
4                                           1,007,898        tion slurry
and this is hydrated, to a degree of  acid, produced in the process, is
recycled       hydration of from 1.90 to 1.96, and crystal-  through a line
13 to the tank 8. Mixed acid       lized in a controlled manner by passing
through  is supplied to tank 1 through a line 13a. The       at least two
and preferably three to six crystal-  feed mixture of rock, sulphuric acid
and dilute   5   lizing tanks.                                 phosphoric
acid is reacted in the tanks 1, 2  70         By comparison, if no seed
crystals were  and 3, at the desired temperature for from       added,
hydration would become very slow as  10 minutes to one hour and is then
mixed       the hydration temperature became higher and  in the tank 3 with
gypsum  slurry recycled       conversely the crystals would become larger.
from  a tank 6 through lines 17 and 14. A   10  With seed crystals present,
hydration is fastest portion of the dilute phosphoric acid recycle  75
at 50[err]C. and there is generally no great change  stream in the line 13
is split off through a line       throughout the range 35[err]C. to
65[err]C.       15 and also passed to the tank 3. From the         However,
amorphous gypsum is not gener-  tank 3 the resulting  mixture is cooled and
ally formed at 35[err]C  at which temperature passed through a line 16 to
crystallization  15  the crystals formed have distinct columnar  tanks 4,
5 and 6, which are connected in  80       or laminar shape, but is very
easy for minute  series. The mixture is maintain in these       crystals to
be produced mixed with the pro-  tanks until the degree of hydration of the
duct crystals. This tendency is particularly  calcium sulphate crystals in
tank 6 is from       marked at hydration temperatures below 40[err]C.  1.90
to 1.96. Preferably, the temperature in  20    If seed crystals were not
added,.the produc-  each of these tanks is lower than in the pre- 85
tion of fresh dihydrate salt nuclei would be  vious one. As an alternative
to recycling slurry       slow at relatively high temperatures, but in the
from tank 6 to the tank 3, some or all of the       present case, where
seed crystals are added, recycled slurry can be recycled through lines
it is believed that the high temperatures do  17 and 14 to tank 4.  25  not
affect the speed of hydration  since    From  tank  6, the slurry of 1
hydrated  90       dihydrate gypsum nuclei are already present  gypsum
crystals and product acids is with-       from the initial period.
drawn through a line 17 and passed to the         The hydration
temperatures which can be  separating and recovery system  represented
employed in the present invention are tem-  diagrammatically by the
three-section unit 7.  30  peratures from 40 to 65[err]C., and the mixed
In the first section, the crude phosphoric acid, 95 



acid concentration may be P[err]O[err] from 10 to  which contains some
unreacted sulphuric acid,       22%  by weight and H[err]SO[err] from 20 to
40%   is separated, preferably by filtration, and passed       by weight,
the maximum concentration of the  through a line 18 to purification and/or
stor-       acids being 52% by weight. Hydration is very  age. The crude
gypsum product is washed  35  slow above this upper acid concentration
limit  in the centre section, preferably with the wash 100       and
disadvantageous industrially since there is  liquid from the third or final
section in which       a tendency for a small quantity of minute  the
gypsum product is washed free of remain-       gypsum crystals, which are
very difficult to  ing acids and soluble salts by washing with
remove, to become mixed with the product  water supplied at 20. The wash
liquid from  40  crystals and to remain even after filtering and  this
third section is fed to the centre section 105       water-washing. The
preferred range of mixed  through line 19, and the wash liquid from the
acid concentrations for industrial application  centre section, comprising
a dilute solution of       is from 40 to 52% by weight.
phosphoric acid, is recycled through line 13         About 30 minutes is an
appropriate reaction  to the initial reaction stages. The washed  45  time
for the phosphate rock and sulphuric acid  gypsum product is withdrawn from
the system  110      reaction but up to one hour may be appro-  at 21 for
further treatment.      priate when the distribution of time remain-    The
following Examples 1 and 2 will serve      ing in the process in the
continuous method  to further illustrate the invention as practised      5
is taken into consideration. The hydration-  in accordance with the
embodiment described  50  crystallization time can be made very short
above with reference to Figure 1 of the accom- 115      by combining
optimum conditions.          panying drawings, Example 3 being included
Preferably, the mixture of the reaction  by way of a comparison. All
percentages speci-      slurry and the recycle slurry is maintained in
fied in the Examples are by weight.      the hydration-crystallization
stage for from  55  12 to 36 hours.
