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SIMUOLTAREOUS PRODUCTION OF MERCHANT GRADE CALCIUM SULPHATE
o AND HIGE STRENGTH PHOSPHOQORIC ACID

A. DAVISTER and F. THIRION
EQCIETE CHIMIQDUE PRAYON RUFPEL

SUMMARY - CONCLUSIONS.

During the past 20 years, raising energy cost and increasing
environmental protection regulations have led the fertilizers
industry to develop phosphoric acid processez based on
reecrystallization of caleium sulphate.

Hemi-dihydrate processes, for instance, yield phosphoric acid at
more than 40 % P,0c and dihydrate calcium sulphate which can be
upgraded to merchant grade by 2 hydraulic purification.

Conversely, the CENTRAL-PRAYON procass yields a medium strength
(32 - 35 % P50g5) phosphoric acid and ecalcium sulphate hemihydrate
which dries up by mere rehydration with abseorption of its own
moisture.  This process is the lezs energy cohsuming when caleiun
sulphate has to be upgraded.

However, the experience accumulated by PRAYON in contreolling the
varicus changes in caleium sulphate orystallization states has
made possible to increase the strength of the produect phosphoric
acid up to 43/45 % P,0g and to obtain c¢alcium sulphate of
exceptional purity that, in addition, can be sold, after regular
drying, as xfhemihydrate, IT anhydrite or as a mixture of beth.

These two products are in great demand as hydraulic binders thanks
to their exceptional mechanical characteristics.

This original combination of high strength phosphoric acid with
extremely pure calcium sulphate is achieved by the New Prayoen
Process PH. 3 (PRAYON HEMIHYDRATE 3 CRYSTALS). In this new
process, calcium sulphate is first produced as hemihydrate,
converted to dihydrate than reconverted to very pure <« hemihydrate
or II anhydrite or an o hemihydrate - II anhydrite mixture, in any
proportions.
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2. PREVIOUS SITUATION AND AIMS OF THE STUDY.

2.%+ The Central-Prayon Process :

In the "CENTRAL-PRAYOK" phosphoric acid process, calcium sulphate,
resulting from the digestion of tricalcium phosphate with
sulphuriec acid, is first precipitated as dihydrate Cas50,.2H,0.

After product acid separation, dihydrate is converted tow
hemihydrate by increasing the temperature and the acidity.

« hemihydrate is separated by filtration while the mother liquors
ag well the cake wash filtrate are recycled to the dihydrate
attack tank.

Figure 1 shows a simplified flow sheet of the pProcess.

H, S0,
Pheosphate Steam
rock H,850, 98 % :
—_— a SEFPARATION
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ATTACK TANK ' wash

TANK water
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HEMI FILTER

_recycled sulpho-phos~- I»1ba5041H20

A
l

Product agid

phoric acid

PIGURE 1.

After experimentation in laboratory and pilot plant, this process
has been used, for the First time, in our £0 T P50g/d plant in
1965. The capacity has been progreszsively increased upte 200 T
Po0g5/& in 1970. In 1972, we shut down this unit and convarted our
old 200 T P,0-5/d4 dikydrate plant into a 400 7T P»0z/4d
CENTRAL-PRAYON unit.

Incidentally, elevea plants in the world utilize this Process
which has Leen used with most commercial phosphate rocks.
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When compared to conventional dihydrate route, this process has
the following advantages i

- higher P,0g concentration in product acid : 32 - 35 % Pjy0g-.
- low sulphuric acid contamination of the product acid : 1 to 1,5
$ Hy504.

- overall P;0g extraction efficiency higher than 98 %.

- direct production of merchant grade calcium sulphate after a
mere line neutralization of the very low residual acidity {less
than 0,05 % W.5. P30g5 on cake dried at 150 0.

When compared to usual hEmihydrate processes, calecium sulphate

produced by the CENTRAL-PRAYON process exhibits two very special
characteristics:

- when discharged from the filter, the hemihydrate cake typically
contains 20 to 25 % of total water. When allowed to remain on &
storage area for about three weeks, without any external
interference, the hemihydrate {f 6 % crystal water) reverts to

dihydrate (% 20 % crystal water) by absorbing its accompanying
moisture.

A completely rehydrated calecium sulphate at £ 5 % molsture i=s
thus obtained. This rehydrated produect is dry and has excellent
handling properties. For the users (plaster or ¢ement
industries), transportation costs are reduced and, during
calecination, the amount of water to be evapeorated is reduced to
about 170 kg of water/ton of CaS0,.

- When discharged from the filter, hemihydrate is under thes
hemihydrate crystallization form, contrary to hemihydrate
produced by cale¢ination of natural gypsum or phosphegypsum which
iz under the § hemihydrate form.

This is a marked advantage as & hemihydrate is definitely

superior to B hemihydrate as far as mechanical properties are
concerned.

It iz worth noting that transforming regular dihydrate into eof
hemihydrate requires a vostly process based on a discontinuous
treatment in an auvtoclave.

