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SUMMARY

PRESENT STATE OF THE TECHNOLOGY FOR THE INDUSTRIAL

PRODUCTION OF PHOSPHORIC ACIDL/

“ by
N.D. Talanov
Scientific Research Institute for

Fertilizors and Insectofungicides
Ministry for Chemical Industry USSR

The growing demand for mineral fertilizers throughout the world entails the
dovelopment of the production of phosphoric acid, which is one of the main sources of

such . rtilizers in concentrated form.

Phosphoric acid can be produced in industry by the wet—process and the furiace
procoss. Nature of these processes and Aifferences between them, chemical and physico-
chemical principles governing the production of phosphoric acid, quantity of acid
produced.

Characteristics of raw materials for producing phosphoric acid by the wat-process,
effect of impurities, fineness of grinding, etc. Methods of obtaining the acid by the
dihydrate and hemihydrate processes, advantages and disadvantages of each; diversity of
the hemihydrate process and prospects for: its development.

- Need to concentrate wet-process phosphoric acid and methods of doing so.

Characteristics of raw materials for producing elemental phosphorus and acid from
it. Methods of obtaining furnace-process phosphoric acid by circulation and circulation

1/ The views and opinions expressed in this paper are those of the author and do not
necessarily reflect the views of the secreiariat of WNIDO. This document has been
reproduced without formal editing.
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evaporation systems.

Advantages and disadvantages of each system. Possibility of obtaining

polyphosphoric acid directly from phosphorus.

Technical and economic aspects of the production of wet-process and furnace-

process phosphoric acid.

Cost of raw materials ond processing and production cost of the acid. Ways

of reducing the cost of production.
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A roriion of composite and concentrated phosphoric ferti-
lizers in the world production is gradually increasing. Accor-
ding to tho forecests for the next 10-15 years ca. 85% of all
the fertilizers in this kind will be produced on the basis of
phosphoric acid (1). Thers are esssntialiy two different pro-
cesses of phosphoric scid production - wet-process and thermic,
the acid produced haviug the coinc:dent  deslignatlon. Every
proceas is characterized by the method cf phosphoric component
extraction from phosphate rock. In the first case it is extrac-
ted by suiphuric acid ("suphuric acid” or "wet"™ process), in
the gecond -~ elemental phusphoiu. sublimation in electrical sub-
liming furnaces followed by its oxydation and hydratation into
phosphoric acid. Differences in wet and thermic processes of
phosphoric acid prodnction ceume & sharp discrepsncy in acid
quality (2) (see Table 1) end cost wrice, which ract will be
discussed later.

Yet-process phoaphoric acid quality depends to a great
extent on the raw material composition, as phosphate rock impu-
rities psss over partly or totally into acid. The thermic pro-
cess peraits to obtain hizh concentrated acid with low impurity
level containing 62-69% P205, from any xind of revw materials.
However, because of high electric power consumption in the
phosphoric acid production, as well as of its high commercial
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deposite in the USSR
Deposit
v P05 Tab Yo 0, 3 2 2
Kolskij spe~

tite cOnon~
trete

Kars~-Tan
(rdch)

KXars-Tau

(ordinary)

39.# 52,0 0.2 0.5—0,9 - 0’1-0.2 2.8‘3." 0'7

27,5 43,7 1,3 13 g;g— 32441 2,1-2,8 1113
. .

23,1 38,7 1,4 1,94 69,0 3,07 2,5-2,8 20,2
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price, the thermic acid cost price in the USSR exceeds conside-
rably till yet that of wet-process aciad.

The phosphoric acid production growth is due both consu~
mer demand increase and appiication ares broadening.

On a phosphoric acid conyumption scals the fertiliser
industry is in the lesd, the second being salt production. As
present 13-13% of oversll phosphorie acid delivery falls on that
of thermic one.

Thermic phesphoric aeid owiag to high quality and low
impurity level is mainly used for sechnical salt produstien,
such as sodiua tripolyphosphate or pYropbosphate, ammoniun phos-
phate and others; just a small portion is comswuned in She ferti-
liser and cattle-breading feedimg-stutf productiom (3).

