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CHAFTER 2
EXFEHIMENTAL
I

L. .

2.1 Materials
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valwe rnetals froan the spent calalysl:

A spemple of the waxy lumps of The spenl ealadysl prodoced by Sosel was
wseel as ahwe foadstock af high value moctals ke o, PRaml Al

A cammercial sodimme bypdrosile sorlWticer (25 - S0 5% Nu)H) produced Ty
Sasol Polymers (foerrerly Polatm Limited) at Sasolbuee was usal to

selectively dissalve aluming froamn the spent catalyst,

Chemicatty
hydrochloric acid (32 % HCl) were supplicd by Merck WNT and Prorark

Chemicals [ndusiries. respectively. These aeis woere uspd us Jiiviants

,.
o
o

r
:
-
S
—
"
e
3
-
=
=
0
dzt
=
=
-
=
-
'
-
[
dd'
]
=

Chemical [miwstries and was wsed as o leschmpe apent doring the dissolulion
oof cobalt specics from the cobalt containing residue. This acid was also
psed to strip cobalt species loaded into che organic pliase during the salvent

cxtruclion step,

| “rr
|

Chemically pure ammeniwan Tydredde satooon (T 25 % N OH T wos

supplicd by Merck N and was used to precipitate both Al amd e {rom 1he
lemeh liguor selutico Jirior to the application of the solvent exernclicen siop.

13i-2-cihylhexyl phospharic acid (D21HPAY and triburylphosphate C11F)
wore obipined from Rusicnbury, Heliners qal Plang), Mored gl
Gusolburg produced 1he illuminating paraffin used. Thes oruanic malcreals

were mixed 10 procduce an orpanic phase which was used e oxteact eehal

specivs Font the leach liguor solution during the sobvenl extraction sep,

il pobalt niteate amt letraamine plulinum MErale were olained

fom other wendars and they were uscd s e colalt g phiminom

precucsors respeetively during the meomiwiare of the sipinal el

P+




{hamter 2- Faperimentel
e A commercial aluming labelled as Poralex OS50 was priduced by
Sasel Chemie (lormerly Condea Chemic Gmibl L ] lamburg, Germany)). 1

Was E Y > A

s Kynochem, a member of the ARCT group of companics. sapphed

commercial alominiom hydrecide, The Joiter was wsed as o standard uring

the comparative study af the alimaniam hydroxide origioating frome e

wrictary spend vatnlyst,

e Yotachem Compuny procleced o eativnic flocenland labelled AWU2Y
zotafloe. It was used to fAoceulnte the suspended partiches Tram the leach
liguut solation produced during the disselotion of cobalt species from the

leachel spend catalyst residae,

« Modibicd polyscrylamide o
and 1400 were produced T Cytec. These Toeuidants were i iliset during

the facenlation of e slarry proaduced during the leaching of the Sesol

proprictary spent catd|yst with sadinm hyleoside solutin.

2.2 Methmls and ins{rumenfation

instronents oz well as roctheds usald in this atudy ure bricily

deserihed as llows:

A Visw A O =l

concentrlions of clements prosent i the spent catalyst and (s derivative

produgts. The loss on i {LALLY ol samples 1o I anahysed was miciolly

derermined al 600 °L7 prioe 0 {he JCIAES measurements.  Approximaiely 4 ml

ol coneenteated sulphuric acid (98 9% 1504 and |5 il of hydrolluworie seid (0
s - I o ]..I.-

0 FIF) were added to (e g of either speni cuialyst, catalyst, citu

i1 spent vatalyst derived aals. This mixture was then evaporalel w1 tnl In onber

o woopletely dissolve dhe soaligds, The solutiva

irmefurred inler a large beaker. Approximacky 16

srs o lowesd 1o atlain ambien

reperature and subseguently

T - -1 s LI¢ ™1 qwisee mae 1 DN . : i 1 - .
rml uf hydrochleric oekl 2.2 % HOT was addhl fo the vowsled solution and the

Jd1



Cianter Ao Jopoorianadod
fierter Aniltion was 2pain cvapoTated 4 10 ml o carpletely dissedve (e ronining

safnde, Aflee the dipedion, e salution was Gheed ro 250 ol and acid nenhiske

Fowgluety, Weg e

trarsierned by pipetre apd diluted whb waser o 100 ml Subsequenitv 1he

D LD ALS dnsimowterd. The songoumstins of tee andanl solotion sas also
dotcrenined. Pmally, the eoncentration o8 the elenrent fnd presen in she seagi

s TPt g gpot, el oc

The catalys! copudting platipem was nitedly mited prive o the plainan

deternadeion untd « garticts stoe o790 % < 75 ame sk abtiined | Apmiosdinarely

. g |
Lo atiir

4 - .

sitheeguently nlwcad inoan appropeiate dish. The sample was Uhear roasted o S0

i Wapnges Jor gkt Fours, Approsieatsly Wb p of e roasied somaple was

mined with 2 og oF g0 sporaogieie e The oy weed dn Ml anmbeils wis
ariginally prepaded with 8 g sibwa, 123 @ sulfuom carbongle, 70z ead oxude, 35 3
torax. 4 f2 azanknss Bl Gb g Tk axichs. Thorcailes e mixbare was frensiepecd
foatt ARt pol Reentelly, 8 wes endood with 1ol o TN ARNY, scatiom
and the mixore was Tosed inos fenace, prehicedod o 1000 S o0 1L b The ot
comuatidg e s e durbyyn Sslen slop was aliowed woweac ke

e
wive gugiclled ar G E fur T b periodd. The coobed prilt wees inomsiferned oo s

Ut sarnd afrenctiamieredy JF kot g v n e anded 2o e oSt i LReTesmds,
the mislore wed beatod Wow wirDwwel evel By 200 o b conpdete fhe
dissnhutinn of plitism. The soocdr was then difited woog 3wl vednme, and e

pRITIN pesaey o Ve seale et detenmimoed by Wi o0 speammens.

