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1 portion of composite and concentrated phosphoric ferti- 

lisera in the world production ia gradually increasing. Accor- 

ding to tao forecasts for the next 10-15 years ca. 85% of all 

the fertilizers in thi« kind will be produced on the basis of 

phosphoric acid (1). There are essentially two different pro- 

cesses of phosphoric acid production - wat-process and thermic, 

the acid produced having the coincident  designation. Every 

process is characterized by the method cf phosphoric component 

extraction froa phosphate rock. In the first case it is extrac- 

ted by sulphuric acid ("suphuric acid" or "wet" process), in 

the second - elemental ph< uphoiu, sublimation in electrical sub- 

liming furnace« followed oy its oxydation and hydratation into 

phosphoric acid. Differences in wet and thermic processes of 

phosphoric acid production cruse a sharp discrepancy in acid 

quality (2) (see Table 1) end cost urioo, which fact will be 

discussed later« 

fet-process phosphoric acid quality depends to a great 

extent on the raw material composition, as phosphate rock impu- 

rities pass over partly or totally into acid. The thermic pro- 

cess permits to obtain high concentrated acid with low impurity 

level containing 62-69% P2°5> 
tvom any kjLnd of ra* "^trials. 

However, because of hlgb electric power consumption In the 

phosphoric acid production, as wsll as of its high commercial 
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cQMDoitiott of urloni Bhoaohorif 

flfWlltf   ta Ifcff   ? 9 9 P 

^•^ fr^   C«P     ft^9 ìl^O* ^   *lgO I HE 

tltt concen- 
trât» 39t4   52,0   0,2   0,5-0,9     - 0,1-0,2 2,©-3,1   0,7 

27,5   43,7   1,3        1t3 5t5- 3,2-4,1 2,1-2,0   11-13 (rich) 
**• 

(ordUMoy)       23,1     3«t7   1,4       1,94 6-9,0   3#07 2f5-2ta     20,2 

• '      , ; * 

•:'    ,íiíó¡«*' 

-t«..* ^- u£_ J^^gáy •É^lMllÉ«illiîw«aÉrt«MÉItaHa«Ml«aiMMlftÉMlll 
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prie«, tha tharmlc «cid coat prie« In tho USSR axoaada conmlda- 

rablj till jet tliat of wat-proceao meid. 

Tha phosphoric acid production growth la duc both coaau- 

nar da mand increata and application ara a broadanlng. 

On a phoaphoric acid consumption scala tha fartlHsar 

indumtry ia in tha It ad,  the sacond baing aalt production. At 

praaant 13-I5* of orarall phoaphoric acid do lira ry falla «a that 

of taarwdo ona. 

Taarwle phatphoric aaid owing to high «amllty and low 

impurity lavai ia mainly amad for taohnioal aalt produatiam, 

tuam am motimm tripolyphoiphat« or pyropboapmata, awmomlam maom- 

phmta mad othtrai ¿mat a amali portion ia oomawmad im tma farti- 

litar mad oattla-braading faa41a»vmtaff production (3). 

Am f ar aa phosphoric industry ia daralopad and phoapharoa 

ooat prica ia radaaad, tha outlined   tandancy «ill ba gaining 

straagta to produca ooaeamtrmtad, eompomlta   f«miii«r« on th« 

bamlm of phoaphoric moid« 

fafe-procaas phoaphorlo acid ia «mad for tha fsrtiliaar 

•ad cmttla-breeding    faadlag-atuff productiom. 

NowadÄjjra phoaphoric acid of alarntad conoantratioa ia ia 

gramt damand, consumad in tha production of high-concsntratad, 

ooapoalta am wall am liquid fartiliaara. 

Polgrphoaphoric wat~procaaa and tha mie acida ara obtalnad 

in tha aama manaar am corraapondiag ortophoaphoric acid whan 

BààUig th« armpormtion stag« if we-t-procaos poljphoapaoric acid 

is producad, mad dacraamlng tha wmtar •p«ro«nt«tf« on hydrating 

phosphor!o anhydride if thermae acid is aimed. 

