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; e3e$: 6DTT] . W O 02/ 053500 PCT/1L01/01210 PRODUCTI ON OF ALUM NUM
COVPOUNDS AND Sl LI CA FROM ORES FI ELD OF THE | NVENTI ON The i nventi on

rel ates t@ogo®sdwed for the production of inorganic al um negraevpeends and
silica fromores conprising alum numoxide and silica. Mre specifically
the invention relates to a nmethod for the production of alum num conpounds
f rom cl aySPRORUGTION OFaAT UBANAAY GRMEOLENES ANRSILHIAFRANITREN oxi de
BACKGROUND OF THE | NVENTI ON Bauxite and cal cinated kaolin are the main

m nerals used for the production of alum num oxide H d al um num
salts. VarFmip OBtTOEINENHNONWN in the art for ca lﬂlmllmﬂﬂlﬂllﬂ |l||

procedure, and some of them are described in Encycl opedjgsi rk- Clhmer
{Volune 2; pages 252-271; 337) and Ul I nan (Vol une Al, page 527- 535) The
payer e oo i Bufbyl B LR ba SO0 AR A o Nl BAGROY BhSELAT
hydr oxi de Trom A1 usi ng caus a under ressure hi's“process

conpri ses #my eﬂtchlathorilﬁo&s a@epriang ahmﬁnmﬁsmhﬁe pindcsitisa. KMoee ppedifieaitywitich t he
al um num sul fat e produced from bauxite and kaqlin,, which is used nostly for

the purifiBsentiw wlatesatoes method fot the trodyisiian of abmippmocompopnds from clayeni cal
Econoni cs ﬁ&g}ﬂgo E %ﬁgotﬂ'é?'aﬁe% éﬁf%ﬁﬁ 51991'1'8;( n of iron fr_ee al um num

sulfate of 1@sg t |s use for exanpl e in the paper

i ndustry, pure al um num hydrOX| de nust be used. Many s are known for
extracti ng%al um num hydr.oxi de from bauxite and from jmmmmmmmﬂmmr om cl ay
require a é%%@m QFeH{EfINY@%TI@cN ably high tenmp , | I'y higher
than 1, 100C. The Bayer process using bauxite for the prodawweon of al um num

hydr oxi de is known for 120 years. This process however, is very conplicated
and cost | yBaRdieent cylcpatddi lsiokd ,auentzhtmiagin hiixﬁ:ral@abmtﬁor . prﬁdmmnwaluminmah ari

dated 1999, g (il’l be cess he recov aI um silica from

Pl oo Toide Totirafia) and BLOSERR shits | \attous pacthqds zed kpowigh Hisaatt fhy dafraiie

al um nosi 'anﬁaf;h@s E:?od’é O&h&%%teyoinqgé}& éﬁ'btcﬂbs&YI%rdahP‘E dgedt@ mttt Bifindr VO
PCT/ | 11 /

02/ OS3S00 11210 cal cium al unmi no-silicate and cal ciumal uni nate
products, Mudumed; pages CaZR2271; 3373 abd UdnandVolnnier A&, mage BRTI535). (b} | eachi ng

t he products with HO to forma solution conprising A1C13 and CaC 2, and
insoluble silica; (c) separating the insoluble silica fromthe solution;

and (d) crygdBh dr%ﬂré&sﬁﬂs@léadlﬁ&iﬂl & BnsREY kh&Wn %ﬂeﬁtﬁ@@&%ﬂuﬁﬁnﬁrﬂ% aﬂoﬂiﬂe“a
fromthe crystallized A . The process may further conprise the st eps of
(e} subst aﬁt@mahauyltfr byms/mg gamg@sgda vder press@aCliEs potogss mmmsesn@pe than;15and

(f) recyclin CaCl 2..sol utio R s _cl gar that
Lhe tr aetiREbs g s ASaEnT ey s hrotiefy Witp e Brinhiym' urfs, pidiiedd £8H:
cost-eff ec‘thlMﬁe Rh&@ ka6, Wil ist dxed edaatle f&&h@%ﬁﬁbﬁloﬁtﬂ off Witet, Rethae @Qéatansof
alumna and silica frommaterials containi nc(ﬂ@gl umi no-silicates. This

process sh®a¥adiosdaFees KChamicahBeqnomiss Haadogok H|9a8.) tfmser@r theeprogwgtion

further, s i i1 . t

SUMVARY ﬁ@ff?ﬁéﬁ%%ﬁﬁt‘f?% Oﬁf(r?\?go b {0 %ﬁﬂ Iﬁ?e 3|br idl ‘Fﬁ%@%ﬁ&%ﬁ*ﬁ? =
provi de anthk fpapa\indistg] e ahmrnmtxhexyﬁmnﬁuu:rhunrbecnﬁed Menyanethodd areknown for
subst ances and anoélgﬂhous silic rom al um ng oxi de cont aj ni ngi;qores,

conpri si ngeXtacking ahiainun hydraxg Syt gy Those BRmFlaoragBiraian
al um num fédi'&ﬁétldn]cs"t’épeoiségh%l 2] fy}ﬁglt] dJth@l | (lafhidnbaRah edoge. Ut 1 on T1om

i nsol ubl e materi 11l sald insoluble materials. In one

preferred enbodi nent of the present invention is the method defined above,

IMUI th{“ ](c: Sf?echgéﬁ?g{rgc%gsl Hs%é ggl;[xlltg or Ie%rc()jl u%tnlt)r? 8 alltnlnlill(l)tfnll Ihygromde 1¥ lxgoe\glgl ng it
120 years. This process however, is very complicated and costly. Recently published,

‘ namely U.S. Patent No. 5,993,758 to Nehari dated 1999, describes a process for the
recovery of alumina and silica from aluminosilicate. This process comprises the steps of

(a) heating the aluminosilicate to approximately 1000°C with hydrated CaCl; to obtain



I n another preferred enbodi mrent of the present invention is the nethod
defi ned above, useful for alum numfluoride production, further conprising
boi I'i ng sqigh@ssggpnum fl uosilicate solution to obtain al unpawmoi/bhizes i de. 2
WO U2/ Us3SUU PCT/I LO1 /U 1210 In another preferred enbodi ment of the
present invention is the nmethod defined above, wherein said al um num oxi de
cont ai ni neeatpiwn-adwmingedikicate darfdr aplciyraypimisatgl paeductsndwheisk t e IG8Cinodisher

referred g I f ot I nt. . i i d f ove,
Pher o n' e iRARdIRT e of WECR! TRE Hachill SHE Al Wik TR BTG 4 1B
Still accogotiptpiigoAlCie apd €5€H] aridivmesltiblerilicks(c) beparatinigatle deblubkchilidacvem

wherein said |leaching is perfornmed preferahly at the tenperature range of
60C to 70che splubien: ped (raverliigmeemiduiivantheotolutipn mdaresavering, BaEWATRS t he

met hod def 4 nehdn said insoluble materials are silica, ferric
oxi de and %@??m%$9%%§9§$ﬁﬁ?ﬁa, whi ch did not dissolve in the process. In

anot her preferred enbodi nent of the present invention is the nethod defined

above wherein the fluosilicic acid fed to the | eachjng stage is at

concent r at HnPIOSe§an ey Rorthos comptins the,Fteps ) sabﬁmaﬂécre@ﬁmaimﬁb B he
resent i i S t i . erein t uQsd | d.ciyc.aci d

