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ABSTRACT

Batches (each 1s 100 gm) of a crude monazite
material are processed with sulphuric acid at different
conditions. This is for flowing out phosphoric acid as a by-
product whilst producing concentrates of thorium and rare
earth elements. The “input” raw, monazite, material was
mineralogically investigated with Environmental Scanning
Electron Microscope (ESEM) showing Monazite (46%
Ln,03), Zircon (ZrSi0y), Illmenite (FeTiOs;) and Rutile
(Ti0z). The studied conditions are: acid/raw material ratio,
breaking down temperature, agataition time, and
acid/leaching water ratio. Laser-fluorometry is adapted, in
the present work, for rapid analysis of uranium in different
lixiviated solutions. Spectrophotometry is, moreover, applied
for the rare earth elements, thorium and phosphorous
analyses. Results obtained, prove the ability of producing
crude, techniqualy phosphoric acid (14% P,0s) with the least
contaminated elements (0. 137% U;0g, 0.03% ThO, and 1.6%
Ln,0s3). The relative standard deviations are found to be less
than £4.0 % for all analyses works.

Purification and preconcentration of the obtained
phosphoric acid will be discussed currently.

INTRODUCTION

Phosphoric acid, the main source of fertilizers, is usually
produced when phosphate rocks are leached with H;SO4, HNO or HCI
{Fathi Habashi, (1985)].
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The following breaking down reaction steps are summarizing the |
Egyptian treatment of phosphate ores with sulphuric acid in Abu.Zaabal
Phosphate Plant [Hussein, (1994)]:

3 Cay(P0,),.CaF, + 4H,80, — 6 CaHPO, + 4CaSO,+ 2HF 1 ... (i)
3 C&;(PO4)1.C3F3 + 7 HQSO.—; - 3 CZI‘[4(P04)2 + 7 CaSO4+ 2 H:FT (ll)

3 Ca3(PO,4),.CaF, + 14 H;PO; — 10 CaHy(PO.), + 2 HFT ............... (i)

Superphosphate is formed in equation (ii) which contains the
hydrated calcium sulphate and triple superphosphate [Smutz, (1958)].

New sources for the acid production is, nowadays, becoming
essential due to the great consumption of phophate rocks (about 130
million tons of the rock/year [Fathi Habashi, (1985)] ).

In Egypt; the black sand monazite is considered as a phosphate
deposite. It forms about 0.4 - 0.6 % of the highly concentrated surficial
black sand and is essentially an orthophosphate of rare earth elements
and thorium. Moreover, it is widely distributed along rosetta area on the
Mediterranean coast.

Commercial monazite, which is eastly obtainable, is processed
with sulphuric acid for producing rare earth elements and thorium
concentrates [Nesmeyanov, (1980)] as follows;

2Ln'PO, + 3H,SOs — Lny(SO4): + 2 HsPO,
Th3(PO4)4 + 6H2$O4 =¥ 3Th(SO4)2 + 4H3P04
Phosphoric acid, in this situation, is usually consumed as waste.

Product quantities of thorium, rare earth elements and
consequently phosphorous are varied on controlling the acid/raw material
ratio, breaking down temperature and sludge leaching temperature
[Smutz, (1954); Moneir, et al. (2004) and Moneir, et al. (2004)].

The present work deals with optimizing conditions for isolating
phosphoric acid as a by-product leaving behind the main products
thorium and rare earth elements undissociated.

EXPERIMENTAL

Chemicals and Reagents
All the used chemicals are highly pure for analysis. Their
specifications are as follows :

* Ln is lanthanides and is used, in the present work. as an alternative of rare earth elements in
the oxide forms.
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Sulphuric acid, 97-99% (Adwic, Egypt), hydrochloric acid HC|,
34-37% (Adwic, Egypt), HiPOs 85% (Adwic, Egypt), ammonium
hydroxide, NH4OH, 35-37% (Adwic, Egypt), oxalic acid, (COOH).H,0,
99% (Adwic, Egypt).

Reagents used are; arsenazo II (60%), sodium salt of (2,2-[1,8-
dihydroxy-3,6-disulpho-2,7-naphtholene  biz(azo)]dibenzene arsonic
acid) (Sigma, USA); thorium chlonde, ThCls, 56% (Prolabo-Adwic,
Egypt), lanthanum(lIl) oxide, La;0s;, 99% (Merck, Germany),
cerium(II) chloride, CeCl;.7H,0, 99% (Winlab., UK), ytterium oxide,
Y,03, 99.9% (Nentegh, UK).

