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ABSTRACT

Testing of El-Sibaiyaphosphate using the fermented mediaof the Penicillium
Smplicissmum (P. simplicissimum), in which both citric and oxalic acids
are considered the main leaching agents. About 82% of the original uranium
content was|eached out of theore. The applied leaching conditionsincluded
S/L ratio, gtirring time and the working temperature. On the other hand, only
64% of the phosphate uranium content was |eached using asynthetic mixture
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of both citric and oxalic acids in simulated concentrations as the natural
ones. The difference between the leachability ratios in both cases was
attributed to the presence of some proteins in the fermented media which
was assured by the chemical analysis. Such proteinswere responsible about
the dissolution of 18% of the uranium content from the target ore.
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INTRODUCTION

Uraniumisoneof thegtrategic metdswhichisused
asfud innuclear power generatorsand extracted from
itsoresby traditional chemical methodseither by acid
or akali leaching*2. Themicrobial recovery of ura-
nium from both high and low-grade ore can be consid-
ered “green technology” with low cost, low energy re-
quirementsand environmentally safe.

The phosphateiscommonly caled “rock” in sedi-
mentary depositsand apatitein igneousdeposits. Gen-
erally, the phosphatic rocks contain an appreciable
amount of uraniumintherangeof 0.005- 0.03%U,O,
mainly asisomorphous substitution for cacium®. The
uranium content in the Egyptian phosphates ranges,
more or less, between 40 and 100 ppm, and in some
typesreaches 200 ppm™. Althoughthevariaionintheir
uranium contents, the phosphate rocksfrom thediffer-

ent Egyptianlocalitiesexhibit moreor lesssmilarity in
theminera ogical compositionwherethehydroxyl apa-
tite, carbonate apatite, cal cite, dolomite, hematite and
quartz arethemain mineralogica congtituents®. Ura-
nium occursin phosphaterocksmainly intwo valences
i.e as U* in the apatite crystal and as U5 which
adsorbed to phosphateminerds, or fixed on phosphate
ionsto form secondary uranium minerals°.

Recently, effortsarebeing madeto utilizeacidophilic
heterotrophs (bacteriaand fungi) for uranium extraction
from bearing ores due to production of organic acids
(e.g. citricand oxdlic) that can serveasleaching agents
for the solubilization of metals. The use of fungi was
thought to beinteresting aternative™. A. niger and P.
smpliciss mumaretwo widdly used speciesof fungi in
thebioleaching of metds. Citricand oxdicacidsarethe
major organic acids produced by these organismg®9.
For thispurposecitricand oxalicwereusedin chemicd
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leaching experiment to mimic thechemicd action of P.
smplicissmumculturein order to understand and com-
pare between chemicd leachingwith organicacidsand
bi oleaching on uranium sol ubilization from phogphateore.

Somemetabolic productsother than organic acids
might involveinthe bioleaching of metals, such asex-
tracellular protein or proton extrusion™®, Thisview rep-
resentsone of themainamsof thiswork. Proteinsare
fundamenta componentsof dl living cellsandinclude
many substances, such asenzymes, hormonesand an-
tibodies. They consist of long chainsof amino acids
connected by peptide bonds.

MATERIALSAND METHODS

Rock phosphate

The studied phosphate sample collected from El-
SibaiyaNileVdly. Thissamplewasgroundtolessthan
200 mesh sizesthen arepresentative samplewas sub-
jected to complete chemica analysisof both mgjor and
trace d ementscontentswere determined by wet chemi-
cd analysig*Y where; the spectrophotometer was used
tomeasure SO,,ALO,, TIO, and P,O, whileboth K,O
and Na,O were determined using the flame photom-
eter technique. Ontheother hand, thetraditional titra-
tion method was used for Fe,0O,, MgO and CaO mea-
surements. Trace elements were estimated using a
Unicam atomi ¢ absorption spectrophotometer and fi-
naly thelossonignition (LOI) wasassgned gravimetri-
cdly. Uraniumwasandyzed by theoxidimetrictitration
method using ammonium metavanadate*?. Themea
surements showed analytical error better than+1 %.
All theseanaysesare carried out inthe Nuclear Mate-
rid sAuthority laboratories.