Ped to t netF CECHsARidh M oEp (1 dnf ) S Y D SRy on P e, MR G 3

accor dancethus tdiedr hthaprtbs elvtawbavkenf i aforemsntidrednptdeest &s cdstiy. nEllusabovegre
useful for the. production of .anorphous sil.i.c roduct, further conprising:
(1) boi || i GEe BHR ey PYd ST Db eBticiel oh Ugeaen o AP wagr fliam
fluoride tfbdeiielins 3BHAS BRNRI-LLERR HTSY AlbHArhRIARAdYShEIdR0R aci d
are evaporated; and (ii) cohdensating said silicon tetrafluoride an

hydr of | uorstepsad high empletaqirn, dridufosthén, shanldibe chsansitivaror ipdrocentahinaten inlihe
thirds of the fluosilicic acid used in the process are recovered and used
in the nex%H&fch. In accordance with the present invention is the nethod
as defined above, useful for the production of sodiumsilicate or potassium
silicate solution, by the dissolution of said silica in caustic soda or

pot assi um hydr oxi de solution, to yield sodiumsilicate or potassium
silicate sgluti 11) PCT/1 LII 1 /111210 Still in
accordancéﬁaﬁﬁﬂggﬁgagﬂgﬁghgeﬁﬁaiﬁ ion is the nethod as defined above,

useful for the production of alum numfluoride, further conprising (i)

boiling said alum numfluosilicate solution to obtain alum num fluoride
t ri hydr at elt issthel objei) oft the present daxentign shprayvide anampraved methadotor the predusjignat e

so anhydro y ; i i j . preferre i ment
of the pr edanderiyalEhiphebiied st bbRERvs B8 ARmBhE HidftrRihRe
product i onored, cdimpisiigm (HUkhchingg pf esldcdres Wtitht fiedrosilieigrdctd fg oBRid HldiunAg

al um num f| uosj | i cat e, sol ution obtained fromsaid | eachi ng step, bg nmeans
of adni xi niguesilicatecsolifion, () fHterige saidileached selutien fprninselpbie apaterialsipnd (110)
fluosilic { ginum sul fate product is obtained and all of

t he quosﬁH%ﬁﬁgéﬁﬁﬁﬁ?gﬁgé@h ré% and used in the next batch, preferably
after a condensation step. In another preferred enbodi nent of the present

invention js the method defined gbove, useful for. the prodyction, o

L it e KGR PERETSG] PRIDRIBHILOT ThePrOTER. CSAp PG s B0 dEPRY ARPVeri num
sul fate obfabgethdtidfe dURIdrHanal bNY aRkeRum usialdRo8, B0ANS. it WitbhsulRRN um
aqueous sol ution s%néﬁﬁninuﬁ1h¢§%oxi§é soP?h %rod&ct and agﬁnnfun1sulfate
sol uti on aaced.si mul t aneously obtained. In another preferred enbodi ment of
the present invention is the nethod defined above, sodium and potassi um
hydroxi de are used for the neutralization of the alum num sulfate, whereby
si mul t aneomSAnthir ipfefeREd BIBORIGIchODf B pRbde MNERIIsOkE dedthPEdfIHI 3Bve,
potassium sul fate are obtained. Still "another preferred enbodi nent of 'the
‘present i nwehlifon dleminym fwpridel ndeducter Buth¢e comprising boiling said aluminum

fluosilicate solution to obtain aluminum fluoride.




useful for the production of alunms, which are double salts of alum num
sul fate and either sodium or potassiumsulfate, further conprising
preci pi t amog/083806l al um num sul fate in ' sodi um sul f at e orpqaofLagei2M
sul fate solution so alum salt pr oduct is obtained. 4 WO 112/ 0S3511(1

PCT/1 LO1 /01210 DETAI L OF THE | NVENTI ON IS apreferred
enbodi rrentl/ncﬁme[ﬁépﬁ} 1‘?mEﬁI’E£ Bé]t Preseptinyention isithe @V‘é‘épm w64 abevye,t he
producti o ik i u S,.an r u I raw
Tt or i al o maran g Aol G0 @gﬁ*é?ﬁﬁéﬁ?&bﬁx% A 08 Sla3h 4P A

oxi de . cdnusithi ng ores, referred hereby in the term  aluminumores'.
According to the present invention, two main raw materials are used in the
proposed process. The first is fluosilicic acid, a by-product of phosphoric
acid and SHpebHBEepRE S aﬁB&tHﬁlEht%f th\é\’fyré‘s@ntsﬁkz&ﬁfd | e Erf‘eﬁﬁlhe ﬁ[nn by num

oxide fromthe ores. Fluosilicic acid’is recovere tota Iy 1n e proéess
of productwhsteinfsaid deaching isupsrformedwati aetempblyimrwcrangu ofst05€ ot 86T@ Still

o rat o a8 (P R Sons PiveRA L e dieipi el Wheeia e b ng
origins: (gedfoh@ypreferklly atfhe tdiRperhiifl MReCAIBIO0.H TS kaol init - an al uni num

silicate, and in which the al um num oxi de constituent is soluble in the
fluosilicic acid. The general forrnula of said clay is A1233. 2Si Q2. 2H20.

There are cate but the sol b| | i

const i tuer% taggﬁl ﬁahom |2%1§B° e ﬁhg%é?sie{}tevveli‘ &Rﬁe’rs téga/ﬂ fH}egsa%ﬁV%o
cont ai n otvﬂﬁtelmxaldQ&ohﬂil&ha&&afsra@@mﬁbd iféific okRieland p@.ﬁ'o@@he él{xﬁlﬁﬁ' Wilcdigpyi de
and ot hers. é‘éq)l Coal ash, whereas it's conposition is simlar to that of
af or ement Gh Yea%heyﬁceftshe content of oxides differs according to the
source of the coal, fromwhich the ash was produced. (iii) Bauxite, and
particularly its tvvo mai n ki nds: the gibbsite bauxite, in which the

al uni num do laamhelupmferresl mla)dmelmmﬂ ite pdseAtnSentivf Bhé snéﬂhmaéﬁn%ala%b@ and
boehmte - Al () g;) wﬁ qs]less soluble in fluorosilicic acid (iv) Any
ot her al uMihstRiR Bieithhostlisin agidfed do diecleaghingesiegeds at a conggatratinn rangaoigldetd |
which pregggats, according to the present invention, a nethod for ore
processi ng, conprising alum num ores |eaching at t he begi nni ng of the

process, and followed by two alternative yet incorporatable production
product, from which

dugt f al | fat f t
2 num 1 EheRiae e odBac e e Besspel iy euiecis e dofiond paveox de
by t her nDiyheRdn 1hg tioSilidR RIdHEH %‘fﬁeq cgﬁg selgdY %% Q&?Bﬁt ¥e oy r«t:@aﬁcpl% se

production of al um num hydr oxi de, at es, ums ar dbt ai ned
(production sequence defined in the | ef t panel) and, 5 V\D U2/ 11535(1 1|

PCT/ILII1 2 o d f fl d | di
G cate [higRlibed v BEdRetlab iy 17 e Mgl %g;@ﬁ,@&‘ ey Prcg R ot he
first steproducicabdt anofphbls sfida Peode fuBRCIIRising ™D tifin? 648 RN Bufn®

fluosilicate solution to precipitate aluminum fluoride trihydrate and whereby silicon

tetrafluoride and hydrofluoric acid are evaporated; and (ii) condensating said silicon
tetrafluoride and hydrofluoric acid to obtain fluosilicic acid and amorphous silica. Two

thirds of the fluosilicic acid used in the process are recovered and used in the next batch.

