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ABSTRACT

Inthe present study, the use of 2-(4-chlorophenyl)- 8,9-dihydro-7H-pyrazolo
[1,5-a] quinazolin-6-one (CPDHPQ) asligand was evaluated in the liquid-
liquid (Water carbon tetrachloride) extraction of U(V1). Experiments were
carried out to determine the factors affecting uranium extraction; These
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controlling factorsinclude pH, initial uranium concentration, contact time,
organic concentrationsand O/A Ratio for maximum extraction for uranium
metal ion by ligand, aswell as extraction kinetics. The resultsreveal ed that
the extraction of metal ions is dependent on the pH; maximum extraction
was obtained in the pH at 2.5; the ligand CPDHPQ was effective for the

extractionof U (VI).

INTRODUCTION

Theremova of uranium fromvariousmatrices, in
addition toitscontinuing rlevanceto nuclear materids
processing!Y, remains aseparation of importance, not
only inindustrial applicationsbut also in energy and
environmental problems€. Up to now, many separa-
tion and pre-concentration techniquesfor metal ions
have been devel oped, such astheliquid-liquid solvent
extraction”8 and the solid phase extraction (SPE).

Liquid-liquid extractionisan efficient anaytical
method whichisextensively utilized inthe separation,
pre-concentration and selective determination of
andytesin solution***2 wheretheandyteisdistributed
between two immi scible phases. In most cases, one of
these phasesisan agueous sol ution or abuffered solu-
tion and the second oneisan organic solvent**4, The
smpleproceduretotransfer anandyte, initidly dissolved
in an aqueous sol ution, to an organic phaseis by neu-
trizingitscharge. Thiscan beaccomplished either by
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forming aneutral complex or anionic coupl€>€l, In
addition, theextractive separation of Ni (11) from aque-
ous mediaby 3-phenyl-4-acetyl-5-isoxazolone'” and
pyrazol ones derivatives® wasa so studied. Together
with nickel (I1), the solvent extraction of uranium (V1)
wasexamined with 3-methyl-4-(pnitrobenzoyl)-5-oxo-
phenylprazol e dissolved in benzend®. The solvent ex-
traction of uranium (V1) from sulfate sol utionswas ob-
tained by Alamine 336 in kerosene modified with 5%
w/w 1-tridecanol and stripping with a 199 g L-1
Na,CO, solution™. Also, themixed solvent containing
DEHPA (di-2-ethyl hexyl phosphoric acid) and Alamine
336 was used for uranium recovery from the acidic
solution®. Quinazolinesareindeed abigfamily of het-
erocyclic compounds, which have shown broad vari-
ety of biologicd activity profiles?? eg.andgesic, nar-
cotic, diuretic, antihypertensive, antimaarid, sedative,
hypoglycaemic, antibiotic, antitumoral and many oth-
ers. Quinazolineand itsrel ated skeletonsare presented
asanimportant class of heterocycle scaffol ds occur-
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ringinalargenumber of bioactive moleculesfor avari-
ety of biological targets® Two different seriesof N-
donor pyrazoleligandswereused inliquid-liquid ex-
traction of Cu (I1) ionsfrom aqueous sol ution using
methylenechloride asdiluents?d. Pyrazolederivatives
werecurrently the subjectsof severd studiesin extrac-
tion of copper (I1) iong®2,

In the present work, the synthesis of 2-(4-
chlorophenyl)-8,9-dihydro-7H-pyrazolo [1,5-4]
quinazolin-6-onewas described. Thisligand exhibits
high complexion efficiency toward U (V1), thisresult
from 2-(4-chlorophenyl)-8,9-dihydro-7Hpyrazol o[ 1,5
g quinazolin-6—one, which considered as multi-dentate
agent with many donor atoms®. The characterization
of thisligandwascarried out by elementa analysis, FT
IR, NMR, Msand C. Also thisaimsto evauate the
potential use of 2-(4-chlorophenyl)-8,9-dihydro-
THpyrazolo] 1,5-alquinazolin-6-oneasligandinthelig-
uidliquid extraction of U (V1), aswell asto determine
the optimum extraction conditions (pH, O/A rétio, ini-
tial Uranium concentration, organic concentrationsand
contact time), kineticsof theextraction experimentsand
case study.

