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A NEW MINERAL PROCESS FOR CLEAN COMMERCIAL PHOSPHORIC
ACID PRODUCTION BY SIMULTANEOUS REMOVAL OF SLUDGE
ORGANICS, CADMIUM AND OTHER HEAVY METALS
AND RECOVERY OF RARE EARTHS

P. Becker, Duetag, France and OTP, Togo

1. INTRODUCTION

Commercial grude phosphoric aclds, depending on thelr raw materlal source, present » large
varicties of Impurlty Ingredients. These Ingredlenta are commonly <lassified within 4 groups:

* Sludge or sollds contents

* Organics

* Sulfate and fluerine anions

* A large variety of catlonic elements

Depending on the country where the acid will be used and the down-stream product to be
manufactured, the acid purchaser wlll get & number of quality constralnts In order to adapt
the acid-raw-materlal to the requirements of his needs,

The present process was developed In order to cope with most of the above listed impurity
ingredients. Bur before we start with the process examination, we shall review briefly the
effects of each of the llated impurlty group.

- Sludge:

Sludge is the generic name for all kind of solids to be found In phosphoric acld. The sollds can
orlglnate from filter cloth leaks ax well as from so0 called-post-precipitations. The latter are
responslble for the major proportion. Phosphoric acid, after being concentrated by
eveporation, is no more thermodynamically equilibrated with most of its dissolved and
suspended solld Impurlties, The equilibrlum, however, will re-establish, although very slowly
because [t occeurs within a viscous, generally non agltated medium at temperatures llitle
above amblant. The "post-precipltated” solids appear as very fine partleles. Thls "sludge
converslon™ tnkes woaks, even months to achleve,

Sludge. sometimes ylelding over 6 welght % with acld out of the 52-54% P 0, acld storage
tank, and up to 2% with commerclal grade acld, plugs pipes, settles in tanks during
transportatlon In ships and rall-way cars, and causes problems when arriving to fInal
destination. At the least, it calls for dirty pertodle clenning operations.

Sludge removal from acid is tedious and expensive: commercial grade acld Is & vlscous, high
density and corrosive solution, not easy to handle. The solids contalned present very small
partleles, settling slowly. Settling systems usually remove underflow solutions dralning only
20% solids by welght. Settling equlpment suffers scaling problems and related mechanical
breakdowns, Sludge removal by settling has to cope with the drain acid, about 20% of the
feed, still carrying the load of the gettled solids. Filtratlon can only be used within limited
acld qualities or concentrations.

Eventually, after shidge removal, there may be further precipitations !
- Orggnics:

Besides calcined phosphate rock, there are more or less organlcs in all sedimentary ores.
After acld production, a part of the organic materlal stays as a cloudy suspenslon or floats as
4 foaming gunk on top of the acid. Organlcs are responsible for the grey colour of
downstream products,
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- Sulfates, Fluerides and Chlorides:

Free sulfate in phosphorle acld are the result of process requirements. Wet procesg
phosphoric acld needs excess sulfurlc acld to be preduced within convenient cperating
condlitions, When orlginating from dihydrate acld, commercial acid contains more sulfates
than with hemihydrate processes: 3-4% Instead of 2-3%. Sulfates can be tolerated for most
cases; they are removed for speclfic cases only, llke for animal feed grade dicaletum
phosphate production.

Fluorides are present in all phogphate ores, usually at about 1% compared to P 0‘5
sedimentary rock. During phosphorlc acld processing and evaporatlon concentration, up to
70% of the fluorides move Into the gas phase an into the calelum sulfate waste stream that
leaves the plant; some move into sludge. The remainder however, still represent about 0.3 to
1% F In the 52% P,0. grade acld, (as soluble H,5/F, or HF).

