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Dividing wall revamp boosts octane 
and throughput

E
conomic growth and envi-
ronmental awareness require 
refineries to produce clean, 

high-octane gasoline products. The 
octane number or RON is primarily 
the knock resistance measure of gas-
oline. It has a numerical value from 
0 to 100 and primarily describes the 
behaviour of the fuel in the engine 
during combustion at lower tem-
peratures and speeds. To take RON 
values to higher levels, the reform-
ing and light naphtha isomerisation 
process became an integral part of 
refineries. Light naphtha isomerisa-
tion not only produces high octane 
isomerate products but it also takes 
care of the latest stringent gasoline 
specifications. Isomerisation units 
can handle the benzene content of 
the gasoline pool and most ben-
zene and its precursors are diverted 
to the light naphtha fraction as the 
feed to this unit. The isomerisation 
unit saturates benzene to cyclohex-
ane. The configuration of an isomer-
isation unit depends on the required 
RON value of the gasoline pool.

Overview of a light naphtha 
isomerisation unit
Isomerisation and reforming are 
processes which help to improve 
the octane barrel of the end product 
by either converting straight chain 
paraffins to their branched isomers 
or by changing linear hydrocarbons 
into branched alkanes and cyclic 
naphthenes which are then par-
tially dehydrogenated to produce 
high-octane aromatic hydrocarbons. 

Isomerisation reactions are 
reversible and mildly exothermic. 
Conversion to iso-paraffins does 
not reach completion since the 
reaction is equilibrium governed. 

Dividing wall column technology reduces energy and capex, but increasingly contributes to 
higher revenues from better products, as in this application to light naphtha isomerisation

MANISH BHARGAVA and ANJU PATIL
DWC Innovations

The presence of other components 
in the feed such as benzene and 
naphthenes tends to raise the reac-
tion temperature as benzene satu-
ration and naphthene ring opening 
are highly exothermic, while low 
temperatures favour the conver-
sion of n-paraffins to iso-paraffins. 
However, operating at low tem-
peratures will decrease the reac-
tion rate, so to overcome this a very 
active catalyst is usually employed. 

Light naphtha isomerisation is 

evaluated on the basis of the prod-
uct yields and the RON of the 
isomerate product. The liquid prod-
uct yield is determined principally 
by the extent of hydrocracking 
which takes in the isomerisation 
unit. Hydrocracking is an undesir-
able side reaction which converts 
light naphtha into light hydrocar-
bon gas molecules which are low 
RON components. There is an 
inbuilt tendency in molecules with 
higher molecular number such as 
the heptanes and above to crack and 
produce undesirable components. 
C7+ molecules are diverted to the 
CCR unit instead of the isomerisa-
tion unit, and benzene and benzene 
precursors help to manage this well. 
Figure 1 shows the primary light 
naphtha isomerisation reactions.

The isomerisation reaction 
enhances the octane values of 
straight chain alkanes by isom-
erising the n-pentane (nC5, RON 
value 62) to iso-pentane (iC5, RON 
93.5). Other low RON components 
like nC6 (RON 31) are isomerised 
to 2-methylpentane (2MP, RON 
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RON values of individual components in a light naphtha isomerisation unit
Table 1 

or

or

n-Pentane

2-Methyl Pentane 3-Methyl Pentanen-Hexane

2,2-Dimethyl Butane 2,3-Dimethyl Butanen-Hexane

i-Pentane

Figure 1 Primary reactions in a light naphtha isomerisation unit

Component Boiling point, °C RON
i-Pentane 27.8 93.5
n-Pentane 36.1 61.7
2,2-Dimethylbutane 48.7 93
Cyclopentane 49.3 101.3
2,3-Dimethylbutane 58 104
2-Methylpentane 60.3 73.4
3-Methylpentane 63.3 74.5
n-Hexane 68.7 30
Methylcyclopentane 71.8 95
Benzene 80 >100
Cyclohexane 80.7 83

RON values of individual components 
in a light naphtha isomerisation unit

Table 1
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capex involved in deploying var-
ious columns in the process of 
boosting octane makes the techno-
crats in the facility rethink other 
options. Also, with facilities that 
have already invested in these col-
umns, further enhancement of RON 
is always on the table. In this article, 
we will be discussing the various 
configurations of an isomerisation 
unit. Figure 2 shows the typical loca-
tion of an isomerisation unit in a 
refinery. The top product from the 
naphtha splitter with C7 less than 
3% is sent to the isomerisation unit. 
 
Typical configurations of 
isomerisation units in a refinery
Once-through vs hexane recycle 
The simplest isomerisation units are 
once-through units. Fresh feed is 
sent to a feed pretreatment section 
and then passes through a series of 
isomerisation reactors after mixing 
with hydrogen gas where it comes 
into contact with the catalyst. The 
reactor effluent is sent to a stabi-
liser column where hydrogen and 
light hydrocarbons produced due 
to hydrocracking are removed from 
the top as off-gas and the isomerate 
is removed from the stabiliser bot-
toms. The RON achievable through 
these once-through processes is 
about 85. 

