UPGRADING PROCESSES
Catalytic Cracking

Catalytic cracking is the most important and widely used refinery
process for converting heavy oils into more valuable gasoline and lighter
products, with 10.6 MMBPD (over 1 million tons/day) of oil processed in
the world. Originally cracking was accomplished thermally but the
catalytic process has almost completely replaced thermal cracking
because more gasoline having a higher octane and less heavy fuel oils

and light gases are produced.

Fluid catalytic cracking (FCC) technology is a technology with more than
60 years of commercial operating experience. The process is used to
convert higher-molecular-weight hydrocarbons to lighter, more valuable
products through contact with a powdered catalyst at appropriate

conditions.

Historically, the primary purpose of the FCC process has been to produce
gasoline, distillate, and C3/C4 olefins from low-value excess refinery gas
oils and heavier refinery streams. FCC is often the heart of a modern
refinery because of its adaptability to changing feedstocks and product
demands and because of high margins that exist between the FCC

feedstocks and converted FCC products.

As oil refining has evolved over the last 60 years, the FCC process has
evolved with it, meeting the challenges of cracking heavier, more
contaminated feedstocks, increasing operating flexibility, accommodating
environmental legislation, and maximizing reliability. The FCC unit

continuously circulates a fluidized zeolite catalyst that allows rapid



cracking reactions to occur in the vapor phase. The cracking reactions are
carried out in an up-flowing vertical reactor-riser in which a liquid oil

stream contacts hot powdered catalyst.

The oil vaporizes and cracks to lighter products as it moves up the riser
and carries the catalyst along with it. The reactions are rapid, requiring
only a few seconds of contact time. Simultaneously with the desired
reactions, coke, a material having a low ratio of hydrogen to carbon,
deposits on the catalyst and renders it less catalytically active. Catalyst
and product vapors separate in a disengaging vessel with the catalyst
continuing first through a stripping stage and second through a
regeneration stage where coke is combusted to rejuvenate the catalyst and

provide heat for operation of the process.

The regenerated catalyst then passes to the bottom of the reactor-riser,
where the cycle starts again. Hydrocarbon product vapors flow

downstream for separation into individual products.

1- The light gases produced by catalytic cracking contain more olefins

than those produced by thermal cracking.

2- The cracking process produces carbon (coke) which remains
on the catalyst particle and rapidly lowers its activity. To
maintain the catalyst activity at a useful level, it is necessary to
regenerate the catalyst by burning off this coke with air. As a
result, the catalyst is continuously moved from reactor to

regenerator and back to reactor.



3- The cracking reaction is endothermic and the regeneration
reaction exothermic. Some units are designed to use the
regeneration heat to supply that needed for the reaction and to heat
the feed up to reaction temperature. These are known as ‘‘heat

balance’’ units.

4- Average riser reactor temperatures are in the range 900 to 1000 °F
(480-540 °C), with oil feed temperatures from 500 to 800 °F (260—
425 °C) and regenerator exit temperatures for catalyst from 1200 to
1500 °F (650-815 °C).

The catalytic-cracking processes in use today can all be classified as
either MOVING-BED or FLUIDIZED-BED units. There are several
modifications under each of the classes depending upon the designer or

builder, but within a class the basic operation is very similar.

1) Moving Bed:
In which the catalyst was allowed to fall slowly by gravity through the
reactor and a regenerator vessels and was returned mechanically to the
top.

2) Fluidized Bed:
Is based on the fluidization propertied of fine powders, which enabled
the catalyst to be transported continuously between the reactor and
regenerator.
The fluidized system has been more widely used than the moving bed and

now represents about 80 % of all cracking plants.



Catalysts:
both systems use basically similar catalysts but produced in a different
form, in the shape of BEDS for moving bed and FINE POWDER for
fluidized bed.
1- Acid treated clays ground to a powder
2- Synthetic silica- alumina catalysts of higher activity (amorphous)
3- Crystalline synthetic silica — alumina catalyst called ZEALOTS or
MOLECULAR SIEVES.

The advantages of zealots over the natural and synthesis amorphous

catalyst are:

1) Higher activity.

2) Higher gasoline yields at a given conversion.

3) Production of gasoline containing a larger % of paraffinic and
aromatic HC.

4) Lower coke yield.

5) Increased iso-butane production.

6) Ability to go for higher conversion per pass without over cracking.

THE PROCESS FLOWS of BOTH TYPES of PROCESSES are
SIMILAR:

1- THE HOT OIL FEED is contacted with the catalyst in either the
feed riser line or the reactor.

2- AS THE CRACKING REACTION PROGRESSES, the catalyst
Is progressively deactivated by the formation of coke on the

surface of the catalyst.



3- THE CATALYST and HYDROCARBON VAPORS are
separated mechanically, and oil remaining on the catalyst is
removed by STEAM STRIPPING before the catalyst enters the

regenerator.

4- THE OIL VAPORS are taken overhead to a
FRACTIONATION TOWER for separation into streams having

the desired boiling ranges.

5- THE SPENT CATALYST flows into the regenerator and is
reactivated by burning off the coke deposits with air. Regenerator
temperatures are carefully controlled to prevent -catalyst
deactivation by overheating and to provide the desired amount of

carbon burn-off.

6- THE FLUE GAS AND CATALYST are separated by cyclone
separators and electrostatic precipitators. The catalyst in some units
Is steam-stripped as it leaves the regenerator to remove adsorbed

oxygen before the catalyst is contacted with the oil feed.

In addition to the nature of the charge stock, the major operating

variables effecting the conversion and product distribution are:

1- the cracking temperature, 2- catalyst/oil ratio, 3-space velocity,

4- catalyst type and activity, and 5- recycle ratio.
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UPGRADING PROCESSES
CATALYTIC HYDROCRACKING

Hydrotreating and hydrocracking are among the oldest catalytic
processes used in petroleum refining. They were originally employed in
Germany in 1927 for converting lignite to gasoline and later used to
convert petroleum residues to distillable fractions. The first commercial
hydrorefining installation in the United States was at Standard Oil
Company of Louisiana in Baton Rouge in the 1930s. Following World
War 11, growth in the use of hydrocracking was slow. The availability of
Middle Eastern crude oils reduced the incentive to convert coal to liquid
fuels, and new catalytic cracking processes proved more economical for
converting heavy crude fractions to gasoline. In the 1950s,
hydrodesulfurization and mild hydrogenation processes experienced a
tremendous growth, mostly because large quantities of by-product
hydrogen were made available from the catalytic reforming of low-octane

naphthas to produce high-octane gasoline.

The first modern hydrocracking operation was placed on-stream in 1959
by Standard Oil Company of California. The unit was small, producing
only 1000 barrels per streamday (BPSD). As hydrocracking units were
installed to complement existing fluid catalytic cracking (FCC) units,
refiners quickly recognized that the hydrocracking process had the
flexibility to produce varying ratios of gasoline and middle distillate.
Thus, the stage was set for rapid growth in U.S. hydrocracking capacity
from about 3000 BPSD in 1961 to about 120,000 BPSD in just 5 years.
Outside the United States, early applications involved production of
liquefied petroleum gas (LPG) by hydrocracking naphtha feedstocks. The



excellent quality of distillate fuels produced when hydrocracking gas oils
and other heavy feedstocks led to the choice of the hydrocracking process
as a major conversion step in locations where diesel and jet fuels were in
demand. Interest in high-quality distillate fuels produced by

hydrocracking has increased dramatically worldwide.

The interest in the use of hydrocracking has been caused by several
factors, including:

(1) the demand for petroleum products has shifted to high ratios of
gasoline and jet fuel compared with the usages of diesel fuel and home
heating oils,

(2) by-product hydrogen at low cost and in large amounts has become

available from catalytic reforming operations, and

Some of the advantages of HYDROCRACKING are:

1. Better balance of gasoline and distillate production.

2. Greater gasoline yield.

3. Improved gasoline pool octane quality and sensitivity.

4. Production of relatively high amounts of isobutane in the butane
fraction.

5. Upgrade (IMPROVE) (Feed) heavy cracking stocks, aromatics,
cycle oils, and coker oils to (Produce) gasoline, jet fuels, and light fuel

oils.

