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RELAY IONSHIP RETWEEN THE REACTIVITY AND SOME PHYSICO-CHEMICAL
PROPERTIES OF RECK-PHOSPHATE

by ¢ Pavel HCENER ang Zbynek FACL
Hesaarch Institute of Inorganic Chemistry
400 A0 USTT NAD LABEM, Czecheoslovakia,

The stendily growirg worldwios productich of fertilisers has brought
apput an ever ingreasing consumption of raw materials, ameng which rock
phosphates olay tne principal role, In those countries, which do not hawve
their awn sources of ohosphate rock, the recent upward trends in demano
as well zs prices have forced many fertiliser producers to process vAL1OUS
types of rock phosphates available oh the world market at the moment.
This often rraults ir the occurrence of technologital trouhles connecied
with the change from one type of phosphate rack to a different one,
Consequently, il hEcOmBS NBCESSATY to study the main characteristics

of Tock phosphates and to slucinate the relationships among their physica.
and chemical propertiss on the one side and their "weorkabilaty" by
various conventional or newly developed precesses on the other side.

One of the essentizl criteria for the treatment of rock phosphates 1s
their reactivity, whiclh, more or less, may be cotsidegred 1o be a mMERasure
of their ability to be decowposed by & mineral acid. This property
sffects fundamentally the performance of any decomposition eguipment and,
in particular, the denomposition gfficiency, which zan be attained
gconomically with different technological processes. A better knowledge
of the relationships between the physico-chemical characteristics of a
raw material and its reactivity is very useful in evalusting and takina
decisions upon the workability of rock-phaosphates fram varigus deppsits,
espacially in the case of newly developed and exploited localities,

So far relatively few published papers have been devoted te the subject
under discusgion and gome of these will be mentioned briefly in the
fpllewing paragraphs. ‘ ‘

JANIKOWSKI et al, (1) studied the correlation between mean particle

size and surface area of various rock pheosphotes to the reactivity during
their decomposition hy sulphuric acid, The authors prove that the
principal factor influencing reactivity is the external surface area.

An important conclugion of this paper iz g definition of the vorrelatian
between the initial surface arsa and the reaction time at constant
temperature snd sulphuric acid eoncentration, On the basis of this
correlation and a known particle size distribution of s phosphate, the
time dependence of the degree of decomposition gan be assessed for 2
given phosphate rock and thus the methed can be used for comparing the
reactivity af different ore samples.



The influence of specific surface an the reactivity has been confirmed
also by CARO et al, (2). when analysing the observations, the =ame
author (3) concludes that the decisive factor atfecting the reactivity
of phosphates is the structure of their pores, and the kemy impartance z8
to be attributed to that pertion uf peres, whome radius is gmaller

than 600 8. In the =study of the =ffects of calcination (4), the author
found an increase in the reactivity of & Utan shosphate in gamples
calcined at 800-900°C; the reasor for this phenaemanon, however, hags rot
been explained, The correlatinon beiween reactivity and specific surface
was asesrtained also oy VEIDERMA (S) who studied various types of Soviet
spatites and phospharites.

-Important fundamental irformation on the subject can be found in the
papers by LEHR and his co-workers (6, 7), who have demonstrated the
relationship between the time nesdad for 2 complete decompogition by
dilute nitric acid and the crystallite eize of a phosphate, These
gnlubility studies were carried out with a great number of phosphate
rock samples, The relstion between the temperature of calcination of
rock phosphates and theiv solubility in a neutral ammonium citrate
solution has also been described; the solubility decreases as the calci-
nation temperature ingresses, The citrate solubility decreases also with
the increasing length af the g -axis of the elemegntary cell of the apatite
structure in phosphates.

According to NOGUCHI (B), a higher Cal/P,0_ ratie, 2 larger specific

area and & lower R_O_ ceontent bring abmu% g higher reaction rate of a

rack phosphate witﬁ gulphuric scid. ANDD and MATSUNG (9, 10) studied

the course of the acidulation of various rock phasphates with hydrochlorac
and nitric acid and mixtures of phosphoric and sulphuric acid. They

found that the reactivity vslue slways follows the aorder of the crystallite
size and confirmed alss LEHR's conclusiene conesrning a drop in resctivity
of all phosphates resulting frowm their calecingtion, irrespasctive of the
kind of mineral scid usaed for thes decomposition. A remarkable decrease

in reactivity was exhibited by phosphates calcinad at tempesratures higher
than %00°C,

Extensive investigations of rock phosphates characteristics are carried
out at the Levington Research Station (Fisons, Ltd,) and some of the
results have been published (11).

This very brief survey of the przsent state of kmnawledge of the subject
under discussion shows that the relationshipg between reactivity and
physico-chemical characteristics of rock-phosphates @ve not yet been
clarified and described adequately, Czechoslovakis belongs to thoge
countries which have to process exclusively imported phosphates from
various sources and of widely diffesrring preperties. The difficulties
arising from this situation have stimulated efforts devoted to studying
the discussed problems in the Resesrch Inatitute of Inorganic Chemistry.
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Exparimental

The propertiss and reactivity velues of rock phosphates were studied
using % charagteristic types of phosphorites and apatites; besides also
pumerous giffersnt semples as cohtoined from the same deposits were
testeds Three particle size fractiocns prepsrasd from one phosphate
sample were examined in soms casss. These fractions were : + 0.1& mm
(eorrespoanding roughly to 100 mesh screen pyersizes), - 0,16 + 0.1 mm
(- 100 + 150 mesh) snd - 0.1 mn {i.e. 150 m=sh screen underaizes). Tha
composition of the individusl rock phosphates is given in Table 1.

fhemical camposition of the rock phesphates studied
( = 0,16 + 0,1 mm fraction)

Phosphate PEDS C02 F SiD2 FBEEI3 A1203 fal

(%) (%) (%) (%) (%) (%) (%)

A 32,8 4,35 3,78 2.42 0,25 B.13 5t .1
B 4,0 3.25 4,53 D.30 a,3z 0,32 56.0
C 29,3 H.64 3,61 1.10 0,32 0.42 48.0
0 28.3 5.06 2,93 B.30 1.23 0.42 45.7
E 2.7 5,35 3.49 1.52 0,19 0,358 852.6
F 3A.2 0,50 4.24 0,69 0.20 0.41 56,0
G 35,3 2.85 3.74 1.25 0.45 0.56 51.0
H 32.6 2.38 3,60 D.95 1,02 0,81 48,2
I 3%9.8 .15 3,34 0.78 p.42 - 0.49 54.3

The table shows clesrly the diversity ameng the individusl phosphates.
£.g9. the PED content varies from almost 40% (phosphate 1) to 28%

{phosphate D?, Moreover, aven the chemical composition of each sample
changes according te the particle sizee The F_B_ content is generally
lowar 3in the finer fractions,. In the phnaphatg E the P_O_ content is

30, 2943 and 26.4% in the coarse, medium and fine fra:%igra resp.

The phosphates studied exhibit also marked differences in their CC
content, This content is very high {46,5%) in non-celcined sedimentary
nhosphorites (samples A, C, D, E), while the ather phosphates contain
much less CO., its content being almest negligible in phosphate I

(an igneous apatite), The fluorine content is almost the same in all
the phosphates studied (3-4%),
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14 was necessary to remove from the phosphate samples freely tied
carbonate mingrals prior to some measurements, This was affected by
extracting the phosphate samples by the Silverman salution (7). The

E02 content® in such trested phosphates are given in Table 2.

