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I.,- INTRODUCTION

The chemical anA prirochenmical industry in Romania

has developed oonsidaradly in the last two decades, Thore
is an important production of fortilyscras for agriculture,
enpecially with nitrogen, plactics, s ynthetic fibres,
othylene oxide, gliocols, phthalic anhydride, phenol,ete,

Refinery of petroleum also pProduses important quan-
tities of petrol with high octan nusber (90 - 200), of
aromatics hydrocartons - benzene,xylenes, ethyldensene,

row materials for the petrochemiocal industry.

This great and varijed production, 1s oconditioned
a8 1t 1s known, of the use and of the higheat valorifica-
tion of catalytical prooosses und espacially of heteroge-
nous catalytical pro.a2sscs,

Thess reasons have 1aposed in our country the dove-

lopmsent of complexe researchs in the fisld of 90id cate-
lysts and heterogencus catalysis, and slso the organisatie
on of some branches of soience and laboratories in the
universitary education, for the training of the personnel
necesary to these activities,

In 1950 was set in our dbntrp the first cconomical
plan, 4in the same year I have organisied the first research
00lleoctives in the field of heterogenous catulysis, at
the University of Bucharest - ohair of chemical teohno-
logy and catalyeis and at the Institute of Petroleus ro-
searches (IPR) funotioning them in Bucharest too,

Today there exist in our contry s whole network
of research groupes, which co-operate vetween them and




digacuocs the nlare of weooiasher,

Thus, within ~hoe Kiplsory o7 Bivca.ion sl wor-
king threo strong s-ccurci groups ab the snivoroity of
Ducharest; at the Ceatre of Phystcal Cheaiatry and at
the Institute of Foiuroscian,uis uaw Geelozy. legs atrong
groups are working at the Univerarty o? Cluj and
Timigoara.

Within ihe Ministry of Chemical [ndustry are
funotioning research dranches apocinlized in tne techno-
logy and engeneering at the Inutitutes YETROCHIM Ploiegtl,
I1.0.P.".P.0, Ploiegui, CUIMIGAL Medany.

To those are joining ihe spcecialiszad collectivesn
from the chemicel Combinates, whioh zanufacture cotalysts
(Chemical Combanad Group of onteryrisea Craiova, the
Industrinl greup Lorzugli, o8 well as those using cata-
lysts and especiaily at tha retrochem:cal Industrial
Group of Ploiegti and the Tndnntrinl Group of Pitegtl,

Ag "catalysiat im - Ain*~rdissipllo: sclence, in
the lant year have developed researches in the Institu-
tes of Physics in Buchareat and Cluj. The resesrohers
in these Institutes co-operato with chemiats and techno-
logs.

The research aotivity in the Ministry of the Chemiocal
Industriy as wcll as apyplied research in the ministry
of Rducation is co-ordinated by the Central Institute
of research in the Miusisiry of Chemical Industiry and by
the Nationcl Council of Science and Technology.

nhe renearches collectives have on principle an
own atructure lctermined by tne rgsearchers's Ixperince
and interesi, Ly the material posibilities and especi-
ally by the guiding lines a7 davolopment of the Industry

e S



-5 -

and by the nccecity to ensure o technic-scicntific potene
tial for the future,

The regeuarches currsicd oa in womaniu ivn ihe
f4eld of catalysts ond catniysis may be groupcd in the
2ollowing direction :

8.~ the setting of sone relations betweon the
chemical composition, the preparations conditions, the
physical and chemical properties, with the activity and
selectivity of catalysts in specific reactions or deter-
mined ores.

A further aim of this field of activity is also
4he idea of eladoration of »me criteriums to appreei-
ate the performunce and to select the catalysts,

b.~ The improvement of the existent technologies
and the eladoration of ncw technologies for processes
and manufacturing of ocatalysts.

8.~ the mathematic modelling of the catalytio
processes and problems of catalytical enginmecring. -

The entire present and future agt.vity of our
eo0llectives io contained ia this gencral topic.

