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ABSTRACT

The production of phosphoric acid and phosphate salt from Sebaiya
phosphate ore was studied by leaching with nitric acid. Various factors
affecting the process as particle size, leaching time, leaching temperature,
phosphate rock/HNQ, ratio and mixing speed, have been investigated to
estimate the optimum phosphate ore dissolution in relation to impurity.
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The produced aqueous acidic solution was neutralized in such a way that
a pure calcium monohydrogenphosphate (CHP) for animal fodder is

precipitated. © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Phosphoric acid (H,PO,) isthe second acid pro-
duced after sulfuricacidinvolumeover theworld. Itis
primarily used for the manufacture of phosphate salts,
whichareusedinturnfor production of fertilizers, ani-
malsfodder and detergents.

Thecompaosition of phosphate oresvariesfromone
deposit to another therefore, phosphate rocksfrom dif-
ferent sources are expected to behavedifferently upon
acidification processes. Phosphate oresare of twomgjor
geologica origins, igneousand sedimentary. The phos-
phate mineralsin both types of ore are of the apatite

group, like: fluorapatite, Calo(PO4 )6(':10"' )2 and

francolite, Cay(PO, ), (CO;), (F.OH),, 4 Fluo
rapatite predominatesinigneous phosphaterockswhile
francolite predominates in sedimentary phosphate
rocks.

Phosphate oresoccur in Egypt inthreemain prov-
inces, Western desert, Nilevalley, and Red sea. Added
to thesethere are some phosphate- bearing sediments
present in Wadi Qena, Wadi Araba, Esh El-Mallana
rangeand Sinai>4.

Phosphoric acidisproduced by two methods, ther-
ma and wet processes. The acid produced by thermal
method isextremely pure, whilethe processishighly
coast. Thewet processisessentially based ontheacidi-
fication of phosphate oresusing minera acid. Thewet-
processisthe more popular because of increased de-
mand for high-gradefertilizers, and energy saving (com-
pared with thermal process)[*€.,

The phosphoric acid produced by wet processrep-
resents 90% of theworld current phosphoric acid. The
wet processinvolvesthree subcategories, depending
ontheminera acid used for theacidification. Sulfuric
acid isused in acidification of phosphate rockg*®l,
Hydrochloric and nitric acids are al so used in phos-
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phoric productionf®1%-1314-19,

When the phosphate rock treated with nitric acid,
phosphoric acid and solublecalcium nitrateareformed
according tothefollowing equation:

Ca,F, (PO,)s + 20HNO, —» 6H,PO, +

10Ca(NO,), + 2HF @
Thewet processinvolvesfirstly acidulating of crushed
phosphate rock with excess nitric acid in areaction
vessel. Theconcentration of nitric acid used for acidu-
lation should bewithin therangefrom 40to 70%. The
reactiontemperatureisintherange 120- 130 °C, while
thereactiontimeisranged from1to 2.5 hrs. Thepro-
duced phosphoric acid from this process contains 55 -
72 % by wt. P,O 113,

Food grade cal cium monohydrogenphosphate has
successfully produced from phosphoric acid produced
by Abu-Zaaba Fertilizersand Chemicas Company by
applying aprocessinvolvestwo steps. Thefirst step
includesclarification and defluorination of the produced
crude phosphoric acid. The second step includesthe
precipitation of food grade dical cium phosphate using
caciumsat (caciumoxide, calcium hydroxideor cal-
cium carbonate??). The production of calcium
monohydrogenphosphatefor animal foddersusagewas
thegoad of fertilizer industries. The production of cal-
¢ium monohydrogenphosphateinvol vesdirect acidula-
tion of phosphate rock withminera acids. The process
ismuchlessminera acid consumption than other con-
ventional processes’6. 19,

The present work aims at investigation of phos-
phoric acid productioninwet processthrough leaching
of phosphaterock with nitric acid. The experimental
conditionsthat could affect the leaching processand
product quality was studied as: particle size of phos-
phaterock, leachingtime, leaching temperature, phos-
phate rock/HNO, ratio and mixing speed (rpm).
Sebaiya phosphate orewas used for thisstudy to esti-
mate thefavored phosphate oreleaching conditionsin
relation toimpurity and direct production of calcium
monohydrogenphosphate (CHP).

