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The Progress of Hydrothermal Processing
of Phosphete Rock

50 years ago an Estonian chemist, Jaak Kuusk, established
that calcinating pheosphorite in a laboratory gas furnace
at 1400%C¢ a transition of phosphorite to a citric-soluble
form takes plage, i.e. phoaphorlte becones assimilative
for plants as a phosphste fertilizer. Jaak Kuusk assumed
thet the decomposition oif the phosphate mineral of phoa-
phate rock takes place on account of its inmteraction with
quartz, coatained in rock, not consldering the influence
of water vapour formad in the burning of gas. The resulta
of his work he published in 1930 in the Transactions of
the Tartu Unlversity /.

The work of Jaak Fuusk attracted tze atlention of inves-
tigatore in the U.5.5.8%,a38 well us in the U.S.A.and other

* tonducting scientific research and experimental work set
forth in this paper the follewlng aclentlfic workers have
taken part in it: V.N.Gallna, Zh.N.Znamenskaya, V.V.Illa-
rionov, A.A.Yonas, R.Q.Kuusik, V.I.Pirogov, M.E.Pyldme,
J.H,Pyldme, R.E.Remen, L.N.8idelkoveky, V.A.Skorobogatov,
T.N.Yagodina et al., and the lntrodustion of theze proces-
zes into industry was carried out by collaborators in
plants: V.M.Bitygin, M.E.Giller, I.M.Ellachitsaky, E.A.Kar-
povich, M.T.Eopbasarov, B.S5.Chezhik et al.



countries, who conbizulog and developing hils experiments
showad that it waen't quartz but water vapour that played
the main rele in the decomposition of fluor-apestite. Thus
& new method of processing phosphate rook was created,
whloh was celled the hydrothermal method.

Firet this method was applied in industry in the U.8.A.
during World War II according to two varlants - in the
g0lid phase 1ln rotary furnaces and by means of melting the
rock in a ghaft furnace /2,3/. At present alse fluidized
bed furnaces are used for this process /4/.

The process of hydrothermal treatment of phoaphate rock .
was investigated in the U.B.5.R.from the fiftietha especi~
ally at the Selentific Institute on Fertilizera and Insasc-~
tofungleldes, The practical sutcome of these investigations
waa the introduction of this process inte industry on the
bagis of the =molid variant,treating the cnncentrate of
Kola apatite in a rotary furpace (in 1959), as well as on
the basis of melting the Karatau phopphorite in a oyolona
furnace (in 4963). Experiments of hydrothermal treatment
of phosphate rock on pllet plant installations in a f£lui-
dized bed furnace have also heen carriad out.

in the U.5.5,.B.at the present time the hydrobthermal proces-
sing of natural phosphates is put into practice in four
planta, which produce over a million tons a year of defluo-
rinated phosphate. The latter is used chiefly as a phosphaw
tic feed supplement in cattlebresding (provided the phoa-
phate dlagolves In a 0.4% solutlon of hydrochleric ascid
and contains no more than 0.1-0,2% fluorine). Ao defluopri=
aated phosphate iz much cheaper in compariscn with other
kinds of phoaphate feed supplements, obtained on the basis
of phesphoric acid, so further development of its producti-
on is envisaged. The object is to produce part of the pro-
duct in the form of ¢ltrate or citric-soluble phosphate
fertilizer. The effectivensss of fthe latter is well dig-
played in varieus agricultural conditions with numerpus



vegetabive and fleld experiments onb varicus kinds of goil.

Results of the fizst work, carried out in the U.3.5.H, are
goneralized in the monograph published in 1964 /5/. In the
period of 1954-1977 wors than 50 selientlfic and technlcal
articles have besn published in soviet periecdicals only on
the chemistry and technology of defludrinated phosphates.
Besides, this problem iz dealt with in detail 1n two col-
lected artisles /6,7/. Thus, & sclentific base iz estab-
1ished 1n the T.5.8.Hy and industrial experience in hydro-
thermal poocessing of pacsphate rock ie cobtained.

