
Applied Catalysis A: General 439– 440 (2012) 57– 73

Contents lists available at SciVerse ScienceDirect

Applied  Catalysis A:  General

j ourna l ho me page: www.elsev ier .com/ locate /apcata

Single  and  combined  effects  of  Bottom  Cracking  (BCA)  and  Propylene  Booster
(PBA)  separate  particles  additives  addition  to  a  Fluid  Catalytic  Cracking  (FCC)
catalyst  on  the  FCC  product  distribution  and  quality

Yannick  Mathieua, Avelino  Cormaa,∗,  Michaël  Echardb,  Marc  Boriesb

a Instituto de Tecnología Química, UPV-CSIC, Universidad Politécnica de Valencia, Consejo Superior de Investigaciones Científicas, Avenida de los Naranjos s/n, 46022-Valencia, Spain
b TOTAL Raffinage Marketing, Research Centre of Gonfreville, Z.I. du port autonome du Havre, route industrielles, carrefour n◦ 4, 76700 Rogerville, France

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 25 April 2012
Received in revised form 21 June 2012
Accepted 22 June 2012
Available online 1 July 2012

Keywords:
Fluid Catalytic Cracking (FCC) catalyst
Propylene Booster additive (PBA)
ZSM-5
Bottom Cracking additive (BCA)
Micro-Downer (MD) unit
Micro-activity test (MAT)
FCC diesel and gasoline quality
Comprehensive two-dimensional gas
chromatography (GC × GC FID)

a  b  s  t  r  a  c  t

In  the  present  work,  we have investigated  how  the  single  and  combined  addition  of commercial  separate
particle  additives,  such  as Bottom  Cracking  additive  (BCA)  and  Propylene  Booster  additive  (ZSM-5  based-
PBA), to  a  FCC  USY  catalyst  can  influence  the  product  distribution  and quality  during  FCC  processing.  Due
to the  relatively  low  catalytic  activity  of  the  BCA  additive,  the increasing  single  addition  of  BCA  implies  a
higher ratio  of  thermal  to  catalytic  cracking,  leading  in particular  to higher  dry-gases  and  coke  selectivities
and a lower  gasoline  pool  quality.  The  Bottom  Cracking  ability  of  the  BCA  additive  is feed  dependent  and
starts  to be  representative  for high  addition  levels  of  about  50–60 wt%,  allowing  the  increase  of  the  LCO
pool  selectivity  and  quality.  The  single  and  low  addition  level  (i.e.  10 wt%)  of ZSM-5  based  additive  allows
to  drastically  improve  the  light alkenes  selectivity  at the  expense  of  the gasoline  selectivity,  improving,
due  to  concentration  effects,  the quality  of the  FCC  gasoline  pool,  but  generally  limiting  the LCO  selectivity
and  quality  while  the  coke  selectivity  is  little  increased.  The  combined  use  of both  additives  looks  like
an interesting  upgrading  strategy  considering  that it is  possible  to keep  a high  catalytic  activity,  to  fully
take  advantage  of  the  beneficial  effects  of  the  ZSM-5  and  BCA  additives,  and  to  mitigate  at  the  same  time
the increase  of  the  coke  and  dry  gases  selectivities.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Light alkenes and, in particular, propylene are traditional build-
ing blocks for the chemical and petrochemical industries [1,2]. The
main process for propylene production is today the steam crack-
ing, in which the propylene is not the main product (i.e. ethylene)
but an important by-product. Nevertheless, the C2=/C3= ratio in
steam cracking process cannot be tuned over a wide range to supply
more propylene, and as today propylene worldwide demand grows
faster than the ethylene one, other propylene sources are needed
to fill the gap between propylene demand and supply [3].  Alter-
native routes for direct production of propylene, such as propane
dehydrogenation [4], methanol-to-olefins [5] and olefin conver-
sion, including metathesis and olefin cracking processes [6],  are
available. However, even if each one of these routes can offer com-
petitive economics, it is not expected that these technologies will
be able to completely make up the shortfall of propylene supply.

The second largest source of propylene is from Fluid Catalytic
Cracking (FCC) process, and FCC units are expected to play a
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fundamental role for propylene production [7].  Conventional
propylene yields achieved in FCC units are 4–7 wt%. However,
adapted FCC processes, such as Deep Catalytic Cracking (DCC) and
PetroFCC processes may  be able to increase the propylene yield up
to 15–20 wt%  [8].  Another possibility to increase the FCC propylene
production, as proposed by various authors [9–14],  is to recycle to
the FCC unit the high sulfur and olefin content light naphtha from
catalytic cracking. On the other hand, it is well known that using
optimized conditions (i.e. high severity) and shape-selective cata-
lyst additives (i.e. Propylene Booster additives – PBA), it is possible
to directly improve the yield of propylene and other light olefins
in the conventional FCC process, at the expense mainly of gaso-
line and distillate products [15,16]. Taking them together, these
modifications can result in propylene yield up to 8–12 wt%.

Propylene Booster additives are zeolitic materials based on ZSM-
5 zeolite (Nan·AlnSi96n·O192·16H2O with 0 < n < 27) which gives,
thanks to its intermediate pore size distribution, a preferential
cracking selectivity to light olefins (C2–C5) in general and to propy-
lene in particular at the expenses mainly of linear and low octane
compounds of the gasoline pool. ZSM-5 based additives were com-
mercially introduced into the FCC process in the 1980s to improve
gasoline octane numbers. Nevertheless, today, the additive is prin-
cipally used with the purpose of increasing C3–C5 olefins yields.
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