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Petrochemicals
are chemical products derived 
from petroleum.

Natural gas and crude
oils are the primary
raw materials for the
manufacture of
petrochemicals.



Petrochemical feedstock sources



Lower olefins production from oil



Synthesis gas

Synthesis gas consists of a non-
hydrocarbon mixture (Hydrogen
and CO) obtainable from more
than one source (from coal
gasification and from different
petroleum sources).



Synthesis gas can be produced by:

steam reforming 
partial oxidation of any hydrocarbon. 
gasifying coal to a medium Btu gas 

Btu gas consists of variable amounts of 
CO, CO2, and H2.



The different sources and routes to synthesis gas



Steam reforming:
A major route for producing synthesis gas: 

Over a nickel catalyst at about 800°C and 30–
50 atmospheres.

This route is used when natural gas is
abundant and inexpensive.



In Europe, synthesis gas is mainly
produced by steam reforming
naphtha (C5-C10):



Partial oxidation of hydrocarbon: 

The H2 / CO ratio is lower than from
steam reforming because part of the
methane is oxidized to carbon dioxide and
water :







Uses of synthesis gas 

The mixture of carbon monoxide and hydrogen 
is used to :

Synthesize a wide variety of hydrocarbons 
ranging from gases to naphtha to gas oil using 
Fischer Tropsch technology.

Produce aldehydes and alcohols using Oxo 
synthesis.



Fischer Tropsch Synthesis (FTS): 

The main reactions occurring in FTS 
are represented as:



Chemicals based on synthesis gas

Ammonia Methanol

Urea,
Ammonium 

nitrate, 
Nitric acid, 
Hydrazine,

Acrylonitrile, 
Hexamethyl-
enediamine

Formaldehyd
Acetic acid,

MTBE,
TAME



1. Ammonia Production (Haber Process): 



Fritz Haber (1868 –1934) was a 
German chemist who received the 

Nobel Prize in Chemistry in 1918 for 
his invention of the Haber–Bosch 

process. This invention is of 
importance for the large-scale 

synthesis of fertilizers and 
explosives. 

A historical (1921) high-pressure 
steel reactor for production of 

ammonia via the Haber process is 
displayed at the Karlsruhe 

Institute of Technology, Germany.

A historical (1921) high-
pressure steel reactor for 

production of ammonia via the 
Haber process is displayed at 

the Karlsruhe Institute of 
Technology, Germany.



Urea
The production reaction of urea occurs in two steps: 

T=170–220°C at P=200 atm. 

The second step- represents the decomposition of the 
carbamate at 200°C and 30 atm.



2.Methanol production:



A low-pressure process has been
developed by ICI operating at about:
50 atm., using a new active copper-
based catalyst at 240°C.



Formaldehyde:

New processes (Oxide process) use an iron-
molybdenum oxide (Haldor Topsøe catalyst) to
oxidize methanol to formaldehyde:

The oxidation reaction occurs at 300-400°C and 
atmospheric pressure.



The oxidation process of methanol to 
formaldehyde









Lower olefins production from oil



Propylene
“The crown prince of petrochemicals”

•Propylene is second to ethylene as the
largest-volume hydrocarbon intermediate
for the production of chemicals.

•As an olefin, propylene is a reactive
compound that can react with many
common reagents such as water, chlorine,
and oxygen



This figure shows the important chemicals based
on propylene:



•Most of the U.S. propylene was used to
produce polypropylene polymers and
copolymers (about 46%).

•About 13% was used to produce
acrylonitrile for synthetic fibers.

•About 10% was used to produce
propylene oxide.



Acrolein

Acrolein (2-propenal) is an unsaturated
aldehyde with a disagreeable odor.

When pure, it is a colorless liquid, that is
highly reactive and polymerizes easily if
not inhibited.

The direct oxidation of propylene using
air or oxygen produces acrolein.



•Acrolein may be oxidized to acrylic
acid, which is a monomer for
polyacrylic resins.

•The main use of acrolein is to produce
acrylic acid and its esters.

•Acrolein is also an intermediate in the
synthesis of pharmaceuticals and
herbicides.



The main route to produce acrolein is
through the catalyzed air or oxygen
oxidation of propylene:

Catalysts: CuO or Bi2O3/MoO3

Reaction conditions: T=300–360°C and 
P=1–2atm.