Fluoridea in commerclal grade acld can be tolerated with downstream fertillzers, they
particlpate with the reactions. They have to be removed when animal feed products are
manufactured,

- Cationie Elements:

These Impurities Include all metalllc components from the phosphatic ore dissolved during
the wet process operation: it {5 the case for the large majority. Most common elements are:
Ca, Al, Fe, Mg Na, K and Si; if they do not exceed normal concentrations, they de not present
problems.

A large number of trace elements are present In most ore quallties; their respective
concentrations vary conslderably from one ore to another:

Sr, Bi;

Y.La.Ce.Nd.Sm.Eu.Th.Dy.Yb.Lu:

Ti.Th,kJ,

V.Cr.Mn, Co,NLCu,Zn, Hg,Cd, T1.5n, Ph

As,5b,Bi Se, ‘

Bold printed elements can be subjeet to environmental or toxical concern, underlined
elements may become subject to recovery considerations.

- Cadmiym:

Since World War II, cadmlum {5 considered environmentally undesirable. There are variable
cadmium levels In commerclal sedimentary phosphate ores: from b ppm up to 90 ppm: (above
100 with Western US phosphates). Regulations llmitating cadmlum with fertilizers are not yet

standardlzed; above 20 ppm In Cd In rock, It is recommended to investigate cadmlum removal
technologles.

Cadmium removal was developed by organlc solvent extraction or precipltation, using for
example, cadmlum dithiophosphate formatlon or cadmium amine-chlorhydrate complexatlon,
lon exchange processes were also selected,

In the process presented here, calclum sulfate co-cristallizatlon technology Is used In a 52-54%
: phosphorie acid medium. But In fact, the process could be described as a min!-
pﬁospharic acid plant, connected to the tall end of the existing plant.

nP04H2' + 5042' + Calt 4 Cd2+ + Y3+ + I,.aa"' -------------- >

(n-x)POGHZ" + (50,2 (POHE POS) Ca2*, Ca?*, Y3+ La3Y)

where x reprezents about n/4000.
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By a speclal Introduction mode for both sulfate and calelum long Into concentrated
phosphorle ucid, up to 95% of the cadmium can be eollected by the precipitated crystals. The
crystals also colleet a number of other heavy metals llke rare earth. They collect PO 1 and
PO, lons, replacing part of the 50,7 fons.

Because of fonfc radius simllarity for ca™™ and Cd++‘ as well as with rare earth elements,
Intensive substitution within the calclum-sulfate-phosphate crystal pattern becomes possible.
The chemlcal compound crystalllzed can be speclfied as a mixed anhydrite-dicalcium
phoﬂphate The presence of F"O lons permlits to Integrate catlons with valencles of 3, llke Y,
Sm, Ce ete..

PROCESS DESCRIPTION
- Obigctives

The objectlves of the process are: removal of sludge, organles, cadmium and rare earth
elements from acid by mineral precipitatlon; convert the precipitate Into pure calclum sulfate
dthydrate and collect the other cationic components within a coneentrate for storage or
recovery or rare earth elements.

- Procegs deseription

The process s subject to French patent FR 9879, 04/07/89 Ref. 334 908, and is also subject to
international registration since January 10, 1881,

The diagram on the following page deplcts process-flow and outcoming products. The process
operites on commerclal-grade acid, 62-66% P,0., as It leaves the concentration plant. The
addltional phosphoric acid produced, represents an increment of 2% P,0, as compared with
the purifled acld.

A thls stuge, the acid Is still at nbout BO°C temperature and the suspended solids have not
yet started conversion. The acld Is heated further up to some 110-120° C and sulfuric acid
plus phosphate rock are added within special precipitation reactor. At this temperature,
organics are carbonfzed. The added reactants, sulfuric acid and rock, wlll result as 2%
additional phosphoric production.