In accordance with the present invention is the method as defined above, useful for the
production of sodium silicate or potassium silicate solution, by the dissolution of said

silica in caustic soda or potassium hydroxide solution, to yield sodium silicate or

potassium silicate solution.



t he present patent al um num oxi de containing ores, introduced to the

| eachi ng reaction by stream 2, are selectively | eached at tenperature of
40C - 80Gyphsswat preferably in the range of 60C -70C byolwiimn of
fluosilicic acid (introduced to the reaction by streans 3, 22 or 32, and
wher eby al um num fluosilicate solution is obtained. Equation 1
schematically described af orenentioned | eaching reaction: (1) Al1z03.2Si 02 +
Fe203 + 3HZSi F6 = Al12(Si F6}3 + 3H20 + {2Si 02, Fe203} Said | eaching step,
according to the present invention, conprising also both filtration and

washi ng st S in AdBkdaned dithithe prdseht|ipvalibA s BleaBethed 60delined dbové, heefl &eent
invention, is selective for the alum num oxide that dissolves in the

reaction nisdipreducticsr ef mlneinamc flastidre fugther sewprsng dAl| Yoiling ssaide plpmigym

tent, T (o !
enbodt rent TsiEe 5p BB 67 abaR Rt WRRE RSkt HC D, Mefinbltathe
fl uosi | i ci ghtaiatdalugifgs Yobade fitgdidtdieo phgdems alumingh fakide A0bained32,

wherein said fluosilicic acid is recovered in a condensation step, as
defined below. According to particularly preferred enbodi nents of the

present i nyenti;on, i f: Ll ch | i e
process i smr%%:o(lt)l\?égrpég@?#rl gu‘gﬁdgﬁngg%t%pfgﬁtéﬁ%bﬁ?i bgll{'ﬂfel %gish?fiila%?gedag? %Jéi n

t he processsefillSor deomedactidnyoSilumamn? 2ulfdfe esdduict, forthdri aintprisirigddefhovatingr |,
may be introduced to the |eaching reaction throygh stream 3. At_the end of
sai d | eachdlnguimie fluosilicaie selitign @ A OB G RS Fep.(0Y RERS T ar‘ﬁm‘t%

i nsol ubl e, . &5id : :
alternati vseu{sfﬁ&gs ge%‘%]ﬁggglgg#({)%/v&% w&‘e‘% gfraza‘ince |u2n ﬁg éﬁélaéﬁvg%lgﬁdtiﬁéo Iale‘}%tlmglgnel ,
to the boxsulfRiFbrd@RATS Oblainedemdiall afathel fRosilivic @cRPisGeBHEd BndP@kd| inlthd bext01210
al um num féquosi | i c%e sol uti o&ﬁy%?s, reacted exothermcally with adm xed

sul furic abateh Pyaferahlyfites p oA WSS e as product by equation 2. The
tenperature rises exothermally, as described above, to boiling. The

fluosilicic acid is distilled off trough steam21. After a CONDENSATI ON
step, sai dinf dnodlsiriprefered eindboiliznane ob ther prdsenh insiggtiors isr harmethod defirred above,

consequent af.qrenenti oned LEACH NG.batch {2). Al2(.Si F6)3 +_.3H7S04 = . .

Al 2(S04} 3 usegﬁn fpéi ‘E‘ﬁ PF%B&W‘@HC RAIHAE %\(KP%ISC tsﬁé§ rl?rgﬁ‘fchp T QRRERFSTE sai d
al um num f §iasiiking alEnHehubdlffe bbtambed ¢ BRt HoRloYatRig sidpTuk lRARQLabveh dathed
and evaporated in a BO LING operation. As a result, alum numfluoride

preci pi t at @smasiunhaqh¢qust sohutdause aliminugh hydroxwie sdid aradugiased apumenmimi ng
Si F4 and V\/%{l]’[%{ \{)?lﬁors st rufi%m 31%, g{t'e foll owed to a CONDENSATI ON step
wher ei n abBEESYHH AL MU PP T RS nedia is recycl ed through stream
32. In the condensation step silicon tetrafluoride, obtained by reaction
(2a) reacted with water va%ors by reaction (2b) to yield anprphous silica

(see strealh @pther prefeppd spbadisreny pf thecpresent axventipn fy the angthed definedAbovpanel |
duct j .
B SsoLum gl oS pRBR R0l Bt RRPHBaBRIEUP i Bulendy sulfore, |

adm xed t owhéreby rsimaiiidoaslpgwithsthei prodactiquotofisatimimusd |Hydedxédes dodivino nandy
product (stream 323%. Sai d anoy phous silica product is widely known as
commer ci al PYfassHiny syfate preodtainedyhi | e the alkali silicate solutions are used
as raw materials for the electronic and paper industry, and other markets.
Reference is made now to the right panel, wherein a stream of al um num

fl uosi | i casull andthén prafered embedinems ofithB@résehiGnsemdjon idthe methbd definedabovere

t f sili tetrafl.uorj 31). and fl i li.cjc .acid (32) is.
eyl ed t GHaIST e radistion R elmsorishare festie s of iR ulik pd Bither
al t er nat i vgldyum aJrYsotddsimhd Llﬂﬂa'té,fiﬁﬁhéri émqfrglirpg fn%cibﬁaﬁ@dsbﬁﬁqldnﬂn&hrs%ﬁm&ﬁ to a

THERMOTREATI NG st age, wherei n ‘anhydrous al unm num fluoride =~ WO 112/0; 3S00
: sodium sulfate or potassium sulfate solution so alum salt product is obtained.



product is obtained. PCT/I LO 1 /01210 In another enbodi nent of the present
invention is a process to produce anhydrous al um num fl uori de wherein the
dryi ng stageo2nssseto described in Fig. 1 conprises a nulti-mteEgeil/precedure,
i.e., conprising the following drying stages: (i) drying at 110C to yield
al um num f I < NN j ' at 250C to yield al um num
fluoride obgﬁlﬁ;ﬂﬁﬁﬁ%‘g%&%ﬁbﬁpﬁb&ﬁ@hﬁgﬁﬁﬁﬁ 550C to yield anhydrous

al umi num fluoride) Still in another enbodi ment of the present invention is
a process to produce anhydrous al um num fluoride whereby the calcinating
stage (at B50Cpreférradremindimented thé present mviehtion toadproviiermn impursedunetbod fhe i s
produced. The c rcial, alum nymfluorides contain up,to 8% of .al um num
oxi de at t%& Il’rgg't%flaﬁg 153 ey c#ﬁ%%sugﬁmﬁeﬂlﬂﬂ%f ARgRhQHS pﬁ‘ﬁf@u@’é’ﬂl "%t he
present i nygefihlgNscidttdd Wh,! clags,t BeACadhelBakite O ald} Usther? aRinfiheh' 6dide
enbodi ment of the present invention is a process wherein by heating the

al uni num feontning ereseredastedthicrabyan thei teen Alumbninderep eci pi t at es and silicon
tetrafl uoride evaporates, as schematically described in equation 2a: (2a)

A 2(Si F6)3 = 2A1F3 + 3Si F4 The yielded silicon tetrafluoride of _

af or enent | QERAdIAL teaRe a?ekemﬂ_vmm,r 106 Sndife 34k GHatdald A5 LsdACH 1He HBpGnon 2b
bel l ow. (2b) 3SiF4 + 2H20 = Si 02 +2H2Si F6 wherein silica and fluorosilicic
aci d are preenssecthedfirscisdluosidicicasidiatseproiinit o phesphbec a¢idtand supsiphesphatd, and

dried , a cef t,, of, the proc . Reference i.s.made now
to left pﬁgw&\%ﬁb‘?@ﬁcﬁ%ﬁggﬁ%’eﬁ ge gl?e%s%? aluﬂl:‘ﬁf%%ﬁls%{fl g}ee e%tﬂ;gu%ﬁllécé%ﬁ? ed as
at |east opgeafvetddetofatllyliavhe predes€ofmprodutbtionntf alusiThiiti Buleile! aihele Bl &b,