A rmethod number U800 AL P-agu-Hepu 016002 i ey peosgribed an

Terlerisgs




€ Neagaterr 2= Expierivienid
Five spandurds with appropriatc copeestrations ysing the acid mixsuere, as Jiluents

Wt preparecl. The LOP spectrameter wae alloswed 40 waem up fior 20 min and 2

L 15 T,

wnalvbical ren Fhe WP specipaneler was 80t on the spiionu, excilation and

amalylical comdifions ox previeusly determined. A calibracaon ot eveery elenent o
be delermined using the prepared slandards wes perfopmed and e eulibeation
cirve gfeach elemenl wis checked. Fil‘l:-LII}-' 131N ‘.’.‘il!l'l"ll'l:‘ﬂ wery nLibwsed i (heir

LORCSrat TS o the vlemepls prosend o the sumple were reporteld as pom, o) nr

.

mmvestipgate the ohareloristic speerra ob elopents preseat ins solal sampds, For

quanrtificalion pralysis, the itepsitcy of charackerisie aes of iy cfemen w T

arrtvsod vy ticgsared, Vlements spch as AL Fe, Si Cou 8 und traee elemene like
I ore eomained inthe spent catalyst and i depivative menal salis, These salil

seprnprlies verer armilyscd feer abaove plomens hy XEBEYT as Falkws;

A cordrge salid sample spept cotalvst and s derivative prodwectsd was iatially

prommd until 3 particle size of 100 % < 200 pnowas eblained. The pewdens

c.t

."iElI’II]‘th LT ERTE I [ERE TR |
compuunds sl water originally contained in the seaple. The coleincd sample

was Mhen converted it a scled selapien by Yuzion wigth Hthinme wemgraie

(1igl34l3,).

I propared selid sohition and standard (NEMN frone Minteh) weee plieed in e

sunple fofifers, The Hhp Melder v e placed i the sople campartioet o

an WRE spectrometer. The e nesdty v o charucieristic line of Lhe vlenmg o e

deterniined wirs messcencd and e comeentrain e chement i the sample was

4T
LI

- . HiM |
caleulnicd from the anchsicy mesmred {edartjic

15



{hapier 2- Bxperimoeniol
An HI852 | Hanma pl]l meter with both ghss electrode und lemperature proke

Calomztic controly was wiilized w the laborutory o measore Lhe pll o and

1 anilysis was pcribn‘rlmi o a Sienmwens diffractoome

A
£ Ker readistion §1,7902 ,-h The ARTM powder dilfraction Al wis wsed G

Ca —

the qualitmiave idcatifical of the phases th e supp

Table 2.1: Experimental conditiony Ter XRIY analysis

I Parameter | Setting
Vultage kv
(urrcot 25 mA
[ Divergenee shit NE
Ruceiver st th15e
Scioned from X2l
[ Scanncil N . Y2 o
Countibg Limc | ex o

e it Y deline the 20 scamned riange.

£oarse samples {spenl catalyst, spent cilalyst derived nwelyl salts) 1o be analysel

were initially gpronnd weng @ ball mill it order o ohtadn = 200k pm sized panicles,

The powidered sample was jrunsfurmed too o suitable sample holder (prederably
mache of wlumioiumy and the sample 0 the
I was eporient e 1L e sarople

Lalder was miped pently, b

tharoughly, with the wdge of o glass sl

holder aml thereafier the surplis sampHe wis “aliced™ o1 with & vliss slide
d

{':m'mmimalclf S0 X 70 mm and 3 mm thick) whilst simulianeausly compressing
the saople in the heldur. The abuve procedune was repeated unlil o suikable

surface (a aputh surlzes of cven texture} was ahlaibcd,

B ]




£ gmer 2o Bpaorinteni
AR preparition of the sempte swfice, the sumpie bedles nes placed o 1le
SUTEHC oontipaeement Wk SLEoneg of e sawpk comumenesd hlatiic. (Y
Colbive, 1978 wiwi Riug and Alevapded, 19545

Loamoa i

St IVTRITOITRTAES ENITIIELS O S cr_uyl.\wq‘:. RO PR IR (m: f;f-[_

Y
o
2
E
]
.

=i anen anad i wiang oF Cpbaly NS pnhatey Wil vafudr Bl e g ity
From the spand candivil. The BET fukees e and potc voleng mesereddms 1t
the alurving ernanuting from the spent wstabesl wore 2o peciied on she same
invrament. o ohfs aoabysis, prpenaiamtol .55 o o the afalvte was gucaete M
et o the wampde wobas and depeeed i the degas wid w0 20k e Uik 3

coibetam witpegen fhowe, The vomlaminas sherrbed it the mnmlr_ wese proshobly

remsvidd g

.

by determorine (e mess of the ewtabsi. Faradlr e deod sodone thess s e

Jrsertad #T ot egiuR Rt amet e siripod ared GF TR seaple o well ds s perc

vl was measuted, The surlaee arcs and pore volame of the aaivte oblined

in 4% experimeel grd repoted i i e gl d:-m?lg resEept ey

N Mieparaceities TV CPR FRIG tsroment wis 08¢ b dedetaaite the wisnng of
redieible spocies preseet wl diffcrent femperalures. Approdimatety @15 g of ibe
antalylo Was gocutatehy weighod our and pliced so 2 ooy phae maentel in g

ime e hoped gt dudie, Sodscouadnn by, s tabe wins cranhested to the weadsas

oty ad argern gk wat Sawand Hwough with an in-line o Dewer fash widh okl

a [ PSP '['l-.. bpter soaarntl e il
|_-rdp LI EeIsg] By S g, o of eipi BRI O dnnabel

Fulire Lhe g wies degted et the theramd condactdms ety Tiv argan
s, Sy e serbegeaetly derriitedd aied e peaite Wem expeeed by 10 % ;-
A gae lxtafe @F 3 crdacing s Howvivg ad o tare of 50 Ne m’min L e furnuee:
was xamaped e rowm temperatire fo BOT U ata e of T win . Alter the
cormplryiot of the papre it B Samplc by was cugied g TIRF Mreadt of

whge | b e’ E’,‘
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¢ hcpter 2- Fxperimtcniol
A Leo 143 Seanning Electron Microseope (S1M} apcrating ol 3 kY was

employed 1o produce images of the purticles of the catalyst surface in enler o

dotermi i HY ; R e

siled earbon-lupe stuck onfu an aluminiut stabh gl followed by gald sputtcring

forr 30 & (a totp] of Four limes) te rerder the porlicics ennductive.