In a modern refinery catalytic cracking and hydrocracking work as a
team. The catalytic cracker takes the more easily cracked paraffinic
atmospheric and vacuum gas oils as charge stocks, while the

hydrocracker uses more aromatic cycle oils and coker distillates as



feed. The cycle oils that result from cracking operations with zeolite
catalysts tend to be highly aromatic and therefore make satisfactory
feedstocks for hydrocracking. Vacuum and coker gas oils are also used as
hydrocracker feed.

Hydrocracking Reactions:

The mechanism of hydrocracking is that of CATALYTIC
CRACKING with HYDROGENATION superimposed.

Catalytic cracking is the scission (separation) (detachment) of a carbon—
carbon single bond, and hydrogenation is the addition of hydrogen to a
carbon—carbon double bond. An example of the scission of a carbon—

carbon single bond followed by hydrogenation is the following:
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This shows that cracking and hydrogenation are complementary, for
cracking provides olefins for hydrogenation, while hydrogenation in turn

provides heat for cracking.

The cracking reaction is ENDOTHERMIC and the hydrogenation
reaction is EXOTHERMIC. The overall reaction provides an excess of
heat because the amount of heat released by the exothermic
hydrogenation reactions is much greater than the amount of heat
consumed by the endothermic cracking reactions. This excess heat

causes the reactor temperature to increase and accelerate the reaction rate.



This is controlled by injecting cold hydrogen as quench into the reactors

to absorb the excess heat of reaction.

Almost all hydrocracking catalysts use silica-alumina as the cracking
base but the rare-earth metals vary according to the manufacturer.
Those in most common use are platinum, palladium, tungsten, and

nickel.

THE HYDROCRACKING PROCESS:

With the exception (exclusion) of the H-Oil and LC-Fining processes, all
hydrocracking and hydroprocessing processes in use today are fixed-

bed catalytic processes with liquid downflow.

The hydrocracking process may require either one or two stages,
depending upon the process and the feed stocks used. The process flows
of most of the fixed-bed processes are similar and the GOFining process
will be described as a typical fixed-bed hydrocracking process.

The GOFining process is a fixed-bed regenerative process employing a
molecular-sieve catalyst impregnated with a metal. The process employs
either SINGLE-STAGE or TWO-STAGE hydrocracking WITH
TYPICAL OPERATING CONDITIONS ranging from 660 to 785°F
and from 1000 to 2000 psig (350-420°C and 6900-13,800 kPa).

The temperature and pressure vary with the age of the catalyst, the

product desired, and the properties of the feedstock.

The decision to use a single- or two-stage system depends upon the size
of the unit and the product desired. If only one stage is used, the process



flow is the same as that of the first stage of the two-stage plant except the

fractionation tower bottoms is recycled to the reactor feed.

1-

2-

7-

THE FRESH FEED is mixed with makeup hydrogen and recycle
gas (high in hydrogen content) and passed through a heater to the

first reactor.

The hydrocracking reactor(s) is operated at a sufficiently high
temperature to convert 40 to 50 vol% of the reactor effluent to
material boiling below 400°F (205°C).

The reactor effluent goes through heat exchangers to a high-
pressure separator where the hydrogen-rich gases are separated and
recycled to the first stage for mixing both makeup hydrogen and
fresh feed.

The liquid product from the separator is sent to a fractionator
where the C4 and lighter gases are taken off overhead, and the
light and heavy naphtha, jet fuel, and diesel fuel boiling range

streams are removed as liquid sidestreams.

The unit can be operated to produce all gasoline and lighter

products or to maximize jet fuel or diesel fuel products.

The bottoms stream from the fractionator is mixed with recycle
hydrogen from the second stage and sent through a furnace to the
second-stage reactor.
The second-stage product is combined with the first-stage product
prior to fractionation.



GAS
Hy MAKEUP — 6y Cq,LSR

H, RECYCLE
[ NAPHTHA
P
\
DIESEL
\/
FEED
Y
(____/
@ Hy MAKEUP H2 RECYCLE

Two stage Hydrocracker.



UPGRADING PROCESSES

CATALYTIC REFORMING & ISOMERIZATION

In catalytic reforming, the change in the boiling point of the stock
passed through the unit is relatively small as the hydrocarbon molecular
structures are rearranged to form higher-octane aromatics with only
a minor amount of cracking. Thus catalytic reforming primarily
increases the octane of motor gasoline rather than increasing its yield; in
fact, there is a decrease in yield because of hydrocracking reactions which

take place in the reforming operation.

The typical feedstocks to catalytic reformers are heavy straight-run
(HSR) gasolines and naphthas [180-375 °F (82-190 °C)] and heavy
hydrocracker naphthas. These are composed of the four major
hydrocarbon groups: paraffins, olefins, naphthenes, and aromatics
(PONA). Typical feedstocks and reformer products have the following
PONA analyses (vol %):

Component Feed Product
Paraffins (P) 30-70 30-50
Olefins (O) 0-2 0-2
Naphthenes (N) 20-60 0-3
Aromatics (A) 7-20 45-60

The paraffins and naphthenes undergo two types of reactions in being
converted to higher octane components: CYCLIZATION &
ISOMERIZATION.




Hydrocarbons boiling above 400 °F (204 °C) are easily hydrocracked and
cause an excessive carbon laydown on the catalyst. As in any series of
complex chemical reactions, reactions occur which produce undesirable
products in addition to those desired. Reaction conditions have to be

chosen that favor the desired reactions and inhibit the undesired ones.

There are FOUR MAJOR REACTIONS that take place during

reforming.

(1) dehydrogenation of naphthenes to aromatics,
(2) dehydrocyclization of paraffins to aromatics,
(3) isomerization, and

(4) hydrocracking.

1) The DEHYDROGENATION of cyclohexane derivatives is a much
faster reaction than either the DEHYDROISOMERIZATION of
alkylcyclopentanes or the DEHYDROCYCLIZATION of paraffins,
however, all three reactions take place simultaneously and are necessary

to obtain the aromatic concentration needed in the reformate product TO
GIVE THE OCTANE IMPROVEMENT NEEDED.

2) Isomerization Reactions

Isomerization of paraffins and cyclopentanes usually results in a lower

octane product than does conversion to aromatics.

1. Isomerization of normal paraffins to isoparaffins:
2. Isomerization of alkylcyclopentanes to cyclohexanes, plus

subsequent conversion to benzene:
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3) Hydrocracking Reactions

The hydrocracking reactions are exothermic and result in the production
of lighter liquid and gas products. They are relatively slow reactions and
therefore most of the hydrocracking occurs in the last section of the
reactor.

The major hydrocracking reactions involve the cracking and saturation of

paraffins.
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All of the REFORMING CATALYST in general use today contains
platinum supported on an alumina base. In most cases rhenium is
combined with platinum to form a more stable catalyst which

permits operation at lower pressures

CATALYTIC REFORMING PROCESS

Reforming processes are classified as CONTINUOUS, CYCLIC, or
SEMIREGENERATIVE depending upon the frequency of catalyst
regeneration.

The SEMIREGENERATIVE is considered as a typical fixed-bed

reactor reforming operation with advantage of minimum capital costs.

1. The pretreated feed and recycle hydrogen are heated to (925 -
975°F) (498-524°C) before entering the first reactor.

2. IN THE FIRST REACTOR, the major reaction is the
dehydrogenation of naphthenes to aromatics and, as this is

strongly endothermic, a large drop in temperature occurs.

3. To maintain the reaction rate, the gases are reheated before
being passed over the catalyst in the second reactor. As the charge
proceeds through the reactors, the reaction rates decrease and the

reactors become larger, and the preheat needed becomes less.

