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Keanupuuuposanue gpocpopnoii Kuciomel ocyuiecmeniemcs 6 3a6UCUMOCMU Om UC-
nonv308anusn Gocghamos paziuiHbIX MeCHOPOHCOCHUII U HE0OX00UMO20 Kauyecmea KOHEUHbIX
npooykmos. llonyuenue pocghopnoit Kucnomot HyHCHO20 Kauecmea oCyuiecCmeiaemcs ¢ yuemom
mpex acneKmos. pecypco-IHepzemuiecKozo, IK0A02UYECK020 U KOMHIEKCHOCMU nepepadomKu.
Payuonanvnoe ucnonv3oeanue npupoOHsIX pecypcos U yMeHnbuienue 3azpA3Henus OKpyycaouien
Ccpeobl AGNAEMCA ONPEOCTAAIOUWUM PAKMOPOM HPU 8blOOPE MEXHOI0ZUUECKUX DPEHCUMO8 KOM-
NJ1eKCHOIL nepepadomKu colpbs ¢ COKpauieHueM 00bémMo6 0mxo0086 ecex U006 Uiu nePesooa Ux 6
hopmul, nezko noooarouguecs 6MmopuyHOl nepepadomKe Uil CReyUAIbLHOMy Xpanenuto. Omcym-
cmeue IKOHOMUUECKU 00O0CHOBGAHHBIX MEXHO102Ull nepepabomku gocghozunca odycnosnusaem
€20 npeumyujecmeennoe ckiaouposanue. Bmopvim komnonenmom, mpedyrowium ymuauzayuu,
aenaemca pmop. B ceazu c amum, ouucmka ghocghopnoii kuciomel om grmopa 00134cHaA UCHOTIb-
306amb MEXHONIO2UU, Pealu3youiie Y1aenUeanue 6bl0eTUSUIUXCA 6 2a306y10 (ha3y ¢pmopucmuix
coedunenuil. Imo aKmyanbHo ¢ MOUKU 3PeHUA KOMNIEKCHOCIU NEPePAdomKU Cblpbsa C u3eeye-
HUuem peoKozemenbHbIX demenmos. Ilpumenenue mexanoxumuueckoi aKkmusayuu no3eonaem
docmuzams HAHOPA3MEPHO20 YPOGHA. B menvuieit cmenenu ykazannwlii acnekm omnocumcsa K
CMaouu cepHOKUCIOMHO20 PA3NOIHCEHUS, NPOMEKAIOu|e2o C yuacmuem mpéx ¢haz. meépooit, yncuo-
Koil u 2azoeoii. B ceoto ouepedv, cmpykmypa nogepxnocmu 2a3zo0xcudKOCmMHO20 C/105A uzpaem pojib
IHepeemMuUecKoz0 dapvepa 01 uchapenus. /s ycmano6ieHus 0CHOGHbIX IHEPZEMUUECKUX 3aKO0-
HOMepHOCm el KOHUEHMPUPOBAHUA U 0ePMOPUPOCAHUA 6 MAPETLYAMOM AnnaApame U ORMUMU-
3ayuu npoyecca dvina papadomana menaopusuieckan mooesns, 8 Komopoit ooaacmo I phexmus-
HbIX NAPAMEmPO8 ONPEOenANACy NYMEM COBMECIHO20 PeUieHUA PAOA YPAGHEHUTI OMHOCUMETbHO
UCKOMbBIX UHZPEOUECHMO08 8 OUanasone Konuenmpayuu ocgopnoit kuciromot 52-65%. Pewenue
3a0ayu KOMNJIEKCHOU OYUCMKU IKCHPAKUUOHHOU (Pochopnoil KUciomosl Moxcem 0Cyuiecme-
JAMbCA AOCOPOUUOHHBIMU MEMOOAMU, KON OPbLE RO360IAION YOAUMb 6 MOl U UHOU CHeneHU
npaKmuuecKu 6ce npumecu.