As far as phosphoric industry is developed and phospherus
cost price is redused, the o.tlived bendency will be gaining
strength %0 produce comceatrated, compomite fertilizers on the
basis of phosphoric acid,

. Wet~process phospnoric acid is used for the fertiliser
end cattle~breeding fLeeding-stuff production.

Nowadays phosphoric acid of elevated concentretion is in
great demand, consumed in the production of high~concentrated,
composite as well as liquid fertilisers.

Polyphosphoric wet-process and thermic acids are obtained
in the same manner as corresponding ortophosphoric acid when
adding the ovaporation atasge 1L wet ~process polyphosphoric acid
is producea, and decreasing the water perceniage on hydrating

phosphorio anhydride if thermac acid is aimed.

Oz phosphate rock reserves the Boviet Union is among the
leaders in the world. In the first line - Kolakij apatite, a
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pay ore of top world quslity. Apatite flotation concontrate is
characterized by a high 7205 content (39,8%), wsinimum CaOug%
Q.B‘ﬁ reticv, low impucity level, high enrichwent factor Ju:

primazy rock (4 ani g0 om. The very apatite _.operties a~w .. Lht
bottom of ths “act that in tha "ASR a msain portion of wet-procuu’
phosphoric acid is rroducad  from apatite concentrate, Major
phosphorite reserves are in the South Kazakhstan (Karea-Te.) and
in the Ratonia. These phoaphcrites have similar chemical corpn-
sition, but in contrast to apatite, & higher impurity level,
sainly magnesium carbonate and minerals conteining irom and
aluminiua.

Table 2 represents the chemical compomsition of sOme COE~
mercial phosphorites (3).

BSoviet scientists have madn a consideradls contributicn
to the development of the foumdstien of wet-process phosphoric
acid produstion, In works of 3oviet scientists (4,5,6,7) the
phosphorite and apatite decomposition kinetics, calcium sulphat:
orystaliisation, impurity ei1fect on these processes end & greoat
deal of other questions weve elucidated in detail. Ia the puli..
oations mentioned were shown, %hit whereas the spasise conmcen-
Arate reprecessing dons Dot offer any essential difficulties, tis
MgO 1 1’205 ratio does not exceed 8-108 and the 30203‘2205 ratio
amounts to 10-12% (A).

!lw disgrens for the apatite and phosphorite reproceseing
are identical, the differance concerning processing parametors
only.

Basic processing steps are: resgent dossge, phospbate
rav material decomposition in extractors, calcium sulphate




crystallization, extrection slurry separation by filtretioa
followed by countercurrent washing off calcium sulphate on filters
and gas cleaning to eliminate fluorine.

The necessity to follow such an order of processing stepe
ie dictated by the mechanism 0f reactions bt twoen phosphorite amd
sulphuric acid represented in Pig.1.

Fig. 1. Reactions betwsen spavite and sulphurie acid.

°‘5(’°‘)3*5‘P°4’ !20-3831‘0‘05(61(%.2!20)0"

GthiOz-lzli"#ZRzO

2!231!6 810,=3 MerI.ZO

MECO4+8,30,=Mg30, +5;04CO,

Ism341131'04-m0‘41200w'

(u.h)zojozz,ro‘-z(u.w. ) PO,e3R,0

(A1,70),0,+38,80,= (A1,40),(80,) 3¢ 30,0

Impurities present in pbosphorites reect with sulphurie
acid or phosphoric acid f-reed hindering extreaction mmd impeair
ite quality.

Actually the phosphate rock decomposition is carried ous
by & mnixture of phoephoric snd sulphuric acids. Relatively lew-
diseociated rnoepiwrio  goi4d €088 over into the solutiem, calcium |
sulphate Dbeing precipitated. The impurity decomposition yroeeeds i
simultanecusly with that of the basic maserial. 1

Detail investigation of the Rechanisa md decompovisian
Xinetics fulfiiled by the Sovies scieasiste (Voskreseaski,
Bruskus, Posin, Ionase snd others) on pure preducts ead phee-
phorites of different deposits have permitted S0 find regulari-
ties in decomposition processes, e most priscipal being ae
following?
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1. ?1otstion spative decomposition proceeds much slower
tran that of phoephorite.

