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Abstract:

The removal of Para Phenylen di amine (PPDA), by bentonite clay surface has
been Performed in investigating by the effect of initial concentration,PH and
temperature, on this process The equilibrium concentrations have been determined
spectro photometric by using ultra violet - visible technique.The equilibrium data are
fitted to the frenudlich isotherm equations.The adsorption amount of (PPDA) is
increased when the temperature and P decreased.The thermodynamic Parameters
like AG’,AH’,and AS’ have been calculated from the effect of temperature on
adsorption process,its found from the adsorption process is exothermic .The Kinetic of
adsorption process has been studied depending on Lagergren kinetic equation.

Key words: Adsorption (PPDA) on Bentonite clay.

Introduction:

The adsorption process is so important In this present study, we have
to understand the behavior of pesticide investigated the possibility of the
in the environment. Hydrophobic adsorption different concentration of
organic compounds such as; amines, PPDA from water onto bentonite in
carboxylic acids and phenols may different P" solution and different
occur both in ionized and neutral form temperature has been studied.
depending on the PH value of the

aqueous media [1-3]. Materials:

Organic is great concern in water In this study , bentonite clay
treatment due to its health and sample rich in the montmorillonite
environmental hazard, small quantities mineral was used as adsorbent the
of soluble organic and inorganic bentonite clay was supplied from the
compounds remaining in waste water state company for geological survey
[4]. Therefore the removal of pesticide and mining Iraq , the clay sample was
residue from water by adsorption onto ground , dried at (200C° ) for (24hr)
different types of minerlals and clays ~ and passed through 0.75 mesh sieve .
has been reported in Literature [5-7]. The particles under 75 pm were used
The adsorption of dinitrophenol in further experiment. (PPDA).
herbicide from water by two reference The composition of the clay has been
smectite clays has been studied by determined by atomic absorption
shag et. al [8].The molecules formula which was as in the table.

of bentonite could be written as ]9]
(Mg2Al10Si24060(OH)12[Na,Ca] ) .

Table (1) the chemical analysis of bentonite

Constituent | SiO, | Al,O; | CaO | Fe2O3 | MgO | Na,O | Sos | Losson ignition
Wt % 54.66 | 14.65 | 4.77 | 4.88 6 065 | 1.2 13.06

*Department of Chemistry, College of Science for Women, University of Baghdad
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The Para Phenylenediamine was used
in this study which has been obtained
from BDH with Purity 97%. A sample
of (100ppm) PPDA solution was taken,
and a spectrum scan was measured by
using UV-VIS spectrophotometer
,(T60u  spectrophotometer PG in
struments Ltd ) And showed a A max at
233.6 nm as shown in figure (1)
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Ifig. (1) U.V- Vis Spectra of ( PPDA)

PH measurements were made with
(Martin:Instrument,Inc ) digital PH —
meter ( Rocky mont-Nc27804-U.S.A )
Digital balance , sartor us ( BP.3015 —
Germany ) and Skaker water bath .

Method:

The adsorption isotherms was
carried out by Skaking 0.1 gm of the
Bentonite with (25ml,100)ppm of
PPDA in a tightly closed flask at
certain temperature and PH . During
the experiments, samples of the
solution have been periodically with
drowning at a definite time period (15,
30, 60, 90 and 120 min).

The mixtures left were filtered and the
concentration of PPDA was measured
at each time by using UV — Visible
spectrophotometer.

The bentonite — PPDA solutions have
been equilibrated for 2 hours at certain
temperature The  equilibrium
concentration (Ce) of PPDA solution
was measured from Lambert — Beer
relationship.

983

Then the amount of PPDA adsorbed
per unit mass of Bentonite (Qe) was
calculated by equation [10].

V (Co - Ce)

m(gm)
Where Co is the initial concentration
and Ce is the equilibrium concentration
(mg/L). V is the volume of PPDA in L
, and m is the weight of bentonite clay
in gram , Qe is the capacity of
adsorptioninmg /g .

Qe =

Results and Discussion:

The data obtained from the
adsorption of PPDA on the bentonite
clay at various concentrations (20 —
120 ) ppm showed that a contact time
of 120 min was sufficient to achieve
equilibrium and the adsorption did not
change with increase time .

Table (2) and figure (2) show the
variation of Qe with the contact time
for 100 ppm of PPDA solution at 298
K’ to be in attachment with 0.1 gm of
bentonite clay.

Table (2) The values of Qe and Ce at
different time for 100 PPm of PPDA
solutions at 298K’

Time (min) | Ce(mg/L) | (mg/g) Qe
30 56.71 10.82
60 54.07 11.48
90 42.23 14.44
120 42.23 14.44
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Fig (2) show the variation of Qe with
the contact time
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The equilibrium adsorption isotherms
on of fundamental importance in the
design of adsorption systems. [11]
Table (3) and figure (3) show the data
and relationship  between  of
frunendlich isotherm between log Qe
and log Ce a various concentration of
PPDA solutions at (298 , 308 , and
318) K.

Log Q.