Table &

C0_ content in rock phosphates (fraction -G.16 + O.1 s )
after extraction by Silverman =solution

Phosphate A i C D E F 10y H I

% CDE 4,03 1,42 4.87 4,27 4.41 0,81 2.61 2.11 0,09

The necessary values of interplanar d spacings were determined accurately
by Xeray diffraction method and frem these valums the lesttice constants
a and ¢ of the studied rock phasphates were caleculated (Table 2).

Table 3

Lattice constants a end g and half-maximuwn breadths of
diffrection line (123) of rock phosphates

Phosphate 2 & B %

(A (k) { em)
A 9.336 * 0,003 £.896 L D.001 17.2
B 9,372 * 0.003 6,894 * 0,002 12.8
L 9,323 1 0,003 6,895 ¥ 0,003 18,4
n 9.338 * 0,002 6,896 L 0,001 18,6
E 9.337 £ 0.003 6,897 © 0,001 17.0
F 5,372 £ 0.004 . §.892 T n,002 12.0
G 9,352 ¥ 0,002 6.894 * 0,003 15,2
H 9,335 } 0.002 6,896 * 0,001 17.2
1 9,350 & 0.006 §.902 © 0,004 10.6




It follows fraom the calculaten values of the lattice constants that
there does not exist @ substantial difference among the £ values for the
individual phosphstes and these resulis correspond ta those published

by other authors (*0, 12, 13), The c lattice constants vary withir a
fairly narrow rangs {6.B92-6,897 R ), the only exception beinq phospnate
{6,902 A), Markedly larger differences oceur in the values of ranstant
a (9,323-9,3%0 E), which, too, agrees with literature data,

The sizs of primary crystalline grains was determined by measuring *ne
half-maximym hreadth (91,_) af the giffraction line (123} for the rock
phosphates studimd. The reEsuits gre also given in Table |,

Furthermore, the irfra-red asbsorption spectra of all the phosphates
tested were measured. A characteristic intensive sbsorption was observed
in the region around 574 (:m_fﬂ Unlike the Ca (F’Ud) specitrum, this
sbsarption sppears mostly a5 a doublet 570, gBD cm '1. Anmpthner strong
band ocecurs ir the region around A0S cm=1, When compared with the

Eaj(PD }. specitum, these bands can be attributed to the absarptions

pf the deformation vibrations of P-0 bonds, All the phosphates studied
exhil:it the most intensive absorption-in the region of 1030-1100 cm™ ,
and in this reqgior, too, usuaslly two bands are observed, of which that
at the lower wave lengtl haz always 9 much greater half-width. These
hands belorg to antisymmetrical stretching vibratiosns of F-O bond=. The
band in the region of 970 m~m~ , present in all the phosphate spectra
correspends Lo the abisorption of the symmetrical stretching viorat:ion

of P-D honds=. The other bands observed in the rock phosphate spectra are
mostly due to vibratisns of C-0 and/or 5i-0 bonds, This concerns e,g.
the charzcteristic doublet =t 1430 and 1470 em~! that appears ib the
spectra of all the phosphate samples. These particular bands belong
arobahly to stretching vibrations of £-0 bonds, Additional bands due

to £-0 honds are obhserved in the regiaon of BTD em=! and around 720 cm™ .
Wpak bands in tne region of 650-690 cm_1, which occur particularly in
the spectra of phosphates 0 and B, are probably caused by the presence
of silicatss for they correspond to vibrations of 5i-0 bends. The mair
differences among the IR sprctra of the phosphates studied consist in

a differemt number of weak bands in the region of 1200-14C0 em™ .

The so-called [0_.-index is a wvalue characteriring in a certai- manner the
nrgsence of carbdnate ians in the apatite structure of rock phasphates;
C0_-indices were calculated on the basis of the IR spectra accarding to
thé method suggested in (7)., For this purpose the phosphates had been
extracted by the Silverman solution before their IR spectra were
measured., The CO_-index values of the individual phosphates studied are
shown in Table 4,
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Table

=1
EOE-index aof rock phosphates

Phosphate nb/ CO,-index e/ Variation range v
A 3 0.527 0.5t0 0.540
I3 & 0.243 0.235 .248
C 3 0.5713 0.360 0,597
I f D.554 0.549 0.567
£ 3 0,503 0,494 0,512
F 3 0,304 0,302 0,306
[z 4 0,287 0,278 0,298
H 3 0.457 0.4 0.473
I 3 0,141 0.140 0,142
s/ CO.-index 0.5 IV / 1., where I - intensity of C-0 bands 1in
the reglmn of 14% c% _1, ?3 - 1ntensi%y of P-0 band in the region
of 605 em
b/ n=numkber of measurements

c/ arithmetic mear of m valu

ES

d/ minimum and maximum values of CO-index,

2

A modified BET method wae emploved to measure the values of specific
area, and helium and mercury densities of the studied rock-phosphates. The
obtained with the =0.16 + 0.1 mm fraction, are given in Table 5,

results,

Table

Specific area and He and Hg densities of
(=0.186 + 0.1 mm fraction)

rock ﬁhmsphates

g

He depsity Hg denaLty Specific surface
Phosphate (g/DmJ) (g/cm ) m° /g
A 3.161 2.035 23.5
B 3,202 2,607 Z.6
C 3,481 2.525 22.0
D 4,702 2.518 24.2
E 3.175 2,423 i 23.6
F 3.231 2,516 / 2.0
G 4,269 2.651 5.3
H 3,224 2,579 17.8
I 3.302 2,800 1.3

P
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While the density values, especislly in the case of Hy densities, do
not differ substantially, marked differences exist in specific surfaces
of the phosphates studied. Besides, specifiec surfaces were also measured
for the other fractions of each of the samples and thus the respective
dependences of specific surface ares sn particle size were determined,
Generally, specific surface area of a given phosphate is increasing as
the =zize of particles is reduced. The values of specific surface area
obtained were compared with published data and it was found that the
results depend on the experimental method used. E,g. our values are
fairly close to those published by ANDD (9, 10) who, too, wss using the
BET method for the specific surface area wmeasurement.

The volume and distribution of pores according to their radius in the
phosphates studied were determined by the porosimetric method. The
measurements were carried out for all fractions of the phosphates and
included macropores as well as trarsition pores (2000 - 20 A). An

extensive experimental evidence was gathered of which only a few results
are presenied in this paper. It was feund that there are marked differences
in the shapes of the distrihution surves sbtained with phosphates from

the various deposits. Nevertheless, the changes in the particle size have
similar effect, The smallest volume of pores is observed in particles
larger than 0,16 mm, their volume of mecroperss being insignificantly

small pr zero, The volume of transitisn pores (i,e, r = 2000 A.and leas)

is inecreasing in the -0.16 + 0.1 mm fractiorm and also the volume of
macropores is maore apprecisble. In the finest fraction (-0.1 mm), howsver,
the volume of macropores is rising subatantially., Table 6 shows the volumes
of macroperes and transition pores in the phosphates studied. Also shawn

in the Table 6 are the volumes and volume ratios of potes whose r is
smaller than 600 A,

Table €

Porosity of reock phosphates (fractimn ~0,16 + 0.1 mm)