USUALLY THREE or FOUR REACTORS are SUFFICIENT to
provide the desired degree of reaction and heaters are needed
before each reactor to bring the mixture up to reaction temperature.
In practice, either separate heaters can be used or one heater can

contain several separate coils.



4. The reaction mixture from the last reactor is cooled and the

liquid products condensed.

5. The hydrogen-rich gases are separated from the liquid phase in a
DRUM SEPARATOR, and the liquid from the separator is sent to a

fractionator to be debutanized.

6. The hydrogen-rich gas stream is split into a hydrogen recycle
stream and a net hydrogen by-product which is wused in

hydrotreating or hydrocracking operations or as fuel.

It is usually necessary to operate at pressures from 50 to 350 psig
(345-2415 kPa) and at hydrogen charge ratios of 3-8 (mol H,/mol
feed.).
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UPGRADING PROCESSES
HYDROTREATING

Hydrotreating of residual oils was a natural extension of
hydrotreating distillate oils and VGOs to remove sulfur. CLG’s first
commercial RDS Hydrotreater was commissioned in 1969. Typical of
many early residuum hydrotreaters, CLG’s first RDS Hydrotreater was
designed to remove sulfur to produce low-sulfur fuel oil (LSFO). CLG’s
first VRDS Hydrotreater, commissioned in 1977, was also designed to
produce LSFO. In 1984 Okinawa Sekiyu Seisei, a Japanese refiner, first
reported4 the operation of a CLG RDS Hydrotreater in “conversion
mode. In this operation, the reactor temperature was raised fairly high
early in the run—much higher than required to simply produce lowsulfur
fuel oil—and held high until the end of run. This operation hydrocracked
as much VR as possible to lighter boiling products (VR was “converted”
to light products). It also shortened the run length because of higher
catalyst deactivation from coke deposited on the catalyst through more of

the run.

Conversion mode operation has been favored by many
RDS/VRDS Hydrotreater operators in recent years to minimize the
production of fuel oil. An alternative to destroying low-value fuel oil has
been to convert it to higher value fuel oil. During the late 1970s and
through the 1980s and 1990s, the demand for and value of high-sulfur (3
percent) fuel oil and low-sulfur (1 percent) fuel oil dropped. In some
cases, power plant operators have been willing to pay higher prices for
fuel oils with much lower sulfur content (0.1 to 0.5 wt %). RDS/VRDS

Hydrotreating enabled refiners to produce these lower-sulfur fuel oils.



The lowest-sulfur fuel oil commercially produced from sour crudes
(about 3 wt % sulfur in the AR) was 0.1 wt %. This fuel oil was produced
by the CLG RDS Hydrotreater at Idemitsu Kosan’s refinery in Aichi,
Japan. The ability of residuum hydrotreaters to improve the economics of
conversion units by pretreating their feeds has been understood for many
years. The most noticeable economic impact of feed pretreatment is to
lower the sulfur content of the feed to the conversion unit. For example,
pretreatment of RFCC feed to reduce its sulfur to less than 0.5 wt %
eliminates the need to install costly flue gas desulfurization facilities.
Addition of hydrogen to the feed by the hydrotreater also improves the
product yields and product qualities of the downstream conversion unit.
The 50,000 barrel per day (BPD) RDS Hydrotreater was designed to
achieve 92 percent hydrodesulfurization (HDS) and 91 percent
hydrodemetallization (HDM) from a mixed domestic and Arabian Heavy
AR for a 1-year cycle. In addition to its contribution toward meeting
environmental requirements and reducing catalyst usage, the feed

pretreatment significantly increased the gasoline yield from the RFCC.

The hydrotreater was originally designed to remove sulfur and
metals from the feed to the coker so that the coke would have less sulfur
and metals and be easier to sell. Coke production has been reduced and
the proportion of light products is higher than it would have been without
the RDS. This includes converting VR (which would otherwise be fed to
the coker) to VGO, diesel, and naphtha in the RDS Hydrotreater. In
addition, the hydrotreated VR from the RDS produces lower weight
percent coke in the coker than the straight-run VR. Both of these effects
lead to lower coke production and more light products from the refinery.
Fixed-bed residuum hydrotreating continues to be a popular route to

residuum conversion.



HYDROTREATING refers to a relatively mild operation whose
primary purpose is to saturate olefins and/or reduce the sulfur
and/or nitrogen content (and not to change the boiling range) of the
feed. HYDROCRACKING refers to processes whose primary purpose
Is to reduce the boiling range and in which most of the feed is converted

to products with boiling ranges lower than that of the feed.

HYDROTREATING is a process to catalytically stabilize petroleum
products and/or remove objectionable elements from products or
feedstocks by reacting them with hydrogen. Stabilization usually
involves converting unsaturated hydrocarbons such as olefins to
paraffins. Objectionable elements removed by hydrotreating include

sulfur, nitrogen, oxygen, halides, and trace metals.

HYDROTREATING is applied to a wide range of feedstocks, from
naphtha to reduced crude. When the process is employed specifically
for sulfur removal it is usually called hydrodesulfurization, or HDS. To
meet environmental objectives it also may be necessary to hydrogenate
aromatic rings to reduce aromatic content by converting aromatics to

paraffins.

THE MAIN HYDROTREATING REACTION is that of
DESULFURIZATION:

a. Mercaptans: RSH +H2 — RH +H2S
b. Sulfides: R2S+ 2H2 — 2RH+ H2S
c. Disulfides: (RS)2 +3H2 — 2RH + 2H2S



The principal operating variables are:

a.
b.

C.

1-

temperature,
hydrogen partial pressure, and

space velocity.

Increasing temperature and hydrogen partial pressure
increases sulfur and nitrogen removal and hydrogen consumption.
Although increasing temperature improves sulfur and nitrogen
removal, excessive temperatures must be avoided because of the
increased coke formation.

Increasing pressure also increases hydrogen saturation and
reduces coke formation.

Increasing space velocity reduces conversion, hydrogen

consumption, and coke formation.

Typical ranges of process variables in hydrotreating operations are:
Temperature of 520-645 °F (270-340 °C), Pressure of 100-3,000 psig
(690-20,700 kPag).

CATALYSTS developed for hydrotreating include:

LA T

cobalt and molybdenum oxides on alumina,
nickel oxide,

nickel thiomolybdate,

tungsten and nickel sulfides, and

vanadium oxide.

The cobalt and molybdenum oxides on alumina catalysts are in most

general use today because: they have proven to be highly selective, easy



to regenerate, and resistant to poisons. They must be activated by

converting the hydrogenation metals from the oxide to the sulfide form.

Although there are about 30 hydrotreating processes available, most
of them have essentially the same process flow for a given

application.

|
1

The oil feed is mixed with hydrogen-rich gas either before or
after it is preheated to the proper reactor inlet temperature.
Most hydrotreating reactions are carried out below 800 °F (427 °C)
to minimize cracking, and the feed is usually heated to between
500 and 800 °F (260427 °C).

N
1

The oil feed combined with the hydrogen-rich gas enters the

top of the fixed-bed reactor.

w
1

In the presence of the metal-oxide catalyst, the hydrogen reacts
with the oil to produce: hydrogen sulfide, ammonia, saturated

hydrocarbons, and free metals.

SN
]

The metals remain on the surface of the catalyst and other

products leave the reactor with the oil-hydrogen stream.

ol
1

The reactor effluent is cooled before separating the oil from the
hydrogen-rich gas. The oil is stripped of any remaining hydrogen

sulfide and light ends in a stripper.