EXPERIMENTAL

Materials
Nitricacid from MERCK, Germany, sulfuricacid
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from FLUKA, Switzerland and phosphoric acid from
BDH, England arechemicd reagentsgradeand wasused
inthestudy. Calcium carbonate and cal cium hydroxide
from El-Nasr Pharmaceutical chemicals (ADWIC,
Egypt) wasused asasourceof caciumions. A compos-

TABLE 1: Chemical analysisof sebaiya phosphateore.

Constituent %
P,Os 28.6
Cao 47.4
Fe,05 2.3
F 29
SO, 6.5

Constituent mg/kg
Cd 3.30
Pb 25.80
As 305

itesampl eof Sebalyaphosphate orewas obtained from
Abu Zagbd FertilizersCo (AZFC). Thechemicd andy-
sisof thephosphateoreisshownin TABLE 1.

Procedure

Thereactionwasperformed outinacylindrica 1L
reactor of 10 cm diameter, fitted with Teflon-coated
dtirrer and placed in thermostatically controlled water
bath. Theimpeller tip speed was adjusted at 400 rpm
unlessotherwise stated. Filtrationwas performed using
Buchner typefilter of 4.6 in. diameter. Polypropylene
filter cloth of 80 mesh gperture s ze and avacuum pump
wereusedfor filtration.

The phosphate ore samplewas crushed with ajaw
crusher and then sieved usingASTM standard sieves
to collect variouss zesfractionsfor andyss. Theseved
sampleswere dried in an electric oven at about 105
°C, cooled to room temperature and stored in closed
desiccators. Thedry sampleswere anayzed for P,O,
content and theresultsweregivenin TABLE 2.

Phosphate sample (5g) wastransferred to there-
actor with the proper determined amount of nitricacid
solution. Defoamer (olei ¢ acid) isadded when neces-
sary. After the desired reaction time, theleach slurry
wasimmediately separated by filtration, whilethere-
maining solidsweredried and weighed. Inthefiltrate
the P,O, content was determined by a colorimetric
method (spectrophotometer type Shimadzu UV 1208,
using ammonium molybdate and ammonium

" CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



80 Production of calcium monohydrogenphosphate from sebaiya phosphate

CTAIJ, 8(3) 2013

Full Paper =

metavanadate).

The production of calcium monohydroge-
nphosphate (CHP) was performed by adding 4 g of
cal cium carbonateto the proper amount of acidulation
solutionintothereactor. After gppropriatereactiontime,
the produced CHP wasfiltrated, dried and weighted.
TheP,O, content was determined inboth CHP and the
preci pitation raffi nate sol ution by col orimetric method
(spectrophotometer type Shimadzu UV 1208, usingam-
monium molybdateand ammonium metavanadate).

RESULTSAND DISCUSSION

L eaching of phosphateoreusing nitricacid

Leaching of Sebaiyaphosphate ore was studied
using nitric acid solution with studying different param-
etersthat could affect the process. Thestudied param-
etersincludes: particlesze, reactiontime, reactiontem-
perature, nitric acid concentration, HNO_/phosphate
oremassratio and stirring speed. Thesieveanalysis

TABLE 2: Seveanalysisand P,O, content of phosphateore
fractions.

Fraction Fraction, Fraction Percent,  P,Os
no pm wt, kg % conc.,%

1 1180 5.00 100.0 28.60

2 1180-1000 0.519 10.38 26.10

3 750-710 0.731 14.62 28.40

4 600 - 500 0.741 14.82 29.59

5 420-315 1.000 20.00 29.76

6 315-250 0.764 15.28 30.06

250 - 160 1.215 24.30 30.40

and P,O, content in different fractionswere analyzed
andgiveninTABLE 2.
Theleaching% (E%) of PO, wascd culated asthe
following
Leaching E% (P,0O;) =
Dissolved P,O.(g) X 100
Total amount of P,O intheore(g)

The precipitation efficiency wascalculated as:

@

Precipitation efficiency E% =
Amount of P,O. in CHP (g) X 100

Total amount of P,O. in theacidulatesolution (g)

©)

Effect of particlesize
The effect of particle size on the phosphate ore

leaching using nitric acid was studied using phosphate
oreof different particlesize (< 1180 um, 750- 700 pm,
600- 500 pm, 420- 315 um, 315- 250 um 250- 150
um and 160- 63 um). The leaching was of these frac-
tionswas studied at |eaching time of 15 min, stirring
speed of 400 rpm, temperature of 25 °C, nitric acid
concentration of 2. 5% and acid/ phosphate ore mass
ratio (L/S) of 25 ml/5g. TheresultsgiveninTABLE 3
representing PO, recovery% against and particlesize,
clarify that the phosphate ore particlesizedightly affect
the PO, recovery%. Thereforedl investigationswere
carried out without particlesizefractionation and frac-

TABLE 3: Effect of particlesize of phosphateoreon P,O,
recover y% from Sebaiy phosphate or eleached with nitric
acid; time 15 min, temperature 25 °C, stirring speed 400
rpm, 1.0M HNO, and L/Smassratio 20 ml/ 5g.

