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Abstract. Laboratory analysis and test data are presented on Saudi phosphate rocks from two different
deposits, A preliminary evaluation and assessment of the rocks as a raw material for manufacture of phos-
phoric acid is atternped, suggestion are made for the beneficiation methods.

Introduction

For the assessment of phosphate resources in northern Saudi Arabia an intensive
geological survey was carried out in a nine years period (1977-1986) in the Sirhan-
Turay( region. The region is proved to have about 3,000 million tons of phosphate
rock. Among the several areas discovered Al-Jalamid area and Umm Wual area
suggest themselves for potential exploitation [1].

On the other hand, sulphur is produced in the Kingdom as a by product of pet-
rochemical industry in excess of one million tons per year [2], after the commence-
ment of fertilizer complex in Al-Jubail, the Kingdom is expected to import annually
250,000 tons of P,O; equivalent of phosphoric acid.

All these facts indicate that conditions arc apparently suitable for the start of
phosphoric acid industries in Saudi Arabia. Certainly there is a need (or evaluation
and assessment of the phosphate resources for the wet process phosphoric acid pro-
duction. This work constitutes the first step to satisfy this need.

Although, the production of phosphoric acid from the phosphate rock by wet
process has been known for more than a hundred years, the design of a phosphoric
acid plant is still made by empirical methods. The quantitative effect of rock proper-
ties on the process variables cannot be exactly predicted unless pilot plant studics arc
performed. However, the chemical and physical analysis of the rock can indicate
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qualitatively how it will hehave when used in the wet process and can give clues for
possible beneficiation methods.

The representative rock samples for this study were collected from Al-Jalamid
and Umm Wu’al areas after a thorough examination of geological data on the vari-
ation of composition in the region and by consultation of geologists who actually
worked in the geological survey mentioned ahove.

Important Factors and their Implications
on Process Technology

A) The factors directly related to the properties of the phosphate rock
P,0; content

The P,0O, content is the first factor to be considered, to find out how much raw
material is needed for a certain capacity. Pure fluorapatite (Ca,, F, (PO,}; main
phosphate bearing constituent of the rock), contains 42.26 percent P,Oq. Any value
of P,O, content lower than this implies extra transportation cost and excessive use of
sulphuric acid in the acidulation step as seen in Tuble 1.

Table 1.  Effect of P,O, content of phosphate rock on the raw material requirement [3]*

Grade of rock Rock requirement
%P0, toms/ton of P, 0 in acid
Al-lalamid 25.86 4.11
Low grade rovk 29 3.67
Umm-Wual 32.46 3.28
High grade rock 38 2.80

* For 94 percent P,O, recovery in dihydrate process

CaO content and CaQ/P,0, rativ

CaQ content is important due to two reasons. The first is the fact that CaQ} in
excess of the stoichiometric ratio corresponding te that in fluoropatite (CaQ/P,0,
ratio in fluoropatite is 1.31) is usually found as CaCQ, and this compound reacts with
sulphuric acid during acidulation. Sulphuric acid requirements of some phosphate
rocks are shown in Table 2. The second reason is the delermination of the beneficia-
tion method. When the CaCQj content of the rock is high, beneficiation is considered
either by flotation or calcination depending on the praperties of the rock and the
availability of the low priced fucl for calcination.
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Table2. H,S0, Requirement of phosphate rock [4]

Al-Jalamid  Tunis, Gafsa  Umm-Wual USSR, Kola

CaO/P O, rativ 2.04h 1.66 1.57 1.28
intherock

H,80, requirement, 3.R9 3.9 2.95 234
tons/ton of P, O,

MgQ content and MgO/P,0; ratio

Mg0 is one of the most undesirable impurities in the phosphate rock. Tt causes
difficulties both in the flotation and phosphoric acid production processes. Flotation
of phosphate rocks with high MgO content is a subject of intense research [3], pre-
sence of MgQ in the rock reduces the selectivity of the flotation collectors. A high
M3gO content of rock indicates a high expectancy of the acid produced will form pre-
cipitates [4,5] with fluorine, which may blind the filter cloth or may cause post pre-
cipitation after evaporation. In addition, the viscosity of the acid is strongly affected
by the MgO content of the rock, High viscosity also means low filtration rate and a
low heal transfer coefficient in the evaparator. Effect of MgO on some of the process
parameters is shown in Tablc 3.

