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the optimum copper cuntoMt’ ., lome T results ire riven

in Mg, 4, In our latso vertion, the tiv. component catlvat

8ystem containg 27,57 oy,

Jome cnatalvsts neod Very hivh depree of seleoetivite,
In such cases, wo ap. - redromaech op fundanment il studies,
In casce of naphtha reformati nn catalvet fop eXxanple, bofore
attempting formulation we earricd out extensive studies on
acidity of the pocsible earriers, ‘nter-action be tweaon
earrier-impuritics and activ. comperint to farm cpinels,
characteristics of ;(-euuiq? -&1203 in redifving the eprsy o
habits of compound ing medium, barriers ror arreitting the
growth of nickel crystallites, dopine of rare earths c.e.
Some of the findines led us to conclids that correct fopm-
lation of maphtha reformation catalvst is poseible without
potash 41 .

A catalvat may have 2ll the desired phvsico-ehemie-j
characteristics of an eftficient one, 72t can fail in a comrmer-
eial reactor. 'he eriteria of fdentification of an.imdustrial
catalyst remains 2 puzzle to he resolved. "o doubt, onlv b
fosting the catalret under actual ruming eondition on: enn
verifv its industrial worthiness. g is howcver, not possible
particularls in the developing stares to mt all the bateves
of catalvst in gervice test to evaluate it's life. It is
therefore, necessary to rely on 3um indirect method of

1
testing?'s’ g

Obviously, therefore, the Subyuct of ussesrine the
surface and bulk charazteristics ang overall efficicney of the
catilyst will require th: services of viried and refinea
tools, in addition to tegt rigs for eva,uation of activitr,

In otr institution, th: typical rhysical anmd physieo-
chemical methods applicd are: BT technique, seleetive adsorp-
tion, helium and mercury density, rrissure porosimoetry,
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magnetic bal mee, X-r.v, . i*c rom micros~opy, co-

JLrOscopY,
¢lectrical concuctivity, thcrrorraviretry, tiirtz miernabalance,
ghiromatog raohy, differ rtial trermie  aysis (DT L),
electron spin reconance (ESR) ote.

The phy3ico=chemi oal gprli}nocs are 2vtencivelv nsed
at various staes of d;Valepmenti'c mp1alitr control of the
intermediate stoge and for the =nd -roJdiact as wvell. Than-es
oceuring in the catalrst specics 2t aiifforent stages of
mroduction are »f =specific n: ture ins %the physico-chemical
appliance arc utilized to %Iudw such cnrin~es, The interpre-
tation of results bring out the intricacies of catalrtie
phenomena and help in assessing the coercet rocute to yrenern-
tion of process know-how. The instruments and equipmento,
wheprever needed are suitably modified to study a catalvst
under actual service conditicn. This route provides us with
valuable informations in predicting catalvst 1life,

The field of applicution of difl2r:nt techniques is
so vast that discussions have been limited to some tvpical
ones. We do not, however, cl~im thit ours is the best
approach. Ncvertheless, our mode of approach will bring into
light the pressnt stature of our institute 23 2 catalvst
manufacturer, and may create  interest in the minds of those
who intend to embark on the mroject of c¢atal-'st development
and - manuf acture.

.
*

Adsorption J'easurements -nd BET ‘techn

Thysical =adsorption constitutes an important means of
investigating the surface properties of hetcrogenenus
catalvsts. It can be put to pood advintage in the study
and c2ssessment of the natureq’12 of tha eatalvet surface,

The estimation cof surfice area of golids is made
by the low tempe 2ture 43 adsorption using 3ET equation.
For reasons mentioned before, measurem nte are done with
samples beforz initial 2ctivation and after, and at diff-
ersnt intervals of nctual run. Physic<l adsorption alsn
forms the basis of uialysis of modification of pore structure

10
» of carriers brought by chemical and th:irmal methods.
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Like physical adsarption, cnemisnrpticn {:  inextricably

related to heterogeneous catalysis, and that a,. andarg.oor-
ding of mechanism of adsorrtion is a broelud: &) the fm i~

-

standing of mech inism of catilysis,

For the surface area measurem -r: and chonia sntior
Studies, ceaventional BET Aprariiie 1: well .o Adsorpto o4
and vacuum micro-b-lance are used. ™o surface acroe KATRASIITY
in combination with eiiner pore volume or nellet dengity ie
further utilized3'9 in determining averawe pore sice and
averarte particle diameter of g C2Ldyss .. Refomence may 1lco
be made to a new mm:hod11 develcped for +he neasurament of
surface areas of catalvst carriers, lite, silica roel.

