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In the presemt research, HMomalothecium Sericcum was
whilized for the first time as an effective and veadily available
adsorbernt in removel of Hg(Il) {ons from agueous solutions
through a batch adsorption. lechrigue. 1he effects of initial
solution pH, contact time, initial Hg(ID and adsorbent con-
ceniration, temperature, and ionic strengths were evaludated
on the removal efficiency of Hg(ID) ions, afler being charac-
terized of H. sericeum by different techniques. The mexi-
mum Hg(ll) adsorption was obtained as 128.2 mg g ' w1
initial pI G.0 with e equilibrium time of 60 min. adsorbent
dosage of 5.0 g £™7 and initial Hg(ll) concentration range of
50-750 mg ™. The adsorption behaviors of Hyg(Il) ions onto
H. sericeum were investigated in terms of kinetics (pseudo-
first orden, pseudo-second arder, and fntraparticle diffusion
models), isotherms (Langmuin, Freundlich, and Dubinin
Radusblevich models), and hermodynamics evaluaiion,
Both the Lengmuir and Freundlich isotherm models were
Jound to be suitable to describe the adsorption equilibrium
while the adsorption kinetics followed by the pseudo-second
order madel.  Thermodynamic pavameters including  the
Gibbs free energy (AG) enthalpy (AR). and entropy (AS)
changes ndicated that the adsorption of Hg(Il) ions onto H.
sericeurn was feasible, spontaneous, and endothermic in
weure. © 2015 American Institute of Chemical Engineers
Enwiror Prog, 34: 1620-1628, 2015

Reywords: adsorption, Homalothecium seviceum, mercury
(10, isotherm, hinetics

INTRODUCTION

Heavy metals, naturally occurring compounds in the
carth’s crust, are non-bicdegradable and have high potential
to accumulate in living tissues by causing several disorders
and diseases even at trace levels of exposure [11. Among the
heavy metals, Hg(d), as the most toxic form of mercury, is
considered as a quite hazardous element for human health
{2]. Hg() can be readily absorbed in the gastrointestinal tract
because of high solubility of its salts in water and in living
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organisms, it primarily damages the gastrointestinal wact,
lives, and kidney. gD alse affects adversely the central
nervous system by accumulating in the human brain [3.4]
Hg(D is released to the environment through the wastes of
several industrial activities including clectroplating, oil refin-
ery, pharmaceutical, paper, pulp, mining, and battery manu-
factaring 15,61 According to the World Health Organization
(WHO) and Environmental Protection Agency (EPA) recom-
mendations, the maximum permissible fimit for inorganic
mercury in drinking water is derermined as & and 2 pg L7,
respectively {7,8]. Hence the development of cost-effective
methods ta remove both Hg(ID) and other toxic heavy metal
ions has become an impottant research focus.

A number of techniques such as lon exchange 9], chemi-
cal precipitation [10], membrane filisation {11], reverse osmo-
sis {12), and adsorption [13] have been used hy different
reseaschers in weatment of water and wastewater containing
toxic heavy metal ions. Among them the adsorption, by uti-
lizing 2 proper adsorbent, {s considered as a widely applied,
practical, and effective treatmnent method because of s
many advantages including low operating cost, shorl opera-
tion time, and reusability of the adsorbent. Also. the second-
ary compounds which may be taxic are not produced in the
adsorption process [14-16). Because the characteristics of the
utilized adsorbents are directly effeciive on the applicability
and economy of the adsorption process, the selection of the
proper adsorbent is the most important issue (0 be consid-
ered {17). Several adsorbents such as activated carbon pro-
duced from Bembusa vulgaris striate [18), chitosan-poly
(viny} alcohol) hydrogel [19), chitosan-based material [20],
modified Phoenix dactylifera biomass 121, manganese chlo-
ride nanoparticles 122], and mosses {23] have been used for
the adsorptive removal of Hg(D ions from aqueous
solutions.

