Available online at www.derpharmachemica.com

%)
:
S|

Scholars Research Library 3

o

Scholars Research

Der Pharma Chemica, 2015, 7(10):275-283
(http: //der phar machemica.convarchive.html)

v

ISSN 0975-413X
CODEN (USA): PCHHAX

Removal of heavy metals from water by adsorption oghitin derivatives
Samar H. Mohamed, Ahmed A. EI-Gendy?, Amal H. Abdel-kader*and E. A. El-Ashkar®
abCellulose & Paper department, National Research Centre, Dokki, Cairo, Egypt

PTaif University, Chemistry Department, Saudi Arabia
“Spectroscopy Department, Physics Division, National Research Centre,Dokki, Cairo, Egypt

ABSTRACT

Chitin, isolated from shrimp shell, was subjected to acid and alkali treatment. The effect of alkali and acid
pretreatment of chitin on phosphorylation of chitin was investigated. Also the effect of alkali and acid pretreatment
of chitin on the extent of phosphorylation in presence of cross-linker was illustrated. Acid pretreatment was found to
be more efficient in increasing the reactivity of chitin toward phosphorylation than alkali pretreatment. The
prepared chitin derivatives were investigated for heavy metal ions removal (Ni, Mg, Zn and Pb). Phosphorylated
and also carboxylation of chitin (in presence of crosslinker) have increased capability toward heavy metal ions
removal more than chitin. Also, phosphorylated cross-linked chitin treated with acid showed the highest heavy metal
ion removal capability. Infrared spectroscopy (FTIR) was used to follow the molecular structure of chitin and its
derivatives.
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INTRODUCTION

Chitin has been reported to be the second mostiamtimatural polysaccharide in nature and is widéjributed in
marine invertebrates, insects, fungi and yeast][Ad8er cellulose, it is the most common polysacatiariound in
the nature. Like cellulose, chitin is a fiber, andaddition, it has been used in the pharmaceuytaalironmental,
cosmetic and agricultural industries for applicasidhat include wound dressings, contacts, lotipaskage film
coatings, pesticides, and wastewater treatmen€CHitin, a polymer composed of linear repeatingkiet-linkedN-
acetyl-D-glucosamine monomers, thus chitin is prigppoly (N-acetyl-2-amino-2-deox@-D-glucopyranose) in
which the N-acetyl-2-amino-2-deoxy-D-glycopyrandse glucosamine) units are linked by (1f)bonds. The
repeating units contain two hexose residues andpgeenone chitobiose unit [4, 5]. Purified chiigna white
material, it is insoluble in water, dilute aciddute and concentrated alkalis and all organic eots, but is soluble
in anhydrous formic acid, in hypochlorite solutioaad in concentrated mineral acids. Chitin is mestdily
prepared from the shells of such crustaceans &s,dabster, shrimp, etc [6-8].

Removal of heavy metals from contaminated solutisrtberefore essential [9-11]. It can be carriatly different
methods, such as, precipitation, oxidation or rédaoc ion exchange, electrochemical methods, fitirg
coagulation, adsorption, osmosis, membrane opesgtar evaporation [12]. To this end, chitin hasrb&nown to
chelate heavy metal ions for wastewater treatmarpqseq13, 2]. For instance, Yang and Zall [14] have sdd
the adsorption of various metal ions by chitin.eSiland Hassan [15] have investigated the adsorpfiaanic
species of sulfonated azo dyes and inorganic agane acids onto chitin. Chitin showed high chiealgtability in
removal of trace metal ions, such as mercury, coppmc, chromium, cadmium, nickel, and lead, from
contaminated effluents or sludge [16-18]. In ano8tady, vanadate cations have been adsorbed tiy f18]. The

275
www.scholar sresear chlibrary.com



Samar H. Mohamedet al Der Pharma Chemica, 2015, 7 (10):275-283

high capacity of chitin for adsorbing dyes and rigtas has been attributed to a combination of nfaejors such
as its ionic nature, its affinity for water, and forous polymer structure [20].

Chitin and the derivatives of chitin have playegingicant role in their capacity as adsorbent aoohglexing agent
by virtue of their hydroxyl, acetate, amido and aongroups [21].

