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ABSTRACT
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Removal of malachite green dye (MG) from industrial wastewater has

been investigated using low density polyethylene (LDPE)-grafted—gly-

cidylmethacrylate (GMA) then chemically modified with diethylamine
(DEA), hydroxylamine (HA) or phosphoric acid (H,PO,). The effects of

various factors; initial dye concentration, pH, contact time, temperature

...etc on the adsorption process were studied and optimal experimental

conditions were ascertained. The adsorption of MG on the prepared ad-

sorbents were confirmed by Fourier Transform Infrared (FTIR) and Scan-

ning Electron Microscopy (SEM). The contact time at equilibrium was

found to be 120 minutes at pH=5.8 and temperature 40°C. Langmuir and

Freundlich isotherms were applied to the data obtained at equilibrium.

The maximum removal of dye was found to be 98% for the grafted film

treated with phosphoric acid indicating that the prepared films would be

a good alternative for the removal of MG dye from wastewater with high

KEYWORDS efficiency and good tool economically.
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INTRODUCTION

astewater pollution gives
adverse effects on the world
population of water which
may cause health problems
such as diarrhea (Gupta et
al.,2004) . Dyes have long been used in many indus-
tries like: painting, paper and pulp, textiles, plastics,
leather, cosmetics, pharmaceuticals and food to col-
or their products ((Sartape et al., 2017) and (Pallavi
etal.,2018). Dyes have various conventional meth-
ods of removing from wastewaters like: coagulation,
electrochemical process, adsorption, membrane sep-
aration process, chemical oxidation, reverse osmosis

and anaerobic microbial degradation.

Adsorption is a surface phenomenon which re-
sults out of binding forces between atoms, mole-
cules and ions of adsorbate and the surface of ad-
sorbent (Parashar, 2012). Among these methods,
adsorption is preferred over these treatments and is
widely used due to low cost and high efficiency and
ease of operation (Min-Yu et al., 2006) and (Malik,
2003). Moreover as the adsorptions of the various
adsorbents are not very large, and the new adsor-
bents which are more economical, easily available
and highly effective are still needed so the work is
still going on.

The purpose of this work is to determine effec-
tiveness of removing malachite green dye as an ex-
ample of cationic dye from wastewater using LDPE-
g-GMA and treated with diethyl amine (DEA),
hydroxyl amine (HA) or phosphoric acid (H,PO,).
Kinetics and isotherm were also studied in this study.

The MG dye has molecular formula [C H N-

237725
,C1] and the chemical structure of MG is shown in(

Fig.1) by (Ashis et al., 2017).
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Fig. (1): Chemical Structure of Malachite Green.

MATERIALS AND METHODS

Malachite green (MG) dye content 90% from
(Alpha-India) were utilized as received, glycidyl
methacrylate (GMA) of purity 99% from (Merck).
Diethylamine (DEA); 99% from (Sigma-Aldrich),
hydroxyl amine (HA); 96% from (Shinyo-Japan),
or phosphoric acid (H,PO,); 85% from (Aldrich).
Other chemicals as solvents used, HCI, NaOH were
provided from (Sigma-Aldrich) and utilized without

extra purifications.
Preparation of LDPE Grafted Films

Strips of Low density polyethylene (LDPE) films
with thickness 70 pm, were provided by (El-Nasr
Co. for Medical Supplies, Egypt). LDPE films were
cut to the dimension of (5cmx5cm), weighted and
then immersed in (GMA/solvent: 15/85%) of GMA
as a monomer and 1,4-Dioxane as a solvent, then
subjected to gamma irradiation from ®Co gamma
cell 4000A, produced by the Atomic Energy of India
installed at NCRRT, Egypt at a dose rate 2.5 kGy/h
and different doses from 5 to 20 kGy. After the irra-
diation, the grafted films were removed, washed and
soaked overnight in acetone to remove the residual
monomer and homopolymers. After that were dried
in oven at 50°C for 24 h then weighted to a constant
weight. The degree of grafting was determined as the
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percentage increase of weight of LDPE films using
the following equation:
W,-W,
Degree of Grafting (%)= % X100 (1)
0
Where Wg and W are the weights of LDPE-
grafted and ungrafted films, respectively.

Chemical Modification of Grafted Films

Improvement of the hydrophilic and ion ex-
change properties of the grafted films was carried
out by treating them with DEA, HA or H,PO,.