Fluran solution is a synthetic buffer solution (Scintrex, Canada)
mixed with uranium solution for laser-fluorometric analysis.

Instrumentation

The conventional binocular stereomicroscope is, firstly used for
general identification of mineral composting the raw “in-put” material.

Environmental Scanning Electron Microscope (ESEM), Philips
X130 is, moreover applied for brief qualitative investigation of the in put
materials. Operating conditions are : low vacuum, 30 kV, and BSE
equals 10.0.

A pH-meter (Schott, Germany) is used for all acidities
adjustments. The instrument is calibrated before measurements using two
successive standard buffer solutions (4 and 7).

A double beam spectrophotometer (UNICAM, England) is used
for all spectrophotometeric analyses. The optical system is automatically
checked before measurements. The instrument is periodically calibrated
using different concentrations of dichromate solutions [Babko, (1971)].

Laser fluorometry {Scintrex, Canada) is applied for uranium
analysts in different phosphate matrices. Sensitivity is adjusted between 7
and 10. The instrument is calibrated using fluran starting from 1.4 ppb.

Table (1): conditions for Atomic Absorption measurements of Cr,Cu and Ti.

Slit Working
D.L

width range
Nitrous & ;
Y WA JM/Acetylene | 357.9 a2 l 2-15 | 0.05

{ nm pg/ml
[ Cu | 3mA | Air Acetylene 3247 0.5 1-5 [ 0025
. Nitrous
L Ti IlSmA sxliaincesins | 043 02 | 50-200 | L1

Wavelength

Flame type i
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All measurements are repeated three or five times for calculating
the relative standard deviations (RSD).

Processing of the Monazite Raw Materials

1- Series of monazite samples, each is 10 gm., are mixed separately with
20 ml of concentrated H;SO4 covered and heated, with continuous

stirring, at different temperature degrees: 50°C, 75°C, 100°C, 150°C,

200°C and 250°C, for two hours. Each formed sludge is leached with 20-

30 ml hot water (45°C) and then filtered off. The acid insoluble residue is
investigated and P;Os is determined in each filtrate using molybdate
procedure [Marcezenko, (1981)].

2- The selected conditions from the previous step, which leach most of
phosphorus, is applied in a bench scale through weighing 100 gm and
mixing the material with 200-250 ml of concentrated H,SO4. The sludge
is then diluted by 200 ml hot water (45°C) stirred for 1 hour. The formed
lixiviat solution is decanted and completed up to 1 L for analysis. The
insoluble residue is then redissociated with sulphuric acid (by the ratio
1:4 w/v) heated at 300°C, with continuous stirring for 2 hours, leached
with iced water as had been illustrated earlier [Smutz, (1954); Moneir,
et al. (2004) and Moneir, et al. (2004)].

RESULTS AND DISCUSSION

Mineralogical identification of the raw material helps in
expecting elements which will associate phosphorus in the solution and
consequently qualifying the acid product. The following figures (1-4)
illustrate the existence of monominarlic grains as well as the composite one.
The single grains represented by zircon (ZrSi0O,), Figures (1, 2), rutile
(TiO,), Figure (3), illmenite (FeTi0Os;), Figure (4), chromite (FeCryOg),
Figure (5), hematite (Fe;Os), Figure (6), amphiboles (Mg Fe Mn Ca Al
SiOy), Figure (7) and garnet (Ca Fe Al SiQy), Figure (8).

The started raw material had been chemically analyzed earlier
[Moneir, et al. (2004)], the major constituents are summarized in table

(1).
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Fig. (1): EDX and BSE investigation of the input raw material showing
inclusion of zircon (a) in monazite grain (b).
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Fig.(2): EDX and BSE image show prismatic bipyramidal zircon grain
associated with the input monazite raw matenal.
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Fig. (3): EDX and BSE image show zircon grain (a) and rutile grain (b}
associated with the input monazite raw material.
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Fig. (4): EDX and BSE image show ilmenite grain associated with the
input monazite raw material.
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Fig. (5): EDX and BSE image show chromite grain associated with
the input monazite raw material.
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Fig. (6): EDX and BSE image show hematite grain associated with
the input monazite raw material.