Refineries that want to achieve 
RON beyond a value of 85 deploy 
ways to recycle low octane mol-
ecules back to the isomerisation 
reactor. Facilities which have an 
isomerisation reactor followed by 
a deisohexaniser (DIH) column can 
achieve a product RON of up to 88 
by recycling a high percentage of 
the n-hexane, 2-methylpentane, and 
3-methylpentane, which are low in 
RON, back to the reactor. 

This is achieved by drawing the 
mid-cut from the DIH column. The 
DIH produces a light isomerate 
distillate product consisting of C5 
and branched C6 molecules (rich 
in DMBs), a C6 recycle side draw, 
and a C7+ bottoms product. For a 
recycle stream at 60% of the fresh 
feed, an octane increase of several 
points is achieved compared to the 
once-through operation. Typically, 
one can expect a RON increase 
from 83-84 to 87-88 with DIH col-
umn hexane recycle to the isom-

74) and 3-methylpentane (3MP, 
RON 76). These 2MP and 3MP 
molecules are then isomerised to 
2,2-dimethylbutane (22DMB) with a 
RON of 94 and 2,3-dimethylbutane 
(23DMB) with a RON of 104. Table 
1 shows the comparative RON val-
ues of individual components in an 
isomerisation unit.

Unit configurations to meet RON 
requirements
As isomerisation reactions are in 
equilibrium, various methods are 
used to push the reactions in the 
forward direction. The target RON 
desired for the combined isomer-
ate product depends on two cri-
teria, the first being removal of 
products from the isomerate stream 
and the other recycling low octane 
molecules from the product back 
to the isomerisation reactors. For 
this purpose, the depentaniser and 
deisopentaniser are installed. It can 
be concluded that, since the isom-

erisation reactions are in equilib-
rium, the product octane number 
is defined by the number of sep-
aration units in the process. The 
sequence of columns used for sep-
aration of isopentanes or isohex-
anes clubbed with the isomerisation 
unit with recycle give benefits on 
account of managing the equilib-
rium of the reactions taking place in 
the isomerisation unit to maximise 
RON. As the benchmark for RON 
is increased, there is an increase in 
reboiler duties which can be attrib-
uted to the following factors:
• Increase in RON requires a 
sharp separation between low and 
high-octane molecules due to which 
the reboiler load of the column 
increases.
• RON can also be increased by 
recycling low RON components 
back to the reactor, which increases 
the reboiler duties of the down-
stream columns.

Apart from increased opex, the 
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Figure 2 Typical location of a light naphtha isomerisation unit in a refinery

Dried H2

Reactor heater Off-gas

Dried
naphtha

feed

Product

Light isomerate

ISOM reactors

RON 87-88 Heavy isomerate

D
ei

so
he

xa
ni

se
r

St
ab

ili
se

r

Figure 3 Typical configuration of a light naphtha isomerisation unit with hexane recycle
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erisation reactor. Figure 3 shows 
a typical configuration of a light 
naphtha isomerisation unit with 
hexane recycle.

Isomerisation unit with hexane 
recycle and deisopentanised feed
Some facilities, in addition to a DIH 
column with recycle, have a deiso-
pentaniser (DIP) column installed 
before the isomerisation reactor. 
This helps in achieving an isomer-
ate product of RON up to 90. As 
the DIP is placed in a feed fraction-
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ation section, it removes iC5 from 
the feed as overhead distillate prod-
uct, which pushes the reaction in 
the forward direction. The balance 
of the feed is sent to isomerisation 
reactors and the reactor effluent is 
sent to a DIH column to separate 
high octane C5/C6 isomerate prod-
uct from low octane C6 molecules 
which are recycled to the isomeri-
sation reactor. Thus the addition of 
a DIP increases the RON over that 
of a ‘DIH only’ configuration (see 
Figure 4). 

Isomerisation unit with hexane 
recycle, deisopentanised feed, and 
C

5
 recycle

Unconverted n-pentanes with RON 
values as low as 61 are sent to the 
DIH distillate and thus become a 
part of the final isomerate prod-
uct. For full conversion of all nor-
mal paraffins, recycling is required 
via a depentaniser (DP) installed 
before the DIH column. This helps 
to make a sharper separation 
between the DMB-rich C6 isomer-
ate product and the iC5/nC5 recycle 
stream. The DP column removes 
iC5/nC5 as an overhead distillate 
product upstream of the DIH and 
recycles it back to the deisopen-
taniser column, which in turn sep-
arates iC5 as the high RON top 
product, and nC5 is recycled back 
to the reactor via bottoms product. 
This again helps in pushing the 
equilibrium reactions in the for-
ward direction. The configuration 
(see Figure 5) improves RON up to 
93.