However, CENTRAL-PRAYON process does not allow the production of
a high P,0g concentration aeid : above about 35 % P;0g, gypsum
crystals crystallization is affected 3¢ that preduct acid
separation becomes difficult and hemihydratas crystallization is
impaired.
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Aims of the =study :

We have found interesting to try to develop a phesphoric acid
process that would combine "the hest of twe worlds™ : on one
side, the direct production of concentrated (more than 40 %
P30g5) phospheric acid and on the other side, the production of
merchant grade (’hemihdyrate either as o/ hemihydrate or, after
natural rehydration, as "auto=-drying" phosphogypsum.

Thankz to the development of the CENTRAL-PRAYON process up to

a total reliability stage and its applicatieon to the most
diversified phosphate rocks -or blends of phoasphates rocks~ we
have aceumulated a wide exparience in hemihydrate operation as
well as in the control of calcium sulphate crystallization
changes (dihydrate + hemihydrate = dihydrate). fThis experience
has been widely relied upon in developing a new process, PRAYON
PR, 3 (PRAYON HEMIHYDRATE 3 CRYSTALS) which is going to be
described.

This new process opens wide parspectives in the development of
phosphogypsum utilizations. PRAYON PH. 3 P,QOg technical
efficiency is higher than 99 % and the calcium sulphate (o
hemihydrate, II anhydrite or a combination of both) is very
pure. These different phosphogypsum gualities are produced at
very competitive c¢ost when compared to tha "dry moda"
production.

Mechanical properties of the caleium sulphate are directly
related to the analysis of the different states of the product.

For informatieon purpose, the following figure shows the
stability zones of the different calcium sulphate
crystallization and hydration states as well as the conditions
required to tyansform one hydrated form inte another cne.



CALCIUM SULPHATE HYDRATION AND CRYSTALLIZATION STATES

. Chemical
« Synthetic

II ANHYDRITE

A
« Overburnt
T°(1.180°C T°= 1.180°C . Natural
CaSO4 ANHYDRITE
I ANHYDRITE . at high

temperature.

CaS04.2H,0 I GYPSUM
DIHYDRATE l
Wet process Dry process ‘
dehydration dehydration
X CaS0,4.0,5H,0 8 CasS0,4.0,5H,0 '
o HEMIHYDRATE 8 HEMIHYDRATE | PLASTER
T® ¢ 100°C T° 100°C T°< 107°C T°>107°C
, |
ol CaSOy B CaSOy, I ANHYDRITE
& III ANHYDRITE BIII ANHYDRITE Soluble
T®° 177°C T° 400°C I
CaS0, ‘ ANHYDRITE

Reference : Winfried HADRICH und Erwin KAISERSBERGER,
Netsch - Gerdtebau GmbH, 8672 Selb./BRD.

g - 21
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~ Au cours de nes études, les techniques analytiques utilisées pour 1'identification des phases sont les analyses :
eau de cristallisation par gravimétrie, spectres de diffraction des rayons X et microscopies électroniques & balayage.

During our research, the following analytical techniques have been used : - gravimetry for crystal water determination ;
- X-ray diffraction ;
- scanning electronic microscope.

H.0 crist 20 % systéme cristallin prismatique monoclinique
2 R - prismatic monoclinal crystallization system

Hemihydrate oL
oL hemihydrate

systéme cristallin hexagonal

: CaSOa. d HZO HZO crist. = 5,8 % hexagonal crystallization system

systéme cristallin crthorhombique

Anhydrite II :
: rthorhombic crystallization system.

11 anhydrite
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PRAYON PH. 3 PROCESS.

.-

Figure 3 shows a simplified flow-sheet of PRAYON PH. 3 process.
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The prineciple is rather simple :

During first step, phosphate rock iz digested by sulphuric acid
in gonditions such that a high Po,0s5 strengthand superior gualit
{low solids and impurities content) acid is produced.

Calcium sulphate resulting from this step is a rather impure
hemihydrate.

Acid is separated from hemihydrate by filtration.

In a second step, thanks to a change of operating conditions
(temperature, % P,0g5, % S0,), hemihydrate is recrystallized int
dihydrate in order to achieve a first purification, specially i
regard te unreacted phosphate rock.

In the third step, dihydrate i3 reconverted into hemihydrate,
IY anhydrite - or a mixture of both -~ thanks to a new
modification of operating conditions. This third step is guite
similar to the second part of CENTRAL-PRAYON process and aims a
producing a high purity calecium sulphate which is separated by
filtration and washed with water.

In each step, the operating conditions are modified either by
external interference (cooling, sulphuric acid or steam

addition) or by an adeguate and controlled recycling of the
varicus filtrates.
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PILOT TESTES.

Aims :

Following some discontinucus laboratory tests, a pilet plant has
been built and started early 'B3 in order to :

verify the feasibility of the process.

define all operating parameters on the coperation and on the
guality of the products.

astablish material, energy and main impurities balances.

study the stability of the process, specially the evolution of
the variouas calecium sulphate hydration forms during shut downs
and process upsats.,

study the influence of residence time in the various vessels.
datermine the filtration characteristies of the various
products.

establish the main sizing criteria for an industrial sgize plant
based on PH. 3 proceass.