2. Decomposition ~ete for bLoth kinds of 1w materials is
the highest at the initial -s.age cf decompcsition, but phos-
Plorie deconpes. .t o rite gradient exceeds significantly that of
apatite,

J. Temperature effect on the apatite decomposition is
mch more indicstive as compared to that for phosphorite, Phos-
phorites, e.g., undergo the essentially complete decomposition
during s period of 1,5-2 howrs at 20~30°C while in the case of
apatite the tempersture 70-80°C (s needed to maintein the same
decomposition period. The effect of sesquioxides, especially
that of irom, om phosphorite deconposition and phosphoric acid
composition has also been studied. Minerels, containing iromn
and aluminium, are lightly decosposable by acids. ?orric phoe-
phates we (recipitaisd  because of low solubllity in phosphoric
acid, what results in a dec~esse in the Pao5 extraction into
solution. Iron and alusinium resaining in solution impair the
phosphoric acid quality, when reducing its activity as a conge-
quence of she partial neutrelisation of the first hydrogen iom.
In addition, re.'.lise.«  produced from such en acid contain a
aarked part of P205 in the «itar  1in soludle end little assimi-
lable fors. It 1s unsuitable, therefore, the phospnate rock
reprocessing, when the iron oxidess 7205 ratio exceeds 8-10%,
48 1% was sentioned adove.

The phosphate rock decompositior wes noted to result ia
formating the calcium sulphate precipitate deing low- ssludle
wnder these conditioms.

Caleiwm sulphate 1s nowmn %0 exist in tharee orystalline
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modifications: hypsum (CasS0,. 2H,0), semihydrate (casc 5+0y 5850),
anhydrite (Casoq_). The calcium sulphate crystalline hydrate uso~
lubility in phosphoric acid solutions was studied by Belopoleki,
Taperc, Shulgirs, Voskresenski snd others (4,5,6)

Investigation of mutuaal trensformations of caleiuvm cxrystal-
line, hydrutes as temperature and concentratien functions showed,
that:

1¢ At isothermic equilibrium in the systen 010-803-?205-
B0, at 80°C, over the comcentration interval of 0-60% P,0; the
stadle form is anhydrite. Semihydrete smd hypsum are moto-
stable under these conditioms.

2. Over the concentration interval of O-33% P205 hypsum
is more stable than semihydrate. At the P205 concentration higher
than 33% semihydrate is the most stable modification.

When the temperature is decreased to 60°C, the regularities
remain to be unchanged as relative to those at 80°C, but the
equal solubility point tor hypsum and semihydrate corresponds
to the 40,9% P205.

In Mg. 2 polyterms a:s iepresented for mutual treusfore
mations of calcium sulphate crystalline modifications in phos-
Phoric ae1d solutions,

At a constant temperature the transition rate of semihyd-
rate into hypsum is reversely proportional to P205 concentration,
T™he transition rete of semibydrete into anhydrite vecomes |
appreciable just at elevated concentrations and temperatures.

The diagrams make it possidle to predict (for pure solutions)

the conditions of dehydrate, semihydrate amd anhydrite processes,

It is seen from the diegram, e.g., that when the reactor
residence time for phosphorite is 8 hours at 80°C, the meximum
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P?_O5 concentration, st which the semihydrate recrystellization
into hypsum achieves the completeness, amounts to 25-26%. The
process will proceed as & dehydrative  one. If the acid concentra~-
tion is 30 or more undar the same conditions, the semihydrate
first precipitated will not be able to further hydratation because
of 1¢8 low transition rate and will precipitate as a s0lid phese
on filter, the process being semihydrative. ?‘urther hydrating
calcium sulphate into hypsum would be required 13-14 hours in

lieu of 8.

The production of phoaphoric acid containing 27-28% 1’205
would proceed under the most unsuitable conditions. In this case
the period of asemlhydrate recrystaliization into hypsui exceeds
somewhat the phosphorite residence time in the reactor, so that
ths recrystallization may complete on filtera, in pipelines and
communications resulted in the obetruction thereof with solid
hypsum precipitations and in process ceasing.