Hydrolysis of acrolein produces 3-
hydroxypropionaldehyde which could
be hydrogenated to 1,3-propanediol:



Acrylic acid:

The main process to produce acrylic acid is
the direct oxidation of acrolein over a
combination molybdenum-vanadium oxide
catalyst system at 250°C:



Acrylic acid and its esters are used to
produce acrylic resins.

Depending on the polymerization method,
the resins could be used in:

adhesive,
paint,
or plastic industry.



Acrylonitrile:

Ammoxidation of propylene refers to a
reaction in which a methyl group with allyl
hydrogens is converted to a nitrile group using
ammonia and oxygen in the presence of a
mixed oxides-based catalyst.

A successful application of this reaction
produces acrylonitrile from propylene:



The Montedison-UOP process 

Uses a highly active catalyst that gives 95.6%
propylene conversion and a selectivity above
80% for acrylonitrile.

The catalysts used in ammoxidation are
similar to those used in propylene oxidation to
acrolein (Bi2O3/MoO3 catalyst ) at 400 ₒC.





Uses of Acrylonitrile
•Acrylonitrile is mainly used to produce
acrylic fibers, resins, and elastomers.

•Copolymers of acrylonitrile with butadiene
and styrene are the ABS resins and those with
styrene are the styrene-acrylonitrile resins
SAN that are important plastics.

•Acrylonitrile is also a precursor for
adiponitrile (by an electrodimerization).



Adiponitrile
Adiponitrile is an important intermediate
for producing nylon 66.

The way to produce adiponitrile via
propylene is the electrodimerization of
acrylonitrile.

The following is a representation of the
electrochemistry involved:





Propylene oxide:

• It is a liquid that boils at 33.9°C, and it is
only slightly soluble in water.

• The main method to obtain propylene oxide
is chlorohydrination followed by epoxidation.

• Chlorohydrination occurs at approximately
35°C and normal pressure without any
catalyst:



Approximately 87–90% yield.

The next step is the dehydrochlorination of
the chlorohydrin with a 5% Ca(OH)2 solution:



Deriatives and Uses of Propylene Oxide

• The hydration of propylene oxide produces
propylene glycol.

• Propylene oxide also reacts with alcohols,
producing polypropylene glycol ethers,
which are used to produce polyurethane
foams and detergents.

• Isomerization of propylene oxide produces
allyl alcohol, a precursor for glycerol.



The largest commercial process is the
hydroformylation (oxo reaction) of
propene, which yields n-butyraldehyde
and iso-butyraldehyde:









Butadiene production:

90% of butadiene is obtained as a
byproduct from the steam cracking or
catalytic cracking of hydrocarbons.

The 10% remainder comes from
dehydrogenation of n-butane or n-butene.





CHEMICALS FROM BUTADIENE
Butadiene is a diolefinic hydrocarbon

with high potential in the chemical industry.

Butadiene is a colorless gas, insoluble in
water but soluble in alcohol.

It can be liquefied easily under pressure.

Butadiene polymerizes readily in the
presence of free radical initiators.



Butadiene is important monomer for
synthetic rubber production.

Butadiene is easily polymerized and
copolymerized with other monomers.

It reacts by addition to other reagents
such as chlorine, hydrocyanic acid, and
sulfur dioxide, producing chemicals of
great commercial value.



Butadiene is a chemical intermediate with
a high potential for producing useful
compounds such as:

Sulfolane by reaction with SO2,

1,4-Butanediol by acetoxylation-
hydrogenation,

Chloroprene by chlorination-
dehydrochlorination.



1. ADIPONITRILE: 
Adiponitrile, a colorless liquid, is slightly 
soluble in water but soluble in alcohol. 
The main use of adiponitrile is to produce 
nylon 66.
The production of adiponitrile from
butadiene starts by a free radical
chlorination, which produces a mixture of
1,4-dichloro-2-butene and 3,4-dichloro-l-
butene:



The vapor-phase chlorination reaction occurs at
approximately 200–300°C.

The dichlorobutene mixture is then treated with
NaCN or HCN in presence of copper cyanide. The
product 1,4-dicyano-2-butene is obtained in high
yield:



The dicyano compound is then
hydrogenated over a platinum catalyst
to adiponitrile.



Adiponitrile may also be produced by the
electrodimerization of acrylonitrile
or by the reaction of ammonia with adipic
acid followed by two-step dehydration
reactions:



2.Hexamethylenediamine:

Hexamethylenediamine (1,6-hexanediamine) is
a colorless solid, soluble in both water and
alcohol.

