International
Fertilizer Industry
Association

ISMA’ Technical Meetings

Aarhus, Denmark
19-22 September 1955

*In 1982, the name of the International Superphosphate Manufacturers’ Associations (ISMA)
was changed to International Fertilizer Industry Association (IFA).

International Fertilizer Industry Association - Secretariat: 28 rue Marbeuf - 75008 Paris - France
Tel. +33 153 93 05 00 - Fax +33 1 53 93 05 45/47 - ifa@fertilizer.org - www fertilizer.org



Technlcal Mectings of the LE 616 (c){1)
Intormational Superphoaphate
Manufacturers Assoclation, September, 1955

THE FIRST INSTALLATION
OF A PHOSPHORIC ACID
PLANT ACCORDING TO THE
ANHYDRITE METHOD AT
VERCELLL ITALY.

by

SVEN NORDENGREN, ITALO TFRANCIA
and ROLF NORDENGREN,

Read before the Mecling of the Fertiliser Sociely in
London, on 22nd fupse, 1955,




THE FIRST INSTALLATION OF A PHOSPHORIC
ACID PLANT ACCORDING TO THE ANHY-
DRITE METHOD AT VERCELLI, ITALY

by SVEN NORDENGREN, ITALO FRANCIA and .
ROLF NORDENGREN

Earllor Work

Ncarlty 30 years ugo, in 1926, one of us sturted to investigate the
process of making phosphoric acid out of phosphate rock and
sulphuric acid. D\-nng to lack of high-grade ghosphatc rock at
that timne it was hoped to make a Ehosphomc acid by a direct process,
cuntammg about 30%, P';05 which could be mixed with the sulphuric
acid in the ordinary superphosphate process, thus mcrcasmg the
amount of phosphoric acid 1n the product.

At that time phosphoric acid was being produced with a con-
centmation of only about 20% P,O,. The sludge obtained in the
reaction wus passed through a series of decanters meeting the wash
liquids. Wo increcase of the phosphoric acid concentration was
possible by thia method,

The investigation at Landskrons Arst lad to o study of the crystal
water content of calcium sulphate.  This compound takes u? crystal
water according to the following formulae : CaS5042H;0 (di-
hydrate) ond Cn504.4H;O (bemihydrate). Further, there are
crystals formed containing no water, Ca50, (anhydcite).

These crystal forms have been studied by the famous scientlst
I. H, van't Hoff'). He used saturated solutions of sodium and
magnesium chloride at differant temperatures lnto which calcium
sulphate was mixed. The experlments showed that the crystal
furms of calcium sulphate are Intimately connected witl the vapour
pressure, of the crystal water.  If the tension of the crystal warter is
greater than the vapour pressure of the solution, part or all of the
crystal water will leave the calcium sulphate. On the other hand,
if calcium sulphate in anhydrile form is introduced into a solution
of sodium chlorlde of lower temperetore, Lthen the calelum sulphum
will recrystallize and take up water.

During the research work at Landskrona it was found that the
samie reactions would take place it phosphorle acid was used insteaed
of the sodium chloride solutlon. It was also found that crystalline
forms with o lower content of waler Lthan 2H,0 conld be obtuined,
having different degrees of stabilily. The more stable forms would
permit of washing on fllters, whlls! the unstable forms took up more

(1) Zeitychrlly fUr Physikallache Chemis, XLV 1903, pag;u 157,
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crystul water during this process. In this way we were ablc to

explain not only why the sludge of phospharle acid and calcium sul-

ghatc sonetlmes hardened on the glter making washing lmpossibla,
ut also to find how an easlly filteruhle sludge could be Formed.

The resulta were specified in two parents cortesponding to
British patents 314976 and 314.977, both with conventlon date
July 7th, 1928(®,  In the first of these patents the rights are reserved
for “ Deposlting the calcium sulphate substyntially as CaS0Q,
(anhydrite) or #n a form in which the maximum water of hydratian
It corresponding to the formule CaS0,.4H;0."

This is the first mentlon of the anhydrite process.

The second patent describos the hemi-hydrate process In which

the reactlon takes place In an autoclave. 1‘{ small plant was built
at Landskrona wecording to this method where it worked for several
r:nrs. A preheated mixture of sulphuric and phosphoric acld way
od into the autoclave and ‘fraund phosphate rock was added, afier
whith the vessel was closed. Owing to the reaclion heat the tem-
peratyure rose to 135°C and the sutoclave developed pressure. The
attock yield wes very high, mere than 9%, and the greater part of
the calcium sulphate was crystallized as hemi-hydrate 1n a stable and
catily washable form.

