Office de la Propriete Canadian CA 2107472 C 2002/07/30

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 1 07 472
Un organisme An agency of | 12 BREVET CANADIEN
Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 1991/12/30 (51) CL.Int.>/Int.CI.° C01B 25/223, CO1F 7/50, CO1F 11/46,
(87) Date publication PCT/PCT Publication Date: 1992/07/23 CO1F 11720, CO1B 7719, CO1C 1/16, CO1D 3/02
ol _ (72) Inventeurs/Inventors:
(45) Date de deéelivrance/lssue Date: 2002/0/7/30 Erickson William R.. US:
(85) Entree phase nationale/National Entry: 1993/11/02 Bouffard, Leif E.. US
(86) N° demande PCT/PCT Application No.: US 1991/009532| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 1992/012095 Phosphate Engineering & Construction Corp., US
(30) Priorités/Priorities: 1990/12/31 (636,254) US: (74) Agent: DIMOCK STRATTON CLARIZIO LLP

1991/12/17 (808,641) US

(54) Titre : PRODUCTION D'ACIDE PHOSPHORIQUE ET DE FLUORURE D'HYDROGENE
54) Title: PRODUCTION OF PHOSPHORIC ACID AND HYDROGEN FLUORIDE

20
PHOSPHATE >0 22
{5 R
ROCK - | 24
o 4
FSA ——= t: - CENTRIFUGE
%Hﬁﬁ% OR STORAGE
REACTOR FILTER
{0 13 19 21:::
CAKE

(57) Abrége/Abstract:

Fluosilicic acid Is reacted with phosphate rock in order to produce wet process phoshoric acid and calcium fluoride which Is later
reacted with sulfuric acid to produce hydrogen fluoride and calcium sulfate. The hydrogen fluoride Is then stripped from the
phosphoric acid and recovered as either anhydrous hydrogen fluoride or concentrated hydrofluoric acid or reacted with
aluminum trihnydrate to produce aluminum fluoride; with sodium carbonate to produce sodium fluoride/bifluoride; or with
ammonia to produce ammonium fluoride/bifluoride.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




PCI‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION
Internationai Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

P P ———

(51) International Patent Classification >

C01B 25/22, 7/19, 25/223

(11) Internatlonal Publication Number: WO 92/ 12095

23 July 1992 (23.07.92)

I
CO1F 7/50, 7/34, CO1ID 3/02 Al (43) Internationa! Publication Date:
C01C 1/16
r (21) International Application Number: PCT/US%1/093532

(22) International Filing Date: 30 December 1991 (30.12.91)

(30) Priority data:
636,254 31 December 1990 (3
Not furmished 17 December 1991 (17.

.

(71) Applicant: PHOSPHATE ENGINEERING & CON-
STRUCTION CORP. [US "USJ: 2940 Drane Field Road.

Lakeland. FL 33811 (US).

("2) Inventors: ERICKSON. William. R, : 229 Lake Holling-|

12.
12.9

0)
H)

US
US

sworth Drive. Lakeland. FL 53803 (L S). BOUFFARD.

Laif, E. o 4162 Stone Hinge Road, Mulberry,
(US).

[L 3

3860 -

— a‘:’ 'i ﬁ :Z}";{. :} e - e s e
ARV Y N

(74) Agents: FLYNN, James, J. et al.; E.I. du Pont de Nemours
and Company, Legal/Patent Records Center, 1007 Mar-
ket Street, Wilmington, DE 19898 (US).

(81) Designated States: AT (European patent). AU, BE (Euro- |
pean patent), BR, CA, CH (European patent), DE (Eu- |
ropean patent), DK (Furopean patent). ES (European '
patent), FI, FR (European patent), GB (European pa- |

1]
>

tent). GR (European patent), IT (European patent). JP. |

KR, LU (European patent). MC (European patent), \L

(European patent), RU™.SE (European patent).

Published

With international search report,
Before the expiration of the rime limit for amending the

; claims and 1o be republished in the event of the receipt of
amendments.

(34) Title: PRODUCTION OF PHOSPHORIC ACID AND HYDROGEN FLUORIDE

(57) Abstract

Fluosilicic acid is reacted with phosphate rock in order to produce wet process phoshoric acid and calciumt fluoride which
is later reacted with sulfuric acid to produce hydrogen fluoride and calcium sulfate. The hydrogen fluoride is then stripped from

nia to produce ammonium fluoride/bifluoride.

the phosphoric acid and recovered as either :mh\ drous hvdrogen fluoride or concentrated hvdrofluoric acid or reacted with alu-
\ minum trihydrate to produce aluminum fluoride: with sodium carbonate to-produce sodium fluornde “bifluonde: or with ammo-

- -

D —————— e il

- . . W awt TRE NS -




CA 02107472 2001-06-27

WO 92/12095 e PCT/US91/09532

TIILE

PRODUCTION OF PHOSPHORIC ACID "AND HYDROGEN FLUORIDE

FIELD OF THE INVENTION
This invention is directed to a process which utilizes fluosilicic acid,
phosphate rock and sulfuric acid to produce wet process phosphoric acid and
hydrogen fluoride and/or fluoride slats. In the process of the present invention, the
fluosilicic acid is reacted with phosphate rock in order to obtain phosphoric acid and
calcdum fluoride which are thereafter reacted in a crystallizer with sulfuric acid to
form a gypsum slurry which is filtered to obtain a weak phasphoric acid solution and
hydrogen fluoride. The resultant solution is treated to remove the hydrogen
fluoride after which the hydrogen fluoride is concentrated and/or converted to
fluoride salts while the phosphoric acid may be removed or transferred to a
conventional phosphoric acid plant reactor associated with a system for producing
wet process phosphoric acid. The use of the transferred weak phosphoric acid to a
conventional phosphoric acid plant reactor will increase the production of
phosphoric acid in the ¢ ommercial production of wet process phosphoric acid in the
conventional process.

