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ABSTRACT

This paper presentsthe extraction and separation of nickel (11) fromsulfate
solutions using the extractants 2-amino-3-(4- (X) phenyl azo)-8,9-dihydro-
8,8-dimethyl-7H-pyrazolo[1,5-a] quinazolin-6- one (H,NXPQ)/benzene (X =
Br, Cl or CH,) that have been previously prepared by the authors. Several
experiments were performed to optimize the extraction controlling factors.
The maximum extraction efficiency was achieved from a synthetic agueous
solution of pH 2.5 and assaying 20 mg/l Ni (I1) ionsby using 2.42x10° M
concentration of (H,NXPQ)/benzene at (1/1) A/O ratio for 10 min. contact
time at room temperature. The maximum |oading capacity remained constant
after thefour loading cycle from the synthetic acidic solution. The values of
pH1/2 and K, aswell asthe values for the thermodynamic parameters AG,
AH, and AS have been calculated. The extracted Ni (I1) was effectively
stripped from the organic phase using 0.5M HCI solution. The optimized
extraction conditions have then been applied for Ni (I1) extraction fromthe
uranium - bearing leach liquor of El Selamineralization.
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INTRODUCTION

The solvent extraction techniques have been ap-
plied sincealong period of time. A survey of the con-
cerned literatureindicatesthat the sol vent extraction of
nicke ionsisbased on severa worksusinganumber of
aminecheating agents. Theseinvolved triethylaming®
andAlamine 3362 asextractantsfrom acidic solutions.
Theaminewasalso used for nickel and cobalt extrac-
tion by thedi phati c hydroxyoxime and carboxylic acid
syste?l. Inthemeantime, the propertiesof thenicke (11)/
2-hydroxy-5-nonylacetophenone oxime (HNAPO) ex-
traction systemwas studiedinamicdlar system. On
the other hand, the extraction kinetics of nickel from

acidic chloridesolutionscontaning chromiumwith ali-
phatic oximesfrom ammonium sol utionswere deter-
mined>®. The separation, purification and recovery of
nickel fromammoniaca/ammonium sul phate solutions
using thecommercially available L1X 54 3-diketone
dissolved inakerosenetypediluent wered so applied™.

The solvent extraction of Ni and Co by amixed
system of pyridine-based chelating extractant, 2,6-bis-
[5-n-nonylpyrazol-3-yl] pyridine (BNPP) and dinonyl
naphthalene sulfonic acid (DNNSA) wasa so studied
asafunction of pH, diluents, temperature, and DNNSA
concentration®®. In addition, the extractive separation
of Ni (1) from agueous mediaby 3-phenyl-4-acetyl-
5-isoxazolond® and pyrazol onesderivatives'® wasa so
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Studied.

Animidazolereagent, benzo (15-crown-5)-1H-imi-
dazole(4,5f) (1,10) phenanthrolinewas synthesized as
well asthe prepared complexesof Co (I1), Ni (I1), Cu
(1) and wherethe structures of theformed complexes
wasfound to be (2:1)!*. Theformation constant and the
thermodynamic parametersof thenicke (1) complexes
with 3-amino-5-methyl isoxazole Schiff basesand N,
N; N, O and O, O donor ligandsin solution were ob-
tained™, and furthermorethe sol vent extraction of co-
bdt, nickd, and copper ionshy theligand diphenylamino
benzoicacidin chloroform wasa so carried out!*¥.

