A010

Adsorption and Removal Kinetics ot
Phosphonate from Water Using
Natural Adsorbents
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ABSTRACT: The removitl of phosphonite from water wis studicd using
some natural adsorbents, Potassium phiosphonate is a fungicide vaed for
the conteol of Phyvwphihora capsivi. which is prevalent in black pepper
(Piper pigrum L.). Batch adsorption Kinetic experiments were condueted
on the adsorption of phosphonite onto the adsorbents. The concentration
of phosphonate was meuswred on a high-perforninee liguid chromutuo-
geaph Tied with a conductivity detector. The percentage removal of
phosphonate by powdered laterite stone (PLS) Trom water wiss Ji.5.

within @ residence time o 15 minotes, Fhe mechanisims of the fate of

adsorption were analyzed and compared using the pseudu-second-order,
Elovich, and intraparticle ditfusion models. The experimental data was
found 1 comelate well with the pseudo-second-order Kinetic mudel.
indicating adsorption as a chemisorption progess. A possible reiction in
the phosphonate-PLS system also has been proposed. The PLS can be used
as i low-cost natral adsorbent for phosphonate removal from” water.
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Introduction

Adsorption is one of the fmportant phenemena —in-water
treatment. The targe-scale inerease in the use of pesticides over
the ‘past few decades has resulied in the pollution of wyguatic
systems. In the natural conditions of aquatic systems, suspended
load and sediments have an important function ol bulfering higher
pesticide concentrations in water, particularly by adsorption or
precipitation. The pestivides in an aguatic system can be removed
by using suitable adsorbents. The study of varivus adsorbents and

their sorptive properties can provide valuable infornition relating

w the olerance of a system to increised loads of pesticides and
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may determine their Tate and transport ik the aquatic environment
Clain, 2001), :

Charcoals. wood sawdust. soils. clay, sediments. and so on are
reported to have a good adsorptive capacity towards pesticide
residues in water. Soil iiself iz a good adsorbent for many
pesticides (Jeevan Rao. 1999). Natwrally oceurring agri-based
materials play an elfective role in the removal of cations and
anions [rom water, Activited  chaveoul of g dilferent origin
(prepared from woad wnd vegetublest is reported by many workers
Tor the removal of chromium (V1 and arsenictll) rom an agueous
solution (Demirbas et al,. 2004 Mise and Rajumanya. 2003;
Nagarnaik el al.. 20031 Nomanbhay and Palanisamy, 2005),
Different types ol clays. such ay hydroxyapatite, fluorspar, guartz
activated with ferric ions, caleites and guartz. are useful for the
removal ol fluoride (Chidambaram et al,, 2003: Fan e( al,, 2003).
Tshabalala ¢1 al, 12004) reported cationized pine bark 1o be a good
remover of 6rlhoplmspluuc from waler.

Laterite soil. which is rich in icon and alaminum, interacts with
orthophosphate ion by strong adsorption over the surlace of oxides
and hydroxides of aluminum and iron (Brecuwsma. 1973) and on the
edges vl clay minerals (De Hann, 1963), Natural materials also are
potent adsorbents [or organophosphonates. for example. wastewater
studge (Fischer, 1992: Horstimann and Grohmann. 1988). sediments
(Fischer. 1992), and soils (Held, 19891, Calcium has @ strong
positive elfect on arganophosphonate adsurption (Nowack and
Stone. 1999, Glyphosate, an organophosphonaie, is adserbed to the
soil through the phosphonic acid moiety in its phosphonate anion
Form, s phosphate is in soil (Sprankle et al.. 1975).

Activated carbon bas an extraordinarily laree surlace area and
pore volumes, which give it a unique adsorplion vapacily (Buker
et al., (9925 The specific mode of action is extremely complex
andd has been the subject of much study and debate, Activated
carhon has hoth chemical and physical effects on: substanees
where it is used as a reatment agent. Activily can be separated
into (1} adsorption, (2) mechanical lilwation. (3) ion exchange,
and (4) surlace oxidation. Adsorption is the most studied of these
properties in activated carbon, The process of adsorption can be
physical or cheniical in pature. and frequently involves both,
Physical adsorption involves the atraction by electrical charge
dilTerences between the adsorbent und the adsorbate. Chemival
adsorption is the produet of a reaction between them;