In the following wo are going to presant the me-
thodology of the elaboration of industrial catalysts
and then the stade of the monufacturing of catalysts
4n Romanis. This because the prodlems of the manufagtu-
ring and of the use of catalysts in the industrisl re-
actors have gonerated many timee our orientation and our
research topics,

Ve use the opportunity to mention - as exemples-
some results of the applied researches elaborated espe-
ciaXly in the University laboratories and in the labo-
ratories of the Ccater o2 Pnyaical Chemiarry.



-6-

11.~ BIABORALION MELHOBOLOGI CF IKDUSWRIAL
CATALYSTS,

The eladoration methodology of industrial catalysts,

. 4R the 4dea of our rcsesrchcs is reforring to s complaux

setivity of research and experiocnce on different sta~

goe (scheme fig.l):

a) we call the first activity copoeption research
of labdoratory, the finalizsation of which 18 the techno-

logic procuss of labdoratory

Ooacopnﬂ € ey
research

lavoratory

pilot search

industrial
experiment

industrial improved
catalyst ' catalyst

Rigre )
Methodology of elaboration and improvement of

irndustrisl catalysts,
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rience, iniclii.unze ana inoparaticen of the TOSCLUTERCTL,
on the matloriul veeiu of Lhe lavorntory, of the ability
t2 use the elocetronic somyaters,

The conceptios resoured couprizes the choive
of active ccuporentes, the conditions und rreparation
technic of cutalys%,tne study of the physiecal,textural,
struciural propertics of catalyst, +he analyses of the
thormodiuanical paramteru cf the test redetion, the
firatdon of tue kinetics purunetcrs with a view to de-
teraine the activity and the selentivity of the catalynts
in test reactiona which are speciric to its use in prace
tica,

On basis of the rusults got in lavoratoy,thore
1o elaberated & firat optimisation of the synthesis
technic of the catalycts and of the apecilic cheaical
process.

Thae activity is coniinued in the pilot inetala-
tion on two directions, prcparztion pilot and process
pilot, By this occasion there sre cheked und oompleted
tho manrokinetics purameters diffusion, mass and heat
transfer, thore ure specified the yields, the balance
of materials, the puiity of main product, as well as
other oharaocteristics necesary to tho dosigners,

In the cuuse of catalyats less pretentious ha-
ving a8 functioning 1ife of 1 - 2 yoars it was elimine-
ted the uldang of same pilot plants, by introducing
the pilot reactors in *he cirouit of industrial plant,
This method prosents besides economic advantages, the

advantage that the catalyst is experienced in the cone

ditions of tre iadustirial process 6nd in contact with




the 3amc oo naturial,

V, Tre trcusposiiicn of the preparwiion techrnoloy
0f catnlynte of miltot plant T100- 190 U, da lnaustrin
plant romciises cTebdlor CITlcudviid 4nd SUrprises,
which sxc nuet very bdbic,

In exsorunge the wrwnapesitiacn of ihoe rosulss froz
pilot plant %o induuerinli piant concerning the culalysts
1ife, 4ta cctivity, it nedsonin: creases more serious
difficultics, nocds longer time, possidle nroduction o=
ductions and consequektly iuporiornt cupensel.

These difficultioa are due ulso to tho Lact that
the change of the shave in dizensions of the reactora
thorougly mocify the concontrstion of e raw material
on the lencint of the luyer of catualysti, aa'wollual the
intensitly oY tha matu 8nd heat transfer. The classio
theory of s .militude docen’c soive tuec mattier.

The progrous in the catulytic engincering and
the disponibility of the eleciric computers bhas mado
poesible the use ol tne method of pathematic simulation
Yy tho transposition of the resulte from pilot plant
or labovatory directly in the incusirial reactor.

o) “he cutalyst having succeded in the expevi-
mental industricl conditions may be considered an,in-
eustricl caiulyst" ., 'rom that pouent begins the

Ydeve

opnent researen” which aiuw i3 %o contimuously imp

prove tho cataly.t., The development rescurch can refer

anew to the coaceptition rescarch in ladorstory cor in

pilot, ’
Or tne whole the creaticn and development rescarch §

munt dizpose of all facilora colercining and conditioning

tna ¢ntalyst yperformance cccordii;s to thae scheme of
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interdependence shorm in fisure 2 end whish ig Tell
wed up in our ressarchor.

