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ABSTRACT

A fibrous adsorbent was prepared by grafting Aaylacid /Acryl amide co-monomers onto
poly(ethyleneterephthalate) fibers. The resultiogosnt has been studied for removal of trace lanilti green
from aqueous solution. The optimum pH value fopson of the brilliant green was 6. The sorptiorpaaity of
functionalized fiber is 65.5 mg™g Scatchard analysis revealed that the homogendinding sites were
formed in the polymers. The equilibrium adsorptitata of brilliant green on modified fiber were aypa¢d by
Langmuir, Freundlich, Temkin and Redlich—Petersoodefs. Based on equilibrium adsorption data, the
Langmuir, Freundlich and Temkin constants were rigiteed 0.032 (thkg?), 4.92 (mkg k@) (n kg®)*™ and
1.777 (L ¢') at pH 6 and 20 °C, respectively. Based on Redketerson Isotherm analysis, Langmuir isotherm
best-fit the equilibrium data for adsorption of Ibént green.

Keywords: Isotherm study, poly (ethylene terephthalate)tgdxcrylic acid /Acrylamide Fiber, Brilliant gregn
polymer grafting, pigment removal

INTRUDUCTION

One trend in modern civilization is to effect gralueplacement of natural materials with either glhthetic
materials or modified natural materials. In theypwéric age, it is essential to modify the properié a polymer
according to tailor-made specifications designeddoget applications. There are several meansotifsnpolymers
properties, viz. blending, grafting, and curingléBding’ is the physical mixture of two (or moredlpmers to
obtain the requisite propertié&Grafting’ is a method wherein monomers are conéfebonded (modified) onto the
polymer chain, whereas in curing, the polymerizatd an oligomer mixture forms a coating which awiseto the
substrate by physical forces.

Fibrous reactive materials have a very high adsorptapacity due to their very large surface ar@here are
mainly two ways to prepare reactive fibers, nam#hg exchange of the existing groups on the fibith wther
reactive groups having higher adsorption abilityl amafting of various vinyl monomers upon the fitigr graft
copolymerization. Grafting improves the adsorptiapacity and selectivity of fiber significantly igrming many
reactive groups upon the polymer chains.
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Brilliant green (BG) is a triphenylmethane dye,gamally used as a dyeing agent in the textile itgudas also
been widely used in the fish farming industry foamg decades. The reason for its popularity is édrifrom its
broad antimicrobial spectrum and effectivenesshiengrevention and treatment of certain fish diseasenpared to
other fishery chemicafsOn the other hand, it is also used as a dye ky wibol, and jute and in leather cotton,
paper, and acrylic industriésHowever, BG has now become a highly controversiahpound due to the risks it
poses to the consumers of treated fish, includm@ffects on the immune system and reproductigeesy and its
genotoxic and carcinogenic properti€sThe most widely used methods for removing dyesnfrvastewater
systems include physicochemical, chemical, andbbiokl methods, such as flocculation, coagulatpwacipitation,
adsorption, membrane filtration, electrochemicahtéques, ozonation, and fungal decolorizatfbAdsorption is
widely used in the removal of contaminants from teasters. The design and efficient operation ofoguon
processes require equilibrium adsorption data. @geilibrium isotherm plays an important role in dictive
modeling for analysis and design of adsorptionesyst*

The purpose of the present study is to indicatdehsibility of grafted poly AA/AAm on PET fiber assorbent for
removal of brilliant green from aqueous solutioror Rhis purpose, the adsorption isotherms like Inamig,
Freundlich, Temkin and Redlich—-Peterson models werdied for sorption behavior of this new sorbent.

MATERIALS AND METHODS

2.1.Reagents and solutions

Fiber PET (filaments: 130 and dtex 170) made intile)Engineering Department, Amir Kabir Universiof
technology, Tehran, Iran. Acrylic acid, acryl amimenzoyl peroxide, acetone, N0, NaHPO,, CH;COONa,
HNO;, CH;COOH and brilliant green were products of Merck fidstadt, Germany).

All the reagents were analytical grades and uséuowi any further purification.

The 0.01 M acetic acid - acetate buffer (pH 3 9,8091 M phosphate buffer (pH 6.5 - 9) were useddjust the
pH of the solutions, when needed.

2.2.Synthesis of PET-AA/AAm fiber

Details of the preparation and characterizatiorthef MIP was reported in the previous wotk.Fiber samples
(0.100 + 0.001 kd) were placed in a 0.01 érpolymerization tube and calculated amount of AAl #&Am were
added to it. Then BB, dissolved in 3 crhacetone was added to tube. The mixture was made 5@x10° m® with
deionized water and placed into a water bath aptgmerization temperature 85+1 °C. The fiber dasipaken at
the end of polymerization were freed from homopdayrar copolymers by washing with boiling water augtone
for 1 h (changing the washing water four times)e Washed fiber was dried at 50 °C under vacuum.

