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6.3 Effect of Particle size

Five different particle sizes of each of the sotberanging from 0.18mm to 0.71mm
were utilized to investigate the influence of tlisarbent particle size for Cr(VI) removal. It
is observed from the smooth and continuous curfigsgrés 6.11 and 6.12) that 0.18mm and
0.42mm particle sizes of TTCNS and TAINS registeeatianced sorption capacity. This is
confirmed by the datas tabulated in tables 6.1@GBdvhere the values 26.8 mg/g and 85.88
mg/g showed maximum for the optimum particle siésnce the experiments pertaining to

other parameters were carried out employing 0.18mM@NS and 0.42mm TAINS.

Table 6.1 Effect of Particle size (TTCNS)

Amount Adsorbed (mg/g)
Time (min | 0.18 mm | 0.24 mm 0.30 mm 0.42 mm 0.71 mm

0 0 0 0 0 0

5 15.1 20.9 20.9 15.5 14.8
10 23.4 22.6 21.2 16.1 14.8
15 23.6 23.2 21.4 16.3 12.0
20 23.8 234 21.5 16.7 12.0
25 25.8 23.8 21.8 16.9 11.3
30 26.8 24.9 22.2 18.5 11.2
35 27.2 25.1 23.8 18.7 11.2
40 27.0 25.0 23.5 18.9 11.2

169

Metal ion concentration:11 ppm; Adsorbergel200 mg; pH:1.78; Temperature: 303K.



Chapter VI

Amount adsorbed(mg/e)

30

PARY

R S -

o

——0.18 mm
—=— (.24 mm

0.30 mm
——0.42 mm

——(0.71 mm

0 10

20 30
Time (niin)

40

Figure 6.11 Effect of Particle size (TTCNS)

Table 6.2 Effect of Particle size (TAINS)

Time Amount Adsorbed (mg/g)
(min)
0.18 mm | 0.24 mm 0.30 mm 0.42 mm 0-71 mm

0 0 0 0 0 0
5 37.39 51.00 60.6 63.18 73.51
10 42.98 52.66 70.05 64.47 73.93
15 44.76 55.60 70.91 67.90 77.77
20 45.11 58.20 72.63 85.88 80.76
25 47.28 58.20 72.63 88.87 83.32
30 50.72 60.20 76.50 89.30 84.60
35 52.43 61.80 79.94 93.56 85.29
40 53.72 58.80 81.23 99.54 87.16

Metal ion concentration: 11 ppm; Adsorbent dds€ mg; pH: 1.98; Temperature: 303K
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Figure 6.12 Effect of Particle size (TAINS)
6.4 Effect of Contact time and Initial concentration

At 30 minutes, higher amounts of Cr(Mixs adsorbed onto TTCNS and the values
were 11.85, 22.8, 23.8, 27.2 and 37.4 mg/g forahdoncentrations of 3,5,7,9 and 11 ppm
respectively (Table 6.3). Similarly 15 minutes duium time was observed for Cr(VI)
sorption onto TAINS, as evident from table 6.4. ths contact time increases, the amount of
Cr(VI) getting adsorbed increases, but at a pdaticpoint of time, the system attains
equilibrium. The percentage removal of Cr(VI) irased upto 30 minutes and 15 minutes for
TTCNS and TAINS respectively and after that noHertrise was recorded and hence these time

profiles were considered optiméth
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Table 6.3 Effect of Contact time and Initial concetration (TTCNS)

Amount adsorbed (mg/g)
Time(min)
3 ppm S5ppm 7ppm 9ppm 11ppm
5 4.30 7.50 12.15 15.10 23.8
10 8.50 13.75 18.55 23.40 27.7
15 9.15 15.95 18.65 23.60 30.0
20 10.05 18.75 21.70 23.80 30.5
25 10.65 19.40 23.00 25.85 35.1
30 11.75 22.50 23.45 26.85 36.7
35 11.85 22.80 23.80 27.20 37.4
40 11.90 23.00 23.80 27.85 37.4
45 12.05 23.10 24.05 27.95 38.5

Particle size: 0.18 mn#dsorbent dose: 200mg; pH: 1.78; Temperature: 303K
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Figure 6.13Effect of Contact time and Initial concentration (TTCNS)
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Table 6.4 Effect of Contact time and Initial concetration (TAINS)