EXAMPLE 1.      Referring now to Figure 1 of the accom-    A Makatea
phosphate ore was used con- 120      panying drawings, which illustrates a
flow  taining P[err]O[err] 37.19%  and CaO  51.44%.      diagram  for a
preferred embodiment of the  2,400 Kg/hr of the phosphate rock and
invention, three digestion tanks 1, 2 and 3,  8,427 Kg/hr of a sulphuric
acid-dilute phos-  60  connected in series discharge into a tank 4. phoric
acid mixture containing 14.6%, P[err]O[err]      Phosphate rock,
previously, crushed to the and 28.5% H[err]SO[err] were reacted
continuously in 125      desired fineness, is supplied to the tank 1 from
the decomposition tanks 1 and 2 at 90[err]C. for      a storage hopper 12.
Concentrated sulphuric  a decomposition period of 40 minutes. The      acid
from a storage container 12a is fed to an  reaction mixture was mixed in
the mixing  65  acid mixing tank 8, and dilute phosphoric  tank 3 with
recycle slurry (degree of hydra-  



1,007,898                                          5      tion 1.94) from
the crystallization tank 6, thereafter mixed in the mixing tank with the
in twice the quantity of the charged mixture  recycle slurry from
crystallization tank 6 in  65     from  tank 2. The speed of hydration was
a quantity corresponding to half the quantity     arranged such that the
temperatures in the  of mixture charged from  the tank 2. The 5
crystallization tanks were 60 [err]C  in tank 4, speed of hydration was
arranged such that the     55[err]C. in tank 5 and 50[err]C. in tank 6.
temperatures in the successive crystallization       The degrees of
hydration produced in the  tanks 4, 5 and 6, were 60[err]C., 55[err]C. and
70     various tanks were:                           50[err]C.,
respectively.         Decomposition Tank    1, D.H.0.60.      The degrees
of hydration in the different 10                              2, D.H.0.57.
tanks were as follows:         Crystallization Tank    4, D.H.1.68.
Decomposition Tank       1, 0.56.                                 5,
D.H.1.86.                                    2, 0.53.     75
6, D.H.1.94.        Crystallization Tank     4, 1.55.       The
P[err]O[err] decomposition degree was 98.3%,                           5,
1.75. 15  P[err]O[err] adhering to gypsum 0.07% and yield of
6, 1.77.     P[err]O[err] was 97%. The resultant gypsum was in    The
crystalline condition of the gypsum     the form of large, columnar
crystals with very  product was inferior and the product con- 80     good
filter-ability as raw material for wall- - tained numerous minute crystals.
There was     boards. Phosphoric acid was obtained as a by-  almost no
improvement in crystal condition 20  product in a concentration of 31%.
even when the amount of ore treated was
reduced to 1,800 Kg/hr.                     EXAMPLE 2.       The phosphate
ore used was the same as in    WHAT WE CLAIM  IS:-                 85
Example 1, and the crude phosphoric acid   1. A method of producing
phosphoric acid     obtained as by-product was P[err]O[err] 30%,
H[err]SO[err]  and crystalline gypsum, which method com- 25  5%. 2,400
Kg/hr of the phosphate rock and  prises leaching phosphate rock in an
initial     6,600 Kg/hr of mixed acid, composed of reaction stage with a
mixture of sulphuric 



2/3 of the entire quantity of recycled dilute  acid and dilute phosphoric
acid, said acids  90     phosphoric acid and the entire quantity of mixture
containing from 10 to 22% by weight     sulphuric acid (P[err]O[err] 12.5%,
H[err]SO[err] 35.4%), of P[err]O[err] and from 20 to 40%  by weight of 30
were reacted continuously in decomposition  H[err]SO[err] and the maximum
acid content of the     tanks 1 and 2 at a temperature of 80[err]C. for
acids mixture being 52%  by weight, at a     a decomposition period of 50
minutes, after temperature from 3 to 20[err]C. above the tran- 95     which
the reaction mixture was mixed with the  sition temperature of the
dihydrate[err]semi-     balance of 1/3 of the recycle phosphoric acid
hydrate of calcium sulphate for the prevail- 35  1.827 Kg/hr (P[err]O[err]
22.5%, H[err]SO[err] 3.5%),  ing concentration of acids and for a period
and recycle slurry was added from the crystal-  of time of from 10 to 60
minutes, mixing the     lization tank 6 in twice the quantity of the
resulting reaction slurry with from one to two 100     charged mixture from
tank 2. The speed of times the volume of a recycle slurry recycled
hydration was arranged such that the term- from a later stage and
containing hydrated 40  peratures in  the successive crystallization
calcium sulphate crystals having a degree of     tanks 4, 5 and 6 were
60[err]C., 55[err]C. and  hydration in the range of from 1.90 to 1.96,
50[err]C., respectively.                     maintaining the resulting
slurry in a hydra- 105       The degrees of hydration in the different
tion-crystallization stage at a temperature in     tanks were as follows:
the range of from  40 to 65[err]C. until the 45       Decomposition Tank
1, 0.55.     calcium  sulphate crystals therein  have a
2, 0.54.    degree of hydration of from  1.90 to 1.96,
Crystallization Tank    4, 1.62.     recycling a portion of this hydrated
slurry for 110                                     5, 1.85.    admixture
with reaction slurry, treating the                                     6,
1.95.     remainder of said hydrated slurry to separate 50    The resultant
gypsum was in the form of the crystalline gypsum  from the crude phos-
large, columnar crystals with good filter-  phoric acid product, and
thereafter washing     ability, similar to that obtained in Example  the
crystalline gypsum with water to remove 115     1.