Pressure Porosip:tr (e Ore sizu distribuilion hay ~ot
a2 sirnificant control over transport of reactive sas.e
to the interior of the catalvet., If the nope Siameters npe
Very narrow, the active sites locatea sn e firor po e
walls may not be utilized at all in a2 flow avstem. From
analysis of pore size aistributicn dnta of the catalvst 1hed
in commercial plent, we have swen ihat fell in aetivite [p
some cases are duv to elimination of Adssired pores, e
employ pressure porosimeters having rang>s upto 5000 los /3q.
in as ws.2 as 15000 lbs/sq.in. The distribution dm,..“.f. cin

. 75
3180 be computed for the evaluation ©f surrace area °,

Megnetic Balange:- We utilize tno magnetic balaer tor
monitoring dispersion of the activ: comprnent of a suroorted
catalyst during development and production as well as chancc.s
in crystal size while in actual operation., This technique
©Aan account for the unpaired elcctron in the catalyat species _
the valency state, phase tr&nsformation, the size of trn crvy..
tallitc. Fig. 5 shows twc typical applications of magnetic
technique in evaluating the dispersion and th: s4nte of
oxidation of nickel as a function of Ni conecentration in
nickel-alumina catalyst. Fig. 5A showo the variation 1.
magnetic susceptibility with inereasing nickel conecantration,
while Fig. 5B shows the chances in micnetic moment and Weiss
constants as a function of nickel percentace which is related
to the nickel particle sizce build-up. It may be mentionec
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k}ere that 18 a part of +1: ccelzrited tost for eatalvat
stability tne sample 2fter treatment inder the pl-nt operating
condition for differ:nt period of tine, ar2 t.-t=d for rrowth
in size of the crystallites of the wtiv. components.

27 ) X-ruy :~ X-roy is one of the oldest tochniques applica
in c1talyst scicnce. In a particulor 2h mieal formulation it
is required to identifv which srecific phasc eomposition
contributes to activity and which are th: thascs necessarvy
for stability. Identification of esscntial phases helps a
lot in the formulation of 2 catalvst as well as procass steps
for its preparation. X-ray analvsis is apolied by ua in cene
eration14’15 of know-how and qualitv con:irol work with
particular refercnce to phnse composition and crvstallite
size, X-rav technique is also used to r-veal the pictuare of
transformations takine place under rcaction conditions,

28. £lectrical Conductivity and WRe- T™e catilvtie neti-
vity of a semiconductor is determinced bv the position of
the fermilevel at the surface of th: crvstal. In course of
the ~he r.action, concentration of r.acting and product
molecules in adsorbed phase ch.nre. This causes 21 ehanee in
aelectrical conductivity yieldings valuabls information on
the mechanism of the surface reacticn. ih: chinve in eleo=
trical conductivity of a semiconduc tor is related with
catalytic activity. | typic=:l rasult »f the wor}c16 done
with Cu0/Zn0 catalyst is reprosenterd in ®ig.6,

29, We apply E.J.R. teennique for undess ;nding the mecha-
nism througzh which heterogenecus catalytie r-nctisna nececurs
as well 23 prediction for catalvet formulation”. Thil:
salecting 'he active component for a p.rticular reaction,
the state of its electron lev:ls are cxamined to 1sscs it's
capici tv for surface interaction with roactant molecules
a3 well 28 with carrier. Both el.ctrical conductivity and
E.5.%. studies help ws in selecting vroper catalviie CoMpo-
nents,
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Thermogravime trv:- fhe thermogravs ' are ut:lised rop
[
Studying ‘he mechanicm ot tzduction”, cargop Iavdown, rasifi-

cation of deposited earbon in niphth stoqym svstem cte. The
equipments in use Aarc having 2 workin- tompe “ature upto
1600°C, and has facilities for testine under controlled
atmosphere, thereby simulatins the Actual reaction condition
of a plant, these help in asscesing the Strbility of
cartalyst,

Thermograv is also utilized fo studving the mecha-
nism of decomposition of galts like nitet., curbonate ete,
of the active catalyst components for proper setting of
temparature programming for heat-treatment in catalvst mami-
facture,

D035~ We are having a batterv of such units for
studying the mechanism of releasc ¢f velatile from the suptnce
of porous solid and Appearance of new phasas in the course
of catalvst preparation. ‘lmost everv batch of oat lvet we
produce are tested to examine the uniformitv of drvine, curine
and grinding, in differcent 3TafFed of preparation of catalvst,
Some typical DI curves for CO-conversion catilvst have baen
presented in g, 7.

Quartz Migggba;m.. ge: The instrument finds application
in studying the mechanism of reduction'S?'9 and for direcct
measurement of cardbon liberation from hydrocarbon steam
mixture under lim1i ting conditions, of stuam/carbon ratio

and temperature. This makes the instrumint very useful for
development of efficient reformaticn catalvst., It ig also
used for the assessment of selectivity of 2 eatalvst surface
by applying the process of gradual puisoning.

G,gogatggamv:- fas chromatographv 1is widely used
48 an analytical tool for the separition, dotection and
estimation of various components involved in & chemical
reaction. this techn.que is applicd in studvine catal -tic
processes in pulse r2actors for undcerstanding the mechanism
and kineticezo of catalytic reactions anA as well as for
iritial assessment of catalvst formulations,
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Activity Tusti—- T view o f the fact that 211 the elave

varicties of eatalyst mwnul ictured bv us arc bv batch procas
and that ciach batech is to he t-ot0d for its nperformance
characteristics, c¢laborate faciliti:s for pertormonce test
have beun develcped. we cntered in * .is field in the vear
1951, when we had 6 numbers of 1000 ml. caprcitr hench sealo
test units d.ployed in measurement I activity. Thereafter,
the testine facilitics were incr:2sel in stapas. At prosent,
therc are 125 bench sc..le units, 30 somi-pilot units housed
in 4 bays at different locations in the Tacterv and central
labor:atory. B2sides these, 2 number »f unite are located

in diffurent plants. .ls> there are compesite pilot plants,
where naphtha purification, ovrimarv rcformition, mecondarvy
reformition, hirh and low tamperature "0-convarsion are
hooked-up in series. This the instiiution is 1in prssesaion
of testing facilities of all conceivable 3iz2s starting from
pulse to.pilot reactors.

