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1. Introduction

.

Lppawela apatite deposit was discovered during systematic geol napping of

the Anuradhapura area in North Central Province of Sri Lanka by 1]1v Geolog
cul Survey Department in 1971, This deposit spread around an arca of 3 sqg
miles, but was most predominantly concentrated in an area of 576 acres in the
northern region of the deposit and most of the investigations have been carvied
out in this region

This is a firm reserve of 25 million tons of apatite having P,O, content of 30%
to 35%. The inferred reserve for the entire deposit is around 40 million tons and
it is cstimated to be about 30 million tons of 90% apatite material, and it will
last for 500 years at present demand rate.

Eppawela rock phosphate by itself can only be used as a fertilizer for long
term crops. 1i cannot be directly applied to short term crops since it
celeases phosphate  verv slowly. For short term crops superphosphate is
used. It is projected thar in 1980 the country will require 50,000 tons of
concentrated supetphosphate and 46,000 tons of rock phosphates.’

Chemical analysis of Eppawela apatite deposit was carried out by both local
and foreign institutions, and it is given in Table 1.

Table 1 - Chemical Analysis of Eppawela Apatite (From ref. 4)

Ca0 55 30
P05 40-75
Sq0 - 1-18
S0, - 0-14
Fe )03 0.07
M0 .01
Mg0 - 0-01
F e 1-78
Cl - £.29
101-53

Less
, F, 1 1-27
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Though the P,O, content of Eppawela apatite is higher than that of imported
superphosphate to Sri Lanka (Table 2}, the citric solubiliry is low when com-
pared to other types of phosphates {Table 3).

Table 2 — Comparison of major censtituents between Eppawela Apatite and
imported superphosphate

Constituent Eppawela Apatite lmported Super-
% (by wt) Phosphate %, (by wi)
Si0y 0.1 — 0.5 5.0 — 60
205 30 — 35.C 280 — 29.u
Fe,r0s 1 — 4 -2
Cal 50 — 55 47
Ul 3.0 3.0
F 1.7 — 24 -8
Table 3 — Comparison of citric acid soluble P, O. in Eppawela Apatite and

other fertilizers

Feerilizer Material Citric Acid Solukility % D0s

//(l
Eppawela Apatite 10— 3.0
limported rock phosphote 3.4
finported super phosphate 9.0
Rhenania phosphate 18-9

Thus, although the citric acid solubility which is used as an index of the
effectivencss of rock phosphate to the soil of the local material is about 509
fess than imported phosphate, it is not suitable to use as a direct fertilizer.
Further a report from Tennessee Valley authority? states that the Eppawela
apatite is nor recommended for direct application and is not considered suita-
ble for superphosphate manufacture unless beneficiated, Hence resecarch work
had been carried out in Sti Lanka on beneficiation of Eppawela apatite.' 5§

Since Eppawela opatite contains an appreciable amount of Cl (as well as F),
it cen cause corrosion in wet process beneficiation. flesides, sulphuric acid has
to be imported for use in the manufacture of superphosphate fertilizer. There-
fore the beneficiation method, that is most suitable for Sri Lanka would be a
dry process.

To achieve this goal the Mineral Technology Section of the Ceylon Institute
of Scienrific and Industrial Research had carried out a servies of laboratory
experitnents on Eppawela Apatite to produce an effective fertilizer by using
locally available materials as far as possible, in a drv process

Calcination experiments were carried out at high temperatures with local
minerals such as quartz, dolomite, feldspar, normal salt and with alkali salts
like soda ash, hydrated lime, sodium hydroxide and also with paddy hull ash.
It was found that beneficiation with soda ash gave a product having about
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27.00% to 30-00% of P,O, in citric acid solable form. Hence this product
which is actuaily a thermophosphate can be used for short term crops of Sri
Lanka instead of imported phosphate fertilizers by saving valuable foreign
exchange which our country needs for other development work. Field rtrials
are presently being carried out to evaluate the effectiveness of this product as a
fertilizer,

The main differences between this product and Rhenania type'? fertilizer
which is made out of apatite, soda ash and silica are the method of preparation
and temperature of calcination.  This product is made by calcining apatite with
soda ash alone at a low temperature of 1150°C than that of Rhenania phosphate
(1300°C to 1400°C).  Also, this has higher cirric acid solubility than Rhenania
phosphate

