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ABSTRACT
The sokball caralys1 suppoded on aluming catalyses the 1T-reaction o prodoce

hdracarbens and oxypematel lvdrocarbong froo syness, The deactivated catalyst

Thiy atids
deseribes the seleetive roconvery of alumima, cobale and platimurn Fom e spent

[ - | 4:.. S
gawked ¥k praak b iy AlEpeeal 0l

The wmiges pravess develnped comprises the Tallewing steps: Caleination, Matii
and nieie acid leaching, Precipitation, Solveny exweaciion, Cryslullisation s
Vlsvenkatien,  The ooy of the leaching paramefers en the metal cstractivn

eflvieneics from 1he calcined spent oty st wire investipared.

arr fhe mta ewirction efiviescics Flvleomesalluigical porifieation melheds

wtilised wn this study were elieeve

The produgts from fhe propoesed process were gsed e proepace o FT-gadalys) and
wirn snebserpacrtly charoeleriseil by phyesioochermiea)  lechnigues. The
characterisatlon Tesults on the  sment catalyst derbaal products compitred

Faveriepsttly do0 sl 0F e commuercial earalvst.
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CHAPTER | ,
INTROBUCTION I

]

The Sasal proup el companics is corrently psing Lhe Fischer-Tropsch priocuess Lo
produce bydrocarhons Som anthesis gos Synthests pas [alser reforoead oo oas
eneiis] isoa miksiore al carbin monoside s hesdeogen produeed  vin 1he
galivation of coal. The Fischer-Tropsch provess is manicd after Fraoe 1sche
ard Blans Tropech who diseovered the process in 19
syngits with andoon eotalyst ab elesalod lerperdiumss [ Fischer aml Teopseh, 1927).

Submeguent stofies have showen thae this process ean e calalysal Ty ather

erunsition netals, imeluding cobull, The catalysis atilised in This process s cither

i IlI_:'!!:_"!‘E!"I'v L!,';L!-:I i!]L’ILliIL"‘- aal ]1-

ALCY, At T (Slarch, et al TR e Fischuer- Trepach precess s eareied ot

L PRt s alosas et o sl bed, story bedor Theely reaciae.

The Sised coliadt hased FI process is caericd ool inashurry phisie reastor ising @

. - : - = i S |
alunina-sapporied cotalysl The vacalyst = promored sith ninute ameints ol
gzt which b5 Peleved e e resdue i pronminter. Ihe sthemiimivem assisle

siappasal e pronlueed by Sl Chermic lormerle housen ps Canalzal witd the meral

Arcenrsers, coludl it gl cerrgamine MUY nilege. are phirinek rome uther

- ‘o S T TIE PO T e s{rein
cosnmere i wendors. The eobah-Ta s wilh Lane on

vl the Tt activity is atletbuotesd wsulphor poisening and ok oo,

Hytroeen subphide and thiels e are e diring the gasilicalisn of vkl are

s licuned as the sourees of salphuor prosen in e syogzae deed, The spend eitulysl

1 2 H It
Grbsine Tren ahe Sl coPali-Rased Fiseher- Tropseh [rocess Fypesilyrenbiaiis
Tk

curbonaeesns msterial {H0 - A0 T colult nxile (8 -10 %), platimum (DAr - 0432

LTI | lunaninotn oesde (200 - TR



Ohaper L= firodiicthe
The high costs ol the precuarsor meil salls conplesd wirh the ety o Peabadl sl

phalinnn rencler dhe ckispesnl ol tbe sperl cntalyst uneeamnie ancd omaeeepdable.

calilysl Dy Therelore been comsidenad. Several methoels msced 1o reoeeer mells

liann speng atafysts hove heen developed and these are deseribed nihe foflowang

seclion,

1.2 Literature survey
Aceonling v he literature the nwest cesuoonly wsed method o seleetivaly recover
rctals Baam the spont catalyst price Toois dispaosal s he rnniBes step melallrgienl

provcettire deseribied below. This nwthod entals:

s Llemaniot of The spent catafyst
& Scloclive leaching ol high salwe mclals By bworeamie aeid andSe s