Amount adsorbed mg/g
Time(min)
3 ppm 5ppm 7ppm 9ppm 11lppm 13ppm
5 4.03 6.15 7.39 12.65 21.07 13.53
10 4.37 7.29 7.90 13.72 21.47 13.67
15 4.59 8.15 9.18 13.85 22.67 14.07
20 5.49 10.15 10.20 14.92 28.60 15.67
25 6.28 11.44 10.84 15.05 29.60 15.80
30 6.84 11.44 11.73 15.85 29.80 16.00
35 7.51 12.29 11.98 17.18 31.20 16.33
40 7.96 13.44 12.24 20.11 33.20 17.73
Particle size: 0.42 mn&dsorbent dose: 150 mg; pH: 1.98; Temperatud8K3

Figure 6.14 Effect of Contact timand Initial concentration (TAINS)
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6.5 Effect of Dosage

The variation in doses (50-250mg; 50mg intervaBswexperimentally verified,
wherein a decrease in the amount adsorbed wasvelsieom 54.4 to 52.3 mg/g and 42.9 to
19.7 mg/g (Tables 6.5 & 6.6) when TTCNS dose wagssimsed from 200-250mg and TAINS
from 150-200mg respectively. The decrease in amauisbrbed at higher dose may be
basically due to electrostatic interactions betw#en adsorbent particles and interference

between the binding sités.

Table 6.5 Effect of adsorbent dose (TTCNS)

Time (min) Amount adsorbed mg/g

50 mg 100mg 150 mg 200 mg 250 mg
0 0 0 0 0 0
5 6.1 6.6 15.6 30.2 37.5
10 13..3 11.5 18.8 46.8 43.8
15 15.0 18.8 23.1 47.2 46.6
20 18.1 21.0 22.5 47.6 51.2
25 24.2 24.4 28.5 51.7 51.5
30 24.8 26.9 31.1 53.7 52.2
35 25.1 27.3 47.0 54.4 52.3
40 30.1 27.8 47.9 55.7 52.6
45 30.8 345 48.4 55.9 52.7
60 31.3 35.8 48.8 56.1 52.8

Initial metal ion concentration:gdin; pH: 1.78; Temperature: 303K
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Figure 6.15 Effect of adsorbent dose (TTCNS)

Table 6.6 Effect of adsorbent dose (TAINS)

Time (min) Amount adsorbed mg/g

50 mg 100 mg 150 mg 200 mg| 250 mg
0 0 0 0 0 0
5 18.4 22.4 31.6 31.7 10.0
10 18.7 22.5 32.2 36.9 13.5
15 21.6 24.9 34.0 41.3 17.4
20 22.6 26.1 42.9 45.2 19.7
25 2.32 27.5 44.4 45.8 19.7
30 25.1 29.7 44.7 46.3 22.6
35 26.7 30.2 46.8 47.4 23.2
40 30.1 30.5 49.8 45.3 23.2
60 30.4 30.1 49.6 45.3 22.6

Initial metal ion concentration: 11 ppm; pH: 1.9&mperature: 303K

175



Chapter VI

N
L=
|

LA
[
|

£
L]

X

U
<
I
[]
]

=
A
"

]
=]
1

Amount adsorbed (mg/2)

)

L

0 20 40 60 80
TIME (min)

Figure 6.16 Effect of adsorbent dose (TAINS)
6.6 Effect of pH Cr(VI)

Cr(VI) removal by TTCNS and TAINS was investigat&si a function of solution pH
over the range 1-8 which is depicted in figureg @ad 6.18. Maximum uptake was observed at
pH 1.78 and 1.98. At increasing pH environmenghap decline in uptake was observed, which
is in good agreement with previous rep8fts® The speciation studies of Cr(VI) in aqueous
solution shows that #€rO, predominates at pH less than 1.0, HCror pH between 1.0 and
6.0 and Cr& ™ at pH above 62. Adsorption of Cr(VI) at pH 1.78 of TTCNS is dte the
electrostatic attraction between the positivelyrgbd surface of the adsorbent with HEr@ns.