KiroueBble cioBa: GpochopHas KUCIIOTa, alTaTHTOBBIA KOHIIGHTPAT, MEXaHOXUMHUUECKAs aKTHBAIIHS,
MEXaHOXMMHUYECKUI CHHTE3, HAHOTEXHOJIOTHSI, PSIKO3EMENTbHBIC JICMEHTHI, aICOPOCHT
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The qualification of phosphoric acid is carried out depending on the use of phosphates of
various deposits and the necessary quality of the final products. An acquisition of phosphoric acid
of the required quality should be carried out taking into account three aspects. resource-energy,
ecology and complex processing. Solving the problems of one aspect entails solving the problems
of the other aspects. The rational use of natural resources and the reduction of environmental
pollution is the determining factor in the choice of technological regimes for complex processing
of raw materialswith areduction in the volume of waste of all kindsor transferring them into forms
easily recyclable or specially stored. The absence of economically sound technologies for pro-
cessing phosphogypsum determines its preferential warehousing. The second component that re-
quiresrecyclingisfluorine. In thisregard, the purification of phosphoric acid from fluorine should
use technologies that realize the trapping of fluorine compounds released into the gas phase. This
isrelevant from the point of view of the complexity of processing raw materialswith the extraction
of rare-earth elements. The use of mechanochemical activation makes it possible to achieve a na-
noscale level. To a lesser extent, this aspect relates to the stage of sulfuric acid decomposition,
proceeding with the participation of three phases: solid, liquid and gas. I n turn, the surface struc-
ture of the gas-liquid layer plays the role of an energy barrier for evaporation. To establish the
basic energy patterns of concentration and defluorination n the disc apparatus and to optimize the
process, a thermophysical model was developed in which the range of effective parameters was
determined by the joint solution of a number of equations for the desired ingredientsin the phos-
phoric acid concentration range of 52-65%. The solution of the problem of complex purification of
wet-process phosphoric acid can be carried out by adsor ption methods that allow to remove to some
extent almost all impurities.

Key words: phosphoric acid, apatite concentrate, mechanocla¢adtivation, mechanochemical syn-
thesis, nanotechnology, rare earth elements, agisorb
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Obtaining phosphoric acid is an example oP.Oswas 48 million tons. Among them 4.2 million tons
one of the large-tonnage world production of chenicwere produced in Russia [1].
technology. According to the analytical data thabgl The raw material for phosphoric acid is phos-
phosphoric acid production in 2016 year in terms gfhate concentrates of igneous and sedimentarynorigi

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. Z0Y. 60. N 7 49



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. Z0V. 60. N 7

which opening is generally carried out by two methio example: in 2016 in Russia about 18 million tons of
thermal and acid decomposition. The production g@hosphogypsum (in terms of dry calcium sulfate dehy
phosphoric acid by sulfuric acid decomposition af-n drate) were formed. Depending on the quality of raw
ural phosphates in the present and in near-terlnadut materials per 1 ton of:Ps about 4.2-6.8 tons of phos-
is carried out with the following operations: dikgion  phogypsum are formed in phosphoric acid [2]. The ab
of phosphate mineral in sulfur-phosphate solutiosence of economically proved technologies procgssin
crystallization of calcium sulphate, separationfity phosphogypsum into target products specifies & pr
tration of production solution and treatment of the erential warehousing, which has a negative impact o
sulting acid with the concentrating in various @e@ the environment. Implementation of the various envi

mainly up to 52-55% s [2, 3]. ronmental activities to eliminate this negativei@ct
Basically, the qualifying phosphoric acid isrequires additional costs.
carried out with two-way: The second component in quantity respect in

1) Depending on the use of phosphates of dithe phosphate raw material requiring disposalue-fl
ferent fields having significant differences on qgam rine. For technologies that may be considered with
sition. On the territory of the Russian Federahienide spect to technical and economic expediency of tisola
the dominant use of apatite-nepheline ore of Khibinng the intermediate product (hydrogen fluoride or
skaya group Beloziminskoe and Oshurkovskoe depdiiorosilicic acid) the technologies providing tben-
its are the most perspective and best, as wethasa centrating phosphoric acid to a content of mora tha
others. First of all among them the phosphate learat41% of BOs can be considered.
mine, partly Egoryevskoe and Vyatka-Kama can be An emission of fluorine compounds to the gas
pointed out [4]. phase at a production of phosphoric acid is drawn t

2) Depending on the required quality of the fispecial attention due to their carcinogenic charact
nal products and the further processing of phosphoiThey have a 2nd class of toxicity (MPC of fluorine
acid the purified phosphoric acid of improved dfirali air — 0.5 mg/rf). Therefore, cleaning the EPC from flu-
cation is obtained according to State Standardttier orine at the preparation of high-purity grades cfla
purpose special cleaning methods are applied, whishould use technology, realizing trapping of flaeri
are often combined with a concentration process [SJompounds evolving to gas phase. This is relevant i
At the present time, in addition to the dominard aé terms of the complexity of the processing raw niater
phosphoric acid for fertilizer production (over 8p%als with the extraction of rare earth elements.
feed phosphates are about 6% of acid and more than Khibinsky apatite concentrate contains about
8% are technical and food ones [6]. 1% of oxides of rare earth elements, which cortstitu