Treatment of Grafted Films with Functional
Groups

LDPE-g-GMA films were treated with DEA,
HA or H,PO, as adsorbents for removal of MG dye
by three different experimentals.

(1). A mixture of 1,4-dioxane and dimethylfor-
mamide (DMF) (1:4 v/v), and then 1 ml of DEA was
added, (2). LDPE-g-GMA films were soaked in a
mixture of alcoholic solution (water/methanol; 50/50
v/v) containing 6(%) of HA and (3). Phosphonation
of LDPE-g-GMA was carried out by immersing the
grafted films in 85% of H,PO, aqueous solution.
Grafted- treated films were soaked in different reac-
tion mixtures at room temperature in a reflux system.
The reactions were carried out at 80°C at different
time intervals (2, 4, 6 and 8h) at pH 7. Then the
treated films were washed repeatedly with distilled
water to remove the excess reagents and dried in a

vacuum oven at 50°C for 24 h.

P .
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Scheme 1: Preparation of LDPE-g-GMA films treated with
DEA, HA or H,PO,, where: X=-N(C,H,)2, -NH.OH or —
PO,H.

(155)

CHARACTERIZATION OF THE
PREPARED ADSORBENTS

FTIR-Spectrophotometric Measurements

Mattson 1000 FTIR-spectrophotometer product
of Unicom Ltd, England was used to detect the func-
tional groups introduced by grafting and chemical
treatment and also to confirm the MG dye adsorption
at wavenumber! range from 4000 to 400 cm’'.

Scanning Electron Microscope Measurements

The surface topography of the grafted and graft-
ed treated films before and after dye adsorption was
studied using JEOL SEM-25 Scanning electron mi-
croscope. Prior to, examination, the films were dried
under sputter coated gold.

Adsorption Studies

Batch adsorption was studied for removal of MG
dye onto the adsorbents using UV-spectrophotome-
ter at wavelength (A__ = 618 nm).

by varying parameters. The parameters studied
include effect of initial dye concentration, effect of
pH, effect of contact time and effect of temperature
on adsorption of MG dye and maintained shaking at
40 rpm.

The amount adsorbed at equilibrium on the dif-
ferent adsorbents (q, mg/g) and percentage of re-
moval was calculated by using equations (2) and (3):

4=1(C,-C,)xV]/W @
Removal (%) = [(C,-C,)/C,] x 100 &)

Where, V is the volume of dye solution (L), W is
the weight of dried adsorbent (g), C, and C,_ are the
dye concentrations at initial and equilibrium (mg/L),
respectively.
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RESULTS AND DISCUSSION
Effect of Solvent

The choice of solvent is essential to the success
of radiation grafting experiments and also on the

Kamal, H. et al.

grafting yield. The solvent added to the monomer
will be subjected to radiolysis and thus can contrib-
ute to chain initiation. Different solvents are chosen
for the grafting of GMA onto LDPE to identify a
suitable solvent and the results are shown in Table 1:

Table (1) : Effect of different solvents on the degree of grafting (%) of GMA onto LDPE.

Solvents Degree of Grafting (%) Remarks
Benzene 28.69 No homopolymer
D.M.F 79.60 Moderate homopolymer
Methanol 103.21 Moderate homopolymer
1,4-Dioxane 138.22 No homopolymer
Acetone 184.23 High homopolymer

As can be seen from Table 1, solvent is observed
that the percentage of grafting of GMA onto LDPE
is higher in acetone and dioxane than other solvents
used. However, the high grafting yield obtained in
acetone is due to formation of some homopolymer
within the grafted samples leading to non-homo-
geneous grafting. It is observed that, the grafting
proceeds homogeneously and appropriate degrees
of grafting obtained in the presence of dioxane as a
solvent. So that dioxane is chosen as solvent for the
grafting of GMA onto LDPE.

Effect of Irradiation Dose

The effect of irradiation dose on the percentage
grafting of GMA onto LDPE films in the presence of
dioxane as a solvent are shown in (Fig.2). It is obvi-
ous that degree of grafting increases relatively rap-
idly with increasing irradiation dose while propaga-
tion is the main reaction, then slightly decrease after
20 kGy, as the termination of graft chains becomes
more predominant.