Among them, mosses have high cation exchange capacity,
hence most of the researchers have used them as biomoni-
tors for the determination of heavy metal deposition for
more than 20 vears. In addition, they show high adsorption
capacity for heavy metal ions because they have no epider-
mis or cuticle so heavy metal ions can easily penetraie ©
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their cell walls {24,25]. Based on this information, in the pre-
sented study, we have investigated the adsorption potential
of a moss species, Homalothecinm sericenm, in removal of
Hg(1}) ions from aqueous solutions, in order t© offer an alter-
native 1o already existing adsorbents, Various moss specics
including  Racomitrinm  lanuginosum 23], Ihylocomium
splendens (26}, Drepanccladus revolvens |27), Romanian peat
moss (28], Poblia flexuosa (29}, and Funeaiia bygrometrica
{301 have been used for the removal of Hg(i) and other woxic
metal jons from aqueous solution. However, there is no
reported investigation on the adsorption of Hg(D ions by #.
serfcerem. The H, sericewm is one of the most abundant,
effective, and cheap material since it is highly available in all
over the world and has no imporant industriz] usage. In the
presented investigation, the M. sericeum: has been ulilized
without any physical or chemical pretreatment, which is an
important feature of the study as this reduces not only the
costs but also the risks of the texic contaminations,

First of all, we have characterized the M. sericenm by dif-
ferent techniques including FTIR, SEM, BET surface area
analyses, and Boehm titration, ete. Thereafter, the effects of
the experitnental parameters such as initial pH of the solu-
gon, contact time, initial HegQl) concentration, adsorbent
concentration, jonic strength, and temperature were eval-
uated on the process in order w0 obtain (he best adsorption
conditions. The adsorption kinetics {(pseudo-first-order,
pseudo-second-order, and  inteaparticle  diffusion  models),
isotherms (Langmuir, Freundlich, and Dubinin Radushkevich
isotherm models), and thermodynamics (Gibbs free energy,
enthalpy, and entropy changes} were evaluated in detail in
order to reveal the adsorption mechanism.

MATERIALS AND METHODS

Adsorbent Preparation and Characterization

The moss samples (. sericewn) were obrained from the
Fast Black Sea Region of Turkey. The collected samples
were washed with deionized water for several times and
dried in an oven at 70°C for 48 h. The dried moss samples
were ground in a blender and stored in glass containers after
being sieved to particle size of <150 un.

The specific surface arca of M. sericeum was determined
from the N; gas adsorption isotherm at 77 K using a TriStar
3000 (Micromeritics, USAY model specific surface area ana-
lvzer while the FYIR spectrum was recorded between 400
ancd 4000 cm™ in a Perkin Elmer 1600 FTIR spectromeler.
SEM analysis was performed using a Zeiss Evo L3-10 type
instrument. The deterniination of other chamcterization
parameters of H. sericenm including self-pH and pH,,. val-
ues, and moisture content was cartied out zecording to
standard methods [31] Boehm titration was performed to
determine the surface acidic functional groups of H, seri-
ceunt [32]. The characterization results are given in Table 1.

Batch Adsorption Procedure

All the chemicals used in this work were analytical grade
supplied from Merck (Darmstadt, Germany) and Fluka
(Buchs, Switzerland). Stock solution of 5000 mg L™ Hg(ID
was prepared by dissolving appropriate amount of HgCl, in
deionized water and the required concentrarion of Hg(n
solutions were prepared by dilutions of the stock solution.
The adsorption tests were carried out by mixing 10-200 mg
of H. sericeum {1.0-20.0 g 1”7 suspensions) with 10 mL of
Hg(li) solutions in the concentration range of 50-750 mg L
in 15 mL polyethylene centrifuge tubes. The initial pH of the
Hg(Il) solutions was adjusied in the range of 2.0-8.0 by the
addition of dilute HNO, and NaOH solutions using Hanna
pH-2:1 model digital pld meter with glass elecuode. Bdmund
Bihier Gmbl model mechanical shaker was used in the
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Table 1. Characreristics of H. sericenm.

