e - tdrodicion
Avcurding 1o Tackson (1988 and Flubash {1970, ihe bauxite vre wpical
conlains gibbaite (AN D:]. diaspare [AOIN| or bochmite [ AN with

nan andd silca nxides as the majeor immurities. These ashors larther reporled that

e Buver process mvoloes e selective solubilisiation of he  alumiipinm

containing mineals i sadinn hvdooxide solstion. The reaelion between sedium

hydroxide and aluming ffom bausite oeeues at high lemperaure (oanging Fom
120 - 200 *C'y and pressure (ranging frem 5 - 24k bary with a retention time of 1- 4
h.

According o Llabashi 419700 and Warren and Hiner {19700y, both silici (510
arnd hematite (Ve remain undissolve during hass lepching b siliea that is

ium silicated slisselves aod Brms

PO

Velmbuldt e al (20017 reporid thit the rate of dissolution of aleming depunes

heweily an the cimcenteation of sodium hydrotide wsed. High concentralicns of
sordium hyvdroxide during bauxite orc digesiion resull io Aleration problems, Such
iitiewics being abevialed by dilutieg the sluery, Tlese authars also ceported that
ninpuritics o the e liguet sehition ave o detrimental eifeel on the: aluenipium
exlraction elTiciency. | he possible reactions et aceur curing the leaching step of

Thu DBayer process g

AKCIED; + Muldil = Na[AUOH k] (1.4
aibhrisy suwliuni aliirminane

AN I MNaldH -~ FLOy —» Poa| AN CHEY | (1.3%
mewthpile ki alumuinale

aluaimium eontaining selntion is precessed tober. The main advantape of the

1ayuer process 1z Lhat socliom bevalrosabe v b regaorversl doeinp ihe ]"lm'-'!lif'iiilfiﬂﬁ

of gibheite and reeyeled Lo The leachiog e,
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P -1

The precipitation of pibbsiee will be discussed in more detall in Sectiom L2451

The el leaching process involves the solubilisation of minerals trom 1he

minural-bearing Ores 1 muEEanic ST )

rnosphoric aeid ue hydrochlocic acid. 1n this seckion avid-lcachiog peocess an The
recenvery ol aluminium specics, cobalt species platinum specics [rem the spent

voball-conziiming catalyst will e diseussel separately.

1.2.2.2.1  Acil leaching of aluminous (aluminium-hbearing) material

According to Canon el al (19793, Rurkin (1987 and Burnet et al (19%4) mineral
jes Irom the alumineus mateTial,
These thors found That species ol iron. pickel, barium, msgnesium, tisanium,

cobali and somw srace clements present in the ore disselve si

aluminiuem specics whes either sulphuric aeid or pitrie acil solutions are used in
e el leachiiong steq, Troce anssants el salicn nre also soluble in avid slucing the
lewching, process. Unlike the alkalioe leaching process dincwssed in Seetion 1L1.20]
abeve, e acid leaching provcas 15 hess seleotive W aluminiun canlaming §PLCIE,
v wus farther arewed that the Jeach Tiyuae solution shained after the Bitration o
the shiry Trem an ueid leuchiog process should initally be purtlied by cilher

¢ e saluaitiniuen-c ontaiming

solution. This selution coodd possibly be wsel 1o pronduce muiaflurgival grade-

alurrin.

1.2.2.2.2 Acid leaching of platinun-containing material
Plotinurm docs ot dissslve readily in siogle maneral acids in the: ordinary aead aml

b Tesislnn o oaidation by uxygen, Wareen and Eliner {1979, tlartley




{ fapaer Dodmtrginectieni
e 1073, Melonahl and Tlanl (1, Toolwweand 1076 @ubonbi 4 7L Renawr
CE] g aneh Baachntnm aml Rewner 1954 cleark TGN AT (TR SR NTETRN NT %

il o 1ol nitre aeidy dizsolees lsnh placimoe and

pllnclim specics, gohil mesals Trom platinum zroup nsetal [P e aned louves

' : deanel? VSN - B -1 T IR e PR RN Y1 o1 (TI TR 0 T
T T CIT, FRACia Iy, ex=sTLi T, S i T i =TT ApiL el dn cded b=k

Finnre §.4 sumnmrises she precadiees lolloss] i eoder o sepatile platirum

prowpt micdals romeach ulher,
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During the dissolution provess. o repda dissulves platinum witn e Fk ot e

af cllomephainie acid, 110, as ahown i eguation L.

Bl MFNCH 4+ B10T x ELRCT + N+ Wik A0 {1.61

The residue eltained during teaimunl with agua regia contains apecies o
curhenium, rbodium, osmivm and iridivm. The flmae chtained in this manocr

typically contuins latinum, pallucdinm amd pold.

