G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

05662 T

10/, 175 /18

8 -‘l!lm)get ‘9,4

United Netions induairie! Dovelopment Organization Ordeinas THGLTE

wearlh Geoup Meaidng o il i
P llution from lewtiliver Munis

”“"S’*nk‘. P‘h’l’.u’.;' ?"' - %1 'I"."?.Txli"v', 197‘

WM LIAATION OF D= "PODUGCTE PRON TH® 98P
POSORTC ACTD CMOIZTTON G0 PRAVE
RIHONIEPIAT .0 :'.l.n';'an

e Staininpey#

PR —

* Cramia Lins 1G,, Tins, Austein

L/ ‘Te views and opinions crprecnad in th%6G papew ame thone of the auther and do
no' necersarily reflent tie ricws 0f Lthe cocyetamiat of UNTDO., ‘Thi: document
hai bean repreduced without towasl aditine, ’

1d.74=5209




v

.

We regret that some of the pages in the microfiche
copy of this report may not be up to the proper

legibility standards, evem though the best possible
copy was used for preparing the master fiche.




b

II1.

CONTENTA

!ltMchfm..............o...................
'”. ﬂ' MMct ﬂyplﬂﬂ............-.....u..

A. Purification of PhoSpROTGYPSWA. . vetisreriee
B. Gypsur in Construction IRAUSEtPY.cecrcitnres
C. Gypsum 'in Pertilizer INQUStPY.coocccrroroee
D. fypsum For Sulfuric Acid and Cement,, o0
Re NONCIUSIONeessosvtsestscreossscsosstssossses

Uses of Ryproduet Pluorin®@.ccccceccceccsssonse

A. Quantities of Fluorine in QuestioN.cccesiee
B Possibilities OF UB@.cceveoosvorcsrtrescsoe
C. Reaction Prom Fluosilicic ACidee ccoesoenee
D. Pirect Al'a-PMQﬂ'oooooooooootoooooooooloo
B, CONCIVSION.scsee sovrssscovsccsssoncconnssse

Pege




INTRODUCTION

The science of futuroleqy has made forecasts at vhat lime mane
kind covld perish because of cnvirenmental poltution produced
by men, We find it difficult to share such pessimistic Dtopia,
but we are neveriheless convinced that gigontic ~fPorts will
be necessary to maintain at a tolcrable level (he environ-
mental conditions Por the survivol of the human race,

Producers of phosphoric acid are facing AiFfienls prohloms in
this respect and are being constrained by governmental agencincrs
vith inecreasinaly srrict specifications to be met. In the NIQ=
duction of wer phozphorie acicd approx, A% ts of qypaum aa dry
dihyArate is oblained g hypredaet per ton of P:,() o Commoreial
phosphate contivine 10 « 170 kaa florine/t Py ol-‘ which 40 -
50 kas ore volatiiized in the course of the mnrontmrim ntep
in form of RiF, ond HF resp, The safe disposa) of (hese crine
pounds 13 possilile unly at considerable costs., Utilization ag
ravematierial for other products can reduce thege cosre or aven
he pralitable, So in the following, these possibiliting wiiich
have bnen realized in part by nur Company, w.i'll ha degepiboed,

Y. UBu¥S OF BYPRODUCT GYPSUM

¢ sies e

{ Our Company producns approx. 600 000 tons of Complex=fertiliner
per year using phosphoric acid. The di sposal of gypsum howover
- is not possible or vepry costly,

Thorafore all possibilities of uti)igation of uypsum have bhoen
studied ond some of thom have been realized.

1,5 tons of gypsum as dry dihydrates is obtained per ¢ v,.o,;

this produces amounts to 4% tn/day gypsum per 100 ts P;,(.).i

more than 2 million tons in a %00 000 ts per vear pPlont, The
ntilization of gypsum i possible in bvilding industry as settineg
controller for cowent, as plaster, for plaster bodrds, wall
blocks or in the fertilizer industry for the production of ammo-
nium suvlfate, or alternatiwy for both
in the nroduction of sulfuric acid and cement rimlmr
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A) Purificrtion of_phosphorqyp-m

8o, on the one hand, more than 60 million ts of this bynroduct
gypsum are manv far:tured per year, on the other hard, baveyor,
approximarely rhe same amantity of natural aypsum i+ won every
year and is usnd far the above mentioned purpnges,