BET surface arca (m* g~ 5 <5
pH 6.65
PHoze 5.90
Moisture content (%) 9.28
Susface functional groups (mmol g ™)
Carboxylic 1.38
Phenolic 1.14
Lactonic 1.38
Total acidic value 6.90

equilibtium time range of 1-240 min at 400 rpe. Afier suffi-
cient equilibrium time, the suspension was centrifuged at
3000 mm for 5 min. HgdD levels in the dilute phase was
determined by utilizing a double beam UV-vis spectropho-
tometer {Unicam-UV 2) at wavelengths of 565 nm. The
adsorbed amounts of Hg(lD ions were determined  as
follows:

V(Co—Co) N
B SR ————n s i
o ” (1

Co (mg LY is the inial Hg(lD) concentration, C,
(mg L7 is the equitibrium Hg(I) concentration in agqueous
solution, V(L) is the volume of the solution, =i (g) is the
H. sericenm amount, and ¢, (mg g™*) is the amount of caleu-
fated Hg(1D adsorption onto 1.0 g of M. sericeum,

RESULTS AND DISCUSSION

Characterization of Adsorbent

The FIIR spectrum of F. sericenm was evaluated in order
1o have an idea about the surface functional groups which
are effective o the adsorption of Hg(I) ions. In the FTIR
spectrum of H. sericewm (Figure 1), the important adsorption
bands were observed at 3300 cn”' ¢(due to bounded
liydsoxyl (—CHOM) or amine (—NH,) groups), 2921 cm™
{due 10 -~CH groups), 1617 cm™ ¢due to stretching vibration
of carboxyl group (—C=0)), and 1024 cm ™' (due to C—0O
stretching of alcohol and carboxylic acids) [201 The SEM
micrograph of H. sericewm gives an idea about the surface
texture and morphology of the adsorbent. The H. sericenm
has considerable numbers of homogenous and heterogene-
ous pores on its structure which are effective in Hg(l) ions
adsorption (Figure 2},

Effect of Initial pH

The surface charge of an adsorbent, which is directly
effective on the meral fon adsorption, highly depends on the
initial solution pH. Hence the effect of pH on the Hg(D icns
adsorption was evaluated in the pH range of 2.0-8.0 by
using 20 mg 17 of initial Hg(Il} concentration and 2.0 g 1.7
of H. serfcenm suspension. The adsorption amount of Hg(ID
ions increased by the increase in the pH from 2.0 to 8.0 and
reached to a maximum vajue {11.7 mg g™ at pH 6.0 (Figure
3. At lower pH values (pH<pH,,,.)} the excessive H;O" ions
occur in the agueous solution hence the competition of
;0" jons with the positively charged Hg(ID ions for the
active adsorption sites on the adsorbent swiface and also the
clectrostatic  repulsion  between  the  positively  charged
adsorbent surface and Hg(Il) jons induce the decrease in the
adsorption amount [33,34]. Despite this, at higher pH values
(pH>pHze), the adsorption amount increased as a resuil of
electrostatic interaction between the Hg(D) ions and the neg-
atively charged adsorhent surface. Consequently, he opti-
mum indtal pH value wus specified as 6.0 for the
examination of further parameters. Similar results have been
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Figure 1. FTIR spectrum of /. sericeun. {Color figure can be viewed in the online issue, which is available at wileyoniineli-
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Figure 2. SEM image of F. sericerm,

reported by different researchers in the evalvation of He(I
ions biosorption onto modified Pheenix dactylifera biomass
121L

Effect of Contact Time and Evaluation of Adsorption
Kinetics

In order to estimate the sufficient equilibrium time, the
adsorption: experiments were performed in the contact time
range of 1-240 min by mixing 50 mg L™ of initial Hg(l) con-
cemtrations with 5.0 g L™1 of M. sericewm at initial pH 6.0,
The adsorption amount increased rapidly within the first 30
min of contact time due to the availability of a large number
of vacant active sites on K. sericeum swface at the initial
stage of the process [35]. Purther increase in equilibrivi time
does not improve the adsorption capacity significantly, as a
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Figure 3. Effect of initial pH on Hg(I) adsorption onlo
H sericenm (initial Hg(Il) concentration: 20 mg L™ adsorb-
ent concentsation: 2.0 g L7h.

result of saturation of the binding sites (Figure 4a). In order
to make surc whether the adequate equilibrium time was
obtained, the contact time was selected as 60 min for further
experiments. Jafari and Cheraghi (2614) also reporied the
contact time as 60 min for the adsorption of Hg(lD) ions by
dried biomass of indigenous Vibrio parabaemolyiicus PGO2Z
{36},

The pseudo-first order, pseudo-second order, and mira-
particle diffusion models were applied to the experimental
data in order 1o determine the rate constants and to assess
the dominant controlling mechanisms of the adsorption
PIOCEss.