HISIORY OF JHE RKELALIEL AKX

Wet process phosphoric acid is commercially produced by chemically

attacking phosphate rock within a reactor with concentrated sulfuric acid in a
medium of phosphoric acid and calcium sulfate (gypsum). The resulting phosphoric
acid gypsum slurry is filtered under vacuum to separate the liquid phosphoric acid

product from the solid gypsum waste. Two or more stage countercurrent washes on
~ the gypsum filter are used to provide maxiroum recovery of water soluble P20s. The

wash water and recovered acid are returned to the reactor to control acid
concentration and percent solids. The reactor provides a vehicle for contact and

reaction of the rock and sulfuric acid under the necessary conditions for the
nucleation and growth of the gypsum crystals.
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The above described reaction is carried out in one or more vessels
each consisting of one or more agitated compartments. The process is based on the
fundamentals of adding the phosphate rock and sulfuric acid to a large circulating
mass of phosphoric acid and gypsum to provide uniform concentration throughout
the reaction mass, constant reaction mass temperature, and proper crystal growth
retention time in order to yield the highest attack and filtration efficiencies. The
resulting filter or product acid containing dissolved impurities is further processed

by evaporation to produce a more concentrated acid for sale or to produce other
phosphate fertilizer products.

' The reaction with phosphate rock, which is comprised primarily of
tricalcium phosphate (Ca3(P04),), calcium carbonate (CaCO03) and calcium fluoride
(CaF2), produces carbon dioxide (C0;) and hydrogen fluoride (HF) in addition to
‘phosphoric acid and gypsum. The carbon dioxide evolves from the process while the

hydrogen fluoride reacts with the silicon, or sand, left in the rock after beneficnanon
to produce silicon tetrafluoride (SiFy).

Fluorine evolves from the reaction step as silicon tetrafluoride and
from the subsequent concentration step as silicon tetrafluoride and hydrogen

fluoride. The distribution of fluorine from the manufacture of crude wet process
phosphoric acid is as follows:

‘ - “%.of Total F
1. The gypsum 10 - 20
2., Emissions from the reactor 10 - 25
3.  Vapors produced during
concentration 40 - 60
4.  The concentrated product acid 10 - 20

The fluoride evolved during the reaction in conventional processes is
typically absorbed into pond water in order to limit the quantity of fluorides emitted
from the process so as to conform to existing environmental standards. The fluorine
evolved during concentration steps is either recovered as fluosilicic acid (H,SiFg) or
is absorbed into the pond water used to condense the water vapor liberated during
the evaporation process.

The number of phosphoric acid producers who recover fluorine as
Hluosilicic acid is limited. This is due to the relatively small demand of the acid for
fluoridating drinking water with fluosilicic acid or its sodium salt, sodium
silicofluoride (NaaSiFg), and the manufacture of cryolite and aluminum fluoride.

Because of the small demand, the bulk of the fluorine evolved during

the manufacture of wet process phosphoric acid is absorbed in the cooling pond.
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Fluorine is evolved from the pond water when it returns to the cooling pond
resulting in a fluorine pollution problem. The fluorine level in cooling ponds builds
up to about 4,000 ppm for producers who recover fluosilicic acid and to about
25,000 ppm for producers who do not. At these levels it is estimated that
approximately two to twenty pounds of fluorine per day per acre of cooling pond
surface is emitted. Normally the cooling ponds are 404687.3 to 2023437 $q. meters
in size and the nonpoint source fluorine emission to the atmosphere is significant.

In order to overcome the problems of emissions of fluorine pollutants
to the environment, the inventor of the present application designed and patented a
closed loap system for the elimination of fluorine pollution from phosphoric acid
plants as described in United States Patent 3 .811.246.

Basically, the closed loop system for removing
flnorine includes a process which involves a condensing of the vapors from
phosphoric acid operations, especially from a phosphoric acid vacuum evaporator,
. by contacting the vapors in a scrubber with an aqueous liquid which absorbs fluorine
vapors. During the process by-product fluosilicic acid is intermittently recovered
“while the remaining acid is recycled. As previously noted however, as the demand
- for fluosilicic acid is limited, it is still necessary to provide storage or disposal for the
recovered acid.

One alternative use for fluosilicic acid is disclosed in United States
'Patent 4,557,915 to Nineuil entitled "Production of Phosphoric Acid". In this patent
phosphoric acid is mixed with fluosilicic acid after which the acids are reacted with
phosphate rock in the production of phosphoric acid. Unfortunately, this process
requires that the fluosilicic acid always be mixed with the phosphoric a¢id and
therehy increases the capital cost of the equipment associated with the process in
manufacturing phosphoric acid. An additional prior art reference of interest is
United States Patent 2,636,806 to Ernest Winter entitled “Acidulations of Phosphate
Rock”.

Other prior art processes for producing phosphoric acld utilizing
fluosilicic acid have been proposed, however such processes have not adequately
dealt with nor been successful at removing fluorides which are commercially useful
such as in the form of hydrogen fluorides at the same time phosphoric acid is
generated. In British Patent 2,094,282A a process for reacting phosphate rock with
fluosilicic acid is disclosed wherein the phosphate and fluorine content of the rock is
solubilized in a slurry which is filtered to obtain calcium silicofluoride, as a residue,
and a product phosphoric acid. The calcium silicofluoride is further treated with a
portion of the phosphoric acid, sulfuric acid, and water to regenerate fluosilicic acid.
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In United States Patent 1,313,379 to Hachen-leikner a process is
disclosed for producing phosphoric acid which includes reacting finely ground
phosphate rock with a mixture of dilute hydrofluosilicic acid and hydroflyoric acid
containing gelatinous hydrosilicic acid. In the patent, it is stated that the dilute
phosphoric acid produced using the process is easily filtered from insoluble
materials. However, and as discussed in United States Patent 2,636,806 to Winter, it
has been determined that such filtering is not possible. The patent to
Hechenbleikner also does not provide for recovering fluorides which may be further
treated to produce hydrogen fluoride.

United States Patent 2,728,634 to Miller does disclose a method of
recovering fluorine evolved from the acidulation of phosphate rock, In the process,
fluosilicic acid is reacted with ammonia and thereafter the insoluble silica is readily
separated from the insoluble ammonium fluoride. Such process, therefore, is
dependent upon the use of ammonia in the treatment process and there is no
appreciation that insoluble silica can be physically separated from solid fluoride
salts, such as calcium fluaride, in order to realize a maximum recovery of hydrogen
fluoride during the production of wet process phosphoric acid from fluosilicie acid
and phosphate rock.

Additional patents of interest with respect to the production of wet
process phosphoric acid from fluosilicic acid and phosphate rock and for recovering
hydrogen fluoride are United States Patents 4,557,91S to Nineui, 3,825.655 to
Eipeltaner and 2,636,806 to Winter.