GENERATION OF KNOW-HOW “ND ITS TR N32 82 77 DPROPUCTIONG

37.

We have already iscussed in bricf the basie require-
ments of industrial catalvsts and tochniques and tools
emploved for thuir assesament. A catalvet know-how can onlv
be considered complete whin the mceriel produced in commer-
cial scale can show sustained perf-rmance for the period
uarantced,

Une enqorpe! in Jeveloiment anl ranufacture 3° o~ talvet
not just overlock all the steps of operntion adopted in
catalyst making because individual .+ =nd collectively thev
modify21 the surface and bulk properties of the sclid. It
is, therefore, a necessity tc study the effect of all indi-
vidual process steps on the surface preperty of the finished
catalyst. To cite an cxample we ean tike the grinding opera-
tion. Grinding is one of th: verv common steps in catalvst
preparation. In laboratory this is 4one in mortar-pestle or
pot mill., With the time of grinding along with the reduction
of size the grinding impact induces s»me clectronic changes.
New, when: this grindine operation is to be dme in enrmercia’
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3cale we generally emplov ejuipments like bal} mill, attri-
tion mill, reymond mill, colloid mill ete. The oreration in
Juch equipments can lend to a hisher degree of lattice dis-
tortion, besides changing tne fermileve? ip tie crvstal of
the active component?g'23 Such chuan. ey Will modifv the
property of the finished rroduct.

The unit operations involvea in catalvgt production
are in general precipitation, filtravion, drving, erinding,
mixing, extrusion, €ranulation, tabletting, 8naking, curing
etc. It is necessarv to 8tudy each of these unit operitions
to understand to what 8xtent it is likelv to influence the
Quality of the product and also to aseess the nossible devi-
ation of the commercial Iroduct from the laboratorv one,
Detailed discussions on all the variables and their effect
on surface and bulk properties of finished catalvst, is
beyond the 8cope of the present papar.

i= Strict centrol of drying operatinn in labo-
ratorv with smaill uantitr of material can zive a reprodu-
cible product but it is difficult to Attain such control in
a large scale operation. In commercial production, actual
equipment used and factcrs 1ike thickness of the material
put in the dries, the ratio of the volume of the charge to
the volume of the driers, rats of racirculation of air,
partial rrussurs of water vapour in tho svstem, rate of risc
of temperature ste. are much different from laboratory pra-
ctice. So, the operation of comme. 2ial units to produce the
end product close to that of laboratory can be operated onlv
through a number of trials,

G ing:- ‘e have already discussed in what wav the
grirding oporation in laboratory ang production plant diffor.
Also we have Pointed out how this difference can modify the
surface properties of the solid. The energv content
& 80l1d state may be expressed as Hs = ( Sa/@]?x). Cn
grinding the lattice distortion Sa/a may increase from
0.05% to 0.91% in case of iron oxide, while littice def-ots

22-24 of
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_/(x fuecreases a2t the bueginning and then decr<ases. The
nature and extent of Chan;2688’21’25 will depend on the tvpe
of equipment and on the time of operation. 1 twvpical thermo-
sram of a Pe2<I)3—Cr20-5 tyre shift catilvst ground for diff-
erent time in 2 bhall mill is showr "ir, 7. The splittine up
nf first ¢ndothermic peak amounts to probabilitv of formatiom
of new gspecies; shifting of the s :ond endothermic peak to
higher temperature represents delayved deh-dration of szoethite
(Fe0.0H —9Fe203) and appearance of 4 new ¢xothermic r-ak at
certain stage of grinding i3 a phase transformation.

Tabletting:~ In laboratory scale this operation is
carried out in 2 hand operated hydraulic press. But in pro-
duction plants autdmatic machine which can produce tablets
of uniform size and shape and mechanical strength are used,
Apart from the pcrformance of the machine uniformity of
strength of the tablets depends on particle size distributioc
nature of lubricant and its mixing with the eranules, mois-
ture content, grain strength, comprussion lead etec. Tn ¥Fig.8
the effect of moisture and grain sizc on the strength of
tablet has been shown. It can be understood that the condi-
tions adopted in laboratory cannot nrovide any useful csui-
dance in selecting optimum condition for gotting uniform pro.
duct with pre-requisite level of crushing strength., This can
onlv be set after giving a-series of trial runs in large
scnle.,