But in highly acidic medium (pH=1.0),.8rO, (neutral form) is the predominant species of
Cr(VI). Hence, percentage removal decreased dtleetmvolvement of less number of HGrO

anions to the positive surface. At higher pH vatbe reduction in adsorption may be due to the
dual competition of both OHand CrQ?” ions to get adsorbed on the surface of the adsbrbe

among which OH- predominafé$**°

At an initial pH of 2, the surface of TAINS was hig protonated which allows the
electrostatic interaction with the predominant armeoform of Cr(VI),(i.e.) HCrQ . In the

acidic range, these ions have a greater affinityatds the hydrogen ions present on the
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surface of TAINS®*. With the rise in pH from 2.5 to 9.5, the degrdepmtonation on
TAINS surface was observed to reduce gradually leemite the removal was retarded. At
higher pH values, HCr sorption is diminished in preference to GfOand OH whose

prevalence is mofé&’.
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Figure 6.17 Effect of pH (TTCNS)
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Figu6.18 Effect of pH (TAINS)
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6.7 Effect of Cations

The influence of sodium, potassium amggnesium on Cr(VI)-TTCNS and Cr(VI)-
TAINS systems were carried out at varied concentrat(11-100 ppm) of these cations. The
corresponding plots represented in figures 6.196a2@ imply that the influence of these ions on
Cr(VI) removal is insignificant. As stated earli€r(VI) is adsorbed as HC§Oon TTCNS under
highly acidic conditions, since the surface is lyigitotonated. The reason for the non-interference
of these cations over Cr(VI)-TTCNS system may be ttuelectrostatic repulsion between the
cations and the positively charged surface of dsedent. Similar results were reported by Suresh

Gupta et a?for C&* and Md" interference.

In case of Cr(VI) —TAINS system, as tloacentration of these cations increased between
11 to 100 ppm, the uptake of Cr(VI) ions by TAIN&sahindered, but only to a smaller extent.
The influence of these ions on Cr(VI) uptake ontthbthe adsorbents were less significant

compared to other metal ions discussed in chaiMersd V.
6.8 Effect of Anions

Of all the anions’ (NQ, CI” and SG) interferences for Cr(VI)-TTCNS system,
the presence of nitrate has very minimal retardaffgct on it's removal (Fig.6.19). The
presence of Cland S@* decreases the sorption of Cr(VI) to a certainmxf€he inhibiting
effect of chloride on Cr(VI)-TAINS system was lg$8g. 6.22) compared to SO similar
to the findings of Xue Song Wang et 5, The reason being, divalent $Oion competes
more for the adsorption sites with HGrGons rather than Cland NQ™ ions. Such type of
inhibition effect has been reported for the Cr(v#moval on surfactant modified coconut

coir pith*®%,
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Figure 6.20 Effect ofaffons and Anions (TAINS)
6.9 Effect of Co-ions

The influence of divalent co-ions on Cr(VIJCNS & TAINS were meager to about
2 to 4.5% (Figures 6.21 and 6.22). Maximum Cr(Vbsarption onto the employed

adsorbents occurred at low pHs of 1.78 and 1.98iwely. At low pHs, the protonation of
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the surface plays an important role in adsorptib@m§VI), thus prohibiting the interference

of Ni(ll) and Co(ll) on Cr(VI) removal.
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Figure 6.22 Efteof Co- ions (TAINS)
6.10 Effect of Temperature

Temperature has marked effect on adsorption psodésvas observed from the
figures 6.23 and 6.24 that the adsorption capaciie Cr(VI) onto TTCNS and TAINS
increased slightly with temperature upto 323K aftdich the percentage removal was not

appreciable at varying initial concentrations. AR3B, a change in the texture of the
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adsorbent materials might have occurred at spdaifi¢ ranges, thence reduction in sorption

capacity™>°

Table 6.7 Effect of Temperature (TTCNS)

Percentage Removal
Conc of ions
(ppm) 293 K 303 K 313 K 323 K 333 K
3 48.9 52.8 53.63 59.63 60.00
5 40.00 47.27 48.90 48.90 51.45
7 39.45 43.36 47.27 48.90 49.63
9 37.27 42.54 44,18 45.70 46.54
11 32.36 41.81 41.89 43.36 44,72

Adsorbent dose: 200 mg; pH: 1.78; Agitation tird@:min
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Figure 6.23 Effect Temperature (TTCNS)
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Table 6.8 Effect of temperature (TAINS)

Percentage Removal
Conc. of
ions (ppm)| 293 K 303 K 313K 323 K 333K
3 64.27 64.46 65.59 66.53 67.29
5 54.47 57.67 61.63 63.14 64.03
7 59.33 59.57 61.79 62.13 62.57
9 36.33 36.8 37.35 42.21 43.22
11 13.18 14.13 16.01 16.95 19.93
Adsorbent dose: 150 mg; pH: 1.98; Agitatiomet 15 min
80 ~
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Figure 6.24 Etteof Temperature (TAINS)
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6.11 Desorption