Fig. (7): EDX and BSE image show amphiboles grain associated wit
the input monazite raw material.
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Fig. (8): EDX and BSE image showing garnet grain associated wit
the input monazite raw material.

Figure (9) shows that the “optimum digestion temperature” is
started from 200°C. At which, most of phosphorus are breaking down
with keeping most of Ln;O5 and ThO; in the acid insoluble residue.
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Fig. (9): Effect of Changing the Breaking Down Temperatures on the
Dissolution of Phosphorus in the Hot Leach Laquar
Solutions (at 45°C). Material/acid ratio is 1:2 {w/v) and
acid/water leaching ratio is 1:1 {v/v).
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Table (2) : Major constituents of the monazite raw material.

Element constituent %
P;0s 20
Ln,Os 46.4
ThO, 3.4
Us0s 0.39

Although laser-fluorometry shows high sensitivities towards
uranium analysis in different matrices, it has some defaults in phosphoric
acid media [Wang, et al. (1983); Moneir, (1982) and Aly, et al.
(1988)]. ‘Phosphorus causes considerable enhancement in the uranyl
fluorescence appearency [Moulin, et al. (1993)]. Figure (10), in this
situation, illustrates the ability of determining uranium directly in 0.04
and 0.06 M phosphoric acid with out prior addition of fluoran. It can be
applied, in the present work for rapid monitoring of phosphoric acid
products via uranium analysis.

The total rare earth elements (REEs) and thorium are determined
separately with arsenazo IIl after separation with oxalate at pH<3
{Marcezenko, (1981)].

The following flow diagram summaries processing steps for
crude phosphoric acid production.
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Fig. (10): Calibration of Laser Fluorometry Using Fluoran Buffer Solution
{1), 0.06 M H3PQj4 (ii) and 0.04 M H3POQj (iii) respectively.
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Fig. {11): Flow diagram for the Production of Phosphoric Acid

(Decanted Solution) as a By-Product Through out Processing
of Commercial Monazite with Sulphuric Acid.
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The three solutions, decanted, filtrate I and filtrate II are then
treated for chemical analyses. An aliquot portion, 10 ml, is therefore
withdrew from each solution, evaporated (using few drops of H,SO,
when necessary), redissolved in diluted HCI (1:1) and then completed up
to suitable volume for analysis. Effect of interfering elements on the
analysis of P,Os, REEs and Th are examined spectrophotometrically.
This have been done through constructing calibration graphs (for the
analyzed elements) using different volumes from each sample solution.
Figures (12) and (13) show Beer’s linearity, in case of determining P,0s,
which indicate the absence of interfering elements. Table (2), in the other
hand outlines the data obtained. The most serious elements associate the
acid, Cu, Cr and Ti are, moreover, determined in the raffinate after
extracting phosphoric acid with a suitable organic solvent [Smutz,
(1958) and Smutz, (1954)] (as shows table (3)).

o - — - —
0 as 1 1.8 2
Volume, mL

Fig. (12): Effect of Changing Alliquot Volume, mL, on the
Determination of P,Os in the Decanted Solution.
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Fig. (13): Effect of Changing Alliquot Volume, mL, on the Spectrophotometric
Determination of P,Os in Filtrate I and Filtrate [I.

Table (3): Major constituents in the decanted solution, filtrates I and I

Element Concentration (%)

(as oxide) Decanted Solution Filtrate I Filtrate I
P05 14 0.4114 0.26
Ln,0s 1.6 15 0.0009

ThO, 0.032 0.23 0
Uz0s 0.137 0.1 0.009

Table (4): The minor constituents in the decanted phosphoric acid
product (using Atomic Absorption Spectrometry).

Element constituent (ppm)
Cr 2400
Cu 1.7
Ti 1480

SUMMARY :

Crude phosphoric acid can be isolated through processing of
commercial monazite with sulphuric acid.

Analysis of the isolated acid shows low contaminated elements a

factor helps to purify phosphoric acid for fertilization use as well be
discussed currently.