V1 V] A B8 @

R INVENLIC

This invention is directed to a process for producing wet process
phasphoric acid by reacting phosphate rock and fluosilicic acid, and subsequently
recovering the fluorine as hydrogen fluoride in a two stage process. In the first
stage, dry phosphate rock and fluosilicic acid (FSA) are reacted together in order to
produce a resultant mixtmre of phosphoric acid, fluorspar, silicon dioxide. and
undigested phosphate rock. To convert all of the fluorine in the FSA to calcium
fluoride and to therefrom maximize the recovery of fluorine as hydrogen fluoride,
an excess of stoichiometric amount of calcium, as the tericalcium phosphate and
calaum carbonate fractions of the rock, must be added to the initial reaction siurry
as dictated by the digestion efficiency of the process. Typically, this requires
approximately 0.344 kg of non-fluoride bearing calcium per pound of fluorine in the

feed FSA solution. The resultant reaction slurry is filtered or centrifuged in
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order to separate phosphoric acid and calcium fluoride from the undigested rock
and silicon dioxide. The product filtrate and wash filtrate are the fluorine contained
in the fluosilicic acid is believed to involve the hydrolysis of any calcium
silicofluoride produced in the reaction slurry. Because of this hydrolysis, the
reaction slurry may be retained for a predetermined period of time or cooled to
further accelerate the separation of insoluble silicon dioxide from insoluble calcium
fluoride prior to filtration or other mechanical separation treatments of the slurry.
In some instances, where production requirements are at a minimum, the processing
of the initial slurry may be carried out as a batch process so that no mechanical
separation is necessary as the insoluble silicas will eventually settle out of solution.

In the second reaction stage, the mixture of phosphoric acid and
fluorspar (CaF3) are reacted with sulfuric acid to convert the calcium fluoride to
hydrogen fluoride and gypsum. The resulting slurry is then filtered to remove
insoluble gypsum leaving a solution of phosphoric acid and hydrogen fluoride. The
hydrogen fluoride is thereafter stripped from the phosphoric acid and is recovered
as a concentrated hydrogen fluoride solution or as anhydrous hydrogen fluoride by a
distillation process. The phosphoric acid which is separated from the hydrogen
fluoride is further processed to produce a more concentrated phosphoric acid which
may be sold or used to produce phosphate fertilizer products.

FSA concentration is normally between 20% and 30% in the original
feed stock but not lower than approximately 17% for dry rock and 20% for wet rock.
If higher concentrations of FSA are utilized, a wet phosphate rock slurry containing
approximately 70% solids may be used instead of a dry rock feed as described with
regard to the preferred embodiment. As an alternate embodiment gypsum or
phosphoric acid/gypsum slurry may be added to the siurry containing the
phosphoric acid, calcium fluoride, undigested rock, and silicon dioxide. Thereafter
the resultant slurry is filtered to remove the calcium fluoride from the phosphoric
acid. In this embodiment filtration rates are improved and calcium fluoride is not
recovered for further processing.

In another variation of the first stage reaction, the reaction slurry 1s
centrifuged to separate phosphoric acid and colloidal calcium fluoride mixtures
from undigested rock and silicon dioxide with an addition of water to adjust the
specific gravity of the slurry. In this manner the recovery of calcium fluoride during
subsequent centrifugai separation is optimized.

As a further embodiment of the present process, during the second
stage an excess amount of sulfuric acid, over and above that required for the
conversion of calcium fluoride to hydrogen fluoride and calcium sulfate, can be

g
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added to the mixture of phosphoric acid and fluorspar. The addition of the excess
sulfuric acid decreases the solubility of hydrogen fluoride in the phosphoric acid and
aids 1n stripping all of the hydrogen fluoride from the phosphoric acid. Excess
sulfuric acid 1s then recovered by feeding the slurry from the crystallizer to a
conventional phosphoric acid plant reactor used in the processing of wet process
phosphoric acid. The weak phosphoric acid introduced into the main reactor
increases the production of phosphoric acid in the conventional process.

In another variation to the second stage reaction, the reaction of
phosphoric acid and calcium fluoride with sulfuric acid may be carried out in a pipe
reactor under elevated temperatures and pressures. The reaction mass is flashed
into a separator and the hydrogen fluoride/water vapors are recovered. The
phosphoric acid, gypsum, and sulfuric acid are transported to a conventional
nhosphoric acid plant reactor.

It 1s a pnnmary objective of the present invention to produce wet
process phosphoric acid by reacting phosphate rock and fluosilicic acid wherein the
fluorine 1s recovered as hydrogen fluoride.

It 1s also an objective of the present invention to provide a method for
producing wet process phosphoric acid which allows the producer to substantially
reduce the emissions of fluorine pollutants to the environment while reducing
overall production costs associated with the production of the phosphoric acid.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11s a schematic flow diagram showing the first preferred stage in
a process for producing wet process phosphoric acid by reacting phosphate rock and
fluosilicic acid in accordance with the present invention showing an alternate
embodiment as a dotted line.

Fig. 1A 1s a schematic flow diagram showing the first stage of an
alternate embodiment wherein the phosphate rock and fluosilicic acid are reacted in
a batch process.

Fig. 2 1s a schematic flow diagram of the preferred second stage
reaction for the process of the present invention for producing hydrogen fluoride
showing an alternate embodiment as dotted lines.

Fig. 3 1s a schematic flow diagram of an alternate embodiment for the
tirst process stage for the production of wet process phosphoric acid.

Fig. 4 1s a schematic flow diagram showing an alternate embodiment
for the second stage of the process of the present invention.

Fig. 5 1s a schematic flow diagram of another alternate embodiment of
the second stage of the process of the present invention.

SUBSTITUTE SHEET
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Fig. 6 is a schematic flow diagram of a process for recovering the
hydrogen fluoride from the second reaction stage of the invention.

Fig. 7 is a schematic flow diagram of an alternate process for
recovering the hydrogen fluoride from the second reaction stage of the invention.