Jon exchange is delined as o reversible chemical reaction
between a solid and wn agueous solution, which allows the
interchange of jons (Qckermun. 1991), The jon ‘exchunge process
can be enbanced by chemical activation. Carbon surfuces have
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both negative (anionic) and posilive (cationic) charges to attracl
free ions in solution or suspension. depending on how they are
treated, «

The llcdlmenl ol carbon with a base increases the capacity of

carbon to exchange anions, and scidulation of the surface mukes
carbon a powerlul cation exchanger (Jankowska et al.. 1991).
Surface oxidation involves the chemisorplion reuction ol the
swrface oxides that chemivally react with other substances, which
are oxidized,

Potassium phosphonate is a fungicide used for the control of

Phytophithora capsici prevalent in black pepper. cardamon,
turmerie, and ginger plantations. 1t is applied as a soil drench or
foliar spray during the onset of the monsoan 1o the erops, which
are susceplibfe 1o the foot rot disease lqmck will) caused by the
species. Thus. during the rainy season. there is a great ehance for
the surrounding water bodies 1o be contaminaied by the chemical.
Even though the mammalian tosicity of phosphonate is similar (o
that ol phosphate and less than that of aspirin (Dunhill. 1990). it
may affect human beings indirectly, as phosphate does. by the
way of eutrophlcanon of water bodies. Thus. information nn the
removal of the chemical from water by naturally oceurring and
“low-cost adsorbents is desired.

Adsorption Kinetics and Linear Regression (A% Analysis
The study of adsorption dinamics describes the solute uplahe
rate. This rate contrals the residence time of adsorbate uptake at
the solid-solution interface, and it is one of the important
characteristics defining the efficiency ol an adsorbent (Krishnan
and Anirudhan, 2003). Adsorption kinetics cin be controlied by
several independent processes, which could act in series or in
parallel, such as bulk diffusion, external mass transfer (fili
diffusion), chemical reaction {ehemisorption), dnd invaparticle
diffusion (Ho et al.. 2000). Kinetic equations have been developed
to explain the tansport of metals onto various adsorbents.
. To cxplain the mechanism of phosphonate sorption over
different adsorbents, it is necessary that different Kinctic models
be tested Lo determine lhua litness 1o the experimental sorption
data, Lincar regression (R7) was chosen as the ervor function for
the kinetic model analysis, because it implicitly minimizes the
sum ol the squares of the errors o determine the equation
parameters (Ho et al., 2002).

The kinetic equations tested were the pseudo-second-oraer (Ho
and McKay, 1998), the Elovich equation (Chien and Clayron.
1980; Sparks, 1986). and (he intaparticle diffusion model
(Demirbas et al., 2004: Srivastava ot al.. 1989 Weber and Morris,
1963). These kinetic models are concerned only with the etfect o
the observable parameters on the overall rale of sorption (Ho,
2006): :

The conformity belween experimental data and the model-
predicted values is expressed by lincar regression (R7). A
relatively high R* value telose or equal 1o 1) indicates that the
model  successfully deseribes  the  Kinetics ol phosphonale
adsorption,

The present study’ was carried oul on the removal and
odsorption kineties ol phosphonate ol potassium phosphonaie
from water using natural adsorbents. such as coconut shell
charcoal (CSC), both activated and non-activated: mussel shell
(MS): and powdered laterite stone (PLS). To determing phospho-
nate removal capacity. the performances of the adsorbents were
compared with Amberlite IRA-400 LR (A) (SD Fine Chemical

Jaﬂuary 2010,

Limited. Mumbai. India). a polymeric anionie exchange resin, The
mechanisms ol the rate of adsorption weré analyzed for R? values
and compared using  the  pseudo-second-order, Elovich, and
intraparticle diffusion models,

Methodology

Adsarbents.  The adsorbents used in this study are discussed
in the following sections,

Covonnt Shell Charcoal. Coconut shells were broken me-
chanically-into small picces and passed through a 4-mm sicve,
charred vn a low fTame, and the material was hewed 0 a
wmperature of 400-C in w mulfle furmace Tor 6 hours. The
charenal was-crushed-and-passed - through o Lsmm sieve, The
sample was washed with distilled water, ontil the washings
became colorless and Tree of any suspended particles: liltered
through Whatman No, | filier paper (International Biological
Laboratories. Haryana. Indiag, by suction: and dried in an air oven
at 110 C Tor 6 hours.