Mabashi (L1 reporied that ammonion ehleride e he used us 4 provipitating
I

apent do selectively precipitale platiouf ]y eas froms the filtrate. This resultimy

i]iir‘m—ﬁ—fﬂﬁhﬁ—ﬁﬁwd—w%hmmium hydroxicde solugion o precipitale

palladiam in the foem ol s retranming dichlore pallulinmr () complex. Additivon of

taafrachlorie acid 1o the inspiuble teiraamine dichlones pab

vields an inseluble diaemine dichlome palladinn(L complex. The renctions ul Bt

arl T churing the pregipilation sleps described ahuve are as 13| GEVER

PICT, = AN =3 (MET |1l (L7
I"IJ.{II.'--'-"-‘NH!. ¥ []:.IJ {N[[‘I]LH.I.I “3']
[ (N he |l = 2FICT — Pl (MEL e+ 2NELLT (1.9%

Harlley (19731, AeDonald (18R Tdwanls (1) ancl Ciedan and Maorene (154920

heve perliarmed studies o idontity und seluctively separate K, izh, (s and ie o

Uhe aqqua-repia insouble reside. These studizs will not e discussed at length 1o

this dlisseriation as they doaot faom part af the current shudy.
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1.2.3 Floerulalion of the slurry

Avenrding Ly Adame vl al §19RR) el urkert and LEwimann (2ROTL mingmal

whoreies cnesently anilse o Doceulitin proey-s o sofmes dg il alha-line

mineral suspensinns Fons lcaeh uywer sahiiony and ming etluents, These shircies

are colloided Inomalure Lo, eerian i izl whivh sente wn ol

=10

sspensins anly wory showls] aad Lhe Gigquid solish separation i prohlemlis
P athors csplicitly swentivned it the adelizion ol Moceulants o e sheees
improves the scelling rase ol te alru-line solid patiche wnd resuits e ficien

wepitntion of U solid- T 1 asfuiones sdsparndmg myeliun.

Akims o ol TTRRAT aml Thokerr ol Tlerimann Py peporicd chat Toceulang

st er prenduce cusrprelersve g al R e, e aag et ionie

Moeenalants i wun slestabilise The spspensions aud s ke Ty resull i rapidl

cediementaeing, Anivic od man e g Saesians e izl tor bl

1"
Sl Ry

susgensions it prinanly comguin narzanic wli line selids Flovaser. R TRTIE

et lants tesl Tar el aspensions L cipeeiz produminantly vl urgish

lca-fine selis, 1 sas funther seaed thsy 1Te nerliseninee wl i Eleeulimis
Joprerads mainly an e plio ULl shggiesns seespueding i daring, Slewesibilii,

Catiopic Megmitots are clleetive ot plldowiels amienie iToretdanis aperaic &

all 0 N ioniv Moceulans wark sl ontyin Sighly kel s

seanl rede durine the tocealation

[ addommis ot o RS aed Bockerd angd hartsmann, 200 A sy el Lo

Sloed
I

. H H et b ISP, s i L s VoL . :
ivsicnl processes peeuniing Juring Mol mpe, 1w ezl e Alames.

ol s ] PRIE IR TR L I clieses i | f‘:_'ur._- (I
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Figure 1.5: A flow diagrzm of the flocculation process

11 can he seen from s Figure that the focculation process inyoives 1w stages.

[ Al 1irst stugee, the

udsorpion ol pulymer molecules ont individual suspended

—[ﬂrrnfﬁntﬁ%ﬁid—ﬁifﬁ—iﬁl%—mlrw plysr

In tie second sluge the two pedymer

moleeutes eantaining 1he suspended

wolids comtael cach vtier amd cventually

I, 196 and Yan Flecrden.,

i

resnlt in formation of agghomerate {floes

| IRG).

1.2.4 Purification of leach liguor solution

The leneh ligoor solulion shtained adler employing cither aeidic o alkaalirse

[ac N PICGLLSSEsS deseribed in Seclion

iron, cukalt, ghoniniwn, plafinun. nbLrnesium axl ealeiwm, According




CCRagiter 1= fnteoduictine
Nythearma (1987}, Dreisinper and  Cooper fLtk4}, Fiabashi {1970, kickion
CEOREY, Charlot (E9E3), Sarma ot oul (19EY) wnl Ldwards [ L9763 purilication

itation, solvent exltactor 485Xy, on-cxchampe

(X4 anel crystallisation can be wtilised 10 nemove impuritics such as iron incd

aluminium from the lesch ligues sololis arior Lo further treatment, 1o moat
g i

ke, [he variows authors reported 1hat purification methuds sueh s L, welective
precipitation sed crystaliisation have the hiphust petentinl for the purificativn of
aquevns Irach liguer soluidons containing, alumirint 1117 ivnos, cobal{IL} Jons,

iromf 1] ions, nickeli 11} ions yrul procimus metal wes {1, Pl 12, [r, b, 2050

Therefore. Lhis dissertation deals specifieally with:

#  Solyent extraclion

s Crvstallisagion of sluminiom lydroxicde. ameniumm Iexac h

cohall nitrate hydrate.

cussion of the theory of the abwve-mentinned commoan purificalion

I wlae elic
Ll NI L.

ethods, their hasie pringiples will be duscribed o detail.