JENC I 110,
With specific reference to Fig. 1, fluosilicic acid (FSA) at
concentrations of 17% to 30% are introduced into the reactor at a concentration of

FSA no lower than approximately 17% when dry phosphate rock is being processed
and no lower than 20% when wet phosphate rock is being processed. Reactor 10 is

L d L3R B4 avrahv W ®
e '!' \ N XN B u-.. \78 u)

maintained at least approximately 90°C, normally between approximately
90°-110°C, and may include a mixing or stirring mechanism (12). The reactor may
be heated by providing pressurized steam pipes in surrounding relationship with the
reaction tank as shown at 13. The phosphate rock is introduced initially into reactor
10 as shown at 15. In the reactor tank, the mixture is agitated for at least 30
minutes. A constant level is maintained within the reactor with the overflow
therefrom being conveyed through line 18 into a filter feed tank 19 which serves a a
SU rge. tank. In the reactor, the fluorine is converted into a nonvolatile form in order
to eliminate fluoride emissions during the production of phosphoric acid.

In the present process, fluosilicic acid is reacted with phosphate rock,
ultimately producing a calcium fluoride/silicon diaxide slurry, Previous reactions of
phosphate rock and fluosilicic acid normally would use a calcium to fluoride
stoichiometric ration of less than 1. It has been determined that the ratio must be
greater than a stoichiometric 1. As the ratio increases, the amount of soluble silica
remaining in the reactor slurry decreases. The amount of soluble silica in the
reactor product i3 used as an indication of the conversion of the fluosilicic acid
fluorine to an insoluble calcium fluoride precipitate.  Normally, calcium
silicofluoride is quite soluble in phosphoric acid at the concentrations being used.
Therefore, as the amount of soluble silica decreases, the amount of calcium
silicofluoride is also decreasing and the reaction is moving towards completion,
resulting in an insoluble calcium fluoride. In the preferred embodiment,
approximately 0.544 kg of non-fluoride bearing calcium are required for each pound
of fluorine in the feed FSA. In the present process, the phosphate rock contains the
excess stoichiometric amount of calcium, as the tricalcium phosphate and calcium
carbonate fraction of the rock.

It is suspected that the conversion of the fluorine in the fluosilicic acid
to calcium fluoride may involve the intermediate step of hydrolysis of any caleium
silicofluoride produced. If the intermediate chemical calcium silicofluoride is
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produced in the r&action pnase, it 1s not detected in the final product, therefore, it is
believed that the calcium silicofluoride hydrolyzes to silica and calcium fluoride.
In the present process, the Si02 comes from the silica contained in the

fluosilicic acid used to attack the phosphate rock. In the hydrolysis step, calcium
silicofluoride 1s hydrolyzed to form Si0;, calcium fluoride, and hydrogen fluoride

according to the following formula:
3CaSiFkg + 6H,0 ---> 3Si0, + 3CaF; + 12HF

12HF + 2Caz (POg4); ---> 4H3PO4 + 6CaF>
From this reaction it is seen that the calcium silicofluroide hydrolyzes to form Si0,,
calcium fluoride, and hydrogen fluoride. This hydrogen fluoride reacts with
phosphate rock to form phosphoric acid and calcium fluoride. This is how the
calcium silicofluoride is converted into Si0 and calcium fluoride, and in the process
also generates phosphoric acid.

The reactor slurry should be retained for a sufficient period of time to
allow for the hydrolysis of the calcium silicofluoride to silica and calcium fluoride.
Generally, the slurry should be retained within the reactor 10 or the surge tank 19
for approximately one hour.

The slurry containing phosphoric acid, calcium fluoride, undigested
rock, and silica is thereafter pumped by pump 20 from the surge tank 19 into a
vacuum filter or centrifuge (21) where the phosphoric acid and colloidal calcium
fluoride are separated from the undigested phosphate rock and silica. A two or
three step countercurrent washing across the filter by way of washing fluid admitted
at 22 insures maximum recovery of phosphoric acid and calcium fluoride.

The product filtrate and wash filtrate are combined and sent to

‘intermediate storage shown at 24. The filtered cake may be disposed of or stored as
necessary.

In the first step of the process as described and shown in Fig. 1, the
phosphate rock and FSA are reacted according to the following formula:

[10 Ca3(POg4)2 - 4.1 CaF; - 3.6 CaC03] + [10 H,SiFg + 276 H»(] -
Phosphate Rock 22.5% FSA

[17.6 H3PO4 + 259.6 H2O] + 34.1 CaF; + 3.6 CO3 + 10 SiO7
Phosphoric Acid Fluorspar  Silicon Dioxide

+ 1.2 Ca3(PO4)>
Undigested Phosphate Rock

SUBSTITUTE SHEET

N N o - A L abiow s - A At
am o pPr—— - -—ces 0y meemd, s oo .e prevewy e - AR 4P d AR Ly S—— A Bl oli 4 o - rwpyel gy
1111 — B S S S P RC) SR y Vgy I VR Vg R Wy Oy P s ey oy [ ey A ey ., . . - ey, - = v PRI Ay - . pw e e VVSEN i apl- e A




WO 92/12095 2107477 9. PCT/US91/09532

e AV s s P PO PRy A LA Bt Y s a4 o b o -

Although the first stage of the process in obtaining the filtrate for
storage at 24 may utilize dry phosphate rock, it is possible to substitute a wet
phosphate rock slurry containing approximately 70% solids for the dry rock if the
FSA feed in the process is maintained at a minimum concentration of 20% FSA.
This will insure proper moisture content of the reaction mass and avoid producing
unfilterable gelatinous silicon dioxide solids.

With specific reference to the dotted line shown in Fig. 1, a variation
of the first stage process is the addition of gypsum either as gypsum or a phosphoric
acid/gypsum slurry to filter feed tank 19 by way of line 30 in order to aid the
filtration of the calcium fluoride from the phosphoric acid. In this process, once the
slurry has been pumped by pump 20 into vacuum filter 21, only phosphoric acid is
removed and the calcium fluoride remains in the unrecovered slurry.

As opposed to the first stage process previously discussed, the
phosphate rock and fluosilicic acid may be reacted in a two step reactor process.
With specific reference to Fig. 1A, FSA at the same concentrations as previously
discussed is introduced into a two stage reactor shown at 10’ and 11°. Reactor 10’ is
maintained at approximately ambient temperature and may include a mixing or
stirring mechanism (12'). The second stage reactor is generally maintained at an
elevated temperature of approximately 90 to 100° C by providing pressurized steam
pipes in surrounding relationship with the reaction tank as shown at 13’. The
second stage reactor tank may also include a stirring mechanism (14'). A portion of
the dry phosphate rock is introduced initially into the first stage reactor 10’ as shown
at 15'. A sufficient amount of dry phosphate rock 1s added to convert the FSA to
calcium silicofluoride and phosphoric acid at ambient temperatures. The first stage
tank agitates the mixture for one to two hours. A constant level i1s maintained
within the first stage reactor with the overflow therefrom being conveyed through
line 16’ into the second stage reactor. In the first stage reactor, the fluorine is
converted into a nonvolatile form in order to eliminate fluorine emissions during the
subsequent production of phosphoric acid. A second quantity of dry phosphate rock
may be introduced through line 17’ into the second stage reactor wherein the rock is
acted upon by the overflow from the first stage reactor to produce additional
phosphoric acid, calcium fluoride, and silica.

