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The Indian Institute of Petroleum has developed a process for the preparation of
high purity alumina carner of excellent thermal and hydrothermal stability. Using
this support two types of reforming catalysts viz., mono-metallic (Pt} and bi-metal-
hic (Pt-Ir and Pt-Re) have been developed. The know-how has been firmed up at
the 5 kg level of preparation and impregnarion. For scale-up and production, IIP
have coliaborated with the Associated Cement Companics (ACC) In tests con-
ducted with various feedstocks under conditions typical of Indian reformers, the
IP-ACC catalysts compare favourably with commercial, imported, catalysts of-

fered for that duty.

Catglytic reforming transforms low octane
naphtha into high octane gasoline and pro-
duces aromatcs—concentrate rich in benzene,
toluene and Xylenes. Ever since the introduc-
tion of platinum catalyst supported on fluori-
nated or chlorinated alumina by UOP in the
late forties, it has undergone remarkable prog-
ress with continuous development in catalyst
and process technology'—*. Higher octane ga-
soline requirement, need for better selectivity
to aromatics and higher reformate and hy-
drogen yiekds’ possibility led to discoveries of
platinurn catalysts promoted with rhenium, iri-
dium, germanium, tn, ete.>~%,

Experimental procedure

Prepararion of the carrier—High purity alumi-
na support of y or 5 types have been widely

*To whom correspondence should be addressed.
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used for the preparation of reforming catal-
ysts®. Suitable carricrs of required properties
were prepared by controlling the composition
of alumina hydrate precursors and the condi-
uons of activation. The main steps involved in
the preparation of the alumma carrier are
shown in Fig. 1. The sodium aluminate solu-
tion was ncutralised with dilute nitric acid in a
reaction vessel under controlled parameters of
concentration, mixing rate, pH of the mix, agi-
tation rate, ageing period and temperature, to
get the required phases of hydrated aluminas.

Freparation of the catalyst—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-Flow sheet for preparation of slumina support
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Fig, 2—Flow sheet for the preparation of mono- and bi-
metallic reforming catalyst

Fig, 3-Flow sheet of catalytic réforming unit

Characrerization—Physico-chemical  charac-
teristics of the carrder and the finished catal-
ysts were determined at varous stages of pre-
paration. XRD analyses-for the determination
of phase composition of precursor aloming
hydrates and erystallinities were carried our
Impurity analyses were done by spectro-
photometric methods, Pore volume and pore-

size distribution were determined by high
pressure mercury porosimetry. Metal disper-
sions were estimated by volumetric method
following either hydrogen chemisorption, oxy-
gen titration or hydrogen titration. Tempera-
ture-programmed reduction techmique was
used to follow the reducibility of the support-
ed metals?®,
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Performance evalwation—The performance of
catalysts, both commercial and IP-ACC'’s has
been evaluated in a pilot plant equipped witha
gas reeycle compressor and a hygrometer {Fig.
33, The catalyst loading pattern in the reactor
to achieve isothermal conditions s shown In
Fig 4, This pilot plant had earlier been corre-
lated with industrial plant for vicld and pro-
duct quality. Space velocity, reactor tempera-
ture, pressure and hydrogen-to-hydrocarbon
ratio were varied fo generate correlations. The
data generated in the unit could be scaled up
1o commercial operation. Suitably developed
procedures for start-up {reduction and pre-
sulphidation), and estimation of activity, selec-
tivity, stability, accelerated ageing and regen-
eration have been adopted!!. Care was taken
to control avoidable deactivanon by catalytic
poisons, Feedstocks of varying composition
from industrial plants have becn used. Ranges
of operating conditions were selected to match
with those of different plants in India. The feed

A ==

Q

=

=

Inett packing

4

Top catsiyst diluted bed
0 ot of catalysx + IB0 v of = - piursing

AN

Riddie catalyrt bt
15 ¢z outaiyst + A6 oo w - pluming

NG s

Botiom sataiyst bed
IS c ontalyst - 15 o0 w- Bgwing

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.

Resulis and discussion

Carrier ard catalysts-The demand for im-
proved catalyst formulations to get higher CF
yield and product guality through high sever-
ity reforming operation has resulted in the in-
troduction of promoters to platinum on the
ont hand and to have alumina carriers of high-
er thermal and hydrothermal stability on the
other. The present trend, as far as the alumina
carner s concerned, is towards the use of yal-
uminas of high purity and crystallinity ob-
tained from precursor hydrates largely consis-
ting of pseudoboehmites and bayertic. Ther-
mal and hydrothermal stability studies on var-
ious catalysts, vis-a-vis Pt metal sintering, have
shown the superiority of pseudoboehmite and
bayerite based carrier'?, Such carrier reduces
coke formation and improves selectivity.