1.2.4.1 Selective precipitation

Avcording o Jackson 1956) precipitation vecues wien precipitaling reapenls are

allwl to o solution of mtal-ion resuliog i the formarion of salids.  The

precipilation processes hd been used some ¥oars agn fe separade cither melils of
g 3t dizgpeeal. There

mulal ions o impuritics fom the Leach DguoT solwiioi prioT b
are fwo typus ol precipitaion reactions. namely, cheroical preeipilation and

reductivi tion (Juckson, 1YR6) [urne the chemical precipltaiion
reaetion, Ui prceipitating renponl neacts willi metal juns present in the aquecus

coslimtionn 1o vield an maoluble precipitaly (50¢ yuativn £7). Inthe roduglive

pecipitution i wecond meti] procipates the el ons o e sohutrm on the

- . . . : a-
farm o aoctal § v 7 P Ll F 1707 F

L
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Reoner (2000, Fuecley {1973), Bachmann and Kener {19847 Jackson [ 1986,

Tabgshi (70} and Warmen shd Hiner (19790 menfioned ihal ammahiom

chloride ¢an be used 10 precipilate platimurn fram The leach liyuat selution in the

chivrife and platnum has afreacdy Been dhseassed slvie (o egeation 17}

According e Jackson (1986}, ducing the precipitation of metal bydrogiles Trom
the Jeoeh liguor solution, many metal ionz prefer w0 hydeolvse reseling in the

frrmation ¢ spacingly soluble hydroxides, The generad reaction is:

MY Ety = MO F e EC (1.10)

Where M7 3w anetal on, and RO b, i 5 metal bydroxide precipitate.

1 owus adso pevealed that the seleetive precipitadion of melal ions Fony the leach
Tiguor seindjen wsing cithee sodium ivdvaxide o ammasniom by deoxide depends
stbstantily on the pi o0 e selution, solubilite produect value, wempesaturg of
sorltion as well as whe oxidaiion strte of oneial. N owag ale MNestraed tha (ot
can be precipiluted from the leach luoor sodotion wt pEl O at 2% "L while o

precipilates only at a pll between € and 10, The Fe™ i usually precipitates at a

P! betwesen 2.4 and 4. Howaever, Fo  usually slarls to precipilate al 4 pllol s,

combuining cither socium hydroxie of putassium hydroside we added 10 1be Tron-

conlaming geidic Teach Gguor solation, Fo'' will gtart o seleotively Frecipitsie ol
pll 2.5 ‘The AT warts precipitle in the ferm of alweminivm byalroxide ot pll
3.5, Suhsequent W the isolation of the precipilade o AI™ and Fe'™ through
fikrion, the salution comtaining cobalt niliate updergoes pucification by sulven

. . - - . Ll . -
comnl] amunnes of the precipilate feomainng Al nd Fatlty

will e st bl i disposil.

-
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[T P e T T Y U T P . - P
davkson TIVEDD imdicatcd That selective precipitation can be used 1o secover
vitfuahie mctals from the feach g solution. e argaed thal both concentration

uf the substance Lo be precipitated and the paricle size ol o previpitate play an

impaertant pobe during ahe precipitation. The relative supersaluration (o) is

r""‘\:'l'l.ﬂ-\.'\.'l-'\l'.l"' Fyno-
AT RSNl

(]

= T (1.113
whete (35 the concenlration ot the substanee to provipitate.
O is 118 poguilibriom solubity,
7 Helative suypersiliration,
Tocksan (YWRG) also [bund thit a celatively hiph supersaturation enbances the

muglesticon rate of metal s and subsegquetnly resolis oy the thrmadion of a

precipitation te be Blered with only difliculty and resuleing in a poor solid-liguid

sepuration, A telatively small suporsatoration raee can be wehicved by widing the

precipiabing apents very Slowly oo hen dilile solotion of the keach Tigquer
solytion.  This resuls o the formation of 8 ervstalline precipitale ol goatse
pikticles that van be filleoed only with case,  Aceurate control vl the nueleacion
FiIbe s alwinvs reguired in onder w0 improve the flerability of the preeipitate rom
the slurry. [0 wass alse reyealed 1hat the mejal bydroside beeomes positively

charged under acidic conditioms b negatively charged in atkaline mede.

Skoop and West (19823 dusigmed nocleation or a process wherehy some number
vl enE o eHleeube s Lriite [ Fovrtn stabile ]'ll-"lﬂ.'{l.: {fllfff[g ¢ o ﬂﬂ'iﬁﬂ&!k?ﬁ. IE vy
alan lowmd that melad hydroxides sueh as alumioium hydeoxide, ferre hydroxide

sulphides of heavy metals can b precipitated ws collodds  (geladinoys

Hisl
precipitat conlaining  uitrp-fine  selid particlesy These colledids ean by

comgrulatedfspelomerated by employing o foceulaion progess. us deseribed in

Sectiom 1,73,
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Gienek (20000 stated that eapid chemical reaction thal accors during the

precipitation of metal fons from the lesch liquor solution tesules in the Harimatic

chemical Teaction can alse cause high sepersaturatieg resoling inthe focmsstion of

ullta-fine partiedes during the precigitatan. i jowever, apgiomeration of the

precipitate containing wirra-fine patticles cun he caused by high speed ol the
apitair during precipitation. 10 was alst found thit panecle siee disieibuting i3 a

[unetinn of the temperatute ol the leach liyuor solulicn, the addition rafe of

reactants, mixing of the shurry aod coneentration e reactant:.

