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The CCA Rajasthan is career out to constraint their solute sources and subsurface weathering process sodium, chloride,
fluoride, calcium ions dominate major ion chemistry. This type of chemistry have been pointed to a significant solute
supply from the salt affected soils and bedrock dissolution. Annual changes model calculations involving elemental
ratios of major ions show that the solutes are mainly supplied through salt affected soils with climatic or manual inputs.
These estimates are consistent with abundant ions like chloride, fluoride and nitrate ions regards leaching kinetics and
thermodynamics parameters comparateively. The faster or slower kinetics or thermodynamics were observed clearly
during annual research. The out comes of this study underscore distinctly different leaching rate profiles following first
order reaction mainly with entropy and enthalpy variabilities in the reference of the particulars ions in alkaline soils
using batch process method. These entire study when is modified or made graphically represented by statistical
parameters through mathematical modelling make the way to sustain the profitable changes for escaping soil salinity or
ground water or surface water and soil qualities protections, so in this way main purpose of this work is to comparatively

Teacher, Ggsss, Modak,Kota

study the adsorption of calcium, magnesium and sodium as -Cl F, -3NO ions on to the soil sample (SS) suffered from
salinity around the Chambal Command Area (CCA) to get the equilibrium constant, enthalpy changes, Gibbs free

ABSTRACT

energy changes, entropy changes respectively [keq] , [AHO 1. [AGO], [ASO ].The series of experiments were done with

different amount and concentrations of adsorbate or effluents as ([C / ]eﬂ)w.,:, ([F ]ejf)(.”,.‘, ([N (0 ’,] eﬁ’)(.‘m,,) , in the
temperature range of 293K to 313K by using batch process method. Although rates of adsorption [AdR] or rates of
unadsorption [UadR] were found almost 1st order during entire experiment but to get the clear prediction, distributions,
classifications, assumptions and make ease to understand mathematical modeling was done with the help of statistical
parameters in order to find the ways to escape soil salinity drawbacks scientifically.

Introduction

The ground water is the predominant water resource for domestic and agricultural needs, particularly in arid and semiarid regions with limited surface water
availability.""* In these regions, the ground waler recharge rale is lower than ils withdrawal rate. ®¥ A gradual delerioraling quality of surface waler, ground waler
and so1l salinily caused by many anlhropogenic [elors, climalie changes, soil wealhering or precipitalion + evaporalion, aceumulaied sall or related ions exchange
capacities competition at experimental level™" furthermore, the climatic change scenario and unpredictable intensity and frequency of precipitation + evaporisation
lid to change in leaching kinelics and thermodynamics annually in saline soil. " Although canal area become more sullered [rom soil salinily because of water

logging is mainly subjected to ions like (rf‘ . F . AVOq exchange capacities abundant in the particular area so having higher specific gravity CaCl,, Cal'; and

CaNO, salts were selected by adding different concentration  with  different amount of effluents as (|:C1’ :| ) , (|:f" ’ :|jj’) .
0 cach, & T carsy

203K [T]RISK resulting a variety of leaching rate profile [LR] were obtained in

(|: A‘*O;] . ] containing salts during a range of temperature [T]
el [ cano

order to get the kincties and thermodynamics parameters.®® The reactions order was found 1% order during cach experiment. Adsorption efficicney of jons describes

residential or uptake time of the adsorbate on adsorbant at the solid solution interface.”™* Directional or non directional operations of the ions adsorption and remedial
operations scaling up studies of soil remediation processes connecting ambient factors give the kinetic and thermodynamic results during duo opposite factors of

adsorption-desorption process frequently.™ Using by batch process method various parameters studied in a range of temperature [T]‘JQQK ) [T]M“ by adding
&rd 3

K
various amount of salt. In order (o understand adsorption efliciency of 1ons adsorption kinetic studies were done which describe residential or uplake lime ol solute
on solvent at the solid solution interface™”, The kinetical paramelers can scale up studies of soil remediation process connecting optimum operational conditions of
competitor jons predicting by important directional or non-dircctional operations of the ion adsorption and remedial operations.* As temperature can make two
types effects on the adsorption process as physical adsorption and chemical adsorption process which are opposite qualities in the reference of increasing temperature.

. . o . o . . 0
So only temperature changes are not sufficient parameter to determine the type of adsorption.'™ Thus enthalpy change [AH ] Giibbs free energy change [A(J ]
0 : : . -
and entropy change AS®| were too observed and calenlated of cach experiment to know whether the reactions are spontancous or non spontaneous or feasible.

