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5.3 Effect of Particle size

The influences of the adsorbents’ particle sizeGo(ll) removal were investigated
using five different particle sizes (18mm, 0.24m@30mm, 0.42mm and 0.71mm). The
batch experiments were carried out using 11ppm a(ilCconcentration for TTCNS and
TAINS at dosages of 100 mg and 150 mg, at pH vaties04 and 6.30 respectively. The
effect of particle sizes on the uptake rate of Qofte given in tables 5.1, 5.2 and their

respective plots (Amount adsorbed vs. Time) austithted in figures 5.7, 5.8.

Smaller the particle size, higher the surface @eraunit weight of the adsorbéfft
Amongst the experimentally verified particle sizds percentage removal was found to
increase appreciably for 0.42mm of TTCNS and 0.18 ah TAINS. This may be due to the
increase in number of binding sites at high surtae&*® Similar results have been reported
on Tamarindus indica seed$®. In view of the good experimental results obtaif@d0.42
mm TTCNS and 0.18 mm TAINS particle sizes, it wasided to limit the discussions of

further experiments under these dimensions.
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Table 5.1 Effect of Particle size (TTCNS)

Amount Adsorbed (mg/qg)

Time

(min) | 0.18 mm 0.24mm| 0.30 mm 0.42 mm 0.71mm
0 0 0 0 0 0
2 64.1 47.2 35.9 85.7 13.1
4 69.0 50.8 52.5 85.7 28.6
6 76.2 65.3 70.4 88.3 48.0
8 76.2 67.7 75.5 98.5 53.0
10 78.6 69.0 80.6 100.5 68.0
12 78.6 71.4 83.2 106.1 73.4
14 81.0 71.4 83.2 108.7 78.8
16 80.5 71.1 83.1 108.2 78.0
18 80.1 69.8 82.9 108.0 77.6

Metal ion concentration:11 ppm; Adsorbdrge:100 mg; pH:4.04; Temperature:303K.
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Figure 5.7 Efteaf Particle size (TTCNS)
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Table 5.2 Effect of Particle size (TAINS)

Time Amount Adsorbed (mg/qg)

(min) 0.18 mm| 0.24 mm 0.30 mm 0.42 mm 0.71 mm
0 0 0 0 0 0
3 55.00 41.66 30.00 18.53 7.46
6 57.80 43.00 30.73 20.33 8.73
9 59.20 45.26 33.00 20.33 9.66
12 63.20 46.13 33.86 21.66 10.53
15 79.20 47.46 35.26 22.53 11.40
18 80.60 47.93 36.13 23.46 11.80
21 82.25 47.93 36.93 23.86 12.26
24 82.12 47.85 36.25 22.52 12.10
27 82.04 47.14 36.05 22.32 12.05

Metal ion concentration:dpm Adsorbent dose:150 mg; pH:6.30; Temperature:303K
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FiguseB Effect of Particle Size (TAINS)

131



Chapter V

5.4 Effect of Contact time and Initial concentration

The effect of time course profiles for the adsowmptof Co(ll) ions varied
concentrations ranging from (3-13ppm: 2ppm intgrna varying time intervals (2-14
minutes: 2 minutes interval) are shown in figure® &d 5.10 and the corresponding data in
tables 5.3 and 5.4. In both the systems, the Irgtgotion rate was very rapid and thereafter

adsorption was gradual while reaching the equuiiri

The amount of Co(ll) adsorbed onto TTCNS aftesiathg equilibrium was found to
be 27.8, 67.6, 85.4, 87.8, 102.3 and 96.5mg/g otisply (Table 5.3) at initial
concentrations of 3, 5, 7, 9, 11and 13 ppm. Peagensorption of Co(ll) has lowered at a
higher concentration of 13 ppm. Such behaviourlmaattributed to the unchanging number
of available active sites on the adsorbent, siheeamount of adsorbent is kept constaft
Similar results have been observed in the caseo@)TAINS system, as obvious from the

table 5.4.