1.2.4.2 Solvent cxtractinn [(3X)

FILET

According o BUCEY

exiruction process invobves u tapsler of metal spegivs (either desiced ot unwanted

motal funs) from a solution ol leach Jiguor inla at arganic plese aticr agitatien wi

the twu plusses. Folbrwiny the separation of these twe phascs, the leded metal

Intinn ol either seid or alkah [Fonthe Ioaded oeganic

Ao

speces e steipped with o
phase,  The process in which tho loaded metal species are removed from (he
lsaledd prganic phase is termed sirippine (hack estraction), The stripped creaniv

phase will undetge regenuration priot ke recyeling.  Fhuwoever, the rallinate or

phase i Lheated for the recavery uff other metads and s olse reweveled to

the solvent cxleaction circail.

cireuit is shown schematically in Flgare 1.4,

1<
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Salvent extraction has been used sinee the bepimning of the twenficth century in

the: petralewen indusiey and it is also used 1o purify Teaeh liquor solutton procuged

-

during the selvent extractiun process when using di-(2 ethylhexyl) phosphoric

aeil (TF2-FEIPAY or sults of D2-EFIPA a5 extraclanis is as filows:

M" + nHA < MaA, — nll’ (.13
AT e s colionic mctal spocnes
aH A s an onionised extraelaet
MA s 0 campound ot meta] extractnr complex
According 1o Riteey and Ashibrook (1979} the wse of the sodium salt ol 152-

EFIPA as the oxiroctant. in which vobaltgBl] ons replice sodivn ons at pll 5.6

during The solvent exlraction resu

repored that the formation of sodiam salt docs nul allfect the pH ef the sysiem

 bevise the hydrogen dons from the extraclant i his guse will ol be teieased.

This is then a metul-melad exchange rather thun a roctal-hydrooiam excherge

TS,

recess js osed i commercinl phints for the reeneery af mietials
[T, and Phillips wand

Serlvent eatraction p
such s coball, nickel, uranium { Rileey amd Ashbrook,

(ORI thiz nvestieatien, the cilectivenes o [ serlveml cxtraction in the
] i- = LR LS Bk

= i 11

ikl
iLia

FEOILIa,

PRY 1. T TN IUSI W |
recovery of cobalt vontanmg speeles will e cvarttod

1.2.4.2.1 Organic phase

[n this study, the wruunic phise which will he wsed in Lhe solvent exlrctnom

o]

_____ b fa ]l wine o reageniss o cxirasiant, o

practice is generadly mady up ait

diluent andl if required, a mudifier. [ the tollowing parmzraphs moee ioformation

s given ahoul the extractant, diluent and madifier as well as the fanction of thy

Acippang siep.
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1.2.4.2.2 Extractant
A exiraclanl is the selive veganis part of the selvent primurily respensible Ror the

L eapeetion el metal species from tke leach lgwer solutien, 1o this seelicmn,

specifically di-2- eibiyThexy | phosphoric acil (02-ETTPAY will be considered o the

cxtruction of ihe cobaltt [ oos Fom the Jeach hynor solation, which was initially

subjected o the precipitation method. o the peecipitation method, mpurities
cich as iren and aluminium will be selectively remoyeed from the Teach lguer

clation, which then undergees further leeatnent,

Habashi (14707 mamd Riteey suod Ashbrook (19771 staeed thal an deal exoractan
haruld FlEl the followsing requircments:

W
-

L | -
s eechy

o |Ligh extraction copacity

»  Fasily stripped

a HL!T!IHTi![tﬁ' L‘ﬂﬁ'il}" Freimt wead T, 1L, {EI] l'.‘ltl'l!-i'-ﬁ"g' iS :Lpprun;;iﬂhl}' {lini.'t'L"ﬂL

o Sufe to handle e () mom-toxic 4y non- farmmable (e oyl

v Seable during sterage or whe in conlact with aeids or Frwsas

Sust be lowally available nod inexpensive.

[ Laleashi (19700 an

catractants, dileents and modifers might vary  greatly duging the seslvent

Riteey an : i : thtA

extmaction proeess. [0 wus forlher stated that cxtructnts like etlers, alcuhiobs,
aldehyilez, ketones, oximes, phenols, esters, varboxylic aeids wrl amines

-...” s =l

partially soluble in vither noidic or hasic leac liguar selgtien.  These guthers

st Rk

penuralised thal The sulihilioy of the extractnts in the leach liyquert solutions during

the saslvenl extraction prscess desteisbes wilh an inceense in chain lengih whitle

thelr extraciiopr puser mereases with inereasiog chain lerngth.  Riteey and
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substantially on the temperaiure of he cach s sodution as well as the
coneenteation of acid ur buse present m the leach Tiguuor solution, 1o chis stwdy

eters {di-2-vthelhesy lphosplorie seidd {122-EHTAD and iributylphosphite {1

will be used o extract the cobal(T0y i fom the leach laguor solubion. The

solubility of these reapents will b deseribed hricily.

Faters gre foomudated by he reaction ol uleohols with worgunic acils (Flalashi
ChO70p and Anil vtoal C19TU For exummple. phosphuric aeid is reacted with
alenhols 1o form esters that can be wsed o oxtractive metallurey, These esters are
divided inte acidie esters and neuteal csters. 11 was faund thai e tvpe of ester
formed i determined by e molar ratio of (he tesctants, iF the molar ratie af

oo Py et 2 R alkyh pyrephesphoric acid 15 leomed:

e

RO = P > (RO AT DEOE TREY

When i ratio of 3.1 s used, a mixture of maoe and Jialky] oribuphosphoric acid s

SROEL Y Pa0ds = (ROV{EIT PO (RO (1LOIPD 1114
Tralk ¥l phosphutes con alsi b propared by reacting Lhrec equivalents «f aleohol
wilkh 1L, s shownh ineguation (113h