Oa phoaphata rock ramarras tha Soriat union la among «•• 

leadara la tha world. Ia tha flrat Una - Kolmttá apatita, m 
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pay ore of top world quality, Ipatit« flotation cuacintrate Xd 

characterized by a   high r2<>5 content (39t11*).  »ini»« c*Gu2% 

Hf3^ ratio,   low iapucity lavel,  high enrichment factor Tai 

priiiaay rock (4-   ani     fO OH»   Th«#   *try apetite   ^opertles *3*   c »   tht 

botto« of the  fact  that in  *ha nRSR a main  portion of wwt-proctui.-: 

phosphoric acid it  produced    fro» apatiti concentrata. major 

phosphorite reserres ara in the South lasaJtnatan (Kara-Tea) and 

in tha Eatonia. Thaaa phoaphorltee hare alailar cheaieal compo- 

sition, but in contraat to apatita, a higfear iapurity lwrel, 

mainly magneelum carbonata and al ne rait containing Iron and 

aluminium. 

Tabla 2 rapraaanta tha chemical composition of some COK- 

mercial phosphorites (3)* 

Soviet scientists OATS narf* * considerable con tri but ici 

to tha derelopment of tha í©iwaáe*ien   of wet-procaae phosphoric 

acid production. In wo rita of Soviet aciantiat« (4,5,6f7) tha 

phoaphorita and apatita decomposition idrotica, calcio» sulphate 

crystallisation, iapurity ai fact on thaaa processes and a groat 

daal of othar questions war« elucidated in datali. In ta« piili • 

oationa mantionad war« shown, that wharaaa tha apatita concen- 

trât« r«pr«o«««ínA do*« not offer any aaiantlal difficulties, t&* 

MgO i P205 ratio doas not exceed 8-101 and tha >*203if209 rÄtl° 

amounta to 10-12% (4). 

flow diagrama for tha« apatita and phoaphorita reprocessing 

as« identical, tha diffaranoa conoarning processing parama tors 

only* 

Baal o procaaaing etapa ara» raagant   dossgs, phosphate 

ra»» aatarlal   decomposition in extractors, calcina sulphate 
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cry«t*lHiationt «xtraetloa «lorry a« parati on by flltratloa 

followed by countarcurrant waahln* off calcita* mmlpfaata m filari 

and gai claaniae to aliminat« fluorla«. 

Tha ntcaaaity  to foi law «ncn an order of p roc« ••in« «tap« 

la dictated by to« Mcbanln of raactlona bttwaan phoSfiorito «ad 

aulpbaric «cid rcpraaanbtd lu Flg.1. 

Wf. 1. HIICUOM batwaan apatita and aulpfcmrla add. 

»^Sl^ 8102-3 Mf^^O 

I^CO^&jSO^-aiiSO^lgÔ^COj 

«%003*E3K>4««aJtt044l!20*00| 

(Aaff«)203*2S3JOi|.2(4l,.t ) fO^Ja^O 

(Al,H)203*Hyo%- Câl,#o)2(80%)3*^0 

Xqpurltlas prammnt in phoapaarlbaa raact with amlpatirl« 

aotd or pHoapnoric meid firmad hindering axtraatlam and 1a»ali 
its quality. 

Actually to« pfeoapfeata rook dacoawoaltlam is «arriad «at 

by a mixtura of phoapborlc and aulptaurle acida. HaUtiraly lomw 

dlaaoclatad   adhorto    mold goas ovar lato toa aalmtlam, ealala« 

•uiphat.   balm« prtcipitattd. TU« imparity aaaaa*aaltlam prmaaa*« 

aiaultanaoualy wita that   of taa baale am tarlai. 

Datali instigation of tma aacHanlaa and daaaoaaeltlam 

klnatlcs fulfilled by tha Soriat aelamt 1 ata (Tóalo»sama«*, 

Bramimi, Poaln, Ionaaa and   otaara) oa para product« and pfeaa- 

IfcoritM of dlff.raat dapoalta baia pa rait tad ta fiad ragulmri- 

tiaa In da composition praoaaaaa, tma aoat primeipml w-g m 

fol lowing f 
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1. Plot»tion «patit« dacoapoaition proceda auch cloaar 

trm that of paocphorita. 