Why cannot natural gypsum 5imply be replaced by byproduct, gypsum?
This is, of ecoursec, Primarily o question of the coste, and the
costs of byproduct fypsoem accmie in most cases from the dryinng
and purification processes. Here an imporlant role i: played hy
tha imnurities of ypsen, which may considerabily intlueace it
further usea, In byproduct aypenm. they result Prom it 5 OPinin,
wvhere ac in nacoral avosue Lhey arve absent, ™o iapuritieg may
differ greatiy depending on the crade phosphate rocl I'rom which
they are derived, but 1o thn process of artack (dibydpare,
hemihydrate, hnmihydmxte—d.ihydrnm, di.h\,rdrate-hﬂmihydvat‘e) ane
its variarions nffest the proverting of the aynsam, e infore
mation aiven in technical literature aboa* aynaa,  produced
From tho same Frospaate rock md ~Fler Lho aome nraenes  ahgug
areat differonecee, The mog) importint impuritios in aypsn ape
organic products (vwp to 0,2 ¥ C), soluble and insoluble P‘?O‘,j

(oo to 2 %) and wolubie md incolnbhle flvorire (sonetimee over
2 X). A certain degree of purification % reached by washing
(soluble PO and F) and Flotation (above M1.C)y A 85It hatgey
effect e be achieved by edteinating, and i needed, adding
certain additrives, Merencing, Filtering ond ~Neinating, The
greatest paeilicot ion, however, is secured hy converting the
gypsum from onc crvatal form into another; thia may orcur efther
during the course of tha P?O_,} production in the hemiMydratee
dihydrate processes or i.hydmtn-hemihydrate nrocesses, oy it
Mmay occur separiiely, 1ike in 2 Gorman pProcess, in vhich dibve
drate is sneprnded and then recrystallized under ppeagore tn.
form henmihyApate, '™hus qualitieg of gyhsam may bLe mamufuc tered
which contain leas tkan 0,02 LGy 0,1 % "?0‘3 ang 0,1 Y P g
are of universa) opplicability, '
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This purification process will ¢ course be capried out only as
Par as the resuiting products require. The deaands on the purity
of the gypsum may di ffer, depending on the quality of the re-
ested plagster ond plester hoerds, or when the gqypsum is to ho
nsed for cement, anmonium sulfate, mmmonium nitrate carbonate or
the gynsumegnlFiric acid proceas, In cach case e ruri fieat ion
procnss will depend oa 1. rhe phosphate roci, 2. the nroeoes of
attack, 3. the ensuing impurities in the qypeum end 4. the ultje
nate applications the gypsum has heen designed for,

B)_Aypsum_in consty~tion industry

In the qrinding of ecrment clinker qypsum i€ ucnadly added in
mantizies of 3 = 4 4 tn act At setting controtler; recenily bye
product gynsum 7das increasinqly come into uae. '

Japan it not rich in natural gypsum and the oxisting deposits are
of poor auality, Consecuently Japan was the Firct envotey ta em-
loy b\-pmduct aypswa for censtruction mpeposes in 1934, Today
aprroximately 3 million ta byproduct gypsum arc astimated Lo he
used in Japamn in the construction industry per vear, “.1f ol it
as setting controller for cement, Becavse of this apniicatjon of
gypsum Japan has First developed phosphoric anid procosses, like
the hemihydrate=dihydrate procass, in which ynsum containine
less thon 0,3 4 P:.,os and leas than 0,2 ¥ F con be ohtained. In

furepe, too, this phoenborgypsum, mostly From the dihydrate
hemihydrate process, ic widely used as setting contrcller,

The use of hyproduct gypsum for plaster, plaster wallboards and
building blucks has, starting Crom Japan, gained importence
throughont the worid. Above all in the case of pl'nst;or-boords
and building blocks A treatment by reecrystalization of the die
hydrate to { =hemihydrave has nroved especially efficacions, Ry
maintaining certain reaction conditions and adding various addi-
tives the properties of the manufactured product may be exactly
preplanned.




