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Abstract:

This study 1s concerned with the removal of lactoflavin pigment from
water through its adsorption by Iraqi Mint that found 1n Iraqi soils. The optimum
conditions like PH, temperature, doses of adsorb ate and adsorbent and contact
time, were studied by following the change in concentration of lactoflavin m
solution on the basis of UV-visible spectroscopy method. It is found that time
t=60 min, temperature=60-C PH=9.0 and its initial concentration £ =30 ppm
are the best conditions to get high efficiency of removal percent of lactoflavine
by the Mint surface.The adsorption process has been found as endothermic in
nature depending on thermodynamic parameters of Gibbs's free energy, change
in entropy and enthalpy. The Langmiur and Fruendlich isotherms of lactofiavin
adsorption on Iraqi Mint have studied in the 30-60°C  range, and it is found that
the adsorption was endothermic heterogeneous processes.

Keywords: Adsorption isotherms, lactoflavin, Mint as adsorbent.

1-Introduction:

Pigments are organic pollutants introduced into water bodies from many
industrial processes such as tanning, paint synthesis, fabrication and
modification of polymers [1-3], and a result of side products formed from
exerted materials to water, soils many subsequently generate colored
wastewater|4].

Wastewater have been containing organic pollutants like dyes, and high
concentrations of bimolecular derivatives such as vitamins soluble in water, 1s
very difficult to treat, since the dyes are recalcitrant agamic molecules , resistant
to aerobic digestion, that is stable to light [5]. The presence at bimolecular dyes
derived from alkaloids, vitamins and Carotenes even in very low levels are
highly visible and causes damage to the environment as they are toxic to aquatic
life [6].

The abnormal levels of dyes such and methyl orange, methyl blue, lanugo and
lactoflavin, could be considered as hazardous chemicals in waters, soils, for its
highly toxicity[7].Lactoflavin, 1s the most commonly bioorganic molecule
soluble in water and its significance in metabolism of human beings, other less,
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its levels after damages ol biochemical reactions, needs to be removed from
environment via green analytical methods involving various treatment
techniques like precipitation, reduction, solvent extraction , 1on exchange, and
most of these techniques require high mvestment of capital and expensive
apparatus. Previously some low cost plant waste had directly been used as
adsorbent for dye adsorption from environment, and these need to modify
procedure in order to increase its adsorption performance [7]. In the present
study, we have focused, in using the Mint as natural adsorbent for removal of
lactoflavin in aqueous solutions, as well as the i1sotherms of adsorption of
lactoflavin on Mint adsorbent have studied on the basis of optimization the dose
adsorbent, concentrations of adsorb ate, PH of the aqueous solution and
temperature effects to deduce the thermodynamic parameters .

2-Experimental
2.1 Adsorbent:

The revised powder of Iraqi Mint was washed with distilled water, and
boiled for 15 min. then, the suspended Mint were filtered out, before were dried
1n air for 48 hrs , in order to eliminate its moisture content. The dried Mint was
grinded and sieved into (200-300) pm to reduce its size into fine power. The
prepared adsorbent Mint was stored in air and referred as adsorbent Mint.

2.2 Adsorb ate:

Stock solutions were prepared by dissolving 0.2g in 20ml of de ionized
water to prepare standard solutions of 10, 15, 20, 25 and 30 ppm of lactofiavin.
The stocked solutions socked slowly to make sure that all powder of lactoflavin
has been dissolved in de ionized water. These stock solutions were stored for
further using. The maximum absorption for lactoflavin solution was in the
visible region at 445nm.
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Figure (1): structure of lactoflavin.
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Figure (2): Electronic spectrum scanning of aqueous lactoflavin solution (20ppm).
2.3 Equilibrium Studies:

These experiments were carried out by adding 0.34gm.of Mint to a
conical flask containing 20ml of /actoflavin (10,20,30, and 40 mg/L.) at constant
PH and temperature. The flasks were placed in horizontal shaker and agitated at
150 rpm rate for internal periods of time 10, 20, 30, 40 , 50 and 60 minutes to
make sure that equilibrium has reached. Final concentration of dye solutions
were analyzed using T80UV/vis spectrometer PG instruments model in the
range 200-800nm, according to the following equation (1):

(¢ -C)v
o= = 10s )

Where C- and C, (mg.L£™) are the liquid-phase concentrations of dye at initial
and equilibrium, respectively, V (ml.) is the volume of the solution and w(g) is
the mass of adsorbent Mint used. The percentage removal dye 1s defined as the
ratio difference in dye concentration before and after adsorption,(£: -£_e: to ¢
of dye in aqueous solutions and was calculated using the equation.
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Figure (3): Influence of initial concentration on % removal of adsorption.
2.4 Adsorption isotherms:

The adsorption 1sotherm represents the relationship between the amount
adsorbed by a unit weight of solid adsorbent and amount of lactoflavin remained
in solution of equilibrium [8]. Langmuir and Freundlich isotherms are
commonly used to describe the equilibrium characteristic of adsorption linear
regressions were used to determine the best fit model and least squares has been
widely used for obtaining isotherm constant.