Tha chemical comporr Siom, the nature of active
componenis and the preparation tennic dotermines both
the cost of the catalyst and the tcxturzl and atructu~
ral characteristics, thne whole sur{ace gcometry and
also tho energotical potential of the surface, Thewh
whole of these properties generatos during the chonie
oal process - by the contact catalyst - reactant -
the active stadies of the catalyzt which we conventioe
nally osll catalyst proporties.

Proa our worka as from those of other resear-
chers, it has come out thut the struotural,textural
properties, ths physe composition, the valence degree
of active components are very different to thoase of
the oatalyst formed durins the rcaction, in the funce-
tioning conditions of ithe chemical yprocasa,

A J&ntricant excuple of the mentioned pointe
of viow 1s presanted by the studies of the catalyst
used in the synthesis of acnonia,

In figure no.3 we have shown the difference
tetweoen the po}ea gize dictridution of an industrial
catalyst before roduction and roaction (curve 1) and
of the catalyst after reduction and reaction(curve 2).
The surface area insrozaes five timas im the case of
the reduced catalyse,

Pigure 4 doscrives the eleotric conductibvity
isothernms of an industrial catalysi for the ammonia
syntheris, made 2n mediun of synthesis gases (N2+3H2)
and of nitrogen pure, a% a temperature of 500°C.,
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When the initial catalyst, nonreduced,is in
contact with the reactant, the elcetric conductivity
incroases consideradly, prevailing the donor and diszco-
ciative chemisorption of rtsdrogen,

After twelve hours' time ammonic is produced,
That time was necesary for the forming of the actives
centers during and in the reaction conditions. The elog=
trio conductivity remains still practiocaly constant,

At point two there i3 introduced pure nitrogen.
The electrical conductivity decrcases (point threa)
snd remains constant (point four).

In this oase the accepting chemiaorption of
nitrogen is reveaied.

Again the gas wynthesis is introduced (point
four), the electric conductivity increases and ammonia
1s directly produced, '

This method first initiated in our ladoratory
shows the differenciate inlaractions of the reactions
ocomponents with the ocatalyst, the necesary time for
the forming of the active centers on the surface and
also gives information conceraing the reaction mecha-
nism,

The scientific and economic elficiency of the
ressarch activity of the g.ouys in the Universitary
units may be materialized as follows :

= the chezisorption researcheas concerhing the
dispersion cud the size of surface area of the active
components Pt, Fd have pointed out the prepuration
oonditions of thg'cataly;ts, the relations with'tho

activities in the aromatizatiorn process of petrol and

for selective hydrogcnation,

e



- gtudiey eoncerning the LBabuuer effect, X Ray
determination, thermodifterential 2aalysis, IR, and
R.E.S, speciral deternination, hnove leud to eclablish
some rules for the p:cyuration of catalysts, to defino
the phases and the active centers on the surfaco,

The results yeldad by this rosearches have
been eapecially useful for the appreciation of the ¢o-
rrespondance relatdons between Goapouition, preparation
and catalytic activity, in 2Le case of the used ocata-
lysts for the oxidat’ion and gynthesis of methanel, hy-
drodezalkilation of tolueno, debydrogenation of butap-.-
butenes,

Some catalysts studies by pur research groupa,
&re produced by indusiry¥, as the desulfurasition catn-
lyet and the catalyst for tno sethanization of oarbdon
aonoxide present in Yyrolysis gusea,

These works have been olaborated in co-operation
anéd with the hep of ti* Ministry of Caemistry,Industrini
Oroup Brazi, Instituge PETROCHIM,CHIMIGAZ and Cheaioal
Oomdined Group of enterprises Crajova,

III, CATALISTS MADE IN ROMANIA

The catalyets mooufactured in Rogpania are oon-
prised in chemical Gogbined Groups of speciality,

So, at the Chenical Combined Groups fo enter-
prises in Craiova, it has been set up a planut for the
mmmufacture of cetalysts destined the fertilizers in-
dustry and the annex manufactures.

