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IN THE MANUFACTURE OF PHOSPHORIC ACID

J.L. Thakkar and R.S. Vyas
The Dharamsi Morarji Chemical Company Limited, India

ABSTRACT

As a result of increasing avallabllity of low grade rock phosphates and high cosis essoclated
with beneficlation processes, it has become necessary to develop sultable processes for
utllizing low grade ores abundantly avallable. Such low grade rocka containing high
percentages of silica, feral and other Impurities cannot be directly used In above processes
due to thelr well known adverse effects.

Manufacturing wet process phosphoric acid from such low grade rocks requires a dlfferent
technigue. A two stage fllitratlon Is Incorporated. By using mixtures of phosphoric acid and
H,5IF; or phosphoric acid and HNO,, the P, O In the rock Is selectlvely extracted leaving the
Impurities with residual fliter cake i]n the first stage. The flitrate of this stage 1s treated with
HESC)‘II to form crystallised gypsum of high purity, which Is flitered In the second stage. The
product phoephoric acld containing 22 to 27% P O, is Isolated from the recycled gtream and
concentrated to b4% P,O,. The H,5iF, or HNO, Is recovered and recycled to the process. The
sallent features of the process descriged In th’l’s article are a two stage flitration, the flrst to
remove gilice and unextracted Impurities and the second to separate gypsum of high purity
with minimum P,0_ loss.

1. INTRODUCTION

Technical grade phosphoric acld manufactured by the "Wet Process” requires the use of rock
phosphate with low levels of silica, R,0Q, carbonate and other impurities. The supply of such
grade of phogphate rocks is dwindling all over the world or the processing of low grade
rocks Into sultable guality by washing and beneflclation is becoming Increasingly expenslve
necesgltating renewed efforts for the utllisation of low grade rock phosphates, with higher
levels of inerts and impurities.

Low grade rock phosphates have various Impurities such es $i0,, Fe,0, Al O, etc. which
cause procesging difflculties in conventional phosphoric acid plants such as ﬁlgh grinding
cost, higher viscositles of glurry, poor filtrability of gypsum and lower recovery of PZO . The
quallty of the byproduct phosphogypsum further deterlorates making it unsuitable l’%r Its
conventional uses,

Beneficiation proceszes to increase percentage P,0, for upgrading rocks suffer from the
inherent disedvantage of los: of P,0_ in the tallings. They require a large quantity of water
and energy and are expensive.

This paper describes a new process for the manufacture of cornmercial phosphorie acld from
low grade phosphates having high silica and feral impurities. The process Is based upon
selective chemical extraction of P,O_ by leaching the rock with mixture of phosphorlc acld,
hydrofluesillcic acld or nitric acid. ?‘he reaction mass Is flitered to rernove sillca and feral
Impurities, which are discarded, and the flltrate Is acldifled with sulphuric acld to precipitate
gypsum. The product containing 22-27% 13'20‘5 is taken from the recycle stream of mixed aclds
and concentrated to 52-54% P Og. H,51F, or HNQ, are recovered and recycled to the process
and gypsum of high purity fs obtained as a valuable byproduct. The process has been
Investigated In detall in laboratory and tested stagewlise on pllot plant on low grade rock
phosphates from the Indian mines at Jhebua and Sagar of Madhya Pradesh and Maton rock
from Rajasthan. The results of our above studies are the subject matter of tnis paper

(References 3 to 9},



Z. LOW GRADE ROCKS

The analyses of Jhabua, Maton and Sagar rocks used In our process are glven in Table 1. For
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comparison the analysls of standard Morocco rock Is also Ineluded in above table.