2. Experumental

Tn all the experiments, the powdered samples brought from the factory as
Eppawela were used. Treatments were carried out in piarmum crucibles with
duplicates in temperature controlled clectric furnaces. Treated samples werce
quenched in air rapidly by immersing the crucible in a water surface. in rome
fusions that were carried out to find the quenching effect, experiments with
sodium carbonate, quenching was doric in water by immersing rapidly the plati
num crucible mti*a hot sample in water. Calcination studies of samples were
carried out by using weight ratios of upatitc and material at a given condition
as given in respective tables. Fach sample was analysed for its 27 citric acid
solubility according to official mechods of apalysis A O A C2 P,O; content
was determined by a spectrophotometric method using ammonium vandate
reagent.? DTA analysis of raw apatite was done by using “Spektromom 193 A
derivatograph and X- ray analysis of samples were done by using “JEOL JDX-85"
X-tay powder diffractometer.

Initially & preliminary analysis was carried our on apatite rock by DTA,
Xoray diffractometer and chemically. Later fusions were carricd out at high
temperatures (above 1000°C) with locally available minerals and alkali salts.

Cell dimensions of sodium carbonate fused apatite samples were determined
from X-rav powder diffraction patterns, taken using Cu target under following
conditions, scanning $%/min, sollar slit 19 divergence slicl” receiving slic 0-4
mm, time constant 2Zsec. For this purpase peaks due to (211) and (300)
planes of samples were taken.

3. Results and Discussion
3.1 Preliminary Investigation
3o1-1 Chemical Analysis
Chemical analysis showed the powdered rock sample which was used for
these experimerts has 34-00% of total P,O, out of which only 9-70% is in
citric acid soluble form (citric acid soluble P ,O4 3-30%

3-1-2 Xeray Analysis
X-ray analysis showed Eppawela apatite is mainly in the fluorapatite form with

1

small amounts of chlorapatite, hydroxyapatite, = quartz, goethite (Fig 1 (A
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Figure 1 XRD patterns of Row Apatite and Caleined Apatite samples with
Na,CO, in the ratio 100: 20 for 3.0 hrs duration.
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Apart from the peaks of the above mentioned constituents, several other
shifted  spatite peaks were observed. Thesz may be dus to frankolite
(Ca, (PO, CC, OH); F} apolymorph of fluor-chlor and hydroxy-apatite. A firm
conclusion cannot be achieved due to the unavailability of X-ray data of fran-
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koiii'c By taking X-ray peaks d = 2.828 A°{(211) and d = 2.704 A" (300),
attice constants of Eppawela apatite was calculated and found to be a= L) 4572 A

zmd bh=6.6786 A°

s-1-3  Differential Thermal Analvsis

Differential thermal analysis ot apatite upto 1000° € did not show ony apparent

peaks (Figure 2). R
This indicates that there is no chemical or physical changes taking place

during heat treatment upto 1000°C. Therefore any changes in solubility cannot

bie expected below 10007C.

3.2 Calcination of Apatite
The results of heat treatment of apatite alone above 10007°C is given in Tehle 4

Table 4 Effect of heat treatment on citric acid solubility of Apatite
Y I

Trectment durarion citric ncid

Temperature {0C) {lirs) sotubilicyy D2y
Room Temperature - 133

;000 335

oo 3-40

1200 3.0

1000 Y 340

1100 .o 302

1200 1-Q 3-75

These results shows clearly that the heat treatmient alone will not increase
solubiliry in citric acid considerably by changing the temperature or duration of
treatment of apatite.

A

3.3 Calcination with some locally

minerals

Calcinations at Jhig‘h temperatures were carried out randomly with the following
powdcxed mincrals; (a) Dolomite (b) Feldspar \J Kaolinite (( } Normal
t (e) Quartz. Results obtained a ]

The above vesults reveals that minerals like Kaolin, Dolomite, Feldspar,

Common Salt or combinarion of these cannot be used for successful beneficiation
of apatlte evern at cem*)erarures 1100°C, since the conversion of PO, for citrie

soluble form is only about 17% to 19%.

