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Abstract

The effect of solution temperature and the determination of the thermodynamic parameters of adsorption of methylene blue (MB), Cibacror
Reactive black C-NN (RB) and Cibacron Reactive golden yellow MI-2RN (RY) onto manganese-oxides-modified diatomite (MOMD), such
as activation energyy, enthalpy of activationA H*, entropy of activationA S*, and free energy of activatiomG*, on the adsorption rates
is important in understanding the adsorption mechanism. The rate and the transport/kinetic processes of dye adsorption onto the adsorbel
were described by applying various kinetic adsorption models. This would lead to a better understanding of the mechanisms controlling the
adsorption rate. The pseudo-second-order model was the best choice among all the kinetic models to describe the adsorption behaviour
RB onto MOMD, suggesting that the adsorption mechanism might be a chemisorption process. The activation Enésgies, RY and
MB were —6.74, 56.65 and 99.80 Kkihol, respectively. The negative value of the activation energy suggested that the rise in the solution
temperature did not favour RB adsorption onto MOMD. Moreover, the activation energy of the diffusion p#cdss RB, RY and MB
increased as MB- RY > RB. It means that the RB molecules are much faster moving and a lower energy is needed to diffuse into MOMD
than RY and MB moleculest’, the activation energy for adsorption into pores, of RY is higher #iaimdicating that the rate-limiting step
of RY adsorption onto MOMD might be diffusion controlled, while the activation energy of the diffusion pratess,MB is slightly lower
than E, suggesting that the rate-limiting step is a combination of chemical and diffusion adsorption.
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1. Introduction ical inertness) and as low cost material for the removal of
pollutants from wastewatg®]. Previous studies by the au-
The removal of coloured and colourless organic pollu- thors established that chemical modification of diatomite,
tants from industrial wastewater is considered an important especially with manganese oxides, enhanced its dye removal
application of adsorption processes using a suitable adsorcapacity and its feasibility for large-scale application to the
bent[1]. There is growing interest in using low cost, com- treatment of textile effluents containing reactive dyes; a dif-
mercially available materials for the adsorption of dyes. Di- ficult class of dyes to treat in traditional methods. Detailed
atomite, a siliceous sedimentary rock available in abundancejnformation about the effect of this chemical modification
in various locations around the world, has received attention can be found in Ref[3]. For a successful scale-up of such
for its unique combination of physical and chemical proper- 3 process, kinetic studies are essential since they describe
ties (such as high permeability, high porosity, small particle the adsorbate uptake rate, which in turn controls the resi-
size, large surface area, low thermal conductivity and chem- gence time in the adsorbent—solution interface. A number
of experimental parameters are usually considered in these
~* Corresponding author. Fax: +44-20-7380-0986. studies, including the effect of agitation speed, particle size,
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solution temperature. This paper focuses on the effect of so- The activation energy of dye adsorption onto the adsor-
lution temperature on the kinetics of dye removal from solu- bent can be calculated by the relationsHpg 1]
tion using manganese-oxides-modified diatomite (MOMD). 1
The effect of the other variables is subject to pending publi- k> = kg exp( ) = In(k2) =In(kg) — = (—) (5)
cations by the authors. r
Adsorption reactions are normally exothermic; thus the ;- exp<£> S InGky) = INGK) — E(l) ©)
extent of adsorption generally increases with decreasing T T
temperature. The change in the heat content of a system in E’'
which adsorption occurs, the total amount of heat evolved P = Do exp( RT ) =
in the adsorption of a defined quantity of adsorbate on an 1
adsorbent, is termed the heat of adsorp{#h When any In(D) = In(Dg) — _<_>, (7)
spontaneous process occurs, there is a decrease in the Gibbs RAT
free energy. Further, there must also be a decrease in entropwherek; is the pseudo-second-order constantngg min),
because the molecules lose at least one degree of freedon is the rate constant of adsorption/(gg min), kp is the
when adsorbefb]. intraparticle diffusion coefficient (mg min/?), " is the
Various kinetic models have been reported in the litera- pre-exponential constan® is the intrapatrticle diffusion co-
ture to describe the adsorption procf&3]. Each model has  efficient (cnt/s), Dy is the pre-exponential factok, is acti-
its own limitations and is derived according to certain condi- vation energy of adsorption (kdol) (i.e., activation energy
tions. However, the simplest way to describe the kinetics of for adsorption to an external surface of the adsorbehiy,
dye removal from an aqueous solution could be representedthe gas constant (8.314rdol K), T is the solution temper-

by using a pseudo-second-order equation ature (K) andE’ is the activation energy for adsorption into
f 1 1 ) pores (kJmol). Plotting the rate of the adsorption against
PR +—t, h=koqg the reciprocal temperature gives a reasonably straight line,
qt qe . L
kot the gradient of which is-E/R.
= q= _der2l (1) To calculate the thermodynamic activation parameters
1 +gekat ” such as enthalpy of activatiotyH*, entropy of activation,

whereg; is the amount of solute adsorbed on the surface As* and free energy of activatiomyG*, the Eyring equa-
of adsorbent (mgg) at any time (min), ge is the amountof  tion was applied12],

solute adsorbed at equilibrium (nm, k2 is the rate constant . .
of a pseudo-second-order equatiorirt@ min) andx is the In(ﬁ) — [m(k_B) + AS ] _AH (1) (8)
initial adsorption rate (mgg min). T hp R R \T

In the intraparticle diffusion model, the relationship be- wherekg is the Boltzmann constaril.3807x 10-23 J/K),
tween the adsorption capacity at timeg,, andr/? could be hp is the Planck constant @61 x 10-34Js), k is the

written as{8] pseudo-second-order constaib) for RB adsorption or
g =% + kptl/Z ) tlg\? Elrztr)apartlcle diffusion constant for adsorption of MB or
p .

wherekp, is the intraparticle diffusion constant (rgmin'/2)
andyx; is the intercept of the line which is proportional to the
boundary layer thickness.

The intraparticle diffusion coefficien), was determined
by using the following equations, which are derived from
Fick's law[9,10],

The aim of this paper is therefore to consider the effect
of solution temperature on the transport/kinetic process of
reactive and basic dyes adsorption. The thermodynamic pa-
rameters of the process, such as activation energy, enthalpy
and entropy and the free energy of activation, were deter-

mined.
—-C 72D\ 1M?
F(1)= LB exp( - 3
CO - Ce C]e r2 . .

or 2. Experimental materials and methods
2

In[1— F(t)z] — _—2Dt’ (4) Jordanian diatomite consisting mainly of Si@72%),
r

11.42% AbOs, 5.81% FeOgs, 7.21% NaO and 1.48% CaO
whereCy is the initial dye concentration (midgm?), C; is the was used. The composition was obtained by X-ray flores-
dye concentration (mglm?) at times (min), Ce is the dye cence (XRF) technique. Manganese chloride and sodium
equilibrium concentration (m@im®), D is the intraparticle hydroxide were mainly used in the modification of raw di-
diffusion coefficient (M/s) andr is the particle radius as- atomite to enhance the adsorption capacity of diatofBite
suming spherical geometry (m). 13,14] 15 g of the diatomite were immersed in sufficient
A plot of In[1 — F(¢)] versus timey, should be linear 6 M sodium hydroxide and the temperature of the reaction
with a slop of—72D/r?, which is commonly known as the  mixture was maintained between 80 and®@0for 2 h. The
diffusional rate constant. diatomite was then placed in 100 mf 2.5 M manganese
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