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| L
- PTE321-Petrochemicall

Lecture 1:Petrochemicals:Overview

1.1 Introduction

-In this lecturewe present a brief overview of petrochemical technologies a
nd discuss upon the general topology of the petrochemical process technologi
es.

-Petrochemicals refers to all those compounds that can be derived from th
e petroleum refinery products

-Typical feed stocks to petrochemical processes include

C1 Compounds:Methane &Synthesis gas

C2 Compounds:Ethylene and Acetylene
C3 Compounds:Propylene
¢ C4 Compounds:Butanes and Butenes
® Aromatic Compounds:Benzene

-It can be seen that petrochemicals are produced from simple compounds su
ch as methane, ethylene and acetylene but not multicomponent products su
ch as naphtha,gas oil etc.

-11.1 Definition: These are the chemicals that are made from petroleum and
natural gas Petroleum and natural gas are made up of hydrocarbon molecul
es,which comprises of one or more carbon atoms,to which hydrogen atoms
are attached.

-About 5 %of the oil and gas consumed each year is needed to make all the
petrochemical products.Petrochemicals play an important role on our food,
clothing,shelter and leisure. Because of low cost and easy availability,oil and
natural gas are considered to be the main sources of raw materials for
most petrochemicals
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112 Classification: Petrochemicals can be broadly classified into three categori
es-

a.Light Petrochemicals: These are mainly used as bottiedfuel and raw materia
Isfor other

organic chemicals. The lightest of these — methane ethane and ethylene —
are gaseous at room temperatureThe next lightest fractions comprise petr
oleum ether and light naphtha

with boiling points between 80 and 190 degrees Fahrenheit.

b.Medium Petrochemicals: Hydrocarbons with 6-12 carbon atoms are called”
gasoline”

which are mainly used as automobile fuels.Octanewith eight carbons,is a
particularly good automobile fuel,and is considered to be of high quality.Ke
rosene contains 12 to 15 carbons and is used in aviation fuels,and also as s
olvents for heating and lighting.

c.Heavy Petrochemicals: These can be generally categorized as diesel ol heat
ing oil and

lubricating oil for engines and machineryThey contain around 15 and 18 ca
rbon atoms with boiling points between 570 and 750 degrees Fahrenheit.Th
e heaviest fractions of all are called "bitumens'and are used to surface road
s or for waterproofing.

Bitumens can also be broken down into lighter hydrocarbons using a proc
ess called

“cracking.”

12Process Topology

- Reactors: Reactors are the most important units in petrochemical
processes Petrochemicals are manufactured by following simple reactions usin
g relatively purer feed stocks.Therefore,reaction chemistry for petrochemic
als manufacture is very well established from significant amount of resea
rch in this field Essentially all petrochemical processes need to heavily depe
nd upon chemical transformation to first product the purification

-Separation: With distillation being the most important unit operation to sep
arate the

unreacted feed and generated petrochemical product the separation process
es also play a major role in the process flow sheetWhere multiple series parall
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el reactions are involved, the separation process assumes a distillation seque
nce to separate all products from the feed A characteristic feed recycle will b
e also existent in the process topology.Apart from this other separation techn
ologies used in petrochemical processing units include phase separators,gra
vity settling units and absorption columns.Thereforethe underlying phy
sical principle behind all these separation technologies is well exploited to achi
eve the desired separation.

-Dependence on Reaction pathway: A petrochemical can beproduced in sev
eral ways

from the same feed stock.This is based on the research conducted in the proce
ss chemistry. For instance,phenol can be produced using the following
pathways

+ Peroxidation of Cumene followed by hydrolysis of the peroxide
#® Two stage oxidation of Toluene

- Chlorination of Benzene and hydrolysis of chloro-benzene
® Direct oxidation of Benzene

-We can observe that in the above reaction schemes there are two reaction p
athways for phenol from benzene i.e.either chlorination of benzene or o
xidation of benzene. Therefore choosing the most appropriate technology fo
r production is a trivial task.

