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Tahln 2 f”
[LRE ] e x.

ok

sunogitiun of catulvst prepared by inpregnating alumina wilh

i~
1lr l! Amam

Sasteeh pure coball nitrate ealcioel in the caleinaling tube

Hlihﬁ.tnncc " Mass Perventape
{nu'm)
Fea, 0.%1 . _
feltyg (b7
bk 0
¥alk .0t}
1A
Jl[ }] LTl
[ Cuf} — o 0,12
Rad ) - 0.00
a0k 0.[12_ o
o _ Ta7.2
46 a7,
F”" B - N0 o
| Wwiy - Uiﬂ B
M 400 T - (.10
(1 T | _ﬂﬂ"_ o )
N T o,Ln -
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C'u ]R_‘ o
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Mass Change (p) . o
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It can be seen from Lables 3.18 and 121 that 1he low leviels of impurities such as

) T daninm, caleium, potassiuom, silicon.
iron, mamgancse. cboremium, vansdium, filang '

TN ' ; sorban [1-svsedd caralyses
soubium. chlorine and sulphur urc stil] comluined in both ¥
. | ' : e echniuue acrprameerez il
produced hy Ihe @im anation  Lochnlgue. For this jechnigue. a commene

e — 115%
cobalt nilralc arising feom e spenl catalyst,

aluming was impregnaded with pure

Th e of these impuriiies in the comult-based valabyst coubd be atiributed to
¢ Presence 3 :

e extrgeled ingn an organic phase during he
P

L [ITCEETICE oAt

anfeenl oxtT
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Chapter 3= Rexults amd discussiomn

o the cobalt-hased eatalyst. The presenee of Lhis platioum speeies

HES

wire reporicd

culd possibly be ascribed to the trwse amounts of the platinum "-]'H.'I:'II:S QTiEimaling

R _ " T _ |.A.",‘ 1 hnll "'}.1 I:I.,

Cooand TOLA % AL arc contained in the coball-lased n:uta]ysl. T can De soen
o Table 3.2 that 18.2 % Cu, 67,2 % ALC: and G389 %5 P owe conlnmed n
the cobalt-hused catalyst eriginaiing fron the spent eatalyst derived-pure coball
nilrate catalyst, The presenve of the plalinum spocies in the eobali-hased cotalyst
cin possibly be aseribed 1o the tetraamincplatinum nitraie added ducing cat talyst

pTeparalion.

[l is apparcoe from Tables 3.20 amd 321 that mwny impurities soch as iren,

v [ - il i v easbali-
mangancse. clirnmmin, rakei, sautitim and sulpnur ofe comtaincd in [he cobalt

hused cnfalyst eblained during the catalyst prepatation. The presenee of thesu

imnuritics can be sitributed fu the presemee of the ahove-mentioned elements in the
nuritics gun be sl

itpuce cobalt nitrale used during (he cutalyst preparation. 1t can e sech from

Table 319 and 3,20 that cobalt-hascd catubysts oblainel during catalys! preparilion

[ | 1. - —

. PRl L i fE < us [ .1
whyn using impure cobalt nitrate conlain e cobull content (2452 S Lo ang

ai
mul hizh alurmna coient {(FE 0 % ALy aml 76,4 %5 AL,

[ |
iy |

% Co respectively) @

—rﬁjﬂ—mﬂﬂﬁeﬂwi.m of cobalt speeies and high comeentration of
rL'!-ipr_'L' 1 I . meeE -
alumina in the cohalt basce catalyst IT'T‘-“"'J":'“‘l during eatalyst preparation when

11l content and high ahuming

R L L

P N
using impurs cohall niteate can be AsCTICG A0

comment in the |mpure cobalt nilrate,  From Tahle 318, il dollows that the cobalt

ng 8 commercial coball
alyst ohtained during calalyst preparation whoi using

mitpale conained high cobell content (21,2 %4 Cu) and low abmina conlen (.6 8

Aly(2)) when compared to all catalysis prepared i the expuriments, I cun be

T PR |- e rep—

coneJaded that the commercial cobalt nitrate and pure coball nitrate from the spenk
¢

catalyst are the most suitable for the caball catalyst preparatiol.

