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ABSTRACT

The calcareous sandstone of Wadi Natash of Southeastern Desert, Egypt
has actually been subjected to several mineralization stages. Theseincluded
several economic mineralsof interesting metal valuese.g. uranium, niobium,
tantalum, zinc and copper besides gold. The present work takes advantage
of the cal careous component of thisore material to form calcium sulfate by
sulfuric acid treatment for gold recovery. Accordingly, while gold assay is
aslow as 1.7 ppm, it has been possible to be completely recovered by its
surface adsorption upon calcium sulfate crystals that are in-situ formed at
heat transfer surface at the top of the working dlurry. It has thus been
possibleto recover gold from the working material to assay up to 0. 85%in
the latter in a manner that a concentration factor of up to 5000 has been
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INTRODUCTION

Gold hasactually been known and highly valued
snce prehistorictimesand may even havebeenthefirst
metal used by humansand wasvaued for ornamenta
tion andritualg*3. Innature, gold most often occursin
itsnative statethough usudly aloy with silver. Native
gold usudly contains8-10% s lver but often muchmore;
alloyswith asilver content over 20% arecalled elec-
trumi?. Gold abundanceinthe earth’s crust is 0.002
perl0f atoms of Si or el seabout 5ppbt® whileitseco-
nomic abundanceintheoreistoday intherangeof 0.1
to0.20z/ti.e 3.42t06.84 ppm, thelatter thusrepre-
sentsaconcentration factor of about 700-1400. How-
ever, depositsyielding gradesto thefireassay which
areaslow asal/10" of those values area so exploited.

Approximately 60% of thegold minedtoday isheld
by governmentsand central banksand isactually con-

Sidered asthe most significant meansof international
payment™. Goldistheonly metd that hasayellow color
when massiveand pureand such color isgreetly modi-
fiedby impuritiese.g. slver lowering thetint whilecop-
per heightensit. Itselectric conductivity isnot asgreat
asthat of either copper or silver. If the electric conduc-
tivity of silver israted at 100, gold is 76.7. Gold ex-
ceedsall other metalsinmaleability and ductility and
can thus be beaten, when pure, into leaves onethree
hundred thousandth of aninch in thickness. The spe-
cificgravity of goldis19.27 and in general liberated
native gold can be recovered by gravity methods as
long astheparticlesizeisnot too small. However, in
themajority of cases, goldisin anextremely fine state
andisevenusuadly intheform of solid solutioninclu-
son.

Gold can actually be recovered from its ores by
one, or acombination of several methodsthat havebeen
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previoudy gpplied. According to® it hasbeenindicated
that athough new processes are being proposed on a
regular bad's, therehaveinfact been no dramatic changes
inthemetalurgica techniquesfor gold extraction Since
theintroduction of the cyanide process (cyanidation)
by McArthur and Forrester in 18871*4% Previoustech-
niquesfor gold recovery fromitsoresand which are
classifiedintothefollowing major categoriesof com-
mercidly viablerecovery processes can be summarized
asfollows

1 Amdgamation (withmercury).

2.  Gravity Concentration (usingjogs, tables, spirals,
Reichert cone, moving belt separator, etc.).

3. Flotation (asfree particlesor contained in base
meta sulfide concentrates).

4. Pyrometdlurgy (inthesmdting and refining of base
metal oresand concentrates).

5. Hydrometdlurgy (direct cyanidation, cyanidation
with carbon adsorption, heap-leach and chlorina-
tion-leach).

6. Refractory oreprocessing.

7. Altenativelixiviants.

By refractory ore processing, itisreferred to the
fact that such oresare those that do not allow there-
covery of gold by standard gravity concentration or di-
rect cyanideleaching. Theseoresincludethevery finey
disseminated gold or el seitspresencein solid solution
insulfidematrix (mostly pyrite, pyrrhotiteand arsenopy-
rite), theAu associated with telluridesore contained in
basein basemeta sulfidesof Pb, Cu, and Znaswell as
those present in carbonaceous ores. In case of very
finely disseminated Au or its presencein solid solution
insulfidematrix, the ore cannot practically beground
down fine enough to exposetheAu particles. Theob-
jective of prior treatment for these ores (by roasting
e.g.) istoremove enough of the sulfide so asexpose at
least asmall portion of al Au particlesisamanner to
make them amenabl eto cyanidation. Concerning car-
bonaceous oresin which cyanidation will befollowed
by Au back adsorption onto the active carbon in the
ore can be subjected to chlorination for carbon deacti-
vation, roasting to burn away carbon or else carbon-
in-leach whichintroducescompeting high activity car-
bonto preferentidly adsorb Au that can be conveniently
separated fromtheleach durry.