The equilibrium time, being indepertdehinitial concentrations were found to be 20
and 15 minutes for Co(ll)-TTCNS and TAINS systenespectively. Such concentration
independent equilibrium time had been reported Irighna et al*>°. In view of the observed
data, a contact time of 10 and 15 minutes for tbgpective systems and an initial

concentration of 11ppm for both the systems haes lhieed.
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Table 5.3 Effect of Contact time and Initial concetration (TTCNS)

Amount adsorbed (mg/g)
Time(min) | 3 ppm S5ppm | 7ppm 9ppm 11lppm 13 ppm
2 1.0 17.4 37.5 32.8 71.6 57.0
4 5.8 38.2 58.3 64.4 72.8 69.8
6 8.6 53.6 60.4 65.6 77.6 71.2
8 26.8 62.4 75.0 67.8 97.6 96.4
10 27.8 67.6 85.4 87.8 102.3 96.5
12 37.2 69.2 89.6 87.6 102.9 96.8
14 37.1 69.0 89.1 87.5 102.8 96.7

Particle size: 0.42 mm; Adsorbent dose: 100mg;: 464; Temperature: 303K
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Figure 5.9 Effect of Contact time and Initial concentration (TTCNS)
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Table 5.4 Effect of Contact time and Initial concetration (TAINS)

Amount adsorbed mg/g
Time(min)

3 ppm 5ppm 7ppm 9ppm 11ppm 13ppm
3 7.4 4.4 21.0 12.8 55.0 22.0
6 9.4 6.4 25.0 31.0 57.8 34.0
9 10.0 9.6 36.8 52.2 59.2 37.6
12 10.6 10.6 40.6 62.0 63.2 42.0
15 114 12.8 43.2 66.2 79.2 43.8
18 11.4 12.8 43.2 67.6 80.6 44.8
21 13.2 14.8 43.2 67.6 82.0 43.6
30 13.99 14.9 43.2 67.6 82.1 43.1

Particle size: 0.18 mm: Adsorbent dd&® mg; pH: 6.30; Temperature: 303K
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Figure 5.10 Effect of Contatime and Initial concentration (TAINS)
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5.5 Effect of Dosage

The influences of adsorbent doses (50-200mg: Sategval) of TTCNS and TAINS
are presented in tables 5.5 and 5.6. The adsorpgocentage registered a maximum at a
dose of 100mg and 150mg of TTCNS and TAINS corredpaly, thereafter a decline was
observed. With increasing adsorbent dosage, mafacguarea is available for adsorption
due to increase in active sites on the adsorbahtlars making easier penetration of metal
ions to the sorption sité¥. The decrease beyond these optimum doses of 180cth@50 mg
of the respective adsorbents can be attributeldedect that the saturation of adsorption sites

through the adsorption reaction might occur.

Table 5.5 Effect of Adsorbent dose (TTCNS)

Time (min) Amount adsorbed mg/g

50 mg 100mg 150 mg 200 mg
2 17.95 52.40 85.70 20.00
4 20.85 86.60 85.70 35.50
6 26.10 88.40 88.30 37.00
8 28.95 97.40 98.50 38.06
10 31.85 104.60 101.50 40.20
12 31.85 126.40 106.17 40.80
14 31.92 126.40 108.73 40.91

Initial metal ion concentration 11 ppm; pH: 4.0&niperature: 303K
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Table 5.6 Effect of adsorbent dose (TAINS)

Time (min) Amount adsorbed mg/g
50 mg 100 mg 150 mg 200 mg
3 8.00 29.30 29.00 30.90
6 8.00 34.5 41.50 34.90
9 9.00 34.70 42.50 53.20
12 30.90 40.00 55.10 54.00
15 33.40 46.70 55.10 55.20
18 36.80 47.80 55.30 56.40
21 44.60 49.30 59.40 57.50
30 46.30 50.10 64.00 54.00

Initial metal ion concentration 11 ppmki: 6.30; Temperature: 303K

5.6 Effect of pH

The effect of pH was studied at varying pH envinents (3, 5, 7, 9 & 11ppm) and the
results are depicted in figures 5.11 and 5.12. Maxm adsorption was recorded at pH 4.04 and
6.03 for Co(Il)-TTCNS and Co(l)-TAINS systems. Alm this pH values, the percentage
adsorption decreased. This can be due to the pedicp of insoluble metal hydroxides at

alkaline pH rangé¥’.

As a specific mention to TTCNS material, the deelin sorption below pH 4 may be
due to the increased positive charge density orsities of adsorbent surface, which might
have inhibited the approach of €dons towards the sorption sites, whereas in centthe
higher sorption observed i.e., 89.8% against pH {Table 5.7) shall be explained in terms
of zero-point charge. The pbt of TTCNS is 6.2, at which the adsorbent is neuffée

adsorption of cobalt below pbt may be due to the exchange procedsaHd C4* as

136



Chapter V

explained by Alka Shukla et &f> Hence the experiments pertaining to the upcomjstems

were carried out at the above mentioned pHs.