As one may conclude from the findings above, the knowledge
of transition rates for transformation of semihydrate into hypsum
and that of ite temperature dependence is of great importance,
especially by the present of impurities, contained always in
phosphate raw materials,

. Inveatigations along these lines have shown, that impuri-
ties do not influence the crystallization sequence of calcium
sulphate modifications, but at the aame time they cause the
changes (sometimes considerable) in trensformation rates. ?or

32+, "824»' Al}" N h}' ions retard +the transformation
of semihydrate into hypsum and anhydrite (7).

oexample, C

The effect of free sulphuric acid concentration on tremsfor

mation rate for different calcium sulphate modifications in
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phospheric acid solutions is shown in Mg.3.

As 1t follows from this Pigure, an increase in the free
sulphuric acid concentration results in a decrease in the 19205
concentration and temperatury, et which hyp:m tremsforms into
senihydrate., Ths transition rate rfor the transformation into
hypsum .3 vigoroualy aflected by che pressmce of crystalline
hypsun priming, which eliminates the crystallisation induction
period and enhancea the rocrystallization rate. Under these con=-
Aitions the ichyirciive  proceass (03304.2520) is possidle to de
carried out at 70-75°C whilo obtaining wet-process phosphoric
acid, ocontaining 32% P205.

The mechanism of the impurity effect on the phase tran-
sitions is nqt yet quite clear,

The completeness of the P205 extraction from phosphorite
into solution, as well as the filtration apparatus operating cone
ditions are strongly affeéted by the crystall kind, their size
and filtration properties relative to mother liquors and produc-
tion solutions. |

The larger hypsum crystalls are, the more lightly extrac-
tion is carried out and highest yields of phosphoric acid are
attadned, | |

Crystallization is provisionally to divide into 3 stesges,
followed by each other,

The first stage i1s a period of latent crystalliszation
(induction period), when crystall seeds are formed; ths second |
one 1s a period of prompt crystallizastion, during which the -
solute concentration drops sharply; the third 1s a period of

elimination of remanent oversaturation, when the solubte concen~




tration is slowly decreased approaching the equilibrium one.
This is graphically illustrated by the disgram in Fig.be, the
curves being plotted in coordinates "solubility = temperature”,
The lower curve shows the Aolubillity variation, the upper - a
conditional boundary line of overseturated solution, over this
line the crystallization starting instanteneously.

It ia obvious, that to obtain large crystalls with minimum
surface area the crystallization has to be carried out under
the conditions of some oversaturation and at relatively low rate,
The vigorous slurry agitation is necessery to eliminate local
oversaturations in the epparatus. In order to grow good crystalls
under the operating conditionas the crystallization is carried
out with some oxcess of sulphuric acid.

Cryastall shape and size are affected by impurities present
in the solution, in the first line those of F and A1 (8),
but this question is not quite clear.

The P205 amount passing over from rock into acid is one
of the procesaing efficiency criteria. The deviations in the
anount are caused by the 1’205 losses with s0lid phzse.

Three kinis of P205 losses with solid phase are distingui~
shable. The first kind includes losses with undecomposed starting
phosphorite (calcium fluorine apatite), depending on the grist
finenou, decomposition duretion and suphuric acid excess in

the slurry liquid phase. The values amounts generally to 0,1~

O’a onso

The second is connected with uncomplete phosphogypsua

washing on filter, the value depending on the crystall cheracter,
filtration effectivity, filtration surface area and washing water

consumption,




The thimd involves losses arised from the P205 coprecipi-
tation or with calcium sulphate crystalls due to the isomorphic
substitution of SO,E"’ ions by HQPOa' ions because of the proximity
of their ionic radil. ‘

At present the majority of wet-process phoaphoric acid is
produced by the Aeiydrative  process, Multiple-stirring extractors
of large capaclty 1400=-800 n’ are used; the phases are separated
on vacuum- filtera of different designs with active filtration
surface area of dozens squaxe meters., As a rule, phosphoric acid
with 30-32% P205 is obtained, The process is carried ocut at 70~
80°C, followed by siurry cooling in a vacuum-evaporator or by
air purging over the slurry surface in the extractor. The dehy-
drative process flow diagram for the wet-process phosphoric acid
production is shown in ?ig. 5

In the Soviet Union stendard units on wet—process phos-
phoricacid production are those of operating efficiency of 110
or 55 t/year. They are provided with extractors with effective
volume of 740 and 400 &> and turret- type vacuum -~ filters with
effective filtration surface area of 80 and 40 8Q.R,, relatively.