Fungal strain and growth media

Strain of P. smpliciss mumwasisolated fromthe
tested sample. Themediacompositionfor growth of iso-
lated organismisasfollows: NaNO, (2g/l), KH,PO, (1
g/l), MgSO,.7H,0(0.59/),KCl (0.59/), FeSO,.5H,0
(traces), sucrose (30 g/l) and yeast extract (5g/1)1*3. The
growth mediawas steilized at 121 °C and 1.5 atm. for
20 min. ThepH of medium wasadjusted to 6.5. Inocu-
lation of P. smpliciss mumstrain wasmadeinthe shak-
ing flask containing growth media. Thisflask wasincu-
bated at 30 °C and 150 rpm for 7 days.
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Bioleaching studiesof rock phosphate

Bioleaching experiment was carried out in three
conicd flasks (250 ml). Onegram of phosphate sample
was added to each flask which contained (50, 100 and
200 ml) of tested fungal metabaolite. Theinitia pH of P.
simplicissimummetabolite wasin range 2.5 - 3. All
flasks were mixed well on shaker at 100 rpm for 24
hours. Intime course, sampleswereremoved and cen-
trifuged to get rid solid suspension. Supernatantswere
analyzed for pH, dissolved uranium, secreted proteins
and organic acids consumed.

Characterization of organic acids in fermented
media

The concentrations of organic acids produced by
P. simpliciss mum strain and organi ¢ acids consumed
during bioleaching processwere determined by high
performance liquid chromatography (HPLC) at the
Regiona Center for Mycol ogy and Biotechnology, Al
Azhar Univ., Cairo, Egypt.

Factor saffecting uranium boleaching

To conduct therelevant condition of uraniumleech-
ing process using P. simplicissimummetabolite, sev-
eral experimentshave been performed. Thefactorsaf-
fecting leachingincluded S/L ratio, stirringtimeand gp-
plied temperature.

Chemical leaching process

Chemical speciation studieswere done by taking
the concentration of oxalic and citric acids (synthetic
acids) which produced by P. smpliciss mumtogether.
By applying the optimum conditions for uranium
bioleaching (1/3 S/L ratio, 5 hoursand 50 °C) the su-
pernatant was removed and analyzed for uranium.

Effect of proteinssecretion on uranium solubiliza-
tion
Theprotein content intheclear culturefiltratewas

determined by the method described by Lowry et a .
using bovineserum albumin asthestandard protein.

RESULTSAND DISCUSSION

Chemical analysesof rock sample
Chemical analyses of El-Sibaiyaphosphate rock
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sample showed high content of CaO and P,O,, which
represented 39.4% and 30.5% respectively and mod-
erate content of SIO, and Al,O, which represented
13.74% and 4.35% respectively. While, the other ox-
idessuchasTiO,, MgO, Na,0, K, 0 and Fe,O, were
detected inlow quantitiesranging between 0.07 and1.65
2%TABLE 1. Thelossonignition (LOI) wasrecorded
as 6.26%. The uranium concentration of the sample
was 120 ppm while, the content of other metalswere
detectedin high concentrationsrepresenting 1272, 664,
184,174, 136 and 86 ppmfor Sr, Ba, Zn, V, Crand Y
respectively. On the other hand Ni, Cu, Zr, Pband Rb
weredetected in very low quantities, lessthan 17 ppm
TABLE 2. Thedistribution of most of these elements
within phosphate samplemay berelated to their affinity
to be adsorbed on the apatite grains.

TABLE 1: Chemical analysesof thestudied phosphatesample

Components Conc. (%) Components Conc. (%)

SO, 13.74 NaO 0.65
TiO, 0.07 K;0 0.07
Al,O5 4.35 P,0Os 30.5
Fe,0O3 1.65 L.O.l.* 6.26
MgO 151

CaO 394

Tota 98.6

*L.O.l. = loss on ignition

TABLE 2: Traceelementsanalysis

Tracedement Conc. (ppm) Tracedement Conc. (ppm)

Ba 664 Pb 4
\Y 174 Cr 136
Ni 16 Sr 1272
Cu 11 Zr 9
Zn 184 U 120
Rb 11

Y 86

Changein pH duringfungal growth

The production of organic acids by P.
simplicissimumis markedly influenced by pH values.
Periodic decreasein pH was observed up to seven days
of incubationfrom6.5t0 2.52 TABLE 3, whereit con-
sidered asanindicator of microbial growth*®, Theor-
ganic acid production viaincompl ete oxidation of glu-
cose by P. smplciss mum strain wasthe main respon-
siblefor thedropinpH.