There were others at that time also working on the problam of
making improvements in the phosphoric acid process. A company
called the Kunstdiinger Patent Verwertungs A.G. with laboratories
in Rerlin undoubtediy did good work, mainly dirccted towards the
muking of large cusily filterable erystuls of the dihydrate typet®.

The Anhydrite Process

When the means hud been found for the precipitatlos of cat-
cium sulphute as anhydrite crysts's, further research work was
performed with the object of establishing a technical process based
on these fucts, Conslderable axperience was guined by this work,
Lts results were protected by a series of patent applications in different
countrics of which the British one with application date September
8th, 1931 led to patent rights in 1932 (British patent 378.670),
Inventor ua in the cases mentioned before was Sven Nordengren,
Landskrona’4, .

(1) Svce ulwo Belglum 360.054, Denmark 41,194, France 672,546, Holland 37.793,
Ttaly 279673, U.S. A !.7’76.595. and others ; followed by Belglum 360.054,
Denmurk 41,199, Trunce 672.847, Inaly 286.132, Switzerinsd |150.904,
Spain 112.259, Sweden 69,706, and others.

(1) Britlh patent 301,864 nnd 309023,

€4} Sew alyo Helglum 390,476, Denmurk 48.080, Frines 757,903, Holland 34631,
Cunada 343 714, Switzerland 164 831, Sweden 91.261, Guormnany 716,217,
L5.A. 2.002.547 and othen.
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The patent specifications show that this work was and still is
of fundamental importance in the principles employed in muking
phosphoric acid accordlng to the anhydrte process. The theories
of the process were explained and the border lines of temperature
and concentration were cstablished  Also the means of obtaining
large, easily fllterable crysials of anhydritc were described. It
would be impossible to-day o make phosphoric acld according
to the anhydrite process without coming into contact with the claims
of the sald patents. However, no patent rights based on the original
applications are in force at the present time.

In Dritish patent 378.670 the following wus recorded (in 193 1
“ OFf importance urc the thres factors temperature, concentration
and time. Of these the most important are tenperaturc and the
concentration, and the relation between these 1o obtain the desired
stable form may be expressed by the equation 2p + 1 = at least 186,
where **p" is the concentration of the phosphonc acld present at ot
after the reaction cxpn:ssu:d as per cent. by weight of P70y in the
mother liquor, pnd 1" is the temperaturc at t¥u: stabilization in degrees
centigrade. In actua! practice 1t may bec preferable to use a some-
what higher temperature, e.g. 5 - 10°C higher”

This is in fact stifl the main rule of the unhydrle method. 1f,
far Instance, the mother liquor contains 439, P;05 by weight, then
tle minimum temperature should be 100"C, and preferably increused
to 105-110°C, '

It was also known at that time, sbout 1930, that phosphorle
acid either in filtered form or as part of the sludge should be cie-
culated In the process. It was further found thar the concentration
of the mother liquor should be increased so that the necessary
temperature could be reached beneath the boiling point which made
. it possible to perform the operation in open vessels.  Other impor-
tant facts can be found in the patent specifications.

Further Development of the Phosphorlc Acld Processes

The detailed knowledge of how 1o produce strong phosphoric
acid according to the anhydrite m¢th¢:n:{J would undoubredly have
found an industrial application ulL an earlier date, but lor certain
technical difficuities. '

At the time when those investigations wers performed no suit-
able filter wus wvallable for the scparation of the calcium sulphate.
Further, there was no filter cloth that eould withstand strong phos-
phoric acid.  After some time the rubber belr filter of G. &Jnllny,
Lundskronal® was brought on the market. It wus, however, best
suited for acids up to 303, of P05, The filtering process was simple.
The mother liquor was drawn off, whereupon the filter cake was

(1) SBven MNordengren ; The .}.I_o.r[zclnml Fliter, Minmu_i\;lnguzln:. July, 1949.
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washed, first with a wush liquid containlng 5- 109, P;04, then with
water. The limiting temperatures for making dihydrate crystals,
CaS0, 2H;0), had been established(®), These temperutures also
gaw: the best crystals at a- concentrution of the mother liquor of
0%, of P30}y, the optimum termperature was EO”C.‘HQ sludge
containing 30%, of POy could be lfl?t:crad on a Wallny 1 bber belt
filter with wool cloth which had & working life of about a | “tnight.