The precipltuted sollds, some 70 kg per ton of processed P,0., will collect 96% of cadmlum
and rare eiarth from the phosphoric acid. The precipltated sollds show well shaped crystals,
large enough to be subject to normal vacuum or other type of flltration operation. The
composition of the crystals sppear to be intermediate between calcium sulfate and dicalelum
phosphate, where calclitm is widely substituted with most of the elements listed in sectlon
2.4. Elements with widely differing lonic radil, llke uranlum. mereury, arsenlc, are not
collected. The rather large particlpation of PO,H™ and PO, lons permits to collect 3-valency
elements, like many of the rare enrth lantnnides We callea this precipitate P-5-Y, standing for
Phosphate-Sulfate of Yttrium,.

Sludge components present within the acld when entering the decadmlatlon reactor will, to
some extent, participate with the reactions and be subject to crystal growth or recrystallized
by the high temperature effect.

Anyhow, after flitratlon, the resulting acld presents ne more post-preclpitatlons: from the
aclds we produced so far, we only collected some 80 ppm postprecipitations after 12 months
storage.

For phosphoric acid plants who only want to remove cadmium from acld, the operation can
be consldered finished; PSY s then stored in speclal waste deposit area.
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DECADMIATION PROCEED by MIMERAL PRECIPITATION
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However, conversion of PSY being a simple operation, (although anhydrite conversions are, to
date, not very common), it I3 worthwhile to operate PSY through dihydrate conversion. The
conversion Is operated at amblant temperature in low acidlc aqueous solution. Conversion
takes, depending on rock and siudge composition between 6 and 20 hours. Pure gypsum will
be removed, the mother liquor then containing all the Impuritles: cadmium, rare earth and
cocristalllzed PO, . There will be 0.18 m® mother llquor per mt F"‘.!v‘:)!i purifled acid.

Cadmlum and rare earth can be easlly separated from the mother liguor by preciplitation. The
cadmium-fres mother liquor will then be recycled to the pheaphoric acld piant.

Conaldering a plant to produce 500 t P,0, of clean, commerclal grade acid, sludge organics
and fluorides free, with 96% removal of the cadmlum, the reactor would be dimensioned 45
m®, the PSY recrystallization vessels would have a volume of 76 mJ, recycled mother liquor
would make up 3.75 m*/hour, (to be recycled into the phosphoric acid filter-wash water).
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PRESENT STATUS OF PROGRESS

In 1989, process was first operated on wu bench scale unit (1 llter/day) with Minemet
Recherches at Trappes, near Parls. In 1990, a pllot plant unit (10 liter/hour) was set up at
Vinardingen, Holland, where it operated 6 monthz during 1990. To date, n second pllot plant
operates at Houen, in France. Orlginally, operated as a batch type unilt, it {s now, for the
purpose of cheaper Investment and more simple monltoring realized as & continuous system.

ECONOMICS

(20perating costs can be malntalned on the low slde because the reactents, (S0 l-l2 and
Fhosphate ore) are avallable at any place where phosphoric acld 18 produced and t?\ey will
bear no costs since they will eventually result as commereial grade acld. Since decadmlation
operation ls concomitandly realized with sludge removal and rare earth recoveries, It is
obvious that the overall economics will be subject to wide varfations from case to case.

The following data will however glve some indicatlons permitting to make preliminery
investigations.

INVESTMENT COSTS:

500 t P,0_ as commercinl grade acid, to be decadmiated:
u$ £ 4 Million

Operating Costs: (500 t P205/day plant)

COST ITEM USg/t P,0,
Steam, 0,085 t 1.10

ElL Energy, 8 KW/t 0.40
Labor, 2 operators/shift 1.20
Malntenance 1.50
Depreciatlon & Financial Charges 3.80
BENEFTTS

Sludge removal 2.00-4.00
Rare earth Recovery 1.00-2.00
BALANCE 2tob
CONCLUSIONS

Quality improvements and environmental concerns are currently considered cost consuming
factors. In fact, we only can confirm this common statement. However, quality Improvements
and the environmental action we may take, will also enable us to face near future
requirements with better products against the ever strengthenlng world competition and the
Increwsing burden of quallty regulations. Combining operations, Investigating new
developments, as demonstrated here, can help to carry increasing flnancial burdens.