Together with nickel (I1), the solvent extraction of
uranium (V1) was studied with 3-methyl-4-(p-
nitrobenzoyl)-5-oxo-phenyl prazol e dissol ved in ben-
zend'¥, The solvent extraction of uranium (V1) from
sulfate solutionswas obtained by Alamine® 336 inkero-
sene modified with 5% wi/w 1-tridecanol and stripping
witha199 g/l Na,CO, sol ution™™. Also, the mixed sol -
vent containing DEHPA (di-2-ethyl hexyl phosphoric
acid) and Alamine 336 was used for uranium recovery
from theacidic solution™,

The present work isactually concerned with appli-
cation of the previoudy prepared 2-amino-3-(4- (X)
phenyl azo)-8,9-dihydro-8,8-dimethyl-7H-pyrazol o
[1,5-8] quinazolin-6- one (H,NXPQ) extractantsfor
nickel extractionfromitsacidic solutions. Thisstudy
hasthusestablished the relevant experimentd param-
eters, namely the pH, the extractant concentration, the
aqueous/organi c phaseratio (A/O), thetemperature be-
sidestheloading capacity of theextractantsaswell as
Ni (1) stripping from thel atter. Thethermodynamic pa:
rameters such asthe free energy (AG), the enthal py
(AH) and the entropy (AS) changes associated with
theextraction processeswereeva uated. Inthe present
gpplication, El Sdaacidleachliquor hassevera impu-
ritiessuch asNi (I1), etc., which affect the extraction of
uraniumfromitsacidic solutions. It wasthusdecided to
removenicke ionsby the solvent extraction technique
using the prepared extractants.

EXPERIMENTAL

Materials
Preparation of theH,NXPQ extractants
Threemultidentate compoundsnamely, 2-amino-3-
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(4- (X) phenyl azo)-8, 9-dihydro-8, 8-dimethyl-7H-
pyrazolo[ 1,5-a] quinazolin-6- one (H,NXPQ), (X=Br,
Clor CH,) wereprepared. For thispurpose, (10 mmole)
enamindionenamdy; 2- ((dimethyl amino) methylene)-
5,5-dimethyl cyclohexane-1,3-dione(one 3-diketone)
was treated with (10 mmole) 4-aryl azo-3,5
diaminopyrazolederivativesinrefluxing ethanol inthe
presenceof acatdyticamount of piperidine. Theforma:
tion of the compoundswere assumed to takeplacevia
aninitid Michael addition of theexocyclicamino group
inthe4-aryl azo - 3, 5-diaminopyrazolederivativesto
thea,B-unsaturated in the enamindione. Theformed com-
pounds havetheempirica formula, C H, XN Owhere
X =Br, Cl or CH,. Thecorrespondingmolecular weights
are413.28, 368.83 and 348.41 for the Br, Cl and CH,
derivativecompound respectively.

Moreinformation about the synthesisand theinter-
esting physica propertiesof the 2-amino-3-(4- (X) phe-
nyl azo)-8,9-dihydro-8,8-dimethyl-7H-pyrazolo[1,5-
a] quinazolin-6- one (H,NXPQ) have previously been
described by K hawassek et all*el.

Preparation of thesynthetic Ni(11) and El sela so-
lutions

A standard stock solution of 1000 mg/l (17 x 1073
M) Ni (I1) has been prepared by dissolving 4.478 g
nickel sulphate hexahydrate (NiSO,.6H,0O, Prolabo)
in 1000 ml distilled water. This solution was actually
used to determinetherelevant factorsof nickel extrac-
tion by the prepared solvents.

Theappliedleach liquor was prepared by mixing a
powdered sampleweighing 100 g from El Selaminer-
alization, south eastern Desert of Egypt with 300 ml
aulfuricacid (100 g/l). The obtained durry was agitated
for 4 h at room temperature and theinsolubleresidue
was separated by filtration. The obtained leach li-
quor thusmainly containsuranium ionsbesdessome
meta impuritiesindudingthemeta ionsbeing sudied;
namely nickd. Theformer wouldindeed undergo sev-
eral processesof purificationto obtain thecommercia
pure concentrateknown astheyel low cake. Extraction
of nickel ionsfromthisactud sulfate solution containing
U (V1) wasthen undertaken by the prepared H,NXPQ
extractants using the determined optimum extraction
conditions
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Prepar ation of thesyntheticinterferingionssolu-
tions

Severa standard stock solutions of 1000 mg/I of
poss bleinterferingionsduring Ni (11) extraction by the
prepared extractants have been prepared by dissolving
suitablewe ghtsof their saltsin 1000 ml distilled water
e.g. Si*, Ca*, Fe*, Ti*+, U%, REEs, Th*, etc. These
interferingionshaveindividualy beenintroduced into
the synthetic aqueousNi (I1) solutioninasuitabledilu-
tion to study the effect of their interferenceson Ni (I1)
extraction.