Complexity in pathway:In the above Cumene example case,it is interesting t
o note that toluene hydrodealkylation produces benzene which can be use
d to produce phenol Therefore fundamentally toluene is required for the ge
neration of various petrochemicals such as benzene and phenolIn other wor
dsthere is no hard and fast rule to say that a petrochemical is manufacture
d using a suggested route or a suggested intermediate petrochemical. |
ntermediate petrochemicals play a greater role in consolidating the manu
facture of other downstream petrochemicals.
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Fiaure 1: Petrochemical plant

Petrochemicals (also known as petroleum distillates) are chemical products der
ived from petraleum.Some chemical compounds made from petroleum are als
o obtained from other fossil fuels,such as coal or natural gas,or renewable s
ources such as cornpalm fruit or

sugar cane.

The two most common petrochemical classes are:-

1-Olefins (including ethylene and propyleneland
2-Aromatics (including benzene toluene and xyleneisomers).

Oil refineries produce olefins and aromatics by fluid catalytic cracking of
petroleum fractions .Chemical plants produce olefins by steam cracking of n
atural gas liquids like ethane and propane.Aromatics are produced by catalyt
ic reforming of naphtha.

Olefins and aromatics are the building-blocks for a wide range of materi
als such assolvents,detergents,and adhesives.Olefins are the basis for poly
mers and oligomers used

in plastics resins fibers elastomers lubricants,and gels.[1121

Global ethylene and propylene production are about 115 million tonnes and
70 million tonnes per annum respectively.Aromatics production is approximat
ely 70 million tonnes. The largest petrochemical industries are located in the U
SA and Western Europe;however, major growth in new production capacity
is in the Middle East and Asia.There is substantial inter-regional petroche
mical trade.

PETROCHEMICAL Il (PTE 321)
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Primary petrochemicals are divided into three groups depending on their
chemical

structure:

Olefins includes Ethene,Propene,Butenes and butadiene.Ethylene and prop
ylene areimportant sources of industrial chemicals and plastics products.
Butadiene is used in making synthetic rubber.

+ Aromatics includes Benzenetoluene and xylenes,as a whole referred to as
BTX and primarily obtained from petroleum refineries by extraction from the
reformate produced in catalytic reformers using Naphtha obtained from pet
roleum refineries.Benzene is araw material for dyes and synthetic detergent
s,and benzene and toluene for isocyanates MDI and TDI used in making p
olyurethanes Manufacturers use xylenes to produce plastics and synthetic
fibers.

Synthesis gas is a mixture of carbon monoxide and hydrogen used to make
ammonia and methanol.Ammonia is used to make the fertilizer urea and m
ethanol is used as a solvent and chemical intermediate. Steam crackers are
not to be confused with steam reforming plants used to produce hydrogen
and ammonia.

by Renance 6
renance.app ¢ Download Renance on Google Play



PTE 321 | FUPRE

Renanced

y L- r

— Ethylene
—= Propylene
—e Benzene
—a Bantadiene
e By oducts

Crude
il

BTX =2
Petroleum

Refinery

Y
Petrochemical intermediate feedstocks

Produced by cracking any of the optional feeds
Produced only by cracking any of the liquid feeds

Primary Raw Materials for Petrochemicals:-

In general,primary raw materials are naturally occurring substances that have
not been subjected to chemical changes after being recovered.Natural gas and
crude oils are the basic raw materials for the manufacture of petrochemicals.

Secondary raw materials,or intermediates,are obtained from natural gas and
crude oils through different processing schemesThe intermediates may be
light hydrocarbon compounds such as methane and ethane,or heavier hydrocar
bon mixtures such as naphthaor gas oil.Both naphtha and gas oil are crude oil
fractions with different boiling ranges.

Coal,oil shale,and tar sand are complex carbonaceous raw materials and possi
ble futureenergy and chemical sources.Howeverthey must undergo lengt
hy and extensive processing before they yield fuels and chemicals similar to th
ose produced from crude oils (substitute natural gas (SNGJand synthetic crudes
from coaltar sand and oil shale).

