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ABSTRACT

The potentiality of applying white sand for the purification of wet process
phosphoric acid via adsorption of metallic impurities has batchwise been
studied across U(V1), Zn(l1) and Cd(1l). Besides representing a low cost
procedure for acid purification from hazardous metal s, possible recovery of
the adsorbed uranium would represent an important added value. The
relevant adsorption factorsare studied together with both the corresponding
thermodynamic characteristics and equilibrium isotherms. From the | atter,
the Langmuir isotherm was found to be better in interpreting the obtained
data. Thus, thetheoretical capacities estimated for the studied metal cations
U(VI), Zn(I1) and Cd(11) upon Abu Zeneimawhite sand have been found to
attain 0.87, 2.23 and 0.14 mg/g while the practical capacities at the studied
optimum conditions have attained 0.44, 1.59 and 0.11 mg/g respectively.
The thermodynamic parameters have shown that the exothermic nature of
the study system due to the obtained negative enthalpy (AH) whereas the
negative entropy (AS) reflects the affinity of the white sand towards the
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studied metal cations.

INTRODUCTION

The phosphoritedepositsin Egypt, represented by
Duwi Formationareminedinthreemgjor locdities; Red
Sea Coast (Safaga-Qusier), NileValley (El Sibaiya)
and Western Desert (Abu Tartur). The phosphoriteore
asaraw material for phosphatic fertilizersand phos-
phoric acid, dso considered as natura sourcesof ura-
nium™. The concentration of uraniumin phosphoriteis
ranging from lessthan 100 to 300 ppmiZ. Theuranium
inthephosphoritesof Wadi Mishash east Luxor ranges
from50t0 270 ppm™, from45to0 160 ppmat El Sbaya
and from 86 to 106 ppm at Safaga, Red Sed?. Phos-
phoric acidisgenerally produced in Egypt by thewet
process method, where the phosphorite rocks are
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treated mainly with sulfuric acid. Wet process phos-
phoric acid (WPPA) containsanumber of organic and
inorganicimpuritiesthat affect the grade of the acid.
Someof theseinorganicimpuritiesareheavy ionssuch
asuranium, zinc and cadmiumwhichareconsdered as
hazardous substances bes despossiblerecovery of ura-
nium asasecondary resource, while uranium causes
environmental problemsdueto itsradioactive proper-
ties, itisconsdered inthemeantime asastrategic ele-
ment withahighinherent value. Ontheother hand, Zn(Il)
and Cd(l1) have been distinguished asavery danger-
ous substances because of their toxicity, persistence,
bioaccumulation and carcinogenicity. The presence of
theseimpuritiesisindeed the reason behind which 95%
of theacid produced by thewet processisdirectly used
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asfertilizersand not in other gpplications asfoodstuff,
pharmaceuticsand sugar industry™. The purified phos-
phoric acid can thus be used asraw materialsfor the
production of detergents, food products, and alimen-
tary suppliesfor cattle, toothpaste and fertilizergs7.

Removd of suchinorganicimpuritiesfromwet pro-
cess phosphoric acid has actually been studied using
many techniques, involving preci pitation®9, liquid-lig-
uid extraction¢, solid-liquid extraction™, sorption
of heavy ionsfrom phosphoric acid solution by impreg-
nated charcoa with triphenyl phosphine sul phide ex-
tractant™®, and membranetechnol ogies such aselec-
trodialysis (ED), reverse osmosis besides
nanofiltration**2l, Applicationsof thesetechniquesare
however limited dueto anumber of disadvantages, viz,
limited efficacy, high costsof organic solvents, difficulty
inrecovering all the solvent from boththeraffinateand
thepurified acid aswell asenvironmenta pollution by
someby-products. Promising techniquesthat havere-
cently been gpplied include mainly, bentoniteand acti-
vated carbon for the purification of wet process phos-
phoric acid from someimpuritiesd®24,

Duetothewiderangeof gpplicationthewhiteslica
sand asan effective adsorbent of heavy metal cations,
the objective of the present work hasbeen directed for
itsapplication for the purification of WPPA from the
highly toxicimpurities. Specid emphasishasbeen con-
cerned with the three metal cations; namely, U(1V),
Zn(11) and Cd(Il).