510, content

The corrosive action of HF formed during acidulation is reduced by reactive
silica which forms SiF, and {luorosilicates, therefore it is desirable to have a smalt
amount of silica in the rock. However, amounts in excess of 2 percent $i0, cause ero-
sion of equipment and acceleration of corrosion. When silica is present as small par-
ticles (less than 50 micron) it usually causcs blinding of the filter pores.

R,04(AL O, + Fe,0,) content and R,0,/P,0; ratio

R, 0, cantents above 3 percent usually decrease the plant capacity, P,O; recov-
ery, filtration rate and causc post precipitation problems. lron and aluminum are not
totally dissolved during acidulation and in some processes they are tolcrable up to 5
percent. Fig. 4 is presented to assess the effect of R,0, on the wet process.

€O, and organics contents

A high percentage of CO, is an indication of the presence of carbonates. This in
turn indicates that beneficiation of the rock by flotation will be difficult [8]; usually
rocks with appreciable amounts of organics (higher than 5-6 percent) develop a stable
foam during acidulation, dccrease fillration rate, and produce dark colored phos-
phoric acid. However, organic matter may improve crystal growth.



36 T.F. Al-Fariss et al.

Table 3.  Effect of MgO content of phosphaie rock on the filtration rate and P,0, losses [4,6,7]

% PO Filtration P, lost in gypsum as %
Type of rock inrock rate of total PO in feed
ton of . - ’

P,0/m%d ws cs I
USSR Kola
(Mg0:0.35%) 38.6 4.8 0.3 1.6 0.7
Cgypt+Toga™ 33.4 4.8 0.7 20 2.5
(1:1)
Syria
(MgO:0.35%) RN 4.0 a3 1.6 1.2
Algeria
(Mg0:1.4%) 2.8 a4 04 1.3 0.1
Algeria™
(Mg0:2%) 278 21 1.7 4.3 0.1
Fgypt
(MgO:4.3%) 302 1.9 8.5 31 1.1

WS Water soluble PO,

CS: Ammonium citrate soluble PO, representing co-crystallized P,O; in gypsum.

CI:  Ammonium citrate insoluble P,0y

(a). % MgOin Togo rock = 0.3

(b): The increase of Mgo from 1.4 v 2% decrease the filtration rate by more than 50%.

Tabled.  Effect of R,0; content on process parameters

Compositi Opti Filtration P,0,
Rowk source PO, P,0, H,50, rate yleld,
Y k3 cone. in ton of %
reactor P,0,/m’d
Florida 35.6 2.6 1.6 8.2 96
Western 1S 26.7 4.5 4.8 23 92
Tennessee 20.4 6.9 8.7 4.3 93

Chlorine content

Usually chlorine contents above (.01 percent in phosphate rock cause excessive
corrosion in the phosphoric acid plant. This increases the capital cost because expen-
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sive alloys must be used. The plant may shut down frequently due to the failure of
some parts.

Fluorine content

Fluorine is usually present in phosphate rocks in a fairly constant F/P, O ratio of
about 0.12. The main problems resulting from the presence of Auorides are corro-
sion, scale and sludge formation. 1f the Si'F (molar) ratio is greater than 4, precipita-
tion of gelatinous compounds in the acid will occur and these will cause blocking of
pipelines, pumps and the filter. If this ratio is less than 4, free fluorine will be pro-
duced during acidulation which will convert to HF, and cause severe corrosion and a
possible increase in the shut down time of the plant.