Conscquently, the dlhydratc method came generully into use
for weid of 30% P;0O;.  The ceid was concentrated further by the
use of hot air or by oil burners. _

There still existcd, howsver, a demand for a process In which
strong phosphoric acid could be manufactured in a direct way, also,
if’ pussible, with higher yield than Lhe 949 usually obtained in the
dihydrote process.

Several years ago a8 new filter for the chemleal industry came
- into the market, the Nordengren Tray Belt Filter. By means of this
fllter it is possible to wash the sludge fram the anhydrite process
with 4 -5 wash fractions. This number is necessary to keep up
the concentration of the circulating phosphorlc acid. ~ At the sume
tithe plastic filter cloths were brought into the market. These
permitted the filtration of 43 - 45%, P;O, acid at a temperature of
R - 90°C,

K was now poysible to realice the unhydrite process on o large
scule. A plant according to this methed with a capacity of 15 tons
of P;Os per 24 hours was planned and destgned by Nordengren
& Co., A.B., of Landskrona, Sweden, The planl was built by the
Prodotti Chemigi Superfosfuti 85/A, Vercelli, Italy, and put into
production in the spring of 1953, It was found that in order 1o get
good results certain modificatlons had to be made in Lha process
of 1930. These modifications were all developed at Vercelli by the
dusigners beforehand and from expericnce when the plant wus being
started up, They are certainly of orginal character and will
consegquently be protected by patent rights.

Deslpn of the Vercelll Plant

The plant {3 buill for 4 maximum capacity of 15 tons of P,0,
per 24 hours in the form of phesphaoric acid of 40 - 454 P30y, Tha
primary materidls are sulphuric acid 75 - 82°%, H;50, and phosphate
reck ground to a fineness of ubout 95%, through serecen DIN 40,
Threa types of phosphate rock have been used up to date : 349, PaOy
Khouribkn (Morocco), 304, Pp0), M'Dilla and 27%, PoC, (low
grade) Gatsa,  Mixtures of these dilferent grade recks have also
been nsed, -

(‘T} Sven Nordengren : The Double Superpliosphate und Wet Pr.oaphorle Acid
Processes, Acta Polytecnlea, Siockholm 46/1949,
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Fig. 1 is a diagram of the plunt. This can be divided into two
distinct parts. The feeding section together with the vessels for the
precipitation of anhydrite forms one part and the filiering section

Ec second part.

where the sludge is washed comprises t
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Fig. 1 — Flowsheer for the Phosphoric Aeld Plant at Vereelll,
In the anhydrite process, the precipitation is carried out in such
g way that the crystals will be formed as fllterable anhydrite under
controlled conditions. * This i3 done by adding heat and by follow-
ing u specinl sequence during the precipitation.  Ground phosphate
is taken from the silo 13 via the screw conveyor 14, elevator 15, and
serew (ceder 16 to the automatic weighing muchine 4. The weigher
is synchronized with the acid feeding bucketa 1, 2 and 3. The acid
feed buckets | und 2 for sulphuric acid and circulating phosphoric
acid respectively wre made in sheet lead in form of quadruple buckets
for continuous feeding of a measured Now into the heatlng tank 5.
Phosphoric acid fead buckel 3 is o single lead ined bucket
feeding acid to the mixer 6, which also receives ground phosphate
rock in corresponding porrions from the weigher. The phosphate
rock and scid ure ugitated together for a short time forming e sludge
ol over-ycidulated triple superphosphale, or predominantly mono-
culcium phosphate with excess phosphoric acld. Tuch barch - is
then released into the reactor 7, "Fhe mixer is intermittently cmptied
by an automutically operated valve which is synchronized with the
welgher, The phosphorc acid recitculated in the process, and the

7




Fig. 3
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sulphuric mcid are [ed into a heating vessel 5. In thc heater the
temperature of the mixed acids is raised to 135°C. The hot acids
are released into the reactor 7 at regular time intervals, The heater
is lend-lined and equipped with a heating coil. It ia n:%ululcd by
a special control system inter-connected with the weigher and
thermostul, '

Dow-therm liquid, circulating through the hcater 5, and the
renctor 7, serves as a heating medium picking up heat from an
economizer in the sulphuric acid plant, where waste heat from the
cooling alr of the pyrites burners 1s utilized,

The reactor Is a lead-lined vessel, equipped with a slow-type
stirring  device and a mechanicsl froth disperser coupled to the
stirrer shaft.  Here the main reaction tekes place and the anhydrite
crystals are pracipitated and pgglomerated.