Silicaisindeed the most common substanceonthe
earth whereit represents amain constituent of most
rocks aswell asin plants such as bamboo, rice and
barley. The general formula of silicais SO, or
Si0,.2H,0 wheremost of itsforms have thetetrahe-
dral structureinwhich each atom occupiesthe centre
of thetetrahedron whilethe oxygen atomsareon the
apex inaregular form. The active surfacewhich may
participateinany chemicd or physcd interactionislim-
ited to the externd surface of thecrystalline particles.
Thesurfacefunctional groupsinslicawould actualy
play asgnificant rolein the adsorption processof meta
ions. In the other words, silica can beregarded asa
plane of oxygen atoms bound to the silicatetrahedral
layer and hydroxyl groupsthat are associated with the
edgesof thesilicastructural units, it amanner to pro-
vide surface sitesfor the chemisorption of metal ions
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(Donald, 1998 in Awan et al, 2003)?. Accordingly,
the surfacefunctional group can berepresented by the
followingslanol group; viz,
=S -0OH
Wherethe surface hydroxyl groupsdissociatein water
to form deprotonated sitesand which serveasLewis
basestowards metal cations(M™); namely,
=S -OH+M™e =S - OM®D* + H* )
2(=Si-OH) +M™¢& (=S - O),M 2+ 2H* )
or elsethe adsorption reaction can generally berepre-
sented asfollows.
M™ +m(=SIOH) ¢ M (=0Si)_"™* + mH* ©)
Heavy metal cations M™ may also hydrolyzein
aqueous sol utions and would then be adsorbed in the
hydrolyzed formsaccording to thefollowing reactions.
Hydrolyss M™ +H,O > M®Y*OH + H* (4)
Adsorption: = Si - OH + MOD'OH ¢ = Si - OM®2:OH + H*  (5)
Asamatter of fact, themetal surface bonding (ad-
sorption) reaction would befavored by the properties
of themetd sthat favor itshydrolysisi.e. itshigh charge,
small radiusand polarizability (Murray, 1994in Awan
et al, 2003)!%.

MATERIALSAND METHODS

Materials
Abu Zaabal WPPA

A sampleof the crude concentrated phosphoricacid
hasbeen kindly provided by Abu Zaaba Fertilizer and
ChemicasCo., Cairo, Egypt. Andysisof thelatter has
been achieved using the wet chemical procedures of
Shapiro and Brannock (1962)1. Fromthisandysis, it
was shown that its assay of P,O, attainsup to 43.5%.
Thereforeit wasfound convenient to diluteit downto
29% P,O, tosimulatethe WPPA.

Whiteslicasand

A natural white sand samplewascollected from
Abu Zenema, southwestern Sinai, Egypt. It wasground
and sieved to-200 mesh grain size(75 um). Complete
chemical analysis of the collected sand sample was
achieved using thewet chemical proceduresof Shapiro
and Brannock (op.cited)d,

Experimental procedures
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Prior to theexperimental purification procedure of
Abu Zaaba WPPA usingAbu-Zeneimawhite sand, it
wasfirst repeatedly washed with hot distilled water fol-
lowed by treatment of the washed sandwith 1 M hy-
drochloric acid for 24 h. After filtration, the sand was
twicewashed with distilled water followed drying. On
the other hand, the prepared wet process phosphoric
acid (29% P,0,) was mixed with abentonite sample
collected from Abu Tartur areain aconcentration of
11.67 g/l for 30 min. in amanner to separate the sus-
pended materids. To enhance sttling of thel atter, poly-
acrylamideto theextent of only 0.5 mg/l wasadded as
aflocculating agent whereastherelatively puregreen
acid was obtained*®.

Several seriesof batch adsorption experiments of
the three study metal ions (U VI, Zn 1l and Cd 1)
from Abu Zaabal diluted phosphoric acid were then
performed using thetreated A bu Zeneimawhite sand.
The purposewasto optimizethedifferent parameters
such as adsorbate concentration or dose, contact time
aswell asthetemperature. All these experimentswere
achieved in duplicateteststo establish the accuracy
of the procedure. To realized these objectives, a
known volume of theworking crude phosphoric acid
(10 ml) was mechanically shaker at arate 150 rpm
with known weights of the adsorbatein a100 ml coni-
cal flask. Except otherwise sited, all the experiments
were carried out at room temperaturefor 24 h. Filtra-
tion of thedlurry wasthen performed and theworking
metd ionsconcentrationinthefiltratewas determined.
Concerning the effect of theinitial concentration of
the study threemetal ions upon their adsorption asyn-
thetic 5.1 M phosphoric acid sample (29.2% P,0,)
was prepared from phosphoric acid (85%), (ADWIC,
El-Nasr Pharm.). Inthelatter, different concentrations
of thethree study metal valueswere dissolved from
their corresponding reagents of Winlab, England;
namely UO,(CH,COO),-2H,0, ZnSO,-7H,0,
3CdSO,-8H,,0.