Table 1 - Chemical Analyses of Rock phosphatea {Dry Basls)

Constltuentr;m JH:I;UA MAT(.)N SAGAR- MOROCCb ]
(Wt. %) {M.P.) (RAJASTHANY (M.F.)
P 0 28.603 24.47 26.77 334
Cal 41.848 34.55 36.48 50.6
sio, 19.65 33.80 22.63 1.92
F 3.00 2.28 1.963 3.97
Co, 0.76 0.95 1.322 4.51
ALO, 1.924 0.71 3.17 0.43
Fe,0, 1.15 1.832 7.57 0.20
MgO 0.062 0.21 0.41 0.33
Na,O 0.047 0.05 0.04 0.70
K,0 0.184 0.072 0.361 0.09
Organlcs 0.32 0.28 0.661 0.26
50, 0.058 Traces Traces 1.62
Cl 0.006 0.0025 0.006 0.028
In 0.04 0.013 0.018 0.028
Cu 0.0032 0.0024 0.0034 0.0032
Mn 0.066 0.54 0.083 0.0022
Ph 0.013 0.0126 0.0113 0.0097

Jhabua and Maton rock phosphates used in our process consist of mineral apatite and fall in
the category of siliceous rock phosphate, and the Sagar rock ls not only siliceous but 1z algo
high R,0, bearing. The silica In both the cases is mostly present as quartz and R 0, |
present as thelr hydrous oxides. Iron Is mostly present as magnetite. The presence o%‘ only
slllca In the rock phosphate lowers the BPL grade but not nacessarlly thelr chemlieal quality
but the presence of feral Impurltles not only lowers the BPL grade but also has a very
pronounced effect on the suitabllity of rock phesphate In phosphorle acld process.
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J. CHEMISTRY AND FLOWSHEET OF THE FLUOSILICATE PROCESS

The chémiﬂtry of the fluosilicate process can be summarised by following set of chemical
equitions:

A) Reactlop

——> 10 CaSiFg + 6 H3PO, + 2 HF + X HqPO, (1
i) Si0p + 6 HF ——> HoSIF + 2 Hy0 @
B) Crystplllzation of Gvpsum

CaSIFg  +2 HyO + + HoS0,

> CaS042Hy0 ¥ + HySIFg + x HaPO, )

Referring to Figure 1 of the Fluosilicate process for the manufacture of merchant grade
phosphoric acld and gypstm of hither purlty, coarsely ground (-8 +25 mesh) low grade rock
phosphate (1) I8 remcted firred reactor (3) with a recycle acld mixture (15) of
fluesilicic acid and phospher. ... 4 temperature of 65 to 70°C for & maximum period of 2
hours, when the phosphatlc und fluorine eontent of rock phosphate are subsatantlally
solubilised. The rexulting slurry Iz flltered in a vacuum filter (4) to remove insoluble
Impurities and sllica (3} which is discarded. The c¢lear fllitrate (6) and washings are fed to a
crystallizer (7) containing seed crystals of gypsum slurry at about 65°C along with 98% H,S0
(2), with a resldence time of 3 hrs. White erystalline dihydrate gypaum (9) Is obtalned an&
fluosilicle acld Is regenerated after filtration In the gecond fliter (8). The filtrate and washings
contnining fluosllicle acid and phosphoric acid are divided into two unequal portfons, the
smaller portion (11) Is concentrated to glve 52-54% P,0. produet phosphoric acld (14) and

‘ 2
recovered H,SiF; (13) is mixed with the larger stream (f'()) for recycllng (15} to the reactor

(3).

4. LABORATORY EXPERIMENTS ON FLUOSILICATE PROCESS

These experiments were carried out by using 200 gms. of coarser fractlons of (-8 +25 B.8.5)) of
Jhabua rock with recycled acld mixtures in a three litre flask supported on n heating mantle
and flitted with an overhend stirrer, thermometer and dropping funnel at 70°C for two hours.
The flltration was carrled out at 500 mm Hg vacuum in a porcelain buchner funnel of 14 em.

dla. and the filtrate was collected In a 3 lltre flltration flagk. The results are summarlsed
below:

4.1 The composition of recycle acld mixture was flxed up as 20 + 2% P,O, 10 to 12% H, SIF,
and 0.6% (max.) H,80, taking Into conslderation the factors Jike solubllity of CaSii‘ In
max. coneentration of phosphorle acld and stabllity of the solution - In view of the Pact
that CaSiF .2H,0 Is known to exlst In two forms A and B, the A form Iz soluble but
metastable and slowly gets converted to the stable form which Is Insoluble In the med|a.
The presence of free H,3!F; In the reactlon media somewhat stablllzes the soluble form
of CaSIF,, formed In the reactlon. It has bean found that excess of free H.,50, over and
above 0.6%, resultz In lowering of F,0, extractlon from coarser rocks due to the
phenomenon of coating of roeck partlcﬁas with gypsum. The solubility of fluoride
compounds In varlous concentrations of phesphorle acld at 26°C iz glven In Table 2 (Ref.