It is the second monomer used to produce
nylon 66 with adipic acid or its esters.

The production of hexamethylene diamine is
the liquid-phase catalyzed hydrogenation of
adiponitrile:



The reaction conditions are
approximately 200°C and 30
atmospheres over a cobalt-based
catalyst.



3. ADIPIC ACID
Adipic acid may be produced by a liquid-
phase catalytic carbonylation of
butadiene.
A catalyst of RhCl2 and CH3I is used at
220°C and 75 atm.
Adipic acid yield is about 49%.



BASF is operating a new route to adipic acid
occurs via a sequential carbonylation,
isomerization, hydroformylation reactions:



4. BUTANEDIOL

Butanediol is mainly used for the
production of thermoplastic polyesters.

The production of 1,4-butanediol (1,4-
BDO) is through the acetoxylation of
butadiene with acetic acid followed by
hydrogenation and hydrolysis.



The first step is acetoxylation reaction (the liquid
phase addition of acetic acid to butadiene) at 80°C
and 27 atm. over a Pd-Te catalyst system. The
reaction favors the 1,4-additionproduct (1,4-
diacetoxy-2-butene):

Hydrogenation of diacetoxybutene at 80°C and 60 atm. over
a Ni/Zn catalyst yields 1,4-diacetoxybutane:



1,4-diacetoxybutane is hydrolyzed to 1,4-
butanediol and acetic acid:

Acetic acid is then recovered and recycled.







Chloroprene
Chloroprene (2-chloro 1,3-butadiene), a
volatile liquid that boils at 59°C.

Slightly soluble in water but soluble in
alcohol.

The main use of chloroprene is to
polymerize it to neoprene rubber.





Chloroprene production [Butadiene process]:

Chloroprene is produced in three steps from 1,3-
butadiene:

(i) Chlorination

Chlorine adds to 1,3-butadiene to afford a mixture
of 3,4-dichlorobut-1-ene and 1,4-dichlorobut-2-ene.

(ii) Isomerization

The 1,4-dichloro isomer is subsequently isomerized
to 3,4 isomer.



(iii) Dehydrochlorination

Loss of a hydrogen atom in the 3 position
and the chlorine atom in the 4 position to
give a double bond between carbons 3 and 4.



Chloroprene production [Acetylene process]

Until the 1960s, chloroprene production was
dominated by the "acetylene process"



In this process "acetylene process" :

• acetylene is dimerized to give vinyl acetylene, 

• then vinyl acetylene combined with hydrogen 
chloride to afford 4-chloro-1,2-butadiene (an 
allene derivative),

• 4-chloro-1,2-butadiene in the presence of 
copper(I) chloride, rearranges to the targeted 2-
chlorobuta-1,3-diene:



This "acetylene process" is energy-intensive
and has high investment costs.

Furthermore, the intermediate vinyl
acetylene is unstable.

This "acetylene process" has been replaced
by a process, which adds chlorine to one of
the double bonds in 1,3-butadiene, and
subsequent elimination produces HCl instead,
as well as chloroprene.



Sulfolane

Tetramethylene sulfone is produced by the 
reaction of butadiene and sulfur dioxide 
followed by hydrogenation:



Optimum temperature for highest sulfolene
yield is approximately 75°C.

At approximately 125°C, sulfolene
decomposes to butadiene and SO2.

Sulfolane is a water-soluble biodegradable
and highly polar compound.



Sulfolane applications include:

polymerization and fiber spinning

electroplating bathes

solvent for selectively extracting 
aromatics



Cyclic oligomers of butadiene:

Butadiene could be oligomerized to cyclic dienes and
trienes, using a mixture of TiCl4 and Al2Cl3(C2H5)3
to produce 1,5,9-cyclo-dodecatriene with 5% of the
dimer 1,5-cyclo-octadiene:

1,5,9-Cyclododecatriene is a precursor for
dodecane-dioic acid through a hydrogenation step
followed by oxidation.



Dodecanedioic acid (DDDA):

DDDA is a dicarboxylic acid mainly used in:

Antiseptics,
Top-grade coatings,
Painting materials,
Corrosion inhibitors,
Surfactants, and
Plastics such as nylon 612.



DDDA production:

First step: Hydrogenation of cyclododecatriene (1) 
to

cyclododecane (2).
Second step: Air oxidation at high T to a mixture of 
alcohol

(3a) and ketone (3b).
Final step: Further oxidation of the mixture (alcohol 
&

ketone) by nitric acid.