*ethylene:-

-ethylene -the simplest olefin;used as a chemical feedstock and ripening stimul
ant

‘polyethylene -polymerized ethylene;LDPE,HDPE,LLDPE
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> ethanol -via ethylene hydration{chemical reaction adding water)of
> ethylene ‘ethylene oxide -via ethylene oxidation
> ethylene glycol -via ethylene oxide hydration
= engine coolant-ethylene glycolwater and inhibitor mixture
> polyesters -any of several polymers with ester linkages in the mai
n chain -glycol ethers -via glycol condescension
= ethoxylates
> vinyl acetate
Chemicals produced from ethylene
_| " |_
by Renance 8

renance.app ¢ Download Renance on Google Play



PTE 321 | FUPRE

Renanced

*propylene:

propylene -used as a monomer and a chemical feedstock

>

isopropyl alcohol-2-propanol;often used as a solvent or rubbing
alcohol

acrylonitrile -useful as a monomer in forming Orlon,ABS
polypropylene -polymerized propylene

propylene oxide

polyether polyol -used in the production of polyurethanes
propylene glycol -used in engine coolant and aircraft deicer fluid

glycol ethers -from condensation of glycols

acrylic add

> acrylic polymers

= allyl chloride

> epichlorchydrin -chloro-oxirane;used in epoxy resin formation

epoxy resins-a type of polymerizing glue from bisphenol
A. epichlorohydrin,and some amine

— isopropyl alcohol

— acrylonitrile

—>1 polypropylene |~ polyol

propylene propylene oxide » propylene glycol

— glycol ethers

e actylic acid f—1 acrylic polymers

— aliyl chloride epichlorohydrin = epoxy résins

Chenucals produced from propvlene
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Aromatics (BTX)

*benzene:-
benzene -the simplest aromatic hydrocarbon

- ethylbenzene -made from benzene and ethylene
- styrene made by dehydrogenation of ethylbenzene;used as a monomer
- polystyrenes -polymers with styrene as a monomer
- cumene-isopropylbenzene;a feedstock in the cumene process
- phenol -hydroxybenzene;often made by the cumene process
- acetone -dimethyl ketone;also often made by the cumene process

- bisphenol A-atype of "double'phenol used in polymerization in epoxy re
sins and making a common type of polycarbonate

© epoxy resins -a type of polymerizing glue from bisphenol A epichlor
ohydrin, and some amine

- polycarbonate -a plastic polymer made from bisphenol A and
phosgene (carbonyl dichloride)

- solvents -liquids used for dissolving materials;examples often ma
de frompetrochemicals include ethanol,isopropyl alcohol,aceto
ne benzenetoluene, xylenes

- cyclohexane -a é-carbon aliphatic cyclic hydrocarbon sometimes used
as a non- polar solvent

+ adipic acid-a 6-carbon dicarboxylic acidwhich can be a precursor
used as a co-monomer together with a diamine to form an alte
rnating copolymer form of nylon.

- nylons -types of polyamides,some are alternating cop
olymers formed from copolymerizing dicarboxylic acid or
derivatives with

diamines
- caprolactam -a 6-carbon cyclic amide

- nylons -types of polyamides,some are from polym
erizing caprolactam

- nitrobenzene-can be made by single nitration of benzene
+ aniline -amincbenzene

methylene diphenyl diisocyanate (MDI)-used as a co-
monomer with diols or polyols to form polyurethane
s or with di-or polyamines to form polyureas

+ alkylbenzene -a general type of aromatic hydrocarbon,which can be u

by Renance 10
renance.app ¢ Download Renance on Google Play



PTE 321 | FUPRE Renanced

_ -

sed as a presursor for a sulfonate surfactant (detergent)

- detergents -often include surfactants types such as alkylbenzenesulfonate
s

and nonylphenol ethoxylates

+ chlorobenzene

--InlwlboanlMam I——I mvml

= e e

| niobenzene o] aniine || methylene diphenyt dusocyanate || polyurethanes
o] alkyt benzene H deter gents I

Chemuicals produced from benzene

*Toluene

foluene -mefhylbenzene;can be a solvent or precursor for other chemicals

] [
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© benzene

+ toluene diisocyanate (TDl)-used as co-monomers with polyether polyols

to form polyurethanes or with di- or polyamines to form polyureas poly
urethanes

benzoic acid -carboxybenzene
+ caprolactam

© nylon

benzene

toluene toluene diisocyanate [ polyurethanes

benzoic acid = caprolactum = nylons

Chemicals produced from toluene

*xylenes:-

mixed xylenes -any of three dimethylbenzene isomers,could be a solvent but
more often

precursor chemicals

- ortho-xylene -both methyl groups can be oxidized to formlortho-Jpht
halic acid - phthalicanhydride

+ para-xylene -both methyl groups can be oxidized to form terephth
alicacid - dimethyl terephthalate -can be copolymerized to form
certain polyesters

* polyesters-although there can be many types,polyethylene terep

] [

by Renance 12
renance.app ¢ Download Renance on Google Play



PTE 321 | FUPRE Renanced

_ -

hthalate is made from petrochemical products and is very widely us
ed.