1.
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Table 2 - Stabllity of fluorlde compounds from wet process phosphoric acid

Solubllity, wt. { %) 256°C

aox 16% 6% Fond water Distilled

S B
Na,SiF, 0.20 0.69 0.87 1.11 0.50
K SiF, 0.25 0.24 0.2] 0.23 0.14
NaKSiF, 0.26 0.5 0.88 1.13 0.72
CaSIF ,.2H,0 1.80 15.0 236 288 31.4
MgSiF.6H,0 4.0 218 328 36.2 36.0
Na AlF, 0.4 0.26 0.08 0.561 <0.02
NaK_AIF 0.60 0.19 <0.10 0.36 <0.03
Ca,(AlF ), 4H,0 0.2 0.16 <0.09 0.36 <0.02
MgNRAIF . 2H,0 0.6 0.15 0.07 <0.26 <0,04
Ca 50, AISIF,,.10 H,0 0.2 0.2 0.2 <0.01 <0.04
CaF, 0.1 0.12 0.07 <0.01 0.04
MgF, 0.5 0.37 0.23 0.31 <0.02

42 Though the extractfon of P,0_ from coarser rock with above recycle acld mlxture can

1.3

even be uchicved at amblent temperature (30°C) wlthin a perlod of 2 hrs., the process
was operated at 70°C In order to Improve rate of filtration of sllica mud ebtalned after
the reaction. Also the recycle acld obtalned after gypsum crystalllzatlon s at a
temperature of 65°C. It has been observed by us that the % of P,0; and F dissolution
from the rock Is identical (more than 85%) confirming to the presence of mineral
fluorapatite (.]P“.. (P0,),.CaF,) In case of rock phosphates of Indian origin tested by us.

The time required for -25 mesh and -60 mesh rock for 5% extraction of P,O_ and F s

only 15 minutes. For -8 +25 mesh rock 2 hrs. time is required. Lo

4.4 Since the rock does not contaln appreciable quantities of organles and carbonates, there
was no frothing.

15 R,0, dissolution was to the extent of 50% only.

4.6 The optimum ratio of PZOE In rock to F,0, In recycle ncid was 1: 6.

4.7 The rates of flitratlon of silica mud and gypsum at 60°C on the fllter In the fluosilicate

process were as follows:
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1. Fllter 1 Silica and R,0, mud = 6.8 Tonnes PZOEI’ME/day
(Cake thickness - 4 mm)

2. Fliter 1 Sflica and R,0, mud = 6.8 Tonnes P,0,/M%/day
with 10% gypsum as ﬂ'iter ald

3. Filter 2 Gypsum
(Cake thlckness - 25 mm)
(Crystal size 160x500 mlcrons)

= 6.6 Tonnes onﬁszlday

The clear filtrate develops turbidity due to the precipltation of CaSIF -2H,0 and other
fluorlne compounds at 60°C and below, and must not be stored bevond 3 hours.

4.8 Unlike conventlonal process there is little effect of % free H,50, in the crystallizing
slurry on the losses of lattice P,0. In the gypsum. The Iattice P, 0; of gypsum was 0.28%
for u crystallization perlod of 3 hrs. at 66°C. Free H,50, was mallntained In the slurry at
0.5%

4.9 The gypsum obtained in this process has good filtrability and Is dazzllng white in nature
with minimum B8% purlty (Table 3).