Amongthedternativelixiviants, thiourealeaching

—= PFyll Pgper

was devel oped as apotential substitutionto cyanide
leaching dueto lower toxicity and greatsrateof Auand
Ag dissolution®”-Other lixiviantshave al so been ad-
vantageincludebromides (acid and akaline), chlorides
and thiosulfate. From sol utions, Au recovery techniques
include carbon adsorption Merrill-Crowe process us-
ingZndust to precipitateAu from cyanidesolution, Elec-
trowinning bes delon exchange/Solvent Extraction

In Egypt alow grade Aumineraization haslately
been discovered at Gabel El Ghurfaareawhichissitu-
ated at the eastern part of Natash vol canics, south east-
ern Desart, . Gabd El Ghurfaformsindeed aring dyke
(2km?) with adiameter of 1.2 kmandismainly com-
posed of normal and alkalinetrachyte at the outer zone
with highrelief (49 Ma, by “Ar/ *Ar method). Onthe
other hand, theinner zone of thering (600 min diam-
eter) ismainly represented by CretaceousLower Nubia
Sandstones (LNSS) that are extruded by minor tra
chyteplug. TheLNSS aremainly composed of quartz
arenite (at thebase), greywacke, cal careous sandstone
and conglomerate (at thetop). Wadi Natash LNSS are
actudly of great economic value asthey have been sub-
jected tothe severd minerdization phasesthat aremani-
fested in the presence of important metal values spe-
cidly U, REEs, Zr,Y, Cr, Ba, Srand Nbintheform of
severd economic mineras.

Accordingly, the Lower Cretaceous sandstones of
Weadi Natash (Figure 1) are bearing severd radioactive
minerals (metaheinrichite, autunite, uranophane and
uranothorite), niobate- tantalite (yttrocolumbite and
yttrotantalite), basemetas(gold, brassdloy and zinc),
sulfides (argentite, pyrite, gdenaand hauerits), and ac-
cessories(zircon, monazite, fluorite, tagnite, rutileand
alanite). Interest of wadi Natash LNSS hasbeenin-
tengfied dueto the presenceof severd uraniumminer-
als (75-195ppm U) beside the occurrence of native
gold (1.5-8 g/ton) ; amatter whichisconsidered afirst
record in Egypt(®-

Duetotheextremely low grade of Au mineraliza-
tion, aninnovative procedure hasactualy been applied
in the present work for its recovery. This procedure
dependson theup on and pushing of Au particleswhen
it would meet somein- situ calcium sulfatescales. The
suggested procedure depend indeed on the fact that
thesolubility of dl cacium sulfateformsdecreaseswith
increas ng thetemperatureand thisisthereason of scae
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Figurel: Geologic map of Wadi Natash and Gabal El Ghurfa,
Southeastern Desert, Egypt, (modified after Crawford et al,
1984 and | brahim, 2010).

formation at heat transfer surface.l°-
Caciumsulfateisindeed commercialy used asthe
major component for plaster formation Hamdonaand
Al-Hadad (2007)% haveindicated in thisregard that
inorder to ensure adequateincrease during the crystal
growth of calcium sulfatedihydrateand its precipitation
inturn, the crystal surfaces should be devoid of any
metal ionswhich would hinder therequired growth.
Accordingly, this phenomenon hasindeed been made
useof intherecovery in nativegold fromitscal careous
sandstone mineralization of Wedi Natash, Toredizethe
objective, arepresentative sampleof thelatter assaying
1.7 ppm Au has been collected and was subjected to a
chemicd trestment that would result intheformation of
cdciumsulfate. Thishassuccessfully been achieved by
reacting theworking ca careous ore samplewith sul fu-
ric acid and heating the reaction medium at 100 °C
whereby boiling and theresultant carbon dioxidewoul d

upwardly carry theextremely minuteAu particlesthat
have beenliberated from the cal careous component of
theworking sample. Inthemeantime, theascendingAu
particleswoul d be adsorbed upon theformed calcium
sulfate scalesthat arein-situ formed at heat transfer
surfaces.

EXPERIMENTAL

Material characterization

A technological ore sampleof Wadi Natash miner-
aized sandstone has been collected and properly ground
to-60 mesh sze. Quartering of thelatter was performed
to obtain arepresentative samplefor therequired anay-
sesof theworking orematerid. Thissamplewasthen
subjected to complete chemical analysisfor itsmajor
oxides. Analysisof Au and several traceelementsbe-
sideU, Th, Zr,Y, Cuand Zn has a so been performed.