Table 5.7 Effect of pH (TTCNS)

Percentage of adsorption at varying pH values
Metal ion
concn.(ppm) 3 5 7 9 11
11 35.8 89.81 54.13 52.47 47.30
13 21.60 37.80 30.12 23.30 22.40

Adsorbent dose: 100mg; Agitation time: 1@nTemperature: 303K
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Figurell. Effect of pH (TTCNS)

Table 5.8 Effect of pH (TAINS)

Percentage of adsorption at varying pH values
Metal ion
concn.(ppm) 3 5 7 9 11
11 36.27 48.45 69.96 23.81 11.63
13 31.52 42.15 53.33 19.90 10.25

Adsorbent dose: 150 mg; Agitation time: 1\ nliemperature: 303K
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Figure 5.12 Efteof pH (TAINS)
5.7 Effect of Cations

The effect of cations on the percentage removaCafil) by TTCNS and TAINS
were investigated and the results are depictedhles 5.9 and 5.10 respectively. The results
indicate that, as the concentration of these catisere increased from 11 to 100 ppm, the
removal of Co(ll) by TTCNS decreased. It is evideom the tables, that the influence of #g
Na’, and K ions in the removal of Co(ll) by TTCNS and TAINSsvobserved to be enhanced
at higher concentrations of the interfering iortse Bffect of M§" was much more apparent than
those of Na and K in Co(ll) removal. This is in agreement with ottstudies that showed

stronger inhibition with high valence ions thanttbilower one¥®
5.8 Effect of Anions

The effect of anions on the uptake of Co(ll) omMBCNS and TAINS are shown as
percentage of adsorption in tables 5.9 and 5.16. t&hulated results indicate that amongst
NOs, CI and S@*, chloride ions registered greater inhibition oe #usorption, compared to
the other two ionsThis can be attributed to the fact that thdocide ions are competing for the
adsorption sites of Co(ll). Similar trends wereared using polymer grafte@assia grandis

seed*.
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Table 5.9 Effect of Cations and Anions (TTCNS)

Conc. of % adsorption % adsorption
ions(pm)
Mg** Na' K* NOs Cr Slo
0 72.6 72.6 72.6 72.6 72.6 72.6
11 42.3 69.5 55.8 51.1 40.8 66.2
25 28.1 60.6 54.7 40.4 21.3 41.8
50 21.2 41.2 51.7 31.2 14.3 40.0
75 13.6 194 37.9 28.4 12.3 37.5
100 12.5 17.5 32.1 21.2 35 37.3

Concentration of metal ion: 11 ppm; Adsorbdwoge: 100 mg; pH: 4.04; Temperature: 303K

Table 5.10 Effect of Cations and Anions (TAINS)

Conc. of % adsorption % adsorption
ions({pm)
Mg?* Na' K* NOy cr SO
0 51.6 51.6 51.6 51.6 51.6 51.6
11 14.9 22.6 39.0 47.8 21.5 46.2
25 16.5 19.9 40.4 46.0 17.5 44.8
50 17.8 18.0 42.0 44.7 16.5 43.8
75 17.7 254 42.8 41.1 11.9 43.5
100 7.2 23.8 37.1 40.1 4.00 43.0

Concentration of metal ion: 11 ppm; Adsorbesded 150 mg; pH: 6.30; Temperature: 303K

5.9 Effect of Co-ions

The effect of co-ions on the removal of the adat@lspecies (Figures 5.13 and 5.14)

shows that the percentage sorption of Co(ll) by WBOn the presence of Ni(ll) ions was
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reduced to 21% against 72.6% and for TAINS theuectdn was upto 18% against 51.6%, at
higher Nf* environments. The reduction experienced in bo#esanay be due to the fact
that the affinity of Co(ll) and Ni(ll) towards eadther is quite appreciable, irrespective of
the adsorbent utilized, both the ions are competiitiy one another for the adsorption sites.
The presence of Cr(VI) does not have any antagongffect on Co(ll) removal by both the

adsorbents. This could be explained in terms déiht chemical speciation of metal ions,

which has a significant effect on the adsorptioocpss, as already discussed in chapter IV.
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Figure 5.13 Effect of Co-ions (TTCNS)
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Figure 5.14 Efteaf Co-ions (TAINS)
5.10 Effect of Temperature