0 . - . 0 - - ¥ - - - . .
[A(r ] was found negative®™ while [AH ] was distinet positive!’? and finally mathematical modeling were done of entire data to make case to understand
with the adsorption-desorption of mutually competitor ions with the help of statistical parameters.

Material and Methods :

Tor the estimation of (,!_, F. NO; amount or concentration during adsorption or desorption process on the soil sample [S8], the soil sample

were collected, dried and sieved for removing unwanted particles, from study region. Tength 60cm and diameter of 3em of glass column was prepared and gently

- - . o . y - - T — .
packed or filled with 60gm soil. A fixed amount of salt as effluent as (I:(r" :| ) . ([F :| ) . (|:A" ()3 :| ) were added in the
el Jcact, ' [ ear, eff

CaNo;

lemperature range of [T:|29'5K to [1‘”] 13K according o Rajasthan climale. In themmostat conditional concentration change of Cr . F, A"IO3 were noticed
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and with the help of adsorbed amount of ions [A("]ad and unadsorbed amount of ions [A( Y]mm' , equilibrium constant keq = =T were

k., [A(“.]M
dlnk AH® k) AH° (T, -T

noticed for further kinetics and thermodynamics studies enthalpy [,AH o] by van't hotf equation ——— = ——— or IN| — | = -
AT~ RT? k) 8314 T, T,
o "0
| e b AST e aeo AHOAG -
Gibbs energy by the following equations AG°=—-RT m . AS by the following equation = 7 were caleulated consequently in

order lo know reaclion leasibilily or spontaneily. The treatment of caleulation ol oblained data 1s based on the some parameler as delined below.
W
[LSLS] — Soil sample
T —
[A( ]aa’ — Concentration of ions as Cl . F . N03 adsorhed on adsorbent in mg.

[A(.Y].l ad — Concentration of 1ons as (? 3 F . NO; unadsorbed on adsorbent in mg

[ i ]”“' [4C],.,

. s . . — al
o lag Equilibrium constant ie keq = 7[/{ F] at 293K regards C )
lad
chi [A C]rm{l" T
|:kw] Equilibrium constant ie k = T  at 313K regards (1!7
1 31k d [ A(‘]
dad
I [Ap]uraff -
|:kw] Equilibrium constant ie k T at 293K regards F
7 193k [ AF]
ad
i [A( ] _
|:k . ] = Equilibrium constant ie k ——cued al 313K regards F
4 1313k oq [ AF]
ad

Nif [ ] .
|: 'eq] — Equilibrium conslant 1e k ~cad al 293K regards N Oq

i “ 4],

Nit [ ]
L . _ { -
|:kgt’. ] — Liguilibrium constant ic k =—— e at 313K repards ;V())

MK eq [ ]
“dad

[1 ]Z‘JSK — Temperature ol 293 K

maintained during experimental work in kelvin.

[T]?HK — Temperature of 313 K maintained during experimental work in kelvin.

( Cl ] 7 ) — CT satt added from the top of plass column as cffluent or adsorbate mg/pm
- Cafl’ly
( F- j| ) - ' sult added from the top ol glass column as elMuent or adsorbale mg/gm
- off Caly
NO? - NO; salt added from the top of glass column as effluent or adsorbate mpfem
3 3
- © el cano,
o1CH e 1
[ ] S Linthalpy change with the temperature, reference of Cl chanpe in kilo joul per mole K.Jmol
o1¥7 ’ 1
[AH ]”’911\’ K Enthalpy change with the lemperature, relerence off F change n kilo joul per mole KJmol
o Nit 1
[AH ]2933 3K Enthalpy change with the lemperature, relerence off N()B change in kilo joul per mole KJmol
) ( Rl —
AGO . — (ibbs free energy change with the temperature, reference of Cl change in kilo joul per mole K. Jrmol !
203K 313K
e 210
I —
[A(JD],) S0 (ribbs free energy change with the lemperalure, relerence of b change in kilo joul per mole KJmof“l
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oMt
AG _
293K-313K

[ AA y 0](. hi
[AS°]

— Gibbs free energy change with the temperature, reference of N ()1, change in kilo joul per mole KJimol ]

203K FEntropy change with the 293 K lemperature, relerence ol C’ change in joul per kelvin per mole JK _l}ﬂ()t‘_

Fi

. " . . 1
S Lintropy change with the 293 K temperature, reference of a change in joul per kelvin per mole JK mol