- purified terephthalic acid -often copolymerized to form polyethylene ter
ephthalate - polyesters

+ meta-xylene
isophthalic acid
- alkyd resins
- Polyamide Resins
Unsaturated Polyesters

alkyd resins
meta-xylene H isophthalic acid | polyamide resins
unsaturated polyesters
dimethyl terephthalate
para-xylene polyesters

terephthalic acid

ortho-xylene |- phthalic anhydride |

Chemicals produced from xylenes
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Primary Raw Material
s for Petrochemical
S

In general,primary raw materials are naturally occurring substanc
es that have not been subjected to chemical changes after being r
ecovered. Natural gas and crude oils are the basic raw materials f
or the manufac- ture of petrochemicals.

Secondary raw materials,or intermediates,are obtained from nat
ural gas and crude oils through different processing schemes.The |
ntermedi- ates may be light hydrocarbon compounds such as met
hane and ethane, or heavier hydrocarbon mixtures such as naphth
a or gas oil.Both naph- tha and gas oil are crude oil fractions with
different boiling ranges.

Coal,oil shale,and tar sand are complex carbonaceous raw materi
als and possible future energy and chemical sources.Howeverth
ey must undergo lengthy and extensive processing before they yi
eld fuels and chemicals similar to those produced from crude ail
slsubstitute natural gas(SNGland synthetic crudes from coaltar s
and and oil shale).

NATURAL GAS
(Non-associated and Associated Natural Gases)

Natural gas is a naturally occurring mixture of light hydrocarbon
s accompanied by some non-hydrocarbon compounds.Non-associa
ted nat- ural gas is found in reservoirs containing no oil (dry wells).
Associated gas,on the other hand,is present in contact with an

—
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d/or dissolved incrude oil and is coproduced with it.The princip
al component of most

Table 1-1
Composition of non-associated and associated natural gases”’

L.

Non-associated gas
Salt Lake Kliffside
Component uUs us

Associated gas

Abgaiq
Saudi Arabia UK

North Se

Methane 95.0 65.8 62.2 859
Ethane 0.8 38 15.1 8.1
Propane 0.2 1.7 6.6 27
Butanes - 0.8 24 0.9
Pentane and Heavier —_ 0.5 1.1 0.3
Hydrogen sulfide — — 2.8 —_

Carbon dioxide 3.6 — 92 1.6
Nitrogen 0.4 25.6 — 0.5
Helium 1.8 — -

natural gases is methane.Higher molecular weight paraffinic hydroc
ar- bons(Cz_Cr)are usually present in smaller amounts with the natu
ral gas mixture.and their ratios vary considerably from one gas field
to another. Non-associated gas normally contains a higher methane
ratio than asso- ciated gaswhile the latter contains a higher ratio
of heavier hydrocar- bons.Table 1-1 shows the analyses of some sele
cted non-associated and associated gases.!In our discussion,both n
on-associated and associated gases will be referred to as natural g
as.However,important differences will be noted.

The non-hydrocarbon constituents in natural gas vary appreciabl
y from one gas field to another.Some of these compounds are weak
acids, such as hydrogen sulfide and carbon dioxide.Others are iner
t,such as nitrogenhelium and argon.Some natural gas reservoirs c
ontain enough helium for commercial production.

Higher molecular weight hydrocarbons present in natural gases ar
e important fuels as well as chemical feedstocks and are normally re
cov- ered as natural gas liquids.For example ethane may be separate
d for use as a feedstock for steam cracking for the production of eth
ylene.Propane and butane are recovered from natural gas and sold
as liquefied petro-leum gas(LPG).Before natural gas is used it m
ust be processed or treated to remove the impurities and to recove
r the heavier hydrocarbons (heavier than methane)The 1998 US.ga
s consumption was approxi- mately 22.5 trillion ft*.