EXPERIMENTAL

Reagent and solutions

Severd reagentswere used inthisstudy. Theseare
mainly; 1,3- cyclohexanedioneand piperidine purchased
from Across Organics Co.(Belgium).5-amino-1H-
pyrazole and dimethyl formamide- dimethylacetal
(DMF-DMA) obtained from Merck Co., Germany.
Dimethyl formamide and piperidine purchased from
Aldrich Chemical Co. Ethanol and carbon tetrachl o-
ridewere BDH reagents. The uranium standard stock
solution (1000 ppm) was prepared from uranium ac-
etate by dissolving the gppropriate amountsof solid salt

R= C6H4-C|'p
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in de-ionized watey.
Instrument

All melting pointsweremeasured onaGdlenkamp
melting point apparatus and are uncorrected. Thein-
frared spectrawere recorded in potassium bromide
diskson apye Unicam SP 3300 and Shimadzu FT IR
8101 PCinfrared spectrophotometers. The NMR spec-
tra were recorded on a Varian Mercury VXR-300
NMR spectrometer. *H spectrawererun at 300 MHz
while *C spectrawere run at 75.46 MHz in deuter-
ated chloroform (CDCL,) or dimethyl sulphoxide
(DMSO-d,). Chemical shiftswere related to that of
the solvent. M ass spectrawererecorded on a Shimadzu
GCMS-QP 1000 EX mass spectrometer at 70 e.V.
Elemental analyseswere carried out at the Microana-
Iytical Center of Cairo University.

Synthesisof the extractant

Toamixtureof 2-((dimethylamino) methylene) cy-
clohexane-1,3-dione (10mmol) (DMAMC) (1) was
treated with substituted 5-amino-1H-pyrazole
(20mmoal) (AP) (2), inrefluxing ethanol for 30min, in
the presenceof catayticamount of piperidine. Thesolid
product wasfiltered off, washed with ethanol and re-
crystallized from proper solvent to afford the corre-
sponding 2-(4-Chlorophenyl)-8,9-Dihydro-7H-
pyrazol o[ 1,5-a] quinazolin-6-one®Y (4) in 90% yield,
(Scheme1). Thestructure of compound (CPDHPQ)
established onthebasisof their dementd andysesand
spectral data.

The formation of the product (CPDHPQ) isas-
sumed to takeplaceviaaninitia Michael addition of
the exocyclicamino group intheaminopyrazole (AP)
tothe a,f-unsaturated moiety intheenamindione (1)
(DMAMC), to yield the corresponding acyclic non-
isolableintermediate (3) which undergo cyclizationand
aromatization into thefinal product (4) (CPDHPQ).

IVIezNH 6

T S O [ A
Zals 0 HN_ 2
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Extraction experiments

The extraction test was performed using 2-(4-
Chlorophenyl)-8,9-dihydro-7H-pyrazolo [1,5a]
guinazolin-6-one as extracting agent. Thissubstance
wasfirst dissolved in carbontetrachloridewith solid to
liquid ratio of about 0.1g/100 ml thissolution will be
marked as CPDHPQ), and then it wastested for ura-
nium extraction from aqueous solution. Theoptimum
extraction conditionsincluding contact time, uranium
concentrations, pH, organic concentrations and ague-
ousto organicratio wereexperimental ly investigated.
About 10 ml from CPDHPQ was added to round bot-
tom glasshottlesof 50 ml capacity with 5ml of uranium
solution of desire concentration (50-1000 mg/L) and
(1-5) pH range. The flasks were capped and placed

on amechanical shaker at room temperature and the
samplesweretaken at predetermined intervals (5-60
min), with shaking the organic phasewas separated from
the agueous phase. The amount of extracted uranium
was determined by complexing U (V1) withArsenaso
11132 whereit ion measured in the organic phase by
thedifference between the uranium concentrationinthe
agueous phase before and after extraction.

L each liquor sample

Thestudiedleach liquor (Casestudy) prepared from
the processing of thegeol ogic oresamplecollected from
G El Sdllaarea, Eastern Desert. Egypt. The chemical
specification of thestudied leach liquor reved sitssgnifi-
cantly enrichedinU, SO, Fe,O,andAl (TABLE 1).