Analytical procedures

Anaysisof themajor oxides of Abu Zaabal con-
centrated crude phosphoric acid and theworking natu-
ral whitesand wasattained using Shapiro and Brannock
procedures®. Inthelatter, SIO,,Al,O, and TiO, have
been spectrophotometrically analyzed using Unicam
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UV 2-100 UV/Vis Spectrometer according to standard
methods of analysiswhile Naand K oxides havede-
termined by the flame photometric technique. The
Fe,0,, MgO and CaO have however been titrimetri-
cally determined. Inthe meantime, the concentration
of thetrace el ementsin theworking phosphoric acid
has been determined through atomic absorption for
Zn(11) and Cd(Il) whiletheinductively coupled plasma
optical emission spectrometry (ICP-OES) has been
used for U(VI) and the other trace elements. Onthe
other hand, for control analysis of thestudy metal val-
ues, viz, zinc(Il) and cadmium(ll) indl thestream acidic
was performed using atomic absorption whereas,
uranium(V1) inthese sol utionswas spectrophotometri-
cally measured?”,

RESULTSAND DISCUSSION

M aterialschar acteristics

Theanadyticd resultsof Abu Zaabal concentrated
crude phosphoric acid areshownin TABLE 1. From
these results, the P,O, assays 43.5% and the Fe,O,
content attains 2.3% while F assays0.9% and the other
constituents areless than 1% except SO,* which as-
says1.5%. Thestudy meta valueswerefoundto atan
51, 170 and 11 mg/I for U(V1), Zn(I1) and Cd(I1) re-
spectively. However, thisprovided concentrated acid
wasfirst diluted to s mulate the WPPA down to 29%

TABLE 1: Analysisof interested componentsof Egyptian wet
processphosphoricacid

Constuents Conc. % Constuents Conc. ppm (mg/l)

P,Os 435 zZn 170
Fe,0; 2.3 Mn 623
Ca0 0.4 Th 0.9
F 0.9 u 51
SO, 0.4 cd 11
Na,O 0.2 As 9
K,O 0.07 Pb 27
MgO 0.4 Cu 20
Al,O4 0.6 Cr 129
SO 15 Co 32
Ba 0.7
Ni 38
Sr 50
Y 41
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P,O, upon which the adsorption experiments or any
purification procedurewould be carried out beforeits
concentration through evaporation. Accordingly, the
assay of the study metal valuesinthediluteacid has
been decreased to 34, 93 and 7 mg/l for U(V1), Zn(11)
and Cd(11) respectively.

Ontheother hand, the collected white sand sample
has a so been completely analyzed after its proper wa
ter and acid leaching. The obtained resultsareshownin
TABLE 2whileindicatesapurity of up to 99.11% of
thetreated sand sample.

TABLE 2: Chemical analysisof natural whitesand sample

Constuents Conc. % Constuents  Conc. %
SO, 99.11 MgO 0.0
Al,O5 0.11 Na,O 0.14
TiO, 0.02 K,0 0.01
Fe0Os 0.19 H,0 0.05
Cao 0.01 U 0.0

Sor ption parameter sof thestudied metal ions
Effect of adsor bent dose
The effect of the natural white sand dose on the
removd efficiency of U(V1), Zn(Il) and Cd(Il) ionsfrom
theworking phosphoric acid was studied in therange
from 10 to 100 g/l while the other parameters were
fixed at room temperature and 24 h as contact time.
Fromthe obtained resultsin Figure Litisclearly evi-
dent that the adsorption of theinteresting metal ions
increases by increasing the adsorbent dose until attain-
90 -
80 -
70 -

3 60
; 50 -
:
S 40 -
S ——Cd (1)
ef 30
——7Za (1)
270 4
20 —A—U (V)
10 -
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Dose (g/1)