2. Dacoapocition rat©  for both kinda of i-«*   natfriala is 

tli« high*ft «t tha Initial -<*-;agc of decomposition, but phoa- 

Phori..« i*u^.f.x r,lt<? ¿radiant exceeds aignificantly that of 

apatita, 

3. Tanparatura affact on tüa apatita dacoapocition is 

Kick mort indi e «ti*» aa compared to that for phoephorita. Fhoa- 

phoritaa, a.g.t  undarço    tha aacantially coaplata daconpoaltion 

duri»« • pariod of 1,5-2 hoar* at 2O-30°C anil« in tha casa of 

apatita tha taaparatura 70~80°c ;f naadad to aaintain tha aama 

dacompoaition pariod. Tha affaet of §a a qui oxido,  acpacially 

that of iron,  on phoaphorlta dacoapoaition and phoaphoric acid 

composition haa alao baan studia*, «lnarala,  containing Iron 

amd aluminio»,  ara lightly daconpoaabla by acida,  farrie phoa- 
pUtM **• ^»rn pi ut*i    bacauaa of low solubility in phoaphoric 

acid,  mhat raaultc in a dacaaaa in tha P-O. axtractlon into 

aolatice. Iron and aluminium remaining in »o luti on iapalr tha 

phoaphoric acid quality,  aiian raducing ita activity aa a conao- 

omamca of tha partial nautra 11 cation of tha firet hydrogan ion. 

In addition, f*i*.u•#».,«      producad fro« auch an acid contain a 

marked part of P^Oj in tha **t«t    in  »oi«bi«     and litt la asslml- 

labi« fora. It la nasaltabla, thtrafora, tha  phoaphat»    rock 

raprooaaaing, «aaa tha iron oxidtai t^ ratio azeaada 6-1Q0, 

aa it am« aastleaad abort. 

Tha paoaaaata rock decomposition aaa notad to rasait la 

formatine tha calcium sulphate praclpitata baine low-aalesle 

these eoaditloaa. 

Calaima salpiate la k&am to «let la thra« oryatalllaa 

1 
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•edifications: hypaum    (CaSO^. 2H20),  seaihydrate (CASC ^.O.SHgO), 

anhydrite (CaSO^). The calcina sulphate crystalline hydrate so- 

lubility in phosphoric acid solution» waa studied by Belopolaki, 

taparo, Shulgina, Toakresenstt and others (4t5f6). 

Investigation of mutual transformations of calcium crystal- 

line, hydrates aa temperature and concentration function« showed, 
that i 

1. At isothermic equilibrium in the ayates CaO-80vJ? 0,-- 
3    2 5 

HgO, at 80°C, orar the concentration interval of O-6Q0 *J>C «ho 

•table foni is anhydrite. Semihydrate and hyp»•      are meta- 

otable under these conditions« 

2. Over   the concentration interrai of 0-33%   *205 hypaum 

is more atabla than »ealhydrate. At the P^ concentration higher 

than 33% aenihydrate is the aoat atable modification, 

then the temperature is decreased to 60°C, the regularities 

reaain to be unchanged aa relative to those at 80°Cf but the 

equal eolubility point tor hypsua and seaihydrate corresponds 

to the 40,9%   P205. 

In Pig. 2 polyteraa    ai« i-epreaented for mutual trauôfor- 

aationa of calcina eulphate cryetalline aodifioationa in phoa- 
phorxc «et« eolutíone. * 

At a constant temperature the transition rate of seaihyd- 

rate into hypsua is reversely proportional to   ^ concentration. 

the transition rate of eeaihydrate into anhydrite beooae. 

appreciable Juat at elevated concentrations and temperatures. 

Tne diagrama make   it poaaible to predict (for pure solution«) 

the conditions of d.Mrat.,     seaihydrate and anhydrite procesaos. 

It ia aeen fron the diagram, e.g., that when the reactor 

residenoe tiae for phoaphorite ia 8 hours at 80°C, the maximum 
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PpOc concentration,  st which th* semihydrate re crystallization 

into hypsum achieves the completeness, amounts to 25*26%. The 

procesa will proceed as a decorative      one. If the acid concentra- 

tion is 3Q% or more under the same conditions,  the semihydrate 

first precipitated will not be able to further hydratation because 

of its low transition rate and will precipitate as a solid phase 

on filter, the process being semlhydrative.    Further hydratlng 

calcium sulphate into hypsum would be required 13-14- hours in 

lieu    Of 8. 