TABLE 3
Analysis of By product Gypsum from DMCC Processes (Wt.%)
using Jhabua and Sagar rock phosphates

Component Fluosilicate Nitric Acld Conventional

Process Process Dihydrate

Process

(Jhabua) {(Sagar) (Morocco Rock)
Appearance Dazzling white Dazzllng white Off white
Cas0,.2H,0 98.0 min. 98.0 min B0% min.
Total PHOG 0.4 0.57 1.2
W/5 P,0, 0.2 0.26 1.0
S10, Traces Traces 3.6 to 4.0
F 0.16 0.28 1.5
R0, <0.02 <0,026 0.2 to 0.3

—— T T —

4.10 The P,0. losses based upon P,0_ input In rock are az follows In fluosilicate process.

1) Unreacted PBDB 3.5%
(First stage - mud)
2) Soluble P2DG 1.32%

(First stage - mud)
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3) Co-crystallised P,0, 1.21%
{Second stage - gypsum )
4) Soluble P,0, 0.4%

(Second stage - gypsum)

Product stream concentration of phosphorlc acld and recycle of acid mixture

The flltrate and washings of gypsum crystallization is divided into two streams A & B.
The smaller streumn A equlvalent to product P,0. consisting of approximately 22% P,0,
& concentrated by evaporation at approx. QO“PC, at 100 mm Hg vacuum to 62-64% P,0_
praduct phospheric acld and the recovered H,SIF, Is mixed with the larger stream B for
recycling the acld mixture back to the reaction stage. The overall racovery of P,0, from
rock Is 93% only. The analysis of product phosphoric acid obtatned Is glven in Table 4
along wlth typlcal analysls of concentrated acid from conventional dlhydrate plant
based on Morocco rock.

TABLE 4

Analysls of Phosphoric Acld from DMCC Proceasses (Wt.X)

Component Fluoslllcate Nitric Acld Conventlonal

Process Process Dihydrate
Process

(Jhabua) (Sagar) (Typlcal)

P,0 04.6 55.6 bd4.6

H,50, 1.6 4.0 3.0

HNO, - 1.08

Al 0, 1.b 1.7 0.85

Fe, 0, 0.956 2.7 1.0

F 0.8 0.28 0.4

T I e o

4.12

4.13

(1

Dazzling white, very high purity gypsum produced as a byproduct is suitable for a
number of specialised applications such sz In the manufacture of white cements and
plaster boards, and as a part substltute for costly titanlum dloxide filler In paper
manufacture (Ref.2),

Limitatlons of the Fluosllicate Process

It s not possible to process low grade rocks containing higher than 3% feral impurities
by this process, since the prasivation of feral impuritieg in this process is not more than
50% and the presence of higher concentration of such Impurities makes the process
"unstable” due to the losses of fluorine values in the form of CaSiF,.2H,0, and other
fluorine compounds, nlong with the silica mud. The product phosphoric acid obtained
from rocks with higher R,0, Is very Impure and shows sludge formation during
concentratlon at 40% PZOH only.



(2)

(3)

(4)
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The process Involves two stages of flltratlon, but this drawback can be overcome If the
high purity bypreduct white gypsum cen be marketed. It s more than off-set by the
saving In costs associated with beneflclatlon of rock.

In thls process a dilute acld of 20-22% P,0, strength iz obtained along with 10% stiF
after gypsum filtratlon where as In eonventiona! dlhydrate processy 2B to 30% Pzﬂﬁ acl3
is obtained with only 3% H SiF;. The steam required for concentration to 54% P,0, s
higher than that In conventional plants.

The ratlo of P, Og In rock to P,0, In recycle acid Is 1 : 6 which is higher than that In
conventional pfanl.s.

5. NITRIC ACID PROCESS

5.1

(n
()

3.2

5.3

The Imlitution of fernl content stipulated for Muosilicate process Is partly solved by
subytituting hydrofluosilicic acld with nitric acld In the procesd. The presrence of nitric
acld in the recycle acid gives followlng advantages to the process compared to the
fluosilicate process:

P205 concentration could be ratsed from 20-22% level to 26- 27% lavel.

R, OQ passivation could be raised from 50% to minimum 80%. By prior ealelnation to
Bgﬂ C. It could be increased to 90%.