Soaking:~ Soaking operation. is frequentlv adopted for
incorporating promoters amd active ingrcdients to the semi-
finished catalvet. ''he efficiency of soakineg operation
depends on concentration, impurity lev9126 of the solution,
temp.rature, the ratio of th: solution to the materinl and
time of‘soaking. In laboratory operation, the quantitv taken
for soaking is normally between 100-500 gms, whereas in our
production plant the capacity of the soaking basket is 500 ¥
On account of this difference in quantity of the solid and
soaking solution, quality is likely to change ‘and requires
standardisation in large secale opcration.
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Curing:- In catalvst Production controlled thermnal
treatment is necessary at differint Stages of nreaduct
either to decomposc tihe 8alt of the
promoter, while in othep cases to impart apnropriite mechia-
nical strength and for bringing in some new ohaseszg’21'97‘30
Heat treatment operation in ny

ian
active component of

2f the star:s has greant
influence on activitv, sel retivity ang 8tability of the
catalyst. It is not nossible to simulate the laboratory
conditions in industrizl furnace handling material of the
order of 1000 to 2000 "g. per charge. ¥ith rocirculation

of gas in the commercial furnacz, which is Zenerally done
for attainment of uniformity in temvcrature the curing
Aatmospherc is laden with Zases and vapours formed by decom-
position of the salt prisent in the catalvst, ‘ie have seen
in case of reformation catalyst that if oxides of nitrogen
are present in the recirculation atmosphere and curing
operation is long, the material under process is non-uniform
in colour, Strength and activity. In case of final curing,
which imparts mechanical Strength, a compromise between time
of curing and upper limit ot temperature is to be reached,
80 that the particul ar phase identificd as active is not
eliminated and loss of surface area and change in pore sige
distribution are minimum.

In operation of curing furmnace the ratio of the volume
of the material to be charged to thit of the furnace will
depend on the amount of the volatile axpeeted from the
material under curing and to be ascertained bv giving trial
runs. ™or suitable programming of tempe rature rise parti-
cularlv when nitrate or cwrbonate are to be decemposed, it
18 recommended that TGA investigati ns are carried cut first
A composite DTA-TGA apparatus has been .ieveliped t: 8 tudy
the heat treatment operatiﬂn?1 Results ~f scme tvpical ThA
8Xperiments are shown in 7ig.9,
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45, It can be cuncluded that developmental work should
start with preparation ¢f samples in prototvpe of standard
equipments emplnyed in commercial manufacture. This will
¢liminate the wide time gap between th2 gencrati-m of
know-hcw in the laboratory and ivs wuplementation for
commercial production. Vo doubt, avparently this will involwve
higher cost mainlv because of high:r c-nsumption of raw ma-
terial in trial formulations of a catalvst, but this will
be more than compensated by speedy achievement of the
process kmow-how for commercial prc'uction., Tn fact, most
of our know-hows have been senerated following this eritin~al
path. To cite an example we can menti~n the development cf
know-how for autethermal refcrmatisn catalvst which went
into full commercial production the dav generation of
mow-how wis completed. Ve started the work with reaction
tank of 1M diameter and 1M height, steam triv drver having
500 Xgs. capacity, electricallv heate:l curing furnaces of
2M deep, M wide and 0.7M he ight, ball mill of 0.75" x 0.75"
size, extrusion press having 100 Xg/hr. caracitv tabletting
machine having a capicity of 50 %~/hr. ete. All these
equipments utilized are prototype of the commercial units anc
therefore, generation of kmow-how for catalvst formulation
and manufacturing process could be comple ted simultaneously,
Following this route this particulwr catalvst could be
manufactured in commercial scale within 18 monthe of taking
up the project.

IV. COMMISSIONING:

46, It i known to both catalvet manufacturer and users
that initial activation step =and loacdine the reactor upto
desirned level are tricky jobs. Thore are several instances
when catilvet . 2iled due to earcless and ranid loading,
3imiiar situation thrzatening th. eatalyst life may Aarise
during restart of a plant after long shutdown when the
catalyr t was kept in ianlation in nartially or fully oxidieer
condition,
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It can be 391l that resronsibility of citalyst scien-
tists an? encincers 1oes n t e¢nd in dovaelopmen t and rrodyc-
tion; thev must have wequatey knowle deo 2bout the pr bloms
of commissioning and running the conmmereial catalvt e renc-
tars so that the catalvst developed by them can fin® appli-

cation., A catalyst supplied to 4 cietomer mist be 1ceompan ied

by a commissioning schedulc in general comprising of charring,
activation ana loading wi th precantions to be taken to
safeguard the catalyst life,

Charging:~ If the charging of a catalvst is net pre-
perly done there may be channeling and tpo catilvst may nnt
function at its optimum. Charging vroceduro ie comprised of
cleaning of the converter intern als, checking of the supn.-
rting grate, sieving and nangd picking of thre broken tablats,
Placement of catalyst avoiding fall of the tablets from a
height which may lead to breaking, levelling the cntnlvss
layers, blowing aip after boxing up to €et rid of the
catalyst dust. In casg of reformer charging certain addi-
tional steps like, pressure drop measurement of each tube is
necessary. \lso for assuring uniform Mcking, shaking device
should b> in operation while chargine the catalvet in primary
reformer.

