€ hapter 3- Results nd discmssion
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Mt can be concluded that the selevhive dissohation of wluminiom species with

solution {about 25 % Matdldy w0 clevat

{approximately 190 °C) anl pressure {12 bar) from the spent eobell-containing

vitalyst could be effected, FProm Fiuwees 3.4 and 3.5 it follows that the Jeaching

| FL] ks
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soolubilisation and a delremental effeet on coball species solubilisiation

1.2.2 Leaching of the calvined spent catalvat with hydrechloric acid selution
A sulution of hydroechdoric aeit Cabweut 15 % HCD was wsed te selectvely dissolve
coball with substanlially ne dissolution ol alumina from the caleired spent catalyst.

The main advantage of this option i that 4 pure cobalt chlerde woukd be lormud

aml this could be raastod ol elovated tempoeratunes to- produce @ pare cobalr oxide
arml hydrochleric scid vapours. The cobalt exide could be disselved inonilric acid
coution to form cobalt nitrate sodution. It 15 envisaged that this sohmoen could
subsequenl iy be usetl inihe new cutabyst prepacation slep. The hydeochloric acid
¢ aheorbed oty water lor subseguen] cobe e dissolutosn.

LA LATETd Bwms mEemns

The 101 analysis indicated clearly that approximately 17 %6 of Al and 13 % of Co

prosenl in the ealeined spent cohall catalyst were simultaneously dissolved in
hedrochlocic acid solution when using o solil e higuid o of 1:1. A sohd o
g rFatio of
Muring twa leachimg steps spproximately 48 « 61 % of Al and 56 - 40 % of Co
present in the calemned spent eohidt eatalyst were stcecssfuily  solubibised in
bydrochloric aeid solution using @ selid o figuid ratio of 124, Freeman {19883,
Caron ot ol {10790, Burkin (1487 and Burnet o al (g stated 1hat alumininm

and cohall specics dissobves simullanenwsly it mineral seid selution such ax

hyilreebloric acid.
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3.2.3  Leaching of the calcined spent catalyst with nilric acid selution
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dissnlve aluminimn oxide at S "t amosphueric pressure with substantially e

dissolation of cobull ad plktinwm from the caleined spend citalyst. Atter the

fenehing step, The
reserved  for the precipilation step of alurminiuim hydraxide. The oilric acid
e lulile pesicloe, which will tepicaliy contain gebalt and platoim, wowld Be
rescrved  foe the selective dissobutmon step of the metals, The cxperimentul

seoribed carlier i Parsgriph 2203 was waed fooselectively dissalse

LI |
[ S L e} ==

aluminiue species from the caleined spem citalyst

Vrotn Figure 3.6 it follows ihat ahean 52 25 of Al and -W % of Co present o 1he

caleimed spent catalyst were simultacously dissalved in onitric aeid soluiwn o S0

"al abmespieric pre
rosglts o Froermtn [ T9RB1L Canen ot al £197%9 Burkin (187} and Furnet <L al

{E9R4Y. 10 was stoted that alomininm aml cohall speeres dissole simolamcousiy in

mine ta| peid s hitio.
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Figure 3.6: Extruction efficicncies of the Al and Co species oblained a1 %0 -

lluring the eaching uf the spent caluhyvsl wilh various Liaiviants.
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3.2.4 Lcaching of the caleined spent catalyst witil sniphoric suiniion

The experimental procecurc described earlier in Paragraph 225 was used Lo

— electivelydissolve alominium gpecics from the caleined spent caludysl. it s

apparent [nnn Figure 5.6 thal aboul 63 % o Al aml 46 % ol Co presenl n the

cleined spemn eutalyst wore dizsalved in o solulion of sulphwric seid during one

leaching step. These preliminaty results show thal Both alumininm and cobal
spevics  dissolves rapidly i sulphurnic acid solotion to [orm meta] sults n
comparison with nitric acid and hydroghoric acid. To sclectively separate the Al
and Co specics trom the sulphale colutini, g selective precipilation methad shouald

s m

hycroxide during the precipilation secp will defnilely resolt in the production of

larze amouts of walts s by-products. The market for these salts is curcentls

duclining and sa this gption is nol attraetive.

[| is therelnre recommended {hut ne further test work should be conducted on fhe

caleined spenl catubyst when using subphucic acid as a lixiviant during the leaching

SLeT

325 Leunching of thv calcimed spent eatalystwith water

Wiyder leaching could be used 10 selectively dissalve sohint sburninaee or sodium

K

—%I.Lgah‘_'_lllﬂll—d during the caleinatmn of e speni cat dlvatl m i

wodium carbonute of sadinm ehloride. In this wpproach v selulion o sedinm
uminate solation woukl he reserved for 1he previpitation step ui” alumiium

hydreide while the residue would be in the mitric agid leaching step.

The experimental pracedurc described corlier in Suetion 216 was ialiowed in
order t seleclively dissolve ahuminiame species o the cadoimel spent cotalysl

1a ot 3064 % ol lhe adumininm spusies and 1.7 %%

The resnlts mdigate eleuriy hal ub
ol the cobult speoies wire exlracled From the calemed spent catalysl otained afler

I""I.Il‘ll'llr.”‘ 1_h|_|_ ‘r'-ﬂ‘;-!r IL]]TLE'I‘; UI 'ﬁpl. 13t L:l Fl }' L Wit
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willer s a ligiviant (see Table 3.6) D platinum species were deteeted ioche leach

ligue sodution oHuwined albler using water as a lixiviant.