LRI

o Floccabition ancd Rierilons ot the <larry
e Purificstion of the feact Hoguor sobitieon by ooosebvemt exiraction e, o
Cxe e restl poeLhaad andd subsaguent selective preeipati o

a € ryspllisatiom of the metads as salts,

w1l Ml

)
-,
am
r
s
'
-

[ S P D I
TETTim i

Avenrding i | heln

flis clipestion of hawxile ore contaaing aaminium oside sl silicas digaids with

socliion hydroside al relatively Tigh temperiines cmging: lroern B - 3000 707 sl
peesanre mogeng Hom - 20 T Forem soclian aluminote, is ndilicecd Lo
soleelively remone alumina from shasmivn-eantsining vies Larlier stidics by
Vahashi (1970 demonstrated thal aluniia eotdid bweoselevtivels and ciTivivntiy

ey miclals by cstrac o 1wtk sodoom

rermecel From spent calalysrs comaimag h

1 atbsnantizal dis=alnes ol ey amd

Weol<hoel al (T8 Ty Lt dewe lopod et

Frwse encticls Treany Ll Al witlil =l
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€ feegpeer 1o Tdraluctior:
e remsove hiph value metals lrom spemt catalyste, These researchers use the

1o llowiny slepe:

o Caleinuli : . atalus : s fallorwed

acid
+ liltration

e Thsposal of the catalyst suppon

»

Vrasperation ol high valoe wetl oxede prodogts e a refinery,

[t should he mentioned L the method used by Welshoand eo-workers docs oot

seleclively Temoye heavy metals irm the SuppEs s ]

o
meluls present in the spent catalyst. Thizs mcthoed is omly applicable te systems

containine. silive as g supporl,  The addition of sodinm carbonote or i

chloride 10 the spent colalyst conlaining organie materssl prior o euleination (to

caball alurminate |spined) was nal investigated by Websh, This step would also
assist il cuhverting water insobuhle aluminione oxide Lo a wates-soluble compound

[serdinm alumnale or selicale).

I'hus far, copurls o patamicters affcting the separtion effciency of buye imoluble—————————
residues containing mainly eoball und palinun species are lacking. This could be
attribhulel 1y the difficulty i separating the tac. Elowewer, 1t s envisaged that o

pretegss including the Balluwing sleps could alleviale Lhis prablem:
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o Dlerccalaeion and Teltratism

v Nelective proecapitalivre
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Ohetpter [ faivaidtction
o Dlocculalin and fiication

»  Precipitution of impurilics priot mo the applivabbe of a solvenl extraction

m Solvene cxirzelion

o Crestallisation of impure and purilizd cobalt nitrae frem the kach Liquor

s [LLbiveey
e Dissolurion of plalinom oo the nitcie acid residue by means ul” formation
of am agqua-regia o dution
e Orysladlisation o a plainwm salt,
Ihix digsertation deals only with the ghove-mentioned sleps of the envisaged

progess. These steps aee discussed in detadl in the following scetion.

1.2.-1 Calcimation

As staled in section 1.1 shove, the speal citalyst typically containg &0 - 70 %%

carhonuc s maderials, B - 10 % cohalt and 26- 77 %0 alumina, The primary cobe

-

. - -
e el 3w By asw ielven thee poar
i a7 a5 L RAATGTAL LI wiie

s e lerals Ly t

in (b spent cagalyst prior o cither avid o1 buse leaching. Avcording o Huobred
andl Van Jeirshurg (19847, Tuida et al (1979 and Tevvabe o1 al (E995h), spent

catilyst s Arstly caleined i a lemperaine ranging from 600 - 10080 7 in grder 1o

steg. Towby o ul (19T and Rurner el al (T984) clearly gimiod that srdium
carhomate and sodium chleride can reacl with alumine shen siowating al o
lemperature ranging [rem A00 - W3 TC e darme solium slominagte. This
comnnmsswid can rapidly dissolve fnowater or in g salution ol alkuli hydroxide such

e sodium hvdiosude or potassium hdroxide, The 10
during the sinlering o1 calcination of & mixture of sudiwm carbomale chloride ansl

sperd calalyst:

Al 1 Rabke, cr o WALy (1.1
aliming wexhitimy aluntinate




£ Herpier - Direrduciion
The resuling caleined spem catalyst with ne earbonsceous miterials  will
wventually be used i the leaching step 10 recover high value melals. Fhe demeril

e calcinalion to remoee carbonaecons malerial is that the high emperalures used

coutd mlso ephance the formatiom of coball alumioate, which dissalves with

itticuliy ma soLidt 300 ot sl

1.2.2  Lesching of the spent catalyst
Fur pucposes of further discussion. leaching, is consilered s the process ot
digsnbviog high value motals with wsehion of acild or base from gither valcined