TheHPLC resultsof 7 daysof incubation indicate
that among organic acids produced, citric and oxalic
acid arethemore predominant (378.5g/l) and (517 ¢/
) respectively TABLE 4. After seven daysof incuba-
tion, pH value of fermented mediawasincreased due
to consumed of dl glucoseduring thegrowth of fungal
strain, then started to utilize organic acids produced in
order to satisfy their nutritional requirement!€l,

TABLE 3: Effect of incubation timeupon thepH of fer mented
media

Time/days pH
3 5.43
4 5.13
5 4.64
6 3.45
7 2.52
8 3.76
10 5.54

TABLE 4 : The effect of organic acid produced by P.
simplicissimum on uranium leaching efficiency

or g(;)e:nl ?(I:r;?:jl ds Treatment i?:?c?é ?J /Sc)i L ea(l:Jhi n
Conc. (%) fic 9
. ic Ore Volume .. o . E |((():/|e)ncy
Citric  Oxalic itric Oxalic ()
Wt. (@) (ml)
50 1.03 287 41
37.85 51.7 1 100 144 3.73 58
1 200 248 6.27 83

Bioleaching processof rock phosphate

Role of citric and oxalic acids in uranium
bioleaching

Citric acid containsthree carboxylic groups (pK =
10.82 and pK = 4.76 and pK = 6.39) and one hy-
droxyl group (pK = 10.82). Thepossiblecomplex is:
CH.O&CHO?%+3H*

6 8°7 6 5°7
3U0,% +2CH.0.* »(U0,),(CH.0,),
Similarly oxaicacid containstwo carboxylicgroups
(PK ,=1.20and pK ,=4.20) a 25°C, which explains
the complex of uranyl ion (UO,*) with oxalateionl*.

C,H,0,6>C,0,z +2H"

2274
UO,*+C,0,2»U0,C,0,
TABLE 4 explainsthe effect of different concen-
trationsof organicacids(citricand oxalic) infermented
mediaof P. simpliciss mumand theleaching efficiency

of uranium fromthe oresample. Fromtheresults, itis
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found that the percentage of citricand oxalic acids con-
centration wasdirectly proportiona with the percent-
age of consumed organi ¢ acidsand uranium leached.

Optimization of bioleaching parameters

Different effectivebioleaching parameterssuch as:
sample/liquid (S/L) ratio, stirring timeand temperature
wereinvestigated.

Effect of solid/liquid ratio (amount of organicacid)
on uranium leaching efficiency (S/L ratio)

Tosudy theeffect of thisfactor ontheuraniumlesch-
ing, 1000 ml of Dox liquid mediumin 2 liter measuring
flask wasautoclaved at 1.5 am. for 20 min. After haf an
hour of the proper cooling, theflaskswereinocul ated
with 10 ml of P. smplicissimum spore suspension then
they wereincubated & 30 °C for 7 days. The bioleaching
process was tested under variable solid/P. ssimplici-
ssimum metabolite ratios (1/1 to 1/5) at adjusted pH
2.5inanorbita shaker at 100 rpmfor oneday.

Fromtheobtained dataTABLE 5, theleaching ef-
ficiency proportionaly increaseswiththesolid/liquidratio
to reach itsmaximum vaues (95 %) at S/L ratio 1/3.
Over thanthisratio, theleaching efficiency startsto
decrease. Such behavior could be ascribed to the solu-
bility of other metd swithincreasing of theorganic ac-
idsamount which negatively affectsthe opportunity of
the uranium leaching fromitsbearing sampl €9.

TABLE5: Effect of SL ratioupon U leaching efficiency
S/L Ratio

U leaching efficiency (%)

vl 66
v2 83
U3 95
14 91
U5 73

Effect of stirringtimeupon uranium leaching effi-
ciency

Under the conditionsof SIL (1/3), pH 2.5, a room
temperature and shaking for oneday inan orbital shaker
at 100 rpm, theeffect of thegtirringtimewasexamined
regularly from 1to 7 hours.

Increasing of the tirring time was accompanied by
gradud increaseintheuraniumleaching efficiency which
reached itsmaximum (62.5%) va uewith thefifth hour
TABLE 6. At thefifth hour, theleaching fficiency arted

—= Full Paper

togodown. Decreasing of theuranium leachability over
5 hours may be attributed to releasing of some metal
ionstothemedium.

TABLE 6: Effect of sirringtimeupon U leaching efficiency

Time (hours) U leaching efficiency (%)

1 25
2 37
3 48
4 55
5 62.5
7 51

Effect of temperatureupon uranium leaching effi-
ciency

Leaching efficiency wasinvestigated against vari-
abletemperatures starting with the room temperature
(25 °C) up to 50 °C. Under fixed conditions of the
other factors, thetemperatures play an important role
inuranium leachability TABLE 7.