Extraction procedure

A suitablediquot of thesynthetic Ni (11) ionssolu-
tion assaying 20 mg/l was equilibrated with an equal
volume of extractant/benzenefor 10 min. inaseparat-
ing funnel. Dilute H,SO, or NaOH was used to adjust
the pH of the aqueous solution to the desired value.
After phasedisengagement, themetal - loaded organic
phase was separated and stripped with 0.5M HCl in
anA/Oratio of /1 for aperiod of 5min. contact time.
The resulted aqueous phase was then
spectrophotometericaly analyzed for itsnicke content.
All experimentswerecarried out induplicate. Thestan-
dard deviation observed was|essthan 2%. Thedistri-
butionratio (D) was cd cul ated asthe concentration of
the metal present in the organic phase to that in the
agueousphaseat equilibrium. Severd experimentshave
actua ly been carried out to obtain the optimum condi-
tionsfor extraction of Ni (I1) ionsfrom the prepared
synthetic solution; namely pH, extractant concentration,
aqueous/organic phaseratio (A/O), temperature to-
gether with the proper stripping reagent and its con-
centration from the loaded organic solvent. The ob-
tained optimum conditions have then been applied upon
the prepared |each liquor of El Selaore.

Analytical procedures
Analysisof El selaoreand itsleach liquor
Themgjor oxidesSO,,AlL,O,, TiO,and P,O, have

been analyzed using double bzeargh UV-VISrecording
Shimadzu UV 160A spectrophotometer according to
standard methods of analysiswhilethe oxides of Na
and K were determined by theflame photometrictech-
nique. TheFe,O,, MgO and CaO werehowever chemi-
caly determined by titration*® whereas the concentra-

tion of the other d ementshave been determined through
atomic absorption and X -ray fluorescence techniques
using proper standards.

Control analysis

Theanalysisof nickel (1) inthe several aqueous
stream sol utions has been performed with the double
beam UV-VISrecording Shimadzu UV 160A spectro-
photometer usng dimethyl glyoxime(Sigma-Aldrich).
Al so, the concentration of uranium and thestudied in-
terferingionshave spectrophotometrical ly been deter-
mined using proper standards*?.

RESULTSAND DISCUSSION

Optimization of theextraction conditions
Influenceof pH

Extraction of 20 mg/l nicke (I1) from the standard
sulfate solution was studied using 2.42x10° M
extractants concentration in benzene. Theeffect of pH
was carried out by varying the pH values of thework-
ing synthetic aqueoussolutionfrom 1.0to 7.0using 10
min. shaking time, and (1/1) using A/O phaseratio at
ambient room temperature. It wasthusfound that the
extraction efficienciesof Ni (I1) increased totheir maxi-
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Figurel: Effect of pH on nickel (11) extraction efficiency by
theprepar ed exteractants

mumsvaluesat pH 2.5 (Figurel). Thereduced nickel
(I1) extraction at lower pH values could be attributed

to formation of very stable sulfate complexesand other
unextractable speciesof Ni (I1) at these pH values.
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I nfluenceof extractant concentration

Theeffect of the concentration of H,NXPQ/ben-
zene on the extraction efficiency of Ni (I1) ionswas
studied in the range from 0.0241x10- to 6.05x103
M. Intheseexperiments, theextraction conditionswere
fixedat pH 2.5for 10min. shakingtimeandusing (1/1)
A/O phaseratio at room temperature. The obtained
resultsreved ed that maximum extraction efficienciesof

100
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60 —k— H2NCH3PQ
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Concentration x10~ M

(pH 2.5, A/O ratio 1/1, 10 min. contact time, room temper ature)

Figure?2: Effect of extractant concentration on nickel (11)
extraction efficincy

Ni (I1) ionswere achieved at the previously applied
2.42x10°* M concentration of thethreeextractants (Fig-
ure 2). Further increasein the extractants concentra-
tionfrom 2.42x10° upto 6.05x10M had not added
any perceptibleeffect ontheextraction efficiency of Ni
(.