In the frame of each qualification the positivahe dominant part of the light rare earth grouptfia-
changes in the quality, physical-chemical and perfonum, cerium, praseodymium, neodymium).
mance are motivated with the constant improvement o In Russia, up to 85% of apatite concentrate is
existing and the creation of fundamentally new {ecleurrently undergone with sulfuric acid opening t® o
nologies. By-turn, the development of modern tethnaain phosphoric acid. Thereby, the bulk of the eseh
ogy involves taking into account the increasingrscaelements (0.5-0.7%) is deposited as a waste irito ca
city of natural resources and the need for théiomal cium sulphate (hemihydrates or dehydrate). Theofest
use, and to reduce the negative impact on theamnvir the rare earth elements remains in phosphoricsaeid
ment. At the production of phosphoric acid the posdutions in a form of suspensions or poorly soliga#s.
bility of allocating and utilization at various pgeof Upon receipt of fertilizers by ammonation of phos-
the rare earth elements is important, which in tlen phoric acid this part of the rare earth elemenigés-
termines the complexity and re-cyclicity of theltec ocably lost at the fertilizers application [6, 8].
nology used [7]. Considering the scale of production of phos-

Thus, obtaining the required quality of phosphoric acid, isolation of rare earth elements fitsnso-
phoric acid should be carried out with considerinfutions is the most accessible and attractive. tBat
three aspects: energy resources, environmentagrotrare earth elements isolation from phosphogypsuwan is
tion, and complexity of processing. At the sameetim labor-consuming and cost-based process.
all three from mentioned above aspects are indissol The analysis of the accumulated experimental
ble connected, and technological solution of orwdpr data in a frame of researches on complex proces$ing
lem necessarily entails to the solution of other. apatite concentrate sets out the main requirenfents

Due to a large-scale production of phosphorithe technological processes of the associatedotixina
acid, phosphogypsum is the most valuable waste. FadrSr, Ln, F.
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Therefore, the basic principles of creation ofjas-liquid media is a combination of processesi®f d
technologies at production of phosphoric acid Hre: persing the grinded component and condensatidmeof t
resource-saving, energy saving, ecological safety achemical reaction product formed in the liquid laga
complexity of processing raw materials which are esxthe activated surface of highly dispersed partid@s
pressed in discharge coefficients and also in ahaimg Nanotechnologies at the mechanochemistry of
the physic-chemical and operational characteristics liquid in a volume of the equilibrium fluid ("liqdr
the received products. From this viewpoint theeyst gas") were developed for the dehydration and de-flu
realizing nanotechnologies with use of mechanochetimation processes of phosphoric acid using an siken
ical activation and mechanochemical synthesis witllate-type heat and mass transfer apparatus [1.1n13
have the special prospect [9]. this case, the only kind of deformation is all-rdun

The use of mechanochemical activation allowsompression, and the local mechanochemical state is
achieving a nanoscale level with a partial ruptoire characterized by the set of pressure P.
molecular bonds in the process as a whole. Tlisés The affiliation of such systems to nano- is il-
to the exergetic approach, which can be approachedtrated for the processes of dehydration andidefl
and according to which we will deal with thermal exzation by the example of the evaporation of a dpakr
ergy due to the difference in the composition efdle- droplet into the gas phase, depending on its sizbé
ids in the system and at the outlet and, accorginglLaplace equation:
temperatures and pressures. P = &lr, (2)

To a lesser extent, this aspect refers to the stepperec — is the surface tension, r —is the droplet imdiu
of sulfuric acid decomposition of apatite concetera The pressure inside the droplet is increased at
which takes place with the participation of thre¢he decrease in a droplet radius.
phases: solid, liquid and gas. At the same tinesth For plate device operating in a foam mode with
lution of the energy problem of mechanochemicaln intermediate gas-liquid layer the surface tensam
technology is closely related to the question effibs- be expressed in terms of the height of the laygboyh
sibility and optimization of the participation dfd lig- the equation:
uid or gas phase at intermediate steps of synthesis n