A Satum DigiSizer 3200 w103, Micromuritics instramenl wis cmpbyed 10
determine the particle size of the catlyst prepanad by coball nitrale origmating
ram the spent catalysl, A pump with the speed of 35 rpmowas used B

cxperiment io order 1o suck Lhe sample parl icles ¢ Maripane, 2001,

.21 Calcination of the spent catalyst
Wiocy Turops (appeox. 1000 p) of the spent catalysl were placed in g slainless sleel

dish. A gas hurner was wed 1o ignite the waxy lumps in the presence of air. A

sell—supporting combustion of the spen catalyst under natuead convectivn was

il oo further combuostion waok plase, In order o axidise

vaiiied ol
Al carbonueeous muleeials cemaining in e cadeined spenl catalyzt, w irce lowing
sample produced during this process was recgleined ol differenl remperalures
ranging from GO0 - 10000 0 e six hours in 1he prosence of wie. A sumple

arodueed i this experimont was proqusred amal submilied for phise ecdeecel d e ant o re

produeen iy LRl

wgine KR and was subjected alser carke nnmmhmsemﬁmvﬁui
Mirwing sample was ntixed with sndium curbomate using solid o solid rtio ol 1:1

3 i i 1% L] Y -
frvm) wd the mixtore wus  fAnally peeateinel wnder the wbeve Condions.

Snbsequently, a frec flowing sample produced aflee a self-suppurting carobustion

afler calcining the spent catalyst st variouns

wila
LR

step s well s e prod

LernpeEalunes wite subroitted 100 curbon mlysis.

1.2.2 Leuchinp of the caleined spent catalyst with sodium hydroxide

1244 ¢ aof e caleimed spenl calvsl {caleined with ar withaoet

_-'!iﬁl-\lj‘kv rremtic ]y

I,,‘I,_li LAY I JINLLLA T T

soclitn carbomatcy was gdded Lo 5

ol either 15 %W MalE[ or 50 %% wiw Ml L The resaltant sluery was hesaited 10

|
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Chapter 2o Experisciial
170 % in a high-pressure autoclave for 3 b wilh pressure of the sl heing

increased from O - 12 bar. Afler cooling the autaclave, the slumy sample wis

colloeted andt washed with
wrv sample was reserved e the focculation wstwork

B B B S E
H TiF NIRRT L el

I

-
7]
£—

the hih temperature amoclive s given i Figure 2.1,

LTLIRTS oL ST L.

Grirrer drive

mell
Rylzasc |
walye —— " )
13 Ll LA — e 4 Pl
Fatipe Ly !
l | ! Tueflan vetael
: SeMatall i I sl
Sl 1 o thermdeaup he
w3l SpoRL cialysn
[tz
- J thermaccoupte

Figure 2.1: Sehematic preseatation of the high temperature autoclave fur

leaching the spent catalyst.

T further improsve the alumiinm extroction sfficiency. e farther leaching sleps
were used o soluhilise the remuining aluminium specics from the calcimed spenl
culalyst. The Aller cake abtained from ghe {irsl leaching step was contacivd with
Fresh sodbiwm hydrosxidde solution {using cilher 25 % whw BaCHT e 30 % wiw
Na)E[] and finully the slemy was further feached under the above-mentivned
conditions. Fallowing 1 jegehimg sep, the regidlue was separsicd from Lhe
pently. §R00 ml el aiafer was

warlutiorn throngeh Eilration usimg filler press. Subseg

41



Chaprer 2- Fapwerimentat
waodd 10 remove the residual leach laguoe soluion absorbed in the diiter coke, T
water—washed resiiue was deisd st 90 700 Subsequently the ried washed resiloe

d Al

i

amalysis. [na separale experiment, sodium bydroxide sulution (about &4 2 of 20 %

- ot

wiw WalH 1) was allowed e 1o with caleined spenl cutalyst (about 23 p) ot 94 °C

al stmospheric pressure. Afler filtration washing and eleying, the sodiom hydroxide

banitted For Car, P amil AY analvsis.

I order o confirm the prefiminary tesulis obtained afler Tenching the wpent
catulvst with sodium hydroxide solution. 30 kg of the calcined spent colalyal way

aced in a 400 | hgh-pressure auluclive, Approximately 120 1ol 25 % Nadll

wirs yelcdedd toy The auto-clive amnd

pressurcs foe 4 h Approximately 100 ml of the shurry was collected tom the

 upeckve ot hourly intervals and was subseguently flocenlated prier W
ed durine the fuccululien step e Tined i Seetion 2,2.7.

THEATSRIY

The procedure Tollow
. sodium hydroxide  insoleble resnlue was

1
Ldw SRS

0~ ]

Yellowing the filiration siep.

pronfuced wnd thoroughly washed with W0 mb of distilled water o ondet o

recidual leach Hyuor solution, The wioshel residae produced in this wiy.

ECmNo YL

wit dried at 90 "¢ and (he resaling resicue as well as the fileate were submitted

ibT analysis { st

2331 Fffect of lemperature, tine und pressure on metal srlubilisation

during sodium hydroxide leaching
Lestwerk wins conducted on ibe caleined spetl catalyst in order o dytermine the
effect of [emperaiuic, pressune and leaching 1ime o0 alumindume cobull anel
plainum sulubilisation nsing sodium hyelroxide selution (23 % a3y at o selil
Liuuiel patdo af 1:4 {mfmy. The expetiment Witk purformed o an e linve at viriouws

7 - 4 POY el pressunes {in (e range 0 - T2 Tar)

teanperatures fin the rage

. o Feabean ¥ Wl | igyes e
b leaehine step u sty samyle was taken from be autoclave o Twwrly

- _uer
LIJL ISl TNJJIF, =1

ach sumple therehy oL wis i

T o
AT

ba o

intervuls. B

5lk



Chapier 2 Experenental
The experimental methodd deseribed vaelier in Seetion 2.2.2 for prepuring samphes

towr analysis was applicd.