The additional phosphate rock i1s added to the second reactor to
insure an excess stoichiometric amount of calcium, as the tricalcium phosphaie and
calcium carbonate fraction of the rock, to insure that the calcium silicofluoride is
converted to calcium fluoride and silica by hydrolysis, as previously discussed. The
retention time in the second reactor stage of the process may vary between one to
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two hours aft€r whicl the slurry is conveyed through line 18; to holding tank 19’
wherein the slurry is cooled thereby allowing the silica to settle out.

The phosphoric acid and colloidal calcium fluoride is selectively
pumped by pump 20 into storage container 24’ and the undigested phosphate rock
and silica are drawn off for disposal.

As an alternative to the single and two stage reactor system described
above, a single or two stage batch reactor system may be used. The phosphate rock
and fluosilicic acid are simultaneously added to a reactor which is maintained at
least approximately 90° C, preferably at 100° C, and may include a mixing or stirring
mechanism. A reflux condenser may be added to the reactor to prevent the loss of
fluosilicic acid and thereby maintain the proper calcium to fluorine ration in the
reactor mass. However, if excess calcium is available, that is, if the phosphate rock
contains an excess stoichiometric amount of calcium as the tricalcium phosphate
and calcium carbonate fraction of the rock, no fluorine will escape the rdeactor,
thus, there 1s no need to use a reflux condenser nor expensive scrubbers to reduce
fluorine emissions.

With specific reference to Fig. 2, the second reaction stage of the
present process 1s shown in greater detail. In this stage phosphoric acid containing
10% to 20% P>Os and 20% to 50% calcium fluoride is received from intermediate
storage 24 or 24’ through line 31 and introduced into crystallizer 32. Sulfuric acid is
added to crystallizer 32 by way of line 33 so as to react with the calcium fluoride,
thereby producing hydrogen fluoride and gypsum. The resulting phosphoric
acid/hydrogen fluoride/gypsum slurry is transferred through line 34 to vacuum filter
35 wherein the liquid phosphoric acid is separated from the solid gypsum. Once
separated the solid gypsum may be conveyed through line 36 for storage or disposal.
In order to obtain maximum recovery of water soluble PO and hydrogen fluorine,
two or three stage countercurrent washes are provided on the gypsum filter through
line 37. The wash water together with the recovered acids are conveyed through
line 38 to the reactor of a conventional phosphoric acid plant.

A vacuum is applied at 39 to increase the removal of hydrogen
fluoride. The stripped hydrogen fluoride/water vapor is recovered from the
crystallizer through line 40 and is thereafter passed through a conventional distiller
(41) in order to produce a concentrated at least 70% hydrogen fluoride solution or
anhydrous hydrogen fluoride. More concentrated soluticns or fluorides have been
achieved up to approximately 90%.

In the second step of the process as described and shown in Fig. 2, the

phosphoric acid and fluorspar are reacted with sulfuric acid in accordance with the
following formula;

SUBSTITUTE SHEET
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[17.6 H3PO4 + 259.6 H>O] + 34.1 CaF; + 34.1 HySOy4 -
Phosphoric Acid Fluorspar Sulfuric Acid

[17.6 H3POy4 + 242.6 Hy0] + 34.1 CaSO4 - 1/2 HoO + 68.2 HF
Phosphoric Acid Gypsum Hydrogen Fluoride

The second stage reaction 1s preferably carried out at temperatures of
between 120 -130C which is low enough to prevent the formation of phosphorous
fluorides which are easily vaporized and which could contaminate the hydrogen
fluoride vapor being recovered from the reactor or crystallizer. Retention time will
vary but will generally be between 1/2 to 1 hour. Utilizing the present process, the
amount of phosphorous in the collected Hydrogen fluoride vapor is in the order of

50-100 ppm. with fluorine contents of 64%. It is generally desired to add excess
sulfuric acid to the crystallizer to maintain approximately a 65° free SO4 content in

the reactor slurry.

By way of example, a calcium fluoride and phosphoric acid slurry was

conveyed into the reactor or crystallizer 32 at a rate of 10gms per minute. The
slurry composition was 30.04% calcium, 25.4% fluorine, 12.1% P»0s, 0.143% silica,

and 0.512% SO4. Commercial 98% sulfuric acid was added to the crystallizer at a
rate between 19 to 21 gms per minute.
The reactor, with a retention time of approximately 30 minutes, was

operated at a temperature of 125°C, and the sulfuric acid rate was varied so as to
maintain a 65% free SO4 content in the reactor. The vapors from this continuous

reactor were passed to a water scrubber which was pre-loaded with a fixed amount
of deionized water and the hydrogen fluoride vapors passed through this water until
the concentration of hydrogen fluoride was above 65% in the water scrubber. The
actual analysis of the final scrubber water was 67.6% hydrogen fluoride, 0.0047%
P>Os, 0.66% silica and less than 0.005% SO4. Material balance calculations
indicate that during this particular run the actual hydrogen fluoride content of the
vapors leaving the reactor was approximately 92% hydrogen fluoride.

With specific reference to the dotted line portion of Fig. 2, a second
embodiment of the second reaction stage of the present invention is disclosed in
greater detail. In this embodiment, an excess amount of sulfuric acid is added
through line 33 into crysiallizer 32. The amount of sulfuric acid is above that
required to convert calcium fluoride to hydrogen fluoride and calcium sulfate within
the crystallizer. Preferably, approximately 2.5 times the stoichiometric amount of
sulfuric acid compared with the calcium fluoride is desired. The addition of the
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sulfuric acid decreases the solubility of the hydrogen fluoride in the phosphoric acid
and aids 1n stripping all of the fluorine from the phosphoric acid. The excess
sulfuric acid is then recovered by feeding the crystallizer slurry, which includes a
weak phosphoric acid solution, through line 42 to a conventional phosphoric acid
plant reactor (43). The weak phosphoric acid in the stream which is introduced into
reactor 43 will increase the production of phosphoric acid in the separate
conventional process. The gypsum formed from the calcium fluoride is then filtered
along with the gypsum produced in the conventional phosphoric acid plant reactor
by a downstream gypsum filter (not shown). Utilizing this method, it is possible to
Increase the production of phosphoric acid in a separate conventional phosphoric
acid plant reactor.