Compared with other polysaccharides, chitin is emetive so the incorporation of groups such as ptate onto
chitin by reaction of phosphorylating agent onte #mino groups is known to increase the chelatoggrties of
chitin and could modify its solubility and increabe potential applications of chitin for pharmatieal, veterinary,
medicine, biomedical, and environmental fields P53-

The aim of this study was to prepare ion exchafrgen chitin by incorporation of phosphate or candayoup onto
chitin. Effect of crosslinking on the efficiency ahe prepared ion exchanger toward metal ions ieorps
investigated. Molecular structure of the producesin from chitin is followed by using infrared sgescopy.

MATERIALS AND METHODS

Materials
The raw material used in this study was shrimplshel

Isolation of chitin from shrimp shells

Chitin was isolated from shrimp shells [26]. Firdte shells were treated with hydrochloric aciddmove calcium
carbonate then with sodium hydroxide to removedresi protein and finally washed thoroughly with @raand left
to dry in air. Pigments were removed with bleachaggnts (chlorination, alkali extraction, and hyglodte).

Pretreatment of chitin with acid and alkali
Chitin was treated with 0.1N hydrochloric acid of sodium hydroxide before phosphorylation for @uts at
room temperature, then washed with distilled wélieneutrality and finally air dried.

Phosphorylation

Chitin was phosphorylated according to the methiodetirfeld [27, 28]; 5 gm of oven— dry chitin wasspended in
40 ml of pyridine and cooled to 8°C. 20 ml of dimtdmethane containing 5 ml of phosphorus oxychonighs
added to the previous mixture and heated at 116f@H. The mixture was filtered and the phosphaoeglanaterial
was washed with 0.1N HCI, distilled water, methasod air-dried.

Crosslinking

Cross-linking of the phosphorylated chitin with @gorohydrin was carriedout by treating chitin with
epichlorohydrin in presence of ammonium hydroxitl€@fC for2 hours [29] The cross-linked chitin was filtered,
washed with ethanol and water, and finally vacuuiaddat 65°C for 12 hr.

Determination of phosphorous

Phosphorylated material (0.2g) was digested in 1@fnsoncentrated nitric acid. After digestion, thelution was
diluted to 100 ml with de-ionized water in a measyiflask. Phosphorus was determined using an kdi@oupled
Plasma spectrophotometer ICPAES Jobin Yvon J4 fp86tometer.

Preparation of crosslinked carboxylated chitin[30]

Crosslinking of chitin

5g of chitin was crosslinked using epichlorohydii®0ml) under reflux for 3hr. The crosslinked atitvas filtered,
washed with ethanol and water, and finally vacuuiaddat 65°C for 12 hr.

Crosslinked oxy-chitin

Crosslinked chitin (5g) was mixed with 100 ml ofuaqus 10% Nal@solution. The mixture was stirred gently at
room temperature for 24 hr. The product was furthested with 50 ml of 0.4 M sodium chlorite sodutiin 2M
acetic acid at room temperature for 48 hr. The pred oxy-chitin was thoroughly washed with wated &t to air
dry [31].

Infrared spectroscopy
Infrared spectra of chitin and its derivatives welgained by using JASCO FTIR 800E spectrometee. §dmples
were measured using the KBr disc technique.
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Adsorption of heavy metal ions

The phosphorylated and carboxylated chitin denesti(0.2gm) were stirred with 25 ml of the aquesaisition of
the metal chlorides of nickel, magnesium, lead aimt. The suspension was filtered and the metad mre
determined in the filtrate using ICP-AES Jobin Yui¥h185 spectrometer. The pH value was adjusted) @01 N
NaOH solutions.

RESULTS AND DISCUSSION

FTIR spectra of chitin and its derivatives

Acid treatment can remove residual calcium carbmiaaid other containments present in chitin and ithereased
the porosity of chitin and make the penetratiorcleémicals easier during the reaction. Acid treatneenild also
cause degradation of chitin chain and consequémthgased the number of hydroxyl end groups aviailédr the
phosphorylation. On the other hand, treatment wikiali causes swelling and decrease of crystafliaftchitin as
shown in table (1) and interrupts the hydrogen bmndetween chains resulting in increasing the ssibke
hydroxyl groups for reaction. Acid treatment oftehiincreased the reactivity towards phosphorytatimore than
the alkali treatment. This may be due to the irgeeaf the number of hydroxyl end groups due toaitid treatment
as mentioned above. FTIR spectra of acid —trea#d]i- treated, and untreated chitin is shownigure (1). The
figure shows a decrease in the relative absorbafitte ether linkage band in case of acid treatrdestto cleavage
of the ether bonds between chitin units and formmatf more hydroxyl groups and appearance of O-hiding
bands. Due to phosphorylation of chitin a new bamgseared at 1200 and 980 €mvhich are characteristic to
C-O-P.