Activation:- It is this step which imparts life to the
catalyst by bringine into existence the reduced catalytic
components in the fine state of divisinn., e activation
ster is 4lso responsitle for bringing in the chanres in
texture md desired rhasc comporsitimn?z'"35 30, the reduction
operation is vepy eritical, and activity and stability both
depend on the conditions under whien this operation is
carried out. In general, it is dusirable to carry out the
reduction at a Vory slow rate. But it is not alwayvs safe tn
keep the temperature of the catalvst too low to account for
slow reduction rate. It is preferred to fix up the tempera-
ture at a point wher: ths rate of ruaction is measur-ble and
to keep tiuc level of reducing gas flow low.
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& catalyst supplier in general gtipulates openine of
5 to 10 mole percent of rodueins ¢35 18 initial dose. Howeve)
in most of the plants the reducing zas s admitted by crack
opening of the inlet valve. low much gas is going is left
to any body's gu.ss. esides, thece provlems, the non-avai-
lability cof sufficient inert gas »r steam for maintaining
the minimum requirecd linear vsoloci.y through the catalvat
bed poses additional problem. Ir view of these uncertainties,
we have adopted th- practice of sonding our specialists to
the plant for examining the facilities for reduction opera-~
tion before ertering into committment for supnlvy of catalvst,
Yet another problem which catalvst manufacturers arc likely
to face is the attitude nf the users. In a plmt shutdowns
may be forced due to break down of machines, power failure
and other cventualities. The plant authorities are more
worried in hastening up the ccmmissioning than amything else,
Even when there is real nccessity to extend the reduction
period beyond what is specified, the plant people are mostly
reluctant to agree to it. Such appro2ch may not in everv cnse
show adverse effect; but there are also instances where such
short-cut procedures have led to catalvst failure forcing
long shutdowns. But it is a good sign that there is a change
in the trend.

In modern single stream plants thor: are adequate
provisions for metering the small quantities of reducing gns
to be dosed for reduction and the Jlmt people try to adhero
to the supgestions of the specialists supervising the entire
commissioning operation. Provision of adequate supply of
inert gas however c.ntinues to remain 1 problem.

Loading:~ After ~ompletion c¢f rcduction the unit has
to be loaded up to the design level. This is to oe performed
in steps and tne syrtem should be allowed to stabilise
before next increment of feed. The epecialists on the job
must have the idea about the temperature shock the particular
catalyst can withstand without adverse effects, while reco-
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mmending increment of the feed in cach step.

‘Thile commissioning, certain Stecific problems may

arise requiring on *he Spot decisicn fop Sultible action, e
aced wnile commi-
ssioning 4 primiry natural ras reloomation catalvst in g

4
plant. The plant employs 4 L7 catalvet in 60 tubes of 10,5y

are citing here a pirticular rroplem wo f

-3 no provision for sSyn=-

carried out with natural
£as. The normal reduction schedule with hydrogen did nont work
when natural gas was used. ftor roviewines the whele situa-
tion, the specialists on the spot madas chiunges in normal
procedure. The condi tion was made drastie by increasing the
rressure and flow of gatural £as nd the catalvst got reduced,
This happened nearly 4 vears ago and 2ven to-dav that batch
of catalvat is at its optimum activity At 100% load. Capacity
to assess the problem nd takine appropriates o the spot
decision far over-coming the problanm is pussible for those
who have mitching fundamental back=-ground alongwith plant

53.
length each., it pPlant si‘: there v
thesis gas ang reduction had +, b
experience.

V., DEVILOPIENT OF SXPERTISE:

54.

The planning and development division has got a
catalyst commissioning group comprising of wel}l experienced
Scientists md an~ineers, They have =0t wida experience to
operation of catilvtic units and are Mllv conversant with
plant problems. Coupled with these qQualities thev have
acquired thorough kmowledpe about the fundamantalg invcelveq
in the process of commissioning. Faoh and everv member of
the specialist group performs several investigation to chae
racterise the reduction oreration with different catalvst in
the central laboratoery, Typical experimental results on
reducibility of Ni0O dispersed on 31203 is shown in Pig, 10.
It can be secen that the coprecipitated sample aprears to be
more resistant to reduction operation. r’his du~cests that if
necessary the reduction operation of the coprucipitated bateh
may be done at iiphor temperaturs with greater concentration
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of reducing gas without harmful offoet oun et ivitv and life
of the catalvst. Other tyrical reduction curves with high
and low temperature shift conversion catalrsts are presoente
in fig. 115 and 11B. The curves indicite that at the initiq
period, hydros~on is chemisorbed ~* . roduction temperatur
emploved. The information helps us in Aavolding the daneer o:
intreducing higher c:ncentration r reducing pas on the bas
of hydrogen consumption just at thc commencement of reducti
operaticn.

55, All thesc studies are conducted to mike our specialis
fully equipped with fundamental background necessary for
successfull commissioning. We belizve, without this expertis
the know-how for catalyst development and mroduction will
be meaningless vecause there will be no outlet of the
product we can mmufacture,

56. In our organisation 211 new hands are first sent to
commercial units to understand the »roblems associated with
running of converters, ifter compizticn of rlant training
they are sent to diffsrent catalvtic units in the country
using our catalysts to collect rlant data and to understand
the behaviour of the catalvst since the date nf comm’ ssionir
till Jischarge, and examine the physical and physico=-chemic-
parame ters before md after use, MNuring this period they are
to feed the scientists enmared in fundamental work with
plant data and problems, After completion of this studv whic
normally extenis for 2 vears the: are absorbed in rese nrch
programme . Almost equal number of staff go for plant study
and discussion with the users. This rnrocess works in cyclic
order. In the last two decaldes this Procedure has yielded
sufficient number of specialists having adequate experi-
ence in taking up the full responsibility of commissioning.

vi. YsE:

57. Fertilizer Catnlysts in general ar: used in such
process steps as, (A) desulphurisation, (B) high and low
temparature shift conversion, (C) primary and secondary
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reformation, (D) methanation, (&) Synthzsis, (P) ammonia
oxidation, (G) sulphuric acid,

Of all the eca*alvtic Irocesses the steps leading to
ammonin synthesis is considared for the Fresent,
Desulphurisation:-

Sulphur compounds arc catalyst poison and desulrhuri-
s8ation of feed stoeck is invariabl; a nrt of catalvtic
rrocess scheme. Upto 1967, we were concerned with purifiea-
tion of semi-water mg coke-oven sag employing alkali
scrubbing and dry box purification. Prom 1953 onward we ape
using hydrated iron oxid-s of oUr own make Aas substitute of
imported bogore and luxmasse?6'38 Qur product (MM-12 is
be ing used i{n both amospheric and pressyr. operating plants.