I nfluence of contact time
Theresultsof thecontact timeisplottedin Figure 3
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65 —&— H2NCH3PQ
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Contact Time, min.
(pH 2.5, 2.42x10° M extractants concentration, A/O ratio 1/1,
room temperature)
Figure3: Influenceof thecontact timeon Ni (11) extraction
efficiency
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andwhichindicatethat theextraction efficienciesof Ni
(I1) ionsgradudly increase by increasing the contact time
till reechingtheir maximumeffidendesa 10min. There-
fore, theoptimum contact time hasbeen established to
be 10 min. for atainingthemaximumextraction efficien-
ciesof Ni (I1) at the gpplied experimental conditions.

Influenceof temperature

The extraction efficiency of Ni (Il) ions with
2.42x10* M concentration of H.NXPQ/benzeneat pH
2.5and (1/1) A/Oratiofor 10 min. contact timewas

TABLE 1: Influence of temperatureon Ni (I1) extraction
efficiency

T (°K) H.NBrPQ H,.NCIPQ H,NCH3PQ
303 96.5 92.63 89.71
313 95.7 92.02 89.11
323 95.1 91.43 88.43
333 94.7 90.8 88.1

Results are mean of triplicate value

studied inthetemperaturerange of 303t0 333°K. The
obtained experimenta datashowed that the extraction
efficienciesweredightly decreased in thetemperature
rangefrom 303to 333°K (TABLE 1) and that the bet-
ter extraction yield was achieved a room temperature.
Consequently, all the experimentswere carried out at
room temperature (303 °K).

Effect of theinterferingions

The possibleinterference of the associated major

TABLE 2: Effect of interferingionson nicke (I1) extraction
efficiency using H NBr PQ/benzene

Tolerance Extraction Toerance Extraction

Interfering Interfering

lons l/m\/t* effi (:()I/(jl’!:y ! lons \Illvr/?,\lli eff icOiA)ew 4
Si* 1000 99.0 Mn? 50 90
ca 500 99.0 REEs 40 90
Mg 500 980 B&* 100 90
Na" 1000 980 cr* 35 90
K* 1000 980 Co* 5 90
Al* 500 980 A 10 90
Fe* 200 980 Th* 10 980
Ti*t 400 980 Mo® 10 9.0
us 300 97.0

* Weight ratio of the interfering ion to that of nickel (I1)

and trace el ementscould lead to adverse effectson the
nickd (I1) extraction efficiency if they form some com-
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plexesthat would competewith theworking ligands.
Thus, the effectsof the studied interferingionsonthe
extraction efficiency of Ni (II) using H,NBrPQ/ben-
zenewerestudied at fixed pH 2.5, (1/1) A/Oratioand
10 min. contact time at room temperature.
Fromtheobtained resultsshown TABLE 2inref-
erenceto thetolerancelimits, it wasfound that theions
such as Si**, Ca&?*, Mg?, Nat, K*, Al** and U® can
actualy betolerated to agreater extent whileionssuch
as Fe**, Mn?, REEs, Ba?*, Cr®*, V5, Th* and Mo®*
do actualy interferewith Ni (11) extraction. However,
someof thelatter could be masked to avoid their inter-
ference. Thusafter carrying out severa experiments,
theinterferencesdueto vanadium (V) and thorium (1V)
have been masked with fluorideions, whilemanganese
(11, REEs(I11), Fe(111) and barium (11) were masked
withoxaateions.
100 -