Temperature has a pronounced effect on the sarptpacity of the adsorbents. The

effect of temperature (293K- 333K: 10K intervalgy fCo(ll)-TTCNS and Co(ll)-TAINS
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systems are illustrated in tables 5.11 and 5.1Rerev the adsorption percentage was
observed to increase from 34.72 to 48.09 and 36.38.17 respectively at higher
temperatureé€®?’”” The enhancement of adsorption capacity with teaipee may be

attributed to the increase in the mobility of icesd/or the activated diffusion, which can

cause small pores to widen and provide more sisfzeadsorptioff*?

Table 5.11 Effect of Temperature (TTCNS)

Percentage Removal
Conc of 293 K 303 K 313K 323K 333K
ions (ppm)
3 48.09 53.63 55.9 55.90 55.90
5 46.54 48.90 49.63 52.80 53.63
I 44.90 45.72 48.9 50.45 52.00
9 42.54 43.36 45.72 48.9 48.90
11 34.72 41.89 44.18 47.27 48.09
13 33.09 41.81 42.54 43.36 47.24

Adsorbent dose: 100 mg; pH: 4.04; Agitation tirfB@:min
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Figure 5.15 Effect demperature (TTCNS)
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Table 5.12 Effect of temperature (TAINS)

Percentage Removal
Conc. of ions
(ppm) 293 K 303 K 313 K 323K 333K
3 45.17 54.04 54.84 57.26 58.071
5 43.35 44.36 49.20 50.81 54.04
7 41.13 44.36 47.59 50.00 51.61
9 39.52 42.75 45.98 46.78 49.2(
11 36.3 40.33 41.13 42.75 45.17

Adsorbent dose: 150 mgf: 6.3; Agitation time: 15 min
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Figure 5.16 Efteof Temperature (TAINS)

5.11 Desorption

The desorption of Co(ll) from TTCNSdafAINS were carried out at varying
concentrations of HCI and the results are presentéigures 5.17 and 5.18. The percentage
of desorption increased from 43.65 to 81.14 forliFA(TCNS system. The percentage of
desorption registered a rise from 31.25 to 72.450(11)-TAINS system. Similar partial

desorption had been reported in earlier stiffles
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5.12 Regeneration of TTCNS and TAINS

143

To make the adsorption process more economicé, necessary to regenerate the
spent adsorbent. To test the reusability of theodmst, it was subjected to successive
adsorption- desorption cycles with 0.75 M and 0.4HNl as the desorbing agent for Co(ll)-
TTCNS and Co(ll)-TAINS system respectively. The @gsion and desorption cycles are
shown in figures 5.19 and 5.20 as bar charts. Theuat of Co(ll) adsorbed from TTCNS
was 10.18, 9.84 and 7.32 mg/g in the three suaeessicles. The corresponding desorbed
amount was 8.65, 7.42 and 6.56 mg/g. Similarly,ameunt of Co(ll) adsorbed from TAINS
was 9.88, 8.24 and 6.55 mg/g. The correspondingrded amount was 7.05, 6.55 and 5.42



Chapter V

mg/g. The desorption efficiency was found to bed876 and 65.83 % for the respective

adsorbents.
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Figure 5.19Regeneration [Co(ll) -TTCNS]
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Figure 5.20Regeneration [Co(ll) -TAINS]
5.13 Adsorption Isotherms

A successful representation of the dymcammisorptive separation of solute from
solution onto an adsorbent depends upon a goodiplgse of the equilibrium between the
two phases. In order to determine the mechanisn€affl) adsorption on TTCNS and
TAINS, the experimental data were applied to Langntreundlich, Tempkin and Dubinin-
Radushkevich isothermal equations. The constaranpaters of the isotherm equation for
this adsorption process were calculated by regresssing linear form of the isotherm

equations (Table 5.18).
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5.13.1 Langmuir isotherm model

The isothermal data furnished in the table 5.13l@earised using the Langmuir
equation (10) in the plots (5.21 and 5.22) betw€gge versus g The Langmuir constant,q
which is a measure of the monolayer adsorption @gpavas observed as 50.0 and 31.15
mg/g for the employed adsorbents and the Langnamstant b, (free energy of sorption) was
found to be 0.07 and 1.76 respectively, as eviflem the table 5.18. The high values of
correlation coefficient Rfor both adsorbents with Co(ll) indicate a goodeagnent between
the experimental values and isothermal paramelées calculated Rvalues as per the table
5.14 were between 0.81 and 0.04, which supportstaeement that Rvalues between

0 and 1 is an indicative of favourable adsorption.