Pilot eguipment (photos 1 to 5)

Capacity of the pileot plant is #* 20 kg P,05/24 hours based on
our former experience, a larger capacity pilot plant will not
give better information but, on the opposite side, handling of
raw materials, intermediate and final products becomes a burden
on the operators and distract them from the operation control.

The installation is basically made of agitated 20/25/5 stainless
steel vessels. The agitators are a copy, in reduced size, of
our industrial agitators. In all vessels, temperature is kept
constant at the desired set point either by heating plates or by
water~jacket coolers.

All reagents are introduced in a c¢ontinuous and controlled way,
either. by continuous weighing for the solids or by metering
pumps for the liguids.

Filtration operations are discontinugus and performed on a
buchner type filtering ecell. Slurry to be filtered is however
taken continuously as well as filtrates to be recycled.

The operation is continuous (one technician and two skilled
operators per shift) five days a week. The operators run
themselves the physical and analytical determinations necessary
for the control of the operation while the shift composite
samples are analyzed by the central lab.



12 - 10

PILOT PLANT EQUIPMENTS.

1. Section d'attaque et de production d'acide a haut titre.
1. Hémihydrate attack section.

2. Une cellule de filtration.
2. Filtering cell.

3. Section de conversion hémihydrate < - dihydrate
3. « hemihydrate - dihydrate conversion section.

4. Dosage et recyclage en continu
des réactifs.

&, Continuous feeding and recycli
of the reagents.

Section de conversion
dinydrate - hémihydrate
(et/ou) anhydrite II.
Dihydrate - oChemihvdrate
or dihydrate - Il anhydrite
conversion section.
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Tezts and results.

4'3.1'

4.3-2.

Taest performed and schedule :

i e wmi v HE M e b

Several 4 weeks testing periods were performed during 1983
and 1984.

During the initial periods, a blend of KOLA/CASA phesphate
racks, similar £o the one used in our Engis plant, was
teated. Afterwards, a blend XKOLA/BU CRAA, CASA and FLORIDA
rocka have been tested. Two mere testing periods on KOLA
rock are scheduled for the end of this year.

Analytical results presented in this paper refer to tests
on blends KOLA/CASA {ratio &8/32 based on dry phosphate
weight) and KOLA/BU CRRA (ratio 50/50 based on dry
phosphate weight). Only the conclusiops and final results
will bhe presented. Initial results az well as intermediate
tests will be omitted.

Tests results :

[E———— —— i —— -

Step one : hemihydrate attack and filtration :

production of 40 - 45 % P30z acid with low free 503 (£ 1 %)
has been obtained without any major difficulty : however,
more difficult has been the control of operating conditions
allowing the production of hemihydrate which would filter
rapidly and would lend itself to a complete rehydration
during the second step.

Since the beginning of the test, it has been clearly
demonstrated that the P,0g content of the liquid phase
during the second step of the process (rehydration of
hemihydrate into dihydrate) has a definite influence on the
degree of rehydration. Conseguently, it is very important
to avoid any uncontrolled P,0g transfer from step one to
gtep two.

These uncoentrolled tranafers may be due to a poor
hemihydrate crystallization, which would cause a poor
filtration, or to an incomplete phoaphate rock digestion,
which would cause high unreacted and co-crystallized Pp0Og
content in the hemihydrate. (Most part of this P,0; would
be gsolubilized during rehydration).

These initial difficulties have been rapidly overcome by :

‘= an internal modification of the hemihydrate attack

section so as to digest the rock in & progressive mannar
and to produce a hemihydrate perfectly constant in

. composition and stable. -

« an appropriate routing of the ligquids recycled from the
next steps sSo as to be.able to perfectly contrcol S03 and
P,0g contents during each szteps of the process.
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Etep two : conversion hemihydrate-dihydrate :

Az mentioned above, during the intial test period, the
completeness of rehydration has been rather difficult to
control. Here again, the problem has heen solved by an
internal medification of the rehydration volume and a
proper control of the cperating conditions by recycling the
liguoers from the other steps.

Step three : conversion dihydrate-hemihydrate-hemihydrate
filtration :

This step is exactly similar to the second step of the
CENTRAL-PRAYON process so that no special difficulty was
expected.

The only problem that has occurred has bean the
impoasibility te obtain the required hemihydrate purity

when rehydration is not complete during the second step of
the process. ;

In this case, hemihydrate produced during the first step is
directly transferred, whithout reeryvstallization, toc the
third step. As this hemihydrate has not been produced in
optimum conditions {(high P05 and low 803), its poor
crystallization will affect the filtrability of the final
product and the Jatter will be polluted by its impurities
(mainly P,05). This gproblem has completely disappeared as
soon as the rehydration process during the second step has
been under tetal control.