90 -

80 -

—m— HINBrPQ
—&— H2NCIPQ
—4— HINCH3PQ

70

Extraction, %

60

50

172) (11) (2/1) (3/1) (4/1)
(A/O) Phase Ratio

(pH 2.5, 10 min. contact time, room temper ature)

Figure4: Effect of thephaseratio (A/O) on nickel (11) ex-
traction efficiency

e 13)

Calculation of thetheor etical stagesof extraction

The effect of the aqueousto organic phaseratio
(A/O) wasinvestigated in the range from 4/1 to 1/4
keeping constant the other factors (pH 2.5, 10 min.
contact time, room temperature). The obtained results
shown in Figure4indicated that the maximum extrac-
tion efficiency wasachieved at anA/Oratioof 1:1 and
remai ned constant thereafter.

For extraction of nickd (1) fromsulfatesolution, it
isrequiredto determinethe number of Sagesat an equa
A/Oratiofor which the M cCabe-Thiele plot was con-
structed with thefeed solution at pH of 2.5, 2.42x103
M H,NBrPQ/benzeneand 10 min. contact timeat room
temperaurewithintheA/Oratios /4 to 4/1 whilekeep-
ing thetota volume of phases constant. Figure5illus-
trates quantitativenickel (I1) extractionintwo counter-
current stagesextractionat A/Oratioof 1/1forwhicha

two stages counter-current simulation study at A/O of
11 wascarried out for extraction of nickel (1) andthe
raffinateanaysis (0.8 mg/l nickel) shown 96 % nickel
extraction.

Practical loading capacity of theextractants

The loading capacities of the three studied
extractants were determined by repeatedly contacting
10 ml of the organic phasefor six timeswith thesame

B8y s &I

[NF*o g1, mai

Operating ling, AT0=1/1

[NP*ael mgh
(pH 2.5, 10 min. contact time, room temper ature)

Figure5: M cCabe-Thiele plot for extraction of Ni (II) ions
using H,NBrPQ extractant

volume of the synthetic nickel (1) agueous phase as-
saying 100 mg/l at room temperaturefor 10 min. con-
tact timeand at apH vaueof 2.5. After equilibriumand
phase separation of each contact, the aqueous phase
wasanadyzedfor nickd (II) anditscumulative concen-
tration in the organic phase was cal culated by differ-
ence(TABLE3).

The obtained resultsdemonstrate that transfer of
Ni (I1) ionsfrom the agueous phaseto the organic phase
has continued during each contact and compl ete load-
TABLE 3: CumulativeNi (1) amount in 10ml or ganic phase

(extractants) vs.itsamount left 10 ml of itssuccessve aqueous
phases

Contact H.NBrPQ HNCIPQ HNCH3PQ
No. Organic Aqueous Organic Agueous Organic Aqueous
1 0.92 0.08 0.83 0.17 0.75 0.25
2 181 0.11 1.62 0.21 1.47 0.28
3 261 0.2 232 0.30 211 0.36
4 3.10 0.51 2.90 0.42 257 0.54
5 3.10 1.00 2.90 1.00 257 1.00
6 3.10 1.00 2.90 1.00 257 1.00

(pH 2.5, 10 min. contact time, A/O ratio 1/1, room temper ature)
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ing of the solvent was attained after the 4" contact.
Accordingly, amaximum concentration (Saturation ca-
pacity) of 3.10, 2.90 and 2.57 mg/210 ml of Ni (II) ions
has been obtained after 4" contacts in the working
extractants; namely 2.42x10° M concentration of
H,NBrPQ, H,NCIPQ and H,NCH_PQ in benzene
respectively.