Table 2 shows how the introduc-
tion of DP/DIP/DIH columns in 
the isomerisation loop in various 
combinations, clubbed with the type 
of process employed, impacts the 
achievable RON. 

Developments in dividing wall 
column technology applied to 
isomerisation             
Advances in distillation play a key 
role in minimising the costs of new 
and revamped projects in a refin-
ery. Dividing wall column (DWC) 
technology had limited acceptance 
20 years ago but is now reshaping 
our distillation processes. DWC 
technology is increasingly used to 
modernise conventional distillation 
sequences, especially in revamps of 
existing units. Besides energy and 
throughput improvements, a DWC 
revamp significantly improves the 
performance of downstream units. 

The alignment of the dividing 
wall inside the column plays a 
dominant role in the selection of 
DWC for a particular separation. 
The middle DWC is an ideal alter-
native for side cut columns, which 
helps to increase throughput and 
gives better product specifications. 
The top DWC provides an addi-
tional source of heat integration 
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Figure 4 Typical light naphtha isomerisation unit with hexane recycle and 
deisopentanised feed
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Figure 5 Isomerisation unit with hexane recycle, deisopentanised feed, and C
5
 recycle

Isomerisation unit process configuration No of column RON of isomerate
   product
Once-through   Stabiliser 81-84
Hexane recycle   Stabiliser + deisohexaniser  87-88
Deisopentanised feed and   Deisopentaniser + stabiliser + deisohexaniser  89-90
hexane recycle
Pentane and hexane recycle  Deisopentaniser + stabiliser +  91-93
  Depentaniser + deisohexaniser

Typical RON for various isomerisation unit configurations

Table 2
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Figure 6 Elevation of commonly used dividing wall columns Source: DWC Innovations
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RON value of the final isomerate. 
Although this configuration defi-
nitely gives a higher RON than a 
once-through process, the RON can 
be further increased by recirculating 
methylpentanes back to the reac-
tor. Also, separation of isopentanes 
present in the fresh feed going to 
the isomerisation reactor contribute 
to higher RON values. The isopen-
tanes present in the fresh feed take 
a free ride in the isomerisation reac-
tion process and restrict the forward 
reaction to produce more branched 
chain components. The conven-
tional method for removing isopen-
tanes from fresh feed is to install a 
DIP column upstream of the isom-
erisation reactor.

The revamp of an existing DIH 
column to a DWC enables it to have 
the dual functionality of a deiso-
pentaniser. Hydrotreated naphtha 
is first sent to the revamped DIH 
column which now produces four 
sharp cuts. As Figure 7 shows, the 
light/heavy isomerate and the recy-
cle are managed in a way similar to 
that before the revamp, while the 
fourth cut is the fresh feed to the 
isomerisation reactor without iso-

tionality of DIP or DP columns as 
the case may be. Besides enhanc-
ing separation, DWC revamps pro-
vide considerable energy savings 
when compared to conventional 
distillation column flow schemes. 
The use of DWC technology in an 
isomerisation unit not only targets 
improvement in RON but brings 
the added advantage of increased 
throughput which would other-
wise require installation of new 
columns. The remaining part of 
this article focuses on the appli-
cations and outcomes of revamp-
ing the DIH column in various 
configurations.

Application of DWC in isomerisation 
units with hexane recycle
The DIH column recirculates 
unbranched molecules, mainly 
n-hexanes and methylpentanes, 
after removal of branched, high-
RON molecules back to the isom-
erisation reactor. The top product, 
the light isomerate, contains mainly 
isopentanes, dimethylbutanes, 
and methylpentanes. The less the 
amount of methylpentanes going 
to the top product, the better the 

with other process streams. On 
the other hand, the bottom DWC 
has the advantage of replacing a 
two-column arrangement in an 
indirect sequence.

The latest advance in DWC tech-
nology is dual wall dividing col-
umns which are known to have a 
higher thermodynamic efficiency 
than their counterparts. From the 
outside, it is no different from a 
simple DWC but has the capability 
to deliver four or more high purity 
products from a single column. As 
dual wall columns are robust, flex-
ible, and easy to operate, this tech-
nology has become viable. Figure 6 
shows the elevations of commonly 
used DWCs.

 
Revamp of a deisohexaniser column 
using DWC technology
DWC technology plays a key role 
in enhancing the performance of 
isomerisation units. Facilities that 
want to improve the RON of the 
final isomerate find divided wall 
column technology lucrative as this 
involves only the deisohexaniser 
(DIH) column being revamped, so 
as to include the additional func-
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Figure 7 Revamp of a DIH column to DWC in an isomerisation unit with hexane recyle
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Figure 8 Revamp of a DIH column to DWC in an isomerisation unit with hexane recycle and deisopentanised feed
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Conclusion 
The benefits of DWC technology 
have grown beyond reduction 
in energy consumption or capex. 
Refineries are using DWC tech-
nology for maximising revenue 
from newer or better products. It is 
increasingly used in debottleneck-
ing existing units in the refinery. 
Light naphtha isomerisation is one 
such example, in which the simple 
revamp of a DIH column improves 
the unit’s performance by improv-
ing RON along with an increase in 
throughput. 
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pentanes. This is an attractive and lucrative scheme as 
a DWC revamp of a DIH saves the installation of a DIP 
column, though offering the same benefits.