Activated  Coconnt Shell Charcoal.  Coconul shells  were
broken into small picces using o hammer and passed through 4
d-mim sieve. The chemically activated coconut shell charcoal
(ACSC) was prepared accarding 1o the method of Demirbas et al.
(2004). The coconut shell pieces were mixed with concentrated
sulluric acid in 121 weight-hy-weight ratio and allowed 10 soak for
=4 hours 4t rooin temperature Gysproximately 30 C), The sample
was placed in an oven and heated o 200 € lor approximately
12 hours, allowed 1o cool 0 room wemperature. washed with
distilled water, and soaked in 1% sodium bicwrbonate (NaHCO1)
solution o remove traces of the acid. The sample was then washed
wilh distitled water to pH 6.0, filiered, dricd at 110 C Tor 6 hours,
and passcd through a l-mm sieve. :

Mussel Shell.  Mussel shells were washed with phosphate-frec
detergent solution v remove dint adhered (© the surface and
crushed mechanically into small picces. The material was passed
through a T-mun sieve, washed three times with distilled water 1o
remove suspended particles, lthered, and diied in an air aven al
FH-C For 6 howrs,

Powdered Laterite Srone,  Locally found luerite stunes were
crushed mechanically into small picces, The material was then
passed through a F-mm sieve. washed three times with distilled
waler (o remove suspended materials, filtered. und air-dried,

Synthetic Polvier, Awhertite.  Approximately 30 g of Amber-
lite IRA 400 LR (SD Fine Chemical Limited), which is an anion-
exchange resin made up of polysiyrene-divinyl benzene copoly-
mer containing tertiary amine groups, was treated with 50 ml, of
I M sodium hydroxide (NaOH) solution to replace chloride fons
with bydroxyl ions and wis Kept for 1 day Tor the reaction to take
place. The nuaterial wos washed with distilled water 10 pH 7.and
was [ree of ehloride jon (Vogel, 1978), The sample was liltered
snd air-dricd. Al the adsorbents were preserved in a desiceator,

Phosphonate Stock Sedution (1000 mg RPO S -PiL™1), Ap-
proximately 2.7156 g of phosphorous acid (SD Fine Chemical
Limited, purity = Y7.5% ) 'was dissolved in 100 ml of waier and
(urther diluted w approximately 340 mL. To this solution,i).5 N
p;ilu.‘«.\ium hydroxide (KOH) was added dropwise, 1o adjust the pH
ol the solution 1o 6.2, The solution was cooled and transferred
guantitatively into a 1-L standard Hash and wis made up 1o the
mark with water. This represents 1000 mg HPO"-P/L ™! present
in an equilibrium misture of phosphiteand  phosphonaie of
potassium.
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Figure 1—Chromatogram: (a) for phosphonate standard,
(b) showing peaks for phosphate and phosphonate (CSC
treatment), (c¢) showing peak for phosphonatez (PLS
treatment), and (d) showing the absence of phosphonate
peak (Ambetlite treatment).

20 mg HPOZ“-PIL™" Phosphonate Solmion.  Approximately
20 mL of phosphonate stock solution (1000 mg HPOL* -PIL™)
was diluted to 1000 mL with water.

The reagents used were of analyvtical-reagent grade. The
experiments were conducted at room temperature, For the studies.
7.5 g of adsorbent and 150 ml. of 20 mg HPO"-PIL"" solution
(potassium phosphonate solution-adsorbate) were agitated contin-
uously for 6 hours at 180 rpm in stoppered glass botles.
Approximately 2 mL of aliquots were wilthdrawn for the
quantitative analyses, :