Accordingto the prepared concentration of theex-
tractions, theamount of the H,NBrPQ extractantin 10
ml of itssolutionin benzeneattains 10 mg. Referring to
theresultsshownin TABLE 3, itisclear that thisex-
tractant would be practicdly saturated with 3.10 mg Ni
(). Sincetheinput quantity of Ni (I1) intheworking
10ml solutionis0.2 mg, itwould theoretically (Figure
6) need 1.4 mg H,NBrPQ extractant. Therefore, each
Ni (I1) would replace 2H* ionsfrom 1 mole of extrac-
tant. On the other hand, accordingly to the above men-
tioned practicaly determined | oading capacity (TABLE
3), itisfound that the working H,NBrPQ extractant
has been saturated with 3.10 mg Ni (1) by successive
mixing with 10 ml of 200 mg/I Ni (I1). Therefore, it
might bepossiblethat the 1 moleNi (1) might require2
moleextractant where 1 H* ionwould beprovided from
eschmolecule.

From previousresults, thetheoretical capacity of
thethree extractants can be cal culated from Figures 6
and 7 where one mole of Ni (I1) would require 2 H*
ions. Thelatter would thus be provided from 2 mole of
theextractant.

Physical and thermodynamic parameters

Severd experimentsweregpplied to determinethe
corresponding physica and thermodynamic parameters
of thestudied system. These parametersareimportant
when the laboratory procedures are turned to pilot
scales. Thusduring thestudiesof thepH influence, the
obtained relation of logD versuspH for theextraction
of Ni (I1) ions (Figure 6) indicated that the plot hasa
dopeof about 1.75, proving that two molesof H* ions
were released during complex formation between
H,NXPQ and Ni?*.

Ontheother hand, thelogD versuslog [extractant]
plot showed that the distribution ratio increased with
increas ng the extractant concentration inthe organic
phase (Figure 7) and that the obtained slope va ue ap-

—= Fyll Poper

proximatey equd 1. It wasthus suggested that onemole
of theligandissharing intheformation of the extracted
Ni (II) complex.

Taking al of the experimentd datainto consider-
ation, theextraction of Ni (I1) by H,NXPQ appearsto
proceed asfollows:

o K . N
Ni 2 +(H NXPQ) o, e=2(NINXPQ) o, +2H ,, (1)

) [(NiNXPQ)(O)}[H;A)]2
" [Ni 2+(A)][(H 2NXPQ)(O)j| @

2 -

y=1.774x- 3.012

1.5 R%=0.9916
s for e- H;NBrPQ

0.5 -
y=1.756x - 3.098
0 1 R’ = 0.9789
0.5 - for m- HNCIPQ

logD

y=1734x-3.006
R’ = 09752
for A- H,;NCH,PQ

-1 A
-1.5 A

-2

0 0.5 1 1.5 2 25 3
pH

Figure 6 : Plot of log D of nickel (I1) extraction with the

working extractantsvs. equilibrium pH

[Hi ]

[(HZNXPQ)@J X

K, =D+

logD =logK,, +Iog[(H2NXPQ)(O)}+2pH 4)

whereK  istheextraction constant, D isthedistribu-
tionratio of themetal ion, (H,NXPQ) istheextractant,
and all the charged species are assumed to bein the
aqueous phase.

Fromtheplot of log D VspH (Figure6), thevaue
of pH_, (the pH at which 50 % of the metal ionisex-
tracted) was found to be 1.70, 1.76 and 1.73 for
H,NBrPQ, H,NCIPQ and H,NCH_PQ respectively,
fromthefollowing equation:
logD =1.774pH —3.012 for (H,NBrPQ) (5)

logD =1.756pH — 3.098for (H,NCIPQ) (6)
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logD =1.734pH —3.006 for (H,NCH_PQ) @
TheK  valuesfor thenickel (I1) ions could be mea-
sured from equation (4) wherethe obtained resultshave
shown that the highest value of the extraction constants
areattained at 303 °K; a matter which indicates that
the best extraction is obtained at room temperature
(TABLE4).