The production of phosphoric acid containing 27-28% P^O- 

would proceed under the moat unsuitable conditions. In this case 

the period of aemibydrate re crystal li za ti on into hypsum exceeds 

somewhat the phosphorite residence time in the reactor, so that 

the re crystallization may complete  on    filters, in pipelines and 

communicationa resulted in the obstruction 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 its temperature dependence is of great importance, 

especially by the present of impurities, contained always in 

phosphate raw materials» 

Investigations along these lines have shown, that impari- 

ties do not Influence the crystallization sequence of calcium 

sulphate modifications, but at the same time they cause    the 

changes (sometimes considerable) in transformation rates« For 

example, Ca2+, Mg2+
# Al3*, fe3* ions retard    the transformation 

of semihydrate into hypsum and anhydrite (7). 

The effect of free sulphuric acid concentration on transfor 

mat i on rate for different calcium sulphate modifications in 



- 10 - 

phospheric acid solutions Is shown in Fig. 3. 

As it follows from this Figure, an increase in the free 

sulphuric acid concentration results in a decrease in the Pp°c 

concentration and temperatun, at which hypejm    transforms into 

semlhydrate • The transition rate for the transformation Into 

hypsum AS •rigorously affected by òhe presemos of crystalline 

hypsum priming, which eliminates the crystallisation induction 

period and enhances the rocrystallizatlon rate* Under these con- 

ditions the a^dr.iive      process (CaSO^.^HpO) is possible to be 

carried out at ?0-75°C whilo obtaining wet-process phosphoric 

acid,  containing 32%   p2°5* 

The mechanism of the impurity effect on the  phase     tran- 

sitions is not yet quite clear* 

The completeness of the PgOc extraction from phosphorite 

into solution, as well as the filtration  apparatus    operating con- 

ditions are   strongly affected by the crystall kind, their sise 

and filtration properties relative to mother liquors and produc- 

tion solutions. 

The larger hypsum cryatalls are, the more lightly extrac- 

tion is carried out and highest yields of phosphoric acid are 

attained. 

Crystallisation is provisionally to divide Into 3 stages» 

followed by each other* 

The first stage is a period of latent crystallisation 

(Induction period), when crystall seeds are formed i the second 

one is a period of prompt crystallization, during which the 

solute concentration drops sharply; the third is a period oft 

elimination of remanent overaaturation, when the solute concen- 
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trat ion is slowly decreased approaching the equilibrium one. 

This is graphically illustrated by tha diagram in Pig.4, the 

curves being plotted in coordinates "solubility  - temperature'1. 

Ine lower curve shows the solubility variation, the upper - a 

conditional boundary line of overaaturated solution, over this 

line the crystallization starting instanteneously. 

It is 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 

oversaturationa in the apparatus. In order to grow good crystalls 

under the operating conditions the crystallization is carried 

out with some excess of sulphuric acid. 

Crystall shape and size are affected by impurities present 

in the solution, in the first line those of P~ and Al** (8), 

but this question is not quite clear» 

The PgO^ amount passing over from rock into acid is one 

of the processing efficiency criteria. The deviations in the 

amount are caused by the PgO- losses with solid phase* 

Thres kindo of P^ losses with solid phase are distingui- 

shable* The first kind Includes losses with undecomposed starting 

phosphorite (calcium fluorine apatite), depending on thegriit 

fineness, decomposition duration and suphuric acid excess In 

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

0,2* P20$. 

The second is connected with uncomplete phosphogypsum 

washing on filter, the value depending on the crystall character, 

filtration effectlvity, filtration surface area and washing water 

consumption* 
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The third involves losses ari sed from the P?°5 copredpi- 

tation or with calcium sulphate crystalls due to the isomorphic 

substitution of S0|~ ions by HgP04~ ions because of the proximity 

of their  ionic   radii 

At present the majority of wet-process phosphoric acid is 

produced by the depurative     process« Multiple-Btirring    extractors 

of large capacity 1400-800 v? are used; the phases are separated 

on vacuum- filtere of different designa with active filtration 

surface area of dozens square meters. As a rule,  phosphoric acid 

with 30-32%   P^O- la obtained. The process is carried out at 70- 

80 C, followed by slurry cooling in a vacuum-evaporator or by 

air purging over the slurry surface in the extractor. The ciehy- 

drative process flow diagram for the wet-process phosphoric aoid 

production is shown in flig. 5# 

In the Soviet union standard units on wet-process phos*- 

Phorie aoìà production are those of operating efficiency of 110 

or 55 t/year. îhcy are provided with extractors with effective 

volume of 740 and 400 A
3
 and turret- type vacuum - filters with 

effective filtration surface area of 80 and 40 sq.m., relatively. 