TABLE 7: Effect of incubation temper atureupon U leaching
efficiency

Temp. (°C) U leaching efficiency (%)
25 62.5
30 64
50 68.3
80 44
100 325

The obtained datareved ed that theleaching effi-
ciency wasimproved with theriseof temperature, where
it reached itsmaximum val ue (86.3%) at 50 °C, above
thisvaluetheefficiency decreased. Theorganic acid
structure sufferspartia thermal decompositionat high
temperature. Working a room temperatureis economi-
cdly and morefavorable, becausethevariation between
themaximum leaching efficiency of uraniumat 50 °C
and at room temperatureissmall.

Fromthe present studly, it could beinferred that, ura-
niumin phosphaterepresentative oresamplewashighly
dissol uted by bioleaching applicationswith fermented

TABLE 8: Bioleaching and chemical leaching of uranium
from phosphateoresample

Leach liquor
Bioleach liquor
Synthetic leach liquor

U leaching efficiency (%)
81%
64%
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mediaof P. smplicissmumpreparedin5 hoursat S/IL
ratio of 1/3 and at room temperature however the pH
vaueof the produced leach liquor was 2.5.

By applying these optimum conditionsupon 100 g
of the oresampleadded to 300 ml of fermented media
of P. simplicissmumand 300 ml of synthetic solution
(mixture of citric and oxalic acidswith concentration
37.8% and 51.7 % respectively) yielded bioleach li-
guor contains 9.15 mg U and synthetic leach liquor
contains7.68 mg U with leaching efficiencies81%and
64%, respectively TABLE 8. Theleaching efficiency of
uranium when applying A. niger funguson phosphate
rock sampleis48.1%*7.

Extracellular protein secretion in fermented me-
diaof P. simplicissmum

Referringtotheobtained datain TABLE9, thepro-
tein amount decreased from 1.88 ug/ml in the control

t0 1.04 ng/ml with increasing uranium leaching. This
couldreflect theroleof proteinsintheleaching process
wheresomeof themwasexhausted intheuraniumleach-
ing*®. Such explanation seem to reasonablewith the
capability of excreted amino acidsto solubilize some
metals from the bearing orese.g. Cu, Zn, Au, U, Ni
and antimony!**?2, The aboveachieved conclusion ex-
plainsthehigher microbia U leaching efficiency com-
paring to thechemical one TABLE 9. Thedifferencein
theleaching efficiency in both methodsiseasily attrib-
uted to the positiveimpact by excreted proteinsby fun-
gd activity. Theexcretion of amino acidsasadditiona
complexing agents besides citric acid exceeded the
solubility of zincfromindustrid filter dust by fungusP.
simplicissimum®®, Thewell noticed thing isthe quan-
titiesof secreted organic acids can be saved asthe ex-
ploitedisonly 2.5 and 6.2% from the secreted citric
and oxdicacidsrespectively.

TABLE 9: Theeffect of organicacidsand extr acellular proteinsproduction in uranium leaching efficiency

Original acid Protein secretion Treatment Consumed acids (%) Protein Léflf?g%nmg?
Conc. (%) (ng/mi) OreWt. (g) Volume (ml) Citric Oxalic (ng/ml) (%)
Citric Oxalic 1.88 1 50 1.03 2.87 155 41
37.85 51.7 100 144 3.73 1.26 58
200 248 6.27 1.04 83
the presence of some proteinswhich areknown by their
CONCLUSION ability to absorb the metalsfrom their ores. Accord-

Traditionaly, the metd shioleaching usngthefun-
gd activity isusually ascribed to the effect of the or-
ganic acids, citric and oxalic, which arenaturaly pro-
duced inthefungus metabolism and provide the appro-
priatelow pH medium for theleaching process. How-
ever, using of smulated concentrations of synthesized
citricand oxalic acidsunder similar optimum leaching
conditions(S/L ratio, stirringtimeand gpplied tempera-
ture) resulted inlesser uranium leachability comparing
tothaseof natura productionwheretheuraniumleaching
ratioswere 64% and 82% respectively fromtheorigi-
nal uranium content in El-Sibalya phosphaterocks.

This phenomena point to presence of another ad-
ditive agent in the fungus metabolism supportsthe ca-
pability of themetal sleaching. Thechemica anaysisof
the produced metabolism using the spectrophotometer
techniqueat there evant wavel ength (750 nm) showed

ingly, it could be said that the proteinswhich excreted
by P. simplicissimum recovered about 18% of the
origina uraniuminthetarget ore.
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