One interesting phenomenon which appeared during the tests
is the possibility to obtain II anhvdrite instead of ® hemi=
hydrate by modification of the operating conditions during
step three. When oparating with intermediate conditions,
it has alsc been poszsible to produce a mixture of II
anhydrite and o hemihydrate and to adjust, at will, the
ratle of each component. Caleination of TI anhydrite
raguires less3 water to evaporate. An additional advantage
is that the presence of a4 certain amoun:t of II anhydrite
enhances the mechanical properties of ¢ hemihydrate.

Table III showsa the effsct of granulometry, percentage of
II anhydrite and ratic W/P (water,/product) on the
mechanical properties of the final product.
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Other information resulting from the pilot tests :

- in addition te the production of high P;05 concentrated
product acid and high purity calecium sulphate, the pilot
tests have made possible t¢ work out the material, energy
and chemical balances. These balances show that :

- when producing 40-45 % P205 acid, overall FPp0g recovery
is 99 to 29,5 %.

- similarly to most high strength processes, product
acid impurities level is much lower than dihydrate acid
of the same P00y concentration. This is of course an
advantage for the users but alse, precipitation and
scaling during storage and concentration will be reduced.

- fluorine eveolution per unit of P,0g is appreciably
higher than for a conventional process. Thia allows to
recover more fluorine and to increase the concentraticn
of the recovered fluosilicic acid solution-

It should be mentioned that for certain types of rock
tested, active silica has been added ta one or several
steps of the process in order to make up for the active
gsilica rogk deficiency-. In all cases, this addition has
improved the crystal shape of the various calcium sulphate
and has increased their time-stability. It is worthnoting
that, as far as hemihydrate is concerned (first and third
step), silica addition has allowed to obtain hemihydrate at
a definetely lower temperature with, ag 2 econsequn~nce, a
sensible reduction of the corrosion of the eguipments.
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4.3.3., Table I =~ Operating conditions.

DESIGNATION KOLA/CASA (68/32) ‘ ¥OLA/BU CRAA (50/50)
1. Sept one : hemihydr ‘
attack & filtration
. product acid % P305 42 to 45 %
. temperature °C 85 I 75
. axcess 5C, gr/l 10 to 15 gr/1l
. % golids 26 to 28 %

. reaction volume
mi/t By05 x 24 h 1 1,

i

. filtration coeffi-
cient : t P,0g5/24 h
x m2 3,5 4

2. Step two @ conver-
sion hemi.-dihydrate

. % P;0g liguid phase 18 to 23 20 to 26

. temperature °C 45 to 50 °C
. ‘excess S03 gr/1 3 te 5 % 5,5 to 6,5
« 3 zolida 45 to 50 %

. rehydration velame
m3/t P50g5 x 24 hours 2,5 3

1. Step three :; conver-
sion dihydrate =
hemihydrate and

hemi. - filtration
. 3 Py0g in liquid 24 .y
phase
. temperature °C 82 30
. &% H,oS0, 8,5 3,5
. % solids 24 25

. canversion volume

mi/t Pp0g x 24 N 0,5
. Ffiltration coeffi-
cient : t Py0g/24 1

sz

T
— —
s
o
o

Remark : for II anhyvdrite prodactlian, conditicns are &
%59265 : 17 to 20 %; Temp.*C 3 70 to 75°C ; % H,S0,4 : 19 to
2 % .
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TABLE IXI - Treatment of various phosphates rocks per the PH.3.

PTCCEeSS

Chemical analysis.

PHOSPHATES KDL!!CES$ {6B8/32)

PHOSPHATESE KOLA/BU CRARAR {50/50D}

61 - 21

DESIGHATICON|Phosphate (Product calcium sulfate Phosphate |Product Calcium sulfate
blend acia o hémi. II anhyd. | blend acid o hemi. o hemi + [II anhyd.
as such as such as such 20 % 1I_ag as such
as such
specific 1511 1485
gravity kgfdm3
total H,O 1 21,4 '35 0,8 17,8 21,3 32
cn dry bas. on dry basls 250 °C
100°C
HoO 50-250°C 5,6 0,6 6,1 5,2 0,3
PoOg T 37,06 44,7 0,12 0,40 7,8 42,7 0,31 0,21 0,40
CaQ 50,2 0,14 39,8 3a,s5 51,9 0,073 g, 4 38,4 39,4
504 1,14 1,5 58,3 56,5 0,56 1,7 57 5% ,3 58,1
F 3,5 1,6 0,011 0,08 3,6 1,6 d,13 0,04 0,06
S5i04 1,9 0,86 6,9 1,2 2.4 0,8 2.1 1.7 0,6
Al 50, 0,69 0,54 0,095 0,079 0,60 0,56 d,%3 g, 10 0,094
Fe,0, 0,44 0,33 0,46 0,039 0,034 0,022
ta, 0 0,36 0,33 0,018 0,11 0,088 0,13
K40 0,10 0,11 0,004 0,022 0,022 u,023
Mg0 0,18 G,10 0,11 0,013 0,008 0.008
CE 0,50 0,34 0,02 0,03 0,04 0,06
U405 0,008 0,005 < 0,002 < 0,001 0,0045 0,0047 ¢ 0,0001 D,0005 G,0004
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4.3.5. MICROSCOPIES ELECTRONIQUES A BALAYAGE DES SOLIDES AUX 3 ETAGES
4.3.5. ELECTRONIC MICROSCOPE SCANNING OBSERVATION OF THE SOLLIDS PRODUCED DURING THE THREE DIFFERENT STEPS