Table 5.13 Equilibrium concentrations - Langmuir isotherm

Co(Il)-TTCNS Co(Il)-TAINS
Conc. of metal ion
(ppm) C. Cda. C. Cd0.
3 1.12 0.0166 2.43 0.0859
5 1.25 0.0566 4.36 0.0888
7 1.66 0.0619 4.84 0.1120
9 3.88 0.0621 5.69 0.2131
11 5.61 0.0721 7.04 0.2481
13 7.68 0.0827 10.82 0.3406
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Figure 5.22 Langmuir isberm model [Co(Il)-TAINS]
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Table 5.14Equilibrium parameter (R )

Cone. of metalion o )).TTeNS Co(ll)-TAINS
(ppm)
3 0.81 0.15
5 0.74 0.10
7 0.76 0.07
9 0.61 0.06
11 0.53 0.04

5.13.2 Freundlich isotherm model

The linearity of the Freundlich plots (log eersus log €; g and G values tabulated
in table 5.15) for the adsorption of Co(ll) ontdGNS and TAINS depicted in figures 5.23
and 5.24, illustrate that the sorption for the tsystems obeyed the isotherm very well. The
Kr and n values derived from the intercepts and slgpable 5.18) indicate the adsorption
capacity and the nature of sorption respectivelye Value of ‘n’ greater than ‘1’ implies
favourable nature of adsorption. Similar results mported for adsorbents like sago wdéte

and acorn wast& for metal ion removal.

Table 5.15Equilibrium concentrations - Freundlich isotherm

Co(Il)-TTCNS Co(Il)-TAINS
Conc. of metal ion log Ce log Qe log Ce log Qe
(ppm)
3 0.0492 1.4821 0.3586 1.0560
5 0.0969 1.8750 0.6394 1.1070
7 0.2201 1.7951 0.6848 1.6350
9 0.5888 1.8312 0.7551 1.8208
11 0.7489 2.2957 0.8475 1.8987

Adsorbent dose :100mg (TTCNS), 15QigINS) Temperature: 303K
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Figure 5.23 Freundlich isotherm model [Co(Il)-TTCNS]

Figure 5.24 Freundlich isoerm model [Co(ll)-TAINS]
5.13.3 Tempkin isotherm model

Tempkin isotherm was applied to the adsorption @afiale 5.16) under investigation,
as per equation (14). Tempkin constants ahd i which are related to the equilibrium
binding constant and heat of adsorption are oldafr@n the linear plot of In Cversus g
(figure 5.25). The constants and the correlatioaffc@ent values reported in table 5.18,
indicate that the isotherm is obeyed by both ttetesys effectively. Based on this model, the
order of heat of adsorption is Co(ll)-TTCNS > CHTAINS. Similar results were
documented earliét’.
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Table 5.16 Equilibrium concentrations - Tempkin istherm

Conec. of metal ion Co(Il)-TTCNS Co(ll)-TAINS
(ppm) In C o8 In G G
3 0.5069 26.8 0.8880 11.4
5 0.2231 75.0 1.4727 12.8
7 1.3260 62.4 1.5771 43.2
9 1.7248 67.8 1.7390 66.2
11 0.1133 197.6 1.9519 79.2

Adsorbent dose :100mg (TTCNS), 150mg (TAINS) Terapee: 303K
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Figure 5.26 Tempkin isothra model [Co(ll)-TAINS]
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5.13.4 Dubinin—Kaganer-Radushkevich isotherm model

The equilibrium data were applied te KR isotherm model in order to determine
the nature of sorption processes as physical anida¢ Figures 5.27 and 5.28 represent the
DKR plots for Co(ll)-TTCNS and Co(ll)-TAINS systemsThe values of correlation
coefficients shown in table 5.18, indicate that BKR isotherm fitted well with the
experimental data. The mean sorption energy cdulifftom the slope was 12.84 and 9.37
kJ/mol for the sorption of Co(ll) onto TTCNS and INS respectively. The results show that
the sorption of the the metal ion onto TTCNS andN& may be carried out via chemical
ion exchange mechanism, as their values lie abok@/@ol. Similar results were reported

for various adsorberfts!®?

