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The Indian Institute of Petroleum has developed a process for the preparation of 
high purity alumina carrier of excellent thermal and hydrothermal stability. Using 
this support two types of reforming catalysts viz., mono-metallie (Pt) and bi-metal­
lie (Pt-Ir and Pt-Re) have been developed. The know-how has been firmed up at 
the 5 kg level of preparation and impregnation. For scale-up and production, lIP 
have collaborated with the Associated Cement Companies (ACe). In tests con­
ducted with various feedstocks under conditions typical of Indian reformers, the 
llP-ACC catalysts compare favouf'dbly with commercial, imported, catalysts of­
fered for that duty, 

Cauxlytic reforming transforms low octane 
naphtha into high octane gasoline and pro­
duces aromatics-concentrate rich in benzene, 
toluene and xylenes. Ever since the introduc~ 
tion of platinum catalyst supported on f1uori~ 
nated or cblorinated alumina by UOP in the 
late forties, it has undergone remarkable prog~ 
Tess with continuous development in cataJyst 
and process techoology'-·. Higher octane ga­
soline requirement, need for better selectivity 
to aromatics and higher refonnate and hy­
drogen yields' possihility led to discoveries of 
platinum catalysts promoted ",ith rhenium~ iri~ 

dium~ germanium, ~ etc.5- 8• 

Experimenlal procedure 

PreparaJion of the camer-High purity alumi­
na support of )' or '1 types have been widely 

*To whom correspondence should be addressed, 

used for the preparation of refOrming catal­
ysts9• Suitable carriers of required properties 
were prepared by controlJing the composition 
of alumina hydrate precursors and the condi­
tiOIlS of activation. The main steps involved in 
the preparation of me alumina carrier are 
shown in Fig. 1. The sodium aluminate solu~ 
tion was neutralised with dilute nitric acid in a 
reaction vessel under controUed parameters of 
concentration, mixing rate l pH of the mix. agi­
tation rate, ageing period and temperature, to 
get the required phases of hydrated aluminas. 

Preparation ofthe cataiySl-The activated sup­
port was suitably conditioned, impregnated 
with platinum or platinum and iridium or plat­
inum and rhenium salt solutions. Drying and 
activation of the impregnated samples were 
carried out under standardized conditions, Var­
ious steps in impregnation are given in Fig. 2. 
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Fig. 1-Row sheetfor preparatronru alumina support 
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Fig. 2-Flow sheet fer the preparation of tliono- and hi­
metaUic reforming catalyst 

Fig, .::I-Flow sheet of catalytic reforming unit 

Charocreriwtion-Physico-chemical charac­
teristics of the carrier and the finished catal­
ysts were determined at various stages of pre­
paration. XRD analyses'for the determination 
of phase eomposition of precursor alumina 
hydrates and erystallirtities were carried Out. 
Impurity analyses were done by spectro­
photometric methods. Pore volume aod pore-

size distribution were determined by bigh 
pressure mercury porosimetry. Metal disper­
sions were estimated by volumetric method 
foUowing ei!bet hydrogen chemisorption, oxy­
gen titration or hydrogen titration. Tempera­
ture-programmed reduction technique was 
used to follow the reducibility of the support­
ed metalslO. 
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Performance em/ul1tion-The performance of 
catalysts, both commercial and lIP-ACe's has 
been evaluated in a pilot plant equipped with a 
gas reeycJe compressor and a hygrometer {Fig, 
3). The catalyst loading pattern in the reaetor 
to achieve isothennal conditions is shown in 
Fig. 4, This pilot plant had earlier been corre­
lated with industrial plant for yield and pro­
duct qUality. Space velocity+ reactOr tempera~ 
lure, pressure and hydrogen-ill-hydrocarbon 
ratio were varied to generate correlations. The 
data generated in the unit ,could be sealed up 
ill commercial operation. Suitably developed 
procedures for stan-up (reduction and pre­
sulphidation). and estimation of activity, selee­
tivity, stability, accelerated ageing and regen­
eration have been adopted l1 , Care was taken 
to control avoidable deactivation by catalytic 
poisons. Feedstocks of varying composition 
from industrial plants have.been used. Ranges 
of operating conditions were selected to match 
with those of different plants in India. The feed 

lOmm 

Fig, 4-Loading of catalyst in the reactor 

and products were analysed for octane num~ 
bers and for hydrocarbon composition by gas 
chromatography, PNA analyser and mass 
spectrometry. 

