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Abstract. Bicomponent aqueous solutions of copper and nickel ions have been used to investigate the sorption of
metal ions onto peat. Peat, a low cost sorbent, has shown a high capacity for the sorption of single component metal
ions attributed to extensive carboxylic acids within its structure. Copper and nickel ions were selected as typical
metals in the effluents of electroplating industries. The effects of competitive sorption in batch systems were studied
at various metal ion concentrations. In this study the Butler and Ockrent model was modified using a coefficient,
n. Two models were developed based on the interaction coeffigidrite first model incorporates a constant fixed

n factor for each metal ion into the Butler-Ockrent equation. The second model incorporates a vafedite

into the Butler-Ockrent equation; this interaction factor varies as a function of sorbent surface coverage. Predicted
equilibrium data are found to be in excellent agreement with experimental values using both modified models for
various mole ratios of copper and nickel ions in competitive sorption.
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Introduction investigated the competitive sorption of six metal ions
from wastewater both in batch systems and in semi-
Peat has been recognised as an effective sorbent forcontinuous packed-bed experiments. The results show
the purification of various industrial wastewaters. It that mathematical models can provide effective multi-
has a significant capacity for many dyes, metal ions, component equilibrium constants, sorptive capacities
oil, phosphate and others (McKay, 1997) and prepared and reduced overall mass-transfer coefficients. Gould
sphagnum peat moss is less than 10% of the cost ofand Genetelli (1984) have examined the competition
active carbons and molecular sieves. The sorption of between heavy metal ions for binding sites using zinc,
heavy metal ions onto sphagnum moss peat from aque-nickel, cadmium and copper as test metals. The re-
ous solution has been studied for single solute systemssults show that their sorbent had the highest binding
(Sharma and Forster, 1993; Ho et al., 1994, 1995a). capacity for copper and that this was more or less in-
Many studies have been reported concerning the re- dependent of the others; also copper exerted the largest
moval of organics from bicomponent organic solution competing effect. Allen and Brown (1995) have used
systems (Jain and Snoeyink, 1973; Martin and Al- the Langmuir, the Freundlich and Redlich-Peterson
Bahrani, 1977; Yaacoubi et al., 1991; Fukuchi et al., isotherms for multicomponent metal sorption onto lig-
1992; Srivastava and Renu, 1995; Suen, 1996), butnite. The Triple Layer model (TLM), using surface
few have dealt with competitive sorption of metal ions. complexation constants determined from single sorp-
However, in most cases, industrial wastewaters contain tion experiments, successfully predicted cadmium and
complex mixtures of components. Trujillo et al. (1991) zinc removal from the two metal solutions (Gabaldén
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et al., 1996) as well as copper and nickel, copper and The peat was dried in an oven for 24 h at 105and
cadmium, and copper and zinc removal from the binary then screened through a 14 mesh sieve (BS 410/43)
systems (Seco et al., 1997). Jain and Snoeyink (1973)to remove any large non peat solids. This proce-
found that not only was there sorption with equal com- dure produced a uniform material for the experimental
petition for sorption sites but also that sorption without studies.

competition for different types of site occurred in a

binary organic system. In addition, it has been found

that the effects of competitive sorption became more Reagents

marked with the increase in the number of solutes in ) )
solution (Martin and Al-Bahrani, 1977). Analytical grade reagents were used in all cases. Stock

Shallcross et al. (1988) developed an ion exchange Solutions of copper(ll) and nickel(l1) at 1000 mg/ém
mechanism based on the Law of Mass Action and ionic Were prepared in distilled water using AR copper sul-
strengths. Several approaches have been developed anBhate and AR nickel sulphate. All working solutions
tested to explain ionic strength effects on copper and Were prepared by diluting the stock solutions with dis-
hydrogen ion titrations in the presence of humic sub- filled water. The pH adjustments were made using AR
stances. A nonlinear Poisson-Boltzmann equation was Sulphuric acid.
used to model the interactions between the charged sur-
faces of suspended colloids to develop models on ion
binding to mineral and organic substances (Dzombak
and Morel, 1990). A further development of this model
by Bartschat et al. (1992) incorporated additional data
on molecular weight distribution, size and functional
group content of humic substances and this reduced
the number of required fitting parameters. The ion ex-

change potential of a wide range of biomass systems : . . i i
has been reviewed (Trujillo et al., 1995; Wase and The batch sorption experiments for single-compo