The advantage of this revamp is a boost in RON to 
90, from 87 previously, along with a fresh feed increase 
of 10-20%. Figure 7 compares a conventional DIH to a 
post-revamp version converted to a DWC configuration 
unit with hexane recycle.

A conventional configuration of an isomerisation 
unit with hexane recycle and a DIP column can attain 
a RON close to 90 as the presence of the DIP column 
helps remove most iC5 before the reactor which in turn 
affects the reaction equilibrium in the forward direc-
tion. But to achieve RON values beyond this number, 
unreacted nC5 needs to be recirculated back to the reac-
tor. The DIH column in the conventional configuration 
is not able to restrict nC5 going to the light isomerate, 
hence maximum conversion of nC5 to its high-octane 
isomer is not achieved. Also, because some portion of 
nC5 becomes a part of the light isomerate this affects 
the RON adversely. By revamping the conventional 
DIH column to dividing wall, more of the sharper cuts 
can be obtained and the RON of the isomerate can be 
improved further. 

Figure 8 shows that, to improve the RON of the 
final product further, the DIH column is revamped to 
a DWC so as to draw four cuts from the column. The 
light and the heavy isomerate are combined and sent to 
the gasoline pool, while the third cut is recycled to the 
reactor in a manner similar to the conventional scheme. 
The fourth cut drawn from the DIH column primarily 
consists of iC5 along with unreacted nC5 which is recy-
cled back to the DIP column. The deisopentaniser col-
umn removes isopentanes from the fresh feed along 
with the recycle stream from the revamped DIH col-
umn. The bottoms of the DIP column are rich in straight 
chain components and are routed to the isomerisation 
reactor. The revamp of a DIH column in this configura-
tion provides the dual functionality of a DP column and 
helps in achieving a RON of 91-93 in the final isomerate 
product.

Table 3 summarises the benefits of DWC technology 
for various isomerisation configurations.

   
   Performance of isomerisation unit after revamp
No of columns in RON of existing        of deisohexaniser column to dividing wall column
isomerisation unit isomerisation RON  Increase in  Remarks
configuration unit   throughput  
Stabiliser +  87-88 89-90 10-20% Existing DIH column
deisohexaniser (DIH)    performs dual
    functionality of hexane
   recycle & deisopentaniser
   after the revamp to DWC
Deisopentaniser (DIP) + 
stabiliser + deisohexaniser   89-90  91-93  5-10% Existing DIH column
(DIH)    performs dual
    functionality of hexane
    recycle & depentaniser
    after the revamp to DWC

Performance of an isomerisation unit after revamp of a DIH column to DWC

Table 3
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After this catalytic unit, the gas can be passed through
an amine unit before it is ready as feed for steam reform-
ing. It will then be a very useful steam reforming feed,
and in case it contains some H2, which it typically does,
the normal gas recycle within a steam reforming unit can
be stopped. References for this type of unit do exist.

A  Joris Mertens, Principal Consultant, KBC (A Yokogawa 
Company), Joris.Mertens@kbc.global
The economics of hydrogen recovery depend on the 
supply and demand side, on both the cost and the value 
of recovery. 

The value of recovery
If hydrogen is produced from $2/MMBTU natural gas,
then the hydrogen will be worth only around $400/t.
There are even refineries that flare excess hydrogen, in
which case hydrogen recovery has no value at all. The
other extreme is a site with a high margin hydrocracker
being constrained by lack of hydrogen, which can make
the value of hydrogen reach $3000/t.

The cost of hydrogen recovery
The cost of hydrogen also varies widely. In general, it
will be much cheaper to avoid hydrogen slippage to
fuel gas than to recover it after it is lost to fuel gas. Valve
leaks and unintended control losses of hydrogen to fuel
gas can be avoided without significant cost. Reducing
high pressure hydrogen bleeds or cascading hydro-
gen comes at a cost in terms of catalyst cycle length but
should be considered.

Direct hydrogen recovery from fuel gas streams is
more costly due to the low pressure and lower hydrogen
contents, which in most cases are too low to allow puri-
fication in a membrane or PSA unit. Hydrogen in lower
purity streams can potentially be recovered by process-
ing them as feed on a steam reformer where the feed
hydrogen will unload the furnace.

A more expensive option is cryogenic hydrogen recov-
ery. In most cases, the investment in a cryogenic unit only
is economic if the fuel gas stream contains other compo-
nents with a higher value (for instance LPG, naphtha).
This may change in the future as excess refinery fuel gas
will become more common due to increased energy effi-
ciency and residue conversion levels. Sustained and real
time optimisation of the fuel and hydrogen networks can
be achieved by incorporating the hydrogen network into
the (digitalised) refinery energy management system.