"
Phuéphate Vol. of macro- Vol. ef pores Vol. ratio of
and trangition pores of r 4 600 A pores, of nl&0O0A
(em3/g) (em3/g) (%)
A 0.1545 D.1395 90.3
B 0.0780 6.0585 TB.0
c 0.0685 ‘DLOETE A%.8
D 0.1720 " D095 . 63.7
E 0.0880 p.0700 79,5
F 0.0295 BP0 R 33.9
5 0.1620 8.1080 66,7
H 0.1060 0,0860 81.0
I 0.0250 a.0e70 28,0
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Further, the rock-phaosphates were studied by means of the DTA and TGA
methedss In most ceses the thermograms reveal two main changes, the
firat wf which (at temperatures below 100°C) correspands to the removal
of weisture and voletile organic substances, and the other, occcurring at
around T28°C, is connected with the release of EUE'
The fallewing criteria have been adopted for appraising the reactivity
of rock-phosphates : the solubility in citric acid and in dilute mineral
acide. The farmer is determined according to a conventional method. A
standard amount of the phosphate testied is shaken with & large excess of
2% citrie acid for 30 min, The resulting suspension is filtered and the
PEU contained dissalved in the filtrate iz determined by the Lorenz
metﬁnd. Tha ratio ef P 05 thus determined to totsl P_O0_ in the phosphate
sample is caelled CAP, %he found values of CAP are given in Table 7.

Table T

Solubility of rock phosphates in 2% citric acid
(fraction =0,16 + B.1 mm)

Total P_O_ content Chazoluble P_0O CAP

Phaaphate %§ | (%) 2.5 (%)
A 32.8 10.2 3.2
B 3a.0 4.4 13.0
C 29.3 1.0 it.6
I 28.3 10.3 i6.6
E 2.7 0.8 30.0
F 34.2 5.3 19.6
G i5.3 T.B 22.2
H 3Z2.5 7.8 731.8B
1 39.8 1.7 4,13

As mentionad earlier, the other adopted criterium of reactivity of rock
phosphates is their solubility in varieus mineral acids {MHND_, H.SO,,.

H.PO, )e This apprnéch to testing was suggested earlier by some suthors
(?D,$1) but the experimental method used in the present work was different.
The decampositien of a rock-phosphate by minerel acids is accompanied by
regular changes in the conductivity of the reacting systems, These

changes in the conductivity were continueusly messured by a conductoscope
and automatically recorded (an example of the rescorded curve is shown

in Fige,1}. It was proved that the shape of such canductometric curves

is identical ta fthe shaps of curves expressing the dependence af the
content of digsalved P 0. in the solution on time,. When an actual P_O
concentration at the efd of a measurement iz known, it is possible %05

read off the changing concentration values directly from the conductometric
curve, To sgeure the objectivity in comparing reastivities, it was nEces-
sary to choose such values of the reaction time that would guarantee
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that ngne 9f the phosphate would be complegiely decomposed. The
P_O0_ congcentration in the solution is then determined at Lhe chosen
time, The ratio af PED thus determined to total P_O_ in & particular
phesphate represents tEE degree of phosphate solubility in & yiven acid
at the given time, The salubility values obtained in this manner are a
basis for comparing the reactivities of ihe phosphates studied. Table H
shows the solubility data as obtained by the desecrihed method.

The effects of caleination on the properties and reactivity were studied
with same of the rock phosphates (A,C,E,F,H,1}. Based on the results

of the DTA and TGA analyses, the following calcination temperatures were
selected : 500, 700 and 900°C. While the properties of phosphates T oano 1
changed only slightly, phosphates A,C,E and H were affected markedly.

The most interesting results obtained by the investigation on calcined
phosphates are pressnted in Tabiles 9, 10 and 11. Figure ¢ shows diagram=-
matically the effect of calcinmtion temperature on the value of lattice
constant g of phosphates.

Tabie 8

Degree of rock phosphates splubility in 0.25 N mingrval
acids at 25°C {(fraction =0.16 + 0.1 mm)

Degree of phosphate solubility (%)

Phosphate
HND3 HESGQ ”HPDA
a0 60 30 &0 a0 60
reaction time (zec)
A 58.2 82,8 37T.5 53,6 27.2 41,7
i 33.3 56,1 16.8 28,7 2.0 14.9
C 55.7 TB.2 i7T.2 5H4.4 20.3 42 .9
i T4,3 gd.9 2.1 T4.2 41,3 542
£ 62.3 g4 .2 37.8 541 25.7 A9.H
F 21.5 40, A 11.9 22,8 £.9 1.8
G 42.6 0.9 24,0 36,9 14.8 22.5
H 4. S 20.5 35,3 7.9 17,0
I 4.0 T4 3.1 4.6 1.0 1.6
Tshle

Effect of calecination on chemigal composition wng specific
surface area of rock phosphates (fractian -0.16 + J.% mm)

Phasphate Pgmﬁ HZD F EDE Sp. iurfanﬁ
(%) (%) (%) () m /g
A1 37.8 .81 3.78 4,35 23.5
Az 2.2 - 4.01 1.97 A0
A 34,2 - 4,17 a,00 1.7
3 .
Ad g1 - 4,25 0,44 n.s
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Table 9 (continued from p, 9)

Phosphate 0, 1,0 F co, Sp.zsurfa:e

{%) (%) (%) (%) m /g
c, 29,3 3.83 3.61 5.64 22.0
c, 29,8 - 3.68 4.89 12.9
c 1.0 - 3,70 3,17 2.0
ci M.6 - 377 0.41 0.5
€, 2.7 2.54  3.49 5,35 23.6
£, 34.1 - 3.85 4.23 10.4
£ 35.0 - 4.08 2.98 4.9
Ei 35,2 - 4,18 0.48 0.4

Subscripts : 1 - non-calcined phosphate

phogphate calcined at 50090

L]

phasphate calcined at 7OD9C

£ [ M
]

phasphate calcined at 200°C

Table 10

Splubility of calcined phosphates in 2% citric acid

Phaaphat Calcination . Total PO  -soluble
asphate Temperature cantent PED CAF
(°C) (%) %) (o)
A 500 33.4 9.8 29.4
700 313.9 T.3 21.5
a00 34.6 4.5 t1.0
C 500 30,3 10.2 33.7
700 1.6 5.9 18.9
900 32,3 5.7 17.6
E 500 33.5 8.5 28.4
700 ‘ 34.5 5.5 16.0
900 35.5 3,8 10,7
F 500 34,8 5,6, 16,1
700 _ 34.6 5,7 16.5
900 35,2 5.6 15,9
H 500 32,7 7.2 22.0
700 _ 33.2 7.1 21.4
900 34,4 6.4 t8.6
I 500 a8,.2 2.0 5.3
700 38,5 2.1 5.9
900 38.4 2.1 5.0

i) e e S —TY . i
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Table 11

Effect of calcination temperature on the degree of solubility
af phosphate { in dilute mineral acids {0.25 N} at 25°C.

