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LEE/65/VI

THE USE OF CALCINED ROCK IN PRCSPHATE PRQCESSING

By 3. Stern (Chamicaln &
Phosphatea Ltd., Iareel).

Introduction

Phoaphets QRock, belng a natural oeterial, variss in ita
constlituents from one source Lo the next, and there are
variationg in the same field at different depths and
locations. These constltuents affect the value of a
partioculer phosphate as an Industrial raw materlal and ita
chemical and physiosl converslon and uae am a fertilizar.
The organlc materiels in natural rocka, belng decompoaition
products of plant and anlmal matter, are very variable and
unpredictable, and cause conalderatle trouble in proocesning,
much as foaming end interference with crystallization. It
ia therefors common prectice to cmlcine at comparatlvely low
temperatures to eliminate these organic materials. (1) This
makes the rock particularly sultable fcr the production of
phosphoric acld (2} (3).

The main aim of our company in developlng & calcined
product wae to ralee the P,0_ content of the natural
phoaphate (24-26%) to Dbta§n53 nigh grade 35% P,0_ product,
in order to reduce the scidulation ratio and th% Stranuporta—
tlon coasta, A4t the same time, this thermally beneficiated
rock la axceptionally low in FaEC ' ALEO and other
impuritiea and 1e thus particulufiy deai;ablm for secondary
producta. This makea 1t equivalent or superior to other
highly priced calelnad phoaphates, much ae thowse produced
from ¢ertaln North African rooks.

It is the purpome of thia paper to demcribe the use of
the calcinad phomphate for the production of phoaphoric acld
and superphosphate, and to give some works and laboratory
obaervationa when comparing the caleined produot with other
phoaphatas.

Description of the FPhoaphates

The rock consists of calcltic sedimentary deposite and
is similar in reactivity te Moroccan phosphate. The mein
impuritg is CaCO,, and this is reduced by heating the rock to
B00-950°C, which”removes the free and combined moleture and
most of the CO,. Water is mdded to slake the lime, which im
then meparated mechanleally. The product, 'thermall
benaficiated phosmphate' TA containe approz. TS5k P and ia

0
moderately less reactlve than the natural rock (4?.5 The
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temperature of calcination is carefully controlled and kept
to the minimum required to decompose CaCo. . Overheating 1is
avoided, a8 thia would cause sintering and a further
reduction in resotivity.

Ihe mechaniocally beneficiated rock Mp 29-31% P .0._,
which has been used in our plants, im obtained by nglgctiVu
grinding and air classification,

Both phosphates are low in RED3 and other lmpuritles.

- Analymin
Mp 29 MB 31 IA

% P205 29.5 3.3 35.1
% Ca0 53.1 52,1 55.7
% Mg0 0.2 0.2 0.2
% Fe,0, 0.4 0.2 0.1
% A1,04 0.1 0.3 0.3
% Na 0 0.7 0.7 0.4
% K,0 0.1 0.1 0.05
% co, 7.7 6.2 1.2
% 50, 3.2 2.7 2.4
% 1 0.2 0.4 0.05
%P 3.2 3.6 © 4.0
% 510, 1.6 1.6 1.5
Organica 0.1 0.2 nil
Combined water 1.5 1.8 0.7
101.6 101.4 101.7
0 equivalent of ‘
i, F 1.6 1.5 1.7
100.0 99.9 100.0

Use ¢f HRogk in the plant

3.1 Production of Phosphorio Acid

The machanlcally bensflciated phoaphate im umed in
our phosphorio acid plant unground, or with only
modersnte grinding. The filtraticn is then hetter than
with finely ground rock, which is generally too
resative, forming smaller gypsum oryatals. Opon
changing over to the use of ocalcined phomphate, we were
able to inurease production by 30-40%, due to better
filtration characteriatics of the alurry formed, with
reduced viscoslty. With the uncaleined rook we had
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occaslonal hesvy foaming, which waa reduced by uBing
anti-foaming egents. With the calcined rock such
troubles have been completely eliminated, and the
process regulres much leas supervision, eince both the
gyppum and the acld are very uniform in compoaltion.

The caleined rock undergoes conelderable abrasion in ita
production and 1s thus eufficlently flne for use in
pnosphoric acid.  Additionsl grinding to paes 100% - &0
mesh USS screen increased the rate of atiack to give 95-
97% P,0; Tecovery.