Table 5.17 Equilibrium concentrations - DKR isothem

Co(Il)-TTCNS Co(Il)-TAINS
Conc. of metal
(i[())r?m) g® X10° In g g” X10° In o
3 249.94 3.289 72.77 2.432
5 212.09 4.134 26.09 2.549
7 136.47 4.217 21.53 3.768
9 32.27 4.318 15.95 4.193
11 16.51 4.668 10.83 4.372
13 9.19 5.287 4.75 2.381

Adsorbent dose :100mg (TTCNSD§ (TAINS) Temperature: 303K
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5.13.6 Comparison of isotherm models

The equilibrium data fits well to all isotherm deds for the two systems studied as
indicated by the higher correlation coefficient ued in table 5.18. The applicability of
Langmuir, Freundlich and DKR isotherm models toretal ion indicated the homogeneous
and heterogeneous distribution of active siteshensurface of TTCNS and TAIN%. This
implies that, both monolayer sorption and hetereges surface conditions exist under the

experimental conditions used which involves moanthne mechanisiit
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Table 5.18 Isothermal constants [Co(ll)]

Isotherm
Co(Il)-TTCNS Co(Il)-TAINS
parameters
Langmuir isotherm
Om (Mg/Q) 50.0 31.15
b (L/g) 0.07 1.76
R? 0.9910 0.9214
Freundlich isotherm
Ke (mg/g) 37.35 27.46
n 1.10 1.37
R? 0.9955 0.9995
Tempkin isotherm
At (L/g) 1.0625 1.1019
br 781.53 41.252
R? 0.9567 0.9619
DKR isotherm
gs (Mmg/g) 160.6 109.8
E (kJ/mol) 12.82 9.09
R? 0.9990 0.9990

5.14 Adsorption Kinetics

The kinetics and equilibrium of adsorption are tlve major parameters to evaluate
adsorption dynamics. The adsorption kinetics wakestigated with an aim of obtaining a
deep insight into how the amount of adsorbed nadtahges with time and the process time
required to achieve equilibrium between the aqueand the solid phase. The kinetics of
Co(ll) sorption onto TTCNS and TAINS were analyaesing different kinetic models such

as pseudo-first-order, pseudo-second-order, Elanchintraparticle diffusion models.
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5.14.1 Pseudo-first-order model

The pseudo-first-order rate expression of equatl®) used to test the experimental

data for Co(ll) onto TTCNS and TAINS are tabulatedables 5.19 and 5.20 respectively.

The values of ¥ pseudo-first-order rate constant apat@culated obtained by the plot of log

(ge-qp) versus t are presented in table 5.21 with caeffts of regression and SSE

Table 5.19 Effect of concentration-Kinetics of [Cd()-TTCNS]

3 ppm 5 ppm 7 ppm 9 ppm 11 ppm
Time
i) | gy | Ve YT Y gy | U | g | (<;Og) va
5 1.281 | 1.492%1.4321| 0.2666 1.4281| 0.5235% 1.7671| 0.3048 1.3621| 0.0582
10 1.222 | 1.61291.2208| 0.3428 1.2148| 0.5597 1.6304| 0.3105 1.3506| 0.1157
15 | 1.1846] 1.78571.1928| 0.496%5 0.9395| 0.5747 1.6242| 0.4573 1.3014| 0.2024
20 | 0.7923] 1.79850.9190| 0.5853 0.6334| 0.6410 1.6232| 0.4672 1.0080| 0.2472
25 | 0.7558] 3.4480.4899| 0.66666 0.2304| 0.7396 1.4927| 0.5565 0.8859| 0.2817
30 3.4883 0.6696 0.867| 1.3222| 0.5707 0.3729| 0.7492

]

4

Concentration: 3-11 ppm; Adsorbent dose: 100 mg;464; Temperature: 303K

log (q-q)

—_ = =

S oo o
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£ 11ppm
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Figure 5.29 Pseudo-first-ordd€inetics of Co(Il)-TTCNS

153



Chapter V

: @3 ppm
ﬂ' -\‘\ M5 ppm
- - o 7 ppm
10 _\/\\\ \\ )
o 08 M TN
g 06 R
£ 04 N
0.2 - "‘*1‘7\ 3
. 0 20 20
o Time (min)