It was also observed that quartz gave a 30% converston on rock apatite when
caleined at 1100°C. Hence further scudies were carried out by using quartz as a
mineralizet.
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Calcination with Qua
The results obtained by calcination of apatite samples with quartz at diffecent

remperatures and for different time duration are given in T
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Table 6 - Effect of temperature of treatment on  citric
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of

acid solubility

Apatite when calcined with constant amount of quartz for constant time
duration
RATIO Cirric acid Yo Conversion of
T Temp. Duration solubility P05 o cirric
Apatire Quartz °C {hes) Y P20, acid soluble form
100 10 1006 2-00 8.00 23.52
100 10 1100 2.00 1040 30-58
UG 10 1450 2-00 140 33.52
100 {0 1200 2-00 11-50 33.82

Table

Wh'!‘,'{‘l

7~ Etfect of duration of treatment on citric

<

alcined with constant amount of quartz at constant

EATID

Citric acid

acid solubility of Apatite

temperature.

Conversio

) .
‘/
o

T Temp. Duration solubility POs o citric
Apatite Quartz °C {hrs) %0 POs acid soluble form
100 10 1150 2.00 1140 33.52
10C il 1150 2.50 12.00 35.20
100 10 1150 3.00 1210 35.58

Table 8 ~ Effect of amount of quartz used on citric

when calcined at constrant temper

Citric

RATIO

acid

acid solubiliry

of Apatiie

arure for constant time duratrion,

o

5 Conversion of

T Tamp. Durarion solubility ’ ’0Os5 to citric
Quartz e (hrs) e P05 acid uble form
100 0 1150 250 3-80 17
160 10 1150 2-50 12-00 3529
{00 20 1150 250 HE-40 33.52
100 30 1se 2-50 9-50 27-94

The above results show that by increasing

&

temperature of treatment, about
35, of conversion can be obtained. Increasing of quartz percentage in treatments
shows a lowering of cirric acid  soluble P,O; pereentage. Also it shows that
about 2 vo 3 hrs, treatment (Table 7) is sufficient for complete reaction to take

place, between quartz and apatite.
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Further experiments were carried out by using paddy hull ash obtajned by
burning paddy hull at 650°C, This paddy hull ash contains zbout 959 silica
in the amorphous state.  The results obtained are given in Table 9 10 and 11.

Table 9 - Effect of temperature of treatment on citric acid  solubility ot
Apatite when calcined with constant amount of paddy hull ash for constang

time duration

RATILO citric acid % Conversion of

s === Temp. Duration solubility P05 o citric
Apatite PH A oC {hrs) % P05 acid soluble form
100 30 1000 2.00 6-50 1911
100 3C 1100 2.00 g.00 23.52
100 30 1200 2.00 10-00 2041
180 10 1000 200 10-50 30-88
100 10 1100 2.00 11-00 3235
100 10 1150 2.00 11-50 33.82
100 1o 1200 2.00 11.60 34.11

Table 10 - Effect of duration of treatment or citric acid solubility of Apatite
when calcined with constant amount of Paddy hull Ash at 1150°C

Citric acid % Conversion of

RATIO
e Temp. Duration solubility P,05 to citric
Apatite PHA oC {hrs) % P04 acid soluble form
100 10 1150 2.0 10-50 30-88
100 10 1150 25 12.00 35.20
100 10 1150 3.0 12.20 35 88

{

Table 11 - Effect of Apatite: Paddy hull Ash ratioc uscd for calcination on

citric acid solubility

Circric acid % Conversion of

RATIO

e e Temp. Duration solubility Py0s 1o citric
Apatite PHA °C (bs) e POy acid seluble form
100 {0 150 2-50 12.00 315.729
100 20 1150 250 1140 33.572
100 30 1150 2-50 10.50 30.04
100 10 110G 2.( 11.00 32.35
100 30 1100 2.0 500 23.52
100 50 1100 2.0 3-00 23.52
100 60 1100 2.0 9.00 2647

100 100 1100 2.0 ]-00 23.57
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From the above results obtained on calcination experiments of apatite with
guartz and PHA, effect of temperature of treatment, effect of duration of
rreatment and effect of ratio of censtituents used for treatments are plotted
(io Figures 3, 4 and 5) and variation of citric acid solubility is clearly seen.