Analysis of the Adsorbate,  The HPO3?~-P concentrations of
the adsorbale were measured on a high-performance liguid
chromatograph (HPLC) (Shimadzu, Kyoto, Japan) fited with a
conductivity detector (Shimadzu CDD-10Avp) and an union-
exchange column (Hamilion 10u PRE-X 10D DA: Hamilion,
Bonaduz, GR, Switzerland) of 150 mm X 2,1 mm with {0-um
particle size, The maobile phase consisted of 4 mM p-hydroxy
benzoic acid solution, The flowrate was set @t | mL/min, The
column iemperature was muintained at 40 C. The standards and
samples were delivered through a 20-pL. injection loop using a 25-
UL-capacity -Hamilton microliter syringe. A run time of 20 min-
utes was sel for each analysis. Shimadzu Class-VP soflware
(chromatography data system) on a personal compuler was used
for integralion and computation ol signals. The HPLC was
stabilized for 30 minutes before introducing the analytes. The
phosphonate standards (5, 10. and 20 mg HPO " -P/L~") and
sample solutions were filtered using a 0.2-pm aylon filter (Nylon
Acradise Syringe Filter, Pall Corporation, Pall India Pvi, Lid.,

) Mumbai, India) and collected in S-mL glass vials, Approximately
20 pL. of standards and samples were injected manually, The
linstrument was calibrated with standards, and the phosphoenate

peak of each sample was analyzed using the sofiware (Figure 1).

.. The adsorbate also was analyzed Tor inital and final sodiun,
potussium, and culeium concentrations. The sodiom, potassium,
and calcium concentrations were estimated by a flame pholometer
(lame photometer 128 model. Systronics. Ahmedabad, Indiu)
after calibration and proper dilution of the adsorbaute,

Adsorption Kinetic Equations.  The amount of phosphonite
adsorbed, ¢, tin mefkgl al time ¢ was computed using the
[ullowing eguation:

64

{(Cy— CIJ 1
et oo

Where

Ciyand ¢ = phosphonate concentrations (mg/L,)
initially and at o given time 1. respectively:
17 = volume of the phosphonate solutions (mL); and
m, = weight of the adsorbent (kg).

The percentage of removed phosphonate ions (R) in soluiion
was caleulated using eq 2.

(2)

Pseudo Sccond-Order Equation.  The pscudo second-order
adsorption Rinetie rate equation tHo et al., 20001 is expressed as
[oHows: :

dy, }
— = Rall —q, ) (3)
‘“ - ]( II)
Where
ks = rate constant of pseuda-second-order adsorption
(kg/mg-min). and
¢ = sorprion eapacity value.

For the boundary conditions ¢ = O to 1 = ¢ and g, = 010 ¢, = g,

the integrated form of eq 3 becomes the following:

1
= o Kat !
(9.—q) 4. : )

Which is the integrated rate law for a pseudo-second-order
reaction. Equation 4 can be vearranged to obtain eq 5, which has a’
lincar form. as follows: :

| s
.,[.,;;»...._..‘. ‘1..__1_(” (53

U Kge g,
If the initial adsorption rate, It {img/hg-min is the lollowing:
hss Kag,” {6)

Then ey & becomes the following:

{ 1 | g
Gl-—i_]-*”‘f:“) : {7

The plot ol (ig,) und 1 ol eq 7 should give o lincar relationship,
from which ¢, and A cun be determined rom the slope and
intercept of the plot, respectively.

Elovich Equation. The Elovich model eguation (Chien and
Clayion, [980: Spurks, 1986) generully is expressed as [ollows:

d i
;;—:' =g expl=pqt) . (8
Where

7 = initinl adsorption rate tmg/kgmin), and
fi = desarption constant tkg/myg) during any one
experiment.
To simplily the Elovich eyuation. Chien and Clavion (1980)
ansumed zfir x> 1oand, by applying the boumdary conditions ¢, = 0
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Table 1—Elemental composition of the adsorbents.,

Element CSC (%) ACSC (%) MS (%) PLS (%) A (%)
Na 0.005 0.011 0502  0.051 0.001
K 0.001 <0.001 0.021 0.101 <0.001
Ca 0.001 «:0.001 40012 0730  «0.001
Fa <0.001 0,001t =20,001 G310 < 0.001

atr =0 and ¢, = ¢ 1= 1 eq § becomes the (ol lowing:

e G|
(= i In (a p) + i h (t) 9
It phns[ﬂmmlle adsorplion fits the Elovich model, a plot ol ¢,
versus M (1) should yield a linear relationship with a stope of {1/
and an intercept of (/) In (af3), .
Intraparticle Diffusion Model, The intraparticle diffusion
mode] (Srivastava et al, 1989 Weber and Morris. 1963) ix
expressed as follows:

R=lk;(t)" (10}

A linearized form of the equation is as follows:

log R=log ki a log(t) ()
Where
R = percent phosphonate adsorhecl:
[ = contact time (minutes):
a = gradient of linear plors, which depicts the adsorption

mechanisn: !

kig = intrapatticle diffusion rate constant (minye ™). which
also'may be taken as a rate factor ( i, pereent
phnsphonmc adsorbed per unit time).