Operating characteristics of some Soviet plants, reproces- 

sing apatite concentrate (39*^   p20^* **• *ep*e»»nttd *a 

Table 3. 

Main processing parameters for wet-process 
phosphoric acid production 

Phosphoric acid concentration (PpOç) 30-32% 

Apatite concentrate decomposition, % 98 

Acid washing off effectivity on filters,% 96-99 

*2°5 Processing yields, % 96 
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Productivity kg P^ /AOUP per ,3 of peactop TOlume 20 

P205 consumption in phosphorite per t of P205 in 

acid, t 1,(Ä 

Sulphuric acid consumption per t of P«0C 

in acid, t 2,41 

SO-  content in acid,    % 2,5 

?   content as fluorine acids, % 1f7-1i9 

Kara-Tau phosphorites reprocessing results in aP-O,- 

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 ¥J>5 content (28$ 

and more), Kara-Tau phosphorite reprocessing is advisable fro* 

the economical point of view« 

As advantages of the dahyctrative      process should be men«» 

tioned» 

1. A rather full knowledge on the mechanism, what permits 

flexible process running and adjusting against new types of raw 

materials. 

2. Favorable heat    conditions (at temperatures as low 

as 70-80 C) make it possible to select corrosion resistant 
mat eri ale for the apparatus. 

3. DatydraUve     process admits some fluctuations of the 

processing ^aramsters without disrupting essentially operating 

conditions* 

As disadvantages one should notti 

1. Low aoid concentration, so that the cdditional concen- 

tration by evaporation is sometimes required. 

2. Low phosphogrpsum     output per 1 m2 of filtration surfaso 

•rom» Last years the investigations     were intensified in a sambo? 
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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 anhydride. The anhydrite process has not 1 ied outside ex- 

perimental  works, while the semihydrative one is already operated 

on a large commercial scale. In the field of the semihydrate pro- 

duction a lot of theoretical works have been published, devoted 

to comprehensive studying the conditions of semihydrate existence, 

the mechaniBm of semihydrate stabilization and so on. 

Three groups of semihydrate processes of phosphoric acid 

production are knownt 

1. Initial semihydrate crystallization and its recrystalli- 

zation into dehydrate before filtration. 

2. Initial déhydrate  crystallization rollowed by ita ra- 

cryatallization into semihydrate. 

3. Semihydrative processes. 

The first two of these have not evolved in the Soviat 

Union« 

Recently in the Soviet Uiion the process was developed 

for the production of wet-process phosphoric acid, containing 

43~4a%   P20c from   apatite concentrate and Kara-Tan phosphorites 

when uaing dehydrativ©    process   equipment in a direct semihydra- 

tive variant. The  characteristic features of the process aret 

1) method of semihydrate stabilizations 2) transformation more 

than 50* of   F introduced with starting materials into fluorsi- 

licic    acid. 

In this proceas the precipitate amount enhances up to 1600 

kg/m2 of filtration surface area, instead of 600-700 kg/«   in 

the  dehydrative       one. 
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The replacement of processing conditions on operating 

| un i tB from dihydrative to semlhydrative makes it possible to in- 

crease the acid concentration and productivity by 25-300*. On build- 

hag     nev: unite the capital coste are reduced by 40%, the phospho- 

iric acid cost price is decreased by 13-15% and the operating ef- 

jficiency is increased. Per 1 t   P-O,- one may produce    50 kg 

1100%   HgSlFg»,  the consumption of steam, electric power and water 

is diminished by 15»  55 and 89%»relatively. Thereby the promotive 

|capacity is increased by a factor of 1,5,  specific filtration 

efficiency - by a factor of 1,6 - 1,9. 

t To obtain concentrated wet-process phosphoric acid (50- 

53%   ^2^5^ ex-fcractors &re used, operating under vacuum or atmosphe- 

ric conditions.   The most widespread apparatus is that of bubbling 

type. In the Soviet Union bubbler« are developed permitting re- 

latively easy and with minimal expenses to concentrate wet-process 

! phosphoric acid from 22-23 to $4-57%   *zQy In Fig.6 a bubbler 

I design is shown to concentrate wet-process phosphoric add« 

In a "ubbler with the useful capacity of 3 w? It Is pos- 

sible to reproduce up to I300 kg/hour of phosphoric sold, «nils 

evaporating up to 3OO IçgAour of water (calculated on I a3 of 

apparatus volume) or up to 450 kg/hour (calculated on 1 m2 of 

evaporation table). Flue gas temperature is usually maintained 

about 1000°C, specific heat consumption for evaporation amounts 

¡to 850-970 kcal/kg of   water. 