AREIL+ POCE -y AROY PO SHC] i1.15}

Ihe physical propertics of lrjhli}iﬁhngphnfc—{;HHH—HmﬁEd—HiﬁFH%iquMinn

| 15 are summarised in Table 1.1 U Tbasha, 19700

[
L
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‘Table 1.1: Fhysical propertics ol fributy] phosphate

Boiling peant, °C IT"?—I'.T"H a1 27 mm m
Flash IMiont. = 145

Viscosity at 20090, eonlipuise 3.4

Solubility i water, Yol %o (ER)

Soalubility of water in TR wod b T

Spuciie gravily 0,47

The selubility of these walkvl phwsphates {1li-2-cthylhe sy Iphosphoenicy  and
tribulvbphosphate {TEP) will bricily be described, Aveording e Riteey and

solubilily of alkyl phosphates {di-2-cihylhexy | phesphorie)

acid in an aquecus phase b not been extensively studied but fhe salts ot this
qoidic ester sach g5 amnemkam di-2-glhylhexylphosphoric acid 172-EHPA

SEEIRA (Ma) depress the

F]

—_
=
m
o]
=
T
=

E
—
f—

—"
=
pe=

I
=]
—
=
-
'-\.IJ'l
b
=1
=
L=
o
-~
a
'
—
o
L]
=
a
ut
k>
™
-
0
=
-
X

less than 30 ppo

Rilwey and Ashbrook (19843 ulso mentioned elearty that the solubility stady of

lertalen som

T In vacious aqueous el SES UTGCTHE W wears apo uril ab

evenbizally found that as the emperature ol the leach Tiquer sebalion nereascs, the
worihility o TTE desrmses, 1L was Turther urpued tha the scubility nf TT1* in the

gopenus  phase InCrTises with an increase o oacid concentradion. The THP

coneeniration also has o mackod otfeel vn (he soluhility of irihuty| phesprlizie m

acidie Teach lyuor saslution.

ap - Ritcey and Ashbrouk (1% and 1labashi (70 there L TE

4 1343
PRCLLFTLTITLL

abstamtial amaunt o intormation avilable on the sislubility of warivus diluents in

tpacrion circails, The solabifity o diluent is

use ot b studied 0 the solve

expreted 1o be less that 2 ppn.
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1.2.4.2.% Diluents
various authors defined the term diluent a5 an weganie liguisd, which dissobves

sulvent during the solvent

1 ——ew b e v (T T
foyed wh

(1984} mentioned that the ol lowing crilutia

spiluble diluent, for the solven! estraction mothed:
o [t chould Te locally availuble aml inexpensive
o I st dissolve esleactaon uncd modifer
e umust nol renet wilh un oxtraetsd metal specics
e 1 should have a low solailits amad hiph flash point. thereby, decreasing

losses due fo volatility ax well as fire bazmds

[t shontld B iosofable i the aquenos piuse

It shondd lawve a low surface fension.

inati aratfin nroduced By Sazol will be investigated

This tuminating paraifin conli
diluent, 1loents act as carricrs for the extructant and moiiier and genecally

shi btk of [he organic phase. This erpin solvent alled dilaenl has oo

camprise

capacily of exitacling melal ons from the ayquenus phase, Twt w31l onprove the
physical propurties of t the cxteactaml sueh as the density aml viscosity, The diluenl
should be insoluble Inowater i order Ly proven s gif AT i

e anfvent oxteaclion process, Accerdiog o Habashi (197¢h the diluend nermally

comaststs 0l ydrecarbons or s0 hstituted hvdrocarboms.

1.2.4.2.4 Modifiers

A msclifier is o reapent addueed 1o the areanic phase i o afdcmpt o prevent the

furnabion of conlsiens Terween the agueols aml erganic phiases during solvent

cxtruction, A mudificr will iraprese the solubility of 1he extraiant in the diluent,

“athidp phgse £l If"l!'j_dl'lli.- phises) in solvent CrEmcin Sysens

T LU
he formsiion o

'\_.-'

peses DNy SUTiils probletns [Ritcey and Antytroak, T9RT
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Acrurdioe 10 Riteey  and - Ashbrock ([984), bandecanod, Iribury [phosmhate,
cthyThexarl e pononylphenol mus be added 10 the organic phase te prevent the

hiars alss Indicated that oo lne

K - AT
1 I

sulubility of the argasic phase could result m the ornuition ol the

the aqquenies phise doring e solvent exrractnng process, The cancentretior ol the
mudilier required during the selvenl exbaction cupes tem & - 24 eivel, The
dilier crncenteation depends largely un the voneeniration of earactnt sl

durime e solsent extractivn step.

Furthermore, Bitcey anl Ashbrosk (84 Deeismger s Coaper 1984 ) reported

slhvweinp parimwelel s

Juring the sobvent cilraclion priwess:

= qfl

e Tempersture coball by ioes Tnading,

sedriietion watl 12 -1TT1A,

L
-
-
-
.
kA
—_

=

e ffeer of medifier on Uk cxaruglion of cabaiTER ons.
o Mot of madilier on phicse separalic,
e [-ieet sl extratams on eolaii T inns Tualing and

AR AL TR anel iHlmioating paradTin (K eresench.

b
i v Ea

In this clisseriminn, it & imporiant oo nede L dli-2egthypl e sy Tphesphoric aeid,

foxtraetant ). iBuminting parafTim anal ributylpbosphale groudificr) will be used in

T preuarietion o the argumie plhase e Tusively B e exlraelion ol colal fh

s froan e leach liguar selotion.