NATURAL GAS TREATMENT PROCESSES

.
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Raw natural gases contain variable amounts of carbon dioxide hydro- ge
n sulfide,and water vapor.The presence of hydrogen sulfide in natural ga

s for domestic consumption cannot be tolerated because it is poison-
ous.lt also corrodes metallic equipment.Carbon dioxide is undesirable,

because it reduces the heating value of the gas and solidifies under th
e high pressure and low temperatures used for transporting natural gas.F
or obtaining a sweet dry natural gas,acid gases must be removed and w
ater vapor reduced.In addition,natural gas with appreciable amounts of h
eavy hydrocarbons should be treated for their recovery as natural gas lig

uids.

Acid Gas Treatment

Acid gases can be reduced or removed by one or more of the follow
= ing methods:

1.Physical absorption using a selective absorption so
lvent. 2.Physical adsorption using a solid adsorbent.

3.Chemical absorption where a solvent (a chemicallcapable of
react- ing reversibly with the acid gases is used.

Physical Absorption

Important processes commercially used are the Selexolthe Sulfinol,
and the Rectisol processes.in these processes,no chemical react
ion occurs between the acid gas and the solvent.The solvent,or abs
orbent,is a liquid that selectively absorbs the acid gases and leaves o
ut the hydro- carbons.In the Selexol process for example,the solvent
is dimethy! ether of polyethylene glycol Raw natural gas passes cou
ntercurrently to the descending solventWhen the solvent becomes
saturated with the acid gasesthe pressure is reduced,and hydroge
n sulfide and carbon dioxide are desorbed.The solvent is then recycl
ed to the absorption tower.Figure 1-1 shows the Selexol process.?

Physical Adsorption

In these processes,a solid with a high surface area is used.Molecula
r sieves(zeoliteslare widely used and are capable of adsorbing |
arge amounts of gases.In practice,more than one adsorption bed is
used for continuous operation.One bed is in use while the other is bein
g regenerated.

.
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Alr or gas

Figure 1-1.The Selexol process for acid gas removal: ?(1)absorber,(2)
flash drum,(3)compressor,(4)low-pressure drum,(5)stripper,(6)cooler.

Regeneration is accomplished by passing hot dry fuel gas throu
gh the bed.Molecular sieves are competitive only when the quant
ities of hydro- gen sulfide and carbon disulfide are low.

Molecular sieves are also capable of adsorbing water in addition to
the acid gases.

Chemical Absorption(Chemisorption)

These processes are characterized by a high capability of absorbin
g large amounts of acid gases.They use a solution of a relatively
weak base,such as monoethanolamine.The acid gas forms a weak
bond with the base which can be regenerated easily.Mono-and diet
hanolamines are frequently used for this purposeThe amine con
centration normally ranges between 15 and 30%.Natural gas is pa
ssed through the amine solution where sulfides,carbonates,and bic
arbonates are formed.

Diethanolamine is a favored absorbent due to its lower corrosion rat
g smaller amine loss potential,fewer utility requirementsand min
imal reclaiming needs.*Diethanolamine also reacts reversibly with
75%0f carbonyl sulfides(COS)while the mono-reacts irreversibly wit
h 95%of the COS and forms a degradation product that must be dis
posed of.

Diglycolamine(DGA)is another amine solvent used in theE
conamine process(Fig 1-2).4 Absorption of acid gases occurs in a
n absorber containing an agueous solution of DGA,and the heate

.
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d rich

- o u

Figure 1-2The Econamine process:4(l)absorption tower(2)regenera

fiontower.

solution(saturated with acid gaseslis pumped to the regenerat
or. Diglycolamine solutions are characterized by low freezing points,
which make them suitable for use in cold climates.

Strong basic solutions are effective solvents for acid gases.However,
these solutions are not normally used for treating large volumes of n
atu- ral gas because the acid gases form stable saltswhich are no
t easily regenerated.For example,carbon dioxide and hydrogen su
Ifide react with aqueous sodium hydroxide to yield sodium carbona
te and sodium sulfide, respectively.