Other evaporator types are not considered   because of 

Ithsir constructive similarity or of low    ooourroot     (vacuum ap- 

(paratus)• 

The Soviet and  for«^   scientists have made m appreciable 

iontribution to the   theory of phosphorus oxidation by oxygen and 



~ 16 - 

subsequent anhydride hydratation by water (11,12,13,1V». 

Phosphorus oxidation by atmospheric oxygen ia a typical 

chain    reaction. The overall equation ia derived as it follows, 

Virtually the reaction above is a multi-staged one, which 

does    not go to complánese under some conditions, resulted in 

the formation,  alo«« with P^,      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 P20$ 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. Phosphorus 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 phosphorua-oxyged reaction is increased. 

Fig. 7 represents basic calculated coefficients for the 

phosphorus combustion (gas content, F20$ percentaje 

therein, theoretical temperature etc.) 

The phosphoric anhydride, the main product formed cm 

phosphorus combusting, is the second stage of thermic phosphoric 

acid production. 
The products of the multi-staged phosphoric anhydrtd* 

hydratation ares 

1. metmphosphoric acid   PgOj+HgO « 2HP0^ 

2.Pyrophoiphoric acid    P20^2H^0 « **p2°7 

3. Ortophosphoric acid PgCy^O » 2f^P04 
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Conversely, pyro- and metaphosphoric acids are obtained trou 

heating ortophosphoric acid which is dehydrating thereby. 

The phosphoric acid fonustirn through other phosphoric 

oxide    hydratation (such as P203 etc.) is not discussed here, for 

their yields are low at high temperatures of phosphorus oxidation« 

Thus,  composition and concentration of phosphoric acids 

depened on temperature and partial water pressure. Much emphasis 

has been placed on the question of phosphorus oxidation and an- 

hydride hydratation (16,1?). 

The phosphoric acid hydratation occurs on the mechanism 

above when its absorption taken place by acid (water) or phospho- 

ric anhydride vapors react with steam. In the last case phospho- 

ric acid vapors formed are absorbed by an absorbent present (18). 

In Fig. 8 and 9 absorption degree is plotted     vs. gas and acid 

temperature, density and acid concentration for the absorption 

of phosphoric anhydride fro« vapors. 

Fhoaphsric anhydride mad mold vapor absorption is MOA 

to in ere ame snarpljr with reoyoiei «old    concenti it ion, spray 

density mad tempe rapare. If anhydride is absorbed by water, tot 

absorption degree Is decreased to XU, When phosphoric anhydride 

is abeorbed by water or aold the phosphoric acid fog   Is formsd 

In some regions of the absorption sons in the apparatus, entrai- 

ned poorly   *•©•»••        of its high  àim^nim    degree. The latter 

proved to be adjustable by air supply to phosphorus oxidation. 

To    enlarge fog drops, the phosphorus combustion should be car- 

ried out with a minimum air excess. 

A most suitable apparatus for the phosphoric add fog 

•otralnmsnt are tlectroetatic    preelpitators. 
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The instigation« abore hare  lui %b* to*mâ*t** af 

thermic acid production on a commercial  large-scale basad cm tha 

•chemo of eltaantal phoephorue oxidation with ataoepheri: oxygon 

followed by hydratating phoephoric anhydride formad by acid 

(wafer) and trapping tha  lattar in liquid and -fog- for* in the 

appropri«t«    appara tua. 
Sosa other proceeaes bara boen derelopod in which phospho- 

ric acid is produced on combustion of phoephoric sesee formad in 

phosphoric or blast furnace., by tha  pho.phorus oxidation with 

stesa or water ate. However,  by diffarsnt raaaoas they hava not 

received much racognition. Cn tbia account we omit the ¿«e**»- 

ti on of thai« procaaaas. 
Tha development in ths thermic phosphoric said product!on 

has baan startad on a large-scale actually simultaaaoaaJj la • 

nuabar of countries. 
At praaant thara axists a aamaar of eomasreialU raalisa* 

flow abaati for tha tharmic phosphoric acid produetloa. fts gas 

may ba cooHd by watar evaporating,  infectad iato hot gasas, by 

hast transfer to acid circulât«.* laald* tbs apparatus, foUaasa 

by its cooling, by cold air admixing      ate. 