(ii) feed stream (231) to a PRECI PI TATION step and (iii} a feed stream 221
to a NEUTHBirds ofaitpronesqesed inthe procgssdpr productianpfdlwimuniyfluends. Fhe senond

i tion, i ' ' t LI.ZAT. tep.
cqut val ontiPS TRGH s HEhRELE ST LA B 8 b3S o S R o caisR: T
PCT/ | LO1/ QQI2fs) viireteay thdylibind cempoveat BhiholANO inumERe] Slicsts, A ASwhidh

sulfate solutjon is obtained along with said alum num hydr oxi de

preci pi t att8e ABFHAYE oY erﬁﬂ?ﬁ%tapmdﬁé?lubl@tlaith%ﬂuwh@&ia@dDtﬁmg@wmfmm@@@ﬁ,

al um num | u f hch: el r are
possi bl c: T EMEON IR, AR, Tt ek A bl ik ThEE suPliERB TRy

al um num of{isdid, conbtitaéntiis flmbsiticicedidoilg relativéln ddwern ThdRedié brdsndsoneitn lothet he

al um num sul [ate i{regm (231 ), which is i ntrqu‘tf?%gd wi.t h sodi umsul fate or
pot assi um BUFaft™ 8° APRE ﬁblf?ﬂ*ﬂ ORICE BfRniumy fft %yanécfllh?ﬁé-l it Cowk a%lsi um
alums pr odilidhedsSis @fipoailb i) ehilahlib A ASdheRtioR BbisAHEOHR! dmichlof
alum num sul fate is introduced by stream 221 wth an a I 'um aqueous

sol uti on taxides NHiferRatdozdimg GNhstseprce Difi ¢headoalyifronmwihyedir the astewaopiodugadodiiiet i s
collected dn stream 223 ta collect  al uym.num hydroxi.de, so]i rqduct ,

wher ei n ot%aé'?‘ﬁ%raggé’@ﬁbcu&ffé' 436%'& ’H@‘“r“h‘i‘%ﬂﬁﬁ g??béé%li’?’?%teaﬁ‘ @ﬂgé&/@}lm‘% ep.
It is not aphQithdintis MleWFirIKIACXI(OB);, Wit is Y} Yo hBR! afPbodrRae | ﬁl@ﬁOI—P,

cal ci nation step from al um num hydroxide, is a nost valuable material”

Si nce t he Whifkeisdessiselublsrisdwerosiicie arid A dinyothdnplimuirimexide dontaiming bte.i s not
described in this application. Still according to the present invention,
ammoni um sul f at e obt ai ned at af orenenti oned EVAPORATI ON step and col | ected

in by strdeferdidet it made povetoFigmsilywhiohl frédeits, according to the present invention, a

method for ore processing, comprising aluminum ores leaching at the beginning of the

process, and followed by two alternative yet incorporatable production sequences:
1. Production of aluminum sulfate as a first product, from which aluminum hydroxide is
obtained as a second product. The aluminum hydroxide by thermotreating yields
aluminum oxide. Simultaneously, with the production of aluminum hydroxide, alkali

sulfates, and alums are obtained (production sequence defined in the left panel) and,



product. According to a preferred enbodi nent of the present invention,

sodi um or potassium hydroxide is reacting with alum numsulfate to obtain
al um num Wwodioasssde and sodi um or potassiumsul fate. It is pgabiLoi/m2ide core
of the present invention to re-use materials effectively and to recycle

by- product,s. _Thus, preoduction of amoni ym potassium and sqdi um sul fate
accor di ng 4o Pbefirhol ATiRvE fIHoHE ad silich g5 SPEIRL BLicaHR APIRRHEIAT FFAHFRP! he
pot assi um gihE@tErisi®ah@stilizers, the sodiumsulfate a reagent used in
many i norganic syrll hg)sesj In addition, 9 WD 02/053S00 PCT/1L01 /01210
when a factory produces the alum numsulfate and the alkali sulfates, it

d I t hat hi gh i ced ubl e salts,. Accaordi.ng to ,one
enbodi mentKEFTIRON BbR TSt e PESRLCr TRIEER ar ik, AFe5iog P RETT B desridingyfo
fluosi | Citht predé&itPateHDRLRRSY Bicfg@ ca@%&:llgfﬂé‘g?, BhtrdduBePloRE MAThRY rER:tib] by

di ssol ved and procCessed to yield valuable a um num fluoride. The residue is
not di ssolsiieamndrecsoleptively deachdd atdgmpgrature &30 GF 80°€), pird most prefesatdy abithat  15%
of the al um nu Lde s hat does n di.ssol ve by fluqsilicic acid. The
Perric oxiMealy a0’ q Ry sobficn AP Bpouiit s cntipictd o heisin By wkhre
chloride oy, ferdri 32,Safld aliRrdby RRAHGRfludNidahekbluBhHTL | thiasd.f Bhhdtfon 1
hydroxi de pignents of various tints and fertilizer grade anmonium sul fate
are producebematjcally Hesseibed aigiementigned lsachingmegetédnal val ue. According to the
present invention said |eaching stage is preferably perforned at 60C- 70C.
The insoluble are filtered off and treated as descri bed above. Still

anot her enippdi 7E50; 28i0; FeFQOS S B, SIF)LCAL(SIFY)] § 3H,00- INONTL0)) of
comercially valuable silica and the alkali silicate solutions, obtained by
di ssolution of the silica in caustic soda or caustic potash, are used in

embodi nont iy PRt MR ecbREkioke pidh fieRto b kg A0 pllhaBh M8,

1, wher ei nwashingesteps| esdditionallyos#ié ilddching ey, heeurdingSdtht Qiredene inveatién, g of
al um num ox{ﬁge, t\%g]erea about all of said acid is recovered. Thus, in the
product i orfeGFIYR {ithe Huntnum; Qtddq thag Hisselxerein e reaction anedinmy Whegsinniiree of

added to (Retp oARREVEETRICIED, TRl A7 Pl Bonldtip o i effielabyiingn
02/ 053S00 prdAvEY_ES

In one preferred embodiment of the present invention, at least part of the reacting
fluosilicic acid is recycled from the process, by streams 22 and 32, wherein said
fluosilicic acid is recovered in a condensation step, as defined below. According to
particularly preferred embodiments of the present invention, about two thirds of the
fluosilicic acid used in the process is recovered through stream 32 and about all
fluosilicic acid in the process, is recovered by stream 22. Fresh fluosilicic acid, however,

may be introduced to the leaching reaction through stream 3.
At the end of said leaching step, resulted aluminum fluosilicate is filtered from the

insoluble, (stream 1) and further processed in one of at least two alternatives, as defined

below.

Reference is made now to the left panel, to the box ‘DEFLUORATION, wherein said



PCT/1 LO 1 /01210 The conposition of the clay used in the experinents 1-3
was 3 5.5% al um num oxi de, 53.8%silica, 9.6%ferric oxide, 0.8%calcium
oxi de andw® @essmgnesi um oxi de. Exanple 1 A sanple of 50. Cpaxrmivi/eizay,
conprising 35.5% of al um num oxi de, was adm xed by neans of nagnetic
stirrer with fluosilicilic acid (27.7 % 322.0, for 60 mn at_about 65C
The sl ur r yaluginum [flugpitigate ssotutione1s; reaeedisrethermpicalin vath admixedagiiggic agid.g )

and subsequ | ' [ 9 . ] i de
was achi e elglayﬁyql%gﬁ%l é%l?%é)?sg% fﬁgﬁgﬁ’ %qﬁgt?ﬁlnfuéu% trgﬁgg%é?:%ﬁ%g gg wasl" ’
evapor at edastd@saiidd dbo ) t@ boitidg Prieciyvisiliziceacidizptistiied @ fiakouphrstmmf 2 Lidfiade
tri-hydrate was filtered, washed (34.7 g}. and dried at 10:Ct0éiel 25. 1
g product . CANDENSATIQN step,esaid dluosilicig a0id,ds sespvercdothrongh; stragi2i @ Meoduct

was further] fhtis) =C to yield pure alum num fl uoride
anhydr ous {on%gdﬁ%@t[ag?r,e asuagés&ﬂa%%Fﬁggg%y means of X-ray diffraction

anal ysis. This final product contained 0.1 % of ferric oxide and | ess than
0.1 %of calciumoxid d traces of sjilica. 83% of the al um num oxi de
fromthe c@éyAh@Féaﬁ'gHP\%ﬁ'ﬁ‘&b&rﬁ@ *b?%@éé’i&? wherein the overal |l transfer
yield of alum numoxide fromthe clay to the product alum num fl uoride was