In another vgriation of the first reaction stage and as shown in Fig. 3,
the slurry from the reactor (10) is mixed with water to control the specific gravity of
the slurry. The slurry from surge tank 19 1s pumped to a centrifuge for separation of
the phosphoric acid and colloidal calcium fluoride mixture from the undigested rock
and silica. The phosphoric acid and calcium fluoride mixture is recovered through
line 52. The separated solids from the centrifuge (50) are mixed with water or
recycle phosphoric acid in an agitation tank (53) and pumped to a second centrifuge
(54) for recovery of additional quantities of the colloidal mixture. The solids are
sent to disposal at 55 while the colloidal mixture of calcium fluoride and phosphoric
acid is transferred to storage tank 24.

With particular reference to Fig. 4, in a second variation of the second
reaction stage, the reaction of sulfuric acid, phosphoric acid, and calcium fluoride
can be carried out in a pipe reactor (60). The pipe reactor operates at elevated
pressures and temperatures which increase the volatilization of the hydrogen
fluoride vapors from the reaction mass when flashed into either an atmospheric or
vacuum separator (61). The hydrogen fluoride water vapor is condensed and
further processed in a conventional distiller (62). The phosphoric acid, gypsum, and
sulfuric acid is thereafter conveyed through line 63 to a phosphoric acid reactor for
recovery of the P2O5 and sulfate, and separation of the calcium sulfate.

A third variation of the second stage reaction in crystallizer 32
involves sweeping air therethrough to strip hydrogen fluoride from the reaction
mass. The air 1s cooled to condense hydrogen fluoride and water vapors for further
processing by conventional distillation. the air cooling system is a closed loop
system with the cooled air recirculated through the crystallizer to allow for the
complete recovery of the stripped hydrogen fluoride without having to coo9l the gas
to very low temperatures in order to discharge the air to the atmosphere without
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fluoride contamination. By utilizing air stripping it i1s possible to reduce the
hydrogen fluoride in solution to less than 0.001%.

Another variation of the second stage reaction involves adding
naturally occurring calcium fluoride (fluorspar) to the phosphoric acid/calcium
fluoride slurry in order to increase the production of hydrogen fluoride relative to
the P20 capacity of the phosphoric acid plant.

Alternately, and as shown in Fig. 5, fluorspar can be substituted
entirely for the phosphoric acid/calcium fluoride slurry. In this variation the
fluorspar from line 31’ is slurried with water in tank 65 prior to reaction with

sulfuric acid from line 33’ in crystallizer 32'. After filtration in filter 35’ 1t 1s also
possible in this variation to concentrate, by evaporation, the excess sulfuric acid
after the hydrogen fluoride and gypsum have been separated from the acid In
evaporator 66. This acid is then recycled to the second stage reaction forrming a
closed loop through line 67.

With reference to Fig. 6, the solution of water and hydrogen fluoride
recovered by condensation from the second stage reaction of calcium fluoride and
sulfuric acid in the presence of phosphoric acid is processed into at least a 70%
(potentially up to 90%) hydrogen fluoride solution o anhydrous hydrogen fluoride
through distillation, such as in distillation column 41 (Fig. 2). Since hydrogen
fluoride and water form an azeotrope, it is necessary to combine the steam stripping
and rectification with an azeotrope breaker, such as 80% sulfuric acid introduced
through line 70, in order to recover all of the distilled hydrogen fluoride in a
concentrated form. The water absorbed in the sulfuric acid is subsequently removed
by evaporation in evaporator 71. The concentrated sulfuric acid 1s then returned to
the distillation column (41) forming a closed loop.

In a second variation of the processing of the stripped hydrogen
fluoride as shown in Fig. 7, insoluble fluoride salts are formed by contacting the
hydrogen fluoride vapors in an adiabatic scrubber (80) with a recirculating scrubbrr
solution. The scrubbing solution containing reagents (84) such as alumina
trihydrate, sodium aluminate, aluminum sulfate, sodium hydroxide, sodium
carbonate, or ammonia reacts with the hydrogen fluoride vapors to precipitate
fluoride salts (85) such as aluminum fluoride, cryolite, sodium fluoride, sodium
bifluoride, ammonium fluoride, or ammonium bifluoride. The salts are separated
from the circulating solution by passing the solution through filter 81. The
remaining solution is then reconstituted for reuse by passing through make-up tank
82. The vapors, after leaving the scrubber, are cooled in cooler 83 to ambient
temperatures removing the water vapor and then recirculated to the phosphoric
acid/hydrogen fluoride solution such as crystallizer 32, to strip more hydrogen
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fluoride from the solution. ‘L'his is done in a closed loop so as to minimize air
pollution and to increase the working concentration of hydrogen fluoride in the
scrubber.

Several variations of the treatment of the sulfuric acid, phosphoric
acid, hydrogen fluoride, and calcium sulfate reaction mass will be apparent to those
skilled 1n the art.

EXAMPLE 1

Several tests were conducted starting with 22.6% fluosilicic acid,
produced commercially by the Swift process, and dry phosphate rock feed. In these
tests 500 grams of acid was heated to 100°C and reacted with 320 grams of
phosphate rock. The reaction was maintained at 95°C for two hours. The solids
were separated on a vacuum filter and washed with water. The analysis showed that
the product acid was a mixture of phosphoric acid and calcium fluoride.

The specific results of the tests are shown in Tables 1 and 2 below.