The linear forms of the pseudo-first order [37] and
pseudo-second order [38] models are given in Eqs. (2) and
(3}, respectively.
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Figure 4. (a) Effect of contact tme on Hg() ulpmke by
H. seviceum (initial Hg(ID concentration: 50 mg L7 adsorh-
ent concentration: 5.0 g L™ initiat pH: 6.0), (b) pseudo-
second order kinetic miodel.

(g =) = Inge—¢ @

! 1 H
DLl (3}
¢ Ratet e

where g, (mg g7 and ¢ (mg g™ are the amounts of the
Hg(Il) ions adsorbed on the H. sericeun: at equilibrium and
at any tme {, respectively; and & (min™" and &,
(g mg™! min"") are the rale constants of the first order and
second order models, respectively, The pseudo-fust order
constanzs (& and ¢, c) were caloulated from the slope and
intercept of the linear plot of In(g, ~ ¢g¢ versus ¢, respectively
while pseudo-second order constants (B and g, ) were
determined from the intercept and slope of the plot of /g,

versus ¢ (Figure 4b), respectively. All these parameters are
presented in Table 2 with the refated correlation coefficient
(R values. Contrary 1o the pseudo-fiest order model, the #°
vatue obtained for the pseudo-second order model 5 rela-
tively high and close to unily (>0.99), and also the calcu-
fated g, value (5.85 mg g7 is compatible with the
cxperimental value (5.82 mg g7"), indicating that the adsorp-
tion of Hg(D ions onto H. sericaum obeys the pseudo-
second order model rather than pseudo-first order,

The rate controfling step of the process was evaluated by
using the intraparticle diffusion model which is expressed as
{395

= kgt 4c )

where by (mg g™ min™ Y3 is the intraparticle diffusion raze
constant, The plot of g, versus (2 for Hg(Il) adsorption onto
H. sericeum indicates the existence of two kinetic steps in
the process. The first and second steps are related to the dif-
fusion of Hg(1) ions through the solution to the external sur-
face of H. sericeum and the intraparticle diffusion of HgdlD
ions into the pores of H. sericeum, respectively. The intra-
particle rate constants for the first step (&gq) and second
step (ks> were determined by using the plot of g, versus e

and given in Table 2. The calculated By, value was lower
than 4g ). suggesting that the rate limiting siep for MgQD
adsorption is intraparticle diffusion, However, the plot did
nol pass through the origin so the intrapanicle diffusion is
not the only rate-limiting mechanism, Hence it ¢an be con-
cluded that in the adsorption process of gD ions onto
H. sericerm, both intraparticle diffusion and surface sorption
are effective on the rate-limiting step 140},

Effect of Initial Hg(Hl) Concentration and Adsorption
Isotherms

In ordet to evaluate the effects of initial Fig(ID concentra-
tion on its uptake, the experiments were carried out with dif-
ferent initial HgQl) concentrations in the range of 50-750
mg L. Figure 3a shows the changes in both adsorption per-
centage (%) and adsorption amount (ge, mg g~ ) with initial
Hg(l) concentration. The adsorption amount increased from
5.7 to 72.0 mg g~ and the adsorption percentage decreased
from £69.5 to 48.0% on increasing initial Fgdl concentration
from 50 to 750 mg L™}, The higher initial Hg(Il) concentration
provided a significant driving force to overcome mass transfer
resistance for Hg(ll) transporiation between the solution and
the surface of H. sericeim, which increased the adsorption
amount. On the other hand, the higher HFg(D concentrations
induced a saturation of the active adsorption sites on fH. seri-
cerm surface [21]. In other words, active adsorption sites were
less available for HgQGD binding & higher concentrations
which decreased the adsorption percentage.