From Table (1), it is clear that the relative absmice (intensity of any band/intensity of band325.Cm") [14, 31]

of acid treated chitin is higher than untreated tivad of alkali treated chitin due to the increa$¢he end group of
degraded chitin. On the other hand, the relativeoddance of Ckigroup of alkali treated was higher than that in
case of untreated and acid treated chitin duegdligsolution of protein and Cag chitin. On the other hand, the
mercerization depth (ratio of band intensity at33@ band intensity at 1325) [32] of alkali treatddtin is higher
than in case of treated chitin with acid. This d@n confirmed by the higher crystallinity index {oabf band
intensity at 1425 Crhto band intensity at 900 Chof acid treated chitin than untreated and alkakted chitin.

Figure (1) shows the infrared spectra of chiticid treated chitin and alkali treated chitin. THends at 3264 and
3106 Cnt are characteristic to vibrational mode of NH amaeramolecular hydrogen bonding C=O-NH and H-
bonded of NH group) [33].

Table (1): The values of some properties of chitiwhich calculated from the infrared spectra

Relative absorbance of groups

Materials Acetyl content %| Mercerization depth Crystallinity index AL115/A1325] AL650/A1325] A3110/A1325
chitin 98 1.33 1.10 1.76 11 13
chitin treated with acid 62 1.26 1.2 1.56 1.6 0.75
chitin treated with sod3 55 151 1.01 161 15 0.66

4000 3000 zoca

1uow

Wavenumber Cm-1,

Figure(l) FTIR spectra of chitin (a) ,chitin treated with acid (b) and chitin
treated with soda (¢).

Generally, the incorporated phosphate groups inspihorylated treated chitin are higher than thatase of
phosphorylated untreated chitin (Table 2). This banattributed to that; acid removes residual Ca@@l other
contaminated materials present in chitin. This tinemt increases the porosity of chitin which enkanthe
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penetration of chemicals through chitin. Also, atridreases the degradation of C-O-C between thinathains
causing an increase in the end groups of chitinncleausing an increase in the reactivity of chitoward
phosphorylation process. On the other hand, tregtmiechitin with alkali increases the swelling dfitin chains
and consequently the crystallinity index of alka#ated chitin decreases and this increase theppbogdation of
chitin. Phosphorylation of acid treated chitin ighter than alkali treated chitin. This can be ekpd by increasing
of chitin degradation by acid which increases the groups of chitin chains.

Table (2): Phosphate groups incorporated in phosphglated of untreated and treated chitin with acid a alkali

Phosphate grouy

Materials (microgram/gm)

Untreated chitin
Acid treated chitin 88
Alkali treated chitin 80

Chitin incorporated with different functional group s

Incorporation of different functional groups e.dpogphate and carboxylic groups onto chitin wasi@arout. Also
chitin was crosslinked with epichlorohydrine to impe its efficiency toward phosphorylation and maprove its
efficiency toward metal ion uptake.

Table (3) shows that, the incorporated phosphatepgonto chitin increased by acid treatment andstirtked
chitin. This is indicated by the calculated relatabsorbance of C-O-P of incorporated phosphatgpgoato chitin.
It was found that the phosphate crosslinked cliitie higher efficiency toward phosphorylation theratment of
chitin with acid. This is attributed to that, thevsslinking increased OH groups of chitin and iased the extent of
phosphorylation.
OH
O |