Figurel: Effect of thenatural whitesand doseon theremoval
% of U(VI),Zn(I1) and Cd(I1) ionsfromthecrudediluted phos-
phoricacid
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Ing an adsorbent concentration of 80 g/l. Thisisdueto
agreater avalability of thesurfaceareaandinturnthe
corresponding exchange site. Any further increase of
the adsorbent did not cause any significant changein
the adsorption efficiency. Thismay beinterpreted as
dueto theformation of clusters of the adsorbent par-
ticlesinamanner toresult indecreasingtheavailable
surface area. At this concentration, themaximum re-
mova % of U(V1), Zn(I) and Cd(l1) werefound to be
70, 75 and 80% respectively. It has aso to be indi-
cated herein that the realized variabl e adsorption effi-
ciency can bedueto thefact that, the preference of an
adsorbent for aspecific meta ion may beexplained on
thebasisof dectronegativity of themeta ionsandaso
theirionicradius®.

Effect of contact time

Theeffect of the contact timeontheremoval effi-
cienciesof U(V1), Zn(ll) and Cd(11) from theworking
acid by Abu Zeneimawhite sand was carried out be-
tween 2 and 28 hwhilethe other parameterswere kept
constant at room temperature and using 80 g/l dose
concentration. Theobtained resultsin Figure2 indicate
that theremovd efficienciesof U(VI), Zn(11) and Cd(I1)
ionshavegradually increased by increasing the contact
timetill reaching their maximum efficienciesa 24 hour.
Thisrdatively long contact timemight beinterpreted as
duetotherdatively high acidic nature of theworking
WPPA.

90 -

80 4 —— Cd (II)
——Zn (II)
—&— U (VD)

70 A

60 4
50 4
40 4
30 1
20 1
10 A

Removal (%)

0 *
0 2

4 6 8 10 12 14 16 18 20 22 24 26 28
Contact time (h)

Figure?2: Effect of thecontact timeon theremoval efficien-
ciesof U(VI), Zn(I1) and Cd(I1) ionsfrom thecrudedilute
phosphoricacid by Abu Zeneimawhitesand

Effect of temperature
Theeffect of temperature on the purification pro-
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cess of the crude phosphoric acid from the working
metal ionsusing natural whitesand wascarriedoutin
therangefrom 298-338 °K. The operating conditions
used involved an adsorbent concentration dose of 80
g/l for 24 h contact time. From the results showedin
Figures3& 4itisclear that theremoval efficiency and
the distribution coefficient (K ) have decreased with
theincreasing temperature. Thisindicatesthat the pro-
cessisexothermicinamanner that theremova of each
metal ionisfavored at low temperatures. Thismay be
attributed to therel ativeincrease in the escaping ten-
dency of themetd ionsfrom the solid phasetothebulk
phase by increasing thetemperature and or increased
weakness of adsorptiveforcesbetween theactivesites
of the adsorbent and the adsorbate speciesaswell as
between the adjacent mol ecul es of adsorbed phase?.

82 4

80 1 —e—Can
78 - —i—7n (IT)
o 76 T (V.
74
= 72
2 70 A
£ 68
~ 66 -
64
62
60
58 T T T T 1
295 305 315 325 335 345
T (°K)

Figure3: Effect of temperatureon theremoval efficienciesof
U(V1),Zn(I1) and Cd(l1) ionsfromthecrudediluted phospho-
ricacid usngAbu Zeneimawhitesand

52
48 - —e—Cd
——7a (I
44 T
o 404
~
= 36-
=
< a2
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24
20 -
16 T T T T 1
205 305 315 325 335 345
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Figure4: Effect of temperatureon thedistribution coeffi-
cient (K ) of U(VI),Zn(I1) and Cd(l1) ionsfromthecrudedi-
luted phosphoricacid usngAbu Zeneimawhitesand
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Effect of initial metal ion concentration

Theeffect of theinitial meta ions concentration
U(V1), Zn(l1) and Cd(1l) on their removal was how-
ever studied using the prepared synthetic 5.1 M phos-
phoric acid (29.2% P,O,) in which different concen-
tration of the studied three metal ionshavebeendis-
solved. Inthese experimentstheother parameterswere
kept constant at room temperaturefor 24 hand using
809/l of AbuZenemawhitesand. Intheseexperiments,
metd ionsconcentrationswereranging from 10-51, 30-
170 and 2-11 mg/l for U(V1), Zn(ll) and Cd(I1) re-
spectively. Theobtained datashownin TABLE 3 have
illustrated that, both theremova % and thedistribution
coefficients have been decreased with increasing the
initia concentrationsof U(VI), Zn(I) and Cd(l1). Thus,
at thelower initial metal concentrations, sufficient ad-
sorption sitesare available for the sorption of metals
ionswhereasat higher metal ions concentrationsthe
available adsorption sites have not increased. Hence
theremovadl efficiency of themetal ionswas decreased
withincreasing themetd ionsconcentrations.