TABLE 1: Leachliquor chemical composition

Congtituents U Fe,0s3 Sek

Th*

Cu A% Na’ P,Ox Ni2*

gL 0.28 1.82 4.1

0.006

0.013 2.9 0.98 0.345 0.82

RESULTSAND DISCUSSION

Analysisand characterization of CPDHPQ
Theandyticd specification of theextractant reveded

that, it was synthesized efficiently and rapidly in good
yield (90%), with melting point 231-232°C (ethanol).
The structure of the complexing agent wasidentified
and characterized by IR, NMR, Ms, NMR®3C,
(TABLE?2).

TABLE 2: Chemical structureand char acterization of synthesized CPDHPQ

Product CPDHPQ
Formula CisH12CIN3O
Elemental C H c N
analvsis Cacd 6454 4.06 11.9 14.11
Y Found 6451 4.09 119 14.07
'H NMR §2.27 (m, 2H, CHy), 2.66 (t, 2H, CH,), 3.45 (t, 2H, CH,), 7.37 (s, 1H, CH), 7.54-8.09 (m, 4H, Ar H),
(DMSO-ds) 8.79 (s, 1H, CH).
MS (m/2): 297 (M"), 275, 51.
}?nEEBr) Vrmax 1694 (C=0), 1655(C=N), 1605 (C=N).
NMR C 134.3 (C-Cl), 129.3 (2CH), 128.9 (2CH), 135.1 (C),155.6 (C=N), 92.5 (CH), 149.4 (C), 172.4 (C),

25.3 (CH2), 21.2 (C), 38.4 (CH2), 196.8 (C=0), 119.5 (C), 156.5(CH).

* Analyzed in Cairo university (Micro analysis lab.).
Extraction of uranium by CPDHPQ

Theextraction experimental resultsare expressed
intermsof pH, contact time, extractionyield (Y) as
follow:

mi—mf

x 100

Y (%) = =

Wherem istheinitia massof uraniumin agueousphase;
mf isthe mass of uranium after extraction.

CHEMICAL TECHNOLOGY

Effect of pH on uranium extraction

Theeffect of solution pH wasinvestigated inthe
pH range of 1-5, where about 10 ml from CPDHPQ
was contacted with 5 ml from uranium agueous solu-
tion (200 ppm concentration) at room temperaturefor
about 25 minutes, then the aqueous sol ution separated
from the organic one and uranium concentration was
measured (Figurel).
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Figurel: Effect of pH onuranium extraction efficiency

From theobtained results (Figurel), itisclear that
the solution pH hasan important rolein the extraction
yield, whereit increasesin the pH range between 1-3
attainingamaximumvalueat pH 2.5. Then theextrac-
tion efficiency decreased with further increasein pH.
Thisismay bedueto that the hydrolysisof uranyl ions
take placeasthe pH variesfrom 110 3.0+0.1 (avail-
ability of freeuraniumions). When pH increasesover
t03.0+0.1, uranium exist in hydrolyzed form and the
followingionic speciesUQ, #[(UO,),(OH) ]** dimer,
[(UQ,),(OH).] * trimer. Thecomplexesformedin aque-
ous sol ution lead to the precipitation stage™.

Effect of initial uranium concentr ation

The dependence of the extraction capacity of
CPDHPQ ontheinitial concentration of uraniumions
[m] a room temperature was represented in (Figure
2). Theobtained resultsreved that extractionyieldin-
creased steadily with metal ion concentration till ura-
nium concentration of 200 mg/l. Thisisrelated tothe
increasein the concentration gradient, which actsasa
driving forcefor the adsorption process, and then the
increasein extraction yield becomes|lesssignificant at
[m] >200mg/L.

Effect of O/Aratio

Theeffect of O/A ratio wasinvestigated withinthe
rangefrom 1:1to 5:1, the solution pH adjusted at pH
2.5for about 25 min at room temperature and uranium
concentration equa 200 ppm. The separation of aque-
oussolution from the organi ¢ phaseand the determina
tion of uranium concentration areillustrated in (Figure
3). Fromthe obtained data, it isquite clear that the O/
A ratio hasapogtiveeffect onuranium extractionwhere
the maximum CPDHPQ extraction efficiency obtained

—= Full Paper

at O/A ratio 2:1 then theefficiency decrease withthe
increaseintheratio, so0 2:1isset to bethe optimum O/
A.
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Figure?2: Effect of initial uranium concentration on theex-
traction efficiency of CPDHPQ