Cadmium content

There is a growing concern about the influence of heavy metals on human
health. Therefore, there has been extensive attention being given to the prohibition
of cadmium containing fertilizers [¥]. About 70 percent of the cudmium: present in the
phosphatc rock is found in the phosphoric acid produced by conventional methods
[10]. The level of cadmium allowed in the feed rock therefore should not cxceed 250

Strontium conient

In hemihydrate/dihydrate (HH/DH) phosphoric acid process [11], one of the
production steps is the recrystallization of CaS0,. 1/2 H,() as CaS0,. 2IL,0. If 510
is present in excess of 3 percent in the phosphate rock, this recrystallization step is
inhibited [10].

Rock grinding

Comminution consists one of the major items in the production cost list of the
phusphate rock processing. Particle size of the rock is an important parameter in the
acidulation reaction because the reaction rate is directly proportional 10 the total sur-
face area exposed to the acid. In addition, in flotation, there is an optimum particle
size for efficient separation and in calcination the rate of heat and mass transfer are
strongly affected by the presence of apatite particles surrounding CaCO; and MgCO,
particles.

X-Ray diffraction analysis

Apatite is found in nature in many different variations [e. 2., Fluorapatite:
Ca,, (PO,), F,. francolite Ca,, (PO,),_, (CO.), F,, , Hydroxyapatite Ca,, (PO,);_,
{CO;), (OH), +,‘]. X-ray diffraction analysis is needed to identify the version preseat
in a particular sample.
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B) Factors related to the process conditions as well as the rock properties

These factors can be determined by processing the rock in a bench scale or a pilot
plant, although they are not in the scope of this investigation they are included here
for the sake of completeness.

P, recovery

This is the amount of P,Qy in the phosphoric acid produced expressed as a per-
centage of total P,O; present in the rock fed. It very highly depends on the reactivity
of the rock, sulphate level in the reactor and the kind of process chosen.

Cake efficiency

It is a measure of P,0; retained in the cake after the filtration of the reactor
slurry. It depends on the particle size and crystalline structure of the gypsum crystals
in the cake, and the presence of get-like material in the acid. The crystal structure in
turn is highly dependent on the sulphale level and temperature of the acidulating
tank, and the impurities in the rock. The effect of the impuritics is not exactly known
except that Al,O, promotes crystallization [12]. Gel-like materizl in the acid is
formed when the R,0, level in the rock is high.

Steam cost

The rate of stcam used depends on the concentrations of acid at the entrance and
exit of the evaporator which is uscd to concentrate the filtrered acid. When there is
a sulphuric acid plant nearby the steam produced there can be utilized in the
evaporator to reduce the steam cost.

On line factor

It is a measure of how often the process is interrupted by malfunction of equip-
ment (e.g. excessive scaling on the filters and evaporators depending on the
impurities in the rock, prublems with sludge transportation, difficulties in crystallizer
control, excessive corrosion, lack of spure parts, ctc.).

Experimental Results and Discussion

The chemical analysis of the phosphate rock samples obtained from Al-Jalamid
and Umm-wual areas are given in Table 5 together with the analysis of the commer-
cially used rocks. The amount of rock taken from each deposit was 25 tons. At least
10 samples were taken from cach lot and analyzed with Inductively Coupled Plasma
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Tablke 5. Cowmparison of Saudi phosphate rocks with commerically used rocks |3,5]

Percent by Welght

Commerclal Saudi (as received)
Constituent Range Median Al-Jalamid Umm-Wual
Py0) 29-39 33 25.86 32.46
Ca0 45-54 51 52.M S0.84
Si0, 0.2-8.7 2 1.17 2.77
ALD,+Fe,04(R,0,) 0.43.4 14 0.31 0.44
MgO 0.050.8 0.3 0.84 n.19
Na,O) 0.1-0.9 0.5 Q.21 0.86
Co, 0.2-7.5 4.5 9.24 38
F 22435 3.7 0.1 0.84
[&] 0.0-0.5 0.m 0.03 2.52
80, 0.0-3.0 1.0 222 2.27
Weight Ratios
CaQ/P,0, 1.28-1.65 1.45 2.046 1.57
(P,0,)P,0, 0.015-0.1 0.04 0.012 0.0135
MgO/P, 05 0.002-0.03 0.015 0032 0.005
(RO, + MpOYP, 0 0.027-0.12 0.06 0.044 0.019

Atomic Emission Spectrometer. Statistically these analyses had 95 percent confi-
dence limits. Sieve analyses and PO, content in various sizc ranges of the phosphate
rock samples are presented in Table 6 and 7.