Nylon 612 
Nylon 612 was developed as a low moisture
absorbing nylon.
The low moisture absorption characteristics
are derived from its chemical structure; the
greater the number of carbon atoms separating
the amine groups, the lower the moisture
absorbed.









Synthetic rubber

Synthetic rubbers are long-chain polymers
with special:

chemical,
physical and
mechanical properties.

These materials have chemical stability,
strength, and good dimensional stability.



An important property of rubbers is
their ability to:

be stretched at least twice their
original length,

and to return back to nearly their
original length when released.



Natural rubber is constituted of isoprene
units.
These units are linked in a cis-1,4-
configuration.

Isoprene (2-methyl-1,3-butadiene) is a
colorless liquid.



•The main source for isoprene is the
dehydrogenation of C5 olefins (tertiary
amylenes) obtained by the extraction of a
C5 fraction from catalytic cracking units.

•The main use of isoprene is the
production of polyisoprene. It is also a co-
monomer with isobutene for butyl rubber
production.



Natural rubber formation:

Natural rubber occurs as a latex (water
emulsion) and is obtained from Hevea
brasiliensis, a tree that grows in Malaysia,
Indonesia, and Brazil.

Charles Goodyear (1839) was the first to
discover that the latex could be vulcanized
(crosslinked) by heating with sulfur or other
agents.



Vulcanization of rubber is a chemical
reaction by which elastomer chains are
linked together.

The long chain molecules impart elasticity,
and the crosslinks give load supporting
strength.



Synthetic rubbers include elastomers
that could be crosslinked such as:

polybutadiene,

polyisoprene, and

ethylene-propylene-diene terepolymer.



Synthetic rubber also includes
thermoplastic elastomers that are not
crosslinked and are produced for special
purposes such as wire and cable
coatings.

The major use of rubber is for tire
production.



Butadiene could be polymerized using free
radical initiators or ionic or coordination
catalysts.

A random polymer is obtained with three
isomeric configurations:



Styrene-Butadiene Rubber (SBR)

Styrene-butadiene rubber (SBR) is the most
widely used synthetic rubber.

It can be produced by the copolymerization of:

butadiene (≈ 75%) and

styrene (≈ 25%) using free radical initiators.

A random copolymer is obtained.



The micro structure of the polymer is:
60–68% trans,
14–19% cis,
and 17–21% 1,2–

The main use of SBR is for tire
production.

Other uses include footwear, coatings,
carpet backing, and adhesives.









Acetylene

Acetylene is a colorless, combustible gas with a
distinctive odor.

Acetylene was discovered in 1836 by Edmund
Davy was experimenting with potassium carbide.

When acetylene is liquefied, compressed,
heated, or mixed with air, it becomes highly
explosive. As a result special precautions are
required during its production and handling.



In 1859, Marcel Morren successfully
generated acetylene when he used carbon
electrodes to strike an electric arc in an
atmosphere of hydrogen.

The electric arc tore carbon atoms away
from the electrodes and bonded them with
hydrogen atoms to form acetylene
molecules. He called this gas carbonized
hydrogen.



Acetylene uses:

The most common use of acetylene is as a raw
material for the production of 1,4-butanediol,
which is widely used in the preparation of
polyurethane and polyester plastics.
The second most common use is as the fuel
component in oxy-acetylene welding and metal
cutting.
Some commercially useful acetylene compounds
include acetylene black, which is used in certain
dry-cell batteries, and acetylenic alcohols, which
are used in the synthesis of vitamins.



Acetylene manufacturing process:

There are two basic conversion processes used to 
produce acetylene:

One is a chemical reaction process, which occurs 
at normal temperatures. 

The other is a thermal cracking process, which 
occurs at extremely high temperatures.



Chemical reaction process:
Acetylene may be generated by the chemical
reaction between calcium carbide and water.

CaC2 + 2 H2O → C2 H2 + Ca(OH)2

This reaction produces a considerable amount of
heat, which must be removed to prevent the
acetylene gas from exploding.



Wet process : uses excess amount of water
is used to absorb the heat of the reaction.

Dry process, uses only a limited amount of
water, which then evaporates as it absorbs
the heat.



Acetylene is produced by reacting Calcium
carbide (CaC2) with water.

Calcium carbide is generated by the carbothermic
reduction of lime (CaO) at 2000C.

