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TOM TAT
Nghién d¢u hip pha Zn(ll) bang chitosan khau meh glutaraldehyde ghépsivaxit xitric
(C-Gch )duoc thre hién bing phrong phap giamoan. Anh hrong aia cac thamé&nhu pH,
thoi gian tép xuc, |8u lwong chit hap phu va rbng do cia cac iondd dugc xacdinh. Dung
lwong hip phu cuc dai cua Zn(ll) & pH 5 thuduoc 1a 82,5 mg Zn(l1)/g C-Gch sau 420 phut
tiép xtc. Mo hinh Bp pha ding nhiét Langmuir, Freundlich, Tempkin va Redlich-Peterson
dugc ar dung dé mé & can ng hip phi. Cac plrong trinh phan tich sabsiugc dungdé
danh gia cacwliéu nghién ¢u can ting hip phi. Cac mé hinh nghiénra déu mé & tét
qua trinh Bp phu caa C-Gch.
Tir khoa: kem (11), chitosan kin tinh,dadng nhiét hdap phu

ABSTRACT

Investigation of Zn(ll) adsorption by the chitosgrafted with citric acid via crosslinking
with glutraldehyde (C-Gch) was conduced by bathhoebt Effect of parameters such as pH,
contact time, adsorbent dosage and other metainsaivas determined. The maximum
adsorption capacity of Zn(ll) at pH 5 was found®82,5 mg Zn(ll) /g C-Gch after 420 min
of contact time.The equilibrium data were analymsthg Langmuir, Freundlich, Tempkin
and Redlich-Peterson isotherm models. The equhbrilata were analysed using different
error analysis equations. The models were four tdescribing the data of C-Gch.

Keyword: Zinc (Il), modifed chitosan, adsorptionttserm

1. Introduction capacity absorbent for the several metal

ions. Chitin is a natural polymer extracted

In recent years, adsorption method haf{om the sells of crustaceans such as
been shown that it is an economical an

: : . < prawns, crabs, krill, insects and shriffips
effective method for removing metal ionsj; Chitosan has high potential in the

from watel”. Recently, the search for new -~ v of metal ions because the
and innovative technology to remove toxic ossezs 2 number of different functiona>ll
heavy metal ions from diluted Wastewaterprou s such as hvdroxvls and amines. So
has focused on the removal of heavy met b ) yaroxyls T
by various low-cost materfdl Among the - '° metal ions can bind either by chemical
many low cost absorbents identified,Or _phy5|cal adso_rptlon. _F_urthermore

chitosan poly(i-4)-2-acetamido-2- physical and chemical modifications of

deoxyfi-D-glucan which s prepared from /(o TSRO0 MOV S alkal,
chitin is one of the highest sorption g ’ '

mechanical strength and chemical stability,
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improve the selectivities and the capacitghitosan was prepared by adding 50g of
of absorption for metal ioff§ Different chitosan flakes to a beaker containing
kinds of cross-linking agents such as7/50ml of 2,5%(v/v) glutaraldehyde
glutaraldehyde,  epichlorohydrin  andsolutiort”. The mixture was agitated for 12
ethylene glycol diglycidyl ether have beenhours at 250 rpm and then rinsed several
used in cross-linking reaction oftimes with distilled water. An obtained
chitosa®.  Although  cross-linking orange solid was dried at room temperature
increases the chemical stability of the After that, 30 g of CCTS and 120 ml of 2
biosorbents in such acidic solutions bufo (w/v) citric acid solution were added to
cross-linking has been found decreases tleebeaker. Then, the beaker was agitated for
adsorption capacity of chitodan®. In 1 h at 250 rpm. The mixture was kept at
order to increase adsorption capacity 060°C for 24 hours, washed with deionizer
cross-linked chitosan, we have synthesizediater and dried in air. To each 50 ml
a new material from cross-linked chitosarsolution of Zn(ll) and 0,1 g C-Gch were
by the reaction of cross-linked chitosaradded in 150 ml Erlenmeyer flasks. The
with citric acid. This is a new researchmixture was agitated in an incubated
direction to increase the adsorption abilityorbital shaker at the desired temperature
of cross-linked chitosan on zinc ions for predetermined time intervals.

In this work, cross-linking chitosan  Batch adsorption experiments were
(Gch) was synthesized by the reaction ofonducted to determine the effect of pH,
chitosan with glutaraldehyde. contact time, adsorbent dose and co-ions
Glutaraldehyde cross linking occurson the adsorption of Zn(ll) by C-Gch. For
through a Schiff's base reaction betweemvestigation of effect of pH, 0.1g C-Gch
aldehyde ends of the cross linking agentvas added into flasks containing 50 ml of
and amine moieties of chitosan to form20 mg/l Zn(ll) solution. pH of the solution
imines function§!. Cross-linked chitosan was adjusted from 1 to 7 by either diluted
grafted citric acid (C-Gch) was synthesizeddHNO; or NaOH solution. The mixtures
by the reaction between Cross-linkedvere shaken for 300 min at room
chitosan and citric acid. The effects of pH{emperature (29 +°C). The effect of the
initial Zn(ll) concentration, dose of C-Gch contact time was studied by variation of
and the contact time on copper removashaking time while maintained
from aqueous solution by C-Gch haveconcentration of Zn(ll), pH, adsorbent
been investigated using bath method. dose constant. Effects of adsorbent dose,
2 Material and methods co-ions were determined in the same