Thermodynamic parameter sof thestudy adsor p-
tion procedure

Thethermodynamic parametersincludingthechange
inthestandard freeenergy AG (kJmol?), entha py AH
(kJmolt) and entropy AS (Jmol2k*) for thestudy sorp-
tionof U(V1), Zn(11) and Cd(I1) from the Abu Zaabal
phosphoric acid by Abu Zeneimawhite sand were cal-
culated using thefollowing Vant hoff’s equationst®:

AG = -RTLNK, ©)
AG = AH —T AS @
AS AH
Lok =2> AR
““ R RT ®

whereR istheuniversal gas constant (8.314 Jmol K)
and T istemperature (K).

Accordingly, theva uesof entha py AH and entropy
AS werecd culated fromthedopes (-AH/R) and inter-
cepts (AS/R) of thelnK  versus /T plot (Figure5).
Theobtained valuesof AG, AH and AS for the sorption
of themetal ionsU(VI), Zn(I1) and Cd(I1) arereported
inTABLE 4. It hasto be mentioned in thisregard that
the obtained negativevaueof theentha py change (AH)
for the processfurther confirmsits exothermic nature
whilethe negative entropy (AS) reflectstheaffinity of
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TABLE 3: Effect of initial concentrationsof U(VI), Zn(I1) and Cd(11) on their removal % and distribution coefficient (K ) from
synthetic5.1 M phosphoricacid usingAbu Zeneimawhitesand

u(vI) Zn(I1) cd()

Comg/l Removal % Kg Co mg/l Removal % Kg Co mg/l Removal % Kg
10 80.0 50.0 30 88.6 97.15 2 91.0 126.38
20 77.8 43.81 60 85.8 75.53 4 88.8 99.11
30 75.6 38.73 90 83.3 62.35 6 85.6 74.30
40 72.5 32.95 120 80.0 50.0 8 82.3 58.12
51 70 29.16 150 78.0 44.32 11 80.0 50.0

- - - 170 75.0 375 - - -
47 v = 1.5022x - 1.4438 TABLE 4: Ther modynamic par ametersfor U(VI), Zn(I1) and
3.9 4 R = 0.9905 Cd(I1) adsor ption from Abu Zaabal crudephosphoricacid by
3.8 4 +- caqn YTLIT 08723 A By Zeneimawhitesand
3.7 - R"=0.9961
. u- Zn(ID) TCCK) UM  zn(ll)  Cd(ll)
N 35 298 -10.07 -1328 -16.82
f} 3.4 308 -10.10 -1335 -16.94
3.3 AG (kJmol™) 318  -1013 -1342 -17.06
32 ¥ = 1.1097x - 0.3398 328  -1016 -1350 -17.18
3.1 4 R’ =10.9939
N A-U(VI) 338 -10.19 -1357 -17.30
35 . . . . . . AH (kJmol ™) - 923 -1112  -13.24
2.9 3 3.1 32 33 34 3.5 AS (Jmol k-1 - -282  -7.25  -12.00

UT X 10°
Figure5: Plot of LnK , versus1/T of thestudied adsor ption
systems

the adsorbent material towards each metal ion. The
negativefreeenergy values(AG) indicatethefeas bility
of the processand its spontaneous nature.

Adsorption isotherms

Theadsorption isothermisone of themost impor-
tant tool sto understand the mechanism of an adsorp-
tion system whereit relatesthe concentration of asol-
ute on thesurface of theadsorbent toits concentration
inthefluidwithwhichitisin contact. Fromtheavailable
isotherm model s both Langmuir and Freundlich iso-
thermswere selected to be appliedin the present work.