Effect of Monomer Concentration

The grafting of GMA monomer onto LDPE was
investigated at different monomer concentrations in

(Fig.3). It is obvious that the percentage degree of
grafting increases with increasing GMA concentra-
tion until reaches its maximum value at 15wt% due
to increasing in free radical and active sites on the
polymer/monomer pair, while above 15wt%, the per-
centage degree of grafting ~ reaches constant value.
So that 15wt% was chosen as an optimum monomer

concentration.
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Fig. (2): Effect of irradiation dose on the grafting of GMA
onto LDPE films using dioxane as a diluent, monomer
concentration; 20wt (%).
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Fig. (3): Effect of monomer concentration on the grafting
of GMA onto LDPE films using dioxane as a diluent and
irradiation dose; 20 kGy.

CHARACTERIZATION OF GRAFTED
TREATED FILMS

FTIR-Spectra Measurements

FTIR spectra of LDPE-ungrafted, LDPE-g-
GMA untreated and the grafted films that treated
with DEA, HA or H,PO, are shown in (Fig. 4). From
(Fig. 4b), the strong peak observed at 1733cm™ is
due to C=0 group stretching vibration and the band
at 908 cm’! is due to asymmetric stretching of the ep-
oxy ring. These results clearly indicate that the intro-
duction of LDPE-g-GMA onto LDPE films is clearly
achieved. In the FTIR spectrum of the grafted-treat-
ed films (Fig. 4c, d and e), it is obvious that the inten-
sity of the absorption band corresponding to C=0O
groups of grafted-untreated chains was decreased
and shifted to 1732.3 cm™,1729 cm™,1725 cm! af-
ter treatment with DEA, HA, or H,PO,, respectively
due to neighboring interaction of functional groups.
The band at 908 cm™ related to epoxy ring is de-
creased after the treatment with DEA and HA due to
ring opining and residual epoxy groups clearly re-
mained (Kimmins et al., 2014). This was proved by
the disappearance of epoxy during phosphoric acid
treatment. FTIR shows the change in properties and
the interactions of functional groups between adsor-
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bent and adsorbate. It can be seen that C=0O group
of the grafted-treated films with DEA, HA or H,PO,
shiftedto 1731.7 cm™,1727 cm™,1736.3 cm™!, respec-
tively, after MG dye adsorption in (Fig.5). The broad
band which assigned to overlapping of OH and
NH stretching in the grafted-DEA-treated film was
shifted to 3008 cm™ after dye adsorption. The broad
band shifting at 3350.10 cm™! due to the reaction be-
tween adsorbent treated with HA and the board band
shifting into 3016 cm™! due to P-O in phosphoric acid
after dye adsorption. Generally, the shift observed in
the characteristic band of the adsorbents after MG
dye adsorption is due to introduced new functional
groups of MG dye on the sites of adsorbents. The
characteristic peaks indicated that the functional
group of MG can be adsorbed successfully. This
shift in peak values may be due to the formation of
chemical bond between functional groups present on
the prepared film and MG.

Transittance(
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Fig. (4): FTIR spectra of (a)-LDPE ungrafted, (b)-LDPE-
g-GMA -untreated and LDPE-g-GMA-treated films with
(c)-DEA, (d)-HA or (e)-H,PO, before dye adsorption.
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Fig. (5): FTIR spectra of LDPE-g-GMA treated films with
(a)-DEA, (b)-HA or (c)-H,PO, after dye adsorption.
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SEM Microscope

The surface morphology of the grafted-treated
films was investigated by SEM before and after dye
adsorption in (Fig.6). This figure showed complete
change in surface morphology. Before adsorption
there was rough surface morphology as observed
(Fig.6.a, b and c). The rough surface of the grafted-
treated films can provide a high adsorption capacity,
while smoother morphology was observed after ad-
sorption of dye on the surface of adsorbent in (Fig.
6d, e and f). It can be also noted that the MG dye
molecules occupied the pores of the grafted—treated
films indicating the adsorption of MG dye by the
polymeric adsorbents.
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Fig. (6): SEM of LDPE-g-GMA treated films before and after adsorption MG dye.