The flakes of raw chitosan (0.2_0.45manner as experiments mentioned above

: : y varying the dose or concentration of co-
0
mm) with 87/o_degree of deacetylation anﬂ%ns while kept other parameters constant.
molecular weight of 10 — 10 was

supplied from  VINAGAMA centre. Adsorption isotherm was investigated by

. : . varying the concentration of Zn(ll) in the
Glutaraldehyde, citric acid, zinc and therange of 20 to 200 mg/l of Zn(ll).

other reagents were supplied from Merck _ _
Company. All solutions were preparedT_he solutions _affter adsorption were
with doubly distilled water. Cross-linked filtered and the filtrates were analyzed for

Zn(ll) by polar graphic analysis. The



Tap ChiKhoa Hoc Gido Duc Ky Thuét, (56 24/2013)
Trudng Dai Hoc Su'Pham Ky Thudit TP. H6 Chi Minh

removal efficiency (%) and adsorptionsurface and existence of Zn(ll) ions in the
capacity of Zn(ll) was determined bysolution. The relation of adsorption
relationship: percentage and pH was giverFig.2. The
C -C results shown that the Zn((ll) adsorption
P(%) = —=—=x100 percentage (%) by C-Gch was strongly
0 .
depended on pH. The adsorption
=20 ey percentage increased with increasing pH
and reached the maximum value at pH 5 -
whereP is adsorption percentage (%j.,is 6 and then reduced slowly with pH further
adsorption capacity (mg/gJ is the initial  jncrease. The low adsorption capacity at
Zn(I1) concentration (mg/)Ce is the final pH less 4 is probably because hydrolyzed
or equilibrated Zn(ll) concentration (ppm),jons Zn(ll) have to compete with*Hons,
V is the volume of the Zn(ll) solutiod)( \which protonation of negative charge
andm s the weight of the adsorbeig) ( sites on the adsorbent surface.
3. Result and discussion 100

3.1. Effect of contact time 95

The effect of contact time on the|< 9¢
adsorption of Zn(ll) was studied under| 5 g-
conditions: 0.1g of adsorbent, pH 5.0 80
room temperature, 20 and 40 mg/L Zn(ll) e
The adsorption experiment were carrieq ‘~
out for contact times ranging from 10 to] 70

e

/- Adsorption

480min. The results obtained are showifrig. 1 0 2 4 pH 6 8
100 Fig.2: Effect of pH
95 - 3.4. Effect of dose

Fig.3 shown the effect of adsorbent
dose on the adsorption of Zn(ll) by C-Gch.
——Zn(Il) 20 mg/L The Zn(ll) adsorption percentage increased
——7n(IT) 40 mg/L with increasing of C-Gch dose. This
75 . . . phenomenon relates to the number of

available adsorption sites in the adsorbent
surface.

0 200 400 600

Fig.1: Effect of contact time

It was found that the adsorption
percentage of Z(ll) increased with
increasing contact time and reached
equilibrium after 420 min. This time was
suggested to apply for next experiments

3.2. Effect of solution pH

pH is an important factor for the
adsorption process. Because pH of solution
controlled the charge of the adsorbent
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Fig.3: Effect of dose Fig.5: Effect of initial concentration on the

3.5. Effect of other metal cations adsorption Zn(I1)

The effect of cations including Cu(ll) , 3.6. Effect of initial Zn(I1) concentration

Pb(ll) , and Cd(Il) on the adsorption of 'he effect of the initial Zn(ll)

Zn(ll) onto C-Gch was investigated usingconcentratlon on the adsorption capacity
50 ml of Zn(ll) 20 mg/L, pH 5 at room Was studied by variation of initial Zn(ll)

temperature and 420 min of contact timeconcentration ranging from 20 to 200
The results obtained are shownFiig.4. It MY/L. The results obtained are shown in
can be seen that the adsorption percentafjéf-S: It is remarkable that the adsorption
of zn(ll) was reduced with increasingPercentage of Zn(ll) decreased with

concentrations of cations, particularly ionincreasing the initial Zn(ll) concentration.
CW* ion. In the presence of &uwith This phenomenon can be explained by

concentration ranging from 0 to 200 mg/Lfitting the amount of adsorbent dos_e while
the adsorption percentage of zn(l))more amount of Zn(ll) was added into the

reduced from to 98.5% to 18% while theSyStem.