Figure 5.30 Pseudo-first-order Kinetics of Co(ll)-TAINS
5.14.2 Pseudo-second-order model

Tables 5.19 and 5.20 correspondingly list out éixperimental values for Co(ll)
TTCNS and TAINS systems. The pseudo-second-ordera@nstant values obtained from
figures 5.31 and 5.32 (t/gersus t) are presented in table 5.21. The decr@age and
increase in gvalues with an increase in metal concentrationeggstered in the present
system is supported by other researchers who hatbgeu green algaBpirogyra specie§’®,

a?®> and Cyanobacterium nostoc™® The increase inggwith concentration may

Euphorbia rigid
be due to the more efficient utilization of the ore capacities of the adsorbents due to
greater driving force (by a higher concentratioadigent pressur&¥. As the increase in the
metal concentration reduces the diffusion of migtas in the boundary layers,decreases

with concentratioft?
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Table 5.20 Effect of concentration-Kinetics of [Cd()-TAINS]

) 3 ppm 5 ppm 7 ppm 9 ppm 11 ppm
Time
@ ot | Y gl | Wl | | G | (cluo?n va
3 0.2878| 1.2195| 1.259| 2.054| 1.458| 0.4285| 0.7032| 0.7302| 0.1636| 0.5628
6 0.1038| 1.9169| 0.816| 2.816| 1.250| 0.7202| 0.6799| 0.5808| 0.3115| 0.5825
9 0.0290| 2.7020| 0.812| 2.812| 1.041| 0.7340| 0.5172| 0.5172| 0.4561| 0.6738
12 -0.0604| 3.3990, 0.521| 3.399| 0.887| 0.8869| 0.5808| 0.5808| 0.5698| 0.7337
15 0.2218| 3.9470| 0.521| 3.521| 0.734| 1.0410| 0.6799| 0.6799| 0.5681| 0.7063
18 3.1570| 0.435| 3.521| 0.720| 1.2500| 0.7989| 0.7989| 0.6716| 1.2570
21 4.259 1.4580| 0.9320| 0.9320| 0.7692| 1.5000

Concentration:3-1ppnm Adsorbent dose: 150 mg; pH: 6.3; TemperatureK303

3 ppim

-

dppm

ELLppim

Figure 5.31 Pseudo-second-order Kinetics of Co(HJTCNS
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Figure 5.32 Pseudo-secondr kinetics of Co(ll)-TAINS

Table 5.21 Pseudo-first-order and pseudo-second-order Kineticconstants at different

concentrations
cone. of . Pseudo-first-order kinetics Pseudo-second-order ketics
metal © 3
ions (ri)é?(_;,) |9 me | seE | cmn lzéﬁr?g R2 | SSE
(ppm) (mglg) | (Min") (mg/g) | min)
Co(Il)-TTCNS
3 18.6 28.57 6.81| 0.9510 4.98 45.87 3.4 0.9203 10.3
5 44.8 | 50.90| 10.06f 0.9079 2.72  60.60 1219  0.95517 b5.
7 34.6 50.97| 13.70 0.9863 7.32 64.51 6.0 0.9p53 3 11.
9 539 | 75.82| 3.80| 0.9024 9.82 37.45 3. 09860 [6.2
11 106.4| 85.52| 10.9| 0.9084 9.30 10526 4/6  0.9298&13 D
Co(Il)-TAINS
3 3.8 2.42 6.88| 09941 0.61 5.66 35.86 0.9Y14 0.70
5 21.6 19.86 12.8| 0.9082 0.66 37.[ 554 009147 6.08
7 26.8 36.95 12.2| 0.9720 3.8 18.8 106 0.9720 2.64
9 4.93 8.92 5.08| 09178 1.78 9.61 201 09822 2.50
11 8.3 7.58 7.27| 0.9576 0.27 16.6 3.70 0.8077 3.13
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5.14.3 Elovich model

The kinetic constants andp were estimated from the intercept and slope vatdes
the Elovich plots of gversus In t (Figures 5.33 and 5.34) for both Ge[ITCNS and Co(ll)-

TAINS systems registered an irregular increaseaaperfect decrease respectively.