Lime can be produced by reducing limestone
(calcium carbonate) in a furnace at 900C-1000C.

The reaction of calcium carbide with water
produces acetylene and calcium hydroxide
(Ca(OH)2). The hydroxide dissociates back into
water and lime at 500 °C.



2OH)(Ca+ 2H2C→ O 2H2 + 2CaC

Chemical reaction process



Thermal cracking process

Acetylene may also be generated by raising T of
H.C to the point where their atomic bonds break,
or crack, in a thermal cracking process.

This processes use natural gas, crude oil, or
naphtha, as raw materials.

Use high T to convert the raw materials into a
wide variety of gases, including hydrogen, carbon
monoxide, carbon dioxide, acetylene, and others.



Thermal cracking process
2 CH 4 → C 2 H 2 + 3 H 2



Chemicals based on acetylene:

Butadiene
The reaction of acetylene and
formaldehyde in the vapor phase over a
copper acetylide catalyst is produced 1,4-
butynediol:



1,4-Butynediol is hydrogenated to 1,4-
butanediol:

Dehydration of 1,4-butanediol yields
butadiene :



Isoprene production:
(Snamprogetti process)

A three-step process developed by
Snamprogetti is based on:

The reaction of acetylene and acetone in
liquid ammonia in the presence of an alkali
metal hydroxide.



The product, methylbutynol, is then
hydrogenated to methylbutenol:



followed by dehydration at 250–
300°C over an acidic heterogeneous
catalyst:









BTX:

Benzene, toluene, xylenes (BTX), and
ethylbenzene are the aromatic hydrocarbons
with a widespread use as petrochemicals.

They are important precursors for many
commercial chemicals and polymers such as:

phenol, trinitrotoluene (TNT), nylons, and
plastics.



The primary sources of BTX are refinery
streams, especially from catalytic cracking,
and pyrolysis gasoline from steam cracking.

BTX, and ethylbenzene are obtained mainly
from the catalytic reforming of heavy naphtha.





The product reformate is rich in C6, C7, and
C8 aromatics, which could be extracted by a
suitable solvent such as sulfolane or ethylene
glycol.
Sulfolane and ethylene glycol are
characterized by:

a high affinity for aromatics,
good thermal stability,
and rapid phase separation.



The extracted components are separated
through:

• fractional distillation,
• and isomerization processes

The Tetra extraction process uses tetraethylene
glycol as a solvent as shown in this figure:





The reactivity of aromatics is mainly
associated with the benzene ring.

Aromatic compounds in general are liable for
electrophilic substitution.

Benzene could be alkylated, nitrated, or
chlorinated to important chemicals that are
precursors for many commercial products.

Toluene and xylenes are substituted benzenes.



Benzene, toluene, xylenes (BTX), and
ethylbenzene are the aromatic hydrocarbons
with a widespread use as petrochemicals.

They are important precursors for many
commercial chemicals and polymers such as
phenol, trinitrotoluene (TNT), nylons, and
plastics.
Aromatic hydrocarbons are generally nonpolar.
They are not soluble in water, but they dissolve
in organic solvents such as hexane, diethyl
ether, and carbon tetrachloride.





Benzene, toluene, xylenes (BTX), and
ethylbenzene are the aromatic hydrocarbons
with a widespread use as petrochemicals.

They are important precursors for many
commercial chemicals and polymers such as
phenol, trinitrotoluene (TNT), nylons, and
plastics.
Aromatic hydrocarbons are generally nonpolar.
They are not soluble in water, but they dissolve
in organic solvents such as hexane, diethyl
ether, and carbon tetrachloride.



The primary sources of BTX are refinery
streams, especially from catalytic cracking,
and pyrolysis gasoline from steam cracking.

BTX and ethyl benzene are extracted from
these streams using selective solvents such as
sulfolane or ethylene glycol (these solvents
are characterized by a high affinity for
aromatics, good thermal stability, and rapid
phase separation).



BTX, and ethylbenzene are obtained mainly
from the catalytic reforming of heavy naphtha.

The product reformate is rich in C6, C7, and
C8 aromatics, which could be extracted by a
suitable solvent such as sulfolane or ethylene
glycol.

The extracted components are separated
through fractional distillation, and
isomerization processes



The Tetra extraction process uses tetraethylene
glycol as a solvent as shown in this figure:



The reactivity of aromatics is mainly
associated with the benzene ring.

Aromatic compounds in general are liable for
electrophilic substitution.