Another plant has deen set up at Petrocheamical
Group Borzegti,whore are being manufactured catalysts

used %0 the synthesis cf zonozers, necesary to the

synthetic rudbber and astyrcne plants,




The catalysts now manufnciurce are rzentioned in

table no,l.

Table rael
Ko Production gft. Process
0 -
I Ammonia industry 1 firat end cocord reforming
2 desulfuriziation
% €O converstion high
— Lemparoiurae
11 Synthetic rubder 4 Bitane dehydrogenation
and styrene 5 butene dchydrogenation
alpha-mathylstirence
svntheuio
7 ethylbcazene dehydro-
— ganntlon ——
111 ¥onomers, petro- 8 wvinyl chloride
chemical synthesis 9 wvinyl acetic ester
10 butyl alcohol
1} €O motnanisation o2
the pyrolysis gases
12 fatty acides hydregena~
tion
13 alkylation of
cumena
14 diethylbenzene dehydro-

15

gonation

2 - ethylhexanol

synthesis

The rescarch laboratcriea of the planta, in

co~operation with the Inatitutes of the Miniatry of

Chemistry arc carrying on rescarches “or the irproving

of the marulucturing ond cxploitation techrol..wus from

T & . g d¥ . N .S .o
point of vicw o jpedlerminces oL ool wag

wricu of ooot,
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In the lost yeonrs gur collectives are JTanvLne o
especial atenticn Lo the rescarches concerning thne
mixdd oxidic catalysis used in oxodchadrogonation reac-
tions of hydrocarbons and ihe active 2luminac,

Dienca production arg partlicularly, buitudienc
production, increazed Very much ia the last decade, by
eonstruction of new plants for catulytic dehydrogenution
of dutane-tutenes, as woll ac by separution and purifi-
eation of butadiene which results froo pyrolicia procecu,

However, the transformation ratio butene/butadicne

is #til1) unsatisfaciory, owing to reduced selectivity
oL the catalysts uscd,

The development of the oxycuiive dchydrogenation
process of butencs, solves toc a ey extent the probdlem
0f the procesa selectivity: one obtuins inecrcased tranc-

formation ratios butens/butadiiene, us well aa butadicne

.Yields per pass, much more creater,

Along the ceme linc, in Romania,are roalised pre-

paration technologies of como catalysts, on Bi-Ro-Fe

basis, with reduced percents of 31203 and which ensurod

& good reproductibility of charges,

The procedure for the catalyst synthesis is based
on the principle of mechanotopochemical reactions, with
increased performances: 8electivity with rogard to bu-
tenes 9234 % ; butadiene yield,per pass 60 - €2 % ZLor

& reaction temperature ranged votween 42C - 440°C.,
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for catalysic, with deiomained tonturcl, strucitural aod
gurface preperticy, our coilective sirt some rescarches
in two directions :

- the introduciion of zansioactlive admiztures ia
the formation mecdium of colloidni aluminium hydroxides

~ the obtcition of aluminium hydroxides, from
msechanotopochenioal reactions, beiwoen reoagents in so0lid
phase, procedurc realised by prof.I.V.Nicolescu.

In the first proccduro, using tho same raw materisal,
for example aluminium nitrate solution we hive shown
the influonce on tho svecies of aluminium hydroxyde,of
tensioactive andmixturcsc introduced in the formation mediw
um of tho above. Thesc gpecice of hydroxides through
thermical transformations Icad to alurinas with diffe-
rent textural and izomerization propertics,

Among the tensioactive modificro used,we mentions
polyacrylamide, carboxymethylecellulose,polyvinylaleoehol,
eto.

In the sccond procedure, based on mechanoiopo-
chemical reaotions, for obtaining aluminas with deter-
mined propertics and isomerizing activity, we used
different raw zaterials : Al nitrato, Al chloride, Al
sulphate, or we applied different thermal treatnents,

The surface area of obtained aluuninas varied bet-
ween 120 - 320 m?/g, the grestest part of these having
prescnted bimodale porcs distributions, depernding also
on tho aging conditions or on the thermic treaiaont,

These last aluminas were used for preparing

some industricl catalysts, with suiiclactory poriorannces.
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