The adsorption isotherm data were fitted to Langmuir,
Freundlich, and Dubinin Radushkevich isotherm models, in
order 1o have an idea about the uptake mechanism of Hg(ID
ions by H. sericerm and w0 reveal the mathematical relation-
ship between the amount of Hg(ll} adsorption per unit mass

Table 2. Parameters of the kinetic models for the adsorption of Hg(D ions onto H. sericeun.

Psendo-first order kinetic

Psendo-second order

model kinetic model Intraparticle diffusion model
p &y » ; km,x_l ; km,zwl
Yo exp Ry ;2 _ g mg Fe cat mg g mg g
mgg ™ @mn™ (mgg™H B min) GuggH B min Y B mn? B ¢
Tig(lh 5.82 —0.023 1.88 (1.814 0.072 5.85 0.999 (.572 0.961 0.633 0.950  4.38
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Figure 5, (a) Effect of initial Fg(D concentration on its
uplake by H. sericeum (initial pH:(:i.O; adsorbent concentra-
tion: 5.0 g LY contact time: 60 min), {b) Comparison of
equilibrium isotherms between the experimental and theoret-
ical data for Fg(il) uptake.

of H. sericerm and the equilibrium concentration of 11g{lD
ions in the solution.

According to Langmuir isotherm model {41], a monolayer
adsorption takes place on homogenous adsorbent surface
without any interaction between the adsorbed metal ions and
all of the active binding sites on adsorbent surface have equal
energy. On the other hand, the Freundlich isotherm model [42]
describes the multilayer adsorption on heterogenecus adsorb-
ent surface, The linear forms of Langmuir and Freundlich iso-
therm models are given in Eqgs. {5) and (6), respectively.

Co o Cey 1 ®
de s, I%fmnx
Ing, == InKp+ %lnC‘u (@)

whiere ¢, {mg g™ is the adsorbed amount of Hg(ID jons per
unit mass of H. sericeum at equilibrium, <, (mg L™ is the
eguilibrivm concentration of Hg(D ions in solution, s
{mg 27 is the maximum adsorption capacity of 1. sericaum,
B{L mg™ ™ is the energy of adsorption, K (mg g™ ) is the sorp-
ton capacity, and 2 is the sorption iNtensity. ¢may and & values
were calculated from the slope and intercept of the linear plot
of Co/q, versus &, respectively by utilizing (3), while Krand »
values were determined from the intercept and slope of linear
plot of Ing, versus InC,, respeclively according to Eq. (6)
(Table 33. The adsorption isotherm data of Hg(IT) ions onto f7,
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Table 3. Isotherm constants for the adsorption of HgllD ions
onto M. sericerin.

Hg(1)

Langmuir isothesm model

Gore (02 g7 128.2

b (L mg™" 0.0036

I’g 0.973
Freundlich isotherm model

K {mg g™ 0.866

1 1.3

R’ 0,990
D-R isotherm model

gm mg g~ 533.26

£ (J* mol™) 0.0079

EkJ mol™) 7.96

B 0.996

sericeum were well-fitted to both Langmuir and Freundlich
isotherm models (Figure 5b) since the obtained correlation
coefficient () values are higher than 0.9, suggesting the avail-
abiity of both homogenecus and heterageneous active bind-
ing sites on the surface of H. sericenm [43]. The maximum
monolayer adsorption capacity of H. sericerm was obuained as
1282 mg g™ by using Langmuir cquation. The feasibility of
the presented adsorptive removal process was evaluated by
using the separation [actor (R relative to Langmuir isotherm
which is given in the following equation [44]:

1

T1bC, 7

B

where & (L mg™" is the Langmuir constant and ¢, tmg L™
is the inital Hg(D concentration. For favorable adsorption,
£, values should be in the range of 0-1. In this study, the
caleulated Ry values ranged from .85 to 0.57 between 30
and 750 mg L™* of initial Ha(i} ion concentration, suggest-
ing that the adsorption of Hg(D ions onto H. sericeunt is
favorable under the studied conditions. In addidon, the 1/n
value obtained from the Freundlich isotherm model was
smaller than unity, indicating that the Hg(I} ions were suc-
cessfully separated from the aqueous sclution [43].

