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Abstract: A crosslinked acrylic copolymer functionalizedthviriethylenetetramine

(TETA) was used for retention of Ni(ll) prior to emination by flame atomic

absorption spectrometry (FAAS). Batch method wasdusind the optimum

conditions for nickel sorption (pH, contact time,etal ion concentrations,
temperature) have been established. Ni(ll) Sorp&quailibrium data were better
described by Freundlich isotherm models and kirgdia accurately fitted to pseudo
second order model. In the Cu(ll) ions presencélNign sorption is drastically

diminished.
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Introduction

Removal of heavy metals from industrial effluenss af primary
importance because the contamination of wastewaseis very serious
health and environment problem. Nickel togethemhvaboper,cobalt and
zinc are toxic and relatively accessible metdlhie low concentrations of
metals in most seawaters, industrial wastewatenestic effluents, rivers,
sediments, etc. request selective and sensitiveigues of determination.
These features beside speed and fairly low opeaticost are performed
by FAAS? However preconcentration steps are often necedoariyace
metals determination in various samples of comptetrices.

Various methods of preconcentration and separapimtedure®
such as electrodeposition, coprecipitation, solwexttaction, evaporation
and freeze-drying, membrane process can be usadraase the sensitivity
and precision of analyte determination in a compigtrix. These methods
have several disadvantages which include incomptetéal removal and
toxic sludge generation. The sorption on solid ph&gss become an
increasingly popular method because of its advastaghigh
preconcentration factor, high recovery, rapid phsegaration, simplicity,
and low cost.

The sorptive properties of very wide materials axploited for
Ni(ll) preconcentration / separation: zeolifeslays® chitine® living’ or
nonliving® bacteria, biomass,silica-gef® or cellulosé' with different
functional groups, activated carb6ror sludge® etc. Probably the most
attractive due their selective fictionalizationgpahility are the synthetic
resins. Ni(ll) sorption /desorption on differentetiting resins have been

reported-*
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This paper deals with a study of Ni(ll) retention an acrylic
copolymer functionalized with triethylenetetramindTETA)  with
crosslinking 2% DVB, As 14P, with the following sttural unity:

4<CH2— H>—<CH2—?H)7
X y+z

C=0

R

—CH,—CH—

Scheme 1

R=-NH - (CH-CH, - NH), - CH,— CH, — NH,
In order to establish the proper conditions fdem&on of Ni(ll) at
trace levels, the sorption behaviour of this métal in batch system has

been investigated.

Experimental
Reagents
- Acrylic crosslinked copolymers-based on divingnizene (DVB)
ethyl acrylate (EA) and acrylonitrile (AN) - funonalized with
triethylenetetramine (TETA), with two crosslinkedgiees: As-14P (2 wt %
DVB) and As-25R8 wt % DVB);
- standard solution of Ni(N¢)» 0.1 M;
- HNO;z; and NaOH for adjusting the pH.
Methods
The effect of important parameters such as pH,acbritme, initial
metal ion concentration, adsorbent dose and teriyseran the adsorptive
retention of nickel ion was investigated in a senékinetic and equilibrium

experiments.
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The adsorption experiments were performed by batethod
suspending the copolymer (0.05 - 0.2 g) in 10 skOsolution containing 5
- 100 mg L* Ni(ll) under precise experimental conditions (185-°C, pH =
1-8, 15 minutes - 24 hours contact time).

The pH was varied from 1 to 8 and it was adjustgdiding diluted
solution of HNQ and NaOH and measured with a RADELKIS pH - meter,
OP 211/2.

The excess of Ni(ll) has been determined in an uatiqof
supernatant, by flame atomic absorption spectrgmetr a PERKIN-
ELMER 3300 spectrophotometer. For the calibratiorve Merck standard
solution with 1000 mg t Ni(ll) and bidistilled water for dilution were
used.

The sorption capacity of the resins was evaluatethb amount of
metal ion adsorbent (Equation 1), by percent ofafrien removal (Equation

2) and by distribution constant (Equation 3).

&= (Co—C)V10¥m (1)
R%=(G-C)100/G (2)
Ka=Ge/ Ce 3)

where: g is the amount of Ni(ll) adsorbed per unit weightadsorbent at
equilibrium, mg ; C, and G are initial and equilibrium concentration of
Ni(ll) in solution, mg L*; m is the amount of adsorbent, g; V is the volume