It was shown in [11] that due to transformation 9= I( R ~R)dh, (3)
of mechanical energy of destruction and a ruptdire QhereP. andpP tho land t tial
bond at the molecular level (1@n) there is an increase " orer handr are tné normat and tangential pressure
: ) . : .~ components.
in excess free energy of Gibbs. This value is aggdir The r values calculated on the known formulas
the (_jescription of non-eqyil_ibrium states in thedyo [8] are 50-80 nm
namics and expresses affinity of the activatedtanbs In turn, the surface structure of the gas-liquid
in the course of transition of it in a stable stéte a re-

sult, physical and chemical properties of a produnct I_ayer plays the role of an energy barrier for_ evapo
. . . . . tion. Therefore, for a given mechanochemical nano-
first of all its solubility are improved considetab

Another effect of mechanochemical activatior?rocess’ the higher interfacial surface of therayel,

of phosphorites is their defluorination (by 30_40%)correspond|ngly, the greater the pressure drop, the

j . ower the temperature, the process can be cartied o
r8n5a_|9ncl)yogu[(; tcl)or]leatlng of the system under treajed %15, 16]. In addition, it is known that the freecegy of

To determine the role of the gas and liqui he interfacial surface (surface tension) is a fiemcof
its charge [14].

phases with mechanochemical activation, it was pro- Change in a reactionary ability and physical

posgd to use the reIa‘qve degree of saturatiorhef tand chemical characteristics at the mechanochemical
multicomponent gas mixture [12]. o o
. activation of substance facilitates the transfer of
¢= z z /K, (T EIP) , ) charged patrticles which is carried out by diffusioma
i=0 surface in a type of growth of the last that letadde-
where: zis the composition of the initial gas mixture superease in energy of activation of process of thédea
plying the reactor; n is the number of componé(s; P)  hydration. The plate-shaped device developed in JSC
is the phase equilibrium constant; CQ, HO, O, N Voskresensky NIUIF was tested in experimental-in-
The high energy efficiency of mechanochemieustrial and industrial conditions and is universag
cal synthesis in a gas-liquid media is associatgédo since it can be used as the concentrator, a daftora
much with the grinding of solids in a liquid, agfwvihe and an absorber.
separation of a highly disperse solid phase frdioua To establish the basic energy regularities of
medium. Essentially, mechanochemical synthesis incancentration and defluorination in the plate apper
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and to optimize the process, a thermophysical modelan industrial plate device in comparison witkrth
was developed in which the range of the most effici mal phosphoric acid, close to the binary system
parameters (temperature, expenditure) were deté2H:PQOy-H.O), as well as with industrial superphos-
mined by combine solution a number of equationk wiphoric acid (70% Fs) obtained with a bubbling evap-
respect to the desired ingredients in the phospleoid orator are presented in Table 1 [15, 16].
concentration range of 52-65%. This regime corre- For the samples obtained in the plate device
sponds to the production of superphosphoric aaid, under mechanochemical activation conditions, not
which not only dehydration and intensive defluofrinaonly the composition, the freezing point, the bujli
tion occurs, but also phase transitions of orthgphopoint, the surface tension, the viscosity, etc. @me
phates to pyrophosphates, pyrophosphates to potgcted, but also the temperature of its formatien d
phosphates, etc. take place [15-18]. creases, which in turn predetermines a significant

Changes in the physico-chemical properties afuction of the total energy consumption for obtagni
purified and untreated superphosphoric acid obtainéhis product.

Tablel
Comparison of physico-chemical characteristics of superphosphoric acids
Taoauya 1. CpaBHeHHe (PU3HKO-XUMUYECKUX XaPAKTEPUCTHK cynepdochopHBIX KUCIOT

Parameter

Unpurified super
phosphoric acidg

Purified super-
.phosphoric acids

Thermal evaporate
. phosphoric acid.

Industrial super-
phosphoric acids.

65%P20s5 65%P20s5 65%P20s 70%P20s5

2.8% SQ 0.25% SQ 0.01% SQ 3.1% SQ
1.T of freezing, € -35 -19 28.8 -41
2. Boiling point, °C 165 169 172 238

3. Content of polyforms, % 5.9 1.3 0.1 34

4. Density at 20C, g/cn? 1.856 1.765 1.748 1.982

5. Viscosity at 20C, mPa 220 140 110 1800
6. Surface tension at 268.°N/m 0.081 0.078 0.076 0.085
7. Vapor pressure at 80 °C, kPa 5.33 3.12 2.65 6.11

Table 2 shows the activation energy and the At pilot and industrial tests, the change in pres-
temperature of phase transitions at the produaifon sure of the system as a whole and on steps wasagsed
superphosphoric acids with mechanochemical activareasuring parameter the increase of which allows to
tion in a plate device in comparison with the elect reduce the concentrating temperature and whictahas
heating in a glass without mixing. The methodologdirect correlation with the coefficients of heatlanass
for determining the parameters is indicated inghle- transfer. These coefficients serve as a criteriorite
lications [14, 15]. efficiency and intensity of processes in a two-ghas
system. Table 3 compares the calculated parameters
for different methods of concentrating and deflnafi
tion [16, 18].