Experimental procedures

Sulfuric acid was used asaleaching reagent which
inadditiontoitsability for dissolution of severa meta
vauesintheorematerial would react with thecalcium
carbonateto form calcium sulfate. Some of thelatter
would be crystallized at heat transfer surfaceson the
top of theslurry wherethe upwardly liberated minute
Au particleswould be adsorbed in amanner to hinder
further crystallization. Theformed crystascarryingthe
Au particle and which are floated would be helped
through bailing and CO, evol ution aspreviously men-
tioned. However, dueto the exceedingly low assay of
Auintheworking orematerid, it wasfound convenient
to study therelevant factors after being enriched witha
commercia sampleof 21-kirat Auin amanner to be-
comeashigh as 1%. After optimization of thesefactors
(acid concentration, temperature, timeand S/L ratio)
two actual test wasthen performed using the optimum
vauesuponanon-enriched oresamplewt of 1 kg(1.7mg
Au)

Analytical procedures
Oreanalysis

The complete chemical analysisof themajor ox-
ideswas achieved using conventiona anaytical meth-
ods of Shapiro and Brannock (1962)"- In the latter,
Sio,, AlLLO, TiO, and P,O, have been
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spectrophotometically analyzed whileNaand K were
determined by aflame photometry. Titration methods
were used for Fe, Mg and Ca where as the loss on
ignition (L.O.I) wasgravimetricaly determined. Onthe
other hand, all the anayzed trace elements have been
assayed using XRF. ConcerningAu analysisit hasbeen
determined intheworking technologica samplebyfire
assay. Theestimated error for major constituentsisnot
morethan=1 %.

Control analysis

Tofollow uptheefficiency of Au separation during
optimization of Au experiments, it wasfound practical
tofilter thecollected Au/CaSO, float samplesfollowed
by extensivewashing of CaSO, through the paper. The
remaning Au sampleleft behind wasthenweighed. In
thisregard, itisinteresting to mentionthat theweight
ratio of thefloated CaSO, toitstotal formed amount
hasbeen about 3.5 %intheAu enriched ore material
whileit hasbeen only 0.02 % in the natural ore mate-
rial. Accordingly, theAu assay intheformer attained
about 30% whileinthenatura oretheAuassay inthe
floated CaSO, attained about 0.85%. Thus, the con-
centration factor of up to 5000 timeshasbeen realized
inthenatura ore.

Product analysis

Finally, the obtained gold products have qualita-
tively been analyzed using ESEM-EDX analysisand
Microscopic Image400um.

RESULTSAND DISCUSSION

Material characteristics

Thechemical anaysisof the maor constituent of
theworkingtechnologica w. Natash lower Nubiasand-
stone samplewasfound to be highly enriched in car-

—= Full Paper

TABLE 1 : The chemical composition of the working
technological oresamplefrom Wadi Natash LNSS

Component wt.% Component wt.%
SO, 200 Cao 38.0
TiO, 03 K0 0.1
Al,O; 20 POs 0.2
Fe,0s 6.5 Na,O 0.2
MnO 0.6  L.O..(1000°C)* 33.0
MgO 15 Totd 102.4

*L.0.l. = loss on ignition

bonate consistent asshownin TABLE (1). Fromthe
latter, itisobvioudy evident that besidesalossonigni-
tion of up to 33 % and CaO of up to 38% indicating
high carbonate content, theworking materia assays 20
% silica, 2 and 6.5 of AlLO, and Fe,O, respectively.
Theprincipal possibleminera ogical composition has
been cal culated inthelight of thechemica compostion
and has shown the presence of about 68% of the car-
bonatemineral calcite.

Another part of theworking representative sample
was subjected to X -ray fluorescence anaysisfor sev-
era trace elementsusing aPhilips X-ray unit. These
analyses (TABLE 2). have revealed the presence of
interesting valuesof Ba, Zr and Sr; namely 693, 118,
339 beside 182 uranium and 1.7 ppm of Au respec-
tivdy.

Optimization of therelevant factors(1% Au)

As mentioned abovethe optimization of relevant
factorsfor upgradingAufromtheworking sample(which
iIsquitelow inAu assay) a part of the latter was en-
riched withacommercia sampleof 21 kt of Auto as-
say up to 1%.