62% Exanple 2 A sanple of 50.0 g of clay, conprising 35.5% of al um num
oxi de was Refieieneelisapadenms tothemighn paned, whéremesaidalnmmirfuny flbsilicdté sautaen

(27.7% 33Q0,0 g) for 60 nin at out. 65-C. Th L urry iltered, ,and the
i nsol ubl e %IF?B%qgéﬁ]fé’e%r %@}Lﬁ%aa%%*ﬁbﬁﬁ?%@ E“dgfvaé’ﬁﬁa%%‘ﬁ%éq%g QPFIBHOR3BS 3 ) |
Di ssol uti b S A PReibltaies U8 thefidt BiRtdct AlkotEhMNiTail 30 Sl i gagdse
cont ai ni ngﬁﬁﬂ’t%‘g{@ 3hgo.lo gi])eel@as Sevap})rat eg tOCZOO g. Obtai ned &

preci pi t at eomwisingiSiF careblyvaten vhputs (88a@ 1) aze bllvweddo at CONDENSKXHIGN gtep
product, copprisin | ymipum flLuoride trihydrate. ., Said alun nu | yor,i de
tri hydrat e rBWuﬁqoq\R/;sHT‘{c{;squ %‘g?@&g‘% & lifecy"{f{ﬁcﬁhﬁ’z?gi‘l@?éﬁ'gb é)(#ql °Lo1
101210 andcdnagfsativk® sRQHERical totrafludride, Sbtiingl doalp%aﬁti&i \PA)NEEELEl LRI Geater
anhydrous ( 15 .0 g) was found, as was defined by neans of X-ra

di f fract i oveparsaby sdastiom (2t tpryicld emorphousisilisd (See1stwnmf 3 X1y 2 by psodugh of thess
than 0.1 % of cal ciumoxide containing residuals and traces of silica. 83%
of the al UPi°RUth oxi de present in the clay was dissolved in this process,
wherein the overall transfer yield of alum numoxide fromthe clay to the

product al um num fl uoride was 63% Rqucl i nB st%gﬁ: An addi tional sanple of
50.0 g of Btilhyefomingaight pand, produgls f srid SHNDENS AION gtor 9ge purggrhiat stream

af orenment i fi J7 . s, Qf ' j k and
neat od 1or B0ttt HISPOLENIPRGuE. Wiel 4t YoolaRY, & coRAT Rl HibeidiPls 203
washed andadihixed tabbtdBAompliimgy Ddlied orwitglRiunyeiticas stlitign bBrodict (dieam

al um num oxi de di ssolved. The filtrate (375.0 g) was heated, water and
silicon ted?3f | uori de evaporated until the weight of the filtrate of 200 g
was obtai ned. By cooling, alumnumfluoride precipitated and was filtered
of f, washed and dried at 110=C to yield 3 8.8 g alum numfl uoride 3.0

hydr at e; dfsitd agnoaghas 8ilich produet id vadelyrknowm fis commeecidllysvaiyeadleitselfantile Hen

drying at 550C . and yj el ded anhydrous al unin fluqride. (23,9 . Jhe yield
of the r ec?lg?li‘ siic ?a%b‘tlﬁéﬁ a%??éoas RY paterials ILPOnS/Fhé’I %e%’i‘o“f%@“d[ P%nﬁi RqusHY:of
al um num oxi fshéOmaikkd num fluoride for the two parts of the experinent was

80.5% Exanple 3 Experinent as descri bed above, wherein the evaporation of
al umi num fluosilicate was perforned to a smaller volunme of 75 nm. The

aral | o1 voREHFEEeRa® BSPAI™ (1 Bcrig RARED AT R FOP | ADPAUT COLBthRs
89.9% 12 golution (1) enters a BOILING step. At least part of the stream of silicon tetrafluoride
(31) and fluorosilicic acid (32) is recycled towards aforementioned CONDENSATION
step. Simultaneously or alternatively, aluminum fluoride trihydrate is introduced in
stream 30 to a THERMOTREATING stage, wherein anhydrous aluminum fluoride




WO U2/ 0~3~1111 PCT/I LO1 /(1 | 21 U The analysis of the sanple 3 was 33. 0%
Altca(, 63.7%F, 0.10% Fe2Q3, 0.08% Si 2, 0.1 CaO, corresponding to 93. 9%
Al F3 and WXe%053I203, Exanple 4 A sanple of coal ash cont airgmgo2®2io %

al um num oxi de, 45.0%silica, 3.6 %ferric oxide and 7.5% cal ci um oxi de was
treated simlarl s the sanples of the clay. 25 g of the sanple were m xed
for 2 hour%m%'f té%QP%W?CE 130 g of fluosilicic acid (25.8% but because of
the presence of calciumoxide, 3.2 g of sulfuric acid was added to produce
insoluble calciumsulfate, which was filtered off together with the

i nsol ubl e Iafanoter casabodimpnts efrfhieepresint meérdion i3f a tpneces sol prodiee aamtiydapps um

fter dryi .. g. ,Di ti f 899% of the . alun i de
oL oY iy Bhola® et S e FaeRenl MaE P B e et
was 296 g.1nlﬂﬁ-s€aga@@6®6ufbgi.é.9c3hrﬁp1‘ﬂsiﬁg ﬂl"e%ﬂ&hfhgtd?yii%% gﬁ%ﬂiﬂg@i{}%bﬂf 1'00’(? o o

trihydrate was obtained, which after drying weigh e yie
t he transii¢ldslupingmellugridei rhydrate (8 calcindtionrat @50%@ g0 7296 aldBfifunf flubside

ampl s of SRy e ekt FS0% Rl CarPo R 4Biipt ubfide.changes i n

the procedure may occur, but the two principles of (a) production of
al um num H _lllllo,si |icate and (b) evaporation to precipitation of alum num
fluoride witty ingoggher epbodinasnt €5 theopresant invsntiomis arptasessatosprodicaraphypdross gi ven

in EX | 4 i t i i | furi id.
Exampt o 5 it lim fthdriie, Aferefy e HANLIG 482 GETRURE abind Bl Ghibim
silica, O.fluofidé esomecluninten 0:2dSRoprodisd. Urieointferaintlaldfidurioflu6liddasn ]Er?at ed

simlarly as of the sanple were m xed for 80

| f, the clay. 25
mi nut es aﬂlpéﬁgt}sx?ﬂsﬁ%ﬁggfgg’aﬂe ﬁqetl}%#q%{ﬂegeco cinating. Ainminuey) fuesids produpel |
L111 /Olzmtﬂe%)?es%%ipv&ﬁ%g%h%gv)él\}vfé% {%gerl&g-mﬁi@sgme wei ght of the cake that

does not dissolve after dryin g fromthe 25 g dissol ves,
wherein the content of the alum numoxide was d.5 g: 25 x 0.565 g = 14.1 g,

LO = 6.5, The percentage of dissolved alum num oxi de was cal culated to

76. 9% Exdipbé Ere%gc%&t&%‘?‘?‘?td’rf tg? PrasentyavsHtioR 18 arspeess Jdemig\bp heating7 3%

Si 02; 35. 8% Fadfthuns- A3%6ilidL; % : . f.the sanple
was reacted with Iu68 g ofl f UOSSI tl%gll cﬁg@f@&&é@g%g&@g?m égte%i %f%gﬂﬁ?'lona
beaker by teirafigrds ¢vapsotatasy &y schematidaliydescaibed m @fuatién Ta:f or 2 hours, and t han

the slurry was,fiiltered. ~cake t not di ssol ved wei ghed 23.4 g,
and | 2.8 é af i%ap dryi ng. ’@g*fg 352‘%&2%”% e was di ssol ved. Igf all of '?he
sol ubl'e mahé Gieldeasillodti @eehGideldrarsimenitcd a9 (o iRilad lelhdP)e