All total energy and environmental benefits of
the scheme for obtaining the superphosphoric acids
that implements the mechanochemical activatiohén t

Table2
The activation energy and the temperatur e of phase
transitions at the production of superphosphoric acids
under various conditions
Tabnuya 2. JHeprusi aAKTHBAIMM U TeMIepaTypa ¢a3o-
BbIX nepexo10B npu noaydyenuu COK B pa3zauuHbIx

YCA0BHAX e " . . . .
Steps of phase transitions I|qu_|d-g_as system using an industrial plate d(_a\mp-
Conditions | HsPOs— | HaP20; — | HsPsOwo— | €rating in "Balakovskie Mineralnye Udobreniya™ are
for process | HaP207 HsP:O10 | HheoPhOsner | Presented in Table 4 in comparison with other indus
AEue | T, | AEux | T, | AEue | T, | trial schemes.
kJ/mol| °C | kd/mol| °C | kd/mol| °C Obtaining superphosphoric acids is economi-
Electric heating cally advantageous and expedient for productidigof
inaglasswith4 72 |110 32 |180 17 |280 uid complex fertilizers in a form of ammonium poly-
out stirring phosphates because of the large amount of heat-evol
Mechanochemi-

ing at ammoniation. In addition, a high concentrati
of P,Os in superphosphoric acids allows to reduce
transportation costs in case of using this acil @sm-
mercial product supplied to other regions.

cal activation in
the plateshaped
device

64 85 27 | 130 14 |210
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Table 3
Comparison of methods of purification and defluorization of wet-process phosphoric acid by heat and masstransfer

Tabnuya 3. CpaBHeHHE c10c000B 0UnCcTKH H AedTopupoBannsa DDK no Tensomacconepenaye

The fluorine cont The |coefficien Coeffi-
tent in wet-pro-|Degree g Inter- proces{ of a heat cient of
Concentrating method or apparatus | cess phosphori¢cdefluori-| phase temoert transfer. | & Mass
acid, % nation, | surface, P 5 |transfer
Jlature t) Kt, W(m
initial | Finat| 2h%0 (S M ot eyt | KM
kg/nm?
Surface Steam Vacuum 0.6 -(0.7 0}356.9 - 150 250 73
Contact gas in the air-lift device 0.6 -0.7 0]2569.2 Jlo 9 180 4070 89
Contact gas foam in the plate-shaped dgvizé — 0.7| 0.12 85.2 | JIo280| 135 12700 110
Contact with the ngsig‘efoam nplakapel 56 07| 0.08 938 |m0500| 145 | 18300 | 207

Table4
Comparison of technical and economic indicatorsof industrial plantsfor the production of superphosphoric acids

operating in the Russian Federation
Taénuya 4. CpaBHeHHe TEXHUKO-I)KOHOMHYECKHUX MOKAa3aTeJieil MPOMBIIJIEHHBIX YCTAHOBOK M0 nmoay4yeHuo COK,
aelictByiomux B P®

- Belorechensk Balakovo Mineral
The name of indicators Ammophos - o " .
Mineral fertilizers Fertilizers
Cherepovets : - .
Method of production Vacuum surface, the for Contact, " the airlift) Contact, in the_platee-
device shaped device
of «Cnu-batnnboib»
Installed capacity (one thread), thol- 50 75 75
sand tons/year-Ps
Content in superphosphoric acidg 68 - 70 64 - 66 64 - 66
PeTphosp 0.35 - 0.38 0.24 - 0.27 0.12-0.15
P.0s, % 195 — 202 170 — 180 130-140
F, % 512 4070 13130
Concentrating temperatur€ ° 232.9 112.7 56.7
- - 6.85 1.2
Heat transfer coefficient W/#H?C) 0.286 10 0.25
At obtaining highly purified phosphoric acid, The solution of the problem of complex purifi-