Nit
0 ., . . o . -1 =
[AL ]) 03K Lintropy change with the 293 K temperature, reference of N 03 change in joul per kelvin per mole JK maol
L73 -
o ) . el . . -1 -
Al 3K FEntropy change with the 313 K temperature, relerence ol Ci change in Joul per kelvin per mole JK " mol
0 57 ] ] - ) ) 1
Ab WK Entropy change with the 313 K temperature, relerence ol I change in Joul per kelvin per mole JK “mol
oM -1 _
[Al ]"rl"rK — Entropy change with the 313 K temperature, relerence ol NO,‘ change in Joul per kelvin per mole JK " mol
Cil Chi Chi e o R
- A ] 0 ‘0 10
Table 1 : Determination of kinetic and thermodynamic parameters |:qu :|29.1K [kéq :|313K [rﬁH ]293&' 33K [ﬂ(J ]2931{—3131{ [A._\ 03K
o CH .
[ALS ]““( with the addition of various amount of salt |:(i' :| " as absorbate on the soil sample [SS] as the adsorbent in the range of temperature
313 el Jeacn,

[T]m;( and [T]m.s;('

Chi Chl Chi Chi Chi ey L
T k k AH"| [AG°] [AS°],., | [AS°]
U(" —Lﬁf)pm [ W]ggg]{ [ l"i‘lmx [ 293K 313K T bosg_ax S 293K 3K
25 318 383 7.67 —5.09 16.53 16.50
50 3.00 327 7.62 —-1.60 49.91 49.96
75 278 3.07 T.36 (.28 36.06 36.02
100 2.26 2.7 T.RT —1.62 3483 3471
125 117 218 | 7.93 | 0.67 31.80 373
150 101 1.52 8.12 -0.13 3402 34.01
175 0.48 1.06 8.15 —0.00 34.63 34.62
200 0.27 (.88 8.39 (.93 34.21 3416
225 .01 0.23 B.48 (.82 33.02 32.02
1 F It o 17 I
. Determination of kit ammic pars k k AH®] [AG°] [AS°]
Table 2 : Determination of kinetic and thermodynamic parameters |: » :|29_1K |: “”:|313K [ WAK 3K T 203K 33K O Lo
oTH :
[;ASr ]?HK with the addition of various amount of |:f.’ :| as absorbate on the soil sample [SS] as the adsorbent in the range of lemperature
o Ef'r ('aFo
["’ ]293;( and ["‘r ]313;('
F Fi FI F bai fai
‘ - AH] [A6°] (AL | [AS°]
[[F :Lﬁ )(M [keq ]293]{ [qu :|_1.13K [ 293K 313K AG 293K-313K AS 293K 313K
25 3 381 T.06 6.29 15.52 15.48
50 292 325 763 5.46 47.93 4776
75 2.70 301 | 797 | Z1.41 35.01 34.586
100 2.21 292 7.86 —0.81 33.83 3370
125 1.10 2.52 TH2 (.93 30.80 30,72
150 0.93 1.48 811 .13 3z 31.93
175 0.47 1.01 8.16 —0.00 320 297
200 0.21 .78 B.38 0.97 3212 3199
225 0.89 0.18 8.40 —0.86 3101 30.30
Nur Nir Nit o 1V Nir
_ L L . - . o 0 0
Table 3 : Determination of kinetic and thermodynamic parameters |:qu :|293K |: "’q:|3131\' [ ]293K YTY o [A(T ]29”( K [A. ]293K
oMt
[AS ]1 13K with the addition of various amount of salt |:N O1 :Iﬁ as absorbate on the soil sample [SS] as the adsorbent in the range of temperature
o - el S oavay