I is imposeible to consider all the aspects of this pro-
cess in this paper. Most attention is paid to some theore-
tical questions, to the application of various kinda of
_phosphate rock, and the intensification of the process in
carrying it out in the solid phaze.

The chemiam of the process of the hydrothermal treabment
of vhoaphate rock coasests in the proceading of the fol-
lowing readtions!

Ga10(PD4)6 Fy EHEO = OE1O(PQ4)6(DH)E + 2HF 1)

Reaction (1) consists in the isomerphous replecement of
the fluoride ion the crystal lattice of apatite with &
hydroxide ion and reaction (2) in the decomposition of the
unatable, ln these conditions, hydroxryapative with the
formation of tri- and tetracalclumphosphate. As it is
knowt CaB(P04)2 exists in aseveral modificaticna. With the
objest of averting the transition of the more scluble

& — poditication of 033(P04)2 tr the less Bolubls‘ﬁ—mndim
fiaation (the tempsrature of the transltion iz 1100-1200°0)
a rapid chilling of ®he hot product is necessary.

In the presence of admixtures in phosphate rock the che-



52 ‘ & -4

mism of the process becomes rather complicated., For ins-
tance, in the presence of gquarts phases of transitionsal
conposition are formed on the basis of tricalciumphosphats
and silicophoaphates of caleium, In a general form the pre-
sent reaction may be described with the followilng equation:

nGa1O(PD4)E(OH)2 * msio2 = 10n GaO-BnP205-mEiD2 + HaO (3)

4s a result of this interaction the decemposition of fluor-
apatite proceeds at a lower temperature and a greater rate,
and the product shows greater solubility, because the pha-
ges on the begis of allicophosphates of calcium are wall
soluble in citrate solutions.fn the other hand, as shown
by the works of I.Ando /8/, in the presence of even small
guantities of Al o0sfe505 and Mg0 the tempsrature of the
transition B~0a3(P04)E in & -Ca (PD4 5 lnereases to
1250-1450°C, resulting from this d—0a3(P04)2 may not bae
forued altogether in the process of hydrotheormal treatment,
and the prodoct can have low solubility in the standard
solution of eitric acid.

Besider chemical and s¥ructural changes an important role
is played by di1ffusion phenomena, condi%ions of phase con-
tacts, heat exhange etc. in the proceeding of the hydro-
thermal treatment of rhosphate Tock.

The choice of methods irn hydrothermal processing phospaate
roek (in g0lid or liquid phase) depends on their meltisg
temperature., Concentrates of Koiw apatite, as the surest
raw material containing 39.54 B 05, melts (adding 2% SiOE)
at 1520~1580°¢. Phosphorites are lower melting and gene—
rally pass over %o the liguid phase in a wider range of
temperatures, For lhstance, in heating some varieties of
phosphorites of the Karatsu and Egorov deposits the com-
mencement of the liquid phase can bs noticed already at
1150=-1200°C, and transition inte the liguid-molten abate
is completed at 1390-1400°C, Zstonian phosphorites ocenpy



an intermediate position io thermostability, for which the
pame temperature range ls suitable, accordingly, 1380-1430
and 1480-1530°C.

Tt is advisable to carry out the hydrothermal treatment of
phosphates, melting at high tempsrature, in the s0lid phase
and phosporites,pelting at low temperatures, in the molbean
gtate. Correspondingly the industry of the U.5.8.R.was the
first to sbart hydrothermal treatuent of the concentrates
of Kole apatite (with the addition of 2-2.5% sand) at
1420-1470%C in 8 rotary furnsce, and the Earatau phospho-
rite at 1450-1500° in a eyclone furnace. The first raw ma-
tarial,in conducting egperiments on a pilod plant installa-
%ion in a fiuidized bed furnace, was Estonlan phosphorite.