These are the average of a number of sieve analysis conducted on 8 samples
taken and has about 92 percent confidence limits for P,0, analyses and 90 percent
confidence limits for sieve analyses. PO, analyses werc pcrformed by employing the
colorimetric phospho-vanada-molybdate method. The P,O, content of Al-Jalamid

Table 6.  Sieve analysis and PO, content of Al-Jalamid rock (as recelved)

Sieve Differential Cumulative PO, Portion of

opening retained retalned content total P,O,

mm WIW % WIW % WIW % WIW %

40.00 20.58 20.58 18.67 17.48
g.51 7.00 27.58 22.12 7.05
475 9.90 37.48 21.23 9.56
2.00 12.60 5008 19.68 15,29
1.18 f.36 56.44 20.45 5.492
0.425 10.90 67.34 21.32 10.56
0.250 883 7617 25.67 10.33
1104 15.33 91.50 28.42 19.85

Pan 8.50 100.00 20.59 7.96




40 T.F. Al-Fariss ez al.

Table7. Sieve analysis and P,0, of Umm-Wual rock (as received)

Sieve DifTerential Cumulative Py}, Portion of

opening retained retained content total PO,

mm WW % WW % W/W % WIW %
3.36 6.10 6.10 16.8 310
2.00 0.96 7.06 18.60 0.55
1.18 1.22 8.28 20.78 0.78
0.595 3.60 11.88 28.20 3.16
0.297 12.M 2479 31.37 12.01
0.250 12.31 37.10 33,20 12,73
0.150 52.00 89.10 34.51 55.90
106 4.35 93.45 34.26 4.64
0.075 2.35 95.80 33.70 2.47
Pan 420 100.00 30.31 w7

rock islower than those of the commercially used rocks implying an obvious nccessity
for beneficiation. Sicve analyscs results for Al-Jalamid rock show that it is not possi-
ble to obtain any size range (by simple sieving) which contains more than 28.42 per-
cent P,0, therefore prospects for beneficiation by sieving do not look very optimistic.

High CaO/P,0, and CO, values in Table 5 and X-ray diffraction analysis in
‘Table 8 show that CaCO, is present in Al-Julumid rock as the major impurity. Calei-
nation can be considered as a beneficiation method. In Fig. 1 the thermogravimetric
curve for Al-Jalamid rock exhibits a decline between 800°-900°C. This is the weight
loss due to CQ, evolution which is also confirmed by the DTA curve and high CO,
percentage in the chemical analysis. P,O, content of Al-Jalamid rock can also be
increased by flotation, there is an extensive research activity [13] on the flotation of
carbonate rich phosphate rocks. and recently a new promising method has been
found [14]. Beneficiation methods applied to decrease CaQ are expected to dccreasc
MgO level also, because both substances are present as carbonates. $iQ, content’ol
both of the Saudi phosphate rocks is low, to decrease the corrosive effect of HF, it
may bc necessary 1o add some silica. However, the main corrosive action must be
expected from excessively high chlorine content in UImm-Wual rock. Feasible
methods must be found to reduce the level of chlorine before this rock can be consi-
dered for phosphoric acid production.

The wet grinding Bond's work index values obtained experimentally for Al-
Jalamid rock ranges between 17.75 and 25.92 kwh/ron which compare with the work
indices of Florida rock [5] (18.5-20.0 kwh/ton). The work indices obtained for the
Umm-Wual sample arc in the range of 29.0 to 30.0 kwh/ton. These compare with the
work index of South Alrican rock [5].