Chemlstry and flowsheot of nltric acld process

3 Cay(P0,),.CaFy + 20 HNO, + x.H,PO, —> 10 Ca(NO,), + 6 HyPO, + 2 HF + H,P0, (4)

510, + 6 HF - H,SIF; + 2 H,0 )
Ca(NOg)y + ZH,0 + HyPO, + H,S0, ——> CaS0,2H,0 & + 2HNO, + H,PO, (6)
HNO, + H,SiF; + 2 NaNO," --es > 3HNO, + Na,SIF, @

*In place of NHNO:l other sodium salts like Naz(]Oa. N32504 can also be used. NaCl is
prohibited due to generatlon of corrosive HCL.

The Nitrle Acid process Iy described with reference to Figure 2.

The sample of low grade Sagar rock phosphate (1) of BSS -60 mesh (less than 0.26 mm)
slze is reacted in a well stirred reactor (3) with n recycle acid mixture (12) comprising
of 25-27% P 0,. 10-12% HNO,, 3% H S[F'(,l and 2% 1-125(1‘1 at a temnperature of around 70°C,
for a periu«f of 15 minutes only. T:iﬂm results In more than 98% dissoiution of P,0_ and
only # maximum of 20% dissolution of R,0, Impuritles from the rock. The regulting
reactlon slurry s treated with a small quantity (100 ppm only) of flocculating agent (4)
and flltered (5) so as to remove the slllca and Insolubles In the form of a red mud (6)
which [g discarded,

The clear flltrate (7) Is then fed to erystalllzer (9) maintained at a ternperature of €0-
66°C and reacted with 98% H,30, (8) for period of 3 hrs. The slurry of white gypsum
crystals along with the regenerated HN03 ls vacuum flltered (10) and washed counter
currently with leach Hquors and water. The filtrate from (10) Is divided jnte two
streams: A (12) and B (13). The stream A (12) is recycled to reactlon (3) along with
make-up HNO, (2).
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Stream B (13) is concentrated (14) to product phosphoric acid of 54% strength {15).

The HNO, and H,3IF, evolved are absorbed In a scrubber (163 with recycled acld (17)
and sent to a precipitation tank (18) to react with NaN0Q, (12) or any other sultable
sodium salt to precipitate [nsoluble byproduct Na,SIFg ?22). which 18 recovered by
flltration {(20). The flitrate (21) contalnlng recovered ﬁNOa [s recycled to the reactor (3).

6. LABORATORY EXPERIMENTS ON NITRIC ACID PROCESS

6.1 These experiments were carried out by using 200 gmas. of coarse fractions of (-60 mesh
B.5.3.) Sagar rock with reaction mixture containing by welght 256% P,0,, 12% HNO, and
2% H,50, in a manner simllar to that followed for fluosllicate process.
6.2 The quantlty and compositlon of recycled acld was fixed up by the ratle of P,0, in rock
to P,0 In recycled acld as 1 : 6. HNO, requirement was calculated as per equation No.4.
6.3 A short resldence time of 15 minutes was glven for the flrst stage so ag to achleve
maximum dissolution of P,0, from the rock and minlmum dissolution of feral Impurities.
64 The strength of P,0, In recycled acld was maintained between 25 to 27% so as to
crystallise out the gypsum as dihydrate from the mixture of phosphoric acid and
regenerated 12% HNO::| at 60-65°C temperature in the second stage of the process.
6.6 The rates of filtration of silica + feral mud and gypsum at 60°C were as follows:
1) Fliter 1 Silica + feral mud = 20 Tonnes P205/M2/day
(cake thickness 7 mm)
2) Fllter 1 Sllica + Feral mud = 3.0 Tonnes PEOEIszdny
(with 10% gypsum as fllter ald)
1) Fllter 2 Gypsum = 6.2 Tonnea P 05/M2/day
(cuke thickness 12 mm) (crystal slze 56 x 150 microns)
6.6 The analysis of product phosphoric neid obtained by nitric acld process is given in Table
4 alongwith that of conventional dihydrate process acld.
6.7 The gypsum analysis Is given in Tuble 3 and compared with conventlonal dlhydrate
process gypsumnm.
6.8 The make-up nitric acid requirement of the process Is max. 150 kg./tonne of P,0.. The
breakdown of losses 1z as follows:
Process step % loss of HNO, over stolchlometry
1. Filter 1 + Filter 2 0.96
2. Produet acld 0.7
3. In scrubblng 1.3
(90% efficiency)
4. Handling loss 1.6