Temp, of Degree of phosphate selubility (%)
phnsPhaté C HND3 H2504 H3F'Dd
calcination
(og) Reactipn time (sec)
E; an a0 60 30 60

500 51.31 74,2 a5,4 52.8 22,4 34,7

700 A0.2 62.3 271 42,0 16.0 26,0

apo 34.8 §57.4 18,7 T 11.3 18,13

Mathematical corvelatigns

The least sguare method was used to verify the linear relatienships
among the studied factors. The results of the mathematical treatment
of experimental data are presented in Tables 12, 13 and 14. Summarized

in these tables are the ceonstants 2 and b, standard deviations
correlation coefficents r, and residuzl standerd deviations
linear regression of the type y = ax + b,

Table 12

Mathematical correlations among physical properties of rock
phasphates and their chemical composition

]

for
T

y‘ ® A b é{a r

x, -0.040 9,382 0.0020 0.8B0 0.011
Yy % -0,0t3 9,386 0.0013 0,965 0,006
X, 1,337 11.148 0.2434 0.901 1,369
v, %, 1,661 10,717 0.1514 0.972 0.740
x; -126.222 1214.392 10,9244 0,976 0,694
x, 4.373 -0,911 0,9522 0.866 5,357
X, 5.414 -2.266 0.7974 0,932 3.896
Y3 x, ~ -405.238 3802.340 71.3623 - D.906 4,531
X, 3.195  -35.205 0.4406 0.939 1,677
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vy = lattice constant a
Yy = half-maximum breadth of diffraction line (123)
Yy = specific surface
X, = EUE content before extraction by ammonium citrate
X, = EDz'cnntant after extraction by ammonium citrate
*3 = Y
¢ = Y2
Table 13
Mathematical correlations among rock phosphate solubilities
in 2% citric acid and their physieal properties
x a =} Gfa ho G;r
%y 51.94 -56.86 36.01 0,479 10.43
X 148.78 7.25 285,94 0.193 1.65
Xq 152.54 7.84 25,57 0.914 4.82
x4 5.08 7.00 0.96 0.B94 5.32
xE 5.85 f.64 0.35 B.966 11
xﬁ 141.38 -5.213 11.69 4,980 2.37
Xer 18.99 -30.72 1.53 0,981 2.35
Xg 21 .41 =-37.13 2.68 0,956 1.56
xg 4,89 3,74 0,50 D.970 2,91
X1 =467 .24 4392,.84 61,36 0,244 3.9
%41 3.87 -32.83 0,40 0.961 3.37
P 1.02 10,53 0.16 D.918 4,70
X4 158,41 13.54 TO.25 O.677 B, 7H
x14 0.38 -0.0t1 0.11 0.825 .75
Xy = EaD/PEDS
= P D
X5 F/
xd = EDE content before ammonium citrate extractian
xS = EU2 content after ammonium citrate extraction
= FY/P_D
Xe [CD + F)/ 20c
XT = (Cﬂa + F}/10 Call befure extraction
xB = (Cﬂa + F)/10 Call after extraction
= ~ -
xg EDE (Freal Fideal)
“p * & |
Xgq = half-maximum breadth of diffraction line (123)
XTE specific surface
1q = velume of pores of rZ 600 A
% = wvioiume ratio of pores of r Z. 600 A
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Table 14

Mathematical correlations between reactivity of rock phosphates

with dilute mimeral acids and their physical properties

¥ ® a b G; o by G; .
x1 282,15 ~17.332 43.50 g.93 B.84
x2 .46 T.13 1,41 0,93 B.QA
X -808 .41 326.38 205,50 0.8a5 13.10

¥y X 6.6  -59.39 1,26 0.90 10,50
Xg 121.25 -5.36 25.95 0.88 11.51
XS 1,80 18,55 0.40 B0.87 11.97
x7 U.66 -1.89 0.26 D.a8 16,97
X, 196,67 -15.34 J2.9¢6 0.G2 6.70
x, 6.60 1.75 1,07 0.92 6. 54
x3 -566.70 225,43 148,34 0.684 9,42

Y2 2y 4.72 —46.1D 0.B6 0.90 7.21
xs BY.58 -B.16 17.05 0.89 T.57
xﬁ 1.3 49.01 0.26 0.B0 .76
XT B,.42 ~1.99 0.20 0.62 12.92
X, 159,07 ~-16.22 33.10 0.gv 6,72
X, 5.249 —2.27 T.11 0.8 £.75
x; -423,97 YEa, 41 150,20 0.74 4,53

Y3 x, 3,64 38,44 0.95 0.B3 7,90
x5 6917 -5.79 17.36 N.44 oM
X 1.04 .71 0.26 0.63 1,07
xT 0.29 -2.08 0,12 g.51 11.95

¥y = degree of salubiliiy of phosphates in 0,250 HNU3 gt 25°C, time aof

decamposition 3f] sec.

Yo 7 degree of solublliiv of phosohates in 0.25N H“SDJ

: .

Yq = degree of solubility of phosphates in 0.25N HBPD4

X, = (EU2 + F)/P2D5

3-:2 = CDE i- (FI‘FJE]J_ - Fideal)

J(j - E

X, = half-maximum bresdth of diffraction line (123)

Xe = CUE = index

X, = specific gurface

= vnlime ratio of pores of r £ 600 A
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Discussith

flur research efforts have been aimed primarily at establishing the
relationships between the reactivity af rock phosphetes and their chemical
ss well as physical properties. It is, however, necessary to understand
alsoc the relastions among their other preperties, particularly betweaen
their structure and chemical compesition. These problems were studied
sarlier (6,7,9,13); e.g. LEHR and McCLELLAN conducted a detailed crystalle
chemigcal research an rock phosphate which gave ample evidence for their
conclusians (14). Since our experiments have confirmed these conclusions,
they will be dealt with only to an extent such as necessary with respect
to the discussion of rock phosphate reactivity. .
It falloews from Table 1 that the CO_. contents exhibit the relatively
largest differences among the individual components in the phosphates.
These differences sre attributed to the geologic originm of the respective
rock; the CO, content is highest in sedimentary phasphorites (e.g.
phosphates C; E) and lowest in igneous apatites (phosphate I}, The

values of lattice constants 2 (Table 3) indicate the relationship

betwean the rock phosphate structure and its CO_ content, They are
markedly lower (9.320 - 9,350 R} in phosphates with a high CO_, content
than ip phosphates containing very small smounts of CO, (3 = 9.372 and
9.390 R in the phosphates F and I, resp.). The cnrrela%inn between

the CO_ cantent and the a value bhecomes even more apparent when phosphatas
are preliminerily treated by the Silverman solution, so that enly cerbo-
nete iens present in the apatite lattice remain in the phosphate studied
(Table 2). This is explained by the fact that the rock phosphate is a
mixture of seversal minerals; the essential minerel is apatite and its
gtrueture is described by the lattice constants a and g, which are
determined by the X-réy method, The g and £ values of pure fluorapatite
are 9.387 and &.882 A, resp. A comparison of these velues with our
exparimental data reveals that cells of apatite crystals im the rock
phosphates studied are prolonged in the direction of the ¢ axis, while
the g axig is shorter. This is due to the presence of carbonate ions in
the apatite lattice, which impairs its sriginal structure and brings
about its deformation., The extent of such a deformation is naturally

more appreciable when the content of "foreign" carbonate ions in the
lattice is higher. This interpreted dependence of the degree of the
apatite structure deformation on the content of CO, is supported by an
exact mathematical relation (Table 12}, The high value of the correlation
coefficient for linear regression between the lattice comstant 3 and the
EDE content confirms convincingly the carrectness of oaur conclusions.

