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ABSTRACT

Environmental concern and the subsequent legislations on emissions
demand the use of high quality fuels. In case of gasoline, the Lead phase
out, limitations on aromatics with specific restrictions to benzene left a
few options for alternative gasoline blends, where the recently adopted
oxygenates such as MTBE too created ambiguity due to its contribution
to ground water contamination. At the present scenario of gasoline,
branched hydrocarbons gain much importance, as they are the only
components left to give high octane without any emission problems.

Abundant availability of naphtha (90-140°C cut) that mainly contains
C,+ hydrocarbons is a great source for the isomerization reaction.
Hydro—isomerization of high sulfur, high olefinic FCC gasoline is also
an interesting way to improve gasoline quality without loosing any
octane. Even in the present refinery configuration, addition of
isomerization catalyst in the catalytic reformer can improve the quality

of gasoline.

Discovery of a suitable technology and catalysts which could convert the
especially the n-paraffins in Cq+ range into isomers having 90+ RONC
without cracking the hydrocarbons would be a boon to refiners and
provide eco-friendly gasoline by minimizing olefines and aromatics.

Aim of the project is to develop a zeolite based catalyst for value
addition of industrial feeds rich in C;-Cy hydrocarbons through

isomerization.

Isomerization of C7+ Paraffinic Naphtha to Increase
Its Octane Number for Future Fuels
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CHAPTER 1
INTRODUCTION

Motor gasoline is a key automotive fuel and is likely to occupy the leading edge in the coming
decades all over the globe. A common tool to enhance the octane number of gasoline used to be
the addition of lead-containing components. Since its discovery in 1922, tetraethyl lead (TEL)
has been adding in small quantities to improve the quality of gasoline. However, in recent years,
in many countries the amount of lead has been decreased by legislation with the target of its
complete elimination. Phase out of TEL has been compensated by aromatic rxch gasoline that
generally obtained by increasing the severity of the reformer. At this juncture, use of oxygenate
additives such as methyl tertiary bu_tyl ether (MTBE) and tertiary amylmethyl ether (TAME) is
increasingly being used to improve the gasoline quality as well as to controi the emissions from
gasoline, although they cost more pei' octane number. However, contribution of oxygenates to

environmental pollution is also observed and there has been much debate on their use as gasoline

additives.

The existing main processes for high-octane gasoline production are reforming and FCC.
Catalytic reforming of S-R naphtha/ FCC naphtha/ cocker naphtha/ hydrocracked heavy naphtha
which yields reformate having as high as 95-105 RONC with large percentage of aromatics.
Although reformate is high-octane products, they typically contain over 60% aromatics, and their
use in reformulated gasoline should therefore be limited. In addition, in order to decrease

harmful vehicle emissions, the concentration of benzene in gasoline has also been limited in

several countries by government regulations.

Isomerization of paraffins larger than Cg is one way to improve octane without increasing the
aromatic or olefin content. n-C7 has a research octane rating of 0, while 2-methyl hexane and

2,3-dimethyl pentane have research octane ratings of 53 and 93, respectively. C; paraffins are

Isomerization of C7+ Paraffinic Naphtha to Increase
Its Octane Number for Future Fuels
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relatively abundant in naphtha, and their isomerization is a natural extension to existing Cs/Ce

isomerization.

Discovery of a suitable technology and catalysts which could convert the especially the n-
parafins in C7+ range (having RONC < 17) into isomers having 90+ RONC without cracking the

hydrocarbons would be a boon to refiners and provide eco-friendly gasoline by minimizing

olefines and aromatics.

Abundant availability of light naphtha (90-140°C cut) that mainly contains C7+ hydrocarbons is

a great source for the isomerization reaction.

Isomerization of C7+ Paraffinic Naphtha to Increase

Its Octane Number for Future Fuels
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CHAPTER 2

CONCEPT OF OCTANE NUMBER |

The octane rating is a measure of the auto ignition resistance of gasoline (petrol) and other fuels

used in spark-ignition internal combustion engines.

Knock resistance
Engine knocking is compression detonation of fuel in the power stroke of the engine. Knocking

occurs when the air-fuel mixture autoignites all at once (or sometimes perhaps when the flame
front goes supersonic because of early ignition timing), before the flame front from spark plug
ignition can reach it[11]. The explosive reaction causes combustion to stop before the optimum
timing, causing a decrease in performance. A fuel, such as ethanol, with a high auto ignition
température that burns reasonably fast and thus does not need early'ignition timing will most

often have high practical value knock resistance.

Definition of octane rating

Octane is measured relative to a mixture of isooctane (2, 2, 4-trimethylpentane, an isomer of
octane) and n-heptane. An 87-octane gasoline, for example, has a mixture of 87 vol-% isooctane
and 13 vol-% n-heptane. This does not mean, however, that the gasoline actually should contain
these chemicals in these proportions. It simply means that it has the same auto ignition resistance
as the described mixture.

A high tendency to auto ignite, or low octane rating, is undesirable in a gasoline engine but
desirable in a diesel engine. The standard for the combustion quality of diesel fuel is the cetane

number. A diesel fuel with a high cetane number has a high tendency to auto ignite, as is

preferred.

Isomerization of C7+ Paraffinic Naphtha to Increase
Its Octane Number for Future Fuels

Page 4 of 66




University of Petroleum & Energy Studies

Mecasurement methods

The most common type of octane rating worldwide is the Research Octane Number (RON).
RON is determined by running the fuel througly a specific test engine with a variable
compression ratio under controlled conditions, and comparing these results with those for
mixtures of isooctane and n-heptane.

There is another type of octane rating, called Motor Octane Number (MON) or the aviation
lean octane rating, which is a befter measure of how the fuel behaves when under load. MON
testing uses a similar test engine to that used in RON testing, but with a preheated fuel mixture, a
higher engine speed, and variable igniiion timing to further stress the fuel's knock resistance.
Depending on the composition of the fuel, the MON of a modern gasol'ine will be about 8 to 10

points lower than the RON. Normally fuel specifications require both a minimum RON and a

minimum MON.

MON | " RON

Inlet air temperature 1489C . 65.6 C
Engine jacket temp S 100C _ 100 C
Engine RPM 900 | o 600

In most countries (including all of Europe and Australia) the "headline" octane that would be
shown on the pump is the RON, but in the United States and some other countries the headline
number is the average of the RON and the MON, sometimes called the Anti-Knock Index
(AKI), Road Octane Number (RdON), Pump Octane Number (PON), or (R+M)/2. Because
of the 8 to 10 point difference noted above, this means that the octane in the United States will be
about 4 to 5 points lower than the same fuel elsewhere: 87 octane fuel, the "regular” gasoline in
the US and Canada, would be 91-95 (regular) in Europe.

The octane rating may also be a "trade name", with the actual figure being higher than thg

nominal rating. -

Isomerization of C7+ Paraffinic Naphtha to Increase
Its Octane Number for Future Fuels
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It is possible for a fuel to have a RON greater than 100, because isooctane is not the most knock-
resistant substance available. Racing fuels, straight ethanol, Avgas and liquefied petroleum gas
(LPG) typically have octane ratings of 110 or significantly higher - ethanol's RON is 129 (MON
102, AKI 116). Typical "octane booster" additives include tetlfa-ethyl lead and toluene. Tetra-
ethyl lead is easily decomposed to its component radicals, which react with the radicals from the
fuel and oxygen that would start the combustion, thereby delaying ignition. -

Many high-performance engines are designed to operate with a high maximum compression and
thus need a high quality (high energy) fuel usually associated with high octane numbers and thus

demand high-octane premium gasoline.

The power output of an engine depends on the energy content of its fuel, and this bears no simple

relationship to the octane rating. A common myth amongst petrol consumers is that adding a
higher octane fuel to a vehicle's engine will increase its performance and/or lessen its fuel
consumption; this is mostly false—engines perform best when using fuel with the octane rating
they were designed for and any increase in performance by using a fuel with a different octane
rating is minimal.

Using high octane fuel for an engine makes a difference when the engine is producing its

maximum power. This will occur when the intake manifold has no air restriction and is running

at minimum vacuum. Depending on the en

anywhere along the RPM range, but is usually easy to pin
ues) of an engine. On a typical high-revving motorcycle engine, for

gine design, this particular circumstance can be

-point if you can examine a print-out of

the power-output (torque val _
€Xample thé maximum power occurs at a point where the movements of the intake and exhaust

valves are timed in such a way to maximize the compression loading of the cylinder; although

the cylinder is already riving at the time the.intake valve closes, the forward speed of the charge

coming into the cylinder is high enough to continue to load the a
with below recommended octane is used, then the engine will knock.

ir-fuel mixture in.

When this occurs, if a fuel

Modern engines have anti-knock provisions built into the control systems and this is usually

achieved by dynamically de-tuning th
mixture and retarding the spark. Here is a white paper that gives an example: In this example the
4% with a fuel switch from 93 to 91 octanes (11 hp,

e engine while under load by increasing the fuel-air

engine maximum power is reduced by about

Isomerization of C7+ Paraffinic Naphtha to Increase
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from 291 to 280 hp). If the engine is being run below maximum load then the difference in’
octane will have even less effect. The example cited does not indicate at what elevation the test is

being conducted or what the barometric pressure is. For each 1000 feet of altitude the

“atmospheric pressure will drop by a little less than 1 in Hg (11 kPa/km). An engine that might

require 93 octane at sea level may perform at maximum on a fuel rated at 91 octane if the

elevation is over, say. 1000 feet. See also the APC article.

The octane rating was developed by the chemist Russell Marker. The selection of n-heptane as

the zero point of the scale was due to the availability of very high purity n-heptane, not mixed

with other isomers of heptane or octane, distilled from the resin of the Jeffrey Pine. Other
sources of heptane produced from crude oil cont

differing ratings, which would not give a precise zero point.

ain a mixture of different isomers with greatly

MON and RON depend on Gasoline Composition
The Oétane nurriber measured is not an absolute number but rather a relative value based on

accepted standards. By definition, n-heptane has an octane number (RON and MON) of 0, while
iso-octane (2, 2, 4-trimethyl pentane) is 100. Linear combinations of these two components are

used to measure the octanc number of a particular fuel. A 90%/10% blend of iso-octane/n-

heptane has an octane value of 90. Any fuel knocking at the same compression ratio as this

number of 90.
han MON, although exceptions to this rule exist. For pure

MiXture is said to have an octane

In general, RON values are never less t

compounds the differences between RON and MON range from 0 to more than 15 numbers.

Typical values for gasoline range hydrocarbons havin

from less than 0 to greater than 100 with the extreme values being generated by extrapolation.

g boiling points between 30° and 350° F go

Table 8 summarizes actual RON and MON values for a variety of pure hydrocarbons.

In practice octane numbers do not blend linearly. To accommodate this, complex blending
calculations employing blending octane numbers as opposed to the values for pure hydrocarbons
are routinely employed. There s no universal blending program used industry wide. In fact, for a
given oil company, blending calculations that are refinery specific are not uncommon. As an

improvement over octane numbers of pure compounds, there are tabulations of blending octane

pr—

Isomerization of C7+ Paraffinic Naphtha to Increase
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numbers for both RON and MON. Summarized in Table 1, these numbers are meaéured by

blending 20 vol.% of the specific hydrocarbon in 80 vol.% of a 60/40 iso-octane/n-heptane

ixture. Although still not exactly indicative of the actual blending octane number for a specific

asoli s .
gasoline composition, the blending octane numbers are more representative. In general the
. al,

blending octane numbers are greater than the corresponding pure octane number

2.5 General Rules Regarding Octane Number of Compounds

e Normal (n) paraffins have the least desirable knocking characteristics, and these

become progressively worse as the molecular weight increases.

e Iso (i) paraffins and naphthenes have higher octane than corresponding n-paraffins.

e Octane number of i-paraffins increases as the degree of branching of the chain is

increased.

Olefins have markedly higher octane numbers than the corresponding paraffins.

e Aromatics are hydrocarbons with the highest octane number for the same number of

carbon atoms.