. . nent systems were carried out on a shaker using capped
Forster, 1997); these reviews covered sorption onto al- y g capp

; X . 25 ml Erlenmeyer conical les. In th rption
gae, fungi, bacteria, peat moss, humic substances and1 " enmeyer conical bottles the sorptio

. : .~ Isotherm tests, 0.5 g of peat was thoroughly mixed
cellulosic based substances. The sorption of metal ions_. . :
onto peatwas reported in these reviews as similartothatWlth the metal ion solution (125 ml). The concentra-
of a weak polyelectrolyte. Breuer and Melzer (1990a) tions for copper(Il) and nickel(ll) systems ranged from

. . ; 0.2 to 3 mmol/drd. A similar procedure was used for
reported that peat behaved as a relatively ideal ion ex- . . .
the bicomponent studies. Three different systems were
changer and that the heterogeneous nature of peat en- . . . ! .
. examined using copper and nickel in the mole ratio
hanced sorption. These authors (Breuer and Melzer, . . i an .
1990b) have determined several equilibrium constants of1:1,1:2.and 2:1 (Cu:Ni) and the concentration
) q range of 0.1 to 1.6 mmol/dfrfor both of copper(ll)
for peat-metal ion systems. . . )
: . . . . and nickel(ll) in the 1:1 system, 0.05 to 1 mmol/&im
The purpose of this study is to investigate competi- : )
. . . " and 1.4 to 2 mmol/drhfor copper(ll) and nickel(ll) in
tive sorption onto peat from agueous bicomponent mix-
tures of copper(ll) and nickel(ll). The two metals are
found extensively in effluents from the microelectron- Table 1 Metal concentrations in original sphagnum peat moss.
ics and electroplating industries. Concentration Concentration
Constituent Lg/g of peat) Constituent  u(@/g of peat)

Peat Characterisation

The metal content of peat was determined by digesting
peat by heating in nitric acid and filtering. The metalion
concentrations were determined by inductively coupled
plasma atomic emission spectroscopy (ICP-AES). The
concentrations are shown in Table 1.

Methods and Materials Iron 890 Cadmium 11
Aluminium 660 Potassium <1
Adsorbent Sodium 285 Chromium <1
Manganese 24 Copper <1
A standard pack (50 d# of sphagnum most peat, zipc 19 Mercury <1
supplied by Bord Na Mona-Ireland and commercially | .4 135 Silver 1

available in Britain and Ireland, was used for this work.
No form of chemical treatment was applied to the peat.

Nickel 5.5 Zirconium <1
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Table 2 Final equilibrium pH values at various initial metal ion  Table 3 Hydrogen ion milliequivalent/g peat for different initial

concentrations. pH.
Initial concentration 25 50 75 100 150 200 250 300 pHo pH200
(Co mg/dn?) (Co= lonisation, Co= lon exchange,
Final pH value 360 3.50 3.40 3.30 320 3.15 3.10 305 PHn  Omg/l)  H'(meg/g)  (200mg/1)  H (mealg)
(Cu Systems) 300 292 0.20 2.84 0.24
Final pH value 3.60 3.45 3.40 3.35 3.30 3.25 3.22 3.20 4.00 3.55 0.18 3.24 0.29

(Ni Systems) 5.00 3.68 0.20 3.29 0.30

both 1:2 and 2:1 systems. After shaking the bottles  Table4 Specific sorption capacities for various initial pH
for 3 h, the reaction mixtures were filtered (Whatman values for copper and nickel (26).