Operating characteristics of some Soviet plants, reproces-

sing apatite concentrate (39,4% P205), are represented in
Table ‘3,

Table 3
n 888 ameters for w
phogphoric acid production
Phosphoric acid concentration (P205) 30=32%
Apatite concentrate decomposition, % | 98
Acid washing off effectivity on filters,% | 98-99

1"205 processing yields, % . 9
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Productivity, k& P205 /hour per = of reactor volue 20
P,0g consumption in phosphorite per t of P0g in |
acid, ¢ 1,08
SAulphuriic 'a'.c:i.d con.sum})tion per t of P205 )
| | in neid, ¢ 2,4
SOB content in acid, % 2,5
P content as fluorine acids, % 1,7=-1,9

Kara~Tau phosphorites reprocessing resultsin aPaos
decrease in the acid by 2-3% and an increase in the sulphuric
acid consumption by 20%. This starting material, however, is
cheaper and, while taking into account high 9205 content (28%
and more), Kara-Tau phosphorite reprocessing is advisable from
the econcmical point of view.

As advantages of the dehydrative process should be men~
tioneds

¢ A rather full knowledge on the mechsnism, what permits
flexible process running and adjusting against new types of raw
materisls.

2, ?avorab,le heat conditione (at temperatures as low
as 70-80°C) make it possible to select corrosion resistant =
materials for the apparatus, | N

3« Dehyarative process admits some fluctuations of the
processing parameters without disrupting essentially operating
conditions,

As disadventages one should notes

1. Low acld concentration, so that the rdditional concen~
tration by evaporation is sometimes required.

2+ Low phosphogrpsum  output per 4 a? ot filtration surfaee
area. Last years the investigations were intensified in a number
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of countries concerning the concentrated wet-process phosphoric
acid production (40-50%) without evaporating on the method of
calcium sulphate crystallization in the forms of semihydrate
and anhydri*e. The anhydrite process has not lied outside ox~
perimental works, while the semihydrative one is already operated
on & large comnercial scale. In the field of the semihydrate pro-
duction a lot of thecretical works have heen published, devoted
to comprehensive studying the conditions of semihydrate existence,
the mechanism of semihydrate stabilization and s0 On.

Three groups of semihydrate processes of phosphoric acid

production are knownt

1. Initial semihydrate crystallization and its recrystalli-

zation into denyirste before filtration.

2, Initial dehyarate crystallization tollowed by its re-
crystallization into semihydrate.

3. Semihydrative processes.,

The first two of these have not evolved in the Soviet
Union.

Recently in the Soviet Laion the process was developed
for the production of wet-proceass phosphoric acid, containing
43-48% 1'-‘205 from apatite concentrate and Kara-Tsu phosphorites
when using dehydrative process equipment in a direct semihydra-
tive variant. The characteristic features of the process ares
1) method of semihydrate stabilization; 2) transformation more
then 50% of F introduced with starting materials into fluorsi-
licic acid.

Tn this process the precipitate amount enhances up to 1600

kg/n2 of £iltration surface area, instead of 600-700 kg/nz in
the dehydrative  one,

ii
i(
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The replacement of processing conditions on operating
1 units from dih;ydrativa to semihydrative makes it possible tc in-

gcrease the acld concentration and productivity by 25-30%, Om build-
" ing new uni¥%s the caplital costs are reduced br 40%, the phoapho-
ric acid coat' price is decreased by 13-15% and the operating ef-

" ficiency is incressed. Per 1 t P205 one may produce 50 kg

o 100% HZSi?S‘; the consumption of steam, electric powsr and water

g is dininished by 15, 55 and 85%,relatively. Thereby the productive
| capacity 1is increased by a factor of 145, specific filtration
Woetficiency - by a fsctor of 1,6 - 1,9,

To obtain concentrated wet-process phosphoric acid (50-
853% P2°5) extractors are used, operating under vacuum or atmosphe-
gric conditions. The most widespread apparatus is that of bubbling
§vpe. In the Boviet Uniom bubblers are developed permitting re-

§ 1atively essy snd with minimal expenses to concentrete wet-process
j Phosphorio acid from 22-23 to 54~57% P,05. In Pig.6 a bubbler

| design is ahown to concentrate wet-process phosphoric acid,

" In & “ubbler with the usc ful capacity of 3 m° it is pos-
sidble to reproduce up to 1300 kg/hour of phosphoric acid, while
evaporating up to 300 kg/hour of water (calculated on I m3 of
§lapparatus volume) or up to 450 kg/hour (calculated on 1 m° of

S evaporation table). Flue gas temperature is ususlly maintained

| about 1000°C, specific heat consumption for evaporation amounts
gto 850-970 kcal/kg of water.