100 -
a0 4
B0 o
70 4
G0 4
50
a0 4

E xraction *e

in o
20 4
10

0

0 L1 20 a1 4:1 5l
O'A (bl

Figure 3 : Effect of O/A ratio on uranium extraction by
CPDHPQ

Effect of theextractant’sconcentration

To study thisfactor, the concentration of the syn-
thesized extractant CPDHPQ in carbon tetrachloride
wasVvaried from 0.005% up to 0.2% whereasthe other
extraction conditionswerefixed asan O/A ratio of 2/1,
shakingtime25min, at PH 2.5 and withworking ura-
nium concentration equa 200 ppm. From the obtained
resultsshownin (Figure4), itisclear that asthesynthe-
s zed extractant CPDHPQ concentration increased, the
extraction efficiency of theuranium gradudly increased
until reached 90% uranium a 0.05% concentration and
abovewhich no further extraction occurred.

Inthemeantime, it would be possibleto determine
themolar ratio of the used extractant CPDHPQ with
theextracted uraniumthrough plotting thelog va ues of
thedistribution coefficient and theextractant CPDHPQ
concentration. Using the obtained data, it wasthus pos-
sibletoobtainastraight lineasshownin (Figure5) and
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itsslopeattained 1.07. It canthus beinferred that the
attained CPDHPQ/uranium molar ratio would be 2/1.
Theinvolved reaction canthusbevisudized asfollows:

2CPDHPQ +1 U metal » Complex

100 -
90 * ¢ +
80 4
70
60
50
40
30 o
20
10 A
0

Extraction %

0 0.02
L (org) (mg%)
Figure4: Effect of theextractant’sconcentration (CPDHPQ)
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Figure5: Digtribution coefficient of uranium (D) asafunc-
tion of organic concentration in carbon tetrachloridefor the
used leach liquor
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Figure6: Effect of contact timeon uranium extraction effi-

ciency by CPDHPQ

Extraction kineticsof metal ions

The effect of contact timewasdetermined in the
range of 5-60 minutes. Intheseexperimentsabout 10ml
from 2-(4-Chlorophenyl)-8,9-dihydro-7H-pyrazolo
[1,58] quinazolin- 6-oneligand contacted with5ml from

uranium agueous sol ution (200 ppm concentration) at
room temperature. Theagueoussol ution wasthen sepa
rated from theorganic phasein which the uranium con-
centration wasdetermined and the datawere shownin
(Figure 6). From the data plotted in (Figure 6), itis
clear that the extraction efficiency of themetd ionsus-
ing 2-(4-Chlorophenyl)-8,9-dihydro-7H-pyrazolo
[1,58] quinazolin-6-oneligand showed that theextrac-
tionefficiency of U(V1) increasedtill it reached equilib-
rium after gpproximately 25 minutesand then remained
constant (E= 92%).

Deter mination of rateconstantsfor theextraction
of metal ions

Therate constantsfor the extraction of metal ions

were determined using equation:

In[M2]=ktIn[M?],

where [M?] and [M*], represent theinitial concen-
tration and the concentration at timet of themetd ionin
aqueous solution, respectively. K istheextractionrate
constant.

For pseudo-first-order reactions, the plot of In
[M#], vstime, resultsin astraight linewith theslope
corresponding to-k®3. The extraction rate constants
for themetal ionswere ca culated fromthed opeof the
linear plots(Figure 7), the val ue obtained was 0.0399.

2

y=0.0399% - 2.3046
. R2=0.9514
15 & i
1 4
= 05 e
=
= 0 . r v r r
- os 20 40 60 80 100 120
-0. L
*
-1
-15 <
-2 *
2.5

Figure7: Pseudo-first-order kinetic model for the extrac-
tion of metal ions

Case study

A case study was performed to evaluate the abil -
ity of 2-(4-Chlorophenyl)- 8, 9-dihydro-7H-pyrazolo
[1,5-a] quinazolin-6-one as sol vent extraction of ura-
nium (V1). The used sample was performed from
Inshas Pilot Plant Unit. Theuranium concentration in
thesamplewas0.28 g/L asmentionedin (TABLE 1).
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The application of the organic compound was per-
formed under thefollowing conditions; pH 2.5and at
room temperaturewith O/A ratio of 2/1 and uranium
concentration < 200 ppm (the used sample solution
wasdiluted with distilled water and the uranium con-
centration was about 140 ppm). About 50 ml from
the used sample contacted with 25ml from the organic
solution for about 25 min, then theaqueous phasewas
Separated and the uranium concentration was 35 ppm
(agueousphase). Thenthefresh leach liquor solution
contacted again with the organic phase and the ura-
nium was determined in the agueous phase after sepa-
ration, thisprocesswas repeated threetimes. Theura
nium concentration (aqueous phase) was 60, 82 and
98 ppm respectively. The obtained result reveal sthat
2-(4-Chlorophenyl)-8, 9-dihydro-7H-pyrazolo [1,5-
a] quinazolin-6-onehasapotential ability to uranium
extraction.