R—OH+ CH,— CH— CHy—Cl-2%" — RC—0— CH,CH—CH,OH

Chitin  Epichédydrine

Table (3): The relative absorbance of different dewatives of chitin

Material Relative absorbance of groups Acetyl content| Degradation
C-O-P| COOH| CH | NHCOCH; | OH | NH, %
chitin 1.20 1.40 120 11 98 1.30
phosphorylated chitin. 1.20 1.11 1.33 1p8 1{83 60 122
phosphorylated chitin treated with acid 1.31 -1 251 1.30 1.28] 1.30 50 1.18
carboxylated chitin 1.41 1.34 1.26 1.40 54 1.20
Phosphorylated crosslinked chitin treated with acidl.43 1.40 1.20 132 1.4p 56 1.15

& =

a0ow EGG 2000 Tuos

T avenumbor re—1.,

Fig (2): FTIR of phosphorylated chitin (a), phosphaeylated crosslinked chitin treated with acid (b) and phosphorylated chitin treated
with soda (c).

Also the crosslinked acid treated chitin is morévactoward phosphorylation than the crosslinketteated chitin.

This is due to acid treatment of chitin degradeeldhitin chains and thus increasing the end grofijghains beside
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the crosslinking. On the other hand the relativeoaance of band at 1200 Crwhich attributed to C-O-P band of
phosphorylated acid treated chitin is higher tHaat bf phosphorylated untreated chitin (Figure 2pm infrared
spectra it is shown that the acetyl percent is ebsed by acid, crosslinking, carboxylation and phosylated
chitin. This is due to that, during the treatmertdgess of chitin, the acetyl amine groups will lyerolysed .Due to
this, the relative absorbance of amino group ad31&i* increased by this treatment.

Figures 3 (a, b) show a decrease in the relatdsorbance of the ether linkage band in case ofpitarglated
crosslinked chitin and phosphorylation of crossidKchitin treated with acid) due to cleavagehef €ther bonds
between chitin units and formation of more hydrogybups and appearance of O-H bending bands. la chs

carboxylated chitin Figure (3c) shows a clear imseein the carboxyl group absorption bands at abelsCnt and
1690 Cnt* due to the introduction of the COOH group.

VA SN YA
—SNRL L
SR S

AGOo =TT [aTuray ET=T=TE]

e uarmb e r (Chrve— 1

Fig (3): FTIR of phosphorylation of crosslinked chtin (a), phosphorylated crosslinked acid treated citin (b) and carboxylated chitin (c)

Figure (4a) shows a decrease in the relative abaogbof the ether linkage band in caseroslinked chitin treated
with sodadue to cleavage of the ether bonds between chitits and formation of more hydroxyl groups and
appearance of O-H bending bands. Duephmsphorylation of crosslinked chitin treated withda new bands
appeared at 1200 and 980 €wmihich is attributed to C-O-P.

auvou @000 ZO00 1000

Fig (4): FTIR of crosslinked chitin treated with sada (a) and phosphorylated crosslinked chitin treagd with soda (b)

Effect of crosslinking of phosphorylated chitin ontheir ion exchange capacity

Crosslinking of chitin is usually carried out tooé its dissolution in water in case of its modifion with
hydrophilic groups such as phosphate. The effeatro$slinking of phosphorylated chitin on their ierchange
capacity toward some heavy metal ions (atd@dds shown in Figures (5, 6). As shown in the Féguhe adsorption
of the heavy metal ions is generally higher for gtwrylated chitin (treated with acid) than thaated with alkali.
This could be attributed to the presence of higitersphorus content of phosphorylated chitin (ticatéh acid).
Although crosslinking using epichlorohydrine redsidbe number of hydroxyl groups but it adds newdrdwgyl
groups that have larger ability for adsorption tlu¢heir presence onto the introduced ethyl sidgrctas shown in
the following equation).
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OH
7O NaOH |
R—OH+ CH,— CH—CH—Cl-°" _ RC—0— CH,CH— CH,OH

Chitin Epichldnwdrine

From Table (4), it is clear that the phosphoryladeitl treated chitin has the higher affinity towandtal ions uptake
due to its higher incorporated phosphate groupsthenother hand, treatment of chitin with acid éhated the
pigments and traces protein formed in chitin, tieasing the porosity of chitin causing an insedn the
penetration of chemicals through chitin chains andsequently the contact between phosphorylatetl taeated
chitin and metal ions increases.

From Table (4), it is clear that Mg ion is more adied by resin than the others. In contrast Nhéslowest metal
ions adsorped by resin. This is depending on thetrein negativity and radius of the ions. On theeotand, the
phosphorylated alkali treated chitin has a highetaiions uptake more than untreated one.