The after-reaction vesscls or digesters 8 and 9, are similpr to the
reactor, but there is no heating coil and no antl-froth devico.  The

Fig. 4.. . The Nordengren Tray Belr Filter.
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sludge formed in the reactor leaves the last digester which is equipped
with means of cooling down to # temperature of about 80°C.  The
retention time Is 3 to 4 hours,
The filtering section consists of a Nordengren Tray Belt Filter
10, buromstric legs, hydraulle closures, circulatlon regulators for
the wash liquids 11 and vacuum equipment for the fitcr.  As way
mentioned earlier, the invention of the Tray Belt Filter is one of the
things which has made the evolution and the Industrinl practice of
the anhydrite method possible. The fllter consists of a serics of
ans or shallow trays travelling on a rack.  The trays form an endlesa
\t, und each tray in upright and horlzontal position ia in vacuum
.conncction with & suction box, situated bencath the trays, by means
of armoured rubber tubes, vie a suction Tope -of rubber or other
flexible material which slides over & narrow slit in the lid of the
suclion box. The filter is horizontal and cun be built ln big units,
It can be mado in acid prool material or lined with plastic or rubber
to withstand attacks by corrosive ngents.  The trays and the hori-
zontul lay-out make counter current washing in several steps possible,
All parts of the [ilter are cusily changeable but so far maintenance hus
proved 1o be small on the filters already installed.  To cnsure that
the trays will all be fitled up to the same conirollable depth and
thereby to regulate the thickness of the filter cake, the Alter 1s equip-
d with a rotating feeder 12 which is synchronized with the move-
ment of the trays. The feeder is constructed ln such a way that the

Fiv. 5 — Filter and filtrate pipes.
i0
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filter cake thickness can be varied continuously from rerg up to 67,
The filter is placed on barometric height o avoid diffculties
with scaling which would occur in extraction pumps end 1o facilitate
cleaning and operation of the plant.  The filtrates are tuken out in
five discharge columns with liquid seals at the ground floor. The
mother liquor in the first barometric leg has e strength of 42 - 459
of P40s.  In the second barometric leg fows acid of abont 409,
PO, which is to be recirculuted in the process by dividing, part to
be mixed with the sulphuric acid and heated and part to form the
over-ucidulated triple superphosphate or monocalcium phosphate
sludge in the mixer. The three remaining filirutes contain, 35, 20
and 5%, P304 respectively, These threc ucid liquors are passed
through the filter in turm, followed by water, thus forming a counter-

N {

Fig. 6 — Flawsheet for wash Hquids, -
4, Product = I, Circulating phosphoric acfd @ I, IV, and
V. Wash liquids : VI, Warer @ (1) Tray Belt : (2) Suction
belt : (3) Sucrion box & (4) Filtrate pipes @ (5) Liquid trap -
(6) Warer pipe : (7Y Receivers,
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current wash syatem. ' v

To regulate the flow of wush liquids on the filter in relation to
the filtrates, the plant ls equipped with a filtrate circulating regulator
shown on fig. 6. This consiate of a scries of receivers which are
connected with each other by mewns of overflow tubes. Duoring
normal work vecy lirtle liquidywill shift from one contalner to an-
other, but If some irreguelarily should occur, acid will ow from (he
two adjacent conlalners into the one deficient of acid, and if a
$urPlu_~i of acld should be at hand it will flow to both sides, thus
mu:ntninin[.]: the relutive concentration of wash acids in the system.
The water 18 added at filter level and flows down after passing the
filter cake as 5%, P3O, acid inlo the Altrate circulating regulator,
From the end of the circulating regulator flows circylating acid which
is wransported back into the reactlon.  In this way wash water given
on the litter passes the circulation regulator and the filter in counter

P y
Fig. 7 Clreularton regulator for wash liquids.
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current with the anhydrite, taking up PyOy until it reaches the
necessary strengeh for circulating acid.  Product acid does not enter
the regulator, Eut goes dircetly into the product tank through an
overflow on the acid scal lunk leading into the main pnk for cir-
culating acid. ]