The equilibrium data were also fitted to Dubinin Radush-
kevich (D-R) isotherm model in order to estimate whether
the adsorption of Hg(ID ions onto H, sericersm is a physical
or chemical process [46). The linear form of the maodel can
e expressed as:

Ing, == Inqm~—362 {8)

where g, (mol g7% is the amount of Hg(Il) adsorbed per
unit mass of M. sericeum, g{,,, fmol g™ is the monolayer
adsorption capacity, fi (mol® k™ is the activity coefficient
related 10 the mean sorption energy, & is the Polanyvi poten-
tial and can be caleulated by the following equation:

e= RUIn(1+1/C) (O}

where B (8.314 ] mol™! K™ is the universal gas constani, 7
(1) is the temperature, G, (mot L7 is the equiibrium Hg(l
jon concentration in aquecus solution, The mean adsorption
energy, £ (kI mol™), ¢an be caleulated using the foliowing
equation:

B Lj{-2p)it am
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ions onto A, sericewm (initial Hg(ID concentraton: 50
mg L7 adsorbent concentration: 3.0 g L™ inital pH: 6.0;
contact time: 60 min),

Tabie 4. Thermodynamic parameterss of Hg(Il) adsorption
onto £, sericeunt at different wemperatures.

Parameters
AG AS AH
TCC)  (Rmol™) Gmol™ KN ) molTty
5 1,70
15 —2.40 63.29 15.83
25 -3.17
40 —3.88

*Measured Detween 278 and 313 K.
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Figure 7. Effect of adsorbent concentration on Flg(il uptake
by H. sericeum (initial Hg(lD) concentration: 250 mg L™ ini-
tial pli: 6.0; contact time: 60 mink.

The slope of linear plot of In g, versus ¢* i equal o f,
while the intercept gives gn, The magnitude of £ can be
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Figure 8. Effect of ionic strength on the adsorption of Hg(ID
ions onto A sericeum: (initial Hg(D concentration: 50
mg 1.7} initial pH: 6.0; adsorbent concentration: 5.0 g L7,
contact fime: 60 min),

used for esumating the adsorprion type. There are three
probabilities for Z value: () for physical adsorption F<8
kI mol™*, (i) for ion exchange 8 <K< 16 kI mol™?, and (i)
for chemical adsorption > 16 ki mol™" 471, In the present
study, the £ value was calcufated s 7.96 kJ mol™, suggest
ing that the mechanisms of the adsorption of Hg(D icns
onto H. sericeum is possibly a physical process.

Effect of Temperature and Thermodynamics of
Adsorption

The effects of medium temperature on the removal effi-
ciency of Hg(l ions were investigated in the temperature
range of 3-40°C. A slight increase in adsorption amount was
obtained wilth an increase in lemperature indicating the
endothermic nature of the process (Figure 6). The reason
may be ascribed to fact that the viscosity of the solution
drops with the rise in temperature which leads to an increase
in mobility and diffusion rate of Hg(dD ions, and thus more
Hg(I) ions can interact with the active adsorption sites on H.
sericeun surface [481

Thermodynamic parameters including free energy change
(AG), eathalpy (AH), and eniropy (AS) have been deter-
mined using the following equations in order 10 investigate
the thermodynamics behavior of the adsorption of Hg(l)
iong onto H. sericenn 491,

AG = —RTInKy o
Ky o= '%/Cc -

AS  AH -
Inkg = — =7 -

where R is the universal gas constant (8.314 J moel™ K79, T
is the temperature (K), Ky is the disiribuiion coelficiers, g,
(mg 171 and ¢, (mg L") are the equilibrium concentration
of Hg(iD ions adsorbed onto H. sericeum and remained in
the solution, respectlively.

According to Eq. (13), the slope and intercept of the
plot of InKy against /T is equal to —AFFR and ASR
respectively, The values of thermodynamic parameters for
the adsorpiion of He(ID ions onto I sericeum are given in
Tabic 4. The spontaneity and feasibility of the present
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Table 5. Comparison of Hg(F) adsorprion onto different
adsorbents.