(@]
1

The gas may be treated to remove hydrogen sulfide and recycled to

the reactor.
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UPGRADING PROCESSES

ALKYLATION

The addition of an alkyl group to any compound is an alkylation
reaction but in petroleum refining terminology the term alkylation is
used for the reaction of low molecular weight olefins with an
isoparaffin to form higher molecular weight isoparaffins. Although
alkylation can take place at high temperatures and pressures without
catalysts, the only processes of commercial importance involve low
temperature alkylation conducted in the presence of either sulfuric
or hydrofluoric acid. The reactions occurring in both processes are
complex and the product has a rather wide boiling range.By proper
choice of operating conditions, most of the product can be made to fall
within the gasoline boiling range with Motor Octane Numbers (MON)
from 88 to 94 and Research Octane Numbers (RON) from 94 to 99.

ALKYLATION REACTIONS

In alkylation processes using hydrofluoric or sulfuric acids as
catalysts, only isoparaffins with tertiary carbon atoms, such as
iIsobutane or isopentane, react with the olefins. In practice only
isobutane is used because isopentane has a sufficiently high octane
number and low vapor pressure to allow it to be effectively blended

directly into finished gasolines.

The process using sulfuric acid (See Fig. 20-11 Page 739 Nelson) as a
catalyst is much more sensitive to temperature than the hydrofluoric acid
(See Fig. 20-12 Page 739 Nelson) process.



With sulfuric acid it is necessary to carry out the reactions at 40 to 70°F
(5 to 21°C) or lower, to minimize oxidation reduction reactions which
result in the formation of tars and the evolution of sulfur dioxide. When
anhydrous hydrofluoric acid is the catalyst, the temperature is usually
limited to 100°F (38°C) or below.

THE PRINCIPAL REACTIONS which occur in alkylation are the

combinations of olefins with isoparaffins as follows:

?”3 ?”3 ?”3 ?”3
CHy—C= CHy + CHy—C—CHy —— CHy—C—CH,—CH—CH,

H CHj
isobutylene isobutane 2, 2, 4-trimethylpentane
(isooctane)
CHy CHy

|
CHy= CH—CH3 + CH3—C—CH3 — CH3—C—CHy—CHy—CHy

| |
H CHs

propylene isobutane 2, 2- dimethylpentane
(isoheptane)



ALKYLATION FEEDSTOCKS

Olefins and isobutane are used as alkylation unit feedstocks. The
chief sources of olefins are catalytic cracking and coking operations.
Butenes and propene are the most common olefins used, but pentenes are

included in some cases.

Some refineries include pentenes in alkylation unit feed to lower the FCC
gasoline vapor pressure and reduce the bromine number in the final
gasoline blend. Alkylation of pentenes is also considered as a way to
reduce the C5 olefin content of final gasoline blends and reduce its effects
on ozone reduction and visual pollution in the atmosphere. Olefins can be
produced by dehydrogenation of paraffins, and isobutane is cracked
commercially to provide alkylation unit feed. Hydrocrackers and catalytic
crackers produce a great deal of the isobutene used in alkylation but it is
also obtained from catalytic reformers, crude distillation, and natural gas
processing. In some cases, normal butane is isomerized to produce

additional isobutane for alkylation unit feed.

ALKYLATION PRODUCTS

In addition to the alkylate stream, the products leaving the alkylation unit
include the propane and normal butane that enter with the saturated and
unsaturated feed streams as well as a small quantity of tar produced by
polymerization reactions.

The product streams leaving an alkylation unit are: LPG grade propane

liquid, Normal butane liquid, C5-alkylate, and Tar.



CATALYSTS

Concentrated sulfuric and hydrofluoric acids are the only catalysts used
commercially today for the production of high octane alkylate gasoline
but other catalysts are used to produce ethylbenzene, cumene, and long-
chain (C12 to C16) alkylated benzenes.

PROCESS FLOW:
SULFURIC ACID ALKYLATION

1) The feeds — propylene, butylene, amylene, and fresh isobutane
enter the reactor and contact sulfuric acid with a concentration of 85 to
95%.

2) The reactor is divided into zones. Olefins are fed through distributors
to each zone, and sulfuric acid and isobutanes flow over baffles from one

zone to the next.

3) The reactor effluent goes to a settler, in which hydrocarbons separate

from the acid. The acid is returned to the reactor.
4) The hydrocarbons are washed with caustic and sent to fractionation.

5) The fractionation section comprises a depropanizer, a deisobutanizer,

and a debutanizer.

6) Alkylate from the deisobutanizer can go directly to motor-fuel
blending, or it can be reprocessed to produce aviation-grade gasoline.

Isobutane is recycled.



PROCESS FLOW:
HF ALKYLATION

1) Olefins and isobutane are dried and fed to a reactor, where the

alkylation reaction takes place over the HF catalyst.

2) The reactor effluent flows to a settler, where the acid phase

separates from the hydrocarbon phase.

3) The acid is drawn off and recycled.

4) The hydrocarbon phase goes to a deisobutanizer (DIB).

5) The overhead stream, containing propane, isobutane, and residual

HF, goes to a depropanizer (DeC3).

6) The depropanizer (DeC3) overhead goes to an HF stripper. It is

then treated with caustic and sent to storage.

7) Isobutane from the deisobutanizer (DIB) main fractionator is

recycled.

8) The bottom stream from the debutanizer goes to product

blending.
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POLYMERIZATION

Propene and butenes can be polymerized to form a high-octane product boiling
in the gasoline boiling range. The product is an olefin having unleaded octane

numbers of 97 RON and 83 MON.

Polymerization produces about 0.7 barrels of polymer gasoline per barrel of
olefin feed as compared with about 1.5 barrels of alkylate by alkylation, and the
product has a high octane sensitivity, but capital and operating costs are much
lower than for alkylation. As a result, polymerization processes are being added

to some refineries.

The polymerization reaction is highly exothermic and temperature is

controlled either by injecting a cold propane quench or by generating steam:

R C ( C
| | |
C=C—C + C=C—C —» C—C—C=C—(
|
o
.

C=C—C+C=C—C-o>C—C—C=C—C



The most widely used catalyst is phosphoric acid on an inert support. This can
be in the form of phosphoric acid mixed with a natural clay or a film of liquid
phosphoric acid on crushed quartz. Sulfur in the feed poisons the catalyst and
any basic materials neutralize the acid and increase catalyst consumption.
Oxygen dissolved in the feed adversely affects the reactions and must be

removed.

PROCESS DESCRIPTION

1- The feed, consisting of propane and butane as well as propene and
butene, is contacted with an amine solution to remove hydrogen sulfide

and caustic washed to remove mercaptans.

2- It is then scrubbed with water to remove any caustic or amines and then

dried by passing through a silica gel or molecular sieve bed.

3- Finally, a small amount of water (350-400 ppm) is added to promote
ionization of the acid before the olefin feed steam is heated to about
400°F (204°C) and passed over the catalyst bed.

4- Reactor pressures are about 500 psig (3450 kPa).

5- After leaving the reactor the product is fractionated to separate the

butane and lighter material from the polymer gasoline. Gasoline boiling



range polymer production is normally 90-97 wt% on olefin feed or about

0.7 barrel of polymer per barrel of olefin feed.
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UOP solid phosphoric acid polymerization unit.



Crude Oil Refining

Atmosphenc distillanon uses heat 1o separate
crude oil into naphtha, light oils, and heavy oils.

Atmaospheric residue is
further cisulled 1o exiract ails
under vacuum conditons

3 Heavy oils are cracked
into usabie products,
using several processes

IYDROTREATLE

GASOLINE
BLENDING

Biending creates

! 4 final products.

HYDROCRACKER DISTILLATE

BLENDING



LUBRICATING
OILS



The large number of natural
lubricating and specialty oils sold
today are produced by blending
a small number of lubricating oil
base stocks and additives.



»The Ilube o0il base stocks are
prepared from selected crude oils
by distillation and special processing
to meet the desired qualifications.

»The additives are chemicals used
to give the base stocks desirable
characteristics or to enhance and
iImprove existing properties.