From these results it is clear that:

a) By increasing the temperature snd duration of rtreatment ot by varying
the amount of apatite to material used the highest possible citric soluble
P,0.9 that can be obtained is 12:0%, irrespective of silica material used
(whether quartz or paddy hull ash). That is percentage conversion of
PO, in rock apatite is 35299

~ APATITE‘ONLY FOR O.5 Hrs.

- APATITE ONLY FOR [,0O Hrs

- APATITE: QUARTZ. tO0:10 FOR 2,0 Hrs. ¥
~ APATITE: P.H.A. = 100:10 FOR 2,0 Hrs. e

- APATITE: Ng,Cq, : QUARTZ«100:30:20 FOR2Hg~"

m o O @ P

FORM

F - APATITE: Ng,Cq » 100:20 FOR 3,0 Hre. e
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Fisure 3 - Bffect of temperature on percentage conversion of in

Avatite to Citric Acid soluble form when calcined with different mineralizers
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b)Y To attain complete reaction between Paddy hull Ask or Quartz with
apatite at high temperatures 2-50 to 3.00 hrs is sufficient (Figure 4}.

¢}  From Table 8 (and Figure 5} it is clear that there is an opfimum
apatite - Paddy hull Ash or quartz ratio that gives the highest citric

soluble P,O. 7.

d)  According to Figure 3 it is clear that we could not expect a higher
citric soluble PO, % than the maximum value obtained (12-00%), by
increasiog temperature of treatment above 1200°C.

A _APATITE . P H.A. - 10010

o
S
)

B _APATITE . QUARTZ - 10010
C -APATITE . NaoH | QUARYZ . 100 .20:10

D - APATITE Nc:zCo3 - 100 .20
E -APATITE ' Na_Co, . 100:25 _k
R
75 F - APATITE ' NaCa @ QUARTZ - 10012010 —
B D

"/, CONYERSION OF P,O¢IN ROCK TO CITRIC SOLUBLE FQRM

504
-
250
= = Y S i N - ok ~ . U Qe
1.0 2.0 3.0 4,0
DURATION OF TREATMENT {Hrs)
Figure 4 — Effect of duration of calcination on percentage convession of

PO, in Apatite to Citric Acid soluble form when caleined with  differens

mineralizers
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A _ APATITE :QUARTZ AT HSO“C FOR 2.5 Hrs.
B _ APATITE P.H.A, AY {150 c FOR 2,5 Hrs.
C - APATITE ‘Na,Coy AT 1150 ¢ FOR 3,0Hrs

SOQLUBLE FORM

QIN_ROCK fQ CITRIC

"/ . CONVERSION OF B

A ] I L ) L

10020 1OC: 40 1O 60

APATITE TO MATERIAL RATIQ

Figure 5 - Effect of mineralizer racio uced in calcinaticn on percentage
conversion of P,0, in Apatite to Citric Acid soluble form.

Fuarther experiments were carried out with quartz and other materials such
as alkali salts to find out whether those substances would act as better minera-
lizey on calcination with quartz,

3.5  Calcination with alkali compounds

Calcinations were carried out with apatite and quartz along with NaOH,
Ca(OH1, and Na, CO,. Following are the results obtained: Table 12, |

and 15,
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Table 12 - Effect of NaOH on apatite : quartz calcination Effect of Duration

of treatment on citric acid soluble P205%

RATHLO Citric acid % Conversion of
T T T T Temp. Duration solubility P05 to citric
Apatite Quartx NaOH °C (hrs) %P O acid soluble form
100 1C 20 100¢ 2-480 o34 1000
{og 10 20 1000 100 140 3058
100 10 20 1000 2.00 1340 39.41

Table 13 - Effecr of amount of Ca(OH), used in calcination of Apatite

Quartz on  citric solubility

Citric acid v Conversion of
B e — = Temp. Duration solubility £905 to citric
Aparite  Ca (OH); Quurts o0 (hrs) % P05 acid soluble form

106 30 10 1000 2.00 3.50 10.24
100 30 20 1000 200 4 00 tL 76

Loc 50 2C 1100 2.0¢ 4-00 1176

Table 14 - Effect of temperature on citric solubility of Apartite when calcined

with Na,CO, and quariz
P 3

RATIO Citric acid Y] Conversion of
Temp. Duratico solubility Py 0y to citric
Apatite  Quartz  Nay C03 oC (hrs) Y Paue acid soluble form