More and wore chemica) prante have turned to utilizing theip by-
Product gypsum fop construction industry, Only recently the teche
nical papers reported of a house made of byproduct qgypsum in

vhich even the exterior walls of the pre-fabricated construction
elements ware of aypsum,

- The more expenyiye the disposal of byproduct gypsum Vill become
due to the lega) regulations imposed to protect the environment,
the more economical it wiij get to use hyproduct qypsum in cone
struction iﬁdustry even where there existg enongh natupral gypsum,

- -..~~-—-n---~“-- ROt e s e b Py

C) Gypsum in fopeiy 7Cr_industr

The firgt Utilization of byproduct gypsum in oup company wag
the production of ammonium sulfate (table 1) The well known
Merseburg Process can he applied also to byproduct gypsum afrep
suitable Pretroatment, oup Plant was starteq Up in 1952 and pro=-
duced 600 ts/day ammonium sulfate from bypraduet gypsum, We have
licensed thn process to the StickstofFfwerke krefeld in Germany,
to’ the FACT Comp. in India and to Reserve 011 and Gasg Company in
California, ype German plant started 19%8 with 150 ts/day ammo-
nium suifate, The Indian plant hag Produced 300 ts/day ammonium
sullate From byproduct gypsum since 1966, the Californian pPlant
has produced 10y ts/day since 1969 from naturai gypsum but ig
Planned to be converted to byproduet Jypsum,

The byproduct of carbondate of lime obtained may be utiliged for
calcium ammonium nitrate, as Fertiliger lime or as ray material
for the cement industry, Unfortunately the use of Ammonium gyle
Fate is¢ only possible fop certain agricul turay pPurposes and not
under every Climatic conditions, The price of Ammonium sulfate
and the sales opportunities wepe grearly reduced in recent years
due to large amounts of ammonium sulfate obtiined ag byproduct
in the caprolactam and acrylonitrile Production,
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The processes for arrylonitrile and caprolactam nroducrion have,
however, been so greatiy improved recenily that no or only iittie
ammoniur sulfate is ob'ai.ed, Thus, ammonium sulfate hay beoone

a product very much sought after and its manufacture hag hecomo
interegting again,

D) Gypsma For spifuric acid and_cement

‘™e 143! excmple of gypeem utitination i3 thn productliong of
mlfuric acid and cement ©linkey (Table 2). ¥n the we'Vknown
Miller=X'ihne procecs £0, and conent elinker is procoeed ia g
Yeary Yiln, usirg patural antydrite, cloy, soad and eoje an
rov materials; SO, i3 converted to sulfuric acid in tpe QEDEY)
manner, A high qu:'ity cement elinker for Portland cement jg
obtained if the raw material composition ig anproecriate, pun
1o the development on the sulfur market and becausn of the
high invastment costs of a gypsum qulfuric acid nlant thic proe
Ce8s is w0t attractive ot the time being, with «mhydvie or
PALIPAY "ypsum oo raw potevials, de have modi fied the nrorneg
and are able to uer hynroduct D cam instean of anhydvito, Phe
CISA Company, South i Prica, has PRE 3% te/day sulfuric seid
pPlant on a byproduct aypsum basie on stream in August 1972 nsing
our licence; this plant is scheduled to be expanded to 1 00O ts/
day,

On the bHasis of laboratory exneriments ve have replaced inerade
Sing quantities of arhydrite by bhyproduet gypaum in the paw
material and arc now .hle to replace it comirteiy, So we peach

a circulation of the gu?Pufic acid nsed in the phosphoric acid
pProduction, while calcium from the phosphate is nsed for the proe
dquction of Portiand cemamnt,

Apart Prom the drying of gypsum two points have 1o be emphagized:

'905 and Flworincecontent of thisg aypaum may affect the seiting
behaviour of the resulting comemt, Fluovine compoumds 'nity act ae

e SR e
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flux and may therefore Jead to crusts in the kiln; they are algo
detrimental in the gas since they act as catalyst poisons in the
sulfuriec acid prodwetion. According to our findings we can point
out that the cement clinker mects the highest quality demands
anc no datrimental effocts are observed in the aulfuric acid pro-
duction [ F contominations in gynsum (based on dihydrate) do not
erceed 0,5 % Pzn,.’ and 9,15 4 Fluorine, These concentration limits
can be reatized withont difficvlties by purification the gypsum
or in some paoﬁ procaesses directly,

At a sccond essential improvement a heat exchange unit for pre-
heating of the raw moterial wasg installed, In a prehearing unit
common in cement industry the rav material will be hriated wp hy
sna-containi.ng qases from the rotary kiln, Due to this installae
tion a ronsiderabln reduction of the sprcific heat requirements
€-n be reached. By adding this preheater to @n existing rotary kiln
the production capacity can be inecreased by about 20 %, The in-
vestment for a new nlant with prefieater is lover ther that for a
plant of the same capacity without a preheatar,