The properties considered important are:

1) Viscosity

2) Viscosity Change with Temperature
(Viscosity Index)

3) Pour Point

4) Oxidation Resistance

5) Flash Point

6) Boiling Temperature

7) Acidity (Neutralization Number)



LUBE OIL PROCESSING:

»The first step in the processing of
lubricating oils is the separation on the crude
oil distillation units of the fractions according

to viscosity and boiling range specifications.

»The heavier lube oil raw stocks are included
in the vacuum fractionating tower bottoms
with the ASPHALTENES, RESINS, and OTHER
UNDESIRABLE MATERIALS



The undesirable characteristics include:

=

high pour points,

large  viscosity changes with
temperature (low Vi),

poor oxygen stability,

Poor color,

high cloud points,

high organic acidity, and

high carbon- and sludge-forming
tendencies.

N

N U AW



The Processes used to Change these
Characteristics are:
(H.W)
(See Fig. 11.1 W.L. NELSON, page 349)



1. Solvent deasphalting to reduce
carbon- and sludge-forming
tendencies.

2. Solvent extraction & hydrocracking
to improve viscosity index.

3. Solvent dewaxing & selective
hydrocracking to lower cloud and
pour points.



4. Hydrotreating and clay treating to
improve color and oxygen stability

5. Hydrotreating and clay treating to
lower organic acidity



Although the main effects of the
processes are as described above,
there are also secondary effects.

For example, the main result of
solvent dewaxing is the lowering of
the cloud and pour points of the oil,
solvent dewaxing also slightly
reduces the VI of the oil.



For Economic Reasons, the Process
Sequence (Series) is usually in the order
of:

1- Deasphalting,

2- Solvent Extraction,
3- Dewaxing, and

4- Finishing.



1- PROPANE DEASPHALTING


Administrator
Text Box


»The lighter distillate feedstocks
for producing lubricating oil base
stocks can be sent directly to the
SOLVENT EXTRACTION units.

»The atmospheric and vacuum

bottoms require :

1- DEASPHALTING to remove the
asphaltenes and resins then to

2- SOLVENT EXTRACTION.



PROPANE is usually used as the
solvent in deasphalting but it
may also be used with ethane
or butane in order to obtain the
desired solvent properties.

Table (11-2) (W.L. NELSON, page
351) lists the Principal Properties of
Extraction Solvents



»Propane has unusual solvent properties in
that from 100 to 140°F (40 to 60°C).

»Paraffins are very soluble in propane, but
the solubility decreases with an increase in
temperature until at the critical temperature
of propane [206°F (96.8°C)] all hydrocarbons
become insoluble

»>In the range of 100 to 206°F (40 to 96.8°C)
the high molecular weight asphaltenes and
resins are largely insoluble in propane



»Separation by distillation is generally
by molecular weight of the components
and solvent extraction is by type of
molecule.

>Propane Deasphalting Falls in between
these categories because separation is a
function of both molecular weight and
type of molecular structure.




»The FEEDSTOCK is contacted with 4 to 8
volumes of liquid propane at the desired
operating temperature.

»The EXTRACT phase contains from 15 to
20% by weight of oil with the remainder
solvent. The heavier the feed stock, the
higher the ratio of propane to oil required

>The RAFFINATE phase contains from 30 to
50% propane by volume and is not a true
solution but an emulsion of precipitated
asphaltic material in propane.



PROCESS DESCRIPTION:



1- A typical propane deasphalting unit (Fig. ) injects
propane into the bottom of the treater tower, and the
vacuum tower bottoms feed enters near the top of the
tower.

2- As the propane rises through the tower, it dissolves
the oil from the residuum and carries it out of the top
of the tower.

3- Between the residuum feed point and the top of
the tower, heating coils increase the temperature of
the propane—oil extract phase thus reducing the
solubility of the oil in the propane. This causes some
of the oil to be expelled (separated) from the extract
phase creating a reflux stream.



4- The reflux flows down the tower and
increases the sharpness of separation
between the oil portion of the residuum
and the asphaltene and resin portion

5- The asphaltene and resin phase
leaving the bottom of the tower is the
RAFFINATE and the propane-oil mixture
leaving the top is the EXTRACT.



6- In the flash system, the first stages are
operated at pressures high enough to
condense the propane vapors with cooling
water as the heat exchange medium.

7- In the high pressure raffinate flash
tower, foaming and asphalt entrainment
can be a major problem. To minimize this,
the flash tower is operated at about 550°F
(290°C) to keep the asphalt viscosity at a
low level.



8- The second stages strip the remaining
propane from the raffinate and extract
at near atmospheric pressure.

9-This propane is compressed and
condensed before being returned to the
propane accumulator drum.

The propane deasphalting tower is operated
at a pressure sufficiently high to maintain
the solvent in the liquid phase. This is
usually about 500 psig (3448 kPa).



&
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2. Viscosity Index Improvement
&
Solvent Extraction
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2. Viscosity Index Improvement
&
Solvent Extraction
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There are three solvents used for the
extraction of aromatics from lube oil
feed stocks and the solvent recovery

portions of the systems are different
for each.

These are:

1- Furfural,
2- Phenol, and

3- N-methyl-2-pyrrolidone (NMP).



2.1. Furfural Extraction:



The process flow through the
furfural extraction unit is similar
to that of the propane
deasphalting unit EXCEPT for the
solvent recovery section, which is
more complex.



The oil feedstock is introduced
into a
Continuous Counter-current
Extractor

at a temperature which is a
function of the viscosity of the
feed; the greater the viscosity, the
higher the temperature used.



The extraction unit is usually
a Raschig Ring—packed
Tower or a Rotating Disc
Contactor (RDC) with a
temperature gradient from
top to bottom of 60 to 90°F
(30 to 50°C).



The temperature at the top of
the tower is a function of the
miscibility temperature of the
furfural and oil. It is usually in
the range 220 to 300°F (105
to 150°C).



The oil phase is the
continuous phase, and the
furfural-dispersed phase
passes downward through
the oil.



2.2. Phenol Extraction:



The process flow for the phenol
extraction unit is somewhat
similar to that of the furfural
extraction unit but differs in the
solvent recovery section because

phenol is easier to recover than is
furfural.



The important Extraction Tower
Operating Variables are:

»Phenol-to-oil ratio (treat rate),
»Extraction temperature, and
»Percent water in phenol.



»Treat rates vary from 1:1 to 2.5:1
depending upon the quality and viscosity
of the feed and the quality of the product
desired.

»Increasing the treat rate for a given stock
improves the VI of the product and
decreases the yield.

»Phenol is recovered from the Extract and
Raffinate streams by distillation and gas or

steam stripping.



2.3. NMP-Extraction:



The NMP Extraction Process
uses N-methyl-pyrrolidone
(NMP) as the solvent to remove
the condensed ring aromatics
and polar components from the
lubricating oil distillates and
bright stocks.



This process was developed
as a replacement for phenol
extraction because of:

»the safety, health, and
»environmental problems
associated with the use of
phenol.



Several differences between the
characteristics of NMP and phenol make it
necessary to modify the phenol plant design.

These differences include:

1- higher boiling point for NMP,

2- lower melting point,

3- complete miscibility of NMP with water,

4- no azeotrope formation of NMP with
water, and

5- 69% lower viscosity than phenol at 122°F
(50°C).



3. VISCOSITY INDEX IMPROVEMENT
&
HYDROCRACKING



Components of lubricating oil
fractions which have high
viscosity indexes are:

1- the mononaphthalenes and
2- isoparaffins.



Hydrocracking of vacuum gas oils:

1- increases the paraffin
concentration.

2- increases the viscosity index of a
lube oil feedstock.

3- produces increasing quantities of
the mononaphthalenes and
isoparaffins.



Hydrogenation of polyaromatic aromatic
compounds to polynaphthenic ring
compounds,

1- breaking (cracking) of polynaphthenic
rings, and

2- isomerization of n-paraffins are
promoted by high conversion, low space
velocity, and low reaction temperature.