Other evaporator types are not considered because of '

' their conatructive similarity or of low ocourrencs (Vacuum ap=-
paratus),

| The Soviet end foreien scientisis have made an appreciable
ontribution to the theory of phosphorus oxidation bty oxygen and
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subsequent anhydride hydratation by water (’\'1,12,13,'14,15).

Phosphorus oxldatlon by atmospheric oxygen is a typical

chain reaction. The overall equation is derived as it followss
P+ 50, =% O

Virtually the reaction above is a multi-staged one, which
does not go to compleness under some conditions, resulted in
the formation, along with P205, lower phosphoric oxides. The yellow
phosphorus oxidation by atmospheric oxygen was extensively studied
in the Soviet Union by Postnikov et al. They showed that for ob-
taining the maximum of phosphorus oxidation as ]?205 anhydride the
optimal processing parameters were phosphorus combustion tempe-
rature ~ at least 600°C, air excess by the oxidation - at least
25%, reagent contacting time - 2-3 sec. Phoaphorus oxidation
is the first stage of the phosphoric acid production.

It is known, that lower phosphoric oxide percentage
in combustion products (oxidation products) is decreased as the
temperature of phosphorus-oxyged resction is increased.

?13. 7 pepresents basic ralculated coefticients for the
phosphorus combustion (gas content, P2°5 percentage
therein, theoretical temperature etc.)

The phosphoric anhydride, the main product formed om
phosphorus combusting, is the second stage of thermic phosphoric
acid production.

The products of the multi-staged phosphoric snhydride
hydretation ares

1. Metaphosphoric acid P205+n20 = zxroa

2 ,Pyrophoiphoric acid onfzn,‘o = E‘on.?

j. Ortophosphoric acld P205+3320 = ZIBPO‘
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Conversely, pyro- and metaphosphoric acids are obttained from
heating ortophosphoric acid which is dehydrating thereby.

The phosphoric acid formstien through other phosphoric
oxide hydratation {such as P,0; etc.) is not discussed here, for
their yields are low at high %emperatures of phosphorus oxidation,

Thus, composition and concentration of phosphoric acids
depened on temperature and partiel water pressure. Much emphasis
has been placed on the question of phosphorus oxidation and an-
hydride hydratation (16,17).

| The phosphoric acid hydratation occurs on the mechanism
above when its absorption takes place by acid (water) or phospho~
ric anhydride vapors react with steam. In the last cage phospho-
ric acid vapors formed are absorbed by an absorbent present (18).
In ?15. 8 and 9 absorption degree is plotted vs. gas and acid
temperature, density and acid concentration for the absorption
of phosphoric anhydride froa vapors,

Phospheric anhydride and scid vapor absorption is seea
to increase sharply with recycls: actd concentration, spray
density and tempersture. If anhydride is absorbed by water, the
absorption degree is decreased to 308. When phosphoric anhydride
is absorved by water or acid the phosphoric acid fog is formed
in some regions of the absorption some in the apparatus, entrei-
ned poorly beosmuse of its high dispersion (degree. The latter
proved to be adjustadle by air supply $o phosphorus oxidation.
To enlarge fog drops, the phosphorus combustion should be car-
ried ocut with a minimum air excess.

A most suitabdle apparatus for the phosphoric acid fog
satrainment are electrostatic precipitators.
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The investigations above have 1lad the foundstiom of
thermic acid production on a commercial large-scale based on the
scheme of elsmantal phosphoTus oxidation with stmospheri: oxygen
followed by hydratating phosphoric anhydride formed by acld
(water) and trapping the latter in 1iquid snd "fog” fors in the
appropriste apparatus.