12



32162 Swrfare area and purc vulume of 1he catalyst

The analytical method described carlicr in Section 2.2 was tollowed to prepare and
snbsequent characterisation of the cobalt-based cafalyst, The resulls ohiaimed are
prescmtesd in Tahle 3.22 bolow,
Tahle 3.22: Surface arca and pore volome of the catalyst sample
_E'atnlyﬂ sam e Sorface arca Pore volume
{mlrﬂw‘ {u__a!"g,
1 T 1748 0.27
E TR L
R i " 130
4 " 120 028 —
|__- 10 028 |

Nete: 1 Crhalt catulyst prepared with commereial cobalt nitrate amd fetrs-
ammine platimun pitrate o e caleination tub,
- P

7 Uoball Uutﬂi:r'ﬂl prepa[mi with pure cobalt nitrale Ul-ig'l

the spent eatelyst and tetcg-ermminge plalinum nitrate in the ealeinalfon

b

3 Cabult catalyst preparcd with pure cobalt nitrale onginating lrom

n e luroacco.

11
R IR LT

4 Cobult catalyst preparcd with impure coball mileate oripinatice from

the spent catalyst in the furnace,
3 (ubalt catalvst prepured with impure cohalt nitrale oripinating feom

the spent cmalyst and et ra-menmiine plalinutn nitrake in the caleination

luhe.

C Fyemn Table 3,22 il follows that both surface sren and pore volume messutements

of cobalt catalyst prepared wilh 1he commercial cobalt nitrate meiched those of

shall nitrate orgginating rom the speol catalysl,

I 1 fareTt
Bl WLLFPE Ry S5 Res

coide cutalvst prepared wil

1!



Chapter 3= Resnlts and discussion
The surface area and pore volume of an alumin: suppor! wseld dunng the catalyst

TIIeh al R [ .. 1841 ...~2 = | ic ., 17 E T :-. 1a .. 1
I [JnJ.F:H'II:_'I-I'!l Vpls TLIWNG] I0r DM 1 2UF 100 F) U WL LI T TSP SChIY L- JLU Can gy

caneluded that the results of calalyst ublamed dueing catalyst preparation wre lower

than those ol an ahumina support,

22163 XK1Y analysis
The analvtical methed described earlier in Sootion 2.2 was [ullowel Lo prepare and
charueterise the cobali-based calalyst.  The results oblained are praphically

in Fienres 310312, 313 ond 314 belpwe.

,_.-.|,_.,- 41
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I
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Figure 3,11 Diffraction patteen of the catalys preparcd with impare cohall alteite in the

calelnagfion juhe
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TN {2 ] — pilnt-Aluminum Oxecle AlLLY
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| |_F‘igure 3.12: {Cobalt catalyst prepared with pure cobalt nitrate uriginming_| _
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Figure 3.13; Cobalt catalyst prepancd with impure cobalt nilrate originating
from the spent catalyst in the Turnace
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| Figure 3.14: Cabalt catalysi prepared with ¢cmnmercial cobalt nitrate and

Jﬂ:aammplaﬁﬂﬂﬂl niirate in the calcinations ube

= 4221467 %) — Cobalt Oxide — CosO4

v 200063 (N)  gamoma-Aduminum Oxide — ALO, i

N N

It XRT? unlysis indicates that both gunme shiming and cobalt oxide (Codd ) are

rresent in all sulalysts prepared with eommercial cobalt nitrate as well as cohalt

Nitrage ariginating [rom ihe spent catalyst, Visual abscryalion imdicates that black

x ina el ed

products were readily foromed durd :
with colalit[1y jens. This eoleur can be allributed o the presenes of eakal pxide

(L6 0 ) in the prepared catalyst.

d Temperalulc prpram 1 rned] reduclion

The temperature resduetion resulls are preseuied in Figures 3.15. 316 and 3,17

Ty,
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Figure 3.17: Tempersture programmed — reduction profile of catalyst prepared

with pure cobalt nitrate arising Trom the speni catalyst.