Another cause of difficulty in the original anhydrite process
durlng the early work was the absence of a filter cloth able to
withstand hot, strong acids. The rapld evolution of the plastic
field during and after tho last war hay led to a number of excellent
fabrics which can withstund concentrated and relatively hot acids,
Mosl of those used to-duy in phosphorio plant are made of polyvinyl
chloride base and are able to withatund & termperature of 80 - 90‘“(%.
At the present date fabrics exist which can take still higher tempera-
turcs without notable shrinking or deterloration. A long discuvsion
has been held regarding the various advantages of the two general
tﬁpcs of cloth, the monolilament cloth with high twisted yarn and
the multifilament type.t”?  Our experlence is that when filtering larpe
single crystals both types could serve equally well, but if fragile
agglomerates nre to {x: filtered, the briggcs built aver the large
apertures in the monofilament cloth can break down blinding the
cloth. It is important, however, in both types that the absorption
factor of water is very low, othérwise the acid will be dilutcd by
water left in the cloth from the back wash. About ten different
types of filter cloth were tred out during the 3tartin¥ up of the
anhi,;drltc plant at Vereelli.  Best of these was the Helginn Lainyl
cloth of multifilament type which gave rapid flleration and had she
advantage over other c:lot]!:: in that it was almost immune to clogging.
In fact we have had the same cloth on the Rlter for about seven
months without need of replacement.

The Intermittent Reactor Process

It is always 2 large undertaking to develop a proccss which has
been tried out on u luboratory or pllot plant scale into an industrial
plant. There are things which cannot be forescen and many diffl-
culties which have to be solved on the drawing board and in the
Elanning before the actual construction of the plant begins, We

new by the carly investigatlons how to make relatively stable
achydrite crystals and we also obtained agglomerated crystals at
that time. The problem was then that we did net know why the
crystals mostly were agglomerated, and why under stighdy changed
conditions, we had a certain difficulty in obtaining parallel results.
During the construction and trials of the plant st Vercelli we con-
tinued our experimental work and developed s new opérating
sequence for the precipitation, with the result that erystals can now

{7y Chem, Tng. Prour_“q.fol. 47, No. 11, p. 543,
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he obtained in agglomerated form under completoly controlled
conditions. We know the temperature limits within which it is
necessary to work and we have developed the simplest possible
practice. The rather complicated apparatus which was necessary
before these developments has been cEanncd and simplified,

The precipitation takes place in a vessel which we call the
anhydrite reactor. The anhydrile method i3 a continuous process
but it is necessury to have the reactor Intermittently charged in
order to gect the very high filtration speeds which allow the con-
centrated phosphoric acid 1o be washed out. A muxture of sulphuric
and phosphonic acids in defined proportions Is first fed into the
reactol ut o temperature of 135°C.  Supersaturated tople super-
phosphate sludge which has been sticred for a short time is then
added to the hot ueid in portlons, following a definita time schedule.
The reactor is heated in order to keep the temperature under control
during the preeipitation.  The difference between other processes
in generul wherc filterable sludgs is to be obtained, e.g. the dihiydrate
process, is that in most processes crystals are made to grow to a size
which enables them to be filtered off withln an allotted time interval,
Tliis iz not the fuct in the anhydelte process. The crystals are
agglomerated to obtwin 4 flerable size,

The Boflding up of Crystuls

In order o study whai Is hapgwning when calgium sulphate is
precipitated from the newly formed sol of monocalcium phosphate,

It is useful to muake s comparlson with the behaviour of colloids_ .

The theory of the stubility of colloids is based on the supposition
that the particles ure clectricully charged. This is a surface pheno-
menon which is cuused by preferential adsorptlon of a positive ot
a nepative ion from the substances which are present in the liquid.
Particles with electiric charge of the same sigh repel sach olher and
remoin io suspension i the gravity fleld is low,

To precipitate a collodd 1t 1s necessary to destcoy this electric
balance by introducing another collold, charged. with the opposite
sign, or to alter the lon concentration by adding eo clectrolyte. Thia
is known ay Mocculating und is a very important process In the
technological dicld. 1t is believed that the flocculation is caused by
cohesion fprees between the particles drawing them together into
large agpregates which have a higher sedimentation speed.