L
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124,25 Sirinpinge step
1 he srippioge upe o alernatively retorrad. s Foek sestoactiom 31w second slep

NS PP PRSIV FUPES TV YT LES B Thu W TR alriv g slep, the il fomes Tl

LD L9 1

in the arganic phase are trmsermed in the dgivous phaze,  To this slep the

s iw giecid iy Lol vy

117!
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srimmie e el s s oy T L HTRRE

phase 1algel et al LURT). Tl metal inng chal are contimmed Lhe serippring
e anluzion can b cubjortad quow s el el prplt prucesaes Ll

clectrowining. erystallisation wad precipitatien e the revowery ol high salus

A N

Tsic strippine apents sueh s sociuam hvelronade, aommwmimn Dedroside,

ERTHERITETY Taalriradde capperien ek, ammranin cF e Al

corhopae i B used e rmve e eatrietad metal speeics Tnom the leinhad

. 1
TS LT TR R

Swilic surppime asents s as vdrechloric avul, nitrie acid aml sulpharie il
v sl e geed tosernase e ovieacte] el LT IRRN (RT o b T AR K s AT

plase. In s disserlation, witeie wvicl witl be wsed 1o strip ahe Teaded srpanis

[ [rariaqe =he sirinoang cLen. ther bl e wili oy
ot wetrcted i b argsne phase, Bl e veball jons s wld e L nineibe

e i J s = il1|.'| | B T :'!ri==|'.||'||l Ii-'lll[||'_ I."Ii‘-C Ii-_l'-"ll' ";I.|||.':'1.|'|:'| i '.'-I-i'-|':‘..'|.”: I"I.:-l‘;'-l
.. . 1 . t bl -

conpaining mosthe goball mivcaee saltocn be sebjecled ooulb pri [ o

P I TR R L I et LB KA AL it enelep iy thin soctian, Pl sirpa 1o

=hoees can b |'_--i._n-_'-||.;r.|l.,;-_! ='|"in|' [ L'!il'.-i_:_ TR A TR KL WIS SO,
1.2.4.3 Crstallisativn of mepal salls Tram the leaeh ligunr solodion

[ Dagpehi o e irwticat ol et o= gl o el e [ et sk

TITTITON L EWTITI IS

I
N NTIE nuunly oun M comperuns of T AT soies

Hy
LR N — = il

T '|',|'||\_'x'il'|ll el anel ez o MR IS THEN |.l||r:|!:"| "-I'-'“.'"'"':-.r:.:-'"".l then
. ! LRSS :! : i

siscinu Tthe aserall gircnlalion and -l depree ol =ld swspensun urnd

iz i e £t e B AN TEP SR | G b lar T el S LI



{hepter T- fRirinductaer
crystallisution sysiem hydrodynamics can allect the product parameters such as

crestal sbae chsteibution { 3173, shape, purily, surface arce wrid oocurremee of

mie parlocles can !‘li'!ll-,.‘[l[iﬂl!_\_-' affucl the ﬂl‘ll’iltiﬂn!

T ]

[uctars that altfect the ur:..'stu'l'li:-m[inn of muelal jons from the sjucous solution as

resent siucky. Cndy three faewrs. namely. etfeel of remperature, elteet of vrpunic

'.'.|

solvents and Fractional crystailisaiion procedunes thial w

alis long the leach hguonr solulien will T mcdelrezscd.

L

of meia

Rewarding the cllect of TermpGratime, Hhaahaehi-{ 1970 aroged-that the sehwbibiy of——————

{ure up 1o approximately 100

Ty

emperalure crystals Starl i precipilale.

colatinn, the metal wns present i the heach liguor sulutin will begome
comecntrated and subsequently resull m the formulion of erystals.  In contrasl,
aluminium nitrate will oo undlerpn erystablisation ater cvaporating the leach
liquor selution ut high temperature (= VY00 becawse nitrate wnd feoe nitric acid
thiat are suitable for the cevatal fnemation will e completcly decomposed. Lhis
implics bl cmperture of the leach liguor salution meeds Lo be mumitorcd

curefully during the erystallisation =tep.

Chee ol ol (19471 and Vittorl {14924 fumed thad e adelition of elhanol 1o the
sulphuric scid leach liquer corlution feslis in eificient ervstallisation of irom- e
aluyminium sulplate.  The spent aleohul was recovered fie further use in the
process. Tithanal is abzo wsed (o the produglivn al” ammenium anlphiate in omler b

jpreve lhe crysiallization of the salt.
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Elahost € LU70) printed aut that the fractional crystallisation & an old mahod and

is currenlly being replad by iub-exchange amd solvent exlmclion procechares.

1. In this progess, the leach

sepurinted by filivation. “The filiraie {each g

prosolidiiony can b evaperal

additioral crystals wre formed.  These eristals will then ke separsied throogh
filcation,  The crystals obtained Gom the il step of evaporatton will be
redissolved in water and then evaporated until new crystals ane tormed and
syparated,  Crystals from the secend crystallizalion step are cumbined with the
lest swluble Fraction and evaporalion careied out. The process ks repeatcd several
Limes undi! finally three Jractions are obluined:  one bl contains the least

st soluble and the thard

comuing comnstiuents of Intermediate solubaliy.

