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The deficiency and growing price of phosphate férers are becoming a major problem in
Russia. Most of more than 200 proved phosphoritpal&ts have enough recourse to exploit them
but processing the ore from these deposits presestgere difficulties, and it can't be effectively
implemented at this moment. The result of the degarsition process heavily depends on the origin
of the ore, their chemical and mineralogical comptien and other factors. Three types of phos-
phorites (carbonated, siliceous, and argillaceouwsn be distinguished, and these types of phos-
phorites behave differently during the acidic decpasition, which leads to the differences in the
conditions and performances in the process of thegatment. Phosphorite from Polpino deposit
can be considered poor with total component contB2005<15.3%, and by the level of Si@ can
be qualified as siliceous type. The stock from thigposit is highly reactive because of the car-
bonated additions and its mineral structure. Thenaiof the research is to study the dynamics of
particle shape and size change during the acidico®position of a representative quartered sam-
ple of Polpino phosphorite. The decomposition wasrfprmed using nitric acid with temporary
inhibition of the reaction at 0, 10, 30, 60, 3000® seconds by neutralization of acid with potassium
hydroxide. Solid phase behavior was investigatethgsmicroscopic analysis (scanning electronic
microscopy) with multi-purpose module microscopeQE JSM-6510, and then obtained micro-
graphs were edited with special software. Analysishe behavior of the particles shows that their
total number was nearly constant for each experinhesind the number of particles for every frac-
tion almost didn’t change in time. This leads tosasnption that the phosphate component in phos-
phorite from Polpino deposit is located inside diet porous alpha-quartz. It was determined that
alpha-quartz from the phosphorite forms a matrixrgtture and doesn’t undergo changes, and its
pore size doesn'’t prevent acidic extraction of d¢aln and phosphate from the inner volume.

Key words: phosphorite, electronic microscopy, particle size
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INTRODUCTION creases logistic part in the final price of mindeati-

gzer. Constantly growing demand in phosphorus-con-
taining mineral fertilizer and exhausting of richera-
tional raw deposits already require either impdrt o
standard phosphate materials or involving of doimest
unused poor and off-balance reserves of phosphate
ores into effective processing [2, 3]. More thar® 20

Domestically utilized raw phosphate base i
characterized by predominance in its structureafse
tite ore reserves, which are locally concentratétbéa
Peninsula and are very far from functional processi
plants and agricultural regions [1]. This factor in
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phosphorite deposits are proved to be in Russia. Mghosphorite ore during the process of acidic de@amp
jority of these deposits have enough reserves ¢o ustion. This study utilizes scanning electron msero
them as a base for producing standardized productscopy for the purpose of obtaining micrographs difiso
However, about 75% of total reserves of phoghase particles in time.
phate ores in our country are considered unusate a Test subject of the research is a representative
existing methods of concentrating and processing caquartered sample of phosphorite from Polpino deposi
be effectively implemented for now [4]. It is uslyal The chemical composition of the sample is represknt
connected to the origin of phosphate ores, th&nsh by the table 1. Judging by the target componertecin
cal and mineralogical composition, petrographicreha(P.Osiotai~ 15.3%), which was determined by photocal-
acteristics. Virtually always ores from differempbs- orimetry, this feedstock can be characterized as,po
its require individual approach to study and vatrat and by the level of Sigt can be qualified as siliceous
of technological and economical efficiency of theitype. Note that almost all undissolved residuestiea
processing in phosphorus-containing fertilizatiomxide. Polpino phosphorite consists of four mingral
products [5-7]. Carbonated, siliceous, and argitars hydroxycarbonate apatit€a;o(PO:)3(COs)3(OH).
(clay) phosphorites can be distinguished, mostgetla (55.7%), alpha-quartz-SiO, (32.5%), montmorillo-
on the nature of main inclusions. These types obph nite (Na)(Fe,Mg)Si,Al)40:10(OH)2:nH0 (7.2%), and
phorites behave differently during the acidic depom bonshtedtite (4.6%) [14].
sition, and that defines the difference in the coos
and performances in the process of their treatfiggnt Table 1
Kinetics and degree of decomposition of phosTheaveraged chemical composition of Polpino phosphorite
phate raw materials depends on the dynamics and b#0uua 1. Y cpennennblii xumuyeckuii cocras noa-