Langmuir isotherm

TheLangmuir equation isprobably thebest known
and mogt widely gpplied adsorptionisotherm. Langmuir
sorptionisotherm model sindeed the monol ayer cover-
age of the sorption surface where the energy of ad-
sorption isconstant with no transmigration of adsor-
bateintheplaneof thesurfaceg®l. Thismode supposes
that adsorption takes place at aspecific adsorption sur-
face and that the attraction between the molecules de-

creases as getting further from the adsorption surface.
The Langmuir isotherms of theworking system have
been obtai ned by contacting the adsorbent at afixed
dose 80 g/l withthe adosrbate sol ution at different con-
centrations after an equilibration time of 24 h. The
Langmuir isothermisrepresented by thefollowing equa
tion:

A1 (AL
. a° (bg°)lC, ®

whereq, istheamount of metal ionsadsorbed per unit
weight of theworking Abu Zenemawhite sand (mg/g),
C. istheequilibrium metal ionsconcentrationinthesolu-
tion(mg/l), of isthemaximum meta ionsuptake per unit
mass of adsorbent (mg/g) and whichisrelated to ad-
sorption capacity whilebisthe Langmuir constant (I/
mol). Thelatter isexponentidly proportiond to theheat
of adsorption and isrelated to the adsorptionintensity.
Thus, aplot of 1/g, vs 1/C_should belineer if Langmuir
adsorptionisoperativeamatter whichwould permit cd-
culation of Langmuir constants. Accordingly, it can be
found from the obtained datain Figure 6that theequilib-
rium adsorptionisothermsof U(VI), Zn(I1) and Cd(l1)
fromAbu Zagba wet process phosphoricacidusngAbu
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Figure6: Equilibrium adsor ption isothermsfor U(V1), Zn(l1)
and Cd(Il) removal fromAbu Zaabal crudephosphoricacid by
Abu Zeneimawhitesand at room temper ature

Zeneimawhitesand asan adsorbent haveincreased with
increasing boththe C_and g, val ues. The considerably
increase of the C_ vauesfor asmall increasein g, is
possibly duetolessactivestesbeingavailableat theend
of the adsorption processand/ or the difficulty of the
edgemol eculesin penetratingtheadsorbent U(V1), Zn(11)
and Cd(Il) ionspartidly coveringthesurfacestes. There-
fore, to optimizethe design of asorption systemtore-
move U(V1), Zn(I1) and Cd(Il) from Abu Zaabal wet
process phosphoric acid, it isimportant to set the most
appropriate correlation of theequilibrium curve. The
obtained linear relation indicates that the adsorption of
thestudied metal ionsobeyslangmuir isotherm (Figure
7). TheLangmuir parameters have been cal culated from
the 1/q, vs. 1/C,_ plot, where ° = intercept™ and b =
dope! x intercept (Figure 7 and TABLE5).

Thefavorablenature of adsorption can beexpressed
intermsof adimeng onlessseparation factor of equilib-
rium parameter, whichisdefined asfollows

Ro_ L1
(1+bC,)
where bisthe Langmuir constant and C istheinitial

n

(10)

55 -

45 ¥ = b.6¥Y4x + 7.1YUZ
K™= 0.9975

@ 35 Cay
&
> J
= 5

15

S T T J
0 2 6
1/Ce (L'mg)
3.2 -
2.8 - ¥ = 8 D406x + 0 40
R'= 09291

2.4 4 Tn(In
? 2]
3" 1.6
E-

1.2

0.8 -

0.4 v v v 1 ' \

0 0.05 0.1 0.15 0.2 0.25 0.1
VG, Amg)
10 4
¥=17.796x + L1443
8 - R*= 0.9995
(VT

1ige (g/mg)
&

005 0.1 0.15 0.2 025 0.3 0.35 0.4 045 0.5
C, ('mg)

Figure7: Thelinearized langmuir plot for U(VI), Zn(I1) and
Cd(I1) adsor ption from Abu Zaabal crudephosphoricacid by
Abu Zeneimawhitesand at roomtemperature

concentration of the adsorbatein solution®2. The ob-
tained valueof R wasfound to belessthan oneindi-
cating favorableadsorption.