Fraction pm P,Os leaching%
<1180 20.5
1180 - 1000 15.9
750 - 710 17.2
600 — 500 175
420 - 315 20.6
315-250 20.8
250 - 160 20.9
160 - 63 20.5

tionswith particlesize< 1180 um was used to reduce
production coasts.

Effect of reaction time

Theleaching of phosphate oreusing nitricacid so-
lution was studied at different reactiontime (1.0to 60
min). Theleaching processwas studied using 10% ni-
tric acid solution, reaction temperature of 25 °C, stir-
ring speed of 400 rpm, L/S massratio of 25ml/5gand
oreparticlesize< 1180 um. The results represented in
figure Lreflect theincrease of P,O, withtime, where
therecovery% increased from 73.80 t0 91.23% with
increasing reaction timefrom 1.0to 15 min. After 15
minthereisadightincreaseof PO, leachingwithtime.
Thisfindingindicatesthat theleaching reactionisfast
under theseexperimentd conditionsand leachingtime
of 15minwasconsdered infurther experiments.

Effect of nitricacid concentr ation

Theleaching of phosphate orewas studied using
nitric acid solutionsof different concentrations (2.5 -

CHEMICAL TECHNOLOGY
Au Tudian Yournal



CTAIJ, 8(3) 2013 A.A.El-Zahhar et al. 81

—= Full Paper

20%). Theleaching processwas studied at leaching  speed 400 rpm, acid concentration 10%, particlesize
timeof 15min, stirring speed of 400 rpm, temperature  fraction of d” 1180 um, and L/Smassratio of 25 ml/5

of 25°C, particlesizefraction of <1180 um, and L/S
ratio of 25 ml/5 g. Theresultsgiveninfigure2 clarify
that, when theacid concentration increased from 2.5to
10%, the P,O, recovery increased from 20.63 to
91.23%, whilefurther increasein acid concentration
than 10% led todlight increasein P,O, leaching. This
observation could be explained as; increasing the H*
concentration increasesthenumber of collisonswith
PO, ?ionsin the phosphate ore crystal |attice and/or
the H* ions collisons with PO, %, HPO,?, H,PO, in
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Figure1: Effect of reaction timeon P,0O, leaching % from
phosphateoreat 25°C , stirring speed of 400r pm, nitricacid
concentration of 10 %, L/S massratio 25 ml/ 5 g and a
particlesize< 1180 pm.
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Figure2: Effect of acid concentration on P,O_leaching %
from phosphateoreat 25°C, reaction time15min, stirring
speed of 400rpm, L/Smassratio25ml/5gand oreparticle
size< 1180 pm.

agueous phase. Based onthe aboveresults 10% nitric
acid solutionisappropriatefor leaching of phosphate.

Effect of reaction temperature

Theleaching of Sebaiya phosphate orewas stud-
ied using nitric acid solution at different reaction tem-
perature (25-60°C) (at reactiontime 15 min, stirring
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Figure3: Effect of reaction temperatureon P,0O_leaching

% from phosphateore; reaction time15min, stirring speed

of 400rpm, acid concentration of 10% ,L/Sratio25ml/5¢g

and oreparticlesize< 1180 pm.

g). Theresultsgiveninfigure3indicatethat thereaction
temperature has a dight effect on the reaction rate.
Therefore, further experimentswere performed at 25°C.

Effect of stirring speed

Theleaching of Sebaiya phosphate ore was per-
formed using 10% nitric acid at different stirring speed
ranging (200 to 600 rpm) and reaction timeof 15min,
L/Smassratio 25 ml/ 59, temperature 25 °C and ore
particlesize< 1180 um. The results in figure 4 show
very dight effect of stirring speed ontheleaching pro-
cess. Accordingly further experimentswere carried out

at mixing speed of 400 rpm.
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Figure4: Effect of stirringspeed on P,O, leaching% from
Phosphate ore at L/S massratio 25 ml/ 5 g, temperature
25°C, time 15min, acid concentration 10%, and oreparticle
size< 1180 pm.

) CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



82 Production of calcium monohydrogenphosphate from sebaiya phosphate

CTAIJ, 8(3) 2013

Full Paper
Effect of HNO,/phosphateoremassratio, L/S

Theleaching of phosphate oreusing nitric acid so-
lution wasstudied at different acid/phosphateratio (v/
w) (2/1- 6/2ml/g); reactiontime 15 min, steering speed
400rpm, temperature 25 °C and ore particle size d”
1180 pum. The results in figure 5 indicate that, asthe
liquid/solid ratioincreased from 2/1to 6/1, therecov-
ery% of P,O, leaching% increased from 36.21 to
96.50%. Thisobservation indicatesthat the decrease
inbulk density (increasevolume/solid ratio) increases
in P,O;leaching rate, which could be duetoincrease
number of collision between H* and PO, *ionsinthe
phosphate orecrystd latticewithincreasing number of
H* insolution. Also the number of H* availablefor at-
tacking the phosphate oreincreased with increasing
acid/phosphateratio. The optimum volume/solid mass
ratio of 6istheoptimumratio for leaching of phosphate
oreusingnitricacid solutions.
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Figure5: Effect of HNO,/ phosphateoreratioon P,O, leach-
ing % from Phosphate ore at stirring speed of 400 rpm,
temperature 25°C, time 15 min, acid concentration 10%,
and oreparticlesize< 1180 pm.

Based on the above mentioned resultson leaching
of Sebaiyaphosphate ore using nitric acid solution, it
could bededuced that the optimum|eaching conditions
are: volume/solidratio (L/S) at 6ml/g, acid concentra-
tion 10%, ore particle size< 1180 pm, leaching time
15min, leaching temperature 25°C and stirring speed
400rpm.

Accordingly, 600ml of 109 HNO, wasmixed with
100 g of Sebalyaphosphate oreof particlesze< 1180
um and stirred for 15 min at room temperature. After
filtration, the obtained acidul ated sol ution wasandyzed
andtheresultsweregivenin TABLE 4.

TABLE 4: Analysisof theproduced crud phosphoric acid
solution (100 g phosphateore, 600 ml HNO, 10 %, at 25°C,
oreparticlesizeof d” 1180 um, and stirring speed 400rpm
for 15min).

Constituent G Constituent ppm
P,Os 2755 Cd 0.65
Fe,0, 141 Pb 2.51
F 110 As 6.00

Precipitation of calcium monohydrogenphosphate
CHP

The precipitation of calcium monohydrogenphos-
phate (CHP) from the produced acidic solution was
studied using ca cium carbonate as source of calcium.
Different parametersthat could affect the precipitation
process efficiency were studied as: mixingtime, acid
solution to calcium carbonate massratio, reaction tem-
perature and stirring speed. The precipitation of cal-
cium monohydrogenphosphate (CHP) from the pro-
duced acidic solution occursaccording to thefollowing
equation:

CaCO, + H,PO, + H,0 » CaHPO,.2H,0+CO, T (4)
Effect of mixingtime

The precipitation of CHP from the produced acid
solution was studied at different mixing times (1 - 60
min), reactiontemperature 25°C, stirring speed 400rpm
and solutionto solid massratio L/S50ml/4g. There-
aultsgiveninfigure6 clarify that asthemixingtimein-
creasesfrom 1 to 15 min, the preci pitation efficiency
increasesfrom 5.6 to 68.1%, whilefurther increasein
mixingtimedightly increasesthe preci pitation efficiency.
Therefore, 15 min could be considered as appropriate
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Figure6: Effect of mixingtimeon precipitation% of CHP

from the produced acidic solution at 25°C, stirring speed of

400 rpm, L/Smassratio 50 mi/4.0 g.
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mixing timefor CHP precipitation.