havior of mineral grains, which differs for differe 55 0/:"“““"0 ocqopura 530
types of phosphorite. Models of acidic decompositi Cza(;’ % 27 42
of phosphate stock particles usually based ontiine p Mgo, % ) 2'3
ciple of complete destruction of particles and gedd Fez()s,, % 2_'97
uniform decrease of the size of the presumablyrsphe ALOs, % 0.00
cal particles. Intercrystalline bonds between intpas F % 0.008
and phosphate minerals are destroyed in case of g¢ar CI’, % 0.001
bonate and argillaceous types of ore [9, 10]. Bet t CO, % 5.00
mechanism of the change in the size and shapesof th H. 0., % 32.90
particles during the acidic decomposition of higica
phosphorites is not completely clear, althoughirtine Table 2
purity mineral there (Si¢) is inert to acids which are Fraction composition of Polpino phosphorite
used to decompose the phosphate stocks. The excdfgdiuya 2. ®pakuMOHHDII COCTAB MOIMHHCKOTO doc-
tion is a fluorine-containing phosphate raw materi ¢opura
where one of the decomposition products is a hydro- Fraction, mm | F/2CtON | b o ur. %
fluoric acid, which reacts with silica oxide [112]1 yield, %
>5.0 2.23 13.58 35.79
SAMPLE SELECTION 5.0-3.0 5.07 14.52 35.96
Earlier the qualitative change of samples of 30-2.0 7.92 15.26 34.33
phosphorite solid phase in the acidic decompositi¢r i'g_é'g i%gg gég gi'gg
process was shown by us using the element mappinrg 0 5'0 0 '355 10‘ 81 17‘ 31 33' 11
method: phosphate part of solid phase of phosphorit 0.555— (')_315 4_'19 15:44 35:42
was quickly extracted (half-reaction time 8-9 g)da 0315-0.18 1383 15 64 3778
undisso_lved resi_dl_Je (u.r)is _almost pure glphatqua 0.18—0.09 17.62 12.61 47 18
Such high reactivity of Polpino phosphorite is detel 509 _-0.071 307 12 48 4831
mined by carbonated additions and mineral structure <o o71 6.84 15.77 3926

which allows performing acidic decomposition at the
atmospheric temperature, and thus providing a power Earlier [13] we divided a representative quar-

efficient processing technology [13]. . ter sample into 11 fractions and performed a chaimic
Current work examines the dynamics of partianalysis of each fraction. Part of the resultisftvork
cle shape and size change for fine-disperseddmofi s presented in the table 2. It was shown thattisen-

ical composition of Polpino phosphorite depends on
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the particle size very slightly. It was demonstuatteat
the reactivity of Polpino phosphorite almost doesn’
depend on the particle size as well. Based on these
facts we chose the most highly dispersed fraction o
phosphorite (<0.071 mm) as a test subject sinse¢he
most convenient for microscopy analysis.

METHODS

Nitric-phosphoric acid decomposition of Polpino
phosphorite was performed in the thermostated three
neck flask equipped with a stirrer. We adaptedanm & 0L g,
method for inhibiting the reaction which is a nelitr  Fig. 2. Micrograph of Polpino phosphorite, conversio black-
zation of the sample of nitric acid extract withtas and-white and inversion
sium hydroxide (&n = 0.02N) [12]. This technique Puc. 2. MuxpodoTorpadust noamHckoro ¢pochopuTa, IepeBo
provides effective and quick fixation of surplusopr M300PAKEHIA B HEPHO-OEII0C  HHBEPTHPOBAHHE
tons. Dilute solution of alkali allows using larggran-
tities (in comparison with sample volume) of saus
and thus avoiding alkali gradient in the samplee Th
volume of potassium hydroxide solution and its con-
centration were calculated with the intention ofexe
ing a given pH value in the range of 3-4. The rieact
inhibiting was performed after fixed periods of &if®,