of solution, mL; Kis the distribution constant, (mgy (mg L?).
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Results and discussions
Testing of ion exchangers
The preliminary selection was made by suspenfiing4 h ~ 0.05 g
of acrylic copolymer functionalized with ethylenadiine (EDA) and
triethylenetetramine (TETA), each with two degredscrosslinkage (2%
and 8%), in 25 mL Ni(ll) solutions with 5 mg'L
In the investigated conditions significant retentiop to 60%, was
obtain for the copolymer functionalized with TETAd 2% DVB. By
increasing the crosslinkage to 8% DVB the retentioninished until 40%.
The resin functionalized with EDA reached less tB@f6 retention.
For efficiency reason future systematic studiesevesrly done for As 14P.
Effect of pH
The investigated acrylic copolymer is a weak basd due the
protonation and deprotonation of amine groupsadisorption behaviour for
metal ion is influenced by pH. The tests were lgdito the pH range of 1.0
to 8.0 because the precipitation of Ni(ll) in basiedium may occur.
25 mL solutions with pH being varied from 1.0 t® 8ith 5 mg L
Ni(ll) have been put together with 0.05 g resin a&holwly stirred for 8
hours. The results (Figure 1) proved that the gswr increases with the

increase of pH until 6 and at higher values istinadty constant.
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Figure 1. Effect of pH on Ni(ll) sorption.



36 R. Buhiceanu and co-workers

The low metal adsorption at low pH (<3) could belained as a
competition between protons and Ni(ll) ions for g@me active site. The
pH values near neutrality are generally adequatthéosorption on resin
functionalized with amine groups.

Influence of contact time and initial Ni(ll) ion moentration

The experiments were carried out in agueous solsitmf pH = 6
with ~0.2 g resin and initial concentration of Nj(lion: 17 mg L
68 mg > and 100 mg L!and with intermittent stirring. The results (Figure
2) proved that in 8 hours the sorption equilibriwas established for all

solutions.
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Figure 2. Effect of contact time and initial concentration Igigl1)
sorption.

In all cases, but especially for the highest cotre¢ion, the results
obtained after 24 hours of sorbent-liquid phase taxn indicate a
supplementary lowering of Ni(ll) solution concettitba. In correlation with
the increased pH, due to the sorption process,ntiaig be attributed to a
complementary process, probably precipitation @résin granule surface.

Influence of temperature

The effect of temperature on Ni(ll) sorption wasgdstigated at three
different temperatures, 8, 27 and 55 °C, respdgtivesing a constant
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amount of adsorbent (0.15 g), for four Ni(ll) contrations and 24
hours of contact time.

The results showed that with increasing temperatueemaximum
percentage of Ni(ll) removal increased very slo¥dy all the investigated
concentrations only until 27 °C. The further deseeaay suggest that the
sorption is complex being the result of superpositof physical and
chemical processes. Moreover, the Ni(ll) — resimplex might have a
higher stability at low temperature.

Sorption isotherms

The analysis of isotherm data is important to dgyedn equation
which accurately represents the results and wlociddoe used for design.

The adsorption behaviour of resin was determinedthyglying the
amount of adsorbed metal as a function of metalceomation. The
experiments were done by contacting ~ 0.15g resih 26 mL solutions
with 6 different concentrations for 10 hours, tenapere of 27 °C, and pH =
6. In order to establish the best fit, two isotherradels were tested, the
results being judged in terms of correlation ceo#ffit and values of
specific parameters.

Langmuir isotherm

For the AS-14P resin the equilibrium results atedént concentrations
were graphically represented (Figure 3) and andlyZable 1) based on the

linearized Langmuir equation:
1/=1/ Gbg + l/gp= 1/ GK_ + 1/g 4)

where G is the equilibrium concentration of Ni(ll) in s¢lon, mg L, b is a

constant related to the energy of adsorption, L*mand @, mg ¢
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represents the practical limiting adsorption cagyawhen the surface is

fully covered with metal ions; K L g*, is the Langmuir constant.

0.8 4 y = 1.3898x + 0.0242
0.7 4 R? = 0.9799
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Figure 3. Linearized Langmuir isotherm for Ni(ll) sorptiomto As
14P resin.

The absorption performance in terms gf/glue is 41.32 mgfand
for the studied experimental range reaches itsshiliration.

The separation factor, Rwas calculated with:

R =1/(1+bG) (5)

where G is the highest initial Ni(ll) concentration, mg'L

The R values (0.493), in the range (0 + 1), confirmedttthe
adsorption behaviour of As 14P resin was favourédi&li(ll) ions.

Freundlich isotherm

The equilibrium experimental data were analyzed fitteld using
the Freundlich mod& written in linearized form as:

log g= log Kg + (1/n) log G (6)

where K, L g*, and n are the Freundlich constants that poirelative
capacity and adsorption intensity, respectivelye HMalues of K and 1/n
(Table 1) were evaluated from the intercept angesloespectively, of the

linear plot oflog ¢ vs.log G (Figure 4).
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Figure 4. Linearized Freundlich isotherm for Ni(ll) sorptionto As
14P resin.
The obtained n value of 1.059 (1< n <10) indicattest Ni(ll)
sorption is favourable.

Table 1. Characteristic parameters of Langmuir and Freuhddiotherms.

Langmuir Freundlich

K b K
L %o R R F n R
Lg*? mg g* L mg* Lg?