M o

1
h
2
]

L. -~ L
hitrale nrlgjn.ating from the Speni m{ﬂ_[}-m 1} G 0% EOCE ITo

the saidey suel as cobait oxide (ToUx) present 10 tne calcination catplys! were
texluced at four regions. The first peak st a temperature of between 2040 O am 250
IC jndicates the reduction of Co™ to Co™. The second and third reduction peaks
indicate the reduttion of Co'' 1 Co®". The Furth peak reduction showed the
reduction of Cof' to Co metal. The wsignment of the reduction of Co™ to Co

metal hay been done by ¥an Schalkwyk (1998). !-ngm: 3.15 indicates that the

Jower lemperature.  The second reduction peaks of the coball species in the
Ay WY T e o waderdiras el T 4k

BEESmEe ol Iﬂahﬂum occuemTl O I0E Y, TR WTOnD TRl At [REAS WI ine

catabysts preparad without the addition of Pt occurred at 326 °C and 316 °C. The

TPR yesults indicate Lhat the cobalt metnl increases with an incréase in icmperature

during the reduction of the preparcd ¢obalt Catslyst. In addition, the resufts
sugpeshed that the reduction ¢f the cobalt oxide supported on ajumina progecds vig

2 (hree-step reduction process. These preliminary resulis ohtained are in agreement
with those previausly obtained by Maripane (2000} during the reduction of iron
' Ik catalyst prepared with co

(M
nitrate &né platmuem tuppoTicd on alwoniea 2t ow bowes tesaperntinn wplics thas the

catalyst docs have o slightly high mobility of caygen Bt e surfaes. According to

108
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Maripane (2000} the mobility of oxygen during the reduction of the metal oxide

[ - S TR IOV R pupuny L S et 11y 116 nriqn j-ng}_r [hu' _luﬂ_'g;.r_.{!
AL FITRIINL Y, LTS ERdsks AFL JROLRERLIUIL, 0 m b A . UT

reduction step during the reduction of coball weide could possibly e attributed Lo

the reaction oceurring betwoen hydrogen mwd oxypen. The differemee o redocin

sleps could unply

differvnt reduction potentials. From Tigure 315 it can b seen fhat the Iower
wmperatuee peak for b second reduction step was shified by the presenee of

plainum at bow temperature, 10 s further observed that platinum wsed as o

b oeal sive Fudhermore, the high temperature peak s

LI S LR

prorier deciGises N pd
1L can he coneluded that the reduction peaks of the caialys)

.. i P R B
ariging, {koun the cornmerciid cobedl NIEE @il pARE £

sliteied by prometion,

catalysts oecurmed o fowr disting replons

LY AJ H

=0 r el L []
SI'M analysis indicated tha Al eotalysrs prepared with cither the commereial
i

cohall mitcute or (he pure cobait niimic eriginating from the spent ealyst conlain,

. T ri: a¢ Vipwres 18 and 3190 e
sumne spherieally shaped crystallse materiul {sc¢ Figt

¢ aphericaily staped erystalling material cowld be ailrbated o the
different dehwdration factors cncountered during the dryvimge of 1he imnprecnated
; 15 indicate that the proparcd vatabysl consists of an

el

cojglyst, The results may &

amorphons materis] with ultea-fing paniicles, [n uddition this feature coukd roselt

the fisrmation of the spherically shoped material with high mechanical strengih

iiEinge catalyst proparali,

L
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Figure 3.19 : Seanning Elcctran Micrograms of cotalyst prepared with

cobalt nitrate extracted from the apent catalyst
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‘(IUNCLUS[D?{E ANT RECOMMENDGATIONS

4.1 Main conclusions

LI meiin objective of this stwdy was to use the multi-step extractive metalurgical
mcthods to selectively recover high value metals from the spent catalyst Sisol
preprictary prior to its disposal,  The spent eatadysl arising from the Fiseher-

Tropsch provess iymically containg carbomwsous material (60 - 70 mass %),

an b

(20 - 27 %}, The recovery of the vuluable metal species such as platinum anl

cromse and also i

the elimination uf the existing coviroamental peoblems associaled with rhy

disposal of coball. An option invelving the eecovery of these metals froam spent

1 catalysis has therefore been considered,

The pesedts of the literatore indicate [hat the multi-step metstlurgies! procedure is

the mast eommonly used method W selecrively recaver valuable metals Irom the

—spontaatatyse
This mcthed entails:
s Calcination of the spent calalyst
Yelective leaching of bigh value metals by wioroanie aeid and or strong
+  Floceukstion and filtration ol the slurry obtained

»  Durification of ihe leoch Hgquoe solulivm by a solvent extraction method amd

subsequent seleetive preciprabian.