3.2.6 Flocculation of the slurry from the alkaline and ackl leaching ateps

The fAecculaiion resnlis ohaimel on three different slumivs produced during the

iLd

leaching of the spent catalyst and Teachel spent catalyst (residae ITem smdinm

hydrexide leaching step) ac prescnted and discussed ws lllows:

31.2.6.1 Tlocenlation of 1he sodium aluminate slurry from 1he alkaline

leaching step
1 ordur to rescdve the liltration problem, ditferent types of The Flesceulanrs thill are

 aurrently manutaciured or yold Jogutly 1o lilTerem wuler [reatment CLMPANLES

wire evalugted o floceudans the witra-Fne solids Trem the sluminuan COnLnmg,
slarry. The aluntinium specivs present in the slurey are expoected w regmain o the
solgtion during the Noceulation step. Visual ohgervation indicuted tan e Nocs

{upulomerated solids) were formued during the application vl the locul flocculanls.

Thizs may be aflribuled 1o 4 sipnilicantly high pl[ value aboual 121 ol he slurry.

Flovealunts {hat are being produced Toeally anly work preperly i media having

pl value of aroeand 7 [ Adbms ot TR
Tu further resalve the fitration problem. imponed Noecculunts {ie 11X200;

HXI00 and LLX00} presently provduced by Cptee Industries, were used to

date the suspended wolids feom she slurry. These occubaling  cenpents

( melificed anionic ]Hﬂ_-r-ucr_-r']am‘idc_li} waork quite well ol high ptl gatuout L2] and it

was helieved that they woull Further improasve the qeditoentalion rale arul

d... R . "
o the shurry Caudams o

— a1 R P
{illerability of the su:;pt:ndml wlira-tme el puriicics

ul, L98).

—Tmpmmcﬁmwdur o flescribed carlicr in Paguuraph 2.2 7 wirs followed 1o

foevulate the suspended selid particles fram the sodimm aluminate sy,

The results oblamed arc presented i Tahle 3.7 belaw,

4
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alue nbtained after the flocenlatinn

Tuble 3.7t Turbidity value nbtair
Flacculamnts " Conpeentration  of | Tuchidicy o
flucculants used | ol fhe sampke
{eft) \ (NT1))
K00 3040 1T
TIXZ(H) G0 . LR
HX 30 HOY 16,10
pxAnn T T AN0o 57,46 -
e 147,01 —
Taxaoe | 600D i 0]
 yrisyalobservations indicatued thil [ine soll purticles were applomenited Lo torm

the nes that vauld ccadily be filerid, amel eventually resuling n more cificient
separation when wsing Lylee Hocewlants, [ owas alse scen ae the ees frned by
Crtee Mocculans ans fragile und ruplured casily i lhe mixing is 00 vigoTeus. A

qdequate mixing is required in arder [0 prodace Moes of high mechanical strepgth

thal can survive throuphout the flceulation period.

(' analysis condugted o thr thoes and-the dricd-filter cake from-the vriginal

alurre showed that concentrations of aluminium wons in the Tocs and dric) Alter

.

ok wore 20 % and 716 % respectively, Thix implics that no precipiiation ¢f ihu

JdiasoTved alwminium Speeiss from the selhuicn wuas occurred during the

Feoceuiatioin slep. [espite repons by Audams. ul {19863 thit typival dasapes ol
anionic Mecculints are | - &0 il Posees (0 Lhe range al” WHID - RO 2t ol

Cylee flogeulants were uscl 0 Aecculate whra-fines frosm the stuery formwad wufler
nsing sediam hvdroxide to kach alumirs from the spent catalyst The necd dor

appliation of high dosage af anionic Aoeculants during Moceukion tesbwork can
L

perssibly "D gt wrthe Jugh-pereentags

T
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ailds {15 %) present in the origioal shury, Fhis was eonlirmoud bee the bigh

turbidity walue (3000 NTUR of the original shiry measored prior to the

loceulation, I s apparent from tab

an incrcase in the eoncenirution of fovcudaols durinpe 1he

in conclusion, all the modified Noceulanis hat are currently prodhaved by Cyviee
‘ _ , enlate ulira-fines swspended in the shieey o o pld

value mnuing from 11 - 2. The efficient separatiun of the ulra-tioe sobids fome————

the slurcy was ocilicyn

—rhr&nﬁge&ﬁmcwlﬂmud Cetpe Hoceulants during piluting of the proposcd

prucess in order to bring i additinnal redueTicen i rorctekmis costs—Fhits ey

sipnificantly improve process performance.

3.2.6.2 Vloceulation of cobalt nitrate sluery from the nitric acidl leaching step
The cxpeeimental proceduce doseribed carlicr in Paragrph 2.2.7 wans lollowed o

arder to Noceulate 1he suspended solid particles from the coball oitrate slary.

Visual ohservalion indicaled that beavy floes were reandily formues] duriog the

locculation of the suspengked allza-fine werlids with #9232V Aetafloc produced by

sotuchem. The flues produced in this mannet sctiled down rapidly and cventually

the decantation methund wis applici 1o separatc the Hocs framm coball oalrate

colution. 1t was observed thd {he Tocs sre sticky and that Mey survived threughout

the floceulation periodl.