— NazCOs+H20

COz2+2NaCH(aq)r
HzS+2NaOH(aq)r —pNazs+2H:0
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However,a strong caustic solution is used to remove mercaptans fro
m gas and liquid streams.In the Merox Processfor example,a causti
c sol- vent containing a catalyst such as cobaltwhich is capable of
converting mercaptans(RSHJto caustic insoluble disulfides (RSSR),
is used for streams rich in mercaptans after removal of HzS.Air is
used to oxidize the mercaptans to disulfides.The caustic solution is
then recycled for regenerationThe Merox process (Fig.1-3)is mainl
y used for treatment of refinery gas streams.

Excess air

Disulfide

\J

Merox-caustic
solution

Figure 1-3.The Merox process:5(1)extractor,(2)oxidation reactor.

Water Removal

Moisture must be removed from natural gas to reduce corrosion
prob-lems and to prevent hydrate formation.Hydrates are solid
white com- pounds formed from a physical-chemical reaction be
tween hydrocarbons and water under the high pressures and low
temperatures used to trans- port natural gas via pipeline.Hydrate
s reduce pipeline efficiency.

To prevent hydrate formation,natural gas may be treated with glyc
ols, which dissolve water efficiently.Ethylene glycol (EG),diethylen
e glycol (DEG),and triethylene glycol(TEGJare typical solvent
s for waterremoval.Triethylene glycol is preferable in vapor
phase processes because of its low vapor pressurewhich results
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in less glycol loss.The TEG absorber normally contains 6to 12 b
ubble-cap trays to accomplish the water absorption.However,mor
e contact stages may be required toreach dew points below-4
0°F.Calculations to determine the number of trays or feet of pa
cking,the required glycol concentration,or the glycol circulation r
ate require vapor-liquid equilibrium data.Predicting theinter- actio
n between TEG and water vapor in natural gas over a broad ran
ge allows the designs for ultra-low dew point applications to be m
ade.®

A computer program was developed by Grandhidsan et al.to esti
mate the number of trays and the circulation rate of lean TEG need
ed to dry nat- ual gas.lt was found that more accurate prediction
s of the rate could be achieved using this program than using ha
nd calculation.?

Figure 1-4 shows the Dehydrate process where EG,DEG,or
TEG could be used as an absorbent.8 One alternative to using bub
ble-cap trays

Waler vapor
Dry gas
Wetgas |1
Rich ghvcol

Figure 1-4.Flow diagram of the Dehydrate process®:(1)absorption ¢
olumn, (2)glycol sill,(3)vacuum drum.

is structural packingwhich improves control of mass transfer.Flo

w pas- sages direct the gas and liquid flows countercurrent to eac
h other.The use of structural packing in TEG operations has been re
viewed by Kean et al.® Another way to dehydrate natural gas is by |
njecting methanol into gas
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lines to lower the hydrate-formation temperature below ambient.10
Water can also be reduced or removed from natural gas by usin
g solid adsor- bents such as molecular sieves or silica gel.

Condensable Hydrocarbon Recovery

Hydrocarbons heavier than methane that are present in natural g
ases are valuable raw materials and important fuels.They can be re
covered by lean oil extraction.The first step in this scheme is to ¢
ool the treated gas by exchange with liquid propane.The cooled g
as is then washed with a cold hydrocarbon liquidwhich dissolve
s most of the condensable hydro- carbons.The uncondensed gas i
s dry natural gas and is composed mainly of methane with small a
mounts of ethane and heavier hydrocarbons.The condensed hydr
ocarbons or natural gas liquids (NGL)are stripped from the rich
solventwhich is recycled.Table 1-2 compares the analysis of nat
ural gas before and after treatment.| Dry natural gas may then
be used either as a fuel or as a chemical feedstock.

Another way to recover NGLis through cryogenic cooling to very |
ow temperatures(-150 to-180°F)which are achieved primarily
through

Table 1-2
Typical analysis of natural gas before and after treatment

Table 1-2
Typical analysis of natural gas before and after treatment™

Component

mole % Feed gas

Pipeline

N, 0.45 0.62
Co, 2785 1,50
H,S 0.0013 —

C, 70.35 94.85
G 0.83 0.99
C; 0.22 0.003
(0% 0.13 0.004
C; 0.06 0.004
Ces 0.11 0.014

adiabatic expansion of the inlet gas.The inlet gas is first treat

-
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