A  Tom Ventham, Sales & Technical, Europe and Africa Unicat
BV/G. W. Aru, LLC tom.ventham@gwaru.com and Xavier
Llorente,Technical Sales Engineer EMEA & Asia, Unicat Catalyst,
xavier.llorente@unicatcatalyst.com
Operating with appreciable amounts of hydrogen in
refinery fuel gas has a number of particularly important
drawbacks. Hydrogen has a low molecular weight giv-
ing it a low calorific value per unit volume, is costly to
compress, and introduces more pressure drop in the fuel
gas headers. On top of this there is a concern for hydro-
gen embrittlement in piping sections, valving, and fit-
tings that are not suitable for handling hydrogen rich

streams (using basic carbon steels). However, the most
obvious downside is the financial cost of burning valu-
able hydrogen. Hydrogen sources in fuel gas can be
from reformer or isom units where the make gas or off-
gases are not separated off as a hydrogen rich stream for
hydrotreating, selective hydrogenation, or other hydro-
gen intensive processes. More commonly the main
source of hydrogen in refinery fuel gas is from FCC dry
gas which contains a mixture or hydrogen, H2S, C1, C2, 
and other non-condensables.

Many refiners are choosing to capture and purify the
hydrogen from fuel gas streams by using a pressure
swing adsorption (PSA) unit. PSA units are a straight-
forward and flexible option to recover hydrogen at a
high purity. The unit can be sized to the feed flow rate
it is processing, and the range of contaminants typically
found in refinery fuel gas streams, such as methane and
CO2, can be easily purified. After recovery of hydrogen
for use in downstream processes, purge gas from the
PSA is injected back into the fuel gas system, minimising
any losses and maximising total value. As the process to
purify the stream using a PSA is straightforward, the unit
can run with minimal outside utilities or requirement for
operator involvement. The plot space needed is compact
and it is an easy and straightforward option as a refin-
ery upgrade. This has led many refiners to consider their
PSA system as a ‘black box’ which they only need to think
about once every 10-15 years to change out the adsorbent
layers and inspect the integrity of the pressure vessels. A
poorly specified or optimised PSA will not be maximis-
ing profitability for the refinery. Unicat can independently
assist refineries maximise the potential of their PSA unit,
whether it is a new installation or an operating unit.

joint venture provides on-site support to manufacturing
plants and service offices in China.

Under increasingly stringent global regulations on the 
reduction of pollutant emissions, China has a limit of 10 
ppm for the sulphur content of diesel fuels. To comply 
with the requirements, refineries are required to invest 
in technological modernisation. The diesel desulphur-
isation process includes a hydrogenation process that 
requires system pressures of more than 100 bar and 
temperatures of more than 400°C. Since even the small-
est leaks can cause fatal fires, plants and components 
require the highest level of reliability and safety. In the 
case of a reactor circulation pump requiring a delivery 
rate of 1000 m³/h and a delivery head of 65 m, a well-
known refiner in China relies on the expertise and qual-
ity of Hermetic.

Leakage-free pump solution
The core of the 10-ton pump system is a CNKfH+D 300-
500 canned motor pump. The water-cooled motor of the
pump according to API 685 has a shaft power of 185 kW.
All pressure containing parts were made of forged solid
materials. The housing is made of highly resistant SS 316
Ti stainless steel and has been tested at 310 bar. With a
system pressure of 112 bar and an operating temperature
of 405°C, the integrated, compact unit is designed for a
nominal pressure of 130 bar. In addition to the rotor lin-
ing, the motor housing serves as a secondary contain-
ment, which provides a leak-free, safe pump solution.

Low wear and maintenance design
The design-related omission of wear-prone components 
such as shaft seals, couplings, and bearings reduces 
the maintenance and repair costs and ensures a longer 
service life. The Zero Axial and Radial Thrust (ZART) 
technological part from Hermetic ensures contact- and 
wear-free running of the rotor unit. It is based on com-
prehensive axial thrust balancing in conjunction with 
hydrodynamic sleeve bearings. While relief mecha-
nisms in the control unit continuously monitor the axial 
position of the pump shaft, a fine fluid film between the 
rotating and static sleeve bearing component allows full 
‘floating’ of the rotor. To monitor axial thrust balancing, 
the pump is equipped with Hermetic MAP technology. 
The rotor position monitoring detects the slightest plays 
in the rotor movement and serves as a kind of early 
warning system to prevent undesired operating con-
ditions and expensive damage. Due to this hydraulic 
power balance, the pump operates without radial and 
axial wear, thus offering plant operators significantly 
longer service life.