The leaching kamperature (approximately 190 20} of the shorry was fixed during

the leaching step and a slurey sample was then tuken out al howely intervals andd

submitled lir ath ICP analysis and XRI analysis (using the Jusion method). The

resent in the sample was reported as % or g,

.
smse megesprall =2
SO LTI CElL Wl of cue olem

-
-
-
L=

2.2.3  Leaching of the calcined spent catabysd with hydrockloric acid solution
T sl whether cobalt could b selectively dissulved from fhe spent culabysl with

i o no substantal dissalution of aluminium, the calcined spenl cubalt catalyst wis

liched with hedrochlorie acid solutinn tabout 15 e TICD al 9670 for various

limes in the range 2 - 5 b The cxperiments wiere cotducted a1 different solid 1o
liquid ratios (in the range 121 - 1:4 wiwh Teu lcachiny steps wire also used o

Further improve gohall extraclion eifieivney. The leached residue wis sepurited

irctn the iquur solution by noremt fileation. Subseyuently. the residue was
tharoughly washed with water in order 1o remuve the leach liguer solutien retained

during filtration. Suhsequently, the deied washed residene as well ax the leach Liquor

] . o - wila T v el e tionn eilicicney o F metal
solution was suboitted for 101 analysis. Tinally, the extraction ciwimeys Fmetal
b solution was caleulaled and reported onoa

i present in e leach Lligquo

nerecniage haxis.

224 Lenching of the calcined spent catalyst with nifric acid sulufion

Apprusimalely 322.5 g a2 % ol 1IN was placed it 2 OB ] beaker. About
35 g yf the valcined sped {4 was then mided and eventually heated o 90 °C
at wimespheriv pressure for 3 he Subsequent (0 the lcaching siep, 1he residue was

om the leach Tigue culifian by pormal dilteation and thoreughly

suparaied f

wishedl with sufficient wulcr in order o remove the residual leach Tiquar solution
LL. .

. Alter doving 1he washed resicdue sl 90 °0 o remose free water,

el



Chapter 2- Experimental
the residue was ground to the desired particles size and submitted for Co, Al and Pt

analysis. The extraction efficiency of the metals present in the leach liquor solution

was calculated and was reported on a percentage basis.

2.2.5 Leaching of the calcined spent catalyst with sulphuric acid solution
placed into a 1000 ml beaker and

A
4 1

Approximately 260 g of 20 % of H;!
together with 25 g of the calcined spent catalyst. The mixture obtained in this way,
was heated to 90 °C at atmospheric pressure for 3 h. After the leaching step, the
sulphuric acid insoluble residue was successfully separated from the leach liquor
solution and washed thoroughly with water in order to remove the residual leach

©liquor solution by normal filiration. After drying this residuc at 96-°€for 3 hto——————————
remove free water, the dried residue was submitted for Co, Pt and Al analysis.

—EvmmaHM%%aGtioniﬁdﬂcy of the metals present in the leach liquor

solution were calculated and reported on a percentage basis.

2.2.6 Leaching of the calcined spent catalyst with water

Approximately 420 g of the calcined spent catalyst (calcined with sodium

carbonate) was added to a 5000 ml beaker containing about 1260 g of water. This

»d to 90 °C at atmospheric pressure for 4 h. After the leaching step,

vy

lurry was

he water-insoluble residue was separated from the eac

t

filtration and washed thoroughly with sufficient water to remove the residual leach

—Tiquor solution from-the filter cake. After drying this residue at 90 °C for 3 h to

s submitted to SCI laboratories for Co and

remove free water, the dried residue wa
-L" vy nf ‘r\ M
Al analysis. Eventually the extraction efficiency of the metals present in the leach

liquor solution were calculated and reponed on a percentage basis.

2.2.7 Flocculation on the slurry from the alkaline and acid leaching steps
c ed spent cobalt-based catalyst with sodium hydroxide

After leaching the caicined Sp
solution (about 25 % W/W NaOH) at high temperature (200 °C)and pressure (15

52



{hapeer 2- Rxperimentol
hurh, the resulling shurry {vpically eontains vira fiee salid parteles dispersed m

sodiwm aluminate-comtaining soluticn. This slurry was fillered unly with diffieally

- < ~ 1L temsemmimiians TS At ]
i L

and miight pessibly render the proposcd process &

wetical The procedure Jdescribod  below  was wscd moall experimoents

comducted on the sheeey in ender to foceulule the suspended resteriil.

-

Hm h =l lepC:['L“I.I [ ﬂ_]f I i deﬂ]— iF TOTON o MMTHNgoillieIs LDIVHIN

rthoe diluted with sodivm bydroxide solution [2 %8 whw NalMI) to produce

Tinal salulion containing about 0,235 % wiw ol The itreoatant,

[

000 - 6000w of the modified polyaerylamice {1125 %

Noccslant heated 1o 90 o0 was ashiled to the bodling slorry and mixed tharoughty

antil the Mows were formed. These focs were separated frome the mixture by

filtration and eventually washed wilh water (0 rernewve 1he aluminien-containing,

filirate absorhed duting fltration. The turhidity of the ilirate was mesisbred prior

by alimyinioon wealvsis, Uhe fulteates as well s the ceied flaes produced m this way

were submifivd for aluminium analysis,

Iy. approximatcly 2000 ¢ of the acidic leach ligoer sulution frem the

Allernatively
leaching step was mixed with 500 ml ol 0.0 B ANYIY Fetafloe, The sluery ws

heated W 6l 20 with stimimg aml subsequently condilivned for 10 min.  Nticky

s waere formed ancl were tound to seitle apicliv. The leach liguor solution was

sepiraledl from the ftocs hy decantation. The Hocs were washed with 5TH) mil of
A L - -

willeT il Gl ST tn renrve th rﬁ};i{luﬂl FRTR |:ii;'|l_|U]' .‘-'uli_1|l][jl.fll'l ahsirhed i|||ri1]5 1l
I .

Hoceulation step md finally the fecs wore diead at S0 *Cand reserved  for

mlsequent reaement. The lerch liguor solution topether with the deicd Toes was
A - .

submilted for 1CF analysis.