The desorption of Cr(VI) from TTCNS and ™8 were carried out at varying
concentrations of HCI. Desorption efficiency of @i is low, wherein with 1M NaOH
only 14.45 % and 9.80% of Cr(VI) was desorbed filon{Vl)-TTCNS system and Cr(VI)-
TAINS systems respectively. Poor desorption cordiimat the adsorption of Cr(VI) is not
mostly by ion exchange mechanism. Surface comptaxatay contribute an important role
in the adsorption. Therefore, the regeneration istuavere restricted only to the metal-

adsorbent systems that are discussed in chaptensdW (Page nos.95 and 144)
6.12 Adsorption Isotherms

In order to determine the mechanidr@r(VI) adsorption on TTCNS and TAINS,
the experimental data were applied to Langmuirykaéch, Tempkin and Dubinin-Kaganer-
Radushkevich isothermal equations. The constaranpaters of the isotherm equation for

this adsorption process were calculated by regresssing linear form of the equations.
6.12.1 Langmuir isotherm nodel

The Langmuir constant,gwhich is a measure of the monolayer adsorptioracap
of TTCNS and TAINS towards Cr(VI) was observed &6land 10.6 mg/g and the
Langmuir constant b, (free energy of sorption) Wasd to be 0.38 and 0.66 respectively.
The correlation coefficient Ror Cr(VI) ion with the adsorbents were found ®®9997and
0.9870 respectively(Figures 6.25 and 6.26), inthgata good agreement between the
experimental values and the isothermal paramefengs also confirms the monolayer
adsorption of the Cr(VI) by adsorbents surface. Raegltable 6.9) values calculated with
initial concentration ranges 3-11 mg/L were betvieér to 0.12 (O<R1l) which is

consistent with the requirement for a favourablgoaption process.
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Figure 6.26 Langmuir isotime model [Cr(VI)-TAINS]
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Table 6.9Equilibrium parameter (R )

Conc. of metal
ion Cr(VD)-TTCNS Cr(VD-TAINS
(mg/L)

3 0.47 0.34

5 0.34 0.23
7 0.27 0.18

9 0.23 0.14

11 0.19 0.12

6.12.2 Freundlich isotherm model

The Freundlich plot of log«grersus log gfor the adsorption of Cr(VI) onto TTCNS

and TAINS (figures 6.27 and 6.28) were employedédnerate the intercept value of &nd

the slope of 1/n. The figures illustrate that aggon of Cr(VI) onto TTCNS and TAINS

obeyed Freundlich isotherm very wellr erived from the equation (13) is an indicator of

adsorption capacity of a given adsorbent. The tesubtained indicate that TTCNS have

higher capacity to adsorb Cr(VI) compared to TAIN&e value of ‘n’ greater than 1 implies

favourable nature of adsorption. The TTCNS isothshmws better linearity than the TAINS

isothernt®2

Table 6.10Equilibrium concentrations - Freundlich isotherm

Cr-TTCNS Cr-TAINS
Conc. of metal log G log g log G log
ion (mg/L
3 -0.187 -0.2039 0.2576 -0.397¢
5 -0.301 0.0511 0.4742 -0.1739
7 0.3636 0.0689 0.7126 -0.2146
9 0.5599 0.1277 0.7767 0.004
11 0.5563 0.2636 0.9211 -0.0506

Adsorbent dose : 200mg (TTCNS), 150MAINS) ; Temperature: 303K
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Figure 6.27 Freundlich isotherm model [Cr(VI)-TTCNS]
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Figure 6.28 Freundlichatherm model [Cr(VI)-TAINS]
6.12.3 Tempkin isotherm model

Tempkin isotherm was applied to the adsorption @Bsdle 6.11) under investigation,
as per equation (14). The equilibrium binding canstAr and heat of adsorptions kare
obtained from the slope and intercept of the lipdatrof In G versus g(figures 6.29 and 6.30).
The binding constant values 1.002 and 1.001 for¢lpective systems viz., Cr(VI)-TTCNS

and TAINS indicate that Tempkin isotherm is obeysdboth the systems less effectively
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compared to Langmuir model. Similar results wereuoented by Hamed Mosavian et