'L
Ines

—u

arcs, Tesidues, serap vr spent catalvsls, kekson {1986) clearly slated th

leaching step yiclds o Teach liguor solution that is rich i poelal ons, These metal

ph @ purilication methodd. Thurnet < al

-
-
o
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-
-
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Jeaching processes 1o enhance recovery af high value metals frem spent catelyst
and coal ash. FThe hydvathermal leaching processes, namely alkaline aml acid will

hricily be deseribed nthe folloaan): seclions.

Avcording Lo Jacksen {19860 e leaching of an vxide may mwive ene of 1he
three [ypes of reactions: chemical disselalion, oxidatie izzolwion aml reductive

Jissolylion involees the

sulphuriv weid and nitrie acid or siroog alkal

=
Bt
=

hwadroside, [1owas Turlher sopgested thal il should he pussille L chemicully
dissolve buusite one (essentilly alumina-bearing ored i cither acidic or alkaline

medin. Under such conditions, the lllowing reactions eeour respuctively:

Allr = Akl =?f.’"|.|'“ (IS L2
Al 1 QL Al 1L ib.3)
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Thuse two possible roactions are s(ll being uswl aimost exclusively foa b

Ll

extraction of atucminiun oo the exidised vres by cither sulphueie acid or sodidm

: aching processes. The pli dependence ol Lhese cxiracLion

-

progesses i3 sehemetically shown in Fipure 1.1 below,

: ,.-"' : T T
[r=ssaluticn | Fissuslution
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Fi - K ki pau inimf=wialer 8ystem

ifor a metal iun activity of 10X muol kg b at 25007

It s duerher eepored 1hat the direet chemical dizsolation in a non-oxidising acid
dowes ol acenr very readily. When o nun-oxidising scil i usel wo eifeuy nradative
leaching. irenl 1) salts or other oxidoig, agents are wswally added to the teachiog

-

meclinem. Accendiog te Juchson [ FREGO) recuctive dissolugion o Mercher oxedes 1

impraclicul.

I



{hoper £- fmtrodeaction
Jacksom (39961 wswl the madel of the dissolation process of o metal oxide
perslutlatedd By Warren Devayst o dissolve metal oxide oo delude, nan-oxLdising

s dissplulion progess o camplexing

he aress o dissolution un e suctee oMhe aside are likel

ave higher chemical energy, such ag certain plaees. clge ishications unad ather
ureas of alomic disarray.  Lower aclivalion cnergies will be asseacizied wilh the

erecinae.

Javksen [ L9861 alsa Found thit the disseluien of metal nside o sueaus aelds

cpends on the anismtrapy of the solid, Seloeted sites ol the oxidised solid Grstly

iom poeurs, Uhis siep
mipht be sae determining for some oxidised solids onder certain conlitons.

Humwesver, the subsequent protonation and anien adsorpgion steps happen rapic

ancl resube in desormion of @ metal-cnnlaining species. Waler van there fore ceact
will The metal comuiing species Lo frm the metal aque-cation and - (he
corlespanling anion.  Aveording 1 Tackson (FRO] Lhe desorplicn step rather than
hyilroy lation miay play an imporiant rale in conrolling, the reuction raie during
the dessuluion process. 1 wis further repurted thi e additivm of 2 compluxeng

aeent miplt enbanee the modileation of several stages of the proeeas, eventually

wer A sy al the

5

v b for 1y Jissolution of o metul oxide 0 aqueos acnl is ilwstradel o

[ tzuce 1.2
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Suluble repelion prosoc

Figurel.2: Outline of the reaction-ytage mechanism for the

thissolution of & metal oxide in aqoenus avid

1.2.2.1 Alkuline leaching process

e

In LERR Kol Jescr ilayer in Russia initially proposcd o provess of
hauxite in g salatinn sl sodum hydroxide o seletively dissulve austinium-
hearing minerals from the ure. This commersinh process i3 shivwn in Figaee 13
and s currentiy used abmost exelusively T the production of aluing, which i

suitable for the subsequent produetion ol alaninium metal,
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