Total losses are 4.456% of 3.3 tonnes of HNO, required l.e. = 147 kgs.
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88 The P,0; losses based upon input In Sagar rock are as follows:

1} Unreacted P,0, : 0.76%
(First stage - mud)

2) Soluble P,0, 1 64.23%
{(First stage - mud)

3) Co-crystallised F,0, : 0.96%
(Second stage - gypsum )

4) Soluble P, 0; 1 0.65%
(Second sfage - gypsum}

7. ADVANTAGES AND LIMITATIONS OF THE NITRIC ACID PROCESS OVER THE
FLUOSILICATE PROCESS

7.1 Low grade coarse rock with high silica and feral Impuritles ¢can be used, since the degree
of passlvation of R,0, impurlties 1s higher at 80%. With calcined rocks, the degroa of
passivation can be as T‘llgh as D0%,

7.2  The problem of losses of F values In silica mud and the subsequent imbalance of the
process are completely ellminated.

7.3 As in the case of Fluosilicate process the ratio of P,0g in rock to P,0, in recycle acid Is
high as 1:6. If the ratlo [s lowered to 1 : 3 the Eypsum pasies to hemlhydrate phase,
making the process complicated.

74  The process involves two stage filtratlon but as in the case of fluosilicate process this is
compensated by high purity gypsum.

7.6 Complete recovery of HNO, and its recycle is the key to the guccess of this process,

8. PILOT PLANT STUDIES AND FURTHER PROGRAMME

We had Installed a 1 TPD pilot plant for studying the above processes with respect to
material of construction, reaction and flltration rates and the quallty of phosphoric acld and
gypsum obtained from wuhove low grade rocks., Rock was fed from a hopper by means of a
vibrofeeder at the rate of 160 kg/hr to 2 reactors in series (MS/RL _and PP/FRP) and the
reaction slurry was filtered through a set of tray filters (MS/RL, 2 ME fliter area) under 500
mm Hg vacuum. The flitrate was collected in a gtorage tank (MS/RL) from where It was
pumped to 3 gypsum crystallizers (MS/RL & $S316) arranged in serles. The gypsum slurry was
filtered through another set of tray fliters (MS/RL.2 M? fllter area). The flltrate was stored in
a tank (MS/RL). Later on a plug flow reactor (55-316) was also installed for studying the
reaction of rock with recycle acid for shorter resldence time of 5 to 15 minutes. In above pllot
plant trials no major difficulty was faced and laboratory results for the reactlon and flltra-
tion rates at both the stages were confirmed. The high purity gypsum produced on pilot plant
was sent to Regional Research Laboratory, Hyderabad (Indla) for trials in the use as & peper
filler for part substltutions of costly Titanium dioxide pigments and was approved,
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9. SUMMARY AND CONCLUSIONS

Wlth the avallability of large quantitles of low grade rocks and the Increasing need for
phosphate fertilizers, partlcularly in developing countries, ways and means are to be found
sooner than later for making optimum usage of avaflable raw materials and resources by each
country. It Is obvious that for manufecturing phosphoric acid from low grade, unbeneficlated
rock phosphate containing varying percentages of silica feral and other Impuritles, they have
to be processed In two stages. The impuritles are to be removed by reactlng with a sultable
acld mlxture in & premixer with a short residence tlme so0 as to leach out maximum P,0. from
such low grade rocks. The clear flltrate is to be processed to give purer quality white gypsum,
with better outlets and higher prlce than conventlonal phosphogypsum of wet process
phosphoric acid plants. The phosphoric acid obtalned by DMCC process is of a sultable
quality for the manufacture of such phosphatic fertillzers ke TSP and ammonium
phosphates, After purification by known methods such phosphorlc acids can even be used for
making Industrial phesphates like STPP and sodium hexametaphosphates.
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