Results and discussion 

Carrier and CI1wiysts-The demand for im­
proved catalyst formulations to get higher Ct 
yield and product quality through high sever­
ity reforroing operation has resulted in the in­
troduction of promoters to platinum on the 
one hand and to bave alumina carriers of high­
er thermal and hydrothermal stability on the 
other. The present trend, as far as the alumina 
carrier is concerned, is towards the use of ral­
uminas of high purity and crystallinity ob­
tained from precursor hydrates largely consis­
ting of pseudohoehntites and bayerue. Ther­
mal and hydrothermal stability studies on var­
ious catalysts, vis--Il'- vis Pt metal sintering. have 
shown the superiority of pseudoboehntitc and 
bayerite balled carrier12. Such carrier reduces 
coke formation and improves selectivity. 

Typical propenies of variOu., mono- and bi­
metallic reforroing catalysts are presented in 
Table 1. IIP-ACC catalysts bave properues 
equivalent to those of imponed commercial 
catalysts. Of the total pore volume of 0.5 to 0,6 
mIIg. the distributinn of 80 to 90"10 pore vo­
lume lies in 30-50 Aregion of pore radius for 
most of the catalysts, Fig. 5 shows typically the 
pore structure ofJIP.ACC catalyst (sample AS) 
which compares wen with that of a commer­
cial catalyst (AI ). Tbe most efficient utilisation 
and accessibility to metal surface, a factor of 
prime imponance can be managed in catalyst 
manufacture and is measured as metal disper­
sion. The type of suppon and method of im­
pregnation are important for good metal dis­
persion. The values of metal dispersions for 
different catalysts are also given in Table 1. A 
metal dispersion of the order of 70 to 96"10 es­
timated in an lIP-ACe samples points to the 
efficaey of the impregnation technique fol­
lowed and also to good metallic activity. 
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Table I-PhysicO""Chemicai Characteristics of Catalysts 

Catalystl Sample Composition. weight XRD Data ~ 1\". Metal Bulk 
Type Designa­ ________------ ­ __-.---- ­ {m2/g) vol dispn demity 

rion Na10 Fep-, SiO~ Pt Ir Re CI <I/o) Cryst. (mlIg) 1%) (glmI) 
(ppm) (ppm) (ppm) ('Yo) (o/tl) (%1 (%) Crysta~ size(A) 

tlinity 

Monometallic 
Commer- AI 34 0.35 nil nil LIS 66 70 199 058 74 0.7 
cia! 
Comrt1er­ ~ 0.375 • 0.9 69 70 0,85 
cial 
CQmmer- AJ 0,6 • • 0,7 62 70 269 0.34 
e;a1 
lIP 
lIP-ACe 
lIP 

A4 
AS 
At'> 

21 
23 
45 

196 
225 451 

0,35 
0,35 
0,35 

• 
• 

• 
• 
• 

1.05 
1.1 
1.0 

60 
65 
70 

65 
65 
68 

200 
230 
170 

0,52 
0.61 
0.54 

90 
96 
70 

0,72 
0,61 

up..Ace 
lIP . 

A7 
AB 

38 
26 

224 
280 

574 0,55 
0,37 

• 
• 

0.92 
L02 

60 
70 

50 
68 

239 
212 

0.58 
0.53 

83 
84 

0,69 

Bimetallic 
Commer­ BI 47 0,35 0,04 rul 0.87 182 0,55 65 0,7 
cial 
Commer­ B2 0,3 nil 0,3 L03 210 0,58 79 0,66 
cial 
Comrner­ B3 27 287 0.3 nil 0.3 LO 59 180 0,5 84 0,62 
eial 
UP B4 43 320 0,35 0,04 nil 1.02 65 62 190 0,55 70 
lIP DS 35 290 0.3 nil 0,3 58 55 165 0,4 86 0,74 

.. A.
CAT..!...".,. 