Benzene could be alkylated, nitrated, or
chlorinated to important chemicals that are
precursors for many commercial products.

Toluene and xylenes are substituted benzenes.



There are three xylene isomers:



This figure shows the important chemicals based
on benzene:
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ALKYLATION OF BENZENE

Benzene can be alkylated in the
presence of a Lewis acid catalyst.
Olefins such as ethylene, propylene,
and Cl2–Cl4 alpha olefins are used to
produce benzene alkylates, which
have great commercial value.



The first step in alkylation is the generation of
a carbocation. When an olefin is the alkylating
agent, a carbocation intermediate forms:

Carboncations also form from an alkyl halide
when a Lewis acid catalyst is used.
Aluminum chloride is the commonly used
Friedel-Crafts alkylation catalyst.

RCl + AlCl3 → [R+ _ _ _ _ AlCl4
–]



The next step is an attack by the
carbocation on the benzene ring,
followed by the elimination of a proton
and the formation of a benzene alkylate:



Sodium Dodacyl Benzene Sulfonate
(SDS) production:



Ethylbenzene (EB):
Ethylbenzene (EB) is a colorless aromatic
liquid with a boiling point of 136°C, very
close to that of p-xylene.
The main process for producing EB is the
catalyzed alkylation of benzene with ethylene:

AlCl3-HCl is commonly used as catalyst.
T= 40–100°C and P= 2–8 atmospheres.



Styrene

Styrene (vinylbenzene) is a liquid (b.p. 145°C)
that polymerizes easily when initiated by a free
radical or when exposed to light.

Dehydrogenation of ethylbenzene to styrene
occurs over a wide variety of metal oxide
catalysts.

Oxides of Fe, Cr, Si, Co, Zn, or their mixtures
can be used for the dehydrogenation reaction.



1. Monsanto/Lummus process:

Fresh ethylbenzene with recycled unconverted
ethylbenzene are mixed with superheated
steam.
The steam acts as a heating medium and as a
diluent.

90% yield

T= 600–700°C

P= atm. p. 



2. Cyclic-dimerization of butadiene:

Another route for producing styrene is to
dimerize butadiene to 4-vinyl-1-
cyclohexene, followed by catalytic
dehydrogenation to styrene:



DOW process

The DOW process involves
cyclodimerization of butadiene over a
copper-loaded zeolite catalyst at
temperature (100°C) to vinylcyclohexene
(VCH).
In the second step VCH is oxidized to
styrene over an oxide catalyst in presence
of steam.



Another approach is the oxidative
coupling of toluene to stilbene followed
by disproportionation to styrene and
benzene:



Cumene (isopropylbenzene)

Liquid (b.p = 152.7°C), is soluble in many
organic solvents but not in water. It is present
in low concentrations in light refinery streams.

The main process for producing cumene is a
synthetic route where benzene is alkylated
with propylene to isopropylbenzene.
Either a liquid or a gas-phase process is used
for the alkylation reaction.



In the liquid-phase process, low
temperatures and pressures (approximately
50°C and 5 atmospheres ) are used with
sulfuric acid as a catalyst.
In the vapor-phase process, the reaction
temperature and pressure are approximately
250°C and 40 atmospheres. Phosphoric acid is
a commonly used catalyst.



Cumene production was mainly used to
produce phenol and acetone. ???

A small amount of cumene is used to make α-
methylstyrene by dehydrogenation:

α-Methylstyrene is used as a monomer for
polymer manufacture and as a solvent.



Phenol and Acetone from Cumene:
Phenol, is produced from cumene by a two-
step process. In the first step, cumene is
oxidized in the liquid phase with air to
cumene hydroperoxide at 100–130°C and 2–3
atm. in the presence of a metal salt catalyst:

The oxidation product is concentrated to 80%
cumene hydroperoxide by vacuum distillation.



In the second step, the hydroperoxide is
decomposed in the presence of an acid
(H2SO4) to phenol and acetone at 80°C :



Properties and Uses of Phenol:

Phenol, a white crystalline mass with a
distinctive odor, becomes reddish when
subjected to light. It is highly soluble in water,
and the solution is weakly acidic.

Many chemicals and polymers derive from
phenol. Approximately 50% of production
goes to phenolic resins (???).



Phenol and acetone produce bis-phenol A, an
important monomer for epoxy resins and
polycarbonates.