the technical and economic picture is somewhagdiff cation of phosphoric acid can be carried out sigces
ent. Analysis of data on consumption of purifiedgh fully by adsorption methods that allow removing to
phoric acid, starting from 2000, indicates an ahinsa Some extent practically all of the above components
crease by 3.3%, and the global volume reached 4000  Therefore, it can be concluded that the intro-
thousand tons ofBs in 2015 [22]. duction into phosphoric acid solutions of sulfusied
In the initial unpaired phosphoric acid [19], allnitric acids as well as ammonium hydroxide or their
impurity components are in the form of strong coewpl salts_ in a small amounts which are equivalent o co
salts containing sulphates, fluorides, iron, alumin tentIn system of salting out admixtures of F8Q7,
and rare earth elements, humates of iron, whicitere SiFe~ activates the process..
the structure of the solution. . On l_ogss of given points the techno!ogy of 0b-
The purification process with extraction of thd2Ning purified phosphoric acid of technical, food
necessary components will proceed than easier tH%ﬁ.d'Cal quality W'th the S|multaneou§ extraqtlord an
more disordered (destructured) this system willTihe. ;r:cllzerlgfen g;frItLrJ]Og?eer’ncsalrl:?sor::’oﬁ:)cclaﬂrr?c’lIsrovr\:é?nollgtj/gope d
e et 2651 The technlogy s besed n combining e rocases
of entropy. The use of mechanochemical é\ctivakimn fconcentratmg phosphoric acid, blowing fluoride eom

_ o . . i pounds with hot flue gases (or steam) and sorpifon
obtaining purified phosphoric acid for the destiwct all impurity ingredients on activated carbons girgle

of structure mentioned above can be only the $tep dircyjar contour. The main apparatus of such autirc
the general technological scheme by blowing fludring e the column-type plate de-fluorinator operaiing

in the plate deflator [19]. the foam mode and the adsorption column [16-18].
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The initial carbon material is active carbon oft can later be easily separated from the extracbead
BAU-A of GOST 6217-74 grade which is used as ponents upon desorption [19].
sorbent for purification of wet-process phosphaaic A new approach is proposed for extracting rare
or as a raw material for chemical modification. earth elements from phosphoric acid, which reptssen
At this complex treatment, most fluoride comthe sorption separation of concentrated electrslgte
pounds are transferred to the gas phase and dtilize ion exchangers using the "acid retention” effect.
a form of hydrofluoric acid, and the ions of caloiu
aluminum, iron and rare earth elements are adsorbed Table5
on the C0a|S, concentrated at the circulation @fmh)_ The content of ﬂuoril:']ein phosphoric acid pUrlfled in
duction solution, and then desorbed under the ergen different ways 3
ation of the adsorbents. The intensifying effecswif Tabauya 5. Conepskanue ¢propa B oummennoii pas-
. . . L HbIMH cniocobamu DPK
furic and nitric acids can also be used at the fiuadi

) . Content of fluorine in purified
tion of standard C(_Jals an_d at _the regulation ofc_tb’re Experimental conditiongphosphoric acid solutiorﬁ), mas| %
tent of their selective active sites by mechanocbaim BAU | Carbon black P514
synthesis [8]. Regarding the extraction of raréteel Initial phosphoric acid 22 22
ements from phosphogypsum, the specialists on a [f€-" Blowing fluoride
pulpation of the latter recommend all the sameusiglf compounds 0.95 0.95
and nitric acids with the subsequent sorption extra Adsorption purification| 1.47 0.27
of ingredients from the pulp. Blowing in the presence 0.35 0.04

The use of adsorbents allows to increase npt of an adsorbent ' '

only the depth of purification from compounds afrir

aluminum, silicon, sulfur, rare earth elements,dso A comparison of the various combinations of

to increase the rate of purification of fluoridento the use of adsorbents with blow-off in a plate-tgpa-

pounds. Details of the purification of phosphoriida centrator-deflator for the preparation of purifigaos-

from fluorine and other elements, as well as theaex phoric acid is given in Table 5 [23].

tion of rare earth elements by charcoal-type BAWlmo Realization of the described scheme for ob-

ified with various additives, are given in the pobt taining purified phosphoric acid with simultane@xs

tion [16]. traction of rare earth elements in a large scalkealvi
Concerning the rare earth elements sorptidaw classifying this scheme as an energy technology

process, it should be noted that, in most reseechene combining the maximum use of raw materials and

judgment, process mechanism is close to ion exghargnergy taking into account the energy principlesme

and, in part, to molecular sorption. The acid ftsetioned above.

(phosphoric acid) adsorbs on the coals physicaity a
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