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ABSTRACT

Spent high temperature shift (HTS) catalyst of ureafertilizer factory con-
taining 59% iron and 6% chromium has been roasted with sodium carbon-
ate. Iron contained in the catalyst was converted to iron oxide and chro-
mium to sodium chromate. The conditions for the formation of brown and
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black iron oxides have been established. The possibilitiesto produce lead
chromate from sodium chromate have also been examined. The composi-
tion and the structure of the iron oxide pigment produced compares well
with the iron oxide pigment available commercialy. The results obtained
suggest that an acceptabl e technical, commercial and environment friendly
solution to the disposal the spent high temperature shift catalysts through

recovery of values contained in it isavailable.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Sincethe ammoniatechnology started spreading,
Fe and Cr has been considered as the most suitable
high temperature shift (HTS) catalyst workingin be-
tween 36010 430°C. Ingeneral, theworking lifeof the
HTScatalyst isabout fiveyears; and afull chargehas
to bereplacedinthereactor after thistimeinterva. The
major fertilizer plants of Bangladesh use about 350m?
of HT Scatd yst wei ghing about 400 metrictons. These
catalystsare, ingeneral, replaced after a5 yearsperiod
and thus about 80 metric tons of spent catalysts are
discarded each year.

Historically spent catal ysts have been di sposed of f
asland-fill. Inthelandfillsthemeta spresent inthe cata-
lyst can get leached by water and pollutethe environ-
ment. Disposal of spent catalyst materia s, which con-

tainsappreciableamounts of heavy metas, isthusen-
vironmentally hazardous. In recent years environmen-
tal laws concerning spent catalyst disposal have be-
comeincreasingly morestringent. Asaconseguence,
efforts are being made to devel op processes for the
regeneration of the spent catalyst and dsofor thetreat-
ment of the spent catayststo reduceleachability. These
treatment methods are however, highly energy inten-
sveandvery expensive,

These catalysts contain appreciable amounts of
meta valuesand can betreated as potentia sources of
metals. Increasing concernfor the preservation of natu-
ral resources of metalshasfocused attention to the sec-
ondary sources and considerable progress have been
madetowardstherecovery of metal valuesfrom vari-
ous secondary sources that include spent catalysts.
Extraction of metd sfrom such secondary sourcesre-
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quireslessenergy, hel pspreservenatura resourcesand
reducesenvironmenta pollution caused by production
from primary sources (ores). Spent HT Scatal ystscon-
tain significant quantitiesof iron and chromium. Thus
the devel opment of amethod for therecovery of values
from spent HTS catal yst isimportant from both eco-
nomic and environmental pointsof view.

Reportsonresearch effortsthat havegoneintore-
covery andrecycling of critical metal valuesfromthe
spent catal ysts* generaly discussleaching of thespent
catalystswith acidic or alkaline solutions. Most proce-
duresemphasizerecovery of metalslikeMo, V, Ni and
W. Inmany casesthe extraction of meta valuesispoor
and only limited attemptshave beento recover/recycle
all of themetalsfrom the spent catalystswithasingle
extractant.

Utilisation of spent catalyst asraw materiasfor the
production of other valuable productsisan attractive
optionfromenvironmenta aswell aseconomica points
of view. Thispaper presentstheresultsof investigation
amed at thedevelopment of an acid freeand economic
routefor the processing of spent high temperature shift
cataysts(SK 201) of ureafertilizer factories. Thema:
jor metallicelement inthe catalyst under consideration
isiron, abulk commercia metal. The other important
metal ischromium but the content isvery low to war-
rant extraction of metalicchromium. Inview of theavail-
ability of asmall volume of source material within
Bangladesh (about 80 tons/year) the recovery of the
valuesintheform of ementa ironor andloy of iron
and chromium was not cons dered an attractive option.

A theoreticd investigation showed that sodium car-
bonate could oxidiseiron to iron oxide. Addition of
sodium carbonateto amixture of iron and chromium
could also lead to s multaneous formation of sodium
chromate. Bothiron oxideand sodium chromate have
wide applicationsas pigment. Iron oxide pigmentsare
the second most important pigment after titanium diox-
ide. They arenon-toxic, relatively inert, weather resis-
tant and mainly opague. Red iron oxide pigmentsare
used for making paintsand inks. Other important uses
include burnishing of wooden furniture, colouring of
paper, plastic and crayons. Inthe construction industry
iron oxide pigmentsare used in ready mixed concrete,
concrete products, roofingtiles, paversand paint. Non-
metd lurgica applicationsof iron oxidesinclude dense
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medium separation.

Sodium chromateisused intheindustry asanim-
portant source for manufacture of chromium com-
pounds. It isused in certain typesof corros on control
applications such as coolants containing a coholsand
water cooling systems by forming aprotectivefilmon
metal surfaces. Other gpplicationsinclude pigment for-
mulation, mordant for dyeing wool, wood preserva
tive, ol wel drilling fluidsand catdysts.