TABLE 1
TOTAL PERCENT BY WEIGHT
GRAMS P>Os5 Ca F S1
Fluosilicic Acid In 500 0.029 0.008 17.9 4.92
Phosphate Rock In 320 30.66 32.57 3.37 4.95
Wash Water in 200 --- -—- —
Initial Filtrate 317.3 14.25 14.37 14.29 0.44
Wash Filtrate 256.9 10.5 1.75 8.02 0.33
Rejected Solids 307.9 4.98 8.38 7.45 11.22
TABLE 2
TOTAL ____ PERCENT BY WEIGHT
GRAMS P>Os; Ca F Si
Fluosilicic Acid In 500 0.029 0.008 17.9 4.92
Phosphate Rock In 320 30.64 32.52 3.36 5.01
Wash Water in 200 --- me- --- ---
Initial Filtrate 239.3 15.33 15.18 15.93 0.46
Wash Filtrate 287.6 12.09 8.7 0.6 0.39
Rejected Solids 331.1 5.18 10.73 1.73 11.43
EXAMPLE 2

A test was conducted where the product acid (initial filtrate and wash
filtrate) from the previous example was reacted with 98% sulfuric acid producing
gypsum and hydrogen fluoride. One part sulfuric acid was added to one part
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product acid in a glass beaker and allowed to react for ten minutes. The resulting
slurry was filtered under vacuum to separate the solids.

The analysis showed that the liquid fraction was virtually free of
calcilum and the sohids fraction was wvirtually free of fluorine indicating that the
calcium fluoride was converted to soluble hydrogen fluoride and insoluble gypsum.

The specific results are shown in Table 3 below.

JABLE 3
TOTAL ____ PERCENTBY WEIGHT
GRAMS P70s5 Ca F S1 SO4
Product Acid In 100 11.13 1032  10.01  0.33 0.66
Sulfuric Acid In 100 --- --- --- o 96.0
Product Acid Out* 114.8 6.34 0.04 4.19 0.75 39.6
Rejected Solids 79.7 3.09 14.16 0.31 0.02 52.6

* Silicon concentration increased due to hydrogen fluoride attack of the glass
beaker.

EXAMPLE 3

A test was conducted in which the closed loop air stripping of the
hydrogen fluoride was incorporated 1nto the process. Iln this test air was pumped
for two hours at the rate of one liter per minute through the phosphoric
acid/gypsum slurry resulting from the reaction of the mixture of phosphoric acid
and colloidal calcium fluoride with concentrated sulfuric acid. The stripped
hydrogen fluoride/water vapors were condensed from the closed loop air system
and collected each hour for analysis. The analyses showed that 75% of the fluoride
in the feed acid was recovered as a hydrogen fluoride solution.

Specific details are shown 1n Table 4.

TABLE 4

PERCENT PERCENT
TOTAL BY WEIGHT DISTRIBUTION
GRAMS FLUORINE OF FLUORINE

Product Acid In 100 10.33

Sulfuric Acid In 181 ---

Product Acid Out 259.5 0.74 18.6
First Condensate Out 13.4 42.82 55.6
Second Condensate Out 7.2 27.92 19.5

In another test the air was sparged into the phosphoric acid/gypsum
slurry at the rate of one liter per minute for two hours on a once through basis with
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the stripped hydrogen tluoride vapors absorbed in water. The analysis showed 82%

of the fluorine was recovered and the fluorine content in the product acid was
reduced to 0.35%.

The specific results are shown in Table 5 below.

TABL

PERCENT PERCENT
TOTAL BY WEIGHT DISTRIBUTION
GRAMS FLUORINE OF FLUORINE

Product Acid In 100 11.78

Sulfuric Acid In 180 -

HF Solution Out 206.8 4.65 81.6
Product Acid Out 338.1 0.35 10.0
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What is claimed is:

1. A process for the production of phosphoric acid and hydrogen fluonide from a
feedstock of phosphate rock and fluosilicic acid (FSA) comprising the steps of:
A. reacting the phosphate rock and FSA together to produce a reaction
slurry of phosphoric acid, calcium fluoride, silicon dioxide, and undigested
phosphate rock;
B. separating the phosphoric acid and calcium fluoride from the
undigested phosphate rock and silicon dioxide;
C. mixing the phosphoric acid and calcium fluoride with a sufficient
amount of sulfuric acid to convert the calcium fluoride to hydrogen fluoride
and calcium sulfate; and
D. recovering the hydrogen fluoride as a concentrated hydrogen fluoride
solution or as anhydrous hydrogen fluoride.
2. The process of claim 1 wherein the phosphate rock contains an excess
storchiometric amount of calcium compared to the fluorine in the FSA.
3. The process of claim 2 in which the FSA 1s present in the feedstock in an
amount of approximately 20% to 30% by weight and the phosphate rock feedstock 1s
a wet phosphate rock slurry.
4. The process of claim 2 in which the phosphate rock 1n the feedstock 1s dry
phosphate rock and the FSA 1s present in the feedstock in an amount not less than
17% by weight.
5. The process of claim 2 in which the phosphate rock 1s a wet phosphate rock
slurry having at least 70 % solids and the FSA 1s present in the feedstock 1n an
amount greater than 20% by weight.
6. The process of claim 2 in which sufficient phosphate rock is reacted with the
FSA to form a slurry in which the fluorine 1s converted to calcium silicofluoride and
wherein the slurry is retained for a sufficient time to convert the calcium silicofluoride
to calcium fluoride and silica.
7. The process of claim 6 in which the slurry 1s reacted for a period of at least
one hour in order to convert calcium silicofluoride to calcium fluoride and silica and
the slurry heated to at least 90°C.
8. The process of claim 7 in which the slurry is heated to approximately 100°C.

9. The process of claim 7 in which the phosphoric acid and calcium fluoride are
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separated from the undigested rock and silica by filtering.

10. The process of claim 7 in which the reaction slurry 1s introduced into at least
one centrifuge wherein a phosphoric acid and a phosphoric acid/calcium fluonde
mixture is separated from the undigested phosphate rock and silica.

11.  The process of claim 2 wherein the phosphoric acid and calcium fluoride are
mixed with the sulfuric acid in a crystallizer to form a slurry, and thereafter filtering
the slurry to separate calcium sulfate from the phosphoric acid and hydrogen tluoride.
12. The process of claim 11 in which a vacuum 1s applied to the slurry within the
crystallizer to thereby increase the recovery of hydrogen tluoride.

13. The process of claim 11 in which air is passed through the phosphoric acid and
hydrogen fluoride slurry to strip the hydrogen fluoride therefrom.

14. The process of claim 13 including passing the air stream containing the
hydrogen fluoride through a scrubber where the hydrogen fluoride 1s removed and the
air returned to the phosphoric acid and hydrogen fluonide slurry to strip more
hydrogen fluoride thereby creating a closed loop.