Integrated measurement and control
To ensure high availability and durability, the canned 
motor pump is provided with additional measuring 
and control equipment. To prevent potential motor 
and bearing damage, this particular process avoids gas 
accumulations on the motor side, which can escape 
from the pumped medium. A dosing pump precisely 
tailored to the application generates a fine, uniform 
counterflow in the rotor space, which prevents this. 
A level indicator integrated in the system monitoring 
indicates whether there is no gas in the circuit. While 
a heat barrier prevents heat transfer from the pump to 
the motor part, an external heat exchanger ensures the 
dissipation of motor heat loss. To prevent overheating, 
temperature monitoring of the motor winding is inte-
grated. Another sensor monitors the temperature of 
the motor cooling circuit, which ensures cooling per-
formance and functional safety. Other components 
such as safety valves and extensive, rigorous testing 
and inspection procedures, including X-ray tests, vibra-
tion tests, and ultrasonic tests, as well as comprehen-
sive documentation complete the scope of supply to a 
highly reliable system. Hermetic pumps demonstrate 
their safety and performance currently in 15 large refin-
eries worldwide. 

HERMETIC-Pumpen GmbH
For more information:
waidmann.alexander@hermetic-pumpen.com

   Raising catalyst performance

Stringent constraints regarding automotive fuel speci-
fications have pushed refiners to improve the efficiency
of their gasoline and diesel production. Issues like octane
number specifications, CO2, SOx, NOx and light particle
emissions can be listed as the main points that require
technological creativity and efforts.
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performance through reduced cat-
alyst activity, leading to increased
catalyst addition as well as the
potential for afterburn. In R2R units,
the first stage regenerator operating
in partial burn mode removes the
majority of the hydrogen from the
coke, reducing the potential for high
temperature hydrothermal deactiva-
tion in the second stage. The impact
of uneven coke burn-off in the first
stage does not greatly influence
catalyst activity in two stage regen-
eration. However, it can result in
localised afterburn in the first stage
and can impact the performance of
the second stage regenerator.

In single stage full burn regener-
ators, where the temperatures are 
higher, the impact on the catalyst is more severe. The 
uneven coke burn-off may result in excessively coked 
particles flowing to the riser and poor catalytic perfor-
mance, poor yields and more dry gas formation. Bed 
and dilute phase temperature variation and afterburn 
can impact the mechanical reliability of the internals 
and may often require a capacity reduction to con-
trol the dilute phase temperatures. These issues have 
driven the development of spent catalyst distributors 
for use in all types of regenerator designs, especially for 
large regenerators.

Compound angle wye bathtub distributor
TechnipFMC’s compound angle wye bathtub spent
catalyst distributor has been developed to address cat-
alyst maldistribution issues, which are often observed
as non-uniform bed temperatures in the regenerator.
This distributor is now offered as a standard design for
the first stage regenerator in R2R technology as well
as for single stage regenerators. The compound angle
wye bathtub distributor design, which is an improve-
ment to an original concept of slanted wye bathtub
distributor design, was optimised using extensive
computational fluid dynamics (CFD) modelling and
has been validated through commercial experience.
CFD modelling was conducted using Barracuda CPFD
software, which is well suited for simulating gas solid
flow hydrodynamics in fluidised beds, such as com-
mercial FCC regenerators.

Compared to the original slanted wye bathtub, the 
optimised design is initially inclined at a steep angle 
to aid catalyst flow into and down the arms, followed 
by a shallower angle to reduce catalyst velocity and 
prevent catalyst from overflowing the end of the bath-
tub arms. At the crotch where catalyst flows into the 
distributor arms, a weir is positioned to prevent cata-
lyst from overflowing and to direct it to flow down the 
two branches. The open slots in the upper section of the 
arms are eliminated to prevent premature distribution. 

A comparison of CFD modelling results from the 
original slanted wye and the optimised compound 
angle wye bathtub is shown in Figure 4. The catalyst 
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Figure 5 CFD results – catalyst flow distribution comparison
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Average values SOx, Additive rate, PUF Feed S, Slurry sulphur, Excess O
2
, 

ppm lb/d wt% wt% vol%
Competitor	 9	 1153	 8	 0.7	 1.7	 3.9
Super DeSOx CV+	 4	 515	 16	 0.6	 1.4	 4.2

*% Ash is the total inorganics including iron and its compounds.

Summary of SOx additive performance

Average value Super Super
DeSOx  DeSOx CV+

Feed sulphur, wt%	 0.83	 0.83
Slurry sulphur, wt%	 1.1	 1.2
Excess oxygen, vol%	 1.2	 1.3
% SOx reduction	 47%	 59%

Average values of key parameters
during trial period

Figure 7 Increased	SOx	reduction	using	Super	DeSOx	CV+

CV+) in June 2018. As Table 2 shows, 
average feed sulphur and slurry sul-
phur levels were very similar during 
the trial period, resulting in a simi-
lar level of uncontrolled SOx as cal-
culated using a refinery correlation. 
In addition, excess oxygen levels 
(which can impact additive perfor-
mance) were similar.