1.2.7 Neleetive dissolutivn of the cobalt fram the hasic leached residue by

nitric acid selution

The leached rosidae revovered fron {he b= Jeaching step typacally contains 51
L

g, weive cobiadl, 810124 Howiw platiomim andd <9 % wiw ulutnigiom.

"
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Erwing ty the Jhet that coball 3 covirenmentally toxie and the high cost of

platinum, dumping is nel & vishle option (Sciler and Sipel 1988). Further, bath

could react with a salwlion of miicie acid to form cobalt nilrate. which 15 a red-

Browal crvstiiinme cmﬂpm_md_ In an uiiempl o ﬁ:.'u';:llii!.-ci:.r dissolve cohuli, 1he

lencheel residue wos conlacted with g sobition of nalric acid (aboul 35 39 wdfv
1IME255 The impure coball nilrate salution produced o this manner can be ased
the new catalyst preparation step aller purtfication. This product may also be vsed
in the chemical or ceramics industrics snd for the production o high purity cobell
lor use in the cleciromics and related industrics. The mtre acd nseluble residoae,

which is mainly compesed of plaiimon, could be used to prepare platinum

L=d=F

compounds. Konper {2001), Meldonald and Heol (1982), Hanley (1973), Seiler
aml Sipel (1988) and Vdwards (1976} pointed out that plalinum dissolves

meneeal acicl.-

The ¢xperimenital procedure duseribed curlier in Section 2.2.8 was used in order to

selectively dissolve cohall spevies om husie leacheld residue. The results are

prosented m Tanle 5.
the cobalt, 66 % wiw of the aduminium and 20 % wiw of the platinum present in

the leached residue feuntaiming 51 o wiw eoball, 0,024 %% wew plstinum et 4.4

{he base leaching step were suceessiully dissolved o

Wi wfw alaminiuen) ikom
mitric aetd solufion wsang o solid o liguil ratio o 1:3 a0 one leaching siep.
Althogh Benocr (2001, Me[Danald aod Tune (1982), Thartley (1973, Seiler and
Sawel §1988) and Hdwards {1976 reported that the crystallie platinwim dues oot
isaphye in miteic acid solution, it wis ohserved i the peeseat studies that free

amuuants o platinum (about 20 %4 wiwd were soluble in nitric acid sedation.
L b
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Talle 1.8: The amounts of cobalt, piatinum and ajuminium pireient in

u
the caleined spent catalyst amil residue before and after the leaching siep.

" Element Vuss of elenent in | Mass of element | Mass of elentent |

I | euleined in resiclue gfter | in residue  after .
apent cabalbyst nL i g |
() {2 ateps

! (2 |

mba - es3 |14 0.6 ' '

almimiuim 62T - 214 002 _i

i |06 o AR oo |
S — - -

Frura the leaching resulls comtained in Takte 3.8, it can alse he seen lhat alemest wlt
of the cobakt and aluminivm speeics presenl in the leached resielae were
aycressully dissolved mitric aweid sulution during the two leaching step. These

snecics still remained W he owive-

reaulls also indiveted Lhgi s O

L buid Tes ke,

1.2.8 Platinum dissehiion
fare described garlier o Section 229 wug [sllewed i order Lo

he procedu

—

selectively dissolve platimum a;wmmm reaicdue.  Thye results on
the residue obtaincd durng e leaching of nileic acid residae willl an aguue-regin

e am it S DUR (R M
walulion are presented m Fahle 3.4 below. FIOT ¥l L

farmed during Ihe leaching step wis Altered with wee, The Blrate produced in

;. platinic qeid. 14 can e seen ffom Table 3.9 that the

Lies experiment O
cesitlue obtained dueing the aiua regit
i almosl all platinum speeics preseol in the niteic acid

leaehing cimtains trace amannt ¢ platmum

gpegivs,  Fhis imphies th

o bl residos were angeessully digsolved inthe ol [Cpid

s
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salution. Table 3.9 also shows (hat low Ievels af many impurities such as M, Fe,

aluminate (spinel) 1

S

Mo und 8 specics wee b be found in the agua-regia insolble

3.4 it lellows that the rosiclue containg 36,2 % Al

(=3
v
i
5
=
-
™
-
£
=

—m1ﬁ]tﬁtunﬁﬂfm:—f5ﬁinc,j1 which was tormed ducmg the calcwmien ob syl

—ea#dy&ullimcd icmperatuare. Tlnce {19

5 > . L]

the cobaltite (eobalt uluminﬂmﬁv}:&em%huﬂlﬂm, 3% slighily sohible in acid

ot Fhis ot eould by uscd i thy coramics and priots indusirics

derending, Lm0 chemyical pue

{13omaldson, 200 3

iy, I condd also b wsed as o catalysl procurses

Bl
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‘Lable 3.9; Compusition of residue oblained after leaching nilric avid residue

with agua-regia solutien

Nuhstonee Mass Percentige l
(m/m) '
E{L______Hx _
wn(l - {1.06 B
: — — — T T am |
Loy L . |
vios .01 |
¥kl L 1 |
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Cald - —
e 0,02
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e KT
ALCK —
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— o — = T 7 £.2) B
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—_— - — - T T 124
L0 T . o
— - — - T .0
I* B L
- - - = 53