171
al.,

Table 6.11 Equilibrium concentrations - Tempkin istherm

Conc. of metal Cr(VI)-TTCNS Cr(VI)-TAINS
ion mg/L In Ce Oc In C Oc

3 -0.4307 0.5875 0.5933 0.3967

5 -0.6931 1.1250 1.0921 0.6733

7 1.1720 0.8372 1.6411 0.6133

9 1.3420 1.2892 1.7887 1.0067

11 1.8350 1.2974 2.1213 0.8867

Adsorbent dose : 200mg (TTCNS), 150mg (T8)NTemperature: 303K
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Figure 6.29 Tempkin isotherm mod¢Cr(VI)-TTCNS]
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Figure 6.30 Tempkin isotherm mod¢Cr(VI)-TAINS]
6.12.4 DKR isotherm model

Figures.6.31 and 6.32 representing the Q#d®s (In @ versuse?) is derived from the
experimental data (table 6.12) for both the systefi® mean sorption energy calculated
from the slope was 8.64 kJ/mol and 8.4 kJ/mol far $orption of Cr(VI) onto TTCNS and
TAINS respectively. The results show that the sorpof the the metal ion onto TTCNS and
TAINS may be carried out via surface complexati®milar finding were reported for

various adsorbenits 28

Table 6.12 Equilibrium concentrations - DKR isothem

Cr(VI)-TTCNS Cr(VI)-TAINS
Conc. of meta
ion % X10° In G % X10° In g
(mg/L)
3 55.0407 -0.531 121.8872 -0.92
5 79.5921 0.117 54.3715 -0.4
7 8.1788 0.158 19.2059 -0.49
9 3.7534 0.294 15.609 0.01
11 3.7011 0.607 6.9068 -0.12

Adsorbent dose : 200mg (TTCNSQrh§ (TAINS); Temperature: 303K
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6.13 Adsorption Kinetics

The adsorption kinetics were investigated withaam of obtaining a deep insight

into how the amount of adsorbed metal changes tivith and the process time required to

achieve equilibrium between the aqueous and theé gbhse. The kinetics of Cr(VI) sorption

onto TTCNS and TAINS were analyzed using diffedanetic models such as Pseudo-first-

order, Pseudo-second-order, Elovich and intrapartiéfusion models.
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6.13.1 Pseudo-first-order model

The pseudo-first-order rate expression of equafti®@) was used to test the

experimental data for Cr(VI) onto TTCNS and TAIN& @abulated in tables 6.13 and 6.14

respectively. The values of,kpseudo-first-order rate constant ardtalculated obtained by

the plot of log (gq;) versus t are presented in table 6.18 with coeffts of regression and SSE.

Table 6.13 Effect of concentration-Kinetics [Cr(VI} TTCNS]

S| seem 5 (ppm) 7 (ppm) 9 (ppm) 11 (ppm)

e O A S LR N T e N AL (;02) vl
5 0.8721| 1.1620 1.176 0.6660| 1.053 0.4118 1.07 0.3311 1.1122 0.2105
10 0.5118| 1.1760 0.942 0.7272| 0.6901 0.5390 0.5378 0.4273 0.9566 0.3616
15 0.3979| 1.6210 0.8167 0.9404| 0.6812 0.8402 0.5118 0.6355 0.826 0.5000
20 0.2304| 1.9900 0.574 1.0660| 0.243 0.9216 0.4842 0.8403 0.716 0.6557
25 0.0413| 2.3470 1.1177 1.2880| -0.3467 1.0869 0.9671| 0.4149 0.7122
30 2.5530 1.3330 1.2793 1.1173 0.8174

Adsorbent dose: 200 mg; pH81 Temperature: 303K
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Figure 6.34 Pseudo-first-order kinetics [Cr(VI)-TAINS]
6.13.2 Pseudo-second-order model

The values of pseudo-second-order rate constétésned by the plot of t{gersus t
(figures 6.35 & 6.36) are presented in table 6.1th woefficients of regression and SSE. The
R? values observed for pseudo-second-order model wexater than the other employed
systems. The decrease in &d increase in.galues with an increase in metal concentration
was observed. The increase ig wjith concentration may be due to the more efficien
utilization of the sorptive capacities of the adts due to greater driving force (by a
higher concentration gradient presstitfe)As the increase in the metal concentration redluce

the diffusion of metal ions in the boundary layésdecreased with concentratféh
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Table 6.14 Effect of concentration-Kinetics [Cr(VI} TAINS]