The neutralization of the clectrenlly charged particle is duc to
the fact that ions of the oppaosite sign are taken up in thesurfucelayer
of the particle, Sometimey this is purely ao adsorption of mew ions |
at other times thesc ions may reuct chemically with the previously
mdsorbed ions. Further the ineressed *ionic strength” obtained
by adding the clectrolytc cun cuuse the counter charged ions In the
solution surrounding the particle to be forced against the adsorbed

14
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ions 0 that Lthese are neutralized. The conventional size limit of
particles in colloldal solutions is O.1u. It might be assumed that
the behaviour of Erimury parlicles from a precipitution forming a
true suspension, should be essenticlly the same, and this has in fact
proved to be the case.  Aggregation of primary particles is analogous
to the flocculution of colloids and is likewise strongly dependent on
the amount of ions in the solution. An increase in the 'lonic
strength ” gives an increase in size of the agglomerates.

The equipment to bring about flocculation on a technical seale
is normally very simple. .The electrolyte which is 1o net as floccu-
lating agent is added and very intimatcly mixed with the suspension.
The probability of each particle coming within attreelion range is
Increased by having a slow agitatdon In the vessel in which the
agglomeration is taking place. There needs to be a slow movement
within the system, but cars must be taken not o agitute the Qoccu-
lating sludge too strongly, submitting the ugglamerates to mechunical
stress. They arc very fragile and cun cusily be broken up, being
held together by minute forces.

The foregoing practice was taken up by us in the anhydrite
fp_ruucss. The stirfing In the reactor i adjusted to the oplimum
igure without breuking up the nuclei. By using a large excess of
aclds In the initinl phase of the precipitution, the ‘ionic strength’
Is kept high so that agglomerates are lormed. When the precipi-
tation gets near completion the temperature falls und the *ionic
strength® dccreases. By then there are already so many large
egglomerates and vcri{ few small nuclei thaterystals still being formed
under the progressively less favournble conditions build on to exdsting
agglomerates, These, in tuen tend to undergo further agglomeradon
and to join together in long chains, 2 phenomenon which might ex-
plain the wnusually high Altration speeds which can be reached with
this method. This can be seen clearly in fig. 8 which shows phosphoric
acld sludge not subjected to mechanicul handling. Fig. % showas
u single agglomerate considerably enlurged. The nucleus can be
seen and also the growth of crystals on the outslde of the nucleus
wlere the typicul short anhydrite crystals are hanging in o cluster.
Fig. 10 shows anhydrite which bas been washed on the filter.  The
crystals Jook completely steble and no recrysinllization has taken
place. The long chains shown on fig. & have, however, broken up,
and the individual agglomerates arc single. They are ruther lurge
and uniform in size and the amount of indlvidual small cryslals 13
low which enables them to pack inta 2 very loose filter bed,  How-
sver, owing to the slight forces which keep the crystals together in
ngglomerates, they are vary sensitive to mechaanical handling.  For
iransport of the sludge, membranc or plunger pumps must be used
whicl do not subject the material to undut stress. It cannol be
pumped with a centriflugal pump without breaking up the a glo-
merates to # certain extent. The passege through a centrifugal

15
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ump will teduce the filtrability ol the sludge bf about 50%,. Thls
f-:: a ru' figure, but at the Yercelli plant the sludge is transported
from the reactor to the afier-renction vessel by means of a centri-
fugal pump, and still it retains a filtrution specd which is higher than
the average filtrution specd in a dihydrate plant.

Another point of interest is that surface active agents wsed, for
instance, against froth, must not be utilized in this process us they
immediately break up the agglomeratks and reduce the hltration
speed of the sludge to about 104%, of what it wus before.  This huas
been one of the difficulticy which we have had at the Vercelli plant.
Several times at the beginning it huppened thot @ tube in the heating
coils broke and the dow-therm liquid entered Into the sludge or acids.
Dow-therm is diphenyl oxide in udmixture with diphenyl, is surfaco
active, and when it entered into the sludge the fltrabiliry decreased
sharply. :

The anhydrite crystals formed in this process are nol completely
stabla, Fig. 1] showy unhydrite which had been lying on the weste
deposit for two yeurs. [t cun clearly be yecn that this sumple has
recrystallized. At the left in the figure is shown a big cluster of
anhydrte crystals just reerystalliring into dihydrate.  On the right
hund side is 4 big dihydrute crystal.  The recrystaltization of anhy-
drite to gypsum 15, however, of no conscquence to the fllering, It
15 only importunt that the recrysiallization should nol luke place on
the ﬁf;:tr 50 that the washing is hindered, Owing to the vurying
temperature range within which we are able to work we can control
the time of this recrystallization from one hour ufter the filtering up
Lo severn] monthy or even a year afler filtrution, Lhe whole while in
contact with water.