The use of Radiation Grafted LDPE for the Removal of Malachite Green Dye from Wastewater

Adsorption of Malachite Green Dye:

The adsorption of MG dye onto the grafted-
treated films was investigated spectrophotometrical-
ly and the absorbance data obtained were converted
into concentration data (Fig.7), showed the standard
calibration curve of MG dye.
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Fig. (7): Calibration curve of MG dye.
Effect of Initial Dye Concentration

The removal percentage increases with increas-
ing the initial dye concentration of different prepared
adsorbents in 50 ml of dye solution with different ini-
tial concentrations that ranged from10-50 mg/L that
shown in (Fig.8). After that, the removal percentage
remained constant at dye concentration higher than
40ppm as the active sites become saturated. The in-
crease of the sorption capacity with increasing dye
concentration confirmed strong interaction between
MG dye and polymer. Increasing the initial concen-
tration enhances the interaction between the dye and
adsorbents from providing necessary driving force
to overcome the resistances to mass transfer of dye
(Sartape et al., 2017).

Effect of pH

The surface charge depends on the pH of the so-
lution. Effect of pH was studied by varying the pH
of the dye solution from 2 to 6 and was adjusted by
adding 0.1 M HCI or 0.1 M NaOH. LDPE-g-GMA
treated films as adsorbents were studied in (Fig. 9). It
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has been observed that the removal percent increases
with increasing the pH of dye solutions up to 5.8,
then a saturation state was reached. These results
indicated that at lower pH the dye cations become
protonated and a competition may occur between the
dye cations and H* for the active sites in the adsor-
bate by increasing the pH of the dye solution, the
adsorbent become negatively charged and so the cat-
ionic dye molecule can be adsorbed and the removal
percent increase. It is also obvious that the removal
percent for the grafted films treated with phosphoric

acid > hydroxyl amine > diethyl amine

100

80

60

40

Removal(%o)

20 4

0 10 20 30 40 50
Conc.(mg/'L)

Fig. (8): Effect of initial conc. on the removal (%) of MG
dye, temp. ~25°C, pH; 6 and time;24 h.
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Fig. (9): Effect of pH on the removal (%) of MG dye; Conc.;
40 mg/L, temp.~25°C and time; (120 min.).
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Effect of Contact Time

The effect of contact time on the removal of MG
was carried out at various time intervals from 5 to
150 minutes. (Fig.10) showed the removal percent
obtained using various time intervals at pH= 5.8 and
temperature ~25°C. It is clear that the dye uptake is
rapid in the earlier stages of adsorption process and
hence the removal percent is high more than 70% of
the initial dye concentration was removed within 20
minutes. These results may be due to that the active
sites on the grafted treated films are vacant in the
initial stages of the adsorption process. After a rapid
initial dye uptake, there was transitional phase in
which the rate of dye uptake was slow to reach equi-
librium after 2h. The results showed that more than
90(%) of the initial dye concentration was removed
by LDPE-g-GMA treated film with phosphoric acid
at the equilibrium.

100

80

60

40

Removal(%)

20

o 20 40 60 80 100 120 140

Time (min.)

Fig. (10): Effect of contact time on the removal (%) of MG
dye, conc.; 40 (mg/L), temp. ~25°C and pH; 5.8.

Effect of Temperature

The effect of temperature was studied by varying
the temperature between 30 to 50°C and the results
are shown in (Fig.11). It can be seen that the removal
percentage increases with increasing the temperature
from 30 to 40°C then level off. The results indicated
the increase in kinetic energy and the dye molecules
may also to undergo an interaction with active sites
at the surface of adsorbents. In addition, increasing
the temperature may allow the dye molecules to pen-
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etrate into the grafted-treated film and react with the
active sites. It is also obvious that the removal per-
cent for the LDPE-g-GMA treated films with H,PO
>HA > DEA.
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Fig. (11): Effect of temperature on the removal (%) of MG
dye, conc.; 40 (mg/L), pH; 5.8 and time; (120 min.).

Kinetic Studies on Malachite Green Adsorption

The kinetics of basic MG dye on the prepared
adsorbents was analyzed using the pseudo 1% order
and pseudo 2" order equations.

Pseudo-First-order Kinetic

Pseudo-1*—order model is given after integration by:

In(q -q)=Inq -Kt )

Where, q_and q, are the amounts of dye adsorbed by
the adsorbent (mg/g) at equilibrium and at time t and
K, (min" ) is rate constant of the pseudo first order.
In (Fig.12) represents the linear plot of In[q_-q,] vs
t (Santhi et al., 2015). The correlation coefficient
(R?), K, q, (cal) were calculated and the results are
shown in Table 2.