Ihe crvsiallisation of metad sdis roam the leach liguor salution alse depends on
the eoncentration of cation (mett] 10 be crysiullised ), coneentration of anish and
availability of water.  Tu enhance the ervstallisation rale ol salls, seed crystals
st b wdded 1ooahe keach Bguer selilion.  According 1o the Bayer rocess

concisely described in Scetion 12201, pibbsine erpstals are addel to 1he

supedsiturilel seltion in erler e speed up the e ab crystallisation (1 labashi,

sabutivn during crvstudlisation can form new nuclel o suppott the prowth of the
cislioe vrysinbs, o was claborated thert cxccssive ougleation can result molog

many small ceystals with wo uracceptable erystal st distribution. 1t was further

IIIL'II[i.['ITIt.‘li I.I'lﬂt iq wid‘:-r ':T}'-"ih‘l. :'i-i.l".ﬂ diu,[rlhu‘h“,” cAn 'E.I:‘iﬂ h‘- “ht“i"‘.‘d hrr inC“'-H.'i-i"g

the pereent sobids therehy Jeading 0 o reduction ol the lemlency 10 high

gpursataratien Jevels
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In whditing, secding can e uscd, invelying a preccss ol adding crysluls of a

suhstance Lo be erystallised info o supersaturated salwion of 1he same substanec,

n  Crpstallisstion of cobalt nitrate froom the impune each Hquor solution
¢ Crysinllisatton uf cobali mitrd

Nl orvsiallizotion uf }}];L[inllrl'l galls  such  as  armmom

| L]
[
o

hexachloroplalinate from chleroplatinge acid swhiliem.

12431 Crystallivation of ulumina tribydrate (ATH)

Alumioa tribvdrate can be sclectively sepuTAted JT0mm Soc T aliiminale selaton

pronduced by the Thayer procoss ws illustrated varlier in Scetion 1.2.2.1, Vor this
pracess, Habashi (1770 andl Warren and Nince (1979b) repocted that mory

Smpuritics such as sitica. hematite, ving ane vehult have o detrimendul elfect oo the

vrystallisstion of aluming leeen sedinm alwminate solution. Hl-Katatny et al

(2000, Flelrmbolde {20017 arl | abashi (19700 mentioned that aluminium preschl
in the sodiom aluminate solution vrestalliscs with fheee owleoules ol water 1o
Farpn u water insoluble alumine trihyeeate, ALY The eryslulline phise
present i lermed gibhaite ued s comtaminated with trace anwunts of inm, cobalt

16 well as wine, L was ulse foond thatl praciivally all the metheds retating o the

recovery of aluminium from alumininm contgining vres ar bused on the

ceystallisation vl an luaminiuen sall Teom the Jeach Bguor solution, 1 was further

aputedd that o produce a product of high purity, fractional receystalliaion roust by

impleme el Aluminium Lrilydrate preduced in this way, can be used n the

production of porc auming, Thiz aluming i saitable for the prowbuction of

alumigium metal, Aluminien hyadroxide i normally ased in the dyeinge industry

30
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s o morcant 1o fix dves (Warren and Fliner, 157% and 1
Aluminiom trihvdrmee can abse be used inowater teestment ad o aluminiim

chernicals industry,  The reaclion occurring during the crvstallisaion of ATTLL

froon sodivm ahmninate sohacon 15 as follows:

I AN O F 2Ry AR SERCY IMNatH Y (L16)

Sodivm bydroxide {NaC1[) produced in the aforesaid reastion could be reeyeled
102 the sodinm hvdrexide muke-up dec Lrther digestion of aluminiong beating-ones,
The present study does mol involve acid Jeaching ot aluminium-cantaining-ore
but Helmboldt et al (20000, Warren and Hiner (197%0, Thillips and YWills [149R2)
 ind Burkin (YETY reporied thal il the aluminium bearmy substance SO

suhstantizd amouaet af silicw, ron with bow aluminim then this ore must b

| solulian.  The

affcienlly treated with sulphuric @

ahnninium ions present in o leach liquer solution abtaired alter wsing sulphucie
acid Teachinge will erystallise in the form of aluminium solphoie, A5k
1110, Alomindumg10} iens can also b erystallised from the feach liguor

solutinn us ammanium alumininm sulphate by adding cither ammeania of 40

ammeniam suhphiate selutian { ledroboldge, 2001

- Thechembeund renctions for dhe formurtion of alwmindum ammandum sulphste ane a5

firl T e

Pl . oA -
i 2 AakNlT

ALISOYT F (NI By — S0l — Al T
NI F ALCSOL FEE SO, AN 10— 2 AT ) 5000, 20050 (L. 18

2 IH L0 (117

1.2.4.3.2  Crystallisation of cohalt nitrate

T Teuch Liquer selution ublained during the leaching of the coshall-contaiting

tesiclne with mitre gcid solution newids (0 uncdergo envstatlisation. IS sTudy,

all mbtrate will be investizgated, Precipitaion

crystallization ol irnpurc anil pure cob

< {he aoleenl exiracieod) proccss

il



Chapter 1- Introduction
will be applied prior to the crystallisation to produce pure leach liquor containing

mainly cobalt nitrate solution (Nathsarma and Bhaskara, 1987).