1.2 0 Crvstallivation of platinum from chloreplatinic avid, FLT Ll L,

i described 2 b was follawed moanlor e
The proceduee de

earlier 0 Guetien 2.1

aeleptively procipitle plainum specics from the uh]uru]'-:lmi-nic el -"-"i:-iual
nh‘n.:rvatii:m sndicated that o deepryellow preCipile Wi readily lormed doeing th
ad;litiun of artnumidm chloride toe 1he chlomoplatinie acil seelulicn., Rcﬁn-cr {.’_"Hlﬂ ]m
alse Foumd thae the calour o7 the precipitaty fvmmed during the precipitation at
N manum chloride is deep yelluw, Fromm Iigure 3.7 3t can b sevn

ali Al . |
A EEL L0l is contained in lhe decp-

that dizummeniambesac hiloruprlatmeats,
L]

Rt



{hepter 3n Reselts e disclssion
i L i Icivla b e T s B &) P N 1T
vellow precipitale formucl during 1be ddhinl 06 #mTeiitin chivride 0 the

chlnroplatiniv acid,

]
- . |
ol :
! l r 1
| 1 I I I ! _
o —m o wEE T heiar_h.urr;{;!gllpnig |

| Figure 3.T: Diffraction paiiern of Ammidhim

T2 LY [T - AL il plietinum clulplide - ¢ MH L p-FLCT.
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The XRF results on diammoniumhexachlosoplatinate griginating from 1he spent

catalysi are preserted

Falle 3.10; Compusition of diammaniumhbexachlaroplatinate produced
through the sudium-nitric acid leaching process

Subyiance Musy I'ercentage

| [ — fmim)
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[t cun be seen from ‘Fable 3,10 thi diqmmoniombeachloroplatinute co-

precipituled with Lritke st of various mmpurines such ps Fe, O Ve Cal B,

i 9 und (0. ,-'l.pprnnimah:]}' 3 10 %a alumin i3 5Ll contaioed in the later :and in

fhe chemicnl purity uaf this platimum sall, redissululion

alt should be thoreuphly wivestipated, The

rclet o Jurlher improve

and recrystallisation af the plalinum &

[Lyahinn contams massthy hydrochleric wesid andh comald b

[illrate peoduced during 1
cradu S llien prenarilivn.

¢ sodinm hyaltoxide-nitric ackl lenchin

peatsed 1 1he aguas Froan the alire-muntioned resu s
oituined when using th . it can be seen that
the pluimum salt was aureessfully recovetet rom the spent cotalyst, This product
conld b comvertell inte @ platinum sPOmEC. which may poasibly be used o the
new catalysl preparation Ib0 e FT process and alsa for the productivn of

platinun chemicals,

L)
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1.2.10 Caleination of dizmmoniumhexachloroplatinate

accdure described earfier o Section 2 2,11 was followed | in arder o reduce

metal. Following the  calcination of o desp-wvellow  dianmoniumm
hexachloroplatinate at elevated temperature, a black product was formed und the

XRD goalysis indicated (hat plajinum metal is present (Fipuwe 3.8). Habushi

hmann and Renner ( 1984) also [ouedt that on healing

} ansl Bachmann and Kennc

(alsu teemed platinum black), This prouct Coulkl be USca 85 2.¢d

—mmma%pﬁﬁm}mﬁemﬂ&w hvdmchlu CiE sl vapours

_ produesd during caleination should be recovered il recyeled o the ammaaTiim

chloride preparation Sicp.

LG

+ b el

Figure 3.8: Diffraction pattern of platioum satt calvined at B =

31
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L1T Precipitativa of iran amd alwmivicm fovue the acidic lesel Nopurerr

snludion
In trder o prevent the loading of iron wnd alwminiuem Species nlo an vrpanic

| PEo— B - P e e GelildT. 1T m L1 P sTREs -
i traclion Step, the precipiaiion of beth Fe(Tiiy and

F
&

rbie.e dliieimar 1ba
4 aa A LA ITR, U

ALY Jops from the impure cobalt containineg selution shoull frsgy be

conduelvd. Aveording (o Apprahamisn, ¢f 2T {7997) the removal of the significam

PR N mrmrer it Jadt Bl ececbiiag Aamlaiab o scirammaTon Lo o e T |
T4 Liteo Wil TLTREET ST ARe PO LA GREEV e SHE el iy e

reenveny of bosedprecions merals from he teach lgoor selation, [1 was mentioned
thiat 1bw removal of the impuoritics prior w the solvent exraction woull abse famher

-

soelution and eveniually cnsure o subticiently hiph degree of pueity in the fingd

pProchuct.