Fluorine distribution and byproduct recovery

The dimtribution of fluorine in the acid, filter

oake and mludge lo:- % of total F
Filter cake, smoluble T (NaESiFG) 15-20
Filtar ceke, insolubls F (CaFE) 10-30
Jattled acld AQ=H0
Sludge from acid 10-15

15-20% of the F remaina 1n the gypsum s Na,3iF
which precipitates from solution due to reaction witg
the Na in the phosphate (0.3-0.4% in the rock). 40-60%
of ths P remains in solution and B0-30% of this may be
racovered aa & white NaESiF oxr KESiF by addlng
appropriate salte to the acld. Altgrnately the F may
be recoverad from the gae during the concentration of
the aoid, when most of the F is volatilized and a
product particularly low in F is obiained. The gypsum
by-produet ie converted to high atrength bullding
plamter, which, being white in golour, is particularly

deslrable.

Suparphosphate Manufacture

The use of calcined Iarameli phoephate in laboratory
praparation of superphosphate and comparlson with other
vhomphates has been reported previcusly (6}, Our
plunt, which produces 25 tonm of supsrphosphate per
hour, was demlgned to ume our reactive mechanically
beneficleted rock and conalsts of a Kuhlmann mixer with
a ouring belt with a hold-up time of B-12 minutes. The
product is then disintegrated and transferred to
atorage. T¢ achieve thie phort setting time, the
uncaleined rock was ground in a Raymond roller mili to
paaa.90-95% = 100 mesh and 65-7;? - 200 mesh mcraens,
and thies was reacted with 75-78 HESD . The mame
setting time was obtained with the“ cdlcined rock by
grinding some 5-10% finer and using 65-6T% E 50, 29~
T0O% of the fluorine im veletilized aa 3iF a%d is
recoverad as sllicofluorides. The Buparﬁhouphate
produced ip friasble, eand a8 a result of the high initial
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reaction {(approx. 90% conversion aftaer 24 hre) the
suparphoaphate doea not cake. The superphosphats
rroduced ie white mnd practioally odourlesa. Due to
ite low REO aontent, there is no reversion of PE,D5 in
the cured naparphouphata.

Production of othaer phosphatens ard fertilizers

Pnosphoric acld produced from theme rocks i low
in REO » And ammoniation or neutrslization results in
compargtively little aludge formation.

Sodium tripoly-and pyrophosphate, dicaleium
phosphate and cther salts produced from calcined
phosphate have the additionsl adventage of white colour,
which slimiratea the need for bleachlng agents.

Caleined phoephate 1s particularly sultable for the
production of nitro-phosphatesm: it dismolves fairly
readily in nitric acid, and, because of the alisence of
orgeanlc matter, it involven leas decomposition and losm
of NO3. partioularly during the drying of the producte.

4. laboratory experimenta

4.1 Production of Phosphoric sgid-Comparimon of calcined
Iaraeli with other phoaphates. The rate of P 05 and F
dissclutlion 1n the production of phoaphorie ac%d and
the filtratien of the gypsun formed was determined by a
method eimilar to that of Gllbert and Morenc (7).

Procedurs A 5 gnm sample of phoaphate was igtroduced
into 500 gm phosphoric acid (30% P,0 ) at 707, the
8cld containing 6 gm ¢.p. gypeum seeds and 1.8-2.,0%
H,30,, 1.8. aufficient to react with tha phosphate and
Iy Léave 1% H,50, free acid at the end of the reaction.
The reactlon wes carried out in a polyethylene beaker
held in a constant temperature bath, and the alurry was
agitated by a teflon~sovered magnetic mixer. After 1,
5 % 15 minutea, ¥ of the alurry was filtered through a
70 mm diam. 35/5 No.595 filter raper under veouum, and
the filtration time noted. The precipitate was washed
with {sopropyl alcohol, to remove the frealy drgining
adhering mcid, and the resldue was dried at 105°C, and
ueed to determine the residual P205 and P,

The totel moluble P.O_ was tested by shaking 0.2 g
residus in 100 g water for'a + hour and determining
P205 in the supernatent smettled mixturs, Thie acluble
PEOS includaa ?a) truly water seluble F.0_., whioh glven
8 comperative estimation of thae waahagiﬁity of the
gypsum and (b) co-precipitated P,0 (CaHPO, .CaS0,.4H.0),
which depends neinly on the free agid of the raagtio%
slurry. The unattacked phosphate wam cbtained by
deducting the total soluble from the total PEO oontent
of the gypsum and indiomtes the comparative r&te of
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H,80,. The fluorine volatilized i more varisble and
dapaﬁdn more on the temperature of reaction and the
concentratlon of free acld in the super during the

initiel atages of the rTemotion.