Typical properties of various mono- and bi-
metallic reforming catalysts are presented m
Table 1. IIP-ACC catalysts have properties
equivalent to those of imported commercial
catalysts. Of the total pore volume of 0.5 t0 0.6
ml/g, the distribution of 80 to 90% pore vo-
Jume lies in 30-50 A region of pore radius for
most of the catalysts. Fig. § shows typically the
pore structure of TP-ACC caalyst (sample AS)
which compares well with that of a commer-
cial catalyst (Al ) The most efficient utilisation
and accessihility to metal surface, a factor of
prime importance can be managed in catalyst
manufacture and is measured as metal disper-
sion, The type of support and method of im-
pregnation are important for good metal dis-
persion. The values of metal dispersions for
different catalysts are also gaiven in Table 1. A
metal dispersion of the order of 70 to 96% es-
timated in all IIP-ACC samples points to the
efficacy of the impregnation technique fol-
lowed and also to good metallic activity.
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Table | —Physico-chemical Charactenistics of Catalysis

Cataiyst/ Sampie Compuosiion, weight XRD Data Sper  Pore  Mewal  Bulk
Type Deesigna- {m*/g} vol dispn density
tion Na, O Fe.0, 80, Pt Ir Re Cl % Cryst, {mi/g) (%) {(g/mi)
{ppm) (ppm)} (ppm) (%) (%) (% (%) Crysta- size{A)
linjty
Monometailic
Commer- Al 34 -~  — 035 nl npil LIS 66 W 199 058 T4 07
gial
Commer- A2 e - — 8378 * 89 89 1 — 0.85 — o
cial
Commer- A3 e —_ - 048 * M A 52 HH 269 034 e .
gial
HP Ad 21 196 — 035 “ * s 60 65 200 052 %0 0.72
IRACC  AS 23 225 451 035 ¢ “ L1 65 65 30 061 9% 086
e A6 45 — — 035 “ “ 10 70 68 170 0.54 7 o
E-ACC Al ag 224 574 0.55 * 092 80 30 239 058 B3 369
op - AR 26 280 — 037 - * 102 70 68 22 053 B4 -
Bimerallic
Commer- Bl 47— — 035 004 ml 0BT -~ e 182 055 65 47
sial
Commer- B2 - — 03 Al 03 L3 - 216 658 74 0.66
cial
Commer- B3 27 287 — 03 nit 03 1D 61 59 I8 0.5 B4 0.62
¢lal
ne B4 43 320 -~ 035 004 i) 102 65 62 190 0.55 70 s
iy BS 35 290 — 03 ol 03 -~ S8 §5 165 04 86 (74
o s e w CATALYST A8 of the catalysts and thus dependent on the
é s GATALYRT AS method of preparation of the catalysts. Typical
i profiles of a few catalysts are shown in Fig, 6.
ook §{ b Supported Pt and Pt-Ir samples, understand-
; ably, give similar profiles, indicating at least
! two metal-support interaction sites. While
¥ 400 | supported Re reduces at higher temperatures
3 | qe« _ with TPR peak around 880 K, the TPR pro~
in >~ ¢ files of P-Re catalysts indicate the ease of re-
e i { 1%*3 duction of Re(oxide) in presence of Pt. The
i i g single peak around 500 K is atributed to the
§‘ I 7"y formatdon of Pt-Re bimetallic phase!®.
; e $ ' 4 £
3w 4D [ I+ e MY &0

MEAR PORE MAGHIE, A7 PONE DARETER, A
Fig, S~Pore structure of catalysts by mereury porosimes

try

The temperature-programmed reduction
technique shows the manner of supported me-
tal reduction. Metal-support and metal-metal
interactions are indicated in the TPR profiles

Performance evaluation of catalysts—The
most efficient utilisation of reforming catalyst
calls for selective start~up operation and con-
ditioning of the catalyst'!, In order to reduce
the intial fast coke tay down on the catalyst
and to control the hydrogendolysis activity, sul-
phidanion of fresh as well as the regenerated
catalysts was carried out by hydrogen sulphide
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Fig, 6Temperature-programmed reduction profiles of
mono- and bi-metallic catalysts
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or suttable organic sulphur compounds under
specific conditions. Thereafter, the activity
tests for various catalysts were carnied out for
106 to 700 hours.

The data generated in IIP piot plant for aro-
matics production under typical conditions
are compared in Table 2 with those of indus-
trial plant using a commercial multimetallic
catalyst. Similar CJand gromatic yields indic-
ate that the performance mn 1P pilot plam
could well be correlated with indusinal unnt
operations.