MG cxpenimental procedure described carficr in Paragrapit 2272 was used G

selectively precipitate con and wluminjurm spectes from the acidic leach Figuue
soolubion, The results are preseoted i Table 300 where it cin be clearly scen thar
the precipitation efficiency of (he motal ioog morese with an ercase o the pli
value of the mpure eobali-confainidg selutior, The renahs alse indicatod thy)
atricrst aft af the Moglly amd A1 Jons present in the sobution were suceessiully
precipitatsd al pH=540 a 50 70, These resules aec o ageecment with those
previously reporied by Jackson (IPE8). T was further deowonsirased that the
soluhility presducl values of melals sl rovm temperature and the pli ol the sehition
play an impenant role during the precipitation of different el jans thom e
leach Liguer sulution i the farm of meal Bydrokides. 11 was Jurther mentiones|
(haat Fe(TT) anid AXIEY dons presem o niric acid solution prévipitale selectively

varions o] vahus fin the rape of 2 - 61 CollT) jens colhmency 10 precipitate

anly ol 3 bl bolween f undd 12,
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3.2.11 Precipitation of iran amk aluminium from the acidic leach liguor

In cmler o prevent the Toading wl iren and alummnan SpCCies inler aby OTRne
phase during the solvent extraction step. the prceipifutien of heth Feilll) and

: T cmiaining solaion should fcaly b

conducted, According to Apprahamian, et al (191 the eemoval uf the significoant

levels af various impuritics wili rendee solven

recovery of hasc/precious metaly tremm (e Teach Tiguor solulien. 11 was mentoned

thul 1he Temoeal ol thae ]1T'||:'.llIT'IE"".‘r Dll”l to thu selvent caleaceinnm wild also farther

improve the seleclivily o extractinn. the desired metal wns trom thy leach liguor

........... 11
1

sishuiicerns and evehntiiauy ©08 sufficiently high depree af purity in the Inal

produst.

— 1he experimental nraccdure deseribed cutlier 1n Paragraph 2.2.012 was osed Lo

selectively precipitaly ron and aluminium gpecies Iean the acidle leach Byuar

aolution. The results are resented inTahle 3.1 b where i can be elearly seen that

lhe precipitation efficicney of the metal ons incresse wilh inu increase in the pll
value of the impuore cobylt-containing sohtinn, The results also imbicined tha
almuest w1l of the Fe(LIL} and AKIT) ions presen! i the selution werne sugeesstully

oil: 5.0 at 50 "C, These resulls are noacrcement with those

previnusly reported by Jucksint

salubility prouuet values o mactls at room wmperature and the pll ol the salutinn

play an impastant rovle during the precipitation of different metal wms from The

hewich tiguor solution i the Form of metad hydroxides. It was forther mentiened

thit Fe(11E) amd AI(TI) ions presuit in nitric acid selmion precipiate seleetively at
vatipus pl L valucy (i the rangs af 2 - &) Cofll) wns commence to precipitate

pnly ul s pll betwecn f1and 12
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Table 3.15: The precipitation ¢Miciency of inetnl ions at variows pEL yalues

using ammoenium hydroxide salution

“nH [ 24 Cn T | %Pt Al ke
value precipitateid IWWWi -
J 22 | 3%.5 83.1 Y9

513 04,7 97 4 )

15 %.1 _[ B
s 7% 4 R 10K (470

It can be concluded from Table 3017 that the selective precipitatiom ol et and

R - . 1 L PR S 1
wluminiwn soceies Fom the mpure cotkgli-contamg Seaiar vl alil besatiit
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through selvent extraction

The ariginal wyueows filtrate Fom the precipitation H[:‘.’p-'[}'|'Ii4.::-11|:.-'-ﬂl'rt'llnjl'|ﬂ mnsy
e’ NH,' and MY jons and trace amounts o Pt Al and Fe'lons. Tlabashi
L19708: Jackson {9861 Riteey amct Ashhrook (1479 and Flei (1978) poinlel oul

. I .
Levet il aeemrate Uo7 Iona Iromn
JesLiven]y gueparate L N Irom

- - e e N
Hhat solvent @xiraction can b used 1 uroed

the leaeh liguer solution. Tn this muthod o suitable Lype of weolic extractant 15

i 7 1 . R B -
~ ysed fop example 05 @i (LI LT LT salt st a pll veelle DEBWCCIL T o > L

avsist i kevping e ptl of e misture relatively constant after comucling the

1
1

105wkl

aciidic Hitrate with the orgame phise jeantaimny meinly Col L[y dons). 1n this step,
L

the lisded arganic phasc is contacied with & selution of the strippiog sgeor (mlric

R
acid solution) o remove the Lo SpeLIES.

- - - s Ny . . -
Thy experinental procedure deseribed varlivr i Seetion 22,13 was used o order
L&

| e

W seleetively extract cobatll

ohservation indicated that ng cmulsivnor third phese tormalion was expericnced
L] . <

Rin
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dorine The sobvent exiraction step. o addicdan, the plase separation was

deveplable for all tesis conducled. This impiies tha inbuiyiphospiuee which wasg

Uged as w modifier during the preparation of (he onemic phase, may possibly
prevent the fomation or an emolsiony,. This modider 1 delnately suitable {6 this

 TUTPmEC. AT ilﬁpufl."{ﬁl j’i‘iil‘ll v oot i5 thet the colmoe of The misture [HTEélt‘lic

Phisse ailed aoveous plase) e e ik @l o leenpersiore [im e range 300 - 45

L) during the selvent exieaction cxperiment. Hloweser, 8 a temperatuce rabging
from 30 - 20 "C jls colowr changed from pink w blye. Accerding to Tt (197%)

LT N N TP .
H T il Loi

mixture, whilst the blue indiciles the letrabedrol cobult complex. 1t 35 thegeEoce