100 0 30 1000 200 9.00 16.47
100 20 3¢ 1100 2.00 12.00 35.28

10¢ 20 e 1200 2-00 15.70 46-17

Table 15 ~ Effect of duration of treatment on citric solubility of apatite
when calcined ar 1150°C with Na,CO, and quariz

RATIO Citric acid %, Conversion of

. T Temp. Duration solubility Py 04 to citvic
Apatite  Quartz  Nap CO5 C (hrs) %% Py Q5 acid soluble form
POC 10 20 1150 200 12.00 35.29
100 10 0 1150 2.50 1550 15.58
100 10 20 1150 3.00 17-00 50.00
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From these results it is evident that NaOH and Na, CO, has a better cffect
o apatite than Ca (OH), in rendering it to more citric soluble form. By
increasing duration of treatment it is clear that NaOH and Na,CO. would

pive high cirric soluble P,O. content (Figute 4).

in Sri Lanka since

1. Her

But
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mineralizer,

3.6

Calcination with Na,CO,

ble 14
atite ;|
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further experiments were carried out

calcination

~——>3 Ca NaPO,+-

the price of NaOH is high, the use of NaOH is not

asing Na,CO  as a

temperature is ancreased by keeping

at, citric acid soluble P, O 97 is also
ihat reaction comes to 1 ear comple-

may bhe of rhemania type PO,

2 CO, & NaF

Ca SiO, 4

1 e B VAT
cani be conwverted ro 50 %) citric solu-

n studies were carried out with Na, CO, alone ro find ou
luenice of st ( , and quartz separately on apatite. The results obtained
ate as follows {Table 16.).
fable 16 - Effeer  of duration of treatment on citric acid solubility  when
ith Na,COJ ar 1 15000

[y

Citric acid Conversion of

Temp. Duration solubility Py Oy ro citric
oC (hrs) Y By Os acid soluble form

100 20 1150 2.00 1950 5735

100 20 1150 2.50 21-25 63.23

W0 20 1150 3.00 23.00 6764

{00 15 1150 2.00 27-0C 64.7¢

100 25 1150 3.00 26-00 7647

100 25 1450 4.00 27-6C 8117
By comparing results of Table 16 und 15, it is clear that Na, CO, alone has

a better
vhat 8

T
calcinations,

“{'(f—‘cf' on apatite than No,CO,

shows 1 219% of P, O. in apatite can

and in.

Also it
type of

quarttz beneficiation.

make citric soluble by this
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Furthet experiments were carried out bv varying the temperature of treat

ment by keeping the molecular ratio and duration of treatment constant

{ Table 17) and also varying the Apatite : Na, CO, ratio by keeping temperature
i Vil

and duration of treatment constant {Table 18). Results were as follows:

Tuable 17 - Effect of Temperature of treatment on citric acid solubility of
apatite by keeping the material ratio and duration of treatment constant

Citric acid

R-A T1 OV
- e Temp. Duration solubility
Apatite  Na; CO;y oC (hrs) % P2 Oy
100 20 00 300 12 41 36-50
100 20 1000 500 14-31 42.08
100 20 1100 3.00 1646 4841
100 70 1150 300 23.00 6764
100 20 1200 i 00 27.35 80. 44
100 20 1300 3-00 32.78 96 .41

Table 18 ~ Effect of Apatite: Na, CO, ratio on citric acid solubility by calcining
ar (150 °C for 3.0 his

Citric acid % Conversion of

»R /:\ THLO
= Temp. Duvrarion solubility Py O to citric
Anpatite Na, CO; o (hr=) % Py Os acid soluble form
{0C 15 1150 3-00 1646 3650
100 20 1150 3.00 23.00 6764
100 15 1150 3-00 26-00 7647
100 30 1150 3.00 27-20 80-00
100 3s 1150 300 1646 7787
100 40 1150 3-00 15-717 73-79
100 45 1150 3-00 25.08 }3-76
100 50 1150 3.00 227 6676
100 100 1150 3.00 1715 50 .44

The variation of citric acid solubility of Eppawela apatite, when calcined

with Na, CO | can be clearly seen in Figures 3, 4 and 5. From X-ray p
analysis studies of these preduzts (Figure 1) and results that had been obt

sollowing conclusions can be achieved.
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at  lIncrease of temperature of treatment will increase the citric soluble
P, O; % considerably when Apatite to Na, CO, ratio was kept constant
{Figure 3). X-ray studies (Figure 1) showed the formation of various
soedivm calcivm phosphates® (Table 19).