Langmuir isotherm [9] refers to homogeneous adsorption .in which the
processes can only occur at a fixed number of definite localized sites,
with no transmigration of the adsorb ate in the plane of the surface. The
Langmuir model can be given as:

Co_ 1 1 c

Ge ng;{KL . Crax ¢ (3)
Where ¢. is the amount of lactoflavin (mg/g) on surface of Mint-Ce is the

equilibrium concentration (mg/L.), Y%maz(mg/g) and K; are the Langmuir
1sotherm constants related to free energy.

The linear form of Freundlich isotherm [10] model 1s derived from assuming
heterogeneous surface of adsorption capacity, and adsorption intensity with an

uniform distribution of heat of adsorption. The Freundlich model can be given
as:

1
Qe =Kp.Cg @)
Rearranging equation 4,

.
i =108 L ipgH
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S
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T

Where X and n are Freundlich isotherm constant (mg/g), (ﬁm""S‘;f‘i{;'}""ﬂ related to
adsorption capacity. A plot of log e vs. log C, yields a straight line, with a slope
1

of n and intercept of 19#¥x .

2.5 Kinetic Studies:

Batch kinetic experiments were carried out by mixing 0.3gm of Mint to
each conical flask containing 20ml. of (10-40 mg/L.) ppm. Of lactoflavin
pigment at 30°C . A series of such conical flasks were then, shaken at a constant
speed of 80rpm in a water bath shaker and samples were collected at different
time intervals.

The concentration of pigment in the super ant solution was analyzed by UV-
visible spectroscopy atimax =445nm and the capacity of adsorption of
equilibrium were calculated from the following relationship:
G- Cé}v

T (©)
Where 2. 1s the equilibrium adsorption capacity (mg.#*i-1% C.is the pigment
concentration (mg.L"{—-1} at equilibrium, V 1s the volume (mL.) of solution and
w 1s the weight (g) of adsorbent.
2.6 Effect of PH on Flavin adsorption:

The influence of PH on pigment adsorption was studied in range 2.5 to
10.5. which was adjusted up on addition of 0.1 M HCI] and NaOH solutions to
mixture of pigment and Mint. In this study, 25 mL.of pigment (30 ppm) was

agitated with (0.30 gm) of Mint for 120 min at 38°¢ In the subsequent
mvestigations, experiments were performed at solution PH value up to 9.0, to
avoid any possible transformations of pigment to anionic or salt form.
Result and Discussion:
A- Calibration Curve of Latoflavin:

Solutions of different concentrations were prepared by serial dilutions of
lactoflavin in deionizer water of range 5, 10, 15,20,25,35 and 40 mg/lit.
Absorbance values of these solutions were measured at specific wave length

of *max =445nm, and plotted the initial concentrations (“-3 vs. absorbance that fall
in the region applicability of Lambert Beers law, which were then used in
subsequent quantitative estimation [11], figure (4).
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Figure (4): Calibration Curve of lactoflavine at 445nm in distilled water.
B- Equilibrium contact time:

Figure (5), showed the amount of lactoflavin adsorbed by Mint as a
function of time. The saturation curve rises sharply in the mitial stages (10-20)
minutes, confirming that there are plenty of functional accessible sites that binds
strongly by electrostatic forces between hydroxyls groups and nitrogen atoms, of
lactoflavin to negative charger on adsorbent Mint,until reaches plateau value at
infinite time in 60 min.[12].

255

t min

Figure (5): Effect of time on adsorption of lactoflavine on Mint.
C-Effect of PH on adsorption:

The adsorption characteristics of lactoflavin by spearmint adsorbent were
studies at variable PH range from 2 to 10.0 by using standard solutions of HCI
or NaOH. The profile, (Fig.6) concerning PH, showed that in the observed PH
range, the adsorption capacity was much protonated at lower PH=2, while as the
PH increases, adsorption enhances, due to performance of negatively charged
sites on Mint adsorbent. [13].

As much as, all subsequent studies, were performed at approximately PH=9.0,
which is the optimum value for adsorption.
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The adsorption of /actoflavin dye was also recorded in the concentrations
range from (5-40) ppm, at a fixed P/ of 9.0 and temperature 30, 40, 50 and

60¢-,

Figure (6): Effect of PH on %adsprption of lactoflavine on Mint surface.