Sormsiclerogd that the celowr change iz slefinglely artributed toon change in vo-

ardination stale of the cobalt caomplex. Subseguent e phase separativon the colouy

af the Jopded wrganic phuse sl remuwned bfue oven (€ the teniperacore af the

liinded organic phisc was owered Iooan ambient temperabure, This can possibly
b aiseribed 10 1he absenee of water inthe orpanic phase (et may atherwise Gorm g

verples warh eprb b 1Ty aoms,

N P B T T Y PP

{Twe rusufts are presenied in Vable 142 belps Pram il 1 apparent

tht almest all of Coflly and AN ions present o the arinad agoeons fillrate

were vxlracted oy the organic phase darmp the solvent exlraction.  [n afdtion,

all i1y i present in the vrigimal agueties Rlieaee wete ulse loaded into the

selvowt catrgerien rocthod, [ s also interesting 1o mele W only 52 % the ron
ol . H T - . "-r]-['\. e Y I.'l]h' h.'; R

speeics prescnt in the origined agqueows Brabe Were exinwcled by b arpanic

Phase, These cxtructed jfon species are 67 dw 3 wxicdation stde. Phillipy ang

Wills [ 1982 pointed out that the Fuefl1) wiis are tiol extracted by arpanie [1hase

Septiom 22011
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Tabk 112 Lxtraction cfficiency of metal ivos from the oripinal agqueous

filirate by sobvent cxiraciion

T Substance. % Motalextracied '
W — T —
JT - = - - —  —r -l'j\dj_-i_li‘_“ i - 7
I R L — -
W T T T T | s —

Fallowing the stopping ol the loaded organic phase with niteie acid, the colanr of
the Toaded organivy phise dblde) formed w0 i oripian) cakir foekeselosst This
implivs abat the loaded coball speens were successiidly steipped Trors e Eadel
nrpanie phase by niric acid suloton. The LU analysis contitned that o cobalt

apecivs foaded in the organie phase derig e salvent catraction method are

he recygled o the solvem exiraclion swp.

3.2.13  Crystallisation of the coball nitrate frony the leach Hgnor selutiog
Hahashi (19700 peanled out that erystallisalion of melallic salts from the leach
flguesr seldtjom clepremds strovglv o e resperatury, organic solvenls amd

cumplexing agents, [ was [Dether seated 1han as the wapesatore oF the leacl biquor

sulution s increised 10 1007 the solubililty of the metuls deereuses, Finully the

precipitarion of unestely taked rlaes, Subaciuent tohe copcentzation of te colal

AH



solution as well as the purified leach liuor is erystallsed to Torm o nxd-nrown

crestalling cobalt milrate salt (CofNO:L 0 a

—

M01). This salt

currendly used in the production of high pucity cobalt anc alsa i {he clecteamics
and chemicnl industries. Furthermore, it coukd possibly be used in the Fiaher-
[ropsch reaction for the imdustrial synthesis of cormin hydrocarbeos fromreathon—————————————

mesitle ancl byeleagen. The filtrate comaining, free water arnf nitrig acid woull

he weilised in the erystalliation step to ohiait cobubl nieig.

The exp VeI ‘p{-’.;_-.f;.,;—ghj'n: ey ihed paelver o Heclion 2,200 wius alowerd in

srder @ erystallive cobalt nitrate [fom the puritied leach Eiquor suliticn. Fhe

results are prescoled in Table 111 helow. Wisual pbservalion indicitee 1l red-

Arer- TS

hrown ervitals were formudd o lter caaling the concealrated [each liguor sehiion o

room wemperature. [he XRE analysis shuwed thl coball nitrawe is present 1o both

YIS [T

Table 3,17 1hat 1be pure Sastech cobalt nitrate produced] afer using 1he solvent

exlcactinh compares more favourably 1 e conmunercidd cobail mifraie i terres of

The cnemmical praricy, The oty alen dmalicatod that the comcentualion af cobali o

refenijon Lime of the erysuals during the drving step andl alse the Hw concentration

N — .

al mitrie actd wsed O

¥4
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Talle 3.13: Compuosition of Sastech and conunercial cobalt nitrate

The erestallisation of cobakt pitrate fom the leach lguer salwon prisduced from
the dissolutien step was proved to be suceesslul. Thas compound miy In fLbars e

e i the new eotalyst prepaation step for application it Fischerseopscl:

Substances Commercial U Impure PFure cobalt nitrate
coball nitrate calall pilrate Mass percentage
Mass pereentage | Masy pereenlage |
[ Wav¥iw) (Yowiw) . [ Whwlw)
el 11,03 MK O]
hnt) AKX (1,04 {104
U0, 0,42 003 1903
VoL (.11 (0,01 {01
Filh, 0.02 0,42 002
al) I ns (1,43 7
K0 ) (00 (.00 13.0001
T0h 0,00 0,00 4.0
e 300 —{1430) {2,106}
AL, 0,000 00 .06k -
Mgl 0,00 .0 .06 T
N 11,04 100 13,512}
7 11,110 AL T
™ {2,047 4 LENAL BT AL L
e 27,4 ey 2006

reaction,

[ order te merease the comeentration eof cobull in the dmpune cobakt nireate

crvetals, the retentinn time af the erysdul a 35 %0 shauld be increased. This may

remove Iree water retained in the erystals after U

s nitric acidl should be wsed during tbe crystallisation sep.