»

{rvstallisation of the melels o safts,

ta

[ 1



iy i of — Conelnsions oncd Recomtetencdoations

The commercinl Bayer process, which involves ithe digoestion o
crntaining aluminium oxide and trace amounts of silicon diexide wilh sodium (23

Yomdm} hydroxide b elevaled temperatures {m e range 100 220 ") and

pressure (i the range 4 - 20 bar) to form sodivm aluminate was wtilised to

move alumina from aluminium eontaining ores. This mcethod beads

[ 1
Al WL o A=y E=

lo no subatantial dissolution of beavy and buse metals from the spent catalysts.
Imder such condifiohs cobalt and platinum species slill cemain in the Jeache]
residue and were subseyuently separated by treating (e residoe with itric weid
wive cobalt nitrate and a Pt-contoming residue. The results indicate funher thae

ulmost all of the alumif fes . : specios

[approximately 99,8 %) and platinum species {91.7 %) that are present i the

vriginal spent catalyst were espectively dissolved o tbe baching agents using the

soulium hydroxidde- nitric acid- agua regia leaching process.
ps of lhe proposed seleciive recovery

eelutitng ey The 51
('3 ) l'ﬁ"'-""-‘l-_:\ W m

Tescess are surnmarised in Seetions 4.1 1 w4 L I8

4.1.1 Calcination of spent catalyst without sodium oxide source allitzon in

the prosence of air

e aim of calcining the spent catatystwas o prochreecatbonaceous materalfree

calvined spent catalyst that eould be uscd in (he subsequent leaclhing step. It can

b concluded that almest all of the carbonaceous material present in the waxy

successiolly oxutised at dilferend Lemperatire: (in

lunps of (he spent catalyst was
a o enn oo oy for & b The XRD analysis inchicades thal cobalt
W [ILMEc DLAF - JuWARd A g B }

sluminate {CoAL) and cobalt pride (CosUg) are present in a black product
forr huring the calcination of The spent catalyst at clevated temperiturne (600
90t () in 1he prescnee of air. The spinel compounds such i cobalt aluminate and

cohalté 11 dicobaltd 111 oxwle were alsr formeed in the blue product dueing the

heuting of spent catalyst at 100

T3



Chaprer 4 - Cunclasions amd Recommedutiony
+.i.2  CUaicination of spent cataiyst with sedium carbonate
The muin ohjcctive ol caleining (he spent catalyst in the presence ol sodium oxide

siarce was e form the calcined spent calalyst that contains mainily a sodium

aluminate compoum). This corpouml firmeed inthis way wis dizssolved with ease

moesith
Il WAk E

resulls indiale That a black produet, which containg sedium aluminaty and cohalt
axide, wag formed durmg the coleination ol the spent catalyst inthe presence of a

sulin v rde =ource.

4.1.%  Leaching of the cakined spent catafyst with sodium hydrezide

s fulim

The inain aim ol the leaching in this stuuly was to selovtpve |y dissolve sduminiain

sfeties present in spenl eutalyst wilh sndium hwlroxide solution.  The eesulis
arbiained Juring ihe eptimisaiion o
purameters such as temperature and time have sipnificant effects on the exinedion
tlicicncy of aluminium specics amd a detrimental effect un (e exleaclion
elliciency ol cobuil species during the leaching swp, Approximalcly 89 % of the

aluminjum specics present in the spent catalyst were selectively dissolved in

sodium hydraxide solution when using an clevated pressure (00U 52 hark and

tfemperature €170 °C) during the (wo Icaching steps.  However platinum species

il i imsohuble 0 the sodium hydroside aolulicon durine the leaching ol the
cilleined spenl catalyst, The teaching results wso show that approximately 47 &

Wl thy aluminium specics present 0 the caleine ot catalyst were selectively
R . . . YR
dissolved in sodium hydroxide salution {50 % wiy Nal M et 15 barand 1HC in

o procadures. Trace anwunts of cobali species were detectel

the 1w siep lenching
I f=

i tles Teach Iitulﬂf solutkn uh’[ﬁirlﬂd l'.II.Ll‘Ing the sodium h}'dl"l'l?ildﬁ lEaChll]g slep.
that the selective dissolation of alumintm spectes

| A
a LA L R

Therciome it can be cancluded
wilh sodium hydruxide solution (about 23 %5 wiw NaOHY at clevaked temperaivre
Capproximalely 190 “C) and prossune (12 bary from the speat cobalt-coniaining