15.2g. It was_ thus calcul ated that the percentage o I ssolve
12. 2x100/ gescribed Bequetion=Xabgllosv:7 C ay conposition contai ni ng: 35. 5% A1203,

2y composi 17 Bk vere addSt TABOL FOSPROFE aci d (25, 8% FOS For
cont ai ni ngheweid silidalangifhiogasilicdbaidngd prédiFed bYr QOLANSOBRILR hcaChdy)pe The
suspensi ogltwas heated for (60 m nutes fp:rom 40Cb?80C. %he suspens(!;aon1 %Iva?s?

cool ed anfltened . Washady anddriederaad f produged @s ey paodichatthegroctse wei ght of t he

wet cake was 31.34g and, after drying, 18.04g. The weight of the filtrate
cont ai ni ng washi ngs was 195g, the content of said filtrate being 17.1

YA12( Si FeRsfergic W-atEEGovatdel. ARAYGREN pidiRcRI FSRCDEFL UGRATION step
are discharged as at least one of the following streams: (i) an aluminum sulfate product,
(ii) feed stream (231) to a PRECIPITATION step and (iii) a feed stream 221 to a
NEUTRAILIZATION step.

In one preferred embodiment of the present invention, ammonium hydroxide introduced

to the NEUTRALIZATION step may equivalently substituted by either potassium or



di oxi de, cal ci um oxi de, and magnesi um oxi de was not recorded}. To the
filtrate containing the alumnum fluosilicate, 160g sulfuric acid (95% was
added wi t {dno2afk3sodi nut es. The suspension was heated to evapowabheoyader and
fluosilicic acid. The 14 WO 02/ 0a3500 PCT/I LO1 /01210 remaini ng

sol ution contai nedq 60% H2S04 and was then cooled o 25C. The,crystals  of

al um num s%ﬂdﬂ%ﬁléygﬁoélﬂep}”b%@d?mmpw’iSPS’é‘P’e‘EF Eﬁt?s,smé‘hﬁﬁt%é‘“sﬁg@‘% %ﬁtbﬁ’éﬂﬁﬂ of a

sat ur at ed W ,ﬁﬂfn Ji & ight of the crystals produced
was 45g. Aﬁgﬁgsi sr%@gtl e g?“g@lfg‘% 12%1%%%%%5%(804)3 * 18H20. Dissol ution of
79% of the al um num oxi de of the clay was achi eved and frompractically all
of the dissolved alumn oxi de um | B fat obtai ned. Thi,s is due
O e ol el b AL CRLETR 58, B Fed
from 60% Heg08e ioMAEE Trdhawvisioh ¥Rb ! diktéredf phdtRssek Uik HeRible! (Btoldisctibn %t The
excess of the used sulfuric acid do not |osses, because it is used in the
next bat chaluftamp | hyd®xidee anbal (i pitodustipo sift dleminupe oxide Awhich isqebtaiediby?,
7.5% CaO, 0.197% MO, 3.6% Fe203 and 1.6% Ti 02. To 25g of the above coal ash
conposi ti off ey of 25 8% H2Si F6 from a previ ous batch were added. The

suspension was stirred for 2 hours at a tenperature of 50C 60C. The
suspensi on was then cool ed, and the insoluble matter was filtered off and

vva_shﬁd. ]:thefml;ciIgglnheme te He a,lmﬁimlaksﬂ% steeguy (23 Larithigh tis;amtn_miwqd]gviviﬂngcb_gm The
ves 2060, 100 Surddbiot Bt O RPCITAIPN L Sl i bt

hour, to tflemilpdstuatidhehsestitaihédt € sol ution and the solution was heated to
100=C. Acidic gases HF and SiF4 were rel eased and after cooling, they were

obtained as fluosilicic acid, and ready to be used for the next batch. The
wei ght of the obtained fluosilicic acid was 200g, and the concentration of

t he sol uti .89 | T l f-at 1 eloly 1

sul furic a%ﬁsﬁgn‘ééig 02%4_‘%4 (%Bé:ogxgllyplgﬁq%?l eu?l W&ﬁ\%g?#rﬁo@géﬁb)ﬁ% an%;?f %ﬁ er
dryi ng, foamdarh®osiont aiquedty seolutionintosal NEETRABEZATIONT step.adihé alehimbmani num
sul fate solution was_ then c_ongﬁntrated to 60% H2SO4. The sol utio

cooled to 123@9’_“%&013@@”9\“%“5& ?ﬁEﬁﬁ@yﬁWé‘ﬂ’ez e f&C @EFIBW%@YQW%P*% idr ed
of f: The S@;{?hu&tswﬁ%r%(nﬁ%ér%}%@gﬁ%ge M%gotggogggefe 199 I PORAIPIDREGS.

sol ution. e af um num sul 5110 contal ned 90 ppmiron
subst anceslt iPadtable GHat/abiiBih0mTdwede; aEch miay dirtlcir dbtareddin sismmloimation stdpefrerot i on

of the fluosil.ici cid, containe |l of the ferrjc axide of the coal ash
(3. 6% . asalgmipen e, 5o a0t SRR TPURIa BRITER hE SRR DRFSESS e
FI QURES Fi gﬁgﬁnﬁl ﬁy&%kid@%kx?ovﬁghh@ﬂoﬁdyscﬁl%@ iRERsHePlicaitof al uni num

conpounds a silica fromvari ous ores.

Still according to the present invention, ammonium sulfate obtained at aforementioned
EVAPORATION step and collected in by stream 224 to a pure ammonium sulfate
product.

According to a preferred embodiment of the present invention, sodium or potassium
hydroxide is reacting with aluminum sulfate to obtain aluminum hydroxide and sodium

or potassium sulfate.

It is well in the core of the present invention to re-use materials effectively and to recycle
by-products. Thus, production of ammonium, potassium and sodium sulfate according to
the present invention is of importance: The ammonium and the potassium sulfate are

fertilizers, the sodium sulfate a reagent used in many inorganic syntheses. In addition,



WO (12/0S351111 CLAI M5 PCT/ 1LO1/01210 1. A nethod for the production of

i norgani ¢ al um num substances and anor phous silica from al um num oxi de
cont ai ni ngy@iBasg@onpri sing: (i) leaching of said ores w tkcHimoonrselicic
acid to obtain alum numfluosilicate solution; (ii) filtering said |eached

solution frominsoluble materials;, and (iii) hi .sai d insol ubl e
mat eri al s. When ?ﬁé?tﬁﬁt H’ES’G%R:“‘C@F cﬁl‘Hﬁfnl“Bl E‘ﬁlglt‘?naﬂ‘,x\%% Pﬁ(a]é .rsus:tg}?ﬁr }tsciaﬂdaroc.luce .
def | uori na lg%g tﬁﬁ%ﬁ%ﬁﬁ}i&@q&b}&%&y cate by heating it with sulfuric acid.