The dependence of the lattice constant 2 on ihe carbonate content can
be also found with calcined phosphates, The CO,_ content decreases as
the calecination temperature increases and, similtaneously, the a value
grows {(Fig,2), which is obviously due to & recrystallirzation process.
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The effect of the presence of CO_ on the size of primary crystal.ite
grains is virtuailly the same. Their size is indirectly proportiorsi o
the half-waximum breadth of the diffraction line (123) as showr

Table 3, The dependence becomes more distinet in the case of szamp.ies.
whase CO, content is adjusted by the preliminary treatment with ammor | ar
citrate; this is alsa confirmed by the values of the correlat:or cget -
cients (Table 12). The lower the E02 T content in the apatite jatt.:e

of reck-phosphate, the larger and better developed are crystals “orme-,
The primary crystallite size is naturally related directly witr ke
crystal structure and this dependence is aslso proved by the hipgh corcrela-
tion coefficient for the diffraction line {123), half-maximum breagdtr ang
the lattice constant a , as shown by the dependence of yz on ¥, oir

Table 12, The effect of calcination is the same as in the abavé rases
discussed : when the calcinatian temperature increases and the CC. cantent
decreases, the size of primary crystal grains in celecineg rock-phospnates
grows (Table 10),

The specific surface area is ancther important property of rock-phospr ates.
It follows frum a comparison of Tables 1, 2 and 5, that the specitic
surface area is also affected by the CO. content. The dependence nas

been proved mathematically and also in %hia case the higher value af the
carrelation coefficient indicates a better correlatior betweer the

specific surface area and the CO_ content after the preliminary treatment
with emmenium citrate. This proves, at the same time, that there 1s =
correlation between the specific surface area and the phosphate structure,
irrespective of whether it is expressed by the lattice constant 2 0r by

the size of primary crystal grains, The values of correlation coefficierts,
hewever, give evidence of a3 more substantial influence of the crystal

grein size. Actually, the sedimentary phosphorites (e.g. A,C.D)} with a
micractystalline atructiure exhihit a far larger specific surface ares

than igneous apatites (phosphate 1), It follows frem the observati.ons
discussed that the calcination will affect markedly the value of the
specific surface arsa when the [0, conternt decreases and the size of
primary crystal grains grows. This effect is most appreciable ir ohosa-
phetes calcined at 900°C; the value of specific surface ares af samples
caleined at S00°C drups to or even below that of the phosphate [.

The most important conclusion that z2n be drawn from the abpve observa-
tinng is that the high valueg of correlation coefficients a2s established
for the respective linear regressions confirm the existence of faarl,
good correlations between the characteristics examined., The lattice
constant g3, half-maximum breadth of the diffractien lime (1Z3), the
specific surface area and the CO. content are mutually correlated and
interchangeable when relations between the reactivity of rock phosphates
and their properties are sought for,

When =ssessing the resctivity of rock phosphates and examining the

gffects of various variables thereupon, it is necessary to keep ir mind
that "reactivity" is a relative concept whose value depends largely an
the method of its definition. The solubility vaslues of rock aohosphates
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in 2% citric acid as well as the degree of their solobilaty ir d:lute
mimeral scids during 3 given period of time have been adopted as "rhe
measure of reactivity for the purpose of our studies (Tebles 7, 9 .

Phosphates A, C, D and E exhibit the highest reactivity, while phosphate |
is guite obviously the least reactive ore. This monfirms the deperndence

of the Tock phosphate resctivity on  its chemical composition and some
gther charascteristics discussed earlier., A mathematical treatmen: af

these relations and the values of the corresponding correlstior coefficients
confirm guite clearly the velidity of correiations between some of tne
praperties (Table 12, 13, 14) but, on the other hand, they comtracict

the existence of correlations between some other characteristics.

The investigations of the effects of the compousition of rock phogphbates

on their reactivity have confirmed, in accordafce with literature '6,7.9.
10,11}, that the reactivity does not depend on the CaQ/F_0. or Fre_a,
ratios, On the other hand, the values of the correlation coefficierts
prove that the resctivity does depend on the content of carbonates or or
the CDE/P D5 ratio, Im the cagse of C0., it is precticelly unimpartant
whether t%e total original carbonate content is considered or if the
nhosphate has been subjected to a preliminary extraction by ammofium
citrate, by which virtually all carbonate ions are removed leaving anly
thoes included in the lattice of the principal phesphatic mimeral - apatite.
The chemical composition of rock phosphates ciffers more or less from the
compasition of the pure fluorapatits, This is mostly due to the presence
of carbonate ionms in the apatite lattice of phosphates but alse to the
excessive fluoripe content as related to the amount of c¢alcium, Therefore,
certain terms, expressing the deviations in the chemical compogitiom of
rock phesphates from that of pure apatite were established and the effercts
of these deviations gn the phosphate resctivity were studied. Hign values
of the corresponding carrelation coefficients confirm that the dependence
of reactivity on the deviations thus expressed is virtuslly linear. This
can also be seen in Fig, 3, showing disgrammatically the dependence of
phosphate reactivity on the molar ratio (CO. + FY/P.0_. The dependence

on the rock phosphate reactivity (measured with dilute mineral acids! or
the deviations in their composition is most distinct wher related to the
term %CO, + %F - %F (% by weigh%);in our opinion, this term 1is
very sui%able ?g%lexpre%slﬁg the deviations in the composition of phos-
phates. Fiy 1is calculated as HF,, = % Frgal » 2F/6P (by weight), where
F and P are the resp. atomic weights. It follows from the experimental
sviderce that the total csrbonate and fluorine contents influence the

rock phosphate reactivity substantially, while the fluorine or calcium
contents alone are ingignificant.

The effects of rock phoaphate structurs on their reactivity have beer
confirmed im a similar way., This dependence is particularly distinet

in the case when the reactivity is based on the action of dilute citric
acid, The high values of the correlation coefficients (0.94 and 0,96)
indicate a limear regression between CAP and the size of the crystal
axig 8 or the half-maximum breadth of the diffraction line (123}, resp..
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It may be stated that rock phosphate reactivity decreases whem the

length of the crystal axis a and the size of primary crystal grains grow.
In other words, the closer the structure of rock phosphates to that aof
fluorapatite, the slower their decomposition, This conclusion ig in a
perfect agreement with the correlatipn between the strurture of phosphate
and their chemical cemppeition, The validity of the correlations betweer
the reactivity of rock phosphate and their chemical composition and
structure has been also confirmed by the high value of correlstion
caefficients as estmblished for the dependerce of the reactivity of the
£0_-index of rock phosphates. The CD_-index, too, expresses inm s certair
way both tha chemical composition ané structure of rock phosphates,

A comparigon of the corresponding data also shows clearly the dependerce
the reactivity on the specific surface area of the phosphates studied
(Tables 5, 7, BJ. Rock phesphate reactivity decreases with
decreasing specific surface. This is particularly conclusive in the case
of phosphate I : its limited reactivity is in accordance with its VETY
low specific surface area, Also this dependence has been confirmed by
establighing the corresponding correlation coefficient. Or the contrary,
no satisfactory correlstion could be found when examining the dependence
of the reactivity on the volume of macro- and tramsition pores or their
cumulative volume. Caro end Freeman have stated that only certaim pores,
i,e2, those with r ¢ 6UD R, play a decisive role in the phosphate decom-
pesition pracess so that their share in the total velume of pores is
very important (3), The values of the correlation coefficients resulting
from gur calculstiorms of the currelatinn/%%gg%ﬂ%ts reactivity and the
volume or relative volume of thess pores (T < 600 &) are rather low and
they actually contrsdict the existence of the correlatior between the
reactivity and distribution of pores acceording to their radius. Fven
multiple correlations involving some other factors have not givern &ny
better result.