AG=AH -TAS(10)
—2.303RT logK,, =AH -T AS

AS AH

2.303R  2.303RT
Thevaluesof K for agivenreaction arefirst deter-
mined at varioustemperaturesfollowed by plotting of

(1)

logK,, =

(12)

Ontheother hand, theinteresting thermodynamic 1.6 - ——
parameters (enthalpy (AH), Gibbsfree energy (AG) 1.4 1 o)
and entropy (AS)) associated with the extraction of the I'i | N
nickel (1) ionsby H,NXPQ/benzenesystemcouldbe = o | !
calculated from the Vant hoff s equation (Risthe £ o.s - T
universal gascongtant (8.314 Jmol*. K1) and T isthe 0.4 y= 09098+ 44517
absolutetemperature (°K)): - o vereg
AH =-2.303(2100Ke ® VP R A P A
A(1/ T) log [Extractant] (M)
AG = -2.303RT log K, ) Figure7: Plot of log D of Ni (I1) extraction vs. log [Extractant]
TABLE 4: Influence of temper atureon theextraction parameters
p_— Ut H.NBrPQ H:NCIPQ H:NCH3PQ
Extraction % K ex log Kex  Extraction % K ex log Kex  Extraction % K ex log Kex
303 3.300x10° 96.5 11.37x10°  -0.944 92.63 5.188x10° -1.285 89.71 3597x 10°  -1.444
313  3.190x10° 95.7 8.433X 10% -1.035 92.02 4764x10% -1.322 89.11 3.380x 102  -1.471
323  3.096x 10° 95.1 7.830X 102  -1.106 91.43 4.405x10% -1.356 88.43 3.155x 102 -1.501
333  3.003x10° 94.7 6.850 X 10° -1.164 90.8 4.073x10%  -1.390 88.1 3.062x 10° -1514

Results are mean of triplicate value

TABLE 5: Thethermodynamic parameter sof thestudied
extraction system

Par ameter

gtk HeNBrRQ  HNCIPQ  H,NCHPQ
AH (KJI/ mol) -14.23 -6.77 -4.67
AG (KJ/mol) 19717 14.213 13.051
AS(J/mol. K) -65.12 -46.93 -43.09

0.8 4
=07432x-3.401
0.9 &

B =00064
-1 4 =- LNBIPQ
¥=0.3536x- 24511
-1.1 + R*=0.9905
=-HNCIPQ

-1.2

-1.3
24 y=0244x-2.2504

?=09233
1.5 - I _-.__ S

A-HNCH;PQ
-1.6

2.95 3

log Kgyx

T T T T T T 1
3.05 31 315 32 325 33 335

1T x10”

Figure8: Plot of logK _ versus1/T of thestudied extraction
systems

logK  versus /T (Figure 8) wherethe corresponding
rdationsaremanifested in straight lineshaving adope
=- AH/ (2.303 R) and an intercept = AS/(2.303 R).

From the obtained data, the thermodynamic param-
eters AH, AG and AS have been calculated (TABLE
5). The negativevauesof AH and AS have shown that
thechelation processisexothermic, indicating that the
complexation reaction favored at ambient room tem-
peratures, AG is positive, the process proceeds spon-
taneoudly in reversd?-?2,

Resultsof Ni (1) stripping

Severd reagents, namely NaOH, KOH, Na,CO,,
NaCl, HCI and H_SO, were applied for the stripping
of Ni (I1) ionsfrom the three working organic phase at
an (A/O) ratio of 1/1 for 5 min. contact time. Theor-
ganic phasewasfirst loaded with Ni (1) ions by con-
tacting it for 10 minwith an agueous phase of Ni (l1)
ionsat pH 2.5.

The obtained resultsshownin TABLE 6 indicate
that, the NaOH and KOH did not show stripping ef-
fect from the organic phase while 1 M Na,CO, and
NaCl solutionshave shown low stripping efficienciesof
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18.0 and 23.0% respectively. In contrast, 0.5M HCI
and 1 M H,SO, solutions have shown high stripping
efficienciesattaining 99.2 and 90.3%, respectively.