1.- ATTAQUE HEMIHYDRATE
1.- STCP ONE - HEMIHYDRATE REACTION

KOLA/CASA (68/32) KOLA/BU CRAA {(50/50)
Acide produit : . o . o Acide produit : o ~
Product acid : PZDS 2 42.8%; 505 : 0,6 % Product acid : 205 @ 4527 8 505 ¢ 1

HZD C: 6,8%; P205 10T = 1,5%; PZO5 SET : 1,2 % HOC : 6,6%; PZD o1 = 1,7 % PZO, SET ¢ 1,5 %

2.- CONVERSION HEMIHYDRATE - DIHYDRATE
2.- STEP TWO : CONVERSION HEMIHYDRATE - DIHYDRATE

: 0,2

HZO C:18,7%: PZDS 70T : 0,58 % ; PZOS 10T : 0,28 % HQO C: 19,2 %; PZDS G« 0,37 % : F’zﬂ,.J SET

3.- CONVERSION DIHYDRATE - HEMINYDRATE
5.- STCP THREE - CONVERSION DIHYDRATE - HEMIHYDRAIE

va,
Ny

o
P,0,
275



12 - 17

4.3.6. MICROSCOPIES ET SPECTRES CES RAYONS X DES SULFATES DE CHAUX PRODUITS
(HEMI o + ANHYDRITE II).

4.3.6. MICROSCOPIC DETERMINATION AND X-RAY DIFFRACTION ANALYSES OF CALCIUM SULPHATE PRODUCTS
(o¢ HEMIHYDRATE AND II ANHYDRITE).

£. 84.03.23L30 : H,0 C =

"y = 5,9 ; F’ZU5 T0T : 0,35 % 3 PZDS SET = 0,22 %
W.S.
TEBAOLELI0 _ COunihoun
= = 4o S04 -.,A;“_ .'__ -
- - G508 2H0 o [
R L A |- =i 1;,- —
I : |

; PZDS T0T = 0,17 ; PZOS SE; = 0,10 %

I

Fircon TR

E. 84.02.16L34 : HZO C=4,9; PZOS T0T = 0,32 ; PZDS SET = 0,25 % .
W.S.

£840246 L34

(a5:‘,_,.€%[._( X -
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4.3.6. (SUITE) MICROSCOPIES ET SPECTRES DES RAYONS X DES SULFATES DE CHAUX PRODUITS
(HEMI «+ ANHYDRITE IT).
4.3.6. (CONTINUED ) MICROSCOPIC DETERMINATION AND X-RAY DIFFRACTION ANALYSES OF CALCIUM SULPHATE PRODUCTS
(. HEMIHYDRATE & II ANHYDRITE).

E. 84.02.15L42 HOC=4,3%;P0. T0T =0,42%;FP

- 2 3
0, SET = 0,34 ¢

Z5 s,

c e - Eg4ozSL4R

G.-f)Ch.qsw,:q( X
G0z 7=
C‘ﬂio

0,35 % ; PO

205 SET

W.S.

Esaoztoilz

! )
_ @50,." Ko X o

Gasoyy o
. Goebo o

1
|
=t

!
|
|
i
!