TATTvsl wins e FTeCTive

FIC
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g a [ WAL Y S —— — p—" S Y]
4 LA LAHTN ll'.l“ 1 [nk .'i[.ll.'n.lll. CHEHLY L 7Y

A sulution of bydrochloric acid (about 15 % HCD could possibly be used to

seloctively dissplve cobalt species wilh substantially o dissoiution of alumina

fcom the calcincd spent catalyst. The main mivantage of this option is thal a pure
wonld be formed. and could be subsequently roasted at o relatively

'l '
AW FEaTRs L5 1

hih temperature to produce a pure coball pxide and hydeochloric acid vapours,

Muripg the leaching step aluminmm and voball species preseni in the spent calalyst

wiTe simultancously dissolveel in hydrochloric aeid solation {1 5% HICD. Bcanbe

Jiszolution of these metal specics from the spent catulyst.

4,15 Leaching of the cakcined spent catabyst with nitric acid solution

d Jesching in this study was to selectively dissolve 1he

Mle cmcie i o4 waid av
H i t Ehd- o BRNS

| - .
JIE ITIREINL A o

alnminium EpoCies rom the spent catalyst. [t van ber cencbaded oo the results of

These stpdies that aluminium and eobalt specics dissohed strmuMuneousky o nitric

auid solution (20 % wiw) at 40 °C and stmospherc pressure,

+1.6 Leaching of the calcined mﬂwmﬂﬂlﬁh“mmm

The wim wi” the sulphuric acid leaching i this jnvestipation wus (o sclectively

~ dissolve the aluminium speeies from the spent caialyst. The

nd cobalt speeies that are contained in the spent catalyst

fcaching results show

that kwsth (he alumimiwm 3
cheie anid solution to fmnt metal sulptustes, when

ek b
[l.’ll“ '

dissobved mere rapidiy i1 sl
cimpared with the situston frncl
that beth  aluminium  and coball specics  dlisselved
4 and EING,.  In addition.

with nitrie acid or hydrochleric acid. It wan

alsn b concluded

simuthtanaously in the mineral acids such as N, 150
4 seluetive precipilation methad can be wilived o scleclively separate the Al

13 14
i E- 1

Tt taimi 2 i1l H bl
specics Tom the lcach liguor slution cumuwbmtﬂh&alummwmﬂm

S ICY.
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hapter 4 — Concfusions and Recommendations

The aim of the water leaching was to selectively dissolve sodium aluminate

lisrmed during the ealeination of the spent calakyst with a sodium axide source. it

i interesting W nole thal approximately 50,6 % ol the aluminium species and 1.7

o of the cohalt spocics were scleetively oxtravled from the spent eatalyst obtaind

during the calcination of waxy lumps of spent catalvsl with sodium carbonate
when wsing waler as a lixiviant. Thercfore platinum specics still remnain inseluble
in wuler, In conclugion, 998 % Al 99,8 % Co aml 91.7 % Pt present in the

veiginl spenl catalyst were respectively dissolved m the aguenus phase during (ke

salium hydroxide- nitric Frid-age rep i leachityg process:

418 Flecculatiun of the slurry samples arising from the alkaline and acid

leuching seeps.

e oF the ultra-fine solid particles dispersed in the kach liguor
LHLTIC 10 b TLE ¥ F

g to ihe
urising from the jeaching step was filtcred only with

of using the floceulation methed n this study wus

solulivem, o 5u:rtp]c ol =sloery

difTiculty. The muin ohjective

10y assisd the sedimentation rute and fillerabilily of 1he suspended wlira-fine aolid

particles from the sturry.  In conclusion, the entire series of mudilied anionic

4 g - gt » . e . Lo
ralyscrylamide flocoulants cvaldated TS m.dy%b%gtﬁmﬂ%uwd

Aeceulate the suspended ultra-fing solids from the basic shuery. Suitable aperating

~ conditioms for the Aoceulation of the tagie slurry arc as fuliuws:

« pHlalthe slurey in the cange 11 - 12

M 14 A . H
s Coneentrution of the flocculant mprosimalely 025 % w/w in sodiam
hydroxide solution (2 %0 Nal}H)

»  Tempetature of the sy is 90 “C

discussed fn Chapter 3. ANTIY Fepdloo was

17 e 11 ok .
UL I.}Il‘.'- FEMUINLS LTl

reel meteriad present-inthe aedee
r the susperdesl meterihpre: d

Iound te be o suitable Noceualant (o

cabalt nitrate contaiming selation.