Sturting up of the Anhydrite Plant

In the anhydrite process part of the acid from the filter is taken
back to the feeding section and recirculated. When this plant was
geing to be started up there was no phosphoric acid available and
the plant had to be starled up on water instead of circulating acid.
This meant that the plant had to operate in the zone of the con-
centration/temperature diagram fig. 12 where the calcium sulphate
crystallizes in an unstable form. If, however, the reaction is carried
gut in u certein way it is possible to get the crystals stable for a
certain time interval. This time is longer the nearer the borderline
for atuble crystals one is operating, but it is only necessary for this
time to be long enongh for the filtration to be flnished before the
gypsum cake hardens,

A mixture of water and sulphuric ucid was charged into the
reactor.  The diluted acid wus heated to just below the boiling point.
Ground phosphute gnd wuler were charged into rhe mixer and lat
cut in portions during a certain time,  During the feeding, hear was
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added in the reactor and the sludge was allowed to reach the boiling
point for onc hour after the conclusion of Lhe feeding. The boiling
point of the sludge was at compledon of the feeding 103°C. but the
temperature during the reaction was kept one or two degrees below
tho decreasing boiling polnt, When the sludge had coaled down to
about 80°C a flliration sample was taken. About 50% of the
crystals werc anhydrite, the rest non-stable hemi-hydrate and
dihydrate. The cake took about one hour to harden and the filtéring
speed was more than sufllcient. The hydruulic closures and the
circulatin rci;ulamm were fllled with water and the sludge was
filtcred off. This procedure was repeated in batches and as a result
Fhusphoric acid with about 9% of P;O5 was obtained. The mother
iquor contained 20%, of P05, but was diluted with the water
initiatly uscd in various scctions of the plant.

The weak phosphoric acid produced was used as circulatin
acid and the concentration of this was slowly Increased until norma
warking conditions werc obtained with a product acid of 45%;, PO,
and the correct amount und concentration of the circulating acid.
The concentration of the mother liquor for cach operution may be
seen in fig. 12 by following the direction of the arrow. As the
¢oncehtration increased by working in thiv way, the amount of
circulating acid had to be increused successively in order not to
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block the mixer. During this concentration period acids of various
strength were produced.  All acids were taken back in the process
until the product had reached a concentration of 309, P;0s.  Then
this z2cid was used for enrichment of superphosphates. A halt in
the increase of concentration was called at 309, P3Oy, partly to try
out u sultable filter cloth, partly to train the personnel. Whilst
wartking in the non-stable zone only atpart of the crystals precipitated
a3 anhydritc. A cenain wmount of dihydrate and hemi-hydmnte
crystals got into the fler cloth, blinding it severely. Tt wus during
this period that the Lainy! cloth proved its supcriority. When
45%, P3Oy product acid was obtalned a number of trials were mude
in order to get the highest cfficiency in the machinery and the
simplest operetion of the plant.  These tesis resulted in what we
now cuall the intermiltent reactor process, described above,

Normal Working

Some inleresting experience has been acquired during the time
in which the plant has baen working, some of which has already been
mentioned,  Wo would like to add something about cleaning and
corrosion, two ol the biggest problems in a phosphoric acid plant,
Clenning work has proved to be considerably less annoying Lthan
when operuling & dihydrate process plant.
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: at 25° and 80°C,
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The solubility of caleium sulphate in its different crystal forma
fig. 13) is much higher for dihydrate nominally being worked at 30%,

40y -concentration than for anhydrite worked with an acid con-

centration above 409, P.O4/8).  Further, the difference betwoeen the
solubllity at 80°C and 25°C js much less for anhydrite than for

psum at their respective working concentrations. Even allowing
or the tendency of calcium sulphate to form supersaturated solutions
in phosphoric ucid, this is very important because when acids are
cooled caléium sulphate will precipitate end glve rise cither to loose
calcium sulphate deposits or to scaling.