On tha mathod of gas cooliag ahoaphsrl* said systama amy 

bs dividad into tbraa groupai 

1. evaporation systama ia which gas la aaalaa ria mata» 

evaporation. 

2. Circulatioa systems ia which gas la asola* ay aaama 

of acid circulation   inside tha appare tua. 

3. Eaat axehaaga typa ayataaa whars aast ia sliaAaataé 

through tha wall ay alrcmlatad watar« 

%. Coabinad aystaaa. 

i I 
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Tha araporation aystaa la axaaplifiad by tha   flow diagraa 

in Fig.  10. 

According to  thla acharne phosphorus is .«nippliad on a h«a- 

t*d pips lin«  to a turnar  and co .abastad in a encabar.  Oxidation 

products fors»d «nt«r a hydratation towar    through rartical and 

hurisontal ¿aa conduita,   in th«  towar    a part of acid baing con- 

cantratad,  and than paaa to an al«ctro«tatic pracipitator to ba 

§«parat«d finali/ froa gaa«a. 

Gaa inlat    taaparatura in tha hydratation towar aaounta to 

650-9XXTT,   in th«    «l»ctro«t«tio      pr« dpi tutor - 1S0-200°C.  3QJÍ 

of acid ia producad in tha towar,  tha raaaining - in tha «l«ctro- 

static praoipitatora. Acid concantration - bO* PO,  Thara arw 

aimiUr aystaas with pralininary phoaphopu» aubliaation and that 

oparatiag uadar prassura. 

Th* circulation ayataaa ara now of Boat ooasMmly uaaga, 

ona of thaw baing raprasantad in fig. 11. 

Aa it ia aaao  fro« thla figura, haat alimination libaratad 

on phospfcoru    eoabuatlon, and pilapheric anhydrida abaorption ara 

carriad out aiaultanaoualy by watar running down tha innar walla 

of tha phosphoric acid raactor. Tha lattar ia coolad in aa axt*~ 

rior coolar and racyelad. Phoanhorua cosbuation sad gaa cooling 

prooaad la tha aaaa apparatus. ?% of phosphoric acid ia produced 

la tha towar, 2% - in ths «lactroatatic praeipitator, whara tha 

fa M a arw finally purifiad, final «aid ooncantration ?0-35* 

am coafficianta par 1 t of 109   aU--# 

t * 

•ata» t sP 

Aaatrlc powar, 

0,3>-O»y* 

200 
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coup re a a ed air,    w? 37O 

Spray      acid,  v? I50 

A3 a iisadvaata^ö o¿  ¿n* syatem,  first oí all, the neces- 

sity should be noted "co use the  pho&phoric acid circulation for 

cooling.  °n domestic piarte spray coolers wer« replaced by that 

of higher operating efficiency - ahall-and-tube and plate coo- 

lers,   the burner    number was decreased in the  combustion chamber* 

In some  ay ateas Veut uri      tubej ware employed for gas purifica- 

tion from phosphoric acid instead of electrostatic precipitators, 

what was resulted in a considerable decrease in capital costs. 

In the Soviet Unior¡ the combined domestic systems have 

gained wide distribution of che thermic phosphoric acid production 

developed in the "Scientific Institute of Fertilizers and Insecti- 

cides and Fungicides    - STPI?" and "Scientific Research State 

Institute of projection   in Chemical Industry (Leningrad)". 

Such a circulation-evaporation system is shown in Pig.12. 

Principal elements are two towers in the first one phos- 

phorus is combusted,  in the set jnd-phosphoric anhydride formed 

and reaction heat are absorbed by acid spraying the inner walla 

of the tower (on the circulation scheme above). In the second 

tower the remaining ?2°5 and a*ter-heat are absorbed by acid 

injected into it. 

A further evaporation-heat exchange system is developed 

and building up ("SIFIP"), in which acid production is carried 

out  in the steel apparatus with water jackets (Fig. 13). 

In such a system one succeeds in the production of both 

orto- and polyphoaphoric acid (up to 110%   H-POJ. A combustion 

reactor is made up from special steel and provided with a water 

jacket to eliminate the phosphorus combustion heat. The second 
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tower is provided for hydratinG by injected water. 