Thus it is clear that in order to have a large increase in octane number, it is necessary to

transform paraffins and naphthenes into aromatics.

mental restrictions on gasoline, the main thrust of technological

In view of strong environ
different options for:

research has been in the field of finding
*Lead phase out and octane enhancement

*Reduction in sulfur and olefin content

% : .
Decrease in benzene and aromatic content

sions

o —

Isomerization of C7+ Paraffinic Naphtha to [
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Table 1: Octane Numbers of pure hydrocarbons

Actual Blending
Bydrocarbon RON MON RON MON
PARAFFINS
n-butane 93 113 114
h-pentane 62 62 62 &7
2-methylbyutane 92 a0 g9 104
2,2-dimethylpropane 85 80 100 g0
n-hexane 25 26 19 22
2,2-dimethylbuiane a2 a3 B9 , g7
n-heptane 0 D 1] 0
2,2-dimethylpentane a3 96 8s g3
2,2,3-trimethylbutane »100 =100 113 113
2,2,3-trimethylpentane 100 100 105 112
2,2 4-trimethylpentane 100 100 100 100
OLEFINS )
1-Pentane g1 77 152 135
2-Methyi-2 butene 97 85 176 . 141
3-Methyl-2 pentene : 97 81 130 118
4-Methyl-2 pentene 99 84 130 128
2,2,4-trimethyl-1 pentene >100 86 164 153
2,2, 4-trimethyl-2 pentene »100 86 148 139
AROMATICS
Benzene >100 >100 ag g1
Toluene ' >100 >100 124 112
O-Xylene =100 =100 120 103
M-Xylene >100 >100 145 124
P-Xylene >100 =100 146 127
Ethylbenzene >100 98 124 107
1,3,5-trimethylbenzene =100 =100 171 137
Propylbenzene >100 98 127 129
Isopropylbenzene =100 99 132 124
NAPHTHENES
Cyclopentane 101 85 141 141
Methylcyclopentane g1 80 107 g9
Cyclohexane 83 77 110 97
Methylcyclohexane 75 _ 7 104 B4
O-Dimethylcyclohexane 217 'ég g? g:g
" M-Di lohexane :
M-Dimethylcyc o 65 66 4

P-Dimethylcyclohexane

Isomerization of C7+ Paraffinic Naphtha t0 Increase

Its Octane Number for Future Fuels
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CHAPTER 3

FEEDSTOCK FOR GASOLINE

3.1 Gasoline

The common name of the gasoline is motor sprit, it is widely used petroleum product. Gasoline

is light distillate consist of fraction with boiling ranges of 30 to 180°C.It consist of hydrocarbon

ranging from C5 to about C10.The main types are (a) normal or straight chain paraffins (b)iso or

branched chain paraffins (c)cyclo paraffins (d)aromatics (e)olefins. Of these normal paraffins

are major component in straight run naphthas. Iso-paraffins have high octane number followed

by cyclo paraffins. Olefins & aromatics have high octane number [27]. A high proportion of

olefins are not tolerated in gasoline because of its storage problem i.e. due to gum formation

during storage. Gasoline is prepared by various components produced in refining processes such
" as alkylation, catalytic reforming,
y small quantities of additives to inhibit knocking, pre-ignition,

hydro cracking, visbreaking, isomerization, polymerization

etc. It is usual to incorporate Ver
gum formation and icing of carburetor. Catalytic reforming is employed to improve octane

number of straight run naphtha.

,. 3.2 Feedstock for Gasoline

The feedstock used for gasol
t is a light distillate obtained from refining of crude oil.

ine is Naphtha. Naphtha is a name given to the light hydrocarbons

boiling in gasoline range- 1

The boiling ranges of different types of naphtha are as follows:-

Cc5 --—85°C
C5 - 110 °C
C5 o 140°C

d as light, heavy & Intermediate Naphtha. Light naphtha fraction boils at

Naphtha is classifie
ate boils in between 100 °C & 150 °C.

100°C. Heavy naphtha boils at 150 °C[26]. [ntermedi
Naphtha is produced by atmospheric distillation of crude oil. This is called straight run Naphtha.

It is also produced by several conversion processes such visbreaking, fluid catalytic cracking,

Isomerization of C7+ Paraffinic Naphtha 10 1
Its Octane Number for Future Fuels . :
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hydrocracking, coking etc. These are called cracked Naphthas. The proper quality Naphtha for

petrochemical & fertilizer industry is produced by diagrammatizing by with or without reforming

operations. In petrochemical industry C5 - 140°C naphtha is used as feedstock for steam cracker.

Catalytic reforming of straight run naphtha yields C6-C8 reformate rich in aromatic

hydrocarbons,benzene,tolune.ethylbenzene & xylenes. The use of naphtha as gasoline requires

its high anti-knock value or octan€ number.
The Naphtha has boiling range of 60°C7140°C.For benzene production we need 60°C-90°C

naphtha range because of highe

Gasoline the feedstock range is 9

r C6 precursor in this range.Simillarly for Toluene, Xylenes and

0°C-110°C,110°C-140°C and 90°C-140°C respectively.

13:3 Properties of Gasoline

Octane number:-The octane number of
n-heptane which is equal to test fuel in knock intensity in a

the fuel is defined as volume percentage of iso octane 2,

2, 4-trimethylpentane) in 2 blend of

standardized and closely controlled conditions of a tes
Combustion in the spark engine is mainly depends on engine design

t in a single cylinder.

Combustion Characteristics:

and fuel quality. If there is evenly burning of the fuel and there is no untimely burning of the fuel

i.e. knocking. Then fuel is good- ,
-On prolonged storage gasoline undergo a slow but progressive oxidation

Oxidation Stability:
it present5 in the gasoline it causes

deteoriation. The result is non volatile gummy residue If

posit formation in the carburetor parts, venturi.

multiple trouble such as de
¢ for rate of warm-up, vapor lock carburetor icing

Volatility:-The volatility of the fuel is importan
and Cfankcase dilution .The fuel is sufficiently volatile to give easy
per distribution between the cylinders.

staring, rapid warm-up and

adequate vaporization for pro

34 Impurities in the Feed:

The catalyst can be inhibited, either temporarily Of permanently by P oisons contained in the feed.

Isomerization of C7+ Paraftinic Naphtha t0 I
Its X S
Octane Number for Future Fuels Page 12 of 66
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Table 2: Impurities in feed and their limit

As Sppb max.
Pb Sppb max.
Cu 5ppb max.
Fe Sppb max.
" Ni 5ppb max.
Organic Nitrogen 1ppm max.
Halogens (F, Cl) 1ppm max.
Water & Oxygenated Products 4ppm max.
Sulfur 1ppm max.

Nitrogen under NH3 form affects the acidic function and leads to a fast neutralization of the

support. This explains the limitation required for the nitrogen content in the reformer feed.

135 Feed Preparation:
The charge to the catalytic refo

unit to remove contaminants such a

mer is naphtha that has been processed in a feed unit preparation
s sulfur, nitrogen, arsenic and lead. These contaminants are
either temporary or permanent poisons to the catalyst and must be ellmmated for satlsfactory
Catalyst performance.

The feed preparation unit is itself a catalytic unit using a Co-Mo or a Ni-Mo catalyst. Hydrogen

is included with the feed t0 the feed preparation units. These

h)’drodesulphurization. (HDS)
catalyst, the naphtha goes t0 the
ammonia, water and light hydrocarbons

could be either s in the tail end of the hydrotre
mers were design with a.c

were made to specification

fractionator. With a cente

feed preparations units are called

units, or hydro treaters. After passing over the Co-Mo or Ni-Mo

stripper or fractionators that remove the hydrogen sulfide,
formed in the hydrotreater reactor. The feed stripper
ater or on the front end of the reformer.

enter well in the prefractinator so both initial

A number of early refor
' Point and end boiling point

' greatest volume yield off the pre

in one vessel. The reactor feed is by far

r well, almost all the naphtha must be

Increas€

[ro—
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vaporized. This requires much more energy than the scheme of yielding, or making, reactor

charge off the bottom of the prefractionator.
On the other hand, some refiners like to include a I
the feed to the hydrotreater for desulphurization along with the reformer feed. In that

ign provides a means of separating the distillate from the reactor charge.

ight distillate, such as kerosene or jet fuel, in

case of the

center well des

The reformer charge, pretreated and fractionated to proper initial and end boiling points, is

combined with gas stream containing 60-90 mol% hydrogen. Also a chloride chemical

representing 0.5-5.0 ppm Wt of the reactor charge is injected. In reforming nomenclature, reactor

charge means the naphtha feed. Total reactor charge is the naphtha feed plus hydrogen-bearing

recycle gas stream(1,29]-

H,S

recvcle t to H,S removal
- scrubbing

4

Cold HP
water separator A

Naphtha

U

UM

-
>

/'_': - l - Sour
| 7

jo—steam

=] water

P

—_—

4 — o
.

Fumace Reacior Hot HP Ho.LP  Stripper  Separator
| ' separator separator

P Product

Figure 1: Hydro desulphurization Unit

'
i
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o

/3.6 GREEN GASOLINE

Motor gasoline is one of the key products obtained from a petroleum (crude oil) refinery. It is a

complex mixture of light hydrocarbons containing 5 to 12 carbon atoms and having a boiling

range of 40°C to 190°C. '
Gasoline pool is a blend of several refinery streams namely Catalytic Reformate, Straight Run_
Naphtha (SRN), FCC Gasoline, Visbreaker / Coker Naphtha, Isomerate, Alkylate, Oxygenate

etc. The product application and customer acceptance set detailed specifications for various
gasoline properties, which in turn dete

blend.

rmine which refinery streams are suitable for a specific

Today most petroleum refineries are facing the challenge of producing motor gasoline having all
the desirable properties and also complying with the ever-increasing environmental regulations

.ons on automotive emis
Is of aromatics (benzene in particular), olefins, and sulfur in the gasoline.

toxic and nitrogen oxides (TOx & NOX) in automotive

& health restrict sions. The environmental regulations were created to

guard against high leve

~ Reduction in volatile organic compounds,

tailpipe emissions, and evaporative and refueling emissions have also assumed high priority.
2

an increased awarenes
air quality. Therefore, keeping the health hazar
dologies for producing cleaner

hanges are sought in the speci

s of environmental regulatidﬁs towards maintaining better

In India, there is . ..
ds in view, the Indian refiners have also initiated

to consid . ous metho products than what was being produced
sider vario

before. The following major ¢

fications of motor gasoline for better

air quality:

o Reduction in sulfur.
n total aromatics and benzene.

o Reduction i
‘ a Reduction in RVP. ) ) L L
0 Reduction in volatile organic compounds partlcularly olefins, which react with high
uctio
e formation.

| atmosphere reactivity Jeading to ground level ozon

Isomerization of C7+ Paraffinic Naphth
Its Octane Number for Future Fuels
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Novel technological options are evolving that will improve the quality of gasoline pool streams.

The focus is on the two most important refinery streams: FCC gasoline and catalytic reformate.

FCC gasoline is a major contributor of sulfur and olefins while reformate is the main source of

benzene and aromatics.
FCC gasoline being the major component of the motor gasoline pool has 1000
GO used in a2 FCC unit. Therefore, it is essential to reduce the sulfur

-2000 i)pmw sulfur

depending upon the feed V
content of FCC gasoline either by pret

treatment. Each of these has its merits and demer

reatment i.e. desulfurization of vacuum gas oil, or by post

its depending upon the individual refinery

configuration.

3.7 Impact of Gasoline on the Environment

ironment is directly related to its fuel properties and contents.

The impact of gasoline on the env
of gasoline properties, their desirable impact on engine

Table-1 gives a, brief account
Performance and their undesirable impact on the environment.
"In a nutshell, the global trend is t
friendly or in other words making gasoline,

owards making gasoline more environment & human

a really green fuel."

Summary of Gasoline Properties

Table 3:
Gasoline Desirable for Impact on Environment
Pl'Operty
Octane Avoiding engine knocking; 1. Benzene is carcinogenic.
. Number increasing fuel-air mix 2. Aromatics produce more smoke &
compression ratio, engine smog. :
! : . o
| power & efficiency: 3. Olefins form engine fouling gums, more
smoke & smog.

[ re—
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Volatility | Sufficient light components to 1. Too many light components result in

(Reid vapor | give adequate vaporization of hydrocarbon loss & in atmospheric

pressure) | fuel air mix for easy engine pollution.

cold start. 2. Too many heavy components contribute
' to chamber deposits & spark plug fouling

causing release of unburnt hydrocarbons

into the atmosphere.