Some cther processes have been developed in which phospho-
ric acid is produced on combustion of phosphoric sases formed in
phosphoric or blast furnaces, by the phosphorus oxidation wish
steam or water etc. However, DY 4different reasons they have not
received much recognition. Cn this account we omit the deserip-
tion of these procosses.

The development in the thermic phosphoric secid production
has been started on a large-scale actually sisulsaneocusly inm &
number of countries.

At present there exists & number of comcercislly realised
flow sheets for the thermic phosphoric acid production. The gas
aay be coolcd by water evasporeting, injected iat0 hot gases, W
heat transfer to acid circulatcd 1nside the apparatus, followed
by its cooling, by cold air sdmixing etc,

On the method of gss cooling phospherie ssid systens By
be divided into three groupst

1. Bvaporation systess in which ges 19 sooled via wadter

evaporation.

2. Circulation systems ia which ges is cocoled Yy meens

of acid circulation inside the apperetus,

3. Keat exchange type systems where heat 19 eliminated
through the wall bty eirculated weter.

5, Comdbined sysbens.
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The evaporation system is exesplified by the flow diagranm
in Pig. 10,

According to this schome phosphorus is rupplied on a hea-
ted pipelirne to a burner ind coaslusted in a chamber. Oxidation
products formed enter a nhydretation tower through vertical and
horisontal gas conduits, in the tower a part of acid being con-
centrated, and then pass %o an electrostatic precipitator to be
separated finally froa gases.

Gas inlet tempersture in the hydratation tower amounts to
650-9@0(3. in the electrostatic precipitator - 180-200°C, 30%
of acid is produced in the tower, the remaining - in the electro-
static precipitators. Acid concentration - 60% P205. There are
similar systems with preliminary phosphorus sublimation snd that
operating under pressure.

The circulation systems are now of most commonly usage,
one of them being represented in Hg. 11,

As it 49 seen from this ﬂgun, heat elimination liberated
on phosphoru " combustion, and pt >spbhoric anhydride absorption are
carried out simultanecusly by water running domn the inner walls
of the phosphoric acid reactor. The latter is cooled in an exte-
rior cooler and recycled. Phosphorus combustion snd gas cooling
proceed in the same apparatus. 7% of phosphoric acid is produced
in the tower, 2% - in 4he electrostatic precipitasor, where the
€ases are fimally purified, Pinal ecid concentrasion 70-35%
13!0..

Consumption coefficients per 1 ¢ of 1008 x,ro‘

wllew phesphorus, ¢ 0,33=0, 4

Vater , 200

Keetric power, kw-hour 65,5




B -
A,

g Wl-q"" st

T =20 ~

compressed air, . 370

spray acid, m° 150

As a 1isadvantuge ¢. ¢ae system, first o~f all, the neces-
sity should be noted vo use the phosphoric acid circulation for
cooling. “n domestic plante spray coclers wera replaced by that
of higher operating efticiency - shall-and-tube and plate coo-
lers, the burner number was decreased in the combustion chamber.
In some syatems Veutucri tubey were employed for gas purifica-

tion from phoapnoric acld instead of electrostatic precipitators,

what was resulted In a considerable decrease in capital costs.

In the Soviet Uniori the combined domestic 3ystems have
sained wide distribution of che thermic phosphoric acid production
developed in the "Scieutific Institute of ?ertilizers and Insecti-
cides and ?ungicidea - SI?IF" and "Scientific Research State
Institute 02 Projection in Chemical Industry (Leningrad)".

Such a circulation-evaporation system is shown in ?15.12.

Principal elements are two towers in the first one phos-
phorus is cumbusted, in the se«ond-phosphoric anhydride formed
and reaction heat are absorbed Ly acid spraying the inner walls
of the tower (on the circulation scheme above). In the second
tower the remaining P205 and after-heat are absorbed by acid
injected into it.

A further evaporation-heat exchange system is developed
and dbuilding up (”SI?I?“). in which acid production is carried
out in the steel apparutus with water jackets (?ig. 13).