In(de-qt)

T T
o 20 40 60 80 100 120 140

Time(minute)

Fig. (12): Pseudo-first-order slope.
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Table (2) : Parameters of Pseudo 17 order.
LDPE-g-GMA treated films with q,, cal(mg/g) K,(1/min.) q,, exp. R?
DEA 3.6 0.015 8.6 0.823
HA 5.13 0.019 14.4 0.9005
H,PO, 10.73 0.020 21.8 0.9540

If the value of q cal. # q_ exp. indicating that this
model is inapplicable indicating that adsorption of
malachite green (MG) onto grafted-treated films did
not follow pseudo-first-order kinetics model as the
same opinion (Muinde ef al., 2017).

qt vs t (Sartape et al., 2017).

The correlation coefficient (R?), K, q, was cal-
culated and the results are shown in Table 3 for Pseu-
do-2" order.

Pseudo-Second-order Kinetic: ' -
144 | = DEA r2=0884
A HA
The Pseudo-2™ order model proposed (HO 12| « Po3H * T
and McKay, 1999) can be represented in the follow- 10 + . /*/ '2=9ﬂ5,.----
ing linear form (R) by: g &4 /,/* P
6 1 ./"/ - /’./‘/ .
T/q=1/K,*q2+t/q Q) 4] & % 220040
e e P . .n/‘ _J_f_,_.rf’ -
24" & __-—"""__H *
Where, q_ and q, are the amounts of dye adsorbed o % R
(mg/g) at equilibrium and at time t, respectively. k, 0 2 40 6 80 100 120 140
is the Pseudo-2"rate constant of the adsorption pro- Time(min.)
cess. (Fig.13) represents the relationship between t/ Fig. (13): Pseudo-second-order slope.
Table (3) : Parameters of Pseudo 2" order.
LDPE-g-GMA treated films with q,, cal(mg/g) K, (mg/g min.) q, exp. R?
DEA 9.18 0.0323 8.6 0.9884
HA 15.15 0.0058 144 0.9976
H PO, 23.25 0.016 21.8 0.9949

Table (3) showed that the pseudo-second order
equation was applicable for all adsorbents and the
correlation coefficient was (R=0.99). The calculated
q, values from the model were also in good agree-
ment with the experimental values. The result in-
dicates that the pseudo second order is better than
pseudo-first order model for the adsorption of MG.
These results are in good agreement with the previ-
ous studies as cyclodextrin-based adsorbent (Crini
et al., 2007), Pithophora spp. a fresh water algae

(Kumar et al., 2005), carbon (Zhang et al., 2008),
NRH nitric acid treated rice husk), PRH (peroxide
treated rice husk) (Bendi et al., 2013), and Plumba-
go Zeylanica (PZ) (Pallavi et al., 2018) were studied
to follow the pseudo second-order model.

Adsorption Isotherms

Langmuir and Freundlich are the widely applied
isotherm models. The linear equations are given:
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Langmuir Isotherm
The Langmuir model is given by:
C./lq,=1K xq +(1/q,)C, 6)

Where, C_/q, vs C_is plotted, C (mg/L), q (mg/g) are
the liquid phase concentration and amount adsorbed
at equilibrium, respectively.

K, (L /mg) and q (L /mg) are the Langmuir con-
stants (Sartape et al., 2017) and can be calculated
from the intercept and the slope.

The intercept gives 1/K, value and the slope
gives 1/q, values are shown in (Fig.14). K can be

Table (4) : Parameters of Langmuir Isotherm.
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calculated from the intercept and the value of q can

be obtained from the slop are shown in Table 4.

14 ¢
e DEA
1.2 * HA
m  H3POy .
— 1'0 T ®
=
D os * &
@ *
)
-g; 0.6 1 P =
o -
0.4
0.2
0.0 T . . . .
0 5 10 15 20 25 30
Ce(g/L)

Fig. (14): Langmuir Isotherm Slope.

LDPE-g-GMA treated films with q, K, R?
DEA 0.094 11.4 0.957
HA 0.030 24.6 0.977
H,PO, 0.015 29.4 0.979
Freundlich Isotherm solution concentration and adsorption. A higher val-

The Freundlich isotherm model is given by:

Q)

Where: K, is the Freundlich constant (L' gm) (Pal-
laviand et al., 2018), 1/n,is the heterogeneity factor.