Bis-phenol A is produced by condensing
acetone and phenol in the presence of HCl, or
by using a cation exchange resin:



Important chemicals derived from phenol are 
salicylic acid; acetylsalicyclic acid (aspirin 
????); 2,4-dichlorophenoxy acetic acid (2,4-
D), and 2,4,5-trichlorophenoxy acetic acid 
(2,4,5-T), which are herbicides:



Aspirin
H.W
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2,4,5-T (Agent Orange)

2,4,5-T (2,4,5-trichlorophenoxyacetic acid) is
closely related to a number of other herbicides,
such as 2,4-D (2,4-dichlorophenoxyacetic
acid) and MCPA (2-methyl-4-
chlorophenoxyacetic acid), which are plant
growth stimulants which cannot be
metabolized by plants.



2,4-D and MCPA were the first hormone
herbicides and the first really selective
weedkillers, which killed weeds but did
not harm other plants or animals.

2,4-D is still extensively used in the USA,
but in the UK MCPA is more commonly
used.





Phenol can be alkylated to alkylphenols.
These compounds are widely used as nonionic
surfactants, antioxidants, and monomers in
resin polymer applications:



Linear Alkylbenzene (LAB) 

LAB is an alkylation product of benzene used to
produce biodegradable anionic detergents.

The alkylating agents are either linear C12–C14
mono-olefins or monochloroalkanes.

The linear olefins (alpha olefins) are produced by
polymerizing ethylene using Ziegler catalysts or by
dehydrogenating n-paraffins extracted from
kerosines.



Dehydrogenation of n-paraffins to α-olefins
using a newly developed dehydrogenation
catalyst by UOP .

Alkylation of benzene with linear α-olefins is 
industrially preferred.

The Detal process combines the
dehydrogenation of n-paraffins and the
alkylation of benzene.



The general alkylation reaction of benzene using
alpha olefins could be represented as:



Detergent manufacturers buy linear
alkylbenzene, sulfonate it with SO3, and then
neutralize it with NaOH to produce linear
alkylbenzene sulfonate (LABS), the active
ingredient in detergents:



CHLORO BENZENE

Chlorination of benzene is an electrophilic
substitution reaction in which Cl+ serves as
the electrophile.

The reaction occurs in the presence of a Lewis
acid catalyst such as FeCl3. The products are
a mixture of mono- and dichlorobenzenes. The
ortho- and the para-dichlorobenzenes are
more common than meta-dichlorobenzene.



The ratio of the monochloro to dichloro
products essentially depends on the
benzene/chlorine ratio and the residence time.

The ratio of the dichloro-isomers (o- to p- to
m-dichlorobenzenes) mainly depends on the
reaction temperature and residence time:



Typical liquid-phase reaction conditions for
the chlorination of benzene using FeCl3
catalyst are 80–100°C and atmospheric
pressure.

When a high benzene/Cl2 ratio is used, the
product mixture is approximately:

80% monochlorobenzene,
15% p-dichlorobenzene and
5% o-dichlorobenzene.



Monochlorobenzene is also produced in a vapor-
phase process at 300°C.

The by-product HCl goes into a regenerative
oxychlorination reactor. The catalyst is a promoted
copper oxide on a silica carrier:



Monochlorobenzene is the starting
material for many compounds, including
phenol and aniline.
Others, such as:
DDT,

chloronitrobenzenes,

polychlorobenzenes, and

biphenyl.



Nitrobenzene

Similar to the alkylation and the chlorination
of benzene, the nitration reaction is an
electrophilic substitution of a benzene
hydrogen with a nitronium ion (NO2

+).

The liquid-phase reaction occurs in presence
of both concentrated nitric and sulfuric acids at
50°C.



Concentrated sulfuric acid has two
functions:
•it reacts with nitric acid to form the nitronium
ion, and
•it absorbs the water formed during the
reaction, which shifts the equilibrium to the
formation of nitrobenzene:



Most of the nitrobenzene (≈97%) produced is
used to make aniline.

Other uses include synthesis of quinoline, and
benzidine.



DDT 
(Dichlorodiphenyltrichloroethane)

• DDT is a colorless, and
odorless crystalline
chemical compound.

• It was first synthesized in
1874 by the Austrian
chemist Othmar Zeidler.

• DDT's insecticidal action
was discovered by the
Swiss chemist Paul
Hermann Müller in 1939.