adsorption percentage of Zn(ll) reduced tc 15 y=10,004x + 0,035
73.2% and 62.8% in the presence of Cd(ll| ~ R*=10.993
and Pb(ll) respectively. The effect of metal| & 1.0
ions on the adsorption of Zn(ll) can be| =
) , =05
arranged in the order as following Cu(ll) >| 3
Pb(Il) > Cd(Il) 0.0 . . |
100 0 100 200 300
o Ce (mg/L)
280 N _ — 5
< Fig.6: Adsorption isotherms of U(VI) on CCTS-
g(ﬂ(} e ——Cu(l) T ‘ citric, linearized according to the Langmuir
B A0 D —&Ccd1) | equation
e ——Pb(II)
=20 | ——

e
p—

100, . 200
(_Tolloelltl‘atléu(l(ot cations (111g.%5

Fig.4: Effect of cations
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6.0 - maximum adsorption capacity for Zn(ll)
50 4 N et was found to be 102.4 mg/g.
o 4.0 The magnitude ofKr showed a high
£ 3.0 y=0.123% 44,777 Zn(I1) adsorptl\{e capacity of C-Gch from
2,0 1 R2=0.989 aqueous solution studied. Table 1 also
1.0 + ' indicated that
— &% ' ' ' 0 < 1/ne < 1, indicating that Zn(ll) is
-2 0 2 lnce 4 6 favourably adsorbed by C-Gch at all

Fig.7: Adsorption isotherms of Zn(Il) on CCTS- Stu_l(_jled pk{:lrar_netﬁrs. h h
citric, linearized according to the Freundlich empkin isotherm, assumes that the

equation heat of adsorption decreases linearly with
the coverage due to adsorbent-adsorbate

3.7 Adsorption isotherm ) ] .
The adsorption isotherm is the mostmterachor[l1 . The Te_mpk!n isotherm h.as
important information, which indicates generally boen applied in the following

1SS Jinear formtt?,
how the adsorbent molecules distribute = BIn A+ BInC  (3)

between the liquid and the solid phase%e: RT/b (4)

when the adsorEtion process reaches Where A (L/g) is Tempkin isotherm
equilibrium staté!. The experimental constant k g

adsorption data were fitted the Langmuwb (J/mol) is a constant related to heat of

Freundlich Tempkin and ReoII'Ch'Pemrso%orption,R is the gas constant (8.314 J/mol

|sc_)rtrr11§rrr|1me§;rat|1% r;?ns of Langmuir and K) and T the absolute temperature (K). A

Freundlich models are presented a lot Of G VErsus InCe enables the

following equation 4413,17-20] etermination of the |so_therm constants A,

The Langmuir equation: ' b frc_)m th_e slope and intercept. The data
’ are listed in Table 1.

C./q. =1/Ka, +C./qp, (1) Redlich- Peterson isotherm (R- P) contains
The Freundlich equation: three parameters and incorporates the
(2) features of the Langmuir and the

Freundlich isotherms into a single
where @ is amount of Zn(ll) adsorbed perequation. The general isotherm equation
unit weight of the adsorbent at equilibriumcan be described as folloWs
concentration (mg/g), L£is the final _ KgC,
concentration in the solution (mg/l),,ds %=1 a,C )

the maximum adsorption  capacity _Ofwhere Kg (L/g) and ar (L/mg) are R-P

Zn(ll) (mg/g), K and k are the Langmuir jsotherm constants arglis the exponent.
gnd Freunplllch constants, respectively, 1/fne exponentg, lies between 0 and 1.
is Freundlich coefficient. The parametersrhere are two limiting  behaviors;
of Langmuir and Freundlich equations| gngmuir form forg = 1 and Henry's law
obtained were given in Table 1. Hi#h o g = 0. The values of blies between 0

values indicate high adsorption affinity.gnq 1 (Table 1) indicate favorable
From the Langmuir equation, theadsorption.

Ing, =Ink, +1/nlogC,
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equilibrium  within

420 min, The

From the results obtained, it could beddsorption percentage increased with
concluded that CCTS-citric is an effectiveincreasing pH to a maximum value (pH 5 -
adsorbent for Zn(ll) adsorptio. The zn(l1)6) and then declines slowly with further
adsorption percentage by CCTS-citric wadncrease in pH. The adsorption percentage
strongly dependent on contact time, pHZn(ll) ~ decreased  with  increasing

dose of adsorbent, cations and initial zn(llgoncentration of Cu(ll), Pb(ll) and Cd(ll)
concentration. ions. With the low value of RMSE and,

The adsorption capacity of zZn(ll) on C- it could be concluded that four models can
Gch  increases with an increasing o e used for describing the adsorption
contact time and process of Zn(ll).

reaches adsorptio

Table 1: Parameters of isotherms for Zn(ll) adsimnpt

Isotherm modes Parameters RMS X2
Langmuir q"*8(2",159‘/19) K (OL'/O”;Q) 2,95 3,70
Freundlich K'ié%;/;’) %)/'EG 1,39 0,52

Temkin KT&/ZQ) le(gllrf'gg')) 4,88 8,97
Redlich- Peterson Kfo(,l‘ég) & (IO‘,/E%Q) (t)k,69 1,06 0,67
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