Effect of sulfuricacid concentration
Theeffect of H,SO, concentration uponAu recov-

TABLE 2: XRF analytical resultsof trace elementsof theworking technological ore samplefrom Wadi Natash LNSS

Elements ppm Elements ppm Elements ppm Elements ppm
Ba 693 Nb 7 Sn 0.3 Cd 04
Cu 11 S 339 Be 1 Sb 0.1
Pb 7 u* 182 S 2 Bi 0.1
Zn 22 Th* 47 Ta 0.3 Hf 1
Ni 17 Cr 29 Cs 0.1 Li 9
Zr 118 Ga 3 Mo 3 Au 17
Y 33 V 48 Co 6
Rb 8 W 1 As 2

* Chemically analyzed.
———————y BHEMICAL TECHNOLOGY
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ery throughitsadsorption upon upwardly in- Stuformed
calcium sulfate was studied between 60 and 180 g/l,
whilethe other experimental conditionswerefixed at
20 min. agitationtime, 100°C temperature and using a
SL ratioof 1/10. Theextraction efficiency of upwardly
collected Auuponin-situ formed cacium sulfate scales
aregiveninTABLE (3). Thelatter indicatethat the best
conc. is 120 g H,SO, /l where the recovered Au has
attained 99%. It hasto beindicated herein that under
theexperimenta conditionof usng120g/l acidinay
| ratio of 1/10, the CaCO, content of the ore sample
(about 68%) hasa most been completely converted to
CaS0,. The latter would precipitate in the reaction
medium after saturating the agueous medium. Scaesof
thelatter would then bein-situ formed near the top of
thereaction medium at heet transfer surface and where
theliberated Au particles (origina and added) would
move upwardly by boiling and CO, effervescenceto
be adsorbed upon these scales. It has also to be men-
tioned that theformed scaleswerefound to be attain
about 0.35 g from each treated 10 g ore sample. Inthe
latter, the Au assay from the added 1% of each input
ore sample would approach about 30%. On other
wards, a concentration factors of about 30 has been
redized.

TABLE 3 : Effect of H,SO, acid concentration upon Au
adsor ption efficiency upon in-situ for med calcium sulfate
scales (20 min. agitation time at 100°C, S/1 ratio 1:10,-60
mesh size).

H,»S0O, concentr ation,

Au adsor ption

gl efficiency,%

60 76

120 99

180 99
Effect of temperature

Three Au adsorption experiments upon in-situ
formed cal cium sulfate scales have been performed to
investigate theeffect of thereactiontemperatureinthe
range from room (about 25 °C) up to 90 °C. In these
experiments, theother adsorption conditionswerefixed
at aH,SO,acid concentration of 120g/l, 20 min. agitar
tiontimeand usingaS/L ratio of 1/10. From the ob-
tained datagivenin TABLE (4), incomparisonto that
obtained at 100 °C, it is clearly revealed that the work-
ing temperatureisquiteimportant to obtain ahigh ad-
sorption efficiency of Aumetd. Working at room tem-

CHEMICAL TECHNOLOGY

perature under the mentioned conditionsdid not result
in more than 28 % Au recovery while at 90 °C, Au
recovery hasattained only 82 %. Further temperature
increaseto 100°C, increased the Au adsorption effi-
ciency to 99%. It can thus be mentioned that the opti-
mum Au adsorption temperature under the above men-
tioned conditionswould be theboiling point (100°C).

TABLE 4: Effect of themedium temper atureon Au adsor ption
efficiency upon in- situ for med calcium sulfate scales (20
min. agitation time, acid concentration 120 g/l, Sl ratio 1: 10,-
60 mesh size).

Temp, °C Au adsor ption efficiency,%
25 28
70 43
90 82
100 99

Effect of agitation time

Inatrid to study theeffect of lowering theagitation
timeuponAu adsorption efficiency uponin- stuformed
cal cium sulfate scal esfrom theworking technol ogical
ore samplefrom Wadi Natash LNSS, an adsorption
experiment wasperformed using only 10 minutes. The
other adsorption conditions were fixed at 120 g /I
H.,SO, acid concentration, amedium temperature of
100°C andusingasolid liquid ratio of 1/10. The ob-
tained efficiency hasreveded that Aurecovery hasbeen
decreased to 90% while the adsorption efficiency of
99% occursat an agitation time of 20 min. Theformed
in-Stu calcium sulfate sca eswered sofound to amount
to about 0.35 g from each treated 100 g ore sample.