Higher' values of ki illustrate an enhancement in the rate of

adsorption and better adsorption  mechanism related to an
improved bonding between phosphonate and  the adsorbent

surface,

Results and Discussion
The elemental compositions of CSC, ACSC, mussel shell, PLS,
-and Amberlite. With respect w0 sodium, potassium. calcium, and
iron, are presented in Table |, ;
‘The variations in the elements sodium, potassium, and caleium
in the adsorbate at the initial and final stages, when kept in contac

with the adsorbents. are given in Tahle 2. The high level of

sodium in the adsorbate, when Kept in contaet with ACSC, is the
result of the use of sodium bicarbongie for neutralizing excess
sulfuric acid present in the charcoal, as a resull of acid veatment,

Tﬂb!e 2—-—E!emental Gomposition (ln mg“.) Of phosphunate
solution after the study,

Element *PS  CSC
Nas ob 08 08 Beg. apaa e

ACSC Ms PLS A

K 330 540 92 360 195 440
Ca 70 130 BB 0. 5o 7p
: i e A D

" Phosphonate solution before the study.

January 2010

Table 3—Concentrations of HPO.2"-P and PO.*-P (in
my/L) in potassium phosphonate solution at different
time intervals when agitated with CSC (mean =
standard error).

Contact Effective mg
time HRO4%".p
(minutes) HPO,2 .p PO, -p removed/L

0 20.00 - 000 0.00

15 12.35 = 005 564 2 0.15 2.01
30 1250 = 0.20 579 % 0.14 1.71

60 1280 £ 060 ~ 552 « 006 1.08
90 12.65 = 0.05 5.69 4 011 166
120 12.50 = 0.20 563 = 0.05 1.87
180 12.65 = 0.05 582 2 003 1.53
240 12.40 = 0.20 580 & 0.19 1.80
300 12,60 # 0.10 5.67 *+ 0.06 1.73
360 12,55 = 0.05 567 = 0.03 1,78

The high level of calcium in the adsorbate. when kept in conlaet
with mussel shell. is the result of caleium carbonate, which js (he
major constituent ol the material,

Sodium and ealejum present -in the uoriginal solution of
potassium phosphonate (Table 2) are the result o' the presence
of impurities in potassivm hydroxide, which is used (o neutralize
phosphorous acid 1o obtain poassium phosphonate, The presence
of these elements in e fingl exirael alter adsorption with €SC,
ACSC. mussel shell, PLS. and Amberlite also can be atributed to
this: an exception is mussel shell lor calcium,

The amount of HPQ*~.p present in the adsorbate aftor
reaching equilibrium is consicered for assessing the effectiveness
o the maiterial used for the removal of the Tungicide from waler,

When phosphonate solution was treated with CSC, phosphate
(PO ) also was detected in the solution (Table ), as shown in
the chromatogram (Figure 1b) having a retention time (R of
6 minutes for phosphate and 7 minutes for phosphonate, -The
lormation of phosphate in the solution is the result ol the oxidation
o phosphonate o phosphate, This oxidution vin-be the result of

- the presence of alkali and alkaline carth metal oxides in CSC,
which are released into the solution {Table 2),

Though ACSC was found 1o be g better adsorbent for (he
removal ol potassium, it wus not found 10 be as effective in
phosphonate removal (Table 4), There was no change in the level
of adsorption during the entire period of the study, ‘and the
mastmum adsorption was found o be only dpproximately 1.5 mg
HPOS P/~ 1,

The mussel shell also was found 1o he o poor adsorbent for
potassium phosphonate (Table 4). The amount of phosphonate
adsorbed was less thap | mg HPO .oy, !, Though calcium
influences the vemoval of phosphanate as insoluble caleium
Phosphonate (Kumar of gl 2003y, the use of mussel shell was not
found to be elfective oy phosphonate removal. This could be the
result of the presence of caleium as carhonate, which forms the
mussel shell matriy of fow caleium activity,

Out of all the natural materials wied, the PLS had g hetter
adsorption capacity Jor phosphonare (Table 4). In this Study, the
decrease in the phosphonate concentration was rapid initially and
became gradual thereatter, However, the increased adsorption
shown by the PLS could be the resull ol the inherent chemical
property o the material rather han the adsorption capacily,
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Table 4—Removal of HPO,

P

?".P by the adsorbents at different time intervals (mean * standard error).