M echanism of uranium metal extraction

The organic phase was subjected to IR analysis
andtheresultispresentedin (TABLE 3). FromthelR
andysis, themechanism of uranium extraction by 2-(4-
Chlorophenyl)-8,9-dihydro-7H-pyrazol o[ 1,5-a]
quinazolin-6-onewill bediscussedinthefollowing sec-
tion. This analysis included the prepared 2- (4-
Chlorophenyl)- 8,9- dihydro-7H- pyrazolo [1,5-&]
quinazolin-6-one extractan in CCL,, before U extrac-
tion freshly prepared (free-state) aswell asafter their
extraction (loaded-extractants) asshownin (TABLE
3). From the obtained results, it hasbeenrealized that
some characterigti c pesksrepresenting themgjor groups
of the studied extractant as the aliphatic C-H, C=0
and C=N groups have sharp intensity that turned to
medium intensity after theextraction experiments. This

—= Full Paper

TABLE 3: Infrared spectraof thefresh and loaded synthe-
sized CPDHPQ extractant

i CPDHPQ

Major _

groups Extr_:i\ctant After e_>§tract|on
cm™(vs) cm™ (m)

Aliphatic

C-H 2962.5 2922.38

c=0 1694.0 1735.54

C=N 1655.0 1659.02

C=N 1605.0 1608.49

VS, very srong; m: moder ate

indicatesthat the studied extractant areableto form
complexeswithuraniumionintheleachliquor. Accord-
ingly, thesharp C=N pesk at 1655.0 cm* andthe C=0
peak at 1694.0 cm present in the extractant ligand
spectradecreased before extraction but increased af -
ter extraction (TABLE 3). Accordingly, the C=N peak
at 1659.02 cmr*and the C=0 peak at 1735.54 cm?; a
matter whichismost probably dueto theformation of
themetal complexe. It isthus possibleto mentionthat
the synthesized extractant; namely 2-(4-Chlorophenyl)-
8,9-dihydro—7H-pyrazol o] 1,5-a] quinazolin-6—one
can be considered as multi-dentate agent with many
donor atoms. Thelatter exhibitsagood affinity toward
uraniumionsintheleachliquor. It canthusbecited that
the U metd ion hasmost probably been complexed to
theextractant through binding to thenitrogen and oxy-
gen atomsin acidic mediaof theextraction step. Itis
clearly evident that theformed complex between the
uranium metal and theligand would take place by the
reaction of oxygen and nitrogen atoms*® inamanner
toformthesix membered ringwhichismorestableand
more planar and not be steric with oxygen so produc-
ing moreyieldin 2- (4-Chlorophenyl)-8,9-dihydro—
7H-pyrazolo[1,5-a] quinazolin-6-onecomplex. The
mechanism can berepresented asfollows:
H H

a ¢ Y_ N

. . ; M
2 Ligand (CPDHPQ) + 1M — T il
= '-[__.:r_‘,.“‘_ E—
O J o N N-(: N . -
| __J‘ -
W H
Ligand: 2-(4-Chlorophenyl)-8,9-dihydro-7H-pyrazolo[ 1,5-a]quinazolin—6-one; M: Uranium metal.
Scheme 2
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CONCLUSION

Asexpected, the extraction of uraniumfromthe
studied sampl e using the extractant ligand CPDHPQ
wasmainly controlled by severd optimized conditions.
Theamount of the extracted uraniumionsreached a
maximum value at pH 2.5 and O/A of 2.1. The sug-
gested extraction mechanism was performed through
thecoordination of U metal ionto theligand vianitro-
gen and oxygen atomswithin the acidic mediaof the
extraction step. Also, It isclear that theformed com-
plex between the uranium meta and theligand would
take place by the reaction of oxygen and nitrogen at-
omsformthesx membered ring whichismore stable
and more planar and not be steric with oxygen so pro-
ducing moreyiedin pyrazolo quinazolin- 6 - one.
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