In the spplicabion of the process certain difficulties
have arisen. In the solid phase process the main difficul-
ty was that the femperature of the processz was cloze to
the temperature of melting of the raw material, and at the
smallest deviation of the parameters of the procezs from
the optimum ones, meltlng of the phosphate, formatlon of
agzlomerates etc, took place, which led to the destrustion
of the process and atoppage of the unit for cleaning.
Thaerefore additives were being looked for which, added to
the phosphate rock, would lacrease the interval between
the temperatures of melting and defluorination of the raw
materlial, thus leading to the stabilization of the process.
On the obher hand messures were being taken to improve
checking and contrel of The proceas.

from adonEst various tested additives the most effective
proved to be phosphoric acid. Addition of this additive
(in a definite quantity depending on the kind of raw mate-
risl) not only increases the thaermostability of phoaphate
rock, but, which is particularly important, brings down
the temperature of the process and accelsrates the evo-
lution of fluorine.



To begin with, phosphoric acid was being used (instead of
quartz) la processing Kola apatite condsentrates in a quan-—
tity up to 4.5% (evaluated in P205) from the mass of  the
latter. As far as grunplation of the raw materizal was alao
being mastered, 2o phosphorle acid was added to apatite in
the stage of grunuistion, where it served alev az o bin—
ding material. Beveral effects were achieved as = result:
stabilizatlon of the process, productlvity incresse of tha
rotary furnace approximately by 20%, lowsring the tempe=
rature of the process by 100~150°C, bringing down dust
elimination and expenditure of fuel, incresse of the qua-—
Lity of the product from 38 to 41% PEOB’ soluble in a

O.4% solution cof hydrochlorie acid /9/. The application

of higher doses of phosphoric acld are aoth advisable, not
only becadse of economle ressons, bubt because In this case
a decrease of thermostabillty of the phosphate takes Place
and a loss of P205 in the gaseous phase is noticed.

Liffieulties, zhown above, appeared to a greater extent in
sxperimental trials of processes using log-melting poorm
phosphorites than in hydrothermal processing of Kola apati-
te, Thersfore, research and experimental work was carried
out to determine the possibdllitiles and opbluwal conditiona
for the nydrothermal processing of those in the solid pha-
se. Besides an objesct waz set to concentrate the product
to = considerable extent with P205 by mesns of introducing
into the process & larser gquantity of phosphoric acid.

Resulting from lavestigations, sarried out with phospho-
rite from the deposit Maardu (Estonian S.8.8), it has been
established that iu a fluidized bed furiuce a stable regi-
me is achieved with the addition of phosphoric acid in a
guantity of 5% (evaluated in Paoﬁj, wWhich decreasges the
welght relations OaQQPEO5 from 1.44=1.48 in the rav nate-
rial to 1.1 in the mixture. The process takes placs at the
tempsrature 1250-1270°C, .whisch iz rouzhly by 100° lower

of the temperature when phosphorite starts deformation,
#ith this procedure phosphorite contaialuy 26-277 P205



gave a product with an average content of 0.13% F and

12% PEOE' goluble in a 0.4% hydrechloric acid. The appli-
gation of a fluidized bed furnace enabled to ilntensify the
process conaiderably and to carry it out with a lesser ex-
panditure of fusl.

Phosphorites from the Karatau and Egorov deposits as lower-
melting and with a larger content of impurities {baaldes,
in a variable guantity) are a more complicated object for
s01id phase kydrothermal treatnent. However, us a rasult

of great experimentazl work with the use of mathematical
mathods in planning experiments and processing date, it

was possible to establish the guantitative depsndences bet-
ween melting temperstures and gomposition of alxtures, hat+
ween principal paremeters of the process of defluorinatiom,
znd to work out optimal regimes of processing. Industrial
Lesting in s 100 m retary furnace have conflrmed the re-—
sults of laboratory experimentaz. In processing Earabtaa
phosphorite, containing 25.54% PBOE’ 42.%% Cal, 3.3% Ugo,
13.5% £i0s, 2.5% ¥, the optimal dosa of acid (evaluated.in
PEOS) made up 6.5-7.0%, and in processing BEgorov phospho-
rite with the content 217.7% PEOE' 32.1% Cad, 9.5% 3203,
17.0% 810, and 2.4% F - 10 - 1% of the mass of phosphori-
te. In this case, at the temperature regime providlag