Contact CSseC ACSC MS PLS A

petiod ; ;

(minutes) *mg % *mg % *mg % *my % *mg %
15 2.01 10.05 1.30 = 0.20 6.50 0.80 + 0.20 4.00 8.08 = 0.10 40.40 2000 100.00
30 1.71 8.55 1.60 % 0.10 7.50 0.25 £.0.15 1.25 870 x 0.70 43.50 2000 © 100.00
60 1.98 9.90 1.10 = 0.10 550 0.25 £ 0.05 1.25 970 = 020 48.50 20.00 100.00
90 1.66 8.30 100 = 0.10 5.00 0,20 + 0.20 1.00 995015 40.75 2000 100.00

120 1.87 9.35 1.10 % 0.10 5.50 0.40 + 0.30 2.00 10.00 = 0.20 50.00 20.00 - 100.00
180 1.53 7,65 1.10 = 0.20 65.80 0,20 = 0.20 1.00 1045 = 0.25 52.25 2000 100.00

240 1.80 9.00 1.50 = 0.10 7.50 0.35 = 015 1.75 1105+ 015 5525 20.00 100.00

300 1.78 8.65 1.45 = 0.05 7.25 045 x 015 2.25 10.85 = 0.05 §54.25 20.00 100.00

360 1.78 8,90 1.45 = 0.05 7.25 0.20 = 0.00 1.00 11.45 = 0.27 57.25 20,00 100,00

* mg of HPO4Z"-P removed by the adsorbent from 20 muiL HPOLZ P solution.

Because laterite has a high level of iron and aluminum oxides/
hydroxides, which are phosphorus scavengers. the remaoval of
phosphonate from the solution could be attributed 1o precipitation
of the phosphonate as iron and aluminum phosphonates and its
strong binding (Kumar er al., 2005).

With the synthetic adsorbenl. Amberlite, the decrease in
phosphonate concentration was rapid and was not detected
(Figure 1d) throughout the study.

Because, in the case of PLS. significant phosphonate removal
took place, the kinetic rate equations were applied to it only, In
other eases, the percentage removal of phosphonate was relativefy
low (Table 4),

Figures 2. 3, and 4 provide a graphical representation ol the
infraparticle diffusion. pseudo-second-order, and Elovich kinetic
models. respectively, for phosphonate removal, Linear re gression (R°)
was used 1o determine the best fitting kinetic muodel [or phosphonate
removal. Tables 3. 6, and 7 present the values of various paramelers
and R* caleulated from the linearized form of the inrapaticle
diffusion, pseudo-second-order, and Elovich kinctic model equations.

. Examipation of Tables 5, 6. and 7 shnw-. that the pseudo-second-
mdcr kinetic equation had the highest £° values. Thus. this kinetic

model wis taken ax the best-fit equation for the deseription ol the
mechanism of sorption ol phosphonate, Examination of the sorption
capacity values (g, ol the pseudo-second-order model shows that
the values are in Whe same range as the experimental Sorption
capacity values, ¢,. af 360 minutes (Tables 7 and 8). Therefore, the
sorption of phosphonate [rom aqueous solution onto PLS was found
to follow the pseudo-second-order kinetic equation, which is based
on (he assumption that sorption follows a second-order mechanism,
with chemisorption as a probable adsorplion process.