SOx emissions dropped by 22% 
with the switch to Super DeSOx 
CV+. This translates to an improve-
ment in SOx reduction levels from 
47% to 59% (see Figure 7).

Conclusion
Many refiners have long since used 
SOx reduction additives as part 
of their strategy for SOx emission 
compliance. However, there are an increasing num-
ber of applications for these additives, partly due to 
more stringent SOx emission legislation in various 
regions, as well as heightened interest in reducing 
the costs of wet gas scrubber caustic. Grace was the 
first company to commercialise SOx additives and 
continues to deliver improved performance with the 
recent commercialisation of Super DeSOx CV+. This 
improved additive provides increased levels of SOx 
reduction through higher cerium and vanadium dis-
persion across the additive particle, combined with 
an optimised spinel formation. Several refiners are 
now using Super DeSOx CV+, which is delivering a 
higher level of SOx reduction, as demonstrated by 
two case studies in this article.

Super	DESOX	is	a	trademark	of	W.	R.	Grace	and	Co.
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Sand acoustic monitoring
Pulling too much sand from the reservoir weakens the 
structural integrity and can ultimately result in a col-
lapse of the formation, reducing or killing off the abil-
ity to produce from the nearby area. Uncontrolled sand 
and fines migration can also impair the permeability 
of reservoir rock, reducing the natural productivity of 
the formation. Real time sand measurements provide 
greater insight into the performance of sand control 
techniques and asset integrity, supporting a data driven 
sand management strategy.

The ability to establish sand production profiles 
during well testing and determining maximum sand 
free rate (MSFR) and/or maximum allowable sand free 
rate (MASR), are important parameters when decid-
ing your production and sand management strategy. 
Operator insight and confidence are key in understand-
ing maximum acceptable sand rate production through 
the reservoir life cycle, ensuring maximum return on 
reservoir and asset. Acoustic sand monitor’s measure-
ment principle is based on the noise that sand generates 
when it impacts the pipe wall, which is processed by 
algorithm.

A Berthold Otzisk, Kurita Europe, berthold.otzisk@kurita.eu
Corrosion coupons and electrical resistance probes 
(for instance, wire loop probes, flush probes, tubular 
probes) are very useful tools. They require modification 
of the equipment and a defined area, where corrosion 
occurs to fix the monitoring equipment there. Valves, 
pipe sockets and other hardware have to be installed. 
Local corrosion could happen soon before or after the 
coupon or probe installation, reflecting wrong measur-
ing results because corrosion might not be indicated. 
Another disadvantage is that the installed monitoring 
equipment may change the flow properties in smaller 
pipes.

Non-intrusive monitoring devices can be used with 
far higher flexibility. A number of different technolo-
gies are available, providing helpful information about 
corrosion potential. Additional installation of valves or 
pipe sockets is not required. The sensor system can be 
fixed outside of the metal surface to measure corrosion 
without changing the flow characteristics. Ultrasonic 
devices can be used with a single sensor or multiple 
sensor system, where the metal thickness is measured. 
Hydrosteel instruments measure the hydrogen flux, 
permeating through the metal as an indication of cor-
rosion. This is a very helpful option when hydrogen 
induced cracking (HIC) is observed. Field signature 
method (FSM) is a monitoring technology where many 
sensor pins are welded onto the metal surface. Feeding 
an electrical current through the monitored section, it is 
possible to determine general corrosion or localised cor-
rosion inside of the pipe in real time.

In general, non-intrusive corrosion monitoring tools 
provide the advantage that they can be installed during 
operation. If the area of corrosion attack slightly shifts 
to another position, it is possible to move the sensor 
system to that new location to keep the corrosion moni-
toring under control.

the next plant turnaround, typically up to 10 years, so 
no maintenance is required between turnarounds.

 This simplicity of installation makes ultrasonic sen-
sors ideal for use in remote locations which are only
accessible during turnarounds. To protect the ultra-
sonic electronics from heat, the sensor uses stain-
less steel waveguides to keep the electronics safely
away from hot metal surfaces up to 600˚C (1100˚F).
Advanced processing software makes use of previous
recorded ultrasonic waveforms to improve the resil-
ience of the measurement when the internal metal sur-
face morphology is very rough, which is a situation
where normal ultrasonic wall thickness measurements
break down.

Field signature method – area monitoring
In critical locations, getting a deeper insight into cor-
rosion in a large area can provide valuable insight into 
understanding asset health. Field signature method 
(FSM) measures the metal loss trend within a pre-
defined area and quantifies general and localised cor-
rosion. This allows pipeline operators and refineries to 
optimise their crude feedstock, chemical inhibitor pro-
gramme, and their integrity assessment programmes. 
The measurement principle, which is based on electrical 
potential drop, measures voltages at multiple sections 
on the pipe or vessel, generating a topography image of 
metal loss phenomenon.
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radiation through the tower must be kept equal so χ
remains a constant. With I being measured, the equa-
tion is solved for ρ, the material density.