| avwyomie = o _“/':-344:
ST SR S NSt




SAMPLE Treatment Chemical analysis Physical analysis V Vstrengu- 1 test DEMN-
{hemihydrate (A such : A.S. SITE {
ar Alcohol. washed crist| an dry basis 250°C Camlat. seive anal} E/P Berding kg Jan? Canpression kg/an?
II anhydrite : AW. Jpil  |water Blaine
Ground : G-R. 10 % Py05| 0| 5] F m2/gz+63/q+45}+3%+m}. 1hj3h 1d|7ds |28ds|1 h|3 h{ Sh {1 d |7 ds |28 ds|7ds
Tot.
83.10.04
KOLA/CASA A.S. + G.R. - 3,7 j0,31|39 |58,1]0,061] 5190 30 % 0,3 19| -~ |28,8{37,5}43,9] 42 | 53| ~ | 70,4}153 [222,8 ‘385
(68/32)
83.10.04
KOLA/CASA A.S. + G.R. - - - - - - - 30 % 0,3 28| - [63,2{59 - 96 {135] - |263,2|359 - 428
(63/32) + 0,4 % GO
84.05.25 II | A.S. 4 4,8 }0,29]40,8]57,7]0,08 | 4973 | 1 |12 $|23 % 87 %/0,35 | ~ |43 67 48,5 - |~ - - - 1253 -
KOLA/BUCRRA | A.S. 4 0,46 20 39 J40 66 143 |170 -
(50/50) AS. +0,2% 12 0,345] - |57 61 |59 -l=-1=-1 - - 1263 -
[o:'0}
84.05.25 IIIf A.S. 3,9} 4,1 ]0,35{39,5]57,8{0,10 | 5832 | 1 4 %{13 %31 %j0,388] - |4 45 (49,5 - |-|-{| - - {241 -1 1,68
A.S. 4 0,46 | - |12 34 (39 -|-134 - (128 [151 -
A.S. + 0,2% |12, 0,37 | - |37 55 |59 -t-1 - - - |267 -1 1,68
Ca0
84.05.25 IV | A.S. 4 | 5,7 |0,28]39,9i57,1] 0,08| €041 | 2 [11 %22 % 54 /0,34 | - |25 68 | - L B e - 1234 -1 17
A.S. 4 0,45 | - |17 3% |43 -1 ~]46] - [144 167 -
A.S. + 0,2 % |12 0,34 29 53 |53 250 1,76
Ca0
84.05.25 V A.S. 4 5,3 |0,29]39,4|57,9] 0,07 5313 | 5 14 %48 {58 s}0,35 | - |35 45 47,5 - | - - - - 1225 -
h.S. 4 0,40 | - |25 42 |4 -1 -]75] =-{156 (197 -
R.S. + 0,2 % |12 0,35 | - |35 59 |59 «-l=-1 =~ -1 = {251 -
ca0
84.05.25 I | A.S. 1,3 10,43]39,6|57 | 0,03{10392 |11 |56 ¥|81 % 90 %
84.05.25 VII| A.S. 0,3 |o,38]|39,7|57,7| 0,04]10872 | 5 |33 % 53 8|93 &
84.05.25 A.S. 4,2 0,42 21 35 |3 110 1,67
(I 30 %+ A.S. + 0,2 % |12 0,42 32 {30 1 1,6
V 70 %)
84.05.25 A.S. 4,2 0,41 21 36 (3% 110 1,6
(VII 30 & + | AS. +0,2% |12 0,41 5 47 |34 m 1,6
IV 70 %)
84.05.25 A.S. 0,56 16 2 {21 28 50 | 57
(I5 %~ A.S.
IT 50 %)
84.05.25 A.S 0,50 4 21 |18 38 51| 58
(VII 50 © +
V 50 %)

61 - ¢I



4.4. Conclusions :

The reliability of the 2H. 2. process has been demonstrated during
pilot tests. This process allows the production of good guality
and high P05 content acid together with merchant grade calcium
sulphate.

By immediately drying the cake from the filter, either
hemihydrate or II anhydrite or a mixture of both, are obtained
because of their very particular crystallization states. Thage
products exhibits remarkable mechanical propertias and this opens
new opportunities for new phosphogypsum usages.

Thanks to the pilot tasts, it has been possible to define the
operating parameters for the treatment of most usual commercial
phosphate rocks and the sizing criteria for the various necessary
equipments as well as to selegt the type of aguipment.
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TA/84/12 Simultaneous production of marchant grade calcium sulphate

and high scrength phosphoric acid by A. Daviater & . F.
Thirion, Prayon—-Rupel, Belgium

DISCUSSION: Rapporteur E. HOLTE, ¥orsk Hydro, Norway

Mr. J.C. ABRAHAMSE, UXF, Netherlands

Can vyou give informatiom abhout cadmium distribution over the acid
and calcium sulphate?

During the tests we concentrated on makiang high grade phosphoric
acid and calecium sulphate and, although we meonitored the
impurities in the products, we do nat 380 far have data on the
disteibution of cadmium.

Mr. K.L. PARKS, Agricc Chemical Company, USA

In tahbla 2 1in the paper giving values for the test with Kola/3Bu
Craa blend vyou give an increase in the Fa203/P205 ratioc from the
rock of 0.0087 to 0.0108 in the acid. Does this suggest severe
corrosion?

We utilize stainless steel in our test equipment and the corresion
analysis carried out on the test equipment indicates noe corrosion
whatsoever.

Mr. R. SMITH, Duetag, Fraunce

Could vyou advise further the uges for the caleium sulphate
produced by thils procass?

For upgrading of Ca asulphate, we have already the Cantral Frayon
process. Virtually for all the production of Ca sulphate from that
particular pProcess in our own plants, and at the
customers 'location in Sweden, Japan and Africa, upgrading is done
for the production of products which are currently obtalined from
natural gypsum In the production of 8-hazmihydrate. If we look iutoe
the <vasults, we would find little differences Iin the quality af
A-III-hemihydrate, whether it be phosphogypsum or matural gypsum.
We can also use it as cement retarder or as Ca supplier raw
material 1in the manufacture of cement clinker as {3 done in some
countries, like for instance South Africa.