Table 19 ~ Various phases present in  calcined product of apatite with
Na,CO, at different temperatures by keeping apatite: Na,CO, = 100 : 20 anc
for duration of 3 hrs-

Phases present in the
Temperature

Phases present in the product residue after
o : dissolving in 29
) ) - ) - _ citric acid
Na3Caq (PO4)s . )
900 (ie. 2+4 CaO, 0-6 Nay,©. P,O3) Flaorapatite

Fluor ‘lpatl[c (ume cred)

. Na3Cag (POg)5+ O = Na Ca POy . .
1000 ( 23(;&6‘ N:\‘;)(é). P,0s ) Fluorapatite
NajCa O4)s+ & = Na Ca [ o .
110¢ Na3Cag (POps + 53 I\\‘S (éq 11:84 Fluorapatite
oS- Nala POy
1150 - do Fluorapatite
e /. e Floorapatite
1200 B —Na Ca POy (discorred)
1300 3 ~Na Ca POy S RIS

{distorted)

This means that,

i. At Iower temperatures low ?\MZO CaQO phosphates are formed by reacting
with lesser amount of Na,O from Na, 2O,

ii. At higher temperatures high Na,O / CaQd vhosphates are formed with
g I g 2~ 8
higher amount of Na,O from Na, CO.,

Al these phosphates are in citric soluble form. Pure fluotapatite
the residue may be from unreacted rock and this amount decr
increasing tempetatiire.

found in
ased with

b)  Inerease in duration of treatment will increase the citric acid solubility
considerably until it reaches a treatment duration of 3 — 4 hours. Hence
veaction with Na, CO, is complete only after 3 hrs. (Figure 4)

c)  Highest citric acid soluble P, O, % can be obtained by using 30 - 40 parts
of Na, CO, to that of 100 parts of Apatite (by weight) on calcinations at
1150°C. This is clearly shown in Figure 5. lucrease or decresse of
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Na, CO, ratio at  1150°C lower the citric soluble P, Oy percentage in tha
final product. X-ray studies of the products obtained (Figure 6) showed
the presence of various sodwm calcium  phosphates {eg. NaCaPO,,
Na, Ca, (POQ5 etc.). The residue obtained after dissolving in 29/ citric
acid  contained only pure fluorapatite (Figure 7(A)), if Na, CO,
vatio is less than 30 - 35 to 100 parts by weight of apatite.

APATITE : Nc?Co3 ratio , A. 10015 B.IOC.2C  C 10030
D.I0O0 4C  E .00 45 F 10C 50

F
| 1
1 [ | _
1 T T '
| L-
I I1 | L
1 T T T
[“

brres
(@)

T T
]
i \
Lo ! ‘ !
L W L [
T T T 7 T
20 30 4G e 67,
2"

Figure 6 — XRD patterns of products obtained when apatite is calcined at
1150°C for 3.0 hrs with varying amounts of Na, CO,
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Figure 7 — XRD patterns of residuc obiained after dissolving the Na, CO, +

Apatite caldined samples in 27 citric acid.

This means that at low Na, CO; rtatios, Na,O from Na, CO, is reacting
exclusively first with chlorapatite and then with fluorapatite of the rock to
form Na Ca PO, or other related phosphare which is soluble in 2%, citric acid.
{Also X - ray patterns do not show the presence of unrescted Na, CO, o1
Na, O). Thiscan be clearly seen by caleuloting percentage P, O, and percen-
tage CaQ reacted te form the citric soluble compound with percentage Na, O
from added WNa.CO,. (Table20) (Calculations were done by considering
Eppawela apatite has 5077 CaO and 347} total P,O,. With cach sample percen
tage CaO that was reacted to give citric soluble compound was calculated from
its citric soluble P, O.% and Na, O% was calculated by considering that all
Na,CO, was reacting with apatite to give a citric soluble praduct),
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Table 20 ~ Ratio of CaO: Na,O: P,O, in the citric acid soluble product that
had formed with low Na,CO; ratics at 1150 °C for 3 hrs duration.