1050° on the 50-th meter of furnsce and in the hot zone of
it 1250%0, it is possible to carry oukt the defluorination
progess without the formation of a wmolten phase. The de-
fluorinated phosphate obtained, sccordingly contained 3&%
and 32% ?205 goluble in 0,4% hydrochleric acid and the
weight relations CaD:PEOE in those are about 1.3 and 1.0.

i
[ L]

The effect of adding phosphoric acid in proceasing of apa-
tite concentrates was accounted for by the decomposition
of the lmpurity-nepheline contained in the raw material
and the interaction of asetive silica,formed in thls reac-
tion, with apatite. To investigate this process nore deep-
1y it was dacided to study the chewlsm of the process with
the application of methods of thermal analysis, chromato-
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granhy, snectroscopy ebc. It was shown that the chemlsm
of the orocess is rather complicated and greatly dependab—
le on the composition and strocture of vhosphate rock.

When phoschates are mived with acid, then resstions with
the formaticon of monocaleiumphosohate ocour:

Ga1D(PO4)5 FE + 14H3F04 + OH 0= 1OGaCHaP04)2 -HEO+2HF (4)

When the obtained mixture is heated, then a multl-stage
dehydration proceeds. In the mimture with phosphorite lhe
products of danydration start resstion with the phosphate
mineral already at 300-400°G. This interactlon is accele-
rated with the lnerease of temperature and is completed at
900-1000°C 1

With the increase of temperature avove 1000° the rest of
the phosphate mineral reacts with Ga2P20?=

Impurities of magnesium, iren, sluminium, silicon etc.
present in phosphorites considerably complicate the che-
mism of the process.

Thus, the condensed phosphates of galcium, formed in Lther—
mal dehydravion of Ca(H P0,), + H,0, react with the phoe-
phate mineral of the phosphorites at considerably lower
temperatures than processing phosphate by means of only
water vapour and silica. Fluorine passes over principally
in the form HF and Ein, end losees of phosphores do not
exceed 1% of its quantity introduced by phosphoric acid.

* /Ga(P03)2/4 in this equation a hilphmolecular poly-
phosphate of calcium is represaented



Hesting mixtures on the basis of Eola apatite no interac-
tion of apatite with The products of thermel dehydration
of Ca(H PO,), . Hy0 up to 500-~600° occurs on account of

its lower reactlvity in comparison with phosphorite. De-
hydration of the main part of Ca(H;PO,); - H,0 comes to the
end with the formation of a highmolecular polyshosphate

of calcium, whioh with further increase of temperature re-
acts with apatite rather slowly. Therefore, with rapid hea-
ting it is partly preserved in the mixture, at 960-970% 1%
melts, and then with the locresse of temparature above
1100° decomposes with P205.passing over to the gaseous pha-
ge. Bagcauge of the last-menbioned phenomenon it is not ad-
vigable too much to increase the RoTm of phosphoric acid

in processing apatite.

Phosphate in the producta of phesphoric-acld thermal pro-
casaing of natural phosphates is repregented, principally,
depending on the quenfity of introduced phosphoric acld,
maximum temperature height of the process, and contient of
tmpurities in the raw material, by & - and B-mediflcstions
Ca (PO4)2 and GaEPED7. The formation of | 5~Ga2P207 in the
product should be avoided (on account of ita low solubility
gven in a Q.4% hydrochloric acid) by carrying out the
procagss at a temperature not lower than 1200°C. ® —DaB(DQQE
is rarely formed in Ghe products of this process, there-
fore deflucrinated phosphates obtalned dissolve only partly
in standard cltrie acid splutions. For getting phosphate
fertilizers by the uss of thls method it is required to
introdoce into the resctiocn mixture moda or some other
alkaline or silicate reagent.