[T]mk’ and [?‘]_113;('
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Nit Nit Nit Nit Nit Nit
([NOS lﬁ]w_-w;; [k*“f]zeaf( [k‘*‘f]mx [AHO]EEBK—SIBK [AGo]zo.\K—mx [A‘So]wgzx [ALS ]31‘K
25 4.01 423 792 -6.31 17.63 17.52
30 387 3.91 8.11 =547 51.93 51.81
75 3.76 379 8.29 141 48.06 37.93
100 311 318 8.68 0.86 35.99 35.73
125 252 2.63 8.83 0.98 31.82 3154
150 2.08 2.26 8.99 0.1 34.99 3491
175 1.80 1.93 9.02 0.01 34.98 34.66
200 1.01 1.63 9.05 0.98 3412 34.01
225 0.98 1.01 9.09 —0.85 29.93 29.62
Table 4 : Determination of slatistical paramelers of thermodynamic parameters [ASO](;K [ASOL‘HK [&S‘D];\;K [AGD]‘;:T:K [ﬁpo]191K
[AGO]";;K [Mo]::iK [&H ]1[} [ ]1'\;1( with the addition of various amount of salt (|:(?i| ) , (|:F _:| ) .
" = N ’ o [ cac, off [ear,
([N(l ] ) as absorbate on the soil sample [SS] as the adsorbent in the range of temperature [T:L .
o | cano; 293K
(o ) ot ] (o] (06T 807 86 [ [0 a7
effl sl 293K 293K] 293K 293K 293K 293K 293K 293K 2K
25 7.67 7.66 7.92 6.09 6.29 6.31 16.33 15.52 17.63
30 7.62 7.63 811 -5.30 =546 547 49.91 47.93 51.93
75 7.36 7.97 829 -1.28 -141 -1.41 36.06 3501 33.06
100 787 7.86 8.68 -0.62 -0.81 -0.86 3483 33.83 35.99
125 7.93 7.92 8.83 -0.67 -0.93 —0.98 31.80 30.80 31.82
150 | 812 8.11 8.99 -0.13 -0.13 —0.11 34.02 32.01 3499
175 813 8.16 9.02 —0.00 -0.00 -0.01 34.63 33.01 3498
200 839 8.38 9.05 -0.93 -0.97 —0.98 3421 3212 3412
225 8.48 8.40 9.09 -0.82 —0.86 —).83 33.02 31.01 2993
Mean 7.98 8.01 8.66 -1.76 -1.87 -1.89 33.89 32.36 33.83
S.D. 0.33 0.28 0.45 2273 232 232 844 8.22 8.78
R*(linear) 0.92 0.92 0.90 0.359 0.58 .58 0.01 0.00 0.00
R? 0.946 0.92 0.982 0.91 0.913 0.913 0.106 0.118 0.12
(Polynomial)
[4C]
[ke] Fquilibrium  constant .rIC S (|:C.I :| ) . (I:F :I ) B ([;NOQJ ] Adsorbale i mgigm *
[ C] y "/ cact, o | car, <l | canos

[ 0]2931( I3K Enthalpy change in KJ m,():'l_l * [AG“]
in JK 'mol " 293K * [AS"]

(Giibbs free energy change in KJ mof_l * [ASO]

Entropy change

203K-313K 293K

spag Lotropy change in JK Tmol ™ 313K
10,

Chi
2BK

, o 1 Chi ~o1F
Figure 1 : Mathematical modeling and determination of thermodynamic parameters [AS 0] [Ab ] [AAS 0]“913 [ ] 201K [AGo]nqu
e 72,

93K
i
203K

Chl
293K

Nt

[ﬂH 0] [AH ] with the addition of various amount of salt (|:C." :| ) . ([f* :| ]
293K 293K o Jcact, of | cur

(|: NO;J@E ) as absorbale on the soil sample [S5] as the adsorbent in the range ol lemperalure [1‘]
Calck,

[AG" Ly [A]

203K
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a0 1
30 1
20 1
10 4
o1
] 250
-10
—+— [DHe[Chizo3k —8— [DHE]F203K —i— [DHE]NI2 93K
—=— [DEsIChiza3K —+— [DGEIFIZa3K —&-— [DERINit2 93K
[DsjchizasK ~— [Ds=]Fiza3K [DS2]Nit293K
Paly, ([DHE}Chize3K) —— Poly. ([DHE]FIZE3K) —— Paly. {([DHE]NIZ93K)

Poly. ([DG2]ChE293K) Poly. {[DELIFI263K) —— Poly, [[DE2INit203K)

—— Paly. ([DSF]ChI293K) —— Poly. ([DS2]FIZ93K) —— Poly. ([DSE]Nit293K)
Chi
293K

Fi
293K

Nit

3K

Chi
293K

F
MK

[A5°]

Figure 2 : Mathematical modeling and determination of thermodynamic parameters [AS O]

[AS° T MG [AG?]
[AGO] Chi Fl Nit

o 0 " e . - -
203K [AH ]293]( [AH ]293K with the addition of various amount of salt ([(f :Lﬁ’ )(_-a(_-; . (|:1 :Ie,fr’ ]CMI .
. N 2 X ; 2

(|:N01 :| ) as absorbate on the soil sample [SS] as the adsorbent in the range of temperature [I r] . .
" el [ cano, 293K

Nit

MK [AHO]
2000 1
3500 -
3000 ¢
2500 +
000 ¢

1500 +

—4—Mean —l-50

Result and Discussion :