Adsorption
capacity
Adsorbent (mgg™") References
Sugarcane bagasse 35.71 3]
Palm shell actvated carbon 83.33 (3
impregnated with task-specific
ionic-liquids
Unmodified bamboo leafl powder 27.11 [5]
Moss (Drepanociadis revolvens) 94.4 [27]
Romanian peat moss 98.94 {24
Moss (Funaria hygrometrica) 52.0 {303
Polyacrylonitrile-2-amino- 5269 (33}
1,3,4-thiadiazole chelating resin
Vibrio parabagmolyticus PGOZ 1932 {361
Xanthate funclionalized 118.55 {52)
magnetic graphene oxide
Aminated chitosan beads 89 {531
Moss (Homalothecium Sericeunt) 128.2 Present

Study

adsorption process was proved by the negative AG values
at different temperswres, On the other hand, the increase
in the magnitude of AG values with the increase in temper-
ature indicated that the process is more feasible at higher
temperatures, The positive value of AS revealed the
increased randomness ar the solid/liquid interface dusing
the adsorption of Hg(lD jons onwo M. sericewm while the
positive A value indicated the endothermic nature of the
process,

Effect of Adsorbent Concentration

In adsorptive removal processes, it s important to use
suitable adsorbent amounts to provide the sufficient interac-
tons between adsorbate and the active adsorplion sites on
the adsorbent surface [50). Therefore, the effects of adsorbent
amount on the uptake of Hg(lD) ions were evaluated within
the H. sericeim concentration range of 1.0-20.0 g 7% When
the amount of H. sericeum was increased from 1.0 to 20.0
g L7% as a result of increase in the number of available
adsorption sites, the removal percenlage increased from 70
to 77%. On the other hand, the higher adsorbent amount
leads to a decrease in total surface area by agglomeration
and to formation of unsaturated adsorption sites, and thus
the adsorption amount decreased from 169.2 10 9.2 mg g™*
on increasing the amount of H sericewm from 1.6 to
20.0 g L™ (Figure 7).

Effect of Jonic Surength

The effects of the presence of jonic strengths on the
Hg(Il) adsorption was evaluated by using KCl and CaCl; as
model salts in the concentration range of 0.05-1.0 mol L7
The results indicated that the adsorption of Hg(l) ions by H.
sericerm is inhibited considerably at high electiolyte concen-
trations, namely the removal efficiency of Hg(i) ions
decreased from 3.8 to 3.8 and 2.7 mg g‘l by increasing the
concentration of XCE and CaCl, sals from 0 to 1.0 mol L4
respectively  (Figure  8), The competition between  the
Hg(UD and salt’s cations for the active adsorption sites on
the adsorbent surface and also the blocking of these sites in
the presence of high jonic strengths may cause these results.
Omn the other hand, the further decrease when used CaCl; is
an expected result since divalent cations may have more
inhibition and competition effects than monovalent cations
(21,51].
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CONCLUSIONS

The adsorption potential of Hg(D tons onto H. serfcenm
was evaluated in the present investigation. The process was
highly pH-dependent and the maximum Hg(II) adsorption
was cbserved at initial pH 6.0. The kinetics evaluation indi-
cated thal the eguilibrium can be reached within 60 min of
cortact dme and the process followed well the pseudo-
second order model. The adsorption isotherms fined well
both Langmuir and Freundlich isotherm models indicating
the homogeneous and heterogeneous distribution of the
active adsorption sites on the adsorbent surface. The adsorp-
tion amount of Hg(ll) ions onto H. sericeum increased when
increasing the temperature from 5 to 40°C and the thermody-
namic parameters including AG, AH, and AS indicated the
spontaneous and endothermic nature of the process. The
maximum adsorption capacity of M. sericetsm was found to
be 1282 mg g~ from Langmuir model equations, This value
was compared with various adsorbents previously reported
in the lherature [2,3,5,27,28,30,33,36,52,53]. As can be seen
from Table 5, the removal efficiency of . sericenm (128.2
mg g~ " was found 1o be better than other moss species, uti-
lized for Hg(l) adsorption, which are Romanfan peatl moss
(08.94 mg g""), Funaria hygrometrica (52.0 mg g™, and
Drepanociadus revoivens (944 mg g™,

The resulls of the present study proved that £, sericeuin
can be used as a nawral, readily available and effective
adsorbent in removal of Hg(IB ions from aqueous solutions
by baich adsorption techniques.
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