In recent years in the U.8.8.R.research work was being
carried on in processing apatite consentrates from the la-
tely started exploitation of Eovder iron ore depeslts qon-
talning apatite. The latter 1a distinguished frou Eola apa-
tite by & swaller comtent of fluorine (as its phosphate
mineral is represented by hydvoxyfluorapatite) and a larger
content of impurities principally forsterite, calcite and
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dolonite. Resulting froa thlas work processing that raw
meterisal il rotacy furhaces at tempsvatures 1350-1400%0
was put in practice. Beszides, phoaphorisc acid i added in
a gquantity of 5.% # (evaluated in P205) from the mass of
the concentrate, containing 36 % P205, 51 % Cald, 2.5-5.0 %
Hg0, up to 1.3 % 8i0,, and 1.0 % F. The product containes
4 % PEOS goluble in 0.4 % hydrochlorie acid and up te
V.18 % F. Owing to a rationsl ratio M50:3102 in some kinda
of Kovdor concentrates cliric soluble fertilizers can be -
ohtained fron those.

In figures 1 and 2 technologlecal achemes of the two vari~-
ants of hydrothermal processing of natural rosk, usad at
preseat in industry, are represanted. In the table princil-
pal Technicel indices of both variants are given. On the
basis of waste fluoric gases btechnical sodium or caleium
fluoride is worked out, which may serve as a semi-prpduct
ln the production of Fluorine hydride and other compounds
of Fluorine. The heat of vaste gases from the furnsce is
used in boiler for producing vapour.

Technical indices of the production
of defluorinated phosphates

iadices Zotary furnaces Cyclone furnaces

Blges of furnsce,m 12100, d=3.8 h=2.83, d=1.6

Productivity of
product, %/hr & = 7 B = 5,5

Exvanditure of
gtandard fuel,kg/t 480 420

Expenditure of
glectric power,kwhr/t 280 250

Production of vapour,
t/t 2 3 -4




5~ 11 59

Acgording to stapdards in force in the U.5.8.R.on phospha-
tic Teed supplement the weight relatlon ¥:P does not sxceed
1:100, and the content of lead makes up no more than 20 g,
no more arsenic than 2g on a ton of product. Defluorinated
phosphate from Eola and Kovdor apatite concentrates contain
ne lezs than 4%, znd frow Earatau nhosphorite - 20k2%
PO soluble in 0.4% hydrochloric acid. Ia the latter, in
cundltlons of rapid chelling of the melt, practically all
the P205 dissolves also in 2% oitric acid.

Thus profound research and industrisl expevimences of long
standing in processing apatites and phosphorltes by caking
and melting showed the advisabllity and effectiveness of
the production of defluorinated phosphates, suitable as
fertilizers in sgriculture and as feed supplement in cati-
lebreeding. The product obtalned is not only well azsiml-
lative, but shows a gfeat number of other technical and
sconauic advantages in comparison with products obtalned
by acidic methods. They may be obtained without the expen—.
diture of =¢ld or with a small gquantity of phoesphorie acld,
Tney show a neutral or weakly alkaline reactlon and are
practically non-hygroacopic. Their production can be was-
telosa,.
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Figs 1. 4 — phosphate bunker, 2 - dosator, 3 — double shalt
wixer, 4 — phosphorus acid Yapk, 5 - disc granalator,
& — boiler, 7 - rotary furnace, 8§ — c¢linker convayor,
§ - glinker bunker, 10 - desintsgrator, 11 - slevator,
42 = bunker of fimlshed product, 13 - packing machine,
14 - dust coaveyor, 15 - battery cyclone, 16 — absomp-
tion tower, 17 - spray trap, 18 - sanitany towver,
19 ~ chimnay, 20 - acld wscelver, 21 - circulating
Dumg .
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Fig. 2.

‘1 ~ phosphate bunker, 2 -~ elaveboer, 3 = bunker,

4 ~ syclone furnace, 5 = boiler, & = basin,

7 — oyolone, 8 = elsctrical loader, 9 = cellegkor,
10 = Venturi tubey 11 = abzsorptien tower,

12 = gpray btran, 13 - chinney, 14 = zodz solubion
tank, 15 - sedimentator, 16 - cenbrifuge,

17 = drying drun, 18 = ball mill, 19 = bunker of
finished preduct.