15. The process of claim 11 including the additional step of separating the
hydrogen fluoride form the phosphoric acid and subsequently transterring the
phosphoric acid to a phosphoric acid plant.

16.  The process of claim 2 including the additional step of stripping the hydrogen
fluoride form the phosphoric acid as a hydrogen fluoride vapor prior to recovering the
concentrated hydrogen fluonde.

17. The process of claim 2 wherein the phosphoric acid and calcium fluoride are
mixed with sulfuric acid in a crystallizer to form a slurry wherein the sulfuric acid 1s
present in an amount in excess of that necessary to convert the phosphoric acid and
calcium fluoride to hydrogen fluoride, calcium sulfate, and a weak phosphoric acid,
and after stripping the hydrogen fluoride from the slurry, conveying the resultant
slurry to plant reactor for the conventional production of phosphoric acid.

18.  The process of claim 17 in which the slurry is heated to maintain a
temperature between 110°-140°C.

19.  The process of claim 2 in which the phosphoric acid and the calcium fluoride
are mixed with sulfuric acid to form a mixture in a pipe reactor under elevated
temperatures and pressures and thereafter flashing the mixture into a separator.

20. The process of claim 2 wherein the hydrogen fluoride vapors are processed

into at least a 70% hydrogen fluoride solution or anhydrous hydrogen fluoride by
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distillation wherein sulfuric acid is added thereto to absorb water, thereafter
separating the water from the sulfuric acid and recycling the sulfuric acid.
21. The process of claim 20 wherein the hydrogen fluoride vapors are processed
into between 70% to 90% hydrogen fluoride solution or anhydrous hydrogen fluoride.
22. The process of claim 2 in which the phosphate rock and FSA are reacted at
approximately 100°C in a batch reactor or reactors which include a reflux condenser
which prevents the loss of fluosilicic acid.
23. A process of Claim 1 for the production of hydrogen fluoride and phosphoric
acid form a feedstock of phosphate rock and fluosilicic acid (FSA) comprising the
step of:
A. reacting an excess stoichiometric amount of calcium, as the tricalcium
phosphate and calcium carbonate fraction of the rock, to fluorine 1n the
fluosilicic acid.
24, The process of claim 23 in which the phosphate rock and FSA are reacted at a
minimum temperature of 90° C.
25.  The process of claim 23 wherein the phosphoric acid and calcium tluoride are
separated from the undigested phosphate rock and silicon dioxide by centrifuging.
26. The process of claim 23 wherein the phosphoric acid and calcium fluoride are
separated from the undigested phosphate rock and silicon dioxide by filtration.
27. The process of claim 23 wherein the reaction products of the phosphate rock
and FSA are fed from a reactor to a vacuum filter or centrifuge where phosphoric acid
and colloidal calcium fluoride are separated from the silicon dioxide and undigested
phosphate rock.
28.  The process of claim 23 in which the phosphate rock and FSA are reacted for
at least one hour.
29. The process of claim 23 in which the undigested phosphate rock and silicon
dioxide are separated by natural sedimentation from the phosphoric acid and calcium
fluoride.
30. The process of claim 23 in which the FSA and a first portion of the phosphate
rock are mixed in a first reactor at generally ambient temperatures with the resultant
mixture being subsequently mixed with additional phosphate rock 1n a second reactor
at elevated temperatures to form the reaction slurry.
31. The process of claim 30 in which sufficient phosphate rock 1s mixed with the

FSA in the first reactor to convert the fluorine to calcium silicofluoride and wherein
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the additional phosphate rock is added in a sufficient amount to convert the calcium
silicofluoride to calcium fluoride and silica.
32. A process for the production of phosphoric acid from a feedstock of phosphate
rock and fluosilicic acid (FSA) comprising the steps of:
A. reacting the phosphate rock and FSA together to produce a reaction
slurry of phosphoric acid, calcium fluoride, silicon dioxide, and undigested
phosphate rock and wherein an excess stoichiometric amount of calcium to
fluorine is initially present 1n the slurry;
B. separating the phosphoric acid and calcium fluoride from the
undigested phosphate rock and silicon dioxide;
C. recovering the phosphoric acid.
33. The process of claim 32 in which sufficient phosphate rock is reacted with the
FSA to form a slurry in which the fluorine is converted to calcium silicofluoride and
wherein the slurry is retained for a sufficient time to convert he calcium silicofluoride
to calcium fluoride and silica.
34.  The process of claim 33 in which the slurry is reacted for a period of at least
approximately one hour in order to convert calcium silicofluoride to calcium tluorde
and silica and the slurry heated to at least 90°C.
35.  The process of claim 34 in which the slurry is heated to approximately 100°C.
36. The process of claim 33 in which the FSA 1is present 1n the feedstock 1n an
amount of approximately 20% to 30% by weight and the phosphate rock feedstock 1s
a wet phosphate rock slurry.
37. A process for the production of hydrogen fluoride form a feedstock of
phosphate a rock and fluosilicic acid (FSA) comprising the steps of:
A. reacting an excess stoichiometric amount of calcium, as the tricalcium
phosphate and calcium carbonate fraction of the rock, to fluorine n the
fluosilicic acid to produce a reaction slurry of phosphoric acid, calcium
fluoride, silicon dioxide, and undigested phosphate rock;
B. separating the phosphoric acid and calcium fluonide tfrom the
undigested phosphate rock and silicon dioxide;
C. mixing the phosphoric acid and calcium fluoride with a sutficient
amount of0 sulfuric acid to convert calcium fluoride to hydrogen fluoride and
calcium sulfate;

D. stripping the hydrogen fluoride from the phosphoric acid as a hydrogen
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fluoride vapor;
E. contacting the hydrogen fluoride vapors with a scrubbing solution
selected from the group consisting of solutions of alumina trihydrate, sodium
aluminate, aluminum sulfate, sodium hydroxide, sodium carbonate, and
S ammonia to form precipitated salts; and

F. thereafter separating precipitated salts and recirculating the scrubbing
solution.

38.  The process of claim 37 wherein the phosphoric acid and calcium fluoride are

mixed with the sulfuric acid in a crystallizer to form a slurry, and thereafter filtering

10 the slurry to separate calcium sulfate from the phosphoric acid and hydrogen fluoride.
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