E)_Conclusion

In order to conclude the gypsum problem we would like to emphpe
sise that there is no universally applicable solnution to aypsum
utilization, Bach case mus: be considered on its individual merits
in order to achieve maximum economic success, Rsgential for the
chosen solution is the geographical location of tha plant, this
is important not only because of raw materisl cost but al80 be-
cauge of legal and marketing conditions, especially in utilising
gypsum in the construction trade,
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1. USES OF BYPRODUCT FLUORINF

The second pollution problem in pPhosphoric acid production i
the fluorine content of raw phosphates: phosphates contain bete
veen 3 = 4,5 % {luorire sn the form of Fluorine apatita, Mo
pending on the process the fluorine is distributed in the phog-
phorie neid, the hyproduct gypaum, the off go omd the wanen
webter, “he Fonorine coutont in tpe Phasphoric seid and in AU L™
it pot important in many cases, It can be reduced by various
methodee. Fluarine in off nqas however cin V1oid to areat daragos
in plant qrowth. Therefore, Jowernmental NIONC O] Tgepe spunpe
legal prestrictions, Condensation with WALer 1eads to formation
of Finosilicic acid which ean orly be remaved Gltar nentrolja
zation, in some coars aot even then, Also in thals conrent Tound
restriction became inereasingly cevere.

A).Quantities of F

Sl cmp- W@ .

luorine in cuestinon

The world resarves of pnosphate are «pnrox. G0 bi)llon ta,
corresponding o 2,4 billion tq Fluorine, The wartd product ion
of rav shosphate ig Approx. 100 million tons/year; 1ris rorrega
ponds 0 4 million ts of Fiuorine, Thig is abour twien the Pro-
sent demands on fluworine, The worid consumption of fluorspar ity
approx. 4 million tsg corresponding to dapprox, 2 million ts
fluorine per year. The known vorld reserves are aboul 2% riYion
tons caleium Fluoride, corresponding to 37 million te Cluorine,
This reserves cover the demand For only 29 years, the finorine
reserves in phosphate are thus higher by o lardae factor thn the
prasently almont excluntively used raw material, Hlowever not the
entire fluorine in raw phosphate can he recovered,

Ve shall consider fluovrine in wet phosphoric anid nroduct ion
only. The following assumptions can he made s mide)inea if core
siderable scatiering in the composition of different phounites
and in diffevent procesces occurs, [(n the attack approz, 10 { of
the fluorine escape in the off gas, approx. 75 X of Fluorine re-
main in orecipitated gypsum, 490 £ in the vapuu~s of concentration
and 2% % in thn concentrated .cid,
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FPluorine content in gypsum and in phosphoric acid can be con-
siderably reduced by special procedures such as hemihydrate PYO=-
ctess or addition of silica in the attack. Due to these methodes
the utilivable quantities of fluorine can be considerably ine
creased. Utilization of fluorine is most appropriate in concen-
trating of the acid; there approx. 40 - 50 ts of fluorine per

1 000 ts I-'?()ﬁ are evolved, which have to be removed or utilized,
A world production fo 13 million tons P:,.()5 per year puts thoree
fore 600 000 ts fiuorine at disposal,

Fluorine is obtained as HF and sir4 in air and gteam. Scrubbing
Yith vater produces o 1% - 25 .. solution of Ffluosilicic acid, This
acid is still frequently removed with waste vater, This kind of
removal is increasingly restricted dve to legal measures. Tt is
frequentiy necessary to neutr‘alize vith 1lime and subsequently re-
move the suspension of calcium Pluoride and gilira in rivers or
any other safe dispose) which may be costly. kKstimates of these
costs amount to 5 - 10 US §$/t P:_,OS. Therefore, there are two
convincing reasons to utilize Fluorine from phosphates:

1. Lack of FPluorgpar and acccrdingly high coet.

2. Profitable utiligation of a byproduct which otherwise causeg
expensive eafe removal or deposition,

B) Possibilitiey of use

T™he question is which ai'eé 0i flworine chemistry offers possie
bilities for this undesirable waste acid. Approx., data concere
ning the utilisation of fluorsper are shown in figure 1,

Consumption of calciumfluoride is approx. 4 million tons/ycar,
Of this quentity approx. 40 X is used in steelworks, 4 % in

ceramics and glasg industry una 55 % in HF=production of wvhich
the aluminium industry uses approx. 40 % 45 % of HF ure used
in the production of fluorcarbons and 15 ¥ for fluorine, upa-
nivm hexsfluoride, inorqanic salts etc,
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In principle al1 fluorine compour ds become acnecsibie if caleivm
fluoride or HF resp, ic prepared from finositicie acid, 1t ig
also possible to produre alvminivm Ffinoride op eryolite directiy,
In any case silicA must be removed which can be done in diffrront
vays even though it i3 not always a simple pronneition,