As stated in Section 1.2.4.3, the leach liquor solution will initially be concentrated
by evaporation in order to obtain a supersaturated leach liquor solution that is
adequate for crystallisation. Following the evaporation, a supersaturated leach

liquor solution will be allowed to cool to room temperature. On cooling,

hydrate, Co(NOs),.6H,0. The pink crystals of the cobalt nitrate will lose the
water of hydration when the temperature increases to 55 °C (Warren and Hiner,
1979a; Cotton and Wilkinson, 1980 and Donaldson, 2001). To produce

chemically pure cobalt nitrate, fractional crystallisation or recrystallisation as

discussed in Section 1.2.4.3. should be used. Cobalf nitrate produced in this
manner, could, in future, be used in the production of fresh catalyst for Fischer-

Tropsch synthesis reactions.

Accordi
WA/ A NELLE

[US]

oxidant (nitrate) during the preparation of fresh catalyst for Fisher-Tropsch

reactions for the industrial synthesis of certain hydrocarbons from carbon

monoxide and hydrogen.

1.2.4.3.3  Crystallisation of hexachloroplatinate

The liquor solution obtained after leaching the residue from nitric acid leaching
step with an aqua regia typically contains platinic acid. This dissertation will deal
specifically ~ with  the  precipitation  crystallisation of ammonium

amine) di-nitrate complex will not be included in this study but its chemical

. [ s |

reactions will briefly be described below. According to Renner (2001),

Bachmann and Renner (1984) and Edwards (1976) it is quite possible to

crystallise platinum(1I) ions from the platinum containing leach liquor solution in

32
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the form of ammenivm hexachloroplatinaie.  These wnhors madieafed thal the

addition of a salutinn of ammoniuns chloride w the platinic acid would result in

in this manner. eould e osed in the procheclion of platinum metal. Ammoeniare
hexachloroplatinate can alsu priveawily be vsed 10 make eutalysts by impregnating
suppon materials {Renner, 2U0LE

commerckal catalvst prine to 15 disposal, Baoth platioun and eobalt ure expensive

and texie. They pose health and covironmental risk (Sciler and Sigel, [958, The
alurmina support eane be selectively dissobved hy hydrothermally reacling the spent
catalysl with a dilole Ka011 selution (-25 % mAme s 120-200 "0 und prossures
leetween 5 and 20 bar. Uneler suech conditions. cobalt and platious reonaan in e
leaehed residue and ean be scparated by leenling the cesidue with nitric aeid Lo give
cobalt nitrote and @ P-containing residoe. Fuether trealmuent of the Bitee with agua

tepda (1 vol nitric acid; 1 vol hydrochberic scid) should yield chloreplatinge acid.

[ he soliurn aluminaie solution will be further trgzectird 140 Ffljd1|‘3u NuOEl and
aluminiom hwdeoxide {gibhsile o aluminium rribydroxide) using & merdiliel
verston il 1he Hil!r'('l' mvcthod diseassed b Section 1.2.3 | abwewve, The vabalt nitrate
sarlution will be purified followine the methods diseussed m Soeetien L2 abuove (i,
solvent exleaction, selective precipitation, flecenlatio and ceystallisationg. Thy
recervered alwminium exide coull e sold to companics invslved i the refractary
busimess arl aluminium chetnicals indostey. while Cooaod 14 conled be re-used

1 catales! promrition

F
L Y]



Chepter 1- Tarvodnesion

l.4 Breakdown of the dissertation

ProCess of recovering highe value mctal compounds froto the speot cualyse s

separately diseussed. The propoacd process comprizcs the iollowing siops:

#  {aleinavion of spent catalyst 1o the prescirce of air 1o oxidise the carlonaceous

malcrials

s Hinlering of the miziure o spent catalyst and =odiom carbonate at a higher

lermperature to foro water zoluble sodium aluminate with prevention ol the

Harmation of gohall aluminale spinel

_ Lt it oo Lnae e mrais I {amm
d

&  Scloviive base o il

e loceulation and filecation ol the slarry
e Purificatioa of the leach Bguor selution

o Crystallisation of metal salts rom the feach liguor solution vhimed g ler huse

ar acitl leaching sters.

The experimental part of this sudy i detuiled e Chapter 20 and inchikdes

consiclerations of the chemical dissolution during oveuarring e leaching of the

peicdised spent cobill-based catalysl.  The Chapter will womnence wib the

calcination of the spen cobali-bised catalys! cartied out i wrder o oxidise

carbumaceaus materials. Following the calcination step, the product. which wil]

fenicatly contain aluninium. eobalt, silicon mud iron oxides, aob sume trace of
A -

platinum specics, will e formed. This pxidized spent catalyst will fiest be wsed in

Chie feac iy siep, where o g

acicd and nilric acid or o seong e like sodium hydreide conld be sed 1o
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selectively dissolve alonunam ftom the oxidised spent coball-hased catalyai, The

peramelers such as lemoperalire ol the slory and  concentratiion of  sodiuan

Tpelrerniale will be optimised durine the leaching step. The problems Thal may

=

siep will be wWlentificd and subscquentby eesolved threagh the Hecoulation el
n this vspeeimental seetion. the puriBeaiion methol wsed too sepamate high value
metal ions from the leach liguor solution will e diseussed. The {bupler s

conclucled with an acconnl of the precipilution and ervsiallsanon of metal salis

T

rrrodbiet.

I'e rosnlls obtaiosl aller the cxperimental est work will be presented and

recommendations will be presented i Chapter 4. The recommendations may be
imp]cmur:tud b [oarLher privhe the cataiytic Twhuvicr of The proudocts feemed docing

the envisaged process of recovering high value metals from spent catalyst.
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