Sulfur Not desirable at all. 1. Sulfur compounds are corrosive, foul
smelling, and increase sulfur trioxide -

Content
emissions.
2. Decrease catalytic converter efficiency
and adversing effect on sensor.
- —
Olefins Desirable for their octane 1.Leads to deposits and gum formation and
value increased emissions of ozone forming
hydrocarbons and toxic compounds.
-
Aromatics | Desirable for their octane 1.Increased engine deposits and tailpipe
value emissions including carbon dioxide
' 2. Produces carcinogenic benzene in
exhaust

S

[rr—
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CHAPTER 4
CATALYTIC REFORMING

The catalytic reforming process converts naphthas and heavy straight-run gasoline into high-

octane gasoline blending components. The feed and product streams to and from the reformer are

carbon groups: paraffins, olefins, naphthenes, and aromatics.

composed of four major hydro
Table 4 depicts the change in volume of these hydrocarbon groups as

ctane value of the pro

they pass through this unit.

Durin g this process, the 0 duct stream increases with the formation of

Source: Gary 1984

Rather than combining of breakmg down

reforming essentially restructures hydroca

structure. Catalytic reformin

wrong molecular confi guration or
reasing its yield.

motor gasoline rather than inc
ake place during refo

pes that t
and hydrocrackmg Th

tions that are typical

The four major reaction ty

dehydrocyclization, nsomenzation,

more detail in Figure 11 with specnﬁc reac

aromatics.
Table 4: Typiéal reformer Feed and Make-Up
Chemical Family Feed (Volume %) Product (Volume %)
 Paraffing 45-55 3050
 Olefins 0-2 0
 Naphthenes T ua 510
| Aromatics 10 4560

molecules to obtain the desired product, catalytic

rbon molecules that are the right size but have the

g primarily increases the octane of

rming include dehydrogenatlon,

e four reaction types are presented in

of each type

[~
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Catalytic reforming reactions are promoted by the presence of a metal catalyst, such as platinum

on alumina, or bimetallic catalysts. such as platinum-rhenium on alumina. The reformer is

typically designed as a series of reactors, as shown in Figure 12, to accommodate various

reaction rates and allow for interstage heating. Interstage heaters maintain the hydrocarbon feed

(]
stream at a temperature of approximately 950 F, which is required for the primarily endothermic

ming can be continuous (e.g., .cyclic) or semi-regenerative. In

reactions. Catalytic refor
n be regenerated one reactor at a time without disrupting

continuous processes, the catalysts ca

operation [DOE 1998].

Catalytic reforming is process that makes high-

a key process in petroleum refining. It is one

octane number, unleaded gasoline a reality. This is the process which converts or reconstructs,
2
without changing carbon numbers in the molecule, gasoline boiling range low-octane

gh-octane gasoline blending stoc
(BTX) i.e. benzene, toluene and xylenes required in petrochemical

hydrocarbons to the hi k. The process is also used to produce

rich concentrate of aromatics

industry for producing plastics and fi

the formatign of aromatics from paraffins
r high octane are also produced. The units that are designed to produce

e known as octane reformers and those that are operated for

bers. The basic change that takes place in the reforming is

and naphthenes. During the process, some iso-

Paraffins respoﬁsible fo

eformers[1,12]. The other products of consequence from
petroleum gas (LPG) which makes the process
ydrotreating the middle distillate to

Production of BTX are called BTX T
hydrogen and liquefied
rogen is used in refinery for h
wing market for aromatic and m
nt process in refining and petrochemical industry.

Catalytic reforming are

€conomically more viable. Hyd |
otor gasoline, catalytic

Premium products. with the fast gro

reforming is expected t0 continue as an importa
A reformer that is operated 0 make high octane ble
s it is a BTX reformer The pr

Operated to make aromatic
ocks contain paraffins, a BT

reformate. Because reformer feedst ) ’
Further processing such a mixture is necessary to recover aromatics of
S.

oval of aromatics from t

nding steck is a motor fuel reformer. When
imary product from the reformer is

X reformer yields a mixture of a

Paraffins and aromatic

mark able purity. After rem

he reformate the remainder is called raffinate.

Gy,

A

Its Octanc Number for Future Fuels
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[n some refineries a catalyst reformer may operate part time as a motor fuel unit and part time as

a BTX unit.

Until the advent of catalytic reforming, refining processes were unselective (except a few like

Alkylation, polymerization and isomerisation) - that's the feedstock was mdlscnmmately

converted or cracked with little attempt to contro
rating conditions are designed to promote certain reactions and inhibit

| specific chemical reactions. Catalytic

reforming catalyst and ope
others, ‘Reactions most prevalent in catalytic reforming are dehydrogenation, isomerisation,

dehydrocyclisation and hydrocracking.

4.1 Development of Reforming

* Inthe 1930s gasoline octane improved by use of thermal reforming, Mild thermal cracking

of naphtha’s paraffins to olefins. | i
ylation of olefms developed to improve the octane of aviation \

* In late 30s & early 40s, alk
.gasoline.

* By the 50s, high

» Expanded use of alkylati

* Some large refineries had cat
World War II

» Benzene for styren

» Toluene for TNT

» Aromatics for aviation fuel
n cycle was very sho

rd Platforming commercl

performance automotive engines needed high-octane gasoline

on, reforming, & isomerization.

alytic reforming capacity based on the cyclic process used in

it & required elaborate cycle controllers — small

* Catalyst regeneratio .
ialized by UOP in 1949

refineries could not affo

» Platinum catalyst

» Could be operated for 2 Ye&f before
ame ublqmtous as th

regeneration Was required
e smaller refiner quickly adopted it. |

* Catalytic reforming bec ‘ |
| \
|

P
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4. .
2 0verv1‘ew of Reforming

* Prod . .
uces large amounts of hydrogen that 1s ultimately used in hydrotreating

»Catalyti -
Catalytic re ' - o s
forming second only to catalytic cracking in commercial importance to refiners

»Alm )
ost every refinery in the world has a reformer

for gasoline

[ ]
Reformate desirable component
very low sulfur levels, & low olefins concentration

»Hi
gh octane number, low vaport pressure,
e, aromatics, & olefins

»Despite levels of benzen
e second highest volume to the gasoline pool.

*  Catalytic reformer contributes th
Isomerization 15 vol%

Alkylation 20 v61%

Reformer 30 vol%

FCCU 35 vol%

43
PRINCIPAL REACTIONS IN REFORMING:

4‘3t
. 1 Dehydrogenation
dehydrogenation because it produces aromatics that have high

A priao: L.
principal reforming reaction is

0 .
Ctane number or are valuable petrochemlcals:
Rethio;q:
?"-—-"‘
© + 3H2
Cyclohexane Benzene Hydrogen
Figure 2: Dehydrogenation Reaction

matic octan¢ number 1S gained at a loss of volume. Some

nverted to aro
er with very littl

e octane numb e change in volume, an example is

Wh

en naphthene is €0

teform; . .
rming reactions incred

iSo . .
merisation of paraffins-

Leznery

to Increase

ISomerio o ‘
Somerization of C7+ Paraffinic Naphtha
Page 21 of 66
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' |4.3.2 Isomerization of Paraffins and Naphthenes

Isomerisation of paraffin re
a marked increase in octane

would gain about 1.3 RON or 1.5 (

Naphthene hydrocarbons may also isomerize in

almost immediately undergo dehydrogenation to an

Methylcyclopentane (MCP) to benzene.

Reaction:

arranges the molecule with essenti
number. A refinery motor fuel containing just 2 vol % n-hexane

ally no change in volume but with

R-+M)/2 octane rating by isomerisation.

reformer reactors. When this happens they

aromatic. A classic example is conversion of

C .' + l3H2

Benzene Hydrogen

Mcp

Figure 3: Isomerization Reaction

MCP is generally acknowledged t

be'_'zene. Volume decreases but octan€

Opening with a likelihood of forming paraffi

Can be cyclised to aromatic

133 Dehydrocyclization of Paraffins

It is the most sought for bt
satisfactory yield of high-oct
given below. And also the mo°

required reaction for the production of
ntain a substantial

satisfactory

teforming feedstocks €O
dehydrogenation and isomerisation reaction of par

ns as well as aromatics. On the other

s by what is known as aro

;1 very difficult reaction i
ane number reformates.

t difficult reaction to pro

o isomerize first to Cyclohexane which then dehydrogenates to

number increases. Apparently this reaction involves ring

hand paraffins

matisation.

n reforming. It is required for production of a
A typical dehydrocyclization reaction is
mote is dehydrocyclisation. It is a

yield of high octane number reformate. Most

quantity of low octane number paraffins. The

affin alone cannot produce enough aromatics

=

§s°mel’i2ation of C7+ Paraffinic Naphtha t0 Increase
ts Octane Number for Future Fuels
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and iso . e

paraffins to yields high octan€ qumber reformate of 80 or higher RONO. As with the
naphthene i isati i i .
phthene isomerisation. there are intermediate steps between the paraffinic and aromatic. The
d low pressure. it predominately takes place in the last

reaction i .
tion is favored by high temperature an

teactor on the train.

For evelirati
. c ) - . . . - .
velization paraftin with atleast SiX carbon straight chain is needed. Consequently n-pentane

do .
es not cyclize, nor does 2 methyl pentane nor
he longer straight chain p

2. 2 dimethyl pentane [13]. However, n-hexane

wi . .

ill cyclize to benzene. T araffin will dehydrocyclise more readily the

shorter chains.

Reaction:

CHp
/ CH sz N S CH2 CH? CH2
= : +3 H

N\ AN N CRACKINGCH// NN / \ 2

C CH2 CH3

C7H16(ON=0) C7H16
2

CH3
: :CH3
— T

3H2 + ,
DEHYDROGENATION

CYCLIZATION

Methyl Cyclohexane

Toluene (ON= 120)

Figure 4: Dehydrocyclisation Reaction

g operation iS called hydrocracking: Hydrocracking can

cules of lower molecular weight or can open the ring of

roduced in th

The breaking of C-C bond in reformin
ule into tWO mole
feed or P

bre
ak a
paraffin v olec
e reactor do not normally undergo

resent in the

n;
dphthenes. Aromatics P
emperatures and

pFCSSU['CS.

The .
he sharing of C-C bon

Cs
+reformate from a reforme

d initially produces an olefin th

y about trace of olefins usually less than 0.5 vol%.

r contains onl

these olefins are result of hydrocracking clo

se to the outlet of last reactor where no time is left

R e,
| grtter $HOS

| :
Somerization of C7+ Paraffini¢ Naphtha t0 fncrease
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perature and high pressure accelerates hydrocracking. It usually

alyst but can also ¢
cking produces coke or coke

for hydrogenation. High tem
ause pyrolysis. (Chemical

takes place on the acidic sites of the cat

decomPOSition by heat) at temperature above 1,100 F. hydrocra

st sites [14].

Precursors that cover active cataly
ple n-decane scan split into

Hydrocracking is not all bad. For exam n-heptane and propane. The

M-heptane can then dehydrocyclise t0 toluene a high octane nu

reformer like to operate with minimum hydrocracking to maximize ¢
ane to yield more propane

Operated a little at higher then required oct
LPG compared with the price of gasoline dictates this mode of operation.

mber aromatic. Although a
5+ output a reformer can be

s and butanes. The price of

ReaCﬁOn'.
CHy CH - METALLIC CH CH CHy 4y
CH/ \/CH2 /2\ ’ /\\/2\ / N
3 \ CH CH H
CH CH3 3 CHa :
? CH2 ~ FUNCTION -
, CH CH3 Il ACIDIC 4+ H2
METALLIC N\ FUNCTION
) -CH2-CH
CHa FUNCTION ~ CH3-CH2 _3
Propane
Figure S : Hydrocracking Reaction
435 ,
Other Reactions:
4,
] s actions

Hydrogenolysis R¢
metallic function.