120 + ¢3ppm
100 B5ppm
| | | Tppm
80 -
A9 ppm
=60 % £11ppm
40 )
20 - /’
0 é T ’ T 1
1 2 3 4
Int

Figure 5.3lovich model [Co(l)-TTCNS]

*3 ppin
5 .
B35 ppm
45 | ~
;. ./;/. oo
3.5 | <9 ppm
3 - ¢
F25 1 H ppm
T2 A
1.5 4 [ \
;. M
0.5 -
D | | |
0 10 20 30
Time (min)

Figure 5.Flovich model [Co(Il)-TAINS]
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Table 5.22 Elovich constants at different inil concentrations

Conc. Co(Il)-TTCNS Co(I1)-TAINS

of metal a B R? a B R?

ions (ppm)
3 1.6/ 0.093| 0.8773| 7.11| 1.15 0.9385
5 10.| 0.069| 0.9688| 7.28 | 0.12 0.9674
7 5.6 0.069| 0.9800 6.95| 0.220.9255
9 8.7| 0.056| 0.8672| 8.06 | 0.09 0.9577
11 14.] 0.077| 0.8385| 10.03| 0.13 0.9925

o : (mg/g min), B : (g/mg)
5.14.4Intrapatrticle diffusion model

The Weber and Morris intraparticle diffusion mbdguation (25) is applied to the
sorption of systems under investigation. The irdriple diffusion plots of of gversus ¥ at
different concentrations, which has two distincttipms®®?*3are presented in figures 5.35
and 5.36. The first linear portion refers to theuthaary layer diffusion effect while the
second linear portion refers to gradual adsormiage, where intraparticle diffusion was rate
limiting. The K (intraparticle rate constant) and C (boundaryialyekness) values obtained
from the slopes and intercepts (table 5.23) in@@asith metal ion concentrations. The
linear plots did not pass through the origin. Actiog to Ilhem Ghodbane et &f’ this is
indicative of some degree of boundary layer conffbis further shows that the intraparticle

diffusion is not the only rate controlling step fbe adsorption of the systems investigated
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Figure 5.35 Intrapatrticle diffusbn model [Co(ll)-TTCNS]
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Figure 5.36 Intraparticle diffsion model [Co(Il)-TAINS]
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Table 5.23 Intraparticle diffusion model constantsat different concentrations

Co(ll)-TTCNS Co(ll)-TAINS

Conc: of K, K,

metal ions (mg/ C R (mg/ C R2

(ppm) g min'? g min'?
3 5.75 3.22 0.9330 0.5872 1.5347 0.9476
5 7.03 4.39 0.9687 1.2145 0.6539 0.9802
7 7.31 14.33 0.9281 2.9003 2.3748 0.8897
9 7.51 15.54 0.8369 3.6228 5.2775 0.9034
11 13.16 66.36 0.9169 6.7143 10.617 0.8557

5.15 Adsorption Dynamics

The thermodynamic parameters such as change irefrey AG°), enthalpy AHP)
and entropy4&S°) were calculated using the equations (26) and PRAHC, AS calculated
from the slope and intercept of Vant Hoff plotgy(res 5.37 and 5.38) are shown in table
5.24. The positive values aH° indicate the presence of an energy barrier irattsorption
process which is endothermic in nafidfeThe negative values aiG° indicate the feasibility
and spontaneous nature of adsorption of metal ignthe adsorbeft. The magnitude of
AG’ increased with temperature indicating that the timmpwas more favourable at higher
temperature®. The positive values @S’ suggest that the increased randomness at the solid
solution interface during the adsorption of metal(l§ in aqueous solutions onto TTCNS
and TAINS®. The low value ofAS’ may imply that no remarkable change in entropy
occurred during the sorption of Co(ll) on the attemt$®’. Similar trend has been observed

for adsorbents such as rice ffamnd rubber wood sawda&t
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Table 5.24 Thermodynamic constants Co(ll)

*Co(I)

2.8 3.0 3.2
/TX 103

Figure 5.38 Vant Hoff’s plot (TAINS)
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Co(Il)-TTCNS Co(I1)-TAINS
Temp.
K -AG X 10° AH AS -AG X 10° AH AS
kJd/mol kJ/mol J/mol K kJ/mol kJ/mol J/mol K
292 2.5¢ 0.79:
“ < C
30¢ 2.6 5.4 18.77 0.40¢ 634 | 21.68
317 3.0¢ 0.16¢
32z 3.5( 0.081
33¢ 3.7¢ 0.05¢
0.35 )
N
0.05 \é
0.00 o 7\ 7\ ] 1 )