With change in the feed stock o narhtha very rigorous
purification steps are installed due to inclusion of hipghlv
sulphur sensitive catalvsts in the reocoss, The rrocess
employs 1 hydrodesulphurisation 3tep in proscnec of cither
cobalt-molybdenum or nickel-molybdenum catalvst to convert
organic sulphur compounds to HyS followed by 7n0 at
350-400°¢ to retain the Hy3. Considerines nonavailability of
costly ingrediants in our country we are developing39 suit-
able al ternativo of conventional hydrudesulphurisaticn
catalysts and the formulation at hand is 80% active,

For retention of st our moduct CDZ-6 finds wide
application. Te efficiency of 2Zn0 derends to a great extent
on particle size and nrnpe gaometr -. ‘eenrding to us the rores
in the region of 300-500 R are most effective?C, cpm-6 can
retain its initial activi ty upto 20% fouling. Our formula-
tion CDZ-7 is used as fFuard catalyst,

Wgteg Gas Shift Reaotiog:
(a) High Temperature:

Carbonmmonoxide is a votential source of hydrogsen., It
reacts with steam (CO + HyO =—C0, + H,) in presence of a
catalvat, From the time of our appearance in te field in
1951 we had to improve through varioys ir‘:vrastigations,41"43




63.

64.

65.

66.
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the specific reactivity 4and stability to cope with the
dcmand of changing process technology for high space velo-
city, low steam to «as ratio and hih operating press&ire.
At present we are manufacturing 3 types n=amely CDC-63, 63-4,
63-B and meeting the dumand of 18 fortilizer factories in
the country and also abroad,

(v)  Low Temperaturc:

Wherens in old pl@nts coprer liquor and liquid nitro-
gen wash are used to remove CO frcm synthesis ~as in the new
plants purification is offcct ed by methunation.

Methmation could be included in the rrocess techno-
logy because of L.T.5hift catalvst whnse low working tempera.
ture permits to brins down the level of CO to 0.2%. This is
one of the most sophisticated anAd eritical amons catalvsts,
It is hirhly sensitive to sulphur an? its fall in efficliencv
due to poisoning or thermal sinterins leads to hir~h purre
lcss, Besldes efficient sulphur removal to assure life of
this catalyst the question of improvines it for greater
sulphur resistivitv can not be ignored. The improved variety
CD=LT~c1A which we are manufacturins has the rercentage come-
position Cu-23, Zn0-20, Fe?OS-B, :"x1203—42 and ’1‘102-5. This
catalyst is characterised for its hirsh sulphur tolerance
and hirh activity. Fig. 12 shows tolerance of new formula-
tion commred to other proven catalvsta,

The reformatisn operation a broadly classified into
primary md secondary. The rrimary reformation arain is of
specific nature for nitural -as and liquid hydrocarbon. The
family of reformitiun catalysts is comprised of refractory
based NiC a‘\:z:;te:w.‘w"46

Pripary:- Por natural gas reformation we employ
CIR-66.As Our first production batch emploved in primary
reformition 1t Namru; 18 in line f-r n2arly 4/ years, It's
excellent service bahavi-ur has attracted many of its userse
from within the countrv an? 1ibroad,
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Te naphtha reformation brocess had a very leng speli
in laboratories before it came to he arrlied 1in industryv.
Some of the elementary steps as indicated below show the
mechan ism through which the reformation takes plnace as well
as liberation of carbon CVer the crntact mass under certain
conditions,

1+ CnHm + nHyC —s noo + ( gn-}—t—m-) H2

2. CcC + H20 —_— 002 + H2

4. Cnltp —» nC + %Hg

5 ° CnHm —s Coks.

The carbon depcsition through steps 3, 4 ang 5 ean
lead to inorease in pressure drop, chinge in catalvst fune=~
tion and sometime crumbling of the ca'talyst.15’”’46 Bven
to-day the catalyst in use still have the problem of carbon
lay down but a suitable working span could be eatablished
by incorporation of alkal: md alkaline-oarth oxides for
accelerating gasification of the deposited carbon”. Our
line of aprroach has resulted in formulation of a catalyvst
which possesses a hich degree of sel:sctivity and does not
permit liberation of carbonoon catalyst surface%. In our
fermulation thar: is no rotash or anv nther component which
will volatilize and force 2 shutdown by depositing on down
stream equipments. Dapending on t qualitv of fead strok
we market two different varietieos, namsly CIRN-334 and 37B,

Segogdg;x:w Gas from rrimary reformer is received bv
the sacondary along with calculated volume of air to rive
required nitrogen ccntent in the synthesis £a8, Oxvoen
reacts with a part »f CH4 and 112 a3 -