£C,y and C, and ar€ promoted by

These Jead to formation o

ey,

Isomerization of C7+ paraffinic Naphtha tol

ts Octane Number for Future F
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ReactiOn.
| i CH>
~rygt - CH,’ Chz .‘-
METALLIC
/CHz CH» CHz\ “Hy M PN y \CH
i CH3 \ / \ / -‘ , —_— cHA CH2 :
o CH2 CH3 FUNCTION ‘
‘ CH2 CH2
METALLIC ; VAN y \
— CoHé + g4 o
C8H18 H ; -
: +Hy -
| FUNCTION
lysis Reaction
Figure 6 Hydrogenoly "
i and temperatu
These are highly exothermic and aré favored at high pressure ‘
re highly exo ,
4‘ .
52 HydroDealkylation
i aromatic ring.
Itis the breakage of the pranched radical of an
Rea.ctiOn;
H s + CH4
e T2 |
CH3 :
Toluene
m - Xyiene

7 : Hydro Dealkylation Reaction
e7:

- 1 at high temperature and high
t hit
e favored @
These | H, and producé CH,. These ar
€se reactions consume 2 . atalyst
: of the
lic function
Pressuy, d by metal
re and are promote
4.3‘5.3 D .
emethylation
;:Omcrilation of C7+ paraffinic -.\’Iapht a
$ Octane Number for Future Fueis - -
L -
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One i i
more reaction that can occur in the reformer reactors sometime with disastrous results

should be mentioned. At very severe conditions of high temperature and high pressure

superactive catalyst and low space velocities. demethylation occurs. One example of

demethylation is:

Cc-C-C-C-C-C —_— 6H2 + 7CHA4.
n-heptane Hydrogen Methane
C7H16 H2  CH4

Figure 8: Demethylation Reaction

This reaction is highly exothermic so it releases a great amount of heat. The heat release of the

lated to be 154,000 BTU/I

promotes the reaction ulti

reaction is calcu b mol of n-heptane converted. If it is not rapidly

removed the heat further mately melting the catalyst and steel walls of

the reactor t00.
In early reformer units demethylation seemed more likely to occur during start up with fresh

pewer generation catalyst, pre sulfiding the catalyst and strict attention to start up

catalyst. The

entially eliminated demethylation during start up. The problem is more likely

procedure have €sS
re operated over lengthy periods between internal inspections.

to occur when reactors a

43.54 Coking : .
Heavy polyaromatics leading to coke formed by alkylation, dimutation and cyclization reaction.

echanism of these reactions, responsible for coke deposit on the catalyst
¢

Nevertheless the m
ture favors these reactions.

not well known. High tempera

inhibiting its activity, 15
phthenes and isomerisation of

When dehydrogenation of na paraffins have reached equilibrium,

the octane number of reformat
eaded gasoline. Paraffin hydrocracking increases octane number but at the

required for unl
yield loss. Dehy

penalty of substantial drocyclisation produces the higher octane number

reformates and better yield.

Isomerization of C7+ Paraffinic Naphtha to Increase
Its Octane Number for Future F uels
Page 26 of 66
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developments that promote the dehydrocyc

The dehydrogenation of cyclohexanes

hydrocarbons are strongl

temperature improves the exten
equilibriunt alone, it is advantageous t
Pressure as possible to maximize the yield.
However, other considerations, Suc

temperature and lower limit on Hz partial p

The dehydrogenation of alkane
reforming conditions (equilibrium €O
Nevertheless of COnsiderable importance,
reactions. The formation of alke
by the combination of high tempera’

of alkene formation can

Intermediates, since thermody

alkenes in the system.

The equilibrium for isomerization reacti

€quilibrium for dehydrogenatio

small, Other interesting features O

ples involving

consider: .
onsidering specific €Xam

between methylcyclopentane,

Stability of the ﬁve—membered rin

Pentanes, 2-methyl pentane is favored 1

Advances in catalytic reforming technolog

and the c!ehydrocyclization of n

y endothermic, so that according to Le

t of conversion to aromatic h

o operate at as high a temperat
h as coking of catalyst p

s to alkenes, while not O
nversion of n-hexane to 1

since alkenes appear to be intermediate

nes, similar to the fo
re and low hydrogen P

play an importan
namics sets an up

n reactions,

f the isomerization e

thermodynamic
g structure. For th
somer over 3-meth

y have emphasized unit design and catalyst

lisation reaction.

4. :
4 Thermodynamic Considerations in Reforming

-alkanes to aromatic
_Chattlier’s principle increasing
ydrocarbons. From the viewpoint of

ure and as low a H; partial

lace a practical upper limit on

ressure in catalytic reforming operations.

ccurring to large extent at typical -
_hexene is about 0.3%), is
s in some of the

rmation of aromatic hydrocarbon, is formed

artial pressure. The thermodynamics

t role in those reactions, which proceed via alkene

per limit on the attainable concentrations of

kes place at much less temperature than the

on ta
e heat of reaction of the former is relatively

since th
quilibria are conveniently discussed by

Ce alkanes and cycloalkanes. In the equilibrium

s favor the former,
e equilibrium between

yl pentane, which is reasonable from

an illustration of the greater

n-hexane and methyl

[
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he single statistical considerations that the subsequent methyl group can occupy either of the

tw : .- .
Wo equivalent positions in the former molecule as compared to one in the latter

Thermodynamic calculations would indicate the presence of appreciable quantities of dimethyl

butanes among the C6 alkanes at equilibrium (about 30-35% of the total hexane isomers) but the

amount of these isomers observed in reforming products are small. Whereas equilibrium tends to

be established rather readily in case of n-hexane and the methyl pentanes this does not appear to

be true for the dimethylbutanes. This

rearrangement of singly branched to doubly branched is
f the normal structure to the singly bra

suggests that a strong kinetic barrier resist the
omers, which apparently does not exist in

the case of the rearrangement 0 nched structures.

ohexanes are substantially converted into aromatics. Equilibrium conversion

takes place. These dehydrogenation reactions are
increase in carbon

At equilibrium, cycl
matics readily
c. The endothermicity decreases with

ble and mildly exothermic and equilibrium between

e of reversible naphthene isomerization

of six ring naphthenes to aro
Teversible and highly endothermi

Number. [somerization reactions are reversi
s is readily attained. In cas
pentanes over cyclohexanes[16]. The
the most critical of a)ll reforming reactions,
ase in

normal and iso-paraffin
se reactions are also mildly

equilibrium is favored to cyclo
eXothermic. Dehydrocyclization of no

are reversible and endothermic- Conversion
g reactions are irreve

carbon number. The typ
sure and high temperature o

rmal paraffins,
of paraffins to naphthenes increases with incre
. i d exothermic. Reactivities of
Carbop number. Hydrocrackm rsible an thermic

Paraffins hydrocracking increase with

Naphthenes to xylene indicates that low pres

ical equilibrium conversion of Cg

perations are favorable

10 obtain high yields of aromatics.

[T
Isomerization of C7+ Paraffinic Naphtha to Increaseé
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Table 5 : Heat of Reactions

———

REACTIO AH kcal/gmole
| N Cs C;  GCg Co

S ———

ISOMERISATION

23 23 -19 -2

n-p——» 1i-p
38 45 71 -88

ACP — ,ACH

CYCLISATION | . : :
» —— ACH+H2 10.6 8. 73 5.

ﬁ-}i ., ACP+H2 144 13 144 146
DEHYDROGENATION OF ‘
NAPHTHENES

ACH—AR+3H 523 515 499 Sl
ACP— ﬁR+3H22 485 47 428 422

| 43TYPES OF CATALYTIC REFORMERS:

alvtic reformiﬁg unit follows the basic configuration of most refinery

| The process design of cat
heme is:

| Catalytic process units. The generalized flow s¢

—_—
Product recovery

Fe ___—— Reactors

e .
d Preparatior; — _——p Temp Control

i

.
o Increase
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A catalyti : v
lytic reformer may have three to five reactors In its reaction section. Variations within a

unit ¥ o _ .
are necessary but basic flow scheme Is still recognizable. Fig shows the basic element of

r : . o
eforming unit for a step by step description of the process.

. Reactor Reactor Reactar
Feedstock ,/\‘ ,/\F ,,./\\
— : 7 -:
Furnace Furnace Furnace
/
Light
hydrocarbons
Hydiogan_,
= Recycle
o
o
-4
=
=)
==
3
U Separator
Reformate ‘/—j/
Figure 9: Catalytic Reforming Unit
4.6
Types of Reformers

i 4

6.1

Refo‘mefs can be classified into four types as follows:

t

Semi-Regenerative:
ime and then shuts down for regeneration

cesses feedstock forat

me between regeneratio
rrels of feed per pound of catalyst). Cycles vary

T .
his means that the reformer Pro .
ns is called cycle and is expressed

and rejuvenation of the catalyst. The ti
eported as ba

A cycle may be terminated for number of reasons, but the most

in .
Months (cycle is sometimes I

iy
Om three months to three years.

e

o
lf‘)‘“erization of C7+ Paraffinic Naphtha t0 Increase
s Octane Number for Future Fuels Page 30 of 66
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common is poor catalyst performance; This shows up as a loss of reformate yield or as too high

reactor inlet temperatures approaching the maximum allowable for reactor metallurgical
construction. The regeneration procedure. which includes rejuvenation, restores the catalyst to

freShjcatalyst conditions. The catalyst in Semi Regen
regenerations and to

erative unit is expected to retain its

usefulness over multiple have an ultimate = life of 7-10

Years..
Hydrogen fecycie ¢
IR MY
Fumace
1 ‘ Reactor ﬁ
0k wK |
__‘._.
\ Reformate
i P
| Pretreated naphtha feed Hyd Stabi
| ' - ydrogen  Stabilizer
| Catalytic reforming | . sepasator
Figure 10$ Semi-Regenerative Catalytic Reforming Unit
14, .
62 Non-RegeneratlVe:

the catalyst because the cycle is long enough for the refiner to

Some reformers do not regenerate

ad of regenerating the catalyst.

Justify replacing-inste

[ ——

e
1 :Somerization of C7+ Paraffinic Naphtha to Increas :
ts Octane Number for Future Fuels Page 31 of 66
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14.63 Cyclic Reformers:

The unique feature of a cvclic reformer is that it has.a special valving and manifold system so

| any reactor can be isolated and regenerate catalyst while the other reactors are reforming. In

contrast to a semi regenerative reformer, which requires a shutdown of the entire .unit to

regenerate catalyst, a cyclic unit can continue operation over long periods between shutdowns.
Note, however, that a cyclic unit can operate as a semi regenerative reformer. Since the usual

mn off carbon that has fouled the catalyst, a cyclic unit can reform

at lower pressure and highér severity than semi regenerative units, even though rapid coking

results. The cycles (switching reactors in a cycli
erated in any sequence,

reason for regeneration is t0 bu

¢ unit) vary from few hours to weeks or months.

Although the reactors can be op the last reactor is usually the one takf"“

offline for regeneration.

1464 Moving Bed Reformers:

s imply; permit the
the last reactor, t0 be re
h catalyst. Compared to a fluid catalytic cracking unit, the

ow. Whereas FCC catalyst circulation is measured in

catalyst to be moved continuously through the

These units, as the name
generated in a regeneration section, and to

reactors, to be withdrawn from

be returned to the first reactor as fres

eformer is very sl

| rate of catalyst flow in 2T
yst circulation is

tonnes h eforming catal a few hundred or few thousand pounds per
per hour, T ) )

d reformer operates in a semi regenerative mode by shutting down the

new units are designed to operate initially as semi

regeneration section. In fact- 2 number of
section can be added later.The reactors in a

hour. The moving be

regenerative, with the proviSion that a regeneration
nd are either separate

S are radial flow a
The moving bed unit operates at a lower pressure and a higher

han the semi-rege
seriously affects cat

_ d as in the semi regenerative unit or
| moving bed reformer
| stacked one above the other ) .

nerative units because catalyst can be removed

temperature (higher severity) t

ke buildup alyst performance.
co ,

and regenerated before

. | crease
Isomerization of C7+ Paraffinic Naphtha t© In
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Catalyst recycie

i buffer
, Hydrogen drum
i (fresh & recycle)

2 L
Naphtha : —l::'!'\
{desulfurized) | o |
) Aip ——
[
i:E Cl, —
|
i
/ Collectors
Lift pots
Litt gas —>
Reactor 1 Reactor 2 Reactor 3 Reactor 4
J!‘ Regenerator ‘ Reactors

Figure 11: Moving bed Catalytic Reforming Unit

147 Commercial Reformers:

e

47.1 YFP Catalytic Reforming:
Process Type : " Catalytic

through a series of fixed — catalyst- bed reactors

Catalyst . Proprietary catalyst
Institut francais du petrole

Developed by v
eration including withdrawal an

* The entire sequence of OP

on real time computer-

2 Catalyst is trans:erred from one unit to a by means of gas lift system.

never close on the catalyst.
is automatic.

" The regeneration sequence |
yst is regenerated at a time.

A small fraction of the total catal

Reformate

reforming  of petroleum naphtha, regenerable catalyst

d circulation of catalyst is programmed

Gas tight valves open but

B .