The extremely hard acales formed %}r fluorine together with the
ypsurn on wuny polnts in a dihydrate plant, which are difficulr
vom the cleaning point of view, are not nearly so prevalent in an

anhydrite plant since the high temperature in the acld heater und
during the main part of the reaction, drlves off the greater part of the ( ;
fluorine. Analyses have shown that the flugrine content in the o
product acld from the Vercelli plant lies around 0.3 - 0.5%,F, against

the dlhydrate process figure of about 1.5% F.  This not only gives

the acid better quality, but it also diminishes the scaling and %o the
clezing In the plant itself. The toose deposits of calcium sulphute
should naturally also be less in an unhydrite plant, a fact which hay

besn confirmed by worklng expericnee at Vercelli,

The construction materials used In contact with hot strong
phosphoric acid arc lead, rubber and stainless steet 18/8/2.5. The
stainless steel hus proved its value in pumps and other equipment,
but docs not stand up to the demancﬁ; at the points of high tem-
peratures. Lead has shown very good propertics, and tha lead in
the tenks, heater and reactor has not been visibly changed b
corrosion. It happened, however, sometimes thal the henting coil
for dow-therm had a break-down burt this was probably due to the
conitinuous expansion and contraction of the heating tubes when
starting and stopping the plant. Laler the acid healer was madified,
the coils being wude in shorter units working in parallel, since
when the difficulty has disappeared. Lead used in other parts of
the plant has not been affected at all.

All tubing for phosphoric acld and all valves are rubber and
rubber-lined respectively, Rubber has stood up very well to acids
up to $0°C which is the maximum temperature Lo which it has been
subjected. The reason why we huve chosen rubber tubes rather
tlvan lead, Is that they can be cleaned more ensily.

Heal Coosumption

The heat which has to be supplied to the Vercelli plant costs
nothing as the waste heat from the cooling air from the pyrites

() 1. Appl. Chem. US.5 K., 17, 1945 p, 521
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burnera of the sulphuric acid plant can he used. By measuring
quantities and temperatures the amount of hent utilized at present
has been calculated to be about 450,000 k. cal. fton P05 produced.

A cautious celculation shows that by elecilve lagging of tubing
and receivers for the citculating acid as well as of the vessels where
the reaction takes place, this figure could appreclably be diminished
and that the savings in fuel compared to the evaporation of dihydrate
process acid to 45%, P20y would amount to about 60%,. If contact
acid were available, the dilution hent should theoretleally make

external heating unnecessary, and the plant eould be self-supporting,

granted that the 1ate of throughput wus great encugh in proportion
to the heat losses through radiation und convection,

Results

A new method of mak_in‘g strong phosphoric acld has been
tricd out in & full size plant. ‘The concentration is high enough to
permit the acid to be used for the manvfacture of concentrated
superphosphale without previous evaporation.

The high temperature of the reaction makes the yield high and
the attack swift. The yield of attack naturally depends on the time
of reuction.  Aflter about 3 hours an atrack yield of 97 - 98%; has
been reached when Morocco phosphate was used.

Tha resulis of filtration have shown that about 98% of the
warer soluble P20, can be washed out of the sludge on a tray belt
filter with a concentration of the first filtrate of 43 - 45%, of PyO..
The residual 29, is naturally in solution In the moessture of the cake,
calenlated o be about 40%, of the dry welght of the cake. Centrl.
fuging of the cake may extract about §rae of this moisture with lts
F30; content which can then be returned to the process.  This would
make the total yield exceeding 27%, a flgure which cancot be reached
ln the dihydrate process. The very high fltering speed attained by
the intermitient reactor process makes the filter area small and the
filier relatively cheap.

Also, the short time of rcaction mekes the digesters small,
The space taken up by an anhydrte plant will only be about half
of the space required by a dihydrute plant with the spme output of
P;04. The building and machinery costs will be in proportion.

A phosphoric acid plant contains two parts, the sectlon for
the attack, ond the filtration section. The first can be wholly
mechanized so thar it can be started or shut down by pressing a
bution. The filters should be watched very carefully by especlally
trained personnel, but a3 they can be made in any size, larger plants
do not need more supervision than smaller ones. The anhydrle
process 1s on the whole, cspecially suitable for lacge plancs.
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It is believed that vy a mecthod has now been found which
permits of the produgtion of lurge quanttles of strong phosphoric
acid without any greut cost or logs of phosphorus, and as the coats
of plants for this method ure comparutively low, the main phosphorus
contalning fertiliser will no longer be ordinary low-grade schrphus-
phate, but products in which the phosphorus has passed the phos-
phoric peid stuge. Undoubtedly the general tendenoy in. fertiliser
manufactuce is towards high-grade granolar compounds. The
- future production of such fertilsers will demand large quantities
of phosphoric acid.
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