In the relerence ol same counter ion mulually compelilor 1ons - s F au N 03_ leaching kinelics and thermodynamics paramelers and statistical values vary
n the way of infacing or inhibitions to being adsorbed, retained as complexed or leached down in order to atfect abiends both biotic and nonbiotic factors in study

region. Although leaching rate profiles [I‘R] are sign of unadsorbed amount [A C ] d and rest amount can be shown as adsorbed amount [A(,T] d including
una e

complexed form of ions like |:(T.|’ _:| , |:F _:I \ |:N 0, ] but with the changing in a range of temp [T] and varying in cffluents
compx compx = dcompx

2TBK-313K

amount and concentration as ([CE_] ) . [[F':| ] , ([}VO}'} ) very amazing and interesting results were obtained. At the initial state
el | cacy, o / car, ell' / canos

reaclion order [H] , Tale conslanl [k ] , equilibrium conslant |:keq:| were oblained al formula base chemisiry and reaction order was found [il in 1¥ order

Chi F Nir
0 ALl
203K -313K ’[AG ]293;(-313;\' ’[AG ]293K—313K

reaction during ions adsorption is how much spontaneous process. With increasing temperature adsorption was too found in increasing order as particles potential
Chi
293K 313K

reaction. Turther Gibbs free cnergy as [AGO] calculated on the behalf, Negative values of [AGO] indicate

[ “]Fn' [ 0].-\"r'.’ o cod i ine bo £ ondoth .
sz , Were 0o noficed mercasin, cansc or en Crimic
203K -313K 203K 313K £ ¢
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Chl ™ Nit Chl Nit
AS e [88% e [88°Tie [A5°Te [0S

203K ,[ “S ]793!( [ S 293K AS 33K A‘“ 313K &6 33K

randomness of unadsorbed part and slighlty increasing ofadsurbcd part ratio. It 1s well knuwn absolute. Entrop}* 1s not inversely proportional to absolute temperature
which inereases with temperature because of inereasing atomic vibration and the disorder of system but change in entropy in a constant temperature heat transter
does make it seems like entropy is inversely proportional to temperature based on the equation, but it actually only means that the amount of entropy change is less
at higher temperature for a given heat transfer according to formulae AS® = Q J1 it AS°= AH®—AG® /T . Mathematical modelling proves closeness

solror[AH ] sssror[AH°]

. ‘0 . P
reaction, enfropy changes as [Ab ] were observed positive which indicate the

it

of data to actual theory and equalions. The positive values ol mean observed as 7.98 for [AH ] 3K

1s7rm[&(r ]

WK and negative

1.89 mr[&(r ]

93K
Chi
293K

Nit

203K and high positive values for entropy changes

values for Gibbs free energy changes as —1.76 for [QGO] 03K

Ni ch
. . ) 0
as 33.89 for[Ab ],J%K 32.36 for [Ab ]mx 3383 tor[A.S ]2%& while SD values differs as 0.33 for[AH ]2931( 0.28 mr[AH ]“911( 0.45 for
Nit Chi Nit Chl Mf
o 3 0 o o 0 5 [ o] [ fo] )
[AH LM 2273 e [ AG®] mzror[AG ]qm 232 for [AG Joa s44 o[ AS ]zaax 822 00r| AS®[ x S78r AS®| 5 and

293K

0.900 ror[AH °]

Nit
293K

0.92 tor[M“] 0.559 m[A("’] 0.5 er[A(r]

R? lincar valucs were observed as 0,92 fnr[ﬁH ]

23K 29”{ 293K "91!(

Nit Chi Nit Chi

. 0 . 0

tor [ﬁ( ]291!( 0.01 for [AS ]EFJSK OOOlor[AS ],ng 0.00 for [AS ]2931( and R* polynomial values were observed as 0.946 tor[AH ]39, 092
. 3 3 .
for ’931( 0.982 for 93K 0.91 for 203k | 0.913 for 93k | 0.913 for j%& 0.106  for 9“(\ 0.118 for
Nit
0 0

[:ﬁ.& ]19? K 0.12 for [:ﬁ.& ]293 K respeetively shows closeness to actual data.

Conclusion :
As negalive charges beng slightly bigger in sive than positive lons bul carrying equal single negative charge lend lo minor slow down in leaching down because
through soil profile abundant ions as cr s I and NOQ . Abundant ions as (1 s F™ana NOQ in alkaline soil affect the leaching or absorhing factors

of study area soil besides commenlating mulually with other ions, the entire process of thermodynamic and kinetics studies of adsorption of ion may help to know
ion adsorption and leaching efficiency in the soil medium in order to know retain or escaping capacities of metals in the soil and their contamination boundaries.
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