C)_Keactiorsg l‘mm Fiuosiligic eid (Figure 11)

O et e o

8102 cin be separated after resction wvith amronia and Flvorsp.ar
can be obtained by addition of Jime *o the araoniam Fiuoride
solution. Ammonia co he recovered excapl for aunill losges, R
can be prepared From the amnonium Pluoride solution directiy by
addition of smifuric acid, which canses aiso Formation of awrmoe
vium sulfate which is not always desirable,

Another way to obtain HF From ammonium Flvorida utilizes the (ore
mic decompositinrn of sodium hydrogen Flnoride into sodium FLuo=-
ride and HEK: .o reeyeling of awsonia and sodium fMuoride.is
necessary, An ole:.mirethde to obtain Np From Flung vieie aeid
uges thn decomnengition by distillation «iptg F aned nit-‘,:: N K
Aicsolved in an ordanie solvent and purilind hy distiliation
therefrom, SiF‘ is hydrolyzed to yirld 510 and n?s.irﬁ which i3
recycled aftw' separarion of «iliea Invoe,tmvnt oOata and eners
ay renquirements for thig process .we, however, estimited to be
rather high,

Then are essent i)y two procncses ta produee AR, withonl any
HF=foration., One way uoes via ammonivm fluoride to produco
ommonivm eryolite as an internmediate vhich is thermoily decome
posed with additional alumininm hydroxide into «luminium Pluo=
ride and ammoria, The othop way in which finosilicie oeid
reacts directly with aluminive hydroxida, shall be discussed
ir detail 1ater on, ryolite can be obtained Frow fruncilicie
acid via sodium rluoride vith &1!'3 or aluminium hydrox.ide and
00,. Sodivm flaoride is accesgible via anmon iy Pugride or
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directly from the acid with sodium carborate. In both Cases roe
cycling is necessary, in one case ammonia, in the other one CO,
and soda. The second way requires high dilution hecause of the
low golubility of sodivm Fluoride. '

D)_Direet AIF -Proce:s (Table 1

00t e it o . amae ? o

The aquocous fluosilicier acid is reacted directly with aluminium
hydroxide wherehy cilica preecipitates and A1P3 is formed as a
metastable solution. tnder appropriate reaction conditions sili-
ca is obtained in An easily to sediment form; factors in this
process are the purity of the componeats, the mixing ratio, the
temparature, stirring, ete. Silica is mickly removed by centrie
fuging and subscrucntly washed., The supersainrated Mi-‘_.,-so.lut.ton
is mixed with seed crystals in order to initiate crystallizatinn,
Crystallization requires approx. % hours and therefore jeveral
individual crystallizers are suqgested to be used., After approx,
5 hours Alra has crystiollized as trihydrate (except for a resi-
dual concentration of 20 y/\) and can be separated by contri-
“fuging., The rashed trihydrate ic dried and cale pated, Calcie
nating is an essentia! step in this process since watce hydrolyres
All'3 at high temperature forming HF and aluminium oxide, but can=
rot be removed completcly below this eritical temperature range,
T™he hydrolysis resction proceeds very siowly helow 200 °C but

85 X of the waler can be removed under formation of atuminiume
fluoride hemihydrate, Calcination is thewfore carried out at
épprox. 200 O in a dick drier or a fluid bed r.md completed at
50 - 600 °C by medans of an indirect heated Fluidized bed
in an air stream. This calcination Process is a special design

#nd has proven to he very successful, The endproduct is cooled
and can be packed,

A few comments have to be added on the quality of the raw

matorials, the endproduct and on the enargy consumptinn, Thepe
is mo difFiculry to obtain Pluogilicic acid with 17 - 2% 7. con-
centration in the scrubbers of a phosphoric acid concentration




unit; however special precautions have to bhe Livon te keep the
P205-content low, OPF qus containing HF andg :5H~"1 mist oe Creoed
from Paos-dmplet'; by means of a prevashing procedure or by
means of a domicter. Phe tolerable 1 it of 25 g !‘pr.‘l,)/? con

be reached withont di fficulties; competent cONpanies guarantee
1S 10w a8 50 « 20 nr, Chlorine determines the choien o vatepial,
Above 1 /1 (oniy in unid frov I'srael proSphiate) coppogior. of
stainless stanl oconrs and therefors: a vubber 9 e of Y1 Lhe
fouipment is necessary,  Aluminium hydroxide ie eommoreia opade,