Reacting Materials
= Citric soluble e

Weight Ratio
Apatite  Na;COj; POs5%% CaO INERI®) P;05

100 15 16 -46 1 47 0-530 !
100 20 2300 1-47 0-50 ]
100 75 2600 L-47 .56 1
100 30 27-20 147 0594 1

From Table 20 it is clear that until Apetite : Na, CO, ratio is 100 : 30, the
CaO * Na, O : P, Oq ratio of citric soluble sodium calcium phosphate, is nearly
cqual. This means chat constant amount CaC and P,O, (rom rock is reacting
with all of Na, O to form the citric soluble compound. Rest of CaO and P, O
will be in the product as fluorapatite itself. This is evident from X-ray results
and cell dimension values of residue fluorapatite obtained (Figure B).

The XRD patterns of the residual fluorapatite showed a shifting of peaks
with the increase of sodium carbonate (Figure 7 (B) ). This may be due to the

substitution of excess Na* in the fluorapatite lattice.

The cell comstants of the residual fluorapatite obtained after dissolving in
2% citric solution is plocted in the Figure 8. The cell constants are ncarly same
upto a sodium carbonate to apatite ratio of 100 : 30.  Beyond this cell constant
“3"” decreases and “b" increases with the increase of Na, CO, percentage. Also

the percentage of citric seluble B, O in the final product decreases.
Colour and the form of the product

The colour of the products varies from brown to grey when Na, CO, ratio is
increased at 1150°C and the samples which give high citric solubility had »

sintered uppearence.
Effect of guenching

it was observed when carryving out cxperiments that rapid air quenching is
needed to get better citric acid solubility in a given condition. Since the pro-
duct obrained had low water solubility (Table 21) further experiment was carried
out with calcined samples by quenching into water. The citric solubility of
this sample was very low compared to air quenched sample and X - ray patterns

showed the sample had more unreacted fluorapatite.
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Table 21 - Ef‘f“ft of water quenching and air guenching on citric soluble
P,0.% on Na,CO, calcined Apatite.
178/

RATICO Temp. Duration An Qucnctmw Water Quenching
- oC (hl:‘) - T o citri sluble
Apatite  Na;COs water scl.  citric sol. PL,()SS‘ ,m‘t
P07, 2057 e
100 20 1150 3.00 3-17 23.00 644

Hence it is clear that to obtain high citric soluble P, O, content with calci-
nations with scda ash ar 1150°C, apatite to Sods ash vatio must be in the
range of 100 : 30- 35 and duration of treatment is 3 hrs.  The sample should be
quenched rapidly in air.

L
3
84

Conclusions

1) Eppawela apatite itself is not suitable as a fertilizer since it has low citric
soluble P, O; percentage. (ie, out of 34% P, O, available only 3% is in

citric soluble form).

2) It can be converted to a product having more PO, in citric soluble form
by calcining with sodium carbonate, quuriz or paddy hull ash. With
sodium carbonate 80% of P, O, can be made cittic soluble whereas with
quartz and paddy hall ash rm]w 509, can be converted. Calcination of a
wixture Apatite - Quartz + Na, (J(_\ will also give 507, conversion,

3} Soda Ash calcination has to be done with controlled amounts of apatite
and sada ash ro get high citric soluble value and less m(‘m :mh consump-
gion. It was found at 1150°C a ratio of Apatite : Na, CO, of 100 : 30 35
at  duration of treacment for 3 hrs, would give best rcst'i.l'it&

4)  If apatiteis calcined with controlled amounts of Na, C ~O, at temperatures
above 1300°C, over 957, P,O; in rock can be converted to citric soluble
form. For example when a charge consisting of 100 parts of rock apatite,
20 parts of soda ash was calcined at 1300°C for 3 hours a product of 967,

citrate soluble P, O, was obtained.

5y Thereis a possibﬂity to use this product as a phosphate fertilizer for short
term crops instead of imported superphosphates, since this type of sodium
thermorphosphates are presently being used as fertilizers in many countries
of the world. But before coming to a firm conclusion one has to carry out

field trials with the preduct.
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