Isolation of Phosphoric Acid From Monazite. 27

REFERENCES

Aly, MM, Elaify, MS. and Moneir A Abdelhamied,
“Determination of Uranium in Silicate Rocks Using Laser-Induced
Fluoroscence”, J. Radioanalytical Nuclear Chemistry, 121(1), 45-51
(1988),

An. N. Nesmeyanov, ‘A guide to Practical Radiochemistry’ Mir
Publishers, Moscow, V.2, 85— 87 (1980).

Babko, A., Pilipenko, A., “Photometric Analysis-General
Principals and Tools”, Mir Publishers Moscow, 3* Edn. (1971).

Fathi Habashi, “The Recovery of the Lanthanides from Phosphate
Rock”, (Review) J. Chem. Tech. Biotechnol., 35A, 5 — 14 (1985).

Hussein, E.M., “Radioactivity of Phosphate ore, Superphosphate,
and Phosphogypsum in Abu-Zaabal Phosphate Plant, Egypt “, Helth
Physics Soc., V.67, N 3, (1994).

Marcezenko, Z., “Spectrophotometric Determination . of
Elements”, John Wiley and Sons Inc. USA, (1981).

Moneir A. Abdelhamied, Hisham K. Fouad, Mohammed [
Moustafa, M. El-Sankary and Fathi A. Ammar, “Recovery of Thorium,
Rear Earth Elements and Zirconium from Egyptian Commercial Black
Sand Monazite », 62 Inter. Conf. on Geochem., Alex . Univ., Egypt, 15 -
16 Sept. (2004) (In press).

Moneir A. Abdethamied, Sayed A. Ei-Mongy and Hisham K.
Fouad, “Developed Method for Thorium Analysis in Egyptian Black
Sand Monazite Fractions™ Arab J. of Nuclear Science and Applications
(2004) (In press).

Moneir, A. Abdelhamied, “Application of some recent
Techniques on the Determination of Uranium Associated with Silicate
Rocks”. M.Sc., pp. 200, El-Azhar Univ. {1982).




Moneir A. Abdelhamied, et al. 28

Moulin, C.; Rougeault, S.; Hamon, D_; Mauchien, P ; “Uranium
Determination by Remote Time-Resolved Laser-Induced Fluorescence”,
Appl. Spectrosc., 47(12), 2007-2012 (1993).

Smutz, M, “The Ames Process for Separation of Monazite”
Nuclear Energy, P. II, V.50. Chemical Engineering Symposium Series
No.13, The American Institute of Chemical Engineers (1954).

Smutz. M., Progress in Nuclear Energy, Series III, Process
Chemistry. Pergamon Press Ltd., V.2., 56 — 60 (1958).

Wang, Z., Tan, F. and Zheng, C., “Studies on trace Determination
of Uranium -by Laser-Induced Fluorescence Spectrometry. II
Determination of Trace Uranium in Phosphoric Acid and Phosphate
media”. He Huaxue Ye Fangshe Huaxue, 5(1), 31-37 (1983).




Isolation of Phosphoric Acid From Monazite. 29
Gl sall (ra Al Cilalas DA (a5 530 S ey pioa pill Gl (Jucd

¢B#H‘£!thukdmaam‘m&uﬂ\ﬁhJ&.L,u.a-\h-_ﬁcmh-ﬁ_)gi-a
u.giﬁa,_u.uambu&)\-ﬁ\ch

iy Sl aala alagiuly 3 8l aidie Gy jligall MlA e Gle geas JerlS S

el old (5 50 FS ol ) i il adla o Jpanll Giag Gl . Gy bai oy

e Goall G il 8 ead) Jiy a0l A 5 alially ag i @l LS,

O 35a s iy By AV Sl A 6 Saad uly AL Al Ay aedh a8
A 8 Tl oS dig s cansd¥1 ¢ @S0 ¢ sl

ikl Qs Slea alatinl Apulidl deedill Gy yk i cijlad ol 84S

ol iy ol el Biladl 38 Cailay o il ) sall Tl Jidadll( ) ll) —ana

vada o Jyanll 5 . ghuglly ag sl ¢ 00 W A W aaliall @ S5
% VE s pualadd] i il a4y o aay 305 {1 unll) S i il

“_h;d,m;!jc_u‘i]' iehﬂij)es)ﬂlauan‘:lLJw"_“'u;ﬂ* l'l.‘.hé_ﬂ;\t..l_,__u
.o_,ﬁ.‘l.“ u.“.c u‘je_)_,iu‘,ﬂ‘ Uml;