Table (4): Metal ions uptake f1 mole/ gm) by Phosphorylated treated chitin

Metal ions uptak@ mole/ gm
Mg Ni Zn Pb Phosphate group
Phosphorylated chitin 27.82 043 31.24 11 60
Phosphorylated acid treated chitin 38|5 2|60 32 741. 78
phosphorylated alkali treated chitin 35 1.20 31|621.50 70

Material

[72]

0 Ni = Mg 0 Pb | Zn

Nt iosygakericonded
N
(0]
1

P.C.C.A P.Cc.C.S

Figure (5): Effect of different treatment of chitin on their metal ions uptake capacity, where, P.C.®. is considered as phosphorylated
crosslinked chitin treated with acid, P.C.C.S is pbhsphorylated crosslinked chitin treated with sodaC.C.P is phosphorylated crosslinked
chitin, and P.C is phosphorylated chitin

O Ni 0 Mg B Pb 0 Zn

Metdl ians yptake(imicrondeg)
N
o
|

T T T
c.Cc. c.Cc.s

Figure (6): Effect of carboxylated chitin (C.C.) ard crosslinked chitin treated with soda (C.C.S.) otheir metal ions uptake capacity

Effect of crosslinking
Table (5) shows th#&letal ions uptakeu mole/ gm) by phosphorylated chitin, phosphorylatedisslinked chitin,
phosphorylated crosslinked acid treated chitin phdsphorylated crosslinked alkali treated chitimogSlinking
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using epichlorohydrine reduces the number of hygrgroups but it adds new hydroxyl groups which éndarger

ability for adsorption due to their presence onbke tintroduced ethyl side chain. As shown in talie t
phosphorylated crosslinked acid treated chitin hastigher metal ions uptake than the other prepaoed

exchangers.

Also in Figures (7, 8) the adsorption of heavy rhigtas in case of phosphorylated crosslinkedirclitreated with
acid or alkali) is generally higher than that obpphorylated crosslinked chitin, phosphorylatedirciiin absence of
crosslinker), carboxylated chitin, and chitin (texh with soda) in presence of crosslinker respelstivihere are
different factors affect the adsorption of heavytahéns onto different functional groups such harge of metal
ion, its atomic radius, and softness of its chafde charge of the metal ion is an important factor

Table (5): Metal ions uptake o mole/ gm) by Phosphorylated chitin, Phosphorylate@rosslinked chitin, Phosphorylated crosslinked adi
treated chitin and Phosphorylated crosslinked alkaltreated chitin

. Metal ions uptake mole/ gm
Material Mg Ni Zn Pb Phosphate groups
Phosphorylated chitin 27.82 043 31.24 11 60
Phosphorylated crosslinked chitin 33.94 0096 31.4P1.07 66
Phosphorylated crosslinked acid treated chitin A3.B.16| 32.5| 11.94 90
Phosphorylated crosslinked alkali treated ch|tin3.84 | 1.29| 31.74 11.66 84
@ Phosphorylated crosslinked acid treated chitin
O Phosphorylated crosslinked alkali treated chitin
O Phosphorylated crosslinked chitin
B Phosphorylated chitin
50 -
45
o
% 40
g 35
. 30
£
§ 25 -
g 20
g 15
g 10 A
° L
0O —+
Ni Mg Pb zZn
Metal ions

Figure (7): Effect of crosslinking of phosphorylate& chitin on their metal lons uptake capacity
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m Carboxylated chitin using crosslinker
35 4 O Chitin (treated with soda) in presence of crosslinker

30 -
&)
o,

T 25
1S
2
9

£ 20
T
bl

g 151
g
Qo

® 10 o

5 -

O —
Ni Mg Pb zZn
Metal ions

Figure (8): Effect of treatment of chitin (without phosphorylation) on its metal ions uptake capacity
CONCLUSION

Acid pretreatment of chitin was more efficient incieasing its reactivity toward phosphorylation nthalkali

pretreatment. Chemical modifications of chitin bigopphorylation, crosslinking and carboxylation ewsed its
capability toward heavy metal ions removal. Alsbp8phorylated crosslinked chitin treated with agédte the best
results.
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