All the above obsesrvetions have been confirmed canclugively by the
results obtasined when gtudying the effects of calcination on rock phos-
phate reactivity. The rising temperature of calcination brings about

a8 decrease in the CUE eontent, an increase in the lergth of the crystal
axis 3 and an incresse in primsry crystallite size as well as a decrease
in the specific surface ares {Table 9, Fig. 2). Conseguently, the
reactivity of the calcined phosphates should decrease; the experiments
have proved the correctness of this assumption {Tables 10, 11),

It may be concluded from the discussed facts that there are two egsential
factars affecting the rock phosphate reactivity under given conditions,
The first factor is the crystallographic structure and chemical composi-
tion of the elementary cells of apatite - the mineral camstituent in
rock phosphates. It has been faund that the greater the deviation in

the structure and composition of such a cell, the higher the phosphate
resctivity. These devistions ars the messure of the degree of imperfec-
tion of a given lattice and thus also of its gnergy content, In an ideal
crystal all the joms are arranged in the energetically most advantageous
pasitigns and, therefore, substantizlly more enegrgy is needed for des-
troying it thar in the ecase of an imperfect crystal, E.g. the apatite
crystals in rock phosphates. The phosphates studied A, C, D and E, for

-]

of
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instance, c¢ortain appreciable amounts of carbonate ions, substituting

the phesphate ions in the apatite lattice. The carbonate iens, however,
are not situsted exactly in the positions occupied originally by

phosphate ions and sinece electroneutrality has to be maintained, either
additienal fluorime ions may be present or calcium ions may be partly
substituted by slkali metal ions. All these factors contribute to an
energetic lability of such crystals and thus also to their higher
resctivity, A contrary situstion is encountered in the case of phosphate I
or phosphates calcined at 900°C,

The second mssential factor is the specific surface area of rock phosphates
This fact is well known (1, 2) and it is associated with the nature of

the decomposition process of a phosphate by an acid, which is essentially
a surface reactiom. It must he mentioned, however, that our experiments
were carried out with acids st very low concentrations, so that the

effect of spacific surface ares can be fully sppreciated. The forming
galts do not hinder the process and even the effect of calcium sulphate
precipitating when sulphuric acid is used is much smaller when compared
with the process carried out under actual technolegicsl conditiors.

There are cbviously also other fsctars affecting phusphate reactivity.
When resctivity was assessed on ths basis of the action of dilute

mineral acids, higher values of the carrelation coefficients were found
for its dependsnce on the total content of CO_ than for the value of

the lattice constant a. This indicates that tﬁﬂse carbonates present in

s ruck phasphate in the form of separate minerals (e.g. caleite or
dolomite), affect favoursbly the phosphats decompasition process in a
large volume of a given solvent since the carbon dioxide released

sttacks the aggregstion force ameng other crystal grains. Such a concept,
however, applies probably only in the case of decomposition by dilute
acids,

It may be concluded that the reactivity of a given rock phosphate can be
asseased on the basis of the knowledge of certain factors, Among such
facturs, the following should be menticned in particular : lattice
constant a , half-maximum breadth of the diffraction lime (123}, molar
ratio (C02 + F}/P_O0_ or the factor C02 t (Frpa1 = Fideall: EDE-index and
specific surface ar@s. These conclusions are fully justified when
evaluating rock phosphate reactivity to dilute acids. The decomposition
conducted umder the conditions of a commercial scale process is naturally
complicated by important additional factors (e.g. gypsum precipitation
on the surface of phosphate particles), Nevertheless, in our opinion

the knowledge of the discussed relstionships between the teactivity of
phosphates and their properties represents a sound basis for characteri-
zing and evalueting the phosphates,
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Dr, HEGNER (Ressarch Institute of Imorganic Chemdstry, Crechoslowvakias)

Let me introduce briefly our paper presenting some results of investi-
gations cerried out in the Researeh Institute of Inorganic Chemistry,
which are devoted to the acquiring of a better knowledge of saome
fundamental broperties of raw phosphates. Our interest in this problem
stems primarily frowm the fact that here in Czechoslovakia, like dn many
other countries, the Andustry has to process various very different raw
materials in their producticn of phosphatic fertillzers and most

effective utildsetion of these very costly imported materials hag

become a matter of serious concern of our producdng plants and,
consequently,of the researchers,

In the indtial stsge of our studies we were examining some chosen physico-
chemical charactaristics of various phosphates treated in Czechoslovakia,
We were studydng chemical compositdion of the selected phasphates, their
crystallographic strwcture, that is the lattice comstants velue ard

aize of the priémary crystaliites, their surface siructure/specific

sarface area, helivm and mercury densities, distribution of the pore

radii size /; their infre=-red spectra as well as the differential thermal
snalyeis: end therwogravimstiric curves.

An evaluation of the obteined experdimental resuylis ellowed us to draw
certaln generslized conclusdons, according to which every phoasphate may

be characterized by one of the following physico-chemical parameters
lattice constant a, size of primsry crystallites, specific surface ares
and the content of carbonate ions in the apstitd lattice of phosphates /i.e.
the CC, content as determined after an extraction by ammonium citrate /

or by %he €0, index as sssedmd from IR-spectra. At the same {ime we

have been abEe to demonstrate that the studied parameters are mutually
correlative.

Far exawple, Figure 1 documents the relation between the wvalues of lattice
con=ztants a ard the content of CO_,

The per cent values of [0 conten%, determined after extreaction by
ammondum citrate, ars plu%tﬂdnn Xx=-axis, the lattice constants g in A

are plotted on the y-axis,

As the next stage, we have been studying the reactivity of rock-phosphates
and its dependence on the above mentioned parameters, The adopted criteris
for asppraising the reactivity of phosphates are their solubility in citric
acid and in djlute minersl acid, which is measured under standard
conditiona. The following diagramm are selected to illustrate but =scme

of great nuwmber of the obtained results,

Figure 2 shows the effect of raw phosphates srigin, 4.e. mineralogical
type, on the- rate of thedir dissolution by diluite sulphuric scid. The'
differences in the rates of decomposition of the individual phogphates cap
be seen very clearly from the diagram : the least reactive is phosphate L,
whose composition is fairly close to that of pure flueroapatite,

The rext diagram -~ Figure 2 - demonstrate the effect of particle size of
the given phogphate type on the rete ef its dissolution by dilute sulphuric



acid, /C_ -0.16 mm aversize, £ -0.10mm to O 16mm fraction, T ~C,1mm
sereen undersize and [ - product cbtained by grinding the uriainal
phosphate zo that the whole sample passes through the 0,1 mm ccreen.

The coarsgest fractlon decomposes mogst slowly, whereas the finely

greund phosphate rdissolves most readily.