2.3.Batch method

A sample solution (50x10m®) containing (0.3x1® kg m?* of Brilliant green was taken in a glass stoppenttlé,
and the pH was adjusted to optimum value. The @TXt of PET-AA/AAm fiber was added to the bottle ahe
mixture was shaken for optimum time. The fiber welsen out and sorbed brilliant green was determmetV-
Vis spectroscopy at 624 nm in supernatant.

2.4.1sotherm studies

Isotherm studies were carried out by adding a fixewunt of adsorbent (0.1x10kg) to a series of beakers filled
with 50 (cn?) diluted solutions of brilliant green (10-100%%Rg ni®). The beakers were then sealed and placed in a
water bath shaker and shaken at 200 rpm with airesjadsorbent time (4 h.) at 20 °C and optimum Pphe
beakers were then removed from the shaker, andiriak concentration of brilliant green in the satut was
measured by UV-Vis spectroscopy at 624 nm. The amotibrilliant green at equilibrium.qmkg kg*) on PET-
AA/AAmM fiber was calculated from the following edian:

ge= (Co-Co) VIW 1

where G and G (ukg m®) are the liquid phase concentrations of brilligmeen at initial and equilibrium,
respectively, Vx1§ (m) the volume of the solution and W xiQkg) is the mass of adsorbent used.
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RESULTS AND DISCUSSION

3.1.Brilliant green sorption as a function of pH

The degree Brilliant green sorption at different ydues was determined by batch equilibration tepken A set of
solutions (the volume of each 100516°) containing 0.5x18 kg m® of Brilliant green was taken. Their pH values
were adjusted in range 3-9 with 0.01M acetate anpfwsphate buffer solutions. The 0.1%1(kg) of PET-
AA/AAmM fiber was added to each solution and the tomi& was shaken for 6 h. The optimum pH values for
quantitative uptake of metal ions were ascertaitid measuring the brilliant green content (by UV-Vis
spectroscopy) in supernatant liquid. The optimumrahbe for the sorption of the metal ion is showifrig.1. The
maximum sorption was occurred at pH 6.

3.2.Total sorption capacity

The 0.1x1G kg of PET-AA/AAm fiber were stirred for 4 h witH0%10° m® solution containing 10-100xftkg mi®
of brilliant green at optimum pH and 20 °C. The dpncentration in the supernatant liquid was edtohby UV-
Vis spectroscopy. The sorption capacity of the sorlfor the brilliant green was ascertained from dhifference
between the dye concentrations in solution befow ater the sorption. The saturated adsorptioracgpof the
fiber was shown in Fig.2. This figure indicates #ffect of initial concentration of the brillianteen in the solution
on capacity sorption of brilliant green by PET-AAA fiber. The capacity goes up with increasing iahit
concentration of the brilliant green in the solatidhe capacity adsorption of the modified fibesvimund 65.5x10
3 kg kg* in initial dye concentration of 100xFkg cm?®.

3.3.Sorption ability

The amount of sorption of brilliant green in aqueosolution acrylic acid /Acryl amide grafted poly
(ethyleneterephthalate) fibers is compared with tfidree poly(ethyleneterephthalate) fibers. Tasutt was shown
in Fig 3. This Fig demonstrates the amount of ibril green in solution after sorption of PET-AA/AAfiber is
much less than PET fiber. The sorption ability cdfted PET fiber is 14% more, in comparison witm+modified
PET fiber.

3.4.Adsorption isotherms
The Langmuir equation is given in the followingrfat®

0e= Omax K. G (1+KL.Ce) 2)

where ¢ax is the maximum adsorption capacity correspondingoimplete monolayer coverage on the surface (mkg
kg') and K _is the Langmuir constant frkg™). The equation (2) can be rearranged to a lineran:f

Cel0e= (L/0hmax-KL) + (Co/Omax) (3)
The constants can be evaluated from the interegmtshe slopes of the linear plots afde versus € (Fig. 4).

Conformation of the experimental data in to Langnisotherm model indicates the homogeneous natuRE® -
AA/AAm fiber surface. Langmuir parameters calcutefeom Equation (3) are listed in Table 1.

The essential characteristics of the Langmuir eqoatan be expressed in term of a dimensionlessratpn factor,
R,, defined ag*

Ro=1/(1+K.G) (4)

Table 1 shows the value of R0.238) is in the range of 0-1 at optimum pH whidmfirms the favorable uptake of
the brilliant green.

The Freundlich equation is an empirical equatiompleged to the described heterogeneous systemshiichvit is
characterized by the heterogeneity factor 1/n. etie empirical equation can be writtertas:

Q=K. G " ®)
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where K is the Freundlich constant (mkg Rg(m® kg*) *™ and 1/n is the heterogeneity factor. A linear fafithe

Freundlich expression can be obtained by takingritlyms of the Equation (5):
Ing=InKg+ 1/nIn G (6)

Therefore, a plot of In guversusin G, (Fig. 5) enables the constant End exponent 1/n to be determined. The
Freundlich equation predicts that the Brilliantemeconcentration on the adsorbent will increasksg as there is
an increased in the Brilliant green concentratiothe liquid.