C;AT,tua.,. AIl,
jl ,&.$... ,I 

,I

, I 

, I 
, 
I 
I 

0·' ,I ,I ~,, , 
0," .;I I 

I , I 
I ,, , 

o-r f 
I,, i , 

1tl,l 40 .0 .0 10070 40 
.ItAIl II'OIff JUl0lvS, oil- t>OlIII: iIIA.ItT.a, A· 

Fig. 5-Pore structure of catalysts by mercury porosime~ 
uy 

The temperature-programmed reduction 
lechnique shows the manner of supported me­
Ial reduction, Metal-support and metal-metal 
llller.etiom are indicaled in the TI'R profiles 

of the catalysts and thus dependeht on the 
method of preparation of the catalysts. Typical 
profiles of a few catalysts are shown in Fig. 6. 
Supported Pt and PHr samples. uoderstand­
ably. give similar profiles, indicating at least 
two metal-support interaction sites. While 
supported Re reduces at higher temperatures 
with TPR peak around 880 K, the TPR pro­
files of Pt-Re catalysts indicate the ease of re­
duction of Re(oxide) in presence of Pt, The 
single peak around 500 K is attributed to the 
formation of Pt-Re bimetallic phase13• 

Performance evalUlJlioll of catalyst>'-The 
most efficient utilisation of reforming catalyst 
calls for selective start-up operation and con­
ditiooing of the catalyst", In order to reduce 
the initial fast coke lay down on the catalyst 
and to control the hydrogenolysis activity, sul­
phidation of fresh as well as the regenerated 
catalysts was carried out by hydrogen sulphide 
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Fig. 6-Temperature-programmed reduction profiles of 

m()no~ and bi-metaJlic catalysts. 

or suitable organic sulphur compounds under 
specific conditions. Thereafter, the activity 
tests for various catalysts were carried out for 
100 to 700 hours. 

The data generated in lIP pilot plant for aro­
matics production under typicaJ conditions 
are compared in Table 2 with those of indus­
trial plant using a commercial multimetaUic 
catalyst. Similar C; and aromatic yields indic~ 
ate that the performance in lIP pilot plant 
could well be correlated with industrial unit 
operations. 

Mono-metallic catalysl9-The performance of 
IIP's mono-metallic catalyst (A4) is compared 
with that of a commercial catalyst {Al) in 
Table 3. The tests were performed using a par­
affinic feedstock. The data indicate the eqlliv­
alenee of IIP catalyst to the commercial catal­
yst. Also included in Table 3 is the tempera­
ture-octane-yieJd sensitivity of liP's catalyst 
(M), which is well in accordance with plant 
realizations with commercial catalysts. 

164 

Table 4 gives a eomparison of the perfOIm­
ance of two different batches of lIP's mOnO­
metallic catalysts (M and AS) under identical 
conditions. The similar yields and' product 
quality dearly demonstrate the reproducibility 
of the catalyst preparation technique. 

At high octane severity. UP's mono-metallic 
catalyst (.~) compares wen with a commereial 
catalyst (A.3), with respect to both product 
yields and octane, as seen in Table 5 and Fig. 
7. Another batch of mono-metallic IIP-ACe 
catalyst (A7) having 0.55 wt"k Pt was evaluat­
ed for C g aromatics produetion. The data are 
presented in Fig. 8. The weight per cent yields 
of total aromatics and CfI aromatics vary in the 
range of 61-63.6% and 42-43.6% respeetively. 
The average yield of aromaties at different 

Table 2-Comparison ofIIP's Pilot Plant and 
. Industrial Plant Data 

Feed Boiling Range 110·1406 C 
Catalyst 

liP Pilot Plant Industrial 
Commercial Multi-metallic.. 

Reactor pressure (bar) 20 20 
Wt % yield 

C\~ Reformate 9t.97 9L34 
Talal aromatics 77.6 77.0 

Table 3-Pilot Plant Data on lIP and Commercial 

Mono~metallic Catalysts 


Feed boiling ""'1l' (ASTM) 85· 156'C 
Composition (voJ (>Ju) 

Paraffins 77 
Naphthenes 15 
Aromatics 8 

Catalyst A2 M (lIP) 
\commercial) 

Reactor temperature ("q 482 482 490 
Reactor pres:..ure (bar) 2A 24 24 
WH.I;)V 2 2.1 2.t 
Reformate(RONC) 83 83 86.3 
Wt%yield. 