Figure 4 shows the dependence of decomposition rate of one phosphate
studded an the concentraticn cof nitric acid, It 4= obvious that the

rate of dec anpositiorn grows with increasing the acid concemtration.
Similar dependence as these ghown in Figures 3 anrd 4 was found alsc

with the other phosphate types and this, too , documents considerable
differsnces in the resctivity of different types of phosphates,

When analysimg the linear correlatdons among the various examined

factors, we have proved that the reactivity of phosphatesz, as defined

For the purxpose of our studies, depends on the earlier enumerated
parameters of rock-phosphates, ,

This may be exemplified by Figure £ , which shows the dependerce of

the rate af phosphates dissolution in dilute midtric acdd on their chemical
compositicon. Analogically, it is possible to demonstrate the effect

of primary crystallites,

The differences in their size are documented by electron microphotographs/
magnification 3 00D times / of phosphatesd. and I; the primary crystal
graime in the phosphate I / see Figure 6 / are markedly larger than those
in the phosphate A / ses Figure 7 /, the composition and structure of the
latter differing considerably from thaose of pure fluoroapatite,

The presented facts as well as the other extensive evidence in aur inves-
tigations enables us to state quite conclusively thet the reactivity of

raw phosphates is very closely connected with their crystsllographic
structure and chemical composition. The closer the structure and the
composition of the main mineral component of rock-phosphates i.e. apatite,
to those of pure fluorapstite, the lower is the reactdvity.

The sbove cenclusfons have been fully confirmed also by results of our
studies of ithe effects of calcination on the reactivity and some other
properties of phosphates., The risdng temperature of calcination brings
abowt an increase in the length of the crystallographic axis ss well as

in size of primary crystallites, while, at the same time, specific surface
area ls decrea=sing.

This can be seen very clearly fram Figure 8, in which the calcination
temperature dis-plotied on the x<axis and specific surface area / 9 cr? /
on y-axis, It follows from the diagram that at the temperature of
galednation 900° C the value of the phosphates A, C and E drops to that

of the phosphate I,A similar phenomenen hag been observed with respect

ton the latiice constant 0, ‘

Figure 9 then illustrates the decrease in the rate of decompositicn of
phosphate C by the dilute sulphuric ascid as brought about by increasing
the temperature of caleinstion, Such & decrease in reactivity due to
calcination is given, according to our resulis, by changes in the wvalues
of the decisive parameters.

This is documented also by Figure 10, demonstrating how the volume of pores
decreases with ingreasing of the calcination terperature.

Similarly, the necyt diagrams show the growth of the size of crysiallites
in phosphate £ as brought about by increasimg the temperature of calci-
natiorn : Figure !1 - calcdnaticn at 500°C, Figure 12 - 70C°C, Figure 13 -
000 .,
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The studies, whose essentisl results have been briefly outlined, can

be characterized as modelling under laboratory conditions, whichk aim

at the determination and evaluation of the fundemental processes and
relationships, These resultis, therefore, cannot be applied directly

in a plant-scale practice. In our view, however, the continuing extensive
studies devoied to the indicsted problems will contribute to a hetter
understanding of the properties of various types of raw phosphate materials
and, ultimately, they should beneflt alsa the fertiliser dindustry.

Dr, RITZERT (B,A 5,F G,F.R.)

As a result of the symptoms of an expanding phosphate shortage, the

countries without any domestic ressources are wore and more compelled

to cover their requirements with all possible ressources.

The need to process phosphate rocks of which one has wvery little

practised experience is becoming increasingly fregquent,

frequently phosphoric acid and nitrophosphate producers have to fTace

unexpected difficulties due toc apparently urclarified reasons during phosphate

solubilization, gypsum filtration or, as in the case of the Udda process
removal of calcium niyrate, steam addiiion or granulaticn, durding the
convarsion of the phosphate rock rescted.

Phogphate processing firms use laboratery tests which, however, to be

applied te the industrial scale, must be quite comprehensive and can only

be used as references for possible difficulties with a consdiderable
peraonal know-how.

In the paper we have heard how a macroscopic behaviour, nanely phosphate

solubility in minersl acide, can be very cleverly explained by & microscopic

picture derived from very different physiczl assessments of various
phosphate types.

A great part of the paper deals with microscopic transformations on the

course of calcinatdon and the resulting changes in the properties of the

solution, In industri=l practice calcined phosphates only play a

secondary role. In practice it appears that sometimes the foam produced

in the reaction solution makes the use of pumps dlfficult and, hence,

the retention time in the reaction tank is not determined by the

solubility but by gas evolution,

1, You found that the rate of resction with mineral acids depends on the
co_/P_0O_ ratia,

What is the influence of arganic matter, in particular in the case of
the reaction with nitric acid? Has it not an accelerating effect or,
cohrcerning organic mstter, are there inclusions in the prystalline
structure?

2. You found a substantisl decrease in the rate of reaction when the
temperature of calcination increases, I= it not related to the
sweetening time for the various temperatures?

3. You use the electrical conductivity of the solution to assess the
reection. The electrical reactivity of a pitric acld reaction sclution
results from the conjunction of unreacted acids, of the phosphoric
acid produced, of calcium nitrste, bumic acid, etc...

Does this method allow to compare the various phosphates or is the.
colour veristion with the heat not a specific research method?
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A. You Ffound Ehat the fire phosphate particles are low in P D . WE
uege mostly Florida phosphates, In that case we always fnund that
coarse particles contain more CO_ ard less The P_O_ content
varies between 32 and 28° . Amono all the pFuaphates you =ztudied,
did you dinclude Florida rock?

M, HEGNER

The first question was about the method we use for our studies,

We choose this concuctivity method because it is quick and accurate
encugh, We tried it many times and checked it and we are guite sure

that this method can be uged for evalyation of different properties of
phosphate rock, I can say it for these samples, we have checked in

our labharatory, 0Of course there sre some limitations aof the method.

A= you can see during the excursiom in our Institute, this method works
very well up to the concentrstion of wmineral acdd of 8 to 10 %, then start
many difficulties with foaming of course, but still we auccesd to measure
some of the samples of high concentration of acid. But there is a limit
in this method.

The guestion zbout the measurement of some effect by dissolotion of
phosphate rock. There i= a possibility but we are sure that, to understand
the. differences between variocus phosphate types, we need more accurate
methods thanm when we can use by the usval apparatus, So to this

purpose we use the very exact ultracalorimeter- The rate of this

is very slow and very difficult but we hope that we car proceed with it
and still our results confirm the conclusion we made from the conductivity
methad quite good and they are confirmed with this method. ‘

To the second one, I can say between the samples, we checked alac the
nroperties of Florida phosphate and we can omly =ay that the remarcks

nf Dr. Ritzert are right. Our cbservations are about the same.

The +hird gquestion was about the influence of 4the time of caleinatinn.

Of course there is an influence but still we have no time to study

this problem more clagsely and sa I gan only tell you that by lower
temperatures, it means 5G0°C, there was influyence, it means our =samples
were calcinated during just one hour but we observed several times that
the reactivity of calecinated rocik, which is calcined longer than ane

hour at a tempersture of 900°C, decreases. I am =orry I sm not able

to answer exactly the fourth gQuestion because the influsnce of arganic
substances in phosphate rock is a very difficult problem and we are
looking still for a better method to analyse this material to know what
gxact substances are present in samples we have in our work, =c we try in
thiz field but there are no resulis I can ccmment.