Ty



€ hapter 3- Revalts aned diseission
1.2 14 Crvstalisatinn of aluminium irihydrate (AT} from sodiom alo niinate

543 B__al._ )
R LI L]

The exnerimenta) procedure described vardier in Boetion 22514 was lollowed 10
arler o crystallise aluminium trilydrate ot sedium duminate solubion. The

hically depicted m Yigures

......... HT TR

lleng 1he "'u[-n[]l]f: i sodimn aluminate so i 0 0 cistdihel 100 8 Uhe-mmeTikn
perind. The XRL» unalysis wndicaled thal pibbaitc (AIDOTD) I8 presenl in

commereinl alominium  rihydece and  white  seystals  produced  durmp,

- . . - . H - 11 ° 1 Th,+ v
cevstallisation of ahaminium 1nhydmln irorm sediwn aumoinace solotion, The [CP

. ebemd smeyer IR v QU 35 ot ihe 'l"lll TI-TL"1L‘I:I|. ln [J'l': mdlllm
rL."\-u“H |l| <[] “-";]l LOO AL Lhpdpfeiing

Jimi’ Ll I

abluminate solution erystullised io the Torm of the gibbsite, Owerall, The elemental

unalysis indiented ol aluminiim tribydoate with o cheroical pueity of 99 % was

[rEodiced starligad e Step-
From Tubte 3.14. it can alse be suen that aluminium trihvdrate produced during

the crestallisation stop crystallised with 0,11 i Cald and 0.7 % Ny Tl

e oxide i the erestals could beoaseribed o dhe use ol

ooy o6l
[ BTN [ 1)

|3'I'-|.‘I'¢.|I\.-‘|-
calvination egquipment, which was contatminated with caleium oxide sources,
< L]

I o the presence s um oxide e the erysials may be attnbuled to the
[k N = L k

wodiwm alominate sslution retaioed during filteation. Te reduce the cencentration
ol soudium wide present i the erystals. waler-washing techmiue: shoukd be
inelucled in the provess of rerovering high value muetals Tbom the spent catady:1.

I amalysis inclicted that dhout 205 28wy WAl wes contained mothe DHme

= ..| w N A 1.
1

recorvered during the [iltcatiun of the atumniniurm tribydrate shire:

"-:

Flteate cun be recyeled o the sodiam hydrexide leaching step where Gt is ulilized

y M ETITIT 1
I U R T

The 1'STY {particic iz disteibution) results ore prese el i Table 313 where 11
L] I Ry L k by

cuT b secn 1Al ool hydroxide origkoating [roan the spent vatialest consises
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of uwlra-fine solid particles (72.9 % of muterial pussed w 10 pm sicved. The

R P [

B} wiile w wed by Kynochem,

s =2 LT

-
-

-
[
)

commersil ol

TUSITT e
cormdains coarse particles (2 % of the miaterial passcd o b pm sieve). The

presence of the additional ultra-line solid particles in aluminium hydroxide

vranating rom the spett cotatyse -y possibly be-attributed o the absence of
crystal scods during Ehe crystullisation of dhuminium teilvdeate. Tor durther

improve he Fate of aluminioim ribydrate crystallisation and reduee she amwunt of

sall particles during crystallisation. saturaled sodivm aluminate solution

T....l.0 L .

shiuld be sceded with 2 commergial alaminiute wribydrale. Genck (1997 sluled

thist in practice, the balch may be seli-oucleatal or seeded

o Table 3,14 3t follows that the produet produced during cryatallizalion al ghe

aluminiwm tribvdeate  front sodium aluminate complies luvourahly with the

specification of aluminiem wrifrwteate thot s corrently produced by Kynoches—————————————————
Aluminium thydrate & commercially used as o raw material far the production
of alominium chemicals such s aluminiom sulphate. alurmiautn chioride, sodivem

alurminite anad sluonina. Tt cun also be usel a3 & e lalyst supme.

F



Table 3.14:

fhatpter 3- Resudis und disenssim

commmiereial alvminiam tribydrate

Compnosition of $astech aluminium trihvileate and the

i Commercial ATH | Sastech ATH

* Substunce Wlass pereciliage wiw Blass perecnldge wiw |
Bty =(1.2 0,0

_idndd "< Sppm ‘.E],iil i

U0 I 1

R - o (.0

TiEK - I R S
{'a() - = _ 01,11

B0 - T . ng

L b e

I 8il by - fr.0

Al T les 2

Mg — w0 . _{bo o
Mgl k =g S 0.7

L BE o

> _ |- - 0.0 -

e o = em T T e
lew T N E N X S
I'b T — Sppm . _[tppm

e T |Sppmo_ 1D o
Ad et . L

|j-".n <hl% | Yppm

L T B N OAppm

‘”r:. _ T Taippm. | cltppb -
NG, _ AL N ]
NGO, — — =% _IND

TN — R T e — o
e £ oy 1 R —
P N TlEppm - frlepm

Miss Change (LOT) 033 HBEX i
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Table Z.15: PSD analysis of commercial aluminium  hydroxide and