Application of theoptimum extr action condition

Theworking El Sdlasamplehasfirst been subjected
toacompletechemicd andysstodetermineitsmgor
oxidesandtheinteresting traceelements(TABLE 7).
Also, thepreparedleach liquor hassimilarly been sub-
jectedto completechemicd anayssfor boththemgor
andtracedements(TABLE 8). Thelaiter hasthenbeen
treated for nickel (I1) extraction usingthe H,BrPQ ex-
tractant and gpplying the previoudy determined opti-
mum leaching conditions. Theloaded organicwasthen

—= Fyll Poper

TABLE 6 : Effect of various reagents at different
concentrationson thestripping efficiency of Ni (11) ionsfrom
theloaded H,NXPQ organic phase

Reagent concentration, M

Reagent 01 0.3 05 07 09 10 20 30
Stripping efficiencies, %

NaOH 0 0 0 0 0 0 0 0
KOH 0 0 0 0 0 0 0 0
Na,COs; 17 3.9 81 118 149 180 181 180
NaCl 24 78 139 176 201 230 230 233
HCl 657 853 992 992 992 993 992 992
H2S04 408 558 702 792 843 903 912 921

TABLE 7: Thechemical analytical dataof themajor oxidesand tracedementsof El Sdauraniferousgranite

Major Oxides SO, TiO, Al,O; Fe0O; CaO MgO Na,O K,O P,Os5 1000°C Total

Wt % 70.23 026 1325 421 11 0.6 417 321 0.22 1.99 99.24
Trace elements (ppm)
Element Rb Sr REEs Ba Cu Zn Co \% Cd Ni Th U
Conc. (ppm) 190 123 900 133 40 36 70 20 10 62 18 205
TABLE 8: Chemical composition of theprepared pregnant solution

Congtituent S* Fe* Ti* Vv™* Th* REEs AI* SO Na* P05 U” Ni*
Conc. (g/l) 078 426 0.840 0.006 0006 0298 29 408 098 0345 0.063 0.02

directedfor nicke (1) strippingusing 0.5M HCl and
shaking the two phasesfor 5 min to back extract Ni
(I1) ions. The determination of nickel concentration
whether in the prepared leach liquor or in the aqueous
raffinate sol utions (after extraction) or e seinthestrip-
ping sol utionswas spectrophotometrically determined
by dimethyl glyoxime.

However in order toinsureahigh degree of selec-
tiveNi (1) extraction, it wasfound beneficial to add 5
mgammonium fluorideaswe | as 10 mg of ammonium
oxdaeasmasking agentsfor theinterferingionsduring
theextraction processfrom leach liquor.

CONCLUSION

Thisstudy presentsthe dataobtained of nickel (11)
extraction from acidic solution using 2-amino-3-(4- (X)
phenyl azo)-8,9-dihydro-8,8-dimethyl-7H-pyrazol o
[1,5-a] quinazolin-6- one (H,NXPQ) extractants (X =
Br, Cl or CH,). Theoptimum conditionsfor extraction
of Ni (I1) ions from its synthetic solution involved
2.42x10* M concentration of (H,NXPQ)/ benzene, a

pH of 2.5 and using an A/O ratio of /1 in 10 min.
contact timeat room temperature. Themaximum load-
Ing capacitiesshowed that, nickel (1) concentrationin
the organic phasewas constant after 4" loading of the
acidicsolution.

Thethermodynamic parameters AG, AH, AS and
the extraction constants were cal cul ated. It wasfound
that theextraction reaction could spontaneoudy bere-
versed since AG hasapositivesign while AH and AS
have been shownto have anegativesign indicating that
the chelating processisexothermic, i.e. the complex
reaction favors an ambient room temperature.

In an application procedure, the determined opti-
mum conditionswere used to recover Ni (1) from El
Selaleach liquor and it was found necessary to add
ammonium fluorideand ammonium oxd ateasmasking
agentsto avoid co-extraction of the present interfering
ionsduring the extraction process. Theloaded solvent
(H,NXPQ) was then stripped using 0.5 M HCl asa
suitablestripping agent for Ni (11) ions.
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