We have developed the PH3 Process because we wanted to have
concentrated acid, but we alao wanted to rtetain this poagglbility
of upgrading Ca sulphate. Because of the mechanical propertias of
the o -hemihydrate, we have found naew outlets. Introducing a
controlled proportion of ILl-anhydrite 1s aven more interesting,
because II-anhydrite doms not need to be producsd by high
temperature thermal traatment, as 1s done in plaster works. It is
present Iin the crystals aand requires no drying energy. That way wa
could, of coursa, raplace certain production of plastaer by
traditional means zund alse cemant Iin terms of gtreangth gnd in
tarmz of material deslgn-



Fillers and whatever you might have in mind will %te another
markek.

Mr. K.L. PARKS, Agrico Chemical Cowﬁany, UsA
What resulta would ¥vou sxpect with Florida 53 BPFL rock?

Does this process reduce the radioactivity of the gypsum, f.2. Ehe
radium contenc?

We have just completed a test of six weeks on Florida rock. I do
uot have any elactronic miscrocope presentations and I do not have
the results with me, but T can tell vou that with the Florida
grade 70/72 BPL, we had 46X P205 acid obtained with yields of
about 99%, The operating factor was just as good as with the
Morocco grade and the shape of the crystals was more ar less
similar, 9o I can tall vou that the grade for the Florida product
wag easier to achieve than with the Moroecco grade, which was
pretty good In any cage.

During the tests we monitored a certain number of ingrediants.
Included 4in theses is the mouitoring of radium, bBut the results of
these tests are just now under processing.

Mr. J.D. CRERAR, Norsk Hydro Fertili{zers Ltd, United Kingdon

The operating conditions given for the 2nd reaction gtage are
18-23% P205 and for the 3rd stage 241 7P205. Thus -here can be
little recevery of P205 at the dihydrate separation. How difficult
iz thiasa operation? Is it hy=-passaed on the pilot planc?

What I ecan 2ay is thaz the controel of the quality of the final Ca
gulphate with oa-hewmihydrate or the mixture of a~hemihydrate and
anhydrite IT requires essentially that we have a full rehydration
in the second phase and this is a must of the precess. Separationm
after the secownd stage is optional and has nothing to do with the
recovery of the characteristics of the products.

Mr. P. MORAILLON, C€d¥ Chimie AZF, France

How can you explain the balance of impuritiea in the phospharic
2cid and Ca sulphate that «correspond to i{t? We altogether find
only part of the metal impurities in the phosphate, for instance
32% of Al203 {n the Kola/Casa grade or 50% Na20 in the Kola/Bu
Craa grade accoerding to the figures given 4{iu table IZI.

When you have 80X A1203 balance when dcing exXperimental work in a
pllct plant, it i3 not that bad. In return, it is pretty obvious
that 50% when vou do a N2 balance i3 something which i{s not right.
It mugc be a mistake scmewhere. By 2all accounts, Na in the acid
will wultimately be of a slightly higher concentration by the tima
full equilibrium {n the 2¥ystem has been reached.

We have to reallze that in a pilot plant, with a 20 kg P205/day
capacity, there 132 from a2 human point of view a maximum you can
do. We also have to produce series of samples and samples which in
fact ragulre additional purgzing. At the time of sampling ca liguid
praducts at a laboratory lavel, we can wark on the praduct asz
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such, but, for raasons of overload, we do it away from the clear
liquid. Consequently, we might have precipitation. The sodium
‘might not be present ian the liquid phasa., That is why you have to
do it on the solids rather than on the liquid.

Mr. M., GAURON, CO¥AZ 35A, France

In the Ca sulphate handling section III a-anhydrite seems to be an
intermediate hetwean o-hemihydrate and II-anhydrite, but purting
yourself 1in intermediate conditiona, you are going to get a
mixture of a=hemihydrate and II-anhydrice. How can you account for
the absencs of the a-nemihydrate III, if put this way?

Tha crystallization phase 1in the chemistry aperations is
sophisticated. A lot of literature hags been pudblished oan this and
I think that things are changing pratty fast. Sc everyhody has his
own ideas ou the issua, and I would say that IIl-anhydrite is
often present. But in doing the analysis and the X-ray diffraction
for determination, we cannot make the distinction hatwean
erhemihydrate aud III-anhydrite as the spectrums are suparlimposed
an each other. When working out the product, you will have a lot
of IlI-anhydrite present which will actlvate the setting times.

Mr. P. BAEKEN, Coppée SA, Belgium

On page 2 on the paper, Yyou 8ay that one can resort to silica,
whickh could be added. Could vou asay more about this? That
particular thing 1is alraady pataentad and covered. Please
elaborate.

Adding sllica or the role plaved by wvarious foreign mattars
(impuritiass) present at various levels in the phosphate rocks
uded, like organics, ailica, alumina and many cthers have bean
brought forward many years ago. In the beginaing of the 60's,
recommendations were drafted on the use of these products.

As a matter of fact, later on (some 20 vyears bhack) a very
interesting paper by Mr. Gilbert, USA, gave a lengthy description
of which role is played by a certain number of those 1lmpurities or
foreign mwmatters and what effect thay can hava on the
crystalllization bhehaviour of Ca sgulphate and alse on the
transition from aone form to another. As a matter of fact, as we gzo
along, we get to know how to make the moszst of the phenomenon and
to use it to maximum advantags.