Mono-metallic catalysis—The performance of
1IP’s mono-metallic catalyst {A4] is compared
with that of a commercial catalyst (A2} in
Table 3. The tests were performed using a par-
affinic feedstock. The data indicate the equiv-
alence of 1P catalyst to the commercial catal-
yst. Also included in Table 3 is the rempera-
ture-octane-yvield sensitivity of IIP’s catalyst
{Ad), which is well in accordance with plant
realizations with commercial catalysts,

164

Table 4 gives a comparison of the perform-
ance of two different baiches of IIP's mono-
metallic catalysts (A4 and AR} under identical
conditions. The similar vields and product
quality clearly demoenstrate the reproducibility
of the catalyst preparation technique,

At high octane severity, HP's mono-metallic
catalyst {AG) compares well with a commereial
catalyst [A3), with respect to both product
vields and octane, as seen in Table § and Fig.
7. Another batch of mono-metaliic IP-ACC
catalyst (A7) having 0.55 wi% Pt was evaluat-
ed for €, aromatics production. The data are
presented in Fig. 8. The weight per cent yields
of total aromatics and C, aromatics vary in the
range of 61-63.6% and 42-43.6% respectively.
The average yield of aromaties at different

Table 2--Comparison of ITP's Pilot Plant and

Industrial Plant Data
Feed Boiling Range 110-140°C
Catalyst
HP Pilot Plant Indusirzal
Comimercial Multi-mezaliic.,

Reactor pressure (bar) 20 20
W1 % yieid

¢ Reformae G197 91.34

Toksl sromatics 776 77.0

Table 3~-Pilot Plant Data on IIP and Commercial
Mono-metailic Catalys!s

Feed boiling renge {ASTM] 85 - 186
Compesitinn fvol %)
Paraifing 77
Naphthenes 13
Aromatics g
Cawmlyst A2 Y- 344141
{commercinf]
Reactor iempersture (°C) 482 482 490
Reactor preseure [bar) 24 24 24
WHEV 2 21 21
Reformate (RONC) 83 83 £0.3
Wi % yield,
{{Reformate 84.5 B3 #1.5
Hydrogen 08 0.8 0.9
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Table 4-Comparison of Perfermance of Twe
Batches of IP Mono-metallic Catalysts

Feed boiling range ( ASTM) 90 - 136°C
Composition (Vol %}

Paraffins 44.7

Naphthenes 48.9

Aromatics 5%
Catalyst A4 AR
Reactor tersperature (°C) 480 423
Reactor pressure (bar) 24 24
WHEY 30 31
Reformae {(RONC) G0 91
W% yield ’

CiReformats 91.3 1.5

Hydiogen 24 25

Table §—Pilot Plant Data on IIP and Commercial
Mono-metallic Catalysts (at high octane)

Feed boiling range 11-140°C
Composition {Vol %)
Paraffine 339
Naphthenes n7
Atfomatcs K4
Catalyst AL (TIR) A2
{Commerical
Reacror tersperature {°C) 491 490
Reactor pressure (bar) 18 i8
WHSV 20 20
Reformate (RONC) s Q9R.6°
Wt % yield
.1 Reformate 854 86.2
Hyedrogen 23 2.5
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Fig ?—Comparison of IIP { A8} and commercial {A3) mo-
no-metailic catalyst
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temperatures are also given in Fig. 9. These
yields compare well with vields to be expected
from the use of commercial catalysts.

The stability and regenerability of I{P’s mono-
metallic catalysts have been found 1o be very
good. The yield-data on [IP’s catalyst, Ad, for
mstance, for three cycles, each lasting about
230 hr on stream are presented in Fig. 10. All

. the data are normaliscd to 90 RONC, The da-

ta indicate the excellent stability of the catalyst
m three cycles. At the end of each cycle, the
catalyst was subjected 10 accelerated ageing
dunng which 6-10 wi% coke was deposited on
the catalyst, The RONC of the reformate ve
hours on oil are plotted in Fig. 11 for the three
cycles. Itis a testimony 1o the special regencra-
tion and reactivation procedure developed by
ITP which more than restores the fresh catalyst
activity in the third cycle. Fig. 12 shows the
stability of another IIPACC catalyst (AS) un-
der ultra-high severity tests.
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Fig 13—Performance stability of Pt-Re catalysts

Bimetallic catalysts—Concomitant with the
announcement of Rheniforming catalyst by
Chevron fot low pressure reforming, IIP ex-
tended its development work to cover a range
of bi-metallics for possible, specific applic-

¢

ations in India. The data obtained with one
such formulation (B3) are compared with
those of a present-generation Pt-Re catalyst
(B2} in Fig. 13, The data demonstrate the ex-
cellent activity, selectivity to aromatics and
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stability of IIP’s bi-metallic catalyst. Similar re-
sults were obtained with cur Pt-Ir formul-
ations also.

Temperaiure response—The temperature re-
sponse of [IP formulations viz, the monome-
tallic, Pi-Ir bi-metallic and Pt-Re bi-metallic,
are comparcd with commercial catalysts in
Figs. 14, 15 and 16 respectively. This clearly
establishes the competitiveness of [IP’s re-
forming catalysts. '

Conclusion

Indigenous development of a whole range of
reforming catalysts has been realized by ITP-
ACC, As a result, IIP, along with ACC are now
in & position to offer mono- and bi-metallic re~
forming catalysts for cormmercial trials in exist-
ing reformers in India If these trials are suc-
cessful, then Indian catalysis will gain a real fit-
lip.
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