Isomerization of C7+ Paraffinic Naphtha t
Its Octane Number for Future Fuels
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472 Magnaforming

Process type :  Catalytic reforming of petroleum naphtha, through a series of

fixed catalyst- bed reactors
Catalyst . Proprietary catalyst

Developed by : Engethard Industries Div.
i C°ntlfOIling the temperature and hydrogen pgrtial pressure at the front end of the reactor system
to reduce hydrocracking of naphthenes ahd to increase dehydrogenation of aromatics. The front
end reactors are relatively small and operating temperature is rel_atively low. Theses conditions

permit the reactor to operate at reduced H: HC ratios. The first two reactors are held at fixed and

ascending temperatures say 88-900 F throughout a cycle.
m is divided into two streams. O
on secondary recycle is added between the second and third

The hydrogen ring gas strea ne part joins the reactor charge to

the first reactor. The other porti
reactors. In this mode the hydrogen part

benefit of naphthenes dehydrogenation and is
temperatures and lower spac
essors or by a single side take off machine.

ofile is used with the lowest temperature in lead reactor and

ial pressure is lower in the two front end reactors for the

higher in the last two reactors for the protection~ of

e e

the catalyst at higher e velocities. Divided recycle gas can be

achieved either by two compr

Ascending reactor temperature pr

highest temperature in the terminal reactor- An increase in the reformate yield and catalyst cycle

tor temperature proﬁle and skewed catalyst loading is reported.

life for ascending reac
Sulfur guard technology is al

T)’Pically the process is semi rege

so offered. ]

nerative but it can be designed for semi cyclic regenerative

Operation.

147 :
3 Platforming: | |
ic reforming of petroleum naphtha with platinum
atalyst through a series 0

atinum and halogen in 1/8

Process type Catalyt
containing ¢

f ﬁxed catalyst bed reactors.

Alumina with pl - inch pellets.

versal 0Oil Product Co.

March 1949.

Catalyst.
DGVeloped by : Uni

D )
ate of process announced:

[T

! ;SOmErization of C7+ Paraffinic Naphtha t0 [ncrease
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* Ihe Ieac T h' h ] l l b4 .0

Piping. Thi
. This facilitate -ansfer of
Reactors s the transfer of catalysts from one reactor to another b
ernals are o L y gravity flow
generally similar to those of conventional reformers, that i d- |
, is radial flow

with a
n annular
screen i
and a centre pipe. The catalyst move is essentially plug flow Tl
g . The rate of

of i i
catalyst withdrawal. The combined feed exchanger the reacto
> 13

flow
v is determined by the rate

- . o ‘ O\V p eS u

Operation.
- T
a,he C:al)'?t regenerati'on requires five basic operation:
\ urning of coke.
c: Z’;dil.ing metal promoters.
¢ o Jflstmg chloride balance.
. R:'ilng. of excess moisture.
The rectol:'clngvthe metal promoters. '
continge (g and regenel:atwe process can be isolated from another. The reactor system can
operate leaving the regeneration system available for inspection ahd maintenance.
as regenerative unit with in-situ catalyst regeneration.

The
r
eactor system can operae

4.7
b 4 Powerforming '
roe ‘ .
ess type : Catalytic reforming of petroleum naphtha through a series of fixed

catalyst bed reactors.
on Research and Ep
ken off stream for

are regenerated. o

gineering.

about & week at int
ff all the modern €
s lowest operating cost.

el
opedby :  ExX
erval varying from 6 to 24

. Th
€ semj ' .
mi regenerative unit is ta
atalytic reforme
rmers, the

Month,
« s, while all the catalyst bed
mi r . i
egenerative type requires the least investment and ha
a regeneration system that permits

he additional (s
actor without ta

ut the frequency

wing) reactor and

king the unit off
can be varied to meet changing process

* Th
€¢ H
yclic process employs t
stream. Regeneratio
n of one

ener : . *
ation of any indmdual re

feact
or each 24-48 hours i typical b

Objectives
S
Is°me L ss-.smwwww"’ snn s B
! c:;zatlon of C7+ Paraffinic Naphtha t© fncrease
ne Number for Future F uels
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. Flexibility is inherent in cyclic design. The swing reactor permits a wide choice of operation

be i - . . . ) .
tween cyclic and semi regenerative. A cyclic unil can operate at very high severity without

shutting down and thus attain long periods of on-stream time.

. Powercformers can be designed and built for initial operation as semi regenerative units with

ersion to cyclic units by addition of regeneration system.

ver is to remove moisture and to thus control the moisture in the

provision of later conv
- The purpose of recycle gas dr
feed to the reactors. The addition of h

recirculation of feed sulfur and of sulfur introduced

ydrogen sulfide absorbent to the desiccant prevents

during catalyst regeneration.

475 Rheniforming:

Process type Catalytic reforming of
ning, regenerable catalyst t

petroleum naphtha with platinum —rhenium

hrough 2 series of fixed — catalyst- bed

contai
reactors.
Catalyst . Alumina with bimetallic platinum and rhenium
Developed by Chevron Research Co. ' |
high temperature valves or complete

{ L. Rheniformers have few moving parts andr’ no large

manifolding. New designed units em
ecycle gas ratio to
y has been develo

ploy vertical single pass, low press

minimize utility requirements.

and low hydrogen to
ped to assure operation within optimum ranges

Proprietary operating technolog
of the proprietary catalyst and recycle

Rheniforming catalyst has undergone a nu
catalyst introduced in 1

gas properties.
mber of developments si
978, has a run length 1.4 t

nce catalyst A was introduced

.OJ

in 1967 . imes that of cat
in 1967, Rheniforming F alyst
A, despite having half platinum.

Regf?ncration technique ensures com

plere recovery of catalyst activity and performance after
€ach regeneration.
It includes sulfur control

Information on the relatiOnShiP b

of reactor feed for optimufm catalyst performance. Chevron’s

etween hydrogen sulfide content of the recycle gas and feed

Sulfur control.

| -
rein FLBMIEN

omeriva ; ase
Somerization of C7+ Paraffini Naphtha 0 Incre
Page 36 of 66
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476 1

1.6 Ultraforming:

.PI'OQe . . :

| sstype : Catalytic reforming of petroleum naphtha with platinum containing
. = o

regenerable catalyst through a serieé of fixed - catalyst- bed reactors
C .

atalyst . 0.6% platinum on an alumina support.
D . . .

eveloped by : Standard Oil Co. (Indiana) :

Da
_te of process announced: Nov. 1953
ce any of the reactors during regeneration. .

m without interrupting process flow or

ssure and high severity and

1. —
The design includes a swing reactor which can repla

R .. . . . .
egeneration is carried out while the units remain on-strea

reducj : '
ducing feed rate or octane number. The unit can operate at low pre

sti . i
ill remain on stream for long periods.

tary catalyst that ha
h catalyst performance level.

alyst is restored to fres
g flexibility.- The unit can function in the Cyclic or in the

esigned for initial operation a
f swing reactor and regeneration s

s system allows isolation and sh

Ultraformers use a proprie s been proven in commercial process. After
hu . .
ndreds of regenerations this cat
U :
ltraformers are designed for operatin

Semi regenerative mode. The unit can be d
c type by addition ©
ock-valve system. Thi
g of catalyst, dumping

of the unit.

s semi regenerative type

ystem.

a .
nd later converted to cycli
utdown of

These units have a vent and bl
ir of

skimmin nd screening of catalyst or repa

an ;
¥ reactor of regeneration,

re . .
actor internals without shutting down

48

Reforming in India
s operating in various refineries and petrochemical
MT/Y. The locati

atalysts along ‘with their supplier nam
£ them are now using bi

erative type- Allo
e for BTX mode. Seeing the growing

¢ mode and rest ar
Essar Refineries Ltd. of CCR type having designed

n reforming plant

d capacity of 491 M on of these reformers, their

Prese“tly there are fiftee
Units having a total installe

Capacities, duties and present © es are stated in Table-4.
Among them nine are of semi regen metallic reforming
re for octan

¢
Atalyst. Duty wise eight 2
w reformer M/s.

de
Mand of product, oné N¢

C .
apacity of 0.9 MMT/Y is under

advance stage of construction-

li LN
crease
page 37 of 66
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Table 6 : Reforming in India

S. Location Capacity Duiy | Type Present Catalyst
No. Catalyst Supplier '
' 103 T/A
. .
L BPCL, Bombay 710 |Benzene| S.R. RG-482 Procatalyse,
France
‘:v 2. | BRPL, Bongaingoan 110 Xylenes | S.R. RG-451 —do--
-
3. CRL, Cochin 240 Benzene | S.R. PR-9 Criterian,
' Singapore
T
4. 10C, Vadodara 330 B.T.X. | SR. CK-433 Cynamide,
' Katazen
| -
3. 10C, Haldia 196 Octane | S.R. RG-482 Procatalys,
“ France
6 IPCL, Vadodra 110 Xylenes S.R. IPR-2001 IIP-IPCL*
a |
' 7 CPCL Chennai 90 Octane | S-R. IPR-2001 IIP-IPCL*
,i:-‘ % ’ ///
} 8. |Reliance patalganga 233 Xylenes CCR R-32 | UOP
] ’ I
’ 9 10C, Digboi 90 Octane | S.-R. RG-482 Procatalys,
) ’ _ France
T
10. 10C, Barauni 300 | Octane S.R. RG-482 —do--
L //L__,_————-L,—-
| Isomerization of C7+ Paraffinic Naphtha t0 [ncrease
Page 38 of 66
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1. ’
10C. Mathura 500 Octane | CCR CR-201 d
12.
2| toc Karnal 500 | Octane | CCR | CR-20I |
2 - —-do--
13.
MRPL, Mangalore 300 + 300 | Octane CCR R-134 UoP
l 2
4, | Reliance Petroleum, 1400 Xylenes | CCR R-134 d
- 0—-
Jamnagar |
k Total 4909
__,__,__,__,,,_L,f

technology developed at Indian Institute of Petroleum
b

*Indi '
digenous catalysts and process

Dehradun

IIp . ’

o along with IFP has licensed all catalytic reforming processes and diesel Hydrodesulfurization
HDS) units in India. [IP renders n and trouble shooting

servi . .
ces to reformer plants in India bas

pre-startup, start up, regeneratio

ed on the expertise.

REFQRMING CATALYST

as 9-10% chromium oxide or molybdenum

catalytic reforming W
tion and dehydrogenatiori reactions to produce high-
atinum on alumina in catalytic reforming

Th
e first catalyst to be used in

oxi

ides on alumina to catalyz® hydrogena
UOP first introduced pl
search is carried

of the platinum catalyst.[17] Some of

Oc
tane gasoline. In 1949,
n till today almost all re out on and around platinum

(P \
atforn ing) and since the
rove the functioning

S

Ubseunmly efforts were made to imp
t

hem are as follows:
ife (stability).

na gives longer !
dispersion of pl

for re

v o
High purity alumi
atinum for reforming catalyst activity

v
]mpl‘0ved procedure deVClOPed

and L
selectivity to that of fresh catalyst:

L .
Is ..
omerization of C7+ Paraffinic Naphth £€ Increase
Page 39 of 66
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v Inco i
rpo
poration of other metals (Ir, Re, Sn, Ge etc.) to promote the performance of platin
' um

catalyst (bimetallic) build up.

4.9, . :
1 ’ Properties of Reforming catalyst

A i .
r efo@mg catalyst like all other catalyst must poSsess the following properties:

Activity:
A o .
ctivity generally means how well a catalyst does its job with respect to reaction rate

tem . oy i
perature or space velocity. When considering a specific reaction, activity may be related to
reacti . . .

eaction rate. The higher the reaction rate the higher the activity of the catalyst. For motor fuel
r : e s

eforming, activity is generally represented by the temperature required to produce a given

The lower the temperature, the more active the catalyst.

oOctane number reformate.

A

Temperature

Catalyst A

Time
Catalyst Activity

Figure 12 Relative
e same feedstock at the same pressure and space

0 catalysté reforming th

re-37 represents tW
d to maintain a constant octane number of

temperature is increase

er activity than catalys
number reformate. Catalyst A also maintains higher

velocity. As the run progresses
st A has high

t B, because A requires a lower

the reformate. Cataly

temperature to produce the same octan®

h catalysts deactivate as the run progresses. Some refiners prefer to

activi
Ctivity than catalyst B. Bot

| ReXoxg
Isomerization of C7+ Paraffinic Naphtha t© Increase

Its Octane Wunber for Future Fuels base 40 of 6
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use spac ity i
pace velocity instead of temperature to compare catalyst activities. The higher the space
> L

velocity. the more active the catalyst.