On the basis that χ was indeed kept equal, then the 
multiple sets of scan data from a packed column grid 
scan could be simply visually compared to each other. 
Since all scan parameters were constant, particularly 
the length or path of radiation through the column (χ), 
uniform liquid distribution would be confirmed by all 
four scans detecting identical radiation. Figure 2a is a 
typical example of a grid scan showing all four scan-
lines matching, implying good liquid distribution.

However, when there was some variance in the radi-
ation measurement and the sets of scan data did not 
seem to match very well, then liquid maldistribution 
would be diagnosed as the cause. Comparing the sets of 
scan data, lower radiation counts (higher density) indi-
cated more liquid and higher counts (less density) indi-
cated less liquid, therefore liquid maldistribution. An 
example of this type of conclusion is demonstrated in 
Figure 2b.

This is a totally subjective analysis lacking consistency,
open to varying interpretation, and does not translate
from tower to tower. Additionally, this quantitative anal-
ysis does not give any insight into the severity or quan-
tity of liquid maldistribution. Therefore, the resulting
conclusions from this purely qualitative approach can be
very ambiguous regarding the presence and magnitude
of any liquid maldistribution.

Advanced analytics: PackView
An advanced analytical analysis for gamma scan
data from packed columns was developed to con-
sistently analyse gamma scan data and reach a
conclusive result. Densities are calculated based

commonly referred to as a grid scan. When gamma
scanning a tower, Io remains fixed and µ is essen-
tially a constant. For a grid scan, the multiple paths of

Figure 2 (A) Gamma scan results showing good liquid distribution due to uniform response (B) Gamma scan results showing liquid mal-
distribution since there was no uniform response among the scanlines
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sation of diolefins in the presence of water at high tem-
perature on the reboiler process side (shell side). The 
duty of the debutaniser reboiler was limited due to this 
fouling which affected the operation of the debutan-
iser. The deposits on the reboiler were cleaned in the 
shutdown. 

Results
Post-installation of the Ky-Flex media in the HP sep-
arator, the water carry-over was reduced significantly
to the debutaniser overhead receiver. As a result, the
control valve in the debutaniser overhead receiver boot
opened less frequently with minimal and intermit-
tent water withdrawal (see Figure 7). The correspond-
ing water flow rate was reduced from approximately
450 l/h to 108 l/h. The bottom temperature of the strip-
per could be reduced with a resulting reduction in
reboiler duty (see Table 1).

The operation became stable and the capacity of the 
gas concentration unit could be increased. The results of 
the pre-revamp and post-revamp operation are shown 
in Table 1.

Conclusion
Component trapping by physical carry-over of water 
can cause capacity bottlenecks that are not easily pre-
dicted by performing process simulations and hydrau-
lic rating of internals. Koch-Glitsch worked closely with 
Essar Oil and utilised their experience to troubleshoot 
and thoroughly review the equipment in the unit, espe-
cially those performing physical separations, to iden-
tify potential problems. Based on the symptoms and 
unsteady operation of the stripper and debutaniser 
under increased loading, it was suspected that water 
accumulation within the system was the cause. 

Koch-Glitsch focused on the most convenient way
of removing water prior to the affected columns, lead-
ing to the recommendation to revamp the HP separa-
tor immediately upstream. Once the problem was fully
understood, and the focus was put on the HP sep-
arator, the Koch-Glitsch process engineering group
evaluated the performance shortfalls of the existing
arrangement and prepared a solution to remedy the
problem. By incorporating experience and proprietary
separations software, Koch-Glitsch provided a solu-
tion that would meet Essar’s capacity goal. By under-
standing and targeting the source of the problem, the
solution was implemented in the HP separator vessel
which debottlenecked and improved the performance
of the GCU.

Parameter Pre-revamp Post-revamp Results/comments
Feed from FCC main column receiver to HP separator, t/h 147 182 Feed rate increased by 124%
Pressure drop across stripper, kg/cm2 0.26 0.25
Temperature at stripper bottom, °C 125 116 Reduction in stripper bottom temperature reduced

reboiler duty
Water from debutaniser overhead receiver to debutaniser feed, % 0.132 0.05
Temperature at debutaniser bottom, °C 164 170 Fouled reboiler tubes limited temperature
Debutaniser reboiler duty, GCal 9.2 13.6 Reboiler duty debottlenecked

Comparison of pre- and post-revamp results

Table 1

Reference
1 Kister H Z, Component trapping in distillation towers: causes,
symptoms and cures, CEP, Aug 2004.
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flow in the bathtub is presented as density distribu-
tion (see Figure 4a) and velocity profile (see Figure 4b) 
along the length of the arms. The modelling results of 
the original design show that a large proportion of cat-
alyst from the standpipe accumulates and overflows 
at the crotch section and from the initial top section of 
the bathtub, with a relatively small amount of catalyst 
flowing through the slots. The plan view of density pro-
file indicates that catalyst coverage is limited around 
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