The endproduet cortainag 96 % anap.anteend MF=content Layon of
en be reached) ard thue has 1he hegt pnritv of 1 commeseia
nmdvc'n. Partiede ajne anelysin indicore) s o Above N par ind

< below 0,05 nm, The paw material end enorgy rosetion raa e
soen on table 3, he yield of APProxX. 80 & (retative 1o Finer re
and alominium) ia not Very satrisfactory; yot the PrOCHES Pryie
dices contiderable economic afvantages, lLosuos are niinly soe te
solubility in mother Tiouar and can he qreatly roedircd when pee
cyeling into of" aig gerubhinag 07 the phosshoric acid mencene
Iration or in othep Vays euch as Siro) raneons prodeet ion of
cryolite, So a yini9 of TOrN Fhen 9N cop Y peety. 3

The production ecosgr wiih Fluosilicie «cid as 3 row materi. ol are
below the costs for oy meterial and ennrgie starting wit:
l.‘h'ot‘stmr At L, = U3 wer ron, The inveetnane in towop then
Faat Por a plont with the e CAPATiTY stort ivir Prom Fleov-par
via HF. ‘The «nnerion why MP., ig still made From Flaovepay i«
somVhaL punzling and there it no logical answer ro it, Furape
ray however 1cad 1.0 new plants based on flnosilicie arid ond
existing plants higed an M HOTSpOr mAay aridually bBe r'pgeed
down, The HP-soelLinns of such nlantg may ho urilized 'o ootice
fy the avoving Aenind of HF for Fruorcarbone,

Our plant for 2 00N ts/vear is now operating sinee ten yoars,
We have licensed the proeess (welye times in tomania, Foos
Cerwany and Japan, Swoden ag? Jngostlavia,
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The plent with the highest capacity up till nov will starL this
year in Sweden producing 15 000 to a year of A1r3.

t) goncmsion

T™e brief reviewv obout pnssible sotutriomsof the Fluorine problen
in the phosphoric acid production showes a 1ot of interesting
reactions. Al) of them were studied all around the world, Yhile
for the reaction of the gypsum problem & lot of different proces-
ses are in operation is for thewaera flvorine only the aluminiume-
Flworid procens vsed in a techmical scale, This process i an
economic snlution for a pollurion problem under almost any cire
cumstances. The only problem in this context is the sales situe
ation; this leads in some instances to cvoperations beftween PO
and Aluminium producers like the new plant in Sweden,
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Table ¢, th Sulfate

Consumption figures per metriec tonm (Mm,). 80,1
M

cuo4 o 2 n,o 1,99 ts Cooling water %0 a3

“, 0,27 ¢t» Stean 0,63 ts
00, 0,35 ¢ Blectric power 61 ' kWh
I'N‘ 0,098 ts Aly 0 W

Precess water 1,9 m3 Pus) 0,43 Mo kead

Beagh lavestamnt fiewe: s Mie 4 § for 100 000 ta/y
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Teble 8. Suifwric Acid and Comont

4em.ote--~-uw¢4no,ueo,

Osmowmption figures per metric tem sulfwrie acid

Sypven 2.9 ts Fusl 3 niv hesd
c ey 40 bee Blestric power 230 MW
Sand ®© Xgs  Cesling wter ¢ )

 osbe 95 ke

Saush Anvestasnt fisuen: S0 e 08 0 fer ) 060 tactex
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Tadld 3. Alwminium flvoride from
Fivosilicic aciéd

u.ur. * 2 n(on),-—--wu APy + 8109 ¢ 4 W0

conowmption figures per metric tom n":

n(u), 1,17 to rus) 1,12 Mio keal
NeBilg 1.9 ¢t Blestric pover 212 kWh
Steanm 1.9 ¢t
Alr 400 m3

Cosling water \L n)

Sough investment figuret 3 Nieo ¥ § fer 3 000 ts/y

e————. B0 NS SR 30 000 taX

T
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Pigure 1.  Flwerspar conoumption/year

r nm*“] av’es cory~ suvefuep

[ ra .- “-c*‘ —gee WBL e e .....I

Fs-u-m_]q | siveew .}tu [nw

|

) e rI;IEE

oo’ es  0,33m10% ts
0,708 cor o.um‘ or
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Pigure II. Produets frem
Plwsilicic agi¢
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