C;Reformate 84.5 85 8l.S 
Hydrogen 0.8 0.8 0.9 
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Table 4-Companson of Perfonnance of Two 
Batches of llP Mono-merallic Catalysts 

Feed b()iling ""'ll' (AS'IM) 9O-136"C 
Composition (Vol %) 

P>ralIins 44.7 
Napbthenes 48.9 
Aromatics 6.9 

Catalyst M All 
Reactor temperature (·C) 480 483 
Reactor pressure (bar) 24 24 
WHSV 3.0 3.1 
Reformate(RONC) 90 91 
Wt% yield 

C;Reformate 91.3 91.6 
Hydrogen 2.4 2..5 

Table 5-PilotPlant Data on DP and Commercial 

Mono-metallic Catalysts (at bigll oetane) 
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Fig. 8-Pelfo.rmaru:e stability of n:p..ACC mono.meW1ic 

-(A7icawyst 

temperatures are also given in Fig. 9, These 
yields compare well with yieldS to be expected 
from the use of commercial catalysts. 

The stability and regenerability of DP's mono­
metallic 'catalysts have been fOWld 10 be very 
good. The yield-data on lIP's catalyst, M, for 
instance, for three cycles. each lasting about 
250 hr on stream are presented in Fig. 10. All 
the data are normalised to 90 RONC. The da­
ta indicate the excellent stability of the calalyst 
in three cycles. At the end of each cycle. the 
catalyst was subjected to accelerated ageing 
during Which 6-10 wl"Io coke was deposited on 
the ca!alyst. The RONC of the reformate Vs 

hours on oil are plotted in Fig. 11 for the three 
cycles. It is a testimony to the special regenera­
tion and reactivation procedure developed by 
lIP which more than restores the fresh catalyst 
activity in the third cycle. Fig. 12 shows the 
stability of another I1P-ACC catalyst (AS) Wl­
der ultra-high severity tests. 

reed boiling range 
Composition (Vol %) 

}'BraffiM 

Naphtbenes: 
Aromatics 

Catalyst 

Re.cror l~rature {"C) 
Reacror pressure (bar) 
WHSV 
Re(oTTMte(RONC) 
Wt%yield 

C; Reformate 
Hydrogen 

M(IlP) 

491 
18 
2.0 

99.5 

86.4 
2.3 

1I0-140"C 

53.9 
31.7 
14.4 

AS 
(Commerieal) 

490 
18 
2.0 

98.6' 

86.2 
2.5 

no nl'b 110 - ~o*'C CUT 
1tEat:'t'OR PM~£ _ ,.....n 

n;;MP£M"tIJflE --490~C 


Wt\$Y --',0 

Q 0 u • •• 
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Fig. 1-ComparisonofIIPJA6)and commerciai(AlJmo­
J\O-l'netailic catalyst ' 
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Fig. 9-yields obtained at diHerent temperatures with 
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Bi-metaJlic cata/y~ncomitant with the 
announcement of Rheniforming catalyst by 
Cbevron fot low pressure reforming, UP ex­
!ended its development work to cover a range 
of bi-metallics for possible, specific applic­

ations in India. The data obtained with one 
such formulation (BS) are compared with 
those of a present-generation Pt-Re catalyst 
(B2) in Fig. 13. The data demonstnlte the ex­
cellent activity, selectivity to aromatics and 
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stability of lIP's bi-metallic catalyst. Similar re­
sults were ohtained with our Pt-Ir fonnul­
.!ions also. 

Temperature response-The temperature re­
sponse of lIP formulations viz., the monome­
tallic, Pt-Ir hi-metallic and Pt-Re bi-metallic, 
are compared with commercial catalyst> in 
Figs. 14. 15 and 16 respectively. This clearly 
establishes the competitiveness of lIP's re­
forming catalysts. 

Conclusion 

Indigenous development of a whole rauge of 
reforming catalyst> has been realized by IIP­
ACe. As a result, lIP, along with ACC are now 
in a position to offer mono- and bi-metallic re­
forming catalysts for commercial trials in exist­
ing reformers in India If these trials are suc­
cessful, then Indian catalysis will gain a real fil­
lip. 
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