(CH, +'20, —s CO; + 2Hy0;2H, + 0, —s 2H,0)
These exothermic reactions results in development of

very high temperature particularly at the top of the units
and the catulyst in usc must have high thermal stability.2 N,
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doubt in sccondary ref:rmer the conditions are predominently
und :r thermal cwntrulid but tne renuirement of very close
equilibrium apironch tr assure low re*hine content at the
exit, brings ir the necessity for ~<.d catilvtic factor -s
well,

CDR-66B of ~ur make is now in commercial use in variou
plants and the one in NMaumrup is r:aning for about 4 vears,
Customer's chnice frr this catalvst arigse out of its hich
thermal resistance and 1low methane leakawe. Besidos th:ase,
for refermation of m:thane rich &2~ in sne stage, we mk2
the autothermal reformation catalvsts c-ntainins 2.5, 5.0
ad 10,07 Ni to be used in series. Thesc entrlvsts aps in
commercial use since 1965,

Me thanation:

Exposure of synthesis catalvst even to traces of oxide
of* carbon for lung time cases deactivation. In new plants
liquid purification is replaced by methanaticn., The high
throughput per volume ~f catalyvst and the service condition
for bringing CO + CO, from a lavel of 0.3 to few p.p.m.
demands high intrinsic activity. it the same time temperatur
shock due to surge of CO+COP on account of fall in activity
of L.T.or trouble in(X% serubbing mav upset the temperature
S0 a commercial catalvst must have adequate thermal stabilit
All the qualities ccmbined in our Froduct CDM=-15 makes it a
successful catalvst,

Synthesiss .

Since the time of Haber wnd %oach the prineipal cons-
tituent of the catalvet used for 2rmenin syntheais has beon
Fez0, with some promoters. MNudern practices of utilisin~ hi-
capacitv synthesis converters and l-wering of operational
pressure made it necessary tu inerease the activitv and

thermal stability of the eavalvst., Keenine *he primarv ¢ m-
ponent ?“9304 the same improvements could be effected through
altering the sequence of addition of vrromcters in the melt
and chanring in the fermulation of promoters. The know-how
fganerated for a four promoted catalvat CDS-23% completelv
meets the pres2nt dav requirement.
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Pigures 16: High vacuum laboratories
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Figure 171 Magnetic balance in use

=gcoelerated teste
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Lo I"PRGYICTION

Over the last few vears there s been A spectacular
world widec increase in Amrent: production for in tensifving
land productivity. Refinement in process and equipment toch-
nology has kept in step with tle iner:asing demanda for
Ammoriia. With changing technology, cutalvsts have also been
improved to secure better nn-stream ¢ificiency., In Tndia
production of “itrogen has shown a s'eep unward trend, ten-
ding tovards 3-4 million tonnes a vear by 1975, This will have
an obvious impact on catalvst requirement, "n Pig, 1, the
nitrogen production in India and tre crresponding fieure of
catrlvst in use have been showm. |

India mede it = maiden appearnce in the field nf
fertilizer catalyst in the year 1951, Ztarting from a serateh
the Planning and Development Mvision, of P.C.I. 1is now in
possession of its own generated knowshow f2x vroduction andg
utilization of nearly the entire ran-e of fertilizer catalyasts,
The de%elopment, mraduction and use of the firast of its own
series of catalvsts is, the typical response of our R&D
Orgenisation to a erisis which developed when Sindri erti-
lizer factory was commissioned. Within a few weeks of the
first trial runs, all the 8 Cu=conversion units of our unit at
Sindri, employing 280 tonnes catalys! .ot de-activated and
plant had to be put out of commissgion on account of high
CO-lcakage. Spare cnarges were not rwudily available ang
at the same time it was a prestige icsu> for our government
to get this first state-owned chemi.al complex firmlyv on
ite feet at the varliest. It was na real erisis for a deve-
loping country as India was in 1951. The nuclaus of the
present day P¥D MNivision lmown a8 "Technological Department"
rose to the occasion ad took up the challense and develope@
2 highly sophisticatod technique for rencvation of the
catalyst, The entire quantity could be rogenerated and rut
back in line reducing “C-lsakage to less than the desirn
limit.




This sinml oo o aer e Tty Inou diir oL savine of
%P8 militon in torrs of foroieon cxen oo and eongoaentiad
proveantion ¢ subcotam tisl Tors inoo Jaenion, Thie was the
take-oft »oint of one cetiviciea in soe flald of ¢ Rlvat
dovelorment,

n e rox: 2 owoars, oohre w=laldodoa was oehleved o
devoleoping indic neous know-now fur v nroduction of impro-
ved C0-convorcion curtolvst, m 1997 lars>» sealc production of
thiz eatilvet wis artarted in o rlant based on onr desim,
eneineering and <nov-how. the proces<« know-how for the pro-
duction of highly activ: desalphariz<«tion oxide mas9 a3
aubstitute for imported bopore =and Tuxmissc was also generated
as < sido line. With the comrencomont £ nroduction of the
ox ide mase 1 toreget of 400 tonnes po~ innum could he achicved,

The development indicated 4bov:, ins»ir.cd in the sci-
gntists and ceneincers of this organiz ition tremandous confi-
donece in their own activities to irproviaze md to under=tand
the vital role of catalvsts in larg: cremical plants, and to
roalise th risk involved in depending ontirely on import of
this commodity from abroad.