For a possible heneficiation operations liberation size for Al-Jalamid rock was
found to be (1.425 mm by studying the various particle size ranges of rock under
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Table 8.  X-ruy diffraction analysis results

Mineral Umm-Whual rock Al-Jalamid rock
(weight percent) (weight pereent)
Fluorapatite 59.0 40.5
Quartz 4.0 2.0
{alcite 36.0 515
Kehoglite 1.0 0.0

microscope 1o see under which size the pieces of caleite and apatite arc scparated
from each other. This value seems to be quite economical when compared with the
particle size range for flotation of Florida rock (0.4-0.1 mm). Liberation size was not
determined for Umm-wual rock since its P,O, content is high and it will not be sub-
jected to flotation or calcination. The surface area of Umm-Wual rock is 16.64 m*/gr
and that of Al-Jalamid rock is 7.18 m¥gr (hoth measurements were performed by
BET equipment). These measurements compare quite well with the values given for
the commercial rocks in Table 9.

Table 9.  Specific sarface area of some commercial phosphate rocks [13] (+200/+240 m)

Surface area (B.E.T.)

Phosphate rock migr
Moroceo 20.1
Togo 127
Floricla 13.5
Nauru 11.2
Taiba 1.5
Polaborwa 0.4*
Kola 0.t*

* The last two rocks are of igneous origin

The preliminary tests performed on bench scale for the acidulation of both phos-
phate rocks show that it is possible to obtain at least 90 percent P,0, recovery. The
filtration test results indicate 95 percent cake efficiency, it is believed that PO, recov-
ery and cake efficiency can be improved by the addition of some AL, in the phos-
phate rock samples.

Conclusions

The preliminary analyses and tests performed on the Saudi phosphate rocks lead
to the following conclusions:

1) P,O.content of the Umm-Wual rock is as high as the commercially used phos-
phate rocks, however, it contains intolerably high percentage of chlorine.
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The level of impurities in the Al-Jalamid rock is high and obviously it needs to
be beneficiated before being used as a raw material for phosphoric acid produc-
tion.

Silica content of both types of orc is low, while the main impurity is in the form
of carbonates of calcium and magnesium, therefore beneficiation by both flota-
tion and calcination methods must be considered.

The high MgO content of Al-Jalamid rock must be reduced in order to avoid the
production of acid with high viscosity and low filtration rate.

The levels of P}, fluorine, cadmium and strontium are all iow implying low gel
production during filtration and low post cvaporation precipitation. Low HF
production during acidulation, low toxicity of the product acid, and suitability of
both rocks for HH/DH process are expected.

Addition of Al,O, to both rocks can be considered to improve the crystallization
of gypsum, and facilitate the cake efficiency.

Presence of organics and carbonates in both rocks suggest that fouming must be
expected during acidulation.

It is possible to obtain portions relatively rich in P,0, from Al-Jalamid rock by
grinding and sieving, but PO, levels of these portionsare still low; and more effi-
cient beneficiation methods are needed.

The grinding energy requirements of Saudi phosphate rocks are expected to be
similar to those of the commercially used rocks.

The liberation size for Al-Jalamid rock is reasonably large so that excessive
grinding is not necessary for beneficiation purposes.

X-ray ditfraction analysis varifics the chemical analyses showing that the main
impurity is CaCQ, in both rocks.

DTA and TG A analyses give the range of calcination temperature of Al-Talamid
rock as 80° to 900°C.

Specific surface area of both rocks are comparable with the commercially used
rocks and reaction rates expected must be at reasonably high levels,

Preliminary tests performed on the bench scale to obtain phosphoric acid from
both rocks reveal that P,0O, recoveries of about 90 percent and cake efficiency of
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95 percent arc expected. Both figures can be improved by further pilot plant
studies and adjustments in the rock impurities.

The final conclusions of this study can be that despite their drawbacks both rocks

can be efficicntly utilized as raw materials for phosphoric acid production. The con-
clusions listed above can be used as a guide in planning further studies on pilot scale.
The results of the pilot scale studies can constitute the basis for feasibility studics and
the final selection of the type of the process.
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