Effect of thesolid/liquid ratio

It wasinteresting to explorethe effect of thesolid/
liquid ratio uponAu adsorption efficienciesuponin-stu
formed cal cium sulfatefrom theworking technological
samplefrom Wadi Natash LNSS between S/L ratios
of 1/5 and 1/30. In these experiments, the fixed ad-
sorption conditionsinvolved aH,SO, acid concentra-
tion of 120g/l, an adsorption temperature of 100 °C for
20 min. agitation time. From the obtained adsorption
efficiencies, it wasfound that d most completeAu ad-
sorption efficiency hasbeen achievedinthestudied range
of S/L ratios (1/5t01/30). Inthe meantimeit hasa so
been foundtheat thein-stuformed cacium sulfatescales
has amounted to about 0.35 g from each treated 10g
oresampleinall thetested S/L ratios.
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From the above studied Au adsorption efficiencies
from theworking technol ogical ore samplefromW.
Natash LNSS under different experimenta conditions,
it can be concluded that the optimum adsorption con-
ditionswould besummarized asfollows:

H,SO, acid concentration - 1209/l
Adsorptiontime : 20minutes
Adsorptiontemperature :100°C.
Solid/liquidratio :10/50

Under these conditions, an amount of about 0.35g
Au bearing cd cium sulfate sca eshasbeen obtained in
amanner that Au assay has approached about 30%.

Application of Au adsor ption from the non —en-
riched workingoresample

Using the above- studied optimum working condi-
tionsof Au adsorption from theenriched working tech-
nologica oresample(1%Au) ; namely H,SO, acid con-
centration of 120g/l, anoregroundto -60 meshsizea
solid/liquid of 1/5 and boiled for 20 min., an adsorp-
tion experiment wasmadeusing 1K g of theoresample,
however non-enriched withany commercia Au. From
the obtained result, it was revealed that 0.2g in-situ
formed calcium sulfate scalesassaying 0.85 % Au has
been obtained. A ccordingly, aconcentration factor of
5000 hasactudly beenredized. Theobtained rdatively
low cacdum sulfateweight 0.2 might bedueto thelesser
SL ratio usedinthisexperiment. Inthe meantime, the
ascending gold particles were found to be surface
adsorbed thein-situ formed CaSO, (Figure 2). Inthe
latter, nativeAu particles (1.7mg) from theworking

Figure?2: photo of the native gold adsor bed upon surface of
gypsum (400pm)

—= fFyll Peper

samplehave been collected.

To recover the adsorbed Au from the calcium sul-
fate scales, two possibleways can be applied; thefirst
oneistowash the calcium sulfate with alarge amount
of water upto 2 litersthrough thefilter paper to leave
behind theAu particles. To gpply the second way of Au
recovery, another application experiment was per-
formed. However inthelatter the obtained calcium sul-
fate scaleswere dissolved in aquaregia (3/1of conc.
HClI /HNO,) followed by iron cementation at apH vaue
of about 5.5 through water dilution. Thetwo obtained
Au products havethen been analyzed by ESEM-EDX
analysiswhereinthefirst way of Aurecovery, Au of
100% purity was reveaed Figure (3). In the second
way usingiron cementation, Au particlesof lesspurity
attained 89.6 % were obtained Figure (4). Inthelatter
the excess iron beside some dissolved Ca has been
found contaminating Au product. Asamatter of fact, it

Au

Element | Wt%

Au 100

Au

JLN‘..JJW*W‘

2.60 4.60 6.60 8.60 10.60 12.60 14.60

Figure3: ESEM- EDX analysisof thenativegold product
after water washing of thecalcium sulfateAu-carrier

16.60 18.60

Au

Elements | Wt%
Au 89.64
Fe 7.87

Ca 2.49

3.10 s.10

7.10 9,10 11.10 13.10 15,10 17.10 19.10 21.10 23.10

Figure4: ESEM- EDX analysisof thegold product after iron
cementation from aquar egia solution.
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would be greatly advantageousif CaSO, scaescarry-
ing thegold particlesand dissolved indilute HCI in-
stead of Au dissolution and cementation.

CONCLUSIONS

A successful innovative procedurefor Aurecovery
has been applied upon cal careous sandstone of Wadi
Natash of Southeastern Desert, Egypt. The new pro-
cedureinvolved Au adsorption uponacarrier of in-situ
formed cal cium sulfate scales. The studied optimum
conditionsinvolved oreground to -60 mesh sizetresat-
ment with 120gH,SO /I concentrationinasolid/lig-
uidratioof 1/5a 100°C for 20 min. The in-situ formed
calcium sulfate scales have been formed on thetop of
thedurry at heat transfer surface. Under these condi-
tionsthe adsorption efficiency of gold wasfound to at-
tain 99% and pure gold products have been prepared
by different ways.
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