No. 1) and the filtrate was analysed for the concentra- Monolayer coverage, ~ Monolayer coverage,
tion of copper(ll) and nickel(Il) using inductively cou- pHn  Xm (Mg copper/g peat) Xm (Mg nickel/g peat)
pled plasma atomic emission spectroscopy (ICP-AES).

The sample bottles were shaken in a thermostatically 3.00 12.4 553
controlled shaking water bath at 252°C. The analyt- 4.00 154 7.84

ical procedures and methods were carried out accord- 450 15.8 8.13

ing to EPA standard methods for metal ion analysis. 5.00 16.4 8.52

Previous work (Ho et al., 1994, 1995b) demonstrated
that under the experimental conditions used, equilib-

rium was reached in 2 h. The solution pH values of The inﬂuence Of pH on the Sorption Capacity of
the initial and final solutions were measured. Initial pH Sphagnum moss peat for Copper and nickel iS Shown
values were 4.56:0.10 and final pH values showed iy Table 4. The sorption capacities are fairly constant
some variation with initial solution concentration. The ith pH values of 4.0 and 5.0 but as the pH approaches
values are given in Table 2. o ~ 3itcan be observed that the saturation capacity is be-
The data in Table 2 shows that as the initial metal ion ginning to decrease probabiy due to Competition W|th
concentration increases, the resultant equilibrium pH hydrogen ions at low pH.
decreases. Although afté =100 mg/drd the equi- Additional experimental details have been reported
librium pH values are fall’|y Steady. It can be concluded previousiy (HO et ai_, 1994, 1995a) and this research
from this trend that as more metal ions are sorbed onto a|so indicated the sorption capacities of nickel and cop-
peat, more hydrogenions are released fromthe peatintoper remained relatively constant with pH over the range
solution. The hydrogen ion sources are most likely the 3 5 to 5.0. The final pH values are in the range 3.8 to

carboxylic, phenolic and enol groups in the peat. These 4.2 depending on initial metal ion concentration.
groups, which are generally considered responsible for

the cation exchange capacity of peat, are presentin 2—3
milliequivalents/g peat. The intrinsic ionisation poten- Isotherms
tial for the carboxylic acids is about 1®and therefore
it is possible to estimate the ion exchange capacity. Equilibrium sorption studies are performed to provide
The hydrogen ion concentration was increased during the capacity of the sorbent. The sorption capacity is de-
the sorption process since there was a pH decreasescribed by a sorption isotherm characterised by certain
This can be calculated for the different initial metal ion constants whose values express the surface properties
concentrations and the differences in pH values from and affinity of the sorbent. Sorption equilibrium is es-
the start of the sorption process until equilibrium is tablished when the concentration of sorbate in the bulk
reached. solutionisin dynamic balance with that of the interface.
Table 3 shows the hydrogen ion concentrations at Equilibrium relationships between sorbent and sorbate
three relevant pH values and two initial metal ion con- are described by sorption isotherms, usually the ratio
centrationsCo =0 mg/dn¥ andCy = 200 mg/dni re- between the quantity sorbed and that remaining in the
spectively. solution at a fixed temperature at equilibrium. The data
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were determined and analysed in accordance with someLangmuir isotherm.
of the most frequently used isotherms:

The Langmuir sorption isotherm (Langmuir, 1916) Xlal[ C ]
is the best known and most often used isotherm for the th = 71(G/Qm.) (4)
sorption of a solute from a liquid solution as: 1+ al[m] + az[m]
Ce 1 Ce .
Qe Qmay i * Qm @) b = Xzazl:nz(Oh/Qm.z)] )
. . . - 1+a1[701 ]+az[7‘32 ]
wherege is the sorption capacity at the equilibrium 716/ Qm.1) 12(% /Qm.2)

solute concentratio€. (mmol/g); Ce is the concen-
tration of sorbate in solution (mmol/d)y Qm is the ~ Whereéncu(G/Qm.1) and nni(Gi/Qm2) are the func-
maximum sorption capacity corresponding to complete tion of interaction coefficients for coppere., and for
monolayer coverage (mmol/gg; ; is a Langmuir con- nickel, i, and X is the fractional surface coverage.
stant related to the energy of sorption @mmol).