0.719 41.32 0.0174 0.493 0.98 0.165 1.054 0.993

In terms of correlation coefficient the best fitg the experimental
data over the experimental range studied is fourkikch model since it
presents the greater coefficients of correlation.

Adsorption kinetics

Three different kinetic models were used to anakiretics data of
sorption process, models divided in two main typeaction-based models
(first and second) and the diffusion-based modhe [ast one).

Pseudo first order model

The kinetics of adsorption was firstly analyzedthg pseudo-first

order equation given by Lagergreras:
log (@ - q) =log (@) - (ki/2.303) t (7)
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where @ and g - are the amount of Ni(ll) adsorbed on resiequilibrium
and at time t, mg§ ki, min™ is the rate constant of adsorption.

The k values were calculated from the plotdad (¢ - q) vs.t, for
different concentrations of Ni(ll) (Table 2). Theperimental g values do
not agree with the calculated values obtained ftom linear plots. The
missing agreement with this model is also sustaipgdhe correlation
coefficient (R<0.97) obtained for the linearized form.

Table 2. Pseudo first and pseudo second order model paresrietéhe

sorption of Ni(ll).

Co Qexp Lagergren Ho
mglt  mgg" ki Ce . ks Ce h =2
min™* mgg’ g mg*min’® mg g* min*
17 6.2 0.0047 8.974 0.949 0.00195 6.283 0.1037  40.99

68 18.11 0.0099 16.106 0.928 0.00179 18.99 0.3175.9910

100 27.97 0.0138 22.029 0.98 0.00146 27777  1.12770.99

Pseudo second order model

The sorption data were also analyzed in terms seugo-second
order mechanism given by Hdin linearized form:

t/q)=1/kagd)+(1/qt=1/h+ (Ligt (8)

where k, g mg* min', is the rate constant of pseudo-second-order
adsorption and h, g rifgnin™, is the initial sorption rate. Values of h,&nd
Oe (Table 2) were calculated from the intercept doges of the linear plots
of t/q vs.t.

The correlation coefficients are higher than 0.80As14P and the

estimated values of.cplso agree with the experimental ones. Both facts
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suggest that Ni(ll) sorption on Asl14P follows a @t order kinetic
model which relies on the assumption that this raeim is predominant
and that over all rate constant chemisorption m®eamight be the rate
limiting step®®

Intraparticle diffusion

Intraparticle diffusion model based on the theagpoesed by Weber
and Morri§° was tested to identify the diffusion mechanisfine rate
constant for the intraparticle diffusioni,kis calculated by the following
equation:

q =k t'? )

where q is the amount of Ni(ll) adsorbed on resig,g*, at time t, min; k
is the rate constant for intraparticle diffusiong it min/2. The ky values

2 There are

were calculated using the slope of the linear ptdts; vs. t
three gradual adsorption stages but the secondipaattributed to the
intraparticle diffusion.

Table 3. Intraparticle diffusion model parameters for thepsion of Ni(ll).

Co Kid ,
R
mg L?  mg g* min*?
17 0.559 0.961
68 1.073 0.972
100 1.03 0.977

The variation of | values are not consistent as solution
concentration increases, the straight line obtafr@a Equation 9 does not
pass through the origin and correlation coeffigeate not good enough to

suggest a strong relationship between the parasae@nsequently, the
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intraparticle diffusion is not the controlling meatism during Ni(ll)
adsorption.
Cu(ID+ Ni(Il) competitive sorption

Because nickel is generally found in the combintdes usually in
copper mineralization, additional experiments ofp§on were made in
binary mixture. For this purpose 0.1 g sorbent waged with 35 mL
solution with 100 mg Lt Cu(ll) and 10 mg X Ni(ll) (pH = 5, t = 25 °C, for
600 minutes). The results (Figure 5) show thatNdil) the quantity and
rate are drastically decreased in binary mixtutgs Tnight be explained by
the fact that Cu(ll) ions are quickly adsorbed loa ¢xternal active sites, the
surface becomes more hydrophobic and Ni(ll) ioffaisie more slowly and

hardly to the free internal active sites.

cu(lly + Nill)

metal ion

100
80
60

%
40
20
0

@Cu
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Figure 3. Competitive Cu(ll) and Ni(ll) sorption onto As 14&sin.

The Cu(ll) — resin complex is more stable that INi(gsin complex,

the Ni(ll) sorption being diminished until 6.8% the investigated

conditions.
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Conclusions

The acrylic copolymer functionalized with TETA (2 @VB) is a
relatively good sorbent for Ni(ll) removal from died solution, the
sorption being affected by experimental parameitieespH, initial metal ion
concentration, contact time, temperature. The maximadsorption
capacity, determined from Langmuir isotherm, haslae of 41.32 mg§
The best fittings for the experimental data werenfb for Freundlich
isotherm model and pseudo-second order kinetic mdde presence of

Cu(ll) ion diminished drastically the Ni(ll) sorpta.
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