-l
Ly



Chapter 2- Experimental
2 2% Selective dissolutiun of cebsll from the hasic leached residue hy nitric

acid splulinn

Approxinmawly 128 g of the leached residue wis Uiz lved in w mircic acid solution
bt 400 ¢ ol 55 % wiv ol nilric acid} wt 100 20 fiw 4 b The cxperiment was

conducted at atmospheric pressure, THE siurry for mecH o thisteachine sepwis———————————————

iiHered at room emperature to obtain a filker cake. The washing slep was ineluded

it the experiment using @ filter cake 1o wales ratip of 1:3 {ny'ra) to remasve the

residual Jeneh Jigpuor roluined pfier the leachine step, The wash sulution wies thun
combined with the feach liquer solution to form the finul parcnl solation. Afcr
drying the washed filler cak. the rwice-Jeaehed residue was weinhed vut prier to
_ umndertaking the cobult, platitum and alumipiom analysis. The onpore el
ed For analysis of these three clements.

comlmining solution was ulse skt

129 Platinum dissnlation

T he residue produced during the nitric acil leaching was first galeined at 700 °C

for & 11 in ocder o oxidise (he flueculant present in the residue, Subscquently, 20 g

of the niteic acid inseluble residue confuinimg 707 % P weas dissolved in 1000 ml

-

u b aagjuis TLia {IFICT: TEINL Y at &) - G0~ ol atmaospinge

chloreplatinic acid 2Pl Which was then separated from the aqua regin

ianmum;UE platinum id abtained in this Tushion could b
puration ol pltinum spompc apd varieus safs The blue

oF mlatinum was dried at Wi =C

wmrei {"' I

reserved Jor the pro

SiiL

inseluble rosidue formed during ibe disso

ricr wy ik suhmissien for XRT anlysis.

2.2.10 Crystallisalion of platinum from ehloraplatinic acid, H:MCL

[oitinlly, chloroplalinic aceid solution (1000 mi) was heated o 3070 0 weeder

¢ acid, Upan enoling the comedn
o imately 140 ml of hydeochlorie el

i rdfcd chtorophamme o
remove unreacied min LEIEN ophme wed
tiom, solid crystals were foerned. App

stalsid-the milure wis evaporatcd Lo remowe any

wite Turther added 1o the €0y

acid [k the erystals. Ammoniant chloride solution gabaue 23

CErmainang nitric

d

5d



Chepier - Exprerimicmtil

was used 1o guantitatively precipilale te 1Y) lrem the platinde acid at 5S¢ - T

(" in the form of diammoniwmbexachlioroplatinge, {NHGEPCE T

ervstals were Jsoluted from the solucion by filirateon. dried ar 56 ¢ sl submacted

BTY and MRV analyses. The petcentage vigld of platimm from the spent

AALELS S RN o

.
catalvat was then calewlated aod reported am a purrcrhitagc s

1211 Caleination uf disammaniumhbexachloropatinale

Approximately 0.2 g ol dimmrroninmhexachloroplalioeme contained i o siles

t b The calcined sample

aady LTl

crucihic was calcined at ol T il

s submitted for XRID anajysis.

2.2.12 Precipitation of iron and aluminium from the acidic Wach Lguor

Approximadely ZH g o : £
Al 65 mgd] PLoand 683 0 (o was trons|eeeed iee o 1000 ml beaker, A sobuticn
axide [aboul X5 % miv NG weds slow

and heated o G CL Upon additien ol

-

i

[
L=

ol ammomiom hyde

impure  coball-contaiping s Lt ioon

A . impure colmli-containing sulution, a2 pelatinous

- 1
\J'L L

T T
rm

annnonimm Toale
briwn precipitaly wils tarmed at various pl [ values tir the Tange 4 - 3 Uhe slucey
s concitioned For [ hand the proijitate was then separated [Ton the solatien

by nermal [Tiralion {using & vacoum pumpl. Subscyuently the precipitate was

vaated with sufficient witer (2000 milb i order W Temove

Ve SaoLr WWILAL oAt
wish solution anidd 1l BLirle were vembineil at o jeimperalare (o lorm the
sl A .
Arnme iy mirale Wl

¢ eontaining cobult nlab atil

o the eesidual Nllrate. The

final Blrate. This filtet

FA | 1%L ra ™
[venl cxiracipod sep. A portiom o The Tl rate wa

reserved Jor the so

wl eventually submitted For coball, aluminius ane irem analysis, The preeipiiule
il ]

aneld pessibly voderpo reaction with sodinm

S BT FITed PG
L= = L hal

contaning Feound Al spesies
; 0z o
hydroxide {aboul 25 % MY

eveniually coeyeled 10 thu l"F‘fch'“"E ier

af Mgty eo diem sordinm pluminale, whicl

Tuminium hvilroxide step. The seadinm

by roginde

54



{hapier 2- Bxpoeriminlal

‘mseluble precipitate containing Fe. may possiby b disposed ol or dissolved in

ALY R 'I_L..J:... P 1--.1i.ﬂ.|-1

T I
LN wii

2.2.13 Purification of the filtraie produced donng ind pro ipilatisn stop
through sobveni cxirictiog methed

LT orrranie phasy .
proparcd s fullows:

m hyalroxide salution fabout 12,5 % wiy

i 11
GLETHLIIAS NITRELET  GW g === v fasw

. with e orgumic phase containmg %o whee 112-ETPA,

et RRa !

hutviphosphate [T1HY) anit 40w HrrmivratingparsTinfaboot

N % ot T

spersune. [his mixiule wils stirred Bar 13

et

I e wore allowed 10 separate 80 remempoeratiee. e

itahble

= =1

areanic phase salt produced 1o his wigs femtains .