3. The met accor gtoclairm1, useful for alum numfluoride
production, further conprising boiling said alum numfluosilicate solution
to obtain alumnhumfluorjde. 4. The nethod accordi to claim|l rnein
sai d al uni AEFATEIRE KR ORGARLPHMAE! o BE et SRS 2ahs algpmim s a&%&ﬁg@_gﬁyand
bauxi te. SauddeiRELBAd vaekas Cﬂéﬁ% biBou| SN o, th¥hiRindnS Bkide! 8ok oRGdi dnd
performed at tenperature range of 40C to 80C. 6. The nethod according to
claim1, whecessed dai yieldeacluablg alvmpmmi oflwitleatTheheesiduepisr aoudésselyadeansf 60C

to 70C. 7. The.nmethod accopdi n o.claim1 rel i d_.insol ubl e

mat eri al s SATRPTETCF SEK? ‘F%for Pg‘%o&i %’é“ca??ﬂdf)&?q aﬁ?‘ﬁtﬁe}"] 8?%?% ymimym c%ld_&i Hatho
di ssol ve i godsh@t BisS10SBy flfosilldi€ aéiB! TidfeAtcOidd BigisdlvesGh AyaothloyiboF Silfuriche
fluosilicic acid fed to the |l eaching stage is at a concentration range of

10% t o 30%ci® whetebynfstricoehlavide priifergic tsolfate 45 praducoh Be theit panfoniasion| fegicc
id fed tp {he.leachi t i.s, at ,l.east _110.
The. et nodR ik RgAnPREPIF o4 et i 2 PR e e BRORIERT SRRy ok 35ERsd

silica progygheseprddud@rar€ ONgnhferehl vilug. boi ling said al um numfluosilicate
solution to precipitate alum numfluoride trihydrate and whereby silicon

tetrafluoride and hydrofluoric acid are evaporated; and (ii) condensating

?iiz;jl ]SIS!\%ISC Qcotrglinfga{ol i ipge%elﬂn%@Xt%nmslﬁﬂofe%&liﬁ'ﬁisgagteoisoB{e%rleyperfMCd at

60°C-70°C. The insoluble are filtered off and treated as described above.

Still another embodiment of the present invention is a co-production of commercially
valuable silica and the alkali silicate solutions, obtained by dissolution of the silica in
caustic soda or caustic potash, are used in the electronic and paper industry, and other

markets.

Lastly, in other embodiment of the present invention is said process as described in
Figure 1, wherein three moles of fluorosilicic acid are used for the leaching of aluminum
oxide, whereas about all of said acid is recovered. Thus, in the production of aluminum
fluoride (right panel of figure) only two moles of fluosilicic acid are recovered and one
mole of fluosilicic acid is to be added to the process from batch to batch as described in

stream 3.

10




fluosilicic acid and anorphous silica. PCT/1L111/11121 U 11. The net hod
according to claim 10, wherein two thirds of the fluosilicic acid used in
the procews o2asssos ecovered and used in the next batch. 12.pCineonetimod
according to claim 10, useful for the production of s sodiumsilicate or

pot assi u O@m solution, by the dissolution of said silica in caustic
soda or p %ydr oxi de solution, to yield sodiumsilicate or potassium
silicate solution. 13. The nethod according to claim1, useful for the
production of alum num fluoride, further conprising i) boiling said

al umi num f Theosorhpasition ebHthet dlagn use@i pbthaienperimerntnira Masdside auminyur exide, and

(i) ther t.1 ng i ned numfluorlde drat e. so anhydrous

al uni num Pﬁ]%%s&gza 8%"0’%5{391%’8 440%1%1“?7%}{ H%a"fgégéér/’af‘??&s{“é“ 8Pm 1, useful
for the production of alum num suI fate product, further conprising
defluorating al um num fluosilicate solution obt ai ned from said | eachi ng
step, by netampled admi xing sufficient anount of sulfuric acid with said

al um num fluosilicate solution, so alum num sul fate product is obtained and
all of the fluosilicic acid is set free to be used in the next batch. 15.

The met hoda agaplé bR B0t00 g cdfadisy, Joon*rt&i%fn\g' 34.8% b SluRiiNEH OHids) wis @rbired B
sul fate product, wherein all of the fluosilicic acid is recovered and used

inthe nexmemtct,fmwga@tlcrﬁeremqh&pcad@dma% (257 $ra323-9.3) fors69 minfapabeuie

producti on id ri

neutrali zi ?\%Eaﬁl&%rg}lwygﬁ ‘@%ed Kgﬁ{r?e@s@%&tg hég{)%aéﬁléétc\#g ?&;r;lagﬂésa[ é% 5% aéilefl ned
above, w tdubsdtuendyudnati@edus), theldidsblukios of m%mfalmmlhmﬂromded@ammedecpr oduct
and anmoni um sul fate are sinultaneously obtained. 17. The nethod accordi ng
to claim1, useful for the production of alum product, further conprising
precipitaty i (o} i fate
Sol Ut on sz“) ﬂgqté @brﬁgﬁ%lﬁg]aﬂh i tﬁh’xl @&%g%dgfénggé.oll’@‘ wid LRpSratld ROIASE] OBtafiidh

. Aa_. AU _. hrGipitdiéd conprisBioAtamiviin fldoride tridhydratelwabAfiltddad Awashed (3AM g)And. A. L
Vrm

q#@ t OV} xriedrap) 1A QT € dp 3igld 2P da/prodpeta incaipeunt O£ 22 4 & 8f saifl clainyeAflyeide) ca ¢

alcalcalc 20%
| JNI’ n%c] ]X] ?ﬁ%ﬁ?@ ca chlﬁlgi icai %]af ’]E%Jég}?‘é‘g%a% ((:)aC %Z{SJ]Z[ d_a‘]ure ]al ca II(1:l<%1m\/] cajc
a] ca] ca] ca[]lmn]dea]mhyadﬂ]msa]ldaig)ca:] wai amlyzel/by lnmkiﬁ/&ﬁx-r&&difﬁ(a(:tmn)e)nzmis Fhis

.G, .
1@Ola12{ vﬂqw@ Areduch epaiopd O A of dpig edde aid lope e L4 by ea9tds &) ca)
al cal cal ca&&e} gagﬂle@]sa% SLiAliGALA 6AlE Hohnind MBOOLOGILEBRAR process,

T<==] ====> @Q/@ @@@ah wgl gb] X] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cw]mraipcﬁl}%ca\]erd] dmln]sﬁa]ycd]idﬁ] duinonine axede] frajnc dec alay alo AHBBBOREEEE] F
FFGGGEGEEGTH H =N
KKL’\NquNzEf\NN mﬂ%?%e]‘&iﬁ%] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! N O7OPZSdSUUUUWNYQYZZE[ | |
S[[GmMs\Vv\\\\\](]Y a “a~ysnid_ZU] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca
] ca] ca] ca]Begnesdd éa] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] cal ab#bb#c) c, c9
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calca dried (35.2 g). Dissolution of 80. 9% alummum oxide was achieved. Aluminum

Vim K- F910Y% FMLO%&' t:10%& h3L10%& M 10%&' () - 3+109&
'Y eF- F91 ;5@2 liegts @ omqé}ng filfrate (f%b/fg &waq:mi@@}@tacst &2)0 g. %%tame(d) precipitate 0)-
10%& ()-F gsoﬁﬁér@, washBdt @ié ) and dried at 110+ to 24.5 g product, comprising aluminum

' fluoride trihydrate. Said aluminum fluoride trihydrate product was first heated to 250+C
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wherein the overall transfer yield of aluminum oxide from the clay to the product

aluminum fluoride was 63%.

Recycling stage: An additional sample of 50.0 g of clay was added to 330 g fluorosilicic
acid (27%,), and aforementioned filtrate (200 g) was mixed by means of magnetic stirrer
and heated for 60 min at about 65°C to 185 g. The insoluble matter was filtered, washed
and dried at 100°C. The product weight was 35.00 g, 82% of the aluminum oxide

dissolved.

The filtrate (375.0 g) was heated, water and silicon tetrafluoride evaporated until the
weight of the filtrate of 200 g was obtained. By cooling, aluminum fluoride precipitated
and was filtered off, washed and dried at 110+C to yield 38.8 g aluminum fluoride 3.0
hydrate; drying at 250°C to yield aluminum fluoride 0.5 hydrate and then drying at
550°C, and yielded anhydrous aluminum fluoride (23.9 g). The yield of the recycling
stage was 99.2%.

The overall yield of the transition of aluminum oxide to aluminum fluoride for the two

parts of the experiment was 80.5%.

Example 3

Experiment as described above, wherein the evaporation of aluminum fluosilicate was
performed to a smaller volume of 75 ml. The aluminum oxide from the clay was

dissolved to 84.3% and by evaporation to a smaller volume the overall yield of the

aluminum fluoride increased to 89.9%.
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Example 4

A sample of coal ash containing 29.1 % aluminum oxide, 45.0% silica, 3.6 % ferric oxide
and 7.5% calcium oxide was treated similarly as the samples of the clay.