3.1. DEWAXING




3.1. DEWAXING




All lube stocks, except those
from a relatively few highly
naphthenic crude oils, must be
dewaxed or they will not flow
properly at ambient
temperatures.



There are two types of processes in use
today:

1- One uses refrigeration to crystallize
the wax and solvent to dilute the oil
portion sufficiently to permit rapid
filtration to separate the wax from the
oil.

2- The other wuses a selective
hydrocracking process to crack the wax
molecules to light hydrocarbons




3.1.1. Solvent Dewaxing:

There are two principal solvents used
in the United States in solvent
dewaxing processes:

1- Propane.

2- Ketones.

3- Dichloroethane-methylene is also
used in some other countries.

About 85% of the dewaxing installations use

ketones as the solvent and the other 15% use
propane..



The comparative advantages and disadvantages of the processes are:

e T e

Readily available, less expensive, and
easier to recover.

Direct chilling can be accomplished by
vaporization of the solvent, thus
reducing the capital and maintenance
costs of scraped-surface chillers.

High filtration rates can be obtained
because of its low viscosity at very low
temperatures.

Rejects asphaltenes and resins in the
feed.

Large differences between filtration
temperatures and pour point of finished
oils [25 to 45°F (15 to 25°C)].

Fast chilling rate. Shock chilling can be
used to improve process operations.

Good filtration rates but lower than for
propane.

Small difference between filtration
temperature and pour point of dewaxed
oil [9 to 18°F (5 to 10°C)].



3.1.2. Selective Hydrocracking.

The feed to the selective
hydrocracking unit IS
solvent-extracted oil from
the aromatic extraction
units.



There are two types of selective
hydrocracking processes for
dewaxing oil:

eone uses a single catalyst for pour
point reduction only and

e the other uses two catalysts to
reduce the pour point and improve
the oxygen stability of the product



The advantages claimed over

conventional solvent dewaxing units
include:

1. Production of very low pour and cloud
point oils from paraffinic stocks.

2. Lower capital investment.
3. Improved lube oils base stock yields.

4. A separate hydrofinishing operation is
not necessary



4- HYDROFINISHING



»Hydrotreating of dewaxed lube oil
stocks is needed to remove chemically
active compounds that affect the color
and color stability of lube oils.

»Most hydrotreating operations use
cobalt—-molybdate catalysts and are
operated at a severity set by the color
improvement needed.



5- FINISHING BY CLAY CONTACTING



»Many older lube oil processing plants
use contacting of the dewaxed oil with
activated clays at elevated temperatures
to improve the stability of the finished
oils in engine service.

»Polar compounds (aromatic and sulfur
and nitrogen containing molecules) are
adsorbed on the clay and removed by
filtration.
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Definitions

Pipeline Gas: Gas that has the quality to be used as a domestic or industrial
fuel. It meets the specifications set by a pipeline transmission company,
and/or distributing company.

Sour Gas: Gas that contains more than 1 grain of H,S/100 SCF.

Sweet Gas: Gas in which the H,S content is less than 1 grain /100 SCF.

Wet Gas: Gas that contains more than 0.1 gallons (U.S.) of condensate per
1000 CF of gas.

Dry Gas: Gas that contains less than 0.1 gallons (U.S.) of condensate per
1000 CF of gas.
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Rich Gas: Gas containing a lot of compounds heavier than ethane., about
0.7 US gallons of C;+ per 1000 CF of feed to an absorber.

Lean Gas: Gas containing very little propane and heavier — or the effluent
gas from an absorption unit.

Pentanes+: The pentane and heavier fraction of hydrocarbon liquid.

Condensates: The hydrocarbon liquid fraction obtained from a gas stream
containing essentially pentanes.

Lean Oil: Absorption oil sent to an absorber.

Rich Oil: Absorption oil containing absorber material. The effluent from an
absorber.

Lean Solution: A stripped sweetening solution.

Rich Solution: A sweetening solution containing absorbed acid gases.

Liquefied natural gas (LNG): When natural gas is cooled to a temperature
of approximately —260 °F (=160 °C) at atmospheric pressure it condenses to
a liquid called liquefied natural gas (LNG). One volume of this liquid takes
up about 1/600th the volume of natural gas at a stove burner tip. LNG is
only about 45% the density of water. LNG is odorless, colorless, non-
corrosive, and non-toxic. When vaporized it burns only in concentrations of
5% to 15% when mixed with air. Neither LNG, nor its vapor, can explode in
an unconfined environment.

Natural gas is composed primarily of methane (typically, at least 90%), but
may also contain ethane, propane and heavier hydrocarbons. Small
quantities of nitrogen, oxygen, carbon dioxide, sulfur compounds, and water
may also be found in "pipeline" natural gas. The liquefaction process
removes the oxygen, carbon dioxide, sulfur compounds, and water. The
process can also be designed to purify the LNG to almost 100% methane.

Compressed natural gas (CNG): 1s natural gas pressurized and stored in
welding bottle-like tanks at pressures up to 3,600 psig (25 MPa). Typically,
it is same composition of the local "pipeline" gas, with some of the water
removed. CNG and LNG are both delivered to gas engines as low pressure
vapor (ozf/in? to 300 psig, up to 2.1 MPa). CNG is often misrepresented as
the only form natural gas can be used as vehicle fuel. LNG can be used to
make CNG. This process requires much less capital intensive equipment and
about 15% of the operating and maintenance costs.



Liquid petroleum gas (LPG): and sometimes called propane) is often
confused with LNG and vice versa. They are not the same and the
differences are significant. Varieties of LPG bought and sold include mixes
that are primarily propane, mixes that are primarily butane, and mixes
including propane, propylene, n-butane, butylene and iso-butane. Depending
on the season—in winter more propane, in summer more butane. Vapor
pressures, at 30 °C, are for commercial propane in the range 10-12 barg (1
to 1.2 MPa), for commercial butane, 2-4 barg (0.2 to 0.4 MPa). In some
countries LPG is composed primarily of propane (upwards to 95%) and
smaller quantities of butane.

LPG compared to natural gas has a significantly higher heating value and
requires a different air-to-gas mixture (propane: 24:1, butane: 30:1) for good
combustion.

LPG can be stored as a liquid in tanks by applying pressure alone. While the
distribution of LNG requires heavy infrastructure investments (pipelines,
etc.), LPG is portable. This fact makes LPG very interesting for developing
countries and rural areas. LPG (sometimes called autogas) has also been
used as fuel in light duty vehicles for many years. An increasing number of
petrol stations around the world offer LPG pumps as well. A final example
that should not be forgotten is that the "bottled gas" can often be found
under barbecue grills.

Gaseous Fuels
+
The following is a list of the types of gaseous fuel:
(A) Fuels naturally found in nature:

1. Natural gas
2. Methane from coal mines

(B) Fuel gases made from solid fuel

1. Gases derived from Coal
2. Qases derived from waste and Biomass
3. From other industrial processes (Blast furnace gas)

(C) Gases made from petroleum



1. Liquefied Petroleum gas (LPG)
2. Refinery gases
3. Gases from oil gasification

(D) Gases from some fermentation processes.

+
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Generally VERY clean burning. Little soot. Operate with low
XSA

Easy to burn - No grinding or atomization. Excellent mixing
No problems with erosion or corrosion

No ash

The gas is easy to clean. E.g. if sulphur is present, it may be
easily removed prior to combustion.

Simplest combustion plant of all - Burners

Control system

No ash problems

Heat exchangers

Can be started up and shut down very easily and quickly.
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= Problems with distribution and storage
= Explosion risk - very volatile.
= Relatively costly. Offset by cheaper and more efficient plant.

Natural Gas
+

Natural gas is generally considered a nonrenewable fossil fuel. Natural
gas 1s called a fossil fuel because most scientists believe that natural gas
was formed from the remains of tiny sea animals and plants that died
200-400 million years ago.