Table (3) show the data of
equilibrium  concentration and
guantity adsorption
298 K’ 308 K’ 318 K’
Log Log Log Log Log Log
Co(mg/L) Ce Qe Ce Qe Ce Qe
20 0.994 0.403 1.043 0.342 1.136 0.198
40 1.239 0.752 1.359 0.631 1.400 0.570
60 1.424 0.921 1.363 0.843 1.544 0.795
80 1.532 1.059 1.552 1.044 1.731 0.813
100 1.625 1.159 1.762 1.048 1.860 0.837
120 1.7 1.172 1.868 1.061 1.966 0.837
o TH5C " T3EC T25C ’
15
1 P % |

¢
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Fig (3) show the linear relationship
of freundlich Isotherm between Log
Qe and Ce

The linearized of this equation given
by equation.[12]

Qe= k¢Ce .
Where k ¢ is constant related to
adsorption capacity ( mg / g ) , 1/n
another constant related to the nature
and strength of adsorption process .
These parameters were determined
from the slope and intercept of the
linear plot between Log Qe and Log
Ce.

Figure (3) shown the relationship of
frunendlich,  therefore  fruendlich
parameters determined in this work
were included in table (4) .

Table (4 ): The values of parameters
(Ks,1/n,R?)

T(K') | k¢ (mg/g) L n R2
298 04170 | 0.913514 | 1.09467 | 0.9389
308 02444 | 0.914557 | 1.09392 | 0.8934
318 | 003956 | 1.409091 | 0.70967 | 0.8583

Qe(mg/g)

The fruendlich isothermal equation
is an empirical equation on the
sorption on a heterogeneous surface is
an indication that the binding sites are
not equivalent or independent. [13]
From this table we could be conclude
that adsorption is highly dependent on
the initial concentration of PPDA,
because at lower concentration, the
ratio of the initial number of PPDA
molecules to the available surface area

is low, the fractional adsorption
become dependent on the initial
concentration, however, at high

concentration, the available sites of
adsorption become independent on the
initial concentration. [14] P"The
equilibrium is reached after 120
minutes for all conditions applied (i . e
, P25, 7 and 11.5 ) and temperature
(298 K*) in figure (4 ) and table (5) .
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Fig. (4): adsorption isotherm of
PPDA on bentonite Surface at
different PHs and at 298

Table (5): data Ce and Qe at
different PH at 298 K’
PH=25 [ PH=7.00 [ PH=115

Co

Ce Qe Co Ce Qe Co Ce

20

9.868

2.532

20

13.157

171

20

17.236

0.69

40

17.368

5.657

40

3.394

2.401

40

31.447

2.138

60

26.578

8.355

60

38.157

5.46

60

37.368

5.657

80

34.078

11.48

80

49.868

7.532

80

53.026

6.743

100

42.236

14.44

100

65.921

8.519

100

68.421

7.894

120

60.526

14.868

120

71.052

12.236

120

86.052

8.486
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The thermodynamic functions,
AH, AG, and AS can be estimated
using equilibrium constant charging
with temperature. The free energy
change of the sorption reaction is given
by the following equation. [15, 16]

AG’=—R T Inka ------- (1)

_ . A
Inka = A — —==— (2)
AG’ = AH — TAS' --------- (3)

WhereK is the maximum adsorption
quantity for various PPDA solution at
different temperature. The equation (2)
was used to calculate the AH’, by
plotting against 1/T.

Table (6) and figure (5) showed a
linear relationship and the slope
represent-AH /R where R is the gas
constant (8.314 J .K™!. mole™!) and AH’
ads were calculated.

Table (6): The values of the
reciprocal of temperature and Ink
T(K) | I\T(KH %107 | Lnk
298 3.35 6.89
308 3.24 6.6
318 3.19 6.06
7 ¥=3:9191x6:213%
N — -
6.2 7
6 A2 : : : :
31 315 32 325 33 335 34

UT (K'Y
Fig (5): The plot of In kvs .
reciprocal of temperature

The

The AG” and AS’ values at different
temperature (298 , 308 , 318 K ) and
initial P* (2.5 ) were given in table (7)
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Table (7) show the thermodynamic
functions of the Adsorption process

. AH’ x 1o AG’ AS’ x lo®
T(K) KJ. mole! | KJ.mol? | Jmole? K*
298 -17.07 +46.79
308 —3.1249 -16.9 + 44,72
318 -16.02 +40.55

As seen in table (7), the negative
values of AG confirm the feasibility of
the process and the spontaneous nature
of sorption, The negative values of AH
indicate the exothermic nature of the
process while the positive AS
corresponds to increase disorder of the
system increase, the system becomes
more disordered process and diffusion
of PPDA in the bentonite pores.

To investigate the mechanism of
adsorption, kinetic model has been
used to test experimental data. The
kinetic model in this study includes the
pseudo — first order equation.

The pseudo — first order equation of
lagergreen is gene rally expressed as
follows. [17]

In(@e—q9 = Inge—kt - (4)

Where q ¢ and q . are the amount of
PPDA adsorbed at time (min), and at
equilibrium time respectively, and k is
the rate constant of pseudo first order
adsorption (min ). The value of rate
constant for the pseudo first order
reaction is calculated experimentally
by plotting

In (ge— gt) against time of the
adsorption of PPDA on to bentonite
clay according to equation (4 ,
results are shown in figure ( 6 ) and
values of rate constants are illustrated
in table (8).

Table ( 8) show the rate constants of
the adsorption process

Temp(K’) | Qe(mg/g) | K(min?)
298 14.440 0.01333
308 11.184 0.126
318 6.87 0.0185
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The value of rate constant kad were
found to be increased When
temperature increase from 298 to 318
K’

¢ 298k = 308k 318k

— Linear (298k) Linear (318k) = Linear (308Kk)
4
R
S| 2 \
=
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Fig (6) the lagergren model for a
series (PPDA) solution at (298,308
and318) K’
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