Effect of acid solution to calcium car bonate mass
ratioL/S

The precipitation of CHPwasstudied asafunction
of acid solution/ calcium carbonate (L/S) ratio within
range 50ml/3g-50ml/6g. The procedurewas performed
at 25°C, mixing time 15min and stirring speed 400rpm.
Theresults presented infigure 6 indicatethat, increas-
ing theacidic solution/ca cium carbonateratio from 50
ml/3.0gto 50 ml/6.0 g, increasethe preci pitation effi-
ciency from 22.08 to 99.3%. Further increasein L/S
ration producevery dight increasein precipitation effi-
ciency, consequently theratio 50 ml/5.0g was consid-
eredinfurther.
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Figure7: Effect of acidic solution/calcium carbonateratio
(L/S) on the precipitation of CHP, at 25°C , stirring speed
400 pm, reaction time 15 min.

Effect of reaction temperature

Theprecipitation of CHPwas performed at differ-
ent temperatures (20 - 60°C) at reactiontime 15 min,
stirring speed 400 rpm and acid sol ution/cal cium car-
bonate ratio of 50 mi/4 g. The obtained resultsinfigure
8 show adlight effect of temperature on the precipita-
tion efficiency (20-40 °C), while at (40 - 60 °C), the
preci pitation efficiency decreases. Thiscould bedueto
the solubility of precipitated calcium
monohydrogenphosphate (CHP) at high temperature.
Therefore, room temperatureisfavored for calcium
monohydrogenphosphate preci pitation processusing
calcium carbonate as cal cium source.

Effect of mixing speed

The precipitation of CHPwas studied at different
mixing speed (200-800 rpm), 25°C, reaction time

—= Pyl Paper

15minand L/Sratio of 50ml/5g using calcium carbon-
ateascalciumsource. Theresultsinfigure9indicate
theincrease of precipitation efficiency from 88t0 93 %
asthestirring speed increases from 200 to 800 rpm.
Theseresultsreflect aslight effect of stirring speeds
upon the precipitation efficiency of CHP, asthereac-
tionratedightly affected by mixing speed. Consequently,
400 rpm could be considered in precipitation of CHP
using cal cium carbonate as cal cium source.
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Figure8: Effect of temperatureon CHP precipitation %
fromtheproduced acidulatesolution at astirring speed 400
rpm, reactiontimel5min, L/Sratio50ml/5g.
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Figure9: Effect of stirring speed on CHP from the produced

acidulate solution at 25°C, reaction time 15 min, L/Smass

ratio50ml /5.0g.

Based on the abovediscussed resultson CHP pre-
cipitation from the produced acidul ate solution; apro-
cedurefor CHP production wasdevel oped. Inthisre-
spect, 1000 ml of the produced acidul ate solution was
reacted with 100 g of calcium carbonate; mixing speed
400 rpm, reaction time 15 min and temperature 25°C.
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Theprecipitatewasfiltered and dried at 105°C for 5
h. The produced CHP was analyzed and presented in
TABLE 5withthe standard analysisof CHPgivenin
the 1SO-9001:2000. Theresultsin TABLE 5 clarify
that the specifications of CHP produced by the devel -
oped method is combatable with 1SO-9001:2000
Specifications.

TABLE5: Analysisof CHPproduced from reaction of 100g
calcium car bonate with 1000 ml acidulate solution for 15

min at 25°C and stirring speed of 400 r pm —together ISO-
9001: 2000 standar d specifications.

- Produced N

Characteristics DCP Standard
Solubility in water Partially Partially
Solubility in Citric insoluble insoluble
acid 2% 97 % 97 %
P 17.46 % 18 % Min
Ca 225% 23 % Min
F 0.10 % 0.18 % Max
Cd <2ppm 10 ppm Min
As 4.5 ppm 10 ppm Min
Pb 2.1 ppm 10 ppm Min
Moisture 145 % 145 %

* According to 1 SO-9001:2000 standard.

CONCLUSION

Theleaching studies of Sebalyaphosphate oreus-
ing nitric acid sol utionsreved ed that the optimum con-
ditionsfor theleaching processare: particlesize<1180
um, HNO, (10%), temperature (25 °C), HNO,/phos-
phate oremassratio L/S6ml/1g, stirring speed (400
rpm) and reactiontime 15 min. Theleaching efficiency
reached 96.5% under these conditions. Calcium
monohydrogenphosphate (CHP) was successfully pre-
cipitated from the produced acidul ate solution using
calcium carbonate ascalcium source. Theprecipitation
efficiency reached morethan 97% using acidul ate solu-
tion/ca cium carbonatemassration of 10, reactiontime
15 min and stirring speed 400 rpm at 25°C. The speci-
fications of the produced CHP are combatablewith the
1SO-9001:2000 standard specifications.
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