Selectivity

In : . e '
catalytic reforming, seiectivity of the catalyst means the percent of desired product yielded

from the feedstock. In motor fuel reforming, a high yield of reformate at the desired octane

number is good selectivity. In BTX reforming, a high yield of total aromatics or of a desired

specific aromatic yield is good selectivity.

A
Reformate Yield,
Liquid Vol. % feed

~Catalyst D
Constant: Feedstock

Space Velocity, Pressure

v

Research Octane Number

Selecti\;ity of Refofming Catalyst

Figure 13: Relative
rmate yield-octane number from two different

For example, in figure-38, pilot unit data for refo
C has better selectivity th

itions (Except reactor temperature) catalyst C yielded 1-
ane number than did catalyst D[18].

catalyst are shown. Catalyst an catalyst D because-on the same

feedstock and the same operating cond

1.2 liquid vol.% more reformate of the same oct

Stability
d exzellent selectivity, but unless it also has stability it

-

A catalyst may -have very high activity an
e ability ‘of a catalyst t0 maintain its activity and

a refiner. Stability is th
period. A catalyst that ope

od stability. A catalyst t
t with gOOd Stabl"ty has a |0ng cyC]e life between

Will be of no use to
rates for along time with little or no loss

Selectivity over a reasonable
hat quickly loses its activity or

has g0

N activity and selectivity
A catalys

selectivi .
electivity has poor stability-

lege .. . .
C¢enerations in a commercnal unit.

.
PEVORST PR Al St
Isomerization of 7+ Paraffinic Naghtha to Increase

1ts Octane Number for Future Fuels Page 41 of 66




o 4 .
!
: e

P
¢

~Alter a period of time due to coke deposition an

- Catalyze isomerization, cyclization a

49 .
3 Catalyst Characterization
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Regenerability
d catalyst poisoning the catalyst may tend to

ity and selectivity. Hence to restore the activity and selectivity of the

deactivate i.e. lose its activ
regeneration of the catalyst is carried out. Regenerability of

catalyst to fresh catalyst conditions
the catalyst is defined as the extent upto which the activity, selectivity and s’tability can be
on. In addition to above men

restured after regenerati
rder to make the process economically more viable.

Possess high regenerability in 0

4, . .
9.2 Function of 2 Reforming Catalyst

en from the beginning, is the incorporation of

of reforming catalysts, eV
reforming catalysts have been termed

gle catalyst. For this reason,

tly multi functional.

An outstanding feature
More than one function in a sin
dual functional, bifunctional and recen
s. One is a metal to catalyze the

ast two different function
efins formed by the

romatics and to hydrogenate ol
y acknowledged that the metal component also
The second function needed is an acid to

contribution of catalyst components

Reforming reactions require atle

dehYdI‘Ogenation of naphthenes- t0 a
caffins. It is generall
ion and jsomerization.

nd hydrocracking. The

dehydrogenation of pa
contributes to dehydrocyctizat
rstood.

0 reforming reactions is still not well unde

st characterization. Cha
velopment program. T
t related sorts. These
rties and chemical activity.

There are many reasons for cataly ‘
he characterization of a catalyst

Worthwhile catalytic research awl de
are chemical composition and

three distinct bu

Provides information On
mechanical prope

chem ,
hemical structure, texture and

s to matters such as elemental composition; the

structure refer
dual phases which may be present; surface

C C i . .,
hemical composition and
ortions of indivl

c ..
omposition, structure and prop

e BT b

tha to Increase

vy,
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Co| .o . 7
mposition, the nature and compositio

surface.

The
texture of the catalyst refers to its geome

I
grossest macro scale dow
indivi .

ividual units, pore structure.

arr . :
anged relative to one another. The mechanical p

the i . ) .
€ Integrity of the catalyst in an industrial ap

res;
sistance, strength and therma

uantitati -
Quantitative measure of the ability of a catalyst tO

u )
nder specified conditions.

Table 7: Catalyst characteristics an

n to the finest micro scal

Total surface area, the way

1 shock resistance. Th

[
~ BET Equation.

n of functional groups which may be present on the

tric structure and morphology, ranging from the

e. This deals with the shape and size of

in which individual phases are

roperties refer to those, which are important to

plication. This refers to abrasion or attrition

e characterization of a catalyst is'a

carry out a particular chemical transformation

d Characterization Techniques

Characterization Technique

By selective hydrogen or 0xXygen
chemisorption
Porosimeter Instrument
Porosimeter Instrument
By Calorimeter of ammonia

n/desorption T echnique or TPD

adsorptio
By Cal

orimeter or ammonia

adsorption/desorption Technique or TPD

Using micro reactor under hydrogen

reduction behavior.

S.No. '
Characteristic
— | .
L Surface Area
\— .
2. Metal Dispersion
3. Pore Volumeé
T "
4. Pore Size Distribution
]
3. Acidity
— ‘ . .
| 6. Acid Strength Distribution
| — ' .
'i 7. Temperature Programming
' Reduction
i .

149,
| c Catalyst Poisons

f al : i

i talyst contaminants are classnﬁed in tW

L———//—

0 categories:

e ad

to lncrease

S

i

i Is .

‘ tso '(T;er'Zation of C7+ paraffinic Naphth?
- ctane Number for Futuré Fuels
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494.1  Temporary Poisons

They are those which can be removed from the catalyst without a shut down. the activity and

selectivity of the catalysis restored once the poison disappears. Namely

*  Sulphur 0.5-1.0

*  nitrogen 05-1.0

* chlorine 0.5

* water 5.0 ,

4.9,
42 Permanent poison
duce a loss of activity whi

needs replacement.
* Copper
* Nickel

Are those which in ch cannot be recovered even with regeneration

and is so severe that catalyst
* )
Arsenic * Lead
*
Iron * Sodium
* -
Chromijum * Mercury

Too much chloride increases the

* Potassium
st beyond the optimum required for

d from the feed, chloride
ide has the same

and makes

acid function of the cataly
n excess chloride is eliminate

balanced catalytic performance: Whe
ontrol of chloride injection. Fluor

ce is restored by €
fluoride is Very difficult to strip from the catalyst
racking reaction more difficult.

leaves the catalyst. Balan
effect as chloride, except that

Controlling the acid catalyzed hydroc

Water
d or from oxygenated hydrocarbons converted to water at

Water comes from moisture in the fee
ure is required t0 @

ugh some moist
nction of the cataly

ctivate the alumina support, excess

stripping chlorides from the

r .
eforming conditions- Altho
st out of balance by °

excess water soutce and

Water can _hrow the acid fU
y elimination of thee

Catalyst. Balance of catalyst functions is restored b

b .
Y chlorine injection.

.

I e
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4,
944  Metals

Trac :
€ quantitie
s of m i
metals such as arsenic or lead can enter a reformer al i
along with the reactor

!l g . l P,

'unct")]| ()f 0y I - I‘ M e M . " M

re 2
store the reforming fu

and replaci
lacine the poi : . .
2 I soned catalyst is necessary to bring unit performance upto its proper level
- leve

10
OPERATING PARAMETERS:

Catalyti ,
ytic reformers are designed for flexibility in operation whether for motor fuel reformi
: ng or

for ar .
omatics (BTX) production. The changes in operation which affects reformate yield and

Quali .
ity are termed process variables. The process variables having the greatest effects on

reforming are:-
ii. Pressure
iii. Temperature
iv. Space Velocity
v. Hydrogen to Hydrocarbon Ratio
vi. Feed Quality
vii. Catalyst Type
419 .
‘1 Pressure:
te yield and hydrogen purity- for a given

Thegres: ~
Soretically, lower the pressure: the higher the reforma

Spac . "
€ velocity-and feed characteristic

Cec

cle ¢ . .
yele compressor are designed for a given
-pressure drop a

s. However there is little flexibility since the unit and the

pressure. Lowering the 0
nd is limited by the recycle compressor design

perating pressure below the

deg;
gn pressure results in higher

drj
liver power. The low pressure: which favors high yield, favors also coke build up.

Temperature :
ost impoitant and most used

Te .
Mperature, together with s (see hereafter) is the m

pace velocity
g reactor inlet temperature operators can raise

0Dt:r H .
a : . .
ting parameter.By simply raising of lowerin

M‘Hm

50meripagi
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or lower t
he octane number of the product.Since all reactor inlet tempe
o consider the weight average inlet tem

identical it i
tical it is commonly accepted t

fepre H N
? sentative of the reactor temperatures.
The .
WAIT is defined as follows:

Warr—
. AIT= {(Wt. Of catalyst RI*Til)+ (
otal Wt. of the catalyst

Til, Tio T
sTi2,Ti3 etc. Are the.Inlet temperatures t0

An i ' ‘
ncrease of temperature has the followi

Cha . .
racteristics stay unchanged:

1
*];l:creaSeS octane.
o creases the yield (of C5+fraction).

ec
% llc:efﬂlses the hydrogen purity-
eases the coke deposit-

d the

At
constant WAIT, the coke deposit an
id

the .
Possible metal deposit and the unavo
Activity (;

Vity (i.e. of octane). An increased tempe

loss,

Lar
e .
ger and temporary changes 1n temperature aré

® To change octane at constant fe
. To change feed quantity and still mai
To change feed quality and still main

4.10
3
Space Velocity:

Spa
Ce velocity is defined 2 the

pl‘()
Cessed per hour divided by th

amount O
e amount of

Spac .
€ velocity is linked to the residence time

Know:
OWing the liquid flow rate (©F ™!

oper .
ating conditions enables to calculat

ed quality and qua

f liquid (expressed

e space velocity)
e the actual flo

ratures are not necessarily
perature (WAIT) as

Wwt. Of catalyst R2*Ti2)+ (Wt. Of catalyst R3=Ti3)} /

reactors R1,R2 and R3.

ace velocity and feed

ng effects, assuming the sp

(céused by the regenerations,
a slight but steady loss of
kes up for this activity

ageing of the catalyst
able upsets) results in

rature through the cycle ma

required for the following:

ntity.

ntain octane.
tain octanc.

in weight or in volume) which is

catalyst (in weight or in volume). The inverse of the

in the reactors.
plus the recycle flo
w in the reactor, hence t

w and the reactor’s

he contact time.

b , o

Iso

Mmer:»at:

! 2:‘7-&“0" of C7+ Paraffinic Napht
ane Number for Future Fuels

ha to [ncrease
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Lower the space velocity (i.e. higher the contact time), the higher the severity, assuming all other

conditions unchanged. Lowering the space velocity has then the same effects as increasing the

temperature 1.€.

I) Increases the octane.

2) Decreases the product yield.

3) Decreases the hydrogen purity-

4) Increases the coke deposit.

If temperature increase is limited (by heater design duty or anything else) lowering space

( velocity (i.e. decreasing flow rate) can give an additio

when liquid feed rate is
be maintained. When feed is inc

feed is reduced temperature must be lo

nal boost to octane.. It is heuristic that

hanged a temperature correction must also be applied if the octane is to

reased, temperature must be raised and conversely, when the

wered. An important rule when changing feed rate is

FOR FEED INCREASE: [ncrease feed first, then adjust temperature increase to meet octane.

on to meet the

FOR FEED REDUCTION: Lower temperature first, then adjust feed reducti

Ooctane.

W04 Hyvdrogen t0 Hydrocarbon Ratio:

The H,/HC ratio is the ratio of pure hydrogen in the recycle (mole per houf) to the feed flow rate

(mole per hour). The Ho/HC as follows:

ratio is calculated

Hyc= { (RM*YI/H F/m }

Where
R is the recycle flow i kg. /hr-

Mis the recycle gas molecular weight.

Fis the feed rate in kg. /br-
veight

M is the feed molecular ¥
jrogen in the recy®

Y is the volume fraction of hvt

o v ,;mawg.‘p:wa»mpw;.w'w-
N H easc
somerization of C7+ Paraffintc Napntha to Increz o
Its Octane Number for Future Fuels
N /////_
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The recycle gas molecular weight (m) is obtained by chromatographic analysis as well as the

volume fraction (V) of the hyvdrogen in the recycle gas. The H/HC ratio can be changed by
lowering or increasing the recycle compressor flow. The Hy/HC ratio has no obvious impact on

the product quality or vield but an increased Ho/HC ratio reduces coke. Catalyst is the heart of

the catalytic reforming process. The catalyst in the reactor promotes the desired reforming

reactions. And makes catalytic reforming a commercially feasible process. Reforming catalyst

are a marvel in their performance in commercial units and are getting better. They. promote

desired reactions and suppress undesirable reactions. These catalysts function efficiently with a

wide range of feedstock composition. They can survive a variety of operating upsets and

continue to reform in an acceptable manner. Finally when their‘ performance is no longer

generated, rejuvenated and restored to fresh-catalyst

economically satisfactory they can be re

Condition, ready for another operating cycle.