A model for competitive sorption based on the ) )
Langmuir equation was first developed by Butler and Results and Discussion

Ockrent (1930) to describe the sorption equilibrium ] ] )
in multicomponent systems. This isotherm is applica- Some of the earliest work on sorption of gases on dif-

ble when each single component obeys Langmuir be- ferently treate_d surfaces were investigated by Faraday
haviour in a single-component system. Itis widely used (1834), who first suggested that there must be spe-
to calculate the Langmuir consta@t,, the amount of  Cific sorption of reactant molecules for surface catal-

solute sorbed per unit weight of sorbent, in the mul- ysis. Sorption results from unbalanced forces associ-
ticomponent systems. The common form for depict- ated with surface molecules of sorbates or sorbents.
ing the distribution is to correlate the amount of solute 1he high potential energy of these molecules can be
sorbed per unit weight of sorbent with the residual so- réduced by the attraction of other substances. Sorption
lute concentration remaining in an equilibrium state. If therefore presumably occurs exclusively on the surface

there are two solutes present together in the sorption Sit€S of the sorbent.

system the competitive Langmuir isotherms are: The experimental data were analysed by linear re-
gression analysis and a simple Langmuir isotherm was

Qm1a1Cy found to provide an excellent description of the sorp-

= 1+ a,Ci + aC, 2) tion with correlation coefficients 0.998 for nickel and

0.999 for copper in the single-component systems. The
Qm2a2Co isotherms given by the Langmuir equation are shown
% = 1+ a;Cq + a,Cy (3) in Fig. 1. It is clear from Fig. 1 that copper has a
stronger sorptive potential as its isotherm is located
whereq; andq, are the amounts of solutes 1 and 2 at a lower position in the plot (Srivastava and Tyagi,
sorbed per unit weight of sorbent at equilibrium con- 1995). The values for the Langmuir consta@t,, are
centrationsC; and C,, respectively.Qm1 and Qm2 0.198 mmol/g for copper and 0.150 mmol/g for nickel
are the maximum sorption capacities of solutes 1 and constants, ;, are 35.6 drifmmol for copper and
and 2, respectively. These are determined from single- 8.50 dn#¥/mmol for nickel respectively. It is observed
component systems and, therefore, correspond to aby comparison of the results that copper(ll) is removed
monolayer coverage of the sorbeat.anda, are the more extensively than nickel(ll) at the same pH and
Langmuir constants and are a function of the energy of temperature of sorption. The preference of peat for met-
sorption of solutes 1 and 2, respectively. These are alsoals has been related to the metal electronegativity of the
determined from single-component systems. ions (Allen and Brown, 1995).