Chapter 4 Conclusions ond Recommenditiony
4.1.9 Selective dissulutinn of the cobalt specics from the busic leached

residue hy mitrie acid solutinn

Er‘h“l'.'i!"h: which HigH

<L ey, Wl al

The wim of the acid leaching was 1o scloct

environmentally toxic From the basic Jeached spent calulyst prior b il disposal.

Frum the leaching results discussed in Chapter 3, it can be conviuded tnad aimaos

R J Boad gruend pngnloed weps suceessfolbye
I

il uf the cobalt specics prescni it the Jeached spent catalys] were SUCCCSSINE
jon duripe the leaching sicp. Fhe resulls also indicate

Sr=a C LR L

that simost «ll of the platinum specics present in the leached speni catalyst siili

remain unelissolved monittic aced Boluton.

41110 Pladinum dissolution
'|..|'H;' E.jm nf' thc uxmrimtms wads o LR Wﬁﬁmm_dmmmt—

The residue was produced

M7 5Pk
during the seleetive dissolution af the eolal specics Irom the BUSK
It can be voneluded thal mimost all of the

Trached

residue fax described in Chapter 2} |
platinum species (7.7 %0) prosent in the nitric aced insotuble residuy was divsohied
in aqua-regia (SHCE THND3)
‘L he chlarophtinic acid formed in this muncer could

4 %0 °C and almospherie prevsure for 4 h 1o form

chloroplatinic acied, HaPt Cle.

In: used fivr the progloction of platimue metal, sponge and slts,

[t i imcresting Lo pole that the blue residue. which remuins undissolved in the

. i . . T - 1 "
squu-regin selulion, containg o crystaline eoball afuminate.  This by-praduct

could he used i the ceramics and painls industries depending on its chemical

[rTIrY.

41,11 Cryseallisation of plaiinum from chlorv-platinic acid, HzPtCh

' s " : - | ” !
Crvstallisation is one of the mKst conum purification methods wsed i the
chemicat  industry 1o yield o chemically  pure procfuct,  Diammoniume

. - latime acad
hexnehloroplatinate, (NH ("t was precipitated by reacting chlorop

with ammenium chioride. Thiy presence ol this specics was confirmed by XRD

analysis
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Chapier 4 — Conclusions and Recomtenditions
Lyiammeniumbexachloreplatinate fisrmed in this experiment vould be usel o

mrepare platinum-confaining compounds,

f dismmoniumhbexachloropatinate

1L L12 Calginstion

The aim of the ealcinution of diammeniumhexachioropiaiinaie in fhis study wis
i b usad as g catalyst aml also for fhe

liv TA- Lo Iye

prisduce @ platinum sponge ihai oo
lutinum chemicals,  The XRID results ilicate that platinum

black was formed during the ealcination of dizmmoniunthexachions

RO0 " in the prescoce of air for 1 h

4113 Precipitation af imn_and glumininm from the acidic Irachliguor

sollution

T mein Uhjﬁ:ﬁqc—n%ﬂiiﬂ—iﬁ‘-%ﬁﬁmﬁ tn seleelively remove iron and

From the coball nilrale feach liquor solutinm via- precipitation

aluminiom species

The resuliunt leagh Hguar sututim praduced i this MAanner wis usenl in the

solvent extractim stop.

From the results discussed in Chapter 3. it can be concluded that the aelective

precipilalion of roh and aluminitm SPLCICs from the impurc cobali-containing

selution ot plY 4.5 at S50 °C was suecessul,

produced during the precipitation step

4.1.14 Purificatien of the filirate
produce chemically pure cubalt

The aim of purilicalion of (he {ilicate was
using di—l‘-clh}’lhﬂxylphuﬂphnt‘ic acid a5 an

erd exiraction method exhibiled
cxcellent performance in terms of extroction ¢fTicEnCy for buth Coflly wnd Pl
ohscrved when di- 2-cthylhexy lphosphioric acid
e ag o modificr. Bubsequent to the

spucicsy wilh niriv acid

nilrate by solvent extraction

sxtractant, bt can be coteluded Thot thiz solv

iong. Caosod phase Separation wis
wis el o an exlractant and tribulyl phosphat
geganic phase teontaining coball

scrlulme was formcil.