1
3 Feed Quality

Mai"]y naphtha as a feed is used in the catalytic reforming process.

4,]0

6
Catalyst

um are mainly used now a days.

P . . .
latinum on alumina or platinum 0N rheni

perature and Pressure on different reactions

Table 8 : Effects of Tem resandl Eressarie o 0
Reaction Pressure Temperature
ea
'_.——'—'_'—_'__'_._—__.__————'__'__
Isomerization of Indeterminate Indeterminate
| naphthenes Sl
High
pehydrocyclization of Low presstre | cemnerature
paraffins t0 naphthenes
- High
Dehydrogenation of_ Low pressure emneature
naphthenes to aromatics
' Slight
jzati F normal slight g
_merization of nofn R i
IJ&;{:frfAms 0 isoparaffins dependence 1B |
ar : | ~ ‘
--E—’_‘d—-ﬁ_ | - High
; i ESRUTe ve ar |
;-Wch'-tsc:'acku1g High pre emperature

IR NN e i RN RS DR L R SR
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CHAPTER 3
ISOMERISATION

Catalytic j o :
ytic isomerization process is used to convert n-parafin to iscparafin , which may be

alky .. . -
yalated to liquid hydrocarbons in the boiling range of motor gasoline. This process is also

used to convert relatively low octane number paraftin
isoparaffins which may have higher
ower boiling end of motor gasolene.

t is a reversible first order reaction. It requires

s contained in light straight run naptha and

raffi . .
nate into the more desirable octane number. Isoparaffins

ro M . .
Provide high octane components in the 1

lSo  ng? .
Mmerization reaction is mildly exothermic. |
Cat N . . . o e
Atalyst to obtain significant yield of isomers. The role of catalyst in isomerization 1S extremely

im i . ' . . )
Portant, since the equilibrium concentrations of branched isomers in the reaction products

y of unwanted side reactions diminishes at lower

inc . .
Ieases at lower temperatures. The intensit
must ensure the optimal rate of reactions at

te ‘ . .
Mperatures. For that reasons, isomerizing catalysts
as . . ., . . . .
low temperature as possnble. To prevent coke deposition on catalyst, isomerization 1S carried

atmosphere.

out )
at an elevated pressure In @ hydrogen
ation of one molecular structure into another

s the transform

The
Isomerisation process involve
a different geometrical structure.

re the same but arranged in
isomerisation offers the

(iso
mer) whose component atoms &
sical and chemical propetties,

Since :
¢ isomers may differ greatly in phy
unds into isomers with desirable properties, in

POssihit;
Ss'b“lty of converting less desirable compoO

iso-paraffins, thereby increasing the octane of the

Partj .
ticular to convert n-paraffins into

plication of isomerisation are:

h)'drocarbon stream. The main fields of ap
ON of normal butane into i
tanes and hexanes into hig
ntiknock quality than th
production of motor fuels.

* ISOMERISATI sobutane

* ISCMERISATION of pen

Sj;

C .

€ branched isomers have 4 higher a
tant for the

her- brancied isomers

e corresponding linear paraffins,

this

S M - . 3

form of isomerisation is IMPOT
s maintained its import

fractions containing C
n has been prompted by the world drive to remove

Th )
oL . L. resent day i i fcatinn i@
igh but ane isomerisation ha ance, p y interest 1somerisation 18

Speg; .
Clally focussed on the upgradmg of
This applicatio

5 Pentane and C6 Hexane for use as

Mot
0 T
I gasoline components.

M“‘ PRS- gy
[So . : - .
l Merization of C7+ Paraffinic Naphtha t0 Increase
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the Ie ..
ad addi . .
tives gradually from motor gasoline In order to reduce air pollution The octane |
- ne loss

Caused b

v the | . . . .

v the removal of reduction of jead antiknock additives can be compensated fo b
¢ I \%

isomeri . -
sat . S o fomgt .
ion of pentane/hexane paraffin fraction of the light gasoline fractions

lSom . .
erisat . : .
ion technology has also improved substantially due to the hard work of man
\I

he low temperature necessary to obtain an acceptable vield of

(eChn :
ologist. In order to achieve t
he early units were based on aluminium chloride in some

isom
f ers, the Catalyst systems used int
orm,

These catalyst systems, however, had th

to han

dle. In recent years, catalyst of 2 different type
acidic carrier and a hydro
e these dual- function catalysts and operate in the vapour

e drawback of being highly corrosive and difficult
have come in use. These are solid catalysts

consistin
of i ; .
g of a support having an genation function, frequently a noble

Meta| . N
. Modern isomerisation units utilis

Phas
€ and the presence of hydogen. For these reasons, these process are called hydro-

iSomerisati
On processes.
953 by UOP, followed in 1965 by the

it was introduced nin 1
(HYSOMER) unit was started up.

The fj
irst hydro- isomerisation un

first
BP one, while in 1970 the first Shell hydro-isomerisation

At
I . , o
Present the following hydro-nsomerlsatlon processes are commercially available:

* UOP BUTAMER for butane isomerisation

* UOP PENEX for pentane/n®
n for butan€ iso

for pentane/hexan

xane isomerisation

merisation

® . . o
BP C, isomerisatio
e isomerisation

* BPCs/Cs isomerisation

* SHELL Hysomer for pentane/h

All
these processes take place in the vapour

exane isomerisation

phase on a fixed bed catalyst containing platinum on

A s0lid carrier.
d. The liquid feedstock is

be briefly describe

ysomer process will
re widely used to split naphtha into light

a. Naphtha splitters a
G. The light naphtha (

mbined reactor feed i
y vaporised by the effluent of the reactor. The

.\S
: an example, the Shell H
. .

htane/hexane from light naphth

"phiha, heavy naphtha and also LP
he resultant €0
d and completel
is further heated t

. C5/C6) is combined with the recycle
eii/h::\esh cas mixture. T s routed to a feed/ effluent heat
vapg .ger, where it is heat€ ‘

urised combined reactor feed o the desired reactor inlet temperature in the

gy
lSOm . mew*“w
erization of C7+ Paraffinic Naphtha t0 Increase
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T I B A ST VIO

I e T S T S T ST Y e SR
reactor charge heater. The hot charge enters the Hysomer reactor at the top and flows downwards

through the catalyst bed. where a portion of normal and mono- branched paraffins is converted

o higher branched (high octane) components. Temperature rise from the heat of reaction

release is controlled by a cold quench gas injection into the reactor. Reactor effluent is cooled
in the product separator into two streams: a liquid product

actor via the recycle gas compressor.

and subsequently scparated

(isomerate) and a recycle gas stream returning to the re

The catalyst is a dual function catalyst consisting of platinum on a zeolite basis, highly stable and
: 5 a5 0 5 i
f€generable. Temperatures and pressure vary in a range of 230 - 285 °C and 13-30 bar, Cs/Cs

Content in product relative to that in feed is 97% or better, and octane upgrading ranges between:

8 and 10 points. depending on feedstock quality- The Hysomer process can be integrated with

Catalytic reformer, resulting in substantial equipment savings, or with iso-normal separation
2 i

e conversion of pentane/hexane mixtures into isoparaffin

Processes which allows for a complet

Mixtures.

Isomerization of paraffins is limited by thermodynamics. Low temperatures are therefore

s approach equilibrium conversion at lower temperature, leading to

favored. High activity catalyst

higher iso-paraffin yields.

P it

matic of thermodynamics of Isomerisation

Figure 14 Sche

S, RS SR g T R ST LTI SRS SR BB

sl i

: nmgm‘-ﬂs'f
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Nowadays many refiners are looking into the ‘somerisation processes to add potential extra value

and complimentary to the platforming process. Directly both the platforming and isomerisation

Process work hand in hand in several ways. C5 paraffins tend to crack away in the platformer.

but give high upgrading in the isomerisation unit. C6 components convert nicely to benzene in

the platformer. but nowadays the specs on aromatics and benzene are tightening, which makes

Conversion of these components to C6 isomers meferleu Furthermore, benzene is hy
ks into light paraffin and also give high end toluene

drogenated

in the isomerisation unit. C7 paraftin crac

and C7 isomers.

DHC H»toluene
DHC
-Gl W ' IS. pemat ‘ i- |
HC
HC light paraffins
- F(C-Cy)

{ between the light and heavy naphtha, i-€. the cutpoint between the feed

feed, the refin
isomerization of paraffines takes place

By adjusting the cutpoin
' the jsomerisation feed and the plaiformer
|.Catalytic hydro-
ydrogen atmosphere.

er has the flexibility to control the

ben2ene content of its gasolme POO

Under medium pressure (typically 30 bar)inah

L
; ase
lsornerlzation of C7+ Paraffinic Naphtha to Incre
s Octane Number for Future Fuels Page 52 of 66
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CHAPTER 6
PROJECT OBJECTIVE

To . . o o
develop a catalyst for isomerizat:on of C5-Cy paraftins for the preparation of high-octane
gasoline blending stock with low aromatics and benzene.

T . . . )
he proposed research work 1S aimed to isomerize Cy+ normal paraffins to high-octane

ISoparaffins with controlled cracking. Similarly C7+ cyclo paraffins also would be converted to

Corresponding isoparaffins via ring opening isomerization. The process is thu
-+ hydrocarbon feed to yield environ-friendly gasoline by

s aimed to take care

of paraffins and naphthenes in the C

m'““Tlizing benzene and total aromatics.

| 6.1
| Background of the Proposed Project

Motor gasoline is a key automotive fuel and is likely to occupy the leading edge in the coming

decades all over the globe. A common tool to enhance the octane number of gasoline used to be

_containing components. Since its discovery in 1922, tetraethyl lead (TEL)

t ..
he addition of lead
es to improve the quality of gasoline. However, in recent years,

has been adding in small quantiti
as been decreased by legislation with the target of its

in ]
many countries the amount of lead h

®mplete elimination. Phase out of TEL has been compensated by aromatic rich gasoline that

erity of the reformer. |

8enerally obtained by increasing the sev
s categories of gasoline. The category 4, lists the fuel

W M . -
orldwide fuel charter specifies variou
end users to control the emissions. The maximum

Quality recommendations to be provided to the
nzene are given in Table-1 below.

feCommended limits for sulfur; olefins, aromatics and be
oline pool is not as strictly regu

ar to those in developed nations.

Though the quality of Indian gas lated as in the West, soon its

%a“ty is also expected to become simil

‘l‘ ”M, ‘

! 1 .

P ssogerlzation of C7+ Paraffinic Naphtha t0 Increase
ctane Number for Future Fuels

Page 53 of 66

\ .//’
SISt ———



University of Petroleum & Energy Studies

Component Limit |
5-10
Sulfur (ppm)
Olefins (vol. %) 10
Aromatic content (vol.%) 35
Benzene (vol.%) 1.0

India

g
i
t

Table 10: Gasoline Standards

I

Property U

! 2000-05 | Beyond 2005 |Euro Iand Il Euro HI
SniGemm 7 omomsle  loes oo
e e R — B R . o B
‘Maximum lead content (g/l) EO'OB iO'OOS {0.013 0.005
i i | ‘
:Maximum benzene content (% vIV) §5—3 ,}2—1 ts 1
'« Research octane number N 87-91 91,95 95 (min) %95 (min)
* Motor octane number 82 82, 85 ;85 (min) 85 (min)
Hydrocarbon c'onip()sitiolt (% v/V)
" Aromatics 45-40 <35 - 42
* Olefins 3020 2010 | - 18
Distillation - E100 (% v) 50-65 30-65 40—70‘ 40~70
Reid vapour pressure (kilo pascal) 35-60  45-60 ;35“'00 35-100

L P a.mu-;mmm.mg;.w.w‘e-&ﬂm“'-’i' (PRI &, TSI LIS T LR
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Density at 15 °C (kg/m’) 700-750 715-770  725-780  725-780

At this juncture. use of oxygenate additives such as methyl tertiary butyl ether (MTBE) and
tertiary amy! methyl ether (TAME) are increasingly used to improve the gasoline quality as well
as to control the emissions from gasoline, although they cost more per octane number. However,

contribution of oxygenates to environmental pollution is also observed and there has been much -

debate on their use as gasoline additives.