adherent phosphoric acid.
2. A method according to Claim 1, in                     EXAMPLE 3.
which the dilute phosphoric acid wash liquid 55    The phosphate ore used
was the same as in  produced by washing the gypsum is recycled     Example
1, and the phosphoric acid obtained  to the initial reaction stage for the
leaching 120     as by-product was P[err]P[err] 32%, H[err]SO[err] 8%.
operation.     2,400 Kg/hr of the phosphate rock and 7,075    3. A method
according to Claim 2, wherein     Kg/hr of mixed dilute phosphoric acid and
a portion of the dilute phosphoric acid wash 60 sulphuric acid
(P[err]O[err]  13.3%, H[err]SO[err] 35.7%) liquid is recycled to the
reaction slurry from     were reacted continuously in decomposition  the
leaching operation.                125 



tanks 1 and 2 at a temperature of 80[err]C for    4. A method according to
any preceding     a decomposition period of 48 minutes, and  claim, wherein
the degree of hydration of the
1,007,898                                         5      tion  1.94) from
the cystallization tank 6, thereafter mixed in the mixing tank with the
in twice the quantity of the charged mixture  recycle slurry from
crystallization tank 6 in  65     from tank 2. The speed of hydration was
a quantity corresponding to half the quantity     arranged such that the
temperatures in the  of mixture charged from the tank 2. The 5
crystallization tanks were 60C in tank 4, speed of hydration was arranged
such that the    55C. in tank 5 and 50[err]C. in tank 6.      temperatures
in the successive crystallization       The degrees of hydration produced
in the  tanks 4, 5 and 6, were 60[err]C., 55[err]C. and  70     various
tanks were:                          50[err]C., respectively..
Decomposition Tank   1, D.H.0.60.       The degrees of hydration in the
different 10                              2,  D.H.0.57.    tanks were as
follows:         Crysallization Tank     4, D.H.1.68.        Decomposition
Tank      1, 0.56.              5, D.H.1.86.                           2,
0.53.     75                                 6, D.H.1.94.
Crystallization Tank     4, 1.55.       The P[err]O[err] decomposition
degree was 98.3%,                          5, 1.75. 15  P[err]O[err]
adhering to gypsum 0.07%  and yield of                          6, 1.77.
P[err]O[err] was 97%. The resultant gypsum was in    The crystalline
condition of the gypsum     the form of large, columnar crystals with very
product was inferior and the product con- 80     good filter-ability as raw
material for wall-  tained numerous minute crystals. There was     boards.