Superphosphate Preparatlon and Fluorine Volatlllzatlcon

Gﬁmrllon B Fluor| ha Fluarine
after O oinutes Volatllized Solublllred Solublllied Volatl!laed
(% of P20 ) after 10 minytes & volatiiizad after haatlng

(% af F in rook) ourad supar

{watar woluble) o
2 hewo at 103 C

94 10 19 9 28
70 ] T4 40 33
a7 22 9 41 42
14 8 20 18 =8

This 18 demonetrsted by the fmot that practically
all the sclubllized fluorine ls also volatilized after
heating to 105°C (temperaturs), and that more fluorine
is volatilized with 98% acid {concentratlon). Tha
acluble fluorine ie held am H,S1F, and is released
when the wvapour pressures of 5IF gvar the molution ia
aufficiently high. The v.p. o? 5iF, is increased by
releing the temperature and concuntrﬁtiOn af the
solution and by adding actlve silica (prcaipitatnd).

The amount of F releassd from calclned phosphate
ia mimilar to that from other rookas, particularly
thosme of North African origln.

Previously it haa been shown that the addition of
Band, even when filnely ground and with the concentrated
aold, hed no effect on the fluorine attacked. Vary
finely divided, precipltated ailica in excess increased
the fluorine volatilization slightly, but the inocreass
in fluorine recovered is too small to warrant the
addition of thia aillea.

In the fmotory, wvhers the temperature 1s higher,
and where this temperature ls maintained for a longer
periocd, with better meration than in thess laboratory
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oxpariments, more P is volatilized.
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attack of different phoaphates under the dafined
conditione of reaction.

4.11 Rate of P,0_ and F selubility - Comparison of
Fhoaphates 6f different origin \

For thess experiments chemically pure phosphoric
acld was uped to whioh H.30, and HESiFE wera added,

sgaded with CaSO4 EHEO tg c%ntain:—

0% P05 1.8% H,50, 1% F and 1.2% CasC, . 24,0,

The -140/+200 mesh fractions weres uased for each

experlment. ' Urattaoked
Prhosphats LP20 {d,b,) Flltrgtlon (1) P.0  tn renlcua (it} F In rowldue (1TF)
{ 140/200 wash) " In roak) 15 nin. {% of rook P,O,} [ K of roak F)
| min. 15 min.?l?‘ll I min. 153 win,
Taranl NB 9.4 1.7 0.8 3.4 2
Isrgnl TA 33.1 19 19 1.0 . 44 14
Targe] Nixed MB + TA {1 3 1) 32,3 19 (3 0.8 28 10
Florida 36 rd 1.4 0 b 3
Kola 40 1) 46 0.6 40 4
HMorooog (Mhourighba) 3.9 19 1.3 0.6 5 4
" (aaloTrad) 8.0 19 10 0.1 24 12
¥ (faf1) 32,1 14 1.0 1.0 1 3
Toga 165 1) 2.5 0,8 L 3
Notes:

i) Time in seoonds to filter ¥ of elurry.

i1) The unattacked P.O_ 1p not too eccurete as 1t ia
determined by d1¥rBrence; velues <= 1% should
be regarded wm no significant reeldus.

(1ii) In evaluating thess reasults the limitetion of
the analytiecal procedure empleyed muat be
occnaideraed. In addition, impurlties normally
present 1n technical acid (R,0, and othera) were
pructically abaent and, ae w%l? be shown helow,
the solubility is affected by these conelderably.