Invention of new and irmprovid eatilvate has sreatle
chanred the complexion of fertilizer technologve Tn 1951 for
CN-conversion catalyst 1 space velocitr of onlv 500 was consi-
dored sa2, In 1357 the operitional demano in Sindri'es expan-
sion was for 1 srwco viloeity of 1000 nd in modern plonts
it 18 of the crder of 4070, Jontinucus improvement in intrin-
sic 1ctivity of thu catalyst tC cope with this tremandous .
inerease in arace vieloaity is 4 real indox of adv mcoment of
catilyvst technology.

dven at the very carly starmes 1t wag roqlised that
unless Impluments avilable for fu uawmental studies are
applied judiciously te have i n2ep insirht of the subjcet,
it would be difficult to cope with *he crowing nead for
improved varietios of dift rent fertilizer catilvats to keen

pice with the ch.ngine process domande, Ths o Xpertise




generated wnd fundamentl o meepis v foped durins thaca
earlv days helped us to concuive of o5 cTidipmernts and
implements which 2re even to-dav consid -pod os modern.,
#hysical and physico-chemical cquipronte s will be deseribed
hereinafter came to be wpnliecd extonsively in our institution
28 earlv is 196C,

8. One of the primarv reauiremer+ rop eroative work in
catalyst technology is knowledge of furcmental scienc s
Bach catalvst rescarén instituticn has its own tvpiéal fpre-
abh to invistigations aMd may pave wso its ovm thulr,v of
eatalveis, The t’ne‘ry nd the fundamontal concepts whieh have
Fulded most of our activi tieg leadin- to gencration of kmew-
how in this field is based on the one postulited bv
Clrxakmvorty1 ’2. )

9. With changes in wmrocess techmelogv and adoption of
NeW processes differcnt cutalvsts made their apn2aranee- in

our country in differvnt phases. Vo devaeloped the knew-how
for each catalyst in such .. manner th.t our own catalvat
could be put to service whenever the impor ted stock reseived
along with the particular plent zot exhausted.

10, In this way, w2 cntered the field of rressure CO-
conversion catalyst md autothermal reformation of gaseous
hydrocarbons in 1965. ithin another 2 vears, we ceuld producc
our ewn catilyst for peimiry and secondary reformation
puitable for natural gis. Th.so ¢.b.is3ts Wwere successfully
put to commerci.l use in 1967. \gain in 19%9 there was 1
brek-through when we could put our niphthi roformition ¢ 1to--
lvst into commercial oper:tion.

11. The know-how for mmmoni: svnthesis et vst was generi-
ted in.1965. Almost 1t tiic same time our formulitions for
Tew tempor iture shift md moth nition et lvits were emplaved
for rerular commercial mrodiction. By 1967 #eneration ef
know-how for other catilvsts wore compl :t2 and in 1969 wo
exported the emtire range of fertilizer c it 1lvsts excepting
ammonia-synthesis. Our eonecpt of .\pplication of modern tools
ind techniques iw physico-chemical studics and approach te




generation of mow-now roon oriunt ccile St eiies richt
from tne berinnin:, reg it in sreads realisation of minu-
fucturing pro-rames,

12, fhe rresent day 2oatus can be juidted from the desien
dati of te plmts iven in Tubles I-v1,, nd from some tvpical
plant performance dat i mresented in Pigs. 13-15, wherc we
have supplied our catilvsts., Picirc: 2 & 3 showine the
capac. ty of the vurious wunit op:riticn can rive an idei of
our ¢atilyst minuf acturing potentinlitv. In rocent vears the
institute has blended ite design and engineering know-how
in use of its own catalvet in twe larse scale plants with
rated capacitv of 600 T/dav Hitroeen d:siefmed on the busis
of characteristics of cur catdvst,

IT. FORMULATION ‘ND EVALU..PTON

13. A catalyvst for its commerciil exploitation has to® f1fill
c:rtain norms, the vital are being 1t3 capacitv to run at
sustained load for the period the supply is suaranteed. The

general requirements for an industrial catalvst are: (a)
highly developed surface, (b) aprropriate size of the pores
(c) high mechanical strength, {(d) adeaquate in tergranular
binding (¢) predictable conversion efficiency, and (f) in some
casesgselectivity.

14 . 411 the above requirem.nts e¢an not be held at*optimm
becaige of the opposing factors. Wor example, the d: mand
for high mechmical strength cin bhe 1‘ulfilled3 only by
sacrificing « part of the surfice are., and while doing so
ther: may be growth in crystal siz. of the active component
and elimin:tion of favourable pores. These factors in the irarn
will account for a fall in activity. ‘n efficient catalvat
can coms out of a suituhble compromise batween thase oppbsing
fretors,

15. Vhi.: formulating 2 new catdlvst we alwavs trv td
omannge with indigenous raw mterials, The objective is often
ta. find 2 suitable replacement for the imported constituent,
where such complate substitution is diffvicult, we trv to
fix a minimum level of the imported c”’omponent which would
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Pigure 18;
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Bay of testing units in operation
=L.T. co=conversione
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Pigure 191 Bench scale catalyst testing
—extension of facilitiege
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Figure 208
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