Inthis study the Butler and Ockrent modelwasmodi-  The equilibrium capacities prediction of the Butler-
fied using an interaction coefficient,that is a function Ockrent model was tested by least square regression
of sorption capacity. The Butler-Ockrent model was de- analysis for the sorption of metal ions onto peat to de-
veloped to apply the Langmuir isotherm to multicom- termine which equation best describe the data. Table 5
ponent sorption systems. It is effectively an extended shows the agreement between the measured and model
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Table 5 Correlation coefficientr2, and root mean square error, 02
RMSE, of the equilibrium capacities for binary sorption systems ors
with Butler-Ockrent equation. ]
i 0.16
Mole ratio Copper Nickel ®
Cu(ll) : Ni(11) r2 RMSE r2 RMSE 0.14 | ’Q
* o
=3 *
1:1 0.997 0.515 0.596 0.0857 g 012, .
*
1:2 0.994 0.665 0.784 3.85 Y .
o o1 ¢ 4
2:1 0.991 0.227 0.245 0.973 3 A
o 008 &
2
o *A
0,06 $ a
1® " 0.04 | 0 s e
144 0.02 ° % . %A
12 | o ; .
[} 0.05 0.1 0.15 02
Measured q,, (mmol/g)
10 4
'E & Cu:Ni = 1:1, Cu Data 4 Cu:Ni=1:2 CuData ¢ Cu:Ni=2:1, CuData
% s o Cu:Ni = 1:1, Ni Data a Cu:Ni= 1:2, NiData ¢ Cu:Ni = 2:1, Ni Data
é
o’ . Figure 2 The relationship between measured and predicted equi-
| librium sorption capacities from Butler-Ockrent equation.
4 |
2 whereq; andg* are the measured and predicted sorp-
tion capacities of metal ions onto peat ands the
° o ; s N 2s number of measurements.
€, (mmolidm?) Figure 2 shows the relationship between the mea-
o Cu, Single-Solute Experimental Data — Cu, Single-Sclute Langmuir Isotherm Sured and the mOdeI predlCted equ”lbrlum SOI’ptIOﬂ ca-
a Ni, Single-Solute Experimental Data —— Ni, Single-Solute Langmuir Isotherm

Figure L Langmuir isotherms for single-solute system.

pacities of metal ions onto peat for the Butler-Ockrent
model. A modified Butler-Ockrent model with an in-
teraction factom was tested with the data in Table 6
and the plots are shown in Fig. 3. The correlation be-

predicted data for the binary sorption system. The root tween the measured and the model predicted data have
mean square error (RMSE) relating the measured andiMmproved significantly but all the nickel correlation co-

metal component (Shallcross et al., 1988):

e

i=1

Ei = (6)

interaction factor was proposed by Schay et al. (1957)
and was used with limited success by Mathews and
Weber (1978) for the sorption of phenol on carbon and
by McKay and Al Duri (1987) for the sorption of ba-

sic dyes on carbon. One of the most difficult tasks in

Table 6 Parameters for the relationship between measured and predicted equilibrium sorption capacities for
binary sorption systems using the Butler-Ockrent equation modified with constant interactiomfactor

Mole ratio Copper Nickel

Cu(ll) : Ni(I1y r2 ncu N r? ncu N
0.990 2.9 1073 9.21x 1073 0.813 1.43« 1072 0.898
0.986 3.6% 103 1.52x 102 0.929 1.41x 1072 1.01
0.989 3.16¢10°3 6.19x 103 0.680 3.90x 1073 9.79x 1075
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0.2

0.18

0.16 | 4

0.14 J
B -
2 012 . o
2 .
£ .

*

o 01
3 .
3
T 0.08 ]
£
. *

0.06 | L

0.04 |

M
0.02 4 ‘
* a
0 . v T
1] 0.05 0.1 0.15 02
Measured q,, (mmol/g)
& CuNi=11, CuData 4 CuNi=1:2CuData ¢ Cu:Ni=2:1, CuData
& CuNi=1:1, NiData p CuNi= 1:2, NiData

Figure 3 The relationship between measured and predicted equi-
librium sorption capacities from modified Butler-Ockrent equation
with constant interaction factor.

IAS cannot be applied to cases of reaction between ad-
sorbed species. Furthermore, Talu and Myers (1988)
stated that the Freundlich and Dubinin-Radushkevich
equations are unsuitable for the calculation of spread-
ing pressure. Frances etal. (1995), using different sized
molecules, observed that at large surface coverages of
larger molecules, for steric and entropic reasons, it is
more favourable for small molecules to adsorb and ex-
pel larger molecules, this may create a selectivity re-
versal in the system. On the basis of this recent litera-
ture it is not surprising that the application of the IAS
model to the present system under investigation does
not provide a satisfactory correlation of experimental
data. The reasons are summarised:

i) the solutes are ionic species, having different ionic
radii;

