriched through the columns as described above. The
resultsin (TABLE 1) show that the metalscan been-
riched quantitatively by theresin with recoveriesof 98-
100%. It can be seen that the amidoximated chitinis
characterized by aconsiderably greater binding ability
with respect to heavy metas. The nature of the metal
ion a so hasgreat importancein theamount bindingto
the polymeric material. Meanwhile, at pH 1-6, the
chdatingresin hardly enriched such meta iong?. When
using the recommended procedure, theflow ratefor
preconcentration of the andyteson theresin columnsis
varied between 2.0 and 8.0 mL min™. Theresultsin
TABLE 1 show that metal ions can beenriched quanti-
tatively at flow rate of 4.0 mL min. After the chelating
resinistreated with strong acids, theresiniswashed to
neutrality with distilled water and used for enrichment
of andyteions. Theresults show that therecoveriesof
themetalsare A 95%. The regenerated amidoximated
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chitinisonceagain effectivefor resorption.
TABLE 1: Effect of flow rateon enrichment recovery

Flowrate(mL minY) 20 30 40 50 60 7.0 80
Element Recovery %
Pb 9% 98 99 97 90 77 59
Cd 94 97 100 94 84 75 62
Zn 93 9% 98 91 8 71 58
Fe 91 95 98 93 8 72 57
Cu 93 9 99 90 83 69 54
Ni 92 95 100 92 81 70 55
Co 94 97 99 94 8 72 52
CONCLUSION

A nove diaminomal eonitrile-functionalized chitin
grafts (DAMN-g-Chitin) were synthesized. Potassium
persul phate (KPS) and ferrousammonium sulphateare
combinedinaredox system and used asinitiator under
N, amosphere. Optimum conditionsfor graftingwere
asfollows: monomer concentration[DAMN] =1.4M,
[KPS] =6x102mol/L, T=75°C and t=2 h for 0.5g
chitin. Theresultsindicate that amidoximated product
of the obtained graft copolymer DAMN234-g-Chitin
isapotentialy powerful ion exchanger that can beem-
ployed for heavy metalsremoval fromwaste water ef-
fluents
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