25 g of the sample were mixed for 2 hours at 65°C with 130 g of fluosilicic acid (25.8%)
but because of the presence of calcium oxide, 3.2 g of sulfuric acid was added to produce
insoluble calcium sulfate, which was filtered off together with the insoluble of the coal
ash sample. The weight of the insoluble and gypsum after drying was 21.1 g. Dissolution

of 89% of the aluminum oxide was achieved.

The weight of the filtrate containing the aluminum fluosilicate was 296 g. By evaporating
to 75 g a precipitate of aluminum fluoride trihydrate was obtained, which after drying
weighed 14.5 g. The yield of the transition of the aluminum oxide to fluoride was 73%.

83% of the dissolved aluminum oxide was transformed to aluminum fluoride.

Since samples of clay and coal ash differ from source to source some changes in the
procedure may occur, but the two principles of (a) production of aluminum fluosilicate
and (b) evaporation to precipitation of aluminum fluoride will grant the process for most
of raw materials. Example is given in Example 4 in which the calcium oxide was
removed by sulfuric acid.

Example 5

A sample of bauxite containing 56.5 % aluminum oxide, 7.6% silica, 0.1 % ferric oxide,

2.5% titanium oxide and 26.1% LOI was treated similarly as the samples of the clay.

25 g of the sample were mixed for 80 minutes at 60°C with 320 g of fluosilicic acid
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Example 6

The composition of the bauxite sample: 36.9%Al0;; 1.73% SiOz; 35.8% Fe;03; 3.03%
TiOy; 0.29% SO4 and 21.0% LOL

25 g of the sample was reacted with 168 g of fluosilicic acid (28% H,SiFs) by mixing in a
beaker by a magnetic stirrer at a temperature of 60° C for 2 hours, and than the slurry was
filtered. The cake that was not dissolved weighed 23.4 g, and 12.8 g after drying. 12.2g of
the sample was dissolved. If all of the soluble matter would dissolve, the sum would be
25x (0.369+0.21+0.03)= 15.2g. It was thus calculated that the percentage of dissolved
AlLO; = 12.2x100/15.2 = 80.3%.

Example 7

Clay composition containing: 35.5% Al,O3, 45.5% SiOy, 9.6% Fe;03, 1.6% TiO,, 0.8%
Ca0, 0.3% MgO.

To 25g of the above clay composition were added 145.7g fluosilicic acid (25.8% H,SiFs,
containing colloidal silica, obtained from a previous batch of clay). The suspension was
heated for 60 minutes from 40°C-80°C. The suspension was cooled and the insolubles
were filtered off and washed. The weight of the wet cake was 31.34g and, after drying,
18.04g. The weight of the filtrate containing washings was 195g, the content of said
filtrate being 17.1%Alx(SiF¢)s, 3.9%H,SiF¢, and 0.020%Fe,0s (the presence of titanium
dioxide, calcimﬁ oxide, and magnesium oxide was not recorded). To the filtrate
containing the aluminum fluosilicate, 160g sulfuric acid (95%) was added within 30

minutes. The suspension was heated to evaporate water and fluosilicic acid. The
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Dissolution of 79% of the aluminum oxide of the clay was achieved and from practically
all of the dissolved aluminum oxide aluminum sulfate was obtained. This is due to the
large excess of sulfuric acid used to achieved the precipitation from 60% H2SO4 in
which the solubility of the aluminum sulfate is 1%. The excess of the used sulfuric acid

do not losses, because it is used in the next batch.
Example 8

The coal ash composition: 29.1% AlOs, 45.0% Si0,, 7.5% CaO, 0.97% MgO, 3.6%
Fe,O5 and 1.6% TiO0,.

To 25g of the above coal ash composition, 201g of 25.8% H,SiF from a previous batch
were added. The suspension was stirred for 2 hours at a temperature of 50°C-60°C. The
suspension was then cooled, and the insoluble matter was filtered off and washed. The
weight of the wet cake was 26.7g, and after drying, 17.5g. The weight of the filtrate and
the washings, containing aluminum fluosilicate, was 296g. 100g sulfuric acid solution
(95%) were added, within half an hour, to the aluminum fluosilicate solution and the
solution was heated to 100+C. Acidic gases HF and SiF4 were released and after cooling,
they were obtained as fluosilicic acid, and ready to be used for the next batch. The weight
of the obtained fluosilicic acid was 200g, and the concentration of the solution was 24.8%
H,SiFs.

The aluminum sulfate solution contained sulfuric acid and a small precipitate, which was
filtered off and, after drying, found to contain 4g calcium sulfate. The sulfuric acid and
aluminum sulfate solution was then concentrated to 60% H,SO4. The solution was cooled
to 25°C, and 35g of aluminum sulfate were precipitated and filtered off. The salt is
Al(SO4)3*18H,0 which precipitates from a 60% H,SO4 solution. The aluminum sulfate
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 describes a method for the production of aluminum compounds and silica from

various ores.
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(i)  leaching of said ores with fluorosilicic acid to obtain aluminum fluosilicate
solution;
(1)  filtering said leached solution from insoluble materials; and
(iii)  washing said insoluble materials.

2. The method according to claim 1, further comprising defluorinating said
aluminum fluosilicate by heating it with sulfuric acid.

3. The method according to claim 1, useful for aluminum fluoride production,
further comprising boiling said aluminum fluosilicate solution to obtain aluminum
fluoride.

4. The method according to claim 1, wherein said aluminum oxide containing ores
are selected from clays, coal ash and bauxite.

5. The method according to claim 1, wherein said leaching is performed at
temperature range of 40°C to 80°C.

6. The method according to claim 1, wherein said leaching is performed at the
temperature range of 60°C to 70°C.

7. The method according to claim 1, wherein said insoluble materials are silica,
ferric oxide and part of the alumina, which did not dissolve in the process.

8. The method according to claim 1, wherein the fluosilicic acid fed to the leaching
stage is at a concentration range of 10% to 30%.

9. The method according to claim 1, wherein the fluosilicic acid fed to the leaching
stage is at least part recovered and reused.

10.  The method according to claim 1, useful for the production of amorphous silica
product, further comprising:

(i) boiling said aluminum fluosilicate solution to precipitate aluminum fluoride
trihydrate and whereby silicon tetrafluoride and hydrofluoric acid are
evaporated; and ‘

(ii) condensating said silicon tetrafluoride and hydrofluoric acid to obtain
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. potassium hydroxide solution, to yield sodium silicate or potassium silicate
solution.

13.  The method according to claim 1, useful for the production of aluminum fluoride,

further comprising
i) boiling said aluminum fluosilicate solution to obtain aluminum fluoride
trihydrate; and

(i)  thermotreating obtained aluminum fluoride trihydrate so anhydrous
aluminum fluoride is obtained.

14.  The method according to claim 1, useful for the production of aluminum sulfate
product, further comprising defluorating aluminum fluosilicate solution obtained
from said leaching step, by means of admixing sufficient amount of sulfuric acid
with said aluminum fluosilicate solution, so aluminum sulfate product is obtained
and all of the fluosilicic acid is set free to be used in the next batch.

15.  The method according to claim 1, useful for the production of aluminum sulfate
product, wherein all of the fluosilicic acid is recovered and used in the next batch.

16. The method according to claim 13, useful for the production of aluminum
hydroxide solid product, further comprising neutralizing aluminum sulfate
obtained in the defluorating step, as defined above, with ammonium aqueous
solution so aluminum hydroxide solid product and ammonium sulfate are
simultaneously obtained.

17. The method according to claim 1, useful for the production of alum product,
further comprising precipitating said aluminum sulfate in sodium sulfate or

potassium sulfate solution so alum salt product is obtained.
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