stripping of the loaded
mlu‘[i."L i pu]’iﬁr_ﬂd U-I_Jhﬂ]t I'.I'illﬂ'lﬁ Ihl.'- le]PI“-‘ﬂ I.UHF.]I’.'I]
st SICP-

organiy phuse could he recyeled 10 U solvent ExRtract
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Chapier 4 — Concfusions and Recempiendations
4115 Crystallisatiun of the cobalt piteate from the purified kach liquor

sulution
. that nure coball nitrale was iormed a5 ced o

| el

ceystals during the roerystallisation of the conuentrated puriiicd and impure fiich
liquur sodmtions.  The results also show thai pure ceball nitrale from the paeificd

ieach fiquor seiution com

leentes of chemndeal purity, This implics Lhat erystallisation of cubali nitraie iTom
the parified lcach liquor solution was successiol. This compountd conld he used 1o
propure fresh cntalysts for the FT-reaction,

& L16 Crysiallisation of alumimium trihydrate lﬂﬂffm’wdmmw

Mremn the resulls discusved i ChapterJe it cleur that gibbsile, AKOE, wis

—present-in-boti commereial-slummium._tritydrate anl white crystiis cod

i 1rihytm—fmgiﬂg—ﬁﬂmw“n

during the crysiallisation of aluminiu

aluminale soltion, The 1CP and YR resulls al
09 uh total Al prescnt i the sodivm alomioale

qn show 1hat almos] all ol the

aluyminivm lons {approximately

sl jon were erystablised in the form of gibbsite.

Yeomm the resulls discussed in Chapier 3, it can he conthuled (hat the product

on of the aluminium {rihydrate
he specification of the aluminium

: ) L. di
chiaincd during the erystallisat frenm the sudium

aluminate sohtion coraplies favourably with 1

iriwilrate currently produced by Kynochem. This aluminivm trihydrate ean he
wied as a raw matertal for the producticn ol aluminmam chemicals such as

m chloride, grdipmm alaminle ard alamin, [t e

aluminium sulphale, aluntiniu

Ao b o) ms a catalysl suappoTl.



Chapier 4 - Comedusions and Recamtwaerdation
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The aim of calcipation, in this study was 10 produce aluming From aluminium

irbydreate.  The aluming formed in this nuanper, could be nsed as a catulyst
SUppart in tike €T catalyst, The XREZ araiysis shows thatl hochmite wus fivmed a1

oy r
'Ll'l*} ':_ Wh 1‘-.' W1l ki vanaa rmard i LGP O el K . n
[=ha R EE ETe e FRRT B LT A ALFLELR-M 34 LIVAF b ELLRRPLRE, RTIR- Ml‘-“ |.-l.“.||."] 1iI11

wlttaniom tribydrate arising from spent catalyst, T can be concluded that the
Furmic phase transiutmetion ohscrcy diwing the calcinution of aluminium

Wrifredrate is 3 temperature dependent phcnenmemr,

1118 Preparation of catalyst
'n Scetion 3.2.16, cobalt pitrate Griinetipg ram the spent catulyst was used as

snbahl Gatsbysi

UL ol cohy
rroduced in this manner could be utilised in the BT catalyst i wichee fr preschece
The revuits on the cotaii-based cutaly:

hvilrcarbons from the gyTithesis pas,
froddiced from the spert crtedyst derived coball nitrarg indicared (hai surface arca
and pewe volume of the cobalt caralyst prepuved from the exjracted coball is

WML 10 hat of the commercial cohalt cutalyst.

Hie XROY antlysis indieates thet both gamma-glusaing and cobult oxide {CosO4)
are present in all caadysis prepaned with coninerciul coball pivste 48 well as

——cebalt-nitrate grising from the spetteatalyst:

VR roeftiction peuks of the calahysts arising from (he commmwercial cobaly mifrate

md pure cobalt nitte fom the spentcalaheds necured at faur distingd

I":."rn!fh_',l:u_‘l_ufﬂ NEMUIE '['he !Q"'.E",'.f fgd‘l_‘ﬂ:l_!-ﬂ!'l fﬂm!i.“rﬂtﬂfﬂj {mﬁfﬂ W“h thl'.'-

mmercial eutalyst could be altributed to the presence of Ieace LTS iof the

[T N L
FLGHCTIRNY Protietir, phahiriine,

4.2 Recommendations for further studics

The follewing recompcedaions ure proposcd 1m arder (0 further waprcee The
feasibitity suady and eoonomic evaluation of e proposgd process.
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$.1.17 Caleination of aluminium trihydraie to form aluming