Attemptswere, therefore, concentrated towardsthe
utilization of the spent catalyst asraw materia for the
production of iron oxide and sodium chromatefor pos-
sibleuseaspigment and generate aslittlefind wasteas
possibleinthe process.

MATERIALSAND METHODS

Material

Copper promoted iron/chromium based hightem-
perature shift catalyst (SK 201) usedinthisinvestiga
tion was supplied by KAFCO (Karnafully Fertilizer
Company) Limited, Chittagong, Bangladesh. Chemicd
characterigticsof thecatalyst SK 201isgivenin TABLE
1. Theother characteristicswere: Average bulk den-
sty, gm/ml: 1.23, crushing strength, Kg: 1.625Kgand
sze: 6mmx 6mm (1/4x 1/4inch). Theother mgor raw
materia wassodaash (Na,CO,) of commercia grade.
Sodaashiseasly available, easy to handleand the cost
isacceptable.

TABLE 1: Chemical characteristicsof thecatalyst SK 201

Element Weight percent
Fe 59
Chromium 6
Graphite 4
Sulphur < 150 ppm
Balance Oxygen as metallic oxides
Copper promoted

All chemicalsand reagents used inthe study were
of commercia grade.

M ethod

Thesamplesof spent hightemperatureshift catdyst
wereground in an agate mortar to asizeto passal140
mesh screen. 15 gm of the powdered catalyst wasinti-
mately mixed with 10 gm of sodium carbonate (Na,CO,)
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and roasted in an dectric mufflefurnaceinthetempera-
turerange of 600— 900°C for periodsof upto 3 hours.
A controlled flow of air wasdirected towardsthe mix-
ture during roasting to assist the process of oxidation.
Themgor focusof theinvestigationswason the deter-
mination of optimum conditionsfor theproduction of red
iron oxideand sodium chromateand ontheeffectiveand
economic separation of thetwo products.
Thereactionsinvolved can be summarized as:
FeO.Cr,0,(s) + Na,CO,(S) + O, mmmmmp Fe,0(s) +
Na,CrO,(s)+CO,
Fe,0,(5) +Na,CrO,(S) + H,O mmmmp F€,0,(5) +Na,CrO,(I)
Na,CrO, (1) smmp Na,CrO,xH,O
Na,CrO XH,O s Na,CrO,(s)
X-ray diffraction techniqueswere used to characterize
the products(iron oxide) obtained.

—= Full Paper
RESULTSAND DISCUSSION

The detail sof the processes used for the produc-
tion of iron oxide and sodium chromate are shown as
Flow-sheet 1. It may be mentioned that no residues
wereleft and at the sametimeall the val ues contained
inthe spent catalyst could be recovered. Water used
for the process could berecycled.

Thequditativetests performed on the sampl es of
iron oxideand sodium chromatein apaint manufactur-
ing factory indicated satisfactory results. However, it
was gathered that the paint manufacturers, because of
the superior properties of lead chromate, were more
interested inlead chromate for the manufacture of yel-
low paints. Consequently attemptswere madeto con-
vert sodium chromateto lead chromate and the pro-
ng parameterswere optimised.

Na,CO5 __A"__i A Water
e ¢ Bewna
i
v i
Spent S ROASTING [--- Cocling & Filter
| Crushin » > Stirri i
Catalyst g »  850C, 2 hr > irring | Screening -—‘
Brown Iron Pigment
> Fe,0, » Drying - FE'\OQ(S}Q
Solid Sol\dh' 1‘5 gm Product-1
> Na,CrO, —» Evaporation —» Drying [~ Sodium Chromate
Solution NayCrO4
Solid: 9 am

Note: Roasting at a temperature of 950°C would give black iron oxide
Flow sheet 1: Processing of iron catalyst (FeO.Cr ,O,) toiron oxide
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Flow sheet 2: Processing of iron catalyst (FeO.Cr ,0,) to Sodium chromate

The processesinvolved in the conversion of so-

Na,CrO, +(CH,COO),Pb mmep PHCrO,+CH,COONa

dium chromateto lead chromate and sodium acetateis  godium chromate can aso be converted to sodium or

shownin Flow sheet 2.

potassium dichromate. Thereactioninvolving sodium
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dichromateisshown below:

Na,CrO,(I) + H,SO (I) s Na,Cr,O,+Na,SO,+H.O

However, thispossi bility was not explored further.

X-ray diffraction patterns (Figure 1) recorded on
iron oxide produced showed that the pattern isidenti-

cal withthat of standard Fe,O..
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Figurel: X-ray diffraction patternsrecorded oniron oxide

(Fe,0,) produced

CONCLUSIONS

Theimportant features of thisinvestigation can be

summarised asfollows:

a) Itispossibleto produceabrown or ablackiron
oxide pigment and sodium and lead chromatere-
agents (chemicals) through an acid free process

using very smpleequipment. All thesereagentshave

wideindustrid gpplications.
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b)

All the components of the spent catalyst could be
transformed into useful valueadded product. This
could bean environmentally acceptabl e processfor
thedisposal of spent high temperatureshift catayst
of urea-fertilizer factories.
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