o e exraedion of CotEly jons trom the filrae ata pllerdd. Approxmately

1400 g of he filtrate containing |8 mu® Al 4 mgl Ve, 35 el O aod 3 mgdl Pt

s transformed to o 5000 ml beuker. The pkl of the fllrate was initially fcasured

e be 4.1 a0 70 70 Approaintely 2006 1 o the srgmnic phasc il was contacted

wilh 1060 g of the original aqueaus flimate
allowed 1o caal Ao owny femperalure Lk

a0 0 and wus suhsequently stirred

lor 3 min The o phases werd

Thy apueous P
mination of AL P, Coand Fe jons using 10T,

subsequuntly separated tse recovered atter the solvent cxitwlion
. k : L '

siep was submitted for the deter

The lauded orpanic phase {about 2000 b produced in this L RTITLETE W
aitippeel with o solulion of pitric acich (1000 of 1 % HINO) The misturs wis

cventoally altowed tr Qltain @ COOTE feniperatuee.

shirred ul TUr °C for > min aml

5 wagre rapacdly sepatmied wl ih
dejerminalion o AL L o amd Fe dons using

Th | v agqueans phase recavered afler the
o b phase
slrippIng Slep wus submitted o1 the
This aquuons piase wits Temsy T
214 (1 e, 1974)

o ] pod Tor 1he erystallisation step
1071 IrsrruiteTal i,

that will e described o Soction 2.

56



Chapter 2- Experimentol
2.2.14 Cryacallisation of alumininm trihydrate from sediom aluminate

soluiiom

ler feaching the calvined speni entalyst with sodium hydroxide soiucon (abom
h

-

AR

<1
o

-

-
uf
!
il

dryime oof the crystals, the ITnal solol sample wias

215 Crvsiallisation of the o itrate

ﬂmﬁw%#mmmw:wh liquer selution o the pueificed

leach liguor solution was transleeead ino a separate 500 ml beaker, These solufion
Lypically containcd 68.3 g1 Uo, 5.2 pil Al 65 medl Ptand 326 ma] e, and 7.7 /)
Co, 18 mgft AL 3 gl Ptand 4 rogd] P respeetively. The leach Beuor solution was
heated to 90 °C until its valume was seduced by S %4 The comcentraled leach

liguor seldion was then adde] Lo 2500 ml erystalliser and upen cosling, red-

hroown ceystals were formed, The erystals were scparaled by normal filiration and
dricd ot 55 “C. The dried crystals were subsequently submitted for XRLY analysis

aned elemental analysis. Crncenirations of the substances prescot in the crystals

T e R ey
wore reperied on o peroeitags hasis (% wiw)

2.2.16 Cakination of aluminivn trihydrate to fuorm alnmina

In an attempt to produce diumininm oxide, which is suilable for uze in the
4

Fischer-Tropsch catalysl, aluminiun tritypdrate p]'nleJI.:ELi during the cryvsiallisarion

st



wiri calvmed al variows terperatores [in e canpe 400 - 600 *C) a0 Lhe presence

of air. A while peweler produet was formed amd subscquently, both this product

and the aluminn corrently used in the Fiseher-Tropsch calalyst ox a sapport

malerial woroe suhnuticd for XEID ﬂ!!ﬂ!}'f:is_

SIT % Jd LiLE P AL L

2.2.17 Preparation of calalysts
Approximatcly 43,7 & of coball nitrute origmating fram the spenl calulyst was

dissolved in 30 mi of distilled water amd 0,024 g of (NHy BPLNEY: 120 was ulso

S —— [ |

W OWET e

Tk

| I

dizzoived in 10 mi distdiled waier. T
300 ml tound hettomed flask.  Approximalely 30 g af alummiem oxide (a

vonntrmercial suppod produced by Conden, Chemie Gmbll UberSeering: 41k
2227: |lamburg Giermany labelbud as a IPuralox Secald! | 50 with a pore volume of

Al Wation Wy form o sloery. [mpregnation aml drying

TR T o N, N YRR I P B
Vaan ITIFE ) Wil il L

stcs wore carried ouf uging an oil hath with condilions in Tabfe 2.2 helow.

Tahlc 2.2: Pressure scitings For the first Co/Pt fmepregni ticn

Tcmper:ul_ltre_n-f wil | Rotuvapor Pressure | Tl

hath .|
{"{,‘}' — T imbar I {min)

ﬁ - [Icr wAC LT 11

s I B

o T T T TTam — 7 Tu

g~ T T T Taw &l)

&s Tso |40

< Frovm 300 o 50 mbar after drying the shummy tor three

When the pressure doerease
1he wel catalyst sample becarne

. . . - .
hours ol temperalUies m the range 6l - 83

k f Il of the Nask The slaw drying procedurs was interrupled i ceder
stuck o Free Wil 0 ; Gk, ; .

et FETEL e &
e serape the catelyst o the flask therchy crsuring RuMeLLReY

5K



Chapter 1 hxperimental
culalyst drying, The Tusk imowhicl waler s collected during the dryinge step was

copticd prier to the resumplion of drying process. The goartz caleination tale

with o height of approximately 3 mm was useds A quartz wool was e oo
prevent fine calalyst panticles from enteeing the outlel tohe, by placement into dhe

[3d of the quars tabe, throweh which a thermee ouple was inseried 1o measure the

actund catalys! temperature. The air supply tube was placed onto the olet side

,,,,, o tuhing was us 1, ulihorgeh W perizhed guickly , and the oolle] side of the

calcination tube coupled o the KO salutien in the hubbler (fresh surgical tobing

to b use atler each experiment due (o the NOx and bipgh temperature iodueed

rapicl degradation of the twhe),

Catlcinal jom was pcr[t}rurmﬁwhﬁnmﬁurﬁﬁ;mpmgﬁ&iﬁﬁeﬁd%%ﬁﬂa!jﬂ Wilk
culeined in a caleination tube with air a1 a gas hourly spavye velocily higher Lhan
9 m'keh catalyst and atmosphere pressure. The tlemperatar: of calemation
tube was inerewsed from 2500 - 272 "0 and maintained ot thix temperaturc. Eligh
sitflow rates were necessary for (he removal of the NG, gases evolved by the
ducumpasition «f the nileate precarsor, A representidive sumple produeed afler

the imprupgnation and drying steps was atsp caliined in the furnace {Phermapower

Jurnages =& (Pry) LW under the above condilinns. Afler calcination step the

4_;1“431}1_'.;_ wils seTeened lhmugh 1500 um swewe.