The reaction between PLS and phosphonate i is suggested Lo be
as follows:

«

PLS =M =OH 4+ HO-PO:K; -kt H1O-PLS —-M~0

Where pmasxium phosphonate is in its phasphite form (one of its
isomeric (orms),. PLS-M-OH representing  hydroxide/oxide ol
itonfaluminum (shown as M) present in PLS and PLS-M-0-PO,
Kz is the phosphonate-soil complex formed alter the reaction, ‘The
overall rate can be explained by the concentrations of PLS-M-OH.
HO-PO,Ks. and Hy0, Becouse water is present in the reaction

240 -
'?; 13
:
o
a8
a
e L6 -
&
.3 b ]
y=0.1020x+ 14883
R?= 09764
14 T T T iy}
1.00 J L.5¢ 2400 250 3.00
logt {min)

Figure 2--Intraparticle diffusion model for phosphonate- adsorbant system.
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20 4
: 1, 18 ;
]
B
¥ 05 -
v=0.0043x+00542
R?= 09978
0.0 ': T T T T T T e d
9 50 100 150 200 250 300 350 400
t {miin)

Figure 3—Pseudo-second-order model for phosphonate-

medium in infinite quantity, the overall rate can be explained by
the concentrations of PLS-M-OH and HO-PO1K.. Hence. the
kinetic of the reaction iy pseudo-second-order,

The reaction between CSC and phosphonate is sugeested o be
as follows:

CSC = [X,0] +HO-POsK; +1H:0-CSC 4K HPO,

+ihO+y X¥ /X5 {13)
Where potassium phosphonate is in its phosphite Tomm, The CSC
= |X,0] represents alkalifalkaline earth metal oxide present vver
the surface of CSC. The X* is alkali metal ion, X** iy alkaline
earth metal ion, and v i an integer (I or 2). The oxidution of
phosphonate (o phosphate releases alkali and alkaline earth metal
ions to the solution,

Conclusions
The removal of potassium phosphonate in water by Jow-cost
naturally occurring adsorbing materials, such as CSC. ACSC,
mussel shell, and PLS, was studied and compared with Amberlite.
The study indicated thar PLS is most efficient for the removal of
phosphonate from water, The removal is the result of the presence of

adsorbent system,

oxides of aluminum and iron in (he system. The CSCalso was found 1o
be a good phosphonate reducer from waler, but phosphate was
produced during the vourse of adsorption. As the chemical aclivation
of caconut shell was done by sulfuric acid, ACSC became a good
cition exchanger rather [han an anion exchanger, as evident from the
low concentritions ol potassium and caleium jons in the solwion after
the study. Mussel sheli was theught 1o bé a goad phosphonate remover,
but the pereentage or phosphonate removal wiis Jow, possibly as a
result of the presence of ealeium carbonate of fow calcium activity,
which Torms the mossel shell matix.

The pscudo-seeond-order kinetic madel was found to be in
good agreement with the experimental data (R* = 0.997). showing
chemisorption ax the predominant reaction for the removal of
phosphonate from water by PLS. The PLS can be used as a low-
cost natural adsorbent  for phosphonate removal tfrom water,
because faterite stone, which is the raw material for preparing
PLS. is casily available and a cheap natural source,
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Figure 4—Elovich model for phosphonate-adsorbent system.
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Table 5—Intraparticle diffusion model gonstants for
phosphonate-PLS system,

log ki Kig (min™") a R®

1.4883

30.7822 0.1039 0.9764

Table 6—Pseudo-second-order model constants for
phosphonate-PLS system,

ge(ma kg™ 1/h° k(kgmg ' min)  R?

232.5581

1/9e
0.0043

0.0542 0.00023 - 0.9978

Table 7—Elovich model constants for phosphonate-
PLS system,

u(mg kg " min ) F.?
4,2009 # 10°

In (a.ff)
5.3430

- fifkgmg )
20.086 0.050

0.9761

Table 8—Parameters for kinetic equations for the
removal of HPO,®"-P by powdered laterite stone at
different time intervals,

Time %
(minutes) (mg kg " Removed log R Vg logt In()
15 161.5 40.4 1617 01 118 2708
30 174.0 43.5 164 02 1.48 3401
60 194.0 48.5 169 03 1.78 4,004
90 199.0 49.8- 1.70 05 1,95 4500
120 200.0 50.0 1.70 06 208 4.787
180 200.0 523 .72 09 226 5193
240 221.0 683 174 1 238 5481
300 217.0 54.3 173 14 248 5704
360 229.0 57.3 1,76 16 256 5886

Nuclear Seiences, Department of Atomic Eneray. Governimeni of
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