The   calculations showed, that in the cotation cham- 

ber it  is possible to eliminato up *o 40% of heat liberated in the 

course of nhospho-us combu-tior. Gilding expense« are reduced 

in tías case by  3CMKJ* as  compared to conventional systems with 

lined    towers. 

Operating experience and technical-economical calculations 

have led to the conclusion, that  for Systems with operative oa- 

pacify    of 200 kg/hour (calculated on phosphorus combusted)  flow 

sheets,  based on the evaporation processeo,  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 moat suitable in the   case of units of high operating ef- 

ficiency (3-5 t of phosphorus combustion per hour). 

Thermic polyphospheric acid is usually produced when using 

a circulation flow sheet and polyphosphoric acid as a sorbent of 

phosphoric anh 'dride,  which ia «w *„** **.        *  _^ »   ""•**"" •*• a  fe<  into the ootnbusti n ohjunber 

to the inner wanB thereof. 

In Pig. 14 the flow diagram is represented (SIPIF - process) 

for the polyphosphoric acid production. 

The system is provided with a chamber where phosphorus is 

combusted under highly intensified conditions, Polyphosphoric acid 

produced contains up to 86%   P^. Polyphosphoric acid supplied 

for spraying into the cooling- hydrating tower is cooled ir pl«te 

coolers. The technical-economical calculations on estimating the 

coat price of various processes of the wet-proceaa and thermic 

Phosphoric acids production based on flow sheets and r»   materials 

«»Ployed in the Soviet Union have revealed an appreciable diffe- 
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renca of each other. 

The cost price of 1 t PgO^ in wet-process phosphoric acid 

produced fron apatite concentrate (39,4%   ??0c) is estimated 

as high as 120-150 rubies, from Kara-Tau phosphorites (28% PO0C) ¿ 5 
- 150- 1?0 rubles. 

The cost price of 1 t P205 in thermic phosphoric acid 

produced from Kara-Tau poor r losphorites (24% P?0«^  is ca* 3°° 

rubles. 

In both cases tho cost of v 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 one arises from the high electric power consumption 

and its high commercial price« 

Cutting down the prices on electric power by a factor of 

two, the cost price differences will be negligible     and thermic 

phosphorua acid shall find application in the field of production 

of high-concjntrated and top-qu. lity fertilizers. 

In this short communication we were able to outline Just 

main landmarks    of the recent development in the phosphoric acid 

production. Prom a wide variety of flow sheets for the wet-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 briefly 

the foundations of physico-chemical processes allowed to realise 

the production of phosphoric and polyphosphoric acids on a com- 

mercial scale  and to contemplate the ways of its perfecting. 

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

properties as well as acid potential application areas. 
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CAPTIONS    (on text) 

Table 1.    qualify of thermic and wet-process phosphoric acid 

produced in the USSR. 

Table 2. Chemical composition of phosphorites from different 

deposits« 

Pig.  1.    Reaction equations for the interaction of phosphorite 

with sulphuric and'phosphoric acids. 

Fig. 2.    Polyterms of the transformations of various calcium 

sulphate modifications in phosphoric acid solutions. 

Pig« 3«    Effect of free sulphuric acid on transition rate of 

various calcium sulphate modifications in phosphoric 

acid solutions. 

Pig. 4-.    Calcium sulphate solubility as a function of temperature, 

fig. 5.    Plow diagram for the production of wet-process phospho- 

ric acid in dihydrative process. 

Table 3. Main processing data for plants of wet-process phospho- 

ric acid. 

Pig. 6.    Bubbler for evaporating phosphoric acid. 

Pig. 7.    Combustion diagram for elemente1 phosphorus. 

Pig. 8.    Phosphoric anhydride absorption as a function of gas 

and acid temperature and of spray   density. 

Pig» 9.    Phosphoric anhydride absorption as a function of 

3pray acid concentration. 

Pig. 10.    Evaporation system of thermic phosphoric acid produc- 

tion. 

Pig.11.    Circulation system of phosphoric acid production, 

fig.12.    Circulation-evaporation system of phosphoric acid 

production. 
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Captions (continued) 

fig. 13. Airapofation- heat exchange ay s tea of phoephoric acid 

production« 

Wg. 1*. ?lo* diagram for the production of poly-phoaphoric 

acid containing up to 86* ?20ç. 
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