The Temkin equation suggests a linear decreaserpfi@an energy as the degree of completion of trptonal
centers of an adsorbent is increased.

The Temkin isotherm has been generally applietiérfollowing form:
RT
Q. = Tln(ACe) (7)

and can be linearized:
ge=BInA+BIn G (8)

where B=RT/b and b is the Temkin constant relateldeat of sorption (J md). A is the Temkin isotherm constant
(m® kg?), R the gas constant (8.314 J thé&l™) and T is the absolute temperature (K). Therefbogting q. versus
In C, (Fig. 6) enables one to determine the constarasd\B. Temkin parameters calculated from Equatioand
8) are listed in Table 1.

The Redlich—Peterson isotherm contains three paesmand incorporates the features of the Langmd the
Freundlich isotherms. The Redlich—Peterson isothieasi a linear dependence on concentration in theerator
and an exponential function in the denominatocah be described as follows:

q. = ACe 9)

° 1+BC!
It has three isotherm constants, namélyB, andg (0 < g < 1), which characterize the isotherm. Its limiting
behavior is summarized as follows:

Whereg =1
= & (10)
%=1y BC,

i.e. the Langmuir form results.

Where constanta andB are much greater than uriity

A
i.e. the Freundlich form results.
Whereg=0
—_ ACe 2
de 1+B (12)
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i.e. the Henry’'s Law form results.

Eqg. (9) can be converted to a linear form by takoggarithms:

In(A% —1] =gln(C,)+In(B) (13)

e

Three isotherm constants, B, andg can be evaluated from the linear plot represenyed (13) using a trial and
error procedure, which is applicable to computegrapon. It was developed to determine the isothganameters
by optimization routine to maximize the coefficiasftdetermination, R for a series of values @ for the linear
regression of In¢e) on InA(Celge)-1] and to obtain the best valueMivhich yields a maximum ‘optimized’ value
of R? using thesolveradd-in with Microsoft's spreadsheet, Microsoft Ekc

The Redlich—Peterson isotherm constants, A, B, gras well as the coefficient of determinatiorf, Rr the

sorption of brilliant green on to PET-AA/AAm fibeising the linear regression is shown in Table taft be seen
that the values of g were close to unity, which nsethat the isotherms are approaching the Langfornr and not
the Freundlich isotherm. The result shows that #negmuir isotherm best-fit the equilibrium data &mfsorption of
Brilliant green on PET-AA/AAm fiber.

3.5.Scatchard analysis

Scatchard analysis was employed to further anahgdinding isotherms. The Scatchard equation eaexbressed
as, Q/C= (QuQ)/Kg, where C (umol- ci) is the equilibrium concentration of brilliant gre Q (umol- k) is

the equilibrium adsorption amount at each concéntraQn., (KMol kg*) is the maximum adsorption amount; and
Kq (umol L* is the equilibrium dissociation constant at bimglisites. Fig. 7 shows the Scatchard plots of the
binding of brilliant green to the fiber. It is clethat the Scatchard plot for fiber is a singlaigfint line. The linear
regression equation was Q/C= —10.188Q + 3806°2(Q(R543), suggesting that the homogeneous recogrttes

for brilliant green were formed in the SPE fiberofis the slope (-10.188 (14K and intercept (3806.1 (Q(Kq)),
Kqand Q. for the affinity binding sites were calculatedb® 0.098 umol- fhand 373.6 pmol- kg respectively.

Table 1: Isotherm parameters obtained by using liner method

Langmuir isotherm model

Omax/ Mkg kg K./ n? kg R R
0.125 0.032 @23 0.9599

Frendlich isotherm model

Ke/ (mkg kgt) (m® kg?)n n R
4.92 1.32 0.9914

Temkin isotherm model

AlLg? B b /J rifol R
1.777 20.523 m 0.9514

Redlich—Peterson isotherm model

g B/ (rhkgh)? A/ mkg* R
0.963 0.047 4.4 0.9440
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Fig. 1. Effect of pH sorption of brilliant green orto PET-AA/AAM
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Fig.2. Effect of initial concentration of the brilliant green in the solution on capacity sorption obrilliant green onto PET-AA/AAm
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Fig.4. Langmuir isotherm for brilliant green adsorption onto PET-AA/AAm at 20 °C
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Fig.6. Temkin isotherm for brilliant green adsorption onto PET-AA/AAm at 20 °C
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Fig. 7. Scatchard plots of brilliant green adsorpgbn onto PET-AA/AAm at 20 °C

CONCLUSION

A new fibrous adsorbent was prepared by graftingyle acid /Acryl amide comonomers onto poly (egry
terephthalate) fibers. The synthesis of the fisesiinple and economical. The fiber has a good giatdonr removal
of trace amount of brilliant green from large saepblumes. Based on the Langmuir isotherm analyhis,
monolayer adsorption capacity was determined t0.085x10° (kg kg') at 20°C. The R values showed that the
PET-AA/AAm fiber was favorable for the adsorptiohbwilliant green.
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