4,12 Flltration

The filtration rate with calcined rock and
mixtures of this with mechanicslly beneficlated rock is
aimllar to that with other rocka. The diffarences .
found mre too small to be of significance. With .
unoalained rock varlable results have been cobtalned,
depending on origin, reactivity and organic content.
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4.13 P.O_ dismolution

After 15 minutes reaction, all.the P 05 had
disgolved in this acld, even with the leaht reactive
Kele apatite. After 1 minute reaction, however, 46%
of the P,0. remained as urnattacked rock with Kola, 19%
with Isrdeii thermally beneficiated, 10% with Morcace
rock caleined at low temperature and 1-2.5% with all
the other phomsphates.

4.14 Fluorine dissolution

With the Xola rock, which conasists of fluoTo
apatite with no excems Can. the F diasolved at the
seme rete as the PED y Whersam wilth all the other
vhosphates, and p&rticularly the calcined ome, the F
dissoclved more alowly than did the PEDS'

Thers would thus appear to he mome indication that
the majority of rocks, with the notable exception of
Kvla, are composed of more than one conatituent, the
one containing more 7, dlseolving more slowly.

Previoum pApers presented to ISMA, e.g. (B), have
suggested that this component is Cap._. The lower rate
of solubilization of F is particularfy noticesble in
osloined phomphates,

4.2 The effect of impuritiss in the mcld

Gilbert & Moreno (7) heve shown that the
dimeolution of P O5 is dependent on the free HESO arnd
P,0. concentratifn’in the scid. With FlorideZrodk
-78 1230 mesh, 99% of the P,0. dimsolved within 1
minute. This was confirmed“iR the above sxpariments,
In the produotion of acid, nowever, the agueous thaase
containe other lona besides P 05 and'HESD » &nd to
study their effect R.O. and SEO2 (amurphoﬁa) ware addad
tc the phoaphoric aa%d? and thia wams umed to react with
Israeli oamlcined end mechanically benafinlated rock.

Effeact of R.0, and 810, on Phoaphate Dissolution

23
Aald Composition Mechanfoally benefialated Tharmally beneflofgted
X of PED,';." unattacked !__Ethutll ¥ or ong usu. K of total F
1 mln. I3 min. | min. 13 min, | min.” |5 min, 1 sin. 13 min.

HPO, lep) 30K PO «1.08 F
3
4 (H'ESIFG] + ?.aﬂ Hzﬂﬂ‘

1,7 0.8 4 2 [} 1.0 a4 14
* 0.8 N RO, 2 3 LI 29 3 55 42
+ 1K RO ] 10 37 ] &7 18 o1 &8
+ 02N s?o m 10 60 t1
Aald pr‘oduuf from .
Calolned roak t TA B ——— ‘ 20 0.4 b2} 30

hald produoced from Weoh, .
harmficolated rook MD 6 2 Fich .
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- 1:1 by weight.

IT A1l the F waa'waterwaoluble. In other
pxperimenta only 10-20% of the residusl F was
water soluble.

Notem: I H203 - AlEGJ . FuQC

IIT The rasildus conteined exzcesalve smounta of water
soluble P.0. whioch interfered with the
determina%ign of unattacked PEOS‘

These expesriments show that the P 0. and F
dimssolution is retarded with both rocka %y R 05
concentrationa of these do not affect the rm%e of
dimsolution am seen wlth aold produced from Israsell
phoaphates. However, wlth e.p. acld to which 0.6-1%
R..0, had Yeen added, the rate of PEOE and F dissolution
waa” conelderably reduced, and 1% R-0; reduced thie more
than did the caleclnetlon of phoaphgtg.

Low

Thews resulte show that the method has itm
limitationa, and to obtailn a true ploture of
dismolution ratea, the acid used should be that
produced from the rock belng examined. The best
comparimons are obtalned in a full acele production,
where the acid 1e thet produced from the mame rock.
The method used hers is much more convenient and rapld,
and uses very smell samplea of rock, but the resulte
muat be examined critically. Thua c¢alcined Israell
rock 1s found to be considerably more reactive than
@.g. Florida rock where the mcid produced containe

= 1% R 505

Addition of 3510, tended to increass the rate of
diessolution and partgcularly that of the F. However,
due to itms large volume and amorphous nature, 1t
reduced the flltration rate and 1lnterfered with the
washing of the precipltate, retalning excesslve amounts
of water-soluble P.C. and P in the precipitate.