The aim ol calcinatton, in thiy study was W produce alymina froan alwminium

irthydrate.  The wlumina formed o this manner, could be bsed as a catulyst

suppart in the FT calalyst. The XRD amalysis shows that beebimile was formed at

400 "’ whilsl gamma-alumina was loemed at 600 *C o during the ealcination of
atuminium trihydrale ansing from spent catalyst, It can be coneluded that the
aluminyg phase transformation observed during the cylemation of gluminium

irihydraie s a lemperaiure dependent phenomenon.

4.1.18 Preparation of catalyst

In Section 3.2.168, coball nitrate arginaling from the speend calalyst was wsed os

T

|

']
ar
&
[
2
&%
5
o

hydrocarbons ftom the synthesis gas. The resulis un the cobelt-based catalyst
proatuged from the spent catalyst derived cobalt nticate indicated thul surface arey
and pore volume of the cobal catalyst prepared from (ke exircied cohall s

similar to that of the commercial cobult catalyst

The XR1) anabysis indicalcs thal both gammza-stlumina and cobalt oxide {CoyOy)

all rirrate

cothalt nigrute ariging from the spent calalyst,

The reduction peaks of the catalysts artsing Tom the commercial cobaht nitrate
and npurc cobalt nitrte Fom the spent-catalysts occurred at four  distinet
lempernture egions,  The lower reduction temperatuyres nbserveld with the

cormmergial catnlyst could be atiribuicd 1o the presence off (race amounts of thye

reduction promoier, pldimum,

L Rer
The Ballowing, eecommendulions dre proposed in order o further improve the

[eawibility stuly and ceonemic evafustion ol the proposed process,

IF
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Chanter 4 — Conclusions and Recommenditions

- Luu.hmb of the uncalcined spent mlln]}'sl {uriginal spent catalyst) with
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coonnmics ol l!jg prurnscd omoeee To this ateedyr dRee sl
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eoull be selectively dissolved in sodium hyalroxide solutivn,  Both the

l-.1ﬂ‘l—___ - . 1 Y L - o= - - = ' - 1
piatimum  and  eobalt Speuies sholull  peann ulisgedved im0 osodiom
I'l"lll.l'l‘f!'h! EI l.'.l'!lul‘llﬂ.r'l T"ha= l'rﬂ'rlr- ur“id !.#:'-ifuiﬂn' main1l.l ha o aeerlio oA a o
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selectively dissolve the coball species from the platinum und cobni

conlaiping Jeavhed sesidpe. Subsequently the  platinum-corugining

produce platimem black.

W o Freoert e st with xydene shadd be investigated

i wrder 1o remove caphonageous material prior to the lepching step This

coubl mmprove the cconomics of the proposcd process becsuse 1he

preliminary caleination step could be exeluded in the proposed provess af

roocrveriig igh velaable moetals From the speat calulyst,

* Tngrder o convert almost all of the aluminivm species presenl in the spent
catabyst o a sodium aleminaie compownd, Lhe clfeets of the adoiton oge
ui” sodionT oxide & Hae Spoet cxtalyst, sinjering fime amd temperatung
during ihe calcination siep shoull be mvesiigated. Subseguently, the
keaching of sodium aluminate conlaining spent catalyst with warious

amounts of water could be conducted.

¢ During the characierisation of the cobal catnlysl onginuting from the
spent catalyst, fupher hulk gnd surfiec properties of e cutalyse eould by
determined wstng Differentinl Scvanning Cakerimewry [DSCL and X-ray
photoefecirnn  speciraseopy (XPSE These  technigues coull  give
infurmation gbouwt the phase tramsitions, as well as e oxidatioo slates and

surface eompusition of Lhe catabests, respoetively,



Chamter 3 - Conclfusions amf Recommendotions
*  The fmal aspects thal could be covered are seleetivity and sctivity on the

cobalt calalyst originating frem the spent catalyst to accurately quantify

the catalylic performance.
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