In such a system one succeeds in the produ.tion of doth
orto~ and polyphosphoric acid (up to 110% HBP04)' A combustion
reactor is made up from special steel and provided with a water

Jacket to eliminate the phosphorus combustion heat. The segond
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tower 18 provided for kydrating by injected wuter,
The calculations showed, that in the combustion cham

ber it is possible to eliminote up to 40% of heat liberatmd in the

courss of shoaphom™us coanu~%ior., v 11lding expenses are reduced
in this case by 30-40% as compared to conventional systems with

lined towers,

Opsrating experience and technical~economical calculations
bave led to the oonclusion, that for systems with operative ca~
pacity of 200 kg/hour (calculatsd on phosphorus combusted) flow
sheets, based on the evaporation processes, are preferable, while
for enlarged units (more than 200 kg phosphorus combustion per
hour) circulation systems are recommended. A combined variant
(circulation with evaporation or evaporation with heat exchange)
is the most suitable in the case of units of high operating ef-
ficiency (3=5 t of phosphorus combustion per hour).

Thermic polyphosphoric acid is usually produced when using
a circulation flow sheet and polyphosphoric acid as a sorbent of
phosphoric anh-dride, which is fe¢ into the oombusti 'n chamber
to the inner wais thereof.

V In ?:lg. 14 the flow disgram is represented (SIFII‘ - process)
: for the polyphosphoric acid production,

The system is provided with a chamber where phosphorus is
combusted under bighly inteusified conditions. Polyphosphoric acid
produced contains up to 86% P205. Polyphosphoric acid supplied
for spraying into the cooling—- hydrating tower is cooled ir plate
coolers., The technical-economical calculations on estimating the
cost price of various processes of the wet-process and thermic
Phosphoric acids production based on flow aheéts and ra¥ materials
employed in the Soviet Union have revealed an appreciable diffe-
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rence of each other.

The cost price of 1 ¢ P20S in wet-process phosphoric acid
produced from apatite concentrates (39,4% P205) is estimated
as high as 120-150 rubles, from Kara-Tau phosphorites (28% Paﬁs)
- 150~ 170 rubles.

The cost price of 1 ¢ P205 in thermic phosphoric acid
produced from Kara-Tau poor piosphorites (24% P205) is ca. 300
rubles,

In both cases tho cost of starting material reprocessing
amounts to about 20% of the total production costs,

As it was noted by us earlier, a considerable rise in
price for thermic phosphoric acid in comparison with that of
wet-process ones arises from the high electric power consumption
and its high commercial price.

i Cutting down the prices on electric powsr by a factor of

two, the cost price differences will be negligibtle and thermic
phosphorue acid suall find application in the tield of production
of high-concyntrated and top-qu. lity fertilize.s.

In this short communication we were able to outline just

main lendmarks of the recent development in the phosphoric acid

‘ production, ?rom a wide variety of flow sheets for the wot=pro-
cess and thermic acid production we have chosen those of great

commercial importance and possessed by characteristic features

of all the process types. We have also attempted to view bdriefly
‘i the foundations of physico-chemical processes allowed to realize
the production ot phosphoric and polyphosphoric acids on a com~
. mercial scale and to contemplate the ways of its perfecting.

While chhosing a flow sheet variant one should take into
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account as a main factor starting material (phoaphorito, apatite)

proporties as well as aciqd potential ap,lication areas,

»e -
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CAPTTIONS (on text)

qualiéy of thermie and wet-process phosphoric aciad

produced in the USSR,

Chemical composition of pPhosphorites from different
deposits,

Reaction equations for the interaction of phosphorite

with sulphuric and’ phosphoric acids.

Polyterms of the transformations of various calcium
sulphate modifications in phosphoric acid solutions.
Effect of free sulphuric acid on transition rate of
various calcium sulphate modifications in phosphoric
acid solutions.

Calcium sulphate solubility as a function of temperature,
?low diagram for the production of wet-process phospho-
ric acid in dihydrative process.

Main processing data for plants of wet-process phospho-
ric acid,

Bubbler for evaporating phosphoric acid.

Combustion diagram for elementel bhosphorus.

Phosphoric anhydride absorption as a function of gas
and acid temperature and of spray density.

Phosphoric anhydride absorption as a function of

spray acid concentration.

Eveporation system of thermic phosphoric acid produoc-~
tion, |

Circulation system oprhosphoric acid production.

Circulation-evaporation system of phosphoric acid
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Captions (continued)

Evaporation- heat exchange system of phosphoric acid

production,

‘Plow diagram for the production of poly-phosphoric

acid containing up to 86% P205.
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