Time 3 (ppm) S (ppm) 7 (ppm) 9 (ppm) 11 (ppm)
) log
(miny | 109 t/ log / log t/ log t/ t
@ | " F | (et ol en | ] (e e |

> 0.5385| 1.2394| 0.7236| 0.8133| 0.5372| 0.6762| 0.3793| 0.3951| 0.3554| 0.3695
10 0.4941| 2.2882| 0.6180| 1.3716| 0.4676| 1.2651| 0.1238| 0.7289| 0.3291| 0.7317
15 0.4618| 3.2649| 0.5174| 1.8408| 0.2203| 1.6341| 0.0781| 1.0828| 0.2389| 1.0664
20 0.3008| 3.6424| 0.1107| 1.9705| -0.1929| 1.9610, -0.8822| 1.3406| -0.8751| 1.2766

25 3.9839| -2.3310| 2.3148| -2.4534| 2.3070 1.6609 1.5823
30 4.0053| -2.3310| 2.6234 2.5578 1.8926 1.8750
35 4.6618 3.0347 2.9330 2.1967 2.1429
40 5.0279 2.9770 3.2685 1.9888 2.2556

Concentration:3-11 mg/L; Adsorbent dose: 150 mg; pM8; Temperature: 303K
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Figure 6.35 Pseudo-second-order kinetics [Cr(VI)-TTNS]
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Figure 6.36 Pseudo-second-order kinetics [Cr(VI)-AINS]

Table 6.15 Pseudo-first-order and Pseudo-second-order kineticonstants at different
concentrations

conc. of ] Pseudo-first-order kinetics Pseudo-second-order ketics
metal © 3
ions (ri);%) Nt I N . k(é7fg R2 | SSE
(mg/L) (mglg) | (M) (mg/g) | min)
Cr(VI)-TTCNS
3 11.75| 9.80 8.90| 0.96250.87 | 1531 | 6.3 | 0.9860 1.25
5 2250 | 22.90| 8.88| 0.98660.20 | 3247 | 2.0 | 0.9878 3.52
7 23.45| 27.41| 1494 0.91851.77 | 793 | 5.7 | 0.9922| 1.58
9 26.85| 17.43| 9.53| 0.91734.71 | »g82 | 0.97 | 0.9766/ 0.69
11 36.70| 19.70 7.53] 0.96227.60 | 2237 | 0.43 | 0.9908 2.0C

Cr(VI)-TAINS

3 6.28 | 4.31| 3.75| 0.97560.29 | 935 | 10.0 | 0.9627 1.0
5 11.44| 9.49| 9.74| 0.9709 1.12 | 1590 | 5.6 | 0.9828 1.57
7 10.84| 530 7.30| 0.90513.19 | 1399 | 10.8 | 0.9955 1.11
9 15.05| 3.12| 6.93| 0.86086.88 | 2208 | 5.4 | 0.9547| 2.49
11 | 29.60| 20.65 2.69| 0.90905.16 | 2203 | 11.6 | 0.9894 2.67
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6.13.3 Elovich model

The Elovich plots for Cr(VI)-TTCNS and Cr(VI)-TAISI systems are shown in
figures 6.37 and 6.38 respectively. The kineticstantso. and3 were estimated from the
intercept and slope values of the plot efvgrsus In t and are given in table 6.16. The
constantp, desorption constant related to the extent ofsiinéace coverage decreased for
both the adsorbents system. The initial adsorptt® constant, increased but not regularly

with concentrations for Cr(VI) systems.

43 ppm
40 B3 ppm
351 7 ppm
‘22 | 29 ppm
2 - 11 ppm
= s -
10 -

Int

Figure 6.37Elovich model [Cr(VI)- TTCNS]

25 43 ppm
M5 ppm
20 A
7 ppm
<9
15 - ppm
= {11 ppm
10
5 -
0 T T T 1
1 2 3 4 5
Int

Figure 6.38lovich model [Cr(VI)-TAINS]
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Table 6.16 Elovich constants