M, ROGERS (Fertiliser Research Assocdatdon, New Zealand)

1. I wish to suggest to the authors of this interestlng paper that the
physico-chemical properiies of phogphate minerals reflect the ceological
and geo-chemical processes operating during the formation o the parti-
cular phosphate deposit e.g. primesry or secondary sedimentation,

E.0. whether eroded and transporied, or an ignecus ordigin such as the
Kola or Phalabowra., These genetic processes decide such physdcal
properties as porosity and crystallite size and chemical ones like the
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carbonate content and the substituents in the apatite lattice.
Therefore would avthors please add = key to Table I in thedr
paper when it appears in the Proceedings, indicsting where the 9
samples A to I came from, and thedr gecleogical age and type
{sedimentary or igheous).,

2. My second comment is that Table I is incomplete in that additdon
shows the tatals of oxides and F listed range from 29,3 % for I to
88.31 % for C. Therefore, like Dliver Twilst, I would ask for more
fuad for thought by way of figures for the alkali metsl oxide, Na_O,
K,0 anmd alkaline earths Mg C, 50 as well as Sl3, Carbon and H i
content of phasphates & to I, £Lould the authors arrange for these
tc be included in the Proceedings version of their paper.

For comparstive purposes I shall be pleassed fto supply snalysed

samples of the oceamic sedimentary phosohates from Msure and Chrdistmzs
Island (Indizn Dcean) which are sc important to the superphosphats
mafufacturers in New Zealand {and Australia), In these apatites
hydroxyl and fluocrime appear o ba the chief aniomic substituents.

3. My third comment is a word of caution about the use of Silverman
reagent and 2 % citric acid. Recent work at NZFMRA laborstories
has showr S5ilverman resgent io dissolve mare P than + or 1 % acitic
scid from ogceganic phosphates. It is often not as effective in removing
free CaCh. either, We have slso found that free Call, is =selectively
soluble 4h 2 % eitric ascid relative to apatite. For Solubility
azsessments therefore 1 suggest that free Cald. be removed first with
+ % acetic acid, if compardsons are to be made about reactivity,
and,alsn it appe=rs, agronomic effect, with the phosphates studied
at our Otara Research S5tation, Others, here, may have similer and
more extensive experience of these effects.

M. HEGNER

I would like to thank Mr, Rogers for his remarks hbut I am afraid Iam

not quite able to answer all the questions. This is & problem that we ave
just gtarting and now working with this field, so we know how many
questions are still open and we are doing our best to stucy something

but we are not able to do everything. 5o to the first remark of cnurse
we know the origin of the phosphates we studied but we were asked not

to disclose the results. The second question, as we know, there are
some difficulties with the analysis of phosphate; we have studied this
problem for some time and we want to have precise data but still 1 am
sorry we don't have if. We published all we have and there are many
problems you can see only in our paper you mentioned. Then the last
guestion : there was some suggestion and I agreed and I am very glad that
I can hear we can get more samples because we are interesied to hawve

the possibility to check the properties of other phosphates. The last
guestion was =bout the meandng of the analysis using ciltric acid and
Silyerman reagent. 5o in thds field we have ro results of our own

and took simply the date coming from literature and I am gorry I can't
comment this perticulsr issue.



My company is one af the producers of Florida rock and the only place

we sell ealecined reock to Japan and I wes aover there on a trouble
shootdng misgsiorn one day. The customer wanted rock no lower in CO

than 0.8 %. Normally we calcine at 1 CQO0C°C and we reach that levef.
Inadvertently the shipment that the customer received was 0.7 % (O

and they sald that the rock was completely non reective, that im tﬁese
hemihydrate-dihydrate processes that the Japanese used generally they
had ta actually hest the sulphuric acid im order to get any reactlvity.
So we dlscussed it and apparently they discoversd that there was certain
CO, levels as large as 0,5, You get CO_ cemdng out and the rock bhounces
around in the reactor and mixes. When fou get down helow thet level,
the rock becomes completely inert almast, there is no co, evolution and
the rock sits down at the botiom of the reasctor and you get no mixing.
My question iz : because you can get any CU_ you want for any degree
of calcination depending upan the rock, have you any data indicating what
iz the lowest (0, level which was given good extraction in = sulphuric

. 2 |
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M, HEGNER

in labaratory conditions znd therefore we can have from these resulis
no recommendations for plamtscale rroduction; I hope we can succeed
later.

M, KABIl (Donatichemie, Austris)

On the gquestion of the cltriec acid, I would like to ask a guestion.
Following aour own work we would find that the sclubility of different
rocks in 2 % citric =cid could be incresased by successiwve dilution,
E.g. that when we reached &8 9 - 10 % solubility in the so-celled hard
phosphates, i1f we dissolved the residug of the firgt elution, the
solubility was again slightly less than 9 %, from which we concluded
that the normal solubility methods only achieve a gradual dissoluticon,
What are your own rasulfs_in that respect?

|
|
|
I am sorry but I explained that our studies were in the way of modelling

M, JEMAA (5.I.A.P.E. Tumisia)

To stay in the fleld of mathematical models, I would like to refer to
the modelizatian of the crystallizatian of calcium sulphate in a single
tank. Attempts have been made in the U.5. by RONDOLF and LASSOV to
establish a model for the cryataliilzation of calcdum sulphate; but it
wazs not pessible to do it from solid products, e.g. from phesphate rock,
but only from liguid monocalcium phosphate, There ds a very interesting
approach to this, a statistical approach, which considers the calcdum
prlphate population as an entity with a rate of netality and & r=te of
mortality. We know hew to calculate the Tate of natality, which is the
rate of crystal nucleatdomn; the rate of growth of the populatieon is the
rate of growth of the crystals., There remalns the rate of mortality.

My question 45 then : did you try %o establish not a rate of reactiion
during phosphate dissolution byt some kind of cinetics of phosphate
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gissnlution in various acids?

M, HEGNER

The answer is yes, We have the intertion of studging the ciretics of
the process, hut we Tfelt at the beginning of our work that we needed
the data we presented here to start this work snd therefore we are
nat able to speak today about the cinetics of the process hut it is
the logdcsl continuation of our work now, We just started it.

M, QUINTON (Fisong, U.K.)

T must first congratulate the authors on the extent of investigations,
In fect, in many points, or in samples, this confirmed what we made

=zt Levington seversl years age. With respect to the gquery by Mr, Rogers
of New-Zealand we have no experience im the use of Silverman reagent.
Now I have = specific guestion and this refers to the messurement of
surface areas and I would like tc ask the authors if they have =ny
chgervetions on the desirsbility of using a surface srea expnsed to
liguid rather than gas in the determination of the surface area of

the rock particle.

M, HEGNER

In our method, as we wrote in the paper, we use the BET method ard
tharefore we are guite femiliar with this method which is usec very
frequently and for this purpose I think where we would like to know

the correlation between different types of phesphates s¢ it can be only
the relative value of the results of this measurement we can ther see
how differences are between different types. Of course, the dependence
cf the exasct value deperds of the method you use, but we tried only this
one becsuse we have Lt In cur Institute.

M, PENG (C4R,A,, Brezil)

I understand of course your work is related to the chemical reactivity
and we understand that there is correlation between the agrornomic
reactiviiy and the physico chemical properties., I am just wondeiing
if your Institute hes any plans to go into that part of the research
that is the correlation between the agronomic reactivity and the
physdco chemical properties, in additiorm to the chemical reactivity.

M, MEGNER

I am serry. this is not exact, we have never tried to confirm the sgronomic
characterdstics and velue of different types of phosphates because we
don't use much rock phosphate as such in Czechoslovakia but we want toc go
frem this practice to a better fertilizing of course. So &t 4s not our
concern or intentdon to evaluate the agronomic chamacterdstics and the
value of different types of phosphates.