Lhe seeond impregnation was also perfiemcd in arder to incrcasc  the
concentrution of cobult and platinom in the calalyst. B this se, approximately

23.51 g of pohall nitrate was dissobved in 40 il distilhed water amd D039

(. 9PN Y was digselved in (0 ml distilled water, The two solutions were
K [T A

bopether amd  transterred inle 3 S04 mbpound bottermed - Flask,

citleined catalyst was weiched and finally

il

Approximately 50 g of the recavered

added 1o the niteate salition. L catalyst was then prepured as inthe fiest siep.

loination uf 1y cutabyst,

12k
Ll ihe n iy

the final cotalyst was sicved ta pass througle 150

- 33

% Boopge
L oL . -F.

wanr sieve. Fhe caalyst formed s st

lFubluwing methods wlated i Sevtion 2.2, the surface srea. e velame were

a4



Chapter 2- Rxperimiental
meastred and TPR measuremuents and particle size determination also endertaken.

The calalvsl prepared in this stody could be reduced amd evenlually tested in a

laboritory oucro-slurry reacior at reulislic 17T conditions oo 220750, 20 har, and

30 - T %4 couverston.
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Chaprer 3- Resuits and discussion
spine] formed at high temperatute is indeed blue. The diffruetion poiterms of the
spent calalyst alter calcination at clevated temperatures { 700 *Cand 1000°C ) are

g 3.1 shows that Coald, is not the unly species

furmed when the cobait-based FT catalyst is oxidized in wir al 700 °C, The peaks

at 49 and 73 degrees 2 thela suggest the cu-exisicnss of CoQ.

LuCpw)
-
e
-h_
—
o

B R or R (R

L3 144 1) . Cotakk kst = CoM
] 2-0ao (71 - Eshed - GO

TSI TR R kol ook
o087 10 - s-Adymiman. Cizkie plurtieg - ALY

e oe 3.0: Diffraction pattern of the spend catalyst eakined at F00°C

CIQUWIL Srl s LE R
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Table 3.f: L.CL]1. results on the spent catalvst calcined ot TH “C Tor different

———— e
Time L.Cx1
{h) (%)
no- %4 ) )
| I
N 2.7 T
B <11

It ix apparent Irom Table 3.1 that the L.001 value of spenl catalyst decreases wilh
sinm slep s expected,  Subsequent o he

i

. . - B Lot Thi

spenl calalyst was determinad to be < 6.1 %, This
. - ' ' . TP

carbon present in the spentl catalyst was etfectively removed within & boat 7iH

clu,riug calcinatioan.

~ _ 1 in the presence of sodivm carbanate

* d 4 1 = P .=
el L.AICIARIL WX

I e efect of soulium carbonaie an the miture ol speees ferrrmed during calcimtion
of the spent cutalyst was investigated. Visual ohservation clearty indicates that the
citbour of spent catalyst cadvined at & temmperature ranging From 700 - 1000 in

the presenee ol sodiuo carbunate tupried Black. This could imply that the sodium

nation 2ep prevenled th

r
-
e

PEPTECIIDE TS, M) .._._“I“i““
fxidde souree addad to The spenl cataiysh auiiig 2
cohalt aluminate spinel lormutian aml resttted in 1w fertmation of sodium
sonlyble. This phservation 15 I agreemesl with the

. : = [
:tlll”ll”.;“r Wlll["h—H%'l‘LLh! ~

resalis reporied in the literature by ‘Tpida et al (1971 al Burnel et al (1984} It
i bate can react with glnmine when caleinang the

S50t foarm

wis reporied thal sodiam c _
: : rng leome G-
Alunting containing fecd al a temperat iy FanEIng
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It 35 apparent from the XK results shown in Figore 5.3 that the caleination of the

mixture ol sodium carbonate and the spem catalyst at 1008 "C oresulied in the

lormation of sodium aluminate and coball oxide. Thiz product was subsceyuently

wsed in Lhe leaching step i arder to recoser high value

nretals,
1
‘o :
II
| I )
1 1 1
. I 1 'M J f ! : ] :
|' " ] f| Il'u- J El | .l!l :.J‘idl lt I.! HEL N L
,LJL-..IL.J«-'L-J 14 H.qM.JMWN L.hL'lMuMm"’l‘u' ul':-..-.;lu._.L'Lq_m,Ld
Figure 3.3: Dilfraction paitera of the apend catalyst caleined al IIHIII "C in {he presence of
snfivm carbanale
421367 {*) - Coball Oxede - oy
& 3-1136 (MY - Do Owide — FedCh o
* 33-1200 {*) - Sodiuin A humomnn Cricke  Ma Al
« Sy ooy — Orodigte, sy — CaVis itk
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¢ Herprer J- Rueveliy crd dfiscission
3.2 Leaching of the calvined spent catalyst with the followiny

lixiviants: NaOH, HCL TLSO,, TINO, and H0

The main objective of this slep is to selectively sulubilise metal oxides i the

calemed spent ctalyst eblained duoring the ealeination slep, Iheredore the mulal

L araetion efficiencivs obtained during leaching of 1he caleined spent catalyst wilh

Jitferent lixiviants were carefully compared, A companstive study of the metal

cxfraction cllviencies vblained froo ibese difTeren lisiviants waz used

in order 1o determine which the lixiviant s spitahle far the schevtive dissolution of

the moelsl oxide froan the caleined spenl catalyst,

¢ caleined spent cutalyst with godinm hydroxide selution

T wos foilowed 1o

-y
2
o ———

The experimental procecune described carlicr i SCCTom

selectively dissufve wluming from the caolcined spent catalyst. ‘The results arce

prescofed In Takles 3.2, 3.3, 34, 344 and 3.5 and gruphically depicted m uuees

3 mel 3.5

Table 3.2: Metal extraction ¢fficiency after leachine the spent catahst
at FID °C in the presence of sir with sodium hydroxide splution

Fined '.-nnditium' wsed doring the fcuchim

prcskure

B bt gl concenimtaon ul sodicm

Tl raple - 25 B

valeined
Nomber  of  the | o cobalt T‘ﬁ- platipuim "e alumininm
leuching steps . exiraciul exiracied vuiravivl
, — = — T T T
- — — —dm T o ol
— — o T.b-:'._ﬂp;f;m;_;lcmpm:a:ur-:_l'-'[F ’L',' time 0,