Conc. Cr(VI)-TTCNS Cr(VI)-TAINS
of metal a B R? a B R?
ions
3 1.07 | 0.28| 0.9548 1.08 0.780.8553
5 1.38 | 0.18| 0.9868 1.58  0.52 0.9427
7 151 | 0.17| 0.9466 1.76)] 0.41 0.9510
9 298 | 0.14| 0.8981 2.25 0.30 0.9379
11 3.38 | 0.13| 0.9532 2.86 0.23 0.9032
o : (mg/g min), B : (g/mg)

6.13.4Intrapatrticle diffusion model

The Weber and Morris intraparticle diffusion plotghich has two distinct

portions%?%® are presented in figures 6.39 and 6.40. The fiims@r portion refers to the

boundary layer diffusion effect while the seconaeéir portion refers to gradual adsorption

stage, where intrapatrticle diffusion was rate lingt The K (intraparticle rate constant) and

C (boundary layer thickness) values obtained froendlopes and intercepts of linear plots of

a: versus Y2 at different concentrations are shown in table 6THe K and C increased with

metal ion concentration.

45 -
40
35
30 A
25 A
20
15 -
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5 ! '

q

0 |
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Figure 6.39 Intraparticle diffusion model [Cr(VI)-T TCNS]
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G

—— 9 ppm

11 ppm

Figure 6.40 Intraparticle diffusion model [Cr(VI)-T AINS]

Table 6.17 Intraparticle diffusion model constants

Cr(VI)-TTCNS Cr(VI)-TAINS

Conc: of Ki K

et R I L I O B
3 1.88 0.85 0.9344 1.15 0.54 0.9595
5 3.66 1.06 0.9682 1.73 0.88 0.9780
7 3.48 3.87 0.8975 1.95 1.83 0.9313
9 3.87 5.42 0.8621 2.35 3.37 0.8605
11 5.26 6.96 0.8959 251 411 0.8229

6.14 Adsorption Dynamics

The thermodynamic parameteksi®, AS® calculated from the slope and intercept of
Vant Hoff plots (figures 6.41 and 6.42) are shownable 6.18. The positive values Aifl°
indicate the presence of an energy barrier in tsd@tion process which is endothermic in
naturé*2. The negative values &G’ indicate the feasibility and spontaneous nature of

adsorption of metal ions by the adsor3&htThe positive values oAS® suggest that the
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increased randomness at the solid-solution interfdering the adsorption of Cr(VI) in

aqueous solutions onto TTCNS and TARRS

Table 6.18 Thermodynamic constants

Cr(VI)-TTCNS Cr(VI)-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 4.82 1.7¢
30¢ 4.1 39.89 36.54 1.3 14.05 | 4776
31z 3.68 0.72
32z 0.62 0.32
337 0.57 0.01
2.5
+ Cr(VI)
- 2N
1.5 \ &
M \

2.9 3 31 32 33 3.4 3.5
UTX 107

Figure 6.41 Vant It plot [Cr(VI)-TTCNS]
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52 *Cr(V)

Figure 6.42 Vant It plot [Cr(VI)-TAINS]
6.15 Effect of TTCNS and TAINS dosage on industriagéffluent containing chromium

The industrial effluent sample collected from Ghiom plating industry was diluted
thrice and a volume of 50 ml was employed for tla¢éch study. The efficiency of the
selected adsorbent materials on the effluent wad/zed at different adsorbents’ dose at a
contact time of 30 minutes by batch study. Theuefit pH was adjusted to nearly 2.0 for
Cr(VI) as low pH favoured Cr(VI) removal. The exjeental data and the corresponding
graph are shown table 6.19 and figure 6.43. A de&sdHg50 mg of TTCNS and 250 mg
TAINS was sufficient for the removal of Cr(VI3x%0%), proving the sorption efficiency of

the selected sorbents in treating the effluents.
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Table 6.19 Effect of TTCNS and TAINS on industrialeffluent containing Chromium

Weight of Percentage removal of Cr(VI) from
adsorbent effluent
(mg) TTCNS TAINS
50 35.20 13.60
100 39.51 22.33
150 43.83 24.67
200 48.17 26.54
250 52.47 39.51
300 52.93 42.35
350 54.50 44.89
400 55.53 46.92
450 57.20 47.62
500 58.17 47.94

Particle size: 0.18mm TTCNS,20mm TAINS Agitation time: 30 minutes

70

60 -

50 -

40 -

30 A

Percentage Removal
*

——TTCNS
—=—TAINS

200

400

Weight of adsorbents (ing)

600

Figure 6.43Effect of TTCNS and TAINS on effluent containing Chromium
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