Phosphoric acid was obtained as a by-   almost no improvement in crystal
condition 20  product in a concentration of 31%.         even when the
amount of ore treated was
reduced to 1,800 Kg/hr.                     EXAMPLE 2.       The phosphate
ore used was the same as in    WHAT WE CLAIM  IS:-
85     Example 1, and the crude phosphoric acid    1. A method of producing
phosphoric acid     obtained as by-product was P[err]O[err] 30%,
H[err]SO[err]  and crystalline gypsum, which method com- 



25  5%. 2,400 Kg/hr of the phosphate rock and    prises leaching phosphate
rock in an initial     6,600 Kg/hr of mixed acid, composed of reaction
stage with a mixture of sulphuric     2/3 of the entire quantity of
recycled dilute  acid and dilute phosphoric acid, said acids 90
phosphoric acid and the entire quantity of mixture containing from 10 to
22% by weight     sulphuric acid (P[err]O[err] 12.5%, H[err]SO[err] 35.4%),
of P[err]O[err] and from 20 to 40%  by weight of 30  were reacted
continuously in decomposition  H[err]SO[err] and the maximum acid content
of the     tanks 1 and 2 at a temperature of 80[err]C. for  acids mixture
being 52%  by weight, at a     a decomposition period of 50 minutes, after
temperature from 3 to 20[err]C. above the tran- 95     which the reaction
mixture was mixed with the  sition temperature of the dihydrate[err]semi-
balance of 1/3 of the recycle phosphoric acid hydrate of calcium sulphate
for the prevail- 35  1.827 Kg/hr (P[err]O[err] 22.5%, H[err]SO[err] 3.5%),
ing concentration of acids and for a period     and recycle slurry was
added from the crystal- of time of from 10 to 60 minutes, mixing the
lization tank 6 in twice the quantity of the  resulting reaction slurry
with from one to two 100     charged mixture from tank 2. The speed of
times the volume of a recycle slurry recycled     hydration was arranged
such that the tem-  from a later stage and containing hydrated 40
peratures  in  the successive crystallization  calcium sulphate crystals
having a degree of     tanks 4, 5 and 6 were 60[err]C., 55[err]C. and
hydration in the range of from 1.90 to 1.96,     50[err]C., respectively.
maintaining the resulting slurry in a hydra- 105       The degrees of
hydration in the different tion-crystallization stage at a temperature in
tanks were as follows:                       the range of from  40 to
65[err]C. until the 45       Decomposition Tank         1, 0.55.
calcium  sulphate  crystals therein  have a
2, 0.54.     degree of hydration of from  1.90 to 1.96,
Crystallization Tank     4, 1.62.     recycling a portion of this hydrated
slurry for 110                                     5, 1.85.     admixture
with reaction slurry, treating the                                     6,
1.95.     remainder of said hydrated slurry to separate 50    The resultant
gypsum was in the form of the crystalline gypsum from the crude phos-
large, columnar crystals with good filter-  phoric acid product, and
thereafter washing     ability, similar to that obtained in Example  the
crystalline gypsum with water to remove 115     1.
adherent phosphoric acid.
2. A method according to Claim 1, in                     EXAMPLE 3.
which the dilute phosphoric acid wash liquid 55    The phosphate ore used
was the same as in  produced by washing the gypsum is recycled     Example
1, and the phosphoric acid obtained  to the initial reaction stage for the
leaching 120     as by-product was P[err]O[err] 32%, H[err]SO[err] 8%.
operation.     2,400 Kg/hr of the phosphate rock and 7,075    3. A method
according to Claim 2, wherein     Kg/hr of mixed dilute phosphoric acid and
a portion of the dilute phosphoric acid wash 



60  sulphuric acid (P[err]O[err] 13.3%, H[err]SO 35.7%)  liquid is recycled
to the reaction slurry from     were reacted continuously in decomposition
the leaching operation.                        125     tanks 1 and 2 at a
temperature of 80[err]C. for    4. A method according to any preceding
a decomposition period of 48 minutes, and  claim, wherein the degree of
hydration of the        6                                        1,007,898
calcium sulphate in the initial reaction stage  and crystals of gypsum,
substantially as des-       does not exceed O.75.
cribed in Example 1 or 2 of the foregoing         5.  A method according to
any preceding  Examples.       claim, wherein the mixture of reaction
slurry    9. Crystalline gypsum, whenever produce   5   and recycled slurry
is maintained in the  by the method claimed in any preceding claim  20
hydration-crystallization stage for from 12 to    10. Phosphoric acid
whenever produced by       36 hours.                                  the
method claimed in any one of Claims 1 to         6.  A method according to
any preceding  8.       claim, wherein the temperature employed in   10
the initial reaction stage is from 80 to 100[err]C.    HASELTING, LAKE & CO
7. A method of producing phosphoric acid          Chartered Patent Agents,
and crystals of gypsum, substantially as here-    28 Southampton Buildings,
inbefore described with reference to Figure              Chancery Lane,
1 of the accompanying drawings.                         London, W.C.2.   15
8. A method of producing phosphoric acid          Agents for the
Applicants. Leamington Spa: Printed for Her Majesty's Stationery Office by
the Courier Press-1965. Published at The Patent Office, 25, Southampton
Buildings, London, W.C.2. from which copies may be obtained. 1 certify
this, including the Drawing forming part thereof, to be a True Copy of the
Specification as accepted.    