Several differing theories attempt to explain the true origin of natural gas,
though the most widely accepted explanation is that natural gas forms
from the remains of ancient microorganisms as well as plant and animal
matter that have undergone conditions of extreme heat and pressure over
very long periods of time. As such organic matter is buried by increasing
amounts of mud and sediment over time, the resulting pressure forces it
further underground, compressing the matter and subjecting it to the high
temperatures that exist deep within the earth. Intense compression and



high temperature conditions cause carbon bonds in the organic matter to
break down, a chemical transformation resulting in the formation of
natural gas and other fossil fuels.

Another way natural gas is formed is by microorganisms known as
methanogens. Methanogens are microscopic organisms which live in
environments devoid of oxygen and chemically decompose organic
matter, creating methane as a byproduct. Contrary to the natural gas
formed by compression of organic matter under intense pressure at great
depths, methane created by methanogens is typically found closer to the
earth’s surface where the organisms live.

Once natural gas forms within the earth, its low density causes it to rise
through the path of least resistance, often escaping the earth’s crust and
dissipating into the atmosphere. But natural gas deposits that are sought
for extraction form when impermeable rock “traps” the natural gas within
the earth, preventing it from escaping and causing it to collect, creating a
reservoir.

Natural gas is usually located within such reservoirs floating atop oil
deposits, which have formed reservoirs in much the same way. However,
deposits containing only natural gas are not unusual. Both the oil and
natural gas may be extracted by drilling into the impermeable rock
restricting the fossil fuels to the reservoir. The natural pressure already
present within the reservoir allows the fossil fuels to escape on their own
once the rock containing them is penetrated.

Once natural gas is extracted from the earth, it is treated (if necessary)
and distributed to supply the energy on which much of the world relies.



Oil forms at temperatures between about 50°C (120°F) and 175°C
(350°F). At higher temperatures, gas is formed and any oil that has
already been produced starts to turn into lighter oils and eventually into
Methane gas, the lightest and simplest hydrocarbon. At temperatures
above about 260°C (500°F), plant and animal remains turn completely to
carbon and no more oil or gas are produced. Figure (2) shows the world
natural gas reserves.

Middle East 2.h66
Eurasia
Africa

Asia

Morth America

Central and South America 241 World Total:
6,183 Trillion Cubic Feet
Europe Q@179
0 1,000 2.000 3,000

Trillion Cubic Feet

Fig (2); World Natural Gas Reserves - 2006

+*

Raw natural gas comes primarily from any one of three types of gas
wells.

1) crude oil wells
2) gas wells
3) condensate wells.

Natural gas wells average 6000 feet deep.

Natural gas that comes from crude oil wells is typically termed associated
gas. This gas can exist separate from the crude oil in the underground
formation, or dissolved in the crude oil.

Natural gas from gas wells and from condensate wells, in which there is
little or no crude oil, is termed non-associated gas. Gas wells typically



produce only raw natural gas, while condensate wells produce raw natural
gas along with a very low density liquid hydrocarbon called natural gas
condensate (sometimes also called natural gasoline or simply
condensate.

Raw natural gas can also come from methane deposits in the pores of coal
seams. Such gas is referred to as coalbed gas and it is also called sweet
gas because it is relatively free of hydrogen sulfide.

Another source of natural gas is the gas produced in landfills. Landfill gas
is considered a remewable source of natural gas since it comes from
decaying garbage.

The gas from coal beds and landfills accounts for three percent of the
total gas supply today, yet their contribution could double by the year
2010.

= Composition of natural gas

Natural gas is a complex mixture of hydrocarbon _and non-hydrocarbon
constituents and exist as a gas under atmospheric conditions.

The composition of natural gas is never constant, however, the primary
component of natural gas is methane (typically, at least 90%).

Methane is highly flammable, burns easily and almost completely, while
it emits very little air pollution.

It also contains heavier gaseous hydrocarbons such as ethane (C,Hy),
propane (C;Hg) and butane (C,H ), in.

Also, in the raw state it often contains non hydrocarbons such as
nitrogen, hydrogen sulfide and carbon dioxide. There are traces of such
compounds as helium, carbonyl sulfide and various mercaptans. It is
also generally saturated with water.

Typical Composition of Natural Gas

Methane CH, 70-90%
Ethane C,H;
Propane C;Hy 0-20%

Butane C,H;p



Carbon Dioxide Co, 0-8%

Oxygen 0; 0-0.2%
Nitrogen N, 0-5%
Hydrogen sulphide H>S 0-5%
Rare gases A, He, Ne, Xe trace

+

Combustion of 100 ft’ of commercial quality natural gas typically yields
approximately 1 therm (100,000 BTU, 30 kWh). One m’ yields 38 MJ
(10.6 kWh).

'l

« Flammability range 5% to 15%

« No color, odor or taste

« Mercaptan is added for odor

« Nontoxic

« Burns with a blue flame

« Liquefies at - 200 °F

« Heating Value 800 to 1200 BTU's per cubic foot.

4+

The major difficulty in the use of natural gas is transportation and
storage because of its low density. Natural gas pipelines are economical,
but are impractical across oceans.

LNG carriers can be used to transport liquefied natural gas (LNG) across
oceans, while tank trucks can carry liquefied or compressed natural gas
(CNQ) over shorter distances. They may transport natural gas directly to
end-users, or to distribution points such as pipelines for further transport.
These may have a higher cost, requiring additional facilities for
liquefaction or compression at the production point, and then gasification
or decompression at end-use facilities or into a pipeline.


Administrator
Text Box


USES

« Power generation

« Hydrogen production

« Vehicles

« Residential domestic use

o Fertilizer

« Aviation

« Natural gas is also used in the manufacture of fabrics, glass, steel,
plastics, paint, and other products.

Fig.(3) shows the natural gas uses.

Other

Fig. (3): Natural Gas Uses by Sector (2007)
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Syngas (from synthesis gas) is the name given to a gas mixture that
contains varying amounts of carbon monoxide and hydrogen generated
by the gasification of a carbon containing fuel to a gaseous product with a
heating value. Examples include;

e The gasification of coal and in some types of waste-to-energy
gasification facilities.

e Steam reforming of natural gas or liquid hydrocarbons to produce
hydrogen,

The name comes from their use as;


Administrator
Text Box


e intermediates in creating synthetic natural gas (SNG).

e for producing ammonia or methanol.

e Syngas is also used as an intermediate in producing synthetic
petroleum for use as a fuel or lubricant via Fischer-Tropsch
synthesis and previously the Mobil methanol to gasoline process.

*

Gasification is a process that converts carbonaceous materials, such as
coal, petroleum, or biomass, into carbon monoxide and hydrogen by
reacting the raw material at high temperatures > 700 °C with a controlled
amount of oxygen (partial combustion). The resulting gas mixture is
called synthesis gas or syngas and is itself a fuel. Gasification is a very
efficient method for extracting energy from many different types of
organic materials, and also has applications as a clean waste disposal
technique.

e using the syngas is more efficient than direct combustion of the
original fuel; more of the energy contained in the fuel is extracted.

e Syngas may be burned directly in internal combustion engines,
used to produce methanol and hydrogen, or converted via the
Fischer-Tropsch process into synthetic fuel.

e Qasification can also begin with materials that are not otherwise
useful fuels, such as biomass or organic waste.

e In addition, the high-temperature combustion refines out corrosive
ash elements such as chloride and potassium, allowing clean gas
production from otherwise problematic fuels.

Gasification of fossil fuels is currently widely used on industrial scales to
generate electricity. However, almost any type of organic material can be
used as the raw material for gasification, such as wood, biomass, or even
plastic waste. Thus, gasification may be an important technology for
renewable energy.