i) itis likely that hydrated ionic species may exist in
solution, again promoting a degree of selectivity
reversal,

i) the solutes are electrolytes and therefore the system
is non-ideal, requiring activity coefficients to better
describe the species;

understanding adsorption phenomena is the quantifica-jv) the sorbent, peat, contains a rich myriad of chemi-

tion of equilibriumisotherms for mixtures. The existing

theoretical concepts have been summarised by Ruthven

(1984) who identified the usefulness of deriving com-
petitive isotherms exclusively from single component

cals several of which could react with metal ions by
exchange, chelation etc. The surface carboxyl, car-
bonyl and hydroxyl groups will promote different
chemical reactions thus even more complicating

data. The IAS theory, developed for gas phase systems

(Myers and Prausnitz, 1965) and extended to dilute v)

solutions (Radke and Prausnitz, 1972) is a thermody-
namically sound model using only single component
isotherms. The IAS model, based on single component
Langmuir equilibrium, was used to test the experimen-

tal data in the present paper, but was found to be unsuit- vj)

able. Competitive isotherms, predicted by the IAS the-
ory reduce to the competitive Langmuir equation if (i)
the single component adsorption of each component is
a Langmuir isotherm and (ii) the saturation capacities
of these Langmuir isotherms are identical. Although
the first condition is often satisfied for solutions of sim-
ple organics (Huang and Horvath, 1987) the latter is

the observations by Seidel and Gelbin (1988);

the saturation capacities of each metal ion onto
peat in single solute systems is different, copper
being adsorbed to a greater capacity, which can be
attributed in part to the different electronegativities
of the two metal ions;

although solute concentrations are relatively low,
a twenty-fold range of concentrations has been
used and extends well beyond the range of Henry's
Law applicability. Equilibrium saturation is also
achieved. These two factors indicate the non-
ideality of the system.

Based on these six factors, it is apparent that con-

seldom true even for closely related isomers (Golshan- ventional IAS will not apply and that the interaction
Shirazi et al., 1991; Seidel-Morgenstern, 1993). Fur- factor,n, will not remain constant as the sorption pro-

ther work on organics (Seidel et al., 1986; Seidel and cess proceeds. The preferential chemical selectivity of
Gebin, 1988) used the Redlich-Peterson and Freundlichthe various peat sites will compete for metal ions to

isotherm equations in the IAS but still found consid- varying degrees. The more active sites will attach to

erable deviation between results and model predicted the metal ion species first. This, of course, demands
data. The authors concluded that chemical interaction an interaction term dependant on the fractional surface
in the adsorbed phase could be responsible and thatcoverageg / Qm.
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0.2

Table 7 Correlation coefficientr2, and root mean square error,
RMSE, of the equilibrium capacities for binary sorption systems
using the Butler-Ockrent equation modified with an interaction factor

0.18 |

n as a function ofjj / Qm. 0.16
Mole ratio Copper Nickel ots
Cu(ll) : Ni(l1y r2 RMSE r2 RMSE 5
3 012
1:1 0.999 7.98&10* 1.000 2.7% 1077 H
0998  7.4410% 1.000 372108 g™
2:1 0995 2.16<107° 1.000 6.98< 1075 g oo
a

0.06

0.04

It is apparent from these reasons therefore, that the
interaction factor is not a constant and may be a func-

0.02 |

tion of fractional sorbent surface coverage. o - - o -
As an initial attempt to study this effect single com- Measured g, (mmolg) '
ponent and multicomponent data have been correlated ! , !
. o Cu:Ni = 1:1, Cu Data 4 Cu:Ni=1:2, Cu Data ¢ Cu:Ni =2:1, Cu Data
to obtainn(qgi / Qm). oCuNi=1:1, NiData aCuNi=1:2, NiData oCuNi=2:1, Ni Data