10, 30, 60, 300, 600 s), and the suspensions \epee S
rated by filtration after that. Solid phases weredland
analyzed three times with multi-purpose module micr
scope JEOL JSM-6510, which combines scanning elec- Ml \Lidin. X Ay : ‘
tronic microscope with energy dispersive x-ray ange;, 3.‘M75cm55i56 phosphorite ﬁ“iw“"{lérge part-
lyzer. As a result, 18 micrographs were obtainddckv cles outlines

then were processed using Imaged software (ope@#c. 3. Muxpodororpadus nommiHckoro $pochopura, 3amoHe-
source) to estimate the particle sizes. Processing- HHE KOHTYPOB KPYIHBIX TaCTHII

crograph included scaling of the images, seleciap- .
timal brightness and contrast values, conversiarayf T
image to black-and-white, inversion, and evaluatbn Fprd
particle sizes and counting their number. "

RESULTS AND DISCUSSION

AN

As an example there is one of three micro-
graphs of initial sample of Polpino phosphoritetfwi
decomposition time 0 seconds) at the main stages of
image processing (fig. 1-4).
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Fig. 4. Micrograph of Polpino phosphorite, contogrand calculating
Puc. 4. Mukpodotorpadust mosmnuackoro pochopura, OKOHTYpH-

BaHUEC U MMOJACYET 4aCTHUI]
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The values were averaged after counting the
number of particles and estimating their sizes, tand
results were combined in the table 3.

Analyzing the dynamics of change in the num-
) ber of particles from different fractions duringtpro-

v e cess of decomposition of phosphorite, it is worbk-n
Fig. 1. Original micrograph of Polpino phosphorite Ing that it is nearly constant. This fact allowsiake
Puc. 1. cxoanas MukpodoTorpadust MOIMHHCKOTO Gocdopura an assumption that the phOSphate component in
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Table 3
Averaged number of solid phase particles, registered on
micrographs at the set time during the process of nitric
acid decomposition of Polpino phosphorite
Tabnuya 3.YcpenHeHHOE KOJHYECTBO YACTHII TBEPAOI
(a3ml, 3aperncTpupoBaHHBIX HA MUKpPOdoTOrpadusx B
3aJaHHBbI€ MOMEHTBI BPEMEHH! a30THOKHUCJIOTHOTO pa3-

Polpino phosphorite is located inside of porouhaip
quartz and not presented in form of separate pastic
Therefore, silica oxide, being a part of Polpinmgh
phorite, is in fact a natural matrix with signifity
large pores that don’t prevent the extraction adgsh
phorite from them. Sedimentary genesis of phosgori
doesn’t contradict our assumption.

JI03KeHU MOJMUHCKOro ¢ocdopura

Fraction um Decomposition time, s
' 0 10 30 60 | 300, 600
<05 82 94 94| 107 104 83
05-1.0 97 88 80 88 81 80
1.0-15 40 48 39 51 47 38
15-20 20 22 22 25 33 39
2.0-3.0 27 30 30 40 46 52
3.0-50 24 26 39 24 34 53
5.0-9.0 24 34 26 33 28 40
>9.0 78 69 71 62 67 71
Total 392 | 411| 401 430 441 45p
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CONCLUSIONS

Distribution of particles by sizes was obtained
and the change in the particle size during theqe®of
nitric acid decomposition of Polpino phosphoriteswa
estimated for fraction < 0.071 mm of a represerdati
guartered sample using electronic microscope and Im
ageJ software. It was demonstrated that the pasizé
during the process of decomposition almost doesn’t
change, and, based on this, the assumption of patesp
component being located in the pores of undissolved
residue was made. That means that alpha-quartzozomp
nent of Polpino phosphorite represents a naturabma
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