During the calcina%ién of tha phopphate most of the
unreactive 310, present in the rock is converted to the
reactive caloitum silicate by reaction with the CaQ.
This silicate 1s readily decompomsd by the aclid and
contributeas to the PEO and F solublligetion. However,
the totel amount of mi?icu‘pranunt in the Israell
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calcined rock im limlted, and there im no excess to
interfere with filtration.

In the evaluation of a rock, all faocters
contributing to ita dissolution mumt be conaldered,
including 1

a) The phyalcal state of the rock. Thus the
rate of solution ie in the following order:
pedimentary >~ oalcined == igneocus.

b) The concentration of acld, Excaese PEO
retards rock disaolution, dus to reducaé
aolubility, and H 304 forma impsrvious
coatlings which bl%uk the reaction.

c) Fa,0, and Al,0,. These probably reduce the
aofugility by ;orming inecluble salte and are
liable t¢ interfere with Y Peum
oryetallization.

The P,C_ and H,50, concentration, the temperature
of raadtioﬁ,Snnd aggta%ion which are all contributary
to the reaction, can be adjusted in the operation and
design of the procenma. Impurities in the agid depsend
on the phosphate and can only be modified by Proper
csholee and blending of the rock used, Thie affects
not only the rate of dispolution but aiso the
filtration properties of the slurry.

Thus rocks which are high in R.0, would be
sxpacted to be much lesas reactlve tﬁag Ipramsli
phosphates after caleination and thie ie barne out in
fact. Thias is also eupported by tha work of Tatsuhiko
Noguohl et al (5), who have shown that the reactivity
of a phosphate is reduced by ite REO nontent and
increamed by the Ca/P ratio. E

The somswhat alower dimsolution of the omlcoined
Dhoaphete when compared with the uncaloined rock, nnd
the absence of organic metter, ensures bettsr
conditiona for gypaum cryatallizetion and a more rapld
filtration of the slurry.

Perticle size of phomphate,

The rate of PEO diseoclution was determined feor
different size fract?onn ef calcined phosphate and the
approximate time of 95% attack wae eatimated.

Mesh freotion % of P,0_ Reaction time
1393 mieve wnreacted for 95% attack
1 min, 15 min. (mina. )

+ 20 nd 65 6C
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Mesh fraction % of P.0 Reaction time
U35 sieve unreac ol for 95% attack
1 min. 15 min. (mina.)
20/70 40 25 40
7C/140 %8 8 20
140/200 19 1 8
- 200 10 0 4

The reaction with even tha coarme fractions im
fairly rapid and compares favourably with results
repcrted for Floride roeck of the same mesh fractlioen
(7}, 1.e. with the -80 + 100 mesh Florida Pebblae, 42%
remained unattecked after 1 minute, and 32% after 15
minutem.

After grinding the phosphate to pess a 60 mesh
gcreen, 95% of the P,O_. im dimssclved within ¥+ hour,
which 18 considared geﬂer&lly adequate.

Superphosphate - Laboratory Fxperiments

Superphosthate was prepared %n a stalnlems steel
inaulated benker preheated to 11C0°C by mixing 200 gm
phoephate with the theoretical quantity of sacid aa
determined by the analytical procedura of 5. Harel and
E. Hermon (9?. The concentrations used were 76% H,S50,
for mechenically beneficieted and 65% H,30, for
thermally beneflclated rocka, which were f%und to bea
pptimum, The rate of conversion to water mol. P 05
vwap determined after 25 minutes, 24 hours and after” 10
daye for rocks of differentfineness and the regulism are
phown in Figure 1, where the mean perticle diameter of
the Took im plotted wgeinet the oonversion towater-
soluble PEO . This shows that the calelned phosphate
im leas reagtivo than m.b. rock, if not sufficlently
finely ground. If, howaver, the thermally beneficiat-
#di rock is ground mo as to pass 95-100% -100 mesh sieve
and T0-80% -200 meah 1t reacte as fast and even f{aster
with aulphurio mcid (65%) than the uncaloined phosphate
with 76% H,50, -

F evolution

Superphosphate wes prepared in the leboratory
mixer where both caleined and uncalclned rackm were
reacted with 65-76% and 98% HESO end the reasidual
total and sol.F determined in“ths muper.

The phoaphates used were relatively coarse, only
75% paseing & 100 mesh screen.

With ealelned rock more of the fluorine was
attacked (solubilized and volatilized} than with the
unceleined rock, both with the more dilute and with 98%
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