In a gasifier, the carbonaceous material undergoes several different
processes:



Pyrolysis of carbonaceous fuels

ey
e

O

Gasification of char

The pyrolysis (or devolatilization) process occurs as the
carbonaceous particle heats up. Volatiles are released and char is
produced, resulting in up to 70% weight loss for coal. The process
is dependent on the properties of the carbonaceous material and
determines the structure and composition of the char, which will
then undergo gasification reactions.

The combustion process occurs as the volatile products and some
of the char reacts with oxygen to form carbon dioxide and carbon
monoxide, which provides heat for the subsequent gasification
reactions. Letting C represent a carbon-containing organic
compound, the basic reaction here is;

C+120,— 2C0

The gasification process occurs as the char reacts with carbon
dioxide and steam to produce carbon monoxide and hydrogen, via
the reaction;

CO + H, 0 — CO,+H,

In addition, the reversible gas phase water gas shift reaction reaches
equilibrium very fast at the temperatures in a gasifier. This balances
the concentrations of carbon monoxide, steam, carbon dioxide and
hydrogen.

Hydrogen production



Hydrogen is used for the hydrotreating and hydrocracking processes. The
hydrogen from reformer is often not sufficient for hydrotreating process.

Hydrogen is commonly produced from hydrocarbon fossil fuels via a
chemical path. Hydrogen may also be extracted from water via biological
production in an algae bioreactor, or using electricity (by electrolysis) or
heat (by thermolysis); these methods are presently not cost effective for
bulk generation in comparison to chemical paths derived from
hydrocarbons. Cheap bulk production of hydrogen is a requirement for a
healthy hydrogen economy.

Hydrogen can be generated from natural gas with approximately 80%
efficiency or other hydrocarbons to a varying degree of efficiency.

1.

Commercial bulk hydrogen is usually produced by the steam reforming of
natural gas as shown in Fig.(1). At high temperatures (700-1100 °C),
steam (H,0) reacts with methane (CH,) to yield syngas.

CH,+ H,;0 — CO+ 3 H,-191.7 kJ/mol
25-40% NiO/low SiOy/Al,0; catalyst, (760-816°C)

The heat required to drive the process is generally supplied by burning
some portion of the methane.

Additional hydrogen can be recovered from the carbon monoxide (CO)

through the lower-temperature water gas shift reaction, performed at
about 130 °C:

CO+H;0— CO,+ H;+40.4 kJ/mol

Cr,0; and Fe;0; as catalyst



The Shift Converter product stream is then scrubbed, usually through
absorption with a potassium carbonate solution to remove the carbon
dioxide.

The potassium carbonate solution is regenerated in a Carbon Dioxide
Still by applying reboiler heat to the tower bottoms. This heat drives off
the carbon dioxide from the solution which is then re-circulated.

Since carbon monoxide (CO) and carbon dioxide (CO,) are poisons to the
catalysts of some of the hydrogen consuming refinery processes.
Methanation is employed as the final step to remove any remaining CO
and CO; in the hydrogen stream.

The methanation reaction takes place in a fixed-bed reactor consisting of
a nickel-based catalyst. The resulting hydrogen product stream is
typically approximately 95% hydrogen and the balance methane with
only trace amounts of CO and CO,. The Methanation reactions are:

CO +3H,--> CH,+ H,0
CO;+4H, --> CH,+ 2H,0
Reaction conditions are at 425°F over Ni/Al,Os catalyst.

Trace amounts of CH, can be present in the H, stream.
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Figure (1) Hydrogen production by steam reforming of natural gas

2.

Partial oxidation of fuel oil accomplished by burning the fuel at high pressure
(80 - 1300psig ) with pure oxygen which is limited to heat required to convert

the fuel oil to CO and H,.

Steam is added to shift the CO and H; in a catalytic shift conversion step. CO,
is removed by absorption with hot K,COj; or other solvent.

2C,H,, + nO, — 2nCO + mH, (Oxidation)

2nCO+ 2nH,0 — 2nCO;,+ 2nH,

—‘—<:| CHYGEN
HYGROCARBCH J L

FEED : STEAM SYNGAS
FUEL HEAT CARBON
RECOVERY REMEHAL

Fig.(2): Hydrogen Production by Partial Oxidation of Fuel Oil



Refinery Gasses

In refinery, gas is formed in cracking and reforming operations due to
the thermal degradation of liquid hydrocarbons. During stabilization of
wild gasolines or processed gasolines, the gases are vented. This forms a
major source of heat energy for refinery, as well as feed stock for
petrochemicals. All the gasses contain impurities like CO, N,
mercaptans, H,S, water vapor, suspended impurities. First three
paraffins are gases at room temperature. The mixture of methane and
ethane is called dry gas. Propane and butane mixture is called wet gas.

Biogas, Landfill gas, and Methane Hydrates

Methanogenic archaea are responsible for all biological sources of
methane. Methane released directly into the atmosphere would be
considered a pollutant, however, methane in the atmosphere is oxidized,
producing carbon dioxide and water. Methane in the atmosphere has a
half life of seven years, meaning that every seven years, half of the
methane present is converted to carbon dioxide and water.

Future sources of methane, the principal component of natural gas,
include land(fill gas, biogas and methane hydrate. Biogas, and especially
landfill gas, are already used in some areas, but their use could be greatly
expanded. Landfill gas is a type of biogas, but biogas usually refers to gas
produced from organic material that has not been mixed with other waste.

Biogas: Typically refers to a gas produced by the biological breakdown
of organic matter in the absence of oxygen. Biogas originates from
biogenic material and is a type of biofuel.

One type of biogas is produced by anaerobic digestion or fermentation of
biodegradable materials such as biomass, manure or sewage, municipal
waste, green waste and energy crops. This type of biogas comprises
primarily methane and carbon dioxide. The other principal type of biogas
is wood gas which is created by gasification of wood or other biomass.
This type of biogas is comprised primarily of nitrogen, hydrogen, and
carbon monoxide, with trace amounts of methane.

The gases methane, hydrogen and carbon monoxide can be combusted or
oxidized with oxygen. Air contains 21% oxygen. This energy release
allows biogas to be used as a fuel. Biogas can be used as a low-cost fuel



in any country for any heating purpose, such as cooking. It can also be
used in modern waste management facilities where it can be used to run
any type of heat engine, to generate either mechanical or electrical power.
Biogas can be compressed, much like natural gas, and used to power
motor vehicles. Biogas is a renewable fuel, so it qualifies for renewable
energy subsidies in some parts of the world.

Landfill Gases: When the organic portion of landfill waste decomposes
under anaerobic (without oxygen) conditions, a gas is produced that is
typically composed of 40-60% methane, with the remainder being mostly
carbon dioxide (CO,). Landfill gas also contains varying amounts of
nitrogen, oxygen, water vapor, sulfur and a hundreds of other
contaminants -- most of which are known as "non-methane organic
compounds" or NMOCs. Inorganic contaminants like mercury are also
known to be present in landfill gas. Sometimes, even radioactive
contaminants such as tritium (radioactive hydrogen) have been found in
landfill gas.

NMOCs usually make up less than 1% of landfill gas. Many of these
compounds are toxic chemicals like benzene, toluene, chloroform, vinyl
chloride, carbon tetrachloride, and 1,1,1 trichloroethane. At least 41 of
these are halogenated compounds. Many others are non-halogenated toxic
chemicals. When halogenated chemicals (chemicals containing halogens -
typically chlorine, fluorine, or bromine) are combusted in the presence of
hydrocarbons, they can recombine into highly toxic compounds such as
dioxins and furans, the most toxic chemicals ever studied.

The general options for dealing with land(fill gas (once collected) are as
follows:

flare it

boiler - makes heat

internal combustion engine - makes electricity

gas turbine - makes electricity

fuel cell - makes electricity

convert the methane to methyl alcohol

clean it up enough to pipe it to other industries or into the natural
gas lines

Nk

Hydrates: A speculative source of enormous quantities of methane is
from methane hydrate, found under sediments in the oceans. However,
as of 2008 no technology has been developed to recover it
economically.