DDT is produced by condensing chloral
hydrate with chlorobenzene in conc. sulfuric
acid.
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Aniline
Aniline is an oily liquid that turns brown when
exposed to air and light. The compound is an
important dye precursor.
The main process for producing aniline is the 
hydrogenation of nitrobenzene:

The hydrogenation reaction occurs at 270°C
over a Cu/Silica catalyst, 95% yield.



An alternative way to produce aniline is
through ammonolysis of either chlorobenzene
or phenol.

Ammonolysis of chlorobenzene occurs
over a copper salt catalyst at 210°C and 65
atm.

The yield of aniline from this route is 96%



Ammonolysis of phenol occurs in the
vapor phase, a mixed feed of ammonia and
phenol is heated and passed over a
heterogeneous catalyst in a fixed-bed system.

The unreacted ammonia recycled.
Aniline produced this way should be very
pure:



Maleic anhydride

Benzene oxidation is the oldest method to
produce maleic anhydride.

The reaction occurs at approximately 380°C
and atmospheric pressure.

A mixture of V2O5/MO3 is the usual catalyst.



Benzene conversion reaches 90%, but
selectivity to maleic anhydride is only
50–60%; the other 40–50% is completely
oxidized to CO2:



Catalytic oxidation of n-butane at 490°
over a cerium chloride, Co-Mo oxide
catalyst produces maleic anhydride:



A new process for the partial oxidation of n-
butane to maleic anhydride was developed by
DuPont.

The developed catalyst for this process is
based on vanadium phosphorous oxides
(VO)2P2O7 type, which provides the oxygen
needed for oxidation.

DuPont process to produce maleic
anhydride:



The selective oxidation of n-butane to maleic
anhydride involves a redox mechanism where
the removal of eight hydrogen atoms as water
and the insertion of three oxygen atoms into
the butane molecule occurs.

The reaction temperature is approximately
500°C. Subsequent hydrogenation of maleic
anhydride produces tetrahydrofuran.

This figure shows the DuPont butane to
maleic anhydride process:





Cyclohexane:

The hydrogenation of benzene produces
cyclohexane.

Many catalyst systems, such as Ni/alumina and
Ni/Pd, are used for the reaction.
Reaction conditions are 220°C and 25 atm.:



A non-synthetic source for cyclohexane is:

•natural gasoline
•petroleum naphtha.

However, only a small amount is obtained
from this source.

Cyclohexane is the 45th highest chemical
volume.



Properties and Uses of Cyclohexane

Cyclohexane is a colorless liquid, insoluble in
water but soluble in alcohol, and acetone.

As a cyclic paraffin, it can be easily
dehydrogenated to benzene.

The dehydrogenation of cyclohexane and its
derivatives (present in naphthas) to aromatic
hydrocarbons is an important reaction in the
catalytic reforming process.



Essentially, all cyclohexane is oxidized either
to:

cyclohexanone-cyclohexanol mixture used for
making caprolactam

or to:

adipic acid (monomers for making nylon 6
and nylon 66).



Manufacturing process of Caprolactam

Caprolactam is a colorless solid is a lactam or a
cyclic amide of caproic acid.
Approximately 4.5 billion kilograms are produced
annually.
Caprolactam is the precursor to Nylon 6, a widely
used synthetic polymer.

Most of the caprolactam is synthesised from
cyclohexanone, which is first converted to its oxime.
Treatment of this oxime with acid induces the
Beckmann rearrangement to give caprolactam.



Most of the caprolactam is
synthesised from cyclohexanone, which
is first converted to its oxime.

Treatment of this oxime with acid induces
the Beckmann rearrangement to give
caprolactam.



Nylon 6 is only made from one
kind of monomer.

Nylon 6 is made by heating
caprolactam to about 250 oC
with about 5-10% water.







Oxidation of Cyclohexane

Cyclohexane is oxidized in a liquid-phase
process to a mixture of cyclohexanone and
cyclohexanol (KA oil).
The reaction conditions are 100–120°C at 10
atm. in the presence of a cobalt acetate and
boric acid catalyst system.
About 95% yield can be obtained:



Cyclohexane is also a precursor for
adipic acid. Oxidizing cyclohexane in the
liquid-phase at lower temperatures and
for longer residence times (than for KA
oil) with a cobalt acetate catalyst
produces adipic acid:



Adipic acid and its esters are used to
make nylon 66.
It may also be hydrogenated to 1,6-
hexanediol, which is further reacted with
ammonia to hexamethylenediamine.
Hexamethylenediamine is the second
monomer for nylon 66.
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