1 L) L) 1 b ra. ... . L p— P N
sinmimiuam nydmxide Iroin INC §peil cHiansl

Sieve ~ [ Comniercial aluminium  Aluminiom hyﬂmxiﬂc
— [ Pimmeter | bydroxidy— fromrspent catatyst !

ipma} {Perceninge passing) - (Pereentare passing}

1) ' 2.4t B X

20 4.f IT

30 13.2 R

afl ) 1 ) " o

3.2.15 Culeination of aluminium trihydrate to form aloming

lo an sticmpl 4 produce aloming suitable for the FischereTropsch entalwst

4 s B LR RN L

alurminiun trilydrte peoduced during the erystallisation step was caleined  at
various temperatures (canging [Tom 400 — &00 °C) m the presence of air
Tollwwing the  calcination step, white  powdered  product was Trmel
subsequently, both product and Condea Chemic alumina (commently used i the

catidvtiv reuction s a supporling miderial) were subminted for XRD, surface arca,

and pore volume analysis

i

T o=
J

wiis formuel a4 060 during the caleinaion o
Figurcs 3.% and 3. 1(H. Cryra-alumning was also present in the Condes Chemic

during the calcination step 1s empeeatine dependent.

g
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| Fipure 3,10; Bfivaction patieen of aluminium drilyidraie calcined at 400 alepl for Lh

¥ (CHH))
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From Tuable 3.6, 3 can scen that Sastech RE&ED aluming anginating from spent

I | . . ae ' ' ' = . o= . .
Lalalyst oulpeertormed an alumina which 15 being preduced by Condea Chermie in

termes of the swlace urea, The pore volume o Sastech R aluming i however

tneh lower thin that of the Condea Chemic alenling. A suppor with high

surface area and pory vedumy 3s required to allew The active sies ol the catalvsl o

develnp and disperse cvenly during the mannlbeiune process.

Table 3.16: Sorface area and pore volunie meysurements of Candea Chiemie

7_ Sanpley | Surface area Purg valume
fm’/g} {mlig)
Condens chemia alumina 150 ¢ “Tnas
| Sasicch R&I? alumina | 18025 T 029

3.2.16 Preparation of catalyst
As staled previously in Chapter 1, the products: formed durioe the envisuped

ceyc e
s the pew calalyst preparaten slep. The cubalt eatulyst produced during the

proposed process could be wserul tor conducting carbon monoxide hydrogenation

reactions, paricularly Fischer-Trepsch reactions.

The experimentyl analvtical methoeds and procedure deseribed cariier in Scetions
2.7 and 2.2.17 were followed in order o prepare il characterise the cobalt-based

valalpsi,  The results obtamed during (he application of the aforesaid muelhads

were prosenled and disoussed as folows:

A216.1 The elemental anzhysis

The results obtained on the cobalt-hased catalyst emanating frean The spent

vatalyst derived-impure coball oitrate/pure cobalt nitrate and commercial cabal

nitrate are presented ae Tables 307 118 510320 and 121 Bebow.

My
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Tahle 3.17: Composition ol earalyst prepared by imprepnating alumina with

L L. R
SHINIUGLD U

| Substance Masy Percentape
I {mdin)
a3 1.31
‘R
hE AT | LU |
Trat), (04 )
| Wl .01
Tid ) {1, 14
Cal) 0.22
L.kl .
K6 T (03
1. o6 ]
: —_— _— — — LA
hl:f}g LT
i_-l:'i“'i - D.‘I[:I_ . B
My 0,000
N L) - (h300 ] -
T —_— — — Xl
FE e _
| — — = .10 i
l {1 - [k by
—_— — —_— — I I 2?
™ ‘-_(‘L],ﬂ[]t}b
— . — — — = lgas

.
2
P
r:
=
0=
]
—
w-'
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Talle 3.18: Composition of catalyst prepared by impregnating slumina with

loined in the furnace

o
LR

Subsiance Mass Ferventage |
(mim)

Cicath n.5Y

R 0

»int} 1i,0%)

Um0, (.03 |

Vol T b0t} ]

L 3 0,04 o

T — - Tong

i) 3

KLt _ 0.0

203 o A0 _

e — — — T T li&d b

."'l.l;( :l_'-. LR -

Sl )s 0,10 B

Mty T __U.ﬂ[]

TNt - B 'Ui L

ey T T T T T

Ol w0

s - o B

P o2

- —_— — /T T T T oAl

o _'[" e

C . — o — T T T | RGT

LWI&!HH LIENEE LS ]
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Chappter 3- Reswfis amud diseussion

Tahle 3.19: Compnsition of catalyst prepa red by impregnuting slumioa with

¢+ caleined in the calcination tube

| Subsianee Mass Pereentage
(mim)
Feth 1.6
BRI T
Wt [18h3
i Uy, (.03
l' Vs o (0.0¢
l'l i - 001
P -_ T __D-nfﬁ
PLELS .. L
N T (1,430 )
15035 Cr 0300
— e — - i - - ".r w l
a"lllll[l'l PR r e |
itk l {3
Mpty o jﬂU L
TNuad) o __l-ri
T - - 0.0
L s L L
i 5 - B .1
l_["'n - L_ A _
r]'.l — - _ i {!ﬁﬁ?_ B
P - - = 7 1m
Meuss (Chargee o
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