Inq,=In K +1/n, In Ce

(Fig.15) shows the relationship between InC, vs Inq_.
The slope gives 1/n,value and the intercept gives In
K, value as shown in Table 5. The heterogeneity fac-
tor 1/n,is a measure of the deviation from linear-
ity of the adsorption and ranges between (0 and 1)
which indicate the degree of non-linearity between

Table (5) : Parameters of Langmuir Isotherm.

ue of K, indicates a higher capacity for adsorption
than a lower value (Xiangliang and Zhang., 2009).

2.0

25

3.0 4

35

Inge

a0

4.5

-5.0

2.0 2.2 z.4 2.6 2.8 3.0 32 34 3.6
InCe

Freundlich Isotherin

Fig. (15): Freundlich isotherm slope.

LDPE-g-GMA, treated films with K, 1/m, R?
DEA 0.134 1.39 0.996
HA 1.010 1.03 0.997
H PO, 1.64 0.66 0.999




The use of Radiation Grafted LDPE for the Removal of Malachite Green Dye from Wastewater (163)

The values of linear R? coefficient were high of
Freundlich isotherm indicating the suitable values
of its constants. So, the adsorption isotherm for ad-
sorption MG dye is better by Freundlich model than
Langmuir model as the same opinion result (Dhahir
etal, 2013).

Thermodynamic Studies

The thermodynamic studies play an important
role in understanding the heat change in the adsorp-
tion process. The effect of temperature of the adsor-
bents on the adsorption of MG was investigated at
323, 313, 303 K. Thermodynamic parameters, such
as change in enthalpy [AH°], entropy [AS°] and
Gibb’s free energy [AG®°] were investigated using the
equations (8) & (9):

lnk.—AS _AH"1 @)
) / /T
AG"=—RTInK¢ )

The negative values of AG® presenting in the Ta-
ble 6, indicates that physisorption is dominating the
weak chemical interactions as said by (Pallavi et al.,
2018), and with increase in temperature, the negative
values of AG® decreases indicated the spontaneous
adsorption process.

Table (6) : Values of thermodynamic parameters.

Where, standard enthalpy (AH°), standard entropy
(AS°) and Gibbs free energy (AG®), Kc is constant,
(R=8.314 J/mol K) and T is the absolute tempera-
ture (K) were agreed by (Sartape et al., 2017) and
(Pallavi et al., 2018). The AH® and AS°® were calcu-
lated from the linear Van’t Hoff ploti.e. In K¢ vs. 1/T
showed in (Fig.16).

,,1/

2.0

* DEA
m  HA
©
H3PO
< 40 v T .
£
- —— ]

54 000000000 o4 ]

0.0 T T T T T
0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 00034

1T

Fig. (16): Van’t Hoff plots for adsorption of MG on LDPE
g-GMA treated films with DEA, HA or H,PO,.

The values of AH® and AS® were calculated from
the slope [-AH®/R] and the intercept [AS°/R] of the
plots of In Kc vs 1/T (Santhi et al., 2015). The AH®
values of grafted-treated films are presented in Table
6 and the negative value of AH® indicated the exo-
thermic process.

Mm@ | o0 Cdimd) AGS (l/mol) AG® (cl/mol) AHC (kJ/mol) at (313 K)
DEA HA H,PO,
303 -4.089 -7.435 -15.346 DEA=-1.28
313 -3.841 -6.985 -14.416 HA=-2.24
323 -3.71 -6.750 -13.951 H,PO = - 4.65
CONCLUSION i.e. type of functional group, has an important role

Batch adsorption experiments show that the ad-
sorption of MG dye onto LDPE-g-GMA and treated
with DEA, HA or H,PO, was dependent on many
variables including contact time, pH, MG concen-
tration, and temperature. Type of chemical treatment

in the adsorption process. Freundlich model was
best fit the isotherm data and Pseudo second order
kinetics followed the kinetic values. Thermody-
namic analysis indicated that the adsorption of MG
dye onto grafted-treated films was exothermic and
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spontaneous. The removal (%) at 40°C is found to
be 80 (%) for DEA, 89 (%) for HA and 98 (%) for
H,PO,, respectively. It can be concluded that the
LDPE-g-GMA that treated with H,PO, is more ef-
ficient adsorbent for MG dye than other films since
its removal dye efficiency reached 98(%).
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