Mr, M, MIYAMCTO, Nissan Chemical Industries, Japan

On figure 3, there iz ne cutlet of filtrate from the dihydrate
sectlion. Where doas 1t go?

Separation of dihydrate is an operation which is still optional as
shown on our flowcheet. But when we ilacorporate 1t, that doas not

necessarily give any outlet because we have the possibilicy to
recycle.
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Answers to guestions in writing

Q = Mr. J.D. CRERAR, Norak Hydro Fertilizercs Led, United Kingdem

The P205 recovery of 99-99.5% probably excludes mechanical logsas
from the (filters. With three saparation stazes this must be
significant. Can the authors quantify the ovarall recovery for an
industrial plant?

A ~ Generally, our design Iincludes onae claosed eircuit for process and
cooling waters. In this case, the overall racovery is 99 to 99.5%
for an industrial plant. The possible losses will bhe accidanral.

Q - Mr. M. GAURON, COFAZ SA, France

Since phosphoric acid contains less impurities tham a dihydrate

free acid, the final hemihydrate will be nwmore impurs. Pleasa
comment. .

The phosphates indicated in table II contain litrle Na. Have you
tried phosphates with a higher Na-contant? In that case, does thes
hemihydrate contain more fluorine?

& - Ne, the final hemihydrate is purer than with a dihydrate process,
because impurities are dissolved ar this ceuncentration. The
.impurircies are in the product acid.

Yes, we have treated the Casa phosphate rack H8-70 BPL. Thers i3
2 relation between Na and F content 1n golids: but values are
less than In a dihvdrate process.

G - Mr. M. MIYTAMOTO, Nissan Chenical Industries, Japan

How do you poaitively proportioned a ~hamihydrate and

IlI-anhydeite in dihydrate hemihydrate conversgion stage, by
temparature or by {2504 concantration thersin?

Is 1t possible to make II-anhydrite free of hemihydrate?
What 1s the allacation of 98% H2504 inro the threea stages?

4 = The concentrstion of II-anhydrita in hemihydrata and dihydrate
conversion astage 1s controlled by adjusting tamperature, P205 and
H2504 concentration in the liquid.

In the wvet phosphoric acid processas Il-anhydrite 13 made from
hemihydrata and dihydrate coaversion. There are some frees
IT«anhydrite crystals in the produced solidsg.

The distribution of sulfurie acid introduced in the three rhases
of the process 15 aboucr:

~ hemihydrate attack section 50% 257
= dihydrate convarsion section 25% 25
= hemihydrate conversion section 234 -~

]

I1 anhydrite conversilon section - 507
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Q - Mr. M, BARLOY, Office Togolals des Phosphates, Togo
Does the first hemihydrate reactor include several compartments?

Does the process described have an aconomic advantage if the
calecium aulfate 1is not processed? In particular, can ¥you
eliminate the third stage?

A - The multicompartmanted single tank coupled with the new low level
flash cooler organized to ensure separate control on the three.
flows (through the tank, through the flash cooler and inside =2ach
compartment) a3 wall as to minimize the power rating by the use
af helicoidal pumps and carefully shaped agltators has now
reached full maturity and streagth. It is of course one af the
maln topiecs of the Themihydrate veaction together with the
digestion tank{s) ia which the slurry is adjusted and stakilized
before filtration.

If the gypsum 15 not praocessed, the third stage 1g of no inrarest
excapt 4in case of dey handling to disposal, which is more easily
achieved when the process delivers a self drying mixture of

¢ hemihydrate and II-anhydrite. But of course who can do the
most can do the least and as a fall out of the PH3 process we
have developed a full range of hemihydrate processes namad PH for
Prayon themihydrate. Thaese are either astraight hemihydrata in one
stage (PH11l) or im two stages (PH12), or  hewmidihydrate in two
stages (PH2).

0 — Mr., N.D. WARD, Norsk Hydro Fertilizers Ltd, United Kingdenm

Rasults are givan only for the rToack mixtures inclueding
Rola-apatite. How does the plant perform oan a sedimentary rock
zalone?

A - During the laecture, we have shown resultas obtained with

commercial Xhouribga rocks and indicated figures obtained during
a 7Tun with commercial Florida rock. Both behavad perfecrly well.
I1f our tests were started with RKola apatite coutalning rock

mixtures, this 1s simply te¢ adapt 1t fo our usual plant
fred=ztock.

Q - Mr. T.J. THOONENW, UKF, Netherlaads

Can you gilve figures in p-Curies/g over the different steps
(HE-DY-HH)?

A = Without special treatment the radiocactiviiy 1s the same over the
different stages.

Q - Mr. N. TURKI, SIAPE, Tunisia

BPo you add chemicals to prevent formation of dihydrates in the
firgt crystallization?

A - No, but 1t {3 necassary to adjust the conditionms for hemihydrate
crystallization.