Figure (6), also indicates that the adsorption of lactoflavin pigment in aqueous
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solution by Mint adsorbent enhance with the increasing of temperature,
indicating that the process was to be endothermic 1n nature [14].
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A Freundlich isotherm of lactoflavin on Mint at 30 °C

B: Freundlich isotherm of lactaflavin on Mint at 40 °C
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C: Freundlich isotherm of factoflavin on Mint at 50 °C D: Freundlich isotherm of lactoflavin on Mint at 60 °C
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Figure (7): Freundlich isotherm of lactoflavin on Mint at different Temperatures.
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Figure (8): Langmuir isotherm of lactoflavin on Mint at different temperatures.
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In both of Langmuir and Freundlich isotherms, linearity of 12&¢. vs. [€gg.
or 1/€. vs. l/g.respectively in figures (7&8) exhibited the heterogeneous
adsorption of lactoflavin on active sites of Mint adsorbent [13, 15],and from the
intercepts and slope of Langmuir and Freundlich 1sotherms, it 1s found that the
I/n and b constant have becomen enhanced, which agree with the theory of

adsorption [16].
Table (1): Freundlich and Langmuir constants of lactoflavin adsorption over Mint surface at
different temperature.
Temperature
30 43¢ Sl bl c
L anemuir constants (mal/g) 0.00015 0.00019 0.00021 0.00026
bex ] LOT 3 oy 187 195 235 305.5
Temperature
3s°c 4o°c 50% Ba’c
FrenudlichConstants
N 5.22 4.95 3.77 5.0
K 0.012 0.0145 0.0219 0.0318

The thermodynamic data were evaluated from Langmuir isotherms [17],
using the following equations (s)

ﬁG:= —RTlnkeg (7)

AH = RIT, Zﬂ.ﬁ

o T Yy K (8)
oAl AG

7Y R — 9

Where X1 -¥: and Keq are the equlibrium constants at 30, 40 and

58°¢ respectively, and obtained from slope of adsorption isotherms at different
concentrations [18].

Evaluated thermodynamic parameters, change in free energy (26 ), change in
enthalpy (4#) and change in entropy (&5) are presented in table (2) negative
value of 26, investigates the feasibility of adsorption of lactoflavin on Mint,
furthermore the decrease in & values with increasing of T, confirms the

spontaneous of the process at 52°¢

The endothermic nature was also supported and proved from positive value of
s#  while good affinity of lactoflavin dye towards the adsorbent active sites, is
revealed by the positive value of entropy 5 [16,17].
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Table (2): Effect at temperature on the maximum adsorbed quantity of lactoflavin. at L«

=411, PH =9.0
: mg
T-C K (T % 102 Qe . ing,
30 303.15 3.2986 395 3.676
40 313.15 3.1933 30.05 3.41
50 323.15 3.0445 2971 3.37
60 333.15 3.0016 20 2.995

S AN I 45 4

Ln Qe
N R
-~ AR Lo U b

100047

Figure (9): Plot of Ln Qe against 1/T for adsorption of lactofiavin on Mint
1

From the plotting of 1, or IRe. versus T yields straight line to afford (Ks)
equilibrium constant for adsorption of lactoflavin on Mint adsorbent as well as
the applications of vant Hoff:

Equations in the following figure (10) has to evaluate s#.AS" and 16°

y = 0.4435. x- 5.438 0
RZ = 0,967

inkd
N~ @m®mmn O
omhbdooiobd

0028 0003 0 .GGST 00032 60033 (06034
17T

Figure (10): Vant HofT's equation for adsorption process with Mint (0.30gm) as
adsorbent (PH =9.0)
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Table (3): thermodynamic parameters for the adsorption lacfoflavin on Mint adsorbent.

F=C 36" (KJ. mor )
2% 29.55
da c 31.56
5sc 35.71
£8°¢ 37.91

2H  Kjmol™1) 9.511

45" Kjmol™1} 66.91

From tables(2&3) it is observed that calculation of thermodynamic

1

parameters by plotting of Freundlich isotherms Inx, or inQ, vs T (on-x-ais),
vield a straight line of slope #H and then 25 and 2G° were calculated from
equations (7.8,9), thus the adsorption of lactoflavin on Mint adsorbent at
optimum conditions of time contact and PH =9.0, showed endothermic behavior
of 4H =49 511 KJ/mole and spontaneously of G°=-37.91 KJ/mole.[18,19].

From the Vant Hoff's calculations (equations?7, 8, and 9), the thermodynamic

parameters of 26745, @nd 4H supports the physio chemical adsorption[20,21]
rather than i1on-exchange, due to high available of functional groups, and the
adsorption 1sotherms were obeyed to Freundlich and Langmuir models of
endothermic process (¢H =+9.511KJ/mole), thus, its process agrees well with
absorption of retiming, polysaccharides on natural resins and adsorbents|22-
24].

Conclusions:

The present work suggest economic method to purity Iraqi water from
high levels of lactoflavin pigment . As well as, the adsorption study was
depending mainly on the dose of Iraqi Mint speeded in Iraq soils . Furthermore,
the endothermic-heterogeneous process of adsorption have good benefits in
enhancement the development of green analytical chemistry.
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