Freundlich isotherm

Inthe present work the Freundlich model hasa so
been gpplied to estimate the adsorptionintensity of the
sorbate on the sorbent surface®. In all cases, the
Freundlichisothermwould predict the saturation level
of the sorbent by the sorbatein amanner that the sur-
face coverageismathematically predicted, indicating
multilayer sorption of the surface. The Freundlich equa:
tionisrepresented asfollows:

g, =K,C." (11)

Logq, = LogK, +% LogC, (12)

CHEMICAL TECHNOLOGY
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= 0615x - 1.1625
-1 R® = 0.9944
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Figure8: Freundlich adsor ption isothermfor U(VI), Zn(11)
and Cd(l1) adsor ption fromAbu Zaabal crudephosphoricacid
by Abu Zeneimawhitesand at room temper ature
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whereq, (mg/g) istheequilibrium concentration of the
studied metal ionsinthesolid phase, C, (mg/l) isthe
equilibrium concentration of themeta ionsintheliquid
phase, K, (mg/g) isthe adsorption capacity and nisthe
intengty of adsorption.

The adsorption dataobtained of the studied three
metd ionsonAbu Zeneimawhite sand fromAbu Zasbd
crude phosphoric acid have thus been fitted to the
Freundlichmodel by plotting Log g, versusLog C_ (Fig-
ure8). The obtained linear plot enablesK, and nto be
determined and wheretheir values arerepresentedin
TABLE 5. From the latter, it can be concluded that
Langmuir isotherm describesthe study system much
better than that of Freundlich. Theseconclusonshave
mainly been based by comparing the achieved practi-
ca capacity of thestudied metal cationswith thetheo-
retical capacity calculated from Langmuir equation
shown in TABLE 5. Thus U(VI), Zn(1l) and Cd(Il)
practical capacitiesof Abu Zeneimawhitesand have
attained 70, 75 and 80 % at the studied operating con-
ditionsi.e. 0.44, 1.59 and 0.11 mg/g respectively. Com-
paring theseresultswith thetheoretical capacitiescal-
culated for these metal cationsfrom Langmuir equa
tion, it has been found to attain 0.87, 2.23 and 0.14
mg/g respectively. Inthe otherwords, theachieved ca-
pacities have attained 50.5, 71 and 78.5% of thetheo-
retical valuesfor U(VI), Zn(I1) and Cd(11) respectively.

TABLES: Langmuir and Freundlich adsor ption congantsfor U(VI), Zn(11) and Cd(l1) ionsfromAbu Zaabal crudephosphoric

acid by Abu Zeneimawhitesand at room temper ature

Langmuir constants

Uv1) Zn(ll) cd(In)
o’ (mg/g) b (I/g) R? q°(mg/g) b (I/g) R? o’ (mg/g) b (I/g) R?
0.87 0.064 0.999 2.227 0.05 0.999 0.139 1.075 0.997
Freundlich constants
Uuv1) zZn(l1) cd(l1)
n K (mg/g) R? n K (mg/g) R n K (mg/g) R?
1.353 0.061 0.997 1.59 0.161 0.993 1.623 0.069 0.994
uranium values. From the obtained results, it hasbeen
CONCOLUSION concluded that the optimum conditions of adsorption

Thisstudy hasbeeninterested inthe purification of
Abu Zaaba WPPA usngAbu Zenemawhitesand from
someof itsmetd impurities; namey uranium(V1), zinc(11)
and cadmium(Il) asbeingundesirableintheacid dueto
their hazardouseffects besi despossiblerecovery of the

of thestudied metal cationsinvolve 80 g/l of thework-
ingwhitesand for an equilibrationtime of 24 hat room
temperaturewheretherealized adsorption efficiencies
of U(VI) Zn(I) and Cd(I1) have attained 70, 75 and
80% respectively. However, it wasfound that thedis-
tribution coefficient of thestudy meta cationsdecrease
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asthetemperaturewasincreased. Thenegativevaues
of the enthal py change (AH) of the process confirmed
theexothermic natureof thestudy sysemwhilethenega:
tiveentropy (AS) va uesindicatetheapplicability of the
study adsorption processwhich wasproved to be spon-
taneousin nature dueto the obtai ned negative va ues of
AG TheLangmuir and Freundlich adsorptionisotherms
have been goplied ontheexperimenta procedureshow-
ever theformer hasbetter explained the study system.
Using the natural white sand as an adsorbent of metal
impuritiesfrom WPPA canindeed beconsidered asa
promising economictechnology for the purification pro-
cedureof theacid givenitsproven efficiency.
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