The existing main processes for high-octane gasoline production are reforming and FCC. Larger
paraffins present in streams used for catalytic reforming. Catalytic reforming of S-R naphtha/
FCC naphtha/ cocker naphtha/ hydrocracked heavy naphtha which yields reformate having as
high as 95-105 RONC with large percentage of aromatics. Although reformate is high-octane
products, they typically contain over 55-60 wt % aromatics, and their use in reformulated
gasoline should therefore be limited. In addition, in order to decrease harmful vehicle emissions,

the concentration of benzene in gasoline has also been limited in several countries by

government regulations.
Discovery of a suitable technology and catalysts which could convert the especially the n-

parafins in C;* range (having RONC <40) into isomers having 90" RONC with mild cracking the

hydrocarbons would be a boon to refiners and provide eco-friendly gasoline by minimizing the

aromatics.
Another point in paraffin chemistry that needs to be taken
e crackability of the n-paraffins increases with increasing chain length of the

zation of a mixed paraffin feed is made more difficult by the

care is the crackability of the n-

paraffins, where th

n-paraffins. Selective isomeri

increased ease of conversion and cracking as carbon number increases. For example, reaction

conditions that selectively isomerize n-Ce over mordenite almost exclusively crack »n-Cs. A

recent study evaluated a series of zeolite catalysts for the isomerization Cs-C; paraffins. A
PUBEA zeolite catalyst was found to be €
and Cs. Thus, the isomerization catalyst developed for the isomerization

ffective, although the selectivity to isomers for C; was

Much Jower than for Cs

et 3 v rortis DEAT

:SOmerization of C7+ Paraffinic Naphtha t0 Increase
‘s Getane Number for Future Fuels
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of short chain alkanes such as pentane and hexane need not be a good catalyst for Cs+

isomerization. as the crackability of the C7+ is more.
Another challenge in isomerization of any realistic naphtha cwt is the presence of cyclic

compounds. Inhibition of catalyst activity by cyclic compounds has been observed over

Pt/mordenite catalysts.

Yet another point that is to be considered in catalyst development is the hydrogenolysis function

of the noble metal particle, that gives unwanted cracking products. In order to suppress the
hydrogenolysis activity of the noble metal, addition of another metal is generally used to modify .

the electronic properties of the first metal. However, achieving homogenously dispersed bi-

metallic sites and the stability of such sites against metal agglomeration at the reaction conditions

needs again expertise on the catalyst development.

6.2 Catalyst Preparation

The catalyst system aimed to develop is of bi-functional nature where acidity and Nobel metal

function work together for isomerization reaction. The catalyst development can be carried out in

two steps, namely, acidity modification and noble metal incorporation for above mentioned

purpose. The following steps may be involved in catalyst development

1. Preparation of bi-metallic mordenite bas'ed catalyst

2. Screening of catalysts using n-hexane isomerization as model reaction

Zeolite Modification

Commercial mordenite in powder form was used and modified by acid extraction/hydrothermal

treatment to achieve desired acidity as based material. The Si/Al ratios of the samples were

varied to alter the acidity and the support v:as impregnated with Pt and Pd metals by incipient

Wet impregnation method. The sequential steps involved in catalyst preparation are given below.

| W N ___,M‘@,_.,as'nwfw-'
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Extrudate Preparation

The parent mordenite as well as the four acid treated mordenite samples in the powder form were

taken along with alpha — alumina binder in 60:40 mordenite: binder ratio to prepare extrudates

for catalvst activity evaluation. In a typical procedure the physical mixturc of mordenite and

binder material was thoroughly mixed and ground, followed by the drop wise addition of 3 vol%

galacial acetic acid as peptizing agent and allowed for Peptization for 2 hours. The resultant

paste was extruded using 1mm diameter pore and the extrudates were dried at room temperature

overnight, followed by heating at 100°C for 10 hours. All the extrudates were calcinated at

500°C for 4 hours, before using them for metal impregnation.

Need for Metal incorporation

In the initial stage of isomerization reactions, acid sites alone were applied for facilitating the

reaction. These are called mono functional catalysts. In advanced stages of catalyst development,

the need of a noble metal component such as Pt, Pd were identified that can be improve not only

"isomerization reaction but also the amount and nature of coke with better stability in activity of

the catalyst,
In principle, there are two types of catalysts for skeletal isomerization of paraffin,
Monofunctional acidic catalysts and pifunctional acid metal catalysts that combine the acidic

function with the hydmgenation/dehydrogenation function of a metal. Depending on the active

f”“cﬁonality of the catalyst involved in the reaction, the mechanisms of the isomerization also

d based mono functional catalyst, the reacti
r the bifunctidnal acid-metal catalyst it occurs via carbeniym

‘ . on occurs through t
Vary. In case of pure acl gh the

fOlfmation of carbonium ion and ove

i . .
On as intermediate.

ImPl‘egnation of Pt Salt
NCipient wet impregnation Me
(1) chioride hydrate (98% Aldrich) salt equivale

Vas dissolved in distill water equivalent to the total pore vo
drop wise and allowed for adsorption at room temperature

thod was used for impregnation of Pt, where tetra amine platinum
nt to 0.3 wt% of Pt on the basis of final catalyst

lume of the catalyst and resultant

Solution was added to the extrudates

-,
e T

phtha to [ncrease
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over night, followed by drying at 100

by calcinations of the above mentioned dry mixture

above samples were treated with h

ydrogen flow in reactor for reduction of metal ion. b

were using tor the hydro isomerization reaction.

SEQUENTIAL STEPS INVOLVED IN CATALYST PREPARATION

°C for 10 hours, and the oxide form of metal was obtained

at 500°C temperature for 4 hours. All the

efore they

Figure 15:- SEQUENTI

LYo

Isomerization of C7+ Paraftinic Napht
Its Octane Number for Future Fuels

100 g ' | Physical mixing
> | calcination > | 60 g Zeolite
H-Mordenite 40 g pseudo
boehmite binder
Si/Al ~16-18
Extrusion Peptization
Wet extrusion by 100 g Physical mixture (of zeolite and
hand press (IIP alumina) + 80 ml of 3 vol % of glacial
made) acetic (3 ml gal. Acetic acid+97 ml
distilled water)
Peptization time: 3 hours
I;;ﬁ::lng Calocination
Drying temp.: ioi? G,
At room temperature: 6 hours ours
Over night (12 hours) ™ 100°C, 4
‘ hours l
-
Metal impregnation:
Incipient wet impregnation 0.3 g of Pt for
' 99.7 g of dry extrudates (zeolite+pseudo
Calcinationl‘ < boehmite mixture)

AL STEPS INVOLVED IN CATALYST PREPARATION

e S
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6.3 Pilot Plant Description
This unit is capable of handling a variety of feedstocks can operate at various temperaturces.
pressure and flow rate of feedstocks and gases. Computer interfacing maintains system
temperatures. pressures and flow rates while storing equipment data. maximum operating
temperature is 550"C. maximum pressure is 100 bar, feedstock flow rate is 250ml/hr, Ha flow
rate i 500ml/hr. It has a reactor volume of 0.705 1. Heated volume of 0.615 1., total length 1320

mm and heated length 1000 mm, 0.D.42 + 0.2 mm.

The whole unit has been divided into 3 major sections as shown in the figure below

PV4
GAS

H% open  METER

i
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Figure 16: Schematic of the Pilot Plant
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1. Feed supply and conditioning section

[t comprises feed and gas section. Liquid feed scction consists of one feed vessel for naphtha

mounted on weight balance. Feed pump is provided to feed naphtha at high pressure. Gas feed

section has feed lines for N and Ha controlled with mass flow controllers. Gaseous and liquid

feed are dried in molecular sieve dryers.

2. Reaction zone section

Reactor had five heated zones with five furnaces. Top and bottom zones serve as pre and post

heat zones respectively and three middle zones as main reactor zone. Temperatures are

monitored at five points both at skin and heart of the reactor separately with thermocouples. Inlet

and outlet flanges are also insulated.

3. Product separation section

Process fluid leaving the reactor is immediately quenched by a water cooler and then goes

through separator, which have level gauge and external water-cooling arrangement. Gas is

recycled by recycle compressor through a catcher cooled by water. Excess gas generated is.

discharged to atmosphere through wet gas meter. Liquid separated in separators is collected in a

product vessel mounted over a weight balance to monitor product weight. Vega Controller

maintains level in separator. Gas samples can be collected any time from the recycle loop and

frOm c ombined reC)’CIe and product vessel overhead stream.

20 gms -Of the .catalyst 1SO-1was loaded in the reactor of Pilot Plant with 120 gms of alpha-

Alumina in the dilution ratio of 1:6.The total length of reactor was 115.5 cms. The reactor was

divided into five different ZONes. th

of 7.5 ¢m height at the top and 8.0 cms at
alumina had a height of 38.0 cmS in the upper zone and 4

1e top and the bottom zone comprised of beads, the beads were -
the bottom of the reactor. The next zone of alpha-

0.0 cms in the bottom lower zone. In

- 125l T
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TR I P ST TR IS W T T O AT DL X TR R S g T,

the middle zone of the reactor length. a combination of alpha-alumina and catalyst was loaded.

22 ems in length, as shown in the figure:

Wt. of catalyst = 20 gms
¢-Alumina = 120 gms
e-Alumina dilution ratio 1:6

—x 0 :
Beads 7.5 cms
A
ca-Alumina 38.0 cms
v

o-Alumina 40.0 cms
22.0 cms
115.5 ¢ms
S ! |
- (")
Beﬂ(ls 8.0 ¢ims :::E‘::::a:]b:::g: >

Figure 17 : Schematic of reactor showing various zones
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| 65 Pre Start up Activity

After loading the catalyst in the reactor. the system was pressurized and depressurized with ultra

hi-purity Nitrogen three times to completely remove air from the system. The unit was

pressurized upto 35kg/cm2 and checked for the leakage.

After pressure check, the total system was again pressurized and depressurized with the ultra

high purity Hydrogen to create Hydrogen atmosphere in the system.

Reduction of the Catalyst

The recycle compressor was started keeping the flow rate 10lt/hr. The unit pressure was

maintained at 10kg/cm2 and the reactor was he
rate at 50°C/hr. This condition was maintained for 2hrs.

e reactor was further increased to 520°C, keeping the same heating rate.

ated to 300°C temperature keeping the heating

The temperature of th

This condition was maintained for 8 hours. Then the reactor temperature were reduced by

stobping the heating and increasing the hydrogen flowrate.

CATALYST EVALUATION RUN

6.6 ACTIVITY TEST WITH MODEL COMPOUNDS

FEED CHARACTERISTICS

Compound = n-hexane
Sulphur level = <4 ppm
RONC = 19

CATALYST CHARACTERISTIC:

Name 1SO-1
Type = bi-metallic
Met Is = Pt-Pd

Baséi ” = H-Modernite

Isomerization of C7+ Paraffinic Naphtha to Increase
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OPERATING CONDITIONS:
PRODUCT ANALYSIS
RONC = "45
CONVERSION = 49.6 %
Group Wt% RON
Aromatics 0.0 0.0
Naphthenes 0.6 0.4
[so-paraffins 355 30.3
Olefins 0.0. 0.0
f’arafﬁns 63.8 12.7
FEED CHARACTERISTICS
Compound = n-heptane
Sulphur level = <4 ppm
RONC = 0
CATALYST CHARACTERISTICS
Name = ISO-1
Type = bi-metallic
Metals = Pt-Pd
Base = H-Modernite

:Somerization of C7+ Paraffinic Naphtha to Increase
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| OPERATING CONDITIONS:

Temperature = 320C
Pressure = 20 bars
i WHSV = 2
 HyHC - 4
' PRODUCT ANALYSIS
RONC = 45.11
| CONVERSION = 58.42 %
Group Wt% RON
Aromatics 1.688 1.62
Naphthenes 8.573 5.95
[so-paraffins 33.565 75.54
Olefins 0.018 0.02
Paraffins 55912 11.99
Unidentified 0.244 -
|

| Isomerization of C7+ Paraffinic Naphtha to Increase

Its Octane Number for Future Fuels
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