The Butler-Ockrent model was modified withas _ o _ _
a function OfQi/Qm as shown in Egs. (4) and (5) I_:lgyre4 The reIatlong_hlp between _njeasured and predicted equi-
. i librium sorption capacities from modified Butler-Ockrent equation
'I_'a_ble 7 shows the extremely high correlation coef- constant interaction factor as a functiongpf Qm.
ficients and low root mean square error demonstrat-
ing an excellent fit of the equilibrium capacities from
the model predicted values the measured experimentalrelation coefficients (Table 9). Therefore it is further
data. considered thay can be expressed as a function of
Figure 4 shows the relationship between the mea- (g /Qm) as follows:
sured and the modified model predicted equilibrium
sorption capacities of metal ions onto peat. The slope g \"
and interce i i = no(—) (7)
ptvalues of the results of Fig. 4 are shown in Om
Table 8. The slope obtained is 1.000 and the intercept
is very low showing an excellent fitting of the equi- The corresponding linear plots of the valueséef, and
librium capacities from the predicted to the measured Xyi againsimwere regressed to obtain expressions for
data. these values in terms of the metal ion mole fractén,
The corresponding linear plots of the valuesnof  with high correlation coefficients (Table 10). Therefore
against ¢/ Qm) were regressed to obtain expressions it is further considered thah can be expressed as a
for these values in terms of the { Qm) with high cor- function of X, and Xy; as follows:

m = Aexp(BX) (8)
Table 8 Parameters for the relationship between measured and
predicted equilibrium sorption capacities for binary sorption systems
using the Butler-Ockrent equation modified with an interaction factor
n as a function ofjj / Qm.

Figure 5 shows the relationship betweenrtrendX.
The authors have attempted to use various parame-
ters such as electronegativities, ionic radii, activites,

. Copper Nickel . . . .
Mole ratio relative molar concentrations of metal ions, relative
Cu(in:Ni(ll) ~ Slope  Intercept  Slope Intercept sorption capacities to quantifiy(g; /Qm) in terms of
1:1 1000 00k1®  1.000 —6.78x 10-10 system characteristics. Although the trends show qual-
1:2 1.000 253108 1.000 —3.11x10-8 itatively dependence on certain of these parameters at
21 1000 110103 1.000 —4.72x 10-10 present we have not been successful in deriving a quan-

titative relationship.
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Table @ Empirical parameters for predictedfrom (g /Qm) for the modified Butler-Ockrent

equation.

Copper Nickel
Cu:Ni 10 m r? 0 m r2
1:1 Cu 413102 2.45 0.999 0.264 3.09 0.997
1:2 Cu 2.28¢ 102 7.69 0.993 0.103 7.99 0.988
2:1 Cu 9.46x 1073 1.04 0.999 2.1% 1073 1.03 1.000
1:1 Ni 4.15x 103 313 0.997 1.66 101! 23.8 0.999
1:2 Ni 7.56x 10 61.2 0.990 1.38& 10° 53.7 0.998
2:1 Ni 1.14x 10° 14.8 0.999 4,14 10° 13.8 0.997

Table 10 Empirical parameters for predictadfrom X.

Copper Nickel
A B r2 A B r2
Copper 56.2 —-6.02 0993 0.140 6.14 0.998
Nickel 253 —4.27 0999 3.30 4.09 0.988

70 4
60 4
50 4
40
30

20 4

\ | :>-—<:

0.2 03 0.4 0.5 0.6 0.7
X

o Cu-Cu 4 Cu-Ni gNi-Cu ¢ Ni-Ni

Figure 5 The relationship between tineand X.

Conclusions

Studies on equilibrium sorption in a copper/nickel bi-
component system have shown that competition oc-
curred. An interaction factor which is a function of
sorption capacity has beenincluded in the bicomponent
competitive sorption model. In this study the Butler and
Ockrent model was modified using an interaction co-
efficient, n. The models were therefore developed as
a predictive models for different ratios of metal ion

concentrations in competitive sorption and excellent
agreement has been obtained between predicted values
and experimental data.
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