77
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Table 3.3: Metal extraction efficiency after leaching the spent catalyst
caleined at 700 2 in the presenee of spdium carbonate and air with swlium

hydroxide solution
"Number  of Ihe % cobalt 5, [dadinum Y sluminium
{zaching zizps extraciuvil extracied cxtracted
1 "0, i G
a7 K f R34
Fined conditions wsed d-urinp, il ltifh%u;; Eiiiri';l:ﬁ-t‘-it wmporature 1T RUD Dimne

prossure - 9 har and concairation of swliong brdroside 25 %

Table 3.4: Metal extraction effiviency after ieaching the speat catalyst
caleined in the presence of sodium carhonate and air with sediem hydrexide

sulution
~umber  of  the % eahalt — % platinam e
I Jeaching sleps exiracted ealracted cxiracted
i ttH i i )
3 T o2 [ ] K ]

. Fired conditions used duoring the leaching vaperiments wemperiture

pn,:-ﬁl]rl.'

G Jhar wed eoncegealion of sodium hdroside

A4 G,

170 Y, tanwe

Table 3.5: Metal cxtraction ¢fficiency alter leaching the caleined spem
catahest with sodium hyd roxide solutinn

"‘Numbar of the T cohalt extracted

leachinyg steps resillue

i{from the residue)

' 4

g0

H
1J

Fleed condlili

|-|r|.-~.~:lr|:

1 har aod concentration of sedium by Iroiile:

o platinanin

exfractel

]

s used during 1he lenching cxperiment: [emperikure

a1 B

M

Ta alwminium

extracied

G0, | -

+ b

2.1

L7020, Lime

q h,




Chepter 3- Kexafty amd disetession

Table 3.5A: Metal extraction cifficiency after leaching the calcined spent
calabyst with sndiom hydroxide solurion

Number  aof the | %o cobalt % plathmn " %% alvminium
lenching sty ps exlracied crtracted | exiracted
] ) VI M l [0t

" Fixed conditions usel during the lenching ox p;'rimtnt lemperatnre = Wi
time =1 h, pressure 1 bar and concenteation of sodiom hydroside = 21H4%,

Table 3.6: Motal extraction cMicieney afier leaching the spent catyhyst
th

ealeined in the prevence of sodium carbonate with water

Number ul the | Y cehalt | 0 pladlioum e alum |t o
1
| deaehinge slegas exfractedl | exiracied oxtracicil
: l T . T oy

Fised cnmsl':li-_mu uwsed during the leaching experimend @ lermpeataee 90 70, T 1 by

prissiou ~ 1 bur,

An impordant point o noke is that the shirey obraited dueing the lesching ol he
caleined spent eittalyst with seclium h}-:.lmxidr.: serhatensn aoF eliflerent coneen|ratsny

at w relatively high pressure and temperatuee was fillered only wath dilticully, This

may possibly be mrributed o the rmation of metal hydroxde  precipitate

conlaining ultre-{ine particles during U leaching of the calcined spent caralyst a1

fllerability of this slurry at an ambient iemperatore @ swilahle Moccolunr, which

can floceutate the susporded aitro-fine materials, should be used prior to the
lilrtion step { Adams et ak. 1986 and Buckerl und 1lzcimaom, 20013
- 1L

It can be deduced from Tabhes 3.3 3.3 and 24 dhat approximately 70 - 75 % of

the wluminium species eripinally present in 1he spend catalyst are extracted fiom

the calvined speal catalyst {calemeal with or withont the addition ol saadium

corhonated when using ssdiwm hvdroside solution (2% %0 wiw NatJH wller one

proximabely 89 %5 of lhe aluminium specics

n catalvst were sclectively dissolvel in sudian hydrexide

prosenl ity the spe

L



{hapter 3- Rexadts amad divenssion

solution (25 "% NaOH) when wsing an clevated pressure {obowt % bar) and

Trace amourts of coball speetes were

detected in the Teach liguer seluben abtained afict the iwo leaching sieps. Tins
could e aseribed e the precipitation of soluble coball species from sodiuim

aluminate sutution in the forme of cobalt hydroxide (Cof{)). No platioom

specics were detected in the leseh bguor selatien.  Accerding to Wurmen and

Pliner (P97, Harkey
Habeshi (L1970}, Renmer 120017 Pt dissolves exclusively inan agua regin mediam.
It i apparent from Table 3.5 thal approximatcly 97 % of the yluminiwom species
presenl in the spent eatalyst were seleetively issolved in sodium hvebeoside

colation {about 50 % wiw Nu{MI1y after two lcaching steps. However almost all

noan QARSI

plitimom apecivs uee Stk contained in thee washed Basic-residoe,

From Tahle 3.%A it can be scen that about ¥ % of aluminium species present ity

the cateined spenl catalyst were dissulved in sudim hydroxide solulion nl S8 20

at | atm pressure after o

3.2.1.1 Fffect of temperziare on meint complex selubilisation

The resulis oblmined are praphically depicted in Vigure 3.4 where il con be

herved (hat alumitiem exiemetion efliviency incrcasalt witle an increase in

Licvh [ F ool : L

leaching temperafoee, Thring T ICACHETET S1C

sodiiem tons present in 1he solution af sodinm hydroxide (o frm walee-soluble

wodiurm slwminale speeivs. In contrast, the coball extraclion etficiency decreised as
the teaching temperature wereased from 120 [0 ®(° This may be allrhuted G

the precipiiution of i s Wi} bong in the form of the coball hydeoxide
(Cattn}:), that wiss formed at elevated temperatures (ranging from 1200 190 2},

Lhis combd he ovidence {lul s wiler vapuised w1 o high temperatare during The

leaching. cohalt ions present in he solution ceact apidly with free hydroxide ons

eipitale. Yisuad ubservation indiciled cleary theet the cofour

vl ITa Iy or
il '

by R i G TELLTTES
pF The solptivm turmed blue when s femperalure wils imeTesmeth o 27t T

Froam this whservation it folkows that the precipitales

gL



